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Abstract The major scientific goals of the DArk Matter Particle Ex@o(DAMPE) are to study cosmic-
ray electrons (including positrons) and gamma rays from 8 @e10 TeV and nuclei fronZ = 1 to 26

up to 100 TeV. The deposited energy measured by the Bismutin&mte Oxide (BGO) calorimeter of
DAMPE is affected by fluorescence attenuation in BGO crgstfaht are 600 mm long. In this work, an
in-orbit attenuation calibration method is reported, andrgy correction of the sensitive detector unit of
the BGO calorimeter is also presented.
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1 INTRODUCTION thogonal layers of position-sensitive silicon microsttig
tectors. Three layers of tungsten are inserted inside lay-
The DArk Matter Particle Explorer (DAMPE) gr52 3 and 4 to convert gamma rays in electron-positron
(Chang etal. 2017 DAMPE Collaboration etal. 2017 pajrs. The STK enables reconstruction of the trajectory and
Ambrosietal. 2019 Yuan&Feng 2018 which is  charge of an event. The BGO calorimeter contains 14 lay-
a satellite-borne experiment funded by the Chinesgs with 31 radiation lengths and1.6 nuclear interaction
Academy of Sciences, was launched into a SUniengths in total Wei et al. 201§ Each layer has 22 BGO
synchronous orbit at an altitude of 500km in Decembelars which are arranged horizontally. The BGO bars of
2015 from the Jiuguan Satellite Launch Center. Theneighboring layers are arranged in an orthogonal way to
scientific objectives of DAMPE include searching for the j,easure the energy deposition and profile of hadron and
signature of dark matter particleggrtone etal. 2005  glectromagnetic showers developed in the BGO calorime-
Lu et al. 2014, understanding the mechanisms of particleer, Moreover, the BGO provides the trigger for the whole
acceleration operating in astrophysical sourdesdtal. pampPE system. The NUD is composed of four boron-
2019, and studying gamma-ray emission from Galacticipaded plastic scintillators, each with a set of photomul-
and extragalactic sourceDganetal. 2019 Xuetal.  tplier tubes (PMTs) and related electronics. It provides

2018. additional electron-hadron discrimination, which is impo
DAMPE, as shown in Figurel, consists of four tantfor energies above TeV.

sub-detectors. From top to bottom, they are the Plastic

Scintillator Detector (PSD)Oing etal. 2019 Ma et al. Because of the thick BGO calorimete¥Vq et al.
2019, Silicon-Tungsten tracKer (STK)Agzarelloetal. 2018, the energy range of DAMPE can cover from 5 GeV
2016, Bismuth Germanium Oxide (BGO) calorimeter to 10 TeV for electrons and gamma rays and from tens of
(Wu et al. 2018 Zhang et al. 20152019, and NeUtron GeV to hundreds of TeV for cosmic protons and heavier
Detector (NUD) He et al. 2015 The PSD, which is com- nuclei. The BGO calorimeter is composed of 308 BGO
posed of two orthogonal layers of plastic scintillatorgstri crystal bars with dimension85 x 25 x 600 mm (pro-

s with dimensions oB84 x 28 x 10 mm, is designed to duced by the Shanghai Institute of Ceramics), which is the
measure the charge of incoming nuclei via #ifedepen- longest BGO crystal available at the time of development.
dence of the specific ionization loss in a double layer up ta'he deposited energy in a BGO bar is independently mea-
7 = 26, and it aids in the discrimination between chargedsured by means of the fluorescent quantities collected by
particles and photons. The STK is composed of six orthe PMTs at the two ends. The fluorescent photons trans-
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Fig.1 Side view of the DAMPE detector.
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Fig. 2 BGO crystal with dimension df5 x 25 x 600 mm.
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Fig.3 Schematic plots of a BGO bar with its parameters of intestgiying (a) a hit position on the left side and (b) a
hit position on the right side.
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Fig.4 Scatterplot oin g—‘; versus hit positiorr. The fit range is from-260 mm to 260 mm.
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Fig. 6 Distribution ratios of the variation of scintillation imsity: (a) R;; (b) Rs.
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mitted along the BGO bar are unavoidably attenuated, sBigure 4. In order to eliminate this effect, this paper de-

energy correction for this fluorescent attenuation must begeloped a method to calibrate the attenuation lengths of

taken into account. the crystal at both sides of the spot respectively, and apply
them to energy correction.

2 ATTENUATION LENGTH CALIBRATION
2.1 Method of Calibration
Figure2 shows a 600-mm-long BGO crystal bali ét al.
2019. PMTs are connected to the BGO crystal at both endgy considering the energy resolution and the flux of inci-
s (Side0 and Sidelyfang etal. 20152012 Feng etal.  dent particles, all cosmic-ray events are used to calibrate

2013 to collected fluorescent lights, which is exponen-the scintillation attenuation length. The following event
tially attenuated with the distance between the hit pasitio election criteria should be applied:

and the PMT. Limited by crystal growth technology at the

time of development, there has to be a black shadow called

a cutoff point marked by a red cycle in FiguPe When — Energy requirement: The total energy deposited in the
scintillating light pass through this region, the absarpti BGO calorimeter should be 10 GeV.

and reflection efficiency of the spot to them is very dif- — Track requirement: The BGO track should match the
ferent from other regions. This will cause the energy ratio  STK track to get an accurate position measurement of
of reconstruction at both ends to jump here, as shown in  the track.
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— BarlD match requirement: The BGO crystal hit by the2.2 Calibration Results

track of each layer must have maximum energy depo- ) _ )
sition in the layer. Fitting the scatterplot of Figuréd with the Equations3)

— Acceptance requirement: The events should be in th8Nd @) gives fluorescent attenuation lengths of the BGO

range of the acceptance angle of the DAMPE detectoP? 0f A1 = 2033mm and); = 2647mm. The parame-
tersR; and R, can be calculated from the intercept of the

Figure3 illustrates the true deposited enerfjy at hit ~ fitting line. The same calibration program was applied to
positionz, energiesty, £4 measured from the side 0 and all 308 piecse of the BGO bars. Figurgand 6 show the
side 1, independently, and the cutoff paipt The originof  distributions ofA; and\; andR; andR5, respectively, for
thex axis is set at the middle of the BGO bar of total lengththe BGO calorimeter.

L = 600mm. A; and )\, are the fluorescent attenuation A database of the calibration parameters of the 308
lengths of the two parts«0.5L to =) and (o to 0.5L),  pieces of the BGO bar\(, A2 and Ry, Rs, z¢) has been
respectively. There are two cases: Either the hit positioset up for the program of the following energy correction.
is to the left (Fig.3(a)) of the cutoff point or it is to the

right (Fig. 3(b)); the calibration methods are similar. For 3 ENERGY CORRECTION BASED ON

the case of Figur8(a), following the law of fluorescent ~ ATTENUATION LENGTH

attenuation, the measured energigsand F;, which are .
! In the experiment, the measured enerdigsand F; are

proportional to the fluorescent quantities collected by th%-ﬁ Lt the t q ited t the hit .
PMTs of side 0 and 1, can be expressed as: merent from the true deposited energy at the it post-

tion z because of the fluorescent attenuation, as shown in

(zg—x) (0.5L—mq) H i
Eo=FE, x e 57 e Y Ry, ) Equations {) and Q). Therefore, it is necessary to perform
an energy correction to account for fluorescence attenua-
Ey=E,xe i, (2) tion for each BGO crystal.

whereF, is the true deposited energy at positioiifrom
—300 to 300 mm) in the BGO bar and®; in Equation ()
is the transparent coefficient when fluorescent photons pa&y using the database, the true deposited energy at hit po-

3.1 Method of Energy Correction

through the cut point, from the left to right. sitionz can be, event by event, corrected for each BGO bar
The attenuation length of the left part (< =) can by means of the following formulas:
be calibrated with the following function derived from . 0.5L—xg 1
Equations {) and @): Epy = Egxe X1 xe %2 X " (5)
m(Eo) - 2 By =By xe x, (6)
El >\1 (3) 0.5>\fo
0.5L —z9 a9 —0.5L Boo = Eoxe 22, @
+ + +InRq|. z—ag 20+0.5L 1
A Ao E,, =F xXe 2 Xe M XR—, (8)
2

Similarly, for the cases wh_en particles are incidgnt on th‘?/vhere Equationss) and @) are energy correction for cases
right (z > ), the attenuation length, can be calibrated o1 particles hit the left part:(< zo) of the BGO crys-

by using Equation4), where R is the transparent coef- tal, while Equationsq) and @) are for cases when particles

ficient when fluorescent photons pass through the cutoff;; o right part ¢ > ). E., andE,, are the energies
pointz, from right to left. - : !

at side 0 and side 1 after the attenuation correction, respec
o 27 tively. Moreover, the hit position reconstructed by track o
In B, = o each layer is used to correct the energy of each BGO bars

4 .
N {0.5L+$0 REETTI (4)  ofthe corresponding layer.

N e In "l The total deposited energy can be obtained by using
the correction method on all BGO crystals, and the dis-
Taking an example of the attenuation length calibratributions of the ratio of total deposited energy at the two
tion of a BGO bar (No. 10, layer 3), the hit positian sides before and after correction are shown in Figa¢ay
and the measured energies and F; are, event by even- and9(b), respectively. The peak value is 0.998 after cor-
t, reconstructed according the event track fitting and ADQrection, which is more closer to 1 than the result before
counts readout from electronics of the both sides. Figure 4orrection, and the standard deviation after correction is
shows a typical scatterplot of g—;’ versusz of the BGO  0.046, which is much less than the result of 0.141 before
bar at No. 10 of layer 3. correction.
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Fig. 7 Scatterplot oin gm" versus hit position: after energy correction.
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Fig. 8 Comparison of the relationships of the energies at the tdessja) before correction and (b) after correction.

3.2 Energy Correction Results correction program will increase the energy measurement
accuracy and redundancy.

4 CONCLUSIONS
The correlation betweelm g—‘l’ and hit position £) of the

BGO bar (No. 10, layer 3) after correction is shown inThere really is a fluorescence attenuation in BGO crystal,
Figure 7. Note that the distribution is flatter than that in which will influence the energy reconstructed at both sides.
Figure 4, without a jump atry,. Figure8 shows a com- An in-orbit method to calibrate attenuation length based on
parison of the relationship of the energies at the two sidethe unique BGO crystals of DAMPE has been studied, and
before (Fig.8(a)) and after (Fig8(b)) correction. The plot a database of calibration parameters has been set up. Upon
in Figure 8(b) demonstrates that, after energy correctioncompletion of the energy correction for fluorescence atten-
E,, and E,, measured at the two sides are getting closuation, the consistency between energy measurements at
er to each other and become two independent measurestbe two sides was raised from 0.941 to 0.988, andE,.,

the true deposited energy at hit positionTherefore, the became two independent measurements of the true deposit-
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Fig. 9 Ratios of the total deposited energies reconstructed fidesand side 1 of all BGO crystals: (a) before correction;
(b) after correction.
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ed energyE,, and the energy resolution and redundancyDuan, K.-K., Jiang, W., Liang, Y.-F., et al. 2019, RAA (Resza

capability of the BGO calorimeter were significantly im-  in Astronomy and Astrophysics), 19, 132
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