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1 Introductlon

B P

~.¢ In the small x range a novel behaviour of nucleon structure functions

is expected.
Among the possible dynamical effects are: Screening and effects
due to non strong k, ordering.

‘¢ This requires to consider rather:

w  ,0zG(z, K?) ’

[" dK e (1)
than
2G(x, ) (2)

e To obtain results which are consistent with perturbative

QCD a consistent factorization relation has to be derived.

-® Furthermore, approximations of the z behaviour of the k&, de-

pendend coefficient functions or (additional) low Q2 ’cuts’ bear
the danger to obtain partly unphysical and misleading results
(e.g. negative structure functions).

e The goal of the present paper is to find a consistent solution of

the above problems and to extend earlier investigations (LeviN
AND RYSKIN 1991, ASKEW ET AL. 1993). |

e We aim on a! general formula,txon of the gluon contribution to
the structure functions which offers the possibility to unfold the
k. dependence of the gluon at small z. Theoretical predictions
of its small = behaviour can thus be confronted with the data
with respect to the k£, dependence directly.
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2 Kinematics
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g+ k=p1+p
The 2 — 2 process is described by the invariants:

§ = (¢+k) =(p+p)
t = (k—p) =(a-p)
i = (g—p) = (k- p)

k,=£q +nP,+ky,
with k;.¢ =k, .P=0and
Q?
2P.q
2k.P
2¢'.P
- 2k.q

= 2q.P

T




and

2
K= K-> - (10)
with k2 = — k2. between P and k is needed. We will assume that
£ (11)

which implies
E~0 Pk~0 k,~nPi+ky, K=K (12)
In the scaling limit, £ = 0 and k; = 0, the gluon momentum is

ky = 1b, (13)

and the relations given below simplify accordingly. The general rep-
resentation of the particle momenta is thus given by:

-

k = (Ky,0,0,k|)
q = (Q0’0101—|kl)
P = E,(1,sin 3,0, cos 3)
pr = (E1, q1sin0cosp, g sinfsin g, q cosb)
ps = (Ea,—q1sinfcosep, —qsinfsing, —qycos6)  (14)
with
KO - g(g?—Kza"Qz)
Q = £(5,-Q -K?)

El = 8(§’ mzl)a mg)
m

E; = &(3,mj,mi)
|E| = »p(g,_Q2,_K2)
qQ = .P(gim%?mg)
2KoE1+ K —mf-&-f
cos@ =




2
Ep = 8(§,0,tqp¢)= Q

2:1:\/:5: .
. Ky  1-(/2 |
cosf3 = |E] V=TS (15)
where
4K?%x
¢ = Q? (16)
a+b—c
g(a, b, C) = “—2—'—\/—._;“"
Xa, b, ¢)
b — b
P(a7 ’C) 40- (17) -
Ma,b,c) = (a —b—c)* — 4bc (18)
top = (g — P = § - QY (19)
 is defined by | |
COS(P: (qx I})D)(qx pl) (20)
| lg % Pllgx pil |p,—p,
In the limit ml,z — 0 the 3—particle phase space is described by
JPS® = 1 dpp dsdtdK? dp
12873 2w AV2(§,—K?% —Q*)AV/2(s,,0,—Q?) 27
x ©{-G(s,,—K?%3,0,-Q%0)}
x 0{-G(5,t,0,—K? —Q%0)}0{5} (21)
with G(z,y, z, u, v, w) the Caley determinants.
(3) _ maz maz(’-') 9. (2% d(pP 1 2x d(P
'[dPS 12871'3 Timin d '/Krzmn( ) dK 0 27 2/ dco '[ /)

(22)




The variables in (22) are bounded by:

2
K min 0
K2 _ Q2T’ —
Mmin = T
hmaz = 1

H A

(23)
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3 Factorlzatlon
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e The k integration starts at K2 = 0.
However, a physical definition of d2G(x, K?)/0K?
is ONLY possible for K% > Q3 |

¢ The naive k, factorization fails.

rl sl . Oz G(:Bg,ffz)
Fi(z,Q% ;/0 /; dxydrd(e — ,;;l;gz)fd? kfi(z1, K2/Q?) 2 o

(24)

One o_hserves:
for: Q2 < Q°

one has for K2 < Q2. ff (gz,z) = ffa(%; = 0,2)
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Thekl Factorization Relation is thus: %

i’—’..—-—-r«::" v T B - _’-'w-”@}

FE@) = [ L0666
_ /: dz j‘K-?nudI sz(Z )a:BG(a:/z ‘Kz) (I{'fwz_Qg)

OK?
F(2,Q%) = F“""“(n Q%)

mas 2 A2
+ /: dz/: di {fz(zagz) f2(z’Q2) (QZ_KZ)}
x gaG(‘;ﬁ;I‘ Dok, - @2 (25)

The Scale of «,:

For the present leading order calculation we have choosen: (%
Other characteristic scales would do as well.
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| 4 The Structure Functions in the é
|k, Factorization Scheme in O(«q;) |

i

s g

d*o ., Ms 1
dQdy (s — M2)2H

L, W (26)

Lo = 2[Ll + 1L - gull] |
1 em em '
W = 5= S(PI O}l L OIPYEr) 'SP + 9 - pa)  (27)

o= e+ 58] e 148 () (- )i
28)

q
(
Fy(r, Q%) = aTLW* = 1228 p p,) ww
2(I1Q) - ‘E;w =T "gpv-l""Q_z'p,u
. |
Fy(e,Q%) = mTﬁyW“"“—Q%PPW“" (29)
_ T — 2 (plP)2+ (p2P)2 QZ [pl P pZ P]
Wy = 327ra,eq{ = A - (30)
— s 1 (p1.P)(p2.P)*  (p1.P)(p2.P) | (1. P)(p2-P)°
PrPPYW,, = 64w, el 4T 2{ -2 = + 7 + =7
(31)
K’ 2y L NEN A
filz, Qz) a,(Q°) E ( +€q‘) 64s (};}) Gir(w, B)
1 Q? 1 —
T [GZL(W 8) + Gsu(w, ) log +w}]} (32)

with

w=1-4K2z/Q? (33)




1.1 .

Gie(@.f) = % ol (8) (34)
4

Guale ) = 3 —al2(9) 3
k=2
b

Gulw.8) = X —old(6) (36)

6D = 2+3co B Scos' B
g’ (B) = 4cosf3 —12cos’ B

2 2

= 3—18cos’ 3 + 15¢cos* 3
= —12cos 3+ 20 cos® 3

3 35
= =3 + 15cos® 3 — 70054;8

)

)

)

) = 4 — 12cos® 3

) = —24 cos 3 + 40 cos® 3
) = —3+30cos’3—35cos'3
) = §+—]'~coszﬂ+§0054/8
T 402 4

) = 2cos3 —6cos’f3

)

)

)

7 15
= 5~ 15cos® 3 + ?cosﬂﬁ’

= —18cos/3+ 30cos’ 3 |
4 105
= —g + ?Scoszﬂ - Tcos‘ﬁ (37)




5 Numerical Results ]
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| 6 Conclusions %
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. A derivation of k| factorization which is consistent with per-

turbative QCD has been given.

. The gluon contribution to the structure functions Fy(z, Q%)

and Fy(z,Q?%) has been calculated using k, factorization
without approximations of the Mellin convolution and the
x dependence of the coefficient functions contrasting earlier
investigations. The obtained contributions to the structure
functions are posttive in the whole = range.

. The derived coefficient functions approach those found using

mass factorization in the limit X% — 0.

. The numerical result obtained for F;(z, Q?) in k, factorization

for suitably 'large’ values of = approaches the result obtained
ignoring the k; dependence of the coefficient functions. (This
is an expectation in the parton model.) i

. The numerical results behave very stable against the choice

of the scale Q2. There is essentially no change for all z, as
long as the condition Q% >> Q% is met. (As we do not provide
a thorough inclusion of higher twist effects this is a natural
choice.)

. There is no‘_ﬁ:ced onset (e.g. T ~ 1072) of small z effects

observed. Deviations from the k; — 0 results become smaller
with rising Q2 at © = const.

. The k| dependence of the coefficient functions and gluon dis-

tribution results into SMALLER VALUES of the struc-
ture functions in the small = range. A similar behaviour has
been observed récently by VAN NEERVEN ET AL. in a higher
order calculation using mass factorization.




