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Recently, the unique experimental data for J[° -photoproduction
on proton in the threshold region ( E' & 160 MeV) have been
obtained [I] « The results of this experimental investigation
contradict the predictions of the effective lLagrangisn method
snd the low-energy theorems. This circumstance can change dras-
tically the available interpretetion of the experimental dsta
for Jr° -photoproduction off nuclei.

The aim of this letter is twofold. On the one bhand, we are
going to investigate the threshold behaviour of the elementary
( 3’ N ‘]f,o ) process amplitudp. We limit ourselves to two
elemsntary amplitudes thst are widely used in modern nuclear
calculationss i) BL smplitude [2] obtained in the effective
Lagrangian metbod and  ii) BDW - amplitude [ 3] obtained in the
dispersion method. Much attention will be paid to the role of w?
- meson exchange, particularly, to the tensor contribution of
the WNN vertex.

On the other hand, we are going to investigate the coherent
uC(I',JT")'.C resction with the help of ths new versions of
the BL and BDOW amplitudes obtained by taking into account
the new experimental data [1] .

The general structure of the pion photoproduction amplitude
in TN c.n. freme is the following:

F=i%eec+fenelnrel+iferpe s enne )

where QS=~'.‘./I,.ISI ard Q:g/,i] are the unit vectors
of photon and pion momenta: ¢ is the photon polariszstion

vector,
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In the cgse of the BL amplitude the functions &

8
are represented as a sum over the Born diagram f ' and
contributions from /A -~ isobar excitation ?“ end w*
exchange 3:’ .
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where m  is the nucleon mass, W=£p(9) + [, (4)  and

Xx=39 in TN c.n. frame. Por further discussion we need
bt

(2)

only the expressions for "};A and '_F:} » The unitary
version of BL amplitude gives the following expressions:
a) A - term

To=3xMy 5 Ti2m To=-3My, ; Fo=0 0 3)
where
8, N _ _ MM+w)Gs3s Uﬁ“il ¥
My (w) = 18w (wi-M2+iMP)  mpz, e @)
_ _z_)m 1+ (R1gal)
F—ilO(”“ w 1o (RIGIY MeV . (5)

The constants in (4) and (5) bave the following values:

M=1225MeV ; 3*=O.2?2Jlm/15; ) 35.;2.13

R=0.007 MeV™  ¢,=222.9 MeV. (6)

The phase % is determined by exp.(30) from Ref,. f2] .

b) W - tern; in contrast with Ref.[2] we use the full
expression for W® exchange contribution including both the
vector and tensor components of the WAV vertex. The
corresponding coupling constants c x and 6‘: are
defined so that the wll-vortox has the form

wip) {6 ¥, + S G (p, PV
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Then using the results obtained in Ref, [3] with the dis-~
persion method (neglecting the terms of an order of ( F/""Y' )

one bas

T =[(w-m¥= 1k} (Ex=191x) - Rum (w-m)/2m] D
?;w=lyud [1+R,m2(wem)/2m JwD/m

(8)

5‘?:- (w-m) l&l [1- Rw(w-m.)/zm] D
T = (w-m) 13 [1+ Ry (wem)/2m]D/2m ,

where Ruw= GI/ G‘r R G'g = 10 and

= xS G“V" 0.37‘/Jlﬂr/;3; )
drw Myo mG-mg =2 |k|(E- 1915 (10)

Note that the value of the vector coupling constant is

(9

v
close to that given by the quark model Gk_, = 11.5 [2]
and to the results of anslyses of NN-potential [4] where
v
Gw = 9.96 (see also the compilation [3).
The amplitude determined above in (2-10) will be called
ty us the BL - amplitude in the case Rw a 0 and when the
Born term with pssudovector JTAMA/  coupling is used.

In the case of the BDW amplitude the functions ZL(“; 3:,)
n (21)
are decomposed over the multipol = (21
P poles fu (w)‘{Eez , M“)}'

where L. 0,1,2,3 1is the pion orbital momentum, I » 1/2

ard 3/2 is the total isospin of TN system. The electric

E¢y and magnetic Mu multipoles tabulated in Ref. [3]
are cnlcuhtgd by interpolation over 'f“ with the help of cubic
splines. In the threshold region they :;e approximated by

fe:(‘"“,?_')) = ‘ilt (Alt t Btt Iilz) ' (1)

where the coefficients Au and B" are deterauined from
the equivalence of the logarithmic deriratives at the point

< 2 RSN
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Electric
(in units 1073/ My, ) at threshold region, calcu-
lated by extrapolation of the BDW - amplitude{3],

(2r)
e

Table,

[£3
and magnetic Me: mltipoles

; P
E y and Q;"‘ - photon energy and momentum (in
MeV), respectively.
=—
£t 145 146 148 150 152 155
P
;-:. 8.30 16.6 26,3  32.3  39.2 46.7
[{3)
ot 1.26 1426 1,26  1.26  1.25 1.25
E,‘,',) 46.4 46.1  45.7  45.2 44,7 44.0
ER | -21.5 -21.4 =21.2 =21.0 =20.9 ~20.6
EW [ .595 .15 .71 2.02  2.20 2.30
ED | -.112 ~4223  -.379  -.502 -.615 -.778
M | -.342 “698  <u1.13 1,47  -1.78  -2.20
MY | .25 876 1,47 1.96  2.43 3.1
M2 | .2s0 506  .823  1.07  1.29 1.59
M:.” =337 -.683 -1.11 =1.45 -1.75 -2.17
A8
EY = 160 MeV. The values of the most important multipoles,
obtained in such way, are repreasnted in the Table. In Fig.1

the cross-sections of the YP—* m°p
the given above amplitudes, are compared with the experimental

reaction, calculated with

data in the threshold region. It is clearly aeen that in thie

region the BL - results are 2 times higher and the

are 3 times lower than the experimental points.

BDW = resulis

If we take into account the tensor component of the wNN

vertex in the case of the BL amplitude, having Rw as a

fres parameter, the best agresement with experimental data will

be achieved when Rw(BL) = - 0.28 , The negative sign of

R (bL) i in agreement with the results of the vector

4

" dominance model in its simple interpretation in which one has
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Pig. 1. The T°- photoproduction crose-section on the proton
oalculated using BL - amplitude with R, = O (dash-
dotted line), R, = -0.20 (dashed line) and using
BOW - amplitude with G. = 0, R. = O (dotted line)
ant §Y =10, R, = 0.43 (full ine).

Data are from ref. {1] ( § ) wna [12] ( ¢ ).

Re= (f“,,+/"..)=-o.1z ( Mp wnd MM, are the snoua-
lous magnetic momenta of a proton and a neutron respectively)
tut the absolute valus of R_w(BL) is spproximately two times
larger. Note that an analogous situation takes placs for the

P -neson exchange (6] .
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However, the value of Rw(BL) contradicts the results
of other analyses. For example, from the description of the
pp-sosttering in the framework of the OBEP-model it follows
that R, = 0.43 (4].

Adding the (W’ -meson exchange coatribution at G'Z = 10
and R, = 0.4 with the halp of exps (8-10) leads to s good
agreement of the BDW- results in the threshold region with
experimental data. The description for higher photon energies
(see fig.2) and for the A“- resonance resgion is improved

as well,

RIS e S B Eat A R s Ea St e S M o

L RAN ‘,’p_.[n-l,p P -
1| 48 (wbssr)

AT e
. !\’\,?

~

N J
~
~

R

D ®

<

A L A S P ) "
[14 120° 150°* Ocm.
Pig. 2. The same as in fig. 1 for angular distributions. Data

are from ref. [13] ( § ), .[14]( $ danda 15} (S ).
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The results of calculations with old and extended versions
of the BL and BDW amplitudes for the '2C (X’Jr")nc reaction
are represented in Fig., 3. The cross-aections were calculated
within the DWIA in the momentum space [7] with half-off-
-shell extrapolation of the elementary amplitude [8] + One can
note a much better agreement with experimentel data in the thres-
hold region for the extended BDW amplitude when the w* -exchange
is included. However, the discrepancy with the experimental po-
ints from Ref.[9] appeara when E: > 170 MEV, The difference
between the theoretical and experimental results will increase
if one considers not only the dominant coherent proceass but the
transitions to the low-lying exoited states T <2t
(E"= 4,44 KeV) and 370 ( E* = 9.64 MeV) keeping in mind

T ™ T

: Pepax ) ?,
+ L]
300
)
|
T 2
000

e,

760 ™ Cal v
Mg, 3. The 1"° ~goherent photoproduction oross-section on carbon.
The meaning of the curves is the same as in fig., 1.
experimental points from rof.[ﬂ, I - prelininary
data from the Mains-~Oiessen collaborstion.
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that such trensitions are presented in experimental dates. For

L
exsmple, at L = 180 MeV both for the BDW and BL - amplitudes

4

we have

Geon.t 6(2%0):6(3°0)= £:0.07:0.01 . (12)

T T T T v T T —r T

k_sp * 290MeV ]
k8. 230MeV

[,
o
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Pig. 4. The same as in fig, 3 for angular distribution, Experi-

mental points are taken from ref. [16],

To our mind it is now impossible to make any particular
conclusion from the analysis of the experimental data for
Tt° -photoproduction off nuclei. Numerous experimental investi-
gations are needed. For the forthcoming experiments we want to
emphasise two circumstances. Pirstly, the extended BL aand
BDW amplitudes give 1.5 times higher resulis than the experimen-
tal cnes for E", » 230 MeV (see Pig. 4). According to Ref.
[10. 11]. in this rsgion one can expect large effects from
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medium modification of the elementary amplitude. At the same

time, for E:;

ated to be small, we obtain a gooa description of experimental

= 290 MeV, when these modifications are evalu-

data, Secondly, adding the tensor component of the WNN - vertex
does not change the results for coherent pion photoproduction
significantly both for the BL and BDW anplitudes because this
adding 8slightly modifies the spin independent ?;_ couwponent of the
elementary amplitude, Larger effects should manifeat themselvea
in the transitions to the excited statees where the contribution
of the spin~flip components ?;. ';5 ’ ?'; ie dominant.

We are grateful to V,V,Pupyshev for providingz us with the
spline functions and to J.Adam, S.B.Gerasimov, M,Gmitro and B.
Truhlic for useful diecussions,
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YyME: A.Al, K C.C., Terapesa T.B. Eh-88-123
0 porm cGMens wC-pesorom 8(Y,nC) peaxuwm Ha NpOTOHE M
yr [ ] oBcH ofnacTH

C NOMONBI SMNMTYA, NONYUSHHEX METOROM JHPEHTUBMUX Narpamwwaros (BL) u
mcnepcuorim MaTopon (BDW) npomenex avanus Homwx padmux ana (v,n®) peawuwn
HA NPOTOHE B OKONONOPOrosod ofnactu. Moxasano, uto BL-amuTyRa geeT oTHO=
weHme wOHCTaHT canan GI/GY ana oMi-sepumis B aBa pasa Gonewe, 4es npocTan
MOARNS BEKTOPHON Aomngu'raoctu. 3 aToro ov s cnywae BDW-amnm-
TYAM WMEET NPOT M IHAK M ¢ T Cp TaTam ADYFMX AHANWMION.
Hoswe sepcumn BL u BDW~amnmTyn T K DWIA pesynsTaTan anm
{v.,n0) peaxkyw Ha sgpe 12¢ » oBnactu Ey ~ 230 M3B u k xopoweMy cornacuo ¢

TOM B C POTroBoA M A”-peaonam:noﬁ obnacTax.

Palota swnonneHa B JlaBOPATOPMH TEOPETMHUECKOH $mankn OHAR.

Tipenpists OGREAMIeNNOro MNCTNTYTA AREPHMNY Hecnelonumiit. 1yGia 1988

Chumbalov A.A., Kamalov S.5,, Tetereva T.V. E4-88-123
About &%-Exchange In {y,n%) Reactions on Proton and Carbon
near Threshold

With the amp)itudes obtained in the effective Lagrangian (BL) and the
dispersion (BWD) methods the new data for the (v,r®) reaction on proton
near the threshold are analysed. It has been found that the BL-amplitude
gives the tensor to vector ratio of the uNN coupling two times larger than
the simple vector dominance model. The value of this ratio in the case of
the 8DW-amplitude has an opposite sign and is consistent with the results
of other analyses. The new versions of the BL- and BOW-amplitudes lead to
overestimated OWIA results for the (y,n®) process on carbon at Ey~230 MeV
and to good agreement with the data in the threshold ard 4,, resonance
region,

The investigation has been performed at the Laboratory of Theoretical
Physlics, JINR.

Prepeint of the Joint Institute for Nuclear Research. Dubna 1988
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