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CPT symmetry

e Hermiticity of the Hamiltonian (probabilty conservation), QFT
e Locality

e |Lorentz invariance

— CPT conservation
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CPT violated at the Plank scale

e Quantum gravity may lead to CPT violation
e The low energy limit not known

e Interesting probe
My — Mpg| < 107 Mg
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CPT violation: Non-locality?

e Non-locality is enough? Barenboim, Lykken

Add to the Dirac lagrangian

' _ |
S = %/d%/dtdt’w(t,x)t_tlw(t’,x).

Run into trouble with causality

We want still keep states that go from an initial state to a final state in
a S-matrix approach
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CPT violation: Break Lorentz invariance

Change the coefficient of the square of the magnetic field in the
Lagrangian of quantum electrodynamics:

— —

B? = (1+¢)B?

This will cause the velocity of light ¢, given by ¢? = 1 + € to differ from
the maximum velocity of particles, which remains equal to one.

eff 1.7 o A
Lsv@yxsu@xua) = 2T 0w — M
Spurions break Lorenz sym. Coleman-Glashow, Kostelecky et al.

° 1% 1 1%
I =" + "y, + d" sy, + e +ifPys + §9A“ T
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1
M =m+ ay" + byysy! + §HWJW
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Other approaches, phenomenologically driven

e Departure from Wigner-Weisskopf approximation adding a decoherence
parameter tested experimentally Lindblad, Gorini et al.

Results from CPLEAR and KLOE

e Violation at the Planck scale of Poincare’ symmetry codified by
modifications of the type

n

mn
ME,

m2 = E2? — p? 41 p? 1

difficult to write an effective field theory Amelino-Camelia, Smolin et al.
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QM mechanics violated in a perturbative way

e Quantum decoherence induced by Planck scale effects and concepts of
local effective field theory, including CPT operator are ill defined Wald

e Pragmatic approach Ellis et al., Huet, Peskin
paramaterisation in the neutral kaon system by means of an evolution of

the reduced density matrix for kaons, which satisfies energy conservation
on average, positivity of the density matrix and probability conservation

Oup = i[p, H] + 5/4;)

5/4 parametrized by «, 5,y determined experimentally
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Decoherence, lll-defined CPT Operator and new effects in
Entangled States

Maybe Planck scale physics modify for instance the usual relation
between particle and antiparticle resulting as a deviation of CPT theorem
without requiring Lorentz violation Bernabeu et al., Kurkov Franke

Modification of EPR relations Bernabeu et al.
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QM mechanics must be valid even if Cﬁ{T in the K’s mass matrix

Z%[ﬁ ] :[M—iF/2][KO]

For any superposition of Kg, K, mass and width eigenstates

W) = a|Kg) + b Kp)

d
ST ) P = | WP
r
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Bell Steinberger relations

Terms proportional to | a |* and | b |2

rL:;/dwr\T\me FS:;/CZF|<F|T|KS>|Z

Mixed terms, proportional to ab™ —-

(87
A

f
* ~\

(M — Ms)(Ky | Ks) = Z/dr’«r T KL) (T[T Ks).
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Cﬁ{T in the K’s mass matrix

My —il'11/2 Mg —il'12/2
Diagonalize
Moy —il'91/2 Moy — il'99/2

1 _
Ks,1 = (1+es.) K+ (1 —es ) K
V2 (1 + es L]?) | |

—i (M) — 35 (T12) F 5 [M11 — Moy — £ (T'11 — T'ao)]

e p—
5L mr —ms +i(Ls —'1)/2
= e FA
n = lenle®sw  tan pgy = 2L )
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Cﬁ{T in semileptonic decays

AKY = 1tvr™) = a+b=a(l—1y)

AKY s l7vrt) = cH+d=a*(zy —ax_)*

AK 5 17vrt) = a* = b =a*(14y)*

AKY 5 1tvr™) = & —d* =alzy +2_)

bd (y)  CPT e,d (zp,7-) AS=-AQ
Iy, — It b d*
Asp = ———2F = 0R(es ) + 2R (—) T 2R (—)

Vs +1s 1 a a
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C%T in K - 7w

AK® = nn(I)) = (Ar+ Bp)e®!
AKO = () = (A} — B})e
e Bjis C'%T as (ne—=[nr—le*+=  noo=|noole’?00 )
¢4— — Poo = 0.2 £0.4° KTEV,NA48

¢ =43.51 £ 0.05AssumingCPT43.4 4+ 0.5 N ot AssumingC PT
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Bell Steinberger relations: CPLEAR,KTeV,NA48,KLOE

| (af)

[s+Tg _ @-S(A)] =T, Zf: Ar(f)As(f)

I's—17

R (e)
L+ el

+ 7 tan ¢SW] [

Also a new analysis by Gino+KLOE and me
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Actual SM expectations for Bell Steinberger relations,

Channel

B(Ks)

0.69
0.31

6.7 x 10~4
4.7 x 1074

1.9 x 107Y
2.7 x 1077
1072

B(Kp)

2.1 x 1073
9.3 x 1073

0.39
0.27

0.21
0.12
1072

5 SM
10 o

110.8 + 105.12

49.2 + 46.6¢

0.22 + 0.00¢
0.17 + 0.00z

0.06 + 0.06¢
0.04 + 0.042
< 0.01

KLOE+Gino
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o s determinations for Bell Steinberger relations

Ut = ((1.112 4 0.013) + i(1.061 & 0.014)) x 1073
.00 = ((0.493 £ 0.007) +i(0.471 £ 0.007)) x 10~°
o+ —0=((0£2)+i(0+2)) x 107°
rrr from CPLEAR, NA48, KLOE
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Time dependent studies: CPLEAR

CPLEAR Study of tagged K°(K09)

— Am, A(Kp,s — ntna?), A(Kp,s — m'm'77),

A(KL,S — 7TZV)
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KLOE determination of semileptonic o,

KLOE adds the measurement of Ag — Ap =4[R() + R(z_)] = (-2 £
10) x 1073 . The results, referred to as the K3 average, are given in

value Correlation coefficients
R(A) (3.0£2.3) x 1074 1
J(A) (—0.66 £0.65) x 1072 | -0.27 1
R(x_) (—=0.34£0.21) x107% | -0.23 -058 1
() (0.0240.22) x 1072 | -0.35 -0.12 057 1
As+ Ap | (=044£0.83) x1072 | -0.12 -0.62 0.99 054 1
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Bell-Steinberger determination

Unitarity allows a determination of R(€) not requiring CPT

R(e) = (161.1 £0.5) x 10~°, F(A) = (=0.7+£1.4) x 107°

i(mKo — mfo) —|— %(FKO — FFO)

A =
I's -1t

cos pgwe' PSW[1 + O(e)] .

—4.0 x 107" GeV <m0 — mpo < 4.0 x 107" GeV  at 95 % CL.

improving CPLEAR |m .o — mzz| < 12.7 x 10712 GeV at 90% CL
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G. D’Ambrosio
3 M 95% CL E W 95% CL
3 0 =
3 505¢1 B 68% CL
T M 68% CL <
S E
_ 10
=
O |
O |
0.5
-10 L
10 0 10 0.155 0.6 0165
Re(e) [107]

AM [107° GeV]
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Conclusions

e \We are seeing the determination of the unitarity of the row of the CKM
matrix at 0.2% fighting for small possible NP contributions; HERE we
do not even know how large is NP contributions: could be very large..

e Remember CP lesson (not theoretically predicted)

e Scaling argument correct?
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CPLEAR determination of semileptonic o,

> i AAL(Tv) AL (Tly)) = 2T (K, — mlv) (R(e) — R(y) — i(S(z+) + I(A)))
=Ky, — mlv) ((As + Ap) /4 — i(S(z1) + S(Q)))

Time asymm. allow CPLEAR to obtain ay;, from

value Correlation coefficients
(A) | (3.0£3.4)x107 1
(A) | (-=1.5£23)x1072% | 0.44 1
R(x_)| (024£1.3)x107% |-056 -0.97 1
(xy) | (1.24£22)x107% |-0.60 -091 096 1
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backup

I's+1'g , 2Re
— 1A '(r|T|K I'T|K
(gt iam) ep =3 [ T Ky @7 K

Using the Schwartz inequality

OReé
< VIils = ‘ef‘Q < 2.9 x 1072
€

— BS relation among I'1,,I's, Am, p,q and oy
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BS assume (K, | Kg) = Iz }2 —
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