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Ratio of Observed To Predicted Reactor-v’s

G. Mention et al., Phys. Rev. D83, 073006, 2011

The reactor antineutrino anomaly and sterile neutrino
The Reactor Anomaly

= Observed/predicted averaged event ratio: R=0.927%+0.023 (3.0 0)
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New Short Baseline Reactor Experiments

US Short Baseline Neutrino4 @ SM-3
Interest Group SOLID @ BRZ,{BeIgium Dimitrovgrad
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Bugey3 + Gosgen ¥ Rovno88 < PaloVerde B Nucifer
Bugey4 X ILL = SPR @ DobleChooz = RENO
Rovno91 < Krasno # DayBay #  Chooz ® Neutrino-4

RENO, Daya Bay

R =0.936+/-0.021
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Experiment Neutrino-4 at SM-3 reactor

I Petersburg Nuclear Physics Institute NRC KI, Gatchina,
2 NRC “Kurchatov institute”, Moscow,
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SM-3 reactor building scheme:
concrete structures distribution
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Neutrino laboratory at SM-3 reactor

Neutrino channel outside and inside

Passive shielding of 60 tons Range of measurements for the reactor
antineutrino flux is 6 - 12 meters from

the active reactor core



Heumpununaa aabopamopua na peaxmope CM-3

Co3danue rabopamopuu
« Kax 3mo ovi10»



N320moeneHue naccusHoli 3aujumel demekmopa (60 moHH) 8 LU3TO MNMNAD
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TpaHcnopTUpOBKa NnacCMBHOU 3alinTbl B lumutpoBrpaa,
Tpu wanaHabl no 20 TOHH
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Ha peaxmope CM-3 nodeomobieno nomeujerue 044 HeUMpUuHHOl 1a00pamopuu




Hauaiao moumaxca naccubnoii 3auiumsl HBI:[WIPMHHOZO ()emexmopa

W




C6unyobvie cmenvl ycmanobaennl

Bopupobanunviii noausmuien Ha
CMeHax u Ha Kpoluie




demexmopa

u 3aujumosl HeumpuHHo2o

Monmax naccubuo




Momnmax naccubnou 3auumaot HeMpPUHHO20 0emeKmopa




MOHMANK Kpoliiu naccubuou 3auumasl Heﬁmpuuuoeo demercmopa




3abepuenue - 0ouun 6ud




3abepuienue MoHmax<a naccubBHo 3auUmMsl HelMpPUHHO20 0emeKmopa




ITvedecmana nouéma




Monmaxk moodeau HeUmpuHHo20
demexkmopa Ha peaxmope CM-3



Moodeav neumpunnozo demexmopa 4004

Mopenb HEUTPUHHOIO AETEKTOpPa,
yCTaHOBNEHHaA B NaCCUBHYIO 3alUnTy

. 1 — peTeKTop peakTOpPHbLIX aHTUHENTPUHO,
2 — naccumBHas 3aLinTa,

3 — penbChbl,

4 — pBUraTenb AnNA nepemMeLlieHus
AeTeKTopa,

5 — CUUHTUNNSALUOHHDbIE MNJTACTUHbDbI
BHYTPEeHHEeN aHTUCOBMNaAeHYeCKOU 3aLlUUThbI
c OJY,

6 — 00beM CO CUMHTUITNALUOHHOU
xungkoctbio (~400 n),

7 — ®JY peTtekTopa.




Pasepyska obopydobanus Ilodeomobxka mecma 044 demexkmopa




Yemanobxa demexmopa na nodbuxnyro naamgpopmy




,Hemercmop C NAACMUHAMU AKMUBHOU 3auiumul
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Moumaxx MHO20KAHAALHOU INEKMPOHUKU




FIQShADC: oo eeeeeeeeeeeee e 12-Bit Octal-Channel ADS5282.

Sampling Rate: ....ccoevvvvvvieeeiereeinnnn. 65 MSPS.
Sampling Period: ........oceeeeennnnnnn. 15.38 ns.
Number of Channels: ...................... 48




Sampling Rate 65 MSPS, Sampling Period 15.38 ns
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Oobuwuii Bud HelmpunHou Aabopamopuu
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Ha peaxmope CM-3 co3dana
HeUMmpuHHan 1a00pamopusi




Hauunaem nepbBore usmepenusa Ha Mooesu HeUMpUHH020 0emeKmopa




Uccaedobanue ¢ponobovix ycaobuii



SM-3 reactor building scheme:
concrete structures distribution
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IIpo0aembl (poHAa
DOH MOXXHO Pa3ACINTh HA JIBE KATETOPUU:
1) pon, 3aBuCAIMI OT peakTopa (BKJI-BBIKI), 2) (DOH, HE3ABUCAIIMN OT peakTopa
Kaxxpli1 13 HUX NOAPpA3ACIISIETCS Ha:
a) (hOH clydailHbIX COBHaJieHUI 1 B) (DOH 3aJiep>KaHHBIX COBIIAJICHUH.

1) don, 3aBucsIIMii OT peakTopa (BKJ-BBIKJ), MPOUCXOAUT H3-32 HCHUTPOHOB W ramMma
kBaHTOB ¢ fHepruedr no 10 MeV or peaktopHoro sjgpa. OH MOXET OBITH YCTpaHEH
IOCPEACTBOM MTACCUBHOW 3AIIIUTHI.
2) hoH, He3aBUCSIIHIT OT peaKkTopa, U3MEPSECTCS BO BPEMs OCTAaHOBOK PEaKTOpa.
Crnenyer MHHUMM3HPOBATh €CTECTBEHHYIO PAJAMOAKTUBHOCTb, YTOOBI YMEHBIIUTH (POH
CJIy4alHBIX COBIAJICHMUS.

bosee cepbe3nblil GOH NPOUCXOAUT OT HEMTPOHOB, BLI3BAHHBIX MIOOHAMMU.
CamMu MIOOHBI 3(PHEKTUBHO MOAABIISIOTCS aHTUCOBIAASHUYECKOM 3aIMTON, HO HEUTPOHBI OT
MIOOHOB, MOJABIISIFOTCS TOJIBKO YACTUYHO.
Oco0eHHO omaceH ObICTPbI HEUTPOH, OH MOYKET MPOU3BECTU MPOTOH OTJAAUYM 3aTEM
HEUTPOH TepMalin3yeTcs u 3axBarbiBaeTcss Gd, Moaenupys cOObITHE aHTHHEHTPHHO.
Y1001 MOAABUTH 3TOT (JOH, MCIOJIb3YETCS METO JTUCKPUMHUHAIIMHM CUTHAJIA 110 (popme
nyJjasca (PSD).

AXKTHBaIMs MIOOHAMH CaMOTo JeTeKTopa ¢ oopasoBanueM He8 u Li9, koTopsie
pacnaaroTCs ¢ UCITYCKaHUEM 3JICKTPOHA M HEUTPOHA U UMUTHPYIOT PEAKIIUI0 aHTUHEUTPUHO
Ha MPOTOHE.



Usmepenusa ypobusa HelmpoHHo20 U 2amma poHa




N3mepenue nomokxa d0vicmpuoix HeUmMpoHob y peakmopHou
cmenvt (6He naccubnoii 3awumst) 6 3aBucumocmu om
mowrocmu peaxmopa om 0 MW do 90 MW
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Usmepenue nomoxa dvicmpuix HeumpoHob 6 sabucumocmu om paccmoaHus
Buympu naccubnoii 3awjumet npu mowypocmu peakmopa 0 MW u 90 MW

—=— F'ast neutrons. Reactor ON.

12 o— Fast neutrons. Reactor OFF.
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distance from reactor core center (m)

Daxkmop nodabaenusa dvicmpoix Hetimporob 10-12 pas.
Daxkmop nodabaenusa menaobuoix neumponob 50-60 pas.



Usmepenue camma ayuen y peaxmopuou cmensvt (6He naccubnon 3auumot) 6
3abucumocmu om mowrocmu peakmopa om 0 MW do 90 MW
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Pacnpenesienne raMmma ()oHA BHYTPHM NMACCUBHOM 3aIIIUTHI
Reactor on (Gamma detector Naj)
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Uccaedobanue ¢poroboix ycaobuii c moodeasvio

HelumpuHHo20 demexKmopa

R/A background Different part of spectrum
/ at the different distance
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3abucumocmes om paccmoAHUA 044
pPasAUdHbIX YUacmKoB8 cnekmpa
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Miroonwr: 3a6ucumocms om paccmoAnuA u 6pemenu
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Heumponovr: 3a6ucumocms om paccmoAnusa u 6pemenu
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Bauanue ammocgeprozo dabaenua u memnepamypol Ha

KocmMuyecxkue Ayuu
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Usmepenue koppeaupobatnvix coovLmuil

( NOUCK peaKmOpHbLX aumuueﬂmpuuo)



Moodeav HeumpuHnoz20 demexKmopa

Mopenb HEUTPUHHOIO AETEKTOpPa,
yCTaHOBNEHHaA B NaCCUBHYIO 3alUnTy

. 1 — peTeKTop peakTOpPHbLIX aHTUHENTPUHO,
2 — naccumBHas 3aLinTa,

3 — penbChbl,

4 — pBUraTenb AnNA nepemMeLlieHus
AeTeKTopa,

5 — CUUHTUNNSALUOHHDbIE MNJTACTUHbDbI
BHYTPEeHHEeN aHTUCOBMNaAeHYeCKOU 3aLlUUThbI
c OJY,

6 — 00beM CO CUMHTUITNALUOHHOU
xungkoctbio (~400 n),

7 — ®JY peTtekTopa.




Cuenaa koppeaupobannozo coovimus
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Bpemennoii cnexmp 044 pasiudHvix KoOHPueypayuil
axmubnoii 3aujumst (AS)

Time Spectrums. Accidental coincidences are subtracted

No AS,
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IHepeemuueckue cnekmpuol 8 pasauunvix Bpementvix unmepbBasax:
0 -10mcs (1) and 10 - 100mcs (2).

|, s (240keV)"!

0.012 —
L A stop spectrum (0 - 10 us time delay)
: stop spectrum (10 - 100 us time delay)
0.01—
B Gd(n, v)
- ut — et + VvV, + v
0.008 —
0.006 —
0.004 —
002 —
0-00 10 - 100mcs
- (2)
J_L___'_IIIII|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IImt
0 5 10 15 20 25 30 35 40 45 50 55 60

energy, MeV



102

51 -1
1, (10°s) '(1_3P keV)

Koppeaupobannsvie cuenarvt
(3nepeemuueckue u BpemerHvle cnexmpul)

Start and stop spectra

o

1_

stop spectrum M
bbb b b s Lo b E R D
L4

start 1275 - 3825 (3.0MeV - 9.0MeV)

stop 1275 - 5100 (3.0MeV - 12.0MeV)

reactor ON. 7.07m

®— start spectrum

——

0

1

2

4 5 6 7 8 9 10 1112 13
energy, MeV

4302

1000

34.97 /143
725 +0.169
38.64 £2.24

%

Time Spectrum | znvies
Integral
«2 / ndf
: p0 2
30 Pl
0-100mcrs ( 682+13)(10°s)™
255
ool }
s 0 - 100mcrs (-bg) (535 + 14)(10%s)”
o L
m,=_'15_—
10 +
5 { %
: { ph i
:IIII|IIII|IIII%I\I\|\I\I|§I
0 50 100 150 200 250

time, us

300




I, (10°s)(130 keV)' _,
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MepBblit BapUaHT aKTUBHOMN 3aLLUThI.

BTopoi1 BapMaHT aKTUBHOM 3aLUTbI.

BHelWHAA aKTUBHAA 3aLMNTA — K30HTUKY.




Co30aHue mooeau
MHO20CEKUUOHHO20
demexmopa



Co30anue mooesu MHO20CEKYUOHHO20 OemeKkmopa

Hnnwcempayus k npooneme ghona om ovicmpwix Helimponos
OM KOCMU4ecKux MHoHoe

False event

CUNHTUNNATOP
Neutrino event T
fast neutron
’
LICHTpaJIbHasI OOKOBast yIJIOBAs BCE
sTYCHKA, sTYCHKA, sTYCHKA, SIYCHKH,
JIBOMHBIC JIBOMHBIC JIBOMHBIC JIBOMHBIC
COBHAACHUS COBHAACHUS COBHAACHUS COBHAACHUS
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Monme-Kapao pacuémor Mooeay MHO20CEKYUOHHO20 OemeKmopa




N3eomobaena modesv MHO200emeKmMopHOll CIPYKMYpol:
16 aueex 044 350 aumpoboi modeau.




Tecmobuiit 3xcnepumenm ¢ UCMOUHUKOM ObICHPBIX HEIMPOHOB

16
14__0'0.’..0.
o Teeteteree BpeMeHHOM  CHEKTp  3aJepsKaHHBIX
: m."m.............. o o
12— COBITAICHUN HOJTy Y€ HHBIN C
- HEUTPOHHBIM Pu-Be VICTOYHHUKOM.
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I, schn™

HccaenoBanmne MeToaa pasjaejeHdsi CHTHAJIOB OT IO3UTPOHOB
U IIPOTOHOB OTAA4H 10 (popMe UMITYJIbCA

False event

Neutrino event

Pu-Be behind Ph shield
Integral 4397
2/ ndf 0.6587 /80
o 11694099
pl 0.02047 + 0.00069
pe 0.0001412 £ 0.0000221
p3 56.691+ 0.559
pd 0.0683 + 0.0008
s 0.0003724 + 0.0000680

FOM = 0.93

@

LAB based scintillaior

Pu-Be behind Pb shield

ES

~

| o o o L 1T
0.02 0.04 0.06 0.08 0.1 0.12

Q\awl’oma\
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P erzfi:x

acmpezesieHne Qrora; AL IETEKTOpPA €
JKUJIKUM CHMHTWLIITOpoM Ha ocHoBe JIADBa,
MOMELIEHHOTO B I0JI€ CMEIIAHHOTO (HEHTPOHHOTO
u ramma) usnydenus ucrounuka MBH-5. O6bém
JEeTeKTopa 3 JInTpa.

I, schn’
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Pu-Be. 40cm from bottom.
Pu-Be. Above detector.
Pu-Be. Pu-Be. 80cm from bottom.

_ Pu-Be. Above detector.
FOM, 0, = 0.74 inegral o

I
— Pu-Be. 80cm from bottom.
FOMggem = 0.67 iniegral o

—_ Pu-Be. 40cm from bottom.
FOM400F" =0.40 Integral 2245
i

LAB based scintillator

PMT with OC voltage 1200V

Pu-Be in different positions

signals amplitude 720 - 820 chn

Q,/Q

total

V3MeHeHne pacnpeaelicHus Q““ﬁgmm Ipy  Pa3IMIHOM
MOJIO)KCHUM HEUTPOHHOrO HCTOYHWKA. CHHSS JHHHS —
WCTOYHHK HAJl ICTCKTOPOM; OpaH)KeBas — HICTOYHUK COOKY
OT JCTEKTOpa, CBEpPXy, Ha yPOBHE TIOBEPXHOCTH
CIMHTHILIATOPA; 3elEHAas — HCTOYHHK COOKY OT JETEKTOpa
nocepenune, B 40cMm oT mora.



Monmaxx moodeau MHO20CEKYUOHHO20
demekmopa




Honnomacuumaonoiii
0emeKmop
3 m3 (5x10 cexuuii)



B ITHA® uzzomoeien noaHomMacuimaoOHvlit 0emeKkmop
3 m3 (5x10 cexuyuii)
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Oobuwasa cxema ycmanobxu
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.1 — detector of reactor antineutrino, 2 — internal active shielding, 3 — external active
shielding (umbrella), 4 — steel and lead passive shielding, 5 — borated polyethylene
passive shielding, 6 — moveable platform, 7 — feed screw, 8 — step motor.
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Pacnpedesenue cuenarob no cexyuam om 3ax6ama
HellmpoHa 2a00AuHueM

Monme-Kapao DKcnepumenm

Full neutron signal distribution (IBD in (4,3) cell)

a — pe3ynbrar MonTe-Kapio

MOJICJIMPOBAHUS (HEUTPOH 0 — pe3ynbrar, MoJy4eHHbIN Ha

3aXBaTbIBAETCS B CEPEANHE CEKIIHH), CEKIIMOHMPOBAHHOM JCTEKTOPE
(B OTHOCHUTEIBHBIX CTUHUIIAX ).



density of distribution, arb. un.

Pacnipenenenne  coObITHS ~ 3axBara
HEUTPOHA TAJOJIMHUEM II0 KOJIHUYECTBY
3aJICICTBOBAHHBIX SUCCK.

20000

15000 - _ /'\

10000

5000 . \

0 1 2 3 4 5 6 7 8 9 10

Pacnipenenenue 3aJIEPKAHHBIX CUTHAJIOB
OTHOCHUTENbHO s4eiku (3, 3), B KOTOpOH
IpoU30IIUIa peakiusi 00paTHoro Oera-pacnaja.



Neutron capture cell distribution (IBD in (4,3) cell)

E 0.0248894 0.0544723 0.0137841 0.014991 0.00720011 0.0126814
0.022032 0.0182617 0.0821589 0.0150437 0.0458594 0.023804
E 0.059525 0.0693283 0.073693 0.37253 0.0799891 0.0591711 0.0075624
0.0201812 0.0711566 0.0187596 0.0215893 000141423

| 000400786 | 0000701798 | 00242052 © 136579e-05 | . 00735218

1 2 3 4 5 6 7 8 9 10



Taoéauna 2.

ON, PoH OFF, ®PoH A(ON-OFF), |[A/IOFF |dA/A,
(10%°s)*! |cny4amHbix |(10°s)! |cnyyamHbix [(10°s)? %

coBnaaeHu coBnageHu

i, ",

(10°s)1 (10°s)1
be3 ceknmuonnoii (875 % 18 |2278+ 9 6241718949 251 £ 25 0.40 10.0
CTPYKTYPbI
MrHoBennbie B 1-2 (718 £ 16 {1954 £ 8 483+ 16 (16308 235% 23 0.49 9.7
COCEeTHUX CeKIUsX,
3ajlep:KaHHbIe
JI00bIe
3anep:xannblie B 2x |569* 12 |857 26 362%11|724%6 207 £ 16 0.57 7.9
u 0oJiee
3agep:kaHHble B 2- |561 12 36011 20116 0.56 8.0
5 cexkumsx
3anep:kannble B 2x |545* 11 |793 25 347116645 198 + 16 0.57 7.9
u 0oJjiee, paauyc
pasJiéra 3 cekuuu
3anep:xxannblie B 2x 492+ 11 |709%5 316 £11 |591 %5 176 £ 15 0.56 8.5
u 0ojiee, paauyc
pasJiéra 2 cekuumn

N3 tabnuiel 2 BUAHO, YTO BBEJICHHE YCJIOBUS Ha MHOTOCEKIIMOHHOCTH 3aJIep>KaHHOIO
CUTHaJIa TO3BOJIMJIO CYIIECTBEHHO (B 2.5 pas3a) cHu3UTh ()OH CIIyYallHBIX COBHAJCHHM, YTO
MPUBEJIO K YMEHBIIEHUIO 00I1Ie OTHOCUTEIHHON MOTPEIIHOCTH.



BCE
IIEHTpajbHasi | OOKoBas yIJIOBast STUCHKHU,
sTYeHKa, sTYEHKa, sTYeHKa, JIBOMHEIC
JIBOVHBIC JIBOVHBIC JIBOMHEIE COBIIAJICHU
COBIIQJICHUSA COBIIQJICHUS COBIIQJICHUS i
e,y e,y e,y e,y
OlIHa TUYEerKa |oaHa suelika |oJHa Tyerka | omHa
sTUerKa
0.424 0.294 0.188 (10.3727
v
| = ON-OFF, multi/every |
06 ON-OFF
0.5+ T
- -
0.4 4
L] : ‘ n
b3 -
2 J |
[} 1
< 034
0.2 4
0.1 T T T T T x T 1

9

10 il

distance (m)

1 (10%)"

Hoaa myavmu cmapmo@.
Cpabuenue c pacuémom.

0.5

0.4 -

= OFF, multi/fevery

OFF

0.2

0.1

1(10°s)"

0.5+

04+

distance (m)

= ON, multi/every

ON

024

distance (m)



Yayuwmenue omnowenus cuenas/pon 3a cuém cexyuonupobanus

start 3 -9 M eV ,stop 3 -12 M eV

; T Qf\r ,e,,a?c,t,o,,r,, O N

first version of active shielding ;‘reagctor OFTF

1200

1000

. 800 4l G/B=0.3 | ,
1 second version of actlve shleldlng
1s/B=03
1 : cem;uouupoﬂauue : :
*‘*————__‘.. : ? reactor O N

reactor O FF

1(10 s)

0

6 7 8 9 10 11 12

distance from reactor core center (m )



Pesyavmamot usmepeHus nomoxa
AHMUHETMPUHO OM PACCIOAHUA,
IHepeemuueckas Kaiubpobka u
cneKmpul



| (s (1.3keV)?)

IHepzemuueckan KaaiuopoeKa 0emeKkmopa

200

180 —-
160 —-
140 —-
120 -
100 —-
80 —-
60 —-
40 -

20

Pu-Be neutron source
22
——— "“"Na

511 keV
22\ 4

iil74 keV 2200 keV 8000 keV
a

/ np’dy cd "

%e e

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
E, keV



1, (10°s)"(500keV)”

Ilpumep nabvopa oannwix 3a mecau.
178 noneznuvix (ON — OFF) coovimuii ¢ cymku.
Ommnowenue 3¢pgpexm/pon (ON-OFF)/OFF = 0.57

- | ——— 7.11mdistance. Reactor ON.
120 — %% 7. 1 m d|stance Reactor OFF.
- Li® and He® background.
100 —
— 7.11m distance. Reactor ON.
— Integral 569.1
80— 7.11m distance. Reactor OFF.
— Integral 362.5
60 — Li° and He® background.
_ | : Integral 86.27
— . I
40 T Z - T
L % | ,. :
20— ’ 7 4
N ' [
N | 1 1 1 | | | 1 1 | |
O 1000 2000 3000 4000 5000 6000 7000 8000

Energy, keV



Omnowenue ygppexml/gpon (ON-OFF)/OFF na pazuvix paccmosanusx

I, (10%s) {500keV)"

I, (10%s)"-(500keV)"

120

100

£ @D o]
[=] (=] [=]

o
T ‘ T |I \ I‘ T | T ‘I I \| TT

n
(=]

o

L—

l

—— 7.11m distance. Reactor ON. Exposition time 383h.

7 . . .
“Z%_ 7.11m distance. Reactor OFF. Expositon time 314h.

[

l

I

.

1
2000

b—

|

-

1 ‘T_L}‘_,_{‘_I
1 1L

- Ny

7.11m distance. Reactor ON.

Integral

Integral

569.1

7.11m distance. Reactor OFF.

362.5

7000 8000

100

80

60

40

20

L L | L
1000

3000

4000

5000

6000

l

—— 10.87m distance. Reactor ON. Exposition time 470h.

““%— 10.87m distance. Reactor OFF. Exposition time 227h.

[

I

i

L

.

10.87m distance. Reactor ON.

10.87m distance. Reactor OFF.
I —

Integral

Integral

422.2

314.3

o

1000

2000

3000

4000

Energy, keV

5000

6000

7000

8000

Paccmoanue - 7.11mempa.
Ommnowenue r¢ppexml/ghon

(ON-OFF)/OFF = 0.57

Paccmoanue - 10.87 mempa.
Omnowenue r¢hchexm/gpon

(ON-OFF)/OFF = 0.34



Don Cﬂyllal?Hblx COBnaoeHuU. Cnekmpajlbmm 3asucumocma.

l, (10°s)"(500keV)"!

600

500

400

300

200

100

L=

E —+—— 7.11mdistance. Reactor ON. Exposition time 383h. Accidental background.

— ~~a+- 711m distance. Reactor OFF. Exposition time 314h. Accidental background.

— !

[ I

— 7.11m distance. Reactor ON. Accidental background.

- Integral 857.5

- 7.11m distance. Reactor OFF. Accidental background.

— Integral 743.8

[ L L | L L _ Il ._:_..I_J 1 1 L L

0 1000 2000 3000 4000 5000 6000 7000 8000

Energy, keV



I, (10°s)(500keV)!

@on cayuaiinvix coenadenuii. CnekmpaibHas 3a6UCUMOCHLb.
Paznvie paccmoanusn u mowgnocms peaxmopa.

E —+—— 7.11m distance. Reactor ON. Exposition time 383h. Accidental background.
600 — “=~= 7.11m distance. Reactor OFF. Exposition time 314h. Accidental background.
— !
[ T
500 — 1
400 — %
300 — 7.11m distance. Reactor ON. Accidental background.
m Integral 857.5
200 = . 7.11m distance. Reactor OFF. Accidental background.
— 5 Integral 743.8
100 — F
D: Ll 7 T BV B
0 1000 2000 3000 4000 5000 6000 7000 8000
Energy, keV
500 :— —+—— 10.87m distance. Reactor ON. Exposition time 470h. Accidental background.
— W 10.87m distance. Reactor OFF. Exposition time 227h. Accidental background.
_ |
400 — \
s
@
S 300(—
o -
e} L
) - - 10.87m distance. Reactor ON. Accidental background.
= - Integral 621.1
B 10.87m distance. Reactor OFF. Accidental background.
100—
C Integral 621
L T R PRSP B o) oo o
Og 1000 2000 3000 4000 5000 6000 7000 8000

Energy, keV

7.11 mempa

10.87 mempa



P€3yﬂbmambl u3mepenm7 nomoka tmmuueﬁmpuuo om paccmosiHun

B ON - OFF, big detector
¢ ON - OFF, model detector

v2/DOF 22.89/21

I(10%s)"

distance to reactor (m)



Usmepenua nomoxa anmuHedmpuno om peaxmopa Ha Maivlx paccoAHUAX
(6-12 mempo8B) om yenmpa ucaedoBamesvckoeo peakmopa npobedenvt 6nepbuie.

m  ON - OFF, big detector B paMKax JTOCTYITHOU
¢ ON - OFF, model detector CTAaTUCTUUYECKOU TOYHOCTHU HE
80 + OOHapy>KEHO OYEBHIHBIX OTKIOHEHUI
9 or 3aBucumoctu 1/L2, tme L —
v“/DOF 22.89/21

paccTossHUE OT IIEHTPa aKTUBHOM 30HBI
peakTopa.

Pesynbrarel B amanazone 10-12
METpPOB TpeOyeTcs IOBTOPUTH C
00JIBIIIEH TOYHOCTBHIO.

1(10%)"

M3mepenuss ¢ BKIHOYEHHBIM
PEAKTOPOM BBITIOJIHEHBI B TEUCHHE
111  cytok.  UsmepeHuss  c

| BBIKJIFOYEHHBIM pEeaKTOpoOM
BBIIIOJIHEHBI B TedyeHue /4
distance to reactor (m) cyroklll cyrok. Bcero 0pu10l5
BKIIOUCHHMH M BBIKIIOYCHUU
peakTopa.

H3mepenns npoaoKarTes.



B ON - OFF, big detector
¢ ON - OFF, model detector

160 -
+2/DOF 14.10/10
120 - »-[%4
—H T
L5,
D L]
lnm ‘-Ls
S 80-
v .T~
o —H -“. T
1 . T
= ——
%‘—”‘!#—1 .
40 - "
0 | | ! | ! | ! | ! |
6 7 8 9 10 11 12

distance to reactor (m)




Cnexmpol menobentvix cueHas06 044 pasHovix paccmoAHUAX

6.8m from reactor

7.Bm from reactor

8.8m from reactor

0.4 0.4 0.4r
0:35¢ +2DoF = 11.19/10 0.355 +2DoF = 20.73110 0.35¢ +%/DoF = 9.38/10
Lﬂ.ﬂ:— Lﬂ.ﬂ:— Lﬂ.ﬂ:_
> > > ot
$h.25F 25k $h.25F
gt g o ¢t
w 0.2F wn 0.2 wn 0.2F
015 F015E 015 -
= 01F =0k = ok
0.05F 0.05F 0.05L ¥
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4.7m from reactor 10.7m from reactor 11.5m from reactor
0dr 0.4r 0.4
0.35¢ +2DoF = 10.38/10 0.35¢ +2/DoF = 8.42/10 0.35¢ +2DoF = 33.58/10
';___‘_'D.a:— Lﬂ.ﬂ:— J3E
=t = s
Shosk o5t 25F
] F =] E F
B 02F @ 0.2F -2k
F15E F015F A5F
= 01f = oaf A
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1, (10°s)"(500 keV)"

Cnexmpul, ycpeouénnoie no 6cem paccmoaHuAM

0.2
0.18

—— Average Spectrum

------- Expected Spectrum

0.16
0.14

0.12
0.1
0.08

2/DoF = 14.83/10

0.06
0.04
0.02

| | | Fr— 1
1000 2000 3000 4000 5000 6000 7000 8000
Energy, keV
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CITTT



CpaBnenue c 0auHbIMU HA DOABUIUX PACCINOAHUAX
(npubaska omuocumesvHoix UsMeperuil K abcoAt0mHuvIiM)

ITockoabKy 3((PEKTHBHOCTh HAIIEr0 MHOTOCEKIIMOHHOTO JACTEKTOpa K
pEeTUCTpAIlM  AaHTUHEUTPUHO HE MOXET OBITh paccuMTaHa C
JOCTATOYHON TOYHOCTHIO, HAIllM JIaHHBIE HOPMHPOBAHBI MO CPECIAHEMY
3HAYCHMIO Ha oOmienpuHsaToe oTHomeHue 0.936, T.e. Ha OTHOIICHHUE
U3MEPEHHOI0 IIOTOKA PEaKTOPHBIX aHTUHEUTPHUHO K PaCUETHOMY
noToky. HamoMHuMm, 4TO B HallleM JKCIepUMEHTE Ojaromapss METOMY
MEePEABMKHOIO JETEKTOpa CTAaBUTCS 3ajiadya OTHOCUTEIIbHBIX U3MEPECHUM
M NIOMCKA OTKJIOHEHMs OT 3akoHa 1/L? , a TarKe IOMCKa BapHalvu
(bOopMBI CIIEKTpa M3-3a IMpoliecca OCHUIIIAIUN B CTEPUIIBHOE COCTOSIHHUE.



Ir06arvnbiir pum na ocyusrayuu, ucnoavsya 6Gee usbecmuvie darnovle
+ dannvie HEUTPUHO-4

[0 Bugeyd <> Gosgen Y/ Rovno88 <> PaloVerde M Nucifer

O Bugey4 A ILL SPR @ DobleChooz @ RENO

134 A Rovno9l <> Krasno #¢ DayaBay ¥ Chooz @ Ncutrino-4
1.2 - |
1.1 1

E§ 1.0

Z 09-

o

0 0.8

e

0.7

|
2 2 .24
~ 06 Am14 =0.43eV", sin 2914— 0.074, R = 0.9364/-0.021
l = 2 -3 2 .2
os]  Am '=2510%V’,sin"20, = 0.084,
! ! UL L L L L ! ! UL L L L | ! ! UL L L L L ! ! L
1 10 100 1000

L [m]



AHaau3 Ha napamemput MOOeAU ¢ 0OHUM CIMEPUAbHBIM HELMPUHO, UCHOAb3Y A
Habop nawux dannvix Heumpuno-4, dannvix ILL u Nucifer na maavix
paccmoanuax, a makie cex uzBecmuvix 0aHHbIX NPU OOABUUX PACCINOAHUAX.

2.2
Bugey-3 Bugey-4 8
gGosge_n; Bovn088,
1 = 1.8
— 1.6
2
3 S
" 14 g
5 e
1.2
10"

0.8

R IR R i I TR T S A A B i |

2 p
L sin’(20) 1

AHanu3 Ha nmapaMeTpbl MOJIENIU C OJJHUM CTEPHUIIbHBIM HEUTPUHO, UCIIONb3Yysl HA0Op HauMX JaHHbIX HeliTpuHo-4,
nansbix |LL u Nucifer Ha MaibIx paccTOsSHUSX, a TAK)KE BCEX MU3BECTHBIX JAHHBIX MPHU OOJIBIIUX PACCTOSHUSIX
MIPEICTABIICH CIUIOMIHBIMU JIMHUAMU. J{J1s1 cpaBHEHHUS IPEACTABIECH TAKOM ke aHau3 0e3 yu€ra nanHbix Heittpuno-4
WITPUX- MYHKTUPHBIMU JIUHUAMU. V3-3a 100aBIeHNs HOBBIX TaHHBIX U YBEIUUYECHUS YHCIIA CTENIEHENH CBOOOIbI
MCIIOJIb30BaH MPUBEICHHBIA XU-KBaJIpaT, C y4€TOM HEPABHOTOUHOCTH U3MEPEHUM.



1(10%)"

40 -

30 -

10

e ON-OFF,3-7MeV

v/DOF = 15.84/11
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distance from reactor core center (m)
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-i- == 3MeV. With SRP. Without Neutrino-#,. | “=--* i
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P

—— 3MeV. With SRP. With Neutrino-4.
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v counting rate dependence on distance from reactor core

)
L Detector was split into 3 sections along z (~30cm each)
A Each section has 3 positions — up, middle, down
N Normalization (efficiency) for central section is a fit parameter
S Difference in efficiencies of central and 2 other sections are also
S fit parameters
~——— > 2100
5 o000 DANSS y’ndf. = 6.64/6
‘5 900 Preliminary

1800

Const/R2

Hanunvie npedocmabaenvt

M.B. IlanuroB8vim 600
1500
1400

1300

| | ‘ | | | | | | | | | | | | 1 ‘ | | | |
10.5 " 11.5 12 125 13 13.5

o \I\I‘\I\I|\IH|\IH‘\II\|HH|HH‘I\I\‘HI\

1 2(}01

Perfect agreement with 1/R2 dependence

85



Hannvie HEUTPUHO-4 u DANSS coBmecmto.
(Conpaxenst 6 00a1acmu nepekpolmusa 0AHHbBIX).

® ON-
¢ ON-

OFF, Full-scale detector
OFF, DANSS

80 -

o

1(10%s)"
\
/
&b
/

20 -

v2/DOF 10.36/14

L (m)

Tournocmv 1%



Amzm (evz)

—_

0-1

Ilooxarouenue daunvix DANSS cmazuBaem obaacme napamempob

no sin? 20,,, MO He oepanuuubaem no Am124

Bugey-3, Bugey-4,

Gosgen, Rovno88,

Ravno91; SRP;

K a:sr ovarsk

oyarsk,

Chodi e Verde: {8 “',:-’;'
Double Chooz, ~.

Daya Bay, RENO, vy e

ILL; Nucifer

Neutrino-4

-2
L sin’(26)

22

2
14

Am

10"

1.5 - 7MeV. Global fit with DANSS and Neutrino-4.

g
&

102 10"

sin’(28, ,)

Hopmupobxa na 0.936

22



1.5 - 7MeV. Global fit with DANSS and Neutrino-4.




¥Z with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4

102
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10 sin*(2e,) 10
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¥Z with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4

102

-2
10 sin*(2e,)
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¥Z with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4

Hopaupob

-2
10 sin*(2e,)

10”

2.5

1.5

0.5



¥Z with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4

...........................................
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o . .
¥2 with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4 x2 with Daya Bay, RENO, Nucifer, ILL, DANSS, Neutrino-4
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N, exp/ Neal

R=

B Nucifer A ILL O Bugey3 O Bugey4 Yl7 Rovno88 A Rovno9l
B SRP <> Krasno & Gosgen X RENO s DayaBay < PaloVerde

13- ¥ Chooz @ DobleChooz @® Neutrino-4 /A DANSS
0.7—- 2 'Iz' . 2
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Bwv1600wvt no pezyrvmamam nepevix uzmepeHuil

1.Bnepegvle usmepena 3abucumocms nomoxka aHmuHeumpuno
HA MAIBIX PACCIMOAHUAX
(6 —12m) Oo yenmpa peaxmopa.

2. B pamxax umeroweiica cmamucmuyecKou moyHocmu He
00HapyrkeHo docmoBepnbix omxaoHenull om 3akona 1/R?, ede
R - paccmosanue 0o yenmpa peaxmopa.

3. IIpoBedénnviit anaius 6 pamkax mooeau cmepuibHO20
Helmpuno He 3axkpuvibaem 603moxHocme cymecmbobanus
CMepuIbH020 HeUMpPUHO ¢ Napamempamu

AmZ,>0.25B° u  sin®20,, = 0.04+0.10
npu 31mMoM NPUHUMAEMCA PeakmopHas aHOMAAUA,

m.e. pacuémol AHMUHETMPUHHBIX cneKmpob.
(MOXHO Oaxce 00cyxdamsb 3 muna cmepusbHbvIX HEUMPUHO:
cmepuivHoe I1eKmpoHHoe, CepuibHoe MIOOHHOE,
cmepuivHoe may)



I11aHbI:;

1. ITpoaoJsskeHHe U3MEPEHUI HA JAHHOU
YCTaHOBKE.

2. Co3panue BTOPOl HEMTPUHHOU JIA00PATOPUU
Ha peakTope CM-3
¢ 0a3o0i 10 15 meTpoB.

3. JIBa HIEHTHYHBIX JeTEKTOpA,

OJIMH - CTAUUOHAPHBLIN Ha 15 M,

BTOPOM - NMOABUKHBIMN.

4. JlerekTopbl ¢ DIY ¢ ABYX CTOPOH, 10 25 ®IY
¢ Kax/10i cTopoHbl. Beero 100 ®IY.

S. IMCKpUMHUHAIMA CUTHAJIA 10 (hopMe UMITYJIbCA
(PSD).

6. HoBbiii cuuHTIULISATOP € 0.3%Gd,

JJISl OAABJICHUSA (POHA COAYYANHBIX COBIAJACHMIA.
3 ky0. meTpa.

DuHAHCOBbIE MOTPEOHOCTH
20 MJIH.pYO.



JKcnepumenmnsl N0 HOUCKY
CMepuUAbHO20 Hellmpuno,
pempocnekmuba



DenepanpHOE rocyaapcTBeHHOE OIOKETHOE yUpekIeHe HayKi MHeTuTyT
AIepHBIX HccaeqoBanmii Poccniickoil akagemin Hayk (M PAH)

CHUHEB Banepuit Buranesepiu

CCJIENJOBAHUE OCLIMJIISLIMY HEUTPUHO B PEAKTOPHBIX
OKCIIEPUMEHTAX

Mocksa — 2013

01.04.16 — du3uka aToMHOrO sapa W 3IeMEHTApHBIX YACTII]

ﬂI'ICCEpTﬂHI'IH Ha COIICKAaHIIC }"IE‘HDfI CTCIICHII
JOKTOPa (1}I-I3I'IKD-MHTEMHTII[IE‘CKI'IX HaVK



Tabmuna 8. OTHoNIeHIe N3MEPEHHOTO I OKITaeMOro HeHTPHHHBIX 3(deKkToB

B PCAKTOPHBIX 5KCIICPIIMCHTAX Ha OIH3KIX PACCTOAHITAX

JKCIepHMEHT PaccTogHne. M OTHoIeHHe pabdoTa
ILL 8.76 0.832 £+ 0.075 [71]
PoBHO 12 0.970 £ 0.025 [41]
Bugey-3 15 0.988 +£0.03 [42
PoBHO 18.2 0.987 £ 0.035 [43]
PoBHO 18.2 0.995 £+ 0.035 [72
SRP 18.2 0.987 £ 0.04 [44]
SRP 23.8 1.055+£0.04 [44]
PoBHO 25.2 1.008 = 0.049 [43]
KpacHospck 33 1.013 £0.051 [45]
Gosgen 37.9 1.018 £ 0.065 [9]
Bugey-3 40 0.994 £ 0.051 [42]
Gosgen 45.9 1.045+£0.054 [9]
KpacHosApcK 57 0.989 £ 0.051 [11]
Gosgen 64.7 0.975+0.076 [9]
KpacHospck 92 1.031 £0.20 [45]
Bugey-3 95 0.915+0.141 [42]
KpacHospck 231 1.161 £0.1 [45]
Palo Verde 820 1.011 +0.061 [14]
CHOOZ 1050 0.980 £+ 0.043 [13]
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Present status sxcnepumenmo8 no noucky cmepuibHo2o Helmpuno

Experiment Reactor Overburden Detection Segmentation Optical Particle ID
Power/Fuel (mwe) Material Readout Capability
DANSS = s 3000 MW ~50 Inhomogeneous | 20, ~“5mm WLS fibers. Topology only
ussia A e sheets
(Russia) i3 LEU fuel PS & Gd sh
MEDS 2800 MW ~20 Homogeneous none Direct double | recoil PSD only
outh Korea e -dope ende
{South Korea) LEU fuel Gd-doped LS ded PMT
nulat 40 MW few Homogeneous Quasi-30, 5cm, | Direct PMT Topology, recoil
{USA) 51 fuel “Li doped PS 3-axis Opt. Latt & capture PSD
Meutrinod = - 100 MW ~10 Homogeneous 20, ~10cm Direct single Topology only
[Russia) :ﬁ: 321 fuel Gd-doped LS ended PMT
e | MEEE
PROSPECT 85 MW few Homogeneous 20, 15cm Direct double | Topology, recoil
{USA) 20 fuel “Li-doped LS ended PMT | & capture PSD
Solid _ 72 MW ~10 Inhomogeneous | Quasi-30, Scm WLS fibers topology,
(UK Fr Bel US) 20 fuel “Lizns & PS multiplex capture PSD
Chandler 72 MW ~10 Inhomogeneouws | Quasi-30, 5cm, | Direct PMT/ topology,
{USA) 321 fuel ®LiZns & PS Z-axis Opt. Latt | WLS Scint. capture PSD
Stereo - 57 MW ~15 Homogeneous 10, 25cm Direct single recoil PSD
(France) 21 fuel Gd-doped LS ended PMT
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Sensitive to sin220.4, can

- Different angles of incident
flux yield broad baseline
coverage

‘+- Look for evidence of muon
' neutrino disappearance

T.J. Langford - Yale University

probe accelerator anomalies

1

= JceCube 90% CL :
1

90% CL sensitivity | 1

= (68%and 95%) | |
Kopp et al. (2013) .

1

1

mmmm (Collin et al. (2016)

10—2 - A e ! g :
1072 1071 10

sin® 20,
No evidence of sterile neutrino
oscillations

MINOS
SuperK

Abstract: S11.00008 : Sterile Neutrino Search with Starting Events in IceCube

2:54 PM-3:06 PM
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New Search
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50tons of liquid Gallium

BEST sensitivity to O(1) eV sterile neutrino

Vladislav Barinov,!2 * Vladimir Gavrin,*T Dmitry Gorbunov,’* # and Tatiana Ibragimoval:§

! Institute for Nuclear Research of the Russian Academy of Sciences, Moscow 117312, Russia
BPhysigs Department, Moscow State University, Vorobievy Gory, Moscow 119991, Russia
? Moscow Institute of Physies and Technology, Delgoprudny 141700, Russia

10 ey -
Galium i |- B8MCi 5'Cr source centered
Anomaly 8 | . .
il| intwo concentric
containers of Gallium,
1k - Measure production of
10 71 Ga
- Direct test of Sage/Gallex
i anomalies, simpler
ONLY BEST (1.1) neutrino flux predictions
0|1 M " ] o o i |
0,01 0,1

sin’(20)

arxiv:1602.03826v1

T.J. Langford - Yale University

APS April Meeting 2017




B. Neumair - ICHEP 2016

|
e

» SOX: Ve

144Ce source placed below Borexino
detector volume

events per 0.2m/Me

Rate + Spectrum analysis to search
directly for neutrino oscillations

0s¢/no 0S¢

Extensive work in understanding Ce
and Pr beta decay source
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125kCi

no oscillations

sin®(26,,) = 0.1, AmZ, = 0.5eV?
sin’(29,,) = 0.1, Am3, = 2.0eV?
sin®(20,,) = 0.1, Am?, = 10eV?

L/E in m/MeV

vacuum tank water line

copper heat
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tungstate
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»

Source Power
Measurement
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Daya Bay: V. = Ve Spectral Comparison
_w \ \ R ——{ Spectral Comparison| PRL 117, 151802 (2016)
11 — EH2 —— Data Unc. of 3v predictiom ]
E : : T T T T TTTT T T T T TTTT
Lé [ e &+ + + -+-+_+“L",Jtr:'i *— — a
g %_ R b o + . I
3 H o e Am3, = 4x107 eV? == Am3, = 4x107? eV? + 1 107 =
g 09 sin26,, = 0.05 assumed I E J
@ . __: : : ‘ : T3 C o ]
N TES 1021 -
09— ¥ QO E 3
T 2z 3 4 5 6 7 843 - 5
_ Prompt Energy (MeV) g L _
| - L _
- Multiple detectors at different baselines provide 5
| unique probe for sterile neutrinos 107" —~- DayaBay 95% C.L. E
’ 9 P - — Daya Bay 95% CL_ ]
- Spectral measurement at different baselines, look for - —— Daya Bay 95% expected (+10) .
oscillations, sensitive to low Am=2 region ---- Bugey 9070 CL |
10-4 | | L 11111 | | I 11111 | | I 11111
, . , , I 10° 107 107 1
Consistent with 3-flavor neutrino oscillation 20
sin 14
) ) Abstract: M11.00007 : Precise Measurements of Oscillation Parameters and Search for a Light Sterile Neutrino
T.J. Langford - Yale University at Daya Bay




An abundance of experiments...

Experiment Reactor Overburden Detection Segmentation Optical Particle ID
Power/Fuel (mwe) Material Readout Capability
DANSS 3000 MW ~50 Inhomogeneous | 2D, “5mm WLS fibers. Topology only
(Russia) LEU fuel PS & Gd sheets
NEOS 2800 MW ~20 Homogeneous none Direct double | recoil PSD only
(South Korea) LEU fuel Gd-doped LS ended PMT
p
nulLat 40 MW few Homogeneous Quasi-3D, 5cm, | Direct PMT Topology, recoil
(USA) 23U fuel 8 doped PS 3-axis Opt. Latt & capture PSD
Neutrino4 v — 100 MW ~10 Homogeneous 2D, ~10cm Direct single Topology only
(Russia) :m: 25U fuel Gd-doped LS ended PMT
- >
PROSPECT 85 MW few Homogeneous 2D, 15cm Direct double | Topology, recoil
(USA) 23U fuel 6Li-dopt:-:d LS ended PMT & capture PSD
Solid 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm | WLS fibers topology,
r Be ue iZn multiplex capture
(UK Fr Bel US) 25y fuel ®Lizns & PS Itipl pture PSD
Chandler 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm, | Direct PMT/ topology,
ue iZn -axis Opt. Latt cint. capture
(USA) 23U fuel ®LiZnS & PS 2-axis Opt. L WLS Sci PSD
Stereo 57 MW ~15 Homogeneous 1D, 25cm Direct single recoil PSD
rance ue -dope ende
(F ) 22U fuel Gd-doped LS ded PMT

N. Bowden AAP 2016
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T.J. Langford - Yale University APS April Meeting 2017
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T.J. Langford - Yale University

Single-volume GdLS detector with pulse shape

discrimination and 5% Energy Resolution

Located in tendon gallery at Hanbit power reactor
at ~25m from reactor core, S:B ~23, 2000 IBDs/

day(!)

Initial data run finished in 2016, spectral oscillation
search starting to probe best-fit region

APS April Meeting 2017




- . I\/Ibvable 350L GdLS defector, 100MW reto |
Neutrino-4

1+ 6-11m from compact core, Signal:Background = 1:5
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T.J. Langford - Yale University 21
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e MUoR veto plates- ‘
;. .

Alekseev et al. arXiv:1606.02896
Neutrino2016: https://voutu.be/ip_1cW-DQOOE ?t=1h10m36.
N
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i 47 , ¥
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: ) 4 ’ : i — A pillar of the lifting gear |
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| Vertical Movement |4 Y5 | . =
j«——— Height available: 4.1 m ———> 10— — - .
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N 5
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T.J. Langford - Yale University APS April Meeting 2017



n4+8Li =3H + a +4.78 MeV

SLiF:ZnS(Ag) PS cube read-out with
I optical fibers
IBD interaction|
in PS cube
n
N
5 .
v+p—oet+n
PVT
5 cm Bt T S amparoson2|
= ) T R L S | RS, =080
-+ 13000 5¢cm PS cubes read out by fiber Ig % pi'n o el
o |Particle IDf~[al i
I+ Neutron tag from Li-loaded inorganic scintillator ~— . | : 5 ; :
| sheets surrounding cubes g T T S
+ Deploy 1600kg detector at BR-2 reactor early 2017 =
102 p-
- Detector R&D study (Chandler) underway, would - [igf) Taeall : :
miniChandler expand high Am? sensitivity 20 - - e
Prototype - PID Parameter

N. Ryder - AAP 2016
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Sensitivity: 3 o CL

Phase-I (1 yr), Multiple Positions

Phase-I (3 yr), Multiple Positions
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Movable
4ton Detector

154 optical segments
Pulse shape discrimination
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.+ 4ton movable °LiLS detector at HFIR HEU
I reactor (154 segments, double PMT readout)

160k detected neutrinos per year, ~1000/
day. Signal:Background = 3:1

5% energy resolution for precision spectral
measurement of — U

Extensive prototyping program, validated
detector performance and background
I projections

Detector construction underway, installation
this summer
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Fig. 3. Confidence limits as a function of the “reduced
x?” = x?/n and the number of degrees of freedom n. Curves are
labeled by the probability of a measurement resulting in a value
of x2/n greater than that given on the y axis; e.g., for n = 10,
a value x2/n > 1.8 will occur in 5% of a very large number of
experiments. The dashed curve for CL = 5% is calculated using
the approximation of Eq. (1.32).



