ThelHigh! Energyilfightiglisotope
= g e .
eXperiment programicigdiiect

cosmic-ray.studies

The Pennsylvania State University

Innovative Particle and Radiation Detectors

Siena
25-29 September, 2023



"

X | S. Coutu

i
HELIXSGOllaporation

bar
’1

k b .

_, ndia w - »

S.B. | ; sser, G. Visser

McGill Univer
D. Hanna, S. O’Brien

University of Michigan
N. Green, G. Tarlé

Northern Kentucky University
S. Nutter

Ohio State University
P. Allison, J. J. Beatty, D. Calderon, K. McBride

Pennsylvania State University
Y. Chen, S. Coutu, S. I. Mognet, M. Yu

2

Queen’s University
M. Baiocchi, N. Park



coutu

Cosmic Ray sources Nuclear collision in ISM 9Be is stable,

- Tycho's SNR. ~ Pulsar/PWN : _
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10Be vs 9Be isotopes By
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x? map for GALPROP
L: halo height -
Dox: diffusion coefficient

+ true model
";< best-fit model
Simet & Hooper [6], pre-AMS02 (36)

28.8 29
log10(D_0xx cm'zs)

But Isotope measurements are hard;

measure Z, R, fto find

P pc __ymve yBmc’ r Bmc’

Zel Ze 7 Ze /1_ﬂ2

Am 2 3 AR 2
m |

The problem:

For Am/m = 2.5%, need:
AR/IR ~ 1-2% AB/L~ 0.7%

M. Pato et al., JCAP 06, 022 (2010)
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“WMessyesolved BE isotopes

“ AGE/CRISISatelliter 1997 = present;
WMAX 1998 (instrument destroyed after balloon flight)...
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ISOMAX TOF Lorentz time dilation
ISOMAX CK halo sampled
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» 2021 surprise: AMS results — not mass resolved (Berlin ICRC);
* Also a 2021 result from PAMELA data.

HELIX: 7-14 day exposuﬁ?, 0.1 m?sr acceptance

- ky box (Strei & Stephens
V@ AMS02 2021-2022 8K e ooty
A ACE/CRIS satellite |

Bl ISOMAX balloon
# Projected HELIX

Diffusive halo with reacceleration

(2003))
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Be isotopes with
Amfm = 2.5%,
HELIX design

[ Am/m: 0.025 |

Be ‘Be

Mass(amu)

AMS Be isotopes are
not mass resolved
8.6 < E;,< 9.4 GeV/n

Temp; X ¢,
Tempy X ¢

Temp,o X ¢yo
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r" HELIX

HiIghrERergy: Light Isotope eXperiment
SWeden=@anadaballoon flight 2024

1T warm-bore superconducting magnet (HEAT)
with drift-chamber tracker;

Time-of-flight scintillators for trigger, Z and g up
to ~1 GeV/n s

RICH for g from 0.4-1 to 10 GeV/n Chamber

Tracker

10
Energy/nuc (GeV)

Pressurized Vessel
(1 atm)



At K/A = 1 GeV/n, 3=0.87

50.64+3.20
16.18 £ 0.01
0.173110.0073

Hamamatsu
S13360-6050VE

0.6x0.6 cm?

I - - | ey | ) b by
154 156 158 16 16.2 16.4 16.6 16.8 17
Time of Flight (ns)
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plclejplet

. HEATTagnet (Cryomagnetics), modified fo F‘ﬂight without pressure gondola;
- NbiitcoisaHEImheltziconfiguration; 91.7A, 1T central field, Al cryostat, 260L of LHe;
. suceesstullyFtestednnvacuum) hold time ~6 days;
planned Upgradesiorreventual Antarctic flights. <
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yr y *
F_I_rift-

Rigidity Resolution (AR/R)

er tracker

-

Multi=wire (20am: molectlioy), drift'gas CO, + Ar;
10 kﬁw shaping;

72:senselayersyiZabit ADEs @80 MSPS;
spatiall resolution P65 or Z>3;
loW-Z materlals@wln pressure vessel.

ngldl‘ly (GV)
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ul ocal Plane
64 Ch SiPM modules (6 mm pixel)
Thin Aluminum Plate

Readout via Cable
(Flexible Printed Circuit)

Aerogel

Scanning CCD Board

System Detection
System

(1000 x (n — 1))

10 12 14 16

10x10x1 cm3

32 aerogel tiles
from Chiba, n=1.15
E:, = 1 GeV/n

Thickness meas.: CMM
n meas.: 35 MeV e~ linac
+ interferometry = An/n ~ 1 x 104

Also 4 NaF tiles, n = 1.33, 6 ~ 41°

Es, = 0.45 GeV/n »



Hamamatsu
LVR2-SMP2-75um
64x(6x6 mm?2)

insensitiverterB ﬁ Jd, | erboard configuration for HELIX1 ($);
_,500 o resolution, <35 mW/channel;

 AB/B ~ 0.1% for 4/% >1GeV/n;
- 'e sensitivity =» use heat pipes (goal < 5C).

Summed out of ~12.6 k SiPMs (laser caljhration) , ,

[ 1 pe: 33.6 +89
[ 2 pe: 689 +92

3 pe: 1044

5 pe: 175.1
6 pe: 210.5
7 pe: 246.0
8 pe: 2814
9 pe: 316.8

11 pe: 388.0

12 pe: 4234
13 pe: 459.0
14 pe: 4945
15 pe: 530.1
16 pe: 565.5
[1117 pe: 601.6

+94
4 pe: 1398 +
+98

+10.0
+10.2
+104
+10.6
10 pe: 3524 +
+10.9
+112
+114
+11.5
+119
+11.7
+13.1

9.6

10.8
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10COSEOPE

Improyeitrackingin themon-bending view;

mountedNIghisaboVverRICH radiators;
. 1 mm)|sguare Samt=Eobain scintillating fibers; ‘
. same SIPM readolut asthelRICH;
optical'weavingieNminimize readout channel count.
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DCT bending-view track

_I.‘J’]iaeg rEJt]Of] _ » - al left/right ambiguity

Hough transform

U. Chicago
muon runs testest functionality
and optimize settings
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RICH ellipse
ring is a

track projection,
not a fit!
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NASA NeilllA. Armstrong Test Facility

USEU dS DASE C LO IC C




S. Coutu “ Thanks to

!
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CONGUSIONS o]

-

Direct SIS off cosmic-ray nuclei' nowyield high precision and new spectral features.

Secondany elementsianesstartingitorconstrain propagation. Need refined isotope
MeasuremEents; dcCeleratoiEhoss sections. Impact on secondary production, including
antimatter, '

"
HELIX on track to fly fromiKirtna, Sweden to Canada in 2024. Optimized to measure
10Be, 9Be between 0.2 and'3' GeV/n, ultimately: 10 GeV/n, with a mass resolution of 2-
3%; will also'be sensitive to other isotopes up to Ne (Z=10).
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150t opg t_Iae stience case

My propadationMIsteny 6ifcosmic rays);
- Energy evolutioniof /°Be ratio traces increasing regions of the Galaxy
(Lorentz tint ion); diskiat 0.3'GeV/n, halo at 10 GeV/n.

*C °c1 **Mn *°A1 '"Be '’Be(1GeV/n)

Z/A dependence of Galactic
region sampled by 0.3 GeV/n

clock isotopes; Be is ideal. % density profile

= along disk (kpc)




® AMS02 AMSO
PAMELA C2 V  PAMELA ToF
ISOMA ACE-CRIS

® IMP7&8

Preliminary data, refer to
upcoming AMS publication

Eqn [GeV/n]
L. Derome et al., Berlin ICRC (2021)

107"

6Li vs “Li

xifdof = 40.2/44 = 0.9

4

-« SHe/*He
i 2H/*He

= 1 1 1 1 1 1 |

4 5 6 7 8 9
R [GV]
J. Wei et al., Kingston TeVPA (2022)
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TABLE XI. Reactions and associated cross sections important for calculations of Be flux at 10 GeV /nucleon, sorted according to the
flux impact fupc, Eq. (4), until the cumulative of the flux impact >0.8 X fiec X Y fabe, With fiee = 100% and Y fupe = 1.14 (see Sec. IVB).
Reactions in bold highlight short-lived fragments (see Sec. IV A), whose properties are gathered in Table XV.

Many reactions to

Reactiona +b — ¢ Flux impact f. [%] o [mb] Data oo ta ke IntO account.
Min Mean Max range

(%0 + H — "Be) 17.0 17.6 19.0 10.0 v

o ("2C + H — "Be) 15.0 15.9 17.0 9.7 J 17 channels — 71.5% Be

5(2C + H - °Be) 8.80 9.27 9.80 6.8 J 46 channels — 13.4% Be

(0 + H — °Be) 5.00 5.34 5.60 3.7 J 207 channels — 6.1% Be

o("*0 + He — "Be) 2.70 2.87 3.00 14.7 532 channels — 1.8% Be

o(®Si+H — "Be) 2.60 2.77 2.90 10.8 + 879 + 3624 channels...

o (*Mg +H — "Be) 2.50 2.65 2.80 10.0

o ('2C + He — "Be) 2.30 2.48 2.60 13.7 Then fold in all Galactic

o("'"B+ H — Be) 2.30 2.36 2.50 10.0 J propagation effects

o(2C+H — ""Be) 2.00 2.16 2.30 40 v

o ("N +H — "Be) 2.00 2.12 2.20 10.1 J

o (**Ne + H — "Be) 1.60 1.73 1.90 [7.4,9.7]

("B +H — °Be) 1.60 1.62 1.70 13.9

o("2C + He — °Be) 1.40 1.45 1.50 9.6

o("*C+H— "B) 1.30 1.43 1.60 30.0 v 1.8

o("®*N + H — °Be) 1.20 1.29 1.40 73 J

o(C+H— "(C) 1.20 1.28 1.40 26.9 v n/a

("0 +H — '"Be) 1.20 1.27 1.40 2.2 v

o(""B+H — "Be) 1.10 1.21 1.30 12.9 v

o(""B+H — 'Be) 0.99 1.16 1.30 [3.6,4.5] v

("N +H — "Be) 1.10 1.15 1.20 5.4 v




beam on p target (13.5 A GeV/c);
%e at Berlin 2021)

New Results from» the Cosmic-Ray Program of the
NA61/SHINE facility at the CERN SPS

Pb beam on Be target, 3 days of running;

Michael Unger* for the NA61/SHINE Collaboration’
Karlsruhe Institute of Technology (KIT), Postfach 3640, D-76021 Karlsruhe, Germany

E-mail: michael.unger@kit.edu thtle ].OBe prod uced

Measurements of Be
production cross section is
an explicit goal

time of flight difference [ps]
time of flight difference [ps]

20 25 - 10 15 20

(St1signal)/(ADC counts) (S1signal)/(ADC counts)




