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Abstract 

New measurements of the pp total, elastic and single diffractive cross sections at \fs = 1.8 TeV (E-710) are 
presented and compared with the theoretical predictions, based on the impact picture for elastic scattering, by 
Bourrely, Soffer and Wu. A recent conjecture by Kang and White in this context is stated. A new measurement 
of Double Pomeron Exchange by UA8 is pointed out. UA1 minimum bias data are studied in terms of factorial 
moments and their power law behaviour (intermittency) in one and two subdivision variables as well as their 
dependence on the lower pr bound for charged tracks. As self-similarity and multifractal structure are evoked in 
connection with intermittency, the latter was analysed by means of G-moments suggested by Hwa yielding the 
fractal spectrum and multifractal dimensions. The CDF Collaboration has obtained similar results. Finally, 
Hwa's universality relation for G-moments was preUminarily tested using UA1 data. 

1 New Cross Section 
Measurements 

By s imul taneously measur ing the t o t a l inelastic 

a n d the smal l angle elastic sca t te r ing r a t e , t h e E-

710 Col labora t ion has de te rmined anew t h e to t a l pp 

t o t a l cross sect ion a t \fs = 1.8 TeV a t t he Fermi-

lab Collider independen t ly of luminosi ty [1]. T h e 

s u m m a r y of the i r resul ts is: 
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T h e luminosi ty was calculated t o 1.16 ± 0.10 

t imes t h e luminosi ty given by t h e accelerator 

de t e rmina t i on ( ± 1 5 % uncer t a in ty ) . T h e com­

par i son of ( J T , < J E / , (Jel/vT, a n d t h e t o t a l single 

diffraction cross section GSD wi th t h e values 

ob ta ined at lower energies in fig. 1 shows t h a t 

all four quant i t ies a re rising wi th increasing en­

ergy. Th i s m a y be in te rp re ted as an increase of 

t h e opaci ty of t h e nucléon at collider energies. 

T h e impac t p ic tu re predic t ion by Bourrely, 

SofTer a n d W u [4] perfectly confirms t h e da/dt 

dis t r ibu t ion of pp elastic sca t te r ing [5] and , as 

shown in fig. 2, t he a n d o r

e / /o r T measure ­

m e n t s at yjs = 1.8 TeV. T h e t dependence of 

log(dael/dt) in 0.034 < \t\ < 0.65 (GeV/c)2 is, 

in agreement wi th t h e d a t a , not a s t raight line, 

a n d p = 0.24 is ruled ou t . 

In order to reconcile, however, t h e UA4 value 

of p = 0.24 ± 0.04 wi th t he recent E-710 to ta l cross 

section, K a n g and W h i t e [6] have cons t ruc ted a sim­

ple dispersion re la t ion model and conjectured a new 

genuine physical th reshold as t o t he diffractive pro­

duc t ion of a new par t ic le of mass abou t 30 GeV/c2 

which m a y have been seen in Geminion and mini-

C e n t a u r o cosmic ray events [7]. 

At t h e C E R N S P S Collider wi th y/s = 630 GeV, 

t h e U A 8 Col labora t ion [8] has e s t ima ted t h e Double 

P o m e r o n Exchange cross section t o be in t h e range 

30 - 150 using two event samples: (a) B o t h t he 

final s t a t e p a n d p w i th 1 < \t\ < 2 (GeVf were 

de tec ted in R o m a n P o t s , b o t h e i ther above or below 

t h e b e a m line, a n d t h e Pomeron-Pomeron p roduced 

cent ra l sys t em in t h e oppos i te solid angle was de­

t ec t ed in t h e UA2 detector ; (b) only one of t he final 

s t a t e p or p wi th 1 < | i | < 2 (GeV)2 was de tec ted 

while t h e o the r was t o o per iphera l , and t h e centra l 

sys t em was selected by rap id i ty defining T O F vetos. 

Fig. 1: The CTJ , at\, &ei /&T and the total single diffrac-
tîon cross section measurements by the E-710 Col­
laboration at y/s = 1.8 TeV compared with the 
corresponding results at lower energies [1]. 



Fig. 2: Impact-picture prediction of <7y, o ^ / ^ r and 
the ratio p of the real to imaginary part of the 
forward amplitude for pp and pp scattering as a 
function of y/s [4]. 

For t h e single diffraction cross sect ion CJSD = 9.4 mb 

h a s b e e n used. 

2 Factorial Moments 
Analysis 

Biaias a n d Peschansk i [9] have shown t h a t , for 

a subdivis ion of a n rj (or <j>) in terval in to M bins , 

t h e scaled m o m e n t s (Q) of ( 1 / M ) • £ ^ = 1 ( M p m ) ' in 

t e r m s of b in o c c u p a t i o n probabi l i t ies pm pe r event 

a re equa l t o t h e expe r imen ta l factorial m o m e n t s of 

• • (N — i + 1)} in t e r m s of par t ic le n u m b e r s km pe r 

event , t a k i n g account of s ta t i s t ica l b in- to -b in fluc­

t u a t i o n s . D y n a m i c a l fluctuations, t o b e looked for, 

imply t h a t t h e normal i zed factorial m o m e n t s have 

t h e power law behav iou r (F{) oc (Y/Sy)** 5 which is 

called i n t e r m i t t e n c y [9], 

2 . 1 One-Dimensional Factorial Moments 

T h e U A 1 1985 m i n i m u m bias d a t a which are 

from now on, unless o therwise specified, t h e only 

d a t a discussed, yie lded t h e following i n t e rmi t t ency 

p a r a m e t e r s y?t- o b t a i n e d by Buschbeck a n d Lipa [10] 

f rom one-d imens iona l analyses in r] a n d (j>: 

T h e y t h u s exhib i t weak, however significant inter­

mi t t ency . 

Fig. 3 shows, as t o ( F 3 ) , how well var ious M o n t e 

Car lo mode l s can r ep roduce th i s behav iou r [11]. Only 

G E N C L of t h e U A 5 Col labora t ion , which is based 

on cluster p r o d u c t i o n a n d decay a n d has been t u n e d 

t o C E R N collider d a t a , furnishes a good descr ip t ion 

of in t e rmi t t ency , albei t only for 8rj > 0.25 [11]. T h e 

o the r mode l s seem t o fail. 

Fig. 3: Comparison of the experimental (F3) versus 8TJ 
"distribution with the results of the Monte Carlo 
models GENCL, PYTHIA 4.8 and PYTHIA 4.8 
with Bose-Einstein interference incorporated [11]. 

As t o t h e var ia t ion of i n t e r m i t t e n c y wi th increas­

ing par t i c le dens i ty in rapid i ty , a decrease of (Ci oc 

(dN/drj)'1 [12] is expec t ed because t h e par t ic les m a y 

or ig ina te from m o r e a n d m o r e i ndependen t emission 

sources . T h i s is d e m o n s t r a t e d in fig. 4 [11] by com­

pa r ing t h e ip2 a n d (p3 resu l t s o b t a i n e d f rom differ­

ent e x p e r i m e n t s a n d t h e artificial i n d e p e n d e n t su­

pe rpos i t ion of 2-9 U A 1 events w i t h < 20 a n d 

dN/dr} = 1.4. 

It is r e m a r k a b l e t h a t t h e reac t ions which involve 

nuclei have cons iderably larger i n t e r m i t t e n c y p a r a m ­

e te rs (p2 a n d <̂ >3 i nd ica t ing eventua l ly a h igher degree 

of collective behav iour . 

2 . 2 Two-Dimensional Factorial 

Moments 

T h e s imul t aneous subdivis ion of t h e na r row in­

terval 1.5 < rj < 3.0, in which accep tance losses are 

min ima l , a n d of t h e whole a z i m u t h yields T quad­

rangles w i t h v — 0 , 2 , 4 , . . . con t r a ry t o v — 0 , 1 , 2 , . . . 

in t h e one-d imens iona l case. T h e i n t e r m i t t e n c y pa­

r a m e t e r s (pi o b t a i n e d from fits t o (Fi) oc (l/Srj.Ô^Y1 

are p re sen ted in fig. 5 t oge the r w i t h those o b t a i n e d 

from (Fi) oc (l/Srj)^. T h e two-d imens iona l inter-
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Fig. 4: <f>2 and y>z as functions of dN/dr] from 250 GeV/c 
5r+p, K+p (EHS-NA22,0); 200 and 800 GeV/c 
p + Ag,Br and 60 and 200 GeV/N 0 + Ag,Br 
(KLM,A); Ca + C and Si + Ag,Br (JACEE,2 ); 
and the independent superposition of 2 - 9 UA1 
events with nch < 20 and dN/drj - 1.4 (x) [11]. 

mi t tency parameters are strikingly larger t h a n the 
one-dimensional ones, in agreement with the original 
finding by the TASSO Collaboration [13]. 

Fig. 5: One- and two-dimensional intermittency param-
Sers i = 2 - 5, obtained from subdividing the 
intervals 1.5 < ±TJ < 3.0 and -TT < <t> < TT. 

2 . 3 PT Dependence of the Factorial 
Moments 

Restricting the rapidity interval to 1.6 < r) < 2.4 
in which isotropy is best , and keeping the projected 
length cut Lxy > 0.40 m, charged particle produc­
tion wi th PT > pxcut w a s examined [14]. T h e de­
pendence of the factorial moments on pTcut is pre­
sented in fig. 6 together with their derivation from 
the (F2) values by means of the negative binomial 
multiplicity distr ibution relationship for the facto­
rial moments . There seems to be some disagree­
ment in the small p? region below 0.5 GeV/c. It is 
not shown here tha t (f2 rises from about 0.005 for 
PTcut = 0.15 GeV/c to about 0.1 for 1.6 GeV/c. 

Fig. 6: Dependence of the factorial moments (# ) ,* ' = 
2 ~ 5, for PT > PTcut on pTcut in 1.6 < rj < 2.4, 
and on (F2) using the relationship implied by the 
negative binomial multiplicity distribution [14]. 

T h e (F2) and (jF3) moments , determined for char­
ged tracks with their PT in narrow bins, indicate 
a flat min imum at p r = 0.5 GeV/c and a rise for 
higher PT similar to tha t shown in fig. 6. 

3 G-Moments and 
Multifractal Structure 

T h e analysis followed here of multiparticle pro­
duction in terms of G-moments 
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in tervals of w i d t h 6 for any real posi t ive or negat ive 

h a s been p roposed by Hwa [15-18]. T h e group ing 

of pi ~ 601 in to classes indexed by a , a n d express­

ing the i r m e a s u r e as S~^a\ yields t h e d o m i n a n t G-

m o m e n t s m e a s u r e if (d/da)[q • a - f(a)] — 0. T h e 

sohi t ion a = a(q) implies 

( lnGg(o)) = const + {r(q)) • ln<5 was exper imen­

ta l ly ob t a ined averaging over t h e event sample us ing 

1.5 < rj < 3.0, pT > 0.15 GeV/c a n d Lxy > 0.4 m 

for t rack selection. a n d (f(a(q))) were t h e n 

ca lcula ted by m e a n s of equs . (2 ) . (f(a(q = 0))) = 

(r(q = 0 ) ) , {f(a(q = 1))) = a(q = 1)) a n d 2- {a{q = 
2)) — (f(oi(q = 2 ) ) ) , i.e. t h e f racta l , in format ion a n d 

corre la t ion d imens ion D 0 , A , D2 respectively, were 

de t e rmined to : 

Do = 0.5693 ± 0.0014, Dx = 0.5164 ± 0.0020, 

D2 = 0.4803 ± 0.0039 

for t h e first subdivis ion of t h e ana lyzed rap id i ty in­

te rva l w i th respect t o n o subdivis ion. T h e inequal i ty 

of t h e d imens ions indica tes mult i f racta l i ty . 

Fig. 7 shows t h e (/(<*((/))) - (a(q)) r e la t ionship 

for t h e first a n d second p a r t i t i o n in to rj b ins . T h e 

crea t ion of e m p t y b ins reduces t h e fractal d imen­

sions. Di is shifted down t h e line ( / (OJ (1 ) ) ) = (OJ(1)) 

un t i l t h e downward concavi ty con ta ined in equs . (2) 

b reaks down. 

<f(«)> 

Fig. 7: Relationship between the average fractal spec­
trum ( / (« ) } and (a) for two consecutive subdivi­
sion levels of the original rapidity interval [14]. 

T h e C D F Col labora t ion [19] h a s ob t a ined qual­

i ta t ively s imilar resu l t s a t ^ = 1.8 TeV a lbei t for 

na r row rap id i ty b a n d s . T w o M o n t e Car lo mode ls 

w i t h gauss ian s h a p e d clusters or w i t h a uni form dis­

t r i b u t i o n yielded b r o a d e r a n d displaced ( / ( a ) ) - («) 

re la t ionsh ips c o m p a r e d t o t h e d a t a . 

M o n t e Car lo calcula t ions for yfs — 630 GeV us­

ing G E N C L , P Y T H I A 4.8 a n d P Y T H I A 4.8 w i th 

Bose-Eins te in interference i nco rpo ra t ed also show 

qua l i t a t ive s imilar i ty w i th t h e d a t a , b u t t h e r e are 

discrepancies in t h e detai ls of s h a p e a n d locat ion of 

t h e curves which increase going f rom G E N C L t o t h e 

o the r mode l s . 

4 Universality Property of 
the G-Moments 

It h a s b e e n shown above t h a t add i t iona l subdivi­
sions of t h e original interval increase fractali ty. For 
a given n u m b e r N = 2U of t r acks in an event , a 
subdiv is ion in to M = 2^ b ins which only creates 
e m p t y b ins in add i t i on t o bins w i t h t h e min ima l 
con ten t one , does no t change t h e G - m o m e n t s any 
more . T h e r e seems t o b e an in te rp lay be tween v 
a n d fi unde r ly ing in t h e G - m o m e n t s which h a s been 
followed u p by H w a a n d Florkowski [20]. 

If G g ( / i » = Ek(k/N)'Q(k) w i th Q(K) be ing 
t h e n u m b e r of b ins w i t h conten t k, a n d in t roduc ing 
a b in sp l i t t ing funct ion w i t h x a n d 1 — x 

being t h e fract ions in to which K spl i ts , one ob ta ins 
in t h e average over t h e bins t o a g o o d app rox ima t ion 
GQ(N + 1, v) = Gq(fx, v) • ( G f f ( l , k)). T h e solut ion of 
t h e l o g a r i t h m of th i s equa t ion was r ende red in to t h e 
following form of a universa l i ty p r o p e r t y [20] 

lnGQ(N,v) = Rtl(fl-u)-Rq(-u), (3) 

in which, for t h e ca lcula t ion of t h e ( / ( « ) ) — (ft) re-

<f<«0> 

Fig. 8: {f(a)) - {a) relationship for p, - 1,2 and v = 
F - 4, and for p - v = - 1 (obtained from \i — 1 - 3 
and v - 2 - 4) and - 2 (obtained from ^ = 1,2 and 
i/ = 3,4). 
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l a t ionsh ip for given v, only t h e \x - v dependence of 
t h e first Tq t e r m is i m p o r t a n t . 

T h e p re l imina ry resul t s ob ta ined by Dibon , us­
ing t h e U A 1 d a t a w i t h the selection cr i ter ia s t a t e d 
in sect ion 3, a re shown in fig. 8. T h e y seemingly 
s u p p o r t t h e val idi ty of t h e universal i ty p rope r ty for 
H — v — - 2 ; for \i - v — — 1, however, only for t h e 
lef t -hand leg of t h e concave mul t i f rac ta l spec t rum. 
T h i s analysis is yet cont inuing. 
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DISCUSSION 

Q. A . N o r t o n (CERN): Can you explain why GENCL 
is more successful than other Monte Carlos in repro­
ducing the slopes at large delta Yl 

A. M . M a r k y t a n : GENCL was specifically tuned to 
many aspects of UA5 collider data, including the two 
particle correlation. 

Sergio Rat t i (Univ. Pavia): I wish to add on infor­
mation and make a general comment to the 3 previous 
speakers. 
1. The I.H.S.C. has submitted a paper (No. 736) 

in which fractal properties have been investigated 
systematically through the generalized moment Gq. 
Our rates on h-h collisions at y/s ~ 17 GeV in a 
fixed target experiment, at Fermilab, are not always 
in very good agreement with the fractal idea. 

For some regularity windows we observe linear­
ity, but for the wrong window — or there is linearity 
but the wrong concavity of / ( a ) vs a; for some mo­
ments we observe the correct concavity only for a 
limited interval of a. I did not see here any equiva­
lent analysis presented. 

2. My comment is the following: Here are at least 2 
major conditions to ensure that we are dealing with 
fractal geometry: the first is qualitative i.e., self-
similarity; the second is quantitative, i.e., scaling. 
Now, are we really making no fundamental mis­
takes in dealing with the problem? Are we really 
using the right "scaling" and "self-similar" 
variable(s)? The regularity in the top of the longitu­

dinal velocity Bn = ^ [y = ln(l - Bu)/(l + Bu)]. 
Even worse: why should God choose the logarithm 
of an angle in the Lab. to produce hadrons? By 
chance? Or rather because pseudorapidity is the only 
variable easy to measure in collider experiments? 
Finally, scaling in fractal phenomena in solid within 
a given "range"; what is the lower limit of the scale? 
Not necessarily the resolution! Perhaps the "energy" 
necessary to have on hadron "brought to life". 

J. Rauft (Leipzig and Orsay): I would like to comment 
on the connection between short range correlations and 
intermittency and I refer to a forthcoming paper by 
Boppi, Capella, Tran Thanh Van and myself. We have a 
Monte Carlo version of the two component Dual Parton 
Model, which includes the normal soft Pomeron and the 
minijet component. In this model we get in the collider 
energy range short range correlations, which agree quite 
well hut not yet perfect with the UA-5 experiment. In 
this model the short range correlations is partly due to 
resource decay and partly due to small-soft chains and 
minijets, which behave somewhat like the clusters of 15 
years ago. 

We calculate in this model also the factorial moments 
and find a rise of ln(Fi) with hi(l/dy). This rise is filled 
for dy < 1 and we obtain the slopes given in the Table, 
where we also compare with the EHS/NA22 and UA1 
data. Our conclusions: For the 63 and 65 slopes, where 
our results are statistically significant, we find slopes 
about half as large as the experimental slopes. This il­
lustrates, that indeed there is a close connection between 
conventional short range correlations and rising factorial 
moments and that at least not all of intermittency is due 
to the new physics. 

Table 
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