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Implications Workshop

Rare Kaons Decays at LHCb

Marc-Olivier Bettler

All credits to: Diego Martinez Santos, Xabier Cid Vidal, Victor
Renaudin, Carla Marin Benito, Mar Barrio Luna, Ricardo Vazquez
Gomez, Andrea Contu, Adam Davis, Mike Sokoloff, T. Gialopsos,
Francesco Dettori, Antonio Di Domenico, Thomas Ruf.

For contact, conveners of the rare decays working group:
Gaia Lanfranchi and Thomas Blake
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Why study Kaon decays at LHCb?

LHCb was not designed to study Kaon decays: The overall length
of the detector is several times too short ...

The trigger is mainly designed to anti-select them.

'Enough' kaons decay in LHCb, 10” KO per fb™.

For most of the studies, we don't need trigger. We have kaon
decays in the events that were triggered because they contain

another interesting feature (TIS).

No other experiment can study KO and hyperon decays.
NA62 will focus on charged Kaons for at least 5 years.

LHCDb can produce world-best results for Kaon physics,
as attests the search for K2 — upu

We have a unique opportunity to try and exploit.
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Search for KJ— ™

[JHE 01 i2013) 090]

[Nucl.Phys.B366 (1991) 189]
[JHEP0401(2004) 009]

Yet unobserved FCNC decay with Bgy = (5.0 +1.5) X 1012

K — ptpu~ and K$— p'p~ receive different contributions,
complementary interest. Enhancement up to 10-10 is possible.

Marc-Olivier Bettler

Previous experimental limit dates from 1973 [Phys.Lett.B44(1973)217]
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http://dx.doi.org/10.1016/0550-3213(91)90056-4
http://dx.doi.org/10.1088/1126-6708/2004/01/009
http://dx.doi.org/10.1016/0370-2693(73)90525-X
http://link.springer.com/article/10.1007/JHEP01(2013)090

[JHEP 01 £2013) 090]

Observed yield compatible
with background expectation
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Search for KJ— ™
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CLs method used to set a limit

B(KQ— ptu™) <11 x 107 at 95% CL

World best limit, a factor 35 lower than the
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http://link.springer.com/article/10.1007/JHEP01(2013)090
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Sensitivity with current
trigger could reach below 10’

10" with upgrade

Kg% L4 prospects

Only a third of the data have been
analysed.

Can improve using Down-Down tracks
as well.

Efficiency of the trigger has improved

already in 2012.
LHCb Preliminary

BR [x107]
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O K —nO%u*pu- is one of the hot channels in rare kaon
decays (BF could be sensitive to new physics!)

— Kg equivalent decay very useful to constraint the CP
violating amplitude that enters in this BF

— Current experimental measurement from NA48:
BF(Ks—nOutp-) = [2.971>_, , £0.2]x10°
~50% error Based on 6 events, 0.22+0.18-0.11 bkg

Challenging reconstruction of the neutral pion via v~y
But encouraging studies indicate manageable expected
background.

Estimated yield before selection: on tape: ~7 evts
after run II: ~30 evts

Interesting at longer term!
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K¢ — eeee and Kq— eeup

Our purpose: study the feasibility of Ks — ete ete (ptp™) in
LHCb.

e Taking into account new predictions
BR are up to:
— BR(K; — ete ete) ~ 10710
— BR(Ks — ptpu—ete )~ 1071
e Challenge:

— Very low BR
— electrons are experimentally complicated (energy loss by
Bremsstrahlung).

Marc-Olivier Bettler

Kg— mmee (with BF = 4.8 10°) is both the main background
(double misID) and the normalisation channel.

Implications Workshop
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K¢ — eeee and K¢ — eejujt

sensitivity is dominated by mass resolution and mass shift
wrt main background: KJ — mree

0
Kg— ecee  Om~22 MeV easily distinguishable
A (T — ee) -278 MeV

KJ— nmee  Om~10 MeV

Ay (Tm = pip) -68 MeV
K9 eepp Om~10 MeV also distinguishable

single event sensitivity for 3fb™" with TIS events

K. — ete ete : a~107°
Ki = ete utpu: a~ 107"

K g — pppp also under study.



charged long-lived

5 Strange particle fly a long way!
2 We can reconstruct some of those that decay outside the VeLo
2 (D tracks), increase statistics by using Down tracks.
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Strange particle fly a long way!

We can reconstruct some of those that decay outside the VELO
(D tracks), increase statistics by using Down tracks.

=> large background reduction

Require a VELO track segment
to match the K flight direction

Decay Vertex

VELO/\
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tracks By

charged long-lived

[A. Contu, CERN-LHCb-PUB-2014-032]

entries

Trick: to require a VELO track to match the reconstructed K+
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K+ mass

Charged Kaon mass is an input to loads of HEP measurement

i . . . .
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An evidence for this decay was found by the . (o) | § | ©

HyperCP experiment with 3 events in absence of 2 2]
background AP 1

Measured branching fraction is: ‘ ’ ’
B(Z}+ — pﬂ+ﬂ_) — (861_23 + 55) . 10_8 3_ O e 110 1200 0 %00 1300 1400 1500
|[Phys.Rev.Lett. 94 (2005) 021801]‘ (a)

This evidence had wide relevance since all the 3
observed signal events have the same dimuon

invariant mass: pointing towards a ; l
T — pX%(— pp) decay _ h

E ! T lﬂl'l ! ! ! T ! ! ! ! T ! ! ! ! T ! !
1200 1300 1400 1500
M, (MeV/c?)

This X° searched for in a variety of channels at
CLEO, KTeV, E391a, Babar, Belle, DO and LHCDb b, ] ()
(with Bs->4mu analysis) without success. 2 ¢ Daa

% 1 = ..‘l.
Lookin X7 — putp™  directly! i T L

0 B

T T ‘ T
2125 215 2175
M, (MeV/cT)
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Conclusion

LHCD is not designed to study strange decays, but can
bring surprising contributions.

Copious production of strange hadrons at the LHC

Exploit the possibility to analyse decays that have not been
triggered on, dedicated trigger can only help!

The search for KJ— ;. is a show-case. World best limit.
No other experiment is looking at K g and hyperon.

In the search for subtle NP effect, the kaon sector is

complementary to the B sector in many aspects.
(see Giancarlo's talk)
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RICH2 M)
T3

ECAL
SPD/PS

HCAL
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Entries
Mean
RMS

8445
1432
3063

K¢ — pup with DD

Adding decays in DD final states
we gain 176%, but

- worse mass resolution, increase
of peaking background
- lack of dedicated trigger

Optimistically, gain of 15% in
effective luminosity is possible.

Long tracks 00—
F Downstream tracks
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resolution ~9 MeV
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Omega for mass

Jettler

Q- - AK™

QA >=rn"n"
NATT

B(Q - AK™) =0.678 + 0.007 B(QY - ="ntn) = (3.740¢) x 107
@ =63.1 MeV Q@ =71.6 MeV
m*(AK™) = m?(= 7 77) = 0= m*(K) - 2m?(7*) + F[p(A), p(K). p(Z), p(7*), p(77)]
GA' Davis
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Ratio of cross-section

Impli

0’2_|_
G'K_l_

We measured —A% and ZKO at 7 TeV *

010 0
KS A

not measured in LHCb

KT and K9 hadronisations are expected to be equal be equal

O'KS 1

~ _

=

Hadronisation of A and X should be similar provided isospin is taken into account

measured as far-from-threshold limit of many experiments

Plan to use:

Os+ T 05— TA0

(1—|—C,2
O+ +0p— O'Kg O']\O/O'AO

where ¢; and c¢o take into account data/MC and other differences
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Testing QM and CPT in & — K°K©

EPR correlation:

KK -[&")K)]

no simultaneous decays
(Af=0) in the same
final state due to the
destructive

quantum interference

Testing the quantum coherence of entangled pairs

Same final state for both kaons: f;, =f, =m*n”

vl
225 28

At/tg
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Testing QM and CPT in & — K°K©

Testing the quantum coherence of entangled pairs

1.2

™ Decoherence parameter:
Coﬁ =0 — QM '
s =1 — total decoherence

Marc-Olivier Bettler

0.

PLB 642(2006) 315
KLOE result: round. P(hys. z)m (2010) 852

o =(1429.5,; + 3.8 )x107

0.8

.4

as CP viol. O(Jg[?) ~ 1076 =>
high sensitivity to -~

0.2

From CPLEAR data, Bertlmann et al.

(PR D60 (1999) 114032) obtain: 0
COG - 0.4 + 0.7

In the B-meson system, BELLE coll.

(PRL 99 (2007) 131802) obtains:

&% =0.029+0.057

00 slide 20
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red 522 evts
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% the beam pipe:

+% — Cpp=0

0 01 02 03 04 05 06 07 08 09 At/’l:
S

Toy MC at LHCb

acceptance limitation is not a problem as the VELO
covers the interesting region.
vertex resolution is crucial as well

Challenges are the
background and the

need for a trigger.
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Theory considerations I

Rate decomposition of neutral K decays into a lepton pair: Gino Isidori

K . — mi e 2 | 221 N2
5 D(Kps— 070) = == (|AP + 5| BP) 1
—_ Be = (1 — - IT;-{,-)
?'i f \ My
S S-wave P-wave
Long-distance (2y)
+ Long-distance (2y) dominated

Short-distance («» NP)

K~=CPV KL=CPC K~=CPC KL=CPV
=¥
£
£
2
%:
E slide 22



Theory considerations II

Rate decomposition of neutral K decays into a lepton pair: Gino Isidori
= . | my 3 J
ae D(Kg — t7) = ——(|A] + 5|BJ?) 1
3 8 ' Am2\ /2
S B¢ = (1 — ,,f)
g / \ ' My
§ S-wave P-wave
Long=ch 2y)
+ Long-distance (2y) dominated
CPV Short-distance (<> NP) > Calculable with good accuracy
> Not interfering with short-distance
s Sub-leading within the SM s Leads to tiny SM rates:
= Not directly bounded by K; — up
ot o) BR(K¢— gy ~ 5x10712
cker, Pich, ' - -14
§ G.I, Unterdorfer, '04 BR(KS—HE:E:) SM 2x10
e
2
g
2
E slide 23



Gino advices ...

Gino Isidori

3ettler

@ On the other hand, having not seen anything so far, we can relax pessimistic
assumptions about flavor mixing beyond the SM (such as MFV) — flavor
physics remains an essential ingredient in the (difficult...) search for physics
beyond the SM — worth to look 1n all possible channels without too strong
theoretical prejudices...

» Worth to extend the kaon physics program of LHCb, even if only focused on
discovering/constraining exotic NP models

My interpretation: please keep surprising us.

Implications Workshop
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