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The ,,'1'0",5 sE'ction (01' el",<.>tic electron-proton ::3t:<>ttel'-

in tne foul' mOFienturn tr"nsfer
-2 .

JJ) to 40 f 8 t elec trof ~'i:" t tel' 1 Ylt!'

'-4 0 t "~C" 0 I.'

t)':;Jen m'?", sured
2

q

fror.

f\ Dolyet.hylen tqrge:. w.,s used in the intern",} oe...,rn of

the D':?utsches ilektronen Synr:hrotron "'t H"mhurg. Elee­

tron-fJroton l'otn~:idence:::; were observed by using two

qu'>drupol spectrometers. In contr"'st to single "r~

~e"s~rements the sep",r.,tion of el~stic ~nd inel""s:ic

events is "'chieved nere rTI">inly by defining the direc­

tions of s=.,ttered electrons .,nd ~ecoil protons, where­

RS the mo~entum qn~ly~is is only used qS .,n ,,>ddition~l

me.,ns to redu~e the o~ckground. In the present coinci-

Y'<>thel' limited by the qccessible ",ngles of electrons

"';-ld IJrotons. ';'he two qu"'drupole "pectrornetel's qre de ­

si gneci tobe used ei thel' sep'" r", te ly 1'01' single '" ,')11

r l e '" s~..l Y' e!'TI e n t s wi t h '" 1 i 0. u i r) hy ci r () 1:: e n t '" r ~ e tor 0 nein

coincidence with R differenti">l Cerenl{ov p::-otor: (;oun­

tel' ">t sm",ll ">ngl':?s.

:..)1' 7'}le CH2-t3.rget 8Y'e "()'J.ghIy.onsiste'lt wl th .::'esults

~:.,lC'ulqteC: ~'l'orl know:l f'orrr, f?"'c..-::.Jr::-,.



Th(:: ':oinciderwe ~rr~ngerr.(:nt i S 3t!own in t'igu;'e 1.

, :2 mr.i high , ce, rrm lang ;lolye r .r:ylen tal"'cel. '1J~0 exposed

to E t'lux of <>hout 3.10 10 ele-:::tlon::; 0er hur~;:- ui' the

looses nydrogen. The hydrocen 10'3S n<>:::3 oeen me"lsured

a:-; a l'ur:clion of the intet:r~l lrY'~cji~tion monitored
+)oy 8 quant~meter

Al'ter some hours an a sy:npto ti c lass of )(; % Wa s rea ehed.

In figure 2 the coincidence r<>te oi' electcon-hydrogen

sc~tter1ng is shown versus the collected ch~rge of the

monitor.

For same I'uns the "'pp~r~tus w~s only <>djusr.eti wi th "ln

irr~ai"lted t~rget, out ~he data collecLion w"'s done

wlth a l'recc;h one.

~ caroon t::Jrget w"'s used to correct (or the electron

C8roon scattering. For the singles r"lte this contriou­

t10n w",s roughly 70 %of the tot"ll r"lte <>nd W"lS reduced

to less th<>n 10 % by c'oir:cidence n:e<>SJrements.

t)) Spectrometer

'1'',-W spectrometer:3 wi th qu<>drupoles, v<>C'uurT.c!1<>;nbers, coun­

terb",nks ",nd 9 Cerenkov counter In :he electron "'rrn 1s

""rrqnged on two c""rTl<>t,e~j, wi:o~je ~n[le., .'iere '/iewed oy

., TV t t 1- '( 0::Je..., ns 0.l.3 camerg <> ccur<> e ,0 C'.l .

~ype Qe!:?) with ",n iron mirror ol<>te. ;'oth qU"ldrupoles

+)"\ chen.ic<>l "'n<>lysis of the t<>rge1 iS not reli~f)le
since the hydrobcn losc-o io:' 'e,t 1,,1 fOrT: O'iCl" ~hc volume.
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Are focussing vertic~lly.

The useful solid 8ngle of 5.60 mster for coincidence

me~surements was defined by the electron arm .

Fron ~he tot~l aperture 26 % were sh~dowed by a cen­

tr~l leAd plug. The apertures, defined by lead col ­

lim~tors ~t the entrance of eAch qu~drupole were chos­

en smAll enough ~o thAt no elAstically sCAttered pAr­

t:cle hits the pole faces. This w~s checked by flo~t-

. +) ++:
ing Wlre meAsurements ' .

The scintill8tion counter bAnk is shown in figure 1.

BecAuse of field qberrAtions the scintillAtors ~re de­

vided in the defocussing plAne of the qUAdrupoles into

two strAight sections in order to fit the imAge line
++)

~s determined from flOAting wire- or~ me~surements

+++). EACh section is in opticAI contRct with a S6 AVP

tube. To compensAte for the vAriAtion of momentum with

the sCAttering angle across the speetrometer aperture

the counter banks were tilted.

With respect to the effects mentioned Above the sein ­

tillAtors (NE J02 n) were sufficiently oversized, so

thAt they do not limit the Acceptance of the spectrome­

ters in any position. The counter b~nk WgS AdjustAble

~lso in verticAl direction remotely from the counting

room.

The momentum resolution of the electron spectrometer AS

meAsured with Rn ~ -source Po 210, 1s +++)

2.4 % hAlfwidth with one of the 4 momentum deflning coun­
co~nters 2 x 20 rnm 2 ,

" I I the two split counters in ~ distAn­
ce of 12.1:) cm.

In figure 3 the resolutions curves from the sCAttering

experiment Are shown for A mornentum defining counter

+)E.G~nszAuge,DESYBer. F21-3, HAmburg
++)H.Hultschig,DESY Ger. F21-2, H~mburg

+++)H.J.3ehrend,DESY Ber. F21-1, HRmburg

24-9-64
'J-7-EJ.+

12-5-64
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~nd the spIll counters with qnd withoJt. the proton coin­

eidence.

For the proton arm a mornentum resolution of atout 30 %
WAS sufficient.

c) Cerenkov Counter

To separate contributions from pions a O.~ m long thres­

hold Cerenkov counter with agAs fliling of Frigen 13
(CF3Cl) Rt mAximAl 9 Atmospheres WRS used. The optical

system consists of 5 sphericAl mirrors whieh eoncentrAte

the Cerenkov radiAtion on five 56 UVP tubes in opticRl

contA c t wi th qw:~rtz glA ss wi ndows in the tAnk. The speri­

eRI mirrors were mAnufActured oy pressing lucite Rnd co­

ver it with A thin Aluminium lAyer, cORted for protee ­

tlon with qU8rtz +). The efficiency of tne Cerenkov coun­

ter At Apressure of 9 Atmospheres W8S ne~r 100 % AS

shown in figure 7. The effieiency WRS meRsured with And

without using the Cerenkov counter in the coincidence

logie. To compRre with the meAsured points,two curves

Are plotted. They Are cAlcul~ted for Lwo different num­

bers of photoelectrons produced ~y CerenKov radiation,

which 1s proportionAl to the gAS pressure P.

~ block diAgrAm of the electronics 1s shown in figure 4.
The 3 nsec rise time of the photo tuoe pulses WRS not

worsened Appreciably by using 150 m of transfer cRbles,

_)/~ fl thick. The time resolution W;:jS 13 nsec h<>lfwidth.

The RverAge pulse height produced oy minimum ionizing

pRrticles WAS About 0.7 Volt. During t~e run the pulse-

..J-)
S. G~dster, G. HRrtwig i - Beri eh t ü ue:~ el nen Schwe llen-
Cerenkov-Zähler. (to be published)
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height spectrum of e~ch counter w~s cyclically checked.

RRndom coincidences between the two spectrometers as

me~sured with a 30 nsec delny or p time to pulse helght

';on'"erte~, ""e~''3 kept below h,-lO %. ':;'or single ",rm me~-

suremen~s r~ndoms ~ere qlso registered.

, 2
gram/em64.4==

li~li t.

XH2
in the complste screening

The incident electrons producing bremsstr~hlung in the

t~rget (0.0095 r~diAtion length) were mon:tored by a

13 pl~te, Argon filled qUAnt~meter +). The density of

CH2 WAS determined ~s 0.95 grAm/cm~ and 8 r8di~tion

length of XCH = ~O.O grAm/cm 2 w~s used. The l~tter
. 2 2

W8S derlved from X . = 4~.7 gr~m/cm
c~roon -

+)R p W'l,.... 1 son
++)K.W.Chen

Nucl.lnstr.-"!nd Meth. 1. 101 (1957)
Hprvard Univ., Cyclotro~ L~boratory
InternAl Memor~ndum d~ted 1-9-63
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3) CALIBRnTIONS AND TESTS

a) Incident Energy

Since there WAS no ex~ct calibr~tion of the synchrotron,

the incident energy W8S determined fro~ the a~gles of

the recoil protons and the scattered electrons.

As Rn eXRmple the variRtion of the coincidence rate with

the proton angle ~ at a fixed electron ~ngle is shown

in figure 5. The angles were accurate to ± 0.07 0
.

Both Angles, weighted by the cross section across the

spectrometer accept~nce, were used to calculAte the pri­

mAry energy to better than ~ 1.2 %.
For the low energies (1-2 BeV) used in these measurements

the spill stArted around 0.7 msec before ~~ = 0 with

~ durAtion of about 0.3 msec. In addi~ion a shift of ty­

pically ± 0.1 msec during the run was observed.

Both induced a spread of ± O.il % of the incident energy,

which WAS included in the uncertainty of the fourmomen­

turn trRnsfer.

b) Solid Angle

During the dsta collection the solid angle of the coin­

cidence RppRr~tus w~s defined by the electron Rrffi only.

Ta check this, the aperture of the proton spectrometer

WAS vAried. The coincidence rRte versus vertic91 And ho­

rizontRl slit position is plotted in figure 6. The bre~ks

~n the curve 6R) Arise from the shRpe of the spectro~eter

ppertures, which Rre drRwn für this CAse in a su~-figure.

There the electron Aperture is projected with respect to

kinemRtics into the direcGion of the proton AcceptRnce.



- 8 -

c) Counter Efficiency ~nd Dead Time

The system WAS operated so, that all counters,except for

the slat counters,hAd approximAtely 100 %efficiency. This

w~s checkcri by observing the pulse height spectra or ris­

ing the discrimin~tor levels by 6 db. A good test comes

also from meRsuring the incrcase in the counting rate ,

when AlternAtingly eRch counter WAS tAken out of the logic.

BecAuse of the coincidence Arrangement this method WAS ~l­

so ApplicAble to the Cerenkov counter At low incident ener­

g1es. For all tests no effect WAS found within a statisti­

cAl error of less thAn ± 3%. The effic1ency of the Ceren­

kov counter as a function of the gAS pressure is shown

in figure 7.

Electronic dead time effects were checked firstly by re­

ducing the incident electron flux by a factor of 5 And

secondly the deAd time of eAch discriminAtor WAS increAsed

by a factor of 6. Both methods showed no chAnge in the

counting rAte within an error of ± 3%.

d) Momentum AcceptAnce

The resolution curve of the OR coincidence rAte AS plot ted

in figure 3, shows A smAll flAt top. To proof thAt the mo­

mentum acceptance covers All elasticAlly scattered elec­

trons, the momentum resolution of the electron-spectrome­

ter WAS changed from 5% to About 30% by adding the split

counter rAte. Thereby advAntage WAS tAken of the coinciden­

ce method AS the inelAstic contributions were negligible.

nfter subtraction of the cArbon background for both momen­

turn AcceptAnces the coincidence rAte WAS equal within a

stAtistical error of typicAlly 3%. A correction of 3% only

was applied for the different rAdiative corrections, since

phAse space accepted by this coincidence ~PPArAture WAS

defined essentiAlly by the proton solid angle And not by

the momentum resolution of the electron spectrometer.
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4) RESULTS

The prelimin~ry cross sections obt~ined oy coincidence

me~surements At incident energies from 0.9 to 1.0 BeV

At sCRttering Rngles 540 to 740 Rre listed in lRble I

And plotted in figure ö.
For comp~rison two eurves Rre drRwn eonstructed from

CE~ +) And Cornell ++) form fActor fits. n summRry of

correctlon fActor~ QPplied on the d~ta and the systemA­

tieAl errors involved in the experiment Are listed in

t~ble 11 ~nd 111 respectively. The r8diAtive corree ­

tions Qre c~lculAted for coincidence me~surements tAking

into Account the speciRl PQr~meters of the qpPArAtus+++~

In figure 9 the electromRgnetic formfactors were ex ­

tr~cted, assuming Gr. = GM/2.79 +), or by c')mbining with

other formfactors +;)

~) FURTHER MEnSUREMENTS

For meQsurements at higher energies 8 liquid hydrogen

tArget is under construction.

Till now the region of q2 WRS limited tJy the Angles of

ooth of the spectrometers (electron Angle 54 0 to 1450
;

proton Angle 31 0 to 90 0
). For coincidence work Qt higher

momentum trAnsfer a differentiAl gAS Cerenkov counter

will be used to detect the recoil protons in extreme

forwQrd directions. also one of the speetrometers will

be furnished with a shower counter for single arm
o 0meAsurements At electron 8ngle~~ fr'orn 30 to 90 .

~~~0~~~~~~~~0~~_: The authors wish to thank Drs. J.Bu­

cher, U.Meyer-Berkhout, H.Pingel ~nd K.Steffen for help

8nd discussions in the eRrlier phases of the experiment.

+)W.Chen et .,1.,
++)M.W.Kirson, J.S.Levinger

+++)KohAupt

Phys.Rev.Letters 13,631 (1964)
(Preprint)
privRte eommunic8tion
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E1ectron Proton Scattering Cross Section

'} r ·-2- o ~ rpo EoLBeV]
du 10-32

0~'i' -J ~ dn- L

... >J: r- ::4.2 41 .35 1.14 O. (32 :0.01 +)..L'_) • L

13.:3 54 .1 41.3 1.1~ 0.31 2:0.02

18.9 54 .1 41.2 1.160 0.78 -t0.02

19. 4 54 .2 40·9 1.16 0.72 ±0.01

19·5 73.0 33.3 0.96 0·30 :-0.02

19.9 73.') 33·35 0.97 0.29 ~0.01

<'::3. 4 64.9 35·1 1.16 o . 227"2=0 .00 r:-)

?,).3 70.0 32.1 1.16 0.171±0.01

31. 5 ~4 .1 36.0 1.~9 0.113!0.007

3 1 .6 64.4 32.2 1.42 0.0742:0.006

32.0 54.1 35·9 1.60 0.144:0.008

52.') 64.~ 32.2 1. 44 0.096:0.007

3S.>3 54 .2 33.3 1. 81 0.0~9±0.004

41.0 54 .1 3 1.05 1.03 0.0 49"2:0.001

+) statistica1 errors
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Correction F~ctors

1) Hydrogen loss of ~ 'new' t~rget 1.02
of ~n irr~di~ted t~rget 1. 53

2) Bremsstrahlung 1.19-1.20

3) Qu~nt~meter 1.00

4) Over~ll counter efficiency 1.00

T~b1e 111 Systemqtical Errors

1 ) Qu~ntqmeter + 10 % (estim.!=lted, not
Ca li bra ted)

new + 1 %2) T~rget
irrRdi~ted + h. %- _/

3) Over~ll scintil1Ation 4 %counter efficiency

4) De"ld time 3 %

5) Cerenkov counter efficiency 3 %

Tot.!=ll + 14 % (for ~n irra-
diated tArget)

UncertAinty in the value of 2 +)
q

':) -2 2 -2'- 20 40q = f q = f

1 ) + 1.6 % incident energy + 2.") % + 2.3 %- -
2) + 0.07 0 electron angle + 0.2 0 1 + 0.2 %- 7° -

Total + 2.r::, % + 2.3 %(added in~)

+)~n electron sCAttering angle of 600
Was assumed
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shielding

Abb.1a

spectrorneter 1
----- I

A iron blocks
B 84C-CH2 -plates
C lead blocks
o concrete blocks

scattering chamber with CH2 -Target
! front vacuum chamber
~ halved quadrupole magnet QC/2
+back vacuum chamber
5scintiUation counters
5gas -(';erenkov-counter (threshold counter)
7carrers for carriages
~ quadrupole magpet QA
3differential gas-Cerenkov -counter

for measuring the recoil protons
in coincidence with spectrometer 1.
Counter and shielding movable

e-. p-scattering on internal target,
1St t'6 ~ t ~ rT\ genera Ion



b
m

20
30

k
Ja

an
q

u
a

d
ru

p
o

le
m

a
g

n
e

t
Q

C
/2

V
e

rt
ic

a
l

c
u

t
th

ro
u

g
h

q
u

a
d

ru
p

o
le

s
p

e
c

tr
o

rn
e

te
r

1
.
-
) er» -er er

g
a

s
-C

e
re

n
k

o
v

·
c

o
u

n
te

r

va
cu

um
ch

am
b

er
s

a
re

n
o

t
d

ra
w

n

I
I

:
.
-
J
-
_
L
+
_
k
-
~
=
=
=
t
I
I
"

I
I
'

t-
-

I
'

I

Tsc
:l:;;

'
c

o
u

n
te

rs

--
-r

-

le
ad

ab
so

rb
er

--
--

--
--

L
r
i
'
§
(
~
-

va
cu

u
m

ta
n

k
/

ta
rg

et
m

ot
io

n
an

d
o

ta
ti

o
n

le
ad

o
b

st
ad

e

-t
a

rg
e

t
C

H
2-

ta
rg

et
s

(
10

ta
rg

et
s)

sc
at

te
ri

n
g

e
h

a
m

b
e

r

C
H

2
-t

a
rg

e
t

~
:
~
-
-
r
-
~
-

"
1

-
--

I

-
-

v
/
tt

j
"

-
-

I
-
-
-
.
I

-
:

:
--

--
-+

j
,
/'

,
',

,
'

1e
l

T
~

I:
';

;;
7K

)~
>,

~1
1

:
I



N
I

-3
'2

·1
0

A
se

c
C

o
in

c
id

e
n

c
e

R
a

te
a

s
a

F
u

n
c
ti

o
n

o
f

th
e

T
a

rg
e

t
Ir

ra
d

ia
ti

o
n

2
-2

q
=

1
8

f

E
o

=1
,1

G
e

V
C

H
2

-
T

a
rg

e
t

10
3

I
6

7
%

1C
X

)
:2

00
3

0
0

4
0

0
5

0
0

C
o

ll
e

c
te

d
c
h

a
rg

e
o

f
th

e
q

u
a

"l
ta

'n
e

te
r

6
0

0
7

0
0

[
1

)-
4

As
ecJ

F
ig

.2



ELECTRONSPECTRA f Fig.3
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Fig.6
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