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BENERSS iWs SRS

PeaKTop — caMbI¥ MOLIHbIM HCKYCCTBEHHbIA HCTOYHUK HEUTPHUHO.
It MHOTHX SKCIIEPUMEHTOB OUeHb Ba)KHO 3HaHWE BbICOKOSHEPIMYHOM YaCTH HEUTPUHHOIO
criekTpa. HaripyMep, B MOMCKaxX KOre€pPeHTHOIO YMPYroro paccessHusi HEMTPUHO Ha sipax
OCHOBHOM BK/1aJ] B BOSMOKHBIN 3 (EKT JaéT UMEHHO BbICOKOPHEPTrUUHbBIM Kpau CIieKTpa.
Cwm. poknanbl A. KoHoBanosa, /1. IToHoMapeBa u A. JIyKbsiivHa
HelTpUHO BBLICOKMX SHEPIUM CO3/jal0TCsl Haubosiee KOPOTKOXKMUBYIIIUMHU UW30TOMaMU U
JlaHHbIe TI0 HUM, UCII0JIb3yeMble [JIsi Tpe[CKa3aHUM CIIeKTpPa PeakTOPHBIX aHTUHEWTPHHO
coziep>kaT 6osibliivie Heomnpe/jeTEHHOCTH.

Daya Bay — 1958 gHeli Habopa ctatuctuky. Phys. Rev. Lett. 129, 041801
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KanuHuHckaa A3C, MpPOMbILINEHHBII NAHCC Ha NOABWXKHOW |
TBepckaa obnacTtb peakTop 3.1 I'BT,, nnatcopme .
~5-10 v-cm2cl@11lm E

Detector of the reactor AntiNeutrino based on Solid-state Scintillator — HeT |
NlerkoBocn/jlaMeHsIWmnxXcs marepmanoB

T T
Peakuusa oo6partHoro 6eta-pacnaga (ObP): Ve + P — € +n
BewecTtBo peakTopa, ero 3gaHMsa M OacceHOB OTpPaGOTaHHOro Ton/MBa
co3garoT ~50 M B.9. YMeHbLUeHune poHa p ~5 pas

MoAbEMHBLIN MeXaHU3M NO3BOJIAET MEHATb PacCTosAHME OT LieHTpa peakTopa B §
AnanasoHe 10.9 - 12.9 m B TeyeHne HeCKOJIbKUX MUHYT

OnucaHue yctaHoBku: JINST 11 (2016) no.11, P11011
I'IepBble pe3yanaTb| Phys.Lett. B787(2018)56 o,qMH rop, |-|a60pa CTaTUCTUKU
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Detector of the reactor AntiNeutrino
based on Solid-state Scintillator

[ 4 cm |
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in grooves
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.n"ll reflector (= internal part CHB CHB u1 uz
f,-’ l (1.6 mg/cm2) of the shield) Lr
E | P
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The detector ® Cu MPPC front- \ TL
To PMT (R7600U-300) basement end electronics mE
(cooled copper plate) I
1 layer = 5 strips =20 cm Coolant !—1 H !—1 LI Ii . L]
Kga3u 3d pekoHCTpyKIus cOObITHH pasaags
Y-Module L
X-Module
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! * MHorocnoiiHaa naccuBHas 3awWmTa: MeAHaa pama
=20cm fibers ~5 cM, 6O0pMpPOBaHHbIA NONUITUNEH 8 CM, CBUHeL, 5
-~ E CM, 6G0pUPOBaHHbIN MNONNITUEH 8 CM
100 WLS fibers * [ByxcnonHas akTuBHaA 3awmrta c 5 ctopoH (BETO)
e * CneuyuanbHo pa3pa6oTaHHblit DAQ Ha ocHoBe WFD
e CuuaTWwuIHpyomue crpunbi 10x40x100 mm® ¢ * Bcero 46 64-kaHanbHbiXx WFD-moayneii (12 6uT, 125
MOKPbITHEM, coAep KaiuM ragoauuui (0.35%wt) M)
¢ CunThIBaHMe CBeTa C moMompo ®JY (rpynnavu o *  Tpurrep no uucposoii cymme curHanos ®3Y vnu
50 crpunoB) u SiPM (KaXAbIil CTpPUI) BETO
e SiPM: 18.9 ¢p.3./M3aB & 0.37 X-talk * WHpuBuayanbHasa HenpepbiBHasA oLuupoBKa
.« ®3Y: 15.3 ¢.3./M3B LWYMOBbIX curHanoB SiPM

» 2500 CTle‘IOB =1m3 HYBCTBHTE/ILHOrO o0Bbéma JINST 11 (2016) no.11, P11011
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OAHCC - 7 net pa6oTbl ¢ anpens 2016 no aBryct 2023: 3anucaHo 1858

" AHEW BKNIOYEHHOrO peakTopa U 122 aHA BbIK/TIOYEHHOrOo. 8.1 MJIH.
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BbigeneHune coobitui OBP
BbicTpoe (NO3UTPOHHLIV KaHaAnAaT) u
3aZiepxaHHoe (HEeMTPOHHbIV kaHaMaaT)
COObITUSA:
* 1 MKC < At < 50 MKC
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BbluntaHue CI)OHa Ha BbIK/ITIOHEHHOM peaKTope

P OH ObICTPbIX HEMTPOHOB — annpoKcuMauua NpPsMon no gmanasoHy 11-16 MaB.
HeliTpuHO OT coceaHux peaktopoB — 0.6 % OT cuéta B O/IM)KHEM NOJIOXEHUN NPU
BKNIOUEHHOM peakTope (B cooTBeTcTBUM C 1/R?).

POH OH nponyLeHHbIX BETO atMmocepHbIX MIOOHOB — NMOArOHAEM MO BbIK/TIOYEHHOMY
peakTopy no yactu cnekrpa 6onbwe 6 MaB.

OcTaTtouHbI (hOH NpU MasbiX IHEPrUAX — annpoKcUMmMmaLns 3KCNOHEHTON e E10MB) Bec
ONTUMN3NPOBAH NO BbIK/TIOYEHHOMY peakTopy. Masn B 061acTu 60/1bLLINX IHEPTUA.
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MoHTe-Kapno mogenupoBaHue
PasbirpaH paBHOMEPHbIN CMEKTP
HenTpuHo oT 1.81 oo 14 MaB,

80 M/IH. cOBbITUIA
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MonbITKa annpoKcumaLum cnekrpa Phys. Rev. C 83, 054615
AHanorunyHo annpokcumaumm Huber-Mueller :  Phys. Rev. C 84, 024617
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* B akcnepumeHte AAHCC 3apernctpupoBaHo 7614+205 cobbituin OBP B
ananasoHe Ee.=7-11 M3aB.

 HaGnogaetca M30bITOK COObITUA MO CPaBHEHUID C OXUAAHUAMU TPU
MCMNOMb30BaHUM 3JKCTpPanonsAuuM B BbICOKME 3JHeprun wmogenn Huber-
Mueller.

e NlanbHeunlne nnaHbl BKAKYAKT aHa/In3 CUCTEMATUYECKMX OLUMOOK, YUET |
abCoNTHOM HOPMUPOBKK, MNPOAOC/IKEHNEe paboTbl MO BOCCTAHOBNEHUIO
CrnekTpa Hel/ITpl/IHO CpaBHeHKe C SM2018




Inverse Beta-Decay (IBD) 7. +p — et +n

: AT H. Bethe and R. Peierls 1934.
Continuous ionization cluster > {'pcines and C. L. Cowan 1953.56
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Reactor WWER1000

Reactor vertical burning profile for
100% power during the campaign
2 —

Height, m

; Begin 4 Be |n5 Be iné Be 1 W4 Reactor
-WWW center

25U 63.5% 44.1% 65.8% 43.9% 66.3% 45.6% 68.7%
By 6.7% 78% 69% 78% 6.5% 7.3% 6.7%
Z%Pu 26.7% 39.3% 24.9% 39.4% 24.8% 38.6% 22.8
2Py 2.7% 8.6% 2.2% 8.6% 23% 8.6% 1.7% T

Rel. power, a.u.




> Initial calibration is done by cosmic muons using median of the distribution. SiPM gain
and X-talks are calibrated every 30-40 min. Scale for all photo-sensors is calibrated
every 2 days.

» MC uses individual light yields for each SiPM and PMT channel.

> Final energy scale is fixed by 2B-decay, which is similar to e* signal we measure. Two
independent 2B samples from spallation neutrons and muon capture agree wthin +0.2%.
[We measure the positron energy, not the total prompt event energy].

» Calibration check is done using ??Na, ¢°Co, 2#*Cm (nheutrons) sources and neutrons from
IBD events.

» Everything with exception of 2Na agree better than +0.2%. Nevertheless we keep energy
scale uncertainty estimation at 2% level and add it to the systematical error.
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> Initial calibration is done by cosmic muons using median of the distribution. SiPM gain
and X-talks are calibrated every 30-40 min. Scale for all photo-sensors is calibrated |

> Final energy scale is fixed by 2B-decay, which is similar to e* signal we measure. [We &
measure the positron energy, not the total prompt event energy].

> We keep energy scale uncertainty estimation at 2% level and add it to the systematical
error.

Vertical muons
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every 2 days.
» MC uses individual light yields for each SiPM and PMT channel.
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Calibration
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Calibration
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> Trigger = digital sum of PMT > 0.5 MeV or VETO )
> Total trigger rate = 1.1 kHz Trigger and events
> Veto rate = 400 Hz
> True muon rate = 180 Hz
> Positron candidate rate = 170 Hz
» Neutron candidate rate = 30 Hz
> |BD rate ~ 0.1 Hz

Events

L DN ST R

}s ' wein I

. > IBD event = tWO time Separated triggers: ENEEEESSEEEEEEESEEEEEEEpEEEEEEEEEEEEEEEpEEEEE
- > Positron track and annihilation L . DD gandidates and g
» Neutron capture by gadolinium 108 = ggigzgga}gg?gskground
= L ]
! > SiPM noise cut: "i MC IBD Events
4 » Time window # 10 ns et
> SiPM hits require PMT confirmation 0 5 10 15 20 25 30 35 40 45 50
A . Thermalization Capture Time, us
Building Pairs —F—— > |
i Positron candidate: > 0.5 MeV in continuous ionization cluster (PMT+SiPM) "

Neutron candidate: > 1.5 MeV total energy (PMT+SIiPM), hit multiplicity >=3
¥ Search positron 50 ps backwards from neutron

Significant background by uncorrelated triggers. Subtract accidental background §
events: search for a positron candidate where it can not be present — 50 us §
intervals 5, 10, 15 ms etc. away from neutron candidate. Use 16 non-overlapping §
intervals to reduce statistical error. All physics distributions = events - accidental §

Vsl




Analysis cuts

Cuts - suppress accidental and muon induced backgrounds:
Fiducial volume - positron cluster position: 4 cm from all edges
Positron cluster has < 8 strips

Energy in the prompt event beyond the cluster < 1.2 MeV and there are < 12 |

hits out of the cluster

Delayed event energy is < 9.5 MeV and number of hits is < 20 =

Positron (cluster) energy E_, dependent cuts on prompt to delayed cluster
distance and delayed event energy:

LQD [cm

L3D [cm

EN[MEEV

< 40 — 17 . e 013 EY
< 48 —17.¢ OI3E]

> 15426 e “ITE -

For events with single hit positron cluster additional requirement of at least a
hit out of the cluster and the energy beyond the cluster > 0.1 MeV




Positron spectrum comparison to H-M model

Nominal E scale shifted by S 1 °F [ DANSS Bxpiic RENO: PRL
50 keV 3”55 % Reno ND 2200d 121(2018) 201801
¥ |BD data w ::jE_ —— Reno ® 34%/VE ++ + .50 keV
QA _ RENO convoluted with
_:_ 140 IBD MC DAS resolution \i++++i+
o 1.06 ﬁ R + + IR
8 PRELIMINARY B St i
e,
C Average fuel , =1 | T
o DANSS 2022 T
T composition L 096, T
7

| - DANSS Exp/MC
- | = Reno ND 2200d +
= | —— Reno ® 34%/VE + +

N A O O oS N
o

Normalization 1.5 - 3 MeV Positron Energy, MeV

» New energy calibration
» Strong dependence on energy shift and scale oI T
> Effect (if does exist) looks twice smaller than I I L

expected from other measurements <5t




°Li and ®He background ~ 4 events per day

2/ ndf 47.67 / 47
Const. 4.16 +0.03
°Li < 0.3429 +0.0809

4.4 +1.0 Events/Day

4.8
4.6
4.4
4.2

4
3.8
3.6

Events/Day

+

E.power > 800 MeV
°Li Lifetime 257.2 ms

0 0102030405060.70809 1
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