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P rev ious  m e a s u r e m e n t s  of e las t ic  p -p  sca t -  
t e r ing  at GeV energ ies  have suggested that the 
behaviour  of the angular  d i s t r ibu t ion  is  not ex- 
act ly that expected for diffract ion sca t te r ing  
a r i s i ng  f rom a pure  imag ina ry  sca t te r ing  ampl i -  
tude without spin dependence [1]. Th i s  has been 
main ta ined ,  exper imenta l ly ,  because  of an ex- 
cess  of c ro s s  sect ion at smal l  angles  above the 
value given by the opt ical  theorem for pure  dif-  
f rac t ion  sca t ter ing .  No f i rm  conclusion could be 
reached,  however ,  because  of va r ious  exper i -  
men ta l  d i f f icul t ies ,  such as  background,  n o r -  
mal iza t ion  p r o b l e m s ,  poor angular  and m o m e n -  
tum reso lu t ion  or lack of counting s ta t i s t ics .  
The a im of the p re sen t  exper iment  was to m i n i -  
mize  these  exper imenta l  effects and to study, in 
deta i l ,  the range  of ve ry  smal l  angles ,  extending 
into the Coulomb sca t t e r ing  reg ion ,  where  i n t e r -  
f e rence  with a r e a l  nuc lea r  ampli tude would be 
important .  

The d i f ferent ia l  c ros s  sec t ions  for e las t ic  
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proton-proton scattering at laboratory angles be- 
tween about 2 and 20 mrad and for proton mo- 
menta of 10.1, 19.3 and 26.4 GeV/c were meas- 
ured using thin-plate sonic spark chambers in an 
arrangement of magnetic spectrometers. Sub- 
sidiary scintillation counter experiments with the 
same geometries gave the p-p total cross sec- 
tions at the three proton momenta used. Substan- 
tial deviations above the optical theorem value 
for the forward elastic scattering cross section 
were found. 

The experimental layout is shown in fig. i. A 
beam of protons scattered quasi-elastically from 
an internal Be target in the CERN Proten-syn- 
chrotron was used. Elastic p-p scatterings in 
the liquid hydrogen target were identified by 
measurements of the directions and momenta of 
the particles before and after the target. The in- 
cident proton beam, 5 mm in diameter and gen- 
erally containing about 300 particles per pulse, 
was defined by scintillation counters CI, C 2 and 
C 3 and the scattered protons were detected by 
counters C 4 and C 5. The defining scintillator C4 
had a hole allowing unscattered particles to pass 
through without detection. The minimum scatter- 
ing angles defined by this counter were 2.6, 1.5 
and 1.0 mrad for the 10.1, the 19.3 and the 26.4 
GeV/c runs ,  respec t ive ly .  Scat ter ing over  the 
full  az imuth could be detected up to 9 m r a d  at 
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Fig. 1. Experimental layout. 
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10.1 GeV/c and up to 5 mrad  at the other  two 
energ ies .  The max imum sca t te r ing  angle ac-  
cepted by the appara tus  at 10.1 GeV/c was 23 
m r a d  while at 19.3 and 26.4 GeV/c it  was 14 
mrad.  The background t r i gge r  ra te  f rom unsca t -  
t e red  pa r t i c l e s  was reduced by an a n t i - c o i n c i -  
dence counter  C 6 d i rec t ly  in the path of the beam. 
The coincidence s igna ture  used to t r igge r  the 
spark  chambers  in the sca t te r ing  r u n s  was 
1 2 3 4 5 6 .  

Multiple sca t t e r ing  and background throughout 
the sys tem were reduced to a ve ry  low level  by 
t r anspor t i ng  the beam in vacuum and by m i n i m i z -  
ing the th ickness  of s c in t i l l a to r s ,  vacuum win-  
dows and spark  chamber  plates .  

The posi t ions  of the incident  and sca t te red  
pro tons  were  m e a s u r e d  to about ~: 0.3 mm by so-  
n ic  spark  chambers  [2], S1-S 5. Each spark 

chamber  had two gaps,  four p i e z o - e l e c t r i c  t r a n s -  
ducers  detect ing the sound s ignals  in each gap. 
The for ty  sonic t imes -o f - f l igh t  were  digi t ized in 
uni ts  of 0.1 ~s [2] and r eg i s t e r ed  by for ty  25 
MHz sca le r s .  The t ime-of - f l igh t  informat ion  for 
each event,  together  with other data such as  the 
number  of beam pa r t i c l e s  leading up to a spark 
chamber  t r i gge r ,  were  recorded  on magnet ic  
tape [3] in a t ime  of about 160 ms.  This  t ime de-  
lay l imited the ra te  of obtaining d~ta genera l ly  
to one event per  synchrot ron  cycle so that about 
20000 t r i gge r s  could be r eg i s t e r ed  in one day. 

The spark  posi t ions  and subsequent ly  s ca t t e r -  
ing angles ,  momenta  and in terac t ion  points  were  
calculated f rom the magnet ic  tape data us ing  the 
CERN IBM 7090 computer .  Cal ibra t ion runs ,  
us ing the coincidence t r igge r  1 2 3 5 and an 
empty ta rge t ,  giving the mean  pos i t ions  of the 

Co/sr)J t Po = 10.11 GeVlc 

0 

do" 

2 4 6 8 ~ 1 2 ~  
i i 

16 18 20 22 ~'oc0 
t2(LAB) 

d--~ 
(tYsr) 
(LAB) 

2O 

do" 
dD 

Po = 19,33 GeV/c 

~ b )  J~ =-0.33 

~_T._T~ _ _ _ ~  

I ~ ~-~ ~ } ~ ~ ~ ~ ~ ~.~,' 
~(LAB) 

(b/sr) 
(LAB) 

4( 

20 

I 

tO 

Po =26./,2 GeV/c 

p.~.=.T \ " ~ A  - -- --N~-- ~. = 10.2(GeV/c) -z 

, ~ ,  , ~ ;  . . . . .  , , 

d'(L B )  A 

3.01 

2.0~ d) Po =10.11 GeV/c 
k *  a,=ZZ,3 a3=0.52 

1 " 5 I ' ~ . . ~  ~ A1=16 A3=350 (GeVlc) -2 
X 

0 . ~  ' J 
.01 o2 .03 .04 .05 [(C-eV/c) ;] 

- t  

1. ~ . 

1.( 

0.! 

0.( 

:)** e) Po =19.33 G eV/c 

~.~.~. a~= 2.22 a3 =0.59 
_ ~ . A1=12 A3=300 (GeVIc) 2 

. - - - ~ . ~ ÷  

- t  

1.5~ Po = 26.z,2 GeV/c 
~ t  f) a1=2"17 °3=061 

,1=,, , : , o  ,o.v,o  

x0:f 
o~- 

:~ .02 .o~ .o6 08 -t .~o [(GeV/c) 2] 

Fig. 2. Proton-proton elastic scattering angular distributions at 10.1, 19.3 and 26.4 GeV/c. 
Sections (a), (b) and (c) give the experimental cross sections plotted against scattering angle 
and show fits made using a complex spin independent amplitude. In (d), (e) and (f) X is the 
difference between the experimental and Coulomb cross sections, normalized to the optical 
theorem value (k~tot/4~)~. X is shown as a function of the square of the 4-momentum trans- 

fer t. Attempts at singlet-triplet imaginary amplitude fits are shown. 
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unsca t t e r ed  beam in the spark  c h a m b e r s ,  were  
made at r egu la r  i n t e rva l s  and the sca t te r ing  
angles  and momenta  were obtained with r e f e r ence  
to these  mean  posi t ions .  

For  unsca t t e red  pro tons  the angular  reso lu t ion  
funct ion of the sys tem was found to fal l  to 10% in 
an angular  in te rva l  of 0.15 m r a d  and the ful l  
width at half height of the d i s t r ibu t ion  of the mo-  
mentum difference between ingoing and outgoing 
p ro tons  was about 0.5%. 

The high p rec i s ion  in angle de te rmina t ion  
made it poss ib le  to compute the point of i n t e r -  
action for  sca t te r ing  events  to about a: 10 cm in 
longitudinal position at scattering angles greater 
than 1.5 mrad. The background associated with 
scattering in the scintillator and spark chamber 
material at each end of the hydrogen target was 
largely removed by rejecting events having inter- 
action points clearly outside the space occupied 
by the liquid hydrogen. Background measurements 
using an empty dummy target were also per- 
formed. The residual background to be subtract- 
ed, at 19 GeV/c for example, was about 4% for 
elastic events between 2 and 3 mrad and less than 
1% at larger angles. 

Normally a 65 cm hydrogen target was used, 
in which case about 35% of the triggers were due 
to useful elastic events and about 12% to inelastic 
events. The remaining events were rejected for 
various reasons, either double sparks in a cham- 
ber (~ 20%), or scattering from the spark cham- 
bers and scintillation counters near the hydrogen 
target (~ 15%), or events outside the fidueial re- 
gion in the trigger system (~ 15%). 

Absolute differential elastic scattering cross 
sections were obtained from the number of par- 
ticles included within the elastic peaks in the 
momentum distribution of the scattered protons 
and the total number of beam particles. Uncer- 
tainties from inelastic contributions in the elastic 
momentum peaks were always less than 1%. 

Fig. 2 shows the elastic scattering angular 
distributions obtained corrected for absorption 
in the hydrogen (~ 11%) and in detectors (~ I%) 
and for the bias due to multiple particles events 
(~ -1%). The differential cross sections obtained 
at 19.3 GeV/c using a 20 cm long hydrogen tar- 
get, for which the hydrogen absorption correc- 
tion was 3.5%, were in good agreement with those 
obtained with the longer target. Various fits to 
the data, described below, are shown in fig. 2. 
Substantial deviations of the cross sections above 
the optical theorem value for pure diffraction 
scattering, (dcr/d~2) 0 = (kCrtot/47r)2, are seen at 
the three momenta studied. 

The differential cross sections were analyzed 

using two models .  F i r s t ,  f i ts  were made on the 
assumpt ion  of a complex spin independent  sca t -  
t e r ing  ampli tude fn  us ing the r e l a t i ons  

(_~tot_~ 
fn  : \~--~hl [p(t) exP(½ARt) + i exp(½AIt)] (1) 

2e 2 
fc = ~ (I + i~) (2) 

E = 0.0073 in (0.0437/t) (3) 

d~ _ p21jn  + j c l 2  d~  + c o r r e c t i ons  (4) 

in which t = -2/~2(1-cos 6) ~ -p202 is  the s~uare  
of the foux-momentum t r a n s f e r  in (GeV/c)~, f~ is  
the l abora tory  veloci ty  and (rto t i s  the s trong in-  
teraction total  c ross  section. For  the ve ry  smal l  
va lues  of t involved the e lec t romagnet ic  form 
factor  of the proton has been taken equal to unity. 
The express ion  for the Coulomb ampli tude was 
taken f rom the d i scuss ion  of Bethe [4] and con- 
ta ins  a sma l l  imag ina ry  pa r t  ~. The in t e r f e rence  
of the la t ter  with the large i ma g i na r y  nuc lea r  
ampli tude is  always sma l l  and con t r ibu tes ,  for  
example at t = -1.8 x 10-3 (GeV/c) 2, 2,3% to 
dcr/d~2. At l a rge r  momentum t r a n s f e r s  this  con- 
t r ibut ion  is  even sma l l e r .  

In the evaluat ion the following s impl i f ica t ions  
were  made;  A I = A R = A, and p(t) = p indepen-  
dent of t .  The co r rec t ions  in (4) amounted to 
about 1% and were made to take account of mu l -  
t iple  sca t te r ing  in the hydrogen ta rge t  and the 
p re sence  of smal l  non-addi t ive  Coulomb t e r m s  
[5]. 

In the second model  the cha rac t e r i s t i c  shapes 
of the angular  d is t r ibut ion  were a t t r ibuted  to spin 
dependence of the p-p in terac t ion .  Imaginary  
s ing le t - t r i p l e t  spin ampli tude f i ts  were  made 
us ing  the ampli tude t e rm 

fn  = i (~tot~\47r~] I ~/~ (3 +al.4 a2)a3 exp (½A3t) + 

+ ~/'¼ (1 - al'4 a2)a l  exp (½dl t )  ] (5) 

and the optical  theorem cons t ra in t  

~a 3 + ~ a 1 = 1 (6) 

together  with eqs. (2), (3) and (4). The exponen- 
t ia l  s lopes A 1 and A 3 for  the s inglet  and t r ip le t  
s ta tes  and the ampli tude coeff icients  a 1 and a 3 
were  var ied  to fi t  the exper imenta l  points.  

The r e s u l t s  of the ca lcula t ions  a re  given in 
table 1 and shown in fig. 2. The f i ts  found on the 
assumpt ion  of a r ea l  par t  a r e  sa t i s fac tory ,  as 
shown by the X 2 probabi l i t i e s  in table 1. The pa-  
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TabIe 1 
Best fit values of the parameters in the Coulomb interference 

and in the singlet-triplet models. 

10.11 GeV/c 19.33 GeV/c 26.42 GeV/c 

Coulomb interference model 
-0.43 ± 0.043 -0.33 ± 0.033 -0.32 + 0.033 P 

(GeV/c) -2 10.4 +_ 0.4 10.0 + 0.2 10.2 + 0.2 
AX probability 50% 4-% 85% 

of best fit 

Crtota 1 (rob) 40.0 +_ 0.3 38.9 ± 0.3 38.8 • 0.3 

Singlet-triplet model 
a 1 2.43 + 0.05 2.22 ± 0.05 2.17 + 0.05 
a3 -2 0.52 ~: 0.02 0.59 :~ 0.02 0.61 ~: 0.02 
A 1 (GeV/c) 2 16 ± 1 12 ± 0.5 1I + 0.5 

(GeV/c)- 350 + 50 300 ± 50 250 t 50 
A~ probability < 10-6 < 10 -6 2% 

of best fit 

r a m e t e r  p v a r i e s  f r o m  -0.43 to -0.32 between 
10.1 and 26.4 GeV/c. Sta t i s t i ca l  e r r o r s  in the 
d i f fe ren t ia l  c r o s s  sec t ions  contr ibuted 3% to the 
e r r o r  in p. A 2% uncer ta in ty  in the n o r m a l i z a -  
t ion of the d i f fe ren t i a l  m e a s u r e m e n t s  cont r ibut -  
ed 80/o and the quoted e r r o r  (table 1) in ~tot con-  
t r ibu ted  5%. The exponent ia l  s lopes  A,  m e a s u r e d  
at the v e r y  sma l l  momentum t r a n s f e r  of th is  ex-  
p e r i m e n t  a r e  the s a m e ,  within the unce r t a in t i e s  
of the f i t ,  as  those  found in p r ev ious  m e a s u r e -  
men t s  at l a r g e r  [t t by Fo ley  et al. [1]. 

On the o ther  hand, the use  of imag ina ry  
s i n g l e t - t r i p l e t  spin ampl i tudes  gave much p o o r e r  
f i t s .  The  v e r y  s teep r i s e  of the angular  d i s t r ibu -  
t ions  with d e c r e a s i n g  momentum t r a n s f e r  ap-  
p e a r s  to be c h a r a c t e r i s t i c  of Coulomb i n t e r f e r -  
ence and, as shown in f ig.  2, could not be r e -  
p roduced  by the cons t ra ined  exponent ia l  f i ts .  

On the bas i s  of the good r e a l  pa r t  f i t s  the ex-  
p e r i m e n t a l  data  can be explained by the p r e s e n c e  
of a r e a l  spin independent  ampl i tude ,  30-40% of 
the imaginary .  It i s  a l so  apparent  that  the an-  
gulax dependence of the r e a l  pa r t  cannot be too 
d i f ferent  f r o m  that of the imag ina ry  par t .  

A si tuation i n t e r m e d i a t e  between the e x t r e m e  
mode ls  d i s cus sed ,  that i s  to say with d i f fe ren t  
complex spin ampl i tudes ,  is so compl ica ted  
that m o r e  informat ion  than s imple  sca t t e r ing  
angular  d i s t r ibu t ions  i s  needed. 

The data  needed to find the p-p  s t rong in t e r -  
act ion total  c r o s s  sec t ions ,  ~tot, used  in the 
ana lyses  were  obtained p i e c e m e a l  with the same 
beam and appara tus  as  were  the d i f fe ren t ia l  
c r o s s  sec t ions .  The  t r a n s m i s s i o n  to ta l  c r o s s  
sect ion d e t e r m i n e d  by the g e o m e t r y  of the coun- 
t e r  s y s t e m ,  C12345, was  found by rep lac ing  the 
sc in t i l l a to r  C 4 by one without a hole and by 

m e a s u r i n g  the r a t io  of the counting r a t e s  1 2 3 
4 5 to 1 2 3 for  both hydrogen and background 
runs.  The contr ibution to ato t found in th is  way 
was,  for  example  at 19.3 GeV/c ,  35.3 mb out of 
38.9 mb. The c r o s s  sec t ions  for  ine las t i c  and 
e las t i c  events  included within the n o r m a l  t r i g -  
ge r ing  counter  sys tem w e r e  obtained f r o m  the 
counting r a t e s  found in the d i f fe ren t ia l  c r o s s  
sect ion runs.  

To obtain the s t rong in te rac t ion  to ta l  c r o s s  
sec t ions  f rom the expe r imen ta l  data it is  ne-  
c e s s a r y  to e l imina te  al l  contr ibut ions  f rom e l ec -  
t romagne t i c  in te rac t ions .  The mos t  impor tant  
of these  a r e  o rd ina ry  Coulomb sca t t e r ing  and 
poss ib le  i n t e r f e r ence  between the Coulomb and 
the s t rong in te rac t ion  ampli tudes .  The f o r m e r  
can be deal t  with a ccu ra t e ly  but the la t te r  i s  
model  dependent. Using the r e a l  ampli tude f i t  
desc r ibed  above it  was found that the Coulomb 
in t e r f e r ence  contr ibuted about 0.4 mb to the to-  
ta l  c ro s s  sect ions.  The gtot found af te r  r e m o v -  
al  of th is  contribution a r e  given in table  1 and 
a re  the c o r r e c t  s t rong in te rac t ion  total  c r o s s  
sec t ions  for  the r e a l  pa r t  f i ts .  It is worth noting 
that Coulomb i n t e r f e r e n c e  contr ibut ions  could 
be l a r g e r  at lower ene rg i e s  and that the p r e c i s e  
m e a s u r e m e n t  of s t rong in te rac t ion  to ta l  c r o s s  
sec t ions  demands  m o r e  deta i led  informat ion 
than has been gene ra l ly  ava i lab le  in standard 
t r a n s m i s s i o n  m e a s u r e m e n t s .  

The best  fit  va lues  of p, the ra t io  of r e a l  to 
imag ina ry  fo rward  sca t t e r ing  ampl i tudes ,  a re  
plotted against  the incident momentum in fig. 3 
together  with va lues  obtained f r o m  other  r e c e n t  
expe r imen t s  [6]. The t rend shown below 1.5 
GeV/c is  taken f r o m  the d i scuss ion  of Dowell  
et al. [6]. The in t e re s t ing  qual i ta t ive  f ea tu re s  
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Fig. 3. The ratio of the real and imaginary parts of the 
forward elastic scattering amplitude, 0, as a function 
of momentum. The sources of the points are ref. 6 and 
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of fig. 3 a r e  the change of sign of p,  f r o m  an a t -  
t r a c t i v e  to a r e p u l s i v e  behaviour ,  at about 1.7 
GeV/c and the l a rge  and r a t h e r  constant value 
at momen ta  above 10 GeV/c .  This  change in cha r -  
ac t e r  of the r e a l  p a r t  sugges t s  a c o r r e l a t i o n  with 
the momentum var ia t ion  of the p-p total  c r o s s  
sect ion,  which exhibi ts  a v e r y  rap id  i n c r e a s e  be-  
tween 1 and 2 GeV/c fol lowed by a slowly fa l l ing  
plateau.  The pos i t ive  r e a l  pa r t  may then be e s -  
sent ia l ly  d i f ferent  f r o m  the negat ive  r e a l  p a r t  as  
the p-p  in te rac t ion  below the mul t ip le  meson  p r o -  
duction th resho ld  is  d i f ferent  f r o m  that  above. 
Follo~ving these  l ines  of thought it may  be con jec -  
tured that the negat ive ,  r epu l s ive  r e a l  p a r t  wil l  
not d e c r e a s e  any m o r e  rap id ly  with ene rgy  than 
the ine las t i c  c r o s s  sect ion and wil l  r e m a i n  dif-  
f e r en t  f rom ze ro  at the v e r y  h ighes t  e n e r g i e s ,  
provided  that the ine las t i c  p r o c e s s e s  r ema in  in 
operat ion.  
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the ea r ly  s tages  of the expe r imen t  and Mr.  S. 
Dahlgren helped in expe r imen ta l  runs.  

We wish to thank the P r o t o n - s y n c h r o t r o n  Di-  
v i s ion  for  the i r  whole hea r t ed  co l labora t ion ,  e s -  
pec ia l ly  Dr.  J .  Geibel who designed the beam and 
L. Mazzone and G. Coubra  who were  r e spons ib l e  
for  the liquid H2 ta rge t .  

We a re  gra te fu l  to F. I se l in ,  E. L~ngh and A. 
Maure r  for  the i r  en thus ias t ic  coopera t ion  in de-  
signing and putting into opera t ion  the data t r a n s -  
f e r  and r e c o r d i n g  equipment  used in th is  expe r i -  
ment  and to C.A.  St~-hlbrandt, C. Sherwood and 

J .  Goodchild for  the i r  development  of the spark  
chamber  Circui try.  R. Donnet,  K. Traub  and M. 
F e r r a t  a re  thanked for  the product ion of the spark  
chamber s  and assoc ia ted  equipment.  

Useful  conversa t ions  with Dr.  L. Van Hove and 
Dr. H. Pilkuhn and the constant  support  and i n t e r -  
es t  of Dr. P. P r e i s w e r k  a re  gra te fu l ly  acknow- 
ledged. 

References 
1. W.M. Preston, R. Wilson and J .C.Street ,  Phys. Rev. 

118 (1959~ 579; 
A.N.Diddens, E. Lillethun, C. Manning, A.E. Taylor, 
T. G. Walker and A. M. Wetherell, Phys. Rev. Letters 
9 (1962~ 108; 
L. F. Kirillovn,, V. A. Nikitin:, A. A. Nomofilov, V.A. 
Sviridov, L.N. Strunov and M. G. Shafranova, Prec. 
Sienna conf. on Elementary particles (1963) Vol. 1, 
p. 593; 
V. A.Bull and D.A.Garbutt, Phys.Rev. 130 (1963) 
1182; 
K. J. Foley, S.J.  Lindenbaum, W.A. Love, S. Ozaki, 
J. J. Russell and L. C. L. Yuan, Phys. Rev. Letters 11 
(1963) 425. 
H. Eggstain and G. Kellner, Prec. Sienna conf. on 
Elementary particles (1963) Vol. 1, p. 598. 

2. G.Cocconi, A.N.Diddens, E.Lillethun, J .Pahl,  
A. C. Sherwood, J .P .  Seanlon, C.A. St~Lhlbrandt, 
C.C.Ting, J.Walters and A.M.Wetherell, Prec.  
informal meeting on Fi lm-less  spark chamber tech- 
niques and associated computer use, CERN 64-30 
(1964) p. 183. 

3. F.Iselin, S.L~ngh, A.Maurer, P.Ponting and E. 
Schuller, Prec. informal meeting on Film-less 
spark chamber techniques and associated computer 
use, CERN 64-30 (1964) p. 211. 

4. H.A.Bethe, Annals of Physics 3 (1958) 190. 
5. N.N. Aehasov and V. F. Pleshakov, Report T. F. -11 

(1964). U.S.S.R.  Academy of Sciences, Novosibirsk. 
6. J.D.Dowell, R.J .Homer ,  Q.H.Khan, W.K. McFar- 

lane, J;S.C.McKee and A.W.O'Dell, Physics Let- 
ters 12 (1964) 252; 
K. J. Foley, R. S. Gilmore, R. S. Jones, S.J.  Linden- 
baum, W.A.Love, S.Ozaki, E,H.Willen, R.Yama- 
da and L. C. L.Yuan, reported at Dubna conference 
August 1964; 
A.E.Taylor,  A.Ashmore, W.S.Chapman, D . F . F a l -  
la, W.H.Range, D.B.Scott, A.Astbury, F.Capocci 
and T.G.Walker, Physics Letters 14 (1965) 54; 
S. J. Lindenbaum, Summary report at Dubna con- 
ference August 1964; 
L. Kirillova, L. Khristov, V. Nikitin, M. Shafranova, 
L.Strunov, V.Sviridov, Z.Korbel, L.Rob, P.Mar- 
kov, Kh. Tchernev, T.Todorov and A. Zlateva, 
Physics Letters 13 (1964) 93, and Dubna Report 
E-1820 (1964); 
H. Lohrmaan, H.Meyer and H. Winzeler, Physics 
Letters 13 (1964) 78. 

168 


