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- Lenbto paboTbl Hbi1a oLeHKa MacChbl 4eTEKTOPA UAEHTUYHOTO AEeTEKTOPY
skcnepumeHTa vGeN nytem MoHTe-Kapao mogenvpoBaHus B Geant4 n ee
CpaBHeHMe C 3a/10KEHHOWN NPOU3BOAUTENEM

- [nd BbiNosHeHUs HBblM NpoBeAeHbl M3MepeHUst Ha HU3KOPOHOBOM
Ha3eMHou ycTaHoBke B JIAM ONAN ¢ kannbpoBOYHbIM YPaHOBbIM
MCTOYHNKOM

«  [haBHbIM NpenMyLLEeCcTBOM UCTOYHNKA YPaHa AB/ISETCA OYeHb TOYHO
M3BECTHAs MaccoBas akTMBHOCTb 238U, paBHasa 12400 bk/r
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« vGeN — 3KcnepuMeHT, HaueNeHHbIM Ha MOUCK
YMPYroro KOrepeHTHOro paccesHUa HEMTPUHO
OT peakTopa Ha fApPax aTOMOB repMaHus

WWER-1000
reactor core

Borated pol
Lead —10 cm

Borated PE3.5% -8 cm
Oxygen free copper

yethylene 3.5 % —8 cm

Anti-vibration platform

«Coherent effect of a weak neutral current» D. Freedman, PRD v.9, iss.5 (1974)
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JlaTa npon3BoACTBa 16.08.2022
Obbem 125 mn
MnoTHOCTL 06pa3La 1.010 r/mn

ObbemHas koHueHTpauna HNO; 2%

CogepxxaHue ypaHa 1000 £ 5 mkr/mn

Obpaszel,

- 3Haf, YTo yAenbHasa akTUBHOCTb 238U cocTtaBnset 12400 bk/r nosy4yaeM akTUBHOCTb
obpasua (1550 + 8) bk
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Audi, Georges, et al. "The NUBASE evaluation of nuclear and decay properties." Nuclear physics A 729.1 (2003): 3-128.
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- VI3amepeHus NpoBOANANCE HA HU3KOPOHOBOW YCTAHOBKE, B KOTOPOW Ucnosib3oBaacs HPGe
AETEKTOP, UAEHTUYHbIM aeTekTopy vGeN c 3asBNEHHOM MAcCOM, COOTBETCTBEHHO, 1.4 KT.

Borated polyethylene, 3.5% — 8 cm

Belov, V., et al. "New constraints on coherent elastic neutrino—nucleus scattering by the vGeN experiment.” Chinese Physics C 49.5 (2025): 053004. 7
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*  /3mepeHunsa c CTOYHMKOM NMPOBOAMINCL MO ~24.5 Yaca Ha KaX0M U3 eTeKTOPOB, a Takxe
AN191 CPaBHEHUS UCMO/Ib30BaINCh M3MepeHUsa GOHa NPOAO/IKUTENBHOCTbIO 10 cyTOK
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—— Experiment
— MC only U-238
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Arnquist, I. J., et al. "Energy calibration of germanium detectors for the Majorana Demonstrator." Journal of Instrumentation 18.09 (2023)
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AKChepumeHma

E, keV Cuet, skcnepumeHT | Cyet, Geant4 | OTHOLWeHMKe
3KCMepuMeHTa K MoAenu

258.26 2792 + 49 2840 = 51 0,98 + 0.04

766.36 5688 + 65 6082 + 71 0,94 + 0.02

- PaccumtaHHas B Geants4 3pdeKTUBHOCTb XOPOLLO COr1acyeTcs C
pe3y/ibTaTaMu 3KCNePUMEHTA/IbHbIX U3MEPEHUN

- MOXHO cAenatb BbIBOZ O COOTBETCTBMU aKTUBHOW MACChl ,eTeKTOpa TOW,
4TO 3asiBJIeHa NPOU3BOAUTE/IEM
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2 Single- and multi-peak shape fitting

An energy calibration can be performed by measuring moments of spectral peaks or by fitting a
Gaussian distribution to the peaks. The principal ingredient is a Gaussian function

TS Pt

G(E) @1

where,

+ u = mean of Gaussian function,
* ¢ = standard deviation of Gaussian function,
* A = peak area; total number of counts in the Gaussian and tail functions, and

= (1 — fiLe — fuE) is the fraction of the total peak area in the Gaussian function, where fig and
fue are the fraction of the total area taken up by the low energy (LE) and high energy (HE)
tails subject to the constraint that

0<fig+ fup =1
as defined in equation (2.2) and following.

HPGe detector peaks often have features such as low energy tails and steps underneath the
peaks that can introduce biases in calibration parameters obtained using a simple Gaussian function,
degrade energy resolution by misaligning peak shapes or result in inaccurate estimates of the
detection efficiency for a chosen region of interest. The tail functions are represented by the
exponentially modified Gaussian function, in which an exponential distribution with tail length y,, is
convolved with a Gaussian using the same parameters as the Gaussian peak shape component, such as

A S E-
To(E) :icxp (0-—21: #) erfe [ -2 + ’
2¥a 2ya Ya V2y. V2o

2.2)

where,

* a=LE(+), HE(-), the signs of which correspond to the choice of + above, and

* yLE O YuE = decay constant of the LE/HE tail exponential.
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Uranium spectra
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Muon veto

HPGe 54755 HPGe 54728 HPGe 54739
Preamplifier Inhibit Preamplifier > Inhibit Preamplifier > Inhibit
A A A A ¥ / ¥
ORTECE73 ORTEC 855 ORTEC 673 ORTEC 855 ORTEC 673 ORTECG 855 ORTEC 855
6 us 10 ps 10 ps
VME Realtime VME CAEN
ADC CAEN |« VO76 (T <
V785N (Trigger)
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