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Introduction

The Kg — ptp~ decay is:
o Flavour-changing neutral current (FCNC) transition.
e Dominated by long distance contributions through Kg./L — 7.

e In absence of CP violation the K? (K3) mode could proceed only through S(P) wave.
o Notably new light scalars can affect K% exclusively.
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Figure: (a): Long distance contribution. (b) Short distance contributions. [JHEP 01 (2004) 009]
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Overall picture

While the branching fraction for the K% decay is within the SM prediction!: B (K% — u*u’) =
(6.84 4 0.11) x 1079, for the K% it can be enhanced by New Physics.

The LHCb opened the kaon physics program already in 2011 (1fb~! of data).
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1 Three different trigger levels

e Low level (LO) Hardware

e High level 1 (HIt1) Software
e High level 2 (HIt2) (flexible)
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Kaons at LHCb

o Lifetimes are much larger than for

B mesons:
e Tho ~ 1.5 x 107125
—10
. TKg ~ 10 s
—8
. TKg ~5x10"%s

. K% study is possible using long
tracks.

e K9 study is HARDLY possible.
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Kaons at LHCb
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Studies on K2, KT and =% are currently being performed at LHCb. Results obtained until now
came from not dedicated triggers.

Large K% production cross-section inside the LHCb acceptance 1013/fb*1. Efforts are being
focused on adding new trigger lines and developing new low pr particle identification algorithms.

The use of downstream tracks for the analyses could increase the statistics. However, the resolution
is much worse (VELO information not available).
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Studies on K2, KT and =% are currently being performed at LHCb. Results obtained until now

came from not dedicated triggers.

Large K% production cross-section inside the LHCb acceptance 1013/fb*1. Efforts are being
focused on adding new trigger lines and developing new low pr particle identification algorithms.

The use of downstream tracks for the analyses could increase the statistics. However, the resolution

is much worse (VELO information not available).

Miguel Ramos Pernas (KAON 2016) September 14, 2016

6/14


http://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Kaons at LHCb

(m),

e Second limitation comes from the trigger:
e~25(1)% for K§ — ptp~ in 2012 (2011).

- ——
F [
02F I |
. L ! [V
= 04F ! [
s £ } [
| [
For kaons... =op Do
08F | Lo
e |argest limitation comes from the detector LoF b |
SO Il
geometry. dob b ) ) I }
| T
|
|
|
|
|

e Low pp = harder to distinguish from comb. -
bkg. VELO - Fh——=———__

[Int. J. Mod. Phys. A30 (2015) 1530022]

T1T2 T3

Studies on K2, KT and =% are currently being performed at LHCb. Results obtained until now
came from not dedicated triggers.

Large K% production cross-section inside the LHCb acceptance 1013/fb*1. Efforts are being
focused on adding new trigger lines and developing new low pr particle identification algorithms.

The use of downstream tracks for the analyses could increase the statistics. However, the resolution
is much worse (VELO information not available).

Miguel Ramos Pernas (KAON 2016) September 14, 2016 6 /14


http://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Kg — putp~ at LHCb

Main features 6000F LHCb Prefiminary —
F— muthypothesis E
e Very good mass resolution: ~ 4MeV/c2. 5000 ,,,,, uut hypothesis
4000 E
e Great performance identifying muons. 3000 i 3
o 2000F- E
e | uminosity recorded leads to
B2 (KS — =) ~ 102 o 3
 R— 0w 500 520
e Very clean decay = few types of Reconstructed K mass (MeV/c?)
background contribute.
£ ) [LHCb-CONF-2016-012]
The main contamination sources are:
o K9 — it p~ negligible: Begr, ~ 10711,
. Kg/L — T~ negligible.
e A% — pr~ removed by a cut in the Armenteros-Podolanski plot.
o K*0 — K+x~ suppressed using the information from the RICH detectors.
° w— 7r0,u+,u_, n— ,u*’,u_'y are not expected to generate peaking structures.
o Combinatorial background is almost flat in the region [400, 600] MeV/c2.
e Main source of background is Kg — w7~ double misID.
T R s



Analysis strategy

Main features

o Using 2012 data with 2fb~1.

e Since it is a “search for” analysis, a blind strategy is done, avoiding the use of events in
My € [492,504] MeV /2.

e Three different trigger selections have been used to exploit all the trigger capability.

e The Kg — mt 7~ mode is used as a normalization channel.

7
O 1

Differences with respect to 2011 analysis LHCb

(©

e Twice the luminosity. 08
e Trigger lines improved. 06

e New muon identification algorithm.

. . . 0.4
o Included function to describe the signal

shape. 0.2

e Limit calculated directly from the | [T —————
—log £ distribution. %

10 15 20
B(K3—~ K" W)[x 107
LHCb [JHEP 01 (2013) 090]

e Taking into account the previous limit.
v
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The new triggers and muonlD algorithms in Run-I

Triggers

o Removed cuts on the di-muon mass.

e The pr cuts have been reduced.

o Trigger efficiency improved by a factor 2.5.

4

Muon identification

e Dedicated algorithm for low p processes.

e BT — J/¥K used for the muon
calibration sample.

o Reduced dependence with the number of
tracks.

e 7w misID = 0.49% at 95% of signal
efficiency.
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Combinatorial background removal

To remove the combinatorial background events a MVA selection has been done:
o Different MVA algorithms have been studied: BDT, Neural Networks, ...
e Optimization has been done using the ROC curves.

e The proxies correspond to real data Kg — 77~ events (signal) and Kg — put ™ events
from the far right sideband (background).

0.06 - - —

e One different MVA for each trigger [ Sigrial (test + Signd (wraining)

category. 0.05 Background (test) «  Background (training)
e Optimization lead to the same MVA 0.04

algorithm (BDT) and the same set of 003

variables. 002
e Analysis performed in bins of the BDT 001

distribution.

0 4 .

e Bins selected after a loose cut and so 05 0 O'SBDT

the signal efficiency is the same in each ®

of them. [LHCb-CONF-2016-012]
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Fit procedure

e A simultaneous Maximum Likelihood Fit to all the BDT bins and categories was performed.
e Fit performed in the region m 4, € [470,600] MeV/c2.

e The previous result has been taken into account introducing a constraint on the branching

fraction.

Contributions

e Right side of the K& — 77~ double
misID = Power law

e Combinatorial background =
Exponential

o Signal peak = Hypatia function*

*[NIM A, 764, 150 (2014)]

Events/ ( 1.3 MeV/c?)

10?

LHCb Preliminary

[LHCb-CONF-2016-012]
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The results

The normalization is computed as:

T NHB
0 +,7) = 0 +oy. = Kb
B(Kg »p p~)=B(Kg—n"n") i Nmr_aN
T €55 Cirig 11
T HR A K :
eHH € €irig  €BDT  €uID
a1 "
(8] L
Limit extracted integrating the posterior probability of 0.95} LHCb Preliminary
the branching fraction. r ]
]
B(KS — ptp=) <6.9(5.8) x 1072 at 95(90)% CL J ]
0.85 .
This result improves the previous LHCb limit by a fac- E
tor 1.6, becoming the new world best result. 0.8

15
B(KY -~ pyr) x10°
[LHCb-CONF-2016-012]
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Prospects for the Run-11 (2015-2019) and the upgrade (2021-2023)
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Prospects for the Run-11 (2015-2019) and the upgrade (2021-2023)
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Prospects for the Run-11 (2015-2019) and the upgrade (2021-2023)
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e Eff. on K§ — ptp~ ~ 65%.
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[ Full offline-like event selection, mixture]

of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage

LHCb Upgrade TDR [CERN-LHCC-2014-016]
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Prospects for the Run-11 (2015-2019) and the upgrade (2021-2023)
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Prospects for the Run-11 (2015-2019) and the upgrade (2021-2023)

LHCb Upgrade Trigger Diagram
30 MHz inelastic event rate
(full rate event building)
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e LO trigger removed.
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Conclusions

e A preliminary result for K& — ptpu~ analysis " 10 wigger

using the whole Run-I data has been shown. s | "
: £x20
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e The limit has been measured to be

1E-10 e T —— il N

B(K§ — ptp~) <6.9(5.8) x 1079
at 95(90)% CL
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e Many efforts are being made to optimize the : M
LHCb detector to study strange physics.

BR(K_-> u11) 90% CL limit

1E-12

e Most interesting results are expected to Luminosity (fb")
appear in Run-Il data and after the upgrade.
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Stay tuned for the Run-II results!
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Muon spectra
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K? — ptp~

From the PDG2:

B(KY = ptu~) = (6.84+0.11) x 1079
The effective branching fraction is computed as:

€40
B (Kg - N+/‘_)efr- = ﬁB (K% - ,u,+,u_) = SK%—W‘WL—B (K% - /‘«+N_)
Ks

The suppression K9 _ factor is obtained considering the time acceptance:

—ptp

)

Albe,nito, 88 = -

ot is calculated from a fit to Kg — ptp~ events. The suppression factor is the ratio between
acceptance-corrected and theoretical proper time distributions, thus:

Besr. € [1.2,1.7) x 1071

2pPDG [Chin. Phys. C, 38, 090001 (2014) and 2015 update]
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Signal shape
The Hypatia function is defined as follows3:
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3Diego Martinez Santos, Frederic Dupertuis [NIM A, 764, 150 (2014)]
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Systematics

Source TOS,-TOS,-TOS,,, TOS,-TOS,,-TOS,,  TIS-TIS-TOS,.,
Uncertainties on normalisation factor

Tracking 0.4% 0.4% 0.4%

Selection 3.3% 3.9% 1.1%

Trigger 8% 11% -

K spectrum 3.3% 3.3% 3.3%

Muon ID 0.2% 0.3% 0.8%

Signal mass shape

Uncertainties on signal yield

0.8% 0.8% 0.8%

Background shape

Uncertainties on branching fraction

4x 10~ 1




Constraint using the prior result

Amoroso distribution to put a constraint on the B (Kg — ,uﬂf) using the result from 2011.

LHCb Simulation

Projection of the prior
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