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Omnucan MeTofl «BHYTpeHHeH» SHEepreTHYeCKOil KanuOpOBKH [JETEKTOPOB
Ha ocHoBe Csl (T1) ¢ poroymHoxuTeneM. g cCUMynALUU MaTPHULIBI HAEHTHHUKALUH
YacTHL 10 METOAY aHamu3a (POPMEI HMIIyNbCa NMPHMEHEHa NpocTas SMIHpHYECKas
MOJIENb CUHHTHIUIALUHOHHOrO curHana Kpuctamia Csl (T1) ans nerkux 3apsxeHHBIX
yactuy. [Tpouenypa kanmuGposku kpuctamnos Csl (T1) Gonbioii nnomany cCUHHTUI-
nauHoHHOH oGonouku 4mn-gerekropa POBOC g MOHOB ¢ Z <4 NMpPH BHEPIUAX
Hike 100 M3B Ha HYK/IOH OCHOBBIBA1ACh Ha SHEPrUAX YacTHL B TOYKaX CKBO3HOIO
TpOJIeTa YaCTHI CKBO3b CUMHTHIIIATOP Ha WAEHTH(HKAUMOHHBIX MaTpHLaXx. -
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A method for the intrinsic energy calibration of photomultiplier-coupled
Csl (T1) detectors is described. A simple empirical model of the scintillation light
pulse-shape of CsI(TIl) crystals for light charged particles has been applied
to simulate the particle identification matrix as it follows from the pulse-shape
analysis method. The calibration procedure for the large-area Csl (Tl) detectors
of the scintillator shell of the 4n-array FOBOS for ions with Z < 4 at energies below
100 AMeV is based on the energies of the particle punch-through points.
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... 1. Introduction ‘

The scintillation process has been studied, and photomultiplier-coup-
led scintillation detectors are widely used for the registration of ionizing
radiation for about fifty years [1]. In partlcular inorganic CsI(TI) crystals
have some ant1c1pated features. They are mechanically rugged, plastic,
easﬂy machlnable and only slightly hygroscoplc The relative compact-
ness-of CsI(TI) counters due to the large stopping power of the scintillator,
the high scintillation efficiency due to low quenching, and, last but not
least the medium market price make CsI(Tl) one of the most approprl-
ate scmtlllatmg materials for the detection of light charged partlcles and

- medium mass ions in nuclear research [2, 3]. Mainly these reasons defined -
the ch01ce of CsI(T1) for the scmtlllator shell [4] of the 4r-array FOBOS'

The hght output of CsI(T1) evinces a strong dependence not only on
the energy (E) of the incoming particles, but also on their atomic (2)
and mass number’ (A) Furthermore, the scmtlllatlon light pulse-shape is
a complicate function of the stopplng power dE /dz (cf. ref. [6] and refs.
therein).

Hence, much attention has already been pald to the problem of de-
tector calibration. There are some common features in the scintillation
light processing in spite of the different operation modes of the CsI(Tl)
crystals (e.g. utilizing them in the usual regime or in a’phoswich’combi-
nation with other scintillators'{7},in A E(Si)-E(Csl) telescopes [6,:8], for -
the TOF-E(Csl) analysis [9, 10}, applying photodiode read-out [11, 12]
etc.). In particular, the pulse-shape analysis (PSA) method [6,:13] is used
to search for the best particle separation and energy resolution for light
charged particles (LCP) in a wide dynamical range. * S

The energy calibration of the responce is commonly based on the mea-
surement of the total light output, but the dependence on the shaping
time has also been considered [14]. Often a few calibration points are
obtained by a direct exposition of the detector to radioactive sources or
ion beams, exploiting in this case addidional A E(Si) or TOF information
for further analysis. The energy calibration is then obtained by fitting*
the data with sophisticated empirical functions for the light output L(E)
[15,.16] or E(L) [7].Such functions can also be the result of analytical
calculations based on models for the energy deposition along the ion track
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in the scintillator and the luminescence process [17]. .

The aim of the present work is to perform an intrinsic ‘calibration of
the CsI(T1) detectors, used in the scintillator. shell of FOBOS,[4.], for the
LCP spectra in the absence of especially measured reference Pomts. The
only available information is given by the punqh—thrqugh points (P'I.‘Ps)
of different LCPs, and the corresponding energy values are )@Pe m‘a;umal‘
energies which can be deposited in the crystal by these par§1c1es. More-
over, the variant of PSA used at FOBOS for LCP separation does not

deliver the total light output, i.e. the total integral of the. ligh§ pulge, but
only two Ap'ar‘tial ‘ones. We, therefore, applied a r;?ther simple ‘rn,odel ‘for
the [K)‘Lilse—shape’ of the CsI(Tl) light pulse in depend-ence on (Z2,4) ‘c‘)f .tlie
incoming ion and its energy (E) and, further, on ’S}ml.llagﬁ?fi,;the particle
identification matrix (PIM) as it follows from the ,a.pphcgt’lvon of t.he PSA
method under the real experimental conditions. Scaling properties have
been found which are very }iseful for the calibration p;?cedure of t‘he 'al-to-
gether 210 CsI(T1) ‘detectors of F OBOS, In'the,\f({uowylrng, the calibration
method is desérjbed iinid.etqilv.__A ﬁrst}_atytey@pt to. app}y S.,:L\lc:ha qlethod
has been published earlier in ref. [18]. .

2. Exp

érimen@ial set-up |

lThe47r-spectrometer FOBOS[B] 1s a 1ogarithmic;detector device for
the study::of ?:heavy-.ionfinduced‘reactions,in> the energy range of 10 -
100 AMeV..- It consists; of three consecutive shells of; particle detectors

and a’more:granular forward ‘array- [19].- The inner two,detector shells

consist of: 30 position-sensitive avalanche counters (PSACs) and 30,a.7.<ialf
Bragg ionization chambers (BICs). . Mosaic arrangements, .each consist- -
ing of 7'(héxagona1-shaped CsI(T1) crystals, are placed. behind :the-BICs-

constituting the outer detector shell. One PSAC, one BIC and 7 CsI(T1)
counters form a detector module [20].-. . . o oo .

A single CsI(T1) detector unit [21] consists of a‘large-area (260 cm
or 146 cm?) crystal ,(MONOCRYSTALREACTIV Compar.ly, Kharkov,
Ukraine) and a hollow light.guide coupled .to a spectroscopic photomul-
tiplier: (SPM)- (type FEU—173,‘f®=179> mm or F EU-1_67, ?=120 mm;
EKRAN-: Company, Novosibirsk, Russia). The front side of the crystal

is 'polished and,-in order to enhance the light output, covered with a:

- 1.5+ 3 pm thick reflector. foil of aluminized Mylar mounted at a distance
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of 3 mm from the surface. The rear side of the crystal is rough. The
content of the Tl activator amounts to 0.07 <+ 0.08% being found as an
optimum, considering the scintillation efficiency and PSA properties for
LCPs. The hollow light guide has a diffuse-reflecting (90% reflectivity)
inner surface, and diminishes the position dependence of the light col-
lection to about 5%. The energy resolution for 5.5 MeV a-particles is
typically 6 = 7% for collimated particles and 9%, if the entire surface of
the crystal is illuminated [21]. v S .

The thickness of the CsI(Tl) crystals in forward-positioned detectors
at polar angles of ¢ = 23°-52° amounts to 15 mm, the other part of the’
scintillator shell in the angular range of ¥ ;—"530 +157° consists of 10 mm
thick crystals. The total cdireredsq_lidwang‘léi\s 5.6 s, but the effective
solid angle amounts to about 4 st because of-the limited transparency of
the inner detector shells [5]. Cmpl e .

The' current signals from the SPMs are split and integrated by 96-
charinel QDCs (C.A:E.N. CIAFB F683C) within two time"gates in accor-~
dance with the pulse processing necessary for the PSA [22].. Due to the
particle- and energy-dependent decay constants of CsI(T1) ([6, 13] and
refs. therein), the best LCP separation in the PIM is observed with the
time gates Atss = 0+ 400ns and Aty,, = 1600 < 4600ns. Initial
values for these gates were estimated by simulations like those made in
ref. [6]. The real experimental conditions (timing; trigger logics etc.) in
measurements with the whole detector array may require some modifica-
tion of these time gates. =~ .

3. Calibration method

'Under the assumption that all CsI(T1) crystals of the scintillator shell
have similar properties (that was guaranteed by the manufacturer), all
SPMs are operated in a linear regime, and all signals are processed in
a unique manner, one expects that ‘all fyPIMs.loOk‘isim:ﬂar, and one can
sum them up into one PIM after some linear transformation accounting
for different gain constants. Therefore, we scaled the .individual PIMs to
each other. The summed PIM is shown in fig; 1. Indeed, resolved particle
branches occur for the H and He isotopes, also for SH (i and 8He. Fur-
thermore, particle branches 6f heavier particles are clearly seen. Usually,
these branches are very weak in the PIMs of the individual detectors due
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to low statistics. Note that the scahng procedure does not lead to loss of
partlcle resolution. )

The maximal energies which can be deposited in the given CsI(Tl)
crystals (PTPs) by H, He and Li isotopes were calculated using the
stopping power code STOPPOW (23], and are given in Table 1. Par-
ticles with higher energies are not stopped in the crystals. They pen-
etrate them, and the deposited energy becomes successively lower with
increasing incident energy. Hence, the particle branches, after reaching
the PTPs, turn backward (cf. fig. 1 .) approaching the branch of low-
ionizing particles (electrons, y-rays). The PTPs are well pronounced in
the PIMs of forward-positioned detectors.

The CsI(T1) crystals are manufactured with precision of 0.1 mm. The-
refore, the PTPs can be treated as intrinsic energy reference points suit-
able for‘"'calibration purposés,

Table 1: Maxtmum energy losses of hght ions in the CsI(Tl) crystals of, the scinillator
shell of FOBOS (PTPs)

Partmle T AMeV -  MeV
10 mm 15 mm {10 mm 15 mm

p | 510 645 | 51.0 645
d | '342° 432 | 683 864

t | 270 342 | 80.9° 1025
3He 60.3  76.1 | 180.8 228.4
‘He | 511" 645 | 2042 2580
6He 404 51.1"| 2423 306.3
‘8He 34.2 432 | 273.4° 3458

© . I"SLi | 646 8L5 | 3873 4891
' Li 59.1  74.6 | 4134 522.1

The clear indication that PTPs are really reliable is given in fig. 2.
The relative error of the identification of the coordinates of the PTPs
in the PIMs of individual detectors is typically about 2%. The scaling
procedure, therefore, is based on PIMs with well pronounced PTPs. ‘It
brings the particle branches, and naturally also the PTPs, of all CsI(Tl)
detectors to superposition.



1500 o Tan ;qquA:;
] H : H B 1

11468

tritons .

Channels

700 i i .
10 20, 30 40 50 60

‘Dé‘tectofr number

Figure 2: Coordinates of punch-through points in individual CsI(TI) detectbr_s after appli-
cation of the scaling procedure. Solid symbols denote the coordinates Ly,,;, open symbols
denote the coordinates Ly, T C '

Especially-in the detectors positioned in the backward hemisphere of
FOBOS, the PTPs are weakly pronounced or absent at all. To add these
PIMs to the summed PIM too, we‘zipplied thé following method. We first
constructed an "ideal” PIM out of such individual PIMs, where a good
particle resolution is observed and the PTPs (mainly t:h'ose“c')f the H iso-
topes) are clearly pronounced as well." A special procedure was developed
~ utilizing also‘the;_'shapes of the ‘pa_fti'de branches in the PIMs for scaling
purpose. It is based on the;sihﬁtlatidn of"th:e,:-PvIM as ﬂiti followes from the
application of the PSA higthod. ,S\imultariiec‘)ilsly, ,rela,t_ive;fenergy scales
for the individual pérticle:b'r\‘an;cllé;sﬂ;aré ggﬁérated. The normalization of
the simulated PIM at the PTPs then delivers the absolute energy scales.
By a suitable vat,rvia;tion of the'eher'g':y- and particle-dependent parameters
being ingredients of;the‘model of the scintillation light pulse-shape, the
experimentally observed shapes.of the particle branches in the PIM can
easily be generated:- The obtained:relative energy scales can then be used
for the scaling of the PIMs without PTPs for adding them to the "ideal”
PIM. In the following, this method is described in detail. .-
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4. Simulation of the particle identification matrix

The simulation of the PIM as it follows from the PSA method used
is based on the approximation of the CsI(T) scintillation light pulse-
shape L(t) (eq. (1)) by three exponential functions with the characteristic
time constants 7;; a few hundreds of nanoseconds for the fast” light
component (7sqs ), a few thousands of nanoseconds for the ”slow” light
component (Tyqy ), and 10100 ns to take into account the pulse rise-time

(Tfront )-

hg t hsa t . - h;y t
L(t) = —exp(———) + Legp(——) - 2t oppy Ly
Tslow Tslow Tfast Tfast  Tfront Tfromt

hfes and hgy, denote the magnitudes of the two light components.
Coordinates of the PIM are the integrals Lyfas and Ly, of L(t) taken for
the hardware-set time gates At;. We used values of At fast = 80 =480 us
and Atgy, = 920 + 3920 ns (fig. 3).. The time constant 7y, is known to
be nearly particle-independent, and takes values in the range of 4 + 7 us.
The ratio B = hyey/has as well as the decay time constant of the: fast
component 7y, are-decreasing functions of the stopping power dE /dz
([6] and refs. therein). The function Tfast Shows some saturation effect
near a stopping power of 1000 MeV /cm [24]. k ' -

The properties of CsI(Tl) crystals strongly depend on their quality and
T1 concentration. To get analytic expressioris for the dependence of R and
Tfast ON E and the type of particle (Z,A), we fitted appropriate empirical
functions R(F, Z, A) and Trasi(E, Z, A) to the experimental data given in
ref. [6]. The dependence on the type of particle is given in terins of the
quenching parameter ¢ = AZ2. To limit the number of fitting parameters,
the following expressions seemed to us to be suitable ones:

_ R d o |
R(E) Q) = q—l/z[l - ea:p(—mEQ)] . | . (2)
el B,0) = 7o + gl - ezp(= 7z )] (3)

where the fitting parameters took values of 75 = 365 ns, 1 - 3323 ns,
Ry = 4, and d = 0.081. The parameter Q was found to be slightly
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The functlons R(E q) and Tast(E, q) must not necessarlly represent the
best fit for each particle type 1nd1v1dually, but they describe the general
trend: sufﬁcrently well (fig. 4). -

If the ratio of the Alight components (R) is. glven the absolute values
for hfast and hs;ow can be derived from- the normahzatlon of the total
1ntegral of L(t) to. the total hght output L(E)

/L(t E Z A)dt hszgw—l‘ hfagt hfrant g | (5)

The latter is set to be equal to the expression given in ref. [15],

L(F) = S[E—a(Z A)ln( +1)] (6)

E
a(Z, A)
where E is the energy deposited in the CsI(T1) crystal, a(Z, A) is the
quenchlng constant, and S is the scintillation efﬁmency By the condltron
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incident particle. -
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Figure 5: Particle identification matrix Lgow v Loy of 2 CsI(T1) detector simulated for
Atpos = 80+ 480 ms, Atyey, = 920 + 3920 ns, and ATypw = 4u s.

L(t = 0) = 0 the value of hfoy is ¢onnected with R and the time
constants and it can be easily estimated.

Performing the simulation of the PIM for gi\;en types of particles, inter-
vals of incident energy. and t_in'yle' gates (At fa'st,Atsl_,,u;), we simultaneously
get the relative calibration eilfves L f{{q;(E ) and. Lo E ) for every particle
branch. The simulated PIM is: shown in fig. 5. The normalization of the
simulated PIM to the. »ideal” PIM (fig: 1), with reference to the positions
of the PTPs delivers:the pdrtlcle—dependent absolute energy scales. The
shapes of the particle branches in the simulated PIM:can principally be
modified to approach the experimentally observed ones (fig. 1) by slight
‘variations of the parameters of egs. ( )-and (3), accouting in this manner
for the properties of the CsI(Tl) crystals used.

Since At ot < Atgiow, the contribution of noise in the measured values
of Lfast is 51gn1ﬁcantly less than in leow “On the other hand, Ly is
less sensitive to small energies. We used Lf,m(E) for the calibration of
the spectra of LCPs within the entire dynamical range. The cahbratlon
curves for both light components with respect to the tinie gates used are
shown in fig. 6.

* The energy losses of the particles on the flight path from the target to
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Figure 6: Simulated calibration curves for the slow (upper left corner) and fast (lower
right corner) PSA components recorded for time gates At g,y = 80 =+ 480 ns and At,y,, =
920 + 3920 ns, respectively. -~ For better visuality, the fast component is plotted in a
logarithmic scale. . - . — S S
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Figure 7: Energy losses of the LCPs on their flight path from the target to the CsI(Tl)
detector. They were calculated using the code STOPPOW [23].

the CsI(Tl) crystals in the penetrated detector materials (i.e. ‘the PSAC
foils, the windows and the gas volume of the BIC, the Mylar reflector
foil) were calculated using the code STOPPOW [23]. The dead layer at
the surface of the CsI(Tl) crystal [25] is very thin and was neglected.
A useful empirical expression for the correctron of the energy losses has
been deduced (fig. 7),

Be=(Fet B+ OBy (0

where E; and Ej; are the energies ‘of the particles at the target and in
the CsI(T1) crystal, respectively, and Ey, C and a are fitting parameters.
The function Et(Lfast) can be written in the form

1T Cox ‘ S
f(x)_ax+d+x "h+z @

A specral test measurement was carried out to check the reliability
of the calibration procedure. In this measurement a BIC was used as
AE detector, and the CsI(T1) scintillator measured the residual energy
[22]. In spite of the special operation mode of the BIC, this test was more

12

qualitative than quantitative because of the large uncertainties due to the
small AF signals of a-particles, the limited dynamical range available,
and the generally low registration efficiency of the BICs for LCPs..
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Figure 8: Comparison of the simulated coordinates of the punch-through points (solid
syrnbols) with the measured ones (open symbols). The points with larger error bars
(except for 3He) correspond to a 10 mm. thick crystal. They were obtained applymg the
shape-scaling. The points for 3He are for convemence multlphed by a factor of 0 5"

“An additional check was performed by comparing the results for the
10 mm thick crystals with those of the 15 mm thick ones. Such compari-
son is efficient, if the, transparency of the CsI(Tl) crystals is hlgh enough.
The PIM of the thick crystal was scaled to that.of the thinner one by
means of a scaling procedure which considered the. shapes of the particle
branches (see chap. 5). The: result is shown in ﬁg 8..

5. Shape-scaling method

As already mentioned abové, PTPs are not available in some cases.
There are mainly two reasons for this. First, the energies of the particles
emitted into the backward hemisphere (in the lab-system) are lower due to
effects of transferred linear momentum in the nuclear reaction. Secondly,

13



a possible mismatch of gain adjustment can occur due to low counting
rates. If the PIM is not distorted by other influences, it can be scaled to
the ”ideal” one by use of the shapes of the particle branches. The idea is
demonstrated in the following.

Two lines of different curvature, e.g.

y = aizh, (9)

can unambiguously be scaled to pass through two arbitrarily chosen .

points in some area (z,y) by means of the transformation
by = ai(k,2)" (10)

where the coefficients k; and k&, can be defined analytically.

Such a transformation cannot be applied directly to the experimental
PIMs, because the particle branches are crooked insignificantly. Thus
small discrepancies of the shapes of the particle branches in the PIMs
together with the effect of noise lead to intolerable uncertainties. Non-
linearities of such kind introduce variations of the coefficients b; of about
13% and 26% for protons and a-particles, respectively.

Therefore, we constructed a model of the ”ideal” PIM using empirical
functions for the description of the particle branches,

A’,‘VF‘ide(’d(Lfast,—a leow,; Aiy ZI) =0 ) ‘ ' (1 1)

where the index i denotes the type of particle (Z,A4). The coefficients
K fast and kgq, are found by minimization of a x>-like functional

o Z F‘id(;al(kfa;thaqt;; ks‘lost'luibn Ai1 Z) = 7TL2'TI“ ' (12)

Of course, a suitable choice of Fjj.y is important. Functions of the
form like eq:-(9) in general fit the particle branches well. But they fail in
the region of low energy, that becomes critical for the PIMs of backward-
positioned detectors. Therefore, we used functions of the form of eq. (8)
for L§zow and Lgqg. Then the corresponding functional becomes

Xt = SkY; - F(hX;)* (13

where X and Y are the two components of the PSA, j denotes a point

in the experimental PIM, and F represents any function X = F(Y, Z,A) |

of the type like eq. (11).
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Figure 9: Coefficients obtained for the shape-scaling of the "ideal” particle identification
matrix to itself. They are based on the particle branches of protons and a-particles. The
abscissa corresponds to that part of points which were used for scaling, counted from the
side of lower encrgy. The ” real”. set was scanned as usual, and the "bad” set was scanned
under the assumption of some oscillation of the _points around the partlcle branch within
+2% of the actual value of the coordinates. ‘The 1st and 2nd method of x%-calculation is
in correspondence with their order of description in the text. '

There is also dnother way to deﬁne the Y -hke functlonal o
= (Yj —F(erj /ky) R (14)
The points (X;,Y;) are dI’bltI’dI‘lly but nearly eqldlstantly scanned along

the entire: particle branches of the PIM. The coefficients k; and k, are
then obtaind numerically by settmg the derlvatlves dx2 / dk; and dx2 / dk

equal to zero.

The solutions of eqs (13) and (14) are found to be 1dent1cal for PIMs
with well resolved particle branches. They also perfectly describe the
PIMs with pronounced PTPs.- Discrepancies with respect to less resolved
PIMs or PIMs without pronounced PTPs are significantly larger for eq.
(14) than for eq. (13), but a comparison of the coefficients’obtained for
PIMs with and without PTPs cannot prefer one of these equations. This

15



fact indicates some limits of such a procedure. Nevertheless, the precision
of the shape-scalmg method was estimated to be about 5% with respect
to the energy scale. This is illustrated in fig. 9.

6. Discussion

Finally, we estimated the precision of the calibration procedure de-
scribed in this work as being less than 10%, i.e. of the order of the
energy resolution of the CsI(T1) detectors. This has been verified involv-
ing other intrinsic features, like the resulting shapes of the energy spectra
of LCPs measured by different detectors but at the same polar angle or
the spectra of the y-rays.

In principle, the simulation of the PIM would requiire to carry out

measurements of the scintillation light pulse-shapes for the CsI(Tl) crys-

tals used, like it has been done in ref. [6], or with thin slices of the same
CsI(TI) scintillator material like in ref. [24]. On the other hand, as
has been demonstrated above, the measured PIMs could .be reproduced
by simulations even when based on relatively rough approximations. for
R(E q) and Tfast(E q), for example with the express1ons

R(E,q)_02227(E/q)1/3 | o (15’)»

Tast(E, ) = 390 + 200(E/q)'/?, (16)

and the precision of the energy scales obtained for the LCP spectra is
comparable with the energy resolution of the CsI(T1) detectors.

- The uncertainty of Ej is naturally largest for lowest. particle energies.
On the other hand, at the FOBOS detector, the energy losses of the LCPs
in penetrated layers of other detector materials are in this case larger.than
the residual energies Ey. Thus the necessary corrections. for the energy
losses introduce the dominating part of uncertamty into Ey(L fast) at small
energies, and. the error-of E; can be neglected. - : O

The limitation'of the shaping time to 3 us in the. rneasurernent of the
total light output of CsI(Tl) in ref. [15] does not significantly affect the
final result for energies larger than a few AMeV. At lower energles the
shght distortions have been taken into account.

“The influence of the rise-time of the scintillation light pulse .can be
neglected (Tfront = 0, hgrons = 0), if the time gate At fast dO€s Dot cover
the initial part of the CsI(T1) detector signal. As reported in ref. [6], the

16

1000

10

Flgure 10 Q- partlcle spectra from the reaction N (53 AMeV) +232 Th accumulated into
AQ=0.16 st for each laboratory angle ¥, (40% of the entire data body)
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rise-time for electrons is about 40 ns, and even shorter for high-ionizing

particles, but the timing properties of the photomultiplier used have to
be taken into account.

As already mentioned, the actual properties of the CsI(Tl) crystals
used may be slightly different from those crystals investigated in ref. (6],
and the parameters in eqgs. (2+4) may not ideally suit to our simulations.
A general adjustment of these parameters was supposed to be performed

by fitting the simulated PIM to the measured one. It, however, turned out -

that this was not necessary on the level of accuracy: requlred Agreement,
of simulated -and  measured PIMs was achieved with Ty = 4ps. Such
a value:for the slow decay constant has likewise been found for CsI(T1)
crystals delivered by the same manufacturer [26]. "

The cahbratlon procedure developed has a number of advantacres
(1) Specral calibration measurements are not necessary.
(ii) It does not rely on measurement of the total hght output. .
(iii) All 210 CsI(T1) detectors can be calibrated in an unique manner by
scaling the individual PIMs to an ”ideal” PIM. .
(iv) It enables a high degree of automation for data processing.
(v) Some visual inspection and check of data quahty can be easily per-
formed during the data processing.

This method has been applied for fhe cahbratlon of the CsI(Tl) detec-
tors of the scintillator shell of the FOBOS array in experiments carried
out to investigate the decay of hot heavy nuclei produced in the reactions

“N(53 AMeV) +232 Th and 197 4y [27). Calibrated a-partlcle spectra
measured in these experlments [28] are shown for illustration in ﬁg 10.
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