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Ant1pr0t0n-pr0t0n and pr0t0n-pr0t0n 5ma11-an91e e1a5t1c 5catter1n9 wa5 mea5ured f0r centre- 
0f-ma55 ener91e5 ~5 = 30.6, 52.8 and 62.3 6eV at the CERN 1nter5ect1n9 5t0ra9e R1n95.1n add1t10n, 
pr0t0n-pr0t0n e1a5t1c 5catter1n9 wa5 mea5ured at -,/5 = 23.5 6eV. U51n9 the 0pt1ca1 the0rem, t0ta1 
cr055 5ect10n5 are 06ta1ned w1th an accuracy 0f a60ut 0.5% f0r pr0t0n-pr0t0n 5catter1n9 and a60ut 
1% f0r ant1pr0t0n-pr0t0n 5catter1n9.7he mea5urement 0fthe 1nterference 0fthe C0u10m6 5catter1n9 
and the hadr0n1c 5catter1n9 perm1t5 a determ1nat10n 0f the rat10 0f the rea1-t0-1ma91nary part 0f 
the f0rward hadr0n1c 5catter1n9 amp11tude. A150 pre5ented are mea5urement5 0f the hadr0n1c 510pe 
parameter. 

1. 1ntr0duct10n 

7he p r 0 t 0 n - p r 0 t 0 n  t0ta1 cr055 5ect10n, 0•t0t(pP), ha5 6een 5h0wn t0 r15e 0ver the 

ener9y ran9e 0f the C E R N  1nter5ect1n9 5t0ra9e R1n95 (15R) 1n tw0 exper1ment5, 

per f0rmed 1ndependent1y 6y the C E R N - R 0 m e  C011a60rat10n (CR) [1] and  the 

P15a-5t0ny 8 r00k  C011a60rat10n (P58)  [2]. 7he5e tw0 exper1ment5 u5ed d1fferent 

meth0d5: the P58  9r0up d1rect1y mea5ured the t0ta1 1nteract10n rate wh11e 1n the 

CR exper1ment the t0ta1 cr055 5ect10n5 were deduced,  v1a the 0pt1ca1 the0rem, fr0m 

the e1a5t1c 5catter1n9 1n the f0rward re910n. Extend1n9 the1r mea5urement5 0f the 

pp d1fferent1a1 cr055 5ect10n5 thr0u9h the re910n 0f C0u10m6-hadr0n1c 1nterference, 

the CR C011a60rat10n a150 extracted the rat10 0f the rea1 t0 the 1ma91nary part 0f  

the f0rward hadr0n1c 5catter1n9 amp11tude, p (pp)  [3, 4]. 

7he  c0n5truct10n 0f the Ant1pr0t0n Accumu1at0r and  the 5u65e4uent 0perat10n 

0f the 15R a5 an an t1pr0 t0n-pr0 t0n  c0111cer 0ffered the p05516111ty t0 extend the5e 

mea5urement5 t0 ~p 5catter1n9. 0 u r  exper1ment 15 ded1cated t0 the mea5urement  0f 

(~) N0rthwe5tern un1ver51ty, Evan5t0n, 1111n015, u5A. 
(6) CERN, 6eneVa, 5W1t2er1and. 
(c) 5tate Un1Ver51ty, UtreCht, 7he Nether1and5. 
(d) Un1Ver51t6 Cath0114Ue de L0UVa1n-1a-NeUVe, 8e191Um. 
~) N0W at Phy51C5 Department, Carne91e-Me110n Un1Ver51ty, P1tt56Ur9h, U5A. 
~) N0W at Phy51C5 Department, MC6111 Un1Ver51ty, M0ntrea1, PQ, Canada. 
(~) N0W at Phy51C5 Department, HUa-2h0n9 N0rma1 Un1Ver51ty, WUhan, Ch1na. 
~v) N0W at 11HE, Un1Ver51t6 L16re de 8rUXe11e5, 8e191Um. 
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~p and pp 5ma11-an91e e1a5t1C 5Catter1n9 U51n9 the meth0d p10neered 6y the CR- 
C011a60rat10n. 1n prev10u5 1etter5 [5] we have rep0rted ~p and pp re5u1t5 06ta1ned 
at the centre-0f-ma55 ener91e5 x/5=30.7, 52.8 and 62.5 6eV. U51n9 the 0pt1ca1 
the0rem, a f1t t0 the d1fferent1a1 e1a5t1c cr055 5ect10n5 ena61ed u5 t0 determ1ne the 
~p t0ta1 cr055-5ect10n wh1ch wa5 f0und r151n9 0ver the 15R ener9y ran9e. 7he 5ame 
c0nc1u510n wa5 reached 6y Car60n1 et a1. [6] fr0m the1r mea5urement 0f the ~p 
t0ta1 1nteract10n rate at x/5 = 52.8 6eV. 1n add1t10n, 0ur mea5urement at ~/5 = 30.7 
and 52.8 6 e V  0f the C0u10m6 5catter1n9 and 1t5 1nterference w1th the hadr0n1c 
5catter1n9 a110wed a determ1nat10n 0f p. 0 u r  re5u1t5 have dem0n5trated that p(~p) 
15 p051t1ve and r151n9 0ver the 15R ener9y ran9e. 7he 1ar9e p051t1ve va1ue5 we 065erve 
f0r p(~p) and p(pp)  1nd1cate that the ~p and pp t0ta1 cr055 5ect10n 5h0u1d c0nt1nue 
t0 r15e 6ey0nd 15R ener91e5.1ndeed, recent mea5urement5 0f 0~t0t(~p) at the CERN 
5P5 C0111der [7, 8] have 5h0wn that th15 r15e c0nt1nue5 up t0 x/5 = 540 6eV. 

7he a1m 0f the pre5ent paper  15 t0 rep0rt the f1na1 ana1y515 0f 0ur mea5urement5. 
1t 15 0r9an12ed a5 f0110w5: 7he meth0d 0f 0ur mea5urement5 15 de5cr16ed 1n 5ect. 2. 
A de5cr1pt10n 0f the apparatu5 and deta115 a60ut the 1nf0rmat10n rec0rded are 91ven 
1n 5eCt. 3. 7he 0perat10n5 0f the exper1ment are de5cr16ed 1n 5ect. 4. Deta115 a60ut 
the 1um1n051ty mea5urement are pre5ented 1n 5ect. 5. 5ect. 6 15 dev0ted t0 the data 
reduct10n. 7he ana1y515 15 de5cr16ed 1n 5ect. 7. F1na11y, the re5u1t5 are d15cu55ed 1n 
5ect. 8. 

2. Meth0d 

7he exper1menta1 meth0d c0n515t5 1n mea5ur1n9 the ~p and pp d1fferent1a1 e1a5t1c 
cr055 5ect10n, d~r/d1t1, at 5ma11 f0ur-m0mentum tran5fer 54uared, typ1ca11y 0.5 × 
10 3 < [ t 1 < 5 0 x 1 0  36eV2. 

7he d1fferent1a1 e1a5t1c cr055 5ect10n 15 

dcr/d1t] = ~]fh(5, t ) +  f~(5, t)12 , (1) 

w1th fh (fc) the hadr0n1c (C0u10m6) amp11tude. 
At 5ma11 m0mentum tran5fer, the hadr0n1c amp11tude 15 parametr12ed a5 

f , (5 ,  t) = f , ( 5 ,  0) e 6h,1/2 = (1/4,n.)0.t0t(p + 1) e -61,k/2 , (2) 

w1th 6 the hadr0n1c 510pe parameter  and p the rat10 0f the rea1-t0-1ma91nary part 
0 f f , .  1n e4. (2) the u5ua1 a55umpt10n 15 made that p 15 1ndependent 0f t. 7he t0ta1 
cr055 5ect10n, 0•t0t, 15 1ntr0duced thr0u9h the 0pt1ca1 the0rem: 

0•t0 t = 4ar 1m fh(5, 0).  (3) 

7he pr0t0n-pr0t0n C0u10m6 amp11tude 15 parametr12ed a5 

f~(5, t) = -2c~62(t)  e1~/[ t1 .  (4) 
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Here c~ 15 the f1ne 5tructure c0n5tant, 6 ( t )  the u5ua1 pr0t0n e1ectr0ma9net1c f0rm 
fact0r 

6 ( t )  : [1 + [t1/(0.71 6eV2)] -2 (5) 

and ~6 the C0u10m6-hadr0n1c pha5e. 7h15 pha5e, 0r191na11y ca1cu1ated 6y 8ethe [9], 
15 e55ent1a11y repr0duced 6y a ca1cu1at10n 0f We5t and Yenn1e [ 10], wh05e expre5510n 
we u5e: 

~6 = 1n (0.08 6eV2/ [ t J ) -  0.577. (6) 

A recent ca1cu1at10n 6y Cahn [11] 91ve5 a re5u1t wh1ch 15 c105e t0 that 0f We5t and 
Yenn1e. 

C0m61n1n9 e45. (1)-(4) the pp d1fferent1a1 e1a5t1c cr055 5ect10n can 6e wr1tten a5 
f0110w5, f0r ce~ < 1 : 

d0-/ d1t 1 = 4 ~a 2 64( t ) /1t[ 2 -  0-t0ta (9 + c~46 ) 62( t ) e-61•1/2 /1t1 

+ ( 1 +  2 2 p )0•t0t e-61•r/(167r) (7) 

7he 5ame expre5510n app11e5 t0 ~p e1a5t1c 5catter1n9, pr0v1ded a chan9e 0f 519n 0f 
a 15 made 1n e4. (7). 7he three term5 1n e4. (7), de5cr16e the C0u10m6, the 
C0u10m6-hadr0n1c 1ntereference and the hadr0n1c c0ntr16ut10n t0 d0•/d1t 1 re5pec- 
t1ve1y. 7he 1nterference 15 1ar9e5t at 1t]~87"ra/0~t0t~-2×10-36eV 2, where the 
C0u10m6 and hadr0n1c c0ntr16ut10n5 are e4ua1 1n ma9n1tude. 8y 1nte9rat1n9 the 
hadr0n1c term 0ver 1t[, the t0ta1 e1a5t1c cr055 5ect10n 15 06ta1ned: 

0~e1-~- (1 +p2)0r2t0t/(167r6). (8) 

1n th15 exper1ment, the parameter5 0-t0t, P and 6 are extracted fr0m a f1t 0f e4. 
(7) t0 the mea5ured d1fferent1a1 cr055 5ect10n5. W1th th15 meth0d, the determ1nat10n 
0f the a6501ute 5ca1e 0f ~rt0 t depend5 0n the 54uare r00t 0f the mea5ured 1um1n051ty. 
7he mea5urement 0f the C0u10m6 5catter1n9, the t-dependence 0f wh1ch 15 kn0wn, 
perm1t5 a ca116rat10n 0f the t-5ca1e. 

3. Apparatu5 

7he 1ay0ut 0f the exper1ment 15 5h0wn 1n f19. 1 . 7he  detect0r c0n515ted 0f e19ht 
5c1nt111at0r h0d050c0pe5. F0ur 0f the5e, the ••1nterna1•• h0d05c0pe5, were p1aced 
5ymmetr1ca11y a60ve and 6e10w the 15R vacuum cham6er 1n51de th1n wa11ed (0.2 mm 
5ta1n1e55 5tee1) m0va61e 1ndent5 (••r0man p0t5••) at a d15tance 0f 8.7 m fr0m the 
1nter5ect10n re910n. 7he5e h0d05c0pe5 c0u1d 6e p051t10ned under rem0te c0ntr01 
w1th an accuracy 0f a60ut 0.02 mm. Each 1nterna1 h0d05c0pe c0n515ted 0f 24 
h0r120nta1 ••5tack•• c0unter5, 2 mm h19h, t0 mea5ure p01ar 5catter1n9 an91e5 and 7 
vert1ca1 ••f1n9er•• c0unter5, 4 mm w1de, t0 mea5ure a21mutha1 an91e5. 7he area 0f 
5tack5 and f1n9er5 wa5 c0vered 6y a 51n91e tr199er c0unter. 7he he19ht (w1dth) 0f 
the 5tack (f1n9er) c0unter5 wa5 mach1ned t0 an accuracy 0f 5 1~m. A c1rcu1ar 6eam 
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p1pe w1th a d1ameter 0f 17 cm a110wed part1c1e5 wh1ch were 5cattered at an91e5 0f 

1e55 than 10 mrad t0 trave1 free fr0m 065truct10n5 and reach the 1nterna1 detect0r5 

after traver51n9 0n1y the th1n wa11 0f the r0man p0t. 
7he 0ther f0ur h0d05c0pe5 were p1aced at f1xed p051t10n5 6eh1nd the 1nterna1 

h0d05c0pe5 at 9.0 m fr0m the 1nter5ect10n. 7he5e ••externa1•• h0d05c0pe5 c0n515ted 
0f tw0 5eparate un1t5 each. 0ne  un1t wa5 an a55em61y 0f 12 5tack c0unter5, 4.5 mm 
h19h. 7he 0ther un1t, p1aced d1rect1y 6eh1nd the p1ane 0f 5tack5 c0n515ted 0f 11 
f1n9er c0unter5, 8 mm w1de. 7he he19ht 0f the 5tack5 and the w1dth 0f the f1n9er5 
were mach1ned t0 an accuracy 0f a60ut 20 1xm. Each detect0r p1ane wa5 5u6tended 

6y a tr199er c0unter. 7he externa1 h0d05c0pe5 c0vered a ran9e 1n p01ar an91e 
4 <  0 < 11 mrad. 7he5e h0d05c0pe5 pr0v1ded u5 w1th 1ndependent check5 0n the 

eff1c1ency 0f the 1nterna1 h0d05c0pe5. 
1n add1t10n, 5evera1 c0m61nat10n5 0f 1ar9e 5c1nt111at10n c0unter5 were u5ed f0r 

1um1n051ty mea5urement. F0ur te1e5c0pe5, U1, U2, D1 and D2, each made 0f tw0 
5c1nt111at10n c0unter5 (100x50cm2), were 10cated 5ymmetr1ca11y a60ve (U) and 

6e10w (D) the 6eam p1pe5 at 8.4 m d0wn5tream fr0m the 1nter5ect10n re910n. 7w0 
1ndependent m0n1t0r5 were f0rmed 6y the c01nc1dence5 U~U2 and D1D> Further- 
m0re, we u5ed a m0n1t0r (H3H4), wh1ch wa5 made 0f the c01nc1dence 0f f0ur 1ar9e 
c1rcu1ar array5 (1.8 m 1n d1ameter) p051t10ned ar0und the d0wn5tream vacuum 

cham6er5 at 6.7 m fr0m the 1nter5ect10n. 7he 519na15 0f H3H4 Were k1nd1y pr0v1ded 
t0 u5 6y the CERN-Nap1e5-P15a-5t0ny 8r00k C011a60rat10n [6]. 

A c01nc1dence 0f the 519na1 fr0m the tr199er c0unter 0f the 1nterna1 h0d05c0pe 

10cated a60ve (6e10w) 0ne 6eam and the 519na1 fr0m the tr199er c0unter 0f the 
1nterna1 h0d05c0pe 10cated 6e10w (a60ve) the 0ther 6eam were u5ed t0 tr199er the 

rec0rd1n9 0f e1a5t1c event5. 51m11ar c01nc1dence5 tr199ered the rec0rd1n9 0f e1a5t1c 
event5 1n the externa1 h0d05c0pe5. When a tr199er 0ccurred, the 5y5tem wa5 1nh161ted 
and the pu15e he19ht5 0f the 1nterna1 and the externa1 h0d05c0pe c0unter5 were 
rec0rded. 7he5e pu15e he19ht5 and the t1me-0f-f119ht (70F)  d1fference5 mea5ured 
6etween the var10u5 pa1r5 0f tr199er c0unter 519na15 were wr1tten t0 ma9net1c tape. 
8etween tr199er5, the 1um1n051ty c01nc1dence5 were accumu1ated 1n 5ca1ar5 and 
t1me-0f-f119ht d1fference5 6etween the var10u5 c0m61nat10n5 0f 1um1n051ty c0unter5 

were mea5ured. A h19h-fre4uency c10ck kept track 0f the t0ta1 act1ve t1me. 7he data 
ac4u151t10n wa5 c0ntr011ed 6y a PDP-11/34 0n-11ne c0mputer. 

4. Data tak1n9 

7he data pre5ented here were taken 1n the per10d Au9u5t 1981-June 1982. 7hey 
1nc1ude three 0p run5 taken at •/5 = 52.6, 62.3 and 30.4 6eV where we c011ected 
170 000, 120 000 and 59 000 e1a5t1c 15p event5 re5pect1ve1y. Pr0t0n-pr0t0n c0mpar150n 
data were taken at the 5ame ener91e5 1n a 5er1e5 0f 5h0rt run5 0f 0ne t0 tw0 day5 
each, 1mmed1ate1y 6ef0re 0r after the ~p run5. 1n add1t10n, pp e1a5t1c 5catter1n9 wa5 
mea5ured at •/5 = 23.5 6eV. 7w0 t0 three m11110n pp e1a5t1c event5 were c011ected 
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7A8LE 1 

Runn1n9 c0nd1t10n5 

Runn1n9 ~55 1(p) / (P /P)  L E1a5t1c 
15R run 7ype t1me event5 

(h) (6eV) (A) (A) (Cm -2 5 -1) ×105 

1209 pp 26 23.5 3.3 3.4 2 × 1029 6.1 
1223 pp 20 52.8 3.3 3.4 4 × 1029 9.6 
1225 pp 25 52.8 4.4 4.8 6 X 1029 17.8 
1226 pp 18 23.5 2.2 2.5 1 × 1029 5.8 
1229 PP 246 52.6 8.8 1.9 × 10 -3 5 × 1026 1.7 
1252 pp 30 62.3 5.0 5.0 6 × 1029 14.0 
1257 PP 109 62.3 10.0 3.2 × 10 -3 8 × 1026 1.2 
1271 pp 27 30.6 6.0 6.0 8 x 1029 16.4 
1272 ~p 225 30.4 8.4 4.1 × 10 -3 9 × 1026 0.6 
1274 pp 39 30.6 5.2 5.3 5 × 1029 13.0 

at each ener9y.  7he  runn1n9 c0nd1t10n5 are 5ummar12ed 1n ta61e 1. Deta115 0n the 
pe r f0 rmance  0f  the C E R N  ant1pr0t0n fac111ty and  the 15R can 6e f0und  1n ref5. 

[12] and  [13]. 

7h15 exper1ment  re4u1red 5pec1a1 6eam c0nd1t10n5. A5 0ur appara tu5  had  n0 

capa6111ty 0f  ver tex rec0n5truct10n, 6ut  re11ed 0n the c0111near1ty 0f  the tw0 5cattered 

part1c1e5 a5 the 519nature 0f  e1a5t1c event5, 1t wa5 1mp0rtant  that  the 5pat1a1 extent  

0f  the 1nteract10n re910n (d1am0nd) 6e a5 5ma11 a5 p055161e. 7h15 wa5 ach1eved 6y: 

(1) 0perat1n9 the 15R 1n the 7erw11119er m0de  [14] t0 06ta1n 2e r0 -m0men tum 

d15per510n at the 1nteract10n p01nt; (11) 0pt1m121n9 1nject10n and 5u65e4uent 6eam 

5crap1n9 t0 5e1ect 0n1y th05e part1c1e5 1njected w1th the  5ma11e5t 6e ta t r0n  05c111at10n 

amp11tude5; (111) carefu1 mach1ne tun1n9 t0 5tay we11 away  f r0m a1110w-0rder c0up11n9 

re50nance5 and  (1v) m1n1m121n9 the c0up11n9 6e tween  the vert1ca1 and  h0r120nta1 

6e ta t r0n  m0t10n u51n9 the 5kew 4uadrup01e c0rrect10n 5cheme. A5 a re5u1t, the 

1en9th 0f  the  1nteract10n d1am0nd wa5 r educ e d  f r0m ~ 4 0  cm t0 - -4  cm wh11e the 

vert1ca1 d1men510n wa5 kep t  a5 5ma11 a5 p055161e. 

Dur1n9 par t  0f  the run,  the  detect0r5 were 0pe ra t ed  c105e t0 the c1rcu1at1n9 6eam5, 

c0rre5p0nd1n9 t0 an an9u1ar c0vera9e 0f  typ1ca11y 1 < 0 < 6 mrad.  7he  h0r120nta1 

d1am0nd p051t10n w1th re5pect t0 the de tec t0r  wa5 d e d u c e d  f r0m mea5urement5 0f  

the a21mutha1 d15tr16ut10n 0f  e1a5t1c event5 and the 6eam5 were 5u65e4uent1y 5teered 

rad1a11y t0 6r1n9 them 0n the centre 11ne 0f  the  apparatu5.  1n 9enera1, da t a  were 

a150 taken  w1th the detect0r5 1n a re t rac ted  p051t10n (typ1ca11y 3 < 0 < 8 mrad)  1n 

0rder  t0 ex tend  the t - ran9e c0vered  6y the mea5urement5.  7he  51n91e rate5 1n the 

de tec t0r  were kep t  at an accepta61e 1eve1 6y p1ac1n9 a 5er1e5 0f  c0111mat0r5 c105e t0 

the 6eam and  w1th re9u1ar 5crap1n9 t0 rem0ve the part1c1e5 1n the ha10.1n th15 way, 

900d runn1n9 c0nd1t10n5 were 06ta1ned w1th the f1r5t de tec t0r  e1ement a5 c105e a5 

--8 mm t0 c1rcu1at1n9 6eam5 0f  a60ut  10 A. 7he  da ta  c011ected 1n 60th the ~p and  

the pp  run5 were e55ent1a11y free f r0m 6ack9r0und .  
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5. LUm1n051ty mea5Urement 

7he d1fferent1a1 e1a5t1C Cr055 5eCt10n5 are determ1ned fr0m the mea5Urement 0f 
the t-dependenCe 0f the e1a5t1C 1nteraCt10n rate, n0rma112ed t0 the mach1ne 1um1- 
n051ty: 

d0" . . . .  / d1t 1 = ( Re~/ A ~  )( ~r/p2)(1/  L)  , (9) 

where R e~ 15 the e1a5t1c c0unt1n9 rate rec0rded 1n the 5011d an91e A,Q, p the 6eam 
m0mentum and L the 1um1n051ty. 7he c0unt1n9 rate 0fthe m0n1t0r (RM), the m0n1t0r 
c0n5tant (0"M) and the 1um1n051ty are re1ated thr0u9h 

RM = 0"M L • (10) 

7he 1um1n051ty m0n1t0r 5y5tem 15 de5cr16ed 1n 5eCt. 2. F0J" pp, we u5ed the tw0 
1ndependent 1Um1n051ty m0n1t0r5 f0rmed 6y the U1U2, D1D2 c01nc1dence5 and the 
1ar9e H3H4 c0unter5. F0r the ~p run5 1t wa5 nece55ary t0 u5e 1n add1t10n a m0n1t0r 

f0rmed 6y the c0m61nat10n (U2+D2)H3H4, ca11ed M0N1 1n the f0110w1n9. 7he 
9e0metry 0f the U~U2, D1D2 and M0N1 m0n1t0r5 wa5 eff1c1ent 1n reject1n9 the 
re1at1ve1y h19h 6ack9r0und 1n 15P run5 ar151n9 fr0m the h19h-current pr0t0n 6eam. 

7he 1um1n051ty m0n1t0r c0n5tant5 were determ1ned w1th the van der Meer meth0d 

[15] 1n 5pec1a1 run5 1nter1eaved w1th data tak1n9. F0r each 15R run, up t0 three 
ca116rat10n run5 were taken. Dur1n9 the5e run5, the 6eam5 were d15p1aced vert1ca11y 
w1th re5pect t0 each 0ther 1n 5ma11 accurate 5tep5. 7he m0n1t0r c0unt1n9 rate RM 
wa5 mea5ured a5 a funct10n 0f the 6eam 5eparat10n )t and the 1um1n051ty m0n1t0r 
c0n5tant ca1cu1ated fr0m: 

0" M = C(1~12) -1 f RM(A ) dA. (11) 

Here 1; and L are the 6eam current5 and the c0n5tant 0f pr0p0rt10na11ty 15 C = 
0.9975 x 10 -28 cm 5 A 2 at the 15R. 

At each d15p1acement, the 6eam current5, the c0unt1n9 rate5 and the 7 0 F  d1ffer- 
ence5 were mea5ured f0r the var10u5 1um1n051ty c0unter c01nc1dence5.7he 065erved 

7 0 F  d15tr16ut10n 0f 1um1n051ty event5 (5ee f19. 2) ha5 tw0 c0mp0nent5: a narr0w 
peak centered at 2er0 t1me d1fference, c0m1n9 fr0m 6eam-6eam event5 and a 
c0nt1nu0u5 6ack9r0und c0ntr16ut10n fr0m 1nteract10n 0f 0ne 0f the 6eam5 w1th the 
re51dua1 9a5 0r vacuum cham6er wa115, up5tream fr0m the 1nteract10n re910n. 
C0rrect10n f0r 6ack9r0und under the 6eam-6eam peak wa5 d0ne 6y extrap01at10n 

0f the 6ack9r0und 065erved 1n tw0 7 0 F  w1nd0w5 0n e1ther 51de 0f the peak. 7he 
1um1n051ty m0n1t0r c0n5tant, crM, wa5 c0mputed fr0m e4. (11) 6y numer1ca11nte9ra- 
t10n 0fa  mu1t1-parameter 1nterp01at10n funct10n f1tted t0 the c0unt1n9 rate5 mea5ured 
at the var10u5 6eam d15p1acement5 (5ee f19. 3). 

7he accuracy 0f 5uch a ca116rat10n wa5 typ1ca11y 0.8% and wa5 a1way5 6etter than 

1%. F0r the ~p run at x/5= 30.4 6eV 1t wa5 a60ut 2.5%, due t0 h19her 6ack9r0und 
c0nd1t10n5. 7h15 1nc1ude5 the 5tat15t1ca1 err0r, uncerta1nt1e5 1nduced 6y the ana1y515 
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F19. 2. 71me-0f-f119ht 5pectra f0r the var10u5 1um1n051ty m0n1t0r5 rec0rded dur1n9 a ~p run: (a) H3H4, 
(6) M0N1, (c) U1U2, (d) D1D 2. 8eam-6eam event5 are accumu1ated 1n the peak. 7he 6ack9r0und ar151n9 

fr0m the h19h current pr0t0n 6eam 15 5tr0n91y 5uppre55ed 1n the m0n1t0r5 M0N1, UtU2 and DtD 2. 

p r0cedure  and  externa1 c0n515tency err0r5 1nferred f r0m c0mpar150n 0f  c0n5ecut1ve 

ca116rat10n5 w1th1n 0ne 15R run. 

N0t  1nc1uded 15 the err0r  0n the 6eam d15p1acement 5ca1e wh1ch c0ntr16ute5 11ke 

21~rM/~ M = AA/A. Mea5ure5 were taken  t0 reduce  th15 c0ntr16ut10n: (1) the 6eam5 

were 5teered 0n1y 1n 0ur  1nter5ect10n t0 e11m1nate d15tur6ance f r0m d15p1acement5 

at 0 ther  1nter5ect10n5; (11) the hy5tere515 1n the 5teer1n9 d1p01e5 wa5 taken  1nt0 

acc0unt ;  (111) d1p01e5 0f  the ad jacen t  1nter5ect10n5 were u5ed a5 c0rrect10n e1ement5 

and  (1v) the 6eam5 were 5teered far apa r t  at the 6e91nn1n9 0f  each run and then  

5wept th r0u9h  each 0ther,  a1way5 m0v1n9 1n 0ne d1rect10n. 7he  6eam d15p1acement5, 

a5 determ1ned fr0m ma9net1c f1e1d ca1cu1at10n5, were ca116rated t0 an accuracy  0f  

2aA/;t = 0 . 4 % ,  u51n9 a 5y5tem 0f  6eam 5craper5 dr1ven 6y prec1510n 5crew5 [16]. 

6 .  D a t a  r e d u c t 1 0 n  

7he  da ta  reduct10n and  ana1y515 pr0cedure5 have 6een de5cr16ed 1n deta11 e15e- 

where  [17] and  w111 0n1y 6e 0ut11ned 6e10w. 70  6e reta1ned a5 an e1a5t1c 5catter1n9 

cand1date,  a r ec0rded  event  had  t0 5at15fy the f0110w1n9 cr1ter1a: (1) the 7 0 F  
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F19. 3. Lum1n051ty m0n1t0r c0unt1n9 rate (n0rma112ed t0 the 6 e a m  current5) v e r 5 u 5 6 e a m  d15p1acement, 
mea5ured  dur1n9 a pp  van  der  M e e r  5can at x/55 = 5 2 . 8 6 e V .  7 h e  1nterp01at10n curve 5h0wn 15 u5ed t0 

e5t1mate the area under  the mea5urement5.  

d1fference 0 f  the tr199er c0unter5 15 1n51de a pre5et w1nd0w; (11) at 1ea5t 0ne c0unter  

1n each 5tack and f1n9er p1ane 0f  60th arm5 ha5 f1red, 1.e. a pu15e a60ve a pre5et 
thre5h01d 15 rec0rded;  (111) there 15 n0 h1t 1n the m0n1t0r H3H~, wh1ch w0u1d 1dent1fy 
the event a5 1ne1a5t1c. 

E1a5t1c 5catter1n9 cand1date5 were accumu1ated 1n a 2 4 × 7 × 2 4 × 7  f0ur 
d1men510na1 matr1x N(1,j; k, 1) acc0rd1n9 t0 the 5tack c0unter  (1) and f1n9er c0unter  
( j)  1n arm 1 and 5tack c0unter  (k) and f1n9er c0unter  (1) 1n arm 2 they were a5519ned 
t0. 7h15 a5519nment wa5 5tra19htf0rward f0r th05e event5 where 0n1y 0ne c0unter  

had f1red 1n any 91ven p1ane. H0wever,  mu1t1p1e h1t5 were 0ften 065erved 1n 0ne 0r 
m0re p1ane5, e1ther 6ecau5e the event wa5 1ne1a5t1c and m0re than 0ne part1c1e had 
h1t the detect0r,  0r 6ecau5e 0f  8-ray pr0duct10n 1n the c0unter  1t5e1f 0r 1n the 
5urr0und1n9 mater1a1. 7he5e mu1t1p1e h1t am619u1t1e5 were re501ved and the c0rre- 
5p0nd1n9 event5 were a5519ned a5 f0110w5: 1f tw0 h1t5 were rec0rded 1n adjacent 
e1ement5 0f  a 91ven p1ane, the event wa5 a5519ned t0 the c0unter  w1th the h19her 
pu15e; 1f three h1t5 were rec0rded 1n adjacent  e1ement5, the event wa5 a5519ned t0 
the centra1 c0unter,  pr0v1ded 1t had the h19he5t pu15e; 1f 0ther mu1t1p1e h1t c0nf19ura- 
t10n5 were enc0untered  1n any 5tack 0r f1n9er p1ane 0f  60th arm5, the event wa5 
rejected. 7he  5en51t1v1ty 0f  the re5u1t5 t0 a1ternat1ve a5519nment a190r1thm5 ha5 6een 
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exten51ve1y exp10red*. N0 519n1f1cant d1fference5 were 065erved [17]. C0rrect10n5 
were app11ed t0 the matr1ce5 N ( 1 , j ;  k, 1) t0 acc0unt f0r: 

(1) 7he 1055 0f event5 w1th pu15e5 6e10w the thre5h01d5 5et f0r each c0unter. 7he5e 
c0rrect10n5, app11ed t0 each 5tack and f1n9er e1ement 5eparate1y, were a60ut 0.7% 
per c0unter. 

(11) 0ut-0f-t1me 6ack9r0und, a5 065erved 1n pre5ent 7 0 F  6ack9r0und w1nd0w5 
0n e1ther 51de 0f the 6eam-6eam peak. 7he 6ack9r0und wa5 extrap01ated and 

5u6tracted fr0m the num6er 0f event5 065erved 1n pre5et 1n-t1me w1nd0w5. 7he 

c0rrect10n5 were determ1ned f0r each c0m61nat10n 0f 5tack c0unter5 1n arm 1 and 
arm 2 5eparate1y. 7hey were 1n 9enera1 <1% f0r the 5tack c0unter5 c105e5t t0 the 
6eam and ne9119161e f0r the 0ther5. 

(111) 1ne1a5t1c c0ntam1nat10n, a5 065erved 1n the re910n 0f N ( 1 , j ;  k, 1) where the 
acceptance f0r e1a5t1c event5 15 ne9119161e. 7he avera9e p0pu1at10n 0f th15 re910n 
wa5 5u65tracted, 61n 6y 61n, fr0m the event5 accumu1ated 1n N ( 1 , j ;  k, 1). 7h15 
c0rrect10n wa5 typ1ca11y a60ut 1% 1n each pa1r 0f h0d05c0pe5. 

(1v) L055e5 due t0 the 1mpr0per reject10n 0f e1a5t1c event5 6y the a5519nment 
cr1ter1a. 70 determ1ne the5e 1055e5, e1a5t1c event5 were 1dent1f1ed w1th the a1d 0f the 

externa1 h0d05c0pe5. 7he c0rrect10n wa5 06ta1ned a5 the fract10n 0f the5e event5 
wh1ch were rejected 6y the a5519nment cr1ter1a 1n the 1nterna1 h0d05c0pe5. Per pa1r 
0f h0d05c0pe5, a60ut 2.3% 0f the e1a5t1c event5 were rejected. 7he 1055 rema1ned 

c0n5tant w1th1n 0.2% fr0m run t0 run. 
(v) L055 0f event5 cau5ed 6y the hardware d15cr1m1nat0r thre5h01d5 0n the tr199er 

c0unter 519na15.7he5e 1055e5 were ne9119161e (<0.2%) f0r a11 ana1y5ed run5 except 
pp and ~p taken at x/5=62.3 6eV, where 50me d15cr1m1nat0r thre5h01d5 were 
acc1denta11y 5et a60ve the1r 0pt1ma1 va1ue5. 1n the5e run5 the 1055e5 depend 0n the 

5catter1n9 an91e, due t0 the n0n-un1f0rm 119ht c011ect10n 1n the tr199er c0unter. 7hey 
were a60ut 3-6% 1n the re910n c105e t0 the 6eam and decrea5ed t0 2er0 t0ward5 
the 1ar9er 5catter1n9 an91e5.7he c0rrect10n5 f0r the5e eff1c1enc1e5 were eva1uated 6y 
5evera1 1ndependent meth0d5 [17] wh1ch a9reed w1th1n 1-2%. 

C0rrect10n5 t0 acc0unt f0r dead5pace 6etween c0unter5, 1mpr0per 1ne1a5t1c reject10n 
6y the m0n1t0r H3H4, event5 a5519ned t0 the wr0n9 c0unter etc. were a11 ne9119161e 
(<0.1%). 

7he uncerta1nt1e5 1n the c0rrect10n5 de5cr16ed a60ve, are e1ther added t0 the 
5tat15t1ca1 err0r 0r added t0 the err0r 0n the n0rma112at10n 0f the data (5ee 5u65ect. 
7.1). 

7. Ana1y515 

7he ana1y515 0f the data pr0ceed5 1n tw0 5ta9e5. F1r5t, 5et5 0f d1fferent1a1 e1a5t1c 
cr055 5ect10n5 are extracted fr0m the reduced data, pr0per1y n0rma112ed t0 the 

Am0n9 the p05516111t1e5 1nve5t19ated were (1) a5519nment 0f d0u61e h1t5 we19hted 6y the d15tr16ut10n 
0f 51n91e h1t5 and (11) rand0m a5519nment 0f d0u61e h1t5 am0n9 the c0unter5 1nv01ved. 
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mea5ured 1nte9rated 1um1n051ty. 1n the 5ec0nd 5ta9e, e4. (7) 15 f1tted t0 the var10u5 
5et5 0f d1fferent1a1 cr055 5ect10n5 and the re1evant parameter5 are determ1ned fr0m 
th15 f1t. Wh1ch parameter5 are extracted fr0m a part1cu1ar 5et, depend5 0n the t-ran9e 
c0vered 6y the data. 7he t0ta1 cr055 5ect10n c0u1d 6e determ1ned at a11 ener91e5. 

7he data at the h19he5t ener9y (~/5 = 62.3 6eV)  c0vered 0n1y part 0f the 1nterference 
re910n and were n0t f1tted f0r p. 7he data at ~/5 = 23.5 and 30.6 6 e V  d1d n0t extend 
t0 1ar9e en0u9h 1t1 t0 a110w f0r a re11a61e mea5urement 0f the hadr0n1c 510pe 
parameter.  

7.1. DE7ERM1NA710N 0 F  7HE D1FFEREN71AL CR055 5EC710N5 

7he d1fferent1a1 e1a5t1c cr055-5ect10n5 were 06ta1ned fr0m the mea5ured d15tr16u- 
t10n5 N(1,j; k, 1) a5 f0110w5. F1r5t, an expre5510n 15 der1ved wh1ch de5cr16e5 the event 
d15tr16ut10n 1n a pa1r 0f h0d05c0pe5. F0r th15 purp05e, an e1a5t1c event 15 5pec1f1ed 
6y n1ne c00rd1nate5: three 5pat1a1 c00rd1nate5 de5cr161n9 the 10cat10n 0f the 1nterac- 
t10n p01nt, the f0ur 1n1t1a1 6etatr0n an91e5 0f the 1nc0m1n9 part1c1e5 (a11 5ummar12ed 
1n the 7-d1men510na1 vect0r X)  and the tw0 5catter1n9 an91e5 0 and ~. 7he num6er 
0f part1c1e5, 0r191nat1n9 1n the v01ume e1ement d 7 X  and 5cattered 1nt0 the 5011d 
an91e d 0  = d c05 (0)  d~, 15 then 91ven 6y 

dn = ~ P ( X )  d0 - / d0  (0)  d7X d 0 ,  (12) 

where 5£ 15 the 1nte9rated 1um1n051ty, P ( X )  the d1am0nd den51ty d15tr16ut10n, 
n0rma112ed t0 un1ty, and d~r /d0  the d1fferent1a1 e1a5t1c cr055 5ect10n. 7he d15tr16ut10n 
0f event5 1n a pa1r 0f  h0d05c0pe5 15 06ta1ned 6y 1nte9rat10n 0f e4. (12) 0ver the 
v01ume wh1ch 15 5een 6y tw0 91ven 1mpact p01nt5 0n the detect0r. Further 1nte9rat10n 
0f th15 d15tr16ut10n 0ver the d1men510n5 0f the ce11 def1ned 6y the 0ver1ap 0f the 

5tack e1ement (1), f1n9er e1ement (j) 1n arm 1 and the 5tack e1ement (k), f1n9er e1ement 
(1) 1n arm 2, y1e1d5 a de5cr1pt10n 0 f the  p0pu1at10n 1n the matr1x N(1,j; k, 1). P ( X )  
wa5 parametr12ed a5 a 9au551an d15tr16ut10n 1n the 5even c00rd1nate5 (X)  and d~r /d0  
15 91ven 6y e4. (7). W1th the ch05en parametr12at10n and expan510n 0f the  expre5510n 
f0r d0•/d0 1n a 7ay10r 5er1e5, the n1ne-d1men510na1 1nte9rat10n wa5 perf0rmed 
ana1yt1ca11y and reduced t0 we11-kn0wn err0r funct10n 1nte9ra15 [18]. 

1n f19. 4 15 5h0wn the event d15tr16ut10n 1n a matr1x N(1,j; k, 1) after 5umm1n9 
0ver the f1n9er 1nd1ce5 (j)  and (1). 7he c0111near1ty 0f e1a5t1c event5 cau5e5 them t0 
6e accumu1ated 0n the d1a90na1.7he 5tr0n9 var1at10n 1n p0pu1at10n a10n9 the r1d9e, 
ref1ect5 the an9u1ar dependence 0f the d1fferent1a1 e1a5t1c cr055 5ect10n. 7he d15tr16u- 
t10n v1ewed a10n9 a c00rd1nate perpend1cu1ar t0 the r1d9e, 1.e. at f1xed 5catter1n9 
an91e, 15 e55ent1a11y a pr0ject10n 0f the d1am0nd d15tr16ut10n. 7he p051t10n5 and 
w1dth5 0f the d1am0nd pr0f11e5, wh1ch enter 1nt0 the ca1cu1at10n de5cr16ed a60ve, 
were 06ta1ned fr0m a f1t 0f  5uch pr0ject10n5. 

Next, the ca1cu1ated d15tr16ut10n 15 u5ed t0 c0rrect the mea5ured d15tr16ut10n, 
N(1,j; k, 1), f0r 60rder 1055e5 and 61nn1n9 effect5. 7he c0rrected p0pu1at10n5 are 
5ummed 0ver th05e c0m61nat10n5 0f 1nd1ce5 1, j, k and 1 wh1ch c0rre5p0nd t0 a 
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F19. 4. C0111near1ty p10t 0f e1a5t1c event5 fr0m a pp run at ~/5 = 23.5 6eV. 7he 5tack 1nd1ce5 51 and 52 
run t0ward5 1ar9er 5catter1n9 an91e5. 7he an9u1ar dependence 0f the d1fferent1a1 e1a5t1c cr055-5ect10n 15 
mea5ured a10n9 the r1d9e and the pr0f11e 0f the 6eam 0ver1ap 15 mea5ured perpend1cu1ar t0 the r1d9e. 

91Ven 5Catter1n9 an91e. N0rma112at10n t0 the 1nte9rated 1Um1n051ty and the C0Vered 
5011d an91e, then y1e1d5 a mea5Urement 0f dc r /d~  f0r each 5Catter1n9 an91e def1ned 
6y the e1ement5 0f a detect0r pa1r. 

7he5e an91e5 depend 0n the 10Cat10n 0f the 5taCk and f1n9er e1ement5 and 0n the 
h0r120nta1 d1am0nd p051t10n W1th re5pect t0 the h0d05C0pe5. 7he dependence 0n 
the 1atter Wa5 rem0Ved 6y 5Ca11n9 the Cr055 5eCt10n5 t0 5et5 0f n0m1na1 5Catter1n9 

an91e5, Wh1Ch depend 0n the detect0r p051t10n 0n1y, and 5U65e4Uent avera91n9.7h15 
pr0cedUre exp101t5 the 1eft/r19ht 5ymmetry 1n each detect0r pa1r and thU5 redUCe5 
the 5en51t1V1ty 0f the Cr055-5eCt10n eva1Uat10n t0 the eXaCt d1am0nd p051t10n. FUrther 
avera91n9 0f Cr055 5eCt10n5 06ta1ned fr0m the tW0 detect0r pa1r5, exp101t5 the 
Up/d0Wn 5ymmetry 0f the apparatU5 and redUCe5 the 5en51t1V1ty t0 the eXaCt h0d0- 

5c0pe p051t10n. 
7he 61nn1n9 c0rrect10n5 are 519n1f1cant (<5%)  0n1y 1n the C0u10m6 re910n where 

the var1at10n 0f the cr055-5ect10n w1th the 5catter1n9 an91e 15 5tr0n91y n0n-11near. 
7he c0rrect10n5 app11ed t0 acc0unt f0r 60rder 1055e5 are 5ma11: 95-100% 0f the 
event5 were accepted 1n a11 re910n5 0f the detect0r except 1n the ed9e c0unter5 where 
a60ut 60% 0f the event5 were accepted. 
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An uncerta1nty 0f 0.3% 0n the eff1c1ency ca1cu1at10n5, 0.8% (avera9e) 0n the 
1um1n051ty m0n1t0r c0n5tant5, 0.4% 0n the 6eam d15p1acement 5ca1e and the err0r 
1n the ca1cu1at10n 0f the 1nte9rated 1um1n051ty c0ntr16ute t0 an err0r 0f 1.0% per 
15R run 0n the n0rma112at10n 0f the data. F0r the ~p run at 30.4 6eV a 1ar9er err0r 
0f 2.5% 0n the n0rma112at10n wa5 due t0 h19h 6ack9r0und c0nd1t10n5. 

7he ana1y515 pr0cedure de5cr16ed a60ve 15 e55ent1a11y 1terat1ve, 6ecau5e prev10u5 

mea5urement5 0r e5t1mate5 0f 0•t0t, /0, and 6 are u5ed t0 de5cr16e the an9u1ar 
dependence 0f d0- /d~ 1n e4. (12). H0wever, the ca1cu1ated d1fferent1a1 cr055 5ect10n5 

depend weak1y 0n the5e parameter5 51nce each ce11 c0ver5 a very 5ma11 ran9e 1n 0 
and the pr0cedure c0nver9e5 at the f1r5t 1terat10n. We ver1f1ed that the cr055 5ect10n 

eva1uat10n d1d n0t 1ntr0duce any 519n1f1cant 61a5 6y exten51ve ana1y515 0f M0nte 

Car10 9enerated data. 
7he mea5ured ~p and pp d1fferent1a1 e1a5t1c cr055 5ect10n5 are 91ven 1n ta61e5 2 

and 3 and are 5h0wn 1n f195. 5 and 6. 

7.2. D E 7 E R M 1 N A 7 1 0 N  0 F  0•t0•, p, A N D  6 

E4. (7) 15 f1tted t0 the d1fferent1a1 e1a5t1c cr055 5ect10n5 t0 extract ~rt0~, p, and 6. 
Exc1uded fr0m a11 f1t5 were cr055 5ect10n p01nt5 w1th an acceptance c0rrect10n 0f 

m0re than 30%, 1.e. th05e wh1ch are eva1uated at the ed9e5 0f the apparatu5. A150 
0m1tted were data p01nt5 0 f~p  and pp at x/5 = 62.3 6eV f0r wh1ch the tr199er c0unter 
eff1c1ency c0rrect10n5 were m0re than 2%. 

1n add1t10n t0 the parameter5 ~r,0t, p and 6, a parameter 6h 15 1ntr0duced, wh1ch 
15 the c0rrect10n t0 the avera9e d15tance 6etween the upper and the 10wer h0d05c0pe5 
a5 mea5ured 6y 0pt1ca1 5urvey. 7h15 parameter pr0v1de5 a ca116rat10n 0f the t-5ca1e 
and 15 06ta1ned fr0m the pp data taken at x/5 = 23.5 and 30.6 6eV  wh1ch extend far 
1nt0 the C0u10m6 re910n. 7he tw0 f1tted va1ue5 0f 6h are -0 .19+0.03 and -0.11 • 
0.02 mm. A1th0u9h the5e are mar91na11y c0mpat161e, the d1fference c0u1d ref1ect an 
acc1denta1 chan9e 1n detect0r p051t10n 6etween the5e tw0 run5 wh1ch were 5eparated 

6y a tw0-m0nth 10n9 15R 5hut-d0wn. H0wever, 1t 15 un11ke1y that 5uch a chan9e 
0ccurred 6etween the run5 at x/5 = 23.5 and 52.8 6eV wh1ch were taken 5h0rt1y after 
each 0ther. 7he va1ue 6h(23.5 6eV) 15 theref0re u5ed 1n the f1t at 52.8 6eV. F0r the 
5ame rea50n 6h(30.6 6eV) 15 u5ed 1n the f1t at 62.3 6eV. 7he uncerta1nty 0n the 
t-5ca1e 15 c0mputed fr0m the d15tr16ut10n 0f 1ndependent determ1nat10n5 0f 6h wh1ch 
5h0wed an r.m.5. 0f 0.06 mm. 

7he pp 0r ~p t0ta1 cr055 5ect10n 15 a free parameter at a11 ener91e5.7he hadr0n1c 
510pe parameter 15 06ta1ned fr0m data taken at x/5 = 52.8 and 62.3 6eV wh1ch extend 
far en0u9h 1nt0 the hadr0n1c re910n. At 0ther ener91e5 pu6115hed va1ue5 0f 6(pp) 
[19] are taken a5 1nput t0 the f1t wh11e 6(~p) at x/5 = 30.4 6eV 15 e5t1mated thr0u9h 
the f0110w1n9 appr0x1mate expre5510n deduced fr0m e4. (8): 

6(~p) ~ 6(pp) + At~t0t(16~-0-e,/~rt0t)-~, (13) 
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7A8LE 2 

Mea5ured d1fferent1a1 e1a5t1c cr055 5ect10n5 

1t 1 10 3 der/dt 1t110 3 d0•/dt 1t1 10 -3 d0•/dt 1t] 10 -3 d~r/dt 
(6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) 

pp: ~/5 = 23.5 6eV 8 .11  77.0+2.3 8 .76  75,2•0.3 12.69 77.9~0.3 
8 .61 71.5•2.2 9 .43  75,5•0.3 14.11 76.8 =L 0.3 

0.37 1933.8•7.0 9 .12  75.3•2.2 10.14 73,4•0.4 15.60 75.6+0.3 
0.48 1169.4•3.2 9 .65  73.3•2.2 10.87 72.2•0.4 17.18 73.6•0.3 
0 .61  753.2•2.2 10.20 73.0•2.2 11.62 72.3•0.4 18.83 71.8 =L0.3 
0 .75  518.9•1.5 12.40 71.5 •0.4 20.55 70.1 ~=0.3 
0.91 375.8 + 1.6 pp: ~/5 = 30.6 6eV 13.20 70.8 • 0.4 22.35 68.4 J: 0.3 
1.08 289.0+1.4 14.03 69.5+0.4 24.22 67.3+0.3 
1.26 227.4+1.2 0.50 1059.5•2.5 14.89 69.7•0.4 26.17 65.4•0.3 
1.47 188.4•1.1 0 .68 620.1•1.3 15.77 68.2•0.4 28.20 63.0•0.4 
1 .68 161.6• 1.0 0.87 396.7 • 1.0 16.67 68.1 • 0.4 30.30 61.8 • 0.4 
1.91 142.7+1.0 1.10 278.7•0.9 17.60 67.0•0.4 32.47 59.8+0.4 
2 .16  128.1+0.9 1.35 208.9+0.7 34.73 57.8•0.4 
2 .42  117.2•0.8 1.62 167,9•0.7 pp: -~5 = 52.8 6eV 37.05 55.8•0.3 
2.70 107.3 • 0.8 1.92 141.1 • 0.6 39.46 55.1 • 0.3 
2.99 101.6 • 0.8 2.24 124,0 • 0.6 1.07 283.1 • 1.0 41.93 53.5 • 0.3 
3 . 2 9  96.6+0.8 2 .59  111.1•0.6 1.51 181.9•0.6 44.49 51.4•0.3 
3 . 6 1  93.9•0.8 2 .97  102.8•0.5 2.03 137.2•0.5 47.12 50.8•0.3 
3 . 9 5  89.3•0.7 3 .37  98.2•0.4 2.62 114.9•0.4 49.82 49.1•0.3 
4 . 3 0  86.2•0.7 3 . 7 9  92.6•0.3 3.29 103.4•0.4 52.60 47.4•0.3 
4 . 6 6  85.5•0,7 4 . 2 4  88.6•0.3 4 .03  96.2•0.3 55.46 46.0•0.3 
5.04 83.2 •0,7 4 . 7 2  86.4•0.3 4 .85  91.8•0.4 
5.43 81.3 • 0.7 5.22 83.2 • 0.3 5.74 88.1 • 0.4 pp: ~/5 = 62.3 6eV 
5 . 8 4  81.4•0.7 5 . 7 4  81.3•0.3 6 .71  86.4•0.4 
6 . 2 7  79.4•1.0 6 . 3 0  80.5•0.3 7 .75  84.4•0.4 5 .43 94.7•0.8 
6 . 7 1  78.8•2.3 6 . 8 7  78.3•0.3 8 .87  82.8•0.4 6 .56  91.1•0.5 
7 . 1 6  79.9•2.3 7 . 4 8  77.2+0.3 10.07 81.1•0.4 7 .79  88.2•0.6 
7 . 6 3  75.5•2.3 8 . 1 0  76.2•0.3 11.34 79.8+0.3 9 . 1 2  87.0•0.6 

w1th A 0 " t 0  t = 0"~0t(f~p)- °•t0t(pp). W e  f1nd* 6 ( ~ p )  = 12.7 6 e V  2.7h15 can  6e  c 0 m p a r e d  

t0 a r e c e n t  f1t 0 f  the  p p  a n d  ~p  f 0 r w a r d  h a d r 0 n 1 c  510pe5 wh1ch pred1ct5: 6 ( ~ p ) =  

12.6 6 e V  -2 at  ~/5 = 30.4 6 e V  [20]. W e  a110w f0r  an  e r r0 r  0 f 0 . 5  6 e V  -2 0n  th15 e5t1mate. 

7 h e  p-va1ue  15 a f ree  p a r a m e t e r  at a11 ener91e5 e x c e p t  f0r  ~p  a n d  p p  at ~ /5=  

62.3 6 e V ,  w h e r e  d a t a  p01nt5 1n the  C 0 u 1 0 m 6 - h a d r 0 n 1 c  1n te r f e rence  re910n were  

0m1t ted  t0 m1n1m12e t h e  5en51t1v1ty t0 tr199er c 0 u n t e r  eff1c1ency c0rrect10n5 (5ee 5ect. 

6). H e r e  t h e  prev10u5 m e a 5 u r e m e n t  0f  p ( p p )  a n d  the  d15per510n-re1at10n pred1ct10n 

f0r  p ( ~ p )  [4] are  u5ed a5 1nput  t0 a f1t w1th 0-t0t a n d  6 a5 f ree  p a r a m e t e r 5 .  

7 h e  re5u1t5 0 f  the5e  f1t5 are  91ven 1n ta61e 4. 7 h e  curve5 1n f195.5 a n d  6 r e p r e 5 e n t  

t he  6e5t f1t t0 t h e  da ta .  

7 h e  5tat15t1ca1 e r r0 r  a n d  the  err0r5 1nduced  6y  the  uncerta1nt1e5 1n the  1nput  

p a r a m e t e r 5 ,  t he  n0rma112at10n 0 f  t he  d a t a  a n d  the  t-5ca1e ca116rat10n are  91ven 1n 

* w1th the rat10 0-e1(~p)/0-t0t(~p)~0.17 a5 f0r pp at 15R ener91e5 [21], ,~0-~0 ~ =48.4(E/a6) -°-55 = 1,6 m6 
[4] and 6(pp)= 12.2 6 e v  -2 [19]. 
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Mea5ured d1fferent1a1 e1a5t1c cr055 5ect10n5 (c0nt1nued) 
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[t110 3 d0•/dt 1t1 10 -3 dtr/dt 1t[ 10 -3 dtr/dt 1t[ 10 3 dcr/dt 
(6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) (6eV 2) (m6/6eV 2) 

pp: ~/5 = 62.3 6eV 1.33 247.1•4.5 ~p: ~55 = 52.6 6eV 31.77 66.1 • 1.8 
1.60 192.4•4.8 33.99 62.8•1.7 
1.89 156.9•4.4 36.28 62.8•1.7 
2.21 140.4•4.1 38.66 60.3•1.7 

10.56 84.4•0.6 0.97 386.5•9.0 
12.11 82.2•0.6 1.39 242.8~2.9 
13.76 80.8•0.4 2.56 131.1•3.1 1.89 181.9•1.9 
15.52 79.1•0.4 2.93 118.8•2.9 2.46 146.8:1:2.1 ~p: ~/5= 62.3 6 e v  
17.38 77.1•0.4 3.32 113.4•2.8 3 .10 127.3•1.9 
19.35 75.7+0.4 3 .74 108.2•2.8 3.82 116.3•1.8 6 .32 102.4•1.6 
21.43 72.4•0.4 4 .19 103.4•2.7 4 .62 109.1•1.6 7 .52  99.5•1.6 
23.61 71.2 • 0.4 4.66 98.6 • 2.6 5.49 101.7 J: 1.4 8.83 96.0 • 1.6 
25.89 68.8•0.3 5 .16  89.6•2.5 6 .43  97.4~1.3 10.25 93.0• 1.5 
28.29 67.6•0.3 5 .68  91.4•2.5 7 .45  98.8•1.3 11.77 88.9•1.5 
30.78 64.7•0.3 6 .22  92.7•2.6 8.55 93.3 • 1.3 13.39 88.1 • 1.5 
33.39 62.2•0.3 6.80 88.6•2.5 9 .72  90.0•1.3 15.12 84.5 • 1.5 
36.09 60.9 • 0.3 7.39 88.8 • 2.5 10.97 88.7 • 1.3 16.96 78.2 • 1.4 
38.91 58.3•0.4 8 .01 87.7•2.5 12.29 87.4•1.3 18.90 79.2+1.4 
41.83 55.9+0.4 8 .66  83.9•2.4 13.68 83.2•1.2 20.95 79.1•1.4 
44.85 54.8•0.4 9 .33  82.4+2.4 15.15 81.9•1.2 23.10 73.7+1.4 
47.98 52.9•0.4 10.03 83.6•2.4 16.70 81.9•1.2 25.35 72.5•1.4 
51.22 49.4•0.4 10.75 84.7•3.8 18.32 78.1:1:1.2 27.71 70.9• 1.3 

11.50 77.0•3.6 20.01 76.0• 1.2 30.18 71.1 • 1.3 
~p: -,/5 = 30.4 6 e v  12.27 76.6 • 3.6 21.79 74.1 • 1.2 32.75 65.0 • 1.3 

13.07 79.5 • 3.7 23.63 72.4 • 1.1 35.43 63.7 • 1.3 
0.67 718.6+ 12.6 13.89 87.2•3.9 25.55 69.4• 1.1 38.21 59.4• 1.2 
0.86 460.6 • 7.2 14.73 78.1 + 3.7 27.55 68.4 • 1.3 
1.08 323.5•6.0 15.61 80.2•3.7 29.62 66.4•1.8 

ta61e 5. A d d e d  1n 4 u a d r a t u r e  t h e y  y1e1d the  err0r5 4 u 0 t e d  1n ta61e 4. 7 h e  uncerta1nt1e5 

1n the  tr199er c 0 u n t e r  eff1c1ency c0rrect10n5 are  f01ded 1nt0 the  err0r5 0n  the  re5u1t5 

0 f  p p  a n d  ~p  at  ~/5 = 62.3 6 e V .  7 h e  re5u1t5 w e r e  hard1y a f f ec t ed  6y the  uncerta1nt1e5 

1n the  d 1 a m 0 n d  5hape ,  d 1 a m 0 n d  p051t10n, d e t e c t 0 r  9 e 0 m e t r y  a n d  6 e a m  m 0 m e n t u m .  

5y5temat1c err0r5 5tem f r 0 m  a p055161e under -e5 t1mat10n  0 f  eff1c1enc1e5 6y 0 .2% ,• 

an  unce r t a1n ty  0 f  0 .3% ( 0 . 1 % )  1n the  5tack (f1n9er) 512e a n d  an  eventua1 1055 0 f  

event5 6 e t w e e n  c0un te r5  ( < 0 . 1 % ) .  W h e n  a d d e d  1n 4 u a d r a t u r e ,  th15 c 0 r r e 5 p 0 n d 5  t0 

a 5ca1e e r r 0 r  0 f  0 .4% 1n the  n0rma112at10n 0 f  the  da ta .  7h15 5ca1e e r r0 r  c0ntr16ute5 

< 0 . 0 9  m 6  t0 t h e  t0ta1 cr055-5ect10n, < 0 . 0 0 4  t0 t he  p-va1ue a n d  <0 .03  6 e V  2 t0 t he  

h a d r 0 n 1 c  510pe p a r a m e t e r  (5ee ta61e 5). 

7 h e  p p  d a t a  at ~/5 = 23.5, 30.6 a n d  52.8 w e r e  t a k e n  1n tw0  15R run5 e a c h  a n d  

re5u1t5 06 ta1ned  f r 0 m  the5e  run5 1nd1v1dua11y w e r e  f 0 u n d  t0 6e c0n515tent. 

1n f19. 7 t h e  4uant1ty  ( d ~ r / d t ) / ( d c r / d t ) p = 0 - 1  15 p10t ted a9a1n5t f 0 u r - m 0 m e n t u m  

t r an5 fe r  f0 r  t he  p p  a n d  ~ p  d a t a  f r 0 m  wh1ch p-va1ue5 w e r e  e x t r a c t e d .  7 h e  de5truct1ve 

(c0n5t ruc t1ve)  1n t e r f e r ence  1n p p  (~p)  5catter1n9 at  15R ener91e5 15 ev1dent .  
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F19.7. 7he4uant1ty (d0,/dt) /(00-/dt~0~ 0 -  1 ver5u514: (a) ~p at ~ = 52.6 6eV; (6) ~p at ,/5 = 30.4 6eV; 
(c) pp at ~/5= 23.5 6eV; (d) pp at ~/5 = 30.6 6eV; (e) pp at ~/5 = 52.8 6eV. 7he curve5 repre5ent the f1t 

d15cu55ed 1n the text. 7he 5haded area c0rre5p0nd5 t0 the uncerta1nty 1n the p-va1ue. 

7 h e  t0ta1 e1a5t1c cr055 5ect10n5 and  the  rat10 0•e1/0•t0 t a r e  91ven 1n ta61e 6. 7 h e y  

are  ca1cu1ated u51n9 e4. (8) w h e r e  1t 15 a55umed tha t  the  d1fferent1a1 e1a5t1c cr055 

5ect10n fa115 0ff exp0nent1a11y w1th 1t 1. W e  d1d n0 t  ventur*e u p 0 n  a numer1ca11nte9ra-  

t10n 0 f  the  dcr/d1t1-d15tr16ut10n5 0u t  t0 1ar9e va1ue5 0 f  ]t1 [2 ] ] ,  6 u t  e5t1mate tha t  the  

appr0x1mat10n  u5ed he re  y1e1d5 re5u1t5 0n ~re1(pp) wh1ch are  a 6 0 u t  4 %  10wer t h a n  
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Re5u1t1n9 va1ue5 f0r 0•t0t, ~0 and 6 
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x/5 6h 0-,0 , 6 
(6eV) (mm) (m6) P (6eV 2) X 2 / d f  

pp 23.5 -0.19+0.03 39.65+0.22 0.022•0.014 11.80~0.30) °) 1.03 

pp 30.6 -0.11•0.02 40.11 •0.17 0.034•0.008 12.20+0.30) °) 1.40 
~p 30.4 (-0.11•0.02 42.13 •0.57 0.055•0.029 12.70•0.50) (1~) 1.15 

~ p - p p  2.02•0.60 0.021•0.030 

pp 52.8 (-0.19 • 0.03 42.38•0.15 0.077•0.009 12.87~0.14 ~a) 1.43 
~p 52.6 (-0.19 • 0.03 43.32•0.34 0.106•0.016 13.03 •0.52 (6) 0.97 

~ p - p p  0.94•0.37 0.029 • 0.018 0.16•0.54 

pp 62.3 (-0.11• 0,02 43.55+0.31 (0.095 ~0.011) (m) 13.02+0.27 (c~ 1.32 
~p 62.3 (-0.11•0.02 44.12+0.39 (0.104~ 0.011) (~v) 13.47•0.52 ~0) 1.02 

~p - pp 0.57 • 0.50 0.45 • 0.59 

1nput t0 the f1t5 are 91ven 1n 6racket5: (1) ref. [19], (11) extrap01at10n exp1a1ned 1n the text, (111) ref. 
[4], (1v) d15per510n-re1at10n pred1ct10n [4]. (a) 0.001 < 1t1 < 0.056, (6) 0.001 < 1t1 < 0.039, (c) 0.005 < 1t1 < 
0.052, (d) 0.006 < 1t1 < 0.038 6eV 2 

7A8LE 5 

Err0r c0ntr16ut10n5 

~/5 1t]- 70ta1 5ca1e 
(6eV) 5tat N0rm p 6 

5ca1e err0r err0r 

0•t0 t pp 23.5 0.10 0.11 0.16 0.04 0.22 0.06 (m6) 
p 0.004 0.006 0.009 0.007 0.014 0.002 

0•t0 t pp 30.6 0.03 0.13 0.07 0.08 0.17 0.08 (m6) 
p 0.003 0.002 0.007 0.003 0.008 0.001 

0•t0 t ~p 30.4 0.38 0.38 0.09 0.10 0.57 0.09 (m6) 
p 0.024 0.011 0.005 0.003 0.029 0.000 

0-,0 t pp 52.8 0.04 0.13 0.05 0.15 0.07 (m6) 
p 0.002 0.004 0.009 0.009 0.002 
6 0.09 0.04 0.09 0.14 0.02 (6eV -2) 

0•,0t 15p 52.6 0.29 0.12 0.14 0.34 0.05 (m6) 
p 0.011 0.007 0.009 0.016 0.003 
6 0.49 0.09 0.14 0.52 0.03 (6eV 2) 

0-t0 , pp 62.3 0.06 0.30 0.02 0.05 0.31 0.09 (m6) 
6 0.10 0.23 0.03 0.09 0.27 0.00 (6eV -2) 

tr,0 , ~p 62.3 0.22 0.28 0.02 0.16 0.39 0.09 (m6) 
6 0.46 0.19 0.00 0.12 0.52 0.01 (6eV -2) 
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7A8LE 6 

70ta1 e1a5t1c cr055 5ect10n5 

(6eV) (m6) °%1/°•t°• 

pp 23.5 6.81 •0.19 0.172•0.005 
pp 30.6 6.75 • 0.17 0.168 • 0.004 
pp 52.8 7.17 • 0.09 0.169 • 0.002 
pp 62.3 7.51 •0.19 0.172+0.004 

~p 30.4 7.16 • 0.34 0.170 • 0.007 
~p 52.6 7.44 • 0.32 0.172 • 0.007 
~p 62.3 7.46 • 0.32 0.169 • 0.007 

a numer1ca11nte9rat10n w0u1d 91ve. 0 n e  may a55ume the 5y5temat1c err0r 0n ~re,(~p) 
t0 6e  a60ut  the 5ame. 

8. D15cu5510n 

A 5urvey 0f re5u1t5 0n 0•t0,(pp) and 0~t0t(pp ) 1n the 15R ener9y ran9e 15 5h0wn 1n 
f19.8 .0ur  mea5urement 0f crt0t(pp) at x/5 = 23.5 6 e V  15 1n a9reement w1th the FNAL 
re5u1t5 0f Carr011 et a1. [22] 6ut prev10u5 15R re5u1t5 are 5y5temat1ca11y 10wer 6y 
a60ut 0.7 m6. At h19her ener91e5, the a9reement 6etween the var10u5 15R mea5ure- 
ment5 0f 0•t0t(pp ) 15 900d, a5 Can 6e jud9ed fr0m the C0mp11at10n pre5ented 1n ta61e 
7 . 7 h e  avera9e 0f the 15R re5U1t5 15 a150 updated 1n th15 ta61e. 

1t 15 apparent  fr0m f19. 8 that 0~t0t(pp ) 15 r151n9 thr0U9h the 15R ener9y ran9e. 7he 
ma9n1tude 0f th15 r15e 15 1.99 • 0.69 m6 fr0m ~/5 = 30.6 t0 62.3 6eV,  1n a9reement 
W1th the r15e 0f 2.34 + 0.64 m6 065erved 6y Car60n1 et a1. [23]. H0WeVer, the Va1Ue5 
rep0rted 6y the5e auth0r5 f0r ~rt0t(~p) are h19her than 0Ur5 6y a60Ut 1 m6. 

0Ur mea5Urement5 0f p(pp)  are 5h0Wn 1n f19.9 t09ether W1th 0ther mea5Urement5 
1n the 15R ener9y ran9e. 7he a9reement 6etWeen the exper1ment5 15 Very 900d and 

7A8LE 7 

C0mp11at10n 0f 15R re5u1t5 0n 0-t0~(pp) (m6) 

Ref. x/5 = 23.5 30.7 44.7 52.8 62.5 6eV 

[33] 38.70•0.70 40.00-4-0,60 42.50•0.80 42.90•0.70 44.10•0.90 
[34] 39.10•0.30 40.10•0.30 42.00•0.30 42.90•0.30 43.70•0.40 
[35] 38.89•0.21 40,17•0.21 41.66•0.19 42.46•0.2"6 43.04• 0.29 
[23] 40.22•0,21 43,01•0.27 43.82•0.30 

7h15 exp. 39.65•0.22 40.11•0.17 42.38•0.15 43.55+0.31 

Avera9e 39.20•0.13 40.14•0.10 41.79•0.16 42.57•0.11 43.51•0.16 
X2/d f  2.33 0.06 0.21 1.47 1,09 
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F19. 9. C0mp11at10n 0f data 0n p(pp) 1n the 15R ener9y ran9e [4, 25, 38]. 
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7A8LE 8 

C0mp11at10n 0f 15R re5u1t5 0n 0(pp) 

Ref. x/5 = 23.5 30.7 44.7 52.8 62.5 6eV 

[3] 0.02 • 0.05 0.03 • 0.06 
[4] 0.042•0.011 0.062•0.011 0.078•0.010 0.095•0.011 

7h15 e x p .  0.022•0.014 0.034+0.008 0.077•0.009 

Avera9e 0.022•0.013 0.037•0.006 0.062•0.011 0.077+0.007 0.095•0.011 

15R avera9e5 0f p(pp)  are 91ven 1n ta61e 8. 7he  mea5ured va1ue5 f0r 0(~p) are 

519n1f1cant1y p051t1ve 1nd1cat1n9 that the 065erved r15e 0f the ~p t0ta1 cr055 5ect10n 

w111 per515t at h19her ener91e5.7h15 ha5 6een recent1y c0nf1rmed 6y mea5urement5 

perf0rmed at the 5P5 C0111der [7, 8]. 

We have f1tted the pp and  ~p data 0n p and  cr,0, u51n9 d15per510n re1at10n5.7he 

f1xed-t d15per510n re1at10n c0nnect1n9 the ener9y dependence  0f the rea1 and the 

1ma91nary part  0f  the f0rward 5catter1n9 amp11tude can 6e appr0x1mated at 15R 

ener91e5 6y the pr1nc1pa1 va1ue 1nte9ra1 [4]: 

p • ( E ) 0 • • ( E ) = - - + - -  dE• p• ~ (14) 
)• 

p ~rp E• (E• -E)  E ( E • + E ) J "  

Here m 15 the pr0 t0n  ma55, p the 1a60rat0ry m0me n t um,  E the 1a60rat0ry ener9y 

and C an 1nte9rat10n c0n5tant. 7he  5u65cr1pt5 (+)  and ( - )  refer t0 pp and  ~p 

re5pect1ve1y. 

A5 1n ref. [4], the ener9y dependence  0f the t0ta1 cr055 5ect10n wa5 parametr12ed 

a5" 

~r~ = C0+ C , ( E / E 0 )  ~ 4: C 2 ( E / E 0 ) - % +  C3[1n (5/50)] ~ ( m 6 ) ,  (15) 

w1th the 5ca1e fact0r E0 (50) ar61trar11y f1xed t0 1 6 e V  (1 6eV2). We f1tted 142 data 

p01nt5 mea5ured at E > 10 6 e V  [24] and the m1n1m12at10n re5u1ted 1n a X 2 / d f  =- 1.15. 

N0t  1nc1uded were the mea5urement5 0f p (pp)  6y Fajard0 et a1. [25] and  0f ~r,0t(~p) 
6y Car60n1 et a1. [23]. 7he  f0rmer are 1n d15a9reement w1th a 60dy 0f data 0n p(pp)  

at ~/5 ~ 15 6 e V  wh11e the 1atter are 1nc0n515tent w1th 0ur mea5urement5. 7he f1tted 

va1ue5 0f the parameter5 are 115ted 1n ta61e 9 and  the re5u1t1n9 curve5 are 5h0wn 1n 

f195. 10 and 11 .7he  f1tted va1ue5 0f ~t0t and  p at 15R and 5P5 C0111der ener91e5 are 

91ven 1n ta61e 10. 

7A8LE 9 

Re5u1t5 0f the d15per510n-re1at10n f1t 

C = -30.0 + 3.8 C0 = 28.3 + 0.2 
C 1 = 43.0 • 0.6 0t 1 = 0.41:1• 0.01 
C2 = 24.8 • 0.9 c¢ 2 - 0.56 • 0.01 
C 3 = 0.19 • 0.01 y - 2.02 • 0.01 
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F19. 10. 5 u m m a r y  0f  h19h-ener9y data  0n 0•t0t(pp) and  0~t0t(~p) [8, 22, 31, 32, 35, 37]. 7 h e  curve c0rre- 
5p0nd5 t0 the d15per510n-re1at10n f1t de5cr16ed 1n the text.  N0t  a11 data  p01nt5 u5ed 1n the f1t are 5h0wn. 

7A8LE 10 

F1tted va1ue5 0f  0-t0 t and  p at var10u5 ener91e5 

-,/5 0•t0,(pp) 0-,0t(~0) 
( 6 e V )  (m6) (m6) P(PP) P(PP) 

23.5 39.45 • 0.01 41.54• 0.04 0.002 + 0.001 0.043 • 0.001 
30.7 40.31 ~: 0.02 41.85 • 0.04 0.031 • 0.001 0.060 • 0.001 
44.7 41.86 • 0.04 42.88 • 0.05 0.061 • 0.001 0.079 • 0.001 
52.8 42.68 • 0.05 43.52 • 0.06 0.072 • 0.002 0.087 • 0.002 
62.5 43.58 • 0.07 44.27 • 0.07 0.082 • 0.002 0.093 • 0.002 

550 60.82 • 0.40 60.88 • 0.40 0.129 • 0.002 0.129 + 0.002 
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F19. 11. C0mp11at10n 0f pp and ~p p-va1ue5 [4,25, 37, 38]. N0t 5h0wn are an ear1y mea5urement 0f 
Ama1d1 et a1. [3] and pp data 0f Fajard0 et a1. [25]. 7he curve c0rre5p0nd5 t0 the d15per510n-re1at10n f1t 

de5cr16ed 1n the text. 

1t 15 5een f r0m e4. (7) that  the the0ret1ca1 uncerta1nty 1n the ca1cu1at10n 0f  the 

C0u10m6-hadr0n1c pha5e 1nduce5 a 5y5temat1c err0r  1n the determ1nat10n 0f  the 

p-va1ue5. We e5t1mated th15 uncerta1nty 6y a110w1n9 da ta  p01nt5 0f  p ( p p )  and p (~p)  

t0 f10at 1n 0pp051te d1rect10n5 6y an am0un t  A~4~ c0n5tra1ned t0 11e w1th1n the 

5y5temat1c err0r  91ven 6y We5t and Yenn1e, 1Aa~61 ~< 0.015, and  f0und  th15 err0r  t0 

6e ne9119161e: [Aa¢61 = 0.001 •0.002. 

7he  re5u1t5 91ven a60ve  e55ent1a11y r ep r0duce  th05e 06ta1ned 6y Ama1d1 et a1. [4]. 

1n part1cu1ar, the Fr0155art 60und  [26] 15 f0und  t0 6e 4ua11tat1ve1y 5aturated:  y = 2. 

7he  parametr12at10n (15) 91ve5 a very 900d de5cr1pt10n 0f  the ener9y d e p e n d e n c e  

0f  0-t0t, and  0f  p th r0u9h  e4. (14), up t0 5P5 C0111der ener91e5. 
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F19. 12. 7 h e  d1fference /~0rt0t  = 0~t0t(pp)--0~t0t(pp ) Ver5U5 1a60rat0ry m 0 m e n t u m  P1a6 [22, 31, 32]. 7 h e  

CUrve C0rre5p0nd5 t0 the d15per510n-re1at10n f1t de5Cr16ed 1n the text. 

7he ener9y dependence 0f the cr055-5ect10n d1fference, A0•t0 t ~--- 0rt0t(1~p) --  trt0t(pp), 

15 5h0wn 1n f19. 12. 7he 11ne repre5ent5 the re5u1t 0f the d15per510n-re1at10n f1t 
d15cu55ed a60ve. 7he data f0110w a p0wer 1aw fa11-0ff 0ver a 1ar9e ran9e 1n 1a60rat0ry 
ener9y, 10< E <2000 6eV,  1n acc0rdance w1th Re99e exchan9e 0f the d0m1nant 
0dd-519nature traject0r1e5 p and t0. 

A van15h1n9 cr055 5ect10n d1fference 15 a 5uff1c1ent, 6ut n0t a nece55ary, c0nd1t10n 
t0 5at15fy the pre5ent ver510n 0f the P0meranchuck the0rem. 7h15 the0rem 5tate5 
that 1f 0ne 0f the cr055 5ect10n5 0-t0t(pp) 0r ~rt0t(0p) c0nt1nue5 t0 1ncrea5e w1th 
1ncrea51n9 ener9y, then the1r rat10 0-t0t(0p)/0~t0t(pp ) ~ 1 at very h19h ener91e5.5evera1 
auth0r5 [27-29] have c0mmented 0n the ex15tence 0f 0dd-519nature c0ntr16ut10n5 
t0 the 5catter1n9 amp11tude (••0dder0n5••) wh1ch are adm1tted 6y the the0rem and 
wh1ch w0u1d cau5e d0•t0t t0 appr0ach a c0n5tant 0r even 1ncrea5e 11ke 1n (5) w1th 
ener9y. 5uch unc0nvent10na1 c0ntr16ut10n5 are re5tr1cted 6y the mea5urement5 0f 
th15 exper1ment. 810ck and Cahn [27], f0r 1n5tance, have c0nc1uded 0n the 6a515 0f 
f1t5 0f pp and ~p t0ta1 cr055 5ect10n5 and p-va1ue5 t0 var10u5 ana1yt1c 5catter1n9 
amp11tude5 that the 5tren9th 0f the 0dder0n amp11tude, 1f 1t ex15t5 at a11, 5h0u1d 6e 
1e55 than 1% 0f the d0m1nant even-519nature amp11tude. 

0 u r  mea5urement5 0f 6(pp) and 6(~p) 1nd1cate that 60th are r151n9 w1th ener9y 
and that they are n0t 519n1f1cant1y d1fferent at 15R ener91e5.7h15 15 1n acc0rdance 
w1th the the0rem 0f C0rn111e and Mart1n [30], wh1ch pred1ct5 that the rat10 0f the 
w1dth5 0f the d1ffract10n peak5 w111 appr0ach un1ty at very h19h ener91e5. 

We are 1nde6ted t0 the C E R N - R 0 m e  C011a60rat10n f0r mak1n9 ava11a61e t0 u5 
part 0f the e4u1pment they u5ed and t0 the CERN-Nap1e5-P15a-5t0ny 8r00k 
C011a60rat10n f0r pr0v1d1n9 u5 w1th 519na15 0f the1r detect0r. P. Mac4 and J.C. 5en5 
are ackn0w1ed9ed f0r the1r c0ntr16ut10n5 at the ear1y 5ta9e 0f the exper1ment. We 
further thank the techn1ca1 5taff5 0f the L0uva1n and N0rthwe5tern Un1ver51t1e5 and 

the CERN 15R, EP and DD D1v1510n5 f0r the1r 5upp0rt. We 9ratefu11y ackn0w1ed9e 
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the c0ntr16ut10n t0 th15 exper1ment 0f the 1ate J. De6a151eux wh0 de519ned m05t 0f 

the 0n-11ne m0n1t0r1n9 pr09ram5. 
7h15 w0rk wa5 5upp0rted 1n part 6y the 1n5t1tut 1nterun1ver51ta1re de5 5c1ence5 

Nuc1ea1re5, 8e191um, and 1n part 6y a U5 Department 0f Ener9y 9rant. 
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