
MEASUREMENT OF TOTAL CROSS-SECTION IN PROTON-PROTON 
AND PROTON-ANTIPROTON COLLISIONS AT ISR ENERGIES 

CERN-Napol i-Pisa-Stony Brook Collaboration* )  

Presented by T.  de l Prete'')  
INFN , Pisa ,  I taly 

ABSTRACT 

The results of Experiment R210 on the measurement of the total cross-section 
in pp and pp collis ions at the CERN ISR are summarized . Fits  to the data , using 
various parametrizat ions , are discussed . The status of the data on Otot (pp) at 
ISR energies is also mentioned . 
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s o  

In  an  experiment performed a t  the CERN ISR we measured the total cross-sect ion 
in pp and pp collis ions at ,rs 3 1 ,  5 3 ,  and 63 GeV .  The total cross-sections -­
Otot ( pp) and otot( pp )  -·- were measured us ing the total-rate method 1 , 2 ) . The method 
consi sts of the s imultaneous measurement of the total interaction rate (Rtot ) and 

the ISR luminosity ( L ) ,  providing the total cross-section via :  

0 tot 

The exper imenta l apparatus ( Fig . 1) has been fully described elsewhere 3 ' 4 ) . 

Briefly , it consisted of large scintillation-counter hodoscopes covering the entire 
solid angle ( CI-CO , Hl-H2 , H3-H4 , H5A-H5B ' TBA-TBB ) ' except for two narrow cones 

( 1 . 9  x 10-4 sr in tota l ) , which accommodated the beam pipes . The system was sup­
plemen ted by fine ly divided s c intillation-counter hodoscopes located direct ly be­
hind the trigger counters , wh ich were used to measure the polar and azimuthal co­
ordinates of charged secondaries . The two arms of the detector were mirror images 
of each other . 

The trigger required the presence of h its in the left and in the right arm of 
the detector . For each event the t iming of each hodoscope pair with respect to 
the trigger was recorded , together with the l ive t ime of the exper iment ,  and the 
presence o f  hits in all  the cells of all  hodos copes . The rate Robs measured by 
the detector differed from the total rate Rtot because of the incomplete coverage 
at small angles . The great majority of the events lost at sma ll angle were elas­
t i c  or s ingle-diffractive events .  The correct ions for losses were calculated from 
the data by extrapolating the appropriate measured angular distribut ion over the 
reg ions of the holes . 
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Fig . 1 Layout of Experiment R2 10 . 
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The measurement of  the ISR luminos ity was achieved us ing the van der Meer 

method 3-s ) of vert ically disp lacing the beams in special  runs interleaved with 

data taking . The vert ica l  displacements were calibrated by pre cis ion scrapers 

spec ially instal led in our intersect ion region . In this way , the absolute scale 

error on the luminos i ty ,  a plague of early ISR experiments , was reduced to about 

±0 . 3% .  
The main source o f  background resulted from the ups tream interact ions of 

either beam with the residual gas in the vacuum chamber or with the vacuum chamber 

itself , in teract ions that produced jets of part icles entering the apparatus from 

the s ides and which were distinguished from beam-beam even ts using the re lative 

t iming of left- and right-arm hodos cope s .  This background was virtually absent 

in the pp runs , owing to the very good conditions in which the ISR is curren tly 

operated , but was an important problem in the pp runs , owing to the large imba lance 

of current ( I  = 10 A, r_ = 2-4 mA) necessary to obtain a decent luminosity 

(L = 102 7 cm-� 
s- 1 ) give; the l imited antiproton current .  The ratio of background 

to beam-beam events , at the trigger leve l ,  was typically 10 : 1  in pp runs . With 

th is severe background ,  the left-right t ime informat ion was not sufficient to re­

move a l l  " s ingle-beam" events and a sub tract ion was needed . For this purpose , we 

varied the ISR luminos i ty ,  taking many pairs of runs with beams at full overlap 

( recording beam-beam and background even ts)  and with beams completely separated 

( only background even ts were recorded) .  We then sub trac ted and averaged' ) . 

A 

B 

Total cross-sect ion results are shown in Fig . 2, together with FNAL6 • 7 ) and 

previous ISR data2 ) , and prove that o t ( pp )  rises with energy in the ISR energy to 
range , asymptot ica lly approaching otot ( pp) from above . The same data are replotted 

on Fig . 3 over a broader energy scale , inc luding the point of UA4 a ) .  In both 

f igures , we show a s imultaneous fit to the pp and the pp data of  the form: 

a- 1 s 

The resu lts of the fit are presented in Tab le 1 ( Fit A). 

The difference in the pp and pp cros s-sect ions is shown in Fig . 4 inc lud ing 

data down to very low energies and measurements of the ann ih i la t ion cross-section. 

x 2  /DOF a, Y+ 

l . 44 38 . 3  ± a . oz 0 . 50 ± 
l . 3 3  3 8 .  3 ± a . oz 0 . 49 ± 

Results of fits to atot( pj))  and otot( pp)  

•+ s a 

a . oz 1 1 7  ± 3 . 0  78 . 3 ± 6 . 0  0 . 4Z5 ± a . oz 

a . oz 115 ± 3 . 0  80 . 1  ± 6 . 0  0 . 4Z ± a . oz 

y_ s_ 

- -

( - 1 . 0  ± 0 . 3 ) x 10- 3 0 . 0 1  ± 0 . 1  
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Fig . 2 The energy dependence of otot( pp) and otot ( pp) . The dashed l ines are the 
fit to the data discussed in the text . 
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Fig .  3 The high-energy behaviour of 
0tot (pp) and 0tot (pp) . 
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Fig . 4 The energy dependence of the 

difference in the pp and pp 
total cross-sections . 



Th e new data , in g ood agreement w i th extrapo l a tion from l ower energy , show that 

the two cross-s e c t i ons converge in a way compat ib le with the power l aw expected 

in Regge theory. Th i s  convergence is not demanded a priori b y  any theore t ic a l  

c ons train t .  Th e Pomeranchuk theorem , for ins t ance , s tates t h a t  for a symptot i c a l ly 

r i s ing cross- s e c t ions , the r a t i o  o tot
( pp ) /o tot

( pp ) tends toward uni t y , b u t  s t i l l  

a l lows the d i fference , i n  ab s o lute  va lue , t o  increa se w i th the energy . Mode l s  

a l ong t h e s e  l ines have b een developed , introduc ing "odder on" term s , i . e .  asymptotic  

terms odd  under cros s ing9 > 1 0 l . We h ave ana lysed the data includ ing in the previous 

f it an "odderon" term9 ) : 

0
tot

( pp ) 

- a-1 
o tot

( pp ) = o tot
( pp ) + S

R 
s - y ln ( s / s  

To c ons train b e t te r  t h e  f i t , FNAL and ISR d a t a  o n  p ( th e  r a t io of t h e  re a l  

to imaginary part of t h e  forward nuc lear e la s t ic s ca t t e r ing ampl i tude ) b o th for 

pp and pp s ca t te r ing were t aken into account , by exp l o i t ing d i s pers ion re la t ions 1 1 ) . 

Pre l iminary resu l t s  are reported in Tab l e  1 ( F i t  B ) . The two f i t s  v ir tual ly co­

inc ide , lead ing to the c on c lu s i on that any " odderon" contribu t i on to the cross­

s ec t ion is  less  than 1% of the Regge term ,  up t o  ISR energ i e s . 

A final  c omment is needed on the d i fferences among s t  the values o f  O
t o t

( pp ) 

as mea sured by th i s  exper iment and by prev i ous ISR expe r iment s 2 > 4 • 1 2- 1 4 )
. Figure 5 

shows a comp i l a t i on o f  a l l  ex i s t ing resu l t s .  Some of the expe r iment s 2 ' 1 2 )  per f ormed 
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F ig .  5 Comp i lat ion of a l l  ava il ab l e  data on Otot ( pp ) at  the I S R .  The open points 
are ob ta ined w ith the optical-theorem method , the fu l l  points are ob t ained 
w i th the t o t a l-rate me thod . The dashed part of the error b ars are s ca le 
errors . 
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the measurement o f  o tot
( pp )  both by t h e  t otal-rate method and by t h e  opt i c a l­

theorem method ( extrapo l a t ing the nuclear e la s t ic s c a t te r ing cross-sect ion to 

t = 0 and invoking the opt i c a l  the orem ) . In F i g .  5 ,  no incon s i s tency appears in 

the data , a t  a one-s tandard-deviat ion leve l .  However , a care ful  inve s t igat ion 

shows that at  /;; = 63  GeV , the resu l ts ob ta ined b y  the opt ical-the orem method are 

sys tema t i c a l ly l ower than those found by the total-rate me thod . S ince the former 

have a h igher s ta t i s t ic a l  weigh t ,  they pu l l  down the "be s t  average" 1 4 ) cross­

s e c t i on , which is then s tat i s t ic a l l y  inc on s i s tent w i th our point . To make the 

argumen t  more exp l ic i t ,  we have p l o t ted in Fig . 6 the d i f ference in o tot
( pp )  as  

mea sured in two exp e r iments 2 ' 1 2 ) b y  the two method s :  60 = a ( to t .  rate ) -
pp 

- O ( opt . theor . ) .  Some energy dependence may be present in the s e  data at the 
PP 

l imit  of s ta t is t i c a l  s ig n i f icance : three neg a t ive poin t s  be low ;;; = 40 GeV and 

f ou r  pos i t ive and two negat ive above . Th i s  sugge s t s  that the two methods might 

sys temat i c a l l y  d i s ag ree -- at a 1% leve l -- at the top ISR energy . 
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F i g .  6 D i f f erence i n  the pp t o t a l  
cross-sect ion as measured 
via total-rate and opt i ca l­
theorem me thods . 

I t  is very important to re s o lve this  que s t i on and , in part icu lar , to place 

on s o l id grounds the value o f  o tQt
( pp )  at  ;;; = 63  GeV .  For t h i s  reason , we p lan 

to remeasure , in the forthcoming month s ,  the pp t o t a l  cros s-sect i on w i th h igh pre­

c i s ion ( be t ter than ±0 . 5% ) . Both the t otal-rate and the opt ical-theorem me thods 

w i l l  be emp loyed , w i th the a im of r e s o lv ing the pre sen t incon s i s tencies by cross­

check ing the re su l t s . 
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