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NAG61 Physics Program - a) Heavy lons
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NAG61 Physics Program - b) Hadro-Production
Measurements for Neutrino Experiments

v-beams for long-baseline neutrino oscillation experiments
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NAG61 Physics Program - ¢c) Hadro-Production
Measurements for Air Shower Experiments

Auger:
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(incomplete) list of air shower puzzles:

muon number (HiRes/MIA)

muon number (Auger)

energy scale (Auger, TA)

muon production height (Auger)
rise-time asymmetry (Auger)

muon attenuation (KASCADE-Grande)



Muons in UHE Air Showers

energy of last interaction before decay to u
air shower — hadron + air — /K + X
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Muons in UHE Air Showers

energy of last interaction before decay to u
air shower — hadron + air — /K + X
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Muons in UHE Air Showers
number of muons depends on energy fraction of produced hadrons
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NAG61/SHINE Experiment at SPS

11~ +C interaction at 158 GeV/c

Beam

Target
Super-conduction
magnets

Time Projection
Chambers

e Time of Flight
Projectile —  Detectors
Spectator
Detector

= large acceptance ~ 50% at pr < 2.5GeV/c
= momentum resolution: o(p)/p? ~ 10~4(GeV/c)~!
= tracking efficiency: > 95%



Particle Identification

energy deposit in TPC: time of flight:
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Particle Identification
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NA61 Hadron Production Data (Hadron-Nucleus)

(anti-)baryon energy fraction

dN,/d(In E)
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NAG61 Hadron Production Data (Hadron-Nucleus)

(anti-)baryon energy fraction

dN,/d(In E)
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NA61 Hadron Production Data (Hadron-Nucleus)
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NA61 Hadron Production Data (Hadron-Nucleus)
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Cross Section Measurements with NA61
Schematic of Beam Line:

1 : scintillator (coinc.) ’ W
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Cross Section Measurements with NA61

production cross sections:
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p+C at 31 GeV/c
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Inclusive TI* spectra in p+C at 31 GeV/c

p+C —>T[+ +X: NA61/SHINE, Phys. Rev. C84 (2011) 034604
FLUKA2008.3b UrQMD1.3.1 Gheisha2002

10°

1*E

[+-o020mraa  ->-2040mead [+o020mraa  -o-2040mrad

|-+ s060mrad  -s-60-100mrad |

|- 4060mrad -5 60-100 mrad |=-4060mrad -5~ 60-100 mrad

|+~ 100-140 mrad ~+-140-180 mrad| |+~ 100-140 mrad ~+-140-180 mr

data vs. original model

do/(dp dQ) [mb/(GeV/c-sr)]
do/(dp dQ) [mb/(GeV/c-sr)]
do/(dp dQ) [mb/(GeV/csr)]

|+ 100-140 mrad - 140-180 mrad|
|-+~ 180-240 mrad o~ 240-300 mrac|

| 300-360 mred - 360420 mrac|

1 10
p [GeV/c]

10
p [GeV/c]

14



Inclusive TI* spectra in p+C at 31 GeV/c
p+C -1t +X:

data vs. original model

re-tuned model
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Strange Particle Production in p+C at 31 GeV/c

dE/dx-ToF fit:
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= unique extensive data set

= six identified particles

= five beam energies
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Inclusive TT* Spectra in T~ +C Interactions (prel.)
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Inclusive TT* Spectra in T~ +C Interactions (prel.)
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Inclusive TT* Spectra in T~ +C Interactions (prel.)
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NA22 p° Data (Tt +C at 250 GeV/c)
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NA22 p° Data (T++C at 250 GeV/c)

fitting NA22 with Sibyll:

Sibyll2.1 Sibyll2.3rc4b

cross section (mb)
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F. Riehn et al, ICRC15
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Sibyll2.3rc4b + mod. 7°
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NA22 p° Data (T++C at 250 GeV/c)

effect on muons in air showers:
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Combinations / 0.08 GeV/c*

NA61: p° Production in T~ +C Interactions (prel.)
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Combinations / 0.08 GeV/c*

NA61: p° Production in T~ +C Interactions (prel.)
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NA61: p° Production in T~ +C Interactions (prel.)
NA22-tune of Sibyll fits 0° data from NA61 well:
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NA61: p° Production in T~ +C Interactions (prel.)
NA22-tune of Sibyll fits 0° data from NA61 well:

... but produces too many 11*:
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Summary and Outlook

= NA61/SHINE: unique facility to study hadronic interactions
relevant for air shower physics

* p-p energy scan — reference data set

= p-C at 31 GeV/c — FLUKA ok

= 1-C at 158 and 350 GeV/c
— m* deficit at high pr (all models)
— too few p%s in models

= 2015: p-C and m-C at 60 and 120 GeV/c
= 2016: data takina with new forward TPCs
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