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Toe QuapkK YIELO

PacsT

® Top quark discovered by COF and DO (Tevotvon)
collobbovahons 1~ 4995 .

e Run I Tevatrom s = 4.8 TeVU
opprox SO0 £t poirs ot each cletector (COF,DO)

PRESENT

@ Run T Tevalon VS = 2.0 TeV ( started 2001)

e 6 (tt) = 6-‘3 eb
for im&-esro-.{-ed Ruanornty of 4 .Pb"4 crouwd
Hooo t & PoLirs -exped-eol

e 6(&) = 2.5 pb (wot yet oeen)
approx. 40% of &




® sungly produced top quark expected 4o be
almest 400 %% Peluﬁa-ad (Loeo.h produchon L)

. i
il E | «— b
q %(é"

e top quark wass
curvent worla avevage Mg = AF2.7%t + 2.9 GV

expested uncerfainty at end of yun (4-2 F):

Smg = 4.3 &RV




FUTURE

A. LHC to stavt in 200% 43% Qg -tk
L F /e %% -+t

@ S (&t)

® cross sechon 400 - fold ancreaoed
Zuvanosity A0 - fold increased (Low Lumunonlky run )

My e An? Lt - pairs PRy Yeow
( one L& -pair every “ s)

® Later @ high Lunwuanosity ran

¢ Lirst yeors « Low Lununonty run 40{3{{4/%
¢ Roter 2 high Luaivnorily run 400 (7Y



B. Inkernobhoncl Linear Collider (LLe)
possibly dtarding in 2015

@ "Q/ﬁ—-‘-f-)x/!{:)g ‘I:E—POL'\V'S/%
depencting on Vs
Vs = 35O, 500, 80O GeV

® high degree of polarizahon of top
Hwough tuning of beom polarizar



ToraL TOP QUARK WIOTH

: Boen '
- R A4
Q<O (one-logp) eleckroweoR (%e-\mp)
NLO NLO
4.5% Ge\ _
~ g BT L
QLO ($+wo-Loop) MpxO
NNLO
Fonite widthef W
% {‘Z Bomn . 0.89

Top qrupwh width not measwrable o hadvon colliders ( T, = ‘!--8'10"?'5‘3* )
Must wait for TLC o do measurements in tt thesheld vegion -
Tp o 40 g



MISCELLANEOUS RemMAaRKS

¢ Top guark decoys cdmost 100% to t b+ Ww*

Unl‘\"@.ﬁ‘\'\d OG KH - mahnx Wb‘t\_"" + \g\fbc\m-t- &\j&_}w!?"m !
Sy ey
(0.04)% (0.00%)*

00 (2006) : Vi > O.78 @ a5°% C.L.

® Stamdlowrd Model (SH) Q,oup&'nca + 2 b+wW?' 4
Lefh-chivel (¥*(1-¥5) ). The W' and b~ quark
Wikl be in o po‘cur-iaed state .

® Top gquark rvetains its polarization from Larés

t4ke it olecays. Tt decays before 44+ can
Zodyvyoni ze

el R Res R e
tq) 4-3{]" G?Q..\; G Ac‘zw . .
£ hodvonizahon scale
>~ 300 HeV







"‘:.I. ProoucTion CRoss SECT\OM

NLO QCO (one-%oop)  (4988)
A'.hc.lu.d{v\% spin -span corvelabon effects (2001)
Next - to - Next - to - Leading log  NNLL (2003)

NNLO QCO (koo - Loop)
Challenge of +the Luture

Will vectuce theorvebicol evvors due to
renormal zakion and foctorizahon scale
dependewnce

Wikl vegquire the effort OQ wmanty theorsts



GENERIC NNLO QCD DiaGRAMS O(d')

i Tl KRR

tu6 - Loop-by -Born Loop- by - Loop

B PPL O S PEN

tree - by - tree One - Loop- b‘j“ tree




A Few Pp,p_‘\‘\pu__ ResuLts Exist s

4. Two = Leop contribuhon
o
( Aachen : I:v-eibuxti L Tuich UClA,
Bologha (2005) )

x
vesulis expressed am terms of 4 -dimensional harmonic
eolyLoganithwmg of mosamum weiglt four
2. Roop - b\é - Loop contnbutons ( Meaunz 2005-2006 )
A‘-ﬂduding spun
vesalts expressed 4m teyms of mulh'plg pp_\Ugoaaﬁ Haws

of moxivum depth and wa€3&+ four .

Povbol veswlts give a gimpse of the funchon
stcucture thot appears at NNLO

¥ 1) 4s o two mass scale problem (S,m¢)
cersus Q) (Se‘&-smﬁ:}



O(es*) Loop-8Y ~Loop (onTRIBUTION J
_ - Z Merebashvili ; M. Rogal, JGK

(200S - zooe)

G.a. 8 s
(G247t 4aot e+ €+ N7 + T 4 doHare+ aet +.. )"
h:wn new
O(e?) terms Come From.
1) spin clgebm

%Mw%”"vzm = W.-2¢
i) Passanno -Veltman decowm -
position of {ensor integrals
gm%“"' =n =k-2¢
%) Scolar master one-Leop

mntegrals



MuLTiPLE PoryLocARITHMS ( Govichatoy 1398

_ XaXa -+ Xig i
1 af 3

le;;,"',wh (X'h,...)(.) = S ( Ft_Q) o

[+

%= Xie = &

g YW D o el SR RlTgE
(—E-O) xzn.xh“ta. O(_{:—O) -

where Ehe itevoded (nteqrals coe defined by

S dge e S Atnq x----xS dta
an-t -t ~ J-tn Ja,,-tn- a4 -t
o ° ° °

weight 1 W= ma+my + My

decthh : R o
i m; omd R posihve m’reﬁers



MULTIPLE PoLyLoGARITHMS ( Goncharov 1938)

- : wz.ao¥k dt

5 myu—4
L'J'mh}"',)m'l (-xh.)"'x‘) = S ( %o) (¢
©

X == X = &

at _\"e-1 dt . dt Mye-1 ot
("E“") e T el e ) Ao

where the itevoled integrals coe defined by

PN tn t2

S e ot _ \ Stn AEn-4 & dta
qn-t Qd-t . q“-tn qn..1 -th"" qa‘“td

o © ° °

weight 1 W= m,+mg + My

depth R : :
n m; and R 4os ve A.w\'@aers



Specinl. _(ases ofF MuLrtipLe PolLyLocRRITHMS

® classical polylogaritinms
o :
L.in L&) = S Lt-n.;: Gl iy 0%l 3 Li, () = ~€n(4-2)
0 .

multple polyLoganthms of weght n and clepth 1.
e Nielsen's Qenevalized poly Logarithwms .

® one -dumensional harmonic polyLogarithwms
( Remiddi , Vermaoeren 2000)
@ two-dimendional havmonic polyLlegaritms

( Gehrmann | Remiddi 2004 )

QA very efficent prvogram for the numencal evaluakon of

multiple polyloganthms has been watten by Weinzierl ¢ Vellinga
(Mo‘in%)ban‘jd cgn G4iNaC . o 9,
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_Unpocarized Tep Quark Decads

ar HMV 4 AV

L ’L Lepton tensov

hadyvon tensor

Hodvon fensor described by three dnvariant shuchure

funchons

HMV s _%MVH4 & P{:Mp;) Ha, i

MV 1)

Pts*q.s HB
or, by three hel(oi{-‘d shruckure funchons o
He = Havr1§Ime Hy =0 ¥aby
Ho = H4 -1FIme Ha = 2me® (1-x?)
HL = Hy #1303 %" Ha | = m& % (-x?)

The aum As fo meopure the Hhree shud-tue dens oy mome.n‘l"s

of taeu.




Unpo‘.&r;%e& £op decey

s T 2 Pl
P deos® B d"+. S (4+C-C5” ,) hO\Y‘de\P
: 5 2 (4- cn @) dofifer
Tl rd
+ & L & WMAC S
g i x5 =4 F =H/r
elc.
Meayurement errors
04¢6" 166" A0fs” 10006"  Olds)
. 5(3'-‘.‘_ 5'O°/o 6.g°fo A% 0_?_5{0 -1.1 0/°
65"' 450{" 2'66/0 0'3010 0-3.[b 0_'4"/0
RUNT

RUNIT LHC




Arbitrary Units

Lepton P; (GeV/c)
FIG. 1. Lepton Pr distributions for the three W

helicities. The so]jd"g:irclés aré from negative helic- -
hity w and‘posi.l;ive helicity W™, the open circles
are frbm longitudi;1a1 W"". and W, .and the-élésed
squares are from positi;s/e helicity W+ and .1‘1egati\;e
helicity W-: All :thr.ee djstﬁbutions are normalized

to the same a:;'eé.



RLLOWED A0 FORBLIDDEN HELIGTIES oF WY ('“B'"‘O)

BORN TERM
i = sEmely
J+ ¢ D -’-.é s WY Lorbidden
c o)
Yo b <« = —& ANNANAAND W"‘ allowed = ;74
ay VX
| £ = x”
s pe S oW Al A+ 2x
g A S 4
- | 42w
$ = ) F
O (ds)



® CDF ot Tevatron T (2006)

o + 0.22
'j—e - O'q-q" - 0.3%

. L 4+ OC.2L0
: 1}-.- - 0\00 '"0.49

based on integroted Lumincsily of
200 pb~*

e D@ ot Tevotlron II (2006 )

F,. = ©.00 £ 0.43 (shat.) £ 0.0 (syst.)

based on 230 pb~*

Meaourements compatible with
SM ~yesulis
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One - -Qoop contn bubions (vevtex)

sbbyy yoaishyd

UOSSg IVOISIP|09 [eMNIU ”

LA

Uoseq AvRsp|e9 .,owmho..__u

Fegnmom ~ *t Hooft qouge



SAMPLE REsSuLTS QCO (one - €oop) + Elechowenk (one-losp)

J. = 0.00136

® Can be prethy oure that Lf expem'.me,u{-c-.t\g
Fe 2 4% this must be due to new physics
cnd ot yadiabhve correchions

® right - fianded current

Up 87 (A-%5) e = U [ 37 (-¥) + g ¥ U ¥5) [ ue

Q.1%8

® g:+ = 4% ’COTTBSPOV\C!S fo 6[2 M ioan

e So=0.03 ZLeads o F = 0.00122

L indirect model dependlent
bound OR £ 0,03 from vare
B -decays ( bas+X¥)
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FIG. 2.  Top mass dependences of the ratios I'r /T’ and
I'_/T. Full line: Born term. Dashed line: Corrections in- 9]
cluding (QCD), electroweak (EW), finite-width (FW) and

(m» % 0) Born term correctinne.

(101



PoLARIZEDS Top Quark Decavs

. £ M) = X+ WH (=27 Ve)
? S(Na% produced top q,uox('es are alweost
AQCO '°/o /polo.h'%ed

& G.E ~ ﬂi' Ser A hadvowc preduchon

@ top vetains its polanizahion aime 4t decays before

e at coun hodronize
Angular decay distnbuhon :
ar Y n
i S >~ { ) g re I A b ol 2T §
Aos O deos &Y 40 L = i“'\}%’ tg CO> S &*_ il
= UL+ f e ey e ) 9w ”C
o =
b i —
s =
p ;:‘- i‘{z_ E-t: 2 & 2 ® ces g
7 i //-J
[Pl: polanzakion of t
= . Q. <o o
& s polonahon P
; A I O Sty
‘PTQ«V\OUS% Y o= 3 NV 'E )
£ ¢ R f.' I'd .""l’ o 25 | \’\
i\ = o :5: %‘, g A %; e 0:5

@ thvee unpolarized + five polarized shruckure funchon:



E'C%V\"r &:nVQ.\'{Mfl'_U“'TUC.h&TQ _{:t&\dc,{"l‘OV\S O?G-(ft‘m.ed _
thvough covariant expanzon (Wp=0) ( no |
A.M%%A wavy Paxt 0‘0 owne - Qoop couhn bubon )

FWW%&J*“%WH + PP He

AT e Peed & H3

LS - 9 VC:_;L -« @e Pev G.
~ A BT e sote Gg )

+. _u_v+sv - SO
(S¢™Pe € Pt )99__

+A, SM’Y’QG ‘Pi:SStG 68’
(+A€MV96C§!_ St Gq)*

| E«a\r\-l- hehc—-l'["j S-{Tuc(»m-e Fumd—«oms are &ne.wrltd
related -Hrw-ous(/\ .

= RH4 |

e Ha + 1@ 12 met H

= 21T ImeH3

= 23| 6,

\ql(mwiz@» H1F1 W26, - 1%“%66)
21 ™M G5 ~2Wme Gy - 29.Gq

= % 19 Ge

e A -
5y ﬁ%@g“FMqu
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Rest FrAaME Decay oF Poarized Top QuaArK

Anguler structure : \
dll A il dia Clk
dx dcos@dd | & { AxX o o i cSSp + C‘owsepcostﬁ))
Cuﬁosi-t-z.j-, dr‘;ig"m) -5 Y = 25:




OTHER MERSUREMENTS Poss\GLE

2 pevpenclculor to de,c.a.xd plone



BoTrom Quark PoLaARIZATION (m,—=20)

Born +erm : =
(N-R) Sv
t H‘LLH
W+
b

O(as) " ’
3 ol A
(v-R) 7 does not [ip Leliuly
t -‘1‘11111 of wass\ess bettowd q,ua.rk
W |

® T veolily there 45 a %e\fcil—v fLip contvibuhon
as My D0 ( Lee - Nauenbarg A6 )

g
(V"ﬂ ?

\H‘\ v;f*/he‘iu‘% {Ce factor

He\{d% FQ(’P AS © Wig ;f 0Vl e{f ect
P ———— collinear ')AJ;.gu'lQﬁ{'g

and Suwvives My 2O Lt



® called anomalous &e,Uci&, cep
contmbubhon gimee ik 4s not Hhere
mna Mp=0 theory.
Qlso related 4o e (VVP{)-HO.NB&
anowmaly an the approach of Delgev,
ZoakRharov

@ Bottowm quork polavization
-FQY‘ Wiy~ O

. ,P,E o r‘)\bs#% "'rt}.bjs:%
;.
he=*2 + -t
M-4r=
"“"4 . -z%( [ }

—> e = Al LT
4 + g_s_(zs-qnl\ Coar
A o

¥ 7 /T

Born teym 4.1 % eflect




@ Helicity f%p contnbubon con be calculated
wn fhe equuvalewt particle opproack of
Falk ¢+ Sehgal (4%94%) <

Qim ™20 ' \1_'_:; G L‘{\Eb ® —é‘%ﬂ
7 /
Born term described by uwveroal
splifing funchion

i ‘f’lf = Ef =

Z: Fm.d'\oha.‘ &meratd OF
9lucn

'

Helicity (Lp contmbuhon :

—

' g
. sn Corn 4 As
r} n

“_ -
- 4-‘-1_{.

P@lmﬁ‘ao.s{ah C::-? bc-H—ow\ q,u(uvk S

T 4.9% olfifect



ConcLusions

sarel £o o wec.,l’l—h of olata
on 'E_op q_uourk produchon and decay un Hhe

neay ? utuwre .

Thanks o my collaborators -

H.S.0o, M. Rischer, S. Grocte , R. Kaoleer,
D. Kubistin | W.S. Huo, M. Hausey
2. HMevebashvili | M. Rogal
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