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e Abstract.

 Theinclusive meson production in photon-induced reactions in the near
threshold and subthreshold energy regimes is analyzed,

- with respect to the one-step incoherent production processes
- on the basis of an appropriate folding model,

- which takes properly into account the struck target nucleon removal
energy and internal momentum distribution (nucleon spectral function),
extracted from many-body calculations with realistic models of the NN
interaction.

. - Simple parameterizations for the total cross sections of the
production in photon-nucleon collisions are presented.

 Comparison of the model calculations of the total cross sections for the
reaction in the threshold region with the existing experimental data is
given.
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1- Introduction

 An unambiguous interpretation of specific
phenomena in nucleus-nucleus collisions requires a

good knowledge of effects arising from:

e _ v+ N
e - N-N
e - proton-nucleus

e - Nucleus-Nucleus
Interactions.
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* An extensive investigation of the production of K+ -mesonsin
proton-nucleus reactions [1-12] at incident energies lower than the
free nucleon-nucleon threshold have been carried out over the last

years. /
P+A—> A +(A/Z)+ N
’ N+N->N+(A/2)+K

* one hopes to extract from these studies information about:

. - Fermi motion,

high-momentum components of the nuclear wave function,
clusters of nucleons or quarks,

reaction mechanism,

in-medium properties of hadrons.




Finally, the electromagnetic production of
mesons on nuclei in the threshold region has
up to now received very little consideration
[13], probably, because of a lack of suitable
facilities and associated detectors.

1) y+p—-> k" +A
2) y+p—>k" +32°
3) y4+n—-> k"' +3X"
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The main goal of the present work is:

* |n this work, we present the detailed predictions
for:

 the total cross sections,

e -obtained, in the threshold energy region,

* -in the framework of the first collision model [10]
e -based on nucleon spectral function,

e -and compare part of them with the available
data.
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* Anincident photon can produce a directly in the first inelastic, ,n

collision due to nucleon Fermi motion. Since we are interested in

the bombarding energy region up to approximately 1.3 GeV, we
have taken into account the following elementary processes which
have the lowest free production thresholds:

¥ K

g ¢! K
“1\1) hl Nh 'i b i,..' Eﬁ.r, ﬁr-{: | 'F'i
et — O+ X - i
/’"\ /””\ VANWAN

N N y

Feynman diagrams for photo-kaon productions
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phOtO kaon prOdUCtIOnS'
-
°

1) r+p—>k +A
2) y+p—o> k" +32°
3) y+n—o>k'+3Z°

K

Y P )

T! =0.91108 (GeV /c) }_\ “/“g‘\j:> \
" | A Y, ) -
; ' P N \Y N y
T. =1.0462 (GeV /c)
T2 =1.0522 (GeV /c)



The invariant inclusive cross section of K™ production on
nuclei by the initial photon with energy E,[10]:

(prim)
do . (P))
= yAS KX N7
< dp
k
" do (P ,P ) do..(p,.p.)
ypok AN 7Tk pok 7ok
:Z <Ek+ >+<Ek+ /4 >
l dpk+ dpk+ i
N{E dayn—>k+2_(p7’ pk+)



Where: one can write free invariant inclusive cross

sections like:
do (P, p,.)
E. Nk = |1 p(p,,E)dp dE
dp,.
7/N—>K y \/_ p




The Lorentz invariant inclusive cross sections for these

processes:
E )/N—)K Y(\/g p 7T deN—>K+Y (S)
< dp, . Iz(s,my,mk) aQ’
| z ]
o + E — 4 /m; + + ,
x(a)—I—Et) La) t \/ y (Q pt) J
I, (s, m, ,m )= i /I(S,mz,mlf)

2

2(x,y,2) =X (Jy + f)] [x— (Jy - V2)]

a):EQ,_EkJr’Q: pj,_kar




The existing experimental data on the total cross
sections have been fitted by the following simple
expressions[16]:

AY (Vs - 4fs,)
(\/;—BY+«/_ Js,)’

8.67(J§_\/§)°-79°7[yb] for s, < /s <1.873 Gev

ev
)

yNo>KTY

0.3665 ( )T ub]  for /s >1.873 Gev

fJ_



Table :Parameters in the approximation of the
partial cross section production of K* in collision.

+
PHPo K +A 63a3 0.0151 1.6093

y+n> K+ 0.456 0.1236 1.6909



Il also use in our calculations the foll
parameterization

(\/—_\/s— 02275
3.65 b1
(f)_J L Gev J Lublfor Js, < s <1.6204Gev

[1 29 [ ub] for /s >1.6204GeV

7p—>K A



3-Nucleon spectral function

* The nucleon spectral function, which represents the
probability to find in the nucleus a nucleon with
momentum pt and removal (binding) energy E, is a
crucial point in the evaluation of the subthreshold
production of any particles on a nuclear target.

P(P,E)=P,(P,E)+P(P,E)

Where PO includes the ground and one-hole states of the residual (A - 1)
nucleon system and P1 more complex configurations (mainly 1p-2h states)

that arise from the 2p-2h excited states generated in the ground state of the
target nucleus by NN correlations.
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The internal nucleon momentum distribution:

nip:) = ]P[ljf._,.E}dE

= fPD[pE,E}dE+/P1{phE]dE

= ng(pt) + n1(pe),

n(P:)=n,(P)+n,(Py)

2
_Bi(O)k

n,(k)=> A"
’ Zl (1+CPk?)?



For nuclei with A>4 it will be as follow:

(0)K 2

K
n,(k)=A%" " [1+C°k*+DK*+Ek’® + Fk’]

e inC2 A" =261B"=266C" =3.54
and all other parameters equal to zero,
o for Pb298 A®-0.275, B®=1.01, c“=0.0304, D" =022
and other parameters are zero.[ 20]




The many-body momentum distribution n1(pt) for C12 has been

presented in [18]. Taking into account the corresponding
normalization of n1(pt), it can be parameterized as follows [10]:

n ( . Sl T t a_ t
1 pt) _ 3 X 3 exp( 2))+ 3 exp( 2))

2r):1+a,) - 1 2 2

o/ =0162fm* |, o, =250fm™ | @, =2/78




4-Off shell calculation:

Po+ P=0+D,

mi +m +2p..p—-2p,.p, -

q{l+i(m +E, - E )} 2q(p, - P,

2{ E,E, + p,p, cosd, +m (E, —

2 «2 2 2
M"=m +m_ —-(m,)

A 2
A= (M) =
cosd,)

M2




'Calculated different q,, related to outgoing kaon
with P, GeV/c from C!? in off-shell model.

500

/
/S
—
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'Calculated different q,, related to outgoing kaon
with P, GeV/c for Pb in off-shell model.
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Threshold photon energy forls c with
£ =15.5MeVv and different p,.

Eqcev 924 .93 958 .99 1.09 1.17



Threshold photon energy for Pb with
¢ =15.5Mev_and different p,.

myGeV/c? 937 .92/ .89/ .86/ .835 .823

93 95 9/ 103 1.11 1.2



5- Results

Figure 1. and 2. shows a comparison of the
calculated total cross sections for the
production of K* mesons from primary
channelsyN - kY with the other work [13] for
reaction ,.c» ., k- +x and y+Pb* - K+ X
The parameterizations for the total cross
sections of the sub-processes (1)-(3) were
used in the above calculations.
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Fig. 1 Total cross section for K* production in y +*c from our
results with =15.5 MeV and compare to ref.16.
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Fig. 2 Total cross section for K* production in y + **Pb from our
results, B, with =12.0 MeV and ,C, compare to ref.16.
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In this work we have calculated the total cross sections for K*
production from .12 and ,.=p,  reactionsin the near
threshold and subthreshold energy regimes by :

considering incoherent primary photon- nucleon
production processes,

within the framework of the first collision model,
based on free elementary cross sections for kaon production,

and on the nucleon spectral function.
The comparison of the results of our calculations with the
existing experimental data [13] was made.
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