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Abstract

Higher order electromagnetic radiative corrections to neutral current deep
inelastic electron proten scaitering are studied in collinear APPTOXIMATION.
Second order corrections show gualitatively new features compared to the
first order ones and are non-negligible for large ¥ and small ». We also
show how kinematical cuts on the recoil quark jet, in particular the jer
angle, will allow a streng reduction of the contribution from radiative

events for small z and large ¥.
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1. Introduction

Deep inelastic lepton nucleon scattering provides an important tool for studying the
internal structure of nncleons. The HERA machine will extend the energy range ac-
cessible for ¢p scattering considerably: electron and proton beams of 30 and 820 GeV',
resp., will allow measurements at Q7 values up to several 10* Gel™? and z values
down to 107* [1]. High-precision measurements of structure functions and tests of the
electroweak standard model. as well as the poessibility of observing new phenomena
require & detailed understanding of the standard model predictions.

To first order in o. complete calculations of the electroweak corrections for the
neutral current process within the standard model were performed independently by
two groups (2.3]. Their results agree numerically within 0.5% for the kinematical
range 0.02 <" z.y < 0.98. Recently these results have been confirmed by calculations
performed in the leading logarithmic approximation {4.5; as well as with the help of
a Monte Carlo event generator [6;.

The (o) corrections for NC scattering are large for small = and large y. These
large corrections originate from bremsstrahlung from the lepton hine plus correspond-
ing virtual contributions (Fig. 1, leptonic corrections). Other («) contributions lead
in general to much smaller effects. There are two reasons for the importance of these
leptonie corrections: 1) Their order of magnitude is determined by a large logarithm
of the electiron mass Inf@*/m?). and i) the emission of energy via bremsstrahiung
from the electron line. particulasly in direction of the electron beam. can shift the
effective momwentum transfer at the quark line (;?2 = —(p. — p. = k)? to values much
smaller than the momentun transfer Q? = —(p, — pl)* measured from the momen-
tum of the outgoing electron: Q2 # %, This leads to an enhancement of the cross
section for radiative events. The minimal value of Q7 that can be reached by the
ewission of a photon is determined by the proton mass. Therefore there is also an
important part of the leptonic corrections which is not determined by a logarithm: of
the electron mass. but instcad by a logarithm of a hadronic mass scaie. This part,
which is contained in the first two diagrams. of Fig. 1 (describing photon exchange),
can be viewed as arising from collinear photon emission from the quark line, followed
by Compton scattering €7 — e7. Its contribution is significant at large y and small
z because of the backward peak of the Compton cross section.

The mass singularities of the leptonic corrections can be separated into parts that
may be associated to the external fermion lines. There are mass singularities pertain-
ing to the incoming as well as to the outgoing electron line, but also to the incoming
hadren line. In a parton model language these separate parts correspond to structure

functions for the external fermions that describe the emission of photons. fermions,



etc. The mass singularities arising from the Feynman diagrams of Fig. 1 are visualized
in Fig. 2. The first two contributions (Fig. 2a.b) produce electron mass singularities
In{@?/m?) which have to be included explicitly. The remaining contributions would
generate quark mass singularities which should however be absorbed into the hadronic
structure functions.

The fact that (}{o) electromagnetic corrections are large obviously requires the
investigation of higher order contributions. For such a purpase it is helpful to realize
that the exact (Na) corrections can be well reproduced for not too small Q7 by a
collinear approximation {4.5]. Therefore, a leading collinear approximation should be
appropriate for a study of higher order conmtributions as well. Ii is the aim of this
paper to supply the formulas that are relevant for the calculation of corrections up to
order Oa?) and to study the effects to be expected numerically.

In the parton model. deep inelastic scattering is described by a sum over electron-

quark hard scattering subprocesses

do(eP — eX) = Zf dz' Dy, p(x' Jdi(egs — €X) (1)
i

where I, ;p{z') is the probability distribution of a quark with flavor f inside the
proton, and d& is the cross section for the corresponding electron quark scattering
with rescaled center-of-mass energy. Leading logarithuic QCD corrections are taken
into account by the infroduction of @? dependent parton distributions D, ez, Q).
This Q* dependence, controlled by Gribov-Lipatov-Altarelli-Parisi evolution equa-
tions [7,8], is a remnant from absorbing mass singularities info the structure functious.
Non-leading QCD corrections lead to modified evolution equations for the parion den-
sities, as well as to finite higher order contributions to the parton cross sections. In
particular, new subprocesses mnvolving gluons will appear and Eq. (1) will receive a
contribution which contains the gluon distribution.

The modification of the electron-proton cross section by eleciroweak corrections
can be described with the help of a generalization of the parton model relation Eq. (1)
o

do(eP > eX)= Y fdlea,,(zl}/dzsz/p(zg) { 43D, s(za)do(ab - eX ). (2)
b N

D;se(z) is the demsity of a *QED parton’ a inside the incident electrom {o = ¢t

€, 7,ro,u, 8,0 0), Dysp(x) is the distribution of parton b {including the photon)

inside the proton, and Dc','c(:g) describes the fragmentation of the QED parten ¢ into

the observed final state electron. Singular parts of the electromagnetic corrections

! This formalism of describing electromagnetic corrections in terms of structure functions has already

been used extensively for electron positron annihilation. see [10° and references therein.

can be collected into the (process independent) structure functions whereas finite
contributions modify the parton subprocess cross sections dé{ab — cX ). From the
analogy to QCD corrections, two important properties of the QED corrections are
then understandable: ¢) corrections describing bremsstrahlung from the quark line
(which are not considered in this work) also modify the Q7 dependence of the parton
distribution functions and #) the photon appears as a hadren constituent, too, with
¢y Comnpton scattering as the corresponding subprocess in Eg. (2).

The leading second order parton model diagrams are shown in Fig. 3. A qual-
itatively new effect appears in this order. Using a QCD terminology this would be
described as the appearance of a 'sea’ component of the electron structure function,
t.e.a l/r term. 1t corresponds to the production of an ¢* e~ pair where the secondrary
electron undergoes the hard scattering (Fig. 3f). Additionally, fermion pairs may be
radiated from the electron line in this order {Fig. 3¢). Predominantly, these fermion
pairs will be produced in forward direction and would be hard to observe. Logarithms
of the fermion imasses arising from these diagrams cancel partly against logarithms
of the same type coming from the O(e’} diagram describing a vacuum polarization
insertion in the one-loop vertex correction. Therefore we include these parts as a
contribuiion to the ((a?) corrected inclusive eP cross section. Qur numerical inves-
tigations show that the inclusion of O(a?) electromagnetic radiative processes stjll
increases the corrections in the large y region considerably. -

It has already been demonstrated in Ref. [11] that the high y peak could be
removed completely if the corresponding photons could be tagged. It should be easily
possible to separate the Compton contribution to the high y peak by experimental
cuts. The events pertaining to this part have a clear experimental signature: the

transverse momentum of the electron is essentially balanced by a hard photon. In

contrast to this. direct measurements of the small-angle hard photons are presumably '

not feasible. It has. however, been pointed out in Ref. [12] that cuts in the angle of
the recoil quark jet should allow to remove such hard photon events very efficiently.
This will be demonstrated in detail in Chapter 3. This method will work at very
small r as well, where without cuts very large electromagnetic corrections would have
to be applied over the whole y range.

This paper is organized in the following way: In Section 2 we define our notations
and provide the Oa) and (a®) expressions in leading logarithmic approximation.
The o) contributions include two-photon radiation, fermion pair production and

the leptonic (e} correction to the Compton part of the ¢{a) corrections. In the

final Section 3 we discuss numerical results. We emphasize the possibility of removing

large corrections by imposing suitable experimental cuts, in particular on the jet angle.
Although we concentrate on the machine parameters of HERA, several results are also
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given for the conditions of a possible future lepton-hadron collider in the LEP tunnel

(50 GeV electrons on 8 T'el” protons).

2. Factorization of mass singularities

Up to @(a?} the contributions to Eq. (2] describing electromagnetic radiative correc-
iions originate from either electron-quark or electron-photon hard subprocesses. For
the cross section differential in r and y this equation reads:

d*a 1dz, 1dzy 1dza y d*& .
_— = = —Dypl=z — 23)c——(eb — X {3
Ty .,,Zf D) [ T Duptzn) [T Deelzs) S grth = X 13

“1

In the following the 4-momenta of the incoming (outgoing) electron are denoted by
2. (pl), that of the nucleon by P,. The momentum fractions z; define the 4-momenta
of the generalized partons in the corresponding hard subprocesses according to the

convention
_ 5 L1,
P = 21Pes P = ZZPnt P, = Tp:' (4)
i3

As usual we introduce the kinematical variables

Q* Pip. -p) &

. S 11 Sy A (5
WPoip - g1 Y 5

?_ Y
Q= —(p.—p.)" Pup -5

with § = (p. + P,)% §,i.3} and 7 denote the correspondiug variables for the hard

eleciron-parton subprocesses.

z spra-y—1 -
= p= S oo e

g=— %
s+ y — 1) 2153 =3

In the following we assume m% < 5, @° and neglect fermion masses where possible.

In leading logarithmic approximation it is sufficient to use the hard-scattering
cross section do{eb — ¢ X'} in lowest order of & since the large logarithms are provided
by the structure functions. The Born term for unpolarized electron-quark scattering

is givea by

g2540) 2ra’ .
- - fi ~121 L pf 1% - n
Ta’:i-g(e QHC‘Q)-:E‘E];'IA; (A +0-9%+B1-(1-9) e -+ (1)

where the plus and misus signs refer to quark and antiquark scattering. resp.. and

A 2 a = 2
Al = 4 Zreeprs xz{Q) + () - al)(e} —a}) f_lf(Q’)) . .
B = - 2a,e58522(Q%) + 2vea,2ryay (\ z[Q"’}) . i
The Z interfereace and the pure Z exchange contain the reduced Z propagator

H
2 Q

- = . g

az(@%) 07 - MI (8}

b

vy and ay are the vector and axial vector coupling constants of the fermions to the Z

boson given by their charge ¢; and isospin I

25 b}
a

5 LF = -
2swew 2swew

ws = (10)

The weak mixing angle is determined by the gange boson masses {cy = cosfy):

My
ew = sk =1— chp. (11.)
For Compton scattering we have
260 2ra? 1+ (1 — g)?
G Ty oy oA 12)

In leading logarithmic approximation the electromagnetic contributions to the parton

distribution functions are generated by the evolution equation

2 1 d
@ gDtz @) = S [ S T hueDeci. @ )

To leading order the fragmentation function D.p(z) is equal to the parton density
Dyso{z). The running fine structure constant is given by
af0)

alQ®) = 1-(a/3m) T, e} ln(Q?/nti)G(Q“’ - m}l' e

The ©@-function gnarantees that only fermions with masses below Q? contribute to

the running of a. P(xz) denote the Altarelli-Parisi splitting functions

1427
Poels) = T (15)
1+(1-2) .
N (16)

and the (+ )-distribution is defined by

H 4 -2 rl =2
[ a:pdose = [ &0 - jan - [TaT=mm. )

2.1 First order corrections

() expressions for the structure functions are obtained from Eq. {13) supplementing

it with the zeroth order initial condition D[u'jl[:} = (1 — z}ap. For D, ;. one finds:

Dz @%) = %prf,f(ﬂ (18)

efec

with

L=<, (19)
™m
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In case of the photon distribution in the proton the initial values D.;p(z,Q3) at
some reference momentum @5 could only be measured but not predicted witl present

theoretical techniques. To first order in a Eq. (13) can be rewritten as

t:uc_r Q@ dQ*
Q3 Qﬂ B {3

Dp(=.Q%) = Dyypl=, Qi) + Z B (1D 16213 Q7). (20)
In the leading logarithmic approximation D, p(z, @F) should be ignored since it does
not depend on two vastly differing mass scales (if @} is chosen of the order of the
proton mass) which would be required for a large logarithm. We use as approximate
solution

QF 1 dd
D= = 5 ,,fh 5[ S P (Do (28.Q7 1)

which is obtained by neglecting the @° dependence of the gquark distributions in the
Q" integration of Eq. (20). Numerical calculations show that not neglecting this
@? dependence can change the final results for the Complon coniribution to the cP
cross section by about 10%. The same amount of uncertainty is found when the value
of @y is changed from 200 AeV to 400 M V. This leads fo errors in the final results
for the @(a) corrections of the order of 10% only where the Compton part reaches
the order of magnitude of the Born cross section, which is the case for small = and
large v, e.g. at r = 10"% and y = 0.96 or at # = 107 % and y > 0.93. In this region the
uncertainty in the results for the (){a) corrections is dominated by the uncertainty of
the photon distribution in the proton.

For the ¢P cross seciion, first order corrections are obtained from Eq. {3) by in-
serting the ()(a) result for one of the generalized densities, leaving for the others their
initial values. The resulting three contributions to the differential cross section are
visualized in Fig. 2. Inserting formula (18) into Eq. {3) we obtain a first contribution

to the (e} radiative corrections describing initial state radiation from the electron

do 'V a 11+ i
drdyL = oL {fm dzy 1 - (o0i=1,1) — 00(1,1)) + S(2] )00(1,1)} (22} .
with
5(:):2111(]—:)-5—:-*—%:2. (23)
oo(z1.z3) = Zfdﬁﬂ (52,Q%) .((f —cq) (24)
olZ1. 23 x-:»gy qp/PLEDy dzdy q q
2
= 2OV S e(5 O (A4 1 a5 B (- i)
‘1"3y 35 ay 2225

=1

— . N SR S S S
A= A - - - N S S SV WSS S S R W S O N N N N

I TY

DR L - (25)
? nz+y—1
and 1
;;“:n - _ y - (26)
1—zy

Besides kinematical factors, og 1s just the Born expression for electron proton scat-
tering with appropriately rescaled variables (z,y,Q% — £, 7, Qz)_
The corresponding expression for O(a) final state radiation from the electron

Ieads

!(I)

. 1 1 22
d::dyi = QQ;LE {./;;’m dz;l t :: (00(1,23) - 00(1,1)) 5(28")oo(1, )} (27)

if
with
=1 - y(1 - z). (28)
For the Compton contribution we find from Eq. (3) and using Eq. {21)

[§Y] de'o

dss o
-3 ,ﬂ»(«z,o)“-(ev—»eaﬁ

2m 1+(1—g)?

bl S (H
= 1y D)

die
dzdy|.

zp=23=1 ) (29)

Although this part does not contain a logarithm of the electron mass, it should not
be neglected because it increases with am inverse power 1/(} —y}asy — 1. In an
exact O{e) caleulation of the leptonic corrections shown in Fig, 1 it is automatically
included. The results of Eqs. (22), (27), and (29) agree with those of [4,5].

2.2 Second order corrections
2.2.1 Two photon radiation from the electron line

Inserting the () a) results for the electzon structure function into the evolution equa-
tion Eq. (13) one can determine & first contribution to the diagonal electron density
in O(a’):

a

2
D@ = 1 () 12 [ LR Pss/2) (30)

2
After evaluating the integral in the last equation a.nd inserting the result into Eq. {3)
the contribution of ({a?} two-photon initial state radiation from the electron (Fig. 3a)

SR VU N )
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may be written as

()"

dc
dxdy

(2)

L)

3=

{f:” dz, ‘Zi i ?: (2!11(1 — )= 1n(z) + g)

x(a’o(sl_l) - an(l,l))

i

+((1 + 5z — 2(1 - ;1))00(:1.1]]

. , _
- {[5(;;'"" ) aLig(1 - ) 5 T - 2T

L min min min o, 13
*;(:1 )4 - (51 )3 - (7'1 )2 - :;m -+ Z}Uo[lal]}-
(31)
The corresponding expression for final state radiation (Fig. 3b) is determined by the

samle expression with the replacement

Lmin

77 eolzy.1) = 2T ol 1. 2s), (32)

The contribution from initial-final state interference (Fig. 3¢} 1s obtained by inserting

the O(a) contributions to both the electron density Di}z[:;) and the fragmentation

(i}

function D!} (23} in Eq. {3). The resuli can be written in the form

< fe
&o |9 ay? . 1 1+:2
={= 2 (z) — (1
drdy|, (21r) < {./:;""- 1- 5, [T' 1) =)
503 (22)) (o0l 1) = ro(1,1))
! 1+:3 min
= [ e (ol 1. 22) = ol 1.1)] SE) (33)
Bl ~ I3
1 }' + :'2 min mn
+[m a2 (S (a)) - S ))ooil,1)
;5(2;"5")5(;m‘"}aﬂ(1,1)}.
with , ) "
Tz} = ‘[;;m(:])dhl — ;i (UD(ZJaZS) - 00(3191)) (34]
and
Hry+l-y

5 =

- (35}
B

Another second order contribution describing two-photon emission from the elec-

tron line is obtained as Qa) leptoni.c corrections to the Compton part of the Ofa)

corrections (Fig. 3d). This contribution is derived with the help of the Qla) ex-

pressions Eq. {18) for the electron density and ihe electron fragmentation function

9

applving the same formalism to the ey -+ ¢7 subprocess. The resulting contributions
to the differential ep cross section have the same structure as the O{a) leptonic cor-
rections for initial and final state radiation, Eqs. (22} and (27), resp., provided that
the lowest order cross section oo(zy,z;3} of Eq. {24) is replaced by the corresponding
expression for the Compton part of the ((a) corrections Eq. (29).

14z .. d2gto)
z,f;g o dz_jDilf)p(thz)igdg
2ma?l +(1—§)?

s -7

with #; from Eq. (253). The order of magnitude of the resulting second order contn-
bution is determined by (a/27)? L, In{Q?/Q2).

gclz1,23) (671 = ™)

(36)

_ ¥ D(ll (; QZ) .

= yrli
Y

H

2.2.2 Fermion pair production from the electron line

Additional fermion-pairs come from two sources (Figs. 3e, {). Direct fermion pair pro-
duction (Fig. 3e) combined with the diagram describing a photon self energy insertion
in the one-loop vertex correction can be respected by the use of the running coupling

constant Eq. (14) in the evolution equations to second order. This corresponds to the

replacement
e : i : :fe, @ ’ 2 2 -
gn—gg‘g—ﬁh‘—ﬁg i (2—,,111—2) HQ” — my) (37)
in the O{a) contributions and results in
- 1 : o Q2 2
Dz = 3 Se} (ﬁln %) HQ* — mi)P.yof =) (38)
7 2

The other source is the hard scattering of the electron from a produced et e~ pair
(Fig. 3f). In QCD lauguage this corresponds to a sea contribution. A similar situation
oceurs for the fragmentation of the final state electron. The corresponding term in the
second order electron density is obtained by iterating the evolution equation Eq. (13)

twice, with the keraels P, and F,,,:

21 -2

- 2 a 232 . 1
e (=.Q7) = (—-ﬂ_lnm—?) [(1+:)1n5+§(1—~’)+§

(39)

These results are in agreement with Ref. 19]. The important point to realize is the
occurence of a 1/: term characierisiic for a sea distribution.

The complete result for the electron structure function to second order is

T, (40)

efe¢ efe

D(l) - DZ*\

efe cle
Together with the contribution from initial-final state interference and the leptonic
corrections to the Compton part this determines the complete (J{a?) corrections in

leading logarithmic approximation.
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3. Numerical Results and Discussion

In this section we present nuierical results for first and second order correciions to

electron proton scattering based on the forinulas of the previous section®. Fig. 4 shows

a comparison of the (M a) leading leptonic corrections with the corrections including

also the (?(a?) contributions. In this and the following figures we have used the

quark distribution functions of Ref. 13, and My = 80.0GeV, M; = 91.1Gel’. The

hadronic mass scale in the photon distribution function Eq. (21) was chosen to be
e = 200 MV

The features of the 3(o) corrections are:

s At large r and small y the combined contributions of virtual and real soft
photons lead to large negative corrections. These are described by S(z") in
Eq. (22} and (27). They factorize from the lowest order cross section. Fory — 0

in

one finds =™ — 1 and the log termin § becomes farge. In the region where this
term is dominating. the corrections are insensitive to the details of the parton

distribution functions and the weak interaction parameters.

However, at small z. the non-factorized parts in Egs. (22) and (27) are important
even in the limit y — 0. For small y, energy-momentum conservation restricts
the energy of bremsstrahlung photons to sinall values compared to the electron
energy in this case. But these photons must be considered as hard photons
because their energy is large encugh to induce a large variation of the underlying
non-radiative cross section. The non-factorized parts in Eqgs. (22) and (27) are
very sensitive to the shape of the parton distribution functions. In particular,

they are responsible for the increase of the corrections with y — 0 at small 2.

e The corrections are large for ¥ — 1. especially at small z. due to emission of
photons with high energy which shifts the momentum transfer to small values.
Not only emission into the forward direction but also the Compton part 1s
increasingly important with increasing y. Both contributions behave like 1/{1 —
y) with y going to 1. Already at =+ = 0.1, y = 0.9 the (N«) correciions reach
the 50% level.

It is seen in Fig. 4 that the (}{a?) corrections are also large for large r and small

y. They are even larger and certainly non-negligible in the small = - large y region

(see Fig. 5b). For z = 1072, y = 0.95 the O(a?) corrections reach 30%.

2The results presented here do not include self encrgy corrections to the gauge boson propaga-
iors although these provide another source of large logarithms and should be included in 2 complete

calculation of radiative corrections.
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In order to discuss the origin of the O(a?) corrections we present in Fig. 5 results
for the separate contributions. There it can be seen that the large ©(a?) contributions
at large z are due to the direct 2y parts of Egs. (31, 32. 33). An inspection of the
formulae reveals that it is essentially the soft part [T, S(z7")/?/2 which leads to
positive contributions at small y. In the small z region, however, the main effect
comes again from hard radiation, first of all by additional ¢ ¢~ pairs Eq. (39). This
contribution increases like 1/z(1 — y)?. Aiso the O(o?) contributior to the Compton
part Eq. {36) gets large at small 7 and large y.

For large r and small y the hard contribution is small and the behavior of the
corrections is essentially determined by the soft contnbution x S:(z{)ln{Qz,/mf). Ex-
ponentiation of these IR parts [14.15! would improve the predictions for the cross
section. The exponentiation of these terms can in fact be derived by an iterative solu-
tion of the evolution equation Eq. (13). The full prescription of |14} would include in
addition to this also IR contributions not proportional to a large logarithm. However,
at large y, especially for small = the corrections are mainly due to hard photon and
fermion pair emission and exponentiation of the soft part does not lead to an inclusion
of the dominant higher order corrections. ‘

We stress again that the large positive corrections are due to the fact that the
corrections include cross sections for new processes, i.e. one-photon, two-photon,
and fermion pair production. These new processes are irtegrated over the whole
phase space available to the additional photons, fermions, resp. because an analytical
calculation with cuts is in general much too complicated. These contributions should
not be included as corrections if they can be separated experimentally.

There are several possibilities to identify experimentally events of these new types:

# Large angle emission of photons can be directly observed, unless the photon is

inside a jei. In the latter case it is probably not possible to separate photons
from decays of hadrons. Events of this type are, however, expected to be rare.
Cutting out events with a high pr photon will reduce the bremsstrahlung cross
section, Especially the Compton part {Eq. {29)) will be eliminated by such a

cut leading to a considerable decrease of the corrections at small # and large y.

¢ To some extent, photons coming close to the electron direction will be seen in
the H1 and ZEUS experiments at HERA with the help of a forward detector,
originally designed for luminosity measurements. These detectors will cover the
range of polar angle up to about 1 mrad. This will reduce but not remove the

large vy peak in the correction.

There is also the possibility to indirectly identify events with additional photons

or fermion pairs by comparing the measured current jet angle with the one
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expected from the electron measurement. Measuring the momentum of the
scattered electron and assuming that the basic scattering processis a 2 — 2
process one can determine via z and @7 the angle and the energy of the scattered
quark. In case of 4 emissior, the momentuim of the scattered quark depends
also on the energy and the emission angle of the bremsstrahlung photon. If the

photon is emitted collinearily with the incoming electron, one finds:

(y+ 2 - 1PE —ay(l —y)Ep

cos fy = .
T2 —10E, = yll ~yE
(y+5—-1) (:yf ]yl 2 (a1)
sl -
Ep=Efy+m-1)~ 2 "Yp,
y+z53 -1

where Ep and E, are the erergies of the proton and the electron and z; =
1-E,/E, (see Eq. (4)). 8, is defined with respect to the elctron beam direction.
In Fig. 6 we show ihe effect of emission of a photon collinear with the incoming
electron on the energy and the polar angle of the scattered guark {which is
closely related to the energy and angle of the current jet}. It is important that
the polar angle 8, is always increasing with the photon energy. This also means
that for very small values of 7 where according to the non-radiative kinematics
one can not expect the jet to be fully contained in the detector, photon emission

will turn the jei to larger angles.

In Fig. 7 we demonstrate the influence of a cut for the difference of the true and

expected quark scattering angles
Al =6, —0,(z=1)

on the Oa) corrections. Using Eq. {41), the condition A8, = A restricts the range
of integration over z, for initial state radiation and thus reduces the corrections. In
these figures the dashed lines show the corrections where besides a cut on A, also the
Compton part is left out (becanse this part is alwavs characterized by events with a
phioton of large transverse momentum). In sddition to this also the final state enussion
is reduced with the help of a cut on the photon energy of 2Gel’. The corrections
come out to be always fiat functions of y of the order of 0% 1o —20%. The step-like
behavior at small y is due to the fact that the cut on the phofon energy for final
state radiation becomes active only above a certain threshold in y. The dependence
on the actual value of A i1s a0t strong (see Fig. Th). Therefore. it is not required
to determine the jet axis to high precision. Au accuracy of the order of 15 degrees
would be sufficient, although the jet axis can in fact be determined with much higher
precision (few degrees). In Fig. 8 results of a similar caiculation for 5 = 1.6 1085 Gel7?

are shown.
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The effect of cuis of these types have also been studied using the Monte Carle
event generator HERACLES. The results obtained with HERACLES confirm the
conclusions found here and will be published in a forthcoming paper [6].

-Of course, these results only indicate {he potentiality of reducing the radiative
cotrections by suitable cuts. We have passed over a discussion of the actual feasibility
of the cuts, but we believe that experimental details will only change the final amount
of the reduction but not the conclusion on principle. A full study needs the inclusion of
fragmentation effects and must also take into account the properties of the detectors.

Io summary, we have shown that O(a?) electromagnetic corrections are signifi-
cant in some regions of the accessible phase space, and cannot be ignored. The origin
of these relatively large terms is well understood. From this point of view we do not ex-
pect large contributions neither from higher order leading terms O((a/7)* In*(Q* /m?)}
~ 3 % 1074, nor from non-leading logarithms®. Uncertainties in the caleulation of the-
oretical predictions for the deep inelastic electron-proton scattering cross section are
thus not due to an insufficient knowledge of higher order electroweak radiative correc-
tions but the reliability of predictions is limited by the precision with which hadronic
structure functions {especially I}, ;p) are known. In this sense one could say that the
lirnit where radiative corrections are under control has been shifted to much larger
and smaller z. However, more work is required to study combined effects of strong
and electromagnetic corrections.

As a main point of our analysis we have shown that the huge radiative corrections

can e reduced dramatically by appropriate experimental cuts.
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Figure 1: Feynman diagrams for (a) leptonic QED corrections to eq; — egy-
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Figure 2: First order leading logarithmic corrections to egy — eg; arising from the

diagrams of Fig. 1. The vertices emphasized by a bold point describe @) mass

singularities contained in structure functions.
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Figure 3: Second order leading logarithmic corrections to eg; — egy using the same

conventions as in Fig. 2.
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Figure 4: Leptonic corrections for e”p — €™ X at § = 10°GeV? in the leading
logarithmic approximation for z = 0.5, = = 0.1, # = 0.01, and =z = 0.001. The dotted
curves show the (?(a) results and the full curves include also the ()(a?) contributions
from Eqs. {31, 32, 33, 36, 38, 39). {Mw = 80.0GcV, Mz = 91.1 GeV, Gy = 200 MV,
quark distributions from [13]).
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Figure 5:- Separale contmibutions to the )(a’) leading leptonic corrections for

§$=10°GeV?: z = 0.5, and = 0.01. The full line contains the 2+ contributions from -

Egs. (31, 32, 33), the dotted curve shows the 24 part from Eq. (36) (Compton scatter-
ing). the dashed line is for the f] contribution (Eq. (38}), and the effect of additional
et e pairs (Eq. (39)) is represented by the dashed-dotted hne. {My = 80.0GcV,
Mz = 91.1GeV, Qo = 200 M eV, quark distributions from {13i).

19

B NI W S SUS_ SS S S S S VI S S S 1 =

200.0 180.0
Eq. JGeY gq.
1500 B 1350 1
1000 1 0.0 1
500 E 45.0 ]
x=0.1 . x=D2
oo . L oo 2 L
0.0 10.0 200 X L] o0 i D0
E /GeV E, /Ge¥
<}
5.0 T T 180.0
[E]
y=10.1 a3 10.5 0.7 Q8
EQ. /GevV &y
e b 135.0 | 1

125 | 1 450 |

x20.001 x=0.001

0.0 s " 00 " )
00 199 20 E ) 0.0 10.0 !

o 200 00
E,,/Ge\' ETIGGV

Figure 6: Dependence of the energy (a and ¢) and the polar angle (b and d} of the
scattered quark on the photon eﬁergy in case of photon emission collinear with the
incoming electron. a} and b} for r = 0.1, ¢) and &) for z = 0.001. E, = 30GeV,
Ep = 820 GeV.

e, PR TP SN UV VD U S S—" e S S S S -~ N . - = . -~ o - - - . -



Figure Ta: Reduction of the (¥{a) leptonic <orrections by a cut on the difference of
the true and expected quark scattering angle for z = 0.001, = = 0.01, z = 0.1, and
¢ = 0.5. The full lines are the complete (Na] results for § = 10° GeV? without cut
and the dashed lines for a cut of A = 157, (E. - 2 G’ {or final state emssion.)
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Figure 7h: Reduction of the O{a) leptonic corrections by a cut on the difference of
the true and expected quark scattering angle for z = 0.01 and A = 5° (lower dotted
curve), 10° {(dashed curve), 15° (dashed-dotied curve), and 45° (upper dotted curve).

(E, < 2 GeV for final state emission.)
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