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Motivation: Why Distinguish 3 and v Events

PRAFARAOTREER /7 fE. MESHIEZEXZINSSIRA. sEiENEFAKRE
M.
> RE¥SRF (IBD): MRESERFE [ B, ERPTFEFR v REFEIRID mEE
BERREHEESS.
> KPBEPRF: SR FREES BETEN [ TREAEAEULRE.
> RFRET: p— e’ FEE vy, EEEHRIMNUNEIRE.

FE AR wangyp24@mails.tsinghua.edu.cn Beta/Gamma Event Reconstruction 2026 £ 10 H8 H



Physics I: A 8 Event Is Point-Like

> FBF CSDA 4i72 BERBAN SEEIEX 8 Bz, 3y
R(T) ~ 0.412 71.265-0.09541n T gcm—Q REE.
H{E SKitRKkEEEFE

TN 1 MeV =~ 0.5 cm, 5 MeV & 2.9 cm., ~ 4 MeV (2.2 MeV v {25 7 4 hit),
> NFIRES#H (O(10 cm)) = WHEMAS

iR .
> ZEECHISHERITHIT. TR REMRIRE

= WA @5 PHZER .
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Physics II: A v Event Deposits Energy at Multiple Sites

> MeV ERH v ERAREMASRICRBIEERL—TEF = GEEL "JITFHE—

™ B
AEE ESHH TR BEEAY
S 100 keV FEER IR P R B, IRINRA S
0.1-2 MeV REHES 1-2 N RE R F TS RIS EE
2-10 MeV REW + ZREs  £&, ~10-30cm ERMFIEEE
2 10 MeV BREW + =k %X, 2 0.5m AER “IEAR”

REZRNEG: 2223 MeV PFER v REWBEEZ ~ 2.0 MeV, EEFE—NREWER
F. i ERE 5.
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Physics Ill: Observable Differences Between Detector Media

i35 &N (LS) xggEx (WC)

S R = (JUNO 52l 1785 p.e./MeV) {& (=~ 6 Cherenkov p.e./MeV)
BEE ¥k ¥ (JUNO 3.4% @ 1.022 MeV) Z (SK 14.2% @ 10 MeV)
& i (~0.2 MeV) = (=4 MeV)

FEER MeV gEX B A XK PIERIXRIR = Fm5iFHA
By £ R R EE. PSD KERE. = AERE

—8)iE RAIEEES P SREERR, KMERKRUG @ SHEHIBRE—REEHZE—
ENXTFHRITBRH
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Unified Framework: Modeling 1;(©) in Maximum-Likelihood

Reconstruction

> VME: B PMT WETE g SEXFRIE ti; S8 0 = {R, to, £, h, KIFMHE}.
> HAEESEH TS R FRER:

///i(@) = Eegeo €abs €ang €PMT, i, fi(tres) = [¢emit ® Zscat @ hTTS,i] (tres)

> BEEHEEMHEZMIE—t HEREHER —RELRAR—EALFESH.
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Method |: Charge-Weighted Centroid (COG)

> Tooa = Y ;wiqifi/ D2 wiqii O(Nhit) ps x10°

%,

> RGMEEDL: BEERT () = i,

JUNO =R RfEIEEF 1.2,

> EEREORMERL 18% ENBER,

BAAH t.

NEZUERER HESHHE, FERE B
TEHRVMARKIRE, ERATAX—SHEE

fRAtHME
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Method II: Time-of-Flight (First-Photon Timing)

> 7P =ty + | — o/ Vett, Vet = ¢/ Nefro g x10°
ri — T, 5F
rg = argmin Zp(t,-—to— | 0|> = E — nPE=1
7o, to oot Veff S 4 | e Rggfg
(1) 2 F T nPE=14
S 3r —— nPE=5
> WARZRAREALN, ABBEER 5
FHHITER, HHENF pdf < f
. . 1
7t PMT TTS FORtEIZIESR, ZEkTMeR ;
i?ﬁ?iﬂﬂ%ﬁﬂlﬂﬁiﬁﬁf‘o 950' "' 0 ' 50 160 150
Super-K APFit ETH A B {E A K ITRE tes[ns]
IE_]iﬁi %%;ﬁ*iﬁm%1ﬂ1§:§\§@tﬂ1ﬁﬂ;& ;E;ﬁ g%;a—“ay&% PDF (%%;ﬂﬁgﬂ%ﬁ) JINST 13
. (2018) T09005
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Method III: Joint Charge-and-Time Maximum Likelihood

> BEBSHEHEE, HWE MR R

L= H Pj(unhit | p;) H (1 — Pj(unhit | 1)) f4(qi | i) fe(ti | i)

j€unhit i€hit
> A RASTE/BRE/SHF, TERAKE. JUNO OMILREC {ELf5E
~ 190 ms/ZE .
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Method IlI: PE- and Waveform-Level Likelihoods

EREF: FSMP BERAGHE ERER: EEMRERNE
> FSMP 483 PMT 2B PE 8 Vi, &
& PE HYERTT q;. Eff;lj tije Wi(te) = bi+ un — tj) + €ix

> L FRERS IR
Lwr(0) = H p(W; | ©; h;, noise)
Lpr(© HPN|H H(tu\@) q(q5 | 1PE) '

=1
> hi: FRZERVE PE KM BRELE

> {REE PE Bt 58 . MCP-PMT 4§ EELERFERE.
E: PEER < 10ns B, BESRE o guewapmik REZE PE SR
£ < lns, HEZHPER, EERBUETARERT
HEES.
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Method IlI: Building the Optical Response Model

O MRSMIL: Mikf - BEEA AW e
R &8 (TTS)o WIEH (R4F). K& .. Q L
Daya Bay ML. JUNO JVertex., "N

Q@ £ MC - FIFE: BEAFEERE 1 %K. g

ap O

% JUNO OMILREC. fiTQun (EL#ERH T .
+ BETEEER). SeiE: JUNO: PMT HRE LRI EER (247 1 FE6),

“EHEELE: HL/LED, 16N, 68Ge, arXiv:2511.14590
24Bj2l4po, 168Ge, u F.
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Applications of the Three Methods Across Experiments

ik TR/ R+ RF3coe AR FERGIRE
COG LS. £#R~t  Daya Bay. O(10 cm) ERLRGRE BREBEX
JUNO/KamLAND

(#M&). JNElton

K1TRt[E] {k&EET WC 48 Super-K. Borexino. WC: ns BB EEE  nexr BRE: 551 &K
e #EM LS JUNO JVertex

BT + FfE 1-20 kt LS; JUNO OMILREC. SK #fEmit RERGN MESWE
BKE 50 kt WC £iTQun, Borexino.

KamLAND, Daya Bay,

JNE QiscinT

#£ER COG REME. BXFHIERMEFEL REMNARYMBHEREE.
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Method Performance: JUNO, Borexino, and Super-

TR 53t RS ¥

® OMILREC  © VTREP © OMILREC

JUNO(LS) ~ 10 cm @ 1 MeV  3.4% @ 1.022 MeV

Borexino 9 cm @ 1 MeV ~ 5%/VE

(LS)

» Super-K KPAAE (10 MeV): SK-I 25°;
SK-NI/IV ~ 22.5°%,

* SK-1I 4yt SK-1 U2 10%, SK-IV 48if; 22.5° A#&{E (Hosaka

2006; Abe 2016).
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Machine Learning methods

> BEEFD— 0, AEREE i MLP (F
T454E). CNN (PMT E{%). GNN/R=
(BRIFFRILAAT) . HERR/ICEREERY

(230, 124,2)

301 x| = Batch Norm

> (XFAF PID, RBREGERSZ—
JUNO 5 Borexino #Bi&H$0 ML AFEM . D s

EiE: Super-K B ML RHEARIE, T

R{I3KH BONSAI,
o L} . A S ‘li/\: 5R1#‘> p - & éé.:!.\,
> YT EAREURN MC, Mg T PEERRRn e R
BEBR AT R RGIRE. s

h
Ix] /
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Particle Identification: Methods and Applicability

Kk EREE REREREF/R
B/ KRR BRAFERA. MeV B R Ien(f) REHKE v ERME JUNO RHIFE 2.0-

PSD (BkiHAK)
YHERIR /IR KRLL

hFHE

X

EHEX; o/B

1BINKAMAE & R

R = B8

> 100 MeV

2.5 MeV, R=10 m B, 50% &ETZHK 10%-20%, &

RIUBEY KA HEAEGEIR (Dunger & Biller 2019;
Rebber et al. 2020)

Borexino MLP A[43E8 o/3; JUNO By Gatti k¥t e /v
JLFFEL (arXiv:2310.11826)

SNO+ 18R KA BLERE G5 B4 (37 4> °B HEfl,5.70);
Borexino CID {R#A %t A a1 (arXiv:2309.06341)

SK-Gd HIFHRIBRE 35.6%; Daya Bay Gd {ZIKIHER
83.8%: iRMtRAIE/AKAR, TRARLIRINE
FAN v FEFERBIRAZ ) FEATF MeV 7 5
BRI 5

E5 MeV BEf) 8/y HINEFNZYEERTFHITRS: IRESWEBHREE. FFHESLMTE.
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The Physics Challenge of 5/~ Discrimination

0 1 MEREPE—AREOAFAL: HR 10 e
REWME M HKIBLEE, HHERST 20
LEKRE = geESHL" JLFHR—A 8. 8
0 [ MEETHEREK: £ 0.6
1 MeV = 0.5 cm — 10 MeV > 5 cm, T v g L
H’\]ﬁ*ﬂﬁ}%iﬁﬁﬁ‘l‘?‘z = 'ﬁj‘ﬁ.&x]}iﬁﬁlﬁ% ‘2 0.4 S U (AUC = 0.9999992 + 0.0000002)
---- u (AUC=0.9992) fiTQun
iﬁi&%, E'Ez—'ﬂf.IXI‘Ej é’\] 1-3 MeV, :E, o2l ) g C(Auc=0.633)x 0?002)
o /" ---- y (AUC=0.5260) fiTQun
@i FWENRED MV K 5/ MEHRER | e

%B*&Emi&v mﬁE%IEO . 0.0 0.2 0.4 0.6 0.8 1.0

Background Mis-ID Rate

SEiE: Hyper-K ResNet B ROC HiZk,
arXiv:2604.13503 (FREDZ)
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Scope and Applicability of Reconstruction Methods

HiE ERBE (Rt / ftR) Kxk=x REHR
BITED COG £NR. £R~T: XEEERERE Daya Bay. FEEIEARLERE
By EE JUNO/KamLAND (47
{&). JNE
KAITRHEIE  (REST. &OERPART: 50 kt ik Super-K. Borexino. JUNO 20 kt HRNHIREK (£&E&t)
5t BEMREA JVertex
BT + BEB F—XEEASATERKBE JUNO OMILREC. SK EEHERARTLFEN FAEE
4 ML 7k fiTQun. Borexino, Kam-

LAND. Daya Bay
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Performance Comparison: Typical MeV-Scale Reconstruction Resolution

3008 () TR 58 BEE S B BiBiR

&I (LS): HF=E¥HE p.c./MeV, HE ~ 0.2 MeV

JUNO (20 kt) ~ 10 cm @ 1 MeV 3.4% @ 1.022 MeV I A o+ A&
#

Borexino (278 t) 9cm @ 1 MeV ~ 5%/VE I ERIE

KamLAND (1 kt) ~13 cm/VE (6.94+0.1)%/VE ¥ S

Daya Bay (8 x20t) 12/13 cm @ 2.2 MeV ~ ~ 9%/VE ¥ |

RENO (2x16t) < 17cm @ 1 MeV (5.9/VE+1.1)% ¥ ||

Double Chooz (2 x iEfI#§ 22-32 cm ~ 8% @ 1 MeV 7T i

10 t)

SNO+ (780 t) 24-26 cm ~ 6% @ 1 MeV FEH (5.70) =il

KRR (WC): #7=%i ~ 6 p.e./MeV, [HE ~ 4 MeV

Super-K (50 kt) 40-50 cm ({KEE) 14.2% @ 10 MeV 25° @ 10 MeV 3£
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Summary and Outlook

O =HFEHMFEECMEM: COG RHME. EIFrIEIRMAET, Bir + AEB &M
ARBITREMS .

@ MeV HER 5/y ®LLER, REEYE + WEEEPEEITRSHREEHREFL

O HBHFINKHVERIRN, REERN AT MeV EHIER.

RE INES500t JKHHEE A S% SuperK APfit, FiTQun
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