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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Flavour-changing neutral currents

∆F = 1: rare decays ∆F = 2: meson-antimeson mixing
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Flavour vs. collider bounds on the new physics scale Λ
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Flavour vs. collider bounds on the new physics scale Λ
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I Meson-antimeson mixing: can probe the highest scales
But only small number of observables sensitive to NP (∆M, φ)
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Flavour vs. collider bounds on the new physics scale Λ
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I Rare decays: much more observables, more sensitive to “small” flavour
violation at “natural” scales
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Outline

1 Introduction

2 Flavour vs. collider bounds on Supersymmetry
Meson mixing in natural SUSY

Bs → µ+µ−

3 Rare decays in Composite Higgs models
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Direct searches: no sign of SUSY!

Model e, µ, τ, γ Jets Emiss

T
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) 1405.78751.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1405.7875850 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV 1405.78751.33 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃01 1 e, µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB (ℓ̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.6 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 m(χ̃
0
1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(G̃)>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<400 GeV 1407.06001.25 TeVg̃

g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<400 GeV 1407.06001.34 TeVg̃

g̃→bt̄χ̃
+
1 0-1 e, µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV 1407.06001.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 20.3 m(χ̃

±
1 )=2 m(χ̃

0
1) 1404.2500275-440 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1

2 e, µ 0-2 jets Yes 20.3 m(χ̃
0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(χ̃

±
1 ) 1403.4853130-210 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1

2 e, µ 2 jets Yes 20.3 m(χ̃
0
1)=1 GeV 1403.4853215-530 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1

1 e, µ 1 b Yes 20 m(χ̃
0
1)=0 GeV 1407.0583210-640 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)=0 GeV 1406.1122260-640 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1 )<85 GeV 1407.060890-240 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-600 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeVℓ̃

χ̃+
1
χ̃−
1 , χ̃

+
1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1403.5294140-465 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ - Yes 20.3 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1407.0350100-350 GeVχ̃±

1

χ̃±
1
χ̃0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1
, χ̃

0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

2-3 e, µ 0 Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1

1 e, µ 2 b Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1
, χ̃

0

2

χ̃0
2
χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086620 GeVχ̃0

2,3

Direct χ̃
+
1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 4.7 0.4<τ(χ̃
0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X, ν̃τ→e + µ 2 e, µ - - 4.6 λ′
311

=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X, ν̃τ→e(µ) + τ 1 e, µ + τ - - 4.6 λ′

311
=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121,0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133,0 1405.5086450 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV

full data

√
s = 8 TeV

partial data

√
s = 8 TeV

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: ICHEP 2014

ATLAS Preliminary√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.

NB: bounds on 3rd gen’ quarks and EWinos generally weakest
David Straub (Universe Cluster) 5



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Direct searches: no sign of SUSY!

Mass scales [GeV]
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lsp
m⋅+(1-x)

mother
m⋅ = xintermediatem

For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit

NB: bounds on 3rd gen’ quarks and EWinos generally weakest
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

A natural SUSY spectrum, summer 2014

100 GeV

1 TeV

10 TeV

I Strong LHC bounds on 1st/2nd
generation squarks

I Light 3rd generation squarks to solve
hierarchy problem

David Straub (Universe Cluster) 6



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Are flavour bounds competitive with collider bounds?

δ

Λ 2

2
2F

δΔ = ∝
Λ

2
1F

δΔ = ∝
Λ

LHC

CKM-like
flavour violation

generic 
flavour structure

Considering the case where flavour bounds are weakest: CKM-like
flavour violation
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Natural SUSY & U(2)3

100 GeV

1 TeV

10 TeV

I Strong LHC bounds on 1st/2nd
generation squarks

I Light 3rd generation squarks to solve
hierarchy problem

Natural SUSY with split generations + CKM-like flavour violation: approximate,
minimally broken U(2)3 flavour symmetry (“split MFV”)
[Barbieri et al. 1105.2296]

David Straub (Universe Cluster) 8
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Meson mixing in SUSY U(2)3

Two classes of contributions

I Higgsino and ch. Higgs contributions are MFV-like

F t̃hF
h̃

b
h̃

b� t̃h�
F H±hF

t̃

b
t̃

b� H±h�
I Wino and gluino contributions can induce a new phase in B/Bs mixing

F t̃hF
W̃

b
W̃

b� t̃h�
F b̃hF

g̃

b
g̃

b� b̃h�

David Straub (Universe Cluster) 9



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Sparticle mass bounds in natural SUSY
Typically, two ways for sparticles to evade LHC bounds. E.g., g̃ → t t̄χ0

1:

I heavy spectrum: contribution to flavour observables will be suppressed

I compressed spectrum: potentially large contribution to flavour obs.

I similarly for t̃ , b̃

David Straub (Universe Cluster) 10



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Numerical results for ∆F = 2 observables

SM

generic NP
MFV

U(2)³

[Barbieri et al. 1402.6677]

I All blue points fullfil collider
bounds

I Dashed lines: ∆F = 2
constraints (black: U(2)3,
gray: generic)

I Direct bounds almost as
constraining as flavour, except
for compressed spectra

David Straub (Universe Cluster) 11
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Numerical results for ∆F = 2 observables
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generic NP
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U(2)³

[Barbieri et al. 1402.6677]

I All blue points fullfil collider
bounds

I Dashed lines: ∆F = 2
constraints (black: U(2)3,
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Numerical results for ∆F = 2 observables

SM

generic NP
U(2)³

I Bs,d mixing phase at most 0.1, whether compressed or not

David Straub (Universe Cluster) 12



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Numerical results for ∆F = 2 observables

SM

generic NP
U(2)³

I U(2)3 symmetry relates Bs and Bd mixing

David Straub (Universe Cluster) 12



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

1 Introduction

2 Flavour vs. collider bounds on Supersymmetry
Meson mixing in natural SUSY

Bs → µ+µ−

3 Rare decays in Composite Higgs models

David Straub (Universe Cluster) 13



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Bs → µ+µ− beyond the SM

Heff = −4 GF√
2

e2

16π2
VtbV∗ts

∑
i

CiOi + C′i O
′
i + h.c.

O(′)
10 = (s̄γµPL(R)b)(¯̀γµγ5`)

O(′)
S = (s̄PR(L)b)(¯̀PL(R)`)

BR(Bs → µ+µ−) ∝ |S|2 + |P|2

S =
mb

2
(CS − C′S) P =

mb

2
(−CS − C′S) + mµC10

Scalar contributions lift the helicity suppression!

David Straub (Universe Cluster) 14



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Scalar operators in the MSSM

Even with Minimal Flavour Violation, (tanβ)3 enhanced contribution to CS

CH̃
S ∝

tanβ3

M2
A

Atµ

m2
t̃

fH̃

(
|µ|2

m2
t̃

)

David Straub (Universe Cluster) 15



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

Complementarity with Higgs searches

HaLHbL
HdL

HcL

200 400 600 800 1000 1200

10

20

30

40

50

60

MA HGeVL

ta
nΒ

[Altmannshofer et al. 1211.1976]

mq̃ = 2 TeV, 6M1 = 3M2 = M3 = 1.5 TeV
Scenario (a) (b) (c) (d) (e)
µ [TeV] 1 4 -1.5 1 -1.5
sign(At ) + + + - -

I Large tanβ + light Higgs
spectrum disfavoured

I Direct Higgs searches more
constraining for tanβ . 25

I Milder bounds for µAt > 0
(destructive interference with SM)

David Straub (Universe Cluster) 16
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New physics in Z penguins: C10 in SUSY

I If there are no sizable scalar operators, Bs → µ+µ− allows a clean
measurement of Z penguin!

I Complementary to B → K (∗)µ+µ− and B → K (∗)νν̄

I Only way to get sizable C10 in SUSY: Z penguin with chargino loop

Z

I Up to 25% effect in BR

David Straub (Universe Cluster) 17



Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

1 Introduction

2 Flavour vs. collider bounds on Supersymmetry
Meson mixing in natural SUSY

Bs → µ+µ−

3 Rare decays in Composite Higgs models

David Straub (Universe Cluster) 18
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Composite Higgs & partial compositeness
I Solving the hierarchy problem without SUSY: the Higgs is composite

I Successful theory of flavour requires quarks to be partially composite

L ⊃ λLψ̄LOR + λRψ̄ROL

Related by AdS/CFT to models with a
warped extra dimension

u,d,c,s,bR tR,QL

0 5 10 15 20 25 30 35

UV IR

[A. Weiler]
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Introduction Supersymmetry Composite Higgs Model-dep. Flavour Constraints on NP

The two-site picture [Contino et al. hep-ph/0612180]

A simple 4D theory realizing the partial compositeness paradigm

elementary
sector

composite
sector

Ls = −Q̄L mQ QR − ŪL mU UR − D̄L mD DR

+Q̄LH YU UR + Q̄LH YD DR + h.c

Lmix = λL q̄LQR + λRu ŪLuR + λRd D̄LdR

qphys = cL q + sL Q
sL

cL
=

λL

mQ
mqphys = v√

2
Y sL sR etc.

David Straub (Universe Cluster) 20
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Flavour anarchy

I Structureless (“anarchic”) composite Yukawas

I Hierarchies in quark masses and mixing generated by hierarchical
composite-elementary mixing

y i
u = sLiYU∗sRui

sL3 � sL2 � sL1

sRu3 � sRu2 � sRu1

V ij
CKM ∼

sLi

sLj

David Straub (Universe Cluster) 21
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Anarchic FCNCs

Relation between c.-el. mixings and quark masses & CKM leads to a
suppression of FCNCs (“RS-GIM”):

s2
Lis

2
Lj ∼ (V∗3iV3j)

2s2
Lt

but also RR and LR FCNCs

s2
Lis

2
Rj ∼ ydiydj

Operator (s̄RdL)(s̄LdR) leads to a bound of order 14 TeV from εK !

David Straub (Universe Cluster) 22
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Flavour symmetries for partial compositeness

δ

Λ 2

2
2F

δΔ = ∝
Λ

2
1F

δΔ = ∝
Λ

LHC

CKM-like
flavour violation

generic 
flavour structure

I flavour anarchy⇒ high compositeness scale required by ∆F = 2

I Introducing a flavour symmetry, comp. scale can be sub-TeV: U(2)3

symmetry minimally broken by composite-elementary mixings
[Barbieri et al. 1203.4218, Barbieri et al. 1211.5085]

I Potentially interesting effects in ∆F = 1

David Straub (Universe Cluster) 23
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Z penguins from partial compositeness

After EWSB, composite-elementary mixing leads to correlated tree-level
contributions to flavour-changing Z couplings . . .

. . . and Z → bb̄

David Straub (Universe Cluster) 24
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Numerical analysis of Z penguins in 3 models

I Two choices for the fermion content (represenations of
SU(2)L × SU(2)R × U(1)X ) to protect T parameter and Z → bb̄

I (2, 2)2/3 + (2, 2)−1/3 + (1, 1)2/3 + (1, 1)−1/3 (“bidoublet model”)
I (2, 2)2/3 + (1, 3)2/3 + (3, 1)2/3 (“triplet model”)

I Two choices for the flavour structure
I flavour anarchy
I U(2)3 flavour symmetry

see [Barbieri et al. 1203.4218, Barbieri et al. 1211.5085, Straub 1302.4651] and ref. therein

David Straub (Universe Cluster) 25
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K + → π+νν̄ vs. KL → π0νν̄

triplet + anarchy
bidoublet + anarchy
bidoublet + U(2)3

I Visible effects in both
modes

I U(2)3: aligned in
phase with the SM

[Straub 1302.4651]

David Straub (Universe Cluster) 26
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K + → π+νν̄ vs. KL → µ+µ−

triplet + anarchy
bidoublet + anarchy
bidoublet + U(2)3

I triplet: RH coupling

I bidoublet: LH coupling

[Straub 1302.4651]

David Straub (Universe Cluster) 27
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B → Kνν̄ vs. B → K∗νν̄

triplet + anarchy
bidoublet + anarchy
bidoublet + U(2)3

I triplet: RH coupling

I bidoublet: LH coupling

[Straub 1302.4651]

David Straub (Universe Cluster) 28
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Bs → µµ vs. Bd → µµ

triplet + anarchy
bidoublet + anarchy
bidoublet + U(2)3

I LHCb starts to probe
the models

I MFV-like Bd ↔ Bs

correlation in U(2)3

[Straub 1302.4651]

David Straub (Universe Cluster) 29
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Bs → µµ vs. B → K∗µµ

triplet + anarchy
bidoublet + anarchy
bidoublet + U(2)3

I Correlation due to
protection of LH or RH
bsZ coupling

[Straub 1302.4651]

David Straub (Universe Cluster) 30
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Model-independently: Bs → µµ vs. Bd → µµ
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I Bs → µµ vs. Bd → µµ:
powerful test of Minimal
Flavour Violation

I Beyond MFV: scalar
operators (e.g. SUSY)
unconstrained by other
processes

I Z penguins beyond MFV:
size constrained by
b → s`+`− processes
(notably B → K ∗µ+µ−)
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Conclusions

Natural SUSY with minimally broken U(2)3 flavour symmetry:

I flavour & collider bounds complementary

I flavour bounds stronger for compressed spectrum

I φs small, but potentially around the corner

Rare decays in composite Higgs models:

I Flavour symmetry desirable to suppress CPV in kaon mixing

I Pattern of effects in rare decays could allow to distinguish models

David Straub (Universe Cluster) 32



SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

Backup
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SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

Two ways to CKM-like flavour violation

Minimal Flavour Violation (MFV) [D’Ambrosio et al. hep-ph/0207036]

I U(3)QL × U(3)UR × U(3)DR flavour symmetry

I broken minimally by Yukawa couplings Yu , Yd

I all FCNC amplitudes suppressed by same CKM factors as in SM

I perfect correlation between s ↔ d , b ↔ s, b ↔ d

“Minimal U(2)3” [Barbieri et al. 1105.2296]

I U(2)QL × U(2)UR × U(2)DR flavour symmetry

I broken minimally by three spurions

I all FCNC amplitudes suppressed by same CKM factors as in SM

I perfect correlation only between b ↔ s and b ↔ d , new phases

David Straub (Universe Cluster) 34
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SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

Meson-antimeson mixing

Mixing amplitudes M12 in the K , Bd , Bs systems can be written as

MK
12 = (MK

12)SM
(
1 + hK e2iσK

)
Md

12 = (Md
12)SM

(
1 + hd e2iσd

)
Ms

12 = (Ms
12)SM

(
1 + hse2iσs

)
I MFV: σK ,d,s = 0 and hK ,d,s ≡ h

I U(2)3: σK = 0, hK , hd,s ≡ hB σd,s ≡ σB

What are the allowed sizes of h or hB, hK , σB?

David Straub (Universe Cluster) 35
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SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

Meson-antimeson mixing in MFV

Global fit to ∆Md , ∆Ms, φs, SψKS , εK , γ, |Vud |, |Vus|, |Vcb|, |Vub|:

-0.4 -0.2 0.0 0.2 0.4

h

I MFV-like modification of mixing amplitudes constrained to ±20%
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SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

Meson-antimeson mixing in U(2)3
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I Slight preference for a positive contribution to hK (εK )

I Modification in B/Bs mixing phase small due to φs constraint
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Meson-antimeson mixing in U(2)3
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SUSY U(2)3 CHM Model-dep. Flavour Constraints on NP I

εK vs. SψKS

I There is a long-standing tension in the SM CKM fit between εK ,
SψKS = sin 2β and ∆Md/∆Ms that can be solved in U(2)3, not in MFV

I What is the status of this tension?

1.0 1.5 2.0 2.5 3.0

10
3´ÈΕK È

0.5 0.6 0.7 0.8 0.9 1.0

SΨK
S

I Significance of “tension” down to 1.1σ
I Main reason: lattice bag parameter B̂K moved up; theory uncertainty on
ηcc increased
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∆F = 1 in SUSY U(2)3

NB: tanβ ≤ 5

David Straub (Universe Cluster) 39
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(Pseudo-)scalar operators in the MSSM without MFV

CW̃
S ∝ (δLL

d )32
tanβ3

M2
A

M2µ

m2
t̃

fW̃

(
|µ|2

m2
t̃

,
|M2|2

m2
t̃

)

Cg̃
S ∝ −(δLL

d )32
tanβ3

M2
A

M3µ

m2
b̃

fg̃

(
|M3|2

m2
b̃

)

C′ g̃S ∝ −(δRR
d )32

tanβ3

M2
A

M3µ

m2
b̃

fg̃

(
|M3|2

m2
b̃

)

I (δLL
d )32 strongly constrained by b → sγ

I (δRR
d )32 constrained by b → sγ and ∆Ms
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CHM: pattern of flavour-changing Z couplings

I triplet model: PLR forbids g ij
L

I bidoublet model: PC forbids g ij
R

I U(2)3 forbids g ij
R

K Bd,s D

L R L R L R

ª
triplet C C C

bidoublet C C C

U(2)3
LC

triplet R

bidoublet R C R
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