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In 8 years, 140 billion charged particles have been measured




AMS is a space version of a precision detector
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Silicon Tracker and Magnet
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Unique feature of AMS: Energy-Momentum Match
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Positron and electron identification in AMS
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Calibration of the AMS Detector

Test beam at CERN SPS:
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Computer simulation:
Interactions, Materials, Electronics
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Electrons and Positrons in the Cosmos

* Electrons are produced and accelerated in SNR together with proton, Helium. They
are primary cosmic rays that travel through the galaxy and detected by AMS.

* These particle interact with the interstellar matter and produce secondary source
of anti-particle: etc. They are much less abundant in

astrophysics process.

* New physics sources like Dark Matter produce both particles and antiparticles in
equal amount.




Electron Spectrum

Electron and Positron spectra before AMS

Positron Spectrum
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The measurement of electrons and positrons in AMS

Primary cosmic ray particle: A 960 GeV positron
e E>1.2-max cutoff '

TOF:
 Down-going particle >0.8

* Charge |Z]|=1 particle

- S~ _ﬁ%ﬁﬁ%TOF
* Provide proton rejection Argp: —

TRD
The ratio of the log-likelihood probability of the e* | '\‘
hypothesis to that of proton hypothesis ~

yp & yp - Tracker

tracker and magnet: =
7/

* Provide accurate momentum measurement

* Charge |Z|=1 particle | /
* Provide charge confusion identification A7 TOE
The boosted decision tree value combines multiple

information from tracker and TOF |
. A

* Provide accurate energy measurement. % ECAL
* Provide proton rejection with 3D shower shape 9




Analysis method to determine the number of e™

 ECAL selection to remove bulk of the proton background.
* For each bin, fit templates to negative data sample in (Atgp — A%) plane
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The background contribution is small comparing to the electron signal

In total, 28.1 million electrons are identified from 0.5 GeV to 1.4 Te\l{)



Major Systematic Errors

Charge confusion:

— Measured directly from data. Good agreement between data and Monte Carlo.
The difference is taken as systematic error

Template definition:
— The measurement is stable over wide ranges of the selections.

Effective Acceptance:

— Estimated from MC, Small correction applied based on efficiency measured from
Data.

Event bin-to-bin migration:

— Corresponding error is 2% of the flux at 0.5GeV and it decreases to < 0.2% above 10
GeV.

Energy Scale:

— Uncertainty in the absolute energy scale: 2% at [2, 300] GeV, 2.6% at 1.4TeV.
Treated as the uncertainty of the energy bin boundaries.
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The errors of the electron flux
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Statistical error dominates above 200 GeV ,
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AMS Latest Electron and Positron spectra

AMS positrons has been presented by Dr. N. Zimmermann
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AMS Electron spectrum with earlier experiments
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Consistency check:
Electron flux with proton rejectlon Increased by X3

|
- ® This Letter

’IIIIIIIIIIIIIIIIIIIII

— ® Tighter selection ,##%%%,,
¢

o L
(34}
||||I'I'I'I|_ —

ELt

:

E

— ok mh ok i
Qo Q
w B

Proton Rejection 7
o

-
o

« 90% ECAL efficiency
» 65% ECAL efficiency

ﬁ““’i1

iii‘ié

Energy [GeV]
o " AT

10

Qéi*

W90 doo. o AQ

1000

Momentum[GeV/c]

vy

f

10 102




Fit to the data

CEY,

D, - (E) = CEY(E/EO)AY,

Ay = 0.094 + 0.014
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The electron flux can be described by two power law functions.

Ez _ . -1 a _ b
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Electrons have neither source nor cutoff.
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The positron flux is the sum of

low-energy e* from collisions plus a new source of high-energy e*

Collisions Source
o+ (E) = = [cdw/El)m +C,(E/E,)"  exp(— E/Ey)|
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At low energies positrons come from cosmic ray collisions,
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The positron source term has a cutoff,

whereas electrons have neither source term nor the cutoff.
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Study of high energy cutoff in the electron flux
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Contrary to 40 exponential cutoff at 810f§§8 GeV in the positron flux,

the electron flux does not show a cutoff below 1.9 TeV. 22



Electron flux fit with positron source term

b, (E)=C.- (E/E,) + f.- C(E/Ey)* exp(—E/E). (E>41.16)
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It’s not possible to extract any additional information on the existence and

properties of the source term using the electron flux alone.
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Origins of Cosmic Electrons

The cosmic ray electrons originate from different sources
than high energy positrons.
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Conclusion

* The high statistics precision measurements of the electron flux from
0.5GeV to 1.4TeV, with detailed study of systematic uncertainties
based on a data sample of 28.1x10° electrons is presented.

* The electron flux exhibits a significant excess starting from

42.1%23GeV compared to the lower energy trends, and is well
described by the sum of two power law component in the entire
energy range.

* The different behavior of the cosmic-ray electrons and positrons

measured by AMS is clear evidence that most high energy electrons
originate from different sources than high energy positrons.

25



26



AMS (electron + positron) spectrum with earlier measurements
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AMS positron fraction together with earlier measurements
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