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                              Abstract

  We  consider  the leptophobic Z' model  which  can  appear  naturally  in the  flipped SU(5)

or  string-inspired  E6 models.  This model  can  be constrained  by measurements  of  the B  
-,

MvP  decays and  Am,. XMe find that although  the latter giye much  stronger  constraints

on  the coupling  than  the former, they  are  complementary  to each  other.

1Introduction

Since in the standard  rnodel  (SM) the flavor changing  neutral  current  (FCNC) processes appear
at  the  quantum  level with  suppression  factors by small  electroweak  gauge coup]ing,  CKM  matrix

elements,  and  loop momenta,  they are  very  sensitive  to probe new  physics (NP) beyond the
SM  which  have an  enhancement  factor in the coupling  or  have treelevel FCNCs,

   The  decay of  B  mesons  accumulated  largely at asymmetric  B-factories and  [[levatron give
an  opportunity  to probe  NP  models  via  the  rare  B  decays indueed by FCNCs.  Recently, among
several  sources  for FCNCs  in the B  deca"rs, the electroweak  (EW) penguin operators  have drawn

mueh  interest. Fbr example,  the  QCD  penguin  dominant B  -  KT  decays appear  to be  very

interesting since  branching ratios  (BRs) and  mixing-induced  CP  asymmetry  al]ow  much  room

for large NP  contribution,  especially  in the EW  penguin  sector  [1, 2].

   Most of  models  contribuQng  to the  EW  penguin sector  have a  severe  constraint  from the

b -- s7  deeay. While, models  such  as  the Z' model  are  free from such  constraints  although  they

predict the EW  penguin  contributions,  In order  to probe such  NP  models,  one  must  resort  to

nonleptonic  decays or  very  rare  process B  -  MuP(M  =  T,K,p,k').  However, nonleptonic

decays might  be ineMcient since  they suffer  from large hadronic uncertaint,ies  and  EW  penguins
contributions  are  subdominant  in nonleptonic  decays.

   Recently, DO  [3] and  CDF  [4] Collaborations at Fermilab [[bvatron have report･ed  the  first

observation  of  the  mass  difference Am.  in the  B,O -  IB2 system  which  induced by the  b -  s

FCNC:

DO  :

CDF

17 ps"  <  Am,  <  21 ps-i (90% C,L,),
Am.  =  17.33±glS?(stat.) ± o.o7(syst.) ps-i, (i)

These measurements  may  give strong  constraints  on  the NP  models,  which  predict b .  s  FCNC

transitions [5, 6],

   In the present work,  we  focus on  the leptophobic Z' model  motivatecl  from the flipped

SU(5) or  string-inspired  Eli models  as  a  viable NP  model,  In Sec. 2, we  briefly introduce the

leptophobic Z' model.  Section 3 deals with  B  -  MuP  (M =  T,K,  p,K')  decays within  t}ie

leptophobic Z' model.  "le investigate implications of  Am.  measurements  on  this model  in

Sec. 4 and  eonclude  in Sec. 5.
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where  the ratio  of  gauge couplings  A =  gQ,!gy, and  6 =  -tanxl)t  [8]. Since the general
fermion-Z' couplings  depend  on  two free parameters, tane  and  ti, effectively,  the Z' boson can
be leptophobic withip  an  appropriate  embedding  of  the  SM  particles [8, 9].

   Assuming I!XI =  1 in the Eb model  and  fiipped SU(5) model,  only  Z'-mediating FCNCs  in
the right-handed  down-type quarks survive.  Then, one  can  get the  FCNC  Lagrangian for the
b -  g(q =  s, d) transition [10]

                         LftE]Nc=-2,.g,2e.U3Z'q-R'x'tbRZII, (3)

where  all the theoretical uncertainties  ineluding the mixing  parameters  are  absorbed  into the
coupling  U:Z'. The  coupling  UgZ' has in general CP  vielating  complex  phase, which  we  denote
as  ip.Zb'. We  note  that the  leptophobic Z' boson is not  well  eonstrained  by experiments  including
the  charged  leptons such  as  b -  se+e--  or  B(,} -> e+e-, while  the  typical new  physics models

are  strongly  constrained  by such  experiments,

2 Leptophobic  Z' model  and  FCNC

In many  new  physics scenarios  containing  an  additional  U(1)' gauge.group at  the low energy,

the new  neutral  gatige boson Z' would  have a  property of  leptophobia, which  means  that
the Z' boson  does not  eouple  t,o the ordinary  SM  charged  leptons. In Hipped SU(5)xU(1)
scenario  [7], leptophobia ofthe  Z' boson can  be given naturally  because the  neutrino  is subject
to the difftirent representation  with  the  eharged  leptons. Another  scenario  fbr leptophobia can

be found in the  E6 model  with  kinetic mixing,  where  in this model  leptophobia is somewhat
accidental.  After breaking of  the  E6 group, the low energy  effective  theory contains  an  extra

U(1)' which  is a  linear combination  of  U(1)ip and  U(1)x with  a  E6  mixing  angle  e [8]. Then,
the general interaction Lagrangian of  fermion fields and  Z' gauge boson can  be written  as
         '   '

                L,., -A  
g2
 

5si"2e'yi}ryp(Q'+vtll6}kM)xbz;,
 (2)

3 Exclusive  B  -  MuP  Decays

In this section,  we  consider  the B  -  Muij  deca)rs in the leptophobic Z' model.  The  B  --, MuV
deca)rs are  measured  via  the scalar  or  vector  meson  with  the missing  energy  signal.

   Theoretical estimates  for BRs  of  the  B  -, MuP  decays in the SM  are  O.22tgl:l, 5.31±II65,
O.49t8:gg, and  11.15t23'.?3 in units  of  10-6, respectively,  While  experiments  by the Belle and
BaBar Collaborations have reported  only  upper  limits on  BRs  of  B  -  KvV  and  B  -  TvP

decays [12, 13], where  the experimental  bounds are  about  7 times  larger than  the SM  expectation

fbr the K  production  and  mueh  larger by an  order  of  103 for the T  production.

   The ieptophobic Z' model  can  yield same  signals  as  B  -  KtysMilsM at  detectors via  the

production of  a  pair of  right-handed  neutrinos  instead of  the ordinary  SM  neutrinos.  In Fig, 1,
we  present our  predictions for the BRs  in the leptophobic Z' model  as  a  function of  the effective
coupling  1UtZ'1, where  the mass  of  the Z' boson is assumed  to be 700 GeV. The  solid  and  dotted
lines represent  the  estimates  in the SM  and  the current  experimental  bounds, respectively.  The
dashed line denotes the expected  BRs  in the leptophobic Z' model.  In spite  that we  choose

a  specific  mass  for the Z' boson, the present analysis  can  be easily  translated through the
corresponding  changes  in the effective  coupling  IU:i'l for different Z' boson mass,  We  extract

the following constraints  for the FCNC  couplings  from Fig. I

                           IUgZ'1SO.29, IUSZ'1SO.61, (4)
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Figure l: Brar)ching (a) B ±
 -  K ±

uP

ordinary  SM  neutrinos  or  right-handed  neutrinos,

o

and

 o.1 o.2 e.3 o.4 o.s o.6 p.T

         ltl,rJl

       (b)

(b) Bi  -  T
±
yP,  where  u  can  be the

for B  -  KyP  and  B  -  TuP  decays, respectively  IIO]. The present exclusive  mode  gives more
stringent  bounds  on  the leptophobic FCNC  coupling  compared  with  the inclusive b --+ suP

decay [9].
   Recently, the Belle Collaboration has repo[ted  upper  limit･s on  the  production of  the K'
meson  wit･h  the missing  energy  signal  at  the B  decay where  its BR  is expected  to be about  3
times larger than that ofthe  scalar  meson  production  in the SM  [111, It provides the  constraint

on  the FCNC  coupling

                                  IUfZ'1 -< O.66, (s)
which  is larger than  tliat in Eq, (4), At t･he super-B  factory, all four decajr modes  B  -  MvP
would  be well  measured  and  give more  stringent  bounds on  the FCNC  couplings,

   The exclusive  modes  are  much  easier  at  the experimental  detection than the inclusive ones.
However,  the exclusive  modes  have inevitable large theoretical uneertainties  from hadronic
transit･ion form factors. In order  to reduce  hadronic uncertainties,  one  can  take ratios  for
B(B -  MuP)  to B(B  

--
 Meu)  fbr M  =  T,p  mesens  [10].

4  Bg-BgMixing

The ZLexchanging AB  =:  AS  ::: 2 tree diagram contributes  to the  B.O -  IB2 mixing  [!4].
mass  difference Am.  of  the mixing  parameters then  read

                         Arn, =  Am?M  1 + R e2idi.Zb' 
,

The

(6)

                                   U,Z,'       Ri
           GFAft2v (1!ZbVt',)2 So(xt) AfZ,

   In Figs. 2, the allowed  region  in (IU,Zb'1,ip,Zb')

                       I UIZ'l s O.Ooss

for ip.Zb' =  O. This bound is about  two  orders

exclusive  semileptoriic  B  -  MvP  decays,

2teT2 M2 2

 =  1.62 × lo3 (700MS,eV)
2

plane is shown.  We  obtain

for Mz, =  700 GeV,

of  magnitude  stronger  than

ugi'2' (7)

            (8)

(4) obtained  frem
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Figure 2: The  allowed  region  in (IUIiZ'[,ipgb') plane fbr (a) A42, =  700 GeV  and  (b) Mz, =  1

TleV . We  used  (HP+JL)QCD result  in [15] fbr the hadronic parameter. Constant contour  lines

for the time dependent  CP  asymmetry  Sdidi in B. -  J/th di are  also  shown.

   The  holes appear  because they predict  too small  Am..  For a  given A42, we  can  see  that  large

CP  violating  phase ean  enhance  the allowed  coupling  IUgZ'1 up  to  almost  factor 10. This shows

the importance of  the role played by CP  violating  phase even  in CP  conserving  observable  such

as  Am,.  As can  be seen  from Fig. 3(b), irrespective of  its phase ipgb' value

                        IU,Zb'ISO･051 for Mzr =1  TleV. (9)

   The  CP  violating  phase in B.O -  [B2 mixing  amplitude  can  be measured  at  LHC  in near

future through the time-dependent CP  asymmetry  in B, -  Jlab ip decay

              ;[l:i12!X
thv$li;[:i{:Y:$]iscbdis-(A-st)

 (io)

We  note  that although  the final states  are  not  CP-eigenst,ates, the  t･imedependent  analysis  of

the B? -  Jlip ip angular  distribution allows a  clean  extraction  of  Sthdi [16]. In the  SM,  Sthdi is

predicted to be very  small,  SSY =  
-sin2fi,

 ==  O.038 ± O.O03 (P, =  arg  [(K:1,lb)/(S/:ZItZb)]). If

NP  has an  additional  CP  violating  phase ip,Zb', however, the experimental  va!ue  of

would  be significantly

also  shown  in Figs, 2.

observation,  large Sipdi

Sedi =  
-
 sin [26, +  arg  (1 +  R  e2mpsZb')]

different from the SM  prediction. Constant contour
We  can  see  that even  with  the strong  constraint  from

are  still allowed.

(11)

lines fbr Sij,di are

the present Ams

5ConcludingRemarks

In this talk, we  have considered  the Ieptophobic Z' model  with  FCNC

direct probe of  the leptophobie Z' model  is very  dificult, the exclusive

very  adequate  to rneasure  the FCNC  coming  fbrm this model,  We  have

couplings.  Since the

B  .  MvP  decay are

also  showed  that the
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recently  mea$ured  mass  difference Am,  of  B.O-IEig system  can  constrain  this kind of  models  very

eficiently.  Although the  bounds on  the  coupling  estimated  from the latter are  about  two  orders

of  magnit･udes  stronger  than those from the former, both measurements  are  complementar}r,
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