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Multidimensional approach toward BSM                                  

with rich bsμμ samples

Total BR

Differential BR

Angular analysis

- Requires little Data

- Limited sensitivity to NP

- Requires lots of Data

- Most sensitive to NP

B0
KSμμ

B0
K*0μμ

B+
K+μμ

Bsφμμ

B+
K*+μμ

ΛbΛμμ

 Various Observables  Various Channels

- Requires more Data

- Sensitive to NP
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Promising tool to pursue new physics

 Decay amplitude might be affected by heavy NP particles

Various observables are sensitive to NP 

 Total BR

 Differential BR

 Angular distribution                                                                                                         

(AFB, FL)

Hadron collider provides further  probes

 Bsφμμ

 ΛbΛμμ

γ,Z W W

b s

Observed by CDF (4.4fb-1)

No experimental constraint yet

Differential BR AFB

PRL106,161801 (2011)
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C7

C9,10

CS,P

(axial-) vector

(pseudo-) scalar

photon-dipole

Ci:  Wilson coefficient

Oi:  Short distance operator

C7’,9’,10’ Helicity-flipped 

Dominant in SM

Suppressed in SM

Various NP effect could be seen by the bsμμ observables

ΔCi:  Modification to Ci
SM

Cj
NP:  Coefficient of NP operator

SUSY

Extra dimension

Fourth generation

Technicolor

Observable:
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Start from dimuon trigger
 Reconstruct Hbhμμ

 Optimize event selection by NN

K*0
K+π-

φK+ K-

Dimuon mass

12 channel analysis!

K*+
KSπ

+

KSπ+π-

Λpπ-

μ
μ

B

μ
μ

B

h

K

π

π
π

π

B0
K*0μμ

B+
K+μμ

Bsφμμ

B0
J/ψK*0

B+
J/ψK+

BsJ/ψφ

Signal mode Control sample

B+
K*+μμ

B0
KSμμ

ΛbΛμμ

B+
J/ψK*+

B0
J/ψKS

ΛbJ/ψΛ

h hadrons

BR measurement

Angular analysis

h
V0 decay
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Preselection (Hbhμμ)

 pT(Hb), h mass…

pT(Hb), pT(h), pT(μ), h mass, Dxy, Lxy/σ, 

muon likelihood… 

Charmonium(J/ψ, ψ’) veto

Charm (D, Ds, Λc) veto

Employ NN to optimize 

event selection

Lxy

Dxy

pT(Hb)

PV

μ
μ h

BG

Signal

BG

Signal Signal

BG

Lxy/σ|Dxy|

Kinematical variables
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(*) First reconstruction 

in hadron collisions

B0
K*0μμB+

K+ μμ Bsφ μμ

B+
K*+μμB0KS μμ
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Simple extension of bsμμ transition to b-baryon decays

 Different sensitivity from K*μμ

Small BR ~O(10-6)

No experimental search result                                                       

(although >25 theory papers)

Can measure AFB (difficult in φμμ) 

universal extra 

dimension (UED)

SM

BR(ΛbΛμμ) vs UED parameterAFB(ΛbΛμμ)

M.J.Aslam, Y.M.Wang, C.D. Lu 

PRD78:114032 (2008)

T.M.Aliev, M.Savci, 

EPJC50:91-99 (2007)
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First experimental search for 

baryonic bsμμ decay

First observation!

 (4.0±1.2)*10-6 Phys.Rev.D81,056006 (2010)

 4.4*10-6 Phys.Rev.D78,114032 (2008)

 2.08*10-6 Phys.Rev.D64,074001 (2001)

Expectations

The rarest Λb decay to date

~6σ
Reduce possible Ksμμ contamination

 Momentum imbalance of V0 daughters

Λμμ

Ksμμ
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(*)

Control channel yield

Rare channel yield

h=K, K*, φ, Λ

World’s most precise bsμμ BR measurements!

(*) All BRs except CDF@6.8fb-1

are taken from HFAG 2010 August

(*)

(*)
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Access more precise decay amplitude 
structure
 Divided by six q2 bin (q2=Mμμ

2)

Large theoretical and experimental 
uncertainties
 Experimental uncertainty is dominated                         

by stat. error

B0
K*0μμ

B+
K*+μμ

B+
K+μμ

B0
K0μμ

(*) First measurements 

in hadron collisions

Combined BR is calculated 

assuming  isospin symmetry

J/ψ,ψ’ 
veto

BKμμ BK*μμ
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Most theory calculation are on BK(*)μμ

 Precise dB measurements other than BK(*)μμ

could improve the theoretical prediction

 Could give unique constraint on BSM in future

First results from an experiment

Y.-M. Wang, M.J. Aslam, C.-D. Lu, 
arXiv:0810.0609 (2008)

ΛbΛμμ

SM

extra dimension

q2 (GeV2)d
B

/d
q

2
x1

0
7

 (G
e

V
-2

)
T. M. Aliev, K. Azizi, and M. Savci, 
PRD81, 056006 (2010)

SM prediction
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Forward-Backward asymmetry:

Most interesting observable of bsll
 NP could swap the sign of AFB at low q2

 Belle claims 2.7σ deviation from SM

 BR(BXsll) disfavors the swap solution…puzzle?

B0
K*0μμ decay plane

F
B

B0

π-

μ- K+

μ+

SM

C7=-C7
SM
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F

B
B0

π-μ-

K+

μ+

μ-

AFB

FL

AT
(2)

Aim

K* polarization

FB Asymmetry

Transverse polarization

asymmetry

T-odd CP asymmetry

One can extract various information 

from the decay angular distribution

cosθμ

cosθK

φ sensitive to RH currents
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First measurement of right-handed currents sensitive AT
(2) and Aim

No significant deviation from SM with current accuracy

Simultaneous fit with K*0 and K*+
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Ulrik Egede, PANIC 2011
http://web.mit.edu/panic11/talks/monday/PARALLEL-2I/3-1640/egede/151-0-Egede.pdf

General agreement across experiments and with the SM

CDF competitive with Belle/LHCb
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b

s

γ

b

s

μ

μ
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We draw theoretical curves of the angular observables by EOS. 

However we stress that these curves are plotted at the other 

kinematical region than the original authors expected to use.

http://project.het.physik.tu-dortmund.de/eos/
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Tevatron

 pp collisions at √s=1.96TeV

CDF II detector

 A general purpose detector

>9.7fb-1 data on tape                                                                                              

(6.8 fb-1 used for the analysis)

Muon chambers
used in this analysis

Tevatron

CDF
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CDF RunI 88 pb-1

CDF RunI 91 pb-1

CDF RunII 924 pb-1

CDF RunII 4.4 fb-1

This talk:

Update using 6.8fb-1
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Combined BR is calculated by isospin symmetry assumption
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B0
K*0 μμ

BK*μμ

B+
K+μμ
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Consistent with zero as expected
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arXiv:1104.3342
S. Descotes-Genon et al.

Flipped AFB

Several NP models expect large 
discrepancy from the SM…

AT
(2) and Aim (cont’d)

arXiv:1006.5013
C. Bobeth, G. Hiller, D. van Dyk

JHEP 0901:019 (2009)
W. Altmannshofer et al.

Our binning

Aim=A9
Im(C7’)<0

Im(C7’)>0

JHEP 0704:058 (2007)
E. Lunghi and J. Matias

Our binning

Flipped AFB

SM:~0

SM:~-0.48+0.19
-0.16 (last 2bins)

AT
(2)

Our binning

Our binning


