ORO 5126-11

ELASTIC p—AHe SCATTERING NEAR 1 GeV

S. J. Wallace and Y. Alexander

Department of Physics and Astronomy
University of Maryland, College Park, Maryland 20742 U.S.A.

February, 1977

U. of Md. TR #77-054
U. of Md. PP #77-180

UNIVERSITY OF MARYLAND
DEPARTMENT OF PHYSICS AND ASTRONOMY
COLLEGE PARK, MARYLAND

DISTRISUTION OF THIS DOCLARENT IS Lilvs



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



ORO 5126-11
U. of Md. TR #77-054
U. of Md, PP #77-180

ELASTIC p-4He SCATTERING' NEAR 1 GeV.*
s. J. Wallace and Y. Alexander .

- Department of Physics and Astronomy
University of Maryland, College Park, Maryland 20742 U.S.A.

February, 1977

ABSTRACT

New 1.029 Gev p- He data from an Argonne-UCLA-Minneséta collaboration
are in excellent agreement with existing multiple diffra;tioﬁ ;heory pre—’
aictiéns. The theoretical calculation includes spiﬁ and isospin dependence
of the A interme&iate state process that fills the first diffraction minimum.

The recéntly normalized Saclay data and the older Brookhaven data disagree

with our caléulation and the new data.
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The theory of multiple diffraction scattering developed initially by
Glauberl and extended2 and modified3 by others, makes an unambiguous.

prediction for hadron-nucleus multiple scattering if one knows in advance

the nucleon-nucleon scattering amplitudes and the nuclear wave functions.

In this Letter we compare the prediction of multiple diffraction. theory

iﬁcluding leading eikonal correction32 to four sets of p—AHe elastic
scattering data near 1 GeV (Figure'l) and show that the Qery recent Argonne-
UCLA-Minnesota dataa at-1.029 GeV are in excellent agreement with the thebry.

Three experimentsa’s’6 to date have measured 1 GeV proton-Helium
elastic differential scattering including ;he small angle range. Inl

addition, iarger angle helium-proton scattering has been measured7 at Saclay

'-very near the same cm momentum. The 1967 Brookhaven resultss;at*l.o GeV

showed a diff;action minimum at t=0.24(GeV/c)2 which was given a natural
theoretical explanat16n8 in Glauber's multiple diffraction theory usiﬁg a
simple Gaussian density for 4He, and simple Gaussian approximations for
nucleon-nucleon scattering amplitudes. However, the 1973 Saclay'dataé

at 1.05 GeV (réferred to as Saclay-A) differed substantially in 1its t-
dependence, particularly in the region of the first diffraction miniﬁum
énd beyond.' The Saclay-A data were reported with an arbitrary normali-
zation and hence, it was not clear whether the disagréement with
Brookhaven data was at small- or large-t, However, the filling of

the first diffraétion minimum waé not unanticipated. A paper by

M. Ikeda9 showed that production of A intermediate states could fill in the

minimum.- In- this process, the fast nucleon becomes a A in one collision and



returns t§ a nucleon state in a later collision thereby re-entering the
elastic channel. The ikeda result Qas not compellinglO because it ignored
the strong spin and isospin dépendence éf A production amplitude which

‘ However, the Saclay-A

suppresses the effect in nuclear eleastic scattering.

data obtained later were in quite good agreement with the Ikeda prediction.

While theoretical explanations11 of the Saclay-A data were advanced
(which did not include the A intermediate states), normalized versions of

12,13

the data also began. to appear which cast considerable doubt on both

the original data and theoretical fits to it, In 1976, the final normalized
data, herein réferred to as Saclay-B, were communicated in tabular formlA.
The Saclay;B data are qﬁite similar to the earlier Brookhaven data except
in the region of the first minimumlz, however, they are at variance with"
the calculations mentioned above.

This puzzling situation is not rectified by a number “of imprbvements'
in the theoretical calculations. A high energy expansion method2 for nuclear
mult;ple scattering was developed which showed that the leading non eikonal
corrections to Glauber's multiple diffraction theory in a k_1 exbansion
were indeed émall (typically less than 15%) and that their inclusion should
~_ in principle lead to accuracy fo about 57 in the ch=0 to 60° fange. Com- |
parison of the multiple scattering approachesl’z’3 with exact results
'verifies these estimates. Using the Glauber theory plus leading corrections
formalism, wé have performed second generation p—AHe elastic scattering calculations
based on éxisting phase Shift816 for the pp amplitudes énd very simple
assumptions for the p-n amplitudes. ~Our calculations include a kinematic
transformation of single scattering amplitudes similar to that develéped in
reference 3 and shown to be partly responsible for filling of the secﬁnd
diffraction dip (at t = 1.0(GeV/c)2). The full spin and iéospin dependence

of the NN ampiitudes has been included but we find that only the scalar (A)



and §pin-flip (C) amplitudes play a significant role. Céulomb ef fects are
ingluded as are the effects of center-of-mass correlations. The nucleaf
'wave functions used are based on sums of Gaussian terms which pfo&ide an
accurate fit to the measured 4He form factor while maintaining positivity
of the coordinate space density. The nucleon-nucleéon amplitudes for single
scattering are based directly on the pp phase shift amplitude16 and on a
fit to thé pﬂ diffefential cross ;ection measurementsl7. Double, triple,
etc. scattering terms 6f the multiple scattering expansion ére based on
Gaussian approximations to the NN amplitudes valid at the small t range
felevﬁnt for multiple scattering. We assume that the pu spin flip émplitude
is 0.7 times the pp spin flip amplitude (consistent with observed pn
polérizatibns)‘and we also assume that the ratio of the real and imaginary parts
of the pn scalar amplitude is -.5. A |

Finally, the amplitude.for A intermediate states between scatterings
has been evaluated in a spin and isospin dependent model which results
in a factor 1/4 suppression compared to the pp-NA cfoss section which involves
averaging over initial spins and summing over final spins aéd isospins,

9,18 of A effects in p—AHe scattering .

1/2

ABecause eariier scalar estimates
contained an incofrect facﬁof 1/2 and a spin.countiné factor 2~ from detail
balance considerationé, the net suppression of the A effects relafive to the
- earlier scalarvestiméte is just 2_1/2. Based on a strength corresponding to
o(pp+NA> =20 mb, the spin—iséspin dependent A intermediate state processes
are now found to have essentially the same crucial role in filling the first
‘diffraction minimum as in the earlier estimates. Details of our reéults

will be’éiven in:another paper.

All of these refinements lead to a theoretical prediction in substantial

disagreement with the Saclay-B data and the Brookhaven data but in quite good



agreement with the Saclay-A results., This situation was initially repor;edl8
"in'the fall of 1975 and has'ﬁot changed significantly as refinements have
been made to the theoretical calculations to eliminate sources of uncertainty.

19 in 1976 based on

Our théoretiéal prediction was reported by G. J. Igo
slightly different nucleon-npcleog spin dependent amplitudes and a scalar
éétimatg of A intermediate state 'effects.

A very recent expériment4 at Argonne National Laboratory by an Argonne-

UCLA~-Minnesota collaboration has provided a new experimental differential

cross section. The new data provide an excellent fit to the theoretical

Erédicﬁion, which is essentially the same as reported in reference 19.
Figure 1 summarizes the correspondence of our prediction (solid 1ine§)»with
eéch of the four déta sets. The effect of not including the A intermediate
~states is showp by the dashed line and one sees that this-;rocess is'responsi-
ble for filling tﬁe first diffraction minimum.

The new Argonne-UCLA-Minnesota measurements are quoted to 157% accuracy.
The agreemént with the multiple diffraction theory prediction is within iO%

with the exception of some points at very small t. A very clear theoretical

preference for the new Argonne-UCLA-Minnesota data 1is evident from this work.

The disagreement of our calculation and the Saclay-B data is 50% in normali-

zation, the shapes being nearly identical.

In conclusion we mention two additional sets of éalculationsiwhose
details will be published elsewhere: |
1. Tﬁe effect of short range correlations has been found ﬁo be
quite smail, neither improving the explanation of the recent data, nor éiding
ﬁhe understanding of previous results, |
2. | The analysis of the A intermediate state and our assumptions
'regarding the nucleon-nucleon amplitudes are further tested in calculating

the p—4HepOlarization, where qualitative agreement with the preliminary data




i)

' _has been obtained. Minor refinements of the phase of the NN amplitudes

to obtain quantitative agreéement are in progress. We note that simple choices
of NN phases d¢ not yiéld even qualitative agréement with the polarization

data without the inclusion of the A contribution.

Computations supported by the University of Maryland Computer Science Center,



Figure 1

Figure Caption

Comparison of a single theoretical 1 GeV p—AHe elastic differential
cross section prediction (solid lines) with four sets of experi-
mental data; Argonne-UCLA-Minesota (ref. 4), Salclay-B (ref. 14),

Saclay~A (ref. ‘6), Brookhaven (ref. 5). The dashed line shows

the result when A intermediate states are absent.
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