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Neutrinos at the Forward Physics Facility

p-p collision at

Emulsion-based Magnetic
neutrino detector  spectrometer

Neutrinos
-----------------{%— -------- FASERV m
Q

LHC magnets ﬁ
100 m of roc N
480 M B
=

| FLARE10
107 ; T v+
Ve + Uy
c 1 | LI L deertmterik | N
2 LT LAr .
= 10%: o ey
o/ LT T MilliQan-like/ ™
= ] !
§ 10° i |
2 I |
3 -
© 102 [
g uj |
=
1 ,, B ¢ |ntense, strongly collimated beam of highly energetic
e s neutrinos of all three flavors in the far-forward region
10 102 103 10*

NELttiHG Eferiy [GEV] around the beam collision axis. e



Neutrinos at the Forward Physics Facility

" First neutrino interaction candidates at FASERv
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Neutrinos Cross Sections at FPF: Total Cross Section

B CC total cross sections at FASERv
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Neutrinos Cross Sections Opportunities at FPF

¢ |s there a potential to build a detailed neutrino-nucleon/nucleus cross section
program at FPF to maximize the physics potential of the FPF in the HL-LHC era.

e [f yes, what are the outstanding questions that can be tackled?
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Neutrino Cross Sections Across Energies

Quasi Elastic Dip-region Resonance Deep Inelastic
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Neutrinos Cross Sections Opportunities at FPF
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e Neutrino cross sections are poorly known, no unified theoretical

Addressing the cosmic ray muon excess by probing a "fi...

description. Largest source of systematic uncertainty in accelerator Julien Manshanden
neutrino physics (MicroBooNE, DUNE, T2K, etc.).
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Neutrinos Cross Sections Opportunities at FPF

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.
Neither well studied theoretically nor are there experimental
measurements in the weak sector.

Nuclear/Hadronic Physics QCD
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Neutrinos Cross Sections Opportunities at FPF

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.

Neither well studied theoretically nor are there experimental
measurements in the weak sector.

e EXxpected events for CC Uy —40 Ay scattering in FLArE-10 during HL-LHC exposure.

e Expected O(1000) SIS events
(according to Pythia8).

e Detailed exclusive measurements of
hadron production, multiplicities,
angular and momentum distributions
are more informative.

e W>2 GeVand Q> 1 GeV?is
usually defined as DIS region

Plot by Felix Kling. Events generated using Pythia8.
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Neutrinos Cross Sections Opportunities at FPF

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.
Neither well studied theoretically nor are there experimental
measurements in the weak sector.

B Multi-dimensional Cross Sections: Measure differential cross section in leptonic and hadronic
kinematics. Differential cross-sections are more informative in
order to explore underlying nuclear/nucleonic physics.
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Neutrinos Cross Sections Opportunities at FPF

e EXxpected events for CC Uy —40 Ay scattering in FLArE-10 during HL-LHC exposure.

1 sIs all
[ 1 SIS Q%< 1GeV?
[ SIS Q2 > 1GeV?

~
o

)]
o

number of events [1/bin]
8 &

w
o

N
o

—T‘l

1.0 15 2.0 25 30 35 4.0
Neutrino energy logl0(E/GeV)

— sIs all
700 1 SISQ?<1GeV?
\ SIS Q2 > 1GeV?

(=]
o
o

&
<

&
<

N
o
o

number of events [1/bin]
8
o

100 -

0 2 4 6 8 10
Charged Track Multiplicity

140 -

120 1

100 1

80 1

60 1

20 1

120 1

100 1

80 1

60

20 1

— siIs all
1 SISQ?<1GeVv?
[ SIS Q2 > 1GeV?

‘ 1

L

00 05 10 15 20 25 30 35 40
Muon Energy log10(E/GeV)

— sisall
[ SISQ?<1GeV?
[ SISQ%> 1GeV?

N

0 T T T T T T — T T
-40 -35 -3.0 -25 -2.0 -15 -1.0 -0.5 0.0

Muon Angle log10(6/rad)

Plots by Felix Kling. Events generated using Pythia8.
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Neutrinos Cross Sections Opportunities at FPF

e EXxpected events for CC Uy —40 Ay scattering in FLArE-10 during HL-LHC exposure.

¢ Significant events across range of kinematics.

Plots by Felix Kling. Events generated using Pythia8.
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Neutrinos Cross Sections Opportunities at FPF

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.

Neither well studied theoretically nor are there experimental
measurements in the weak sector.

B Multi-dimensional Cross Sections: Measure differential cross section in leptonic and hadronic
kinematics. Differential cross-sections are more informative in

order to explore underlying nuclear/nucleonic physics.

" Test of Lepton Flavor Universality: Measure v, CC vs. v, CC vs. v, CC scatterings, different lepton
mass in the final state may affect CC cross sections.
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Neutrinos Cross Sections Opportunities at FPF

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.
Neither well studied theoretically nor are there experimental
measurements in the weak sector.

B Multi-dimensional Cross Sections: Measure differential cross section in leptonic and hadronic
kinematics. Differential cross-sections are more informative in
order to explore underlying nuclear/nucleonic physics.

® Test of Lepton Flavor Universality: Measure v/, CC vs. v, CC vs. v, CC scatterings, different lepton
mass in the final state may affect CC cross sections.

® Neutrino vs Antineutrino Scattering: In an isospin asymmetric nuclei (e.g. argon), neutrino and
antineutrino may behold different nuclear/nucleonic effects.
Need Magnetized detectors (e.g. magnetized LArTPC).

13/16



Neutrinos Cross Sections Opportunities at FPF

e EXxpected events for CC U, —40 Ay scattering in FLArE-10 during HL-LHC exposure.

20000 -
£
o]
=
@ 15000 1
L
>
Q
Y—
© 10000 -
[
Q
Q9
=
=
S 5000

o T T T T T T T

1.0 1.5 2.0 2.5 3.0 3.5 4.0
Neutrino energy logl0(E/GeV)
35000 1 all
0 1071<B(u) <1
_ 1072 <6(u) <107
£ 30000 1 10-3 <6(u) <1072
—
— 25000
2
c
Y 20000 - _‘
Q
15000 1
£ ]
€ 10000
c
5000 - ‘ =
ol—= = o :
-1 0 1 2 3 4
Momentum Transfer log10(g%/GeV?)

e Distributions in different muon scattering angular bins
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Plots by Felix Kling. Events generated using Pythia8.
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Neutrinos Cross Sections Opportunities at FPF

e EXxpected events for CC U, —40 Ay scattering in FLArE-10 during HL-LHC exposure.
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e Distributions in different muon scattering angular bins: v, vs v
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Plots by Felix Kling. Events generated using Pythia8.
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Summary

<4 Forward Physics Facility provides a unique opportunity to develop a detailed neutrino-nucleus/nucleon
program that covers a broad range of kinematic. Such a program greatly enhances and compliments
the overall physics potential of the FPF in the HL-LHC era.

m SIS-DIS Region/Quark-Hadron Duality: transition from interactions described in terms of hadronic
degrees of freedom to quarks and gluons degrees of freedom.
Neither well studied theoretically nor are there experimental
measurements in the weak sector.

m Multi-dimensional Cross Sections: Measure differential cross section in leptonic and hadronic
kinematics. Differential cross-sections are more informative in
order to explore underlying nuclear/nucleonic physics.

= Test of Lepton Flavor Universality: Measure v, CC vs. v, CC vs. v, CC scatterings, different lepton
mass in the final state may affect CC cross sections.

m Neutrino vs Antineutrino Scattering: In an isospin asymmetric nuclei (e.g. argon), neutrino and
antineutrino may behold different nuclear/nucleonic effects.
Need Magnetized detectors (e.g. magnetized LArTPC).
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