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ABSTRACT: ~i en 
We show that when transverse momt'ntum (pseudo) rapidity correlations are correctly 

taken into account the pion int'lasticity rt'ma.ins pratically consta.nt in the GeV-TeV energy 
rt>gions. Whe-n extending our calculation to the charged partic:1e inelasticity, we find a slow 
decrease with energy. 
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region, incre-ases as well the ove-rlap betwee-n cosmic ray and accelerator experiments. It is 
the-n important to test the consistency of the physics invoh-e-d and. in particular, to che-ck 
somt' basic parameters related to particle and jet dh.tributions. One of these- pararoe-te-rs 
is the inelasticity. 

By defimton, the- inelasticity /(.(,), where Ji is the centre of mass energy in a given 
hadronjc collisions, is the fraction of the total energy taken away by the produced particles 
of type i(i = lI"+,lI"-,lI"°,k+,k-,ko,ko, ... ,v,ii.... ). Twng into account the fraction of 
energy XL retained by the leading particles, one naturally expeetl, by energy coDJern.tion, 

L Kj(I) + XL(") == K(I) + Xd.. ) = 1, (1) 

whe-re K(s) is the total inelasticity. 

Theorists are divided with respect to the energy dependence of inelasticityl). In 
some mode-Is'), the inelasticity decreases with energy, i.e., the incident Ducleon. keep au 
increasing fractioD of their initial energy, as energy increases. In other modela

,
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on the observation of growing opacity in high energy colli.ions and of production of larger 
1'7' QCD jet., it i. argued. that the inelasticity hu to increue, the leadiq.pectrum thus 
becoming softer. 

In the GeV region it i. known that the inelasticity i. of the order of 0.5: about hall' 
of the energy remains with the leading particles. Unfortunately, in the TeV region a.nd 
above, not much i. mown. From cosmic ray experimenta there i. the indication that the 
pion inelasticity may decrease'} and that the leading nucleon average energy fraction i. 
not substantially changing with enefl)'T). In accelerator., the leadins proton .pectrum 
was studied only up to the ISR'), ,;; = .053 TeV, a.nd at higher energy practically no 
additional informations exi.ts. Attempts to experimentally .tudy the fraction of energy 
carried by produ~~d particles at Fermilab') were not conclu.ive. 

In model calculations one start. with the normalized one·particle inclusive cross
section 

E J2(f I 
; dpLdp~ i (2) 

wher~ E is the rente-r of mass en~rgy. PL the longitudinal momentum and PT the transverse
momentum. The inelasticity /\, is given by: 

2 / E d'l(1 I\or, ; dPLdp'Z
T, 

.dPLdp} = K,. (3) 

Different calculations of the inelasticitylO-Il) in hadron· had ron collisions reached the con. 
clusion that there i... continuous decrease of K(,) in going from the GeV to the TeV 
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rt'gion. According to these authors this is t'ssentially a consequence of violation of Feyn
man scaling in the fragmentation rt'gion. At the same time, not much attention was given 
to PT distributions. \Ve argue here that PT rapidity correlations have to be correctly taken 
into account. otherwise' the results of calculations cannot be fully reliable. 

Let us start v.;th the proposal, which in fact is a generalization of a suggestion of 
Wdowczyk and Wolfendalell), of treating the inclusive invariant normalized cross-section 
as a function of variables sc&Jed by the mean. If the shape of tht' distribution does not 
change dramatically with energy, scaling by average values gives some control of energy 
dependence, u the fint moment of the function i. already correctly given. We thu., for 
instance, write 

2 E J?O' _ 1 1 
v" -; dzdp} ;:: h ls) (z) (P~)2 / (z/ (Z/,PT / \PT)) , (4) 

where Z is the Feynman variable. Nt'gleding, for produced particles, the small contribution 
from the upper limit in the z integration, one can impose the energy independent constraint 

J J f{z/(Z},PT/{PT»)d(z/(z)d{P5/{pr~'J) =1, (5) 

luch that the equation 

if 2 E tPtT
Vi -; dzdp} dzdp~ = K (.) (6) 

is automatically satisfied. 

Instead of using the pair Z,PT variables wt' sball use here the pair '1,PT becaule.", the 
pseudorapidity, is a quantity experimentally more easily measured and gives no problem. 
in preserving Icaling when the limits of integration are 0 $ '1 $ (x). 

We thus write the inclusive normalized cross-section &I a functioo of the (.caled) 
variables '1 and Pr, 

1 J2tT 1 (Sinh." PT) 
;; d."dp} = p(O) {pr)l f (sinh .,,) , (pr) (7) 

where 
1 dO' 

(8)P(17):: ;; dJ] 

with 
2PT sinh'7 == z. (9),,/; 

By intt'gration in PT one obtains 

p(.,,) == .!. ~O' =plO)F(sinhq/(sinhq}). (10) 
(1 (I." 
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With 

JpI I])dsinh I] == p(O)isinh 1]). (11 ) 

Eq. (10) is the improvt'd version of tht' scaling rdation introduct'd in Ref. )OJ. There, as 
tht' z variable was used, a PT factor remained in tht' final t'xprt'ssion, st'e (9), and, in an 
ad hoc manner, it wu substituted by (PT). In fact, no information on (PT) is required to 
test pseudo-rapidity scaling, (10). 

The function F(X), 

obt'ys tht' constraints 
x == sinb17/(.inb 17) (12) 

and 
FlO) = 1 

JF(X)dX =1 

(13) 

(14) 

The follOwing parametrization wu used for F(X): 

F(X) = (1 + aX]/(l + /,X + eX2]" (15) 

with a = 14.44, " = 5.26 and c = 1.25. Given a pseudo-rapidity di.tribution a te.t o( the 
scaling (10) can be euily performed with a fit using the function AF(X/B), tbe fiUiog 
parameters being A == p(O) and B == (sinh 17). Tests of the scaling (10), at ISR, CERN 
Collider and Tevatron are .hown in Figs. 1,2 and 3. 

A. a consistency check o( our calculation. we have estimated, from (10), the average 
multiplicity and (ound, at all energies, good agreement with data. U.ing the .tep functioo 
approximation (or F(z),F(z) =1,0 ~ z 5 I,F(z) =O,z > 1, we have 

(n) == i p(q)d17:::-2p(O)[ln2+ln(sinhq)] 

a relation which i. experimeotally well verified. 

We can next try to estimate the inelasticity. In the approximatioD of neglectiog the 
mass of tht' product'd particJ~s - whi("h is prt'sumably corrt'("t for pions _. tht' pseudo
rapidity and tht' rapidity bt'comt' idt'nti("aL and the t'1lt'rgy is 

E::: PTcosh '1. (16) 

Tht' indasticity is tht'n, from (i), givt'n by, 

K(.) = Sp(O)(pT)(sinh 17)2/V; (17) 
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wh~r~ s=jj T/( T\f( sinh" J'~)d( sinh'} )d(A-) ( 18) 
p P, {sinh", 'PT) (sinh'}) ~PT)'l 

On~ should notice that in the limit of exact Ft'ynman scaling, p(O) COlut., (PT) 
con.st., and {5inb,,) _ ,Ill such that K = can.sL Expulm~ntally, the width ofthe pseudo
rapidity distribution is upanding slow~r than .;;, while the normalized cross-section at 
" = O,p(O), and th~ average PT, (PT), ar~ growing with energy. Ta.king S in (18) u 
a conltant, U it .bowd according to the 6caling (7), K(.) continuously decreuel with 
energy, as found, for in5tance, in Ref. [101*· 

w~ arri\"~ now to th~ main point in this pap~r. Th~re are energy dependent P.T 
(pseudo) rapidity corrdalions that make tht' integral 5 to increase with energy. The 
scaling (4) or (7), as usumed in {lO], [11 i and [131, and the :l,PT factorization in the 
fragmentation r~gion of [l2j do not agree with what is up~rimentally observed. 

In fad, if we compute from the scaling relation (7) the average transverse momentuPl 

at a given (pseudo) rapidity, "('}), we obtain 

h( ) = p(O){PT) JPT/(PT)/(X,PT/{PT)el(p}/Cn)2) 
(19)" P(O)F(X) 

== (PT)t(X) 

We can further write, 
(20)PT(") i>T(O)+(X) 

with +(0) = 1. Eq, (20) tells us that PT('l)/PT(O) i~an invariant, energy independent 
function of X == sinh ,,/(.inh,,). Note that in practice + :: t and (PT):: h(O). 

In Fig. (4) we show that (20) is not satisfied: the function + depends on the enerv· 

In the exponential approximation, 

(21)leX) - tA(X) == exp( -~X), 

we obtain ~(J'i = 53GeV)=0.42 and ~(.fi = 630GeV)= 0.16 (lee Fig.(4». 

:\Iaking no\\' the assumptioll, u~~d III 15:, of a PT distribution approximately expo

n~ntial, we baH' 

1 d't! F( X ) 1 .' (22)- = 2pIO) .... ~ \' --'1 up [-2PT/t PT)+~('\: hI,
t! 't'A(.1. I ,PTj 

• In tb~ Dot.tion of R~qIOI if W~ put (PTI - ,8 tbeD (sinh'}) - ,-"-o+1/1,p(0) ...., ,0' lucia 

tb.t. frOID (IT), K{,} - ,0 -0,0' -:: O.Jl.nd 0 -:: 0.25. deere.." rapidi, witla eDerp. 
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We note that the weU satisfied scaling (10) is stiU valid. The quantity Sin (17) is then 
given by: 

5 JF(X)+;\(X)dX, (23) 

with 5(".=,';; = 53GeV)=0.66, and S(lI'°,VS = 630GeV)=0.81. 

In Table 1 we show the result of our calculation in the two cues where PT (pseudo) 
rapidity correlations were studied I ,..* at ISRI

.) and ,..0 at the CERN Colliderl5). The 
conclusion is that no sizeable energy dependence of the pion inelasticity is observed. If 
PT (pseudo) rapidity correlation. a.re not included the inelasticity appear. to decreue, u 
~stjmated in previous calculations. 

If we apply our formula to cbarged particle distributions, assuming that the pion 
approximation (16) remains correct and that the parameter ~, see (21), in agreement with 
". data at 53 and 630 GeV, satisfies the relation 

~ = 0.494 
1 + 0.0033v'i 

we obtain, for the charged inelasticit" Kc. the nJues of Table 2. A tendenq for the 
decrease of Kc. with energy i. obserYed, in particular when compariqleparatel, CERN 
Collider lO ) and Tefttronlt) data. 

It is dea.r that, contrary to previous calculations, no .trong decreue of the inelasticity 
in the GeV-TeV region is observed. For the,.. inelasticity we, in fad, observe that Kw i. 
practically constant. However for KcI" eyen includind PT (pseudo) rapidity correlation., a 
slow decreue with energy remains there. 

A few comments are, at this stage required: 

i) Our calculation is less reliable for charged distributions (as bon., nucleon. and 
behavior hadrons are treated as pion.) than for,.. di.tributions. 

H) Asymptotically one expects the ratio (neutral hadron. )/(charged hadron.) to 
evolve £rom 1/2 at low energy (fi... = I (n; +nw+)) to 1 at higher energy, U a conse
quence of quark counting. Working with the fir.t ftavour family, (.,el), the probability 
of a n~utral combination, (uii) and (U) is the lame &I the probability of a charged com
bination, Iud) or (Jel). A sma.ll d~crease of Kch with energy is not incompatible ~;th a 
constant or increasing with energy h·tofGl. 

iii) Electroweak interactions. in particular with the production of leptons £rom heavy 
quarkonium and neutrinos from zo. may he responsahle for an additional increase with 
energy of the total inelasticity . 

iv) The change with energy of the PT-(pseudo) rapidity correJations is related with the 
development of the "'.eagull" effed and has been estimated in the uamework of QCDJT). 

6 

http:630GeV)=0.81
http:53GeV)=0.66
http:53GeV)=0.42


Acknowledgment 

We would lik<> to Ihank J. S('i~a5 f(lf di';'"l!Ssiom and sug~l!'stjons. arid for ('omputational 
hdp, A.B.P. would lik<' to thank the DF·bI for iB ho!:pitaljty during th(' ru.lization of 
this work and to CAPES-Brasil for f,Uc.I;' .• iJ.i support. 

TABLE 1 

I , II I III IV 

,.. (2/V' )(_ioh '1) (n )"0(2/";; )(Iinh '1) S K. 

Ji =53 GeV.+ 0.703 0.168 0.657 0.111 

,;; = 53 GeV 
••

P =630 GeV 

0.774 

0.251 

0.196 

0.137 

0.658 0.121 

O.SI1 ~!! 

Pion ioelasticity at ..;; =53 and 630 GeV. The first columD, (2/ Ji) < linh" >, 
Ihowl the violation of Feynma.o Kaling. The second column gives the calculation of 
inelasticity witbout iocludiol PI' - '1 correlations. The third column IhoWI the ..Juea 
for the iutepa! S. (IS). The lut columo p•• 'he induticit" Eq.(17). 

TA.BLE 2 

UA5( ineJutic events) rd. 10 CDF (NSD eYent.l) ref.ll 
..II (GeV) 53 200 546 I 900 130 1800 

P(O) 1.706 2.221 2.824 I 3.118 3.264 4.184 
(sinh '1) 21.137 54.377 72.516 187.260 108.814 137.950 

___ISle" __ 0.339 0.338 0.254 I 0.2~__ 0.394 0.281 
_ ...... 

p(O). (sinh '1) and cba..rgc-d partic1~ jn~lastjci'", from ISR t.o CERN Collider a.od 
TEVATRON. 
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Figure Captions: 

Fig.l Comparison of the data on charged particle pseudo-rapidity distriblltions ob

tained by UA5-CER~ for inelastic ti.e. !'SD-r SD} eveuts with model calculation. Data ace 

from ref. [lOl and the curves are calculated (rom Eq.lO. (a) ..fi = 53 GeV, (b) .fi =200 

GeV, (c) .fi = 546 GeV and (d) ..fi = 900 GeV. 

Fig.2 Comparison of pseudo-rapidity distribution for inclusive prod",ction of pion. 

\\;tb model calculation. Data are from ref.14-15 and the curve, are from Eq.IO. (a) 

11''' - v' = 630 GeV (UA7). (b) 11'- - JI = 53 GeV and (c) 11'+ -.fi = 53 GeV. 

Fi,.3 Companson of the data on cha.rged particle pseudo-rapidity distributions ob

tained by CDF-FERMILAB for non-single events with model calculation. Data are from 

the ref.14 and the curva are calculated from Eq.lO. (a) ..fi = 630 GeV and (b) ..fi =1800 

GeV. 

Fi,.4 This figure .bows the transverse momentum (pc) - pseudo-rapidity ('1) corre

lation. Tbe data are from ref.14-15and the curves are calculated from Eq.21 (tbe solid line 

is at .fi =53 Gev with ..\ = 0.42 and dashed line is at .;; = 630 GeV with ..\ = 0.16). 

11 

;-. f te} 

l4\ 

IS£lo\STlC-] .f.$le.v 

~~ 

\\::t• L 
: ~ ~ ,~ 

:! l , 
\ 

':t. \~c, I 
- ,:" t • s;~rT/ 

Fig.la) 

......... 

;::- '10,~ l"AS '<:tat IN£LASTIC' 

.' • 2GOCcV 

t - ~ ~:/- r .::..--. 
, f 

f 

" 

t 2 co : 

\
::'!I 

1\ 
o. 

\ 

10 -. 110 '0
sinh1J 

Fig.lb) 



III 

s::-
"O.cc_ 

'in 

u -.... 

C) 

o 

L-'-.............~...........-4...1~ .... "& ................ 

(> -•/ ("I 

00 ..... 
Ia.. 

. 
o 

~ ........ .J • ....... I • ........... .1. ................. 

." ~ ~) ~ n ., 
( Iqll 

I=:"' .. .s: 
?c 

-"0o .... 

I, .. .... .., ...• o "" 
(lJ)d 

~. -.&J 
C'l 

/' ~ ... 

.. o 
o 



, (c:)
,..+ 
...r. =63GeV 

0.8 

o 
I 

0.6 

0.4 

0.2 

~ 
.,o 

1 10 1C~ 

sinh1J 

Fig.2c 

;::
c;: .. 

("'OF 

:'fSD 
.. - ,f, « 63OGr\· 

"~ L 
" ~ IJ...I-4JL ,,~ ~Tf - 1ft 

':t 1\ 


\ 
1 f f \, 
'2 ;- \ 

.. ' -f 10 .1C1 

s,r:h?j 

Flg.3a) 

~!~ (It, 
:::.. 

':! 1 t 
l! . 

CDF 
SSD 

.to.IMOC.V 

111 
sinhT) 

Fig.3b) 



--------------------------------

---- - -

I 


>
V 

-
N 

I 

-> r- v -e 7
C cr 

0 -<C
CO') ~ N 
CC =>~ -..,. CC I 


UIIII v c:) -c:)
.... II
" I 
> /

I
II ... II II 

"'Q 10:t.;~~ =' 1.1 --<: --<: I 


0• I / 
I 

/ 
I 


/ 
I 


I 


/ 
I 


-- ...... - /
/ 

--  - 7 
/ 

/ 
/ 

/ 

/ 
-e -I

I 
I 

01 CO ,... 
o 0 ci 

I 
I 

ID 
o 

/ 

N 

o 

«(O)ld) / <Cu)1d) 

r .... 

............ 

~ 

£ 
w.~ 

(f) 

"'-. 
~ 

11'£c: 
(f) 

.... 
;: 
eo 




