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0 BOSMOXHOCTH OIIPENENEHUA BPEMEHY IIEPEXOIA KBAPKOB
B AARPOHH U3 SKCIIEPMMEHTOB HA AIPAX

B pado-r'e PACCMOTDEHA BO3MOXRHOCTH IIepexoNa XBApKa (IMKBap-
Ra) B 8UPOH BHYTDH Anpa. IIoMyyeHH HPOCTHE BHDAXEHHAA, [03BOJA-
i€ OpX CPABHEHUE C JKCNEDEMEKTANBHHMA IAHHHME IO HHKJINZMBHHN
CIIeKTpaM GHCTDHX AXPOHOB, POXEEHHHX HeXEJPAKIMOHMO BO B3aHMMO-
IeRcTEAM JENTOHOB M ANPOHOB BHCOKHY. SHEpTEi ¢ Aupave, OUeHH-
HEBATH CDEIHOE BDOMI ANPOHH3AIMEA KBAPROB (IWKBAPKOR) B Ceye-
HEX KX B3@MomelicTaza ¢ HyrioHam®, [loxasano, YTO CymecTBymume
3RCOEDEMEMTANBHHE NAHHHE HENOCTATOUHH LAA HE3ABMCHMOTO Ope-
NeJeRAA DTHX DApaMeTpoB. [IDRBONATCA COOCpAXeHWA O TOM, UTO
menrdonee BHPODMATHEHHME LAS H3BICHUOMER YXASAHHHX NapaMeTpoB
SBJISOTCA NIPOLECCH IIYGORO ROYNOPYTOTO JENTOPOXNEHH", ® HA KOH-~
KDPETHOM OPEMEpE JIeITOPOXNerMA INMOHOB & KAOHOB OIGHEHA HEO0XO~
IMMAA JUIA 9TOTO TOYHOCTE SKCIEDHMEHTA.

Epeparcruit fE3Nvqeckmft MHCTHTYT
Epenan 1982
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The possibility of transition of the quark (diquark) into

8 hedron within the nucleus is considered. Simple expressions

are obtained which, when comparing with experimental data on
the inclusive specira of fast hadrons produced nondiffractionel- .
) in the interacfion of high-energy leptons and hadrons with
nuclei, -allow to estimate the mean time of quark (diquark) had-
T ronization and the cross sections of their interaction with
i nucleons. The experimental data esavailable are shown to be in-
sufficient for the independent definition of these parameters.
The processes of deep inelastic leptoproduction are shown to be
the most informative ones for the definition of the above para-
meters, and on the concrete example of pion and kaon leptopro- g
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duction the required accuracy of the experiment is eatimated.

Yerevan Physics Institute

Yerevan 1982

e S i e, 1L
St .
e




TR B e e e g

BM-537(24)-82

YEREVAN PHYSICS INSTITUTE

S.R.GEVORKYAN, H.R.GULKANYAN

ON THE POSSIBILITY OF DEFINING THE TIME OF TRANSITION
OF QUARKS TO HADRONS FROM THE EXPERIMENTS WITH NUCLEI

Yerovan 1982 -




@ Epesancruil @uouvecxull uncruryr, ]m‘

s

Sari



v
i
&
¥
.

B

The progress recontiy achieved in the understanding of
proceéées of high-energy particles interaction with nuclei ‘is
first of all due to the reaslization of the fact that in these
processes the cémposite (quark) structuré of hadrons is mani-
fested. Among' the moet pqpular models used for the &escriptior
of processés of multiple production on nuclei are the ones
based on the additive quark model (AQM) 0,

In AQM the hadron is presented as a system of spatially
geparated oﬁjects - valence .quarks, each aurroﬁ_ndod by a cloud
of gluons and quark-antiquark pairs. When the hadron interacts
with the nucleus, it is assumed that quarks propa,g;to within
the nucleus, and the hadrons are formed of them out of the nuc-
leus. This assumption is based on the fact that the time of the
querk trensition to hadron increases linearly with onorg ‘["~%‘
and at fairly high energies, when T >> R the hadron formation -
occurs out of the nucleus [2] . However, this assumption seems

to require an additional verification. The propagation of. free

quarks on large distances agrees difficuitly with the 'cdnﬁhe-

ment hypothesis, a.nd, therefore, the linear increase of T
with energy doesn't seem obvious [3] Begides, at gquark ener~
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gies of several GeV the times- of their fomt:l.on are comparable
with the dimensions of nuclei, and, thoroforo, :I.t is necessary
to take into account the possibility of their tra.nlit:lon to
hedrons within the- nucleus.

-In order to take into account this erfoct. let's :l':l.r-t
consider the procees of electroproﬁuction of fast Monl on
nucleli at large masses Qa -of ‘virtual photon. The probability
that the quark-parton knocked out by the virtual photon from
the nucieon located in nuclsus at _l:he point with. the coordinaie
( -G, 2, ), will reach the point ( 8, Bp), where it will trans-
form into a hedron (and neither the quark, nor the formed hadrou
will suffer inelastic inferactions in the nucleus), is given

by the tollow:.ng exprossion'

wqai.[_p(%.z, { 6,] y(& z dz-é,‘jy(z z)dz}
<Py, (2-2,)0 (Z,-Z,)dz,d—:-!da%

Here f(’l) is the one-particle nuclear density; éq(h) is
the inelastic cross section of the knocked out quark (hadron)
interaction with the nucleon, and %(2)7’ 18 the probability
that the quark doesn't tranaform into a hadron by moving away
from the "parent" nucleon at a distance 2 . let's paramet-
rize this probability in the form P -. ) » where ¢’
is the mean time (distance) of the transition of the quark to
& hadron (h=c =1 ). When obtaining (1}, no distinction was
made . between .tho electroproduction on protons and neutrons,
the consideration of which is trivial.

The integrals in (1) _over the_longifudinal,coordiantes
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‘are taken analytically in the approximation of the nuclear den-

sity constant:

P- .‘ﬁ"z, at '?_<z,

Pl) =

0 at 22T,

vhere T 3 is the nuclear effective radius. (It is obvipua that

this epproximation is not decisive for the future). Then a sim-
h

ple expression is obtained for w“r‘ H

b 1 [N(0e) N (08 '
W= %5, (G- o) + Noex)] @
where

6%' 6“1*‘1:'_-?

In the kinematic region, where the hadron obtains almost

« N(o@):j+-up{-a:f.Jt:-efS J

all the energy of virtual photon (quark), W::' is the ratio
of inclusive spectra on the nucleus and on the nucleon
. .
Wha 1fa dé&/d%
) dé

/' d%p
It is easy to ensure that in the limiting by T cases from

(1) ana (2) follow the well known expressions for the relation
of inclusive cross sections in thé mentioned region
v [%Nee) =0

SR
b

L % Nog) =00
The expressions (1) and (2) are not applicable in the case,
when the hadron obtains a relatively small fraction of the vir

. (4)



tual photon energy; in this case it is necessary to allow for

the corrections connected with the multiple inelastic rescat-

tering of quark end hadron in the nucleus, whose contribution
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is increased with the decrease of the virtual photon energy

2 LR

fraction transfered to the hadron. In this work no attempta are:

made to calculate these corrections since their estimation is

connected with considerable uncertainty, first of all due to i

the lack of data on quark-nucleon inclusive cross sections t"]. ;
The problem of the quarkes transition to hadrons in the

nucleus was discussed in ref. [5] . The.baaic expression (4)

for the probability obtained in it aiffers from the expression

(1) of thais work and has the form "

| w,’ A-fa‘udzf(sz)[f e.,,j o [E-2)p(62)d2 -
-6_[ 1-B, (¢ z)p(%z’)az] g

5uch & repreaentation is physically incorrect. Indeed, expand-

¥
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ing this expression we shall obtain & series, in the n-th order

of which there wiil be a probabllity for querks transition to

a hadron in the n-th order, though the very sense of W:: is

that the quark is transformed into & hadron once and only once. i
At present there is only one experimental work [6] » Wwhere

the inclusive spectra of hadrons in electroproduction on nuclei

at large 2:': P, /Pm“ were investigated ( Py is the longi-

tudinal momentum, Pp,, is the maxixmum possible momentum of

the hadron in c.m.s. of the virtusl photon and target nucleon).

e s Sttt

cm »
in fig. 1 the experimental data at Zh = 0.8 and the re-
sults of calculations by the formula (2) et various values of
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60} and T are prese‘nted. When making the calculations we
have assumgd that 6;,= 6:; = 20 mb, since the suppressing
number oI &etected in the experiment hadrons ere pions.

Since in the experiuent [ﬁl no noticeable dependence of
inclusive specira on the invariant energy S= L)P:.,g,: . wus ob
served and the presented data were averaged over S s We
hadn't asswned any dependence of % on the quark energy.

If in fact there is such a dependence then T may be con-
gidered as some averuged value.

The nuclear dgnsity j: for each nucleus has been chosen
in such a way that the effective numbers N ( 0,%) y calculat-
ed by the formula (3), coincide with the values N(0 &) , cal-
culated at the real (Fermi) density of the nucleus.

As seen from fig, 1, the description of experimental data

is satisfactory in both limiting cuses, when T>>C3 (for-
mula (4)) and Gi? is approximately 10 mb, and at not large
(several fermi) values of T and practically zero cross sec-

tions of the "knocked out™ quark interaction with the nucleon

S

iues of 6,,r end the appropriate selection of °® . Thus, from

‘= 0; & similar description is achieved at intermediate va-

the available experimental data on electroproduction it is im-
posaible to estimate independently T and 6‘1, « We think
that in order to obtain such an estimate it is necessary to
carry out exact measurements of inclusive spectra of hadrons
of various types (e.g. pions and keons) differing from each
other by tuhe value of inelastic cross sections of the interac-
tion with nucleons. The curves in fig. 2 calculated for this

case by the formula (2) show that b& means of exact meagurament
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(with a several per cent error) of the pion yield ratio R: s
for instance, on the lead nucleus to the deuterium yield

( ‘ﬂ)gy and the ratio RA /zn' for the yield of
pions and kaons would meke the exponeﬂ%ial estimation of the
values T and G%y much lesa indefinite. The curves in fig.
2 are calculated for the energy region of the detgcted hadron
of several GeV, where the inelastic cross sections of the in=-
teraction of K“-meaon and pion with nucleons essentially
differ from each other ( 6 - 15mb, San = 22.5 mb).

It should be empha81zeu that the reaction of deep inelas-
tic leptoproduction seems to us a more informative process for
the investigation of properties of coloured quark systems than
those of haﬁroproduction. This is determined b& the following
circumstances. It has been noted above that in order to ox-
clude (or reduce to the minimum) the corrections on the quark

(diquark) multiple interactions, it is desirable to investi-
gate the hadron inclusive spectrum in kinematic region where it
obtains almost the whole energy of the incident hadron ( the
Feynmen variable is XF'“1 ). Generally, in this region a con~
tribution is made by diffraction-iype processes (fo which the
parameter ' is not connected directl;y), the experimental se-
paration of which isn't quite unambiguous. Besides, as distinct
from the proceases of deep inelastic electroproduction, where
knowing fairly exactly the énergy of "knocked out" quark, we
can select the events without multiplé'inelastic collisions in
nucleus, the modal—indepeﬁdent (or at least, weakly depending
on the model) information on the energy of the quark (diquark)
to which the produced hadron is genefically connected, is lack=-
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ing in the hadroproduction processes. Purther onm, in hadro-
production processes the ex=pre‘ssions for inclusive spectra are
more sensitive to the details of nucleon distribution in nuc~
leus than the expressions (1) and (2). Indeed, consider the
production of fast hadrons on nuclei with hadrons composed of
K compound quarks (K =2for 1 , K =3for N ). 1If
we asswne that the spectator mecha.ﬁism makes the main coniri-
bution in the region Xg ~ 1 , then it is sasy to obtain fo

W,:" in the reaction hA = hX an expression similar to

&, , &r)-
W G [”( L, &)~ NGy Gv) +N(eh,s,,)] (5)
't'f.(é't-" 6&') '
where 6,'_ (h.') are :j.nelastic cross sections of the initial (fi-
nal) hadron interaction with the nucleon; 61.-(}(-1)61.; "/t ?

and

N(6:.8.)= erbes, ;: ..8',6 ,} 2 gy

As it is easy to see, the well known limiting cases [2] are
obtained from (5): |

6—6:':1'04 N (6|\16&') t=0
\x/,' = q (7).
'ép'z“od N (&, (it-4),Sq) T=e=
A .
One can present the effective numbers (6) in the form
é & o
N(61 62) =6::E€q N(006t)" R"N(Dv é') (8)

Apparently, for calculations by tle formula (5) the effective



numbers N (0,6) should be kmown more exactly than for calcu-
lations by the formula (2) (electroproduction).

It followe from the abovesaid that the extraction of the
parameters T and 6,{ from the experimental data on had-

roproduction requires additional model-dependent assumptions.

In conclusion let's ilI[.uStrate the application of the exp-~
ression (5) on the example of the reaction pA - A X
the experimental data on which [7] are today the most exsact
among the nondifraciion processes on nuclei in the region of
large XF « Just as in the cuse of electroproduction, the pa-
rameters T and 601 can't be independently defined from

these data. They can be described, for instance, in two limit-

ing cases T >, , 6g$= 10 mb and T = 5.7.@ R 6“,’: c.
Note that from the analysis of data on other hadronic processer
in ref. 2 +the authors have’ obtéinqd another estimate: 5,_ 9 = 20
mb at ¢ »'C', . Thus, the available experimental data on hadro-
production and deep inelastic electroproduction do not allow
to independently estimate the parameters characterizing the
space-time picture of the quark (diquark) transition to a hed-
ron. More detailed investigations are needed, especially on
leptoproduction of hadrons. _

The authors would like to thé.nk G.V.Grigoryan, S.G.Matin-

yan and N.N.Nikolaev for useful discussions.
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Figure Captions

Comparison of experimental data on electroproductic

with estimations by the formula (2).
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