Search for exotic neutrino interactions using solar neutrinos in XMASS-I
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Abstract : We have searched for exotic neutrino-electron interactions that could be produced by a neutrino millicharge, by a neutrino magnetic moment, or by dark photons using solar neutrinos in the XMASS-I| liquid xenon detector. No significant
signals have been observed with predicting the backgrounds in detector and upper limit of these constant values are estimated as preliminary. For the neutrino millicharge search, 5.4 X 10-'!e for all flavors of neutrino is obtained. We also set individual
flavors to be 7.3 X 1012 e forve, 1.1 X 101! e for vy, and 1.1 X 10! e for vt. These limits ate the most stringent yet obtained from direct measurements. For the neutrino magnetic moment search, 1.8 X 10719 1 is obtained. In addition, we obtain
upper limits for the coupling constant of dark photons in the U(1),, model and almost exclude the possibility to understand the muon g-2 anomaly by dark photons.

1. introduction 3. Analysis method 4. Search for neutrino-electron interactions
. o BGMC Signal MC
. - - - : Fitting the energy spectrum et
0).(IVI,.ASS. a multi purpose experiment with Slgna/ Dataset and event selection g gy sp § ——— ——
||qU|.d LSS (target : dark matter, low energy solar The total # of events N, , in the process of an interaction v' Based on the BG estimate, we \2 - Z(Dz — % p()(Byy + X 0Bays)igic - a(K)) —a -+ (Si + Zm(Ssys)z M)
neutrino, neutrino-less double beta decay.) between a neutrino and an electron produced by SM v' 2013Nov-2016Mar. 711days livetime searched the signature of exotic Efj 5))?2(})2 a(ru(s;;tgqm agls;;t)
v' Features : Low energy threshold, low backgrounds weak/exotic interactions : v’ Cut criteria : noise event cut + Cherenkov interactions by fitting the energy / a(,f,)z Z - 24@ Pull term x2
and large target mass. ' Nio ) ) Z iduci imi :
g g d Niot i N Xf (daw ) N (daw ) ]ZQ(T —B,-)(dq)")dEv event cut + Fiducial volume cut (Timing and spectrum of data, BGMC and S According to the majority of expected signal, the fitting energy
in XMASS, it is possible to verify the topics of low energy dT AT Jsw AT’ Jox] dE, Y PE base) respective signal MC. = range is changed : 2-15keV for millichagre, 2-200keV for others.
e , o , , _ _ _ Fiducial mass : 97kg of xenon _ o
nelu trino /:h.ysms, ex) exotic neutrino interactions using I\S/Il.ﬂal MCC HI.S hprtolc f:;liizgz)gioﬂvmss MC. . Neutrino Millicharge 15 x 102 ¥ Same event selections are applied for data, Neutrino millicha gre ( search f or 2-15ke V)
Soidr neutrinos. ificharge - L.Hsieh etal., FRUIVUILULIJD/SUUL - Neutrino magnetic moment .
. - . . : Magnetic moment : PVogel&J.Engel, PRD39(1989)3378 v =1x10-10 ;B Slgna/ MC and bGCkgI‘OUHd MC v ionifi i . Taal illi 0 < 54X 1012
v’ Neutrino millicharge : The existence of a neutrino e o o 1110 U}L(ll)B-L - Y Nq S|gn|.f|cant S|gnz':1I excess Upper Ilmlt fqr mﬂhcharge (90%CL) : < 5.4 }O e | o
millicharge would give hints on models beyond SM. Also o ... - £B-L1 105 Ma—1x10°MeV g 0.006 ;> ths limit fohr neutrmc; énot antl-nilutrmo) IE mc;rz stringent thanl’ihe previous experlmlental ]|clmlt.
: T RTIE e : ———- Dark photon U(1)B-L model == - - = = = = - - - ssuming the ratio of 3 neutrino flavor at Eart neutrino oscillation, we set upper limits for
an experimental study on millicharge of individual <E-98X 1(;)150%naxzslggfor P 2 10 oB-Lo1 X 10 Ma'=10 MeV S 0005k~ The energy distribution of the data - 2 1 1 Y 1 PP
~aiG (evere e aiflll @ e e T S I N . Weak interaction ~ 3 each flavor: 7.3 X 10*“ e forv,, 1.1 X 10" e forv, , and 1.1 X 10" e for v,
* e chain -
v" Neutrino magnetic moment : Predicted by minimally v Interference effect with % ok %, S after event selectlon (ZkEme) 8><10‘3 The energy distribution for millicharge analysis 10 o XIASS (s v |
. weak interaction is assumed ST N> Ve S r ' ' ' ' ' ' ' < OF o o = &l O J.Chen et al.,PRD90(2014)011301
extension of SM as 3.2 X 10-19(mv/1ev) us (Very small!) for dark photon analysis. g B . :C'E 0.003 'EU+ ....... B e E 7E. ?h; - E0 - ?SET.S‘;Z.TLZT:.""E(Eu“rfé’)'ﬁyi'f‘é?g(lfgl‘é?zlf’”g‘)l
: : v' Atomic effects : Free @ = n = BE  errors %10‘7 L —AA' [ v
But other extensions of SM theory yield at currently cloction approimation for | @ agtb N\ e - § 0,002 2 g_ _______ ;gnal .o |
observed level. neutrino magnetic moment , ) - s F o 90% CL upbper limit for
. . " i 00| SRS YSSURROOS SVROSOROS OOROSISS OSSOSO SIS SESPRIOSE SRSRIOS SRR N - 4F 8 10° g PP
v" Dark photon : contained the hidden sector and thought ;g?agfﬁs‘t’lzort;:‘di?j'gﬁzze 10 - E T, S 58 e 2 3F = 1 neutrino millicharge
. . . . N ~IPEP B I N il R nel Lt D = .
to influence the interactions of neutrinos. Now we ap_ﬁ_rohximation flor.neutrino 107 '1 — ---'%'0 — 1(')2 T T = T e T F VT 3 21— St . e e for each flavors in our
assume the deriving from a gauged U(1),, symmetry. mitienarge ananysis. . = | 8107 ® |and other experiments
5 ! 84UE (st Y Y The deposited energy spectra for T [keV] reconstructed energylkeVee] S T e e 1 I v/ =10 |
O Low energy event increasing through exotic neutrino- Neutring interactions in xenon Reconstructed energy [KeV] 100 v v, W,
electron interaction in xenon helps the search ability Bac kg rou nd . .
for these topics. v Background MC is generated using XMASS MC for Systematic uncertainty Neutrino magnetic moment & dark photon (search for 2-200keV)
= Solar neutrinos (the largest available flux) is useful in each RI's decay mode and its activity. Signal v" Neutrino magnetic moment : No significant signal excess. Upper limit (90%CL) : < 1.8 X 1010,
this StUdy v Several kind of method for Rl estimation are applled v Th tical culati . = First time to estimate using pp- solar neutrinos.
0 For <30keV : ~90% of remaining BG is of detector coretical taicuiation . v ' imit : ino 7 -11 i
: 0 g : L : (Experimental best limit : Borexino ’Be as <2.8 X 10™**5) [M.Agostini et al., PRD96(2017)091103]
2 XMASS d .. : [0 solar neutrino flux, The uncertainty in the cross section _ _
. etector surface origin (not internal BG). with atomic effect v' Dark photon : searched the value of coupling constant gg, in the mass range from M, =1 X 10
[0 For > 30keV : Internal BGs are dominant components. ' 3MeV/c? to 1 X 103MeV/c2.

v The detector response :

amma-ray of detector in detector surface : . . . o . . ) . \/ I i 1 mi (o) . X -6 X -3 2 X -5
ﬁateria|origi§,d " ; ?;?ﬁb_d G T Seniflaifion effideney, el parmmerar | samflaien. ]IC\Io ?g:/:ﬂf/jn; signal excess, Upper limit of g5 ,(90%CL) : 1.3 X 10° for 1 X 10>MeV/c? and 8.8 X 10
e 1 S\ or eV/ce.

) ,Meagurementby decay time of xenon, the reduction efficiency. o
® —__  slphacounter v" The most of parameter space for the g-2 dark photon prediction was excluded.

® Located 1,000 m underground (2,700 m.w.e.) at the
Kamioka Observatory in Japan
® Liquid xenon detector

® 832 kg of liquid xenon (-100 °C) »r < - PALL e
® Single phase (scintillation only) i | YR BN Sackground The energy distribution for vmag & DP analysis 90% CL exclusion limits (XMASS, others) and
. > o Vel e — v . 1 - : > : : allowed region (g-2)DP for dark photon analysis.
® 642 2-inch PMTs (Photocathode coverage >62%) . 6 The validity of reconstruction, dependence on optical ¢ Neutrino magnetic moment 102 s
) : ) i SRR m ;’ s Note : While the exclusion
® Each PMT Slgnal is recorded by 10-bit 1GS/S Yeaa.guent analysis properties of Lxe, detector response at de.tector S > EAtomm phys. [ (g-2)u g Fiador area derived in[S.Bilmis et.
waveform digitizers A c— Y Y- , surface and so on are treated as systematic errors. _ - 107k ;[ ;/ _ :\l., PR?32(2015)9330€[)9]
2 | e . T e . -~ R e " ‘ [ K rom other experiments’
® \Water Cherenkov detector s ° = Egi;ﬁrbm&%zLo The bac.kground MC spectrum wa.s C(?rreCtEd Ir_] order ;‘f Dark photon . / il @M\M publications already
. . 3 25+/-4nfBq/kg J Copper surface Q 3 = — - -4 - T o f VR
® 10m diameter, 11m high E | 95Rn 85Kr 39Ar 14C - e i to take into account the systematic difference in the 2 M,=1 X 10 MeV/c? 10 CHARM”/L/ A NG s f;(;lnuij:gj:eaéijhljadreggrby
. 1bi5r?£208(;(‘)200 15000 20000 25000 30000 35000 40000 X . t nO = & = 50 x5 O _ O g : ",' ’,':‘,'
® 72 20-inch PMTs oo NPE Xenon isotopes mis-reconstruction rate caused by dead PMTs. : F o oma 105_\/ our analysis, our analysis is
) ) : L. S — 1 BG+signal (best T E a dedicated one,
® Active shield for cosmic-ray muons The energy distribution of the BG MC for each BG The energy distribution of the BG MC for accumulated 3 Dark photon - signal (50% C1 el by XMASS incorporating our full
® Passive shield for n/y = 4o° component after event selection. 5 systematic uncertainty after event selection. 2 M, =10 MeV/c? S L knowledge of the detector
. - v 6or 6 <10 - T 10 ;E:;"GEMMA______.—"' Fixed target response and our validated
Feb. 2019 : Observation COmpIEtEd. ~ = = —_ 2 Lt TWUHTRRRTWIRRTT TS BT background models
- > S - O Ll T '
FTE Karmisia Miire T o 5F L Xe (w/o Pb210 copper Iy L . BG all (before correction) | & g T e o
| KamLAND L e , i < - ¢ - ) lat d ri Y, o BG all (after correction) 0 20 40 60 80 100 120 140 160 180 200 1077
. gf “ haress -y % . - neutron origin plate and ring é . -'-% 4 i 3yst§matic uncertainty by Reconstructed energy [keV] 10—3 10-2 10-1 1 10 102 103 104
— CANDLEJ PRGSO - L Xe neutron PMT aluminum © = 3 ' cad PMTS 5 C I i 2
/ XLM:? St Kamloka Mine _ - O - © = M ' MeV/ C
i < ﬁ/ % RN E 2 F origin seal = 3f g 2 . LONCIUSIONS 3 )
J 1 a NEWAGE | CLIO -:Et."'» 'n;:. ::i’.:"' D) () _ 2 ;h"._" . . . . . . . .
| i iy 7 - e > Pb210 surface PMT (except . s of * v" Search for exotic neutrino interactions (via neutrino millcharge, magnetic moment and dark
g | o y e Tok Y2 i — el '! . . .
q] 4 ot aluminum seal) W E O TS 20 28 a0 3 o photon) using solar neutrinos in XMASS-I .
§ 1 Reconstructed energy [keV] ) - _ o i
o 1 ey | P v No significant signal excess were found. Upper limit for each property are estimated.
e e 0202050 B0 00 120 140160 T80 200 v For neutrino millicharge, the limits are the most stringent yet obtained from direct measurement.
- - Reconstructed energy [keV] v For dark photon, we almost exclude the area in which the dark photon can solve the g-2 anomal
XMASS detector : Site and detector view Reconstructed energy [keV] P ' P 8 Y-



