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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 -. t + hadrons (I) 

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

In an inclusive experiment 
f + N - с + X (2) 
when in the final state only the scattered lepton is measured 
and X is anything including hadrons, У - quanta and additio
nal leptons, the observed с COBS 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 functions. 
Obviously, the attainable accuracy of the structure functions 
directly J^pends on the accuracy level of the radiative correc
tion calculation. 

Traditionally, the calculation of radiative corrections to 
deep inelastic !N scattering is based on the classical work 
by Mo and Tsai and contains a 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 electromagnetic 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. 



Furthermore, progress has been achieved in the treatment 
of hadronic-vertex corrections, a* 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
ration for the analysis of a muon scattering experiment at 
CERN / 4 /. We give a brief survey of the formalisms and models 
used for its calculation and summarize the results for beam 
energies of 280 GeV and, with regard to Fermilab muon beam, 
750 GeV. 

2. HIGHER-ORDER ELECTROMAGNETIC PROCESSES 

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

^ , y ) « i f / ^ - . (3) 
dx dy dxdy 

where d8aa/dxdy and d aVdxdy denote the inclusive cross sections 
of higher-order processes of group "a" and the single-photon 
exchange part of the reaction (I), respectively; x and у are 
the scaling variables usually used. The overall radiative cor
rection factor, i.e., the ratio of the measured cross section 
d V" 8 1 1 8 /dxdy to the cross section do"/ dxdy, can be expressed 
as follows: 

л2 meas .2 о » 4 (x,y)^iL£_/iL£—=i +2S (,,y). ( 4 ) dxdy dxdy & k 4 ; 

Results are discussed for the case of MP scattering, but 
the majority of formulae can be conventionally transcribed 
also for the case of muon-nucleus scattering , 5 , . 

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 , 

a^W.-j!^-)//£-(*). ( 5 ) 
dxdy dxdy 

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



suits from th» bremsstrahlung diagrams 4 and 5 of Fig.l. 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., 
S^ («) =S^(a) +C<«>- (6) 

lept A detailed description of the calculation ofS (a) was 
given in ref. / 2 / 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 been calculated by using the fit of the proton 
form factors G E(Q 2) andC^O 3) in the Q a range up to 25 GeV 2 /. 7 / 

whereas for the inelastic tail the published measurements on 
the structure function. 5" ' 9 are applied. 

The dependence of 8 (a) on у for different values of к is 
shown iu Fig.2 at 280 GeV beam energy. 5leP' (a) is generally 
a smoothly growing function of У with a strong rise in the vi
cinity of the kinematic limit У z 1 connected here with the pre
ferable emission of hard photons. 

The leptonic vacuum polarization correction S^p"(a) (the 
contribution of the interference of diagram 2 with 1 in Fig.l) 
has been calculated first of all only for internal e and v- loops 
and is shown in Fig.3 as a function of Q 2 up to 1000 GeV 8. 
A contribution of= 0.5% from the г internal loop and the hadron 
loops (see section 2.2) has finally been added to the total va
cuum polarization contribution. 

Lepton-current radiative corrections of the order a , 

-lept, a, d2<7lePV 4ч / d »° , 2 v 
e ( < z ) =dT5y- ( a ) /d7dy-" ( a } (7) 
result from diagrams 11-30 of Fig.l*-

An explicit calculation of the contributions resulting from 
diagrams 21-26 for the elastic radiative tail, 8j? p t {<£ ), has 
been performed for the first time in ref. • 

The formulae obtained may be applied to any discrete final 
hadronic state but, taking into account that the emission of 
one or more photc * 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 -liagrams is shown here. 
A complete collection can be found in ref. 



Fig. 2. The lepton electro
magnetic correction SlePl(o) 
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tering as functions of у 
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contributions as functions of Q. 

0 200 400 600 800 1000 
Q*(GeV*) 

lept о 
i n e l a s t i c r a d i a t i v e t a i l , 8. . (a ) , we consider 

lept («0 
(8) Ла) inel 

The contributions from electromagnetic production of e e~, 
M ,г т~ pairs (diagrams 27-30) to the measured cross section 
of the deep inelastic др scattering were calculated in ref . 
It was found that the contribution of diagrams 27-30 to (7) is 
less than 0.4% 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 

5 (a ) =S e l (a ) + 5 i n e, (a ) (9) 
on у for several x is shown in Fig.4 for beam energies of 280 
and 750 GeV. 51вР'(аг) amounts to few per cent, in particular, 
at low x and large y, almost energy independent. 
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750 GeV. Solid lines correspond to д (Л - -0.8) and 
dotted lines, to iiT ( A =+0.8). 
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lept 2 
Fbg.4. The electromagnettc corrections Ь (a ) (l) 
8$_Ш (a) (2) and the weak correction «y! a k< GF e~ 1 ) (3) 
as functions of у for two values of x at 280 and 
760 GeV. Solid lines correspond to д + ( A - -0.8) and 
dotted lines,to iiT ( A =+0.8). 
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polarization contribution of first order in a 

-vac , ,. - v a c . . » v a c , \ . . . . 
8 to = 5 l e p t to + S h a d r to ( 1 4 ) 

g 
is obtained and is shown in Fig.3 as a function of 6vj„As can 
be seen, Sjadr to is nearly as large as Slept to and S (o) 
reaches a value of=8% in the Q 2 region around 300 GeV 2. 

Contributions of order higher than 8 (a) are conventionally 
added to (14) in the leading log approximation resulting in the 
total vacuum polarization correction ^ • Because of a 10% un
certainly of the evaluated Shidi to we estimate the accuracy 
of the total vacuum polarization correction as 

vac vac Д8 ,0.1S h i d r(a). (15) 

3. WEAK INTERACTION 
2 

As long as the Q region under consideration is small in 
comparison to the squared mass of the intermediate vector bo
son, M z , 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 

2 weak z 
<Г(О г а-)=^-( аС г)/^-(« г). (16) 
which depends on the charge and the longitudinal polarization A 

of the initial leptor.. It was explicitly calculated in ref. 
in the framework of the standard theory (the hadronic vertex 
treated as in section 2.2). _j 

The dependence of 8 ± x (Gpa ) on У for_ different « and 
energy values is shown in Fig.4, StA (Gra ) contributes main
ly at large x and у with values up to •= 8% at 280 GeV and =20% 
at 750 GeV beam energy, respectively» for positively charged 
muons. 

2 
Taking into account an estimation of the neglected Z con

tribution the accuracy of the calculated S*?ek(G a - 1) is deter
mined in the Q 2 range up to 300 GeV 2 as 
ДЗ " А

е а к - 0.18^ {GTcT1). (17) 

A rough estimation reveals that higher order contributions 
like the Z terms from diagram 10 and the one-loop diagrams 
like 31-40 may well reach several per cent at Q a = 800 G«;V2 

and have, consequently, to be taken into account at Fermilab 
8 



beam energies. A set of formulae for its calculation is given 
in ref/ 1 7 ? 

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 

«£' = 5 v a 0
+ 5 l e p t

 + S f d l
 + 8*Г" (18) 

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. 
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Fig.5. The total electroweak corrections 8 1 \ to 
deep inelastic д*Р scattering as functions of У for 
several x at 280 and 750 GeV, Solid lines correspond 
to д+С A- -0.8) and dotted lines, to м~ (к = +0.8). 

The dependence of S±^ on У for several * is shown in Fig.5 
for p-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 considerable difference between Sj 0 1 and S^ 1 amoun
ting to few per cent at 280 GeV and growing up to = 207. at 
750 GeV. 

In conclusion, we note that limitation * £ 30A conmonly 
used in the analysis of ueep inelastic muon scattering / a- 9 / 

due to unknown 8 1 e p t (a 2) contribution are no longer persis
ting. The smallness of S e p t ( a z ) 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. 

ACKNOWLEDGEMENTS 

We would like to thank Profs. I.A.Savin for critical reading 
of manuscript, A.Staude and R.Voos for suggestive discussions. 

REFERENCES 

1. Mo L.W., Tsai Y.S. Rev.Mod.Phys., 1969, 41, 0.205; 
Tsai Y.S. SLAC-PUB-S48, Stanford, 1971. 

2. Akiiundov A.A. et al. Sov. J.Nucl.Phys., 1977, iC, p.660; 
JINR, E2-iOI47, E2-10205, Dubna, 1976. 

3. Shumeik'.' N.M. Sov. J.Nucl.Phys., 1979, 29, p.807. 
4. Bollini D. et al. Nucl.tnstr.and Meth., 1983, 204, p.333; 

BenvenuU A.C. et al. Nucl.Instr.and Meth., 1984, 226, 
p.330. 

5. Stein S. et al. Fhys.Rev.,, (975, DI2, p. 1884. 
6. Akhundov A.A. et al. Sov.J.Nucl.Phys., 1980, 31, p. 127. 
7. Bilenkaya S.I. et al. Pisma JETP, 1974, 19, p.613. 
8. Brasse F.W. et al. Nucl.Phys., 1976, Bl10, p.413. 
9. Aubert J.J. et al. Nucl.Phys., 1985, Ь259, р.189. 
10. Akhundov A.A. et al. JINR, P2-85-83I, Dubna, 1985; sub

mitted to Yad.Fiz. 
11. Akhundov A. A. et al. Sov. J.Nucl.Fhys., 19o.\ 32, p.234. 
12. Bardin D.Yu., Shumeiko N.M. Sov.J.Nucl.Phys.„ 1979, 29, 

p.499. 
13. Barger V., Phillips R.J.N. Nucl.Phys., 1974, B73, p.269. 
14. Argento A. et al. Phys.Lett., 1983, li)B, p.245. 
15. Klein M. Fortschr.Phys., 1985, 33, p.375. 
16. Paschos E.A. Nucl.Phys., 1979, B159, p.285. 
17. Bardin D.Yu. et al. J.Phys.C: Nucl.Phys., 1981, 7, p.1331. 

Received by Publishing Department 
on February 21, l n86. 

10 



WILL YOU FILL BLANK SPACES IN Y O U R LIBRARY? 
You can receive by poit the book» lilted below. Prices - in US S, 

including the packing and registered postage 

01,2-82-27 Proceeding» of the International Symposium 
on Polarization Phenomena in High Energy 
Physics. Dubna, 1981. 9.0O 

D2-B2-S68 Proceedings of the Meeting on Investiga
tions la the Field of Relativistlc Nuc
lear Physics. Dubna, 1982 7.SO 

D3,4-82-704 Proceedings of the IV International 
School on Neutron Physics. Dubna, 1982 12.OO 

D11-83-511 Proceedings of the Conference on Systems and 
Techniques of Analltlcal Computing and Their 
Applications in Theoretical Physics. Dubna,1982. 9.SO 

D7-83-644 Proceedings of the International School-Seminar 
on Heavy Ion Physics. Alushta, 1983. 11.30 

02,13-83-689 Proceedings of the Workshop on Radiation Problems 
and Gravitational Have Detection. Dubna, 1983. 6.00 

D13-84-63 Proceedings of the XI International 
Symposium on Nuclear Electronics. 
Bratislava, Czechoslovakia, 1983. 12.00 

El,2-84-160 Proceedings of the 1983 JINR-CERN School 
of Physics. Tabor, Czechoslovakia, 1983. 6.50 

D2-84-366 Proceedings of the VII International Conference 
on the Problems of Quantum Field Theory. 
Alushta, 1984. 11.OO 

Dl,2-84-599 Proceedings of the VII International 
Seminar on High Energy Physics Problems. 12.00 
Dubna, 1984. 

017-84-850 Proceedings of the III International Symposium 
on Selected Topics in Statistical Mechanics. 
Dubna, 198*1. /2 volumes/. 22.50 

010,11-84-818 Proceedings of the V International Meeting 
on Problems of Mathematical Simulation, 
Programming and Mathematical Methods 
for Solving the Physical Problems, 
Dubna, 1983 7-50 
Proceedings of the IX All-Unlon Conference 
on Charged particle Accelerators. 
Dubna, 1984. 2 volumes. 25.00 

П4-85-851 Proceedings on the International School 
on Nuclear Structure. Alushta, 1985. 11.00 

Orders for the i ••. '/e-mentioned books can be sent at the address: 
Publishing Department, JINR-

Head Post Office, P.O.Box 79 101000 Moscow, USSR 



SUBJECT CATEGORIES 
OF THE JINR PUBLICATIONS 

Index Subject 

1. High energy experimental physics 
2. High energy theoretical physics 
3. Low energy experimental physics 
4. Low energy theoretical physics 
5. Mathematics 
6. Nuclear spectroscopy and radiochemistry 
7. Heavy ion physics 
8. Cryogenics 
9. Accelerators 
10. Automatization of data processing 
11. Computing mathematics and technique 
12. Chemistry 
13. Experimental techniques and methods 
14. Solid state physics. Liquids 
15. Experimental physics of nuclear reactions 

at low energies 
16. Health physics. Shieldings 
17. Theory of condenced matter 
18. Applied researches 
19. Biophysics 



Г" 
.\х-нд«..а А А . , Барда.; Л П . , Ломало .4. К2-Я6-1Oi 

S ^'члиационные поправки :• глубоко; еу, р , !о*у 

Кратьч ..1лисаны с а чьи: in ••лгл.н . t Р Р З > ifc" ;JTI,: расчета рл -
JHau».'.-m.i\ •"•-.правок v глубок."u.vynr.yroMy •> ''1->;уклонному р.чс-
•-еяЧ"*. v4i>'1;,!.: ьх-мл'л •. ••.-.-с иных ч.'к-кп "-мл: - .«тт .х :,r.o'ie':-4 -ср н::лить л*' а ' д.-рыл:к J. . п » р -I.IIIMH р.-гууча лептой ;ми 
и дренами, о : иг: ннм>: :<лкк . p o i л !мтнь.х i-poiieii 'u5 ~ ' ! 

и > ? - И | ; ; ? ; 4 j ' : ' " '••' • ;:i..v;<' v P :< Ч'-игим'. * :\> --члслькых икладоь 
о': KIIII '-.I.I! rtecKi.-f n'-;)c>-iC!-'.-h . Ь л ' а д ы , >.(. Р";:ничаЯ|СЧо.гн '"• 
-ни»-, л: и1 .-• .фе;кн>.-< 1".1Чие.'ения>: р "•.ш.чгжч''мх 1оп^.'Ч>ь . Л( • .та-
i акч L- o'-pe;.f •'-.иных :-ином^тиче :у,.г .>".••• ц,-' • - - > - ь t i-••.!••• лро-
ьечтои !:pt' Ч ' .р1иях ."выт • '0?' ' У. 

"аы!а выполнена ;- ЛтГориторшг -fopo r;w. I;M... физики СМЯИ 

Сообщение Объединенного института natpi'^x ?••:•::..•. лоьаник Дубна 1-/Н'-

! Akhundov A. A., Rirdir; П.>"•:., ;„o!^anriW. i-.>-S*-!Oi 
Radiative Corr<".t ic :•. 'о Deep Inelastic. 
Muon ScMtterini» 

A euiwi.vry '' s p.u'C.1 of the '">si n-a'nt rtpjll: ' '- the 
calculation of radiative correv . i on.; to (;,vn ine*ast I с лшог.-
nuclecn soatterir.fA. Contributions ' rom !epton;o eli'i irou.ii:-
netic processes up to the order u 4, vacu'ir-! polarization by i 
leptons and hadrons, hadror.ii. e i c.- ггопшгле t ,'•• nroci-sses -o J j 
and yZ inttrference have been take"- into account. The dopen-l 
dence of the individual contributions on knou.iu.ii va- . 
riables is studied. Contribut ion.b, not considered in earlier , 
calculations of radiative corrections, reach in certai" j 
kiriematical regions several per oent at energies above } 
100 GeV. | 

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

Communication of the Joint Institute for Nuclear Keseaich. Dubna lLI8<- i 


