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RADIATIVE CORRECTIONS TO THE DEEP INELASTIC yN SCATTERING IN THE TeV REGION

D.Yu Bardin, I.A. Savin, N.M. Shumeiko
Joint Institute for Nuclear Research, Dubna, USSR.

ABSTRACT

The contributions to the deep inelastic cross section resulting
from other than one photon but radiative and weak diagrams are
estimated up to the energy of 30 TeV.

INTRODUCTION
The reaction
£ + N> &' + hadrons (9]

is one of the main sources of information on the nucleon structure. Double differential
cross sections of the reaction (1), d%c, = d?0,/dxdQ?, calculated by one-photon exchange
diagram (a) is simply expressed through nucleon inelastic structure functions W, (x,Q2),
W, (x,Q*) and others. But from experiments we obtain the cross sections d?opess which

correspond to the diagram (b) containing other processes, in particular, some radiative ones:

2+N->2"+vy+N (3]
N2 4y +N 3)
2 + N = &' + y + hadrons ©))]

where y is not detected.

One can assume that the procedure of the W; and W, determination from d’cpegs is
systematically unbiased when the ratio

d*opeas
———=1+6(x, Q% E) (5)
d?qg,

is close to 1 and the §(x, Q?, E) so called radiative corrections (RC) to the one-photon
exchange, are small enough.
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The gauge invariance allows one to separate from the total RC a part of it, 62,
originating from diagrams with additional y coupled to lepton lines (RC to the lepton

current). So one can write

§(x, %, B) = §,(x, Q*, E) + & (x, Q*, E) (6)
where Gh is the rest of the radiative corrections which we will call as RC's to the hadron

current.

In a number of theoretical papers the methods and results of RC calculations are
described. The method of the &, calculation developed by Mo and Tsail»2) has been used
in most of SLAC electron-nucleon deep inelastic experiments and with some modifications in

Fermilab muon-nucleon experiments.

An alternative method of RC calculations has been developed by Akhundov, Bardin and
Shumeiko?®) for the CERN muon experiment NA4 designed to study the deep inelastic scattering
at the now highest possible energy and 4-momentum transfers. It is free of the so-called
"photon softness' unphysical parameter used by Mo and Tsai. It permits also the faster
calculations of RC's on computers").

Apart from the RC to the lepton current the number of graphs contributing to diagram (b)
and giving the RC to hadron current have been considered®). The processes like the hadron
polarization of vacum®), e.m. interactions between hadrons in a final state’) , e.n. lepton
pairs production®) and Z°-boson exchange””) are found to be important at high energies.
Basing on these calculations we try to estimate the possible size of corrections to one-photon

exchange up to incident muon energies of E = 30 TeV.

. CORRECTIONS TO THE LEPTON CURRENT

The RC's to the muon-nucleon cross section, &

,(Ll) (x,y,E), arising from virtual and real

photon emission and absorption diagrams (c) have been calculated in the lowest (first)

o-order at the muon incident energies E = 50, 300 and 3000 GeV. The method of reference?)
has been used.
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The main features of Ggl) (x,y,E) are seen from fig. 1(a):
- for the large part of the kinematical region SJEI) is small (2' 30%)

- there is a rapid increase of |6£1)| in the boundary regions W? - (Mp+ MTT)2
and W? » wzmax dominated by "soft' photon emission in the first one and by
hard photons in the second one;

- the energy dependence of dgl) is very slow.

The most prominent energy dependence of Sél) at y =~ 0.5 and v = 0.43 one can parametrize
by formula

50 () = 6{ (50) - 10g(e/50) ™

which gives (1) = - 193 at E = 30 Tev.
2

The '"forbidden" regions where SEI) > 30% are shown in fig. 1(b) for different energies
in variablesx, y. The curve III is obtained assuming that the boundary of the forbidden
region will expand with energy increase from 3000 to 30 000 GeV as fast as it expands from
300 to 3000 GeV. It is evident that before drawing any conc'lusion about RC's inside of these
regions one needs to calculate second order corrections § Ez) (two loops diagrams, double
bremsstrahlung etc.).

. CORRECTIONS TO THE HADRON CURRENT

The lowest a-order corrections arising from the two-photon exchange and photon emission
from hadron vertex processes (d) have been calculated at E = 50, 300 and 3000 GeV for u+ and
u~ in the framework of the parton model®). They are shown in fig. 2. For the bigger part of
the x,y plot 6}51) is of the order of 1 to 3% both for u+ and u . .

@
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The energy dependence of 6( )(x,y E) is very slow. For example, the extrapolation of
m(v = 0.43,y = 0.6, E = 3000) to the energy E = 30 TeV gives 5( ) < s,

The difference of 6( ) for u and u~ is almost energy independent and increases with
increasing of y. One can use these properties of 6£ ) for their experimental measurement
at present energies. This measurement will provide also a check of the parton model validity

for such a calculation.

The RC arising from the hadron vacuum polarization, 6vac’ is also the first order
correction. Berends and Komen®) have shown that this correction increases logarithmically
with increasing of Q. The extrapolation (see fig. 3) of calculations done up to Vs = 30 GeV

to the energy of E = 30 TeV (/s = 250 GeV) gives for 8 ac = 85

Corrections Gf arising from e.m. interactions of final state hadrons are estimated”)
not better than by an order of magnitude. The energy dependence of Gf is shown in fig. 3.
One can see that at E = 30 TeV Gf reaches the value of about 30%.” It proves the necessity
of more detailed and precise theoretical study of the hadronic final states in deep inelastic

interactions.

. WEAK NEUTRAL CURRENT CORRECTIONS

The lowest order correction due to lepton-nucleon weak interaction (diagram (e)) comes
. . . . . 1 .
from y - Z° interference temm. The maximal size of this correction, 6£ ), as is known
proportional to Q®

QZMZ
s‘f,l) n1.8 s 107 ——2———22-—2—— ®)
OF + Q) M

At the energy E = 30 TeV the realistic Q% up to which one can measure the deep inelastic
cross sections will be about 20 000 (GeV/c)2. As is seen from (8) the correction 5&1) is

about 40% at this point.

As far as Q* >> M; the one-loop weak corrections may be also significant at such

momentum transfers.

As shown in the paper!?®) the weak corrections are very important also for cross section
asymmetry measurements. For example, the weak correction to the P-odd asymmetry A~ (of SLAC

type) can reach 20% already at present muon beam energies.
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PRODUCTION OF LEPTON PAIRS

Processes like (2) + (4) where y is replaced by AT pair (diagrams (f)) can also
contribute to the measured inclusive deep inelastic cross section. The comprehensive study
of corrections 622 arising from these processes has been performed in the paper®). It is
shown that up to energy of 2 TeV &,, < 0.5% for Q% > 1 (GeV/c)2. At lower Q2 84, may reach
a few percents. The energy dependence of 622 is very slow. For example at E = 30 TeV 622
is still less than 1% almost everywhere inside of the kinematical plot.

. CONCLUSIONS

6.1 For the large part of the kinematical plot of the muon-nucleon deep inelastic scattering
the first order radiative corrections to the lepton current, 651) (x,y,E), one can calculate
quite reliably up to considered energy E = 30 TeV.

6.2 The part of this plot, where 651)(x,y,E) exceeds 30% (at large y and small x), is
logarithmically increased with increasing of E. Inside of this region one needs to estimate
2
NO

the second order corrections, , in order to prove the correctness of the whole procedure

of RC calculations at energies above 1 TeV.

6.3 The RC's to the hadron current grow with an energy increasing but its magnitude is still
of an order of a few percents up to E = 30 TeV. These estimations are model dependent and

should be checked experimentally at present energies.

6.4 The effects of lepton-hadron weak interactions grow with energy and at E = 30 TeV
could reach the level of about 40% of electromagnetic ones.

6.5 The lepton pairs production by muons can not give sizeable corrections to the deep

inelastic cross section up to energies higher than 30 TeV.
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Fig. 1(a) Radiative corrections to the lepton current
6&‘) (%), as a function of y for different
vdlues of v = x*y. The solid, dashed and
dashed-dotted lines correspond to E = 3000,
300 and 50 GeV, respectively.
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Fig. 1(b) Kinematical plot of the deep inelastic muon-
‘nucleon scattering. Below the curves 1, 2,
and 3 the 8{!) is bigger than 30% at energies
300, 3000 anid 30 000 GeV respectively.



T T T T T
4 -
2
(&
o
>
R
-8 ! -
8 !
]
1
I ] 1 | 1
O 02 04 06 08 10 y
Fig. 2 Radiative corrections to the hadron current, Fig.

8(1) (%), as a function of y for y* and p-
akt1 different values of v = x+y and energies

as in fig. 1(a).
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Corrections due to hadron vacuum polarization,
Svac (%), and e.m. interactions between hadrons
in final states, 8£(%), as a function of vs.
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