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» Introduction

CPT symmetry is linked to the basic mathematical toolsthat we usein
particle physics:

QFT + Lorentz invariance + Locality O CPT

Thesetools have intrinsic limitations [we are not able to include gravity in
aconsistent way] O we should expect CPT at some level

But we do not have a consistent & predictive theory if we abandon these
tools O hard to define areference scale/size for CPT
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» Introduction

CPT symmetry is linked to the basic mathematical toolsthat we usein
particle physics:

QFT + Lorentz invariance + Locality O CPT

Thesetools have intrinsic limitations [we are not able to include gravity in
aconsistent way] O we should expect CPT at some level

But we do not have a consistent & predictive theory if we abandon these
tools O hard to define areference scale/size for CPT

\

Phenomenologically driven search
[reference scale set by the most significant experimental bounds]

= Neutral kaon system Mo —M.| < 1078 M suggestive... but should
Ideal testing ground | : 3 K not be over-emphasized

= With this system, the most powerful & simple phenomenological tool for CPT
testsis provided by the Bell-Steinberger (BS) relation
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» Time-evolution of the neutral Kaon system:

- d | KO . KO
Idt RO :[M-IF/Z] KO

-

CPT invariance = M11= M22 [ =T

11 22

Hermitian matrices
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» Time-evolution of the neutral Kaon system:

- d | KO . KO
Idt RO :[M-IF/Z] KO

CPT invariance = MH= M22 [ =T

11 22

Ko) = N K, )+ €K
Diagonalization = | S> S a +> S| - |
|KL> = NL [ |K_>+€L|K+> ]
(mgo —mgo) — (T ko — [ go)
(mp,—mg) +5(Fs—Tp)

[1 4 O(e)]

Ny | —
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» Time-evolution of the neutral Kaon system:

- d | KO . KO
Idt RO :[M-IF/Z] KO

CPT invariance = MH= M22 [ =T

11 22

|K5> — NS [ |K+>+85|K_> ]

Diagonalization = € ¢ =€, %
|KL> = NL [ |K_>+8L|K+> ] ’

] phase-convention
(mKﬂ _ men) B §(FKD — FR’D) 11+ Oe)] dependent quantities

1
2 (mg—mg)+ 5(rg—Tp) T

N =
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» Time-evolution of the neutral Kaon system:

- d | KO . KO
Idt RO :[M-IF/Z] KO

CPT invariance = MH= M22 [ =T

11 22

|K5> — NS [ |K+>+85|K_> ]

Diagonalization =
|KL> = NL [ |K_>+€L|K+> ]

€¢ = A

- 1
_ mg) b =T |
S— 1 L

2(m -my)
sl

Py = arctan[ ] =~ 43.49
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» Time-evolution of the neutral Kaon system:

- d | KO . KO
Idt RO :[M-IF/Z] KO

CPT invariance = MH= M22 [ =T

11 22

|K5> — NS [ |K+>+85|K_> ]

Diagonalization =
|KL> = NL [ |K_>+€L|K+> ]

€¢ = A

_ ilmgo —mgo) + 5(Tgo — T o)

A = cos pswe'SW [1 + O(e)]
s—TpL
2 -
‘ Ar=0 (g = arctan| (M) ] = 43.40
rS_rL

Mo — mpgo

~ 3x 10714 | ImA |
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» Unitarity and the BSrelation:

Mgo=r11 = Y AK® — HAK® — )

Even if CPT is violated, ke L
we can assume that unitarity —p Fro=Txn = ) AKK"— HAK" — f)

. . f
[=the conservation of prbability| 5 _5
is conserved lda = ; AK™ — AKT — f)

a1 = Y AKY - HAK — )
f
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» Unitarity and the BSrelation:

Fpo=T11 = > AK® = HAK® — f)*

Even if CPT is violated, ke L
we can assume that unitarity —p Fro=Txn = ) AKK"— HAK" — f)

: . f
|=the conservation of prbability | 0 _ o "
is conserved M2 = ; A(K™ — fJA(K” — f)
a1 = Y AKY - HAK — )
Expressing the decay amplitudes /
in the K, -K basis and using
the defintions of €, and A
M +0ls | . Re(epr) —idm(A) _ X
+ itan o Ar(f)As(f)
Fs—Tg 14 |e3,] CTg- FLZ

Exact relation (phase convention independent, no approximations) in the CPT limt
[only A has been treated as a small parameter and expanded to 1* non trivial order]
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» Unitarity and the BSrelation:

L +Ts | . Re(ey) —idm(A) _
+ itan gow ArL(f)As(f)”
[¢—1T7 1+ E%;{‘ rS rLZ T
Exp. Inputs Exp. Inputs
[m, & T/ ] v
2 physical outputs

Im(A) # 0 could only be due to

s violations of CPT
 violations of unitarity
® new exotic invisible final states
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» Unitarity and the BSrelation:

L +Ts | . Re(ey) —idm(A) _
+ itan gow ArL(f)As(f)”
[¢—1T7 1+ E%;{‘ rS rLZ T
Exp. Inputs Exp. Inputs
[m, & T/ ] v
2 physical outputs

Im(A) # 0 could only be due to

s violations of CPT
 violations of unitarity
® new exotic invisible final states

A marvelous deep tool to tests basic principles of particle physics
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Neuftral K interferomeftry af the ®

P Present experimental status & future prospects:

contributions expected

[

N R I O

»

Channel B(KS> B(KL) 10° % GfSM The only terms which

() 069 21x10%  1108+105.11 o bound)

OO 0.31 0.3x10°3 402+ 4661 up to @ ~ 106

T etV 6.7x10™* 0.39 0.22+ 0.001

TEEUHV 4.7x10™4 0.27 0.17+ 0.001

TP 1.9x107° 0.21 0.06 + 0.061

T T 2.7x1077 0.12 0.04+ 0.041

T Ype U 107> ~10° <0.01

others <10 <104 <0.01
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P Present experimental status & future prospects:

contributions expected

] L
e = s A * — o B(K o —s within the SM
P=T L(HAs(f)* =npB(Ks — f) [for Re(e, ) = 1.60 x 107
»
Channel  B(Ky) B(K.) 10°x aM The only terms which

need a measurement
(not only a bound)

[Tr*rr(y) 0.69 2.1x10°3 110.8 + 105.1 i

TOTO 0.31 0.3x10°3 492+ 46.61 | up to @ ~ 106

CTFeTv 6.7x104  0.39 022+ 0.00i
11T —4 | \

TPV 47x1074 0.27 017+ 000§ =, T

OO 1.9x107° 0.21 0.06 + 0.061 bl.l'[ only by means of
S 2.7%10°7 012 0.04+ 0047  Merierengemens
Y 0105 ~105 <001

r, 1/2

others <105 <10% oyl < B(K1, — [)B(Ks — )]Y?
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P Present experimental status & future prospects:

contributions expected

1 .y
— = A * — o B(K o —s within the SM
o= f {As(f) =nB(Ks — f) ffor Rel, = 1.60x 107
,
Channel B(KS> B(KL) 10° % GfSM The only terms which
) .~ need a measurement
rr(y)  0.69 2.1x10°3 110.8 + 105.1 i (not only a bound)
TOTO 0.31 0.3x10°3 492+ 46.61 | up to @ ~ 106
etV 6.7x10™* 0.39 022+ 0.00i
+ 11 F -4 i \ \

\ v 4.7x107*  0.27 0.17+ 0.001 " bounded below 10
1 TOmOre 1.9x107° 0.21 0.06+ 0.061 but only by means of
S 2.7%10°7 012 0.04+ 0047  Merierengemens

Y 0105 ~105 <001
SRR N

bounds ~ 10-6 already 1/2
# others by rate measurements: gl < B B = [)BKs = )]

N 2 Y
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Recent KLOE re-analysis, combining new data on several BR's & Ty
with less-recent interference data by KTeV (¢, & @) & CPLEAR (K13)

[1 seenexttak [

21/, BK,13)
[ (Ag+A,)/4-iIm x ]

®

» o =TJT "B(K, > n "
”*nn: T]GDB(KS—}TEDTED} Re +—0 5 LTI+—ID ( L )

° ®

_ - — 000
T | W B(Ks—n'ny) Oloo6= Ts/TL M ggo BIK > )
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Im A w KLOE prellmmaryz
. Re £ =(160.2 +1.3) x107°
FITar, IIIIA:(lzi 19) X 10_5
j CPLEAR:
- Re e =(164.9 +2.5) 10
W ImA=(2.4 +5.0) 105
a I'l:l LS I'I.II-'|.’I k155 4@ .I.:~1 ols  dL1EZ ik IIFﬁ i :II-'I oLy

Olm A O< 4.3 x 107 (95%CL)

'

\mKn — mﬁ;ﬂ\ <6.5x10719GeVv
[ assuming CPT violation only in the mass matrix |

Reeg

\
(mgo —mgo) — (Mo —Tzo) = (L.8+2.8) x 10719GeV

[ or, more generally, without any assumption about the possible source of CPTV ]
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» Concluding remarks:

» The Bell-Steinberger relation 1s a very powerful tool which allow
us to probe some of the basic principles of fundamental interactions

[CPT + Unitarity] [ wvery valuable to improve its experimental tests

» Significant step forward thanks to the recent data by KLLOE (time-
independent)

» Future improvements require dedicated interference measurements,
especially in the 21t channels (o, _)



