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- s Check talkfs from Laura Fields, Stephen
Why cross sections are important? parke, Tyce deYoung, Julia Gehrein
o~
e Neutrino interactions (cross section) are the major contributor of TO DO L]&T L
systematic uncertainties in oscillation measurements (T2k, NOvA). T
® E &v-nucleus interactions relies on reconstruction techniques either Check over neutrino
based on kinematics (T2K/HK) or calorimetric methods

(DUNE/NOVA/SBN) and both requires reliable predictions from
interaction models.

massee & hierarchy

Also mixing parameters

. — . . i & CP vislation!
e Extraction of oscillation parameter is biased by the interaction model.
Ject lepton universality
- ., Amg L
P, — vp) = sin“20;; sin T Extra flavor ? sterifes
v

Matter-Antimatte
agymmetry

o o o o

N*HE, ) « Y $o(E,) X 0{(E,) X P, > vp) X €/E,, E, )

Nuclear and hadronic effecte are energy dependent tool.
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Neutrino Cross Sections at a Few GeV

S

314 Formaggio/S Zeller Nowadays, we are getting new accelerators and detectors!

~ RevModPhys.84.1307 5 o -

t1.2 | — precise interaction models and study phenomena.

o

g 1

c Example: the oscillation of the v_in long-baseline experiments with
w08 detectors with Ar40.

506

30.4 Given their resolution could provide higher statistics than previous
§0 5 experiments (OPERA/DONUT) but also:

o0.

"0 100 More statistics — accurate insights for v — v_ oscillation and these

results could be used as proof of the properties of neutrinos and

their interactions.
Nuclear models

rely on different Canv_ give vs accese to a better underctanding of some procecses?
approximations, v

which are valid in Medium Range

specific kinematics Short Range Meson exchange current, transverse Long Range
and for speciﬁc Fermi Gas, Spectral enhancement model Shell Model,

Functions, Bodek-Ritchie  gep <, RPA, EFT
process. rail to RFG, etc o ‘

. @
Q/ :; a by Cheryl Patrick 4_&.
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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.

a_2002 by Siegfried Bethke
(MPI of Physics, Munich,
Germany)

arXiv:hep-ex/0211012
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We can use

Deep (Q%>>M?) Inelastic (W? >> M?) Scattering
to probe the structure of hadrons.

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

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.

Bodek-Yang model aims for describing DIS
cross section in all Q*regions
arXiv:hep-ex/0308007
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https://arxiv.org/abs/hep-ex/0211012
https://arxiv.org/abs/hep-ex/0308007

Cross Section for NuTau: v/v_(k) + N(p) — z/z (K)

For the DIS the expression for the CC differential cross section is:

d?ov® G32ME, . m2y m2 Mz
dedy  n(1+ Q?/M3)? ((y T+ op) T {(1 ~ g2 0 2E,,)] P
y, mly m3(m? + Q*) m7
= {xy(l 2) 4EVM] B+ —imary D \gm))

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

Structure Functions:

2xF, =F,
xF, =F,
xF, =F,

F, =0also holds when the nucleon
target is replaced by a lepton target.
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Suppressed for v, O

The tau mass corrections to F,F, and F,

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.

w? =

Q2

z = Q/2p-q=Q*/2Myv

_q2 - —(k—kl)2 ,

(p+q)2=M12v+2MN1/—Q2,
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https://www.sciencedirect.com/science/article/pii/0550321375903181
https://www.sciencedirect.com/science/article/pii/0550321375903181
http://www-sk.icrr.u-tokyo.ac.jp/sk/_pdf/articles/PhysRevD.98.052006.pdf

A look to the CC - v and CC-v” Cross Section with and without DIS Cuts m.u.reno - PhysrevD.74.033001

d2gv @) _ G%2MyE, (ot m2y )FWi
dz dy (1+Q2/1\43V)2 2B, My
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~Q F
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Reasons of the deficit in CC v,

AE2MZx

- Reduce phase space: integration limits (x,y).

- F, contribution: independent of x and minus sign.
Also:

F,~F,~q(x, Q%)

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

With cuts, W . and Q° cuts agree to
within 3% for E > 20 GeV

The ratios vr/ v, &T’T/ v are
insensitive to DIS cuts

There is a deficit for CC-v

OV, N)/(’cc(V N)</ Even att 10° GeV the ratic is

below 1.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001
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In short, we want to check V_ crose-cections in the DIS regime and due its
relevance, we chooce to conduct thoce stuvdies in /quo
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https://arxiv.org/pdf/1504.04956.pdf

GENIE 3.0.6
CC-NuTau Cross
Section

GENIE 3.0.6
CC- Anti NuTau
Cross-Section
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CC-v_TRUTH Level studies show that indeed, when DIS cuts are applied and F_ =0 we can extract new information

from the lepton cross section.

GENIE 3.0.6 NuTau
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Can we reconstruct kinematic variab/er?.

Can we have a minimum recolution to get a

erose cection?
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P(Ell;eca |E1t;rue)

Tau Neutrino Interactions

Branching ratio’
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W~

P.Machado, JTurner. H. r Schulz
arXiv:2007.00015

‘ Decay mode

Leptonic 35.2%
7 17.8%
T 77 17.4%
Hadronic 64.8%
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(]

Ch : '
allenge: V_reconstruction

and the background rejection
from NC.

Vi Vi

NC-v1r
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016004
https://arxiv.org/pdf/2007.00015.pdf

Rho Channel: 7 — v_g°
T T/ -
JJT
e Select Rho candidates
e Use a BDT (Boosted Decision Tree)
classifier to separate the NC-v_ from CC-v_

0

Background & Signal Separation

Based on the BDT work by Miriama Rajaoalisoa, see also Thomas Kosc talk
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722 Background

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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Transverse hadron momentum [Gev]
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Signal CC: 7 — v _p’

Signal NC: p — z'z°
CC-v

T
BR - 255%

Background - False Rho:

Vi Vi Any z7*z° couple
created out of the
hadronic z- decay,

i.e not a True Rho.
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U/O-flow (S, B): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: rho energy
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COMMENTS

In general:

e NuTau physics is challenging but everything that we could
learn from it would be productive & worthwhile.

In specific:

e Signal and background separation over the transverse
kinematic variables is acceptable.

® There is room to test other reconstruction tools different than
the BDT score.

e Coming soon: kinematic variables reconstruction.

Barbara Yaeggy i l(t-[ l(JEilvle\rlsglolf\lNATl
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Milky Way and Volcan de Fuego , Guatemala
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Leptonic channels

* Missing transverse momentum P?"SS.

« Angle between the transverse hadronic system momentum and transverse lepton (tau visible product) momentum
@in-

* Angle between the missing transverse momentum and transverse lepton (tau visible product) momentum ¢,,,;.

» Lepton transverse momentum P’..

« Hadronic system transverse mometum P’%.

+ Lepton (tau visible product) energy E;.

+ Total visible energy EV!S .

« Transverse mass M .

« Angle between the neutrino direction and missing transverse momentum 6,,,,,.

« Angle between the neutrino direction and the hadronic system 6.

* Angle between the neutrino direction and the lepton (tau visible product) 6 ,,;.

+ Ratio between the hadronic system and the total visible energy.

« Component of the lepton (tau visible product) momentum perpendicular tot the total visible momentum.
« Ratio of the transverse lepton (tau visible product) momentum and the missing transverse momentum.

09/29/21 Miriama Rajaoalisoa | Search for anomalous tau neutrino in the DUNE Near Detector l((-[' H‘ﬁsgﬁ\m ATI
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Rho classification

« Energy of the 1%/ r* couple.

« Energy of the *.

* Invariant mass of the pion.

« Invariant mass of the °.

EX

K X
Enz +E*,
7

* Pion energy sharing rX =

- Distance invariant mass and mass d = \/(Mgg") — myo)2+ (MS™ — mp)2.

« Angle between the r* and °.
« 11* momentum.
« 19 momentum.

Rho channel vs NC classification

+ All previous variables including those used for the leptonic channels.
« Minimum angle between the tau visible daughter and the hadronic system.
+ Ratio between the transverse size of the hadronic system and the full event.

09/29/21 Miriama Rajaoalisoa | Search for anomalous tau neutrino in the DUNE Near Detector

(@
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Input variable: Pion pizero system energy
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Input variable: Angle between pi and pizero
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Input variable: Lepton hadron angle
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Input variable: Missing pt and lepton angle

Input variable: qtauvisible
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Input variable: Minimum opening angle tau visible daughter and hadrons
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U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: Angle between neutrino and total visible momentum
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