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Top Quark Decay: M; =~ 170 GeV

Iy o< GpMP ~2 GeV > Agep ~ 100 MeV >

before 1t hadronizes.

= Top Decays

before it's spin is de-correlated.

Therefore the non-trivial spin correlations produced in production
result in angular correlations between the decay products.

Top is UNIQUE amongst the quarks.



Top Decay Correlations:

Jezabek and Kiithn
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note: charge leptons are more correlated than the W-bosons !!!



op Production at ILC: epe; — tyt;
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op Production at ILC: epe; — tyt;
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Near Threshold (v ~ 1)
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top spins aligned along beamline. t ¥

Ultra-High Energies (7 > 1) lt
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top spins aligned along direction of motion, helicity.

What about intermediate «'s ?

Miop = 175GeV 3 = 0.484 for /s = 400GeV



Y. Shadmi & SP hep-ph/9606419

Generalized Spin Basis.

N

Top Rest Frame

(c)
Anti- Top Rest Frame / \

s¢ and sz are back to back in ZMF.




&% Spin Correlation in SM

O Tree-level and Opitmal Spin Basis

Diagrams:
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e Helicity Basis
E=*x7

Nothing Interesting Happens !!

e Off - Diagonal Basis
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Numerical Results 1

@ QCD One-Loop Calculation

Results are Modified by Two plus one Effects

e Modified Magnetic Moment from Vertex Correction
e Spin Flip Effect from Real Gluon Emission
e Top and Anti-top are not Produced Back-to-Back

Calculate Single Spin Correlation

do
d cos

(erer — 11 X)

do 3
dCOSQ(eLe}E — tTX)
do® do’t
= (1+r) dcosQ(GLeR — t1.X) + dcosQ(GLeR — 11 X
oot and K-factor
\/g (GGV) g O?ot (pb) Otlot (pb) R
400 0.098 | 0.871 1.113 10.278
800 0.091] 0.353 0.373  10.057




Numerical Results 11

dolt
d cos 0

(1+ 1) 7225 (eped — 1 X)

(eL er — 1. X)

< 10% ~ afew %

Tiny Spin Flip Effect — Soft Gluon Dominates

o QCD Corrections to Spin Correlation VERY SMALL

Numerical Results I11 — Main Effect is K-factor

Fraction of oy, in Dominant Spin — Does NO'T' change Spin Configuration

— SGA is an Excellent Approximation ( See Figs.)

GeV Helicity | Off-Di ]
Vs (GeV) | f CHCILY fagblia o Off-Diagonal Basis is a Good Choice for 3 ~ 0.5

— Some Spin States are Zero or Negligible
0.6636 0.9988

400 0.484
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0.8318 0.9735
800 0.899

0.8350 0.9682




Cross Section at /s = 400GeV

do/dcosO [pb]

do/dcos6 [pDb]

1.2
1.0
0.8
0.6

0.4 |

0.2

0.0 |

1.2
1.0
0.8
0.6
0.4

0.2 |
0.0 |

Helicity Basis Beamline Basis Off-Diagonal Basis
R (Tree) - Dx10 (Tree) Dx100 (Tree)
—— R(SGA) °©t° T—— Dx10 (SGA) 1 Dx100 (SGA) _
[ — — R (Full) 1—— Dx10 (Ful) 1 —— Dx100 (Full) |
L (Tree) U (Tree) U (Tree)
~—— L (SGA) - U (SGA) i U (SGA)

=~
-

U (Full)

| —— U (Full)

_ =

D (Tree)

D (SGA)

D (Full)
Ux10 (Tree)
Ux10 (SGA) T
— Ux10 (Full)

1 — D (Ful)

- —— Ux100 (Full)

=D (':I'ree:) : ]
D (SGA) .

Ux100 (Tree)
Ux100 (SGA) s

coso

-1.0-0.5 0.0 05 -1.0-0.5 0.0 0.5 -1.0-0.5 0.0 0.5 1.0

Ccos0

coso



& Anomalous Couplings

Assume the Anomalous Couplings for t — ¢ — v/Z2

[} = o (o (@ + Q] + 5 [l + G

e (VCD at One Loop (Note SGA is Enough)

Qrr ~ 14+0()
Gr+G) ~ Ola,) . Gr—GY =0(a*)~0

S

e CP Odd Anomalous Coupling
Gp— Gl =if; #0~0(a)



&% How to Detect Anomalous Coupling

e Cross Section Itself <+ No
e Angular Distribution of Decay Product

Decay Density Matrix for Charged Lepton (with NWA)

dl', o N ( 1+ cosf; sin B ) [d cos 0 dgy]
st
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Consider , e.g., the Chain
t—=bW —blv

in Top Rest Frame with z — 2 the Production Plane



& Sample Quantities of ¢ Dependence

Combine the Decay with the Production Amplitudes
|

Obtain Angular distributions

o (/; — ¢ Correlations

e Partially Integrated Asymmetry

T do 0 do
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with and without Anomalous Couplings



Helicity Basis at cos © = 0.5 Off- Diagonal Basis at cos © = 0.5

QCD 1 - Loop QCD 1 - Loop
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QCD 1 - Loop + Anomalous Coupling f§ = —f7 = 0.2 QCD 1 - Loop + Anomalous Coupling f§ = —fZ = 0.2



e (QCD Corrections to Spin Correlation VERY SMALL

— Main Effect 1s K-factor

Partlally Integrated Asymmetry — Does NO'T change Spin Configuration
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— All Spin States Contribute

o1 T \\ : — Correlations between Decay Products and Top Spin
™ Very POOR
= \\’ Significant Interference between Intermediate Spin
\
\
P et = — — States

210 05 00 05 10 05 00 05 10 e Off-Diagonal Basis is a GOOD Choice for § ~ 0.5

— Some Spin States are Zero or Negligible

— Correlations between Decay Products and Top Spin
Very STRONG
Much Smaller Interference between Intermediate Spin
States
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Optimal spin basis in polarized photon linear colliders
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SPINOR IDENTITY:

Mass couples L to R:
P2=M? P-S=0 and S*=-1

therefore (P 4= M S)? = 0
(P S) — (145) (P+MS) i —i¢p (1—5) (P—MS)
UL 2 U7 € 2 U7

right massless left massless

simple, elegant proof by
Kodaira-san:




Kodaira-san < July I3, 1998
Spinor Helicity Method for Massive Spinor

Massive Spinor Decomposition

Above Consideration Tells us
Massive Spinor Can be written in terms of

. . 1 1 —
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