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ABSTRACT 

He have measured the spectra of electrons scattered 

and 12c for invariant masses of the hadronic system 
-2 

GeV and four momentum transfers in the range 5 fm 

12 fm- 2 . He compared the shape of the spectra with 

from 6Li 

w 5 1. 5 
:: q2 5 

different 

nuclear models. The Fermi-gas model of the nucleus cannot 

reproduce the data. A shell model 11ith short-range correla­

tions fits the data 11~th a correlation paraMeter qc ::: 250 

HeC/c. From the absolute cross section the effective number 

of nucleons was derived for quasi-elastic scattering and 

found to be compatible with A, whereas the effective number 

of nucleons derived for the excitation of the 6(1236)-reso­

nance resulted to 0.6 A. 

"'""""~~··• '~"''-'"' ,.,.,,,,. ~.,,.,.,.,~ ""''""'" ,1 ~• '"" , '""'"""""""'"''"'"''I" 110 ''"''""""'' ,, "'""' '"'' >r '"'""'""""""' '"''"'"""""''"'""''""""'""'I'"·> ''"" '"""'""""''~''""'''''"'~"'"''I~''""""""""""''~ I '"' l.ll•mt11111'"'"'"' '"'""'il'''il1'o-IIT'1t1"1!!~•~1t111~i"~T11'1'"""~ 
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1. INTRODUCTION 

The scattering of high energy electrons from nucleons and 

nuclei has proven to be R powerful tool in the investigation 

of the structure of strongly interacting particles and nuc­

lei1 mainly due to the following three reasons: 

The interaction of electrons with the nuclear charge and 

current densities is well understoo~ and can be described 

in terms of quantum-electrodynamics. 

- The interaction is relatively ~reak and the one photon ex­

chanr;e is a r,ood approximation also for light nuclei 2 • 

- In contrast to the absorption of real photons it is possib-
. . . 2 

le to vary the four momentum transfer o_- and the energy 

transfer v independently (1~ith Ia! > v). 

Detailed and systematic data for the scattering of electrons 
' lj from Protons- and Neakl:r bound neutrons are noN available, 

therefore the ~uestion of the influence of nuclear matter on 

the structure of nucleons? can be attacked. For primary elec­

trons in the GeV-range there exist only data from a few expe­

riments 6 '7 ~rhich have been mainly analysed in terms of the 
. R 

Perml-gas model of the nucleus 

The aim of the present experiment on scRttering of electrons 

from 6Li and 12c was a threefold cine. From the measurement 

of the absolute value of the cross section in the region of 

quasi-elastic scattering we wanted to get information about 

the form factors of bound state nucleons. Secondly, we aimed 

to investigate the influence of nuclear matter on resonance 

excitation. Furthermore, from the shape of the spectra 1~e 

~ranted to get information on the momentum distribution of 

nucleons bound in 6Li and 12c. 

,,,........._.,orn~r'"'"'l""'l'"'""""~"""~ •'•"'"'' "'""'"" ,,.., ,.,,,,, ··•" '"'""'" "'-~'"~' '~·-"'w'-''"'"""''"'"'.,.'""•''"-'"'"" '"'""""'""''""'~' ''"'"" "'" '" ''""""''' '""'''"" "''"""' '"'"'"'"'''''"""""'~"'~t1111''1"r111'11~1~11'"''""""'"MII'U'111~111'11111ml II$ I i i jQ 4i 0 P A .,,rl 
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In chapter 2 a short description of the app:aratus is. given; 

in chapter 3 data reduction and corrections are discussed. 

The: llelxpe~d,me!i'llb!B-1: ·res lilts. ·~~~ pres,eXlted in ci:Lapter, 4 anO. com­

' p:a~eKl.l.i'il'l!i't;b a Feltlmi-:g~s mocl;e.1J,.. of the n;ucle.us: (.4 .1) as. we.ll as 

w:i:t1!ru the· s:he 11 m~del.•"nuc.l,~:~. wave funct;.ions , <:4, 2)
1

• l'(e also . 

compared our d:a.t:a witm fr1~e, electr<;>n-llli[Cleon, ,c,cross s~,qtion~ 

(4.3) and with deep inelastic electron scattering data from 
12 ·.c•" < ''·,· ,_,, . .. ' 'f: .. '"f .. !J: .• 

'' 

' ' 

' 
Thill f;/':P,ertJJ?.ent was w~rf~~!j!ed at D~SY ~amburg. A slowly ej ec-

ted electron beam was focussed on a 0.001! radiation length 
6 ' . 12 ' .. . . ... . ' ·'':: . ' ' ' '". . 

thick target of Li or ·c. The Li-target was enriched' to 

95,.6% 6rJi. Th~ inteJ;J~ity 9f the beam was monitored ~rith a 
' ,, _, . _, r , . :· , 1 .. 1 :: .: , . 1 -.:' -

1
-,- 1 :::··.'. :-·~-, 1 _1' : 1

,;:,_· 1·: 
1 
.... ,.· _1 

tqtallY,. f!.l;?Sorpin~ Farada:'f":~l;l-P and , a secondary-,emiss±bi! moni-
: . I. : "'. J· · · ·', -:'- '·I ,1 1 .. :1: :: ·. I -. :.!· r ''·1''1 :• . ::"'I_ I'', 1 ' •1"' [' ··:'·. ,I'• 

tor l)'i th an accuracy of ± 1%. The scattered eiectrons were de-
, ~. : I : :: '! : : ' ; . I ' ' ·: ' -:: l : : '" . •• " ! ~ • • • ' ' i :: :i' 1..1 . ' ! ' ' ''I' . ,. -! : ., ' ' 

tepteO. );rith a spect;r'\)lfleter which consipted of a bending mag-
• ; , I c )_.. " q,• ; ' ; I , ,-, 1 '·f 'I •, ;• •,I.· I" . ' 

n,e~ with ahomoge.n~o~s, ri7a-11, four wir~ ~pa,J;'k ch~mtiers with 

fe,r:dte-c91e reado~j;, and· ,:;;cintillation ~OU!)-ters, inc ~uding 

a shower counter. An addit{onal rerenkov counter was ~sed ~o 

test the pion background. This spec'trometer hast·be advantage 

of having a constant momentum acceptance of ±20%, which al-
• ' I • ; ~ ;. " : ~ : ! ' : • ;, ' ' ' ~ " '• ' •! ' ~ • ' ' '· 1 ' I ' : I : ' : ' ' ' ' 

lo)"ls to measure electron spectra from the qua,si-elas'tic oeak 
! ::. ! . :; ,. I : ;~ I ' :· ' I ' ' : • • ' ' .. 

up j;oi iJ:variant masses of 1tl = 1. 5 GeV with one s;ectrometer 

Sett;ir;g;~ rpe ,s~ectr?rneter ?SJVered a solid angle ;;f . 

0.69 x. 10-3sr. 

ger, the computer 

readout~system and the elec~ronic ~ounters 
' ' ·:· : I' ' ;: .·I .. l ' ' " l : ' : •, : . . ' ' ',' '! 

a PDC 1.700 computer. For each event-trig-
, J '': '··I ··l · 

calculated on-line the radi~s of c~rvature 

The spark chamber 
"' ' •"; .! ' i 

11ere connected to 
.. ''I ! 

of each particle passing through the spectrometer magnet. 

l1oreover, the shOI'rer spectrum and the enerr;y spectrum of the 

, .. 
. ,J 

'
1
'" ll'lltN...,.t'"''' I o· "''"!"'r ~'" "''' ~ Jl' I "'" ' "I 1 " 111 '''"I" 1""''0• ''I' " ' ' 1 ''PI'""1"' 1'! 1'' "I '"I" '1' " II ! '' 1!"1 '11'~ 1 1' 1r·•· ·•·•1 ~ '1'1 ~11'1"~" '!"" "'" ''' ' '' ' ' ' "'" '"'''' "" ' ' ,. .• ,., .... , """ ""'"'I~'"" "•o '"" ,.,,.,.,.,,,.,, 1"'1' ,,., n '''" · o •I• I I I' 1 II ,.,,,,., ,. 't"' • ,.,.,. ,, ,. ~· ,. 1, ,, 'l"''l'""l"'. 1 .. , "'''". '"'"l'llllll' II' 1 
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scattered electrons were calculated. Thus, the performance 

of the apparatus was continuously monitored during the run. 

The whole apparatus is described in detail in refs. 3, 9. 

The measurements for 6Li and 12c v;ere performed at different 

values of the kinematic parameters 1qhich are compiled in 

table 1. 

TABLE 1: Kinematic parameters of the experiment. 

E1 (GeV) ee 
2 

qqel (fm- 2) 2 
q1236 (fm-2 ) 

6Li 2.5 12° 6.6 5.6 

2.7 13. go 10.0 8.7 

2.7 15° 11.6 10.0 

12c 2.0 15° 6.6 5. lj 

2.5 15° 10.0 8.7 

2.7 15° 11.6 10.0 

3. DATA REDUCTIO!! AND CORRECTIONS 

Before computing the cross sections from the counting rate, 

each event was corrected for the momentum acceptance and the 

scattering angle. 

The momentum acceptance of the spectrometer is constant over 

a broad interval. Only in t!)e low. mome:ntu!ll. region of the 

spectrum the acceptance decreases. The corrections due to 

the momentum acceptance v;ere det.ermined from the data to be 

less than 30% with an error of ±2%. 
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Sin~e the scattering angle of each detected electron was mea­
sured, the angular depend~nce C>f the energy could be taken 
into account to improve the energy resolution of the spectro­
meter, yielding D.p/p = 1. 2% FWH!1 for th~ scattered electrons . 

. !' i ~-: :I : ' ,I 0 ' ' • 

Th~s resolut~on was tested by elast~c electron proton scatte-
ring3. The corrections due to pion backgrourld \iere less than 
0.5%. By reversing the field of the spectrometer magnet, a 
Dalitz-pair contamination of the data set was found to be 

less than 0.1%. 

He ·applied radiative corrections according to the method of 

.. !1o .<3.l'ld, ?:':;;ai 10 . In the case of 12c we have measured three 
electron spectra at the same electron scattering angle but 
at different primary energies, permitting us to perform a 
model independent unfolding of the measured cross sections. 

For. 6JA. the r?,diative corrections were applied to the theo­
retical cross sections to compare them directly with the mea­
sured points. The total systematic error is ±3% for the 6Li 
and ±5% for the 12c data points. This error was obtained by 
quadratic addition of the uncertainties from target thick­
ness, beam intensity, counter efficiencies, and, in the case 
of 12c, radiative corrections. 

The measured electron spectra for different kinematic para­

meters are presented in figs. 1 and 2 for 12c and in fig. 3 
for 6Li. A systematic error of ±3% is added quadratically to 
the statistical errors and incO.uded in the error bars. 

4. EXPER•IMENTAL RESULTS AND 'DISCUSSION 

Th · d · f 6L· d 12c t b 1 t d · e measure cross sect~ons or ~ an are a u a e ~n 

refs. 11 and 12 respectively. The electron spectra of figs. 

1, 2, and 3 show the prominent quasi-elastic peak and the 

... , ... ,., ,.., , . ., -~""'"'''"'~'''"'"" ""'"'""'"''""'''""'''" , .. , .... '" '"""' ", .. ,, '''""' """ .,. " .,,.,."'""I" 
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Peak of the first nucleon resonance. Coherent effects, i.e. 
~ ; ·::··:' :::,::: ; :>·~: : :.:;: ·~ ~.;''·.'>:! . ' . ' 

elastic electron scattering and level excitation, are negli-

gible for the q 2-region covered by the present experiment6 . 

4.1 Comparison of the data with the Fermi-Gas-Hodel 

In the one-photon exchange approximation, the hrofold diffe­

rential cross section for electron scattering on spin 1/2 

particles is usually given in the fbrm 

= (1) 

where cri1ott is the 'l()tt cross secti()n, ee is the electron 

scattering angle, w1 and w2: are thei st:ruc.tu're functiQ"ns of':. 

the nucleons, q 2 is the squar;~d fq1J;r ll)omegt;flm transr~r, and 

v = E1 - E3 
is the energy transfer to the hadronic system.,, 

In the case of the simple Fet:mi-ga's model of the nucleus, 

rloniz has computed the structure functions 1•11 and H2 for the 
. : : • 1 : 1 : , · ·· I i ' r · • ,. , .~ · ~ ''I ·' ' • :· · , ,· : . · ., ... : · · · . , 

quasi-elastic peak and for the eiec·troexc~ta:t:LOn of the 
B ,. . , 

first nucleon ro.sonance . 

In this model the width of th~ quasi-e'l'astib cr'oss s1ection 

is directly proportional 'to :the ra'rame 1t'er k~, the tria:'*:triium ., 

nuclear Fermi-momentum. Fitting the prediction of the Fermi­

gas model for the quasi-elast:j,c peak,to our,t2c data we ob­

tain the value k~ = (191±5) tleV/c; This is ~bout 15% smaller 
l' 

than the results from measurements at lower four momentum 

transfers 1'i. 

Honiz treats the first resonance as a s,table particle. In or­

der to take into account the finite width of the resonance, 

11e have folded a relativistic Breit-Higner shape I(Vl) into 

--·-···~-..~""""'""''"''"' ... ,.,..,,., "' ........... '"'''""'""" · ""''""'"'''" ~· '"~··~""'"' · "'""" ...... , ....... ~,, .. ,,~ ..... , . .,tii~~ .. ·~"""""''''I11""1'"'"'UI~Ir~'trmlt1!liiJI111Jlll"'l'tf!tl~~llliJ1!111ft'111f1'1'4~Hiif!IN II fii 111• ililiii.ii 1114'1 f~l110iiii4i*IP Ill' ••' 
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th~ i-e~sori~i16e ·cross section14 : 
1', ,., !''! 'j I 

'' I', 'T; "f' 

I(W) 

(loJ-H"')2 + 
? r·- (W) 

4 

(2) = 

with 

r (H) = (3) 

,. invariant mass of the hadronic system 

"' r-1 · = ·'1'236' He'!: invariant mass of the resonance 

m = 134· ·!1eV:' n\~ss 6f the pion 
1!, 

"' p
11 

momentum of the decay pion in the rest frame 

or th~ resonance. 

The npr-ll'r1sop!l'JJ:t pa,ck~~ql.!nd. an~ );h
1
e contrit:!t.i(ipr p~ the se­

cond resonance were assumed to show the same behaviour as 
' . .., " . ' ' ' ':T ~:" '. " ' ,... ' •. I 

shocm ·b~r":"free nucleons, since c<Dherent processes are necli­

gible,.,at four momentum transfers of about 8 fm- 2 . To fit the 
·,• ·· ·_ · •· ' l ·' ' II' .:: r· · · ·. '"" 1 ·:1rl I -: :•·· !' · 

nop-rrrso.rip.nt backgrouryd, the roilowine:, polY/)PIJ\iat. ,;~as used 

.; 
• : (4) 

V<here the square root term (W-Wth) 112 takes into account the 

behaviour of the production ·prGeess at the pion threshold. 

'N=3 gives< :a·::s~fficient fit anlii ,bai'\ been \1.1'\ed ·for the analy­

sis.J(!!:f-r..a:JJI! sp•ectr-a. 

'"'"'"~"'""''"'"'''' ..,., .• , "'''"''","'I',,,., .. "''' """'l'l't'" ,,~, .. - .• ,.,,, ,..,,.,, ti"P l"'l'l'tlt" •T'I'' ' .. ,,., """' ' ',. "'''IH"' .,,, "1''"' •·t• ' 1 ' 0 "' 1 ' 1 ''"'' 1 ~.;,i~,;~~-~~li•il~-~~~~~~ 11'1111111111111111'1 ''IIIII 1!1 I' I 1111! II I'll' 1111111'11'11111'1~11111111'1 111111MI"1'"" ''1!'11'1' 1111111' •llll'~ll'll~ll'"l'llll'lll'l'lli'll~ ~I'"''''"' "'111"1~~11 11~'1 '1111 
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The quasi-elastic contribution crde'l~': tl1E( pef??rl,a~c,1 Q.,:i,.,s~ri]f.u­

tion cr 1236 , anQ. the non-resonan~1 -,q,of.!,t,r>ib
1
1,tt;ion,,,cr

1
rit"ers ·~.ere 

fitted to the measured cross sect~on ,f:Gom, ~,2c :, 

= 
- 1/2 (5) 

The parameters A, B, and ai (i=il\''3) ·weJ?e deteFmined by the· 

fit. Fig. 1 shows that the simPle 'Ferm:l:i'ptas• model: of !the nuc­

leus gives only a very crude des·dripti&n: of: tn:e shape of the 

spectrum. Even the relative contributii0·l'l of' re·il'ortamt: and non­

resonant electron scattering cannotrrbe · determiiie!d with suf­

ficient accuracy. The errors of 'tll.e ''Parameters B and ·ai, as 

determined by the fit, are of the order of 100%. 

4.2 Comparison with Shell-~lodel Calculations 
. ! ; ] :~ '' i 

To compare our data with realistic' nUclear. wave· functions.,: 

we have calculated the quasi-ela1sti'c co·htr'ilibuti0·nr: cr '' i ii:Dy: 
, . . . qe 

integrating the threefold diffeii?'el1·t'ia1' .cr08'S'''sect:iorr · over• 

the angle of the recoil proton. ""' U' "f ~.,: '! I . I "!I :o' 

' ' i I ' I . i 

Assuming the impulse approximation, Devanathan15 has shown 

that the momentum oistribution P(p) of the bound state nuc­

leons can be factorized. Thus, ,1fhi.s "e~~e,sent,a~,i0n of .,yhe: 

cross section has the advantage of being,independent bf a 

special nuclear model. 

It is convenient to start with su!ch nu.b>te~r Wa:v~ :functions 

which describe the low energy' nil'el'e'ar 'data::~ · 'I\He•refore·; we 

used 1~oods-Saxon shell model wa've f!unc:trionS''a!l1d 

V(r) = [ ( ra-R)lJ. -1 V 
0 

1 + exp (6) 
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to 'ca'lClhate the cross section. 'l'he 

were 'd€!te:l!mined ~ro1H the se~:ar'a!fl!dn 

to elastic electron' 'sdatter'ing16; 

To take into account the short distance effects in the nuc-
:, I· . "• I'· ., : I; I'' ' i 

leus, we also used shell model'' wave funeti'ons whicn were mo-
dified by short range nucleon-nucleon correlations. These 

correlatiens ·were, int:r1oduced into tlne in(iepe:nd·ent ]:1article 
1:' · · '·•· 1 :, • '·· ·: , , ·I .. 1,,-. :. , , 

model! by means .of the ,Jastnow ;rnethod 1 ~,~:Ad P,?,Ij~metrized, by 
a defiin:i.te momentum q

0
,. wh],c.h is, ,!jXCh!j.ng~d b~tl!.leen, ,-y.wo other­

wise :independent:ky ll)oving njcl~l~ons 1 ~ ,, 1 IJ!! t,.h~se .c;a,lc~l1!-tio:ns 
offt..,shelil effects were negl!'Hlted,, 1and iiM ele:ctJ?qmagretic 
form fac;ters o.f free nucleons ·Weilile· used,.·~ ,·., 

; i 

For the electroproduction of pions in the region of the first 
nucleon resonance the model .of Gutbrod and Simon19 has been 

proven to fit tl:le dat~ fpr :t;:ree'' prot!'?:~s }, and 1,, f8F··./t~:li!t:l!ons 4 
~ · .. ,. · ... ... • .... ·•· .... .. · · · · · , ... "" , ... ,. .. ·- · • ., .. , .. ·· .. .. .. · ...... ,., ., """' . ... .., .. "'"" . - ., ... ., ........ ;, .. ·!' ,II .. , ... 

in the kinematic region of this e:xJperiinent. This mbdel in-

cludes ··J?esonal'l!t •a!'!9i ,,npn-resP!!"'an1f· 1 contp~bJ4t:l,.!Jns111 . A,s~!flll\~R,g the 

impulse appJ?bX,i~t;i(!m, 1~e )1ci,!'{e f~~~d13d, tljle ,Ciiflij?~t/:• ~~e~t,i~~ 1 01:!>. 

for free· nucleons,, accpfdrir~g:~;: t•<!) i: ~he !11~·@,€!·~ ~~pf 11 G~t~r?.~, '1:*9-: 1 

Simon, with the mome~tum dis:f:ii'1i)1> 1~t:iion• P:(~2 ),, 0f tp.e; ~ufi:),ePrr.'? 
bound in the nucleus 0 : 

', i':"\. 

1 · ..... , ::·;~.:.: ::· 1 1. :r !: , ,.:,, :1· • · .: · * 
j do . dE dQ 

d,J\7 ·:cri,r.:+ ..• ·. '·""'ct'.·l) ,,e,.,,,('E'I"'.·"·E· *,,, )" .... , ·3.· ..... e = p2•:.,p2''""''('P2 · :*: "',, 1~"3'"'e "dE ··a:n-
, ' 1 1 . ,,, " . , · " , ,, d,~, .dE!% · 

1

,, ,,· ••. • , , 3 e 
'• · "", ,f '·. ,,, 1,·.',. le"·'"''l') I ,I 

,.,. (7) 

The ki:nemat i~, :va!t'•:i.ab::l,:~:~ i~, , 1~1"\e 1 ;t•iE:'s:~, i?.ii'::·~t;~tm ~rf ~~~~·, yji.rget nuc-
-+ 

le0.n ,are. c)nara~t!'lr!,zfE!d lilY, ?i:!'\
1 
a,~,t~iJ:1:i,sk,,,,, By l (p 2 ) JV:e: ·~!ake P-nto 

account the depe,l;l<iien.:()'e: 0f t:ihe vil"(t;ual: pl[w,toJi1 ,. f~u4 OJ?. the 
Fermi momentum of the target nucleons. 

' ' '!ft 
1"1 "~~'ll'l'1 1 1fl' ""''II ''P' I''" I"' I'' I' ~" '1"1 11 ""I 'I' '" .,, "I''''""~'" ' "Ill'" I'' "''" "' r 'II.., Ill "I •11'~ I''"' "I"'' ~I'T ''11'"!1111 "I 'l'l"''' t •ro• '"II II' l1 111 I'' I''""'" '"', 111 lt!''l' II' • • """'" "' •II """", 'l"""l''l'"' lft"""l I' • on 11 ••, '""" "'"'" 1 1 , , •r• '"'II 'II .,, ll~l' "". ft 'II '"I If'" """''I' "" "' , "" 

'''""""" 
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... 
To derive the momentum distribution.s P (p 2) of t~e bound,,sta,~ 

te nucleons, the same nuclear wave functions ~rere used as in ., r , .... ·• ,,. 

the case of quasi-elastic scattering. 

The contribution of the 

ted by a resonance of a 

1520 '•leY. 

second resonanc~ a 1520 :w:as 

Brei t-Wie;ner .shape, loca,teq 

approxima-
, .. ,. .. " 

at W = 

. I 

':!'he sum of the quasi-elastic contrioutipn,crqel' tJ:t~ contri7 

but ion cr 12 :'\fi for the electroproduction 0f P,ion~,. in the ,.re-; 

gion of the first nucleon resonance,. anO. cr 1 '52'0 of \tte S,~f:ond 

reso~~nce were fitted to the measured cross sec;~ions of Li 

and C targets: 

= (8) 

, ,I I 

The parameters A, B, and C were determined by the fit. A set 

of five different nuclear wave functidns was used to· fit the 

data: a pure shell model 1~ave function without· short range· 

nucleon-nucleon correlations (qc=O) atid four wa~e functions 

Nith different correlation parameters: (c;c = 200·; 250, •[500·, ·! 

350 1le" I c) . As demonstrated by figs. 2 and 'i, the formi of·. · 

t"'P ~~~Ctr~ 0.f f)T,i :1.;".r4 
1 ?.c CA.n b~ rt?'l")rOd.UCed quite Satisfac-

torily with a short range nucleon-nuCleon correlation para~ 

neter qc = 2'50 ''e'l/c. The x 2 per degree of freedom is about 

1 for this choice of the correlation parameter. The wave 

function without correlations (qc=O) gives per degree of 

freedom a x 2 ~ u 

The different contributions to the total cross, section have 

a reasonable shape. Curve (a) in figs. 2 and 3 shows that 

realistic nuclear wave functions 

total width as well as the tails 

contribution in 

are able to repro~uce.the. 

of the quasi-elastic peak, 

the region of the 4(1236) Furthermore, the 

resonance (curve b)), according to the model of. Gutorod and 

---... ~ .. "'-"""''''''"""""''"''"'"'""'"'''"'"'''"'''"'""'"''''"''''"''''"'''" 
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s'iinbn,' Is. in good a:'gre'em~nt 1 '~:i.th' tne s'h.ai:>e'ol' tne' measured ·· 
1beb'it;~~':' I. 

:; ' 

l\s in quite different experiments, e.p;. the absorption of 
. ~'i1cink. <~~·rd. <'Uf;r) -rleacFioii~~ whiidl'l' ar'~ ·&li:So 's!!l'Jsi·l)iv~ to ef'"" 

I ,! ·:· 'rl'l .,i·,:• "I 'I'"'" "I·' • · • · jj I' "I '· • •'" ,. 21 fects' .a't smia:JT nucie611'-nu~1eon· atl'l>tiariees· ",'' wi:! 1ha'V'e als1o 
found the best ap;reement with our data using nuclea!r' \~ave 
functions 1qith a .correlation parame.ter q

0 
" 250-300 ~~eV/c. 

'l'fii's'' ~ci~efal 'a~t~nciemkht of re\~uits' d.l!!ir:iHi'eid 1lflborrf dlf!r€n>e·tit ek­
nefi~J~~s se~in~ to 1sho\q the:i!•·:orHil ·~aih'' !a:PP'I-oHlrlalted;he shdrt 
~~~d~~· c~~r~lta.tiorts by tHe' melih~+it'utn 'e~c'rlahr;e'''b!r 'a'dt>Ut 250 
,;AI, I c1 tJ~~een the riudleorts; ; I . ,, t. . " 

4.3 .,.,. 
electrpn-nuc le·pn cro::;:o s~:e(tion 

.. 
. ' ')": ,. {':, 

I 

' 
· :From.'tihe as:su11nption of· t·t~ie .±m!li:Ll!:s:e :~P.>,~11':C?iJCl!l!lf.t,~o;n,, ;one e:llj-
neo.ts'lthat · t.he ,nuclear or<Dss:· se.,CJl1;ion ,f!i),I!': 0:\.!~s'~-e,:J,~.l>t~c sc~t­

tePirig: 'irhd for the L\(~2)~~-:~<§ci1;?,j;ion;i:fj• giver1. l:pf, );be .. :j.pco-;­
hevei'it st1m of •the Qo.rrespen<li~li!Pi ppot(i)r;t 1 anci.:J!leU~r.OI;l eros~ 
se&tirons·. 

; ~ 

; i '' 

,,, ' 

'7' • '+'' to·· . ·• .... ·1"1.· 't'~: ,",1 •:·;-~l·qr u.:..'"~,,.,- .. ·. nro on· ··· · · n~u.ron 
= • 

in t1·ro nli!';"ltl;r different nethorl.s from that used to fit the 
~~~~~~~s\•kbtibn's'(ct.' h.2). ''F6r''r,I)l w~'ihteri;'Patecl tl'le 1il'h()le · 
nu'il'1s1i le'iliJ::~tl.c~ c1o!rrtr15.1)uHoh ahci' ·fii viaetf it ·'by the sum · o:t:: the 
,;:•:··.::: .. ;_e;,,,, 1t""'" ·::·G:c s's· se'''IL·~ ,.,,.f'""''n''cl.•·:"-··•· 'a·.~,···'."'· '"'.··. '"e·u·.·t~.···o~.· .. s· .. , a'ssu·~ .. -,osenu.LU·. ,, cro., rcc:CLon·o·. ·? :·,o~ons ""' " ,, •.•. , 
,:i':o:,f.:·:r :: ::''.:! i'o·i'll••:' I 'I' ;1 1'f": .-·~ '· •l"i..,·~l_ 'I"'' ;22·· "'' m:J.nr::a sca:l:J.nr:;'la\~, a·d:J.pole· r·1'l"o,' 1 and' •· G,.W''= O. ·In the! s•ame 

I' ,· ::·· ·~: I I :\. ,.:,1 '! ". " .. , .. , : ot•! : -~ .,, .,;,_-!: ' ••' "'I .,ol ' · .. '~ , •" ~!a:r ·we ~ nt er,r·a:t ed tne · c d'1tr ~'btit'~o·n '·or t111e t.l (::t2 3 6')'+'!>eso:ri!a·nce 
:lib td' 1lh1 ~rbitrar:l13r 'C:hbseh '''lfa~ue' or: H '=' 1.'4'6 .IGeV.<FiDn 1:2·C• 

-
11
'"'f'II"""''Mii 1 ~1"'1"'~ "'~l~t~r-~"V11'•!~ 1 1'1'nll 1ll"~ll~~~l'lf1~nori"A!~ n 11111 !llll'i'r~' "ll "~III 1"11111•'"11'"T'' "1 ' '111'1 '''''~1~1 1 '~1~"11 In' I' "I' Ill n'll 1 11~1 PI 11''"11!,.1'1111 ""I Ill !IW'I'III'IIII'I I' 'Ill' '01 I r•- 1'111 1111 r ''"''""''I Ill 'I I !Ill' ru• I 'I' 'I'' 11"1 'II 'l'l'' ,ll''"lll' 'I"' II II 'I· '~Ill 'I • ·u- rl• lll'll""lllll II'P 1 'I 'Ill 'I'll• ill''l'n 'l'l"lll' 1 ,.,,, ' 1 11 • 11111111 I 
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the normalized theoreti~al distributions for 6 protons and 6 

neutrons were added artd fitted to the radiatively corrected 

experimental points. The nucleus to nucleons-ratios are then 

given by the weight parameters A and B of formula 8 which 

were determined by the fit. These two methods are consistent 

1~i thin a few percent. 

The denendence of our yield ratios for quasi-elastic scatte­

ring 

Z•cr + N•o 
el,p el,n 

upon the squared four momentum transfer q~el are presented 

in fig. 4. In the evaluation ci
2 

1 is taken to be the maximum 
', . : qe 

of the quasi-elastic peak. 'The error bars include statisti-
" ' ' ' 

cal errors, systematical errors, and an estimated uncertain-

ty from the nuclear mo~ei, ~~ialiy ±(A-14~). 

In fi~. 5 our yield ratios are nrcisented for the A(1236)-ex­

ci~ation oV"'ifi/(Z•cr + :·l•o ) 'on- \,i and 12c. In this case 
-- p ,1 til ' 2 ' 

the squared four I:lomen'tum transfer q1236 is taken at the ma-

x~---~.:-, s:' ..... ·-.,..... :--:-: .. ":'-::-~:--.c·:. -:-:("'_~:...::. I- c.~.~:.:.:.~- ~,...., ............. .------- ~w ,..,... ~ 

auasi-elastic case an error due to the back~round uncertain-

tv ~;:'ls be"7-n i;;clurl.o?.d. ~"'"~he total e!"':-ors ah0u;:t to ±(10-15%). 

In reference to the auasi-elastic process (fiG. 4), our 6ti 

and 12s data at s1 = ::<s and E1 = '· 7 Ge·· shm·r -sa:isfactor·! 
. ' 1? ~ 4 

agreement 1nth the -c data from Stanfield et al. ~ at 1- GeV 

which were obtained bv ~~aphicai inte~ration over their qua­

si-elas':;ic distributions and division by the Rosenbluth cross 

sections; the errors are estimaterl to be ± ( 5-18%). 

~he reneral trend is that the ratios are compatible with 1 

d t 4 ~ ~ f ~ 1~ ~ - 2 '~ 11 2 
ovm o momencur:l crans~ers o :o - ,, ~m . ''" sma er qqel 

,. , .. ,,, ,.,, .• , .. , •• .,,. .,~ ... ,.,., .. ,.,., •• ~.,.., . .,,., "'"'"'"""~·•••• .,, -"''"" ,,, ,.,.,,.,.~, , .•. ,. ..... ., .... , ,.,,,.,,~ .,.,., .. , ,.,,., •• ,., .... ,,.., • .,.,,.,,.,.,.,.,.,..,.,,, ... ~,.,....,..,....,........,...,,""'""....,....' o 4 i hi II 
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a r:eduction in the nuclear cross E;ec:ti·o:n arises compared 
~1ith t·he sum of the free nucleon !Q'ontr,i'butiol'l!S. 

The 6Li data of 'l'itov and Stepula7 •CIIt '!E'!i " 1..18 .QeV were de­
rived hy a qui t1e. different met· hod oft alil~llJ!•Sis., Their ratios 
are about o. 7<; over the whole q 2-region ·amd. slla,ow .no decrease 
at smaller four momentum transfers. 

On the other hand, the 12c cross sections at lower primary 
enerr,ies given by Dementii et a1. 24 are equal to the sum of 
the free nucleon cross sections and decrease only at low 
four momentum transfers. 

!\ possible explanation of the yield ratio reduction at low 2 , , ' ! I 
1 

), '','tl'' I"·'.'' !•: '-'j I' 

oael is r,i ven b:.1 the Pauli eJ{clusiqn lJI"il(ciPle. If the three 
. ' l::! II -I' '·•·· 1 .. :t:•'' ; I 

momentum transfer to a nucleon inside the nucleus 1muld be 
''" •'I ''I ' 'I 

so small that there is no phase space 'avaiiable for. there-
- :: .... ·· · · · ·:, · :· ::• r ::· .:: r·1 ·· ·· ... ··: ,, · · · 

coilinr; nucleon (in terms of the Fermi-gas !llOdel, the recoil : • , .. :·: ' .. , "J'• ·:::•· 1'". ::. ··J.I" I ' ' • 

momentum would lie inside the Fermi sphere) then no quasi-
elastic scattering process can occur. This effect has been 

• ' ' ' , ., 'I .•. ' 

simulated by a ~·1pnte-Carfo:-methpd (qotted c\l):'Ve in fig. 4) 
for 6Li, assumi~g, a momentuin 'd,i~.t~:ibiut·iQn ... froifii' a smJiJ. 'l!lodel 

· · i·. 1 ':! ··"· ::~ ::· ·: :! ~ ' r 1 r •1· ·11
1

1::,. ~~~ :~ . •· • 1..,;:1 ,: ,. -·:· i I: :' ,,.!, 

'<Tit'1 correlations (qc = 250 Me~r/c) a~ ,describ~d ir1~i~6tion 
4.2. The dashed curve has been tak.en from a calculation of 

2) 12 '''· 2 · I '1 I.e '. '"' •''.I 
Be:onaheu - .for C. The decrease at low q re:he•cts again 
the Pauli exclusion effects • 

. ~ coMpletely different pieture is indicated by the yield ra­
tios in th~ region of the t>(1236)-resonance (fig. 5). Our 
data for 6r.i and 12c stay at a c'onstant value o:t 0.64 in the 

' '·. . ' ,, ... ,..~ . ~· 
fou:ot:mor~<?ntum t~':J_nsfer rep;i?n5.fm- ,s 9. S 11.fm-2 ,- whereas 
the ''Li data of T.i tov ann Stepula 7, ba:sed on a different me­
thod of evalu<ttion, give a ~~l~e of ~bout 0. 8 i~ thi's kine­
natic region. 

II 
1 11 

.. '1' '"'""'' .,,,, -' .,, ~"' ~1 
.... ,~ '"" ""~""'" ''"" 1

' """ "'"""'''"'" '11' (I 1 1 II''~ l"m 1"11 I'll I!!' l~'~l"ll"l'lrlllll 1 Ill 111!11111 "10' ,. Ill II' II" I 'l!llrt~l'~lll'l'l 1 1ilr" "'111 '1111 II "I II' IIII~~~'!W'I~IIII"'~~~ !lll!lll'mllllllll ' Pi II'" !IIIII"'I"'IIIIIIIIIIII'OII'O' lllil!lll 1~11~ II ~ ll'lll~"~ II"~"!'! I I'll I'O ""'""'""''" ~·· " , "" I 'I tl'lll'lll ' 
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If one takes int·o account the Pauli, pr,inciple for the recoi-
,., :· I._,. - . :·; 

ling nucleon from the ll(1236)-decay (cf': the quasi-elastic 

case), a rough estimate in our kin~maJ:t~ region yields a 

cross section reduction of only a f:E!W p~rcent, 

A possible explanation for the red!!,ction of the yield ratio 
i , , · I •. I, • ! ·I i • • . , ,': i: ,.'~! ' ' -- ' '' 

is the modification of the impulse appr,qxi]11,?~~or due to the 

excitation of resonance states in the nucleus 5 This cross 

section correction can have a considerable value (an order 

of magnitude estimate is -50%) 26 
f(:lr 

6Li and 12c in our ki­

nematic region. 

Dover and Lemmer27 considered resonant pion-nucleus sca.tte­

ring and obtained a quenching of the effective pion-nucleon 

coupling constant in a nuclear. rned:i,um, frdl!i 1-rhich in the ca-
•• J. J " 

se of electroproduction of the ll(1236)-resonance a reduction 

of the yield ratio is obtained, Besides this, off-shell ef­

fects on the nuclear transition form.factors may be of im­

portance. 

A modification of the Gell-Mann-Goldbet'ge!!'~Thirring sum rule 

for real photons by v.Jeise 28 predicts a value of 

= 

in the resonance region. This .yields Aeff/ A = 0. 65 for 6Li 

and 0.55 for 12c, vrhich, within the error bars are consis­

tent vrith our data, although the reduction of the cross sec-
.,. 

tion for virtual photons is expected to be less. 
' 

', I· 
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11,4 Duality and S'um'Rules :,,1 :I ::l,lt I. 1.::· 
1 

··[ ' Ill ', I" : I ' I, :~ ' ::· 

Another'aspect'o:f these'liata in the;res6naii\~e ifleg!itGin is their 
connect ion to the deep :i'i'le las tit! e iec'tr6rl:: sb'!ttterili.g. 

' ! . : ,., :. ·"I•".!. I :• 

In the deep inelastit: i>eg1bn 
shoNs · ~c~Iing 1Jeh'aViOur' 1

' 

tliE! st:ruc•ti:t~e "ra-hre~ion '1,112 (q 2 
'v) 

' ,'I : 't 1: :.: f·:' ~ ,. '} i' ,hi 
' ' 

(9) 

~ ! 

2M:v arid M'' is tile I 1 d , ljh maJ:s:!5::.~ I> .:• w = q_:2 
nu le 

i 
• I !:: 

' 
, , ,, 'I ·: ·~ 

(10) 

:'' i ,!:, i1 ' 

The relation bet14eeh the scaling: :f1•unctiG>n• R;;ll19
1

) .q,~d the struc­
ture function w2 (q2 ,v) in the resonance region has,been ~is­
cussed by various authors 29. We refer here to the duality hy-

'· th ' . i 'f ., . tt' '"' "' 'd ,.., ". ' t' . 30 h " . . th po es s o :,l- · en"er:g idn r:U'"i.l'!rr.'l• :el:n· , -~'' ,<f, 'i''('lfll'l;tY110J,C)· 1 · e sum 
rule I ' 

~ 

r(~ W ( ) 'W" V ? q ,v 

" ul 

'. 

'"• "•, 

= 

';' :. '1: '' 

() 

',.,I' 

·-,;, ::· ~.2;!!' II_. :. ·i~ 31 .1: G•etr?." I, , (!, 

''<l: 2' -' · 0.li2''G·e·;r•?J·r · · 

2 for straight lines in the q -v-plane. This sum rule holds 

(11) 

(12) 

. 20 for electron scatterin~ on hydro~en and deuterlum in the 
kinenatic region of this experiment. 

11111 
'' •l~l~•·~•· '~"•Tr1· ... ,, · "'''l'l'""f •rw "''"'l'''t~··~·•• •• '1 ·~·•r1 ' II' I"'' '"""'1' I' "'""' .,. I' llll""l''~·r• tllf't 1111111 r"" 1'11'11 'II'''""'" rlt'll'l"'" !"" r ~,,, •. '" rl''r' '" ''I"~' 1 t'lml""" ,.,,~ ..,,,.,,.," "1111 r•"~r"l'"1'~'' ·~1"1111'~1!"1~ ''Ill,!' 'I""~,~,"'~" 1 , .. ,.,,.,., , 

' 1 ' '' ' ' ' ' ' '" •'' • ,.,.,.,., "!' I" II~ II'' 
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To compute the scaling function F2 (w") for 12q 1~e hav~ 2,U,?,ed 
the data of ref. 31 in the kinematic region whe're w2 (q ·; v) . 

shows scaling behaviour for free nucleons. For 6Li no data 

in the deep inelastic region were ava{iab~~. F~6~ the data· 

of ref. 31 however, F2 (t0) can only be 'derived approximately, 

The hatched region in fig. 6 shows the interval into which 

the data of the scaling function fail; Tr\e compariSon o:f the 

resonance data of the present experiment'' vlith' the•' st!•aling 

function derived from ref. 31 shot-1s that· the Ritteneerr;-' 

Rubinstein sum rule also holds for 12 c·. · 



- 16 -

ACKN0\1/LEDGEMENT 

r , ,,. 1,;' f 

lve wi§h to ~hank. tm~ dir~ctqr~ or ?~:t; .. i!J.s~~ tvFons for the 
encou~agement of this experim~nt. 

. 'I. 
vie. are pplig,E!<!-1 ,to J:;it)>e s)mchrq1~r~p..1 g~ovp~ the hall-service 
groap:.a)'lqa,l,lltj:lei tech,ry~.eal goul(~ •... ft~;DESf' .for j;heir excel­
lent S.UPIJl:G>rt o,f this experim7pt1., Thf,,,,f-~;;i~tar:~e ,of Ing. H. 
Sindt in constructing, 'tes,tip.g; 1 a11d .C.?-r,rYing out the experi­
ment is gratefully acknowledged. 

This work was supported by the Bundesministerium fur For­
schung und Technologie. 

'"' 
1
' 'Ito"'"'~·"~"'""!''!''''"'~' ~.,,.~I"''' "l"'llllll llllll'll' 1 1 !i"'' 1 1 ~!!'11!'1!1111111!"111nlll~ 1 f11f1111"1 ~~~ t•rr·l" 11~1" )11111~!111' 'lll!ll~"!lr~ ttr~llllr11111111111'111 II 11!1 ~lr'"f'll~~~~~~~l' II'"II~'~~~~"'~'I'"'''Jir'II"I"'M llll~rll'~m~~~··t!l'i1"111 ""'rfll"'l"llliiii~'IO"' o "ll'"l '"''' 0 'liM 'It "Ill' 'I' Oil'' n II' I' 1 '' ·r~r ·'I • o 11 I ,.1, I'OI!'II'I !11111111111111111~· I 



- 17 -

"l.EFERENCES 

1. G. Jakob, T.A.J. Maris 

Nucl. Phys . .21. (1962) 139 

2 • J B1 k S -- t . ' F 11 'i 1i '"' • ec wenn, . liar vng, '· uem Cm, 

~1. Kobber1ing, J. Noritz, K.H.Schmidt, 

Verhand1 D P G (VI) 9, 186 (1974). 

G.Huber,· E.Rossle, 

D. Wegener, D. Zeller 

3. S.Ga1ster, G.Hartw:t.g, H.K1'ein, J.Horitz, K.H.Schmidt 

H. Schmidt-Parzefa11, D. Wep;ener, J. Blecl{wenn 

Phys. Rev. 95 (197~) S1o 

4. J. Bleckwenn, H. Klein, J. '·'oritz, K.H. Schmidt, D. Wer;ener 

Nucl. Phys. B33 (1971) 475 

M. Kobberling, J. Moritz, K.H. Schmidt, D. Wegener, 

D. Zeller, J. Blecln•Ienn, F.H. Heimlich 

Kernforschungszentrum Karlsruhe, 11eport KFK 1822 

(June 1073) 

S. G.F. BroNn 

Comments Nuclear ?article Ph:•s. l (1969) 1\R ?..nd 

l (1969) 78 

6. K.C. Stanfield, C.'\. Canizares, H.T.. F?..issler, F.f·'· Pipkin 

Phvs. '\ev. ~". (1'"1711 1ilil8 

7. Yu.I. 7itov, E.Y. ~tepula, rJ.G. AfanaR~V, ~.~T. nkhmerov, 

TT' • ~··· • p·~ ~h 17 (107?) 1'"'"2 
v.i{ralnwe.ll - l.oo ···"" - . . . ·, ,, . 

Yu.I. ~itov, E.,r. Stenula 

Yadern. Fiz. 1S (1~72) h40 

(Sov. J. ·:ucl. Phys. 15 (1972) 361) 

Sr>verin, 1.". Smelov 

. ..,_,-,. .. .,....,,~, .. ., ,, .. ,~,.,~,.,, '' ,,,,.." ,,,,,.,.,.,,,.,.,,,,, "'""" '"'"''' '""~ '"""""'"''""' '"' ""'"' ""''"'"""'"0•~•t""''"'"""f"~'""""'~''l'll1"'''~1'"'"'''"""'r!l""'!fi'!'I'I1!""""'"'P'i
flll~"'lllllltl ... l!lf,l'l!'!'"~'"llW.1¥1!'1 if If jljli4fif~I"'IUIIIW\H~iMM ji I I i if IIIIi F~-r'"llll"il 1111~ .. 1 if'M$ I j!iltillll"*l-.....,""'' 



- 18 -

8. E.J. !1oniz 

Phys. Bev. 184 (1969) 1154 

9. S. Galster, G. Hartwig, H. Klein, J, 11Gr:i,t1z,::K,H.-, Schmidt, 
W. Schmidt-Parzefall, H. Schopper, D. Wegener 
Nucl, Instr. T,H?th. 76, (1969) >i3.7 ; ,, , 

10. L.W. Mo, Y.S. Tsai 

:\Rev. Hod. Phys. ~~1. (1,969) 205 

11. F.H. Heimlich 

Thesis Freiburg 1973 and 
DESY, Internal Report F23-73/1 

12. D .. Zeller 

Thesis Karlsrul)e 19.73 and 
DESY, Internal Beport F2o-73/2 

' 

; I ;I: 

:'1 
13. E.J. '·1oniz, I.Sick, R.R.VJhitney, J.R.Ficenec, R.D.Kephart, 

Phys. Rev. Lett. ?.§_ (1971) 445 W.P .• Trower. 

14. l•!. Gourcl;in ,, 
1
P ., Sal,in 

Huovo Cimento 27 (:1C1'i'l) 1t1'1 

R.H. Di'ilitz; D.G. Sutherland 
Phys. Rev. 146 (1966) 1180 

15. H. Heise 

flucl. Phys. A193 (1972) 'i25 

V. Devanathan 

Ann. Phys. (N.Y.) 1+3 (10'57) 741 

16, L.R.B. Elton, A. Swift 
Nucl. Phys. nq!! (1967) 'i2 

'I :: 

llll'l!llll~ilt!IH,~I'I'' 1'''' 1"'11' t•l"'l"'~'\1 1'~'''~ 11'11..,""" 1'"1" '"1'1'1 '"1'"'''1''"'"""""""' I'"',., 111'1''"1011'fl ''I' f ~I 'I' 1''~ 1 ~1'' IN""~'''I''II 1''''1'"'' 11""1"1~' 1''1' ,.,, ... , rr 111 ,., "1 '' r''l'!'l' r "11~"''1 "!'" !''' • !''-I '"'"~"'I' 111'""!'1l!ir~''l"'l"ll"'l'rr•'!'1~'"''1''1"1"1'' '1"'"1 '1''1 ,.,. '""r'"''' 11 ""''"ll''l''""'l ''I"! 11 1111111•111 
li 



,., "*' 

- 19 -

17. R. Jastrow I " •' vi: I 

Phys. Rev. 98 (1955) 1479 "···::1 ;! ;"' " 

t I : : ~ ' " ' ,, ,; 

18. B. Blum 

Thesis Erlangen 1972 
•::·t ':"'·:": I' :w 

-· 19. F. Gutbrvd., '-'• U..LlllU lJ. 1''1:::: ' _:, "',1,1.': j':' I:'' ! 
., 

Nuovo Cimento 51A (1972) 602 

: ·"'.'I I< 

20. ••. K5bberling 

Thesis Karlsruhe 1073 and 

DESY, Internal neport F2o-73/o 

21. H. Heise ··:: ,, I '' 

Phys. Lett. 38B (1972) 301 '!' 

Phvs. '\ev. Lett. 23 (1<lliC)) '1"i"4 
• 

'1 r 

L.E. Hright, S.T. Tuan, M.G. Huher· 

Lett. al Nuovo Cimento I (1970) 253 
',' I. 

K. Chung, M. Danos, M.G. Huber 

Phys. Lett. 29B (1969) 26') 

. ,·,·: 

!': i'!'; 

) I' 

. ':: 

22. s. Jalster, H. Klein, J. '1oritz, l\.H. Schmidt, 

'J. 1.1Te~ener, J. Rleck'~renn 

nucl. P!ws. Bo2 (1<"l71) ~21 

2~. J. RArnabeu 

•:ucl. Phvs. P,IJ'J (1"72) 1SF 

I. 

24. S.V. ryementii, II.G. Afanasev, I.l1. Arkatov, V.G. Vlasenko, 

'T.A. Goldshtein, F:.L .• Kuplennikov 

Yad. Fiz. 2 (19~9) 241 

(Sov. ,T. Nucl. Phys. q (10h')) 142) 

; ....... ,..,.""'"'"'-"'''""'" "'''"'""""'''"'"' ,,, ., '"""""'' '''1'1111110'1 ''"' '"''""'' ... , I "I,,,,,,.,,, .. ,.,,,,,,.,,, ~,., ... ,,,,,,,,op""''"'"'''"''"''~''"'''"''~'" ''~lllllm'''"'~''"''liii!III''I'~QIII!fll rm•'l'!~f'r''l ~''"i"''l"'I1411M1~11fllllr ·~,.~~~ 'fF"W~1f 'T"'''~!!~t '1!¥"T IIIII ~·f"'· ~ '"" 1.1"' 

•. I. ; ' ' :), ,, I ' 

' ' ':1 ~; : ' j ,, ! I II!:: ! i I ! 



- 20 -

25. 11'f.L. Goldberger, K.r1. Watson '. 
Collision 'I'heory ' t 

(J. Wiley and Sons, Inc., New York, 1964), p. 687 

26. 0.I. Julius 

1Jaresbury Nuc l. Phys. Lab. DNPJJR20 (1972) and 
private communication 

· 2 7. r;. B. Dover, '\. !1. Lemmer 

Phys. ~ev. C7 (1973) 2312 

28. H. Heise 

,. I' 

, ., I 

Proceedings of the International nonference on Photo­
nuclear '"l.eactions and Applications, 
Asilomar, 1973, p. 95 

29. E.D. Bloom, F.J. Gilman 
Phys. 1\ev. Lett • .?2_ (1'170) 1140. 

)0. v littenberg, :LR. 'l.ubinstein 
Phys. Lett. )51' (1'l71) c;n 

'11. D.~. Andrews 

?~~sis Cornell University 1~72 

·.! 

. i, 

I''' 

1
'
1 

' Ml'l~ 1 ~~-· ,,. ' "I' l''lt'1'' 'I~ '""''T~I '""~" '1"'~'''1'"1 f" "''"lr"•ll'"'' ' " 1 """ ,,. ""I'H·•r• '"" 01' '' I ' '""' '"I'" I "l'l'"'llttjl IIIII" "I" ''Ill' I' 1• ""'• II "P ot ' "!'I "~"'!!' 'I "'"Ill' '1'1 " · "' l'lllll''l~" I'll II ,.,., ll'"llll'l~lll'll "I~""''"' ''IT 'T'I"'' "'I'"'"""'"""~'"""~ '"" ' " " "' "' , "" •, ''' '"", ,., " "' ,,, ' '""' 1 1 "~'"'' • • 



.......,~·-·· ~~.,.,..,._ -~---... ··- "" .. ' 

- 21 -

FIGCRE CAPTIONS ,.·< ' 

Fig. 1 Double differential cros,s septi,on :(.'or 12c(e,e'), de­

pending on the energy E3 
of the scattereq, electrons. 

E1 = 2. o Ge'!, e e = 15°, squared four momentum trans-

f t 
. . . 2 0 f -2 

er on he quas~-elast~c m\):f;~mum qqel = 10. · m 

a. quasi-elastic contribution CI'ef. 8) 
,., 

b. t-(1236)-contribution (ref. '8~ 

' 
c .. second resonance and bapl<groupd ~ 

d. sum of the theoretical curves, 

The momentum distribution of nucleons is given by 

the Fermi-gas model with kp= 191 i'1eV/c. 

Fig. 2 Same parameter as in fig. 1. 

a. quasi-elastic contrib.uti,.o,J;l. (ref. 15) 
' ,,.1 

b. t-(1236)-contribution (ref. 19) 

c. second resonance and background 

d. sum of the theoretical curves. 

A shell model including short...:'range nucleon-nucleon 

correlations is used. The co.rre'1ation parameter was 

q = 250 T·1eV /c. 
c 

Fig. 3 Double differential cross section for 6Li(e,e'), de­

pending on the energy E3 of the scattered electrons. 
0 2 -2 

E1 = 2.7 GeV, ee = 13.8 , qqel = 10.0 fm 

a. quasi-elastic contribution (ref. 15) 

b. t-(1236)-contribution (ref. 19) 

c. second resonance and background 

d. sum of the theoretical curves a.-c., which are 

folded with radiative corrections . 
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e. sum of the theoretical curves l•Tith()ut radiative 
effects. 

The nuclear model is the same as the one used in 
fig. 2. 

Ratio of the quasi-elastic yfeld for 6Li and 12c to 
the sum of the "l.osenbluth1cross,sections of the pro-

.. • I , i'' 

tons and neutrons, dependin.g on the squared four mo-'''2 . . I "I 'I,.' . . . ' 
mentum transfer q 1. The dotted curve is a f·lonte­qe 6 
Carlo calculation for Li tjkih~ ihto:account the 
Pauli principle, the dashed curve is a calculation 

12 for C (ref. 21). 

Fi~. 5 Ratio of the 6(123~)-resonance vield for 6Li and 12 c 
over the sum of the free nucleon cross section (in­
ter;rated over the /\(1236)-resonance), dependinr; on 
the squared four momentum tr3:nsf"r a:t the !\(1236)­
peak. 

Pi~. 6 The structure function wlw" v w2 for 12c(e,e') in 
the resonance rer;ion (this e:xperiment) compared with 
the scali:ng function,calcul<~jted from deep inelastic 
data (ref. 31) . 
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RATIO O'"nucteus/ (Z· Oproton+N ·crneutron),QUASIELASTIC PEAK 
I 6 Li,this experiment ! 12C,this experiment 

? 0 Li, TITOV and STEPULA7 ?12C,usingthe data of STANFIELD et at.
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