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Sackground

* A mission 1o find high energy counterparts to GW
SOUrCes

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay 2



1120 days, 1184 papers...

@ reedback @orRcD- @ About~ SignUp  Loglin

QUICK FIELD: Author First Author Abstract | All Search Terms v

€ Start New Search GW170817 ) 4 n

Your search returned 1,184 results

10 September 2020 AN = - ] 1 ovoe-
V' AUTHORS
[ Show highlights [ Show abstracts [ Hide Sidebars ] Go To Bottom Years Citations Reads
Corsi, A 50
Holz, D 49
1) 2020ARNPS..7013120R2020/1(cited: 11 B = M referced M non refereed

400

>
>
2 () Toja, E e The Dynamics of Binary Neutron Star Mergers and
> [Chen,H 47 GW170817

>

Berger, E 46 Radice, David; Bernuzzi, Sebastiano; Perego, Albino 300
more 2]  2020JPhG...47i5202Q 2020/0%ited: 4 B = 200
GW170817 constraints on the properties of a neutron star in
V' COLLECTIONS the presence of WIMP dark matter 100
astronomy 1k Quddus, Abdul; Panotopoulos, Grigorios; Kumar, Bharat
and 2 more
physics 498
| - 3 2020CQGra..37q5008B82020/09 @ =
generd New methods to assess and improve LIGO detector duty
V' REFEREED cycle — s}
reforeed 708 Biswas, A.; Mclver, J.; Mahabal, A. Limit results to papers from
https://ui.adsabs.harvardAedu/#user/accr;unt/login ??ZQ?rXiV200904427W 2020/0_9 . B . _@___ . 2016 to 2020 Apply

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay



/£0/911gnd/siuanaiadns/b10:0bI'qpaoelb//:sdny

10£6061S
SOE6061S

28T 6061S

¥Z6061S

£C6061S
AeST6061S
YOT606TS
POT6061S
de106061S

8Z8061S
'8Z8061S

- neZRO6TS

-0 O

———3ZCBO6TS

T

ULio

AQYT8061S

O3a candidates

2e8H806TS
b8ZL061
YLZLO6TS
BOZLO6TS
ABTLO6TS
DLOLO6TS
1290L061S
BT0LO6TS
BOEJOBIS

bezo9061S

- @ 99

——Br7GO6T
11250615
b61ZS061S

[Q6TS061S

-

ULTS061S
WQETSO061S
1eZ1S061S
BOTS061S
JAE0S06TS
29Z¥061S
ZGZH06T1S
1e1ZY061S
wzZiv061S
uegovr061S

——4eSOPrO6ES

MassGap -

NSBH -

BNS -

BBH -

Terrestrial -

<

Varun Bhalerao | IIT Bombay



O3a NS candidates

Distance | 90% area
Name Type Counterpart
yP (Mpc) | (sq deg) P
S190425z7 99% BNS 156 + 41 74067 NO
49% BNS, 13%
S190426¢ NSBH, 24% Gap, | 377 £ 100 1131 NO
149% Terrestrial
@) 0
S190510¢g A2% BNS’ 8% 227 + 92 1166 NO
Terrestrial
O @)
S190718y 2% BN.S’ 98% 227 + 165 7246 NO
Terrestrial
S190814bv | 1009% NSBH 267 + b2 23 No
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GW17081 7-like scaling

X-ray
Name Tvoe Distance 90% area (10
yp (Mpc) (sq deg) | keV-1000
keV)
S190426z7 99% BNS 150 + 47 /467 be-3
S190426¢ 49% BNS 377 + 100 1131 Qe-9
S190510¢g 42% BNS 220 + 92 1106 2e-8
@) @)
S190718y 2% BN.S’ J957% 227 + 165 (240 2e-3
Terrestrial
S190814bv 100% NSBH 207 + 52 23 2e-8
Fake event 100% BNS 500 - 5e-9
ScatngfromAbottet ar 20t {Fermintegrar=0ve)

Typical X-ray / Gamma ray sensitivity ~ few e-7 ergs/cm?2/sec
Daksha: On Alert for High Energy Transients
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GW17081 7-like scaling

X-ray
Name Tvoe Distance 90% area (10
yp (Mpc) (sq deg) keV-1000
keV)
S1904257 99% BNS 156 + 41 7461 be-8
S190426¢ 49% BNS 377 + 100 1131 9e-9
S190510¢g 42% BNS 227 + 92 11606 2e-8
O @)
S190718y 2% BN.S’ 93% 227 + 165 /246 2e-8
Terrestrial
S190814bv 100% NSBH 207 + 52 23 2e-8
Fake event 1009% BNS 500 — b5e-9
ScatmgfrommAbottet a 20 {fFermr=itegrat=tve)

Typical X-ray / Gamma ray sensitivity ~ few e-7 ergs/cm?2/sec
Daksha: On Alert for High Energy Transients
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What's next”

L essons from GW1 /708717 + O3



GW17081 7 AstroSat
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L esson

ook at the entire sky at all times
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New class of pbursts !

« GRB was very fant:
3-4 orders of
magnitude lower than

SGRBs
next will be fainter!

* Broadband: seen from
few keV to hundreds
of keV

» Missed by Swift,
AstroSat, CALET...

Daksha: On Alert for High Energy Transients
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| esson 2

Need 10x higher sensitivity
as compared to current missions
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Saw it So what?

* Any thermal components”?
* Primary emission mechanism®?
e Spectral evolution?

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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L esson 3

Wide spectral band

Daksha: On Alert for High Energy Transients
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Reqguirements

Order of magnitude higher sensitivity
(Large area, lower noise, background rejection)

Wide spectral banad
(1T keV to >1 MeV)

Continuous all-sky coverage
(Two satellites)

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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Introducing Daksha

On alert for high energy transients
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Daksha: On Alert for High Energy Transients

Daksha

Low Energy: SDDs
1-25 keV

Medium Energy: CZT
20-200 keV

High Energy: Scintillator
100-1000 keV

Two satellites

Varun Bhalerao | IIT Bombay
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SLUR

Bottom Line Up First



Advantage Daksha

* Effective area (2 satellites): 1700 cm?
» Fermi: ~100 cm? individual, ~300 cm? total

* Sky coverage:
» (1% individual, ~100% two satellites
» BATl: ~119%

* Energy range: 1 keV to > 1 MeV
» BAT 15— 150 keV, Fermi GBM > 8 keV

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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Daksha results — 1

Detect dozens of BNS mergers per year
» Also ~1000 on-axis GRBs per year

L ocalisation:
» ~10 degrees on board
» ~5 degrees ground processing

Broadiband prompt spectra
» Only mission to give prompt soft spectra

Hard X-ray polarimetry

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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Daksha results — 2

Daksha: On Alert for High Energy Transients
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Daksha results — 2

e Provide time and direction of burst
» Lower FAR for GV searches
» [Lower detection statistic!

* Increase LIGO detections by 2x — 3x !

Huge discovery space

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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Sullding Daksha

e Lead institute: IT Bombay
« Jointly with PRL, TIFR, IUCAA, RRI, ISRO

« Currently active sub-teams:
» SClence
» Detectors and electronics
» Design and falbrication

« Current status: Seed funding has been provided to
demonstrate a proof-of-concept!
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Digging Deeper



Detectors



Low Energy: SDDs

o Silicon Drift Detectors

* 450um thickness, 1 — 25 keV coverage

* 10us timing
* Chandrayaan 2 legacy

Daksha: On Alert for High Energy Transients
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Medium Energy: CZT

e Cadmium Zinc Telluride detectors

e 5 mm thickness, 4 x 4 cmZ2 area

¢ 20— 200 keV range

» AstroSat CZTI, RT2 legacy
* Microsecond timing

* 340 detectors / satellite!

Daksha: On Alert for High Energy Transients
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High Energy: Nal (T)

e Thallium activated Sodium lodide detectors
e 400 cmz2, 2 cm thickness
* 100 keV — >1 MeV sensitivity

* Silicon Photomultipliers for compact, low voltage
setup

* Position sensitive (Anger camera)
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Sensitivity



Single satellite effective area

Effective area

950.5 CM=< 1452.5 CM2

Median: 1230 cm? for single satellite
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Single-satellite sensitivity

4.3e-08 erg/cm2/s 7.6e-08

Crude 3-sigma estimate, actual sensitivity will be better
Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay 29



Coverage



Daksha: On Alert for High Energy Transients

~ointing
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Daksha: On Alert for High Energy Transients

~ointing
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Number of satellites

Daksha: On Alert for High Energy Transients
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Numlber of satellites

B

1 Satellite; ~70%

Daksha: On Alert for High Energy Transients

B

2 Satellites: 100%
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Number of satellites

Daksha: On Alert for High Energy Transients

South
Atlantic
Anomaly
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Number of satellites

South
Atlantic
Anomaly

* 1 satellite: ~70% for ~75% of the time
» Average. ~52% coverage

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay

33



Number of satellites

South
Atlantic
Anomaly

* 1 satellite: ~70% for ~75% of the time
» Average. ~52% coverage

e 2 satellites: 100% tor 50% time, /0% for rest
» Average:. ~85%

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay



Angular Resolution



How localisation Works

Observed counts

Where is the .
burst from? \

3500 - {

3400 A

3300 - {
2 3

Counts

1
Surface number
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How localisation Works

3700 -
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How localisation Works

g0e 90°
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£ 3500 -
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How localisation Works

5307 9071000
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How localisation Works

207 9971000 100

3700 -

v 3600 -

3500 -

Counts
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Surface number
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How localisation Works

307 99710004 4 0

120°

i/

3700 -
3600 -

3400 A

3300 -
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Surface number
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How localisation Works

(Note: Very simplistic fit used here)

Final answer:
100 08.1 3700 -
Src 277 338 27

Bkg 3344 3298 17 36007
£ 3500 -

3
3400 -
3300 o

Daksha: On Alert for High Energy Transients
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Surface number
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Results

* Bright GRB (106 erg/cm?2/s): 1°
* Moderate GRB (10-7 erg/cm?/s): 10°

* Resolution inversely proportional to flux

* |[wo-satellite detection: IPN-like triangulation

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay



Rates



SNS

* BNS merger rate: 250 — 2810 Gpc' yr -
» Assume nominal rate 1000 GpcT yr -
» Abbott et al 2020, ApdL, 892, L3

* Daksharates: 19 yr -1 (5 — 54)

« GW (5-det network): 62 yr -1 (15 — 174)
« EM + GW: 15 yr -1 (4 — 42)

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay
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Classical GRBs

* Rate computation tough: we're too sensitive!

* Long GRBs: ~850 yr -
e Short GRBs: ~250 yr —

* Thresholds:
» Daksha: 0.36 ph cm—2 s
» Fermi. / ph cm=2 s

Daksha: On Alert for High Energy Transients
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Secondary science Goals



Polarisation



Polarisation & Scattering




Polarisation & Scattering
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Polarisation & Scattering
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Polarisation & Scattering
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Polarisation & Scattering




Polarisation & Scattering
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Polarisation & Scattering

<41
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Polarisation & Scattering




Polarisation & Scattering




100

Polarisation measurements: C/T1
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Vadawale et al, Nature Astronomy, 2017
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GRB polarisation measurements
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Prompt emission polarimetry for 11 GRBs  Variable pol in GRB171010A
Chattopadhyay et al., 2019 Apd 884 123 Chand et al., 2019 Apd 874 70

Limitations due to angle of incidence, effective area
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C/ZTl =  Daksha

o C/Tl total effective area ~ Daksha per-surface
effective area

* Less “superstructure” for interfering with incident
ohotons
* Many different incident angles

» Better control over systematics
» Consistency check — validate with bright GRBs

Daksha: On Alert for High Energy Transients Varun Bhalerao | IIT Bombay 53



Compton Imaging



Compton energy
range

* Photoelectric effect
dominates at soft X-ray
energies (tens of keV)

« Compton effect dominates
~ MeV energies

* QOur target range:
100s of keV

Daksha: On Alert for High Energy Transients
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Compton Imaging

Daksha: On Alert for High Energy Transients

C/T detector

Varun Bhalerao | IT Bombay
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Compton Imaging

Daksha: On Alert for High Energy Transients
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Compton Imaging
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Compton Imaging
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Compton Imaging

Daksha: On Alert for High Energy Transients

X1, Y1, AE

Varun Bhalerao | IT Bombay

o7



Compton Imaging
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X1, Y1, AE
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Compton Imaging
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X1, Y1, AE
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Compton Imaging
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X1, Y1, AE

Varun Bhalerao | IT Bombay

o7



Compton Imaging
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X1, Y1, AE
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Compton Imaging

X1, Y1, AE
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Compton Imaging
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Compton Imaging
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Compton Imaging
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Compton Imaging
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X1, Y1, AE
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Compton Imaging

X1, Y1, AE
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Compton Imaging
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Compton Imaging

Final source position

Daksha: On Alert for High Energy Transients Varun Bhalerao | IT Bombay 59



Daksha summary

* 2 satellites, average 86% coverage

* High sensitivity
e Broadband: 1 keV — 1 MeV

» Only all-sky soft X-ray monitor

* Annual haul: ~19 BNS, (15 EM + GW),

850 LGRB, 250 SGRB
* GRB polarisation
* All-sky Compton map

Daksha: On Alert for High Energy Transients

Varun Bhalerao | IIT Bombay

60



- On alert -for‘ high en'ergy transients



Daksha: On Alert for High Energy Transients

Varun Bhalerao | IIT Bombay

62



Compton sensitive region

Change in photon energy due to compton scattering
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Compton Sensitive region
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Other Future Missions



omall satellites and survey missions
* BurstCube (NASA GSFC ++ )

» 1/20 collecting area (52 cm?)
» Csl: 10 keV — 1 MeV
» Launch: 2022/23

+ HERMES (italy)
» 1/20 collecting area (50 cm?)
» Csl/ LaBr3: 3 keV — 50 MeV
» Unfunded

* Few lobster-eye concepts (1ISS-TAO, China,
Theseus)
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GECAM

Gravitational wave high-energy Hectromagnetic Counterpart All-sky Monitor

550-600 km, 29° Dome

Detectors .

GECAM ECAM-B '
Spacecrgft Payload

electronics electronics

Spacecraft

® Characteristics
- FOV: 100% all-sky
— Sensitivity: ~2E-8 erg/cm?/s

Telemetry

Attitude
control

— Localization: ~1 deg (1-o0 stat., 1E-5 erg/cm?)

— Energy band: 6 keV-5MeV

GECAM satellite
® Planned to launch by the end of 2020 (~140 kg for each)

— since LIGO will reach the design sensitivity around 2020 to 2021

Slide from Shaolin XIONG, Institute of High Energy Physics (IHEP), Chinese Academy of Sciences (CAS)

Daksha: On Alert for High Energy Transients Varun Bhalerao | IT Bombay
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Slide from Eric Grove
U.S.NAVAL
ESEARC

CABORATORY GAMERA Mission Concept — Instrument

GAMERA/Pyramid truncated pyramid Csl array (base 60x50 cm, height 40 cm).
Dimensions fill ESPA volume and mass limit and are compatible with a standard SmallSat
bus. Total instrument masses are ~70 kg.

GAMERA/Turtle ellipsoidal dome array spanning the longer ~90x60 cm dimensions of the
ESPA volume. More efficiently exposes detector area to the sky, but requires a modified

spacecraft bus layout.

« Scintillator modules read out with an array of SiPMs
digitized by a multichannel analyzer.

« Time-tagged pulse-height data are collected,
processed, and stored by a single-board computer
that interfaces with the spacecraft bus.

« GPS provides absolute time with us accuracy.

GAMERA/Pyramid

GAMERA concepts on BCP-100 (Pyramid) /
custom (Turtle) spacecraft.

67
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