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INTRODUCTION

Models with extraU(1) gauge group are well motivated

In a sub class ofZ ′ models, there are flavor changingZ ′ couplings to

SM fermions,e.g. family non-universal models

Flavor changing and/or CP violating effects can be induced by Z ′, many

constraints have been studied[Langacker and Plumacher, hep-ph/0001204]

• Bs mixing [Barger, Chiang, Jiang and Langacker, hep-ph/0405108; Cheung,

Chiang, Deshpande and Jiang, hep-ph/0604223]

• Electric dipole moments,K meson mixing,Bd mixing [Chiang,

Deshpande, Jiang, in preparation]



DIRECT SEARCH

Z ′ can be looked for through Drell-Yan processes at hadron colliders

The search at Tevatron with 819 pb−1 excludesZ ′ of mass less than 850

GeV [http://www-cdf.fnal.gov/∼harper/diEleAna.html]



PRECISION CONSTRAINTS

Electroweak precision measurements provide strong constraints[Erler

and Langacker, hep-ph/9910135]

mZ ′ > O(500 GeV)

θ < O(10−3)

Two convenient parameters
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for TeV scaleZ ′, mixing of θ ∼ 10−3 andg2 ∼ g1



FLAVOR CHANGING COUPLINGS

In the flavor eigenbasis,Z ′ coupling matrix to down type quarks
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and ǫd
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In the quark mass eigenbasis
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ELECTRIC DIPOLE MOMENTS

Through a one-loop diagram
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electric dipole moments are generated for fermions
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CONSTRAINTS FROMEDMS

Experimental limit on electron EDM isde < 1.6 × 10−27 e cm

We require bothµ andτ diagram contribute less than the limit

y Im(BL
eµ

∗
BR

eµ) < 1 × 10−6

Compared to coherentµ-e conversion by Sindrum-II[Wintz, 1998]

w2(|BL
eµ|

2 + |BR
eµ|

2) < 4 × 10−14

y Im(BL
eτ

∗
BR

eτ ) < 8 × 10−8

compared to decaysτ → 3e

w2(|BL
eτ |

2 + |BR
eτ |

2) < 2 × 10−5

Neutron EDMs can be used forBuc, Bds, But andBdb



MESON M IXING

Flavor changingZ ′ couplings induce meson mixing at tree level

d

s̄ s

d̄

Z ′

Relevant operators are

OLL = [s̄γµ(1 − γ5)d][s̄γµ(1 − γ5)d] OLR
1 = [s̄γµ(1 − γ5)d][s̄γµ(1 + γ5)d]

OLR
2 = [s̄(1 − γ5)d][s̄(1 + γ5)d] ORR = [s̄γµ(1 + γ5)d][s̄γµ(1 + γ5)d]

NLO Wilson coefficients[Buchalla et al, hep-ph/9512380; Buras et al,

hep-ph/0102316]

∆M = 2|M12|



K MESON MIXING

Because theK meson mixing mass difference contains large long distance effect

∆M exp
K = ∆MSD

K + ∆MLD
K + ∆MNP

K

we require∆MNP
K < ∆M exp

K

With LH coupling only
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ds

)2
| < 3 × 10−8

Include both LH and RH couplings
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hence keeping the dominant term

y
∣

∣Re
(
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dsB

R
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)∣

∣ < 4 × 10−10

The LR mixed term is dominant due to chiral enhancement in theform

factor and RG enhancement in Wilson coefficients



∆Ms

Recently the mixing ofBs meson has been observed at D0 and CDF

D0 [hep-ex/0603029]:

∆Ms = 19.0 ± 1.215 ps−1

CDF [Gomez-Ceballos, http://fpcp2006.triumf.ca/talks/day3/1500/fpcp2006.pdf]:

∆Ms = 17.33 +0.42
−0.21 (stat.) ± 0.07 (syst.) ps−1

Combined

∆M exp
s = 17.46 +0.47

−0.30 ps−1

Is there indication of new physics? Or is it in agreement withthe SM?



NEW PHYSICS?

From UTfit [http://utfit.roma1.infn.it/], the fitted result is

∆M exp
s = 17.4 ± 0.3 ps−1

the SM prediction is

∆MSM
s = 21.5 ± 2.5 ps−1

usingfBs

√

B̂Bs with a smaller error bar thanfBs

√

B̂Bs = 0.276 ± 0.038

GeV

Our estimate is

∆MSM
s = 19.5 ± 5.3 ps−1



|∆M
exp
s /∆MSM

s |

The effect of includingZ ′ (or other new physics) contribution
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INPUT FROMsin φs

Another observablesin φs with 2φs = arg(M12) can be helpful[Barger et

al, hep-ph/0405108]
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INPUT FROMsin φs

Using (HP+JL)QCD lattice results, there is a1.5σ difference between

∆M exp
s and∆MSM

s [Ball and Fleischer, hep-ph/0604249]

Combined with a(sin φs)exp = −0.20 ± 0.02 measurement, the

discrepancy is10σ
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∆Md/∆Ms

Both∆Md ∝ f 2
Bd

BBd
and∆Ms ∝ f 2

Bs
BBs contain large hadronic

uncertainties, their ratio∆Md/∆Ms ∝ f 2
Bd

BBd
/f 2

Bs
BBs, which is better

determined from lattice calculation

Within the SM,∆Md/∆Ms measures|Vtd/Vts| = 0.208 ± 0.008

From measuringb → dγ andb → sγ branching ratios,

|Vtd/Vts| = 0.199 ± 0.29 [Belle Preprint 2006-5]

The new∆Ms result is consistent with the SM, at the same time it does

not exclude possible new physics



CONSTRAINING Z ′ COUPLING

We use it to constraintZ ′ coupling as inρsb
L < 1 × 10−3
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Br(Bs → µµ)

Within the simple model outlined before,

Bd
L = Qd

L











1 (x − 1)VtsV
∗
td (x − 1)VtbV

∗
td

(x − 1)VtdV
∗
ts 1 (x − 1)VtbV

∗
ts

(x − 1)VtdV
∗
tb (x − 1)VtsV

∗
tb x











constraint onρsb
L is translated to flavor diagonalZ ′-q-q̄ coupling

Bound on

σ(Z ′) B(Z ′ → e+e−)[http://www-cdf.fnal.gov/∼harper/diEleAna.html]can be

used to limitZ ′-e-e coupling

Assuming the flavor diagonal couplings the same for electronand

muon, we can predictBr(Bs → µ+µ−)



Br(Bs → µµ)

The branching ratio is predicted to be a few×10−9
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Currently with 819 ps−1, the reach isBr(Bs → µ+µ−) < 1.0 × 10−7

(CDF) and< 2.3 × 10−7 (D0)

10−9 may be difficult for Tevatron



COMPARED TOSUSY

[See Fleischer talk, Menon’s talk; Carena et al, hep-ph/0603106; Ball and Fleischer,

hep-ph/0604249; Isidori and Paradisi, hep-ph/0605012]

Contribution to∆Ms occurs at one-loop level, which is enhanced by

largetan β

Br(Bs → µ+µ−) is also enhanced by largetan β

Predicts a largerBr(Bs → µ+µ−) ≥ 3 × 10−8



SUMMARY

We propose to use EDM measurements to constrainZ ′ flavor changing

couplings to fermions, they can be effective for couplings involving

heavy fermions

In K meson mixing, the LH and RH cross term dominatesZ ′

contributions

The recently measured∆Ms is consistent with the SM, it can be used to

constrainZ ′ couplings to quarks

Within a more specific model, the predictedBr(Bs → µ+µ−) is too

small to be seen at the Tevatron



APPENDIX



CKM M ATRIX

V =











Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb











=











1 − λ2/2 λ Aλ3(ρ − iη)

−λ 1 − λ2/2 Aλ2

Aλ3(1 − ρ − iη) −Aλ2 1













HADRONIC PARAMETERS

JLQCD numbers:

fBd
B̂

1/2
Bd

∣

∣

∣

JLQCD
= (0.215 ± 0.019+0

−0.023) GeV

fBsB̂
1/2
Bs

∣

∣

∣

JLQCD
= (0.245 ± 0.021+0.003

−0.002) GeV

ξJLQCD ≡
fBsB̂

1/2
Bs

fBd
B̂

1/2
Bd

= 1.14 ± 0.06+0.13
−0

HPQCD+JLQCD numbers:

fBd
B̂

1/2
Bd

∣

∣

∣

(HP+JL)QCD
= (0.244 ± 0.026) GeV

fBsB̂
1/2
Bs

∣

∣

∣

(HP+JL)QCD
= (0.295 ± 0.036) GeV

ξ(HP+JL)QCD = 1.210+0.047
−0.035


