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MOTIVATION

Easy, model-independent way to introduce BSM physics: Neutrino nonstandard interactions (NSI)

Lnsioe = —2V2Gr Y elh " (EavuPryg)(fy*PS') + hec.
f’f,7a7ﬁ

LxsiNe = —2V2Gr Z 52;3(17(1")’“})];1/’3)( f1.Pf) .
f’P?a7ﬁ
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CURRENT NSI CONSTRAINTS

Allowed ranges at 90% CL (Marginalized) Allowed ranges at 90% CL (Marginalized)
GLOB-0SC GLOB-OSC-+CEvNS
LMA LMA & LMA-D LMA = LMA @& LMA-D

T . — .
eV — e/ | [~0.063,40.36] (~1.1, —0.79] @ [0.063, +0.36] | " —0.038, +0.034] & [+0.34, +0.42
euV _ V| 10,0053, 4-0.017 0.021,40.018 St —0.046, +0.031] & [+0.95, +0.42

o ' - ' Err —0.046, +0.033] & [+0.35, 4-0.42;
el [—0.057,40.013 —0.057,40.061] el [—0.044, +0.0049]
Sl [—0.076,+0.11] [—0.12,40.11] &V [—0.079, +0.11]
g (—0.0077, +0.0042] [—0.0077, +0.0083] el (—0.0064, 0.0053]

o . Sk .
ebV —ebV | [20.069,+0.38] | [~1.3,-0.91] @ [-0.072,+0.38] | -5 —0.036, +0.031] & [+0.30, +0.59,
etV _ 4V | 20,0058, 40.018 —0.029,+0.019 St —0.040, +0.038] ©1+0.31,+0.39

o %) —0.041, +0.043] @ [+0.31, +0.39
sV (—0.058,40.014 —0.058, +0.098! sy [—0.054, 4+-0.0045]
exV [—0.079, +0.11] [—0.16,+0.11] sV [—0.051,+0.11]
exY [—0.0087,4-0.0051] [—0.0087,40.015] S [—0.0075, 4-0.0046]
u,V d.V

Table 3. 90% allowed ranges for the vector NSI couplings ¢, 3 and €5 as obtained from the global analysis of oscillation data (left columns,
applicable to NSI induced by mediators with M;,.q < 5 MeV) and also including data from CEvNS experiments (right columns, applicable to
NSI induced by mediators with M,.q = 50 MeV). The results are obtained after marginalizing over oscillation and the other matter potential
parameters either within the LMA only and within both LMA and LMA-D subspaces respectively (this second case is denoted as LMA & LMA-D).
Notice that once CEvNS data is included the two columns become identical, since for NSI couplings with f = u,d the LMA-D solution is only
allowed well above 90% CL.

P. Coloma, M. C. Gonzalez-Garcia, M. Maltoni, J.P. Pinheiro, S. Urrea 2305.07698
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GENERALIZED EFFECTIVE FOUR-FERMION OPERATORS

FC = _ GV Z P9 0O LNE %;eaﬁ(%o v5)(fO; f)
€ O; (’);-
e/ =) A -9°)
SRS 71¢ St 00 NG (¢ T e
e/” (1—+°) 1
o (1-7°) 7P
eh! o (1 ’75) ot (1 — ’75)
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CONSTRAINTS FROM DIFFERENT EXPERIMENTS

Process Experiments

CEUNS UN —s N COHERElgI BTCCSI & LAr

Neutrino counting ete” — vy | ALEPH, DELPHI, L3, OPAL

TEXONO

Neutrino-elect tteri = B
eutrino-electron scattering | v,e Vo € CHARM-II

CHARM
CDHS
NuTeV

FASERv

Deep Inelastic Scattering Vaq — Vo

LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5,5 2112.05103
F. Escrihuela, LJF, O. Miranda, J. Rendén, JHEP 07 (2021) 061 e e-Print: 2105.06484

F. Escrihuela, LJF, O. Miranda, J. Rendén, R. Sdnchez-Vélez, in progress...


https://arxiv.org/abs/2112.05103
https://arxiv.org/abs/2105.06484
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COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)
do Gt , ( MNT)
E, <50 MeV — = —M\0: | 2 —

o scattered Q%U — [ZQXFz(qz) + NQXFN(CIQ)]

neutrino

2

Weak charge

)
’

y4 nuclear

@
&,

b

: _ recoils
scintillation




RADPYC 2023, CINVESTAV

COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING (CEVNS)

d G2 M.\ T
E <50 MeV —0=—FMNQ3V(2— N )

scattered Qs = [ZQXFZ(QQ) + Ng,, Fn(q%)]
neutrino

71

4

Weak charge

Z nuclear

do G%* 212 (N2
(dE,.) 4 INNE (29 ‘fg

,: a E, r E, E E, E7\
/Qsef:cnondlsry +5’2( —)+§J;2(1— ax——) R— ’O(ﬁ) ,

scintillation EmaX E y
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CEVNS EXPERIMENTS

Stopped-pion beams | Nuclear Reactors

T > ut+vuv

MU
\ 4 ye
et +uv + 1
e T “p
ePulsed beam e|ntense flux
eThree channels eOne channel

eHigher recoils *Fully coherent
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CEVNS EXPERIMENTS

\ Stopped-pion beams
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TT p't+u,
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EUROPEAN e + Ue + Ulu
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SOURCE
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Hgmg? Coherent CAPTAIN-Mills
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CEVNS WITH GNI

10 -S'czlilér'

LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5,5 2112.05103

1 l 1
Vector

4 F
2_
O 1 |
—4 -3



https://arxiv.org/abs/2112.05103
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Combines features from scintillators and

bubble chambers
+ Insensitive to electron recoils
+ Sub-keV thresholds (~100 eV)

“ Single Bubble nucleation

* Energy resolution for >5 keV backgrounds

E. Alfonso-Pita, E. Vazquez-Jauregui, SBC Collaboration (https:/ /journals.aps.org/prd /pdf/10.1103 /PhysRevD.103.1.091301)



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.L091301
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CEVNS WITH GNI

Scalar| FVector ‘Tensor| | |
0.5F PN - 0f 1 o0sF :
% O i - ] 2&_1 i - w O i -:.
-0.5F W 1 —=2F {1 -05F -
i COHERENT 7 i
I COHERENT + SBC
1 TN TN SN TN SN T S ST S TN S N T S _— 3 TN SN T T SN TN SN T T NS Y S O S T T _— _1 TN SN TR S TN SN TN S NS SN O S T _—_—"
-1 —05 0 05 1 -3 =2 -1 0 1 -1 —05 0 05 1
&s v T

LJF, N. Nath, E. Peinado, Phys.Rev.D 105 (2022) 5,5 2112.05103


https://arxiv.org/abs/2112.05103
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CROSS SECTION WITH GNI

ete™ — vy

- G%s

,L aR ’S ’P ,T
= TET S (BleSE + 8l + Blec P + Blec P + 32157 )

o,

g0

Va +€ —vg+e

do  GZme | E, E\? _m.E,
— A+2B (1 1 D
iE, 7« |°7 ( E> te ( E) N

L2, 17 €59 P |2 T2 S P T
A=25 P+ (5P +1e05 1) +8lecf1? - 28%((56 per) e )
1 7S 7P ,T
B =~ (legs1” +lecs I°) +8legs I
1
,R|2 ,S 12 P2 T2 S P T
C =202+ (15 + 1 ) + 8lec) +zm((ee ) ﬁegﬂ*)

1
L e Rx .S T

vq — 1q.

G2s y 2 f -|-f— 2 f 4+ f_
051(\/;,5(13) = 0255-’,5(1») = ﬁ [(ea’S(P)) ( ! 5 q) + (ei’S(P)) ( . 9 q)] ;

28G2 s w\2 [ fo+ 7 2 [ f,+ fa
Nr =¥ = g |(ewT)” (P2 + () (P30
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SCALAR AND PSEUDOSCALAR COUPLINGS

Experiment Observable Parameters Limit
ALEPH [47-49] < 0.535
PR I e, e, legl, e, e B
L3 [51-53] < 0.745
OPAL [54-56] < 0.637
CHARM-II [73] st e |, lesa ], les < 0.401
TEXONO [75] €& ecX|, leX|, e 6] < 0.56, || < 0.64
CHARM [67] (V. beam) e X e, €|, |e2* < 1.9
CHARM [68] (v, beam) < 0.205
CDHS [69] €| |€2:X |, |e2X|, |eZX < 0.198
NuTeV [70] < 0.11

F. Escrihuela, LJF, O. Miranda, J. Rendén, JHEP 07 (2021) 061 e e-Print: 2105.06484


https://arxiv.org/abs/2105.06484
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TENSOR COUPLINGS

Experiment Observable Parameters Limit
ALEPH [47-49] < 0.163
DELPHI |50 < 0.254

- Tl e, lesly €T, JesT, €2, lecT
L3 [51-53] < 0.228
OPAL [54-56] < 0.194
v T T T

CHARM-II [73] €, ecr |> €7 |y l€5r < 0.036
TEXONO [75] el el legl], legt < 0.073
CHARM [67] (V. beam) el e, |z, |eZF < 0.127
CHARM [68] (v, beam) < 0.0137
CDHS [69) e e 1, lef |, lefir | < 0.0130
NuTeV [70] < 0.00754

F. Escrihuela, LJF, O. Miranda, J. Rendén, JHEP 07 (2021) 061 e e-Print: 2105.06484


https://arxiv.org/abs/2105.06484
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GLOBAL CONSTRAINTS

Experiments Scalar Pseudoscalar Tensor
e"et + TEXONO €5 < 0.38 e¢F| < 0.40 e¢1'| < 0.07
e~et + CHARM-II €6X] < 0.31 eI < 0.03
e et e | < 0.40 el < 0.12
e~et + TEXONO + CHARM-II e < 0.25 eS| < 0.25 el | < 0.03
e~et + TEXONO %7 < 0.28 e’ < 0.29 el < 0.07
e et + CHARM-II \GZ’TX | < 0.25 ez’f < 0.03
CHARM-—e e2X| < 1.9 e2l'| <0.13
CHARM + CDHS (+ NuTeV) ] < 0.15(0.1) e#!'| < 0.01(0.006)
CHARM—e + CHARM + CDHS (+ NuTeV) et < 0.15(0.1) e2'| < 0.01(0.006)
CHARM-—e e2X| < 1.9 ezl < 0.13
CHARM + CDHS (+ NuTeV) 2] < 0.15(0.1) €2:F] < 0.01(0.006)

F. Escrihuela, LJF, O. Miranda, J. Rendén, JHEP 07 (2021) 061 e e-Print: 2105.06484


https://arxiv.org/abs/2105.06484
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FASERV @ LHC
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EXPECTED CONSTRAINTS FROM FASERV

1.0

0.5

0.5
e FASERv
- COHERENT CsI+LAr

R E— 0.0 0.5 T.0

edV

XY

F. Escrihuela, LJF, O. Miranda, J. Renddn, R. Sdnchez-Vélez, in progress...
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FINAL COMMENTS

* Constraints on GNI could provide hints on BSM scenarios

*Future experiments can provide stronger constraints and even
break some degeneracies

*A full Global analysis of GNI needs to be done



THANK YOU FOR
YOUR ATTENTION




RADPYC 2023, CINVESTAV

BACKUP SLIDES



RADPYC 2023, CINVESTAV

COUPLING EQUIVALENCE

Gr _ 5 ~ :
= V2 Z (Tl vg) ([T (Copyy + Dgﬂwwg))h) ’
a=S,P,V,A,T

where the five possible independent combinations of Dirac matrices are given by

€ {1,iy°, 9", 97", 0"} .

and D? By

The relations between the coefficients C'2 By

{D(a)!ﬂ’)”}’ (a = S, P, T)

il_)gﬂ,w (a=V,A)
ei’gw couplings is given below:
€L:%<CV_DV+CA_DA)’
GR:i(CV_i_DV_CA_DA),
65:%(05-4-21)1’),
—eF = % (CF +iD%),
el = i (CT — z’DT)

o1 1
& :W(C§+D%), & :N(CV_DA)’

1 ) 8
& :N(CA—DV), & :m(c%‘FD%),

2
R = F(CSCT — CPCT + DSDT - DPDT)-
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Charged current (CC)

Neutral current (NC)

FASERV CONSTRAINTS

Parameters 90% C.L. limit|Parameters 90% C.L. limit
eud:V < 0.078 eV <
endV < 0.076 vy (—0.535,0.158)
|edV < 0.526 ebV (—0.091,0.126) U (0.566, 0.786)
erg < 0.404 B <
ez‘é’v < 0.401 ezgf < 0.293
e < 1.156 € < 0.267
4 < 0.188 e <
end A < 0.182 e A (—1.06, —0.893) U (—0.094, 0.075)
eud:A < 0.865 edA (—0.062,0.075) U (0.924, 1.063)
e:’g’A < 0.404 |e£3| <
eng” < 0.401 e < 0.293
S < 1.156 €y < 0.267
eud:S < 1.12 7] < 0.583
et <115 e” < 0.854
eud:S < 3.31 edS < 0.783
eud: T < 0.295 1] < 0.037
ezd’T < 0.291 e T < 0.055
eud: T < 0.875 ed: T < 0.051
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PHENO FROM CEVNS: LIGHT MEDIATORS

T T T TIrTd LI L LI DL B B I L H
BaBe;r | -
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v ’ -
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LJF, E. Peinado, E. Alfonso-Pita, E. Vazquez-Jauregui, SBC Collaboration
E. Alfonso-Pita, LJF, E. Peinado, E. Vazquez-Jauregui, 2203.05982

| 1 lllllll

[ 1 llIIIll

| lllIIIll | llllllll

—— Setup A

— Setup B
- COHERENT Cs!

| COHERENT LAr

[ 1 llIIIll

1077
107

1072

107"

1 10
M, (GeV)

10?

10°

10*



Experiments
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Adapted fromM. Green talk at Aspen 2019 Winter Conference
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Proposed reactor locations
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NUMERO DE EVENTOS ESPERADO

Neutrino spectrum, (ININ: 1 MW . at3m) 1 !,"7 e N@utrino spectrum, (LV: 2000 Mwm at 30 mi1
- f ............ Cosmogenic Neutrons ~ if ------------- Cosmogenic Neutrons
— — — Reactor Neutrons ! ~ - Nucleation efficiency function (Pr(T))
1= Nucleation efficiency function (Pr(T)) = | 5% systematic uncertainty
5% syslematic uncertainty | 2% systematic uncertainty

!

107"

lllllll

oooooooooooooooo

Rate above threshold [events/kg/day]

—l_l — L . | ] 1
107 1
Recoil Energy Threshold [keV] Recoil Energy Threshold [keV]




Excess Counts / PE
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MEASUREMENTS FROM STOPPED-PION SOURCE:

Recoil Energy (keV )

0 5 10 15 20 25 "30 35 40 45
H
1 LI I | 1 I 1 1 1 1 I I I 1 I I I I I 1 I 1 I 1 I I | L I LI L I I Recoil Energg %keVnrg g TARGET
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— |:|Vu CEVNS - B 4 L IS
= _ = ~ =
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- - ' I -
BIBRN + NIN - L > w ‘ ‘
n o / ©
100} ___ (==
50/ ———“— =
- 5 e e Ry
B ~ NIN Cybe
oF el S 8 CENNS-10\ SCIBATH  Nal 2™
0 20 40 60 80 _ 100 120 (LA7) o
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\\
® ~134 events,

N .
AN

~159 events

COHERENT Collaboration, Phys.Rev.Lett. 126 (2021) 1, 012002 COHERENT Collaboration, Science 357,1123 (2017) & Phys.Rev.Lett. 126 (2021) 1, 012002


https://inspirehep.net/literature?q=collaboration:COHERENT

Canas, Garces, Miranda, Parada, Rfss.Lett.B784 159 (2018)
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Aristizabal, De Romeri, Papoulias, 2203.02414 LJE E. Peinado, E. Alfonso-Pita, E. Vazquez-Jduregui, SBC Collaboration
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residual (counts/ 10 eV 3 kg day)
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