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* Current conventional neutrino beams produced by:
— Intense proton beam hits target
— Pions and kaons produced
— Charged mesons focused with magnetic horns

— Mesons decay to charged leptons and neutrinos
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Physics process:

- - Cross section — mean free path

— Particles produced

— Kinematics
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Measure inputs to “physics process”

Thin target

Proton on Carbon, etc.

Inelastic and production cross
sections

Differential production yields
Tune e.g. GEANT models

Replica target

— Proton on e.g. replica NuMI

— Differential production yields for

target

each species

— Directly predict particle rates

from target

p, ", K*-

Figure:

Yoshikazu Nagai



SPS Heavy lon
and Neutrino
Experiment

Detector:
magnetized
tracking
spectrometer

Beam:

— Protons from
CERN SPS

- Pions, kaons,
etc.

- Energy: 20-
400 GeV/c

-13m

Vertex magnets

)l_wé1 ?;*CP )%Po/z
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* Targets:

-.l .....................

— Thin targets: carbon, Al, Be,

etc.

- Thick target: T2K, NuMI, DUNE ©
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* CERN'’s North Area = Prevessin site
 Same building as ProtoDUNEs and
just upstream
* Offices in same building as old
ProtoDUNE-SP offices
4

JINST 9 (2014) P0O6005

iNG




Home > The European Physical Journal C > Article
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interacting matter in #40Ar + #3Sc collisions
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NAG61/SHINE’s other
main topic is heavy
lon physics

Also great at
measuring hadron
production for
neutrino and cosmic
ray physics

Very important to
support this
collaboration for
beam modeling!
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First application of NA61
data to a neutrino
experiment

Dedicated simulation
tuning to NAG1 data

Two iterations:

— Thin target data:
tune physics
processes

— “Long target”: tune
outgoing hadron
multiplicity to replica
target data
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* Package to Predict the FluX predicts neutrino flux given:
— Protons
— Horn geometry
— GEANT cross section models: NA61 improves this!

* NA61 measurements translated to NOVA results
through PPFX 10
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e p+tC@120 GeV/c
- Charged: p, pi, and K Phys.Rev.D 108 (2023) 072013
— Neutral: KOs and lambdas Phys.Rev.D 107 (2023) 7, 072004

e p+tT2K@31 GeV/c
- Charged p, pi, K, neutral K, and lambdas Eur.Phys.J.C 76 (2016) 2, 84

— Differential Pi+/- yields Eur.Phys.J.C 76 (2016) 11, 617
- Charged p, pi, and K Eur.Phys.J.C 79 (2019) 2, 100

* p+C@31 GeVic
- K+: Phys.Rev.C 85 (2012) 035210
— Neutral KOs and lambdas Phys.Rev.C 89 (2014) 2, 025205
— Production cross section and differential yields for p, pi, K, K° and lambdas Phys.Rev.D
103 (2021) 1, 012006

* Piand K on thin target

— CandAl at 60 GeV/c and 31 GeV/c: Phys.Rev.D 98 (2018) 5, 052001
- Cand Be at 60 GeV/c: Phys.Rev.D 100 (2019) 11, 112004

* Protons on thin target

- Production and inelastic cross sections on C, Be, Al at 60 GeV/c and 120 GeV/c: 12
Phys.Rev.D 100 (2019) 11, 112001
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* p+C@120 GeV/c
— Thin target cross sections

— Charged: pi, p, and K

Measurements of t*, 1, p, p, K* and K™ production in 120 GeV/c p + C interactions
NAG61/SHINE Collaboration « H. Adhikary (Jan Kochanowski U.) et al.

e-Print: 2306.02961 [hep-ex]

DOI: 10.1103/PhysRevD.108.072013 (publication)

Published in: Phys.Rev.D 108 (2023), 072013

- Neutral: K° and lambdas

Measurements of K°, A, and A production in 120 GeV/c p+C interactions

NAG61/SHINE Collaboration « H. Adhikary (Jan Kochanowski U., Kielce (main)) et al.
e-Print: 2211.00183 [hep-ex]

DOI: 10.1103/PhysRevD.107.072004 (publication)

Published in: Phys.Rev.D 107 (2023) 7, 072004

* p+C@90 GeV/c
- Charged pi, p, and K; neutral K° and lambdas

Publication in preparation

13


mailto:p+C@120
mailto:p+C@90

B Combined Measurement
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« Phys.Rev.D 108 (2023), 072013
* ', protons, K*, and antiprotons on carbon at 120 GeV/c

e 20x statistics in new 2023 data
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Original: beam hole in
experiment for heavy ion
physics

Fﬁ1
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New forward-phase-space

TPCs for NuMI data

ToF-R
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® Combined Measurement
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o KOS and lambdas on carbon at 120 GeV/c
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* Different models agree in different regions of phase space
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0 vs |p| (All Cuts)

NA61 Work in Progress
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Above: K° phase space coverage

energies below beam energy

* |mportant to measure intermediate energies to test scaling

60

Secondary interactions in target system lead to hadrons of all
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Charged and neutral multiplicities

Fills in gaps between T2K and NuMI
energies for e.g. secondary proton
scattering inside NuM| target 18
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P+C@60 GeV/c

— Charged

— Neutral
P+NOVA@120 GeV/c
— Charged

— Neutral

p+DUNE@120/c GeV: Summer 2024

Lower energy beam

19
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“Long target” analysis for NuMI
experiments

120 GeV/c protons on spare NuM|
target

Data collected in 2018

Planning separate charged and neutral

particle papers
Currently calibrating

20



Graphite segments

Carbon
fibre tubes

* DUNE prototype target coming to NA61 in 2024
e Same measurements as NuMI

— Particle multiplicity

— 120 GeV/c protons
21



H2 VLE BEAM

t Rail system

High-Energy
Configuration

* Goal: extend beam coverage down from 20 GeV/c to 2 GeV/c

* Qutcome:
— Hadron production measurements for BNB
— Atmospheric neutrinos at SuperK
— Additional hadron production measurements for T2K and HyperK

— Hadron production for DUNE second oscillation maximum

22

* New collaborators welcome
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 Phys.Rev.D 107 (2023) 7, 072004
e KOS and lambdas on carbon at 120 GeV/c
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