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A method of the energy scale calibration of scintillation detectors in the proton energy
range 1 to 14 MeV has been developed. The method is based on comparison of maxima of
calculated and experimental spectra of recoil protons obtained due to scattering of quasi-
monochromatic neutrons from the d(T,n)*He and d(D,n)3He reactions on hydrogen nuclei
contained in the converter. The energy scale calibration of a Csl(Tl) detector has been
carried out using the d(T,n)*He reaction. It is found that the proton energy dependence of
the detector specific light yield has a square polynomial form.

Paspaboran meros KaanOpPOBKU 9HEPreTUUYECKOM IIKAJIbI CHUHTUIIAINOHHBIX IeTEKTOPOB
B AuanasoHe sHepruii nmporoHoB 1-14 M»sB. MeTon ocHOBaH HA COIIOCTABJIEHUM MAKCHMYMOB
pPaCYeTHBIX U 9KCIIEPUMEHTAJBHBIX CIEKTPOB IIPOTOHOB OTZAYM, IIOJYYaE€MBbIX B Pe3yJbTare
paccesHUs KBasMMOHOXpoMarmueckux Hefirponos us d(T,n)*He u d(D,n)®He-pearumit nHa
sALpax BOJOPOIA, cogeplkamuxcs B KouHBeprope. IIpoBegena KanuGpoOBKA dHEPreTUUECKOI
mraner Csl(Tl)-zeTexTopa ¢ mcmonbsoBamumem peaxmuu d(T,n)*He. Haiizema saBUCHMOCTB
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CBETOBBIXO/Ja OJEeTeKTopa OT 9HepPruu IIPOTOHOB B BHAE IIOJIMHOMA BTOpOfI CTEeIIeHN.

The scintillation detectors are widely
used to detect ionizing radiation for scien-
tific and applied purposes [1]. The spectral
characteristics of such detectors depend on
the energy and type of the radiation being
detected as well as on the kind and concen-
tration of activating additives, manufactur-
ing technology, etc. [1,2]. Therefore, the
manufacturing and usage of scintillation
detectors is associated with the necessity to
research their spectral characteristics, in
particular, the radiation energy dependence
of the light yield. When using such detec-
tors to registrate charged particles, the
nonlinear character of the light yield is to
be taken into account. That nonlinearity is
increased with the increasing particle mass
and charge. Therefore, to determine the en-
ergy of a registered particle, it is necessary
to calibrate the energy scale of scintillation
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detectors. Usually, it is performed by using
the charged particle accelerators [3—-5]. But
there are a number of problems connected
with the availability of accelerators having
the necessary energy range, providing of
low accelerated particle beam intensity, the
necessity to place the detector in the vac-
uum chamber, etc.

We have developed a method for the en-
ergy scale calibration of scintillation detec-
tors using recoil protons emitted from the
surface of thin hydrogen-containing con-
verter under irradiation with quasi-mono-
chromatic neutrons with E,~14 or
2.5 MeV. The method is based on the kine-
matic dependence of recoil proton energy on
the angle of neutron-on-proton scattering
[6]. In this approach, the calibration is car-
ried out by comparison of maxima of ex-
perimental and calculated spectra. The
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Fig. 1. Calculated neutron spectra from the
d(T,n)*He reaction.

method provides the calibration of the de-
tector energy scale in the range of proton
energy Ep = 1-14 MeV and has a number of
advantages as compared to the traditional
calibration using charged particle accelera-
tors. Namely, the scintillation detector is in
the open air and the necessary intensity of
recoil protons is defined by the experiment
geometry and parameters.

The purpose of this work was to develop
an energy scale calibration method for scin-
tillation detectors at registration the recoil
protons and also to carry out the energy
scale calibration of a Csl(TI) detector.

The technique of recoil proton spectra
measurement was realized basing on the
fast neutron source "NG-200" NSC KIPE
[7], equipped by TiT and TiD targets. The
d(T,n)*He or d(D,n)3He reaction runs under
irradiation of the targets with accelerated
deuterium ions, thus providing quasi-mono-
chromatic neutron beams with E, ~ 14 or
2.5 MeV, respectively. The direction of ac-
celerated deuteron motion sets the axis rela-
tive to which the characteristic angles 6 are
laid off. The escape of each neutron out of
the target is accompanied by the charged
particle escape in the opposite direction.
This fact was used in order to determine the
neutron flux by the registration of accom-
panying charged particles (*He or 3He)
using an o-monitor located at 6 = 170° [8].

The data below were obtained using
~14 MeV neutrons from the d(T,n)*He reac-
tion. The calculated neutron spectra for
various angles 6 [8] are shown in Fig. 1.
The calculations were performed for the ac-
celerated deuteron energy E; = 150 keV. As
it can been seen, the neutron spectrum at
6 = 90° has the least dispersion. Therefore,
all experiments were carried out at this
angle for which the average neutron energy
was equal to E, = 14.09 MeV.
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Fig. 2. Schematic representation of experi-
mental layout.

The experimental layout [9,10] is shown
schematically in Fig. 2. The neutrons bom-
bard orthogonally a polyethylene disk
(10 mm diameter and 1 mm thickness). The
recoil protons scattered at the angle ¢ to
the direction of neutron beam are registered
by the ring Csl(Tl) detector (outer diameter
40 mm, inner diameter 33 mm and thick-
ness 1.5 mm) coupled with a PEM-93 PMT.
The experiments were performed on the
spectrometric equipment designed in the
CAMAC standard coupled with a PC-con-
trolled peak analyzer ATSP-USB-8K-P. The
spectrometer was calibrated using isotope
sources 90Co and 137Cs and also 511 keV
y-line obtained at the neutron irradiation of
a fluoroplastic sample at E, ~ 14 MeV.

The measurement was performed twice
for each distance & at identical indications
of the a-monitor: with the converter (effect
+ background) and without it (background).
The spectra of recoil protons (effect) were
derived by spectrum subtraction. As an ex-
ample, Fig. 8 shows the experimental spec-
trum (dots) of recoil protons measured at
h =71 mm. The maximum was defined by
smoothing experimental points (see Fig. 3).

Maxima in experimental spectra were
compared to those in the spectra calculated
using the model developed in [11,12]. In
this model, the experimental conditions
were simulated by the Monte-Carlo method.
According to the (n,p)-reaction kinematics,
the recoil proton energy Ep is related to the
neutron energy E, as [6]:

E, = E,cos%p, (1)
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Fig. 3. Experimental spectrum of recoil pro-
tons for A = 71 mm.

where the angle ¢ is defined by the radius r
and the converter-detector distance & (Fig. 2).

The proton energy losses were used to
form the amplitude spectrum of recoil pro-
tons which simulated the experimental spec-
trum. Besides, the detector energy resolu-
tion was taken into account by convolution
of the calculated spectrum (dN/dE) with
the energy resolution function of the detec-
tor g(E—E'"):

ny E2 (2)
(dN(E )j _ I dN(E) «(E - ENdE.
El

dE' dE

Thus, the energy resolution of the detec-
tor is found as a Gaussian:

, 1 (E - E"? (3)
sk~ E) = GD@Eexp[— 20% : j’

where the o5 value is determined experi-
mentally.

The recoil proton spectra calculated for
three i values are shown in Fig. 4. The dots
are the calculated spectrum of recoil pro-
tons. The smooth curves result from convo-
lution of this spectrum with Gaussian ac-
cording to (2) and (3) for parameters o = 0.5,
1, and 1.5 MeV. The best possible fit of
calculated and experimental spectra was ob-
tained for cp =1 MeV.

The dots obtained by comparison of ex-
perimental and calculated data are shown in
Fig. 5. The experimental and calculated
spectra of recoil protons are obtained in the
h range 15 to 71 mm. The curve corre-
sponds to the proton energy dependence of
the light yield for the CsI(TI) detector. The
direct line is indicated by dots for compari-
son. The proton energy is laid off along the
X axis, the values for the points are ob-
tained by determining maxima of calculated
recoil proton spectra. The maxima values
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Fig. 5. Energy scale calibration of the Csl(Tl)
detector.

for experimental spectra in channels are
laid off along the Y axis. The ordinate axis
corresponds to the light yield value for the
Csl(Tl) crystal in relative units. The mini-
mum value in the proton energy scale meas-
ured at A =15 mm was determined by y-
background induced by the fast neutrons on
constructional materials. The errors are sta-
tistical ones of experimental spectra and in-
accuracies in definition of maxima position
in experimental and calculated spectra of
recoil protons.

The data presented in Fig. 5 confirm the
nonlinearity of the energy dependence of
the Csl(Tl) detector light yield. The energy
scale calibration of the detector has been
carried out by square polynomial fit with
taking into account the experimental and
calculated errors. The experimental tech-
nique allows to improve the accuracy of the
experimental data by optimization of the
experiment geometry and the recoil proton
registration modes. In addition, the experi-
mental data can be obtained at a much
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lower y-background in the recoil proton en-
ergy range 1-3 MeV using the d(D,n)3He re-
action.

To conclude, an original method of the
scintillation detector energy scale calibra-
tion by using the recoil protons has been
developed. The method makes it possible to
research the proton energy dependence of
the scintillation detector light yields in the
range 1-14 MeV operatively. The energy
scale calibration of a Csl(Tl) detector has
been carried out using the d(T,n)*He reac-
tion. It was found that the proton energy
dependence of the detector specific light
yield has a square polynomial form.
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MeTton xkaxioOpyBaHHA
€HEePreTuYHOl IMKAJH CHMHTHIAMINHNX TEeTEeKTOpiB
IPH peecTpanii NpPoToHIiB Bimmaui

B.I11.Bosxxko, O.M.Bodin, C.M.Oniiinux, I''E.Tyanep

Pospobieno meron KasribpyBaHHS eHEPTeTHUYHO! NMIKAJIU CHUHTHIALINHUX DEeTEKTOPiB y
niamasoHi eHepriit mporouiB 1-14 MeB. MeTon ocHoBaHUIT Ha 3icTaBjeHHI MaKCUMyMiB poas-
PaxyHKOBUX Ta eKCIepUMeHTaJbHUX CIEeKTPiB IIPOTOHIB Biggaui, omep:KaHUX y Pe3yJabTaTi

poscigHHA KBasiMoHoXpoMaTHYHWX HeHTpomis 8 peakuiit d(T,n)*He i# d(D,n)®He ma axpax
BOJHIO, 10 MicTuThbesl y KouHBepTopi. IIpoBegeHo KalibpyBaHHA eHEPreTUYHOI IMIKAJIU JeTeK-
topa Cs(Tl) 3 BuKOpucTanHAM peaxiiii d(T,n)4He. 3HalIeHo 3aJeKHICTh CBITIOBUXOLY HETEK-
TOpa Bijg eHeprii mpoTOoHIB y BUIIAAAl mosiHOMa APYroro CTyIeH .
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