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B0→ K∗0µ+µ− decay topology
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Particle mass lifetime (cτ )

B0 5279MeV/c2 491.1µm
K∗0 892MeV/c2 ≈ 3 · 10−12 µm
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B0→ K∗0µ+µ−: Rare, but exciting
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• Rare decay with B= (1.05+0.16
−0.13)× 10−6

[PDG]

• Decay only possible via penguin- or box diagrams, "new physics" can enter

at the same level as SM physics.

• Pseudoscalar → Vector-Vector decay: Plenty of observables in the angular

distribution.
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Angular distribution (I)

• Decay can be fully described by three angles

(θℓ, θK , ϕ) and the dimuon

invariant mass (square) q2.

d4Γ

d cos θℓ d cos θK dϕ dq2
=

9

32π

9∑
i=1

I
(s,c)
i · f(cos θi, cos θℓ, ϕ).

• Ii are function of Wilson-coefficients C(′)
7 , C(′)

9 , C(′)
10 and hadronic

form-factors.

• In an ideal world, we would fit this expression to the collision data and

extract all Ii observables.

• Can construct CP -symmetric and CP -antisymmetric observables:

Si = Ii + Īi, Ai = Ii − Īi,.
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Angular distribution (II)
• In 2011, LHCb reconstructed ≈ 900 B0→ K∗0µ+µ− events: Not

enough for full angular fit.

• Apply "folding" technique: ϕ → ϕ+ π for ϕ < 0.

This cancels four terms in the total angular distribution.
• And leaves (neglecting lepton masses and S-wave contributions)

d4(Γ + Γ̄)

d cos θℓ d cos θK dϕ dq2
∝ FL cos2 θK +

3

4
(1− FL)(1− cos2 θK) +

FL cos2 θK(2 cos2 θℓ) +
1

4
(1− FL)(1− cos2 θK)(2 cos2 θℓ − 1) +

S3(1− cos2 θK)(1− cos2 θℓ) cos 2ϕ+

4

3
AFB(1− cos2 θK) cos θℓ +

A9(1− cos2 θK)(1− cos2 θℓ) sin 2ϕ

• This expression was fitted to the 1 fb−1 of LHCb data at
√
s = 7 TeV in

2011..
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Experimental aspects
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• Some experimental details:

• Dominated by B0→ J/ψK∗0 andB0→ ψ(2S)K∗0 in two regions: Cut out.
• Peaking background due to misidentification of particles: Apply vetoes.
• Select signal events with a BDT.
• Acceptance of detector distorts angular distribution: Apply event-by-event

correction, determined on simulation.
• Correct for particle ID and efficiency (tracking, trigger, ...)-differences in

simulation and collision data.

• Perform a unbinned maximum-likelihood fit to the mass distribution and to

(θℓ, θK , ϕ) in 6 bins of q2.
.
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Distribution of events in q2
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Results
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Theory predictions from C. Bobeth et al.: [arXiv:1105.0376]
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Comparison with other experiments
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ATLAS: [ATLAS-CONF-2013-038] CMS: [CMS-BPH-11-009] CDF: [PRL 108 (2012)]

Belle: [PRL 103 (2009)] BaBar: [PRD 86 (2012)]
.
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Measuring the zero-crossing point
of AFB(I)
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[LHCb-CONF-2012-008]

• Zero-crossing point of AFB is a very clean measurement, as the form

factors cancel (to first order).

• Zero-crossing point was extracted using "unbinned counting" technique:

Make a 2D unbinned likelihood fit to (q2, mass) for "forward" and

"backward" events (with respect to cos θℓ).

• Extract AFB = NF ·PDFF (q2)−NB ·PDFB(q2)
NF ·PDFF (q2)+NB ·PDFB(q2)

.
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http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
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Measuring the zero-crossing point
of AFB (II)

• Standard Model theory predicts zero-crossing in 4.0 - 4.3 GeV2/c4 (central

values)

[JHEP 1201 (2012) 107][Eur. Phys. J. C41 (2005), 173][Eur. Phys. J. C47 (2006) 625]

• LHCb result: 4.9± 0.9GeV2/c4

.
.11

.15

http://xxx.lanl.gov/abs/1111.2558
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Clean observables

• Goal is to measure (more) observables which have a "clean" prediction, i.e.

are not affected by form-factor uncertainties.

• Two examples:

• S3 = 1
2 (1− FL)A

(2)
T

• AFB = 3
4 (1− FL)A

(Re)
T

• Can re-express the angular distribution using these replacements and

determine A
(2)
T and A

(Re)
T .

• Caveat: FL and A
(2)
T /A

(Re)
T both vary with q2. Result presented is a

weighted average of the transverse observables.
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A
(2)
T and A

(Re)
T
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More (clean) variables
Descotes-Genon, et al. [JHEP05(2013)137]

• Angular distribution has 8 independent observables in total. Have only

measured 4 of them due to folding, measure the remaining ones as well.

• Instead of measuring the Si observables one can choose basis:{
dΓ
dq2

, FL, P1, ..., P6

}
, with P1, ..., P6 clean observables.

• P1 = A
(2)
T , P2 = A

(Re)
T

• Goal is to measure all observables of this basis.

• From an experimental point it's advantageous to replace: P4, P5, P6 with:

P ′
4, P

′
5, P

′
6.
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Summary

• Performed an angular analysis of B0→ K∗0µ+µ− and measured the

observables FL, S3, AFB and A9 (and A
(2)
T and A

(Re)
T ). All agree with

SM predictions.

• Measured the zero-crossing point of AFB .

• The future is the determination of the "remaining" information, using

observables which are less affected by form-factor uncertainties.
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The LHCb detector
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• b-quarks are produced in pairs, mostly in the forward- and backward region.

• LHCb has excellent tracking capabilities (∆p/p ≈ 0.4− 0.6%)...

• ... and very good particle identification: K and π can be separated up to

p ≈ 100GeV/c.

• Collected ≈ 1 fb−1 in 2011 and ≈ 2.2 fb−1 in 2012.
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Differential branching fraction
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BDT input variables

• the B0
pointing to the primary vertex, flight-distance and IP χ2

with183

respect to the primary vertex, pT and vertex quality (χ2
);184

• the K∗0
and dimuon flight-distance and IP χ2

with respect to the pri-185

mary vertex (associated to the B0
), pT and vertex quality (χ2

);186

• the impact parameter χ2
and the ∆LL(K − π) and ∆LL(µ− π) of the187

four final state particles.188

When training the BDT selection, B0 → K∗0J/ψ candidates from the 2010189

data were used as a proxy for the signal and B0 → K∗0µ+µ−
candidates190

from the upper mass sideband were used as a background sample. Half of191

the candidates were used for training (corresponding to 18 pb
−1
) and the192

remaining half used to test the performance of the BDT.193

3.4 Specific background and vetoes194

The decays B0 → K∗0J/ψ and B0 → K∗0ψ(2S) are treated separately in195

the analysis due to the different underlying physics that contributes in the196

decays. Event in the regions 2946 < mµ+µ− < 3176 MeV/c2 and 3586 <197

mµ+µ− < 3766 MeV/c2 for B0→ K∗0J/ψ and B0→ K∗0ψ(2S) are removed198

from the analysis. In addition the veto was extended to the region 2796 <199

mµ+µ− < 3176 MeV/c2 and 3436 < mµ+µ− < 3766 MeV/c2 for the events200

mKπµ+µ− < 5230 MeV/c2, to account for the radiative tail of the J/ψ decay.201

The veto was also extended to the region 3176 < mµ+µ− < 3201MeV/c2,202

to account for a misreconstructed tail of the J/ψ decay. This is shown in203

Fig. ??. Combinatorial background events are also removed by extending204

the veto regions. In order to correct for this, the remaining candidates in205

the bins of q2 adjacent to the J/ψ and ψ(2S) in the affected K+π−µ+µ−
206

invariant masses regions are re-weighted according to the fraction of the q2207

bin removed by the extending the vetoes.208

In addition a number of specific background were considered in this anal-209

ysis and the following additional vetoes have been applied:210

• B0 → K∗µ+µ−
with K ↔ π misidentification. This is dealt with by211

requiring KDLLKπ + 10 < πDLLKπ for events where the swapped212

mass hypothesis K ↔ π is in the region 792 < mKπ < 992.213

• B0 → J/ψK∗
where a muon is misidentified and swapped with the pion214

or kaon. This background is removed by rejecting candidates where215

the pion/kaon passes the IsMuon requirements or has DLLµπ > 5.0216

if the K+µ−
or π−µ+

mass is in the range [3036, 3156] MeV/c
2
, after217

exchanging the π/K with the muon mass hypothesis.218

9
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