
From the AMS-02 isotope 
fluxes to their production 
cross sections
Meng-Jie Zhao
Email: zhaomj@ihep.ac.cn

Key Laboratory of Particle Astrophysics, Institute of High Energy Physics, 
Chinese Academy of Sciences

A work in collaboration with:  Xiao-Jun Bi, Kun Fang, Peng-Fei Yin 

CERN, Geneva, 16-18 October
XSCRC 2024



2

➢Motivation

➢Method

➢Results

➢HIAF in China

Outline

Based on: 
Phys.Rev. D 109 (2024) 8, 083036
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Preliminary Beryllium and 
Lithium isotope fluxes
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Preliminary Beryllium and 
Lithium isotope fluxes
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Energy range from 0.5 GeV/n to 12 GeV/n

Err(6Li), Err(7Li), Err(7Be) ≤4%
Err(9Be) ≤5%
Err(10Be) =10% - 20%
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Year 1990s 2000 - 2010 2010 – Now
Direct CR
measurements

Balloons, HEAO3 
(20%)

ATIC, CREAM, PAMELA 
(≤10%)

DAMPE, AMS-02, CALET 
(5%)

Production XS 
models

WNEW, YIELDX 
(15% - 25%)

GALPROP, DRAGON
(≤10% - 20%)

? 
(5%)

The development of XS models
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semi-empirical
parametrizations

data-driven
(interpolation/remormalization)
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How to improve/constrain the XS
1. more measurements

• EXFOR, NA61/SHINE …

2. formulae expectation
• data-driven + parametrization
• n-n interaction (FLUKA, Geant4 …)
• machine learning

3. CR propagation consistency

5

N. Amin PoS ICRC2023

De La Torre Luqu et al. JCAP 07 (2022) 
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previously:  Ψ10Be/Ψ9Be ∝ 𝜎𝛽 (10Be) ∶ 𝜎(9Be)

ΨLi ∝ 𝜎(6Li) + 𝜎(7Li) ΨBe ∝ 𝜎(7Be) + 𝜎(9Be) + 𝜎𝛽(10Be)

now:  Ψ7Be ∝ 𝜎(7Be) Ψ9Be ∝ 𝜎(9Be) Ψ10Be ∝ 𝜎𝛽(10Be)
Ψ6Li ∝ 𝜎(6Li) Ψ7Li ∝ 𝜎(7Li)
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7Be in place of 9Be
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Challenges

Single CR species can be consist of many 
isotopes, contributed from multiple 
channels.

Some channels are less-constrained.

High-energy XS are less-constrained.

Luckily

✓ The isotope fluxes can precisely be 
measured now.   A few channels 
dominate the result.

✓ Some channels are well-constrained.

✓ Low-energy XS are usually well-
constrained.

D. Maurin et al.
A&A 668, A7 (2022)

De La Torre Luqu et al. 
JCAP 03(2021)099

What if …
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precise XS 
(B,7Be,10Be)

CRs 
(B,7Be,10Be)

Propagation 
parameters

CRs       
(9Be…)

XS         
(9Be…)

Routine of the work
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Adding more measurements!

Updating the XS database

XSCRC 2024

What if we optimize them
with all the available measurements?
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Another work
Based on: arxiv 2409.07139

“Cosmic-ray deuteron excess from a primary component” 𝒑 + 𝒑 → 𝝅+ +𝑫
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Calculating tools

with updated XS database

estimated 
XS errorExtra modifications for different XS 

channels are allowed in the fitting. XSCRC 2024



11

Result: Consistency
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Result: Consistency
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B and 7Be are self-consistent

Result: Consistency

CR and XS are self-consistent
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Lithium_6
(pri)
16O → 6Li 28.557       B
12C → 6Li 26.349       I
56Fe → 6Li 4.056       A[1.2]
28Si → 6Li 2.992       D
24Mg → 6Li 2.888       D
14N → 6Li 2.508        B
20Ne → 6Li 2.092       D
16O → 6He 1.304        B
14N → 6He 1.245        C
12C → 6He 1.078        I
22Ne → 6Li 0.907       D

Lithium_7
(pri)
12C → 7Li 26.661       I
16O → 7Li 23.919       A[3.2] 
56Fe → 7Li 4.810       A[1.2] 
28Si → 7Li 4.055       D
24Mg → 7Li 3.914       D
20Ne → 7Li 2.835       D
14N → 7Li 2.692        B
22Ne → 7Li 1.860       D

Beryllium_10
(pri)
12C → 10Be 36.270     I
16O → 10Be 26.959     A[2.5]
24Mg → 10Be 3.973     A[2.6]
56Fe → 10Be 3.600     A[2.6]
28Si → 10Be 3.363     A[2.6]
14N → 10Be 3.262      A[1.6] 
20Ne → 10Be 2.068     D
22Ne → 10Be 1.191     D

Beryllium_9
(pri)
12C → 9Be 36.213      I
16O → 9Be 29.038 B
24Mg → 9Be 5.416      C
28Si → 9Be 4.144      B
56Fe → 9Be 3.804      A[1.2]
20Ne → 9Be 2.735      D
14N → 9Be 1.582       C
22Ne → 9Be 1.188      D

Beryllium_7
(pri)
16O → 7Be 34.203      I
12C → 7Be 28.983      I
28Si → 7Be 5.599      I
14N → 7Be 5.287       I
24Mg → 7Be 5.072      I
56Fe → 7Be 4.225      A[2.9]
20Ne → 7Be 2.725      D
23Na → 7Be 1.117      B
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Contribution(%) are taken at 10 GeV/n, 
those less than 1% are ignored.
errs:
I - adequate data
A[x] - need higher energy (>xGeV/n) data
B - need mid energy (>=1GeV/n) data
C - only 1~2 points at low energies
D - without any measurements

Reaction ranking 
(Isotope ver.)

XSCRC 2024

Fluorine_19
(pri)
20Ne → 19Ne 21.260 C
20Ne → 19F 18.094        B
24Mg → 19F 11.237        C
28Si → 19F 9.412         C
22Ne → 19F 6.527         B
26Mg → 19F 3.266         C
28Si → 19Ne 3.244  C
24Mg → 19Ne 3.201  C
25Mg → 19F 2.822         C
23Na → 19F 2.732         C
27Al → 19F 2.011         C
56Fe → 19F 1.821~3.5   A[1.5]
32S  → 19F 1.547         B
22Ne → 19O 1.139   B
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Result: constraint on the XS
𝟏𝟔𝑶 + 𝒑 → 𝟏𝟎𝑩𝒆 𝟏𝟔𝑶 + 𝒑 → 𝟗𝑩𝒆

XSCRC 2024
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Result: XS measurements 
deviate from expectation
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Result: XS measurements 
deviate from expectation

How much should we believe in specific measurements,
where there are no other data?

XSCRC 2024



Conclusion
• Silly ideas:

• Use 7Be instead of 9Be to constrain the transport parameters
• Use as many XS measurements as possible to determine the 

parametrization

• Results:
• The production XS of 7Be and B are well-constrained, and their CR 

measurements and XS measurements are self-consistent.
• The high-energy extrapolation of 10Be energy spectrum disfavors a 

fast-decreasing XS of the 16O ⟶ 10Be channel.
• We discovered a significant overestimation of the 9Be CR fluxes in 

comparison with the AMS-02 measurement. A constraint on the XS 
of the 16O ⟶ 9Be channel is given.

• Some XS measurements significantly deviate from our expectation 
(considered less credible ?)

• More to learn:  
• Lithium isotopes, F, P, sub-Fe …

15XSCRC 2024
Next page: HIAF in China

Based on preliminary 
measurement
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High Intensity heavy-ion 
Accelerator Facility

HIAF

High energy FRagment Separator

XSCRC 2024

Main part finished:
end of 2025
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Length
(m)

Beam size at 
target (mm)

Angular
acceptance(mrad)

Momentum
acceptance (%)

Resolving
power

Max.
Bρ (Tm)

HFRS
NIM.B 547(2024),165214

191.38 ±1/±1.5 ±30 (X); ±25 (Y) ±2.0
850/1100

(ΔX=±1mm)
15->25

SuperFRS
NIM.B 204(2003),71

182.2 ±1/±2 ±40 (X); ±20 (Y) ±2.5
750/1500

(ΔX=±1mm)
20

BigRIPS
Prog.Theor.EXP.Phys.2012,03

C003

78.2 ±0.5/±0.5 ±40 (X); ±50 (Y) ±3
1260/3420

(ΔX=±0.5mm)
9.5

ARIS
NIM.B 317(2013), 349

86.8 ±0.5/±0.5 ±40 (X); ±40 (Y) ±5
1720/3000

(ΔX=±0.5mm)
8

Parameters of HFRS compared with others

HFRS

➢ RIB production mechanism (fragmentation cross section / two-step reaction / …) 

➢ Discovery of new isotope 

➢ Mass measurement of extremely short-lived nuclei

➢ …… 

XSCRC 2024
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Parameters of HFRS compared with others

HFRS

fragment on 
C/CH2 target

->liquid H

Ions Energy (GeV/u) Intensity (ppp)

H 9.3 2.01012

12C6+ 4.25 6.01011

16O6+ 3.0 4.01011

36Ar12+ 2.6 21011

58Ni18+ 2.37 1.41011

78Kr19+ 1.72 1.21011

⚫ Position
⚫ ΔE
⚫ TOF2

O

B

XSCRC 2024

⚫ Time resolution (σ) : 50ps
⚫ Position resolution (σ) : 1.0mm
⚫ Energy resolution (σ) : 1%
⚫ Max. intensity of fragments～107pps
⚫ 1.5GeV/n(15Tm) ->2.9GeV/n(25Tm)
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➢ better XS 

measurement

XSCRC 2024

⚫ Time resolution (σ) : 50ps
⚫ Position resolution (σ) : 1.0mm
⚫ Energy resolution (σ) : 1%
⚫ Max. intensity of fragments～107pps
⚫ 1.5GeV/n(15Tm) ->2.9GeV/n(25Tm)
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