
ofpurpose
Technical Information Center is to

A major the

provide the broadest dissemination
possible of information contained in
DOE’S Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although portions of this report
beingare not reproducible, it is

made available in microfiche to
facilitate the availability of those
parts of the document which are
legible.

‘3



l’% .,:

-.
LOSAlmos Naoonal Labofalow ISopafarad bv l~e Unwomry of Cal,fomla la lb UfWd Slalee IMarlmem of Energy under corlracl W-7405 .ENG.36

Colif-ml 5’f b- -3

TITLE: DEVELOPMENTOF NUCLEARMODELSFOR HIGHERENERGYCALCULATIONS

AUTHOR(S): Michael Bozoian, T-2
Edward R. Siciliano, T-2
Richard D. Smith, T-2

LA-UR--88-1695

DE88 010919

SUBMITTED TO: International Conference on Nu~ear Data for Science and
Technology, Xey 30-June 3, 1988, Hito, Japan

DISCLAIMER

Thiareprtwas~raleaan ●awuntofwwrk.pd byanagancyofthe UnitdStmm
Government. Neitbrth Ur~itdStatmbmmnt norany~ncy thd,manydttir
cmpl~ mak= ●ny warrtnly, enpfus w impliai, of euumaa ●ny I@ liability or rmpmul.
billty for the aczuracy, cornpklem or umfulna4 of ●ny infcmnatirm,apparaluk ~uct, of
pvoceat diachmmf,w rapmmm that itmurn would w infringe privately ownd ri~h~, Refer.
eme herein 10 any Ipdfk awnmerwhl lrvduct, pvoom, or mwke by trade nam, trademark,
manufacturer, or oihorwk & nol nwmaarily anrstltule of imply It- e~nl, recam.
merrdatinn.or favorina hy the Uniid !MalaeCmrnmant or ●n) agency Ihereof, The VMWI
●nd opiniom of ●uthm cqwaad herein do nof ~rily slate W refkt Ilwm of he
United SImaa bvwmrwwnl or ●ny agency herwf.

By ●cccptanc~ 0! migatoclc tno puman.r ruqnma marIngU S amnm.mt memo a nonemchmweroyall~.!mahcenaa10puDYIWor ?eeroduco
Ih@gubhshad term ot tms conlnbuhon et to allow 04nem to do W, Im u 8 Owernmam oufpoeea

JoaMw Sla m
11 w roes. ol

‘!.....m. ..,. ,,n, l ,U .1. ,,. . . .I,.l.l, mi. h : 1A Llf/LIMll .~

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



DEVELOPMENT OF NUCLEAR MODELS FOR HIGHER ENERGY CALCULATIONS

Michael Bozoian, Edward R. Sicilimo, and Richard D. Smith

Theoretical Divizion
Lox Mama Nationaf Laboratory
Loa Mamoa, New Mexico, USA

~ T~ nucle= m~ek for higher energy caicuhtiono have been developd in the regions of
high and low energy tranafer, reopoctively. In the former, a relativistic hybrid-type preequilibrium
model is compored with data ranginc from 60 to 800 MeV. Abe, the GNASH exciton preequilibrium-
model code with higher ●nergy improvemeato u compued with data at 20G and 318 MeV. [n the
region of low ●nergy tranxfor, nucbon-nucieux mattering in predominately a direct reoction involving
quwi-elaotic coiiiaiono with one or more target nuciaorm. We diocun vuious aapecta of quaai-elaatic
zcatteriztg which U. important in undoratutding festurex of croxo eactiono and spin oboorvablea. These
include 1) contribution from ZnultL*p proceoaa; 2) damping d tho continuum reaponoe from 2p2h
excitstionq S) the ‘optimal” choico of framx izt which to ●vahmte tho nucleon-nucleon ampiitudeo; and
4) the ●ffect d optical and spin-orbit diatortiona, which are included in ● model baoed on the RPA the
DWIA and tho ●ikonoi appmximxtii.

(Koywordx: high-enor~ ntzckon-nucbua, preoquilibrium, quoai-ebatic modoio)

Hi~h ●nergy nucboa.nuckuo uottoring providw an ●xwk
lent @ for probing nuclear xtructure, It oioo h- many pror.-
ticai application which U. ●upportad by the nuclou data
Iihrka,i such xx tho development d putKlx accolorxtoro.z
The noad to understand the full ooor~ apoctrum hao drrt-
UIS* tho devebpment of nuclou modda for praoqttilibrium
uzd quaai-elaatk roxctbax whkh dontbmto tho xpectrum ●t
high ●reitatioat. Thk pspor b divbded into two parto. Tbo
fkat put dacriba comporkorn of both s rolakvktic hybrid-
typo .nA tho GNASH ●xciton-typo preaquilibrium modoix to
hiSher ●nergy data. The xacond put iavaticxta axtootiono
and corroctioox to the standard qu-elmtiz mxttering modal
buod on Gkubor theory and tho RPA nucleor raponoo func.
tion.

Tho Preoquilibrium Rsgioo

Tho Hybrid-Ty pa Modd

fn thix nction ● hybrid.typo prooquilibriunt AA b D-
xentad, which dihm from th~- do&rib& b thaIitort,turo i by
incorporating aa itttrxmtcku tr~tbg rsto W m rooiio~k
moon fro. pathoa in nucku mxttor, rebtbktic corrocti~ to
the Farticio ●mmioka rate, s roiativkt~v iavuiootfro.xzxt-
tering komel for colcttisting aagubr-dktributad opectrq utd
correct inciuohwrzodoi chaining,

Tho doubio dWerontial c- xactbo for the ezrkion of ●

puticie v with energy c into tho did on~o O ix

&“
— = e. ~ w“(,,.)Q(,,n) i?(n)Am “ (1)

whero eR u tho reaction c- xoztbn, $VW(c,n) ix tho putkio
●mkobn rat. por MeV, Q(n, fl) ix the occupation probobilky
for th~ ●xckozt antulm.dktributod tote (n, f’1), ond D(n) is
tho daplotbn tutor.

Ths particio wrtkaion r-b k Kiven by

(2)

wbero -X” ix the number of nucieonx of typo u in the exciton
otate n, which wtidox &&XW) = p, wham p u the num-
ber of portickx in the ●xciton otato n, and n = p + h where
h ix tho number of holo otata. # = (1 - ~)”-s @ u

obtained fmm tho WilUutt’s Ioveldonrnty formuia with tho in-
cident .norw E xod wporatioo plux Psukxcluxiozz ●nor y A

!
for portkix u. Tho intraaucbor pxrtklo traaaitiozzrato A hex
baa reixtivioti~y puomoterixod to tbO rztoxn-frooPathxof
protoao in nuclei from “N @ ‘Pb in tho ●nergy range 40 to
200 MeV 4

(3)

with c = S. 10= fm/xoc. Uv& ix tho u-typo nuckon mat ●n-
orgy, ead An = (4.M + 1.61) - 1.21●xp (- E/@O) fm, where
/ = 1- A/W for 27 s As 200. Firtoily, tho rolotiviotk .rrtb
Sk rxto A$(4) b (1 + @v#) tim Erizaon’8 ●xpreaion s
for tho noarobtimxtk mruztkkzt rtw obtokted from dotxiied
bAzzco

(4)

whh OWtho qin ond ●v(c) tbo horox cm oem on for the
u-type putkim

Cxpvombas for Q(n, 0) 0 wad D(n) ‘ uo well eotobtkhed
in tho Iitavoturx xad h- boon uod in Eq. (t). It cxn be
AOwa,’ in tbo corttoxt of tit. Prw4@!ibrittm model’. uxo of the
fmo ozattorbg bornei, Whkb forzm the boob of Q(n, fl), thot
by uoiq roktlvktk trdorrrtatioax botweon throo framox of
roferonco, both tho tho fraoocottcving komtoiand itx ●i[envaiue
equatina U. rdativbtie Invuiomto, and ao tkefore, ix C)(n, n)

?hmlly, bocxttn tho hybrid modd ix M incluaivo model
in whkh all p putick In tho # @xc.iton*tate -N capoble
of Intranucioor tmnxitiono or orniabrm, tho proper chaim ng In
n + 3n, not n + In,* and tho former hoe boon ueed in Eq (I]

Equation (1) ix ooiy ● prooquilibrium model. Itcontain.
neitbor M ●vaporation nor ● Hhuoer.Feahbach modol The
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Figure 4: 318 MoV “Ni(p, n) ●t7.5” and SO*
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Ea. f1) modol has ban bartcbrnarkod‘o at Lltcumt ●r*
iZ”S’ h WV with mxput to data wd tho ALICE w&.’
Flgura 14 chow compukotu at 90 aod ~ MoV. A BUdMO
mod 11 with s bok PrXOntid Of *2O h40V hm bOOOimpb

rrrorttod b Cq. (1). This budvw tho opoctra, whkb u e
p@chily OVkloot ;O Fi-. 2 utd S, makiq thb hybrid modd
com~ sbla to tho goomotry-dopondont hybrid (ODH) modol
Flgurs 4 obowo s bighcr ●nargy cmov. Itb typlcxl of caua in
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Do

which I&~ ~ 300 MoV: tbo hybrid prooqutiibr{um modd
undorpmdkw tbo ohaorvod tpvctra by ● f~tor of *O or morv
Rolmirt~ tba rmodltion of n - Sn chainkg would improw the
Iow-onorgy oputra oornowhat, but would b-w Iittlo imput ●t
intarwtodata to hith ~ort ●rdm. Howowr, ● mom tovcro
constraint is the ~urstio~ of tho product of doplotlon fuu m
D(n) to th~ VXIUQof 1 @r ● two or mow ●xcitoo twtsrotiono,’”
thus contributions from hither txciw stwa am didlowvd



The GNASH exciton-type preequil.ibrium code lZ h~ re
cently been augmented with higher-energy improvemen~ i[i-

cluding tbe nuclear surface model, level density formula, mul-
tistage pmequilibrium, xnd botb phenomenological and the-
reticxl angulxr-distributed spectra modele. is Figuree 5 xnd 6
ohow comparieone ta dbta ●t 200 urd 318 MeV. Agein, for
Eiti&ti z 300 MeV, GNASK underpredicte the gpectra.

Both preequilibriwn modele, hybrid and mciton, do not
model tbe quxei-elxetic region, wbicb u cleerly evident in the
forwud-xngb dats (0 = 7.5°) eeen in Fi~. 4 xnd 6. Metb-
ode for treating vuioux mpecte of mactiorte in thie region em
diecueeed in the next eection.

The QuM&obetii Regioa

Tho regioo of qumi-olmtic ecsttering bridgee the gsp k
tweea the low-lying dkrete etxtxx aed tk region of campound
and p~uilibrium rexctiotte. The buic mutioo hdern
ix the eingle-xtip qumi-ke ecxttering of theprojoctib o@ of
● Mr@t rtucboa.QUui-dxxtbXcattdngtherefoream ●

uxefultoolfor studying the Uatderfyint two-body interaction
anditxrttodiikxtion by themdeer medium, kcmt ibe
uxedtoxtudy theetntctum dtheaucbtuby eeeinghowitm

~-~tol=w=wd~a- trxnxkr, xxweuxsto
epin xnd ieox@a t- which an ho delivxrd by hxdrottk
proba. AIthrmgheigmturad xbeUetructurx,xuch M &-
Iyins Couective etsta Xad gixatremaaMa,dixxppeuatexck
tation energia xbove xbout 2@S0 MeV, the nuclcUXcontinua
to rrwportdcollectively in thoquxei.elxxtkregionthrough the
rexiduxl puticl~hole intarxction, which hm ● ~reat chu-
ecter in excb epia-boepio cbttml, Thrn collectivity mxaif-
itxeif not in ehup et* or ~cu, but in the P featura
of the rnpectrum,such xx xbiftx in the paition xad magaitude
of the qu-i-elmtic poxk and deviatiotrx of the xpio ohmrvxbla
front the free NN VXIWX.Receot experimmt~ at TRfUMF ‘&i’
snd LAMPF 18 hsve dOXdy O= b e#oct# in (P, #),
(p, n), aad (n,p) rexctioaenew 200MeV.

border tsgetagood thomticalksmtle omtkreutioa
mechmienrand nucbxrutructurx inputmquimdtoundxmtand
the fetturn of the dmta, w haw iaeat@td aeeral ~te d
quexi-ebxtic projectikmcleue xcatt4ag, wbbk wiU be brixily
outlined in themrdmder Ofthixpxper. mexebcludxl) the
contribution of multi-etop pmcexmW 2)tkoeihct ofcouiebael
+~pita~ of tbo nucleu ~; a)tke%ptimd’frxmeio
which to ●vsluxte the ~$ody xrnplitttdq xad 4) the dbct
of opticxl and opin-orbtt dixtortbox, which ue iaxluded in ●

continuum rexponxe cdcdatbnusin~s tecboique bed no the
DWIA ~d the ●ikottxl approximation. Then topics ue &
cumed in more detail in Ref, f ‘.

The otxrtderd msthod for cdcuhtinc quti- obxew.
sbl- ~rnxx that tho N-nucbttx m XXCUOOcut ho writtat
M a product of the twAody crom eatboa timxx tbo nuclexr
raponxe futtctioo

whore q xnd w xre tho momentum and ●twru trxneformd to
the rtucleux. The eum u over spin (S) utd knepia (T) trarmfor.
S?g u the reportse function in the TS chnnel, xnd /Tg io the
correspondings pieco of the free NN xmpiitudo. The trace ie

over both projectile and target nucleon spins. The normaliza.
tion fector N,l~ eccounte for the attenuation due to the strong
absorption. [t is the effective number of nucleons men by the
projectile, and M determined in Gbuber theory from the in-
medium total NN croee eection a

(6)

wbem the thickneee function 7’(b) u the integral of the nucleu

deneity along the projectib’s path st imp~t pxrxmeter b. At
intermediate energi- u it u typically 20 to 30 mb, and the
rexction u ttrongly surf~peeked - the mxin contribution
coming !krrn imp~t pamroetem where the denxity u about
onefourth the central vxlue.

If the nuclexr rapooee u ●vdusted in the plan-wsve im-

pufxe approxirmt ion (PWIA) it containe no ioformatlon that
the reection ix eurkm+aaked. Hmver, tbie u xn important
feature wbkh can drunaticelly alter tho rexponee. To include
thix ●ffect, the elxb model me devebped by Bertech, Eebeneen,
ead Scholtan.l’ In thix model the eurfece region of tho rmcleue
ie~ m ● eemi-ia!lrtiti xbb of nucleu matter, The
mat importantingredienth themorhlixnot the elxb wsv~
functioae, but the U- of the eurf-peded probing field

O,(F) = cw’e-cr(b) (7)

in the CXkUbtiOOof ~s(f,w). Tbu cxn be thought of m
the product d beaming and outgoing eikord dixtortad WWQ#

which XN evxlud wing only tho ehenrptive pert of tbe cen-
tral opticol potatbl.

The maia foatum d the elebrmdel rexponee, in contrxxt
toa~wsvo ~,iethatitbrn ●bostailinw. ti
Vmvriuxee lxtor, thrntailmxultsfrom themomentum tranefer
inthodbortioo, whbhobxagatbe momentum trxaxfer on
tho bud colhxkm. St- it incluh We important ●ffxct, tho
xlahtodol ix WA mom ~U io duribirtg quxxLelaetic
ecstt+ag tbxaeimpbr modolx W on plane-wave probing

Ileti (Xucb w the hrttb.gxx model). Exxmplex of Cmm *-
tiooxaad@noha*cakubtod intheelab mndel canbe
found i8 M. 15,16,10.

If RPA correhtioox xre included tho rapoeex u diffemat in
exch epin-~in channel. 10 tho TS = W chutnel thered-
U~ putickhoio inter=tioo m attrxctiwand tbo xtren@h ix
puUed dowm to bwxr exr.itatieo eaerw, where- it ix puebed
tohigbxr ewrgixx inthexpbxadbn@x cbxaookwhm the
interutiuo n mpulxivo. Thtu in chuga=ex4xow reutiotte the
qud.olti # ix mod to higher excitathm, end in (p, #)
thvJpiaobxm8Me caxdXVi* XdIXtUttidy ffOrIt ths vXkO
bxxodoa tbefrxomnpomxe, eke di-nt chutaeie domina~
io dikent regiom d w. Figttre 7 xbowe s xmtple cxkubtion
from Rd. 16 of b utalyxhtg power and epin-fiip probabdity
cdculxtad from Cq. (6) UX@ the RPA olab-mndel reeponee.
Whilx the eb&nodol r.anoot xccoum for tho ohxrp fexturex
ena in tbe data xt low excitatbo, wbkh are mistd with
maocox of the fbite xyxtxm, the celculxtbex ue ueverthe-
Iem h reaxon~ly good qreememtwith tbo groin fomtureeof
tho deta, xuggxotiag that we xre indeed xeeins the collectivity
predktd by tbcRPA, ●veo at higher ●xcitation ●nergixe.

?&tlti.step Pr0c4aa
Tbe etaadxrd reutbo model CM be ●xtended using Gltuber

theory to include tbocontributiott from multi.etep proceaee
in which the projectile hex quxei-fhe colkions with more th~n
on. tugetnucleon, The full crom eectlon can be expmned M
s .um over n-etep proceeea ls’m
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Er~(w) ■ Ar~(u) + irr~(w)/2 (9)



(10)

The full width is -imply a clamical average width for the pu-

ticlm phu bolti, multiplid by a factor (TS which hriem from

the qumtum coherence of particle and hole d~ay amplltudea.

In the mmi-ckxicd model, <Ts i- zero in the TS = ~ chu-

nel due to ● cmcclhtion bet=mn single pxrticla Af-anargy

diagrum ud dixgrurtx coming from tbainterference between

pxrticle md bob decay amplitudm. In the spin-tipin chur-

neb (TS # CKl),on tbc other hxnd, tho inteflerwce dhgrurm

w thndva omd m ~Tg m 1 ~d the fd width rn rougbl~

tbc ●mro.@ d ptikb and hcb width.

‘Ib compbti the oduxtion of E7S, it rertminx only tc xpa-

ify h- the putich and hob wkltbs ~, md m m detarnind
arnpiricdly. Abova the Fermi ~ the xingbpxzticb widths

carJ b9 &dud b ma&rix ●broonts of tho tirptivc put 0[

tbc 1~-energy optical potantial, xnd bal- tb Fermi ma they

w dotarmi.d from & nMWJrul DPmadins widthx d bob

SU, flmpiricd dst.a fm then quantitia hmo ban compiled

fm rrwdiumhwvy nucki by Mahurx xnd N@.a’ Tbx ruultc

us ~tily wll dtibrd by b WUtiuM .PU~~*
tkm

( “ )(+:~)‘“V ‘“)7(C)= 21.5 ~

which u ~ to ha xymtric about ths Furai ~ro, m
that -y(c) = T,(c) = -rA(-c), Uxinc thk puumtdswm, tha

tho full width CM b Cdcllhtd from Eq. (10), mad h rd

It ah.ou~ k mphuind tbu, akbough tha cmlculatbnt

bcm tbaryad ●xpmmonl CM ha ●xplaiaad by a conk+

❑ti dlk the 2p2b dscnp~ tnd u ●Uat d~ to tho rrwan

Ildcf ❑on. bcdity.
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i% = -:(1-%) (rwnreiativtktic)

The eecortd line @we the reeult ueing rebtivietic kiwmctia.
~OtO tht ~~ MdUCOCto XCMat tho quxxi-ebtic peak utd
to tho Bmi&hrne momentum at w ::0. A dhgrun d the
optimal frcmc kinornxticc u xlwwn m Fig. 10.

Since the ●xperirrwntdly determined amplituda ue uxu-
dly given in the cen~f-mem (cm.) frune, it u necamry
to perform ● Lorentx boost to thQoptimal bame. ThOmethod
for petiorming thie booet ix kcribed in Ref. 27, ead involvex
cxtr~ting tbo iwuiut Dim. unplituch from thec,m. am-
plituda cod than emtdwiching them betweeo Dime opioorx in
tho optimel fruoe.

Tho twdedy crom eectia in the optimel frame u ex-
preaed in terme of tbo optimal cmplituda by

whore J@ ix the J~bian for the ~ betwaa
cm, xnd optimcl frcmr vubblu.

Perhcpe tho moct important ccpect of the optimel frurtc
u tbct tho invuiaat ●nerm t vxk rapidly with w due to iw
dependence on ?-, mad item be quim diherent from tho en-
●rgy in tha ~body IcbcvrMoryhme. Thix cea be xeen by
●xmining the olhctiw bbomtory kinetic energy deanod by

(14)

which cao wcy by mom thxn . ~100 MoV over the mgioa
Of tho pbM-W~VCre@OOCC.such wridoo M ck?!y haw
s luge dhct m thocmplitudee in re@xtx where they uc
otroagly ermrw depmndeat.

lb ilhutratc thbpdnt, utd to obow how well tho optimal
fcctorhtbn work~, coneidor ~.nucleuc scattering in the region
of tko AU reconanco, where the WNmrplituda vuy mpidly
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Fipu 12: Sbb-modd C~CUbtiOOX with optirrmi and
twcAody-lcb SN unplitudec compud to dsta from Ref. 28.

with ●ner~. Figure 11 chowx the ●hctive Iebomtory kinetic
enerw in the optimal frame for 291 MoV pie- xattaed ●

vuioux an~la xnd pbtted in tho region where the plan+wwe
Fermi-gxc reapoom ic nonvxnixhbg. At the large UWlee w
eec * vuiatioa in ~Lff ~ moM th~ 200 M.V eve, the d-
lowod regioae of w. Figure 12 chowe cm ~tione for the 291
MeV w+-aCa reection ti 12W uxing the elxb raponee func-
tion sad theoptimal and -body-lab anrplitudec. Dsts u.
from Ref. 22. W. ae that tho optimal calculation agrees well
with both tbo paith aod mcgnitudo of the peak, whib the
twAady-lab calculation failx in both reepecte. At high w the
optimal curve ix above the -body lab curve, becauee 00 w
incmccm, @ decremxw, xnd the *N croxx exction rieee st it
noue tho pod if the AS raoa~. l%. optirrtxl frame cIeo
p.wvidws very good approximation b a full cxkulstion where
tho ~body crnpUtuda ate bid. the btogmtion ovot the nu.
clcon’s Mmi rrwmeaturm”In intermedhte ●nergy N-nucleus

Itermttming~L dcovuia●tbetantidly with w, but the .Rects
u. omdlor oince tho NN amplitud- em more d-l y vuy mg
with ener~.



003 I

0.01

t

%3(p,p’)290Meve=10”
1

— withdilltwtion
/-. ---- Wltiloutdmrtion

,’ ‘.. {

nrm. -“

o 10 20 30 40 50 00

GI (MINI

Figure 13 Surface meponm function cxkulxted from E.q. (15).
The dmbed lina ie tho plan~wxw Fermi-gaa reepenm. In the
tail region xbow 4S MeV the momentum transfer on the
hard COllrniOttie elwxyo grexkr thtn the ex~rnal momentum
trenxhr ~.

Distorted- Wav@Reeponn Cafalbtiotl
To date, moxt calcultiione of the continuum reeponee bxxed

on the PWIA or DWIA have uxed ●ither the c,m. amplituda,
the tmdmdy-lab xmplituda, or tha Bmit-freme amplituda,
However, theee choica violxte ●ner~ conxervstion at the ~
body level and cutnot be coneietently xppfied at arbbruy en-
ergy tranxfera. Even with the optimxf emplituda, the atan-
dxrd reution nmdel breakx down ●t Ixrge excitation ●nergiee
beyond the region of the plan-wave maponee. In thix ~
gion, if xIIthe momentum truufer occure on the hard collixion
then the optimxl mornmmummuxt be greater thxn the Fermi-
momentum &p in order to defy energy coneervmtiom The
wxy out of thic problem ix to ●xpliit!y includo themomentum
truteier in the distortion, wbicb cbxngeo the momentum tr~
fared on the hard collision, aad thereby permiti ecxttering St
high w without viofsting cner~ cotuervetion.

Dietortioa cm ‘be included in s mbtively eimple modef
baaed on the DWIA and the eikond approximation, In Ref. 27
aucb ● modal wu praented in whkb the probing fiebdincfuded
the fulf spin-dependmtt (eikonul) dktortd -VU xc weU u the
optinml-fmmx xrnpiituda. l%. full raponxc iu thixmodelu
●xp~ in turm of ● cmvolutioa intetral with the plan+
wave rapoaxe Rpw

IA(c) = dab #cis@) Tt (h) (15)

where @ u the momentum trxnderred in the dbtortion. Thic
●Xf)?OdOO u diShtly more cOt?tpikMOdif tha CpiItutd ienxpilt
dependence are included, in which cm. A becomax * matrix
utd f- ● vector in the cpxco of pm,@ile xpin mxtrica. S(J)
ic tho eikoaxi phMOwhich irtvolvu the central and opin-orbit
aptkal potentbk. Tit. rrminnew iwgmdkt- notpraent in the
ctxndxrd rnodd of ~. (S) are tbo optimal fruox NN ~p}b
tudec and tho UN of tho full upticdpotetttixl in tho distorted
wava. Furthermore, tho optimal unplituda ue now titdo
the integrxtioa over FL,and ue ●vahmtod ●tthe came momeu-
tum trxitsfer m the plsn-wave meporm. Thie irmra that the

.’.,~
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Figure 14: Spin obeervablex with end without the relativistic
m“ effect compued b recant data from TRIUMF s for 290
MeV ‘Fe(p, #) u W. Solid curvee we m“ = m, and daehcd
curwe uee m“ = O.SSm.

optimxl momentum ie alwxys b thxn the Fermi momentum,

even at hish W.

The xirnpl~ vernca of the stxndxrd model (I@ S) CM be
recovered from Eq. (15) by ueing only thecantrel absorptive
term in the opticxl potential x.id fxctoring ~~ utd R4=IVout
of the integmf & evaluating them xt the extemxl momentum
trtir @ A ka mvem appmbatht u to onfy fxctor fd
out of the inte~al mod leave RPW irteide. Then we obtain s
sdxce meporue fuaction ximibr to the efahmdel reeponee.
Figure 13 obowx s calcuiati~ d tho free raponee with end
witbout dietortioo bed on Eq, (1S) with j- + 1. Wa havo
und the Ferrn+xe mxponxe, RPW ~ Rpo, and normalized by
dividing by Ntfy. In bdh curves Rfo b ●valuatd et approxi-
nmtoly one-third nuclear mmttw deauity. The mxin festure of
tbb calcuktion u thst tha distortion producu a long tail in w
which m not p-t in the pfaa>wave raponxe, The mxeon
for thic u clexr from Eq. (1S): the convolution in~el eprearb
tho plarwwxve raponce over mxay vxlua of ~ The eune ef-
fect U reOpomihk h tbe tail in tbt elxhlndel raponee. An
importultauequencea that in the regioa wham the plea-
wsve mxponee vaniebes, there u no contribution to the integrsi
if la- fil < ~{1, bec.aueo Rpo continua to vxnish et emaller
momentum trxtuferx. Thorefore, in the txil re@n tha momen-
tum trxnxfor oc the herd collicion u always ymetcr than the
●xternxl momentum tranefer. Thix can have s ixrgo effect on

the obxervxbbx if tho twAody amplitudes vuy rapidly with
increexing {.

Figure 14 xbowx calculation for the 290 MoV ‘Fe(p, +)
mactbn at 2& aloog with data for the complete eat of opin
ObXOWXbkXWhich were MCOlttiymecwed at TRIUMF. Tbeee
cdcttfxtiomc include the full epia-depeadeat dbtortion aad tbe
●ffect of RPA comlxtbnx, which em included by uoing the
interacting Fermi-Im model to ●valuate the plane wave m.
oporw We thembre refer to tbk u the dktorted.wave Fermi-
gu model (DWFG), The residuaf in~xctiom are auentially
the MUM u thoce wed in the CM modol.”$” Note that the
w-dependerta d the obeowxblu u fairly well pmdkted by tho
combirmtiott of optimml unplkudee xnd RPA meponee func-
tbnm Dotted Unee show raultc which Incorporate modific-
tiono of tbe NN urtplkuda due to the relativistic effective
mm m“, w propoeed by Howwits and lqbaf, ~e The optimal
amplitude were oveluated by sandwiching the mvuisnt Direr
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Figure 15: Ratio of longitudinal to traneveree ieovectoe epio
raaponee abng withdtt- from Ref. 32. The eolid Iino u the
infinite nuclear matter reeult, and the daehed end dottad lines
are calculated in the dwtorted-wave Fermi-g- model m da-
ecribed in the text.

amplitude between ●pinore with M m“ = 0.85m. Thie ef-
fect doea not lead to improved qgraementin every cxaa, but it
atIo@ movee the curv- in the right dirution.

In Figure 15 the DWFG modal ie used to Ac- the r-
tio of longitudinal to tranavern iaovector epin ~nee, which
h- been ● eubjact of Ioma controversy io the bat few years.
Theoretical rnodeb baaed on x + p exchange predict that at
moderate rmmentum trartsfeeethe reeiduai interaction should
bt mhatantia!ly dii?enmt in the longitudinal (a.~) and trana.
veree (u x ~) cbaonela.w In our calculations we uee the mrrM
residual interaction u given in Refe. 30,31. Fbrthermora we
include in theFarmi-gMroeponeeAN-1 ee well w NN-l ex-
citations M damibad in thaee references. Aa eeen in Fig. 15,
the lor@udind responee can be 2-10 tirnaM largeM tho
trarmveree reeponee in inllnita nuclear matter.Hcmuver, m
eemt by the dotted and dedmd Iinaain Fig 15, the *OCU ix
completely wdmd out by tho dbtortion. Tbk &act u mainly
due to the aheorptivo potential in the distortion, althou8h the
othor .ffacte in Eq. (1S) abo help reduce the rat@

The numaeioal reeulte obown hare havo for eimplicky e
ployad ●ither the dab or the FerrnLgea modol for the nuclaw
structure. It ebould be ●mphaiaed, however, that tho tach-
niqua are general and cart be 4 wi$h more eopbbtiiatad
atructue input if deeirad. k particular, the met’kod for in-
cludiog 3p-2h damping band on Eqo. (%11), and the &to@ed-
wave modal of tho continuum waponoe io Eq. (15) can be ap
plied to my veraion of tho plan-wave RPA maponae. One
need Otiy C&ld*tO tho pbD*W8V0 eupOOGUOn ● grid in f d?
w, and tbon perform the necueary convolution imegrel, m in
Eq. (9) or (16). It ie aloo ●my to merge the 2p2h damp
m4 and &tortad-wava ●thcte into on. odcuiation by ●pplybg
tho damping integral to tho reeponec f?~a before irtaerting it
inta $ J diatortioa integral. Whan thaa elhcts MOcombined,
tbo ruult ie ● simple yet comprehcnaivo modal for continuum
scattering, which iocludee the cpinde~.dent dieinetion of the
projectile, and the ●ffecti of RPA collations aod collisiortal
damping which deecribe tho etruck nucleon’s hi statehb
action.
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