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1. Within the SM
2. Beyond the SM

Top-qn:.aark 1S now the amly
quark whose property is not
well- known yel

The 3rd generaliom is o copy of
the 1st & 2nd. ?

If you believe so, GO TO 1.
If not, GO TO 2.

@CD is part of SM, so - 1.



1. Within the SM

What do we need for more precise
tesls of the SM ?

Important paramelers: e, O

At present ﬂm:xpa 4.3 GeV

A0s(Mz)= 0.003

Why do we need to know them

more preci.seiy ¢ e; :_:... tn

o EW precisionTesls and
Higgs-boson mass prediction

° Te.siing the idea of GuUT

The most preciee EW formula :
Mw-Maz relation

Ma(l1-Ma/M3)= —= C 1+ 4r)

J—Gp
Ar is known ot complete two-(oop
level plus leading three-loop



If mg is measured with Amg=1.5 GeV,

Mw can be calculaled with aﬂgw"qu‘*leV
C7T.

AMy®~ T MeV
at LC
Uery precise Tlest .0

They will also give a slrong conslrain
on MSSM.

How ta. determine My ot LC ¢

Threshold behavior of O(ee-»1tt)
A Steinphauser.

t+t rest frome
Nen-velativistic @CH

Computling @GCD potential,
'fi'tt:‘ng O(ee->tt), we can expecl

amy = §0 MeV

This technigue is also opplicable
to b & C quark system



In order o per‘form those ana(yses
with small systematic errors,
careful studies of
Beam spread. Beam slrahl wung.
Initial- statle radiation
are required Boogert

By pamme‘trr?mj them as p(x),
cross seclions are given by

!
0CfE)= [ dx per) TLx/E)

Final gonl iS : AMs ~ 48 MeV
A0s ~ 0.0017.

Measuri‘ns Os, we need QCH
higher order correclions

ee » 99~ 3 jels

NNLO calculatlions are in progress,
which need not only Two-loop
amplitude. but also O'I-thd-j‘els)

and G'Bnm(SJe!S) for IR-div. cancellalion



LC o‘ffer.s Q good oppor‘tum‘ty also
for Traditiemal physics © Pomeron®

Wallon
Pomerom is “Some*th:‘ng ” exchanged
in NN -forward scattering, which
has vacuum quan’tum number.

Inlemns of QCD. they correspond
o dowble gluem exchange

eﬁ—@ 3/e. P

A lest of soft IR part of QCD

Measuﬁnj ttH coupli‘nj is also

important Bessom
H

A lesl of SM-vertex

proporlienal to mg
t



AGtn /Geert ~ 15 % for my < 200 GeV
~5 % for Mn= 120 GeV
after o careful

study of possible background.
( /5= 800GeV )

2. Beyond the SM

Tap-quark mass is even close to
the EW breakinj scale

T
An indicalion that Top-quork
has some informalion which
the other quarks do nol have 7

This leads us
1o

Tesling Top-quark couplings

One good signal is CPviolatlion
> CP-violalion in the SM occurs at
three leop level.



¢1) ee collision

Since 11 is produced via s-channel

V. Z exchange and me/Vs is nejligible,
initial leé? is CPeven

Wwe have 1o inke CP-odd observable

from final-stale producls :
ee€-»>tt » £2°x, 'ex, bX

CPviolalion could occur in
ttv/z2. 1bW coupling.s.

If | Gnon-su /9| 2 0.08,

we have good chances 1o detect
them.

The use of Po(qri.?ed bearms 'S

effectlive

Man y Qa t..r.‘i}.* orS



2) ¥Y collision

+ Initial slale can be
CP odd

We can make a CPviclalin
asymmetry without .s'tudyfnj
final lop-quark distributions.

)

Also. we could study Higgs couplinj:

1.,1\ t
D----- Asakawa
r'l"rt ? !*“C)gf;
! C¥¥ session)

.S'M.- loop or non-SM

YS,y is not a conslant, so
calculations are more complicaled.

Similar precision is expected for
some coupling determination.

€8 3 TV will work complementary
1o each other



&-1

One useful tool for analyses :

Decoupling theorem

Grzadkowski~ Z.H.,
Rindan:

Generally,
@ = OSM f‘Cpr + CDOQ + O(Cp_zp)
k3 3

in Produclion in Decay verlex
verlex

For example,
Final-leplon- energy distribution

g% - (ﬂ'%)SM*Cp(%)P ¥ Co(g%. D

However., Anjular distribution is

do
c-g%é; = (333_& ).gM +Co (%n)P

Thatlis, Cp lerm decouples _'



This decoupling theorem is

cpplicable to any initial stale
¢

eE, ¥V, pp» TX » 0*x’

Through this theorem. we will be
able To sludy Cp part and Cp part
separalely.

Refs.
hep-ph 0208079
99171505. 0112361
0002006

Another useful tool :

Optimal-observable analysis

&-2



3. Optimal-Observable Analysis

How can we determine several unknown parameters simultaneously?

—> Optimal-observable method Atwood.Soni Davieret al.
Diehl. Nachtmann,
Brief summary of this method: Suppose we have a distribution Gumnion etal

j—;(s D) =S afi(d) + O(cd)

where f;(@) are calculable functions, and ¢; are the parameters we try to

determine.

Determining c;

=> We make weighting functions w;(¢) which satisfies :

f wi(¢)B(d)de = c;

The one which minimizes the statistical uncertainty of ¢; is

wa(ﬁi‘) = z_:xijfj (¢J/2(@5) y
J
where X is the inverse matrix of

_ [ fil®)f;(9)

This X gives

Ac; = [ Xy UT/Jf;"T,
T t. Number of events

Total cross seclion
_6_



Finally,
Top-quark is a standard quark ?

H
( Iguess ) Many people will say
“Yes. we believe so”
However “No™ must be o much

much more exciting answer [ 4

( We can write many paper /)

We hope LC will be able 1o

give a clear answer in the near
Suture @

(o]

Merci beau coup “



