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CPT: introduction

The three discrete symmetries of QM, C (charge conjugation: q = -q),

P (parity: x 2 -x), and T (time reversal: t 2 -t) are known to be violated in nature

both singly and in pairs. Only CPT appears to be an exact symmetry of nature.
Y <303

CPT theorem: R Jost -':*r:*"
: VWt
J. Schwinger ) (1957)
(1951) G. Luders (-

(1954)

W. Paull
(1952)

Exact CPT invariance holds for any quantum field theory (like the Standard Model)
formulated on flat space-time which assumes:
(1) Lorentz invariance (2) Locality (3) Unitarity (i.e. conservation of probability).

Testing the validity of the CPT symmetry probes the most fundamental assumptions
of our present understanding of particles and their interactions.
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CPT: introduction

The three discrete symmetries of QM, C (charge conjugation: q = -q),
P (parity: x 2 -x), and T (time reversal: t > -t) are known to be violated in nature
both singly and in pairs. Only CPT appears to be an exact symmetry of nature.

Intuitive justification of CPT symmetry [1]:
For an even-dimensional space => reflection of all axes is equivalent to a rotation
e.g. in 2-dim. space: reflection of 2 axes = rotation of & around the origin

In 4-dimensional pseudo-euclidean space-time PT reflection is NOT equivalent to
a rotation. Time coordinate is not exactly equivalent to space coordinate. Charge
conjugation is also needed to change sign to e.g. 4-vector current j, (or axial 4-v).

CPT (and not PT) is equivalent to a rotation in the 4-dimensional space-time
[1] Khriplovich, |.B., Lamoreaux, S.K.: CP Violation Without Strangeness.
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CPT: introduction

Extension of CPT theorem to a theory of quantum gravity far from obvious.
(e.g. CPT violation appears in several QG models)

huge effort in the last decades to study and shed light on QG phenomenology
= Phenomenological CPTV parameters to be constrained by experiments

Consequences of CPT symmetry: equality of masses, lifetimes, |q| and |u|
of a particle and its anti-particle.

Neutral meson systems offer unique possibilities to test CPT invariance;
e.g. taking as figure of merit the fractional difference between the masses of

a particle and its anti-particle:
@tral K system ‘mKo — Mz /mK <®
/mB <107

neutral B system ‘mBo — Mo

proton- anti-proton ‘mp _ mﬁ‘/mp <1078

Other interesting CPT tests: e.g. the study of anti-hydrogen atoms, etc..
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The neutral kaon: a two-level quantum system

Since the first observation of a K° (V- KO KO
particle) in 1947, several phenomena T

observed and several tests performed: o_, 4
« strangeness oscillations

e regeneration

« CP violation

« Direct CP violation

» precise CPT tests

One of the most intriguing physical systems in Nature. T.D. Lee

Neutral K mesons are a unique physical system which appears to

be created by nature to demonstrate, in the most impressive manner,
a number of spectacular phenomena.

If the K mesons did not exist, they should have been invented

“on purpose” in order to teach students the principles of

quantum mechanics. Lev B. Okun
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The neutral kaon system: introduction

The time evolution of a two-component state vector ) = a‘KO> + b‘KO>
in the {K" space is given by

R,
(Wigner-Weisskopf approximation): zalli(t) = H¥() @

H is the effective hamiltonian (non-hermitian), decomposed into a Hermitian
part (mass matrix M) and an anti-Hermitian part (i/2 decay matrix I') :

H=M—£F=(mll mlz)_i(nl Ez)
2 m, my) 2\, L,

Diagonalizing the effective Hamiltonian:

eigenstates

eigenvalues i ‘KS,L> _ 1 [(1 N ES,L)‘KO> . (1 ey, )‘I?0>]
Asp =mg; - EFS,L \/2(1 + ‘ES,LD
idg 0 1 K> are
‘KS,L(t)> =e K, (O)> - [‘K1,2>@K2,1>] CP=11 states
\/(1 + ‘8“‘) \
ts~90ps T ~51ns ’
K, —nm violates CP (K,|K,)=¢:+¢, =0 small CP impurity ~2 x 103
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CPT violation: standard Eicture

CP violation: T violation:
‘ES’L =€i(5‘ _ H,, -H,, =_i%M12_SF12/2
2(As—A,)  Am+iAT'/2
CPT violation:
_ H,-H,, =l(ml?° _mKO)_(i/z)(rl?o _FKO)
2(Ag —2,) 2 Am +iAT/2
* 0 # 0 implies CPT violation Am =m, — m AT = r,-T,

« ¢ # 0 implies T violation
. ¢ #0 or  # 0 implies CP violation Am =35x%x10" GeV

(with a phase convention JT", =0) AI'=1, =2Am =77 x 107" GeV
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CPT violation: standard Eicture

CP violation: T violation:

‘ES’L =€i(5‘ H12_H21 __i%M12_Sr12/2

2(As—2A,)  Am+iAl'/2

CPT violation:

_ H,-H,, (ml?o _mKO) —(i/Z)(FEO _FKO)

1
S5 = ——
2(hg—2,) 2 @

«0#0 .Imp|.IeS CPT V|9Iat|on Am =m, — m AT = [,-T,
« ¢ # 0 implies T violation
- ¢ # 0 or § # 0 implies CP violation Am =35x%x10"" GeV

(with a phase convention JT", =0) AI'=1, =2Am =77 x 107" GeV
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neutral kaons vs other oscillating meson sxstems

<m> Am <I'> AI'/2
(GeV) (GeV) (GeV) (GeV)
K9 0.5 3x10°15 3x10°15 3x10°15
DY 1.9 6x10-1> 2x10-12 1x10-14
BO, 5.3 3x10°3 | 4x10°3 | O(10°15)
(SM prediction)
BY, 5.4 1x10-!1 4x10-13 3x10-14
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“Standard” CPT tests
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CPT test at CPLEAR

Test of CPT in the time evolution of K K<
neutral kaons using the semileptonic - — - - ><rc‘
asymmetry ©=0 T N N

survival probabilities

A

T

<€ 0.08
0.08
0.04

_ P[K (0)— K ()]- P[K"(0) = K°(7)]

0.02
0
-0.02
-0.04
-0.06
-0.08
-0.1

 PIK (0)— K (7)]+ PIK"(0) = K" (1)]

2 4 6 & 10 12 14 16 18 20
Neutral—kaon decay time [7;]

Ao (T>>T,)=8N0

R6 = (0.30 = 0.33 = 0.06) x 10~

CPLEAR PLB444 (1998) 52
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The Bell-Steinberger relationship

(1965) J. Steinberger gk A

nitarity constraint: K)=a4|K¢)+a,|K,;)
d
(-G VKOF) = Slastr 11K a7
\ Sum over all possible decay products

yields two trivial relations: (sum over few decay products for kaons;
2 many for B and D mesons => not easy to evaluate)
rS,L = E‘<f|T|KSL>‘

and a not trivial one, i{(e. the B-S relationsm All ob§§wables
- quantities
SITIKFTI,) >/
f
i(As=2)
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“Standard” CPT test

measuring the time evolution of a neutral kaon beam into KO < _
. . . @O = == = JU
semileptonic decays:| R = (0.30%0.33£0.06)x 10° [og

CPLEAR v
PLB444 (1998) 52 -E<f‘T‘KS><f‘T‘KL>*-
using the unitarity constraint 236 = J[(K, |K;)] = 3| <
(Bell-Steinberger relation) > e i(As=4;)
| Im 6 =(-0.7 £ 1.4) x 105 |

PDG fit (2014) I — | M 95%CL
o V(i 2)(F_0 T 0) (rK(i FEO) . 68% CL
5.1 (mK Mk ) (.l/ K° K (107" GeV) '
2 Am +iAl'/2
Combining Red and Imd results > . |
Assuming (FEO — FKO )= 0, i.e. no CPT viol. in decay:
‘mEO -m ,|<40x10™" GeV | atos%ecl i

(mK0 —m- 3 (10'18 GeV)

KO
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Entangled neutral kaon pairs
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Neutral kaons at a ¢-factory

Production of the vector meson ¢
in e*e” annihilations:
e’ —=¢ O~3ub
W=m,= 1019 4 MeV
« BR(¢p = KK%) ~ 34%
« ~10% neutral kaon pairs per
pb! produced in an
antisymmetric quantum state

with JPC= 1= i) = —=[|K°(B))|R"(~5)) - [ K ()} K°(~5))]

Py = 110 MeVie [P (P) -, (). )]

Ag=16 A =35
) o ) " N = \/1+‘85 )1+‘8L /1 eSgL sl
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The KLOE detector

S B SE A

Integrated luminosity (KLOE)

1400
J'L dt
1200 F ° 4
pb™' 2005: 1256 pb!
0 2004: 734 pb-! _KLOE de
o) 2002: 320 pb-! 2004 i
60 2001: 172 pb-!

400
2002

200 2001

0 1 1 1
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Total KLOE [ dt ~ 2.5 fb!
(2001 - 05) — ~2.5x10° KK pairs
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The KLOE detector at the Frascati ¢-factory DA®NE

_ S ; =

: N
N A Jery

Integrated luminosity (KLOE)

1400

1200 F

1000 |

800 F

600

400

200

0

b= 2005: 1256 pb!
2004: 734 pb!
2002: 320 pb
2001: 172 pb

2004

2001

1 1] 1 ]
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Total KLOE [r dt ~ 2.5 fb

(2001 - 05)

KLOE detector

COIL

Cryosm‘

Lead/scintillating fiber calorimeter

drift chamber
4 m diameter x 3.3 m length

— ~2.5x10° KK, pairs helium based gas mixture
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Direct CPT symmetry test in transitions
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Direct test of CPT symmetry in neutral kaon transitions

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study other
transitions involving also orthogonal “CP states” K, and K_

L foorov\ =0/ -\ 1=0/-\\or «decay as filtering
ﬁ_‘K (p)>‘K (_p)>_‘K (p)>‘K (—p)>] measurement
1

= . . B *entanglement ->
K.(p )>‘K-(_p )> - ‘K-(p» K+(‘P)>] preparation of state

K,)=|K,) (CP=+]) i)
[K_)=|K,) (CP=-1)

)

(\]

7tV
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Direct test of CPT symmetry in neutral kaon transitions

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study other
transitions involving also orthogonal “CP states” K, and K_

1

«decay as filtering

K,)=|K,) (CP=+]) i)
[K_)=|K,) (CP=-1)

N :‘Ko(i’»‘fo("ﬁ» - ‘Eo(ﬁ»‘Ko("i’»] measurement
1

K.(p))K_(-p)) - |K_(B))

) *entanglement ->
K.(-))] preparation of state

)

(\]

/"
S » 3V

TA

7tV

reference process
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Direct test of CPT symmetry in neutral kaon transitions

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study other
transitions involving also orthogonal “CP states” K, and K_

1

«decay as filtering

K,)=|K,) (CP=+]) i)
[K_)=|K,) (CP=-1)

N :‘Ko(i’»‘fo("ﬁ» - ‘Eo(ﬁ»‘Ko("i’»] measurement
1

K.(p))K_(-p)) - |K_(B))

) *entanglement ->
K.(-))] preparation of state

)

(\]

/"
S » 3V

TA

reference process

TTTT v

A
X

t1 t1 i At=t2't1 "
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Direct test of CPT symmetry in neutral kaon transitions

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study other

transitions involving also orthogonal “CP states” K, and K_
Lm0\ =0/ A\ =0/ B *decay as filtering
ﬁ_‘Ko(p»‘KO(_p»_‘Ko(p»‘Ko(_p»] measurement

1 eentanglement ->

K,)=|K,) (CP=+]) i)

K)=[K.) (cP=-1 M) - K
=7l K. (p))K_(-p)) - |K_(p)) K+(—P)>] preparation of state
J'C+I-M -:_,:/_-_--> 33-[:0
) t1 ] t1 w
K’ —=K reference process

—0
K —K CPT-conjugated process
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Direct test of CPT symmetry in neutral kaon transitions

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study other
transitions involving also orthogonal “CP states” K, and K_

«decay as filtering

A1 0f =
K)=|K) €P=+)  |i)="7| |K°(p))K°(-p)) -|K(B))}K"(-P))] measurement
|K_)=|K,) (CP=-1) 1 B ~entanglement ->

=ﬁ_ >‘K > ‘K >K+(‘p)>] preparation of state
-:_:::-__-y 33-[:0
< t1 » t1 W
K —K  reference process
Note CP and T conjugated process K — EO CPT-conjugated process

K —-K K —K’

T 15l Y
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Direct test of CPT symmetry in neutral kaon transitions

CPT symmetry test

Reference CPT -conjugate

Transition Decay products Transition Decay products

KO — K =, ) Ky — K9 3V, ¢7)

KV > K_ ¢, 37Y) K_ — KO (r7, £7)

KO - K et mm) Ky — K9 (370, ¢1)

KO — K_ et 370) K_ — KO (7, £1)
One can define the following ratios of probabilities:
Ricpr(At) = P [K4(0) = KO(At)j /P [K°(0) — K (At)
Ry cpr(At) = P [K°(0) = K_(At)] /P [K_(0) — K°(At)]
Rscpr(At) = P [K4(0) = KO(At)j /P [KO(0) — K. (At)
Rycpr(At) = P[KY(0) = K_(At)] /P [K_(0) — K (At)]

Any deviation from R, -pr=1 constitutes a violation of CPT-symmetry

A. Di Domenico
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Direct test of CPT symmetry in neutral kaon transitions

for visualization purposes, plots with Re(8)=3.3 104 Im(38)=1.6 10-® (----Im(8)=0 )

A. Di Domenico

2

f;g;_ R1,CPT _____________

14 E =

12 F
| ot == — = -

038 E

06 E

04 E

02f
00102030 ATs

1.001

1.0005 |

1
0.9995
0.999
0.9985

FQT 2015

Ry epr(At)

==, AU/t

R (M) =

~10 20

S
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25

I(6=,3m%; At)
I(mm, 0—; At)

. Ry cpr(At>>15)=1-4Re(0)

I(¢+, 379 At)
I(mm, 015 At)

R, cpr(At>>15)=1+4Re(d)



Direct test of CPT symmetry in neutral kaon transitions

for visualization purposes, plots with Re(8)=3 C %3)=1.6 10 (----Im(8)=0 )

2 ¢ — 2.0
: I(6—,3m"; At)
1.8 eXp (A4 — ) ;
16 E [ty cpr (A1) I(mwm, 0=; At)
14 M~ | f e e e === —-
1.2 F
1 F
0.8 E . Rokpr(At>>15)=1-4Re(0)
0.6
04
0'5 measurable
at KLOE
I(07, 370 At)
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Direct test of CPT symmetry in neutral kaon transitions

It would be possible for the first time to directly test the CPT
symmetry in transition processes between meson states,
rather than comparing masses, lifetimes, or other intrinsic
properties of particle and anti-particle states.

« Possible spurious effects induced by CP violation in the decay

and/or a violation of the AS = AQ rule have been shown to be
well under control.

« The proposed CPT test is model independent and fully robust.
It might shed light on possible new CPT violating mechanisms.

« KLOE-2 could reach a statistical sensitivity of O(1073) on the
newly proposed observable quantities.

J. Bernabeu, A.D.D., P. Villanueva: arXiv:1509.02000 [hep-ph] accepted on JHEP
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A. Di Domenico

Test of Quantum Coherence
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EPR correlations in entangled neutral kaon pairs from ¢

|i> = %[‘KO>‘EO> - ‘EO>‘KO>] Same final state for both kaons: f; =f, =a*n”

-5
x 10

I(At) (a.u)

01
. o |
e T 008 |

———»

I L

| 006
EPR correlation: 004 L
no simultaneous decays [
(Ar=0) in the same 0.02 ] V
final state due to the 5 Lo\l o
fully destructive 20 -15 -10 - 5 10 15 20
quantum interference —

At=t-t, At/tg
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EPR correlations in entangled neutral kaon pairs from ¢

|i> = %[‘KO>‘EO> - ‘EO>‘KO>] Same final state for both kaons: f; =f, =a*n”

EPR correlation:

no simultaneous decays
(A=0) 1n the same
final state due to the
fully destructive
uantum interference _

15 17.5 20 225 25

At/tg
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EPR correlations in entangled neutral kaon pairs from ¢

|i> = %[‘KO>‘EO> - ‘EO>‘KO>] Same final state for both kaons: f; =f, =a*n”

EPR correlation:

no simultaneous decays
(A=0) 1n the same
final state due to the
fully destructive
quantum interference

15 17.5 20 225 25

At/tg

At=|t,-t,)
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EPR correlations in entangled neutral kaon pairs from ¢

KOIK") - [k )K)]

, |
‘l>=ﬁ[

EPR correlation:

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

1.2

0.B

0.6

0.4

no simultaneous decays
(A=0) 1n the same
final state due to the
fully destructive
quantum interference

A. Di Domenico

FQT 2015 -

Interference effects are a
key feature of QM,

“the only mystery”
according to Feynman

=> Experimental test

17.5 20 225 25

At/tg
At=|t,-t,|
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EPR correlations in entangled neutral kaon pairs from ¢

1 _ _
|i> = ﬁ[‘KO>‘KO> - ‘KO>‘KO>] Same final state for both kaons: f; =f, =a*n”
e E
SIS B S T T~
< >< : > = ! - e ——
i <.
ﬂ>. ) <:rc .
AT YT E o6 |

4

C decoherence parameter (QM predicts C=0) o ;
0.2 ; OO

At=|t,-t,)
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EPR correlations in entangled neutral kaon pairs from ¢

KOIK") - [k )K)]

, |
‘l>=ﬁ[

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

TE>‘ ¢ : <E "SV400 |- ® Daa
________________________ | L] KLKS%TC+TC-TC+TC-
T t 1 @ t2 : i 8 Bl cconnnw
< > | > ~200 |- =t ¢
I ‘a | ® =
l ~ ¢
T 1 1000
- |
T4 '“”f}’t’[, m 800 |
+—>
<—>: i
' _ 600 |-
C decoherence parameter (QM predicts T=0) L.
Most precise test of quantum coherence 4o -
in an entangled system [
KLOE result: 200 -
=7
‘Coa=(1-4i9-53TAT13-85YST)X10 I
0 2 4 6 8 10
PLB 642(2006) 315 L=1.5fb"' : FP40 (2010) 852
terms C,,/|e[> with CPV |e|*> ~ 1076 => high sensitivity to T, A= | A 1_t2| A/t
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EPR correlations in entangled neutral kaon pairs from ¢

1 _ _
|i> = ﬁ[‘KO>‘K0> - ‘KO>‘KO>] Same final state for both kaons: f; =f, =a*n”
n>‘ ¢ i T ‘0 - e b
A xS [ mm aSdee
< > : > ~200 F =t §
: 3 | ="'
: = ;

' |
T

600 B
C decoherence parameter (QM predicts C=0) L.
Most precise test of quantum coherence 4o -

In an entangled system

KLOE result: 200 —
7
‘é’oﬁ = 1.4 +95,, % 3'88YST) x 10 ; | | | | |
0 2 4 6 8 10 12
PLB 642(2006) 3 = A .
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Search for decoherence and CPT violation effects
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Decoherence and CPT violation
Ai Possible decoherence due quantum gravity effects (BH evaporation)
(apparent loss of unitarity): /

Black hole information loss paradox => (“like candy rolling

Possible decoherence near a black hole. on the tongue”
by J. Wheeler )

S. Hawking (1975)

Hawking [1] suggested that at a microscopic level, in a quantum gravity picture,
non-trivial space-time fluctuations (generically space-time foam) could give rise
to decoherence effects, which would necessarily entail a violation of CPT [2].

Modified Liouville — von Neumann equation for the density matrix of the kaon system
with 3 new CPTV parameters o,p,y [3]:

<— extra term inducing
decoherence:
OM pure state => mixed state

[1] Hawking, Comm.Math.Phys.87 (1982) 395; [2] Wald, PR D21 (1980) 2742;[3] Ellis et. al, NP B241 (1984) 381;
Ellis, Mavromatos et al. PRD53 (1996)3846; Handbook on kaon interferometry [hep-ph/0607322], M. Arzano PRD90
(2014) 024016

A. Di Domenico FQT 2015 - September 23-25, 2015 LNF 37

p(t)=—iHp+ipH" +




Decoherence and CPT violation

s (BH evaporation)

/

(“like candy rolling
on the tongue”
by J. Wheeler )

Possible decohere
(apparent loss of i

Black hole infori
Possible decohere

)\

S. Hawking (1975)

Hawking [1] suggested that at a microscopic level, in a quantuin gravity picture,
non-trivial space-time fluctuations (generically space-time foam) could give rise
to decoherence effects, which would necessarily entail a violation of CPT [2].

Modified Liouville — von Neumann equation for the density matrix of the kaon system
with 3 new CPTV parameters o.,f3,y [3]:

<— extra term inducing
decoherence:
OM pure state => mixed state

[1] Hawking, Comm.Math.Phys.87 (1982) 395; [2] Wald, PR D21 (1980) 2742;[3] Ellis et. al, NP B241 (1984) 381;
Ellis, Mavromatos et al. PRD53 (1996)3846; Handbook on kaon interferometry [hep-ph/0607322], M. Arzano PRD90
(2014) 024016
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Decoherence and CPT violation
Ai Possible decoherence due quantum gravity effects (BH evaporation)
(apparent loss of unitarity): /

Black hole information loss paradox => (“like candy rolling

Possible decoherence near a black hole. on the tongue”
by J. Wheeler )

S. Hawking (1975)

Hawking [1] suggested that at a microscopic level, in a quantum gravity picture,
non-trivial space-time fluctuations (generically space-time foam) could give rise
to decoherence effects, which would necessarily entail a violation of CPT [2].

Modified Liouville — von Neumann equation for the density matrix of the kaon system

with 3 new CPTV parameters o,p,y [3]:
at most:

p(t)=—iHp+ipH" + a, B,y =0
QM

[1] Hawking, Comm.Math.Phys.87 (1982) 395; [2] Wald, PR D21 (1980) 2742;[3] Ellis et. al, NP B241 (1984) 381;
Ellis, Mavromatos et al. PRD53 (1996)3846; Handbook on kaon interferometry [hep-ph/0607322], M. Arzano PRD90
(2014) 024016

A. Di Domenico FQT 2015 - September 23-25, 2015 LNF 39

2
MK) ~2x107° GeV

M PLANCK




¢ =>KK, =»a*n” w'n” : decoherence and CPT violation

Study of time evolution of single kaons
decaying in m+m— and semileptonic final state

CPLEAR PLB 364, 239 (1999)
a=(-05+28)x10" GeV

B=(25+23)x10" GeV
y=(1.1£25)x107" GeV kaons

In the complete positivity hypothesis
a=y , p=0

=> only one independent parameter: y
The fit with I(n*n™,n*n7;At, y) gives:
KLOE result L=1.51fb"

1400 —
1200 *
1000 —
800 —
600 —
400 [

200

0_||||||\

Iy =(0.7 124, 03,5, ) x 10 GeV

PLB 642(2006) 315
Found. Phys. 40 (2010) 852

entangled
kaons
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KLOE-2 at upgraded DA®NE
DA®NE upgraded in luminosity:

- a new scheme of the interaction region has been implemented
(crabbed waist scheme)

KLOE-2 experiment:
- extend the KLOE physics program at DADNE upgraded in luminosity

- goal: to collect L > 5 fb~"1 of integrated luminosity in the next 2-3 years
- Data taking (started on Nov. 2014) and commissioning in progress
~ 1 fb-1 delivered up to now

Physics program _
(seg EPJC 63 (2010) 619-681) DeteCtor_ upgrade:
« vy tagging system

* Neutral kaon interferometry, CPT

symmetry & QM tests * inner tracker

« Kaon physics, CKM, LFV, rare Kg decays  * small angle and quad calorimeters
*n,m’ physics « FEE maintenance and upgrade

« Light scalars, yy physics « Computing and networking update
- Hadron cross section at low energy, a, * etc.. (Trigger, software, ...)

 Dark forces: search for light U boson
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Prospects for KLOE-2

Param. Present best published KLOE-2 (IT) KLOE-2 (IT)
measurement L=5 fb-! (stat.) L=10 fb! (stat.)
Coo (0.1 £1.0) x 10-¢ +0.26 x 10 + (.18 x 106
CsL (0.3+1.9)x 10 + 0.49 x 102 + (.35 x 102
o (-0.5 £ 2.8) x 10°'7 GeV + 5.0 x 10’17 GeV + 3.5 x 1017 GeV
B (2.5 £2.3) x 10°° GeV + 0.50 x 10 GeV + 0.35 x 10-° GeV
(1.1 £ 2.5) x 1021 GeV + 0.75 x 102! GeV + 0.53 x 102! GeV
compl. pos. hyp. compl. pos. hyp. compl. pos. hyp.
(0.7 £ 1.2) x 1021 GeV + (.33 x 102! GeV + (.23 x 102! GeV
Re(w) (-1.6 £ 2.6) x 104 + (.70 x 104 + 0.49 x 10~
Im(w) (-1.7 £ 3.4) x 104 + (.86 x 104 + (.61 x 10
Aa, (-6.0 = 8.3) x 1013 GeV + 2.2 x 1018 GeV + 1.6 x 10-'8 GeV
Aa, (3.1 £1.8) x 10-18 GeV + (.50 x 1018 GeV + 0.35 x 10-18 GeV
Aay (0.9 £ 1.6) x 10-13 GeV + 0.44 x 1013 GeV + (.31 x 1018 GeV
Aa, (-2.0 £ 1.6) x 1018 GeV + 0.44 x 1013 GeV + 0.31 x 1013 GeV
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Conclusions

*The entangled neutral kaon system at a ¢-factory is an excellent laboratory for the
study of CPT symmetry, discrete symmetries in general, and the basic principles of
Quantum Mechanics;

*Several parameters related to possible

*CPT violation

*Decoherence

*Decoherence and CPT violation

*CPT violation and Lorentz symmetry breaking
have been measured at KLOE, in same cases with a precision reaching the
interesting Planck’s scale region;

* All results are consistent with no CPT symmetry violation and no decoherence

*Neutral kaon interferometry, CPT symmetry and QM tests are one of the main
issues of the KLOE-2 physics program. (G. Amelino-Camelia et al. EPJC 68 (2010) 619-681)

* The precision of several tests could be improved by about one order of magnitude

*KLOE-2 could also test CPT symmetry in transition processes for the first time
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