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* Identical results can be obtained with different CsI(TI)scin­
tillators supplied by several makers as Merck, Horiba,
Harshaw,and Quartz et Silice.

constant time decays for the slow and fast components
respectively (Tf - 0.4-0.7 ps, Ts - 7 ps).

Discrimination among particles is then possible be­

cause (i) the amplitudes ratio of fast. all<f.s1o,,,compo- )Ji

nents~f/Ls ViinesWlththe partiCles type, (ii) there is a
dla~ge In decay constant with the density of ionization

bf the partiCle, mainly for. the short decay constant (5).
The emission probability I/Tf seems to be an increasing
function of the stopping power € = dE/dx. As it was
shown for low energy protons and alphas [6] the Lf/Ls
ratio increases with L Consequently the ratio R of the

puls~heights at two different times i;~an~d'"t;~~Qepends
on M,~a~~~." A characteristic sampling of the light
output" at a time t is supplied by measuring the light
output L(t, T) obtained by integrating the charge out­
put between times t and t + T.

Fig. 1 displays a bidimensional plot L2(t2, T2) =
f[L1(tJ> T1») measured with a CsI(Tl) scintillator * (di­
ameter 0 = 50 mm, thickness 1= 30 mm) covered with a

- 6 pm thick Al-mylar foil. A very good massidentifi­
cation for Z = 1 and Z = 2paIticles can b~appre~lated,
~th ~lln ~Iler~y.tllreshold lower. th~'5" MeV for a's.
Ho-;ev~r in theseexpenmental conditIons (time gates

for integration),ll_o~~~l!!!fisllli£P:.c;an be seen for pa.r­
ticles with Z > 3.'" "

~-_ ...._.~-=~=~~=-~._',,~.,

~ To improve the identification capabilities for Z > 3,
the fast over slow light decay ratio can be modified by

i@iiTn fro~[~[iiie··Csr·crystal-a~tasTj:l}astic·scintma:
tor (NEI02A) 0.2 mm thick. This ",hole <fetector ",orks
asa pho~\vich. Above a 5 MeV/n threshold due to
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A CsI(Tl)scintillator with,t.'Y,2ggl1J}!~C~:L(;21I1~2}l~~tsi§used to detect and identifyp, d, t, 3 He and IX particleswith a low energy
threshold.Besides,the addition of a thin plastic scintillatorin front of the CsI(TI)crystalallowschargeidentificationfor ions witI:L
1!£JQJ2.,

CHARGED PARTICLES IDENTIFICATION WITH A CsI(ll) SCINTILLATOR

where L(t) is the light p~~~~_~mpli_~u.<l~at time t, Ls

and Lf are the total light amplitudes, Ts and Tf are the
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The detection of light particles provides a precious
tool to study the different processes involved in heavy
ion collisions. Since the physicists are now interested in
reactions in~ll.9t::~~higl1er and higher incident energy
~~~iii~,~tht::~i!lg.t:ll_~ng._m1i!ilptigi!L:andenergyof the
li~t_p~~ti.clesJQ_be.detec.te4.1ellcis to_a.great~r IlulItber
of det~ctors an,d to larger(!:li<.:lq1.«::ssesQftJwse.<letectors.
As a consequence standardsolidstate Si telescopes hav~
beell~radllally repfacecCatfirsthy -teles~opescothposed
~Ls"ilic()E~~Il(rsC1p.ti.li<ltorandthellQY I'Qos\Vicll detec­
tors._[1~3]. But the capabilities of the phoswich tech­
nique are limited by the working principle itself of the
telescope, i.e., the particle to be detected passes through
a first scintillator which reduces the possibility of de­
tecting low energetic yields if thick, and high energetic
yields if thin. Some properties of scintillators, although
well known in the past, are now rediscovered. Namely
the shape of the light output may depend on the ioniz­
iilgp-ower orihe~ae1ecte;rpartiae:Thai leads to differ­
entways-of "identifying light particles by analysing the
pulse output of the photomultiplier coupled to a scintil­
lator. This technique still uses the simple pulse shape
analysis of the phoswich detector blit'-sIIIi:pIifles" the
mechanical design and, above all, avoids the problems
of low energy cut off. Here are described the abilities of
a CsI(Tl) detector as already proposed by Biggerstaff et
al. [4] 25 years ago!

The scintillation pulses decay of CsI(Tl) crystal is a

combination of ~~E?!:.~~~~1~.._9L<:tiffe!"§Il,t_!ilIle_<:011:

S.!'llltS:

L (t) = Ls exp( - tiTs) + Lf exp( - t/Tr} ,
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Fig. 1. Identification of light charged particles with a 50 mm
wide and 30 mm thick CsI(Tl) crystal. L1 and L2 are the light

outputs obtained when integrating the signal within time inter­

vals T1 = 400 ns and T2 = 1 JLS at times t1 = 0 and t1 = 1.6 /lS.

The photomultiplier was a RTC 2262. This spectrum has been
obtained at (J = 7.50 with a 30 MeV In Ar beam impinging on

a CD2 target.

passing through the plastic scintilla tor, the ions ..are
detected and identified as nicely as above with the same
experimental conditions. Fig. 2 displays neatly the trend

Fig. 2. Identification of light charged particles with a phoswich

detector composed of a thick Cs1(TI) scintillator on which had

been glued a 0.2 mm NE102A scintilla tor. L1 and Lz and the

experimental conditions are identical as the ones defined in fig.
1.

L1

Fig. 3. Two dimensional plot Lz = f(L1) obtained with the
same phoswich detector as in fig. 2 but with a different set of

timing gates: the time intervals corresponding to L2 and L1
were 30 and 400 ns wide respectively and taken at times t2 = 80
ns and t1 = O.

to separate the Z> 3 particles, owing to the superposi­
tion of the NEI02A fast component which increases as
the detected ion is heavier. To use in a better 'way the
very fast (T = 2.4 ns) light component of NE102A, other
time conditions were chosen: T1 = 400 ns, T2= 30 ns.
Fig. 3 displays a very nice charge identification up to
Z = 19. On the other hand the addition of a thin scintil­
lator in front of the CsI(Tl) crystal unfortunately in­
creases the energy threshold up to 15 MeV for alphas.

In conclusion the CsI(TI) crystal alone. allows agood
m.~.~~.~c!e.~~fica!i~~!;;i!~g~rp.iit~I~.s-?:·~I~l1d~~ •.~·.2
by integrating tlle lig1J.td~cay over two different gates.
Adding a thin NEI02A plastic sciiltillator in front of
the CsI crystal leads to a good charge separation, up to
Z = 19 for the Ar induced reactions (and perhaps upper
Z), by using a third gate, much faster. Among the
different types of scintillators (BaF2, NaI [7]) the CsI(Tl)
is an interesting one for detecting light ions in nuclear
physics experiments with many detectors of large solid
angles, because of its mechanical qualities, low hy­
groscopy and rather low cost.
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