
F=B ¼
!
κðR=R0ÞΔ; R ≤ R0;

κ; R > R0:
ð3Þ

The fit yields κ ¼ 0.078$ 0.003, R0 ¼ 150$ 60 GV, and
Δ ¼ 0.083$ 0.007 with χ2=d:o:f: ¼ 19=33. Figure 1(c)
shows the AMS F/B flux ratio as a function of rigidity with
total errors together with the fit results. As seen, above
150$ 60 GV, the rigidity dependences of the F and B
fluxes are identical, and at lower rigidities they are
different. As shown in Fig. S6 in Supplemental Material
[15], the F/B ratio does not change with time from 5 to
20 GV; i.e., solar modulation of the F/B flux ratio does
not affect the fit results with Eq. (3). Note that fitting
the F/B ratio with Eq. (3) above 20 GV does not
change the fit results. Above 20 GV, the fit yields
κ ¼ 0.078$ 0.003, R0 ¼ 145$ 65 GV, and Δ ¼ 0.084$
0.014 with χ2=d:o:f: ¼ 16=21.
Figure 2 shows the AMS fluorine flux as a function of

kinetic energy per nucleon EK together with earlier
measurements [3–7]. Data from other experiments have
been extracted using Ref. [30].
To compare the rigidity dependence of the F flux with

that of the Ne, Mg, and Si primary cosmic ray fluxes, which
have an identical rigidity dependence above 80.5 GV [13],
the ratio of the F flux to the characteristic heavy primary Si
flux, F/Si, was computed and is reported in Table SIII in
Supplemental Material [15]. Figure S7 in Supplemental
Material [15] shows the AMS F/Si flux ratio as a function
of kinetic energy per nucleon together with earlier
measurements [3–7]. Figure 3(a) shows the AMS F/Si flux
ratio as a function of rigidity together with the AMS B/O
flux ratio [11].

The variation with rigidity of the spectral index Δ of the
F/Si flux ratio was obtained by fitting it with

!
CðR=175 GVÞΔ1 ; R ≤ 175 GV;

CðR=175 GVÞΔ2 ; R > 175 GV:
ð4Þ

over the rigidity interval [28.8–2900] GV. The fit yields
CF=Si ¼ 0.044$ 0.001, ΔF=Si

1 ¼ −0.34$ 0.02, and
ΔF=Si

2 ¼ −0.19$ 0.07 with χ2=d:o:f: ¼ 13=16. Above
175 GV, the spectral index ΔF=Si exhibits a hardening
(ΔF=Si

2 − ΔF=Si
1 ) of 0.15$ 0.07, compatible with the AMS

result on the hardening of the Li/C, Be/C, B/C, Li/O, Be/O,
and B/O flux ratios by 0.140$ 0.025 [10,11]. To ensure
that the choice of the inflection point of 175 GV does not
affect the fit results, we allowed the inflection point to
vary. The results are in complete agreement with results
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FIG. 2. The AMS fluorine flux as a function of kinetic
energy per nucleon EK multiplied by E2.7

K together with
earlier measurements [3–7]. For the AMS measurement,
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nuclear charge, mass, and atomic mass numbers, respectively.
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FIG. 3. (a) The AMS F/Si flux ratio (red dots) and AMS B/O
flux ratio (blue dots) as a function of rigidity with total errors. For
display purposes only, the F/Si and B/O flux ratios are multiplied
by R̃0.3 and the B/O flux ratio rescaled as indicated. The solid
brown and blue curves show the F/Si and B/O fit results with
Eq. (4), respectively. The dotted and dashed red curves show the
predictions of the F/Si ratio by the GALPROP model [31] and
the GALPROP-HELMOD model [2], respectively. (b) The AMS
½ðF=SiÞ=ðB=OÞ' ratio as a function of rigidity with total errors.
The solid blue curve shows the fit results of Eq. (5). As seen, the
rigidity dependence of the F/Si and B/O flux ratios are distinctly
different. Above 10 GV, the ½ðF=SiÞ=ðB=OÞ' ratio can be
described by a single power law ∝ Rδ with δ ¼ 0.052$ 0.007
(a 7σ difference from zero).
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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/C, Be/C, B/C, Li/O, 
Be/O, and B/O flux ratios.

1

Heavier F/Si Flux Ratio compared with lighter B/O Flux Ratio

The F/Si flux ratio was fitted to:

Δ1F/Si=-0.34±0.02 Δ2
F/Si=-0.19±0.07 

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. 

The (F/Si)/(B/O) ratio was fitted to:
δ=0.052±0.0

07

(a 7σ difference from zero)


