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Plan of Talk

© Status of the SM

® Open questions

® The SM flavor puzzle

O Messages from the B-factories and Tevatron
® The NP flavor puzzle

0 “Flavor-test” of NP models: the case of SUSY
@ Flavor at the LHC
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The SM in the Unification road

History of Unification
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The SM Lagrangian on a T-shirt

Lsm —%Fiu Fa
iy + h.c.
Vi Yibjé + h.c.

|D.o? = V (¢)

+ + +

J.Ellis: “This is short enough to write on a T-shirt!”
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The SM free parameters

Standard Model of Strong and Electroweak Interactions |

Low Energy Effective Quantum Field Theory
based on

SUQ3) ® SUQ2), @ U(1)y —)' SUB3)e ® U(1)gep

which describes low energy phenomena in terms
of 28 Parameters that have to be determined from
experiment.

R npnRGEnNGEn

QCD  Electroweak Quark  Lepton Vs Vs
(yep,  Gauge Boson Masses  Masses
Bycp)  and Higgs

[Buras @ CERN '07]
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The SM @ the quantum level: EWPO

The Electroweak Fit I: SM Fit Results

® input: usage of latest experimental results of

wl electroweak precision observables
(3

Iz I - incl. direct Higgs searches (LEP, Tevatron)
s == - incl. latest average of my =173.3+1.1 GeV
Rie = A (arXiv:1007.3178)
e - 0.4 . .

AJLER) | 0.2 - ﬂoa[t5|1ng f': parametzers: Mz, My, m,,

A(SLD) = 20 Ay (Mz), as(Mz), m., my

sin"Glea ) = -0.7 r

. A';; | u'g ® goodness-of-fit:
o [=m E
o o 25 - excl. direct Higgs searches: \iw. = 16.4
A, 01 s Prob(x2, .13) = 0.23
Ay =] 0.6 ¥ . s 2
g o - incl. direct Higgs searches: i = 17.8

i 2

R ! s > Prob(x;,,..14) = 0.22

e (V) g A2 e pull values (incl. direct Higgs searches)
M, _— 13 " oy
Ly i e - no individual pull exceeds 37
m. 0.0 0.b £ 2
m, b - Agg largest contributor to 7.
m, r o4 - small contributions from Mz, Aoyae(Mz),

m., my: their input accuracies exceed fit
requirements

& = =

[Gfitter coll. @ SUSY '10]
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The SM @ the quantum level: Flavour Physics

L e
[ [ excluded area has CL > 0.95
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“Very likely, flavour and CP violation in FC processes are dominated
by the CKM mechanism” (Nir)
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Open questions

© Which is the underlying mechanism regulating the EWSB?
® Which is the connection between EWSB and flavor physics?

© Are there new flavor symmetries beyind the puzzling fermion mass
spectrum?

O Are there new flavor violating interactions not governed by the SM
Yukawas? That is, to which extent the MFV hypothesis is valid?

© Do the new sources of CPV accounting for the BAU have an impact on
flavor physics and/or EDMs?

® Which is the role of flavor physics in the LHC era?

@ Do we expect to understand the (SM and NP) flavor puzzles through the
interplay of flavor physics and the LHC?
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The missing piece of the SM

The only Higgs found : Peter Higgs
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The SM Higgs boson

The Electroweak Fit Il: Constraints on Higgs mass

e My from fit including all data except
results from direct Higgs searches at
LEP, Tevatron

- walue at minimum +1la:

My = 8473 Gev

- O interval: [42, 159] GeV

il e,

Theary unceriainty
— Fit Insluding theary srors
- Fiteachiding laecry en

—1n
L 1 B

200 B0 3cc
W, [Gev]

s My from fit also including results
from direct Higgs searches at LEP,
Tevatron

- walue at minimum +1lg:
My = 120,671 GeV
- 2o interval: [114, 155] GeV

|
G
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= in SM: light Higgs preferred

[Gitter coll. @ SUSY *10]
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The EWSB mechanism
What is the mechanism of EWSRB?

susy, LH... models assume that we already know the answer to

What is unitarizing the WW scattering amplitudes?
Wi & ZL part of EWSB sector 2 W scattering is a probe of Higgs sector interactions

W= W

L L . E
alasien e
4 (_"11’1"

(345

loss of perturbative unitarity
around 1.2 TeV
er L

Weakly coupled models Strongly coupled models

w- W

H/-rvs Wt

wt 5
prototype: Susy prototype: Technicolor
susy partners ~ 100 GeV rho meson ~ 1 TeV

[Grojean @ EPS '09]
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Which Higgs?
Which Higgs?

. : OO
]l: ;rn'*'_f'-‘fﬂ)'-..'_‘./ u].'y\‘;.\ f)(r +_f':?()'r:}'/ (!':_.":m.,‘,(,.'f‘ & \‘ r 1o
L g5

/J(/(/ f_/-?rf-ﬂ 9

(= ’;4.’(’,8-];}’(—'_ bze i f"??r‘) ? J|\ : Lf{ b g \‘1 GG 4
Loittlest F 052

B2 & Hfrrlvi'-
S ¥19d

< T X6 '.‘? = f
A od Xkiq98 ].'”r,_,w.rf-_-u(,_. +"L5’!Gﬂ.‘»?

1
Goprsie T SN 2
Tofd !"'77‘" ¥ 'f_ﬁ?’/é'ﬂt'c;;'r; ?

- xS “
..1,)”.;.,_,( L . hals” \ e E O o
-',‘;,'Jrlf"“ & ﬂhq = I.JDW ::f-E”rf[”"f &) ‘ F f9e

5 SIS
(f(-'r‘mf/r-- "}_f-._rfﬁ“', ¢ Loone ¥ ”?'_h
':'.Ills‘n "_H*'g.r!_;,:;?

@, G - 0 v
©)] z?/rrffl;-/ "_.f""q%-? l"}/r‘:n.!'w,_ f_f-g,'a:,'..;;/

[Grojean @ EPS '09]
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The fermion mass puzzle

fermion masses

de s he
L H C® e

Vi— eV, 8V, ce e Te

Lovval o ool v vonnd comd v o vod comd o] cood vl v ol sl v o e
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1 A A 0.79 -0.86 0.50 —0.61 0.0-0.2
Vekul~ [ Xe 1 A2), [Vewns|~ [0.25-053 0.47-073 0.56-0.79
30

Aa2 1 0.21 —0.51 042—-0.69 0.61—0.83

Hierarchical Anarchic / Tribimaximal
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The fermion mass puzzle

¢ Quark/charged-lepton mass hierarchy
Y, ~ 1,  Ye~107 Y,~10°
Yo ~ 1077 Yi~10° Yy~10*
Y, ~ 1072 Y,~10°% Y.~10°

¢ Quark mixing angles hierarchy

|Vis| ~ 0.2, |Vip| ~ 0.04, |Vip| ~0.004 (ki ~ 1)
¢ Neutrinos
Amey = (7.9+40.3) x 107°%eV?,  |AmE,| = (2.6 £0.2) x 107%V?,
sin®fs = 0.31+£0.02, sin®6m = 0.47 £0.07, sin®fe =079,
¢ Quark-Lepton complementarity: GUT + Flavor Symmetry? [raical 04]

™

Oso1 + 0c = Z’ Oatm + 023 = %
e SM gauge couplings

gs~1, g~06, g ~0.3, Auiggs~ 1
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Flavor Physics within the SM

o Liinetic auge + Lhiggs Nas a large U(3)° global flavour symmetry

G =U(3)° =U(3)u ® U(3)s ® U(3)a ® U(3)e ® U(3)L

o Lvukawa = QLYpDro + Q.YuUrd + L YL Er¢ + h.c break

G — U(1)s x U(1)e x U(1), x U(1),

e CKM matrix: Yy = Voxu X diag(yu, ye, yt) for Yo = diag(yd,ys, yb)

€ { [
. v, . n .:.:;:F? J\'l:h":{'? B-::-::T{?
= e =
- v, - =5 =<5 =<5
chm" " - = D-“—'E.-.ﬂ{f D':::‘K' B-:._"‘b
& = ! ) 5| 1t~V
i LR UF I S
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Flavor Physics within & beyond the SM

AJB (2001)

Master Formula for Weak Decays | bep-phortoisse

hep-ph/0109197

Non-Perturbative || QCD RG || Short Distance Loop New Flavour-
Factors in the SM || Factors Functions (Penguins, Boxes) || Changing Parameters

Represent different
Dirae and Colour l l l
Stuctures

A{Decay] =B, Tli,]{?u Vi [F;M +H ] + B [‘]::;.cu ]Nrw N [leew ]

_—

(Summation over i) ' '

New = Non-Perturbative Short Distance Loop
Factors beyond SM || Functions Penguins, Boxes

F;M s F]:;ew B G;\]ew : Fully calculable in
Perturbation Theory

i i New .
Noens | Naen : Fully caleulable in RG
improved Perturbation Theory

Fully
; leulabl
Bi - BiNew : Require Non-Perturbative Methods or f; ;:: s\:
can be extracted from leading decays
( represent {Q ) ) =
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Messages from the B-factories

L e
[ [ excluded area has CL > 0.95
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“Very likely, flavour and CP violation in FC processes are dominated
by the CKM mechanism” (Nir)
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UT tensions

2 B
&
[a]
T
§0008.00.0. 00 18-00 0028 00,0038 R T -
= sin2p BR(B—1v)
© ~ 6% reduction of g™ @ fit vs. exp. ~ +2.60 © B(B—tv) ~ 2| V2

[Buras & Guadagnoli; BG & Isidori]

© B(B— (v)/AMy ~

@ smaller Bk from . )/ BMq
unquenced analyses (sin3/sin~)"/Bs,
[Antonio et al. '08; Aubin et al. *10] e flt Vs, eXp. ~ _3.20_

@ fitvs. exp. =~ —1.70
NEW: ¢ @ NNLO QCD:

~ +3% [Brod & Gorbahn, '10]

Similar conclusions also by Lenz & Nierste + CKMfitter collaboration (*10)

La Sapienza, Roma 18/58
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CPV in Bs mixing (before ICHEP 2010)

/BY — J/y$
/ (DB,2815")

= Standard Model
— B Factory W.A.
BED@ B;- D, u X

P S N N S B
-0.04-0.03-0.02-0.01 0 0.01

ag
_T(Byg—=I"X) =T (Bg — I"X)

= — Sye = sin(2|8s| — 2
SL r(Bq N /+X)+[—(Bq N /7X) ) (o] ( |ﬂsl ¢BS)

| New Physics in the Bs mixing phase? |
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CPV in Bs mixing (after ICHEP 2010)

o 3 CDF Run Il Preliminary L =5.21"
: 0L — 9%cCL
—— 68% CL
04F —*— SM prediction

EN )
h -0.2 j @

04

= Standard Model
—B Factory W.A.
BED@ B;- D, u X

-0.6-

-1 0 1
B (rad)

P R I B P A
-0.04-0.03-0.02-0.01 0 0.01

ag
_T(Byg—=I"X) =T (Bg — I"X)

Sy = sin(2|0s| — 2¢s,)

ST R(By = P X) +T(Bg— - X)

| New Physics in the Bs mixing phase? |
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sin 234 tensions

e Inthe SM, (sin283)yk, ~

(8in28)prs = (SIN20)y kg

e B, — 1 Ks dominated by tree level, ¢Ks and n’Ks are loop-induced

sin(2p™) = sm(2¢

| Data indicate Sgk; < S,/ks < Syks |

FPCP 2009
PRELIMINARY
b—cés WorldAverage *  ° g 10.67£0.02
BaBar + 0.26+0.26 +0.03
(=3 N +0.22
i Belle 0.67 "055
Average : 0.44 %917
° BaBar L 0,57 +0.08 £ 0.02 ,
X Belle (SN § 064+0.10+0.04 é.n
= Average s : 0.59+0.07
08 06 -04 02 0 02 04 06 08 1 12 14 16

[adapted from HFAG]

d

| New physics in the decay amplitudes?

| The SuperB will tell us... |
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The NP “scale”

e Gravity = Apianck ~ 10'871° GeV

Neutrino masses —> Asee_saw < 10'° GeV

~

Hierarchy problem: m;™(A%p) ~ My = Anp < TeV
Dark Matter — Anp < TeV
BAU: evidence of CPV beyond SM

» Electroweak Baryogenesis = Anp < TeV

> Leptogenesis = Asee—saw < 10'° GeV

4
SM = effective theory at the EW scale

Going BSM model-independently:

o
Legt = Lsm +Z z ij )
d>5 ANP

- L85 = i LiLios

see —saw

s EZEG generates many FCNC operators
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The NP flavor puzzle

Leg = Lsm + Z

/\"hp o

[Isidori, Nir, Perez 10]

Bounds on A (TeV) Bounds on ¢ (A = 1 TeV)
Operator Re Im Re Im Observables
(Tt ) 9.8 x 108 Lé s 107 9.0 x 1077 3o 107 | Ampsey
(Fpdp Wipdg) L& = 104 1.2 % 10° 6.9 = 1077 26 x 107 | Amgs ep
Ery*nL) 1.2 % 10} 20 % 10¢ 5.6 % 1077 LO s 1077 | Amps lgipl, ép
(7 gui )i Lt 62 x 10 L5 x 10 5.7 % 1078 Lo 078 | A l@pl g
(Fpyptdp ¥ 5.1 x 107 93 = 107 3 % 1070 LO s 107% | Amgy: Spuk
(B pd 300 pd ) 1.9 = 10} 3.6 % 10 5.0 % 1077 17 5 1077 | Amegys Spyvk
sy L1 ox 10 LI x 107 7.6 % 1073 760 107° | Awp,
(Fpsp i psg) 3.7 % 10 3.7 % 102 1.3 % (04 13 % 107 | Amg,
4

“Generic” FV sources at the TeV scale are excluded
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MFV & the NP flavor puzzle

e SM without Yukawa interactions: U(3)® global flavour symmetry
UB)u ®U(3)a @ U(3)a ® U(3)e ® U(3)L

¢ Yukawa interactions break this symmetry
o Proposal for any New Physics model:

Yukawa structures as the only sources of flavour violation

I

Minimal Flavour Violation [pAmbrosio et al. 02]

Notice that MFV allows new “flavour blind”CPV phases!

[Kagan et al. 09 (Model-independent)

[Ellis et al. 07] (SUSY)

[Colangelo et al., '08], [Smith et al. '09] (SUSY)
[Altmannshofer et al., '08,09], [PP & Straub, ‘0] (SUSY)
[Buras et al., '10,'10] (2HDM)
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MFV & the NP flavor puzzle

(CMFV i~ ViVy, (CI\A/I;VZ)I/ ~ (Vy th)z
AF = 1,2 MFV operators | A(TeV) | Observables
Ht (5R ydtyu Y”TUWQL) (6F..) 61TeV | B— Xey, B— Xol ™~
%(51_ yv YUT’YHOL)z 5.9 TeV €K, Ade, AmBs
Hp (DaY YY" 10, T*QL) (gsGlu) | 34TeV | B— Xevy, B— Xsl't™
QLY YY", Q) (Erv,.Er) 27TeV | B— Xsl" 0™, Bs — ptp~
QYY" "y, Q) (eD.F,) 15TeV | B— X0~
Observable | Experiment | MFV prediction | SM prediction
Acp(Bs — ¢¢) | [0.10, 1.44] @ 95% CL 0.04(5) 0.04(2)
Acp(B— Xs7) | <6% @ 95% CL <0.02 < 0.01
B(By — pp7) <1.8x107¢8 <12x107° 1.3(3) x 107
B(B— Xstm77) | - <5x1077 1.6(5) x 1077
B(K. — 7°v) <26x107@90%CL | <29x107" 2.9(5) x 107"

[D’Ambrosio et al. '02; Hurth et al. *08, Isidori, Nir & Perez '10]
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SM vs. NP flavor puzzle

107® 107 0.01 1
: : ‘ : o
e ud s ct b t Vi V. ?. .
e ee ° o o @ Gev CKM ~
1074 0.01 1 100 e .
| Froggat-Nielsen '79: Hierarchies from SSB of a Flavour Symmetry |
(@) (&) ()
pi M );

|Arkani-Hamed & Schmaltz '99: Hierarchies from Extra Dimensions |

X=pr| 1 2 3 4 5 ——
ez [ 1 10" 102 10 107 ' “ n
N Ae VAN

The Gaussian wave functions of / and e° overlap in an exponentially small region

Small Yukawa couplings without Symmetries
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SM vs. NP flavor puzzle

¢ Flavor Models flavor protection
[Lalak, Pokorski & Ross '10]
| Operator | U(1) U(1)® SU®3) MFV |
(QXGQu)e | A \° 23 A5
(DrXggDR)12 | A AT X (Yays) x A°
(OLXLDHDR)Q PN X0 8 Vs X 5

e RS flavor protection [Gerghetta & Pomarol, '99; Huber, '03; Agashe, Perez & Soni, '04]

d. FaL d Fq KKgluon Fpe

<H>

dR FdR S FsL FSR S
x (9)° mgms
mg ~ v Fg Y Fg (ex)rs—cm M, (v V)

(Verkm)ij ~ Fa, / FdLj [Csaki, Falkowski & Weiler, ‘08]

[Blanke, Buras, Duling, Gori, Weiler, '08]
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NP search strategies

Where to look for New Physics at the low energy?

e Processes very suppressed or even forbidden in the SM

» FCNC processes (ju — ey, T — 1, Bgd — putp=, K — mwb)
» CPV effects in the electron/neutron EDMs, de p...
» FCNC & CPV in Bs 4 decay/mixing & D mixing amplitudes

e Processes predicted with high precision in the SM

» EWPO as Ap, (9 —2)u....
» LUin Hﬁ/“: MNK(r) — ev)/T(K(m) — )
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High energy vs. high intensity frontier

Flavour Physics in the LHC era

LHC [high pt]
Flavour phvsics

A unigue effort toward the

P : : Improved
high-energy frontier CKM e Rate B decays
CPV in the Bs LFV inu &t
-“.\‘-"“—'1' decays
Universality tesis
inB&K " 1[1.\15

Rure K

decays ‘_\'\

[to determine the energy scale of NP]
A collective effort toward the

high-intensity frontier
[to determine the flavour structure of NP]

[Isidori @ LP07]
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Flavor in the LHC era

Observable SM Theory Present Future |Future
prediction error reanlt error  [Facility
[Vl [K — =év] imput 0.5% — 0.1 Lart L2246 + (0.IHH2 0.1 & factory
Vsl B — X.tus input 1% (150 =073 % 103 [ 1% [Super-B
Vsl B — =ty input 109 — B¥pa | (388 £ 0.36) x 107 1% |Super-B
¥ 1B — DK| imput <1° (ot 3° LHCD
sin(23) < 001 (L671 =+ 00,02 001 |LHCE
[IETH < (L0l [ Rt 001 [LHCY
- sin(2) < 005 0.4+ 018 01 |LHeh
S5 g 0036 < L5 00s  [LHen
Shmaiin few x (.01 0.1 003 [super-B
i fow ® (.01 0.1 045 [LHCE
—hx1p—? - — (5.8 3.4) x 1079 W Lacn
: 2% 107" el k) (16+85)= 107" wt o Lnen
Acpih — 87 < .01 < {11 —OL012 = (L02s 0405 |Super-B
BiB — 1u) T W74 | 209 — 0% Lo | (1782 0.35) < 101 A% [Supe-B
BiE — pv) Ex 1077 | 20% — 6% L = 15x 1070 6% |Super-B
BB, —p'u ) dox10-? 2% — P W% |LHCh
BB — 'y ) 1% 107" | 20% — 5% Lan < 1A% 10F o fenen
App(B — Kot ). ] 0.05 {0.2+0.2) 005 |LHCK
B — Kui 1" [ 20% — 10%Lan < ldx10m! Super- 7
/Pl 0~ mixing 1 <1 (X ] 003 [super-B
tn [ <1p-? {oarahe g Super- B
BIKY — n%up) 8.5 101 8% (173708 & 101 10% i factory
B(Kr — ') 26 % 1M 10% < i1 ? 2 K factory
RICUNK — mhu) 2477 x 107 LA 5 [ZA98 = 014) < 10°% [ 0% K fetory
Bit —¢2,7) o (10-4%) a (1) < e 10 © (107%) [LHC (100m "
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The SUSY flavour and CP problems

The soft-sector contains a huge number of FV and/or CPV parameters: natural
O(1) values for these parameters are excluded by the exp. data

Flavor problem: solutions

© Decoupling: msysy > TeV, the hierarchy problem is (partly) reintroduced

® Degeneracy: sfermion masses nearly degenerate, e.g. gauge mediation,
flavour models, MFV...

® Alignment: quark and squark mass matrices aligned [nir & seiberg 93]

CP problem: solutions

© Degeneracy & Alignment do not solve the CP problem as flavor blind phases
are allowed

® CPV from flavor effects = EDMs suppressed by small mixing angles

® Hp in flavor models: CP spontaneously broken in the flavor sector by flavon
VEVS [Nir & Rattazzi '96]

@ Applying the same idea to MFV: CPV only from MFV-compatible terms breaking
the flavour blindness [ & siraub, '09)

Paride Paradisi (TUM) Flavour physics and Supersymmetry in the LHC era La Sapienza, Roma 31/58



MSSM with MFV and “flavour blind” phases

T 40 MmO M 1600

m, (Ge|

@ Kaon mixing 5
» The mixing amplitude M, has no sensitivity to the o
new flavor blind phases

» Still, ek oc Im(ME,) can get a positive NP deg 810
contribution up to 15%

» Butonly for a very light SUSY spectrum:
fromy = 200GeV

@ B, and B; mixing

» Leading NP contributions to M,dés are insensitive to
the new phases of a FBMSSM.
(at least for moderate tan 7 ...)

» For large tan /3, the constraint from b — s~ does
not allow for sizeable effects

o L, » S,k and S, are S like (S, = 0.03 - 0.05)

tang [Altmannshofer,Buras & P.P., '08]
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SM with MFV and “flavo

r blind” phases

msmswicoo

e [Ge\l‘]

———e
1107
Sufr®

S
|Gl [ecm] 157

11000
Bl

v

CP violating AF = 0 and Af | dipole
amplitudes can be strongly modified

Spg and S,Jfks

brought in agr

can simultaneously be
1ent with the data

sizeable and norrelated effects in

lower bounds on the electron and neutron
EDMs at the level of d. . — 10 “"ecm
large and correlated effects in the CP
asymmetriesin 8 — K ' p"pn”

(WA, Ball, Bharucha, Buras, Straub, Wick)

v

the leading NP contributions to AF = 2
amplitudes are not sensitive to the new
phases of the FEMSSM

CP violation in meson mixing is SM like
i.e. small effects in Sy, s""“s and ey

in particular: 0,03 < S, . < 0.05

A combined study of all these observables and

their correlations constitutes a
very powerful test of the FBMSSM

Paride Paradisi (TUM)

Flavour physics and Supersymmetry in the LHC era

[Altmannshofer,Buras & P.P., '08]
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» Syks ~ 0.4 implies 1 < 600GeV and m, < 700GeV
> A% 2 2% implies 11 < 600GeV and m; < 800GeV

[Altmannshofer,Buras & P.P., '08]

Paride Paradisi (TUM) Flavour physics and Supersymmetry in the LHC era La Sapienza, Roma 34/58



Abelian vs. Non-abelian flavor models

Abelian vs. Non-abelian flavor models
¢ Non-abelian models predict ~ degenerate 1st & 2nd sfermion masses

» Suppressed contributions to 1 < 2 transitions
» Potentially large contributions to 2 < 3 transitions

¢ In abelian models, sfermions of different generations need not be degenerate

> Asingle U(1) & O(1) 1-2 mass splitting lead to (65-,)12 ~ O(})
» U(1) x U(1) allows alignement in the down sector (6“)12 ~ 0= (65)12 ~ O(N)
» Large effects in D%-D° mixing

Chirality structure of flavour violating terms
o Different flavour symmetries lead to different patterns of flavour violation
LL LR
e Mass insertions: M = diag(i) + /i (6”‘ ggﬁ>
d

o gk, 5FR 5LR fixed by the flavour symmetry up to O(1) factors
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Representative flavour models

| Representative (non-) abelian flavour models (not just 4 examples...!) |

AC model U(1) AKM model SU(3) RVV model SU(3)  sLL model (Ss)?

[Agashe, Carone] [Antusch, King, Malinsky] [Ross, Velasco-S., Vives] [e.g. Hall, Murayama]

Large, O(1) RR Only CKM-like RR CKM-like LL & RR Only CKM-like LL
mass insertions mass insertions mass insertions mass insertions

.0 0 .00 PSP .A5 3
5CL1L ~ (0 . )\2) 5éL ~ (0 . 0) (5‘L1L ~ ()\3 . >\> 5¢L1L ~ )\5 . )\2
0 X2 . 0o o0 - A2 N . A2 .
-0 0 SN N8 D S\ .0 0
55F ~ (o ~ 1) 5§ ~ (A?’ : >\2> 557 ~ <,\3 : )\) 55R ~ (o ~ 0>
o 1 - DD R P N 0 0 -

Hp: CP is spontaneously broken in the flavor sector (i & Rattazzi 9]
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e Orange (Blue) points: UT tension solved through contribution to AMy/AMs (ex)
e Scanranges: mp < 2 TeV, M2 < 1TeV, |Ay| < 3mp, 5 <tanf < 55

Paride Paradisi (TUM)
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b — s transitions & SUSY flavor models

Pattern of NP effects in the JLL model:
¢ No large effects in Sy
e Large, correlated effects in Sykg, S;kg, Acp(b — 57) , (A7,8) and EDMs
o (A73g): T-odd CP asymmetries in B — K*¢*¢~

1.0 6 1.0,
08 4 08
06 06
2
L, 04 & . 04
¥ o <
S a =
ROV 8 <U “ o2
)
00 00
“02. —4r -02
- | | | | 6. | | JrY S B B! |
04 02 Zo1 00 o1 02 04 202 00 02 04 06 Y04 02 00 02 04 06 08 10
(A7) Sk, Seky

e Scanranges: mp < 2 TeV, My ,» < 1TeV, |Ay| < 3mp, 5 < tan g < 55,

[Altmannshofer et al., "09]
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Br(Bs — putu~) vs. Br(By — ptu™)

Abelian (AC) Non abelian (RVV)

2510~ 2x 107
= I’\ 9
\1 1% 1079 3 Ix10
+ *1
3
T@ 5x107'° Tﬁ 5x1071°
) =
~

m

M 2% 10710 2x107"°

1x1071 o =1 110710 5 STORINLSE

1X1072x1077 5x1071x1072x10° 5x10°%1x 107

11072 %107 5% 1071 x1072x 107 5x 10~ x 10~

BR(B,—u' 1) BR(Bs—u' i)

[Altmannshofer et al., "09]

Br(Bs — p* ™) /Br(By — pt ) = |Vis/ Vig|? in MFV models

[Hurth, Isidori, Kamenik & Mescia, '08]

Flavour physics and Supersymmetry in the LHC era La Sapienza,

Paride Paradisi



CPV in D-physics

CPVinD° — D’ ~ (Ve Vi) /( Vs Vius)) ~ 1072 in the SM

(D°[He|D°) = Mhp — 4T 12, |Dy o) = p|D°) + q|D°)

M—F

* =\ e 9=Ana/p)

® X = Lf_/’D =27Re [% (M12 — ér12):|

A [ (Mip — 7r12)]
Si=2AY, = & (rDoH, fDon)

o= (3] [&]) e (I3 -
f e q -y o

e

r(0° — Kt v)—r(D° — K~ ¢tv) _ |ql* - |p*
M(D° — K+—v) +T(D° — K—¢+v) — [q* + [p*

[Nir et al.,Kagan et al., Petrov et al., Bigi et al., Buras et al., ...]

asL =
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CPV in D-physics vs. ron EDM in SUSY

- 1= 107
= 10F . =
g g
Z z
= 1o 4 =
= =
Tl = e
=Ar=E =t rozoa —lo - o0 a5 Lo -1.0 -5 (] a5 1k
CF o
ne Sy in'% dst. s

F1G Correlations between don and Sy (left), da and ase (middle) and o=, and Sy (right) in SUSY alignment models, Gray
points satisly the constraints [8)-(10) while blue points further satisfy the constraing (11) from ¢, Dashed lines stand for the
allowed range (18) for Sy,

g i iy ug
— oM
l"sf]ﬂl
q a
ll‘s,':' b
RSP S, ¥ ORI
'rs ity r &t
{a) (B

FIG. 2: Examples of relevant Foynman diagrams contributing
() to D" = D" mixing and (b} to the up quark (CIEDM in
SUSY alignment models.
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LHC vs. flavour

05 10 L5

m;, [TeV]

Paride Paradisi (TUM)

20

0 0.25 0.5 0.75 1 0 0.25 05
Suo Syo

0.8 0.8
';‘ 0.6- ; 0.6
S [
] 04 = 04
w =
s 02 S 0.2

0811 0:5 1.0 15 20 0'8.0 [):5 1.0

. L5
m;, [TeV]

o Large effects in Sy, even possible for spectra

beyond the LHC reach in the models with RH
currents

e Large effects in Syk, not possible for spectra
beyond the LHC reach in the 6LL model

Flavour physics and Supersymmetry in the LHC era

La Sapienza, Roma
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Lepton Flavour Violation

|
vl 1] = rilmaline
N 1010 ga¥ ;

Gravity => Apjanck ~ 1087'° GeV

Neutrino masses —> Asee_saw < 10" GeV

~

Hierarchy problem: Anp < TeV

Dark Matter — Anp < TeV
BAU: evidence of CPV beyond SM

» Electroweak Baryogenesis = Ayp < TeV

=

=

=
]

nEfaralnnn

» Leptogenesis => Asee—saw < 101° GeV

EPMA
FONO (LFV]  E—

EWFT B

0 deay D i
vatm o I |
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Experimental status

| Brief status of Lepton Flavor Violation searches I

‘
» pask CLEQ explored up 1o BRs ~107"
» present: B-factories are completing exploration up to BRs ~ 108
» future: Super Flavor Factories can explore up to BRs ~10- 1
> T - gy is the most sensitive channel for most mainstream NP models

+ @Y

> past: LAMPF, MEGA, BF(u — ey) < 1.2007 atao% CL

> past SINDAUM I, BF{g — ¢ in nutlecn field) < 7:107" at a9 CL

» present: MEG, BF(y = ey) < L5107 at 80% CL, (sensitivity 10713
» luture: MEG will soon reach sansitivity ~ Ly 1®
| 2

future: Mu2E and COMET/PRISM can much increase reach on BF(g — ¢ In nucleon liald)

Expecied 3 evidence
Pracess  gpay L upper limit reach
BE(T — p1¥) 24107 54107
BFiT =+ £3) 30-107 681077
BFiT = £ 2.3-82-10710 L2-4.0-107"

[Lusiani @ HQL10]
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LFV frameworks

e Neutrino Oscillation = m,, # m,, = LFV

Dy\2
e see-saw: m, = % ~eV, Mg~ 10" = mP ~ myyp

e LFV transitions like 1 — ey @ 1 loop with exchange of

» W and v in the SM framework (GIM)

m}
Br(p — ey) ~ —2- <1070 m, ~ eV
My,
» W and 7 in the MSSM framework (SUPER-GIM)
mp4 —11 D
Br(n — ey) ~ s <10 my, ~ Migp
I

e LFV signals are undetectable (detectable) in the SM (MSSM)
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LFVin SUSY

Flavour universal SUSY breaking and yet large LFV from SUSY see-saw
e SUSY see-saw superpotential (MSSM + RN)
W = h®Le°H; +h" Lv° Ho+Mgv°u° + uHi Hs,
M, = —h"Mg"h" V&,

M? . mf(1 + 6ZL (A—Mtﬁ)mg + mLm,qéZR
¢ (A—pts)me + mLmH(sZ,:;Jr ma(1 + 0

o If h° = hZo; and Mg = (MR);d; = h” # hj/6; in general.

Mx

ol ~ =2 (h"h"");lIn Wi

3
gz

[Borzumati & Masiero, '86]
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LFVin SUSY

LFV interactions — leptons/sleptons/gauginos

£=7,(CluPa+ CiaPL) %at + & (NfxPa+ NiaPL) $37

v (I)

BR(ti — 41) ( miy )< ) vt
~ ) t o~ h"h
BR((; — (uiv) mtey ) )7 t
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LFVin SUSY

h” is unknown = No model independent predictions for LFV

1

h":UKANSDmRTD\/M—RVZ,

R'R = 1 = three angles and three phases

¢ v; & vg hierarchical (and R real)

B(p—ev) |Uea|?
B(r — wy)  B(r — pv-y)

¢ v, hierarchical and vz degenerate (and R real)

B(n — ey) _ [s12C12 (Msot/ Mam) + Ues|?
B(r — 1) B(r — pv-9,)
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uw— eyand r — uyin SUSY see-saw

108 . . , , .

SPS 1a !

10°F  Mni= 10;0 GeV, my, = 10" Gev E‘

m,; =107 eV !

ool 0<10,] < /4 ]

. 0<|6, <4 |

?— 1

EF 101 :___9:_3_=_0 __________ 4

j. 1

= -12 | :A

% 10 !

1013 ;.4.;;.,:.’ ' Y

’ 3z 10!

1014} A [

0,5 =10° o [

15 mN3=1012GeV.- . 18— . !
0™ 0™ 0 0 1070 10% 10° 107

BR(t—-unv)

[Herrero et al., '06]
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LFVin SUSY

RG induced LFV interactions in SUSY GUTs

e SUSY SU(5) Barieri & Hall, '95)
(603 ~ h01j 1 Vi Viay — (0)i = (07,
e SUSY SU(5)+RN [vanagida et al., '95]
@i~ (0 & (Gaa)i~ (10

° SUSY SU(5)+RN [Moroi, '00] & SO(1 0) [Chang, Masiero & Murayama, '02]

. 2 g ;
sing,,, ~ % = (0L1)28 ~ 1= (0%g)2s ~ 1
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uw— eyand 7 — uyin SUSY SO(10)

Br(n — ey) Br(r — pv)

title10. titled0
1000 T 100
MNS -
CK
100 10
10
Now 1
1
01 o1
> 001 > 001
0.001 0001
1e-04
1e-04
16-05
1e08 1e:05
1607 i i i i 16-06 i i i i i i
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600

x x

M1/2 M1/2
my < 1TeV, tan g = 40

[Calibbi, Faccia, Masiero and Vempati, '06]
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BR(t— ) d. (ecm)
1077

1078

00 10w

e - - - - 10731 s : - -
10 10713 10712 10711 10710 10~ 1013 10712

BR(u—ev) BR(u—ey)
hierarchical v, and Ng, Ues = 0.1, My, = 10~ GeV

[Hisano, Nagai, Paradisi & Shimizu, '09]
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BR(u — ey) in SU(5)gn and the LHC reach

11
BR(p—ev)x 10 i

po0 Ag=0
T T

11
BR(p—ey)x 10 tand = 10 Mg [GeV]

=, Ag =0
T T l 1 oo

g |GeV)
1090

200 - 9 i 1

BOD [ - 804
a0 - T

&on H a4 001 ]

50 H
aon H
300 ||
200l - 200

Tan — T

1 L 1 L L L1 a = i d
% 100 200 300 400 500 600 700 860 00 1000 0790 200 300 200 500 600 FH0 400 203 1000

My [GeV] My [GeV]

hierarchical v, and Ng, Ues = 0.1, My, = 107 "° GeV

[Hisano, Nagai, Paradisi & Shimizu, '09]

Paride Paradisi (TUM) Flavour physics and Supersymmetry in the LHC era La Sapienza, Roma 53/58



BR(u - ey)

nology of a SUSY SU(3) flavor models

o 1027, 1071
1072 102 107"
—
—_ o
10" £ 107 o 10"
: T
= 3
Lot < 10-30 o 107
m
105 10 105
)16 320 ol . Ll Wil )16 L L J
B T LTS T 10 107 I e T T T E TS %o —05 0.0 0.5 1o
BR(7 - uy) BR(u - ey) Sue

« Yellow points satisfy Aa,, > 10~°
e Scanranges: mp < 2 TeV, My, < 1TeV, |Ay| < 3mp, 5 < tanf < 55

[Altmannshofer, Buras, Gori, Paradisi and Straub, '09]
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(9—2)uvsti—

=
©

S
0

o
o
BR(t—py)x10®

BR(u—ey)x10"

o
o

04

03

0.2

0.1

5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50

Aa, x10" Aa, x10"

|(51§| =10"*and |(5EE| = 1072, [Isidori, Mescia, Paradisi & Temes, 07]
BR(; — ) ~ {Aaur 1107 51" [u—e]
'Y [20x 1070 25107 |8° [r — 4l
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Pattern of LFV in NP models

o Ratios of BR for different flavor transitions
o Ratios of BR for different processes

[ rato | LHT [ MSSM |  SM4 ]

Br(p—eee) . -3

Tsf(&ﬁggg) 0.02...1 ~2 10_2 0.06...2.2

e 0.04...0.4 ~1-10 0.07...2.2

Sl 0.04...0.4 ~2-107° | 0.06...2.2
T—py)

o 0.04...0.3 ~2-10°% ] 0.03...1.3
T—ey)

Blioue) 0.04...0.3 ~1-102] 0.04...1.4

Br(—00) 08...2 5 15...2.3
T
pl— - - -

[Buras et al., '07,’10]
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“DNA-Flavour Test”

| | GMSSM  AC  RW2 AKM 4L FBMSSM | |

Seks b 8. 8. ¢ ok k [ 1) ok k 2. 8.8. ¢ ’.\
Acp (B — Xs7) ). 8. 8.4 b 8.8 ¢ * %k k s“nem
B — K&®up ')

T — py Yok ok *hkk  hkok * ok k * ok k

D° — p° Jkk  hkk ©
Arg(B— K utu=) | *kk *xkk  kkk | vs.
Ag(B — K*utp™) %k k —
Svs *kk  kkk  kkk kK SR
Bs — ptp~ Yok ok *hkk  hkk  kkk  kkk %k ok

€K * %k k *kk  kokk

Kt — ntuvi Yk ok

K, — v . 8. 6.

nw— ey Yok ok *hkk  hkk kkk kkk ok k
u+N—e+N Yokok dhkk  Khokk hkk kkk 28,89

dn Yok ok *hkk  hkk kkk [ 1) 288 ¢

de Yok ok *hkk  kkk () *k ok

(9-2), Yok ke *kk  kkk o0 2. 8.8. ¢ 28,89

[Altmannshofer et al., '09]
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Flavor in the LHC era

The SUSY flavor plane

EXCLUDED

mi-mi | LHCb

F\'!I +my
ATLAS/ICMS
ROG : .
0 1 0 1
Kij Ki
Flavor Factories FF+ATLAS/CMS
MFV Non-MFV

[Nir @ Planck '09]
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