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Motivation

After publication Ks → µµ analysis (JHEP01(2013)090),
theoretic interest in Ks decays in LHCb.

Predictions on BR(Ks → llll) enhanced introducing a form
factor in the effective lagrangian (arXiv:1309.5736v2).

Our purpose: study the feasibility of Ks → e+e−e+e−(µ+µ−) in
LHCb.

Taking into account new predictions (see D. Greynat talk),
BR are up to:

→ BR(Ks → e+e−e+e−) ∼ 10−10

→ BR(Ks → µ+µ−e+e−) ∼ 10−11

Challenge:

→ Very low BR
→ electrons are experimentally complicated (energy loss by

Bremsstrahlung).
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Study outline

The question we want to answer is:

Is it possible to observe these decays in LHCb?

We use MC generated events with LHCb reconstruction to answer
the specific questions (Work in progress):

How many signal events are expected?

→ Define a selection.
→ Compute selection efficiency.
→ Compute expected sensitivity with current LHCb statistics.

Could backgrounds hide the signal events?

→ Are candidates from other decays passing our selection?
→ Does our resolution allow us to distinguish signal from

background candidates?
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MC sample

MC events:

→ Generated using Pythia 8 configuration (8 TeV) and detector
response implemented using Geant4.

→ Reconstructed with the LHCb reconstruction algorithms.

→ More than one candidate per event can be reconstructed.

→ Soft pre-selection.

Statistics by channel:

MagUp MagDown Total

Ks → e+e−e+e− 268500 263499 531999
Ks → π+π−e+e−* 273499 253000 526499

*Possible normalization channel and background.
No Ks → µ+µ−e+e− MC available at the moment.
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Ks → e+e−e+e−
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MC matching selection

Using MC matching, select only real Ks and e+e−e+e− particles.

Fit: Nsig · gauss(µ, σ) + Nbkg · expo(τ)

µMC truth = 468.3± 6.6 MeV/c2, MPDG
K0 = 497.6 MeV/c2 energy

loss!
σMC truth = 22.3± 5.4 MeV/c2, σKs→µµ ≈ 4 MeV/c2
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Towards an offline selection

Let us define a selection without using MC truth information.

To select Ks decays: daughters should NOT come from the
pp vertex (PV) as the Ks flies (τKs = 8.9 · 10−11 s).

→ IP χ2 with respect to PV > 10 (from Ks → µµ analysis)

To select electrons: need to distinguish them from π’s.

→ log(Le)− log(Lπ) > −2

To reject converted photons (see later):

→ mee > 10 MeV/c2

Very soft selection due to the lack of statistics.
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Towards an offline selection

Fit: Nsig · gauss(µ, σ) + Nbkg · expo(τ)

µ = 471.8± 7.1 MeV/c2, MPDG
K0 = 497.6 MeV/c2 energy loss!

σ = 22.5± 6.1MeV/c2, σKs→µµ ≈ 4 MeV/c2
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Background due to misidentification

Ks → e+e−π+π− with ππ reconstructed as ee.

→ BR(Ks → e+e−π+π−) = (4.79± 0.15) · 10−5

→ Could also be used as normalization channel.

→ Mass variation due to ππ → ee misidentification:
∆M = −278.118 MeV/c2

→ Our resolution is σ ∼ 20 MeV/c2 → We can distinguish it
easily!
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Background due to converted photons

Ks → Xγ with conversion γ → e+e−.

→ BR(Ks → γγ) = (2.63± 0.17) · 10−6

→ BR(Ks → π+π−γ) = (1.79± 0.05) · 10−3

→ BR(Ks → π0γγ) = (4.9± 1.8) · 10−8

To reject them, select me+e− > 10 MeV/c2.
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Ks → e+e−π+π−
Normalization channel and possible background
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MC matching selection

Fit: Nsig · gauss(µ, σ) + Nbkg · expo(τ)

µ = 496.4± 1.6 MeV/c2, no energy loss with only 2e.
σ = 5.7± 1.1 MeV/c2, much better resolution.
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Towards an offline selection

Define again a selection without using MC truth information.

To select Ks decays:

→ IP χ2 with respect to PV > 20 (from Ks → µµ analysis)

To select electrons:

→ log(Le)− log(Lπ) > −2

No id. requirement on π’s as are the most common.

To avoid converted photons:

→ mee > 10 MeV/c2
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Towards an offline selection

Fit: Nsig · gauss(µ, σ) + Nbkg · expo(τ)

µ = 492.8± 3.3 MeV/c2, very small energy loss with only 2e.
σ = 10.0± 3.2 MeV/c2, better resolution than Ks → e+e−e+e−.
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Ks → e+e−π+π− as background

Let us study Ks → e+e−µ+µ− and Ks → e+e−π+π− separation:

→ Mass variation due to µµ→ ππ misidentification:
∆M = −67.8 MeV/c2

→ Our resolution for Ks → e+e−π+π− is σ ∼ 10 MeV/c2

→ Assume similar resolution for Ks → e+e−µ+µ−

⇒ We can separate them but need to be careful with the tails!
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Expected sensitivity

Normalization channel: Ks → e+e−π+π−

Definition of single event sensitivity:

α =
εaccepnorm

εaccepphys
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· ε
sel |reco
norm
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→ εaccep very similar for both channels.

→ Assume εsel|reco and εtrig |sel are the same.

→ ε
reco|accep
e ≈ 9%, ε

reco|accep
µ ≈ 20% and ε

reco|accep
π ≈ 6− 9%.

→ εPIDe ≈ 50% and εPIDµ ≈ 90% (from B → eµ and Ks → µ+µ−

analysis).

→ BR(Ks → e+e−π+π−) = 4.79 · 10−5 from PDG.

Assuming NKs→e+e−π+π− ∼ 50 (very conservative!)

Ks → e+e−e+e−: α ∼ 10−6

Ks → e+e−µ+µ−: α ∼ 10−7
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Conclusions

Ks → l+l−l+l− decays are interesting to test the Standard
Model.

Ks → l+l−l+l− with electrons are experimentally challenging
due to electron energy loss.

Ks → e+e−e+e− very preliminary results:
→ Mass peak shifted by ∼ 30 MeV/c2 due to energy loss in

electron reconstruction.
→ Mass resolution ∼ 20 MeV/c2. Factor 5 wider than muonic

modes.
→ Well separated from normalization channel Ks → e+e−π+π−.
→ Expected (preliminary) sensitivity: ∼ 10−6

Ks → e+e−µµ very preliminary results:
→ Mass peak shifted by ∼ 5 MeV/c2 only.

→ Mass resolution ∼ 10 MeV/c2.
→ Separated from normalization channel Ks → e+e−π+π−, but

may have contamination from the tail.
→ Expected (preliminary) sensitivity: ∼ 10−7
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Future work

Many options to cross-check the preliminary results:

→ Use Bremsstrahlung correction for electron momenta.

→ Use information from electromagnetic calorimeter to identify
electrons → may enhance reconstruction efficiency.

→ Generate more MC statistics.

→ Optimize the selection.

From theory: what BR range would be worth investigating? (take
into account our expected sensitivity!)

Stay tuned!
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BACK-UP
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MC very soft pre-selection for event reconstruction

StdNoPIDsParticles:

→ PT > 250 MeV/c2

→ IP χ2 PV > 4
→ Track χ2 < 3

Other cuts to the combination:

→ ∆MKs < 150 MeV/c2

→ SV χ2/ndf < 15
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PIDe efficiency

From B → eµ analysis (LHCb-ANA-2012-079-v5), choosing the
1st bin (low P and PT ).
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PIDµ efficiency

From B → µµ analysis (LHCb-ANA-2011-101):
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Expected NKs→e+e−π+π−

NTIS
Ks→e+e−π+π− = NTIS

Ks→π+π−,1fb−1 ·Nfb−1 ·BR(Ks → e+e−π+π−)

BR(Ks → π+π−)
·εKs→e+e−π+π−

εKs→π+π−

where:

→ NTIS
Ks→π+π− ∼ 108 from Ks → µµ analysis.

→ We have used Nfb−1 = 3.

→ BR(Ks → e+e−π+π−) = 4.79 · 10−5 and
BR(Ks → π+π−) = 6.9 · 10−1, from PDG.

→ εKs→e+e−π+π−
εKs→π+π−

∼ ε2PIDe ·ε
2
reco π ·ε2reco e

ε2reco π
is the ratio of efficiencies,

computed with the values given in slide 16.
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