EEEEEE——.————......

Quantum Mechanics and CPT tests with neutral kaons
at the KLOE experiment

Izabela Pytko

Symposium on applied nuclear physics and innovative technologies,
Krakéw, 05.06.2013

IN NOWACYJNA - UNIWERSYTET FNP ES:CI)‘:;;,P:?B:IEJSUIEQ :*‘ ':
GOSPODARKA {,C GK[ ,[;,L\LK%NV;? :(,f Fundacja na rzecz ROZWOJU REGIONALNEGO [

. . Nauki Polskiej
NARODOWA STRATEGIA SPOJNOSCI

INTERNATIONAL PHD PROJECTS IN APPLIED NUCLEAR PHYSICS AND INNOVATIVE TECHNOLOGIES

This project is supported by the Foundation for Polish Science — MPD program, co-financed by the European Union within the European Regional Development Fund



1) The Frascati ¢-factory facility



The KLOE detector at the Frascati ¢-factory DAFNE
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The KLOE detector
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Quantum entanglement of neutral kaons

quark strange ,,s”
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Short- and long-lived states of kaons
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= mean decay length (px = 110 MeV/c): K; = 3.37m, Kg = 0.6cm.

The detection of a kaon at large (small) times tags a K¢ (K)
— possibility to select a pure K beam




Neutral kaons at a ¢-factory
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Neutral kaon interferometry

t,(t,) is the proper time of one (the other) kaon decay
into f, (f,) final state

At=t-t,
= Decay intensity distribution:
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= From this distribution for various final states f; one can measure the following
quantities:
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Neutral kaon interferometry: main observables

1(At) (a.u) l(A) (a.u)
RO+RX.  cpT ———
I+ 33X, | |
do>KK 70V aly -
| Tl
(A9 @u) /
At’/rsl' | o At/
o>KK —r'n | $— KK, — 7z 2lv

, , e A =2(Re RS- Ry —Rx)
1) ) G
&

e ¢) CPT | Aths @ CP, CPT



2) Search for decoherence and CPT violation in
entangled neutral kaons
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¢ >K K, »ntn ntn : test of quantum coherence
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The decoherence parameter measures
the amount of deviation from the
predictions of quantum mechanics.
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¢ >K K, »ntn i : test of quantum coherence
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¢ >K K, »>ntn ntn: CPT violation in entangled K states

» There are several hypothesis of possible CPT violation sources. One of them are
quantum gravity effects that could induce loss of information about the initial state
that is in striking conflict with quantum mechanics and its unitarity principle.

= It can be shown that this kind of decoherence necessarily implies CPT violation in
the sense that the quantum mechanical operator generating CPT transformation
cannot be consistently defined.

= This could affect the entanglement of the kaon pair. In fact the resulting loss of
particle-antiparticle identity could induce a breakdown of the correlation of initial
state imposed by Bose statistics (EPR correlations) to the kaon state.

= As aresult the initial state gains also small symmetric term [Bernabeu, et al. PRL 92 (2004)
131601, NPB744 (2006) 180].
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—->K.K, >t~ ntn~ . CPT violation in entangled K states
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¢ oK K »ntn e~ CPT violation in entangled K states

« Analysed data: 1.5 fb! Im o X107

0.15

« Fitof (77, 7" n At w)
PLB 642(2006) 315

J.Phys.Conf.Ser.171:012008,2009

R = (—1.63:?”” + O.4SYST)>< 107

0.05

95% CL

68% CL

0

S = (1.7 0500 £1.25157)x 107

—3.0STAT —

| <1.0x107 at 95% C.L.

-0.05

« Inthe B system

P B

[Alvarez, Bernabeu, Nebot JHEP 0611, 087]: 01 ST T 005

—0.0084 <Rw<0.0100 at 95%C.L.

0

0.03 0.1 0.15

Re ®» x102



3) Studies of systematic effects - regeneration
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Incoherent regeneration:
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o Particle direction changes
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o It is elastic scattering on
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o Momenta transfer is small.
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Regenerators at KLOE
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Experimental and theoretical cross-section situation

K; momentum at KLOE: 110MeV/c

Theoretical evaluations by R. Baldini and A. Michetti (‘96):

ot =40.7 +1.1 mbarn

reg

Novosibirsk CMD-2 result (‘99) - only existing measurement
at this momentum value:

o2 =55.1+ 7.7 mbarn

reg
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How to calculate the regeneration cross section?

number of registered decays of K;
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How to calculate the regeneration cross section?

number of registered decays of K;
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4) KLOE-2 plans
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KLOE-2 at upgraded DA®NE

- new scheme of the interaction region (crabbed waist scheme) at DAO®NE
- increase L by a factor x 3 demonstrated by a successful experimental test

- extend the KLOE physics program at DA®NE upgraded in luminosity
- collect ~5 fb—1 of integrated luminosity in the next 3-4 years

Physics program (see EPJC 68 (2010) 619-681) Detector upgrade:
= Neutral kaon interferometry, CPT * vy tagging system
symmetry & QM tests - inner tracker

= Kaon physics, CKM, LFV, rare Kq decays — FErica De Lucia talk

" N physics . « small angle and quad calorimeters
" Light scalars, yy physics « FEE maintenance and upgrade

" Dark forces - Computing and networking update
= Hadronic cross section at low energy, . etc.. (Trigger, software, ...)

muon anomaly  — Caterina Bloise talk
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Interferometry at KLOE-2: ¢ ->K K, 5>t~ ntn-
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Summary

o The entangled neutral kaon system is an excellent laboratory for the
study of CPT symmetry and the basic principles of Quantum Mechanics;

o All results are consistent with no CPT violation and no decoherence.

o Neutral kaon interferometry, CPT symmetry and QM tests are one of the
main issues of the KLOE-2 physics program.






