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ABSTRACT

The reactions YA— 14 have been studied at fo..r-momentum
transfers -t 0.5 GeV2 for seven elements ranging from hydrogen
to lead. Exclusion-principle suppression is clearly visible at
small-momentum tfzmsfer. Neither the Adeper: ‘ence nor the energy
dependence of the cross sections agrees with the predictions of the
vector dominance model. The ratio of T/ T producticn requir: s
equal spatial distributions for the protops and neutrons in nuclei,

Some K data are also presented,
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Several studies have been made of diffraction-like processes in complex nuclei at
- . . . . .1 0
high encrgics, for example, proton elastic and quasi-clastic scattering™ and ¢~ photo-

.2
production.” Results arc presented here on the processes

+
T .
)’A-“{w"F + nuclear stuff

K

at laboratory photon cnergics of 8 ar’1d 16 GeV and four-momentum transfers

-t £0.5 GcVz. In contrast to the diffraction processes, the individual nucleon ampli-
tudes arc expected to contribute incoherently to these charge exchange reactions and

the information obtained from their study is largely complementary to the previous work.
These processes are of particular current interest since recent theoretical work has
related the A dependence of photoproduction from nuclei to the hypothesis of vector
meson dominance,

Data were obtained from targets of CH2, Be, C, Al, Cu, Ag, and Pb. Clarged
mesons were deteeted and momentum-an:Tyzed with the SLAC 20 GeV/c spectrometer
system and, as in previous work,3 no attempt was made to observe the recoiling nu-
clecar matter, By working close to the bremsétrahlung end-point cnergy, the single~
meson producticon e ents could be separated from multimeson processes by energy con-
servation. The experimental resolution is much too coarse to detect the excitation of
individual nuclear levels, and all nuclear final states with excitations of less than about
100 MeV are accepted.

The cross scctions were found by fitting the momentum distribution of the mesons
near the hremsstrablung end-point, The form uscd was obtained by folding the experi-
ment:1 resolution and the effects of the momentum distribution of the nucleons in the
targel nucleus, with the bremsstrahlung distribution plus a linear term starting at the
multimesen production threshold (for K+ data, two bremsst: hlung steps were uscd, cor-
responding to A and Z production). The effective resolution was dominated at all but the

smallest momentum transfers hy the momentum distribution of the target nucleons, The



fitting function was allowed to slide along the encrgy axis, the best fit position being
related to Q, the average enérgy given to the nuclcar matter.

For the fit the nucleus was assumed to be a condensed Fermi gas with a maximum
momentum of 260 McV/c. The total X2 for thé 62 fits was 971 for 931 degrees of free-
dom. These fits gave Q =16 MeV, with no ob‘vioﬁs .depcndence on A or momentum
transfer. Run-~to~run fluctuations in Q of 5 or 10 McV (duc to beam instabilities) pre-
clude a detatled analysis,

Cutoff: of 220 or 300 MeV/c for the internal nuclear momentum also gave quite ac-
ceptable fits, although the Xz's did increase slightly. A' large variation of Q with mo~-
mentum transfer was shown by thesc fits, however, and the cutoff momentum appears
to be limited to the region between about 220 ard 300 MeV/c if Q is to remain positive.
'Va.rying the citoff momentum by +£40 MeV/c changed the fitted cross sections in a sys-
tematic way by amounts ranging from +169% at the largest momentum transfer to + 1%
at the smallest. However, the A dependence of the cross‘ scctions at a given momentum
transfcr is very nearly independent of the cutoff, the worst case giving +3% in the Ph-
to-C ratio. Tor some of the points a nucleon momentum distribution With 4 smooth var-
iation at the upper end was tried. This gave a negligible char- - in the fitted cross
sections.

The CHZ-C data gave us a check on experimental resoluﬁon and the step position
from hydrogen; it also allowed a compari=on of the normalization of this experiment
with previous experiments dene with liquid hydrogen targets. The CI{2~C data gave
cross sections about 4% higher than the previously published values,3 well within the
estimated 7% systematic errors,

TFigurce 1 shows thie experimental results for 7r+ production; Zeff (g—f: from a nucleus
/ gf—- from hych-o;;an) is plotied vs (nZ , (the measured cross scetions are given in the
table). The 8 and 16 GeV results arc consistent with no energy dependence of

. 2 . . o .
TS 12/13 degree of freedom),  The effeet of nucleon correlations (exclusion



principle) can he clearly seen.  Tor example, Zcff(Cu) decreases from about 11 at
-t =0.45 ((}eV/c)2 to about 4,5 at -t = 0. 01 (GeV/c)z. A classical calculation with
the condensed Fermi gas model (cu@n =260 McV/c) does no
at 0. 01 (GeV/c )2 it predicts a factor of 1.5 more.s.uppression than is observed., This
mfiy he the resull of rescattering and/or collc;c.tive excitations of the nucleus.
The vector dominance model predicts that )’:-ray interactions will have the samec

A depéndence as those of stro
ticular, have developed the theory for the process under study here. In this theory the

amplitude for the Y-ray to directly produce a T at some point in the nucleus must be

added to the amplitude corresponding to coherent production o

o3

then propagate through the nucleus and intcract at the same point as the direct y-ray to

+ o ' . .
produce a 7 . A destructive interference occurs between the two amplitudes, resulting
at high energies in the simple vector dominance result g(YA)x 0(VA). Tor lead, for

example, this shadowing effect is large, and Zef' is reduced from 25 down to 6 at high

f
energices.

The cross scctions predicted by the Gottfried-Yennie model were calculated assum-
ing a Woods-Saxon nuclear density distribution,

p

0
p(r) = , T~ 2
1+ e(r—c) a
with ¢ = 1,14 A1/3 fermi, a = 0,545 fermi, and total cross sections on single nucleons

of op= o, = 32 mb, o, = 26 mb, _ The real parts of the p and wforward elastic scat-
tering amplitudes were taken as zero,  Since the Gottfried-Yennie model does not in-
clude nucleon correlation terms, we felt that the Z dependence rather than the absolute
valuc of these cross scetions was the meost reasonable test of this model, Accordinly,
the curves in Fig. 1 arc the predictions of the model normalized to the carbon data at
cach momentum transfer. The normalization factors (experiment/theory) are 1.55,
1.25, 0.92, 0.71 at -t = 0,45, 0.16, 0. 04, 0,01, respectively. The experimental er-
rors on 7,(‘“. (carbon), and thus on the normalization, are ~5% (many of the possible
svafematic errors dron oul when {aking the carbon - to - hydrogen ratio).
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At 16 GeV where 'tl_xe shadowing cffects should be largest, the A dependence of the
data cl_early disagrees with the model, TFurther, the large energy dependence predicted
by the model is not obscrved. At -t =0.45 GeVZ, where the correlation effects should
be negligible, the normalization fp.ctor of 1.55 represents an additional discrepancy
between the data and model. In order to get some fcel for the size of the discrepancy,
we have parameterized the model by a constant w which multiplies the amplitude of the
vector meson term (w = 1 if vector dominance is saturated by the pand wand w = 0 if
the x}ector mesm:bgmph makes no contribution). The Z dependence of the Al through Db
data gives w = 0.31 + 0, 08. The beryllium and carbon data were not used since the
simple Woods-Saxon distribution is probably not a good representation of these nuclei. 2
Signiflicant data in this range of A exist only at 0.16 (GeV/ c)2 at 8 GeV and 0. 04, 0.16
and 0.45 (G‘oV‘/c):2 at 16 GeV. All four distributiC)xls gave results in good agrecment
with the average value, implying that the correlation effects are to a good app: =ima-
tion independent of A, ! |

Changing the radius parameter ¢ by =+ 0,06 Al/ 3 fermi changes w By = 0. 08;

Aa = 20,1 fermi gives Aw = %= 0. 02; Ao-p =+ 6 mb gives Aw == 0, 02; a ratio of real
to imaginary part of £ 0.3 in the p and w forward amplitudes gives Aw == 0,01, Com-
bining all these effects leads tow = 0.31 = 0, 12.

There now exist several experiments on photon reactions in complex nuclei, none
of them giving g »d agreement with the vector dominance model. The large energy de-
pendence predicted by this modelhis not seecn in the preliminary results on YA total
cross sections ,6 in incoherent po photoproduction, 7 or in this experiment. All three
experiments are consistent with a shadowing ampl itude' considerably smaller than thut
predicted by the VDM, Schmidt and Yermic8 have réccntly attempted to explain thesc
discrepancices in terms of a mass dependence in the veceltor meson aml.‘)],i't,udcso Their

calculation is a qualitative one which goes in the vight direetion, Lut no quantitative



;

comparison with experiment is attempted. In any event it seems clear that ‘Lhe d
notions of simple vector dominance do not work,

Cross sections for 7 photoproduction were measured at 16 GeV, -t = 0. 16 GeVz;
the results :ire shown in Fig. 2a. The 1r_/"7r‘+ ratios from complex nuclei are in good
agreement with the ratio previously obtained from deutcrium, 9 The weighted average
of all the points is shown in the figure; Xz for theﬁr:xtio being independent of A is 7.5
for 6 degrecs of frecedom.,

Single pions come predominately fr\om the nuclear surface; a pion produced deep
inside the nuclcus has a much smaller prohability of escaping without inelastic colli-
gsions., This makés the 7 / T ratio quite soﬁsitive to any difference ;’En the neutron and
proton spatial distributions near the surface of the nucleus. 10 The differences in dis-
tributions allowed byour data were calculated for independent Woods-Saxon distributions
for the protons and neutrons. Assuming equal skin thicknesses (an = ap), the difference
in radii (cn—cp) for Ag and Pb are, respectively, -0.25 + 0.4, and -0.7 + 0.4 fermi.
Assuming equal radii, the differences in skin thick: =ss (an-—ap) are, respectively,

-0,15 + 0.2, and -0.3 + 0.2 fermi. The Pb result is consistent with the calculation
of Bethe and Sicmensll which gives a smaller neutron radius than proton rridius, but is
not consistent with one of the conventional interpretations of K mesic X-ray data in
terms of neutron radius or skin thickness considerably larger than that of the proton
distribution. 12 The 7/ 7r+ ratio may also give information on proton-ncutron correla

tions. 13

The A dependence of K photoproduction was measured at ~t = 0, 043 GeV2
and k = 16 -GeV. Because of the small scparation between the AandZ steps and
the smecaring effects of the nucleon momentum in the nucleus, theAand Seross
scctious obtained from the fitting procedure are strongly correlated, The A1 X

cross scctions can be determined much more reliably since the backgrourd {from

multiple production processces is farther awiay than the separation hetween A and 2



thresholds.  ‘Ihe fitted A and A +Zcross scetions are given in the table; the errors on
the A given in ¢ table do not include A - Zcorrelations,
. . + + . . .
Dircet comparison of the A dependence of the K and 7 data is not possible since
'+ . I . -
K can Lo produced from neutrons (in association with a £ ) as well as from the pro-

o 1a . . - o o -
ton (A+ 7). Inanauxiliary experiment we determined that Z JOA+ZT) =0,53:40,00

from :." zle mucleons., Then,

dor A+ 0. _ 1 | dor + 0 -
ar [YA—K (A+Z)) = "““““"‘:'I(I— dr [YA—K (A+3 +Z)].

1+0, o";r;z'

. s : + 0k, . . K ,,m . .
The ratio of this quantily to YA —7n A" is shown in Fig. 2b. Z eff/ Aef‘f increases with
A. This increase would be expected in any model, since the cross section
Lt ) . , + ' .
for K on nucleons is smaller than that for m (17 mb vs 26 mb). The curve in
Fig. 2b is ' ¢ prediction of the VDM theory with w = 0. 3 (normalized to the Be through
Db data). The d'ference boetween the hydrogen point and the curve in Fig, 2b is
presumably due to the exclusion-principle suppression of 7 production in the complex
nuelei, The hydrogen point is low by a factor 0. 57 + 0. 09 which is in goed agreament
e " 2 E o oy ) 2 - 3 o 5 4 Ly - + b ] > »
with an estimate of the suppression obtained by comparing Acff for 7 production at
-t = 0.45 and 0, 04, the ratio (averaged over nuclei) being 0,53 + 0. 0G.
Since the veelor dominavnce model has failed to fit the # data, we have also veed
a less detiiled model for the K data in whith the incoming Y-y and out-going XK mason
are assuined to have attenuation ciross sections of oy and % in nuclear matier. Aei’f
is defived by the expression

Aeﬁ/A =0(A)/ [N(J'N + Zoi)],

where N and 7 are the number of neutrons and protons in the nucleus A, . Aeff is gliven

in terins of o, and « . in the impact parnneter model as

Y i
' /'Z 0
Ae:t"[" = ffd NpooXp - (TU-_V‘()(IZ oy . [ pd 7},

whore pois the Woods-Sa m o density distribution used previously.
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Taking Ok = 17 n:H as found in K~-nuclcon total cross section measurements gives

oy =4,1%0.9 mb. Taking o3,= 0 gives o = 25,0 + 1 mb, The choice of the "cor-

reet" K total cross scction in nuclear matter is not at all obvious, but using the free

nucleon value, we conelude that the pl:-ton does have an "anomalous" cross section

in nuclear matter, but that the magnitude of this eross section is not correcily given

[

by the veetor dominance model,
Y
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Tsble. Single Charged Meson Photoproduction Cross Sections from Cor
(A1l cross sections are %g in _p..b/GeVZ; errors are statist:

§ ieson 7T+ 7T+ 'n‘+ 7r+ T
k(GeV) 8 8 8 8 8
~t(GeVz) ~0.003 0.010 0.039 0.169 0.45:
H(CHz-C) - 1,0640.11 0.79+0.03 0.62+0.02 0.50+0.02 0.265H
Be - .- -—— 1.3940.04 -
1.87+0.16 1.48+0.05 1.5440.03 1.6340.03 1.05 H

Al -—- -—- - 2.5040.08 -
Cu -—-- 3.60+0.29 3.76+0.19 4.28+0.16 2.62 H
Ag -—— - - 5.53+0.27 -
Pb -—- --- - 6.66+0.62 5.59 +
Meson P (A+3) wt =t 7t at
k (GeV) 16 16 16 16 16
-t(Cev) 0.043 ~0.010 0.040 0.153 0.44:
H(CHZ-C) 0.056+0,007 0.171+0.009 0.144+0,005 0.11440,007 0.066+
Be 0.3140.0% 0.230+0.015 0.258+".007 0.308+0.015 0.239H
C 0.38+0.01 | 0.302+0.013 0.346+0,007 0.391+0.007 0.298+H
Al 0.62+0.03 i 0.55440.0%8 0.492+0.014 0.555+0.021 0.44 +
Cu 1.2240,07 ! 0.81 +0.12 0.83 +0.04 0.70 +0.11 0.85 H
Ag 1.64+0,12 --- 1.19 +0,07 1,12 +0.11 0.92 +
Pb 2.8 +0,2 -—- 1.22 +2.11 1.75 +0.,20 1.29 +




1.

TIGURE CAPTIONS

The ¥ dependence of Z off = t (VA T A* )/ (yp——vr n) for four diffcrent
momentum transfers. The errors are st:t&istical only. The curves were cal-
culated using the Gotifried-Yennie prescription (Ref. 4) and have been normalized
to the carbon data at cach mbmontum transfer. .

(a) The A dependence of the ratlo (’)’A A" \Y4 N/ (}’A—+7T A /7, where

N and 7Z are the numbers of neulrons and protons in the nuclei, Errors are
statistical only. |

(b) The A dependence of the mtlo i ('yA —~K" (A +2) + nuclear utuff)/gir()’A—»n nj,
corrected for the variation of Z/N with A (see text). The curve shows the slight
increase with A exycted due to the differcnce between o~(KA’5=r 17 mb and

o(m/Fj=26 mb.
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