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Response function of the Nal spectrometer
in JANOSIK set-up.
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The measured detector response function used in analyzing 7-ray spectra from the
statistical Giant Dipole Resonance decay is folded with theoretical statistical model cal-
culations in order to compare them to the data. Thus, the detector response function
should be known as a function of 7-ray energy in the range of 5-30 MeV. Since there
are no natural radioactive sources of sufficiently high 7-ray energy, reactions induced by
accelerated particles are used as a source of monochromatic gamma rays. The reaction
10B(3He,p7)12C producing gamma rays at Ey = 15.1 MeV is often used for large Nal
detectors, since it also allows to measure the absolute detector efficiency. The n B(p, 7)
reaction allows to measure the lineshape at several 7-ray energies Ey = 4.4, 15.1, 22.6
and 31.5 MeV. At the present stage, proton and 3He beams are however not available at
the Warsaw Cyclotron.
The response function for the Nal(Tl) spectrometer in the JANOSIK set-up has been mea-
sured using the D(nB,n7)12C reaction on C32D66 target. This reaction was also used for
energy calibration, additionally to the 244Cm/13C source. The 550ug/cm2 thick C32D66
target was prepared by M. A. Saettel from IRS at Strasbourg. The n B beam from the
Warsaw Cyclotron, with an energy of 50 MeV was slowed down to 19 MeV by passing
it through a 30 mg/cm2 gold layer. A special thick copper frame and a very low beam
current of 2 nA were used to avoid evaporation of the deuterium from the target. Gamma
rays with E1 = 4.44 and 15.1 MeV from the decay of excited states in 12C nuclei and
other lines with E7 = 2.22, 6.13 and 6.83 MeV, were measured with good statistics. The
lineshape has been parameterized according to the proposal by Sandorfi and Collins [1],
but with modifications to also include a first escape 7-ray peak and to take into account
the dependence of the spectrometer energy resolution on 7-ray energy. The used form of
the lineshape for the full-energy peak at true energy Eo is given by the formula:

L(En, EQ) =
A

C—exp

3Xp

1 — exp

(1)
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The first component of the sum describes a Gaussian shape of a line, the second —
a low-energy tail. The second component is then defined for E1 < EQ, only. It is set to
zero for E^ > EQ. With the first escape peak included, the total lineshape is given by:

L t o t(£7 , Eo) = Eo - 511 keV). (2)

Such a function was fitted simultaneously to the all measured 7-ray lines mentioned
above. The extracted fitted parameters A,C,D,l,a and a are 33 ± 2, 1.3± 0.2, 1.1±
0.3, 0.365± 0.023, 0.051± 0.007, 0.76± 0.02, correspondingly. The curve fitted to the
measured lines is shown in Fig. 1.

12 16 17
Ev [MeV]

Figure 1: The fitted lineshape for the Nal spectrometer in the JANOSIK set-up. Data
are 2.22, 4.44, 6.13, 6.83 and 15.1 MeV 7-ray lines measured when the C32D66 target was
bombarded with a n B beam of 19 MeV.

In Fig. 2 the lineshape at ^ = 15 MeV is shown for the Nal detector in the JANOSIK
set-up and compared with the lineshape of the other large Nal detectors used in similar
experiments in the Nuclear Physics Laboratory in Seattle [2].

Simulation calculations of the response function for the Nal spectrometer in the
JANOSIK set-up using the GEANT code are in progress.

This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grant No. 2 P30B 035 15).

54



Response function of the Nal spectrometer in JANOSIK set-up

I
*3
CO

10 -

•

•

Illinois

OSU
': JANOSIK

., :/" • ' /

, ' . • /

- ' • • • /

'•'' J^^^

i

f/ ' V

i ̂
V
\
l\
n
il

; \

•i

\\
•. \

\ i

• . ;

12 13 14 15 16 17

Figure 2: Fitted lineshape at i?7 = 15 MeV for some Nal spectrometers used in the GDR
studies.
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