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Important K-physics still to be done

WEIGHTED AVERAGE
1.2385±0.0025 (Error scaled by 2.1)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only.  They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

FITCH 65B CNTR 2.4
LOBKOWICZ 69 CNTR 9.8
OTT 71 CNTR 0.1
KOPTEV 95 CNTR 0.2
KOPTEV 95 CNTR 4.9

χ2

      17.3
(Confidence Level = 0.002)

1.21 1.22 1.23 1.24 1.25 1.26 1.27

τK+ measured:

in flight (left) or at rest

KLOE =⇒ τK+ in flight

|Vus|: 2.2 σ ’s discrepancy from unitarity reconciliated
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CPT
/

tests in semileptonic decays
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• εS,L = ε ∓ ∆ ∆ =
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MK0 − MK̄0 −
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ΓK0 − ΓK̄0
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]

mL−mS+i(ΓS−ΓL)/2

• a (CPT conserving) b, d (CPT
/

) semileptonic amplitudes

• ∆ CPT
/

in the mass

• δS − δL ∝ <∆,<d∗ =⇒ accurate determination of δS required.
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CPT
/

in K → ππ

A(K0 → ππ(I)) ≡ (AI + BI)e
iδI

A(K̄0 → ππ(I)) ≡ (A∗
I − B∗

I )eiδI

• BI is CPT
/

as (η+−=|η+−|eiφ+− η00=|η00|e
iφ00 )

φ+− − φ00 = (0.22 ± 0.45)o
KTEV,NA48

TH O(ε′/ε)
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Bell-Steinberger relation and CPT
/

• Even if CPT
/

unitarity must be valid. Then |K(t)〉 = aS|KS〉+aL|KL〉

−
d

dt
|〈K(0)|K(0)〉|2 =

∑

f

|aSA(KS → f) + aLA(KL → f)|2 =⇒

(1 + i tan ϕSW ) [<(εM) − i=(∆)] =
∑

f

αf

• αf = BS
+−η+−, BS

00η00, BS
+−γη+−γ, τL

τS
BL

000η000, ..

• ϕSW , εM , αππ, αππγ, α000 =⇒ =(∆) Maiani,Thomson-Zou,KTEV,NA48
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New Limits from NA48

• SM BS
000 = 1.9 · 10−9

• CPLEAR (BS
000 < 1.4 · 10−5) =⇒ =(∆) = (4.5 ± 5.0) × 10−5

• NA48 (BS
000 < 3 · 10−7) =⇒ =(∆) = (−1.2 ± 3.0) × 10−5

=⇒ MK0 − MK̄0 = (−1.7 ± 4.2) · 10−19GeV

• KLOE ( BS
000 < 2.1 · 10−7 ) (preliminary)

• To further improve we have to determine better φ+− − φ00

CERN, 31 January 05 6



G. D’Ambrosio Other aspects of K-decays

CP violation in in K± → 3π

• Dalitz distribution in X,Y |A(K± → 3π)|2 ∼ 1 + g± Y + j± X

• we can define the slope asymmetry ∆g/2g = (g+ − g−)/(g+ + g−)

• Isospin+rescattering: A(K+ → π+π+π−) = aeiα0 + beiβ0Y
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�
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K

+

π
+

π

π Zeldovich,Grinstein et al

Isidori,Maiani,PuglieseFinal State

Interaction

Compared to
K → ππ

• two ∆I = 1/2 transitions (a, b)

• final state small ( α0, β0 ∼ 0.1 )
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• O(p4) necessary for the slopes (∆a
a ∼ ∆b

b
∼ 30%) and for ∆g/2g 6= 0

⇓

• splitting a = a(2) + a(4) and b = b(2) + b(4)
G.D.,Isidori,Paver

∆g
2g = =A0

<A0 (α0 − β0)

(

<b(4)

<b(2) −
=b(4)

=b(2) + =a(4)

=a(2) −
<a(4)

<a(2)

)

|=A0

<A0 | ∼ 22ε′ ∼ 10−4
(α0 − β0)∼ 0.1

• to maximize ∆g, we take O(p4) ∼ O(p2) =⇒ ∆g/2g ≤ 10−5

• (−2.4 ± 1.2) · 10−5 Prades et al
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New Physics to have large ∆g/2g

• an operator which affects K → 3π but not K → 2π, limited by expt.
size of ε′

• Actually Masiero- Murayama:new flavour structures to only the ∆S = 1
and not ∆S = 2

(δD
LR)ij = (M2

D)iLjR
/m2

q̃

• Through the gluino box diagram

C±
g (mg̃) =

παs(mg̃)

mg̃

[

(

δD
LR

)

21
±

(

δD
LR

)∗

12

]

G0(xgq)

Hmag = C+
g Q+

g + C−
g Q−

g + h.c.
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Q±
g =

g

16π2

(

s̄LσµνtaGa
µνdR±s̄RσµνtaGa

µνdL

)

• Q+
g is affects only K → 3π; Q−

g only K → 2π

G.D,Isidori,Martinelli

• As a result by tuning properly C±
g we can generate large ∆g/2g (≤ 10−4)

• NA48/2 will measure

∆g

2g

NA48
< 10−4 SM

< 10−5 PDG
< 7 · 10−3 NP

< 10−4
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K(pK) → π(p1)π(p2)γ(q)

• Lorentz + gauge invariance ⇒ Electric (E) and Magnetic(M) amplitude

A(K → ππγ) = Fµν [E∂µK∂νπ + Mεµνρσ∂ρK∂σπ]

• Unpolarizated photons

d2Γ

dz1dz2
∼ |E|2 + |M |2

|E2| = |EIB|
2 + 2Re(E∗

IBED) + |ED|2

↓

Low Theorem ⇒ EIB ∼ 1
E∗

γ
+ c ED, M chiral tests
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We need FIGHT DE/IB∼ 10−3

IB DEexp

KS → π+π−γ 10−3 < 9 · 10−5 E1

K+ → π+π0γ
10−4

(∆I = 3
2)

(0.472 ± 0.077)10−5

E787
M1,E1

KL → π+π−γ
10−5

(CPV)
(2.92 ± 0.07)10−5

KTeVnew
M1,
VMD

CPV is only from IB KL (also measured in KL → π+π−e+e−)

BUT IB suppressed in K+ and KL.
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K+ → π+π0γ: attempts to measure interf. E1 with EIB

• E1 and M1 distinguished by Dalitz plot analysis.

∂2Γ
∂T ∗

c ∂W 2 = ∂2ΓIB

∂T ∗
c ∂W 2

[
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∣

M1
eA

∣

∣

∣

2
)

W 4

]

W 2 = (q · pK)(q · p+)/(m2
πm2

K) A = A(K+ → π+π0)

• E787 has measured Re
(

E1
EIB

)

∼ (−0.4 ± 1.6)% (TH. expected)

• These Dalitz variables allow to select interf. E1 with EIB
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CP asymmetry

• In the asymmetry in the slope, ∂2Γ±

∂T ∗
c ∂W 2 select a favourable kin. region

(large W 2)

• This asymm., Ω, in extensions of SM ∼ O(10−4) Colangelo et al.

• SM ≤ O(10−5) Paver et al.

• Assuming the expts. are almost seeing the CP conserving E1 Statistics
seems tough

• Similar analysis for CPV in KL: but time interf. required
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µ-Polarization in KL → µµ̄

• PL = NR − NL
NR + NL

SM
< 2 · 10−3

Herczek,Ecker and Pich

• Left-Right Models and leptoquark exchange may generate PL ∼
O(10−2, 10−1) Hewett,Rizzo,Thomas

• B(KL → µµ̄) = (7.27 ± 0.14) · 10−9
PDG

• E871 looked for KL → µe and found also 6,200 KL → µµ̄, if instead
optimized for KL → µµ̄ maybe 20,000 evts.KL → µµ̄ Diwan
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µ-Polarization in K+ → π0µ+ν

• 〈P⊥〉 ∼ 〈 ~sµ · ( ~pµ × ~pπ)〉 is T-odd, =⇒ CP violation

• FSI 〈P⊥〉 ∼ 10−6
Zhitniskii,Hiller-Isidori

MKµ3 = GF sin θcf+(q2)[pαuµγα(1 − γ5)uνµ + fs(q
2)mµuµ(1 − γ5)uνµ]

〈P⊥〉 ∼ 0.2 Im(fs)

• Bounds on models 〈P⊥〉 ≤ 10−2
Peccei

but interesting models (multi-Higgs, leptoquarks) 〈P⊥〉 ∼ 10−4
Garisto-Kane

• KEK E246 〈P⊥〉 < 5 · 10−3
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Conclusions

• Left-over:

– µ-Polarization in K+ → π+µ+µ− and K+ → µ+νγ
– KL → π+π−e+e−

– KL → µe

• Missing energy in the final states, K+ → π+P , Sgoldstino-like

• More on time interference

• Chiral tests
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