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We consider the possibility of usingtt production at photon colliders as
a probe for physics beyond the Standard Model. The angular ath energy
distributions of top-quark decay products are employed in he analysis that
determines the accuracy with which the new physics parametes can be
measured.

PACS numbers: 14.65.Fy, 14.65.Ha, 14.70.Bh

1. Introduction

The Standard Model (SM) is widely believed to be the low-enagy limit
of a yet unspeci ed more fundamental theory. This conviction has led to
a strenuous search for any deviation from the SM predictionsvithout yield-
ing any unambiguous indication of new physics e ects [1]. Tis failure opens
the possibility that future colliders will be unable to directly produce the
heavy excitations. In this case new physics e ects might be oticeable in
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precision measurements through virtual e ects which are bst parameterized
in terms of the coe cients ; of an e ective Lagrangian [2]
X [
Le =Lsm+ —-0i; 1)

where O; are local gauge-invariant operators involving the SM eldsand
denotes the scale at which the new physics becomes apparerithe param-
eters i, though unknown, are constrained by naturality.

This approach is model independent and very general, in paitular it de-
scribes all possible avor e ects that can be produced by heay new physics.
In addition, though the expansion in terms of e ective operaors is in nite,
the theory does have predictability: due to the " suppression factors only
a nite number of operators can produce e ects larger than a gven exper-
imental accuracy. In the following we will only require that the underlying
theory be weakly coupled and decoupliny

Careful studies of processes involving light quarks have pduced no
evidence of deviations from the SM predictions [1]. The topuark system
has also shown no evidence of deviations, but with a much reded accuracy.
For this reason we will study the possibility of detecting nev physics e ects in
processes involving the top quark. We will do so in photon ploton colliders
in order to use the exibility of these machines in specifyirg the polarization
of the incident beams [4].

2. Process under consideration

The speci c reaction we will consideris ! tt! (bW*)(bW ) with
the W decaying into light leptons or quarks (see Fig. 1). The verttes
are derived in a standard fashion. For example, thdt e ective vertex is
generated by the operators [5]

0% =i(g wB ; Ow=igq 'uw, ; @)

and their Hermitian conjugates®. Explicitly [6],
P3

tt: —v& ( 1+i 25); 1+ 27 Sw uw *+Ow g

uB (3)

1 The most popular alternative scenario considers the possihility that there is no light
Higgs and that the symmetry-breaking mechanism in the SM is p roduced by a unitary
eld; such models become strongly-coupled at scales 3TeV [3] and will not be
considered here.

2 g denotes a up-down left-handed quark iso-doublet, u and d the corresponding right-
handed iso-singlets, B and W the U(1) and SU(2) gauge elds and the scalar
iso-doublet.
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Fig. 1. Reactions being studied (heavy blobs denote SM and ective vertices).

wheresy and cy denote sine and cosine of the Weinberg angle, respectively.
The coe cient 2 summarizes all CP-violating e ects in this vertex (to
order 1= 2 accuracy)’. The additional contributing vertices are [6]

n 0
H 4V nil(ke ko) kiko] 2 nokiks ;
h i 4)
wtb: L frPL mi k fRPR;

(a total of 8 unknown parameters) with f+ 1, & O(v2= 2). We will
also use the de niton 4= < fR} .

3. Cross-section calculation

In obtaining the cross section we adopt the narrow-width appoxima-
tion for the top-quark propagator. Using then the Kawasaki Shirafuji Tsai
formalism [7] we nd

d( !ott! X bX)' d (!t dau oxobx (5)

whered (! t(n)t) denotes thett-production cross section fort quarks
with an appropriately-chosen e ective polarization vectar n and d ¢ “x: px
denotes the unpolarized-decay width.

We also use the following collider parameters [8]:
() Incident photons: energy! o, average linear-polarizationPj, and average
helicity Ppei (With 0 P2 + P2,  1); The azimuthal angle associated with
Piin is denoted by' for one beam and~ for the other with ="' '~
(i) Incident electrons: energyE and average longitudinal-polarization Pe.
(iii) Scattered photons: energy! = Ex=(1+ x) with 0 x  4:828 (the
upper bound corresponds to the threshold for the reaction ! €"e ).

3 This list does not include the SM t t term.
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4. Results
4.1. Asymmetries
We rst considered the asymmetries [9] (see Fig. 2)

() ( ). , _ (=+=4 (= =4
Aoz s () AT (v (= =0 ©
where () denotes the total crgss section withPg = Prgy= 1and ()

that for P = 1; Pjin = Phe = 1= 2. The resonance e ect is produced by
the Higgs contribution: Agjin are suppressed fomy < 2m; and my >
Ecm max (Where Ecy max denotes the maximum CM energy for the hard
process) since in these regions the Higgs propagator cannasonate.
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Fig.g. Circular (left) and linear (right) asymmetries for =1TeV; 2 h2=
0:1," s=0:5TeV; x = x=4:828

4.2. Optimal-observable analysis
The result of the above calculations is of the form
d X )
— = fgu(#) + ifi(#)+ O( 9); (7
d# :
(# denotes a set of convenient parameters such as the scattegirangles
and energies of the nal products). The idea [10] is tg; nd sone observ-
pblesfw;g that allow us to extract the  (by satisfying d#wifj = j and
d#w;if sm = 0) and minimizing the correlation-matrix Vj /' d# fsyww;.
The observables satisfying these conditions are
X fi

[ I
W = lsm Mijl——J; Vz%M L+ 0( )
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_ Fifj il _ . .
Mj = a#t — —; Ism= d#fsm;lj= d#fj; (8)
fsm Ism
where N denotes the total number of Svents. For this choice ofw; the
statistical uncertainty is given by i= V.

We apply this method for the case where onéeN undergoes leptonic
decays while the other decays into quarks. We take =1 TeV, a luminosity
of 500fb ! forthe e" e collider and the CM energy that is far from the Higgs
resonancé. We took a sample of choices for the polarization parameters
determine those which provide the greatest sensitivity. De to numerical
instabilities we restricted our calculations to the cases Wwere only 2 or 3 of
the ; are varied (assuming that the remaining parameters are meased
using other processes).

3 parameter results (my =500 GeV, Pe =0; Pjin = Phel = 1=p 2)

. 734 8.6 33
Lepton detection: 2= pﬁ; h2 = Pﬁ; d= pﬁ:
Bottom detection: 2= leZSWO h2 = 1%1—W1 ; d= %O—W? :(9)
2 parameters results
Lepton detection (P, =0 ; P = Pe=1)
S AR =B =2 o
hl W Ll d W i) h2 W 1 d W .
Bottom detection (Pji, = Pe=1; Phe = 0)
=gt =2, =2 =82
hl W Ll d W i) h2 W Ll d W .

5. Discussions

To gauge the meaning of these results, observe that all coeients except
f1 (the V A coupling in the Wtb vertex) are necessarily generated by loops
in the underlying tBeory; naturality [11] then demands that ;< 1=(4 ).
Writing i = Ci= N the condition ;> i then implies

N > 25000C?; (12)

which shows that these measurements will require several ggs worth of
data (prohibitive for the case of ). Even then the extraction of the

4 The region s m? has been studied elsewhere [6,9].
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signal will require for the SM parameters to be very well-mesured (so that
the uncertainty in fgy is signi cantly smaller than the contribution from
each if;). On the theoretical side, the SM contribution should be evéuated
to at least the one-loop level.

This gloomy picture is not generic. For example the on-rescmce process

I H will allow measurements of p, to a precision of10 3 10 * [6].
In addition, €*e colliders [12], having 10 more events will be more sen-
sitive for measuring 4 but less competitive in measuring  1:

collider | Ni- () | N1- ((4) | Niyear
ete 1.5 10° [ 36 100 |15 10P
2.3 10° |56 10¢ 10

where Ni- ( ;) denotes the number of evens needed for & signal in
measuring i, and Nyyear is the expected number of events in one yeat.
This calculation could be improved by imposing appropriatecuts and by
considering a di erent set of observables. Nonetheless themallness of the
i suggests that even then the signal will be small and di cult to extract.
Note that increasing the energy of the collider will help, ttough one must
not forget that the whole formalism is based on the assumptio 2 s.
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