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The simplest extension of the SM —
a Two Higgs Doublet Model (2HDM ):

L=LM+Ly+ Ly

55}\4 — SM interaction, gauge bosons + fermions
Ly =T -V — Higgs lagrangian,

T — Higgs kinetic term, V — Higgs potential,

Ly — Yukawa interaction of fermions to scalars.

T = (Dp¢1)1(DFé1) + (Dug2)T(DHeo)
H2(Dpd1) (DH o) + 5" (Dpugp2) T (DHe1) |,
= 2 (¢l ¢1)2 + 22(6562)2 + Az(dlb1) (h2)
+2a(@ld2) (9he1) + 5 [As (8] 62)2 + h.c]
+{[x6(sl01) + /\7<¢>£¢2>} (162) + hec.} + M()
M(¢) = =% {m31(¢]61) + m3,(dhe2)
+[m3,(0h62) + hoell} .

A5_7, » and m1yo are generally complex.




Reparameterization
Invariance

Two fields with identical quantum numbers =
Model can be described both in terms of fields
¢; and in terms of fields ¢.:

1\ _ (o1
() =7(2)
cos @ etr/? sin 6 ei(T—P/2)>

I — ¢ PO . .
= (— sin@e~7=r/2)  cosfeir/2

In the 2 = 0 case this transformation does not
change the form of Kkinetic term but induce the
changes of coefficients of Lagrangian, which we
call a reparametrization transformation — RPT.



Denoting ¢ = cos@, s =sin ¢, u3, = Re(mize "),
Xs = Ase 27T, Xg7 = Xg7e” ", the RPT is de-
scribed by eq-s:
>\1 = c?A{ + s°Xp — csd — 2¢cs Re (56 + %7),
Ay = 5201 + c?Ao — cs® + 2cs Re (Ng + A7),
Mo = A3+ cs®, N, = )Xg+ csP,
ezip)\% = Ag+e'T [CSCD—|—22'32 Im \g—2icsIm (5\6—5\7)} :

Mg = e P [02)\6 —s2A7 + %Tcs(/\l — A2+ W)] ’
N = e lP [ 27 — s2Xg + 6177050\1 — A2 — W)] ’

2
m11 + 52 m22 2csp35,

(m3; =c
(m")35 = §2

2 _. .
(m/)jo=e"%P {m%z—l—e” [cs(m%l — m%Q) — QSQM%Q} } :

mll -+ c2 m22 -+ 2(:3,u12,

Do = A1 + Ao —2(A3+ Az + Reds),
b = csdg 4+ 2(c? — s2) Re (Ag — A7),
W= (c?2 - s2)dg — 8ecsRe (Ag — A7) + 2:Im Xs.



A set of Higgs Lagrangians, obtained from each
other by this transformations, forms the repa-
rametrization equivalent space of Lagrangians
(RPES) — a 3-dimensional subspace of the en-
tire space of Lagrangians. The different La-
grangians within this RPES are physically equiv-
alent. That is
reparametrization invariance (RPI)

—
\

Higgs basis family of Lagrangians (v4=v, vo=0)

- real vacuum family of Lagrangians (v1, Vo reql)

Soft Zo violation + Model Il family of Lagrangians

Schematic presentation of RPES. Different

strips represent families of Lagrangians with

different explicit properties. A particular case
where the soft Z, violating and Model II
LLagrangians families coincide is shown.
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Some parameters of theory which are treated
often as physical are in fact reparametrization
dependent. The most important example — a
ratio of v.e.v.'s of scalar fields, tan .

E.g., under the RPT with p=¢&, 7=0

B=p+0



Particular case
at 6 = O:

2. Rephasing invariance

under the global rephasing transformation

¢i — e—’i,07;¢2.7 (7’ — 17 2)7
po = (p1+p2)/2, p=p2—p1(=2p),
This transformation leads to a rephasing trans-
formation of the parameters:
2 2 2 2 _oip

Al—4 = Al—a,  mj —mg,  mip; — mis

)\5 — )\5 627;/0, >‘6,7 — >‘6,7 ez'p) L — %eip_

By construction, the Lagrangian with coefficients
Ajy min and with new coefficients describe the
same physical reality. We call this property a

rephasing invariance

This invariance is extended to the description
of a whole system of scalars and fermions by
adding of similar transformations for the phases
of fermion fields and Yukawa couplings.



The z, symmetry
and its violations

The 2HDM generally give a ¢P at EWSEB .

In the most general form of Ly large FCNC effects
become possible.

Experiment: ¢P and FCNC effects are weak.

J
The natural construction of 2HDAM should

start with the lagrangian having additional sym-
metry which forbids a ¢P and FCNC effects.

N2
Thatis Z2 symmetry under independent trans-
formations for both fields

P1 — —P1, P — P2,

¢1 — (rblr ¢2 — _¢21 ’
which forbids (¢1, ¢>) mixing.

This symmetry can be weakly broken to open
door for weak CP and FCNC effects.
Z»> conserving case: mio> = Ag = A7 = »x = 0.
Soft violation of Zo: dim. 2 operator with m1»o
(retained unmixed ¢; fields at small distances).
Hard violation of Z>: 4 dim. 4 operators

with Ag, A7, »» — loOks unnatural
since (¢1, o) mixing retains at small distances.
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T he case of hidden soft Z, violation

Let: physical model can be described by Lagran-
gian Ls with exact or softly violated Z>, symme-
try. The general RPT converts Ls = L}, — L
of hidden soft Z, violation (>\6, A7 #= 0, = 0).
We flrst apply the RPT Ls = £ , making Ag real
(still m12 can be complex leaving open an oppor-
tunity for CP violation). Then a general RPT
transforms £ = £, with quartic sector, which
is described by 8 independent parameters (A_5
and 6, p, 7) instead of 10 independent parame-
ters of the general Lagrangian (A1_4, Re\s_7,
Im )\5_7):

)\ = (32)\1 —+ 32)\2 —csP )\2 = 82)\1 —+ 02)\2 — csP,
)\3 = A3 + csP, )\4 = Ag + csP,
AL = e 2P Ag + €2/ [csd + 2is% A5 Sin 27],

7 Lo\ — Ap) + Al

N, =<0 _’” fes(hy — A2) — A]

with
A= ((32 — 32)d> + 2icsAg Sin 27,
® = cs[A1 + Ao — 2(A3 4+ Mg + A5 cos27)].

Ny = €
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These eg-s allow to find parameters of the La-
grangian L‘SR via parameters of L;:

/ / .
1) ;\\/S i izk — eQZ(T_p) =T —p,;
6 4
/ / _
2) §/6 i_ j\\g — eZ(T_p)—tagze = 0

3) e TP (N - M) =(? — s2)D+2ics)s sin 27
= P and 2csAg Sin 27;

4) e WPAg = A5 — e2UT=P)[csP + 2is2 sin 27 5]
= pand A5,

5) Finally, all remaining quantities A\1_4 can be
determined easily from the first four equations.
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True hard violation of Z»

1) The (¢1, ¢o) mixing retains at small distances
— very unnatural .

2) The mixed Kinetic terms (with sz, »*) can be

removed by the nonunitary transformation:

\/?le—i-\/;@i\/?@bl—\/%@
2 /15 (1 4 [32])  2/]5l(1 — |5

Starting from the case » = 0, Ag7 # 0, the
renormalization of quadratically divergent, non-
diagonal two-point functions leads to » # 0 =
A6, A7, > are running =- all of these terms should
be included in Lagrangian on the same foot-
ing = the treatment of the hard violation of Z5
symmetry without s terms (as in most of papers
considering this " most general 2HDAM potential”
IS inconsistent.

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk ok
The diagonalization ¢ destroy relatively simple
relations for the masses of the Higgs bosons,
usually written.

sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skook sk ok
We present relations for a case of hard violation
of Z> symmetry at » = 0 keeping in mind that
the loop corrections can change results signifi-
cantly.

(¢1,02) —
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The extremes of the potential

define the v.e.v.'s (¢;) via

3(/5@ ((/51 = (¢1), @2 = (¢2)) = 0.

With accuracy to the choice of z axis in the weak
iISospin space, most general solution has form

_ 1 (0 _ 1 LA
<¢1>_\72<v1>’ <¢2>_\f2(026i£)’

Denote

y1 = ($1)(d1), y2 = (dh)($2), y3 = (¢1)(¢2).
There are 2 solutions of extremum condition
1) with |y3y3 —y1y2o # 0= [u # 0|.

The v.e.v.’s are glven by eq-s
A1y1+A3y2+AEYE + Aeys = m%,/2,

Aoyo+A3y1 +A5y% + Aryzs = m3,/2,
Ay +Asy3+Aey1 + Aryo = miy/2.
For some set of parameters of £ this solution
describe minimum of the potential
= Charged vacuum, with massive photon I
It does not describe reality.
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Standard vacuum

Another solution of extremum condition
2) with |y3y3 = y1y2 = lu = 0|.

= (1) = o), (¢o) = —= ’ :
V2 \ v1 V2 \ poeié
Standard vi = wcCcosfB, vo, = wsing with the

—1/2
SM constraint v = <GF\@) /2 _ 246 GeV.

That is minimum of potential for those pa-
rameters of potential at which all eigenvalues
of effective mass squared matrix in the ex-
tremum point are non-negative — at positive
mass squared of all physical Higgs bosons (cal-
culated below).

It can describe reality.

At this set of parameters the charged vacuum
solution describe either saddle point or local (not
global) minimum with larger vacuum energy (Diaz-
Cruz et al).
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The rephasing transformation shifts & — & — p.
et us take some Lagrangian describing our model
and calculate v.e.v.'s. Than, the rephasing trans-
formation with p = £ gives a real vacuum form
of Lagrangian -rvL with & = 0 (horizontal strip

in figure) with
>‘1—4,7"v = A1—4, >‘5,rv — >‘5€_2i§7
Z157 )‘7,7“’0 — )‘7€_i€7

Arv = %6_257 m%Q,rv — m%Qe_Zg

)‘6,7“'0 = g€

Y

At given v; we denote
)‘345,7'1) — >‘3,7“v + >‘4,rv + Re )‘5,7“1)7

V1 (o) A or +,

PR YR B o
m%Q’m = 2vivo(v + 16).

Beginning from here we use the rvL, without

writing explicitly the subscript rv.
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A\ 212\ 21°
V=22l -2 +;[<¢;¢Q> -4

+23(dh 61) (Dhpn) + A (Bl d2) (dhp1)

+% A5 (¢]¢2)2 + h.c]

+{[X6(0161) + A7(6he2)] (#12) +h.c.}
_%(,\345 + Redg7) [03(0]61) + v3 (65¢2)]

—v1v2 Re[A6 (61 61) + A7(6562)]
v (vag1 — v1¢2)T(vag1 — v1¢2)
425 - vyvoIm (¢l o).
Mass term here is written via vy, vo and A’'s
plus
single free dimensionless parameter v.
The imaginary part of m%z IS constrained in rvL
by relation
Im(m%z) = 201260 = Im(Ag + Ag7)v1v7
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The standard decomposition of the fields ¢; in
terms of physical fields (in zero rephasing gauge):

o

;=1 1 , (i =1,2).
E(W"‘ni"‘wﬁ)

Goldstone boson fields

GV = cos Bx1 + sin B xz,
GE = cos BT +sin B s
sk s sk sk stk sk ok ok sk sk sk sk s ok sk skosk sk ok sk sk sk ok sk sk sk sk ok ok

Charged Higgs boson fields

H* = sin 7 + cos 8¢5 with
1

M2, =v?|v— §R€(>\4 + A5 + XAg7)| -
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Neutral Higgs sector. By definition n; are
standard C— and P— even (scalar) fields while
A = —sinBx1 + cosBxo is C—odd (in the in-
teractions with fermions it behaves as P— odd
particle - a pseudoscalar). The mass-squared
matrix M in the n1, no, A basis is

Mi1 Mio Mj3
M= | Mo Moo Mo3 |, with
Myz Moz M3z
Mq1 = [c% A+ s% v+ S%RG()\67/2 + 25\67)] V2,
Moy = [8% Ao + c% v+ C%Re()\67/2 — 25\67)} v2,

3
Mipo> = — (1/ — A345 — 5Re>\67) cﬁsﬁvz,
M13 = — <5 —|— Imj\67) 85’1)2,

M23 - — (5 — Imj\67) CB’UQ,
1
M33 — [V — Re()\5 — §>‘67)] U2 — MEX’
cg = COSfB, sg=sinp.

M 4 is CP—odd Higgs boson mass in the CP con-
serving case.
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T he masses squared of the physical neutral states
h; — eigenvalues of the matrix M, the Higgs
eigenstates h; have no definite CP parity since
they are mixtures of fields n; and A with oppo-
site C'P parities (provided by M3 and M»3):

hq 1
ho| =R |no| with RMR! = diag(M?, M3, M3) .
h3 A

T he diagonalizing matrix

Ri1 R12 Ri3
R = R3RoR; = | Ro1 Roo Ro3

R31 R32 R33
ci s1 O co 0 so
Ri=|—-s1 ¢1 O], Rpb=1|] O 1 0|,
O 0 1 —s> 0 co
1 0 O
R3 =10 c3 s3
O —s3 c3

(R; are rotation matrices, «; are Euler angles,
c; = COS«y;, s; = Sinq;).
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Two step diagonalization
1. Scalar (12) sector

h 71
—H| =Ry |n0 with
A A
2
o

Mis Mbg My
Mis = c1Mi3+ s1 M3, Mby = —s1M13+ c1Mp3.
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok
If CP conserves (at Mq3 = M3 = 0), hy = h,
ho = —H, hg = A. So, notations customary for
C’P conserving case:

a=a1 —7/2|, a€(—7/2, 7/2).
H =cosany +sinany, h= —sinan; +cosans,
Mg = (M11 + Mo FN) /2,
N = /(M11 — M2)? + 4M2,,
2Mqo Sin 2« 1)2()\345 — I/)
M2 — M2 sin23 M2 — M2
o — Mp Sin28 o~ Mp
Mi3 = —v?[6 cos(B + a) — ImAg7 cos(B — a)],
Mé3=v2[55in(ﬁ—|—04)—Imx67sin(ﬁ—oz)].

Sin2a =
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2. Complete diagonalization

T he above diagonalization keeps two off-diagonal
elements in mass matrix My, which are com-
bined from &§(oc Im(m%,)) and Imlg7. If at
least one of these terms #* 0, the additional di-
agonalization is necessary, and the mass eigen-
states, being admixtures of CP—even and CP-—
odd states, violate CP symmetry.

h1 h
h2 == R3R2 —H with
h3 A
M?
RMR! = R3RyM1RLRL = M3

M3
The angles a»> and a3z describe mixing of CP —
even states h, H with CP —odd state A.
— The complexity of some parameters of the
potential in its real vacuum form is necessary
and sufficient condition for CP violation in the
Higgs sector.
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For an arbitrary form of Lagrangian (i.e. not
for the real vacuum form) the necessary condi-
tion for CP violation in the Higgs sector can be
written as complexity of at least one rephasing
invariant combination

AE(mE0)2,  Aemis, Aymi,.
Natural set of parameters

To have CP in the Higgs sector < Im (m%,,.) #
O (simultaneously Im (As,,) #= 0). This CP s
presumably weak if
Im (mi,,,) < |M4 — M?|, M5 — M%|.
This simple form of condition is valid only for
rvL. In other rephasing forms this condition in-
cludes both I'm (m%,) and Re (m?%,).
Naturally, this condition must be formulated in-
dependently on the rephasing gauge = for the
natural set of parameters onHDM we
require that |m%,| < |M3 — M?|, M4 — M7,
|, |A5] < |A1_4| (natural set of parameters).
Weak P in Higgs sector looks unnatural
if |mq2| is large, i.e. a weak CP violation
naturally correspond to weakly broken Zs

symmetry with |v| < |X;].

21



Special cases

e If§ = 0 and ImAig7 = 0, CP symmetry does not
violated, h, H and A are physical Higgs bosons
and ap = agz = 0.
sk sk sk sk sk ok sk sk sk sk sk ok sk sk sk sk ok ok sk ok ok >k
o If IMi3/ (M3 —MP)| <1 =
ar»~ 0= hy~h ( practically CP —even),
ho, h3 generally have no definite CP parity
2M3
M3 — Mg
sk 5k sk 5k 5k ok 5k 5k ok sk 5k ok 5k ok ok sk ok 5k >k ok 5k >k
o If |Mps/(M3 - ME)| <1 =
a3z~ 0= ho~ —H ( practically CP —even),
h1, hz generally have no definite CP parity
2M]5
M% — M?
sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk ok >k ok ok >k

tan 20&3 ~

tan 2042 =~

e Case of weak CP violation joins 2 above cases.
sk >k sk sk 3k >k sk sk 3k sk sk sk sk sk sk ok sk sk ok ok ok k&

e Intensive coupling regime My ~ My ~ My.
= CP violating mixing of fields is naturally strong,
spacing between M; is increased due to this mix-

ing.
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Relative couplings of Higgs boson h;:

df
= gl /oM a=gq, 0, V(=2 W)

K 3K 5K KK 3Kk 5K KK 5K KK KOk K Rk Rk kK

Couplings to gauge bosons

WD = cosBR;;+sinBRyp, i=1-3, V=W, Z

In particular, for the case with weak violation of
CP symmetry approximately

K =sin(B - a), xjP) = —cos(B - a),
X%?) = —s5Sin(B8 — a) + s3cos(B8 — a).
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Yukawa interaction

General Yukawa Lagrangian

—Lyv = QLl(Mé1 + Mod2)dp
+(A1¢1 + Aodo)ug] + h.c.
+ lepton terms
[ and A — 3—dimensional in the family space
matrices with generally complex coefficients.

If they are non diagonal in family index, the

FCNC appears.
To have only soft violation of Z> symme-

try (to keep separate fields ¢; at small dis-
tances), each right-handed fermion should
couple to only one field, either ¢1 or ¢-.

Otherwise, e.g. in Model III, hard violation of
Z> symmetry appears via one—loop corrections.
The case o = A, = 0 — Model I,
the case ', = A1 = 0 — Model II.
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Model II

—£{/I = > gdeLk¢1de + > 9uk@Lk$2uRk
k=123 _ k=1,2,3
+ > gilrrP1flrr + h.C
k=1.2.3

For the physical Higgs fields it result in (for two-
component spinors)

. 1 .
X&Z) = w[RiQ — 1 COS 8 R;3],
1 .
[Ril — 1SIN 6R23]

(i) _
Xd = o5

For the interaction of the charged Higgs bosons
with fermions, independent on details of the
Higgs potential, one has for 4-component spinors

Li—p = vMT%cotﬁ b(1 +~2)H ¢t
_|_

tan 8b6(1 —~v°)H t+ h.c.

My,
vV?2
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Useful relations

The unitarity of the mixing matrix R allows to
obtain a number of relations between the rela-
tive couplings of neutral Higgs particles to the
gauge bosons and fermions.

Reparam. invariant relations

e [ he pattern relation among the basic rela-
tive couplings of each neutral Higgs particle h;
(GKO):

O 4+ x5 = 1+ x8%, o)

e A vertical sum rule for each basic relative cou-
pling x; to all three neutral Higgs bosons h; (Gu-
nion et al):

3 .
SdN2=1  (G=Vidu.  (vsr)
i=1
e [ he relations for CP violated parts of Yukawa:
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Reparam. non-invariant relations

are valid for the Model II form of Lagrangian.

e A horizontal sum rule for each neutral Higgs
boson h; (Gunion et al)

XD Psin? 8+ x{PPcos? B =1. (hsr)
e Linear relation
P = cos? Bx{* +sin? g x) =

= cos? 3 XC(;) 4 sin2 gy (P

e Besides,
tan? § — (x@ . Xg;))* _ Im Xc(zi) _ 1_ |Xc(zi)|2 |
- mad? P21
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The consequences for some cases
with possible CP violation everywhere

() x? ~ £1 =P ~ {?) ~ 0 independently on
the form of Yukawa sector <« vsr.

(i) X3P = £1 =1 FAF)AF ) ~ 0 < pr.
(iii) XV) ~ +1 :>x(1) (1), Xz(;)) 3 v 1« pr, Vsr.

(iv) The couplings to fermions are generally com-
2 1 . (3
plex Xi)g ~ +1 :>X§L,Cg ~ i($)zxg’3 < VST,

(v) ng ~ +1 =>X( QNN +(F)1 <« hsr.

(vi) ) > 1 =) ~ 0 = hsr.

In the CP conserving case

(cb) _Y9hH+H-
Xt 2M7 4

M? M?2 —
(1_ ¢) (9) 4 Mg —vv° (D 41,

2 Xy >
DMz DMz

28



Constraints for parame-
ters of Higgs potential

were written only in the case of soft violation of
Z> symmetry without CP violation. We extend
these results to the case with CP violation.

e Positivity (vacuum stability) constraints.

The potential must be positive at large quasi—
classical values of fields |¢;| for an arbitrary di-
rection in the (¢1, ¢>) plane:

A1 >0, A >0, >\3 + VA1 Ao > 0,
>\3 + \q — |)\5| + VA1 > 0.
e Minimum constraints — conditions ensuring
that the condition for vacuum is a local mini-
mum for all directions in (¢1, ¢>) space, except
the Goldstone modes (the physical fields provide
the basis in the coset).
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e Unitarity constraints. The quartic terms of
Higgs potential lead, in the tree approximation,
to a s—wave Higgs-Higgs and Wy W and W H,
etc. scattering amplitudes for different elastic
channels. These amplitudes should not over-
come unitary limit for partial wave. The ear-
lier constraints for the case without CP violation
(Akeroyd et al.) — with real A5 extends to the
case with CP violation by the change A5 — |As|(IFG,
Ivanov).
These constraints give bounds for the Higgs-
boson masses which strongly depend on the quad-
ratic mass parameter v.
Large v = all Mg, My, Mg+ are large (decou-
pling limit).
Small v = moderately large upper bound of
600 =700 GeV for My, My, Mg+.
T he correspondence between the tree-level uni-
tarity limit and realization of the Higgs field as
more or less narrow particle, as in minimal SM
takes place in the 2H DM only in the case when
all unitarity constraints are violated simultane-
ously. In the case when only some of these con-
straints are violated the physical picture become
more complex.
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Heavy Higgs bosons in 2HDM

Many analyses of 2HDM assume that the light-
est Higgs boson Ay is similar to the Higgs boson
of the SM , all other Higgs bosons are very
heavy (with mass ~ M).

Usual additional hidden requirement (7!7):
Theory must have explicit decoupling property:
the mention features remain valid at M — oo
(decoupling property).

In fact, the mentioned physical picture can be
realized in the 2HDM both with and without
decoupling property.

Two scenarios of generation of heavy
Higgs masses.
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Decoupling of heavy Higgs bosons
is realized at unnatural condition v > |||,
= M3 ~ A2 = [Mi5] < M3 — M? ~ vv? =

h1 ~ h, etc. as it was discussed earlier,  — o ~
w/2,

M}% = v cg)\l + sé)\g + 28%6%)\345 — 28%6%R6>\67
soft hard

/

M2 = v? 4 v+ S%C%(Al + Ao — 2>\345)J+
so?t

\
\

aVa
~

3
Re |2sgc5(N\g + A7) + (—5 + 4s§c§) /\67]

A\ 7

hard )
azal—%zﬁ—%—l—(Sa,

 sin2B[A345 €O 28 + cBA1 — s5A2 + O(Redg 7)
14

o —
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Decoupling. Lightest Higgs boson hj.

B —a~ w/2 = all couplings of hy are close to
those in SM and also selfcouplings, h1h1h1 and
hi1h1h1h1, are very close to the corresponding
SM couplings. Besides, hi practically decouple
from H¥, since the quantity X( )~ O(N;|/v).
Higgs bosons ho, hg are almost degenerate in
Mmasses, since

My = Mp(= My = M3) =v/v (1 + O (|A|/v)).

Besides, My+ ~ My =~ Ms3.
The CP violating mixing angle a3z can be large,
2M§3

MQ' and

tan 20&3 i~
(2) = 'fog?’) = Cotﬁeio‘3
(2) = zxg ) = tangBe™"
while coupllngs of ho, hz to gauge bosons and
H* are small,
X%/z) = COS a30¢ , Xﬁ) = Sin a3dq,
2.3
XD~ o(x ).
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Heavy Higgs bosons without decoupling.
The option, when except one neutral Ay all other
Higgs bosons are heavy enough, can also be re-
alized in 2HDM without decoupling (at natural
set of parameters) .
Sets of parameters of potential, satisfying uni-
tarity constraints, for light h (mass 120 GeV)
and heavy H, H*, non-decoupling case.

tan g A1 Ao A3 A4 A5 v
(1) 50 1 §) 55 | -6 -6 0.24
(2) | 0.02 6) 5.5 | -6 -6 0.24
(3) 1 6.25 |1 6.25 | 6.25 | -6 -6 O
(4) 10 4 38 4.4 | -9 -0.5 |0.24

+0.32

Mp | Mg | My | Mg+ S92 S3
(1) | 120 | 600 | 600 | 600 - -
(2) | 120 | 600 | 600 | 600 - -
(3) | 120 | 600 | 600 | 600 - -
(4) | 120 | 700 | 206 | 556 || 0.09 | 0.02

Lines (1-3) — the case without CP violation,
line (4) — with CP violation.
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