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Magnetic Moment Search at ~10 keV with Ge - PRL 2003, PRD 2005, PRD 2007
Cross-Section and EW Parameters measurement at MeV with Csl(Tl) = PRD 2010
v, N Coherent Scattering & WIMP Search at sub keV range with Ge - PRD(R) 2009
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v, - e~ Scattering Formalism
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‘ HP-Ge and CsI Scintillating Crystal Array ‘

Cross-Sectional View

Experimental Approach; Csl(Tl) Crystal Scintillator Array:

CsI(TI) Detector: O = 1 o
Ox12 Array ~200kg | o @ proton free target ] i 0/
K (suppress v,-p background) - | | Normal Event
: : Sos- I Pul
@ scale to 9 (tons) design possible 506 ] ‘ "I,“-“ / e
@ good energy resolution, alpha & gamma ~ P\ g olena
Pulse Shape Discrimination (PSD) U #‘ \<h__
@ allows measure energy, position, multiplicity =~ = ° "l 7T

@ more information for

» background understanding & suppression
( Analysis Threshold:

» HP-Ge: ~10 keV

» Csl(Tl) : 3 MeV (less ambient background & reactor v,
spectra well known)

(] Data Volume: HP-Ge: 571 / 128 kg-day ON/OFF

Csl(TI): ~ 29883/ 7369 kg-day ON/OFF
® Energy : Total Light Collection

i E = X
% o (E)~ 10% FWHM @ E>660 keV QL xQg

Liquid nitrogen devar

Ipe

® Z-position : The variation of Ratio

% o(2)~1.3cm @ E>660keV L= (QL _QR )/(QL +QR)
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Data Analysis: Event Selection
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CRV 92.7 %
MRV 99.9 %
PSD ~100 %
Z-pos 80%

Total 77 1 %
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Background Understanding & Suppression

H1(CRV) Data®p
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Main Background:

Event Rate (day_1 kg_1 MeV_l)

| ::E:.:qlr.:g_"_"gj'_'g *| O untagged cosmic-ray = CRV ineff.

b V¥ ambienty = 3-hit pair-production

A convoluted cascade 298T| = multi-hit
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Energy (MeV)

Combined BKG(SH) from three measurements:

@ Direct Reactor OFF(SH) spectra @ Predicted BKG(SH) from OFF(MH)

@ Predicted BKG(SH) from ON(MH)
v = ON(SH) - BKG(SH)
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Cross Section & Weak Mixing Angle

R, (day kg’ MeV)
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Iv

R =[1.08+0.21(stat) + 0.16(sys)] x Ry,

sin® g, =0.251+0.031(stat) +0.024(sys)

R, Ree Ryc (kg 'day 'MeV'™)
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n =-0.92+0.30 (stat) = 0.24(sys)

[ Better sensitivity was achieved in the ]

measurement of weak mixing angle
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World Status: Summary Table

X Rgy

-

= |

[ LAMPF [10.0 + 1.5 + 0.9]
[Liquid Scin.] B X E,¢1045cm? 0.249+£0.063
Ve—e_ < — [ ]
LSND 101+1.1+1.0
L ‘ [Liquid Scin.] 10-50 191 X E,e1045cm?2 0.248 1 0.051
f V¥ Savannah-River 1.5-3.0 381 [0.86 £ 0.25] X oy 0.29 + 0.05
[Plastic Scin.] 3.0-45 71 [1.70 £ 0.44] X 6.5 e
PP Savannah-River 15—-13.0 (1.35 + 0.4]
Re-analysed ' ' N/A ' <+ % Osm N/A
(PRD1989, Engel&Vogel)| 3.0 —4.5 [2.0+0.5] X o5y
v Krasnoyarsk [4.5 % 2.4]
. (Fluorocarbon) 3.15-5.18 N/A x 1046 cm?/fission 0.22+0.75
e
€ Vv Rovno [1.26 + 0.62]
[Si(Li)] 0.6 -2.0 41 x 1044 cm2/fission N/A
' MUNU 1.07+0.34
[CF,(gas)] 0.7-20 68 events day?! N/A
TEXONO 3.8 - 410 “ .08+ 0.21 + 0.16] “T 251 + 0.031(stat)
\ [CsI(TI) Scin.] ) +0.024(sys) _~
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Neutrino Electromagnetic Properties:
Magnetic Moment and Charge Radius

Neutrino Magnetic Moment [R(ON —BKG)=R(SM)+ u, xR(MM)
I Ge Detector : 1-kg HP-Ge I } L < 7.1x10 < s @ 90% CL

I Csl(TI) 9x12 Array Detector : 187 kg I } A < 2.2x107' x 7.

Neutrino Charge Radius [sin 4, —sin g, +(¥27a/36,)(r )

~21x10% <(r? ) <3.3x10™ cm’| | argos c. L.

Krosnoyvarsk :
............ |
LAMPF
| 0 I
PDG 2012 . LSND .
@ 90% CL : :
I i | TEXONO
SM
MM BRI PP B PR BN B PR
-6 -4 -2 0 2 4 6 8

<r’> (X 10'32) cm’
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Constraining New Physics with

neutrino-electron Scattering

[PRD 82, 033004 (2010)]
[PRD 85, 073011 (2012)]

The measurements of neutrino elastic scatterings
provide a sensitive tool to probe NSI, UP as well as NC
Physics since it is pure leptonic process.

.,
dT ] g dT'] N p

.:".r_. = l'l."l .-:'-::j_: .:".r_,._

NSI uP NC
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NSI of Neutrino

da/dT (kg™ Me V' day™)
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i\ — vmass models all mechanisms carry some modifications to
the structure of the standard EW NC & CC
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— V-A Form, similar to the four Fermi

= exchange of Higgs

= Supersymmetric scalar bosons

= New heavy gauge boson Z’

— characterized by some new couplings, called NSI

(NU) NSI: LR
(FC) NSI:

gL

elLRR el R

Cep €er

I’
= gL + €g¢

Jr = gr + €&

* There is a strict bound on @ derived from p — 3e decay

% The main parameters will be

€

elLR

eT

for FC NSI and |[e.-

el R
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Comparison of Bounds of NSI Parameters
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Unparticle Physics

«+ The notion of unpatrticles is introduced by Howard Georgi . A scale invariant sector which decouples at a suffciently
large energy scale exists. [Phys. Rev. Lett. 98, 221601 (2007)]

+« The signatures of Unparticles can also be observed by reactor neutrinos by searching the effects of virtual
unparticle exchange between fermionic currents.

+«+ This interaction can be either exchange of Scalar Unparticles or Vector Unparticles.

Exchange of Scalar Unparticles

doys _ [g6 (d)]? 2349
AT~ NG9 72

(m.ET)(Qd_"}} (1" + 2m,.)

— The UP does not have any well defined invariant

mass but rather has a contniuous mass spectrum

Exchange of Vector Unparticles

doy, [Qle (d)]?, o (2d—5) (2d—3) (2d—4) _m.T
Y (me) (1) L+ 1~ E For the flavour changing case:

AT~ w AGd—a) - £z

Yl ) 2
douy —sm _ V2Gr g1(d) 2m, T) @ Dm, {9}5 + gn (1 _ £) _ (9L +gn) meT} For the flavour conserving case

a7 EEENC=) (2 E, 2 E?
(i:o(l) : Unparticle scalar/vector field \ — s :
| . | P = Ny 165 Tl
Ao (M) : Scalar(Vector) unparticle couplings g (d) = > sin(dr)’ d Ag = T 1))
f:e,u,d
a, B: denotes neutrino flavours e ed
Ao (A1) = 1/ Ay Aoe (4/ AT Ae)
d: Unparticle mass dimension

\A : Unparticle energy scale J
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Unparticle Physics
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measurable recoil spectra of v—e interaction via
virtual scalar and vector unparticle exchange

— both FC and FV scenario are considered and analyzed

preferred to probe UP due to the large values of d.

spectral shapes: low energy threshold measurements are
expected to provide better sensitivity for low values of mass
dimension d. On the other hand, high energy experiments are

different ranges of d parameters give different sensitivities to

1 ULE Ge
HP Ge This Work

10%

10

the cross-section, three data sets are analyzed.
10" F
. — - — ULE Ge -
- ——— HPGe This Work il )
10 F CsI(TI) — #_._..-*""'

3 31 32 33 34 35 38 37 38 39 4

d

v

Vector UP

Results are improved over those from Borexino and MUNU experiments.
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Noncommutative Physics

[PRD 85, 073011 (2012)]

** NC field theories modify the space-time commutation relation

(%, %,]=1i0,, Ax,Ax, —Iﬁ N

{,, denotes NC space-time coordinates

Real, antisymmetric matrix 0,,, is a constant and represents the smallest observable area

in (u,v) plane, analogous to Planck constant in space-momentum commutation relation.

* The idea goes back to 1940s for avoiding divergences in QFT before renormalization

concept was introduced.

“* NC physics is being interested again due to recent NC space-time studies in string

theories, quantum gravity and Lorentz violation.

% NC Physics is characterized by an energy scale parameter ANt:j - (1/ 1/ |0 ,uyl)
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Noncommutative Physics

Differential cross sections averaged over the neutrino spectra as a function

of recoil energy

10"
do do — s
—_) = _(Ep) Cbp(Ep)dEp 109 e = A=100 GeV
dT dr 4L - BT — A=150GeV
1042 \q__\ e
- 10—43 - - ~ ‘__‘; ........ TEXONO-Csl (TI)
3
do(ve) _ 2 3T —2m, Z&1* ~
[ ( (EV)] = TTCI’,'Z(—')ZE%[_— + g £ "510.45
dT NC T E p 2F v e
7 —2m, T m,T? (1 mg) o
_ _ I — <€—— TEXONO-HPGe ——>
2E::’) 4Ei T 10 Y BT BTN ul \ "
10" 10° 102 10" 1 10
T (MeV)
Experiment v <E,> T Measured sinZfw Best-Fit on ©O*(MeV™*) Anc (95% CL)
TEXONO-HPGe Ve 1-2 MeV 12-60 keV K (9.27 = 6.65) X 10~%? >145 GeV
TEXONO-CsI(TI) Ve -2 MeV 3-8 MeV 0.251 = 0.039 (0.81 = 5.74) X 10~ >95 GeV
LSND Ve 36 MeV 18-50 MeV 0.248 = 0.051 (0.38 = 2.06) X 107! >123 GeV
CHARM-II v, 23.7 GeV 3-24 GeV 0.2324 = 0.0083 (0.20 = 1.03) X 1026 =>2.6 TeV
7, 191 GeV 3-24 GeV (—0.92 = 4.77) X 107

s Best existing limit on collider experiment is from Tevatron: >1.5 TeV
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Summary

E Detectors: CslI(TI) Scintillating Crystal Array (~ 200 kg) and Ge (1kg)
@ Threshold: Csl(Tl): 3 MeV and Ge: 10 keV
E Analysis Results:
@ o(v, —e) with ~ 25% accuracy
@ Weak Mixing Angle with ~ 15% accuracy
@ Verify SM negative interference
@ The best limit on neutrino charge radius

@ 1 sensitivity Ge: ~ 10 pg CsI(TI): ~ 1010 pg

B Probing new Physics : NSI, UP and NC Physics

@ Current bounds are improved over those from the previous experiments
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