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Preliminary 

The standard model (SM) predicts very small CP-violation 
in mixing in the Bd and Bs systems. 

 

Hence any sizable measurement of mixing CPV in Bd,s 
systems would likely be evidence for new physics 

 

Most experimental data on Bd,s processes were consistent 
with SM expectations, until recently . . .  
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Preliminary 

The standard model (SM) predicts very small CP-violation 
in mixing in the Bd and Bs systems. 

 

Hence any sizable measurement of mixing CPV in Bd,s 
systems would likely be evidence for new physics 

 

Most experimental data on Bd,s processes were consistent 
with SM expectations, until recently . . .  

 

Last May the D0 Collaboration at Fermilab announced their 
measurement of anomalously large CPV in Bs mixing 
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D0 measurement 
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Here  X = anything 

B0 = Bd or Bs 



More on D0 result 

Both Bd & Bs were produced in 𝑝𝑝   𝑏𝑏  at Tevatron  

 

Consequently both “wrong sign” semileptonic decays  

𝐵𝑑  𝐵 𝑑  µ‒X  and 𝐵𝑠  𝐵 𝑠  µ‒X   (& their CP conjugates) 

contribute to 𝐴sl
𝑏  

Example of “right sign” decay  𝐵𝑑  µ‒X  

 

Thus 

 

charge asymmetry for “wrong sign” semileptonic decay (q = d or s) 

induced by oscillations 

 

 

 

coefficients of 𝑎sl
𝑑,𝑠 calculated from other measurements 
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D0 



Dimuon charge asymmetries 

From B factories 

consistent with no CPV in 𝐵𝑑-𝐵 𝑑 mixing   

 

The new D0 result                                                                     

then translates into      

 

This is about 2-sigmas larger than the SM prediction 

 

 

indicating anomalously large CPV in 𝐵𝑠-𝐵 𝑠 mixing  

 

Previously D0 also measured 𝑎sl
𝑠  directly, but with large error: 
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Lenz & Nierste 



Dimuon charge asymmetries 

Comparison of 𝑎sl
𝑑,𝑠 & 𝐴sl

𝑏                                               
measurements and SM                                          

prediction for 𝑎sl
𝑑,𝑠  

 

 

 

 

 

 

 

 

 

Although the new D0 data still needs to be confirmed by 
other experiments, it may hint at CP-violating new physics           
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D0 



Observables of interest 

Besides 𝑎sl
𝑠 , the relevant observables are the mass & width 

differences ΔMs & ΔΓs, respectively, between the mass 
eigenstates in the 𝐵𝑠−𝐵 𝑠 system. 

Experimental values    
 

 

Theoretically they are related to the off-diagonal matrix 
elements 𝑀𝑠

12 and Γ𝑠
12 of the mass and decay matrices, 

respectively, which characterize 𝐵𝑠−𝐵 𝑠 mixing 
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Commonly used approximations 

Since  ΔΓs << ΔMs  and |Γ𝑠
12| << |𝑀𝑠

12|     
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SM contribution to 𝑩𝒒−𝑩 𝒒 mixing 

It comes from 4-quark operators induced by box diagrams 

 

 

 

 

 

 

The t-quark contribution dominates 𝑀𝑠
12. 

 

 

Recent prediction: 

 

 

This is compatible with measurement of   
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Lenz & Nierste 

Kubo & Lenz 



SM contribution to 𝑩𝒒−𝑩 𝒒 mixing 

In general Γs
12 arises from any physical state f into which both 𝐵𝑠 

and 𝐵 𝑠 can decay 

 

 

 

The SM contribution to Γs
12 is dominated by 

 

 

 

Recent prediction: 

 

 

 

This is compatible with measurement of   
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Lenz & Nierste 

Kubo & Lenz 



Contribution of a new light spin-1 particle 

We consider the contribution to 𝐵𝑠−𝐵 𝑠 mixing from a new light 
spin-1 boson, referred to as X.   

Adopting a model-independent approach, we assume X   

is lighter than the b quark 

carries no color or electric charge  

has a simple form of flavor-changing couplings to b & s quarks  

 

The effective Lagrangian for b-s-X interactions  
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New light spin-1 bosons in other contexts 

New-physics scenarios involving nonstandard spin-1 
bosons with masses of a few GeV or less have been 
discussed in various other contexts in the literature.  

 

Their existence is generally still compatible with currently 
available data and also desirable, as they may offer 
possible explanations for some of the recent experimental 
anomalies and unexpected observations. 

 

Examples 

NuTeV anomaly 

muon g-2 

cosmic ray excesses due to dark matter 

HyperCP anomaly 
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Contribution of X to 𝑀𝑠
12 

It is mediated by X at                                                 
tree level 

 

 

 

 

 

 

The 2nd and 4th terms would be negligible if  mX >> mb.  
 

The Pi’s contain bag parameters & QCD-correction factors. 

 

Combined SM & X-mediated contribution  
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Contribution of X to Γ𝑠
12 

Since mX < mb, the dominant contribution comes from 

 

 

 

It follows that 

 

 

 

 

 

 

Combined SM & X-mediated contribution  
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X contributions to Γ𝑠
12 

Inclusive 

 

 

 

 

 

Exclusive 
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Constraint from ΔMs 

Use 

 

 

 

 

 

 

 

 

 

 

If  gA = 0,  Re gV & Im gV can be as large as a several times 10‒5  

 

If  gV = 0,  the limits on gA  are a few times stronger 

 

The other observables provide stricter limits  
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Stricter constraints 

Use 

 

 

 

 

For the left-hand sides 

 

 

 

 

For the right-hand sides 

 

 

 

Need to include an additional constraint from  b  sX.  
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Choices of  Γ(b  sX)  

An extra constraint on gV and gA comes from the inclusive decay 

b  sX, as its rate Γ(b  sX) contributes to the total width of Bs.  

Also relevant are the measured values of the total widths of Bd   
and Bu because they get contributions from the same Γ(b  sX). 

 

Theoretically the predictions for total widths ΓBd,Bs,Bu involve large 

errors due to  ΓB  mb
5  leading to errors of at least 20%. 

 

We can then require  Γ(b  sX) < 0.15 ΓBs = 0.1 ps‒1,  but will also 

consider the somewhat larger bound  Γ(b  sX) < 0.15 ps‒1     
 

 

 

Since the SM predicts  ΓBd/ΓBs ~ ΓBd/Γbu ~ 1,  the Γ(b  sX) contributions 

to ΓBd,Bs,Bu respect the experimental ratios 
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Allowed values of  gV  if  gA = 0 
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Allowed values of  gA  if  gV  = 0 

 

 

 

 

 

 

 

 

 

 

 

 

Thus for mX  values in the 1-to-4 GeV range,  gV,A  are of order 

10‒7 to 10‒6  with comparable real & imaginary parts.    
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Effects of X in more detail 
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Effects of X on rare b  s decays 

It is of interest to see if X can contribute to some other b-meson 
processes, perhaps with detectable effects. 

One way this can happen is if it has additional couplings to other 
fermions. 

 

Thus we assume that X has flavor-conserving couplings to the 
electron and muon, besides its flavor-changing ones to b & s. 

 

Accordingly, it can contribute to a number of rare b  s decays 

involving the leptons via  b  s l+l‒,  where  l = e, . 

 

We consider the effects of X on  

inclusive  𝐵 𝑑  𝑋  s l
+l‒  

exclusive 𝐵 𝑑  𝐾  
() l+l‒  &  𝐵 𝑠   l+l‒ 

𝐵 𝑠  l+l‒ 

J Tandean NCTS, 19 Apr 2011  25 



Interactions of X 

Effective Lagrangians 
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Inclusive  𝐵 𝑑  𝑋  s l
+l‒ 

 

 

 

X-induced amplitude 

 

 

 

 

 

 

 

The q2 dependence in the denominators distinguishes this 
scenario from those involving heavy new particles.  
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SM contribution to  𝐵 𝑑  𝑋  s l +l‒ 

 

 

 

 

 

 

 

 

 

SM amplitude 
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𝐵 𝑑  𝐾  l +l ‒ 

Sum of SM & X-induced amplitudes 

 

 

 

 

 

 

 

 

 

 

 

 

It’s independent of  gAs   
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𝐵 𝑑  𝐾  
() l +l ‒ 

Sum of SM & X-induced amplitudes 
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Observables in  𝐵 𝑑  𝐾  
() l +l ‒ 

Branching ratios of  𝐵 𝑑  𝐾  
()

 l+l‒  

 

𝐾  
 longitudinal polarization fraction FL and lepton forward-

backward asymmetry AFB in  𝐵 𝑑  𝐾  


 l+l‒  

 

 

 

 

 

 

 

They have been measured by BaBar, Belle, and CDF  

will be measured at LHCb and future B factories 
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Allowed parameter space subject to constraints 

Constraints used are from data on 

B(B  Xs
 l+l‒) 

B(B  K() l+l‒) 

B(B  (J/,’)K(),  (J/,’)   l+l‒) 

anomalous magnetic moments of electron and muon.  

 

We find that there is available parameter space of X that is 
consistent with the data 

regardless of whether or not the anomalous result from D0 will be 

corroborated by future measurements. 

 

The allowed ranges of the couplings (gVs, gAs) & (gVl, gAl) vary 

widely and depend on mX & ΓX.  
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Constraints from B(B  Xs
 l+l‒) 
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Huber et al. 



Constraints from B(B  K() l+l‒) 
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Constraints from B(B  (J/,’)K(), (J/,’)   l+l‒) 

 

SM predictions for B(B  (J/,’)K())  have large errors 
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Chen & Li 



Examples of allowed  (gVl, gAl)gVs  ranges 
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Examples of allowed  (gVl, gAl)gVs  ranges 

 

J Tandean NCTS, 19 Apr 2011  37 



Anomalous magnetic moments of leptons 

X contribution 
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Constraints from lepton  g -2 

 

 

 

 

 

 

 

 

 

 

 

For mX = 3 GeV  
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Couplings compatible with D0 dimuon anomaly 
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Predictions 

Since X couplings to other particles are not specified, its 
total width ΓX  is unknown.  

 

Illustrative choices of couplings 
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Effects of X on  B(B  K() l+l‒) 
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Effects of X on FL and AFB in  B  K() l+l 
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𝐵 𝑠  l +l ‒ 

Amplitudes  

 

 

 

 

Rate 

 

 

It’s independent of gVs   
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𝐵 𝑠  l +l ‒ 

Experimental limits 

 

 

SM expectations 

 

 

 

Examples of effect of X 

 

 

 

 

The X contributions are easily accommodated by present 
experimental limits and can produce significant modifications to 
the SM predictions.  
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Conclusions 

We have explored the possibility that the D0 dimuon anomaly 
arises from the contribution of a new light spin-1 boson, X, to 

𝐵𝑠−𝐵 𝑠 mixing. 

The X contribution can lead to a prediction consistent with the 

D0 measurement within its 1-sigma range and possibly even 
reaches its central value. 

 

We have subsequently explored the possibility that X also has 
flavor-conserving couplings to charged leptons, besides its 
flavor-changing ones to b & s. 

Then it can contribute to some of the rare b  s decays to be     
measured at LHCb and future B factories. 

With greater precision, they will probe the existence of X, or its   
couplings, stringently.   
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