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Alpha Magneti
 Spe
trometer 02 (AMS-02) is an astro-parti
le physi
s experiment that was installed on the In-

ternational Spa
e Station (ISS) on 19th of May, 2011. It is a large a

eptan
e magneti
 spe
trometer designed to

measure the 
osmi
 ray spe
trum.

Cosmi
 rays are stable parti
les that impinge on the earth's atmosphere from outer spa
e. Most of the parti
les are

protons and alpha parti
les, while the rest 
onsists mainly of heavy nu
lei, ele
trons, positrons, anti-protons and

photons. The main purpose of AMS experiment is to probe into high energy astrophysi
s phenomena whi
h we are

not aware of, su
h as dark matter.

Figure 1 - AMS Dete
tor and its Subdete
tors

ECAL (Ele
tromagneti
 Calorimeter) 
an be used to measure the photon �ux and the photon spe
trum up to

1 TeV, sin
e it has a length of 17 radiation length. ECAL has 18 layers. Therefore, AMS is a perfe
t dete
tor to

dete
t any high energy gamma rays whi
h 
an be 
oming from a distant astrophysi
al sour
e or from dark matter

annihilation into two photons.

AMS is a versatile dete
tor and 
an be triggered by any kind of parti
le, su
h as protons, photons, ele
trons

and positrons. To use AMS as a photon dete
tor, ba
kground should be totally eliminated before getting the

spe
trum, be
ause other 
harged parti
les 
an leave tra
es in ECAL. My main job during this summer period is to

develop e�
ient algorithms to eliminate ba
kground e�
iently.

Sin
e photon is not a 
harged parti
le, it 
annot leave any tra
k on the tra
ker, any hits on the TRD. By eliminating

those events, we 
an get rid of ba
kground 
omprised of 
harged parti
les. However, there 
an be 
harged parti
les

whi
h 
an rea
h to ECAL without making any tra
k on the tra
ker and any hits on TRD. That is why we need to

employ new methods to get rid of 
harged parti
le ba
kground mostly 
omprised of protons whi
h are abundant in

the universe.

Both protons and photons intera
t with the 
alorimeter, but the way they intera
t is quite di�erent from ea
h other.

1



Figure 2 - Photon Shower (Courtesy of Tansu Daylan)

Figure 3 - Proton Shower (Courtesy of Tansu Daylan)

The main di�eren
es between the hadroni
 and ele
tromagneti
 showers are the lateral and longitudunal evolu-

tion of a shower. Photons start to intera
t with the dete
tor after traversing the dete
tor, whereas protons intera
t

immediately with the material due to the 
ross se
tion of nu
lear intera
tions. On the other hand, sin
e protons

make hard intera
tion with ECAL, proton showers have more lateral dispersion. These parameters 
an be used to

distinguish photons from protons.

There are two main parameters des
ribing the lateral and the longitudinal shower evolution. In ea
h layer we


an measure the maximum energy deposition and divide it to the total layer energy (MaxEdepRatio). This param-

eter will give us the lateral evolution of the shower, whereas the z 
oordinate of Center of Gravity (CoG) gives us

the information about longitudinal evolution. Center of gravity is similar to the 
enter of mass, but here instead of

mass we are weighting every hit lo
ation with its energy and get the weighted mean. In protoni
 showers, 
enter of

gravity is mu
h 
lose to the entry point of the shower to ECAL. Also, the MaxEdepRatio in protoni
 showers are

mu
h less when 
ompared to that of ele
tromagneti
 showers.

Figure 4 - MaxEdepRatio for layer 5 (red for photons, green for protons - X axis: MaxEdepRatio, Y axis: Normal-
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ized event number)

By using these two methods, we 
an eliminate ba
kground protons whi
h rea
h to the ECAL. This ba
kground elim-

ination pro
ess 
an be extended further by adding other dis
riminating variables. These dis
riminating variables

will improve the ba
kground reje
tion. These dis
riminating variables 
an be lateral shower dispersion, kurtosis

and dispersion of z 
oordinate of Center of Gravity.

Lateral shower dispersion is the se
ond moment of the hit distribution weighted by the energy of ea
h hit. This

value is 
al
ulated for ea
h layer and yields the dispersion of the hit distribution from the CoG in ea
h layer. For

hadroni
 showers, one expe
ts to get higher dispersion value than that of ele
tromagneti
 showers.

Figure 5 - Re
onstru
ted shower energy (GeV) vs dispersion plot for protons for the hit distribution in layer 4

Figure 6- Re
onstru
ted shower energy (GeV) vs dispersion plot for photons for the hit distribution in layer 4

Dispersion of z 
oordinate of Center of Gravity 
arries more information than z 
oordinate of CoG, be
ause Center

of Gravity is the mean z 
oordinate weighted by energy in ea
h layer. We 
an also 
al
ulate the se
ond moment,

namely the standart deviation, of CoG and 
he
k if it 
an be a dis
riminating variable. Plots of the CoG dispersion

for photons and protons are as follows.
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Figure 7 - CoG dispersion vs. Re
onstru
ted photon energy (GeV) for photons

Figure 8 - CoG dispersion vs. Re
onstru
ted photon energy (GeV) for protons

During the summer student period, I also tried other approa
hes su
h as kurtosis and template mat
hing (an

image pro
essing based method). They turned out to be, however, ine�
ient dis
riminating variables between

protons and photons. Therefore, the plots are not given.

Cosmi
 high energy photons might 
arry spe
tral signatures of dark matter annihilations, and to be able to mea-

sure these signatures, we need to obtain high signal to noise ratio. In
reasing the signal e�
ien
y and ba
kground

reje
tion rate is the only way to dete
t dark matter signals whi
h are expe
ted to be very weak but very important

for our understanding of the universe.
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