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Searching for a light fermiophobic Higgs boson at the Fermilab Tevatron
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We propose new production mechanisms for light fermiophobic Higgs bosuohpsiith suppressed cou-
plings to vector boson®/) at the Fermilab Tevatron. These mechanigeng.qq’ — H*h;) are complementary
to the conventional procesg)’ — Vh;, which suffers from a strong suppression of 17@in realistic models
with ah; . The new mechanisms extend the coverage at the Tevatron run Il to the largeregion, and offer
the possibility of observing new event topologies with up to four photons.
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[. INTRODUCTION tribution coming fromV=W=. The limits onmyfrom the

DO and the Collider Detector at Fermil&aBDF) Collabora-

The study of extensions of the standard mod8M),  tions are, respectively, 78.5 Gd\20] and 82 GeV[21] at

which include more than one Higgs doukjiéi, has received ~ 95% C.L. Run Il will extend the coverage of, beyond that
much attention in last 20 years. The SM predicts one neutrgls | gp.

Higgs scalar ¢°) with branching ratiosBRs) which are However, all these mass limits assume thattpéV cou-
functions of myo. It is predicted to decay dominantly via pling is of the same strength as the SM coupligVV,
#°—bb for m4<130 GeV, and #°—VV*) (where V. which in general would not be the case fohgain a realistic
=W~*,Z) for m;=130 GeV. The minimal extension of the model, e.g. the 2HDMtype 1) or the Higgs triplet model of
SM contains an addition&8U(2)x U(1) Higgs doublet, the [22,23. Therefore one could imagine the scenario of a very
“two Higgs doublet model’(2HDM), and the resulting par- light h; (mp <100 GeV) which has eluded the current
ticle spectrum consists of two charged Higgs bosbhs  searches at LEP and the Tevatron run | due to suppression in
H~ and three neutral membeh®, H® and A®. Assuming the couplingh;VV. Such ah; could also escape detection in
that each fermion typ&up, down couples to only one Higgs the Tevatron run Il. In this paper we propose new production
doublet[2], which eliminates tree-level Higgs mediated fla- mechanisms at the Tevatron run Il which are effective even
vor changing neutral currents, leads to four distinct versiongvhen the couplindh{VV is very suppressed.

of the 2HDM[3]. Because of the increased parameter con- Our work is organized as follows. Section II gives an
tent of the 2HDM the BRs of the neutral. Higgs bosons mayntroduction to the phenomenology of fermiophobic Higgs
be significantly different from those of° [1,4]. In recent bpsons wh|I_e Sec. Il presents the new productlon. mecha-
years the CERNe*e~ collider LEP2 has carried out NISMS: Section IV contains our numerical results with con-

searcheg5] for such Higgs bosons with enhanced BRs toCIUSIonS in Sec. V.

lighter fermions and boson.g. cc,7" 7~ ,gg). The phe-
nomena known as “fermiophobig6] which signifies very [l. MODELS WITH FERMIOPHOBIA
suppressed or zero coupling to the fermions, may arise in a
particular version of the 2HDM called type[F]. Such a
fermiophobic Higgs bosonh{) [8—14] would decay domi-

nantly t?*;[wo bosons, eithd;— yy (for m.hfsgo Ge\() %" Both doublets couple to the gauge bosons via the kinetic
hi— VvV for (m,, =90 GeV) [10,11. This would give & e in the Lagrangian. One vacuum expectation valug (
very clear experimental signature, and observation of such gives mass to all fermion types, while gauge bosons receive
particle would strongly constrain the possible choices of thanass from both; andv,. This model(usually called “type
underlying Higgs sector. I”) was first proposed ifi7]. Due to the mixing in theCP-
Fermiophobic Higgs bosons have been searched for a@ven neutral Higgs mass matfiwhich is diagonalized by)
tively at LEP and the Fermilab Tevatron. All four collabora- hoth CP-even eigenstatels® and H® can couple to the fer-
tions at LEP(OPAL [15], DELPHI [16], ALEPH [17], L3 mions. The fermionic couplings of the lighte§P-even
[18]) utilized the channet*e™ —h;Z, h;— yv and obtained Higgs bosorh® take the form
lower bounds of the ordemhfz 100 GeV. L3[19] is the
only collaboration yet to considédr;—WW* decays. OPAL
[15] and DELPHI[16] also searched in the chanresie”
—HgA®, He—y7. In run | at the Tevatron the mechanism
qq’—V* —h;V, hy— yy was used, with the dominant con- wheref is any fermion, ang3 is defined by ta=uv,/v;.

A fermiophobic Higgs bosonh;) may arise in a 2HDM
in which oneSU(2)x U (1) Higgs doublet ¢,) couples to
all fermion types, while the other doubletb() does not.

hof f ~ cosa/sin 8 (2.
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Small values of coa would seriously suppress the fermi- <mp < 170 GeV, and stabilizing at 70% for mhf>2Mz.
onic couplings, and in the limit cas—0 the couplingh®f f The decayhi—ZZ* is always subdominant, but famy,

would vanish at tree level, giving rise to fermiophobia =2M, approaches 30%. Recently, 9] has included
(sometimes called a “bosonic” or “bosophillic” Higgs bo-  theseVV* decays in their searches, and the discovery pros-
son: pects of this decay mode at the Tevatron run Il have been
f presented if24].
Apart from the 2HDM(type I) and the HTM, there are
other models beyond the SM which allow the possibility of a
hf ----- ~ 0 neutral Higgs boson with an enhanced BR g, as ex-
plained in[25]. These includen® of the MSSM, anch® of
- top-condensate models. We will not consider these models,
f which have a smaller BRC— y7y) than the fermiophobic
) . _models, and instead focus on the 2HOMpe I) [26]. Our
However, at the one-loop level there will be an eﬁeCt'VeresultS can also be quite easily extrapolated to the case of the
vertex h¢ff mediated by loops involving vector bosons and HT\.
other Higgs particles. These loop contributions are infinite  The conventional production mechanism fdnaate e~
and a counterterm is necessary to renormalize it. The courplliders ise*e™—Z* —h;Z, and at hadron collidergq’
terterm is fixed with an experimental input, leading to an_,v* _h,v. Note that the gluon-gluon fusion mechanism
arbitrariness in the definition of the tree level vertex, Or(via heavy quark |OOpSiS not relevant for ahf_ In the
equivalently, in the mixing angle: [11]. It is customary to  2HDM (type ), the condition for tree-level fermiophobia

define an extreme fermiophobia, th‘le remains fermio- (COSG{—>0) causes the Coup"nbfvv to be Suppressed by a
phobic to the one-loop level and/or all orders with branchingfgctor

ratios given by[10,11]. In general, one would expect some
(small coupling to fermions, from both tree-level diagrams hiVV~sir?(B— a)—cogB=1/(1+tar’B). (2.2
and one-loop diagrams:
Taking tanB=3(10) implies a strong suppression sf0.1
f (=0.01) for the couplind;VV with respect to the coupling
¢°VV. This suppression is always possible for the lightest
| CP-even neutral Higgs boson in any of the four types of the
f ~ 0 2HDM [1] and also occurs for thé; in the HTM [23].
Therefore one can imagine the scenario of a very light
7 which has eluded the searches via the mechanisms
e"e /qq'—hsV. The possibility of a lighth; has been
The Higgs triplet mode(HTM) discussed if22,23 is  known for a long time[11] and has been emphasized in
another possible origin for b¢. In such models gauge in- [12,13. LEP ruled out regions of the plaien, ,RXBR(hy
variance forbids the tree-level coupling of some triplet Higgs_, ,,1)], whereR is defined by
bosons to fermions, and so suppressed BRs to fermions are

expected vyithout requiring specific mixing angleg. o(ete —Zhy)
The main decay modes of a fermiophobic Higgs boson R=——F———~. (2.3

are O'(e e —>Z¢ )
v, W*, Z* In a benchmark scenario ®&=1, and assuming BR{

—yv) given by[10,1]], each collaboration derived a limit
of aroundm;, =100 GeV[15-18§, with the combined LEP
working group limit beingm, =109 GeV[19]. From the
LEP plots it is trivial to see the necessary suppressioR in
v, W*, Z* which would permit a lighth; of a given mass, e.gny,

. . : <80 GeV (50 GeV) requiresR=<0.1(0.01), which corre-
h;— yvy is the dominant decay fonhfs95 GeV(sometimes sponds to ta=3(10) in the 2HDM (type I). Therefore

called a “photonic Higgs boson); with a BR near 100% for i aple regions of thémhf,Rx BR(h;— y7)] plane remain
<< 1 0 ~
My, =80 GeV, decreasing to 50% at, ~95 GeV and to o i ded for smalR and smalimy, . OPAL [15] also per-

1% atmp ~145 GeV. In contrast, BRE—yy)~0.22% IS formed a search which is sensitive to the production mecha-

the largest value in the SM for the two photon decay. In thisnisme*e™—h;A°. This process £ sir’3 in the fermiopho-

paper we shall be focusing on the possibility of a lightbic limit) is complementary toe'e™ —h;Z(~cosp).

(my, <100 GeV) for which the photonic decay mode alwaySTherefore the conditiomy, +m,= /s must also be satisfied

has a large BR. in order for a lighth; to escape detection at LEP2.
BR(hy—WW") supercedes BR¢(—yy) when mp With the closure of LEP, the Tevatron run Il will continue

=95 GeV, with a BR approaching 100% for 110 GeV the search foh;. Run Il will use the same mechanism as run
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I (qq’'—V*—Vh;) but has the advantage of a much in- to be fulfilled. We shall take all the Higgs boson masses as
creased luminosity. Referen¢@5] has shown thatfor R free parameters and set aes0, which guarantees tree-level
=1) My, can be discoveredat 50) up to 114 GeV(128 fermiophobia.

GeV) with 2 b1 (30 fb™1), which is an improvement over

the LEP limits. Similar conclusions were reached[&Y]. IIl. PRODUCTION PROCESSES

However, with the expected suppression in th&V cou- ) . ) )

pling (R<1), m, <80 GeV could still escape detection. N this section we introduce the production processes
f

which may offer sizable rates fdr; in the region where the

The aim of this paper is to show that other production inah VYV i 4. Th ducti h
mechanisms are available at the Tevatron run II, and allovyQUP!NIN{VV'IS VEry SUPPressed. These pro uction mecha-

: . - e (%) A°
discovery of ah; even in the region where the procesy’ nisms make. use of the cascade de@mhfw or
_LWP]: isysupprzesg/ed I gion W procery —h¢Z*) which may have large BRs in the 2HDItype )

We will be using the most generdCP conserving [28] and the HTM[23]. These large BRs arise since the

. i O .
2HDM potential[1]. This potential is parametrized by seven coupling ofH= andA™ to all the fermions scales as 1/tAn

independent variables, which may be taken as the four Higg nd thl‘!s for_ mo‘jerate to Iarg_e taneven the_: three-body
boson masses, two mixing angles, ), and a real quartic ecayqi.e. with V*) can have sizable or dominant BRs. We
coupling (\s) note that in the MSSM such decafuith h; replaced byh°)

never attain very large BRs siné¢™ and A° couple to the
down type fermions with strength tgh In addition, the de-
cays H*—hoW*) or A°—h%z(>) are proportional to
cog(B—a) which is suppressed in a large part of the MSSM
parameter space, b(ih contrastis maximized in the param-
_ ot ot fe 2 fa 2 eter ofh; with suppressed coupling to vector bosons.
Veym= =~ p1P1P1= po@2Po+ Ny (1P 1)+ N o(P2P) Referenceqd 25,27 considered two signatures from the
T T T |2 g9’ —WHg mechanism(i) inclusive yy and (ii) exclusive
FAA(P1P)(D50) +As| P3P yyV. The latter gives a better signal to the background ratio
1 T and we will see that the cascade decay produces the neces-
+5Ns(P1Py) "+ H.C] (2.9 sary vector boson for thgyV signature.
Below we list four production processes which are
and complementary to the standamlg’—WHg mechanism.
They all make use of the Higgs-Higgs-vector boson coupling
—_ .25t (gnuny) Which is either proportional to sié (in the fermio-
Vsor= — uigbr®otHe. 28 phobic limit) or independent of mixing angldsee Table)L
The condition for tree-level fermiophobia corresponds toAll mechanisms can offer non-negligible cross sections in
cosa—0, with « being an independent parameter. Referencéhe large tarB region. Moreover, doubléie production can
[13] considered the fermiophobic limit in the context of two occur, resulting in distinctive/yyy topologies.
six parameter 2HDM potentialsv(, and V). In Ref.[13] (i) qq— v*,Z* —H"'"H ™. Quark-antiquark pair annihila-
the anglea is not a free parameter, and the condition @os tion produces a pair of charged Higgs bosons via an interme-
—0 requires certain relations among the Higgs boson massekate photon oiZ boson in thes channel:

V((Dlaq)z)zvsym+vsoft 2.9

where

2
\
\
)
+
\\

The subsequent decé” — h;W* may provide twoN* and

two hy, resulting in a distinctiveyyyy plus four fermion TABLE I. Mixing angle dependence of the couplingisH;V.

signal. AT ot

. 4 . e H=AW H-h;W hiAZ
(i) gg’ —W* —H~h;. Quark-antiquark annihilation into ! !
an intermediat&V boson producing &; in association witha gyny 1 sing sing

charged Higgs boson:
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7 L HE h® is suppressed by c@—«), which is small in a large
" -7 region of the MSSM parameter space. The cross sections for
w L7 H*h; andH h; are identical, and will be summed over in
- our numerical analysis. This process is phase space favored
hN over (i) and provides direct production bf . A vector boson
IRSY hy (W*) is provided by the decayd™—W=*h;. In this way,
doubleh; production occurs with a signature ¢fyyvy plus
V*,
This mechanism was covered in the case of the minimal (jii) qq'—W*—H*A°. Quark-antiquark annihilation
supersymmetric standard mod@ISSM) in [29], but only  into an intermediat&V producing a charged Higgs boson in
for the heavielCP-evenH®. The rate for the lighteCP-even  association with &P-odd neutral Higgs boson:

q

This process is similar t@) since no fermiophobic Higgs is whereH; ,H; (with massM; ,M;) refer to any of the Higgs
produced directly. We sum over the rates t8f A° and  bosonsH™, A°, h;, (M, ,M;) is the usual two body phase

H™A% as in(ii). The decayH“—hW* or A°~Z*h; pro-  gpace function, and is the center of mass energy for the

vides a gauge bosdnand ah; . Again, doublens production  partonic collision. In Eq(3.1), v, anda, represent the vec-

may occur giving rise to a final state gfyyy V*V*. This  tor and axial vector couplings of the incoming quarks to the

mechanism was considered in the context of the MSSM iRector boson mediating the process, and are given in Table

[30. Il In the same formulagy,y is the Higgs-Higgs-vector bo-
(iv) qg—Z* —A°h;. Quark-antiquark pair annihilation son coupling which are listed in Table I.

into an intermediat& producing a fermiophobic Higgs bo-

son in association with €P-odd neutral Higgs boson:
IV. NUMERICAL RESULTS

g A We now outline the calculation of the cross section for the
e processedi)—(iv) under consideration. The partonic cross
Z e sections are given by E¢3.1). These must then be scaled up
. to app cross section. In the partonic center of mass system,
\\ the kinematic is defined as
q > by

5= (gt Pg)?=(Pu, + Py ))?

This process is similar t@i) and gives direct production of

h; with a Z boson arising from the deca°—h;Z*. The .

yyyy signal is also possible with this mechanism. t
Mechanismgi) and(iv) are the hadron collider analogies

of the LEP production processese” —H"H™ ande’e”

(|\/|2+|\/|2)—5+E cosé
H; H/ 7379k

Il
N =

— A%, but have the advantage of the largé&rat the Teva- ~ 1 2 S s
tron. Mechanismsii) and iii ) are exclusive to a hadron col- u=3(Mg,+My)—5—5Kcosd
lider. The cross-section formulas for all the processes can be
found in[31,32. One may write a generic formula fdii), R ) 5
(iii) and(iv): s+t+u=MHi+MHj.
T i) = G§M§92 (024 2 A2 Here «®=[S—(Mpu+Mp)?)(5—(My—My)?)/s% The
e R R T T VIVEE hadronic cross section for the procgss—qq’—H;H; can

(3.9 be expressed as follows:
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TABLE II. Values forvg anday. ETd [ T T 71777
L m,=150 GeV
7 W 108 | Whe mp,=90 GeV
E m, =50 GeV E
vy 0.25- % sirfé,, V2 cod4, I T Hy ]
a, 0.25 V2/cogé, 102 E
vg —0.25- £ sirt, V2 cogé, 2 S 2t el ]
ay -0.25 J2/cod6, s pEHA
1ol - T —
] o
_ 1 dcaq, | 100 B -
o(pp—qq’ —HH;)= dr o(s=17S). 3 E
(Myy + My ) s dr
(4.) S I B I I
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0
In the case of the Tevatron run {ls=2 TeV, tan B
drad 1dx FIG. 1. Production cross section of five different modes leading
_f _fq(X;Qz)fq,(T/X;Qz) (4.2)  to a fermiophobic Higgs boson as a function of farfor fixed
dr r X values of the charged, th€P-odd, and the fermiophobic Higgs

masses.

wherer=Xx;X,, with Xx; andx, being the momentum fraction
carried by each incoming parton. The parton distributibps LEP2 one requires tgg>10. The traditional mechanism
andfg, shall be taken at the typical scale~My, . We shall  pp,\W*h, dominates at low tag as expected, but falls fast
be wusing the Martin-Roberts-Stirling-Thorne 2002 with increasing ta8 due to the cd$ suppression men-
(MRST2002 set from[33]. Note that QCD corrections in- tioned earlier. For tag>10 all the new mechanisms offer
crease the tree-level cross section by a factor of around 1Jarger cross sections than the traditional one. The process
[32]. In our analysis we shall present results using the treepp .4, is dominant for tagg=3 with a cross section
level formulas only. For the BRs of the fermiophobic Higgs growing from 30 fb for tas3=0.5 up to 155 fb for tas
boson we also work at tree level and set @e< to ensure  —50. |n the parameter space of interest (10) one
exact fermiophobia. . _ _ finds BRH*—h{W*)~100% and so this mechanism es-

The four new production mechanisms under consideratiogengia|ly leads to a signature gfyyy plus W*.
are g_enerally expected to be meﬁeqtlve for searches W_here The pp—H*H~ mechanism has a production cross sec-
the Higgs boson decays to quarks, since backgrounds wil bt(?on of 29 fb and is independent of t@h This cross section
sizable. However, in the case bf we will show that they -P n '
offer promising detection prospects despite the moderatB€comes larger tham(pp—W=hy) at tang~7, and leads
cross sections. This is because the efficiency forth&  to a signature of yyyy plus W*W*. Similarly, pp
channel is high £25%) [25], and the decayd * —h{W* or —H*A% has a cross sectiow=14 fb (independent of
A°—Z*h; may have very large BRs in the 2HDWhodel ) ~ tanB) and supercedes the traditional mechanism at3tan
discussed here. In much of the parameter space of interest10. As aboveh; is produced via a cascade decay, which
(tang=1 and m, <100 GeV), BRH*—h;W*)) and also provides the vector boson. Both”—h;W* and A°
BR(A°—Z(*)h,) are close to 100%. Hence a light can be —h¢Z* are effectively 100% which leads a_gain to theyy
produced in a cascade with almost negligible BR suppressioplus V*V* signature. The behavior af(pp—A°h) with
(see[28] for a quantitative analysis of these BR$he cas- tang is similar to that ofpp—H™h;. It grows with tan3
cade decays provide distinctiveyyy signatures from all and is essentially constant for large values of that parameter.
four mechanisms. In our numerical analysis we will vewy ~ This mechanism produces a fermiophobic Higgs boson di-
with particular emphasis omy, <100 GeV. We will take ~rectly, but has a lower rate due to the constramf+m,

my==90 GeV (roughly the lower bound from LER2and =200 GeV. Since BR&®—h;Z)~100% theyyyy plusV*

My is constrained bym,+m, =200 GeV from negative ~Signature also arises from this mechanism.

searches in the channel"e—hA%. For the expected In Fig. 2 we plot the five mechanisms as a function of the

2 fb~! of data from run lla, which might be available by charged Higgs boson mass; for a constant value of the

2005 or 2006, we assume a threshold of observability of 10ermiophobic Higgs boson mass, =50 GeV. We also fix

fb for the cross sections. Larger data samples of up tdéanB=20 which ensures thatla of this mass would have

15 fb~* would require even smaller values. had too low a rate to be detected at LEP2 in the process
In Fig. 1 we plot all five mechanisms as a function of €" € —h¢Z. In order to compare cross sections that depend

tang for fixed values of theCP-odd Higgs boson mass,  on my-+, like o(pp—H™'h;), with cross sections that de-

=150 GeV, cha_\rged Higgs boson mamg+ =90 GeV, and  pend onm,, like o(pp—A°h;), we have takem,=m+

fermiophobic Higgs boson mass, =50 GeV. For a fer-  provided m,>150 GeV. Nevertheless, whenmy+

miophobic Higgs boson of this mass to escape detection at 150 GeV we keep a constant valog =150 GeV, which
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3 3
10 — T - T T - T ] 10 g. AL B R L B AL R
my, =50 GeV F my.=90 GeV
tan =20 1 [ m,=150 GeV

.
T
F
.
T
&

102

a (fb)
o (tb)

10!

100

10”1 160

100 150 200 250
my. (GeV)

FIG. 2. Production cross section of five different modes leading FIG. 3. Production cross section of five different modes leading
to a fermiophobic Higgs boson as a function of the charged Higgd® @ fermiophobic Higgs boson as a function of the fermiophobic
boson mass for a fixed value of tnand the fermiophobic Higgs Higgs boson mass for fixed values of f@nthe charged, and the
boson massfor the value ofm,, see the text CP-odd Higgs boson masses.

mhf). Note that formhf>mHz the mechanisanaHihf

is required to satisfy the LEP constraini, +m . . +
d o Bt , ~ M A does not provide & via the cascade decay bf~, and thus
=200 GeV. This is the explanation for the discontinuity in only leads to ayy signature. In additiorpF—>H+H‘ would

the slope of two of the cross sections in Fig. 2. From thenot produce é; for My, > My

flgurg one can see that the traditional mechanlpmn It is clear from the preceding figures that the production
—W~h; is severely suppressedr£3 fb and independent T
mechanismp p—H~h; is usually the most favorable of the

of my+ andmy), and there will not be enough events for its I . vzing. Si Il th hani
observation with the expected run lla integrated luminosit our alternatives we are analyzing. Since all the mechanisms

of 2 b1 lead to theyyV signature one could in principle add all the

As in the previous case, the process with the highest crodJ0ss sections together. In the remaining two figures we com-

section ispE—>Hihf . Due to phase space, this cross sectionP3'® m.ore closelyp p_’Hfhf_ and pij*Ef : —
decreases with the charged Higgs boson mass frem  In Fig. 4 we plot the ratio oir(pp—H~h;) and o(pp
~160 fb for my+=90 GeV to o~3 fb for my: —W~=hy) as a function of taps. We take the fermiophobic
=250 GeV. Only at these relatively high values mf,-  Higgs boson massn, =50 GeV, and display four curves

does this cross section become comparable wifpp  corresponding to different charged Higgs boson masses. As
—W™hg). A similar behavior, although with a much smaller in Fig. 1, itis clear that the conventional production mecha-
cross section, is also found for the proc¢a§—>H+H’, nism is convenient for low values of tghand pp—H™*h;

with a cross section decreasing froo=30 fb for my+
=90 GeV too~0.2 fb formy+ =250 GeV. For most of the L e cev ' ! !
values ofmy+ andm, shown in this graph, the subdominant N

mechanism igpp— Ah;. Its cross section remains constant
at o~15 fb as long asn,=150 GeV. Wherm, increases,
the cross section decreasesde-2 fb for my,=250 GeV,
and thus it is observable only for lower valuesrof . The
last mechanism in this figure isp—H™'A, and it is only
observable fom,+=100 GeV.

In Fig. 3 we plot the cross sections as a functiomw:. -
Formy >110 GeV the decap;—VV* becomes dominant. 10-1 k
The figure shows the phase space suppression of increasir £
My, The large value of taf=20 makes the traditional . | | | |

. —2 LA e P L P L
mechanism well suppressed and unobservable. The mechi ** o5 10 20 50 100 200 50.0  100.0
nismpp—H=h; has a decreasing cross section due to phase tan 8
space, and it is the most favorable fo, <120. For larger

10° my.=90 GeV

10! |

o(H*hy)/o(Why)

100 |

. o i FIG. 4. Ratio ofo(pp—H™h;) ando(pp—W=h;) as a func-
values of the fermiophobic Higgs boson mags—H*H ™~ tion of tang for a fixed value of the fermiophobic Higgs boson
becomes the largest cross sectiahich is independent of mass and four different values of the charged Higgs boson mass.
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108

-
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-

102 |

| |
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my,=90 GeV,

170 ]
" 210 3

130 J
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Here the conventional mechanism is unobservable fopBtan

=4. The saturation values awe(pp—H=h;)=44, 18, 8,

and 4 fb for the same values of the charged Higgs boson
mass. The new mechanism overcomes the conventional one
in a larger region of parameter space since the ratio of cross
sections is larger than one for t8®&2—7, depending on

the charged Higgs boson mass.

Given the sizable cross sections fop— H *h; this pro-
cess(with h; replaced byh®) might have a wider applica-
tion, e.g. in the search fdi1 = of any (non-SUSY 2HDM. In
particular this process is maximized in the parameter space
of a light h® with suppressed couplings to vector bosfires
small sin3—a)].

50.0 100.0

M -
50 100 200

tan g

V. CONCLUSIONS

~ FIG. 5. Ratio OfQ'(pF_’chf) and 0(pa_—>Wth_f) as a func- We proposed new production mechanisms for light fer-
tion of tang for a fixed value of the fermlophot_)lc Higgs boson miophobic H|ggs bOSOﬂg’IG) with Suppressed Coup”ngs to
mass and four different values of the charged Higgs boson mass.yector bosongV) at the Fermilab Tevatron. Importantly, the
) ) new mechanisms offer sizable cross sections when the con-

dominates for larger values of this parameter. The boundaryentional processqq’ —W*h;) is suppressed, and provide
lies somewhere between t&r-3— 13 with the larger values  distinctive signatures with up to four photons. We showed
obtained for large charged Higgs boson masses. The cross @it qq’—Hh; is particularly promising with cross sec-
each curve marks the threshold of observabilihich we  tions as large as 150 fb if both; and H* are light
take as 10 fpfor o(pp—W~*hy), and corresponds to tg (<100 GeV). We suggested that the mechanismg’

~12. To the left of the crossas(pp—W*h;)>10 fb, and —»Hihf migoht also have a wider application in the search
to the right o(pp—W=*h;)<10 fb. The solid lines corre- for & lighth®andH= of any generalnon-SUSY 2HDM.

spond too(pp—H™h;)=10 fb and dotted lines ter(pp
—H*h{)<10 fb. As observed in Fig. 1g(pp—H™ h;)
grows fast with tar8, until it saturates at around tg@h=5.
This saturation value is(pp—H™h;)=158, 48, 18, and 7
fb for my+=90, 130, 170, and 210 GeV, respectivétiie
last one being unobservable

Figure 5 is the same as Fig. 4 but w'mhhleoo GeV.
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