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Searching for Counterparts of Neutrino Events with MAXI
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Intfroduction

« MAXI/GSC observations of IceCube-160731A

2017/3/3

ATel #9313; H. Negoro, et al.; on 4 Aug 2016; 01:14 UT

Y\(/s%;g]pgr’r on MAXI/GSC observations of the neutrino event IceCube-

A1 02:32 UT on 2016 July 31 (about 37 min after the IceCube event
trigger), MAXI/GSC scanned the error region of the event at (R.A.,
Dec) = (214.54, -0.33) with a radius of 0.75 deg. No significant excess
emission was detected from the region, and we obtained the 2-20
keV 3-sigma upper limit of 0.104 photons/cm2/s (corresponding to
approximately 32 mCrab) for a point source at the above position.

We also investigated transient events around the region from 2016
July 20 to August 3, but no significant events were found. A typical 2-
20 keV 3-sigma upper limit for one day was 0.03 photons/cm?2/s (~9
mCrab). MAXI continues to observe the region every 92 min.
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MAXI Instruments

MAXI (Monitor of All-sky X-ray Image)
Observation started in August 2009

Two science instruments
» Gas Slit Camera (GSC) 2-20 keV
« Solid-state Slit Camera (SSC) 0.7-10 keV
« GSC has larger effective area and covering fraction

Large FoV/Observe whole sky
« MAXI can cover entire error region even if the localization is not accurate

Always monitoring
+ The data before the trigger are available

Alert system is available
« Transient events can be found automatically
» Real time alert via MAXI mailing lists

2017/3/3 RILFAVE DY —RNEREEQTEKRE 4




Field of View and Scan

Zenithal FOV.

« Two FoVs (3 x 160 deg)
« about 2% of the whole sky

* 92 min orbit

Horizontal

FOV

Axis of c
Space Station MAXI DIRE .
Orbir MAXI's Ficld of View
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Orbit and Operation of GSC
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MAXI
NOVA-ALERT

SYSTEM




MAXI/ISS

=3

» r

» '.: < .f,<“ '

ot 1 '"_‘ -

ey v
—

3 v i) 4

I8 n
I

MSFC(US)
RIKEN

TKSC/JAXA Web server

Nova-Alert g

Internet Alert (normal)

MAXI Database
(store/process)

Alert (high priority)
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Novasearch + Alert System

* Novasearch: pick up pixels with flux excesses

« generating light curves for each HEALPix pixel
(4 energy bands, 8 fimescales)

* selecting the pixels with increasing flux
» sending "trigger” information to Alert System

» Alert System: select significant events

« excluding bright variable sources, solar events,
particle events, etc.

« combining the information from Novasearch and
judging "significance”
» sending alert/warning mails and running quick look tool
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Automatic/Manual Alerts to ML

* MAXI mailing lists :
5 categories
X-ray star, new-transient,
AGN, nova-cyv, supernova

* "ourst” (highest
significance) events are
directly sent from Alert
System

« otherwise send manually
after the check by duty
scientist (%)
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Images and Alert Mail

Lightcurve

[Text  |Link to file s A
[FG/BG |Link to file

before trigger

from: 2017-03-01T23:09:36  from: 2017-03-02T00:42:13
:21:30 to: 2017-03-02T00:54:09

Event Fits

Fits : Link to fits

Script : Link to xselect script
Past Variability

maxitime (ut)

Start

541703445.598

camera
mage event
angle
541697207.717 541 697888.530 link to Iclink to evt
(2017-03-01T15:26:42) |(2017-03- OTT153803) 57.6

541702760.994 link to Ic|link to evt
(2017-03-01T16:59:15) ((2017-03-01T17:10:40) 57.9
541708318.177 541709016.993 link to lcllink to evt
(2017-03-01T18:31:53)((2017-03-01T18:43:31) 58.2

541713872.701 541714567.110

link to Ic|link to evt|®
(2017-03-01T20:04:27) (2017-03-01T20:16:02) i tochink o ev

541720126.045

Q@FEXF

58.4




MASIV and “MOXI(B#Rt+)”

* MAXI All Sky Image Viewer

* Web interface for finding transients by visual inspection from MAXI
all-sky image

GSC Norma
GSC AC3

- timescale -

-back&forth-
[ prov | e |
-size/cursor-

Fit 2fit

Marker-off

Cursor-off
- variations -
Catalog
Color

BackGround
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DPTC 1172456693-1172462213
17/03/02 02:24:37 UTC
- 03/02 03:56:37 UTC
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Galactic 1scan,RGB

Master: 170302j
la170302-035637-1scn.jf
Slave: 170302j
la170302-035637-1scn.jf

a=[__|
6= | E=m

1=
b= | mzm

— )

data load status.
Loading 100%/ 100%
ImgList 0:0K/ 1:0K
DirList 0:0K/ 1:0K
Catalog : OK(1024)

fluxOption




Localization of Transients

o O " typical scan transit

i g 40-50 sec

™

detector
3 deg
constant source
PSF of a constant source QE) +
= olf uncertainty
+

large systematic error
for short transients short transient
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SENSITIVITY &

COVERAGE




Exposure and Sensitivity

» No significant source was detected
— upper limit

* (1) report typical upper limit of Nova-Alert System
 (2) calculate from the background counts

time 1scan | 4orbit | 1day | 4days

scale
2-4 keV 80-120 50-70 25 ¢
rom
4-10 keV 100 35 Negoro et al. 2016

Typical 3o upper limit (MCrab) by Nova-Alert System
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Exposure and Coverage

« GSC covers

85% of the sky in 92 min
925% 1 day
100% 3 weeks
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1 orbit (~92 min)
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1 day after the detection

e

90-75
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OBSERVATIONS

OF TRANSIENTS




MAXI| GRBs : 70 events in 7 years

observed by other instruments? —  yes: Q)

no: ‘

http://maxi.riken.jp/arbs
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MUSST: MAXI Unidentified
Short Soft Transient

« only detected in 2-10 keV

 NO detfection in the next
scan

» no detection in Swift/XRT [ ST S—.———

follow-up P W
I i | | | :
S i i

Lo | S

I7ﬂ|e —

228.0 227.0 226.0 225.0 224.0 223.0
-60 -40 -20 0 20 40 60

= . Jk Right ascension sec
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MAXI GRB and MUSST
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© 8-20keV/2-8keV

10° 107
average flux [ergs/cm2/s]
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all GRB+MUSST

counterpart
(candidate)

O: yes

AV no

[ no follow-up

hardness is not available
for MAXI J1501-026
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short hard emission in GSC

e normal: 1-2 cameras * hard: all cameras
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SEARCHES FOR
NEUTRINO EVENT

COUNTERPARTS




lceCube-160/31 & 161210

* lceCube-160731(ATel 9313)

» First scan
- 37min after the trigger
« 2-20 keV 3-sigma upper limit
0.104 photons/cm?2/s
» from July 20 to August 3
* no significant event

« 2-20 keV 3-sigma upper limit
0.03 photons/cm?/s (one day)

* lceCube-161210(GCN 20248)

* First scan
* 12min after the trigger

* 4-10 keV 3-sigma upper limit
20 mCrab

. I ! ; 2-20 keV
| _gﬁ ol Bt . -30 - +5 hour
A
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Summary

* MAXI's strong points

¢ Real time alert

« Data before the trigger are available
* Upper limit (3o, 4-10 keV)

* 100 mCrab for 1 scan, 1 5mCrab for 1 day
* Observationsin 2016

* lceCube-160731: first scan observation started 37 min after the trigger
* lceCube-161210: first scan observation started 12 min after the trigger
« upper limits are reported to ATel/GCN
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MAX| on-demand data

MAXI on-demand process

MAXI Top About This Page, Notes Coordinate Converter

Click “"On-demand” button on Basic Information

e Position (J2000)
(R.A., Dec)= 83.633, 22.014 Jump
Search by Name Search

e TargetName (used for a filename not for position)

O r Your_Target

e TIME
MID or date (e.g. 2009-08-15T12:34:56,
Aug 15 2009 12:34:56 ...)

from ss200.0 to ss20s.0

e Light Curve Time Bin

1.0

e energy bands for LC and image
GSC bandl 2.0 6.0
GSC band2 s.o 20.0

USE SSC
SSC bandl o7
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