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⇒
 w
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 for searches for new

 physics beyond the S
M

• sym
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echanism
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• asym
m

etries betw
een decay particles in not-so-rare decays

• rare or forbidden decays

...this m
eans searches for 

• light dark-m
atter particles 
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• eigenstates: only neutral particles or particle-antiparticle system
s

    (C
|η

>
 =

 |η
>

; C
|π

0>
 =

 |π
0>

; C
|γ>

 =
 −|γ>

; C
|e +e

−>
 =

 (−1) L+
S|e

−e
+>

)

• C
 operator ≡ full sw

itch in sign of all additive quantum
 num

bers
    (baryon num

ber, lepton num
ber, isospin, strangeness, charm

, ..., charge
)

C
harge C

onjugation S
ym

m
etry (C

 parity)

• transform
s particles into antiparticles

    (C
|e −>

 =
 |e +>

; C
|π

−>
 =

 |π
+>

; C
|p>

 =
 |p>

)

• other quantities rem
ain unchanged

    (m
ass, m

om
entum

, spin
)

C
 parity is violated in w

eak interactions, but (believed to be
)

   conserved in strong and electrom
agnetic interactions



• heaviest of octet G
oldstone bosons 

⇒
 m

any open decay channels

• eigenstate of P, C
, C

P
, and G

, I
G(J

P
C) =

 0 +(0 −+) 
      ⇒ 

first order strong and electrom
agnetic decays forbidden

      ⇒ 
laboratory to study (non-)conservation of these 

           discrete sym
m

etries

W
hat is special about the 

η m
eson

?

• m
ass and all interactions vanish in the chiral lim

it
      ⇒ 

basis for effective field theory approach (C
hP

T
)
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and: result based only on few
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C
P

 sym
m

etry and M
atter-A

ntim
atter asym

m
etry

early universe
today

S
akharov conditions (1967

)

1. baryon num
ber violation

2. C
 and C

P
 violation

3. departure from
 therm

odynam
ic equilibrium



C
P

 violation in K
L  decays (1964

)

C
ronin, F

itch et al. observe the C
P

 violating 
K

L  →
 π

+π
− decay

experim
entally observed: short- and long-lived neutral states 

K
S  and K

L



C
P

 violation in the S
tandard M

odel

C
ronin, F

itch et al. observe the C
P

 violating 
K

L  →
 π

+π
− decay

experim
entally observed: short- and long-lived neutral states K

S  and KL

⇒
 C

P
 violation in flavour changing w

eak processes

⇒
 included in the S

tandard M
odel by C

abibbo-K
obayashi-M

askaw
a form

alism

but: am
ount of C

P
 violation is too sm

all to explain the observed m
atter-antim

atter asym
m

etry

⇒
 search for additional sources of C

P
 violation



• M
ostly m

odeled in anology to K
L  decays

T
ests of C

P
 sym

m
etry in 

η
 decays

• F
lavor conserving 

     →
 not constrained by C

K
M

 m
echanism

• S
earch scenarios:

     - rare decays, w
hich w

ould be forbidden if C
P

 exact sym
m

etry
     - asym

m
etries am

ong decay products in 
not-so-rare decays
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flavor conserving C
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η →
 π

+π
−e

+e
− at W

A
S

A

• 263±
24stat  signal events

B
R

(η →
 π
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−e

+e
−) = (3.10 ± 0.27stat  ± 0.22

sys ) × 10
-4

prelim
inary

A
φ  = (0.4 ± 9.0stat  ± 2.8

sys ) × 10
-2

prelim
inary results:

• 3×
10

7 tagged p
d →

 3H
eη

 events



η →
 π

+π
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• statistics benchm
ark K

LO
E

:
      1555

±
53stat  events

prelim
inary

• branching ratio in agreem
ent 

     w
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η →
 π

+π
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• statistics benchm
ark K
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E

:
      1555

±
53stat  events

prelim
inary

• branching ratio in agreem
ent 

     w
ith previous m

easurem
ents

• A
φ  lim

ited by statistics

⇒
 one order of m

agnitude larger statistics in W
A

SA
 p

p data expected

A
φ  = (0.4 ± 9.0stat  ± 2.8

sys ) × 10
-2

K
LO

E

W
A

S
A

 prelim
inary

A
φ  = (-0.6 ± 2.5stat  ± 1.8

sys ) × 10
-2

⇒
 K

L
O

E
-2 is expected to reduce statistical error by a factor of tw

o
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 4π
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as yet 
highest sensitivity reached 

on any η
 decay m

ode!

D
etection at any level 

above lim
its w

ould signal
C

P
 violation 

from
 new

 sources!
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F
undam

ental discrete sym
m

etries can be probed in 
η

 decays

Large data sam
ples are available for analysis from

   W
A

S
A

-at-C
O

S
Y

 and from
 com

plem
entary facilities

M
ore to com

e in future: results from
 analysis and data of even

   larger statistical accuracy


