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                        Abstract 
  Purpose     To derive the temperature response of the basic unit of the electromagnetic calorimeter of the high energy cosmic-

radiation detection (HERD) facility. 

   Method     Tested a method to measure HERD calorimeter cell (HCC) light yield using an ultraviolet Light-Emitting Diode 

with a wavelength of 300 nm, and established an experimental setup and tested the light yield of the HCC at diff erent tem-

peratures in a thermal chamber. 

   Results and conclusions     The result showed that the signal amplitudes variation of the HCC reached up to 10.2% with tem-

perature ranging from 0 to 60 °C, if we narrow the temperature range to 0– 35 °C, the variation was about 3.7% and it showed 

much better linearity. This result provides a good instruction on the thermal control of the HERD calorimeter (CALO) to 

improve its performance. 

    Keywords     HERD    ·  LYSO    ·  WLSF    ·  Optical output    ·  Temperature response  

      Introduction 

 HERD is a planning fl ag-ship mission in high energy astro-

physics built by an international collaboration with contri-

butions from China, Italy, Switzerland, and Spain. The key 

science objectives of HERD can be summarized as: probing 

the evidence of dark matter, precisely measuring cosmic rays 

spectrum and composition up to the knee region, and survey-

ing gamma-ray sources [ 1 ]. 

 As the primary instrument of HERD, the CALO is 

designed to be an imaging, wide fi eld-of-view (FOV), high-

energy range lutetium–yttrium oxyorthosilicate (LYSO) 

array, covering the energy range from 30 GeV to more than 1 

PeV [ 2 ]. The CALO will be composed of about 7500 HCCs. 

Each HCC consists of a LYSO crystal cube and a readout 

pad with a pair of rolled wavelength shifting fi bers (WLSF), 

the size of the crystal is 3 × 3 × 3  cm 3 , which is shown in 

Fig.  1 . The CALO measures the tracks of the energetic par-

ticles induced by an incident high energy particle undergoes 

electromagnetic showers or hadron showers in the LYSO 

crystal array. The energies of the subsequent electromagnetic 

showers are also recorded [ 3 ,  4 ].         

 As both the performances of the LYSO crystals, such as 

luminescence effi  ciency, luminescence decay time, optical 

attenuation length, and the optical transmission effi  ciency 

of the WLSF, are related to the temperature [ 5 – 7 ], and all 

of them are negatively correlated with temperature [ 7 ,  8 ], so 

the signal amplitude of HCC will be diff erent as the ambient 

temperature changes. While the stability of the HCC signal 

is of much importance to precisely reconstruct the incident 

particles, it is important to derive the relationship between 

signal amplitude and ambient temperature, so that we can 

constrain the signal amplitude in a limited range by control-

ling the temperature of the CALO array. 

 An experimental setup was established with a temper-

ature chamber, a cube cell composed of a LYSO crystal, 

a WLSF pad, a 300 nm LED and a photomultiplier tube 

(PMT). Both the PMT and the LED were placed outside 
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the chamber to exclude the temperature eff ect on them, See 

detail in Sect. " Optical output temperature response of the 

calorimeter unit ". The relationship between HCC signal and 

ambient temperature was obtained with a temperature range 

from 0 to 60 °C. The result showed that the variation was 

about 10.2% with temperature ranging from 0 to 60 °C, if we 

narrow the temperature range to 0–35 °C, the variation was 

about 3.7% and it showed much better linearity. It is valuable 

data for the thermal control design of CALO. 

   Determination of exciting source of LYSO Scintillator 

 As a traditional method to induce the fl uorescence of scintil-

lation crystals [ 9 ], the X-rays source has the disadvantage of 

imposing radiation hazards to the testing crew, and it is much 

diffi  cult to guide X-ray beam outside the chamber to crystal 

inside the chamber, if put X-ray souse inside the chamber, 

the intensity of X-ray would vary with the temperature, but it 

is easy to feed the UV light outside the temperature chamber 

and into the chamber with guiding silica fi ber. So, to fi nd a 

safe and simple experiment system, in this research, we tried 

to replace the X-ray source with an ultraviolet LED as an 

incident source for the LYSO crystal [ 10 ]. 

 To verify the feasibility and rationality of the exciting 

source, we investigated the fl uorescence spectrum of the 

crystal induced by the 300 nm LED and compared it with 

the spectrum induced by an X-ray source. The scheme of 

spectrum measuring is shown in Fig.  2 . The LED was driven 

by a DC power source, and the ultraviolet lights generated by 

LED were transmitted to the crystal surface through a guid-

ing silica fi ber. The fl uorescence spectrum of LYSO crystal 

excited by the incident ultraviolet lights was collected by the 

Thorlabs CCS200 spectrometer.         

 LYSO crystal has two crystallographically independ-

ent lutetium sites. When it is doped with Ce, the dopant 

Ce is occupy two diff erent sites and thus the existence of 

two activation centers (called “Cel” and “Ce2”). As shown 

in Fig.  3 , it can be seen that the main luminescence peak 

of the crystals are all around 425 nm in this two excitation 

modes. But the X-ray fl uorescence spectrum is softer than 

the LED one, which may be caused by the diff erence of exci-

tation mechanism of the two excitation source, the excitation 

  Fig. 1       The scheme of a HERD 

Calorimeter Cell. The crystal 

was wrapped with Enhanced 

Specular Refl ector (ESR), and 

the above is WLSF pad, which 

is tightly attached to the crystal  

  Fig. 2       Experimental block 

diagram of the measurement of 

fl uorescence spectra of LYSO 

crystals  
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wavelength of 300 nm LED, corresponding to the strongest 

Ce1 excitation band with emission peak appear at 425 nm, 

and the excitation of X-ray corresponds to another excitation 

modes: Ce1 and Ce2 excited together [ 11 – 13 ].         

 The UV light was used as an incident source to derive the 

temperature dependence of Ce-doped rare-earth Crystal in 

former work [ 14 ]. And combined with the absorption and 

emission spectra of the WLSF, as shown in Fig.  4 , that the 

main absorption peak of WLSF is at 425 nm, it can coincide 

with the crystal main luminescence peak, but it is not capa-

ble to absorb light around 500 nm produced by X-ray exci-

tation. So, although it does not have a luminescence peak 

of 500 nm produced when using the LED excitation, this 

should have little eff ect on the temperature response of the 

HCC. Given the above-mentioned information, it is reason-

able and convenient to adapt 300 nm LED as an excitation 

source.         

    Optical output temperature response 
of the calorimeter unit 

   Experimental setup 

 As shown in Fig.  5 , a 300 nm LED was driven by a pulse 

generator (BNC Model PB-5), then the emission light of the 

LED was guided onto the LYSO crystal by a ~ 1.0 m silica 

optical fi ber. The photograph of the guiding silica fi ber is 

shown in Fig.  6 . The signal from the scintillating crystal is 

read out with a WLSF pad adhered to the HCC. The diam-

eter of WLSF is 0.3 mm and the pad was equipped with 

two ~ 3.6 m long WLSFs coiled into diff erent turns which 

carried the light from the crystal to an acrylic light guide. 

In the light guide, the light from four ends of the WLSFs are 

merged onto a single photomultiplier tube (PMT XP-2020). 

The PMT was biased by a high-voltage supply (CAEN.

N470). The negative signals from PMT were amplified 

by a shaping amplifi er (ORTEC 572A). The outputs from 

  Fig. 3       Fluorescent spectra of LYSO crystals excited by LED and 

X-ray, respectively. Red is the fl uorescence spectrum of LYSO 

excited by X-ray, and black is the fl uorescence spectrum of LYSO 

excited by 300 nm LED  

  Fig. 4       The absorption and emission spectra of the WLSF  

  Fig. 5       Schematic diagram of 

the experimental principle of 

the optical output temperature 

response of the HCC  
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the amplifi er were digitized by the multichannel analyzer 

(Amptek MCA8000D) to obtain the pulse height spectrum.                 

 The active scintillating crystal is produced by Beijing 

Hamamatsu Photon Techniques Inc, while the Y-11 type 

WLSF was manufactured by Kuraray (Japan). To increase 

the light collecting effi  ciency, the HCC was wrapped with 

ESR [ 15 ]. To achieve much better noise suppression, the sig-

nal of the pulse generator was also input to a gate and delay 

generator (ORTEC 416A) to generate a gate signal, with 

a delayed and broadened gate signal, the amplifi ed signal 

in coinciding with the pulse signal driving the LED were 

picked out. 

    Experimental process 

 To derive reliable data, the experimental setup is tested in 

the laboratory with normal temperature and pressure. After 

multiple debugging, the fi nal experimental parameters are 

set as follows: The pulse generator output voltage is 7.5 V, 

pulse rising time is 50 ns, falling time is 500 ns, fl at top is 

150 ns, the pulse frequency is 201 Hz; the bias for PMT is 

1900 V; the gain for shaping amplifi er is 100, and the shap-

ing time is 2 microsecond; the integration time of multichan-

nel analyzer is 600 s. It can be obtained a stable fl uorescence 

signal and the signal will be easily collected by system in 

these experimental parameters. 

 Multiple tests were conducted at room temperature with 

room temperature of 25 °C. The derived pulse height spectra 

were fi tted with Gaussian distribution, the peaks position of 

Gauss model were extracted as the corresponding energy 

amplitude. Figure  7  shows the energy channel value of four 

hours consecutive tests at room temperature. As shown in 

the fi gure, because the PMT has a certain work stability 

time when starting the work, during the fi rst 30 min of the 

experiment, the measured energy amplitude varies greatly. 

After 30 min, the variation in the spectrum is not obvious, 

which ensures that the data are reliable. By fi tting the data 

with a linear equation, the derived error in peak centers of 

the tests is only about 0.83%.         

 The temperatures range from 0 to 60 °C were chosen as 

the setting ambient temperatures. The HCC was placed in a 

temperature chamber (CTE-SE7512-05F) to obtain the tem-

perature response of the cube. The LED, the pulse generator, 

the PMT and all the other electronic instruments were all 

placed outside of the chamber to exclude the temperature 

eff ect on them. As mentioned above, the emitted light of 

LED was guided onto the LYSO crystal surface by a silica 

  Fig. 6       The photograph of the 

guiding silica fi ber  

  Fig. 7       The energy channel value of four hours consecutive tests at 

room temperature  
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optical fi ber. The ambient temperatures were read from the 

screen of the chamber, while the temperatures of the cube 

were derived from the temperature probes pasted on the sur-

face of the cube. To ensure that the crystal can reach thermal 

equilibrium at a setting temperature, the data acquisition 

of the pulse height spectrum started when the temperature 

on the crystal surface remained unchanged for 30 min. The 

whole experimental setup is shown in Fig.  8 .         

 To reduce the experimental error from all possible 

sources, fi ve sets of data were tested for each tempera-

ture point, and the measured data of each set were fi tted in 

Gaussian to obtain the coordinates of the peak position, and 

took the average of the fi ve sets of peak positions as the cor-

responding energy channel value of each temperature point. 

In addition, in order to avoid the infl uence of PMT instability 

on the experiment, no data was collected 30 min before the 

experiment, and the voltage of PMT is not closed during the 

experiment to make it always in the working state. 

      Data analysis 

 Thirteen temperatures range from 0 to 60 °C were chosen 

as the setting ambient temperatures, as listed in Table  1 . 

During the experiment, the preset temperature and ambi-

ent temperature of the chamber remained stable, while 

the temperature variety of the cell did not exceed 0.1 °C 

within the data acquiring duration. At each temperature 

  Fig. 8       Photograph of the experimental setup of temperature response of the HCC  

  Table 1       The pulse heights 

measured at the setting 

temperatures  

  Text-box tem-

perature (°C)  

  Crystal surface 

temperature (°C)  

  Pulse height    Average    Absolute error ( ±)  

  1    2    3    4    5  

  0.0    0.1    2408    2404    2404    2405    2405    2405.2    2.8/1.2  

  5.0    5.0    2385    2387    2383    2384    2383    2384.4    2.6/1.4  

  10.0    10.1    2379    2378    2377    2378    2378    2378.0    1.0/1.0  

  15.0    14.9    2377    2376    2375    2377    2376    2376.2    0.8/1.2  

  20.0    20.0    2357    2358    2358    2357    2357    2357.4    0.6/0.4  

  25.0    25.0    2353    2354    2355    2355    2356    2354.6    1.4/1.6  

  30.0    29.9    2330    2331    2329    2330    2330    2330.0    1.0/1.0  

  35.0    35.0    2315    2313    2311    2312    2312    2312.6    2.4/1.6  

  40.0    39.9    2278    2278    2279    2279    2278    2278.4    0.6/0.4  

  45.0    44.9    2266    2266    2267    2267    2267    2266.6    0.6/0.4  

  50.0    50.0    2232    2232    2231    2232    2232    2231.8    0.2/0.8  

  55.0    55.0    2208    2209    2210    2209    2209    2209.0    1.0/1.0  

  60.0    59.9    2155    2155    2156    2156    2155    2155.4    0.6/0.4  
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point, fi ve pulse height spectra were derived, so that both 

the average of the pulse height and the absolute error of 

the pulse height could be obtained.  

 The pulse height spectra of different temperature 

were compared as shown in Fig.   9 . As the temperature 

increases, the measured pulse height decreases, which 

indicates that the light yield of HCC is negatively cor-

related with temperature.         

 To quantitatively analyze the diff erence in light yield 

of HCC in diff erent ambient temperature, the pulse height 

values were normalized to the one measured at 0 °C. As it 

can be seen in Fig.  10 , the reduction of light yield is about 

10.2% when the temperature increases from 0 °C to 60 °C. 

The temperature dependence of the HCC can be fi tted with 

a linear function:

       

where  P HCC  is the pulse height values were normalized to 

the one measured at 0 °C, and T is the temperature of the 

HCC in °C.         

 However, the fi tted linear correlation coeffi  cient  R 2  is 

only 0.98341, and the fi tting eff ect was not very good. When 

the temperature is greater than 35 °C, we can see that the 

curve has a signifi cant downward trend, if the temperature 

range is confi ned to 0 °C ~ 35 °C, the reduction in light yield 

is about 3.7%. The temperature dependence of the HCC 

shown in Fig.  10  can be fi tted with a linear function:

        

 The fi tted linear correlation coeffi  cient,  R  2 , was improved 

to 0.99857. It is observed that in the temperature range of 

0 °C to 35 °C, the light output intensity basically changes 

linearly, and we can estimate a light yield decreasing rate 

of ~ 1% for 10 °C temperature variation for HCC. 

 This result is different from previous temperature 

response results of luminescence effi  ciency of LYSO crys-

tal or the optical transmission effi  ciency of the WLSF alone, 

as the WLSF was designed specifi ed for the HERD, there 

is no similar design to be compared with. And the prelimi-

nary test on LYSO Crystal test, it is not consistent with the 

reference, which can be caused by the manufacturing tech-

nologies. Meanwhile, the diff erent temperatures may also 

aff ect the coupling states of LYSO and WLSF pad. So, the 

specifi c reasons remain to be studied and here we only study 

the temperature response of the couple bodies of LYSO and 

WLSF pad. 

    Conclusion 

 A method to measure HERD HCC light yield using an ultra-

violet LED with a wavelength of 300 nm was tested in this 

work. The reliability of this method was proved by com-

paring the fl uorescence spectrum excited by X-ray and the 

300 nm LED. 

 Based on this, we established an experimental setup to 

derive the pulse height variation of HERD HCC with ambi-

ent temperature. With the thirteen measurements of tem-

perature ranging from 0 to 60 °C, the relationship between 

the light yield and the ambient temperature was obtained. 

With the derived data, we can draw the following conclu-

sion: (1) the light yield of HCC decreases with increasing 

temperature. (2) The reduction in light yield is up to 10.2% 

when the temperature ranged from 0 to 60 °C. (3) If the 

temperature range is narrowed from 0 to 35 °C, the variation 

in light yield is as low as 3.7%, and the light yield and the 

temperature are in a good linear relationship. 

P
HCC

= −0.00170 T + 1.0092

P
HCC

= −0.00106 T + 1.0003

  Fig. 9       Pulse height spectrum of diff erent ambient temperature  

  Fig. 10       Energy channel value at each temperature and linear fi tting. 

The red line is the normalized energy channel value and linear fi tting 

in the range of 0 °C to 60 °C; the blue line is the normalized energy 

channel value and linear fi tting in the range of 0 °C to 35 °C  
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 The data in this work are valuable to determine the oper-

ating temperature of the HERD CALO array. If we limited 

the ambient temperature of CALO in range from 0 to 35 °C, 

we can constrain the signal amplitude in a limited range, and 

if we narrow down the temperature range, the variation will 

be lower. That is, we can limit the operating temperature in 

a narrow range to deduce the variation, it can reconstruct 

the incident particles more precisely. At the same time, it is 

valuable data for the thermal control design of CALO. 
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