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tiie kinematical range where the Cohierence Length effect is more important.
The dashed line is the theoretical prediciion using a Giauber model {rom
Hufner et al. {17] and interpreis the physical behavior well. This plot also
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{18} @ad muon beam {the Fermilab experimemt E665. picturc:] with oven
crcdes). L oL L L L L e e e e e e e e e e

Nudlesr Transparency as a functivn of Q7 in different coherence length bins
of 0.1 fm for incohereni p® eleciropraduction on Nitrozen 19, AT,
Po + P QF was used in each I, bin. the parameter P being conmon to all
ihe bins. This pennitied a better definition of the slope of the Transparency
vs Q. phenomena that is due to Color Transparency. The slope was found
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EG2=olidtarget iolder . . . . . . . . . . .. ...l

o

EG?2? target holder. In blie s highiighted the lqguid targei. In red the solid
£ L

) Schematic Diagram for the Data Acquisitionsystens . .. ... ... .. ..
Reaction under study, The ,Hrisclc detected in the final siate are the scat.
teredelecironand the =% Lz pair. L L L L. L. oL L L. L Lo

On the top part is plotied the Number of photo-cleciron produced in CC

:rv:izipiy by 10 for 2 different momentmin range {p < 2.6Gc1” on the feft
and p > 200l on the right) for enhancing the fact that the main part of

the pion contamination is fﬁ 77 = 20Gel”. One can compare the differemt
momentmy distribution for 57 {on the right) and ¢~ {on the et} in the 2
ower Plols. . . . L L L e e e e e e e e e e e e e e e e e e

Eut vs E,y, plot before {left) and after {risht} EC et . . .. . ... .. ..
Hst v p plot before eftjandafter fright} 3ot . .. .. . ... ...

From Top 0 Botion:. res ;‘—sci‘%ch‘ EC u. v and w coordinate before {left}

and after {rightl theentdefinedin3s . . .. .. ... ... ... ...
A i.e ‘Bimﬂ here as a funiction of the track’s momennun g express in Gel'.
A cut has been placed around the x: 1xis (IA3] < 0.05). The result of the cut

=hown in the picture on the right. The ﬂaﬁ!!.?- at jAJ} = 0.05 represent the
220 ¢t for the ;Lﬁiﬁimisg'n 139& mined at constant momentum and cendered
dxmxﬂd;_}r e e e e e e e e e e e e e e e e e e

A is plotied here as # function of the track’s momenium p express in Get'.
A cout hazs been placed around the x axis {JA3] < 0.05). The result of the o
shown in the pictere on the right. The poinis at (AJ] = 0.05 represent the

22a et for the distrilntion determined at cop~tant momentum asd centered
sromsd 1A =0 .. ... ... ... ... ...... e e e e e e e
Histogram of the Z Virtex position for the =% and 7. One cam easily
distinguish between the Solid and Liquid Target .. . .. ... ... ...

After we require that the event has an electron with vertex correspondent to
oite of the two targeiz ﬂ:e selection of the target for 57 aud 77 from the
same esent resiults easier. In these plots are shown the vortexes distribution
for % and 57 after we already have applic: 3 our cut for the clectron track .
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Invariant mass from the reconstricizd 2% and 57 for the Liguid target before

bipematicalamis . . ... ... L. L. e e e e e e e e e e e e
Final o9 distribution for full Q® range . . . . .. ... .. e e
W26y wavoid theresonanceregion . . . . . . . . . . . . ... ...
0.1GeV? < & = 0.4Gel™? 1o select the elastic and diffractive process and
xclude C{ﬁ;{:ﬁ‘ng production . . . . ... ... ... e e e e e
:>09%o0<glect theelasticoprocess . . . . . . ... ... e e e e e

Exanple of the ;i’iﬁi function that defines for :-im;ﬁidi% my fidncial cnt for
every momentum ang sector. The red and bine show the 2 diffeient. sides of
the function. asinequation L1 . . . ... ... ... ... e e e e
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Exampie with previous methed. On the left side is shown the contour plot
of the hit distribution {plot # vs. ) of clectrons with energies between
1.15CeV < E < 1.25CcV that are cotnted in the 5% Sector. On the right
side is show the Y projection of this distribution for 275 € # < 28°. The
edges of the distribution are defined using a trapezoidal fie. . . . . . . ...

Example with previous method. On the plots are shown the edges and their
CITOTS. & v i e e e e m m e e e e e e e e e e e e e e e e e e e e
An example of coniour where the edees for fidudial cuc are defised using a
i &3 (=]
G=const inthe red zone. and a @ =constin the bluezones. . . . . . ...

Example with: new method. On ihe left sikle is shown the contour plot of
the hit distribution {plot # vs. 2) of clectrons with the same ranges as in
fimure 4-2. On the right side is he Y projection of this sitstribution for
2357 < < 234.6%. The edge of the distribution is defined using o = cmsi
asinthepiclure. . . - . . L L L L L e e e e e e e .

Same point with the old method. The definition of the edges are slightly
affected by the binning size in 8. beczuse their distribution is mostly paralle}
to the direction where we are inspecting 3t (the live at constant £},

Distribution and relative fit for 6,,,,,,. using the hnction defined in equation
A e e e e e e e e e e e e e e e e e e e e e e e e

On the top left is shown the detinition of the edges using only § = const plots.
On the top rigint the position of the edges are implemented asing & = consi
plots in the central region. At the bottom the difference of the 2 approaches:
In red are shewn the edges. using only 4 = consd. in blue using aiso & = const
plotsinthecemtral region . . . . .. ... .. .. e e e e e e e e .

On the top is shown the pariicle distribution before appiving the fiducial cuz.
On the bottom the position of the fidiucial cst wasapslied. . .. ... ...

4-10 Cherenkov efliciency as a fuuction of 0 aud 5 for sdectrons in Sector 2 of

56

5-7

the detecior of momentun of 2GeV. In the ot is shown how the Fiducial
Cut {the black curve) cuts off the ragions where the efficency has a very
complicate behavior.

- - - - = -2
Final pf distribution for ull Q% ranze . . . . .. ... .. .. ... .....
Picture of the Eg2 target during the assep bling process . . . .. .. . ...
Eg2Targetinput in GSIAL . . .. . ... ... .. .. e e e e e e e e,

Efficiericy plot. in Sector 2 for D? + Fe at 5GeVl a2 a function of the Laver
Numpber and the Wire Number. . . . . . . .. .. .. ... ...

Distribution of TBT Residual for Proton in Super-Layer 1: On the left the
data. in the center what will look like if we just fit the distribution with a
single Casreddan, In the right we have use the sum of 2 different Ganssian .
one wide. one narrow . . . .. e e e e e e e e e e e e e e e e

[

Invariant mass distribution for a Q2 bin of sinmiated data with Denterium
target. On green is shown the contribution due 10 background processes
fitted with a polynomial of 57 arder. On red is shown the fit of the data of
the fundtion obtained adding 1 Breit-Wigner curve to the badiground fnction.

The function obtained from the simulation showy in figure 5-6 is then scaled
to fit the experimental data puints. Here is showst the result of this fiz . . .
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3-8  Invariant mass distribution for a Q¢ hé of simulated data with Carbon tarset.
On green is shown the contribution due 1o badkground processes fitted with

a polinomial of 5 5% grder. On red is shown the £t of the daia of the function

obiained adding a Breit-Wigner curve to the background function. . . . _ . 50
59 The function obtamed from the simulation shown in fizure ;--’ 8 is then scaled
to fit the experimental data points. Here is shown the resnlt of this fit . . . 91

3 1) R_action under study. 7 Variables are needed for fully dearibing his behavior 92

711 Lepton and Hadron plane and defisiton of theamgie . . . . . . .. .. ... 52
512 P decavinthe pP restsystem. . . . . . .. . ... e e e 9z
5-13 Q- distribution for Liguid target for data {black} and simd lation {resli. © . . 94
5-1d Q7 disiribution for Solid tarzei for data {(biack} and simelation {red). . . . 94
5-15 1" distribstion for Liquid farget for data {black] and simulation {red). . .. 95
5-16 1" distribution for Solid target for data {biack) and simulation {red}. . . . . 95
5-17 1 distribution for Liquid fargei for data {black) and stimlation {red). . . . . 95
5-18 1 distribmtion for Solid target for data (black} and stinulafion {re 1. . . . . . 95
5-19 frogs distribution for Liauid target for data {black) and shinulation (red). . 96
520 pren distribution for Solid target for data {(black) and simulation {redd}. . . 96
521 0.. distribution for Liguid target for data (black) and simelation {re}. .. 95
$-2Z 0_. distribution for Solid target for data {(black) and simulation {red). ... 96
5-23 o4, distribution for Liquid target for data (biack) and simulation {red). . . 97
5-24 o_4 disiribution for Salid target for data {biack} and simulation {red}. . . . 97

5-25 o,_y distribution for Liguid target for data (black) and simulation {sesd). . . 97

526 o,_s distribution for Sclid target for data (black) and simulation fred). .. 97

527 w anpd =X histograms for the correction obtained for Deuterium target {left)
:mi Iron target {right). The outs applied {see cquation 5.3) will reject the
part of the acceptance correction which will cause some instabilities {1). . . 99

328 In this fgure is plotted the Kudear Transparency ratic for simulations on Iron
and Deunterins ias’gnisiii In blue is plotied the ratio determined using the
senerated events. In red is plotted the one obtained using the reconstrcted
ovents. The effect is really larze and wili need furither ai!!(ij{ ......... 101

5-29 Bin migration cffect: On the x axis 7-dim the geserated bin linearized for
2-dim visualization: on the ¥ axis. the reconstructed one. In case of no bin
migration effect. one will have a perfect dingonal. . . . .. ... .. ... .. 162

5-30 Corrected data bin isshown as a functionof Land 0. . . ... ... .... M8
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‘The 1. vs 0)° distribution is shown here for the lron iarsei. At firsi we
will consider the region in the shadow. dmracterized by 160Gt < Q° <
1.6Gel™ . In this region we will determine the experimental transparency
ratio dependence on I {see figure 6-Zon the gty - .. ... .. L. ...

Nuclear Transparency rdio as a function of I, {here expressed in Gel i,
1GeV ™} = 0,192 fm). The data-set does present a induced Q? dependence
in the [ binninz. 1o avoid it I consider two different Q2 range. In this plot
is -~ own the data with 1.0GcV? < Q% < 1.6Ge1 % {ser figure 6-1). The data
dows not show any dependence in I, as expected from Glauber theory. . .

- TF - » - . = -

The I, v= ° distribution is shown here for the Iren {arset. In shadow is s
leeted ti: son LOC12 2 el ¢ re=tinn e sl o -
Iecied the region LOGel™s < Q7 £ 2.2C V7. In ihis region we will determin
the experimental tramsparency ratio dependence on I, (e ligure 6§ on th
2T 1

L i
i
£

L]

Nuciear Transparency ratio as a function of I {here expresad in GeV 3,
iGeV 1 = 0.193 fin). in this plot is shown the datz with 10647 < Q% <
2.2Ge1 {see faure 6-3). The data sbo in this case doos not show any de-
pendence in . s expeciecd from Glanber theory. _ . . . . . L oL 0oL L.

Caomparizon of Xuclear Transparency ratio for Carbon data at 5Gct” and
determined with two different acceptance correction {see section 5.2 of this

hesis). In green is shown the result ebiaised with a ~bin by bin”™ acceptance
correction. In red is shown the one obiained considering al=o the “bin mi-
gration” cifect. The data is plotted with errors due to statistieal znd point
o point systematica! {addad in quadrature). The colorad bad i the botiom
represents the svstematicsi error identified Ifore as normalization (see sce-
tion 5.5 of this thesis). This last systematical error causes a connnon shift
in all the point of the distribution. and does not comtribute 16 the physical
Behavior of the Nuclear ‘Transparency ratio {for this reason is not incuded
with theothererror). . . . . .. . . .. ... ... .. .... e e e e e

Compsarison of Nuclear Transparency ratio for Iron data at 4Gl and deter-
mined with two different scoeptance correction {see section 5.2 of this thesis).
in zreen i= shown the resull obtained with a “hin by bHin~ acceptanee correc-
tion. In yed is shown the one obtained considering also the “hin migration”
effect. The data is pletted with errors due o statistical and point o point
svstemiatical {added in guadratare). The colored bad in the bottom repre
sepis the systematical error identified before as normalization {see section 5.5
of this thesis). This last svstematical error causes a common shift in all the
point of tie distribution. and does not contribute to the physical hebavier
of the Nuclear Transparency ratio {for this reason i o1 included with the
L T G 5 2 o T

Comparison of Nuclear Transparency ratio for Iron data at 5Gel” and deter.
mined with two differont acceptance correction {~ee section 5.2 of this thesis]).
In zreen is shown the resnlt oblained with a “bin by bin™ acceptasnee corsec-
tion. In red is shown tiie one obtainad considering also the ~bin migration”
effect. The data is plotted with errors due 10 statistical and point to pcint
systematical {added in quadrature). The wlored bad in the bottom repre-
sents ihe systematical erro identified before as normalization {see section 3.5
of this thesis). This last systematical error canses a conmuon shift in all the
point of the distzibnution. and does not contrilite to the physical behavior
of the Nuclear Transparency ratwo {for this reason is not included with the
oficrerror). . . . . .. ... e e e e e e
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The Ruclear Trapsparency ratio for Carbon and Deuterium targets with
beam energy of 5Gcl” is plotied here as a funstion of Q2. Theoretical previ-
sions with a2 modeld from L. Frankfur. G.A. Ailler. M. Strikman {FAIS. ~c2
section 134 ef this thesis) are also plotted 1o better interpret the data. The
blire curve represents the thestetienl prevision with a Glanber basad moded
{NO CTj. From this iheors otie Is expected (o see o more constant behavior
with a vasiation in Q%. If ope adds 1o this model the propertics of Color
Tramsparency one oblains a dependence on the Mudenr Transparency ratio
respecis to Q2 {red cuzve). The dasa for Carbon at 561 shows an increse
iz Q% which cannot be interpret using 2 Glauber model. . . . . .. L L ..

The Nudear Transparengy ratto for Iron and Desterium targets with beam
enery of 4Gl i= plotted here as a function of G2 Theoretical previsions
with 2 model from §.. Frankfurt. G.A. Miller. AL Strikman {FAIS. see sec-
tion 1.3.4 of this thoesis) are also ploticd o belter interpret the data, The
Blue onrve represenis the thoeretical prevision with a Glanber basal saoded
{NO CT). From this theery one i= expocisd to see a more constant helinvior
svith a variation in Q%. If one adds to this model the propertics of Color
Transparency one oblaine a dependence on the Nudear Transparency ratio
respects 1o QO (red curvel, The data for Tron a8 4Gel” shows an increanse in
0 which camsot b interpret using 2 Glauber model. From the FAIS model
one does nol expect in ihis kinematical region an inporiant signal of Color
Transparciicy. . . . o . e i e e e e e e e e e e a e e

-

6. 10 The MNuclens Tmnsperosey ratio for Iron and Denterium fargets with bean

6-11

6-12

encray of 5Gel” is plutiad bere as a Gunction of G2 Theoretical previsions
with a model from L. Frankfure., GLAL Miller. 3L Strikiman (FAIS. see section
1.3.4 of this thesis} are also plotted 1o better interpret the data. The blie
curve represents the theoretical prevision with a Glauber based ipndel {XO
CT). From this theory one 5 expectad 1o see a more constant behavior with
a variation in Q% If one adds to this model the properties of Color Trans-
parency oiie obtains a deponidence on the Nudear Transperency matio respects
to J° {ved curve). The data for Iron at 5Gel” shiows a consistent increase in
Q? with 2 beticr statistical significance respect 1o the other confisurations
inspected in this experiment. This is due to the Ligher statistic available in
this particular cenfiguration. The difference respect 1o the expected behay-
jor from a Glauber eaioyiation is imponant. The data presents comsistently
higher values for the gart with hizher Q7 respect 10 the one prediciesi by the
FAISmedel, . . . L L L e e e e e e e e e e

The Nuclear Tmnsparency ratio for Carbon and Denterium targels with
beam energy of 5GeV is plotied hiere as a funciion of Q%. The errer bars
in each point shows the different contribation frem siatistical error {(hlackj
and systemeatic poinl to point error {rad). The data s fitted witl a Hnear
function {black lined. The pesulis of the fit gives for the slope for the Xudear

b & H

i1, parency as a function of Q7 a value of (0639 £ 0017, & 0034, .
The Xaclear Transparency 1atio for Iron ami Denterfinm targets with beaun
encrzy of 4Gr1” {bine) and 5Gel” (green) is plotted kere as a function of §°.
The error bars in each point shows the different contrilnstion from statistical
error {black) and systematic point 1o point error {red). The data is fued with
a linear function {black line}. The resulis of the fit gives for the slope for the
Nuclear Transparency as a fundion of @7 a value of {0.0195 £ 0.0069,, =
T

-
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ABSTEACT
SEARCH FOR THE ONSET OF COLOR TRANSPARENCY
THROUGEH p” ELECTROPRODUCTICGN ON NUCLEI!

e

Lorenzo Zans
University of New Hampshire, Alay 2610

Color Trasparen s 2 GUD phansaoon shih pradicts a neducs? ead of ntoraddion

ucexd in 2 puint-like amBgusation, In dhis talk
I will present the analysiy of the search for the vt of Color Transparensy in g° <loc.

tnpmoduation with the CLAS detector at Thoeas Jeffomson Lalamaton. This experiment

iisend L0 different Largels siinultancously fo resuoe the ssstanatic dros amd achicwe 2 mure

proecise measurement. The Xudear Transparen )y wvas mmsured as a fusdion of Q7 and Co-
Berenee Length (L. and wie Bnd 10 be independent of the [ on the range saanimad in the

- - -
experment. The inaese in Xudea Transparena sleerval with an jnuease in Q@ ignily

the ouset of the Color Tonnsparency effect
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Chapter 1

MOTIVATIONS

The mucdens Gansgmrend for the sofiment production of 77 susons was measured on
=g = -z - 2 ¥ - g T se5. =3 -
“H. *°C and PFe in the §F mmge of 1425 Gel™ /& with ibe Continnous Eictron Boun
Aaclerator Fazility [CLAS, detexior at Icffenson Labwratons. The sucleas transparena

i extracted] for a tanber of B in @ as the 1atic of g production en a mudear target

llll

in scasuting on Uasc

-

vl the produdtion on destesiom. Sistematic qrors soge gsuoo

twe targels simultanoosly. A rise in the nudear transpanenc fur increasing Q7 would

-

- -

iimiicate the onet of Colur Trampancg (CT) We aill diseuss the thooneaioal backgressnd.

1he experimoental sefnup, e data anaivsis and the entiosk for this experiment.
I this chagter [ will start gising 2 thourethal ntnaduction to this cxprriment. Firnst T ol
ftsendnoe the Glanles tmalcl, ahioh inlogpreds the titeraction aith mealtes using a hadtonic

*

desaziption in quaninm pxaxhanios, Thon 1 238 o wnt the Color Transpanemy coneept as

was firstiy developnsl ising perturiaiing Quaztan, ChiomsDs pamice. pQUD; and will A
an czemph of e this dewsiption lads to a Jones intaactiun of quash sistems aith audear

mattes. Comrarpeenth [ will precnt tao diffennat models abich attanpts to translate the
coiteepl of Colon Tratsparenc in perturbative QCD 1o the case of lowes energy. 1a 1he
fast sextivn. | aill briddly desorilee differont experments that hase seandiod for the Colaz

-y

Transparency offect in neclear matiern,

1.1 Introduction

aenly deais of exposinents hav confinned that pratuthative QCD desaribaes bigh momen

tan transfer seadtions in sudcar physics acvonsately. From another sion. proussaes sudh s

-



wnlinenent. and the physios of spuntanaandy broken diiral ssmmnctny, ap 3ef 10§ ander

- % ol

suanl. Stndies of colicges hcinauuhas o in éi&’.éasgaaé:i:gi fronn colprons jongth odfects,

as 2l e aaniainad in detal] later b, this dhapler; an jngseriant in order o snderstand
-3 1 Z 3

wonfiianend sidd spontanoanly broken diital sssmmectsy, Hero the fodd than propentio of

-

QCD vl o Impurtant ned in testing different hicas agad sodods. Fur esample o one has

an high spomentun wldos ponteal sy stemn of sheeds sepataiad guashs aaod zluoss prodiaasi i

"y

aadbslun, ant et assann that this conBiguration ol interaat with the sameining spcdons
target with the anbsion of kng savelengths 2luons, The leading tern of the fnleradion,

ahich s e 2 “oodor moenopolc Lo ol aol give o contribntion st the syslem is

ol seniral, The =t 2o keading onder sontobation s given s 2 “wolor dipole™ femm,

I the size of the systen i sipall ctxmzh rosgact o the distasoe that daracterizes the in

th the suddoons, w2 can assanie that also the dipol cffecads will a0 suppresedd.

Ei-
E‘:‘
8,

The intesaation will be defined in this case 2 “wolor scromusi™ and e suppresion of the
“dipok term will be called Color Transparency.

I ihe munentuin & high enough. e confBiguration of this parfionlar sastom of gquarks and
glioze, called a Point Like Confizuration [PPLCE. wili maintain iis size through the sude
tarzel. Al bvver msousentam this Point Like Configurztion objmt will have sufficoant tise
o aolie 1o iis full hadoen sjze. Ezperimcnts al thi enogic will be able 1o olserve the
proness of formation of an hadion and the aseeguent machanissis of sototation of wior
mnd pion Helds

in this exprriment. sc duee (0 e e the-ato

g s - - 2 .
0] sdor Gasol i oder study the cveln
tivn of a Point Like Confizuration and Color Transparencs. In a 1960 paper (2] Sakarai

prupescd that the pholon ntoracis with pudear matter through its hadronic faduation

This i non expresead aith the sottor meon dominant ooded. ahere the hadionis com

L

soprils of the plolon corndd of the Bolifed vecior mesons. namnels rtho {51 eioesn (o
3 3 A Yo L 2

atd phi {0} The prouess of creation of secor meons through the findnation of 2 virinal
photon in a g sastom. as acll as its size dependencs on the nass of the sirinal photon, an

. fiyg1. . . £1 -
well utiderstomd (s (213, The other advantage of stadyving the ¢ come from theoretical

i



proedictions s hich suzacet that the effais of Colotr Trassparonoy sill o inpuriant a2

. aempatzl to hadnue aunsisting of 3 guarks.

honel energis bt a gg system. such as the S

This is stmpls dac 1o the facr hat quark. antiguark sasteins can b sanaller in phasical size

-

than three quark systemns ai the sane eneray,

H -

1.2 Notation and conventions

This document will sse nafura] anjis:

bt 3 -

Twn cdiffcient meciric vl Is il focssing on e o1 that a3l give an aodes Inlerpretation
of the phvsical bedivios of the systan. The theory dhapter will mainly wse Lizht Cone

coordinates {see [22] and (23] for physieal backgramnd] with the meirc given by:

g 0 -1 0

{ _
L“ﬂﬂ i 5)

where

3 JFpi Xy _ Ty — Xy
—_ r =

- =

r— - —
F{; Faw
vz wI

-

and the coordinate £, and 13 will be referred to a~ Transverse cordinate I 1o the Jigin
. - - - ET - ] 2 43 = s [ 1 - -3
cone direction, given in ihis case Ia oy o the olher secfjon the more siandard setnie will

be nemd

The kinematic variables ised for deseribing the reaction are {~ee fizure -1}
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Figure 1 1. Kipmnatic qpuantities iwasd in this analisis. k and § dewribe the Smomentan of
the Inuuming and scaticral doettson. p an A are the sovmcnin amd Mass of the Beomin

\.:m

nucleen and W is the mass of the remiling system

e = Pl
o O = —g | momentum irusio squansd

o = [ — For s the cleciron encrey loss i the gucleon tost frome

-3 F e vgae -
o W™ = {p+ gl b the mass sqpuaned of the system recoiling against the saatiened elecinen

An impurtant quantits waed in e search of Color Transparency is the Xudear Transpareng
T 4. It i memsurad In taking the ratio of the niedear por mechom ones sation {6.4,74) with

the fiee nudleon aoss section {6x}.

-
3 =
;:E;

1.3 Theoreciical Background

Coburs Tramspaseny 24] conld be consdderad s the offeet of 1o disting phonuinena that

»

pair genetalexd Ia the sallering prowss.,

'3

sl o particola wonfigusation of the gquask

o The first selection is done by the kinemnatios of the seaction, that in wir case will be

- 7 - - - - - - - -
drven In -, This sclection. as one can picture frem considerations of Helsenbers's

12

Prindipie. will choose quark configurations with 2 separation tunad by

"


http://dtttn.li

o Fromn ihis enpeinbl of conBiznraiivis, Nuoddear Bllering ol sadeet oaly he ope aunfias.

uration with small iransverse distance etween the quarks.

1.3.1 Gilauber Aedel

Fur a tadtes explaination of e thouny of Colur Transparcics. T will stant sntsofndng the
3 = be | - s

Glasins 3Model [25] that. starting ficin an hadronic piaure. develops the desaripton of

the islatation with maetler aning wollision thon fron Quantum mchanic. If we stant

desagibing the assmploiic pidure of ~ attezing of an osning patide aith momcsing

i threuxzh a larzel Stuated Bz siimplicity 21 7 2 6. we can dedribe this svstemn dng a
3 - -

EHFA

Scirdinger piciure:

iz ik
et ey,
T F
el [ o
clifj ~ ™" & fil}— {1.2;
» T

where & ogation 1.2 {a) refers 1o the inooming padide. (b)) s amneciad o the antgoing

wave. seallens] fom the waler of the axis and Jif) i diredths connetod o 1he cruss sextion

of the Interaction. ot
i 0 [ i =5 oy
J(0) = ik EY ~ [ 5 E T (13
=)

here 4 is the momentn of the inoomitg partide and £ b the scattered one. If one G
astine Qlindrical summetn of the interadding pulential vier e axis of the nceming

partide. the only depradesnce of V{7} will be of the inpactt parameier b {see fgure 1.3

ywhich aliows fii.

—
E N
—a

7 10 be expande

I i ik SE-T3l uf Feiz e 2 -

TRy == [ 2508 e oy Pz = (1.4
=

1 HE-Fsk tE Fezs; A% L3 sy 72 i3 =

= - o & r ir - a}é hd= a?-Zi?

Fauations 1.1 and 15 define I'{b) 2nd 175 ahich give 2 complementan degziptions of the
(432 3 1.1 H
ﬂﬁﬂ?ﬁ?i.
An timpuriant chador of vector mesen Ehotoprududion. shich can be interpretad using
thie Glauber odel. s the Cobicrence Lensth effecr. The next part of this sedion follows
=3 E

the study from Hufer ~4 al. in Ref{17]. In the study of photo-predudion of wettor meon

9

't



ot

Nucieus

Figure 1.2, Schematic of Vettor Meon photoprodudiion in an atoin msing the Glanber
approximation. Highlighted is also the @ coordinate rapect o the syminein axis.

V off nudents Al schiemationily =° 4 — U Y| one can himagine the interaction en the tarzet

-

as the product of different comnbinations of:

i. vector sneson pholo-prodaction on 1he nuciens

2. pmitiple clastic rescatiering of the wxilor meson producad in step | aith the otlur

nucled of the waterial

Ciie condition of the Glauber maodel i~ the sanall cone of posible diredions of the
seattered partide sepedise to the incident beaan's direction. Due o this sequisement. the
trajodon of the preducad sautor meon w3l nol diatze divaction significamly (sl keep
“muaning furaand” L giving 2 nstriction to thc possible combinatiovns of castic necaticoring,
depending o6 the plae of photo- produciion in ihie alom. asshonn in figure 13 The vector

mesun pholo- stoeduction amplitizde of the inddont < on a nudens A will e gicen in cikonpal
] 3 B
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Figure 1 3. Schematic of the inloracfion in an afom msing the Glanber approximation. On
serd are onthinad the region shere i§u pitc e vl contsibnge with clastic seattering depending
on their lodal impadt partancier. b will dewribe the transvene coondinaic { {resput 1o the
syimmeiry axis 1) of the fncoming <7 . < will dearibe the transvene coordinate of the

sichests j. (k- 5,1 will deseribe the Bnpact parameler of the <7 respect 1o the nadens §

forin as:
ic:
. Y i e -~
- ,—J\-‘ =3 -
-%3 — o .%‘ - — - g - =
VR =3 rivE-siens I 1@ - 00 - ) (1.6)
= -
3= Presy

I

where (a) decribes the vettor mean photo-production amplitede and {o). if expanded.

expresses all the possible combinations of clastic ~attering in the region = ~ 2, . One of
the hey faclors for interpreting the Colicrence Lennth offect i the phas frutor (b . g,

represents the Longitudinal part {2 directon) of the difference (£ £ of the momenta of

both the photon and of the vector meson:

. - 22152 i 2
qu=p" —-p, = Rt =l = —= (1.7}
* 24 q: 2+ %13,

The inverse of g5 represents the Coherenee Length 1 | betaise in the sum of different

tenn~ in Equationl.6. for the region where (2 - 2,:) < I {whese ' and 7 represent two

incdices in ihe sumn) the pradu tion amplitades 93l add coberenth, Otheraive there sill
b districtise interferenae,. Considering that during the interaction the mdear state will
change from [ . the ground state to }f . the final state {different from the starting one).

e et define

I i 145 i, PRTTR
:z:}'f =1 Foo Ty i) {L8)
T H H

.
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intcgrating over ;)} and sinmnpming vver the final states (v here ane will consider the com-

pleteness of ihe final states). one obiain<

g

-y ) 3. -1y, % . 1
e - ”" _/ & [ 20O (@ ey - iy dhio) oy o

shorc one s the Lact that in the finad states the ground stasc is missing from the aomplete

set of siates. Using one of the represeniations of the delia function

b 208
-

— - 1{3 5;%: T ar

one can simplify the equation into

oy ¥ oy} (.10

e

'
=1 —_ ,- .-Q ; =§ gﬁﬁ _
G e ‘= kS ; 3§ Het J
L H

| ——

As is shown in [17] - different {07 in Equationl.6 will lead to different anributions
from the I f;r(ii.:j to the cross section. thus creating a Q° dependence in the Glanber mode
as well {=er figure 1-4} .

The Glauber model §25], which gives a Quantuin medhanical description of the inter-
action with matter. does not mention whether the particles considerad have a2 compasite
sysfem of guarks. For this recon the Transparenay fador will be independent of the Q7

transforred U the incoming boamn aned its salie will be constant i ene sulitsedd or othoraise

conztrols the Q@ dependence due to Colierence Length cffects,

1.3.2 pQCD description of Color Transparency
In & hadron in Ligh momentum transfor excdusive reactions, the fundasnntal past shich

tonirols the valente quarhs is called quark distribution amplitude 26]. In free space excli-

sive provesses we (n wapress the distribntion amplitude using in light cone wourdinate,

5 Y

Q o 3
onlr,. Q%) = / P lepyyln,. IF) {i.11)

where o, Bs the fraction of the longitudinal momentum carried Iy the i-quark so that

(1 sp= ] (where pis the momentum of the quark). The next example will describe

v H


file:///aluc

b
N

S
/
Z

¥

Trallncoh)
[ ]
173
’4
o
II:;
7.
L

£

‘ 2~ peme e .

03 2 i -

(] s z

= b

0% - : :

= o <: =

Q oz . s

S o. : :

s =L :
:

* -

= o2 b *

.‘ = *

= L -

02 137 =

= =

N :

e -

&% ‘; =

: e

: b

* -

83 + 2

=

L.
L]

e by
3
!
i
e
L

Tia{lnceh)
8

Y
'

i i
ey
g}w

8

Pb i
L] §
5 7] 100 . m tmpen . . .
s{GeV) Fimure 1-5: EGZ experiment kinomatical
+7F - -
range: 0.9Gel™ < Q° < 2Gel™ apd
. - - 336Gl < v < 3500
Figure 1-4: Naclear Transpareney as a fune-  ——o0 < ¥ < 2albaod

C-
-3 et
tions of Q° and v for diiferent target mate-

i
vial. Highlizined in color is dhe kinenaiioal
resion investizgated by the EG2 experiment

Fl

soee figure 1-5 on the right)

how a pQCD analysis of CT wn be dope. We will consider the pion knockon? reaction
A — #7"A {see figure 1-6 ) {see Refl (27] ). This process describes same prapentios of
CT wcll, 2nd an be decompneed as the sum of a soft Collisivn (C) with an Lard ~attering
kernel (/Y {sec figure 1.6 . part {a) and cquation 112}, The bard scattering pars will be
independuat of the sndear nismber A and of the location of the Interaction inssde the nudled.

The amplitude 3 is given by {273

{1.12:
{i.129

Al = jgaz; [ }}éf!{, Gll,. 1) Ttk (P

k; = active parion momentum

1, =lacps momentim interaction with the participating quark spectators.



The first siep is normally defined as -fadtorization”™. In this stage we separate the soft
and tie mitial part of the interaction rom H{L,. Q%) The distributien amplitude of an
hadion that has intezacied with a mdeus A (in the oiloning 1 il refer to save indtions
which desribe hadrons that , yve intoraded with a nudens with o labe! L1 dharacternistic

i the smclens) «ill be given by 275

-5 ) )
ofx.Q7 )= | dhpraix.ky)

{1.13}
Using this formalism we can rewrite the expression of 1 as
M= [ Hé&; Hley Q) v alky o allezi 41 o LK™ (1.14)

-4

This transformation f is showa sabematically with the passage Hom diagram {a) 1o

diagram [b} in Bigure 1-6. In part (b} of this picture the § blols represent soft interactions
Eetween the hadrons. These will be suppressad with respeat fo the other inleractions, be-

case they nill be the produd of the coupling of these hadrons. whidh are wlur singlets.

Anti-transforming in L the quantity v in £g1.13 . we can expres it as a funciion of

the inpact parametes by

jd-leg valr. i) e —brfr _ o 53) = vale b) = Jals0?)oolr. b (1.15;

where ~ denotes the finction in wordinate space and f =57} is the nudear filtering

amplitude for an interacting guark in target A of energy s and impact pazameter b

Ffa=1-F; {where F the seattering amplitude} {1.15)

This the cransinitted vnae is the original save mimis the scatierad wave, We now Lave for
{3

Eql 13

£} . .
N - >
os{z. Q% :/ d2izy /.f!fflrr’l b T fals b5 salr. ) =

92120 j db Ty (QB) fal.5%) ol b) (117)

i0



O

(@) - (b) :

Fizure 1-6: Reaction under study.
Ty -

Where we have tned the alindriaa! ssmmetry around by and L; and the definition of

H
the integral represemtation of the Bessel function.
1 2z 2
Joizi = ;;—f =gy / sJo(2)dz = u.Jyiu) {1.18)

The {61l Q dependence of this formula is given by the term Q.1 (Qb). that cuines only
from impusing the uppor limit on 47, The bebavior of this function i shown in figure 1.7 .
The middear dependence of the reaction is now entirely carried In f4s. 573 Even assumine

1 3 N Jals. ) 3
a complicated fmdtional beliasiorn, that will depend on the model considonsd, we can sl
expand fi(s.07) aromnd a known salue of b Becase ot b = 0 the color dipole motsent of

the singlet mini-hadron will be aull. it is assumed that

Jals )| =1 = Jusbj~1- A" b0+ . {119}
h—13

wherd IFe, T I definition. is the cffedive aoss section and 2 s the average padear densita,

Duc to the selection driven by higher Q walues {see figure 1.7) the only part that will cmm

11



Figure 1-7. The dependence of Jo3f° with respect 10 Q and b is proportional 10 (Q.7;(Qh))?
fhere piotted). High @ wifl select configuration of the wave function of the quark 15{2. b}
which will be characterized by low b

-

of fals. 1P} will be the one at b — 0. So for high enough vaiues of @ we can directly ser how

we can “ture off the soft pant of the interaction. Not considering Lornalization facters,

) = oglz. Q7

oY,

1.203

. P Ty B e
im o48x. %) = / d*lerrealr.

The distribation amplitude of an hadren which has interacied with a nudens o302, Q%)

i i ]

for high enongh QO is the sane one os il free space. The only ingredients for finding this

resnit (v hidh states that for high enongh Q7 the nudlear nuadiuim has 50 action on the wave

particle} were:
s Lactorization.

o including fltering in the nuclens,
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-t - -~
o Imposing cylindrical svimaetry around by - by

From figurs 1.7 ix abo puasible to anderstand the concept of nudaar filtesing, The inta

action favors bigh Q°. sclediing guark’s wonfigurations dgacterizasd Iy simall transiers
¥ % g ] -

separation. Short distance is then & statement about o duininant integraiion region.

Easy interaction model

xi yi H
< o o r
- 4
x1 [= C% :-g' o O H
g8 + g 3 +
29 & y2 5° N
g N A A
v

S
q

aooanQ,
+

0040000,
Q00000 |
0000000,

N
U

i L I A

7 El

Figure 1-8. Diagiam expansica of the interadtion of a quark pair {1 sithapediazor sadeons,
i1 this picture schomatized 25 2 dual guark object also {2;.

-~

One can sec the <impiificd » hane for an exampie ol the behavior of & guark pair’s
Iteraction in a niades in figure 1S The kerned of the interadion can be expanded as a
single interadtion contnibmtions brisoon the gnarks, Cotnidering that there aill b aselative

mims sign fur intoeradtions of guarks with opposite and Bke wlor diagges, the kernd will

13



- 7 - F .
5‘.53,}.3‘}5 = {ry - )iz ~m=j-1%

- a = - - a = - 3 Fa s |
Bz we are intetedad in the short distanee resion. sedouted by the high F of the

rezction. we ca expand the kernel in Equation 1.21 for r = L - o] — O, giviag:

Kix,. 2} ~ {r- TV iry - 25} = Viry — 2312 {122}

This ohsws that the interaction is proponiional to 17 fr 7 - 6. So. a mwore and more Point

Like Confizuration {r — 0} tngd by G | will selent the guark confizuration that will have

itk interaciion in a nudens, eiving e auark pain the jxesililis 2o s tronzlh man
» 2= i i A

Fa

&

fermnis of maller, in other wunds Color Tramsparency. We will sec that a more detailed

anaiysis nsng 500D, will cxpress the matter imore figorously.

1.3.3 Kopeliovic model

A~ indicatesd by Feinberg and Pomcerandhuk (28] and by Good and Walker [29] . more
that 1hodes own ciergy and mass, one quantity that will affet the single pantide states

is

a2y differenue of states with the ~ame

G

tite csulsiion of guatks” conbdnation i the on

momenummn %, In the aliss-relativistic linit {considerad in e 2 direciion).

——— H = -
I 3 i . my C img
Ei*"f""ii‘i’ﬁ"“?’*ﬁ??‘?‘*?:ii?gfé
I 2z 2 e
s Iz = 2y 5 £1 9323
g Ly — L3~ o 11.23}
= £ = 5 -}7“
- f 5 = i, w5 e . Yz 2
Bz = (fmi 4 % ~ poy 1+ = ~pell 5 555
T Vo= 2 p

In dcfining consistantls the Transpasoncy phenvinena it is important 1o define sigorously
the tine csolition of the guark grais that aill compeed the virtual meon in the final state,
= £, - -

As shwwn by Kopeliovic and othens in 0] (315 32] 33 in the interacion of a virtual photon

in a1 muclers one could discemn belwern
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fznge 1 9. Space-tiine shenatic of the pradudtion of a g° from the intciaction of a -« with

s

a muclens, The process can be desaribed in 2 different swvys. {a) The crention time (5,1 b

much sialler than the feraction distane {the droalag Lloh, | [h; 31 exxcssd the nadeng

radins. This differctce feads 1o a difforent dedription of the transparscs fador

o Prisdaiciion time, the 1hnc in whi

pair that will inferact with the nuclons,

» Formation time. the time i takes the quark pair. afler the sudear interaciion. o

- L.

The Transparety fadtos, as shown i faure 19, will depend en the charadleristios of the
virtual photon, giving its abilinn 1o fhgewr different tine saales fr the spoctator {arget.
If the pruaduciion thne {5,) is snalles than the msddens radins, the fransionse {nprd to
the dirotion of tle g4 sstem) evolution of the goir wifl have similar time sale 10 the
nuckear tarzel, and ~o will be infleenasd ftom it Changing phase spaoc. also s transerx
smoinentui will be affectad by it In the opposite cise of 7, 25 3 gogena. e transvene
prepents of the g4 will be mmoetls fozen” during the pseage in the nucdens, and so the
it of the modinn w9l be vidy o Ainple attcmation Ldor, If wse is u-dug a findional
Bategtal ropmovantation. the avslution oporator of the gg sy stan can be sahematized o an

=

attenuntion factor of the foria 130]

F 3 ?
3 oy Fi -
:-;g;;{-;; dl ot} palFy {124}
3 J f

aliere 7; sepresent the tramaense distanoe belwoeen the gquarks of the virinal meson
traveling into the mudens. The evolution operatorn. caluslatad in the Laloratony Frame.

will be of the for {30}

e
I
k""“""w
T
v
\
I
3
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where L,.77 is the eifrctive Lasmansian and will be definad as:

- -;i: sl xy FyrTa

Lgjie.in=Lis.5) % 1—alrrijpalriti} {1.25;

The Lagrangian of the quark, antd guask is then dse 1o the o of 2n hannonic eaillador
=2 PO

fi{r.7j= L il {1,973

rane 3 2 =he=ns

- - - -
=

hiat is driven in 1his sasded I the inleradiion in the mudd asing the sovoind fenn in

Equationi.26. 5 i the saltoed mass of the ssxicm ana o s contsociead 1o il furmation tim
§ i

of the virtual isean. Using sotne apprusimation, salid for 5 < < 1. oie can approximate

the craes section o7} 1o a tenn proportional 16 £7, so that it wan Lo absorhad in the

fregqueney lenn.

oy =

-3 - -
i!'...fir:
i

pum iy

If oue considers ihe nucdear dessity 2y a naltisiep furction, the wilue of 807} is “frozen™ at
evety slop lo 1he saluc osuned al o corlain 3me. O can then soounsiyned e cvndution

gperator from the multistep Hamaion,
it met} itﬁﬁs‘t =iy ?L’glﬁé { Hie.ct)

In i vy the problem sinplifies boeaise at eders single slep the aioluiien ojngator
s £ ) -

resjremds to the onc of an bannonic wdllator st constant fregquency {soec for cxanple 31
; » % s aE = h-]
—ra ] s - LE LR -y > .
< gl {lir >= 3'}7’75 - .i gz.s';:j 5o (" + rYeos{aly - 2r5} i1.20;
{2z sinfal} 1 s i

Onc can thns csnphdely determine the cowlution uperator. soliing the multidep sastem
obiainge] from Equation 129 | msing the complelenes selation 1 = )10 < ] and doing
A from Equation 1.29 FEIE fet lation 1 = 3 _; 1 and doing

il inicsral

1.3.4 L. Frankfurt, G.A. Aliller. AL Sirikmman Aodel

Anotha approah ussd for teding the Golor Tramsparona dimt s o noded doadope! In
L.Frankfert. G A Miller, ALStsikinan [2). that. from a basis oreated nsing the Glauber pic

trire. adds the inleraction partioular of quarke. in a Point Like Condizuration. With this

-
I
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approach the phasical hadron Bt w] deasilaod In the Glaubag modell Gones straight

fornard, Finst we separate the two aaniribations (o the ioial cattaing (s figure 1 2 amd

-3

A

L§ - -
¢ g e photoprodedtion o a single nudoon [where 1 = - g7 is the 1momentun

transfer with the sudom and 4 & the minions posible salne assimmed In 1 for 1his

-

seaction. For the ddiniiion of £ soe oquation 311 and 55)

== 2 f2.~"1% .
dg* " _ §'5‘7 % - E (132
> H 7 s
Ll %. al ==l

1y 1873 2
ez _ 35535 g rg,gﬁ‘:; - ﬂ?ﬁéi D N L 23 {153
= ~& = wem——i; T = 2 2.9
dt L d 162 ’

-

This paramscirization is sefnl becanse 1t epbances the role of e duee sction depoandenoe
ol the smuientam ransfes with the targel, We wan sov assane that the full cross seviion
aill be given by the sum of alf the pusibile differsnt smnber of dastic resaiicring {n in
cquation 1.31). frem ihis aill folbsy the definition of the mudear transpuren 7 in this

description:

= =
da — da,, éa? = =5
— — — “1° f— . = 53 - = g ‘:, -2
i n T3 et S = ; y {1.35
=i - A =iy = =52 =4

Glauber picture

The darting picture of this moded is boead on the Glauber teon, I olie ansidens the

contributionr with no clastic reetlering 1o 1he croes soction one find

ig:
. EE 22
TV L A -
drg do™ * = - Py
— = A 1°h d=pib. 23{i — G Tlh. 2337 7°
It di .
{1.35)

Tth.z) = i dz'pib. 2"y swhere pib. 2} #% and [ FEFh. -y = 1.
* T+ o

I

oy
whof
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In asuation 135 tle part {a; sepresents the s of all ihe pessibl contrilations for soaite

ing a Vertor meson from a ~° in a target with deisdiy given In plh. &} {slagc. in eation

k)
¥
x

e

is the auddeny radius), pert [b; refers 1o the probabifity of not having an

136, 7 L14

clastic rewaticring {1 - o 71h. 23} from all the remaining nucdons {4 1] slaning freh

LT
S

he point of the vector meson's creation .

..

If one Gonsiders o the e nhore a single dastic reseatloring s, one clitains,

P 2o A3
. ig*a Il % e oh - = 3{[ !
dry ;;553 i . fdatY i 2 ff‘ I i P
— =] i id-1j— d‘aj deplh 23Tih 23] -~ G (b 21}" " x
H i fzx i [
i i1=1, i éfrﬁ =
_
= g3 EEn
Ly .
4 “:i “@ = £ 2= | - -t ‘ij'gsg‘: — et gz
= j —— gq; Tz =i I Ll gi.-sgi?
= =1

In equation 137
fa) Refors to the groduciion of tle Vedlor mesen:
{ih) Is relaicd 10 afl the poeoible {4 1) single elastic resaatioring from il puini = of
%3 H HH
Tezition of the mewn g7:
{c} Describes the probability that no other clastic rescattering ocours:
{d; Intemrat 1 ible porpesdicalar o Lum treasfors I the twe
411, 1nlamratos sany all jasellhce porpeiadio by moheadgm e osjons el e 9o e
sxmoas 1hat gives the same tolal momenlum transfer with the sudan § = 4; ¢ 45 [whers
i P
igi- = —i).
I errler 1o snndendand the snancdan wonsdraiin i [d) oo o] Lo v hon o exjartiine,.
taily detenmnine £ in the renction uinder stndy {ser figun 3.1 a1 gage 38 and amation 5115
In the first order approesination al the kiscmatical cicrgies issd i the EG2 experinaen. £
s ribhes (hie Inleraction nith a andesn Vi showed in Ggare 301 {desdzned sith the temm

*

deg, d1 in couation 1.35). The teras with dastic rewattering (doy Jdi. das/di . ) coter

into the cortention 1o th Transpar-ndy (sor fizun §10), Consddaing that 1 b derivesd fronn
the diffrane of the detoutad p™s musontum {afte: [ passes through the pudens) with the

motnentum of the sirtual photon, £ il cany the infonmation of all the Bnteractions with

the tarzet {creation of the setior meson and ail the pasibie dlastic cnnbinationsj.

——
W
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25 26 27 28 29 30
G{mb})

Figure 1-10. Glanber muedel walculation o a fandtion of o, = 5 fur the dilfenod comind
bution 1o the Nudear Transgerency 773 o defined in ogquation 134 [2). In black i shows
the contribnnion due fto 75 {eqguation 1735). Dashed 15 e i the one fromm 7 {oguation

ot jepies=sil Lhe sum of 15ie 3 tenns

b
.

1373 Dashad in ohan & 75 The solid blue Jine on th
T = Tp + 7y ¢ T2 1o the contribution fo the Nucies Trapspareny due 2o the possibility
of 130 claclic rewcailering, is {le ading (o7 a3l These enersies,

“Treatment of the 7" decay

This modd was abo mplemonod with the offets of 77 doay ieide the audens into a

=7. 5 pair. This will nsdily the seooud step of the foleration with the tarzet wlao. 2 Jleg

being treatod, 1he vector sneon propagates theough the stedons. For this reaon, in diis

step. 1he oress section G tevds (e be replaced:

{1.35)

n
3
iy
¥
wr&
®
L
L

o
Y — [ S E -

where ¢

LY
. U eme } ( { {pmz }
égf-;}:ggﬁg?i{s L i:’*:};é%ggii“ﬁﬁ.—E'f;-:—g:x’—;? i
\ / v\ /

In cpmaiion 159 ta dies st lion s disided in tw parts, both weightaed with the docay rate

il

—_—
for the pp Doosted In its system fame, (U pmp/ ¥?;;' ~ m>,) . Both the decay rate aud <o
*

My
-

the o s Uon for the prodoced 2° 5 ez proportisnal o the distatics aseded from e

creation of the vertor meson {27 - 2). This effect prodioces a rise in the meeared Xadear

19



Transparency that at its snaxitmnn is - 550 for lon 7 meson aiergios. It is then fmportant

to include this calcuiation in the tieoretical prediction of this data-set.

Implementation with Color transparency

From this Glauber ipoded developad s 2 basls, One posds to add the offmds due o Coler
Tramspmrenay. Onc oill expect two difforent ofedts i one diecks the strudtane of the aoss

sttt {=ov oxpintion 1.34 .

o e contribution in the first term in the sum (o, d2) will be enbanoed, This part
takes into acount all fie prooesaes daradterized by the creation of the ymeior meson

without any clastic rescaticring,

s In commespundence 1o a reduand intoeraction with the rest of the nudens, the wmines of
the bigher order tenns (in 5% p° reatiering) are cxpected 1o shift Lo the lower order.

This approadh. dewclupnal In Frankfurt and Sifkman. adds iwo oilur steps 1o the pidure
of cauation L3909, The anes section gp. of the aeiad vedtor meson will be substitatoed by
an eifective croass soction Gy, I one also considens the effects due 1 the p° meon’s deaay
{where fur siieplicity i s assaned that the momentmn of the vector meson aill Ix egualls

divided belween its decay's products) one has

T I

D o, ; PR Ay < < i - ii

g s —z.p =} =gl pl g{ 4 _.i§ - ‘3‘) ﬁii:- - i - :33
i ' i Iy Q? J

In aquation 1.10 1, = 2p
Lik« Confizuration to the final Vctor mueon, Sdiomaticalis, vin can explsin 1his aqpiation
£ - )

with the following sequence:

. . = . . . . , aleil .
1. A Point Like Confizuration iz crented with cross section apyy = g;ﬁgjrpa?e?:g;

g3

{where n = 2 is the number of quarks favolved and < 12 517> 035 GeV'). This will

be alterad by the 2 of the reaction.
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2. The quark iair evolves finearlhy from the siarhing b Gnteradtion stasie (o the full

- - Ed - = = - -
vitdor meson i a fime, spaae scale detenninet 0 [y { and su does the ross ~ection.,

J

soe figure 1.11 . Al this hangens in the shell deseribed iy the refation (27 - 23 < [,

3. Ontside this seil { H{{z" - 23 - L7 3 the vector meson will sienl to decay and the
F 2 =

s - . . - 5 . -
cruss seiion will be dearibied with the sum of Heth: the 7 part aid che wwo plon pant

wiiich for sinplicity hias been taken with the ssune momcentam fraciion

g A

[ I

W A TR B U e Y

>»
4 B Z’

-

il
-4

igare 111 Cross seddion evolution in space from the creation of @ Poiat Like Configuration
{1100 1o the creation of the final vector meson as deseribed in equaiion 1,40

1.4 Previous data

For more than 20 years many experiments hase been seardhing for the detection of the

Color Tramspmrency cfftel. The fisst Gapetiment seudhing for Color Tramspatenss aan

performed at BXL 3] {see figure 1 12). The Tramsparenay factor definsd for this experiment
incrcased ae expecied with the beam momentuin, oiloaing e theoretical pradiction of
Color Transparencs. After a peak for cffedive proton’s momeniam around 10617 L it

started fo decrease o salites comparable {0 those of the Glanbe Model, This behavior aas

explained In LD Ralston and B, Pire [6. interpreting the proton-proten clastic scatiering

21



in o michar targel o an interforence between (oo perturbative prousses, T une giving
rise to Color Transparency and the contribaitivns of Landshofl type diagrams [35) (s hids

a2

dominate at hizh eneray).

- £

> s a Leksakov

= N i

g r } ® Mardor

g I & Carroli

= T H

Y . % Glauber modei
f =

)

TrrrerrT e

H ~
..:?.-___ e
5’:. H

2.1}

E

P PP PRI BRI B B B
s s 10 32 ETY 1%

Beam Homentum GeVic

Figure 1-12. Lasge angle Quasiclastit profon-proton scaticring from Jdificrent nudear tar

zets iy comparad to proton- pioton saattering in lndrogen at 3 different proton munzenta
6. 10. 12G: V) 3], The Nudear Transparenay inaensss antill the effedtive beam momen-
tign energy of 106087, and then dageased. This brhavior raised scme question abont the
quality of the csent selection {the measurement imolved momentum analysis of unly oie
of the two final state protom]. bt sas later amfinnad In two different imeasurements In
Mardor [4] and Lelsakov 5] wsing the EVA detedtor at the Brookhiaven AGS. Was then
explained by LP. Ralston and B. Pire {5}

To moid this probdas of nterfereaos betwern the Color Transparendy plicavinena and

other proveses, many cxperiments have been dune studsing a quasi-free <l p reaction

s

{at Bares {71, at SLAC [5§ [B] and at Jefferson Lab {10} [11]. see figure 1-13 ). All these

H

Wy

: " £ EJ. Sy tiesdl, ¢ Fesfgemiig Thraas ex dFL mas o f¥.L 2ilies
exinTitichis Main {o follun the Glanbor ueaplion of the hateraction with matior, failing

10 find 2 hint for Color Transparency.

The first expreriment that Shonad a dear signal of Color Transparenay was perforimed
at FNAL [36] shere the relathie cross sections for difftactisve disodations into dijets of
SBOGAY,C plons scatiering from carbon and platinum s measured, The crose section,

gp A" . gives a result of o ~ LG, The olrerved A dependence i=

I

if parameisized as o

a9
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Figure 1-13. The gquasi-free o o' p readtion hias boen studied ot several Gadlities with 5 §°
range of @ - NGV e, Here are the results from Bates {for this experiment 55.{* data
poinis refer from 2-1_3;: to bottom ropotively 1o Carlon, Nicke] and Tantadum,, [f.from
SLAC I8} 9] ané frem Jefferson Lab {{30] {13 {i11] {233 Thre theoretisal cnrves using
Glauber caloulations {sofid cnve fiom
seestal Behasior wolll indicating that all thee expeminenis Lk the expotod ey dus
o Color Transparency

o,
wu‘
Iu
ﬁ
-
=)
"y J
ulu
=,
bod
-
M
[y
-
]

amsistent aith caloufations aith Colur Transparciny tsodils atad s sexy Jiffe
otie expected from inclisive 7 - nuddens xattening { o x A

woherent scatiering of the ¢F PLC as pradived by Cobsr Transparona aas olsenied |

Another cxperiment that shonal reaalis consistent with the Glasler Gehatlations ahidh
k4

indude Color Transparency was performed at the Thomas Jeffersen Laboraten fadbs

=

{in Hall A [13). see flavre 131 and 3 153 This experimen used plon photeproduction to

study the process He. i~a — p=

Pro
s v

at 82, = 70 and 85t shewed an increase in th
fragspareiny with a worresponditeg inueast i the apuaned isoinontuss transfer 1 This
result is more crident with the data with 47, = 5. becase it tazgess bigher (] (see fzure

1-15).

Also uring the bigh intensity ddectzon bean: of the Jadlerson Laboretony fecilits (bt this timec

24
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¢ He Figare 1-15: Nuclear Transparency for *He
I's : .
i1-8} as a lunction of the momentin transfer
3 F
* 2 F - g g - - - -
square it} for 45, = 90°. The shaded regions

Figure 1-14: Nuclear Transparency for
[14] as a function of the momentsa transfey
sqquare W] for 85, = 7G°. Theoretical pre-
dictionof a Gim:i}u model caiculation axd
a Glestor model with CT are also shown.

show predictions from a Glauber model with
and without CT effect.

in Hall C) anuther experiment used Pion clectioprodaction for studs ing Color Transparena
{15]. The reaction (2" p — n5") was investigated on *H.PCF AL=Cu ond ™ Au over
a Q% range of 1.1 to L.7(GcV, 2. The Nuclear Transparency and the parameter a {that
is abo depemdent on A) were then plotted as 4 function of 97 and compared to different

theoretical models {see figare 1-16 and 12174

1.4.1 Exclusive p° production

" . . 1
Exdusise dectroproduction of tevtor seons sudh as the p” was suggested as a bendh test

for finding Colur Transpatescs. The size of the sector meson. controlled s the virtuality

i

of the photon. could also reach values below the normal badron for wodest Q7 values. In

fact. the transverse separation of the g pair (~ 25c,/ Q) a1t a Q7 ~ 20 V7 is caloulated o
q4 7

be areund 0.3 m. wndh smaller thaen ifs normal size {(~ 1fm {16). The first experfinent 1o
study the Color Transparenay effestin excliusive 7 elecsoprodnction sas an experiment

using the Fenmilab Tesvatron smon beasi at the energy of 170GV {16] {see figure 1.15 and

1-19 ;. The rise of the Nudear Transparency with Q7 did not have the statistical precision
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Figure 1-16. Nuclear Transparency T s defined as {i—l_ } _,;,f;:.’—,i-};g va Q7 for different
terget combinations{15]. The model used for isaisﬁﬂ‘cii;xg, the data are. Glanlar moded
{solid red linel. Glauber model ¢ CT {dashed red line). Glasber mode induding Short
Range Correlations {biuc dot-dash fine). Glauber model indudineg SRC @ CT {blue dotiad
line). The dazk band ia the bottom right pancd represents the moded uncertaintios and i
common to all targets.

nevded o fully determine the experinenial sight of Color Transparency.

Another data set that weed exdisive inesherem ° production was the HERMES ox-
periment. which used the 205GV HERA positron ~torage ring at DESY [37] with ¥/
and N targets. The kinematical range of the virtual photon {08617 < Q7 < 15647
1-1 and figure 1-20. The colerence length is defined as I = 20002, 5 Q%) and this
experiment anems a raage from I ~ 1fm to 6fm. To dizemangle the wherence length
signal from the oie of Colos Transparenay, sohesence lenzth bins of 0.1 fm were ased ;iﬁ:

The Transparenay is definad as the 1atio of the middear cross section por sudeon to that

on the proton. T = a4/{Acp). The results are shown in figure 1-21. An incrense in the

97
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Figare 1-17: The value of o obtained from T = A4* ! i plotiad here vs %]15). The red

solid curve represents the theoretical caloulation of the Glanber model. the dasluad red onc
Glauber reproents + CTL the blie dotied one represents Glanles + CT ¢ Short Range
Correlations. The value of a obiainal from plons audesis scattering data b o ~ 0.76 and
is plotted a= the aray haiched band,

Transparenc: 7g with an naease in QF for eadh of the woliorence lengeh bins will be a

signal of Colus Transparena. For this rewon 73 was porametrized as a lines function in

T4 = Pa# PyQ7. A it was done in each I bin. the paramneter 1% being conmon 1o al

the bins, The remlts shows Py = (0.085 £ 0.046 £ 0.620)C1" 72,
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a1 Fenmnilab {160 Here the data sesguatines of p° ot tropodinction off I 2;;&;;3 1. dentaginm.

Carbam. Caliduis and Lead §
of poims have boen mulliplied by 220 :2 > 3Ge

=05 {(F < 0.1G17L
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inph 4 Q7 dependence fus t

error here are just statds
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.3 for three Jifferent bins in .
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Thie a found in the §it i< §*f"’= plotted in the lower pictare a2 2
indicate full transpareny ;) o Color Transparency aill
Dotainriel o oin %.i atital range of this exprriment. The
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] i caeds I Binl the ;sas-assa:isﬁ %y bedng cominon to all the bins, This ;zﬁ‘:::sdgj a

Letter definition of the -;g- of the Transgparena s QF. phuomena that is dur 1o Colar
Transparency. The slope was fonnd to be 7 = (0659 2 0. a’}sﬁ 0.020:Get” =
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Chapter 2

EXPERIMENTAL APPARATUS
AND DATA ENSEMBLE

Tl Theanas Jeiforson Aciddernlog Faclits 171

cintron curdtaton. capable of dodivesing It to thio expatinental Halls shonilaponesis

Thise three Halls are desigined 10 targel diffezen plnsios. Whilke Hall A and #all C havwe

¢ abk o dolesmine e maetnnlon of & pariicde will

)

Bizh sesolistaon spre tsvinclers that &
an avcnracy of ~ 16 Y Hall B o 2 Larse Acceptanoe Spocinaneter that bas a very wide

is chinracterized by a lower rerolution (~ 5 - 102 1077

g
=
%
3
3
3
wn

2.1 Continuous Electron Beam Facility {(CEBATF)

-

The Jelferson's Labutatorys CEBAF [Contineons Elnctpon Bram Acddoator Fadiity

§

LT

a pail of antipaialic] suporomdudting tadio fogeona Bnas o fizure 2 1) elnnd 1n 190

=
1507 aree with a sadites of @ amcters 38 The Huaos cotnist of 320 supercenduciing radio
froaquesncs cavities that boost the leson with sadie-frggueno anves [sexe figure 223 The

reirontlaling afes ar 2zanped of Bie sepasate beatn fing sections, ahich ponmil tin bam
1o redironiate in both finacs up 26 5 time. For cadd finad the gain in cieerzs sanis boleoen

0.4Gel" 160 0605, iving a final pick energy that aoild reach ~ 6617
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Fizare 2.2, Suhomath of a supenenidinting sadin-frespeessc s iy, As the cdadng sanes
in 1 gzl direxfion 1l fickd’s Bsdoosd chasze on the sorfae of the canity cduatige 50 the

the soving pariicle soos an elorisie Beld that bewges o0 acorlegating it

2.2 The CLAS detector

ey

CLAS et o1 B solid anzle ansage of near §2 and is capalsle of deteaiing chazned grarii
e sith polas anghes o 57 1o 185 | Breass 31 segiines differenst doder fota comnbinatlivie,
the oneaze G peuital midide b # = § 10 757 CLAS b well suifes] £ cxperiimenta

-

that fesguire e detexiion of (590 01 1o partichs o the Snal Macl d

a Arates 31 cuatands the
» - 2 - - = 2 =gm 3 % -
predar angd ganm sith the full azinosthal ssncrage . Dedes ters stabiliny aid data acaguisition

Bt the lumimeils ap

-
»
e

ises 2ageical of thee configusation of 15 cagnsimes. Vor Hall B

atd e CLAS deden for, (e ol 4220 Fanany et peaseds casrpeentls B0 2l ootddes of B 223 2 hiidy
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corpsponds 1o himinosity ~ P em " 7 CLAS in comuand of several sels of delectons
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tajiteay of gmitnde Fom a festhen largzel, Thee weasaremenis alhay il shaalafoaiana

of the mass. charge and msisentam of ends garticle,

Lorge Angle

Fizure 2-3: The CLAS delodior and its aanpoients

2.2.1 Alain Torus and Alind Torus AMagnets

Tl Alain Tone Mazind consids of Ax suprraasdeding wdls gredtivad in 2 torcidal 20

i

sndsy {sax figuie 2 5,0 The coibs age placasd sarpendioniag to 1l fzaaning o 1gon beam

atnd 1hey sepmzate the CLAS Qoo ton inio sis paris, desesibid s sexions. The wnls aneste

a Ionddal magecti Boedd that & nastly constianm atonpd the ofiteciion, gising an az

-

frmthal ssmtedny 1o the CLAS detatton, The maginetic ficdd induos for dhaizes] grartiis

[Tl
m

a cursnigre in the 8 dineetion [xoe Bzure 2.0 and 2.73 This cunatun-, apals 2o with (e

infornnatiion 2han I othes duictdons, enablos s o detemming he smopentam and e of

a yaariicie,
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Fizure 2-5: Consiriciion of (e ooils of 1he

2 picture of one of the colls during constne-

1o onn Gz 225

The Boeld's povensedny B sppendfically desizied 10 prndde zood monmentate rosoluiton for
chaszel partiches canitied aith high amagie amd sanall scaitazing anghs, atd fos pariiibe
eqnittend 2l Jower eperzies and large sealtoring angies.

Thr nagnet s -5 m in dimocler and 5 m in length (s Bgure 22.5). The auils consist of
{ Lyers of 54 tune of abuninum-stabilized NUT,Co conduden. To keep the ooils ot 2
suprncondnding temperatat: { - L5/ ;. weniing tulas with main ulating Hegsid helfun s

nauads e magnet. The fickd cremted remdsss 2257 m at acusrent of 3560 A L in thir forward
dintion. atd drope 16 0.6 Tin a1 saticsing angle of 87, Honvewer, foudine operation has
Jimited ugnsation o 550 of the maximan curment (3375 A ) fe koep infernal mahanioal
stresees within safe Bmits, The diseiion of the corrent in il Gl can be fineriod, cans
ing abo a pewezaal I magneli Seld, This gpniniis fo hate a disioe on shidh csamible of
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1he ieoming bean direction, axis of svmmetry of CLASL

Thee Alind Tonss is anctler magiel wved in CLAS [aor fizase 2.5, Plaoed, Bedvsen the tar
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Figure 2.7: Aaanetic Bebd intensity distri-
bution

Fizure 2.4 The Torus magnetic field inside
1he CLAS delector

2.2.2 Drifi Chambers

The 2eft Chamlers (DC) 39] arc the finst detedtor ddements enconntesed s the partide.
after scatfering from the doedzned tarzel. The Daft Chambers, as part of CLAS s divided
in six sators, Eadh of the six stons has thiee diift dhambers at ingoeingly larger sadial
distances from the center of CLAS . fur a total of I8 separate diifi Gusubers, The DC aan
track partids with aranpe in 0 = 57 1127 with a prdsion of 2mirad and detepmine sheir

- = -

ssnenttam i > 200 3oV with an a resoslution of 0.5%
Region 1 (R Leex figure 2 3) i 1he deeant 1o 2he targed and s dharacterizad i the simaliedt
mazneiic Beld aee Szure 2.6, AMovine forsard fnen the conter of CLAS o found Begion 2

iN2; whih, being in the middh o the wibs, i ditactcsized In the Bizhest magnetic fickd,
Ontside the fones maznet is positioied the last parc of the DC . Begion 3 (K30

The truds are mootrod with an awurac of 1080ma in the bend plane loontaining the
beam Bee; and L in th dise tion gerpendionlar (0 the bend plase. In onder 1o obtain

track seadundaney amd incogeas pattom reaopnition cadh of e dhambers s diside | into o

supriimats, The difftrona botasen ihe two superlayers s that on has aine axial to the
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Fizure 2-5: Alind Torus maznet in CLAS

magneiic Bold and the oiler has #1s wine (Hiad of 67 0 Eaud supeerlaver s composaxd 1y six
lavers of deifl oells (R being he smallesd one, is constiiinted only of four lavers). In fotal
the smmber of oolls that comprese the DC detector i 35.00). Figure 2.9 shows a i3pical
ks patlern. The shape of cadd codl is the one of an exagon. A signal wire fies a1 ther
ipidpoint and fickd sine and pedtivea] at the cerla o, There are guard wvine at the alze
of the chamlnrs held 2t a hizh soltage intended to mimic an infinite grid of drift oels.
The drift dhambers are filled with a 13 pical jonization detector gas mixiure of drgon CO?
in oz 9.1 fatio that pros kdes a saturatod dift selocits of fom s, In order 10 full deferine
the guedtion i the Diift Thambags and o Binpros ing thedi sewlution, the drift tiose for cadh
dhianned miesd be- bnems,, This caler 2l poad 1o e dedenning cadh Gine the cnironmental
2zasditiuns

stk atneepheri proessurc, humadits, clal) i e exprrimontal hall aili dang

b

becanse ihis sill fnflacnae the Dnft Chaleer™s gas properties. The signal in the Drift
Chamlaas abe doppesids on e particdes entrana anzle amd addodity and the kel magnetic
fickd, The sl thine 1o drift distasee e tion for a given entrance angle b pasametnizagd

-
L i e
1y
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Figure 2-9: Drift chambers track

nhere £,n,, by the maxinuun dnft (e and 13, i~ the wvaiue for the saturated drift vcloaiy

acer | - 0. The senaining parameter will be detennined using o minimization proces un

12
. §Iii= - I,ﬁ:féig o)
V= - (2.2)
gj&'ﬁ;

where £y, seprsents the Distanoe OF Clusest Approad: IDOCA) from the sense wire along
the path and ¢y & dis orror. Another quantify ssed 10 monitor the wlibration of the

Drift Chamnbaers detecior is thie residual. ddefisied as

Fus afactier sesnlt and so testing thet the minimization provadasd fousd the sight ansaer in
this nenlinear Gt it i S5l Bmsportant to control the phasical behiasior of all the wariables
{An exampie of the 1alues messured for g0, can be found in figare 2-10%. The CLAS Drift
Chamisrs Begion 3 serc also pmllad ont for maintenana dming the exjraimest minnng

time. This required an dignient of this Region with the rest of the detedton, Straight
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Figure 2 10, DC 6, for difforem Superiavens for the azinmthal angde shich dharacorins
sendor 1. The ol size of the Drft Chambens is increasing aith the Superlayer. aising also
an increase in the cxpected value of 6,0, (25 also seen in this

trak ciocisons were faken [shere the main Torus currens sos =29 10 §.4) and & premdons
]

procedure | 16] was wsed 1o find the fingd desiied alisent (=ee figure 2-11).

2
222

Forward Electromagnetic Shower Cajorimeter

Es

Phie lurwa 3" ’::;i:l FaAan selit s 3 wover calorimctey iﬁg’CLﬁ%S iEC} has &13{2&'3%5:; -ﬁi'x}éﬁ:‘ ‘-¥§§§1§i

range from § = 5% to 8 = 157 with the corresponding azieuthal coverage of the Drift
Chambers {see figure 2-13 5 {11}, For angles 530° < 7 < 75", there i a seoond detoctor,

waileal Largze Angle Calorimmetern. that s conslitinied o =~ fur fta dosgipiion see

i
te
B
E;.

g 2. The main fnctons of the EC in CLAS are:

o clectron and photon enersy sesolution § £ 21 where (F is expressed in Gel’)
= b 3

s position resolution dr = 2em at 1GeY’

o pion clectron rejection greater than 9% for £ < Gl

g

s fast {< 160n=) 1otal energy <un for events trigaer

o mass resnjution for two photon decavs 2 < (115



Figure 2-11. Final aligament for the Dsift Chamisers Region 3. Here Is plotied the residsal
(X1 as a function of the Javers in the Drift Chamnbers{Y) integrated in ail the CLAS angle.

-
by

e nentron derection cfficiency > 50% for nentron with energy > 054617

e {ime of Hizhe resolution = Ins.

For energies in the Geol” range. photons ke the main part of their energios m "0 pais
production. Unlike thom, ddectrons ated positrons lose 3t cmitting bronstrabliung, radiation
while dhanging thelr momentinn. Both thoee provseses aoate photons that will canse an
clectromagaetic shovser which will be dotected using s itillators, Heavier partiches (sudh as
bione . du to their bigaer inertia, aill ke the main jragt o1 the i moincutum by wonization
tlor partidde’s energies at which CLAS operates). This signal i distincthy differant vspea

1y the clectomagnetic shower given by = L7 and o L This foature becones weny ilmportam

.

"
o
¥

7



e -

s1 high energy plons, bigause if their muinentsm i - 7 280007 e use of the Oerenkey
detenctor for diss thninating plons amd cheirons Laomes i dhalb nging pions start alss
ter et light in ihe Cerenkon detedion,, For better mateds the hexagonal sgometny of CLAS
the ol ttumagnein shovwer calunmetsr s made of alicruating e of sintillatons ancd
lead shets sith the shape of an spuilateral triongle. Zadh sciotillatar lasir iz tnade of 38
tripe pasallcd 1o one of the sides of the 2nanglc Mosing one afier another i the folloning
sintillator lners. the strips will sotate 120 cadh thine | mapping the dbarge deposited
distribution in the three dimmopsions. The tlaee differan orientations of sious paralle] 1o
ench side of the EC triangle {~oe fizure 2-13) dofine 3 planes labded aoer. The 2o1ad

=

mimber of lovers is 13 and thay aic Jdiided in 1vo groups of 5 Laers dnner; and S Laers

gomater, fur giving abso longitudinal information of the energy degssited By the partide,

Figure 2-12. 3::-; ample for one sevtor of the Fignre  2-13. Eleciromasnelis shower
definition of three different planes of ob- Calorimcter example of tradk revonstruc.

servation {u.roed ﬁﬁ‘ the Elestromagnetic rion. One can also s the six seciors

shower Calorimeter sirgcture. that follows the same azimuthal
behavior of the Diift chambers iwee figure
2-3

Rt
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2.2.4 erenkoy Counters

h b4 $, ® s I x ia h P4 P

The main e of the Corenhoy Connters 1007 s 10 dimeriminate hetworn chatrons and

=

piens (5. A Cerenbon detettor is sensitive to the Bzl that is anittal inoa aeding ahen
a charmed particke travels Lo than i mateziel’s dheractenistic spuvd of izt In the

CLAS detettor the CCO has o polar anzle range of 0 =2 3 $0 8 = 15 with full azmatial

LSH

angle aaersge in corrclation aith the reaeds of the by delextors:. This & achiesvesd

In cnring as mna ) spa s gaesible with winrors anad placdng bt colls ting aones and

- - - £e - - - - = % o - %
Fads of i six st i disidnd in 2 meglons in the azinmbhal disection atd then branddu=d
1z IX Dlookhs i the polar dinciion. This gives o tolal of 216 Bzt colle ting maainbe, awhidh

wonsist of o fudusing mirrors. o Winston fizht <aediaiiion wune with 2 PAIT motnmed 2t

fis bae as well s a Glindrical mirror o1 ihe base of cadh e e figare 2-355 T

Fignre 2.11 Cerenkoy detettor in CLAS, Here i shoun a pioire of it stmcture in s
sior

reaction at the ooster axis of CLAS are dhata tetized by aalindsioal ssameing. Adding
also the Lt that the bonding induced In the sagidtic ficold from e AMain Tors aill just

affeat 1l 3:4;3.:! aggie of 1l i:.iél;ii!}:}. one cay consides that e is.‘agsg tosies of the dharpeed

e
-
Sl
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Froes il asddesations s can s

- - - - - . s g .. .
angalas anvsage. T e CC ks dasizns] to just finolv the 2dmnthal disection in ender 10
. [y H H . - S £l -
601 alleci i Poiar aRSe BRoNEaiug) 4f 1L irmes,
_s)-‘:j" R - - - = -= = ——— -
= - . = . .= 1 S B
,Fi‘;ﬁ?‘ /:?f i - T Lrwrriar ,f{f = . N “.f
%?j i Fanpectar Thesgl = 7 - =1 =2 ey ﬁtf:.z :";%;?.{
= - - 3 = = T
Si # r = = s
- T iaAnTeDeche F IPET - Lligno & Saase - St aTenm & ° ad
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% s e g had £ 7
Y I “nd
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i1 H f
(‘}f : LT e
e 3 b F .
X - T = - - == __ § ttaasat
E Y = e H } i
3, Sheeiie L Bgrfasm e J
Fomoem T =

Fiznre 2-15: Cerrnbioy detectior mirsors and light collxting schieine

2.2.5 Time of Flight system

Inth CiLLAS ditextaan, pastinh idontification = oblainod tnaindy anbining th ttasdk tnuinentam

3 the infonmation frem the Time OF Fi dn T0OF saon-

o
L

data o the Dl Chamnlars wit

i . . - . . w .
ot This detetsior coisints of 2 gronp of «itiaton poasitioned Jfies Region 3 of the Drift
the Elvtpumamiadi caburimeter.

with o poelar caerage of 30 131 and ful asdmathal extensdoniss figme 2 350 The ~dn-
- = E =
B statferas] paztidde J31L

niead approximately perpendionlar to the 1k o1

To moid infloending the tnaking, Bl for tie Coretdan dotavion the nol actise parts of the

. Thoeie ane 25 acintiiiais

7

TOF ane gdacad in the sepions olaanrod 12 the nagnet ooils

comiters 7 an thich, The foraard csnters are 15 an aide and the Larze angle counierns

et 22 o wnide. aiving an anptiar Gverase of - 2L Thadr bensid sarfe ek fron, 32

at the mot forvard anzle 10 150 an a1 the large angles iwe fiznre 2.160. e time

i wih i atigh 7 peepot to 1l ioaning boan B, I8 saszes from 120ps

grmasdistng s hanzes H

£
E 3

(T3
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Fizure 237 EG2 =olid

{arze? hokler

Figune 2-18: EC2 tarzet bolder. $a blize is iehilizhioed the
fieguid 2am2et: I rad e solid tameet

2.3 Data Acquisition

Whes: an caont satisfies a pariinlag {09200 sondition. the data fnan all the Jifferent de
tectess i revngdend bt Data Aoguisition [DAQ,. For exprriment as EG2. duaradteriasd

In cdetsun sattering. the sizial that gives the trigeer to the DAQ i the ditoction of an

-

chiz o i e final saic. This roguincinoent s 2iven I a coidonporancns hit in the Bl

tromaztictic Calonimder and In the Cornby duicdtan alune a selevied] thipeddd {Tened 1

by

A diagram that sbows the diuclane of the DAQ sastan b slumvn in fizure 2219, After

& =pn

pansing a pre trizger disriminaton., il sgnal ffom the detocion = st o the Ll
trigaet. that cuntains the infonpation en the threshold rogpeested in the caperiment. The
Losed 2 trizeet i Judes information fpan the D1t Chanmbeers, it aas ol sad in the EG2

experitnent. When the rognireinantas from Loevel | an paseaad, the information is st 1o the

Trigaer Supenibor, shud aammumnicates aith 17 Rezd Ont Controllers {ROC,. The data

-
)
e
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Figune 2-13: Schoeseatic Diagrmm for the Data Aoguisition syslem

neie i then sead ated coneriad fnfe dizital formnation and et fresn e BOC ssanon; te

P

the Eovnt Doiller 1EB.. Fruig ere the Data Didgbuiion (D1;: 1he ctrpls 250 0ol o ke

ol msomitoring siodem and i 1hie Bt Booender, 1o the on fine monitoning i daia

&3
in afun hund ddidng o Dast analinis om tl o0t and stadsing the strdinn of the infimisation

fronn cochi =201 of CLASL The srvonding of the data b= done i $950 o, Tinstly b sritten

transferred into tape at the data s sterage system of Joefferon Lalasraton,

ol
™



2.4 The datz ensamble in the EG2 run
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e Cobur Frangmroin: soasdh B2 110 55 sas st of the EG2 exgurineent and run i

jearalied aith amabes seseanh lead In WL Brooks B0 181 (6], A o suoeseful conis
shonine rian i e summmeer of TEED with 2 b enerey of L7 GVl the tarpas of 18 EG2
H

engmritnanl werr ppnand lsaheand rengera? fo e cnpeter of the CLAS bt e b baning a

fadler cosrddaing of prsalae dhargesd gaariakin. This faward sadul

§
o
g
™y
%
s
o
on
"

=i seal ansgesd In e detenfons, Bmgeeing e camunts G the spematine prastiche that g

the snagiath Badd smand ann lmaaling tomands the ooptoad axdh o CLAS. Thr new jusithan

B

15 latmecls was o~ Hion for thre Lagsdd oue 2l & ~ - 250 for the Sofid one. e full
shata foabisns femnitenni in DDeamnles EED Lo zodnz thgesssh Mardd 255 T odomn timee 0
Antninn JHLD mo catesl in sl Dmrrdoaner Ixaled iloat caffez dasd tle apen anumnnad g Tomsas
- - - - - v -
Ausfrtaanm Lalmsatony. This affenfexd ol i guesible (F ranoe of tla cqgeriinenl, Ineanse
*

- = a = % - - - -
the Durricamne had an fisges 1 om0 cffiooeans of maay of fle cniibs of flr wsstinoess
chintzen faatnn. Fasr 3his sevmsese Gn Buisleend adagy pesellts B tlpe Ymams ahificrd ffean 3ds

{ - oot = =58 Thar ferd! alaZaeset tean off . 5
extmeiemd ~ Sl fo ~ 25008 Thr (2l adaisosd cotedisdin of rprcecireiaen? of Siffenest

Lagzsd woanidnetliee 21 Lif2esd szt P 2 seanphie dhoasipsthen of 1lx cxgerriiecntal

data ahaninmd = 1abis 27 qou

=
=


http://lK.if.Jki
file:///fit-s
http://u-nlff.il

Thmn oo | Lapuid Tanset + Solid Tarsed  Xomnleer of events !
: mis Fe - ~ 53827 3 ¢
R 7 1 S — —
) : C ~ 5.15 31
38 GeX S p— . -
3 : £ - ~ 840 Al
3 ey D Al ~ 123538 ]
. : C ~ §793 304
¥ Fe E ~ §S.21 M
-~ U ~ 0952 3

Y
L

B i Nz : -~ 787 M

LGN ;1 R ~pmM?
. wply G ~ 0403 |

j C Neme ; ~159M.
R b

ity { Pb ¢ <~ 1IESGA

3 o i -~ f5.003 3§ -

Talir 22 Thfcrenst Lafnads ansfiznration ueasd isor Talde 2.0 G sefimegson of the saadid tarzet,
atnd deigam beatn energios deliverst fig 1l EG2 empnritnent of salie of § GeV ozd 47

L

ey are shows with their selntive aproximate sy of cvouds

i
]

"



nheer of evenls -

3

LH

5

Ere<

I Tapaet © Sokhal 3

2531

i

Drang Eneryy 1

arzed
i2e 37 5 56V

L L]
m.,”ﬁn
e Ak e N O ooy s oWy LN 5 Al . L} Ll Luaha n r L} L) [ g— —
L) ! L L) L) il " L] X 7 L] ‘ LA Ll L] _ L] L] L] e 7 A L] L] L) U L) Norm Ma aﬂ
! “ R R S L I S I T I S A T S O i oL e | ey e et | | e el s B
|y TL.. . | W 27 AT ~ AR A R I
gralg s B854 RIE FIRIR RITIE BIEANTT,
" - i [ ™ e L [ i) foe] ] L ~™ w  my
R ﬂ“,;ﬁﬂ TR fﬁ R EIRI=IE R T 2 8§
Lo ]
ENIRNEAN Y EEEAREEREERER NN Y B
Pt |3 : wE T
7 | ,W 7 A : [ s.ﬂa b
w oM &
| o R
; | | 11
oW PR ™ T wewn v _ et | mw o e wr o om i 55 : " LR " " ' rie oy n?.-. u_ﬁ
f _ | ; o = B
L]
;;g ksl sl = i | yl E
__..A /] | o " I ol s..__" Iy o b b o N P4
£ 2 Siuig B F DL Dd E FiDv el BT
| .,,\“.7_5“* w e o 7 L R _ é_ " @fﬁm
_ | ;o .
W ' 7 [ - R _,ﬁd_
" hol noery wmo hivdN) "t Lkl " o m L} Al The non n e [N} oom M ﬂ ﬁ ﬁh
| e ow
| R
o ol gm
not »
P!
| L
o | ) * ™ v ) & 0%
mﬂa .ﬁ ﬁ ,__"ﬂ_,. | o _.mm mﬂu."u___;
™ot LA nom T T LAl ) nyoom L} it ] LI I ] LNane BT e ™ et ne N W b ] .7 "o " w ﬁ“ iﬁm
[ Y
¢
LY ._i L] - i
é i -i,_ “““ i..x ...w
13 & #,_ ©
e " b
m | ¥ b 4 R
W W e



http://Vi.it

Chapter 3

REACTION IDENTIFICATION

The seand fg caprrioncdal cuadoar for Codur Transireny s duse 1 the B2 oxperiment
Gavamtineting tla £F depeetndenne G cxadinsive Baodagent 47 che fnom- preedan 13on i3 2 X Beil
=

A sahesne G this tonction is shown in fguse 305 Tlee Vintal pioten - " Huctuates in a

q. g jaif - that wili interaa sith o

&
g,
W
g
¥
W‘
iﬂ .
rwm
z
=
7
B
Ed
i,
o

R

s, This el iy fia =7 = g

N S

Fizure 3 1. Beaction mndes stands. T pantich dhdortend in i final slat are fhe suadtoned

doriron and the 5% L = poairn

e by points of this analysis will be

™
k'



o To define and stads 1he mass distsibution of the 47 This will Le detennined asing

2

an inariant giss ii'ijﬁi“;!'i‘ opilez" 5 .

3 5 ,f 33 Fisl
Mp = %*5 = T 35: WPzep T Pz 4l t-2-02
o 1o adetomuine thr Ginematios of the remeiiogn wne ail] posd ol Gponbhedee of 13 -7

infugination il Ix oblained from a canprrison of the guadnueinonta of the

1

£

elcizon bean and of the senitered 71—,

3.7 Electron ID

To search for e sanltonsd chatron §oapalized the o 1niadk of thee EVXT Immk, The
ahine procealuse gt tle grartied 1hat seed ileds oo trigsens! the et i this preition,

Feo Dring consbicrod as an odoine: wo moguesd on this garticde three ilforent ope of cis
1. One that chuxcks for zoed definition of 1he panticds"s siznnl in oo detectorn,

2. Qe that referds the (fon contamination on this track:

3. Ooe that redets tracds from regions eliage the officony of the detegdor i 1m0t full

3.1.1 Culs on the track

For defining a g siznal in 15 dddocist the ollwing aiis bave o masd,

o Sialus - 0. To seimt particies ihat guvessd the HET {3t Biosoed Tradiing). bt failad

the BT Time Dosed Tracking

o {010t ECs1ad S50 =6l CCslnl; - To consider pantiches where are isolvaed the

.
Gellonmng detmtors, Dft Chamleers. Ehetsonis Calomineter. Time of Flizht., Corenkon

Couniers
e charge = -1 . o regquine that the chaige of the partide is the sane as that of the
k SOV
A =TI,
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3.1.2

Bifuneation fmn the (esenkon Connters and the Elstronn Calssiinntes are s

Pions rejection

e
e

"y
f
[4

Jecting the plons from the fisst track:

i.

Cerenbos Counters . We Consider the momentum distribution of the 2 prodiosd
5 arsy esistinment and el the =2 —_— 3 - of e Mol £ o5)
1% ool eXisinoiil and stiedda 16e nuinenimn depencGolae of e MdGtnlaer o pholo

ciecirons detocted i the Corenbior Connters {See figure 3.2 The pions will give a

-

signal ornternd areund a fen phote-cltrensy, The outs applicd on the Numnder of

pholo-cloctrons {43 sdepend on the memenin of the track 5

P 26V and Nz x 1225

My
o
)

1w
LT

orp 2 2GeV and Npg, = W > 5

L3y}

Eleviromic Caloriimeter | The Encrmy degueitad in the Bl tromagactic Calonineter
czan be view sannning the reading from al the 13 EC lavers (£, o1 amsidenpe the
separaie reading from ido groups of 5 bwvers (E0,,) and 8 bavers {EC,,} 1o obinin
bagitudin! information. Analyzing the plot in figure 3-3 oie can s that, becase
ins 1l ddmia the ivizzer has an EC tola] anergy thnshold of 0172601, there s a
cousidemble decrensing of electron for By, < 0172 = EC o, < 0172 - £EC,,. The
pivn cuilamination is visible as a sharp peads in the energy dopusited in the innes

. s e s s eges s . e s . s .
sars T3 cnerzs belom o 1hinesdanhd. This ek Las o bune onerzs 14l that i deteuted
i s % H = F5 5

¢

in the ontes region of the EC {for more infurmation see {115 For these reass the

fulluwing cul wis applied:
E > QUG | Eogy > 037260 = 12 £, (3.3

A further g uf s abo doedded o the plot 1 Szare 32§ L Becanee the sampling fraction
« sahich states the approzimate fradtion of the pastide’s cnergy ahich aiil e olerved
sar ¥ s &

its this detector], ohe is exeee todd 1 Bnve for clecirons a waine of i‘%f’é. ~ .27, For this

remsan. a4 230 ont aronnd the central pead: {~ 0.27) was placed for the distrilntions
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e
smuitipiy In 10 for 2 different mcinentum sange (p < 2,00V on the left and p o ?.G'Sfi'
ot the rght) for enha

ancing the fadd thar the main pon of the pion contamination i for
;< 260G V. One can wompare the diffacni moinentum distgbttion for 2 (o the rigls

-

and ¢ {on the left) in the 2 jower plozs,

Ilu-

of £, 0 olnaingd at constant momentun p. For defining the segion of ths out | the

distrilmtion of figure 3§ sas “shoed” with wnstant eomentum sange anad then ftied

with a Gawedan, In thi- nar one can detenmine the conter of the distrilm
redative . The 3o poinds where then Htted s a fumdion of e el tron momentausn
{ser fimure 3-15. The final coi applied is:
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3.1.3 Cuts on region of not full efficiency

T Eleironi Calorimeter is conpuecd of differ © ¢ s tions (see chapter 22,3 of this d

mgnt fo, mon informatien). Fadh sotion bas the shape of 2n amilateral triangie and
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the sides of this triangle cparalicd o the antillator sirips that Garrs the signali are jabelad

u.t.u. Considering that the signal on this deteror is compusad of an clediromagnetic

shower {a signal that oeoupies more than 2 single stripl. the infonmation deted ted cannot

be trnstad with a geod confidenae leved 173t s doe 1 the sides of the tiiangle. For moiding
.

reddendandies, jast o single cat on cach of these plain wourdinate cu e o) s veeded (e

fizure 3-51:
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3.2 Pions ID

Woll sedentifsing plons and soparating thelr signal from the o of dectrons s one of the
mporiant tasks in this eaperimeni. Difforent seris of anis have been didided 1o b tta
recognize the signal from =77 and 3 .

3.2.1 Identification of 5°

To identity the track of a 77 the following ents hiave being used:

o Stalus -0, Toredeat pasticles that passed the BT (1t Basesd Trasking. bt failed

the THET { e Based Trackine )

¢ D sMat. SCstaty - O . Fo consider pantices shere sl these detectors are imolved.



respectively Drft Cluunbers and Tine of Flizle
o charge - 0 : To requirve tlan ihe diarge of the panticles is theone ol a =7

e The §of ihe particle was detenmined using two different wavs:

il - e [T S T — - .

particle esuning that s really a ploni by L. = ——F :

- 3 ol TR

- -2 - 2 - ] L - 1 . - = 1 - = = - * .= ==
2. Usiug iopheier the information on the lengeh of the parties Loath 0o 6 and s

e £ i S Y FAT SO | e Az

time of Higli ({7505 one can abso divectly measure the J as 22,

R £ FT 2

of the tradk’s omentumn, The =7 distribintion sill be shown o 2 gk around the
x axis. which represents points choracterized by 35 ~ 0 fsee fgun- 3-8
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Figure 3-6. A is plotted here s a fitnction of the track’s monentam pexpres in Gl A

*

1t has been placed sround the x axis GAG] - 005 The resnlt of 1he oot shoun in ihe

picture on the fght, The points at (3 3 - 045 represent the 226 cut for the diseribation

deternined at constant momentu and centered around (39 =06
AL 1045 3.6

o To identifs prons with momentum p 256GV we consider inforsnation obtained

from the Cerenkoy detertorn, Af this encrgios se ko that the pions will have coongh

51



Corenhon detotarn, More massive particles, as kaons and protoss
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aill pet siready pass the spraad of Bght of the mahinm and w0l et prodnce a distinag

('-ra Erg e 2ae H | o ;3:; s = eLygs irge Jwbore N FErgpri=~a=g:i s Aeaayd jor o7
VIENAGS sindial. IOl 100s JUANMEE W TUHGIC (S H0T0 Sy, TFpRIOWTGGS 150 GEGRT WGe

if p =25GeV = Ny, = 10 > 25 3.7
o This 1ra0f is supgeeesad 2o Dadl 100 greeciire.n 10 doks fineead B 1 saasiee nay s tlee e e,
with tle diffcrence 1hat vow the reqeired cliarge = +1)
3.2.2  Identification of =~
To identify the track of 51 =7 the follewing cuts have boedng saed:

o Slafus - 0. Mo gefxt partichs that geeead the HBT (Hit Based Troaking ), it failed

the TBY Tine Dased Tracanz::

o (DC el SCxials » G . To cmsider particks shere 5 thewe detecton are igvolued,

o clwrge < 9. 1o nexguuive that the charp of the partice is the one of an elctron.
o Asfor the 37 we determine the  of e particle using two different ways.
1. Uldng information of the mozenmtam of the srack, onc can determine the sppead

of the panticie, J.. = —=fiiem ©
3 ;’; ks

2. Using tombeter the information o the length of the partiche’s parh d | g anmd s
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O can ihien cnpuare e sshives obialiad plotting the

of the ttack’s moiuettan. The 20 cdistsibmtion adll be shown again as o peadk ronnd

the x axis. which represents points cham terized I A7 ~ 0 oee fizuge 3.7
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3.3 xtraction of the p* distribution
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Chapter 4

FIDUCIAL CUT
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4.3 New method
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Chapter 5

DATA ANALYSIS

5.1 Background Study
: P G

of the p

it is imsportant in ounr analyss o determine in both onr targets the aoss sectio
s to disentangle in the invariant nss distribution

vector mesun. For this purpose one needs
apej from back-

{see for example figures-1) the sigial of the p° decay {A Breit-Wigier sk
A normad procedure will be 1o use o predeters

ground precesses which pass our Giats.
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Figure 5-1: Finai p? distribntion for full Q° range

sne fespert

a¥ss

wheronnd-signal function. A fisting procedure will caleslate the weight of
shape very close 1o the one

HFH

to ihe other. Considering that the final p® distribntion has a &
P, this fitting procedure will model dependent from the

expected Gom the decay of the g

o
&2



background shape considerad. Another point is that the % minimization will Le driven

b the aldges of ke distribution. because thiey comrespond te th points with sealler

na
-
[t
~
)
[
[T
[
-~
-

errors. We have dixided 1o e a Alonteairlo simulationr approach to have a lese maded

dependent. study of the background.

5.1.1 Event Generator

The Ajustecarlo Evemt gencrator nas implementad by B. Mustapha!  from a preexisiing

generator developed at the INFN of Genova [17). It bas the foliowing featares:

e Characleristics of Loth the 022 targets with different combinations {with also the

possibility 1o run with anpty configuration).

o Possibility to change the cleciron bemn eneray.
o Different ways to turn on the Fenni wotion in (e tanmet,

o Possilility 10 consider alse Radiative Effects.

Capability of taking into account Stragaling cifect> with different chaiacteristics.

o Pusibility to finit the kinematios of the generated event following onr analysis aufs.

In this way one does not generate cvent that will never be comsiderad i the final study
This will save time in provssing the next steps. betanse omits the computation of

this dnia.

¢ Poibility 1o e experimental cress soctiovns for every single process {7 production
+ single backeround contributions) o~ determined in [18]. Using cxperinental daia

one has a solid independent basis for detenmining the signal from the other reactions.
o (hance 1o define the p% distribution as a Classical or Relativistic Breit-Wigner.

o Asnnption that the smain cntributuon 1o our backgronnd proresses will be due 10

FArmonne XNational Labontory- email muaphafphvanlgor
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Cue will ser i this tonjecisre have 10 be consider corrent or not from the agrociment

of the siminted data with our experimental bohavior,

“t

. . . . . .
This event zencraior shows vers good agreement with the kinematical bohavior of ou
Vistual AMeon anzhisis, siving mam adiastages as in onr definition of the backzrounds or

acceptanes correction. This will Le shown and explain in the following sections.

"

1.2 GSIA]

G3IA! is a program whidh siinuintes the response of the CLAS detactor 1o Montorasio gon-
erated events. The pocalianty of the E22 targets has been implemented by Haxk Hakobyan
{=ee fizure. 52 as a reference for the Eg2 tarset and 5-3 as the simulated picinre). One can

- P - - N . 3t
stxe 1 more detatled decription of the buplaneniztion of the (arget at [19] and 5O]

o,
Ny .
oy,
q

e

A

Ed
x
=
=
E]
E
2

Fimure 5-2: Ficiure of the E22 tamzet dur
ine the assembling process

Figure 5-3: E=2 Tarzet input in 5§l



5.1.3 GPP

After the simulation with GSIAT of 1the fuli geometry of CLAS during the EG2 experi-

1y

ment. one needs to connedt the Maniecarhs data (o the resolution and cfficoney of the

detecior during the . OQne will abs have to take nto account the ft that we are

analyzmg separatedy different tarzels configmration and that cadh of these configumations

wall have shiahitls difforent officiany owanse they were taken at different Gimes). To con-

sirml an eaifipaie of the sitnation of the deleciors, a file bas boeen oreated with the san

2 &

-

of ihe minration of cachi mn fur cadh single configuration of targets and Beam Evergy

{Sex Battn,  www jlabony/ Hall-Bsecure/ o2/ Efficenc /. The procedure § havwe followed

£ E

[
L.

to create a Map for the Doft Chanbers Ineflidency is the one presemad in (317 A different

iy
L ]

Alap has boen creaad and put in a dataiues B cach combination of targets asud energy In

fizure 3-8 b shown an example of the cffidency dusing our experiment which =il be fuged

i1l our simintion,

3 - -

Fipure 5-4. Effidency plot in Secdor 2 for D7 ¢ Fr a1 5Gel” as a function of the Layer
Numnber and the Wire Number,

[



Anuthier featune of GPP {(GSIA] Poet Prooessing] is that it pennits 1o sinenr the distriby-

F =y

2onp~ of the Distance OF Chesest Approach (DOCA] ir she Diift Chambers and of the Tane

[

Of Flight simulated in the sdintillators. This will give a mere realistic bebavior, adding a

Gatssias 8ith an adinstablle sigia 1o the distribution’s adges. 1o correlate the shaniation

H e
vt sesesd the Tise Based Tradk Besidual fir buth proton and clectron:

This quantits is defennined dusing the data analysis for eadi Sedtor and Super Layer of the

-

infennaiion

w”
3
[T
=
S

Drift Chambers {and is s in DC calibrations). As before, T lusve &
of exch pun i Ay spedBe conbination and ceatad o single file as 2 nunded for the s

Iatesd events, This is dotse in oader (o have a pictsre of the detecior propertio during every

single confizuration of the experinnant. As shown in figure. 5.5 in cxchiange for aving -

Letter agreement with the experfinental waluc. [ have ssexd, for fitting the data. the s of
2 different Gaussian with 1he same wedzhl, One {wide) will cover the mipes distnbution,

the other (aarmer ), wili shape the center {a similar prouerdure is ustd in DC ealibrations).

At the tinse of mtroducing the inefficencie in the shinulation {sor section 5.2 af page 523,

1 will have to run A% of the time with one configuraion {wide] and 5% with the otler
(narmnr b, In order o 2ot the desired resslt T will seed (o consider buth the outputs togetber

{as shown i fgure 550

H

P permits just 1he choice of a singie sigma {as the paramcier for the gansdan sineaniug)

F

for cach Resion of 1he Drift Chambens, 1 will siiee the one which better dieserilaes 1l

Inb.ore feai-

Bohavius shown ba profons and electrons in our data-set (Soe bty felaswels, ora e

\m .

by EXOTEjenvte pl"nh=eg2laction=s as rdernaee= 1125, A zeontd agromnent on 1hie ool
35 f Shte = 3 F F+) =

t1om of our datasel i inporiant botanse is conse ted directly to the recoumtmiction protocol.

5.1.4 Results simuiation

After min ons simslation througlh GPP we will process our MonteTarls events exzact’y as
v orizinal datasel. fingls retonstructing the track with RECSIS and then putting it inour

F£] - ==
7 sdentification procedure {as explained in Chapter 3). We can sow compare our Yector

- =

Aleson Invariant mass histozrams and oo how, as shown in figunx. 5.6 . 57 . 5-8 . 50,
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Fizgure 5-3. Distribution of TBT Residual fer Proion in Super-Layer L On the ot the
data. in 1he cenier ahat will ook fke if we jist 2 the disiribotion with 2 single Canssian.

10 the rigli we have use the sum of Z differet Gasnssian . one wide, one narmow

we have zoud agreeruan with the behavior detectai, This fmplies that we are confident
10 b albsle to separate the ¢° Breit-Wigner foon the contributions dise 10 ike backgronnd
processes. We abo knon 1hat we made the right asumption in the Event Generator. when
wr censscdened st 3 contrilmtions & the composition of the backaronnd processes.

A nltiphe fit procadure w3 be wad I order (o separate the badigronnd from the sigual

and baving a betlor control of the orror i the procedare:

o Af start we soiret events which are in onr particoar kinematical region {applying ciuis

in 1. F and = and selecting separntely each bin in Q7

o From the simulated cvents ue delermine the statistica] distsibution of the imarizn

mass for ast the backaround processes. This disiribution is then fitted with: a poly-

13

by
et ¥
w
1
I.I‘
3
iy

noraind of 5°
» We will now et in the simulpied events all the proceses [ihis time also the p eler.
32 =

roproduction). We will fit the distrilanion so oltainad with the function constructed

by adding a Breit-Wianer distriltion on top of the badiground finction deferminead

5 the previous step {see figure 5-€ and figce 5-85

o W sl sale the fncisem 2o colnirndded 1o the imariant mas distnbniion oblained
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Fizure 5-6. Invoriant mas distsibution fr 2 @ bin of sinulnied data with Denterivm

tarzet. On green i shown the astibuGon die 1o badigronnd preosses Bliad with a

pulsnomial of 3% onder. On rexd i abown tue fit of the data of the funciion obtained adding
a Bret-Wizner curve 10 e hackereund fnction

from fhe daia {see Baure 5.7 and fgure 5-9).

This function well dewsibes the data points of 1he mvanant mes distribation for eadh

- s

- ' - - - - - @ . -
experimental G° n. Ie this s e will obiain 2 reliable wan of seighting the different
oontrilngtion oo the fntariant mass in this Kinanatioal range and we will In abde w separate

1l signal from the backaround provesses,

5.2 Acceptance and Efficiency Corrections

CLAS &= o dedator which wovers snustly all the §2 solid angle range. One w3 analaze at

3 3

the same fime the oomeciion at the cxperipential data due 100

o Acceplance. Where onie b aorrenting for the fact that the gameiry of CLAS does nat

oy the full momentum-space mage of the phonomena ander <faudy

-

o Efficiencs. Where one is considering that the detecton that compoe CLAS and the

F s

festsirn lion protous] and o analisis, doi’t hase a perfert cffidency in detecting

g

3
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Fizure 5-7. T fusciion ohiainad froms the shnulation slown in figuse ©

i
o
w

+
Sit the exporimental data polnts. Here is shown the resnlt of this fi

cach parzicle in onr experiinent,

This is duc 1o the complexitng aned difficulty o disenmtangle the two different contributions

fross sl dataset . In onder o delermnine $hiee cortetions o our data, one will need 10 Gd

a s of gelting fom o experiimental distribations what shape shoukd the datase? be

o)

Gefore passing through the detecions. The method sised 10 8nd the sesponee of CLAS 0

our experinent s deiermined Iy the behavior olaervod on simulated daia:

* As Event generator we will tse the oie developad for the stady of the Badigronnd {see

sectien 2.1.1 ) bocuse can well descrilie the binanatic behavior of our experiiment

e The caents are then pased through GSIM. shidh will Sinulate the geomerry o the

detector and of the 1arget: This will 1ake care of the Accepiance of CLAS

o The output of GSIAL will then pas tlnough GPP. dmulating ihe effidency of every

singie part and giving 1o then a wore realistic statistical behavio

o The omout of GPP will pass thyough a reconstruction process, The data will zo

throngh a first pass data analysis i order 1o sinnglate itz «flicency,

Eh
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dite 1o badkground processes fited with a polyncminl of
the data of the Bnction obtained adding a Breit-Wigner

Qia areen i shoun the comtrilautio

2% urder. On seal s show the fit«
curve {0 ilie background fusction.
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31
1

o The data so processed will 2o through our Particle Identification and analysis as

exactly was the experimental data.

AL every step will il be acvessible the original generated evem distribution and the re

sonsstrcted one. permitting to develup a statistical analysis of our acceptance correction.

5.2.1 Independent Varizbles

In the interest of having a statistics] azalasis of our Aaceptance corrections one will have
1o bis the dats: sdistribution. The distribation will be dewribied by a complete 201 of in-
dependent variable which fully defineate the reaction ander study. Ogie will have 10 use
independent wariables. ! S anse cach b cadi Mingle speraibe in this n-dimensional space
{where 1 i ihe mumber of desrer of froedons of the proces). o be treated a- an in-
dependent identity Jand so its acaeptanso/efficency correction). Firstly one will have 10
determine how mam warible are needed (o identify the provss. Considering cur reaction

{zer fizureh-10) one hss:

H 4
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Figure 5-9. The Gmction oblainad from the siimulation shown in figure 3-8 is then saaled o
fit the experimental data points. Here is shown the resait of this fit

o The incoming clectron. Is fully knewn. =0 no variables are needad 1o describe 1t
o The incoming proton: One can think 2 models:

1. The proton is considered at rest in the targel. so its bebavior is fndly kuown

2. The protos: in the nudens is considered in motion {Fermai motion). One will have
1o expend some variables to desribe it But, i onic averame the acceptanae over
the Fermni motion {(parameterized in the event generator). the kinematic of this

varticle ¢z be considered as fully known.

o ‘The outgoing electron. the rocoiling proton and the detected =% and = . For each of
these one has 3 unknown ({1 momentin - 1) because the pariicles are plivsical. ~o
on massshelll, This will give a {otal of 12 snkuowns. Il one consida pow that the
process needs o satisfy the quadri-momentmn conservation {1 unkaeowns} and that
has o lindrical ssmseiry respecd o the direction of the beam {1 anknown). one can

state that this reaction has 7 degree of freedom.

|
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Figure 5-10. Reaction under study. 7 Varlables are needed for fully desaribing his behavior
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Figare 5-11. Lepton and Hadron plane and  Figure 5-12: p° decay in the p° rest system.
definition of the angle

-

Basead on the article by K Schilling 521 and from consideraiion alwo of the behavior of
L & 1725

onr kinematical cits. the variables being used are:
1. Q? {ser Bzures-10 and relation at pag.i)
2. W {see foures5-10 and relation at pag.{;
3. 1 {=ee figured-10 and relation at pag.3%)
4.2 . the magnitude of the momentum of ihe p° particle

-

5. 0., [sco fimnren-121 defined as the @ for the decaving 57 in the 5° rest mass system.
£t 1 =) E 5 ~ i A,



vhiere:

e the : axi> is defined as the vecior opposite 20 the momenunn vedor of the
recoiling proton

- - - - » - - )
s the § axis is defined before boosting the system in the p7 rest mas frame as

. _ p-Epn - - . - g .
= It is L {0 £p by construction. so it i< left unchiang < when boostad
B o o ° - i

in the p? rest mass frne

o ilie & axis is constructed for completion i the boosted frameas r = g x 2

6. o_. {xee fimures-i2) is defined as the o for the decaying =7 in the p" rev nass systean

defined above

7. o, {ave figured-11) is defined as the anzgle between the leptonic and hadronic plane

Tour the sake of dediding how to Lin in thee samable. we will 1ake o account differem

{aciors:

'

o The structure of the cits applied for construciing our analys

e The comparison for the wariable in wisdderation of the bebavior of the final siinu-
lated event distribution with the same variables distribation for the data. Incisc o
womplele agreement. after renormealization. of thoese two plot~. we will consider that
the simulation is well desibing the acceptance correction in this variable, That will
penmil s to decrease the number of bins for this variable. becinse we can iniegrate

over the fuil distribution. We will still need 10 consider the binning induced by our

Comparing the results shown from figure 5-13 to figure 5-26. one can sce how the sin-
tilatedd enents sell follon the phasical bebavior for mostly ali of the experimental variables,

Some discrepancy is fonnd in the shape shown for { (see figares 5-17 and 5-181.0.. (zec

fimures 5-21 and 5.22) and o (~ce figuies 5-19 and 5-19). One can just integrate over the

other variables and gse the binning mduced b onir analasis cnts. The finad binning used is

shown iz Tab a.l.
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Table 5.1. Binning used to determine the acceptance correction. The value of n depends
by the number of bins in Q7 that we use for studying our transparency effect. It is also
directhy comnedted to the statistic available for the single data-:ct {For example for data
with Iron and Desterivimn targets. we used n = 6).
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Figure 5-13- Q7 distribution for Liquid tar-  Figure 5-14. Q7 distrilntion for Solid target

=

get for data {black) and simulation (red}. for datz {black) snd simulation {red).

5.2.2 One to one bin Acceptance correction

£

After we define which variables we want o we fin decribing onur reaction. we want now to
analyze how o generated bin evolve <uring the all proces. One can focius mainly on how to
connect the final disiribution with the original bin ocaurancy. In the following I will refer as
senerated event when I anols ze it using the kincmatics given by the montecarle generator,
1 will refer as raonstracted event when [ e the kinematios detocted. In this analysis of o
clectroprodue tion we will use two difierent methods to determine the acceptance correctio:

1o ihe data-scl:

1. The acweptanee correstion is determined comparing the occapandy of cadh generated

2

bins with the occupancy in the correspondent {~une Bin} reconsiructed one.

2, The aueptance correction is obtained consideting also the pussibility that an event
senerated with kinentatics of a particalay bin conld have its variables slightly modified.

It will not be part of the smme bin in the reconstricted data, The event “migrates™

HE
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to a differeis bin. | will 1talk about this way of constructing the acceptance correction

in zection 5.2.35.

In this section T will introdie the acceplana correction ae in peint 1. which was developed
fur this analysis by Lamisa El Fassi {1L who also worked in this project. The nmnber of
events generated in cac’s iarget is shown in table 5.2

The efficiency is defined in each of the 5 dimensional bins k (function of Q%L W pp. 0. .

s
Neeel Q1. Wop 6,23
Nyenl QP A Wopp 0.4}

effi =

]
o
b
™

S
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H

where X sepresents the munber of events @n sach bin. The correction will be constructed

as follows:
o Eadh =vent of the data will Le assigned Lo a bin, depending on iis kinematics
o This will be considered with a weight wg = 1/ef f;

o At last will be considered the sum of all the events which are part of the saine Q° bin
{nsed to check the Kuclear Transparency dependence on Q7).
m
=\ 1w Ny
2 uwENg
£=1

oy
Y
H -
[T+

[bw]

HQE
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target for data {Black) and sinmlation {red;}. get for data {black) and simudation {redj.
where § am assuning that ng: contzins r bins and that each & binas A} experimental

ovenis,

Some Bins 6l ha.e vers small siatistic, due to simali effidency. This conld carry instabilities

1 the definition of the acceptame wrrection. To aveid this problem. different cuts in the

correction have been applied:

e we reiects events with G° below 0.8GeV" {04 % of the data)
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Tabl- 5.2 Numixg of events geperated in euh tarset and beam encrgs, which have oo

o we referts bins with e which satisHex {see figure 5-27):

¥, P
1wy > ZHEHS {333
= S - % =

These ans will induce a disereganc i we 45y {o obtain o the reconstmicted evens the

o
==

full conunt of generataed events. For this senson we will define o corraction factor §, as

This correetion is defined for ench QF bin in which we will divide the 5° histograns. As th

"

acceplance corrodien, the salie of fp i determingl for each tanget and onergy separated

"

¥

{~ee fable 5.3}

Error and statistical analysis

To determnne the staiistus] belias ior of the aoeeptanee correctiot determined in this way,

one will ned (o see how this comredation is logically consirnaed. One generataed events

o

1 s iwn poesibilithe, being part of the recomstriucied bin or 5ot being et of the

Nowa o

reconstmiciad bin, The aumnber of gencrated cients will not carny any enor, Secanse will
e considered s the munber of trizls, Taling into acconunt the great mmber of penerated

events which we are wing. we can asine that the value of ¢ ff; (a0 equation 51§ can be

comsiderad as . gand estimate of the probalality that a generated event will be reconstrucied,
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Fizune 5-27. o and é:: Iistermnins Ty the cerrection oblainad for Denterin tanget {01}
a1 Iron target dnizhit). The onls applicd (s oguation 53] will redect she gan of the
_ - - = - - age_s fq%
accepiance correction which will canse some instabilities {15,

To detennine the oinss on o f f; one will peed (o detennine the statisiionl fnciun

S

sunbet of rooeimided events i exch Hin X . Alrer this olmenintions one can soce oy
Fcl ot

the acoeplanoe aorraction Bllus s a Ginvinial s1atistical behavier, wher-, in cach bin, the

minnieer of trials iy represented by the nusnber of 2enersted events {Niugemy)- The probabifity

7 of suctes i reproesented in cach bin by the officdiency {0 f2). The statistical Hacuation

o

o1 1l mumiber of rerousirucled events in oo b is then given by

2 - P i= =%
Niverrs = Ntagemst i1 — ] Jii} 2]

Froun this one can derive the ervor 6 thie of

3

§§;i§§§i§§ - an
Aeffy = 5 {5.6;
£z - 3 Z
Magens
we can find now the orror induced on the data after the correction {epiation 5,23
Lo \
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{  Donierium % Iron § Carbon
Q% bin | 1Gel” 5GeV § 4GcV 5CeV § 5Gel”
1 c 086 095 F 09 091 § 096
2 087 097 § 047 097 3 0985 ]
3 097 e9s F 097 097 § 097 |
i i us 2 nax §
= EY =
5 059 F 099 2

Table 5.3, Values of the aorreciion [ dofinmd in aquatieg 5.1 for different tang-is and energy

N,
L)
LT

I eqquation 5.7 the {g; part wili be isnd 25 20 o imate for the statistical gmor. 1o detemmine

- -

the sysicinatic ommor induoxd with

i corrociion ue wifl ase i (e {53

)

Results witl: this correction

-

To test the worrection so constrzcied, was decidad 1o plot the 07 degrendenoe of the Trans

parens tatio for the simulatal ctents. In this way e constnicg an estimate of the entity

of the acveplame asing this proosdure. The resall shiown in fuure 5228 indicaies that 1his
- - - - o - 4 -

corpention is really Bnportant asd has 2 @° dependence. This was considermd due fo the

sfistancr between the two Larzels (solid and lguid; and 1o the particular Kisanatho region

targeted I this exjoriinent. T Ingeae the anfidenoe i thes ronlis | developed 2y

e

independent way of determining the acvceptanoe correction.

5.2.3 Bin Alairix and Migralion

il unie =1ai1s fromn an cent getietatad Inonr AMenteCarlo goneratorn, one can schenaatize this

eoTTeriion =5 e convelintion of twy coninibmtions:

-

4
o The Event prass all detedton, analysis proces and is pant of our final seconstruciod

edalaset

o The 5 construs tead cvent kinematic properiie are slightls different ficimn the generated

160
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Figur 5-285. ip 6 fizure &s plotted odee Xockenr Transparency matis for shiguiaticns on
fron and Desierium tarzets 1L In blue & plotiad the ratio defermined usdng 1l sonenmied

cvests I red b plotted the one clilainad nsing e raonstnuciod cvents, The offect & nnlly
Laroe and will noed Dannher staudy

o1F, =0 e evesst can Tmiizmte 1o a different s

A full Lesonledse of Insth grroammeas will give a letler ostimate of wiat & the el aoeeptanee

agrex Laon {se s13 pesd f0 0 onr dbstsibnstien. for statistical redovaneel. One g see from

-

faure 5-70 (hat i important {o ake into accannt the mizration o other bins. At the epd

-

ir acceplanoe correction will ook ke o matnx X, 7 Ao, whidh =il relnie the nunler

oo eyl 10 wudy) of e rovonsinictied o (o the Sanine senemiied cvenis
s Iy

To sdetermine A, 1 aeed the next inforimation:

1. The bin population for the zeperrisd evest (G

Ihie fraction of the pupulation fin the generated coen! shich pase our analysds cets

(B, for the potsippaisd esent (1 b nporiant (o gote that, in order 10 construct

HH ]
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Tl transfonnation of ihese
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233 aag‘ iriiy §A

is seneralod part (D

1,1, ez this is the simucture of ©

sedendend cvents, | will detenmine how the senernted evrug

-

full prooes= {C,.1

griiation fur the recomstmiciad oven which oroipies one of

v rezonstrncial cient population sithont the condition on the z2oneratal (oo

ur expaerimestal dataeses,

S, afler aonee ponnalization {ahere 1 wil! scale the matnly fo ihe wslue of 2 single
-z reveisinucied evetl the acoepianee comection will ook Jile >
A R,

It i= Imporiant 1o nole that:
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The matnix By and D, are diagonal becanse they relate a singie bin 1) itaedf {what
fraction of the event in 2 bin satisfy a certain cut). For this reason ihey om be

CXprosned nn:

B:x'f = }‘3 F1 s Eﬁ; = js:{a 1y i5 ;ﬁ}

- - P - = = ] * F] =
The mateiz (G is coistmcio! from the simmloied data connting the monber of cvenis

2

Ty
»

o

it
e
2
g

Rl
¥

n
n
N
g
3

= ra i =4
m $z Gz - .. - X
L
il — gencralod} 4 : - : . : ‘. : i5.11)
Faod Y o - .
g1 tiz Lz g LX
R P -

=y of P i
fo‘is v2 Lxz o Ly o Q%‘!f)

This malnx so winimced wil] ned 1o I pormalizsd (o unit {(Sngle reansiricteal
bins,. s 1hat 1 will be able 1o delineate the deformation on the experimental data-ses.

This procednre moad to be dose i onder (o omtest each bin 1o their generatad valoc,

Definsine pow -

i G} as the munber of cvents in the k-genovated bin that are part of amy reconstrcied
bins

3, /I as the mumber of cvents in the merecunsirictod bin that are part of any generated
bins

B,

x 1003
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We can finaliy derive the :’1‘:13:33!:3;;{3* mairx:

G, = Z i {5.i%)

L = = Normalized {5.1-13
fen
4
Bi=XM\a; = A — 15.15)
LG
37
i S
D =356y = = *;:31 {5.16
bt

Putting ol tozhens. the matrix for correcting onr data will be:

i z - -
Ay = =0 Crpy w7 by = =2 Gy == {5.15}
27 g (£ Rﬁ Ly ] {;; i g}

Error and Statistical Anaiysis

The acoeplance correction matrix bas fwo different statistica] beliavior:

1. The parts which corresponds to diagonal matrix, bronee they show how a single bin
evolves in thee functions. are discribed by a binomial statistic. In endh part one will

need o be careful in deciding which quantity sepresents the mmber of trials {which

part will uol carry errorj

2. The part which will deribe the deformations of the bin sccupandes due to bin

ol i

mizration follows 4 maltizomial distribution. becasue considens together an ensemble

-

of passivilities which excliude between each other.

To better schematize the error analysis of esads iep of the acceptance correction. 1 am

= -

defining 1ie common sirmciure of the siatiztical upcertainty ax

= —_ 53;‘! — ¥
. y (@ = |3, =% i
o;=npil - p} whene p=- = {5.18;
1 §f§3§; o
14 gL
) oy =15 = fo,

In eypation 5.18 n sepieents the nmnber of irjals, ¢ the number of sccesses, p the estimate
of the probabilits of succes, The Statistical analysis of the three parts of the acceptance

eorreciion is done as {ollows:
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o Analisis of the matrix 2, in cguation 5.15. In this matrix. following the parametsize

£

. - . - sge ] . ) .
tion in equation 5.i8. p= £. 1 =G, and q = G!. For this reason gy, will follow for
3 :

the determination of the error the se lnbel as (8] in equation 518,

Analysis of the snairix Dy, in equation 5.1G: In this matrix. p = J,. 0 = i, and
a = R.. From this follows thet the error o4, is determined using the equation labelad

{a} in cquation 5.1,

Analvsis of the matrix Ci,, in cquation 5.1 & The probability strucare of this ma-
triz will ollow 4 mmltinomial distribution. This distribution i a generalization of
the binumsial distribation and dewribes the probability of a particular combination
uf k-different pussible onicomes fom o independent triale. Each of tiie possible ont-
come has a probability of success of . The probability of a particular combination

= =

- s, {wher g-!: — Y sisnber of independent trialsy i rr3y Tyuee
Iy.Fa... I iwhere 3 °_ 1, = 7. Hie anber o] mdependent inals) 1= Saven o3

1!
P{L‘g I TR) =

&
Ty Xz x; . - _— = r
115 s where ; m=1 {5.193

xylral..xg! "
=

If one considers cach pusoible ontcome separately and groups 1ogether the other pos

<ibilities one can see how the error will hove the ssupe behavior as the binomial dis-

tribution
oy, = vpell = pr) {5.26}

Other than the possibility of carefully constrct the error induced. one of the advan-

Lage in constrcting the acceplagoe correction with bin inigrasion in this way is that

L. following cquations 5.12 and 5.13. has the property that:

N X X X

of _ Fo 343
K!G;’;ﬁ R, = E Cin 5.21%
E=1 m=} ==}

This property {commected 0 3 ), p, = 1) gives

~

hie freexdom 1o chivose which quantity

W

to pick as the independent trial. This will induce the fredom of chooing which matrix
to wnstriadt. 1 will constrdt directly the matrix which define the comrection to be

applicd (o the data, avoiding the procedure of inverting a matrix Ng,,, ¥ Npp.. In this

15


http://cjm.1i

way (pq represents the probability that a reconstructed event in bin m is generated
from bin k {pp in equation 5.205. The munber of indipendent trials i= B, {n in
cquation 5.20). The mumber of sucesses is (G, {ry in equation 5205, The error

carried by the correction due to G, is defined as:

— _
e {1 - %=
Viem \ [

355:::: Ty o
aer =1 oy =75~ = = (5225
ac,,, e i, R,

Propazeting the ertor from the 3 different contribution in equation 5.17. I can determine the
- = e ;
final crror medneesd Iy the aceptanae worrediion. Foelliving the 2-dimensivnal implementa-

tion of cgation 5.7, T will nee the error here defined 1o describe the aystematic uncenainies

inducad by this acceptance correction.

Simplification of the Acceptance correction matrix

The isue now will be gencerating and anaiyzing encugh statistic with our simulation to

determine with considerable accuracy the value of ecach of the N, = Ny, clements of the
Arceptance/ Efficiency matrix. Such an amount of sinmlated data is actually ot needed.
becanse, for defining the mumber of g% in cadh bin in QF and o determining the cross
secton, we are integrating i evens thing that lies in our kinomatioal ants. In thie same way

we will need 1o sum over our transforme! bins afier the worrection. To show what this

imply we can define i matrix:

. [i if bin = is in the kinematica cnts and &% — Q7 bin
P4, . wheres)

3

G if bin = is out the kinematical etz and £ ~ Q7 bin

iy

5.23

Mgk

e
H

This matrix will select the bins which Lave kinematics that are part of a pasticular ¢
bin and ant off bins which are ontside onr kinematical cuts. In faci. to also determine
the mizration into our data-set. | hate definad our binping to ze alo oniside these cuts.
This was done for evens variable other then G2 becanse we already push the edges of onr

= - - - - - - - - . - - = “F
distribution dose 1o its limils in order o inarease onr statistic in defining a @ dependences.

One can then gies that the contrilation following this Q7 binning will not be determinant.

HEY



Leing the addition of the migration of the two sidad ail of the distribution inside our rangc
wee fignre.5-13 for exampic). More hnpurtant is considering the same plenomena for other
variables like 7 {see fisure.3-13). Defining new °F7 as the summed wlue of worredted events

- ;A - - = - £z
i the L% bin in °. one has {for exaple here is shown Q')

-

e

saids 113 . . - . .

Q'L = ; ﬂ;, -’igij‘; = :‘%;3}?; 4 -'iggi?_ - -‘i;;gn;; = :2331?5 T .‘!gij—. - .’.g{,t?f. - T
=1

g il 3443
+ Ay + Ayile 2 Ay + Az By 5 Agily = Aells = --- =
= (A +Azn+An+--- =140 Azt Ap -ty ...

One wan see that is pussible to add the statistic in each tolmnn of the matrix A, for the
bins which are into the knematical cuts of this (7 range. Just N, % N2 elements of

the Aceeptana Efficieng matrix are seedad 1o be deienmine with statistical significance

-

i order to rorrest onr resslie. on T parenay Effect. This abso taking into acconnt the

migration belween different bins.

Another wan where § hase trivd 1o implement the statistical significance of this acceplance
cortettion Was in improving the vanes and errors definitien from the multiple sims of this

tiun. For examute. the rore matsix will b st contribution [ the
worreition.  For exomple. the sorrection matlix will bave s main contntbution from the
disgunal terins, ahich represent the probability that a generatad bin will be recoistrudted
in the same kinematic. Plotting this correction in the planes whidh desoribe the kinematical

dependence of cach bin {plstting it v 7 for exampie or v .. ) one is able 1o ~ee a Gaussian

behavior with center in thie disgonal bin, From asothier point. when 1 am fnally recon-

=Ty

structing the corredted data, this difforent bin will ave o cortain bebavior (see figure 5-306).

¥

One can then §it thee distobution with a functon, defining so a sum which will weight

the centiilaition of the different points with their error. Due 1o the fact that we don’t

have mam L in each of the kinematical safiables, we 1l not have enotigh points to swell

ey

detennine the parasetric findions, For example. to consingee an asymmetric Gatssian, |

will noed at least 3 different points. For $his reason, and for ihie fact that this procedire
- 4

[
oo
L
oy |
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D
T
1

Fizure 5-30: Correcied data bin ix shown as a funciion of £ and 4_+

will induce a systematic error due to the drwice of a partivalar function. T ave decided w0
keep using the direct approach explained before {(sec equation 5.91. adding all the corrected

bin and sumning thdr error in guadrature.

£

5.2.4 Results of Acceptance Correction

For dhediing if the Acceplance matrix was constructed in the correct way, and so that were
not present miscaloulations, T have feed this corredion with the simulated reconstrucied
data. As suppesed. the correction reconstrcted perfectly the bin population of the gen-
eratad events from the original Montecarlo siistribution. If 1 were 10 ereate a piot like the
one in fizure 5-28 using this corvection. 1 will obiain the same plot. This i~ becanse it was
obtamnal treating sepesately the Montedar. . generated mvents and the reconstrcted one.
Vith the »tudy with bin migration. 1 will have two independent ways to detenmnine the
aceeptance wrredion on the experimental date. In this way 1 will have a betier confidence

on the resulis,

HIR



5.3 Radiative Correction

The Radiatine Corrention has b detenmined using the Montcaarlo event generator. whidh,
as mentivned before, has been implemented with the possibility 1o indude or exclude -
diative effecis, The ind of radiatise effects indudad are correction to the particies in snass
shell in diagrams (53] and correction in the internal part of diagrams. For the latet pant
has been e a cade (DIFFRAD) (51 whidh has been panticalarly written for exclisiv

vewtor nuson production. The correction is then defined as the ratio of g% generated in our

kinematir al rangze {and eads Q° bin) for simulations with and withoui radiative effects :

A

T pnrad

'\}

*red

iz s
£

L

F Firad; =

Fur the Nudear Transparency the effict has been fonsd flnctuating between 057 and 470

5.4 Target Window Correction

Jo determine the correction due to the windows of the liquid target ool 551, we compared
the himinosity with fiquid target coll full {desterimn) with the one measured with cimpty

target cell. The ratio bhetween the two was found to Le:

Lﬂﬁé‘ﬂy

= 0.025 {5.25}
Lp )

The material ned 1o construct the cell i Aluminum.  We don’t bave enongh data to
determme the Transparency ratio for Al {see table 2.2 and 2.3). In order to determine the
Transpareiey ratio for Al we will use the measured data from Carbon and Iron. This data

can be fitted with a A" fundtion {where A is the mass pumber and 4 is the free paraineier)

15] for each b in O and 1. We can then detenmine the expected Transparency ratio for
Alnmimun {1}, The correction 1o each bin due to the warget windows will be:
!-‘i —_ fI*:i {1+ !*55 00751 T
A= T+ T x 0025) 5.26)
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.5 Systematic Errors

W

In this section 1 aill discuss the different sources of systematicad error on this analysis.

- 3 - gy -
Brcanse we want o deterinine the QF dependence of the Nudear Transparency ratio respect

*

to two taroets, we will divide the syslemaiic error in iwo groups:

- - - - - i -
o The nurmalization errurs. Errors swhich have no dependena in -, casing a common

=hift of ali the points.

s The puint to point crrors. Ervors whidh will st shift in the same direction different

O? bin.

o puint error will be added in quadmiare with the statistical error. The nor-

.
A

Kl
g
-
-

- - - M - - - o 4
malization error will be considered separately. because will not fnfivence the Q° Slope. In
this analysis, once definad a source of systematic error. we define the normalization ervor
for this source as the vaie of the lowet systematic error. The point 10 point aror will be

defined for each source and each bin as

2 - -3
Fsysipap: = TRy Sitots — TS5y Siners

n the following we will show different suuree of systematic error {for a more detailed

i

Y

analysis. see {1}

5.5.1 Kinematical Cuts

The cuis on < and £ were done to select an exdisive process and 1o ensure incohierent pro-
duction {see section 3.30 o find the systematic ancertainties induced by theee partionlar
enta, thesr liamt were let slighthy vany and the Nudear Transparency ratio was detenmined
with the nes walues. The total systematic erfor was found afficting the aalenlated N
clear Tramsparency with dunges which varied in the QF Lins between 0.1% and 3.4% for
fron+Deuterimin at beam energs of 3GV, See table 5.1 and table 5.5 for the range pod

compssition of the systematic error {point to point and normalization;.

=
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i = T rz 3
i Poim 1o Point error (%)
- S . = . -
) [ron % Carbon ,
G bin § 5GeV 2 dGel § 5Gel
g 2 - = * i 4
U S 05 U R % I P
2 313 3 - & -
3 {03 2 09 8 12 }
1 i 2 £ H

Table 5.4, Kinematical auts. Point 10 Point sastematic errors for differemt Q° bins, different

taigeis and differem bean cnergies

i Normalization error {%}
! Iron Carbon ¢
:50et” 407 2 56V

Y
-
L

<
by
-
i,
-
%

0 [
=
[T

04

JiNEL T BT

Tabie 5.5, Kinanatical outs, Nonmalization systematic cmrors for different targels and

different beam energics

-

5.5.2 Acceptance Correction

the acteplance worrection. Due to the b statistic. the munber of bins was not vared. b

F o
st changal the limits of cads bin, Another 1est sas done umnitting the plon non resonant
contnlntion 1o the badszrousd. in both caevs the Transparenoy ratio was detennined and
the 1otal sastematic unoeriaintios were obtained. This was done adding in quadrature. for

each Q7 b the differeice of the valite so ohtained {as explained i this ~ention) with the

unceriaingy due 1o the scceptance correction {see cquation 5.7 and 5.22}

e

One to one bin Acceptimce correction

For the target anubination of Iron+ Desterinm with beam enermy at 3GV the 1otal sy=

tematic error ranges from 0.8% 1o LYZ {more detail in table 5.6 and 1able 5.7

3
FLd
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.
A

Point 1o Point error (%13

F fron 2 Carbon |
° bin % 5Grv % AGeV § 56t
1 ¢+ 16 3 18 3§ 11 |
2 -
= e =
3 0§ 17 2 16 & 12 -
Table 5.6, Acceplame cormetion lone fo one bin). Point 1o Poli: ssstematic omons for
different 7 bins, differont targds and differemt bean enersies

Table 5.7

H = - EF= 3

I Normadization evor {54) 1

H Iron 2 Carboy *

s - - = - - = i z

i a0 2 3CGel” 2 546V

2 = = 2

3 - = = a3 — = g
AlQ bins; 08 & 07 Z 05 |

Acrptanue correction {ohie 1o one

different tarmet= and different. beasn energies

Bin Matrix and Aligration

i beann sastenati, ancertaintios ndicoed

are shiwen in (able 5.9 and 1able 5.5

5.5.3 DBackground Subtraction

In orda 1o oblain the sastematic emror |

montooario siinnistions aud data, we will

A

. I the Breit-Wizaer d

is considerad a froc paratieter in the (L or is kept constant at §

aa wf

iR

H Afrl”,

2. For the shape of the Ladkzronid

(™
[

A U avaeblatice corpeciion with bin migration

In onr method of comparison Helween

procedure in 3 different aass.

fx peimingl vajue of

ill 1se the one obtained fom onr implemented
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i Point to Polnt error {55 |
i fron g Carbon ?
R P .= . B - »

O bin - 5Gct” 3 4GV = 5GcV 7
1 - 325 E a9 E 33 -

H 2! E] Ly P = - -

3 E 2 ]

4 3131 % - § - i

= = = =

Table 5.5, Aaestame Correction {Bin Aligration). Polnt 1o Poinl systemnstic orrons for
different D7 bins. diferent targcis and diffcrent boun energics

Noralization crror {53

»

N G N

§ Iron 2 (Cashon
i 5Gel” 5 4GV 2 50V
ANQ?lins] 21 F 20 § 21 !

Tabie 5.9, Acepranoe Correction (Bin AMizration]  Normalization systematic errors for
different tardets and diffcrent eam energics

eventl generator atd the one derived from the original generatorn

3. Different shapes for the g% fnwriant smass distribution were used i paralle] with

the non relativistic Breit-Wigner. Belativistic powave Breit-Wigner, Re=Stodobky

parametrization {scc |1

[—

Wik

fur seference of these funcions). We then picked the disir

bistion which zave the bizzer point 2o point error.
F>3

The value sliainad for the systematic error are shiown in tables 5,10 and 511,

5.5.4 Radiative Correciion

- -

e ssalagnatic anaertainties will be determined fr the Radiative Corpaction diaking the

it

o

L
-
et
b
i |
-

nduced in our particulas ontecasi generator, For this scaon sy will compare the
esults from o event generaion and the original wersion (47, Both montecario are imple

mented with DIFFRAD 10 determine the radiative cortection in vedor meson production.
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i Point 1o P fEfs 3

! Polnt 16 Point error (%)

i fron 2 Carbon ¢

32 5.t 3 T L] a4 4: H =g i
{7 inn SGel £ GV 5 56 :
[ i 3¢ I 59 ¥ 3 - g

i i - 2.2 g 5.3 :

E = £ - 5

2 T e2 3 1 3 05 ¢
3 g 1.6 = 68 5§ 0§17 @
E E E - § - E
= : - = F
5 & i 3 - 3 - H

fable 5,10, Backsremud Subiraciion, Peint 10 Mol wastematic errons for differam G° Lins
different tarzets and differes? beoin energices

fe

Nonualization crmor (%

g

LI Y

g Cario
el
.7

"
v
»
S BRI

SGrFL” i E
1.5

T

st | W b

Al Q7 bins

fry

&L
L)
Bl

Table 5.11. Badiasonnd Sabtration. Nunnalization systematic crrors for differemt targs
and different beamn gwsgics

The svstematic oarror for 1hiis correciion ane shown in ables 5,12 and 5.13

5.5.5 Tarzet Window Correction

In order o determine the sasenmatic error on the Tarze: Window Coerroction, we assumsd a0
W anorrtainty 2aduced g the detenmination of the Transparenay ratio itlirough o fting

A A 3 2 5 '
prowdure on A" 1 This lnpothesis Gllows from cther meruranen of shis dependence
isee for cxample 115). Propagating this sncertainty through the aquation 536, ore obiains

for this correction a nonnaiization systematic ovor of 0.25%.
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Chapter 6

RESULTS AND DISCUSSION

I the gaen iones chaplor s have defined the procedune for wodl detonning the Gguss section

22250 Betaea 1no sejmrale tanmel fur o7 devtsoproduction. I this diapter § will show bow

we detenpine the Nucenr Tramspanena in this axporiment. | will then tea the thooretd

el conixiure expressd in dapier 1 where was stated 1he independenoe of the Nadeag

Transymnay from the range of Cobierenee Lengils readdisd i this experiment. After thisc

1 fnalls sbon 1he sosutlis for the ssperimental Nadear Tramspareny doprndenor on G

v
2 g
[T

"

1

will connpare thon with the smoded fom Faankiurg, Afiller and Stntnan { Faiss ¢

i

seciion 1.3 2t page 16 of this theds),

6.1 Definition of our Transparency cfifect

<

The £G2 cxperiment rn with iwo Largels af the same e, in order 1o compare i oo
satinis oldained fom middd of mass nmnber A {in 1Li experiments with bad enoazh

siaiistic for from and Corbond with the one delormina] from Deuterinnm,
=
=
3

[ LY
el ot

I+
LT

o
e
i
L]
)
II%

E ]

=)

()

o

My
$3
"

=i Hurirams

rq = = A —_— § 3.?-3

-
n 7 pepreents the smnber of sudeons in targza 4 and is ablained from its propetic
3’3"2’{! PEASE fa¥rag ,igéf 5533
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where gy is the density of the material. ry is s thick sew fable 2017 and X, is

F .
)
p
ol
:é
gy

Avozadro’s musler, The oilier tenms of sxpuation 6.2 are 4, e singl cleciren darge. and
ng- the intearatad diarse depeeited while aollecting data froimn tarzer AL Usiog the fart
pow that wy mestre the o° produaced fom Goth farzets af the sane G, we G stmplify

equation 6.1 and shiain for the Nudear Transparcicy:

Other sastemath effuls we attesmated of Gatccled from th

asd Dawve already boeen determined {see seciion 5.5 1

6.2 Coherence lenght dependence in this experiment

o 1est 1he Colirenoe Length dependenoe of the Transparency mtio measured iz *his ox

b

P

perinent. we have considerald $he distribution of Q7 s L [see fgure 6-1). In erder 1o see

il contamination of the Q7 depondence of the bins i [, we dodded 1o study two differem

intervals in Q%:

[}

e LG0T < < 1 6C12

e 140GV « Q% < 22617

-and

The renlts sare shown in Sgaves 6-1. 6-2. 53 . G-4. No l. depeindence ix scen with our
8Tt i This Lokasi - 1 fur the pmriioniar Kinematica! ranes &
sletistical mevisen. This behasior was expeded dor the partioniar xipematica range -

vestizatesd In the EG2 experiment {mee Gaure 1§ and 1.5 st page 9% To anderstand

£

1iis one soads o compare the kivematioal mnge of Q7 and » of the EG2 experisent {

=

D967 <« (7 « 26V and 226Gl = ¢ < 356Gl ) with the one of ihie otlier experinent

which searcdied Sr Color Transgrerens w=ing 0. the HERMES mesurement. In this ex-
peisnent fas oharsed a dependene on the Cobierence Lenath {see figure 1.20) This was
due 10 the fact that the HERMES experiment is m a @7, » 1ange which was right on the

resion where the Coberenor Legith effect wis snportant (08¢ 212 . 07 - 15GeV? and
! 3

[0
[
b
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SGel = 2 < 249GV 1}

. The lenzth inspeied by the EG2 ex

xperiment = < 1fm. which is

simlar to a sdeon size. For this reason, the Coberence lensth effedd. whidh considers the

aontnbution of other nidosns to the produdtio

in the EG2

experiment.
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Figure 6-1: The & vs @ distribution is
shown Lere for thie Iron {arget. AL first we
wiil consider the 3“""3331 in the shadow. char-
acterized by 1890cV2 « Q2 < 1L6GeVZ, In

this region we will detennpine the experimen-

tal transparency ratio depeudence on i, fxee
fizure G-2 on the rialit

T

2 of the F7 vertor meon. was not important

e
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Fizure 6-2: Nudear Transparency ratio as
a1 function of I {here expressed in GeV L
1GeV % = 0.193 fm}.
nresent. a induced QF dependence in the [
To aveld it § consider two differ-

The dala-sel does

binning.

cnt QF ranze. In this plot is shown the data
with 1L.0GA7? < QF < L6GY % (see figure
G-13. The data does not show any depen-
dence in [ as expected from Glauber the-
ory.

6.3 Nuclear Transparency dependence in Q°

Ue can finally determine the Nudear Trasparency ratio in the EG2 cxperiment.

-

data analysis v discover that the correction due to the aceeptanee/efficency of

fur

Ny

we have detennizal onr Bnal resalt with the two methiods

reconsiruction; anadisis was realls Bnportant {see figure 5-28 at 101}

Is: our
tiie deler
For this reasen

as explained in section 5.2
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Figure 6-3: The I, v= Q7 distibution is P 1o e yro1
s . bt N . a funciion of I, {here expresed in GelV 75
shiown here for the jron target, Inshadow .., 162 Ford Ter $hiie sedig 5
. . s . g > s = L1033 fam).  in i5% jmol 38
is scelecied the vegion 1LUGeV- < G- < 7o Q? <

shown the data with .00

F ¥t d - - -
220 eV 00 fimure 6-3). The data also in
i

2CeV 2. In this region we wifl defermine
the experimental transparency ratio depen-
-4 on the right)

s

thiz aise dees ol show any dependence

o
8
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oy,
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{.. as expeciaed from Glauber theory,

6.3.1 Acceptance correction: results with two different methods

The comparison beiween the two methods are shown in figures 6-5. 6-6. 6.7, The twvo
smethods don’s preent ayeat difference. abso if one < nolior some conson feature in this

comparison:

o The error of the correction whidh use the “bin misration” cifedt is slightly bigeer than

1hie othier measurcment

® The points with “Lin migration” cffect have a common ~hift 10 higher swalues of Nudear

Transparency ratio.

Thi= Lk of differences beiween the teo methods can be impnsted 1o the fadt that. inorder (o
define the Nnclear Transparenai, s coisideral ratics Letween contamporan measurements
on tan different tarsets, Die 10 the kinematical similarities of the data from the two targets.
one can eondindy that the migration affecis them similarly, It will get then wmostly canceled
when one determines the ratio,

For these reasons. | have deddad 1o consider the st obtained from the acceptasce cor

rextion with “bin mizration” as an addition 1o the systematic uncertainties on the Nuaclear
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Figure 6-5. Comparison of Xudear Trassparency ratio for Carbon data at 3Gel” and de-
tepmined with two different acceptance correction {see section 5.2 of this thesis). In green
is shuwn the result obtained with 2 ~bLin by bin™ accepiasice correction. In red s shown th
ope obtained considering alwo the “bin migiation” effect. The data is plotted with errors
due to statistical and peint to puint systematical {added in quadrature). The colored bad iy
the bottom represents the sastematical crior identified before as nonmalization (s sdion
2.5 of this thesis). This last systematical error cises a cotnizon shift in all the point of the
distribution. and doe ot contribuie fo the physical behavior of the Xadear “Transparency
ratie {for this reason is not incuded with the otber error).

Transparency. The sastematic uncertaintios due 1o the meded for the acceptance cornction

are shown in (ables 6.1 and 6.2,

6.3.2 Final results and comparisnn with the theoretical model

* md

After we compared the reults with twy different models for the acceptanoe correction,
we have non 2 good confidence that this wrrection is well npderstoed, The correspondent
axtematic ertor inducad Iy this last corredtion «ill not affewt too muds the error previsusly

obtained.  The final results are shown in figires 6-8. 6.9 and 6-10, In these plots we

[T )
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Figure 6-6. Comparison of Xuclear Transparenay ratio for Jron data a1 1Ge}d
mited with two different acceplance correction {see section 3.2 of this thesis],

shown the result olitained with a “bin by D™ acesplane anriion. I red is
oue obtained considering also the “bin migmtion” cffect. The data & i

due to stasistical and point o point systematical {added i cuadratiore). The

the bottom represents ihe ﬁ‘*iﬂ:!zaiitﬁi error dentifiesd before a» nurmalizaiion
F
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3.5 of this thesis). This jast emaiioa] error Gaseses o cotmnen shaft in Rl e

distrilmtion. and dues not u;as.-iwk, 15 the phvsical bedias fos of the Xudear 7T
rafio {for this reson is not included with the othes errorl.

have addad the theoretical predictions frem the maodel from L.
Sirikman {FAS. see

decay of the ? inside the mucdens, Tor this recson we don

this effect. The analysis of these resulis can be resiimned as foliows:

o The result for Iron at 3GV {figure 6.8} shows

with o parajflel increase in Q. From the FAMS model it i
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Figure 6-7. Comparison of Nuclear Transpareney ratio for Iron data at 5Ge1” and deter-
mined with two different acceptance correction {see section 5.2 of this thesis). In green s
shown the result obtained with a “bin by bin™ acceptance correction. In red is shown the
one obtained considering also the “bin migration” effct. The data is plotted with errors
duce to statistical and point 1o puint ssstematical {added in gnadrature). The colored bad in
the bottom represents the systematical error identificd before as qormalization (sec section
5.9 of this thesis). This last sastematic al error cattes a comnon hift in all the point of the
distribution. and does not contribute to the plasical behadior of the Nudear Transparency
ratio {{for this reason is not included with the other error).

Length sunge touched by this data-set, A stady on this result rejects the Giauber

model calculation with a confidence level of 2% (Degree Of Freedom = 3. This
alue has been detenmined using a one sided confidence levd [see equation 6.61. Tha
Glauber prediction has been determined vsing experimental cross section aad does
not estimates amy paraiseter from the Nudear Transparendy data determined in the

EG2 cxperiment.

. - - - . ; 3 3 i 2
\? probability distribution with £ DOF = f(x*. k) = ——e——r1z gr=:‘:pzf——‘i‘ﬁ
N2 r .}2 3
- g 7 } -
(6.5)
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Table 6.1. Awepianee correction {(“bin migration” vs “one by one bin™) @ Point to Point

svstematic ervors for different ()7 bins, different targets and different bean energics

A

Normalization error {9}
i

W

LT

fron = Carbon
5GeV
02

b

5Gel” 3 4Get”
i).2

W W0

ALY
LR A

(.:

TR E T

All Q% bins

WAL
[RY
I

Table 6.2, Aweptance corredtion {~bin migration” v» “ene by one bin™). Mormalization
syvstematic errors for different targeis and different beam energies

ot

{6.63

o The resuit for Carbon at 5Gc bV (fizure 6-9) shows abwo an increase in Nudear Trans-
parency with a parailel increase in Q% The FAS model predicis at this energy a
separation between the exprated wmlues with o Glanber model amd the one expected
sith the ipplementation with Color Transparcriay. The data follows better the curve
representing the FAMS model with CT. It is important 1o enhance again the fact that
the increase of ihe Nudear Transparency with Q7 cannot be explained with models
with Glanber calonlations {in this particnlar kinematical range). A (° studz on this

result rejects the Glaaber model calonlaiion with a confidence level of 519 (DOF =

31
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Figure 6-8. The Nudear Transparency ratio for Jron and Deuterium targets with bean
energy of 4Gl is pluttea here as a function of Q2. Theoretical previsions with a o
from L. Frankfurt. G.A. Ailler, AL Strikman (FAIS, sce section 1.3.1 of this thesis) are als
plotted to better interpret the data. The blue curve represents the theoretical prev 'i-s: 631
with a Glauber based model (NO CT} From this theory one is expecied 160 se6 a more
u}nsmm ehavior with a sariation in Q7. If one adds to this model the properties of Color
Transparenay one obtain: a dependence on the Nudlear ir: msparency ratio respecis (o Q?

EE.'*'?Z

ired cupve). The data for Iron at 1GcV shows an increase in 2 which cannol be interpret
using a Glauber model. From the FAIS

model one doces not cxggg'a in this kincmatical region
an important signal of Color Transparency. A {" study in this result rejocts the Glauber
odei calenlation with a confideince level of 42%.

-

o The result fur Iron at 5Gc37 {figure 6-12) is the one more significant. becasse it ana-

difference respect to the expected Behavior from 2 Glauber calonlatios is unportant.
The curve oblained from the FMS model with Color Transparency effects follows the
increase witly Q7 shown by the data. The slupe for the higher OF
the behavior of the data, indicating that. in this range. the model well delineate the
evolving in Q7 of the conditions of the Point Like Configuration. The data presenis

consistently higher salues for the part with higher Q? respect to the one predicied by
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Figare 6-9. The Nuclenr Transparcncey ratio fur Carbon and Devicrinm targets with beam
ereray of 3Gl is pletted here as a funcion of QF. Theoretics] previsduns with a medel
from L. Frankfurt. G.A. AMiller, AL Strikinan {FAS. soe section 1.3, of this thesis] are also
ploited to better merpret the data. The blie curwe nepreseists the theoretica! prevision
with a Glauber based mode] {(NO CT). From this theory one is expocted 10 soe a mone
constant behavior with a varation in Q°. If one adds 1o this mode] the properties of
Colisr Transpmrency one shiains a dependence on the Nudor Transparenc zatio respects
10 G {red curve). The data for Carbon at 3Gel” shows an incresse in @7 which cmnat
be interpret wsing a Glanber model. A 7 study in this reult reiocts the Glauber moded
ealenlation with = confidence ovel of S1%.

s a -
: ]

the FAIS model. A {7 study om shis result 1eiecis the Glatiber moded calaulation with

a copfidence evel of 94% {(DOF = 5).

- . - - - - = 3
o The resutlt with Carbon at 3Ge1” for the Nuclear Transparency as a fusction of Q°
can be compared with the HERMES Nitrogen data {=ce fzgure 1-21 at page 285 In

Fx

i: = =

order 1o compare thee two different data-sets we <13 nesd tale inlo sacount the
fact that the two experiments have diffeser. inematical ranges. The result found
for the slope of the Carbon data i {0039 £ 0017, = L0346V 2 s fioure
6-10; 1~ comsistent within the Hmited siatistica! predison sith the slope found from

ihe HERAES Nitrozen dats, (0.050 £ 0,046 2 0028161 72, The realt with Iren at

125



= 272
0.7
0.6%

G456

- e A S gt E] Y Bl

G653

662

[
\
LU TSR]

rbobtabbt bt b aa L b s i dad skl

E‘uwlwn‘mrn‘wmr am:«lv‘hnl' mxrnuw,lnlm‘m*uwu Tlinrl'mnr I ‘ " nlpnwlw‘mflui u«rllvurm[llx'm‘mrntn

"
]
d
o
"
1
"
4
v
]
I
o
"
.
i
n
"
]
b
1"
1
b
]
"
i
1
-
n
"
bk v

Fizure 6-ML The Naclens i;-‘i_ﬁ&;m{i"i&E ratio for Carleon and Detnzerium targess with beam

- - 4 -
enermy of 50el” = plotiasd hiore as 2 function of §°. The crror bars in e polm show
the different contnianion frean statidival esror (black) and systomatic point 1o poin? error

13 =

fred). The data i fited with a Jisear funcion (binck Boe). The result of §i“ fit gives for
the slopse for the Xudear Transpareney as a fuction of QF 4 vaine of (00539 2 001740 =
00134, .Gl 2

= 1"

- - - g a e -
4Gel” and 3Gel” for the Nudear Transparency depridence on 07 is a more presise

meastrenent.  This s consequessoe of the bigher statistic obiained in this data-sel.

- - - - - - - - - & -_ 3
Toe walue detemmined for the slope s (0.0155 = 06069, 2 024,10l % {sce
fonre $-120

6.4 Conclusions
In thes tlaeds v staxdied the onet of Color Tramsparena in ¢° chx troproduction throngh

diffegent gudd. Tiee offedts of Coba Trateparena sore siperyed in the data Sldained fom

diffezent tatmets onfimuration. An Increase in €7 of the weasurad

Xudlear Transpareney

fatio canto? e mterpreted. in the incisatical range of the EG2 experiment. with the

badson's picture of nudear interadtion with matter [Clanber model). To desoribe this

s
F

brlattor one jeads {o Bnplanent this medd sith dfats fan Quaninm Chroaodsnamios.
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Figure 6-1i. The Xuder Tramparency ratio for Iron and Demterimn targets with bean
eneszy of 1Gel (blue) and 3Gel” {gram) is plotted here as a function of Q°. The error ba
n el point shan the different amtrilmtion from staiistic! error (bladk) and systematic

jroint to point orror {red). Thie data is fitted with a linear function (biack fine). The nesult

of the f gives for the slope for the Nuclear 'i'mﬂs;ﬁfﬁss:g: as a funciion of Q% & wlue of
{10195 = 0.0069,0 = 0.0124,,43CGrV" 2

This effeets ate niortant in worrecting the hadron's picture abso fur the ehergfes analyzed in
this cxperiment. This s nportant 1o soe, becamnse the same efficts were firsthy predicied
st at higher energion. At lower encrgios ol cannot rely solelh on pertarbative Quantim

Chromody namits, but one noxds 1o create models whidy extrapolate o this kincmatical

range the propertiss delenmined through periurbative QCD. For this reaam an existing

mode] ;20 which gives good azreement alo in sinilas experiments e (15

s T

] 1o tesd o resulis, The inode] well interprets the inorese i Q7 =0en iz our data.
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Figure 6-12, The Nuddenar Trajspare for Iron and Deuteriun targets with beans
ereray of 3G is plottad bere 2= a s of Q. “Theoretical previsions with o meoeded
from L. Frankfun, G.A. Ailler. AL Strikman (FAIS. s section 1.5, of this thesis) are abo
plultexd (o better inlerpret the data. The blue cirve sepresents the thesratioal prvision
with a Glauber based moded (NO CTh From this theory one is experied 16 se0 a more
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constant beluovier with a sariation in Q7. I one adds 1o this modd] the propenties of Color
Tramsparens one obtains a eposdone on the Xndear Transparency miio respects to 7
ired crve). The data for Inm at 3GeV shows a cousistent increase in @F with a belter
statistzeal sznificanid peepaet vo the otlier confimrations jinspeted in this experiment. This
g ddize 1o thie luaber statistic mnilalde in this particuiar emifigurativn. The Gifferete respaed
s the expoiod behavior fom o Glaulxg calcalation b imporiant. Tihe data presats
comstentiy bisher walues for the part with hinher @7 rengaxt 10 the one prodiciod Iy

-n » a = - = - - = = = -
the FAIS mmoded, A 37 study in this semlt refects tie Glanber mode] caleniation with a

confidenoe fevel of 345

]



Illrﬂllll
Ao

@ ok
P
L)

LIST OF REFERENCES

. Elfasst and al.. “Searcd fuz the onzet of @olor tramguaeisy via g8 ceciroprodartion

off meckel.” clas anaivsis pole. Thomas Jefforsen Labomtony. Doeomsbaer 2085,

I&ll
1]
et
B
7.
H

I L. Frankiurd. G, A, Aliller, and 3 Stskman, ~Coler tmasgmneney in som
ectrojambction of psesens Phys, Bee O vol. 750 . D15208, Jui 268,

A. Carral. ~XNudor irsparecy (o largeangie pp oastic soalloring.” Phgs. Her
Lot vol. 81, uo. (5. p. IGHS. 105

I Mapiur and a2l “Nadkeor tramspareno @ latge inotmnfam transfor quasiclsstic
sntieing” Phys. Hee Lol vol 510 5o, 23, p, HiSG, 1935,

A, Leksamn . “Enenn desetsdoaee of nucley Srasgarenc i o298 soatiering. Pligs
Bee iefi.. vol. %7, 5o, 21, p. T123068, 20665,

3. {{g}gﬁig; ;;3;*;3 ;;i. §‘§m x‘gﬁ;i’;?,%ﬁﬁgiﬁ cioh sl a%iéig g;ajﬁ:gésggs ﬁé\?‘i IFsiegEanrIcy,
il e - -
?fsgs_ fiee. La21. vol. 61l uo. i6. §*- INZ3. I5ss.

G. Garino. 3L Salnr. R E. S, 1. F. Goesanan, B Gl 3L C Green, 0L 4L
Holt J. P Seliiffer. 5. Zebdman, B, 3. Boise, G W, Dandson, 3. Hoibraten, L. 2. Plagn,
. P Redwine, W, W, Saop. C. F. Williusson, 8. AL Woml, X 5. Chant. P G. Roos.
3. D. Silk. AL Demuly. anad X, K. Mamynuna, “Protos: gropesation i okl stadied i
thie {ee'pl reacion.” Phys, fer. C vol. 5. pp. 7850 730, Feb 19052,

N.C R Aakins R Esi ML S, Chaganan. 1.-0. Hanwen, K. Lee. R G Milier, J. Nelsn,
2. G Amodd. P E Busial, C.E. Kepped, AL Lunz. S, £ ok AL Spenmes. Z. AL
Szalats. L. H. Tao, J. L. White. K. P Coulter. D. F. Ceesunan, R4 Helt, H E
Jacksen. V. Papavassibou. D. H. Pottervebl. B, Zoddinnn, 1. Aminzton, £ J. Deise,
E. Dol aned B W Filippone, AMonentinen tnaedes dependenoe of madear transpanency
o 1he qunsiciastic «12e0pd senction” Mhgs, Beor, Letl. vol. 72, pp. 1956 13959, Mar

T. G. O%E0. W, Lorenzon, P Asthony. B, G, Amokd, . Amvington, E 4. Beise

Belz, P E Boded, 11 ) Bulten, M. S, Chapgnan, K. . Coulter. F. Dictrida
. M. Epsicn. B. W, Filippone. 1. Gao. R. A. Gearhant, D. F. Geesaman,
3. 0. Hasenn. B 1 Holt, 116 E. Jadeon. C. E. Jones, O £, Keppd, E. #. Kinpey

§. Kol K. Lee. A Luns, N, C. R Makins, D J. Alargazictis, [ 12 AicKeown, LG
Yilner, B S3inedber. 1 Xapolitaso, J. Nebwn, V. Papavedlion. G, G Petrates. D 0L

Potfesyehi 8. £ Mook, AL Spenmes, Z. AL Szalata 1 H. Tao, K. van Bibber. L F. 3.
ol b

sas ddens Brasd, 4. L. White, and B. Zeidman. ~A-deprsdenoe of nudenr transparcncy

1: quasicastic afe. el py at high 27 Physes Lefi, B wol. 350, no. 123, pp. 57 52 1505,

D. ALfssti, A Alunidouch, T AL Amatani, C. Anasireng. 3. Amminzion. KA Assas-
agan, K. Bailer. 0. K. Baker, 8. Banwe, K. Beand. D, Bestix. 5. Bodor, £ Bei=e,
E, Belz. O Bodina, 15 Brener. E. £ W Bruins. R Garlini, 5. Cha, N Clhant,
. Cothran. W, L Cumminegs, X, Danagonlian, D, Day. D, DeSdiepper. J. E. Daopd,
and F. Dussean, “Quuasifrer {o. ¢ pl senctions and proton propasstion in nuded” Phgs
Bev, Lefl, wol. 50, pp. 5072 56555, Jun §585

E



M
L0
L L)

Wi

k)
e 0

£

oy
)
)

Ly
.
Wl

Wy

[
o

-

K. Carrow. D, 3cKee A, Almsidouch, C. 8 Amssirong. I Arrdeglon. . Asata-
oz 5. Avery. O, K. Baber, D, i Back. H. P, Biok. C. W, Boduma, W, Boeenlin,
" Posed. A, Bouwhuis. 1. Braser, D, S, Brown, A, Breedl, B DL Cardini. N S,
Chant. A. Cochirzs, L. Cole. S, Danaeoulizn, ). B. Day. 1. Dunne. D, Datia, 5L £t

-

anad 1. C. Fenker, “Nudeng transparency from guasiclastic ale.o'p) reactions up to
2 = S Ugre/oy2” Phys. Hes. C. vol. 66, . 03613, Oct 2662

V. 12 Fandbangmande and 5. C. Pivur. “Nukens transparenc (o istrnnodiate enersy
suckuns from {ee'pl naclions.” Phys. Her Covoll 350 pp. 798 798, Feb 1972

'l

. Frankfur. W. Gresabers, and 2l ~Color transparencs effixis in cdoviron desieron
= - - - B ma - - - 2 %93 T vl
interactions at inlennesdinte = ~ Z Phys. Al ol 3520 no. L pp. 97 115, 1555,

D, Duits. F. Xiop=. L. Y. Zin. 1. Amington. T, Averstt, E. Beise 5. Calarso.
1. Chanz. 3. P. Cien. E. Chadakov. 3l Coman. B. Clasie, C. Crawford, 3. Dicterich,
£ Dolingans, K. Fisaun, S, Frodiani. I Gao. R, Gihissn, C. Glashausser, 5. Ganez,
Kbl 1.0, Hansen, D, W iizinbotham. K. 4. Holt, C. W, de Jager. and X, Jianz.
~Xuclenr transpansay with the 2n — 5 ~ p process o dke” Phys, Ber O ol G5
p. T2IEE . Any ZHEL

6. Clasie. X. Qian. I Arrington, B Asstannn, P Benmokitar, W Booglin, 17 Boeded,
A, Briedi AL E. Christy. E. Cludnkov. W, Cosyne. AL Al Daiton. A, Dasdel. D, Day.
D L. E! Faesd, B Ent. I8 C Fanker, J. Forrer. XL Fonin 11 Goo, K. Ga .
0. Gaskell. C. Gray. T. Hom. G. 36, Hinber, and AL K. Jones. “AMeasiremnent of muckear

s
- 1

§i
&+
trassparcicy for the ale. o'5 23 resctien.” PPhgs. Bee Letl, vol. 85, p. 2925402, Doc HHT

3l B Adamne. S.ATL P L. Anthony. DAL Averill, 3L D. Baker. Bl R Baller, AL Baser-
jee. A. Al Bhatti, U, Brazier, 1. M. Braom. . Breldang, W, Busza, 1. 3 Canrolll
1. L. Clask, 3. AL Coumul, B Davisson, L Depado, S, K. Dhizaan, F. 5. Dictridh,
W, Donghenty. T, Drover, V. Edeandt. Ul Bclier. AL Endigann, F. Faller. G Y. Fang.
arad §. Fizied, “Memsunanenst of s lenr (rnsparendies from exdisiye p moson produc

5o it nnn-nnclens sticoring at 470 zev” Phys, Rer Leff vol, 74, pp. 3525 1520,
Frdy M.

I, Hufuer, B. Kopelivvidh, and J. Nemdiich ~Glaniber muitiple soattoring theory fo

photoprsduction of vector moesois off scdd and the role of the oberesioe bngih”
arrXemrnscd-th FSL0E00Te ], VIS,

G. AMcCldlan, X Alidtre, P Aoastek. H. Ougren. A, Osbome. AL Silvepnan, J. Swartz,
K. Talnan, and O, Diasdgizi-Palazd, ~lincobenent photoproduciion of g mesons from
cppiex sucid atd somparbon with veutor-dominaer pradictios” Phys. Bee Lett |
vol. 3. pp. 554 556. Sep 156,

] AL Aimpetian, X, Akopov. Z. Akopov. ML Amarian, V.V Anunesov. A, Andrs, £.C
Aschennner. W, Aumstyniak, 2. Asskiza, A, Avaisdan, B Asvelissian, P Dagiey,
V. Batarin, . Basnzarten. AL Bocdunann, S, Belostotsli, S, Bernrentier. N Biasdi,
1. P Biok. . Baticher. A, Boriswov. AL Douwhuis. J. Brack, A Be8lL L B, G P,
Capstani. and i, C. Chiang. 42 depradene of nudenr trmnsparency for exclusive p
produciion” Phys. Hor Ledi vol. 80, p. 052501, Feb 225,

T. H. Baser. i D. Spital. B, R, Yenuie, and F. AL Pipkin, “The badrouic properties

of the photon in hizh-eserzy intemaaions” fer. Alad, Phys. wl. 50, pp. 261 536, Apr
1975,

. Dirsc. “Quastun oy of localizable dypamical svstesns” Pags. Heel vol. 75.
s 0 (04N,



-

J. Kegut and 1. ;.u’rﬁ {}a::.;s‘ m chxtrods natns in the ffinite momentian ramne”
Fhys. §§rr. ’3. vol. 1. o, 100 1570,
P. Jain. 3. Pire. and J. Baldon, Quantam wador transpareny and smdenr Eltering”

tecit. ep.. Eievier Scienoe, 1595,

R. Glavlnr. fligh-cnempy colliswon $heary, vol. 1 of i,ﬁigsrts m Theorefseal Phesics.

!Q 4 X = ™~

Interscience publishers. Inc. New York, 1959, oditald by W.E. Brnin, LG, Danlean

G. Lepaze and S, Brodsks. “Exddusive proveees in pestasizive quantam disenody.
waeies” Phgs, fer. D.ovol 22, po. 9. p. 2158, 1950,
1 P. Raldton and B. Pine. “Quaantenfooler transpareisey” Phgs. fior, Lol wil. 65

i
7. 2132 Z3iG. Nov IGHL

v

seve mid L Posneranchuk. ~Sugppl. 3.7 Neoro Cuncnlo. 1556,

AL L. Guod and W. D, Walker. ~Diffraction dissociation of bean garticlee” Phys.
Her.. vol. Y2, pp. 1857 1860, 1560,

B. Ropelunich amd B. Zakhann, “Q’;:”;: 120 effewds and colus transparency in dezrme-
nimn pholopnsdaction on mckd” Phgs, Bee. D, vol. 54 5o, 11, 1931,

B. Kopelisvic and J. Nandiid were s the bascline for onlor irmnsparency studics
with modernie opergy clocinon e gs‘s" giriz z'-z“s*!?yﬂgs FOise2, 1505,

B. Kopeliovich. J. Nemchik, A. Sdiafer. and A, Tamsov, ~Color iranspanncy yorsus
quantun choenee in cvtmoproduction of veclor meons off auced.” Phgs. Ree. C
vol. (5. 2062,

B. Kopelinids. J. Nanchik. and L Sdunidi. “Color trassparency at low encrgics pre-
d"ﬁ,ﬁ;‘s ur §lab.” erXecthep-ph/O702272c2 257

K. Feynman and A, Hible. Guaniom Mechonis and Path Infcgrais. AleGraee-Hill
1555

P Landdiolff and D. Prtchand Z Phgsi® O Porlicics and Frelds, vol. 6. p. 639, 198).

i:‘. AL Atala 8. Ammte, L CL Anjes. L AL 35};:{%. D. Ashery. 8. Banerien, L Dediaga,

qu’%m%. h- B. Bracker. P R Barchat, AL B .s‘s;sisfsu. i i’..r!ﬁ. .5 iar%-;ssim,

K. Copty. L. 3. Cranaidi. C. i}%ﬁ;:&. K. i?s:s ’1‘!'?3}. 8. Dovinal, A, Fomandez,

G, £ %;s"- ?. ugﬁa Y. Geraa. O Golad, K. Gounder, A, AL Halling. G, Hermera,

and G. § arvits, “Oleenntion of (ii?ii?-a;ﬁii‘%ﬂfﬂﬂ in «liffractive dissodation of plons”
Phzs. Ber. Ledf.. vol. 5. pp. 4775477+ Alay 2801,

§§ Ackerstafl aza 1L 1:3?::3@3:2;%5:;. “Oervation of a cobierenoe lenglhi fffect in exclissive
A clectroproduction.” Phys, fler. Leff.. vol. 8250, 15, p. 3025, 1555,

"

C. Levanann, 1. Douslas, and G, Heaflt, “The comti: sous cleciton beam acecleraior
facility: Celwaf st the jefforson nborntory” Anne. Aer Nuel Parl, Sc, 2605,

AL Mestaver and al. “The das 06t dinmbers svstemn.” Nual Instram. Moth, Al
vol. §49. p. 1. 203,

AL Metaver and 8. AMorrew. "Dift chambens alianennt, technial report.” todh rep
Thotsas Jefferson Laburatory CLAS-NOTE 2002-10. 20,


file:///t-clor
http://cMlMsjr.il
http://Jrffrfs.ii

7 M. Aphmolfi and 2l Response to cosmic rays of the Liree-angle eleciromagnetic
shower aalorimeter of the das detecior” Nod, Instrum. Mt Al voll 447, p. 4240
A,

PG, Aduns and 2l “The das dierenbov detoctor.” Nack Insirges. Slcth. A, vol. 165,
g 314, 2L

E. Smith and al.. “The tine-of-Hi=ht system for o™ Nucl Instrum. Meih, 4. vol. 132
. 265, 1999,

R i .7 _ s e 4
K. Hafids. AL Holtzop. o2 gL, ~¢° dependence of nudenr transpareny for iscobierent g

electroproduction.” Supportsd by the CLAS colizshomtion. May 25, HE2.

W. Brouks. “Quark propagation thronzh cold quid matter.” Supporied by the CLAS
collaboration. May 25, 2002,

3i. Battagfieri. B Devita, and M. Ripani. “Privwnte comunuioation.” INFN Genova.
2HHL.

0. Cassel, “Exclusive g%, o and o cledroproduction.” Phys. Rer. D. vol. 240 so. 11
1981,

1. Hakolnat, "A donbielarzetl sistem for prodision messurements of muckenr wedium
clfects.” Nudrar Insdrumcnis ond Methods i Phgsics Besoorch Soction A: Aoccicredors,

Eneciromelers. Delodois and Assecialed Eguspmeni, vol. 592, no. 5. B8,

Wi

N

1 8. Hakobyan. “The das/eg? tanget implanentation in gsim.” Tech. Rep. 802, Thous
Jeflerson Labomiory. 2K,

AL Ungaro and 1. Li, “Procmdure for diift diamber incffidendes” texh sep. CLAS-
NOQTE. Apsil 2041,

I K. Sehilling. ~How (o analyze vottor-meson production in inelastic leplon seatiesing.”

-

Nucleor Physics 8. vol. 61, 1935,

L. 3o and Y. Tsai, “Radiative corrections to elastic and incliotic op and up seatiering.”

i
Rer. Mod. Phgs. vol. 11, 5p. 265 Z35. Jan 14950,

I Akasbevich, Radintive offedds in proceses of difftactive vertor meon clecivopro.

duciion.” Eur PhysJ.. vol. (5. no. 3. pp. 457 463, [

- - =

X. Zhenp “Cryvogenic tarzet  thickees study for o2 hip//www jlaborg/
~xinothinofegd joeaarg pudi. HEL.

e
3

oW


http://iiH.-L-c.tk
http://Eer.Fhus.J~

	Search for the onset of color transparency through neutral rho meson electroproduction on nuclei
	Recommended Citation

	tmp.1521741622.pdf.946gx

