\6

UNIVERSITE
DE GENEVE

Latest Developments of POLAR-?

Johannes Hulsman
On behalf of the POLAR-2 Collaboration

Contact: johannes.hulsman@unige.ch



mailto:johannes.hulsman@unige.ch

Polarization of GRBs

. Extensive analysis on spectral and temporal
orofile of y-ray emissions

. Polarization information is a unique probe
towards understanding the magnetic fields
and emission mechanisms

Relativistic Electric-field Plane of Direction of
jet direction polarization propagation

. Few dedicated instruments measure
nolarization of these gammas

~ 100 million km ~ 10 billion km

Waxman, E et. al. Nature (2003)
https://doi.org/10.1038/423388a

. Polarization Degree (PD) anad
Polarization Angle (PA) very helpful
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_ Ex. Model A:

DO&TW&UOD O: G{_JJS - synchrotron radiation from large-scale

d;{nomic magnetic fields since beginning of
je

. Extensive analysis on spectral and temporal .
Y P P - Linear PD U to b6% M. Lyutikov et al 2003 ApJ

orofile of V-ray emissions https://doi.org/10.1086/378497
Ex. Model B:

. Polarization information is a unique probe
towards understanding the magnetic fields - synchrotron radiation from highly orderead

. . magnetic fields
and emission mechanisms

- Linear PD can be 40% for same (SRR<
K. Toma et al 2013 GRB-Symp.

« Few dedicated instruments measure https://doi.org/10.48550/arXiv.1308.5733
nolarization of these gammas Ex. Model C:
. Polarization Degree (PD) and - Photospheric emissions model

Polarization Angle (PA) very helpful _ PD about few % above 100keV

- PD QbOUt 50% be‘OW ﬂ(@\/ C. Lundman et al 2016 ApJ

https://doi.org/10.48550/arXiv.1611.01451
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https://doi.org/10.48550/arXiv.1611.01451

GRB Polarimetry petore POLAR

o nconc\usive AaNsSWers from GRB Instrument | PD (%) |Energy (keV) Note
Orevious iInstruments
930131 BATSE/CGRO >35 901000 Not optimized for polarization.
. Measurements were not 960924 50 roor sensitivity
dedicated enough for
oolarization measurements or 100-350;
IBIS/INTEGRAL 200-800 Large systematic uncertainty
61122 >33 250-800
140206A 200-400
21206 RHESS| 150-2000 | Large systematic uncertainty
100826A 27 +/- 11
110301A | GAP/IKAROS |70 +/-22| 70-300 Const. Pol. Angle
110721A 84+16 5g Const. Pol. Angle
160530A COS| <46 200-5000 Low statistics
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POLAR Instrument

Main Goal: Perform most detailed polarization analysis on GRB prompt emission
. launched in Sep. 2016 on Chinese Space Laboratory Tiangong-2 (TG-2)
. Sensitive in 50-500 keV range
. operational for 6 months

- 55 GRBs detected (14 with good statistics)
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POLAR Instrument
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M. Kole, et. al A&A, 644 (2020) A124
https://doi.org/10.1051/0004-6361/202037915
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M. Kole et al,, 2016 IEEE (NSS/MIC/RTSD)
https://doi.org/10.48550/arXiv.1612.04098
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M. Kole, et. al A&A, 644 (2020) A124

https://doi.org/10.1051/0004-6361/202037915
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14 GRBs studied and catalogued in https://doi.org/101051/0004-6361/202037915
. Typically low levels of polarization
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https://arxiv.org/pdf/2009.04871
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[ntegrated

https://doi.or_g/10.1016/j.newc1 .2016.11.001

- Most precise polarization results in its
field

.« Results comparable with low level or
unpolarized emission

- No tight constraints on PD for several
GRBs due to lack of sensitivity




POLAR Resolved

3000 A = Llght Curve
Backgreund
B Signal Se ection

1701 1 4 A Bkg. Selectizns

GRB Time Bin Division Note
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_l)
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Time Bin1: O - .bs . . :
170101A Time Bin 2: 5 - s consistent with an unpolarized flux

Rate (counts =

20U0 1

1010

-0 -320 0 20
Time since T3 (2)

N

0.6s time bins from|slight trend of growing polarization in time
170114A |0 to 4.8s (larger for|reaching values of~ 30% at the temporal

later time frames) |peak of the emission
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oo M. Kole, et al A&A, 644 (2020) A124 ]
Zhang, SN., Kole, M., et al Nat Astron (2019) e e , https://doi.org/10.1051/0004-6361/202037915
https://www.nature.com/articles/ :g'
s41550-018-0664-0 :
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POLAR .
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+ need better statistics
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N. De Angelis, et al ICRC PoS (2023)
https://doi.org/10.22323/1.444 0619
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-nergy resolved studies performed by
oerforming with an energy break at 150keV
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152220A
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extend to lower energy range

1701018

longer mission (= larger catalogue)
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detailed temporal & energy resolved analyses
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LAR Results - Energy Resolved

Energy resolved studies in two energy bins
with dynamic energy break
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N. De Angelis, et al ICRC PoS (2023)
https://doi.org/10.22323/1.444 0619
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POLAR-Z

« successor to POLAR

- manifested for launch in 2027 on the China
Space Station (CSS)

- 2 year mission (qualified for 10 years

- 30 - 800keV
<e Resource module Airlock module Work module

& UNIVERSITE |
&Y DE GENEVE = ’
"MPE _
NARODOWE CENTRUM e’ =)
BADAN JADROWYCH ‘ ” o
SWIERK g-.

?ﬂ REXEBRAHERITUE f'{

Institute of High Energy Physics
Chinese Academy of Sciences

N
é&: Type | peyload adapter . Typa || pey oed adaple
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POLAR-Z Instrument Design -

Modules array
Module GRID

LVPS Frame

Major Goals:

Robaotic Arm
Interface
Plate (RIP)

- Apply lessons learned from POLAR

CSS platform
interface plate
(PIP)

Geant4 CAD

. Perform more precise polarization

Mmeasurements for time and energy resolved
polarization analyses

- Expand GRB polarization catalogue

- Provide rapid alerts through Beidou system
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Major Upgrades:

- X100 modules

. MaPMTs -> SiPM (4x16 S13361-6075PF)

. scintillator length optimized (from 200mm
to 125mm)

- Add Claryl in addition
strip foils (prevent pho
edges)

to Vikuiti reflective
ton loss along

- scintillators not truncated (bigger surface
area & reduce photon loss)
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POLAR-2 Instrument Design

CFRP Top cover

Modules array

Module GRID

LVPS Frame

Robaotic Arm
Interface
Plate (RIP)

CSS platform
interface plate
(PIP)

Geant4 CAD




Prototype & Qualitication of Key Components

Internal Technical Notes SiPM Radiation: https://doi.org/10.1007/s10686-022-09873-6 Internal Technical Notes
SiPM Annealing: https://doi.org/101016/j.nima.2022.167934
Scint Radiation: https://doi.org/10.1007/s10686-023-09906-8
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POLAR-2 FEE

. Custom FEE design to read out 64 SiPM channels
- 2 Citirocs 1A ASICs

GLOO FPGA (by Microsemi) | (eiiiilE

. Trigger logic based on charge and timing information
. 1.7-2W power consumption (depends on config.)
FEE designed to reduce heat SiPM
- Option to enable SiPM heater for annealing
- Option to enable Peltier for active cooling - : Q
ell us it you might be
interested in the FEE!!
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Prototype Design

- Lab Measurements with Am-241
to verity single module
oerformance at CERN (CH)

« Measurements at ESRF (FR) to
verity module performance
with various polarized beams
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M. Kole, et al JINST (2024)
https://doi.org/10.48550/arXiv.2406.05783
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“1rst Results of

“rototype 1n .

Dolarized Beam
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Expected Scientific Performance

Polarization Effective Area POLAR-2 Modulation Factor for POLAR-?
45
1750 - ~—}— on axis
40 —}— 30° off-axis
1500 - e 2. | —4—  Energy threshold at 8 keV
o 1250 30
S —— POLAR-2
g 1000 - —}— POLAR-2 30° off-axis < 257
0 —— POLAR-2 8 keV lower threshold fivo-
.§ 750 * —|_ P OLAR - ‘ ‘ Polarization Cffective Arca Ratio
. 51111 /”\
500 1 . }I |
10 a / ““‘—\i— ool POLAR-2 FOLAR
5.
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Energy (keV) Energy (keV)
. x4 larger effective area compared to . x10 more sensitive below 150keV
POLAR (now ~1400cm?2) compared to POLAR

M. Kole, et al JINST (2024)
https://doi.org/10.48550/arXiv.2406.05783
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Expected Scientific Performance

Mean Minimal Detectable Polarization

oi for 1 second GRBs POLAR-2
- 50 measurement can be o 250 GRBs/year and >30 99%..
. polarization measurements per el
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60 | 4 30
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True PD of GRB (%)

R. Gill, et al Galaxies (2021)
https://doi.org/10.3390/galaxies9040082
https://doi.org/10.22323/1.444.0550
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Localization Capapilities

. —_—— .

- - - - - - ~

¢¢¢¢¢¢¢

. Localization possible through real-time
analysis of angle and spectrum of GRB with a

GPU on board of CSS -> HAGRID

- POLAR-2 can provide rapid alerts through
Beidou system (exploring to be within ~2min.

of onset of GRB) ' e M =
- Beneficial for Muli-Messenger applications %M

M. Kole, et al ICRC PoS (2023)
https://doi.org/10.22323/1.444 0724
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Building POLAR-2

. First components procured (SiPMs,
Scintillators, 3D printed cross/grid)

. Performing quality assurance tests
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Current POLAR-? Timelne

Nov 2024 Apr 2025 Nov 2025 Apr 2026 May 2027
July 2024 Feb 2025 May 2025 Feb 2027
2020 -
2024 .
EQM Assembly and Testing Final Assembly :
& FM Tests First Data
olarimeter 1st SIPM 2nd SiPM |

P Batch arriving Batch arriving Delivery of FM
design Batch arriving
completed  (500/7500 pcs)

2nd Scintillator  3rd Scintillator Ath Scintillator 5th Scintillator o

Batch arriving  Batch arriving Batch arriving Batch arriving

(2250/7500 (4000/7500 pcs) (5750/7500 pcs) (7500/7500 pcs)

0

Launch to CSS s 040 2 0 o 0t

v

.- "
The Ball is Rolling!!
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