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The challenge of positrons and electrons at high energy
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In this talk we'll:

- quickly highlight the major challenges of the high energy e+ and e-
measurements

- discuss the power of a multi-purpose complete and redundant 
detector like AMS



Key requirements
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In the e+, e- measurement, the key requirements of the 
detector/experiment are: 
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In the e+, e- measurement, the key requirements of the 
detector/experiment are: 

• rejection of the large background
(mainly protons, p/e- > 102): e/p separation;

• energy resolution and energy scale accuracy;

• precise knowledge of the detector acceptance,
efficiencies and their stability in time;



In the e+, e- measurement, the key requirements of the 
detector/experiment are: 

• rejection of the large background
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Redundancy and Complementarity!

Key requirements
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Exploring the shower topological differences between hadronic and 
electromagnetic particles, is possible to obtain an e/p separation up to 105

electrons

protons

17 X0 3D-imaging ECAL ISS Data

e/p separation: ECAL
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Thanks to the different energy deposits of light and heavy 
particles, the TRD is capable to achieve an e/p separation up to 104

20 layers of TRD ISS Data

e/p separation: TRD

protons
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Additional e/p discrimination is achieved by the comparison of the ECAL calorimetric 
energy and Tracker spectrometric rigidity measurements.

Given the natural abundances of p+, p-, e- and e+, even a selection only based on the sign 
of the Rigidity is possible to obtain quite pure sample of p+ and e-

protons
electrons

ISS Data

e/p separation: Tracker+ECAL
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e/p separation: redundancy and complementarity

By combining different sub-detectors is 

possible to easily distinguish the 

different components
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Proton background rejection

NIM-A A 869 110–117 (2017) Tipically the strategy is:

- remove the bulk of background by means of 

ECAL
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Boosted Decision Tree, BDT:
19 variables describing

3D shower shape combined

protons
electrons

ECAL classifier

Fr
ac

tio
n 

of
 e

ve
nt

s

In the years the collaborations improved

the tools:

- BDT used for the first measurements

- Likelihood developed for the ultra-TeV 

analyses



Proton background rejection

PRL 113, 221102 (2014) 

PRL 122, 041102 (2019) 

Tipically the strategy is:

- remove the bulk of background by means of 

ECAL

- template fit the residual background with TRD
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Key requirements – high energy positrons
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In the e+ measurement, the key requirements of the 
detector/experiment are: 

• rejection of the large background
(mainly protons, p/e+ > 103);

• rejection of the charge-confused electron background; 

à as the energy increases,
these requirements become more and more crucial 



Parameters from track fits (χ2, residuals, etc…), as 

well as information about E/Ρ and charge 

measurement are used to built a BDT based 

Charge Sign Estimator and separate positrons 

from confused electrons

Charge Confusion control
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- Charge sign estimator allows to constrain charge

sign confusion rate below 12% at TeV energy for

track configuration “at least 1 outer layer”

- Requirement for hits on track in both L1 and L9 allows 

to significantly decrease charge sign confusion rate
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information used to have a redundant signal in case of anode breakdowns and also to build up1661

the ECAL standalone trigger (see Section
det:daq_trg
2.8).1662

1663

ECAL PMT response is equalized setting the PMT gain to a common value and correcting1664

the residual response of each cell to hadronic MIP particles o✏ine [
BasaraICRC2013
202].1665

1666

Electrons, positrons and photons reaching ECAL interact starting an electromagnetic shower.1667

The mean longitudinal profile of the energy deposit by an electromagnetic shower is usually1668

described by a gamma distribution [
Grindhammer1993kw
203]:1669

h 1
E

dE(t)

dt
i = (�t)↵�1

e
��t

�(↵)
(2.2) eq:show_long_prof

where t = x/X0 is the shower depth in units of radiation length, � ⇠ 0.5 is the scaling parameter1670

and ↵ the shape parameter. The total thickness of the ECAL (⇠ 17 X0) allows the containment1671

of 75% of the shower energy deposit for 1 TeV electrons.1672

The energy of the incoming particle is measured applying corrections for the rear and lateral1673

energy leakage, and for the anode e�ciency, to the deposited energy. These corrections ensure1674

the energy linearity to be under control to less than 1% up to 300 GeV. The calorimeter energy1675

resolution �(E)/E has been measured during the test beams [
DiFalcoICRC2013
204] (see Figure

fig:det:ecal:ecal_eneres
2.16) and can be1676

parametrized as a function of the particle energy E by:1677

�(E)

E
=

10.4± 0.2p
E(GeV)

%� (1.4± 0.1)% (2.3) eq:ecal_ene_res

fig:det:ecal:ecal_eneres
Figure 2.16: ECAL energy resolution
measured using e± test beams for
perpendicularly incident particles [

DiFalcoICRC2013
204].

The fine ECAL 3D readout granularity allows to reconstruct the shower axis and direction1678

with high precision. The ECAL pointing accuracy is an extremely important parameter for1679

gamma ray astrophysics. The ECAL angular resolution has been measured to be better than 1�1680

for energies above 50 GeV [
VecchiICRC2013
205]. The ECAL standalone trigger, whose e�ciency is better than1681

99% at energies above 5 GeV, allows to measure photons inside the AMS field of view and which1682

did not interact before the calorimeter. Given the amount of radiation length X0 in front of1683
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The excellent energy resolution of ECAL results in a negligible 
effect of on the measurement error above few GeVs.

Energy resolution

07/09/22 M. Duranti – RICAP2022 18



Energy (GeV)
10 210

 E
ffi

ci
en

cy

0.9

0.92

0.94

0.96

0.98

1

Energy (GeV)
6 7 8 910 20 30 40 50 210

 D
at

a/
M

C
 [e

ffi
ci

en
cy

]

0.96
0.98

1

1.02
1.04 Data/MC comparison

Data MC

TRD quality selection
The detector acceptance has been evaluated using a dedicated MC simulation

Example : TRD acceptance + quality cut

• Data/MC ratio on all 
cuts used to evaluate δ

• The tiny deviation 
from unity contributes 
to the measurement 
systematic uncertainty

Aeff = Ageom "sel(1 + �)

Data driven correction 
evaluated from the 
comparison of each 
selection cut efficiency on 
ISS data and MC sample

This is possible thanks to the AMS redundancy and complementarity
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Detector acceptance and efficiency control



Positrons and electrons
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Positrons
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Traditionally, Cosmic Ray 
spectrum is described by a power 

law function.

Change of the behavior at ~50 
GeV and at ~1 TeV

Towards Understanding the Origin of Cosmic-Ray Electrons 
Cheng ZHANG 

Institute of High Energy Physics, CAS 
On behalf of the AMS collaboration 

Abstract 
Precision results on cosmic-ray electrons are presented in the energy range from 0.5 
GeV to 2.0 TeV based on 50 million electrons collected by the Alpha Magnetic Spec-
trometer on the International Space Station. In the entire energy range the electron 
and positron spectra have distinctly different magnitudes and energy dependences. 
At medium energies, the electron flux exhibits a significant excess starting from 49.5 
GeV compared to the lower energy trends, but the nature of this excess is different 
from the positron flux excess above 24.2 GeV. At high energies, our data show that 
the electron spectrum can be best described by the sum of two power law compo-
nents and a positron source term. This is the first indication of the existence of iden-
tical charge symmetric source term both in the positron and in the electron spectra 
and, as a consequence, the existence of new physics.  

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: positron, anti-protons etc. They are much less abundant in astrophysics process. 
  New physics sources like Dark Matter produce both particles and antiparticles in equal 
amount. 

Latest Positrons and Electrons Results 

 

Result 
 

Result 
 Electron spectrum favors the contribution of  

the positron-like source term 

About AMS Upgrade 

 

The upgrade will extend the energy range of the electron flux meas-
urement from 2 TeV to 3 TeV and reduce the error by a factor of two. 

Electron Spectrum at High Energy 

About AMS Upgrade 

 

The upgrade will establish the charge-symmetric nature of the high en-
ergy positron source term at the 99.994% C.L. 

Origin of high energy electrons 
New sources like Dark Matter will produce equal amounts of positrons and electrons 

Conclusion 
we have presented the high statistics precision measurements of 
the electron flux from 0.5 GeV to 2.0 TeV based on a data sample 
of 50 million electrons. The electron flux exhibits a significant ex-
cess starting from 49.5GeV compared to the lower energy trends, 
and changes the behavior at  ~1TeV. The electron flux is well de-
scribed by the sum of two power law components and a positron 
source term. With the AMS upgrade, the energy range of electron 
flux will be extended from 2TeV to 3TeV with reducing the error by 
a factor of two, and the existence of positron source term will be 
established at the 99.994% C.L.  

In the entire energy range the electron and positron spectra have distinctly 
different magnitudes and energy dependences. 

Measurements of positrons and electrons before AMS 

 

Electrons
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Positrons
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The high energy origin of positrons 
and electrons is still debated

Understanding the high energy 
spectra is crucial to shed light on 
Dark Matter 



Electrons and positrons
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The high energy origin of positrons 
and electrons is still debated

Understanding the high energy 
spectra is crucial to shed light on 
Dark Matter 



Conclusion
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Ultra-TeV positron 
candidate (2019)

We presented the challenges, on the 
ultra-TeV positron and electron 
measurement:

• redundancy and complementarity is 
the key for ultra-TeV positron 
measurement

• pushing the electron and positron 
analysis to the highest energies is 
crucial to shed light on DM

• collecting more and more statistics 
will further improve the scientific gain 




