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We study the possible effects 6fP violation in the Higgs sector oerroduction at ayvy collider. These
studies are performed in a model-independent way in terms of six form factors
{%(s,),3(S,).:(P,),3(P,),S; ,Pi} which parametrize th€ P mixing in the Higgs sector, and a strategy for
their determination is developed. We observe that the angular distribution of the decay Ieptdmﬁmmm-
duced in this process is independent of & violation in thetbW vertex and hence best suited for studying
CP mixing in the Higgs sector. Analytical expressions are obtained for the angular distribution of leptons in the
c.m. frame of the two colliding photons for a general polarization state of the incoming photons. We construct
combined asymmetries in the initial state leptphoton polarization and the final state lepton charge. They
involve CP even (’s) and odd §’s) combinations of the mixing parameters. We study limits up to which the
values ofx andy, with only two of them allowed to vary at a time, can be probed by measurements of these
asymmetries, using circularly polarized photons. We use the numerical values of the asymmetries predicted by
various models to discriminate among them. We show that this method can be sensitive to the loop-induced
CP violation in the Higgs sector in the minimal supersymmetric standard model.
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[. INTRODUCTION such as the minimal supersymmetric standard model
(MSSM), for example, the lightest Higgs boson remains

The standard modéBM) has been tested to an extremely more or less & P eigenstate and the two heavier statg#\,
high degree of accuracy, reaching its high point in the preciwhich would beCP even andCP odd, respectively, in the
sion measurements at the CERNe~ collider LEP. How- absence o€ P violation and are close in mass to each other,
ever, the Bosonic sector of the SM in not yet complete, thénix. The expected mixing can actually be calculated as a
Higgs boson is yet to be found. A direct experimental demfunction of the various parameters of the modet6]. In our
onstration of the Higgs mechanism of the fermion mass genstudy, however, we do not stick to a particular modeCdt
eration still does not exist. Also lacking is a first principles Violation and adopt a model-independent approach to study
understanding o€ P violation in the SM. In this paper we the effects of thisCP violation ontt production inyy col-
look at the possibilities of probing potenti@lP violation in  lisions. Such an approach has been adopted in earlier studies
the Higgs sector at the proposed colliders[1]. [7]. _

Such a study necessarily means that we are looking at We studyyy—tt through the diagrams shown in Fig. 1.
models with an extended Higgs sect6r® violation in the It has been observed earligf] that there exists a polariza-
Higgs sector can be either explicit, one of the first formula-tion asymmetry of thet produced in the final state if the
tions of such aCP violation being the Weinberg modg2], scalar¢ exchanged in the channel is not & P eigenstate.
or can be spontaneo(i8], where the vacuum becom&P  We parametrize theV,.,,,Vi, vertices in a model-
noninvariant. The mechanism for creatin@® violation in  independent way in terms of six form factors to include the
the Higgs sector could be different in different models but allC P mixing, following Ref.[7]. We investigate in this study
such mechanisms will result @ P mixing and then the mass the effect of such &P mixing on the angular and charge

eigenstate scalar will have no defini@P transformation asymmetries for the decay |eptons Coming from tV]E
property. In specific models with an extended Higgs sector,
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which reflect the top polarization asymmetries. It is knownfor the t quark. Thett_production and-decay helicity am-

[8] that yy colliders can provide crucial information on the plitudes obtained with these vertices are then presented. In
CP property of the scalar produced in teehannel, due to  Sec. Il we obtain an analytic expression for the angular
the very striking dependence of the process on the polarizagistripution of the decay lepton itit decay. We discuss the
tion of the y’s. These colliders will also offer the possibility insensitivity of the decay-lepton angular distribution to the
of measuring the two-photon width of the SM Higgs bosonanomalous coupling in théa W vertex. Section IV deals with
very accurately{9,10]. The yy production of a scalar fol- the ideal photon collidef13]. Numerical results are pre-
lowed by its decay into & pair is shown to provide the sented in Sec. V, discussed in Sec. VI and we conclude in
crucial information required for a model independent confir-Sec. VII.

mation of its spin and paritjl1]. The possibilities of study-

ing the MSSM Higgs bosons iy collisions in thebb and Il. INTERACTION VERTICES
neutralino-pair final states are shoWt?] to give access to AND HELICITY AMPLITUDES

regions of the supersymmetric parameter space not acces- The interaction vertex df with a scalar, which may or

sible at other colliders. Thus in general the colliders will may not be aCP eigenstate, may be written in a model-

provide a very good laboratory for studying the scalar Secmrindependent way as

Here we concentrate on the polarization asymmetries of the

final statet andt caused by sucl P violation[7]. The large

mass oft implies that it decays before hadronization. As a

result it acts as a heavy lepton and the spin information gets

translated to distribution of the decay leptons. Thus we card he general expression for the loop-inducegk vertex can

use these angular distributions as a probe for posgifle be parametrized as

violation. We use only the decay lepton angular distributions i 5
- (62

and construct asymmetries that reflect tite polarization Voo m—

. . . . Yy A
asymmetries caused by ti@&P violation in the Higgs cou-
plings. We observe that these are independent of any
CP-violating contribution in thetbW vertex. The same is —P.(s)
not true of the energy distribution of the decay lepton. Hence

we restrict our analysis to the angular distributigns and ketherekl andk, are the four-momenta of colliding photons
the tbW vertex completely general, choosing titey vertex — and €;, are corresponding polarization vectors. We take
to be standard. The latter of course is relevant only for thes,,P, to be complex whereaS;,P; are taken to be real.
continuum background. This choice means that we assume only@te mixing com-

We develop a strategy to study ti&P property of the ing from the loop-induced effects in the Higgs potential. We
Higgs boson by looking at angular distributions of leptonsallow these form factors to be slowly varying functions of
and antileptons, for different polarizations of the colliding the yy c.m. energy since in any model the loop-induced
photons. Towards this end we obtain analytical expressiongouplings will have such a dependence. Simultaneous non-
for the lepton angular distribution, with a fixed value of the Zero values foP andSform factors signaC P violation. We

photon energy and general polarization. We then fold thigVill construct various asymmetries which can give informa-

expression with the photon luminosity function and the po-tion on these form factors.
We allow thetbW vertex to be completely general and

larization profile for the ideal backscattered laser spectrum ''*
[13]; we obtain numerical results for the different mixed po- write it as
larization and charge asymmetries which we construct. Our

Vit ——ieﬂ(stﬂ 5P,) (1)
ttep ™ MW Y ).

2
Sy(s)( €1 €x— g(fl' kz)(fz'kl))

: @

g e,uvuzﬁflf Eskfkg

i i g
choice of the ideal case for the backscattered laser spectrum Tl W= _th[ y#(f1 P+ f1rPR)
is for demonstration purposes. Further results using the re- \/—
cently available spectra, including the detector simulation for i
the DESY TeV Superconducting Linear Accelerator — ——""(p—Pp) (Fo P+ ForPR) 3)
(TESLA) [14,15, will be presented elsewhef&6]. We then Mw tORbIATALTL T T2RER
use the above-mentioned asymmetries to assess the sensitiv-
ity of this process to the size of various form factors involved TE —_ iv* “(To P+ TP
in the parametrization of,,, , Vi, - At times we have used tw o T Y (TPt T1rPR)
specific predictions for the form factors in the MS$K as .
a guide and for purposes of illustration, in our analysis. We L — —
show that this process is capable of probing the MSSM loop My (Pr=Po)y(fo Pt TorPR) | (4)

effects using these asymmetries.

The plan of the paper is as follows. In Sec. Il we give thewhereVy, is the Cabibbo-Kobayashi-Maskaw@&KM) ma-
general form forC P-violating vertices involving the Higgs, trix element andg is the SU2) coupling. We work in the
thet quark, and the photons, as well as th&V decay vertex approximation of vanishingg mass. Hencé g, fig, fs,
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and f2R do not contribute. We choose SM values foy , the producedt_pair better reflecting th€ P-violating na-
andflL, viz. flL—flL—l The only nonstandard part of the ture of thes-channel contribution. It should be mentioned
tbW vertex which gives nonzero contribution then corre-here that these statements are true only in the leading order
sponds to the terms with,g and T, . We will sometimes ~ (LO). Radiative corrections tyy—qq can be largg17,18.

also use the notatioh* and f~ for f,x and f, , respec- That is also the reason we have restricted our analysis to
tively. One expects these unknowis Zt% be srana'II and we asymmetries, which involve ratios. As a result the analysis is
retain only linear terms in them while calculating the ampli-qu'te robust even if we use only the LO result for the SM

; -~ ; _contribution. Note also that the SM contribution for equal
tudes. Below we give the helicity ampllt_udes for the produc photon helicities is peaked in the forward and backward di-

tion of tt followed by the decays of thit in terms of these  oqtions, whereas the scalar-exchange contribution is inde-

general couplings. pendent of the production angle. This also suggests that
_ N _ one can optimize the asymmetries by angular cuts to reduce
A. Production helicity amplitude the SM contributions to the integrated cross section, of

course taking care that the total event rate is not reduced too

The production procesgy—tt receives the/u channel much. We will make use of this feature in our studies.

SM contribution from the first two diagrams of Fig. 1, which
is CP conserving whereas thechannel¢ exchange contri-

bution may be potentiallC P violating. The helicity ampli- B. Decay helicity amplitudes
tudes for thes and thet/u channel diagrams are given by

Egs. (5) and (6) respectively: We assume that thiequark decays only via thebW ver-

tex followed by the decay d#V into lepton and correspond-
ing neutrino. The helicity amplitudeM(N¢,Ap,N\+,\,)

M s(N 1A 23N, N\D) and M (AT, A5\ -, \;), for the decay ot andt are given
below:
_ —ieam S
4mMw s—m3+im Iy Mp(+,—,+,-)
X[S,(S)+IN1P ()]
. = —i2y2g\mpppOp;s Aw(pd) 14 12
XIMBS =P8\ 2,0, ap 5 Jr
0+ 6, Oy 6, Oy
X cosT cos? sin ?e"”b—sm > cos? e'dv
Msm(A1, 23N, A7)
f Oy 0, 0,+
—i47aQ? [4 —2Zsin ?e"ﬁb sm? sin—- el (¢v= 1)
— ()\ +NB) S\, \, 00, AT r
1o BZcof6,| s vz i
N g, 0+ @
4mt ) C057 COS?
_@ )\tﬂs'nzat@\l,—xﬁxt,)q
—Zﬁ(cosﬁﬁxlht)sinatékl,_xzéxt,_W . Mp(—,—,+,—)

6
e

HereB, Q, andé, are velocity, electric charge, and scattering

angle of thet quark, respectivelyf’ , andm,, denote the total 60+
decay width and mass of the scatsr \; , stand for helici- Xsin—- e 'd
ties of two photons while the othars stand for helicities of

1+T

0 Op .
Y qin — al%p
cos 2 Sin 2 e

particles indicated by the subscript. For photons, helicities
are written in units of: while for spin-1/2 fermions they are —sin ? COs—- 2 e'?n
in units of 4/2.
From the expressions in Eq$) and(6) it is clear that the for Op 6, 0+
¢ exchange diagram contributes only when both colliding + W cos— sm? smT e'(®v=d1v)

photons have the same helicities, whereas the SM contribu-
tion is small for this combination as we move away from the 6
tt threshold. Thus a choice of equal helicities for both col- +c037 cosT
liding photons can maximize polarization asymmetries for

} ®
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Mrp(+,+,—,+) pT (NN =€ T(MN) =2 pr(Np A pa(ha D)

000
=—i2y292\mpyp,p/- Aw(pw){ 1+T X M(N g, Ao, NN M* (NN NN
woos ot o i O O i and
Cos—-|cos—-sin—-e sin—-cos—-e .
TN =g A(p3) 2T (AN =—fd
a0 . (AN =gYA(PW) [ TT' (M) =5 | da
sin—= e 1% sin — sin —— e 1(4»~ 41"
\/F 2 2 2
X 20 MM N Ao A ) MEN A p N+,
0, 0- 9
0S5 oS 1 © " Herea is the azimuthal angle of tHequark in the rest frame
_ of thet quark with thez axis pointing in the direction of the
Mp(—,+,—,+) momentum of the lepton. All repeated indices of matrix ele-
: ments and density matrices are summed opef;) are the
_ 2L hoton density matrices; written, in terms of the Stokes pa-
- | 2 m — A 1+ — p y 1 3 p
V292 \/mpep®p; W(pw)[ [) metorer £
0 0, . Oy i 1+ — nat+i
Xsin— €| cos— sin— e % N — 2 KERRR
2 2 2 1A 1,7 2| — pa—imy 1— 7,
6, 65 - f, 0y .
—sin - cos?b e |+ % co:s?b () 1] 1+& —&tig 13
r ANo)=% .
P2t2R2) ™3 =& 1-6
0, O g,  6- : : o .
X sm? smT e (¢ ¢")+cos7 0037 , Here, 7, is the degree of circular polarization whikg, and
73 are degrees of linear polarizations in two transverse di-
(10) rections of one photorg; are similarly the degrees of polar-
ization for the second photon. The explicit expressions for
where the production density matrig(\,\{) depend upon the po-
1 M2 larization of initial photons. The decay density matrix ele-
Aw(pd)= 5 5 . r= _‘2’ ments are independent of any initial condition and inrtet
Pw— My +HiMwl'y m; frameof t(t) they are given by

For simplicity, the above expressions for the decay ampli-

| ° dec T(x,%)=g*mE|Aw(pf)|2(m?—2p; - p+)
tudes have been calculated in the rest framg of with the

z axis pointing in the direction of its momentum in they R(fpr) M
c.m. frame. We treat the decay leptbmand theb quark as X (1*cosf+)| 1+ T o) (14
massless and list only the non-zero amplitudes. r Pepi
—\N_ 4 0 2412 2 _
IIl. ANGULAR DISTRIBUTION OF LEPTONS L(=,%)=g"mEp | Aw(p)[(Me—2p; - pi+)
Using the narrow-width approximation for theuark and ] " R(for) M\ZN
. : ) — Xsing+e*' | 1+ , (15
the W boson, the differential cross section fory—tt Jr Py P+

— 1 +bv|t_can be written in terms of the density matrices as

T(+,=)=g*mE - |Aw(p3)|2(mZ—2pr-p;-)

do 3e*g*BE,+
= - 2
d cos 0,d cos 0,+dE+d;+  64(4m)*sT m,TyM y X (1+cosf, )| 1+ R(fa) My
xS oo LA o opeee
}\,}\’ pClll fra,_me m[E?+ (16)
rest frame —_
a1 L(=,5)=g*mE|Aw(pf)|*(m? - 2pt pr-)
_ o) M3
HereE|°+ is the energy of * in the rest frame of thequark; X sin 0|e*"/’l( 1+ A(fa) w ) . (17
the production and decay density matrices are given by ropep-
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In Eg.(22) and what follows, the lepton variables are defined

andf,, , as we assume them to be small. These expressiorg the yy c.m. frame. Furthergy stands foré,+ for thel™
written in terms of the rest frame variables can also be writdistribution and hence the upper sign in the equation,

ten in terms of the variables in they c.m. frame. The rela-
tions between the angles in the rest frame andjthec.m.
frame can be easily derived and are given by

(15 B)(1=cosb,T)

1-Bcosf T

1+cosf+= (18

(1= B)(1Fcost;™)
1-Bcost;™

i

1-Bcoso; T

1*+cosf,-= , (29

sing,+e' ¢ =

X (sin6f"coso; Mcosp
—cos6/"sin 67 ™+i sin 67" sin gy ™),
(20

. - Vi-p?
sing-e¥% =———
1-pcost-

H C.m. c.m. c.m.
X(—sing,~"cose cosg -
+cosf]"sin g+ i sin6]"sin ;™).

(21)

whereas it stands faiy; - for the lower sign and hence the
distribution. To get the angular distribution of leptons we still
have to integrate Eq22) overE;, cosé and¢,. The limits
on E, integration are

M3, 1 m? 1
———  <Es————.
Js 1—pBcosé; \Js 1— B cosby

After the E, integration, we get

do
d cosé,d cosh,=d ¢, +

3a*B 1 1

16X5V\/§ Il wMy 87t
my [1+2r—6R(f5)Jr](1—r)?
6s (1—Bcosby)®

X[A™(1—Bcosby) =B~ (costy— )
+C*\1— B%sin6,:(cosb, coseg, = — sin 6, cot b, =)
+D*\1-B?sing=sin¢,+]. (27)

Here we have used the notatiobh andf~ for f,g andf,,
respectively. From the above equation it is clear that the
angular distribution of leptons after energy integration is
modified due to the anomalotibW coupling only up to an

Using the above relations and dropping the superscripts c.ngverall factor +2r —6 9%(f*) Jr, which is independent of

from the angles, we can rewrite EQ.1) as

do
d cosé,d cosé,=dE=d ¢+
_3d'B B 1( 1 4E,- )
16x2/s I'i'wMw 8y | 1—Bcosty  [s(1-pB?)
R(F* 2M3
ST w )
Vr - Ej=\s(1- B cosby)

X[A*(1— B coshy)=B=(cosby— )
+C*\J1— BZsin6,+(cosh, cose, = —sin 6, cot 4, )
+D*{1-B?sing=sing,- ],

where 'yt=l/\/1—,82, Xw=Sirf6y, Gy being the Weinberg
angle and

(22

AZ=p'"(+,+)+p " (=, ), (23
B =p' " (+,+)—p'"(—,—), (29)
C*=2%R[p' “(+,)], (25
D*=-23[p *(+,-)]. (26)

any kinematical variable. In fact, the same factor appears in
the total width of thet quark calculated up to linear order in
f*:

3
o> om

— ———(1-D)1+2r—6R(f5)r
1022 Ty 170 (£

Lyn=
(28

and thus exactly cancels the one in E2j). Thus we see that
the angular distribution of the decay lepton is unaltered, in
the linear approximation of anomalowubW couplings. In
fact this is quite a general result, which is attained under
certain assumptions and approximations we have made. We
elaborate on this point below.

An inspection of Eqs(14)—(17) shows that the presence
of any anomalous part in thdoW coupling changes the de-
cay density matrix only by an overall energy-dependent fac-
tor independenbf angle. The quantityp,-p, does have an
apparent dependence on the angular variables of the lepton.
However, in fact it depends only on the lepton energy. To see
this clearly, let us go to the rest frame of thguark. Now the
three lepton variables afE[®, 6/°%', ¢/°**! and the anoma-
lous term depends only dg®*'. This means that the angular
distribution of leptons in the rest frame of thequark is
unaltered by the presence of an anomalous terth W cou-
pling, apart from an overall scaling. The angular distribution
in any other frame can be obtained from that in the rest frame
by a Lorentz boost. Thus the angular distribution of leptons
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in an arbitrary frame will be the same as that in the absencef these results. The result is very crucial for our present
of the anomalous term, up to some overall factor that dework as we now have an observable where the only source of
pends upon energy and the boost parameters and no anguthe CP-violating asymmetry will be the production process.
variables. Of course, it is not very obvious by looking at Eq.  Thus we can analyze the HiggSP property easily, as
(21) that this will indeed happen. But, with a change of vari- long as the anomalous part of tH#W couplings,f is small

able,

E|—E[**% yE|(1— B cosby),

the additional overall factor becomes

and the quadratic term can be neglectedififis not small
then we have to keep the quadratic terms in Edd) and
(15 and the decay density matrices to this order are then
given by[27]

R M2, [(=,%)=g'mE | Aw(pi)IA(mf—2pe-pi-+)
VI mER R(F) M,
X|(1xcosf+)| 1+

which is clearly independent of angular variables. After in- Vr Pe-Pi+
tegration oveE[®, in the limit M3,/2m<E[**<m,/2 we get 2, M2
back Eq.(27). Since we need to integrate over the lepton —|f*|2(1F cosb,+) 1_m‘_W
energy in arriving at the above result, it would be legitimate 2p¢- py+
to ask about the validity of the same in real experiments, .
where one has to put cuts on the lepton energy. Fortunately, M Mw coso 29)
the lowest energy of the secondary lepton that is kinemati- 2r(py-py+)? "l

cally allowed in thee*e™ center-of-mass frame, say for

JsTP=500 GeV, is about 7.5 GeV. Thus our results are I'(%,7)=g*mE|Aw(pg)|A(mZ—2p;-pi+)

valid as long as the cut on the lepton energy is smaller than

this. o _ _ _ X sing+e 4
The important point is that in proving the result we did

not make any reference to the production density matrix and 5 5 .

hence the result is very general and applicable to any22 +|f+|2( 1M + MW+ Mw ) ]

process foltt pair production provided the following condi- 2pe-pi+ 2r(pe-pi+)?
tions are satisfied: we use the narrow-width approximation 30
for t andW; b,l,v are taken to be massless; the only decay (30

mode oft ist—bW—blv, and the anomaloubW coupling T (\,\’) will be given by similar expressions. Thusfit are

?S small enough that one can work to linear approximation Irho'[ small they can m0d|fy the angu|ar dependence of the

It. o __decay density matrix in the rest frame of thejuark and
For the case ok"e” —tt followed by subsequent/t hence in any other frame. In that case it will not be trivial to

decay, this was observed earlig9,20. It was proved re- use angular distributions to study ti@&P property of the

cently by two groups independently; for a two-photon initial production process. In this work we will assurfié to be

state by Ohkumé21], for an arbitrary two-body initial state small and will neglect the quadratic terms in E¢®9) and

in Ref. [22], and further keepingn, nonzero in Ref[23]. (30).

These derivations use the method developed by Tsai and col- Making the above-mentioned four assumptions, which are

laboratorq 24] for incorporating the production and decay of very reasonable indeed, we now go on to calculate the final

a massive spin-half particle. Our derivation makes use o&ngular distribution by integrating Eq27) over cosf, and

helicity amplitudes and provides an independent verificationp, . We obtain for the angular distribution

R(EH) ME

1+
Jropepr

do _377&2,8
dcosf =  8sy?

2A50( 1300~ BY 1300 + 2A01(1 310~ BY 1310 + 2A05(1 320~ BY I320) + 2A5,(1 300~ BY I 300) + 2A; (1324

B 2 B= 2
_ﬁy|325)i701[ ~ 2150~ BYla) + (1= 2, xuw] i%z{ ~ 2150~ BYlaz) + (1= 2, xilsz]

B 3 B °
i?lz[ _2(|321_By|322)+(1—,32)i=§:l XiISZ] i%z[ —2(|323_By|324)+(1_ﬁ2)i=23 XiISZJ
6
icogo Yj|52,l, 8
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where

I _Jl d cosé, cos6,
)1 [at (y— B cosd)?] 21— B2 co26,))

a=(1—B2)Sin26|z,
y=C0SH,=.

We have obtained explicit analytical expressions forl gl
appearing in Eq(31), which are not listed heré;; andB;;
are coefficients in expansions of the following type:

. Aj; cos o,
A-= o etc.
T (1—B%cogh,)

Expressions forA;;’s and B;;’s for circular polarization of
photons and expressions f¥’s, Y;'s, andC, are given in 02 04 06 08 1
the Appendix. Equatior{31) is the angular distribution of z

leptons for a givenyy center-of-mass energy. In a  FiG. 2. Luminosity distribution plotted againstfwhich is re-
yy-collider constructed using the backscattered laser beamgted to theyy invariant massi=2w,w, by z=W/(2E,)] for
one will not have monoenergetic photons in the inital statex=4.8. Solid line corresponds too\;= —1, small dashed line is

further, the degree of circular polarization of the photons willfor A\ ,\;=1 and large dashed line is fa,\;=0. Conversion dis-
depend on its energy. Thus the final observable cross sectiaance is taken to be zero.

is to be obtained by folding Eq.31) with the luminosity
function after accounting for the energy dependence of the

. e xXE
circular polarization of the photons. . < 0
P p y £ OST0 (36)
IV. PHOTON COLLIDER
In a yy collider, high-energy photons are produced by — 0c=0¢ +Xehjoy, (37)
Compton back-scattering of a laser from high enesgyor
e’ beam via
np_ 2mwa’ 4 8
e (e-) (N =€ ¥(N), e S || 1T X ) o9
e (Ne) ¥\ ) =€ ¥(\p). 18 1
In this paper we will be using the ideal photon spectrum due 2(1+x)
to Ginzburget al. for x<4.8. The ideal luminosityfor zero
conversion distangds given by )
27a 2
1 dL 1= 1+ |log(1+x)
Yy
=f f , 32 e
Le—e+ dyldyz (yl) (y2) ( )
5+ 1 1 39
where 2 " 1+x 2(1+x)2]’ (39)
f(y)= 2ma” —+1 4r(1
(y)= p ke —y—4r(l-r) \e and\, are the initial electrorfpositron and laser helici-

ties, respectively, and, is the energy of the laser. In Eq.
(32), if we change variables froiyy andy, to z=+y;y, and
—)\erX(Zf—l)(Z—y)} (33 'y, and integrate ovey,, we will get an expression for the
photon spectrum as a function of they invariant massvV
4Epw E
x= =15.3(%/
m

g =2zE,, whereE, is the energy of thee™ beam and is
e

ev

: (34  plotted in Fig. 2 forx=4.8. The spectrum is peaked in the
hard photon region fokh|= —1.

The mean helicity of high energy photons depends upon

y their energy in the lab frame. In an idealy collider the

<1, (35 IR
X(1-vy) energy dependence of the mean helicity is given by
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1

TABLE |. The eight combinations of parameters appearing in
the production density matrix.
0.75
Combinations Aliases CP property
05 S R(S,) X1 even
J(S X even
0.25 5(5,) §
S R(P,) Y1 odd
5 0 S I(P,) Yo odd
= P R(S,) Y3 odd
Ptj(sy) y4 Odd
0.2 P R(P,) X3 even
05 P.3(P,) Xg even
-0.75 vy collider is based on a pareat e collider and we also
assume 100% polarization for tre/e”. The analysis is

completely valid for the case of a paresite™ collider, for
wBy ' which achieving a high degree of polarization for initial lep-

tons might be technologically simpler.
FIG. 3. Mean helicity of scattered high-energy photon plotted

against reduced energy of photyr= w/Ey,. Solid lines are for V. NUMERICAL RESULTS
AeN = —1 and the dashed lines correspondita,;=1. The lines
are marked with the values o §,\)). To determine theCP properties of the Higgs boson, we
need to know all the four form factors appearing in Eds.
o and(2). Assuming the mass and decay width of Higgs boson
n(y)= Xmgf(y){)\|(1—2r)[l—y+ 1U(1-y)] to be known, we then have the following six unknowns:
O¢

+ N X[1+(1-y)(1-2r)2]} (40) S P RS AS) PRy,
They appear in eight combinations in the expression for the

and is plotted in Fig. 3 fox=4.8. Fora\j=—1 the back-  production density matrix, which we denote Ryandy;(i

scattered photon has the same helicity as the ele¢posi- =1, ...,4), and ardisted in Table |, together with thelZ P

tron). Also, the spectrum is peaked at high energy, and yieldgroperties. Only five of these combinations are independent

a high degree of polarization of the photon beam. Hence thpecause they satisfy the following relations:

dominant photon polarization in this case is decided by the

electron(positron helicity. Now, as suggested by E®), the Y1 Y3=X1: X3,  Y2rYa=Xo: Xy,
helicities of two colliding photons should be equal in order
to have Higgs contribution. Thus we choosg\;=—1 to Y1 X4=Y2: X3, Ya-X1=Y3-Xp.

get a_hard phot_on spectrum, and Bt = e+ o maximize Any three relations of the four listed above are independent
the Higgs contribution, and hence the sensitivity to possible

CP-violating interactions. For our numerical analysis Werelations yvhile the fourth one is derived. Expressions for
have chosem\ \|=—1; the initial state can thus be C(')m- asymmetries can by written in terms o5 andy_’s a_nd can
pletely described by the helicities of the initial electron andbe used to put limits on sizes on these combinations.

positron. We denote the total cross section in the lab frame I”? Whgt folllovys we will r‘]’ef'”.‘?a;(a”g“sh asymmer:rles 'T'
by (Ao ,+), where the second argument denotes th volving the polarization of the initiad and charge of the fina

e : -
charge of the final-state lepton. decay lepton, some of which aP violating and use them

The total cross section with an angular cut in the Iabto put limits on the size of various combinations of the form

. ) . factors. There is no forward-backward asymmetry because
];,rsg(]:(tarucrir'] be obtained by folding EG1) with the photon two photons with the same helicities are indistinguishable in

their c.m. frame. That is, no favored direction exists and the
dL forward direction is indistinguishable from the backward.
U()\eﬂi):f _dy,dy, This is to be contrasted with the situation studied in Ref.
dyidy, [25], where forward-backward asymmetry could be used to

o(00y1.y2) do put limits on CP violation arising frqm the top electric di-
XJ dcos- ———, (41)  Ppole moment or &£P-odd yyZ coupling. The effects of the
f(60.Y1.Y2) d cosé, = s-channel Higgs-exchange diagram appear only in charge
and polarization asymmetries along with purely
wheref(6y,y1,Y2) andg(6y,y1,Y,) are the(boosted limits CP-violating asymmetries. For our numerical studies we
on integration in theyy c.m. frame. We end this section with take the values of the form factors calculated in the MSSM

a few remarks. We have presented the specific case where tf@ certain values of its parameters. The specific values
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25 again that second index in the expressions of the cross sec-
T tions is the sign of the charge of the lepton. A comparison of
! curves 1, 3, and 5 then shows clearly the change in the sign

24 2 - of interference effects as the sign of polarizations of the
© B o T two photons is changed from+t to —. The jump in
,,.»';".’»"4 o(+,+) ando(+,—) at around 310 GeV corresponds to
23 Py ete ] matching of the Higgs resonance peak with the peak of the
,’ hard photon spectrum. This suggested to us the choice of
8 oo 4 Ep,=310 GeV for the analysis, as the deviation from the SM
Iy is then very large for the chosen value of parameters.
We choose two polarized cross sections at a time, out of
21 the four available, and define six asymmetries as
+,+)—0o(—,—
_ottt)—e(on) .
20 o(+,+)+o(—,—)
o(+,—)—o(—,+
o _ - ( _) (_ ), (44
o(+,—)+o(—,+)
280 290 300 310 320 330 340 350
By (GeV) o(+,+)—o(—,+)
FIG. 4. All four integrated cross sections are plotted against the ¥ o(+, ) ta(—,+)’ 49
beam electron enerdy, , for the SM as well as for MSSM with our
choice of parameters. The angular cut used in this figure is 60° in o(+,—)=o(=,—)
the lab frame. Line 1 is foo(+,+), line 2 foro(+,—), line 3 for 4:0(4_'_)4_0(_,_)’ (46)
o(—,—), and line 4 forg(—,+) in the MSSM. Line 5 is foro
(+,+) ando(—,—) and line 6 foro(+,—) ando(—,+) in the o(+,+)—o(+,-)
SM. 5= ; (47)
o(+,+)+o(+,—)
which we use for demonstration purposes are taken from o= 4)—a(—,—)
Ref. [7]. These are for tag=3, with all sparticles heavy 6= ’ i (48)
and maximal phase: o(=,+t)to(=,-)
m4;=500 GeV, I',=1.9 GeV, Of the above six,A; and A, are purelyCP violating, A5
and A, are polarization asymmetries for a given charge of
$,=0.33, P,=0.15, the lepton, and4s and Ag are charge asymmetries for a
given polarization. All these asymmetries are plotted against
S,=-13-1.2, P,=-051+11. (42) the beam energl,, for SM and MSSM in Fig. 5. From these

plots it is clear thaE,=310 GeV is a good choice for put-
For the SM,S's and P’s are identically zero. By SM we ting limits on the size of the form factor, for our choice of the
mean contribution only front and u channels. The light mass of the scalan, .

CP-even Higgs contribution at thet threshold and beyond
is small and hence is neglected. B. Sensitivity and limits
_ _ _ After choosing a suitable beam energy for the analysis,
A. Polarized cross sections and asymmetries the next thing to look for is a suitable angular cut in the lab

There are two possibilities for the initial-state polariza- frame, which will maximize the sensitivity of the measure-
tion, Ne- =Ne+=+1 and—1. In the final state we can look Ment. For asymmetries to be observable, the number of

for eitherl * or | ~. This makes four possible polarized cross €Vents corresponding to the asymmetry must be larger than

sections listed as the statistical fluctuation in the measurement of the total
number of events. IN is the total number of events then the
o(+,+), o(+,—), o(—,+), o(—,—). number of events corresponding to the asymmetry must be at

least f\/N, where f=1.96 for 95% C.L. The number of

These are plotted in Fig. 4 as a function of the electron beamyentsN= ¢ £, where£ is the luminosity. Asymmetries are
energyE, for the angular cut of 60° in the lab frame. For the gefined as

SM, o(+,+) ando(—,—) are exactly equal as they agP

conjugates of each other. In the MSSM, becaus€ Bfvio- o1—0y, Ao

lation, they can differ. A similar statement can be made about A= o1+ oy P

the pairo(—,+),0(+,—). The flat behavior with energy of

curves 3 and 4 is due to the destructive interference of th&hus the number of events corresponding to the asymmetry

Higgs-mediated amplitude with the continuum. Recall herds LAo. For the asymmetry to be measurable at all we must
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0.035 -0.02
0.03
0.03 -0.03
0.025
0.025 -0.04
_ 002 , 002
€ & —0.05
0015 0.015
001 0.01 -0.06
0.005 0.005 -0.07
Oboo oo o) T -0.08
280 290 300 310 320 330 340 350 280 290 300 310 320 330 340 350 280 290 300 310 320 330 340 350
Ep(GeV) Ey(GeV) Ey (GeV)
0.0 0.08
-0.04
0.08 0.07
-0.05
0.07
0.06
g 0.06 € _0.06 €
0.05
0.05 -0.07
004l 0.04
- -0.08
280 290 300 310 320 330 340 350 280 290 300 310 320 330 340 350 280 290 300 310 320 330 340 350
Ep(GeV) Ey(GeV) Eb(GeV)

FIG. 5. All six asymmetries are plotted as a function of beam enEgdgpr the SM(dashed lineand the MSSMsolid line) at an angular
cut of 6,=60° in the lab frame. AE,=310 GeV, owing to resonance in tisehannel, the MSSM values of asymmetries are maximally
different from that of the SM.

have at leastCAo>f\/Lo, with f denoting the degree of  The process under consideration viola@B in general.
significance with which we could assert the existence of afBut when the cuty is 0, the partial cross sections for and
asymmetry. Thus the ratio LA0)/(fyVCo)=(VLIT) |~ production become the corresponding total cross sections,
X (Aa/\Jo) will be a measure of the sensitivity. One can be@nd are therefore equal, because of charge conservation.

more precise in defining this by noting that the fluctuation inHence for6,—0, As and A approach zero. In that limit,
the asymmetry is given by the polarization asymmetried; and.A, are purelyCP vio-

lating. Thus for A; and A4, apart from the choiced,
f £ =60°, where the sensitivity peak8y=0° would also be a
SA= — 1+ A°~—, good choice for isolatingC P-violating parameters. But, to
VoL VoL be away from the beam pipe, we choose the lowest cut to be
) 20° in the lab frame. We have used all six asymmetries for
for A<1. The larger the asymmetry with respect to the fluc-gngular cuts of 20° and 60° to put limits on the combinations
tuations, the larger will be the sensitivity with which it can x; andy; . If for certain values of the form factors the asym-

be measured. We defirgensitivityas metries lie within the fluctuation from their SM values, then
that particular point in the parameter space cannot be distin-

A Ao guished from SM at a given luminosity. That point will be
N ﬂm ﬁ said to fall in the blind region of the parameter space. Thus

the set of parametef; ,y;} will be inside the blind region

Aa/\Jo, which is proportional to the sensitivity, is plotted @t & given luminosity if

for all asymmetries in Fig. 6 against the angular cut in the lab ¢
frame, 6,. Since A; and A, are purelyCP violating, they VR _

have no contribution from SM for any angular cut. Hence for A yih) = Asul < 0Asu= Vosul
them, the sensitivity is large when the angular cut is small,

because of better statistics. For the other four there is an SFor simplicity we have taken only two of the eight combina-
contribution that varies with the cut. Though the exact positions to be nonzero at a time and have constrained them in 16
tion of the peak in Fig. 6 depends upon the relative sizes andifferent planes, shown in Fig. 7, satisfying their inter-
signs of the form factorsg,=60° seems to be a good choice relations. The limits obtained on each of the combinations by
for the angular cut to maximize the sensitivity of four of the taking a union of the blind regions in the 16 plots are listed
asymmetries. in Table II. Also shown in the last column of the table are the

V1+ A5, (49
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0.1 S
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FIG. 6. Ac/\o, which is proportional to theensitivitysS, is plotted against the angular cgyg for all six asymmetries. Solid line is for
the MSSM and dashed line for the SM. Rdi and.A,, the smaller angular cut is favorable while for othégs=60° is a good choice.

values ofx; ,y; for the MSSM point we have chosen for Figs. CP mixing produced by loop effects. Of course one needs to

5 and 6., is one parameter on which the sensitivity will study this over the supersymmetric parameter space. But the

depend quite crucially. In our analysis we have udggd example shown here clearly shows the promise of the

=1.9 GeV, the value expected in the MSSM for the choicemethod.

of parameters. It is clear that even in the MSSM the width

I', can be up to few tens of GeV and in the SM a Higgs V1. DISCUSSION

boson with this mass will have much higher width50—60

GeV. The sensitivity depends upon the peak deviation of the The four cross sections depending on the polarization of

asymmetry from the prediction of the pure QED contribu-the initial lepton and the charge of the final-state lepton that

tion. Since this decreases with the width, for examplg, —We use to construct asymmetries, can in general be written as

goes from~0.035 to~0.02 asI', goes from 2 to 14 GeV,

the sensitivity will decrease with increasili, . As a matter o(Ne, Q) =000t 001Q T 010t 011Q N, (50)

of fact, investigations are under way to study the sensitivity . ) )

of this method over different regions of the MSSM param- 1 his says that we have four independeryt, which consti-

eter space and results will be presented elsewhere. tute four polarized cross sections. Out of these fat, is
Next we do a small exercise to see whether these asynil® largest and others are of the order of a few percent of

metries have the potential to distinguish between the SM anffoo- Thus we can safely approximate denominators of all

MSSM. It is clear that we can repeat the analysis of findingAi's 10 0=2adqo. This makesA;'s proportional to their nu-

blind regions in the X; ,y;) planes around a particular point Merators, which consists of only threeaf . Thus out of six

predicted by the MSSM. The values xf,y;, corresponding asymmetries constructed in Sec. V only three are indepen-

to our choice of the MSSM point given by E@?) are listed ~dent and we cannot determine all six form factors simulta-

in last column of Table I. The blind regions around theseN€ously using these asymmetries. This is a reflection of the

values will be defined by an equation similar to E49), fact that there are only thré@P-violating asymmetrie$26]

where Agy will be replaced byAyssu. In A(Xg,y,) all in-  at the production level of th&t pair; one is for the unpolar-

dependenk,,y, other than the paik; ,y; being considered, ized case, and the other two are polarization asymmetries.

are set to their MSSM value, and the pairy; is then var-  The .4;'s defined here are combinations of these three.

ied. We show in Fig. 8 the results of such an exercise for the In Fig. 7 we took only two combinations as nonzero and

parameter pairxXs,ys) along with the corresponding one for varied them to find the blind region in that plane. We found

the SM. This shows that these studies can be sensitive to tigtrong limits ony’s and almost no limits oi’s in each of the
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FIG. 7. The boundaries of blind regions in the parameter space are plotted for various pairs of parameters, for luminosities 500 and
1000 fo ! at beam energ¥E,=310 GeV. Both angular cut#,=20° and 60°, are used to put limits at C.L. of 95%. The larger region
corresponds to 500 fif, while the smaller corresponds to 1000 tb

planes. When we allowed three of the combinations to vary
simultaneously there were almost no limits on any of the

combinations. This can be understood by looking at(&@). 02 : . : : : : : :
The charge asymmetries are very small and approach zero ¢
we reduce the angular cut, which implies tha}, and o1, or < . sM 1
are very small and tend to zero 8s—0. Thus two of the . 3= 0193 = |
— ) S
TABLE II. List of 95% C.L. limits on all the combinations at oa L |
500 and 1000 fb' at E,=310 GeV. These limits are obtained _ MSSM
from data plotted in Fig. 7. . e
-0.6 | 5 k
=
Min. Max. Min. Max. MSSM 08 | %Lq }
(500 fb~1) (500 fb Yy (1000 fol) (1000 fo!) value ‘
|
Xy —3.775 3.594 —2.990 2.869 —0.429 T : |
X, —3.413 3.896 —2.748 3.111 —0.396 . , , , , , , , ,
Xs —2.386 2.873 —~1.842 2386 —0.077 2 15 1 05 o 05 1 15 2 25
X, —2.837 2.465 -2.375 1.930 +0.165 =
y1 —2.786 2.786 —2.148 2148  —-0.168 FIG. 8. The boundaries of blind regions in the parameter space
y, —3.095 3.095 —2.433 2433 +0.363 are plotted inx3—y5 plane, for a luminosity of 1000 bt at beam
ys —2.155 2.155 —1.687 1.687 —0.195 energy E,=310 GeV. Both angular cuts§,=20° and 60°, are
y,s —2.346 2.346 —1.867 1.867 —0.180 used to put limits at C.L. of 95%. For this MSSM pointg

——0.077,y5=—0.195.
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four independent components of the polarized Cross Sectiosy | s —"— MSSM
are very smalltypically by a factor of 100—500 neglecting 50051
them, we are left with only two independent components,

E—
implying that only one of the six asymmetries is indepen- v | g —":=y: M| vssm
—

dent. Thus, though we have four independent components ¢ 750 o1
hand, two being small, we are effectively left with only two
almost identical strong constraints, and thus essentially only"™ | s—
one. These asymmetries thus constrain gréyand leavex's 1000 fo™"

mostly unconstralned..The fact thds are constrame_d N aII_ FIG. 9. Blind regions along the line joining two model points,
is because the equation of the boundary of a blind regio\; anqg MSSM, in the five-dimensional parameter space’at

arising from any one asymmetry, for two variables, is an_sqq 750, and 1000 i, Al six asymmetries with both angular
equation of a pair of conic sections. The blind regions showny s g,=20° and 60°, are used.

in Fig. 7 are intersections of blind regions obtained from all

MSSM

six asymmetries with two different angular cuts. lar model when data are available or test the possibilities of
being able to distinguish between different models at a given
A. Strategy luminosity.

. : ... The blind region around any model point in the five-

All the cross sections and asymmetries are expressible iimengional parameter space is a nonconvex structure and
terms ofx's andy’s alone and, of these, only five are inde- oyiands far out from the model point in some of the direc-
pendent. Thus any number of asymmetries for any generglons Thus projection on any plane may result in a large
polarization can never determine all six form factors as only,jinq region, which can be misleading. Thus it is not possible
five independent combinations appear in the expressions. FQE reqirict to less than the full set of five parameters for
St and Py we have to rely on partial decay width measure-eging models. Below we develop a method for distinguish-
ments of the scalap to tt pair. Thus, if we have a few more ing between models and checking whether they are ruled out
independent and strong constraints, we will be able to puby experiment.
simultaneous limits on all six form factors. But with circular ~ The simplest way to compare two models is to ask if the
polarization we have only the four observables used heréirst model point lies within the blind region of the second
already. One possibility would be to use the dependence afnd vice versa. If not, we say that the model predictions are
the angular distribution of the decay leptons on the initialdistinguishable from each other at the luminosity and confi-
state photon polarization. But to do that one would need @lence level considered. As an example, we chose two
large statistics, which will not be available even with anmodels—SM and MSSM. The MSSM is same as given by
integrated luminosity of 10fb™*. The other option is to the last column of Table I. The model points in the five-
look for linearly polarized initial photons. Here, by choosing dimensional parameter space are connected by a line param-
different angles between the planes of polarizations one cagtrized byt with t=0 corresponding to one model and
alter the relative contribution fron€CP-even andCP-odd =1 to the other. We have calculated the blind region around
Higgs bosons. This, along with the asymmetries consideregach of the models along the connecting line. These are
and the partial decay width ab, can then be used to put shown in Fig. 9 and it can be seen that each model sits well
limits on all six form factors simultaneously or alternatively outside the blind region of the other at an integrated lumi-
to determine them. Some discussions of these fottthpro-  nosity of 500 fb *. Furthermore, their blind regions do not
duction exist already7]. overlap along these lines. Thus we can say that our method

In view of above analysis we can propose a strategy focan distinguish candidate models at a certain luminosity
characterizing the heavy scakar The first step would be to (500 fo™* in this casg A more accurate way will be to
determine its mass, its total decay widthl,, and the search the whole of the five-dimensional parameter space for
partial decay width to at pair. The last will tell us about the overlap of the blind regions corresponding to two candi-

St2+ Ptz_ Then the second step will be to look for asymme-date models and not just along the line joining them. If no
tries A, and A, to see if there is ang P violation. Step 3 such overlap is found then we can say for sure that the mod-

depends upon the outcome of step 2. In case of nonobservalS can be distinguished. This search could be quite compli-
tion of CP violation, one will have to look for linearly po- cated. Alternatively we can use the numerical values of indi-

larized asymmetries to see whether the Higg€ B even or vidual asymmetries and fluctuations directly as discussed

CP odd. If CP violation is observed, then all the asymme- bellct)\(v. lear that determine the blind reai d
tries, for circular and linear polarizations, can be used to . IS clear that we can determine the blind region around a

determine the form factors. given _model prediction in any parameter space given _the
numerical value of the model predictions for asymmetries
and the statistical fluctuations expected in it at a given lumi-
nosity. Any change in these numerical values will yield a
As we have seen, it is not possible to determine all thedifferent blind region in the five-dimensional parameter
combinationsx; ,y; using the asymmetries we have con- space. One will then test asymmetry predictions for a par-
structed. However, as discussed below, we can surely use thieular model against an experimental measurement or com-
model predictions for these to discriminate against a particupare the predictions of two models against each other to

B. Discriminating models

095009-13



GODBOLE, RINDANI, AND SINGH

TABLE lll. The probability 7 of confusing SM with MSSM at
95% C.L. for different asymmetries and luminosities.

Asymmetries P at 500 for Pat750fo! P at1000 fo?
Aq(6,=160°) 5.5<10 * 4.8x10°© 6x10°8
Ay(6,=160°) 7.8<10°4 8.0x10°® 7x10°8
As(6,=60°) 3.4<10°4 2.0x10°° 1x10°8
A4(6,=160°) 1.4<10°° 2.1x10°¢ 2.8x10°7
A1(6p=20°) 1.6x10°7 <1078 <108
Ay(6p=20°) 2.3x10°7 <108 <108
As(6p=20°) 2.3x10°7 <108 <108
As(6p=20°) 2.2<1077 <108 <108

PHYSICAL REVIEW D67, 095009 (2003

tions, y’s, when only two combinations are varied at a time.
We show, by taking an example of a particular choice of
MSSM parameters, that the analysis is sensitive toGlfe
mixing at a level that is generated by loop effects. We also
further sketch a possible strategy to characterize the sgalar
using linear polarization.
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APPENDIX: EXPRESSIONS FORA;;, B

i ETC.

ij

For circularly polarized photons the form factokg and

Bj; are given below;n, and §, are the degrees of circular
draw conclusions about their distinguishability at a givenpolarization of two colliding photons:

luminosity and confidence level. If the values of asymmetries
expected at the particular level of confidence, corresponding
to (say two models, have no overlap, then the two models
are distinguishable at that confidence level. There is still a
nonzero probability that the models can be confused with
each other in an experiment. To determine the probability of
such a confusion we take any one asymmetry at a time and
calculate the limits up to which the predicted asymmetry
values can fluctuate at a certain level of confidence in the
models under consideration. Then we generate normally dis-
tributed random numbers centered at the asymmetry corre-
sponding to the first model, say SM, with standard deviation
same as the & fluctuation of the SM asymmetry. We count
the number of points for which the asymmetry value lies
within the 95% confidence interval of the other model, say
MSSM. The number of such points divided by the total num-
ber of points taken is the probabiliy of confusing SM with
MSSM at 95% confidence level. As Table Il indicatésjs

of the order of 107 for a luminosity of 500 fb!, and we

can safely say that SM is distinguishable from MSSM at
500 fb . In a similar way we can replace SM by the experi-
mental asymmetries and MSSM by a candidate model. Now
even if for one of the asymmetrie® is very small
[O(10 %) ] we can simply reject the model as in words it
translates tothe probability of the experimental results being
statistical fluctuation of the candidate model at 95% C.L. is
very small.In fact, the method described above is nothing
but step 2of our strategy discussed in previous sections,
when one talks about asymmetrids and A,.

VII. CONCLUSION

We have demonstrated how the Higgs-mediaid®l vio-

lation in the processy—tt can be studied by looking at the
integrated cross section 6f/I~ coming from the decay of

t/t. We demonstrated that the decay lepton angular distribu-
tion is insensitive to any anomalous part of tt®WN cou-
pling, f*, to first order. We constructed combined asymme-
tries involving the initial lepton(and hence the photpn
polarization and the decay lepton charge. We showed that
using only circularly polarized photons will be inadequate to
determine or constrain the sizes of all form factors simulta-
neously, but can put strong limits @P-violating combina-

Ago=2|A,|2(B?SI+PD)| (IS,12+]|P,I?)

+23(S,P%)

1+ 796,
y (—2

ot 52)
5 ,

1+ 77252)

A= 4AC[ [B2SR(AS,) + Py %(Aquy)]( >

_l’_
+[PI(AS) ~ B*S: J<A¢P7>]( = gz”.

Aor=2A:

<1+32>(—1+ZZ§2)

B2~ B
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i
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+ 1- 77252)
1- 2 ’

2

+
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- X,=B%(3 cog6,—1),
co=4B2A§(77zT§2), 2= p(3 cost
Yo=—cosé,(2+ B2 sir)),
D*=0,
Y,=pB(3+cosh)),
4Q%m
A= f L 2Q21- 4, Y,=2 cosb,(2— B2 cos ),
S
Y3=—2B(3+cosh,),
A e m s
b= 16772Evs—m$,+im¢,l“¢’ Y,=cos6,(—2+3B%+ B?cosh)),
Xo=2+ B2 sirte,, Ys=B(3+cog6,),
X,=—4pBcosé,, Ye=—2B%cosb, .
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