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A B STRACT 

The pp elastic d ifferent ia l  c ros s - sect ion at 30 G eV/c i n c ident  momentum h a s  been 

mea s u red i n  a two - a rm s pectrometer exper iment (WA7 ) at the C E R N  S P S . T h e  

l t l - ra n ge covered extends f rom 0 . 5  t o  5 . 0  ( G eV/c ) 2 .  A p ronou n ced d i p - b ump 

struct u re i s  observed , w ith a s h a rp m i n i m u m  a ro u n d  l t l  " 1 . 7 ( G eV/c) 2 • The 

res u lts a re compa red to e x i st i n g  pp data a n d  to some mode l  p red i ctio n s .  
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1 .  I ntroduction 

The pp e l a s t i c  d ifferen t i a l  c ros s - section at 30 G eV/c i nc ident  beam moment u m  

h a s  been mea s u red i n  t h e  j t j - ra n ge 0 . 5  t o  5 . 0  ( G eV/c ) 2 .  The ex periment was 

p a rt of a p rogramme at the C E R N  S PS ,  in which h a d ro n - p roton elast ic scatte r i n g  

h a s  been mea s u red over a w i d e  ra nge o f  momentum tran sfers a n d  beam 

momenta l - G) , i n c l u d i ng pp 50 G eV/c scatte r i n g  for 0 . 7< 1 t l < 5 . 0  ( G eV/c ) 2  3 l 

T h i s  ex per iment i s  the f i rst to mea s u re pp 30 G eV/c e last ic  scatte r i ng . 

2 .  The experiment 

The ex per imenta l  set - u p ,  s hown in F i g .  1 ,  con s i sted of a dou b l e- a rm 

s pectrometer dow n st ream 

u n sepa rated h i g h - i ntens ity 

( C E D A R l ) in the beam 

of a l i q u i d  h y d rogen ta rget , u pon w h i c h  an 

beam was i nc i de n t .  A d i ffere n t i a l  Ceren kov cou nter 

l i ne ident if ied the i n c i d e n t  a n t i p roton s .  The beam 

part ic les were detected by a beam hodoscope, w h i l e  the scattered pa rt ic les  were 

detected by cou nter hodoscopes in the forwa rd- a n d  reco i l - a rm ( H l , P R l  a n d  

H 2 ,  P R2 ) . T h e  scattered pa rt i c l e  t rajecto ries were dete rm i n ed b y  n i n e MW PCs 

( C H O - C H9 ) . T h e  momentum of t h e  forwa rd p a rt i c les was mea s u red by a 

spectrometer mag n et with an i nteg rated f ie ld  of 1 . 8Tm . Part ic le  i d ent i f ication i n  

the fo rwa rd a rm was p rovi ded b y  two t h reshold Ceren kov cou n ters ( C l  a n d  

C2) . T h e  tr igger  imposed rou g h  geomet r ica l  a n d  k i n emat ic  con s t ra i nts b y  mea n s  

o f  hodoscope mat r i x  co rrelation s ,  beam s i g natu re req u i rements , a n d  

t h reshold req u i rement for the fo rwa rd pa rt i c l es , i m posed 

i ron/ sci nti 1 l a to r - s a  ndwich ca lo ri meter . 

CHO- 9 MWPC ' s 

(:1 - 2 Cerenkov counters C H S  
�--� 1 

F i g u re 1 :  Schematic v i ew of the WA7 ex peri menta l set- u p .  

a n  energy 

by a n  

Off - I i  n e  t r a c k  recon struct ion  a n d  k i n ematic f itt i n g  i s  desc r ibed i n  ref . 2 ,  

together with  t h e  f i n a l  event se lect ion , based o n  m i n im u m - x 2  c r i te r i a ,  the 

backgro u n d  s u bt raction , a n d  the v a r i o u s  correct i o n s  a p p l i ed .  
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3 .  Resu lts 

T h e  pp 30 G eV/c e last ic  d iffere n t i a l  c ros s - sect ion is s hown in F ig . 2a ,  together 

with the smoothed cu rve of the pp 50 G eV/c c ro s s - section3 l  ( so l i d  c u rve) . A 

p romi nent d i p  a ro u n d  l t l  " l . 7 ( G eV/c ) 2  i s  observed at 30 G eV/c, as compa red to 

t h e  e q u a l l y  p romi nent d i p  at l t i " l . 5  ( G eV/ c ) 2 for pp 50 GeV/ c .  O u r  data t h u s  

s how t h a t  the d i p  moves towards lower l t l  - va l u es a s  t h e  energy i n c reases . 
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F ig u re 2 :  a )  pp e last ic  d ifferent ia l c ros s - section at 30 GeV/c beam momentum 

(th  i s  e x p . ) ,  compa red with  the smoothed c u rve of  the pp 50 GeV /c c ross- section 

of ref . 3 .  

b )  p p  elast ic d 1 fferent 1a l  c ross - s ection a t  30 GeV/c ( t h i s  e x p . ) com­

pa red with pp data at  5 . o8l , 6 . 29 ) , 1 0 . 1 1 0) a n d  503 )  G eV/ c .  The data f rom 

refs . 8 a n d  9 a re p resented as smoothed c u rves . 

T h i s  res u l t  d i s a g rees w ith  s imple  G eometr ica l  S ca l i n g  ( G S ) , w h i c h  a rrives at 
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a n  outwa rd d i p  movement i n  t h i s  e n e rgy reg ion . 2 K ro l l  h a s  poi nted out that the 

en ergy may be too s ma l l  to  expect a s im p l e  G S  behaviou r ,  s i n ce the 

n o n - d iffract ive Regge - J i ke component of the pp c ross - section i s  a p p reci a b l e  at 

lower energies
7 l . N evertheles s ,  in ref . 7 the p p  50 GeV/c c ros s - section is 

ca lcu l ated f rom the pp 1 480 G eV/c e i kona l ,  a n d  t h i s  i s  seen a s  ev idence for GS 

at t h i s  energ y .  It i s  the refore s u rp r i s i ng that GS seems to hold w h en a p p l i ed at 

50 G eV/c ,  w h i l e  appa rently the pp 30 G eV/c c ro s s - section ca n not be 

rep rod u ced . 

F ig . 2b3 , 3- l O) s hows that the struct u re a ro u n d  l t l z0 . 5  ( GeV/ c ) 2  i n  

low - e n ergy p p  c ross- sect ions h a s  d i sappea red i n  the 3 0  a n d  50 GeV/c data , 

a lthough a c h a n g e  of s lope is st i l l  appa rent at l t l  z0 . 8  ( G eV/c ) 2  i n  the 30 GeV/c 

data . Moreover,  the i n ward d i p  movement n a t u r a l l y  assoc i ates the p rom i nent d i p  

i n  t h e  30 a n d  5 0  G eV/c d ata with t h e  structu re a ro u n d  l t l z2 ( G eV/c ) 2  seen at 

10 G eV/cl O) _ 

S u ch a d i p  developmen t  is i n  s h a rp d i sa g reement with  p redict ions by the 

geometr ica l  model  of Chou and Y a n g 1 1 l ; in  w h i c h  the dip at 50 GeV/c 1s  

a s soci ated with t h e  low- l t l  struct u re at lowe r e n e rg i es , i n terp reted as the f i rst 

d iffract i ve m i n i m u m .  I n  accorda n ce with  the co nsequent outwa rd d i p  movement,  a 

d i p  at l t l z l . 1  ( G eV/c) 2 is e x p l ic ite ly p red i cted for pp 30 GeV/ c .  F i g . 3  ( f rom 

ref . 1 1 )  s hows t h e  p red i cted pp a n d  pp d i p  movement as a fu nction of total 

c ross- section . The c u rves I - I V rep resent the fi rst,  second a n d  h i g h e r  o rder 

d ips  p red i cted . Some exper i mental  data  po ints  a re p lotted , i n c l u d i n g the pp 

50 G eV/c d i p  pos it ion . T h e  experi menta l p p  30 G eV/c d ip  pos it ion h a s  been 

added to the f i g u re ,  togeth e r  with the pp 10 G eV/c data poi nt for the struct u re 

a ro u n d  l t l z2 ( G eV/c) 2 .  Assoc i a t i n g  the 30 a n d  50 GeV/c d i p  with the 1 0  GeV/c 

struct u re ,  a d i p  movemen t  con t r a ry to the Chou - Ya n g  p red i ction i s  obta i n ed 

( dotted l i n e ) . 

T h e  n u c leon core model  of I s lam a n d  G u i l l a u d  
l l ) co rrect ly  associ ates the d i p  

a t  5 0  GeV l e  w i t h  the low-energy struct u re a ro u n d  I t  I z 2 ( G eV /c ) 2 ,  seen a s  the 

seco n d  dest ruct ive i n terference between a d iffractive and a h a rd ampl itude . The 

model thus  p re d i cts the obse rved i nw a rd d ip  movement .  T h e  pp 50 GeV/c 

c ross- sect ion is rep rod u ced by f itt i n g  a set of e ight  d i ff ractive a n d  h a rd 

s catte r i n g  pa ramete rs1 2 l . A s im i l a r  a n a l y s i s  of the 30 GeV/c data w i l l  

reported ly b e  done to f u rt h e r  test t h e  model . 

2 G S  p red i cts a d i p  movement accord i n g  to -td i p- 1 /otot · S i nce otot dec reases 

between 30 a nd 50 GeV/ c ,  G S  leads to a n  outwa rd d i p movement with i n c rea s ­

i n g  energ y .  
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F i g u re 3 :  pp a n d  pp d i p  movement a s  a f u n ct ion of tota l c ross- section , 

p red i cted i n  t h e  C h o u - Ya n g  model  ( f i g u re f rom ref . 1 1 ) .  Some e x pe rimental  data 

poi nts a re plotted . The cu rves I - I V  rep resent the m u l t i p l e  d i p s  p redicted . T h e  

ex perimental  pp 1 0  a n d  3 0  G eV/c data points h ave been added by t h e  a uthor . 

Dotted l i n e  i s  obta i n ed by assoc i a t i n g  the 30 a n d  50 G eV/c d i p  w i th the 

1 0 G eV/c struct u re at  l t 1 �2 ( G eV/c) 2 .  

A recent Q C D  model i n vol v i n g  t r i p l e  g l uon e x c h a nge i s  reported to 

reprod u ce the pp 50 G eV/c c ros s - section we1 1 1 3 l . We a re eagerly awa i t i n g  model 

p red i ct ions for the pp 30 G eV/c c ross-section . 

Recent F N A L  pp data at 1 00 a n d  200 G eV/c 1 4l i n d i cate that  the d i p  at  

l t l � l . 5  ( G eV/c) 2 pers i sts to at l east 1 00 G eV/c i n c ident momentum and that  the 

200 G eV/ data  a re con s i stent with  t h e  same behav iou r ,  a l t h o u g h  stat ist ics  a re 

poo r .  Hence,  l i tt le  movement of the d i p  i s  seen between 50 a n d  200 G eV/ c .  

F ig . 4a s hows t h at the pp 50 G eV/c c ro s s - s ection3 l  a l most coi n c i des w i t h  I S R  

p p  data a t  1 064 G eV/c1 5l . Moreover,  i n  recent WA7 data6l t h e  p p  50 G eV/c 

c ros s - sect ion featu res on ly  a s ho u l der . I t  i s  pos s i b l e  t h at t h i s  d i fference i n  pp 

a n d  pp beh a v io u r  reflects t h e  l a rg e r  real pa rt of t h e  

e n e r g i e s ,  effect i v e l y  f i l l i n g  i n  t h e  pp d i p  ( ppp� -0 . 2  

p p  ampl itude a t  lower 

at 50 G eV/c1 6l ) .  At 

i nte rmed i ate e n e rg i es , ppp app roaches ppp �o,  a n d  a pp d i p  sta rts developi n g 
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( plab >zl OO G eV/c 1 4l l .  At col l i de r  energ i e s ,  

non-neg l i g i b l e ,  a n d ,  i n  fact, recent U A4 

l t l < l . 5  ( G eV/c ) 2 s h ow no d i p  structu re1 7 l
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F i g u re 4 :  a )  pp elastic d iffere n t i a l  c ros s - sectio n  at 50 GeV/c3 ) , compa red with 

the smoothed I S R  pp 1 064 G eV/c cross- section 1 5 ) . 

b )  E n e rgy dependence of pp e last ic  d iffe rent i a l  cros s - section at f i x ­

e d  ! t i - v a l ues  o f  2 . 0  a n d  4 . 0  ( G eV/c ) 2 .  T h e  stra ight  l i n es a re eye -fits t h ro u g h  

d a t a  poi nts at  3 . 6  G eV/c1 8l , 5 . 0  G eV/c8 ) , 5 . 8  GeV/c1 9 l , 6 . 2  G eV/c
9 ) , 

9 . 7  GeV/c1 9 l , 1 0 . 1 G eV/c1 0 l , 30 G eV/c (th i s  ex p . ) a n d  50 G eV/c3 l . 

The e n ergy dependen ce of the pp e last ic  c ross - s ect ion at f i x ed ! t i - va l ues of 

2 . 0  a n d  4 . 0  ( G eV/c ) 2  is s hown i n  F i g . 4b3 , 3- l 0 ,  1 8 ,  1 9 ) . Pa ramet r i z i n g  a s  

dcr/dt - P l a b  
- a  

we f i n d  a=2 . 5  fo r l t i =2 ( G eV/c ) 2 ,  a n d  a= l . 6  fo r l t t =4 ( G eV/C ) 2 .  T h i s  energy 

dependence d iffers f rom what we f i n d  for pp scatte r i n g  in the same energy 

range6) , w h e re app ( t )  is  fou n d  to i nc rease rou g h l y  l i near ly  with l t l  accord i n g  

t o  app ( t )  z 0 . 6 1 t l +0 . 7 . 
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