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Summary and outlook
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© Multi—wavelength SED:
synchrotron (mainly electron);

inverse—Compton: SSC (synchrotron
self—Compton) and/or EIC (external
inverse—Compton)

Synchrotron

Nature 575, 448—449 (2019)
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https://ui.adsabs.harvard.edu/link_gateway/1993ApJ...413..281B/doi:10.1086/172995
https://doi.org/10.1038/d41586-019-03503-6

& 2. High—energy polarimetry: what and how -
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https://doi.org/10.3390/galaxies9040082

& 2. High—energy polarimetry: link to

© Synchrotron polarization
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—— will introduce a polarization that is L the bulk
original e

O axisymmetric ‘c electrons:

—— unpolarized external seds (EC) —> unpolarized output
—— polarized seds (SSC) —> reduced polarization

"1/2 of the target (synchrotron) photon polarizatigp/zo


https://ui.adsabs.harvard.edu/abs/1979rpa..book.....R

& 2. High—energy polarimetry: early measurements on GRBs

» Early measurements performed by non—dedicated instruments;
» A wide range of PD distribution, covering 0—100 % ;

> All suffer from large systematics and/or poor statistics. (M. McConnell et al., 2017)
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& 3. GRB Polarimetry with POLAR: the mission
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" electronics

O MA—PMT; E band 50—500 keV
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© Launch and operation

O Tiangong—2 space lab

O Launched on 15/09/2016

O Scanning sky with the lab’s orbit

O 6 months of observation (HV failure)
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Calibration means validation!
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. GRB Polarimetry with POLAR: on—ground/in—orbit calibrations
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bb joint detections

Xiong et al., 2017

Number GRB Name Trigger time (UTC) Joint observation

1 GRB 160924A 2016-09-24T06:04:09.040 Fermi/GBM, SPI-ACS

2 GRB 160928A 2016-09-28T19:48:05.000 Fermi/GBM, SPI-ACS, KW

3 GRB 161009651  2016-10-09T15:38:07.190 Fermi/GBM

4 GRB 161011217  2016-10-11T05:13:44.420 KwW

5 GRB 161012989  2016-10-12T23:45:11.380 KwW

6 GRB 161013948  2016-10-13T22:44:40.100 Fermi/GBM

7 GRB 161120401  2016-11-20T09:38:33.520 SPI-ACS

8 GRB 161129A 2016-11-29T07:11:40.000 Swift/BAT, Fermi/GBM, AstroSAT
9 GRB 161203A 2016-12-03T18:41:07.750 KW,SPI-ACS, CALET/CGBM, AstroSAT
10 GRB 161205A 2016-12-05T13:27:18.000 Fermi/GBM

11 GRB 161207A 2016-12-07T20:42:55.000 Fermi/GBM, CALET/CGBM
12 GRB 161207B 2016-12-07T05:22:44.000 Fermi/GBM

13 GRB 161210A 2016-12-10T12:33:54.000 Fermi/GBM

14 GRB 161212A 2016-12-12T15:38:59.000 Fermi/GBM

15 GRB 161213A 2016-12-13T07:05:02.000 Fermi/GBM, SPI-ACS

16 GRB 161217B 2016-12-17T03:03:44.000 Fermi/GBM

17 GRB 161217C 2016-12-17T03:53:15.000 Kw

18 GRB 161218A 2016-12-18T03:47:34.634 Swift/BAT

19 GRB 161218B 2016-12-18T08:32:41.341 Fermi/GBM

20 GRB 161219B 2016-12-19T18:48:39.000 Swift/BAT

21 GRB 161228A 2016-12-28T09:43:24.000 Fermi/GBM

22 GRB 161228B 2016-12-28T13:15:40.000 Fermi/GBM, SPI-ACS

23 GRB 161228C 2016-12-28T00:46:20.000 Fermi/GBM

24 GRB 161229A 2016-12-29T21:03:49.000 Fermi/GBM

25 GRB 161230A 2016-12-30T12:16:07.000 Fermi/GBM

26 GRB 170101A 2017-01-01T02:26:00.660 Swift/BAT

27 GRB 170101B 2017-01-01T02:47:18.270 Fermi/GBM

28 GRB 170102A 2017-01-02T02:51:18.000 KwW

29 GRB 170105A 2017-01-05T06:14:07.000 SPI-ACS, KW

30 GRB 170109A 2017-01-09T03:17:35.000 Fermi/GBM

31 GRB 170112B 2017-01-12T23:16:09.000 Fermi/GBM

32 GRB 170114A 2017-01-14T22:01:10.000 Fermi/GBM

33 GRB 170114B 2017-01-14T19:59:12.000 Fermi/GBM, KW

34 GRB 170120A 2017-01-20T11:18:30.000 Fermi/GBM

35 GRB 170121A 2017-01-21T01:36:55.200 Fermi/GBM

36 GRB 170124A 2017-01-24T20:58:06.000 Fermi/GBM, KW, CALET/CGBM
37 GRB 170127C 2017-01-27T01:35:49.000 Fermi/GBM, Fermi/L AT, AGILE, AstroSAT
38 GRB 170130A 2017-01-30T07:14:45.000 Fermi/GBM

39 GRB 170131A 2017-01-31T23:14:59.000 Fermi/GBM, Swift, KW

40 GRB 170202B 2017-02-02T07:19:54.000 Kw

41 GRB 170206A 2017-02-06T10:51:57.700 Fermi/GBM, Fermi/L AT, SPI-ACS
42 GRB 170206C 2017-02-06T11:40:10.000 SPI-ACS

43 GRB 170207A 2017-02-07T21:45:04.000 Fermi/GBM, IPN, KW

44 GRB 170208C 2017-02-08T13:16:33.000 Fermi/GBM, SPI-ACS

45 GRB 170210A 2017-02-10T02:47:37.000 Fermi/GBM, IPN, KW

46 GRB 170219A 2017-02-19T00:03:07.000 Fermi/GBM, CALET/CGBM, SPI-ACS, KW, IPN
47 GRB 170220A 2017-02-20T18:48:01.000 KwW

48 GRB 170228B 2017-02-28T18:32:56.000 Fermi/GBM

49 GRB 170305A 2017-03-05T06:09:06.800 Fermi/GBM, KW, SPI-ACS, Swift/BAT
50 GRB 170306B 2017-03-06T14:07:20.000 Fermi/GBM, Fermi/LAT, SPI-ACS
51 GRB 170309A 2017-03-09T12:26:42.000 CALET/CGBM

52 GRB 170315A 2017-03-15T13:57:53.000 Fermi/GBM

53 GRB 170317A 2017-03-17T09:45:56.000 Swift/BAT

54 GRB 170320A 2017-03-20T03:42:39.000 SPI-ACS, KW

55 GRB 170325B 2017-03-25T21:50:01.000 KwW

3. GRB Polarimetry with POLAR: GRB detections
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http://www.astro.unige.ch/polar/grb-light-curves
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&> 3. GRB Polarimetry with POLAR: time integrated/resolved results
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Kole et al., 2020, 14 GRBs, best fitted mostly at ~10%
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Structured Jet

3. GRB Polarimetry with POLAR: comparing with models

Scenario i: Uniform Top-hat Jet
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https://doi.org/10.3847/2041-8213/aa920c
https://doi.org/10.3390/galaxies9040082
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& 3. GRB Polarimetry with POLAR: multi—wavelength results

Prompt gamma-rav emission
POLAR P™10%

X—ray prompt/afterglow: IXPE P<13%

Prompt optical emission + Reverse shock
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& 3. GRB Polarimetry with POLAR: time integrated/resolved results
Systematics understood

GRB polarization measurements

161203A
161217C
161218A
161218B
161229A
170101A
170101B
170114A
1I70127C
170206A
170207A
170210A
170305A
170320A

Kole et al., 2020, 14 GRBs, best fitted mostly at ~10%

Methodology established
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Zhang et al., 2019, Burgess et al. 2019
GRB 170114A —> a hit of PA evolution
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& 4. GRB Polarimetry with POLAR—2

» The successor of POLAR with some upgrades
> Officially selected by CSS through UN/OOSA in 2019, aims to launch

aroariodrcement of selection
Jun./2019

r J 4 4
NITED NATIONS r 7 £ 4
ffice for Outer Space Affairs rcMs

United Nations/China Cooperation on the Utilization of the China Space Station (CSS)
BEEE/YPEESKGE=ESEATREE

A

UNIVERSITE R

DE GENEVE TR #$%4 & fitus f
Institute of High Energy Physics
FACULTE DES SCIENCES Chinese Academy of Sciences

Xin Wu Shuang—Nan Zhang

~ NATIONAL

) CENTRE
& FOR NUCLEAR MPE
: RESEARCH

Selected Experiment Projects to be executed on board the CSS for the 1°* Cycle SWIERK

Announced on the occasion of the 62" Session of the Committee on the Peaceful Uses of Outer Space

12 June 2019 Vienna, Austria Agnieszka Pollo Jochen Greiner
FE—REEAETMB

2019 4 6 A 12 H i BT 57T F 62 FF-FRHHNEERDADH LA

I. Fully accepted experiment projects: nature N atu re re po rt

Explore content ¥ Journal information ¥  Publish with us v Subscribe
(=4 by
SEANTITE

nature * news * article

No.1: POLAR-2: Gamma-Ray Burst Polarimetry on the China Space Station

NEWS - 17 JUNE 20192

Chinareveals scientific experiments for its

Building on the previous investigation on China’s TG-2 space lab, this project aims to answer the most
important open questions in astrophysics regarding the nature of Gamma-Ray Bursts (GRBs) by using
the most promising investigation approach of polarization measurements allowing to observe even the

weakest gamma-ray transients, such as those connected to gravitational waves. “ext Space Statlon

It is an experiment project in astronomy in space. It was applied and will be implemented by four Other winners include a detector called POLAR-2, a more powerful follow-up
institutions from four countries, which are: The Umversn_y of Geneva from Sw_ntzerlan»d, the National to asensor launched on Tiangong-z to study the polarization ofenergetic Y-
Center for Nuclear Research of Poland, the Max Plank Institute for Extra-terrestrial Physics of Germany, i : . . i

and the Institute of High Energy Physics of Chinese Academy of Sciences. ray bursts from distant cosmic phenomena. POLAR-2, which will be built by an
. o . international collaboration, could even allow astronomers to observe the

# 1 H: POLAR-2: # [E %5 | b b 6 fm 75 2 4% 3= 28 4L

weak radiation associated with sources of gravitational waves.
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& 4. GRB Polarimetry with POLAR—2

© Effective Area (ARF)
O ARF ~ 1300 cm?
(300 for POLAR)
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Compact SiPM readout unit Thermal—Vacuum test Proton irradiation 16,20



ESRF polarized source calibration
Single module!

Thermo-Mechanical

Support

Normalized Events/bin

SiPM Arrays

4. GRB Polarimetry with POLAR—2
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2024, In preparation
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& 4. GRB Polarimetry with POLAR—2: performances

1750 0.6
C : ARF . b b, {  POLAR
Sensitivity Improvement 15001 comparisen : 051 ¢ g b _POLAR-2
12501 A T e b
) _ ~ ' | yﬁyv
O 4 times larger ARF Two|{ S [ T s *w?* VI Pl o N
o o I I POLARX4 803t m o v;t o by )
O Optimized bar length (less BKG) 3 —+ PoLAR=2 50 Wf LW
5001 A
: ] whe
O SiPM. lower threshold { <10 keV) - 0.2 MH "
O 10 times more sensitive o , ‘ . o1 ‘ 100" comparison
0 100 200 300 400 500
E (kev) 0.0 . : : .
0 100 200 300 400 500
Mean Minimal Detectable Polarization E / (keV)
L. . 102 for 1 second GRBs
Performance anticipation
——- POLAR-2 30 _
~~- POLAR-2 4 e
O Eﬂ: area ~ 1300 sz 60 ——- POLAR-2 53 ,/” ”,'
_ =50l === POLAR 30 I Pt
O For a GRB with fluence 107 erg/cm?, 3 S | --- POLAR4o R d
~ 10! 240 ~ 7" POLAR 50 //,/ /’,f T
5o measurement when PD,, 10% 5 © Rl Ptag
= < 30 A
© o 7’ 2T
220 St
. P &) ///:/// ———————
Significant measurements ( #/yr ) 10| o amm===2IITooo]
| gmzzEEEEEERETIT
~ P i =E====7
O If PD,, ~10%, #10 (30), #5 (50) iEia 0f======" |
» st i e -3 20 40 60 80 100
~ o)
O If PD,, 20%, #20 (30), #10 (o) fluence (erg/cm2) True PD of GRBs (%)

in the 10-1000 keV range

GRBs, Kole et al. 2021 18/20



& 4. GRB Polarimetry with POLAR—2: enhanced by two more payloads

. > High—energy Polarization Detector: HPD ,— CFRP Top Cover

. —  730—800 keV for gamma—ray polarimetry S = Folnrimetentiuduics
. — 100 modules, 6400 plastic scintillator bars ool ] p T
—  Effective area: “2000cm?, > 1200cm? for Pol. e
. —  FoV. “50% sky
. —  Collaborations: UNIGE/IHEP/MPE/NCBJ : BEE/Commanica tion Grid

. » Status of HPD: approved and design finalized HPD

_______________________________________________________________________________________________________________________________________________________________________________________________________________________

> Low—energy Polarization Detector: LPD, GXU

- "2—10 keV for X—ray polarimetry

» Broad energy—band Spectrum Detector: BSD,
IHEP/CAS, China

- 710—2000 keV for spectroscopy

- Accurate GRB localization: < 1 °

> Status of LPD & BSD: under review for approval

_______________________________________________________________________________________________________________________________________________________________________________________________________________________




& 4. GRB Polarimetry with POLAR—2: synergies among the three
» Joint detection and alert (follow-ups): HPD (>21r sr), LPD (~1r), BSD(~1.31)

 Real—time internal communiCations, iy

«&i; R I(_

P
I

S

re from interne
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& 5. Summary and outlook

© Polarimetry helps understanding GRBs

O Probing magnetic field configuration

O Diagnosing radiation mechanism Stay tuned/
O Determining emission geometry Thanks for your c';'ttention

© POLAR (2016—2017)
O GRBs: moderate PD (710%) + hint of PA evolution

O Currently are still not able to discriminate plenty of models (limited by statistics)

O Future orientation: time—/energy—resolved polarimetry & large sample studies

© POLAR—2 (2026—20XX)

O 4 times bigger and 10 times more sensitive than POLAR
O HPD, LPD, BSD joint detections: fixed spectral & location dependences; energy—resolved by default

O Will enlarge the sample of GRB polarimetry with better precision (some >5 sigma)

O Alert system hopefully triggers multi—wavelength/ —messenger campaigns
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1. Polarimetry and POLAR: first principles

Circular (Right Hand)

bl Elliptical (Right Hand)
Polarization

Polarization

Linear

Polarization

Photoelectron from
an inner shell

Incoming ~-photon

E =E, cos(ot—kz+e@,) E ’ E, 2 ) E E,
E.\' = Eﬂ_\' COS(CU[ —kz+ ';0.\' ) EO,\' E"]\. E Eﬂa' J !

© Linear polarization (when @ =nm, n€Z3 )

.
Scattered electron
from an outer shell

Scattered y-photon

Photo-electric Effect Compton Scattering Feir Rrodiiction = I 0 1 1 W MR
.. I @ 5 120}~ =]
k](> kk: k1<> g = -
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< 5 | < S [ effect dominant dominant
1 Y 1 .g 80— —
v — -
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By : ",. y g.a 60 |— —
3 2 4o , —
z " Compton scattering
et = : R
. . " S o I dominant .
= -
do ? d mE2(E E g B T N AT AR ST 1T
— — =22 (= + = —2sin?fcos? < 0
T Rl 02 (E TE 4’) do/dQ) e 1+ A(cos 2¢) 001  0.05 0.1 0.5 5 10 50 MeV
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https://doi.org/10.3390/galaxies9040082

Incident X-ray
Photoelectron Track \"

Pixel Anode
1Signals
Out N

ADC

Photo—electric in a gas chamber

Z

E

Compton scattering in plastics

1. Polarimetry and POLAR: measuring techniques

Stokes parameters:
So=1=(E2+ EJ),
S1=Q = (E—-EJ),

So =U = (2E,E, cos §),
S3 =V = (2E, E, sin 6)

= cos 2 B e
gzsin%zf L= @+ U
p=t=_" Q@+ U” tan2w=g

I Q
@+Q ¥ ()+U |¥Y (+V |Y
x Y
L/
®-Q Y @d-u ¥ ®-v Y
x )
L/

Figure 1: Polarization for different values of the Stokes parameters.
()@ >0U=0,V=0;(b)Q<0,U=0V=0;(c) U>0Q =
0,V =0,dU<0Q=0V=0 () V>0Q=0U=O0;
f)Vv<0,Q=0U=0.

Kislat et al. 2015

Fitting modulation curves:

C(n, ) = Axcos

Counts

2(!}ﬁ‘13+%)]+3.

_A_Cmax'"cm.in H_ H
B Cue—Cuw 100
2500 ‘‘‘‘ T [vr i T [T 17 | LB
_ Cma:c - Cmin
2000 Cma:c o Cmin -
cmax

|||||

1500~ é‘} polarized )
'§. \ unpolarized
1000 N
8
8
500- N/ N

MR |

.......

I

60°

Azimuthal Angle (®)

e.q. Li et al. 2022

pig ooy | |
120° 180° 240° 300°
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https://doi.org/10.1093/mnras/stac522
https://doi.org/10.1016/j.astropartphys.2015.02.007

|

--;h"*w_ %
\ Carbon fiber
Socket

€——— gx8 Scintillator bars

.‘— Bar-alignment system

A Optical coupling
«—— MAPM

Front-end
L electronics

POLAR (50—500 keV, GRB/Pulsar) 2016 -

+Z Star Tracker

Solar Array

Detector
Unit (3)

Mirror Module
Assembly (MMA) (3)
IXPE
Spacecraft

IXPE Spacecraft
Top Deck

IXPE (2—10 keV, multi—class) 2021 —

Polarimetry and POLAR: state—of—art

2017

now

polarimeters

Top CFRP cover

Polarimeter
modules

<L 3=
-

Front-End
Electronics grid

el

\\\\\\ s
———

- Power

distribution

stage

Back-End
Electronics grid

eXTP (2—10 keV multi—class)

POLAR—2 (10—800 keV., GRB,/Pulsar/SFL )

2027

2025 -

20XX
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1.

Collaboration

O China (IHEP)
O Switzerland (UNIGE, PSI, I1SDC)
O Poland (NCBJ)

Development phases

O 2005—2010, concept and prototype
O 2011—=2013, qualification model
O 2013—2016, flight model

Launch and operation

O Tiangong—2 space lab

O Launched on 15/09/2016

O Pointing to the sky always
O Scanning / periodic orbit

O Six months of observation (HV failure)

Electronics & interfaces

Polarimetry and POLAR: collaboration and the mission

s -
= - - = = =
OBOX

Sensitive detector

Credit: South China Marning Post

The central axis The central
axs 0DOo:

The mounting platform of obox

The central
| axis of hull |

IBOX

27/29
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De—Angelis et al.,
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. GRB observations with POLAR: energy—resolved results

I | |
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No significant energy dependence, need better statistics

2023
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& 1. GRB observations with POLAR: energy—resolved results

PDy, if E <150keV

_ . | i) !energy in;;egrated I energy inte!grated
PD — . PA = CSt' e B low energy L [ PD heavyside
PDpign if E> 150 keV W hiuh erArpy 1612034 |
161217C .
161217C
161218A
161218A
161229A
161229A
170101A
170101A
- S - 1701018 1701018 === . -~
o b -
E " 170114A STBIA
g %
’\?’ 170127C 1 170127C
S 170206A 170206A
‘\’
@ A° 170207A ! 170207A ‘
c :
©
I 170210A 170210A
N ‘
T T T T T T T T T T T T 170305A 170305A
PPP P PPPS PP _ |
degree deghigh angle Linazbn 20 40 60 80 1703207 25 50 75 100 125 150 175
PD [%] PAL"]
Two energy bins, Ey. fixed at 150 keV No significant energy dependence, need better statistics

Ongoing with other E—dependent models
De—Angelis et al., 2023
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& 2. GRB observations with POLAR

GRB 190114C

A highly magnetized jet

Using observations from:

- Swift BAT / XRT

- MASTER global robotic net

- Liverpool Telescope
RINGO3 / 10:0

The magnetic field
configuration:

P=70% = P=0%

Distorted or ~ Tangled
overlapping

emission components

Large-scale
ordered

@ Nuria Jordana—Mitjans

Flux density (Jy)

10°

102

Polarization (%)

=
k=]
W
50
E
L)
a

i

Oiptical
Optical R 3)
Optical I(RINGO3)
&) ;
10! 10~ 103 10*

Time since burst (sec)

Forward shock

dominated
———————————

Reverse shock
dominated

++ MASTER

"/’#—_‘\\\ Dust-induced

| | ) polarization
4

10%
Time since burst (sec)

RINGO3 BV
RINGO3 R
RINGO3 I

© GRB 190114C: optical polarization probe the magnetic field
prompt PD © 7.7% —> large—scaled ordered magnetic field
afterglow PD ~ 2% (PA not changing) in ambient medium

radio (97.5Hz) afterglow PD decrease from 0.87% to 0.60%

o O O O

jet was launched highly magnetized, and advected to prompt phase,
then distorted on timescales prior to reverse shock

support magnetic dissipation mechanisms (e.g., reconnection)

O

O forward shock SSC is favored for explaining sub—TeV and low PD

© X/ 'y ray polarimetry (multi—wavelength and time
evolution)

O POLAR (50—500 keV): 14 GRBs PD "10%; a hint of PA evolution

O IXPE (2—8 keV): afterglow PD < 13% for GRB 221009A, which
has 5000 VHE photons (up to 18 TeV) detected by LHASSO

O LC + SED + polarization (SSC frame) —> jet geometry and
models
Energy flow in GRBs

Magnetic dissapation

X /
r: ¢ .
GG yd
RES 0%
- Kinetic S
/&
-
/, &
P
Shock > ‘§5‘
dissapation //{gz-
\ o
N v

Radiation


https://arxiv.org/pdf/1911.08499.pdf

B2 2. GRB observations with POLAR

Gamma-ray burst jet
moving toward us

Polarization depends o] RO Vilole regton ofjet agetic el
et ‘geometry. & VIéWIn an Ie ’ : G etates trma of
J g y g g special relativity) (several thousand)
o radratlon mechanlsm 1r

— magnetic f ield

p Visible region of jet

(grows with time)

Polarization cancels partially when more patches being observed

Photon emitted 4P = ()

configuration RiRgnsus Sl normal to plane 2 2
e _ 3 a2 tangled within a n,,=n; P PmaxSIIl 9/(1 +COoS 9)
' ~— Ghesoinne (Liang 1980)
P=70% » P=0% —
=1

Large-scale Distorted or Tangled Photon emitted

ordered overlapping along the plane
emission components ng, L ng, 31 /33


https://youtu.be/mkWiBf3qy3Q

Pulsar observations with POLAR: stacking the periodic signal

32/29



&7 4. Other observations: solar flares

12.0-25.0 keWx3) ]
— 25.0-50.0 kaVi{x30) ]

VA 1] BEERTE | BT | AT O

No.| %% B g% | 2| — 60120 ke
(UTC) (seconds) | (counts) 6, 9) 200 .
sof E

1 | SFL161012498 | 2016-10-12T11:53:58 67 5561 (41,228) DM

| b ;— .jﬂ! 1 - - [ E
o ety Sephastngr ki L JWHWHHME

2 | SFL161128330 | 2016-11-28T07:59:55 135 8463 (71,268) DM

i
o=

Count Ratef/(s'-detector-segment ')

3 | SFL161129299 | 2016-11-29T07:09:42 161 72038 | (31,267) DM

=
et

4 | SFL161130056 | 2016-11-30T01:19:21 | 229 71519 | (86,269) | DM . ey Frigger ate
Bk - -
5 | SFL161130645 | 2016-11-30T15:24:35 | 64 S644 | (43,267) | DM - _
“5_% |:il:|-:1_— ]
6 | SFL170209293 | 2017-02-09T07:01:43 | 120 2377 | (56,62) SM : ot ]
ﬁﬁﬁ% = El'.l':]-— =
7 | SFL170327764 | 2017-03-27T18:18:00 | 119 6447 | (42,258) | DM :
ﬁﬂﬁ lil- i
8 | SFL170328139 | 2017-03-28T03:23:04 | 164 12601 | (54,259) | DM : — S P
9 | SFL170328205 | 2017-03-28T04:54:06 | 375 10902 | (55,259) | DM o Eid
il - , R 1"
072 0704 F7:AiG 70 71 o712 07:14 a7:16
Start Time:2016-11-29 070200 1LTT)Y
A list of 9 solar flares (Zhang, P., et al, 2020)



Count Rate (Counts/S)

&> 4. Other observations: GW follow—up observations
GW170104 sky

50% area: 202 deg*

probabil' . 0 aren Sz e UID UTC-T Tstart () Tena () Bandl Band2 Band3
170104 2017-01-04T10:11:58.6 -600 -553 3.7E-8 2.8E-8 2.1E-8
o . 170104 2017-01-04T10:11:58.6 +727 +800 6.3E-8 4.7E-8 3.5E-8
161202 2016-12-02T03:53:44.9 -826 -816 7.3E-8 5.5E-8 4.1E-8
161202 2016-12-02T703:53:44.9 +555 +600 3.9E-8 29E-8 22E-8
-30.000=30.000 @ 0.100, 0/4
161217 2016-12-17T07:16:24.4 -30 +30 7.3E-9 8.5E-9 1.1E-8
170208 2017-02-08T10:39:25.8 -712 -703 3.1E-8 3.6E-8 4.8E-8

1800

170208 2017-02-08T10:39:25.8 +619 +700 1.5E-8 1.8E-8 2.4E-8

q‘ll . ] - ‘ \ |
X . i ‘
LT I TR LY T :
T | AT I O TN 170210 2017-02-19T1404090 30 430 14E8 17B8 22B-8
1200 i . ‘
. . . Fyr
Relative Time (S) / T0 = 1481958984.40000009537 § instrument par ticle energy
erg cm 2 g7t
Jmesppr- g0 953 o e Time span: 727 => 800 event ID: GW170104 . - 7 ;
Eﬁ:?g;/alramggflig-so%}(ev 3802 atem Sgi gegz Eg:f;;a:,ggi?ligg%%}(ev 3822 :::; Sgi g:gi Fermi/GBM phOtOIl 10 1000 keV 5.2E-7 9.4E-7
Fermi/LAT photon 0.11 GeV 0.2E-9 ~ 90E-9
INTEGRAL photon 75 keV ~ 2 MeV 1.9E-7 ~ 1E-6
AGILE/MCAL photon 50 MeV ~ 10 GeV 2.9E-8 ~ 1.1E-6
3.2 TeV ~ 3.6 PeV
Antares neutrino 1.2E+55 erg
5% ~ 95% quantiles

Fu... (107 ergcm~2 s~ 1) mean at ~0.37 Fu... (1077 ergcm ™2 s~ 1) mean at ~0.63

Li et al., to be published 34,/29



Normalized current

§§PM annealing

o |

Time [day]
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Il 4 -22.8+1.8°C -+ 20.540.6°C 4+ 48.743.3°C
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1.0 1
b A . L4 N S A
it T " i IO ' t
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0.8 -
0.7 1 + | |
=1+ i
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l | | 1 l
0.5 - i i L '
| 4 3 R R t
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&> 5. POLAR—2: performances (see Merlin's talk)
» Joint detection and alert: HPD (~180 ° x180 ° ), LPD (~90 ° x90 ° ), BSD(~120 ° x 120 °)

P
T

S

re from interne
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POLAR—2

24

PD=0%

Photosphere model

PD>0%

PD>0, PA =15

v PD>0, PA =(0°

| Parameter || Description | Units | Prior range |
| Emission model predictions |
| m I detector—frame primary mass | Mg | (0,400) |
| mo || detector—frame secondary mass | Mg | (0, mi] | | Modal | ED-{p=2ds) | B a3 ) | Bl {ete) [F0.Q3d) |
o Photosphere 0 Low (< 20%) - P
d 1§ ty dist G 0
l L ! ummos.l y latarcee | Gge | (Ode0) | Compton Drag 0 Medium (< 40%) - P
0, ¢ polar and azimutal sky angles rad | [0, @], [0, 2] Synch. Rand. 0 Medium (< 40%) _ Y+ 7/2
inclination angle w.r.t. orbita Synch. Tor. High (~ 50%) 0 Y472 -
angular momentum Synch. B, 0 High (> 50%) = random
polarization angle
te time of coalescence GMST day 0,1 | Number of GW detections |
| D, [ phase at coalescence | rad | [0, 27] [ 0<2°& | 0<33 & | © <33 &
A spin component of object 7 = {1, 2} B 1, 1] Network H 6207 | B85 | AY=30° | Au@0 Azz < 30° AJ < 30° A < 30°
Xi,z along axis z ’
- - - — LVKI 05 2 7 3 5 0 0 0
| A H adimensional tidal deformability ‘ B ‘ [0, -+o0) | LVKI Voyager 74 148 100 78 ] 2 1
of object ¢ ={1,2} ET 1573 | 3774 1561 4007 26 63 54
ET+2CE 4680 12035 16973 21423 59 172 144
Kole et al. 2022



https://arxiv.org/abs/2211.12403

1. Polarization and GRB polarimetry: what are GRBs

5% 95% 2704 BATSE Gamma-Ray Bursts
EREELC S LR N R A
S i i
© Light curve E !
= so000f I
= E ! '
O (One of ) the most energetic =z E :
explosions in the universe; & zoo000F | i
£ E '
. S5 - ! !
O Irregular light curves & joooof | |
. S i
O Asymmetric pulses; I S ——
d = 10 Fluence, 50-300 keV (ergs cm?)
e in seco G. Fish |, BATSE, CGRO
Coe o . Ishman et al., .
© T90: sensitivity—dependent > . B
- 1966 BATSE GRBs 10 E T rorrrmg T rrrrmy T r e LR R | T |=
O Total fluence from 5% to 95 % ; 120} & ‘500 BATE SORes 500 : | -
100F raditional dividing line: ! 400 !H “;"ra‘/ {K\Nl }
.. . Top~31s] | £ - .
O Long/Short GRB dividing line: S ed o Hray @A)
3s . 5 @ ~30% ~70% F ; X-ray :
' ° S 200 SEHE LoRS 3 ' Ultraviolet 3
O Ref f Prompt/Afterg . : 5 0 i Gobeal
eference of Prompt/Afterglow ; " 100 i 2% 5 NR 3
o $0 01 02 03 04 05 08 07 08 08 10 2 ;' i \.' : "é
10000 £ . " 3:‘:;?:"13 } Probability of belonging to Long GRB class g £ E Y Millimetric 3
© Afterglow flux decay s 3 Ir : S, Rado T
i ® E 1 =
oo T £ Prompt | Afterglow hy EAE T
O Power—law: F(t) « tB g sk Pt o TEF Pty
F 102k ; 1 ks
. 2 1 E 1 ] =
O It has flares sometimes. T " d ; %% 3
5l memem BENEs B i 3
@ COSmIC Orlgln oo o Obser:fedDuralio:Tgo[sj s e * é‘::mt e e c Lol L |;||||I pov el Ll L1l boa sl 1 l:
. o 1 10 102 10 104 105 106
O BATSE catalog —> uniform distribution Time since BAT trigger (5)
BATSE catalogue, A. Shahmoradi et al. (2015) Multiwavelength OBS, Racusin+(Nature 455)
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&> 1. Polarization and GRB polarimetry: what GRBs are

© GRB Origin BURSTING OUT

FORMATION OF A GAMMA-RAY BURST could begin either
O ShOI’t GRB —> NS_NS(NS_BH) i with the merger of two neutron stars or with the collapse
’—‘. of a massive star. Both these events create a black hole
O Long GRB —> Hypernova : NEUTRON STARS with a disk of matf_"riai around |t The hole-disk system, in :;;ABYLSE.

turn, pumps out a jet of material at close to the speed of LIBHT

. light. Shock waves within this material give off radiation. JET COLLIDES WITH RADIOI

AMBIENT MEDIUM WAVES

@ EmlSS|On Ol’lgln (external shock wave) l

. GAMMA RAYS
O Prompt —> internal shock ; BLOBS COLLIDE \|

SLOWER (internal shock
wave)

FASTER BLOB

=

O Afterglow—> external shock ; BLACK HOLE

. . CENTRAL
© Radiative processes ENGINE ——

L
é PREBURST
:
MASSIVE

STAR AFTERGLOW

O Synchrotron (mainly electron);
O Inverse—Compton

O Photo—pion:

GAMMA-RAY EMISSION

5 nrt = npty, = net v, fraction 1/3
py— (AT =)

p’ = pyy, fraction 2/3.
HYPERNOVA SCENARIO

JUAN VELASCOD

www.sciam.com SCIENTIFIC AMERICAN 89
COPYRIGHT 2002 SCIENTIFIC AMERICAN, INC.
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&> 2. Pulsar observations with POLAR: two pulsars detected

© Observation mode: single bar event
O Double Mode (DM): pre—scale (1%)
O Single Mode (SM): no pre—scale, >1 month

© Timing analysis

O Correction on time of arrival: SSB clock

Tssp = Tops + Tax + Ar+ As + A+ Ap+ Ap + ...,

O Periodic parameters and phase folding

. L,
¢i = folti—1to) + 5]‘1(?;

1 | 1 ;
)" + afz(ff -1)° + ﬂfa(fs —tg) 4

© Confirmed Pulsars: to be continued

O Crab Pulsar
O PSR B1509—5H8

10-2 r . Attt
107 E
T i ¥
— . 1 T
2 o107k e
= L
P ]
.
g 10%: f
s T
o)
= il
10 y J
= ;‘.’?" PSR 1222046114 (G106.6+29) |
x 4 __ PSR 11846-0258 (Kes 75)
w, 107 __ AX J1838.0-0855 (HESS nasv—us\?;’ .
E ) __ PSR J1811-1925 (G11.2-0.3) E
__ PSR B1508-58 (MSH 15-52)
F PSR 11400-6325 (G310.6—1.6)
108 L ___ PSR BOB33—45 (Vela) -
E PSR J0537—6010 (N157B) E
__ PSR BO531+21 (Crab)
F PSR 10205+6449 (3C58)
107 Ll vl ol ccnd ol ol

107 107 107?107 10° 10' 10?2 10°

E [MeV]
10.1051/0004—6361:20011256

Total pulse from 2016-09-22T10:54:53.405 to 2017-03-31T17:50:30.637

1674 — i

1672

H

N/
o’

166.8

Counts
5
T

g
.

166.6

166.4

-

it

04 06 14 16 18

o
‘I\\‘

=

[N

08 1 12
Pulse phase

Li et al., 20271

2

Co
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& 2. Pulsar observations with POLAR: Crab timing

8

%10

1.355 |

1.35

Counts

1.345 |
140 F75

sy
N
o

ju—y
o
o

(LHZ)

E poch(M] D-57646)
[0]
(=]

o0 bygy. 15

1500

1000

m(mP)

500

Channel

60 80 100 120 140 160
Epoch(M) D-57646)

-1000

Li et al., (2017), Zheng et al., 2017

41/20



& 2. Pulsar observations

with POLAR: Crab navigation (highlight)
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2. Pulsar observations with POLAR: Crab spectra & polarization
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& 3. Other observations: solar flares & GW follow—up
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Thanks for your attention.

POLAR collab. meeting in 2017 POLAR—2 collab. meeting in 2019
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