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Abstract. Collective characteristics are studied of had
rons produced in beam fragmentation of non-single-diffractive 7c+ p-interactions at 250G eV /c. An attempt is
made to obtain experimental information on the proper
ties of leading cluster production and fragmentation. On
average, the leading cluster carries 0.8 ± 0.1 of the inci
dent momentum, so that the mean value of the inelasti
city coefficient of </c> = 0,2 ± 0.1 is significantly smaller
than that deduced from leading single hadron spectra.
The momentum transfer distribution shows that non
single-diffractive processes are less peripheral than dif
fraction dissociation. The analysis of thrust and spheri
city shows jet-like structure of pion fragmentation, that
of the charge flow an average forward charge of
= 0.45 + 0.04, in agreement with the average charge of
the beam valence quarks. Our data are compared to
'diffraction dissociation and to the Fritiof model.
1 Introduction
According to a number of models of high energy hadronnucleus collisions, the production of fast particles results
from the fragmentation of an excited state (cluster) if*,
a Partially supported by grants from CPBP 01.06 and 01.09
b Now at MPI, Munich, Germany
c Bevoegdverklaard Navorser NFWO, Belgium
d Now with Ericsson Telecommunicatie B.V., Rijen, The Nether
lands
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which undergoes multiple scatters and then fragments
into the final particles outside the nucleus [1-5]. The
inclusive spectra of the final state hadrons depend on
the properties of H*, in particular on the inclusive spec
tra of the process h p - + H * X ,
Although excited hadron clusters have been studied
extensively in single-diffraction dissociative processes [ 69], almost nothing is known about their properties in
non-single-diffractive processes. Information on the lat
ter is important for the understanding of mechanisms
of hadron-hadron and hadron-nucleus interactions. Fur
thermore, it is attractive to compare the features of non
single-diffractive fragmentation with those of single-diffraction dissociation. For the latter a jet-like structure
is observed even at our energy [9].
The experimental separation of particles produced
in fragmentation of leading clusters from those produced
in the central region is a complicated problem and, ap
parently, one not accurately solvable to the end. Instead
of studying a leading cluster fragmenting into a small
number of hadrons, one usually restricts oneself to a
leading hadron - the fastest product of cluster fragmen
tation. As a result, the experimental data available on
the inelasticity coefficient (part of the incident hadron
energy used for production in the central region) repre
sent a distorted picture. In particular, this treatment re
sults in a systematic shift of the inelasticity distribution
towards larger values.
In order to obtain more accurate experimental infor
mation on the leading cluster spectrum or on the inelas
ticity distribution, one must detect all fragmentation
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products (or at least the energetic ones) including neutral
particles. Such an opportunity is provided by the Euro
pean Hybrid Spectrometer [10, 11] at the CERN SPS.
It consists of an active vertex detector (Rapid Cycling
Bubble Chamber) embedded in a 2 T magnetic field and
a down-stream spectrometer. The spectrometer consists
of one wire and six drift chambers and an additional
1 T magnet. The charged particle momenta are measured
over the whole solid angle with a resolution ranging
from <A p / p > of 2,5% at 30GeV/c to 1.5% above
100 GeV/c [12].
Neutral pions are detected by two electromagnetic
calorimeters. The combined acceptance of gamma detec
tors allows to measure 7i°’s for x { n 0) ^ 0.025 [13]. Part
of the remaining gammas and of the short-lived neutral
particles are detected and measured within the vertex
detector [14].
The data selection and the methods applied to enrich
the sample with leading cluster fragmentation are de
scribed in Sect. 2. Results are given in Sect. 3 and com
pared to model predictions in Sect. 4. The conclusions
are summarized in Sect. 5.

2 Data selection
The data presented here originate from the N A 22 experi
ment performed with EHS exposed to a meson enriched
beam of lab momentum Piab=250 GeV/c. We accept n + p
events for which the measured and reconstructed charge
multiplicities are consistent, charge balance is exactly
satisfied, no electron is detected and all tracks are pro
perly reconstructed (see [12]). We require tracks to have
a momentum resolution A p / p < 0 A in the forward c.m.
hemisphere, but no restriction is imposed on A p/p in
the backward hemisphere. Elastic scattering and single
diffraction dissociation events (with n ^ 6) are excluded
according to the methods described in [12], The total
number of remaining events is 59131.
Furthermore, to avoid loss of fast neutral particles
in the beam fragmentation region, we select events with
acceptable total momentum balance. To achieve this, we
firstly accept events for which the total longitudinal mo
mentum P|jCBC of all charged and neutral particles de
tected in RCBC is within the interval 245 ^ p |CBC
^ 2 5 5 GeV/c and the total transverse momentum p f-CBC
is less than 0.5 GeV/c. Secondly, if pjjCBC is less than
245 GeV/c, we add to it the total longitudinal momen
tum p |Mof y’s or 7t0,s and rfs reconstructed in the electro
magnetic calorimeters, and accept events with total lon
gitudinal momentum within the interval 2 2 5 ^ p \ CBC
+
255 GeV/c and total transverse momentum
|pRci3c _j_pEM| jess
0.5 GeV/c. This allows a loss of
no more than 10% of the total momentum and does
not significantly affect the characteristics of hadrons in
the beam fragmentation region. After this selection, the
final data sample comprises 11954 events. Each event
is weighted to correct for losses due to selection criteria
and interaction trigger efficiency, so that the charge mul
tiplicity distribution of accepted events corresponds to

the topological cross section of the non-diffractive
p
sample [9, 11].
The following step is to select particles actually aris
ing from beam fragmentation. This is by far the most
difficult step, since no clear boundary exists between par
ticles produced in beam fragmentation and central pro
duction. Any method applied can only be considered
to produce a sample enriched in beam fragmentation.
To obtain a feeling for the degree of stability of the re
sults with respect to the choice of the method, three
different methods are compared and the cut parameters
of each are varied over reasonable values.
According to the first method (the cut method), a
selection y > y cui is applied to the rapidity of each parti
cle. From the range of forward-backward correlations
in our data [15] and the size of the scaling region [12],
we deduce that at our energy the “optim al” value of
ycut is in the interval l ^ y cut^ 2 (in the c.m.s.). In the
tables we present results for y cul = 1 and 2, while the
distributions for ycut = 1.5 are presented in the figures.
As an alternative to ycut, a Feynman-* cut varied over
the range 0.05
0,15 has been tried with very simi
lar results.
According to the second method (the maximum rapid
ity gap method), a “boundary” ^o> 0 is determined sepa
rately for each event by the maximum rapidity gap
( d y ) max between neighbouring particles. If (Ay)max is
reached between the fe-th and (fc+l)-th particles (yk
> y k+1)9 we set y Q—y k and assume all particles with y
to belong to the beam fragmentation region. (Note,
if the largest gap includes y = 0, all particles in the for
ward hemisphere are accepted). Two variants of this
method are used: a) no restriction on the (Ay)mstx, b)
a restriction (zly)max^ l is used and events with (¿y)max
< 1 are rejected. This latter cut reduces the number of
events to 10730.
According to the third method (the cluster rapidity
method), we assume that the difference between the lead
ing cluster rapidity Yc and the nearest particle not be
longing to the cluster exceeds some minimum value A YCi
where A Yc& 1.5-2. If the rapidity difference between the
fastest particle and the nearest one exceeds A Yc, only
one (the fastest) particle is assumed to be in the beam
fragmentation region. If not, the fastest particle is com
bined, one after the other, with the neighbouring parti
cles, until the composed system (cluster) rapidity Yc ex
ceeds the nearest particle rapidity by the value of A Yc.
We, furthermore, require the last particle included into
a cluster to have y> 0.5. If this requirement is not sat
isfied the event is rejected. The number of events selected
by this method is 7 567.
As already stated above, all these methods have
draw-backs and can only be considered as methods to
enrich the selected sample by excited hadron state clus
ters. In the following we shall compare the three meth
ods, in order to detect possible common trends.
To see the effect of the cuts described above and
to be able to compare our experimental results to model
predictions, the same cuts are applied to Monte Carlo
events generated according to the Lund [16] and Fritiof
[17] models.
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Fig. 1 a-d . The X distribution of the leading hadron cluster, for
the three different m ethods of cluster separation: a the cut m ethod
0>cul=1.5), b the m axim um rapidity gap m ethod ((^y)max^ i), c

the cluster rapidity m ethod (ziyc=2). d T he x distribution of the
leading hadron in 7t+ p interactions [12], norm alized in tw o differ
ent ways. Also the F ritiof 2.0 model predictions are presented

3 Experimental results

a) the total longitudinal momentum jFjj (both in c.m.s.
and lab. frames) or the Feynman variable X = P^/P*ax
(Fig. 1 a-c), the latter being equal to the “elasticity” coef
ficient ;
b) the squared transverse momentum P^ (Fig. 2);
c) the squared effective mass M 2ff (Fig. 3);
d) the squared four-momentum transfer t from the inci
dent n + to the leading hadron system (Fig. 4);
e) the charge multiplicity nch (Fig. 5), as well as the
M cfrdependence of its average, <(nch(M eff)> (Fig. 6);
f) the charge Q (Fig. 7);
g) the parameters characterizing the possible jet-like
structure of leading cluster fragmentation, e.g. thrust T
(Fig. 8) and sphericity S , thrust and sphericity angles 0T
and 6

The methods described in Sect. 2 are applied for the se
lection of hadrons to be considered products of non
single-diffractive beam (or leading hadron cluster) frag
mentation. The following collective characteristics of the
leading hadron cluster are considered:

From the experimental distributions presented in
Figs. 1-8 and from the mean values given in Tables 1
and 2, one can deduce the following trends common
to all three selection methods:

Fig. 2 a -c . The J^-d istrib u tio n of the leading cluster. Results of
exponential fits are given by solid lines

1) The Feynman-x distribution of Fig. 1 (and therefore
also the py distribution) strongly differs from a constant
distribution. For all three methods used, the average
fraction of incident longitudinal momentum carried by
fragmentation products* i.e. the average “ elasticity ” coef
ficient, lies in the range <X ) = 0.8 ± 0.1 (both in c.m, and
lab. frames) and the mean inelasticity (part of the incident
hadron momentum used for particle production in the
central region) is < fc)« ( 1 —< J f))« (0.2 ± 0.1).
One should emphasize that for all three selection
methods the X - d i $tribution of the leading cluster strong
ly differs from the leading hadron spectrum shown in
Fig. Id. When extracting the latter from the N A 2 2 data

370

*o

0

12

Heff i GeVf

Fig. 3 a -c . The effective mass square Mef r distribution. The d ata on n * / K +-diffraction at 250G eV /c [9] are also presented

i—

i—

i—

r

10

ycut.l.5

i—

i—

i—

i—

i—

-®

A

r

.

i

©

AYC=2.0

T
A /

B
6

i—

A

-

A

U

A

U

A /

-

a

—

1

EXP

i

—

i i WA
3
—

—

Fig. 4 a -c . The ¿-distribution of the leading cluster. Results of expo
nential fits are given by solid lines

'

Jy-

*

a.

b y -^ -0

------ FRITIOF-EFF
□ ^-DIFFRACTION
l___ L......I „ J___ I___ I___ L^Z.

3

9 1

5
M e ff

-t IBeV/c)

4

- - FRITIOF2.0

2
qI

* y'fi

J___I___L

3

5

J___ L

7

(GeV)

Fig. 6 a-c. The M cfrdependence of the m ean charge m ultiplicity
<Hch> of the leading cluster. The d ata on %+/ K +-diffraction at
250 GeV/c [9] are also presented

0.5 O .i,

-

0.3

cu0.2
■ a ix )

D.1

0

t 6

h 6 8 10

2 t

6 B 10

nch
Fig. 5 a -c . The charge multiplicity rcch-distribution of the leading
cluster

Fig* 7 a-c. T he sum m ed charge Q -d is trib u tio n of the leading cluster

371
T------ !—

r

T—

1(F) lAWmaxS1

i—

1—

T---r

r

©

t—

i—

I—

r

T— r

r *

\

*

AYC=2
r

r
I
I
i

-

-

\

*
+t
Î

U-

.

... -iI
T5

-

1

SC

L.~

[ 12] we consider that the leading hadron phenomenon
is connected to valence quark transfer from the projectile
to a secondary hadron. Thus, in 7t+ p-collisions the lead
ing hadron spectrum can be defined as the difference
between the inclusive spectrum of positive (consisting
for more than 90% of 7t+,s in the beam fragmentation
region [12]) and negative (consisting for (93 ±3)% of
7r~’s [12]) particles. One can extract from Fig. Id that
in the interval 0 .2 < x < 0.92 (where the central produc
tion and proton diffraction processes are small) the aver
age value of the inelasticity is <fc/l) = ( l <X/,» —0.56
±0.02. Similar values of </c;i) are obtained in other ex
periments (see e.g. [18, 19]). Thus, the mean inelasticity
obtained from the leading hadron spectrum is largely
overestimated.
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ponential form with a slope b varying between 2.5 and
4.1 (GeV/c)“ 2, according to the selection method chosen.
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Fig. 8a~c. The thrust T-distribution for the leading cluster fragmentation for events with n = nch + Hneut > 4 particles in the pion fragm entation region. T he d a ta on n * / K *-diffraction at 250G eV /c
[9] and isotropic decay predictions are also presented

3) The Mtffdistribution (Fig. 3) agrees with that in sin
gle-diffractive processes [9] in the region of 2 g M e ff
^ 2 0 (GeV/c2)2 for methods II and III of cluster separa
tion, but falls more steeply for method I. In all cases,
predominantly low mass leading clusters are excited
(< M e2ff) / s ^ 0 .0 1 ).

T ab le 1. M ean values of the collective variables as indicated

M ethod

1* .Veut
Exp
F 2.0a
Fe2.0b
F 3.0 e
L und

<fl| >/Plab

<*>

<Pr2>
(GeV/c)2

<M 2fr>
(GeV /c2)2

<0
(GeV/c)2

<«ch>

<0>

0 .8 6 -0 .6 6
0 .8 5 -0 .6 4
0 .8 8 -0 .7 4
0.87—0.68
0 .8 8 -0 .6 8

0 .8 4 -0 .6 6
0 .8 3 -0 .6 4
0 .8 7 -0 .7 3
0 .8 5 -0 .6 7
0 .8 7 -0 .6 7

0 ,5 1 -0 .3 2
0 .5 2 -0 .3 0
0 ,3 8 -0 .2 9
0 .3 2 -0 .2 1
0 .2 5 -0 .2 2

4 .7 3 -0 .6 9
5 .2 6 -0 .8 0
3 .9 1 -0 .8 2
5 .1 5 -0 .8 7
5 .3 5 -0 .8 5

1 .4 8 -0 .7 5
1 .7 1 -0 .7 8
1 .0 3 -0 ,5 8
1 .2 3 -0 .6 3
0 .9 8 -0 .6 4

3 .2 1 -1 .5 9
2 .5 3 -1 .2 5
2 .8 3 -1 .6 2
2 .5 1 -1 .3 1
2 .7 9 -1 .4 3

0 .7 5 -0 .5 0
0 .7 0 —0.46
0 .7 6 -0 .5 6
0 .7 3 -0 .5 0
0.89—0.65

0.79 + 0.01
0.77±0.01
0.84 + 0.01
0.80+0.01
0.75 ± 0 .0 1

0.77 + 0.01
0.75 ±0.01
0.82 ±0.01
0.77 ±0.01
0.73 ±0.01

0.38 + 0.01
0.39 + 0.01
0.31 ±0.01
0.25 ±0.01
0.19 ±0.01

3.87 ±0.05
4.35 ±0.03
4.08 + 0.03
4.32 ±0.03
4.30 + 0.04

0.94 ±0.01
1.03 + 0.01
0.74 + 0.01
0.71+0.01
0.52 + 0.01

3.00 ± 0 .0 2
2.22 + 0.01
2.64 ±0.01
2.17+0.01
2.20 ± 0 .0 2

0.70+0.01
0.65+ 0.01
0.76±0.01
0.68 ±0.01
0.76 ±0.01

0.82 + 0.01
0.82 ±0.01
0.85 ±0.01
0.83 + 0.01
0.79 ±0.01

0.81 ¿0 .0 1
0.80+ 0.01
0.84+ 0.01
0.81+ 0.01
0.77 + 0.01

0.37 + 0.01
0.39 + 0.01
0.30 ±0.01
0,24 ±0.01
0.19 ± 0.01

4.22 ± 0.05
4.77 ±0.04
4.19 ± 0.04
4.65 ± 0 .0 4
4.77 ±0.05

0.91 ±0,01
0.93 + 0.01
0.71 + 0.01
0.65 ±0,01
0.51 ±0.01

3 J 5 ± 0 .0 2
2.35 ±0.01
2.69 + 0.01
2.27 + 0.01
2.35 ± 0 .0 2

0.74±0.01
0.70 ±0.01
0,78+0.01
0.71 ±0.01
0.80 ±0.01

0.81—0.89
0 .8 3 -0 .9 2
0.84—0.91
0 .8 4 -0 .9 1
0 .8 0 -0 .8 8

0 .8 1 -0 .8 8
0 .8 3 -0 .9 1
0 .8 4 -0 ,9 0
0 .8 3 -0 .9 0
0 .7 9 -0 .8 7

0 .3 0 -0 .3 0
0 .2 9 -0 .2 7
0 ,2 5 -0 .2 4
0 .1 8 -0 .1 7
0 .1 8 -0 .1 8

1 .9 7 -3 .7 5
2 .6 0 -4 .5 7
2 .0 5 -3 .6 4
2 .5 5 -4 .3 0
2 .3 3 -4 .3 6

0 .4 8 -0 .5 3
0 .5 5 - 0 4 4
0 .4 5 -0 .4 5
0 .3 8 -0 .3 0
0 .4 0 -0 .3 5

1 .9 4 -2 .5 8
1 .7 5 -2 .1 4
2 .0 5 -2 .5 3
1 .7 3 -2 .0 7
1.78-2.21

0 .6 7 -0 .7 7
0 .6 4 -0 .7 9
0 .6 8 -0 .8 1
0 .6 7 -0 .8 2
0 .7 9 -0 .8 9

1 ~2

H a. (¿jOmM
Exp
F 2.0
F e2.0
F 3.0
Lund
lib . ( A y \ nux É: 1
Bxp
F 2.0
Fe2.0
F 3.0
L und

«V M M

III. A YC= : 1.5-2
Exp
F 2,0
Fe2.0
F 3.0
L und
a F ritio f 2.0;

b Fritiof-eff 2.0;

c F ritiof 3.0
4
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<cos 0T)

<cos 0S)

0.40-0.30
0.37-0.31
0.36-0.30
0.38-0.32
0.40-0.32

0.49-0,32
0.50-0.34
0,52-0.35
0.51-0.33
0.54-0.33

0.49-0.32
0.51-0.33
0.53-0.36
0.52-0.33
0.55-0.34

0.76 + 0.01
0.78 + 0.01
0.80 + 0.01
0.78 ±0,01
0.78 ±0.01

0.43 ±0.01
0.39 ±0.01
0.38 ±0.01
0.39 ±0.01
0.42 ±0.01

0.57 ±0.01
0.57 ±0.01
0.61 ± 0.01
0.57 ±0.01
0.60 ± 0.01

0.76 ±0.01
0.78+0.03
0.80 ± 0.01
0.78 ±0.01
0.78 ±0.01

0,43 + 0.01
0.40 ±0.01
0.37 ±0.01
040 ±0.01
0.40 ±0.01

0.78-0.78
0.80-0.80
0.81-0.81
0.79 —0.79
0.79-0.79

0.40-0.40
0.37-0.37
0.35-0.36
0.38-0.37
0.40-0.3 9

Method

<r>

yCUt i ~2
Exp
F2.0a
Fe2,0 h
F3.0C
Lund

0.78-0.83
0.79-0,83
0.80—0.84
0.79-0.83
0,78—0.81

! Si
tO

Table 2. Mean values of the collective variables as indicated, for events with n = {ncil + nneul) ^ 4 particles in the pion fragmentation region

<G*>

<Q/Qb>

0.44-0.25
0.41-0.30
0.47-0.28
0.41-0.31
0.56 —0.36

0.30-0.23
0,29-0.23
0.26-0.36
0.31-0.23
0.33-0.26

-(0 .6 8 -0 .4 3 )
-(0 .4 4 -0 .3 8 )
-(0 .6 3 -0 .5 1 )
—(0.47 —0.42)
-(0 .3 7 -0 .2 0 )

0.58 ±0.01
0.57 ±0.01
0.62 ± 0.01
0.58 ±0.01
0.61 ± 0.01

0.48 ±0.02
0.46 ±0.01
0.51+0.02
0.46 ±0.01
0.57 ±0.02

0.37 ±0.02
0.37 ±0.01
0.37 ±0.02
0,37 + 0.01
0.34 ±0.02

-0 .9 4 + 0 .0 3
-0 .5 3 ±0.01
-0 .7 0 ±0.02
-0 .5 7 ±0.01
-0 .5 0 ±0.02

0.58 ±0.01
0.58 + 0.01
0.62 + 0.01
0.58 + 0.01
0.62 ± 0.01

0.59 ±0.01
0.60 + 0.01
0.62 ± 0.01
0.59 ±0.01
0.64±0.01

0.49 ± 0.02
0.47 ±0.01
0.51 ±0.01
0.46 ± 0.01
0.58 ±0.01

0,37 + 0.02
0.37+0.01
0.37 ±0.01
0.38 ± 0.01
0.34 ±0.01

-0 .9 5 ±0.03
—0.54 ±0.01
-0 .7 0 ± 0 .0 1
-0 .5 8 + 0.01
-0.51 ±0.01

0.47-0.60
0.50-0.64
0.48-0.63
0.48-0.63
0.48-0.62

0.48-0.61
0.51-0.65
0.48-0.64
0.49-0.64
0.50-0.65

0.41-0.48
0.42 - 0.49
0.48-0.53
0.41-0.49
0.52-0.59

0.35-0.36
0.32-0.39
0.31-0.35
0.34-0.40
0.35-0.39

-(0 .7 7 -0 .8 3 )
- (0.46 - 0.47)
—(0 .66 —0 .66)
-(0 .5 2 -0 .5 0 )
-(0 .3 6 -0 .4 1 )

II a. (idy)raM
Exp
F 2.0
Fe2.0
F3.0
Lund

i M« «i

I I b. (Ay)m > \

Exp
F 2.0
Fe2.0
F3.0
Lund
III. A Yc= 1.5-2

Exp
F 2.0
Fe2.0
F3.0
Lund
a

Fritiof 2,0;

b Fritiof-eff 2.0;

c Fritiof 3.0

4) The t-dislribution (Fig. 4) has an approximately expo
nential form with a slope b varying between 0.8 and
2.0 (GeV/c)“2. This value is much smaller than generally
observed
for
single-diffractive
processes
(bdiff
6-10 (GeV/c) ~ 2) [6], Thus, experimental evidence is
obtained
that the non-single-diffractive process
h p -> H* X is less peripheral than single-diffraction disso
ciation.
We have checked that the form of the distribution
in t and PT2 does not depend strongly on the criteria
of momentum balance (Sect. 2). In particular, when the
restriction on the observed total transverse momentum
| p*CBC+
| is varied from 0.5 GeV/c to 0.1 GeV/c, the
average values of P2 and t decrease by (13-20)% and
by (25-30)% respectively. The slope for t-distributions
increases to (1.3-2.9)(GeV/c)~2, still at least a factor two
smaller than that of diffraction dissociation. The other
quantities presented in Tables 1 and 2 do not change
significantly.
/‘ •w

5) The charge multiplicity distribution (Fig. 5 b, c) has an
excess at odd values for methods II and III. This can
be interpreted as a reflection of the total charge distribu
tion (Fig. 7), which has a sharp peak at charge Q — 4-1.
The most probable value of the leading cluster charge
is equal to the incident hadron charge. The events with
Q =# 1 correspond to the case when one or more compara
tively slow fragmentation products of the leading cluster
are not accepted by our methods or a charge exchange

has taken place. This can lead to a value of average
charge < g ) < 1.
6) For all three methods, the M e ir dependence o f the av
erage charge multiplicity <nch) (Fig. 6) is stronger than
in the diffractive process [9]. However, we shall show
below (Sect. 4) that the essential part of this difference
may be due to the restricted efficiency of neutral particle
detection in our experiment. If this is taken into account
the data for non-diffractive and diffractive processes dis
agree only in the comparatively high mass region (M eff
> 4-5 GeV/c2).
7) The charge Q distribution peaks at Q = 1 (Fig. 7), weak
est for method I, strongest for method III.
8) The thrust distribution (Fig. 8) is peaked at lower T
values than in diffraction dissociation [9], Nevertheless,
the mean values of < 7 )^ 0 .7 6 -0 .8 3 and <£>«0.30-0.43
indicate non-isotropy also for leading cluster fragmenta
tion. The distributions expected for isotropic cluster de
cay (obtained by Monte-Carlo calculations using the ex
perimentally observed cluster multiplicity distribution)
do not agree with our data (see dashed histograms in
Fig. 8).
The sphericity and thrust angle distributions are
shifted towards angles larger than those of diffraction
dissociation. The average value for co s0 r varies from
0.32 to 0.60 (Table 2), while for the single-diffractive pro
cess <cos0T) = O.72 [9]. We have, furthermore, studied

373

the M cfrdependence of the thrust and sphericity distri
butions and find that with increasing M eff the jet-like
structure of non-diffractive fragmentation becomes less
pronounced. Particularly, for the rapidity gap method
in the mass regions M eff^ 2 G e V /c 2, 2
< M cff< 4G eV /c2 and M eff^ 4 GeV/c2 the average
values of thrust and sphericity are <T> = 0.81, 0.77, 0.73
and ( 5 ) = 0.35, 0.42, 0.57, respectively.
9) The average charge of the forward jet, i.e. the charge
in the forward hemisphere with respect to the total mo
mentum of the fragmentation products, calculated in the
rest frame of this system of particles, is < 2 / ) = 0.45 ± 0.04
for methods II and III, i.e. close to the average charge
of the 7r+-meson valence quarks. The average charge
of the backward jet is smaller (see Table 2) due to a
loss of slow particles not accepted as fragmentation
products. The forward and backward charges are strong
ly negatively correlated, the correlation moment varies
from -0.42 to -1.00.
10) The average collective characteristics of the sub
sample with <2 = 4-1 (not shown) are approximately the
same as for the full sample.
We conclude that certain trends can indeed be observed
in the collective characteristics of leading hadron clus
ters. These trends are common to all three selection
methods applied. Noticeably different from the behav
iour observed in diffraction dissociation are the depen
dence on four-momentum transfer and thrust.

4 Models
The experimental data are compared to the single-chain
Lund [16] and the two-chain Fritiof 2.0 and Fritiof 3.0
[17] Monte-Carlo model predictions (for the definition
of “ Fritiof-eff” see below). Parameter values are default,
except for the width of the Gaussian px and py transverse
momentum
distribution
for
primary
hadrons
( = 0.44GeV/c). The models, furthermore, include the
production of tensor (besides pseudo-scalar and vector)
mesons in the ratio PS:V:T = 50:35:15. Monte-Carlo
events satisfying the “diffractive” criteria [ 12] are ex
cluded. For the Fritiof 2.0 model the distribution and
its average are presented in Figs. 1-8 and in Tables 1
and 2, while for the other two models only the average
values are given.
As one can see from Figs. 1-8 and Tables 1-2, the
qualitative agreement with the model predictions is satis
factory for the majority of the characteristics studied.
As can be expected from the two-chain character of Fri
tiof, this model describes the data in general better than
the old single-chain Lund model. The predictions of Fri
tiof 2.0 and Fritiof 3.0 differ strongly only for the distri
butions in Pj and L These are described noticeably better
by Fritiof 2.0 (Figs. 2 and 4), evidently due to the fact
that the primordial transverse momentum k T of quarks
within the incoming hadrons is included in Fritiof 2.0
but not in Fritiof 3.0. In the figures we, therefore, restrict
ourselves to Fritiof 2.0.

The effect of the selection methods 1—III is clearly
seen in Fig. 1. The X spectrum becomes sharper at X = 1
as one goes from method I to III, both in data and m od
el. In method I, the large momentum peak is wide, but
slightly underestimated in size by the model. In methods
II and III, the peak is wider in the data than in the
model, even when taking into account
p /p > ~ 1.5%
in the data of that region. (Note that folding in the m o
mentum resolution would amount to adding the content
of the bin above X « 1 to that just below and therefore
improve the agreement between the data and the model).
The model predictions for the M2ff distribution
(Fig. 3) are in qualitative agreement with the data for
all three selection methods.
The charge multiplicity distributions (Fig. 5) of Fri
tiof peak at somewhat low values for all three methods.
In methods II and III the odd-even effect in the data
is, however, followed by the models. From Fig. 6 can
be deduced that the shift to lower nQh is present for all
values of the mass of the leading cluster.
The differences between experimental data and model
predictions can at least partly be connected to the re
stricted detection efficiency of neutral particles. This is
25-40% for 7t° (depending on x„o) [20] and about 40%
for short-lived neutral strange particles [14] (long-lived
neutral kaons and neutrons are not considered). Applica
tion of the selection criteria on total momentum balance
(Sect. 2 above) leads to a suppression of events with a
relatively large number of neutral particles or with large
momentum of the neutrals.
In order to reveal the influence of the above bias
we include the neutral particle detection efficiencies into
the Fritiof Monte-Carlo predictions. The same selection
criteria are applied to generated events as to the experi
mental ones. The results are shown by dot-dot-dashed
lines in Fig. 6 and indicated “ Fritiof-eff” in the Tables.
One can see that the model predictions for <nch> increase
by 20-30% as compared to the “non-distorted” Fritiof
predictions and qualitatively describe the data. N ote that
the difference between these data and the diffraction dis
sociation data in the low mass region (M eff < 4GeV) is
approximately equal to this factor. So, for Meff< 4 G e V
our corrected data become compatible with the diffrac
tive ones. However, for higher mass (Meff > 4 -5 GeV) the
discrepancy between diffractive and non-diffractive^ data
remains.
As for the influence of the neutral particle corrections
on the other collective characteristics, the Fritiof-eff pre
dictions describe the observed data not worse (in some
cases better, e.g. <nch), <(?), <Qf Qb )) than the Fritiof
model. Exceptions are the Pr2 and t distributions, for
which the Fritiof-eff predictions are noticeably shifted
towards smaller values.
The charge distribution (Fig. 7) qualitatively agrees
with the Fritiof prediction. However, the probability for
g = l is slightly overestimated in the model relative to
that in the experiment when methods I and III are ap
plied.
The average characteristics ( T ) , <S>, < 2 / ) , <Q&>
of the jet-like structure in beam fragmentation are ap
proximately reproduced by the Fritiof model (Table 2).
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However, in Fritiof the ^distribution is somewhat
shifted towards higher values (Fig, 8) and the forwardbackward charge correlation { Q f Qb) is badly underesti
mated for all three methods (however Fritiof-eff some
what improves the agreement for ( Q f Qb}).

5 Conclusions
Collective characteristics are studied of non-single-diffractive hadron systems produced in beam fragmentation
of
p-collisions at 250 GeV/c. It is shown that the pion
fragmentation products carry on average a fraction of
0.8 + 0.1 of the incident momentum, so that only 0.2 ± 0.1
of the incident momentum is spent for particle produc
tion in the central region. This value is considerably
smaller than that deduced from leading hadron spectra.
The momentum transfer distribution shows that the non
single-diffractive processes are less peripheral than the
diffractive ones. The analysis of thrust and sphericity
shows jet-like structure of pion fragmentation, but less
prominent than in diffraction dissociation. The forward
charge <Q/> = 0.45 ±0.04 agrees with the average charge
of the beam valence quarks.
The Fritiof 2.0 model, which includes the primordial
transverse momentum, qualitatively describes the experi
mental data.
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