Nuclear Fragmentation Measurements with NA61/SHINE
Results and Prospects M. Unger (KIT) For the NA61/SHINE Collaboration
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Cosmic-Ray Related Measurements with NA61/SHINE

e Particle Production in Air Showers
e p+ClInteractions
(31, 60,90 120 GeV/c)
e 7+CInteractions
(30, 60, 158, 350 GeV/c)
e Galactic Cosmic Rays
e 5, d and d Production
(p+p at 20, 31, 40, 80, 158, 400 GeV/c)

e Nuclear Fragmentation wew
(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, PoS(ICRC2019)446
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XSCRC2017: Cross sections for Cosmic Rays @ CERN
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Addendum to the NA61/SHINE Proposal SPSC-P-330
Feasibility Study for the Measurement of
Nuclear Fragmentation Cross Sections with

NAG61/SHINE at the CERN SPS

The NA61/SHINE Collaboration

Oct 2017

Current status and desired accuracy of the isotopic production cross sections
relevant to astrophysics of cosmic rays 1. Li, Be, B, C, N

/
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Addendum to the NA61/SHINE Proposal SPSC-P-330

Study of Hadron-Nucleus and Nucleus-Nucleus Collisions
at the CERN SPS
Early Post-LS2 Measurements and Future Plans
The NA61/SHINE Collaboration and the CERN team
Mar 2018

’ New Results from the Cosmic-Ray Program of the
NAG61/SHINE facility at the CERN SPS
Aug 2019
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Nuclear Fragmentation with SPS and NA61/SHINE
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Nuclear Fragmentation with SPS and NA61/SHINE
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Nuclear Fragmentation with SPS and NA61/SHINE
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A precise (2% dp/p acceptance), robust, flexible magnetic spectrometer
EHN1 Building

~8m EARTH

1 Efthymiopoulos - CERN - EDMS No: 1165938
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Super-conduction
magnets

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




2018 Pilot Run on Nuclear Fragmentation

composition of secondary ion beam measured during data taking:
28 GV, dge = 300 mm
600 . S

400

200

At [ps]
entries

-200

-400

20
+/S1 ADC signal

e primary Pb beam on Be target, rigidity selection in H2 beam line

e special H2 beamline optics (simulation and operation by N.Charitonidis)

e three days of data taking at 27 GV

® 1.1 x 10° beam trigger on Z? = 36

o offline selection: 3.6 x 10° '2C beam particles

e 20k ("2C+CH,) and 17k (">C+'2C) interactions 1720



2018 Pilot Run on Nuclear Fragmentation
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12C Beam Selection ot
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Identification of Isotopes Produced in Target (MTPC)

(deflection wrt. beam)/cm
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Charge-Changing C+C & C+CH, Cross Section (preliminary)
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adapted from L. Shiver et al, Adv. Space Research 49 (2012) 812

F. Sutter, Masters Thesis KIT 2019
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Direct 1OB +11B Production (preliminary)

c(C+p—=""B+X)+o(?C+p—=''B+X) =
47.7 + 3.0 (stat.) & 2.3 (syst.) mb

80 o world B ¢ NAGB1/SHINE '°B +'B preliminary
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F. Sutter, Masters Thesis KIT 2019; NA61/SHINE PoS(ICRC2019)446, arXiv:1909.07136
Fit: Evoli+19, Data: Korejwo+02, Korejwo+99, Webber+98, Webber90, Olson+83, Fontes+77 16/20



Plans For Run3

Replacement of the TPC
read-out electronics

Construction of Vertex Detector (VD) to increase data rate to 1 kHz

for D°, DO decay reconstruction

~3m

m—pcr.

| i .
Target
BRI N

/ D

New trigger and data
acquisition system

Upgrade of Projectile
New Time—of—Fllght Spectator Detector
detectors
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Plans For Run3
Beam request for 24 days of secondary light ion beam at 13 A GeV/c

PRELIMINARY SCHEDULE OF IONS IN RUN 3
(SCHEDULE NOT APPROVED YET)

| 2022 | 2023 | = 2024 |
U @ o e e o ela @ o wlla o o @«la @ o e

Pb source& Pb Pb " No experimental
Linac3 beam program
commissioning approved to run

e el LHglgxr‘L’Jgne” ions in 2024 for the
eam commissioning moment
J OO and Op

SPS beam commissioning + slip stacking collisions

LHC PbPb collision LHC pPb collision

Difficulfies in RUN 3: Lo

« Strong competition with the proton commissioning = LHC Injector Upgrade = mghy new hardware
to be commissioned for the first time
« Strong competition with the ion commissioning towards LIU intensities = slip stacking in SPS is a priority

Reyes Fernandez, “lon beams in 2021-2024", open session, NA61 Collab Meeting September 2019




Plans For Run3

reaction Ninter AlZ
150 +H 250k 2
2C4+H 150k 2
160 4 He 100k 2
UN4+H 40k 2
1B + H 5k 2
HB+H 5k 2
12C 4+ He 5k 2
BC+H 5k 11/5
BN +H 5k 13/6
20Ne +H 5k 15/7
Mg + H 5k 2
2Si+H 5k 2
Li+H 5k 7/3

ST =0.6M

Genolini+2018
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e upgrade of detector

¢ planning of data taking
e optimization of trigger
® targets

data analysis

eptember 2019



