K, — electron modes

2

Carla Marin Benito!, Ricardo Vazquez Gomez

LUNIVERSITAT DE BARCELONA, 2INFN FRASCATI

Rare'n’strange Workshop

06.12.2013



@ After publication Ks — pu analysis (JHEP01(2013)090),
theoretic interest in K decays in LHCb.

e Predictions on BR(Ks — /lll) enhanced introducing a form
factor in the effective lagrangian (arXiv:1309.5736v2).

Our purpose: study the feasibility of Ks — eTe ete (uTu™) in
LHCb.
e Taking into account new predictions (see D. Greynat talk),
BR are up to:
— BR(Ks; — ete ete™) ~ 10710
— BR(Ks = ptu—ete™) ~ 1071
o 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 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 — eTe ete 268500 263499 531999
Ks — ntm—ete™* 273499 253000 526499

*Possible normalization channel and background.
No Ks — uTp~eTe™ MC available at the moment.
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K. — eteete”
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MC matching selection

Using MC matching, select only real K; and eTe eTe™ particles.
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Fit: Nig - gauss(i, o) + Npig - expo(7)

[IMC truth = 468.3 £ 6.6 MeV/c®, MPDC = 497.6 MeV/c* energy
loss!

OMC truth = 22.3 £ 5.4 MeV/c?, ok, ~ 4 MeV/c?
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Towards an offline selection

Let us define a selection without using MC truth information.

@ To select K decays: daughters should NOT come from the
pp vertex (PV) as the Kj flies (14, = 8.9- 10711 s).
— IP x? with respect to PV > 10 (from K, — pu analysis)

@ To select electrons: need to distinguish them from 7's.
— log(Le) — log(Ly) > =2

@ To reject converted photons (see later):
— Mee > 10 MeV/c?

Very soft selection due to the lack of statistics.
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Towards an offline selection
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Fit: Nsig - gauss(pt, o) + Npig - expo(T)
p=471.8+7.1 MeV/c?, MERS = 497.6 MeV/c? energy loss!
0 =22.5+6.1MeV/C?, ok, s, = 4 MeV/c?
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Background due to misidentification

Ks — eTe nm™ with 7 reconstructed as ee.

— BR(Ks — eTe ntr™) = (4.79£0.15) - 10°
— Could also be used as normalization channel.

— Mass variation due to mm — ee misidentification:
AM = —278.118 MeV/c?

— Our resolution is ¢ ~ 20 MeV/c2 — We can distinguish it
easily!
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Background due to converted photons

Ks — X~ with conversion v — eTe™.
— BR(Ks = vy) = (2.63+£0.17) - 107°
— BR(Ks — ntm7) = (1.79 £ 0.05) - 1073
— BR(Ks — 7%yv) = (4.9+1.8)-1078

To reject them, select mg+.— > 10 I\/IeV/c2.
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K.— etenn™

Normalization channel and possible background
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MC matching selection
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Fit: Nsig - gauss(pt, o) + Npig - expo(T)
uw=496.4+1.6 MeV/cz, no energy loss with only 2e.
c=57+£11 MeV/cQ, 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 x? with respect to PV > 20 (from Ky — ppu analysis)

@ To select electrons:
— log(Le) — log(Ly) > -2
No id. requirement on 7's as are the most common.

@ To avoid converted photons:
— Mee > 10 MeV/c2
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Towards an offline selection
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Fit: Nsjg - gauss(jt, o) 4+ Npig - expo(T)
pw=492.8+3.3 MeV/cz, very small energy loss with only 2e.
0=10.0+£3.2 MeV/c2, better resolution than K; — eTe ete™.
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K, — ete m"m as background

Let us study Ks — eTe T~ and Ks — eTe "~ separation:
— Mass variation due to pp — 7 misidentification:

AM = —67.8 MeV/c?
— Our resolution for K — ete ntn~ is 0 ~ 10 MeV/c2

— Assume similar resolution for Ks — ete ptpu™

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

Normalization channel: Ks — ete " ntn™

Definition of single event sensitivity:

accep recolaccep _sel|reco trig|sel

_ €norm norm norm 1 norm BRnorm
accep " “recolaccep  _sel|reco ePID)2 " “triglsel N,
phys phys €phys ( ) €phys norm

€7°P very similar for both channels.

Assume ¢/l and et&lsel are the same.

reco|acce, recojacce, recojacce,

erecolaccer ~ 9u  ereelaee  20% and 1P ~ 6 — 9%.

ef’® ~ 50% and €/'P ~ 90% (from B — ey and Ky — pt ™
analysis).

BR(Ks — eTe"ntn™) =4.79- 107> from PDG.

Ll

1

Assuming Ng, s e+e—r+r— ~ 50 (very conservative!)
Ks — eteete™: a~107°
Ks = ete utu=: a~1077
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Conclusions

@ Ks — ITI7ITI~ decays are interesting to test the Standard
Model.

@ Ks — ITI7ITI~ with electrons are experimentally challenging
due to electron energy loss.

@ K — eTe"ete™ 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 K; — eTe " ntm™.
— Expected (preliminary) sensitivity: ~ 107°

e Ky — eTe upu very preliminary results:
— Mass peak shifted by ~ 5 MeV/c” only.
— Mass resolution ~ 10 MeV/c’.
— Separated from normalization channel K; — eTe~ntn™, but
may have contamination from the tail.

— Expected (preliminary) sensitivity: ~ 10=7
Carla Marin Benito Ks — electron modes 16



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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MC very soft pre-selection for event reconstruction

o StdNoPIDsParticles:

— Pr > 250 MeV/c?
— IP x2 PV >4
— Track x*> < 3

@ Other cuts to the combination:

— AMj, < 150 MeV/c
— SV x?/ndf < 15
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PIDe efficiency

From B — e analysis (LHCb-ANA-2012-079-v5), choosing the
1st bin (low P and P7).
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Figure 50: Efficiency of the requirement DLL(e — ) > 3 as a function of py of the probe
track and for different p bins.
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PIDpu efficienc

From B — pu analysis (LHCb-ANA-2011-101):

L L T R RO N

Figure 5. Efficiency vs. rejection of doubly misidentified K% — n*n~. The curves
are built with cuts in the CDLL,_. and in the NN, [20]. The efficiency (which appears
squared) is determined using a data sample of trigger unbiased muons from B* — Jfp K+
, in the p, pr range of 3 — 10 GeV/e and 0.05 — 1.7 GeV/¢, which mainly corresponds to
muons from the signal (see figure 6). The misID rejection, from data K% — a7~ doubly
misidentified as Kg — ptp~ and also trigger unbiased. This double misID, as it will
be seen, is the main component of the left sideband of K — u*p~. The K§ — nta~
double misID sample has been previously cleaned using a geometrical MVA classifier.
The cut finally selected for the analysis, CDLL > —4, yields an efficiency of ~ 98% for
K% — ptyu for a rejection of 80% in double misID K% — 77—, The efficiency will be
carefully obtained in section 7.2.
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Expected NK5—>e+e—7r+7r—

BR(Ks = ete ntm7) €k sete-ntn—

IS _ TS
NiZseremmon— = NiZymin a1 Nep—1: BR(K: = 7t77)  exmnt
s T
where:
TIS 8 .
— N2, o ~ 10° from Ks — pp analysis.
— We have used Ny -1 = 3.

BR(Ks — ete ntr™) =4.79-107° and
BR(Ks — 7Fn~) =6.9-1071, from PDG.

€ +e—ntag— €2 €2 .2 . . . .
—y KsoeTeTmTm” |, ZPiDe wcomrecoce jg the ratio of efficiencies,

€K5~>Tr+7r* €reco

computed with the values given in slide 16.
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