
Integral cross section of 19F(γ,n)18F reaction at 14 MeV
bremsstrahlung photon

Shaima Akbar1,∗ M.M. Musthafa1, C.V. Midhun1, Reshmi
K. Bharathan1,2, Sreena M1, and K.C. Jagadeesan3

1Deptartment of Physics, University of Calicut, Malappuram, Kerala - 673635, INDIA
2Medical Physical Group, Deptartment of Radiation Oncology,
Malabar Cancer Centre, Thalassery - 670103, INDIA and

3Radiopharmaceuticals Division, Bhabha Atomic Research Centre, Mumbai - 400085, INDIA

Introduction

18F is a pure positron emitter used for
positron emission tomography(PET) scan.
Primarily 18F is produced via cyclotron us-
ing an enriched water target. Major reaction
channels such as 18O(p,n)18F, 19F(n,2n)18F,
19F(γ,n)18F, 16O(t,n)18F are available for the
production of 18F. Among these channels,
18O(p,n)18F is the widely using channel for
the production of 18F. Along with 18F, a large
number of unwanted activation products are
formed due to the bombardment of the pri-
mary proton beam and the energetic neutron
produced in the reaction itself[1]. This in turn
contaminates the 18F isotope and causes pa-
tients to absorb extra dose. Transportation of
the radioactive isotope to the hospitals is also
a major issue, as the useful activity of the iso-
tope will lost due to its shorter half-life. Pro-
duction of the 18F isotope using the medical
linac inside the hospital site itself will bring
down the major issues regarding the conven-
tional method.

In the present study, the production of 18F
from 19F using medical linac is being explored.
The integral cross section of the reaction is de-
termined using the bremsstrahlung photons.
The most studied 115In(γ,n)114Inm reaction
was used as the monitor to determine the in-
tegral cross section. Table I shows the reac-
tion channels of the sample and monitor, cor-
responding Q values, gamma energyies under
study, and half-life of the residues.
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TABLE I: Photon induced reactions and corre-
sponding parameter values under study

Reaction Qvalue Gamma Half-life
Channel (MeV) Energy

(KeV)
19F(γ,n)18F 10.432 511 109.77 min

115In(γ,n)114Inm 9.038 190 49 days

Materials and Methods
Experiment was carried out using 14 MeV

photons available from Varian CLINAC-iX,
medical linear accelerator facility. Photon ac-
tivation method was used for irradiating LiF
and indium foil targets simultaneously. Pel-
let of LiF sample of thickness 320 mg and
indium foil of thickness 212 mg was used in
the experiment. Residual activity of the ac-
tivated samples were measured after reason-
able cooling time, using Kromeck CZT (Cad-
mium Zinc Telluride semiconductor detector)
gamma spectrometer.

In the photon activation analysis, the cross
section can be calculated using the standard
formula given as,

σ =
Aλexp(λt2)

N0φθKGε(1 − exp(−λt1)(1 − exp(−λt3))
(1)

where A is the activity of gamma peak, λ is
the decay constant of residual nucleus, N0 is
the no. of target nuclei per unit area of the
irradiated sample, Gε is the geometry depen-
dent efficiency of the detector, θ is the branch-
ing ratio of the gamma ray, φ is the incident
photon flux, K is the self absorption correc-
tion factor for gamma ray in the sample and
t1,t2,t3 are respectively the irradiation time,



the cooling time and the counting time of the
sample.

Calculation of integral cross sec-
tions

The integral cross section over the incident
bremsstrahlung endpoint energy 14 MeV is de-
termined via the flux normalization method.
Yield of the sample and the monitor was de-
termined from the experiment. Experimental
data of the monitor reaction 115In(γ,n)114Inm

was taken from the EXFOR data library [2].
Theoretical integral cross sections are calcu-
lated using nuclear reaction code Talys 1.96.
Monitor reaction is selected in such a way
that, nearby q-value systems cover the same
area of the bremsstrahlung spectrum[3]. The
integral cross section of the reaction can be ob-
tained from the yield of the irradiated sample,
using the relation

Ys
Ym

=

∫ Eγ
Eth

σs(E)φ(E)dE∫ Eγ
Eth

σm(E)φ(E)dE
(2)

where Ys is the yield of sample and Ym is
the yield of monitor reaction, Eth and Eγ
are the threshold and bremsstrahlung end
point energies, σs and σm are the theoreti-
cal cross sections of the reactions 19F(γ,n)18F
and 115In(γ,n)114Inm respectively.

Integral cross section of the monitor reac-
tion is used to determine the integral cross
section of the reaction 19F(γ,n)18F. The cu-
mulative cross section obtained for the reac-
tion 19F(γ,n)18F is shown in Fig 1.

Result and Discussion
The integral cross section of 19F(γ,n)18F re-

action has been determined via photon activa-
tion method. Theoretical model calculations
are done using nuclear reaction code TALYS

1.96. Theoretical parameters are optimized
using the measured data points. Previously
measured data for the same reaction at 20
MeV[4] is also included in figure 1. The anal-
ysis shows the theoretically estimated integral
cross section reproduces the experimentally
measured cross section for 19F(γ,n)18F.
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FIG. 1: Cumulative cross section corresponding
to 19F(γ,n)18F reaction. Theoretical line shows
the Talys model calculations.
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