Lawrence Berkeley National Laboratory
Recent Work

Title
THE REAL PART OP THE SCATTERING AMPLITUDE AT HIGH ENERGIES

Permalink
https://escholarship.org/uc/item/6hx0c5s9

Author
Conzett, Homer E.

Publication Date
1965-03-08

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6hx0c5s9
https://escholarship.org
http://www.cdlib.org/

P eears W |

UCRL-11967

University of California

Frnest O. Lawrence
Radiation Laboratory

-

~
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
~ Tech. Info. Division, Ext. 5545
\ J

THE REAL PART OF THE SCATTERING AMPLITUDE AT
HIGH ENERGIES

Berkeley, California




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 its 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, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-11967

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-T40S5-eng-48

THE REAL PART OF THE SCA'I‘I‘ERING AMPLITUDE AT HIGH ENERGIES
Homer E. Conzett

P March 8, 1965



-1- UCRL-11967

THE REAL PART OF THE SCATTERING AMPLITUDE AT HIGH ENERGIES
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Mafch 8, 1965

Analyses of p-p elastic scattering datal~8 in the region 3-23 GeV/d
+ 7 : ‘

"and T -p data' near 10 GeV/c have provided strong evidence for the existence
. of a repulsive real part of the (spin—indepéndeﬁt)-nuclear
- Torward scalttering amplitude at these momenta. In both instances the

ratio of real to imaginary parts of the forward amplitude, o(0) = ?;ﬁn(gﬁ s
- - . et

is approximatély ~-0.25. The possibility of spin-dependence in the p-p case
provides an alternative explanation,2 but the m-p result has no such alterna-
tive explanation since the spin-flip amplitude goes to zero in the forward

9

direction.-

Spin-independent models proposedlo’ll

to describe the data have em-
ployed the basic assumption that the élastic scattering is produced by the
strongly’absorptive processes at high energy, resulting in a scattering ampli-
~ tude that is either completely imaginary or has, at leasf, a muchvlarger |

: iméginary than real part. A recent treafmentlg develops an impact-parameﬁer
expansion for the amplitude and assumes, for p-p scéttering, a répulsive real
contributiOﬁ from.smaii impact parameters. ‘Suppdft for this claim is provided
by dispersion-relations calculétions,IBflu.which have given the proper magni-
tude and sign of ®(0). In neither casé, however, ,is suggestion made as to the

" origin of.the ReAn with a sign corresponding to'a repulsive potential.

The purpose of this note is to point out that both the necessity for,

- and the sign of the ReAn can reéult from purely absorptive processes. Consider -

‘ 1
the partial-wave expansion for the nuclear scattering amplitude, 0
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. ‘Re'A (0) oc(o)‘ =,% (24+1) Imn, (2)
- TWE,(0) © 5 BRIG- Ren, ) N
e write . I s
n, = Inexpeis,) ()

:-_ so' that ]n£|, the (absolute) amplltude of the outg01ng fth partlal Wave, and -
511 the phase shlft,'are‘real-quantltles. Since O <|n [_:, w1th ‘ﬂ |
'correépohding tovno absorptioo"and ]nél =0, to complete atsorptlon of that
‘lpartial wave,- it follows that ImAn(Oj 2>O.A Thuata(o) < 0 can result only from

the condition that ReAn(O) < 0, which from (2) and (3) requires that

o)

T
'556£ SO

forva sufficient pumberpof partial waves. 16 In partlculap, one expects (h)
to be necessary.for.values of .ﬁ neaf L = kR with R deflned as the
_absofption radius;l7:l8 becaase.of_the (2£+l);weightingifactor in-(g)._ Also;
in lnstances‘of strong“absorption ln | may approach zero for .£1< (L - %%J

. with AL << L, 'where AI is the 1nterval 1n Z space over whlch the tran51t10n"=
from no absorptlon to maximim absorptlon takes place Condltlon (h) has been
"met in cases involving the scattering from nuclei of otrongly absorbed parti-v

'ecles such as deuterons, alpha partlcles and heav1er‘lons at non- relat1v1st1c
energies, and we see.no apparent reason fot the(explanatlon of this result potf?j
.to apply in the relat1v1st1c reglon The repulslve effect of absorptlon can

.‘be seen by examining complex potentlal model (CPM) analyseslg’go of elastic

scatterlng data; and this concept has been develOped qualltatively,for‘applicationt‘
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“in parameterized phase-shift (PPS) analyses of such data.- Specifically, in
- CPM analyses‘numerieal‘solution of the (radial) SchrBdinger equation, with the

nuclear interaction represented by a‘complex potential
WV (r) = - [V(r) +iW (r)],

‘has shown, beside the obv1ous absorptlve result that |n£|< 1, that o) < 0
i -for strongly absorbed partlal waves. Slnce thls occurs even 1n the presence
- of the attractive real'potentlal, which alone would result in 61_ > 0, the

~ absorptive repulsion is clearly indicated. Recent analysesg2-2u of 11-12°

and 15-MeV elastic‘deuteron‘scattering data provide interesting examples of

cases for whieh a(0) < 0. Figure 1 shows |n£| and. 61 resulting from CPM

e.nal_ysis22 of 11.8-MeV 4 + Sn data. Substitution.of these values into Eq. (2)

results in ‘ - | -
a(0) = -0.20

- Since the machine calculations are not distinguished by their trans-
parency, we make thevfollowing argument: consider spin—independent s-wave
. SCattering, for which the radial wave'function outside the interaction region

is

o)k Ryte) | (i) ing (o) | Kol e W )<r> (5)

Yo

-and take the‘ingoing1wave'incident Qn-a:purely'gbsorptive region_with the .-

boundary rv=:R. Then

K=k r>R -

=
N

K + ik : | » ST . r < R_



‘ For 51mpllc1ty we take K 'constant. Then, from the requlrement that

0

:imaglnary-part of ué >, that ' fpg'>'f:': ; [;‘:_ ' BT

“tan k.R;:% = ten (kR + a ) '*'(-7)_» ,j

fAn equlvalent relatlon 1s found by us1ng the real part of uév),n K

it. follows from (7) thatso <-O ThlS negatlve phase shift results 51mply from'lu

0 =

NOIR

" the. increase in slope An- the 1nternal reglon,whlchls produced by the attenua-vi*

: t10n~factor ‘exp K(r R) The same reasonlng applies to u( )(r) and Eg. (7)
is valld again for the phase Shlft of the outg01ng wave; hence, relatlve to ;

“the 1ngoing wave, the outg01ng wave has been phase shlfted by 25 kFrom_(7)

0"

‘one sees that

~for kR'= nw

tan 8,

8. =0 forkR - (n -+ 1/2):71-

This is & consequence of the sharp boundary at r "R‘with‘an?internal region

K

' one N
of constant absorptlon If/takes, more reallstlcally, a. flnlte 1nterval AR

"over whlch K(r) goes from zero: to K, the llmlts (8) on 8 _ would not be..rva

k

.reached. Clearly__llm_vé = O, but the ever 1ncreas1ng number of inelastic L

-~ Ko

rb_channels opening as k -increases mey keep hence ' flnlte .at the o .

O)

;fuenergles avallable to date.v,f :_,"rlfﬂ"ﬁslg\:%"
' Tt seems clear that the'discussionfpresented here'diréctly,applies_for‘u

all partial»anes."EOr values of I _not small:compared to’kRaone'uses,Acf"

course, the actual ingoing and'outgoinngaves,rather;than their asymptotic,forms{

_u<?) and du( )/dr be contlnuous across the boundary R one- flnds, u81ng the .

Si»nce' K> o‘f

r external to R belng pushed out of the absorptlve reglon because of B

PR
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Physically, one'knowsithat 61-~>O for 1 > (L-+-€§£ . Since this” general

-reasoning 1is based. entirely on thg effect of absorptive procesées_on_the

scattering amplitude and ddes-nof invoke the concept of a potentiélg.its_
application to high energy scattering seems Justified.-

One can make phenomenological PPS analyses of the high energy data,

'employing a parameterization of & +that gives an [-dependence of the form

indicated in Fig. 1. Such analyses could provide useful deseriptions of the

‘energy-dependence qf'such quantities as absorpﬁibn'raaii, surface thickmessés

and opacities. The results of such analyses, which are presently underway,

will be reported elsevhere.

R
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' FIGURE CAPTION

Figure ‘1. Thé;l—dépendence'éf.»Ingl‘and 5, from CPM analeis,of ll,8 MeV -

.4 # Sn elastic scattering dafa, reference 22..
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Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report,

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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