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ABSTRACT

%

The c ro ss  ta c t io n  fo r t h i s  re a c tio n  I t  c a lc u la ta d  fo r  th r a t  Hulthen 

deuteron n av i fu n c tio n s . A hard c o ra  in  th a  deuteron  a t  o n e-h a lf Baton 

Conpton wavelength raducat th e  t o t a l  c ross sec tio n  and f la t te n s  th a  angular 

d is t r ib u t io n  in  th a  backwards d i r e c t io n  In  tg raacan t w ith  experim ent.
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Th# ero## M otion for th# reaction  r  * d —# if ♦  t  he# b#en calculated

from that for p t  p —*Tf%» 0 by Ka4*«N*t> who employ# tho Inpale# approximation

for tho production of e##on» fros. tho proton in th# deuteron, n<-fleets positive

pton production fro th# nvutron, uvl estim ate# th# tr ito n  wiv# function in

toru# of th# ceutoron wav# function Th# nurnose of th t#  not# is  to  the*
2th a t th# experiment# performed i t  Berkeley are con«i«t#nt with a repulsive 

coro in th# neutron-croton in terac t ton

Th# n#utron in deuterium 1# assumed to cerely import to th# struck 

proton th# momentum ntodod fo r overall coni#rv*tion. In p-n colli#ion#, 

pooltlv# plont can b# produced only vU In te rred lit#  eU tee of isotopic 

•pin i ,  whll# from p-p collisions tho lootoplc spin sta te  3/2 1# available 

to  w ell. Th# evidence, from experiment# on complex nuclei, fo r th# suppression 

of p t  n — > and by char*# eywn#try p r  n —off*  r tU tlv #  to  p t  P —kTT*

1# by now compelling. Th# Urn# momentum tranefere involved In ns##on production 

s u r e s t  th# a p p lica b ility  of th# impulse mpproxlmAtlon end imply a short-ram?# 

encounter between the incident and struck protone.

Under these assumptions, the tra n s itio n  rat# for meson production 

in  deuterium can b# calculated* fror that In hydror.en, #,lvln* In th# center 

of mass of proton and deut#ron
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Here tho !* • M d v ' i  a r t  the  o n tm ltt  and r* U U v i v o loc itU t occurring in the 

phatt im o i  and flux factor*  of the c ro ti o tctione. Th# quan tltio i in bm koto  

a r t  to  bo ovaiuated in the center of root of tho two proton* for th a t *ntr>y 

which products a otton of aowonty q.

Tho font factor

x i t  the neutron-t roton re la tiv e  coordinate and l  the coordinate of tho 

noutron in  the tr ito n  re la tiv e  to  tho center of cate  of tho rroton and
■ 0  i i  M

r e f in in g  neutron. With k tho *.ocentum of tho Incident rroton, &  •  |  k -  4 q 

i t  lift# n U U v i  mooantu® In tho sitruek doutoron which 1* r e t i r e d  by swmtntua 

conservation, Tho in tegral f(#) io tho naplitu.1t for findinr in  tho orig inal 

doutoron ouch a re la tiv e  wmentun that tho o rig ina l noutron \nd tho deutrron 

fro*j» |> t  $> —OtfVd w ill  fo ra  a bound tr i to n  in tho final o tato.

For JU Mov protons, which product rooorni of 7* Hov in tho contor of 

• to o , A  v tr io t from i .5  to  :i.3yUc for aoton arv'.let 9 froa 0° to  1H0°, 

bo th a t f ( 6 )  i t  oontitivo to  tho doutoron and tr i to n  wave function# for 

x ■ O.J* to  0 ,6  atton Conpton wavelengths. In tho ab ttnct of information 

concerning tho tr ito n  wave function a t thoto d istances, ono can only show that 

tho croto  toctlon observed io contlatent with a repulsive coro in  tho in te rio r 

of tho doutoron.
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For the  tr ito n  «nvt function, Frohlich, oi ml} find that the aisnple

tom |

f t  •  " t  **p j -  <*12* *23 *  *315

where t® the distance between nucleons 1 and J ,  giwss 90 percent of the

trito n  binding energy whan calcu li tod with nuclear p o ten tia ls  f itte d  to  the 

two-body data The optim a value of the parameter i t  cy = 1 270 »

and the correct normalization constant i s  \  * (2/7)^ <Y V t f  - 

For tna deuteron three d iffe ren t Hulthan wave functions

~ffr -Jfr
1 ^  ^

r

were employed: the function abovs, and sim ilar functione made to ranish a t  

core rad ii rc a 0 36 and a t 0,50 li^Uc In each case the Hulthen parameters 

and y* were chosen to  f i t  the  deuteron binding energy and t r ip le t  range. 

While the d if fe re n tia l  cross sec tion  for meson production is  strongly an iso trop ic, 

th is  is  probably sore evidence for the important ro le  of intermediate s ta te s  of 

isotopic spin and angular momentum 3/2 than for the e ffe c ts  of te s ta te  in  the  

deuteron.

The cross section for the  production of 78 Hoy nesons in the
j f  L

P + P —^ V t  d reaction has been extrapolated frorr the  data of Schulz j Durbin,

Loar, and Stsinberger^i and Crawford and Stevenson^ to be

dcT (pp jf d) -  210 (~ +■ coa 8) ub /sterad lan
«7v 3 /
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The results obtlined are nhown in Pig. 1 together with tha experimental 
2points of Prank, et al . The effect of a core in suppressing the deutoron 

wavs function at small distances is to reduce the total cross section and to 
flatten the angular distribution in the backwards direction, in agreement with 

experiment.
A different extrapolation for the proton-proton excitation function 

would change the absolute cross section without affecting the angular 
distribution. However, the excitation function for 78 Mev mesons would have 
to be 50 percent less than as extrapolated in order to bring the calculated 
cross section anywhere near the experimental points. A less isotropic angular 
distribution, say (0.15 +■ cos2 0), would lower the curve at 90° where, however, 
the data is most reliable.

The most striking feature of the experiments, the forward to back
ratio, is Independent of the p-p cross section and is consistent with a core
phenomenon. (Because the suppression of high momenta might just as well reside
in the triton wave function, this experiment might probe the triton if the
deuteron wave function were known well enough.) Such a core phenomenon seems

7indicated by the high energy scattering and by some forms of pseudosctilar 
8meson theory .

I an indebted to Drs, B. J. Moyer, H. Madey, and W. J. Prank and 

Mr. K. C. Bandtel for access to the preliminary results of their experiment.
Hr. Donald Criley carried out the numerical calculatione. This work was 
performed under the auspices of the Atonic Energy Conmiaeion.

.6 .
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DIFFERENTIAL CROSS SECTION IN CM FOR p  ♦  d -V T T M
WITH M l  MCV INCIDENT PHOTONS

P IO N  ANGLE IN C M  SYSTEM

Figur* 1


