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wsravigusmdanseniiugBrmd naumLfanTsMNTAUTIvaINT ANLUTITITNATS onsEeuLntTn@n
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dmIul w.a. 2567 Wisconsin IceCube Particle Astrophysics Center: WIPAC y1ainans aa1evulasin1sin@ns
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Tandnansnils dewialull (1) $adreadin (cosmic rays), (2) NAndasiAansndsaugs (high energy astrophysics)
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2  wedwnan1saliimslulegaau

o
o

ledAU (IceCube) (Hudaisanatnsigvasedunanisaidavsluled@iy (IlceCube Neutrino Observatory) fg

o eC®_

o anniliidalanls edudiou - afond lurwoundn@ing (Amundsen-Scott South Pole Station) viedunanisal
Tviluledmlaiaatailotuil 18 funew wa. 2553 I6sumsatuayusulszinaanyaddineimansuand
(National Science Foundation: NSF) vesUszimaanigenini ledatiizuuuulassadnsnsiaineyniaionilui
Hudnvagiamy Felsznaudemiesmatauadiuny 5160 # nsznvegmeluiuiauanignuiadilawns
meldduinveshudidalantd miensiatauawusaymised fisusrallunsenan wiei3endn ey (Digital Optical
Modules: DOMs) ?}wssﬂauﬁawaaw%@muaﬂ (Photo-Multiplier Tube: PMT) wazifuiesfidousofuuniims
Bianwnseind L%uLezja%mfﬁﬁ”%ﬁwwﬁwﬁ%’usﬁa;&amﬂﬂauLLé”;LuJanLﬁué’igiywmﬁ%ﬁadﬂﬂé’aisUUﬂauﬁaLmaﬁfﬁam&agj
meluesfiRmsnilediduuiuivesmiueuminin aoumaisazutsoondun gaaz 60 # uriuaguu
Wuann (string) ustaziduasluldinudiviliazansseainuidou lusssumnudnanduionth sewine 1,450 ds

2,450 wues

IceCube Lab

IceTo|

p
= __— 81 Stations

50m — 324 optical sensors

I IceCube Array
86 strings including 8 DeepCore strings
‘ | 5160 optical sensors

Amanda Il Array

1450m | (precursar to lceCube)

DeepCore

8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
324 m

2450 m

2820 m

Figure 1: AMWIALAAINITIAI A ILRLLLAZANANYEY DOM Tulasanis IceCube

UANNITINUATIA 9 VBIRBN ADNNITATINTULASTILARINNATURSFIvsUAB (Cherenkov radiation) Failuaad
Aadwiloaynaiinisindeuiiiiiniianuimewaddudnas Fausingnisaidenaiintuiiofvsluiiufisendu

WilugUresuds vihliAsauneuiiuseq (charged leptons) Naenadesiuuseianvesiavzluiiaany

ledandldunisesnuuuiiiefumyaiiinveseyneividlu ludeungednieu a.a 2013 ledAlsussnmanisdu
wulmsTudwau 28 Ssmatunanuenssuugierdnga Smiduimluidunudulindinuissfunsgdinasou
Thad (peta-electron volt: PeV) Fudussiundanugsiigauifiasinisnmany a ety warludeungainien
a.a. 2022 ledAtusgmafansiunundngiuiuiumieafunisudesivdluandaundeandnsiuiugd (Active
Galactic Nucleus: AGN) w84 Messier 77 ¥ilvmedunansaifiviluledmiduniddhlasinmisumnadul

wsluluseaulan
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2.1 ngumsinuvadladal

Tumsvhauvesanuswileled@idaguvimsiaundn 9 senllu 5 @i 1ouA Analysis, Technical Working
Groups, Detector and Simulation uag Research and Development Project uenaniusavaiufazvuiaeondu

duaugessng 9 sanly

Analysis ‘ l Technical Working Groups | ‘ R&D projects

Oscillations (calls) (mail) G Reconstruction (calls) (mail) & IceCube-Gen2
Cosmic rays (calls) (mail) G Realtime (calls) (mail) & Acoustic (calls) (mail) G

Diffuse/Atmospheric v (calls) (mail)& Calibration (calls)G8 (mail)&@ AURA
Supernova (calls) (mail) & Software (calls)&# (mail)&F RASTA (calls) (mail) &

Beyond the Standard Model (calls) (mail) G PINGU

Neutrino Sources (calls) (mail) & Proton Decay Simulation
Detector & Simulation | IceCube Extensions (mail) &

Simulation (mail)&#

IceAct (calls)i?

Simulation Production
‘ Legacy working groups

Neutrino Oscillations  (calls) (mail) &
Low-energy v (calls) (mail) &
Extreme energies (calls) (mail) G
Tau & Composites (calls)@  (mail)G&F
Exotic particles (calls) (mail) &1
WIMPs/Dark Matter (calls) (mail) &
Transients (calls) (mail) G

Point sources (calls) (mail) G
Cascades/Taus (calls) (mail) &
Muons (calls) (mail) G
Verification (mail) G

Figure 2: ULNUAMLAAINGNNT5YIN91UVRY IceCube Collaboration

TasanshuliiinAnwminUssmealvenslsiiailungy IceCube-Gen2 Fadungueiaeas Research and Development

Projects #9agnanisigazidealuuni 4 uag 7

2.2 lceCube-Gen2

IceCube-Gen2 1uanisalilunisnsiatndivsly falasenisaananaziiiuanuaiiisalunisnsiainimsiuleluy
seaussngdidnnsauliaddaanaedidnaseuliad (MeV-EeV) warilmaluladnisnsiaduaslsenn lown ns
ATIRIVLAIALNITATINTUNIING Fadlesauduauniainsiaduniaiiu (surface detector array) d3Un1505I93U

Sedmpatinagiinanuauisaliiunsiduladusgid

Figure 3: 2MM3$19983lA5aN15 IceCube-Gen?2 \iloiasvauysal
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nsiauRginmaugunsainsfulasulviaiuinnwenunsallinseurguluvuin 8 anuidnilawns villw
AANAraNTanTIRdueyM At lunIndinugwundnay venantulunisiaul iceCube-Gen2 Tupsailvinl
lceCube naneilumedunanisaliavslunfivuslvafigalulan nsWul IceCube-Gen2 fanda1a 1inaINAUTIY

feanuundvaUsenaunietnInedmass 400 AU 910 15 Usend

TZERLAND

Figure 4: AUTIMilD IceCube-Gen2 LRBuUAsMAL 2566
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3 IceCube Summer School 2024 (IceCube Bootcamp)

® )
JUNE 3-7, 2024 « MADISON, WI

M3OUTITIUG AN IceCube Summer School Fwiiiunisintuynting WIPAC uniseusudaiifnmanans
Wudu Mpgtesivinermansvetlednd 1wy wiesdiaTatmiluledfny ssmansnnive #and add uaz
sulviansiesgideyaveedunamsaliiviluledfiiv a 9alanld MsousudauuiAnig lceCube Summer

School dagunvun 5 Tu lneSudausiui 3 Tguiew f 7 dguieu 2567

Figure 5: nuwaaunAnwiltnsauAangsy IceCube Summer School 2024

nsovailundell Dalendliléizouiuasetng wu eudilugruieatueiesdiolnimiluledadidalanls 3ms
\Fondeyanniaiesiletnuazmsdansiutoya suludaBnmeadaildlunsianisdeyavesvedunanisaliog
TuledAad au $alanld wenand deldZeudifvriuuumsluonanvemedunanisaitvaluleddnd u dalanls 4
agiinsdninsngunsalifuledAiudningm (ceCube upgrade) uaziauiueLsTu 2 (ceCube-Gen2) uagdu o fui

Wutszaunsalndlanunndladisauniseusundsufjifinis lceCube Summer Student luassil Tnsinuaniseusy

fsneazidunsanalul
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09.00 - 09.10 | Introduction: Summer School and IceCube Organization
09.10 - 09.45 | Physics: IceCube Science
09.45 - 10.15 | Detector: IceCube Detector
10.45 - 11.45 | Physics: Multimessenger Astrophysics and Cosmic Rays
13.00 - 14.00 | Physics: Working Group Summaries
14.30 - 15.10 | Physics: Working Group Summaries
15.10 - 17.20 | Computing: Python Tutorial
4 fquiey 2567
09.00 - 10.00 | Detector: IceCube Upgrade and Gen2
10.30 - 11.00 | Diversity, Equity, and Inclusion: IceCube Outreach
11.00 - 11.30 | Software: Github, IceCube NPX/Grid
13.00 - 14.00 | Computing: Software Setup: JupyterHub, NPX, Grid, Github
14.30 - 16.00 | Workshop: Point Source Workshop
16.30 - 18.30 | Social events: Terrace Hangout
5 fiquieu 2567
09.00 - 09.30 | Statistics: Analyses Statistics
09.30 - 10.00 | Detector: Life at the South Pole
10.30 - 11.30 | Physics: IceCube Analyses and Event Selections
13.00 - 14.00 | Software: IceTray Introduction
14.30 - 16.00 | Software: I3 File Tools and SteamShovel
16.30 - 18.30 | Social events: Hiking
6 quieu 2567
09.00 - 10.00 | Physics: Machine Learning / Neural Networks and Neutrino Physics
10.30 - 11.30 | Physics: Diffuse Neutrinos and Detector Physics
13.00 - 14.00 | Workshop: Machine Learning Exercise
14.30 - 16.00 | Workshop: Analysis Debugging
16.30 - 18.30 | Social events: Board Game Night
7 figuneu 2567
09.00 - 09.30 | Physics: Radio Neutrinos
09.30 - 10.00 | Physics: IceCube Simulation
10.30 - 11.30 | Physics: Event Reconstruction and Ice Models
13.00 - 14.00 | Workshop: Diffuse Exercise
14.30 - 16.00 | Workshop: Analysis Debugging
16.30 - 18.30 | Social events: Capital Tour
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4 IceCube-Gen2 Optical Array
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Figure 6: WNUNWLARAIAILNLNYOY IceCube-Gen2 LU3aifiguiusumianuaes lceCube (U3t

4.1 Photomultiplier Tubes

waenvinaues (Photomultiplier tubes, PMTs) 1ugunsalddaylunisnsiadunmsussdimsunen Tagnuause

Tunsasradunaatiuduagfunuivadnlaualnavas PMTs

]

Figure 7: AWEN8YRIMABANIAMLAIINENER (418) Hamamatsu photonics (¥31) NNVT
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—— Hamamatsu sample #1
;5 """"" === Hamamatsu sample #2
< 309 e Hamamatsu sample #3
g —— NNVT sample #1
w / . === NNVT sample #2
% 204 / N, e NNVT sample #3
GJ . \ N
€
2
€ 10
©
S
o
b fr
O u

300 400 500 600 700
Wavelength (nm)

Figure 8: Quantum efficiency ¥e4v1aANIAMUAIYDY Hamamatsu (UA9) way NNVT (11dw) Wiy e fu
ANHEIATY

=
o

—— Hamamatsu sample
—— NNVT sample

c o 9
A o o

Normalzied counts (a.u.)
o
N

o
o

-10 -5 0 5 10 15 20
Time relative to mean pulse (ns)

Figure 9: Latun1sdoyATRIMARANIANLAIIIN Hamamatsu wag NNVT
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4.2 Optical Array

Penetrator Cable

Assembly (PCA) 4 inch PMT

-

__
Gel pad

A /

Q.

Pressure vessel

Support structure
i \ ™ PMT holder
A %
| g W_aveform
LED flasher 7 microBase

Fanout board

Mini-Mainboard

Figure 10: WHUNWLEAS Gen2 DOM candidate (16 PMT model)

¥ I} v
o

Tun1siaw IceCube-Gen2 Useansainnisiuuasiuduediuiuiinanunsasuadls Ingluvaeiinlduddugasen

u 3 qu loun
1. IceCube DOM Failviapaninnuansieanildu

2. lceCube Upgrade modules laun D-Egg fie aunsalfiusznausie PMT d1uiu 2 §u §alin152199iAnnedu

wazansaItuiy uag mDOM felugaiil PMT dauiuwinndy 1 du

7]
[

3. IceCube-Gen2 DOMs Tun1seanuwuumsatld 2 Usewan Ae 16 PMTs way 18 PMTs
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5 lassnstndnerninggiau

TassmstihAnwnieggioumemedanansaiiwilulodinudd mnsiflomailfideumuuasAnuifetugunsally
N1995299ULasHn LOM-16 (Long Optical Module) %ﬂLﬂquﬂiiﬁﬁﬂﬂ%’ﬁU lceCube Upgrade Wag IceCube-Gen?2
Tuaunen Taglumsundanszousniluadall wanimldidiwvhauiuiiu LoM Tnensenggfeutisvhminilunig

FreUsenou waznadey LOM-16 ieliluss@vsameuiildoanuuuld Taewinisnfl Yuya Makino 1ugauamin

L51MABALATINTY

5.1 n1sUsenau LOM-16 DVT2 (LOM-16-01)

winis e ddusulunsusenau LOM-16 Imaaﬁﬁaa (LOM-16-01) TnennsUsznauasiiniudl Physical Science
Labs (PSL) iludanlve) uavnsnedeu Sub-Assembly PMT azifindufi Chamberlin Hall wanis1saudunmnise]
nsUsgneu sadadufiglumsUsznou LOM-16-01 auadaduluiuil 10 nangiam 2567 aelu Physical Science
Labs (PSL)

Figure 11: n1sUsgnau LOM-16 DVT2 (LOM-16-01) ii Physical Science Labs
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5.2 N15015238U LOM-16 DVT2 (LOM-16-01)

NARINANINTINATU LOM-16-01 MiUsgneutasaiseusasain Physical Science Labs (PSL) dunausalufan1sngia
aounsviauves LOM-16 Tiluldmufisenuuuly wdsainil LOM-16 fiszgnusznauain PSL azidunisvihnig

naaodsludenlanls inszavtdunisariageulutunsuiiinnudfyuin

5.2.1 Mechanical Testing

Weldsu LOM-16 &sfilsnviAenisasiadeuauau (pressure) nelu LOM-16 ieliudlainnisuszneuuazdail
Avanysel lnen1sasnaevainsaldmsidensdersufinnesiinivasindaiiornsasaeuannidueeifiod

ety LOM-16 19 wannilis§ansi9aeuninugnaevein1saamineiay PMT wasninelaun1silionsednme

sennswhnmsmageufigamalinniieliulain LOM-16 aganunsavhaulaigumalinn -40°C wazdadunisnsivaeu
nstanzreaaailadiluvazUsgnauinuianesenvsesesuanimield Inaisvinisuy LOM-16 nelugus
wiadunanuszana 2-3 Ju antiuldndeailoananin timelapes a1ntiuduUsyinanamenauiamesLieriinig

Ussanananazdaunanisiuasunlasvas LOM-16

-

Check the DVT

DVT in the freezer

Inside freezer

a

Figure 13: Minaaeuigamnil -40°C

Y
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5.2.2 Functionality Calibration and Single Photon Detection Studies

minegauiliunisasuiiiou PMT wielrilfeddunisTdaunuiioanuuuly laeussneusie 2 @mnan 9 laun

Threshold setting Wwag Gain calibration

Threshold Setting {Jun1smageuiiefmuaAmasnuduinfaztuiininlu events lnaisesnisidiinniosneiiay
a11150M5799U single photon events 16 usliitosausiiuiin noise MAnTuoonu lngszAuAsIABINAD 0.16

pC (0.2PE) Bsanunsnusuldlaenisusyu DAC setting firnsing q 91ntuviinisdiuiauiienn optimal DAC setting

PMT14-P02312-1045 PMT14-P0O2312-1045 PMT14-P02312-1045
i P o 80 T _
i — eiro0.14 7 i %ew?:sgoglé :0.24 E _ ?ﬁ?ﬁgﬂﬁé:@‘;
60f il E 70 i
| o ! i
so | 60 |
i 50 i 50 i
") 1 H i
Yo ] ¥4 H v |
§ §4° i S 40 i
w 30 i : i !
1 w i
30 i 30 i
20 :
20 2 i
10 | 10 10
O f ; ,
%005 TTo 15 20 2 oo o5 TTo 15 2025 o= !
. . 3 - 8 . 0.0 0.5 1.0 1.5 2.0 2.5
Ch1 Charge (pC) Ch1 Charge (pC) Ch1 Charge (pC)
Lower DAC Setting Higher DAC Setting

Figure 14: LNUATWLAAS histogram 989 event Lazszaunawnuilelldsua DAC setting

— 0.6
Q
Q.
S

0.5 1
]
(@)]
bl
(O 0.4 ® Data Points
e —— Line of Best Fit
o v~ Threshold:0.16pC
O 031 —— DAC_thresh:712.61
(@]
K
W 0.2-
U e T s
bt
e
l_ 0.1 1

700 800 900 1000
DAC Setting

Figure 15: ATWLARAIAT threshold WWiwuiu DAC setting e optimal DAC setting
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5.2.3 Dark Noise Measurement
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Figure 20: WHUNWUAAINITIA dark rate U89 PMTO Apulazndin1susznau LOM-16-01

5.2.4 Muon Detection Studies
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7 a1anuUIN: LOM-16-01 Design Validation Test
7.1 LOM-16-01 Validation Testing Results

7.1.1 Low Temperature Mechanical Testing

Figure 40: NWa1NNS0IW 1 (UY) uaz 2 (619) lumsveaey Low Temperature Mechanical Test igauugiivios

Y
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7.1.2 Threshold Setting
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7.1.3 Gain Calibration
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7.1.4 Dark Noise Measurement
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Figure 46: wan1smn@au Dark Noise Measurement 983 PMT wineiaw 0-7 anglu LOM-16-01
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