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Single charged Higgs boson production in polarized photon collisions and the probe of new physics
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We study single charged Higgs boson production in photon-photon collisions as a probe of the new dynam-
ics of Higgs interactions. This is particularly important when the mdégs«() of charged Higgs bosongi(*)
is relatively heavy and above the kinematic limit of the pair productign¢>/s/2). We analyze the cross
sections of single charged Higgs boson production from the photon-photon fusion proyzgsse§;H+ and
vy— bcH*, as motivated by the minimal supersymmetric standard model and the dynamical top-color model.
We find that the cross sections at such collider can be sufficiently large even fof->/s/2, and is
typically one to two orders of magnitude higher than that at its paest collider. We further demonstrate
that the polarized photon beams can provide an important means to determine the chirality structure of Higgs
Yukawa interactions with the fermions.
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I. INTRODUCTION the top quark decay—H™b [6] at the hadron colliders,
including the Fermilab Tevatron and the CERN Large Had-

The standard modeéSM) of particle physics demands a ron Collider (LHC). For My+=>m,—m,, H* can be
single neutral physical Higgs scalah®% [1] to generate searched at the Tevatron and the LHC from the production

masses for all observed weak gauge bosons, quarks and |9;§}’ocesse$1 b—H"t [7], cs,cb—H™* [8—11], and gg, qa

tons, while leaving the mass of the Higgs boson and all its_, 4=\~ [12,13, etc. The associate production &f‘t
Yukawa couplings unpredicted. A charged Higgs bosoryom gb fusion is difficult to detect at the Tevatron because
(H™) is an unambiguous signature of the new physics beyy its small rate(largely suppressed by the final state phase
yond the SM. Most extensions of the SM require an extendedpacg, but it should be observable at the LHC fdt,-
electroweak symmetry breakigWSB) sector with charged <1 Tev [7]. The singleH™ production fromcs or cb fu-
Higgs scalars as part of its physical spectrum at the weakjons is kinematically advantageous so that it can yield a
scale. The electroweak gauge interaction$iGf are univer-  gjzaple signal rate, and can be detected at colliders as long as
sally determined by its electric charge and weak isospinihe relevant Yukawa couplings are not too snigliLd]. The
while the Yukawa couplings dfi~ are model dependent and g, H*W~* process originates from loop corrections, and is
can initiate new production mechanisms fér at high en- generally small for producing a hea¥W" unless its rate is
ergy colliders. Most of the underlying theories that describeanhanced by-channel resonances, suchgs—H(or A%)

the EWSB mechanism can be categorized as either a “super-

. . . SH*W™. Similarly, the rate ofjg—H*W~ is small in a
symmetric” (with fundamental Higgs scalar§2] or a “dy- lioe o
namical” (with composite Higgs scalarg3] model. The general two-Higgs-doublet modérHDM). This is because

i i . for light quarks in the initial state, this process can only
':])g]Ig?gfﬁ:é?ll[?]maertgCtv?Wy?oizll) EE;ESI;ZQ g\}én\?v?(\j\illl occur at loop level, and for heavy quarks in the initial state,
) ) _ O ) . this pr n take pl ree level via Yukaw lin
show, the Yukawa couplings associated with the third famil this process can take place attree level via Yukawa couplings

Ybut is suppressed by small parton luminosities of heavy
quarks and leptons can_be Iarge.and distinguishable in the & arks inside the protofor anti-proton. If H is in a triplet
models, so that measuring the single charged scalar produre— resentation. the-H=-W= vertex cain arise from a custo-
tion rate in the polarized photon collisions can discriminate P ’

these models of flavor symmetry breaking. dial breaking term in the tree level Lagrangia_m, but its
If a charged Higgs boson could be sufficiently light, with strength has to be small due to the strong exper_lmental con-
a mass My-) below ~170 GeV, it may be produced from straint on the;z parameter. Hence, the production rate of
qgq—Z—H*W~ cannot be large either. At hadron colliders,
charged Higgs bosons can also be produced in pairs via the

*Email address: hjhe@physics.utexas.edu s-channelqafusion process through the gauge interactions
"Email address: shinya.kanemura@kek.jp of y-H*-H™ andZ-H*-H~ and thes-channel gluon fusion
*Email address: yuan@pa.msu.edu process[14]. However, the rate of the pair production

0556-2821/2003/68)/07501313)/$20.00 68 075010-1 ©2003 The American Physical Society



HE, KANEMURA, AND YUAN PHYSICAL REVIEW D 68, 075010 (2003

generally is much smaller than that predicted by the singléhe polarization of the photon beam, to a future publication.

charged Higgs boson production mechanisms when the magdis approximation is motivated by the fact that the mean

of the charged Higgs boson increases. energy of a typical energy spectrum of high energy photons
If M= is smaller than half of the center-of-mass energygenerated by the Compton backscattering of a few MeV laser

(V) of a Linear Collider(LC), thenH™ may be copiously P&am isE,=0.8.+, whereE,:- is the energy of the " or
produced in pairs via the scattering processsse’ e beam[28]. Though the detailed distributions of the lumi-

—H H* andyy—H H™ [15,16. The production rate of a nosity and energy of the polarized photon beam are strongly

H-H* pair is determined by the electroweak gauge interacmodel dependent, the gross feature of those distributions can

tions of H=, which depends only on the electric charge andbe studied from a model proposed in R@0]. We show that

ki in oH®. WhenM - > a2, it i | after including the reduction factor for choosing a specific
weak-isospin ofi- . ENMy= = ySiz, 1L1S N0 IONQEr pOS- 4 arization state of the photon beam, the above approxima-
sible to produce the charged Higgs bosons in pairs. In thi

. . X n agrees within a factor of 2 with the calculation convo-
case, the predominant production mechanism of the chargggling the constituentyy cross section with the luminosity

Higgs boson is via the single charged Higgs boson pff’d“cdistribution of the polarized photon beam, when the domi-
tion processes, such as the loop induced proeess nant polarization state of the photon beam is considered. This
—H*W™ [17,18, and the tree level processes e’  gpservation is supported by a calculation presented in Ref.
—bcH",77vH" and yy—bcH", 7 vH* [19]. The pro- [29]in the context of considering a1 y process. The above
duction rate of the above tree level processes depends on thgproximation was found to be in good agreement with that
Yukawa couplings of fermions withl =. This makes it pos- obtained by folding the constituent cross section with the
sible to discriminate models of flavor symmetry breaking byluminosity function of the initial state photd80]. As to the
measuring the production rate of the single charged Higgéesolution power of the polarized photon collider, a convo-
boson at LC. However, as to be discussed belove &~ luted calculation gi_ves a stronger resolutiqn at the cost of a
colliders, the cross sections of the singlé production pro- smaller cross section, which will also be illustrated in Sec.
cesses induced by the Yukawa couplings of fermions wit V.

H* are generally small because single events are pro- Th_e rest of the paper is organl_zed as .fO”OWS' In Sec. Il,
; . . we discuss the relevant Yukawa interactions in the weakly
duced vias-channel processesvith a virtual photon orZ

. interacting MSSM and the strongly interacting TopC model.
propagatox. On the other hand, aty colliders[20-23, the The production cross section of the single charged Higgs

singleH™ cross sectlon_s are enh_ancec_;l by the presence of trlfloson in a polarized collider is presented in Sec. Ill, which
t-channel diagrams which contain collinear poles in high eny 55 contains discussions on how to discriminate MSSM

ergy collisions. _ o from TopC using a polarized photon collider. Section IV con-
It is well known that one of the main motivations for a {ajns discussions on the effect of including a model of the

high-energy polarized photon collider is to determine®@®  energy dependent luminosity of the polarized photon beam,

property of the neutral nggS bOSOE@g—ZG. In this work, as well as our conclusions.

we provide another motivation for having a polarized photon

collider—to determine the chirality structure of the fermion

Yukawa couplings with the charged Higgs boson via single Il. YUKAWA INTERACTIONS IN MSSM

charged Higgs boson production so as to discriminate the AND TOP-COLOR MODEL

dynamics of flavor symmetry breaking. Specifically, we

study single charged Higgs boson production associated wit&3r

a fermion pair ¢'f) at photon colliders, i.e.yy—f'fH™

(f'f=bc or 7v), based on our recent proposal in Ref9]. ., )

Two general classes of models will be discussed to predict Ly=1"(Y[ 'PL+ YR PRITH +h.c., 1)

the signal event rates—one is the weakly interacting models

represented by the MSSM] and another is the dynamical , .

symmetry breaking models represented by the top-colo\“’heref_andf represent up-typ_e a_nd doyvn-f[ype fermions,

(TopO) model[5]. We show that the yield of a heavy charged gaspic(tlvgly, S;‘PL'R are the chirality projection operators

Higgs. boson at &y collider is tyEic?IIy one to two orders of L'\;{Ve first Zgnsi.der the Yukawa sector of the MSSM, which

magnitude larger than that at eane™ collider. Furthermore,

. . ! is similar to that of a type-ll THDM. The corresponding
we demonstrate that a polarized photon collider can e'the{ree-level Yukawa couplings of fermions with* are given
enhance or suppress the single charged Higgs boson produyc
tion, depending on the chirality structure of the correspond-
ing Yukawa couplings.

To clarify the physics implication of a polarized photon  1¢rently, we are collaborating with the experimentalists, who
collider, we shall consider in this paper the center-of-masgye interested in the photon collider option of the Linear Collider
(c.m) energy of ayy collider to be about 80% of a@ e”  working Group[27], to perform a study including detector simula-
collider, and leave a more realistic analysis, that takes intéion and effects due to the energy dependence of the luminosity of
account the dependence of the luminosity and energy on the polarized photons produced from Compton back-scattering.

For generality, we define the charged Higgs Yukawa in-
action as
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i '
—— Viptang, YR(O)_

f
L(O): fo/COtﬂ, (2)
where m; (my,) is the mass of the fermiof (f'), tang
=(H)/(Hy) is the ratio of the vacuum expectation values
((Hy) and (Hg)) of the two Higgs doublets withv

= W(H)?+(Hg)?=246 GeV, andVy is the relevant
Cabibbo-Kobayashi-Maskaw@KM) matrix element of the
fermionsf and f’. The coupling constant¥L 0) and YR(0
vary as the input parameter farchanges. For instance, for
the 7"-v-H™ coupling, Y[ (o) increases as tgh grows, and
reaches about 0.20-0.51 for t@r20-50, whileYg, is

zero because of the absence of right-handed Dirac neutrinos
in the MSSM. Without losing generality, we shall choose the

following typical inputs for our numerical analysis:

()
The tree leveb-c-H™ coupling contains a CKM suppres-
sion factor Vcb~0 04, so thatY,_ (o) is around 0.03 for
tanB=>50, andYR(O) is less than about 210 * for tanp
>2. However, supersymmetUSY) radiative corrections
can significantly enhance the tree lebet-H™ coupling. It
was shown in Ref.[10] that the radiatively generated
b-c-H~ coupling from the stop-scharnt<¢) mixings in the
SUSY soft-breaking sector can be quite sizable. For instanc
in the minimal type-A SUSY models, the non-diagonal scala
trilinear A term for the up-type squarks can be writter 58]

0O 0 O
0 0 x|A,
0Oy 1

Au (4)

which generates a non-trivial X444 squark mass matrix
among €, ,Cr.t,.tg). In A,, the parametersx(y) can be
naturally of order 1, representing largec mixings that are
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FIG. 1. The radiativeb-c-H™ coupling as a function of the
parametek in the minimal type-A SUSY models with=0. Here,
we set (g ,,Mp) =(300,300,600) GeV, and A=—A,
=1.75 TeV. This result also includes the QCD running effect for
the Born level Yukawa coupling.

and

SYE=0, (6)

for a moderate to large tgh (As to be shown below, this
attern is opposite to that predicted in the dynamical top-

color model) The couplingYEC is a function of the mixing

parametex, the Higgs mas#/ =, the gluino masd1y and

the relevant squark masses. In Fig. 1, we shoﬁ/ﬁ as a

function of the parametet for a typical set of SUSY inputs,

(Mg, 4, Mg) = (300,300,600) GeV, A=—A,=1.75TeV,

and tan3=>50. In this figure, we have also included the QCD

running effects for the tree-level Yukawa couplings, cf. Eq.

(2) [33]. We find that the magnitude of the total c;ouplhﬂbC

can be naturally in the range of 0.03—0.07 for a moderate to

large tanB. For a smaller value of tg# the coupIingYbc

consistent with all the known theoretical and experimentalecreases. For instance, for far 20, the value ofY"C is

constraints[31,32. An exact diagonalization of this X4
mass matrix results in the following mass eigenvalues:

612

M2 F+Fl (5

t12

with M7; <Mz, <M7,<M7,. Here,my is a common scalar
mass in the diagonal blocks of the squark mass madrix,
=X+ (xA+yA)?, X;=A-umcotB and A=Av sin /2.

In the squark mass eigenbasis, the-H ™ coupling can be
radiatively induced from the vertex corrections
[scharnistop-sbottom-gluino loop and the self-energy cor-
rections [scharntstop-gluino loop|. In the type-A models
with x#0 and y=0, including the one-loop SUSY-QCD
corrections yields the pattefdQ]

sYPe£0

about half of that shown in Fig. 1.

In addition to the SUSY radiative corrections discussed
above, which are not suppressed by the small CKM matrix
elementV.,, there are corrections proportional\g,, simi-
lar to those present in the production a@f’bb (¢°
=h?HC A% with large tan3 [34,35. This effect can be
formulated by the corresponding effective Lagrandia6

B V2V, my(pg)tang
B 1+A,

H ¢ br+h.c., @)

v

where ug is the relevant renormalization scale at which we
evaluate the bottom quark running r maag(,uR) including
the NLO QCD contributions in th#1S schemd33]. In the
on-shell scheme, the bare mass of the bottom qogk. is
equal tomy+ 6my,, wherem, is the pole mass andm, is

the counter term. A straightforward calculation shows that
the threshold corrections &, originating from the SUSY-
QCD and SUSY-electrowealSUSY-EW contributions are
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equal to—omy/m,. In general, the SUSY-EW correction from Fig. 1 after subtracting the strength of the QCD-
comes from loop contributions induced by the Yukawa andmproved Born level coupling. For instance, using the same
electroweak gauge interactions, where the latter contributioset of SUSY parameters described above, the radiative cor-
is usually smaller than the former contributidSince in the  rection fromt-c mixings withx=0.44 enhances th&® cou-
generic type-A model the trilinear ters needs not to be pling by an amount of 0.02 £0.05-0.03) for M-
much smaller thanu tang, we will not make the approxi- - —300 GeV. Therefore, the coupling ¢, after including
mation Ap—ptanf~—putanp [35] in Ay.) The SUSY e QCD-improved Born level coupling (0.03), the radiative
QCD correction is given by the finite contributions of the rrection fromi-c mixin 0.02). and the threshold cor-
sbottom-gluino loop due to the left-right mixings in the correction fromt-c gs (0.02), a € threshold co
squark-mass matrifas], rection due tp the SUSY-QCD and SUSY-EW contributions
(—0.0045), is about 0.046€0.05) for the sample SUSY
Crae(tr) ) pargmeters we .have chosen. Hencg, without losing general-
(Ap)susy-qco= _T”‘BMLRI(”‘Blvavaé)’ ity, in the following numerical analysis, we chodse

8

where C=3(N.— 1/N.)=3% with N.=3, as=0.09 at the
scale ofug=My==0(100) GeV, andVPz=A,— u tang. _ _ —
The SUSY-Yukawa correction ta\, arises from similar S the sample couplings for the MSSM with natural mix-

. . L~ ings, which correspond to the type-A SUSY models with
loops involving the stop and charged Higgsirtdg,, and —0(1) andy=0 as defined in Ref10]. (The total decay

(YP® YE9)=(0.05,0 (12)

m2 width of H* will be evaluated for ta=50.) It is worth
_ t Kot mentioning that the sample flavor-changibgc-H* cou-

A . ct———5M nm; N, i), g P g
(Ao)susy-vukaws 8m2y? tans LR MR ) pling (11) is about a factor 6 smaller than the sample-H™*

(9) tree-level coupling3).

We then consider the dynamical top-color model,
where M| z=A;— u cotB. In the above formula, we have which is strongly motivated by the experimental fact that the
defined observed large top quark masevE&uv/\2=174 GeV) is

right at the weak scale, distinguishing the top quark from all

, M o mE . m; other SM fermions. This scenario explains the top quark
mimaln— +mamsln— +msmiin— mass from the(tt) condensation via the strong§U(3)
m; mg my e

TopC interaction at the TeV scale. The associated strong tilt-
ing U(1) force is attractive in thé¢tt) channel and repulsive
in the (bb) channel, so that the bottom quark mainly ac-
which, in the special case of,=m,=ms=M, equals quires its mass from the TopC instanton contribut{&i
1/2M2. This model predicts three relatively light physical top pions
With the sample values of the SUSY parameters given it 7). The Yukawa interactions of these top pions with
the caption of Fig. 1A, is found to be about 0.17, among the third family quarks are given by the Lagrangian
which, 0.20 comes from the SUSY-QCD contribution,
0.00011 from SUSY-Yukawa contribution, are0.022 from mtanp
the electroweak gauge contributidience A, yields a fac-
tor of 1/(1+0.17)=0.85 suppression in thb-c-H™ cou-
pling as compared to the QCD-improved Born level coupling 4 jktc gt ¢ o 04 V2K KD * ]y oo+ H.c.
(which is about 0.03 for a 300 GeV charged Higgs boson URTTUL TLERTH URTDL TLERT ]
and the coupling o "-c_-bg in Eq. (7) is about 0.026 for
this set of SUSY parameters. In other words, the threshold
correction due to the SUSY-QCD and SUSY-EW contribu-where tam3= \/(v/v,)?>—1 and the top-pion decay constant
tions toYP® is (0.85-1)X 0.03=—0.0045, which is not sig- v,~0(60-100) Ge\* The rotation matricesKy, g and
nificant in the current casfWhen the SUSY parametgror  Kp r are needed for diagonalizing the up- and down-quark
A flips sign while holding the other parameters fixed, themass matriceM, and My, i.e., K{; MyKyg=M3? and
threshold correction from 1/(+A,) becomes an enhance- KE)LMDKDR:Mg‘a, from which the CKM matrix is defined
ment rather than a suppressi(lnja(jtwhe additional contri- ggyv= KLLKDL- As shown in Ref[8], to yield a realistic
bution to YEC arising from thet-c mixing can be read out

T ==
(My, My, Ms) (m2—m3)(ma—m3)(m3—m3)
(10

: —, o0 bbap s -
- [IKURKUL* titrmry + \/EKERKDL* b tgm

(12

3This choice of couplings may also be realized for lower gan
°The electroweak gauge contribution depends also on other SUShegion with the proper choice of the parameteaccordingly, e.g.,
parameter§36]. Here,M, is taken to be 300 GeV, but higher values for tang=30, Eq.(11) corresponds tax~0.6.
of M, will make the electroweak gauge contribution even smaller “Note that this ta8 does not have the same meaning as thegstan
due to the decoupling feature of the MSSM. in the MSSM.
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form of the CKM matrixV (such as the Wolfenstein param-

etrization, the TopC model generally has the following fea- 10 i ‘ ‘ ‘
tures: [ Topcolor Model
K!¢,=0.11-0.33, 10°
with 5
1
K{jr=0.99-0.94, 13 3-:
and o
tt bb I_I 10
Kor=KpL=1,
which suggests that thgs-cg transition can be naturally 10’
around (10-30)%. Combining Eqél2) and (13), we can
deduce the Yukawa couplings of fermions with the charged

- . - 102 .
top pion (also called charged Higgs boson throughout this 0 200 400 600 300

papei as
M.* (GeV)
bt_ \/bc_ H
yPt=yPe=o,
FIG. 2. The total decay widths di* predicted by the models
discussed in the text.
V2m
Yo~ = Ttang, YRe=YRKIC.. (14)

v nel, we will consider the MSSM with the sample parameters

given in Eq.(3). The cross sections for other values of cou-
plings, different from our sample inputs, can be estimated by
a proper rescaling. In order to predict the event ratey of

—f'fH*, we need to specify the total decay width+ for

Thus, taking a typical value of tgh to be 3 and a conser-
vative input for thetg-cg mixing K{JCR to be 0.1 in the TopC
model, we obtain

YR'=3, H=*, from which the decay branching ratio ¢f*—f'f can
be calculated. For simplicity, we shall only include the quark
and and lepton decay modes B to evaluatel',+. Its bosonic
be wbe decay modes are not included because their contributions are
(YL",YR)=(0,0.3), (19  generally small and strongly depend on the other parameters

: . of the model. For example, in the MSSM, the partial decay
which will be used as the sample TopC parameters for OUlidth of H* —W*h° depends on the neutral Higgs boson

numerical analysis. We note that in contrast to the radiative ;. ; : ;
coupling of the charged Higgs boson predicted in the type-j\‘mxIng anglea and the lightCP-even Higgs boson mass

SUSY model withy=0 (in which Y °#0 andY*=0, i.e.,

mainly left handegy the charged top pions only have a right- 10°
handed coupling. This feature of the TopC is also opposite to

the tree-levelr-v-H™ coupling (which is purely left handed

predicted in the MSSMcf. Eqg.(3)]. As we will demonstrate

below, this feature makes it possible to discriminate the dy-
namical TopC model from the MSSM or a type-ll THDM by o 10"
measuring the production rates of a single charged Higgs &
boson at polarized photon colliders. Finally, we note that
apart form the opposite chirality structures of tie"
Yukawa interactions, the magnitude of the sample top-color
b-c-H* coupling chosen in Eq15) is the same as that of
the sampler-v-H* coupling (3).

10°

Branching R:

lll. H* PRODUCTION IN yy COLLISION AS A PROBE i Br(H - bc
OF NEW PHYSICS i

) TypeAl SUSY

We calculate the cross section gf—f'fH™* using the 10 250 ‘ 450 ‘ 650 ‘ 800

helicity amplitude method foff’ =bc or 7~ v. For thebc M.+ (GeV)
channel, we will consider both the MSSith stop-scharm H

mixings) and the TopC model using the sample parameters rig 3. The relevant decay branching ratiosbf predicted by
listed in Egs.(11) and (15), respectively. For the™ v chan-  the models discussed in the text.
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FIG. 4. The complete set of Feynman dia-
grams fore"e"—bcH™.

my,, but it is generally small, especially whém, - becomes
large which corresponds to the decoupling limit. We will also
neglect all the loop-induced decay modes such Has

A. bcH™* production

Using the default parameters of the models as described

- ; in Sec. Il, we calculate the total cross sectionsedfe™
—W=2Z[37], and assume that the relevant sparticles are rela-

tively heavy so that the SUSY decay channel$idfare not —0PcH ™ and yy—bcH™ as a function oM. The com-
kinematically accessible. Finally, in the TopC model, onlyPleté set of Feynman diagrams for the above processes are
the dominanttb and cb decay modes are included in the depicted in Figs. 4 an.d 5, respectively. The resul't for the
calculation ofl"y+. For the later analysis and discussion, we TOPC model is shown in Fig. 6, where, for comparison, we
show the predicted total decay widths and the relevant decdjaVve taken the center-of-mass energ)(of the yy collider
branching ratios oH* in Figs. 2 and 3 as the Higgs mass {0 be 0.8 times of that of the"e™ collider. The result for the
M= varies. MSSM with stop-scharm mixings can be easily obtained
In our numerical analysis, the dominant QCD correctionsfom Fig. 6 by rescaling the cross sections by a factor
are included in the Yukawa couplings by using the running(0.05/0.3f=1/36 when M->/s/2. For M=<\s/2,
quark masses. For instance, at the 100 GeV scale, the ruhere the pair production mechanism dominates, the actual
ning masses of the bottom and charm quarks ame rate_also depends on the decay branching ratioHBr(

=2.9 GeV andn.= 0.6 GeV, respectively. —bc) and the total decay width',+ in the MSSM. For

e REEEEEEEE ——C REEEEEEEE ——C
Y= m = cyY cY
cyY L~ HT —»—10 [oeepeeee f+
C v
ye oo o HTY bY
~b Yomm o m e >t EEEEEEEE L »—p
gt o HT b
¢ - b v P
v———-—»—-\"'\ ’Y————ﬂ{\ S
cA b bY ¢ b 4 o HT
4
7""ﬂ\ v————ﬂ\ v———-—<\
4 b 4
Y- m - - ——b Y- m - - ——b e b
b4 b4 i ‘< FIG. 5. The complete set of Feynman dia-
z N — oty 4 —
oty ck mm e . - grams foryy—bcH™.
.
Ymmmmm - »e Y=mm——-=d —e—7C “Ht
Ymmmm——— | Yo mmm e | S aa o HT
Ht A Ht A R -
—e—¢C —»—Db Ht & H* b
Y cA [ _<<
R > Y--m - - - L -z c
I~ o HT
~ e 4
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7.) For My=<\/s/2, the charged Higgs pair production is

10 VSN:406GGV TO[;coIor Model ‘ k.inematically_allowed. In this case, thg produ-ction Cross sec-
107 [ bot” 1 tion of y;./—>bcH+ (andefe*—>bc|_—|+) is domlnatgd by the
N VY" c . contribution from the pair production diagrams with the pro-
100 L - ee - beH ] ducedH ™ decaying into &c pair. Hence, its_rate is propor-
tional to the decay branching ratio Bt( —bc). As shown
g 10° | | in the figure, there is &ink structure wherMy,- is around
S} 180 GeV. That is caused by the change in HBr(—bc)
100 ' i when the decay channél " —bt becomes available. We
\ also note thzit the cross section at a higher energy collider,
B either ane”e™ or yy collider, is larger for the production of
10 k\/See_SOOGé\\/ ] a heavyH" because of the larger final state phase space
3 AN volume. On the other hand, whé,+ < \/s/2, the cross sec-
10 100 3b0 500 700 tion approximately scales asslfor the pair production pro-
M, (GeV) cess dominates the production rate. In Fig. 7, the cross sec-

tion of 77—>b€H+ drops aroundM,+ = \/s/2, for the on-
shell H"H* pair production mode is closed whevi,+
>./s/2. Moreover, a careful examination reveals that the

cross section ofyy—bcH™ drops much more in Fig. 7 than

in Fig. 6. This is because in our calculation we have included

completeness, we also show the result for the MSSM in Figthe complete gauge invariant set of Feynman diagrams

7, which is qualitatively similar to Fig. 6 except near the whose contribution also depends on the width of the charged

boundary of the available phase space for pair productiortiggs boson. Since the total decay widthtof in the TopC

i.e. whenM =~ /s/2. This is because the total decay width model is much larger than that in the type-A SUSY model

of H* in the TopC model is much larger than that in the (cf. Fig. 2), the similar drop in Fig. 6 is much less noticeable.

}_);PG'A bSUSY mt%de- For i”;%%”(gé(é%%bﬁv}the CEarEile? It is evident that the cross section f—bcH " is larger

iggs boson with a mass eV} is abou fam ot . ;

GeV (143 GeV in the TopC mode(cf. Eq. (15)], and 1.5 than that ofe e —bcH " the Whol.e-leH,-regpn. For

GeV (13 GeV) in the type-A SUSY mode[cf. Eq. (1D)] M= <+/s/2, the cross section iy collisions is typically a
o " factor of 35 larger than that i@ e™ collisions. This can be

The branching ratios for the decay modé —cb predicted  eyplicitly checked by comparing the helicity amplitudes of
in these two models are 0.15(0.015) and 0.02(0.0046),, .H*H~ ande e"—H"H™. The helicity amplitudes

respectively. . _for theH™H™ pair production in polarized photon collisions
A few discussions on the feature of the results shown inye found to b2

Fig. 6 are in order(The same discussions also apply to Fig.

FIG. 6. Cross sections ofy—bcH™* (solid curvé ande*e”

—bcH* (dashed curvefor the TopC modelcf. Eq. (15)] with
unpolarized photon beams dsw= 400 GeV and 800 GeV.

M( HTH ™ )=—2e?\\ £5ir®
— =-2e —_—
10° z ; w w M 21— ¢2c020
i Type Al SUSY (tanf3=50)
10 z/sW:4OOGeV W beH” ,
£\ e"'e —>bCH+ +e (1+)\1)\2), (16)
0
= 10 i where the degree of polarization of the initial state photons,
= N1 and\,, can take the value of either1 or +1, corre-
© 10" | sponding to a left-handedly) and right-handedlyR) polar-
ized photon beam, respectivel; is the scattering angle of
H* in the center-of-mass frame; arge- 1-4M:/s. In
109 i the massless limit, i.e., whevi 4+ —0, £é—1 and the above

result reduces to M(y, v,,—~H H7)=e*(1-\1\p),

\_ which vyields a flat angular distribution. The two non-
: : x/seé_looogaev vanishing helicity amplitudes ofe"e*—=H*H™, for s
200 400 600 800 >mZ, are
M, (GeV)

FIG. 7. Same as Fig. 6, but for the MSSM with stop-scharm °We have checked that our unpolarized cross section agrees with
mixings, i.e. type-A SUSY modédkf. Eq. (11)]. that in Ref.[16].
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W

M(e e —H™H™)

10 T T T
2 _ 232
Coy—Sw) S Topcolor Model
=—e2£sin® 1+(W2V2V — , P
4coSy S—Mz+iM LI, 100 \/SWZSOO GeV
o)
M(ege, —H H™) =
+% 10" 3
2 2
co— s 2
=—e%¢sind| 1- — ZSW 2_ , (17) LI
ZCW S_MZ+|M2FZ >’.<H 10 E
= ]
wheree (eg) denotes a left-handettight-handed elec- B RL(LR)
tron; ¢,,= cosé,, ands,,= sin §,, with 8, being the weak mix- 10" |
ing angle; andV; andI'; are the mass and width of th® LL ]
boson, respectively.
For M =>+/s/2, where the pair production is not kine- 10° * * *
matically a||(1Ned, the differen_ce between the cross sections 200 400 600 800
of e e*—bcH" and yy—bcH" becomes much larger M,* (GeV)

(two to three orders of magnitugéor a largerM = value. . — _
To understand the cause of this difference, we have to exam- FIG. 8. Cross sections of, y,,—bcH™ atys,,=800 GeV in

ine the Feynman diagrams, cf. Figs. 4 and 5, that contributgolarized photon collisions for the TopC modef. Eg. (15)]. Solid
to the scattering processe§e+—>b€H+ and yy—>b€H+ curves are the results without any kinematical cut, and dashed

In the former process, all the Feynman diagrams contain 2Purves are the results with the kinematical cut specified in the text

s-channel propagator which is either a virtual photon or ¢f. Bq. (18]
virtual Z boson. Therefore, whel ,+ increases for a fixed _ . . o
\/5, the cross section decreases rap|d|y On the Contrary’ ﬁl{opC model at two different collider energies. A similar fea-

the latter process, whe ;= > /s/2, the dominant contribu- ture also holds for the MSSM after interchanging the label of
tion arises from the fusion diagramyy—>(c?)(b§) RRandLL in those figures, which can be verified in Figs. 10

— and 11.
—bcH™, whose contribution is enhanced by the two collin- |, the following, we shall separately discuss the feature of
ear polegin at-channel diagrajngenerated fromy—ccand  the polarized photon cross sections fdg;= much less than
y—Dbb in high energy collisions. Since the collinear en- Js/2 and forM n+ slightly above\/s/2.
hancement takes the form of M(;- /my), with m, being the The feature of the polarized photon cross sections for
bottom or charm quark mass, the cross sectionygf  My=</s/2 can be understood from examining the produc-
—bcH* does not vary much asl,- increases until it is tion processyy—H"H™, whose helicity amplitudes can be
close tov/s. found in Eq.(16). Let us denotearﬁ’i‘{2 as the cross section of
From the above discussions we conclude that a photon-
photon collider is superior to an electron-positron collider for
detecting a heavy charged Higgs boson. Moreover, a polar-
ized photon collider can determine the chirality structure of
the fermion Yukawa couplings with the charged Higgs boson 10°
via single charged Higgs production. This point is illustrated
as follows. First, let us consider the case tNgf=>/s/2.
As noted above, in this case, the production cross section is
dominated by the fusion diagramy— (cc)(bb)—bcH™.
In the TopC model, becausé’®=0 (and Y&+ 0), it corre-
sponds to yy—(cgcr)(b b )—b.,cgH". On the other
hand, in the MSSM with stop-scharm mixings and large
tanB, YX~0 (and YP°#0), it becomes yy
—(cLc.)(bgrbgr)—bgrc H*'. Therefore, we expect that if 107
both photon beams are right-handedly polarigesl ygryg),
then a TopC charged Higgs bos(re. top pion can be co-

10 : : , x
Topcolor Model

\/sW= 400 GeV

RR

2

U(VMVA —bcH") (fb)
~
Q .
Q

piously produced, while a MSSM charged Higgs boéwith 10 : : : : :

a large tarB) is highly suppressed. To detect a MSSM 100 200 300 400
charged Higgs boson, both photon beams have to be left- M, (GeV)

handedly polarized.e. y, y,). This is supported by an exact

calculation whose results are shown in Figs. 8 and 9 for the FIG. 9. Same as Fig. 8, but qus_wz 400 GeV.
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109 Y Y Y that the left-handed coupIingEC vanishes, cf. Eq(15), in
the TopC model. This is due to the contribution from the
Type Al SUSY (tanf3=50) diagrams in which one of the charged Higgs boson is slightly
off-shell (as compared to its decay widthi.e. from yy

—H"H *(—Dbc). The similar argument also applies to the
other models but with different polarized states of the photon
i beams.

It is important to point out that the complete set of Feyn-
man diagrams have to be included to calculatéyy
E —bcH™) even whenMy=<s/2 because of the require-
ment of gauge invariance. To study the effect of the addi-
tional Feynman diagrams, other than those contributing to
. the H"H~ pair production fromyy—H"H (—bc), one
can examine theinglecharged Higgs boson cross section in
this regime with the requirement that the invariant mass of
bc, denoted ad ¢, satisfies the following conditiof:

10° \/SW: 800 GeV

2

1

o(y, v, ~beH") ()

10

200 400 600 800
M, (Gev) My~ My >AM g,

FIG. 10. Cross sections ofy ,,—bcH™ at \s,, =800 Gev  with
in polarized photon collisions for the type-A SUSY model. Eq.
(11)]. Solid curves are the results without any kinematical cut, and
dashed curves are the results with the kinematical cut specified in
the text[cf. Eq. (18)].

AMyz=min

’

26m
25 GeV,max1.18v CEW,FW

om 0.5
i, —H H™. We find thato{R'=0R]", and they domi- m_ N2 (18)

nate the total cross section whe#? . <s, while of3" and

oP" are equal and approach zero bis;=—0. Since for ~Wheresm/m denotes the mass resolution of the detector for

My=<+s/2 the bulk part of the cross section ofy  observing the final staté and c jets originated from the
—bcH™ comes fromo(yy—H"H )xBr(H —bc), the decay ofH‘.7_ For instance, in Fig. 8 the set of dashed lines
LL and RR cross sections are smaller than thB(=RL) are thg polarlzed_ cross sections after imposing the above ki-
cross sections al,+ decreases, cf. Fig. 8. nematical cut. With this cut, the total rate reduces by about
As shown in Fig. 8, the polarized photon cross sectiorPne order of magnitude fovl < s/2. (However, this ki-
oL is not zero forMy - slightly above\s/2, where the Nematical cut hardly changes the event rate wihép-
on-shell H*H~ pair production channel is closed, despite > VS/2.) The effects of this kinematic cut on tiRR andLL
rates are significantly different in the loMy= region. It
implies that theH"H ™~ pair production diagrams cannot be
100 ¢ x x the whole production mechanism, otherwise, we would ex-
; pect the rates oRR andLL to be always equal due to the
Type A1 SUSY (tanf3=50) parity invariance of the QED theory. Again, a similar feature
Vs, =400 GeV 1 also holds for the MSSM after interchanging the labelk bof
andRR
Before closing this section, we remark that in the MSSM
. a heavy charged Higgs boséh” can also be produced as-
sociated with acs pair, whose production rate can be ob-
tained by rescaling the cross sections in Fig. 7 by the factor

Q.

(Y550 YL9)?=1.3tanB)?x 10" *

oh Y, beH") (fb)

~
Q,

5These sample conditions are chosen to definesitgle charged
Higgs boson cross section, and they should be refined when a de-
tailed Monte Carlo simulation becomes available.
100 200 300 400 "Here, we assume that the hadronic energy resolution for a jet
M,* (GeV) with energyE (in GeV unit is 50%/A/E. Moreover, the fullwidth at
half maximum of a Gaussian distribution is 14 8c, whereo is
FIG. 11. Same as Fig. 10, but fois=400 GeV. taken to beM.6m/m.

3

10
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3 3

10 T T T 10 T T T
Vs, 7400GeV \sam (tanB=30)
1 o 1 MSSM (tanB=30)
—_—a > e+e N TVH+ —_ \/%Y: 800 GeV
10" ¢ 3 £ 10" 1
€ 10 | - R
o \\ l_T‘ 10 E
\Vs,.=1000GeV ~
101 E \ E >'.<H 7
\ Z10 |
5
100 ¢ \\ E
Vs, =500Ge\ 10° :
103 x\\ ! h
100 300 500 700 1 03 ) ) ) ) )
M,* (GeV) 200 400 600 800

M, (GeV)

FIG. 12. Cross sections ofy—r »H™ (solid curvé and
e"e” — 71 vH"' (dashed curvefor the MSSM|[cf. Eq. (3)] with FIG. 13. Cross sections af,_y, — vH* at S=800 GeV in
1 2

unpolarized beams E“f577=400 GeV and 800 GeV. polarized photon collisions for the MSSMf. Eq.(3)]. Solid curves

sc are the results without any kinematical cut, and dashed curves
f‘?f MHf>‘/g/2' Here,YL(O)—(\/EmS/v)tan,B, and the run- are the results with the kinematical cut specified in the text
ning mass of the strange quark at the scale of 100 GeV igt gq. (19)].

taken to beng=0.1 GeV. Hence, for tai=30, the produc-
tion rate ofscH* is down by a factor of 10, as compared to

thebcH™* rate withY?°=0.05, cf. Eq.(11). production rate of~ vH* is not as large as that dfcH ",

even when the relevant Yukawa couplings are of the same
magnitude in both production channels. Fbk,-</s/2
where yy—H"H ™ is kinematically allowed, the difference

In the MSSM with a large tag value, the cross section of petween o(yy—r vH*) and o(yy—bcH™) is caused
yy— 1 vH" can be quite sizable. For the sample paramyy the relative size of Bl'(l_ﬂr_;) and Br(H‘Hb?), cf.
eters chosen in Eq3), its cross sections are shown in Fig. Fjg. 3.
12 for various linear colliders with unpolarized collider “\we also computed the production cross section
beams.(Our results are consistent with the calculation in ( . *_H+) in the polarized photon-photon colli-
Refs.[38,39.) Recall that we have chosen the sample paramfr_ MV P ) p P
eters of the models so that the Yukawa coupling ofy-H * sions, and the results are shown in Figs. 13 and 14. As ex-
in the MSSM and that ob-c-H* in the TopC model have
the same magnitude but opposite chiralities, as shown in Egs.
(3) and(15). The gross feature of Fig. 12 is similar to Fig. 6.
However, a close examination reveals that the cross section
of yy— 7~ vH™ is smaller than that of y—bcH™ at a fixed 10°
My for My+>/s/2. For instance, for a 600 GeV charged
Higgs boson, with its couplings given in Eq8) and (15),
o(yy— 1 vH*")~0.01fb and o(yy—bcH")~0.3 b,
when /s=800 GeV. This difference can again be under-
stood by examining the Feynman diagrams. In the scattering
vy—bcH™, the total cross section is dominated by the fu-
sion diagramyy— (cc)(bb)—bcH* for My=>/s/2. The
contribution of this diagram is enhanced by two collinear
poles (in a t-channel diagramgenerated fromy—cc and 100
y—Dbb in high energy collisions. However, in the scattering
vy—1 vH', the dominant contribution in the large mass 10
region comes from the sub-diagraynr—H v, and con- 100 200 300 400
tains only one collinear polén at-channel diagramngener- M,* (GeV)
ated fromy— 7~ 7" in high energy collisions. This is be-
cause photon does not couple to neutrinos. Hence, the FIG. 14. Same as Fig. 13, but fois=400 GeV.

B. 7wvH ™ production

10 : x
MSSMI(tanf=30)
V 5,=400GeV

1 1
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pected, theL L rate is the dominant one wheW,;=> \/s/2, 3 : : : :
because the Yukawa coupling¥y’=0 and Y["#0. E =500GeV
The single charged Higgs boson production rate Nboy- ee ]
< /s/2 is also calculated by imposing the kinematical tut: pol of both lasers: 1
pol of both e: +1
|MT:_MHi|>AMT:Y 2+t J
with
25m SUM
AM =min|25 GeV,max1.18M T;W,FW ,
1+t J
LR+RL RR
5m_ 0.5 19
m /M 5/2’ / LL
and the result is shown in Figs. 13 and 1 reality, M 0 s
should be replaced by, for instance, the transverse mass of 0 100 200 300 400 500
the 7~ v pair) For our choice of parameters in E®), '+ E, (GeV)

is about 0.54 GeV4.7 Ge\) for a Higgs mass 200 Get400
GeV), and correspondingly, B~ — 7 ») is about 0.69 FIG. 15. The luminosity of the photon beamsg v\, produced
(0.16). from Compton backscattering as a function of the c.m. energy for
various polarization states of the two incoming photon beams, in
the case that the laser beam is left-handedly polarized and the elec-
tron (or positror) beam is right-handedly polarized, and the c.m.
In this work, we have studied the single charged scalagnergy of thee"e" collider is 500 GeV.
production at polarized photon colliders via the fusion pro-

CeSS.eS'y'y—>bCH+: and yy—r1 vH_+-. For the.bCH+ Pro- yres, to the actual event rates, one should take into account
duction, we consider the flavor mixing couplingstt-H™  {he corresponding collider luminosity. This is particularly
generated from the natural stop-scharm mixings in th&ynortant for calculating the event rates at a photon collider,
MSSM, and from the generic mixings of the right-handedsy, the vy luminosity depends on the energy of the photon
top and charm quarks in the dynamical top-color model. Foeam which is typically a distribution, in contrast to a fixed
the 7 »vH™ production, we consider the MSSM with a mod- value, and the degree of polarization of the initial state pho-
erate to large taB. We find that the production rate Bf" in  ton will depend on its energj28,40. Thus, the event rate at
the yy collisions is much larger than that in teee® colli-  a photon collider should be evaluated by convoluting the
sion. (Needless to say that the production rateHof is the  cross section with they luminosity after accounting for the
same aH ".) Some of the results are shown in Figs. 6, 7,energy dependence of the luminosity of the polarized photon
and 12. ForM+>/s/2, the cross section ofy— 7 vH™* beams. o

is smaller than that Ofyyﬂba_ﬁ even when the corre- To stqu the effect of the energy dependent Iummosny of
sponding Yukawa couplings are of the same size. This i{h€ Polarized photon beam on the above analysis, we con-

because in high energy collisions there is only one collineapider the model suggested in REZ0] for producing a polar-
— ized photon beam from the Compton backscattering process

4 T .
pole__[72/—>(7' T )y—>T yH 1 in the scattering yy (ey—evy). In this model, theyy collider is based on a par-
—7 vH", but two collinear poles[yy—(cc)(bb)  entee* (ore~e™) collider, and the luminosity distribution
—bcH"] in yy—bcH". The same reason also explains as a function of theyy c.m. energy is calculated by assum-
why in the largeM+ region thee™e™ rate is smaller than ing zero conversion distance for te€ (or e”) beam. As an
the yy rate by at least one to two orders of magnitude, sincexample, let us consider the calculation that yields the result
the e"e” processes contain onlg-channel diagrams and in Fig. 9, but with convolutedyy luminosities. In the case
cannot generate any collinear enhancement factor to thihat the laser beam is left-handedly polarized and the elec-
single charged Higgs boson production rate. Furthermore, wigon (or positron beam is right-handedly polarized, the lu-
show that it is possible to measure the Yukawa couplingsninosity of the photon beams produced from Compton back-
Y, andYg, separately, at photon-photon colliders by prop-scattering as a function of the c.m. energy for various
erly choosing the polarization states of the incoming photorpolarization states of the tw@ecoiled photon beams is de-
beams. This unique feature of the photon colliders can beicted in Fig. 15 based on the calculation in Ref0] with
used to discriminate new dynamics of flavor symmetryx=4.82, for a 500 Ge\e e* collider. Here, for simplicity,
breaking. we have assumed a 100% polarized (or e*) beam. As
shown in the figure, the dominafrecoiled photon polariza-
tion is the same as the electr@r positron helicity, and the
8see footnotes 6 and 7, but for leptons. photon luminosity distribution peaks at high energy. When

IV. DISCUSSIONS AND CONCLUSIONS

To convert the cross sections, as shown in the above fig-
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10° , , about 1/3 of the totalyy luminosity (i.e., after summing up
all the polarization states ofvy), hence, the convoluted
107 Topcolor Model 1 cross section can be estimated to be 89267 fb/3. This
Vs, = 500GeV estimate agrees within a factor of 2 with the convoluted cross
g pol of laser = 1 section, exactly calculated in Fig. 16, which reads as 66 fb
g 10 ¢ pol of e =+1 3 for photons produced from a 500 Ge¥/ e™ collider using
T Compton backscattering process. Namely, the convoluted RR
8 10 ¢ 5 cross section is about 1/4 of the non-convolukR cross
T<N section. The similar reduction factor for producing a heavier
;701 L i H™* will be somewnhat bigger because the effective integrated
© \_ YrYr luminosity becomes smaller foyryg—bcH ™. For a
100 L A RL (LR) i 300 GeVH™, the convolutecRR cross section is about 1/7
LL N of the non-convolutedrR R cross section.
10° ‘ ~~ ‘ If we define the resolution powerA4) of the polarized
100 200 300 400 photon collider as
M, * (Ge
v (GeV) _ORRTOLL (20)
FIG. 16. Cross sectiongwithout any kinematic cutfor the ORrTOLL’

TopC model after convoluting the constituent cross sections of ) )
T h,—DCH, cf. Fig. 9, with the energy dependesy v, Iu- then we conclude from the above discussion that a convo-

minosity, cf. Fig. 15. Iuted.calculation predipts a stronger resolution power of the
polarized photon collider at the cost of a smaller cross
section®
both the photon beams are right-handedly polarizebeled According to the reports of the LC Working Groups in
as “RR”), the effective c.m. energy of the colliding photon Refs. [41,22], the integrated luminosity can reach about
beams is around 400 GeV for a 500 GeVe™" collider. This 500 fio ! at a 500 GeV LC, and 1000 8 at an 1 TeV LC.
justifies the approximation we made so far in our sty@ire  Hence, we conclude that a polarized photon-photon collider
normalization of Fig. 15 is such that the area covered by thes not only useful for determining th& P property of a neu-
curve labeled as “SUM,” which is the result after Summing tral H|ggs boson, but also important for detecting a heavy
up all the polarization states, is equal to the c.m. energy o¢harged Higgs boson and determining the chirality structure
e e’, i.e 500 in this examplgAfter convoluting the con-  of the corresponding fermion Yukawa interactions with the
stituent cross sections 0&1h2—>bCH+, cf. Fig. 9, with the  charged Higgs boson.

energy dependen)txlyAZ luminosity, cf. Fig. 15, we obtain
the result shown in Fig. 16. Because we have chosen the ACKNOWLEDGMENTS
polarization of the lasefand electronbeam so that the Iu- We thank Gordon L. Kane for valuable discussions on the

minosity of the yrygr State dominates in the high energy sysy flavor mixings, and Eri Asakawa and Stefano Moretti
region and the luminosity of the, y, state is suppressed, the ¢, comparing part of our results with their calculations. This

Qiﬁerence between thR Rand thelL L rates sh.own in Fig. 16 work was supported in part by the NSF grant PHY-0100677
increases for a largeM;+ as compared to Fig. 9. However, 5n4 poE grant DEFGO393ER40757.
the magnitude of the RR’ cross section becomes smaller

because only some fraction of the produced photon beams is———

in the yryr s_tate. For example, from F!g. 9, the cross section %A similar conclusion holds in the case that thgy, luminosity

of yryr—bcH™ for M+ =100 GeV is 267 fb when the dominates, which can be generated by having the laser beam right-
c.m. energy ofyvy is taken to be 400 GeV. For producing a handedly polarized and the electraor positron beam left-

100 GeVH™, the effective integrated/gryg luminosity is  handedly polarized.
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