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Abstract

We calculate the production cross section of the “CP-odd” Higgs boson via gluon fusion in the minimal supersymmetric Standard Model with
explicit CP-violation in the stop sector. We show that there is a parameter region in which the cross section is enhanced by a factor of about 100(
as compared to the case without CP-violation in the stop sector. In the parameter region where the “CP-odd” Higgs boson can decay into a stc
pair, the stop pair events will be the important signature of the enhanced “CP-odd” Higgs boson production. In the case where the “CP-odd” Higgs
boson cannot decay into any superparticles theandrt decay channels could become important for discovering the “CP-odd” Higgs boson.

We also discuss the constraints from electric dipole moments of electron, neutron and mercury on the viable parameter space mentioned above
0 2005 Elsevier B.VOpen access under CC BY license.

Low energy supersymmetry (SUSY) is one of the mostthe MSSM has a rich structure; there are two CP-even Higgs
promising candidates of physics beyond the Standard Modddosons, one CP-odd Higgs boson and one (complex) charged
(SM). SUSY gives an elegant solution to the naturalness prohHiggs boson. Their production and decay properties depend on
lem of the stability of the weak scale by canceling quadraticallywarious parameters in the MSSM including the SUSY break-
divergent radiative corrections. ing parameters. Therefore, to study the properties of the Higgs

One of the most important predictions of the minimal su-bosons at the LHC, a precise knowledge of the production cross
persymmetric Standard Model (MSSM) is the upper bound ofection of the Higgs bosons is extremely important.
the lightest Higgs boson mass. At tree level, the MSSM pre- It has been shown that CP-violation in the Higgs sector could
dicts the lightest Higgs boson mass to be less thai¥theson significantly affect the production and decay properties of the
mass. However, after including loop corrections, the contribuHiggs bosong3-5]. In order to prepare for the discoveries
tions from top and stop loops are so important that the uppeof the MSSM Higgs bosons at the LHC in any case, further
bound of the lightest Higgs boson mass can be increased tietailed studies on the MSSM with CP-violation would be im-
around 130 GeV1]. This upper bound should be compared portant. The aim of this Letter is to present our findings on
with the current lower limit of 89.8 GeV from the MSSM Higgs the production cross section of the “CP-odd” Higgs boson in
search at LER2]. If the lightest Higgs boson is discovered and the MSSM with CP-violatior. We show that the production
its mass turns out to be less than 130 GeV, it is a strong hint focross section of the “CP-odd” Higgs boson can be enhanced
the MSSM. by a factor of about 1000, as compared to the case without

If the MSSM is truly realized in Nature, the CERN Large CP-violation, and discuss some important decay signatures of
Hadron Collider (LHC) is expected to probe the Higgs sector

by copiously producing the Higgs bosons. The Higgs sectorin_
1 strictly speaking, when CP is violated, we cannot define a “CP-odd” Higgs
boson because all three neutral Higgs bosons are mixed with each other. As
- we will discuss later, however, in the parameter sets we consider, CP-violating
* Corresponding author. Higgs boson mixing is small. Therefore, we still use the terminology “CP-odd”
E-mail address: tobe@pa.msu.ediK. Tobe). Higgs boson even in the CP-violating case.
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the “CP-odd” Higgs bosoA.We also discuss some constraints matrix Mfi at one-loop level are given as

on our CP-violating scenarios. The strongest constraint comes 2
3 my Im(Aip)

from the electric dipole moments (EDMs) of electron, neu—M% — : F,,

tron and mercury. Since there are possibilities that cancellations AdL 1672 sinp mz22 B mt21

among many contributions to EDMs could happen, the searches 3 m2 Im(A )

for the “CP-odd” Higgs boson at the current and future collidersM% | ,, = ! =G, (3)

2§ 2 2
could provide important information on the CP-violation mech- 167°sinp me, =My

anism in the MSSM, which is generally independent of thoseyhere the explicit forms of the dimensionless quantifieand
from the EDM searches. G, were given in Ref[6]. In the equations above\/lillml(z)

The MSSM has two Higgs do'ubletHa andHz. The neutral 5 the (A, ¢1(2) element of the mass-squared matrix2,.
components} and H; of the Higgs bosons develop vacuum ., and . are the lighter and the heavier stop masses, re-
expectation yalues (VEVs), which trigger the electroweak Sym'spiactively. 2In general, the higgsino mass parametes well
metry breaking (EWSB). After EWSB, there are three neutrabg 4, can have a CP-violating phase. For simplicity, we assume
Higgs bosons and a pair of charged Higgs bosons. If CP ig,5¢ only the trilinear coupling, is complex andk is real. Be-

a good symmetry in the Higgs sector, we can label the neusqse of the mixing induced by the CP-violating couplifig
tral Higgs bosons in terms of CP properties as two CP-evep,ass eigenstates of neutral Higgs bos@nsho, h3) are linear

. 0 0 .
Higgs bosons:” and H”, and a CP-odd Higgs bosal. In  cqmpinations of the three neutral Higgs bosgnss, and A:
general, if CP is violated in the sfermion sector, CP-violating

mixing among the three Higgs bosons is induced through radi hy $1
tive corrections. In this Letter, we consider the CP-violation in| 72 | = Qi | ¢2 ] (4)
the Higgs sector radiatively induced by the trilinear coupling of h3/ i A/
stopA,,3 which is defined as where 0y, is the orthogonal matrix which diagonalizég?,,
and the label of the mass eigenstates is determined in such
~ a way that the masseay,, my, and mp, satisfy mj, <
Ay Hotpqr + h-C->, (1) my, < mp,. It has been pointed o§8-5] that in some para-
meter regions the induced mixing can be large and play an
whereH; is the Higgs doublet that generates top quark magss important role in Higgs physics. However, in this Letter, we
via Yukawa interaction; is the third generation squark dou- focus on the regions of the SUSY parameter space in which
blet, and?y is the right-handed stop. In our notatiopy and  the mixing with “CP-odd” Higgs boson is small and the sec-
¢2 (al andaz) are the real (imaginary) Componentslﬁf and Ond_lightest H|ggS bOSOkﬂz is almost -a “CP'Odd"- nggs b-OSOI’l
e—ing, respectively, which are explicitly given by (t_yplcally | 023/ > 0.9). There_fqre, in the qualltanve_dlscus-
sion below, we neglect the mixing effects and we still use the

it terminology “CP-odd” Higgs boson. However, in our numeri-
HO= L gutvitia).  HO=_(botvotiay. cal results to be shown below, we include the mixing effects,
V2 V2 and we call the second lightest Higgs bosenthe “CP-odd”
(2)  Higgs bosom.

The VEV v, is relevant to the masses of down-type quarks and Now we are ready to discuss the Higgs boson production

leptons, ands, is responsible for the up-type quark masses. Thé"0SS section. For the lightest Higgs bosbh(= hy), it is
ratio of the two VEVs is parametrized by tén= vs/v1, andv known that the radiatively induced CP-violation can signifi-

) , 5 o cantly change the cross sectiongaf— A9 [4,5]. In this Letter
is defined as = |/v] + v3, which is about 246 GeV. In gen- e consider the production of the “CP-odd” Higgs bosbf

el’a|, the relative phas& of the VEVs can be non-zero. For This is motivated by the fo”owing reason.

simplicity, in this Letter we do not consider the effect of non-  |f Cp is not violated, the most important contribution to
vanishingé and set = 0 in the following. One of the linear g, —. 4 comes from the diagram (c) iRig. 1 In the lan-
combinationgG) of the CP-odd components andaz is eaten  guage of effective Lagrangian, this diagram is described by the
by the Z boson(G = a1 cosp — azsinp), and the other linear  Cp-even operator,

combination(A) becomes the physical “CP-odd” Higgs boson 4 .

(A = a1SinB + a»cosp). Once we allow thet, parameter to £ =¢;,AG*"GY,,, %)

be complex, it induces CP-violating mixing among the neutrathere the coefficient4

. b h iolati | tth ', IS obtained by integrating out the top
Higgs bosons. The CP-violating elements of the mass-squareg 4 he pottom loops79,, is the field strength tensor for gluon

with a being a color indexd =1, ..., 8), andéﬁv is its dual,

2 Although in this Letter we concentrate on the “CP-odd” Higgs production wa = €,40po G*7 /2. Note that the stop diagrams shown in
via gluon fusion at hadron colliders, we note that the same enhancement of the
“CP-odd” Higgs production is also possible a¢ @ collider.

3 The complex trilinear coupling of sbottory, could also induce an impor- 4 Similar analyses had been done in Rg8s7]. The authors of those articles
tant effect similar to the one discussed in this Letter. For simplicity, howeverperformed the analyses for the parameter sets different from those discussed
we assumel, to be a real parameter. here.
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Fig. 1. The Feynman diagrams which contributezgo— A in the MSSM with CP-violation when CP-violating mixing among Higgs bosons are neglected. If the

trilinear couplingA; is complex, there is a finite contribution from the diagrams (a) and (b) to the total production cross section. If there is no CP-violations in the

sfermion sector, the diagrams (a) and (b) do not contribute to the total cross section. The contribution from the diagram (c) is always there @veroimsrving
case.

Fig. 1(a) and (b) do not contribute tgg — A simply because 1300 = 1250 0t
the couplings of the; A (i = 1, 2) interactions vanish due to 1200 e =
the CP symmetry. Therefore, the leading order (LO) parton- S 0 00 T |
level cross section 0fg — A in the CP-conserving (CPC) & 00
case,oC(gg — A)cpc, is given by the top/bottom CONtribU- = [ freeeeseeesssmmesssmmmessssmssmssmsssassssssssssssases st N
tions alone: = 750
5 900 T

oC(gg - A)cpcx ‘Cf}b’ . (6) 200 500 ...................................................... .

On the other hand, in the CP-violating (CPV) case, the cou- | |
plingsz*7; A (i =1, 2) are not zero. Hence, the stop diagrams 700
contribute to the Higgs boson productigg — A. An im- 600 Froeee2O0 e ssersssssesins s
portant point is that the effective operator induced by the di-
agrams (a) and (b) dig. 1is CP-odd, 00 380
Ce Cf‘AGalW Ga (7) 400 I 1 | 1 1 1

d v 300 400 500 600 700 800 900 1000

where the coefficient? is determined from the stop loop con- 1A (GeV)

tribution. Since the CP-properties of the operators in Eg.

and (7)are opposite, these two contributions do not interfererig. 2. The contour plot of the ratio of the LO parton-level cross sec-
with each other in the total cross section. Hence, the LO totdions in the CP-violating (CPV) case and the CP-conserving (CPC) case,
cross sectionO(gg — A)cpy in the CP-violating case is pro- 7 (88 > Alcpv/o-O(sg — A)cpe as afunction of4;| andu. The SUSY
portional to the sum of the squares of the contributions fronfarameters are fixed as in H40).

these diagrams: L o .
production in the CP-violating case in order to see how large

o (gg — A)cpy o (|ctf>b}2+ |c2 ). (8) enhancement can be induced by the CP-violating interaction

. . __originated fromA,.
Note that in the case of the CP-even Higgs boson production, Our numerical results on the ratio(gg — A)cpy/

both the top/bottom and the stop/sbottom loops contribute 910 (3¢ — A)cpc are shown as a function dft,| and x in

§8 _),h even when CP is conserved, and generate the Sa”ﬁg. 2 In the figure we have taken the sample parameter set as,
effective operator,

9) my =250 GeV, m; =120 GeV, tang =6,
szR’ At=i|At|7 /‘L=|I‘L|7 (10)

hoy
L= (c+¢ip)hG Gy,

so that they could interfere with each other. Héregpresents iy

the “CP-even” Higgs bosong;® and #°. When CP is vio- wherem;, (m;,) is the soft SUSY breaking mass for the left-

lated, the induced operator is the same as the one iINEHd. handed (right-handed) stop. We see that the cross section can
(with a different coefficient) at the leading order, and the in-pe enhanced by a factor of about 1000, as compared to the
terference indeed can significantly affect the production crosgsse without CP-violation. This huge enhancement can be un-

“CP-even” Higgs bosons, and the cross section of “CP-0dd;LO g0 —, A)cpccan be written as

Higgs boson in the CP-violating case is always enhanced by the
stop contribution, as compared to the one in the CP-conservingLo
case. Thus, itis interesting to study the “CP-odd" Higgs bosorn 15

2
+1, (11)

cA
!

A
=)

(88 > A)cpv
(8¢ = A)cpc

5 In other words, this can be understood by the cancellation between diagranf®" th_e samen, and targ in both cases. After eXp.“Citly cal-
of left- and right-handed stop loop contributions in the weak eigenstate basis.culating the top/bottom loop and the stop loop diagrams, we
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. ) 800 T T T T T T T T T T T T T T T T T T T T T T T T
obtain : [ ‘
LO 700 tanB=6
o~ (g8 = Acpv 1A =700 GeV
09(gg — A)cprc 600 0r =2

LO

1= 1000 GeV
_ mf |pAP(1+ cof B)°

~ AP+ pcotpl?

2 2 2 2 2 2y2
|mt~1Co(mt~1,mA) _mfZCO(mfg’mA)l 300

G (228 = A)epy/ 0 (28 = A)cpe
wn
(=3
(=)

LO

X +1,
Im2Co(m?, m?) cotp +m2Co(m2, m3) tanp|2 200

b b b B B b e

5
j=3
(=)
\I\\|\\I\|If||[IIIIIIIIIlIIIIlflf!lf\I\

(12)
where, for simplicity, we have assumed thgtis pure imagi- 100
nary, , is real, and the mixing between stops is maximal, i.e., Bl b
5 > 2 > R e 100 110 120 130 140 150 160
ms =m? ,Wherem;LL andmfRR are the(r,, tr) and(tg, tg)

L RR ; : : my (GeV)
elements of the stop mass matrix, respectively. The funetipn :

is an one-loop functiofB]. For our particular case here, we de- Fig. 3. The ratio of the LO parton-level cross sections in the CP-violating

fine it as (CPV) case and the CP-conserving (CPC) caséC(gg — A)cpv/
s 2 o'O(gg — A)cpc as a function ofm; . Here we took tap = 6,
Co(m s mA) my =250 GeV,|A;| =700 GeV,¢p4, =7/2 andu =1 TeV. (The complex

d4q value A; is parametrized ajsA, |ei‘1’At .) The LO hadron-level cross sections of

1 /‘
= s the “CP-odd” Higgs boson via gluon fusion in the CP-conserving case.&re 0
2 2 2 2 2 2 2
L (g2 —=m2)((q + p1)*—m)((q + p1+ p2)* —m?) fb and 0.2 pb at the Tevatron and the LHC, respectively.

(13)
where p? = p3 =0 and (p1 + p2)? = m%. If ma < 2m;, m? Co(m2 ,m%)|? term in Eq.(12). However, due to the en-
Im,glco(mtgl, m?) — m,ngo(mtgz, m?)|? term in Eq.(12) is the  hancement by largg4,| andp, the ratio can still be of(100)
square of a subtraction of a real number from another redf the stop mass is near the threshelg ~ m /2.
number, where a GIM-like cancellation happens. Wher 2 In Table 1 we summarize our results. In the table, we list
ma < 2m;,, Which is satisfied for our sample parameters, thethe LO hadronic-level cross sections of the “CP-odd” Higgs
function Co(m? , m?) develops an imaginary part (when cross-boson A via gluon fusion ¢°(4)) at the Tevatron /s =

ing the mass threshold for producing a light stop pair) and thé-96 TeV) and the LHC {/s = 14 TeV), the decay branching
factor is a subtraction of a real number from a complex numfatios BRA — #771), BR(A — yy), and BRA — 1) in vari-
ber, which means the cancellation tends to be less severe. Sin@ds cases discussed in this Letter. The LO cross sections are cal-
in our sample parameter sety < 2m;, Co(mtz, mi) inthe de- culated using the CTEQG6L parton distribution functi¢hg],’
nominator does not have an imaginary part, which also make&nd the branching ratios of the “CP-odd” Higgs bosbrare
the ratio larger. (For moderate tnthe Co(m?2, m3) term is ~ computed using a publicly available code “CPsupeft2]. _
not very important.) In addition, whei, | > u cotg, the ratio The LO cross sections of the “CP-odd” Higgs boson via
in Eq(]_2) behaves |ik¢M|2, as can be seen Iﬁg 2 Therefore gluon fusion in the CP-Conserving case are 0.8 fb and 0.2 pb
large|A,| andp also induce large enhancement in the ritio. ~ at the Tevatron and the LHC, respectively, fo = 250 GeV

In Eq. (12), we have not included the effect from the mixing and tang = 6. These cross sections are not large enough to
among the Higgs bosons although we have included that effe@llow us to discover the CP-odd Higgs boson at thelével
in the numerical results shown Fig. 2 We have checked that €ven at the LHJ13].2 On the other hand, in the CP-violating
the second lightest Higgs bosha is almost a “CP-odd” Higgs ~case withm, = 250 GeV, tag = 6, andm; = 120 GeV,
boson for our Samp|e parameter sets. In fm3|2 > 0.9 for we can read fronFlg 2 that the LO cross section can be as
2.3|A;| — > 100 GeV, and 0,32 > 0.7 for 54, — i > large as 110-1200 fb at the Tevatron, and 30-300 pb at the
350 GeV in the range shown in the figure. LHC for 400 GeV< u < 1300 GeV and 300 Ge\ |A;| <

In Fig. 3 we also show the rati'C(gg — A)cpv/ 1000 GeV. In the CP-violating case withy = 250 GeV and

09(gg — A)cpc as a function ofm;, while fixing m4 and

tanp. Here, we took the same sample parameters as those given The QCD corrections to the production cross section of the CP-odd Higgs

in Eqg. (10) except that we setA;| and i to be 700 GeV  s0n are known up to and including the next-to-next-to-leading order (NNLO)
and 1 TeV, respectively. As can be seen frétig. 3 as  inthe CP-conserving MSSNL1]. If we parametrize the hadron-level higher-
m;, gets larger thann,/2, the ratio rapidly drops off be- order (t;iO)LL())ror?udctionlcrosls sectim'T'ot_(plfOT A) of /t:;e CPﬁg(d HiggSAb)oson
. L 2 2 2 using the adron-level cross sectioh® (pp — A) asaHO(pp — A) =

cause of the GIM-like cancellation in thmﬁCO(mfl’mA) - KoO(pp — A), the K factor is found to be approximately 2 fany =
250 GeV and,/s = 14 TeV in the CP-conserving MSSM at NNLO QQD1].
B — In the CP-violating case we expect tlie factor to be almost the same as in

6 Alarge |A;| may be dangerous because it could develop a color breakinghe CP-conserving case, for the dominant effect comes from the initial state
VEV [9]. Here, we have checked that the large part of our parameter spaggdiation. However, its verification is beyond the scope of this Letter.
(14, < 950 GeV) satisfies the conditign, |2 < 3(m,gL +m,gR +m§-12 +1u?), 8 When tarB ~ 5 andm 4 > 200 GeV in the CP-conserving case, the pro-
which guarantees to avoid a color breaking VEV itDéflat direction | | = duction cross section of the CP-odd Higgs boson via gluon fusion is typically
|ir| = | HJ| at the tree level potential. too small for discovering the CP-odd Higgs boson at the L[HE].
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Table 1

The leading order (LO) hadron-level cross sections of the “CP-odd” Higgs boson production via gluon MQQV\X) at the Tevatron/s = 1.96 TeV) and the

LHC (/s = 14 TeV) and the decay branching ratios/dfnto fffl, yy, T are shown in the CP-conserving (CPC) case and the CP-violating (CPV) case discussed
in this Letter. Here, for the CPV case, we toaly = 250 GeV, tarB = 6, 400 GeV< 1 < 1300 GeV and 300 GeV |A;| < 1000 GeV. For the calculation of the
branching ratios in the CPC case we tork = 250 GeV and tapg = 6 as an example

Tevatron (/s = 1.96 TeV) a0 BR(A — if71) BR(A — yy) BR(A — 17)
CPC case 0.8fb 0 ~104 ~0.05

CPV caseffi;, =120 GeV) ~110-1200 fb ~1 0(107%) 01073
LHC (/s =14 TeV) o0 (4) BR(A — i}71) BR(A — yy) BR(A — 77)
CPC case 0.2 pb 0 ~ 1074 ~0.05

CPV casefi;, =120 GeV) ~ 30-300 pb ~1 0(107%) 01073
CPV caseri;, =130 GeV) ~ 10-90 pb 0 0104 0@ao 1

my = 120 GeV, the “CP-odd” Higgs boson can decay into ascenarios the heavier Higgs bosons are heavy enough that the
stop pair. Since the coupling of the “CP-odd” Higgs boson tocoupling of theZ Zh interaction is not very different from that
stops is large, we found that the branching ratiq BR> 7;71) in the SM, the lower limit on the SM Higgs boson masg >

is almost one. Therefore, the stop pair production via the “CP114 GeV would still apply. Using “CPsuperH12], we have
odd” Higgs boson production can be one of the important sigehecked the lightest Higgs boson mass limit, (> 114 GeV)
natures of the “CP-odd” Higgs boson in the CP-violating caseis satisfied for 500 Ge\k |A;| < 900 GeV. The second con-

At the Tevatron,c x BR(A — fffl) can be~ 110-1200 fb  straint is from the electroweak precision measurements. Since
in the LO calculation. This stop production cross section viathe stop is light and its trilinear coupling, andu are large in
A-decay is smaller than the normal stop production cross se@ur scenarios, it induces non-decoupling effects on electroweak
tion which is about 10 pflL4]. Atthe LHC,o x BR(A — tltl) observables (such as tH& boson massMy, the effective

can be as large as 30-300 pb. Thus, it might be possible to weak mixing angle s, and the leptonic decay W|dth of
detect the “CP-odd” Higgs bosafi in the stop pair channel at the Z bosonI7, etc) Assuming tha:ln2 = m2 = mt and

the LHC, although a detailed study for this process is needed,2 _,2 _,2 wherem? andm~ (m~ and m2 )
Whenm < 2mj;,, the “CP-odd” Higgs boson is not kinemat- _ .z brr b’ LL bLe brr

ically allowed to decay into a stop pair (and into any SUSY&'® the ., 72) and . 7x) elements Of the Stop mass matrix,
particle pairs if 21 .sp > m 4, wherem|sp is the lightest su- respectively (6., b.) and (g, bg) elements of the sbottom

perparticle mass), though the production cross sectiohadn _mgss rgatt)trlxl’,‘ respectl\t/)ely), thle Pes.,km.—Taks UEkparameter
still be large. For example, in the case witly = 250 GeV Induced by the stop—sbottom loops s given by

andm;, = 130 GeV the LO cross section is aboutl0-90 pb. 3 1 s 2 s 2

As shown inTable 1 o x BR(A — yy) can beO(10) fb at 1 = MM—z[ Y F(m}.m?)—F(mf.m2)

the LHC in the leading order calculation. Comparing this result W =i j=12

with the one analyzed in the ATLAS TDR3], the LHC with 2 2

an integrated luminosity of 100 fd or more may be able to dis- B F(mﬁl’ mﬁz)]’ (14)

cover the “CP-odd” Higgs bosati via the diphoton mode. Also s 2

the A — r¢ mode would be important, for its decay branch- WhereF (x, y) = (x= — y* — 2xyIn(x/y))/(2(x — y)) andm 7

ing ratio is much larger than the diphoton mode. Friable 1  (f =1.b, i =1,2) are the mass eigenvalues for stops<r)

o x BR(A — 1) can be®(10) pb which is large enough to be and sbottoms { = b) Note thatF (x,x) = 0. For example,
detected at the LHT13,15]. Although the branching ratio of 7 ~ ﬁzi ’f’tz for m > my| Ay + /) tang| andm >

A — uu is suppressed by a factor ()h,i/m,)2 compared to s fw 2 2

the branching ratio ot — 77, the A — . channel could also 146 + 1tangl, wheresn? = =My =y m{ when D- term

be useful for studying the “CP-odd” Higgs boson in some paracontr|but|ons to the stop and sbottom masses are neglected.
meter regions. The branching ratio 4f— Z# is not large (at 7O m? 2 my|A; + pu/tanf| > my|Ap + ptang| as another

3(3-4In2) my|A+u/t
most 1-2% for our parameter sets). This can be understood igxample,7 ~ 2= sznevi | ’+M“/ 202, From these examples,

the fact that in the decoupling limits > mz, BR(A — Zh)is  one can see the non- decoupllng effects when the stop is light
zero in the CP-conserving case, and for the parameter sets stughd|A, + 1/ tang| is large. However, due to a property of the
ied in this Letter in the CP-violating case, the “CP-odd” Higgsfunction F (F (x, x) = 0) in Eq.(14), a light sbottom and large
boson is heavy enough that the decoupling limit also holds. In4, + 1 tang| can compensate for the non-decoupling effects of
summary, in the presence of CP-violation in the Higgs sectorhe light stop and larged; + i/ tang|. (In other words, the light
the discovery potential for the “CP-odd” Higgs boson at theshottom and largeA, + wtang| approximately recover the
Tevatron and the LHC could be strongly modified. iso-spin breaking in the stop-sbottom sector.) We have numer-
Finally we would like to discuss some constraints on theically estimated the stop—sbottom oblique correctionsfip,
CP-violating cases discussed in this Letter. The first one is thgir? 6o, andI; and found that a large left—right mixing of sbot-
lightest Higgs boson mass bound. Since in our CP-violatingoms with a light sbottom (close to the current experimental
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mass bound) is preferred in order to compensate for the effectdiggs boson can decay into a pair of stops, the stop pair pro-
from the light stop in the scenarios under consideration. Theuction will be an interesting signature of CP-violation. When
presence of light sbottom does not strongly modify the Higgshe “CP-odd” Higgs boson is not kinematically allowed to de-
production cross sections discussed abbweough it could cay into any superparticles, the— yy andrt modes can be
lead to interesting phenomenology at current and future collidimportant discovery modes at the LHC. Although, to avoid the
ers. The third one comes from EDMs of electron, neutron andEDM constraints one needs some unnatural fine tunings in the
mercury. WhenA, has a CP-violating phase and the stop andEDMs or needs to make the Higgs boson and the stop heavier,
Higgs bosons are relatively light, two-loop diagrams throughthe searches for the “CP-odd” Higgs boson in the CP-violating
stops and Higgs boson mediation can induce large contributiorsase will give us an important information on the nature of CP-
to the EDMSs[16]. The two-loop contributions to the electron violation.

and neutron EDMs have been given in H&6]. From that we In the decoupling limit¢ ~ 8 — 7/2), the interactions of the
found those contributions are typically larger than the currenheavier “CP-even” Higgs bosaH® with 7, and7y take a sim-
experimental bounds in the parameter space discussed in thiar form as those of the “CP-odd” Higgs bosdn Therefore,
Letter. Therefore, if these two-loop contributions are the onlywe expect that similar enhancement would also applyitb
contributions to the EDMs, the possibilities we have discusseg@roduction whenA, and . are large even in the case without
above would have been excluded. In order to avoid the EDMCP-violation in the stop sect§i8].
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