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Data Acquisition - Hardware

The detector

IceCube Lab

IceTop
81 Stations

= - 324 optical sensors

IceCube Array
86 strings including 8 DeepCore strings

5160 optical sensors

1450 m —
DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors
Eiffel Tower
324m

2450 m
2820 m

Bedrock

e Configurations before completion: 1C40, 1C59, IC79
o Configurations after completion: C86-1, 1C86-II
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Data Acquisition - Hardware

The Digital Optical Module (DOM)

Penetrator

@ Supernova data acquisition hardware

DOM
Mainboard

L0 i , @ Scalers count every hit exceeding
- — discriminator threshold of ~ 0.25 SPE

@ Hits are binned by scaler in 1.6384 ms
v units (asynchronously between DOMs)

Glass Pressure Housing
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Data Acquisition - Hardware

The Digital Optical Module (DOM)

@ Supernova data acquisition hardware

@ Scalers count every hit exceeding
discriminator threshold of ~ 0.25 SPE

@ Hits are binned by scaler in 1.6384 ms
units (asynchronously between DOMs)

@ Average dark noise rate ~ 540 Hz (atm. muons, radioactivity, .. .)
Artificial deadtime of 250 us — 285 =+ 26 Hz

@ Very stable in time and only slightly varying with depth
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Data Acquisition - Software & Physics Capabilities

SNDAQ

@ Search for MeV-,'s from core collapse SN by measuring collective
dark noise rate deviation Ap

IceCube supernova data acquisition 06.08.2013



Data Acquisition - Software & Physics Capabilities

SNDAQ

@ Search for MeV-,'s from core collapse SN by measuring collective
dark noise rate deviation Ap
@ Supernova data acquisition software SNDAQ:
o rebins and synchronises scaler bins to 500 ms
o calculating Ay which depends on:
o the rate distribution in the 2 - 5 min sidebands (blue)
o number of noise hits in the analysis window (green)

-330s -30s t +30s +330s

e in total 4 analysis: 0.5s,1.5s,4s & 10s
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Data Acquisition - Software & Physics Capabilities

SNDAQ

@ Search for MeV-,'s from core collapse SN by measuring collective
dark noise rate deviation Ap
@ Supernova data acquisition software SNDAQ:
o rebins and synchronises scaler bins to 500 ms
o calculating Ay which depends on:
o the rate distribution in the 2 - 5 min sidebands (blue)
o number of noise hits in the analysis window (green)

-330s -30s t +30s +330s

e in total 4 analysis: 0.5s,1.5s,4s & 10s

@ Significance ¢ is defined as:

& is only ,true” significance if no correlated noise
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Data Acquisition - Software & Physics Capabilities

SNDAQ analysis

e ¢-distribution widened:
o¢ ~ 1.26(1C40), 1.46(1C79)

Number of entries * 10
-
<

data

IceCube preliminary
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Data Acquisition - Software & Physics Capabilities

SNDAQ analysis

e ¢-distribution widened:
oe ~ 1.26(1C40), 1.46(1C79) ¢ o}
EE

@ Offline subtraction using E o
filter rates: o¢ — 1.03 s 11007

Online subtraction planned 1

data_with_muon_subtraction
data

IceCube preliminary

IceCube supernova data acquisition

06.08.2013




Data Acquisition - Software & Physics Capabilities

SNDAQ analysis

@ ¢(-distribution widened: ot muon_subtraction
10557 — data
F —— Huedepohl_Ahlers_NH
o¢ ~ 1.26(1C40), 1.46(1C79) = .| e
M E ———— Lawrence_Livermore_Ahlers_NH
] [ Lawrence_Livermore_Mirizzi_NH
'2 10 IceCube preliminary
o
n . . s 10°
@ Offline subtraction using 5 .
o E 10 v ¥
_ g T
filter rates: o¢ — 1.03 2 N.,“'L"\"“H"”HW
. . I\. f
Online subtraction planned 1 | I _“,',‘,\U N L
-10 0 10 20 30 40 50

@ Very good signal to noise discrimination for different SN models
(Hidepohl/Lawrence-Livermore) & star distributions (Ahlers/Mirrizi)
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Data Acquisition - Software & Physics Capabilities

SNDAQ analysis

e ¢-distribution widened:
o¢ ~ 1.26(1C40), 1.46(1C79)

o Offline subtraction using
filter rates: o¢ — 1.03

Online subtraction planned

Number of entries * 10

E data_with_muon_subtraction
108 ——— data
E ——— Huedepohl_Ahlers_NH
.k —— Huedepohl_Mirizzi_NH
10° — Lawrence_Livermore_Ahlers_NH
F Lawrence_Livermore_Mirizzi_NH
* L
10 IceCube preliminary
10°
10 . ¥ e
AT
sl
‘IJ“III“
Il
1 | T AT | R
-10 0 10 20 30 40 50

@ Very good signal to noise discrimination for different SN models
(Hidepohl/Lawrence-Livermore) & star distributions (Ahlers/Mirrizi)

@ IceCube will provide the world’s highest statistic for core collapse

supernova in our galaxy
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Data Acquisition - Software & Physics Capabilities

Physics capabilities

ol o o @ Separation of different SN
‘ N models in the galaxy
e shown for 1C40 - IC79 and
ol most recent star distribution
; IceCube preliminary (Ah Iers)
10 j |
20 25

10 15
Distance [kpc]

IceCube supernova data acquisition 06.08.2013



Data Acquisition - Software & Physics Capabilities

Physics capabilities

DOM hits per 2ms

| iz Hoto_Aiers N

Huedepohl_Ahlers_NH

mm— Lawrence Livermore Ahlers NH

10°
102
[ lceCube preliminary
10 i i
10 15 20 25
Distance [kpc]
44000[
L —— no oscillations
420000 —— normal v-hierarchy
40000 m inverted v-hierarchy
38000 B85 noise
36000/
34000
s2000f o]
o0l L
30000 S
W arar oy e e
0 0.5 .5

Time post bounce [s]

@ Separation of different SN
models in the galaxy

shown for 1C40 - IC79 and
most recent star distribution
(Ahlers)

@ Separation of inverted and
normal v-hierarchy for
Lawrence-Livermore model
at 10kpc
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Data Acquisition - Software & Physics Capabilities

Physics capabilities

DOM hits per 2ms

| iz Hoto_Aiers N

Huedepohl_Ahlers_NH

mm— Lawrence Livermore Ahlers NH

10°
102
[ lceCube preliminary
10 i i
10 15 20 25
Distance [kpc]
44000[ rwen
L — no oscillations
420000 —— normal v-hierarchy
40000 m inverted v-hierarchy
38000 B85 noise
36000/
34000
s2000f o]
o0l L
30000 S
W arar oy e e
0 0.5 .5

Time post bounce [s]

@ Separation of different SN
models in the galaxy

shown for 1C40 - IC79 and
most recent star distribution
(Ahlers)

@ Separation of inverted and
normal v-hierarchy for
Lawrence-Livermore model
at 10kpc

@ To do: Energy estimation
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Data Acquisition - Software & Physics Capabilities

HitSpooling

HitSpooling = buffering of timestamped hits at SNDAQ trigger
Improving muon subtraction by using single hits
Pinpointing SN start time thanks to nanoseconds resolution

Search for frequency modulations (e.g. due to grav. waves ~ 600 Hz)
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Data Acquisition - Software & Physics Capabilities

HitSpooling

HitSpooling = buffering of timestamped hits at SNDAQ trigger
Improving muon subtraction by using single hits

Pinpointing SN start time thanks to nanoseconds resolution

Search for frequency modulations (e.g. due to grav. waves ~ 600 Hz)

Estimation of mean v-energy:

w
wi
°

o Ratio of the number of "of
nearest-neighbour hits to i
single DOM hits is energy
dependent

20 kpe

N —

L 10 kpe
o 30% energy resolution at ol ~

T — 5 kpe

10 kpc for most conservative
model

P T R
0.015

L
0.02
<E>/GeV
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Data Acquisition - Automating

SN escalation scheme

Supernova Escalation Scheme Dependent Upon Significance S

Monitored via IceCube Live and expert web pages

Automatic signal to SN online External Supernova Page winterovers

g SNEWS reconstruction notification received by Investigate interference
5 (SNEWS, snevent & I3Live) SR T

E-Mail 2 ms binned
data to sn-wg Verify, save & Quick sn-wg
y stage raw data for Skype discussion
JADE

Page winterovers
E-Mail to sn-wg
+Light Curve

E-Mail sn-wg, PI,
1410

Spokesperson, Exec Com,
7410 run_coordination, 13Live, winterovers
7 Group discussion with PI, Spokesperson,
Quickexpert SN Full data check & /; e e e 4
check IceCube Live check ,

g
false false _ ] z T

PI, Spokesperson 7 Lead sends report to Pl
&sn-wg __ Spokesperson,snwg, Exec 7
discuss/prepare 777 Comm, run_coordination /7
pliv |

End Send report to sn-wg

Y % Spokesperson coordinates note within

IceCube & sends worldwide announcement
Spokesperson

announces 4
H
to icecube-c

T+n = event time + mins elapsed GGG A

Rapid Publication of initial paper

Spokesperson initiates telegram to
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Data Acquisition - Automating

Alert Emails and fast analysis

@ Alert emails send to working group at £ > 6
@ Example: highest candidate triggered by SNDAQ at 2013-02-05

trigger timestamp

2013-02-05 UTC 23:46:40
run number

= 121833
significance = B8 = 3.30/0.36
chi-square = [B183 (chi2 probability p is 56.68%, (1-p) is 43.32%)
active channels = 5069
bin width = 1500 ms
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Data Acquisition - Automating

Alert Emails and fast analysis

@ Alert emails send to working group at £ > 6
@ Example: highest candidate triggered by SNDAQ at 2013-02-05

trigger timestamp 2013-02-05 UTC 23:46:40

run number = 121833

significance = B8 = 3.30/0.36

chi-square = [B183 (chi2 probability p is 56.68%, (1-p) is 43.32%)
active channels = 5069

bin width = 1500 ms

e Fast (O(min)) analysis plots available:

m [Run 13:‘1’ 833 cand 3 (5069 rebin 1 (500 ms) |
i S
mn;7 I ] ; wz%M ‘\ JHH L L h W wmwﬂ I JLFW HH
il L Tl d R T
1 el 1 Rk

1 2 30 1 20 3
2013-02-05 UTC 23:46:40 20130205 UTC 23:46:40
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Data Acquisition - Automating

Investigation on atmospheric muons

10
8
s .
. .
20w - = - -
oy - u .
o " . . P . .
2 L .
4
-6
2013/02/05 2013/02/05 2013/02/05
23:46:35 23:46:40 23:46:45
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Data Acquisition - Automating

Investigation on atmospheric muons

\ e For an interval of 1.5
‘ = RZ‘t is risen but not to
.
Y B uncommon levels
-2
P . phit
) @ Rise in R clearly
2013/02/05 2013/02/05 2013/02/05 Correlates to and
23:46:35 23:46:40 23:46:45 . . .
explains rise in &
38000
— 36000 =
[ . . = Online subtraction of
o "ar - . LI .
B 3200 . atmospheric muons
250 needed & planned !
28000
26000
2013/02/05 2013/‘02/05 2013/02/05
23:46:35 23:46:40 23:46:45
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Data Acquisition - Automating

Physics monitoring |

@ Provides important information about the datasets (runs)

SNDAQ Run Summary

leeCube <2013>
Run Start Time Stop Time Duration (s) Gap(s) Deadtime (us) Booked DOMs Dead DOMs Candidates Files’ Status

122699 2013-07-21 23:18:11 2013-07-22 07:18:14  28803.0 last run 2500 5153 82 3 1 ok
122698 2013-07-21 15:16:44 2013-07-21 23:16:47 288035 84 2500 5153 83 1 1 ok
122697 2013-07-2107:15:13 2013-07-21 15:15:16  28802.5 88 2500 5153 83 2 1 ok
122696 2013-07-20 23:13:45 2013-07-2107:13:48  28803.0 86 2500 5153 82 2 1 ok
122695 2013-07-20 15:12:20 2013-07-20 23:12:23 288025 82 2500 5153 81 5 1 ok
122694 2013-07-20 07:10:53 2013-07-20 15:10:55  28802.0 85 250.0 5153 82 3 1 ok
122693 2013-07-19 23:09:29 2013-07-20 07:09:31  28802.0 82 250.0 5153 82 4 1 ok
122692 2013-07-19 23:06:31 2013-07-19 23:08:04 925 85 250.0 5153 0 0 1 partially bad
122691 2013-07-19 15:04:35 2013-07-19 23:04:38  28802.5 113 2500 5153 83 2 1 ok
122690 2013-07-19 07:03:05 2013-07-19 15:03:08  28803.0 88 2500 5153 83 1 1 ok
122689 2013-07-18 23:01:34 2013-07-1907:01:36  28802.5 88 2500 5153 83 6 1 ok
122688 2013-07-18 15:00:08 2013-07-18 23:00:10  28802.5 84 2500 5153 85 3 1 ok
122687 2013-07-18 06:58:43 2013-07-18 14:58:46  28803.0 81 2500 5153 83 3 1 ok
122686 2013-07-17 22:57:19 2013-07-18 06:57:23  28803.5 81 250.0 5153 83 3 1 ok
122685 2013-07-17 22:52:18 2013-07-17 22:54:53 155.0 147 250.0 5153 0 0 1 partially bad
122684 2013-07-17 22:49:22 2013-07-17 22:49:25 30 173 2500 5153 0 0 1 partially bad
122683 2013-07-17 14:47:45 2013-07-17 22:47:48  28803.0 94 2500 5153 83 2 1 ok
122682 2013-07-17 06:46:14 2013-07-17 14:46:17 288025 88 2500 5153 83 4 1 ok
122681 2013-07-16 22:44:47 2013-07-17 06:44:50  28803.5 84 2500 5153 83 5 1 ok
122680 2013-07-16 14:43:15 2013-07-16 22:43:18  28802.5 89 2500 5153 83 6 1 ok
122679 2013-07-16 06:41:40 2013-07-16 14:41:43  28803.0 92 2500 5153 85 2 1 ok
122678 2013-07-15 22:40:09 2013-07-16 06:40:12  28802.5 88 250.0 5153 83 5 1 ok
122677 2013-07-15 14:38:33 2013-07-15 22:38:36  28803.0 94 250.0 5153 82 4 1 ok
129R7R 2M2NT-16NAA7-11 20120716 143713 28802 & 7 2800 SIS 22 1 1 ak
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Data Acquisition - Automating

Physics monitoring ||

@ Examples for run and candidate related physics plots:

total detector rate histo
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Data Acquisition - Automating

Technical monitoring

SPS Supernova DAQ Status

Recent Alarms

SNDAQ Summary

Active (.
channels €""2

Component State RUNNING Significance

Data Transferred 52.5 GB

View recent log messages

sps-2ndbuild Performance:

Memory Usage (percent)@ CPU Usage (percent®

Steering Summaries

ar .dat
Jmnt/data fmnt/data
File  Free (GB) Total (GB) Memery €PU

JRun  Run
Time. Status RUn

¢ pwta B
Number DoMs Rate  Fle, File

1
10
1o
10
1o
10

@ Even more quantities to be displayed soon

@ Technical information:

e details about the

SNDAQ machine:
CPU/memory usage,
disk space, #files
accumulating

o history of recent alerts

o log files of SNDAQ
control scripts
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Data Acquisition - Automating

Supernova early warning system SNEWS

@ Members Super-K, KamLAND, IceCube, LVD, Borexino, SNO(+), ...
send candidates to SNEWS looking for coincidences

o Limited directional information = amateur astronomers
.If you receive a SNEWS alert, get out there and look!*

( http://snews.bnl.gov/amateur.html )

e SNEWS monitoring (trigger threshold: 7.3 = lalert/104):

a SNEWS Monitoring @ Mainz
Datagrams | Tests

lceCube

Type Trigger Time (UTC) Delay (s) Signal Strength (Hz) Significance Timebase (s) Active Channels X Datagram
sn 2013-02-0616:31:15 586 6.0020.93 644 10 5069 5386.76 held
sn 2013-02-0615:56:50 551 1.3020.21 6.26 05 5067 5079.38 held
sn 2013-02-0615:48:16 585 1.29£0.21 623 05 5067 5071.82 held
sn 20130206 14:14:57 544 3.6220.50 611 4 5071 5364.10 held
sn 2013-02-0613:04:49 552 4.16+0.59 699 4 5069 5063.49 held
sn 2013-02-0600:12:30 571 3.60+0.50 6.05 4 5069 5413.90 held
sn 2013-02-0606:47:09 532 2.2220.36 612 15 5069 5140.19 held
sn 2013-02-0606:08:16 706 3.75:0.59 631 4 5069 5168.33 held
sn 2013-02-0606:02:45 556 13320.21 644 05 5069 5127.87 held
sn 2013-02-0603:30:05 536 12520.21 6.03 05 5068 534311 held
sn 2013-02.0523:46:40 1401 3.3020.36 0.09 15 5069 513265 sent
sn 2013-02.0522:18:16 585 5.68+0.93 609 10 5068 528116 held
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Conclusion

Conclusion

@ IceCube will provide world's highest statistic for core collapse SN
inside the galaxy and has capability to distinguish between different
SN models and v-hierarchies

@ HitSpooling will provide the energy estimation, improve muon
subtraction and overcome the 1.6384 ms binning

@ Automating:
Automated high significance alerts for working group, SNEWS, etc ...
Automated fast analysis
Automated technical and physics monitoring
Automated control scripts for SNDAQ
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Thank You!
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