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| Light isotopes in cosmic rays

« Precision measurements of primary and

secondary nuclei fluxes by AMS

Isotopes in light cosmic rays:

See M. Paniccia Talk (28/07) Zt | Primaries
9_ Important |nformat|or_1 to understqnd the 51 [ secondaries 160,170 80
origin and the propagation of Cosmic Rays 77 N
6 12C 13C
 Additional information from Isotopic 5- e ls
composition: 4- "Be  °Be "Be
 Different origins (secondary/primary): 37 °Li "Li
* 3He/*He, D/p 27 [Heje
See F. Giovacchini and F. Dimiccoli Talks (30/07) 1| 'H|*H|°H
 Different propagation history 0- )

« 10Be:t;,=1.4 My: radioactiveclock "o 1 2 3 4 5 & 7 & ¢

Li/’Li mainly determined by the secondary production cross sections
from C, O fragmentation, but may also be used to test the presence
of primary lithium in Cosmic Rays.

« This presentation focuses on Lithium and Beryllium isotopes
« Develop isotopic composition measurements with AMS.
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| Light isotopes in cosmic rays: Lithium

« Two recent CR propagation studies which

attempt to perform a global fit of LiBeB AMS Boschini et al. 2020

—————

O RNN Lithium

data;

1. N. Weinrich, Y. Génolini, M. Boudaud, L. Derome, D.
Maurin, 2020, A&A accepted

101

2. M. J. Boschini, S. D. Torre, M. Gervasi, et al. 2020,
ApJ, 889, 167

* Both studies found some tension with lithium
flux larger in data than expected from the
model.

—-= Secondary Li LIS == Primary+Secondary Li LIS
—— HelMod ¢ AMS-02(2011/08-2016/05)

Differential Intensity x RZ7[(m? s sr GV~27)71]

. . : 10°
* In Weinrich et al.: interpreted as an uncertainty  oas}

in the Lithium production cross-section 0.00}
(+~15%)).

0.25

0.25F

lative diﬁ’Fzrence

* In Boschini et al.: interpreted as a contribution

from primary lithium produced in low-mass stars € *%[
—0.25F Primary+Secondary Li GALPROP LIS

and super-novae via the decay of ‘Be produced 5 e e s
by alpha capture reaction 3He(a, y)’Be. Rigidity [GV]
— Lithium isotopic composition may help to investigate this tension as primary
lithium is expected to be ‘Li
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Light isotopes in cosmic rays: Beryllium

« The approach to study CR propagation using 1°Be—1°B is illustrated in
the recent studies of

» Evoli, C., Morlino, G., Blasi, P., & Aloisio, R. , 2020, PRD, 101(2), 023013.
. géé/vii%ich, M. Boudaud, L. Derome, Y. Génolini, J. Lavalle, D. Maurin, P. Salati, P. Serpico, G. Weymann-Despres, 2020, A&A
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The extension of 1°Be/°Be ratio measurement to higher energy with improved
accuracy, will help to discriminate between propagation models and further

constrain parameters in the models with better understanding of the lifetime
of CRs (residence time) in the Galaxy.
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I Measurement of isotopic composition with AMS-02

RZ AM ARY ABY
* = —_— e — _ -
1 MT T (3)*(725)

« /Z measurement:
e L1 -UTOF - Inner Tracker - LTOF
TOF - Negligible charge confusion

Lolg R measurement :
N o « Tracker (Inner)
nner-—, S measurements:
Tracker
p range AB/B (Z=3, 4)
TOF (4 layers) (0.65, 0.9 ~ 2%
TOF (4 layers) ( ) 6
(0.85, 0.98) ~0.15%
RICH-AGL
RICH-AGL
(n=1.05) (0.97,0.997)  ~ 0.05%

- 3 analyses which cover different energy ranges
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I Measurement of isotopic composition with AMS-02

RZ AM ARY ABY
* = —_— e — _ -
1 MT T (3)*(725)

6Li Mass Resolution

TOF 2] /

L2-L8: 2

o 1.0
- Inner s
Tracker -
JOF o
_ 0.5 = NaF -
TOF ) < AL,
l.IO 10I.O
Exn [GeV/n]

RICH-AGL  ApM ~ 1 amu-> Event by Event isotopic
identification not reachable.

—> Isotopic abundances from the shape of
the mass distribution.
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I Measurement of isotopic composition with AMS-02

RZ AM ARY ABY
L1 N8 M R 3
9Be Mass Resolution
TOF 2.5
L2-L8: 2 -
- Inner s . - : ©
= 1.5j —
Tracker S "
| = 1 TOF PR ]
TOF B NaF R |
0.5 ) ~AGL |
RICH-AGL A

E, per nucleon (GeV/n)
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| Mass templates

AgL mass template, Ex, =[5.64,6.18] GeV/n AgL mass template, Ex, =[5.64,6.18] GeV/n

1094 —— ref
sys.
e MC data

10°+ — ref
Il sys.
e MC data

10714

10724

template pdf

template pdf

1034

2 4 6 8 10 12
mass [GeV/c?]

* Mass templates reconstructed from the g resolution and R resolution
models obtained from MC simulation.

Systematic in the mass template shapes are implemented by varying
the gresolution and R resolution models with nuisance parameters
(shift, width and tails).

« 1 template for each isotope, each energy bin, each analysis.
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mass [GeV/c?]
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| Isotopic abundances: global fit

events

* One global y? minimization with bin-to-bin correlation introduced
for nuisance parameters:

n

, (data’(k) — Y=g C/ X templatel (k; v, -+, v),))? 1
Exnbins i mass bin k nui. par. [
J
‘ Li, AgL, Ex, =[5.14,5.64] GeV/‘n\ ®

— ¥?ndf=24.4/36
e SLi: 0.523+/-0.025

7Li: 0.4774/-0025
e data

H
<
Bvents

H
events

“ i
M. ++m&+mﬁ#¢+‘m mww

10 12

"o 12
mass [GeV/c?]

30/07/2020

C} : Abundance of isotope A for Ej,,, bin i

vt: Nuisance parameter [ for E,, bin i
(centered and scaled such that values +1
corresponds to the nominal uncertainty).
Nuisance parameters describe the uncertainty
on the shape of f and R resolution functions.
The covariance matrix is chosen to take
correlation between bins into account .
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| SLi/’Li abundances

5Li and ’Li abundances fitted on the mass distribution for Z=3 data:

TOF

Li, TOF, Ex, =1[0.59,0.70] GeV/n

—— x?/ndf=38.0/36
1 SLi: 0.493+/-0.018
~ 'Li: 0.507+/-0.018
® data

10° 4

mass [GeV/c ]

102 -

pull
o

NaF

Li, NaF, Ex, =[2.16,2.43] GeV/n

— x?/ndf=36.7/36
[ CLi: 0.504+/-0.019
= 'Li: 0.496+/-0.019
® data

++ #Mf.ﬁﬁ%ﬁ?%ﬁi% | +

mass [GeV/c?]

10° 4

] +++ Wm Wwww

AGL

Li, AgL, Ex, =[5.63,6.18] GeV/n

—— x%/ndf=35.0/36
1 SLi: 0.529+/-0.024
©0 7Li: 0.471+/-0.024
® data

5 ;
l._“.Il

12
mass [GeV/c ]

Errors on abundances include statistical error and systematic error
from the mass template shapes.
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| Beryllium abundances

« Same method Is
developed to study
Beryllium isotopic
composition.

 Fit of 'Be, °Be, 1°Be
abundances:

30/07/2020

Be, AgL, Ex, =[4.44,4.91] GeV/n

— x?/ndf=49.7/54

w1 'Be: 0.623+/-0.010
%Be: 0.259+/-0.013

10Be: 0.119+/-0.016
® data

e

mass [GeV/cz]
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I Flux reconstruction

Isotopic fluxes:

e computed from
abundances, effective
acceptances and exposure .

time. o
« Corrected for ~

- Sr

contamination from

fragmentation of heavier r'"E
nuclei. =

» Unfolded to correct energy &
migration due to finite 3 s
resolution.

30/07/2020
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® ¢ ®e
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' TOF e,
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Preliminary data, refer to
10-2 upcoming AMS PRL publication
o ® : 0°%e, ° 7|_|
° ¢ oo °
°
1071+ Coy
TOF %
NaF °
.
AGL
®
Preliminary data, refer to
10-2 upcoming AMS PRL publication

100
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I 5Li and “Li fluxes vs kinetic energy per nucleon

Comparison with
previous
experiments:

- First
measurement of
6Li and “Li fluxes

above 0.3 GeV/n.

30/07/2020

6L e AMS02
! %o ACE-CRIS
. °® see... Webber
r® *e,
1071+ %
%
..
[
..
A °
|

' Preliminary data, refer to

Lo-2 upcoming AMS PRL publication
710 e AMS02
Li vee®%es ACE-CRIS
. o® .0. Webber
I ..0.
1071 - o..
®
®
[ ]
[ ]
y" %
| ®
|
Preliminary data, refer to

10-2 - upcoming AMS PRL publication
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| SLi/7Li ratio vs kinetic energy per nucleon

 Isotopic ratio computed from the fit (obtained from the fluxes):

2.0
TOF NaF AGL
1.8 1
1.6

1.4+

o mﬁﬁ*ﬂ

0] a8y

OLi/7Li

0.8

0.6 -

0.4 - Preliminary data, refer to
' upcoming AMS PRL publication

0.2 —_ S —
100 101!
Exn [GeV/n]
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| SLi/7Li ratio vs kinetic energy per nucleon

Comparison with previous experiments:

1.6- ® AMSO2 AMSO01
PAMELA CAL Vv PAMELA ToF
ISOMAX ACE-CRIS

1.4 7 ® IMP7&8

~

B

5 +++++++

© °

Preliminary data, refer to
0.6 - upcoming AMS PRL publication

0 2 4 6 8 10 12
Exn [GeV/n]

- Extends °Li/’Li ratio measurement above 1 GeV/n up to 10 GeV/n
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I 10Be/°Be ratio vs kinetic energy per nucleon

Comparison with previous experiments:

1.0
® AMS02 V Voyagerl&?2
B ISOMAX *  ACE-SIS
0.8+ ® IMP7&8 B Voyagerl&?2
Vv Balloon v IMP7&8
) *  Ulysses-HET B Balloon
0.6 -
= B ISEE3-HKH ® ACE-CRIS
o) @ Balloon
(a8}
S 0.4+ ® +
1AL P +
E Preliminary data, refer to
- upcoming AMS PRL publication
OO | 1 1 1 1 1
0 2 4 6 8 10 12

Exn [GeV/n]
- Extends 1°Be/°Be ratio measurement above 1 GeV/n up to 10 GeV/n
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| SLi and "Li fluxes vs rigidity

|—I|_l o000 0,
I - ®
n 0.30 L e .
. o ° .
— o ® o ) 7
IL_ o ® o ® 9 > Y . Ll
0 ® o [
- 0.104 ° °,
rl\I e ®
61i(wl) ©®
S 0.03- Li(x3) ‘e,
°
<
Preliminary data, referto
upcoming AMS PRL publication
1 1 1 1
2 5 10 20
R [GV]

Use of different binning vs E,,, for 6Li and Li to get the same rigidity bins

Full isotopic analysis done for the two binning
E,, 2 R conversion for each Isotope.

30/07/2020 ICHEP2020 - AMS Li Be Isotopes - Jiahui WEI

17



| SLi/"Li flux ratio vs rigidity

e AMSO02

1.47 AMSO01

1.2 4 + +

51 i
++++++++++++++++++

upcoming AMS PRL publication

2 5 10 20
R [GV]
Use of different binning vs E,,, for 6Li and Li to get the same rigidity bins

Full isotopic analysis done for the two binning
E,, 2 R conversion for each Isotope.
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| Conclusion

* |sotopic composition of light nuclei in cosmic rays is a key
measurement to understand cosmic-ray origin and
propagation.

 Dedicated method based on template fit of the mass
distributions have been presented.

 The following preliminary AMS results have been presented:

* First measurement of °Li and ’Li fluxes vs E,,, above 0.3 GeV/n
and vs rigidity from 2 to 20 GV.

* First measurement of SLi/’Li and 1°Be/°Be ratio above 1 GeV/n.

* The analysis will be extended to measure the B isotopic
composition.
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