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ST T FsLi6 (Jiangmen Underground Neutrino Observatory, JUNO) i F I ZR&E LI
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& FiIFFREIRF(Neutrino Mass Ordering) MZ: 6 F£LA 30 EEEAER M FREINF
- IEFREM&F: m;<m,<m,
- RRREEF: m;<m,<m,
o FPHFIRHSBUSFHNE: X sin220,,, Am5,, |Am3,|, 100 KL B E RSN EREE,
i:ﬁ 6 EEMEFEMT 0.5%
y¢1‘ﬁ?%ﬂﬁﬁﬁi KPR F EkP T, KEPHTF, BFHERL. EfHEETH
1‘5[%\ MTFRTEF

x103 .
BERE. BREETRHT: A ST
100F R fERISEmrec, RENISSISTTINT . =
Normal Inverted ) | 6 years of data taking No oscillations SERIEG. BERE. BREmEE H—F RS R R RE
m; [ Only solar ter.m Supernova v
solar: 7.5%107° eVv2 8o Normal orderlr?g mmggﬁ§;: 5-7k in 10s for 10kpc ’
) s , - Inverted ordering ﬂ:ﬂ‘Jﬁ?]lﬁ ] Atmospheric v _* ‘
= L
3 i , .@. eeeeee l/day i
atomospheric: E 60 T .
24107 L.VE & Solar v Lz
atomospheric: y;;" aol (10s-1000s)/day
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3 2 .
2.4x107 eV* w i sin? 260 ~ 250k/day
solar: 7.5%10™ eV? - RONTSD < VO 0.003 Hz/m? |
5 1 20,_ - - dv 215 GeV
m; | I I N : ’ gz 8§ 36GW,53km . ” 10% muon bundles
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Country Institute Country Institute Country Institute
Belgium | ULB China SUSTech-Geo Italy INFN-CT
China BISEE China SUSTech-Phy Italy INFN-FE
China CDUT China SYSU Italy INFN-LNF
China CNPRI China THU Italy INFN-MI
China CUGB China UCAS Italy INFN-MIB
China DGUT China WHU Italy INEN-PD
China ECUT China WuYil Italy INFN-PG
China GXU China XJTU Italy INFN-Roma3
China HIT China XMU Pakistan PINSTECH (PAEC)
China HunanU China 27U Russia JINR
China IGGCAS Czech Charles U. Slovakia FMFI-UK
China IHEG-CAGS Finland JyU Taiwan-China' | NCTU
China IHEP France CPPM Taiwan-China | NKNU
China IMP France 1JCLab Taiwan-China | NTU
China INU France IPHC Taiwan-China | NTUT
China JXNU France LP2iB Thailand CHULA
China KNRC France Subatech Thailand NARIT
China Nankai U. Germany EKUT Thailand SUT
China NCEPU Germany GSI U.K. U. Liverpool
China NJU Germany U. Hamburg U.K. U. Warwick
China RNCG Germany JGUMainz USA UCI
China SDU Germany RWTH-AC USA UMD-G
China SJTU Germany TUM

+Observers: USTC, Peking Uni., Jilin Uni., Beijing Normal Uni., CIAE (China), PUC, UEL

(Brazil), Oxford Uni. (UK), CUHK (Hong Kong), UTFSM (Chile).
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& 2 MRIRIAKRAEERE, 450003 LB EEENWE, 1 MeV L=
- 7 & KENR A AKR A R FIRMES, tk H ZAKamLand KX2015, b &= X FBorexino X601

THEERILE| 3%

fi[E|Daya Bay | EXFI|Borexino | MZEASNO+ | HZAKamLAND JUNO
R R=E 8* 20 it 300 it 780 Mt 1 Fhl 25 ity
Sep {5 e g 8 *192% 8-in. 2212% 8-in. ~10000%8-in. | 1325 20-in. + 203603 20-in.+
FIEEEE PMT PMT PMT 55437 17-in. PMT| 256003 3-in. PMT
SeFEER (p.e./MeV) 160 450 520 250 >1300
FEPRR B E 12% 30% 50% 34% 78%
BEE N #HEQ@1MeV 7.5% 5% 6% 6% 3%
geEIEZ <1% 1% <1% 2% < 1%

Borexino

KamLand
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& KitrhE: FulRNEE (Central Detector, CD), SIEHEHIEIETK, NEENMTIZLEW, &N, X
R {E 1 R i
& KMWINEIRINER: REFEFRNMNEE (VETO detector)
- IKTMERIKIRMEE  (Water Cherenkov detector) : E13E#B47K, St (SIEE WHFERK, RSTES
B
- TRERIRMIZE . ZBRLAMR{ATop Tracker + PEI44RRPCIES (i)
& KMInERHE): FRNEE%IE & E (Calibration)

Calibration

I Il : :
\ . »| > Calibration House
i ====:

Chimney

Top Tracker » Cover +———!

Water Cherenkov Detector(WCD)
*  Water pool, 35-kton pure water
e 2400 20-inch PMTs(truss)

» Central Detector(CD)
¢ Stainless-steel truss(®40.1 m)

Ak . vl ¥
«  Acrylic spherical vessel(®35.4 m) i 348 20-inch and 600 8-inch PMTs(wall)
VETO Earth Magnetic Field
Compensation Coils
» Liquid Scintillator
e 20-kton Tyvek Reflector

CD PMTs

* 17612 20-inch PMTs
* 25600 3-inch PMTs
*  Coverage: ~78%

» Supporting legs




&) R SR A H R AR 8

BV IHIETK
+ BELRE
P 52

i

- v N R T e,
R ypmamnn Y
+ANEEENTKEE [\ b 2777 & BT O FI O T N\

g ), T F T < e
I/ e D

i | BT T e T
ety k] ARmwE - g
\ 2 :,{;;

- PR
B IEIETK

iriame | R A | BH R + B

T HE WM FE LS

2012 - 2014




() Il RN SR AR

/ s/ SETt Acryli h Stainless-steel
¢ E{:Z:35.47|<ﬁ7|ﬂf}§i%f* (GSS%IZ;F)) o structure (P41.1m)

- 263 BR12cmER/HIIBIKE IR IAH 3= |
KIREEE M (max. size: 3m x 8m)

- BHIIRIEELEREER>96% (kH)

- MHRIBSTMEARTR (238U / 232Th) <1 ppt

S

- BB N 1125k <3.5 Mpa
BIRBHIHIER
& HREA KT FINNT
- A SR IIAH R M TS
- MEETE T A1BiE30 RIaZHEEE Tkt ER
- 800 MEARAIET 304 EEEN (ST <1 ppb)

& SHIIBIKSMFT 28] (~2KRKE)
- KAS0RIZFIEBHIKIBIKE EAM T L
- IRIHPMT 2 R =(E]
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RN RE. BENTE ERNREINF
& PR BB IE I &R
-HIT12RESRE. SEEAIIZR
- BE A FWNREALATE, RAEEABM0.21E5210.5
- ERHYMEEESLIRIRLR L
& HEHANNFERELFEFN 5 1MNA, R TERBHIEE SR E;
& NEBRFEZMEN20mm, BEZLHEFREI1%0
®it{E: 20550 mm; SEME: 20530 mm

Rivet !

astening ||

1
|

Installation sequence Bolts and riveting
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JUNO JEEfFIEE (PMT) -

¢ T FERNLERPRE | Y | \/
(Inverse Beta-decay) : v + p —> et +n
efun?"LS':P %‘H‘EE P,

Single photon
detection

time/ns

€ JUNO H3F A 20360 ¥ 20-inch PMT + 25600%
3-inch PMT, XZFBE&EF78%
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¢ 15360 % B = &R B UIRIEIRZS /f
*leCP PMT /I_;flto;altlzode

4 5000 Ez#TaE*&iﬁ%Ea{*iW"
(dynode PMT, HZAEH)
& L EEEFEMESH(JUNOIGIL
MR 25 R)

Al \
film Photocathode
Focused
MCP electrode
‘?"’.'.?E(
tH

MCP-PMT

MCP PMT (153603%)

Dynode
Andoe
Base
Dynode-PMT

Dynode MCP
PMT PMT
TESE (Gain=1.0 x107) 1863 1748 e — <40\
BB TF{ESEE (mV) 6.5 7.5 gk p q
: distanee@d
IR Z (PDE) 28.5% 30.1% e Y b spuage |—{soer |- ampter | )
H%ﬂ;?gﬁi+§&$ Bare 153 493 /
(DCR)[kHZ] Potted 17.0 31.2 (| o | } —
5}§ﬂﬂql\ﬂj ﬁ&}tg (0) [nS] 13 70 geSniz\:tlor sync. trigger
iE&EE (P/V) 3.8 3.9 L )
{55 LFBTE (ns) 6.9 4.9 PMT i R s
7 = X SO ZEE
| | Eur.Phys.J.C 82 (2022) R PMTRs <&
For more information 12 1168




PMT/K T IL{E20-305, AAJE#

o BikEAEE (Waterproof potting)

- TRMURE “BEY , EEXPMTEOM
o ER I TS

- AIEMENXR: FRWE<0.1% (FI65F)

- MAZEZRIF®IT, RAZWHEIFR, 18
T A .

_ L_Li-J-,H:-—‘- ﬂ:nAJ\BA'fﬂ 2$Z_|:E71:bj?. PMT potting design
2R X PMTHIE KA TR ;

@ 20 ~FPMT Rh7Kk 270 Bﬁiﬂ it .

Acrylic

« Bk T34 (Implosion protection)
B 1E & & 20 H A Super-KaY 85 IR E S &5
- IMEREC E B IEIERIPE, LMEBELR
(>98%,7k#) FMEHEEZEX ( £0.4 mm)

- IRBBECE N EEMEIPE, LM IERPMT
ZRER
-FHITILORFEIESEIE, EUERGIF RIS

PMT protection design Implosion test
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1
203~ PMTHE F5i%3 | 6
R BIRETFEOKT) e e
JUNO EX&IZ-L_I- ] . Under Water Box (UWB) Custom ADC (Tsinghua) I Egﬁ'ﬁ EE,%? (7}(_':)
. ME|IEE:1-4000 PE(7.5mV-7.5V), EEER 0 it sernche

. UEHEE: 10%@1-100PE, 1%@>100 PE h—\fl e i e
| nit |: Chip %I __ADC | | : sync link Card Electronics
« SR, SHBEEERMERME: 1GHz. 14bit ADC yter S ¥ ; T ; |
.+ HBEFHADC ocU) BFATATH, B (Jum {07 FE e )
PMT 1.5m; 81 B TFFEEEE3IZPMT (1F3) | e ) 1 5 J % :
+ FIRETFETRTRTEE, SHImKMA70K VR E = 9 e <
B4 et i = S

Custom HV (JINR)

e SRNIT] == LS . R A (0- 3 kV) / 300pA Global Control Unit (GCU) 1
o BIImATEEMEX: RIGFRME<0.1%@1year | !

Front-end bellow with UWB lid

coaxial cable (1.5 m) HV splitters

GCU top heat sink
Front-end and read-out

electronics Geu

Back-end bellow with GCU bottom heat sink
Ethernet cables
(30-100 m)

uws

HV connector female shell

1 5
> & & $
ront-en
]
A '
Back-end cables

Al FE 5T (1F3) AlimEE FZ &%t (ADC, GCU. . . )
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¢ /{3%20-inch PMTZ 8]/t & 1% 3-inch PMT

o B#E: 1) ZIE20-inch PMT &£ Z A F NG T HIEE SN

SMAELN, IEAENERE (NERIRS-
Double calorimetry)
2) I&H 3% BIWEE (75% -> 78%)

Parameters Class Requirement % of production tested Tolerance  Result
(limit) (mean)  HZC JUNO of diff. (mean)
& (glass bulb) A [78, 82] mm - 100% 10% - OK
QE@420 nm A >22% >24%  100% 10% <5% 24.9%
High Voltage A [900,1300] V - 100% 10% <3% 1113 V
SPE resolution A <45% <35% 100% 10% <15% 33.2%
PV ratio A >2 >3 100% 10% - 3.2
DCR@0.25 PE A <1.8 kHz <1.0kHz 100% 10% - 512 Hz
DCR@3.0 PE A <30 Hz - 100% 10% - 7.2 Hz
TTS (o) B <2.1 ns - - 3% - 1.6 ns
Pre-pulse B <5% <4.5% - 3% - 0.5%
After-pulse B <15% <10% - 3% - 3.9%
QE non-uniformity B <11% - - 3% - 5%
@ (eff. cathode) B >74 mm - - 3% 77.2 mm
QE@320 nm C >5% - - 1% - 10.2%
QE@550 nm C >5% - - 1% - 8.6%
Aging D >200 nA-years 3 PMTs - OK

PMT 2#UNIKE R
o EHHETE

-200 /K TETZE, §8 11 516x8=128 (EPMTs 1%

- @313 ASIC Battery Cards (ABC)iZ i, ERiRE1 & 84
CatiROC iy, X% BB ERATE, NEITRIRE

3" PMT

(2560037
NEAEap Rl
XP72B22°

heat sink -

Under-water connectors
Toward PMTs

-
~ Global Control Unit

" heat sink

" High voltage splitters
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PMTiRR &%

TRIE)

P <

PMTHRIR L%

PMT#RER2E 45

(KD

i el E

20-inch PMTH F3# %

A
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« JUNOZE3k
— JeF=ER: 12000 photons/MeV
- TRUKE: >20m@430nm
— (KA AR K:
238<10-15g/g, 232Th<10-15g/g, 40K<10-17glg GlEEIRFEER)
- FEEE: 7 m3/ hour (6N BERGEL)

- JUNO LS fig/5
ZELABHIIA2.5g/L PPO, 3 mg/L bis-MSB, A %50 mg/kg BHT

— BFILAB: itk B, 20 M -y

_ B JHMEPPO: 60ME o O ()
R . i B o o rerncsn cawson

— SEEAIFZFIBis-MSB: 72F 5= QT g Linear Alkylbensene

— IELFIBHT: 10 '




LSEZ %1% 1T 20

& AimEJUNOZ K :
- SR INEI TR ER1L : ALOIRFY . BUEZRTE . IKZEERAR SRR
- ELFRTEME. 4k, REL B ARRNFENNSZERS

Flow chart of LS production and purification LS subsystems
S A B A s P 34— | A ——————
" g 1 5000 m3 tank and pipeline LAB storage and delivery
PT101 VACUUM CONDENSER Pure Water
neur. = P W mBar Nitric Acid 70% . . . . . . .
aame - .s q— l @}—@ - g 2 Al.urjuna. Filtration Plant LAB optical purification
LTV1101 1 ? LUUJ pml"el* s ) S ”“‘"‘:'?‘:}] "—; i 3 Distillation Plant Remove U/Th
Pr-viton et 8 == - : " | % 4 Mixing Plant LS mixing and PPO purification
'._.___- T Proflow uscmm > =
- Input tank  Pre tan t ar ] : |‘ Disotve Extracion 5 Water Extraction Plant Remove K/Pb/Ra
e g - ' e | - _£> 6 Stripping Plant Remove Rn
— e L1125 [ L e 5 < < n
Rl o E—< wn - N ’ Bz 7 OSIRIS LS online inspection
-m3/h o712 low_rate
i 8 Filling Overflow Circulation Plant LS Filling to detector and Circulation
i _ the frtes =y Data Time Pl Bk 9  High Pure Nitrogen Plant For Stripping system
14 Brer Puntier B — SEaR| m3/h -57 % i
i e l I ] <=L UPW ‘z’ 10 Ultra Pure Water Plant For Water Extraction and Mixing
(—) Outlet Flow o
N Atop_T1.3 PT7353 4 BlopT13PT73544 la;;ﬂ"e TPWF _@_.y >
Buffer tank
H PN 2 / Drive motor/RENAL Lr223 PT229 it
] OSIRIS
- LT0107
LEVEL == —
(27254 m At ool :: : TR o n ’L;%m Input tank
Bz "[ea] [ Frotoms l -] :: - PT21028 TRANVI1021
TT2102A - | b - i :3 ; 275954 mm
a7 <] - [E#[] Frotoets _ h— C é&ﬂ_"_u -
4= ~'--‘-T i S 53
2 \ Water out/SIKiS = FT250 11263 -
| T AT
Inlet Tank Water Extraction Stripping Product Tank FOC
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F LRI AN %

97.6%

== 1= b g |

-:l o Y:'_ ;_-s-ss::-uclun- : ‘ i

iw e el e ‘

R (LAERSEE A | N | 5 a
o (222Rn, 85Kr, 39Ar, Q,) (238u, 232Th K)

RINET! (LAB + PPO + bis- MSB + BHT)
1

1800 m 85
INEBEEIET



) VETO 7K 1485} 5 15 32 .

Corner clipping

& JUNO XHVETORIZK - =0/
- 700 m AAEZE , LSHMuon rate 5 Hz, 7K E4Hz, , Z
S gE= 207 GeV
- Muon5SREEeARMN=ERFF; Muon 5LS 2C%k
FHE R NIEL LifHe, EF4%B-n B RELTREENK
(~1274~/day) (IBD event: ~47“>/day);
- EEXMuon#H{TVETOLUER A :
« °Li*He AJKEHI: 0.8 1~/ X
o RPFREEH: 0149/ X
& KR KIFMEE (Water Cherenkov detector)i&it:
- Muon FEHIFRIZZE > 99.5%
-A[MEBaisk , 2400+348 £ 20-inch PMTs
- KA : 5mm HDPE (&#/KRIEF#+HEIEEAHME)
- RN ZE TR @ IE Tyvek 2 BT REE N e &
- Bai/k R% (1000%//\BF, R~18 MQ*cm, U/Th < 1015
g/g, Rn < 10mBg/m?3)




VETOTRERR NS

23

& TEPRRNES (Top Tracker)
o EEMuon=#T, FEEMuonZEIICDAVERR,
DR ETEXFORYE]
o S OPERA BRHAMKMA, Z=ECHTHIMaPMT
NEBFZ
o 03 MRNER, BEINEREFR~ 60%
e X3 2, 3mE, XMuon track H{TEEE
o HD#E: AO ~0.2° (median value); [REMIEDHE:
AD ~ 20 cm spatial
resolution
o TEBRPCRFSI (g, [(EELRER)
o ATFHEXRSHHMFINE, HEFFFHZMuonAJK
o USSR ARGO-F/\H RPC , EBCHTHIEFZ
o 864 PRPCIEIR, BEE/KitE EAFIR40% X1,
o SEESMEE, 3/S5EMET; M2DEFR, BEE>99%
o IT{EBE, TIFRIALLDIEEMIL (HV=6300V,
Ar:R134a:isobutane (%)=70:26:4 )

YYYY

Ucn- L
“0.0 02 04 06 08 10 12 14 16 18 20

Opening Angle true-reco (%)

< Om:’_A‘ JUNO preliminary 6.7m
& u.oa:.' '\'
008" . angUIar
Fit i
bouL ‘ resolution
002 "\
o

Efficiency vs High Voltage

100

iea

80

]

60

Efficiency (%)

8
/

40 /
20

|

J

f / —*— ArR13
—m— Ar
/ —— ArR13

—F— An

4a:ls0 = 50:46:4
R134a:lso = 60:36:4
4a:ls0 = 70:26:4
R134a:lso = 66:30:4

ol

5000 55

00 60

* P P
00 6500 7000 7500

High Voltage (V)

8000 8500 9000
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Region Il (Front of E-Room #2)

TR BBRPCI 51 22 4

Front of E-Room #1)
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JUNO ZIE &% .

JUNO & 1+Ek: —

o BERRATTAEMAEEEIEEM : <1% li' J

« [EZRY%: ACU, CLS, GTCS, ROV, —
ﬂ-sd-?'“ IJ ;:F_ % 1D 2D 3D :J:El:f.H_ Calibration house D

Automatic Calibration Unit

Side cable

« Automatic Calibration
Unit (ACU) : )
AR O 1DZIE ;
(137Cs, 54Mn, %K, 68Ge,
60Co, Am-C, Am-Be, sensors,
laser)

source storage

» Cable Loop System
(CLS):
PkN2DFEEZIE ;

(Am-C, %8Ge, 137Cs)

Source

e Guide Tube Calibration
Sr}/stem EéGTCS
B F1DZIE

« Remotely Operated T aee—y | 7 QoS
under-LS Vehicles I

(ROV):
¥kA3D= % E
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& BAEIKGEF:(100m3/h, 2024.12.18-2025.2.1) & i&IAEE: (Tm3/h, 2025.2.9-2025.8.22) |LSpurification\
room

| —
tanks
e | Overflowing tank

—)

p(LS)<p(water)

III1I:I

CD and water pool are
filling simultaneously.

Requirement:
Rn in water< 10mBg/m3
Rnin air < 10uBg/m?3

Time : ~ 6 months

Pipe Water(100m3/h)

Time:~ 2 months | Water pool
LS purification
EpthH Clb( water pool ¥ i =
(/ o W ’ N~
Detector operation |+ 0.2m | Overflowing tank

RN K 2 \

KIEER
% (FOC)

Water pool




ZA10E/EE, JUNOTF202548H26 B IS IETIE{TEI
REBEITERN T —R KB DY FLEGEE

Mon, 25 Aug 2025 22:50:45

4
kH

Mon, 25 Aug 2025 22:50:45
RecEnergy = 2.4 MeV
RecVertex (-10393, -9794, 4333) mm

RecEnergy = 6.3 MeV
RecVertex (-9458, -9707; 3820'mm

v.+p—e€e +n

R RCHER T BD IS
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(1)

== WIRKS 28
20&~TPMT R HikH BB F5 )
Preliminary PR - obre
PMT RYAT/EIEE, 20-inch PMT B -

RAETHEER (DCR)ZFZ T, MCP
PMTH/ERIEBCNHEI30KHZ 2>
15kHz

JREPMT LIFRRESEFNEw, FHE
flashingf9g2im, JAFEEMCP(dynode)
PMT1EZ$1.0 x107 = 7.4x106 =» 4.0*106

(1.0 x 107 =» 6.5x10° =» 5.5x10°)

PMT signalfcharge spectrumIE’%",
BB FHSPER S EHFS

FEEFSIREEKFERMS ~2.8 ADCs, XJ/z
0.055 PE, ##FJUNOiZiH&E (0.1PE)
BHalPMTEBEFFILE~40EE, Gttt
~0.2%, HRJUNOIZITEK

T Ve s =

PMT 3D display &ZiE{T4k
75 s

es I

T T
PMT type: Dynode
x?/NDF: 0.95

Peak gain: 0.71 x 107 |
Mean gain: 0.64 x 107

Charge [1 x 107

SPE pulse shape and calibration

1 2 3 4 5 6

5.5¢6 to 4e6(MCP) Cover opening for operation
ADC 9—-7 \
204 ' H
‘ - i
J :
154 .

Runi2714  Run13389
1226 01-30
Run Number / Time

DCRZ{k: due to S[E A%
L GETFT F RN 25

Runl0472  Runl1095  Runl1838
10-02 11-05 12-09

2, KRBT

. . . %107
10% PMTupeMCP 3 RN
v?/NDF: 0.95 ) — ML
102 ¢ Peak gain: 0.59 x 107 | 0.8 [ Dynode
Mean gain: 0.70 x 107 0N [ CD LPMT
& 0
= 0.6
10" o l l\
M 0.4
10° ¢ 0.2 llﬁ
| |r'J .4/ L ! “‘\\ L I ; 3 0.0
0o 1 2 3 4 5 6 T 8 0 2 4 6 8 10
Charge [1 x 107 RMS (ADC)

Electronics noise
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& RIA(LS)MERESF T THKE

@ L 3
_ ‘5_ S R +FOC™ ]
® LSHNAFEHRRAAKE: 20.6 m i %H% Eﬁﬂ E[H E {Eﬂﬁh : ' +Fc:imm ]
o si:idizch S A fo i
U/Th& 8 <1x10%g/gby ICP-MS 5" e 20,6 B atienuation 4 8
® 222Rn {EFT i ERILSH: ol F | _
<1 mBq/m3 by OSIRIS+CD: 2025 Feb I‘"f:” Apr May  Jun Jul Aug 10 T 013 0012 0512 0611 0711 0810
() 14CI)\J Q:l:% ~(4_5) X 10_17 g/g Sampling time

RN Es SR A JE 7K S B JUNO 23k 17.2m <R = 17.5m; 0.7 MeV < E < 6 Me

® BEUZIFMT S WHRMZF AN EZE4): acrylic | Dpata I
surface background from dust is limited =» 0 - /
washing is effective = ) E > 40 ordiminaty r/

® HE{|ZF (Single eventrate) :<6 Hz N & ézo /
(design 7.2 Hz) 0 100 2

® KRIEFEIZER (LS, PMTs, steel structure,

.
" I 16.0 16.5 17.0 17.5
acrylic , water, Rn)) S#IEM& o 0 T 10° FV radius [m]

X [m]
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MuonEfl 5T EE:
e Muon trigger rate: CD ~5 Hz, Water Pool ~4 Hz, 74 T A
e (CD Muon detection efficiency: > 99.5%

o FEMuonEfAETH (6-9) SIEIIFTERLF

0.25 » , 0.12

R P gl bl N Ao T, TR,
o 2 i m ML (Amber) 0.10+ ML (Amber)
- 000 — " ! — 0.20 Joint y? Joint x?
E.g B . 7 . WCD Charge Cluster — WCD Charge Cluster
- . ' 1z N 0.08
g 9.8 - : E % 0.15 E
- R S S 0.06
Q - - (a4 ~
g W i = Eo10 £
he - 7 2 2 004!
i C 1 m @
i 9.6 — =
C : ] 005y 0.02}
99.5 Lo b by by e b b by ] :
089 1007 4B OB W9 T (55 oopeeseesssese®T o 00
Date cos ¢ [rad]

Muon detection efficiency Reconstructed muon angular distribution agree well with MC
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S BIR SR B SR, B EJUNOEITER e

151 P

o HISGeMEIMISA=H > 1600 p.e./MeV, HIBSHELIFE RIF RINVZNNRE o
o RMBEhLASBGe (2X0.511 MeV yIE) MBIMEER ST ~35% /0 i I

214p, aZE {5l (0.93MeV) MEBEEE D HER: ~2.9% T e |
o RESWEBBA—SO R WE, ERUCAR, BEFE S0 T 0

+) : -
o ZESEHERE o Nt A
- ZEIE 5 M SRTE AR EME: RMS~0.3% BRI a8 B et
- REEIFKERIERE: < 1%, RMS~0.4% b L

Preliminary

Preliminary Preliminary
T T T T . T T . : . . 2 F
1700 1 o ' ' £105F
= - L o F
1600} s L S gt e I £ =
s TR g AT - s F
g:lsoor : 1 1 4 I 5095 ¢ Single gamma source
=t & o L © ¢ Multiple gamma source
2 14001 ; 6« - 53 i = 09— — v (best fit model)
2 4 Ly — r s BT e* (best fit model)
S1300f 8 =4= #Godata ¢ b| s 3T oss]
= — L[
1200F * -—-4-- %8Ge MC } | &3 ' E
L w
o 01 : : . : . : 9L s + ¢ + |
=l [ S F s ' T
éE 0.0F #...-—- -------------- --E-A-g--8----G-—--8--g--g - g r }'_g_ggj |
9 ‘ £
]l _ L . ‘ . s L . E | | | | | | | | |
0.1 15 —10 _5 0 5 10 15 0 0‘980\\\I‘l\J\\2|IIJ3JJJ|4||||5|||16llll7lll\8\\\Ig

Source Z position [m]
Effective True Energy [MeV]
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