University of New Hampshire

University of New Hampshire Scholars' Repository

. Institute for the Study of Earth, Oceans, and
Space Science Center Space (EOS)

2009

GRB Polarimetry with POET

Mark L. McConnell
University of New Hampshire - Main Campus, mark.mcconnell@unh.edu

L Angelini
NASA Goddard Space Flight Ctr.

Matthew Baring
Rice University

Scott Barthelmy
NASA Goddard Space Flight Ctr.

J Kevin Black
Rock Creek Scientific

See next page for additional authors
Follow this and additional works at: https://scholars.unh.edu/ssc

0 Part of the Astrophysics and Astronomy Commons

Recommended Citation

GRB Polarimetry with POET McConnell, M. L. and Angelini, L. and Baring, M. G. and Barthelmy, S. and
Black, J. K. and Bloser, P. F. and Dennis, B. and Emslie, A. G. and Greiner, J. and Hajdas, W. and Harding, A.
K. and Hartmann, D. H. and Hill, J. E. and loka, K. and Kaaret, P. and Kanbach, G. and Kniffen, D. and
Legere, J. S. and Macri, J. R. and Morris, R. and Nakamura, T. and Produit, N. and Ryan, J. M. and
Sakamoto, T. and Toma, K. and Wu, X. and Yamazaki, R. and Zhang, B., AIP Conference Proceedings, 1133,
64-66 (2009), DOl:http://dx.doi.org/10.1063/1.3155969

This Conference Proceeding is brought to you for free and open access by the Institute for the Study of Earth,
Oceans, and Space (EOS) at University of New Hampshire Scholars' Repository. It has been accepted for inclusion
in Space Science Center by an authorized administrator of University of New Hampshire Scholars' Repository. For
more information, please contact Scholarly.Communication@unh.edu.


https://scholars.unh.edu/
https://scholars.unh.edu/ssc
https://scholars.unh.edu/eos
https://scholars.unh.edu/eos
https://scholars.unh.edu/ssc?utm_source=scholars.unh.edu%2Fssc%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/123?utm_source=scholars.unh.edu%2Fssc%2F108&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:Scholarly.Communication@unh.edu

Authors

Mark L. McConnell, L Angelini, Matthew Baring, Scott Barthelmy, J Kevin Black, Peter F. Bloser, B Dennis, A
G. Emslie, J Greiner, W Hajdas, A K. Harding, H Hartmann, J E. Hill, Kunihito loka, Philip Kaaret, G Kanbach,
D Kniffen, Jason S. Legere, John R. Macri, R Morris, Takashi Nakamura, N Produit, James M. Ryan,
Takanori Sakamoto, Kenji Toma, X Wu, Ryo Yamazaki, and Bing Zhang

This conference proceeding is available at University of New Hampshire Scholars' Repository:
https://scholars.unh.edu/ssc/108


https://scholars.unh.edu/ssc/108

( AI P I Proceedings

GRB Polarimetry with POET

M. L. McConnell, L. Angelini, M. G. Baring, S. Barthelmy, J. K. Black, P. F. Bloser, B. Dennis, A. G. Emslie, J.
Greiner, W. Hajdas, A. K. Harding, D. H. Hartmann, J. E. Hill, K. loka, P. Kaaret, G. Kanbach, D. Kniffen, J. S.
Legere, J. R. Macri, R. Morris, T. Nakamura, N. Produit, J. M. Ryan, T. Sakamoto, K. Toma, X. Wu, R. Yamazaki
, and B. Zhang

Citation: AIP Conference Proceedings 1133, 64 (2009); doi: 10.1063/1.3155969

View online: http://dx.doi.org/10.1063/1.3155969

View Table of Contents: http://scitation.aip.org/content/aip/proceeding/aipcp/1133?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Development of the GRB Monitor for the CALET Experiment
AIP Conf. Proc. 1133, 88 (2009); 10.1063/1.3155979

Simulation Study of Expected Performance of MAXI for GRB observations
AIP Conf. Proc. 1133, 82 (2009); 10.1063/1.3155976

GRB 080514B: the first highenergy AGILE burst with optical/NIR afterglow
AIP Conf. Proc. 1133, 58 (2009); 10.1063/1.3155967

The Correlation of Spectral Lag Evolution with Prompt Optical Emission in GRB 080319B
AIP Conf. Proc. 1133, 356 (2009); 10.1063/1.3155918

The GRB FollowUp Project at the Xinglong Observatory: 20062008
AIP Conf. Proc. 1065, 107 (2008); 10.1063/1.3027892



http://scitation.aip.org/content/aip/proceeding/aipcp?ver=pdfcov
http://scitation.aip.org/search?value1=M.+L.+McConnell&option1=author
http://scitation.aip.org/search?value1=L.+Angelini&option1=author
http://scitation.aip.org/search?value1=M.+G.+Baring&option1=author
http://scitation.aip.org/search?value1=S.+Barthelmy&option1=author
http://scitation.aip.org/search?value1=J.+K.+Black&option1=author
http://scitation.aip.org/search?value1=P.+F.+Bloser&option1=author
http://scitation.aip.org/search?value1=B.+Dennis&option1=author
http://scitation.aip.org/search?value1=A.+G.+Emslie&option1=author
http://scitation.aip.org/search?value1=J.+Greiner&option1=author
http://scitation.aip.org/search?value1=J.+Greiner&option1=author
http://scitation.aip.org/search?value1=W.+Hajdas&option1=author
http://scitation.aip.org/search?value1=A.+K.+Harding&option1=author
http://scitation.aip.org/search?value1=D.+H.+Hartmann&option1=author
http://scitation.aip.org/search?value1=J.+E.+Hill&option1=author
http://scitation.aip.org/search?value1=K.+Ioka&option1=author
http://scitation.aip.org/search?value1=P.+Kaaret&option1=author
http://scitation.aip.org/search?value1=G.+Kanbach&option1=author
http://scitation.aip.org/search?value1=D.+Kniffen&option1=author
http://scitation.aip.org/search?value1=J.+S.+Legere&option1=author
http://scitation.aip.org/search?value1=J.+S.+Legere&option1=author
http://scitation.aip.org/search?value1=J.+R.+Macri&option1=author
http://scitation.aip.org/search?value1=R.+Morris&option1=author
http://scitation.aip.org/search?value1=T.+Nakamura&option1=author
http://scitation.aip.org/search?value1=N.+Produit&option1=author
http://scitation.aip.org/search?value1=J.+M.+Ryan&option1=author
http://scitation.aip.org/search?value1=T.+Sakamoto&option1=author
http://scitation.aip.org/search?value1=K.+Toma&option1=author
http://scitation.aip.org/search?value1=X.+Wu&option1=author
http://scitation.aip.org/search?value1=R.+Yamazaki&option1=author
http://scitation.aip.org/search?value1=B.+Zhang&option1=author
http://scitation.aip.org/content/aip/proceeding/aipcp?ver=pdfcov
http://dx.doi.org/10.1063/1.3155969
http://scitation.aip.org/content/aip/proceeding/aipcp/1133?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.3155979?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.3155976?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.3155967?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.3155918?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.3027892?ver=pdfcov

GRB Polarimetry with POET

M. L. McConnell?, L. Angelini®, M. G. Baring®, S. Barthelmy®, J. K. Black?, P. F.
Bloser?, B. Dennis®, A. G. Emslie®, J. Greiner!, W. Hajdasé, A. K. Harding®, D. H.
Hartmann®, J. E. Hill'*, K. Toka/, P. Kaaret*, G. Kanbach!, D. Kniffen!, J. S. Legere?,
J. R. Macri?, R. Morris!, T. Nakamura/, N. Produit™, J. M. Ryan", T. Sakamoto®, K.
Toma®, X. WuP, R. Yamazaki? and B. Zhang'

“Space Science Center, University of New Hampshire, Durham, NH 03824
YNASA Goddard Space Flight Center, Greenbelt, Md 20771, USA
¢ Department of Physics and Astronomy, Rice University, Houston, TX 77251, USA
4Rock Creek Scientific, Silver Spring, MD 20910, USA
¢Department of Physics, Oklahoma State University, Stillwater, OK 74075, USA
fMax Planck Institute for Extraterrestrial Physics, 85748 Garching, Germany
8Paul Scherrer Institute, 5232 Viligen PSI, Switzerland
hDepartment of Physics and Astronomy, Clemson University, Clemson, SC 29634, USA
{Universities Space Research Association, CRESST
ITheoretical Astrophysics Group, Department of Physics, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
kDepartment of Physics and Astronomy, University of Iowa, Iowa City, IA 52242, USA
"Universities Space Research Association, Columbia, MD 21044, USA
MINTEGRAL Science Data Center, 1290 Versoix, Switzerland
"Space Science Center, University of New Hampshire, Durham, NH 03824, USA
°Department of Astronomy and Astrophysics, Pennsylvania State University, University Park, PA 16802, USA
? Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China
Department of Physical Science, Hiroshima University, Higashi-Hiroshima 739-8526, Japan
"Department of Physics, University of Nevada, Las Vegas, NV 89154, USA

Abstract. POET (Polarimeters for Energetic Transients) represents a concept for a Small Explorer (SMEX) satellite mission,
whose principal scientific goal is to understand the structure of GRB sources through sensitive X-ray and y-ray polarization
measurements. The payload consists of two wide field-of-view (FoV) instruments: a Low Energy Polarimeter (LEP) capable
of polarization measurements in the energy range from 2-15 keV and a high energy polarimeter (Gamma-Ray Polarimeter
Experiment or GRAPE) that would measure polarization in the 60-500 keV energy range. The POET spacecraft provides a
zenith-pointed platform for maximizing the exposure to deep space. Spacecraft rotation provides a means of effectively dealing
with any residual systematic effects in the polarization response. POET provides sufficient sensitivity and sky coverage to
measure statistically significant polarization (for polarization levels in excess of 20%) for ~ 80 GRBs in a two-year mission.
High energy polarization data would also be obtained for SGRs, solar flares, pulsars and other sources of astronomical interest.

Keywords: Gamma-ray Bursts, Polarimetry, X-ray, Gamma-ray
PACS: 95.55.Ka

INTRODUCTION

Gamma-ray bursts (GRBs) are the most energetic events in the universe, and have stimulated intense observational and
theoretical research. Theoretical models indicate that a refined understanding of the inner structure of GRBs, including
the geometry and physical processes close to the central engine, requires the exploitation of high energy X-ray and
y-ray polarimetry. To date, observations have been of limited sensitivity and subject to poorly understood systematics.
POlarimeters for Energetic Transients (POET) is a SMEX mission concept that is capable of measuring the high energy
polarization of GRBs and other sources of astronomical interest [1]. POET obtains measurements with two different
polarimeters (both with wide fields of view) to provide observations over a broad energy range: LEP (Low Energy
Polarimeter) covers 2—-15 keV and GRAPE (Gamma-RAy Polarimeter Experiment) covers 60-500 keV. In the context
of studying GRBs, POET would address the following questions : What is the magnetic structure of the jets? What is
the geometric structure of the jets? What is the prompt emission mechanism? Where does the emission originate? For
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FIGURE 1. The LEP TPC polarimeter uses a simple strip readout and time of arrival FIGURE 2. A histogram of re-
to form a pixelized image of a photoelectron track. The TPC polarimeter forms an image constructed polarized 6.4 keV pho-
by digitizing the signal on each readout strip. The signal from a 6 keV X-ray shows the toelectron tracks demonstrates a
interaction point, emission angle and end of the photoelectron track. The size of each circle modulation of 45%.

is proportional to the deposited charge in each virtual (132 pum) pixel.

example, by measuring a distribution of GRB polarizations, POET could distinguish between jet models with ordered
magnetic fields and those with random magnetic fields, each of which predicts different distributions of polarization
values [2, 3].

LOW ENERGY POLARIMETER (LEP)

LEP measures the direction of photoelectrons that are ejected after the photoelectric absorption of an incident photon.
Photoelectrons tend to be ejected in a direction parallel to the electric field vector of the incident photon. The
photoelectron tracks are measured with the innovative operation of a Time Projection Chamber (TPC), a proven
technology used in high-energy particle physics. The design provides unmatched polarization sensitivity over the 2—
15 keV band-pass [4, 5]. The LEP polarimeter enclosure consists of four dual-readout detector modules each with an
isolated gas volume contained by a Be X-ray window. Each detector module contains two 6 x 12 x 24 cm® TPCs. Each
TPC is comprised of a micropattern proportional counter, consisting of a shared drift electrode and a high-field gas
electron multiplier (GEM) positioned 1 mm from a strip readout plane. When an X-ray is absorbed in the gas between
the drift electrode and the GEM, a photoelectron is ejected in a preferential direction with a cos® ¢ distribution, where
¢ is the azimuthal angle measured from the X-ray polarization vector. As the photoelectron travels through the gas it
creates a path of ionization that drifts in a moderate, uniform field to the GEM where an avalanche occurs. Figure 1
illustrates how a track image projected onto the x-y plane is formed by digitizing the charge pulse waveforms. The
coordinates are defined by strip location in one dimension, and arrival time multiplied by the drift velocity in the
orthogonal dimension. The strips are smaller than the mean free path of the photoelectron and therefore an image of
the track can be reconstructed and the initial direction of the photoelectron determined. The magnitude and orientation
of the source polarization can be determined from a histogram of the emission angles (Figure 2), where the polarization
angle corresponds to the maximum in the modulation pattern. LEP is sensitive to GRB emissions at off-axis angles up
to at least 45°.

GAMMA-RAY POLARIMETER EXPERIMENT (GRAPE)

GRAPE [6, 7, 8, 9] is designed to measure polarization from 60-500 keV and to provide spectroscopy over a broad
energy range from 15 keV to 1 MeV. It relies on the fact that a Compton scattered photon tends to scatter at right angles
to the electric field vector of the incident photon. The GRAPE instrument is composed of 64 independent detector
modules arranged in two identical assemblies that provide the associated electronics and the required mechanical and
thermal support. Each polarimeter module incorporates an array of optically independent 5 x 5 x 50 mm? scintillator
elements aligned with and optically coupled to the 8 x 8 scintillation light sensors of a 64-channel MAPMT. Two
types of scintillators are employed. Low-Z plastic scintillator is used as an effective medium for Compton scattering.
High-Z inorganic scintillator (Bismuth Germanate, BGO) is used as a calorimeter, for absorbing the full energy of the
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FIGURE 3. GRAPE FIGURE 4. A histogram of azimuthal scatter an- FIGURE 5. The effective area of the POET in-
measures photons that gles at a incident photon energy of 288 keV, as mea- struments for a GRB that is 30° off-axis, illustrat-
scatter from a plastic el-  sured in the lab. The modulation provides a measure ing the wide FoV. For GRAPE, the sensitivity to
ement to a BGO ele- of both the polarization fraction and the polarization both polarization and spectroscopy are shown.
ment. angle of the incident radiation.

scattered photon. Valid polarimeter events are those in which a photon Compton scatters in one of the plastic elements
and is subsequently absorbed in one of the BGO elements (Figure 3). The azimuthal scatter angle is determined for
each valid event by the relative locations of hit scintillator elements. To facilitate spectral measurements over a broader
energy range (15 keV-1 MeV), GRAPE also includes 2 independent Nal(Tl) spectrometer modules. The magnitude
and orientation of the source polarization can be determined from a histogram of the emission angles (Figure 4),
where the polarization angle corresponds to the minimum in the modulation pattern. GRAPE will be sensitive to GRB
emissions at off-axis angles up to at least 60°.

THE POET MISSION

The mission concept involves a standard SMEX launch into a circular 600 km orbit. A zenith-pointed spacecraft
provides continuous exposure to deep space. Coupled with the wide FoV of both instruments (Figure 5), this maximizes
the probability of prompt GRB detection. Spacecraft rotation mitigates the effects of any residual systematic effects in
the polarization response. The combined capabilities of LEP and GRAPE will allow us to measure the polarization over
a broad energy range (2-500 keV) and also to measure E,, for a large number of GRBs. Simulations based on realistic
GRB distributions indicate that both LEP and GRAPE will both be capable of detecting about 40 GRBs per year with
a polarization sensitivity of about 20% [1] in their respective energy bands. During a nominal two-year mission, POET
would provide statistically significant polarization measurements for ~100 GRBs, providing diagnostic information
on the GRB emission mechanism that cannot be obtained from currently-available data [3].
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