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A phenomenological analysis of the general two Higgs doublet model is presented. Possible constraints of

the Yukawa couplings result from tH€°-K°, B°-B°, and D°-D° mixings. It is shown that the emerging of
various new sources d@ P violation in the model could strongly affect the determination of the unitarity
triangle. It could be useful to look for a signal of new physics by comparing the extracted @rfigien two
different ways, such as from the procéss: J/ /K5 and from fitting the quantitiefv,,|, Amg, ande.

PACS numbds): 11.30.Er, 12.60.Fr

[. INTRODUCTION tively [2]. Once this discrete symmetry is adopted, the fac-
torsuqo,Ng, @andi 5 in EQ. (2) must vanish; as a result P
In the standard moddlSM) of an electroweak SU(2) violation can occur fromV(¢). Thus the only source a@ P
X U(1)y gauge theory with only one Higgs doublet, the only violation is the complex Yukawa couplings, which lead to a
source ofCP violation comes from the complex Yukawa phase in the Cabibbo-Kobayashi-MaskaW@KM) quark
coupling between Higgs and fermion fielfls]. Since the mixing matrix.
Higgs sector of the SM is not well understood yet, many In contrast one can replace the discrete symmetry with an
possible extensions of the SM have been propggkdOne  approximate global family symmetiy,5,7,§, thus the sup-
of the simplest extensions of the SM is to simply add onepression of FCNC can be explained via the smallness of the
Higgs doublet. For convenience, in our following discussionsoff-diagonal terms. Furthermore, when abandoning the dis-
we may call such a minimal extension of the standard modelrete symmetries, one can obtain rich source€ Bf viola-
which only adds an extra Higgs doublet, the standard twdion from a single relative phase between the two vacuum
Higgs doublet mode(S2HDM) [3—8] and assum&P vio-  expectation values of Higgs field after spontaneous symme-
lation solely originating from the Higgs potent{@,7,8. The  try breaking. It has been showii7,8] that even when the
most general Yukawa coupling and Higgs potential can bécKM matrix is real, the single phase arising from the spon-
written as taneous symmetry breaking can provide eno@jh viola-
o ~ ~ o tion to meet the experimental measurments. One particularly
Ly=Q (I} 1+ T5h)Ug+ QI +T54,)Dr (1)  important observation is of a new source@P violation in
charged Higgs boson interactions, which is independent of

and the CKM phase and can lead to a valueedfe as large as
1072 [7,8]. In the S2HDM, the two Higgs fields have, in
2t 2%, 2 , , ,
V($1:h2) =~ pib1b1— puodabo— (n1ph1¢2+ H.C) general, the vacuum expectation values:

+ N 1(AL1) 2+ Mo o) 2+ Na(Plprdles)

v .
1 (#9)=—=cospe’
FNa(BLbabldn) + S INs( 81622+ Hee) BRG

+[(Nebld1t N7d3do)(dldpo)+H.C]. (2

The major issue with respect to the two Higgs doublet model
is that it allows flavor-changing neutral curreCNC) at |1 is natural to use a suitable basis

the tree level, which must be strongly suppresse# irK°

it B L
andB?-B° mixing processes. In order to prevent FCNC from Hi=cosp¢,e '*+sinBe,,
tree level, arad hocdiscrete symmetry is often imposed:

(¢%)=—=sing. (@)
2

H,=sinB¢,e '°—cosBe,, (5)
$1——¢1 and ¢r— oy,
such that
Ugr——Ug and Dg—+Dg. (3)
0
Thus, one obtains the so-called model | and model II, which Ho=| 1
depend on whether the up-type and down-type quarks are 1= —(v+p) |’
coupled to the same or a different Higgs doublet, respec- V2
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H* From approximate global family symmetries, we know that
the Yukawa coupling matri>l“i': in Eq. (1) has small off-

Hay= i(R+i| )| (6) diagonal elements, typically between 0.01 and 0.2 in order to
V2 meet the constraint of FCNC fro{®-K°, B%-B° mixing.

. The Yukawa interaction can be rewritten [&
whereH®, R, andl are real Higgs bosons. The three neutral &

scalarsHY=(R,p,l) can be rotated to mass eigenstatds
— 1/2
=(h,H° A) via an orthogonal matri®": Ly=(L1+L2)(\2Gp) (8)

Hy=O[H?. (7)  with

3 3
L= B M eqmaV Tk 1S & m, Ik

3 3 3
+H°§i: (muiU'LuiRﬁLmdiE'LdiR)ﬂL(RHI)Z fdimdid_i_diR‘F(R_”)Zi guimuiu_‘LuiRJr H.c. 9
3 3
Lo W S v ek 3 Vil
i i
3 3
+(R+i|);j ,uﬂd_iLdevL(R—iI);j piuluk+H.c., (10)

wherel; has no flavor-changing effects other than that ex-exchange. The extremely small values of the neltrahdB
pected forH ™ from the CKM matrixV andL, contains the mass differences impose severe constraints on new physics
flavor-changing effects for neutral bosons as well as smalbeyond the SM, especially on those with FCNC at tree level.

additional flavor-changing terms fét=. The factorsy my, In the S2HDM, additional contributions to the neutral meson
and Mifj arise primarily from the diagonal and off-diagonal mixings can arise from the box diagrams with charged-scalar
elements of'{, respectively. exchanges and tree diagrams with neutral-scalar exchanges.

There are four major sources 6fP violation [7,8]: (1) ~ The mass difference d¢, —Ks is given by
CKM matrix; (2) the phase in factoffi which providesCP

violation in charged-Higgs boson exchan@®; the phase in
wij Which yieldsCP violation in FCNC; and4) CP viola- . _ WW - HH HW .~ 1O ,
tion in the mixing matrixO™. One of the most distinctive Amg=2 ReM;,=2 Re(Myp + Mz + My + Mz, +Myy),
features of these sources is that the fagtocan provideC P (11

violation in charged Higgs boson exchange in addition to and
independent of the CKM phase. As a consequenceyn
=1 transitions its contribution te’/e could be as large as
10" 3. Thus a measurement ef/ e would not necessarily be
due to CKM mechanism.

where MW, M and M')Y are the contributions from
box diagrams through twiv-boson, two charged-scaleirt,
and oneW-boson and one charged-scalar exchanges, respec-

Il. CONSTRAINTS FROM K°-K®, BO-BY, tively. ME'ZO is the one from the FCNC through neutral-scalar
AND D°-D° MIXINGS exchanges at tree levell;, presents other possible contri-
butions, such as two-coupled penguin diagrams and nonper-
In the standard model, it is known that the neutral mesorurbative effects. They result from the corresponding effec-
mixings arise from the box diagram through tWéboson  tive Hamiltonian

G2 ot _ _
Heff = — : ma.> 7Nk VXX BW WX %) dy (1 ys5)sdy*(1— ys)s, (12
1672 1]
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2 u,c,t
HEf=— WE UIRN x BE(yi ) LVXixX Yyl €121&]2- dy,(1— ys)sdy*(1— ys)s
+\XeXg wsydffﬁfz; 2dy, (1+ y5)SAyH(1+ ys)S+ 28, VXX VY sV aésfh &EF Ay, (1+ ys)sdy*(1— ys)s]
BEM (i Yi) VXY [ Xaéd 2EF X d(1— ys)SA(1— ys)S+XsE261,d(1+ y5)SA(1+ ¥5)S
+2\xsXaésS & €5 d(1+ y5)sd(1— ys)s]}, (13
u,c,t
Het = HWAiAJ{ZVXin\/Yinfifr BY(yi YjoYw) - dy, (1= ys)sdy*(1— ys5)S+ (Yi+Y)) VXaXsésy

16772

X[BE™(yi,yj Yu) - Ao, (1— v5)Sdo#(1+ v5)s+BE™(y;,y; ,yw)d(1— ys)sd(1+ ys)s]}, (14)

where theBYW, By, BE", BOW, BEW, and BYY arise
from the loop integrals[8] and are the functions ok;

is introduced to correspond to the loop-quark mass of the
box diagram. Namely‘j’ and f; are the two quarks in the
—m2/mW andy;=m?/m2 with i=u,c,t,W. i » 77” ,and same weak isospin doublet. Note that the result is actually
,7” are the pOSS|bIe QCD corrections axg= Vi Vi Note independent ofnfjr. Here my, are understood to be the cur-

that in obtaining the above results the external momentum ofent quark masses. In our following numerical estimations
the d and s quark has been neglected. Except for in thiswe will use m,=5.5 MeV, my=9 MeV, m;=180 MeV,
approximation, which is reliable as their current mass ism.=1.4 GeV, andn,=6 GeV which are defined at a renor-
small, we keep all the terms. This is because all the coumalization scale of 1 GeVfpo and mpo are the leptonic
plings\; and§; are complex in our model and even if some decay constantwith normalizationf,,=133 Me\) and the

terTf are _smaltlhtheg cane%tg p_lalyt{:m |mf?0rza}ntkrol®cl?’ mass of the mesof®, respectively.~Bpo andTpo are bag
violation since the observedP-violating effect in kaon de- parameters defined by

cay is of order 10%. The contribution of neutral Higgs
bosons exchange at tree level can be evaluated by

J— J— fp0m30 ~

M5 = (PO[HE|PO) (PUI(fi(1% y5) f)3P%)= = ————Bp, (17)
2 (mg +my.)
GE 2~ My, My, o 2
:pronompo E 1+W mf,;

T ) ) j _ - _

: : _ (PYUfi(1x yg)ffi(1F y) ;| PO)
2\/§7T Moo 2 1+rp0—_ o — —0 . ( )

o | £Y=2TUTRO Yi )2 (15) (POl fi(1= ys)fifi(1 y5) | P°)

mom !

In the vacuum saturation and factorization approximation
with the limit of a large number of colors, we ha®o
—1 andrpo—0, thusYk,J—ZkIJ

with

2_ 2
(Yiif) = (Zii)*+ rPOSk'JS(J' ’ It is known thatH ¢’ contribution toAmy is dominated
by thec quark exchange and its value is still uncertain due to
¢ the large uncertainties of the hadronic matrix element
Zk,ij (Sk ] Sk i

. f . —
Sk,ij is related tO,LLij through <KO|(d V,L(l— ’}’5)5)2|K0>: _ KmKBKv (19)
f

= (O} +io05)—

f
S Jmim;’ (18 where By ranges from 1/310] (by the PCAC and S(3)
symmetry, 3/4[11] (in the limit of a large number of coloys
where oy=1 for d type quarks andr;=—1 for u type to 1 [12] (by the vacuum insertion approximatiorThe re-
quarks. The formula is expressed in a form which is convesyits from QCD sum rule and lattice calculations lie in this

nient in comparison with the one obtained from the box diarange. For smaBy, the short- -distancel "% contribution to

gram in the standard model. He{ﬁf / my, with convention
i<j plays the role of the CKM matrix elemem;j , andmfjr

Amy fails badly to account for the measured mass differ-
ence.
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In general, when neglecting the contribution from topwhere the top quark dominates over charm quark by a factor

quark which is suppressed by a factor of of
V V* 2 m2 thvikb 2 mtz
taVis —t2~0(10*2), —| —~ 00,
Vch:S mg Vcdvcb c

Thus the contribution of charm quark can be safely ne-

we obtain glected.Amg is subject to the experimental constraint

G2 Amg=(3.6+0.7)X10 % eV
AmK:—szﬁBKmegsinze 5= "
6 F2:

772(135 MeV)?mg(176 Ge\j2(sin§=0.22)°.

1
X BWW X))+ = HH 4BHH )
[ Ncc (X¢) 4 Mee yc|§c| v (Ye 23)
+ 270 1 £12BMW (Y. V) It is known that in the standard model the short-distance
B co Teibel TV A TenTw contribution toAmp from the box diagram withA-boson
By 2\3mvmg 2 0 exchange is of the order of magnitulens®*~0(10°°) eV,
+ B < | mom Re(Yi 12, (20 here the external momentum effects have to be considered
K and were found to suppress the contribution by two orders of

magnitude[13]. This is because of the low mass of the in-

My oM

which is subject to the experimental constraint termediate state. It is not difficult to see that the additional
box diagram with charged-scalar gives an even smaller con-
G2 tribution excepl &4 is as large agég|~2my+ /mg, which is
Am=3.52x10 ®eV= \/E—szﬁmeﬁ sif 9. (21)  unreliablly large for the present bound},+ >41 GeV. It has
67 been shown that dominant contribution Aomy may come

from the long-distance effect since the intermediate states in

The effective Hamiltonian foBS-BY mixing is calculated —the box diagram ard ands quarks. The original estimations
with the aid of the box diagrams in full analogy to the treat-Were thatAmp~3x10"> eV [14] andAmp~1x10"" eV
ment of theK9-K® system. Its explicit expression can be [15]. An alternative calculatiofil6] using the heavy quark

. ' 070 effective theory showed that large cancellations among the
simply read off from the one foK"-K" system by a corre-

. 3 <~ intermediate states may occur so that the long-distance stan-
sponding replacemest—b. The “standard approximation” 444 model contribution tamy, is only larger by about one
made there, namely neglecting the external momenta of thgyger of magnitude than the short-distance contribution,

quarks, is also reliable since dominant contributions come hich was also supported in a subsequent calculdi@h
from the intermediate top quark. With this analogy, the con-  \yith this in mind, we now consider the contribution to

siderations and discussions K-K° mixing can be applied Amp from the neutral scalar interaction in our model. It is

to the B3-BS mixing for the contributions from box dia- €asy to read off from Eq(15)

grams. As it is expected th#lf ;,//2<|M 4 in the B system ) )

which is different fromK system, the mass difference for G ~ m

(e ysten mti=2iwti= & 5Bomo| AT
T

BJ-BJ system is given byAmg=2|M . e

The general form for the mass difference in Bg-BJ 2
. 2\/§7Tva
system can be written as xS Y 2,
K myom '
G'2: 2 2 2 1
Amg=—(fgVBgnu) meM¢|Vigl*— f VB 23 500 GeW 2
67 Mt —0.64104| Y0 D € e
' 210 MeV) &1l mypo ot
1 k
X { 7B "(x) + ZﬂgHyt|§t|4B\H/H(yt) (24)
With the above expected values in the second line for vari-
+ 270y &12B3 Yy, yw) ous parameters, the predicted value &an, can be close to
_ the current experimental limjiAmp|<1.3x10™ 4 eV. This
2 . . —( . . . -
N Bg 2\3mvmg %i(Yd )2 implies that a largeD®-D° mixing which is larger than the
Bg % Myom, My V2, kil ' standard model prediction does not get excluded. With this
k

analysis, we come to the conclusion that a positive signal of
(22 neutralD meson mixing from the future experiments at Fer-
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FIG. 1. The upper bound ¢&.| with respect to the mass of the FIG. 2. The value of ¢ with respect to the mass of charged
charged Higgs scalar in case 1. Three curves correspond to the ratitiggs m;; . The three curves corresponding to different ratios of
(Amy) s/ (Amy) ey from 0.52 (dotted and 0.67(dashedito 0.91 ~ HW and HH box diagrams to the one from the SM are from 2:1
(solid). (dotted, 1:1 (dashed, and 0.5:1(solid).

milab, the Cornell Electron Storage RItGESR, and at a As is shown in Fig. 1 and Fig. 2, in genetd}| is much
7-charm factory would be in favor of the S2HDM especially larger than|&]. Even when the HW and HH contribution to

when the exotic neutral scalars are not so heavy. Amg is twice as much as the SM onlé| can still be larger
We now proceed to the discussion of the constraints Ort‘han|§| by an order of magnitude
t .

Fhe parameters of the model. S|nce'the'p§rame§1@rﬁifj arg In case 2, the mass difference is fitted through neutral-
in general all free parameters, for simplicity we will consider gcgjar exchange in the tree level. From Ebp) we know
theInC (():gzgalmtt?]énrrgggseé(if‘;grrgﬁc?isse&rer explained througthat the parameters that arisehi, areYy,; rather tharj; .
, f o ; P

the additional box diagrams from two scalar-boson and oneli-]r Sj 1s expectedfto be symmetric _unde_r the exch.alngq
W-boson one scalar-boson. In this case, the paranggtés andrpo=1 thenY, ;; has the following simple form:
of particular importance. Both its amplitude and phase will Im ! f

. ; ; m ;i Reu;;
play an important role in the neutral meson mass difference vl =of L+ o0 v (25)
andCP violation. It is quite different from the earlier analy- e Vm;m; Vmm;
sis in type 1 and type 2 2HDNL8] in that we do not take
&, & 1o be equal, i.e&,=¢&.=&=tanB. Thisis why the  Hence both the imaginary and real parts;éjf are of impor-
constraint frome is much stronger than the one frakmy in ~ tance. Futhermore, the phase,drﬂ is also a source o€ P
those models. In the S2HDM, where one has in gengral violation as we have mentioned in the previous section. To
# &7 &, there is more freedom to ft andAmyg ,Amg as  simplify the discussion, we assume that one of the scalar
well as Amp. Since the main contribution tAmg comes bosons, for example, the scallaris much lighter than the
from the c quark though the loop, the upper boundofan  other twoH andA. HereH andA are assumed to be heavier
be extracted fronk°-K® mixing. than 500 GeV. The upper bounds can be obtained from

The result is plotted in Fig. 1. In the calculation we take K°-K°, B°-B°, and D°-D° mixing. The present consider-
fx=161 MeV andBx=0.75. The range ofn,; is from 100 ation is more general than the one [i21] where all the
to 1000 GeV. Since the bound ¢f | strongly depends on couplinngLvij are settled to be equal. As a consequence, the
the SM prediction onAmy, three different values of constraints from different meson mixing give different upper
Agco(Agep=0.21,0.31,0.41) are used and the correspondbounds upon different’ﬁ’ijs. The results are shown in Fig. 3.
ing ratio to the experimental data\(Mg)exp is 0.52, 0.67, |t is seen from Fig. 3 that the upper bound¥f,, is much
and 0.91[19]. higher than that from th&° and B® system. This implies

In the B system, it is of interest to study its relative ratio that a IargerDO-SO mixing than the standard model predic-
to the SM, since a large degree of uncertainty can be aVOidet‘fJon is possible

from CKM matrix |V,q| and hardonic matrix elements.

In Fig. 2 we illustrate the relation betwedw;| and
charged Higgs mas®,; when the ratio of HW and HH box
diagram contribution to the one from the WW box in the SM  Besides the neutral meson mass difference, the indirect
is 2:1, 1:1, and 0.5:1. CP violation parametee, could also provide constraints on

lll. CP VIOLATION AND UNITARITY TRIANGLE
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ReYyf The first part of contribution ta= comes from the box
0.8 diagram throughW-boson and charged-scalar exchange
0.7 Im ME*=1m MW+ Im M+ im MY
2

0.6 2

= frBxmem;m;

1272 K KM ;T

0.5 c,t
9 20 Im(uReBy; (Mi.m; 16 )

0.3

+Re(7\i7\j)|mBij(mi,mj;gi,&)], (27)

0.2

where Bj;(m;,m;;§;,§;) depend on the integral functions

of the box diagramg8]. The imaginary part Ing;(m,

m; ;& ,&;) arises from the complex couplings.

o Lovenlonnnlennnbenn b ber Lo Lo | MYGeY) The second part is due to the flavor-changing neutral-

100 150 200 250 300 350 400 450 500 . .
scalar inteactions at tree level

0.1

LINLINL I I N VULANL O  L  [ IL L

FIG. 3. Them? dependence of the upper bound Ui,ij
ReY{ ,, from K-K® (solid), ReY{ 5 from B-B® (dashed and

ReY}{ , from D°-D° (dotted. The mass of the other scalan) is
fixed atm3 =500 GeV.

2 2
0 G ~ My
ImM = ——%2Bm ( —) m?
12 1277_2 KPKMIK Mg C

2\/_77'1) my
the values of; and ;. The standard definition of is x> ( ) m(Yg)? (29
i k mHomC
e= i(% & lei™ (26) This provides a contribution te in almost any model which
V212 ReMy, possesse€ P-violating flavor-changing neutral-scalar inter-
actions.
where &=Im Ay/ReA, with |Ay|=(3.314+0.004)x 10"’ In particular, the parameter could receive large contri-

GeV is the isospin-zero amplitude &— 77 decay. Usu- butions from the long-distance dispersive effects through the
ally, the &, term is relatively small as it is proportional to the 7, %, and %’ poles[20]. For a quantitative estimate of these
small directC P-violating parametee’. effects, we follow the analyses in Ref20,22-24

& Im(<KO|Leff|i><i|Leff|E0>)_ 1

! = — 0 0 0 KO
(ImM]_Z)LD 4mK EI mi—mi 4mK mﬁ_mz (<K |L—|7T ><7T |L+|K >)
G? m\ ? T 3kAk
=——f2B,m (—) sin om? s~ T 29
1272 < mg ° 2 Amym2—m?2) 29
in [Im\; ReP;(m;,&)+Re A ImPy(m;,&)], (30
|

Whergx is found t.o bex=0.15 Wh.e.n considering the $8)- L = fsggw(lJr Vs)KaSwa— fdaff,w(l— 75)7\aSGZV

breaking effects in th&-»g transition and nonet-symmetry (31)

breaking inK-#», as well as»-»' mixing. We shall not
repeat these analyses, and the reader who is interested \jpip
them is referred to the papE24] and references thereih._

andL , areCP-odd andCP-even Lagrangians, respectively G g
(with conventionLgss=L ., +iL_). TheL_ is induced from =5 m Im( DYiPH(y) 32
the gluon-penguin diagram with charged-scalar \/— 2 327? qE LadiM)YiPT(Y, (32
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where PH(y,) is the integral function. Fronfig and f it is troduced to fit the experimental valuer®|L . |K®)=2.58
not difficult to read off the R®;(m;,&;) and ImPi(m;,&).  x 1077 Ge\?, and is found to b&, =1.08. We then obtain
In obtaining the last expression of the above equation, We’_waSBKAKW/M\/EmS(mﬁ—mi)]:1.4.

have used the reSL('K?|L—|7TO>:(fs_fd)Ava whereAy Neglecting theu-quark contributions and also the terms
has been computed in the MIT bag model and was foungyroportional tom, in comparison with the terms proportional
[25] to be Ax,=0.4 GeV for a;=1, and the convention o m_, the total contributions to th€ P-violating parameter
(7mO|L, |K®)=1Gf2B/mZ(2my /ms)? sind, whereB, isin- e can be simply calculated from the following formula:

|Vcb|>2 2|Vl

. 1 1
|e]=3.2x 10‘3BK( 004 V|V |sm5KM[ - Z{ 76BYM(Xe) + 7 mec Vel el 'BY" (Vo) + 27t Vel £0l?BY (e ,yw>}
' Cc us|

|Vcb|mt)2( \ ) 1
M ) -  _ cOSS BWWX 4= HH 4BHH( )+2 HW, g ZBHW( , )
( 2m, Vool Vad KM || Mt (Xt) 2 Mt yil &l*By T (vi T Yl €d°By (Vi) Yw
m; 1
+ m{ 768" (%e X0+ 5 et VY oYl €l €1PBUT (Ve Yo + 47" Yey: Re(€c£0BY (Yo Yr V) ]
C
Im(Y¢ )2 168 Gev \° 6.8 GeVe- [ M.
roo710 3 12 By || +2.27x10°% Im(& &%)~ By|In—5 -2,
6.4x10°° "k Mo my+ :
+2.27x 1072 (55)37 Ge\'zs' | 3 5o (33)
. m n — =+ —=,
cSs m}2_|+ K mg 2 \/E

where we have used the experimental constraint omrhange itself is dominant. This is because the relative phase

2 ReM (o= Amp®-. between the charged and neutral-scalar exchange can largely
Analogous to Sec. Il, we consider the contributiong o affect the determination diq4|. To illustrate such a phase

two different cases. In the first ong P violation is governed ~ €ffect, we choose the ratio of the contributionAmg from

by the induced KM mechanism, i.e., the first term of theCharged- and neutral-scalar to be 2:1, and vary the relative

above equation becomes dominant. In this case, new contiRhase between them from @3, 27/3 to 7. As was

butions come from the box diagrams of two charged-scalaP0inted out by Soares and Wolfenst¢##] if such a phase

and ona\-boson-one charged-scalar exchange. Since the e£Merges, then the unitarity angle extracted fidm J/y/Ks

pression contains Ré(¢,) the relative phas# betweenz, Wil Pe the total phaseby rather thans. ¢y is defined by

and &, Re(é.&) =& &|coso may play an important role.

It is of interest to illustrate how such effects can influence the MiSAI= MM+ MYEWY exg? o

determination of the unitarity triangle. In Fig. 4 the con-

straint of vertex A of the unitarity triangle from

[Vuel, Amg, and e is given. Here the new physics effect ) ion from the standard model and the new physics.

can change the value ¥4 and the shape of the bounds |, kg 5 the value ok extracted fromamg is plotted in

from e. In the calculation, we takg | =9.8 and|&;|=0.54. p-n plan without considering the uncertainty &(By

The mass of charged Higgs is fixed M, =200 GeV. The  =0.75). The four curves correspond to the above four cases.

relative phase between them is taken tori8 and 27/3 as The figure shows that the additional phase frdfjy; can

two examples. The other input parameters Bie=0.75  strongly change the value &f,. Its modulus varies in the

*0.15, |Vyp|/|Vcp| =0.08+0.02, and [V,|=0.04. For a interval between 0.7 and 1.2 in this situation.

comparison, a similar calculation for the standard model with  As an example, the influence on the determination of the

the same parameters is reproduced in Fig. 5. It is found thainitarity triangle in case 3see Fig. 3 is plotted in Fig. 6.

the shape of the triangle can be largely changed when Bue to the phase effect the bounds frenare also changed

different value of the relative phase betwegnand ¢, is  to be lower than that from the SM. Since the three bounds

taken. The anglgs of the triangle may be extremely small from |V,,|, Amg, and e still have area in common, the

when cog is close to 1. triangle remains closed. However, as we have mentioned
In the second case, both the charged-scalar and thebove, if the angles is extracted fronB— J/#/Kg its value

neutral-scalar exchange contributions ép. This case is will be the total phaseb),, which may be much larger. As a

more important than the one where the neutral-scalar exconsequence, it will cause the unitarity triangle to be

where the indexes “SM” and “NEW” indicate the contri-
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n n
1 r r :
E 0.6 L \ case2 ;
08 L by =arctan(tanBi3)
0.8 :_ 0.5 | case4 “.‘
07 F Amy AR ;
E 0.4 )
0.6 i \
05 | s -
E . . 03 :
; . \
0.4 L |
03 | 0.2 '
02 | 1 L Lo ".
. { 01 | | ease3 ".
o1 £ — ; 0 - r  Gymarctan(3anp) |
o Ll e T 0 P S S EE R R A PRI BRI
-06 -04 -02 0 02 04 06 08 1 -0.4 -02 0 0.2 0.4 0.6 0.8 1

FIG. 4. The constraints on the unitarity triangle 4np plane, FIG. 6. Constraints o4 from Amg. The relative phase be-
the two different triangles corresponding = /3 (a), and 6 tween charged and neutral-scalar exchange is taken to(deese 1,
=2m/3 (b). Other parameters ar8,=0.75-0.15, |V |/|Vcy|

solid), w/3 (case 2, dashed2#/3 (case 3, dash-dottgdand =
=0.08+0.02, and V| =0.04. (case 4, dotted

“open.” This possibility can be realized in case 3, where

. . ; |Eg# E# & and |E|>]&]. Various sources oCP
tan is three times as large as see Fig. 7. generals, = &c7 & . IS¢ t L
Pu 9 tr 9.7 violation have been discussed. Their influence on the deter-
mination of the unitarity triangle is studied in detail. We
IV. CONCLUSIONS

found that angle8 of the unitarity triangle could be largely
In conclusion, we have studied one of the simplest extenSuppressed due to the new contribution from Higgs box dia-

tions of the standard model with an extra Higgs doubletgrams. The phase from neutral Higgs exchange could
which we have simply labeled as an S2HDM. Some conStrongly affect the extraction ¢ from B—J/¢Ks. In some
straints on the parameters in the S2HDM have been obtainegfSes, such an effect could be so large that the unitarity tri-
from FO-E° mixing processes. It has been shown that inangle cannot remain closed. In particular, it may even result

n n
1 1 -
0.9 E_ 0.9 f_ case 3 ';"
0.8 — 0.8 —
07 b 07 [ Amyy
0.6 — 0.6 — ,
0.5 — 0.5 —
0.4 E— 0.4 E— - ‘
0.3 f— 0.3 f— ‘ ) . &
0.1 f— j ‘ 0.1 ; ;/ '. On
OE.l.::.l..!:l......I"lv..l.li.l...l... P OE|||;||||;|||||r;"||‘II||||:‘||||P| . P
-06 -04 -02 0 02 04 06 08 1 -06 -04 -02 0 02 04 06 08 1

FIG. 5. The constraints on the unitarity triangle from the SM.

FIG. 7. The constraints on the unitarity triangle in case 3, where
The parameterBy, |V, |Veb are the same as in Fig. 4.

tang,, is three times as large as t8n
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in the angleB, which is determined from fitting the quanti- ACKNOWLEDGMENTS
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