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Fig. 1. The abridged general view of the fluence measure-
ment system for pulse hard X-ray.
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Table 1.  The parameter comparison of several common high density scintillators.
IAPIRYN ek ST /nm PRRFE I 7] /ns SRS R [g-cm 3 AEXT A /%
Bi,Ge3049 480 300 2.15 7.13 12.0—14.0

BSO 480 2/30/100 2.06 6.80 2.0—5.0
LSO:Ce 420 40 1.82 7.40 75.0
PbWO, 480 10 2.16 8.20 0.5—1.0
GSO:Ce 450 31/65 1.90 6.71 20.0
ZnWO, 480 5000 2.20 7.87 26.0
CdWO, 540 5000 2.30 7.90 40.0
CaWO, 540 5000 2.30 7.90 40.0

® 2 ABDCT BN F R N KA Y 5 2 A
Table 2. The transmissivity of the photon transmitting scintillators of different thicknesses.
Thicknesses of scintillators /mm 0.01 10.00 15.00 20.00 25.00 30.00 35.00

Transmissivity /%

97.8200

1.9970 0.8750 0.4440 0.2270 0.1200 0.0695
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Fig. 2. The block diagram of the calibration platform com-
position.
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Fig. 3. The field diagram of detector sensitivity calibration.
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Sensitivity of the detector at different energies.

HbF ODEIEAORE KV OGRS /mA XL AR /keV ARHLHT /A Fi AL /nA RIER/mGy-s? REUE/1077 C.cm>MeV !

Pb 100 25 75.0
W 95 30 59.2
Dy 75 35 46.0
Sn 50 60 25.3

3.9
2.2
3.7
3.9

24.2 8.78 5.29
11.9 3.25 6.79
29.4 50.77 3.87
26.7 55.77 3.13
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Fig. 4. Experimental diagram of energy fluence measurement.
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Table 4.  Measurement results of energy fluence in five successive experiments.

KK T HE/KV TS LT /KA i /rad gl /mJ-cm 2
1 705 311 415.6 36.0
2 741 315 342.4 35.0
3 686 323 293.4 37.0
4 746 327 309.3 36.6
5 718 305 325.6 34.8
FEE 719.2 + 25.0 316.2 + 8.9 3373 +£ 474 35.9 + 1.0
B F A AR EASRAER, mJ/cm?)
BT 55& D (rad) BT RLER:
E = L, (3)
% 10} Hen/ P
: Hen /0 JIRERHG TR AEMIS R A, 72 (2) S E AT BT
! k. TAPRHEARDETRER T 1Y BT REM IS R AL
AR, TR L L RE T A R o D T REEE,
0 ST REABEE T A BEE R, JFRZMA, SATEE
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Time/ns

P 5 RE e S B P

Fig. 5. Typical waveform of energy fluence measurement.
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Table 5. Theoretial values of pulsed hard X-ray energy fluence.
e /leV 15 30 60 90 120 150
REIE I — (Rl 0.1174 0.2260 0.2110 0.1465 0.1104 0.0865
FRE I R AL/ em? kg ! 9790 4080 143 69 69 69
figlEE/ mJ-cm? 0.04761 0.21996 5.85906 8.43404 6.35475 4.97756
figdt /keV 180 210 300 400 500 600
REREIH— LM 0.0533 0.0319 0.0103 0.0036 0.0021 0.0004
BEm I R H  om?® kg ! 29.1 29.1 29.1 29.1 29.1 29.1
il s/ mJ-cm 2 7.27554 4.36081 1.41793 0.49708 0.29262 0.06403
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Energy fluence measurement for pulse hard X-ray

Su Zhao-Feng! Lai Ding-Guo  Qiu Meng-Tong
Xu Qi-Fu  Ren Shu-Qing
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Abstract

Pulsed high-energy fluence X-ray source is based on the “Flash II” accelerator. It can be used to carry out
effect vulnerability and sensitivity test of unit level system generated electromagnetic pulse (SGEMP). The
energy fluence of pulsed hard X-ray is a main parameter of the equipment beam. At present, theoretical
calculation method is widely used. Energy fluence can be calculated according to the dose, energy spectrum and
energy absorption coefficient of each energy segment.

The principle measuring energy fluence of pulsed hard X-ray by total absorption method is introduced. The
photoelectric cell with lutetium silicate (LSO) scintillator is selected as a core component of the detection
system, and the measurement system is developed. It is composed of scintillation detector, LSO scintillator,
dimmer film, photon collimator, visible light shielding material, power supply and signal collecting system. The
conversion coefficient between the incident photon energy and the waveform parameter is calibrated by a
standard X-ray source.

The energy fluence measurement experiment is carried out with the high-energy beam source of the “Flash
II” accelerator as an experimental platform. In order to meet the requirements of the effect test experiments,
the series diode structure is used in the accelerator for forming a high strength and large area uniform X-ray
source. In the experiment, the LiF TLD is located in the front of the phototube and used to monitor the dose.
According to the measured waveform, the actual energy of the incident photons is calculated. Combined with
the receiving area of incident photons, the energy fluence of pulsed hard X-ray is calculated. The average
measured value is 35.9 mJ/cm? in 5 consecutive experiments. Energy fluence calculated from the measured dose
and energy spectrum is 39.8 mJ/cm?. The results of the two methods are compared.

It can be found that the experimental result is about 9.8% smaller than the theoretical value. The reasons
are as follows. According to the law of exponential decay of rays in matter, in fact, the scintillator cannot
absorb all the rays, and some of the rays can penetrate through, the energy of these rays cannot be detected,
and thus giving rise to small experimental value. Due to the limited energy point of quasi-monoenergetic source,
the sensitivity under the mean photon energy is taken as the sensitivity of the detector, and therefore there is a
certain degree of uncertainty.

The successful application of the measurement technology provides a good experimental method for the

following similar research, and can also provide a reference for X-ray intensity analysis.

Keywords: pulse hard X-ray, energy fluence, scintillation probe, lutetium silicate scintillator
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