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Search for sterile neutrlos at the
DANSS experlment



There are several ~3c¢ indications of 4™ neutrino

LSND . MiniBoone: Ve appearance Indication of a sterile neutrino
' . Am2 ~ 1 eV?
SAGE anii GAL.E>.( Vv, deficit Sin?26,, ~0.1
Reactor V, deficit => Short range neutrino oscillations
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Inverse Beta Decay
(IBD) process
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G. Mention et al. Phys Rev D 83 073006 (2011)

Reactor models do not describe well neutrino spectrum
Measurements at only one distance are not sufficientV



DANSS Detector design ( ITEP-JINR Collaboration) 1ap pmcess“i;
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« 2500 scintillator strips with Gd - Two-coordinate detector with fine
containing coating for neutron capture segmentation — spatial information
* Multilayer closed passive shielding:
« Central fiber read out with individual electrolytic copper frame ~5 cm,
SiPM borated polyethylene 8 cm, lead 5 cm,
- Side fibers from 50 strips make a bunch  borated polyethylene 8 cm 2

of 100 on a PMT cathode = Module « 2-layer active p-veto on 5 sides



Data acquisition system

WFD
Input
amplifiers

’

Power
and VME
buffers

* Preamplifiers PA in groups of 15 and
SiPM power supplies HVDAC for each
group inside shielding, current and
temperature sensing

 Total 46 Waveform Digitisers WFD in 4
VME crates on the platform

 WFD: 64 channels, 125 MHz, 12 bit
dynamic range, signal sum and trigger
generation and distribution (no additional
hardware)

» 2 dedicated WFDs for PMTs and u-veto
for trigger production

« Exceptionally low analog noise ~1/12 p.e.
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DANSS at Kalinin Nuclear Power Plant
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DANSS is installed on a movable platform under
36W WWER-1000 reactor (Core:h=3.7m, @=3.1m)
at Kalinin NPP.

~50 mwe shielding => y flux reduction ~6!

Fuel contribution to v flux at
beginning and end of campaign

No cosmic neutrons! 235U  63.7% 44.7%
Detector distance from reactor core 10.7-12.7m gggzu Zg BG(ZO 332:,//2
(center to center) 241Pu  2.8% 8.5%
Trigger: ZE(PMT)>0.7MeV => Read 2600 wave -

forms (125MHz), look for correlated pairs offline.



DANSS: cucrema KpeMHueBbIX PIY

U SiPm BaXkHbI AN YTOYHEHMSA MPOCTPAHCTBEHHON N SHEPreETUYECKOU
CTPYKTYpPbl COObITUSA, OTOBPAHHOIO N0 CyMMapHOMY OTKINKY ODbIYHbIX
dooTOyMHOXUTENEN
0 DANSS mncnonbsyetr MPPC S12825-050C npounssoactea HAMAMATSU:
— YyBCTBUTESIbHAsA 30Ha 1.3 mm?;
— 667 a4yeek (nukcenen) 50x50u3;
— ycuneHue ~10°;
— 3(PPeKTUBHOCTL K 3eneHomMy cBeTy ~ 35%;
* [lpenmyuiecTBa:
— paspelueHne Ha ypoBHe 1 pOTOSMEKTPOHA,;
— Marnbln pasmep;
— [JelweBu3Ha;

« HepocTtaTKu:

— TeMHoBOM WyM ¢ yactoTom ~130 kHz Ha ypoBHe 50 k3B, umMutupyrowmm
CUrHanbl MArkUx OTOHOB,;

— Hanuyune onTUYECKOW CBSA3N MeXOy COCeAHUMU NMUKCENSMU;
— TemnepaTypHasi 3aBMCUMOCTb NapaMeTpOB;
— HEeNMHEMHOCTb OTKMMKa Npu 0oMbLUMX YMcnax cpaboTaBLUMX NUKCENEeN;




OObOpaboTka curHana KpeMHueBbIX PIY

BpemeHHast popma curHana SiPm

3anucbiBaemMbln OTKIIMK SiPm:
BpeMeHHasa popma curHana,
oundopoBaHHOIo ¢ Wwarom 8 ns BO "
BpeMeHHOM OKHe 520 ns, KoTopoe
doopMuUpyeTca nocrne nosiyvyeHus
Tpurrepa Ha gaHHoe cobbiTue

A, ADC counts
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[Mocnegyrowmn aHanns No3BOSIAET:
— MOCODBITUMHO KOMMEHCUPOBATb OCTAaTOMHOE CMelleHue 6azoBon nNuHuKM (+ 1
kaHan ALLT);
— BbIYNEHUTb CUTHANBbHbIN MMMYIBC MO BPEMEHU Npuxoha curHana ty u ycTtpaHuTb
BO3MOXXHble MapasnTHbIe UMNYIbCbI, MONaBLLIME BO BPEMEHHOE OKHO;

— crmaauTb onyKTyaumm nbegecrana nyTém annpoKCuMauumn CUrHanbHOro
MMNynbca U NONYYnUTb YTOYHEHHbIE 3HAYEHUS] MHTErpanbHON BeNNYMHbI curHana |
N BPEMEHM €ro npuxoaa to;



LLlymMmoBble cnekTpbl KpeMHUueBbIX PIY

CeA3b mexay CBOWCTBAMM MUKOB:

P
. WHTerpanbi(cTaTUCTMKA B NUKe): Inyi=In* %
N
*  MNosuuma(makcumym): Xy = N*x;, Xyipq = 2Xn*(1+1/N)

*  CpegHee 4ucno cpaboTtaswmx nukcenen: <N>=1+¢ +e**3(n-1)/2n + o(g?)

roe N — Homep nuka, Py —BeposaTHocTb cpabaTtbiBaHuAa N nuKkcenen, € - obwan BepoATHOCTb
cpabaTtbiBaHUA bonble yem ogHoro nukcens B SiPm, n — addeKTuBHOE YMCNO cocenei nepeoro
cpaboraswero nukcena[L. Gallego, J. Rosado, F. Blanco and F. Arqueros].

Takum obpasom, Wymosble cnekTpbl SiPm no3sonaloT onpeaenuTs BCce NnapameTpbl, Heobxoaumble ana
KanmbpoBKM OTKAMKA SiPm B "MHEMHOW 061aCTU HU3KUX aMNAUTYA,:
*  KoapduumeHT ycuneHusa SiPm B popme kKoadduumeHTa nepecyérta KaHanos ALM 8 4ncno cpaboTaslumx
nuKcenewn;

* BEPOATHOCTb ONTHUYECKOro nepekpéctHoro cpabarbiBaHmnAa apyrmx nukcenen SiPm v NponssogHbIM NapameTp B
dopme cpeaHero KoNM4YecTsa TEMHOBbIX FreMrepoBCKMX Paspa4oB, YTO 3KBUMBANEHTHO CpedHEeMY KONMUYecTBY
nuKcenew, cpabartbiBatowmx oT ogHoro GOTOINEKTPOHA;

C uenbto Kanmbposku SiPm 1 HenpepbIBHOrO MOHUTOPUHTA Self trg, ADC 02 ch 01(Y 20/002)
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[lpoBepka maTteMaTU4eCKOU Mmoaenu

MaTtemaTnyeckme Mogenm ontTu4eckom cesasn mexay nukcenamu [L. Gallego, J.
Rosado, F. Blanco and F. Arqueros] 6a3npytoTcs Ha OonyLweHnn, YTo NnepBbIin
cpaboTaBLUM NUKCESTb MOXET CMPOBOLIMPOBAaTL JlaBMHbI B KOHEYHOM 4YUCIIE
coceaHux a4eek. ITOT napameTp N, HasbiBaeMbl IDPEKTUBHBIM YNCITOM
cocefnen, BxoauTt B oopmMyny Ans BblYUCIIEHNSA CPeQHEro Yncra nukcereu,
cpabaTbiBalOWMX OT OAHOro OOTO3NEKTPOHA. BENNMYMHY N MOXHO OUEHUTDL MO
COOTHOLLEHUIO CTaTUCTUKU B NUKaX C pa3HbiM N

CpegHee oTHowweHMe Yucen cobbitnin B nukax <[y / I;> N 2 3 4 5

' - 4 effective neighbours | Iv/I,n=4 0310 0108 0.042 0.016
= 8 effective neighbours

Iy/I;,n=8 0288 0.112 0.048 0.022
Iy/I;, 9 0281 0.108 0049 0.023

¥ Experimental data

OKCnepuMeHTarnbHble AaHHble: 4 Yyaca
Habopa B CTabuUnbHLIX TEMMNepaTypPHbIX
ycnosusx (118M wyMoBbIX TPUITEPOB).

Ncnonb3yemblie B DANSS SiPm
Livcno cpadorasumx nucencii | XOPOLLIO OMUCLIBAKOTCA MOAENbio ¢ N=8.




Determination of effective number of pixels

WLS Fiber illuminates SiPM non-uniformly
Effective number of pixels is determined from response nonlinearity
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DANSS: TemnepaTtypa geTeKkropa

=
DANSS detector map

Crabunusaums nocne BKMHOYEHUA
CUCTEM OXNaXxadeHusa u nutaHua SiPm

o BpeMeHHbIe BbIKINMHO4YEeHUA

25.00 .
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0 5000 10000 15000 20000 25000

Y-SIDE B |

Temnepatypa HenpepbIBHO KOHTPONUPYETCH Npu NomoLn 36 4aTYMKOB,
PaBHOMEPHO pacnpenenEHHbIX Mo NOBEPXHOCTAM 0DEUX CUNTbIBAEMBbIX
CTOPOH KyDa B HernocpeacTBeHHOW 6nin3ocTn ot SiPm.

[1py n3amepeHHon TemnepaTypHOU CTabUIBHOCTN CTaTUCTUKN HABbpaeMbIX
KannbpoBOYHbIX AaHHbLIX 3aBE€4OMO A4OCTAaTOYHO AN OTCrEeXuBaHUA U
KOMMeHcaunmn BIMAHNSA BO3MOXHbIX TeMnepaTypHbIX 3deKTOB.

11 , irina.machikhiliyan@itep.ru




Light yield profiles

SiPM PMT

_ 1 NonunSiPmNaorm _ _ , : —LNonunPmtNorm

1.25
1.2
1.15

11

1.05

—
O
—_

1.05 L p & @ iRl b
0.95 . . a¢ ...............

-

0.95 0.9

o
0

0.85

............................................................................................................................................................

0.85

10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
L,cm L, cm

= I|I|III|||||||I|II|II|I|||||||III

SiPM PMT

3
= 40— —+ .+

0 5 KT 15 T a 0 5 0 15 T il
W am 12



CT1abunnbHOCTb

1400 F—3 2701 7
= DOW"LU.I..
1300 2_ . « Middle
1200 j ; Up
1100 L i :
| 1 .
1:gg§—i. ?h‘hl ‘ Wi 'y | -L & b,,‘;;:, oA bl PR
800 E— / { 3 , ; ;
700 =— LI 22-29 MapTa ; <4 1’ + A
600 ?. | ) | | ) | ) ) | | ) ) | | | ) 01\7 ) | | | ) | | | ) | | | ) | | | ) ) | |
6000 8000 100000 12000 14000 16000 18000 20000 22000 24000 26000
Veto frequency, Hz Down
— « Middle
500 — Up
450; .'?.av. T I | o o -pp,!p LT
— - P a
400':]'—= i ’ ‘
350 - : |
4 ) 3
300 3 : . ;
3 i
250 == ¢ & .
200 =W i R Y PR
15045—“..\."|.‘.|.‘.\...\.‘.\.‘.|.‘.\...\..‘|.
6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000

13




CT1abunnbHOCTb
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Data analysis

“digi”-files:
hit parameters
~50 Gb/day

Raw data: Extract hit
wafeforms parameters
~500 Gbh/day
root-files:

trigger parameters
~5 Gb/day

Make events and
random events

Calculate trigger
parameters

root-files:
event parameters
~30 Mb/day

Make physics distributions

Monte Carlo and Data analyses are identical

15



Event bullding and muon cuts

Building Pairs
« Positron candidate: 1-20 MeV in continuous
lonization cluster
* Neutron candidate: 3.5-15 MeV total energy
(PMT+SiPM), SiPM multiplicity >3
« Search positron 50 ys backwards from
neutron
x10° Time From Veto to Positron Candidate in Pair
w)
:]EJ"I 00_ - Total Energy from Positron Candidate ‘Muon’
> [ € = cut:
L u o 14000;* T Instantaneous t> 60 us
80 12000 component I
B 10000F :
60_— sooo;_ :
— 6000:— |
i 4000F . :
40~ zoooi LT :
- S AN A R
20 ose, Delayed component Eneray. MeV |
I =10 ps I

Orw

0 10 20 30 40 50

60 70
Time us

Muon Cuts
« VETO ‘OR’:
o 2 hits in veto counters

o veto energy >4MeV
o energy in strips >20 MeV

» Two distinct components of
muon induced paired events
with different spectra:

» ‘Delayed’ — two neutrons
from excited nucleus

* ‘Muon’ cut : NO VETO 60 pus
before positron

 ‘Isolation’ cut : NO any
triggers 45 ys before and 80
Ms after positron (except
neutron)

» ‘Showering’ cut : NO VETO
with energy in strips >300 MeV
200 ps before positron

16



Residual background subtraction

Neutrino and Visible Cosmic Spectra Reactor OFF Background Spectrum

> . and old Fit of Cosmic Fraction
= 350§ “. S 60
e C - ] C \
N300F - 2 : — Residual background || Integral 94.54
= m - >'8 — Neutrino g F i

n o - — 5.6% cosmic bk Integral 100.5
%250:‘ - E 7 ++ 28/day * VT — Cosmic % 40__ : g
° F - ST <15/day z 40
w 200 - - * +.. @1-7 MeV -
"E - . - {%‘4 ++++ 30__
[4}] .I 50__ - - =3 == C -
1% . G2 55Mday T e o | af

n z Ty =

100 . 7. ¢ L - ==
= ., . H 11 12 13 14 15 16 10 —_
50F ‘-__“‘_,‘ . Positron energy, MeV C =
0: I L I L L I 1 , N N | | | f 0_ 1 | 1 1 ‘ 1 ‘ 1 1 1 | 1 | 1 1 1 ‘ 1 \=I‘ 1 1 1
> 4 6 10 14 i 2 4 6 8 10 12 14 16

10
Positron Energy, MeV

Fast neutron tails: linearly extrapolate from high energy region and subtract
separately from positron and visible (i.e. rejected by VETO ) cosmic spectra

Subtract fraction of visible cosmics based on VETO inefficiency
Amount of visible (rejected by VETO) cosmics <50% of neutrino signal
VETO inefficiency :

« 2.5% from muon count in sensitive volume, missed by VETO -
underestimate

* 5.6% from ‘reactor OFF’ spectra.
Not vetoed cosmic background fraction is 2.8% of neutrino signal, subtracted
Final neutrino spectrum (Ee+ + 1.8 MeV) has No background! 17

MeV



)Li and 8He background consistent with O
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Fit with sum of two exponents

E. ... > 800 MeV

RN

-OLi lifetime 257.2 ms

x? / ndf
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i
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4.01 ?044\
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90% CL upper limit = 3 events/day
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Time from showering event

hLongTime

E > 800 MeV Entries 0

Mean 0.4436
Std Dev 0.5634
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Events

Accidental coincidence background

Positron to Neutron Time

Positron to Neutron Distance

18000F . 2 F .
C g .
16000 = e —— Events L%’ 300007 -~ —— Events
14000 :_ * -.--_‘ —— Accidental o 6 -‘-_._ —— Accidental
12000:_ :.‘__‘ e, —— Signal Before )BO/ - - - —— Signal
C L. R subtraction | 20000 -l
10000 - - ' F - - T
S . Tee Accidental | 15000k - .
8000t . *. T, Background JLE e -
6000 e, eeees]  10000E = _ =
4000 %" - “ - '.""-0-... " - After / -.-o-
5 e, subtraction [5000F -« - -
2000 4] . 3 . .
o T FETEE PN FEET NS FETTE PR P NS P ot~ L [ e | .. . P
0O 5 10 15 20 25 30 35 40 45 50 0 20 40 60 80 100
Time, us Distance, cm

Fake one of the IBD products by uncorrelated triggers
Background events from data: search for a positron candidate where it can not

be present — 50 us intervals far away from neutron candidate (5, 10, 15 etc

millisec)

intervals

Enlarge statistics for accidentals by searches in numerous non-overlapping

Accidental rate is smaller but comparable to IBD rate
Mathematically strict procedure, does not increase statistical error
Cuts for the accidental coincidence exactly the same as for physics events

20



Events

Additional cuts using fine segmentation

Positron vertex X 4 Positron to Neutron Distance
- w
-1 ———i — 1 < [ " 1 .
_ DR —— © 25000 Distance between
10000:—": e _ - :+ T - - : positron cluster and
e Positron cluster — I _ 1 neutron capture
8000 L. coordinate - | 20000 ™ I center, 3D case :
C L X-projection : - - - ! <55 cm
6000:—__: -~ >4 cm from edges - 15000~ N I
C . e e 1 e 1
4000[, _ ; 10000f - !
1 No sign of Signal ; - - T ! —- Signal
2000, fast n background |y ! 20008 ™ e 9 —~ Veto
C 1 m v events ! e -~ e
0 LI i L1 Qb= L by T ey e Lo
0162630 40 B0 60 70 80 80 100 0 20 40 60 80 100
X, cm Distance, cm
Comparison of the distributions for the ” _ Energy beyond Positron Cluster
events which passed the muon cut with & 60000 ; Prompt energy
similar for those accompanied by muons ™ & . ! bevor;d positron
. .. = cluster:
Positron cluster position: 4 cm from all . ; <1.8 MeV
edges 40000F_ ;
C —— e !
Vertical projection of the distance: <40 cm 30000 !
Multiplicity beyond positron cluster: <11 20000F -~ : Ve
10000F T —
Reject cosmic background >3 times, but bt -~ ]
only 15% of the events o 05 1 15 2 25 3 3E-5Mev4
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With cosmic muons

VETO

0 500 1000

With radioactive sources. 248Cm n source is similar to

Inverse Beta Decay (IBD) ﬁ@d@%i
14000

12000
10000f
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6000}
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2000

u-l.lllll f

2500
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3500

4000
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Response is linear
with energy
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80f
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Uniformity of SiPM response

before calibration

3001
250; ~100 dead and
poor channels

200—
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20 25
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MC simulation (6EANT4 v4.10.4) of DANSS is very detailed

Longitudinal and transverse profiles of light collection
Losses in dead material and dead channels
Fluctuations in number of p.e. at first 2 dinodes
Excess noise factor for SiPMs due to X-talk
Measured cosmic muon angular distribution

16000

14000

12000

10000

8000F
6000}
4000F

2000F

0 2 4 6 8 10 12 14 16 18 20

Number of hits from®°Co decay

of

— Monte Carlo

—== DANSS

Shift 0.5
Soft vl

MC reproduces sensitive distributions

However MC underestimates energy
resolution by 15%.

MC predictions are scaled up by 15%
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Positron spectrum
Oct 16-Sep 17

222 days of full power
100

400 ——  Up: 338244 events 4910+ 11/day
350 Mid: 247753 events 4101+ 11/ day
300E Down: 324938 events 3490+ 8/ day
250F

200 E_ 910935 events

150F

on
o O

2 4 6 8 10 12 14 16
Positron energy, MeV

Events / (day * 0.25 MeV)

« 3 detector positions
* Pure positron kinetic energy (annihilation photons not included)

« About 5000 neutrino events/day in detector fiducial volume of 78%
(‘Up’ position closest to the reactor)

24



v counting rate dependence on distance from reactor core

1600
1500
1400
1300
1200
1100
1000

900

Events per day

1/R?
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11 11.5 12 125 13 13.5
Distance to reactor core center, m

(o] II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

—
|
o
m_

« 3 detector positions

» Detector divided vertically into 3 sections with
individual acceptance normalization

Rough agreement with 1/R? dependence

Not used so far in analysis! e



Positron spectrum (last 4 months of campaign)

—— DANSS data

eV
e
o
o
i

t

t

Monte Carlo

i

M
‘I\I\|II\I|\III‘I\II|II\I|II+II
t

50 g

I ‘ L1 1 1 | | I | | ‘ I S ‘ 11 | -I.-’-.'l"-ﬂ'-h-\-ho—
2 3 4 5 6 7 8
Positron energy, MeV

o
m—h T

Rough agreement with MC.
(Theoretical neutrino spectrum was taken from Huber and Mueller)
More work on calibration is needed before quantitative comparison

26



Ratio of positron spectra
at the end and beginning of campaign (A239Pu=11%)

1

- Statistical errors only
& o ghve *-
0950 | L3 * k)
- > <
C gl + i ,L
09__ - *"*'.* *5*-*:* £ |
0.85
- DANSS data
085 4 m
B onte Carlo
0.75_||||||||||||||||||||||||||||||||||
1 2 3 4 5 6 7 8

Positron energy, MeV

Clear evidence for spectrum evolution
Spectrum evolution is consistent with MC
contrary to Daya Bay measurements
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(dS;/dFy39)/ S

Daya Bay measurements of spectrum evolution

(smaller than MC predictions for 25-35% 239Pu)
0.0
-0.2 + + +
—-0.4
—-0.6
— Huber-Mueller
—0.8 4 Daya Bay

0 1 2 3 4 5 6 7 8
Prompt Energy [MeV]
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Comparison of reactor power and DANSS rate

Reactor power

ST i s i e R i i e
s B |
5 2500 - + Tny ‘
— ¥ (3
2000 = '
— 3
1500 —% ] ngé?;’éé’?ﬁi;
— . P
1000 —— T L o
500 —
0 I: IP;‘P‘I | | | | | | | | | | ‘ | | | | | | | | | | | ‘ | EI.I_JM J | | | | | | | | | | ‘ |
2110 20/11 20/12 19/01 18/02 20/03 19/04 19/05 18/06 18/07 17/08 16/09 16/10 15/11 15/12
Date
- On power graph: Statistics accumulation
at different positions e Statistics accumulation
equalized by 1/r? 2 o0
* Normalization by 12 points in 51400 Up
November-December 2016 B — Middle
; f_‘51200: — Down
« Adjacent reactor fluxes 210001 ol
subtracted (0.6% at Up position) 3 800F Data used
« Spectrum dependence on fuel < 500 in analysis
composition is included “00E-
MC underestimates changes a bit o00C
« Statistics @100% power, ~222 days 0E T T
3112 02/03 02/05

after QA

11| ‘ | ‘ | N B ‘ I T | ‘ L1 11
02/07 01/09 31/10 31/12
Date day/month
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Comparison of reactor power and DANSS rate

Cosmic VETO system inefficiency (5.6%)
was determined during the first reactor OFF period

Block 4 power Block 4 power
= - = - 2/ ndf 9.238/13
= 140:— S 100:— p0 -0.5616 + 6.415
= 120 = o
2 00k 2 |
o C \ o 60
80 1 B
- i _ 40 — _
60—
40" — 20
00— _ | 0 - —
Of —20 .
_20;_ \\\\\\ ‘ IIIIII | 1 1 1 _40 | S S S [ S [y I [ A N [N O N N A |
13/10 20/10 27/10 13/07 20/07 27/07 03/08 10/08
Date day/month Date day/month

DANSS counting rate during the second reactor OFF period
is consistent with zero

(after ~3% cosmic background and 0.6% adjacent reactor subtraction)
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Reactor core burning profile averaged over campaign
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Data Analysis

For every AM? and Sin?(26) e* spectrum was calculated for Up and
Down detector positions taking into account reactor core size and
detector energy response including tails (obtained from cosmic muon
calibration and GEANT -4 MC simulation identical to data analysis)

Reactor burning profile was provided by NPP
Ratio of Down/Up spectra was calculated and compared with experiment
(independent on v spectrum, detector efficiency, and many other problems!)

0.07}
0.06f
0.05|
0.04]
0.03]
0.02]

0.01f

Response to 3 MeV e+

Energy, MeV

Ratio Donw/Up
© © o o
~ ~ ~ ~
\N\ i \h\ m m

o©
N

0.68|

0.66

0.64

Ratio Down/Up

Prob.=3*10-12

x2=106 (NDF=24) *

6

7

Positron energy, MeV

3 v hypothesis:
x2=35
Prob.=0.064

Most plausible
parameter set
from Reactor and
Galium anomalies
is excluded!
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Stability of results

We checked that results are stable in time and
against variations of selection criteria

Ratio of bottom/up ratios for different time periods
Probabilities of x2 about 25%

Double ratio Down/Up Oct 16-Feb 17 [ Mar 17-Jan 18 Double ratio Down/Up Oct 16-Sep 17 / Oct 17-Jan 18
1.9 ¥2 I ndf 31712714 2 2 | ndf 32.1/727
115 p0 0.9983+ 0.0056 1' 5 p0 0.993+ 0.005

Positron energy, MeV
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Gaussian CL,

(arXiv:1407.5052v4 [hep-ex])

w [lomeuiaem Touykm Ha kpusyto (Asimov data set)
Gauss(p,0): 1= Ax? = x2 — x5 = —x3, 0 = 2/|AX2];
[tHy = —HH;: OHy = OH,

m Bbluncnsem Ax? ans gaHHbIX

w Onpepensiem ypoBeHb poctoBepHocTn CL = i:gi; roe CLj = | ¢ i

DQ' [Nk 018 :_
< Am?, eVi1 E CL,:0.999801 CL, : 0.99335
3 076 sIn’26: 0.0125893 015 CL.: 0.0299644
o -
2 o 0.14:—
g + URP] =5
0.72 -
01
0y C
0Ot =
0.68 006
oeef~ 2 34.9871 0oif-
x5 41.3875 vosF-
064 E
1 M PPN BRI BAE T R BL- L N
1 2 3 4 5 6 o 2
Ay

Positron energy, MeV
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Preliminary results
Exclusion region was calculated using Gaussian CLs method

(X.Qian et al. NIMA, 827, 63 (2016))

CLs method is more conservative than usual Confidence Interval method

Systematics studies include variations in:

-Burning profile in reactor core «10
-Energy resolution +7% °
-Level of cosmics background +0.5% ‘g

-Energy intervals used in fit (1.5-6) <
Systematics influence is small

A large fraction of allowed 1
parameter region is excluded

by preliminary DANSS results

using only ratio of e+ spectrum

at different L (independent on'v 5
spectrum, detector efficiency,...)

-DANSS plans to collect more data and

to include into analysis all available data
-2

-Detector calibration and systematics

studies will be continued

)

N

)]

{
!
8

(]

\ <-...__. » »)
T ——

- DANSS Preliminary | o
90%CL .....

- Compilation of allowed regions

fr'om ar'xw 1512 02202

2 1
10 10 sin?26

35




Comparison with experiments
based on spectra ratio at different distances

NEOS is not included since it is normalized on spectrum
from different experiment (and reactor)

10

% 90% CL limit
NE : 'Y Py e =
= YANSS
1 .....................
--"'""'J-F .....
10 .
_b aB‘ Y s i i e
\‘
ugey
\\--.
102 -

2 -1
10 10 sin220 |
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Best point:
AM?=1 .4, Sin?(20)=0.045, X2=22 Prob.=0.58 AX?=13.3 (30)

o©
~
s

 Statistical errors only
*Preliminary! +

Ratio Donw/Up
o
~l
(o]

o

~N

N
I

o
~]
N
T T 1

o
-q

0.68}

0.66|

0.64-

1\II\2I\II3I\\I4\\I5II\I6\II\7
Positron energy, MeV

Significance will be estimated using Feldman and Cousins method
with systematic uncertainties after collection more data
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o DANSS records about 5000
antineutrino events per day with cosmic
background <3%

o DANSS counting rate consistent with
reactor power within ~1%. During reactor
shutdown It is consistent with O after
subtraction of ~3% cosmic background
and 0.6% flux from adjacent reactors

0 Antineutrino spectrum and counting
rate dependence on fuel composition is
clearly observed

o Preliminary DANSS analysis based on
662 thousand IBD events excludes a large

and the most interesting fraction of
available parameter space for sterile
neutrino using only ratio of e+ spectra at
two distances (with no dependence on v
spectrum and detector efficiency!)

a Significance of the best fit point will be
evaluated using more elaborated
methods and more statistics

Summary

I -.:._, D

Kalinin NuclearRawerE
Russia

We plan to collect more data,

To improve MC for perfect
description of detector response

To refine detector calibration
To continue systematic studies

To include all available statistics into
analysis

Thank you ! 40




Backup slides
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Comparison with other experiments

NEOS - normalization on Daya Bay > systematic errors?
Bugey - use of "old” reactor model > Systematic errors?

«10
Q
e
<
1 ...............
10" L . :
l DANSS pre”minary 90% CLs - ...... & ::
arxiv:1610.05134 [hep-ex] )
— Bugey-390%CL .
— Daya Bay 90% CLs
10—2 | | | | A I | I
40
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Events / day

°Li and ®He background estimation
90%CL limit: 1.64 * 3 * 0.034 * 257.2 / 20 = 2.2 events/day

Fit with sum of two exponents

_ x? / ndf 49.26 / 47
Il Const. 0.2878+£0.0114
0.6 i —-0.01893+0.03366
L Egouer > 2500 MeV |
il ~X3
0.5
0.4 -
0.3 (|17 14t + L LT T T T 1
: L1 1 | I | L1 1 1 | I | I I | I I | I | L1 1 1 | I | L1 1 1
0 01 02 03 04 05 06 07 08 09 1
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Events

10*

10°

Delay time of the neutron signal

_ —}— IBD events

—}— all events after cuts
—}— accidental background

- m— Culat2ps

0

5

10

15 20 25 30 35 40 45 350
Time, us
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Veto

Veto frequency, Hz

00 — Additional veto ~ ° .
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Comparison of reactor power and DANSS rate
without correction for fuel evolution

Block 4 power

; _— . . . ¥ -%I# f 1
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Raster scan
approach.

Ay law simulated
in 2ach Am? hin.

lfeuzj

a

FANy

Reject oscillation
amplitudes larger
that statistical
fluctuztions for a
given C.L.
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STEREO Contours
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] STEEEO Excluziun Scnsilivily (66 days) ; 90% T.L.
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arXiv:1703.01633
~ arXiv:1802.028R4u1

O l a t Phase-1 data taking started !
3 B S ‘ Z

Detector technology: plastic scintillator
(PVT) with LiF:ZnS(Ag) phosphor screens

High efficiency neutron ID

PVT has excellent linearity in energy range

Fine segmentation 12800 cubes to isolate
positron energy

50 detector planes, 1.6 tons, 3500 read out
channels

Perameters Objectives
Total mass 1.6t
IBD efficiency 30 %
‘I'hreshold 200 - 500 keV
Anti-aeutnnos ~1000 d-!
Signal/Background ~3
Energy resolation 1425 £ 1 MeV
Systematic unceramty 25-45%

.

Antineutrino candidate in commissioning data
19

Commissioning completed
succesfully in December 2017
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PROSPECT — HFIR@ORNL

[=]

030
6 025
Segmented, °Li-loaded Movable Detector o oo
e -
Sensitivity: 3 o CL 015 §
Phase-1 (1 yr), Multiple Positions ¥
.................. - Phase-I (3 vr), Multiple Positions 0loF ¢
~ [ | SBL Anomaly (Kopp), 95% CL
4 ton tarEEt mass [ ] Allv, Disappearance Exps (Kopp), 95% CL oost
* SBL + Gallium Anomaly (RAA), 95% CL a D%
Daya Bay Exclusion, 95% CL
[T T IIII.I-"I""- T T T Energy

—

-2 -1
& 10 10 sin” 20
Segmented Detector Objectives Detector construction complete
14x11 segments 40 test of best fit after 1 year Installation happening now at HFIR
~4,5%/VE resolution >30 test of favored region after  Qpline soon!
3 years
16/03/2018 D. Lhuillier - Moriond EW 2018 20
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