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l.Introduction 

'··The first and up to now most. compl~te description 

of single particle spectra in inclusive reactipns 

· · a + b . ... X + anything ( 1 ) 

was given· by the thermodynamic model/l , 2 , 31. More recent-. 

ly t.he mult.i-Regge mo.del was used successfully to des-. 

cribe inclusi.ve si.ngle particle. spectra'/ 4 , 5/: ProposaJs. 

to study th.e asy.mptotic behaviour of ~ncl.us.ive particle 

prod~cti~n in the iorm of.s~aling 161 an~ ljmiting frag~ 
~enta~ion/ 7 / trig~ered much interesi in .inclusive par-

. ~icle production during the last two years. One of th.e, 

most ,imporfant·steps forw~rd was the discovery of.~uel
>··ler~81 .th.at the i~clusive spectra are related. to dis- . 

~ ~ ' : . .. . .. 
continuities of. multiparticle .forward scattering ampli-
• , ., r . ~· . . • 

tudes. This opened the way to apply Regge phenomenology. 
'·· .. , . '· ·. . .. . •· '. ,. . 

an~ dual models to the study of inclusive reactions. 
•··.• - . . •; 

.. Here we are interested i~ inclusive single particle -. ' . . . .. ' 

ipectra of particles x in the fragmentation region' .. . . ,• 

(s l.~.r.ge., s/M* 2 large., see Fig. 1). In the Regge mod,el this 
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region is due to single peripheral Regge exchange graphs 

in Fig. 1. 
Impo~ing the constancy of the high energy total cross 

section between the exchanged trajectory a~ and the in
coming particle b for the cross section as function of 
the missing mass M~ Ceneschi and Rignotti / 4/ derived an 

expression w~ich is equivalent to 

d2N . -=I. f3/) :~a,(l)-'2 ., .. dtdM*t;) 1, t s M* 21
a 1(o)-·

2
al(t)+ 1/2) ( 2) 

in Lorentz invariant form. Using Mueller""s generalized 
optical th~ore~/B/ this form was pointed out/ 9/ t~ cor
respond to the triple Regge limit ( s large,s/M:ularge and 

M* 2 large) which holds near the kinematic boundary, see 

Fig_. 2. 
Various aspect~ of the triple Regge graph _have re-

cently been studied ~nd com~ared with experimental da
ta/lO-:-l9/. The_se papers study the s, M* and_!. dependence, 

the im~lications o( duality etc. It was pointed out that 
the triple Pomeron contribution ~hould be dual to the 
background underneath the resonances in the ~issing mass 
s~ect~a and from th~ s vari~tion of the backgroti~d it 
was found that the triple Pomeron coupling' i.s verY small/

17
1. 

Chen et a1. 117 / used th~ data of Allaby et a1.
1201 

at' 19.2 GeV/c and.of Anderso'n et· al./ 21 1 'at 30 GeV/c to 

determine the Regge 'pa·rameters ente.ri n~ formu 1 a ( 2). 
·we· descr'i be here an ex ten~ ion of this work using in 

addi_tion data f;om Se~pukh~v/ 22 1 and the new data b~ Al1~
b/et: al.-1 231 at 14.25, 19.2 and 24. GeV/c. We· are there-
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' ' -.l . .. . . ~ ... 

·~ore able to study 

her large:r~gio~ in 
. in. Sectio·n ·2 and 'th 

~iscussed in Sectio 

. 2,; 

W~ use in-the 
and only 6ne~~ffect 

-~......- · = f3_(t) .S 

. . 
f3(t) stands 'for the 
Regge vertices of F 

t as 

The effec~ive trajE 

The par:arnet_ers ~·a, 

squares fit from tl 
region, that is fo1 
mentum p and,small 

.. 
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Regge e~change graphs 

high energy total cross 
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•inted out/ 9/ t~ cor-
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Regge gr~ph .hav~ re-
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s, M* and_: dependence,· 
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>uld be dual to the 
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1 of Allaby et a1.' 201 

1 .' 211- 'at ·3a· G·ev /c to 

~·r'i n~ formu 1 a ( 2} . 

of thi~ wofk using in 
'• . 

nd the new data of Alla-

l GeV/c. We· are ther~-

. I 

l 
j 

I 
t 
1 
I 
r 
l 

< $. ., ··' 1" .. / 
. ' .. ' 

fore able to study the behaviour of the data over a rat

her large··r.egion ins. The fit of the data is describe_d. 

in Section 2 and the results of the fit are. descri.bed ~nd 

~iscussed in Section 3. 

. ·. 
2. Parametrization and. Fitting 

W ~ use i n , the f i t on 1 y one effect i v e i n terce p t a /0) . : 

and only one effective Regge tr.'ajectory. a 1 (t). 

~ .. 
···2a(t>-2,

1
* ~c::fo> _ 2a(t; + z/2) 

= {:3 (t) S II · (3) 

f3(t) stands for the residue function at the aXand tripfe·. 

Regge vertic~s of Fig. 2 and is parametrized .for'smal~ 
. ' ' . ' ~ , 

t as 

{3 (t) exp (bt) . 

The effective ~rajectoty a(~ is parametrized as 

a (t) = a + a'· t . 
0 

(4) 

( 5) 

The parameters b, a
0

, a' and~(O) .are determined by:a.least· 

squares fit from the dat/ 20·•.22 •23 /in .. the fra~rilentatidn .· 
,:·,.·· 

region, that is for large values of.the laboratory mo~ .· 

mentum p and ,small angles e. .~· 
. ··; ... 
... 
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·For sing 1 e pa rti cl e spectra. of <· K+ and p produced 
inp-p collisions we perform two independent fits, the 
f i r s t us i n g the d at/ 2 0 I at· 1 9 . 2 G e V 1 c at on 1 y one s v a 1 u e , 

the second using the datal 23 1 at three different primary 

momenta~ = 14.25, 19.2 and 24 GeVIc. . 
"--spectra are ODlY fitted using the data 1201 at 

- -19.2 GeVIc. For .single .particle spectra of K and p pro-

.duced in p-pcollisions we perform again two different fits, 
the first one with the datal 201 at 19.2 G~VIc· and the 

~~cond one using the data1 221 at 70 GeVIc. Bushnin et 
al.l 22 l re~orted the ratios 

:1 

...:!!!._ ( p p 
dp dO 

-... X+ ... ) 

II -+ •• .) R(p,(), "' .LJL_ (pp ... " 

dp dO 

(6) 

In the fit we assume that the"- spectra at 70 GeVIc are 

described by (3) with the same parameters as obtained in 
the 19.2 GeVIc fit and determine only new param~ters for 

the K-and ~ spectra. The parameters o~tained in all fits· 
are given in Table 1. The fits are good as can be seen 
from Figs 3 to 5. 

It was tried to improve the fit further by fitting 
the data--to a two term formula (2) with two different va

lues of~ (OJ, but no improv,ement was obtained. 
In the case of the K-and_the ~spectra with exotic 

exchange at the pK- and the p~ vertices it was tried to 

obtain a better description of the data with a formula 
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' 

. cor res pond i rig to ( 3) 
,\ . . : i n stead 0 f the tr a j e c 

'to .·be not better than 

. trajectory. 

3. Dis 

i) Formula· (3) d 

ticle spectra in th~ 
well, The parameters· 

at 19.2 GeVIc and ill 
14.25,- 19.2, and 24 E 

the errors. In the· cc 
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cribes the s·depender 

rect and that the par 
if they change ~t all 
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f . 1/, K+ a n d p produced 

ndependent fits, the 

eV/c at only one s value, 
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19.2 G~V/c and the 
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(6) 
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~ctra at 70 GeV/c are 

~meters as obtained in 

~ly new p~ram~ters for 

5 o~tained in all fits· 

go·od as can be seen 

ii further by fitting 

w~th .two different va

obtained; 

; spectra with exotic 

tices it was tried to 

data with a formula 

, .. ,\\ 
.1:' 

. ,' 

·, ,. 

cor res p on di n g to ( 3 ) but with the eXchange of a Reg g·e cUt 

inst~~d Of th~ trajectory a(~, but these fits turned O~t 

'to be not better tha~ with one single.effective:R~~ge 

·trajectory. 

3. Discussion of the .Results 

i) Formula (3) describes the · 1nclusive single .par

ticle spectra :in the fragmentation region 12,emarkably · 

well. The parameters·obtained iri the s indepe'ndent,fit:· ··:· 

at 19.2 G~V/c and in the s dependent fit with data at 

14.25, 19.2, and 24 GeV/c agree with each other within··"'· 

the errors . I n . the c a s e of the proton s p e c t r a the fi t ··- · 

is however not as good and the two sets of parameter~ 

differ. · 

TheK'"fits at 19.2 GeV/c and at 70 GeV/c lead .tone

arly identical parameters. 'This. indicates that (3} des-,. 

cri bes the s ·dependence of the K-spectra 

r~ct and that the parameters change orily 

i f t h e.y c h a n g e a t a 1 1 • T h e c o r r e s p o n d i n g 

essential~i.cor~ 

sli-ghtly with ·s 

pa rameter(.of .: ... .. ~ " "' ·' 

thep spectra differ however at the twos values .. 

We conclude that the s, M*. and t dependence· of >th~ • , ... 
. +· - ,. . . ,· 

11 ~ 11-,·K.andK spectra is well described by(3} w .. ith~~· .·· . ..;. 

parameters changing not significantly with s. The P and;. 
' . ' .. 

~ spectra seem t~ behave differently ~nd further. study. 

with more data is advisable before drawing conclusi~ns~ 
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<, .i i) The parametrizatio-n. (4) of _the ·residu.e functions 
is tori simpl~ m~nded. Data·~rom different experiment~ 
which are measured in somewhat different t regions lead 

· .. to d i. ff e r e n t p a ram e t e r s b I 2 4 ' 2 5/. . T h i s i n d i c a t e s t h a t t h e 
t dependence is no simple exponential as is also known 

from other investigatibns. 
iii) Asymptotic ·scaling or limiting fragmentation 

behaviour of the spectra i~ present if the Reggeon-par
t i c 1 e. tot a 1 c r o s s sect i on i s do m i n a ted by the Po me ron 
~ (O)=:i· The fact that the parameters ~(O) obtained in the 
fits are· i~1.most cases near to.~ indic~tes that sca~ing . . 

or limiting fragmentation is approximately present al-
ready at present accelerator energies but is not yet 

completely correct. 
i~) From.quasi two body re~ctions one expects the. 

following leading Regge trajectories to be dominating the· 
triple Regge ·graph in Fig; 2: 

i n p p ... r/ + M* the N 
11 

and the 6. 8 t raj e c to r'i e s 

a (t) .. -0.4 + t 
N ' a 

at!. (t} = -·is + t 
8 

. in p p .. rr-~ M* the t1 8 trajectory 
in pp .. . K++ M* the. A trajectory 

in 
aA(t} = -;7 +;t 

·.pp .. p.+M* the.Pomeron and alsoP' and(<). 
. The channels p p ... K + M* and p p ... P" +M*are exotic. 

The intercepts a 
0 

found (Table 1). ~re, with· the possible 
exceptions of the K+and P spectra, too low. If we use in 
the .fits instead of, (3) formula (2) with several trajec- · . . . 
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of the-residue functions ,., ' 

lilferent experiments 
i ffer~nt t . _regions 1 ead 
. lhis ind{cates that the 
~ntial as is also known 

limiting fragmentation 
~nt if the Reggeon-par

i na ted by the Pomeron 
~rs ~(O) obtained in the 

ihdic~tes tha~ scaling_ 
roximately prese~t al
rgies but is not yet 

ctions one expects the. 
ries to be dominating the 

.-.trajectories 

' ~; 

aJ.so P' and cu. 

and pp ... p +M*are exotic: 
• ); are' wit'h :.the pos sib fe 
a , .. too 1 o ~ . If .we u s e i n 

. ( 2) with severa 1. ~raj ec-

l 

.j 
I 

tories instead of one effective trajectory only this 
situation cannot be improved. 

Furthermore we find equally good Regge pole fits 

for the K-and p spectra with exotic exchanges. 
v) The good fits on one side but the unexpe~t~d 

.. Regge parameters on 'the other side as well as the suc_-
·cess in fitting theK-and p spectra establish that (3) 

is certainly a good empirical parametrization of the in~

clusive spectra in the fragmentation regia~, but it does 
not seem to be more. It does not necessarily mean that 
this succ~ss in fitting provides any physical insight 
into the underlying mechanism. At the energies w.here the 
data are measured ·sand M*2 are not high enough, therefore 
dual it~ is necessary if (2) with' one dominating Reg~e. · 
exchange mechanism is valid. It might_b·e that·this mec

hanism will dominate at much higher ene~gy. The result 
of our study sugg~sts however that at present ~nergies 
other mechanisms probably dominate and that the success·:., 

in fitting data to the triple Regge term is only by 

chance. 
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Table 1 

Regge parameters obtained in the fit 

Data 
references 

Primary 
momentum 

P0 (GeV/c) 

b 
(GeV/c) 

a a' I ""a(O} 

GeV/c 
0 

~~2~L_ ____ f---·-19~~-----~-- ·' ... ---·· --------·-··. 
' /23/ ! 14.25, 19.2, 

1.19 I -1.17 I 0.83 I 0.98 
2.81 1-1.09 1 o.83 1 o.82 

i I 24.0 

! 

~----;_.,.~~-~7-----r-·14~-2~-;-~i-9-:2~-----:·· --t-~i---- :t :i+-~~ :~ 1 ~~~ 
i 24.0 . I 

I 
I 

/20/ 
/2.3/ 

/20/ 

/20/ 

; I 

14.2~~~~9·:·2~----.11 -t~:- l1 -~:~~ 1 ~::i I~::. 
24.0 ! 

I 1 ' 

' I -1.98 i 0.86 
I 

19.2 : 1.23 0.84 
i I 

i 

11.03 
·I 

I 19.2 -4.30 I o.9o 1.00 
I . 

K-/:it"- §) I /22/ I 70.Q 11.09 -3.81 1 0.12 . 0.10 
.L__ 

/20/ I I o.47 i 
p I 19.2 l-5.55 I o.47: o.96 

I 

Ph:- §) I /22/ I 70.0 I o.8s 1-4.98 I o.oo; 0.15
1 

§) Ji- parameters ·unchanged. 
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Fig~ 1 
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-b 

Fig. 2. The triple Re 
of particle X via exc 



1ed in the fit 

.. 
b a 

(GcV/c) 0 
·. 

) 
. 

. 

.~ 
1.19 -1.17 

--~ ... -~~--· 
2.81 -1.09 

0.65 -0.98 ---- ·---·~·---· .. ·-· -····-·· ....... 
1.01 -0.97 

.·: 

. 

1.54 -0.01 
···--· --·---··-·····'-·-··-· 

1.79 0.35 

i 
I I 

; :1.23 -1.98 I 
'I I 

,1.03 
•I 

-4.30 1 

., 

1.09 -3.81 

·. 0.47 -5.55 

0.88 -4.98 

a ' 7z(O} 

GeV/c 

0.83 0.98 
0.83 0.82 

0.40 1.00 
·:-·--- f---·-
0.55 L.OO 

0.97 0.20 
·-·--

0•47 0.94_ 

i 
0.86 i 0.84 

j . 

0.90 1.00 

0.72 
I 
0.70 

0.47 I i' o. 96 
~ 

o.oo I o.15 

a X 

b 

Fig. 1. The fragmentation graph~ 

a 

b 

Fig. 2. The triple Regge graph for incl.usive production 
of particle X via exchange ofa1 (t) and a (OJ. 
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