Search of Anti-Nuclei with AMS-02
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AMS-02: The Alpha Magnetic Spectrometer

(L

Launch 16/5/2011
STS-134
Endeavour

Dim. 3X4X5ms

Weight 7.5t

Power 2500 W




AMS-02: A TeV Multi-Purpose Spectrometer

AMS-2 separates hadrons from leptons, matter from anti-matter,
chemical and isotopic composition from fraction of GeV to multi-TeV.

Multiple measurements of Charge (2),
Energy (8, p, E) and Charge Sign (z).
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AMS-02: A TeV Multi-Purpose Spectrometer
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AMS-02 Measurement of CRs

Flux x B [ m2s7sr! (GV)"]

30

N
o

-
o

M. Aguilar et al., Phys. Rev. Lett. 126 (2021) 081102.
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CRs Anti-Matter as a Probe for New Physics

Pulsars (only e?) Dark Matter Annihilation

Matter
e ,p, D, He, ...
Interstellar Medium Anti-Matter
Primary GCRs (steady p, He, ...) e*,p,D, He, ...

(e ,p,He,C, N, O, ...)

Secondary GCRs
(e*, p, D, Li, Be, B, ...

Primordial Origin (anti-nuclei)




AMS-02 Positron and Anti-Proton Flux

AMS data shows new features of positron and anti-proton spectra.

M. Aguilar et al., Phys. Rep. 894 (2021) 1-116. %1073 M. Aguilar et al., Phys. Rep. 894 (2021) 1-116.
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This data, along with the measurements that AMS made of the GCRs matter component, generated woks
in many topics ranging from dark matter annihilation, to lepton production in pulsars, to secondary
production in SNR, alternative galactic propagation model ...



Anti-Deuterons in GCRs 7

(+) Very low background at low energy for indirect search of Dark Matter.
(-) Very low flux, high rejection to other species needed: D/p < 107, D/p < 107°,D /e~ < 107°
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AMS-02 Identification of |Z|=1 Particles

Charge and Sign Mass Separation

Tracker, momentum p,
Ap/p = 10% up to 20 GV

TRD, elimination of electron
background,
select |Z| =1,AZ/Z = 0.1 cu.

Tracker, particle sign (+/-),

select |Z| =1,AZ/Z = 0.5 c.u. m—
TrackerL3-4.;

1 ""1
Tracker L5%
A

ToF, separate upgoing/downgoing . =] VT‘rhackérL7‘-ASA.
select |Z| = 1,AZ/Z = 0.6 c.u. BT S e S

RICH, select |Z| = 1,AZ/Z = 0.3 c.u.

RICH, velocity g, in two radiators:
NaF: AB/B =~ 0.4%,8 > 0.75
Aerogel: A/ = 0.1%,5 > 0.96



AMS-02 Mass Measurement of |Z|=1 Particles
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Anti-Deuteron Background Rejection

Use multivariate global estimators trained on data collected in space combining variables from TOF, Tracker,
RICH, and TRD. These estimators can remove events with wrong momentum or velocity reconstruction.
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AMS-02 Current Status on Anti-Deuteron Search

Latest Update in COSPAR 2022 in the session “Ten Years of AMS on the ISS”.
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An AMS-02 Anti-Deuteron Candidate
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AMS-02 Identification of |Z|=2 Particles

|Z|=2 is a relatively easier channel than |Z|=1:

 Better spatial resolution, better velocity resolution.

* No leptons

» Backgrounds of |Z| = 1 are suppressed.

» Anti-helium candidates can be identified without using mass reconstruction.
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AMS-02 Anti-Helium Identification
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AMS-02 Mass Measurement of |Z|=2 Particles
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X. Xia et al., Nucl. Instr. Meth. A 868 (2017) 139-141.
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AMS-02 Anti-Helium Events

Latest Update in COSPAR 2022 in the session “Ten Years of AMS on the ISS”.

« To date, we have observed few events in the mass region from 0 to 10 GeV/c?
with Z = -2 with R < 50 GV.

« All events masses are in the 3He or “He mass region.
« The event rate is 1 anti-helium in ~100 million helium.

* A helium MC of 35 billion events (50 million CPU
hours) has been produced.

« We did not find background to anti-helium events.

« However, at this level of rejection, the Monte Carlo
simulations are difficult to validate.
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Latest AMS-02 Anti-Helium Candidate

Latest anti-helium event in 10 years: December 10, 2020, 07:04:30
Charge =-2.05=+0.05
Mass =4.1 = 0.9 GeV/c?
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AMS-02 Upgrade

Installation of an additional plane with two silicon micro-strip detector with 7 pm spatial resolution.
This new detector has an active area of about 7 m2.

LO-Y LO-U
ladders of ladders of
12 sensors 10 sensors

o o ladders of
L || 8 sensors

This new layers allows for an increment on acceptance of a factor 3. It is a significant operation that will allow
AMS to increase sizably the collected statistics of anti-nuclei candidates in few years of acquisition.



Conclusions
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AMS has been operating in the Space Station since May 2011 performing precision - \. ts of
cosmic rays and revealing new details about origin and propagation of all CRs species. -

With its unprecedented statistics and accuracy, AMS has a unique capability to detect antimatter in
cosmic rays and study their properties.

AMS is the only operating spectrometer in space and will continue to collect and analyze data for the
lifetime of the Space Station.




