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1. Top Quark Width

Top quark decays almost 100% to
(FBorn = 1.56 GeV)
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2. Structure Functions

H" (unpolarized) = ( — g"" Hy + pipy Ho — i€ py 4o H3)

3 unpolarized structure functions: (Hy, Ho, H3) ; H; = H;(qo,q¢%)

H"" (polarized) = — (q-st)< — g G+ pi'pY Gy — 1"y 54 Gg) +
+ (Sfpt” + st”pf) Ge + 1P piys10 G + 1€47P7 845 G

only 5 polarized structure functions:
(G1,G2,Ge, ¢*Gs+ Gs, ¢-p:G3 —Gy) ;G =Gilq,q°)
because of Schouten identity
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3. Analysis in /' rest system (cascade-type

analysis)

3a. Unpolarized top quark decay

Figure 1. Definition of the polar angle 6 in the rest frame decay of W+ — [T 4.
The two lines “//" indicate a boost to the rest system of the W ™. The arrows next

to the lepton lines give the helicities of the leptons.



H, = H;+|q|m:Hs,

H_ = H;— |Cj|mt H37
Hi, = miyyHi+|71°m; Ho,
The polar angle decay distribution is given by (#; = H; /)
1 dr 3 3 3 .
TT g = g(l +cos)? Hy + g(l —cos0)® H_ + 1 sin® @ H,

Numerical results (IA“z =T /T'Born):

', = 0.703[1 = 0.0951(QCD) + 0.0132(EW) — 0.0138(BW) — 0.00357(my, # 0)

P_ = 0.297|1 — 0.0656(QCD) + 0.0206(EW) — 0.0197(BW) — 0.00172(my, # 0)
[y = 0.000927(QCD) + 0.0000745(EW) + 0.000358(my, £ 0)

(Work on NNLO QCD Ty, in progress (Edmonton, Mainz))
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The sum of the contributions (LO + NLO(QCD) + NLO(electroweak)
+ Breit-Wigner + my # 0) in terms of the normalized H; = H; /T

(Hp +H_-+Hy=1)

Hr = 0.6944 (—1.2% relative to Born term)
H_ = 03041 (+2.4% relativetoBornterm)
Hy = 0.0015 (+9.6% relativetoBornterm)



3b. Polarized top quark decay (cascade-type

analysis)
t W

Figure 2: Definition of the polar angles 8 and 6p, and the azimuthal
angle ¢.
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Angular decay distribution (cascade-type analysis)

1 dI’ 1 3
- - PcosOp Hi ) x =(1 20
I' dcos 0 dcos O p dp 47r{<HU+ o8 PHU) 8 8( + cos0)

+ (HL—l—PCOSHp'HE) X ZsinQH

+ (’HF+PCOSHPH§) X ZCOS@

+ (Psmep’}'-[f) X 2:\))/isin%cosgb

3
. )= 9
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where Ho=Hy++H_ ; Hr=H4+ —H_



Master formula for angular decay distribution

W(Op,0,6) 0 > eOw=Awdql (0)d}, ((0) Hy' N pa,x (Bp)

Aw =Ny =Ae— N}
Density matrix of the top quark:

1 1+ Pcosfp Psinfp

2 Psinfp 1 — Pcosfp

P . magnitude of the polarization of the top quark

Ae Al . : .
H)\évf, . helicity matrix elements of the hadronic structure
w

function H .



Relation between invariant and helicity structure functions (H; = H;/I")

HUP — Q‘Q—)‘ Gl,
m%/vHLP = |cj’|(m%v G+ |q_'|2m% Go — 2qom:Gg),
Hpr = 2]|7*myG3 —2m; Gg —2qo Gy,
1 (1%

H = ——|q|Gé,

IP \/§mw|q| 6

1 1

Hiap = — friedo Gs — —mw Gy

Numerical NLO QCD values for polarized structure functions given in
hep-ph /0101322
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4. Analysis in top quark

rest system

There are polar and azimuthal correlations between the polarization of
the top quark and a given coordinate system in the event plane. We
choose three different systems:

1. z—axis along lepton (system (1a))

2. z-axis along W *—boson (system (2'a))

3. z—axis along neutrino (system (3a))
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Generic form of angular decay distribution

ar 1 ( dl’ 4 dl'p dl'c

_ P 9
dzddod cos Opdd 4 + P cosop +

in 0
dz,dd dz,ddo dzidi T ¢))

We use scaled variables:  x; = 2E;/m:,  Go = qo/my

I' 4 : unpolarized rate
I'p : polar correlation rate

I'c : azimuthal correlation rate
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Contribution of polarized structure function (G; to the polar and
azimuthal correlation term:

L* H, (G1) = mig* G 4

f

\

~ 2
CU —_—
D0~ Y s 0p1 + i\/xl(Q(jo — x7) — y?sinfpq cos ¢
Ly Xy
\/ 45 — y? cosOpy
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LO and NLO QCD contribution to integrated rates:

z—axis along lepton (system (1la))

dFNLO PLO
= 4 [(1 — 8.54%) + (1 — 8.72%) P cosOp — 0.24% P sin Op cos qb:|

dcosOp do 41
FNLO

— A [1 + 0.998P cos@p — 0.26% P sin Op cos qﬁ}
TT

z—axis along WT—boson (system (2'a))

J'NLO rLO

= 4 [(1 — 8.54%) + (0.406 — 11.62%) P cosp — (0.760 — 8.20%) P sin O p cos gb}
dcosOp d¢ 47

FNLO
= ‘2 [1 + 0.392P cosfOp — 0.762 P sin O p cos qb}

0

Change in polar analyzing power from LO to NLO is (-3.45 %)
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z—axis along neutrino (system (3a))

dFNLO FLO
= -4 [(1 — 8.54%) — (0.318 — 1.02%)P cos 0p — (0.919 — 8.61%) P sin O p cos ¢
dcosOp do 41
FNLO

— 2 [1+0.344Pcos9p—0.918Psin9pcosqs
TT

Change in polar analyzing power from LO to NLO is (-8.18 %)
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More details can be found in:

S. Groote, W.S. Huo, A. Kadeer, J.G. Korner, D. Kubistin

“Polar and azimuthal correlations in the rest frame decay of a
polarized top quark at O(ay)” (to be published)

and in

hep-ph /0602026
hep-ph /0209185
hep-ph /0101322
hep-ph /0011075
hep-ph /9811482

17



