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Introduction

• New particles enter into loop diagrams, if they exist

• Their influence may measurably change observables:

• Branching fraction (total or differential)
• Angular distribution
• CP asymmetry

• Look in processes which only occur at loop level in SM - FCNCs

• Will cover broad range of rare FCNC processes - B0
q → µ+µ− and

B0→ K∗0µ+µ− were covered in more detail in the talk on Monday:

• “CPV and rare B decays at LHCb” by T.Blake

• Will discuss most general physics implications



2. B0
q → µ+µ− 3/20

B0
q → µ+µ−

• Extremely suppressed in SM (prediction: B(B0
s → µ+µ−) =

(3.2± 0.2)× 10−9) [1]

• Particularly sensitive to scalar, pseudo-scalar operators

• Previous limit from LHCb, CMS combination [2, 3] a factor ∼ 3
above SM prediction
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• Reduce combinatorial background using a BDT

• Bin B0
q → µ+µ− events in BDT output, mass (2D distribution

above)

• Normalise to three modes: B+→ J/ψK+, B0
s → J/ψφ,and

B0 → K+π−

• Results from all three consistent

• Set limits using CLs method [4]
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• Limit set for B(B0
s → µ+µ−) < 4.5× 10−9 (left, ∼ 1.3× SM

prediction),
B(B0→ µ+µ−) < 1.0× 10−9 (right), both 95% C.L.

• Tightest indirect constraint on new scalar, pseudo-scalar operators

• Fitted B(B0
s → µ+µ−) = 0.8+1.8

−1.3 × 10−9, consistent with SM (and
zero)

• New physics could still suppress B(B0
s → µ+µ−)....
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B0→ K ∗0µ+µ−

• Angular distribution of B0→ K ∗0µ+µ− a sensitive test of new
physics

• Described by three angles (θL, θK , φ), with the angular
distribution varying with dimuon mass (q2)

• Can be parameterised in terms of theoretically clean
observables, with differing new physics sensitivities

• AFB , the forward-backward asymmetry
• FL, the fraction of K∗0 longitudinal polarisation
• S3 ∝ A2

T (1 − FL), the asymmetry in K∗0 transverse
polarisation [5]

• AIM , a T-odd CP asymmetry [6]
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• Combinatorial background suppressed using a BDT selection

• Peaking backgrounds rejected with PID requirements

• 900 ± 34 B0→ K∗0µ+µ− candidates

• Correction applied for angular bias arising from detector acceptance,
taken from simulation

• Bin in q2, 4D angular fit (3 angles + B mass)
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• Most precise measurements to date

• All consistent with SM [7]
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• Zero-crossing point in q2 of AFB (q2
0) an especially sensitive

observable

• SM predictions range from 4-4.3 GeV2/c4 [7, 8, 9]

• World’s first measurement made: q2
0 = 4.9+1.1

−1.3

• Consistent with SM
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Differential branching fractions

• Measurement made of B0→ K ∗0µ+µ− (left) and
B0

s → φµ+µ− (right) differential branching fraction
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• B0
s → φµ+µ− (differential) branching fraction measurements:
• B(B0

s → φµ+µ−) =
(0.78± 0.01(stat.)± 0.06(syst.)± 0.28(B))× 10−6

• All consistent with SM predictions [10]
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B+→ π+µ+µ−

• B+→ π+µ+µ− is a b→ dµ+µ− transition

• None yet observed

• CKM suppressed cousin to B+→ K+µ+µ−

• Current limit is < 6.9×10−8, from BELLE [11]

• SM prediction (1.96 ± 0.21)×10−8 [12]

• May be enhanced by new physics, even with b→ sµ+µ− constraints

• Sensitive to MFV-violating physics
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• 25.3 +6.7
−6.4 B+→ π+µ+µ− candidates, corresponding to a

significance of 5.2 σ
• (B+→ π+µ+µ−) = (2.4 ± 0.6 (stat) ± 0.2 (syst))×10−8

• Consistent with SM prediction of (1.96 ± 0.21)×10−8

• Rarest B decay observed, first b→ dµ+µ− transition
• Possible future interest:

• Extract |Vtd

Vts
| (measure B relative to B+→ K+µ+µ−)

• CPV potential larger in b→ dµ+µ− than b→ sµ+µ− [13]
• Large AFB or FH ?
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B0
q → µ+µ−µ+µ−

• SM process: B0
q → µ+µ−γ∗ with γ∗ → µ+µ−

• Non-resonant BR predicted to be 10−10 − 10−11 [14]

• Sensitive to:

• Four-point vertices
• eg sGoldstinos (B0

s → S(→ µ+µ−)P(→ µ+µ−))

• Resonant mode: B(B0
s → J/ψ (→ µ+µ−)φ(→ µ+µ−)) =

(2.3 ± 0.9 )×10−8 [15] (observed yield consistent with expectation)
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• Number of observed events consistent with background expectation

• Set a limit on signal events using a CLs method

• Normalise the limit on signal events to a branching fraction limit,
assuming a phase space B0

q → µ+µ−µ+µ− distribution

• B(B0
s → µ+µ−µ+µ−) < 1.3× 10−8 ,

B(B0 → µ+µ−µ+µ−) < 5.4× 10−9 at 95% confidence level
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Upcoming results

• CPV in B0→ K ∗0µ+µ−

• < 10−3 in SM
• New V-A couplings could enhance this to ∼ 10% at high

q2 [16]

• B→ K (∗)µ+µ− isospin asymmetry
• Asymmetry in B0→ K 0(∗)µ+µ−, B+→ K+(∗)µ+µ− as a

function of q2

• Previous results from BaBar, Belle, CDF do not agree well
with SM [17, 18, 19]
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• B0→ K ∗0e+e−

• Angular analysis at low q2

• Can extract the photon polarisation in b→ sγ

• Λ0
b→ Λµ+µ−

• Branching fraction measurement
• Differential branching fraction, angular analysis in future
• Similar physics sensitivity to B0→ K∗0µ+µ−

• B+→ K+µ+µ−

• Differential branching fraction, angular analysis
• AFB , FH zero in SM, sensitive to tensor operators

(CT ,CTE ) [20]
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• K 0
s → µ+µ−

• Probe CP violating phase in s → d`+`− amplitude [21]
• B(K 0

s → µ+µ−) range for new physics, SM [22] shown in plot
• Should extend the present limit considerably.

• τ+→ µ+µ−µ+

• B(τ+→ µ+µ−µ+) ∼ 10−50 in SM
• Sensitive LFV measurement
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Conclusion

• B0→ K∗0µ+µ−- Worlds most precise measurements

• B0
s → φµ+µ−- Worlds most precise measurements

• B+→ π+µ+µ−- Worlds first observation (of any b→ dµ+µ−

mode), rarest B decay

• B0
q → µ+µ−- Worlds best limits

• B0
q → µ+µ−µ+µ−- Worlds first limit

• Many more measurements to come this year



9. References 19/20

References I

[1] A. J. Buras, M. V. Carlucci, S. Gori, and G. Isidori, Higgs-mediated FCNCs: Natural Flavour Conservation vs.
Minimal Flavour Violation, JHEP 10 (2010) 009, arXiv:1005.5310.

[2] LHCb, R. Aaij et al., Search for the rare decays Bs -¿ mu+ mu- and B0 -¿ mu+ mu- , Phys. Lett. B708
(2012) 55, arXiv:1112.1600.

[3] CMS, S. Chatrchyan et al., Search for B(s) and B to dimuon decays in pp collisions at 7 TeV, Phys. Rev.
Lett. 107 (2011) 191802, arXiv:1107.5834.

[4] A. L. Read, Presentation of search results: the cl s technique, Journal of Physics G: Nuclear and Particle
Physics 28 (2002), no. 10 2693.

[5] F. Kruger and J. Matias, Probing new physics via the transverse amplitudes of B0 → K∗0(→ K−π+)`+`−

at large recoil, Phys. Rev. D71 (2005) 094009, arXiv:hep-ph/0502060, 21 pages, 16 figures. Minor typo in
Eq. (4.8) corrected: version to appear in Phys. Rev. D Report-no: UAB-FT 560.

[6] C. Bobeth, G. Hiller, and G. Piranishvili, CP Asymmetries in bar B —¿ anti-K* (—¿ anti-K pi) anti-l l and
Untagged anti-B(s),B(s) —¿ phi (—¿ K+ K-) anti-l l Decays at NLO, JHEP 07 (2008) 106,
arXiv:0805.2525.

[7] C. Bobeth, G. Hiller, and D. van Dyk, More benefits of semileptonic rare B decays at low recoil: CP violation,
JHEP 07 (2011) 067, arXiv:1105.0376.

[8] M. Beneke, T. Feldmann, and D. Seidel, Exclusive radiative and electroweak b → d and b → s penguin
decays at NLO, Eur. Phys. J. C41 (2005) 173, arXiv:hep-ph/0412400.

[9] A. Ali, G. Kramer, and G.-h. Zhu, B → K∗`+`− decay in soft-collinear effective theory, Eur. Phys. J. C47
(2006) 625, arXiv:hep-ph/0601034.

[10] C. Geng and C. Liu, Study of Bs → (η, η′, φ)` ¯̀ decays, J. Phys. G G29 (2003) 1103,
arXiv:hep-ph/0303246.

[11] Belle Collaboration, J.-T. Wei et al., Search for B → π`+`− Decays at Belle, Phys. Rev. D78 (2008)
011101, arXiv:0804.3656.

http://dx.doi.org/10.1007/JHEP10(2010)009
http://xxx.lanl.gov/abs/1005.5310
http://dx.doi.org/10.1016/j.physletb.2012.01.038
http://dx.doi.org/10.1016/j.physletb.2012.01.038
http://xxx.lanl.gov/abs/1112.1600
http://xxx.lanl.gov/abs/1107.5834
http://dx.doi.org/10.1103/PhysRevD.71.094009
http://xxx.lanl.gov/abs/hep-ph/0502060
http://dx.doi.org/10.1088/1126-6708/2008/07/106
http://xxx.lanl.gov/abs/0805.2525
http://dx.doi.org/10.1007/JHEP07(2011)067
http://xxx.lanl.gov/abs/1105.0376
http://dx.doi.org/10.1140/epjc/s2005-02181-5
http://xxx.lanl.gov/abs/hep-ph/0412400
http://dx.doi.org/10.1140/epjc/s2006-02596-4
http://dx.doi.org/10.1140/epjc/s2006-02596-4
http://xxx.lanl.gov/abs/hep-ph/0601034
http://dx.doi.org/10.1088/0954-3899/29/6/313
http://xxx.lanl.gov/abs/hep-ph/0303246
http://dx.doi.org/10.1103/PhysRevD.78.011101
http://dx.doi.org/10.1103/PhysRevD.78.011101
http://xxx.lanl.gov/abs/0804.3656


9. References 20/20

References II

[12] S. Hai-Zhen, L. Lin-Xia, and L. Gong-Ru, New physics effects on rare decays b+ → π+`+`−, ρ+`+`− - in
a top quark two-higgs-doublet model, Communications in Theoretical Physics 50 (2008) 696.

[13] G. Erkol and G. Turan, The Exclusive B → π`+`− and B → ρ+`+`− decays in the general two Higgs
doublet model, JHEP 0202 (2002) 015, arXiv:hep-ph/0201055.

[14] D. Melikhov and N. Nikitin, Phys. Rev. D 70, 114028, (2004);
D. Melikhov, N. Nikitin, and K. Toms, Phys. At. Nucl. 68, 1842 (2005).

[15] Particle Data Group, K. Nakamura et al., Review of particle physics, J. Phys. G37 (2010) 075021, and 2011
partial update for the 2012 edition.

[16] A. K. Alok et al., New Physics in b → s mu+ mu-: CP-Violating Observables, JHEP 1111 (2011) 122,
arXiv:1103.5344.

[17] The Belle collaboration, J.-T. Wei et al., Measurement of the Differential Branching Fraction and

Forward-Backward Asymmetry for B → K (∗) l+ l−, Phys. Rev. Lett. 103 (2009) 171801, arXiv:0804.4770.

[18] The BaBar collaboration, B. Aubert et al., Direct CP, Lepton Flavor and Isospin Asymmetries in the Decays

B → K (∗) l+ l−, Phys. Rev. Lett. 102 (2008) 091803, arXiv:0807.4119.

[19] The CDF Collaboration, T. Aaltonen, Observation of the Baryonic Flavor-Changing Neutral Current Decay

Λb → Λµ+mu−, Phys. Rev. Lett. (2011) arXiv:http://arxiv.org/abs/1107.3753.

[20] A. K. Alok, A. Dighe, and S. U. Sankar, Large forward-backward asymmetry in b → kµ+µ− from new
physics tensor operators, Phys. Rev. D 78 (2008) 114025.

[21] G. Isidori and R. Unterdorfer, On the short distance constraints from KL,S → µ+µ−, JHEP 0401 (2004)
009, arXiv:hep-ph/0311084.

[22] G. Ecker and A. Pich, The Longitudinal muon polarization in KL → µ+µ−, Nucl. Phys. B366 (1991) 189.

http://xxx.lanl.gov/abs/hep-ph/0201055
http://dx.doi.org/10.1007/JHEP11(2011)122
http://xxx.lanl.gov/abs/1103.5344
http://dx.doi.org/10.1103/PhysRevLett.103.171801
http://xxx.lanl.gov/abs/0804.4770
http://dx.doi.org/10.1103/PhysRevLett.102.091803
http://xxx.lanl.gov/abs/0807.4119
http://xxx.lanl.gov/abs/http://arxiv.org/abs/1107.3753
http://dx.doi.org/10.1088/1126-6708/2004/01/009
http://dx.doi.org/10.1088/1126-6708/2004/01/009
http://xxx.lanl.gov/abs/hep-ph/0311084
http://dx.doi.org/10.1016/0550-3213(91)90056-4

	Introduction
	B0q  +-
	B  0  K *0  + - 
	B  0  K *0  + - , B  0s     + - 
	B  +     +  + - 
	B0q  +-+-
	Upcoming results
	Conclusion
	References

