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le The Born Crofs_s S-e_cf.ionj

The Feynman diagram describing neutral current deep-inelastic lepton-nucleon scattering

(k1) + p(p) — Uk2) + X (p)

is shown in Figure 1. The particle 4-momenta are given in parentheses.
The matrix element for the Born cross section reads
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For later use we rewrite the differential Born cross section (5) in terms of the leptonic and

hadronic tensors, L** and W, , integrating over the phase space up to two variables:
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The symmetric (S) and antisymmetric (A) parts are
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The form factors contributing to the terms oc m? are
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The particle label p; takes the values p; = 1 for particles and —1 for antiparticles.

The hadronic tensor reads

Wa = 20 Y [(017p) el 18)6° 6 — Y- 20) TT i

For its representation in terms of structure functions we follow the convention of ref. [11],
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s denotes the polarization 4-vector of the nucleon. In the nucleon rest frame it is given by

8 = M(@,ﬁ;)

7y 15 an unit 3-vector.
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For a short-hand notation we have introduced the combined neutral current structure func-

tions 7; and G; in eq. (19). In terms of the structure functions F""” and
associated with the respective currents, they read:
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The twist-2 contributions to the structure functions can be expressed in terms of parton densities.
In lowest order QCD one obtains [12, 13, 11] :

F(z,Q%) = za,,,, |92, @) + &=, @), (26)
F5(2,Q") = 22 F}% (2, @), (27)
F}7(2,Q%) = Y 85,4, [4(2, Q%) - #(=, Q%) (28)
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and the electroweak couplings are
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For the numerical results, which are presented in section 5 below, the structure func-
tions eq. (29—33) are paramctn»zcd‘ using a partonic description for the structure functions

Fi(z,Q%), Fs(=,Q%), 9:1(=, Q%) and gs(z,Q?). The other structure functions are calculated us-
ing the rel‘atlons above. ¢(z,Q?), 3z, Q%), Aq(z,Q?), and Ag(z,Q?) denote the unpolarized
and polarized quark and antiquark densities, respectively.

It appears to be convenient to rewrite the Born cross section in terms of the following two
contributions:

Popem _ Poi®S  PoBo
dedy  dedy | dzdy ’ %)




dzal‘;npc'l 2ma? 3 o
o S S (z,9)Fi(z, @%), (38)
dzdy Q* ;
and
dza]';"l 2ral s
= = M f?S8 ) Spil=,v)Gi(=, Q7). (39)
dzdy Q4 » 2 o :

Ay denotes the degree of nucleon polarization. For unpolarized deep-inelastic scattering only
the first term, d’0"P°!, contributes. Eq. (39) applies both to the case of longitudinal (L) and
transversal (T') nucleon polarization, where

ff =1, (40)

dep |4M?z M?zy del —y .
ff = cosgp %J Sy (l—y— 3 Ecoscp% yys;n@;. (41)
0 is the angle between the incoming and outgoing leptons. ¢ denotes the angle between the
nucleon spin vector s and the plane of the incoming and outgoing lepton in the nucleon rest
frame (see figure 4 in appendix A). The polarization 3-vectors for longitudinal and transverse
polarization are given by

k

al = AL L. (42)
[l |

a7 = M@y, with 7.0k =0. (43)

Finally, the kinematic coefficients in eqs. (38) and (39) are:
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2. The O(a) Leptonic Correction -!

The O(a) leptonic radiative corrections to the scattering cross sections are given by

dzaQED WA Clé_ d’agom + dzonnm &20’:301 " d“a’,:j (47)

= —OVR : = .

dzdyy 7 Ndzmdy | dmdy | dzmdy | dzmdy,
The corrections are represented by the finite parts of the virtual and soft (VR) and
Bremsstrahlung terms, respectively. Since we integrate over the phase space of the radiated
photon, the differential cross sections (47) depend on the way in which the Bjorken variables z
and y are determined kinematically. Because in all the polarized deep-inelastic scattering exper-
iments performed so far the kinematic variables were measured using the scattered lepton’ the

present calculation refers to this set of variables. The kinematic variables are defined by

@ _phok)
Sy;’ p-ky

» and QF = —(ky — ka). (48)

T =

The hadronic structure functions depend on the hadronic variables

2 /
_Q _p(¢ —p) 2 _ (o .
Ty = Sw.’ Yn = P-kl 9 md Qh e (P ’) s (49)

over which is integrated.

2.1 Virtual and Soft Corrections

I~ (ky, m) 1~ (Ka, m)

> Y, &

p(7, M) X(7', My)

Figure 2: Diagram of the leptonic virtual photon correction for deep-inelastic scattering.

The virtual and soft correction, §yg, can be written as

o O = e O _1 2 [1= (1l — =) 1-w
bvr(w, Qz) = 5mf(w,Q;) In [ 1= nn ] + Li, [ . ym)‘(l - m(l - zz))
+ Eh (Q’ ) — Lig(1) - 2, (50)

'Other choices of kinematic variables were also investigated for the case of unpolarised deep-inelastic scatter-
ing [14, 15, 12, 13].



with

o) = [ (3F) - 1] [ =S5 )

In(1 — z2)
A,

and :
Lia(2) = — ] dz
0

These expressions are the same in the unpolarized and polarized case. They were derived in
refs. [12, 13).

(52)

2.2 Bremsstrahlung Corrections

The differential Bremsstrahlung cross section for the scattering of polarized electrons off polarized
protons, originating from the diagrams in figure 3, is

doBrem 1 -\
d:‘:d/m = 20°Sy, j dyndQ? Q4[ dp 1 ( ;‘_‘;,w,.,)-]. (53)

(k)

12

Figure 3: The leptonic Bremsstrahlung diagrams for for deep-inelastic scattering.

W, denotes the hadronic tensor (19). The invariant ), is defined in (A .14). The Bremsstrahlung
correction to the leptonic tensor, L., has the following form :

i, = 2L,(Q:)~{ (—2—":2 g h )k“k" + 4(-———- + &)k;‘k;‘
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z5 1 Zi 212 7-1
e d
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-2 [L (Qm Al) - -(Qh: /\!)]| klakﬁ}
+35x(Qm)~¢) [ (kikz + kikz) — 4(1 + yin) kyky — (Qfh — yn@Q3F) ¢ ]
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H 3. The Leadmg Log Approx1matmn

d? E".I'éA = d’a‘,- d‘za'f

= 4 + dzaComp )
dady " dady " dady T dzdy - (93)

ISR, FSR:

d’of, 14 z P T d*al )
—_— = d = — Bom _ — _Bom 04
dzdy ~ 2x (“ 1) / . { (2~ 2) T — a | } (94)

z=%,y=j,5=§ dzdy

where the rescaled variables are

S L3 =1 2 '
$ =28, gzm__’ @=2Q®, i = =, (95)
z 9S
for initial-state radiation and
4 - " 2 2
$=5 914221 @ . € ,_. € (96)
z z yS
for final-state radiation. The Jacobian 7 is given by
a(2, )Ia
= J(=,y,Q* l 97
@) = [g2B]. (97)
cf. refs. [7, 16]-[19, 9]. The lower integration boundaries %o derive from the conditions
#(z) < 1, ¥(z) < 1, (98)
and are given by
i 1-y
"o=1~yza 25=1~y+zy- (99)

The structure of eq. (94) is the same in the unpolarized and polarized case in leading order QED,
since, as is well-known [20], the fermion—fermion splitting function

Pys(2) = (llti)+ (100)




COMPTON ;

. U 2 1 ( h)-.!
4 Comp  _ “_zﬁfdz / dQ"[éF;” (=4, Q2) — 2F( z,,,Q,,)] of. (17, 19, 16, 23],
dz,dy, Szi y, 4
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p o ( I S-":; . Qz - 3h91 (zh:Qh),
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1 (Qh)-‘:iQ 1
z
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(101)
Here we used the abbreviations
Y: = 1£(1-w)?, Zy =124 (1-2), (102)
= 2 10
5 = g (1@3)

Part of the structure of egs. (101) can be understood, as in the case of Bremsstrahlung, in terms
of partonic splitting functions. In the unpolarized case

w: —>  PY(s)= %=—~———H(lz_z)z (104)

emerges (19, 9]. The longitudinal structure function js convoluted by the coefficient function

e — ci(2) = z, (105)

cf. [24]. In the case of longitudinal nucleon polarization one has [20]

L. : —s M-S 1204 (106)

and the Compton term can as well be understood in the collinear parton model. Such an
interpretation is, however, not as straightforwar in the case of transverse nucleon polarization?.
For the boundanes of the Qj-integral in eqs. (101) we used

(@)= = :—:(1 — 0)Q?,

(le‘)nun _ mu{(Qi)ﬁnia:)Q‘:}! (1'07)
where

Q% = (M, -m?) =

1 — Th
zp(zamS - Qf )N wmS — WT,) + 2Q¢(za M)
2 [izhy.;S - Q? + (J:AM)'Z] )

(108)
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4. NOMERICAL RESULTS
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Figure 5 : O(a) leptonic QED correction, eq. (47), to the polarized part of the differential deep-
inelastic scattering cross section for longitudinally polarized protons at v/S = 7.4 GeV. Full lines :
complete corrections; dashed lines : initial and final-state Bremsstrahlung contributions in LLA; dash-
dotted lines : complete LLA contributions, eq. (94).
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Figure 6 : The same as in figure 5, but for a Q%-cut of Q2 > 1 GeV. Full lines : complete corrections;
dash—dotted lines : complete LLA corrections.
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Figure 7 : Comparison of the different contributions to the O(a) leptonic QED corrections in LLA for
longitudinally polarized protons at /S = 7.4 GeV. Full lines : initial state radiation; dashed lines :
final state radiation; dotted lines : Compton contribution, eq. (101), scaled by a factor 10.
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Figure 8 : O(a) leptonic QED correction, eq. (47), to the polarized part of the differential deep-
inelastic scattering cross section for transversely polarized protons at /S = 7.4 GeV. Full lines :
complete corrections; dashed lines : initial and final-state Bremsstrahlung contributions in LLA; dash-

dotted lines : complete LLA contributions, eq. (94).
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Figure 9 : The same as in figure 8 applying a Q%-cut of Q2 > 1 GeV. Full lines : complete corrections;
dash—dotted lines : complete LLA corrections.
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Figure 10 : Comparison of the different contributions to the O(a) leptonic QED corrections in LLA
for transversely polarized protons at /S = 7.4 GeV. Full lines : initial state radiation; dashed lines :
final state radiation; dotted lines : Compton contribution, eq. (101), scaled by a factor 5.
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Figure 11 : O(a) leptonic QED correction, eq. (47), to the polarized part of the differential deep-
inelastic scattering cross section for longitudinally polarized protons at /S = 314 GeV. Full lines
complete corrections; dashed lines : LLA terms, eq. (94).
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Figure 12 : O(a) leptonic QED correction, eq. (47), to the polarized part of the differential deep-
inelastic scattering cross section for longitudinally polarized protons at v/S = 314 GeV. Dashed
lines : 6™ for only the structure function g1; full lines : complete correction. The contributions due
to the structure functions g, and g; are of O(M?/S) and are not included.
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