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1, INTRODUCTION

The investigation of deep inelastic lepton-nucleon scatter-
ing is one of the most important methods to probe the nucleon
structure. In the case of charged leptons which are regarded
as pointlike Dirac particles the single-photon exchange part
of a cross section of the process

£+ N> £+ hadrons 1y

can be explicitly calculated in quantum electrodynamics and
interprédted in terms of the structure of a target nucleon or
nuclei. )

In an inclusive experiment

L+N -2 3 X (2)

when in the final state only the scattered lepton is measured

and X 1is anything including hadrons, ¥ ~ quanta and additio-
nal leptons, the observed cross section contains, in addition
to the single-photon,contributions from higher order electro-

magnetic and, for beam energies larger than 100 GeV, weak in-

teractions too.

These, in the following loosely called radiative corrections,
have to be calculated and subtracted from the observed cross
section (2) before the determination of structure functioms.
Obviously, the attainable accuracy of the structure functions
directly depends on the accuracy level of the radiative correc-
tion calculation.

Traditionally, the calculation of radiative corrections to
deep inelastic fN scattering is based on the classical work
by Mo and Tsai’l’ and contains «3 leptonic electromagnetic
processes to (2). Only soft-photon emission contributions are
summed up over all orders in a. Higher-order electromagnetic
contributions and radiative corrections to the hadronic vertex
are believed to be comparatively small and negligible.

The majority of deep inelastic, scattering experiments has
been analysed at this level of radiative-correction treatment,

A revised calculation of/gggctromagnetic radiative correc-~
tions was performed in refs.”'”'- Completely covariant formulae
are obtained which contrary to those given by Mo and Tsai, do
not contain the unphysical "soft-photon" parameter. °
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Furthermore, progress has been achieved in the treatment
of hadronic-vertex corrections,_a4 electromagnetic and weak
contributions.

In this paper, contributions of the electromagnetic radia-
tive processes up to the order a* and weak .interaction contri-
bution in the lowest order to (2) have been taken into conside-
ratlon for the analysis of a muon scattering experiment at
CERN/Y. we give a brief survey of the formalisms and models
used for its caleulation and summarize the results for beam
energies of 280 GeV and, with regard to Fermilab muon beam,

750 GeVv.

2. HIGHER-ORDER ELECTROMAGNETIC PROCESSES

The radiative corrections resulting from each group "a" of
processes from (2) are defined as

Eo°

8%(x,y) = dxd el At dxdy r (3)

where dza/dxdy and‘d20°/dxdy denote the inclusive crbss sections
of higher—order processes of group "a" and the single-photon
exchange part of the reaction (1), respectively; X and ¥ are
the scaling variables usually used. The overall radiative cor-
rectlon factor, i.e., the ratio of the measured cross section
dmeas /dzxdy to the cross section d%0®/dxdy, can be expressed

as follows:

dzgneas dzéo
dxdy dxdy

A(x.y) = =1+§a“(x,§). %)

Results are discussed for the case of #P scattering, but
the majority of formulae can be conventional%q transcribed
also for the case of muon-nucleus scattering

Higher-order electromagnetic radiative processes are coar-
sely subdivided in lepton- and hadron-current contributions.

2.1. Lepton~Current Radiative Processes

A substantial part of the lepton-current corrections of the
order a,

2 lept °
lept d'o (as) / dga (&), (5)

dz dy dx dy

@) =

where the parentheses contain the order of the cross section
and correction in the electromagnetic coupling constant @, re-
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Fig.1. Lowest- and higher-order electroweqk radiative
processes contributing to the observed deep inelastic
cross section.



sults from the bremsstrahlung diagrams 4 and 5 of Fig.l1. The
hadronic final state may be either a single proton (the so-
called elastic radiative tail) or a hadron jet (the inelastic
radiative tail) that forms together with diagram 3 the correc-
tions to the continuous spectrum, i.e.,

1 1
8P (a) =8"P"(a) + 31:;‘;‘ @). ) 6)

A detailed description of the calculation of8mp%a) was
given in ref/?/ Exact Lorentz-invariant formulae were obtained
for the cross sections of the elastic and inelastic radiative
tail, valid in the whole kinematic region of deep inelastic
scattering. The hadronic vertex was treated in terms of expe-
rimentally measured form factors. The radiative tail of the
elastic peak has ;een calcu%?ted by using the fit of the pro}gp
form factors Gg(@") and Gy(Q@®) in the Q® range up to 25 GeVZ’7
whereas for the inelastic tail the published measurements on
the structure functio 5?'9 are applied.

The dependence of 3 @) on y for different values of x is
shown in Fig.2 at 280 GeV beam energy.§lePt(a) is generally
a smoothly growing function of ¥y with a strong rise in the vi-
cinity of the kinematic limit y= I connected here with the pre-
ferable emission of hard photons.

The leptonic vacuum polarization correction it (a) (the

contribution of the interference of diagram 2 witg 1 in Fig.1)
has been calculated first of all only for internal ® and # loops
and is shown in Fig.3 as a function of @2 up to 1000 GeVZ.
A contribution of= 0.5% from the r internal loop and the hadron
1oobs (see section 2.2) has finally been added to the total va-
cuum polarization contribution. 2

Lepton-current radiative corrections of the order o,

d2 alept a 200

lept , o R a2
) (a)~dxdy ()/dxdy( ) (7)

result from diagrams 11-30 of Fig.1™.

An explicit calculation of the contributions resulting from
diagrams 21-26 for the elastic radiative tail,ﬁgfptﬁﬁ). has
been performed for the first time .in ref,/10/

The formulae obtained may be applied to any discrete final
hadronic state but, taking into account that the emission of
one or more photons by the lepton should not depend on the na-
ture of the final hadronic state, as a good approximation for
the contribution of diagrams 11-26 to the corrections from the

* Only a representative set of a* diagra%%/is shown here.
A complete collection can be found in ref. .
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. . .. . lept
inelastic radiative tall,smel(a%, we consider

lept lept
Binel (@?) 801 (@)
= ’ (8)
81epc(a) Biipt (a)

inel

; The fontributions from electromagnetic production of e+e_,
#u 4777 pairs (diagrams 27-30) to the measured cross section
of the deep inelasticup scattering were calculated in ref 711/
It was found that the contribution of diagrams 27-30 to (7) is
less than 0.47 in the major part of the kinematic region. Furth-
ermore, an upper limit of 1% was estimated in the framework of
the simple quark-parton model for contributions resulting from
diagrams 27-30 when instead of leptons hadrons were produced.
We consider these contributions to (7) as being negligible.

The dependence of

lept o lept 2 lept 2
8P (a®) =8, (a°) + 8 (a") (9
ony for several x 1is shown in Fig.4 for beam energies of 280
and 750 GeV. 8!°P'(a®) amounts to few per cent, in particular,
at low x and large y, almost energy independent.
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Taking into account the uncertaiiengies due to the approxima-
tions made in the calculation of & "*(@®) and the neglection
of electromagnetic lepton pair production, the accuracy of the
total leptonic correction

lept

8'oPt _ 51t oy 5P a2y 4 ... (10)

has been estimated as

1
A5 015", (1)

2.2. Hadron-Current Radiative Processes

The processes which have to be taken into consideration for
these corrections correspond to diagrams 6,7,8 and 9 of Fig.l,
Because of the interference of diagram 7 with 1 and 9 with 4
and 5, their cross section depends on the lepton charge, i.e.,

2 hadr

had Tt
% @ “dxay @) /g

2,
do (a?). (12)

The practical calculation of 323&(&) requires, contrary to
5'%Pt(3) and 8'°P{¢®) a model to describe the scattering on the
hadron. Such a calculation was performed in ref/'*/in the frame-
work of the simple quark-parton model. Nucleon constituents
are assumed not to interact with each other, and the lepton
interacts directly with one of the partons. Partons are iden-—
tified with SU(3) quarks and antiqu/a&l;s. Quark distribution
functions have been taken from ref. adr

Figure 4 shows the behaviour of 8 (@) at different x -va-
lues as a function of y. 328' (@) is less than 1% at small X
but may reach.few per cent at large X and grows slightly with
energy. hadr

The reliability of the calculated 8+ (e¢) has been proved
as a byproduct in a measurement of the charge asymmetry in deep.
inelastic pC scattering/]"4 at 200 GeV. Though the experimental
errors are rather 1ar5%e (~30%) the measurement can be considered
as being consistent’'® with the calculation’'?/ and permits
a rough estimation of the uncertainties of 309" (a) a%

d
As™E 035" (a). (13)

saThe contribution of the vacuum polarization by hadrons

5 (@) (diagram 6) can be obtained from the total cross sec-
dr 4 = .

tion of the process € e™= hadrons in the one—photon exchange

approximation thro/tig}l a dispersion relation. Taking the evalua-

tion given in ref! for the spacelike region, a total vacuum
7



polarization contribution of first order in «a

vac
8" @ :31‘:)‘; @ + B4, (@ (14)
2
is obtained and is shown in Fig.3 as a function of @ . As can
be seen, 8125, (@) is mearly as large as Slept(@) and & (a)

reaches a value of =8% in the Q? regioauground 300 GeV2.
Contributions of order higher than & (@) are conventionally

added to (14) in the leading log approximation resulting in the

total vacuum polarization correction svee, Because of a 107 un-

certaintly of the evaluated 8}3§; (@) we estimate the accuracy

of the total vacuum polarization correction as

vac

A8 L0158, 4. (@). (15)

3. WEAK INTERACTION

As long as the Q® region under consideration is small in
Compa%}son to the squared mass of the intermediate vector bo-
son, My , the weak interaction contribution to the observed deep
inelastic scattering cross section (2) can be treated as a cor-
rection.

The first contribution we will discuss is the yZ interfe-
rence resulting from diagrams 1 and 10 in Fig.l

d2 weak dz o 0
weak ~1\ _ T\ 4
S (Gpa ) =grgit—@Gp)/ G- @ ). (16)

which depends on the charge and the longitudinal polarizatipn A
of the initial lepton. It was explicitly calculated in ref.
in the framework of the standard theory (the hadronic vertex
treated as in section 2.2). _,
The dependence of 8% % (Gpa ) ony for different X- and
energy values is shown in Fig.4. 5t (Gra ) contributes main~
1y at large X and y with values up to =87 at 280 GeV and = 207
at 750 GeV beam energy, respectively, for pisitively charged
muons . 2
Taking into account an estimation of the neglected Z~ con-
tribution the accuracy of the calculated 8¥£*%(G_a~!) is deter-
mined in the Q2 range up to 300 GeV? as F
w

eak —~1
= 018 (Gpa ). . (17)

weak

As

A rBugh estimation reveals that higher order contributions
like the Zz® terms from diagram 10 and the one-loop diagrams
like 31-40 may well reach several per cent at Q%= 800 GeV?®
and have, consequently, to be taken into account at Fermilab

8
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beam eq%ﬁgies. A set of formulae for its calculation is given
in ref.

.

4. SUMMARY

The electroweak radiative corrections to deep inelastic
muon-proton scattering have been calculated including for the
first time @~ contributions to the lepton current, vacuum po-
larization by hadrons, hadron current and weak interaction
contributions in the lowest order. The total radiative correc-—
tion with account of all considered here contributions
Sweak

A (18)
. . /2,87 .

differs from earlier calculated in the absolute units by

several per cent at 100 GeV and up to about 10*20 per cent at

750 GeV beam energy.

tot hadr
81)\ - Svac+ 8lept + 3:

_40r  E=280GeV
3
—-30

— T L — T

T E=750 GeV

Slot

20

10

. . tot
Fig.5. The total electroweak corrections 84)\ to
deep inelastic w'p scattering as functions of ¥ for
several X at 280 and 750 GeV. Solid lines correspond
to W(r= -0.8) and dotted lines,to #~ (A =+0.8).

The dependence of BSQ ony for several X is shown in Fig.5

for y*p deep inelastic scattering at 280 and 750 GeV. For the
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positive and negative muon beams with natural polarization we

observe a comsiderable difference between 8!°!

and &%t

ting to few per cent at 280 GeV and growing up to=20% at
750 GeV.

. . . . lept
In conclusion, we note that limitation & © X 30% commonly

used in the analysis of deep inelastic muon scattering’/?:?

due to unknown &Pt (42)
ting. The smallness of &'°P(q2)

contribution are no longer persis-
and estimated small uncer-~

tainties of other contributions imply that from the point of
view of the radiative correction calculation deep inelastic

scattering data can be interpreted in the whole kinematic do-
main.

.
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Axyupos A.A., Bapmuu 1.P)., JloMann B. E2-86-104"
PaguanuoHHNE TONPAaBKH (K I'I1yB60KOHEYIIPYT oMY
pPaCCefgHHI0 MIOOHOB

KpaTko omucanm cample NocllefjHMe pesynbTaTH pacueTa pa-
MHAIMOHHKX NONPAaBOK K IITyGOKOHEYNPYroMy MIOOH-HYKJJOHHOMY pac-
cCesHHIO. YUTeHH BKJafpl OT JIEITOHHEIX SIEKTPOMATHHTHHWX Npolec—
COB BIUIOTE Oo0 G nopAfKa, NOJSAPHSANHH BaKyyMa JIENTOH
¥ aJpOHAMM, OT AAPOHHMKX 3JeKTPOMarHHTHHX INpOLECccoB ~&

U ¥ Z -uHTephepennun. HsyuaeTcsa 3aBHCHMOCTH OTOENBHHX BKIIA[OB
OT KHHEeMaTHYeCKHX I[epeMeHHhX., BKnapmmw, He NpYHHMABEMECH BO
BHHMaHHE B NMPeXHMX BHYHCIICHHAX PaAHALMOHHWX OONPaBOK, HOOCTH-
rawT B OnpefiejleHHHMX KHHeMaTHYeCKHX 06IacTaX HeCKOIBKHX Npo-—
HEeHTOB NPH 3HeprHsx cemme 100 T'sB.

PaGora BumonHeHa B JlaGopaTopuH TeopeTHYeckon dusuxku OHAH

,

Coobmenme OObeaMHEHHOro MHMCTHTYTa ANCpHBIX MccnedoBaHHii. lly6na 1986

Akhundov A.A., Bardin D.Yu., Lohmann W. E2-86-104
Radiative Corrections to Deep Inelastic
Muon Scattering

A summary is given of the most recent results for the
calculation of radiative corrections to deep inelastic muon-
nucleon scattering. Contributions from leptonic electromag-
netic processes up to the order a4 vacuum polarization by
leptons and hadrons, hadronic electromagnetic processes ~-a
and yZ interference have been taken into account. The depen~
dence of the individual contributions on kinematical va-
riables is studied. Contributions, not considered in earlier
calculations of radiative corrections, reach in certain
kirdematical regions several per cent at energies above
100 GeV.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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