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300,000 electronics channels
650 processors

5m x 4m x 3m
7.5 tons

AMS in Space
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FIG. SM 4. Comparison of the di↵erences of the coordinates measured in L3 or L5 to those
obtained from the track fit using the measurements from L1, L2, L4, L6, L7, and L8 between data
and simulation in the rigidity range R > 50 GV for (a) helium, (b) carbon, and (c) oxygen samples.
The observed bending coordinate accuracy is 6.5 µm for helium, 5.1 µm for carbon, and 6.3 µm
for oxygen.
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2000 positions

Test beam at CERN SPS: 
p, e±, π±,    10−400 GeV

Computer simulation:
Interactions,   Materials,   Electronics

12,000 CPU cores at CERN

AMS 27 km

7 km
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Calibration of the AMS Detector



In 8 years, 140 billion charged particles have 
been measured by AMS

AMS was installed on the ISS in May 2011 

6



7

He

Li Be B C N O

F
Ne

Na
Mg

Al Si

Cl Ar K Ca
Sc V Cr

P S
Fe

Ni

Ti

H

Mn

In progress

Analyzed

Precision Measurements of Cosmic Rays

AMS has seven instruments which 
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Nuclei

Charge 

Cl

Tracker Layer 1

TRD

Upper TOF

Inner Tracker (L2-L8)

Lower TOF

RICH
Tracker Layer 9

L2

L5-6
L7-8

L9

L1

L3-4

ECAL

RICH

TRD

Tr
ac

ke
r

0.30

0.33

0.12

0.18

0.18

0.32
0.30

∆Z (Z=6)



AMS

Traditionally, there are two prominent classes 
of cosmic rays:

Primary Cosmic Rays (p, He, C, O, …)
are produced and accelerated at the source (such as SNR) and 
travel through space, and are directly detected by AMS. They
carry information on their sources and the history of travel.

p, He, C, O, …
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Number of selected events 
(subtracted for backgrounds and 
corrected for bin-to-bin migration)

Flux Measurement

Φ! = *"
+","-"△/"

Effective acceptance
(from MC, verified with data) Trigger efficiency

(>97% over entire R range)

Collection time
(5 years, 1.23×108 s for R>30 GV)

Bin width
(68 bins between 2 GV to 

3 TV)

Isotropic flux in the 𝑖th rigidity 
bin (𝑅0, 𝑅0 +△ 𝑅0)

Extensive studies of the systematic errors:
• Background estimations
• Rigidity resolution function
• Acceptance and Trigger efficiency
• Absolute rigidity scale 

R>1.2 ) Maximum 
geomagnetic cutoff
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FIG. SM 1. Distribution of the charge measured with the inner tracker (L2-L8) for samples from
Z = 3 to Z = 10 selected by the combined charge measured with L1, the upper TOF, and the lower
TOF over the rigidities above 4 GV. The colored vertical lines correspond to the charge selection
in the inner tracker for carbon (red) and oxygen (blue).
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The tracker L2-L8 charge has a very fine resolution of 
∆Z=0.07-0.12 (2≤Z≤8). 

Accuracy on𝑵𝒊: Nuclei Charge Identification

The charge misidentification from noninteracting nuclei is 
negligible.

R>4 GV
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FIG. SM 2. Charge distributions measured by tracker L1 for (a) carbon and (b) oxygen events
selected by the inner tracker in the rigidity range between 9 and 11 GV (black dots). The solid
red curves show the fit to the data of the C, N, O, F, and Ne charge distribution templates. The
templates are obtained from samples selected to be non-interacting samples at L2 by the use of the
charge measurement with L1 and L3-L8. The charge selections applied on tracker L1 are shown as
vertical dashed lines. The residual backgrounds to the carbon and oxygen samples are calculated
by integrating the charge template distributions over the selection range, and found to be <0.5%
for carbon and negligible for oxygen over the entire rigidity range.
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FIG. SM 2. Charge distributions measured by tracker L1 for (a) carbon and (b) oxygen events
selected by the inner tracker in the rigidity range between 9 and 11 GV (black dots). The solid
red curves show the fit to the data of the C, N, O, F, and Ne charge distribution templates. The
templates are obtained from samples selected to be non-interacting samples at L2 by the use of the
charge measurement with L1 and L3-L8. The charge selections applied on tracker L1 are shown as
vertical dashed lines. The residual backgrounds to the carbon and oxygen samples are calculated
by integrating the charge template distributions over the selection range, and found to be <0.5%
for carbon and negligible for oxygen over the entire rigidity range.
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Accuracy on𝑵𝒊: Background from interactions between L1 and L2

N,O,F,Ne + AMS C  + X

Carbon

TRD

TOF

Oxygen
L1

L2

evaluated by fitting the charge 
distribution of tracker L1 

This background is <0.5% for Carbon and 
negligible for Helium and Oxygen.

selected by L2-L8 (Z=6)
9<R<11 GV

Systematic error on the fluxes is < 0.5% in the entire rigidity range 
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FIG. SM 4. Comparison of the di↵erences of the coordinates measured in L3 or L5 to those
obtained from the track fit using the measurements from L1, L2, L4, L6, L7, and L8 between data
and simulation in the rigidity range R > 50 GV for (a) helium, (b) carbon, and (c) oxygen samples.
The observed bending coordinate accuracy is 6.5 µm for helium, 5.1 µm for carbon, and 6.3 µm
for oxygen.
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maximum detectable rigidity ≈ 3.7 TV

Accuracy on𝑵𝒊 : Tracker Rigidity Resolution

Tracke
r

TRD

ECAL

RICH

1

M
A

G
N

ET
A

C
C Tracker

2
3-4
5-6
7-8

9

Spatial Resolution 

The systematics associated with the tracker rigidity resolution is well understood.
The tracker spatial resolution is 6.5 μm for Helium, 5.1 μm for Carbon, and 6.3 μm

for Oxygen. 

The resulting systematic errors on the fluxes are < 1% below 300 GV and 4% @ 3 TV 

Carbon Data
Carbon Simulation

L1 to L9: 3 m level arm



13

Accuracy on 𝑨𝒊: Measurements of Nuclei Cross Section by AMS

AMS measured the nuclei survival probability using 
data acquired when AMS pointing in horizontal 

direction (~105 sec exposure), in which cosmic rays 
can enter AMS both left to right and right to left. 

L2 - L8
L9

L2 - L8
L1

Most importantly, by flying horizontally, AMS was able to make 
Interaction cross sections measurements which were not available 

from accelerators. 

The detector components are mostly made of Carbon and Aluminum.
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The systematic errors on the fluxes due to uncertainties of inelastic 
cross sections are ~ 2% up to 100 GV and ~ 3% at 3 TV. 

The nuclei survival probability after traversing the material between L8 
and L9 is used to verify the inelastic cross section

Accuracy on 𝑨𝒊: Survival Probability MC/Data Comparison 
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FIG. SM 3. The MC to data ratio of the (a) carbon and (b) oxygen survival probabilities between
L8 and L9. The solid lines show fits to the data points and the dashed lines indicate the estimated
systematic errors ranges (68% CL).
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FIG. SM 3. The MC to data ratio of the (a) carbon and (b) oxygen survival probabilities between
L8 and L9. The solid lines show fits to the data points and the dashed lines indicate the estimated
systematic errors ranges (68% CL).
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Absolute Rigidity Scale Verification

The ratio of the fluxes measured using data from each 21-month 
period to the flux measured over 7 years

Proton Helium

Differences at low rigidities are due to solar modulation.
At high rigidities (>50 GV), the fluxes are constant within measurement errors  
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The good agreement verifies the systematic errors on 
unfolding and acceptance. 

The ratio of the fluxes with different 
acceptances using events 

(a) passing through L1 to L8
(b) passing through L1 to L9 

Flux Measurement Verification Example
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FIG. SM 5. The ratio of the (a) carbon and (b) oxygen fluxes measured with events passing through
L1 to L9 over the events passing through L1 to L8. The red dashed lines indicate the total errors.
The black lines, set at one, are drawn to guide the eye.
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FIG. SM 5. The ratio of the (a) carbon and (b) oxygen fluxes measured with events passing through
L1 to L9 over the events passing through L1 to L8. The red dashed lines indicate the total errors.
The black lines, set at one, are drawn to guide the eye.
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Before AMS: Results on Primary Cosmic Rays 
(Helium, Carbon, Oxygen)

from balloon and satellite experiments 
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The AMS Results on Primary Cosmic Rays He, C, and O.

20

Helium 

Oxygen 
Carbon 

90M events

8.4M events
7.0M events



They all deviate from a single power law above 200 GV

Helium 

Oxygen 
Carbon 
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AMS Result: Surprisingly, above 60 GV,
these fluxes have identical rigidity dependence. 
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Primary Cosmic Ray Spectral Indices
𝛄 = 𝒅[𝐥𝐨𝐠(𝚽)/𝒅[𝐥𝐨𝐠 𝐑 ] (𝚽 is the flux; 𝛄 is the spectral index)

All spectral indices are identical above 60 GV 
and harden above 200 GV.
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AMS

Traditionally, there are two prominent classes 
of cosmic rays:

Primary and Secondary (Li, Be, B, …).

23

Secondary Cosmic Rays are produced in the collisions of 
primary cosmic rays. They carry information on the history 

of the travel and on the properties of the interstellar 
matter.

p, He, C, O, …

Li, Be, B,…
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The tracker L2-L8 charge has a very fine resolution of 
∆Z=0.08-0.12 (3≤Z≤5). 

Accuracy on𝑵𝒊: Nuclei Charge Identification

The charge misidentification from noninteracting nuclei is 
negligible.

R>4 GV
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Background from interactions between L1 and L2

TRD

TOF

L1

L2

evaluated by fitting the charge 
distribution of tracker L1 

This background is <0.5% for Lithium and 
Beryllium, <3% for Boron.

selected by L2-L8 (Z=6)
9<R<11 GV

Systematic error on the fluxes is < 0.5% in the entire rigidity range 

O,N,C,B,Be + AMS Li + X

Carbon

Lithium
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Background from interactions above L1 
estimated from MC simulations which have been validated using data,

Cl

Tracker L1

Tracker L2-L8

2

5-6
7-8

1

3-4

RICH

TRD

thin L1 support structures 
made by carbon fiber and 
aluminum honeycomb Data 27-36 GV selected by L1 (Z=6)

Data 196-660 GV selected by L1 (Z=6)

for examples:

9

For secondaries, this background can reach up to 10% at 3 TV.
The systematic error on the fluxes is <1.5 % in the entire rigidity range
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Flux Measurements of Li, Be, B before AMS

Boron

Kinetic Energy EK [GeV/n]

Typically, the error on each flux is 
larger than 50% at 100 GV



28

B
Li

AMS Secondary Cosmic Rays: Lithium and Boron

7 GV

Above 7 GV Li and B have identical rigidity dependence 
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AMS Secondary Cosmic Rays: Lithium and Beryllium

30 GV

Above 30 GV Li and Be have identical rigidity dependence.
The fluxes are different by a factor of 2.



Rigidity dependence of Primary and Secondary 
Cosmic Rays

Both deviate from a single power law above 200 GV. 
But their rigidity dependences are distinctly different.

30

Primary

Secondary
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Primary and Secondary Cosmic Ray Spectral Indices
𝛄 = 𝒅[𝐥𝐨𝐠(𝚽)/𝒅[𝐥𝐨𝐠 𝐑 ] (𝚽 is the flux; 𝛄 is the spectral index)

The secondary cosmic ray spectral indices are nearly identical, but distinctly 
different from the rigidity dependence of the primary cosmic rays.

Above 200 GV, Li, Be, B all harden more than He, C, and O.
 [GV]R~Rigidity 
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AMS

Cosmic ray propagation is commonly modeled as a fast moving gas 
diffusing through a magnetized plasma.

At high rigidities, models of the magnetized plasma predict 
different behavior for B/C = kRδ.  

With the Kolmogorov turbulence model δ = -1/3 

B

C
ISM

The flux ratio between primaries (C) and secondaries (B) 
provides information on propagation 
and on the Interstellar Medium (ISM)

32
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Momentum/Charge [GV]
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The AMS Boron-to-Carbon (B/C) flux ratio

11 million nuclei

B/C = kR δ, δ = -0.333 ± 0.015

The B/C ratio 

does not show any significant structures 

Earlier AMS publication M. Aguilar et. al., Phys. Rev. Lett. 117 (2016) 231102. 



Secondary to Primary Flux Ratio Spectral Indices 
𝚫 = 𝒅 𝐥𝐨𝐠 𝚽𝑺/𝚽𝑷 /𝒅[𝐥𝐨𝐠 𝐑 ]

34

Combining the six ratios, the secondary over primary flux 
ratio (B/C, …) deviates from single power law above 200 GV 

by 0.13±0.03



Typically, these measurements have errors larger than
40%–50% above 100 GV.
Precision measurements of the primary He, C, and O

cosmic ray fluxes and of the secondary Li, Be, and B
cosmic ray fluxes by the Alpha Magnetic Spectrometer
(AMS) have been reported [8,9] with typical errors of
2%–4% at 100 GV.
To determine the primary and secondary components in

the nitrogen flux, we have chosen the rigidity dependence
of the oxygen flux as characteristic of primary fluxes and
the rigidity dependence of the boron flux as characteristic
of secondary fluxes. The secondary component of the
oxygen flux is the lowest (a few percent [10,11]) among
He, C, and O. The boron flux has no primary contribution
and is mostly produced from the interactions of primary
cosmic rays C and O with interstellar matter.
In this Letter we report the precision measurement of the

nitrogen flux in cosmic rays in the rigidity range from
2.2 GV to 3.3 TV based on data collected by the AMS
during the first five years (May 19, 2011 to May 26, 2016)
of operation aboard the International Space Station (ISS).
The total flux error is 4% at 100 GV.
Detector.—The layout and description of the AMS

detector are presented in Ref. [12]. The key elements used
in this measurement are the permanent magnet [13], the
silicon tracker [14], and the four planes of time of flight
(TOF) scintillation counters [15]. Further information on
the layout and the performance of the silicon tracker and
the TOF is included in Refs. [16,17]. AMS also contains a
transition radiation detector (TRD), a ring imaging
Čerenkov detector, an electromagnetic calorimeter, and
an array of 16 anticoincidence counters.
Nitrogen nuclei traversing AMS were triggered as

described in Ref. [18]. The trigger efficiency has been
measured to be > 98% over the entire rigidity range.
Monte Carlo (MC) simulated events were produced

using a dedicated program developed by the collaboration
based on the GEANT-4.10.1 package [19]. The program
simulates electromagnetic and hadronic interactions of
particles in the material of AMS and generates detector
responses. The Glauber-Gribov model [19], tuned to
reproduce the AMS helium data, see supplemental
figures SM 1(a),1(b) in Ref. [18], was used for the
description of the nuclei inelastic cross sections.
Event selection.—In the first five years AMS has collected

8.5× 1010 cosmic ray events. The collection time used in
this analysis includes only those seconds during which the
detector was in normal operating conditions and, in addition,
AMS was pointing within 40° of the local zenith and the ISS
was outside of the South Atlantic Anomaly. Because of the
geomagnetic field, this collection time increases with rigidity,
becoming constant at 1.23× 108 seconds above 30 GV.
Nitrogen events are required to be downward-going

and to have a reconstructed track in the inner tracker
which passes through L1. In the highest rigidity region,

R ≥ 1.3TV, the track is also required to pass through L9.
Track fitting quality criteria such as a χ2=d:o:f: < 10 in the
bending coordinate are applied, similar to Refs. [18,20,21].
The measured rigidity is required to be greater than a

factor of 1.2 times the maximum geomagnetic cutoff within
the AMS field of view. The cutoff was calculated by
backtracing [22] particles from the top of AMS out to 50
Earth’s radii using the most recent IGRF model [23].
Charge measurements on L1, the upper TOF, the inner

tracker, the lower TOF, and, for R > 1.3TV, L9 are all
required to be compatible with charge Z ¼ 7 as shown in
Fig. 1 of the Supplemental Material [16] for the inner
tracker and in Fig. 2 of the Supplemental Material [16]
for the upper TOF for different rigidity ranges. With this
selection, the charge confusion from noninteracting nuclei
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FIG. 1. (a) The AMS nitrogen flux ΦN [16] multiplied by R̃2.7

with total errors as a function of rigidity. (b) The dependence of
the nitrogen spectral index on rigidity together with the rigidity
dependence of the spectral indices of primary He, C, and O
cosmic rays and secondary Li, Be, and B cosmic rays. For clarity,
the horizontal positions of the Li and B data points and He and O
data points are displaced with respect to the Be and C data points,
respectively. The shaded regions are to guide the eye. As seen,
the nitrogen spectral index is situated between the primary and
secondary cosmic ray spectral indices, hardens rapidly with
rigidity above ∼100 GV and becomes identical to the spectral
indices of the primary cosmic rays above ∼700 GV.
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The AMS Result on Nitrogen Flux

2.2 million events



Typically, these measurements have errors larger than
40%–50% above 100 GV.
Precision measurements of the primary He, C, and O

cosmic ray fluxes and of the secondary Li, Be, and B
cosmic ray fluxes by the Alpha Magnetic Spectrometer
(AMS) have been reported [8,9] with typical errors of
2%–4% at 100 GV.
To determine the primary and secondary components in

the nitrogen flux, we have chosen the rigidity dependence
of the oxygen flux as characteristic of primary fluxes and
the rigidity dependence of the boron flux as characteristic
of secondary fluxes. The secondary component of the
oxygen flux is the lowest (a few percent [10,11]) among
He, C, and O. The boron flux has no primary contribution
and is mostly produced from the interactions of primary
cosmic rays C and O with interstellar matter.
In this Letter we report the precision measurement of the

nitrogen flux in cosmic rays in the rigidity range from
2.2 GV to 3.3 TV based on data collected by the AMS
during the first five years (May 19, 2011 to May 26, 2016)
of operation aboard the International Space Station (ISS).
The total flux error is 4% at 100 GV.
Detector.—The layout and description of the AMS

detector are presented in Ref. [12]. The key elements used
in this measurement are the permanent magnet [13], the
silicon tracker [14], and the four planes of time of flight
(TOF) scintillation counters [15]. Further information on
the layout and the performance of the silicon tracker and
the TOF is included in Refs. [16,17]. AMS also contains a
transition radiation detector (TRD), a ring imaging
Čerenkov detector, an electromagnetic calorimeter, and
an array of 16 anticoincidence counters.
Nitrogen nuclei traversing AMS were triggered as

described in Ref. [18]. The trigger efficiency has been
measured to be > 98% over the entire rigidity range.
Monte Carlo (MC) simulated events were produced

using a dedicated program developed by the collaboration
based on the GEANT-4.10.1 package [19]. The program
simulates electromagnetic and hadronic interactions of
particles in the material of AMS and generates detector
responses. The Glauber-Gribov model [19], tuned to
reproduce the AMS helium data, see supplemental
figures SM 1(a),1(b) in Ref. [18], was used for the
description of the nuclei inelastic cross sections.
Event selection.—In the first five years AMS has collected

8.5× 1010 cosmic ray events. The collection time used in
this analysis includes only those seconds during which the
detector was in normal operating conditions and, in addition,
AMS was pointing within 40° of the local zenith and the ISS
was outside of the South Atlantic Anomaly. Because of the
geomagnetic field, this collection time increases with rigidity,
becoming constant at 1.23× 108 seconds above 30 GV.
Nitrogen events are required to be downward-going

and to have a reconstructed track in the inner tracker
which passes through L1. In the highest rigidity region,

R ≥ 1.3TV, the track is also required to pass through L9.
Track fitting quality criteria such as a χ2=d:o:f: < 10 in the
bending coordinate are applied, similar to Refs. [18,20,21].
The measured rigidity is required to be greater than a

factor of 1.2 times the maximum geomagnetic cutoff within
the AMS field of view. The cutoff was calculated by
backtracing [22] particles from the top of AMS out to 50
Earth’s radii using the most recent IGRF model [23].
Charge measurements on L1, the upper TOF, the inner

tracker, the lower TOF, and, for R > 1.3TV, L9 are all
required to be compatible with charge Z ¼ 7 as shown in
Fig. 1 of the Supplemental Material [16] for the inner
tracker and in Fig. 2 of the Supplemental Material [16]
for the upper TOF for different rigidity ranges. With this
selection, the charge confusion from noninteracting nuclei
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FIG. 1. (a) The AMS nitrogen flux ΦN [16] multiplied by R̃2.7

with total errors as a function of rigidity. (b) The dependence of
the nitrogen spectral index on rigidity together with the rigidity
dependence of the spectral indices of primary He, C, and O
cosmic rays and secondary Li, Be, and B cosmic rays. For clarity,
the horizontal positions of the Li and B data points and He and O
data points are displaced with respect to the Be and C data points,
respectively. The shaded regions are to guide the eye. As seen,
the nitrogen spectral index is situated between the primary and
secondary cosmic ray spectral indices, hardens rapidly with
rigidity above ∼100 GV and becomes identical to the spectral
indices of the primary cosmic rays above ∼700 GV.
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Nitrogen Spectral Indices
𝛄 = 𝒅[𝐥𝐨𝐠(𝚽)/𝒅[𝐥𝐨𝐠 𝐑 ] (𝚽 is the flux; 𝛄 is the spectral index)
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The AMS nitrogen flux compared with earlier measurements

(standard model)



38

The Nitrogen flux ΦN is composed of 
a Primary flux ΦP and a Secondary flux ΦS

NN



Nitrogen nuclei in cosmic rays: both primary and secondary

Astrophysical sources, 
mostly via the CNO cycle

Collisions of heavier nuclei 
with the interstellar medium

Source

AMS on ISS

O, Si, …, Fe + ISM ® N + ...

e+

e+

In the Solar System:

N/O » 0.14+0.05

Synthesis of Elements in Stars , Lodders, K. ,  Springer-Verlag Berlin  
Heidelberg p. 379-417 (2010)

-0.04
C/O » 0.46+0.09

-0.08

AMS measurement in the Galaxy
(primary component)
N/O＝ 0.090

±𝟎. 𝟎𝟐
±𝟎. 𝟎𝟎𝟐
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C/O = 0.91



Summary of Flux of Elements

Primary

Secondary

Primary + Secondary
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corrections, ðNi − ℵiÞ=ℵi, where ℵi is the number of
observed events in bin i, are þ 15% at 3 GV, þ 7% at
5 GV, −5% at 200 GV, and −6% at 3.3 TV.
Extensive studies were made of the systematic errors.

These errors include the uncertainties in the background
estimations discussed above, the trigger efficiency, the
geomagnetic cutoff factor, the acceptance calculation, the
rigidity resolution function, and the absolute rigidity scale.
The systematic error on the flux associated with the trigger
efficiency measurement is < 0.7% over the entire rigidity
range. The geomagnetic cutoff factor was varied from 1.0
to 1.4, resulting in a negligible systematic uncertainty
(< 0.1%) in the rigidity range below 30 GV.
The effective acceptances Ai were calculated using MC

simulation and corrected for small differences between the
data and simulated events related to (a) event reconstruction
and selection, namely, in the efficiency of velocity deter-
mination, track finding, charge determination, and tracker
quality cuts and (b) the details of inelastic interactions of
nitrogen nuclei in the AMS materials. The total corrections
to the effective acceptance from the differences between
the data and the MC simulation were found to be < 3%,
up to 500 GVand < 5% at 3.3 TV. The systematic error on
the flux associated with the reconstruction and selection is
< 1% over the entire rigidity range. The material traversed
by nuclei between L1 and L9 is composed primarily of
carbon and aluminum [18]. The systematic error on the
nitrogen flux due to uncertainties of inelastic cross sections

for N þ C and N þ O was evaluated in a similar way as in
Ref. [8] and discussed in detail in the data analysis section
of the Supplemental Material of Ref. [16]. It was found to
be < 3% up to 100 GV and 4% at 3 TV.
The rigidity resolution function Δð1=RÞ for nitrogen has

a pronounced Gaussian core characterized by width σ and
non-Gaussian tails more than 2.5σ away from the center
[18]. The resolution function has been verified with the
procedures described in detail in Ref. [21]. As an example,
Fig. 6 of the Supplemental Material of Ref. [16] shows that
the measured tracker bending coordinate resolution of
5.5 μm is in good agreement with the simulation. This
yields the MDR of 3.5 TV with 5% uncertainty and
provides the uncertainties of 10% on the amplitudes of
the non-Gaussian tails. The systematic error on the flux due
to the rigidity resolution function was obtained by repeat-
ing the unfolding procedure while varying the width of the
Gaussian core of the resolution function by 5% and by
independently varying the amplitudes of the non-Gaussian
tails by 10%. The resulting systematic error on the flux is
less than 1% below 150 GV and 3% at 3.3 TV.
There are two contributions to the systematic uncertainty

on the rigidity scale discussed in detail in Refs. [8,20]. The
first is due to residual tracker misalignment. The second
contribution arises from the magnetic field map measure-
ment and magnetic field temperature corrections. The error
on the flux due to this uncertainty is < 0.6% up to 100 GV
and 5% in the last bin, 1.3–3.3 TV.
Much effort has been spent in understanding the sys-

tematic errors [18,20,21]. As an example, Fig. 7 of the
Supplemental Material [16] shows the ratio of two mea-
surements of the nitrogen flux from 2.2 GV to 1.3 TV, one
performed using events passing through L1 to L8and the
other using events passing through L1 to L9. The good
agreement between the measurements verifies the system-
atic errors on unfolding, due to the difference in the
resolution functions, and the systematic errors on accep-
tance, due to the difference in geometric factor and the
amount of material traversed.
Most importantly, several independent analyses were

performed on the same data sample by different study groups.
The results of those analyses are consistent with this Letter.
Results.—The measured nitrogen flux including statis-

tical and systematic errors is reported in Table I of the
Supplemental Material [16] as a function of the rigidity at
the top of the AMS detector. Figure 1(a) shows the nitrogen
flux as a function of rigidity with the total errors, the
quadratic sum of statistical and systematic errors. In this
and the subsequent figures, the points are placed along the
abscissa at R̃ calculated for a flux ∝ R−2.7 [25].
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 from

γ ¼ d½logðΦÞ&=d½logðRÞ&; ð2Þ
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FIG. 4. Comparison of the AMS measurements of the primary
cosmic ray fluxes [8] and the secondary cosmic rays fluxes [9]
with the nitrogen flux [16] multiplied by R̃2.7 with their total
errors as functions of rigidity above 30 GV. For display purposes
only, the C, O, Li, Be, B, and N fluxes were rescaled as indicated.
For clarity, the horizontal positions of the He, O, Li, and B data
points above 400 GVare displaced. As seen, the three secondary
fluxes have identical rigidity dependence above 30 GV as do the
three primary fluxes above 60 GV, but they are different from
each other. The rigidity dependence of the nitrogen flux is
distinctly different from the dependence of both the primary
fluxes and the dependence of the secondary fluxes.
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Conclusions and Outlook

• AMS precision measurements of cosmic ray nuclei up to multi-TeV
energies are challenging our understanding of cosmic ray physics. 

• Identical rigidity dependences are observed for both primary 
cosmic rays (He, C, O) and secondary cosmic rays (Li, Be, B). But they 
are distinctly different from each other.

• The AMS results on cosmic-ray fluxes Z<=8  do not follow the 
traditional single power law. They all have a break at ~200 GV.

• AMS will continue taking data for the lifetime of the International 
Space Station (beyond 2024). Measurements of heavier species, 
Z>8, will enable us to explore a new region in cosmic rays.
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The Magnet 
The detailed 3D field map (120k locations)

was measured in May 2010

Z=0

Deviation from 1997 measurement

In 12 years the field has 
remained the same to <1%
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The systematic errors include the uncertainties in the background 
estimations, the trigger efficiency, the geomagnetic cutoff factor, the 

acceptance calculation, the rigidity resolution function, and the absolute 
rigidity scale. 

Flux Errors Breakdown (Boron)

Statistical
Total

Unfolding
Rigidity Scale
Acceptance

Trigger

Rigidity [GV]
10 210 310

R
el

at
iv

e 
Er

ro
r

0

0.1

0.2

0.3



Rigidity [GV]
2 3 4 5 6 7 10 20 30 210 210×2 310 310×2

Ca
rb

on
 F

lux
 E

rro
r (

%
)

0

5

10

15

Carbon Flux Errors Breakdown
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