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Plan of the Talk

This talk consist of two parts:

/\/\/\/\/\/\/\/+.<J\/\/\/\/\/\/\/

! I tt will be discussed in a model independent way
by looking at the angular distribution of the decay leptons.

ee | andee ! |71  will be discussed for a light
scalar (m < 140GeV)
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Higgs at Photon Collider

Photon spectrum

Semi-leptonic nal state
Cross-section and asymmetries
Limits and contours

Higgs width effect

Conclusions
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Photon Spectrum

Backscattered laser form high energy electron/positron
beam is used for photon collider. The spectrum of  c.m.
energy in the c.m. frame of parent e e collider has been

calculated by Ginzburg.
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Photon Spectrum

Backscattered laser form high energy electron/positron
beam is used for photon collider. The spectrum of  c.m.
energy in the c.m. frame of parent e e collider has been
calculated by Ginzburg.
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Realistic Photon Spectrum

Ginzburg's spectrum is ideal and does not includes realistic
non-linear effects, multiple scattering etc.
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1N dN/dw MO°/GeVN

simulation

Polarization of backscattred
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Telnov's realistic spectrum

and
Zarnecki's parametrization
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ldeal vs Realistic Spectrum
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No. of events for high photon pair for realistic
spectrum is about half of that of ideal one.
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ldeal vs Realistic Spectrum
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Semileptonic nal state

Top quark's half life is much smaller that hadronization
time, thus it decays before getting hadronised and hence
the angular distribution of the decay product can be used as

a probe of its polarization and possible CP violation in tt
production.

A general tbW vertex can be written as

bW = -%th[ (fiLPL + f1rPR)

i
Mo (pt pp) (faPL + forPR)
W

where f;. = 1and fir = fo = 0for mass-less b-quark. The
angular distribution of the decay lepton from W is

iIndependent of fog  hence best suited for probing CP
violation in tt production.
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Polarized cross-sections

To maximize Higgs contribution we need, for photons,
1= 2) weneedtoset o = & = laser

Initial state can be denoted by . alone and for
cross-section the nal state can be denoted by the charge
of the lepton. Thus with two possible polarization and two
charges of lepton we can have four polarised cross-section

)+ ) CH )

combinely written as
(; Q= 00+ 10+Q o+t Q 1

We have only four observables at hand.
ILCWG
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Asymmetries

Taking two polarized cross-sections at a time we can
construct six asymmetries

A 1 — Ei 3+ E ; A 2 — Ei ;4_ E 3 CP violating asymmetries
A 3 — g 3+ E 3 A4 - g g+ E ; Polarization asymmetry
A 5 — g 3_'_ g ; A 6 E 3_'_ E ; Charge asymmetry

Using expression for (; Q) one can argue that only three
of these six asymmeries are independent for non-zero
angular cut in the lab frame. For no angular cut,

(; +) = (; ) formcharge conservationand) only one
of these asymmetries is independent.
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Asymmetries
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Asymmetries as a function of beam energy for SM and MSSM using Ideal

Spectrum.
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Asymmetries
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Limits and contours

Cross-sections and asymmetries are written in terms of
form-factors f S;; P; S ;P gor in terms of

fxiiyi i = 1;2;3;49. Now If
iA(fxiiyig) ASMj< ASM

it will not be distinguishable form SM hence said to fall in
blind region. Here A Is the statistical uncertainty of the
measurement at a certain con dence level and is given by

f P
A:19:|_1A2

where, L = Luminosity, L = total number of events and f is
the degree is signi cance , f = 1:96 for 95% con dence
level.
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Limits and contours
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Boundary of blind region around SM point at L = 1000fb 1
for ideal and CompAZ spectrum.
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Blind region

CP violating combinations, y;'s, are consrained but CP
conserving combinations, x;'s, are left unconstained.

The blind region in the parameter space is an extended
non-convex set. Does not gives much information about CP
conserning Higgs couplings. Some additional, independent
constraints are required.

Using
JA (in;Yi g) AModte < AI\/lOdel
one can nd blind region corresponding to any model. If the
blind regions corresponding to two models (hypothses) are

disjoint, the models (hypothses) are said to be
distinguishable.
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SM:5=0P=0S =0P =0

Blind region

MSSM :S; = 0:33 Py = 0:15,

S = 1.3 LlL2:P = 051+ 1.1

SM MSSM

A A A A
A1 0:000 0:014 0:036 0:013
As 0:000 0:014 0:033 0:013
A3 0:058 0:013 0:022 0:013
Ay 0:058 0:013 0:092 0:.013
Ax 0:058 0:013 0:056 0:013
Ag 0:058 0:013 0:058 0:013

Non-overlaping fA
blind regions
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Ag for two models ) non-overlaping
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Dependenceon Width
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Dependenceon Width
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Qualitatively, we see that sensitivity of the measurement will

go down with increasing Higgs width.
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Degreeof resolution

First we dene P. as the De€gree of resolution is de-

orobability of confusing one ~ N€d as
model with other at a given P
condence level. It is the R=1 Po

area of gaussian centered at
one model in the con dence R <O
Interval of other. Models not resolved

Let's dene Pg, as the R =0
probability P when the con -
dence intervals of two model
just touch each other. R >0

Models just resolved

100 C-L: 1 Models are resolved

F) _
0 2 100
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Sensitvity of obserwvables

.1 @
O(X) @& 4oy,

X1 X2 X3 X4 Y1 y2 y3 Ya
A1 0:000 0:000 0:000 0:000 5:84 4:23 11:46 9:59
0:000 0:000 0:000 0:000 4:08 301 8:23 7:00
A 0:000 0:000 0:000 0:000 591 4:26 11:48 9:57
0:000 0:000 0:000 0:000 4:37 3:16 8:28 7:26
As 0:003 0:006 0:055 0:048 587 4:25 11:47 9:58
0:017 0:022 0:241 0:213 4:21 3.08 8:24 7:29
Ay 0:003 0:006 0:055 0:048 587 4:25 11:47 9:58
0:017 0:022 0:241 0:213 4:21 3:.08 8:24 7:29
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Conclusion

Polarized asymmetriesin ! tt! | X can be usedto
probe CP violation in the production process of tt pair, in
our case CP mixing of Higgs idependent of possible CP
violation in t-decay.

Asymmetries are sensitive to CP violating combinations,
yiS, and can be used to distiguish/resolve any two
models/hypotheses over a wide range of Higgs width. One
needs more observables to constrain/determine all the
couplings.

Realistic spectrum reduces the effective  luminosity and
asymmetries and hence the degree of resolution between
two models/hypothese.

AVAAVAVAVAVEY  TVAVAVAVAVAVAY
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Higgsat €' e collider

Higgs production at €" e collider
Anomalous Higgs interactions
W fusion process

Bjorken process

Various observables

Conclsion

’ ALY i
IL (/V‘/G Higgs at Linear Collider — p.18/28



Higgs production at €' e collider

efe | €e€ezz ! eeH (Z-fusion)
! e W W | e eH (W-fusion)
! ZH | e eH  (Bjorken)

"I H  (Bjorken)

my = 120GeV,Br(H! bb 09
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AnomalousHiggs interactions

The Lagrangian for Higgs-gauge boson coupling
LwwHizzH) = W W (Z Z2)
where,

b b
=a g + - (k'k? g kl:k?) + v k! k2
ay = ecos wMz and ay = 2eMz=sin2
band Bare complex in general and they are treated as
small parameters i.e. terms guadratic in them are dropped.
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ee | . H

Final state has two neutrinos (missing energy). Only few
observable can be constructed.

Interference of SM part of W fusion diagram with
non-standard Bjorken diagram is large even away form Z
pole. Cannot be separated by cutting out Z pole.

Set of non-standard couplings involved

f< (bw);=(bw); <(@w);=(Bw); <(bz);=(bz); <(Bz);=(0z)g

Need to x/constr ain by and By using Bjorken process
before studying WWH vertex.

ILOWG
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Bjork enprocess

We considerete | ZH, where Z decays to either leptons
or neutrinos. The Higgs being light dominantly decays in to
bb-pair.

(efe | T b= 157

(e+e ! foehb) = 3:171b
Low rates, not possible to use angular distributions etc.

Can use total rates, integreted asymmetries, moments of
distributions etc.

Asymmetries with speci ¢ transformation properties can
be consructed to probe any given coupling. (Examples
shown latter).

ILOWG
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Kinematical cuts

Variable Limit Description
0 = 5 Beam pipe cut, for| ;17 ;bandb

jm 4 1+ Mzj < 125GeV To select Z-decay events
En,EpiE; T E}+ 10 Gev For jets/leptons to be detectable

Rpp 0.7 Hadronic jet resolution

R, |+ 0.2 Leptonic jet resolution

Ri+p Risp,

R i R 0.4 Lepton-hadron resolution

One can write semi-numerical expressions for observables
subjected to above kinematical cuts.
Cross-sections

(171 ) 1:57 <(by)8:0fb
() 317 <(by)16:2fb
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Asymmetries

Forward-backward asymmetry :

Asp(c) = 1:5:7(522?5)88:0; for 11 inthe nal state
Aip(Cy) = 1:5:7(522((35)68:0; for 171 in the nal state
Atp(Cy) = 3:1; (bi)(lb:jg 5 2; for inthe nal state
Aip(c ) = 1:5:7(522(();68:0; for "1 inthe nal state;

A¢p(c ) Is proprotionalto (pe  Pper)i(p + p +). These

asymmetries are CP-odd and T-even, where T naive time
reversal.
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Asymmetries

Up-down asymmetry : Direction of e and that of H de nes
the plane of production of Higgs. Decay products of Higgs
are symmetrically distributed above and below this plane
but decay product of Z are not in presence of non-standard
Interactions. The asymmetry Iis expectation value of

(Pe  Per) PHIP p +) and given by,

<(B7)0:2
1:57 <(bz)8:0

Aud( 1) =

This iIs CP-odd and T-odd.
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Asymmetries

Conbined polar and azimuthal asymmetries : We devide the

sphere into four parts

fu - 0 | =2 0 |
fd : 0 | =2 | 2
bu =2 | o O |
bd =2 | 0 | 2

Taking any two parts at a time we can de ne six
asymmetries.

_ _ =(bz)0:251
Au b = Atd b = 5785 <(by)4:0

ILOWG
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Asymmetries

= (Iny)0:279+ <(1,)0:628

AW = 70786 <(by)40

A _ =(bp)0:279+ <(1)0:433

g 0786 <(by)4:0

A _ =(bz)0:279+ <(1)0:530 =(11)0:251
(D 0:786 <(by )40

A _ =(bz)0:279+ <(1;)0:530+ =(17)0:251
- 0:786 <(by )40

Above asymmetries do not have denite C,P and T
properties hence they receive contributions from various
operators.
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Moments of angles

The average value of | InSMis , in presence of the
non-standard interactions the azimuthal distribution
changes.

Dene . = |
The rst moment or the mean value of can be written as,

hi==()0:129 <(Bb;)0:057 h %igm = 0:296

Now all these observables can be used to constrain the
couplings.
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Limits and contours

Center of mass energy for e"e : 500 GeV
Integrated luminosity : 500 fb !

j<(lbz)] 0.0074 2 ("1 )+3 ( );3 limit
1< (7)) 0.42 Aw( D 2 1;2 limit
= (0z)] 0.061 Afp(cy); 2 1+3 ;2 limit

Better constraint on <(b;) than above come from the
combined asymmetries and the moment h .
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Limits and contours

Uses combined asym-
| \ | metries and h i.
Outermost ractangle is

RHG L

\ for =(oz) = 0, and inner
| | ones are for =(I;) =

0:015 0:030 0:045

02 01 0 0.1 0.2
| Ho,L
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Limits and contours

W -fusion
676 <(by)27.4+ <(by)15:3fb;

= (bw)3:89+ =(b)3:33
At b(Co) 67.6 <(bw)27:4+ <(bz)153

Using constraints from Bjorken process along with above
ones we get following countours.
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Conclusion

For ZZH vertex, coupling for the T even operators can be
constrained stongly using total rates, various asymmeries
and moments of angles.

The T odd operators in ZZH vertex have effects on
distributions of decay product of Z only. Poor statistics
leads to weaker constraints.

For W boson fusion process, due to missing one cannot
probe couplings of T odd operators and we have limits only
on T even operators.
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Thank You!

/\/\/\/\/\/\/\/—’.‘—/\/\/\/\/\/\/\/

"Higgs boson at Photon collider' was investigated
In collaboration with
Prof. R. M. Godbole and Prof. S. D. Rindani

"Higss boson at e" e collider' was investigated
In collaboration with
Prof. D. Choudhury and Prof. B. Mukhopadhyaya
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