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* Optical data Analysis (ROTSE)

* First Results (first year of data)
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AR NENIVANGs

Fireball Shock Model (Meszaros, Rees 1994)
 Internal shocks: Collisions within jets — y-radiation

 External shocks: Collision with interstellar medium
- Afterglow (radio, X-ray, optical)

EeV Neutrinos from external External Shock
Shocks (afterglow)
[Dermer 2001] Internal Shock the surraundlng medium

[Waxman & Bahcall, 2000] i b
PeV Neutrinos from internal
Shocks (prompt) \
[Waxman & Bahcall 1997] , .

[Gupta & Zhang, 2006]
[Murase & Nagataki 2006]

TeV neutrinos from inside the 4 *llapse

star (prescursor)
[Meszaros & Waxman, 2001]
[Razzaque et al. 2003]

~10"%cm




dicli—=nzreit SN eLiiziigs

« GRB-SN connection

« Core-collapse SN with soft relativistic jet

stellar envelope
internal

.-~ shocks ~-.

ce\‘r‘itlral engine (BH)

Razzaque, Meszaros, Waxman

> infall - > < (Mod. Phys. Lett. A 20, 1998)
accretion disc Ando, Beacom (Phys. Rev. Lett.

95, 2005)
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reconstructions
Latency: ~2 MKz
6 hours in the past —
Now: ~ 5 minutes almost neutrino level

Purity: 37% (IC40), 70% (IC59)



l\’lb(\TlP\lOl'H} [ rlefel2y

Requirement: At least 2 neutrinos
- Reject background of atmospheric neutrinos
— 25 doublets per year

Neutrino Bursts from SN or GRB — Coincident in

time space
Time between events Angular Difference between
AT<100 s reconstructed directions A¥Y < 4°
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Data from 18.Dec 2008 until 31.Dec 2009

Multiplicity Measured Expected
(scrambling)

IC 59 Doublets 15.66
IC 59 Triplets 0 0.004

Only IC results:
deviation from
expectation,
p-value 3.5%
significance 2.1o0



Searching tor Optical
- Counterpart with ROTSE +

Robotic Optical
Transient Search
Experiment

RUSSIA

Antarctica

4 x 0.45m
FoV: 1.85° x 1.85°

fast follow-up

fully automated system




O Optical Analysis

From 18.Dec 2008 until 31.Dec 2009: +

31 alerts with dec>0 forwarded to ROTSE
5 t00 close to sun
7/ too close to galactic plane or too crowded

2 only have bad data
17 good alerts ‘

+




Observation Schedule of
¢ IceCube Follow=Up

First night: Following ROTSE Following 24 nights (14 initially):
scheme of afterglow detection: Ten 60s exposures
thirty 60 sec exposures

GRB afterglow: power-law decay SN lightcurve: slowly rising
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O Image Subiraction

For each alert:
several nights of
observations

Subtracted images
for each night

Reference
Image

night1
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M night ... Many “candidates” in
: : each night
Image subtraction algorithm (Yuan, Akerlof 2008) :
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0 Optical SN Signal Simulation

Insert fake supernova to raw ROTSE images
Require candidate to be detected in at least two nights - light curve

core-collapse SN template inserted template SN to ROTSE data

light curve
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Trained BDT —» Remove ~90% of bad candidates
Remaining candidates scanned ,by eye*
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Data from 18.Dec 2008 until 31.Dec 2009

T Multplicity Measured  Expected |

~lc40 Trplets 0 0003 |

IC 59 Doublets 19 15.66
IC 59 Triplets 0 0.004 )
Supernovae 0 0.074

Only IC results:
deviation from
expectation,
p-value 3.5%
significance 2.1o0



Core-collapse SN
with jets (Ando &
Beacom)

Model

Parameters:

 Rate of core-
collapse SN
with jets, p

. Jetenergy Ejet

e Lorentz boost
factor, I

log, (p/(Mpc™ y)

50 505 51 515 52 525 53
log : Ut[EJ_'Et [erg])

A sub-population of SN with typical values I' = 10 and of
SN 3x10°'erg does not exceed 4.2% (submitted to A&A)

J
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well-reconstructed Trigge_r : i
muon events Muon Filter « Extension of optical follow up
Online L2 with PTF (Feb. 2011)
| e Extension to X-rays with Swift
almoslteCE()elutrmo OFU Level (Aug. 2011)

~3 mHz

——________— * Improved neutrino event

. selection with test statistic
Multiplet

Filter ~50 « Likelihood based on angular

— Peryeal —— and time difference as well

as reconstruction quality
LLH based

event

selection

PTF ROTSE Swift
~9 per year ~25 per year ~7 per year




SUmavas

e Optical follow-up running

 with ROTSE since Oct. 2008
e with PTF since Aug. 2011
e with Swift since Feb. 2011

* Results of first year ready to publish
* |C59, IC79 soon to follow
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Improved neutrino event selection with test statistic
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Favors events with
small angular
difference W.
Controlled by recons-
truction quality o
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Punishment
for badly
reconstructed
events
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« LLH based on angular and time
difference between events and on
reconstruction quality

« Selects most signal like doublets
« Energy soon to be included

Rough comparison to version
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Cumulative event fraction
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Tiling needed due to small
FoV of Swift

Currently: One field per orbit

0.0 05 1.0 1.5 2.0
|YI true \Ijreco

Plan: 7 fields per orbit
Swift team is debugging code: test should be one of these days
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Exclude all bad runs

unscrambled
data set

scrambled
data set 1

scrambled
data set 2

Calculate angular difference between two events using
detector coordinates



0 Train BDT

Use signal over noise and geometric parameters (e.g. ellipticity) to train BDT

| TMVA overtraining check for classifier: BDTGMoreStat | TMYVA ‘ Cut efficiencies and optimal cut value ‘
» 22 T 1 1 L LR | T T | |. 1 T 1 IS LI | T T ] Sl nal efﬁcienc —_—— S|gna| purity
° oo F Signal (test sample) Sighal (training sample) 3 9 y ______ Signal efficiency*purity
% /] Background (test sample)  Background (training sample) . Bagkgroupd efflclzlencyl — S/\S«B _ i .
E 18 }Kolmogorov-Smirnov test: signal (background) probability = 0.81 (0.999) _; -E 1 B ' __—f____i__'_ —30 é
= 160 = & T 1 &
’ = = e 5 . 25 €
14 1 e § 0.8 : : L S - 7 3
: 49 R i |
'y 43 & : : : s : .\ 20
K 19 = e e T =
10 L 0E N,
8 s 04
(=] P N S R N
6 e B 110
4 ) C\ : : : : -\
g;’ 0.2 r10003ignaland1000background """""" \ 5
2 S _ eve e maximum S /\'S+B is ' 5 5
,,,,, . . o 29.3463 when cuti 20,4934 ; ; ;
0 = EeiR osivg EorileliSaltinasiantsfil! BoSesSebuinsst! R = 0 11 | cao v ey T —rr———d I 0
08 -06 -04 02 0 02 04 06 038 08 -06 -04 -02 0 02 04 06 08
BDTGMoreStat response BDTGMoreStat output

Remove candidates Number of bad candidates decreases a

with BDT value < -0.5 lot, but still some left to be scanned by
eye
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