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Lagrangian Pm‘ame&ersf

How cain I derive this §ormuta?

In other words:

how are oscillations affected by a charged Higgs?
A leptoquark? Which part of their parameter space
[Same in detection] is ruled out by current oscillation data?
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Lagrangian Pm‘ame&ersf

In the SM*: ¢ = 0 (6, A“"z_) s
D = 0 (6, Az, 8J>

How can I derive this formula?

> i)

© QM approach not useful ("source/detector NSI")
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Lagrangian Fm‘ame&ersf

How can I derive this formula?

© QM approach not useful ("source/detector NSI") — QFT approach needed

(1+€)ay
vy) = —Ns vy) €5 = ¥ (. ? ) Giunti et al. [hep-ph/9305276]
@ Akhmedov Kopp [arXiv:1001.4815]




Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JEEP'20]
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Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Phase space integrals: dIl = (27?);"21]31 . (27?)3{62"En 2m)46HP - Y ky)

dHP = dHP/ dE,,




Oscillations 1n QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]

Greomekbric ks - —

factor ﬁro&uc&ioh % Detection
t = NsNr/(32nL*msmr) Oscillation (w/o integration over Ev) I AP = M(l/ T 5 Y )
factor : Ly " "8k — k B |
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Phase space integrals: dIl = (27?;;"21& . (27?;3{62"En 2m)46HP - Y ky)
dHP = dHP/dEV




O S Clllatlons ln QF T [A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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® The rest is "straightforward":
specify the Lagrangian and calculate the production & detection amplitudes.

M = MuT — Yp) .
Mgk = M(S — Xal/k;) vk—%

b

vk

M. Gonzalez-Alonso EFT for neutrino data




Oscillations in QFT — EFT

Low-energy effective Lagrangian:

2V, _ —~ a
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NP models: W', charged scalar, LQ, ..

M. Gonzalez-Alonso EFT for neutrino data




Oscillations in QFT — EFT

Low-energy effective Lagrangian:

A ) _ 2
LD — )2 {1+ er]op (@y"Prd)(lavuPrys) *
+ [er)ap(uy" Prd)(Layu PLys)
1 ~ 1 7
+ §[€S]aﬁ(ﬁd)(€aPLV/3> o §[€P]Oéﬁ(ﬂ’fy5d)(eO‘PLyﬁ) d Vg

1 —
+ lerlap(uo™ Prd)(laoy, Prvg) + hic.

NP models: W', charged scalar, LQ, ..

M. Gonzalez-Alonso EFT for neutrino data




Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'Q0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'Q0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Oscillations in QFT — EFT

[A. Falkowski, MGA, & 7. Tabrizi, JHEP'20]
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But beyond linear order, there's no matching!!!
L.e., the NSI-QM approach fails in general.




Phenomenology

® Oscillation observable calculated in QFT in the presence of (heavy) CC NP
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Phenomenology

® Oscillation observable calculated in QFT in the presence of (heavy) CC NP
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® Choose your favourite experiment‘




Phenomenology

® Oscillation observable calculated in QFT in the presence of (heavy) CC NP

LAm

V al@_q)SM Mze i~

{

[A Falkowskl MGA &= Z Ta,bmzl JI—IEP 20]

® Choose your favourite experiment:

© Now you can run, match, run, ... , ‘ 7

e Compare and combine with other searches.




Phenomenology

@ Short-baseline reactor data [A. Falkowski, MGA, & Z. Tabrizi, JHEP'19]

® FASERV [A. Falkowski, MGA, J. Kopp, Y. Soreq & Z. Tabrizi, JHEP'Q1]




Phenomenology

@ Short-baseline reactor data [A. Falkowski, MGA, & Z. Tabrizi, JHEP'19]

® FASERV [A. Falkowski, MGA, J. Kopp, Y. Soreq & Z. Tabrizi, JHEP'Q1]

o EFT analysis of COHERENT [Breso-Pla, Falkowski, MGA, Monsalvez-Pozo, arXiv:2301.07036]

- p— .

Victor Bres6-Pla® , Adam Falkowski’ , Martin Gonzalez-Alonso® , Kevin
Monsalvez-Pozo®

®Departament de Fisica Teorica, IFIC, Universitat de Valéncia - CSIC, Apt. Correus 22085,
E-46071 Valéncia, Spain
b Université Paris-Saclay, CNRS/IN2P3, 1JCLab, 91405 Orsay, France

ABSTRACT: Using an effective field theory approach, we study coherent neutrino scattering
on nuclei, in the setup pertinent to the COHERENT experiment. We include non-standard
effects both in neutrino production and detection, with an arbitrary flavor structure, with
all leading Wilson coefficients simultaneously present, and without assuming factorization
in flux times cross section. A concise description of the COHERENT event rate is obtained

by introducing three generalized weak charges, which can be associated (in a certain sense)
to the production and scattering of v, v, and 7, on the nuclear target. Our results are
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presented in a convenient form that can be trivially applied to specific New Physics scenar-




EFT analysis of NP at COHERENT

scattered

© COHERENT observed for the first time CEVNS (Coherent Elastic 4@ neutino

Neutrino-Nucleus Scattering): vN — vN Q---- <

Z \ nuclear
. boson'\ recoil

e It occurs for Ey small enough so that the neutrino does not resolve @

the nucleus — CEVNS cross section enhanced by N2. E] /r"

Theoretically known since the 70's

[Freedman'74; Kopeliovich & Frankfurt'74 | / @momaw

recoils

scintillation

o Extremely challenging experimentally [from COHERENT coll.]

(very small nuclear recoil)

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

@ Observable: recoil and time distribution!
(withLAr&Ccsh) N EHI G

SPOTTING'A

GHOST

gﬁ
( C @‘(\% ?) ﬁ u [Akimov et al.'17]




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

dNS-
RS = %/dn M Me[dIIp M7 M,
4= dtdE,dT EZ P ok Ral [7R5D

J Y klLj

® CC production: pion and muon decays. S —
/ Detection

‘%'k = ﬂ(VkN—) I/JN) i

J

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

S —

dNS-
RS = %dn,MgMa dIlIp MM
%~ didE,dT EZ / P ok al [ TR0

J Y klLj

© CC production: pion and muon decays.

/ Pelection

© NC detection: vN — vN. My = MyN —> yN) |
]
LwerT C — — Z {19V 1+ ]as (@7"0) (PauPrLyp)
q=u,d

+ (g% 1+ €¥ap (T7"7°q) (PavuPrvp)}

M. Gonzalez-Alonso EFT for neutrino data




EFT analysis of NP at COHERENT

© SM prediction — one weak charge (per target nucleus)

dN prompt / d®,, do
dE dl ’
deelaYed / d@ye do n d(bpu do
dE, dT dE, dT |’
ﬂ dU _ (F (T))2 o Wealk charge:
- dT (mN ) s Qiy ~ N?

= m— = e

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

© SM prediction — one weak charge (per target nucleus)

o EFT prediction — three weak charges (per target nucleus)
[including, for the 1st time, generic NP in production & detection]

d Nprompt d(I)V d&u
— Ny [ dE, —2 =2
dT g / dE, dT

deelayed _ NT /dE (d@ye d&ye n d(bﬂﬂ d&ﬁu>

dT dE, dT dE, dTI'

I

(F(D)? [

24

= (mny +1T1)

- dT

07 = Qg + &r(ene €cc)

o These CC interactions also affect the pion/muon BR measurements,
which are used to calculate the neutrino flux! — Crucial to take it into account.

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT .

o Simple case: linear NP effects — only (ﬂavor—diagonal) detection NP remain:

(

\\\

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

o Simple case: linear NP effects — only (flavor-diagonal) detection NP remain:

/ 2 2 2 s h
( Qﬂ =0, =04+ 4 Qs "
I
07 = Qay +4 Qg ((A+ Z)el + 2A — Z)eld) |

1\ e
\\\

© Current COHERENT data (LAr + Csl, recoil & time distribution) give:

0.68 €2 +0.61 ¢l — 0.30 ¢4 — 0.27 ¢/ = 0.037(42)
0.30 €2 +0.27 €l + 0.68 ¢ + 0.61 ¢/ = — 0.004(13)

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT .

o Simple case: linear NP effects — only (flavor-diagonal) detection NP remain:

(

\\\

© Current COHERENT data (LAr + Csl, recoil & time distribution) give:

0.68 €2 +0.61 ¢l — 0.30 ¢4 — 0.27 ¢/ = 0.037(42) 0
0.30 €2 +0.27 €l + 0.68 ¢ + 0.61 ¢/ = — 0.004(13)
0.5
€pe = 5;7;7 =€, [Lepton-flavor & 00 \ s
Gjed — eﬁ'j = ¢, universal case] = Ar
-0.5
W 0.67¢, + 0.74¢4 = — 0.002 £ 0.010, | o
L I ) e ~1.0 -05 0.0 05 1.0

€q

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the SMEFT

o "Flavor-blind" SMEFT (— U(3)5 symmetry)

( 0.67€, + 0.74eq =

= — . = S N \‘
852 1
o s+ ogfe (1= 50 agfr - S () + ) + o) | weRT/SMERT

| Matching

\

Zd Zd
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the SMEFT

o "Flavor-blind" SMEFT (— U(3)5 symmetry)

[ 0.67€, + 0.74eq = ,

\ - ~

p—— ————— — e —— i\\‘1
v u 852 v 1
o s+ ogfe + (1= 52) oof - 2(C§q)+c§q’+%) | WEFT/SMEFT

| Matching

ﬂ

o 71c§1> 0. 04c( ) 3en, +0. 37e + [59]

= 0003:t0010 )10,

plece

[09] piece = —0.67(3g7% + 6g54%) — 0.74(5g7 + 5g4%) + 0.266g77




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the SMEFT

o "Flavor-blind" SMEFT (— U(3)5 symmetry)

—0.002 £+ 0.010,

3

( 0.67¢, + 0.74¢4 =

J;

— — , ‘
— —9) (59% —3 (cl(q) + Cl(q) + clu)

—0.003 £ 0.010

{

= = S ——
0.71c))) — 0.04¢)2) + 0.34c1, + 0.37c1q +(0

)

[09] piece = —0.67(3g7% + 6g54%) — 0.74(5g7 + 5g4%) + 0.266g77

I

lq

lece —

o Is COHERENT probing a new region in the SMEFT parameter space?
These operators are constrained by many EWPO: LEP1, LEP2, APV, ... — Global fit needed!




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT 1n the SMEFT

e "Flavor-blind" SMEFT (— U(3)5 symmetry)

Observable | Experimental value | Ref. [ SM prediction Definition
T, [GoV] | 2495200023 | [47] | 24950 > TZ D)
Ohea [0b] | 4L541£0037 | [47] 11.484 By NZeTe Mo |
. . T(Z=43)
o Global fit to Electroweak precision observables: S M
R, 20.785+0.033 | [47) 20.743 s
R, 20.764+0.045 | [47 20.743 Lo
AV 0.0145 £ 0.0025 [ [47] 0.0163 2A2
A 0.0169 £ 0.0013_| (47 0.0163 TAA,
Z g W 1 d AV 0.0188 £0.0017 | [47 0.0163 SAA,
® - 'p O e ata —— Ry 0.21629 = 0.00066 | [47] 0.21578 P
PT R. 0.1721£0.0030 | [47] [  0.17226 S
i 0.0992 £ 0.0016 | [47] | 0.1032 4.4,
FBDT AFE 0.0707 £ 0.0035__| [47) | __ 00738 A,
[(Z—ele;) T (Z—eieg
Fan +1- MTPABC A 0.1516 +0.0021 | [47] 0.1472 %
e ¢ — R qq UisleglElCE DA A, o005 [ [ our [TEHREIEAID
— A, 01360015 | [47] 00472 | Mo )T i)
A 0.1498+00049 [[47] | omare [ Tl TEoqe)
A, 01439 £0.0043 | [47] 0.1472 e TE e
. A, 0.923+£0.020 | [47 0.935 TSN
- Low-energy processes: L e
. A, 0.805+0.091 | 4 0935 TZoag ) T |
TZow T o) |
Atomic PV, d—ulv, tau decays, ... O O
—
C D IIE I {EI ] I ° Observable | Experimental value | Ref. | SM prediction | Definition
my [GeV] | 80.385£0.015 | [50 80.364 LT (1 + om)
Tw [GeV] 2.085+£0.042 | [45) 2.001 > LW = J7)
B T(W—rev]
Br(W = ev) | 0.1071£0.0016 | [51 0.1083 fmw_—of)f—)
— fro =
Br(W — uv) | 0.1063+0.0015 | [51] 0.1083 f,‘r%%
5 W=
Br(W —7v) | 0.1138+0.0021 | [51] 0.1083 = S
__TWoes) 1]
Rwe 049004 [ [45] 050 U e
R, 0998 +£0.041 | [52] 1.000 DD
T —

CO=0ev + O (C1.C2n oou €18) — Y2 =¥2 (i Update of [Falkowski, MGA &
\ : SM_ ( b 2’, ’ 18) X X ( l) Mimouni, JHEP'17]
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COHERENT in the SMEFT

[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

o "Flavor-blind" SMEFT (— U(3)5 symmetry)

o Global fit to Electroweak precision observables;

|

|
1|
|

|

' SMEFT language

0.05

EWPO w/
COHERENT

EWPO w/o
-0.05 COHERENT

~0.10L. | .
-0.10 -0.05  0.00 0.05 0.10 |




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the SMEFT

o "Flavor-blind" SMEFT (— U(3)5 symmetry)

o Global fit to Electroweak precision observables;

e e — -— i —
| i | . , :

NSI language

- SMEFT language

EWPO w/
COHERENT

EWPO w/o
COHERENT

EWPO w/o
COHERENT

-0.10L ;
-0.10 -0.05 0.00

20.02 000 0.2




Summary

® The path to analyze any given neutrino experiment in the presence of generic
(heavy) New Physics 1s now clear.




Summary

® The path to analyze any given neutrino experiment in the presence of generic
(heavy) New Physics is now clear.

0 = 0 (8, Az, 8J>

EFT!!

© We have done it for several experiments.

o This allows us to:
o Understand the UV meaning of that experiment;

o Have a general description (parametrization) of it; 019" SMEFT language

o Compare/combine with any other experiment;
0.05

EWPO w/
COHERENT

& 0.00

EWPO w/o
COHERENT

-0.05

-0.10
-0.10 -0.05 0.00 0.05 0.10

Clu




Credit: Sandbox Studio, Chicago

Thanks!
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Introduction

A
W ~ 10 TeV NP ,
Tr) = elds, /1 nelds
>NW< > < L(z) = £ (SM fields, bSM fields)

. a . 3

~ 1
>\va< >'< e M Lepp=Lsmt 2 Y @;0; Standard Model EFT

[Buchmuller & Wyler’86,
Leung et al.’86,

Grzadkowksi et al., 10,
Jenkins et al'ls, ...]
> c r s
d—ul— g — — \/—
2

~ GeV

EL’yﬂl/-ﬁ'y“dL — Zeﬂ; @pI‘V"ELPdg
poT
Low-—emergj EFT

[Cirigliano et al'09,
Aebischer al.'l5,
Jenkins et al'l8, ...]

M. Gonzalez-Alonso EFT for neutrino data




Introduction

W
>m~< >< - oTev ' L(x) = £ (SM fields, bSM fields)

- e
>va< >'< kel SV Lerr = ESM‘l‘P Cj?i Standard Model EFT

N\

EL%V -aytdp + Z

[\

AG R V..
F iy eﬂ; v '&ng]

Liut-5 = — N5

Low-—ev\ergj EFT

T

m Low-E precision data |

l (+ SM prediction)




[Grossman'95, Gonzalez-Garcia et al.'Ol,
Ohlsson'l3, Farzan & Tortola'l?, ...]

Traditional QM-NSI approach

o Source / detection NSIs are NOT Lagrangian parameters.

P75, = (L) va)l® = £ oy, ame, e, 64)

o But... £s, ed = ”f ( ;? )

© NSI parameters are process-dependent! N = VOTe 0T e,

Normalizakion:

o Comparison of NSIs for 2 different production processes?
o Comparison of NSIs with non-oscillation searches?
© Meaning of these NSI in terms of fundamental BSM parameters?

o Also: are production & detection NSI unrelated? Are they energy independent?

@ Conclusion:

we need to match NSI to a Lagrangian — QFT approach needed
See e.g.
Giunti et al. [hep-ph/9305276]
Akhmedov Kopp [arXiv:1001.4815]
Kobach et al. [arXiv:1711.07491]




EFT analysis of NP at COHERENT
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

o CaseA:
NP only in detection (usual NSI assumption) — agreement with previous works.
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o Case B:
NP only in production — NP cancel completely!
[this invalidates the bounds obtained in Khan, McKay, & Rodejohann, PRD'2021]




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT B

o CaseA:
NP only in detection (usual NSI assumption) — agreement with previous works.
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o Case B:
NP only in production — NP cancel completely!
[this invalidates the bounds obtained in Khan, McKay, & Rodejohann PRD'2021]

o Case C:
linear NP effects — only (ﬂavor—diagonal) detection NP remain:




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,

EFT analysis of NP at COHERENT .

o CaseA:
NP only in detection (usual NSI assumption) — agreement with previous works.
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the SMEFT

o "Flavor-blind" SMEFT (more precisely: U(3)5 symmetry)

@ Global fit to EWPO
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[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
arXiv:2301.07036 ]

COHERENT in the flavorful SMEFT

o "Flavor-blind" SMEFT (more precisely: U(3)5 symmetry)

o Electroweak precision observables;
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Other EFT studies of neutrino data

@ Short-baseline reactor data [A. Falkowski, MGA, & Z. Tabrizi, JHEP'19]
L # 0 — PMNS factors, Am;j & linear effects from flavor off-diagonal interactions!
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® FASERV [A. Falkowski, MGA, J. Kopp, Y. Soreq & Z. Tabrizi, JHEP'21

o L =~ 0 — PMNS factors & Amjj gone
o High-E — many flavor and Lorentz structures available!
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