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What are neutrino tridents 
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Standard Model
๏ : DONuT (~9), OPERA (~10). 

๏  in SM:  meson decay or -oscillations. 
Anomalous for DUNE ND. 

๏  tridents as “new” source.
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Beyond the Standard Model
๏ Charged LFV: Tridents with  as 

backgrounds. 

๏ Final-state  in BSM: , , , 
-oscillations.

ℓ ≠ ℓ′ 

ντ Lμ − Lτ B − L Z′ νs

Precision test of the electroweak sector
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๏  scaling. 
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[arXiv:0812.3539]
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Eth
ν ≈

(mℓ + m′ ℓ + Mtgt)2 − Mtgt

2Mtgt

uncertainty coherent incoherent
Higher order QED 3% 3%

Higher order EW 5% 5%

Form factors 1% 3%

Nuclear modeling - 30%

total 6% 31%

*Uncertainty quantification of nuclear effects is work in progress

*

*

Even at high , the hadronic momentum 
transfer  remains quite low, allowing 
coherent scattering to dominate again.

Eν
Q2

N
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Chicago, ILLead, SD

๏ 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:  events / (GeV ton MW year).106 ν ⋅ ⋅ ⋅
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Standard CP-optimized Flux

Tau-optimized Flux

๏ Higher energy  flux. 

๏ Peak at  GeV. 

๏ Better for  measurements.

ν

∼ 4

ντ
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๏ : 67 tonnes of Ar 

๏ :  POT

Mdet
40

NPOT 3.3 × 1021

DUNE ND

Ntrident =
Mdet

MAr
NPOT ∫

dΦ
dEν

σ(Eν)dEν

+ +
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Is there hope of detecting tau 
tridents ( )?νμ → νττ+μ−
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τ
๏ Signal vs background based on 

kinematic differences using a 
BDT. 

๏ Short-baseline νs → ντ

RT
Miss =

pT
Miss

pT
Miss + pT

μ
๏ Hadronic  decays 

๏ Momentum and 
angular smearing

τ+
νμ → νττ+μ−

Rank-1 Discriminator



D. Lopez Gutierrez

0.0 0.2 0.4 0.6 0.8 1.00

1

2

3

4

5

6

7

8
n µ

!
n t

t
+

µ
°

(d
N

/
d

R
T M

is
s

/
N

)

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Incoherent hEni = 33 GeV

0.2 0.4 0.6 0.8 1.0

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Coherent hEni = 47 GeV

Missing Momentum Ratio RT
Miss

t Hadronic Decay Channels

46

νμCC νμCC



D. Lopez Gutierrez 47

0.0 0.2 0.4 0.6 0.8 1.00

1

2

3

4

5

6

7

8
n µ

!
n t

t
+

µ
°

(d
N

/
d

R
T M

is
s

/
N

)

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Incoherent hEni = 33 GeV

0.2 0.4 0.6 0.8 1.0

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Coherent hEni = 47 GeV

Missing Momentum Ratio RT
Miss

t Hadronic Decay Channels

RT
Miss ≥ 0.6 RT

Miss ≥ 0.6

νμCC νμCC



D. Lopez Gutierrez 48

0.0 0.2 0.4 0.6 0.8 1.00

1

2

3

4

5

6

7

8
n µ

!
n t

t
+

µ
°

(d
N

/
d

R
T M

is
s

/
N

)

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Incoherent hEni = 33 GeV

0.2 0.4 0.6 0.8 1.0

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Coherent hEni = 47 GeV

Missing Momentum Ratio RT
Miss

t Hadronic Decay Channels

RT
Miss ≥ 0.6 RT

Miss ≥ 0.6

νμCC νμCC

Coherent Scattering

Incoherent Scattering



D. Lopez Gutierrez 49

0.0 0.2 0.4 0.6 0.8 1.00

1

2

3

4

5

6

7

8
n µ

!
n t

t
+

µ
°

(d
N

/
d

R
T M

is
s

/
N

)

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Incoherent hEni = 33 GeV

0.2 0.4 0.6 0.8 1.0

Signal
(This work)

Bkg (DUNE)
Bkg (This work - NuWro)

Coherent hEni = 47 GeV

Missing Momentum Ratio RT
Miss

t Hadronic Decay Channels

RT
Miss ≥ 0.6 RT

Miss ≥ 0.6

νμCC νμCC

13 . 76 ± 4 . 23
2 . 88 ± 0 . 88

1 . 24 ± 0 . 07
0 . 28 ± 0 . 02

Coherent Scattering

Incoherent Scattering



D. Lopez Gutierrez

Comparing Form Factors

50

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Momentum Transfer Q [GeV]

10°4

10°3

10°2

10°1

100

Fo
rm

Fa
ct

or
|F

(Q
2 )

|
40Ar Nuclear Form Factor

Fourier-Bessel FF
3pF [Altmannshofer]
Helm FF
KN FF
(ad.) KN FF
Exp. [Ottermann]



D. Lopez Gutierrez

Comparing Form Factors
๏ No experimental data since 1982! And current 

data only available for  GeV.Q ∼ 0.11 − 0.26

51

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Momentum Transfer Q [GeV]

10°4

10°3

10°2

10°1

100

Fo
rm

Fa
ct

or
|F

(Q
2 )

|
40Ar Nuclear Form Factor

Fourier-Bessel FF
3pF [Altmannshofer]
Helm FF
KN FF
(ad.) KN FF
Exp. [Ottermann]



D. Lopez Gutierrez

Comparing Form Factors
๏ No experimental data since 1982! And current 

data only available for  GeV.Q ∼ 0.11 − 0.26

52

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Momentum Transfer Q [GeV]

10°4

10°3

10°2

10°1

100

Fo
rm

Fa
ct

or
|F

(Q
2 )

|
40Ar Nuclear Form Factor

Fourier-Bessel FF
3pF [Altmannshofer]
Helm FF
KN FF
(ad.) KN FF
Exp. [Ottermann]

10°7

10°6

10°5

10°4

10°3

10°2

10°1

100

101

n µ
!

n µ
µ

+
µ

°

Coherent Scattering - DUNE ND Standard Flux

3pF
Helm
KN
adKN

10°4 10°3 10°2 10°1 100

Momentum Transfer Q (GeV)
10°2

100

102

D

10°7

10°6

10°5

10°4

10°3

10°2

10°1

100

101

n µ
!

n µ
µ

+
µ

°

Coherent Scattering - DUNE ND Standard Flux

3pF
Helm
KN
adKN

10°4 10°3 10°2 10°1 100

Momentum Transfer Q (GeV)
10°2

100

102

D

Preliminary



D. Lopez Gutierrez

adKN

KN

Helm

3pF 1980.00

2000.00 [1.2%]

1840.00 [6.95%]

2000.00 [1.2%]

DUNE Standard

adKN

KN

Helm

3pF 236.60

241.00 [1.59%]

210.00 [11.32%]

243.00 [2.43%]

10°3 10°2 10°1 100 101 102 103 104

Number of Events

adKN

KN

Helm

3pF 0.29

0.30 [2.53%]

0.23 [22.29%]

0.32 [9.7%]

adKN

KN

Helm

3pF 8080.00

8150.00 [0.79%]

7540.00 [6.65%]

8190.00 [1.32%]

DUNE t-Optimized

adKN

KN

Helm

3pF 1190.00

1210.00 [1.34%]

1060.00 [10.83%]

1220.00 [2.11%]

10°2 10°1 100 101 102 103 104 105

Number of Events

adKN

KN

Helm

3pF 1.31

1.34 [2.52%]

1.01 [22.77%]

1.44 [10.27%]

Form Factor Uncertainty

53

PreliminaryPreliminary



D. Lopez Gutierrez

Summary

54



D. Lopez Gutierrez

Summary

55

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). 
๏  tridents are SM processes that constitute a new source of  for SM physics and a new background for BSM 
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๏Possible with ML optimization tools. Systematic uncertainties, e.g. flux, can similarly be reduced to appropriate levels. 
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Thank you!
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Eν = 5 GeV
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DUNE



D. Lopez Gutierrez 64

DUNE
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FASERν
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T2K-INGRID
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