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What are neutrino tridents
and why do we care?
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v,N — yﬂ/ﬁ,u_N: Charm-Il (~55), CCFR (~37);
Ve (AR Ve NuTeV. Consistent with SM. No e or 7 tridents
ever observed!

44 Z Standard Model
® v,: DONUT (~9), OPERA (~10).

® 7in SM: D meson decay or v-oscillations.

Anomalous for DUNE ND.
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NeUtriHO Tridents ULﬂN —> I/Lﬂ/ff/N

v,N — vﬂpﬁ,u_N: Charm-Il (~55), CCFR (~37);
Ve (AR Ve NuTeV. Consistent with SM. No e or 7 tridents
ever observed!

44 Z Standard Model
® v_: DONUT (~9), OPERA (~10).

® 7in SM: D meson decay or v-oscillations.

Anomalous for DUNE ND.

,gl o /1" /4
® 7 tridents as “new” source.
Z /v
Beyond the Standard Model
N ® Charged LFV: Tridents with £ # £’ as
backgrounds.
Charged Current Neutral Current ® Final-state v_in BSM: L,—-L,B-L,7Z, v
Precision test of the electroweak sector -oscillations.
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Trident Calculation
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Based on [1902.06765]

Trident Calculation

V; Vi
Accelerator v experiments: Q,/2 < M%,/Z Vj b, Vi €l+
yN dominant for E, < 10° GeV — 0F 0

Avoid Equivalent Photon Approximation

Coherent Scattering

® Nuclear form factor.

! 2
® Z- scaling.

N ® 277" final state.
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Based on [1902.06765]

Trident Calculation

V; Vi
Accelerator v experiments: Q% < M%,/Z Vj b, Vi Z;r
yN dominant for E, < 10° GeV — 0F 0
. . L 7 i
Avoid Equivalent Photon Approximation
N N

Coherent Scattering Incoherent (diffractive) Scattering

® Nuclear form factor. ® Nucleon form factors.

Y Y Y .
® 72 scaling. ® 27 scaling.
N

N ® £T¢~ + p(n) final state.

® Z1¢~ final state.

® Fermi gas with Pauli blocking
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Coherent Trident Cross Section
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Coherent Trident Cross Section
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Incoherent Trident Cross Section
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Incoherent Trident Cross Section
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a2nGE 1 &k dp, &¥p dP HE L.,

5k —k'—p,—p_+q)

do,,, =
PO 12870 myE, 2By 2E, 2E_ 2Ep g

HY = 4pe*pP

P Q% + 4mj,,

Proton: electron-proton elastic
scattering

Neutron: electron-nucleus (deuterium
and °He) scattering

[arXiv:0812.3539]
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Incoherent Trident Cross Section
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Cross Sections

EX* (GeV)

TRIDENT PROCESS |INCOHERENT COHERENT

(proton) OAr | %W | °°Fe
viN — v;Ne"e™ 0.001 0.001 | 0.001| 0.001
viN = viNu 0.24 0.21 | 0.21 | 0.21
viN > v,NTt" 1" 10 3.7 3.6 3.7
v,N = veNe u* 0.11 0.11 | 0.11 | 0.11
v,N - v, Nt~pu" 3.8 1.9 1.9 1.9
veN = v, N7 et 3.9 1.8 1.8 1.8
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Cross Sections

EX* (GeV)
TRIDENT PROCESS |INCOHERENT COHERENT
(proton) OAr | %W | °°Fe
UiN = v;Ne"e™ 0.001 0.001 | 0.001| 0.001
viN = viNu 0.24 0.21 | 0.21 | 0.21
UiN = v;NT" 1~ 10 3.7 3.6 3.7
vu,N — veNe p™ 0.11 0.11 | 0.11 | 0.11
v,N - v, Nt~ pu" 3.8 1.9 | 1.9 | 1.9
veN > v, NT°et 3.9 1.8 1.8 1.8
£« (my + my + Mig)* — My,
2Mtgt
*Uncertainty quantification of nuclear effects is work in progress
UNCERTAINTY COHERENT INCOHERENT
Higher order QED 3% 3%
Higher order EW 5% 5%
Form factors" 1% 3%
Nuclear modeling - 30%
TOTAL 6% 31%
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Cross Sections

EX* (GeV)
TRIDENT PROCESS |INCOHERENT COHERENT
(proton) OAr | %W | °°Fe
UiN = v;Ne"e™ 0.001 0.001 | 0.001| 0.001
viN > v Ny u~ 0.24 0.21 | 0.21 | 0.21
viN - ;N1 10 3.7 3.6 3.7
v,N > v.Ne u* 0.11 0.11 | 0.11 | 0.11
v,N - v, Nt~ pu" 3.8 1.9 | 1.9 | 1.9
veN = v, NT7e" 3.5 1.8 | 1.8 | 1.8
£« (my + my + Mig)* — My,
2Mtgt
*Uncertainty quantification of nuclear effects is work in progress
UNCERTAINTY COHERENT INCOHERENT
Higher order QED 3% 3%
Higher order EW 5% 5%
Form factors" 1% 3%
Nuclear modeling - 30%
TOTAL 6% 31%
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Can we see tridents at DUNE?



Deep Underground Neutrino Experiment
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Deep Underground Neutrino Experiment

Sanford o
Lead, SD _ Underground Chlcagol II'
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® Long-baseline liquid argon (LAr) time projection chamber (TPC).
- Near Detector (ND): 574 m, 67 tonnes of argon

- Far Detector (FD): 1300 km, 4 modules each with 40k tonnes of argon
® Focus on DUNE ND: 10° v events / (GeV-ton-MW-year).
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DUNE ND Flux




DUNE ND Flux
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DUNE ND Flux

10-2 Flux at DUNE in v Mode
- | | | R | | | I | | | I |:
i 1 Standard CP-optimized Flux
8 10_4__ | @ v'smostly inthe 1 — 5 GeV range.
¥ - -
= : 1 @ Peak at ~ 2 GeV.
> - 1 © Better tfor §-p measurements.
O 107°E E
N i - ° °
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Tridents at DUNE ND
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Tridents at DUNE ND
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Tridents at DUNE ND
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Tridents at DUNE ND
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Neutrino Mode - Coherent scattering
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Standard
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Neutrino Mode - Incoherent scattering
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Is there hope of detecting tau
tridents (v, - v,77u")?




Tau Reconstruction at DUNE



Tau Reconstruction at DUNE

® Short-lived

z ® Low cross sections

® Copious backgrounds



Tau Reconstruction at DUNE

® Short-lived

z ® Low cross sections

® Copious backgrounds



Tau Reconstruction at DUNE

NEUTRINO

Search for anomalous tau neutrino appearance in the
DUNE Near Detector

® Short-lived

Miriama Rajaoalisoa (University of Cincinnati) NEUTRINO

I_ o Workshop on Tau Neutrinos from GeV to EeV 2021 (NuTau2021)
® LOw Cross sections el Search for tau neutrino appearance in the
DUNE Near Detector Complex

® Copious backgrounds

l((-! Soamasina Herilala Razafinime on behalf of the DUNE Collaboration
Cincinnd University of Cincinnati .
Seattle Snowmass Summer Meeting 2022
F— n July 23,2022
Cincinnati (\
T —
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Tau Reconstruction

® Short-lived
® Low cross sections

7

® Copious backgrounds

® Signal vs background based on
kinematic differences using a

BDT.

® Short-baseline v, — v,

—
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at DUNE

NEUTRINO

Search for anomalous tau neutrino appearance in the

DUNE Near Detector

Miriama Rajaoalisoa (University of Cincinnati)

Workshop on Tau Neutrinos from GeV to EeV 2021 (NuTau2021)
September 29, 2021
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RMiss

NEUTRINO

Search for tau neutrino appearance in the

DUNE Near Detector Complex

Soamasina Herilala Razafinime on behalf of the DUNE Collaboration
University of Cincinnati

Seattle Snowmass Summer Meeting 2022

July 23,2022

Cincinnati
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Tau Trident Reconstruction at DUNE

NEUTRINO

Search for anomalous tau neutrino appearance in the

DUNE Near Detector

® Short-lived

Miriama Rajaoalisoa (University of Cincinnati)
o Workshop on Tau Neutrinos from GeV to EeV 2021 (NuTau2021)
® Low cross sections

® Copious backgrounds 7

Cincinnc

| — —

Rank-1 Discriminator
® Signal vs background based on e

. . . . rl,
lélgimohc differences using a RT. — PMiss
; — > "Miss T T T
PMmiss T P

® Short-baseline v, — v,
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NEUTRINO

Search for tau neutrino appearance in the
DUNE Near Detector Complex

Soamasina Herilala Razafinime on behalf of the DUNE Collaboration
University of Cincinnati

Seattle Snowmass Summer Meeting 2022

July 23,2022
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+ ® Hadronic 7 decays

® Momentum and
angular smearing



T Hadronic Decay Channels
Incoherent (E,) = 33 GeV Coherent (E,) = 47 GeV
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T Hadronic Decay Channels
Incoherent (E,) = 33 GeV Coherent (E,) = 47 GeV
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T Hadronic Decay Channels

Incoherent (E,) = 33 GeV Coherent (E,) = 47 GeV
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T Hadronic Decay Channels
Incoherent (E,) = 33 GeV Coherent (E,) = 47 GeV
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Comparing Form Factors

40 At Nuclear Form Factor
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Summary

What are neutrino tridents and why do we care?

® Precision tests of the SM electroweak sector (both W and Z channels for same-flavored charged leptons).

® 7 tridents are SM processes that constitute a new source of 7/v_tor SM physics and a new background for BSM
searches.
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® 7 tridents are SM processes that constitute a new source of 7/v_tor SM physics and a new background for BSM
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Can we see tridents at DUNE?

® Yes for electron and muon tridents, even after accounting for nuclear modeling uncertainties.

® DUNE ND, particularly when running in z-optimized mode, will probe 7 tridents with a potential detection of v, — v, 77~
after 3 years of running.
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Is there hope of detecting, — v 77u"?

® Possible with ML optimization tools. Systematic uncertainties, e.g. flux, can similarly be reduced to appropriate levels.

@ Discriminants like Ry, . mitigate the copious 1,CC background while retaining most signal events, suggesting feasible tau
trident reconstruction.
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® Precision tests of the SM electroweak sector (both W and Z channels for same-flavored charged leptons).

® 7 tridents are SM processes that constitute a new source of 7/v_tor SM physics and a new background for BSM
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® Yes for electron and muon tridents, even after accounting for nuclear modeling uncertainties.

® DUNE ND, particularly when running in z-optimized mode, will probe 7 tridents with a potential detection of v, — v, 77~
after 3 years of running.

Is there hope of detecting, — v 77u"?

® Possible with ML optimization tools. Systematic uncertainties, e.g. flux, can similarly be reduced to appropriate levels.

@ Discriminants like Ry, . mitigate the copious 1,CC background while retaining most signal events, suggesting feasible tau
trident reconstruction.
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