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● We examine the deep inelastic scattering contribution to the NuTau and Anti 
NuTau charged current cross sections.

● We discuss the cross sections associated with the structure functions at low 
momentum transfers. 

Albright and Jarlskog, in Nucl. Phys. B 84, 467 (1975)., pointed out that there are 
two additional structure functions, F4 and F5 that contribute to the 𝜈𝜏  XSec. 

About NuTau production & detection

● Direct production of NuTau in the atmosphere is small L. Pasquali and M. H. Reno - 
PhysRevD.59.093003

● Oscillations of atmospheric NuMuon  to NuTau can result in a large upward 
 𝜈𝜏 + 𝜈𝜏 

  fluxes at certain energies Fei-Fan Lee, Guey-Lin Lin arXiv:hep-ph/0412383

● With the low atmospheric backgrounds at high energies, NuTau signals from 
conventional and astrophysical sources may be important. 
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https://www.sciencedirect.com/science/article/pii/0550321375903181
https://link.aps.org/doi/10.1103/PhysRevD.59.093003
https://link.aps.org/doi/10.1103/PhysRevD.59.093003
https://arxiv.org/abs/hep-ph/0412383
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Asymptotic freedom makes it possible to 
calculate the small distance interaction for 
quarks and gluons, assuming that they are free 
particles. 

𝜶s (𝝁
2) runs with 𝝁2          Factorization Theorem

As 
𝜶s (𝝁

2) decreases, 
𝝁2  increases

Nonperturbative
 𝝁2 ~ 1 GeV
i.e. 𝜶s (𝝁

2) very 
large

Perturbative 
𝜶s (𝝁

2) << 1 if 
𝝁2  >> 1 GeV2 

Factorization Theorem: 

The production of any particle can be determined by 
the cross section. 

We can use Deep (Q2 >>M2) Inelastic (W2 >> M2)  
Scattering to probe the structure of hadrons.

DIS experiments extract information from 
the lepton scattering cross sections to 
measure Structure Functions of the target, 
which are directly related to the 
nonperturbative Parton Distribution 
Functions, PDFs.

Barbara Yaeggy - University of Cincinnati



𝝼
l 
 / 𝝼

l   
 - N scattering

4Barbara Yaeggy - University of Cincinnati

NuTau 2021 Workshop

4



𝝼
l 
 / 𝝼

l   
 - N scattering

5Barbara Yaeggy - University of Cincinnati

NuTau 2021 Workshop

5



Structure Functions:
2xF1  = F2 
-xF3    = F2
xF5   = F2 
F4      = 0 also holds when
the nucleon target is replaced by a lepton 
target.

Cross Section for NuTau:   𝜈/𝜈𝝉 (k) + N(p) → 𝝉/𝝉 (k’)  
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Where:

The DIS the expression for the CC differential cross section 
shows a mass dependence: Tomalak, PRD 103 (2021) 013006, 
Fatima, Athar, Singh, PRD 102 (2020) 113009

Bodek-Yang model aims for 
describing DIS cross section
 in all Q2 regions arXiv:hep-ex/0308007
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And:

Suppressed for 𝜈𝝁,e

https://arxiv.org/abs/hep-ex/0308007


In the 1-10 GeV region all three processes (QE, Resonance & DIS) contribute to neutrino 
charged current total cross section
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● To avoid double counting, the evaluation of the inelastic 
piece is done over a restricted phase space.

● Generally, a limit on the hadronic final state invariant mass 
W is applied, such as W > Wmin.

● This Wmin  is used to separate the exclusive and inclusive 
calculations.
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A look to the CC 𝜈𝜏 
 and 𝜈𝝁  

  Cross Section M. H. Reno - PhysRevD.74.033001

Barbara Yaeggy - University  of Cincinnati

Nu

Anti Nu

Ratios 

The ratios 𝜈𝜏 / 𝜈𝝁   & 𝜈𝜏 / 𝜈𝝁 are 
insensitive to DIS cuts

● With cuts, Wmin and Q2 cuts agree 
to within 3% for E𝞶 > 20 GeV

The additional 
structure functions F4 
and F5 leads to a 
significant reduction in 
the cross section as 
compared to muon 
and electron neutrino 
cross sections.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001


The ratios 𝜈𝜏 / 𝜈𝝁   & 𝜈𝜏 / 𝜈𝝁 are insensitive to DIS cuts

At E𝞶 = 103 GeV, the ratio 𝜈𝜏 / 𝜈𝝁   cross section ratio is 5%  below unity, at 100 GeV, the ratio is 0.76   

The reduced phase space is reflected in the integration 
limits for x and y.

F5  term appear without a factor of x.  Since:

F5 ~ F1 ~ q(x, Q2) 

There is a small-x enhancement of its contribution to the 
cross section at high energies. 

Reasons for the deficit in the 𝜈𝜏  CC cross section
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● Shows the ratio of the ν𝛕N to 
ν𝝁N CC cross sections (solid 
lines) and the same ratio for 
antineutrinos.

● Shown are the uncut results, 
but the results with the Wmin 
and Q2 cuts agree to within 3% 
for E𝜈 > 20 GeV. 



𝜈𝜏𝜈𝜏
SM prediction (solid) 

F4=F5=0 hypothesis (dashed)

Notice the difference between the cross-sections in the F4 = F5 = 0 hypothesis and the SM 
prediction is larger for lower neutrino energies. 
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The F5 term accounts for the rest of the suppression of the ν𝝉 cross section at high energies. 

The tau mass corrections to the prefactors of F1, F2 and F3 become negligible at high energies 
because the low-x rise of q(x) is tempered by factors of x or y for these structure function.

From the SHip Proposal 

https://arxiv.org/pdf/1504.04956.pdf


GENIE 3.0.6 CC-NuTau Cross Section

CC - 𝜈𝜏 TRUTH Level studies show that indeed, when DIS cuts are applied  and  F5 = 0 we can 
extract new information from the lepton cross section.

F5 Enable

F5 Disable
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𝜈𝜏
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GENIE 3.0.6 CC- Anti NuTau Cross-Section 

CC - 𝜈𝜏 TRUTH Level studies show that indeed, when DIS cuts are applied  and  F5 = 0 we can 
extract new information from the lepton cross section.

F5 Enable

F5 Disable

12Barbara Yaeggy - University of Cincinnati

𝜈𝜏
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Exploring The 
Structure Functions 
with Genie 3.0.6



Q2 vs Structure Functions

SF5 Disable
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SF5 Enable

𝜈𝜏

SF1 SF1

SF3 SF3
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Q2 vs Structure Functions

SF5 Disable
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SF5 Enable

𝜈𝜏

SF2 SF2

SF5 SF5
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X
Bj 

 vs Structure Functions

SF5 Disable
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SF5 Enable

𝜈𝜏

SF1 SF1

SF3 SF3
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 vs Structure Functions

SF5 Disable
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SF5 Enable

𝜈𝜏

SF2 SF2

SF5 SF5
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When Q2  > 1.8 & Q2  <= 2.0 GeV SF
5

 DISABLE
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𝜈𝜏
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When Q2  > 1.8 & Q2  <= 2.0 GeV SF
5

 ENABLE
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𝜈𝜏
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When Q2  > 2.0 & Q2  < 5.0 GeV SF
5

 DISABLE
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𝜈𝜏
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When Q2  > 2.0 & Q2  < 5.0 GeV  SF
5

 ENABLE
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𝜈𝜏
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When Q2  >= 5.0 GeV  SF
5

 ENABLE
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𝜈𝜏
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When Q2  >= 5.0 GeV  SF
5

 DISABLE
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𝜈𝜏
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The new features which appear in the case of the ντ−nucleon interaction as compared to the νe−nucleon and 
νµ−nucleon interactions and contribute to modify the cross sections are:
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COMMENTS
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● Work on the reconstruction of these variables is coming. How 
well we can do this?.

● Perturbative and Non-perturbative effects are very important in 
the evaluation of nucleon structure functions as well as for the 
differential cross-section in the different regions of X

Bj
 and Q2 . 



Thank you!

Milky Way and Volcan de Fuego , Guatemala 26



Backup
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● Up to today, 18 𝜈𝜏   have been identified by DONuT (decay of Ds mesons) and 
OPERA (𝜈𝛍 → 𝜈𝜏   oscillations)

● DUNE will combine bubble chamber quality data with calorimetry and large statistics. 

● It will therefore provide an unprecedented opportunity to study the 𝜈𝜏   sector

● A test of the oscillation hypothesis is  𝜈𝜏 
production of 𝝉 through charged current 
interactions.

● The solar & atmospheric neutrino anomalies 
evolved into the very robust 
three-massive-neutrinos paradigm

● For precision measurements of oscillation 
mixing angles and eventually CP violation, 
neutrino cross sections will ideally be know 
to the level of a few percent.

CC-𝜈𝜏 
  scattering in DUNE
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INTERESTING BECAUSE...

Migration matrix for hadronically decaying τ leptons produced 
via ν𝝉 charged-current interactions. PhysRevD.100.016004
Due to the large mass of the τ ± relative to the e ± and µ ±, the 
threshold for this process to occur is 3.5 GeV.

Barbara Yaeggy - University of Cincinnati

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016004
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𝜶s 2002 by Siegfried Bethke (MPI of Physics, Munich, 
Germany) arXiv:hep-ex/0211012

https://arxiv.org/abs/hep-ex/0211012
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A look to the CC  Interactions  Cross Section M. H. Reno - PhysRevD.74.033001
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With a Wmin  = 1.4 GeV  the tau neutrino CC cross 
section is fairly insensitive to the Q2 cut of 1 GeV2 .

The Q2 cut has a larger impact on 𝝈CC (  𝛎𝝁 N)  

At E𝝼  = 20 GeV : 𝛎𝞽 N-CC Ratio = 0.93
𝛎𝝁 N-CC Ratio = 0.85

● The small changes in the CC-cross sections with Q2
min 

= 1 GeV2 lead to expect that non-perturbative effects 
at low Q2 are unlikely to be large when the Wmin = 1.4 
GeV

● At low energies, without the Wmin cut a substantial 
contribution to the cross sections comes from Q2 < 1 
GeV2 . 

● This is precisely where the DIS cross section is only a 
rough approximation to the true cross sections with 
QE and RES as well as non-resonant contributions. 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001


Q2 vs W

SF5 Disable
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SF5 Enable

𝜈𝜏
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A key element in the study of tau neutrino physics is the decay modes of the tau lepton

Tau decay length ~ 87 µm 
Ar nuclear radius, ~ 3.4 fm

Tau decay products aren’t 
subject to the Ar nuclear 
potential 

Tau lifetime (2.903
±0.005)×10-13

 
 s 

Tau doesn’t lead to 
observables displaced 
vertices

DUNE granularity is 
limited by wire spacing of 
a few millimeters

Observation of Tau tracks 
is unlikely

Background for 𝛕𝛍 signal 
mainly comes from CC-𝜈𝞵  
being 𝜈𝞵 

 flux very large.

Background for 𝛕
e
  signal 

are CC-𝜈
e
  events, being 𝜈

e 
 

flux a small fraction of 
the total neutrino flux. 

Dominant decay modes of τ−
Kaonic decays and others go into the 
“other” category. arXiv:2007.00015

Neutrino fluxes at the DUNE far detector. arXiv:2007.00015

Hadronic 𝞽 Leptonic 𝞽

Background
Hadronic 𝞽

Background
Leptonic 𝞽

https://arxiv.org/pdf/2007.00015.pdf
https://arxiv.org/pdf/2007.00015.pdf

