
Properties of Heavy Secondary Fluorine Cosmic  
Rays Results from AMS

Q. Yan / MIT on behalf of the AMS collaboration
37th International Cosmic Ray Conference



Secondary Cosmic Ray Nuclei

Nuclei fusion 
in stars

Supernova
explosion

Helium

Carbon

Oxygen

Silicon

Proton

Secondary Li, Be, B, and F nuclei in cosmic rays are produced by the collision 
of primary cosmic rays, C, O, Ne, Mg, Si, …, Fe,with the interstellar medium.
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Measurements of the secondary cosmic ray nuclei fluxes and the secondary-
to-primary flux ratios are important in understanding the propagation of 
cosmic rays in the Galaxy.
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AMS Results on Light Primary and Secondary Nuclei Fluxes

The spectral hardening presents both in primary and secondary cosmic ray 
nuclei fluxes. Surprisingly, the secondary hardens more than the primary.
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Fig. 86. The AMS secondary to primary flux ratios: (a) Li/O, (b) Be/O, and (c) B/O. Results of the fit of single power law function to data in two
non-overlapping intervals [60.3 � 192] and [192 � 3300]GV are shown as blue and green lines, respectively. For display purposes, the ratios are
scaled with R̃0.3.

and 21) are shown as blue filled squares and blue open squares, respectively. As seen, the 3He/4He spectral index
extrapolation to the highest energies is in agreement with the B/O and B/C spectral indices.

12. Cosmic nitrogen flux

Nitrogen nuclei in cosmic rays are thought to be produced both in astrophysical sources, mostly via the C-N-O
cycle [148], and by the collisions of heavier nuclei with the interstellar medium. Therefore, the nitrogen flux �N is expected
to contain both primary and secondary components. Precise knowledge of the primary component of cosmic nitrogen
provides important insights into the details of nitrogen production in astrophysical sources, while precise knowledge of
the secondary component of the cosmic nitrogen provides insights into the details of propagation processes of cosmic
rays in the Galaxy.

Over the last 50 years, a few experiments have measured the nitrogen flux as a function of kinetic energy [149–152].
Typically, these measurements have errors larger than 40%–50% above 100 GeV/n. There were no measurements of the
nitrogen flux as a function of rigidity.

We present the precise measurement of the nitrogen flux in cosmic rays in the rigidity range from 2.2GV to 3.3 TV
based on 3.9 million nitrogen nuclei (see Table 22). The total flux error is 3.8% at 100 GV. The flux is shown in Fig. 92a as
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Fig. 87. The AMS secondary to primary flux ratio spectral indices � (defined from the fits of a single power law function �S/�P / R� to data in
the two non-overlapping rigidity intervals [60.3 � 192] and [192 � 3300]GV) for (a) Li/C, Be/C, and B/C, and (b) Li/O, Be/O, and B/O. For (a) and
(b) the vertical dashed line shows the interval boundary. The spectral indices of Li/C, Be/C, B/C, Li/O, Be/O, and B/O in the range [192 � 3300]GV
exhibit an average hardening of 0.140 ± 0.025 compared to the spectral indices in the range [60.3 � 192]GV. Significance of this change is found
to exceed 5� .

Fig. 88. Comparison of the secondary cosmic ray fluxes with the AMS primary cosmic ray fluxes multiplied by R̃2.7 with their total error as a
function of rigidity above 30GV. For display purposes only, the C, O, Li, Be, and B fluxes were rescaled as indicated. For clarity, the He, O, Li, and B
data points above 400GV are displaced horizontally.

a function of rigidity with the total errors, the quadratic sum of statistical and systematic errors. These new AMS results
are consistent with the published AMS results [153] but have smaller statistical and systematic errors.

To examine the rigidity dependence of the flux, the detailed variation of the flux spectral index � with rigidity was
calculated in a model independent way. The flux spectral indices � were calculated using Eq. (13) over non-overlapping
rigidity intervals above 8.48 GV. The intervals have a variable width to have sufficient sensitivity to determine � . The
results are presented in Fig. 92b together with the spectral indices of primary cosmic rays He, C, and O (see Section 8)
and of secondary cosmic rays Li, Be, and B (see Section 10). As seen in Figs. 92a and 92b, the nitrogen spectral index
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(see details in H. Gast’s talk)



4

AMS Results on Heavy Primary Nuclei Fluxes (Ne, Mg, Si)
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Two different classes of primary cosmic rays: He, C, O and Ne, Mg, Si.
What’s the nature of the heavy secondary cosmic rays?

(see details in A. Oliva’s talk)



TOF (4 Layers): Velocity and Direction
Δβ/β2 ≈ 4%    (Z=1)
Δβ/β2 ≈ 1-2% (Z≥2)

Tracker (9 Layers) + Magnet: Rigidity (Momentum/Charge)

AMS Measurements of Heavy Secondary Fluorine Nuclei

Coordinate Resolution MDR

Z =1 10 µm 2 TV

2≤Z≤8 5-7 µm 3.2-3.7 TV

Z=9 8 µm 3 TV
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Consistent Charge Along Particle Trajectory

3m level arm 
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1≤Z≤8 ΔZ ≈ 0.05-0.12
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Fluorine Background (1)
The Fluorine nuclei were selected by using charge measurements on the inner 
tracker (L2-L8) and upper TOF (UTOF). The residual background below Tracker L1 
(resulting from heavier nuclei interactions in the materials of TRD and UTOF) can be 
precisely subtracted by the L1 measured charge. 
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Tracker L1 charge cut 

[18-22 GV]
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Fluorine Background (2)
The F background from interactions in materials above Tracker L1 (thin support structures 
made by C fiber and Al honeycomb) has been estimated from simulation using Monte 
Carlo samples generated according to AMS flux measurements. The simulation of nuclear 
interactions has been validated with AMS measured data:
• Select primary nuclei (Ne, Mg, Si, …) by L1 charge
• Measure nuclei breaking-up probability using Tracker L2-L8 for channels: Ne, Mg, Si, …→F
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8See details in “Q. Yan et al., Nuclear Physics A 996, 121712 (2020)”. 
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AMS Fluorine Flux Compared with Other Experiments

(2011-2019)

(0.29 M)
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Heavy Fluorine Flux Compared with Boron Flux



Above 175 GV, the F/Si ratio exhibits a hardening (Δ2
F/Si − Δ1

F/Si) of 0.15±0.07 compatible 
with the AMS result on the hardening of the Li/O, Be/O, and B/O flux ratios.
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Heavier F/Si Flux Ratio compared with lighter B/O Flux Ratio

AMS F/Si Fit to:



Above 10 GV, the (F/Si)/(B/O) ratio can be described by a single power law with 
δ=0.052±0.007, revealing that the propagation properties of heavy cosmic rays, 
from F to Si, are different from those of light cosmic rays, from He to O. 
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AMS (F/Si)/(B/O) Ratio

δ=0.052±0.007

(a 7σ difference from zero)

AMS (F/Si)/(B/O) Fit to:
• AMS (F/Si)/(B/O)

0.8
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Primary and Secondary Cosmic Ray Fluxes (AMS He-Si)



Summary

• Precision measurement of the heavy secondary Fluorine (Z=9) cosmic 
ray flux from 2.15 GV to 2.9 TV based on 8.5 years AMS data (2011-
2019) has been presented.

• The heavier secondary-to-primary F/Si flux ratio rigidity dependence is 
distinctly different from the lighter B/O (or B/C) rigidity dependence. In 
particular, above 10 GV, the (F/Si)/(B/O) ratio can be described by a 
power law Rδ with δ=0.052±0.007, revealing that the propagation 
properties of heavy cosmic rays, from F to Si, are different from those 
of light cosmic rays, from He to O. 
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