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BUILDING SOME INTUITION ABOUT
COSMIC RAYS PROPAGATION



CRs m the interstellar medium
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Building the intution about charged
1 CR propagation
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Building the intution about charged

R about 30 kpc
H about 2 kpc
h about 0.15 kpc
~ Average density n about 5 protons/cm3
2H primary sources located in the disk
Diffusion due to magnetic field with
diffusion coeff. D

Except for electrons
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Building the intution about charged

CR propagation

* Time scale to reach reach Halo limit and escape:

H? H?
Tesc(H) ® — = 0.6 ~ 5107 years
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 Time spent in the disk given a diffusion length L

1 hL
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t (H) = 10° years

* Energy loss time scale (synchrotron & IC)
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Building the intution about charged
CR propagation

e Effective diffusion length due to fragmentation:
2
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Cosmic ray tluxes in the heliosphere
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Geomagnetic shielding
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Geomagnetic shielding
vs position of the orbit
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THE AMS-02 EXPERIMENT
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AMS is a U.S. DOE sponsored international collaboration

CERN provided assembly, testing and the Control Center
Strong support from R. Heuer, S. Lettow, S. Bertolucci, S. Myers, A. Siemko, ...
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AMS: A TeV precision, multipurpose spectrometer

|den:;§,De+ = Particles and nuclei TOF
; are defined
by their charge (Z) | e
and energy (E ~ P) +E O\t

g ..".‘...'.:y

Magnet

ZandP

are measured independently by the
Tracker, RICH, TOF and ECAL




AMS goals: He/He =1/10°, e*/p > 1/10° & Spectra to 1%

e*/p > 1/102

Magnet

e*/p =1/104

a) Minimal material in the TRD and Tracker, so that the detector itself does not become a source of
background nor of large angle scattering

b) Repetitive measurements of momentum , to ensure that particles which had large angle scattering are
not confused with the signal.

c) e* detectors are separated by magnetic field, so that secondary particles from TRD do not enter
into ECAL.



Physics of 11 million e*, e- events

Measuring electrons and positrons £ Y i e -83-100 GeV
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AMS ANALYSIS EXAMPLE: HELIUM
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He event selection

. Downgoing particle (5 > 0.3)

. Rigidity (R) above Geomagnetic cutoff :
R > 1.2 RcRe-cutoft

. Track has top (L1) and bottom (L9) layers
to ensure the best resolution (MDR_ ;4 =3.2 TV)

. Charge compatible with Z=2 along the trajectory

e.g.Inner Tracker : 1.7<Q; o < 2.5

Iy —

. Quality of the track fitting : »?/d.f.< 10



He selection (1)

Downgoing (f > 0.3) and positive charge (R > 1 GV)
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Events/Bin

He selection (2)
Track has hits in L1 and L9 with Z,,,452,and Zqp =2
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Cosmic-ray

Minor backgrounds ™~ caror
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Flux measurement

Assuming flux over geomagnetic cutoff is isotropic
The differential flux is defined as :

A — Events Corrected for
@(R ) — i Bin to Bin Migration
Same Te d AR, due to Tracker Rigidity
' el I Resolution
! ’ I " ’:
,I’ Tlme -/ ': \\‘\
! 6.3 x10%sec N BT
Rigidity j.
2-3000 GV Trigger

Efficiency Effective
Acceptance



N

Exposure time P(R;) = T e; A AR,

For a give rigidity bin, this is the time the

Orbit is in a position witha cutoff below the|
rigidity, times the “live time.”
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N,

Trigger efficiency ?iR)= ——77
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Acceptance S(R)= —
- MC validation Ll

. Track reconstruction efficiency

- Validation of the description of the detector
performance in MC simulation

. L1 hit association efficiency
- Validation of the He elastic scattering

. Survival probability between L8 and L9
- Validation of the He inelastic cross section
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Data/MC comparison (3)

Survival probability between L8 and L9 :

Validation of He inelastic cross section il
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(1) | S + ................................... =

L9 survival eff. Data/MC Ratio
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Verifications of systematic errors

. Flux ratio above 30 GV versus angle to AMS z-axis
- Verification of systematic error on acceptance

. Flux ratio above 45 GV versus time
- Stability of detector performance over time

. Flux ratio between Inner and Full Tracker
- Verification of systematic errors on unfolding
and rigidity resolution function



Verifications of Systematic errors (1)
He Flux ratio above 30 GV VS angle 8 to the AMS z-axi
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Verifications of Systematic errors (2)
He Flux ratio above 45 GV VS time
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Verifications of Systematic errors (3)
He Flux ratio between Inner and Full Tracker
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Verification of Rigidity scale

E / P comparlson for et and e-

-.g - | | 1 | | B
slSs F e* E>30 GeV
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B Normalized
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Events

Explicit verification of the tracker on

ground
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SOME AMS-02 RESULTS: NUCLEI
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He vs p fluxes
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SOME AMS-02 RESULTS:
SECONDARY TO PRIMARY



Boron-to-Carbon Ratio
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SOME AMS-02 RESULTS:
ELECTRONS & POSITRONS
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CONCLUSIONS



Conclusions

BAYESIAN ANALYSIS OF COSMIC-RAY PROPAGATION: EVIDENCE AGAINST HOMOGENEOUS DIFFUSION
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Non uniform diffusion is clearly the case, even more after AMS-02 data.

Problems with anti protons: there are too many (maybe a problem with x-section)
Positrons /electrons additional source to be found: getting closer to the cutoff.
High precission data beyond models precision now.
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