
Effect of Cerenkov Polarization in the Cosmic Rays charge

reconstruction

Bruno Eduardo Cruz Santos
bruno.c.santos@ist.utl.pt
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Abstract

The RICH detector is part of the cosmic-ray Alpha Magnetic Spectometer (AMS) experiment that
is installed in the International Space Station since May 2011. It is composed of a radiator material
on the top of the detector and a matrix of pixelized photomultipliers coupled to light guides on the
bottom. The light tightness of the detector is provided by surrounding conical mirror. A charged
particle crossing the radiator will radiate a number of cerenkov photons proportional to the particle
charge squared. The RICH detector is aiming to measure with very high accuracy both the velocity
(roughly one per mil for singly charged particles) and the charge of particles up to the iron nuclei. The
charge measurement accuracy depends strongly on systematic effects that grow with the element charge
squared. In order to have a good nuclei identification up to iron, all factors contributing to evaluate
the radiated signal have to be identified and taken into account. The Cherenkov electromagnetic
radiation is of polarized nature. The photon path from radiation point to detection includes three
interfaces: the radiator-air, the mirror-air and the ligh-guide. The transmission efficiency depends on
the photon polarization. Therefore, the effect of the polarization has to evaluated for both radiator
materials, aerogel and sodium fluoride and compared to the currently one implemented in the charge
reconstruction algorithms developped by the LIP group. The correction has to be implemented in
the charge reconstruction efficiency used on data reconstruction and its implication on the charge
measurement accuracy will be evaluated with AMS nuclei reconstructed data.
Keywords: Charge reconstruction, AMS-02, RICH, Cherenkov photon polarization

1. Introduction
In this work, the main goal will be the study of
Cherenkov polarization effect in cosmic-ray charge
reconstruction in RICH detector. For this pur-
pose, the RICH charge measurement error (i.e. the
uncertainty in charge measurement) will be eval-
uated. In further detail, the charge measurement
error can be unfolded in two components: statis-
tical error (uncertainty in photoelectrons measure-
ment) and a systematic error (proportional to Z2).
Since RICH/AMS-02 detector has a large number
of events, the statistical component of charge error
can be easily reduce. However, the systematic error
grows quadratically with charge and it is indepen-
dent of the number of particles crossing the RICH
sub-detector. For instance, the Cherenkov light in
aerogel radiator is a source of the systematic er-
ror, i.e., it describes some of the detector intrinsic
inefficiencies in charge reconstruction. Therefore,
one of the most important guidelines addressed in
this work will be the study of charge resolution as
well as the methods to improve it. For this pur-
pose, several corrections were applied to the RICH

charge reconstruction in order to account the pho-
ton loss factors (e.g. light guide losses, radiator
absorption) and the detector geometry (i.e., the
Cherenkov photons geometry acceptance). Since
each Cherenkov photon is described by a polariza-
tion and a wave-vector, another interesting effects
could result from studying the transitions between
different media (e.g. radiator-air) or the reflection
at RICH mirror. More specifically, the Cherenkov
polarization vector (oriented according to ~E) has a
peculiar constraint besides the usual orthogonality
to the photon wave-vector: ~E is contained in the
plane defined the wave-vector and the particle di-
rection vector. Regarding this fact, this work final
goal is the analysis of Cherenkov polarization bias
in RICH charge reconstruction.

2. Charge reconstruction in RICH/AMS-02
detector

The Cherenkov photons generated in the RICH ra-
diator are uniformly emitted along the length of the
particle path L, inside the dielectric medium and
their number per unit of energy depends on the par-
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Figure 1: RICH detector.

ticle’s charge, Z, velocity, β, and on the refractive
index, n, according to the expression[3]:

dNγ
dE
∝ Z2L

(
1− 1

β2n2

)
= Z2L sin2(θc) (1)

Therefore, several steps must be taken to accom-
plish charge reconstruction:

• Cherenkov angle reconstruction (θc).

• Particle path length estimation, ∆L, which re-
lies on the information of the particle direction
(θparticle, φparticle) provided by the tracker.

• Photoelectron counting associated to the
Cherenkov ring.

• Photon detection efficiency evaluation.

The number of photoelectrons (Npe) which will be
detected depend on:

• interactions with the radiator: absorption and
Rayleigh scattering in the aerogel case (εrad);

• photon ring acceptance: part of the photons
is lost through the radiator’s lateral and in-
ner walls, due to total reflection in radiator-air
transition, because of mirror absorption and
because some photons fall into a non-active
area (εgeo);

• light guide losses (εLG);

• photomultiplier quantum efficiency (εPMT ).

Thus, the number of photoelectrons can be simply
given by

Npe ∝ ∆LZ2sin2θc (2)

where ∆L is the radiator length crossed by the
charged particle and θc is the Cherenkov angle. Af-
terwards, the efficiency factors should be also in-
cluded in the determination of the number of pho-
toelectrons. Regarding expression , it follows then

Npe ∝ ∆LZ2sin2θcε
radεPMT εgeoεLG (3)

The expression 3 can also be written in terms of
the number of photons (N0) emitted by a proton
with the same velocity and with the same crossed
radiator length, given by

Npe = N0Z
2 (4)

where N0 = ∆LZ2sin2θcε
ring ( εring is total ring

factor efficiency ).
Therefore, the charge of the incident particle can be
simply estimated by

Z2 =
Npe
N0

(5)

Finally, the charge can now be expressed as

Z =
β2n2 − 1

β2n2 − β2

cos(θ)

N0

√∑Nhits
k=1 npe(k)

εfull(event)
(6)

The Npe associated error follows from a quadratic
expansion given by:

(∆N)2 = (∆Nstat)2 + (∆NPMT )2 + (δNsys)2 (7)

where (∆Nstat) is the statistical uncertainty,
∆Nstat =

√
N ;∆NPMT =

√
Nσpe is the PMT sig-

nal amplification’s error; finally δNsys is the sys-
tematic error whose origin will be addressed after
all the algebraic manipulation.
On the other hand, the resulting charge error is
given by

∆Z =
1

2ZN0
∆N (8)

Replacing equation ( 5 ), it results then:

∆Z =
1

2
√
N0

∆N√
N

(9)

Inserting ∆N in expression 9, the following result
comes after some algebraic manipulation:

∆Z =
1

2

√√√√√√ 1 + σ2
pe

N0︸ ︷︷ ︸
statistical error

+ Z2

(
δN

N

)2

︸ ︷︷ ︸
systematic error

(10)

Indeed, charge can also be written as function
of Cherenkov radiator key parameters such as re-
fractive index (n). In addition, since the charge
study will rely on efficiency factors (resulting from
Cherenkov photons in the detector), it would be
also interesting to include them in charge recon-
struction. As a result, the main topics in the
next sections will be efficiency factors and charge
reconstruction uncertainties resulting from expres-
sion (6).
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2.1. Radiator wall efficency
Neither of the two RICH radiators is made of a sin-
gle block. There are 92 aerogel tiles and 16 tiles for
sodium fluoride (NaF). Aerogel tiles are separated
by opaque poron walls. Hence, if a particle crosses
the radiator near a tile edge, it could happen that
part of its Cherenkov photons may be lost (since
those photons hit the walls), or are not radiated at
all, as shown in figure 2.

Figure 2: Effect of radiator walls on collected light.
Cherenkov cones for particles A and B are not af-
fected, but for particle C a significant fraction is
blocked by the opaque poron wall between tiles.

2.2. Rayleigh scattering and radiator absorption
The main interactions of Cherenkov photons inside
aerogel are due to Rayleigh scattering and absorp-
tion, while for the NaF radiator the only significant
interaction that photons can suffer is absorption, al-
though, it is negligible since the radiator thickness
is very small compared to the absorption length.
Considering that the absorption rate is two orders
of magnitude below the scattering rate in the aero-
gel, then it can be neglected in a first approxima-
tion.
The interaction rate of photons inside the radiator
is function of the two main variables that follows:

• Distance crossed by the photons inside the ra-
diator : dγ(θ, φ, θc, z, ϕ);

• Interaction length: Lint.

Therefore, the fraction of photons suffering no ra-
diator interaction (radiator efficiency) can be eval-
uated through the following expression:

εrad =
1

∆ϕHrad

∫ Hrad

0

dz

∫ ϕimax

ϕimin

e
− dγ (z,ϕ)

Lint dϕ

(11)
where Hrad is the radiator thickness. For instance,
for an aerogel radiator (n = 1.050), with a clar-
ity coeficient C = 0.0052µm4cm−1 and a thickness
Hrad = 2.5 cm, the average εrad is about 65% . For
more detailed derivation see [3].

2.3. Photomultiplier efficiency
The main photomultiplier (PMT) effect is described
by quantum efficiency (εPMT ). Ultimately, only a

small fraction (εPMT ' 10%) of Cherenkov photons
reaching the PMT window are detected. Generally,
this efficiency is expected to be similar for all PMTs
and photon trajectories. Therefore, it may be incor-
porated, at least in first approximation, as a global
factor.

2.4. Light guide efficiency
The detection of Cherenkov photons at the light
guide (LG) surface faces two potential inefficiencies:
may be reflected at surface or transmitted between
adjacent light guide divisions.The LG effiency factor
εLG depends on the incident angle of the photons at
its top (θγ).Therefore, photon inclination and im-
pact point will influence the probability of a photon
being transmitted and reaching the PMT window.
The efficiency is calculated event by event taking
into account the probability of a given photon get-
ting into the photomultiplier cathode since it en-
tered the LG, and integrating it along the recon-
structed photon pattern:

εLG =
1

∆ϕ

∫
∆ϕ

εLG[θγ(θ, θc, ϕ)]dϕ (12)

On the other hand, figure (3) heads to an intrin-
sic problem in LG efficiency resolution (comparing
with RICH simulation), i.e., there is a granular-
ity problem from considering the PMT as standard
unit of detection. As a matter of fact, figure 4 marks
clearly a variation in pixel signal within the same
PMT. This allows to infer a variation of the sig-
nal according to the kind of pixel, since each one
has a different collected signal, i.e., the number of
detected photoelectrons changes with the pixel po-
sition within the PMT. Hence, LG efficiency εLG
will also depend on pixel position in PMT (xpixel,
ypixel). As a result, each pixel type should have

Figure 3: RICH pixel signal within a PMT.

a different weight to the Cherenkov ring detection
efficiency.
In order to address that situation, a new com-
putational model was implemented so that a 2-
dimensional distribution weighted by the pixel im-
portance could be included in the LIP algorithm.
Hence, this new approach will regard the following
three main principles:
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Figure 4: Quotient of the number of collected by
the number of expected photoelectrons as function
of pixel number (aerogel events).

• Ring characterization is based on sampling the
ring at regular intervals;

• The ring is treated as a set of probabiblity dis-
tributions centered in each sampled point;

• Acceptances and efficiencies are calculated and
store for each PMT or pixel touched by the
ring. Global results may be obtained from the
addition of all PMT/pixel contributions.

2.5. Geometrical acceptance in RICH detector
The geometrical acceptance will be evaluated us-
ing a ring sampling method. In further detail, ring
sampling will depend on radiator properties, recon-
structed Cherenkov cone and ring parameters. Re-
garding this, photon trajectories are calculated for
a number of points at equally spaced intervals in
azimuthal angle (currently the number of points is
1000, so that they can be separated by shorter dis-
tances and therefore obtaining a better sampling).
Hence, the photon’s trajectory is followed only if it
reaches the matrix detection plane.
From this approach, the charge calculation results
from the expected contribution to the Cherenkov
ring signal coming from photons with a specific re-
flection status at a specific pixel.
The main goal of ring sampling is, then, evalu-
ating the contribution of each PMT/pixel to the
global detection efficiency. This results from list-
ing the ring points and each point contribution to
that specific PMT/pixel. The implementation of
the segment-based approach allows the assignment
of a photon direction to each ring segment.
From this procedure, it was also possible to solve
the Cherenkov ring width problems by incorporat-
ing a composition of two Gaussian distributions,
i.e., a sum of two Gaussian contributions for both
aerogel and NaF events.
In further detail, each pixel will have a cluster of
points with different contributions (point smearing)
to the total pixel efficiency, according to the 2-D
Gaussian probability distribution ( Pi j , where i is

a Cherenkov ring point and j is the pixel number).
Nevertheless, the physical meaning results from
summing all the point contributions for each pixel
j as described in the following expression:

Pj =
1

N0

∑
i

Pi j (13)

where N0 is ring total number of points.
The equation (13) evaluates the fraction of ring in-
tergrated by each point i. In other words, ot de-
scribes the acceptance of point i belonging to a cer-
tain Cherenkov ring.
The next step would be the introduction of pixel
efficiency together with the summation over all the
ring points, described as follows:

εring =
∑
j

εLGj
∑
i

1

N0
Pi j(ε

radRnreflec)i︸ ︷︷ ︸
εj

(14)

where Rnreflec is the reflectance at mirror and εj is
the pixel efficiency. From equation (14), ring effi-
ciency can be simply given by the following expres-
sion:

εring =
∑
j

εj (15)

Moreover, since point smearing is required to evalu-
ate the integrated acceptance and efficiency in each
PMT and pixel, it should follow the next two im-
plementation steps:

• The integration region of Gaussian smearing is
a square;

• The 2-D Gaussian smearing may be obtained
as a product of two independent one-variable
Gaussian smearings:

P (x = xj , y = yj) = P (x = xj)P (y = yj);

i = {1, 2, 3, ..., Nseg}, j = {1, 2, 3, ..., Npixel}
(16)

After performing the integration over the double
Gaussian function, the fraction of the smeared dis-
tribution centered at a specific ring point C falling
on that PMT/pixel is therefore

PC(X1 < X < X2, Y1 < Y < Y2) = PC(X1 < X < X2)×
× PC(Y1 < Y < Y2) (17)

where:

PC(X1 < X < X2) =
1

2

[
Erf

(
X2 −XC

σ
√

2

)
−

−Erf
(
X1 −XC

σ
√

2

)]
;

PC(Y1 < Y < Y2) =
1

2

[
Erf

(
Y2 − YC
σ
√

2

)
−

−Erf
(
Y1 − YC
σ
√

2

)]
;
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3. Monte Carlo simulation of Cherenkov po-
larization effect

The propagation of Cherenkov photons in the three
main RICH’s interfaces:

• Radiator interface ( dielectric/air );

• Mirror surface ( metal/air );

• LG surface entrance (air/dielectric).

Since Cherenkov photon is an electromagnetic-
wave, it is described by two following basic prop-
erties (see figure 5)

• polarization ( aligned with electric field ~E );

• wave-vector ( ~k ).

Combining the two previous key ideas, it turns out
that Cherenkov photon transition between radiator-
air will have a non-zero probability of being re-
flected, depending on the polarization and wave-
vector. In other words, since photon’s reflectance(
R =

∣∣∣∣ ~Er~Ei
∣∣∣∣2 ) crossing a dielectric boundary (ra-

diator interface) is non-zero and therefore there will
probably be significant energy losses. In addition,
since the mirror is coated with an non-perfect con-
ductor, there will also be a non-100% reflectance in
photon reflection.
Therefore, the purpose of this section will be the
study of the effect of Cherenkov polarization in en-
ergy losses for radiator and mirror surfaces. Hence,
the following topics will be approached:

• Cherenkov Photon’s re-
flectance/transmittance;

• Evaluation of Cherenkov polarization effect.

Figure 5: Electric field direction of a Cherenkov
photon ( ~E) is defined by its wave-vector (~kphot) and
charged particle direction (~vpart) [7].

In further detail, the transmittance at RICH radi-
ators (aerogel/sodium fluoride) is described by the

following expression:

Trad = t2‖ sin2(αi) + t2⊥ cos2(αi) (18)

where t‖/t⊥ are the Fresnell transmission coeffi-
cients and α is the angle between the electric field
perpendicular unitary vector component (e⊥) and

the electric field itself ( ~E). Lastly, the reflectance
at mirror expression is given by[8]:

Rmirr = |r⊥mirr|2 cos2(αmirr)+|r‖mirr|2 sin2(αmirr)
(19)

3.1. Implication of Cherenkov polarization on effi-
ciency

Previously, the main processes and features of
Cherenkov photon energy loss due to polarization
effect were described. From this point, the next step
is evaluating the effect according to the RICH geom-
etry and material properties such as aerogel/NaF
radiators (nindex ∈ {1.050, 1.334}) or mirror sur-
face.
Following this path, there will be two main photon
interactions listed as follows:

• Refraction at the radiator-air boundary;

• Reflection at the mirror.

Since each interface corresponds to an energy loss
factor for each Cherenkov photon (indexed by the
letter i) according to its polarization, it is neces-
sary to evaluate the size of the effect. Therefore,
the transmittance at radiator (NaF/aerogel) T radi

and reflectance at mirror Rmirri should be evalu-
ated. Putting together both effects, the expression
describing Cherenkov polarization correction factor
for each photon follows:

εceri =
T radi Rmirri

R0
mirr

(20)

Since the current LIP algorithm only regards a re-
flectance independent of photon incident and po-
larization angle at mirror, the CK polarization cor-
rection will be applied over the reference value
R0
mirr = 0.85.

In addition, another motivation factor to study the
Cherenkov polarization effect comes from the pho-
ton resolution detection upgrade at PMT matrix
through the implementation of a new computa-
tional model.
This new feature allows to deepen the study about
photon intrinsic properties such as Cherenkov po-
larization.
On the other hand, Cherenkov photon’s incident an-
gle in the radiator depends on the charged particle’s
incident angle θpart , which means that polarization
angle α will also be modified, leading to T radi and
Rmirri transformation. For this reason, Cherenkov
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polarization efficiency εcer may be correlated with
θpart.
Therefore, the study of Cherenkov polarization ef-
fect will include the following topics:

• εceri dependence on θpart;

• Study the average Cherenkov efficiency within
steps of θpart = 1.25◦ (within the RICH accep-
tance);

• Get the dispersion of Cherenkov factor (σεcer )
for last topic distributions;

• Correlation between σεcer and θpart.

3.2. Dependence with the charged particle’s inci-
dent angle

In order to estimate the Cherenkov polarization
effect, a Monte Carlo simulation was developed,
where 106 charged particles were generated within
RICH acceptance. Each particle will generate
a Cherenkov ring of 360 equally spaced photons
along the azimuthal angle (ϕ) in its reference frame
(i.e., one Cherenkov photon per degree). Adding
these facts to the consideration in the beginning
of the section, the first step is evaluating the
Cherenkov polarization factor (εcer) dependence on
the charged particle’s incidence angle (θpart).
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Figure 6: Dependence of εcer on θpart for aerogel
events (extracted from Monte Carlo).

From (6) and (7) distributions, it was possible to
apply the projection over θpart variable for both
NaF and Aerogel events, where a profile distribu-
tion in εcer variable was obtained. Afterwards, the
distribution width and mean value of probile dis-
tribution were evaluated, so that the relative sys-
tematic error (σεcer< εcer >) could be retrieved. In
further detail, the relative systematic error allow to
estimate the Cherenkov polarization effect.
From figure 8, the magnitude of Cherenkov polar-
ization effect can be obtained and three main con-
clusions follow:
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Figure 7: Dependence of εcer on θpart for NaF
events (extracted from Monte Carlo).

• The relative error for aerogel events is approx-
imately 3% for θpart ∈ [0◦, 5◦] and θpart ∈
[30, 35]◦. For others parts of the particle po-
lar angle θpart spectrum,

σεcer
<εcer>

' 2%.

• Regarding relative error for NaF events, the
value is nearly constant over all particle’s polar
angle range and equal to ∼ 2.5%.

• The effect will be sizable and about 2% for
aerogel events within certain particle polar an-
gle θpart regions. On the other hand, for NaF
events the effect will also be significant and
about 2.5% for the whole θpart domain.
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Figure 8: σεcer
<εcer>

versus θpart for aerogel and NaF
events.

4. Cherenkov polarization bias in RICH
charge reconstruction

The procedure to insert Cherenkov polarization fac-
tor in charge reconstruction, is simply factorizing a
term in ring efficiency (pixel by pixel) obtained in
section 2.
On the other hand, the transmittance at radiator
and reflectance at mirror, according to the LIP al-
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gorithm, are described as follows:

T
(0)
Rad =

{
1 , radiator − air
0 , otherwise

(21)

R
(0)
Mirr =

{
0.85 , reflected photon

1 , direct photon
(22)

This results in a slightly different for ring efficiency,
given by:

εring(0) =
1

2πHrad
< εPMT > T

(0)
Rad×

×
Npixel∑
j

Nseg∑
i

(
εLGεWall

)
i

εaccj (23)

Then, in order to add the Cherenkov polarization
effect, it is just necessary to replace expressions (21)
and (22) by the equations (18) and (19), respec-
tively. In further detail, the inclusion of the pre-
vious terms will be evaluated pixel by pixel, i.e.,
since each pixel will detect photon with different
incident angle, this means the reflectance at mir-
ror and transmittance at radiator will change their
value. As a result, the ring efficiency after applying
the Cherenkov polarization effect is given by:

εring(1) =
1

2πHrad
< εPMT > ×

×
Npixel∑
j

Npoint∑
i

(
εLGεWall

)
j

εaccj T
(1)
Rad j (24)

where

εaccj =

∑Nseg
i Pi j∑
i,j Pi j

(R
(1)
Mirr j)

nrefl ≡

≡ Rnrefl
∑
i Pi j

Npoint
(R

(1)
Mirr j)

nrefl (25)

and R
(1)
Mirr j/T

(1)
Rad j correspond to the replacements

of expressions (22) and (21), respectively.

4.1. Charge calculation
Given the ring’s full efficiency result for the event,
the total ring signal as shown in figure 9 (i.e. the
sum of signals npe(k) for all k hits tagged as being
part of the Cherenkov ring), the particle’s velocity
β and its incident angle θpart (which determines the
traversed radiator length), the particle charge Z is
obtained from the following expression:

Z2
(1) =

(
β2n2 − 1

β2n2 − β2

cos(θpart)

N0

)2∑Nhits
k=1 n

(1)
pe (k)

εring(1) (event)

(26)
where εring(1) is the Cherenkov polarization efficiency

correction (see equation 24) and N0 is the global

charge normalization factor, defined as the expected
number of visible photons for an idealized event
with perpendicular incidence, β = 1 and Z = 1,
having no loss of light from emission to the PMT
window and falling on an idealized matrix with no
dead areas (εgeo = 100%).
For convenience, expression 26 may be rewritten as
follows:

Z2
(1) = N2(β, θpart)

∑Nhits
k=1 n

(1)
pe (k)

εring(1) (event)
(27)

where

N(β, θpart) =
β2n2 − 1

β2n2 − β2

cos(θpart)

N0
(28)

Similarly, the expression describing charge calcula-
tion with the current LIP algorithm can be written
as

Z2
(0) = N2(β, θpart)

∑Nhits
k=1 n

(0)
pe (k)

εring(0) (event)
(29)

On the other hand, since the charge is being recon-
structed using the RICH detector, it can also be de-
scribed by the ratio between detected and collected
sinal at PMT/pixel matrix as follows:

Z2
(0) =

Ndet
pe

N
exp(0)
pe

(30)

Z2
(1) =

Ndet
pe

N
exp(1)
pe

(31)

Therefore, comparing 27 and 29 with 31 and 30,
respectively, the ring signal is now described by the
following expressions:

Nexp(0)
pe = N(β, θpart)ε

ring
(0) (32)

Nexp(1)
pe = N(β, θpart)ε

ring
(1) (33)

Combining expressions (32) and (33), the RICH
charge expression, after applying the Cherenkov po-
larization factor, is given by:

Z2
(1) = Z2

(0)

εring(0)

εring(1)

(34)

4.2. Charge reconstruction results with cosmic-ray
data

From the ∼ 15.8× 106 aerogel events in the recon-
structed data sample, ∼ 3.74 × 106 events (23.7%)
passed all quality cuts and were therefore consid-
ered for the final data quality evaluation.
From the resulting RICH selected data, it is possible
to obtain charge spectrum according to the expres-
sion (34). Although, in order to study the charge
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Figure 9: Distribution of photoelectrons collected
in the RICH detector.

resolution bias resulting from Cherenkov polariza-
tion effect, it is required to isolate the charge dis-
tribution peaks. However, due to RICH’s geometry
and design there are some loss factors, which leads
to a larger charge peak and there is a partial overlap
for charges greater 1. For this reason, an external
charge selection is required to isolate RICH charge
peaks and to obtain the RICH’s charge resolution.
Since the AMS-02 Tracker sub-detector provides
a good charge resolution (from figure 11 follows
that:

σZtracker
Ztracker

' 2% for Z < 30), it was choosen to
help separating RICH’s reconstructed charge peaks.
The next step is, then, obtaining the correlation
between Ztracker and RICH’s reconstructed charge
ZRICH (see figure 10). The two dimensional dis-
tribution ZtrackerversusZRICH allows to perform
a selection of RICH charge peaks, using tracker
charge within the range [Ztracker − 0.4, Ztracker +
0.4]. After obtaining the reconstructed RICH

Figure 10: Tracker charge (Ztracker) Vs RICH re-
constructed charge (ZRICH) for aerogel events.

Figure 11: Charge spectra resulting from
Tracker/AMS-02 sub-detector.

charge peaks, the charge uncertainty measurement,
given by the distribution width (σZ), should be
obtained. The first half of the process includes
shifting the charge peak center through a distinct
scale factor for aerogel and NaF events (see figure
12). Afterwards, a double Gaussian fit was per-
formed for each ZRICH peak distribution for aero-
gel events (since the charge resolution is better than
NaF events). On the other hand, the reconstruc-

Figure 12: Ratio between mean charge value for
each RICH charge peak (Z ′) and expected charge
Z.

tion of RICH charge algorithm has been improv-
ing charge resolution, i.e., reduce the systematic er-
ror resulting from the detector ( in the next sub-
section there will be a further description of this
feature) through several corrections (e.g. LG de-
tection). Adding to this, it follows the final goals
of this master thesis: study Cherenkov polarization
bias on the LIP/RICH charge reconstruction, as de-
scribed in subsection 4.1.

4.3. Charge reconstruction results: fitting parame-
ters

Since the σZ can already be obtained, the next step
is finding the dependence on the particle’s expected
charge. In further detail, if there were any energy
losses or absorption during the Cherenkov photons
propagation through RICH detector, then the total
charge error σZ would be only constrainted by the
fraction of photons being detected, i.e., it would be
a statistical problem (σZ ' σstatZ ). Although, the
RICH detector, as any other Cherenkov radiation
detector, it has some uncertainties, which will con-
strain the charge Z measurements (so-called sys-
tematic errors), described as follows:

• non-uniformities at the radiator level from spa-
tial variations in the refractive index, tile thick-
ness and clarity;

• non-uniformity in photon detection efficiency,
which is represented as a global factor evalu-
ated mainly by the PMT gain variation due to
temperature effects.
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• non-uniformity in the LG properties (e.g: ma-
terial, geometry, etc) and the optical coupling
between LG and PMT;

• intrinsic photon properties (e.g. Cherenkov po-
larization).

Therefore, the charge measurement total error σZ
is described by two distinct terms:

• the statistical term which is independent of the
electric charge and depends essentially on the
Cherenkov signal detected for singly charged
particles (N0) and on the resolution of the sin-
gle photo-electron σpe;

• the systematic which term increases with Z and
dominates for higher charges.

Thereby, expanding the total error σZ in statistical
(σstatZ ) and systematic error (σsysZ ), it follows then
[6]:

σZ =
1

2

√
(σstatZ )2 + (σsysZ )2Z2 (35)

In further detail, expression 35 can be written as
[6]:

σZ =
1

2

√
1 + σpe
N0

+

(
δN

N

)2

Z2 (36)

From the expression (36), the fit function is ob-
tained for Aerogel and NaF events, respectively.
The resulting parameters describe the systematic
error and statistical error, as follows from tables
extracted from reconstructed events generated in
aerogel and in NaF with geometrical a geometrical
acceptance greater than 0.4 and than 0.7 (1-4).
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Figure 13: Result obtained for charge resolution
σZ as function of particle charge Z before and
after applying Cherenkov polarization for aerogel
events.This result was obtained for a geometrical
acceptance greater than 40%.

Since the statistical error is easily minimized by the
AMS statistic, the core of the RICH charge study
will rely on systematic error. From this guideline,
the analysis of systematic error for aerogel events
can be described as follows:
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Figure 14: Result obtained for charge resolution σZ
as function of particle charge Z before and after ap-
plying Cherenkov polarization for NaF events. This
result was obtained for a geometrical acceptance
greater than 40%.
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Figure 15: Result obtained for charge resolution σZ
as function of particle charge Z before and after
applying Cherenkov polarization for aerogel events.
This result was obtained for a geometrical accep-
tance greater than 70%.
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Figure 16: Result obtained for charge resolution σZ
as function of particle charge Z before and after ap-
plying Cherenkov polarization for NaF events. This
result was obtained for a geometrical acceptance
greater than 70%.
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• For the current LIP algorithm, geometrical ac-
ceptance is greater than 40%. Regarding this
acceptance range, the systematic error, after
applying the Cherenkov polarization effect, will
suffer a small variation (see table 1), i.e., it is
within the range covered by the parameter er-
ror.

• On one hand, this could result from the con-
tamination by low acceptance rings. On the
other hand, the Cherenkov polarization effect
increases with the number of photons per ring.

• The table 2 shows precisely a relative system-
atic error reduction ∼ 2%, for a geometrical
acceptance greater than 70%.

Initial correction Polarization correction Final
σstatZ 0.2864± 0.0013 0.2869± 0.0013 0.2869± 0.0013
σsysZ (%) 2.503± 0.038 2.502± 0.040 2.502± 0.040

Table 1: Extrapolation of fitting parameters from
σZ(Z) plot (see figure 13) for a geometrical accep-
tance > 0.40 (aerogel events).

Initial correction Polarization correction Final
σstatZ 0.2795± 0.0014 0.2792± 0.0015 0.2792± 0.0015
σsysZ (%) 2.371± 0.045 2.323± 0.046 2.323± 0.046

Table 2: Extrapolation of fitting parameters from
σZ(Z) plot (see figure 15) for a geometrical accep-
tance > 0.70 (aerogel events).

Initial correction Polarization correction Final
σstatZ 0.3734± 0.0078 0.3807± 0.0079 0.3807± 0.0079
σsysZ (%) 4.051± 0.1901 3.907± 0.197 3.907± 0.197

Table 3: Extrapolation of fitting parameters from
σZ(Z) plot (see figure 14) for a geometrical accep-
tance > 0.40 (NaF events).

5. Conclusions

The Cherenkov polarization effect is small in AMS
charge data. The major variation was observed
in NaF events for acceptance greater than 70%
(σsysZ ∼ 3.881%).
Indeed, this is a surprising result, since the Monte
Carlo simulation showed a promising result. This
fact could be explained by a possible correlation be-
tween light guide and Cherenkov polarization effi-
ciency. Finally for futher work, the following guide-
lines could be implemented:

• study of nuclei fragmentation in tracker sub-
detector;

Initial correction Polarization correction Final
σstatZ 0.3762± 0.0078 0.3738± 0.0079 0.3807± 0.0079
σsysZ (%) 4.029± 0.1948 3.881± 0.199 3.881± 0.199

Table 4: Extrapolation of fitting parameters from
σZ(Z) plot (see figure 16) for a geometrical accep-
tance > 0.70 (NaF events).

• take into account the reconstructed charge
with layer 9 of sub-detector tracker , which is
placed below RICH sub-detector.

References
[1] T. Stanev, High Energy Cosmic Rays,

Springer-Verlag (2004).

[2] M. S. Longhair, High Energy Astrophysics,
Cambridge University Press (2011).
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