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Physics motivation: Why charmless decays?

● Charmless decays have several great features:

● Contributions from tree and penguin diagrams.

● Potential for direct CP violation.

● Sensitive to CKM angles.

● Possible contributions from new heavy particles (new physics) in the loop.

● Can search for signs of new physics such as enhanced branching fractions, 
anomalous CP asymmetries or polarizations.









11 August 2014 6J. Maratas / Physics @ LHC and beyond

CP violation measurement in the phase-space 
of B±→ (charged three-body)

● (N + N) = 181069 ± 404 (stat.)
     B-→K-π+π-                B+→K+π+π-

● (N + N) = 109240 ± 354 (stat.)
      B-→K-K+K-            B+→K+K+K-

     B-→π-π+π-                B+→π+π+π-

● (N + N) = 24907 ± 222 (stat.)
   

     B-→π-K+K-              B+→π+K+K-

● (N + N) = 6161 ± 172 (stat.)

Preliminary

Preliminary Preliminary

Preliminary
(Penguin
  dominated)

(Tree
  dominated)
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CP violation measurement in the phase-space 
of B±→ (charged three-body)

● Raw asymmetry from fitted yields:  Araw = [NB- - NB+] / [NB- + NB+]
                       for small asymmetries,  Araw ≈ ACP - AP(B±) - AD(h±)   

● Raw asymmetry has to be corrected for detector asymmetry ( AD(K±) or AD(π±) ) 
and production asymmetry ( AP(B±) ) to extract CP asymmetry ACP :

     ACP = Araw - AP(B±) - AD(K±) = Araw - AΔ                                [for B±→K±hh]
     ACP = Araw - AP(B±) - AD(π±) = Araw - AΔ + AD(K±) - AD(π±) [for B±→π±hh]
      where AΔ = Araw(B±→J/ψK±) - ACP(B±→J/ψK±)

● AΔ using B±→J/ψK± control sample.
● AD(π±)  = (0.00 ± 0.25)% from studies of prompt D± decays [PLB 713 (2012) 186].
● AD(K±) = (-1.26 ± 0.18)% [using D*+→D0(K-π+π-π+)π+, with same method in PLB 713 (2012) 186].

● Acceptance correction for non-uniform efficiencies across the Dalitz plot, from 
simulated data.

● Inclusive CP asymmetry (PRELIMINARY) :
    ACP(B±→K±π+π-)   = +0.025 ± 0.004 (stat) ± 0.004 (syst) ± 0.007 (ACP(J/ψK))     [2.8σ]

    ACP(B±→K±K+K-) =  -0.036 ± 0.004 (stat) ± 0.002 (syst) ± 0.007 (ACP(J/ψK))     [4.3σ]

    ACP(B±→π±π+π-)   = +0.058 ± 0.008 (stat) ± 0.009 (syst) ± 0.007 (ACP(J/ψK))      [4.2σ]

    ACP(B±→π±K+K-)  =  -0.123 ± 0.017 (stat) ± 0.012 (syst) ± 0.007 (ACP(J/ψK))     [5.6σ]



11 August 2014 8J. Maratas / Physics @ LHC and beyond

CP violation measurement in the local regions
of Dalitz plot of B±→ (charged three-body)

● Adaptive binning is used to keep total events in each bin approximately constant.
● Backgrounds are subtracted via sPlot technique and corrected for efficiencies.
● Observed large local raw asymmetries in certain regions of the phase space.

B±→K±π+π-B±→K±K+K-

B±→π±π+π- B±→π±K+K-

Preliminary

Preliminary Preliminary

Preliminary
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Interference effects in the CP asymmetry of
B±→ (charged three-body)
● Project onto mππ the B±→π±π+π- Dalitz plot (zoomed into the region with large 

asymmetry), splitted according to the sign of the cos(θ). θ is the angle between the 
momenta of unpaired hadron and the resonant daughter with the same-sign charge.

● Sign-flip and zero around ρ0(770) pole.

π+
π+

Preliminary

Preliminary Preliminary

Preliminary

ρ0(770) pole

ρ0(770) pole
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Rescattering effects in the CP asymmetry of
B±→ (charged three-body)
● Observed large charge asymmetries in the rescattering region (1 < mππ < 1.5 GeV/c2) 

of B±→π±π+π-.

● The same is observed for the other 3 decays. [Projections in the back-up slides]
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Rescattering effects in the CP asymmetry of
B±→ (charged three-body)

● For all the B±→(charged three-body), measured the charge asymmetry in the 
scattering region : 1 < (mππ or mKK) < 1.5 GeV/c2.

● Charge asymmetry in the rescattering regions (PRELIMINARY):
    ACP(B±→K±π+π-)   = +0.121 ± 0.012 (stat) ± 0.017 (syst) ± 0.007 (ACP(J/ψK))

    ACP(B±→K±K+K-) =  -0.221 ± 0.011 (stat) ± 0.004 (syst) ± 0.007 (ACP(J/ψK))

    ACP(B±→π±π+π-)   = +0.172 ± 0.021 (stat) ± 0.015 (syst) ± 0.007 (ACP(J/ψK))

    ACP(B±→π±K+K-)  =  -0.328 ± 0.028 (stat) ± 0.029 (syst) ± 0.007 (ACP(J/ψK))

● CPT : the sum of the partial width of a family of final states related by strong 
rescattering should be the same for particles and antiparticles. → positive and 
negative asymmetries.

● [Projections from Dalitz plot to mππ or mKK for the other three decays are in the back-up slides.]
● [Invariant mass fits to events with mhh in the rescattering region are in the back-up slides]

> 5σ

LHCb-PAPER-2014-044
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Mixing-induced CP violation in 
B0→π+π- and B0

s→K+K- 

● Decays to CP-eigenstates. Need time-dependent measurements to observe CP 
violation.
   time-dependent ACP(t) = ——————— = —————————————

Cf represents the asymmetry in the decay amplitudes.
Sf represents the mixing-induced CP asymmetry.
D2

f = 1 - C2
f - S2

f

● 2D fits on invariant mass and tagged decay time to extract CP observables 
Cf and Sf.

● The Cππ and CKK give access to the angle γ of the CKM unitarity triangle. 
The Sππ and SKK give access to γ and B0 (for Sππ) and B0

s (for SKK) mixing phases.
[PLB 459 (1999) 306, EPJ C52 (2007) 267, JHEP 1210 (2012) 029]

● Interpretation of Cf and Sf is not trivial because of the presence of hadronic quantities in 
the equation.

-Cf cos(Δm t) + Sf sin (Δm t)
cosh((ΔΓ/2) t) + Df sinh((ΔΓ/2) t)

ΓB→f (t) – ΓB→f (t)

ΓB→f (t) + ΓB→f (t)
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Mixing-induced CP violation in 
B0

s→ϕϕ
● Using 1/fb (@ √s = 7 TeV) and 2/fb (@ √s = 8 TeV).
● Unbinned maximum likelihood fit to mass, time and angles.
● ϕ→K+K- candidate is required to be within 25 MeV/c2 of the known ϕ mass.

● B0
s→ϕϕ

● Combinatorial
● Λ0

b→ϕpK
● B0→ϕK*

● Nevents ~ 4000 of B0
s→ϕ(K+K-)ϕ(K+K-) events.

● Combinatorial background is flat and small.
● Very small contributions from mis-ID of π→K of B0→ϕK* and p→K of Λ0

b→ϕpK.

arXiv:1407.2222
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Summary

● Charmless B decays are a good probe to search for new physics.
● Most precise measurement of direct CP violation in B0→K+π- (10.5σ) 

and first observation of direct CP violation in B0
s observed in B0

s→π+K- (6.5σ).
● Measured CP asymmetries in charged three-body decay of B±. CP asymmetries 

not uniform in phase space. KK↔ππ rescattering is apparent. Interference effects 
seem important around the ρ0(770) resonance.

● Measurement of Cππ and Sππ (in good agreement with measurements from B 
factories) with significance of 5.6σ that it is away from (0,0). First measurement 
of CKK and SKK.

● Precise measurement of the CPV phase in B0
s→ϕϕ.

- No evidence yet of non-zero phase (SM predictions small)
● More LHCb results not shown today:
       B0

(s)→K0
Sh+h(')-      [         JHEP 10 (2013) 143]

    Λ0
b, Ξ0

b→K0
Sph-   [         JHEP 04 (2014) 087]

    B±→pph±              [         arXiv:1407.5907]
    B0→ϕK*0             [         JHEP 05 (2014) 069]

        B0
s→K*±K            [         arXiv:1407.7704]
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BACK-UP SLIDES
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Interference effects in the CP asymmetry of
B±→ (charged three-body)
● Project onto mππ the B±→K±π+π- Dalitz plot (zoomed into the region with large 

asymmetry), splitted according to the sign of the cos(θ).

Preliminary

Preliminary Preliminary

Preliminary

Rescattering region

ρ0(770) pole

cos(θ) < 0 cos(θ) > 0

f0(980) pole
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Interference effects in the CP asymmetry of
B±→ (charged three-body)
● Project onto mKK the B±→K±K+K- Dalitz plot (zoomed into the region with large 

asymmetry), splitted according to the sign of the cos(θ).

Rescattering region

ϕ(1020) pole

cos(θ) < 0 cos(θ) > 0

Preliminary Preliminary

Preliminary Preliminary
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Interference effects in the CP asymmetry of
B±→ (charged three-body)
● Project onto mKK the B±→π±K+K- Dalitz plot (zoomed into the region with large 

asymmetry).

Rescattering region

Preliminary

Preliminary
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Interference effects in the CP asymmetry of
B±→ (charged three-body)
● Invariant mass fit for events with mhh in the rescattering region (1 < (mππ or mKK) < 

1.5 GeV/c2).

     B-→K-π+π-            B+→K+π+π-       B-→K-K+K-         B+→K+K+K-

Preliminary

Preliminary Preliminary

Preliminary (Penguin
  dominated)

(Tree
  dominated)

     B-→π-π+π-              B+→π+π+π-

   
     B-→π-K+K-              B+→π+K+K-
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