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Introduction

What is flavor physics?

e Interactions that distinguish among the generations:
— Neither gauge nor Higgs self-ineteractions

— Within the SM: Only Yukawa interactions
e The experimentalist’s view:
— Spectrum, BR, Acp
— Quark and lepton masses, mixing angles and phases

e The theorist’s view:

— In the absence of Yukawa couplings:
SU(S)QL X SU(?’)UR X SU(B)DR X SU(?))LL X SU(3)ER

— Interactions that break the global [SU(3)]° symmetry
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Introduction

Why is flavor physics interesting?

e Flavor physics is sensitive to new physics at ANp >> Fexperiment

e The Standard Model flavor puzzle:
Why are the flavor parameters small and hierarchical?

(Why) are the neutrino flavor parameters different?

e The New Physics flavor puzzle:
If there is NP at the TeV scale, why are FCNC so small?

e The puzzle of the baryon asymmetry:
Flavor suppression kills KM baryogenesis

Flavor matters in leptogenesis
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Introduction

A brief history

o 'K — pup) < I'(K — prv) = Charm [cim, 1970]
[ AmK — My 1.5 GeV [Gaillard-Lee, 1974]
e ¢ # (0 == Third generation [xm, 1973]

o Amp — my; > My [Various, 1986]

A recent example of flavor@GeV — SUSY@QTeV:

o Amp +Amg — Amg/mg < 0.2

[Ciuchini et al, PLB 655, 162 (2007); Nir, JHEP 0705, 102 (2007)]
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Introduction

From BABAR/BELLE

The B-factories...

e Clarified the picture of CP violation
—> The KM mechanism dominates CPV in meson decays

e Constrained extensions of the Standard Model
—> (Challenges for model builders

e Deepened the NP flavor puzzle
—> FCNC are smallin s - d,c —u, b —>dand b — s
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Introduction

Is the KM mechanism at work? dominant?

e Assume: New Physics in tree decays - negligible

o Define 1 + hye?'9¢ = (B°|H™!|B°)

~ (BO|HSM|BY)

o Use |Viup/Ver|, Apk, Ssza Sppa Amp,, AgL

e Fit to

n

y Py

ha

y Od

e Find whether n = 0 is allowed
If not =— The KM mechanism is at work

e Find whether A ; > 1 is allowed
If not = The KM mechanism is dominant
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Introduction

The KM mechanism dominates
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Introduction

to ATLAS/CMS

ATLAS/CMS will, hopefully, observe NP at Axp < TeV and...

e Measure new flavor parameters

e Teach us about how the NP flavor puzzle is (not) solved
e Probe NP at Anp > TeV

e Provide hints about the solution to the SM flavor puzzle
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The SM flavor puzzle

Smallness and Hierarchy

Vi~1, Y.~1072, Y, ~1077°
Y, ~1072, Y, ~ 1073, Y;~ 10
Y, ~107% Y, ~1073, Y.~ 107°
Vis| ~ 0.2, |Vip| ~ 0.04, [Vip| ~0.004, 6xy~ 1

e For comparison: g, ~1, ¢g~0.6, ¢ ~0.3, M~1

e The SM flavor parameters have structure:

smallness and hierarchy

e | Why? = The SM flavor puzzle
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The SM flavor puzzle

The Froggatt-Nielsen mechanism

e Approximate “horizontal” symmetry (e.g. U(1)g)
e Small breaking parameter ¢ = (5_1)/A < 1

e 10(2,1,0), 5(0,0,0)

|

YV,:Y.:Y, ~1:¢6%:¢€

Vi:Y,:Yy~1:€:¢€

YT:Y/,J:Yer\zlzeze2
|VuS‘N|Vcb‘NE, |Vub‘N€2, 5K1\/IN1

+
m3:m2:m1~1:1:1
‘Ue2‘ ~ 17 ‘U,u?)‘ ~ ]-7 ‘Ue?)‘ ~ 1
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The NP flavor puzzle

New Physics

e The effects of new physics at a high energy scale Axp can be
presented as higher dimension operators

e For example, we expect the following dimension-six operators:

aty (@drvese)® + gge (@ryuun)® + R0 (dryube)® + g8 (Sr7ubs)”

e New contribution to neutral meson mixing, e.gq.

2
Amp  fp W Zbd
mp 3 A12\IP

e Generic flavor structure = z;; ~ 1 or, perhaps, loop — factor
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The NP flavor puzzle

High Scale?

e Lor z;; ~ 1,

(1x10* TeV  ex

1 x 103 TeV Ampg

ANp 219 x 102 TeV  Amp
4% 10°TeV Ampg

\7 x 101 TeV Amgp

Did we misinterpret the fine tuning problem and the dark matter puzzle?
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The NP flavor puzzle

Small (hierachical?) flavor parameters?

e For ANP ~ 1 TGV,

Im(zsq) < 6x1077
Zed S0 08X 107
Zew < 1x107°
Zvd S O X 107°
s < 2x107°

—> | The flavor structure of NPQTeV must be highly non-generic

How? Why? = The NP flavor puzzle
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The NP flavor Puzzle

How can Supersymmetry do it?

TeV

A’

m

X

’ﬁ’LQ

% sin 6 < 1

Why? = The SUSY flavor puzzle
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The NP flavor Puzzle

How can Supersymmetry do it?

TeV

A’

m

X

’ﬁ’LQ

% sin 6 < 1

Why? = The SUSY flavor puzzle

e Solutions:

e Heaviness: m > 1 TeV

o Degeneracy: Am? < m?

e Alignment: sinf < 1

Flavor@QLHC

e Split Supersymmetry
e Gauge-mediation

e Horizontal symmetries
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Understanding flavor at the LHC

Degeneracy and Alignment

Feng, Lester, Nir, Shadmi, arXiv:0712.0674
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Degeneracy and alignment

CMSSM, mSUGRA...

CMSSM:
e Most LHC studies employ the CMSSM/mSUGRA ansatz

e A reasonable starting point to understand discovery potential,

dark matter constraints, etc.

e To my opinion, not a good starting point to study flavor

Beyond CMSSM:

e Natural and well-motivated SUSY models span the entire
allowed (Am;;/m?) — K;; plane

SUSY flavor can be rich and informative
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Degeneracy and alignment

The SUSY flavor plane

EXCLUDED

K

i
Flavor factories
MFV
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Degeneracy and alignment

The SUSY flavor plane

EXCLUDED

K

]
Flavor factories
MFEV
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Degeneracy and alignment

Gauge-gravity hybrid models

1. Gauge-mediated contributions are universal:
(m3,)578 ~ N (02/7)?(F [/ Mys)?6;5

2. In general, gravity-mediated contributions are not:

(3 )5 ~ (F/Mp1)2X

Am?2 —2 2
:\/ L ~ —1 a2 Mm
m% Nm ( s ) (Mpl)

The slepton mass splitting can be

anywhere between mj/m? and 1
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Degeneracy and alignment

Super-FN models

e The mechanism that generates the structure in the SM Yukawas
is likely to affect the structure of the gravity mediated soft terms

e With the Froggatt-Nielsen mechanism:
1. (Yg)ij o ¢H(Li)+H(Ej)

2. (XE)m ~J 1, (XE)’Lj ~ GH(Ei)_H(Ej)

5 e (B)=H(E)  gravity /gauge > m2/m2,,
— K i o . S
0 gravity /gauge < mj/mg,,

E;, mixing — anywhere between 0 and ~ Uj;

E'r mixing — anywhere between 0 and ~ %
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SUSY Flavor @ LHC

Feng, Lester, Nir, Shadmi, arXiv:0712.0674
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SUSY flavor @ LHC

Unusual SUSY collider phenomenology

In our framework:
e LLSP = gravitino (for x < 1)
e NLSP = charged slepton (for N,, > 2)

5
e NLSP long lived: 7 ~ 16 hours (59 )2 (M)

Ge m =
ERr

\

e Fully reconstructible events (no missing energy!)
e Slepton traps = new opportunities

e Slepton mass and lifetime = mg, F

Flavor@QLHC 25/32



SUSY flavor @ LHC

Measuring slepton mass splittings

Am?2 —2 2
L —1 (6 5] Mm
m% ~ Nm ( T ) (Mpl)

If ATLAS/CMS measure the level of degeneracy,

we will learn about...
e The gravity < gauge balance
o Am% / m% — M,,

e How is the supersymmetric flavor problem solved?
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Degeneracy and alignment

Measuring slepton mixings

K,Z ~ or <K (mz/mj)/Uzﬂ

If ATLAS/CMS measure the flavor decomposition,

we will learn about...
e The seesaw scale vs the supersymmetry breaking scale
® Kij — H(EZ) — H(E])

e How is the SM flavor problem solved?
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Understanding flavor at the LHC

Minimal Flavor Violation

Grossman, Nir, Thaler, Volansky, Zupan, arXiv:0706.1845

Hiller, Nir, arXiv:0802.0916
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Minimal Flavor Violation (MFV)

MFV

A class of NP models where...

e The only violation of the global [SU(3)]: symmetry =
The Yukawa-spurions: Yy;(3,3,1), Yp(3,1,3)

e ‘Solution’ to the NP flavor puzzle

e Lxamples: gauge-, anomaly-, gaugino-mediated supersymmetry

breaking
e The NP is subject to an approximate [SU(2)]® symmetry

e All FC processes x Vokwu
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Minimal Flavor Violation (MFV)

Apologies to BABAR and BELLE

e The CKM matrix a-la BABAR/BELLE:
Vekm =
0.97383 4= 0.00024 0.2272 4+ 0.0010 (3.96 £0.09) x 103

0.227140.0010  0.97296 £ 0.00024  (4.2211))50) x 1072

(8.147082) x 1073 (4.16150:912) x 1072 0.999100%355003;
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Minimal Flavor Violation (MFV)

Apologies to BABAR and BELLE

e The CKM matrix a-la BABAR/BELLE:
Vekm =
0.97383 4= 0.00024 0.2272 4+ 0.0010 (3.96 £0.09) x 103

0.227140.0010  0.97296 £ 0.00024  (4.2211))50) x 1072

(8.147082) x 1073 (4.16150:912) x 1072 0.999100%355003;

e The CKM matrix a-la ATLAS/CMS:

1 0.2 0
Vokmi=1-02 1 0
0 0 1
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Minimal Flavor Violation (MFV)

MFYV predictions: Mixing

e The only source of mixing — the CKM matrix:

1 02 0
vEES =1-02 1 o0
0 0 1

New particles will decay to either 3rd generation
or non-3rd generation quarks but not to both

e ATLAS/CMS can exclude MFV by observing Br(gs) ~ Br(qi 2)

e Examples of new particles: vector-like quarks; squarks...
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Understanding flavor at the LHC

Conclusions

e Consistency of flavor precision measurements at Fey, ~ GeV
with SM poses a problem to NP at Axp ~ TeV

e If new particles are discovered —

New flavor parameters will be measured
e The parameters of interest: M, BR(— f3, f1), 0prod

e Rare decays constrain (Am;;/m) x K;j;
ATLAS/CMS can measure Am,;; and K;; separately

e The NP flavor puzzle may be understood
e MFYV can, in principle, be excluded

e With supersymmetry: The SM flavor puzzle may be solved
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