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Introduction

CPT Theorem

.| CPT Theorem: imply mass and lifetime equality

[1 But,

Is not mass and lifetime equality required before
for CPT symmetry to be valid?



Symmetry

Charge conjugate( C ) symmetry:

Particle and antiparticle equations are the same
under the transformation of fields.

EX) v — Y ¢
A,u —> A,Z
Particle and antiparticle symmetry:

Mass and lifetime of particle and antiparticle
are the same.



Symmetry

Particle and Antiparticle: by the Dirac Eq.
(i@-m)y/: +€ Aﬂj/ﬂl// particle
(ig —m) W= —e_A;j;/”g//C antiparticle

[1 Mass and coupling constants of particle and antiparticle:
expected to be the same, but could be independent



Symmetry

Particle: under the C transformation of ¥ and A

y — '
A,u_’ A/(i

on particle Eq.
(10 — m) yw= —g AZQ/ﬂt//C Transformed particle
(i@ — rﬁ) y/C: _e_Afly“y/C Antiparticle

[0 C symmetry requires:

m=m
le e



C Violation

O Typel: if MxMor € - €

—  Particle and antiparticle symmetry violation

Regardless of C transformationon ¥ and A,
if M_Mor € €, then Egs. can NOT be the same.

(I —m)y = +¢ Aﬂj/ﬂl// particle
(i@ — I‘ﬁ) l//C: —G_Azj/”z//c antiparticle



C Violation

I Type 2: Different signs for coupling constants
(A —mY —+eA, V'Y |[+HHALI'Y +92B, Y

(ig—m) v —e Af, i+ glAZF“v/C+ngEF“V/C

different after C transformation
L Particle and antiparticle symmetry

2 2 2
T oc |[Mel +|7Vlg1| + |9Vlg2|
or : :
T o [Mex Mg1l + Mg interference

Different lifetime for particle and antiparticle



C Violation

[ C Violation but Mass and lifetime Equality

Ex) Type 2 C violation without interference

[ Particle and antiparticle violation with C symmetry

Ex) C symmetry but due to phase in the interference term

T o€ |Me|lT 9\/lgll2 + |9Vlg2|2 interference

Irrelevant to the relative signs between e, 91



C Violation

L' Why C symmetry is irrelevant of lifetime?

Answer:

In defining C symmetry, we consider

(1 —m)y =

ieAﬂQ/ﬂw

But, in the lifetime calculation,

(ig —m)w =0

part of equations

and T € Aﬂj/ﬂw

The lifetime is independent of the signs of interactions



Proof of Mass Equality

[l Theorem:
Mass equality between particle and antiparticle

Proof by T.D. Lee:
) Mmass, = <D H D>m | H:real,
_ < 0| H O>Tn - Independent of m

- (Pl@'@HE'B|P),

O Pom=€"|P
OHG® = H cpT Symmetry

— <ﬁ‘ H‘ﬁ>—m



Proof of Mass Equality

[l Theorem:
Mass equality between particle and antiparticle

Proof by T.D. Lee :
i) mass, = (P|H|P,

— <3 H 3>_m
mass, - (P|H|P) .,

Therefore,
massp — massﬁ

when H = H




Proof of Mass Equality

L The flaw in Mass Equality proof by T.D. Lee:

1) The proof is based on C symmetry, not CPT symmetry
as claimed

Ex) Masses can be different with CPT symmetry
If C violation.

f CHC'=-H = H
— Mass, = Massy



Proof of Mass Equality

L The flaw in Mass Equality proof by T.D. Lee:

1) To evaluate equality between particle and antiparticle:

(i —m)y=0 —
(i@_m)l//CPT:O P
(i@—m)y/C:O <

EQs. to compare



Proof of Mass Equality

L The flaw in Mass Equality proof by T.D. Lee:

111) Mass equality can be proved only by C symmetry
f H=H= CHC"
mass, = (P|H | P,
= (P|C’CHCCIP),
= < PIH ‘ p>m
Mass 5




Proof of Mass Equality

L The flaw in Mass Equality proof by T.D. Lee:

IvV) Mass equality Is prerequisite for C symmetry,
not a consequence that can be proved by C or CPT

Tobe Lo — L,

Lo=w (i —m)y
Z():V(i(ﬁ—m)l//

weneed M = M first



Proof of Lifetime Equality

[l Consider
H= Hstrong‘|‘ Hweak

[l Lee & Yang Theorem

If a particle A decay through the interaction Hyeax
and If the lifetimes of A and antiparticle A are the same,
even If Hyeak 1S NOt Invariant under charge conjugate.



Proof of Lifetime Equality

[l Lee & Yang Theorem
Proof:

(B | Hueakl AY = {TB|THyeax T |TA)
- (B |C"P HWPC|A) —

=1 <§‘ Hweak‘ K>

Therefore, the lifetimes of A and A are equal

CPT




Proof of Lifetime Equality

[l The lifetime equality with CPT Violation:
using Lee & Yang proof

Proof:

<B ‘ Hweak‘ A>*

4 CPT Violation
<TB‘THNeakT ‘TA> ]

- —(B|C'PHsPCIA) —
— $<§‘ Hweak‘ K>

Therefore, the lifetimes of A and A are equal
with CPT violation




Proof of Lifetime Equality

[l The flaw of lifetime equality Theorem

No consideration for C violation Type 1!

DITM_Mor € £ €,

NO C trinsformation on the field of H
getsto H

H = CHC™
thus |AY z C| A)
i) If € = €, simply

T # T



Proof of Lifetime Equality

[I' Coupling constants equality
— The lifetime equality regardless of symmetry!

2 2
T oc |Mwl + [Mg

|—> Why do we care the sign in | |2 ?
T Is the same regardless of this sign!

L This is due to our practical calculation
: H
(Ig—m)y =0 ad teAy 'y
I—» Free particle, No info. on its charge!



O O

Summary

C Symmetry, Particle and antiparticle symmetry
Different types of C violation

Mass equality: C symmetry, not CPT

Lifetime equality: regardless of C, CPT violation

Comparison of mass between particle and antiparticle:

Paricle and antiparticle symmetry test,
not CPT Test!



