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1. Motivation

o SM has been successful in describing EW. It is quite
possible that SM 18 only an effective theory which
breaks down at higher energies as the structure of the

underlying physics ememges.
e There are reasons to believe that the deviation Iro from

the SM might first appear in the interactions involving

the third-generation fermions. The heavier fermions

s R

are more sensitive to the new physics and the new

nteractions will dominantly act on the third family.

e Take a model-independent approach to explore the

physics in the Higgs and the top-quark sector. A lin-
early realized effective lagrangian to dimension-six op-

erators.

/3 =05~=1 TeV will be discussed.
1.5 TeV

= 1 __




9. Effective Interactions

In the case of linear realization, the new physics is pa-
rameterized by higher dimensional operators which con-
tain the SM fields and are invariant under the SM gauge
group, SU(3) X SUL(2) x Uy(1)- Below the new physics
scale A, the effective Lagrangian can be written as

Leps = Lo+ *3ng04+0(

where Lo is the SM Lagmnglan O, are dimension-six op-
erators which are SU(3) X SU1(2) x Uy(1) invariant and
C; are constants which represent the coupling strengths of
0; .
Furthermore,
e To the order of 1/A?,the fermion and the Higgs bo-
son equations of motion can be used to list the oper-

ators but the equations of motion of the gauge bosons

can not.

e All the operators O; are Hermitian and the coefficients
C; are real.
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CP-even operators

Up to dimension-6, contribute to Zbb, Wtb, Ztt, vtt and

HH, ttH Z and tiH~.

2. o
Oy = (&'® - E‘) [@Ltﬂi’ + *!’*tan.] ;

On = i [®'D,® — (D,®)'®] Trytp,

Opr = (GDytr)D"® + (D"®)'(D,trav),

Opy = (quDubr)D"® + (D*®)"(Dybrar),
Ows = :(ﬁw“” tg)® + & (Epo™ ! Q-L)] Wi
Otpy = :(tfw"”ta)'&“’ + &' (Tpo™ QL)] By,
Ows = [(Guo™ 7 bp)® + & (bpotr'qL)] WL,

0§, = i [®'D,® — (D,®)'®] Grv*qu,

0y) = i[e'r' D,® — (D,®)'r'®] Gy r'qu,

O = [Gy"D"ar + D’qry"qr) By,

Ow = [@y"r'D"q + D'qn"r'qi] W;f.,,
Ow = [try"D'tr + DVtpy" tr) Bu,
K. Whisnonl el Plys. Rov. DEL, 467, (1997)

G, Gduﬂwil el of, 3 Plr,f C.7J,jfj' Cr987)
N __3
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CP-odd operators

Up to dimension-6, contribute to t{H, ttHZ and ttH~

S
I

i(P'P ~ %) [@'Lfﬁa - &;TERQL] ,

On = [8'D®+ (D,®)'®] try"tr,

O = i [(@Dutn)D"® — (D*9) (Dyina)]
i (@' t)® — & (Fno™s" )| W
Oips = i |(@o™tn)® ~ & (tr0™a1)| B
Oy, = [ D&+ (D,®)'®] qrv"qr,

09 = (@}’ D, + (D,®)'r'®] @y''ar.
Ymg . Ywn’ Plys - Rew. D4, 55071997

ks

=
=
il

Il

The standard notation is
gz the third family left handed doublet fermion,
$ the Higgs doublet,
W, the SU(2) gauge boson field tensor,
By, the 'J(1) gauge boson field tensor,

D, the appropriate covariant derivative.

I I — 7
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ttH  HHZ  ttHy

AU 1 0 0
On, Oy L

Own 1/v

Own Efv

Om,-ﬁn; quﬂa E;‘r'un Ef‘h‘u

Owwa, Opwa

Efv?  Ef

Oynw, Ops

E/® BN

(1)
O

o)

E/v

Efv

Table 1: The energy-dependence of dimension-six operators for couplings t1H,
HHHZ and t1Hy. An overall normalization v*/A® has been factored out.
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Zoh  with  ZtF i

SM 1 1 1 1
off 1 1

3
O%) 1 ! 1

Ow E'/v* E?fp? Ey?

Ogw E B EJW® E%)o?

On 1

Opy Elv Efv

Ore Ejv E/v
Ouwa Efv E/lv Efv
O B E*fe®

Table 2: The energy-dependence of dimension-six operators for couplings Z0b,
Wb, ZtT and 4tf. An overall normalization v* /A? has been factored out,
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3. Bounds on the nonstandard

couplings

< Bounds from the process Z — bb

The ratio of hadronic decay width at Z pole is defined as

NZ = bE) Rm = 0. 2088(2)
['(Z - hadrons)’ R =0, 20624 (uy
By using of the observable, we obtain the bounds at the

lo (30) level as

R, =

1% 1072 (=2x 1072) < 50w < ~1 % 107 (1 x 107%),

(=

~2x 1072 (5% 107%) < 50 < —3x 107 (2% 1077,

5x107° (=4 x107%) < 50§) < 4% 107 (8 x 1079,
(=

5% 107% (=4 x 107%) < {0 < 4x 107 (8 x 107%).

For A =1 TeV,
~0.16 (=0.33) < Cgw < —0.16 x 1072 (0.16),
~0.33 (—0.82) < Cup < —0.49 x 1072 (0.33),
0.82 x 1078 (=0.07) < Cg,) < 0.07 (0.15),
0.82 % 107° (~0.07) < C§) < 0.07 (0.15).

2 o — S
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We have also examined the constraints from the bottom
quark FB asymmetries Aw and obtained a weaker bounds

than Ry does.
o The unitarity limits

The unitarity limits (given by G.J. Gounaris et al.) for
Am3—1TeV: 7. Plgeck € 74,335 (1997

IO;;I—”IU 30 |C¢;§|FEU% 2f3
2 2
cm ~ (.07 = 0.63 or cm—~ ~(0.04 — 0.40),

2
|c'm|— ~ 0.02 = 0.15 , !C':m-l— ~0.02 - 0.15

2 2
Gm—rvom 0.34 or C,,B—~—(003 0.29).

For A=~ 1 TeV:
2 2
|Cﬂ|_ﬁ230 |C;g|—_26
2

C‘p; ~ (.63 or Cmﬁ ~ —().40,
02 o2
|C'$W¢|F = 'Cgﬂﬁ_lﬁ o 0.15 .
Currently, there are no significant experimental constraints
on the CP-odd couplings involving the top-quark sector.

8
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4. ete” = ttH

We show the relevant Feynman diagrams for ttH pro-
duction. The four-particle vertex should be paid more at-

tention, since there is no such vertex in the SM but exists

in the effective couplings due to gauge invariance.
& : VA Pl
Y, Z A 14 i Z J¥ M
e, T )
(@) (b) (©) (d)

Figure 1: Feynman diagrams for ete” — tiH production.

(a)-(c) are those in the SM. The dots denote the contribu-

tion from new interactions.
We t_un.amfe the JJ&JM: ,.;..:.é..ﬂf.; all:ufotmu effecs
Wf;gnjr'ﬂj a {té.wfa a-v-riwe ’p..hau.
wWe Bave mol chuded B> QCD covreckons b
7 u.gmﬂ process




To show the sensitivity to the nonstandard couplings
we choose two typical operators as follow:
o On = (10 - ) [quta® + B'iras,

which corrects direcgly to Yukawa coupling and is en-

ergy independent,

e Op = (‘ELDPtR)D“&; + (D“@]T(ﬁ#tﬁqﬂ,
which corrects to t{H as well as t£H Z and t{H~ and

is most sensitive to energy scale.

It is informative to study how the cross sections change

versus the couplings, for

o Cy1v?/A? from -0.16 to 0.16 or Cpyw?/A? from -0.40
to 0.40.

e c.m. energy /s from 0.5 TeV to 1 TeV.

o the Higgs mass from 120 MeV to 140 MeV,

10
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Figare 22 Total cross section for ee™ — tfH production
versus the e*e™ ¢. m. energy for my = 100, 120 and 140
GeV, with (a) for Oy and (b) for Op;. The dashed curves
are for the SM expectation.
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Figare 3 Total cross section for ete~ — tEH production
versus my (a) for /s = 0.5 TeV and (b) for /s =1 TeV.
The dashed curves are for the SM expectation.

13



Figure 4: Total cross section for e*e~ — tiH production
versus the couplings (a) for Oy and /s = 0.5 TeV ; (b)
for Oy and /8 =1 TeV ; (¢) for Op; and /s = 0.5 TeV
. (d) for Opy and /s = 1 TeV with my = 100, 120, 140

Gk
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Due to the interference effects, cross sections decrease as
Cy; increases and are essentially linearly dependent upon
the coupling. The effect due to the operator Opy is in-
significant at /s = 0.5 TeV, while at higher energies the
contribution from Op;y is substantial and the quadratic

terms become important quickly.




Sensitivity to the Nan:afarldard Couplings

We consider the identification of the final state from ttH

including the branching ratios and the detection efficien-
cies.
e The branching ratio of the leading decay mode H =
bb is about 80% ~ 50% for the mass range of 100 ~
130 GeV.

o Assume 65% efficiency for a single b-tagging to identify

four b-jets in the final state.

e Include both the leptonic decay (e*, u*) and the pure
hadronic decay for W* from tf. These amount about
85% of the tf events.

e Impose certain selective acceptance cuts (the cut effi-

ciency would not less than 50%).

16




With the above event selection, We estimate an effi-

ciency factor eg for detecting ete™ — t{H to be

€, = 10 — 30%,

and a factor eg for reducing QCD and EW background to
be
=N
The background cross sections for QCD (egep), elec-
troweak (opw) and ete™ =» ttH in the SM (ogn) at se-
lective energies without branching ratios and cuts included
are listed in

gsm | Orw | OQCD

J/5(500 GeV) | 0.38 | 0.19 | 0.84

Vil Tev) | 232 | 0.70 | 1.08

JE(15 TeV) | 1.36 | 0.62 | 1.54

Table 3: Background cross sections o gy, Gpw and ogop in

units of fb at selective energies for my = 120 Ge'/.

1
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To estimate the luminosity (L) needed for probing the

offects of the non-standard couplings, we define the signif-

icance of a signal rate () relative to a background rate
(B) in terms of the Gaussian statistics,
it
for which a signal at 95% (99%) confidence level (C.L.)
corresponds to og = 2 (3).
In the present CP-even operators, the ttH cross section
(0') would be thus modified from the SM expectation. The

event rates are calculated as

S = L(|lo - osml|)es and B = L|osmes + (0gep + a’gw)@l.

We then obtain the luminosity required for observing the
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Figure 5 Sensitivity to the anomalous couplings Oy versus

the integrated luminosity for a 95% confidence level limits

at (a) /3 = 0.5 TeV and (b) v/s = 1 TeV, with mpg =_
120 GeV.
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Figure 6: Sensitivity to the anomalous couplings Op; versus
the integrated luminosity for a 95% confidence level limits
at (a) v/ = 1 TeV and (b) /s = 1.5 TeV, with my =
120 GeV.
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We see that at a 0.5 TeV collider, one would need rather
high integrated luminosity to reach the sensitivity to the
non-standard couplings; while at a collider with a higher
c.m. energy one can sensitively probe those couplings with
a few hundred fo~" luminosity.

Some kinematical distributions are discriminative for

the signal and backgrounds. We plotted three distribu-

tions for O}:}t,
o do/dEy, E, is the energy of top quark.
e do/dmy;, My is the invariant mass of the tt system.

o do/dcos Oy, Oy is the angle of Higgs with respect to

the electron beam direction.

15
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Figare 7. Kinematical distributions for do /dE;, do/dmy,
and do/dcosOy with my = 120 GeV and for /s = 1
TeV. The thick line is for Cpw?/A? = —0.40 and the thin
line is for the Standard Model.
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CP-violating effects

If there exist effective CP-odd operators beside the SM
interaction, then CP will be violated in the Higgs and

Mu-ark sector.

The CP-violating effect can be parameterized by a cross
section asymmetry as

o((p1 X p3) @ ps < 0) = ((p1 X p3) ® ps > 0)
o((p1 * p3) @ ps < 0) + o((p1 X p3) ® ps > 0)

where py, ps and py are the momenta of the incoming

A,gp =

electron, top quark and anti-top quark, respectively. The
lo statistical error for N and N_ are v/N. and v N_
respectively, where N, is the number of the events for
(p1 x p3) @ pg > 0. and N_ ig the number of the events
for (p1 x ps) @ py < 0. Then the error for Ny — N_ is
V()2 + (VI _)2. Noting that 1/ (V)2 + (V)2 =

/N, we get the definition of the confident level for two o

as
N-—N+_
VN

2.

16
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Figure 8: The total cross section versus CP-odd couplings
for my = 120 GeV, /s =1 TeV.
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Figure 0: The CP asymmetry Agp versus CP-odd couplings
for my = 120 GeV, /s =1 TeV.
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Figure 10: Sensitivity to the anomalous CP-odd couplings
versus the integrated luminosity for a 95% confidence level
limits and for 30% of detection efficiency at /5 = 1 TeV
, with my = 120 GeV. The solid line is for the total cross
section and the dash line is for the CP asymmetry Acp.
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One can find that

e The cross sections depend on CP-odd couplings ap-

proximately quadratically due to that the corrections

to the cross sections come from the squared terms of

matrix elements and there is essentially no large in-

terference between the SM and new operators.

o Acp depends on the couplings linearly since it comes

from interference terms.

e The effects on the total cross section due to CP-odd

operators are much stronger than that on Acp. In

other words, the direct observation of the CP asym-
metry would need much higher luminosity to reach.

i J
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6. Conclusions

e We have considered a general effective law
dimension-six operators including CP violation effects.

Constrants on some of the couplings has been derived
from Z — bb data.

e We have studied the process e*e™ — ttH to exp;m!e
the non-standard couplings of a Higgs boson to the
top-quark. For the future LC, the intergrated lumi-
nosities needed are about O(1000, 100,10 fb~") for
V5 = 0.5,1.0, 1.5 TeV.

e We have stucied in detail the effects of anomalous
couplings (vtf, Ztt and tWb) on tt spin correlations

i1 the top pair production as well as the top guark

decay processes with three bases (helicity, beam line
and off-diagonal bases). Our results show that with a

c.u._energy /s ~ 0.5—1 TeV and a high lurainosity
of 100 — 1000 fb~*, the anomalous couglings ~vit, Ztt

and tWb may be sensitivelly probed.
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