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REUTRAL BEAM STUDIES OF COHERENT FRODUCTION ON
NUCLEL FROM &-16 GeV/e

William C. Carithers,Jr.
University of Rochester, Rochestsr, Wew York 1h&27

Introduction

Coherant production has alwayes been interesting as a filter for
certain axohange wmechanisme. Fartiowlar amplitudes - such ma Pomeron
exchange -~ can be enormously enhanced in coherent production from nucled
and even slsciromagnetic amplitudes can compste in certain reactions.

We have been studying reactions of the sort

n+A+{pr)+ta
R€+A+{K'1r*}+.q‘.

We have analyzed a small fraction of the data; and even though the re—
sults are very preliminary, many trends are cleer. This report will
consist of four parts' (1))e brief description of the experimental
technique, (2) messursnent of total crose-section for unstatle (pr )
states in nuclear matter, {3) Coulomb production of 4°9(1236) end

K#c (890}, (4) resonance prcdutiaf:_s

1. Experimental Details

The apparatus snd target system are shown in Fig. 1, The ceutrsl
beam is teken at an 3w production angls from the Brookheaven AGS in-
ternal target. It coneists of approximately 95% neutrons and 5% &P
vith a broed momentum spectrum ranging from 4=16 GeV/c. Date were
taken with targets of C, Al, Cu, C4d, Pb, and U, each approximately ¢.2
radlaticn lengths thick. The target was enclosed in an evacusted volume
and surrounded by a veto system of scintillator=lead sandwiches to sup=
press ineoherent interactions. '

The spactrometer consists of 3 planes of proportional wire cham-
ters, {FWC), & wide apsrture magnat, and a threshold Cersnkov countar
Tor identifying pion=. Eaerh FWC plane contains both X, Y readouts and
sach of these is divided into logleally independent left and right
halves in order to interpret the Z=-prong topology without ambiguity.

The resolution of the epperatus was calibrated using KE + = ge-
cays. The mass and t' diztributions are shown in Fig. 2. The mass
resolution is U MeV/c?® and the t' resolution is better than .0000b
(Cev/e)®. Multiple scattering in the target inereases this somewhst,
but the $' resolution is still capable of resslving Coulomb predustion.
The beam flux was monitored using K decays zo that all intensity-
depepdent correcticns are automatically included.

The ncceptance of the appar=tus s smocth in both masz and t' with
the exteption &f a sharp drop in aceeptance for masses very cloze to
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threehnld, This inefficiency arigesz from a reguirement that both trasks -
have nmomesta ghove the Cerenkov counter plom threshold.

2, {pn") Cross Ssction inn + A + (pn_) + A 1

We have {gterpreted owr data within the framework of an optical
model using essentially the same analysis techniques developed for multi-
plon production in nuelei™, The differential cross section for produc-
tlon of pr™ is written 2s the sum of a coherant part and an inccherent
part: .

do

i ﬂofm.p}{AE]F{t*,m,pJF * Iafm.p,A}e'Bf‘"-P}t'}
dg

where ﬂﬂ(m,p] T

at &' = 0 for frees nucleons

Iu(m,p,ﬁ] incoherent proportionality factor

B(m;p:‘

The detalls of the optical model are contained in the form factor,
F{t',m,p). For completaness, we give the gxnct expressions:
- m

- m
F(t',m,p) = 2nf dz J’mdb b expli L 217 (/5" blplb,z)
= 0 2p o

X exp[-{luimI)kGiTi{h,zl] exp[-(l-quJ&aETE(b,z}]

glope parameter for free nuclecns

wharse
T (3,2} = [*A0(v,2')a2', T ib,z) = [ Ap(s,zt)ee?
1 s/ = pih,z' )iz, 2 +Zy = Apib,zt)dz
-t -]
p{r} = pﬁ[l + axp Eisidl [Fermi distribution)
ﬂl{dg) = total cross seetion for incoming (outgoing) systenm

qi{uE] = ratle of real tc imaginary part of acattering amplitude for
inecming {outguing} system

Although the formmlas are long, their interpretation is straightforward,
The firat exponential in F is just the longitudine) coherence phase.
The second and third exponents describe the complex {including sbsorp-
tion) indices of refraction for the Lncoming and cutzoing systems.

{T,.) are just the thicknsss functions for the incoming (outegoing)
s}stéms for & point interaction at impact paremeter b and beam oco-
ordinate z. For this section we have not included Coulomb production
- terme sa we restrict the mass of the pr~ t¢ be outside the region of
the A%(1236) where Coulomb effects are noticable.

The optical model parameters for the incoming system (neutron} and
the muclear density functlon heave been very well meazured. These are
then flx=d to Dbe:

39 mb 3
al=-ﬂ.3h
e =1.18 fm
0.545 fm ©

Tha alope parsmeter, B = 11 [Gev?e}'g, is found by & fit to the data in
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the incoherent regiom 0.1 < &' < 0.3 {Gev!c)e, in reasonable mgrescment
with hydrogen data.

Flret we show in Fig. 3 that the %' distrivutions For all the
slaments studied are well represented by the optical msdel where we have
arbitrarily set 0, = 39 mb, o, = 0. For Fb we observe the expected
diffraction pattern out to the fourth maximum. Ro attempt waa made to
corract the model for experimentsl resolution.

Having showm that the medel iz applicable, we proceed to fit for
Uo mAaking use ol the atrong dependence of the coherent croas mactioo of
| ¢ numbars, A. One standard technique for extrasting the ccherent
eross sectlon uses the extrapolation of dofdL' to t* = 0. This reguires
a detailed knowledge of the experimentsl resolution. Ws have chosen
inatead to integrate the coherent part In the interval 0 < ' < $'%,
where t'* Iz the second diffraction maximum for cach target.

The results of the £1t are shown Iin Pig. 4. We find o, = (36 £ 7)mb
for the mass interval 1.35 Ge¥ <m___ < 1,45 GeV with a ¥? 5¢ 4,5 for
5 degrees of freedom. The errcr corresponds to a unit change in %%,
Lacking any wisdon ¢n a choice for %5y We have constrained it to zero.
Changing &n to ~0.3 leads to & decrease in 05 of 5 mb.

The value of U, thus cbtained confirms the previous observations
of coherent production of multiparticle final states in nuciet.? The
outgoing stete 1s absorbed with about the seme cross sectlion as the in-
coming state.

3. Coulomb Production

Following the original suggesticn of Primaknfrﬁ for msasuremsnt

of the 1 lifetime, several sxamples of "photoproduction” reactions
heve been studied uzing the virtual photons in the Coulomb field of a
hesvy nucleus a3 8 target. This technique is especially important in
tha caz= of Vector mescon + FPseudoscalar meson *+ ¥, since theza radistive
widths pre often very difficult to obtain by other masne. The radistive
widthe for such reactions are related in the 1limit of SUy aymmetry as
1isted in Table I.

We have locked for examples of the rsastion n + y_ + A°(1236} » pn=,
Tha ecrogz gzection for thisz proeess can be related to the mesgured photo-
production sroegs ssetion, G, a2 & chask on the Primskoff process:

Y
dgg - ZEII UT t_‘_. IF(t)IE
¥

First we show the general festurea of the pr mass distributien for a
Fb target integrated over all t%, in Fig. 5. The distributicn is breoad
and featureless with the possible exceptions of snhancement= in the
regions of the A(1236) and N#({1690). If the A{1236) is due to Coulomb
production, it should be seen only for very =mal) t', (t' < .002 GeV/cZ)
and only for large Z2. In Fig. & we show mass distributions for a Pb
target for wvardious €% cuts. For £¥ < 001 Ge?fce the 4 ig the most
prominant featursa, For the region .00L < t' < 006 GeVW/c©, some & re-
mains but no evidence for A is seen for t' > ,006 Ge¥/cZ. The corres-
ponding distributicms for a € target ars shown in Fig., 7. He evidence
for the A is seen, although otherwise the shape of the mass distribu=-
tion is5 agsentially the same a3 the Pb data. In fact, a careful Fb=C
difference gives & clesn A signal in reasonable agreement with
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expectations for Coulomb producticon.
Thus encouraged, we searched for examples of the reaction
R§a+ Y. * K*9(B60) + K*m, Unlike the A which requires iscvector exw
nge. this reaction proceeds via isoscslar {presumebly w) exchange.
The Coulomb process must be then extracted from 2 strong background of
=axchange, The differential cross section for Coulombd production is
expectad to be of the form:

3
'3
L L 2zt TR* > Roy) —B—— & pisyf?
(m* - n*)” ¢
This Coulemb econtribution pemaks at very smell t!' (' = .0005 GeV/e J

whareas th& w axchange is mueh brosder and peskes at larger t' (&' =

.002 GaV/c€). Both contributions must go to gzero ms t' + @ ag g con=
asquence of parity conzervation fhelicity-flip emplitudes).

The mass distribution for K~n' evente from o FPb targeat 1s showm

in Fig. 8. A r.-lear K*(B800) signel is found both for all t' and for
t' < .006 Ge¥/22 where the Coulomb signal is enhanced, The t' distri-
bution for .84 < < .04 GeV is ghown in Fig. 9. The excess of
avents nesr t' = 0 is svidance for Coulond production. The statisties
at this tim= are not sufficient to determine the radiptive width with-
out knowladge of the relative phase hetween the Coulomb and w—exchahge
terms. Howwver, it iz already clear that the radisative width is sub-
stantially smwaller than one would axpect based on unitary symmetry
predictions with the measured IMw + 7%y) as input. Eueh a8 conclusion
does not dizagree with recent results oo Tp +-ﬂ?}

4, Reagnance Production

As previcusly noted, the pn mass distribution shows s noticeble
structure in the region of the N%{1690}. This structure seems to be a
very general feature in cur deta and we list some of the systematic
trends:
l, The structure appears in dafa from all nuclel studied,
although it is more prominent in light muclei. (Conpare
* Pigures 6 and T.}

2. The structure at 1650 is more prominant for large t'. This
i aapecially claar in Fig. T.

1. There iz a zuggestion that the t' diztribution is brosder in
the region of the 1430 then thet cbtalned from lower masses.
These t' gistributions sre shown in Fig. 10. HNotiece that the
firet diffraction minfmm is almost completely weshed cut for
masseg in the structure st 1690,

Taken together thegse trends indicate that the structure at 1590 has &
mish larger inccoharant component,

The anslysiz on 211 phases of the work reported here is continuing
and wea sxpsct to inerease the statistics by as much sz 20-fold in the
neay future. It 1s a pleasure to ecknowledge the contributions of my
colleagues Dave RByan of Me@ill, Tom Ferbel and Dave Underwood at
Rochester, and particularly Peter Mihlemann at Rochester who hag
carried out most of the analyzis.
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TABLE I

Exact SU{3) Predictions for Radistive Amplitudes

- CK*°|KBT> » Jir{m |“T}
/3 g8
= E{pl'ﬂ'\rb

= o<kt |Kty>

s £ 2% |ny>

/3

Raf: Becchi and Morpugo, Phys. Rev. 140B, 6OT
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