PHYSICAL REVIEW D 66, 075013 (2002

Production of the neutral top-pion at the ey colliders
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In the framework of the top-color-assisted technicdlB€2) model, we study a neutral top-pion production
processe™ yﬂe’H? in this paper. Our results show that the production cross sectia1 @He’H? can
reach the level of several tens of femtobarns, and ovérngditral top-pion events can be produced in the
plannede® e linear colliders each year. Therefore, such a top-pion production process provides us a unique
chance to detect top-pion events and test the TC2 model. On the other hand, the cross seetign of
—>e‘1'[? is about one order of magnitude larger than those of some similar processes in the standard model
(SM) and the minimally supersymmetric standard mo@dSSM) [i.e., e y—e H in the SM ande™ y
—e H%A%h° in the MSSM. So we can easily distinguish the neutral top-pion from other neutral Higgs
bosons in the SM and MSSM.
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[. INTRODUCTION model. Thus, studies of some top-pion production processes
at present and future high energy colliders can help in the
Although the Glashow-Weinberg-SalatGWS) theory, experimental search for top-pions and test TC2 theory, and
which is based on the gauge group $2)®@Uy(1), has furthermore the probe of the EWSB mechanism. A compre-
achieved great success in describing the weak and electrbensive review of phenomenological studies in the TC2
magnetic interactions, the mechanism of electroweak symmodel has been given in R¢B].
metry breaking(EWSB) is still unknown. So probing the Over the last decade, several laboratories in the world
mechanism of EWSB will not only be one of the main sub-have been working on linea* e~ collider projects with an
jects of theoretical research but will also be the most imporenergy from several hundreds of GeV up to several TeV and
tant task at future high energy colliders. luminosity over 100 fb/yr. These are the Next Linear Col-
Dynamical EWSB, such as technicol@C) theory[1],is lider (NLC) (USA) [9], Japan Linear Collide(JLC) (Japan
an attractive idea that avoids the shortcoming of triviality[10], and the DESY TeV Energy Superconducting Linear Ac-
and unnaturalness arising from the elementary Higgs field imelerator(TESLA) (Europe [11]. The search for Higgs par-
the standard modé€EM). The simplest QCD-like TC models ticle in the SM or some new particles predicted in models
[2] lead to a large oblique correction to the electroweak pabeyond the SM[such as Higgs bosons® H%h® H* in
rameterS [3] and is already ruled out by the CERN e~ minimal supersymmetric standard modéWiSSM) and
collider LEP precision electroweak measurement dléata]. PGB’s in the TC moddlis one of the most important goals
Various improvements have been made to make the prediof future high energye*e™ colliders. Some Higgs boson
tions consistent with the LEP precision measurement datgroduction processes in the SM and MSSMeine™ colli-
Among all these improved TC models, the top-color-assistegion have been studied in many publicati¢hg]. To search
technicolor(TC2) model[6] is a more realistic one, which for top-pions in the TC2 model, the authors have studied the
provides an additional source of EWSB and also solves thgeutral top-pion production processes in high enezgg
heavy top quark problem. In TC2 theory, the new strongcollisions[13,14]. Referencd 13] calculated the production
dynamics top-color is assumed to be chirally critically strongcross sections of the processese™ —I17y,I1{Z and the
at the scale 1 TeV, and it is coupled preferentially to the thirdresults show that the cross sections are about several femto-
generation. In this model, the EWSB is driven mainly by TCbarns. Recently, we have studied a flavor-changing neutral
interactions and extended technicolor gives the contributiongop-pion production procegge*_ﬁn? [14]. We find that
to all ordinary quark and lepton masses including a venthe resonance effect can enhance the cross section signifi-
small portion of the top quark masseg =em, (0.03<e  cantly when the top-pion mass is small. The above studies
=<0.1) [7]. The top-color interactions also make small con-provide feasible ways to detect top-pion events and test the
tributions to the EWSB and give rise to the main part of TC2 model. The futuree® e colliders can also operate in
the top mass (*e)m,. Three pseudo Goldstone bosonsthe ey or yy mode. High energy photons fary,ey colli-
(PGB’s called top-piond1?° 1, are predicted by the TC2 sions can be obtained using Compton backscattering of laser
model in the few hundred GeV region. The physical particlelight off the high energy electrons. In this case, the energy
top-pions can be regarded as a typical feature of the TCand luminosity of the photon beam would be of the same
order of magnitude as the parent electron beam and the set of
final states at a photon collider is much richer than that in an
*Email address: wangxuelei@263.net e"e” mode. At the same time, the high energy photon po-
"Mailing address. larizations can vary relatively easily, which is advantageous

0556-2821/2002/66)/0750135)/$20.00 66 075013-1 ©2002 The American Physical Society



WANG et al. PHYSICAL REVIEW D 66, 075013 (2002

for experiments. All the virtues of the photon colliders will Y 1Y
provide us with a good chance to pursue new physics par- YIS Tommmmsnmsenees
ticles. The production of Higgs bosons in the SM and MSSM
at ey colliders has been studied in R¢L5].

In this paper, in the framework of TC2, we will study the
neutral top-pion production process y—>e*H?. The re- Y2
sults show that the cross section can be up to the level of

several tens of femtobarns due to strong couplinﬂ&to tt
and thet-channel effect. The signals of the top-pion can eas-

ily be detected aey colliders. On the other hand, we find e~ e
that we can distinguish the top-pion from other top-pion-like _ .
particles(such as Higgs bosons in the SM and MSSM FIG. 1. The Feynman diagrams of the procesy—e™II; .

Il. THE CROSS SECTION OF THE PROCESS With the couplings offI{yy andII{Zy, the neutral top-

) ) . . pion can be produced via the proceséyee*H?; the

AS is known, the poupllngs of top-pions 'to three family Feynman diagram of the process is shown in Fig. 1. The
fermions are nonuniversal and the top-pions have Iargeolmplitude of the process can be written directly as
Yukawa couplings to the third generation. The coupling of
the neutral top—pior]ﬂ? to a pair of top quarks is proportional M=M?+MZ (4)
to the mass of the top quark and the explicit form can be ’
written as[16
[16] 16\/7 tanB

M?Y=—iN, Y
W

mtz(l—s)ozglz(:os’w’"S

m _
i~ tanB K{pK i tystll? &)
W

X p2pp4(36M(p2)Ue(p3)7Vue(p1)G(p2_ P4,0), (5
where tamB=/(v,/v)°—1. v,=246 GeV is the elec-

troweak symmetry-breaking scale, angd=60—100 GeV is 2432 tan B 8
the top-pion decay constarhﬁj,_ is the matrix element of the MZ= iNc—e —(1- 8)mt2( 1— —s‘fv>
unitary matrix Ky, from which the Cabibbo-Kobayashi- 3\/;‘3@53\/ Yw 3
Maskawa(CKM) matrix can be derived ag= KngKDL and wrps —
Kg are the matrix elements of the right-handed rotation X Coz"""P2pPas€u(P2)Ue(P3)
matrix Kygr. Their values can be taken as 1 )
K g K g, X _§L+SW YUe(P1)G(P2— P4, Mz), (6)
UL ’ UR .

Here we take the parameteras a free parameter changing whereL =%(1— y5) and G(p,m)=1/(p>—m?) denotes the

from 0.03 to 0.1. propagator of the particle. We can see that there exists a
With H?tt_coupling, the neutral top-pioH?, as an isos- t-channel resonance effect for the photon; ththannel reso-

pin triplet, can couple to a pair of gauge bosons through th&ance effect will enhance the cross section significantly.

top quark triangle loop in an isospin violating way. Calculat- ~ The hard photon beam of tieey collider can be obtained

ing the top quark triangle loop, we can explicitly obtain the from laser backscattering at tleg e~ linear collider. Lets

couplings of[1?-y-y andT1%-y-Z: and s be the center-of-mass energies of #g ande”e”
o systems, respectively. After calculating the cross section
IIE-y-v: o-(é) for the subprocess™ yae‘l'[?, the total cross section
ng 5 at thee*e™ linear collider can be obtained by folding(s)
INegr o, Mi(1—e)aee ,,,6P5P5C0, (2)  with the photon distribution function that is given in Ref.
[17]:
H?-y-Z:
— [ axe(3)t,x)
) @ tang 8 , s Otot™ M2/ o A
lNcm " mt(l—S)swpa(l—gsw P5P4Co n's
(3  Where
where N. is the color index withN.=3, s,=siné,, 4 452
c,=cosh, (6, is the Weinberg angle and C, f(X)= =5 | L—x+ — +— -,
=Co(—Pp,,p4,M;,m,,m,) is the standard three-point scalar D(&) I-x &(1=x) £1-x)
integral withp, andp, denoting the momenta of the incom-
ing photon and the outcoming top-pion, respectively. with
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FIG. 2. The cross section nyeeil_[? versus top-pion mass FIG. 3. The same plots as Fig. 2 fgs=800 GeV.
Mp (150-450 GeY for \/s=500 GeV ande =0.03 (dashed ling
¢=0.06(solid lin), ande=0.1 (dotted ling, respectively. see that the cross section is in the range of a few tens of
femtobarns. With a luminosity of 100 3/yr, there are over
4 8 1 10 events in which the neutral top-pion can be produced via
D(§)=|1- i In(1+&)+ 5+ £ 21+e? the procese ™ y— e I1? per year. This number of events can

easily be detected experimentally. As studied in Refs.
[13,14, the cross sections of the neutral top-pioneihe™

In the ab tiorg=4E cwo/m3 in which dE '
N the above equatior e®@oMMe 1N WHICH Me ANC Ee ollision are only at the level of a few femtobarns. The

stand, respectively, for the incident electron mass and energ rchannel resonance effect can enhance the cross section of
wq stands for the laser photon energy, andw/E, stands

for the fraction of energy of the incident electron carriedthe prfocesg 7’0_’9 H?_ 5|gp|f|cantly; this makgs the pro-
by the backscattered photorf., vanishes forx>xpax 5% 7€ I1{" potentially important for detecting the top-
— wmad Ee=&/(1+€). In order to avoid the creation of Pion. Some Higgs boson production processesyncolli-
e*e” pairs by the interaction of the incident and backscat-S'0" hgye been studied in fh% SOM Oar)d MSSM "~y
tered photons, we requir@gXma,<me/Ee, which implies € H° inthe SMande”y—e"H"(h",A") in the MSSM
that £<2+2\2~4.8. For the choice of=4.8, we obtain [15]; the results shovx_/ that the cross septlogs areiat ghe level
of a few femtobarns, i.e., the cross sectioreofy—e™I1; is
Xmay=0.83, D(&)~1.8. about one orde_:r of magnitude larger than those of_some simi-
lar processes in the SM and MSSM. The reason is that there

For simplicity, we have ignored the possible polarization foris a large extra coefficient tghin the couplingIT{tt com-

the electron and photon beams. pared with the couplingdtt in the SM(MSSM) and targ
can enhance the cross section by about one order of magni-

IIl. THE NUMERICAL RESULTS AND CONCLUSIONS tude. With such a large cross sectionefy—e II, we
To obtain numerical results, we take,=174 GeV, M, 50 I

=91.187 GeV,y,=60 GeV, andsvzvzo.23. The electromag- 45

netic fine structure constamt, at a certain energy scale is Y e £=0.03

calculated from the simple QED one-loop evolution formula ~ £=0.06

with the boundary valuer,=1/137.04[18,19. There are & 33 = £=0.1

three free parameters in the cross section, &8V ,s. To 5;' 30 s"?=1600GeV

see the influence of these parameters on the cross section, v o

take the mass of the top-pidvij; to vary in a certain range ' I

150 GeV=M;=<450 GeV for £=0.03,0.06,0.1. Consider- 'g 20 L

ing the center-of-mass energigs in plannede®e™ linear b s .

colliders(for example, TESLA, we takey/s=500 GeV, 800 :

GeV, and 1600 GeV, respectively. The final numerical results 10 [

of the cross section are summarized in Figs. 2—4. These fig 5 L L L L L

ures are plots of the cross section as a functioMef for 150 200 250 300 350 400 450

Js=500 GeV, 800 GeV, and 1600 GeV, respectively. We M (GeV)

can see that there is a peak in the plot wivep is about 350
GeV, which arises from the top quark triangle loop. We can FIG. 4. The same plots as Fig. 2 fgs=1600 GeV.
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TABLE |. The cross sections oé’yﬂe’tt_, e’yﬂe’tg,
e y—e bbin the SM.

Vs o(e” 'y—>eftt_) o(e” yHe’tE) o(e” y—e” bH)
(Gev) (pb) (pb) (pb)
500 1.0<10 2 5.5x10 *2 10.5
800 2.7x10°2 7.2x10°12 10.9
1600 4.210°2 8.6x10 12 11.5
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TABLE Il. The decay branching ratio dﬁ?atgand the signal

per year in thetc channel. We take =0.06 and the luminosity
=100 fo~ Yyr.

M (GeV) 160 400
Br(I1%—tc) 0.66 0.08
Vs (GeV) 500 800 1600 500 800 1600
Signallyear intc channel 600 704 741 73 184 269

SM for this tc channel(as it is shown in Table Il that the

can easily distinguish the neutral top-pion in TC2 from cross section o™ yﬁe*tgin the SM is only about 10"

Higgs bosons in the SM and MSSM. This is another impor-

tant feature of the process y—>e‘1'[?.

pb), the neutral top-pion can easily be detected via tihe
channel iney collision.

To determine which channel is the best one to search for | conclusion, we have studied the neutral top-pion pro-
the neutral top-pion, we need to know the decay branching,ction process™ y—eTI? in the TC2 model. The numeri-
ratio of each decay_ mode. The possible decay modestare cal results show that the cross section is very |d@ajethe

(if 11°>2m,), tc, bb, gg, yy, andZy. For[1°>2m,, the
main decay mode isH?—>tt. The decay branching ratio
Br(H?—>tc) is the largest one when thé channel is forbid-

level of several tens of femtobadnsand over 18 neutral
top-pion events can be produced éry collision. With the

large Br(H?—>tc) and small cross section ef y—>e‘t€in

den. UsingForRMCALC [20], we can directly obtain the cross the SM,e” y—e 17— e”tc provides us with the best chan-

section of the processee y—e tt,e” y—>e‘t€,e‘y

—e~bb in the SM; the results are shown in Table I.
We can see that, in the SM, the cross sectioneofy

—eTtcis very small because there is no tree level flavor-

changing neutral current in the SM. Therefore; y

—e MI°—etc is the ideal channel to detect the neutral

top-pion. The decay branching ratio Hl?ﬂtgand the sig-
nal per year in théc channel are shown in Table II.

nel to search for the neutral top-pion. On the other hand, the
cross section oé™ y—>e*H? is about one order of magni-
tude larger than those of the production processes of top-
pion-like particles in the SM and MSSM. Therefore, the pro-
cesse” y—>e*Ht° provides us a unique way to distinguish
the TC2 model from other models.
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