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Abstract 

We have studied the processes A(e, e'y)X in nuclei, or incoherent bremsstrahlung, and 
determined cxpressiOllS for the cross seClion in terms of the same nuclear response 
functions R L' RT , which appear in inclusive electron scattering Ce, e') in nuclei. Calcula
tions of the cross seClions are carried out using a Fermi gas model, complemented by the 
Jocal·dellsity approximation, to evaluate Ihe response functions. We have carried out a sludy 
which shows thaI the reaction can be used to detennine reliably lhe response functions from 
experimcntal data. On the olher hand we bave compared the incoherent bremsstrahlung 
wilh the coherent one in order to st:e lhc limits to the lagging technique, which produces 
monochromatic photons based on the assumption of the dominance of the coherent process. 
We ObSCIVC that at energies E y < 1 GcY the dominance of the cohereot process extends lo 
relatively lnrge scatlcring angles, making the present technique completely safe. However, 
as the cncrgy of the electroll increases, the region of dominance of the coherent process is 
reduced to slU<lller seallning angles. These resulLs should be of use when extending the 
lagging technique to planned or future electron facilities. 

1. Introduction 

Ordinary bremsstrahlung (CB) in electron scattering from nuclei, Ag.<.(e, e'y) 
Ap -, is a coherent process from the nuclear point of view. The nucleus does not 
break and remains in ils ground state. Consequently all protons contribute coher
ently to Ihe amplitude and Ihe process shows a Z2 dependence. For low electron 
energies compared to typical nuclear excitation energies, this process is obviously 
lhe only one which can occur (0 produce a photon. 

However, as the energy of the electron increases, and becomes large compared 
to the nuclear excitation energies, Ihere is no problem in principle to transfer some 
encrgy to the nucleus al the same time that a photon is produced. This would lead 
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to nuclear excited levels or breakup in the continuum and it would constitute what 
we call here the incoherent bremsstrahlung (IB). 

There are two reasons which have Jed us to make a study of this process: 
0) The tagging technique to produce monochromatic photon beams assumes 

implicitly that aU the photons are produced in the CB. Hence, the energy of the 
photon is directly given by the difference of energies between the initial and final 
electron (neglecting a small nucleus recoil energy). Also the CB produces photons 
in a narrow beam along the direction of the e- momentum transfer. 

As the energy of the e - increases, the proportion of IB is bound to increase and 
at certain energies and certain kinematical conditions it can compete or even 
dominate over the coherent process. This sets the limits to the tagging technique, 
since if the incoherent process dominates we do no longer know the energy and 
direction of the photons. 

It is thus very useful for experimental purposes to know where these limits 
appear. 

(ii) In the study of the IB we find that the cross section can be written as a 
linear combination of the longitudinal and transverse response functions which 
appear in inclusive (e, e') experiments. The discrepancy of theoretical models with 
the longitudinal response function has been a constant in time, though many 
theoretical papers have been devoted to unraveling this puzzle. Recently some 
more wood has been added to the fire with the measurement at BATES of the 
response functions [I) which show a large discrepancy with previous determina
tions of the longitudinal response at Saclay [2] and would be in better agreemenl 
with standard calculations. 

In view of these large discrepancies with the same type of experiment, alterna· 
tive experiments which provide this information should be welcome. 

Although the cross sections in IB are of the order a with respect to those in the 
(e, e') experiments, one has the advantage that one can determine the two 

structure functions over a wide domain of (w, Iq I) without changing the energy of 
the initial electron beam, only playing with the energy and direction of the final 
electron and photon. This is not the case in the (e, e') experiments which require 
one to change the energy of the initial electron beam, with obvious experimental 
inconveniences and additional problems of calibration {3]. 

In this paper we compare the IB to the CB for different energies of the e
beam and different kinematical situations. On the other hand we investigate the 
optimal kinematical situations where, by means of two measurements of the cross 
sections, one can obtain two independent equations which determine WI- and WT 

with minimum errOL This should serve as a guideline for experiments trying to 
determine the response functions from IE. 

2. Coherent bremsstrahlung in nuclei 

The CB is a well-known process and a part of text books [4,51 The Feynrnan 
diagrams which contribute to the process are shown in Fig. L The cross section is 

given by 

with 

!q! = 

F(q) 

where F(q 
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Fig. I. Feynman diagrams for the cohereDt bremsstrahlung. 

~3Z2[F(q)12Ip-yllk'l [ 1 { ° 0[( ) 2]
=	 2p k' p'k +m 

21T2 1kllq14 (p-Y'k)2 Y j' 

-2k,OkO[(py 'k) +m2]_ 2(kO)2(p
y 
'k) + 2(p

y 
'k)(k' k') 

4-(Py' k')(py' k) + m 2 [(k" k) + (Py' k) - (P-y 'k')] - m } 

2+	 I? {2p~kO[(py ' k') _ m ] + 2k,OkO{(py ' k') - m2J 
(py'kT 

+2(k'O)\py .k') - 2(py · k')(k' k') - (Pi" k')(py' k) 

2 2 
+m [C k"k) + (py'k)- (py'k')] -m

4 
} + (py·k)(py·k') 

X [p~kO(k" k) + 2k,ok O(k" k) - p~k,o(k" k) _ (p~)2 m2 

2- (k' k'/' + m ( k'· k)J),	 (1) 

with 

k O = k'o +po
y' 

J q I = Ik - Py - k' I, 

F(q) = Jd3x p(x) e- iq . x ,	 (2) 

where F(q) is the nuclear fonn factor and the variables are specified in Fig. 1. 
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Lorentz covariance and gauge invariance allows one to write 

by means of which the cross section is given as 

d2 2a a 
= ;1. ~(' ) [2 sin2(tO)W, + coS

2(IO)W2]. (6)
dfloUI d EOUI 4Ejn Sill 28 

In a frame where the nucleus is at rest and l' is choSen along the z direction we 
have 

W,ij=Q (i+j) i,j=I,2,3. (7) 

Alternatively we can use the longitudinal ,md transverse response functions WI' 
WT as 

(8) 

and the cross section is written in terms of them as 

(9) 

with 

q2 = w 2 _ I q 12, 

a
2 cos208)dO" I 

dfl Moll 4E 2 sin 4(!8) ,,n 2 

(10) 

In order to obtam the hadronic (cosor W/~", we evaluate it for a Fermi sea of 
nucleons [8,9] but use the local-density approximation to determine it in finite 
nuclei. We find 

( ll) 
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Fig. 3. Self-energy Feynman diagram of the pholon corresponding to the excitation of a particle-hole 
pair-

where JI""" is the polarization tensor of the Fermi sea due to particle-hole 
excitation induced by an external photon, Fig. 3, 

-i11Il-"( q) 

d3 
'2 p n(p)[l-n(p+q)] v M M
 

=-/e f(21T)3 W+E(p)-E(P+q)+i"1 
Tr .wl-' E(p) E(p+q)'
 

( 12) 

where 

( 13) 

By evaluating the trace of .wI'-" and the imaginary part of II""" we obtain 

d3p n(p)[1 - n(p + q)} 
1m Ill'-v=-71"c 2!--J () ) o(w-E(p+q)+E(p)

(271") EpE(p+q 

2X [A 1(2PMP" + p""qV + tq V+ p"qll-) + A 2(2p + q)Il-(2p + q)"g /L 

+A3(2P+Q(2P+qf(Z- 2~2 )], (14) 

where 

A1== [Fre( q2) +Fif 
( q2)r + [Ft( q2) + Fi'( q2)]2, 

A 2 "" { - Ft(q2)Ffr(q2) - [Fr( q2)]2} + { - preq2)F;( q2) - [F;( q2)j} 

A 3""*{[FrC q2)]2+[F:(q2)]2). (15) 
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Particularizing for n Oo and un; and taking the approximations in s¥'I-'U
 

(16) 

we obtain finally 

q2 d 3 r KFI p I dip j 
WL=--2J--2j'\ I ()e(1-lcoS81)6(lq+pl-KF)7(Q),

Iq\ (2'lT) 0 q £ p
 

d3r KF I pi dip \
 
WT=J--2j I I ( ) e(l-Icos 81)<9(lq+pl-KF)%(q), (17)

(2'lT) 0 q E p 

with 

3K2 )2 ( 3K2) q2]
7(q)=A J [2( M+ 10; +2 M+ 10; w+ 2 

+A,[z( M+ ::;) +wr +A,[z(M+ ::;) +Wj'(2- 2:') 
(18) 

OUf approach improves over the Fenni sea approach using a fixed average 
momentum [9], and this procedure of using a Fermi sea, complemented by the 
local-density approximation, has proved very accurate in describing processes like 
fL - capture or v scattering in nuclei [10,11). 

In Fig. 4 we compare our results with experiment in 40Ca using the data of Refs, 
[1,2], We have also included the effect of the Q value for the nuclear breakup, by 
subtracting 12 MeV from the photon energy, which is the average excitation energy 
needed to create n 39Ca or p 39 K. As we can see, we get a reasonable description of 
RT (defined in terms of WT as RT = 2WT ) if one recalls that we do not consider 
iJ.h ex.citations, which fill the high-energy part of the spectrum. Our results for R L 
(in tenns of WL , R L = -( Iq 12 j q2)WJ are in disagreement with the data of Ref. 
[2], like the majority of the theoretical approaches, but much closer to those of 
Ref. [1]. 

In any case, the accuracy of the response functions is sufficiently good to make 
use of them in the study of the IB of the next section. 



Fig. 4. Response functions: CQmparison between experimental (I he "x" poiOls me from SATES am.llhe 
solid squares from Saclay) and our theorelical results. 
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The process we study now is ACe, e'y)X, which in the approximation of 
one-photon exchange is depicted in Fig. 5. 

4. Incoherent bremsstrahlung 
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Fig, 5. Feynman diagrams considered for the incoherent bremsslrdhlung. 

The cross section for this process is written as 

3m 2d'IU a 1k' I !p I 
-------- - ..." LJ-LVW 
diloul dEoul dfl y dEy 21T3 j k Iq4 ( 19)- j.<'" 

where Uj." is the same hadronic tensor as found in the fonner section and D.L V is 
the new leplonic tensor given by 

il" _ ~ [- , ( Py + II.' + m jL -A + JI. + m] ]
L - 2 L uAk) t, 2( 'k') /' +/' 

J.L 
_?( 'k) 1$ llr(k)

S,T,T' Py _ P y 

Py + It' + m -Jfi..." + I/. + m) ]
X ur(k) y" ( ') 1.+(( ( ) /''' llAk')[ ( 2 Py ' k -2 P

y 
' k 

[It + m1 ( Py + 11-' + m - 1Jy + II- + m )= - - Tr -- /' yl/. + /,/.L /'
2 2m p 2(p 'k') -2(py 'k) py 

J/; + m ( Py + It' + m - p + It + m ]]
X -- /''' /,p + /,p y y" (20)2m 2(py 'k') -2(p...,,'k) ' 

The explicit evaluation of the trace in Eq. (20) gives 

L'"v = 1 (Pl-'k" +p"kl'){(p 'k)2[(p . k') _ m 2 ]
2m2 (py ' k,)2(py' k / y y y y 

+(p y ' k')(p y ' k )(k· k')} + (k'Pok" + kIYk lt ) [ -m2(p...". k / 
IATES and (h~ 

-m 
2
(py. kf + (py ' k')(py' k )(2( k ' · k) + (Py' k) - (py ' k')]] 

+ (p~k'" + p;k'''){ (p...,,' kf[ (Py' k) + m2 ] 

- (py ' k')( P...,,' k)( k· k')} + 2k, ltk"'(py ' k')(py' k / 
Kimation of 

- 2k l.Lk 
V 

(py. kf(py' k) - 2p!;p;(py· k')(p-y . k )m2 



1 

526 A. Gil, E, Oscl / Nuclear PllYsics A580 (J994) 517-537 

+gl'''[ (py ' k')\ k'· k )m 2 
- (py ' k')'( Py ' k) + (py ' k')\ Py' k)m 2 

- (py ' k l )3m1. - (py ' Icfm4- 2(py · k')(py' k)(k' k,)2 

2 2
-2(py ' k')(py' k) (k' k') + 2(py ·k') (pr ' k )(k' k') 

+ 2( P')' 'k')( Py • k Yc k . k')m 2 + (py . k /( k'· k )m 2 
- (py , k')(py 'k)3 

+(py·k)3m2_(py·k')(py·k)2nz2_(py.k}2m4]). (21) 

And recalling Eq. (5) we can write 

d'lo all k' 11 Py I 
------ = 2 1. (W1C I + W2C2 ),

dnou1 dEoUI dny dE')' 21T2Iklq4(py'k') (p-rk) 

(22) 

Fig. 6. 
dCClror 

where C l and C2 are given by 

C 1 =2[(py ·k')(py· k)3  (py 'k)3 m 
2 +2(py 'k')(vy ' k)\k 'k') 

- ~(Py . k' )2( Py . k)( k . k') + (py • k l )3(py . k) + (p
y 

. k' fm 2 
AJten 

- (p . k )2( k . k') m 2 + 2( V . k')( P • k}( k . k') 2 y y y 

- (py ' k')\k' k')m 2 
- (py ' k')\py' k)m 2 -I- 2(py' k )2 m" 

+ (Py . k)\ Py . k')m 2 
- 4m2 

( Py .k')( Py . k) (k . k') + 2( Py .kfm"] , 

(23) 

C2= 2p~kO{ (py ' k )2[(py ' Ie') - m21 + (Py' k')(py' k)( k· k')} 

+ 2k,ok O[ -m 2 (py. k)2 _ m 2 ( Py ' k,)2 

+ (p • k')(p • k){2(k" k) + (p ' k) - (p ' k')}1y y y y 

+ 2 p~ k'o { ( p y . k')
2[(P'Y . k) + m 2] - (p y • k') ( py . k ) ( k . k') } 

+ 2( k'O)\py. k')( p ' k)2 - 2( kO)2( p ' kf( P ' k)y y y 

2 ? - 2(p~) (py ' k')(vy' k)m2 + (py ' kT(k" k)m 2 

- (p y ' kl)\py. k) + (P-y' k,)l(py. k )m? - (P-y' k,)3m 2 - (P-y' k,)2 mJ 

- 2( P • k')( P . k)( k . k
, )2 - 2( P • k')(p'!' . k )2( Ie -k')y y y 

2+ 2( P . k')\ P . k)( k . k') + 2( Py . k')( Py . k)( k . k') my y 

Th 
Ref. I 
scatte 

5. Re2 

Th 
('fen 
outgo 
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k - k' 
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z 

y 

x 

Fig. 6. Frame of reference in which lht: incoming electron i:> in the Z direclion and the outgoing 
eleclron is in tbe 2Y plane. 

(22) 

+ (py ' k )\k" k)m2 ~ (py ' k')(py' k)3 

1+ (py . k )3m 2- (py ' k')(py' k )2 m - (py ' k/m4. 

Alternatively we can write the cross section in temlS of WL and Wr as 

d\r a 3 1k' I IP Iy 

dflou, dEoUl dfl y dEy 211"2 1 k I q4(py. k')\py . k)2 

x[- q21WLC1+WT(- q22C2+CIJ]. (24)
jq I Iql 

The expressions which we obtain are formally equivalent to tho:;e obtained in 
Ref. [12] in the study of radiative corrections to elastic and inelastic ep and !LP 

scattering. 

5. Results for incoherent bremsstrahlung 

The calculations of this and the next sections are easily done in a frame of 
reference in which the incoming electron goes along the z direction and the 
outgoing electron is in the zy plane a:; shown in Fig. 6. 

Thus 

k=(O,O,lkl), 

k' = (0, Ik' I sinO, I k' I cos 8). (25) 

However, it is also useful to introduce a frame in which the momentum transfer 
k ~ k' goes along the z direction as in Fig. 7, where Py is the photon momentum. 
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z' 

y' 

x' 

Fig. 7. Frome of reference in wbicb the momentum transfer k - k' is in the z direclion and Py is the 
photon momentum. 

In this latter frame of reference the p"{ components are given as 

(Py) x = E"{ sin Oy cos <P y , 

(pJ y' = E-y sin fl.y sin </>y, 

(py)>.,=Ey cos (}y. (26) 

One passes from the first frame to the second frame through a rotation of angle 
f3 along the x axis such that 

1k 1- 1k' 1cos B 
cos~= , (27)

2!I k 12 + 1k' 1 - 21 k 1I k' I cos e 
and hence in the original frame the photon-momentum components are given by 

py(O) = Ey, 

py(l) = E
1' 

sin 8y cos tP y> 

p y(2) = E-y{cos ~ sin By sin cPy - sin (3 cos 8y ), 

P.rC3) = E'J'(sin ~ sin 9y sin <P y + cos /3 cos fJ y ). (28) 

In Figs. 8, 9, 10 we show some results for the IE cross section by fIxing the 
incoming and outgoing electron energies and the angular variables of the photon. 
The results are plotted as a function of the ee, e') scattering angle for different 
energies of the incoming electron and different angles of the photon Oy' 

We have DO experimental data to compare our results with. It would however, 
be interesting to have such measurements and check that they have the structUTe 
of Eq. (24), with all the nuclear information contained in the response functions 
WL' WT , the same one as in the (e, e') inclusive process. 

Our idea is to use this reaction as an alternative method to determine the 
response functions. In order to prove its adequacy for such purposes we imagine 

that 
calcu 
valuE 
the s 
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Fig. 8. I B cross section for ~uCa by fJJ<ing: E OUI = ~ E;nc' 4>y = 40" and 8y = 2". 

lwever, 
:ucture 
nctions that the experiment is done, that the results obtained are those which we 

calculaled and that we associate to them a certain experimental error. From the 
ne the values of the cross sections in two different kinematical situations, giving rise to 
nagine the same value of Iq I and w for the argument of the respouse functions, we obtain 

1
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o	 20 40 60 
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Fig. 9. IE cross section for 40Ca by [OOllg: Eoul = ~Ejnc' 4>y = 40" and By = 15". 

two independent equations which allow the determination of R L and RT wilh 
certain errors. 

We have searched pairs of kinematical situations which lead to maximally 
independent equations or, equivalently, which induce minimum errors in R L , R-r
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o 20 4,0 60 
8 (degrees) 

Fig. to. IB cross seClion for -Kl Ca by fixing: EO"' = 4£;"c, </Jy = 40" and By = 30". 

We have proceeded in the following way: we fix the initial electron energy and 
the angle cPy as specified in Fig. 7. Now for a given value of UJ and I q Iwe change 
the energy and the dispersion angle of the outgoing electron but in such a way as 
to minimize the errors induced in the determination of R L , R T . Following this 

j 

RT with 
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Table I 
E,nc ". 700 MeV' and! Q I 300 MeV 

'" (MeV) WL (MeV-I) b EWt (MeV-I) e H'r(MeV I)~ 

31.9 R.6xl0 2 O.7xIO 2 2.54·X 10 2 

41.9 0.126 0.011 3.65 X 10- 2 

51.9 0.153 0.013 4.40 X 10- 2 

6\.9 0.159 0.013 4.54 x 10- 2 

71.9 0.139 0.012 3.94 X 10- 2 

81.9 0.115 0.09 3.22xlO- 2 

91.9 8.8x 10- 2 0.7x 10- 2 2.45 x 10- 2 

101.9 6.!xlO-2 0.5x1O- 2 1.69 x 10- 2 

ElJIT (MeV- 1) < 

0.05x 10. 2 

O.l) X 10- 2 

0.09 X 10- 2 

O.16xIO· 2 

0.08 X 10- 2 

0.11 X 10- 2 

0.05 X 10- 2 

0.07x 10- 2 

'" (tv 

31.' 
41-' 
51.' 
61.' 
71.' 
81.' 
'II.' 

101.' 

• £;00: energy of the incoming electron.
 
b lVr.. WT : loogiludinal and transverse response functions.
 
C £Wr.. EWT : errors in the longitudinal and transverse response functions.
 

procedure we show in Table 1 the pairs of kinematical variahles chosen to 
determine WL , WT at Iq I = 300 MeV. For that purpose we take Einc = 700 MeV 
and cP = 40°. y 

With the pairs of kinematical situations specified in Table 1 and assuming 5% 
errors in the experimental measurements of the cross sections we obt<lin tne 
results for Wt , WT shown in Table 2, with errors specified in the table. 

We observe that the errors induced in WL arc of the order of 10% while thme 
induced in WT are of the order of 5% or less. As it is the case in the (e, e') 

experiments, the errors induced in the determination of RL are larger than those 
in tbc determination of RT . However, these errors can be placed under control 
with precise measurements of the cross section. 

Our choice of pairs of kinematic<ll situations to give maximally independent 
equations is not unique, many other pairs would give rise to similarly independent 
equations and it is not excluded that some other choice might even be better. 
However, one must be cautious in choosing the pairs of kinematical variables 
because there are many which lead to very largc errors in the determination of W l 

and WT . 

Table 2 
E = 700 MeV a and Iq I - 300 MeVmo ---------..,.----- 
w (MeV) E , (MeV) aou

31.9 140 
41.9 140 
51.9 130 
61.9 130 
71.9 120 
81.9 140 
91.9 130 

101,9 110 

.' f,',"" Eou,: energy of lhe incoming and outgoing electron. 
b 9 1, 02: scatterjog-e!eClron angles. 

8~ (d~g) 
'-_.. ---- 
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no 
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152 

Tab' 
Einc 

'" (~ 

31
41. 
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Table 3
 
700 MeV a and Iq I = 410 MeV
E inc = 

10- 2
 

LQ-!
 

IO- z
 

10-"
 
10- 1
 

10- 2
 

JO- 2
 

10- 1
 

w (MeV) WI. (MeV~') b EWL (MeV I) c 

31.9 
41.9 
51.9 
61.9 
71.9 
81.9 
91.9 

101.9 

2.5xlO-~ 

3.5 X JO- l 

4.5 x W- l 

5.4 X 10 -l
 
6.4 X lO-l 
7.4 x 10- 2
 

8.2 X lO-z 
8.3 X 10- 2
 

0.3xlO ~ 

0.4 X 10- 2
 

0.5 X 10- 2
 

0.6 X 10- 2
 

0.8 X10-) 
0.9 X 10-l 
0.9 x 10- 2
 

0.9 X 10- 2
 

1.39 X 10- 2
 

1.89x 10-2
 

2.40 x 10- 2
 

2.87XIO- 2
 

3.35 X 10- 2
 

3.86 x 10- 2
 

4.22 X10-l
 
4.22x 10- 2
 

0.03 X 10 .. 2
 

0.03 x 10-2
 

0.05 X lO-l
 
0.05xlO- l
 

0.06 X JO- 2
 

0.07 X 10- 2
 

0.07 X IO- l
 

0.07xlO- 2
 

a E1.<: energy of the incoming e1ecLron.
 
b WI" WT : longitudinal alld tns.nsverst< response functions.
 
( EWL , EW,: error in !he longitudinal and transverse response functions.
 

s chosen to 
Tablc 4
 

: ';= 700 MeV 
£i.<;=' 700 MeV a alld I q 1= 410 MeV 

lssuming 5% 
: obtain the 
e. 
while those 

1 the (e,e') 
r than those 
Ider control 

ill (MeV) E,,", (MeV)' Ii I (deg) 82 (deg) 

31.9 
41.9 
51.9 
91.9 
71.9 
81.9 
91.9 

101.9 

200
 
190
 
190
 
180
 
ISO
 
170
 
170
 
160
 

28
 
28
 
24
 
28
 
28
 
2S 
22
 
2S
 

158
 
170
 
160
 
170
 
158
 
170
 
158
 
170
 

ndependent 
ndcpendent 

be better. 
al variables 
'Ilion of Wl 

, Einc ' E"v': energy of the incoming and outgoing electron. 
b 8" 82: scattering-eleclron angles. 

In Tables 3 and 4 we show similar results as in Tables 1, 2 leading to the 
determination of the response functions at Iq I = 410 Mev' The relative errors are 
similar as in the case of the former tables. 

6. Comparison of coherent and incoherent bremsstrahlung 

In this section we compare the results of the CB and IB in order to see when 
the contribution of the IB becomes comparable or larger than the one from the 
CB, thus invalidating the assumptions made in the tagging technique. For this 
purpose we assume that the photon is emitted in the direction of the momentum 
transfer k - k' (the one which maximizes the CB) ilnd then look at the cross 
section as a function of the electron-dispersion angle. 

In Figs. 11, 12, 13 we have taken different energies of the incoming electron and
 
chosen the energy of the outgoing electron to be ~ of the electron energy. In the
 



I
 

I
 
534 

10~ 

103 

10~ 

10
1 

.,
 
10

0 

>
III 
~ ..4

VI '"' 
10-1 

"'.c 
2, 10-2 

C 
"0 
I1l 

10-a 
>"" C 

"Cl 
"' b 10-~ 

'"'''Cl 

10-6 

10-0 

10-7 

10-8 

A. Gil, E. Osel I Nuclear Physics A580 (1994) 517-537 

2 6 8 10 
9 (degrees) 

4 12 11 

Fig. 11. Comparison between IB and CB cmss sections for 40Ca by fixing: E;nc = 4000 MeV. E"ut = jE;"o' 
1>., = 40· and 01' ~ 0·. 

CB this forces Ey = ~Eine' but in the IE one must integrate over all possible 
energies of the photon (E =F- 0) since this is a free variable in this process. What y 

we observe in the figures is that at small e- dispersion angles the CB dominates 
over the IE but at larger angles the IB dominates the CB. We also observe that as 
the energy of the e- beam increases, the region of dominance of the CB over the 
lB is moved to smaller angles. For E ine energies around 20 GeV the region of 
dominance of CB over IE is limited to scattering angles smaller than 5°. Our 
results also show that for e- energies of the order of 1 GeV the dominance of the 
CB over the IB extents to relatively large angles of the scattering angle, thus 
making absolutely safe the tagging technique (0 obtain monochromatic photons as 
presently done. 
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7. Conclusion 

The study done in this paper has served two purposes. In the first place we have 
shown that the process of incoherent bremsstrahlung can be used as a source of 
information to extract the nuclear response functions. It is possible to measure the 
cross sections in different pairs of kinematical situations such that with two 
equations we detennine WT with relative errors typically of the order of the 
experimental one of the cross section, while WL can be detennined with relative 
errors of the order of double that amount. This is sufficiently good for accurate 
determinations of WL and WT . Given the large discrepancies in WL obtained in 
different experiments using the (e, e') reaction, the exploration of altemative 
methods like the one we propose here becomes advisable. 
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Fig. 12. Comparison between IB and CB cross sections for 40Ca by fixing: E = 10000 MeV,wc 

Eo", = ~Einc' <P y = 40° aDd (}-y ~ 0°. 
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Pig: 13. Comparison between IE and CB eross section, for 'tOea hy fi.\ing: Einc = 20000 MeV, tOI" ~ ~ 
Einc ' 4J~ ~ 400 anti fJ~ = 0°. 

On the other hand we have compared the coherent bremsstrahlung with the 
incoherent one in order to see the limits to the tagging technique which assumes 
absolute dominance of the coherent process. We observed that for energies of the 
present intermediate-energy-eleetron machines, E < 1 GeV, the CB dominatese 
the IB even at e - scattering angles bigger than 20°, making absolutely safe the 
tagging technique to produce mODoehromalie photon as currently done. However, 
as we increase the energy of the electron, the region of dominance of the en 
versus IE is reduced to smaller scattering angles. At energies of around 20 GeV 
this region is reduced to scattering angles smaller than SO. The present results 
should be of use to set the limits of the tagging technique in some of the planned 
or fu tu rc electron facili ties. 
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