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Abstract

The technique developed by Findlay and Owens for g¢kraction of a
consistently effective momentum distribution from thé (y,p)*Ti reaction data is
applied to the cross sections obtained for each of the discrete low lying excited states
(00,16,27,3.2,3.8,4.4and 6.0 ) MeV ,respectively. The momentum density
and momentum mismatch have been calculated using the method of Findlay and
Owens for each excited state. This program has been written for this purpose using
Fortran-77 language.The momentum scaled distribution would illustrate that the
simple Direct Knockout Model (DKM) behavior observed in the)reaction could
be regarded as evidence for the importance of the DKM process inghee@ction.
Clearly the application of the procedure given by Findlay and Owens leads to a more
consistent momentum distribution.
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Introduction
hotons with energies less than nucleus. One possible result of the
30 MeV are known to interact absorption of such a photon is that a
coherently with the whole  single nucleon will be ejected with an
nucleus as giant dipole resonance. energy equal to or close to the
Photons with energy greater than 30 kinematic end for that reaction. The
MeV and less than 100 MeV have other nucleons are essentially
significantly shorter wavelength. At  spectators in the process [1-4]. If we
this range of energy the photon consider the reactiotV (y,p)*°Ti in
interact with just a single nucleon or a  which the *°Ti is left in its ground
mall_ar f_nucleons within_th te_or_low_lving excit tate_then
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photons with energy vE= 60 sections and the momentum
MeV would produce protons leaving distribution unchanged.
the nucleus with a momenta in the In this method the real and
range of 330 to 390 MeV/c, imaginary parts of the optical

depending on the emission angle.
However the incoming photons have
a momentum of only 60 MeV/c thus
creating a momentum mismatch
which must be supplied by the
residual nucleus (equal to its recoil
momentum in lab system). If the,|§)
reaction is considered as the photon
strikes a single nucleon in a specific
subshell and is ejected it from the
nucleus. Then the other nucleons are
unaffected. Hence the cross sections
for such a reaction will depend on the
nucleon momentum  distribution
inside the nucleus and the form of
final state potential. This nucleon
momentum distribution could be
calculated from a nucleon model,
such as the Independent Particle Shell
Model (IPSM), and with a proper
treatment of the final state interaction
[5,6].

Calculations

The calculations used on thegp)
data are based upon the method by
Findlay and Owens [7,8]. They have
tried to eliminate the effects of
distortion in the final state of the,p)
reaction, in order to obtain the
undistorted momentum distribution in
the initial nucleus.

In the Plane Wave Impulse
Approximation (PWIA) the +,p)
reaction cross sections are directly
proportional to the probability of
finding a proton of the appropriate
momentum in the initial state. Findlay
and Owens have provided an
approximation treatment of the
distortion with regards to outgoing
proton wave potential of the residual
nucleus, while keeping the direct
relationship between the cross
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potential are treated separately. The
main effect of the real part is to
reduce the energy of the proton,
without much effecting its direction
as it leaves the nucleus. The observed
outgoing proton momentunhk is

thus related to the internal momentum

hk just after the photon is absorbed
by[7,8]:

WhereA is the mass number 61V,
andm, is the mass of proton.

The real part of the optical potential
U(E) is given by[7,8]:

, 1
(hA)? - (k) - 2m, (1 'E) () (1)

WhereV, is the depth of the well
U{E) = -V, [1 — 1.015 tanh(0.005E)] ....(2)
and is equal 28 MeV and calculated
by [9]:
Vo=E+3S

Where Eis Fermi energy as given
by[9]:

2 B 3m

-

2/3
E & I?’Ip )

Wheren is the number of nucleons
per unit volume.
And & is the separation energy of
the proton and given by[9]:

T

Se=[ M(A-1,Z-1) +m, - M(A,2)]c?
.5)(

Where M(A-1,Z-1) is the mass of
the residual nucleus, and M(A,Z) is
the mass of the original nucleus.



Eng. & Tech. Journal, Vol.29, No.6, 2011

Study The Proton M omentum Distribution
of The’v (y,P)*%i Reaction At Energy
of 59.2 Mev

In this approximation, the cross
section for the y(,p) reaction in the
center of mass system for the
photoproton ejected from an active
shell "momentum density of the
proton” is given by[7,8]:

T ..(6)

._r———;———4!1EMJ—jEﬂLE"m}
All quantities are defined in the

center of mass system. Wheig is

the proton occupation number of the
active subshell,(p — 2% is the
- aE

pare factor [10]. The effect of the
imaginary component approximated
as an energy independent

absorption factort], where its value

was estimated a¥ = 0.4 , and q is

the initial momentum of the proton in
the bound state, and is given by[7,8]:

2 1y -
hg =fik; - l_ﬂ ﬁky . ()

Wheref,. is the angle of emission of

the photoproton, andhEFis the

incoming photon momentum.
Now, it is possible to calculate
(qg) in the active subshell from

each differential cross sectiofZ
dan

data point corresponding to a given
proton emission angle and photon
energy.

Calculations have been performed
by writing the program in
FORTRAN — 77 language and the
flowchart is of the program as shown
in figure (1). This program explains
the steps of calculations:
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Results and Discussion

We have performed calculations
for the °*V (y,p)°°Ti reaction data
obtained [11] over a wide range of
angles from 6to 11C. The incident
photon energy was about 60 MeV and
low lying excited states were as
follow (0.0 ,1.6 ,2.7 ,3.2 ,3.8 ,
44 and 6.0 ) MeV. They are
compared to existing data in order to
assess the extent to how the Direct
Knockout Mechanism(DKM)
contributes to the observed cross
sections.

Figures (2,4,6,8,10,12,14) shows
the differential cross sections as a
function of proton angles at energy
about 60 MeV for different excited
states. Figures (3,5,7,9,11,13,15)
shows the momentum density as a
function of the missing momentum
for all the excited state shown in the
following figures.

In conclusion the results indicate
that the (DKM) mechanism is the
main contributor to the cross sections
for low missing momentum. Should
there be any deviations found in large
momenta then we can deduce that the
Quasi Deuteron Model (QDM)
mechanism has contributed.
Furthermore, It was also confirmed
possible to extract a unique
momentum  distribution up to
momenta of 390 MeV/c from data on
the °V (y,p)°Ti reaction. In all
figures, a good agreement in behavior
and shape is ascertained.
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Figure 1 flowchart of program
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Figure2 The angular distribution for >y(G,P) Tl
reaction in 0.0 MeV excited states
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Figure 3 The momentum distribution forSIV(G,P)SOTI

reaction in 0.0 MeV excited states
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Figure 4 The angular distribution for ly(G,P)*°TI
reaction in 1.6 MeV excited states

Figure 5 The momentum distribution for >'V(G,P)*°T!

reaction in 1.6 MeV excited states
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Figure 6 The angular distribution for (G, P)*°TI
reaction in 2.7 Me V excited states

Figure7 The momentum distribution for 51V(G,P)‘r’oTl

reaction in 2.7 MeV excited stat
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Figure 8 The angular distribution for ly(G,P)*°TI

reaction in 3.2 Me V excited states

Figure 9 The momentum distribution for 51V(G,P)SOTI

reaction in 3.2 MeV excited states
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Figure 10 The angular distribution for >*V(G,P)**TI Figure 11 The momentum distribution for 51V(G,P)SOTI

reaction in 3.8 Me V excited states
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Figure 12 The angular distribution for 51V(G,P)SOTI

51V(G,P)SOTI reaction in 4.4 Me V excited states
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Figure 13 The momentum distribution for
reaction in 4.4 MeV excited states
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Figure14 The angular distribution for >'V(G,P)’
reaction in 6.0 Me V excited states

Tl Figurel5 The momentum distribution for 51V(G,P)SOTI
reaction in 6.0 MeV excited states
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