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Outline

@ EFT approach to NP effects in neutrino experiments

o Application to COHERENT & DayaBay
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[Same in detection]




Introduction

m
L
/é—,v W\/W v
Y

Normal Ordering (best fit) Inverted Ordering (Ax? = 7.1)
bfp 1o 3o range bfp £1lo 3o range
sin? 012 0.30479012 0.269 — 0.343 0.30473513 0.269 — 0.343
£ | b1/ 33.44+077 31.27 — 35.86 33.4510.78 31.27 — 35.87
<
2 | sin® 02 0.573F0 0% 0.415 — 0.616 0.57570 018 0.419 — 0.617
o
S 1 d ) = | 023/° 49.279-9 40.1 - 51.7 49.3799 40.3 — 51.8
ame in detection g
[ ] g sin? 013 < 0.0221975-00062 2032 — 0.02410 | 0.0223879-00063  0.02052 — 0.02428
x 613/° 857 015 8.20 — 8.93 8.6070 13 8.24 — 8.96
f; dcp/° 197127 120 — 369 282728 193 — 352
Am3y +0.21 +0.21
o5 o 7.42+9-21 6.82 — 8.04 7.42+9-21 6.82 — 8.04
2
% +2.51715:026 12435 — +2.598 | —2.4987002%  _9.581 — —2.414

[I.Esteban et al., R007.14792 JHEP]
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. In the SM*: 0 = 0 (6;, Am?)
Beyond the SM*: ¢ = 0 (6,

An2; €5)

N — 5 == —— = —_— =
e e = = == ==

SRR

[Same in detection]




Introduction

e-

Lagrangian parame&ersl

In obher words:

>_’_ _< N 2 how are oscillations affected bj a charged Higqgs?
/VW"< A leptoquark? Which part of their parameter space

is ruled ouk bv current oscillakion data?

[Same in detection]




Introduction

Lagrangian parame&ersl

In obher words:

how are oscillations affected by a charged Higgs?
A leptoquark? Which part of their parameter space
is ruled out by current oscillation data?

® QM approach not useful ("source/detector NSI")

i) = ) e = £ (7))




Introduction
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Lagrangian parama&ersl

In the SM*: 0 = 0 (8, Am2)
Be

N =

ond the SM*:@ = 0 (8;, Am2,

= e

In other words:
>’_ _< N 2 how are oscillations affected by a charged Higgs?
/ WW< A leptoquark? Which part of their parameter space

is ruled ouk bv current oscillakion data?

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

(1+€%)ay
vy) = s ) €5 = "f ( ? ) Giunti et al. [hep-ph/9305276]
o Akhmedov Kopp [arXiv:1001.4815]




Oscillations in QFT

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

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
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factor

KR = NsNT/(327TL2mSmT)




Oscillations in QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
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Greomebric

factor

x = NgNr/(32rL*mgmy) Oscillation
factor
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Oscillations in QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]

¢s

Geometric M
factor ﬁodue&éon
% = NsNr/(32nL*mgmr) Oscillation (w/o integration over £.)
factor
MP = M(S — Xouv) §
Ay = mi i | Mok = M Xom) §

la

Phase spa\ce. m!:e.grats dH_ (27‘3)ng . (27r)32E 2m)*6* (P — X ki)

dllp = dllp.dE,




Oscillations in QFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]

¢s

v

Geometlric e ————
factor ﬁodue&éon
% = NsNr/(32nL*mgmr) Oscillation (w/o integration over £.) ||

factor

2 2 J Mak = M(S — Xawk) k

2 —

Phase spa\ce. m!:e.grats dH_ (27‘3)ng . (27r)32E (27T)454(73 Zk)

dllp = dllp.dE,




O S Clllatlons ln QFT [A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]

2
'LAmkl

K . — —
R = dNop _ _Z o~ 3E, /dHP,Mnggl anMnggl
k1

dtdeE, ™  E,

© The rest 1s "straightforward":
specify the Lagrangian and calculate the production & detection amplitudes.

‘Za Mgk: = M(Vk;T — YB) A
Mgkz = M(S — XaVk) Vk-—)&

vk

M. Gonzalez-Alonso EFT for neutrino data




Oscillations 1n QFT — EFT

Low-energy effective Lagrangian:

LD —

2Viud B ~ .
{1+ el (@ Prd)(Eay, Prvp) u
+ lerlas(@y" Prd) (bauPLys)

+ %[Es]alg(ﬂd)(gaPLVﬁ) — %[GP]aﬁ(ﬂ'ﬁd)(gaPLVﬁ) 4

1 —
+ Flerlas (@0 PLd)(fao,, PLvg) + hee.}

Ve

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

M. Gonzalez-Alonso EFT for neutrino data




Oscillations 1n QFT — EFT

Low-energy effective Lagrangian:

2V, ] . be
LD — U2d{ 1+ er]yp (@Y Prd)(lay,Prys) *
+ [er]ap (U Prd) (Lo, PrLys)
1 = 1 ;
+ gleslap(ud)(baPrvg) — Sleplas(Uysd)(baPrrg) d v
1 —
+ Z[ET]aﬁ('L_LO'MVPLd)(gao'uVPLVB) + h.C.}
NP models: W', charged scalar, LQ, ..
ba
0.
¢s
i,

M. Gonzalez-Alonso EFT for neutrino data




Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & 7. Tabrizi, JHEP'20]

M(S = Xavk)=ULAL + ) [exUli A% lg

o L .
X Q-
M(v, T N Ys) = Uﬁk;AE‘i‘Z[EXU]ﬂkA)% vk
X )

_—

/ 7 LAm
| Raﬁ—q’SM MZ@ 2 Uk Uat + px2(exU) i Uat + i 1 Uk (exU)ar + pxy (exU)iy,

|
i

s . — — — — — = = . = =

M. Gonzalez-Alonso EFT for neutrino data




Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
la
M(S = Xavi) =g

vk M(I/kT 7—> Y/g) :‘4

¢

I , s

L

M. Gonzalez-Alonso EFT for neutrino data




Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & 7. Tabrizi, JHEP'20]

M(S — Xavg) +Z‘]akAX ‘ ¢p
MWT — Yp) = UsiAL + Z./ ok AR v —)&

- e — = —

/ LAm
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Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
M (S — Xg I/k ‘A

P+ @ A%
X
vk ./\/l(l/kT —> Yg .4 -I-Z.
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Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
(3~ Xon) -G > @D 2
Mt = Vo) =@y + @Az "’ei

SR

Production
ijsics
(@CD, EW)

_ JdnpARAD

dxy =
BT JdIpAPP




Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'20]
(3~ Xon) -G > @D Z
MuT — v5) <O+ @R —,ﬂi,

TGS,

Production
physics News qq‘tv interactions

(@CD, EW)

B f dIlp Ag Ae Detectkion

dxy = hysics
J dlIp|A7|? EQE“D, EW)




Phenomenology

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

/ LAm
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[A Fa,lkowskl MGA &° Z Ta,brlzl JHEP 20]




Phenomenology

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

'}Raﬁ—@iM MZe =mt
1
|

L

[A Fa,lkowskl MGA &° Z Ta,brlzl JHEP 20]

® Choose your favourite experiment:




Phenomenology

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

/ LAm

ﬂR _@SM M e — SE, kL

{

® Choose your favourite experiment'

[A Fa,lkowskl MGA & Z Ta,brlzl JHEP 20]
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@ EFT approach to NP effects in neutrino experiments J

o Application to COHERENT & DayaBay
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Outhine

@ EFT approach to NP effects in neutrino experiments

e Application to COHEREN DayaBay

[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

¥

EFT analysis of New Physics at COHERENT

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, IJCLab, 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

D36v2 [hep-ph] 20 Feb 2023

presented in a convenient form that can be trivially applied to specific New Physics scenar-
. . L. A ) .




EFT analysis of NP at COHERENT

o COHERENT observed for the first time CEVNS (Coherent Elastic Neutrino-Nucleus
Scattering): vN — vN

o It occurs for E, small enough so that the neutrino does not resolve the nucleus — CEVNS
cross section enhanced by N2,
Theoretically known since the 70's
[Freedman'?4; Kopeliovich & Frankfurt'?4 ]

o Extremely challenging experimentally (very small nuclear recoil)

scattered ,
neutrino Clence
’71 AYAAAS
U4
Q- ——
i 1l \m‘ ‘

b 4 nuclear
0SoN \ recoil

q @;fz SPOTTINGA
/ @ secondary

recoils
scintillation

[from COHERENT coll.]

[Image credit: Duke U.]

[Aklmov et al'l’?] ( C Qﬁﬁ mumnwmouwum




EFT analysis of NP at COHERENT

Neubtrino

Hg TARGET _
I source

Spa"ation NeUtron Source Oak Ridge National Laboratory, TN

Capture: ~99%

G Decays at rest @
° a T 2. 2pse7
Decays at rest \ e
T: ~26nsec o 6

Csl NIN Cubes

[from Scholberg's
talk at IPA18] Recoil Energy (keV, )
V) 5 10 15 20 25 30 35 40 45
5707 L L LR T N R L O P B DR PR PR B I PR L R e R R RE R L LET [ O | LT T [ L . A [ P M e
i +4-Data Residual b B -+4-Data Residual ]
AL [Ov, CEVNS | [ v, CEVNS ]
wo v, CEWNS , aF Sl v, CEvNS ]
= v, CEWNS 1 b v, CEvNS R
= MEBRN + NIN i S | [EBRN + NIN g
Q I -
2 W 7] % 100|— —
g i g .
i s R . §
E q 0
o 10 20 30 40 = 50 60 0 4 2I = ; A‘t 5‘7




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

EFT analysis of NP at COHERENT S

2

ZR{%E dNS- 2%/611_[13//\4 Mal dHDM M
J

dtdE, aT E, ry

© CC production: pion and muon decays.

oot vy (prompt)

| L% ut - et Uy Ve (delayed)  ;

M. Gonzalez-Alonso EFT for neutrino data




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

EFT analysis of NP at COHERENT S

Za

Z dtfiZS;iT E 2: f /dHP’Mngaz dHDM M

J Ykl
© CC production: pion and muon decays. ) e L er—
/"Dd:ecf:i.oh

My = M(VN — l/jN) |

Touty, (prompt)

J

@ NC detection: vN — vN. | L% pu"— et v, v, (delayed)

LwerT C — — Z { 9V 1+ €]as (@) (PauPrLvg)
q=u,d

+ [¢% 1 + €V (V"7°q) (PavuPrLyg)}

M. Gonzalez-Alonso EFT for neutrino data




EFT analysis of NP at COHERENT

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

d Nprompt d(I)V dO’
= N E, - )
dT s / d dE, dT

d [N delayed dd, do dd, do
= Nr [ dE, = L—
T T/ <dE,, ar T dE, dT)

ﬂrda
i

(F(T))?

204

Weak charge:

= (mj\[ -+ T) QgM ~ N2

M. Gonzalez-Alonso EFT for neutrino data




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

EFT analysis of NP at COHERENT S

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

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

d NPrompt Ao, (de)
— N E, p z
dT r / d dE, dT

d N delayed d®,, do Ay doy
— Ny | dE, v. Qe p T )
a7 T/ (dE,, Jar T dE, dT)
(F(T))?

204 (

- —_— — P—

- doy
Car D

Qf = Q52'M + gf(eNC’ €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 S

o Simple case:

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

o LFUeffects: ¢€,'=¢,, =¢, y£>< e>'<
dd _ .dd —
€o = €4y = €4 Y, u , 'd

M. Gonzalez-Alonso EFT for neutrino data




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

EFT analysis of NP at COHERENT S

o Simple case:

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

o LFUeffects: ¢€,'=¢,, =¢, y£>< e>'<
dd _ ,dd —
Cee = Cuu = €a Yy u Yy d
COHERENT data (LAr + Csl, recoil & time distribution: 664 data) give:
( 0.67¢, 4 0.74eg = — 0.002 + 0.010, |
w 00 S = Csl
o Ar

Eq

M. Gonzalez-Alonso EFT for neutrino data




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

—0.002 £ 0.010, ;;

‘( 0.67¢, + 0.74e4 =

eurzégf“—r5g£“+—(

d+5g£d_<

 WEFT/SMEFT
| Matching

| eqa =bg7
\ 7




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

== e ____ }\r‘
—0.002 £ 0.010, ;;

‘( 0.67¢, + 0.74e4 =

eurzégf“—rég£“+—(

d+5g£d_<

 WEFT/SMEFT
| Matching

\ea =bg7
\ .

0.7101(;) — 0.04cl(§’)

+ 0.34¢py + 0.37¢1q 10

—0.003 £ 0.

7
ﬂ 0
|

|
\

g ] piecg -

[09]piece = —0.67(0g7" + 6g24%) — 0.74(5g7¢ + 69%%) + 0.265g7"




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

(0.67% + 0.74e4 =

€ =0gL" + OgR" + ( | WEFT/SMEFT

| Matching

| ea =097 + 697" - (1 ~

\

~0.04c;”

- 1
0.71c)

\
\

lece —

5

2

[09]piece = —0.67(0g7" + 6g24%) — 0.74(5g7¢ + 69%%) + 0.265g7"

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




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

o Global fit to Electroweak precision observables [Update of Falkowski, MGA & Mimouni, JHEP'17]

|
|
I
[
!
|

| odor ‘ '
‘ SMEFT language
0.05¢
e (i EWPO w/
COHERENT
>‘< & 0.00
¢ d
—_ —_ EWPO w/o
H | -0.05 COHERENT
cy,l dy'd
-0.10

010  -0.05  0.00 0.05 0.10 |

1% free parameters




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

o Global fit to Electroweak precision observables [Update of Falkowski, MGA & Mimouni, JHEP'17]

e =S - 2 T e =
| T : .

NSI language

- SMEFT language

EWPO w/
COHERENT

EWPO w/o
COHERENT

EWPO w/o
COHERENT

-0.10L : ; ‘ J
-0.10 -0.05 0.00 0.05 0.10

20.02 000 002

1% free parameters




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

o Global fit to Electroweak precision observables;

|
|
I
[
!
|

0.10f ‘ '
‘ SMEFT language
0.05¢
e (i EWPO w/
COHERENT
>‘< & 0.00
¢ d
—_ —_ EWPO w/o
M | -0.05 COHERENT
cy,l dy'd
-0.10

010  -0.05  0.00 0.05 0.10 |

1% free parameters




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

o Global fit to Electroweak precision observables;

|
|
I
[
!
|

0.10f ‘ ' ' g
‘ SMEFT language | N
| 0.3["
0.05¢
¢ d EWPO w/ 0.2y EWP0 w/lo
) COHERENT COHERENT
e d -
=
—_— - w/0o 3
fyﬂf d}/ﬂd | -0.05 E\g:I‘EJRE/NT E 0.0
01 EWPO w/
-0.10 : : COHERENT
-0.10 -0.05 0.00 0.05 0.10 | |
-0.2
-0.3

3 2 -1 0 1 2 3

[Ceq]eell + [Cl(;)eellr

1% free parameters

65 free parameters




DayaBay in the SMEFT . >‘<d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]




DayaBay in the SMEFT . X‘d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]

o Example:
short-baseline reactor neutrino experiments

Am3, L
-Pﬁe—)&e(L,E,/) = 1- Sill2 <%> Si112 (2013)

124




DayaBay in the SMEFT

® L # 0— oscillations! — 0 = 0 (6;, Am?)
© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]

o Example:
short-baseline reactor neutrino experiments

Am?2, L
Py 5. (LE,) = 1 — sin® 2mak sin® ( 263

© Precision: 813 = ©.0%86(29)
[DayaBay'18, ~4M neutrino events! |

6 8 10 12
[MeV]

N
=N

Far/Near(Weighted)
e
N
T T | T 1T _I T
+
_|_
[ —+
—. |
_|_

o
©

Eprompt

[A. Falkowski, MGA, & Z. Tabrizi,
1901.04553, JHEP]




DayaBay in the SMEFT . >‘<‘d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]

o Example:
short-baseline reactor neutrino experiments

Am3, L
‘P’7t:_”7c:(L’ EV) = 1- Sin? <%) Sin2 (2913.)

12

© Precision: 813 = ©.0%86(29)
[DayaBay'18, ~4M neutrino events! |

© UV-meaning of the good agreement with SM setup?




DayaBay in the SMEFT . >‘<‘d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]
o Example:
short-baseline reactor neutrino experiments

Am?2, L
Py 5. (LE,) = 1 — sin® 2mak sin® ( 263

© Precision: 813 = ©.0%86(29)
[DayaBay'18, ~4M neutrino events! |

© UV-meaning of the good agreement with SM setup?
© Non-standard V-A ( eLyuv: ucyrde ) gets hidden: 6.3 — 613




DayaBay in the SMEFT . >‘<,d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]

o Example:
short-baseline reactor neutrino experiments

4E,, Eu o A

Am3,L Me Me
sin | ——>— | sin(26043) | — fBp
+ sin ( 28, ) sin(26:3) (/ DE,, A PI f']'(Eu)>

. Am3, L\ . Me
Py, o (L,E,) = 1-—sin’ (_31 sin® (2013 — ap c  —ap

© Precision: 813 = ©.0%86(29)
[DayaBay'18, ~4M neutrino events! |

© UV-meaning of the good agreement with SM setup?

© Non-standard V-A ( eLyuv: ucyrde ) gets hidden: 6.3 — 613
o S, T and Im(V+A) can be probed

v><u
d

e




DayaBay in the SMEFT . >‘<,d

[A. Falkowski, MGA, & Z. Tabrizi,
© L+#0— oscillations! — 0 = ¢ (8, Am?) 1901.04553, JHEP]

© Adding NP: 6 = ¢ (6;, Am3, SJ) [simultaneous fit!]

o Example:
short-baseline reactor neutrino experiments

Am?2, L M m.
Py 5 (L, E,) = 1 —sin? [ =32 Y gin? ( 2042 - o ¢ o :
Ve —>i (,.( 1 ) S ( 1L, ) S 13 QDE,, A a7 f'r(Eu)
Am3,L Me Me
—==— | sin(26;: 3 — fBp
+ sin ( 28, ) snl( 1.&) (/ DE,, A PF f']'(Eu)>

© Precision: 813 = ©.0%86(29)
[DayaBay'18, ~4M neutrino events! |

© UV-meaning of the good agreement with SM setup?
© Non-standard V-A ( eLyuv: ucyrde ) gets hidden: 6.3 — 613
@ S, Tand Im(V+A) can be probed — % level bounds

v>< u (TeV scale)
d

e




Summary

Y

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

0 = 0 (6, A3, €5)

EFT!!

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

o Have a general description (parametrization) of it;
o Compare/combine with any other experiment (SMEFT!);
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[Grossman'95, Gonzalez-Garcia et al.'O1,
Ohlsson'l3, Farzan & Tortola'l?, ...]

Traditional QM-NSI approach

e Source / detection NSIs are NOT Lagrangian parameters.

PS%C/ d

Va—Vg — |<V5(L)|VC§£>|2 = ‘f ( Uy , Amz, €3, 8d>

o But... £s, ed = { ( ? )

Norwalizakion:

© NSI parameters are process-dependent! N = OF 0+

«

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?

® 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]




Oscillations 1n QFT — EFT

[A. Falkowski, MGA, & Z. Tabrizi, JHEP'R0]
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Unkenowin in the
Moreover: beyond linear order, there's no matching!!! NSI approach!
I.e., the NSI-QM approach fails in general.




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

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

EFT analysis of NP at COHERENT S

o Simple case: linear NP effects — only (flavor-diagonal) detection NP remain:
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o Current COHERENT data (LAr + Csl, recoil & time distribution: 664 data) give:
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M. Gonzalez-Alonso EFT for neutrino data




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

EFT analysis of NP at COHERENT S

o Case 2: NP only in detection (usual NSI assumption) — agreement with previous works.
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@ Case 3: NP only in production — NP cancel completely!
[this invalidates the bounds obtained in Khan, McKay, & Rodejohann, PRD'2021]




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

Observable | Experimental value | Ref. | SM prediction Defnition
T, [GeV] | 24952+0.0023 | [47] 2.4950 > TZ 1D
Oraa [0b] | 41541 +£0.037 | [47) 11.484 Iy NEST ) |
o .
o Global fit to Electroweak precision observables: S T T
. o
R, 20.785+0.033 | [47) 20.743 ﬁw
R, 20.764+0.045 | [47] 20.743 Lo
AVe 0.0145 £ 0.0025 | [47] 0.0163 342
At 0.0169 £ 0.0013 | [47] 0.0163 SAA,
Z g W l d t A 0.0188 £0.0017 | [47) 0.0163 SAA,
® - _pO e a a —— R, 0.21629 = 0.00066 | [47] 0.21578 P
PT R. 0.1721£0.0030 | [47] [ 0.17226 e
AFF 0.0992 £ 0.0016 | [47] 0.1032 SAA,
FBDT AFP 0.0707 £0.0035_| [47] 0.0738 TAA,
. +1- MTPABC A, 01516+0.0021 | [47] |  0.1472 ”ﬂfiz’;‘ﬁiuﬂ
® ccC— ) qq [UAGHL 4, 014220015 | [47) | o4tz | ") T k)
—— A, 0.136£0.015 | [47) 0.1472
A, 0.1498+0.0049 | [47] 01472
A, 0.1439+0.0043 | [47] 0.1472
A 0923+£0.020 | [47) 0935
+ Low- : "
ow-ener TOCCSSCS: 3. | venzomr [ osw
. A, 0.895 = 0.091 48 0.935 _—
TZ—ui) 1 (Z )
Atomic PV, d—ulv, tau decays, ... P R T
T —
C HE RENT ° Observable | Experimental value | Ref. | SM prediction Definition
mw [GeV] 80.385 £ 0.015__| [50] 80.364 LT (1 + 6m)
Ty [GeV] 2085+ 0.042 | [43] 2.001 > LW = [f)
5 o) |
Br(W — ev) | 0.1071£0.0016 | [51] 0.1083 Efrv(",;j”ﬁ,)
T(W ]
Br(W — uv) | 0.1063£0.0015 | [51] 0.1083 %
TW=7v)
Br(W = 7v) | 0.1138+0.0021 | [51] 0.1083 A
T(W—e
Rw. 0.49 £ 0.04 [45] 0.50 e ——
R, 0.998+0.041 | [52] 1.000 DD
T— ——

Update of [Falkowski, MGA &
Mimouni, JHEP'17]




[Breso-Pla, Falkowski, MGA, Monsalvez-Pozo,
2301.07036 JHEP]

COHERENT in the SMEFT

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

o Global fit to Electroweak precision observables:

w/o COHERENT w/ COHERENT
sy * —0.27(79) —0.26(78)
397 ~0.10(0.21) —0.09(21)
W.Z gggz ~0.20(22) ~0.17(22)
i ~1.0(L.6) ~1.3(1.6)
397" —0.5(3.2) ~1.1(3.1)
397" 1.5(1.3) 1.1(1.2)
395" 12.8(6.7) 10.4(5.8)
csy) ~16.6(9.0) _18.3(8.7)
L Q | ) [=| 24019 [x107°- —2.2(1.8 x 107,
>‘< (e 10(23) 1 23(16
L Q | 5(41) - 29(24
Coq T —13(22) T =1(5)
Ceu 7(10) 3.5(9.4)
Ced 25(18) 29(17)
L L] 5.4(3.2) 5.3(3.2)
>< cl(i‘s) —0.9(1.6) —0.9(1.6) Update of [Ealkow§k1, MGf& &
L L e 0.2(1.3) 0.2(1.3) p 75 1 Mimouni, JHEP'17]

—2.7(3.0) —2.7(3.0)




Short-baseline reactor exp.
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