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Facility for Research in low energy Nuclear
Astrophysics (FRENA), a high current low en-
ergy (0.2-3 MV) Tandetron accelerator facility
has been commissioned in the Saha Institute
of Nuclear Physics, Kolkata. The machine is
presently in the trial period of AERB and is
delivering proton beams at a maximum cur-
rent of 100 eµA. FRENA is primarily dedi-
cated for performing experiments related to
nuclear astrophysics. Being a DC accelera-
tor, its beam energy is directly proportional
to the terminal voltage. Therefore, before the
initiation of actual experiments it is necessary
to properly calibrate the terminal voltage of
the accelerator. This can be done by mea-
suring threshold energy of cetrain reactions
and nuclear resonances within the FRENA
energy range [1]. A series of threshold reac-
tions and nuclear resonances are described in
Ref. [2]. Accordingly, a set of known thresh-
old and resonance reactions, such as (p,n),
(α,n), and (p,γ), (α, γ) have been planned
to be conducted in FRENA. As a first stage,
the 7Li(p,n)7Be reaction was studied, details
of which are described here.

Experiment was set up at the PBA (Pulsed
Beam Analysis) beamline of the FRENA ac-
celerator. The mechanical arrangement in
this beam line consists of a pneumatic gate
valve which isolates the target chamber from

∗Electronic address: drchinmaybasu@gmail.com

BF3 detector

Target 
Chamber

Beam 
dump

FIG. 1: Experimental setup for the 7Li(p,n)7Be
reaction.

the accelerator side to avoid accidental vac-
uum degradation. A 152 mm diameter stain-
less steel target chamber having wall thick-
ness of 4 mm was coupled to the beam line
for placing the targets through the bottom
flange. A target ladder with three holders
was used which contains; a 175µgm/cm2 LiF
on 130µgm/cm2 Al backing for actual experi-
ment, a thick Al2O3 plate for beam spot mon-
itoring and one blank frame for background
run respectively. A camera was coupled to the
out of plane port at 150◦ to monitor the beam
spot. The chamber was followed by a 3KW
Faraday cup to dump the beam and measure
its current. A photograph of the experimental
setup is shown in Fig. 1.

The experiment was performed using pro-
ton beam of energy (Ep) 1.78 MeV to 2.5
MeV with typical beam current of ∼100 nA.
A cylindrical BF3 detector of 10 mm diameter
and 10 cm long with a sensitivity of 0.3 cps/nv
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FIG. 2: Pulse height spectrum of the BF3 detec-
tor.

was housed inside a high-density polyethylene
moderator block to measure the emitted neu-
trons. The detector was kept at a distance of 1
meter from the target centre and normal to the
beam direction to minimise background neu-
tron contribution from the beam dump. For
further reduction of neutrons/γ background,
beam dump was shielded with concrete, high
density polyethylene and lead blocks. Neutron
pulse height spectra were measured for each
proton energy. A typical pulse height spec-
trum obtained for Ep = 2.227 MeV is shown
in Fig. 2. The sharp peak near the zero chan-
nel is due to the γ events and electronic noise
whereas the broad distribution is due to the
neutrons. Pulse height spectra were also mea-
sured using blank frame in the target position
for each beam energy to get the background
which is found to be negligibly small for the
measured energy range.

Pulse height spectra obtained for each beam
energy were integrated to obtain neutron flux
for a given Ep. Fig. 3(a) shows the plot of neu-
tron flux per beam charge vs. proton energy
Ep. The figure shows two resonances at the
at Ep = 1.91 and 2.25 MeV. Energy depen-
dence of the total neutron cross section just
above threshold varies as(Ep-Eth)3/2 [3, 4],
where Eth is the threshold energy. Therefore,
to fit the data using linear functions the 2/3rd

power of the neutron flux per beam charge was
plotted as a function of Ep [Fig 3(b)]. Data
points below and above the known threshold

(Eth =1.88 MeV) show two different slopes.
Two different linear functions were used to
fit the data points of these two groups which
are shown with red and magenta lines. The
intercept point of these two linear fits has
been considered as the measured threshold
of 7Li(p,n)7Be reaction which is found to be
1872.5 ± 2.8 keV in this case.
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FIG. 3: (a) Neutron flux per beam charge as
a function of proton energy Ep. (b) The 2/3rd

power of neutron flux per beam charge as a func-
tion of Ep along with two linear fits (see text).

Further experiment using other reactions
has been planned which will be taken up to
cover the entire range of the acclerator termi-
nal voltage and a global calibration plot be-
tween measured threshold as a function of ter-
minal voltage will be prepared.
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