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ABSTRACT

W e descrlbe the Fortran code CPsuperH2.0, which contains several in provem ents and
extensions of its predecessor CPsuperH. Tt In plem ents in proved calculations of the H iggs-
boson pole m asses, notably a full treatm ent of the 4 4 neutral H iggs propagator m a—
trix Including the G oldstone boson and a m ore com plete treatm ent of threshold e ects in
selfenergies and Yukawa couplings, In proved treatm ents of two-dody H iggs decays, som e
In portant threebody decays, and two—-loop H iggsm ediated contributions to electric dipole
m om ents. CPsuperH2.0 also Im plam ents an Integrated treatm ent of several B -m eson ob-
sarvables, Including the branching ratiosofBg, !  *  ,Bg! By ! ,B ! X
and the latter’s CPwviolhting asymm etry A -p, and the supersym m etric contributions to
the B, BJ, massdierences. These additions m ake CPsuperH2.0 an attractive inte-
grated tool for analyzing supersymm etric CP and avour physics as well as searches for
new physics at high-energy colliders such as the Tevatron, LHC and linear co]J:ders[l

T he program m ay be obtained from http://www.hep.man.ac.uk/u/jslee/CPsuperH.html.
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1 Introduction

W ith the inm inent advent of the LHC , particle physics experin ents are poised to explore
the TeV energy range directly for the wst tine. There are several reasons to expect
new physics in this energy range, such as the origin of particle m asses and electrow eak
sym m etry breaking, the hierarchy problam and the nature ofdark m atter. In parallelw ith
the direct exploration of the TeV scale, precision experim ents at low energies continue to
place In portant constraints on the possible avour and CP -iolating structure ofany TeV —
scale physics. Prom inent exam ples include experin ents on B and K m esons, and probes of
electric djpolem om ents [1]. It is clearly desirable to develop com putational tools that can
be used to calculate consistently observables for both low —and high-energy experin ents in
a coherent num erical fram ework. This is particularly desirable in view of the possibility
that the dom Inance ofm atter over antin atter in the Universe m ay be due to CP<iolating
Interactions at the TeV scale [2].

Supersym m etry is one of the m ost prom inent possibilities for new TeV —-scale physics,
and the m Inin al supersym m etric extension of the Standard M odel (M SSM ) provides a
natural cod dark m atter candidate as well as stabilizing the electroweak scale and facil-
itating the uni cation of the fiindam ental interactions. There are m any com putational
tools available for calculations w ithin the M SSM . The rst to include C P «iolating phases
was CPsuperH [3] based on the renom alization-group—(R G —-)in proved e ective potential
approach. T he H ggsdoson polem ass shifts are calculated by em ploying the RG —im proved
diagram m atic approach. T he recent versions of FeynHiggs [4]are based the Feynm an dia—
gram m atic approach. T here are m erits In both approaches and the di erence between two
program sm ay be attributed to som e unknown higher-order corrections.

Som e of us have recently published an analysis of severalB -physics observables taking
Into account them ost general set of C P <iolating param eters allow ed under the assum ption
ofm inim al avour violation In the supersym m etric sector [5]. For this purpose we usad an
updated and extended com putational tool, CPsuperH2.0, which we introduce and describe
in this paper.

Them ain new features of CPsuperH2.0 are its inclusion ofa num ber of B observables,
including the branching ratios of B4 !  ,Bg ! T ,B, ! ,B ! X, and
the latter’s CPwviolating asymm etry A cp, and the supersym m etric contributions to the
BJy B2ymassdi erences. In addition, CPsuperH2.0 inclides a m ore com plete treatm ent
of H iggsdoson polem asses, based on a full treatm ent ofthe 4 4 neutralH iggs propagator
m atrix ncluding the G oldstone boson and a m ore com plete treatm ent of threshold e ects in
selfenergies and Yukawa couplings. Italso lncludes in proved treatm ents of twobody H iggs
decays, som e In portant threedbody decays, and two-loop H iggsm ediated contribbutions to
electric dipole m om ents. T herefore, CPsuperH2.0 provides an essentially com plete, self-
contained and consistent com putational toolforevaluating avour and CP -<violating physics



at energies up to the TeV scale.

T he structure of this paper is as follow s. Several updated features of CPsuperH2.0 are
described in Section 2. Tn particular, in Subsection 2.1 we introduce the In proved treatm ent
of H ggsboson polem asses, and Section 2.2 contains a description of the In provem ents in
the treatm ent of H iggs decay m odes. Then, in Section 3 we describe the CPsuperH2.0
treatm ent of two-loop H iggs e ects on electric dipole m om ents. T he m ost In portant new
features are described In Section 4, where we discuss its treatm ent of B obsarvables. In
each Section, we illustrate in gures som e typical results obtained using CPsuperH2.0.

2 Updated Features of CPsuperH2.0

It is to be understood that, throughout this paper, we follow the notationsand conventions
de ned and adopted in CPsuperH for them ixing m atrices of neutralH iggsbosons, charginos,
neutralinos and third {generation sferm ions, aswell as theirm asses and couplings, etc. T he
updates to the original version of CPsuperH [3] that are presented here re ect, in part,
feedback from users, as well as extending it to B obsarvables.

New comm on blocks /HC_RAUX/ and /HC_CAUX/ have been introduced for the general
purpose of storing new num erical outputs which are available in CPsuperH2.0:

COMMON /HC RAUX/ RAUX H

COMMON /HC CAUX/ CAUX H

The two arrays RAUX_H and CAUX_H are NAUX= 999 dim ensional and only parts of them are
being used presently as shown in Tables[l] and [d. The contents of these two new arrays
are explained in the corresponding follow ing subsections. These comm on blocks can also
be usad by users for their gpeci ¢ purposes.

2.1 Im proved Treatm ent of H iggsB oson M asses and P ropaga-—
tors

In CPsuperH2.0 we m ake three m ain In provem ents in the calculation of the H iggsboson
pole m asses.

The nite threshold corrections induced by the exchanges of ghiinos and charginos
have been included in the top— and bottom quark selfenergies of the neutral and
charged H iggs bosons. For the explicit expressions of the selfenergies, we refer to
Egs. (B 14), B 15),and (B 16) ofRef. [6][.

. . . . . . P;
YW e nd that overallm inus signs arem issing In the expressions of 11(5; (s).
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Figure 1: Them asses of the neutralH iggs bosons as functions oftan  for the CPX scenario
[Blwking 3= A, = 20 in the convention = 0,M gysy = 05 TeV, and the charged
Higgsdoson poke massMy = 160 GeV. In each fram e, the dashed line is for the case
IFLAG_H(12)= 1 and the solid Iine for other case indicated.

A Jso Included are the threshold corrections to the Yukawa couplings Ji;jin the one-
il)(Q = mP®)with i= 1 4. For the explicit

,we refer to Egs. (3.3)+(3.6) ofRef. [7].

loop running quartic couplings,
GH)

i

expressions of

An inproved iterative m ethod has been em ployed for the calculation of the pole
m asses.

A s a help in assessing the in provem ents in the calculation of H iggs sector, new  ags
IFLAG_H(12) and IFLAG_H(60) have been introduced as follow s:

IFLAG H(12):
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Figure 2: The masses of the neutral H iggs losons as functons of the comm on phase »

for the trim ixing scenario [9] aking

and M y

3 =

90 . Speci cally, in this scenario, tan
= 155 G &V . The lines are the sam e as in Fig.[d.

= 50

{ IFLAG_H(12)= 1: G ives the sam e result as that obtained by the older version of
CPsuperH.

{ IFLAG_H(12)= 2: Includes only the threshold corrections to the neutral and
charged H iggsdboson quark selfenergies.

{ IFLAG_H(12)= 3: Includes only the threshold corrections to

{ IFLAG_H(12)= 4: Includes only the iterative m ethod for the pole m asses.

1)

i

{ IFLAG_H(12)= 5 or 0: A 1l the Im provem ents are fully included.

IFLAG H(60)= 1: This is an error m essage that appears when the iterative m ethod
for the pole m asses fails.



T he in provem ent in the threshold corrections to the top—and bottom quark Yukawa cou-—
plings is in portant when tan is lJarge and the charged H iggs boson is Iight. In Figs. [
and [d, we show the pole m asses of the neutral H iggs bosons for the CPX [8]and trin ix—
Ing [9]scenarios, respectively, when IFLAG H(12) = 2-5 as indicated. Tn each fram e, the old
calculation with ITFLAG_H(12)= 1 (dashed line) is also shown for com parison.

Finally, RAUX_H(1-6) , RAUX_H(10-36), and CAUX_H(1-2) are allocated for num erical
inform ation on the H iggs-sector calculation based on a renomm alization-group—im proved
diagram m atic approach including dom inant higher-order logarithm ic and threshold correc—
tions [6,7], see Tables[l and [2.

Py Py B — 175 |
@ 0 - T w = ?\
L r 15 7
T 10 [ £ - 28 c /
D L D 20 +— O 125 ; S
w0 - | //\\ o E
0~ \\ 10 |- 75 )
O LoLil il 1 \7**‘—1 1 7‘ LoLi]il ‘ Lo1i] | ‘ Ll £ L]l ‘ Lo1il | ‘ Ll
115 120 125 115 120 125 115 lZ(E)I 125
Vs[ GeV ] Vs[ GeV ] Vs[ GeV ]
— 60 J— = J—
SON @ © @
2y 40 - 9 30 - g 00
[a) r o [a) -
20 - \ B 5 |-
- 0 - )\ NG
0 L A1t LJT‘E‘-—( L 0 E A1l ‘ LJm_W L 0 L 4L ‘ LJ\\L‘r‘\ L
115 128 125 115 12I(:)I 125 115 12I(:)I 125
Vs[ GeV ] Vs[ GeV ] Vs[ GeV ]
— 005 — - — 001
@ om b ” @ ooz - N\ @ o008 - [\\/‘
o ’ E o r o C
g E g L I E \
o 08 o 0015 Dgo.oos o
— 002 - L — 0004
0.01 ; 0.01 /\ \ 0002
0 7LJ\L\’_'£T\—D_\\ C \\\\‘ \\\\‘\\ 0 :LJ\L ‘LJ\LJ\\
115 128 125 115 128 125 115 128 125
Vs[ GeV ] Vs[ GeV ] Vs[ GeV ]

Figure 3: The absolute value of each com ponent of the neutral H iggsfoson propagator
matrix D #° (8) with (red solid lines) and without (black dashed lines) including o -diagonal
absorptive parts in the trim ixing scenario with , = 5= 90 and IFLAG_H(12)= 5.W e
note that D 240 (8)j= 1. The three H iggsdoson pok m asses are indicated by thin vertical
Iines.



In situationswhere two orm ore M SSM H iggs bosons contribute sim ultaneously to a
process, the transitions between the H iggsfboson m ass eigenstates need to be considered
before their decays. For this reason, we Include the com pkete 4 4-din ensional propagator
matrixk D #° (8) spanned by the basis (H 1 ;H ,;H 3;G %) 1103, Including o diagonalabsorptive
parts [9]. The din ensionless neutral H iggstboson propagator m atrix is given by

DI (8) =
0
A Em P (8) = P (@) En P
sf = 2o (8) § ME, +Em Py i=m P; (8) m Py (8)
¢ = P (6) =m0 (8) & MZ +EmPy@®)  E=mPyu@)
En Py 8) =m P (8) i=m Py (8) 8+ i=m Py (8)

whereM 4, , are the one-loop H iggsfoson polem asses, and higher-order absorptive e ects
onM g, .. havebeen gnored [6]. T he label 4’ refers to the w ouldJe G odstone boson of the
Z boson. T he absorptive part of the H iggstoson propagator m atrix receives contributions
from Joops of farm ions, vector bosons, associated pairs of H iggs and vector bosons, H iggs—
boson pairs, and sferm ions:

=mPy@)= =m P @)+ =mPL @)+ =m P )+ =m PLT @)+ =n PT 9 (@)

regpoectively. W e refer to Ref. [9] for their explicit expressions. For the G oldstoneH iggs
m ixings,=m Py 4; and =m P44, we take the lead ing contributions ignoring allgauge-coupling
m ediated parts. W e also Include the 2 2-din ensional propagator m atrix for the charged
Higgs bosons D ® (8) spanned by the basis (H ;G ), lncluding o -diagonal absorptive
parts:

8 M2 +E=mPy oy (8 E=mPy oo (®)

=mPe 4 () S+ i=mP; 5 (8)

(3)

T he relevant G odstoneboson couplings are given in A ppendix [Bl. For the 16 elan ents of
the neutral H iggs-boson propagator m atrix D ’ (8) and for the 4 elam ents of the charged
H iggsboson propagatormatrix D ®  (8), the slots CAUX_H(100-119) are used as shown in
Tablk[d. In Fig.[3, as an exam ple, we show the absolute value of all com ponents of the
H iggs-boson propagator m atrix D " (8) as functions of  § for the trin Ixing scenario w ith
A = 3= 90 .

It is in portant to rem ark thatthe4 4 propagatorm atrix () issu cient to encode all
H; Z-andG° Zm ixing e ectsw ithin the P inch Technique (PT ) fram ework [10,11],which
has been adopted here to ram ove consistently gauge-dependent and high-energy unitarity—
vioclating term s from =m bij(é) 9]. For example, the selfenergy transition H; ! 72 ,
Py, =p Puu,,isrelated to Pgoy, through

8P4 (8) =  iM 7 Poon (8); (4)

1

:

1

.
14

(1)



with 8= p?. W e recall that the selffenergy transitionsH; !  andG° !  are com pltely
absent w ithin the PT fram ework. M ore detailsm ay be found in [10].

Note tlfjat the elam ents of the propagatorm atrix depend on the center-of-m ass energy,
denoted by = &, which is stored in RAUX_H(101), see Tabk[d. Alongwith D’ # (8), the
8-dependent couplings of the neutral H iggs bosons to two gluions, SY( ) and PI( 8),
and two photons, S; ( 5) and P, ( 5), are needed when we consider the production of
the neutral H iggs bosons and study its CP properties at the LHC [9,12,13] and a
collider [14{16]. They are calculated and stored in CAUX H(130-135) and CAUX H(140-145)
as shown in Tabk[d. W e have included the dom lnant contrlbutions com ing from the
tan enhanced loops of dbottom s and ghuinos and the subdom inant ones com ing from the
stop-higgsino m ediated diagram s. A I1so included are the resumm ed corrections to Yukawa
couplings. For the electroweak corrections, see next subsection. For the next+to-leading-
order Q CD corrections, appropriately calculated K factors should be taken into account
separately in the calculation of production cross sections [17,18].

Two additional ags are used to control the inclusion of the o diagonal absorptive
parts and print out the the $-dependent propagator m atrix and the $-dependent H iggs
couplings to two photons and glions:

IFLAG H(13)= 1:Doesnotinclude theo -diagonalabsorptive partsin the propagator
matricesDE’#  (8).

IFLAG H(14)= 1: Printsouteach com ponent of the H iggsboson propagatorm atrices

pi°# (8) and the 8-dependent couplings S; “( ¢) and P, “( §).

2.2 Im proved Treatm ent of H iggsB oson C ouplings and D ecays

Them ain updates include:

T he electrow eak corrections to the neutralH iggs couplings to pairs of tau leptons and
bquarks [19]. The explicit form ulae used in the code for the corrections, including
non-vanishing CP phase e ects, could be found in Ref. [9] and Egs.(A 1)—A 2) of
Ref. 3]

The threebody decay H* ! tb! W *lIb. Som e threebody decays play in portant
role In H iggs searches [20]. Tnh addition to the threebody decays involring m ore than
one m assive gauge boson considered previously, we include the threedbody decay
H* ! tb! W "o the new version. The decay w dth is given by

HY! W ") =

g’ giM )
512 3 0 1w x1 1 x R S

Z Z
Lo o F(x1;%2)
N¢




where , miZaM7 , . M ? andx; 2E;=My with E; and E, being the
energies of the b and b quarks, respectively. Tn the charged H iggsboson rest fram e,
the fuinction F (x;1 ;x,) is given by

( "w ! #
. 1 =x)1 x3)
F (x1;X2) = ngjz & ! + 2%+ 2%, 3+ 2y 2 bt
w
. jJRjz x§+ xlxé 3x§ 2X1Xo + 3%+ X1 1
W
+ (Xg + 2X1X2 4X2 2X1 + 3 2 W ) ' 4
2x2 XX, + 5%, + X 3
+ 2%, + 3+ 2 4 + i SR 2 2
W
"w 2 #)
© (%2 1)
+27 pe<elggg) —+ ( x+ 1 24 )+ 2, 5 (6)

w
whereq, g;., dg5.p,andgr 5. o+ 95 -

T he contrdbutions from tau-lepton and cham -quark loops to the couplings S M g ;)
and P; My, ).

A new ag IFLAG H(57)= 1: This is an error m essage that appears when one of the
m agnitudes of the com plex nput param eters is negative.

T he CPsuperH hom epage hasbeen continuously brought up to date after its rst appearance
to include the updatesdiscussed in this subsection and othersnotm entioned here. W e refer
to the le OLIST_V1 fora full list of updates to the original version which can be found in
the CPsuperH hom epage.

3 HiggsM ediated Two-Loop E lectricD ipoleM om ents

The CP phases in the M SSM are signi cantly constrained by m easurem ents of E lectric
D ipole M cments (EDM s). In particular, the EDM of the Thalllim atom may provide
currently the m ost stringent constraint on M SSM scenarios w ith explicit CP violation.
The atom ic EDM of 2°°T 1gets itsm ain contrbutions from two tems [21,221:

drilean] = 585 dlean] 85 10Y [ean] (G TeV?)+ ;

(dr1)° lean 1+ (dr1)°® leam 1+ ; (7)

where d. denotes the electron EDM and Cg is the coe cient of the CP-odd electron—
nuclkon Interaction L., = Csel seNN . The dots denote sub-dom Inant contributions
from 6-din ensional tensor and higherdin ensional operators.
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Figure 4: The Thallium EDM cTTl df;l 10°* [ean ] in the CPX scenario with , =
3= 90 and M gygy = 05 TeV taking IFLAG_H(12)= 5 [25]. The di erent shaded ragions

correseond to di erent ranges of ;bTT 1jas shown. Specially, in the narrow region denoted by
black squares, one has ﬁT 1j< 1, consistent w ith the current Thallium EDM constraint.

The contributionsofthe rst-and second-generation phases, ., and , 4o rOEDM s

can be drastically reduced either by assum ing that these phases su ciently am all, or if the

rst- and second-generation squarks and sleptons are su ciently heavy. However, even
when the contrbutions of the rst and second generation phases to EDM s are suppressed,

there are still sizeable contributions to EDM s from H iggsim ediated two—-loop diagram s [23].

The H iggs ediated two-doop Thallum (d},), electron (d2 ), and muon (d" ) EDM s
are calculated and stored in RAUX H(111-120) as shown in Tabl[d. The Thallum and

electron EDM s consist of:

d;ll = (d?l)e'l' (dﬁl)csi

dif o= @)+ (@ )P+ @) @ @) (8)

T he explicit expressions for the EDM s in the CPsuperH conventions and notationsm ay be
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found in Ref. 24]. A ag IFLAG H(15)= 1 isused to print out the results of the EDM
calculations:

IFLAG H(15)= 1l: Printout EDM s.

n Fig.d, we show the rescaled Thallum EDM dp;  df, 10* i units of ean
In the tan M yz, plane, n the CPX scenario with IFLAG_H(12)= 5. W e observe, when
tan < 5and My, < 10 GeV ,onemay have jlej< 1 only in the narrow region denoted
by black squares which is consistent w ith the current 2—- upper bound on the T hallium
EDM [26]: $#;1J < 13 102 [ean ]. W e note that the region 8 GeV < My, < 10
GeV with tan < 10 has not been exclided by the combined constraints from the LEP
searches [27]and the (1S)! H ; decay [28].

The Thallim EDM constraint can be evaded by assum ing cancellations between the
tw o—-loop contributions considered here and possible one-loop contributions which depend
on di erent CP-odd phases related to the st and second generations of squarks and
sleptons. For exam ple, assum ing cancellation of less than 1 part in 10, the region w ith
1 i< 10 n Fig.@ is allowed. In the fiture, this treatm ent of the m ost in portant
two—-loop contributions to the Thallum EDM will be supplem ented by a m ore com plete
In plam entation of calculations of the wellknown l-loop contributions to this and other
EDM s.

4 B-M eson O bservables

An In portant innovation in CPsuperH2.0 is the inclusion of the follow Ing in portant H ggs-
m ediated B -m eson observables:

T he branching ratio of By m eson into a pairofmuons: B (B ! )y
T he branching ratio of By m eson into a pair of tau leptons: B (B ! )

The SUSY contribution to the B]-BJ massdi erence: M SVSY,

Ba

The SUSY contrbution to the B)-B? massdi erence: M 357,

T he ratio of the branching ratio B (B, ! ) to the SM value:

u
RB =
4

The branchingratioB (B ! X ) and thedirect CP asymmetrty Ap (B ! X4 ).

11



W e adopt the m ost recent gauge-nvariant and avour-covariant form alism to calculate
the avourchanging e ective Lagrangian for the interactions of the neutral and charged
Higgs elds to the up—and dow n—type quarks including a new class ofdom inant subleading
contributions [5]. In the current version, the single-H iggs Insertion approxin ation is used.

For the calculations of B -m eson observables, the array SMPARA_H for the SM param —
eters has been extended to include inform ation on the CKM m atrix, param eterized via ,
A, ,and ,asseen In Tabk[3d. The CKM m atrix is constructed as [29]

0 1
n Ci2Ci3 . S12 Ci3 . s;ze’ 8
V=f S203 C25383€ C2CG3 S;2S3Size S23C13 K 5 9)
S12 823 G2 &3 513 et Ci2 823 S12 &3 S13 et @3 Ci3

where si5 = sin ;5,C4= cos j5,and IistheKM phasewith si;¢5 0.Intemsof ,A,
,and , they are given by
P
AS3(+41i) 1 Az14

_ . _ 2, i _ .
Si2= ; Sp;=A "; s;3€ _fﬁ[l Azt 11 (10)

q -
andcs;= 1 P;F. TheSUSY param eter array SSPARA H is also extended to include the

hierarchy factors g ; 5 . between the rst two and third generations [30], see Tablk 4.
In the superCKM basis, the 3 3 squark m assm atrices squared are taken to be diagonal:

2 .
Mo, = m;  dig(};’il);
M5 = ml diag(l;lil);
MZ = mp  diag(l; i)
2 2 : 2 2
MZo= mz diag (27 -+1);
Mi = mZ  diag(l;Z;1): (11)

Finally, the results for the B -m eson observables are stored in RAUX_H(130-136) as
shown In Tabk[. The SUSY contrbutions to the B = 2 transition am plitudes are
stored in CAUX_H(150) and CAUX_H(151), see Tablk[. Note the relations RAUX H(132) =
2 TAUX H(150)jand RAUX H(133) = 2  FAUX H(151)j. Two ags IFLAG_H(16) and
IFLAG_H(17) are used to print out the results of the calculation of B -m eson observables:

IFLAG H(16)= 1: Print out B -m eson observables.

IFLAG H(17)= 1: Print outdetailsoftheB ! X, calculation.

For num erical exam ples of B -m eson observables, we take the CPX scenario [8]w ith
M sygy = 05 TeV and thecomm on A term phase , A, = a,= a Intheconvention

12



= 0 . W e take account of the dependence on the hierarchy factors g . ; between the
rst two and the third generations, taking a comm on value for the three of them .

+

F gure[d show s the dependence of the branching ratio B (B !
of the gluino m ass param eter ; for four values of tan . The charged H iggsdoson pol
mass is xed atM y = 200 GeV.In each fram e, two sets of three lines are shown. The
upper lines are forhigher = 10 and the Iowerones for = 1.For xed ,three lines show
thecasesof , = 0 (s0lid), 90 (dashed), and 180 (dash-dotted). The dependence is
shown in Fig.[d. W e clearly see the G IM operative pointm echanisn discussed in Ref. [30]

) on the phase

around 12 when ( 3; )= (0 ;180 ) (sold lines). Figure[] shows the rescaled
branching ratio B BB ! * ) 107 in theM y,4an plne when the phases are
xed at o = 3 = 90 . The unshaded region is not theoretically allowed. Only the

region with B < 0:58 is consistent with the current experin ental upper lim it at 95 %
C L. corresponding to tan < 20 (8) for = 1 (10).

The rescaled branching ratio B, BB ! X5 ) 10% is shown in Fig.[@. In
contrast to the Bg ! * case, we obsarve that higher tan region is experin entally
allowed: tan > 35(20) for = 1 (10). This is because the charged-H iggs contribution
is suppressed due to the threshold corrections when tan is large. The charged-H iggs
contrbution to B ! X, isproportionalto 1=(1+ jj?tan® ) [33],where represents the
threshold correctionswith §j’ 0:05 for the param eters chosen [341].

Figure[d show s the ratio of the branching ratio B (B, ! ) to its SM value, R g
In the left framewith = 1, we see two connected bands of the experim entally allowed
1- region, 062 < Ry < 138. If we consider the 2— lim it, only the upperJeft region
with My, < 95G€&V and tan > 35 isnotallowed. For larger = 10, the allowed region
becom es narrow er.

In Fig.[Id, we show the region satisfying the experin ental constraints from B (B !

* ) 95 %), BB ! X, ) (2 ),and R 3 (1 ). First we observe that there is no
region that satis es the B¢ ! * and B ! X, oonstraints sin ultaneously for both
= 1 and 10. If one neglects the constraint from B (B ! * ), only the high-tan
region would ram ain. Taking account of B, ! constraint, the region with tan > 36

and My, > 80Gé€V isallbwed when = 1. On the other hand, neglecting the constraint
from B(B ! X, ),theallowed region isconstrained in the param eter spacew ith tan < 20
and Mgz, > 10GeV for = 1. For = 10,theB ! X 5 constraint is relaxed but those
from BBs! © )andRp becomem ore stringent.

Fially, n Fi.[Idl, we show the region allowed experin entally by the m easurem ent
B Bg ! * )< 41 10° (90 %) [36] (upper fram es) and the regions where the SUSY
contribution is sn aller than the m easured values of BB ? mass di erence [37] (m ddle
fram es) and BJ-BJ mass di erence [29] (ower frames). W e see that the B B4 ! * )
constraint has the least Inpact on these param eter planes, whereas the in pacts of the
BJB? and BB massdi erences are sin ilar.
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T hese exam ples illustrate the possible interplays between the di erent B -m eson ob-
servables, and how they m ay vary signi cantly w ith the values of the C P <«iolating phases.
CPsuperH2.0 provides a unique tool for com bining these constraints and pursuing their
In plications for other obsarvables. In the future, the CPsuperH2.0 treatm ent of these in —
portant B -m eson observables w ill be supplem ented by the in plem entation of calculations
of other avour observables, including the K sector.

5 Summ ary and O utlook

W e have presented In this paper a description of the new features of the Fortran code
CPsuperH2.0. In addition to in proved calculations of the H iggsboson poles m asses w ith
m ore com plete treatm ent of threshold e ects in selfenergies and Yukawa couplings, the
compkted 4 (2 2)neutral (charged) H iggsboson propagatorm atricesw ith the G oldstone—
H iggs m ixing e ects have been consistently im plem ented. Speci cally, the neutral H iggs—
boson propagator m atrix constitutes a necessary ingredient for the studies of a system

of strongly-m ixed H iggs bosons at colliders together with the center-ofm ass dependent
H iggsdoson couplings to gluons and photons. It also provides the in proved H iggstboson
couplings to tau leptons, b quarks, and two photons. The In portant threedbody decay
H" ! tb! W "Hois hcluded.

In order to provide a m ore com plete, consistent tool for calculating CP-violating
observables in theM SSM , and speci cally to incorporate the in portant constraints com ing
from precision experim ents at low energies, CPsuperH2.0 has been extended to include
a num ber of B -m eson observables, as well as the H iggsm ediated two-loop contributions
to EDM s of the Thallium atom , electrton and muon. The currently available B -m eson
Observables are the branching ratiosof B, ! ,Bg! © ,B,! ,B ! X, and
the latter’s CPwviolating asymm etry A cp, and the supersym m etric contributions to the
BJy BJ,massdierences. Further low-energy observables are to be ncluded in fiuture
updates.

T he In proved Fortran code CPsuperH2. 0 provides a coherent and com plete num erical
fram ework In which one can calculate consistently observables n both low —and high-energy
experin ents probing physics beyond the SM .
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A List of changes

Here we summ arize the im proved features introduced in CPsuperH2.0 com pared to the
prior version of CPsuperH.

New comm on blocks:

{ COMMON /HC_RAUX/ RAUX_H(NAUX= 999), see Tabl[d
{ COMMON /HC_CAUX/ CAUX_H(NAUX=999), sce Tablk[d

Extended arrays for input param eters:

{ SMPARA H(NSMIN=19), see Tabk[3

{ SMPARA H(NSSIN=26), sece Tablkl[4

New nam es for in proved FORTRAN les:

{ cpsuperh.f ! cpsuperh?.f
{ fillpara.f ! fillparaz.f
{ fillhiggs.f ! fillhiggs2.f
{ fillcoupl.f ! fillcoupl2.f
{ fillgambr.f ! fillgambr2.f

New FORTRAN Iles:

{ filldhpg.f is to calulate the full propggatorm atrices D® A  (8) and the &-
dependent couplings S{’ (* §)and P77 ( 8).
{ higgsedm.f is to calculate H iggsm ediated two-loop EDM s of Thallum , elec-

tron, and muon.

{ fillbobs.f istocalculate theB -m eson observables: B (B ! ), BB 4! ),
M oSUSE, M 2V Ry BB ! X ),andAcp (B! X, ).
New ags:
{ IFLAG.H(12)= 0 5: For the level of in provem ent in the calculation of the
H iggsboson pole m asses.

{ IFLAG.H(13) = 1:Not to include the o diagonal absorptive parts in the propa-
gatormatricesD B2 (8).

{ IFLAG.H(14) = 1: Print out the the elam ents of the full propagator m atrices

DE’# () and the $-dependent couplings S’ ( 8) and P/ ( 8).
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{ IFLAG_H(15) Print cut EDM s.

{ IFLAG.H(16)

1:
1: Print out B -m eson obsarvables.
1:

{ IFLAG.H(17)

PrintoutB ! X details.

{ IFLAG.H(57) = 1: This is an error m essage that appears when one of the m ag-
nitudes of the com plex SUSY input param eters is negative.

{ IFLAG.H(60)= 1: This is an error m essage that appears when the iterative
m ethod for the neutral H iggsboson pole m asses fails.

B G oldstone-boson couplings to third-generation ferm ions

and sferm ions

Herewe present the G oldstone—(s)ferm ion—(s)ferm ion couplings in the CPsuperH convention.

Gf£-f
X m
Loogs = %Gof i 5 £ B 1)
f=tb; w
w here
ggott_ :I—] ggobb_ ggo = +1 (B .2)
G £-£°
g X N
LG ££0 = P= G" fn m ¢, Py, me, Pr f# + hxc: (B .3)
2M (£ iE3 )= (ED);( ;)
= guGtt@. .t iy )b g GY Q.+ ig. ) + hx:;
w here
gm ¢ s 1 myp=m. o 1+ mpEm .
gtb= pm; gG+tb=f; gG*tbzl 2 -7
gm 3 1 1
= — + = — + = 1— B 4
g v % 5 % B 4)
G £ .
LGOff“= v gGOfifj(GOf;'_ fvj); B .5)
£= tio; .
w here
Ve £ clr £ UflUfj' B 6)
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T he couplings in the weak-interaction basis are given by

cote _ pl: | 0 ih (sA, c ) ;
2 ihi(s Ay cC ) 0
|
' B _ pl: | 0 ih, (cA, s ) ;
2 lhb(C Ay S ) 0
|
GO~ ~ 191_ 0 ih (c A s ) B 7)
2 ih (caA s ) 0 )
G £ £f
L. pr0= \7gG+tibj(G+ tB) + v o (G ~ ~) + he:; (B 8)
where
VGirg = 0 USUY and vge..,= ° 77U (B 9)
T he couplings in the weak-interaction basis are given by
!
GrtpB Pl_g(jﬂu]zsz ZhdJQCZ)VJr ;%CJZCZ v hy(cAy; s ) )
hy sAy ¢ ) 0 ’
G*'~ o~ 1 - 2
=  p=hidv+ P=dc v;
2 2 2
6T o h (cA s ): (B.10)
C Sam ple new outputs
Here we show the new outputs of CPsuperH2.0 for the CPX scenario with tan = 5,
MH =3OOGeV,MSUSY=5OOGeV,aHd A — 3:90.
IFIAG H(1) = 1: In the new version, we are usig m,@m2°®) = 3:155 Gev and

m.mP*) = 0:735 GeV as defaults. Note also that the list of the SM and SUSY
Input param eters is extended to include the CKM m atrix and the diagonal sferm ion
m ass m atrices.

Standard Model Parameters in /HC_SMPARA/

AFM H = 0.7812E-02 : alpha_em(MZz)

ASM7_H = 0.1185E+00 : alpha_s(MZ)

MZ_H = 0.9119E+02 : Z boson mass in GeV
SW_H = 0.4808E+00 : sinTheta W

ME_H = 0.5000E-03 : electron mass in GeV
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MMU_H = 0.1065E+00 : muon mass in GeV

MTAUH = 0.1777E+01 : tau mass in GeV

MDMT_H = 0.4000E-02 : d—quark mass at M. t"pole in GeV
MSMT_H = 0.9000E-01 : s—quark mass at M.t"pole in GeV
MBMT_H = 0.3155E+01 : b—quark mass at M.t"pole in GeV
MUMT_H = 0.2000E-02 : u—quark mass at M. t"pole in GeV
MCMT_H = 0.7350E+00 : c—quark mass at M.t"pole in GeV
MITPOLE_H = 0.1743E+03 : t—quark pole mass in GeV

GAMW_.H = 0.2118E+01 : Gam.W in GeV

GAMZ_H = 0.2495E+01 : Gam.Z in GeV

EEM_H = 0.3133E+00 : e = (4*pi*alpha_em)~1/2

ASMT_H = 0.1084E+00 : alpha_s(M_t"pole)

CW_H = 0.8768E+00 : cosTheta W

TW_H = 0.5483E+00 : tanTheta W

MW_H = 0.7996E+02 : W boson mass MW = MZ*CW

GW_H = 0.6517E+00 : SU(2) gauge coupling gw=e/s_W
GP_H = 0.3573E+00 : U(1l).Y gauge coupling gp=e/c_W
V_H = 0.2454E+03 : V=2 MW / gw

GF_H = 0.1174E-04 : GF=sgrt(2)*gw"2/8 MW"2 in GeV -2
MIMT_H = 0.1666E+03 : t—quark mass at M.t"pole in GeV
CKM Matrix :

[V_ud| = [(0.9738E+00 0.0000E+00)| = 0.9738E+00

[V_us| = [(0.2272E+00 0.0000E+00)| = 0.2272E+00

|[V_ub| = |(0.2174E-02 —.3349E-02)| = 0.3993E-02

|[V_cd | = | (-.2271E+00 —.1377E-03)| = 0.2271E+00

|V_cs| = |(0.9730E+00 —.3213E-04)| = 0.9730E+00

|V_cb] = [(0.4222E-01 0.0000E+00)| = 0.4222E-01

|[V_td| = | (0.7478E-02 —-.3259E-02)| = 0.8157E-02

|[V_ts| = | (-.4161E-01 —-.7602E-03)| = 0.4162E-01

|[V_tb| = | (0.9991E+00 0.0000E+00)| = 0.9991E+00

Real SUSY Parameters in /HC_RSUSYPARA/

TB_H = 0.5000E+01 : tan(beta)
CB_H = 0.1961E+00 : cos(beta)
SB_H = 0.9806E+00 : sin(beta)
MQ3_H = 0.5000E+03 : M.tildeQ 3 in Gev
MU3_H = 0.5000E+03 : M.tildeU.3 in GeV
MD3_H = 0.5000E+03 : M.tildeD_3 in GeV
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0.5000E+03 : M.tildel.3 in GeV
0.5000E+03 : M.tildeE 3 in GeV

ML3_H
ME3_H

Complex SUSY Parameters in /HC_CSUSYPARA/

|[MU_H | = 0.2000E+04:Mag. of MU parameter in GeV
[M1_H| = 0.5000E+02:Mag. of Ml parameter in GeV
|IM2_H | = 0.1000E+03:Mag. of M2 parameter in GeV
|IM3_H| = 0.1000E+04:Mag. of M3 parameter in GeV
|AT_H| = 0.1000E+04:Mag. of AT parameter in GeV
|AB_H| = 0.1000E+04:Mag. of AB parameter in GeV
|ATAU_H | = 0.1000E+04:Mag. of ATAU parameter in GeV
ARG(NM’H) = 0.0000E+00:Arg. of MU parameter in Degree
ARG(M1_H) = 0.0000E+00:Arg. of Ml parameter in Degree
ARG(M2_H) = 0.0000E+00:Arg. of M2 parameter in Degree
ARG(M3_H) = 0.9000E+02:Arg. of M3 parameter in Degree
ARG(AT_H) = 0.9000E+02:Arg. of AT parameter in Degree
ARG(ABR_H) = 0.9000E+02:Arg. of AB parameter in Degree
(ATAU’H) 0.9000E+02:Arg. of ATAU parameter in Degree

Diagonal Sfermion Mass Matrices [GeV] (Not squared)
MQ = 0.5000E+03 x Diag(0.1000E+01 0.1000E+01 0.1000E+01

)
MU = 0.5000E+03 x Diag(0.1000E+01 0.1000E+01 0.1000E+01)
MD = 0.5000E+03 x Diag(0.1000E+01 0.1000E+01 0.1000E+01)
ML = 0.5000E+03 x Diag(0.1000E+01 0.1000E+01 0.1000E+01)
ME = 0.5000E+03 x Diag(0.1000E+01 0.1000E+01 0.1000E+01)

Charged Higgs boson pole mass : 0.3000E+03 GeV

IFLAG H(2) = 1: Themasses and m ixing m atrix of the neutral H iggs boson change
due to the In provam ent in their calculations and the new input for the b-quark m ass.

Masses and Mixing Matrix of Higgs bosons :
HMASS_H(I) and OMIX H(A,I)

H1 Pole Mass 0.1193E+03 GeVv
H2 Pole Mass = 0.2718E+03 GeVv
H3 Pole Mass 0.2983E+03 GeVv
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Charged Higgs Pole Mass = 0.3000E+03 GeV [SSPARA H(2) ]

[H1] [H2] [H3]
[phi_l] / 0.2457E+00 0.3360E+00 0.9093E+00 n
O(IA,IH)= [phi_-2] | 0.9693E+00 -.7551E-01 —.2340E+00 |
[ a ] n-.99738-02 0.9388E+00 —.3442E+00 /

TFLAG H(14) = 1: The el ents of the propagator m atrices D ‘Hp (8) and ’d%)e &
dependentcouphngsqftheneutna{ﬁiygsbo§%1§totwc>photons,5i( 8)andP; ( 8),
and two gluons, S{( 8)and P ( 8),taking &= MH2p_Thecoup]jngsareoompared
to their values at the Higgsboson pole masses: S;( 8§ = M y) = NHC_H(88;IH),
P, ( 8= M) = NHCH(89;IH), S{( &= Myy) = NHCH(84;IH),PJ( &= M 1) =

NHC_H(85;TIH).

DNH4 at sgrts = 0.2718E+03 GeV

DNH4[H1,H1]: |(0.1238E+01 0.2290E-01)| = 0.1238E+01
DNH4[H2,H2]: |(0.5542E-01 -.1611E+04)| = 0.1611E+04
DNH4[H3,H3]: |(-.4876E+01 —-.2128E-01)| = 0.4876E+01
DNH4[H1,H2]: |(-.1607E+00 -.2973E-02)| = 0.1608E+00
DNH4[H1,H3]: |(-.5956E-05 0.2606E-03)| = 0.2606E-03
DNH4[H2,H3]: |(-.4893E-01 -.2377E-03)| = 0.4893E-01
DNH4[GO,H1]: |(0.3403E-06 -.1825E-04)| = 0.1825E-04
DNH4[GO,H2]: |(0.1872E+00 0.2446E-05)| = 0.1872E+00
DNH4[GO,H3]: |(-.2222E-06 0.5181E-04)| = 0.5182E-04
DNH4[GO,GO0]: |(0.1000E+01 -.2365E-05)| = 0.1000E+01
DCH2 at sgrts = 0.2718E+03 GeV

DCH2[H+,H+]: |(-.4576E+01 -.2790E-01)| = 0.4576E+01
DCH2[H+,G+]: | (-.1256E-03 0.2294E-01) | 0.2294E-01
DCH2[G+,H+]: |(-.1256E-03 0.2294E-01) | 0.2294E-01
DCH2[G+,G+]: |(0.1000E+01 -.6202E-03) | 0.1000E+01

Comparisons of the H-photon-photon couplings at MH"pole
and those at sgrtfsg = 0.2718E+03 GeV

S couplings
(—.6615E+01 0.6386E-01)

P couplings

H1PP(M): (0.1303E-01 0.7314E-03)
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H1PP(S): (-.3180E+01 -.6078E+01) (0.1779E-01 0.2017E-02)
H2PP(M): (—.9852E+00 0.3333E-01) (-.6867E+00 —.2221E+00)
H2PP(S): (-.9852E+00 0.3333E-01) (-.6867E+00 -.2221E+00)
H3PP(M): (—.4272E+00 0.2509E+00) (0.5178E+00 0.7028E-01)
H3PP(S): (-.3695E+00 0.2852E+00) (0.4567E+00 0.7475E-01)

Comparisons of the H-glue—-glue couplings at MH"pole
and those at sgrtfsg = 0.2718E+03 GeV

S couplings P couplings
HIGG(M): (0.5792E+00 0.4164E-01) (0.5316E-02 —-.6809E-03)
HIGG(S): (0.7358E+00 0.8932E-02) (0.6510E-02 —-.1457E-03)
H2GG(M): (—.3557E+00 0.2591E-02) (—.1970E+00 —.3456E-01)
H2GG(S): (—.3557E+00 0.2591E-02) (—.1970E+00 —.3456E-01)
H3GG(M): (—.2240E+00 0.2860E-01) (0.1855E+00 0.2231E-02)
H3GG(S): (—.2150E+00 0.3413E-01) (0.1585E+00 0.2662E-02)

IFLAG H(15) = 1: TheH ggsm ediated two—-Joop T hallum , electron,and muon EDM s.
For the Thalllum case, the two m ain contrdbutions from the electron EDM and the
CP-odd electronnucleon interaction are shown separately.

Higgs-mediated two-loop EDMs
Phi_ 3 = 0.9000E+02"0 and Phi At = 0.9000E+02"0

Thallium[10"-24 ecm]: -.2612E+01
[-.2568E+01 from electron EDM]
[-.4467E-01 from C_S EDM]
Electron[107-26 ecm]: 0.4389E+00
Muon[107-24 ecm] : 0.8997E+00

IFLAG H(16) = 1: The B -m eson obsarvables.

B Observables

B(B.s —> mu mu ) x 10"7 = 0.3710E-01
B(B —> X.s gamma) x 104 = 0.4396E+01
B(B.u —> tau nu)/B(SM) = 0.9854E+00
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B(B.d —> tau tau) x 1077
ACP(B —> X.s gamma) x 1072
Delta M [B.d] (SUSY)
Delta M [B_s] (SUSY)

0.2294E+00
-.7954E-01 [%]
0.6659E-04 [1/ps]
0.1982E-01 [1/ps]

IFIAGH(17) = 1: The detailsof the B ! X, calculation. As a default, we use
m.( .= mE°®) to capture a part of NNLO corrections [38]. The case when only the
charged-H iggs contribution is added to the SM prediction is also shown.

B —> X.s gamma
delta and E_gamma”cut [GeV]: 0.3333E+00 0.1601E+01

b—q masses [GeV] (pole, @mb"pole, @mt"pole):
0.4802E+01 0.4415E+01 0.3155E+01

c—gq masses [GeV] (pole, @mc"pole, @mb*pole) :
0.1415E+01 0.1250E+01 0.1029E+01

mu_b and mu.c [GeV] : 0.4802E+01 0.1415+01

BR x 1074: 0.4396E+01 (SM+Charged Higgs+Chargino)
[0.4471E+01 (SM+Charged Higgs) ]
[0.3351E+01 (SM) ]

ACP x 1072: —.7954E-01 %
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Tabl 1: The contents of the array RAUX_H. In RAUX_H(22) and RAUX _H(23), the notation
h? is for the Yukawa couplings w ithout including the threshod corrections. T he notations
which are not explained in the text follow the conventions of CPsuperH [3]and Refs. [5{7].

RAUX_H(1) po RAUX_H(26) He(Q )] RAUX_H(120) & 10*%em
RAUX H(2) mpmP™e) RAUX_H(27) y(m %)
RAUX H(3)  .m™®) RAUX_H(28) J1(Q1)]
RAUX_H(4) m?Bok RAUX_H(29) F1,(Qw)]J
RAUX_H(5) m . (mE°*) RAUX_H(30) M 2
RAUX H(6)  5mB%%) RAUX_H(31) <ePy.y M 2°%%)
RAUX_H(32) ,v2@m5°%)=2
RAUX_H(33) o @mP°*) RAUX_H(130) B Bs! ) 10’
RAUX_H(34) ;@mP>®) RAUX_H(131) B B4! ) 10’
RAU}LH( 0) M orM¢:| RAUXH(35) ,mi™®) RAUX_H(132) M §"S ps!?
RAUX H(11) Q2 RAUX H(36)  34(mE%*) RAUX H(133) M SUSY ps!
RAUX_H(12) Qf RAUX_H(134) Rg
RAUX H(13) Q2 RAUX H(135) B (B ! X, ) 10°
RAUX H(14) v (%) RAUX_H(101) P3 RAUX_H(136) Acp (B ! X4 )%
RAUX H(15) w1 (Q+)
RAUX_H(16) v (Qyp)
RAUX H(17) w1 Q) RAUX H(111) 4%, 10**eam
RAUX_H(18) v, (m 2°%) RAUX H(112) (@ )° 10*em
RAUX_H(19) v, (Q+:) RAUX_H(113) (&, 10*em
RAUX H(20) v, (Qyp) RAUX_H(114) d! 10%eam
RAUX_H(21) v,(Quw) RAUX_H(115) (@) 10**ean
RAUX H(22) $%@mE*)] RAUX H(116) (@ P 10%em
RAUX_H(23) $h0m2%)] RAUX_H(117) (@ )* 10%°ean
RAUX_H(24) hemP°®)j RAUX H(118) (@ ) 10%em
RAUX_H(25) H.(Q+)] RAUX_H(119) (@) 10*em
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Table 2: The contents of the array CAUX_H. T he notations which are not explained in the
text ollow the CPsuperH [3] convention.

CAUXH(1) he=hj | CAUXH(112) D (8) CAUX_H(140) s?(i_s)

CAUX H(2) hy=hyJ | CAUX.H(113) DY, (&) CAUX_H(141) PI( 8)
CAUX H(114) DY;(8) CAUX_H(142) s;’(p_s)
CAUX_H(115) DY, (&) CAUX_H(143) pg(pé)
CAUXH(116) Dj , (8)| CAUXH(144) S3(,8)

CAUXH(117) Dy 5 (8) | CAUXH(145) P3( 8)

CAUX_H(100) DY (8)| CAUXH(118) DE _ (&)

CAUX_H(101) DY, (8)| CAUX.H(119) DE _ (8)

CAUX_H(102) DY} (8) CAUX_H(150) mBJ9H 2~? B igyay

CAUX_H(103) DY, (8) CAUX_H(151) mBO9H 2~2 B igyey

CAUX_H(104) DY (8)

CAUX_H(105) DY, (8) | CAUX.H(130) sl<p§)

CAUX H(106) DY, (8) | CAUX H(131) P, 3

CAUX_H(107) DY, (8) | CAUX H(132) 32(p§)

CAUX_H(108) DY (8) | CAUX H(133) P, (8

CAUX H(109) DY, (8) | CAUX.H(134) S,(_8)

CAUX_H(110) DY (8) | CAUX H(135) P;, E3)

CAUX H(111) DY, (8)

Table 3: The contents of the extended SMPARA H(IP).

IP | Parameter | IP | Param eter | IP | Param eter | IP | Param eter
1] JtMg) | 6 m 11 | m,m2%) | 16

2 M) |7 m 12| momP®) | 17 A

3 M, 8 | mqm®®) | 13| mP* 18

4 | sin? 9 | msmPo®) | 14 . 19

5 m. 10 | mpm®®) | 15 . 20
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Figure 7: The branching ratio ® BB, ! * ) 10" in the (tan ;M y,) phne.
The CPX scenario is taken with o = 3= 90 and M qygy = 05 TeV for two values
of the comm on hierarchy factor: = 1 (kft) and 10 (right). T he unshaded region is not

theoretically albwed. The di erent shaded regions correspond to di erent ranges of B , as
shown: speci cally, B < 0:58 in the bwest (blue) bw—tan region, consistent with the
current upper Im itat 95 % C L.
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Figure 8: T he branching ratio B, BB ! X;) 10%in the (tan ;M g, ) phne. The
same CPX scenario with » = 3 = 90 is taken as in Fig.[]. The di erent shaded
regions correspond to di erent ranges of B, , as shown: speci cally, 303 < B, 407 in
the upm ost (blue) high-tan region, consistent w ith the current experim entally allowed 2-
region, 303 < B, 407 [32].
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shaded regions correspond to the regions allbwed at the 1- and 2- Xvels by the recent
BELLE and BABAR results: R;*" = 1.0 0:38 [5,35]. In the right fram e, speci cally, the
2— excluded regions are shown asRg > 1:76 (in the high-tan r=gion) and R 3 024
(in them ddletan region).
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Figure 10: T he experim ental constraints from B B, ! F )95 %),BB ! X5 ) (2 ),
and Rp (1 ) in the (tan ;M y,) phne for two values of . The same CPX scenario
with » = 3= 90 istaken asin Fig.[].
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Figure 11: T he region allowed experim entally by the m easurem entB (B4 !

10° (90 %) [36] (upper fram es) and the regions where the SUSY contribution is sm aller
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Table 4: T he contents of the extended SSPARA H(IP).

IP | Parameter | IP | Param eter | IP | Param eter | IP | Param eter
1 tan 8 > 15 mg. 22 o

2| Mjpof Msj |16 AG |23 .

3 3 10 3 17 AL 24 >

4 11 mg. 18 ApJ 25 ©

5 M7 12 mg. 19 Ay 26 =

6 1 13 mp. 20 A 7 27

7 M, 14 mp. 21 A 28
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