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€ 2. THE LEADING ORDER (LO) CROSS SECTION
e to understand the main problem, let us consider LO
cross section of eTe™ — (L process.

The basic diagram is:

e we focus on the non-relativistic region, where the ve-
locity is small

v=y1—4m?/s <1, wvx~a,=01-03
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e One has to resumn all Coulomb singularities (©% >~

How 7

e Iirst, we define the vertex T'(p) by




e Sccond, we construct the integral equation: (which
has simple interpretation) |

e by using the non-relativistic form of the #- propagator

and Coulomb gauge for the gluon fields
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we obtain a Schrodinger equation. The final result

reads V. FaChn
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e where G(r, /| E) is a non-relativistic Green function, e
which 18 a solution of the Sch.Eq-n
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We have to include the width, through the SELF
ENERGY of the top quark.
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Combining together, we have the cross section

oleTe” — tt) = E?N%%Im[G(O, 0|E + iT)].
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We begin with introducing some notations. The cross section of the reaction cte”
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Figure 2: The total normalised photon-induced ft cross section K at the LC versus the com. energy
in the threshold regime at LO (dotied curves), NLO (dashed) and NNLO (solid). Hoang-Teubner
used the 18 mass scheme with m}® = [73.68 GeV, Melnikov—Yelkhovsky the kinetic mass at 15 GeV
with m,}ffl‘ggw = 173.10 GeV, and Beneke-Signer-Smirnov and Yakovlev the PS mass at 20 GeV
with mﬁgocnv = 175.30 GeV. The plots have been generated from results provided by the groups
Hoang-Teubuer (11T), Melnikov-Yelkhovsky (MY) and Beneke Signer-Smirnov (1385) and Yakoviev.
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We now impose the restriction |k | < iy on the integrand to simplify it and obtain

6
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SRLT 4y (2m)3 S (27)3 R2(R2)2 (ky — ko)?
The integral over the space components of k; can be casily done by executing the angular
integration followed by the radial integration. We obtain

I (29)
(2m)3 E2(E2)2(ky — ko)?  16]ky]
and therefore, finally 10 c
_osLplA g
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Symmetry considerations show that £ ives exactly the same contribution. As mentioned
3 Qt ftE b

before, there are no other non-abelian mnhlbutlons thmc‘fm( we obtain
FvA ”*"C”C" .2 30
salt — 8m f‘ ( )

This result has been anticipated, too, to be minus one half of the non-abelian correction to the
QCD Coulomb potential, which is known in the literature (sec for example Refs. [39, 51]),

VA = s / Gk [ meOrGal —"‘EOFGA;.&. (31)
(2m)3 mlk| 8m

“galt T _:'5
This calculation concludes the considerations of the two-loop diagrams shown in Iig. 3.

3.4 Our final result

Summarizing all contribution up to NNLO accuracy, we obtain

2
(1) Cr | #f a(p) i o (1)
mpg(ity) —m = —»-—W) iy {1 + U——i— = ((:«1 o O = ) + -—:1-;;—

_— —

(32)
where m is the pole mass. p is the renormalization scale, uy 1s the factorization scale, and
¥
Co =1 ¢y = 0 Cy = !
0 = . 0 = . = —5",

2
¢, = a=251n ('L‘r), C, = CA%,
i

Co = az—202af+5) (m(‘;f) )+4ﬁ§ (m (’ﬂ ~21n (“J)H) (33)

The constants a1, a2, Jo, and By are given in Appendix A. The coefficients 'y and ¢’y have been
derived in Ref. [29] by using known corrections to the QCD potential. In this work we have
derived the coellicients C%, €%, and C}. Note that our result can be represented in a condensed
form as

rr o d? - o
mpg(pes) —m = —%/ (; }; (V (F]) + Vi(|&]) -+ VNA(IM)) (34)

where the first term Ve is the static Coulomb potential, Vi is the relativistic correction (which
is rclated to Breit-Fermi potential but does not coincide with it), and Vs is the non-abelian
‘correction.
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Figure 11: The difference between 7S and PS mass (in GeV) as a funetion of factorization
scale g (solid line). Ouly non-abelian part of the difference between PS8 and PS mass (dot-
dashed line). The dependence of mpy — mpg as a function of the normalization scale (dashed

line).

T 1 | l ' ‘ !

A
L
e ra

L '}']QPS mPS ,v"'- 7

./'F

e
o
-
- - -
_f
R
N
N
_.-"'
e ".- N
s
_.r‘
_.-"'
-
..f
_f
- ‘.f ]
‘fl’
e
-
N
L
-
.-
L -FI.H —_—— =
s _—_ '_,_.""-ﬂ — TT—
,'..l"-""-*-—_:,.-..r:':’:':':—r_'_’_ T
e e e e e

pmts ST T e s T T s s e

I ; i i i i ! [ |

10 1

&

5 40 45 50 55 o

ulGeVl .

2025 30 35



PS mass O Va .
S. Groote <2000

m;}= ™ pole ®m ()

Fva = Soft PM-'I- u-f se[{ eneryy

= 3 ¥ 7 dpa

n (‘ P=m Y (2y~
S - mt
P ) Trio S P;‘:—iwitx)
\
e AL 4 dEL TmmeER
2ps GO O

cowmn Ch dcs wn'H'
R POTENTIAL

we have calcubated :

1) recoil corr. 2) QCD(;Z;'] hon a€elian
omok abeliom ounes



w"’ h"\

b

ng ﬁ?_%» } S;NE’ (b3 T

(M‘-’L’ﬂ@@ @ (a) S\i%j ? ()

S iy &
RAA N NN N N (f) v (d)
" sl

(b)

e 3; Two-loop contributions to the quark self energy

Figure 6: The non-abelian self energy diagram in Coulomb gauge; displayed are Coulomb gluons
(wiggles) and transverse gluons (dashed lines)

(a) p “"h--ll"

) / {

b - :
(b) L I — -
§

_“}_TE,; 3
(C)\H’K_}\HTN

Figure 7; The soft part of the non-abelian diagram under consideration



0.25

3a4 346 348 330 3582

Pigure 10: The scheme with PS mass. Riete™ — tf) for the LO {dashed-dotted lines ), NLO
(dashad Jines), NNLO (solid lines) approximation as a [uuction of can. energy. In all cases we

use 175 mass mps =173.30 GeV.[y =143 GeV, o (mz) =0.119 but different values of the soft
scale 1, = 15,30, 60 GeV .

21



Non - factor;zable QCD

't was r'f,nareal /ch'fﬁ‘t‘u /?) for
“ /9"7 fime [/ For QED -

n'4
€
}—{ie = T s 1999-1996 !

v
1- oop

Canceliat on
CroOss -seckion

(WFadin, khot€99) ¢ 0%, pefs 0 2z )
Y ( Swmino r3¢ Y,

N cnelu Seve




Non- factorizable  Corrections

i — —
) . ‘F;-- ,-* - . e “, | # ”’ q{}_ il ' ,“ 7["/ ,;1)# - ,.//” N
: -2l s Ly, L-tepm s Fokbfe

= f W t -= fo & € e )
A
ot 4 = — > &
— % - -
< D=papaimr £ ()

» additional couplin 7 & [veltey Frh ) 0.

does not g/ ' ‘
‘ (?;Ve Q Sufpfasszaﬂ s o &
-5)/ f“/?f*a/aa?a_,?‘ar— ’ 7 reared |

. Cross section

AN
dp*

I

— T (p%m®)emerz =
Cprasuctiony Cecar
. — il

[ A
Breif— ' '
o M/Iﬁ? ner dis ﬁ’“f b Fros
— & CP2pyy™ ‘ -
A . P ’ ') 2 [ > .
r L ?Z PrDD o m%ﬁ?ﬁfé\ ‘B

6 (€+?_:'T’T..?E) 4 M7 —  Br/ t?Wb)

. w pr'cm/uc:’?‘/‘ah
cre F/‘}CTOR/ZED

A=

. %
& 4, 3
[ = | ol

anof
"/é’ef?}/-’ pfrecesses

ePRODUCTION and DECAY sTA4e4
QRE INVELVE D




o« Consider in moré detard -

Only soff ’g&-«mmg contrilute , /Wdi,&a_”
,u;ﬂ C.'.),>>f7 bﬁ/ f Té”fm/ﬂ ft"‘ﬂm W_Fﬂﬁcz,@c(

\m<’? o tofC)om,,

lewols T j

v K“JUZ.E"FQAEV\

= iMﬂgmifi@\i Lo
_%ﬁ!{w« @-@V q"
o Result-

o ey ) . [ ptom® ]
c_a_q: (_) .14__ —€2 ofcp - arclan( B227)
dp*)  \9p7 il |
, AZ

wncblusive zeroe

'I

Correction Jn

( ?d Fﬁ_ _ 6-.Lt‘2’ ‘o N0 mnafa&tﬂhf‘zﬁzj&

6_' -

mf"s - aﬂff‘s‘yrﬂme%f‘z‘c th A = P"L__m'z
4 7
S Er. s eretan(4s) da OFF-SHELLNESS

"'+I""z f
, -
2) High energy zero ~ ] +Mz‘:,¢.?~
| £
AT .S'>>m1.__ or F - 1 xs LA.*P"' L, —Jt
46 \WNLO _ (c_f@")“o . i 2 e
le’—".' - z 2 _— z
* MO MNen-Fact Corr-ns af B>

g



Non-factorizable correction
to the reaction ete™ — tf — WbWh

4




Suwsmn..ra

e NNLO cOrrec.'f'iohs have &feen
co-€cunloated = enrae , but

the oriaiv\ is understood —»

Soft QCD in the Pnle wAQ SC

¢ we soajes‘l‘eo\qnew definition
of wiass u./. l\eq,vy quarlk

Mm— <> whiek s related +o
Ps m _

s 8y 4; seties
éehavior ( no nl )

Cike jon
Peole wmacs

which has well

« extraction a.F

Mg with accuracy0f-0.2 GeV

PR poss:‘é’(e !:‘? mj-s a3 we//!

*  mwon- -Fadorizal:/e ef{eu‘-s
Studied at One-eanf on€3

* they cancel n the nelusive O
Prelimenary : it happens at all orders



