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But could they be-even more weird?



Neutrino Physics Beyond the Standard Model
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Neutrino Physics Beyond the Standard Model

e.g. heutrino magnetic moments

e.g. sterile neutrinos e.g. hon-standard interactions

G|u c .
) P R ] SM A++ Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations



Neutrino Physics Beyond the Standard Model

e.g. hon-standard interactions
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SMEFT

O SMEFT (Standard Model Effective Field Theory)
= most general parameterisation of UV-scale new physics
O the most general set of higher-dimensional operators consistent with the
SU3) x SU2) x U(1) symmetry of the SM
O order new operators by power of new physics scale A
dim-5
o Weinberg operator = Majorana neutrino masses

L 1M -
dim-6 Buchmiller Wyler 1985

o 2499 operators Grzadkowski Iskrzynski Misiak Rosiek 2010
Contino Ghezzi Grojean Muhlleitner Spira 2013
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https://inspirehep.net/literature/218149
https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/1303.3876

Weak Effective Field Theory v v

1 For \ow-energy experiments (like neutrino experiments):

map SMEFT onto Weak Effective Field Theory (WEFT)
(EFT valid below the electroweak scale — SU(3) x U(1) symmetry)

o RGE running to 100 GeV n, p, e n, p, €
o SMEFT = WEFT matching
o RGE running 100 GeV — desired low-energy scale (typically 2 GeV)

Nomenclature:

o WEFT = LEFT ("low-energy effective field theory")
o WEFT = “non-standard neutrino interactions” (though typically not a full EFT treatment)

Falkowski Gonzalez-Alonso Tabrizi 2019
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https://arxiv.org/abs/1910.02971
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Weak Effective Field Theory v

n, p,e

LNe = Z Q\EGFG%XY (ﬂaFXPLVﬁ) (CYFYC])

Lcoc = ZQIGFEQQ A Y (5 FXPLVB) (QYTYC])
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Weak Effective Field Theory v

dimensionless coefficients

| (interaction strgngth | n,p,e
Vi relative to SM weak interactions)

S~ dim-6 operators
with different Lorentz structures
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Weak Effective Field Theory v

dimensionless coefficients

| (interaction strgngth | n, p, e
g relative to SM weak interactions)

T~ Lorentz structure
S=1, P=y®, V=y, A=ywv5,

G|u C .
) P R ] SM A++ Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations

n, p,e
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Anomalous Neutral Currents
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Anomalous Neutral Currents

0 Contribute to neutrino matter effects

Ve, T Ve, v v

e, n,n e, P, n e, p,n e, p, n
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Anomalous Neutral Currents

0 Contribute to neutrino matter effects
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Anomalous Neutral Currents

Contribute to neutrino matter effects

G
iA= - - + Hett D — (" (1 —7°)e) [Ter" (1 — 7°)ve]
e & o o e © o o ® \/§
1 0 ~ |
Haop = o0 [Uaj [ Amg, (UNkp + (Vrsw)ap
Ams3,
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Anomalous Neutral Currents

neutrino current

Contribute to neutrino matter effects background matter
described as classical field /

Hop = — | Uaq;j Amz, (UT)kﬂ + (f/MSW)aB

P R ] SM A++ Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations 13



Anomalous Neutral Currents — Current Limits
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https://arxiv.org/abs/1911.09109

Anomalous Neutral Currents — Current Limits
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similar in strength to

3 SM weak interactions
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https://arxiv.org/abs/1911.09109

Anomalous Charged Currents
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Anomalous Charged Currents

1 Modified neutrino production and detection processes

[ related to NC operators due to SU(2) symmetry f f’
O consistent EFT Is essentia

o in oscillation experiments, NC and CC need to be considered together
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Anomalous Charged Currents

Modified neutrino production and detection processes

related to NC operators due to SU(2) symmetry f f’
O consistent EFT Is essentia
o n oscillation experiments, NC and CC need to be considered together

G. Zeller

T2K/Hyper-K

Y ] ‘~\'c~/
‘ : ﬁ " -
- N TQM:

illl

Quasi-Elastic
Scattering (QES)

‘ .. Deep-Inelastic
10" 1 10 10 Scattering (DIS)
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Deep-Inelastic Scattering (> GeV)

1 neutrino scattering on quarks
(1 admits description in terms of PDFs I

[ Interesting opportunities at

o short-baseline experiments
o collider neutrino detectors

G|u c .
) P R ] SM A++ Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations




New Interactions in Quasi-Elastic Scattering (< GeV)

1 neutrino scatters on nucleons
[ need to map lepton—quark interactions onto lepton—-nucleon interactions

2Vyd
12

ALa:

)

[ﬂﬁa (pfa)f)/MPLuv(pv):I (p(pp)\cjuvuPquln(pn))
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New Interactions in Quasi-Elastic Scattering (< GeV)

neutrino scatters on nucleons
0 need to map lepton—quark interactions onto lepton—nucleon interactions

~ 2Viud [_

u
712

hadronic matﬂrix element
depends on hadronic form factors

scattering amplitude
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New Interactions in Quasi-Elastic Scattering (< GeV)

neutrino scatters on nucleons
need to map lepton—quark interactions onto lepton—-nucleon interactions

hadronic matrix element

scattering amplitude .
depends on hadronic form factors

“hic sunt dracones”
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NUCleOn FOrm Factors three different estimates

Form Factors

@ PRISMA™™

for the axial form factor

i | I I R I | B I Fror I | I | I I SR R I P 1 11 I | I
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102 ‘|,: — Dipole, M 4=0.961 Ge A
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: form factors -
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https://arxiv.org/abs/2401.07902

Nuclear Effects

@ PRISMA™™
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Nuclear Effects

@ PRISMA™™
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Nuclear Effects

O
7
o Q \ » .
p N o el o
e N O
-0 @ ‘
= -~ -+ o ‘ ®- + @ -+
Vi n - @ O - _ - 14
)
Free Initial Nuclear Extra Nuclear Final State
Nucleon State Effects Interactions (FSI)

‘ e.g. spectral functions, shell model,

Initial state of struck nucleon
(binding energy, Fermi momentum)

multi-nucleon effects ‘ dedicated EFT

relativistic mean-field theory,
Green’s function MC, Fermi gas models

(e.g. two-particle-two-hole (2p2h) processes) calculations

final-state interactions
(propagation of interaction products out of the nucleus) event generators
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New Interactions in QES
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New Interactions in QES
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10 — LQCD -
_ - Nucleon I
iy S LLEM - large uncertainties from axial FF

some BSM interactions significantly

enhanced compared to the SM
(e.g. PP: coupling to pions)

others strongly suppressed

Cross Section Terms [107°% c¢cm?]
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@ PRISMA™™

Future Sensitivity Estimates
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Future WEFT and SMEFT Constraints

A =v/y/e [TeV]
10 10

Kopp, Tabrizi, Urrea 2025

Kopp, Tabrizi, Urrea 2025
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https://arxiv.org/abs/2509.21537
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Bonus Slides



New Interactions in Quasi-Elastic Scattering

(1 at energies < GeV: neutrino interactions dominated by quasi-elastic scattering
(scattering on whole nucleons)

[ need to map lepton—quark interactions onto lepton—-nucleon interactions

0

oV, ) ) ) )
v2d{[1 +€L]ap(quy" Prga) (bavuPrvg) + [€r]as(quy" Pr4a)(LavuPLyp)

el (@uaa) BaPLvg) - 5 [€p1ap(31500) EaPLrg)

[e7]08(quo™ Prqq) (Bacu Prug) + h.c.} .

LWEFT 2 —

2
1
4
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New Interactions in Quasi-Elastic Scattering (< GeV)

1 neutrino scatters on nucleons
[ need to map lepton—quark interactions onto lepton—-nucleon interactions
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New Interactions in Quasi-Elastic Scattering (< GeV)

1 neutrino scatters on nucleons
[ need to map lepton—quark interactions onto lepton—-nucleon interactions

SM contribution -
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New Interactions in Quasi-Elastic Scattering (< GeV)

neutrino scatters on nucleons
0 need to map lepton—quark interactions onto lepton—nucleon interactions

SM-BSM interferenge contributions

SM contribution -

dO'Q,[g y dor x o do xvy 4
—~ = ‘\: € — o8 + h.C € ey | |
00 NES) Jaﬁ 157 e 2 lexdaslerlis =5
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New Interactions in Quasi-Elastic Scattering (< GeV)

neutrino scatters on nucleons
need to map lepton—quark interactions onto lepton—-nucleon interactions

SM-BSM interference contributions _ pure BSM contributions
SM contribution - N\

N ™
A\

i A0 1.X o \ do xv,e ™
i;/ - ¢ € 5 + h,.c, - /"\:\ ' € *
107 \agp foe A& [ex ko= das + e (S xlas [ev)io™g05°

— —_— = _
—_— e —— = === e T R — ——
- = — S —— — ~ = = == =
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New Interactions in Quasi-Elastic Scattering

1 for each Lorentz structure, decompose into form factors

GT(V)(Q2>O L Gs(Q%)
oMy T Tonry I
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()Gl (n)} = (o) | Gy (07 +
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PPp)|Guaaln(pn)) = Gs(Q7) tp(pp)tn(pn) ,

P(Pp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)Y¥5tn(Pn) .
M N
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New Interactions in Quasi-Elastic Scattering

well measured In
electron—nucleon scattering

0 fo vector FI° cture, decompose into form factors

<p(pp)|67u7uq6l‘n(pn)>

P(Pp)|GuyuY59d|m(Pn)) = Up(pp) _GA(QQ)%L75 ny
PPp)|Guaaln(pn)) = Gs(Q7) tp(pp)tn(pn) ,

PPp)|Guy59dln(pn)) = Gp(Q?) tp(Pp)y5tn (Pn)

,_ Go(@)
L ST Un (Pn)
éT(A)(Q2)0 y éP(QQ) _
2MN uvd Y5 2MN qM’YB_

)

7
Ggfl) (QZ) (9 — @)

<p(pp)‘67uauqu‘n(pn)> = Up(pp) GT(QQ)UAW

( (

Mpn
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M3, My
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induced scalar FF

New Interactions in Quasi-Elastic Scatt« "ei i

ISOSpIN-symmetric limit

L 10 vector FF cture, decompose into form factors

well measured In
electron—nucleon scattering

<p(pp)|67u7uq6l‘n(pn)>

P(Pp)|GuyuY59d|m(Pn)) = Up(pp) _GA(QQ)%L75 ny
PPp)|Guaaln(pn)) = Gs(Q7) tp(pp)tn(pn) ,

P(Pp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)Y¥5tn(Pn) .
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= m—— - = induced scalar FF

New Interactions IN =  weakmagnetismee catti e

(or anomalous magnetic moment FF) ISOSpIN-symmetric limit
from electron—nucleon scattering ‘

1 fo vector FF cture, aecurrnpuse T TOTTT dCtors

well measured In
electron—nucleon scattering

<p(pp)|67u7uq6l‘n(pn)> —

(p(pp) ‘@ﬂu%% n(pn)) = tp(pp)

(P(Pp)|Gugaln(pn)) = Gs(Q7) tip(pp)un(pn) ,

P(Pp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)Y¥5tn(Pn) .

<p(pp)‘QuUuVQd‘n(pn)> — ﬂp(pp) GT(QQ)U“V ]\;N

? (2) 1 12 Z
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- - - = m—- - = - induced scalar FF
New Interactions In = weakmagnetismrr "catlec ™o
(or anomalous magnetic moment FF) ISOSpIN-symmetric limit
from electron—nucleon scattering
0 fo vector FIr cture, aecurmnpose iy torr rdctors
well measured in N o

electron—nucleon scattering

<p(pp)|67u7uq6l‘n(pn)>

axial-vector FF
not accessible in e-n scattering ™= |,
major source of uncertainty = Up (pp {

(P(Pp)|Gugaln(pn)) = Gs(Q7) tip(pp)un(pn) ,

P(Pp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)Y¥5tn(Pn) .

<p(pp)‘67uauqu‘n(pn)> = Up(pp) GT(QQ)UAW
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The Nucleon Axial Form Factor

1 cannot be measured in electron—-nucleon scattering
(because electrons scatter via photon exchange, which is a vector current)

O until about 2010: dipole ansatz

— axial coupling constant (from neutron decay)

_ - axial mass functional form motivated
O overconstrained (experiments don’t agree on the value of ma) by analyticity arguments

1 Modern approach: z-expansion /

Ga(Q?) = i ap [2(Q9)]° 2(Q%to, teut) = View + @ — Ve — fo tout < (3Mir)?
k=0

\ \/tcut + Q2 + \/tcut — 1o

coefficients determined
by fit to data or lattice
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three different estimates
for the axial form factor

Nucleon Form Factors
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Momentum Transferred Q¢ [GeV?]
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The Nucleon Axial Form Factor

1 cannot be measured in electron—-nucleon scattering
(because electrons scatter via photon exchange, which is a vector current)

O until about 2010: dipole ansatz

— axial coupling constant (from neutron decay)

_ - axial mass functional form motivated
O overconstrained (experiments don’t agree on the value of ma) by analyticity arguments

1 Modern approach: z-expansion /

Ga(Q?) = i ap [2(Q9)]° 2(Q%to, teut) = View + @ — Ve — fo tout < (3Mir)?
k=0

\ \/tcut + Q2 + \/tcut — 1o

coefficients determined
by fit to data or lattice

G|u C .
) P R ] SM A++ Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations 35




- - - = m—- - = - induced scalar FF
New Interactions In = weakmagnetismrr "catlec ™o
(or anomalous magnetic moment FF) ISOSpIN-symmetric limit
from electron—nucleon scattering
0 fo vector FIr cture, aecurmnpose iy torr rdctors
well measured in N o

electron—nucleon scattering

<p(pp)|67u7uq6l‘n(pn)>

axial-vector FF
z-expansion fit to data or lattice === | .
major source of uncertainty = Up (pp 1

(P(Pp)|Gugaln(pn)) = Gs(Q7) tip(pp)un(pn) ,

P(Pp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)Y¥5tn(Pn) .

<p(pp)‘67uauqu‘n(pn)> = Up(pp) GT(QQ)UAW

Géi%) (Q2)(7Mgfyl/ o %ﬂ%) un(pn) 9

L (2) 1 12
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- - - = m—- - = - induced scalar FF
New Interactions In = weakmagnetismrr "catlec ™o
(or anomalous magnetic moment FF) ISOSpIN-symmetric limit
from electron—nucleon scattering
0 fo vector FIr cture, aecurmnpose iy torr rdctors
well measured in N o

electron—nucleon scattering

<p(pp) |gu7,qu‘n(pn)> = U

axial-vector FF
z-expansion fit to data or lattice === | .
major source of uncertainty = Up (pp 1

<P(Pp)|67uqd\n(pn)> — GS(QQ) Up (pp)u,, induced tensor-axial FF

vanishes in the
ISOspIin-symmetric limit

PPp)|Guysqdn(pn)) = Gp(Q?) tp(Pp)¥5tn(Pn) .

<p(pp)‘67uauqu‘n(pn)> = Up(pp) GT(QQ)UAW

Géi%) (Q2)(7Mgfyl/ o %ﬂ%) un(pn) 9

L (2) 1 12
MJQV GT (Q )(QMPV o q’/PM) My
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Scalar and Pseudoscalar Form Factors

O Ward identities
O conservation of the vector current (CVC): 8“(@]"7“%) — i(mf — mi)qqui

O partial conservation of the axial current (PCAC): 3“ (ijfy“”mqi) = i(mf + mz-)gf’y5q,-

0 CVC relates vector and scalar currents:
QCD

oM °[2M
Gs(Q%) =~ A —Gu(@h) + T2

1 PCAC relates axial-vector and pseudoscalar currents:

2
GP(QZ) _ %GA(QQ) 8 Q /QMN

q Mgq

Gs(Q?)

Gp(Q?)
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Scalar and Pseudoscalar Form Factors

O Ward identities
O conservation of the vector current (CVC): 8#((7]“’7“(]@) — i(mf — mi)gqui

O partial conservation of the axial current (PCAC): @L (Qf’y“”%qi) = i(mf + mz-)gf75qi

0 CVC relates vector and scalar currents: induced scalar FF

¢ not negligible here due to large prefactor

5 oM §CD o Q7 [2Mpy~ e cither set to zero
Gs(Q7) = 5 Gy(Q7)+ 5 & ~ e or use constituent quark model
Myq Mg =

¢ both unreliable

1 PCAC relates axial-vector and pseudoscalar currents:
Q*/2My

Mgq

Gp(Q?)

Gr(Q*) =~ Ga(Q?) +
q
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Scalar and Pseudoscalar Form Factors

O Ward identities
O conservation of the vector current (CVC): 8#((7]“’7“(]@) — i(mf — mi)gqui

O partial conservation of the axial current (PCAC): @L (Qf’y“”%qi) = i(mf + mz-)gf75qi

0 CVC relates vector and scalar currents: induced scalar FF
D | ¢ not negligible here due to large prefactor
5 oM ]8 5 Q2 [2Mpy~ e either set to zero
Gs (Q ) = 5mq GV(Q ) T 5mq = e or use constituent quark model

¢ both unreliable

1 PCAC relates axial-vector and pseudoscalar currents:

2 N Q°/2My 5 o
Gp(Q7) = Gp(Q7)
2m
axial-vector FF
implies that Gp inherits
large uncertainty of Ga
JG|U ) . F+ | | I
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Scalar and Pseudoscalar Form Factors

O Ward identities
O conservation of the vector current (CVC): 8#((7]”7“(]7;) — i(mf — mi)gqui

O partial conservation of the axial current (PCAC): 3,L (Qf’y“75qi) = i(mf + mz-)qf75qi

0 CVC relates vector and scalar currents: induced scalar FF

¢ not negligible here due to large prefactor

5 oM §CD o Q2 [2Mpy~ e either set to zero
Gs (Q ) = 5 Gy (Q ) T 5 & ~ e or use constituent quark model
Mg Mg =

¢ both unreliable

1 PCAC relates axial-vector and pseudoscalar currents:
iInduced pseudoscalar FF

G P (QQ) = ® assume pion-pole dominance (PPD)
2 2 2 2
Gp(Q7) = Gp(0)m; /(Q° + m;)
¢ [cads to 2
axial-vector FF ; 2y — AMy G 4 (Q?
implies that Gp inherits Q- +mz
large uncertainty of Ga
JG|U ) . ¥ | | o
P R ] SMA Joachim Kopp — EFT for New Physics Searches in Neutrino Oscillations 37




New Interactions in =

vector FF
well measured In
electron—nucleon scattering

<p(pp) |Cju”7uq6l n(pn))
axial-vector FF

L]

fo

z-expansion fit to data or lattice ™=

major source of uncertainty = ﬂp (pp (

scalar and pseudoscalar FF
CVC, PCAC

\PA\FpJI4u /b‘idl"’\t’n)>

(P(Pp)|Guo v qaln(pn)) = tp(pp)

(
My

2 Gg?)(QQ)(unV — ¢ P

q
weak magnetism FF Catt‘

(or anomalous magnetic moment FF)
from electron—nucleon scattering

induced scalar FF
vanishes in the
ISOSpIN-symmetric limit

cture, aecornpose i ror rActors

induced tensor-axial FF

. . Induced pseudoscalar FF
vanishes in the

. . Co PPC
N ISospin-symmetric limit
p(pp)%un (Pn)
2 . (1) 1 2
Gr(Q7)ou M~ G’ (Q7)(qury — @)
) 3 )
31O (@) e —wshe) | (pn)
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- - - = m—- - = - induced scalar FF
New Interactions In = weakmagnetismrr "catlec ™o
(or anomalous magnetic moment FF) ISOSpIN-symmetric limit
from electron—nucleon scattering
O fo vector FF cture, aecurmnpose iy torr rdctors
well measured in N U

electron—nucleon scattering

P(Pp)|quyugaln(pn)) = Up(pp) )

axial-vector FF
major source of uncertainty = Up (pp (

induced tensor-axial FF

. . Induced pseudoscalar FF
vanishes in the

scalar and pseudoscalar FF PPC

CVC, PCAC ISOSpIN-symmetric limit
W\Pp 1 roudlewrn)) Jip (Pp) V5 Un (Pn)
tensor FF —

complicated parameterisation
with coefficient from lattice QCD
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Nuclear Effects

@ PRISMA™™
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Nuclear Effects

Fermi gas models
® describe nucleons as free,

noter

non-interacting particles in a

tial well

ocal

—ermi gas: take into

account density profile o(r)

o still state of the art in many

event generators
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Nuclear Effects

Fermi gas models
® describe nucleons as free,

non-interacting particles in a
ootential well

¢ |ocal Fermi gas: take Into

account density profile o(r)

o still state of the art in many
event generators

Relativistic Mean Field

® Nucleor
Mesor

® Mesor
classica

Theory
S Interact via

flelds
flelds are treated as

background fields
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Nuclear Effects

Fermi gas models
® describe nucleons as free,

non-interacting particles in a
ootential well

¢ |ocal Fermi gas: take Into

account density profile o(r)

o still state of the art in many
event generators

Relativistic Mean Field

® Nucleor
Mesor

® Mesor
classica

Theory
S Interact via

flelds
flelds are treated as

background fields

@ PRISMA™™

Green’s function
Monte Carlo methods

e make ansatz for ground state
wave function and
Hamiltonian

® cvolve In Imaginary time
b converges to ground state
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Nuclear Effects

® Nucleor
flelds

flelds are treated as

T

noten
ocal

il

classica

@ PRISMA™™

Fermi gas models
® describe nucleons as free,

non-interacting particles in a
tial well

-ermi gas: take into
account density profile o(r)

o still state of the art in many
event generators

Relativistic Mean Field

€S0
€S0

h

ﬁ

Theory
S Interact via

background fields

Green’s function
Monte Carlo methods

e Mmake

ansatz for ground state

wave function and
Hamiltonian

® cvolve In Imaginary time
b converges to ground state

Nuclear Shell Models
® nucleons occupy energy levels

IN suitably chosen potential
¢ analogous to atomic shel

mode
® COMP

for large nuclel

S

utationally challenging
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Nuclear Effects

noter

ocal
account density profile o(r)

Fermi gas models
® describe nucleons as free,

non-interacting particles in a
tial well

—ermi gas: take into

o still state of the art in many
event generators

® Nucleor
flelds

flelds are treated as

T

il

classica

@ PRISMA™™

Relativistic Mean Field

€S0
€S0

h

ﬁ

Theory
S Interact via

background fields

Green’s function
Monte Carlo methods

ansatz for ground state

e Mmake

wave functior

Hamiltonian
® cvolve In Imaginary time
b converges to ground state

and

Nuclear Shell Models
® nucleons occupy energy levels

IN suitably chosen potential
¢ analogous to atomic shel

mode
® COMP

for large nuclel

S

Jtational

y challenging

struck nucleon

Pu(pn, E7) = D (9! [Ipw) @ (w271

®L

Spectral functions

e factorization (struck nucleon)
® (remnant nucleus)

) =) @ Uy paa)

e spectral function describes
momentum distribution of

‘ 2

xO(E* + E — B2 4+ my)

sed like a

D

DF

e determined e.g. In electron—
ucleon scattering

N
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Incorporation of Nuclear Effects via Spectral Functions

my
6(PN) e(q+pn)

d’py
ﬂ 2 5 AxeAin= 5 [ Gy e B

x ) 2 Axady, (@ +e(pn) —e(a+pn)),

“ spin N

n \k//\@ "

k=1.3

k=1.1
? k=0.9
k=0.8
k=0.6
- k=04
~100 -50 0 50 100 k=0.2
m [MeV]

Image: Frick Gad Muther 2001
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FASER Sensitivity to EFT

L=1501b™',90% C.L.

7 decay

[ éf’d]#‘f
theoretically straightforward:
v scattering described In terms (€]
of PDFs I
_ . [Ellf-;d]'re I | |_" .Y
though flux uncertainties
remain a problem (e} .

competitive with rare meson
decays In some channels

[E?:,'sjre

[ELFJ?S] UT |

- |
.

| Falkowski Gonzalez-Alonso JK

[eurd]mu

@ PRISMA™™

Soreq Tabrizi, arXiv:2105.12136

1 lll

107 1
A=v/Vey [TeV]
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FASER Sensitivity to EFT —

7 decay

theoretically straightforward:

v scattering described In terms €8 e - B>« tecey
of PDFs I
o g T M.
though flux uncertainties
remain a problem (€8 ex ! -

competitive with rare meson e +
| al T K deca
decays Iin some channels % o oy

conservative scenario
flux uncertainties 30% / 40% / 50%
for ve / v/ vt

Falkowski Gonzalez-Alonso JK
Soreq Tabrizi, arXiv:2105.12136
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FASER Sensitivity to EFT —

L=1501b™',90% C.L.

. . [éf:d] ut 'Cons./Opt. 7 decay
theoretically straightforward: W
v scattering described In terms €8 e - B>« tecey
of PDFs I
_ . [Ellf-;d]'re I | |_" VgorVs
though flux uncertainties
remain a problem (e} .

competitive with rare meson
decays In some channels

conservative scenario .

e

flux uncertainties 30% / 40% / 50%
for ve / v/ vt

D, decay

- e e i . . Falkowski Gonzalez-Alonso JK
optimistic scenario €7 uu Soreq Tabrizi, arXiv:2105.12136
flux uncertainties 5% / 10% / 15% - PRI ;g5 guagl
for Ve / Vi / Vi S e 107 ] W

g R AEV/ VY €Ex [-rev]
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FASER Sensitivity
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Anomalous Neutral Currents - Future Limits

DUNE will be probing new physics at the TeV scale
= v/\/— TeV]

1 102

Cude _ T Kopp, Tabrizi, Urrea 2025

V ]ee _EV iy DUNE: one operator non-zero at a time

, ’ ~ @| O a lt . . .
Ud,e — [e- 0,€ q llb 1 Fi Global Fit: all operators on simultaneously
‘[6‘/ ]TT e‘/ 1

I [Ez‘j’d’e]mlll _Global Fit ) b I l r

| [6;1/(] P] 67‘\ -q(flln!blal Fit

Global Fit

wde | I | .. m—DUNE 507% O.L
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Anomalous Neutral Currents - Future Limits

DUNE will be probing new physics at the TeV scale
A =wv/+/e [TeV] 2

ey F— Ty .y Kopp, Tabrizi, Urrea 2025

Vv | ]66 _EV iy DUNE: one operator non-zero at a time

| [euad,e] B —eu’d’e- -%bal Fit Global Fit: all operators on simultaneously
|2 -V lpk

e —Global Fit — better

Cv o leu

- u,d,e; —%al Fit

Cy  ler

1

uder | I | ... = DUNE 0% C.L.
‘ [EV Ut DUNE 90% C.L. no systematics
1 10' 102 108 104 10° 107
E
Caveats

o WEFT must be embedded in UV-complete theory like SMEFT

o WEFT constraints (“NSI formalism”™) neglect relations between operators in SMEFT
o for comparison with other experiments: WEFT-SMEFT matching, RGE running
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WEFT Constraints from DUNE

Kopp, Tabrizi, Urrea 2025
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SMEFT Constraints from DUNE

@ PRISMA™™
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SMEFT Constraints from DUNE
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Are New O(0.01Gr) Couplings Realistic?

[ standard lore: because of SU(Z), invariance, new neutrino interactions are
accompanied by similar couplings of charged leptons » strong constraints

1 but not always: consider charged SU(2), singlet ¢*
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coupling can arise naturally from leV-scale new physics
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