N

N

Influence of realistic deuteron wave functions on neutral
pion photoproduction cross sections
K. Srinivasa Rao, R. Parthasarathy, V. Devanathan

» To cite this version:

K. Srinivasa Rao, R. Parthasarathy, V. Devanathan. Influence of realistic deuteron wave functions
on neutral pion photoproduction cross sections. Journal de Physique, 1973, 34 (8-9), pp.683-686.
10.1051/jphys:01973003408-9068300 . jpa-00207429

HAL Id: jpa-00207429
https://hal.science/jpa-00207429
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/jpa-00207429
https://hal.archives-ouvertes.fr

LE JOURNAL DE PHYSIQUE

Classification
Physics Abstracts
10.63 — 12.31

TOME 34, AOUT-SEPTEMBRE 1973, PAGE 683

INFLUENCE OF REALISTIC DEUTERON WAVE FUNCTIONS
ON NEUTRAL PION PHOTOPRODUCTION CROSS SECTIONS

K. SRINIVASA RAQ
Matscience, The Institute of Mathematical Sciences, Madras 600020, India

R. PARTHASARATHY and V. DEVANATHAN

Department of Nuclear Physics, University of Madras, Madras 600025, India

(Regu le 21 février 1973, révisé le 29 mars 1973)

Résumé. — On utilise des fonctions d’onde réalistes pour calculer la section efficace différentielle
de photoproduction cohérente du pion neutre sur le deutérium, au voisinage de la premiére réso-
nance, a transfert de quantité de mouvement constant. Une comparaison est faite avec les nou-

veaux résultats expérimentaux d’Orsay.

Abstract. — The differential cross-section for neutral pion photoproduction from deuterium,
near the first resonance region, at fixed momentum transfer, is studied using realistic deuteron
wave functions and the results are compared with recent experimental data from Orsay.

1. Introduction. — Recently [1], [2] the differential
cross section for the coherent photoproduction of
the 7° meson from deuterium, in the first resonance
region, has been measured at constant momentum
transfers. Since this coherent deuteron process can
provide important information on the deuteron struc-
ture and hence on the nucleon-nucleon potential,
we study the influence of the realistic Hamada-
Johnston [3] (HJ) and Reid [4] deuteron wave func-
tions on the neutral pion photoproduction cross
section in the impulse approximation using the ampli-
tudes of Chew et al. [5] and compare our results
with those obtained using the conventional Hulthén
wave function for the deuteron.

2. Deuteron wave functions. — By slightly modify-
ing the Hamada-Johnston potential (MHJ),
Humberston and Wallace [6] have obtained deuteron
wave functions which give the correct deuteron bind-
ing energy of 2.226 MeV, while Reid [4] has used
local and static phenomenological nucleon-nucleon
(infinitely) hard-core (RHC) and (Yukawa) soft-
core (RSC) potentials to fit Yale and Livermore
phase parameters and low-energy two-nucleon data.
In table I we summarize the properties of the deuteron
predicted by HJ, MHJ, RHC and RSC deuteron
wave functions along with the corresponding expe-

rimental values. The wave functions in all the four
cases are normalized as:

J:o [4(x) + w’(x)]dx =1, 6))

where x = pr with g = 0.7 fm™! and u(x) and w(x)
are respectively the S- and D-state radial wave func-
tions of the deuteron. It should be noted that while
the HJ and MHJ wave functions have a hard-core
radius of x, = 0.343, the RHC wave function has
xo = 0.384.

The conventionally used Hulthén (S-state) deuteron
wave function is :

oC

% —ar -pr

with «*> = Me, ¢ being the binding energy of the
deuteron and p, the effective triplet scattering range
(= 1.74 fm) is given by the relation :

%'zpl(l +gap1). 3

3. Calculation of cross section. — In an earlier

.paper, Ananthanarayanan and one of us (KSR) [7]

studied the effects of the inclusion of the D-state
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TABLE 1

Deuteron properties

Effective
range B. E.
Potential (fm) (MeV)

HJ 1.77 2.269

MH]J 1.749 2.226

RHC 1.724 2.224 64

RSC 1.720 2.224 60
Experimental 1.726 . 2.224 52

admixture and hard-core radius in the ground state
of the deuteron on the differential cross section for
y d - dn° in the impulse approximation using the
amplitudes of Chew et al. [5] at an incident photon
energy of 280 MeV. In that study, phenomenological
deuteron wave functions constructed by Hulthén
and Sugawara [8a] assuming suitable functional
forms containing several parameters were used.
Those parameters were adjusted to fit the then existing
empirical information on the neutron-proton system
by Hedin and Conde [85].

The main result of reference [7] is that among the
following radial integrals :

Fgs = j: u?(x) jo (% kx) dx, “)
Fyp = j: u(x) j, (% kx) w(x) dx, o)

and
Fpp = j:o wi(x) J, (% kx) dx (@=0,2,4, (6

which are functions of the momentum transfer k,
Fyp and Fpp, are at least an order of magnitude smaller

Ne 8-9
Q2 PD

(fm®) (%) Ap/A;
0.285 6.97 0.026 56
0.284 5 6.953 0.026 42
0.277 6.497 0.0259
0.279 64 6.469 6 0.026 223
0.278 4.0-7.0 0.026

when compared to Fgg, so that the terms in the matrix
element containing Fgp, and Fpp can be neglected.
Thus, it was deemed fit to take the effect of the D-state
admixture through the normalization (1) and scale
of the S-state wave function only.

In table II, we give the values of Fgg, Fgp and Fpp
(we omit the negligible values of the Fpp integrals
corresponding to / = 2 and 4), for a set of values of &,
obtained for RHC and MHJ deuteron wave functions
only, since we find the differences between RHC
and RSC on the one hand and between MHJ and
HJ on the other are negligible. From table II, we
notice that our conclusion drawn in reference [7]
is also valid for realistic deuteron wave functions.

The differential cross section for y d — dn° can be
written as :

do -
G=CD 7wl QP )
where 4 = | p | and y, are the momentum and energy

of the out-going pion and | Q |* the square of the
matrix element, whose explicit form is given by
eq. (2.24) of reference [7], is directly proportional to
| Fss |>. Therefore, the cross section is expected to

TasBLE 11

Nuclear form factors for the deuteron as a function of the momentum transfer k,
in the centre of momentum system

RHC deuteron wave functions

MHIJ deuteron wave functions

k

(fm™) Fss Fsp Fop Fss Fsp Fop

0.197 6 0.909 9 0.001 8 0.036 8 0.894 1 0.001 3 0.068 4
0.405 7 0.844 9 0.007 1 0.0351 0.827 8 0.005 2 0.066 5
0.7249 0.698 4 0.0180 0.030 8 0.680 5 0.014 0 0.061 5
1.039 0.548 9 0.0315 0.0255 0.5324 0.022 9 0.0552
1.326 0.430 4 0.040 9 0.020 5 0.4159 0.029 8 0.048 7
1.575 0.344 3 0.047 4 0.016 3 0.3315 0.034 4 0.043 1
1.683 0.3116 0.049 5 0.014 5 0.299 7 0.0359 0.040 7
1.777 0.284 9 0.051 2 0.013 1 0.273 8 0.037 3 0.038 6
1.928 0.246 9 0.053 4 0.0109 0.236 9 0.038 2 0.0354
2.018 0.2259 0.0555 0.009 6 0.216 4 0.039 5 0.033 5
2.049 0.2191 0.054 0 0.009 1 0.209 8 0.039 5 0.0329
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be very sensitive to the nature and choice of the S-state
deuteron wave function.

4. Results and discussion. — As the recoil energy
is less in the centre of momentum system, the static
model calculation for the differential cross section is
made in that system. There is no free parameter in
this model.

In figures 1, 2 and 3, the differential cross sections
for momentum transfers 240 MeV/c, 280 MeV/c
and 350 MeV/c, respectively, are plotted as a function
of the laboratory photon energy. The results obtained
with the RHC and MHJ deuteron wave functions are
shown along with those obtained using the Hulthén
wave function for the deuteron. The experimental
data are from Orsay 1972 [1], Stanford 1962 [9]
and Glasgow 1966 [10]. There is a remarkable disa-
greement between the early Stanford 1962 data —
the only cross sections available till recently — and
the Orsay 1972 data in the first resonance region which
give a smooth extension to the low energy data from
Glasgow 1966, at the momentum transfer of 350 MeV/c
(Fig. 3). Our theory is in good agreement with the
recent data.

In figure 4 we compare our results obtained using
the MHJ deuteron wave function 5™ = 90° with
the data from Stanford 1962 [9], Stanford 1963 [11],
Glasgow 1966 [10] and Bonn 1971 [2]. The measured
differential cross sections have been divided by the
form factor calculated by Hadjioannou [12], as in
Hieber et al. [2], to eliminate the steep decrease of
the cross section with increasing momentum transfer.
The excitation curve at 8°™; = 90° determined from
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Fic. 1. — Differential cross section at 240 MeV/c deuteron
momentum transfer.
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FiG. 2. — Differential cross section at 280 MeV/c deuteron
momentum transfer.
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Fic. 3. — Differential cross section at 350 MeV/c deuteron
momentum transfer.

the reaction y d — dn° taking into consideration
only the magnetic dipole excitation and the impulse
approximation, has been drawn (dotted line) for the
sake of comparison [2].

From the analysis of Pazdzerskii [13], we find
that the corrections due to multiple scattering, to
the general impulse approximation for n° photo-



686

e Bonn 1971 (80%10%) (2)

x Glasgow 1966 (90%-15°%) 10)

o Stanford 1962 (76°-92° (9)
\ o Stanford 1963 (80" (1)
-~~~ determined from Yp-~T°p

o

T °
Bcp ~ 90

20

L L L 1
220 300 400 500

E'Y (MeV)

FiG. 4. — Differential cross section at f¢;» = 90°,

production on deuteron, decrease the differential
cross section by 25-30 9 for 285-345 MeV photon
energies. But we notice, from the nature of the angular
distribution of the cross section, that these corrections
are negligible at backward angles (where momentum
transfer is = 240 MeV/c) since the values of the
cross section itself are small. Further, in an analogous
situation, Lazard and Mari¢ [14], find the agreement
between the impulse approximation calculations and
experiment satisfactory for fixed momentum transfers,
up to ¢ ~ 2.4 fm~! while the rescattering corrections
to the cross section are rather insignificant for small
momentum transfers (g < 2.4 fm~™!). Therefore,
in the present study, since we are concerned only with
the differential cross sections at fixed momentum
transfers of 240 MeV/c, 280 MeV/c and 350 MeV/c
(1.22 fm™*, 1.42 fm~! and 1.78 fm™?, respectively),
we do not make an effort to correct for multiple
scattering effects.

From figures 1, 2, 3 and 4 we find good agreement
between our theoretical curves and the recent data
from Orsay 1972 and Bonn 1971. The fits obtained
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with the most correct HJ model, viz. MHJ with
the correct deuteron binding energy, are slightly
better than those obtained with the RHC model.
At 350 MeV/c (Fig. 3) we find that our no parameter,
static model fit to the Orsay 1972 data is much better
than that obtained by Bouquet ef al. [1] who used a
fully covariant model developed by Schiff and
Tran Thanh Van [15] to evaluate the n° photopro-
duction amplitude [16].

In figure 4 we find a close agreement between our
results obtained for (do/dQ)/| Fs |? in the impulse
approximation for y d — dn°® using the amplitude of
Chew et al. [5] and the results for yp — pn°®, which
clearly exhibits the validity of the impulse approxi-
mation.

In general, we find the agreement between the
impulse approximation calculations and experiment
rather satisfactory for the small fixed momentum
transfers considered here, ¢ < 1.8 fm™'.

Finally, we find that the results obtained for the
neutral pion photoproduction cross section with
Hamada-Johnston and Reid realistic deuteron wave
functions are comparable, as is the case with shell
model calculations [17] and elastic electron-deuteron
scattering at low g2 [18] with these realistic potentials.

Acknowledgments. — The authors are thankful
to Professor Alladi Ramakrishnan for his interest
in this work and they wish to thank the authorities
of the Advanced Centre for Physics, University
of Madras, for making the IBM 1130 computer faci-
lities available. One of us (KSR) wishes to thank
Dr. J. W. Humberston for communicating the nume-
rical deuteron wave functions obtained with a modi-
fied Hamada-Johnston potential, Dr. K. H. Bhatt
and Dr. P. Petroff for interesting discussions and
Professor M. Vénéroni for his excellent hospitality
at the Institut de Physique Nucléaire, Orsay and
another (RP) wishes to acknowledge with thanks
the STS scholarship of NCERT, New Delhi, India.

References

[1] Bouquer, B., Buon, J., GRELAUD, B., NGUYEN
NGoc, H., Perrorr, P., RiskALLA, R. and
TcuAPOUTIAN, R., Proc. European Conf. on
Jl\gzzcl. Phys., Aix-en-Provence, France, 2 (1972)

Also, PeTroFF, P., Private Communication (1972).

[2] HieBer, L., VoN HoLT1EY, G., KNOP, G., STEIN, H.,
StumpFIG, J. and WAHLEN, H., Bonn Univ.
PI 1-136 (June 1971).

[3] Hamapa, T. and Jonnston, 1. D., Nucl. Phys. 34
(1962) 382.

[4] Rem, R. V., Jr., Ann. Phys. 50 (1968) 411.

[5] CuEw, G. F., GOLDBERGER, M. L., Low, F. E. and
NawmBu, Y., Phys. Rev. 106 (1957) 1345.

[6] HumBERsTON, J. W. and WALLACE, J. B. G., Nucl.
Phys. A 141 (1970) 362.

Also HUMBERSTON, J. W., Private Communication
(1972).

[7] ANaANTHANARAYANAN, K. and SriNivasa Rao, K.,
Nuovo Cimento 44 (1966) 31.

[8a] HuLTHEN, L. and Sucawara, M., Handbuch der
Physik 39 (1957) 1.

[86] HepIN, L. T. and Conpg, P. H. L., ibid. p. 92.
[9]1 FrieDMAN, J. I. and KENDALL, H. W., Phys. Rev. 129

(1962) 2802.

[10] MANN, B., SmitH, A. M. and STEwarD, D. T.,
Proc. Phys. Soc. 88 (1966) 915.

[11] EricksoN, E. F. and SHAERF, C., Phys. Rev. Lett. 11
(1963) 432.

[12] HapJsioaNNoU, F. T., Phys. Rev. 125 (1962) 1414.

[13] PAazDpzeRrsKIL V. A., Sov. J. Nucl. Phys. 6 (1968) 278.

[14] LazarDp, C. and Maric, Z., Institut de Physique
Nucléaire Preprint No. IPNO/TH 72-35 (Novem-
ber 1972).

[15] ScuiFr, D. and TRAN THANH VAN, J., Nucl. Phys.
B 3 (1967) 671 and Nuovo Cimento 48 (1967) 14,

[16] GreLaUD, B., Thése de 3¢ cycle RI 72/2 (1972),
L. A. L. Orsay.

[17] Lynch, R. P. and Kvo, T. T. S., Nucl. Phys. A 95
(1967) 561.

[18] ScHuMACHER, C. R. and BetHe, H. A., CLNS-180
(March 1972).



