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Recent Experimental Progresses on b → s FCNC
Effects

Three classes of FCNC processes:

d → s transitions: e.g., K − K̄ mixing
b → d transitions: e.g., Bd − B̄d mixing
b → s transitions: e.g., Bs − B̄s mixing

Absent at tree level in the SM and sensitive to UV physics.
⇒ A useful tool to probe or constrain NP models.
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A. ∆B = 2 processes via b → s: Bs − B̄s mixing
Key observables: off-diagonal element of the mixing matrix

MBs
12 = (MBs

12 )SMCBs e
2iφNP

Bs

SM predictions: CBs = 1 and φNP
Bs

= 0

Table: The fit results for the Bs − B̄s mixing parameters (UTfit
Collaboration’ 08), obtained by combining the analyses of Bs → ψφ
by (CDF Collaboration’ 08) and (D0 Collaboration’ 08)

Observable 1σ C.L. 2σ C.L.
φNP

Bs
[◦] (S1) -19.9 ± 5.6 [-30.45,-9.29]

φNP
Bs

[◦] (S2) -68.2 ± 4.9 [-78.45,-58.2]
CBs 1.07 ± 0.29 [0.62,1.93]

CBs is consistent with its SM prediction, for given significance.

φNP
Bs

has two solutions, denoted as “S1” and “S2”.

Both of them deviate from its SM prediction by more than 3σ.
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B. ∆B = 1 processes via b → s: Bd → (φ, η′, π, ρ, ω, f0)KS
Key observables: time-dependent CP asymmetries

CfCP =
1− |λfCP |2
1 + |λfCP |2

, SfCP =
2Im [λfCP ]

1 + |λfCP |2
. (1)

The λfCP parameter (AfCP is decay amplitude of Bd → fCP .):

λfCP ≡ ηfCP e−2iφBd
ĀfCP

AfCP

(2)

SM prediction: φBd = β ≡ arg
[−(VcdV ∗cb)/(VtdV ∗tb)

]
and ĀfCP ' AfCP ⇒

CfCP ' 0, −ηfCPSfCP ' sin 2β. (3)
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Table: World averages of the experimental results (HFAG’08).

fCP −ηCPSfCP (1σ C.L.) CfCP (1σ C.L.)
ψKS +0.672± 0.024 +0.005± 0.019
φKS +0.44+0.17

−0.18 −0.23± 0.15
η′KS +0.59± 0.07 −0.05± 0.05
πKS +0.57± 0.17 +0.01± 0.10
ρKS +0.63+0.17

−0.21 −0.01± 0.20
ωKS +0.45± 0.24 −0.32± 0.17
f0KS +0.62+0.11

−0.13 0.10± 0.13

sin 2β obtained from the penguin-dominated modes are
systematically below that obtained from Bd → ψKS.

|C(φ,ω)KS | � |CψKS |
Bd → ψKS is dominated by the SM tree-level amplitude,
−ηfCPSfCP 6= −ηψKSSψKS or CfCP 6= CψKS may imply interesting NP.
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Non-universal U(1)′ Models and b → s Transitions
Non-universal U(1)′: (1) quarks, leptons charged in a family
dependent way; (2) their couplings to Z ′ are phenomenologically
characterized by the following structure:

BψL,R ≡ g2MZ

g1MZ ′
VψL,R ε̃

ψL,R V †ψL,R
=

 BψL,R
11 0 BψL,R

13

0 BψL,R
11 BψL,R

23

BψL,R∗
13 BψL,R∗

23 BψL,R
33


ψL,R – weak eigenstates of the SM fermions
ε̃ψL,R – U(1)′ gauge charge matrix of ψL,R , which is diagonal
VψL,R – the unitary matrices diagonalizing fermion mass matrices

Non-trivial BψL,R
12 is excluded by K − K̄ and µ− e constraints;

BψL,R
23 can lead to sizable FCNC effects in b → s transitions;

BψL,R
13 ∼ BψL,R

23 may also lead to non-trivial FCNC effects in b → d
transitions.

Such a structure can be generated in the case with
ε̃
ψL,R
1 = ε̃

ψL,R
2 6= ε̃

ψL,R
3 and small fermion mixing angles in VψL,R .

Tao Liu Family Non-universal U(1)′ Gauge Symmetries and b → s Transitions



Through current-current interactions, three classes of processes via
b → s can be affected at tree-level by Z ′-induced FCNC effects:

Bs − B̄s mixing;

b → sq̄q, e.g., hadronic Bd meson decays;

b → sl̄ l , e.g., Bs → l+l−

s̄

Z ′

b b̄(q̄, l̄)

s(q, l)
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HZ ′
eff (Bs − B̄s) = −GF√

2
(∆CBs

1 QBs
1 + 2∆C̃Bs

3 Q̃Bs
3 + ∆C̃Bs

1 Q̃Bs
1 ) + h.c.

HZ ′
eff(b → sq̄q) = −GF√

2
VtbV ∗ts(∆C3Q3 + ∆C5Q5 + ∆C7Q7 + ∆C9Q9

+∆C̃3Q̃3 + ∆C̃5Q̃5 + ∆C̃7Q̃7 + ∆C̃9Q̃9) + h.c.

HZ ′
eff (b → sl̄ l) = −GF√

2
VtbV ∗ts

(
∆C9V Q9V + ∆C10AQ10A

+∆C̃9V Q̃9V + ∆C̃10AQ̃10A

)
+ h. c.

Qs: SM operators in OPE; Q̃s: new operators introduced by NP

Qis and Q̃is: QCD penguin for i = 3, ...6 and EW penguin for
i = 7, ...10

Effectively, NP affects b → s FCNC processes: (1) by modifying
Wilson coefficients of the SM operators, and (2) by introducing
new FC operators

Tao Liu Family Non-universal U(1)′ Gauge Symmetries and b → s Transitions



Correlated Analysis of Bs − B̄s Mixing and Bd Decays

Strategy to study Bs − B̄s mixing + Penguin-dominated Bd decays:

Assume no Z − Z ′ mixing, due to the constraints from weak
neutral current data;

Assume that NP enters mainly through EW penguins (A. Buras
et. al.’ 04), i .e., ∆C3,5,∆C̃3,5 � ∆C7 or ∆C̃9 ⇒

Five relevant parameters: |BL,R
bs |, φL,R

bs and BR
dd ;

|BL
bs| < |BL

dd | � |BR
dd |.

Assume 15% and 25% non-perturbative uncertainties in the SM
and NP calculations, respectively.
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Figure: Distributions of |BL,R
bs | and φL,R

bs which are constrained by
Bs − B̄s mixing, in the general case.
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Figure: Bs − B̄s mixing, in the LR and LL limits.

CBs e
2iφNP

Bs = 1− 3.59× 105(∆CBs
1 + ∆C̃Bs

1 ) + 2.04× 106∆C̃Bs
3 (4)

LR limit: ∆CBs
1 = ∆C̃Bs

1 = ∆C̃Bs
3 = −(BL

bs)2

LL limit: ∆CBs
1 = −(BL

bs)2,∆C̃Bs
1 = ∆C̃Bs

3 = 0

Two parameters involved: |BL
bs| and φL

bs; |BL
bs| ∼ 10−3.
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Figure: Bd → πKS, in the LR and LL limits.

A deviation of SπKS from its SM prediction can be understood as
a modification of qeiφ = P

T+C (A. Buras et. al.’ 04). The
experimental constraints on qeiφ have been obtained from χ2 fit
of the B → πK + B → ππ data (R. Fleischer et. al.’ 08)

In our models: qeiφ = 0.76(1 + 158.1∆C7 − 102.4∆C̃9)

LR (LL) limit: ∆C7 = ∆C̃9 = 4
VtbV∗ts

BL
bsBR

dd (∆C7 = 4
VtbV∗ts

BL
bsBR

dd )
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Figure: Bs − B̄s mixing (2σ C.L.) + χ2 fit of (B → πKS + B → ππ) (1σ
C.L.) + C(φ,η′,ρ,ω,f0)KS , S(φ,η′,ρ,ω,f0)KS (1.7σ C.L.), in the LR and LL limit.
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Both solutions “S1” and “S2” in Bs − B̄s mixing can be explained.

|BR
dd | <∼ 10−1. But, to get better fit, ...
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Figure: Bd → πKS (correlated analysis), in the LR and LL limits
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To get a relatively small χ2 value, we need |BR
dd | >∼ 10−2.

Similar effects can be seen by reducing the C.L. in the fitting of
C(φ,η′,ρ,ω,f0)KS and S(φ,η′,ρ,ω,f0)KS .
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Consistency checks:

|BL
bs| ∼ 10−3, consistent with the assumption of small fermion

mixing angles, since BL
bs ∝ g2mZ

g1mZ′
× fermion mixing angle.

The experimental constraints from Br(Bs → µ+µ−) can be
easily satisfied, according to

∣∣∣∣∣0.003 +
BL

bsBL
µµ

V ∗tbVts

∣∣∣∣∣
2

+

∣∣∣∣∣BL
bsBR

µµ

V ∗tbVts

∣∣∣∣∣
2


1/2

<∼ 10−2

|BL
bd | ∼ |BL

bs| ⇒ To be consistent with Bd − B̄d mixing, a
O(10%) fine-tuning is necessary.

|BR
dd | >∼ 10−2 is typically required for a good fit. ⇒

g1mZ′
g2mZ

∼ 10− 100 or TeV scale Z ′ for g1
>∼ g2, a range

approachable at the LHC!

Recall that the assumption of small QCD penguin corrections by
the NP requires |BL

bs| < |BL
dd | � |BR

dd |. This relation can be easily
accommodated.
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Conclusions

The recent progresses in experiments on b → s FCNC effects
provide a good chance to study possible NP;

Within this class of family non-universal U(1)′ models, the
anomalies in Bs − B̄s mixing and the time-dependent CP
asymmetries of the penguin-dominated Bd → (π, φ, η′, ρ, ω, f0)KS
can be consistently accommodated;

No single measurement of Bs − B̄s mixing phase or
time-dependent CP asymmetries of penguin-dominated Bd
decays has a 3 sigma significance. For a better understanding of
the possible NP, we expect that more precise information can be
provided by experimentalists in the near future.
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Thank you!
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Backup Slides

A. Operators of Effective Hamiltonian
QCD-Penguins Operators:

Q3 = (s̄b)V−A

∑
q

(q̄q)V−A Q4 = (s̄αbβ)V−A

∑
q

(q̄βqα)V−A

Q5 = (s̄b)V−A

∑
q

(q̄q)V+A Q6 = (s̄αbβ)V−A

∑
q

(q̄βqα)V+A

Q̃3 = (s̄b)V+A

∑
q

(q̄q)V+A Q̃4 = (s̄αbβ)V+A

∑
q

(q̄βqα)V+A

Q̃5 = (s̄b)V+A

∑
q

(q̄q)V−A Q̃6 = (s̄αbβ)V+A

∑
q

(q̄βqα)V−A
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Electroweak-Penguins Operators:

Q7 =
3
2

(s̄b)V−A

∑
q

eq (q̄q)V+A Q8 =
3
2

(s̄αbβ)V−A

∑
q

eq (q̄βqα)V+A

Q9 =
3
2

(s̄b)V−A

∑
q

eq (q̄q)V−A Q10 =
3
2

(s̄αbβ)V−A

∑
q

eq (q̄βqα)V−A

Q̃7 =
3
2

(s̄b)V+A

∑
q

eq (q̄q)V−A Q̃8 =
3
2

(s̄αbβ)V+A

∑
q

eq (q̄βqα)V−A

Q̃9 =
3
2

(s̄b)V+A

∑
q

eq (q̄q)V+A Q̃10 =
3
2

(s̄αbβ)V+A

∑
q

eq (q̄βqα)V+A
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Bs − B̄s Mixing Operators:

QBs
1 = (s̄b)V−A(s̄b)V−A QBs

2 = (s̄αbβ)V−A(s̄βbα)V−A

Q̃Bs
1 = (s̄b)V+A(s̄b)V+A Q̃Bs

2 = (s̄αbβ)V+A(s̄βbα)V+A

QBs
3 = Q̃Bs

3 = (s̄b)V+A(s̄b)V−A QBs
4 = Q̃Bs

4 = (s̄αbβ)V+A(s̄βbα)V−A
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B. Corrections of Family Non-universal Z ′ to Wilson Coefficients
(1) LR limit: BL

bs = BR
bs

∆CBs
1 = ∆C̃Bs

1 = ∆C̃Bs
3 = −(BL

bs)2,

∆C3 = ∆C̃5 = − 2
VtbV ∗ts

BL
bsBL

dd ,

∆C̃3 = ∆C5 = − 2
3VtbV ∗ts

BL
bs

(
BR

uu + 2BR
dd

)
,

∆C7 = ∆C̃9 = − 4
3VtbV ∗ts

BL
bs

(
BR

uu − BR
dd

)
,

∆C9V = ∆C̃9V = − 2
VtbV ∗ts

BL
bs(BL

ll + BR
ll ),

∆C10A = ∆C̃10A = − 2
VtbV ∗ts

BL
bs(−BL

ll + BR
ll ).
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(2) LL limit: εψR ∝ I

∆CBs
1 = −(BL

bs)2,

∆C3 = − 2
VtbV ∗ts

BL
bsBL

dd ,

∆C5 = − 2
3VtbV ∗ts

BL
bs

(
BR

uu + 2BR
dd

)
,

∆C7 = − 4
3VtbV ∗ts

BL
bs

(
BR

uu − BR
dd

)
,

∆C9V = − 2
VtbV ∗ts

BL
bs(BL

ll + BR
ll ),

∆C10A = − 2
VtbV ∗ts

BL
bs(−BL

ll + BR
ll ).
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(3) RR limit: εψL ∝ I

∆C̃Bs
1 = −(BR

bs)2,

∆C̃3 = − 2
3VtbV ∗ts

BR
bs

(
BR

uu + 2BR
dd

)
,

∆C̃5 = − 2
VtbV ∗ts

BR
bsBL

dd ,

∆C̃9 = − 4
3VtbV ∗ts

BR
bs

(
BR

uu − BR
dd

)
,

∆C̃9V = − 2
VtbV ∗ts

BR
bs(BL

ll + BR
ll ),

∆C̃10A = − 2
VtbV ∗ts

BR
bs(−BL

ll + BR
ll ).
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C. Correlated Analyses in LR limit
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D. Constraints on NP from Bs − B̄s mixing (by CKMfitter)

Figure: Constraints on NP from Bs − B̄s mixing (by CKMfitter), here
∆s = CBs e

2iφNP
Bs .
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