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Overview @._.ERME% T ]

1. Gamma Ray Bursts and multi-messenger astronomy
2. HERMES mission profile and payload
3. Wrap-up
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1. Introducing Gamma-Ray Bursts @wwcs S
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What is a Gamma-Ray Burst?

Most powerful sources of the y-sky: F <103 ergs tem™2.

BATSE 4B Catalog

Short time duration with bimodal distribution.
What cause a Gamma-Ray Burst? : _
< \‘3 -/l;?erger HORT’
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[ What happened on 17 August 20177 Q@Heame% ]

Combined EM-gravitational observations result in:

 For the first time a direct observation supports association between short
GRBs and a binary neutron star coalescence event.

« Most complete characterization of BNS coalescence event to date.

17 August 2017 marks a milestone for multi-messenger astronomy.
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17 August 2017: the key to success @HERME?

G W v ; QW 170817 Optical Counterpart NGC 4993

LIGO, Virgo ¢ HST/ACS

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

X-ray

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

uv

Swift, HST

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STARB
HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILESCOPE, TORG
BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA

\ Quick identification
@ /4

IR
| | |\|| BRIT TN T of an optic

REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAR, NOT, ESO-V

Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW,

/e  counterpart to the
S\ Hn T Ammm W W event at 40 MPc in

-100 -/5'21/{)/50 102 10° ‘00 100 | galaxy NGC4993!
(s) t-t, (days) F \
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The next decade of MMA @HERME‘%

Timely identification of the optic counterpart v U E
has been possible thanks to the closeness of g .
the event and the combined Ligo/Virgo — GBM G
~30deg?® accuracy. TR A
today tomorrow | :
40MpC  200MpC _ 2\ X '
-w--z---f:::::;::::3;::::::.‘5.‘5%.'.'.'.'.'.'.'.'.'.'. These accuracies will not be enough to
T - support gravitational interferometers in the
Figure 1.4: Number of sources in a patch of sky grows with the third power n eXt d ecad e .

of the distance.

We need an all-sky burst monitor with arcmin localization capability!
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[ 2. HERMES: scientific motivations @HERME% £ ]

1. All-sky arcmin to arcsec localization of a sizeable (> 100yrs~1)
population of GRBs with fast data dissemination.

2. Inquesting radiation mechanisms studying GRB emission on a wide band
of energies.

3. Probing inner-engine activity sampling lightcurves at fine time resolution.
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[ ..and technological requirements Q@HERME% 4 ]

1. Large number of detectors separated by a large baseline distance of

several thousands km.
Detectors collecting area of 50 cm? and total collecting area ~ 0.5 — 1 m?.

Q time and € constraints . .
e e  CubeSats in LEO orbit

2. Wide energy range of detectors covering at least the band between 5
and 300 keV, with ideal range spanning between 3 keV and 1 MeV.

3. Temporal resolution of detectors ~ 1 us.

X Si — detector expertise

State-of-Art detectors
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[ How to localize GRBs @._.ERME% o ]

Traditional approach (VELA, IPN..). GRB front
Measure time delay between the arrival of GRB
light signals on N units separated by d baseline.

\/agc—i—c_l -sz.—l—atz—l—oszys
d-v/N-3

g~ C-

LEO — d ~ 7000km.
GPS — o, ~ 10ns and ¢! - o>~ 30ns.

2 2
Ucc+0

o~ 2.4deg- ——="—

For ogys,0-c ~50 us and N = 60 we get o~1 arcmin.

hever
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Wide-band energy detectors @HERME?

Great detectors in small s/c come with..

Constraints!

* Wide energy band.

Compact «<=—» 3U CubeSat

Efficient <€ 4 W for the entire SC

Light-weight «=—» 6 kg for the entire SC

Undemanding <= NO ATCS
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[ Fine timing GRB lightcurves @»—uewe? ]
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GRB front

Flux in band 50 — 300 keV ~10 ph s tcm™2.
HERMES S/C detector surface ~50 cm?.
Detector efficiency < 1.

Cross-correlating signals: 5 ph ms™! with N ~ 10.
BUT we are mounting wide-band detectors, so:

Flux in band 5 — 50 keV ~10 ph s~ tcm™2.

Henceforth N - % ~ 5.

e el VIission modularity!
never
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[ Silicon Drift Detectors

SDD = Silicon Drift Detector

Remarkable features:

 Efficient in soft-X at standard thickness 450 um.

« Low noise: < 10 e~ rms, 25 pA cm™% at room temp.
« Efficient: \w VEGA-like ASICs,~ mIWW per channel.

» Decent radiation hardness

» Slower when compared to other Si-detectors.
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Payload at work HERMES

SP

fotone X a4 . o &
assorbiti da rivelatore al silicio

fotone y

convertiti in luce ottica assorbiti da scintillatore

assorbiti da rivelatore silicio

X-ray AN

SDD Scintillatore ray AN
PCB SDD/preamplificatori €=~ c ~—> . GAGG

| A
scintillation light

Discrimination between X
Case and y photons is achieved

through segmented design
collimatore
%o
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[ Wrap'up @HERME% {:*:} ]

HERMES will provide the all-sky GRB monitor much needed in order to
support the next decade of multi-messenger observations.

Beside this supportive role, HERMES will be able to do — possibly
breakthrough! - new science on its own.

This will be possible within CubeSat framework and on tight (t and $)
budget, exploiting an innovative detector and intrinsic highly modular
architecture.

The first 6 HERMES units have been funded by H2020 programme and ASI
and are expected to launch in 2021 on equatorial LEO orhbit.
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