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Figure 2: The combined total uncertainty on the predicted secondary p̄/p ratio, superim-

posed to the older Pamela data [48] and the new Ams-02 data.

expected to be relevant only at small energies and in any case to have a small impact.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following). We describe this
process in the usual force field approximation [47], parameterized by the Fisk potential �F ,
expressed in GV. As already mentioned in the Introduction, the value taken by �F is uncertain,
as it depends on several complex parameters of the Solar activity and therefore ultimately on
the epoch of observation. In order to be conservative, we let �F vary in a wide interval roughly
centered around the value of the fixed Fisk potential for protons �p

F (analogously to what done
in [25], approach ‘B’). Namely, �F = [0.3, 1.0] GV ' �p

F ± 50%. In fig. 1, bottom right panel,
we show the computation of the ratio with the uncertainties related to the value of the Fisk
potential in the considered intervals. Notice finally that the force field approximation, even if
‘improved’ by our allowing for di↵erent Fisk potentials for protons and antiprotons, remains
indeed an e↵ective description of a complicated phenomenon. Possible departures from it could
introduce further uncertainties on the predicted p̄/p, which we are not including. However it
has been shown in the past that the approximation grasps quite well the main features of the
process, so that we are confident that our procedure is conservative enough.

Fig. 2 constitutes our summary and best determination of the astrophysical p̄/p ratio and
its combined uncertainties, compared to the new (preliminary) Ams-02 data. The crucial
observation is that the astrophysical flux, with its cumulated uncertainties, can reasonably well
explain the new datapoints. Thus, our first —and arguably most important— conclusion is
that, contrarily to the leptonic case, there is no clear antiproton excess that can be identified in
the first place, and thus, at this stage, no real need for primary sources. This also means that,

6

Figure 4: Antiproton fraction predicted from pure secondary production compared to the
AMS-02 data. The inner band encompasses propagation uncertainties (see text), the full band
also includes uncertainties in the p̄ production cross sections. The antiproton fraction for the
propagation configuration (within our sample) which yields the best fit to B/C (table 3) and
for the configuration which yields the best fit to the p̄/p data are indicated by the dotted and
the dashed line, respectively.

propagation uncertainties. The corresponding p̄/p ratio after accounting for solar modulation
(� = 0.57 GV) is shown with the AMS-02 data in figure 4. The broader band in the same
figure is obtained by including the uncertainties in the antiproton production cross sections
from [13]. The p̄/p ratio for the configuration of table 3 is also shown.

It can be seen that the secondary antiproton background is in good agreement with the
data, primary sources of antiprotons are not favored. To make this more explicit, we have
performed a �2 test against the AMS-02 p̄/p data for each configuration within our sample.
Even before taking into account the uncertainties in the antiproton production cross section,
we find a configuration with �2/d.o.f. as low as 0.5. The p̄/p ratio for this configuration is also
shown in figure 4.

In figure 5, which shows � and Vc for the sample of configurations selected in the B/C
analysis, we have marked those which are also consistent with the p̄/p data. As a criterion we
again required4 �2/d.o.f. < 2.

There is a trend that the AMS-02 p̄/p data favor those sets of propagation parameters with
smaller �. This is a consequence of the almost flat shape of the AMS-02 p̄/p ratio at high

4
We also took into account the uncertainty in the production cross section. For each set of propagation

parameters, we calculated the minimal, medium and maximal flux within the cross section uncertainty band.

Then, we defined a parameter which smoothly interpolates between the three fluxes and selected the parameter

which minimizes �2
. If for this optimal choice of the production cross section �2/d.o.f. < 2 the configuration is

taken to be consistent with the p̄/p data of AMS-02.

8

Above 100 GeV they are comparable in magnitude. 
Precision measurements of the nuclear component of cosmic rays may 
help reducing the latter.
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Fig. 7.— Illustration of diffusive reacceleration models realized with GALPROP for different
values for δ. The best model fit to all available cosmic-ray data has δ = 0.34 (solid line).

This uncertainty comes from the 
estimation of the various parameters that 
define a given propagation environment 

for cosmic rays. 
Usually these parameters are extracted 
from a comparison with experimental 
data and carry an uncertainty which 
reflects the precision of current data 

available.
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The formula to translate cross - section 
uncertainty to the p/He/C flux error: 0.5⋅(e-x(1-d) - e-x(1+d))/e-x

The idea for evaluation of the systematic error is to:!
❖  generate MC with ±10% of nominal cross section!
❖ do the same flux analysis (1-200 GeV range will be used)
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From the interaction length the uncertainty on a 
measured flux due to the cross section is 

obtained as

1

2
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From the interaction length the uncertainty on a 
measured flux due to the cross section is 

obtained as
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But in the detector many materials are 
present, for each one a different cross 

section is involved.

Material distribution in AMS, L1-L9
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A caveat for flux measurement
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• AMS analyses need proper estimation of cross section for particles like proton, helium, carbon, 
etc. on the detector material. 

• The current estimation of interaction and survival probability comes from models encoded in 
Geant4. 

• The models are partially verified by experimental data, mostly in low-energy region (with the 
exception of p-p data). 

• There is an effort by the AMS-02 collaboration to estimate high energy projectile cross 
sections for current analyses of interest. 

• With 5-10% uncertainty on the cross-section we can get : 
• 1-2% syst. error on p flux, 
• 2-5% syst. error for He flux, 
• 4-8% syst. error for C flux. 



A sample of cross sections
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(Models may differ up to 14%)

4% error

p+C



A sample of cross sections
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(Models may differ up to 9%)

2% error

p+Al



A sample of cross sections
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(Models may differ up to 20%)

5% error

He+C



A sample of cross sections
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(Models may differ up to 25%)

2% error

He+Al



A sample of cross sections
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(Models may differ up to 10%)

3% error

C+C



A sample of cross sections

1313

(Models may differ up to 10%)

3% error

C+Al



AMS-02
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AMS is a particle detector in space. It can try to address the problem. 
Repurpose part of the detector as a target, use the rest for up(down)stream ID.



AMS-02
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“Survival probability” 
Preselect particles with upper part of detector (Np) 

Select surviving particles with charge cut on Layer 9 (Ns) 
Use particles not interacting in ECAL to estimate charge efficiency (𝜺c)
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“Survival probability” 
Preselect particles with upper part of detector (Np) 

Select surviving particles with charge cut on Layer 9 (Ns) 
Use particles not interacting in ECAL to estimate charge efficiency (𝜺c)

S.p. =
Ns

Np · "c



AMS-02

16

The same game can be played upside-down 
Preselect particles with inner tracker coming from below (Np) 

Select surviving particles with charge cut on Layer 1 (Ns) 
Use particles coming from above to estimate charge efficiency (𝜺c)



Z=2 Particle Beta VS Zenith
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AMS Position and Time Period Selection 1 


1:  zenith angle >45° is ~0.16% of total AMS exposure time

2:  for zenith >45°�reverse position at 80 100° zenith angle is ~80%

3:  zenith 80 100° time period is selected to study
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So far AMS-02 has spent 2 days in “horizontal” position. 
With 80<zenith<100 the data sample is enriched in particles coming from below. 
Compare downward and upward efficiencies after sample reweighing (because of 

different angular distribution)



Helium S.p.
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This survival probability is ~ p3 and error used will be ~ 3 Δp.
We add error assuming an uncertainty of 5% in the XS (~ 1.3%). 
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Best data/MC agreement if 
interaction probability is tuned up 

by 15%. This tuning is preliminarily 
done with cross section but it’s only 

part of this game

(Remember, He+C and He+Al 
models at high energies may differ 

by more than 20%)

preliminary

preliminary



Interaction tomography
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MATERIAL RECONTRUCTION USING INTERACTION VERTICES RECONSTRUCTED BY TRD

TOP COVER TOMOGRAPHY

TRD MATRERIAL FINE STRUCTURE

AMS ON ISS - PHOTO

NICOLA TOMASSETTI  -  LPSC - IN2P3/CNRS GRENOBLE
8

LPNHE - PARIS  - 18/12/2014



Interaction tomography
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Tomographic reconstruction of the AMS top-of-instrument material obtained using the Proton-to-Helium flux ratio. 
Tiny differences in the interaction cross-section of proton and He are used to trace the material inhomogeneities. 
Several detector elements such as screws, electronics boards, and mechanical interfaces are clearly recognisable.

7



Charge-changing processes
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ZTOF_LOW=5.2

ZTRK_IN=4.8

ZRICH=5.1

ZTRK_L1=6.1

ZTRD=6.0

ZTOF_UP=9.9

Z1=5.3

Rigidity 10.6 GV

Optimized for high-Z measurements 
-Large dinamical range: Z (1 - 30) 
-Many layers of active material 
-Many independent evaluations of Z 

Dedicated Trigger for Z > 1: 
-4/4 TOF planes fired  
-Multiple TOF hits allowed 
-NACC < 5 

Minimum bias trigger: 
-1/100 prescaling!! 
-3/4 TOF fired 
-No conditions on NACC

4
LPNHE - PARIS  - 18/12/2014

C → B
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Redundancy in Z-measurements allows us to study different 
fragmentation processes appearing at different levels in the 
detector.

Example: secondary production of Boron in TRD material by Z>5 nuclei



Conclusions
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• Almost 50% of the uncertainty on p̅ theoretical prediction comes from the propagation 
environment 

• Precision measurements of the nuclear component of cosmic rays is crucial to narrow 
down propagation parameters 

• AMS-02 is capable of performing such measurement, provided we can increase our 
knowledge of high-energy ions inelastic cross sections. 

• AMS-02 shows also sensitivity to the cross section value in some key observables (and 
has a lot of data!). Also, sensitivity to exclusive (charge-changing) cross sections. 

• AMS-02 (like many other CR experiments) can benefit from some new measurements 
of cross sections for heavy ions. 

Thanks


