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We study single Higgs boson productionyry collisions proceeding via the hadronic content of the photon.
These processes complement previous studies of pair and single Higgs boson prodectenaiilliders. For
standard model Higgs boson masses of current theoretical interest, the resolved photon contributions are
non-negligible in precision cross section measurements. The charged Higgs boson cross sections are not
competitive with theyy—H*"H™ process and at best might offer some information about quark-Higgs cou-
plings. Finally, resolved photon production of the heavier Higgs bostthand A of the MSSM can probe
regions of the supersymmetf$USY) parameter space that will complement other measurements. This last
process shows some promise in SUSY Higgs boson searches and warrants further study.
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[. INTRODUCTION ATLAS [7] and CMS[8] experiments have shown that they
are sensitive to the SM Higgs boson over the entire mass
One of the fundamental questions of the standard modelknge of 100—-1000 GeV. The MSSM Higgs boson can be
(SM) of particle physics is the origin of electroweak symme-discovered in a variety of channels so that at least one Higgs
try breaking (EWSB) [1,2]. The simplest description of boson can be discovered for the entire parameter range. In a
EWSB results in one neutral scalar particle, the Higgs bosorfraction of the parameter space more than one Higgs boson is
which has well known problems associated withAitpriori, accessible. However, there is a region in which the extended
a more complicated Higgs sector is phenomenologically jushature of the supersymmetric Higgs sector may not be ob-
as viable. The next simplest case is the general two Higg8ervable since only the lightest Higgs boson can be seen in
doublet mode[2HDM). A constrained version of the 2HDM SM-like production processes. Likewise, only a limited num-
arises in the minimal supersymmetric extension of the SMP€r of measurements of Higgs boson properties can be car-
(MSSM) [3] where spontaneous symmetry breaking is in-11€d out at the LHC.

. . . .
duced by two complex Higgs doublets and leads to five A future high energy lineae”e" collider has been pro-
physical scalars; the neutrlP-evenh® andH® bosons, the posed as an instrument that can perform precision measure-
neutral C P-odd AO boson, and the charged™ bosons: At ments that would complement those performed at the LHC

the tree level the MSSM Higgs sector has two free parang’I%g]' ”In t_h|s fcontixt,kthe ph(()jt(l)n-ph(l)_tohn ﬁC(}T]ptﬁT'
eters which are usually taken to be the ratio of the vacuung o eer option, from backscattered laser light off of highly

expectation values of the two Higgs doublets, gan energetic and possibly polarized electron beams, has been
~ P Iv- and the mass of tha® boson mgg The elucida'ltion advocated as a valuable part of the linear collide®) phys-
—U2/U1 A X nAr . ics program[11]. Recently, a number of papers have shown
?f EV\)/SB Is the primary goal of the Large Hadron Collider how the Compton-collider option can make important mea-
LHC) at CERN. . :

Direct searches at the CER&e™ collider LEP2 yield surements in the Higgs sectpt2-1§. For example, the

.y . analysis by Malleitneret al, shows that they— y option of
lower limits M;>114.4 GeV for the SM Higgs boson mass : ;
[4] and M, ,=90 GeV for the neutral SUSY Higgs boson The DESY TeV Energy Superconducting Linear Accelerator

: . > (TESLA) can be used to produce the, H®, and A° for
masses whileM ==80-90 GeV depending on the~ de- . : .
cay modes. More detailed results have been presented by niermediate values of ththat may escape discovery at the

fic [13,12
LEP Collaborations as plots of excluded regions of the T .
MSSM parameter spackt]. Similar plots have been ob- In this paper we show that the hadronic content of the

; . ; photon can result in cross sections large enough that they
tained by the Collider Detector at Fermil46DF) and DO should be considered in precision measurementgyefH

Collaborations at the Fermilab Tevatrpmp collider [5]. Itis  ¢ross sections and that they may be useful in the study of the
expected that run Il of the Tevatrgp collider will be able  Higgs sector of the theory. The importance of resolved pho-
to find evidence at @ for the SM Higgs boson up to about ton contributions has been demonstrated by the OP&]
180 GeV although a & signal is limited to around 130 GeV and DELPHI[20] Collaborations in obtaining interesting
[6]. limits on leptoquark properties fromy production of lepto-

In proton-proton collisions a{'s=14 TeV at the LHC the quarks[21].
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Y more detailed study is warranted which includes a realistic
consideration of detector acceptance and efficiency assump-
tions, decays leading to final state particles, and background

_ studies.
Our calculations have explicit dependence ondlandb
q quark masses. We take;=0.15 GeV,m.=1.4 GeV, m,
_____________ H =4.4 GeV,V =0.97, andV,,=0.04[27]. In addition, we
q used My=80.41 GeV, Ge=1.166x10° GeV ?, «

=1.0/128.0, andn;=175.0 GeV.

A. Standard model Higgs boson production

Y We begin with SM Higgs boson production because the
FIG. 1. Generic Feynman diagram for Higgs boson productiondiscovery and elucidation of the standard model Higgs boson
via the resolved photon process— qq+X—H+X. is the first order of business for any future collider project.
One of the strongest motivations for the Compton collider is
Il. CALCULATIONS AND RESULTS to measure Higgs boson properties. The@oduction of the

. Higgs boson is an especially interesting reacfib2—14 as
The resolved_photon approa_ch IS the same for _al! Pro; proceeds via loop contributiorj28] and is therefore sen-
cesses we consider so we begin with a brief description of ... : : .
) I Sitive to new particles much higher in mass than the C.M.
the generic approach shown in Fig. 1. In the resolved photon

aoproach the auark and aluon content of the photon arenergy that cannot be produced directly. It has also been
PP d 9 . photon guggested that this reaction can be used to distinguish be-
treated as partons described by partonic distribution

fq/y(X,Qz) in direct analogy to partons inside hadrdas]. Stween the SM Higgs boson and the lightest Higgs scalar

The parton subprocess cross sections are convoluted with tlgoson of the MSSM in the decoupling limit in which no

parton distributions to obtain the final cross sections. How her Higgs boson or SUSY particles are observed at the LC

. ; 29]. It is therefore important that all SM contributions to
ever, since the photons themselves have an associated spgc

trum, either the energy distribution obtained from back- 'S cro§s section be carefully copﬂdered.

scattering a laser from an electron bed®3] or the The first process we considerdsj—H where the quark
Weizsaker-Williams distribution{24], we must further con- and anti-quark arise from the quark parton distributions of
volute the cross sections with the photon distributions to obN€ Photon, the so-called resolved photon processes. The ex-
tain cross sections that can be compared to experiment. Thu¥€Ssion for the subprocess cross section is rather trivial and

the cross sections are found by evaluating the following exiS 9iven by
pression:

— :G|:7T 2 — > > 2 =2
o(qg—H) —3 > m:vV(1—4mi/My) (M —s).  (2)
U:f dx,dXdX30d%,f e(X1, Q%) je(X2,Q%)

X fpi/y(x3aQ2)fpj 1y(X4,Q%) 0 (S) (1) The cross section is dominated by tbvuark content. The
lower mass of the quark enters Eq2) quadratically, but its
Wherepi(j) represents parto'[(j) in the photon which could Charge and mass enhance ﬁqquark content in the phOtOﬂ..
be a quark, anti-quark, or gluofr(S) represents the subpro- In Fig. 2 we show, for the backscatt_ered Ia§er case with
‘o with parton C.M. enerds VSee=500 GeV, 1 TeV and 1.5 TeV using the ®k:Reya-
cess cross section with parton C.M. 4 Vogt (GRV) distribution functions[30], the contributions
The processes we are studying are typically of the for

— . . . from bothcc andbb production and the sum of the two. We
gg— h" and therefore take a particularly simple form. In this

preliminary study we only include tree-level contributions also Sh_OW the cross sections for the subprocegs>Ht

and are aware that higher order corrections are likely to bg?’l] which we calcu!ateq using tr@MPHEPcompgter pz_ack—
non-negligible. Nevertheless, we feel that our approach i€9€[32] The contributions from lighter quarkéncluding
satisfactory for a first survey of resolved photon contribu-the b) are dominated by the collinear region pf—Hqq,

tions to identify which processes may warrant more detaile@nd as such are well described via the resolved photon ap-
study. We will adopt the standard used in many LC studie®roach. On the other hand, due to its large masst theark

that 20 events represents an interesting signal for the canorivoids the collinear region so that the resolved photon ap-
cal integrated luminosities used in such studies of I'ab Proach is inappropriate and we use the full subprocess. For
We do not include branching ratios, detector efficiencies, nothe Higgs boson masses we consider, this process is below
consider backgrounds. In the former case the branching rdhreshold forysee=500 GeV due to the quarks produced.
tios are well knowr{ 25,26 and we assume that the environ- For JSee=1000 GeV, where there is more available phase
ment is sufficiently clean that the signal can be reconstructedpace, this mechanism is interesting for Higgs boson masses
with reasonable efficiency. Clearly, our study is crude and aip to about 200 GeV and up to about 300 GeV f&,,
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FIG. 2. Production cross sections for SM Higgs boson (&8r
\/s_ee: 500 GeV,(b)1 TeV, (c)1.5 TeV with backscattered laser spec-
trum. The solid line is foryy—h, the short dashed line far(bb
—h)+a(cc—h), the dot-dot-dashed line far(cc— h), the long-
dashed line forr(bb—h), the dotted line foro(gg—h) and the

dot-dashed line for(WW—H). o(yy—Htt) is shown by the
labelled solid line.
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FIG. 3. Variation of theyy— H + X cross section using different
parton distributions forys,,=500 GeV with backscattered laser
spectrum. Details are given in the text.
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Likewise, we show the contribution from gluon fusion,
o(gg—H), which arises from the gluon content of the pho-
ton. Again, the subprocess cross section is well known in the
literature. A final process that will produce Higgs bosons is
vyy—HW?'W™ [35,36. The cross section was calculated us-
ing coMPHEP[32] and is shown as the dot-dashed curves in
Fig. 2. The cross sections are seen to be substantial, rivalling
the dominantyy—H at \s,e=1500 GeV although it is
much smaller at/s,e=500 GeV, where it is comparable to
the resolved photon processes we are interested in. To some
extent this process can be disentangled frommthesH pro-

cess and the resolved photon processe$Wéand jet tagging.
Nevertheless it is yet another ingredient that should be con-
sidered in measuring the Higgs two-photon width.

The two-photon process dominates the resolved photon
processes over the full range of the Higgs boson masses we
consider. The gluon-fusion process is almost three orders of
magnitude smaller tharr(yy—H) over the entireMy
range. We note that fofs=1500 GeV the gluon-fusion con-

tribution increases to about 10% of the tagal contributions

for My <400 GeV. This reflects the increasing importance of
the small x contributions from the gluon distributions at
higher \s. Nevertheless, it does not seem unreasonable to
neglect the gluon fusion contributions in our results. In con-
trast, the quark annihilation processes contribute at the per-
cent level forMy~150 GeV andys..=500 GeV. This in-
creases to the several percent level {eg.= 1.5 TeV. This
Higgs boson mass region has received considerable attention
for study at a future Linear Collider and Compton Collider
and measurements of they—H cross section at this level

of precision is touted as a probe of new physics entering via
loops. Recent studies by Asnetr al, [16] and by Krawczyk

et al. [17] find that these processes can be measured to ap-
proximately the 2% level. Thus, depending bh,, Higgs

=1500 GeV. Whether these two cases are interesting expenproduction via the hadronic content of the photon may not be

mentally will depend crucially on thé-quark tagging effi-
ciency.
For comparison we also show tla€ yy— H) production

negligible at this level of precision, suggesting that these
contributions deserve further study.
There exist many different sets of photon parton distribu-

which proceeds via loops. The expressions are well known itions in the literatur¢22,37—40Q. In Fig. 3 we give an indi-

the literature[33,34] and we do not reproduce them here.

cation of the uncertainties due to the distribution functions
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e 773 which arises in the MSSM;, couples to the up-type quarks
10 Vsee=500 GeV ] andv; to the down-type quarks. The ratio of these vacuum

: E expectation value®/EV’s) is one of the fundamental param-

3 eters of the theory; t@8=v,/v4. In this paper we restrict

ourselves to model Il. A charged Higgs boson will be diffi-

E cult to find at the LHC if its mass is greater tharl25 GeV.

4 This discovery reach is extended to almbkg-~ /s/2 at an

] e"e” linear collider where they can be pair produced in the

E processete”—H*H™ with a cross section which depends

] mainly on theH* mass, dropping quickly near threshold due

] to P-wave suppressiof42,43. Charged Higgs bosons can

also be pair produced in the procesy—H'"H™ [44].

Given the interest in their properties, there have been a num-
My, (GeV) ber of recent studies of single charged Higgs bosons at LC'’s

FIG. 4. SM Higgs boson production cross sections via resolved45—47. If charged Higgs bosons were observed, cross sec-
photons with\/s,.=500 GeV. The solid line is for thgy case, the  tion measurements could potentially give information about
dotted line for theey case, and the dashed line for thée™ case.  the underlying theory.

As before the subprocess cross section is rather straight-
by plotting the variation in cross section using different pho-forward to calculate and fdoc fusion in Model Il is given
ton parton distribution functions. The solid band and shadegy
bands are forr(cc—H), o(bb—H), ando(gg—H) using _
the Duke-OwengDO) [37], GRV [30], Drees-GrassiéDG)  o(bc—H")
[38], Abramowicz-Charchula-Lev¢ACL1) and(ACL2) [39]
distributions. This by no means represents a complete survey _ Gem 2
; e B . : [V
of available distributions and is only meant to illustrate the 32
uncertainties inherent in our current knowledge. It can be
seen that there is considerable variation in the cross section (mitarf 8+ m2cof B) (M2 — mz— m?2) — 4mZm?
depending on the specific distribution used. Fortunately, with X > 7 —
significant amounts of new data from the LEP and DESY ep V(MP = mg—mg)2— 4mpm;
collider HERA experiments, revised distributions based on P
these new data are arriviig1]. To take a conservative ap- XMy —s) C)
proach we used the GRV distributions which generally give
the smallest cross sections.

In addition to the Compton collider configuratiopy lu-
minosities arise aéy ande” e colliders. Iney collisions
one y comes from a backscattered laser as before, while th
second photon is a Weizgeer-Williams bremsstrahlung
photon. Ine*e™ both photons are Weizsker-Williams pho-
tons. The Weizszker-Williams photon spectrum is softer
than the backscattered laser spectrum but it extends to high
x=E,/Eq. In Fig. 4 we show the SM Higgs production
cross section as a function bf for the 3 cases. As we go
from yy to ey toe"e” the cross section decreases by abou
an order of magnitude in each case although at larger valu
of My, near the kinematic limit where thgy luminosity
goes to zero, the/y luminosity extends further out for the
ey ande’e” cases. We find similar patterns for charge
Higgs production and the production of the heavier Higg
bosons of the MSSM model. We will therefore only show
cross sections for they case, although for completeness we
mention results for the*e™ andey cases when appropriate.

103 |

o (fb)

104 |
105 |

104 |

107 L

100 200 300 400 500

with an analogous expression fec fusion. We include in
our results a factor of 2 to take into account that bhguark
gan come from either photon and likewise for thentiquark
and a second factor of 2 for summing ovdr and H™*
production. A priori one would expect thdc process to
dominate over thes process due to the much larger mass of
g}e b quark compared to the-quark mass. However, the
mass ratiosng/my, andm;,/m, are compensated by the ratio
of the Cabibbo-Kobayashi-Maskaw@KM) matrix elements
t\/CS/VckJ so that mg/myXV.s/V.,=0.8 and m./my

V¢s/Vep=8. For small values of tah the cs fusion pro-
cess will be larger than theb fusion process. In addition to
bc and cs fusion, charged Higgs bosons can also be pro-
dduced viabt fusion. Thet quark is too heavy to be treated as
el massless constituent of the photon so in this case we cal-
culate the cross section fdry—Ht. Although this last
process will have a kinematic limit constrained by the Higgs
boson and-quark mass, below threshold it is the dominant
contribution due to the largequark masg48]. Above the
H—t threshold the relative importance of thes and cb
subprocesses is dependent onZama Eqg. (3).

Charged Higgs bosons arise naturally from the simplest The various contributions are shown in Fig. 5 for fan
extension of the SM: the introduction of a second Higgs=3.0 and 40 for/s,.=500 GeV. It should be noted that the
doublet. Two variations of the two-doublet model are dis-cross sections for tgh=1.5 are larger than those for {&n
cussed in the literature: In Modeld, couples to both the- =3.0. In all cases, for relatively loM , the largest contri-
andd-type quarks and the other field decouples. In Model Il,bution to the total charged Higgs production cross section

B. Charged Higgs boson production

073021-4
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FIG. 5. Charged Higgs boson production via resolved photon  FIG. 6. Charged Higgs boson production via resolved photon
contributions inyy collisions aty/s,.=500 GeV for tag=3.0 and  contributions inyy collisions atyS.c=500 GeV. The solid line is
40. The solid lines are facb fusion, the dotted lines fors fusion,  for tand=1.5, the dotted line for tg8= 3, the short-dashed line for
the dashed lines for the subprocegs—tH* and the dot-dot- tan3=7, the dot-dot-dashed line for t8a30, the long-dashed
dashed lines for the sum of all three contributions to charged Higg$ine for tan3=40, the upper solid line foyy—H H ™, and the

production. upper dotted line foete™ —H"H".

comes from thetb contribution. As the Higgs boson mass sociated with charged particle pair productionede™ col-
increases the other contributions become dominant until thikders. However, these cross sections are greater than most of
tb contribution goes to zero at the-H kinematic limit. For  the processes considered by Kanemetaal. [45] so that
small values of tafi thecs contribution is larger than thec ~ cross section information from this production mechanism
contribution while for large values of t@hthe cs andcb  would offer complementary information to other processes.
contributions are comparable in size. In Fig. 6 we show thd~or tar3>1, charged Higgs boson production in Model |
sum of these three contributions for a range of values ofvould be too small to be observed.
tanB. For comparison, we also show the cross sections for We also considered the case where the photons
ete"—H'H™ (upper dotted ling [43] and for yy  bremsstrahlunged off of the incideat e~ beams using the
—HTH™ (upper solid ling [49,44]. Weizsaker-Williams effective photon distribution. In this
Using the criteria adopted by the TESLA TDR of 20 case the cross sections would only produce measurable event
events for 1 ab?! of integrated luminosity we find that for rates for Higgs masses much smaller than could be produced
\JSee=500 GeV, a charged Higgs bosons can be detected it the pair production process’e”—H"H ™. The interme-
this process up tM =270 GeV and 240 GeV for tg@=40 diate case, for arvy collider, where one photon radiates off
and 30, respectively. As we have not taken into account acdn initial beam electron and the other obtained from back-
ceptance cuts nor have we examined background reductigitattering a laser off of the initial electron beam results in a
these numbers should be taken with a grain of salt. A propegross section intermediate in magnitude betweenythease
analysis would require detailed simulations, includingand theee™ case. Using the same criteria as above, for
detector-dependent considerations which are clearly beyond§66= 500 GeV we obtain measurable rates fdg, <145
the scope of the present work. With this caveat, for the highand 165 GeV for the tg®=30 and 40 cases. The discovery
tanB cases, a charged Higgs boson could be detected witlimits for various collider energies are summarized in Table
mass roughly comparable to the standard kinematic limit ask. Given thato(e*e”—H"H™) is significantly larger than

TABLE |. The charged Higgs boson mass@s GeV) corresponding to 1072 fb and 10°* fb cross

sections.
tang 30 40
Js o 2x10°21fb 10 b 2x1072fb 1071 fb
500 GeV vy 240 180 270 200
ey 145 80 165 105
800 GeV Yy 410 345 425 375
ey 270 155 305 195
1000 GeV vy 540 455 560 490
ey 350 205 395 255
1500 GeV 0% 855 705 890 765
ey 525 305 605 385
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FIG. 8. H production cross sections via resolved photons for
VSec=500 GeV with backscattered photons from(cc— H)
+a(bb—H). The solid line is for tag=1.5, the dotted line for
tanB =3, the short-dashed line for t8r=7, the dot-dot-dashed line
for tanB= 230, and the long-dashed line for 1@ 40.

FIG. 7. Heavy MSSM Higgs boson production cross sections
via resolved photons fo/s.c=500 GeV with backscattered pho-
tons. (a) is for o(qg—H) and(b) is for #(qg—A) In both cases
the solid line is forfr(bEHH(A)) for tanB=3, the dotted line is
for o(cc—H(A)) for tan3=3, the dashed line is fow(bb
—H(A)) for tan8=30, and the dot-dot-dashed line is focc

ete” collider energy for moderate values of 13].
—H(A)) for tan3=30. I aqy valu 13

However, it turns out that the resolved photon process has
) o ] different dependence on tAnthan the process proceeding
these cross sections it is unlikely that much would be learneghough intermediate loop§51]. For example, the two-
from this process iry collisions. photon decay width of tha? is small for large tag while
Motivated by the article of Kanemuet al. [45], we also  the decay width of thed® is small for small tag [25]. For
calculated the resolved photon contributiondHOW™ pro-  the resolved photon processes, for lalgg the A® and H°

duction which proceeds viaq fusion through an intermedi- have roughly similar cross sections independent oBtan
ate neutral Higgs boson. However, the cross sections were We use the minimal supersymmetric standard model
found to be small with event rates uninteresting from an(MSSM) to partially constrain the parameters of the model in
experimental point of view. our calculationg33,52. Taking tag8 and M, or My= as
input, the rest of the parameters can be calculated. For sim-
plicity, and given the other uncertainties in our results, we
use tree level relationships for the various parameters. These
In two Higgs doublet models there exist a total of threeare given by
neutral Higgs bosons in addition to the two charged Higgs (2  — 242
bosons discussed above. The three neutral Higgs bosons con- "~ A w
sist of twoCP-even bosond) andH, the former light and the 5 1, 5 5 o Sm—
latter heavy, and a heav@P-odd bosonA. At the CERN Mo o= 5[Mx+Mz= V(MA+M2)2—aMIMzcos2]

C. Heavy MSSM neutral Higgs boson production

LHC, the pseudoscalar Higgs is not detectable ablle (4)
=250 GeV for intermediate values of {&i50]. The MSSM

Higgs bosons can be produced ipy collisions, yy M2 — M2

—h° H° A° with favorable cross sections allowing a cos2v= —cos gg(”)_

heavy Higgs boson to be found up to 70—80% of the initial Mi—Mj
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TABLE Il. The H® and A° Higgs boson massédi GeV) corresponding to 10 2 fb and 10! fb cross sections.

Js tang o (fb) 15 3 7 30 40 15 3 7 30 40
500 GeV 0%% 0.02 135 175 275 365 375 125 180 275 365 375
0.1 — — 180 335 350 — 100 185 330 345
ey 0.02 — — 125 275 295 — — 135 270 295
0.1 — — — 190 220 — — — 190 220
ete” 0.02 — — — 140 165 — — — 140 160
0.1 — — — — 100 — — — — 100
800 GeV 0% 0.02 140 220 375 560 580 140 220 380 560 580
0.1 — — 230 480 520 — 115 220 475 510
ey 0.02 — — 165 375 420 — 95 170 380 420
0.1 — — — 250 295 — — 95 250 390
ete” 0.02 — — — 195 225 — — 80 195 220
0.1 — — — 115 140 — — — 110 140
1000 GeV 0% 0.02 155 240 430 685 710 155 240 430 685 710
0.1 — 100 240 560 610 — 120 250 570 620
ey 0.02 — — 185 435 495 — 100 190 440 500
0.1 — — — 280 330 — — 100 280 340
ete” 0.02 — — — 220 255 — — — 220 255
0.1 — — — 115 155 — — — 115 160
1500 GeV vy 0.02 180 290 540 970 1020 180 280 530 960 1020
0.1 — 140 290 750 840 100 150 300 760 830
ey 0.02 — 100 240 560 660 — 130 240 570 660
0.1 — — 120 360 430 — — 130 360 440
ete” 0.02 — — — 280 315 — — — 250 300
0.1 — — — 160 200 — — — 160 200
The Higgs couplings to quarks are given by _ Ger 2(;0520[ ) -
o(cc—h0%= mi—— 8(M;p—s)
_ 32 °‘sirg
0.— —igmCosa
N o Musing
WS '8 — ET zsinza 5 o~
: . J2 “cosp
— igmgsina
hobb: ————
2MycospB .
_ 0) Ggm 25In2a 5(M2 ,\)
og(cc—H")= me— -s
o ( 3y2 Csitp N
o.— —igmesina
H%c ————F— (6)
2Mysing
BB HO Gem 2005201 b, -
og(bb—H")= mi—— o6(M{—s
_ ( ) 3\/5 bCOS2ﬂ ( H )
HObE: —igmycosa 5
" 2MycosB
A0 Gem , 2_12
o(cc—A% = —\/_mccotz,B S(M4—5S)
pocg —9meeow SV
T 2My Vs
. AO Gem , 2_12
a(bb—A%=——=mitar8 S(M5—S)
AOBE: gmptans 3V2

The cross sections fdi® and A° production viabb and

These couplings result in the following subprocess cros§c annihilation for tapg=3 and 30 are shown in Fig 7. For
sections: higher values of taf, bb annihilation dominates, while for

073021-7



M. A. DONCHESKI AND S. GODFREY PHYSICAL REVIEW D67, 073021 (2003

[ T T T T AL AL the H® cross sections so we do not show them but simply
F(a) \/see =500 GeV . 1 summarize the results in Table II.
10 k e ’ 4 For bothH and A production, for the larger values of
i T T 3 tang, theH? andA° will be produced in substantial numbers
R ] for masses substantially larger tha@s/2. Even if one uses a
much more stringent criteria for discovery than the one we
have adopted here, we expect that the heavy Higgs bosons
N can be observed with relatively high masses. This is in con-
trast to the SM Higgs production where the resolved photon
contributions are at best a non-negligible contribution that
| | T S . needs to be understood in precision measuremenits.aifid
O 00 150 200 2B 300 8O 400 A were produced in sufficient quantity it is possible that the
cross section could be used to constraingtéam analogy to
M, (GeV) the proposal by Bargeat al. to use heavy Higgs productions
to determine ta@ [53]. Thus, the resolved photon contribu-
--------- L lAAaadasabias 7 T tions may very well play an important role in understanding

Lot -

=1000 GeV-~ .~ ] the Higgs sector.

tan 3

~.

T This can be seen most clearly by showing the regions of

the taB8— M, plot which can be explored vidl andA pro-

] duction. Plots are given in Fig. 9 foys..=500 and 1000
GeV. Three regions are shown. Region 1 is éor0.1 fb

e which would result in greater than 100 events for 1 &b

\ . region 2 is foro>0.02 fb which would result in greater than

o T 20 events while in region 3 less than 20 events would be

~~~~~~~~ expected. The regions covered would complement measure-

T T ments made in other processes.

‘‘‘‘‘‘
-~

100 200 300 400 500 600 700 800

I1l. CONCLUSIONS
M, (GeV) o
The resolved photon contributions to two photon produc-
FIG. 9. Regions of sensitivity in t@h-M , parameter space to tion of the SM Higgs boson is non-negligible for the more
A production via resolved photons with backscattered laser photonfrobable Higgs boson masses found in electroweak fits.
The region to the left is accessable and the region to the right i§&Siven that this process it touted as a sensitive probe of new
unaccessable. The dotted line gives-0.1 fb contour so that at physics via loop contributions it is important that the re-
least 100 events would be produced in the region to the left for Isolved photon contributions be understood at the same level
ab™?! integrated luminosity. Similary the dashed line gives the as the loop contributions.
=0.02 fb contour designating the boundary for producing at least The resolved photon production of charged Higgs is un-
20 events(a) is for /s.e=500 GeV andb) for \/s.e=1000 GeV. |ikely to be an important production mechanism. At best, if
My= and tarB take on certain values, it may offer comple-
. mentary information to other processes.
lower values,cc annihilation becomes more and more im-  Resolved photon production of the heavy Higgs bosons in

portant until at sufficiently small values of tarthecc an-  the MSSM are potentially the most interesting processes.
nihilation contribution will become larger than theb con- They can be produced up to relatively high mass and in

o . — regions of MSSM parameter space that complements other
tribution. Figure 8 shows the sum of theb—H andcc L easurements.

—H contributions for a variety of tgh values for s, Our results motivate further study including decay modes,
=500 and 1000 GeV. For gy collider with \/s.c=500 GeV,  the hadronic final states and the backgrounds relevant to
again using the criteria of 20 events for integrated |UminOSit)’[hese Sing|e H|ggs boson production processes.

of 1 ab !, theH® can be observed up to 375 GeV, 365 GeV,

275 GeV, 175 GeV and 135 GeV for tas 40, 30, 7, 3 and

1.5, respectively. The cross section is totally dominated by ACKNOWLEDGMENTS
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