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INTRODUCTION

X The flavor structure of the SM is very peculiar

X Strong hierarchy in the masses of the SM fermions:
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X The quark mixing is pretty much the identity:
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INTRODUCTION

X Low energy New Physics comes with a FCNC/CP problem:

X In

the SM, only 3 angles an | phase are left in the renormalizable

Lagrangian (the W vertex), accounts very well for all the flavor
transitions and CP violation

X Generic new physics can be captured within an effective field
theory prescription Clo

X N\

X A

Leps = Lsm - Ad—4 %

o reasons why the coefficients should be flavour diagonal,

| the quark rotation angles (and phases) matter

X This typically requires A > 10° — 10° TeV
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HORIZONTAL SYMMETRIES

X Horizontal symmetries put quarks in representations of some
Abelian or non-Abelian symmetry which consequently is
spontaneously broken at a scale somewhat lower than the UV scale.

X Generates small order parameter that controls the size of Yukawa
couplings

X Simplest model: A single U(l) symmetry Froggatt + Nielsen '79

A’UJ X Xqi‘l‘Xuj /\d o X XCL;‘I'de
Ly=H (@zuj [K} #@gﬂ;; {K} Xy = —1

O(l) bare Yukawas Y,,f;

o\ rchieal oo,
i A Hierarchical eigen
] values and angles!



PROBRLEMS OF U(1) MODELS

X VWhat does this imply for supersymmetry ¢

X

A general problem of U(1) models is that the suppressions tend

to cancel out In the soft terms:

o | ey X%l Q,Q;

X Not so small off-diagonal terms

X
X

Diagonal terms completely unsuppressed: uncontrolled splitting

Bounds on first two generation squarks > |00 TeV

( Note: this Is also inconsistent with light stops because  arkani Hamed
RG evolution will typically drive those tachyonic) et al ’97

X Still many parameters
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U(2) MODELS

X Unify the first two generations in doublets of a U(2) symmetry

X Make the third generation a total flavor singlet (top Yukawal).

@ il <O> " Barbieri, Dvali, Hall ’95

IR, e X Barbieri, Hall, Romanino, "96

X up and down sectors work

oy s R in the same way (Y% ~ Y¢)

s = |l = 4 RGO

0 Y3, Yaz/ (suppression factors €y, €
are not displayed here...)

X The quark rotations only depend on 4 angles (+4 phases)
X SUSY: Splitting of | st and 2nd squark generation suppressed as ei
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THE SU(2) X U(1) MODEL

X Giving up RH down hierarchy = correction to the exact relations

Via/Vis| = |/ ma/ms + ezﬂlA?fCll‘\/@ A = Ve

3 Vo |y
‘Vub/‘/cb ~ \/mU/mC - @ A td\/a| : . 5 Y3d2 Roberts et al ’0|
d = tallUg = — 2
V| \/md/ms\/@ ch:lg Dudas et al ’I3
X The exact relations get corrected by |
the RH down 23 angle
G
VR = Cd Sd

X Fit requires t4 ~ 0.5
X SUSY: RH sbottom must be heavy!

Only the two stops can remain truly light

= Spectrum of Natural SUSY
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X An explicit it to quark masses exhibits the following possibilities:

(Also impose here that the U(1) x commutes with SU(5))

Model € €y tan O qu X, U, Koy 2 e,
A 0.02 0.02 5) —1 1 0 1 1
B 0.1 0.2 5) —2 3 0 3 2
B’ 0.1 0.2 20 —2 3 0 Z 1
C 0.2 0.1 510 —1 % 0 1 0

Dudas et al ’| 3

X The smaller the SU(2) breaking, the less important the subleading
effects from soft terms = FCNCs dominated by quark rotations

X This Is the case In model A

X Also benefits from Xp, = Xp, (additional FCNC suppression)
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MAPPING TO THE RHIGH SCALE

X The bounds apply to the physical masses at the TeV scale

X Need to map this to the high scale, to determine mp, mp

X The splitting at the high scale between the 3rd and st two
oenerations cannot be too large, otherwise the 3rd generation Is
driven to tachyonic values by 2-loop RG
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X The bounds apply to the physical masses at the TeV scale

X Need to map this to the high scale, to determine mp, mp

X The splitting at the high scale between the 3rd and st two
oenerations cannot be too large, otherwise the 3rd generation Is
driven to tachyonic values by 2-loop RG
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MODEL BUILDING REQUIREMENTS

X Continuous SU(2) symmetry is problematic (Goldstone modes)

X Discrete subgroups may be a way out

X The simplest groups that do not spoil the Yukawa texture are the
dicyclic groups Dy, n > 3 (t1 =en % tyg =i0y )

Iwo possible ways:

X Nonrenormalizable breaking SU(2) = D,, (start with an SU(2)
model + higher dim Kahler operators that break the Goldstone
degeneracy and align the vev )

X Renormalizable breaking SU(2) — D,, (add fields in nontrivial
representations of Dy, ), have constructed examples, but involved...
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CONCLUSIONS

X SU(2)xU(I) provides an economical way of generating quark
masses with relatively few parameters

X Quark rotations in the RH down sector are large!

X LHC bounds on superpartners revive interest in “minimal” or
‘natural’ susy, with just the stops and gluino light.

X Fits very well with the SU(2)xU( 1) quark model

X Natural realization: D-term dominance (stops are light because
their U(1) charges are vanishing)

X One model (A) particular nice (small SU(2) breaking, Xp, = Xp,)
X Dominant FCNC bounds from €k, leading to mp > 10 — 20 TeV

X Realistic model would be based on discrete subgroup of SU(2)
(More model building needed)
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QUARK ROTATIONS

p—i012 1 |Vf§| 0 et(0n2+ai2)
V= 1 —es 1L 7 ey
Zazg |Vll§ ‘/2% ‘ o | ‘/2% ‘ 1 6—2(0423+0423)

V| VS| eted el012
_|V12‘ | 1d \V2%| 1 "
eXaCt ’V12V23’ ‘V13| e—ZOéd _|V23‘ ]_ 6—’&0423
' ; —|va |/c 0 e lo2
rotations: Visl/ca
|V12’ Cd \V3d2| il s
V12V32|/C —|V3d2| Cd et(d23—aq)

1 _|V11§| 0 e—t(ai2+aiz)
Vi = 1%y 1 1251 1 o
o |‘/1% VB% | =i | ‘/3% | 1 €Z<a23+0423_04u)

Vis| = v/ /ma [ = \/mdms/mi Sd/+/cd
W) = el Vis| = sq

The remaining 4 angles (VQ%,, VS, Vi, V35 ) are free parameters

with:




SQUARK MASS MATRICES

The full D-term squark mass matrices are

(maD)ll = (Xlo ol Zill X¢ 6¢) mQD
(mg,D)% = (X104 25, Xy 635) mh

-9 2 2\ ~ 2
(Mgl = (ZXo 5 ~ 253 &) M Q and U sectors
y 2Xy| -
(Mg pha = 2Z(112X¢6356X| 4 g

. DG e
(Mgphis = 2{5(Xg — 3X10) €6y b

3 e
(7o) = [ (Xo— $Xu0) & — 5 (1+ 110) 2] e i
~ 9 d 2y ~2

(Mg p)in = (XS + 211 Xo eqb) mp,

-9 5

(Mapl2 = (X5 + 299 X¢ %) mp,

-9 d 2 GEDRRETY

(3pss = (Xo+ (o Xged — 2if 2 )) i, D sector
_ 2(Xy| -

(m?l,D)U = QZilzche?bex‘ ¢|m%>

25) d X53—X¢ ~ 2

(md,D)13 = 213 (Xg %X53)€¢€X 4 D>

3 D O

(M3ples = 253 (Xg+ 5Xs3)€pey ° ~ * 1B



CONSTRAINTS FROM KAONS

Using unritarrty of the rotations, one can cast the C4 coefficient as

042 1 »
ACy = (5f2RRA31 A 5?’2RRA§1) { [5d -~ zf g (f4($§7${2) f4($f»3311q))

E 3
mg

5f2LLA21 e Cntln et ses )] [f4 = f4] } :

NP O = (V)

Keeping only the
PINg )4 5dLL W (7 e, 5dLL (V51 (V)32

dominant splitting

d 2 2 : lOg (ﬁ;jf%) _|_ i
mACy ~16x10° (L) (20) () gz ) 2o



