The Cosmic-Ray Program of the NA61/SHINE Facility

M. Unger (KIT) for the NA61/SHINE Collaboration
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ToF and dE/dx, Fragmentation run Dec 2018
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Time Projection
Chamber:

Time of Flight

Projectile Detectors
Spectator

Detector

e large acceptance = 50% at pr < 2.5GeV/c
e momentum resolution: o(p)/p? ~ 10~*(GeV/c)~"
e tracking efficiency: > 95%, pid with dE/dx and ToF




The Cosmic-Ray Program of the NA61/SHINE Facility

e Particle Production in Air Showers

e p+C Interactions
(31,60, 90 120 GeV/c)

e 7+C Interactions
(30, 60, 158, 350 GeV/c)

e Galactic Cosmic Rays
e d,d and p Production
(p+p at 20, 31, 40, 80, 158, 400 GeV/c)

e Nuclear Fragmentation
(C+C, C+CH. at 13.5 AGeV/c)

PRC 84 (2011) 034604, PRC 85 (2012) 035210, PRC 89 (2014) 025205, EPJ C74 (2014) 2794, EPJ C76 (2016) 84, EPJ C76 (2016) 198, EPJ C77 (2017) 671
EPJ C77 (2017) 626, PRD 98 (2018) 052001
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The Cosmic-Ray Program of the NA61/SHINE Facility

e Particle Production in Air Showers
e p+C Interactions
(31,60,90 120 GeV/(r)

e 7m+C Interactions + this talk
(30, 60, 158, 350 GeV/c)

e Galactic Cosmic Rays
e d,d and p Production
(p+p at 20, 31, 40, 80, 158, 400 GeV/c)

e Nuclear Fragmentation + this talk
(C+C, C+CH. at 13.5 AGeV/c)

PRC 84 (2011) 034604, PRC 85 (2012) 035210, PRC 89 (2014) 025205, EPJ C74 (2014) 2794, EPJ C76 (2016) 84, EPJ C76 (2016) 198, EPJ C77 (2017) 671
EPJ C77 (2017) 626, PRD 98 (2018) 052001
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Muons in UHE Air Showers

, 2/3 By ~ 0.67 B, energy fraction per interaction
° f ~
e (1—f)~(1/3—A)ton°

e aftern generations: f = (2/3+ A)"

(2/3 + A) to h*, baryons

~ (2/3)" (1 —|—3/2nA)J




Pion Production in 7 -C at 158 GeV/c (“the 2/3")
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R. Prado for the NA61/SHINE Collaboration, ISVHECRI 2018, arXiv:1810.00642

® pr-integrated spectra
d7n

dpdp = fr * Pbeam

® area under curves: ﬁ/p
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p" and p Production in #—-C at 158 GeV/c (“the A"*)
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e forward p° can replace 7° — v~
e pis proxy for baryon production (p, p, n, N)

*and A, A, KT, Kg
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p" and p Production in #—-C at 158 GeV/c (“the A"*)

energy fraction of p° and p:
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*and A, A, KT, Kg

7/14



The Cosmic-Ray Program of the NA61/SHINE Facility

e Galactic Cosmic Rays
e d,d and p Production
(p+p at 20, 31, 40, 80, 158, 400 GeV/c)

e Nuclear Fragmentation + this talk
(C+C, C+CH> at 13.5 GeV/c/nucleon)

PRC 84 (2011) 034604, PRC 85 (2012) 035210, PRC 89 (2014) 025205, EPJ C74 (2014) 2794, EPJ C76 (2016) 84, EPJ C76 (2016) 198, EPJ C77 (2017) 671
EPJ C77 (2017) 626, PRD 98 (2018) 052001
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Particle Production in the Galaxy

e CR-grammage X (“target thickness”) from secondary nuclei, e.g.
(1 = e_X/)‘prod) e_X/)\B

B/C) ~
( / ) e_X/)‘prod
_mp . (SUxaEeeeEEN -
Aprod = Upr:d =mp ( S, > 5 =G, N; O ...
e X < A\xpB and X « AB
6 ol gl
Oprod

e prediction for e.g. anti-protons (X < App):

(p/p) ~ X /App = (B/C) _Ovp_

Oprod

e relative uncertainty 6x = 6(X)/X

5 +05 ..~ 0032 +0.2° +0.2?

2 2
o/p ~ OB/c) +0

Opp
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Uncertainties of Fragmentation Cross Sections
Example: '2C+p—B (including *1C)

adapted from Reinert&Wwinkler, arXiv:1712.00002
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asymptotic 2C—B cross section:
61.0 mb (WSKRO03) (68.64+2.6) mb (RW17a), (75.84+ 4.2) mb (RW17b)
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NA61/SHINE Pilot Run on Fragmentation, Dec 2018

SPS beam-fragment identification

reaction-fragment identification
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e 2.5 days data taking at 13.5 AGeV/c
e events after upstream *2C selection:

® 1.7 x 10° CHy-target
® 1.5 x 10° C-target
® 0.4 x 10° empty-target
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Preliminary Result on Direct” 1°B +''B Production

entries
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o(C+p — B)=47.7 + 3.0 (stat.) & 2.3 (syst.) mb
*without “ghost nucleus” 1 C F. Sutter, Master Thesis KIT, Sept. 2019
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Preliminary Result on Direct '°B +''B Production
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Fit: Evoli+19, Data: Korejwo+02, Korejwo+99, Webber+98, Webber90, Olson+83, Fontes+77 1314



Summary and Outlook

e precise spectra of 7%, K*, p, p, p°, w,

K*9 K2, A, A in 7—+C interactions a

t

158 and 350 GeV/c for UHECR EAS

e first result from pilot run on nuclear

fragmentation for GCR
* NA61/SHINE plans for > 2021:

e TPCupgrade: increase readout

rate from 80 Hz to 1000 Hz
¢ high-statistics fragmentation

data, all channels relevant for

Li, Be, B, C, N GCRs

Awyi/yy evolution

Impact of new measurements (from left to right)

Error combination on f5c
Corr. (all)

Uncorr. frag + corr. proj (all)

Desired precision —= Uncorr. all)

Li

inside NA61 (Julien Ordan/CERN)

Genolini et al, PRC 98 (2018) 034611 14/14



