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Abstract: The position effect of the photoelectron multiplier tube (PMT) of the electromagnetic calorimeter

(ECAL) of Alpha Magnetic Spectrometer-02 (AMS-02) has been studied with beam-test data. The reconstructed

deposited energy in a layer versus incidence position in the cell can be described by Gaussian distribution, maximum

and minimum value can be obtained when the particle passes across the center and the edge of a cell respectively.

The distribution can be used to correct the effect of incidence position on energy reconstruction. Much better energy

resolution was acquired be got with the correction, for 100 GeV electrons, energy resolution improved from 3% to

2%.

Key words: electromagnetic calorimeter, photo multiplier tube, position effect, energy resolution

PACS: 29.40.Vj DOI: 10.1088/1674-1137/37/2/026201

1 Introduction

The Alpha Magnetic Spectrometer-02 (AMS-02) is a
particle physics detector designed to search antimatter
and dark matter as well as to measure the primary cos-
mic ray precisely in space [1]. It was launched onto the
International Space Station (ISS) on 15th May, 2011 and
will run on board for 10 to 20 years. The electromagnetic
calorimeter (ECAL) of AMS-02 is a fine grained lead-
scintillating fiber sampling calorimeter which allows for
precise, 3-dimensional imaging of the longitudinal and
lateral shower development. The system provides a high
electron/hadron discrimination, as well as good energy
and angular resolution [2, 3]. The structure of ECAL and
the beam-test setup are briefly described in Section 2.

The gain of the PMT used by AMS-02 ECAL is non-
uniform with position which leads to different outputs
for the same amount of energy deposited in different po-
sitions in the ECAL. To get a better energy resolution,
the incidence position effect was studied with beam-test
data and correction for the effect was applied(Section 3).

2 AMS-02 ECAL and beam test

The calorimeter consists of a pancake composed of 9
super-layers for an active area of 648 mm× 648 mm and
a thickness of 166.5 mm. Each super-layer is 18.5 mm
thick and made of 11 grooved 1 mm thick lead foils inter-

leaved with layers of 1 mm diameter scintillating fibers,
glued together with epoxy resin. The detector imaging
capability is obtained by stacking super-layers with fibers
alternately parallel to the x-axis (4 layers) and y-axis
(5 layers) (Fig. 1(a)). Each super-layer is read out by
36 photo multiplier tubes (PMTs), arranged alternately

Fig. 1. Structure of AMS-02 ECAL. (a) The su-
perlayer assembly; (b) The structure of a portion
of a superlayer with one PMT.
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on the two opposite ends. Fibers are read out, on one
end only, by four anode Hamamatsu R700-00-M4 PMTs,
with each anode covering an active area of 9 mm×9 mm,
corresponding to 35 fibers, defined as a cell (Fig. 1(b)),
the minimum detection unit. A more detailed descrip-
tion of the ECAL can be found in Refs. [2, 3].

The fight model of the ECAL was successfully tested
and calibrated on the H4 Beam-Line of the Super Pro-
ton Synchrotron (SPS) at CERN in July 2007. The
schematic plot of the beam test setup is shown in Fig. 2.
The whole model was mounted on a rotating table which
can move along x and y axes and can rotate around z
axes. Events were triggered by four crossed plastic scin-
tillating counters. Three silicon tracker ladders were in-
stalled in front of the ECAL, which can provide accurate
information of the beam incident position. Data were
taken with 100 GeV proton beam and 6 GeV to 250 GeV
electron beam. Incidence angles were 0, 4.5, 7.5 and 15
degrees. A more detailed introduction to the setup of
the beam test is described in Ref. [4].

Fig. 2. The AMS-02 ECAL beam test setups.

3 Incidence position effect and correc-

tion

The PMT used by AMS-02 ECAL has four anodes,
the size of the PMT is 18 mm×18 mm, each anode is
9 mm×9 mm. The gain of the PMT is non-uniform with
position as shown in Fig. 3 [5]. The gain is lower at the
edge of the anode(which corresponds to the edge and the
center of the PMT), and higher in the central part of the
anode. For each cell of ECAL covered by an anode, scin-
tillating light created by the fiber located in the central
part of a cell will be guided to the central part of an
anode, which leads to higher output signal for the same
amount of energy deposited in the central part of a cell
than those at the edge of a cell.

Fig. 3. PMT gain vs. position.

From the result of Monte Carlo Simulation as shown
in Fig. 4, lateral distribution of deposited energy in a
layer is quite narrow, thus total output of deposited en-
ergy in a layer mainly depends on three cells near the
axis of the electromagnetic shower, especially the central
cell which the axis passes across.

Fig. 4. Lateral distribution of deposited energy
(The unit of x axis is the cell width=9 mm).

For the reason described above (non-uniform of gain
with position and narrow lateral distribution of de-
posited energy), when the axis of an electromagnetic
shower passes across the central part of a cell, the out-
put signal of deposited energy in the layer will be higher
than those across the edge of a cell. We tried to check
this with beam-test data and found a way to correct it.

The raw data of the AMS-02 ECAL are the ADC
values for each cell. The ADC values can be converted
to format with energy unit by calibration with formula
Ecell=ADCcell/Calcell. Ecell represents the output of de-
posited energy in the cell, ADCcell and Calcell represent
the ADC values and calibration factors of the cell. The
calibration of the AMS-02 ECAL is described in Ref. [6].
The total output of deposited energy in a layer which is
named as Elayer is the sum of Ecell for all the cells in the
layer.

Two examples of the plots of Elayer values versus
beam position inside the cell from beam-test data, from
the eighth and the 13th layers of 100 GeV electrons, are
shown in Fig. 5(a) and Fig. 5(b). The circle points with
dotted curve and the squares with solid curve represent
the results from data with 0 and 15 degrees incidence an-
gle respectively. The x axis is the beam position inside
the cell with the unit of cell width (9 mm).

It is proved from the plots that Elayer values are higher
when the incidence position is located in the center of a
cell, lower when in the edge. The distribution of Elayer

values versus beam position inside the cell can be roughly
described by Gaussian distribution. The maximum dif-
ference of Elayer for a given layer depends on the magni-
tude of σ of the Gaussian fitting.

026201-2



Chinese Physics C Vol. 37, No. 2 (2013) 026201

As shown in Fig. 5, Elayer values from inclined events
are roughly equal to the values from a perpendicular
event. Smaller difference is due to the difference of track
length.

Fig. 5. Elayer versus beam position inside cell. The
circle points with dotted curve and the squares
with solid curve represent the results from data
with 0 and 15 degrees incidence angle respectively,
(a) for the eighth layer and (b) for 13th layer.

The longitudinal distribution of deposited energy for
an electromagnetic shower can be described as Γ func-
tion [7], deposited energy in a layer increases with layer
number before the shower-max, then decreases with
layer number. For AMS-02 ECAL, the shower-max for
100 GeV electrons is reached at about the 9th layer,
so Elayer increases with the layer number before the 9th
layer, and decreases after the 9th layer. For events with
15 degrees incidence angle, the total track length in the
ECAL will be longer, the 8th and 13th layers are roughly
equivalent to the 8.3th and 13.5th layers of the perpen-
dicular one respectively, thus the reconstructed energy
in the 8th layer for inclined events is a little higher than
the perpendicular events, but a little lower in the 13th
layer. The σ values from Gaussian fitting for inclined
events are a little higher than the perpendicular events
for a given layer, but the difference is very small. This
is the reason why Elayer for inclined events is higher in

the central part but smaller near the edge for the result
of the 8th layer.

σ values from Gaussian fitting of plots like Fig. 5 vary
with the layer number, an example from 250 GeV elec-
trons is shown in Fig. 6. The unit of σ values in Fig. 6
is the cell width (9 mm). It is shown from the plots
in Fig. 6 that from the 4th layer to 15th layers (corre-
sponding to 3.6 radiation length X0 to 14.5X0), σ value
increases linearly with the layer number. Similar plots
can be obtained for electrons with all the other energy.

For the first three layers, the electromagnetic shower
is just beginning, thus very little energy is deposited,
which means the contribution to the final result of en-
ergy reconstruction is very limited; for the last several
layers, the σ values are more than 2. The maximum dif-
ferences of reconstructed energy for different incidence
position are less than 3%, the correct facts for position
effect are smaller, and variation on σ has limited effect on
the final reconstructed result. For the reason described
above, the σ value for the first three layers and last lay-
ers can be substituted by the value extrapolated from
the linear function fitting from the central part of the
plot.

The intercept and the slope from a linear fitting on
the plots in Fig. 6 with the range of 4 to 15 layers
are named P1 and P2 respectively. P1 and P2 vary
with beam momentum as shown in Fig. 7. P1 increases
roughly linearly with momentum. P2 can be described
by exponential plus constant function of momentum.

Fig. 6. σ value vs. layer number. The unit of σ is
cell width (9 mm).

The correction on position effect is done by the fol-
lowing steps:

1) Calculate Elayer values for all layers by sum Ecell=
ADCcell/Calcell for all the cells in the layer;

2) Calculate a preliminary reconstructed total energy
without position effect correction [8];

3) Reconstruct incidence positions x for each layer;
4) Calculate P1 and P2 from preliminary recon-

structed energy by linear and exponential plus linear
function respectively with parameters acquired from fit-
ting on plots in Fig. 7;
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5) Calculate σ values for each layer from the layer
number by linear function with parameter P1 and P2;

6) Calculate corrected Elayer corr for each layer from

formula Elayer corr=Elayer/e−(x−0.5)2/σ2

Fig. 7. P1, P2 vs. momentum.

4 Results and conclusions

We apply the correction on position effect by using
methods described above for deposited energy in each
layer for perpendicular electrons with 11 different ener-
gies, then correct the longitudinal leakage with the last
layer method described by Ref. [8]. Energy resolutions
for electrons with different momenta are plotted in Fig. 8.
For 100 GeV electrons, energy resolution has been im-
proved from ∼ 3% to ∼ 2%, a significant improvement
made by the correction of position effect.

Electrons with five different energies and three differ-
ent incidence angles from the beam-test had been ana-
lyzed, longitudinal leakage had been corrected with the
last layer method described by Ref. [8], and position ef-
fect corrected with the method mentioned above. The

longitudinal leakage and position effect correction are
same for electrons with the same energy but different
incidence angles. Reconstructed energies are listed in
Table 1. The linearity of reconstructed energy is better
than 0.5% as shown in Table 1.

Energy resolutions are listed in Table 2 from which
it can be seen that energy resolutions are a little better
for bigger incidence angles, but there are not too many
differences.

Fig. 8. Comparison of energy resolutions with and
without the position effect correct. The circle
points with dotted curve and the triangles with
solid curve represent the results with and without
position effect correction respectively.

Table 1. Reconstructed energy for different energy
and incidence angle.

Ebeam/GeV 10.0 30.0 99.7 149.0 243.0

Erec0/GeV 10.0 30.1 100.0 149.2 243.8

Erec7.5/GeV 10.0 29.8 99.5 149.4 244.3

Erec15/GeV 10.0 30.0 100.2 149.5 243.5

Table 2. Energy resolution for different energy and
incidence angle.

Ebeam/GeV 10.0 30.0 99.7 149.0 243.0

Resrec0(%) 3.80 2.57 1.84 1.72 1.63

Resrec7.5(%) 3.60 2.51 1.70 1.60 1.53

Resrec15(%) 3.49 2.45 1.73 1.56 1.46

In conclusion, the method for position effect correc-
tion described above is independent of the incidence an-
gle; significant improvements on energy resolution can
be obtained by applying position effect correction with
the method.
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