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1 The AMS experiment 2 The RICH detector

The Alpha Magnetic Spectrometer (AMS) is a parti-

AMS will be equipped with a Ring Imaging CHerenkov de-

cle detector to be installed in the International Space Transton tector (RICH), enabling measurements of particle electric
Station (ISS) for at least three years. It is a large Detoctor charge (Z) and velocity (3 = v/c). The RICH is composed
acceptance (~ 0.5 m?.sr) detector equipped with a of a dual radiator, a lateral conical mirror of high reflectivity
superconducting magnet that detects cosmic rays in TOF: (s1.22) and a detection matrix with 680 photomultipliers coupled to
a large range in energy (from MeV up to TeV) and Detector light guides.
electric charge (up to Iron). The long stay of AMS ~Tiacke When crossed by a particle with a velocity greater than the
In space will allow the accumulation of a large sta- , Magnet light speed in the medium (3 > ¢/n), the radiator made of
tistic of events increasing in several orders of mag- 7 e aerogel and sodium fluoride with a refractive index of 1.05
nitude the sensitivity of the proposed physical mea- ? neC: and 1.334 respectively, emits an electromagnetic cone of ra-
surements. With an average collection rate of 1000 ? Counter diation along the particle direction.
events per second, a total of 10? protons per year ’\ ’?IZLéka’tar
and around 104 antiprotons will be accumulated. “
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3 Velocity (3) reconstruction 4 Charge (Z) reconstruction
Charged particles crossing the radiator material of refractive index n Photons are uniformly emitted along the particle path (L) and
and with a velocity larger than 1/n, emit photons. The aperture an- 1 their number depends on the particle charge (z) and velocity (5) % 2T (1 N )
gle (6¢) of the photons with respect to the radiating particle direction 0 = 1 oos 0 and on the refractive index of the medium (n): dE (32 n?
depends on the particle velocity £, :
The fraction of photons in the ring pattern that are lost in every event depends on their to-
The detected ring photon pattern reflects the geometry of the T e pology (impact point and particle direction and velocity) and other factors. Therefore, charge
photomultiplier detection matrix and the interactions suffered by = reconstruction relies on the reconstructed Cerenkov angle and on measurements of the path
the emitted photons along their path to the readout matrix: radia- e p—c length crossed by the particle, of the number of ring associated photoelectrons detected on
tor interactions (Rayleigh scattering, absorption), surface optical / \‘ the readout matrix and finally on the evaluation of the photon detection efficiency. The effici-
effects (reflection and refraction) and light guide efficiency. Con- ; i ency factors involve the radiator interactions, the photon ring acceptance including the mirror
sequently, from the point of view of the expected Cerenkov pat- il reflectivity and the light guide and photomultiplier quantum efficiencies.
tern, a typical event will be composed of aligned photons, stron- R e
gly uncorrelated scattered photons and detector noise. o b SRR Therefore, applying the correction factors on an event-by-event
********* oo basis, the detected signal for singly charged particles (/Vy) can 5 Npe. Npe 1 1
| | . _ | be estimated and the charge of the incident particle is obtai- |4 = N, X erorALsin? 0
Two different approaches were implemented for the Cerenkov ring reconstruction. One was ned according to: ¢
based on single hit reconstruction and the other on a maximum likelihood method.
I the former method a value of 3 is reconstructed for every detected hit. The method is - B o - T
purely geometrical and relies in a set of analytical equations that relate the detection point N S | Be yENERN nen
with the Cerenkov angle (6.) and the particle coordinates. The possibility of the photon being _ < 1500 | & :
reflected Is taken into account. Next, the most probable cluster of hits is searched and the 1250 | 0
final velocity is computed as a mean of the clusterized hit 5 values, weighted with measured 1000 |
signal amplitude (photon multiplicity). 750 | e
500 F S0 W N WS WO N N
In the other reconstruction approach, the algorithm incorporates _ I 2o b AL 5 U O T T
a probability density function for the detected hits. The residuals | : : 005 bbb
of the signal hits distribute according to a double gaussian func- "~ | E:/\ tois - oszioes Z Z

tion whose widths are directly related to the pixel size and granu-
larity, radiator thickness, chromaticity effects and aerogel forward
scattering. The existence of the second gaussian, accounting for
a natural enlargement of the hit residuals from forward scatte-

103 |

5 Physics prospects: D/p separation

ing, makes possible the description of the signal to larger hit .. The measurement of the deuteron/proton ratio provides information on cosmic-ray production

distances and endows a better algorithm efficiency and a lower _ . . . .
. . . - . . nd pr nan rticularly challengin he | ron ndance (D/p ~ 1%).
sensitivity to noisy hits. The signal probability density function < 20 : 4 and propagation and is particularly challenging due to the low deuteron abundance (D/p 0)

S(p): Hit residuals (cm) The extremely accurate velocity measurement provided by the RICH (A3 /3 ~ 10—9) is crucial to
(r); reduce the background level. A full-scale simulation of the AMS detector was used to evaluate
_ the capabilities of AMS-02 for mass separation.
S(I’) — Gl(Ul) T X2 G2<0-2) — p p | Deuteron acceptance |
. E PG Pre-selection cuts using readings from different
where «q and ag are respectively ~ 3/4 and ~ 1/4 and o7 and ; Mame osmeo: J J

subdetectors of AMS-02 were applied to reduce
the fraction of events badly reconstructed in mo- i
mentum. The set of events passing these cuts o |
corresponds to an acceptance of ~ 0.3 m2sr —
and ~ 0.2 m2sr, respectively for protons and
deuterons.

o2, ~ 0.37 cm and ~ 1.35 cm. For distances larger than ~ 2.1 ..}
cm, the detected hits are tagged as background and a uniform :
probability density function is associated, B(r) = %, where D is
an effective distance in the detector corresponding to 134 cm |
and b the background fraction estimated as 77%. The overall '
probability density function is therefore defined as:

acceptance (m2 sr)

|

simulated Ekin (GeV/nucIeon]jo

The reconstruction of particle masses was then
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the optimal region immediately above the ae-
rogel radiation threshold (up to 5 GeV/nucleon)
rejection factors above 10* were attained. =
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P(r)=(1—b) S(r) + B(r) (P performed for events having a signal in the RICH [Rejection factor, aerogel |
~ 016 detector. A series of event selection cuts were sV F
o : .. - <k
S 0.4 : AGL Introduced, namely a minimum of 3 hits in the S0
5 y reconstructed Cerenkov ring, an upper limit on g L
[ . . ey ey 10° =
012 s the number of noisy hits and compatibility between
0.1 - two independent velocity measurements. Af- 107 -
008 I - ter all cuts, an acceptance of ~ 0.07 m?sr and L
: ~ 0.05 m?sr was obtained, respectively for pro-
! . tons and deuterons for £, > 3 GeV/n. 1 é é — ;
i Kinetic energy (GeV/nucleon)
0.04
: o o Results show that mass separation of particles |_Dfp ratio as function of Ekin/nuc (1 day) |
0.02 : : : : : : i . . . . . . 0.025 A 5 5
S N N N Y S S S N N A A g b, with Z=1 Is feasible even if one species Is or- E .
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4 z p (GeVic/nuc) ders of magnitude more abundant than the other. 0.02/~
It Is possible to obtain good estimates for the -
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