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Overview

@© Introduction

@ Standard Model (SM) and exotic neutral-current processes
Qva+ (A Z) = va+ (A Z)
Qva+ (A Z) = s+ (A 2)
oy +(AZ)—=e +(A2)
@ v-nucleus coherent scattering experiments
@ muon to electron conversion in nuclei experiments

© Description of the formalism
@ SM and exotic Lagrangians
@ SM and exotic nuclear cross sections
@ description of the nuclear method

© Results
@ Coherent cross sections and Simulated Signals
@ expected differential event rates and total counts
@ new limits on the lepton flavour violating parameters

@ Summary and Outlook
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Before starting, let me first introduce myself...

You may call me Dimitri (in greek: AnunTpn)

@ BSc. 2006-2010, Univ. of loannina, Greece
@ MSc. 2010-2011, Univ. of Sussex, UK

(Thesis: Neutrino phenomenology and leptogenesis)

@ PhD 2011-present, Univ. of loannina, Greece (Supervisor Prof. T.S. Kosmas)
(Thesis: exotic lepton flavour violating processes in nuclei)
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Lepton flavor non-conservation

1) Elementary LFV processes:
pL—ey, T—ey, T— Uy
pu— eete” (e — 3e)
T—seete, Topete”, ToeutuT, T pptu
Ve = Vu Vy — Vr etc. (neutrino oscillations)
2) Neutrinoless LFV/L processes in Nuclei:
p, +(AZ) = e +(AZ) (u~ — e conversion)
py, +(A,Z) > et +(A,Z-2) (u~ — et conversion)

(A, Z) = (A, Z £2) +eTeT (OvBB — decay)
» e+ (A, Z) = (A, Z)" + p (high-energye™ — u~ conversion)

3) Exotic neutrino-nucleus processes ( FONC processes|)

Va+ (A, Z) 5 vs + (A, 2) Impact to Astrophysics
(@#B) | p. Amanik, Ph.D (2006) [UC San Diego, USA ]
D.K. Papoulias, TSK, in preparation

Uo+(AZ) =g+ (A Z)
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SM and Lepton Flavour Violating neutral-current processes

SM v-nucleus reaction

Vo + (A Z) = vy + (A, 2)

@ Well-studied process theoretically.

@ Any event has not been found yet experimentally.

@ Very high experimental sensitivity is required.

LFV NSI v-nucleus reaction

Va+ (A Z) 2 v+ (A 2Z), a#f=(epT)

@ Not allowed in the SM due to violation of the lepton number

@ Excellent probe to search for new physics

A,
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Charged Lepton Flavour Violating processes

CLFV muon to electron conversion in nuclei

p+ (A Z) = e+ (A 2)

@ Probably the best probe to search for lepton flavour violation

@ New extremely sensitive experiments are in preparation at Fermilab
and J-PARC

@ Branching ratio down to R!(;"Z) ~ 10716 — 1018

@ It can be studied under the same particle physics models (Seesaw,
left-right symmetric models, etc.) with v-nucleus NSI
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Feynman diagrams contributing to LFV

(A,Z) AZ) (AZ) (AZ) (AZ) (A,Z)

@ (a) SM Z-exchange neutral current v-nucleus reactions
@ (b) non-standard Z-exchange v-nucleus reactions
@ (c) Z-exchange and photon-exchange i~ — e~ in the presence of a
nucleus (muon-to-electron conversion)
T.S. Kosmas and J.D. Vergados, Phys. Rep. 264 251 (1996)

F. Deppisch, T.S. Kosmas and J.W.F. Valle, Nucl. Phys. B 752 80 (2006)
D.K. Papoulias and T.S. Kosmas, J. Phys. Conf. Ser. 410 012123 (2013)

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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Signals

For coherent v-nucleus scattering

@ the signal is the recoil of the nucleus
@ cross sections are high but nuclear recoils are low
@ high sensitivity required

@ low background
For 4= — e~ conversion

__Electron Momentum _

signal region

‘Counts per 0.05 MeV/c:

fos— doas  doa 1045 105 1055 106
Momentum (MeV/c)

@ high sensitivity required
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Neutrinos from stopped-pion muon beam experiments

The new COHERENT experiment: at the Spallation Neutron Source (SNS), Oak
Ridge has excellent capabilities to measure v-nucleus coherent scattering events
D.Akimov et al. (COHERENT collaboration), arXiv:1310.0125

Proposed detectors
@ Liquid Ar/Ne
@ Germanium
@ Xenon
@ Csl[Na]

[+ very intense fluxes about ~ 107 I//S (F.T. Avignone and Y.V. Efremenko, J. Phys. G29, (2003) 2615)
@ energies up to ~ 60 MeV

@ however, nuclear effects at those energies become rather important

replacement of CLEAR Experiment: (proposed nucl. detectors 456kg Liquid Ar and
491kg Liquid Ne) K.Scholberg, et. al. arXiv:0910.1989 [hep-ex]

Dimitrios K. Papoulias (loannina University) v-nucleus NSI




Neutrinos from reactor plants

TEXONO Colab. GEMMA Colab.

Overburden ~ 70m w.e.

eactor body,
shielding and

equipment

Reactor

Core
d=139m
GEMMA
Spectrometer

Ge detector inside the active (Nal, PS) and passive (Cu, Pb) shielding,

- —11
pie < 7.4x 107 Mg  (90%C.L.) Hie <29x107Hug  (90%C.L.)

H.T. Wong et al., Phys. Rev. D75 (2007) 012001 A.G. Beda et al., Adv. High Energy Phys. (2012) 350150
"Ge detectors
extremely high fluxes (~ 10 v/s)
low neutrino energies up to ~ 10 MeV
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Past 1~ — e~ conversion experiments

We are mainly interested for the branching ratio of the u= — e~ process

pA2) _ _Tn” —e7)
He M(u~ — capture)

@ current limits
@ the choice of nucleus plays key role

Process upper limit place year
w+Cu—e +Cu <1.6x10"° SREL 1972
S s e 428 <7x10711 SIN 1982

W +Ti—e +Ti <1.6x1071 TRIUMF 1985
W +Ti—e +Ti <4.6x1072 TRIUMF 1988
W +Pb—se +Pb <49x1071% TRIUMF 1988

p+Ti—se +Ti <43x1072 PSI 1993
W +Pb—e +Pb <4.6x107 PSI 1996
w+Ti—se +Ti <61x107% PSI 1998*
o+ Au — e+ Au <7 x 107 PSI 2006

Table from Y. Kuno and Y. Okada, Rev. Mod. Phys. 73 151 (2001)
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Recently planned = — e~

conversion experiments

@ Mu2e experiment Fermilab
Rj <6 x 1071

@ Next generation Mu2e-PX
experiment aims Rﬁel <2x10718

R.H. Bernstein and P.S. Cooper, Phys.Rept.532(2013)27

Pion Capture Section
Asedtion o capture pions with a large:
Soid angle under a high solenoidal
magnetic. fiekd by superconducting
maget

o

Protons.

Production
Target

COMET Phase-1

Detector Section
A detector 1o search for
muon-to-electron conver-
sion processes.

Pions

Stopping /N
Target

Pion-Decay and
Muon-Transport Section
Asection to collect muons from
decay of pions under a soleno
dal magnetic fied

Schematic layout of COMET and COMET Phase-I

Dimitrios K. Papoulias (loannina University)

Detector Solenoid

Electromagnetic

Transport Solenoid
Calorimeter Y

Tracker Stopping
Target

Production Solenoid
Colimators

Proton
Beam

@ COMET at J-PARC
Ral < 10716
@ Next generation PRIME/PRISM
aims Ri < 10718
PA. Kurup, Nucl. Phys. B Proc. Suppl. 218 38 (2011)

R.J. Barlow, Nucl. Phys. B Proc. Suppl. 218 44 (2011)
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SM Phenomenological description

Within the SM at the 4-fermion approximation (energies < M) the
Lagrangian takes the form

»CSM = —2\/§GF Z g}; [DQ’YPLV‘N] [?fyPPf] ’

f=u,d
a=e,l,T

° g}; are the P-handed SM couplings of f-quarks (f = u, d) to the
Z-boson in terms of the Weinberg mixing angle 0y .

u_ 1 2.2 u_ 2.2
@ g/'=5—35sin“fw and gg = —5sin“ Oy
d_ 1, 122 d_ 1.2
@ g/ = —5+ 3sin“fw and gg = 3sin“ Oy

S. Davidson et. al., JHEP 03 011 (2003)

J. Barranco, O.G. Miranda and T.l. Rashba, JHEP 0512 021 (2005)
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NSI Phenomenological description

The non-standard Lagrangian takes the form

_ P 1~ £AP
Lnst = —2V2Gr g €0 [VavpLyp] [f'y Pf]
f=u,d
a?B: eHLLYT
J. Barranco, O.G. Miranda, C.A. Moura and J.W.F. Valle, Phys. Rev. D 73 (2006) 113001
0O.G. Miranda, M.A. Tortola and J.W.F. Valle, JHEP 0610 (2006) 008.
@ flavour preserving non-universal (NU) terms proportional to eg’a.

@ flavour-changing (FC) terms proportional to Egpﬁ, a # B.

These couplings are taken with respect to the strength of the Fermi coupling constant
Gr.

@ polar-vector couplings: e(% = e";LB + e;RB
@ axial-vector couplings: eZ‘B = e;LB — e(ff

S. Davidson et. al., JHEP 03 011 (2003)
J. Barranco, O.G. Miranda and T.l. Rashba, JHEP 0512 021 (2005)

K. Scholberg, Phys. Rev. D 73 033005 (2006)
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SM Cross sections and Nuclear Transition Matrix Elements

At nuclear level the coherent SM dif. cross-section with respect to the
scattering angle 6 becomes

do5Ma _ GF £2(1 4 cos)[(g5]GSY (q)llgs)?
dcos§ 21V P L

D.Z. Freedman, Phys. Rev. D 9 (1974) 1389
A. Drukier, L. Stodolsky, Phys. Rev. D 30 (1984) 2295

C.J. Horowitz, K.J. Coakley, D.N. McKinsey, Phys. Rev. D 68 (2003) 023005.
@ E,: incident neutrino energy
® g®> =4E]sin® ¢: 3-momentum transfer
® |gs)=|J") = |0+> the nuclear ground state (for even-even nuclei)

: polar-vector coupling of proton (neutron) to the Z boson
The SM nuclear matrix element is given in terms of the electromagnetic
proton(neutron) form factors Fz(y) (CVC theory) more on nucl. ME at the end of the talk
2 _ Y 2 P 2 n 2112
MU = |(gsl|Mollgs)| = [g0ZF2(a%) + gl NFn(q®)]

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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NSI Cross sections and Nuclear Transition Matrix Elements

The coherent differential cross section with respect to the scattering angle
0 for NSI v-nucleus processes is written as

2
donstv,  Gf

Ve TFp2 NSI 2
dcosf 2 Ey (1+cosf) |<gsHGV,ua(q)Hgs>|

, (1)

(oo = e, u, T, denotes the flavour of incident neutrinos)
The NSI nuclear matrix element reads

MY 12 = [(gsl| G5 (a)llgs)|” =
[ (264 + <) ZFo(e?) + (< + 22X ) ()]

X [ ) @)+ (422 et
p#a

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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Connection with experiments

From experimental physics perspectives it is important to compute the dif.
cross section with respect to the nuclear recoil energy Ty

‘2
dTN s

dosiv, _ GEM (. MT
oNslva _ GF <1_ 2E2N> |(esl| Gy (q)]]gs)

@ 3-momentum transfer g°> = 2M Ty
@ M is the nuclear mass.

max __ 2E2
® TN = M+2E,

Experiments will measure nuclear recoils

P. Vogel and J.Engel, Phys.Rev. D 39 3378 (1989)
J. Barranco, O.G. Miranda and T.l. Rashba, JHEP 0512 021 (2005)
K. Scholberg, Phys. Rev. D 73 033005 (2006)

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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SM v-nucleus coherent cross sections

Our research involves realistic cross sections calculations for a set of
interesting nuclei throughout the periodic table

107 iemeemmmmememeeeeeanees

v, (10739 cm?)

.. 132X¢ ... 208pY f|
T T S Sy Y N T

T | L
0 20 40 60 80 100 120 140
E, (MeV)

For heavier isotopes the form factor suppression to the coherent cross
SeCtIOH |S more |mp0rta nt bk Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press
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Branching ratios

It is interesting to to estimate the ratio of each of the individual cross
sections, o ,,, with respect to the SM cross sections defined as

o E,
Ry..(E,) = M, \ = tot, NU, FP, FC
’ USM(EI/)
Vo (sz) Rl()l RNU RFP RV(,HV(- fevu\—’v‘I Rv(,e—»vr
o | ®Ti  1.037 0002 0.905 - 0.121x 107 0.130
“ | Al 1.044 0003 0.902 - 0.130x 107  0.139
v | BT 1293 0001 0929 0.021x 107 - 0.361
A1 27A1 0 1318 0.001  0.927 0.130x 107* - 0.387

The ratios Ry, of all possible v + (A, Z) — vg + (A, Z) processes. They have been
evaluated in their asymptotic values reached at E, ~ 120 MeV

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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Supernova (SN) neutrino fluxes

@ Supernova neutrino flux

0.20 T T T T T T T
O(E) =3 e ySN(E,)
0.15 N p v) = . A7 d? Mva \Ev
sy " ‘\'\ .. .
010 | v ] @ Maxwell-Boltzmann distributions
. tot——.— N £ g
] n " (E ) — v e Ev/lva
ve ATV 2T3,

60 70 8 @ weighted cross sections

E, (MeV)

o3 (Ev) = oawa (E) mon (Ev)
The maximum energy of a typical
supernova explosion is released by
high energy neutrino emission (ev-
ery ~30y)

C.J. Horowitz, K.J. Coakley, D.N. McKinsey, Phys. Rev.
D 68 (2003) 023005
M. Biassoni, C. Martinez, Astropart. Phys. 36 (2012)

151.
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Neutrino fluxes from Spallation neu sources

Neutrinos for free!

figure from Prof. K. Scholberg (talk at Nulnt 2014, May 22, 2014)

Stopped-Pion (DAR) Neutrinos

0.035—

oo03f V. (delayed)
s e — v (delayed)
e . _—aQ - L0 oozsf~ — Vx(Prompt)

L o
B e S .
. VAN S @ oos o/
Fragmenis 5

30 40 50
Neutrino energy (MeV)

7T+ — /L+ +@ 2-body decay: monochromatic 29.9 MeV v
PROMPT

3-body decay: range of energies
,u,+ — €+ + between 0 and m /2
DELAYED (2.2 us)

K. Scholberg, Phys. Rev. D 73 033005 (2006) and D.Akimov et al. (COHERENT collaboratien),arXiv:1310.0125
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Expected signals for other interesting nuclei-targets

SM-predicted signals for supernova (SN) and laboratory neutrinos (SNS)

(10739 cm?)
=
f=)
2

10% .

Su ]
£ B NN s E S . 20N 28gi |
100 wwer 404y — 48T | ]

i <= 56pe — T6Ge | |

10-1 - - 132Xg ... 208p} | |

0 20 40 60 80 100 120 1400 10 20 30 40
E, (MeV) E, (MeV)

S
=)

good overlap between SN and SNS neutrinos!

Dark-matter detectors are also sensitive to Supernova neutrinos (background to dark
matter searches)

D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press

Dimitrios K. Papoulias (loannina University) v-nucleus NSI



NSI cross sections and Simulated Signals for SN-v/

Assuming a typical supernova at d = 8.5 kpc we may compute the cross section signal to be

recorded on the “8Ti detector for all reaction channels

O e e e e e e R
10

LI T S B B LN S I k- |
10 - 874 M — 3
10° 10F 3
| 10% 1
g |
A~ 0 ]
& 10-3 Ns 191 1?
s . S 10 =v, 1
al 10 110-2 _!
S g5 - -3 3
=1 101 A T T T ‘:’11%4 s e L A R o
£ 10 § 2100 F 1
§ o %;,103; ______ ]
1o ; 10° kf 1
10 E 0§ |
10° o ¢
. L /A ‘
105 e ] ot

L A T TR 10° T T T A T O T

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
E, (MeV) E, (MeV)
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SM Event rates for supernova neutrinos

Various nuclear methods tested p.k. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press

- 20 1T -~
107! Ne 4 20Ne
o 1
| F .
% 53t B 1
= 1
T ]
5 )
) — < 5l |
PR TIR] S ey 1 £
zg -+ Shell-Model E
5] ;
F(g*) 8
—  BCS 1y i
. exp. s,
100 | | A VY S
40Al‘ B
o T
I} -1 4 4
L 10 i
2 )
T H i
g - F=1 2
£ -+ Shell-Model e
ZgroE F(g’) N 1
=K —  BCS H
. exp. ©
- FOP k i
10 3 L L kKl L L —
107! 100 10 10? 10! 10° 10! 10?
Ty (keV) TEhres: (keV)
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SM Event rates for supernova neutrinos (continued)

Various nuclear methods tested p.k. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press

10! ¢ E
T6Ge 6Ge

251 1

T 100 1k
P 1

% 2

= b
| = 1

5 107! EE

g |

~ -——— = Ky n
g = 3 z 1

g ~== Shell-Model g

10°2f F) N -
—  BCS kS 1

. exp. :

=
| L
P 1
8
=
-
|
=
4 ©
2 1
2
z )
5% o Pl ) :
102 |-+ Shell-Model 5 ] |
F(¢) %
—  BCS LN
10 3 L L . S 0 L L ) L
1071 10° 10! 10? 107 10° 10! 102
Tn (keV) TEres: (keV)
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SM+NSI Flux averaged cross section calculations

In supernova neutrino simulations, another useful quantity is the flux

averaged CroSS SeCtion V. Tsakstara and T.S. Kosmas, Phys. Rev. C 83 (2011) 054612

(Orwn) = / o (E)1EN(E,) dE,

Vo (A, Z) {ow) {osm) {owu) {omp) {Tv,osv.) {Tvyom,) {Tyyove)
v BTy 5.32 5.15 1.20x 1072 4.66 - 6.07x 107 650x 10T
¢ 2TAl 1.57 150 3.83x107% 135 - 1.95% 1075 209 % 107!
L | FTi 196 152 193x102 142 180x107 - 5.36
s Al 6.07 461  642x 107 427  6.00x 10°° - 1.78

Flux averaged cross sections (in 10™*°cm?) for various SN v-spectra parametrized by

Maxwell-Boltzmann distributions
estimation of the response of the nuclear-detector to the energy

distribution of the observed neutrinos.

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)

v-nucleus NSI
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SM-+NSI Expected Event Rates for supernova neutrinos

10°
107"
102
10°
10
10°
10
10°
107"
102
10
107
10°
10

Differential Yield in events assuming one
ton of ®*Ti detector material as function
of the nuclear recoil energy

LA B ke B A AL B

Yi,, (keV~'ton™")

Yo (Tn) = Nt/(bua dE,
x/—d@"”a 5( T _q_2 dcos@
dcosf NTom

@ N; number of target nuclei

T T T

Ty Ty

see also
C.J. Horowitz, K.J. Coakley, D.N. McKinsey, Phys. Rev. D 68 (2003) 023005

M. Biassoni, C. Martinez, Astropart. Phys. 36 (2012) 151.
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Limits from © — e conversion

The v, <+ ve transition the NSI parameters are related with the
experimental upper limits of =~ — e~ conversion as

- AZ
EZZ:C ! R;Se’ ).

S. Davidson et. al., JHEP 03 011 (2003) (current limit from PSI: eﬁz =7.7x 10_4)
new upper limits expected to be set by the corresponding experiments

Parameter COMET Mu2e Project-X PRIME

e %107 370 287 052 0.37
Ryen, X100 | 212 130 042 0.19

Table 3: Upper limits on the NSI parameters q‘i,v and the ratios

Ry, e, for the FC v, & v, reaction channel resulting from the
sensitivity of the g~ — ¢~ conversion experiments.

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482 (2014)
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Excluded region of observation for v, — v

107
102
107 §
10
10° |
10°®
107

sod vod 1ol 4]

| T T e |

104 cm?)

sign
VeVy

107
102
103
1074
10° §
10° |
107 }

i

Mu2e at P-X

PRIME/PRISM XXX
Mu2e (XXX1

COMET =3

PS1 22727772
N EPEPITS IPRPITS PRPEPS PR B
0O 20 40 60 80 100 120 140

E, (MeV)

D.K. Papoulias and T.S. Kosmas, Phys. Lett. B 728 482

Lol o vod 3o 3ol 4
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(2014)

v-nucleus NSI

Simulated signals

@ (a) supernova neutrinos

@ (b) stopped-pion muon neutrinos

@ expected limits on NSI from next
generation u~ — e~ conversion

experiments is used



Neutrino detection by SNS facilities

SM calculations for experimentally interesting nuclei (potential targets)

6 -10*
5F e .. “‘. delayed: (v, + ) -
T A
g 4r 1
Useful for the COHERENT exp. 2 !
I
=
o
@ detectors: liquid Ar/Ne, Ge, Xe, =
Csl[Na] §
@ expected no. of events
(thousands for kg-scale detectors!)
@ for pulsed beams statistics are ERTUR prompt: ()
better (compared i.e. to reactor P R ]
: g |
neutrinos) T sk Y g — 1o |
. § ‘.‘ . 20Ne 28g;
@ independent measurements for = o[ 0Ar — oy
2 & | PFe — T0Ge |
the prompt and delayed fluxes El . 12y, .. 208y,
0.5 |
0

1071 10° 00 10
THmes: (keV)
D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press
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Searching for NSI with the COHERENT experiment

NSI events for 2°Ne (391 kg) and “°Ar (456 kg) at 20 m from the source

10t Es q

delayed: (v.)

counts per year

o[
delayed + prompt: (7, + v,,)

counts per year

107! 10° 10! 102 107! 107 10! 102
TYres (keV) Times: (keV)

Within the current limits on the NSI parameters, measurable rates are expected for NSI

v-nucleus events D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press
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Searching for NSI with the COHERENT experiment

NSI events for 7°Ge (100 kg) at 20 m and '32Xe (100 kg) at 40 m from the source

6Ge 182X o

counts per year

7(iGe 13‘2Xe

) -
§ -
= delayed + prompt: delayed + prompt: .,
2 Dy + vy Dp+ v R ]
s
EL
H ] ]
8

1077 L L L E! L L L E|

107! 100 10! 10% 1071 10° 10t 10%
TiEres: (keV) Tgires (keV)

Within the current limits on the NSI parameters, measurable rates are expected for NSI
v-nucleus events D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in-press
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Nuclear theory for neutrino scattering |

@ At low and intermediate energies, any semileptonic process is described by an
effective interaction Hamiltonian, written in terms of the leptonic j‘e’“ and
hadronic J,, currents as
P.G. Giannaka, T.S. Kosmas, J. Phys. Conf. Ser. 410 (2013) 012124

GF Iept o x
Hetr = \/— Jut (x)TH(x),

where Gr is the well-known Fermi constant.

@ In the Donnelly-Walecka multipole decomposition method, the neutral-current,
double differential SM cross section from an initial |J;) to a final |Jf) nuclear state
reads (we construct them explicitly through realistic nuclear structure calculations)

d20'i—>f_GF €i€r
d0do 7 (24 +1) Z”CL+Z"T ’

where €; (€r) is the initial (final) neutrino energy and w is the nucleus excitation
energy.

T.W. Donnelly and J.D.Walecka, Nucl. Phys. A 274 (1976) 368.
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Nuclear theory for neutrino scattering Il

The cross sections oy, (for the Coulomb-longitudinal operators) and o+ (for the tensor
operators) are written in terms of the reduced matrix elements (ME) of eight basic
irreducible tensor operators, as function of the weak nucleon form factors

Fe, x=1,2,A P

Nmax

Gl T (LR) = ey 2y " Pilys, =107 (2)
n=0

V.Ch. Chasioti and T.S. Kosmas, Nucl. Phys. A 829 (2009) 234.
P.G. Giannaka, D.K. Papoulias, T.S. Kosmas, unpublished (for any configuration (ji,j2)J)

ou. . oui 1
M (qr) = FiMiy(qr), iM53">(gr) = % [FAQX/I(qr) = (Fa+wFp)Xii (ar) |,
(3)
Lan(ar) = M ar), —ilSu(ar) = | Fa— L Fp] 552 (ar) )
IM q JM A 2M M )

T5u(qr) = A {FlAM(qr) %(F1+2MF2)ZX/:(qr)]7 —iT57 (qr) = FaZi(gr), (5)

JR——, 1 ma,
T tan) = 5 [FAh(an) = 3 (R + 2MR) Tian)| - TR0 = Fah(an. (0

T.W. Donnelly and J.D.Walecka, Nucl. Phys. A 274 (1976) 368.
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SM + Non-standard nuclear Matrix elements (ME)

For SM gs — gs transitions (i.e. [07) — |07)) only the Coulomb operator survives and
the diff. cross section is proportional to the ME

N 2 B 2

= [(gsllMo(a)lles)| = (80 2F2(a”) + giNFu(a)]

where, the polar-vector couplings of protons gf, and neutrons gy, with the Z boson are
written as gf, = 2(g{' + g#) + (& +&7) = & — 2sin’ O ~ 0.04 and

gy = (g +gk) +2(g +gf) = —3.

The flavour preserving (FP) part of the Lagrangian Lrp = Lxu + Lsm, yields the ME

’MVV&

2
’MV Va +MV Vo

Subsequently, the total coherent cross section may be computed on the basis of the ME

s, [ = |5+ |z, [

D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press

Important conclusion: The cross section is mostly sensitive to the neutron charge
distribution

Dimitrios K. Papoulias (loannina University) v-nucleus NSI




Evaluation of the form factors | (BCS)

Within the context of the quasi-particle random phase approximation (QRPA) method
the form factors for protons (neutrons) are

P, = o S _Ulg-s. (@)l lg:s) (V)

where [j] = V27 F 1, Ny = Z (or N), V" are the BCS probability amplitudes,
determined by solving iteratively the BCS equations.
T.S. Kosmas, J.D. Vergados, O. Civitarese and A. Faessler, Nucl. Phys. A 570 (1994) 637

Important parameters:

@ the chosen active model space

@ the harmonic oscillator (h.o.) parameter b

@ the properly adjusted values of the two parameters gga(i"r) for proton (neutron) pairs
that renormalise the monopole (pairing) residual interaction (obtained from the
Bonn C-D two-body potential describing the strong two-nucleon forces).

P.G. Giannaka, T.S. Kosmas, J. Phys. Conf. Ser. 410 (2013) 012124

The BCS method provides realistic proton and neutron_form factors
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Evaluation of the form factors Il (experimental data)

@ The proton charge density distribution p,(r) is well constrained by
electron scattering experiments and in our case is evaluated from a
model independent Fourier-Bessel analysis.

H. De Vries, C.W. De Jager and C. De Vries, At. Data and Nucl. Data Tables 36 (1987) 495536

@ The proton nuclear form factor is the Fourier transform of the proton
charge density distribution and takes the form

Fe(a) = [ oolriin(ar)  dr.

with jo being the zero order spherical Bessel function.

@ this method assumes Fy(q?) = Fz(g?) (not always a good
approximation)

D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press
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Evaluation of the form factors Il (Shell-Model)

The form factor Fz(g?), for h.o. wavefunctions reads

Nmax

1 _
F2(q)) = 3¢ W% (qb,2),  ®(qb,2) Z 0:(q b

The radial nuclear charge density distribution pp(r) is written in the following compact
form

Nmax
1 2 r
— —(r/b) - — § : 2X
pP(r)_ﬂ_3/2b3e n(b7Z)7 I_I(X7Z)_ — f)\X

The coefficients £, are expressed as

o 72(2j + 1)t C "
=2 o (n+0+3)
(n,€)j 2

T.S. Kosmas and J.D. Vergados, Nucl. Phys. A 536 (1992) 72
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Evaluation of the form factors IV (Fractional occupation

probabilities)

@ Shell model assumes that the proton occupation probabilities equal to unity(zero)
for the states below(above) the Fermi surface.

@ Introduce depletion and occupation numbers, to parametrise the partially occupied
levels of the states that satisfy the relation Y0 atnej(2/ + 1) = N,
all

T.S. Kosmas and J.D. Vergados, Nucl. Phys. A 536 (1992) 72

@ In this approximation we have a number of active surface nucleons

(0% a1
M Z,0) =N 2 725 + 100 2) | 727 - 725
Z/—Z (%) (0%}
+ N0 Z) [Z’—ZE T Z-a 7 -z

Z—Z a3 Qy
N(x, Z' —
+ (X: )|:Z,_ZC+Z/_ZC Z//_Z/]
17 (673 A " A
+H(sz )|:Z”—Z’_Z"/—Z":| +|—I(X’Z )W’
with A = a1 + i — (x3 — (4 D.K. Papoulias and T.S. Kosmas, Advances in High Energy Physics, in press
@ fit the parameters to reproduce the proton charge density distribution
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Evaluation of the form factors V (Other effective methods)

The form factor is effectively represented by

- BB o [ Lasr?]
J. Engel, Phys. Lett. B 264 (1991) 114
@ j1(x) is the known first-order Spherical-Bessel function and
R2 = R? — 5s2,
@ R and radius of the nucleus
@ s surface thickness of the nucleus respectively.

The radius parameter is usually given from the semi-empirical form
R = 1.2A/3 fm while s is of the order of 0.5 fm.
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Comparison of the nuclear methods
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Summary and Outlook

Up to now

)

e @

)
)
)

construction of the formalism for the exotic v-nucleus processes
performed realistic cross sections calculations

exploit the u= — e~ conversion experimental sensitivity and put severe limits to FCNC
neutrino nucleus parameters

predictions for the signals to be recorded by terrestrial detectors
obtained the expected event rates for the SM and exotic v-reactions
detailed study for nuclear systems throughout the periodic table (for several v-sources)

tested various nuclear methods for high reliability of results

Work in progress and future work

examine v-magnetic moments induced via tensor NSI couplings (in progress, last stage)

study the incoherent reaction channels within QRPA
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Conclusions

What new physics can we gain SNS and reactor neutrino experiments?
@ detect coherent v-nucleus event for the first time
@ measure neutrino magnetic moment

@ constrain non-standard neutrino interaction parameters (vector,
tensor)

@ probe the neutron form factor
@ probe sterile neutrinos

@ SM precision tests (i.e. Weinberg-angle)
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Gracias por su atencion !

Dimitrios K. Papoulias (loann ina University)



Extras
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Total number of events

a combination of light and heavy nuclear tar-

20.0 ————rery S — gets would be a more appropriate choice, i.e

18.0 | FOP 4 BGO scintillator (BiyGe3012)
= 16.0 Fr~e F(q?) ------- ] .
= 140 L “~.L_ Shell - Model ———-= E @ heavy nuclei — more events but
% 12.0 f“' BCS ] low-energy recoils (due to large mass
‘5 10.0 [ " F=1—= _ and form factor suppression)
° 80 . 7] @ light nuclei — less events but

28 C ] high-energy (almost constant) recoils

U 481y 7]
2of ~ M,
1 10 100
T (keV)

counts (ton™")

@ several nuclear methods tested

@ neglecting the nuclear physics details 0.01
i.e. F=1 could lead up to 30%
more events 0.001% 10 100
T (keV)

D.K. Papoulias and T.S. Kosmas, Advances in

High Energy Physics, in press
Biassoni et. al. Astropart. Phys. 36 (2012) 151
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