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Abstract 

New data on pion production in pn-interactions at 19 GeV/c are used, 

together with earlier data on pion production in pn (n n) at other energies, 

to determine the diquark fragaentation functions D J < J (
= J \ , U ) *

n a D " . in the 

neutron and proton fragaentation regions. Typical high energy data on pion 

production in pp-interactions are also considered. The unfavoured frag-

aectatioD function D

åjM is found to be auch saaller than the favoured 

fragmentation function D".(x) and to have a steeper x-dependence, The di

quark fragaentation functions agree very well with those froa v(v)-proton 

interaction as expected froa quark paxton aodela. 
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1. Introduction 

A few years ago Ocha [1] pointed out the similarity of the charted 
particle ratioes at low and high transverse momenta (p_) in high energy 
pp-interactiona. Since that, aany experimental observations have confined 
the siallarity of particle production in "hard" processes, such as deep in
elastic lepto-productioa, e e* anihilation and large p_ hadron-hadron inter-
actiona, and the "soft" processes of low p_ hadroo-hadron interactions. This 
has stiaulated a renewed interest in the study of ordinary low p_ hadron-
hadron collisions as a probe of the underlying dynasties of the hadron col
lisions . 

There are basically three clssses of models, baaed on the quark parton 
picture, which have been used to interprete the low p_ hadron-hadron frag
mentation data: a) the quark recombination models [2], b) the constituent 
interchange models ("quark counting rules") [3], and c) the quark fragmen
tation models [4-7]. In rsrlier notes [6,9] we have confronted our data on 
nucleon fragmentation in pn- and pp-interactiona at 19 GeV/c with the pre
dictions of models of the types a) and b). In this note we will discuss our 
data in terms of a quark fragmentation model [7]. Specifically, we will de
termine the diquark fragmentation functions D

o a M for neutron and proton 
fragmentation into pions at 19 GeV/c and at other energies, and compare the 
results with data from lepton-nucleon interactions. 

Earlier, data from meson-proton interactions have been used to de
termine the single quark fragmentations functions D (x) and DT(x) [7,10,11]. 
In the meson fragmentation region these functions were shown to agree with 
the corresponding quark fragmentation functions obtained in lepton-proton 
interactions [7,10,11]. Much less is known tfamut the diquark fragmentation 
functions, but some results [10] indicate that similar agreement holds in 
this case. The results of this report give substantial support to this 
esrlier finding. 
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The paper ia organised as follow: In section 2 we give a few experi

mental details about our 19 GeV/c pa. and pp data. The fragmentation aodels 

of hadroa-hadron Interactions at low p_ arc brief1v recalled in section 3. 

In section 4 oar 19 GeV/c data are used to determine the diquark fragmenta

tion functions D* (i), voile we In section 5 apply alao earlier published 

data on pion production from neutrons and protona to obtain information 

about the energy dependence of these fragmentation functions. The results 

are compared with data on pion production in lepton-proton interactions in 

section 6. A short summary is given in section 7. 

2. Experimental information 

The 19 GeV/c pn and pp data used in this report are obtained in a bub

ble chamber study within the Scandinavian Bubble Chamber Collaboration, 

based on film from the CERN 2m BC filled with deuterium or hydrogen. 

The pp-data, which regards the reaction pp •» n~ + anything, have beei> 

published earlier [12]. Below we give a few details about our new pn data 

concerning the inclusive reactions pn •» 7t + X and pn + Jt_ + X, where B 

labels the neutron-like (backward) CM hemisphere. 

Our usable sample of pn interactions consists of 8235 inelastic events 

corresponding to a sensitivity of 0.277 events per \ib. In order to reduce 

the bound target effects (rescattering on the spectator, wrong choice of 

spectators etc.), we have selected a pn sample consisting of odd-pronged 

events and even-pronged event» with a backward spectator. Negative tracks 

were all taken to be due to pions. Positive tracks with laboratory momentum 

p. . < 1.5 GeV/c were identified as either pions or protons by means of the 

estimated bubble densities. In the neutron fragmentation region the con

tamination of protons in the sample of pn •* Tig + X is estimated to a few per 

cents. The contamination of strange particles is estimated to be about 31 
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for negative ai well as positive tracks. Further details about the ex

perimental procedure and the various corrections are given elsewhere (8). 

3. Fragmentation «odels 

There are by now several versions K-7] at the fragmentation models for 

particle production in low-p_ hadron-hadron collisions bated on the quark-

parton picture. The basic assumption of these models is that the collisions 

proceed, analogously to hard proceases, in two factorized steps: In the 

first step the colliding hadrons produce, via some quark-quark interaction, 

coloured systems which in the second step fragment into jets of particles as 

a consequence of the confinement forces. It is expected that the frag

mentation process is universal, i.e. independent of the particles respons

ible for producing the coloured systems. Important aspects of the hadrons 

produced in nadron-nucleon and lepton-nucleon interactions should therefore 

be closely related. This is illustrated by the diagrans in fig. 1 showing 

hadron production in v(v)p and pp and pn scattering. In the nuclecn frag

mentation region the production of some hadron h is governed by the diquark 

fragmentation function D fz), which describes the fragmentation of the 

diquark system qq of fractional momentum x of the parent nucleon into the 

hadron h with fractional momentum z = x./x 
h qq 

Hore specifically, we shall interprete our results in terms of the 

model of Anderson et al [7]. Their crucial assumption is that the inter

acting valence quarks, interacting via exchange of wee quarks, have low mo

menta, implying that the spectator quark system escapes from the interaction 

region with a large fraction of the initial hadron momentum. The interact

ing valence quarks are held back near x = 0 and contribute only to the part

icle production in the central region. The model is intended to describe 

inelastic, non-diffractive reactions in the fragmentation region lx| > 0.2. 
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The normallxed, non-invariant Inclusive x-diatribution of a hadron h in 

the fragmentation region of the primary hadron H, oT' , dor fix, x being 

the Feyman x, is then given by the convolution of the quark momentum distri

bution function O x ) and the fragmentation function D (z), summed over the 

incident valence quarks: 

c if (x} = l S dx'dz f ! I ( x , ) D q ( z ) «(»-*') (3.D 
In the model of Anderson et al. [7] the functions r (x) are approximated by 

delta-functions: 

fjj(x) = 6(l-xq)/2 (3.2) 

corresponding to the approximation that the spectator quark system carries 

all of the noaentun of the reacting particle. This approach is thus very 

different fron the recombination nodels where i (x) largely determines the 

«omentum distribution of the final state hadron h. For proton and neutron 

fragmentation into pions (h = n~) we get: 

saf™ « K!« + i D > > (3-3a) 

5 S « * 5 D > > + f D u ! w ( 3 3 b ) 

Isospin invariance reduces the number of independent structure functions to 

+ + + 
three: H, = D n = D* H 2 E D " = D* and H 3 = D " = D* . Here we have used 1 uu dd ud ud uu era 
the notation H. of ref. [7]. i 

The structure functions are expected to fulfill the relation 

H! > H 2 > H 3, (3.4) 
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•inc* lo D both of the u-quark» can eootribute to n* creation, in D " one 

of the quark* can contribute while none of the u-quarka can contribute to n" 

creation in D* . Anderion et al. alao expects the relation 

2H 2 * Hj + H 3 (3.5) 

to hold for all values of x (7,13]. This relation was found to be well 

satisfied in proton fragmentation at 70 GeV/c [10]. By using this relation, 

Eq. (3.3) reduces to 

+ 
p-»n 

1 d Æ - i do" 
a dl (x) = 5 If ( x ) * I H i ( x ) + 5 H*w ( 3 - 6 a > 

+ 
1 AnP*n 1 Arp'*n 1 1 

o d7 ( x ) " o S ( x ) * 5 H l ( x ) + 5 " 3 ( x ) ( 3 6 b ) 

4. Results of nucleon fragmentation at 19 GeV/c 

In fig. 2 is given the normalized non-invariant x-distribution 

a. , åa/d* of the reactions: 
inel 

pn •» njj + X (4.1) 

pn -> n£ + X (4.2) 

pn -» 71̂  + X (4.3) 

pp •* n" + X (4.4) 

at 19 GeV/c. The data of reaction (4.4) have been published earlier [12] 

and are included for the sake of coppleteness. The expected relations 

a'. , -r- (n-*rt ) = a". , —r (p*n ) are seen to be well satisfied in the frag-
inel dx inel dx*' 

•entation regions |x| > 0.2. 
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The system of equations (3.6) has been solved with the data of fig. 2 

for separate bins of x, and the resulting values of Hj(x) and H3(x) are 

given in fig. 3. Only statistical errors are considered. In each bin of x 

there are four data points snd two unknowns, and for |x| > 0.15 the x z~ 

probabilities of the fits are quite acceptable in every bin. The values of 

H a are less well determined than of H t. Fig. 3 shows, however, that Hi is 

auch larger than H 3 for all values of |xl > 0.15, in accord with the expec

ted behaviour. We also note that H3(x) sees» to have a steeper |x|-depend

ence than Hj(x), implying that the dominance of Hj is strongest for large |xl, 

also in accordance with the model of Anderson et al [7]. H 3 is consistent 

with zero for |x| > 0.4. 

The structure functions Hi and H 3 have in the interval |x| > 0.2 been 

fitted to the simple paranetrizations 

H..(x) = A exp(-B|x|) (4.5) 

H^x) = C (l-|x|)D (4.6) 

The data can be well described by both of these functions, and the re

sults of the fits are given in table 1 and fig. 3. The exponential slope B 

of Hi is 8.6 ± 0.3 and 12 ± 5 of H3. 

We have also computed the values of Hi and H 3 when using only the data 

of reactions (4.1), (4.2), corresponding to neutron fragmentation. The re

sults are nearly the same as those given above, see table 1. 

Our results are in fig. 3 compared with the fragmentation function 

Hj(x) obtained in K"p and pp interactions at 70 GeV/c [10]. The values of 

Ht at 19 GeV/c are somewhat below those at 70 GeV/c, but the shapesof the 

The fit of H 3 is made for 0.2 < |x| < 0.5. If we include the point at 
x = 0.175 ± 0.025, the value of B,increases considerably. 
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spectra are equal. We have fitted the functions of Ig». (4.5) and (4.6) to 

the values of H t at 7C GeV/c, tee table 1 and fig. 3. The slope B at 70 

GeV/c is 8.8 ± 0.3 coapared with our value 8.6 1 0.3, while the normaliza

tion paraaeter A it a factor 1.6 higher at 70 CeV/c. Our results for H 3 are 

in qualitative agreement with those of ref. [10] where H3(x) is not given, 

but is found to be saall and not well determined. 

5. Results of nucleon fragmentation at other energies 

The results of section 4 indicate that the fragaentation function Hi(x) 

increases somewhat as function of the beaa aoaentua fron 19 to 70 GeV/c. It 

would be interesting to study further the energy dependence of H, and H 3. 

There are, however, few available data on the non-invariant cross sections 

o da/dx of inclusive pion production in the nucleon fragmentation region. 

For |x| i, 0.2 it turns out that the non-invariant x-distribution can be 

derived fro» the corresponding invariant structure function 

_, , _ , 2E d2a . 2 
F ( x ) ' J S7l*dxdp^ d pT 

with sufficient accuracy by the approximation F(x) * — S j- , where 

<E(x)> represents the average pion energy as function of x. We obtain <E(x)> 

by the expression <E(x)> = [(x V«/2) 2 + <p-,(x)>2 + •£]', where we use some 

approximate parametrization of the s- and x-dependence of <p~> according to 

the observations [14-20], We have tested the goodness of the approximation 

da 
dx * 2<K & 5±7 • F W «•» inel 

by means of our 19 GeV/c data and the tabulated data of the 70 GeV/c K p ex

periment [10]. In terms of the paraaetrization (4.5) of H l t we find that 



9 

the parameter» A and C deviate from the correct one* by lest than half a 

standard deviation, when the approximate relation Eg. (S.l) is applied. 

We are in this report primarily concerned with neutron fragmentation 

data, since such data have not previously been used to study quark fragmen

tation functions. We have therefore used data on the structure function 

F(x) from the following three neutron target experiments to obtain informa

tion about the energy dependence of Hi and H3: 

a) pn •» n^ + X 11.6 CeV/c [19] 

-rtp + X 

b)* pn -• 71* + X 195 GeV/c [20] 

;t+n •» njj + X 

c) pn(n+n) -• Jt̂  + X 100,400 GeV/c [21] 

Via the formula of Eq. (5.1) we have used the published values of F(x) 

and o. . to determine the fragmentation functions Hi(x) and H3(x) for sepa

rate x-bins for these three experiments. The x-dependence of Hj and H3 for 

IxI > 0.2 of the 195 GeV/c data is as an example shown in fig. 4. (The pn 

and 71 n data give compatible results and are taken together.) The exponen

tial parametrization of the results at 19 GeV/c and at 70 GeV/c are also 

given in fig. 4 for comparison. Also at 195 GeV/c Hi is much larger than H 3 

for |x I > 0.2. Both Hi and H3 are consistent with an exponential x-de

pendence. H;(x) is seen to agree Very well with the result at 19 GeV/c, and 

for |x| > 0.4 also with the result at 70 GeV/c. The values of H 3 are some

what higher than those at 19 GeV/c, although the errors are large. 

In these experiments the 1-prong topology is not included. This repre
sents a negligible effect at high energies. At 19 GeV/c the contribu
tion to pn •* 7t_ + X from the 1-prong topology represents about 5%. 

The data on pn •* JC + X at 100 • and 400 GeV/c 3nd 7t+n + 7t£ + X at 400 
GeV/c have been averaged prior to publication. For this experiment we 
use no absolute normalization, since the cross sections are systemati
cally below those of ref. [20). 
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The data on a, and Ha f roa each of the three experiment* a), b) and c) 

have been fitted to the exponential and power-law foraulaa of Eqs. (4.5), 

(4.6). The result! are given in table I. Table I alto contain* the results 

of a simultaneous fit to the data i) at 19 and 19S GeV/c and ii) all four 

neutron target experiments froa 11.6 to 400 GeV/c. Taking into account the 

fact that only statistical errors are considered, we conclude f roa these 

overall fita that the results at the four experiaents are roughly compatible. 

Table I shovs that the paraaeters of H 3 vary considerably. This is due to 

the fact that the errors on H3 are large and the x-interval of the fits are 

snail (0.2 < |x| < 0.5), implying that the two parameters A and B (or C and 

D) are strongly correlated. 

The fits of the exponential H. = A exp(-B|xl) to the combined data of 

the four experiments from 11.6 to 400 GeV/c, give the parameters'. 

H t : A = 10.0 + 0.6 ; B = 8.8 ± 0.2 

H 3 : A = 2.0 ± i ' i ; B = 11.5 ± 2.2 0.9 

The slope parameter B is seen to agree very well with the proton-target re

sult at 70 GeV/c, while the absolute values of Hi are somewhat lower than 

the result at 70 GeV/c. The simultaneous fit confirms the observation at 19 

GeV/c that H 3 has a steeper x-dependence than H,. 

The results in table I show that the favoured diquark fragmentation 

function Hi has a weak energy dependence for p. . > 10-20 GeV/c (as expec

ted, since the structure function F(x) in the nucleon fragmentation region 

obeys approximate scaling). The energy dependence of H 3 is uncertain due to 

the large errors. We have, nevertheless, attempted to determine the energy 

dependence of Hi and H 3 by introducing an s-dependence in the absolute val

ues of H., but keeping the energy-independent x-variation: 
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HjCx.a) = (A0 + A,/,/i) exp(-Blxl) (5.2) 

H.(x,i) = (Co + Ci/fi) (l-(x|)D (5.3) 

The for» of the x-dependence it Motivated by the observed approach to 

scaling of the structure function F(x) in the fragmentation region [14], The 

results of the fits of Eqs. (5.2), (5.3) to the combined data of the four 

neutron target experiaents aic given in table II . These results show that 

Hj has a very weak energy dependence, whereas tbe energy dependence of H 3 

could be considerably stronger. However, the errors' are too large to make 

any firm statement about H3. The asymtotic results of the fits of the ex

ponential (5.2), corresponding to Vs = % are shown in fig. 5 and compared 

with the energy-independents fits. 

It should be mentioned that we have also determined the parameters of 

Eqs. (4.5), (4.6) and Eqs. (5.2), (5.3) by a slightly different procedure, 

the fits being made directly to the observed distributions a' da/dx, there

by determining the parameters of Hi and H 3 in only one fit. This procedure 

gives slightly different values of the parameters, and high values of the 

chi-square (typically, x2/ND * 250/98). As an example, we quote the para

meters of the energy-independent exponential parametrization Eq. (4.5): A = 

11.4 ± 0.5 and B = 9.2 + 0.1 for B,, and A = 1.4 ± 0.5 and B = 10.6 + 1.0 

for H 3. 

For the sake of completeness and for comparison with our hadron-neutron 

data, we would like to extract H1 and H 3, in some average sense, from the 

large amount of data on high energy proton fragmentation into charged pions. 

For this purpose we make use of the fact that the structure function F(x) in 

high energy pion production on proton, can be well parametrized by a power 

law: 

If the 11.6 GeV/c data are excluded, the results are not much differ
ent. If we include the absolute normalization of the data of ref. [21], 
the limiting (Vs = «0 distribution of Hi becomes lower, but H3 is es
sentially unchanged. 
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t 
FOO**" « (l-|x|) D (5.4) 

For the fragmentation processes p -» n and p •» it* we have previously (9) 
found that n is nearly energy-independent for p, . > 10-20 CeV/c with the 
average values 

u(p*n+) = 4.01 ± 0.06 
(5.5) 

n(p*Il ) = 3.24 ± 0.08 

The normalization of the two structure functions for n" and n production we 
fix at |x | = 0.5 by the parameters 

R(n+/n") = 2.3 ± 0.2 

F(|x| = 0.5) ^ n - ) _ 0 „ 0 9 0 ± 0 0 0 0 7 (5.6) 
inel 

which are typical of high energy pp interactions [2gh,14-18]. Here R is thr 
ratio of the structure functions for n and 71 production at 
I x| = 0.5. The errors are -hosen to reflect the variation of the high ener
gy pp-data. Froa the average structure function defined by Eqs. (5.4), 
(5.5), (5.6) we derive via Eq. (5.1) the values of Hj(x) and H 3(x) given in 
fig. 5. As one could expect, the values of Hj(x) agree with the results of 
ref. [10] from K p and pp interactions at 70 GeV/c, and also with the high 
energy limit of the results from the neutron target experiments. The values 
of H 3(x) are seen to agree well within the large errors with the average 
neutron-target results. The x-dependence of E1 and H 3 can be well described 
by an exponential (Eq. (4.5)) or a power-law (Eq. (4.6)) function. The 
results of a least squares fit to an exponential for [x| > 0.2 are: 

%. A = 10.4 ± 2.0 , B = 8.0 + 0.4 
H 3 not well determined. 
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Observe that the error* om these pi raseter» reflect the rat lata ted er-

rora in Bqa. (5.5) and (5.6). 

For direct coapariaon with our 19 GeV/c reaults we have alao determined 

»i(x) and H s(x) f roa the published atructure functions of pp * n* • X at 24 

GeV/c [16]. It turna out that the values of H s(x) are all slightly negative 

but compatible with zero. A fit of an exponential to H,(x), similar to thai 

given above, gives aa the beat fit parameters: 

H, : A = 14.1 ±0.6 , B = 8.8 ± 0.1 

In the region |x| > 0.2 this result agrees well with those at 19 GeV/c. 

6. Comparison with lepton-induced pion production 

In terns of the quark-parton model one expects that the way a quark 

system fragments into hadrons is independent of how it was exited. There

fore H.(x) should be the same in hadron-nucleon and lepton-nucleon inter

actions. Contrary to the situation for single-quark fragmentation, there 

are few data on diquark fragmentation in lepton-induced reactions [22-24]. 

We shall compare our results with the target fragmentation data of Bell et 

al. [22] on vp -» M+h"+X and the data of Derrick et al. [23] on vp-*\i\~+X. 

The neutrino data measure directly Hj(x) and H3(x) and the anti-neutrino 

data H 2(x). The results of H.(x) from these experiments, given in fig. 3, 

correspond to an invariant hadronic mass W > 4 GeV, with <W> * 6 GeV. It 

has been shown [22] that for W > 4 GeV and z> 0.2 Feytaan scaling holds ap

proximately, i.e. the quark fragmentation functions are independent of the 

squarred momentum transfer, Q 2, and of W. The hadronic energy <W> «• 6 GeV 

corresponds to a CM energy of </s * 2 <w> « 12 GeV of a hadron-hadron reac

tion. This is higher than in our 19 GeV/c data (i/s = 6.1 GeV) and corres

ponds to a hadron beam momentum of about 70 GeV/c. The cut W > 4 GeV is 
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found to be needed in order to obtain * reasonably clean feneration between 

the target and current fragmenta. 

It should alao be noted that in the datt of vp • p h X, h include! 

strange particle production (» 10%), which is also the case for most of the 

hadron-hadron data wtiich we compare with. In fig. 3 (and 4,5) the data 

points of vp •> |i" h + X, corresponding to H t(x), have been corrected for 

proton contamination. 

One observes from fig. 3 that the values of 2H2(x) agree very well with 

H,(x), also noted in ref. [10], supporting the predicted relation 2H2»Hi+H3 

of Anderson et al. [7], used in section 3. The values of H.(x) have been 

fitted to the functions of Eqs. (4.5), (4.6) and the results are given in 

table III. Both the exponential and the power law functions describe the 

data well. Simultaneous fits to the data points of Hj and 2H2 give quite 

good x2*probabilities. 

Figs. 3-5 show that the neutrino data of Hj (arid 2H 2) agree well with 

the hadron-hadron results at 19 and 195 GeV/c, and with the average values 

of Hj from the four pn (n n) experiments in the momentum region 11.6-400 

GeV/c. Very good agreement is also observed between the typical high energy 

pp result and the neutrino data. 

Regarding the unfavoured fragmentation function H 3, which is less well 

determined, figs. 3-5 show that there is general agreement between the neu

trino-proton data and the hadron-hadron data. In particular, there is agree

ment that the values of H3 are much smaller than K], and that H 3 tends to 

have a stronger x-dependence. The values of H3 from our 19 GeV/c experiment 

are seen to fall slightly below those of the neutrino data (fig. 3), while 

We use the estimates of ref. [22]. For |x| < 0.4 the contamination is 
based on Monte Carlo studies, and for |x| > 0.4 we use their cross sec
tions of identified protons. For |x | < 0.4 the errors in Ht(x) have 
been increased by 50% of the correction, added quadratically. 
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they agree well with the 195 GeV/c data (fig. 4). Alao the typical high 

energy pp resulta fall slightly below the neutrino data. Fig. 5, which 

summarizes the comparison between the badron-badron data and the lepton-

hadron data, show that in the high energy liait the energy-dependent para-

aetrization of H 3 froa the four pn(n n) experisx 

the lepton result, although the errors are large. 

aetrization of H 3 froa the four pn(n n) experiaents agrees very well witb 

7. 

The aia of this report has been to deteraine the x-dependence of the 

diquark fragmentation functions into pions as obtained in nucleon-nucleon 

interactions and compare then with those froa neutrino interactions. The 

results are presented in terms of the fragmentation model of Anderson et al. 

[7] aaking use of the predicted relation Hj(x) + H3(x) * 2H2(x). Our main 

concern are neutron fragmentation data, which in this context have not been 

considered earlier. 

We use our new data on pn interactions at 19 GeV/c together with our 

earlier pp data at the same beam momentum, to determine the diquark fragmen-
± * „ 

tation functions D., ( = D ) and D ,. We have also used published data on dd uu ud 
pion production in pn (n n) interactions from 11.6 GeV/c to 400 GeV/c to 

determine the energy dependence of these fragmentation functions. Comparx-

son is made with the fragmentation functions D and D obtained from typi

cal high energy pp data. The "favoured" fragmentation function Hl(x) is 

largely energy independent for p, . j> 15 GeV/c with an approximate exponen

tial (or power-law) x-dependence in the fragmentation region. The unfavoured 

fragmentation function H 3(x), being less well determined, is much smaller 

than Hn(x) and tends to have a steeper x -dependence. 

The diquark .fragaentation functions Hj and H 3 are shown to be in good 

agreement with those obtained in v(v) experiments as expected in the quark-

parton model. 
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FIGURE CAPTIONS 

1. The non-invariant distribution! cT . åa/i* of the inclusive reac

tions pn •» n" + X, pn + n. + X and pp -» 71* + X at 19 GeV/c. The 

pp-data are fro» ref. [12]. 

2. Diagraas [6] illustrating Bingle- and di-quark fragmentation into 

final state hadrons h, h' in a) vp, b) vp, c) pp and d) pn inter

actions . 

3. The diquark fragmentation functions into pions Ht(x) and H3(x) as 

function of x from pn and pp interactions at 19 GeV/c, together 

with the results of H^x) from K~p, pp at 70 GeV/c [10]. Also 

shown are the values of Hx(x) (corrected for proton contamination) 

and Had) froa vp interactions [22] and 2H2(x) fron vp interactions 

[23] for hadronic invariant mass W > 4 GeV. The straight lines are 

best fits of an exponential A exp(-B x ) to the 19 GeV/c and 70 

GeV/c data. 

4. The diquark fragmentation functions into plons Hi(x) and H3(x) as 

function of x froa pn, JI n interactions at 195 GeV/c, determined 

froa published structure functions [20]. The best fits to the 19 

GeV/c and 70 GeV/c data from fig. 3 are indicated (—.—, 

— . . — ). The neutrino data are the same as in fig. 3. 

The straight lines ( , - - -) are the best fits of an exponen

tial to the 195 GeV/c data. 
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Fig. S. The diquark fragmentation functions into pions H t(x) and H 3(x) 
for typical high energy pp interactions (see the text). The aver
age and asyatotic result of Hj(x) and H 3(x) fro* the neutron tar
get data are indicated (see the text) together with the result of 
Hi(x) of K~p and pp at 70 GeV/c. The neutrino-proton results are 
the i m as in fig. 3. 
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TABLE la 

Fit* of H. = A exp(-B|x|) to the diquark nucleon fragmentation functions H. 
fro» hadron-nucleon interactions, in the interval |zl > 0.2 for Hj and 0.2 <IXI& 
0.5 for H 3. 

Fragmen
tation 
function Data Sample A B P(X2) 

Hi K", pp 70 GeV/c 110] + 16.0 ± 1-.8 8.8 ± 0.3 67% 
pn, pp 19 " this exp. 10.1 ± 1.0 8.6 + 0.3 0.4% 

pn 1 Q tt 1» •*"*" 10.9 ± 1.4 8.8 ± 1.4 3% 
pn 11.6 » [19]* 9.2 ± 1.0 8.7 ± 0.3 66% 
pn, 7t+n 195 " [20]* 7.2 ± 1.4 7.7 + 0.6 27% 
pn, 7t+n 100, 400 GeV/c [21] - 9.1 + 0.5 98% 
pn, pp 19 GeV/c, pn, n a 195 GeV/c 9.4 ± 0.8 8.4 ± 0.3 1% 
pn, « +n 11.6-400 GeV/c 10.0 ± 0.6 8.8 ± 0.2 4% 

H 3 
pn, pp 19 GeV/c this exp. 2.0 ± * 12 ± I 70% 
pn 11.6 " [19]* o .3*S:S 8 ±6 93% 
pn, n +n 195 GeV/c [20]* 9.5 * l« 13 ±* 80% 
pn, n +n 100-400 GeV/c [21]* - 14 + 9 

" " 3 0.1% 

pn, pp 19 GeV/c; pn, rt+n 195 GeV/c 3 . 3 ± i ; 7

6 12.2 ± 3.5 13% 

pn, n +n 11.6-400 GeV/c « • • * S : 5 11.5 ± 2'5 2.2 0.3% 

* Determined on the basis of published structure functions. 
Determined from published values of Ht(x). 
Only neutron fragmentation data. 
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TABLE lb 

Fits of h\ = C (l-|x() to the diquark nucleon fragmentation functions H. 

from hadron-nucleon interactions, in the interval |xl > 0.2 for Hi and 

0.2 < |x| < 0.5 for H 3. 

Fragmen
tation 
function Data Sample C D P(X 2) 

Hi K", , pp 70 GeV/c [10] + 8.0 J 0.9 5.3 ± 0.3 70% 

pn, pp 19 " this exp. 5.5 ± 0.5 5.4 ± 0.2 4% 

pn ig " " ** 5.6 + 0.7 5.5 ± 0.3 8% 

pn, n +n 195 " [20]* 3.8 ± 0.6 4.6 + 0.4 5% 

pn, 7t+n 100, 400 GeV/c f21] - 5.4 ± 0.4 50% 

pn, pp 19 GeV/c, pn, n +n 195 GeV/c 5.1 ± 0.4 5.2 ± 0.2 0.8% 

pn, n +n 11.6-400 GeV/c 4.8 ± 0.3 5.2 ± 0.1 2% 

Ha pn, pp 19 GeV/c this exp. l . U * 7.9 ± | 68% 

pn 11.6 " [19]* ° - 3 ± o : 3 5.3 ± få 99% 

pn, n+n 195 GeV/c [20]* 5.0 ± 2

6

? 9.4 + 2.4 87% 

pn, n +n 100-400 GeV/c [21]* - 14 tf 0.1% 

pn, pp 19 GeV/c; pn, K n 195 GeV/c 1.8 ± 2-1 
0.9 >^-i:l 13% 

pn, rt+n 11.6-400 GeV/c 1.2t ° - 9 . 8.1 + 1.8 0.1*35 

Determined on the basis of published structure functions. 

Determined from published values of Hj(x). 

Only neutron fragmentation data. 
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TABLE 2 

Fits of tbe functions H. = (Ao + Aj/Vs) exp(-B|x|) and H. = 
(C + Ci/V») (l-|x|) to the values of Hi and H 3 of the four neutron target 
experiaents froa 11.6 to 400 GeV/c, in the intervals |x| > 0.2 for Hi and 
0.2 < |x| < 0.45 for H 3. 

A Q A, B 
Function C C] D 

P(X2) 

exponential 11.0 + 0.9 -6.8 + 4.6 8.7 ± 0.2 351 
Hi 

power-law 5.2 ± 0.5 -2.5 + 2.2 5.2 ± 0.2 2% 

exponential 10.6 ± 'J -45 ± " 12.9 ±2.1 11% 
H 3 

power-law 6.0 + *"* -25 + ^ 9.2 ± 1.6 13% 
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TABLE 3 

Fits of H\ = A exp(-B|x|) and R\ = C (l-|x|) to the diquark fragmentation 
functions H. froa neutrino (anti-neutrino)-proton interactions in the inter
val |x| > 0.2 (W > 4 GeV) [22,23]. Deteruined on the basis of the published 
values of H.(x). The data points of Hj are corrected for proton contamin
ation; see the text. 

Function 
Fragmentation 
function 

A 

C 

B 

D 
PCX2) 

Hi 9.9 + 2.5 8.0 + 0.8 77% 
2H2 16 ± 5 9.2 ± 0.9 32% 

A exp(-B|x|) H t and 2H 2 12.0 ± 2.2 8.5 ± 0.6 54% 
H 3 

6.0 ± 2.5 11.2 ± 1.5 27% 

Hi 6.2 + 1.5 5.3 ± 0.6 60% 
2H2 8.4 ± 2.0 6.3 ± 0.6 56% 

C (l-|x|)D Hi and 2H2 7.1 ± 1.2 5.5 ± 0.4 58% 
H 3 

3.6 ± 1.3 7.7 ± 1.1 42% 

>2C/BBJ/st/29.9.81 
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