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famous
(100 ∼ 499 cites)I Why SM4

I Prof. Yuan’s talk (“From Top to Heavy Quark”) in the morning
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Introduction

I Direct search at LHC – Prof. Chen’s talk
I t ′ quark

mt ′ > 450GeV @95%CL, ”CMS PAS EXO-11-051”, 2011/07/22

mt ′ > 490GeV @95%CL, 1.1fb−1, ”CMS PAS EXO-11-054”, 2011/10/04

I b ′ quark
mb ′ > 495GeV @95%CL, 1.14fb−1

”CMS PAS EXO-11-036”, 2011/08/27

I ”Indirect search” in flavor physics
–constraints of flavor mixing matrix from FCNC processes

I B(Bs → µ+µ−)
I sin 2ΦBs from Bs → J/ψ φ
I AFB of Bd → K ∗µ+µ−

Hou-Soni-Steger, 1987
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Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

Bs → µ+µ−

B(Bs → µ+µ−) < 1.2(1.5) × 10−8@90(95)%CL

300pb−1 , LHCb@EPS-HEP2011

BSM (Bs → µ+µ−) = (3.2 ± 0.2) × 10−9

A.J. Buras 1012.1447
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Bs → µ+µ−

bs → `+`−

u, c, t, t′b s

µ+

µ−

b s

u, c, t, t′

µ−

µ+

b s

µ+

µ−

u, c, t, t′

I large uncertainty: B(Bs → µ+µ−) ∝ f2
Bs

I note ∆mBs ∝ f2
Bs

B̂Bs

I reduce the uncertainty to bag parameter: B(Bs→µ
+µ−)

∆mBs |
th./∆mBs |

exp.

B(Bs → µ+µ−) = C
τBsη

2
Y

B̂BsηB

|λSM
t Y0(xt ) + λt ′∆Y0|

2

|∆s
12|/∆mBs |

exp

with λt ′ = Vt ′bV∗t ′s
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Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

B0
s → J/ψφ(f0)

I LHCb@LP2011 (G. Raven)

φs = 0.13 ± 0.18 ± 0.07 rad (337pb−1) φs = −0.44 ± 0.44 ± 0.02 rad (378pb−1)

⇓

φs = 0.03 ± 0.16 ± 0.07 rad

I SM
φs = −2ΦBs = 0.0038 ± 0.0010 (A. Lenz 1102.4274v1) Consistent
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sin 2ΦBs

I The time-dependent CPV (TCPV) asymmetry for
Bs → J/ψ φ(f0)

A(∆t) = −(SJ/ψ φ sin(∆MBs ∆t) +AJ/ψ φ cos(∆MBs ∆t))

SJ/ψ φ � sin 2ΦBs free of hadronic uncertainty

I 2ΦBs = Arg(Ms
12)

b̄

s

s̄

b s b

s̄b̄

u, c, t, t′

u, c, t, t′

Ms
12 =

G2
FM2

W

12π2 mBs f2
Bs

B̂BsηB

[(
λSM

t

)2
S0+2λSM

t λt ′∆S(1)
0 + λ2

t ′∆S(2)
0

]
with λSM

t = V∗tsVtb , λt ′ = V∗t ′sVt ′b

Fanrong Xu Measuring CKM4 at LHC



Introduction
3 new measurements

Constraint from b → s decay
Constraint from b′ and t′ decay

Constraint from b → d decay
Summary

Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

sin 2ΦBs

I The time-dependent CPV (TCPV) asymmetry for
Bs → J/ψ φ(f0)

A(∆t) = −(SJ/ψ φ sin(∆MBs ∆t) +AJ/ψ φ cos(∆MBs ∆t))

SJ/ψ φ � sin 2ΦBs free of hadronic uncertainty
I 2ΦBs = Arg(Ms

12)

b̄

s

s̄

b s b

s̄b̄

u, c, t, t′

u, c, t, t′

Ms
12 =

G2
FM2

W

12π2 mBs f2
Bs

B̂BsηB

[(
λSM

t

)2
S0+2λSM

t λt ′∆S(1)
0 + λ2

t ′∆S(2)
0

]
with λSM

t = V∗tsVtb , λt ′ = V∗t ′sVt ′b
Fanrong Xu Measuring CKM4 at LHC



Introduction
3 new measurements

Constraint from b → s decay
Constraint from b′ and t′ decay

Constraint from b → d decay
Summary

Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

AFB of B → K ∗µ+µ−

I

θK∗

φ

θl
B

0

K−

π+

z

µ−

µ+

K
∗0

I
Belle, PRL 103, 171801 (2009) BaBar, PRD 79, 031102(R) (2009)

CDF, PRL 106, 161801(2011) 309pb−1 data, M. Patel, LHCb@EPS-HEP2011
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Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

AFB of B → K ∗µ+µ−

Summary of Theoretical status
I The contribution of heavy quark to b → s`+`−

W.-S. Hou, R.S. Willey and A. Soni, Phys. Rev. Lett. 58, 1608 (1987)

I B → K ∗`+`− @ NLL , naive factorization
A. Ali, P. Ball, L. T. Handoko,and G. Hiller, PRD 61, 074024 (2000)

A. J. Buras, M. Münz, PRD 52, 186 (1995), · · ·

I B → K ∗`+`− @ NNLL , QCDF/SCET
I Formulation

U. Egede, T. Hurth, J. Matias, M. Ramon, W. Reece, JHEP11 (2008) 032

I Wilson coefficient
C. Bobeth, M. Misiak, J. Urban, NPB 574 (2000) 291;

C. Bobeth, P. Gambino, M. Gorbahn and U. Haisch, JHEP 04 (2004) 071

H. Asatryan, H. Asatrian, C. Greub, M. Walker, PLB 507 (2001) 162

I Form factor:
M. Beneke, Th. Feldmann, NPB 592 (2001) 3
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Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

AFB of B → K ∗µ+µ−

I Decay amplitude

Mb→s`+`− = −
GFα
√

2π
λt

[
C̃eff

9 (s̄γµPLb)(¯̀γµ`) + C̃eff
10 (s̄γµPLb)(¯̀γµγ5`)

−2
mb

q2 C̃eff
7 (s̄iσµνqνPRb)(¯̀γµ`)

]

I take naive factorization as the example

dAFB

dq2 ∝ Re(C̃eff
9 C̃∗10) + F Re(C̃eff

7 C̃∗10)

with C̃i = C̃ t
i + λt′

λt
∆Ci in SM4.
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Bs → µ+µ−

B0
s → J/ψφ(f0)

B → K∗µ+µ−

AFB of B → K ∗µ+µ−

Some remarks
I C10 is general complex
I In realistic calculation, NLO Wilson coefficients, O(αs) order

soft form factors, and non-factorization contribution are
included

I QCDF/SCET approach is applicable only at q2 < 6GeV2

I The AFB zero crossing point s0 is free of hadronic uncertainty
I Fourth generation information: λt ′ = V∗t ′sVtb and mt ′ can be

read from AFB and s0

Fanrong Xu Measuring CKM4 at LHC
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Constraint of Vt ′bV∗t ′s

Fanrong Xu Measuring CKM4 at LHC



Introduction
3 new measurements

Constraint from b → s decay
Constraint from b′ and t′ decay

Constraint from b → d decay
Summary

Contours in (rsb , φsb)

λt ′ = V∗t ′bVt ′s = rsbe iφsb , mt ′ = 550GeV
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sin 2ΦBs 109 × B(Bs → µ+µ−)

sin 2ΦBs and B(Bs → µ+µ−) contours are combined to determine
the possible regions.
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Allowed (rsb , φsb) region
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Allowed region and AFB

I further discrimination from AFB and s0

I different behaviors of AFB

I some parameter space can be
excluded by LHCb
|Vt ′bV∗t ′s | ≤ 0.008 for mt ′ = 550GeV

Fanrong Xu Measuring CKM4 at LHC
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b → s quadrangle

VusV
∗
ub

VudV
∗
ub

VcdV
∗
cb

VtdV
∗
tb

VcsV
∗
cb

VtsV
∗
tb

VtsV
∗
tb

Vt′sV
∗
t′b

I “b → d ” triangle has been examined a lot
I b → s relevant to BAU
I once mt ′ is known, b → s quadrangle can be determined
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Constraint of |Vt ′b | and |Vtb ′ |
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The decay of b ′ and t ′

More than b ′ → tW Y. Chao, K. Chen, S. Chen, W. Hou, B. Huang, Y. Lei, PRD 84, 014029 (2011)

b′ → cW

I When
∣∣∣∣Vcb′

Vtb′

∣∣∣∣ > 0.7, b ′ → cW will dominate.
I Assuming b ′ → t ′W∗ and b ′ → tW to be two dominant

modes, B(b ′ → t ′W∗) is ploted above, which depends on Vtb′ .
I Once mb′ and relevant branching ratios are measured,mixing

matrix can be determined.
Fanrong Xu Measuring CKM4 at LHC
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Future constraint of Vt ′bV∗t ′d
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b → d

I In b → s, λu is neglected, λc = −λt (−λt ′)

I But in b → d, λu is the same order of λt and λc (λt ′), should
be kept

I The λu contribution can be interpreted by exclusive process
B → ρ/π`+`−

I Experimentally, B → π`+`− has been measured

B(B → π`+`−) < 9.1 × 10−8 @90% (BaBar 2007)

B(B → π`+`−) < 6.2 × 10−8 @90% (Belle 2008)

I How about B(B → ρ`+`−) and AFB?
I In progress · · ·

Fanrong Xu Measuring CKM4 at LHC
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Summary

I The 3 new measurements are studied in SM4.

I Combining the latest experimental results, with the 2012
expectation, we give new constraints of Vt ′bV∗t ′s , which helps
to determine CKM4.

I b → s quadrangle could be determined.
I From t ′ and b ′ decay, some of CKM matrix elements can be

determined separately.
I b → d · · ·

Fanrong Xu Measuring CKM4 at LHC
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