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FLAVOR and NEW PHYSICS:
FRUSTRATION

and
HOPE




The Energy Scale from the
“Observational” New Physics

neutrino masses
NO NEED FOR THE

dark matter NP SCALE TO BE
baryogenesis CLOSE TO THE
o ELW. SCALE
inflation

The Energy Scale from the
“Theoretical” New Physics

¢ Y ¢ Stabilization of the electroweak symmetry breaking at
M,y calls for an ULTRAVIOLET COMPLETION of the SM already

at the TeV scale +

* CORRECT GRAND UNIFICATION “CALLS” FOR NEW PARTICLES
AT THE ELW. SCALE (in particular few hundred GeV SUSY particles)



ELW. SYMM. BREAKING STABILIZATION VS.
FLAVOR PROTECTION: THE SCALE TENSION
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UV SM COMPLETION TO STABILIZE THE ELW.
SYMM. BREAKING: Ay ~ O(1 TeV)



How large A NP and/or how small the
“angles” of the A =1 TeV NP couplings
have to be to cope with the FCNC ?
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THE FLAVOUR PROBLEMS

FERMION MASSES FCNC
What is the rationale hiding Flavour changing neutral
behind the spectrum of fermion current (FCNC) processes are
masses and mixing angles suppressed.

(our “Balmer lines” problem)
In the SM two nice
mechanisms are at work: the

== LACK OF A GIM mechanism and the
FLAVOUR “THEORY” structure of the CKM mixing

. matrix.
( new flavour — horizontal

symmetry, radiatively induced How to cope with such delicate

lighter fermion masses, suppression if the there is new

dynamical or geometrical AUSi Cth
determination of the Yukawa gcgfelg?s at the electroweak

couplings, ...?) //\



MSSM X FAMILY SYMM.

 AMBITION: simultaneously accounting for the
“correct” SM fermion masses and mixings ( SM
Flavor Puzzle) and a structure of the SUSY soft
breaking masses allowing for adequate FCNC
suppression + possible “explanation” of the

alleged SM FCNC difficulties ( SUSY Flavor
Puzzie )

 Mechanism a la Frogatt — Nielsen with abelian
or non-abelian family symmetry



# Froggatt-Nielsen mechanism and favour symmetry to understand
amall Yukawa elementa. Example: U1 )
Q=1
o

Yukawa Textures

What we want:




SU(3) Flavour model

ROBERTS, ROMANINO, ROSS, VELASCO-SEVILLA;
ROSS, VELASCO-SEVILLA, VIVES

o Q. L~3and d°u’e® ~3; flavon fields: f3,803 ~ 3, Eg,ﬁﬂ r~

o Famly Symmetry breaking: SU(3) Wy SU(2) i o
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THE SFERMION MASS PATTERN
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AFTER SYMMETRY BREAKING - OFF-DIAGONAL
UNIVERSAL ENTRIES IN THE SFERMION MASSES
SFERMION PROPORTIONAL TO THE COMPLEX FLAVON

MASSES VEV’s (also SPONTANEOUS CP VIOLATION)
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ELECTRIC DIPOLE MOMENT OF THE ELECTRON
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FIG. 4 Contours of |de| = 1 = 107% & em (dark red), |d.] = 5 = 107% & cm (light red) and |d.| = 1= 10—=
e em (grey) in the me-AM) o plans for tan @ = 10 and Ag = 0 (top), Ao = /o (bottom). We show pradicticns
for BEWVW1 {left), BWWVZ {center | and BVWE (right ). Current EDM bound (1.4 = 1075} is shown in gaold.
Charrent. LFY bounds are alss shown in green, and the @ — 2 fevoured region iz shown hatched in yellow. The
ares betwean the dashed Black lines sclve the sy tension, and the dark brown region show areas excluds<d
by having a charged LSF or by LEP, exeepting the Higgs mas= bouand, which iz shown in thick dashad red
lin=a.



EX.: SU(3) - FLAVORED SUSY

CALIBBI, JONES PEREZ, A.M., J. h PARK POROD and VIVES in preparatlon
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FLAVOR BLINDNESS OF THE NP AT THE ELW. SCALE?

- THREE DECADES OF FLAVOR TESTS ( Redundant
determination of the UT triangle == verification of the
SM, theoretically and experimentally “high precision”
FCNC tests, ex. b =% s + y, CP violating flavor
conserving and flavor changing tests, lepton flavor
violating (LFV) processes, ...) clearly state that:

* A)inthe HADRONIC SECTOR the CKM flavor pattern
of the SM represents the main bulk of the flavor
structure and of (flavor violating) CP violation;

 B)inthe LEPTONIC SECTOR: although neutrino flavors
exhibit large admixtures, LFV, i.e. non — conservation of
individual lepton flavor numbers in FCNC transitions
among charged leptons, is extremely small: once again
the SM is right ( to first approximation) predicting
negligibly small LFV



Possible hints for NP in B and K

sin2f3 can be measured directly or inferred from
the UT ~ 20 discrepancy

sin2f3 can be measured directly also through
penguin-mediated B decays ~ 1.5 o discrep.

Comparison of partial rate asymmetries in
charged and neutral B decays into K1r

Deviation of the time dependent CP asymmetry
in B, 2 J/'WY¢@ as measured bv CDF and DO from
the §M ~ 2—3 O. ( FIRST EVIDENCE OF NEW PHYSICS IN b — s TRANSITIONS )

(UTfit Collaboration)

The prediction of the SM for g, is ~ 18% below
its exp. Value ( BURAS et al



sin 2B FROM FITTING THE UT AND ITS
DIRECT DETERMINATIONS IN b - ccs and
b 2 s PENGUIN MODES
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K1t Puzzle: hint for NP?

- N(B'SK 1" -N(B"-K 1) Acp(B"=K'tr7) = -07+127%,
) ENFE R PR ) Ace(BY - KHY) = 450£25%

(AAdrp (14.7 + 2.8)% I.i‘t.l{_‘-p}ﬂ, 2.1+ 1.6)%

EX D

NON-VANISHING DIFFERENCE AT MORE THAN 50 —
possible strategy: to get a large effect without affecting
other penguin-driven contributions to B decays, call for NP
to modify the Im part of the ELW. Penguins through the
presence of large phases in the A trilinear scalar couplings
of the 31 generation work in progress with S. Khalil



What to make of this triumph of the
CKM pattern in hadronic flavor

tests”?
New Physics at the Elw. New Physics introduces
g > (O NEW FLAVOR SOURCES in

CKM exhausts the flavor

changing pattern at the elw.
Scale  =——>

addition to the CKM pattern.
They give rise to
contributions which are
MINIMAL FLAVOR <20% in the “flavor
VIOLATION observables” which have
already been observed!

MFV : Flavor originates only
from the SM Yukawa coupl.



Is there a hope to see NP with MFV
in HIGH INTENSITY Physics?

* In hadronic FCNC experiments the best chance
IS:

Measurement of Br (B_,—u*l)
Br(B, > u'u )

_ (3.37£0.31)-10”" <6-10-°
BI’(B{I —> ]J+p'_)s_u = (1-02i 0.09)- 107" < 2-107°

CDF (95% C.L.)
DY
 |n rare processes where the flavor does not
change: magnetic and electric dipole
moments (es. Muon magnetic moment,
electric dipole moments of electron and nucleon)




What a SuperB can do in testing CMFV

L. Silvestrini at SuperB IV

Minimal Flavour

Violation

In MFV models with one Higgs

doublet or low/moderate tanf} the
NP contribution is a shift of the
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SuperB vs. LHC Sensitivity

Reach in testing Agsy

superh seneral M55l nigh-scale MEV
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SuperB can probe MFV ( with small-moderate tanp) for
TeV squarks; for a generic non-MFV MSSM —>

sensitivity to squark masses > 100 TeV !

Ciuchini, Isidori, Silvestrini SLOW-DECOUPLING OF NP IN FCNC




FCNC SL KDECAYS

K-system: K, —n'e*e- and K —nlpy
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K-system: K, —nlw vs K*—mwv

Br (KL= vi)

5_10-10 L

. Friot, Greynat, de Rafael (0d)
,ﬁ:‘ General correlation:
Isidori, Smith, Unterdorfer (04)
Mescia, Smith, Trine (06) *

Both K —n'e*er and K -l

can be enhanced by ~2

' E‘FIKL"NOE-E-]
5107 g 10

1-107 2.0

Exp.

Blanke et al. {06)

LHT

Similar in Z 'models:
Promberger, Schatt,
Schwab (07)

r* v

107" g™
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Two distinguished branches appear!
~10 times enhancement in K, —zovv
~5 times enhancement in K*>m*w



SUSY SEE-SAW

« UV COMPLETION - COMPLETION OF THE SM

FERMIONIC SPECTRUM
OF THE SM TO TO ALLOW FOR
STABILIZE THE NEUTRINO MASSES:
ELW. SCALE: NATURALLY SMALL

PHYSICAL NEUTRINO
MASSES WITH RIGHT-
HANDED NEUTRINO

LOW'EN ERGY WITH A LARGE

MAJORANA MASS

SUSY SEE-SAW






SUSY SEESAW: Flavor universal SUSY breaking

and yet large lepton flavor violation
F. Borzumati, A. M. 1986 ‘(after discussions with
W. Marciano and A. Sanda)

L=f e;Lh +f v.Lh,+ M v,v,

e —
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Non-diagonality of the slepton mass
matrix in the basis of diagonal lepton
mass matrix depends on the unitary
matrix U which diagonalizes (f,* f,)




How Large LFV in SUSY SEESAW?

1) Size of the Dirac neutrino couplings f,

2)

In MSSM seesaw or in SUSY SU(5) (Moroi): not possible to
correlate the neutrino Yukawa couplings to know Yukawas;

In SUSY SO(10) ( A.M., Vempati, Vives) at least one neutrino
Dirac Yukawa coupling has to be of the order of the top Yukawa

coupling one large of O(1) f,
U two “extreme” cases:
a) U with “small” entries U = CKM;

b) U with “large” entries with the exception of the 13 entry

U = PMINS matrix responsible for the diagonalization
of the neutrino mass matrix



LFV in SUSYGUTSs with SEESAW

Mg, M Mg My

T | | |

A\ 4

| | | |
Scale of %earance of the SUSY soft breaking terms
resulting from the spontaneous breaking of supergravity

Low-energy SUSY has “memory” of all the
multi-step RG occurring from such
superlarge scale down to M,

potentially large LFV

Barbieri, Hall; Barbieri, Hall, Strumia; Hisano, Nomura,
Yanagida; Hisano, Moroi, Tobe Yamaguchi; Moroi;A.M.,, Vempati, Vives;
Carvalho, Ellis, Gomez, Lola; Calibbi, Faccia, A.M, Vempati
LFV in MSSMseesaw: 1 ey Borzumati, A.M.
T uy Blazek, King;

General analysis: Casas Ibarra; Lavignac, Masina,Savoy; Hisano, Moroi, Tobe, Yamaguchi; Ellis,
Hisano, Raidal, Shimizu; Fukuyama, Kikuchi, Okada; Petcov, Rodejohann, Shindou, Takanishi;
Arganda, Herrero; Deppish, Pas, Redelbach, Rueckl; Petcov, Shindou



LFV with MULTIPLE RUNNING
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Comparison of 1 =
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Sensitivity of i— ey to U, for various Snowmass points
iIn MSUGRA with seesaw
A.M.. Vembpati. Vives

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.



n— € In 'I'1 and PRISM/PRIME conversion experiment
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Antusch, Arganda, Herrero, Teixeira
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LFV IN THE CONSTRAINED MSSS

ARGANDA, HERRERO
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LFV vs. MUON (g — 2) in MSSM

Isidori, Mescia, Paradisi, Temes
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Figure 6: Expectations for Bl{p — ey) and B(r — pvy) vs. Aa, = (g, — g, ")/ 2,

assuming |47 = 107* and |47} 1I:|_2 The plots have l:u-z:r~11 -:::-hta,inc:d cmpln:nj,'—
ing the fDllc:-wing ranges: 300 GeV ’LI = 600 GeV, 200 GeV Mo = 1000 GeV,
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in Section 3.2 [B(B, — ptp~) < 8 x 107%, 1.01 < Rp., < 1.24, 0.8 < Rp,, < 0.9,
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@ Denoting by A" the deviation from ;. — e universality in
R ~ due to new physics, i.e.:

RH,WZR (1_|_‘&rf{1rrNP :

@ we get at the 20 level:

—0.063 < Arg i < 0.017 NA4R/2

—0.0107 < Arf /s < 0.0022 PDC

Presently: error on Ry down to the 1% level ( KLOE (09) and NA48 (07 data);using 40% of
the data collected in 08, NA62 is now decreasing the uncertainty at the 0.7% level
Prospects: Summer conf. we’ll have the result concerning the 40% data analysis by NAG2

and when the analysis of the whole sample of data is accomplished the stat. uncertainty will
be <0.3%



HIGGS-MEDIATED LFV COUPLINGS

When non-holomorphic terms are generated
by loop effects ( HRS corrections)

And a source of LFV among the sleptons is
present

—  Higgs-mediated (radiatively
induced) H-lepton-lepton LFV couplings arise

Babu, Kolda; Sher; Kitano,Koike,Komine,
Okada; Dedes, Ellis, Raidal; Brignole,Rossi;
Arganda,Curiel,Herrero, Temes; Paradisi;

Brignole,Rossi




H mediated LFV SUSY contributions
to Ry

trv 2K —evi  Toy(K —eve) + (K —ev:)
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K > K — i sm(K — pvy) ek
CR,L.UR + 82 My ,31. 2
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. A~ 2
UL Ve A¥~5107* t5=40 Mys =500GeV
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conserving case because of i ]
the splitting in slepton masses LFU breaking occurs with LFV
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Figure 2: Left:&?';ff“ as a function of the mass splitting between the second and the first
(left-handed) slepton generations. Red dots can saturate the (¢ — 2), discrepancy at the
95% C.L.,ie. 1 x 107% < (g — 2), < 5 x 1077, Right: Ary/" as a function of My
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Large v mixing <> large b-s
transitions in SUSY GUTs

In SU(5) dg < | _connection in the 5-plet
Large (A'y;),, induced by large f, of O(fy,,)
is accompanied by large (A%,3)rr

In SU(5) assume large f, (Moroi)

In SO(10) f, large because of an underlying Pati-Salam
symmetry

(Darwin Chang, A.M., Murayama)

See also: Akama, Kiyo, Komine, Moroi; Hisano, Moroi,
Tobe, Yamaguchi, Yanagida; Hisano, Nomura;
Kitano,Koike, Komine, Okada



FCNC HADRON-LEPTON
CONNECTION IN SUSYGUT

If
MPI MGUT MW

soft SUSY breaking terms arise
at a scale > Mg 1, they have to

constraints on d9vark from LFV and
constraints on &'ePton from hadronic FCNC

Ciuchini, A.M., Silvestrini, Vempati, Vives PRL 2004
general analysis Ciuchini, A.M., Paradisi, Silvestrini, Vempati, Vives NPB 2007

For previous works: Baek, Goto, Okada, Okumura PRD 2001;
Hisano, Shimizu, PLB 2003;
Cheung, Kang, Kim, Lee PLB 2007
Borzumati, Mishima, Yamashita hep-ph 0705:2664

For recent works: Goto, Okada, Shindou, Tanaka PRD 2008;
Ko, J-h. Park, Yamaguchi arXiv:0809:2784
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 The traditional competition between direct and indirect
(FCNC, CPV) searches to establish who is going to see
the new physics first is no longer the priority, rather

« COMPLEMENTARITY between direct and indirect
searches for New Physics is the key-word

« Twofold meaning of such complementarity:

i) synergy in “reconstructing” the “fundamental
theory” staying behind the signatures of NP,

i) coverage of complementary areas of the NP
parameter space ( ex.: multi-TeV SUSY physics)



THE MULTI-MESSENGER APPROACH TO
TEV NEW PHYSICS

* High-Energy ( Tevatron, LHC, ILC) + High-Intensity

(SuperFlavour machines) + Astro-Particle Physics (bwm
searches) : we need a dee and efficient synergy of these three roads to be

able to accomplish the D|SCOVERY+|DENT|F|CAT|ON
(UNDERSTANDING?) of the TeV NP

 (KAON + BEAUTY + CHARM + LEPTON) FV
+ RARE FLAVOR CONSERVING ( EDMs, g -

2) ROADS important to have an efficient interplay of these different
approaches to i) achieve an understanding/discovery of the
NP flavor structure; ii) explore the existence of Iepton -

hadron connections iike in SUSYGUTs (possibility to access

not only TeV NP, but also some “progenitor” of it at very high energy scales)
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