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UNIQUE 
BEAM LINE

• hadrons (p, pi, …) 
13 – 400 GeV/c 

• ions (Be, Ar, Pb …)
13 – 150A GeV/c

primary and secondary beams

JINST 9:06005 



LARGE ACCEPTANCE DETECTOR
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• Fixed target experiment 
• Large forward acceptance
• High tracking efficiency
• Good particle identification

2018 detector’s setup



LARGE ACCEPTANCE DETECTOR
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• Fixed target experiment 
• Large forward acceptance
• High tracking efficiency
• Good particle identification

Eur.Phys.J. C74 (2014) no.3, 2794



LARGE ACCEPTANCE DETECTOR
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• Fixed target experiment 
• Large forward acceptance
• High tracking efficiency
• Good particle identification

σ ToF ≈ 100ps	
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PHYSICS OUTLINE

• Strong interactions 

• Measurements for cosmic rays physics 

• Measurements for neutrino experiments 
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STRONG INTERACTIONS 
Search for the critical point

09.10.2020 ICPPA 2020 7

2018: energy and system size
scan program is completed

What is next?

The data is being 
analyzed. 
No signal of the 
critical point so far.

2020: 20 years after QGP discovery announcement by CERN
https://indico.cern.ch/event/933483/



CHARM PHYSICS (2021-2024)
• What is the mechanism of open charm and 𝐽/𝜓 production? 

• How does the onset of deconfinement impact open charm production? 

• How does the formation of quark gluon plasma impact 𝐽/𝜓 production?

To answer these questions < 𝑐𝑐̅ > produced in A+A collisions has to be known. 
Up to now corresponding experimental data does not exist and only NA61/SHINE can perform it in the near future.

09.10.2020 ICPPA 2020 8

• Charm yield as a signal of deconfiniment

central PbPb 17A GeV



UPGRADE 2020
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Detector configuration for Pb+Pb 2020+

HSD, N of measured 

Heavy ions – future measurements 

See S.Morozov’s talk on Wednesday  

Universe 2019, 5, 24; doi:10.3390/universe5010024
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NA49

Be+Be point is shown
without systematic uncertainties

• Unobvious system size dependence
• A clear difference between behavior of 

Be+Be and Ar+Sc, Ar+Sc and Pb+Pb   

Ions in 2026-2029*
A Possible candidate

~ 5 4He
~ 15 16O (test in 2023!)
~ 30 30P
~ 40 40Ca

*proposal after LS3

pp:	Phys.Rev.C 102	(2020)	1,	011901	
Be+Be:	arXiv:2010.01864
Ar+Sc:	preliminary

DOI: 10.22323/1.311.0050



MEASUREMENTS FOR COSMIC RAYS
PHYSICS 

Current programs:   

• Hadron production measurements to improve air-shower model predictions
for example: Eur.Phys.J.C 77 (2017) 9, 626

• Studying the (anti-)proton and (anti-)deuteron production to reduce background 
uncertainties for the AMS and GAPS experiments
for example: Phys. Rev. D 98, 023012 2018, Phys. Rev. D 102, 063004 (2020), JCAP 08 (2020) 035

Future (2021-2023) 

• Nuclear fragmentation cross sections to understand cosmic-ray flux 
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Cosmic-ray nuclei: 
• Primary (p, He, C, N, O, Fe)  
← supernova remnants 

• Secondary (e+, p ̄, d, Li, Be, B) 
← primary + interstellar p & d
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Studding the ratios (e.g. B/C)

characteristics of propagation of cosmic rays
• effective diffusion coefficient 
• column depth of material 
• time CR spend in the Galaxy before escaping

Propagation model 

Secondary cosmic-ray antimatter flux

Search for dark matter annihilation 

DARK MATTER SEARCH



COSMIC RAYS
FUTURE MEASUREMENTS 
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Current predicted secondary cosmic-ray 
antimatter flux (~10 GeV) has uncertainty ~ 20%

Planned data
(2021)

X+Li, Be, B, C, N

A. Reinert and M. W. Winkler
arXiv:1712.00002 [astro-ph.HE]. 

With our measurements
we expect to reduce it to ~1%
CERN SPSC-P-330-ADD-10 



UNDERSTANDING NEUTRINO FLUX
PRODUCED IN NEUTRINO BEAMLINES
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HOW TO PRODUCE A NEUTRINO FLUX

09.10.2020 ICPPA 2020 15

Hadron production is a complex process:
• Secondary interactions in the target 

(hadrons + C/Be) 
• Secondary interactions with horn or 

beamline materials (hadrons + X)
• Neutral hadron decay 

(p + C / Be —> V0 + X)

© T2K collaboration 



WHY TO MEASURE?
Hadron production is the leading uncertainty source of flux predictions 
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T2K: Phys. Rev. D87, 012001 (2013)

We rely on hadronic interaction models for the neutrino 
flux predictions FLUKA (J-PARC/T2K), Geant4 
FTFP_BERT (NuMI experiments)

However, hadron production prediction is difficult…
e.g. five interaction models in Geant 4 —> variations 
neutrino flux prediction ~40% at the focusing peak

Need to constrain neutrino flux uncertainty coming from 
hadron production

Leonidas Aliaga (Ph.D Thesis, 2016)



STRATEGY
Thin target: a few % of nuclear interaction length (λ) 
to study single interactions
• Total cross sections (inelastic and production cross sections)
• Measurement of differential cross section

Replica (thick) target: same geometry and material 
as real neutrino beamline
• Measurement of differential particle yields
• Measurements of total production cross section
via beam attenuation in the target
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NuMI replica graphite target
(120 cm, 2.5 λ)

T2K replica graphite target
(90 cm, 1.9 λ)

Thin graphite target
(1.5 cm, 3.1% of λ) 



DATA TAKINGS 
Collected data:

Measurements for T2K (2007-2010):
with proton beam at 30 GeV 

Measurements for Fermilab (2015-2018): with 
various beam types and energies 
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Future plans (2021-2023): 

Thin Target

•  Uncovered materials 
—> With various nuclear targets (Al, Fe, Ti, Water, etc...) 
• Uncovered phase-space 
—> T2K/Hyper-K: low momentum (1-5 GeV/c) hadrons
—> DUNE: and re-interactions (30-60 GeV/c) 
• Improved precision
—> More statistics to reduce statistical uncertainty 

Replica Target

• New replica targets 
—> Hyper-K and DUNE targets are under development
• Improved precision
—> More statistics for T2K and NuMI replica target data
—> Target tracking detector will be necessary 

Review of our neutrino program: 
USNA61 https://npc.fnal.gov/2019-2020-season/



(VERY) LOW-ENERGY BEAMLINE 
We are designing a new low-E beamline at CERN SPS H2-beamline
 Low-Energy = 1-13 GeV/c —> the lowest momentum achievable now is 13 GeV/c  
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T2K / Hyper-K 
• Measurements of unconstrained 

interactions 
• pion beam: 1-6 GeV
• proton beam: > 4 GeV
• kaon beam: 1-10 GeV 

Atmospheric neutrinos 
• Measurements to improve flux predictions

• DUNE; Super-K; Hyper-K 
Muon-to-electron conversion 
• Measurements to understand hadron production on target

• Mu2e (FNAL); COMET (J-PARC) 

JSNS2 (J-PARC E56) experiment
(sterile neutrino)
• proton 3 GeV on mercury target

No data exist —> Hard to predict BG 

Possible physics cases:

Shot BaseLine Neutrino@Fermilab:
• proton 8 GeV on beryllium target

• SBND 
• MicroBoone
• ICERUS 



CONCLUSIONS
Due to the unique detector and the beam line the NA61/SHINE collaboration has a 
diverse physics program and plans: 

• < 𝑐𝑐̅ > in Pb+Pb at 30 and 150A GeV/c – 2021-23
• Nuclear fragmentation cross sections for cosmic-ray flux – 2021-22
• Hadron production for current and future neutrino experiments – 2009-…
• Intermediate and light nuclei collisions – 2026-29 

If you have any other projects in mind which can be accomplished in a frame of our 
setup, you are welcome to share it with us and we may collaborate. 
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THANK YOU
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We are welcome new ideas
and collaborators

a.seryakov@cern.ch
https://shine.web.cern.ch/



BACKUP
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FTPC

09.10.2020 ICPPA 2020 25



SEARCH FOR THE CRITICAL POINT 
AT CERN

NA61/SHINE experiment: 
Energy and system size scan 
program

24.08.2020 CENTRALITY AND FLOW WORKSHOP

Becattini, Manninen, Gaździcki 
Phys. Rev. C 73, 044905 (2006) 
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Aleksandra Snoch, Master thesis, 2018 https://edms.cern.ch/document/2067629/1  


