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My talk in one slide

→ CP violation in Kaon mixing (εK )

= observable sensitive to the highest CP and flavour violating scales

→ ∆εK |exp < 1% ∆εK |theory > 10%

we have to improve the SM determination!

the importance of ηcc is somehow overlooked in the community:
what are the prospects for improvement? feedback encouraged
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Flavour in the SM and beyond

“SM flavour problem” |VCKM| ∼

 1 0.2 4 · 10−3

0.2 1 4 · 10−2

9 · 10−3 4 · 10−2 1


(yu, yc , yt) ∼ (10−6, 10−2, 1) (yd , ys , yb) ∼ (10−5, 10−3, 10−2)

Is there a UV reason behind this pattern? Where can we test it?

”NP flavour problem”

LNP =
∑

i

1

Λ2
i

Oi ⇒ Λi & 104 ÷ 105 TeV

/ lowers expectations to solve SM flavour
problem

/ clashes with natural solution to hierarchy
problem
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What are the most sensitive observables?∗

∗besides electric dipole moments

LNP =
∑

i

1

Λ2
i

Oi O1 = (d̄LγµsL)2, O2 = (d̄R sL)2, O3 = (d̄αR sβL )(d̄βR s
α
L )

O4 = (d̄R sL)(d̄LsR), O5 = (d̄αR sβL )(d̄βL s
α
R )

[
Disclaimer:

focus on ∆F = 2 processes
]

General Message:
intensity (flavour) frontier
probes scales � TeV

Higher energies are probed by εK
(= CP violation in Kaon mixing)

Interplay with energy frontier (LHC)? Needs specification of new physics models
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Two (most popular) flavour pictures

Assume New Physics at scale Λ ∼ 1− 10 TeV:

LNP =
∑

i ξi
ci
Λ2
Oi ci ∼ O(1) ξi small due to some “feature”

CKM-like symmetries

Flavour symmetry (U(3)3 or U(2)3)
controls NP effects

SM understanding only parametrical
(U(3)3) or partly addressed (U(2)3)

Only those Oi present in the SM
[ e.g. NO Oi = (s̄LdR)(s̄RdL)]

Same SM suppression, i.e. ξ ∼ V 2−4
CKM

Λ & 3 TeV (εK ∼ B − B̄)

D’Ambrosio et al. 2002, Barbieri et al. 2011

Barbieri Buttazzo Sala Straub 2012, 2014

Partial compositeness

SM quarks mix with composite operators
+ anarchic flavour in composite sector

VCKM elements related to quark masses:

yi ∼ εLi εRi , (VCKM)ij ∼ εLi /εLj

All Oi allowed: SM ones have ξ ∼ V 2−4
CKM

others have ξ ∼ yiyj/V
2−4
CKM

Λ & 15 TeV (εK ), 3 TeV (B − B̄)

Kaplan 1991, Contino et al 2006, ...

Barbieri Buttazzo Sala Straub Tesi 2012
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Flavour scale and new resonances at the LHC

Partial compositeness Λ ' mρ,T Λ & 15 or 3 TeV → No NP at the LHC.

CKM-like symmetries

� implement in composite models (flavour violation at tree level)

→ if U(2)3 then mT ∼ 1 TeV , if U(3)3 then mT � 1 TeV

� implement in supersymmetry (flavour violation at loop level)

→ both U(2)3 and U(3)3: stops and gluinos within LHC8-13 reach

Flavour and CP violation best protected in SUSY-U(2)3: sparticles at the LHC?
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U(2)3 and supersymmetry Barbieri Buttazzo Sala Straub 1402.6677

All points allowed by LHC8 sparticle searches
Dark: conservative exclusions

Light: compressed spectra, ...

[Dashed: ∆F = 2 fit]

What if no sparticles at LHC14?

φs LHCb aims at ±0.01÷ 0.03 [now ±0.07]

∆Md,s expected lattice improvements

εK how will it progress?
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Impact of flavour on future of particle physics?

Some expected progresses in flavour:
CKMfitter + Ligeti, Papucci 1309.2293

Stage I = 7 fb−1 LHCb + 5 fb−1 Belle-II, Stage II = 50 fb−1 LHCb + Belle-II

Example: φs = φ∆
s − 2|βs | of SUSY slide

Till now εK played a leading role, both in general and in specific models!

What about the future of εK?
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εK = CP violation in Kaon mixing

εK ≡
A
(
KL → (ππ)I=0

)
A
(
KS → (ππ)I=0

)
|εK |exp = (2.228 ± 0.011)× 10−3 |εK |SM = (2.0(∗) ± 0.3)× 10−3

(∗) inputs from CKM fit without εK

Progress is needed in the SM determination of εK !

Master formula for εK

|εK |SM = kεCεB̂K |Vcb|2λ2η̄
(
|Vcb|2(1− ρ̄)ηttS0(xt) + ηctS0(xt , xc)− ηccxc

)

kε summarises long distance and absorptive contribution
Buras Guadagnoli Isidori 1002.3612
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Budget error of εK in the Standard Model

|εK |SM = kεCεB̂K |Vcb|2λ2η̄
(
|Vcb|2(1− ρ̄)ηttS0(xt) + ηctS0(xt , xc)− ηccxc

)

|Vcb|comb = (41.1± 1.3)× 10−3 |Vcb|incl = (42.21± 0.78)× 10−3

ηcc = 1.87± 0.76 NNLO in Brod Gorbhan 1008.2036 series converges badly!

Future?

∆Vcb −→ 0.3× 10−3 ⇒ ∆εK/εK ∼ 2.5% then ηcc even more important!

Stay tuned: a way to get rid of ηcc uncertainty Ligeti Sala to appear

Filippo Sala LPTHE Paris CP violation in kaon mixing 9 / 10



Budget error of εK in the Standard Model

|εK |SM = kεCεB̂K |Vcb|2λ2η̄
(
|Vcb|2(1− ρ̄)ηttS0(xt) + ηctS0(xt , xc)− ηccxc

)

|Vcb|comb = (41.1± 1.3)× 10−3 |Vcb|incl = (42.21± 0.78)× 10−3

ηcc = 1.87± 0.76 NNLO in Brod Gorbhan 1008.2036 series converges badly!

Future?

∆Vcb −→ 0.3× 10−3 ⇒ ∆εK/εK ∼ 2.5% then ηcc even more important!

Stay tuned: a way to get rid of ηcc uncertainty Ligeti Sala to appear

Filippo Sala LPTHE Paris CP violation in kaon mixing 9 / 10



Take-home message

based on work in SM to appear soon w/Ligeti
and on completed works in NP, w/Barbieri Buttazzo and Straub

→ CP violation in Kaon mixing (εK )

= observable sensitive to the highest
CP and flavour violating scales

→ ∆εK |exp < 1% ∆εK |theory > 10% we have to improve the SM determination!

the importance of ηcc is somehow overlooked in the community:

what are the prospects for improvement? feedback encouraged
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Back up
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