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With new physics, like VdQ, we can easily fit the 
data : 
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bb→→ssνννν and and bb→→ddνννν-- --

Single meson + missing energy in final state.Single meson + missing energy in final state.

Analyzed through reconstruction of another B meson Analyzed through reconstruction of another B meson 
from from ΥΥ(4S)(4S)→→BB++BB-- eventevent..

Although experiments are difficult, good channel for Although experiments are difficult, good channel for 
the study of Zthe study of Z--mediated EW penguin contribution.mediated EW penguin contribution.
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Exp. Bounds from Belle and Exp. Bounds from Belle and BaBarBaBar

SM predictions are highly dependent on form factors.SM predictions are highly dependent on form factors.

large theoretical uncertainty.large theoretical uncertainty.

Kνν sensitivity now <10X SM rate.

bb→→dd transition receive larger uncertainties from |transition receive larger uncertainties from |VVtdtd|.|.

Vector boson production is 2 or 3 times larger than Vector boson production is 2 or 3 times larger than 
pseudoscalarpseudoscalar production (because of polarization).production (because of polarization).

340    (Belle)<
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OriginalOriginal motivation disappeared.motivation disappeared.

However, it still remains as a viable candidate of physics beyonHowever, it still remains as a viable candidate of physics beyond SM.d SM.

Fate of Fate of leptophobicleptophobic U(1)U(1)’’

Original motivation is from Original motivation is from RRbb--RRcc puzzle at LEP (1995)puzzle at LEP (1995)

and an excess of highand an excess of high--EETT jets at CDF (1996).jets at CDF (1996).

3.9 3.9 σσ

--2.3 2.3 σσ
Consistent within 1.5 Consistent within 1.5 σσ

HighHigh--EETT jetsjets Better estimate of gluon density Better estimate of gluon density systematicssystematics
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'ZM
Z' 365 GeV  M   61exclude 5 GeV  (!!! )D0≤ ≤
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SU(2)SU(2)LLxU(1)xU(1)YYxU(1)xU(1)΄́ : U(1): U(1)΄́ arise from the breaking chainarise from the breaking chain

with with QQ΄́=Q=Qψψ coscos θθ –– QQχχ coscos θθ, , wherewhere θθ is the usualis the usual EE66 mixing anglemixing angle

LerouxLeroux, London, PLB526, London, PLB526Brief review of Brief review of leptophobicleptophobic ZZ΄́ modelmodel

EE66

Anomaly free GUTAnomaly free GUT

String theory motivatedString theory motivated
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The most general SU(2)The most general SU(2)LLxU(1)xU(1)YYxU(1)xU(1)΄́ invariant invariant LagrangianLagrangian include include 
a kinetic mixing term between U(1)a kinetic mixing term between U(1)Y Y and  U(1)and  U(1)΄́ gauge bosons:gauge bosons:

With the nonWith the non--unitarityunitarity transformationtransformation

ZZ΄́--fermionfermion interaction term can be writteninteraction term can be written

LeptophobicLeptophobic ZZ΄́ if tan if tan θθ = = √√ 3/5 and 3/5 and δδ = = --1/3  for conventional embedding.1/3  for conventional embedding.

'

' '

sin(with  )YQ Y

Q Q

g g
g g

χδ ≡ = −
%

%
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⎝ ⎠
 

((LeptophobicLeptophobic) Z) Z´́--mediated mediated FCNCsFCNCs
K.Leroux, D.London (PLB526,97)(2002)

Two unknown parameters !!!Two unknown parameters !!!

'
Z',  MZ

qpU

Parameterize !!Parameterize !!
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Effectively, tree level FCNC in B decaysEffectively, tree level FCNC in B decays

ParametrizeParametrize ZZ΄́-- mediated FCNC coupling asmediated FCNC coupling as

ZZ΄́ does not couple to SM neutrino because it is does not couple to SM neutrino because it is leptophobicleptophobic..

However, it may couple to the rightHowever, it may couple to the right--handed neutrino (handed neutrino (υυcc or Sor Scc).).
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*Exclusive     ( , , , ) DecaysB M M K Kνν π ρ→ =

*   We investigate    ( , , , ) Decays in the leptophobic Z  model
     as a possible candidate of new physics in the EW penguin sector.

B M M K Kνν π ρ ′• → =

c c   Additional right-handed neutrinos(  can contribute to the missing energy signal 
     in     Decays 

, s )
B M E

ν•

→ +

LL--ZZ’’

SMSM

   Main theoretical uncertainties srise from the hadronic transition form factors for these Decays•
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max 0.29Z
sbU
′ =

Cf. from inclusive decay Cf. from inclusive decay bb→→ssυυυυ at ALEPHat ALEPH 0.83Z
sbU
′ <

700  G eVZM ′ =
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max 0.61Z
dbU
′ =
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Massive rightMassive right--handed neutrino handed neutrino 

In principle, rightIn principle, right--
handed neutrino can handed neutrino can 
be massive.be massive.

Sharp rise near Sharp rise near 
threshold threshold 

If mass is lower than If mass is lower than 
a few hundred a few hundred MeVMeV, it , it 
is hard to find  is hard to find  
difference from the difference from the 
masslessmassless case.case.
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