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Swift Gamma-ray Burst Explorer Mission

B NASA’s Medium-Class Explorers (MIDEX)
— Jan 1999: Selected for Phase A study
— Oct 1999: Selected for flight
— Nov 2004: Launch

B International collaboration (mainly US, UK and Italy)

— Burst Alert Telescope (BAT): New development at NASA/GSFC and
LANL

— X-ray Telescope (XRT): Mirror (JET-X FM unit), CCD (XMM-Newton
EPIC MOS); PSU, INAF and UL

— Ultra-Violet/Optical Telescope (UVOT): Copy of XMM-Newton OM; PSU
and MSSL

B Successful mission extension \
— 2016 NASA Astrophysics Senior Review ranked #1!

13 years on orbit!!
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- Burst Alert Telescope (BAT) — UV/Optical Telescope (UVOT)

Aperture: 30 cm (XMM OM)
Det: MCP+CCD (XMM OM)
ORitsaz FOV: 17" x 17’

7 filters (UV - Opt)+2 grism

Optical

Radiator

UVOT  XRT

> 4 B i 1.4 |

E_range: 15-150 keV (15-350 keV)
Det: CdZnTe (4 x 4 x 2 mmd) E_range: 0.3-10 keV

# of detectors: 32,768 (256 x 128) Focal Length: 3.5m

FOV: 120 deg x 90 deg Det: X-ray CCD (XMM MOS)
Pos: 1’ -3’ FOV: 23" x23°




BAT Operation

B HYV is on for all time

B BAT flight software does not process the data
when the total count rate > ~16,000 c/s

B BAT on-board trigger 1s off during a high
count-rate (>~16,000 c¢/s) and a slew

B BAT fraction of observing time

— ~78% (Off time of 2015: 14% slew + 8% high
count-rate)

B Number of enabled detectors: ~20,000 (60%)
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BAT GRB Demographics (wiencta. 2016

e 1006 GRBSs (from GRB 041217 to GRB 151027B)
(e.g., BAT 2" catalog: 476 GRBs)

850 Long GRBs | (84%)

90 Short GRBs | (9%)

1006 GRBs 12 Short GRBs with
extended emission

16 Ultra long GRBs | (1%)

66 unconstrained duration GRBs | (5%)

(Long GRB: Ty, =2 s Short GRB: Ty, <2 5)
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Duration Distribution  inetal 2016
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‘GRB detection’ of BAT requires
the localization of a GRB
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Short on short GRBs in BAT

(Sakamoto et al. 2010 (@ Annapolis)

BAT:  10% S-GRBs (90% L-GRBs)
BATSE: 25% S-GRBs (75% L-GRBs) ~ Prelmunary

Factor of 2.5 small # on S-GRBs in BAT

BATSE BAT
- Rate trigger - Rate trigger
- Imaging

BAT SNR

VS.

BATSE complete spectral catalog

: . S E 306 BATSE short GR].3$
(Goldstein, Preece & Mallozzi) 36 BAT short GRBs

0.01 0.1

BATSE short GRBs Band spectral parameters Too [5]
v

BAT energy response (30¢) + background Majority of the BATSE short GRBs

! 1S too faint in BAT
Simulate BAT fg/bg spectrum SNR
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Small number of short GRBs in BAT samples

Number of BAT GRBs vs. Partial coding fraction
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Short GRBs are difficult to localize below partial coding
fraction of 0.3 Smaller effective FoV for s-GRBs
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Hardness vs. T90 (Lien et al. 2016)
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Hardness of S-GRBs?

o BATSE Long GRBs
* BATSE Shart GRBs

Hardness

Too [s]

Fermi GBM (Paciesas et al. 2012)
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(Sakamoto et al. 2006)
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“Clear anti-correlation between hardness and Ty,,”
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PL: Photon index distribution (i 201

 (mmm All GRBs

Number of GRBs

-1.0 —6.5

Bl Long GRBs <BAT Photon index> ~ -1.6
Estimated E ;- ~85 keV
(Sakamoto et al. 2009)
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S(50-150 keV) vs. S(15-50 keV)

Epeak:
100 keV
L] L] L] llllll L] 1 llllll' Ll L] lllllll L] L] lllllll.\’ﬁ'l

Epeak -
30 keV

A
L1 1 1111 AV

T Illlllll
1 llllllll

L 1 lllllll

[
a
5
£
D)
O —
~
>
Q
-~
O
e
—
1
)
A
—
N

Long GRB
Short GRB

L L lllllll

1078 1078 1073
S(15-50 keV) [erg cm™?]

17111122 AR N—RAMRR D FHiE@ICRR




S(50-150 keV) vs. S(15-50 keV)

Epeak -
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T T T T rrrr T T T rrrry T T T T rrrr T T lllllll,\/"l
I D
- . ‘/‘
> .
+‘o¢;( .
R A

’1'.:0 + 7/
52 s + 7

™ /-

Epeak -
30 keV

~

AN
N
1 L1 1111 N1

[
a
5
£
D)
O —
~
>
Q
-~
O
e
—
1
)
A
—
N

\ ! T IIIIlIl

L S —— hl
10 10 10 10
S(15-50 keV) [erg cm™?]

17111122 AR N—RAMRR D FHiE@ICRR




S(50-150 keV) vs. S(15-50 keV)
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S(50-150 keV) vs. S(15-50 keV)
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S(50-150 keV) vs. S(15-50 keV)
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Summary

B BAT i1s fine. Swift 1s in very good shape
after 13 years on-orbit.

B Short on short GRBs in BAT. Require
many photons to localize GRBs. The
effective FoV for short GRBs 1s narrower.

B “Short GRBs are hard” needs to be caretul
about the actual meaning.

B BAT detects relatively soft GRBs
comparing to that of BATSE
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Global Properties of
Swift X-ray Flashes

(Katsukura, Sakamoto et al. in prep.)

17111122 AR N—RAMRR D FHiE@ICRR




X-ray Flashes and Classical GRBs
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Classification of GRBs

BeppoSAX “XRFs: Detected by Wide Field Camera (WFC), but not by
Gamma-ray burst monitor (GRBM)”

HETE-2 log (Sx/S,) >0 XRF

(Sakamoto et al. 2005) —0.5 <log (Sx/S,)=0 XRR
log (Sy/S,)=-0.5 C-GRB

(Fluence in 2-30 keV : Sy, Fluence in 30-400 keV :S,)

Swift/BAT
(Sakamoto et al. 2008)

a=-1,p=-2.5, Ep=100 keV
S(25 — 50 keV)/S5(50 — 100 keV) < 0.72 C-GRB
@ S(25 — 50 keV)/S(50 — 100 keV) < 1 XRR (1
S(25 — 50 keV)/S(50 — 100 keV @ XRF
ao=-1,p =-2.5, Ep=30 keV
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Sample

B Classified sample

— 745 Swift detected GRBs (April 2005 — January
2014) (cf., Sakamoto et al. 2008; total 158 GRBs)

B Spectral analysis sample
— 26 XRFs, 50 XRRs, 18 C-GRBs (35 known-z)
(cf. Sakamoto et al. 2008; 10 XRFs, 17 XRRs, 14 C-GRBs)

XRF 081007 XRR 120927A GRB 110625A
Tl ;;Tl e AL I 1‘:’::4 KFiMI oM
- LM J\ T - 4 ? g BAT
6.5i13g6{|1+)+k‘€\+fm" I * 60+(+8+/_%) |ke\m HMM 555%17)/ 15) kév
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Fluence ratio Distribution

C-GRB| | XRR XRF
(38.6%) | | (57.9%) (3.5%)
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obs vs. S(15-150 keV)

peak

XRR
C-GRB

o Constrained Band
o CPL

a Band

% joint—-CPL

I joint-Band

L ) | bl
107 10-¢ 10~
15-150 keV energy fluence [erg cm™]
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X-ray Afterglows at Observer’s Frame
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X-ray Afterglows at Source frame
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0.3-10 keV luminosity at T+200s [10* erg/s]
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- Lower X-ray luminosity for XRFs comparing to that of C-GRBs
- Shallower decay index for XRFs comparing to that of C-GRBs
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Prompt vs. X-ray Afterglow

T+10 hours
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- Similar X-ray luminosity between XRFs and C-GRBs
- No difference 1n decay index between XRFs and C-GRBs
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X-ray Light Curve Properties

XRR/C-GRB

-l t2

200 s 10 hours

Time [s]
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Discussion (1)
Variable Opening Angle Jet model (Lamb et al. 2003)

- L~ (AB2L,

1SO
- Li, ~ E ca” (Yonetoku relation)
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Discussion (2)

Off-axis jet model (Yamazaki et al. 2002, 2003)
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No rise and peak light curve seen in XRFs
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Summary

B BAT XRFs are ~3.5% of the entire GRB
samples.

BBAT XRFs: A lower X-ray luminosity and
a shallower decay index at T+200 s; a
similar X-ray luminosity and a decay index
at T+10 hours comparing to those of C-

GRBs.
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Electromagnetic Counterpart

Search of Gravitational-wave Events
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Characteristics of Instruments

Field of view Typical Sensitivity

~10” erg cm s°! Prompt data
(15-150 keV) around T,

5x 101 erg cm™ s! =i
(0.3-10 keV; 1 ksec)| FOHOWUP

UvoT 4o ~20 mag (v; 200 s) | Follow-up
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Available Data for EM Search

B BAT on-board trigger
— Automatic XRT/UVOT Observations (T,+~100s)
— BAT event data (T -250 s — T,+1000 s)

B Target of Opportunity (ToO) observation

— Fast ToO 1s possible (within an hour)

— New X-ray (XRT) and UV/optical (UVOT) data of the
field

— Possible tiling observation

B Regular operation

— BAT: raw light curve data (64 ms, 1.6 s), scaled map data
and survey data
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BAT EM Counterpart Search

Semi-automatic analysis pipeline (internal web site)

Example of GW 150914

BAT FoV and
LIGO error region

BAT FOV

Dec. (2000.0)

R.A. (2000.0)

17111122

Raw light curve (64 ms)

200 400
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©» 400
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Time since TO (TO = 463917060.133s) [s]
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d-rate dat:
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Raw light curve (1.6 s)

— 50-100 keV

— 100-350 keV

200 400
— 15-350 keV




Automatic Tiling Observation

Automatic tiling observation capability
(Part of the BAT on-board software)

- Try to observe all N tiles 1n the first orbit
- Continue observing until the requested observing time (min exp/tile = 60 s)

Tlhng patterns  (figures from J. Kennea)

4-tiling 7-tiling 19-tiling

A RA (deg)

Required tiling pattern Required tiling pattern
to cover 1° diameter to cover 2° diameter
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Abbott et al. 2017

Normalized amplitude
2

GW 170817 s

LIGO-Hanford

LIGO-Livingston

Gravitational-wave event
from BNS merger!

Frequency (Hz)

-20 -10

Time (seconds)
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GW 170817: BAT Observation

(Evans et al. 2017)

- Nothing in the BAT light curve at
T,(GW)

- GW 170817 error region was
covered by the Earth
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Association of
GW 170817 and GRB 170817A?

GW 170817/GRB 170817A (Abbott et al. 2017) GRB 170817A (Goldstein et al. 2017)

2500 1 Lightcurve from Fermi/GBM (10 — 50 keV) ‘ i n IPN (FeMI-GBM/INTE e
2250 4 | ﬂ Earth = LIGO/Virgo

2000 1
1750 43

1500 4

Event rate (counts/s)

1250 A

1750 1

1500 4

1250 4

1000

750 ‘1
Lightcurve from INTEGRAL/SPI-ACS
120000 4 (> 100 keV)

o
=
3]
3
)
=
€3]

117500 4
115000 LA W1 71 T, | 1N Tl ofl 2 Al lacth | o %% T90:2.0 +-0.5s

112500 A

Event rate (counts/s)

FNE Gravitational-wave time-frequency map

Probability of
S-GRB class:
72%

Spectral Hardness
Classification Probability

Frequency (Hz)

4 2 0
Time from merger (s)
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Real Signal?

GW 150914: Fermi-GBM confused the entire community

Connaughton et al. 2016 Greiner et al. 2016

—
0
S~~~
%]
+—J
c
>
o
9]
[
x
=]
—

1200 -

Nal+BGO —— background

N total
150+ e RMFIT

— VC 2016
1100 | MLEFIT

1050 -
1000 -
950 -

900 -
2

relative time [s] Time [s]

Detection Non-detection

Fermi-GBM (Scintillator) detects both photons and particles.
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My personal view of Fermi-GBM data

grb17081Fa_gbm_nail 25_1s.txt 1s binning
£T T T T I T T T T I T T T T T T T T T T T T T T

Nal 1

lllll!lllllllllllllll

I

Nal 2

' Il Il
T

Nal 5

lll[llll'l‘llllll

| 1 1 1 | 1 1 1 1 | 1 1 1 |

=50 0 50 100

Since Fermi-GBM trigger time [s] kot 20-0ct—2017 10:27
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Swift Follow-up Observations

(Evans et al. 2017)

. Ty*1 hr: 37 tiling at the center of the Fermi-GBM position
. Tyt4.6 hr: (LIGO single sky map + GWGC) & Fermi-GBM location
. Ty+t7.4 hr: LIGO three detector sky map + GWGC
. Ty+14.4 hr: Follow-up on EM 170817
- UVOT detections in all filters, but no XRT detection
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UVOT WorkS! (Evans et al. 2017)
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Chandra detection of X-rays from EM 170817

(Troja et al. 2017)

Hubble (T,+1 day) Chandra (T;+9 days)

N

GW170817 GW170817
® o 0, ~28° 6, ~ 15°
E E J

T
!
|
!

. |
|
!
!
|
L

l' NGC 4993 NGC 4993 -
0.5-8.0 keV

22 August 2017 i 26 August 2017

Vi

T,:2.2 d: Non detection
T,+t9 d : 12 photons

: (4.0 +-1.1) x 10 erg/cm2/s
T,+15 d: 17 photons

: (5.0 +-1.0) x 10- erg/cm2/s ] 55 e

Time since gravitational-wave trigger (days)

Slowly rising: t0-
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Off-axis GRB Afterglow?

(Troja et al. 2017)

Jet opening angle:
On-axis Gj =15 deg
observer Viewin le:
0, =0° g anglc:

0, =28 deg

Luminosity

Consistent with late-time
rise in both X-ray and radio

Standard uniform jet:
| : Prompt GRB emission
ntermediate-angle

.. Observer should be fainter than GRB
DN 170817A

GW170817 T
Gaussian jet:

Consistent with the data

Luminosity

Luminosity
—
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Future Prospect
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High-sensitive Wide FoV X-ray Survey

B 16 GRBs (Vela) > 2700 GRBs (BATSE)
B A few degree (BATSE) —— A few arcmin (BeppoSAX)
B A few hours (BeppoSAX) —— A few minutes (HETE-2)

B A few arcsec 1n a few minutes (Swift)

1.5 — 2 order of magnitude deep survey with wide FoV

Soft X-ray: Lobster eye optics + X-ray Imaging sensor
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Lobster eye Telescope: optics

Micro-Channel Optics (MCO)

- Photonis Inc.
- 40 x40 x 1 mm MCO tiles
- 8 x 8 arrays of tiles (Lobster mission)

Unreflected rays
regte di
ackground

40 x40 x 1.2 mm (R 600 mm)
MCO purchased from Photonis (12K Euro)
@ AGU

0
X offset (arc min)
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Lobster eye Telescope: sensor

Large format CMOS camera
- Operate at room temperature (unlike CCD)
- Very fast readout: ~1 ms (unlike CCD)

Namkage et al. (20 | 7) histogram of varid event

>
1x1 pixel event rate : 288% 3
BackSIde lllumlnated CMOS; valid 3x3 pixel event rate : 46.4 % S;
S &

valid event rate : 752%
2K x 2K -
FWHM of 1x1 event : 164.7 [eV] s
FWHM of valid 3x3 event : 341.8[eV]
FWHM of valid event : 241.6 [eV]

# of photon

Escape peak
(A=-1740 eV)

Excellent energy resolution
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Sensitivity
@ 100s exposure
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TAO-ISS

PI: Jordan Camp (NASA/GSFC)

Instruments
- Wide-field Imager (WFTI)

Micro-Channel Pole (MPO) optics with CCD
focal plane (Angel 1979)

45 cm focal length (30 cm)

FoV: 20° x 20° (28.5° x 28.5°)

Sensitivity: 10-1%erg cm= s (20 s),

10-2erg cm? s7! (10 ks)
Energy range: 0.3-5 keV
Localization accuracy: ~1’

- Gamma-ray Transient Monitor (GTM)
- 2 x Fermi-GBM Nal detectors

- FoV:~2n

- Energy range 10 keV — 1 MeV

Selected for 2016 NASA Explorer MoO phase A study!
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Gamma-ray Bursts in
the Gravitational Wave Era 2019

Targeting date: November 2019
Candidate place: Yokohama, Kanagawa
Funding support by Yamada Science Foundation
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Neil Gehrels (1952-2017)

Nei1l’s memorial scientific conference: May 21-22@ D.C.
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