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A parton model is presented for single particle electroproductions with large electronic momentum-
transfers, Two different asymptotic limits are discussed and related to two kinds of parton-mechanisms.
Several testable predictions are made.

The parton model is now widely known for its many predictions in inclusive deep inelastic lepton-
hadron processes. However, it can also be applied to certain exclusive reactions where the very soft
or wee ** [1] partons play the dominant role. These wees carry a fraction u/ *** of the relevant
hadron's momentum in the infinite momentum frame. Drell and Yan [2] encountered such wee partons
when they obtained a connection between large- Q2 elastic ep scattering and near-threshold deep in-
elastic ep scattering.

We have applied the approach of ref.[2] in the field-theoretic parton model of Drell et al.[3] to the
reaction ep ~e'AB (A, B hadrons) in the limit of large @2 ***, We obtain strong dynamical restrictions
on certain kinematic variables in appropriate asymptotic l1m1ts and suggest definite asymptotic behav-
iors on the part of a structure-function of interest in those limits. The timeliness of this investigation is
underscored by current experlments in progress at the Cornell electron-synchrotron on processes such
as ep—~r%, p%%, 7'n, p n, etc. at large Q These can test some of the theoretical results obtained
with the parton approach In this letter, we briefly report the results of our work and bring out their
physical content. The details are contained in a lengthier publication [4] which follows.

Relevant notations for our process are introduced in fig.1. The three independent scalar variables
can be taken to be @2, v and kp where A is the detected particle. We shall assume, for convenience,
that this particle is being detected close to the direction of the virtual photon in the laboratory, although
the extension of our kinematic discussion to a different geometry of detection is quite straightforward.

If the azimuthal angle, made by p, in the plane perpendicular to the direction of the virtual photon,
integrated away, we can write differential cross sections as follows [5]:

3 2¢" . -
2d o4 _ 47.'014 € _ [sz(Qz, V,Kp) coszg Be + 2W (Qz, VyKA) sin21 fe _l . (1)
de“dvdkp Qe

The structure-functions Wy 2 in eq (1) are defined by [5]:
b0

p 2 [d3p, fadpp s (KA )(2 186@ (p+ g - pp -pp)(play pa,bBXPA, Bl Ip)
spins

9u

= (-gw+ +55) Wi (@2 VKR E (pu - q2 Tau) (bv -%2"- W) Wy(Q% v, kp) (2)

In eq. (2), Ju stands for the hadronic electromagnet current and E implies that the initial spins are
spins
averaged and the final spins summed. Wy is the structure function about which we shall be able to make

any statement.

* Work supported in part by the National Science Foundation.
** For a lucid discussion of the contrasting dynamical roles of wee and nonwee partons see ref.[1].
*** Here - @< is the leptonic momentum-transfer squared and & is a mass of the order of the transverse momentum
cutoff seen in hadronic reactions. We shall sometimes use the notation m also for the latter.
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Fig.1. Notations: (a) Laboratory frame, (b) covariantly.

The two asymptotic limits of present interest are the following: (1) Fixed w limit - Here v — oo,
Qz — oo with 2M u/Q2 = w fixed (>1); kp is a free variable in this case with the restriction k, = v.
(2) Fixed Tp limit - Here v — o, kp — = with x5 /v = 75 fixed (<1); now Q2 is a free variable that can
have any large (for the parton-model to be valid) value with @2 < 2Mp v. The parton-analysis is per-
formed in the infinite momentum frame (P — =) of ref.[2] where

p* = (P +ME/2P, 0, 0, P), gk = (Myv/P, 9., 0) and 92 = Q2 4 0(1/ P2). (3)

As explained in ref.[3], we can first take P —« with g, held fixed and then let ¢, go to infinity. The
four -momenta of the final particles in this frame can be taken to be:

pi = (XgP+ (M3 + k% )/2X1P, kg, X3P) (4)

where J can be either A or B and XJ and ky, are unknown quantities. We now have:

Kp=p by Mp=3XyMy + (M%+ k) 2X5M, (5)
On the other hand, momentum- and energy-conservation imply that

Xp+Xg=1 , (6a)
ky, + kg, =q, (6b)
Mg c2Mpy = (M3 + kR )/Xp + (ME kG /X . (6c)

Eqgs. (5) and (6) are sufficient to determine X y and kj, for our purposes.

The kinematic restrictions given by the parton model are consequences of the behavior of the wee
partons. The presence of wees in exclusive reactions follows from the basic requirement that the trans-
verse momenta involved in any hadronic vertex with partons remain finite (i.e. under a cutoff) even as
g, — . The point under consideration can be illustrated by considering elastic ep scattering d la
Drell-Yan [2]. In the P — = frame let the i th parton have the four-momentum:

pf=[n;P + (uF+ KB)/20P, Ky, niP] M

where 0 < n; < 1, |kil | < the ky - cutoff, 25 7; =1, 2 k; =0. The constituent 'a’ which gets electr-

magnetically scattered (fig. 2a) carrying off a momentutm Na P+ ky, + g, has to combine with the
unscattered bunch of momentum (1-7n,) P - k5, inthe redressing vertex to give back a final physical
proton of momentum p + q,. Relative to the last momentum, the first two can be written as n (p+ ¢ ) +
(1-n3)qy+ kg, and (1 -na)(p+q,) -(1-1na)q, - k5, respectively. Hence, with respect to the
momentum of the final proton, the transverse momenta at the redressing vertex can be finite (as ¢g; — =)

only if 74 5\—'; 1- uql'l. This means that only 'a' parton is nonwee and the rest are wees.
1
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A Virtual Photon
e Physical Hadron
—o— Nonwee Parton

——m - Yee Parton

9.4, A

(b) (d)

Fig.2. Parton descriptions: (a) large Q2 elastic ep scattering, (b) Interaction between the electromagnetically scat-
tered bunch in ep -+ e'AB, (c¢) Asymptotic single particle electroproduction in the fixed w limit. (d) same but in the
fixed 7 5 limit.

In the reaction ep — e'AB, some interaction is necessary * between the electromagnetically scattered
parton of momentum pg =n53p+q . +k 3, and the unscattered bunch in order to produce two final ha-
drons. Consider a particular type of interaction as shown in fig. 2b. The bunch « of partons, produced
at the A-vertex, and the originally unscattered bunch 3, produced at the initial undressing vertex, com-
bine at the B-vertex to produce the particle B. Since these are time-ordered diagrams, energy is not
conserved at any of these verticles although there is overall energy-conservation. Let X be the fraction
of pgs imparted to the particle A at the A-vertex, i.e. pp = x pg+ p'or

PA=x(NaP+ q )+ xkg,+ P (8)

where p'-pg = 0 and p’'is finite. The momentum (1 - na)Ps -P' = (1 - X)(MaP+ g} + (1 - X)ka, +p ',
carried by the bunch o, and the momentum (1 - n4) p-k 5., belonging to the bunch 3, give

Pp=(1-7nax)P+ (1 ~x)q, + x kg, -p' (9)

at the B-vertex. Clearly, the requirement of finite transverse momenta with respect to pp at the B-
vertex can be maintained as g, —« only if either 1) 1 - x — uqll, i.e. the bunch «a consists of

1

wee partons only, or if 2) 1 - 774 = mq -, i.e. if the biinch 3 consists solely of wee partons. The
q, — ’

first alternative corresponds to weé-exchanges between the A- and B- vertices and in general these
wees can go from either vertex to the other **, as shown in fig. 2c. The second possibility corresponds

* This is because in the model of ref.[3] the absence of any pointlike behavior in elastic ep scaattering is achieved
by the requirement that a single bare parton cannot make a transition to a physical particle (sec the discussion
towards the end of the first paper in ref.{3]). Thus we must have at least three final hadrons in order to avaoid
any interaction between the electromagnetically scattered parton and the unscattered bunch.

** Everything must, of course, go forward with time. This can be insured by considering only the 'good’ (1 = 0.3)
components of Ju . See the second paper in ref, [3].
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to the case when at the initial undressing vertex only the 'a’ parton is nonwee and the rest are wees; in
the general situation, of course, some of these wees can be absorbed at the A-vertex as shown in fig.
2d. Figs. 2c and 2d illustrate the general description of leading single-particle electroproduction via the
two different possible parton mechanisms as g — «.

Consider now the situation portrayed in fig, 2c. Let the group of wees moving from the B-vertex to the
A-vertex bring in a total momentum of {xy -1)Pg + pl to the former, whereas those going from the A -
vertex to the B-vertex take away a total momentum of (1-X9)X1Pg +P 2 from the same. Here
X1 2‘1/\/ 1 il 2q11, 1,2~ k, - cutoff, Pl 9 Ppg = 0and Pl o are finite. Now eqs. (8) and (9)

are stxll vahd in this more general situation provided we define x= Xyxo2 ~1+ (pq1 -1 2)q - and

P =pi- pz Comparing eq. (8) and eq. (4) for J = A, we have kA.Lq/\/ {1+ (u1 -pz)qll}

(kg +q ) + finite and XA/\’ﬂa{1+ (kg - k1)g3l}, i.e. now

ka

1i =0

qlu_x.]w <‘h) , (10a)
case 1

1
li Xy = Oo(—— 10b
qi E’n°° A T Mt (W) ( )
case 1
Egs. (10), substituted in eq. (6c), imply that
1
= lim X +0 +O0(—7=% 11

Ta= , HD, XA = 2M v (/—? (7@ (1)

case 1

Since in this case 1, is some finite number in the range 0 < 7, < 1, eq. (11) shows that the present
situation corresponds to the fixed w limit. Now eqgs. (10a) and (11), in conjunction with eq. (5) and the

relation Mp Q + Mﬁ M% =29 - pp - 2Mp(u - kA) (vide fig. 1), leads to the following restriction

on the free variable k5 of the fixed w limit:

A 2T PA

(12)

=1+0( J-)
Moreover, if 6y is the laboratory angle between p, and q, eq.(12) implies that *
lim(l -~ cos Ap) = 0(1/\/1/3) ,

w

im
w V w

i.e. in the fixed w limit one of the final particles (taken here to be A) emerges predominantly in the
laboratory direction of the virtual photon.
The situation illustrated in fig. 2d can be discussed in a similar way. In this case 7,3 = 1-mqg ll.

Comparing eq. (8) and eq. (4) for J = A, we now get 9,

lim kpj, = xq .+ finite (13a)
q — O

case 2

1

lim X, = x +0(—F . (13b)
q, 7> A (“Q )

case 2

* In the fixed w limit, the result -2q - pAQ'2 =1+ O(l/\faz_) means that in the laboratory, as Q@2 — o, we have
—2Q'2{u KA-W v K% - MA2 cos G} =1+ 0(1/vQ3Y). since now Ka/v =1+ 0Q1/Y), after expanding
the square root, we can write (1 + Mf,l W Kp) (1 -cosfy = 0(1/\/7) which immediately leads to the desired
result. In the fixed T4 limit, the result —Mf,l y-l q-ppA= Ta* 0(1/\/7/_) implies that in the lab we have —M;,l v
{viy -2+ @2 \G% - M35 cos6p}= 74 + OQ/V¥). Since now Q2/2Mpy is 1 + O(1/V), binomial expansions
of the square-roots give (1 - cos 6,) (1 + VME,l) = O(1/Vv) which again leads to the result claimed.

-1
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Substituted in eq. (5), egs.(13) yield the result

. XA xQ2 1
qlllfz‘l o T = 2Mpll +0 ( \[V ) (14)
case 2

On the other hand, eq.(6c) and eqs. (13) lead to the relation

2
. Q 1
lim  5r—=1+0(75) (15)
qc_:L1 4200 MpV (,/Qz)
se

which, combined with eq.(14), implies that

XA 1
lim _—=x+07= . (16)
ql ~— 00 v ( Q2 )
case 2
Since x is now a finite number in the range 0 < x < 1, this case corresponds to the fixed 7 limit
with x = 74. Eq.(15) is the restriction on the free variable Q2 in this limit. In analogy with eq. (12), we
here have

lim q-pA/(-MpV) =Tp o(1/Vv)
TA

which implies that once again *
lim (1 - cos8y) = o(1/v u3) .
TA

Moreover, egs.(13) now become:

lim Xp = 75 +O(1/VQE) , (17a)
TA
lim kp, = 74 q, +finite . (17p)
T
A

The results on the asymptotic behavior of Wy in the fixed w and 74 limits can be attained once
we understand the role of the wee partons in governing these limits and also in controlling the large Q2
behavior of the electromagnetic form-factor of any hadron. Take the fixed w limit first. In fig. 2c, which
describes the situation in this limit, the wees are exchanged between the A- and B-vertices. Consider
now the figures corresponding to fig. 2a for theform-factors F5 p of the particles A, B (instead of the
proton) and compare these with fig. 2c. Suppose we argue - as Drell and Yan did in ref.[2] - that the
leading ¢, -dependence comes solely from the wee-partons and nothing else. Then the contribution to
the leading ¢, -behavior in fig. 2c from a certain configuration of ! wee partons should be related to the
contributions to the form -factors of A and B from the same wee partons; the non-wee partons in fig. 2¢c
would simply affect the dependence on the scaling variable w. Since the form -factor of A(B) involves
the square of the vertex-function association with the A-(B-) vertex while these occur once each in
fig. 2c. we expect the square of the contribution from wee-partons to the single particle electroproduc-
tion amplitude in the fixed w limit to be proportional to the product of the contributions to the form-
factors from the same wees. Furthermore, if this relation is true for each wee configuration. we can
infer that it should be generally valid. The argument is described in detail in ref.[4] leading to the
exact result which is:

- Fa(Q2) Fp(Q2
W  gpins

* For a spin-half baryon Fy is meant and for a neutral particle the electromagnetic form-factor of its charged 7 ~gpin
partner.
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where #(w) is an unknown function of w. If the hadronic form -factors are all taken * to fall off with a
universal power of @ -2 at large € 2, we can drop the subscripts in Fp B and write the above equation
as:

- . 22
lim (29 p|s03]py, pp)pppal008]p) = O () (18)
W  gpins p
Similarly, for the fixed 7 limit, our result in [4]:
- . 912
m T @07 (30031 pa,pp)ipppa1s081p = O ury (19)

TA spins

where v(7p) is an unknown function of TA:
The conversion of eqs. (18) and (19) into statements on the behavior of Wy can be made by taking
u, v = 0,3 in eq.(2) and letting P go to «. Using eqs. (4), (5) and (6), we then have

1 2 2
2 XaM Ma + kA,
Cw2=MpodeAf"dkAi6(XA'-_zl'_2W)
2 2 2
Ma + & M% +(q, -k, )2
[ 212 4 9 TAT AL BT YT AL 6 5= ' ;
<o mEeampy - A AL LSBT LT JzP(zu) 5 (0103 papp) (b by 703 B

spins
For the fixed w limit, we can use eqs. (10a) and (18) in the above equation and obtain:

£
2

1 2
: Q 2 2 2
lim 9y = My [ aX, 5("A'ﬂzp) 2Xa )

RS, 6(2 X xp My - X5ME - MR - kY

3
LirePuw)

]2

x 2Xp M, (21—”)

or. 1Lm vWq = [F(Q2)]” U(w). . (20)

where U{w) = [u(w) Mp/(2ﬁ w)z] is an unknown function of w. Similarly, in the fixed 7o limit using
eqgs. (17) and (19), we obtain:

1
: _ 2 2 _ r
l}r::‘WZ = Mp fﬂdkALG(kA; - Z.AMp xA)ZMp'rAZP é dXp6{Tp-Xa)

1 1,31 9112
x| : (5=) 5 [F(@N v(sy)
_:M?A/Ti - M%/(l - TA)Z I Zn) P
or. lim Wy = [F(QA V(ry) (21)
TA

where V(7,) =MI21 TAb(Ta) IM%‘/T% - Mi/(l -TA)2 ;_1/27r2 is an unknown function of 7.

In conclusion, let us remark that we have two Kinds of parton-model results for single-particle
electroproduction in the fixed w and fixed 7, limits. Egs.(12) and (15) are kinematic restrictions on the
free variable in each limit that follow in a straighforward manner from the fundamental ingredients of
the parton picture. On the other hand. eqs.(20) and (21) depend on certain additional theoretical as-
sumptions which seem plausible in such a picture. (For a detailed discussion of these assumptions the

*If large @ 2 elastic electron scattering of a hadron is controlled by the wee partons, one is inclined to expect the
asymptotic form-factors of all hadrons to fall off with the same power of @ -2. This is the point of view that we
shall adopt. A more detailed discussion will be found in ref,[4].
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reader is referred to our forthcoming lengthier paper [4].) However, the basic qualitative feature of
egs. (20) and (21), namely that vWy or Wy (depending on the limit) should tend to zero as some power
of @-2, is inevitable in any self-consistent parton treatment of the problem. This contrasts with the
prediction of nontrivial scaling for vy in the fixed w limit for the specific process ep -- enp* given
by Lee [6] in a model based on the current-field identity. Another result to compare is the prediction
of Frishman et al. [7] (from light-cone dominance considerations) that in the fixed w limit v W should
behave as * (QZ)“OIFz(w, T) where 7 = -(p + q - pA)2 and « is related to the dimension of the leading
field in the operator product expansion. It should not. however, be long before these results are con-
fronted with experiment at Cornell.

The author thanks D.R. Yennie for a remark which led to this investigation. He is especially indebted
to T.-M. Yan for many guiding suggestions.

* In the scaling region. if 8, is taken ~0, v g is proportional to To/w with 7o as defined in ref.[6]. It should be
noted that our results are stronger than those of Frishman et al. since we have the explicit form factors FA, B(Qz)
and specify that x 4 = v in the fixed w limit. Moreover, light-cone dominance for exclusive processes - as used
in ref.[6] - involves the implicit ad hoc assumption of the intensitivity of the amplitude to large variations in the
masses of the final hadrons (see the last paragraph of the second paper quoted in ref. [6]).
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