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3. The running coupling constant
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. +0.019
DisS v§, T, 5 .3w|o.o;. AU +.006 .00% .DO4% NLO
.« S P F, 71 .480 x.0l4 .1131.005 .003 .904 NLO
ADV DQ-:«?:
Process Rel. | {GeV] | a,(Q) a(Mye) cxp. theor. | Theory
GLS (CCFR) (15 | 1.73 | 0.24 £0.047 | 0.107 * 3507 | + o006 + 00 | NNLO
R, (CLEO) [16] { 1.78 | 0.302 £ 0.024 | 0.116 + 0.003 | 0.002 0.002 | NNLO
R, (ALEPI) (17] | 1.78 {0.355 £ 0.021 | 0.122 4 0.003 | 0.002 0.002 | NNLO
it. (OPAL) (17] | 1.78 {0375 £ 9932 10,123 4£0.003 | 0.002 0.002 | NNLO
I, (Raczka) (18] | 1.78 |0.333£0.021 [ 0.120 £0.003 | 0.002 0.002 | NNLO
e = 17 (CLEQ) [16] | 2.95 | 0.187 £0.029 | 0.101 £0.010 | 0.008 0.006 | NLO
QQ states [19] | 5.0 | 0.188:£0.018 | 0.110+0.006 | 0.000 0.006 | g LGT | o000\
bb states [19) | 5.0 |0.203+0.007 | 0.115+0.002 | 0.000 0.002 | LGT :
T(1S) (CLEO) [16] | 946 |0.164 £0.013 | 0.111 £0.006 | 0.061 0.006 | NLO
cte™ = jets (CLEO) | {16} | 10.53 | 0.164 £0.015 | 0.113 £0.006 | 0.002 0.006 | NLO
ep — jebs (1) [20] | 5 - 60 0.123£0.018 | 0.014 0.010 | NLO
pp— W jets (D0) | [21] | 80.6 | 0.123+0.015 | 0.121 £0.014 [ 0.012 0.005 | NLO
ete — 1%
scal. viol. (ALEPI) | [17) | 91.2 0.127+0.011 | - - NLO
cv. shapes (SLD) (22] | 91.2 0.120 £ 0.008 | 0.003 0.008 | rcsum.
[(7° — had.) (LEP) | [23) | 91.2 0.127 £ 0.006 | 0:005 * 293 | NNL,O

Table 1. Summary of most recent measurements of oy, presented at this conference. Abbreviations:
GLS-SR = Gross-Llewellyn-Smith sum rules; (NJNLO = (next-)next-to-leading order perturbation

theory; L.GT = lattice gauge theory (4 stands for quenched approximation); resum. =

next-to-leading order. Most results are still prefiminary.
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OTHER OBSCERVARLES
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: . S-BETHUWE
Table 4. Processes and Observables from which significant determinations of a, are derived.
Process Ovurgv_o | .Theory Caveats
hadronic event shapes, NLO and uo.
ete” jet production rates, hadronization corrections
energy correlations summed NLO
0
Ry =L r%_m NNLO | small QCD corrections
R, = B 1m.ﬂmﬂ W.&owwb& NNLO nonperturbative corrections
scaling violations in mm spectra NLO only through MC models -
wmﬂhmﬂfﬂ s I . NLO | relativistic corrections
— ptu
: 2
pis |4 _mw_wm | NLO | higher twist; ¢(z,Q?)
d In Fa(z,Q? . ..
lﬂmpﬂdpw NLO higher twist
PP pp— W 4+ jets NLO statistics; k-factors
pp — bbX NLO statistics; exp. systematics
cc mass difference of 1s and 1p lattice gauge e
. theo quenched wvv_nounubwsou
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APPLY THE TECHNIQUE OF THE WWA TO
MASSLESS PARIIUE RADIATION IN THE RESP.

FELD THEDRY :
QCD, QED : FERHIONS, VECTORS .
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2

Pe(x) = 2422 ::ETRTA_W .v__:u-:::: x—5(1=x),
(4.52)
Po(x) = ~+w [in?x+4 Inx + £~ 23] +201 + %) Inx + 201 - x), (4.53)
?.?TL H_Mmﬁu_:xi-v Neix; (4.54)
P(x)=2 m_wwq_\:i.ﬂmg —Z4+2(1 4+ x)lnx +4(1 — x). (4.55)

xf(l+x) 2

/1



1 yea1q g »dA1 jo IO YA TONEIL aoiedrT-aoquin ap Apsnes v odly Jo susl

“auI] JRI1) SY) UL UMOYS I SI01IE] JNO[OD seedosddy

f.u\_

0 ] r- 8 0 Y- 0 ] 0 0 r r—. (x = )°F 1
X -
0 o v~ 8 0 r- o0 ©O0 O O r y— ((x=Dur+xu) n+~ o
. X+ 1
0 - - o 0 v— ¥ 0 0 el .
0 ¥ g ¥ 0 Y
- r-1.
0 0 y §— 0 ¥ ) 0 0 ] r v e 7
0 0 - ¥ 0 0 o o o0 0 0 0 (x—pur{x-1)
0 0 0 4 0 - H 0 £ 0 4 y-— xup{x—1)
r-1 rH°
0 0 r- § r—- o o0 r- * €= 3 (x~ 1= e
£ £ £ i_ [4 I_ T x-1
z 1 T T 0 ¢ i 3 0 g
(x — Puxe -1
3 0 - 9 0 - - 0 0 0 z y-— - DuxE o
0 0 z- z 0 0 6 o o 0 (x — D put =
0 ) De™
0 0 0 o o 0 m| 0 m| 0 0 0 x u{x+1)
£_ £ £ - - _ 1]
P s ol 1 0 1 s 0 £ 0 1 £ x|
T - (4 I_ _ r_
0 4 0 0 z . : 0 | 4 . 0 rap{x + 1)
: xe-1 Y
0 1 0 1 1 1- 0 0 z 1- 1 - x 0] XY
[ xr—1
2 £ 6 £ 6 a41t—- 0 £ 0 0 i) ] £ £
B — - B —— T - - - — -
ot 175 U7 ol it AL A e+l
. , s g T\_.a.kuwwh
\ s Y Y Y W mVYETYY WV
d5dyt o545} {39)

(3/1 0 x)**1 o1 smesAep snouta Jo UONNQUINGD PAII]

[EERLAAS



ﬂ SINGLET: *

Ry P ) ¢

m“m_...s = n._w [Fl+x+G =30 x-30+x0)In2x- G lax+2lnxIn(l - XNP () + 2P (=x) 55 (x)]
+Ci:Cq BU-x)+F mx+imlx+y -1 uuvt_..mmhu - S:Aip.u.wu?d
+q_ an2— —l...l. +!H+ﬂhpﬁ+—o H._-.Ju —uuuﬂlunm.._ﬂwo\.ﬂu..—. MAH.THV_-JNH wﬂb.vﬁ_.— A‘HVH

NX.._.& = n.w..—!m —Ix+2+I)nx+(=1+ix)mx — 2 (1 —x)+ ﬁlu In (1 =x) = 1a2(l — Huu.n_.dor.z
+ D.n.cm +=.H + 5 x2 (=12 - Sx—3x) Inx +(4 +x) In?x + 2x EQ =x)+{(-2lnxIn(l-x)
+3m2x+ ¥ mI-x)+ In2(1-x)—ial+ mut_..n?.v +prg(—x)S§2(x)]

+ Cp TNy Hluk AI +u In(! Ik&.c_ooé ’

PAS) = CL.TpV[4 = 9x + (=1 +4x) Inx + (=1 + 2x} In2x + 4 In(1 — x)
+{—4InxIn(i IHV +4Inx+2n2x =4 (1 -x)+2In? (1 ~x) = 372 + 10) pep(x))
+ nn TN [ +5 2+ F 0714 (P x = F)lax - 4In(1 - x) = (24 8x) In2x + (<In?x
Finx =22~ x) +4 () —x)+ 5 12 = Hpopx) * 2p6:(-5)52()] ,

.c: S} = =2 CeTprN:[-16 +8x + F Hn + uHIH +(=6 = 10x) In x + (=2 — 2x) In2x]
+Goﬂ_t<_.._u|u.n+au..n - Llﬂ?»i:atﬂtaooﬂz
+CGF -0+ § (2 ..HLU HEF Y- P ) I + 40 +x) x4 (F =4 Inx In(l ~x)
+in?x ~ auvboacc +2p66(=x)S,(x)} .

(i+x)

Mpﬁbm.\. I_N_:A_anp Si(x)= % IL:QINU

(l+x)x




'NY3V
GS&%W__\%_ uqvc”«;i ¢ rnarm22an WA TYUSINZ

TN

(390

pmm ot PO 23y 0RNOWLAd ISNNWIQY TP

CRIPESALIIR Y s I

ARt
Txa:xw PR bm.n._qd f?.:fx: L1} *zd = Mz
| W H - = N.U
D - wnu.u = WS.
.+Txm.+$;._q. +ﬁm ;mﬂév m w H oW

| (%0

I

.-mﬂomaoﬂﬁm TUSIIIPO0)) “T°¥

av



xG(x,Q%)

-+=e= MT(B,)
« B ==== MI(S)

il :.—_—h
1072 107 1

1074 103

X

Fig. 9. The detailed small-x behavior of our radiatively gencrated
gluon distributions in 1O and O at fixed vatues of @2, compared
with the MTLS) and MT(8,) fits [16]. The KMRS(#,) {3] and
MT(B,) paramctrizations are simifar 1o MT(S), although slighily
fatier at @2 = 10 GeV2 The ‘steep’ gluon distributions [our 110,
MT{B,), KMRS(8.) unshadowed } differ very little in the hincma-
fic region shown
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Fig. 12 Radiative LO and HO predictions for F3® in the small-x
region. For compurison we show expectations from conventional
it approaches MT [16], extrapolated 10 the experimentally not
yet avaliuble x < 10~ region
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Fig. 10. The desailed small-x behavior of our radiatively generated
sea «istributions i = d in LO and HO, compared with the MT(S)
and MT{Y,) fits [16]. For x < 107 the MT(8,) und KMRS{8,)
[ 31 parametrizations are significantly (< ¥} below the MT(5) fit.

KMRE(B ) lies between MT(S) and our results
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4.3. O(c?) corrections
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LARIN, TKACHOV, VERMAS EREN
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( v 2
[ (R Rh) = 6 [4- %+ (4] 20 gup

G G ) ]
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8. QCD corrections to polarized structure
functions
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Figure 2: Fit to the g} structure function with sct A gluon
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Figure 6: Statistical precision of a measurement of gf(z, @?) in the kinematical domain of HERA
at larger values of z. The data points represent averages over the accessible Q2 range and
were calculated using the parametrization [6]. The dashed, dotted, and upper dash-dotted line
correspond to the values of gf(z,(Q?) for the parametrizations [8], [7], and [5], respectively.

The lower dash-dotted line shows gf(z, Q3) for Q3 = 4 GeV? for parametrization [5]).



(OWOX ol ‘Bueod on ' WOV = PN

(C@'VTMX @ (R0NF = (B0 MX VM
(9730 4xgMXQ ™M
.% (2910 S X B (S PIXNVIZNT (%00, ;M X w L =X

, ity I,
010 S @ (0°'d = ,
G ,oz, (®>0 ;' MZ XQ

A £ - Tl T = ) |
[0, Znx + (@0, MX| T =0 MY+ MBVRESe0

:SRATVNY  LNONK -NON (¥

NZal OE ¥ IO ORI ANISAY 241 Ol
am&ow,gwiwm}{xmzotog xﬁ«%%»lz ﬁ_,@m.u ATNO

ONADLLYIS - N«

:SISATIWNY — QDD

[
O I



@8

2) (OMBINED SINGLET & NON-SIOGLET ANALYS(S:

OBSERVABLES @ X zm

Wy =
Q = 249,
X W, (< &%) = Bke&)eV
N, Ox (&) = Eg&®) ®2+mv + B0 ) ®6
1@1.0!0“5.. = (Bee B @) ® V |

, |—l m:m._u Qnﬁe.ﬁu @. w =+ m—uﬁﬁﬂmbnv® m-

V&, &) = VEx@) (S=8%), &0 63))




[ MHOSI oS F=VV ™NO VNI

SUYH2ISAS ¥ P TI000  M3g ¢ “3Q

‘Rpzp[™o,p mamm:. r3 pue ?7 jo RRINDY T Iqe],

$2€0°0 | 2940°0 | 231070 | 8520°0 | 00T I JI P JO

$200°0 | 8200°0 | §200°0 | 1€00°0 |  OT e <)

8900°0 | $800°0 | 190070 | £2000 |  OT I agg -

££00°0 | 9200°0 | £600°0 [ Gg000; o1 [ _ I® __Onad

- [ - fossoojgeroo] 00T | JO/EJ | - €D s tfin

8600°0 | 0ST0°0 | £600°0 | 82100 |  OF -~ 8D €0

6610°0 | 9810°0 | 0220°0 | £2100]  OF :10) agd

020070 | 05000 | 2000 | 6¥000] 0T g0 ONId

ASD06I = s/ | APD¥IE =N stuozpey | stjeudewror}dopR
G+ 0EF =0V F

e g1- = 7 Jo nwwovdnp 27 (Apzp/™op)/(Aprp[™o.p) = "p 1 amiy

A A ,
1 g g 5 Z 0 m. 9 ] Yy i N : oo
> . L . ﬂ. * N-
1 g.nﬂli'. W =x ._ ~
I IS = X ==y , s ** /1Yy
\, 0L El= x —— LOL-El=X 4
[ / .u.o_..n.—.uxlil n..o_..n._,ux..ii \\
\ ../ ‘ ...TOF. gl =X TOF.O.— x X TToe .\ \ ,u.
3 //‘l. ‘-,l.h\ﬁ-mlﬂ Hw : L %i-=x .U -n\ \\ .
N / S N —— . \.lnc\ \ n-
—" \\\
] ._lllll.lt..l.\.. 4 sis
vevre >
1 2 " .ﬂ
SADLTHATTT P

40 (NOUNIBYIWO  SSO0YD

30 ARBRSIVAN

%/bw



X0 {x}

10°

LEP1x LHC , £=1 fb"

pua.\._"n xG%%Yx Duo_

am 5.& ﬂC-

| €P x LHC

v, UNK

7 Qi



1

LU |
O - ————————ie
(Z\L(—“al—ﬂu

. | 2 o2
. pL.W~...-.V .(2..&2|._ _T..DJ\ m

2 7ef /! n Y_ A - l.w..@__.a_ R
G 8Nyt Yo A e ) vy

b \__.2 v
Lol (MY % T M) Loy = vy D

o S —— e ci®)

3 2
N N

3
‘.? S..Z.w .

] o

-
= <2\%2|_

:NQIXNOE  X2IDN
AIJOTG | F2) IOV ANO ' @rivigony | QLNdHY

Y A..ur._

ﬁ.---u f(Z .&ZU

=

SNOWOAS 40039  NOIINZMIHIONTY

o

—_



Q_T v T A ﬂnz,rzx.w =0
now = i) + ®le e = 24 ﬁu.@
Tgt @rrﬁ P o e %P .M_.,ulwlma@

:,%T < P2 - Ny gy - N | R

Tyl = 2P g, Moy
e = »T W du Ty
P = P 2%

RGE



Vv

de

e Ty T

C,z V,.\J - (31 iu?p{f olf

o = (3110 Tm:\“.r + o9 ?%xq pg de $

ﬂ
)
N

douv .E

£ d
O

ws\\u .....un_TO /.no Jﬁ—limv

o= (bS] o [BR - by L 2 w

1

jadl}

o = (SNI™N0 (s> ?é:q - %i Lo (b« ,

SN2 sw = C@ SNy
| zm
W
_ ..:_N._ SN A, oo m“O
i)

_ o
o= <sn[oefsny T? AT ﬁf& +I| g
SN u ..u. . \
CSNIPRQ{SNY oD L = LSNL-C SN
. ,
TOaD) L= L SN
0d S, 3




PRACTICAL EXAMPLE : ﬂm
DIAGRAMS:
BARE
P P

S%Ypa Ppa- ppn

I

. ._o __n\cn. P 2
S T@.ﬂp? P20 Pos - Phow + & T ea Py Bpgp Py P

n-| n _ _ :
o E0 g T Y Py P @%{v 4
._.w SU, GENERATOR
t SU AZ*_J GENERATOR,

: P
VARSIV R AY
: A P B C )

D &
CALLOLATE POLE TERMS ~ % N (4-8) DiM.
A= = 4Cr R b=E= G

B=c= 4GS 4
| =2 J

| NS _ 8, 2 s L
¥ ..uT Nty | ﬁ.m.i; ) Ce= %




— N My vy 9oQ v

LIOLN] X IVHRQE SHL 40 Z9WINK

ﬁl_w - - @7 _L,N.ﬁow AHIIL

u’o v
I ( 2o Grau) A\:..su C:.xu: @ _ 99
Z...m + a. T m‘.ww % u._ 9 z\oﬂ‘
| q I«Su U \7@
(2rusau) Plog@ — = Wk
+wlr+u)u .
Cru>,u) = - N\WF
¢ 2 ?EF <. _ A
ﬁ,_.‘. Ly + l_\”_ g wﬁx‘ - :.or m
. ~ e
SY0SZ Q7

ot T N SYuvd
nm V) dw@xwimae

¢§a_{c [ roelr + TN =

K7+ N =
. T L9 |
B T SRIVER S SIS R
A 7 L9

Sl ..qax\w\ SNy B +) = szmmﬂowmzv
X a .

: SAQAUNAI0 W0 AL F0 SNOISNEH M SOOTHAONY 341
i _
Sy,



5. Resummation of small £z contributions

-¥

¢« AT SHMAML x: DOMUNANT TERMS IN B, Cap

—> LARGE COUTRIBLTIONS , WTEND Tb RESOH
MESE TERMS.

STRUOCTURE FUNCTIONS

—& BFKL CONTRIBLTIONS  (BALITZEWIL, FADIY
KORAEV | LIPATOV
197e-3L-

CHARRCTERISTIC E£ERU.

f-4 = olg X (e (2 o)) \Wmﬂwmn.»
X@ = 240 - Y@ - Y (43

Ve (4ds ) = m ,T._‘ 2 M_ &E:dmf:m.mbw

= At b AN 2 A 22 Al
A= ole Qo.oﬁur

-4




a2 (1f/n=9

hmo . «mwo_ _ m.m_c : .Nho_ “ _m_.mdﬂ , .ﬁ_ou _ md_o _c 0
3 s00
- o
| : 7o
.. 3 o
. 3 o
/ 1)/ (guiy — 0=V
- §£0
¥ =T/ ]
, a - 0
{(~"P a1 40 AN0) ~p((3L)/590E VL)Y = T/1
, — S0
yonnios ayediuod ..\M;
1 ¢p ™~
() Do(s/910) +1) 7,
() (Do 1 @
g d
(Do — ¢ _ .Nﬁ. Ammog — IV _¢ ~ :W\b
I 1 1 T
G 5
u_”| ~ mov%\ 0~ AOV“O
T=u r LM T
i (8= (prge8) O K+ 8oty = <
e o3 Q
o+ 2)h— (o =2)d— (Do =-
[0+ )b - () = -
S d
0 — W. =: A lnlllb. —! —
I -4 1

W,

:7/1 « k 10 TOTINIOS




The behaviour of v.(p) for p ¢ C
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