A joint spectral and temporal -
~analysis of GRBs detected by =
| HXMand SW|ft BAT and/or

Cristiano Guidorzi
on behalf of the Uni F‘efi:fé'ré + INAF Bologna GRB team

'96, ) 3
> University

. . INAF - IASF BOLOGNA
s of Ferrara o

ISTITUTO DI ASTROFISICA SPAZIALE
E FISICA COSMICA - BOLOGNA




1000 |

Aerf (cmZ)

100

10

Swift /BAT

HXMT/HE (GRB mode)

Complementary to S
A L [ .

Fermi/GBM (BGO)

ift+Fermi

10

100
Energy (keV)



X .
o) O
3 \ae nes HXMT/HE (GRB mode)
A, 0
’, (.
VWS"?\ Jarticu'®
. \ -
1 Fermi/GBM (BGO) _
< 1001Z L -
10 . o
10 100 1000

Energy (keV)



Simulated HXMT
spectra and light
curves



Simulations

* total 18 Csl units
« 20 keV - 3 MeV
* 256 energy chan
* Includes:
* CXB
* Primary & albedo
p+/et+/e-
* albedo gamma
* SAA proton -activ
fluorescence

normalized counts s-' keV-!
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Estimated full-band background C/R: ~ 14,000 counts/s

(Kindly provided to us by Shaolin Xiong on Feb 2017)



Results:
joint spectral analysis
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Results:
temporal analysis



Pulse asymmetry/width paradigm

Norris+(2000)
* |n almost all cases soft

photons lag behind
hard photons
(=positive laqg)

o Soft profiles are
broader and more
asymmetric

Amplitude

e Lag correlates with
width (the broader the
pulse, the greater the

lag)

F1G. 1.—Pulse asymmetry/energy-shift paradigm. Solid lines: low-
energy (few times 10 keV); dashed lines: high-energy (few times 100 keV)
emission. Pulse shapes range from narrow and symmetric with negligible
centroid shift with energy to wide and asymmetric with centroid shift
comparable to full width at half-maximum. See Norris et al. (1996).



How is it measured?

By cross-correlating the two profiles and taking the peak of the cross-

correlation function (CCF) We consider this (most used)

By fitting the peaks and measuring the delay between them.

@ They may differ insomuch as the profiles' shapes are different!
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Why do we care about lags?

e Lag t- luminosity L correlation (L «ct) for long GRBs
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Why do we care about lags?

 Empirical way of classifying short vs. long GRB (for ambiguous cases)
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Counts per second per determination

Lag can help classify ambiguous cases such as elusive GRB 060614
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The added value of Insight-HXMT

 Limitations up to now:
e CCF needs lots of counts in both channels

e at > 300 keV almost uncharted territory in the
lag calculation

e Short GRBs are particularly hampered (fewer
counts and spectrally harder than LGRBsS)

A The unrivalled effective area above 300 keV
7 of Insight-HXMT holds a great promise



Short GRB simulated
profiles and
corresponding CCF-
estimated lags



FRED: simple exp model
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Counts

Assumed hard-to-soft evolution
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Simulated short GRBS (single-FRED shaped)

Fluence[cgs] 8e-7 le-6 2e-6 5e-6
T90 [s]

0.84
(tr=0.1s,
td=0.25 s)

0.40
(tr=0.05s,
td=0.12 s)

» =improving S/N

Fluence are in the 10-1000 keV (Fermi-GBM band)
HXMT background rate: ~6000 cts/s



Mid/bright Fermi/GBM fluence distribution tail
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Short GRB Fermi/GBM T distribution
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Simulations in a nutshell

 Energy bands:
e Fermi/GBM: 50 - 300 keV
e HXMT (GRB mode): > 300 keV

e Min time binning: 10 ms (we binned up as imposed by S/N)

* For each combination of (pulse duration, fluence):

e Simulate 1 GBM (50-300 keV) and 1 HXMT (>300 keV) profile

» Calculate true (=without stat noise) lag

« Simulated profiles are added Poisson noise (including bkq)

 Each profile is smoothed with a Savitzky-Golyay filter (to avoid
extra variance due to 2"-order realisations) and used to
generate 1000 fake profiles for each instrument

« 1000 CCF are fitted with a cubic and the resulting lag
distribution yields the best lag along with 1, 2 sigma (Gaussian)
uncertainties.
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Results:
Fermi/GBM vs. HXMT
CCF



Example of CCF of simulated profiles

Best fitting cubic (F=5e-6 cgs, T..=0.40 s)
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Lag distribution (for a given set of simulated CCF)
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Estimated & true lag vs. fluence
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Estimated & true lag vs. fluence

Pulse 2 (T,,=0.40 s)
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Conclusions

« Joint analysis of HXMT-HE (GRB mode) with either Swift-BAT or Fermi-
GBM will greatly improve constraining Ep and high-energy index for
long GRBs. Gain insights into:
 GRB physics (still don't know what makes gamma-rays)
 GRB as cosmological probes through Ep-Eiso (Amati) relation

« Joint analysis of short (hard) GRBs:
 Help characterize and possibly find different classes (soft SGRBs,
such as GRB170817A associated to GW170817)
 invaluable probes of binary NS-NS mergers coupled with gravitational
waves!

« Spectral lag is a unigue empirical parameter for the short vs. long (i.e.,
merger vs. collapsar) classification

 Its measure is challenging as it crucially demands lots of counts
especially in the hard energy channels

* Insight-HXMT can fill in the current lack of lag-related studies above
300 keV
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AB magnitude

SGRB 130603B: KN evidence in afterglow
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Short and Long GRBs:two
families (at least) -
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Real data: background looks way better
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Ep: key to GRB physics and as a cosmic ruler
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Comeback of sub/photospheric models

* Recently, so-called (sub)photospheric models gained more credit
compared with the traditional internal shock model (in which the
prompt is produced at R >> - through shocks that convert

Kinetic into radiated energy)

» Establishing the presence of (sub)dominant photospheric

components (BB or BB-like) in time-integrated (resolved) requires a
precise measurement of all components

* A large effective area coupled with broadband spectroscopy
capabilities becomes a must - HXMT
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A sensitive, broad-band coverage up to few MeV is crucial -especially for intermediate
fluence GRBs- to assess the presence of dominant/subdominant thermal components in
addition to typical non-thermal (PL, Band) spectra



Thermal emission in GRB160107A precursor

e TE
MAXI/GSC 2-20 keV

[Counts/s]
=
I

HXM 7-25 keV

Dot |

MAXI/GSC

[Counts/s]
normalized counts s ke-

107 E HXM1

G
A

' R 0 ' — _m
200 SGM 100-230 keV 3 Energy (keV)

! 1 1 | 1 !
T T T T T T
HXM 25-50 keV

€100 E

[Cou
=

200 ¢ HXM 50-100 keV

{data—model Verror

[Counts/s]
=)
=

[Counts/s]
=)
=

R Fig. 5. Time-averaged spectrum of the prior emission with a best-fit

0 .
WJ ummlu.minmmmlmt niuL kb ot mudlumluhu.lu PL + BB model. The black, red, and green points are the MAXI/GSC, the

100 MM SGM 230-450 keV 1 HXM1, and the HXM2 data, respectively. The best-fit model is PL + BB.
0 . MAXI + CALET

[Counts/s]

-100 | 100 200
Time since the CGBM trigger time [s] (2016-01-07 22:20:43.20 UT) (Kawa kubo+ 2018)

A large effective area at several 100 keV is key to assess the plausibility of a multi-
component modeling



Photospheric emission: different evolutions
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A possible thermal component may show up in
different ways:

(1) throughout the entire GRB as a dominant
component (class I)

(2) just at the beginning and then fade away
(class II)

(3) Throughout the entire GRB as a subdominant
component with a few % fluence (class Ill)

(Ghirlanda+ 2013)



Observed ensemble
properties of GRB
prompt emission
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Observed fluence (10 keV -1 MeV) distributions
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Observed fluence (10 keV -1 MeV) distributions
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Simulations

Response
Function:

* total 18 Csl units
*« 200 keV - 3 MeV
* 256 energy chan

Effective Area (cm2)

Direction: 135 deq (rear)
HE mode: GRB

theta = 135 deg
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(Kindly provided to us by Shaolin Xiong on Feb 2017)




Fractional error on E}1=
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Time-resolved Ep: the HXMT added value

E, (keV)

1000 [

- Fermi/GBM
. Fermi/GBM + HXMT

100

-

GRB 080817: with vs. w/o HXMT (from Yu+16, A&A)

1077 107°
Flux (erg ecm™ s7!)



Net count rate [c/s]

Leahy Power

Simulated LC (HXMT vs Fermi-GBM)
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Expected Detection Rate: ~200/yr

Significance | GRB mode | Normal mode
(sigma) GRBs/year GRBs/year
Front | Back | Front | Back
5 70 1 30 89 145
1 40 110 50 135
20 20 30 25 [ 15
~30% short

~50% in common with Swift
and/or Fermi and bright enough
to enable spectral analysis



E, (keV)

E, (keV)

E, (keV}

What is the (spectral) lag?

“Sort of delay between time profiles of the same GRB as seen in different

energy channels”
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Lag-Luminosity holds for Swift long GRBs as well
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Swift GRBs (BAT data): 100-150 keV vs. 200-250 keV (rest frame!)




Lag is likely a key parameter connecting prompt and afterglow

Salmonson & Galama (2002)
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Lag-Luminosity extended to X-ray flares in the X-ray afterglow!
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Why do we care about lags?

While physical relevant, there's no exhaustive self-consistent explanatign

Two main explanations: 6&;\(‘@
* Intrinsic (=within fluid-comoving frame) spectral evolution o°°
« Kinematic/geometric (Doppler factor — Lorentz factor as the Wparameter)
ot
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Possible connection with jet/viewing angle

1

Lag-Lum as the result of combination of:

e . %i

1) fireball slowing-down (affecting both relativistic beaming

and Doppler boosting)
2) viewing angle
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