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Precision Neutrino Physics
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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
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“With great precision comes great responsibility.”

Tum Linden, WIN 2021




Neutrino Physics Beyond the Standard Model
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Sterile Neutrinos = new, uncharged fermions

CQQW Neutrino
‘ ) PLATFORM
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Sterile Neutrinos = new, uncharged fermions

Standard Model of Elementary Particles

three generations of matter

C
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Sterile Neutrinos = new, uncharged fermions

Standard Model of Elementary Particles

three generations of matter
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MiniBooNE
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https://arxiv.org/abs/2006.16883
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baseline too short
for std. oscillations

but could be explained by
eV-scale sterile neutrino
(“V“ Il 2 VS Il 2 Ve”>

~ consistent with
other anomalies

but iInconsistent with
null searches
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All Backgrounds — Comparison of Generators
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New Processes? - 2p2h+y
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Kelly JK, arXiv:2210.08021

Cw ’ Neutrlng
‘ J PLATFORM Joachim Kopp — Impact of Neutrino Interaction Uncertainties on BSM Searches 16


https://arxiv.org/abs/2210.08021

My Bet for MiniBooNE

an
“Altarelli Cocktail’

N’ﬁ-H

Image: ChatGPT
(who refused to draw an ltalian physicist w/o a beard)
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3+1 Models in MiniBooNE - Comparison of Generators
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3+1 MnAdale in MiniBooNE - Comparison of Generators
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3+1 Mndale in MiniBooNE - Comparis~n nf Ganargtors
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3+1 Mndale in MiniBooNE - Comparis~n nf Ganargtors
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Heavy Neutral Leptons

Neutrino portal leads to mixing between

1015 1015
v and heavy sterile neutrino /V 10-20 mrad 10-20 mrad
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10 30-40 mrad —-- 10 30-40 mrad —--
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_ . 2 "
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-
—
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any process that makes v in the SM can
also make [\ (suppressed by a mixing angle)

HNLs / 5.5 x 10* pot / cm? / GeV]
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-
-

production in meson decays
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Heavy Neutral Leptons

Neutrino portal leads to mixing between 10—
v and heavy sterile neutrino /V o

LOyL(ic?H")N

any process that makes v in the SM can
also make [\ (suppressed by a mixing angle)

branching ratio

production in meson decays

many Z2-body and 3-body decay channels

background estimates require detailed T s ey
understanding of exclusive final states

N QY sren
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DUNE-PRISM

Movable near detectors measure event

rates at different off-axis angles
m disentangle flux and x-sec uncertainties

Interesting opportunities for BSM searches
O heavy particle less boosted
O backgrounds lower off-axis

Qj\ ‘,J PEATFORM
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DUNE-PRISM

A -mediated DM

1078
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. ]
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E 10710 =
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E
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[\ .
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1 .
> 10712
—— on-axis
15 —— off-axis (30 m)
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Neutrino

PLATFORM

Y

JG|U

leptophobic DM

spectral analysis (AF = 1GeV)

—— off-axis (30 m)

my = 750Mev ~~ PRISM | 55 x 102 pot, v-mode 90% CL, 1dof
10~ s e
3 1 . 6 10-! 100 10!
M [GeV] HNL mass [GeV]
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heavy neutral leptons

—— DUNE-PRISM
- on-axis only
—==no background
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DUNE-PRISM

Movable near detectors measure event

rates at different off-axis angles
m disentangle flux and x-sec uncertainties

Interesting opportunities for BSM searches
O heavy particle less boosted
O backgrounds lower off-axis

BSM searches are typically robust w.r.t.
running strategy

(C\j\ ‘,J PEATFORM
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Neutrino Physics Beyond the Standard Model

e.g. heutrino magnetic moments

e.g. sterile neutrinos e.g. hon-standard interactions
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CERN Neutrino
\/—\/ ‘)’ pLaTForM A | U
\__/

23



Effective Field Theories for Neutrinos
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Effective Field Theories for Neutrinos v v

/ /

2V, ) _ ) ]
vzd{[l ter]ap(Quy" Prga) (bavuPrLvg) + [€rlap(quy" Pr4a)(bavuPrys)

T %[ES]aﬂ(Qqu)(ZaPLVﬂ) ~ %[EP]aﬁ(quv5q‘i)(zaPLVﬂ)

1

+ Z[ T]aﬁ(un“VPqu)(ZCVO-MVPLV,B) + h-C-} :

LWEFT 2

CERN Neutrino
\/—w/ ‘)’ PLATFORM ]G | U
N/
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Effective Field Theories for Neutrinos v v

dimensionless coefficients

(interaction strength f f
relative to SM weak interactions)

2V, - _ - _
LWEFT 2 vzd{[l 1 €L hs(quY" Praa) (bavuPrLvg) + [€R]as(quy" Pr4a) Loy PrLyp)
1 - 1 ) )
+ §[€S]aﬁ(quqd)(€aPLVﬂ) — §[€P]aﬁ(qu75qd)(€aPLVﬁ)
1 5 _
T Z[eT]aﬁ(Cqu“ PLQd)(gaUuVPLVﬂ) + h'C°} .

CERN Neutrino
\/—\/ ‘)’ pLaTForM A | U
NS
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Effective Field Theories for Neutrinos v

dimensionless coefficients
(interaction strength f
_— relative to SM weak interactions)

V2 N ee—————
1 e A1 _ 7

+ > [es1ap(quta) CaPrys) ~ - [ePlap(dur54a) (Fa Prrp)
1 o

T Z[ET]aﬁ(QuUM Prqa)(Ladu Pryg) +h.c }

dim-6 operators
with different Lorentz structures

@) ’ ULV |G|V
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L=150fb~', 90% C.L.

New Interactions in DIS

straightforward — v scattering

described in terms of PDFs

though flux uncertainties e > v

remain a problem (€ e | L oo
e 1#1

K decay

]'re

D, decay
]T” D decay
eud] Falkowski Gonzalez-Alonso JK
3 ” SOreq Tabrizi, arXiv:2105.12136
1 L r 3 3 33l
10-1 1 10

A=v/V ey [TeV]

CERN Neutrino
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https://arxiv.org/abs/2105.12136

1 10~ 1072 1073
| LR L preee e e prrer e e

New Interactions in DIS

L=150fb~', 90% C.L.

straightforward — v scattering [
described in terms of PDFs

- VoV

though flux uncertainties
remain a problem

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

Falkowski Gonzalez-Alonso JK
Soreq Tabrizi, arXiv:2105.12136

10_1 | - 1 10
A=v/Vex [TeV]
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New Interactions in DIS

straightforward — v scattering

described in terms of PDFs

remain a problem

conservative scenario

flux uncertainties 30% / 40% / 50%

for Ve / Vi / Vr

optimistic scenario
flux uncertainties 5% / 10% / 15%

for ve / vy / Ve N

CE?W Neutrino
‘ ) PLATFORM

though flux uncertainties

1 10~ 1072 1073
| LR L preee e e prrer e e

L=150fb~', 90% C.L.

[Elfjvd ] Ut

[€5° ]}
H—> K decay
[E%d]'re — NI
[El’é"s]er W—» K decay
[Glfj?s]/,rr H_> K decay

e —— cs
— leglre D, decay

~CS
i ] T# D decay

Falkowski Gonzalez-Alonso JK
Soreq Tabrizi, arXiv:2105.12136
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T — . AEV/V €Ex [TeV]
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New Interactions in QES

For V-A: same uncertainties as in the SM
For other Lorentz structures: significant nucleon form factor uncertainties

Gron(@Q*)  ,  Gs(Q?)

(Pp)I@urpdaln(on)) = By(oy) | G (O + 1= =0 = | un(pn).
_ _ i Gr)(Q?) y Gp(Q?
(0(Pp) |85 8aln(Pn)) = p(Pp) | Ga(Q) 775 + i 20,0 s 2131\(4 015 ).
_ N N _

PPp)|quaaln(pn)) = Gs(Q?) tip(pp)un(pn) .

(P(Pp)|Guys9a|n(pn)) = GP(QQ) Up (Pp)V5Un (Pn) ,
M N

G Q) b — o) o)

G Q) (@ — @)

0P| Fu gl (pn)) = i (pp) | G (@)
I3

G’_(FQ) (Qz)(qMPV D QI/P,LL)

@
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NeW Interactions in QES three different estimates

for the axial form factor
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New Interactions in QES

In addition: nuclear effects, parameterized via a spectral function

mn
6(PN) e(q+pn)

1 r d&pn
=S Ax ol = - P, (pn, E*
9 AX, AY,a 9 (27_‘_)3 h( PN )

x 33 Axady . 8(@+e(py) —e(a+pn)).

spin N
cross-section decomposed into contributions with different Lorentz structures

do af3 da'LL o do LX,« da‘XYa
= : 5(1 + [GX]O( , 5(1 + h.C. T [GX]a [GY]; |
’ ; (fexles dQ? ) X,ZY:,ﬂ T g

dQ)? dQ)?

@
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New Interactions in QES
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Modeling rt® Mis-ID in MiniBooNE

1.0
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0.6

0.5

2

20 MeV < FEyis. < 240 MeV, Three Cut Prescriptions

—1.0 —0.9 0.0 0.5

CE?W Neutrino
‘ ) PLATFORM
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Can mis-modeling of % mis-ID explain the anomaly?
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