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1. Introduction 

Duality between hadronic and quark-gluo~ic degrees of freedom in intermediate energy strong 
interaction physics is, and up to now, an unanswered principle in the area of modern particle 
physics. On the one hand, for Q2 ::; (1 - 2) (GeV /c)2 where Q2 .is the squared four-momentum 
transfer, the statistical properties of hadrons.and interactions between hadrons can be described 
by hadronic degrees of freedom ( e.g., ir-meson exchange diagrams, s and. t channel resonance 
exchanges, etc.) as well as by the quark-part~n representation, anl by quark to hadron frag
mentation functions. · On the other hand, for the same region in Q2, quark-gluonic degrees of 
freedom and perturbative-QCD (pQCD) descriptions of hadrons start to become important. In 
this transition region, where Q2 ~'(1 - 2) (GeV /c)2, the descriptive power of hadronic degrees 
of freedom is decreasing; while at the same time, the importance of the quark-glu'.imic sector is 
on the rise - up to full domination in the region Q2 ?: (2 - 3) (GeV /c)2

• Here lies the interest 
in studying this transition region from the poirit of view of strong"'.'interaction dynamics. 

In the so-called transition.region, as we think, arise nciri"-pQCD interactions between hadrons. 
These interactions find there realizations in plienomenological m~dels, such as quark hadroniza
ticin and nuclear color transparency, with respect to hadrons produced at high Q2 ; For instance, 
the study of the space-time evolution of hadronic final states in deep-inelastic scattering is an 
interesting, yet at the same time, fundamental subject. The principal question is when quarks 
are struck by leptons or other currents, one would anticipate to observe the quarks in the final 
state; however, only ordinary hadrons emerge.', Investigating the detail of the space-time evo
lution of the hadronization process in electroproduction, the time when the quark is hit to the 
time when the final hadrons appear as asymptotic states, one should learn something about the 
dynamics of confinement. Many models, such as the parton model, have been employed to un-

. dersta~d the dynamics of hadronization. We discuss this concept, in detail, in a later s~ctimi of 
this proposal. Here \Ve would lik~ only to emphasize the close relationship between the transition 
region and the phenomena of quarkhadronization along with nuclear color transparency. 

In this document, we propose, to investigate .. the decreasing ~echanism of the h~dronic com
ponent (ti., p, etc.) simultaneously with the increasing quark-gluonic component from the. 
inclusive electroproduction of charged pions in the transitio~ region LO,::; Q2 (GeV/c)2 ::; 2.5 
and W?: 2.0 GeV. From this study (amongst other things), we hope to understand the spa~e
time evolution of quark hadron1zation via a Q2-analysis of nuclear transparency through the 
inclusive ( e, e'ir+) reaction on 2H, 4°Ca, and 208Pb nuclei.: We also plan, to determine the con
tribution from Sand p hadronic resonances to the inclusive.spectra of electroproduced pions, 
and investigate the electroproduced pion charge asymmetry 1J(z, Q2

) from the proton data (see 
Section III for further details). Lastly, to acquire knowledge'about these topics, will give us a 
deeper understanding. of nonperturbative-QCD dynamics. 

·,, •, The format'of the proposal is ll.s follows: Sections ILLl.!..3 cover,the theoretical development 
or' variou; inclusive pion electioproduction channels that we employ to set properly the physics 
content in our proposal.. The rest 'of Section II.l · deals with prior experiments performed· at 
DESY: positi;e and negative hadrons produced from inelastic e-p scattering at incident electron 
energies of 7.2 GeV. Section II.2.1 discusses various theoretical'developments'coricerning nuclear 
color transparency and interactions of produced pions traversing the nuclear medium. Section 
II.2.2 canvasses several models that interpret the phenomenology of quark hadronization. The 
rest of Section II.2 deals with the rescattering of pions produced as they cross the nuclear' 
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medium and the few experiments that have studied the inclusive leptoproduction of hadrons in 
atomic nuclei; Section III details the goals of our experiment, expected background processes, 
multiple scattering of pions, and expected real event count rates, and some insight into the 
nuclear transparency off-line analysis of the data. Lastly, because this experiment was initially 
submitted to PAC 7 as a letter of intent, we discuss the observations made by the PAC arid the 
eventual modific<Ltions done to our proposal. 

:_• 

2 .. Physics Motiyation 
' . ' . . 

2.1 Piori 'Electroproductio~ from.Protons and· De_uterium 

2.Ll Proce_ss ep -'-t e;ir+n: Formalism arid Theo~eti~al Models 

At fixed ~lectron.scattering kinematics, the ~aximum morrienfum of el~ctroprodu·ced ir+ -mesons 
along the direction of the three-momentum tiansfer is from the direct reaction ep --t e'ir+n. , 
From the· point of view of Feyn:ma~ diagrams, this ieaction is the simplest ir+ -meson pro
duction process. The ir+ -meson electroproduction cross-sectio~ can be_ related to the pion 
photoproduction crnss section via the rela_tion [1, 2, 3, 4, 5, 6] 

a5a ; · 1 + a2a V + 
an.aE.an,, (ep-> e 7r n) =.fan,,(, p ;-H n) ( 1) 

·where 
a E • . K r----· ---

- 2ir2Q2 Ebeam 1 - t: ' (2) 

1i;nd K is given by 

K = (W2
..:.. m;)/2~; . (3) 

Here·w is· the invariant mass of.the final hadronic system, mp is the proton mass, and the fine 
structure'const~ntis a= 1/137.036_. The polarization parameter t: is definedby 

1 
-=1+2 
t: (1+;:) tan

2
(~), . (4) 

· where v = Eb •• ;,.,-_ E. is the energy transfer and 0, is th~ electron scattering angle. In general, 
the cross ;ection a2a/an,.. is giv~n by: 

' . ' ! ' 

a2a a2aT a2aL a2aTT · . /c(l+tj a2aTL -· 
an,, =' an,, + t: an,, + t: an,, c,os(2cp) + v ~---2-----... an,, cos(cp) (5) 

. Here <p is the angle between the electron scattering plane and the pion production plane, 
a

2
aT / an,, is the transverse cross-section, a2aL/ an,, is the longitudinal cross-section, a2aTT J dn,, 

is the _cross-section originating from the interference between the. tr_ansverse components _qf the 
virtual photon and a2aLj,/an,, is the cross section arising from the interference between the 

, tran~verse and longitudinal pol~rizations of the virtual phot~n. · . 
. In the fr'amework of the Bo~n ·approximation, four diagrams a~e used-to describe the rea~tion 

compon~;;ts ofa2a/dn,,. These are the s, t, and u-c~annel exchang'e diagrams along with the 
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contact terms for.the vertex 1vpir+n. The expressions for the cross sections a2aJ/an,, where 
J = T, L, TT, TL can be found in Refs.[1, 2, 3]. Here we present only the longitudinal component 
of the cross section in the Born approximation, because for small t, the longitudinal cross section 
is the main contributor to the pion production cross section 

a2aL Q2 P,, . 2 2 

an 
~ 2 -[F1 +F8 +2cosi9,..F1Fs] 

" q q 
(6) 

Where the values F7 and F8 are given by: 

F = C [(w + ) Fip(Q2) - (2E - .)F,..(Q2) + F,,(Q2)- Fip(Q2)] 
7 7 mp w2 - m2 " qo t - m2 qo . Q2 

p " 

(7) 

and 

F, = -C [(w - ) F1p(Q2) - (2E - )F,,(Q2) + F,,(Q2)- F1v(Q2)] . . (8) 
8 8 mp w2 -m2 " qo t - m2 qo Q2 . 

p " 

where C7 = J(E1 + mp)(E2 - mp) and C8 = J(E1 - mp)(E2 + mp)- We would like to note 
that all non-invariant kinematic variables in Eqs. (5) - (8) and below in this subsection, are 
with respect to the ('Yv p) center-of-mass.system. E1 and E2 are the energy of the proton before 
and after interaction, respectively, q0 and·q = lq'I are the energy and momentum of the virtual 

photon, respectively._ . 
In the Born approximation, the interference cross sections a2aTT/an,, and a2aTL/an,.. are 

approximately given by the following relations · · 

a2aTT . 2 -• an,.. ~ sm ·v,, (9) 

a2aTL . an,.. ~ s1~ i?,.. ,. (10)_ 

and are small in comparison to the other Born terms with respect tothe direction of the virt~al 

photon three momentum. 
The results of the calculation for the cross-section terms a2aL/an,.. and a2aT/an,.. in the 

framework of the Born approximation ~re displ~yed in Fig. ·1. For the pion ch~ge form factor 
F,..(Q2), we used the expression [7, 8, 4, 5] 

F,,(Q2) == ~ + d2/m{ (11) 

where mp is 'the p-meson mass. . 
Further improvement to the Born Approximation by treating the nucleon form factors as 

fre_~ paramet~rs (p~rhaps justifi~d by. the fa~t A.at, the nucleon is far_ off i~s mass shell ~he,reas 
the pion is near to its pole).was;undertaken by Gutbrod and Kramer [3]. lmprovemi;nt was 
seen between the thei>retical pr~dicti~n of the Born Approxim~tion _and the. ex~eri~entai [5]: 
For the nucleon case, the form factor value is about 50% above their on-mass shell'vahies. The 
comparison between the Born Approximation and its modifications (1, 2, 3] with the data. are 

presented in Refs. (7, 8, 4; 5, 9, 6]. · 
In this proposal, we use the modified Born Approximation [3] in simulating the process 

ep-> e'ir+n. 
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2.1.2 Process ep _, e'ir+ir-:p: Formalism and Theoretical Models 

Cross sections for l!,++; .6.0 , and p0 production ·from the reaction ep-+ e'ir+i-p were determined 
Refs. (10, 11] by a maximum likelihood fit to the Dalitz density plot dN(M;,,+,M;+,,-) 

dN(M;,,+, M;+.,,-) = [aA++ FA++(Mp,,+ )WA(cos ,?HA)+ aA•FAo(Mp.,,-) 

+ apFp(M,,+,,-)Wp(cos ,?Hp)+ apsFps]dM;,,+dM;+.,,- • (12) 

where the quantities aA++, aA•, ap, and aps are.fit parameters and gauge the size of the ep -, 
e'ir-l!,++, ep _, e'ir+l!,°, ep-+ e'p0 p channels and phase space like background contributions, 
respectively; Fps is a constant which describes events distributed uniformly over.the Dalitz plot 
and is normalized to the p and .6. contributions. FA and Fp ,describe normalized Breit-Wigner 
distributions, e.g., for the p-meson we have Fp = BP/ Ip with ' 

M,,+,,- f(M,,+,,-) 

Bp = qM,,+,,-, (M; - M;+,,-) 2 + MJ f2 (M,,+.,,-) 
(13) 

Here Mis the ir+ir- effective mass and r(m) = fp(q/q0 ) (mp/m) U1(q1·)/U,(qor); q and qo are 
their momenta in the ir+ir- rest frame at the mass m and mp, respectively; r = 2.2 Gev- 1 and 

:r
2 

[2x
2 + 1 . ] U1 (;r) = 2 ~ In( 4x2 + I) - 1 . ( 1-1) 

The normalization constant Ip is obtained for a gi~en event from an integration over the Dalitz 
plot 

1 

Ip= J BpWpdM;,,+dM;+w- . (15) 

Wp(cosi?np) describes the p polar decay angular distribution in the helicity frame and is given 
by 

Wp(cosi?Hp) = ~ (l + 1·~ + {l - 3r~rn cos2 i?np , (16) 

·where i?np is the polar decay angle for the produced p with respect to the line of flight of the p 
and the density matrix element r~ lies between 0 and 0.5. WA(cosi?nA) is the corresponding 
distribution for .6. decay [11]. 

The measurements with the Hall A HRS2 system, one spectromet~r will be used to detPct 
and measure the angle and momentum of the the scattered electron, and the other will measurP 
the momentum and angle of the produced hadron ( i.e., tilt' ir--meson). In this case, the chanm·l 
1r+1r-p can be selected from the off-line analysis by the missing-mass condition Mx = M,+p < 
(mp+ 2m,,), where m,, is the mass of the pion. We plan to analyze the obtained data by the 
expression: ',.'. 

\ 
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Mfflaz Mmaz 

. d3CT V :I: 1••+ . 1··-
df'l,,dP,, (-y P-+ 71' X) = aA++ FA++(Mp,.+ )dMp,,+ + aAo FAo(Mp,,-)dMp,.- +. 

Mmin 
•• + Mmin 

p,r-' 

Mmaz 
.+,..- 3' 

J . .. ·du v ± 
ap Fp(M,,+,,-)dM,,+,,-+adeepdf'l,,dP,,(-y p-+71' X) (17) 

M"''" w+w-

The cross sections for ~ ++, ~ 0 , arid p production will be determined by the maximum 
likelihood fit to the expressions given in Eqs. (12) and (17). The maximal and minimal values 
of the quantities Mp,,+, Mpir- and M~+,,- are defined from Dalitz plot analyses. . 

Simulation results using Eqs. (12) and (17) for I the reaction's -{ p '-+ 7r+7r-p
1 

-·/ p -+ 7r+ X 
and -t d -+ 7r+ X are presented in: Figs: 2 and 3. For the case of 7r+ -meson production, the 
contribution from the ,v p-+ 7r+n channel.are taken into account within the framework of the 
modified Born Approximation. The deep-inelastic contribution,·which is given by the last term 
in Eq. (17), will be discussed in the next subsection. 
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Fig. 2 Effective masses distributions Mp,.+, Mp;,-, M,,+,,- and z,,- distribution from the 
reaction ,v p -+ 7r+7r-p at Q2 ~ 1.2 (GeV /c) 2 and W ~ 1.9 GeV with a 471' acceptance for 
hadrons. The parameter values aA++, aA•, ap and aps are given in Table 4. 
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tograms) and ,v D-> ir+ X (down histograms) at Q2 ~ 1.2 (GeV /c)2 and W ~ 1.9 GeV with 
a 4ir acceptance for hadrons. For the deuterium case, we made a shift on the nucleon mass to 
make the Mx distribution. 
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2.1.3 Process ep-> e'ir±X: Formalism and Theoretical Models 

The general inclusive hadron electroproduction cross section is given by [12, 13, 14, 15] 

d6a , ± d3a V ±, 
df!,dE,df!,,.dP,,. (ep _, e ir X) == r df!,,.dP,,. ('y P-> ir X) ' (18) 

where I' represents the usual virtual photon flux. The invariant cross section for pion elec
troproduction is usually given in terms of the quark to hadron fragmentation function D(z) 

[13, 12, 16, 17]: 

3 • 

E,,. d·:: (cp-> e'ir±X) == a101 (Q2,v)::Ft(xB,::)Bexp(-BP:j.) 
dP, 

(19) 

where a, 0 ,( Q2, v) is the total virtual° photon-proton cross section, z == Eh/v, Pr is the transverse 
momentum of the pion, and B == 4.37 ± 0.21 (GeV /c)2 [12]. 

The total virtual-photon absorption noss section a,o1(Q2, v) related to the inclusive spectra 
of the scattered electron is given by 

d
3
a ( , ') 2 [ 2 2 dE,df!, ep-> e X = f a,01(Q , v) == r ar(Q , v) + c:aL(Q , v)] (20) 

where a1'(Q2 , v) and aL(Q2, v) are the transverse and longitudinal photon absorption cross 
sections by the proton, respectively. These cross sections are related to the proton structure 
functions W1(Q2,v) and W2 (Q2,v) by 

. 4ir2a 2 ar(Q2,11) = I{ W1(Q ,v) (21) 

2 4ir
2
a [( 11

2
) 2 2 ] aL(Q ,v) == I{ I+ Q2 W2(Q ,v)- W1(Q ,v) (22) 

where /{ == (W2 '- m;)/2m; as in Eq. (2). For the empirical parametrization of the nucleon 
structure functions, the available W region is divided into three parts [18]: the quasielastic 
scattering region W ~ mp [19], the resonanct• region W < 1.8 GeV [20], and the inelastir 
scattering region W > 2.0 GeV [21]. Because the kinematic region for the proposed experiment 
is at W > 1.9 GeV, we use the Rittenberg-Rubinsteiu parametrization for the proton structure 
functions [21, 18] in simulating the channels ep-> e'ir±X 

where (with j == 1, 2) 

and 

2mvWi(Q2,v) == F1(wi) 

vW2(Q2,v) == F2(w2) 
W2 

2mvv+ Mf 
Wj == Q2 + a] 

7 ( I)" Fj(Wj) == Wj L b)!l I + ~ . 
n=3 J 

9 

(23) 

(2-1) 

(25) 

(26) 



j M2 
J 

a2 
J 

bUl 
3 

bUl 
4 

b<il 
5 

bUl 
6 

bUl 
7 

(GeV2
) (GeV2

) 

1 1.95 ± 0.06 0.37 ± 0.02 1..565 -8.995 30.74 -39.51 16.57 

2 1.43 ± 0.06 0.42 ± 0.02 0.933 -1.494 9.021 -14.50 6.453 

Table I: The Rittenberg and Rubinstein parameters 

The parameters MJ, a;, and bl/l are presented in Table 1. 
The function F;±(xB,z) in Eq. (19) and F;±(xB,z) are related to the quark distribution 

functions in the nucleon and the quark to hadron fragmentation functions by [22, 23, 24] 

1 du v ± ± 
--d (-y p-+ 1r X) = F; (xB,z) = 
O'tot z 

4 [u(xB)D:± + u(xB)D:"'] + d(xB)D:"' + d(xB)D:± + s(xB)D:- + s(xB)D:-

4 [u(xB) + u(iB)]+ d(xB) + d(xB) + s(xB) + s(xB) 

I du ·v ± "± 
--d (, n-+ 'Ir X) = Fn (xB,z) = 
O'tot Z 

4 [d(xB)D:± +d(xB)D:"'] +u(xB)D:"' +u(xB\n:± +s(xB)D:- +s(xB)D:-

4 [d(xB) + d(xB)] + u(xB) + u(xB) + s(~B) + s(xB) 

(27) 

(28) 

An analysis was performed in Ref.[17] to investigate the up and down quark to charged-pion 
fragmentation functions using data that was obtained at·BEBC [25]. The results of this analysis 
[17] are presented in Fig. 4 and were used in our simulation of the deep-inelastic contribution 
to the inclusive spectra of 7r±-mesons. · 

Another analysis t_hat will _be performed for this channel is the dependence of the electropro-
duced charge asymmetry 71(z, Q2

) on Q2 and z · ' 

N + - Nr. 
71(z, Q2) = N:+ + N"~ (29) 

The value of the charge asymmetry 71 for real photons is~ (5 - 10)% [26, 27], where 71 is appar
ently being connected to annihilation-type diagrams. As already mentioned, in the nucleon's 
rest system, the photon changes into a quark-antiquark pair; which in the case of real photons, 
interacts mainly with the nucleon through the exch~nge of a two gluon (multigluon) colorless 
state (pomeron). After interaction, the incoherent quark-gluon state, where the initial state 
quantum numbers are conserved, is fragi'i:-iented into final-state hadrons. Such interaction and 
hadronization mechanisms are dominant for the case with real photons. The yield of fast hadrons 
with different isotopic composition ( or charge) must be the same because the initial state, thll;t. is 
the photon's quark-gluon fluctuation, is neutral [e.g., du (-yp-+ 1r+ X) = du (,p-+ 1r-X), etc.]. 

However, along with a two gluon (multigluon) or pomeron· exchange, the photon-nucleon 
interaction may contribute also to an annihilation process of a component of the quark-antiquark 
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pair, from which the photon converted. In this case, only one quark (antiquark) can take 
part in the hadroproduction process {fast hadron production is meant); hence, there arises an 
asymn\etry in the hadron yields of, say, 1r+ and 1r- mesons. The value of that asymmetry is 
entirely defined by the cross section of annihilation for the antiquark (quark) of the pair with 
the quark (antiquark) of the nucleon. 

For the case of a virtual photon with Q2 > m; [note that (0.1 - 0.2) ~ m; (GeV /c)2 ~ 0.5], 
the interaction of the virtual photon with the quark (antiquark) of the nucleon which corresponds 
to annihilation of the slow antiquark (quark) of the pair in the laboratory system leads to an 
asymmetry in the yields of 7r+ and 'Ir- mesons. But this asymmetry is defined already by the 
isotopic composition of the target and is different' for the proton and neutron. For example, for 
the proton, Nh+ /Nh- ~ (2-3), which corresponds to r,(z, Q2) ~ (30-50)% at Q2 ~ 2 (GeV /c)2 

and ·z ~ (0.8 - 0.9) [28, 29]. The expected z dependence of the charge asymmetry r,(z, Q2) at 
Q2 ~ 1.2 (GeV /c)2 are presented in Fig. 5. 

In the transition region for Q2 
( i.e., 0 < Q2 < m;), 1r± mesons will contribute to the 

interaction through gluon exchange as well as for annihilation of one of the components of the 
quark-antiquark pair in the nucleon; hence, r,(z, Q2

) for fast pious (z 2: 0.5) will have a minimal 
value of~ (5 - 10)% at Q2 ~ 0, and will grow at Q2 ~ m; up to the maximum value possible 
at a given isotopic composition of the target, which in case of a proton is ~ (30 - 50)%. From 
the point of view of photon interactions with gluons and quarks, the experimental investigation 
of the charge asymmetry r,(z, Q2

) against Q2
, z and possibly on v, is of considerable interest. 
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Fig. 4 Up quark to :re± and down quark to :re± fragmentation functions. Experimental points 
are from [25]. See text for explanation of the curves. · 
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Fig. 5 The charge asymmetry 71(::,Q2
) vs.;; at Q2 

'.:::: 1.2 (GeV/c)2 and x 8 = O.:l for a 4ir 
acceptance for hadrons (top), and for setup 1 for the proposed experiment (bottom). 
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2.1.4 Prior Experiments 

In this subsection we would like to concentrate on pion electroproduction with pion multiplicity 
greater than one because in the case of ,v p -+ 1r+n most experimental studies are related to 
pion form factor measurements and for testing of the Born Approximation model. 

Detailed studies of positive and negative hadrons produced from inelastic e-p scattering at 
incident electron energies of 7.2 GeV are presented in Refs.[10, 30, 31, 14, 11]. The electropro
duction reactions performed in these experiments were studied at W and Q2 regions of 1.3 - 2.8 
GeV and 0.3-1.4 (GeV)2

, respectively, using the strea
0

mer chamber at DESY. Results obtained 
for inclusive electroproduction of positive and negative hadrons in the quark-fragmentation 
region supports the validity of the quark-parton model at surprisingly low Q2 and W. After 
subtracting the contribution of the dominantly diffractive produced p0-mesons from the inclusive 
spectra of 1r±-mesons, these spectra can be related to the inclusive distributions of 1r±-mesons 
from e+e- annihilation by (14]: 

1 da v 1 1 da 
---(1 p-+1r±X)'.:,e----(e+e--+1r±X) 
a(-,vp) dz 2 a(e+e-) dz 

(30) 

The factor 1/2 in Eq. (30) arises from the fact that two quarks are fragmenting in e+e- anni
hilation. The similar results for charged pion electroproduction was obtained in Refs. [13, 15] 
and for the neutral 1r0-meson inclusive electroproduction in Ref. (12]. For the kinematic region 
of our proposal [i.e., 1.2 < Q2 (GeV/c) 2 < 2.5 and 1.9 < W (GeV) < 2.5], the quark-parton 
representation is working well. 

One of the most important and unsolved problems of modern strong interaction physics ( non 
perturbative QCD) are the investigations of real and virtual photons interacting with matter 
(e.g., quarks and gluons). The measurements of different mesons (1r±, K±) from inclusive 
electroproduction spectra on nucleons (p, n) in the deep-inelastic region for relatively small 
values of Q2 will allow us to obtain certain information about the interaction mechanisms of 
photons with quarks and gluons; as well as quark and antiquark soft-annihilation cross sections. 

The analysis of experimental data available for 1r± and 1r0 electroproduction on the proton 
shows that, beginning already in the deep-inelastic region (i.e. from W > 2 Ge V), the functions 
for u and d quark fragmentating into 1r±,o mesons are independent of the value of W (28], and 
possibly, are in weak dependence with Q2

• Conseqµently, the inclusive spectra of 1r± and 1r0 

mesons obtained from nucleons, can be used to investigate the dependence of D;•/(z, Q2 ) for 
both W and Q 2

• In turn, we can then check the applicability of Altarelli-Parlsi evolution 
equations at Q2 < (1 - 2) (GeV /c) 2 and investigate the transition from the perturbative QCD 
region into the non perturbative region ( i.e., the effects due to power corrections over Q2, higher 
twists, etc.). 

2.2 Pion Electroproduction from Nuclei 
. . 

2.2.1 Theoretical Models: Color Transparency 

A recent hypothesis by Brodsky and Mueller (32] point out some qualitative properties of A
dependent effects in which QCD color transparency plays an important role. According to their 
hypothesis, the virtual photon interacts with the component of the hadron wave function that is 
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characterized by a spatial size on the order of r( Q2
) :S rh where rh is the radius of a conventional 

hadron. The spatial size of the hadron r(Q2
) = rh, if Q2 '.S N 2m~, where N is the number of 

additive quarks and antiquarks in the hadron, me is some characteristic hadronic mass which, 
apparently determines the radius of quark color and gluon confinement Re '.:,e 1/me. 

The virtual photon interacting with a hadron in the latter's rest system is characterized by 
the time interval Tp '.:,e v / Q2, after which the hadronic wave function component with transverse 
size of r(Q2

) ~ JN2 m~/Q2rh, or the color (quark-antiquark) dipole, receives the entire energy 
v from the virtual photon. During the time interval TF '.:,e v / N 2m~ ~ ( Q2 / N2m~) Tp the system 
will turn into a normal-sized hadron with radiuey_ rh (32, 33, 34, 35]. 

Let us consider the process ep -+ e11r+n on the nuclear protons. If the nuclear protoh is 
considered as a free proton, then the reaction ep -+ e11r+n on the nuclear protons will allow us 
to determine the change in the pion-virtual photon interaction-cross section while traversing 
the nucleus and possibly interacting with other nucleons in the nucleus. By measuring nuclear. 
matter transparency with respect to the pion yield from the process ep-+ e11r+n, we can obtain 
information about the change in the interaction cross section of pions with the nucleons in the 
nucleus and, hence, extract information about the the change in its transverse size. If there is 
no change in the interaction cross section, the value of nuclear matter transparency is expected 
to be close to the prediction of Gla:uber (36]; powever, if the average size of the pion, and hence, 
the interaction cross section with internuclear nucleons decreases, then the nuclear transparency° 
must be higher than the value determined from the Glauber model - this difference becomes 
larger as Q2 increases. ' 

The_ transparency of nuclear matter or the "color transparency" is given by 

T,r+n(A, Q2) = 1 a[eA-+ e'1r+n(A- 1)] 
Z a(ep-+ e'1r+n) , (31) 

and is defined as .. the ratio of the pion electroproduction cross section from the reaction ep-+ 
e11r+n with nuclear protons normalized to the proton number of the nucleus, to the cross section 
from the reaction ep -+ e11r+n. Eq. (31) characterizes the propagation of pions through a nucleus. 
It is commonly assumed, that the motion of pions through a nucleus can be described by the 
Glauber approach (36]. Minimal transparency occurs in the case when the pion, passing through 
the nucleus, may interact with nucleons in nucleus with a1rN cross section, which coincides with 
the pion-nucleon interaction. If the "small-sized pion" interacts with the nucleons in the nucleus, 
the cross section a is smaller than a,rN cross section of pion-nucleon interaction, a '.S a1rN• The 
result is nuclear matter transparency being higher than the minimal value determined by the 
Glauber model. The maximum value of transparency equals unity at ·small values of a '.:,e 0, 
which may occur when Q2 ~ N 2m~. 

Nuclear matter transparency is defined by Refs. (36]: 

where 

+oo 

7: = 1_ J p(b,x)exp[- J p(b,t)a(t- x)dt]dbdx, 
X 

Po 
p(b,x)=p(r)= l+exp((r rA)/a] 
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Here, the Wood-Saxon nuclear matter density distribution normalized is to the condition 
J p(r)d3r = A, the impact parameter b = lbl, r = ✓b2 + x2 , a = 0.54, and rA = (0.978 + 
0.0206A113 )A113 [34]. In Eq. (32), a(t) is the "small-size pion" interaction cross section with 
internuclear nucleons as a function of the space-time variable t. This value increases from a0 at 
the point t = 0 (this point is actually not a point, but is a space-time region with Tp ~ v/Q2 

dimensions), where an electron-pion interaction or a virtual-photon was absorbed by a pion 
has taken place, to a,,N at t ~ TF, where TF is the characteristic time of the color dipole (com
pressed or small-sized pion) in transition to a normal pion. In the framework of the color dipole 
hypothesis, a(t) is expected to be [32, 33, 35]: ' 

a(t) = a~°J.r- (a~°J.r ,- a0 )exp(-t2/r'j..) (34) 

where a0 = (N2~~/Q2)a;"J. and TF = v/N2 m~. Here a;"J. = 30 mb, which corresponds to the 
characteristic total cross section of the pion-nucleus interaction in the energy range of interest 
~ (1.5 - 4.0) GeV. 

2.2.2 Theoretical Models: Quark Hadronization Mechanism 

Investigation into mechanisms for quark and gluon hadronization ( i.e., the transition of color 
con:stituent quarks into colorless hadron states) is one of the central problems in modern el
ementary particle physics .. The process of deep-inelastic leptoproduction in nuclei, contains 
interesting information about the process of hadron formation from constituents ( quarks and 
gluons) as well as on the propagation of quarks and quark-gluon syste~s in nuclear mat
ter [37, 38, 39, 34, 32, 33, 35]. 

· At present, there is not a clear understanding of the mechanism for hadron formation from 
quarks and gluons, nor of the propagation •for quarks in nuclear matter. The main difficulty 
here is the presence of strong interactions (non-perturbative QCD effects) in the final stages 
of hadron formation from quarks and gluons; however, in the presence of a hard subprocess 
with Q2 ~ m~ where me is some characteristic mass m~ ~ 0.1 GeV2 [33, 35], the time that 
characterizes the virtual-photon quark hard subprocess 

V 

Tp ~ Q2 ' (3fi) 

is less than the time of transformation of the quark (quark-gluon .system) produced in this 
subprocess to form into a normal-sized hadron at a characteristic time TF ~ v /m~. 

According to modern understanding, the virtual photon ( v, Q 2
) interacts with the nucleonic 

quark during a time interval 
l"V_!!_l"-.J_ 

Tp - Q2 XB (36) 

where x 8 = Q2 /2mpv and mp the nucleon mass. The interaction cross section a(t) of such 
a point-like quark (quark-gluon system [37, 38], or quark-antiquark color dipole [32]) evolves 
from [34, 32, 33, 35]: 

(
N2m

2
) 

Uq = Q2 Uh, (37) 
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where N is the number of additive quarks and antiquarks in the final hadron, at a time ~ Tp 

up to the hadron-nucleon interaction cross section ah at the instant of fast hadron formation 
(or recombination time) TF-

Different conceptions exist concerning the evolution of the color and composition of a quark
gluon system or parton jet that pr~duces a fast or knocked-out quark in the electroproduction 
process. In Refs.[40, 41], a mechanism is offered, which makes the quark-gluon jet colorless 
in the interaction time interval ~ Tp. In the framework of such a picture, the 

1
quark-gluon 

system looks like a white quark-antiquark string having a fast quark and slow antiquark on its 
ends. Such a string starts its hadronization in time intervals on the order of Tp, where the slow 
antiquark hadronizes and the wave of hadronization reaches the fast quark at the moment ~ TF, 

when a leading hadron containing a fast quark is formed [40, 41]. 
Another scenario of fast-hadron formation is developed [32] whereby the leading hadron. 

which contains a fast quark, is formed during a time interval ~ Tp, but its transverse dimensions 
are N 2m;/Q2 .times smaller than the hadron size. Such a compressed color dipole transforms 
into a normal hadron in a time interval ~ TF and only then will its. interaction cross,. section 
with the nucleons in the nucleus become equal to the hadronic cross section Uh. 

The general point in fast-hadron formation is the fact that during a time interval ~ Tp, a 
quark-gluon system ( quark, quar½-antiquark string, or colour dipole) is formed in a tinw TF 

that contains a leading (valence) quark of this system. The interaction cross section of such a 
system starts increasing from the value a. ~ (N2m;/Q2 )ah at the moment Tp up to the value 
(Th at the moment TF of the leading hadron formation. 

It is impossible to predict the behavior of a(t) from Uq to ah in the framework of perturbativr 
QCD _.:.. at least in the vicinity of t ~ TF. At Q2 -~ m; for t ~ Tp, one can make predictions 
for a(t) ~ t[37, 34] in the framework of perturbative QCD; in the so-called model of quantum 
diffusion, the transverse dimension of quark-gluon system increases as ✓t; because in the trans
verse plane the production points of quark-antiquark pairs or gluons are on the trajectory of 
a Brownian particle. In the framework of another mechanism of hadronization, based on the 
concept of qq colored dipole formation at time ~ Tp, it is expected that a(t) ~ t 2 [32]. Then' 
is a relatively small difference ~ (5 - 10%) [35] between the predicted transparency in tlwse 
two models but, both give a significant deviation from the Glauber-;-type mechanisin [36], which 
assumes that normal size hadrons are formed at the interaction point during a time interval Tp. 

The search for such a large deviation bctwern a Q2 -dcpcndent hadmnization mechanism ·and the 
Glauber model is one of the main goals of this project. 

To probe the time scale for quark hadronization, we will measure the nuclear transparency 
T as a function of Q2 • The nuclear transparency T is defined as 

2 da(eA-+ e.'hX) / d= 
Tf(A,Q

2

,z) = A da(ed-+ c'hX)/d= (:!~) 

where A is the nucleon number and Dis the deuteron. Nuclear transparency reaches a minimum 
when the hadron is produced directly at the interaction point of an incident particle with the 
nucleus. In this case, the produced hadron h interacts with the usual h - N cross section. Th!' 
hadron propagation in the imcleus can then be described in the conventional Glaubcr modl'i 
[36]. The transparency is equal to the probability for the hadron to exit the nuclrus without 
interacting elastically. 
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· To distinguish between rescattered and non-rescattered hadrons, it is necessary _to restrict our 
attention to the high energy part of the inclusive spectrum (i.e., to large values of the variable 
z = Eh/v, where Eh is the energy of the detected hadron). At relatively high values of the 
variable z 2: (0.5 - 0. 7), the dominant contribution to the inclusive hadron spectra is the direct 
production of hadrons. As shown in Rek[l 7, 42] in the fragmentation region of different quark
gluon systems, the contributions from decays of mesonic resonances in the inclusive spectrum 
of ir-mesons are less than (10-20)% in the range z 2: (0.5 - 0.7); for this refison, the region of 
relatively high value of z is preferable, where the information on the mechanism of the photon
nucleon interaction as well as the propagation of quarks and/or hadrons th~ough nuclear matter 
is carried by the direct hadrons. · · 

If the hadronization process requires a finite space-time interval, then the transparency T 
will be higher than the minimal Glauber value (36]. The maximu_m value of T, is achieved when 
the hadron is formed outside the nucleus. If the mean absorption path of the virtual photon i_n 
nuclear matter exceeds the size of the nucleus (for values of XB > 0.05 (43]), then the probability 
that th~ quark produced at time -;-- Tp and the fast hadron produced at time TF will not undergo 
inelastic interactions in the nucl~us is determined by the expression Eq. (32). In the general 
case we need to t"ake into account as inelastic as well as elastic interactions of the fast hadron 
in the nuclear matter. We will discuss the pions rescattering problem in the next subsection. 

Here it is important to note that our picture of fast hadron formation assumes that a(,v A) ::= 
Aa( ,v N). Effects connected with the screening of the interaction of photons with nuclear matter 
should be absent. The experimental data on deep inelastic interactions of leptons with nuclei 
show_ that the relation a(,v A) ::= A<T(,v N) is valid (44, 45, 46] over a wide range (0.05 ::; x 8 ::; 

0.3) of the Bjorken variable XB = Q2 /2mpv. Our investigations are within this range of x 8 • 

. 
2.2.3 Theoretical Models: Rescattering of Pions 

Res~attering of pions in the nucleus can be envisioned using the framework developed within 
the intra-nuclear cascade model (/ NC) (47, 48, 49, 50, 51,' 52] or in the model by Glauber. 
To perform a calculation in the I NC model, one needs to input the multiplicity of produced 
particles from the reactions ,v + N -> X, the spatial coordinates of all particles, and their 
momenta. Cascades of produced particles can be simulated in the usual way. Also, one can take 
into account· elastic and inelastic interactions, Fermi motions of the nucleons, the absorption 
of mesons by correlated (n,p) pairs, mesonic charge exchange, and so on. The end result is to 
obtain an exclusive description of the interactions. · 

Unfortunately, cascade codes are, as a rule, very large and written in old formalisms; however, 
some codes consider the production of mesonic and baryonic resonances in ( ir N)- and ( N N)
interactions. The calculations of characteristic (,A)-interactions are not known. There are 
some attempts to simulate {vA)-reactions. 

By in large, Glauber's model is much simpler for calculations of inclusive characteristics. The 
model describes extraordinarily well momentum spectra of protons in the reactions p+ A -+ p+ X 
at 19.2 and 24GeV/c (53, 54, 55]. It also describes (irA) elastic scattering too. Although the 
calculation of momenta spectra of mesons is unknown, one hopes to obtain good results for 
z ::= XF > 0.3 because in this region the yield of leading particles dominates. 

Following Refs. (53, 54, 55] it is easy to obtain the expression for the cross section of the 
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processes ,v + N-+ ir± + X on intra-nuclear nucleons with nth rescattering of ir±-mesons 

d3a( V ±) Jd3a(,VN-+ir±X)c(- - ~-)rrn (-)d-----:;- 1 A-+ ir X = _ v p- Po - ~Pi w p; p; 
dp dpo i=t i=□ 

J -1+= _ [a;.%-L(b,x+rF,oof t t _ 
db PA(b,x)dx . ri! exp[-a,..NL(b,x+rF,oo)] (39) 

. ' 

Here PA is the nuclear density as given in Eq. (33), a!-%- is the total cross section of the ( ir N)
interaction, and L is the thickness function of the nucleus give·n by 

L(b, X1, x2) = O(x2 - x1)] PA( ✓b2 + x2)dx , (40) 
x, 

where TF is the formation length, b is ,impact parameter, w(p) is the momentum distribution of 
ir±-meson from the reaction ir± + N-+ ir± + X. 

The first integral in Eq. (39) describes the change in the ir-meson spectra produced in a 
nucieon. The second integral i_s proportional to the probability of the nth rescattering. It is 
obvious that this probability decreases with increasing formation length. Figure 6 displays the 

· rescattering probabilities as a function of formation length. · 
Let us examine this phenomena on a purely qualitative level by considering what is happening 

in Figs. 16 and 21 in Section III of this proposal. The 7r+ meson spectra from (-;Y p)-interactions 
has a·bump in the region of z ::= 0.95, a dip at z ~ 0.8 - 0.9, and the cross section increases at 
z < 0.8. In the region z ::= 0.95, elastic rescattering leads to a s~ftness of the spectra and fills the 
dip at z ::= 0.8-0.9. In the region of z < 0.8 there is a competition between two yields. The cross 
section in this region at any defined z has a positive yield from more energetic mesons produced. 
in (,v N) reactions whi~h suffer inelastic interactions within the nucleus. On the other hand, 
the number of mesons is decreasing due to elastic and inelastic rescatterings. The dominance of 
the first or second yield depends on the value of z and on the formation length_ TF-
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2.2.4 Prior Experiments 

There have been very few experiments studying the inclusive leptoproduction of hadrons. in 
atomic nuclei. Reported in Ref.[56] for the first time was the increa;e of transparency ( decrease 
of absorptive power) i~ the yield of fast charged products of the virtual photon hadro'nization 
from the nucleus: however, th~se data failed to·provide sufficient detailed information on the 
parameters that characterize the space-time picture· for the process of hadron formation. The 
primary causes for not pinning down the_ effect were due to low statistics and an averaging of 
th<> data over very wide intervals of v and Q2 • ·. ' · 

In another experiment conducted by EMC [5J] at CERN usingnmon beams with Eµ = 200 
GeV. charged hadrons were dPtected in the virtual-photon fragmentation region. At v ~ 100 
GPV all(! higher, a nearly full transparency of nuclear matter to the leptoproduction of hadrons 
was observed. Tlw analysis of these experiments as well as the antineutrino experiment at 
energies of E;; < 30 GeV [58] does not permit one to obtain definite information about the 
characteristic time scales of the quark hadronization process. Thus, estirnates of the parameter 
m: obtained in RPfs.[57, 58] are (0.08 ± 0.04) and~ 2.0 GeV2, respertively. The data obtained 
in Ref.[57] at large values of z ( ~ 0. 7) are of low statistical accuracy. , 

It follows from the analysis [35] of the SLAC and EMC CERN" data that the dependence 
o-• = (N 2m:/Q2)o-h (where N = 2 is the number of valence quarks in the mesons) describes the 
experimental results at m/ = 0.11 ± 0.01 GeV2

• The time of quark hadronization TF does not 
depend upon the energy of the final meson and is determined 61ily by the'energy v of the quark 
( i:c., TF = v/m~). Because of the precision of the experiments[,.,_; (10 ...'.. 15)%], an estimate could 
be made about the parameter m: to an accuracy of about 10%. The level of accuracy achieved 
here can permit the possibility of distinguishing betweei1 differ<;nt;theoi:etical models. 

,. !' 

J1 
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Setup E, 0, 0~ pJ•l pJbl pJc) pJd) 

(GeV) (deg) (deg) (GeV) (GeV) (GeV) (GeV) 

1 3.9 13.0 21.0 ,1.45 1.85 

2 3.0 18.0 16.0 2.00 2.35 2.75 

3 · 2.1 24.0 12.0 2.50 2.85 3.25 3.65 · 

Table 2: The riine kinematic points at Eb,am = 6.0 GeV and XB =· 0.30 

3. The Experiment 
~ t' 

3.1 The Goals and Kinematic Condition 

Experimentally, ,;.e detect the electro~~oduced pion in coincidence with the scattered electron. 
In Hall A, the two HRS spedromiiters will be utilized. , · 

The main goals of the project are: 

1. Measurements of ir±-meson electroproduction on 1 H, and ir+ -mesori electroproduction on 
2H, 4°Ca, and208Pb nuclei in the kinematic range XB ~ 0.3, 1.0 S Q2(GeV/c)2 S 2.5 and 

0.6 S z S 1.0. 

2. Determine the contributions from ~ and p hadronic resonances to the inclusive spectra of 
pions and their dependence on Q2

• 

3. Investigating the dependence of the electroproduced pion charge asymmetry 11(z, Q2
) from 

the proton data on Q2 and z. · 

4. Search for a large deviation between a Q2-dependent hadronization mechanism and the 

Glauber model. 

,5. Obtain the characteristic time for quark hadronization from our nuclear matter trans

parency analysis. 

6. Examine the nuclear color transparency with respect to the ir+ -mesons moving through 

nuclear matter. 

r ; 
!, 
l 

7. Determine the quark-antiquark annihilation cross section from our 11(z, Q2
) analysis. I 

. I 

As stated earlier, we would like to perform the experiment at XB ~ 0.3. The choice for I 
XB ~ 0.3 is related to the nucleon as well as to the nuclear programs of our proposal. First of ~ 
all, the experimental data on the nucleon structure functions F2 (xB, Q2

) show that at XB ~ 0.3, " 
the value of F2(xB, Q2 ) is practically independent of Q2 for our kinematic region 1.0 GeV

2 
S 

Q2 S 2.5 Ge V2 , see for example Ref.[59]. Because we would like to concentrate on the quark
fragmentatio·n functions and on the Q2 dependence of the charge asymmetry, it is important to 
have F2(x 8 , Q2 ) ~ constant for the kinematic region of our experiment. 

t', 
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Another reason is that the nucleus and nucleon structure function ratio Ff(xB)/ Ff(xB) ~ 1 
at XB ~ 0.3, see for example Ref. [44]. The pion production cross section depends on the (1Y N)
interaction cross section, as well as the quark to pion fragmentation functions. Because in·the 
nuclear part of this project, we propose to study pion propagation in nuclear matter and would 
like to have the condition utot(··t A)/A ~ utot(,V D)/2 or Ff(xB)/ Ff(xB) ~ 1 in the kinematic. 
region of our proposal. So the condition XB ~ 0.3 will allow us to interpret the difference 
between nuclear transparency with respect to ir+ -meson production from the unit as a result of 
the ir+-mesons and quarks propagating through nuclear matter. 

To allow us to achieve our goals, we propose to make our coincidence electron-ir-meson 
measurements at nine configurations using the Hall A HRS2 spectrometer system. Moreover, we 
need only to make two additional position changes for the last two spectrometer configurations;' 
also with these position configurations, a set of magnetic field changes would be made to both 
spectrometers with more of the changes occurring on the hadron arm. The angular positions and 
particle momenta for the electron and hadron arms, respectively, are listed in Table 2. With 
the limitations imposed by the HRS2 system, the arrangements· listed in Table 2 denote the 
minimum group of configurations that will allow us to make our coincidence measurements in 
the proposed range of z and Q2: Figure 7 shows the region in the (z x Q2) plane which can be 
covered with our proposed nine kinematic measurements. Thus we can obtain data in the range 
1.0 S Q2(GeV /c)2 :S 2.5 and 0.6 S z ~ 1.0. 

In each small box with. size ~z = 0.05 and ~Q2 = 0.1 GeV2 in Fig. 7, we propose to 
·obtain N,v ~ 10000 events. The. la and lb setups in Table 2 c~ver (0.95 GeV2 S Q2 S 
1.55 GeV2

) x (0.6 S z S 0.8) and (0.95 GeV2 S Q2 S 1.55 GeV2
) X (0.8 S z S 1.0), respectively. 

From each of these setups we propose to obtain N,. ~ 240000 events. Distributions for Q2
, XB, 

W, and c: for setups la and lb ~re shown in Fig. 8. Setups 2a, 2b, and 2c cover (1.45 GeV2 S 
Q2 S 2.05 GeV2

) x (0.6 :S z S 0.74), (1.45 GeV2 S Q2 S 2.05 GeV2
) x (0.74 S z S 0.87), 

. and (lA5GeV2 S Q2 S 2.05 GeV2
) x (0.87 S z S 1.00), respectively, and from each of these 

setups, we plan to obtain N,v ~ 160000 events. The final setup 3a, 3b, 3c and 3d are cover 
in the (z x Q2

) plane (2.05 GeV2 S Q2 S 2.55 GeV2
) x (0.6 S z S 0.7), (2.05 GeV2 S 

Q2 S 2.55 GeV2
) x (0.7 S z S 0.8), (2.05 GeV2 S Q2 S 2.55 GeV2

) x (0.8 S z S 0.9), and 
(2.05 GeV2 :::;.Q2 S 2.55 GeV2

) x (0.9 S z S 1.0), respectively. From the each of these setups 
we plan to obtain N,. ~ 120000 events. The total number of events then is N;~t ~ 1440000 
events for each target and each type of pion. The beam time request is presented in Section 3.5. 
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Fig. 7 Event distribution on a (z x Q2
) plot from the nine kinematic setups la, lb at 

Q2 ~ 1.2 (GeV /c) 2 , 2a, 2b and 2c at Q2 ~ 1.7 (GeV /c)2 and 3a, 3b, 3c and 3d at Q2 ~ 
2.2 (GeV /c)2 • For each box with dimensions D..z = 0.05 and D..Q 2 = 0.1 (GeV /c)2, we plan to 
have 104 events. 
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production and the electron scattering planes, and with respect to the (,v p) center-of-mass 
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3.2 The Experimental Procedure / Condition 

We plan to investigate the inclusive ,r±-electroproduction spectra at x 8 = 0.30. The scattered 
electrons will be detected by one HRS spectrometer, while the charged mesons by the other HRS 
spectrometer [60]. The two spectrometer configuration allows us to perform measurements in the 
kinematic region of interest. The spectrometer detector stacks use standard focal plane instru
mentation and are detailed in the CEBAF. CDR [60]. There will be drift chambers for charged 
particle tracking, a gas Cerenkov detector for particle identification, scintillator hodoscopes for 
fast timing, and Pb-glass shower counters for calorimetry and additional 7r / e discrimination. 
The momentum of the particle will be determined by reconstructing its trajectory through the 
dipole magnet while the production angles are th~n obtained by tracing the trajectory back to 
the interaction position in the target. 

Special consideration for the hadron arm must be taken into account because of the large 
background from (e,e'p) coincidence events. A suppression by a factor of~ 103 is expected 
by utilizing an aerogel Cerenkov counter in the hadron arm. A prototype aerogel Cerenkov 
counter was 'tested at Saclay late in 1993. The index of refraction of n = 1.025 in the aerogel 
Cerenkov counter provides a threshold of 4.17 Ge V / c for protons and 0.62 Ge V / c fo~ pions; 
therefore, !for hadron momenta up to 4.0 Ge V / c, the aerogel Cerenkov should provide an excel
lent tool for discr"iminating against ·protons. Also, because the number of photons produced in 
the Cerenkov process increases with momentum, the aerog~l Cerenkov efficiency will increase 
and thereby provide greater reliability for discerning protons from 1r-meson events. Low dis
criminator thresholds for photomultiplier signals will also help insure t_he best possible particle 
identification for the lowest pion momenta. · 

Cryogenic hydrogen and deuterium, as well.as solid calcium targets will be used. The 4°Ca 
target is very convenient for future analysis where we will use it for comparison with de~terium 
data because it consists of equal numbers of protons and.neutrons'. For absolute calibration, it 
is necessary for some experi~ental points to take measurements of elastic electron scattering on 
hydrogen., For backgrounds from the walls of the cryogenic target·cell, it is necessary to take 
measurements with an empty target cell. ' 

It is important to have both the liquid and the solid target data taken with the same rr{agnetic 
field settings for the spectrometers. This restriction will suppress any systematic uncertainties 
that may arise from changing the fields during off-line analysis.·· Listed in Table 3 are the 
parameters for the HRS2 system for electron and hadron observation. 

ELECTRON BEAM PARAMETERS 

Incident energy ...................................................... , ............. 6.0 Ge V 
Beam energy spread ....................................................... , .. ; .... ; .$ 0.1% 
Duty-factor ............................... - ................................•.......... 100% 
Incident electron intensity ...................................................... ·. {50-170)µA 

The beam intensity is limited by the singles rate in the the hadron arm and the predicted ac
cidental coincidence count rate level. Both quantities are well within acceptable tolerances of the 
HRS system, and experimentally, the estimated reals-to-accidental levels are quite reasonable 
for all Q2 points. 
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Parameters HRS HRS 

(Electron) (Hadron) 

Optical Length 22.8 m 22.8 m 

Momentum Range (0.2-0.3)-4.0 GeV / c (0.2-0.5)-4.0 GeV/c 

Momentum Acceptance 10% 10% 

Momentum Resolution 1 X 10-4 1 X 10-4 

Angular Range 10° - 165° 10° - 130° 

Target Length Acceptance ~±5 cm ~±5 cm 

Angular Resolution (Horizontal) 0.5 mr 0.5 mr 

Angular Resolution (Vertical) 1.0 mr 1.0 mr 

Horizontal Angular Acceptance ±30 mr ±30 mr 

Vertical Angular Acceptance ±65 mr ±65 mr 

Solid angle 7.8 msr 7.'8 ~sr 

Transverse Length Acceptance ±5 cm ±5 cm 

Transverse Position Resolution 0.1 cm 0.1 cm 

Table 3: Parameters for the two Hall A HRS spectrometers. Note: the HRS spectrometers 
have parallel-to-point focussing in the scattering plane. The quoted values for the position 
resolutions include effects from finite beam size and detector resolutions. 
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3.3 Physics Backgrounds 
To measure pion electroproduction from nuclei at CEBAF energies, it is important to know the 
contributions to the inclusive spectra of pious from hadronic-resonance decays as well as from 
processes of pious rescattering inside the nucleus. In 'these upcoming subsections, we consider 
possibilities to distinguish between pious that are electroproduced directly from the virtual 
photon-quark interaction from those pious that are produced from different hadronic-resonance 
decays as well as from those pious that multiply scatter in the nuclear medium. 

3.3.1 Resonances Contributions 

Consider the ~ and p resonance contributions to the channel ep-+ e
1

1r+1r-p. We can separate 
these processes iu an ( e, e11r-) coincidence measure1i1ent by employing a missing mass off-li1i'e 
cut /If,. < ( m,,+ mrr). In Refs.[10, 11], a maximum likelihood fit to the experimental data by the 
Dalit~-density plot method was performed to obtain fit parameters which signify the strength 
of tlw different resonance and phase space (PS) contributions to the inclusive spectra of pious: 
they obtained. a,-.++ = (25 ± 3)%, a,-., = (4 ± 2)%, ap = (30 ± 10)% and aps = (41 ± 6)% for 
the~++, ~ 0 , p channels, and (PS}°contributions, respectively. These values were obtained for 
0.8 < Q2 (GeV /c)2 < 1.4 and J.7 < W (GeV) < 2.0. Clearly, these parameters obtained in 
the above kinematic range cover our proposed points la and' lb of our experiment which have 
Q2 '.:e l.'2 (GeV/c) 2 and lV '.:e 1.9 GeY. It is important to·note that the above values for a,-.·++; 

a,-.,, aP and aps yield~, p, and phase-space contributions for a 41r acceptance for the final-state 
hadrons (see Fig. 2). These values of course change for different angular and momenta intervals. 
To acquire the proper ~s. p, and phase-space contributions for our hadron arm, we simulated 
the process ep -> e11r+1r-p using our proposed experimental configuration. The results of this 
simulation for the angular acceptance ~flrr (i9rr- = 13.0°) and for the la setup are shown iu 

Figs. 10 and ll and Figs. 12 and 13, respectively, 
Fig. 14 shows the contributions from the ,.v p -+ 1r-~ ++, ,Y p -+ 1r+ ~ 0 , ,v p -+ p

0
p channels. 

and from phase space (PS) to the 7r- -mesons spectra for full vhas<'· spa.re acceptanc<' ( 41r) for 
hadrons (a) and in our hadron arm (b) at Q'1 '.:e 1.2 (GeV/c)2. The results show that for thP 
kinematic region of interest 0.6 ::; =~ ::; 1.0, contributions from ~++ and p° resonances are 
important. Resonance contributions to the spectra of 1r--mesons decreases as Q

2 
increases 

(see Fig. 15). For the high Q2 point of our proposal [Q 2 
'.:e 2.5 {GeV/c)2], the .:l++ and rP 

contributions to the 1r--mesons spectra are 12% and 9%, respectively, for the acceptance givPtl 
for setup la. To obtain the results shown in Fig. 15, we use the experimental parametrization 
for~ [11] and P° [10] in the framework of the vector dominance model (YDM): 

2 1 
a,-.(Q ) ~ (1 + Q2/m'!)2 

w2-m; 
(Q2 

W) ~ 2)2 + 4W2 Q2 
O'p ' J(w2 - m; - Q 

I +ceQ2/m; 
(l+Q2/m;)2 , 

(-11) 

(-12) 

with e = 0.4 {10] and the p-meson mass mp. 
Now let us consider resonance contributions to the 1nclnsive 7r+-meson spectra.. Employing 

an off-line missing mass cut Mx < (mp+ mrr) we can separate out the following processt>s 
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Acceptance ae,.++ ae,.o a, aps 

% % % % 

471" 25.0 3.4 27.7 43.9 

Llf!.- 24.4 3.7 27.9 44.0 

Llf!.-LlP.- 39.2 0.4 22.9 37.5 

Table 4: Resonance Parameters 

")'v p -+1r+n, ")'v p-+ 1r+1r-p and, ")'v p-+ 1r+1r0n. The ")'v p-+ 1r+n channel can be studied in the 
framework of the Born approximation., The process ")'v p -+ 1r+*-P has been discussed above 
and results have already been shown. The process ")'v p -> 1r+1r0n related to ")'v p-, 1r+1r-:p by 
isotopic relations. For the deuterium case, we have 

u(")'v d-> 1r+ X) '.:::'. u(1'v p-+ 1r+ X) + u(1'v n-+ 1r+ X) 

~ u(-,Y p-+ 1r+ X) + u(")'v p-+ 1r-X) . ( 43) 

The resulting 1r+-mesoris distributions from proton and deuterium are presented in Figs. 3 and 
16 (b ). 

30 

,,... 

500 

500 
400 

400 
300 

300 . 
200 

200 

100 
100 

0 0 
1.5 2 0 0.2 · 0.4 , .. 0.6 0.8 

M0,,.+ ( GeV / c
2

) 
z,,,_ 

400 400, 

350 350 

300 300 

250 250 

200 200 

150 150' 

100 100 

50 50 

0 0 
1.5 2 0.25 0.5 0.75 1 1.25 

Morr- ( GeV / c
2

) 
Mn+«- ( GeV / c

2
) 

Fig. 10 Effective ~ass distributions for the Mp,,+ system, Mp..-, system, M.-+ .. - syste~, and 
distribution for z.-- from the reaction ")'v p -+ 1r-(1r+p) for a hadron arm angufar acceptance 
Llf!,, ( t? .. - = 13.0° ). The values for the parameters ae,.++, ae,.o, a,, and aps are given_ inT1i;~le 4. 
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These spectra are predictions for the la setup. 
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3.3.2 Multiple Scattering 

To estimate the rescattering of pions, we calculated the cross sections according to Eq. (39). The 
nuclear density p(r) was taken to be the form given by Eq. (33). The rescattering calculations 
neglect the energy dependence of the total ( ir N)-interaction cross section; instead we used 
a-~%= 30.0 mb for the energy region of interest; namely,~ {1.5-4.0) GeV [59]. The distribution 

1 (d30-e1 d3a-in) 
w(f)=tot ~+-d- ' 

o-,,N p • p 
(44) 

was calculated from a Monte Carlo simulation. The momentum distributions for the elastically 
scattered mesous was determined by the invariant squared four-momentum transfer t, and in 
the case of meson iuelastic scattering, the distribution is determined by the Feynman variable 
:r F c,: 2p, / .,/s and the meson transverse momentum PT . In our simulation for elastic and 
inelastic scattering electroproduced ir--mesous, the chosen distributions were [61, 10]: 

do-'' di c,: exp(At) (45) 

and 

do-in 
dxFdp} '.:c:(l-xF)3exp(-Bp}) (46) 

respectively, where A= 6 (GeV /c)-2 and B = 4 (GeV /c)-2
. 

For the energy region of our experiment, the main contribution to the inelastically produced 
ir-mesons from the reaction ir N -+ ir X come from soft interactions at small PT· The experimen
tal data on the inclusive spectra of ir-mesons with small PT, are well described by Eq. (46) [61] . 
In other words, after the pion scatters inelastically, its momentum decreases and the direction of 
flight changes only slightly. On the other hand, if the pion scatters elastically ( i.e., ir N-+ ir N) 
its direction of the flight may greatly change, but its momentum stays approximately tlw same 
Eq. (45). As we have already discussed in Section 11.2.3, the inclusive spectr~ of ir-mesons will 
change after multiple-scattering processes have ocurred in nuclei - the high momentum region 
of the spectra has decreased; whereas the low momentum region of the spectra has increased. 
We can see these changes in Fig. 16 and Fig. 21 for thP reartiou ,v A-+ ir±X. lu the kinematic 
range of our experiment, 0.6 :S z :S 1.0, thP pion yields arP decreasing, but thr de~rrase is as 
small as the formation time TF is high. 

. Changes in the pion flight directiou are illustrated in Fig. 17. From Fig. 17, we obsrr\'r 
that the flight direction of the produced pion after multiple scattering in thr nuclear medium 
will still be directed towards the acceptance of the hadrou arm. 
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Fig. 16 Missing mass Mx and z,,.+ distributions for the reaction ,v A -> 1r+ X (a) and ,v D -, 1r+ X (b) at Q2 ~ 1.2 (GeV /c) 2 and W ~ 1.9 GeV at an angular acceptance iln,,. 
for pions. The histograms are normalized to nuclear number; and, for the case of the Mx 
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3.4 Non-Physics Backgrounds (Accidental Rates) 

The accidental coincidence rate is given by 

A= rN.Nh 
d (47) 

where A is the accidental coincidence rate, T is the resolving time, d is the accelerator duty 
factor, N. is the electron arm singles rate and Nh is the hadron arm singles rate. The relative 
level for accidental coincidences increases with beam intensity and decreases with Q2, A~N,N,., 
and N. and Nh both increase with intensity and decrease with Q2 • An estimate of the singles 
rates N in each of the spectrometers, may be obtained separately from 

-- (dla) N = N.N1L dQdP t..OM' (48) 

where N. is the number of incident electrons per second on a target, N 1 is the target density, Lis 
the target thickness, d3u/df1.dP is the inclusive electron scattering or hadron electroproduction 
cross section, t.n and t.P are the angular and momentum acceptances for the spectrometers. 
In the electron arm, the cross section formula for the ( e, e' X) reaction was used. For the hadron 
arm we use the cross section for inclusive pion production from Ref.[62]. 

3.5 Count Rate Estimates and Beam Time Request 

The real coincidence count rate is determined by the expression 

__ (. d,6u ) 
T,h = N.N,L dO.,dE,dO.hdPh t.n,t.E,t.nht.Ph (49) 

where N. is the number of incident electrons per second on a target, N1 is the target density, 
L is the target thickness, t.q, and t.E. are the electron spectrometer angular and momentum 
acceptances, t.nh and ti.Ph are the hadron spectrometer angular and momentum acceptances, 
and d6u /dO..dE.dO.hdPh is the inclusive hadron electroproduction cross section given in Eq. (18). 

Simulated yields for the inclusive ep -+ e'ir+ X reaction on protons are shown in Table 5. 
These yields are calculated for 1.0 $ Q2 (GeV /c)2 $ 2.5 and at XB = 0.3. The length of the 
cryogenic target cell was 10 cm. 

The rationale for the target thickness and beam intensity we plan to implement is based on 
the expected real to accidental coincidence level. 

Listed in Table 6 are the beam time requests needed for a statistical accuracy of ~ I% for 
each target and at each Q2 point. All targets have areal densities pL = 700 mg/cm2. The 
aggregate amount of beam time is ~ 590 hours. Beam time would be distributed between the 
targets roughly as: hydrogen .target 236 hours, deuterium target 118 hours, calcium target 118 
hours, and empty target 118 hours. Taking into account the time we need for spectrometer 
changes and setups, target chang~s (nuclear and empty), and other contingency factors, we 
request a beam time of 700 hours. Expected errors ~ (2.5)% are presented in Figs. 18 and 19. 
This type of accuracy will permit us to distinguish between a quark hadronization mechanism 
and the Glauber model at a confidence level > 95%. 

4-0 

Setup I. N, N~ R,~ A.~ R.~/A.~ -time 

(µA) (kHz) (kHz) (hour--:1
) (hour-1 ) (Ins)· (hour) 

la 50 48.1 39.1 31129 6759 4.6 8 

lb 70 67.3 57.5 61465 13902 4.4 4 

2a 90 15.7 79.1 21684 4474 4'.8 .8 

} 
. 

2b 60 10.5 55.0 9407 2074 4.5 17 

2c 150 26.2 140.7 · 71992 . 13263 5.4 3 

3a 150 5.1 140.7 12639 2592 4.9 10 

3b 120 4.1 117.0 7838 1725 4.5 16 

3c 70 2.4 69.7 2657 600 4.4 45 

3d 170 5.8 1·72.6 19229 3604 5.3 7 

Table ,5: Yields from the ep-> e'ir+ X reaction at E0 = 6.0 GeV_ and XB = 0.30. 

Setup I, LH2 LH2 LD2 4oca 2ospb Time 

(µA) eir+ eir- eir+ eir+ cir+ (hour) 

la 50 8 8 8 8 8 24 

lb 70 4 4 4 4 4 12 

2a 90 8 8 8 8 8 . 24 

2b 60 17 17 17 17 17 51 

2c 150 3 3 3 3 3 9 

3a 150 10 10 10 10 10 30 

3b 120 16 16 16 16 16 48 

3c 70 45 45 45 45 45 135 

3d 170 7 7 7 7 7 21 

Table 6: Beam time request. Net Beamtime = 590 hours. 
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3.6 Errors 

Because we are measuring pi-meson production cross sections, most of the errors will be centered 
around spectrometer acceptances and efficiencies, luminosities, and radiative corrections. Kine
matic errors such as determining 0., ij, 0,,, and W should be negligible considering the expected 
small angular resolutions (0.5 mr horizontal and 1.0 mr vertical) and momentum resolutions 
(I x 10-4

) for the HRS2 system in Hall A. 
Errors from the other·aforementioned components will depend on how well, in the early life 

of using the HRS2 system, can the errors be resolved from either improvements to hardware, or 
by analysis techniques, or both. Our expectations for absolute cross section errors run between 
2 - 3%; moreover, our goal is to be at the~ 2% level - which is not that unlikely, consfdering 
that the NEll group [63) at SLAC have obtained these levels in the past. Also coupled to 
this way of thinking would be the expected learning curve of understanding the accelerator 
and the spectrometer components as time progresses at CEBAF. Therefore, the expectation for 
acheiving the following 

(b..u) = [0.01
2
(/umin.) + 0.0I 2 (accept.) + 0.0I2(charge) + 0.01 2 (rad.corr.}j112 = 2% 

(7 abs 

is not unrealistic. 
(50} 

Systematic uncertainties resulting from model dependencies from physics backgrounds or 
multiple scattering contributions have been estimated to be small; furthermore, errors in ex
tracting quantities relating to information about the space-time evolution of hadronization will 
be dealt with during the off-line analysis period when interpretation of the results is being 
rendered. 
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3. 7 Data Analysis 
From a detailed analysis of ir-meson propagation through 4°Ca and 208Pb, we propose to make 
measurements of the nuclear transparency with respect to the different processes of ir-meson 
electroproduction. These are: ' 

l. Transparency with respect to ir+-mesons from the process ep--+ e'ir+n; 

T,,+n(A,Q 2)= lu[eA--+e'ir+n(A-1}] (5l} 
Z u( ep --+ e'ir+n) 

Expected experimental results and theoretical predictions are presented in Fig. 18 for 
both 4°Ca and 208Pb. 

2. Nuclear transparency for 4°Ca and 208Pb nuclei with respect to ir--mesons from the process 
ep--+ e'ir-(ir+p) at an off-line missing mass cut M,, <.(mp+ m,,); 

T (A Q2 ) _ 1 du{eA--+ e'ir-[ir+p(A-1)]} / dz ( ) 
,,-(,..+•) , ,z - d ( 52 

r A u ep--+ e'ir-(ir+p)) I dz 

3. Nuclear transparency for 4°Ca and 208Pb nuclei with respect to ir+ -mesons from the process 
ep--+ e'ir+(irN} at an off-line missing mass cut M,, < (mN + m.-}; 

v (AQ 2 )_ ldu{eA--+e'ir+[irN(A-l}]}/dz () 
T,,+(,..N) ' ,z - A du(ep--+e'ir+(irN))/dz 
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4. Nuclear transparency for 4°Ca and 208Pb nuclei with respect to 71'.+ -mesons from the process 
ed '-+ e'ir+( ir N N} at an off-line missing mass cut M,, < (2mN + m,, ); 

· d 
2 

2 du{ eA--+ e'ir+[ir N(A - l}]} / dz 
T,,+(,..N)(A, Q ',z} = A du(ed--+ e'ir+(irN N)) / dz (

54
) 

5. Nuclear transparency for 4°Ca and 208Pb nuclei with respect to ir+ -'mesons from the process 

ep--+ e'ir+ X 
TP (A Q2 ) _ 1 du( eA --+ e'ir+ X) / dz 

11"+ ' ,z - A du( ep --+ e'ir+ X) / dz 
(55} 

6. Nuclear transparency for 4°Ca and 208Pb nuclei with respect to the ir+ -mesons from the 

process ed --+ e' ir+ X 

. 2 du( eA--+ e'ir+ X} / dz 
r:+ ( A, Q2, z) ":' A dcr( ed --+ e'ir+ X} / dz 

(56} 

7. In the end, we will make nuclear transparency measurements with respect to the virtual

photons absorption process; 

2 utot(eA--+ e'X} 
Ttot( A, Q

2
) = A utot( ed --+ e' X} 
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3.8. Summary 

This experiment plans to show that there is a space-tiine characterization for quark hadroniza
tion processes. If we extract a space-time structure for a quark hadronization proce~s, we can 
then perform the following: 

1. A detailed investigation for transparency of nuclear matter to the electroproduction of 
,r+ -mesons and the determination of its dependence on the kinematic variables v, Q2,_ 
E1r+, and z. 

2. Extraction of the quark interaction cross section uq with internudear nucleons and examine 
its dependence on v and Q2

• 

3. Finally, obtain_ing the most adequate explanation for the space-time structure ·of hadron 
leptoproduction is the most salient point of this expe~iment. Included here would be ex
planations on the fast hadron formation tim~ TF and its dependence on kinematic variables 
for leptoproduction processes. 

Our analysis of physics backgrounds concentrated only on contributions from resonances 
and rescattering effects. because these are the most important contributions in the, region of 
kinematics this proposal is designed. The outcome of these analyses demonstrate that these 
contributions are well understood and controlled. Of course during off-line analysis of the 
data, we can include Fermi motion of the intranucleus nucleons, contributions from coherent 
production of p0-mesons from nuclei, radiative corrections, and other processes. Moreover, 
because the P°-meson contribution to the inclusive spectra of ,r±-mesons is not small, we will 
try to investigate the nutlear color transparency with respect to the process ,{ p -> p0p [65] and 
its influe~ce to the inclusive spectra of ,r+ .:._mesons. 

The analysis performed in this section reveals that the goals of this experiment are very 
realistic and will lead to more advanced discernment concerning strong interaction dynamics for 
the transition region in Q2

• 
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4. Conclusion 

Based on the PAC 7 recommendation that we should envision performing this experiment at 
a beam energy of 6 GeV to ensure hard virtual photon-quark sc~ttering, we feel that with 
a firm understanding of the physics issues and the use of a superb HRS spectrometer system 
in Hall A and the CW beam at CEBAF, that our goals· can· be met with high expectations. 
Also, the 6 GeV beam allows us to examine larger values of W with a wider range in Q2• 

This kinematic flexibility allows us to perform a detailed analysis on the dependence of the 
hadronization parameters TF and uq on the kinematic variables of th~ virtual photon and the 
final pion. • 

We would like to once again emphasize ·that_ this document was proposed to investigate 
. two very similar, but yet very different phenomena: unclear color transparency· and quark
hadronizatiou mechanisms. In the first case the virtual photon is absorbed by the colorless pion 
as a whole via the reaction ,v p-> ,r+n and then the "small-sized pion" propagates through ft's 
nuclear environment. In the second case, we have a very 'different picture: the virtual photon 
is absorbed by the color-quark state and then tl~e quark during its QCD evol~tiori inclu~iv~ly 
transforms to colorless pious. Of course in this case z :S (0.8 - 0.9), the pious do not possess 
such a high momentum as from tbe reaction ,v p --+ 1r+n where z ~ 1.0. The existence or 
absence of one of these two phenomena are not connected· with the existence or the absence, 
respectively, of the other phenomenon. For this reason, these two phenomena need to be treated 
and investigated as different physical phe11oinena; and of course, the formation ti~es rp10

r and 
r;.adro for these two different phenomena, need to be wnsidered as a different a_nd distinct values. 

Other CEBAF projects that have been proposed want to study quark hadronization mecha
nisms with a measurement of the process ,v p--+ ,r+n. As we note above, these experiments can 
only obtain information about the nuclear color transparency but not about quark hadronization 
mechanisms. To obtain information about the latter,' we need to make measurements in wider 
regions of z; that is, 0.6 :S z :S 1.0 as we propose to_ do in thi~_ PfOjec,t, 

"iio 
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lia)"laJrnH H.H .. 11 l"IP• 
3JieKTpopoJK)"leH11e 3apllJKenHLIX nuonoB Ha 1H, 2H, 40ca 11 208pb 

El-94-519 

. B npou.eccax rJIY6oKoHeynpyroro paccellHHll JiemoHOJl np11 Q2 > > · m~, -r)"le 

m~ "' mQ = 0,3 r:iB, mQ -_ Macca aMHTHBHOro KBapKa, B_HPTJMbHblH qJOTOH nepe)"laeT KBapKy 

BCIO CBOIO 3HeprnIO VB Te'leHHe BpeM~IIHOro HHTepBaJia T p =' VI fZ. B COOTB~TCTBHH C K.X,[( Ce'lt!HHe · 

TaKOro npou.ecca -11,Z, 6oJiee TOro, K MOMeHry T F"' vlff}~_>> T p TO'le'lHOil0)"106Hall KBapKOBal! 

CHCTCMa )"IOJIJKHa npeBpa111.aThCll B a)"lpOHbl HOpMaJibHb!X pa3MepoB. B Te'leHHe BpeMe1moro HHTep
BaJia T p < t < T F TaKall TO'le'lHOilO)"I06Hall KBapKOBall· HJIH KBapK-rJIIOOH~all CHCTeMa il3aHMO)"lefi_-

CTByeT C ll)"lepllbIM seru.eCTBOM C MaJibIM ceqenHeM, 'ITO npHBO)"IHT K yseJIH'leHHIO Bb!XO)"la a)"lpOHOB 
+ . 

(nanpiiMep, JC. -Me30HOB) Ha ll)"lpax no cpasneHHIO co CJIY'laeM, KOr)"la a)"lpOHbl <p0p1'mpyIOTCll 
s TOtIKe s3aHMO)"lei1crnHll BHPTJMLnoro <poToHa c KBapKoM. TaKoit npornJKennL1ii MexaHtt3M a)"l
pon113au_1111 Ksap~os MOJKeT 6LITh 11ccJie)"loBaH npH :ineprnl!X Ha~aJILHLix :iJieKTpmios 6 r:iB, KOTOpoe 
MOJKCT 6LITh J"IOCT11my10 Ha ycKop11'reJie CEiiA <I>. 

B pa60Te_npe)"IJiaraeTCll H3MepHTh 1111KJII0:111snL1e cneKTphI :JJieKTPQpolK)"lellHll :,r±'-Me30HOB Ha 1H, 
· + .. 2 40 208 · + . 2 r,l.. 2 

a raKJKe :,r -Me3onoB na __ H, Ca 11 _Pb s npou.eccax (e,e':,r-) _np11 1 r:iB s I.:! s 2,5 r:iB , 
w ~ 1,92 r:iB H XB = 0,3 B 3Me _A na YCKOpHTeJie CEliA<I> .. IloKa3ano, qTQ H3 anaJIH3a 

,Z-3aBHCHMOCTH npo3pa'lHOCTH ll)"lepnoro Be111.ecrna Mbl MO)KCM IlOJIY'lHTb HHcpOpMaU.HJO 
OTHOCHTCJibHO np0<,Tpancrnenno-speMeHHbIX MaCIIITa6ax npou.ecca a)"lpOHH3aU.HH KBapKOB. - . 

Pa6orn Bhmom1ena B Jia6opaTOpHH BhICOKHx :ineprnit OIUIM. · 
. • -. I 

C~o6111.en11e O6-he)"IHHeHH?ro HHCTHTJTa, ll)"lepHb!X HCCJie)"loBaHHH. ,[(y6Ha, 1994 

. f .... 

Badalian N.N. eta!. ·. . · . . · . . · . ~ El-94-519 
Electroprnd11ction of Charged Picins from 1H, 2H, 4°Ca and 208Pb 

., In deep~ineia,sti~ s~at;ering at squared four-m~in~ntum tra_nsfe~ ,(f > >' m~. where the .mass 

mQ of the additive_quark is me= mQ = 0,3 GeV, the virtual photon can transfer its energy_to_the 

quark dur\ng a time iitte'rval r P "' vi Q2 .. With respect to perturbative QCD, the cross section for this 

process is .:-I/Q2
; moreover.'cturing the time interval r F =' vim~ > > rp, the point-like configuration 

must tr~nsf~rm ,into a normal-siz~d hadron. Betwe~n the time interval T p < t < 1 F' this point-Hke. 

quark°or quark-gluon configuration can interact wfth ·nuclea, matter with only small cross section. Such 
a delayed hadronizatjon mechanism will increase the yield of hadrons (fo particular, :ir+ -mesons) 
relative to the case when hadron production can take place at the virtual-photon quark interaction 
point. This hadroniiation process can be studied at energies available after the first energy upgrade· 
at CEBAF; namely,aJ a beam energy of 6.0 GeV. . . . 

- W~ pr~pose to measure in Hall A the inclusive electroproduc_tion of :ir± -mesons on 1H and 
:,rT-mesons on 2H, 4°Ca,'and 208Pb utilizing the (e,e':ir±) reaction for 1.0 s Q2 (GeVlc) 2 s·2.s, 

at an invariani energy W > 1.92 GeV,_ arid atxB = 0.3. From a ,Z-depe~dentanalysisof the nuclear 

matter transparency, we can extract information about the space-time scale for the mechanism of quark 
hadronization. · .. ... · · • · - · · 

· The investigation has been performed at the Laboratory of High Energies,)_INR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1994 


