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Preliminaries: SM & SUSY

SUSY survival guide : “what’s left ?”
MFV SUSY : philosophy vs. tradition
Gauged flavor: inverted hierarchy

“MFV” SUSY : gauged, inverted scenario



Standard Model ;«

SM describes all short distance phenomena

down to ~ 10-18 cm.

1
Lo — ZFIS’VFCL'LW Gauge bosons
e ”ﬁzpwz Fermions

= w@-yi j ¢J¢ —+- h.c. Yukawa couplings
3 |Du¢|2 — V(o) Higgs
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Standard Model 7

Lquark o ZQ’LEQ’L T ’L?—M,puz o ijpdz
+ VEQig u; + ViQidd; + h.c.

Without Yukawa couplings, SM possesses a large global
flavor symmetry SU(3)g x SU(3), X SU(3)q



Standard Model

Lovark = 1QiP Qi + it Pu; + id; Pd,;
+ VEQidTuy + VEQipd; + h.c.

N

Without Yukawa couplings, SM possesses a large global
flavor symmetry SU(3)g x SU(3), X SU(3)q

With Yukawa couplings, flavor structure still very
predicative, supressed FCNC’s, small CP violation, lepton

and baryon number conservation, etc.
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Tremendous experimental support for CKM flavor picture

(2008 Nobel Prize)

Tightly constrains “new physics” that doesn’t feature

the same structure



Why New Physics? ;“r

A
ﬁHiggS = |D,u¢|2 77 m2¢f¢ Z Z(¢T¢)2

Higgs potential has only dimensionful parameter in SM

f

a0

Quantum corrections make the mass parameter unstable

Fine tuning ~ 16 decimals for weak scale Higgs

Motivates searches for new particles to cancel bad stuff
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Gauge couplings unify better than SM w/ SU(J) or SO(10)

Dark matter for free (if R-parity is imposed)

Important ingredient in UV physics

In short: a highly motivated scenario



""""""" MSUGRA/CMSSM : 0 lep + j's' +E; s
MSUGRA/CMSSM : 1lep +j's + E

Pheno model : Olep +j's + E

Pheno model : Olep +j's+ E

Gluino med. %™ (G—qfx) : 1lep +j's + E

GMSB (TNLSP) : 2 lep (OS) +js+E

GMSB (T NLSP) : 1-21 + 0-1 lep +]'s + E_"

GGM (bino NLSP) :yy + E/"™

GGM (wino NLSP) :y + lep + E/"™

GGM (higgsino-bino NLSP) :y + b + ET mies

GGM (higgsino NLSP) : Z + jets + Em

Gravmno LSP . monOJet + ET,mlss .

(V|rtual b) Olep+3b-j's+E

T,miss
T,miss
T,miss
T,miss

T,miss

Inclusive searches

T,miss

5y Lbb
< E g—>t¥~ (wrtualt) 2lep (SS) +j's +E
S8 —>tf‘ (virtual?) : 3 lep +j's + E
IS % gty gwrtual 1) 0 lep + multl-j s+E

T,miss
T,miss
T,miss
T miss

-------------------------------------- T,miss -

bb b,=bx 0 Iep + 2-b-jets + E
bb b,—ty * 3Iep+Js+E
it (very light), t—>bX 2lep+E

%) g T,miss
© =
3 S
83 T (light), T=b¥" : 1/2 lep + b-jet + E
€3
D 4
[S )T
o8
SRS

T miss
T,miss

T,miss

tt@edlum t—>fxz 2lep + b-jet+ E
1t (heavy), t—>tx 1lep + b-jet+ E
it (heavy), t—>tx Olep + b-jet + E

Tt (natural GMSB) Z(—>II) + b-jet+ E

Ul 2 0ep + Exme
5{\1 —>Iv(|v)—>lvx 2lep+E
XKy ™ — | vl I(vv) vl I$vv :3lep+E
T — W77 (3ot Erne
Direct Xy palr prod. (AMS : long- Ilved X1
Stable § R-hadrons : low B, By (full detector)

83

St StabletR-hadrons :low B, py (full detector)
s &

-~

T,miss
T,miss
T,miss
5 T,miss
g ~+~0X T miss
© T,miss

GMSB stable T

LFV : pp—v +X v —>e(u)+r resonance

> Bilinear RPV CMéSM Tlep +7's + Ey e
o X1X K Wx ZE —>eev euv 4 lep + ET,miss
1 —>Ix X —>eev e;w t4lep +E; miss

Scalar gluon : 2-jet resonance pair
WIMP interaction (D5, Dirac x) : 'monojet' + £

................................................... T,miss .

Not So Fast!

ATLAS SUSY Searches* -

95% CL Lower Limits (Status: HCP 2012)

1 1 I T 1T 1011 1 1 I T 1T 1011 UL 1 1
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109] 1.50 TeV

g =g mass
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-104] 1.24 TeV a a mass
L=5.8 fb™!, 8 TeV [ATLAS-CONF-2012-109] 1.18 TeV g mass (m @<2TeV, I|ghtx %
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109] 1.38 Tev q mass (m@) <2 TevV, Ilghtx %
g mass (m(x ) <200 GeV, m(x") = m +m(@)
9 mass (tang < 15)
gmass (tang > 20)
gmass (m()) >50 GeV)

ATLAS

Preliminary

o~ det: (2.1-13.0) fo™
g mass
g mass_(mf; ) > 220 GeV) Vs=7,8TeV
690 GeV 9 mass (m(H )>2oo GeV)
645Gev F scale (m(G) > 10™ eV)
124TeV g mass (mé °) <200 GeV)

850GeV. g Mass (m(.) <300 Gev)

860 GeV g Mass (m() <300 Gev)
L=5.8 fb™!, 8 TeV [ATLAS-CONF-2012-103] 1.00 TeV g mass (m I )< 300 GeV)
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145] 1.15 TeV g mass (m(x ) < 200 GeV)

b mass (m )<150 GeV)
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-151] _ 405 GeV b mass (m(i1) = 2m( O))
tmass (mix )<7o GeV)

L=4.7b",7 Tev [1200.2102]  123-167/GeVd t mass (m(x) 55 GeV)
L=4.7 fb™, 7 TeV [1209.4186] 208-305 Gev | 1 mass (m(i ) =0)
L=4.7 fb™, 7 TeV [1208.2590] 230-440 GeV 1 mass my,) =0)
L=4.7 fb", 7 TeV [1208.1447] 370-465 GeVl Tmass (m(x.) = 0)
|L=210",7Tev 120467361  310Gev t mass (115 <m(y) <230 GeV)
L=4.7 fb", 7 TeV [1208.2884] 85595 GeV! | mass (m (x ) =0)
L=4.7 fb", 7 TeV [1208.2884] . 110-340GeV x mass (m@x, )<10 GeV,m(iv =%( (%( )+m(x4)))
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154] 580 GeV X mass ~0(m(x )0 ( ), (~1) 0, m(lv) as above)
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-154] 140-295 GeV X mass (m(x) (xz), m(y, ) 0, sleptons decoupled)
X mass (1 <tly )<10 ns)
g mass
t mass
Tmass (5<tanp <20)
Ei mass (0. 3x10° <A<t 5><10 Tmm<cr<i m,§ decoupled)
T vV, Mmass (i,=0.10, 2,,,=0.05)
V,MaSsS  (4;,=0.10, A,;),,=0.05)
q g mass (et gp <1 mm)
700 GeV x mass (m@ )>soo GeV, .y, Of k> 0)
430 GeV | mass (m( )> 100 GeV m( o)= rn(l )= () orh,,,>0)

121
Gmass

L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-152]
L=10.5fb™!, 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145]
L=5.8fb", 8 TeV [ATLAS-CONF-2012-105]

L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-151] 8 TeV results

)=
0,
1

L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-153]
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-153]

L=4.6fb", 7 TeV [1210.4826]

L=10.5 fb™, 8 TeV [ATLAS-CONF-20121147]
|

6652876Vl sgluon mass (incl. limit from 1110.2693)

704Gev. M* scale (m, <80 GeV, limit of< 687 GeV for

IIIIF8 1 1 1|

10" 1

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

10

Mass scale [TeV]

Bounds ~ TeV
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motivation
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problem for

weak scale

SUSY



Not So Fast!

ATLAS SUSY Searches* -

95% CL Lower Limits (Status: HCP 2012)

P I 1T T 1T 1711

""""""" MSUGRA/CMSSN4 2 TeV [ATLAS-CONF-2012-109]
MSUGRA/CMS p +j's + ET miss [ATLAS-CONF-2012-104]
. Pheno P lep +j's + ET,mlss ATLAS-CONF-2012-109]
% Pheno g Olep +j's + E; s LAS-CONF-2012-109]
§ Gluino med. %" (G L 1lep +j's+E;
® GMSB (I NL (OS) + j 'S + ET miss
©  GMSB (T NLSP) 1lep +]'s + ET _
g G miss
E GGM
= GGM (higgsi
GGM (higg : ONF-2012-152]
__________________ 'monojet’ +E; e [L=t05, CONF-2012-147]
53 lep + 3 b-j's +Eq s [L=128 fl:", CONF-2012-145]
< E p (SS) +j's + ET miss | =587, 8 ONF-2012-105]
ge :3lep + J:'s + ET:miss L=13.0 fl:", ONF-2012-151]
v ep + multi-j's + ET miss | =581, 8 ONF-2012-103]
©° g _ lep + 3 bj's + E s . [E=128107 CONF-2012-145]

645Gev F scale

1.

~

0 TeV

1.24 TeV a g mass

148TeV! §mass (m@ <2 TeV, light)
138TeV| mass (m@ <2 Tev, Ilghtx )
gmass (mi)) <200 GeV, m(x’) =
gmass' (ans < 15)
gmass (tang > 20)
gmass (m()) >50 GeV)

g mass

g mass_(mf;

690 GeV gmass (m®H )>2oo GeV)

g =g mass

(m@G) > 10" eV)
124TeV g mass (mé °)<2oo GeV)
850GeV. g mMass (mix

) > 220 GeV)

< 300 GeV)

%)
860 GeV g Mass (m() <300 Gev)
(

1.00TeV. g mass (m
1.15 TeV g mass (m(x ) <200 GeV)

m(c) +mix W)

o!
%)=

) <300 GeV)

0, m(l,v) as above)
, sleptons decoupled)

D + 2- b-]ets +E; . b mass (mx )<150 GeV)
%) .5 — 13 Iep +j's + ET::: CONF-2012-151] _ 405 GeV b mass (m(@ _2m( °))
338 _ ft(ve b, :2lep + E; t mass (m(x )<7o GeV)
83 Tt (light), T lep + b-jet + Eq iss |E=0710 021 123-167[G8Wl t mass (m(x ) =55 GeV)
$ é- tt (medium) lep + b-jet + ET,miss L=4.7fb 86] 208-305 GeV | T mass (m(i ) =0)
_g’ 3 1t (heavy), lep + b-jet + E; o |L=471b P590] 230-440 GeV 1 mass m 1) 0)
53 __ tt (heavy), lep + b-jet + E; o [t=4710 1447] 370-465 GeVl Tmass (m(()i?): 0)
............ tt (natural GM3 _!')_T_t?_l_‘?t_ TE, e 0 tmass (115 <mf) <230 Gev)
- 121ep + Epmes |L=0718 os 2684 [INGSHOSGEVA | mass (m(x)=0) .
23 oK 12 |ep+ETmlss 1208.2884] [ 110-340Gev Y x mass  (m@ ) <10 GeV, m(i¥) =(m
w3 Xhy = vl Uy : eV [ATLAS-CONF-2012-154] 530 GeV mass (m@) = &0) mG
X1X2 () X 0 0 2
___________________ Xq f>_ WX 8 TeV [ATLAS-CONF-2012-154]  140-295 GeV. x mass (m(x ) =mix,). mlx,) =
S Direct X, palr prod. (AM = i X mass (1 <7(x )<1o ns)
2 § Stable § R-hadrons : low B, By (full Getector g mass
SE  Stablet R-hadrons : low B, By (full detector) - t mass
§ g GMSB : stable® TmMass (5 <tanf <20)
........ &.?.QQM.(.BPV)..M.f. heavy displaced vertex qmass (0.3x10° <k, <15x107,

LFV : pp—v +X v —>e(u)+r resonance
Bilinear RPV CMéSM Ylep+7js+E

XX Wx X—>eev euv_ t4lep+E
1 1~ ~
1 —>|x X, >eev, euv :4lep+E

T,miss
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-153]

L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-153]

T,miss
T mlss

Scalar gluon : 2-jet resonance pair
WIMP interaction (D5, Dirac x) : 'monojet' + £

L=4.6fb", 7 TeV [1210.4826]

L=10.5 fb™, 8 TeV [ATLAS-CONF-20121147]
| |

T miss .

430 GeV

700

704Gev. M”*

Gmass

6652876Vl sgluon mass (incl. limit from 1110.2693)

cale ( (m, <80 GeV, limit of < 687 GeV for FS
1

V. Mmass (,=0.10, 4,,,=0.05)
V. MAasS (4,010, 4,,,,,=0.06)
q g mass (et gp <1 mm)
GeV X mass (m(x )>300 GeV,h,, ork,,, >0)
| mass (m( )>100 GeV m( o)= rn(l )= () hypy OF Ay, >0)

ATLAS

Preliminary

7)+m@)

det: (2.1-13.0) fo™
Is=7,8TeV

8 TeV results

a7

1 mm < ct <1 m,g decoupled)

10"

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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* Reduces number of predicted signal events
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* Light 3rd generation (heavy lst & 2nd)

* Reduces number of predicted signal events

)

Stops/sbottoms still solve hierarchy problem

*  Some tension with recent results

* Compressed Sparticle Spectra 71l sp ~ "M N[LSP
*  “Stealth SUSY” : reduces MET, hides signal

* R-Parity Violation (LSP decays)
* Kills MET, evades most LHC searches
* Scalars can still be light ~ 100s of GeV

* Generates dangerous L and B violating interactions
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Light 3rd generation (heavy 1st & 2nd)
Reduces number of predicted signal events
Stops/sbottoms still solve hierarchy problem

Some tension with recent results

Compressed Sparticle Spectra 1M sp ~ "M NLSP
“Stealth SUSY” : reduces MET, hides signal

R-Parity Violation (LSP decays)
Kills MET, evades most LHC searches
Scalars can still be light ~ 100s of GeV

Generates dangerous L and B violating interactions
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RPV = Trouble =~
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Saves you from MET searches, but flavor problem is worse!
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RPV = Trouble

i 7 .
Wrpv = 5)\”16[4%61@ + N9*L,Q dy + 1 LiH,

1 5
o 5)\//’ijuidjdk } ANBE —

N

Saves you from MET searches, but flavor problem is worse!

Couplings can be generic in flavor space (FCNCs etc.)

Unlike RPC MSSM, now we violate both L and B

Totally ruled out unless there’s structure in couplings
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Nikolidakis and Smith (arXiv:0710.3129)
Csaki, Grossman, Hedenreich (arXiv:111.1239)

Motivation: SUSY models usually assume:

1) R-Parity conservation

2) Flavor blind mediation
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MFV SUSY

Nikolidakis and Smath (arXiv:0710.3129)
Csaki, Grossman, Hedenreich (arXiv:111.1239)

Motivation: SUSY models usually assume:

1) R-Parity conservation

2) Flavor blind mediation

Strategy: abandon both for holoporphic MFV hypothesis

— only source of flavor violation
Yukawa matrices )/ u,d,e — holomorphic in superpotential

— suppress baryon & lepton violation
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MFV SUSY

Gr=SU@3)g x SU(3)y x SUB)qg x SU3)r x SU(3).

SU3) o SU(3)a: SUE)s BUB) - SUBL T UM s Ul
Q 0 1 1 1 1 1/3 0
T 1 O] 1 1 1 ~1/3 0
d 1 1 O 1 1 —~1/3 0
T 1 1 1 0 1 ~1 0
e 1 1 1 1 [ 1 0
il 1 1 1 1 1 0 1
Hy, 1 1 1 1 1 0 ~1
Y, O O 1 1 1 0 —1
Yy O 1 O 1 1 0 1
Y, 1 1 1 O O] 0 1

In massless neutrino limit, a 7% € SU(3); x SU(3), symmetry

gl er T ee Y Y w = e2™/3

forbids dangerous lepton violating terms

LLe, QLd, LH,



MFV SUSY

Baryon violation highly yukawa suppressed

Weny < (Vo) (Vad) (Vad)



MFV SUSY

Baryon violation highly yukawa suppressed

Weny < (Vo) (Vad) (Vad)

Soft masses flavor diagonal up to yukawa insertions

£s 0" (yuw + ydydf) 01



MFV SUSY

l‘ ¢
N
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v.",
P s

Baryon violation highly yukawa suppressed

Wenv < (Vo) (Vad) (Vad)

Soft masses flavor diagonal up to yukawa insertions

£s 0" (yuw - ydydf) 01

Typical SUSY flavor constraints ameliorated by MFV

Strongest constraints from A B = 2 processes
— Dinucleon decay pp -+ K"K

— Neutron-antineutron oscillations 70 — N
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Features

— Allows light (~ few 100 GeV) scalars consistent with LHC
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— Allows light (~ few 100 GeV) scalars consistent with LHC

— Including see-saw mechanism induces suppressed

LLe, LQd; model retains quantitatively similar bounds

— Yukawa structure of soft terms allows large A-terms for

3rd generation. Naturally allows stop/sbottom LSPs
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— Allows light (~ few 100 GeV) scalars consistent with LHC

MFV SUSY

Features

— Including see-saw mechanism induces suppressed

LLe, LQd; model retains quantitatively similar bounds

— Yukawa structure of soft terms allows large A-terms for

3rd generation. Naturally allows stop/sbottom LSPs

Is there a plausible UV story?



Gauged Flavor (non-SUSY) ;‘5

Digression: General Considerations

The SM enjoys a large global symmetry w/o Yukawas
Gr=5SU@3)g x SU(3)y x SU3)qg x SUB)r x SU(3).

Q: why not a global UV group?
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Digression: General Considerations

The SM enjoys a large global symmetry w/o Yukawas
Gr=5SU@3)g x SU(3)y x SU3)qg x SUB)r x SU(3).
Q: why not a global UV group?

A: Lots and lots of NGBs —i.e. long range forces
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Gauged Flavor (non-SUSY)

N

Digression: General Considerations

The SM enjoys a large global symmetry w/o Yukawas
Gr=5SU@3)g x SU(3)y x SU3)qg x SUB)r x SU(3).
Q: why not a global UV group?

A: Lots and lots of NGBs —i.e. long range forces

Naive gauging has a similar problem:

If yukawas o <y> VEV of a scalar, gauge boson
masses X g <y> ——> unsuppressed FCNCs for light quarks



Gauged Flavor (non-SUSY) ;

Inverted hierarchy : Grinstein, Redi, Villadoro (arXiv: 1009.2049)

— Gauge flavor group  SU(3)g x SU(3)y x SU(3)q x SU(3)r, x SU(3)e
— Add minimal field content to cancel flavor anomalies

— Displace the flavor breaking fields
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Gauged Flavor (non-SUSY) i

Inverted hierarchy : Grinstein, Redi, Villadoro (arXiv: 1009.2049)

— Gauge flavor group  SU(3)g x SU(3)y x SU(3)q x SU(3)r, x SU(3)e
— Add minimal field content to cancel flavor anomalies

— Displace the flavor breaking fields

SU@B)q, SUB)ur SUB)ps

wn
=
Zim
o

e SUR2)r Uy

QL

Quarks { U

Dp
\IjuR

Var

Exotics { v,

Flavons <

SR RSSES S O (SN @S @6 L UES
== QO e 0 e e e QO e
e B P B e N e S e A 1S e LR
g 'L IR U I L JC R JC R JL R o

(awful notation)



Gauged Flavor (non-SUSY) ;‘5

Integrate out (diagonalize) fermions after SSB:

LD AHQYur + A Yuthbur + Myth,Ur + (u — d)

D B
u u H ‘

MM,
A (Yu)




Gauged Flavor (non-SUSY) ;‘«'

Integrate out (diagonalize) fermions after SSB:

LD AHQYur + A Yuthbur + Myth,Ur + (u — d)

Xl e
u UH i
v W o

MM,
A (Yu)

Light generations: (Y) > M exotic fermion masses ~ (V)



14

-
'\

Gauged Flavor (non-SUSY)

N

Integrate out (diagonalize) fermions after SSB:

LD AHQYur + A Yuthbur + Myth,Ur + (u — d)

Xl Au My

= owman e

Light generations: (Y) > M exotic fermion masses ~ (V)

Gauge boson masses feature inverse-yukawa hierarchy
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N

Integrate out (diagonalize) fermions after SSB:

LD AHQYur + A Yuthbur + Myth,Ur + (u — d)

Xl Au My

= owman e

Light generations: (Y) > M exotic fermion masses ~ (V)

Gauge boson masses feature inverse-yukawa hierarchy

2 2
g u
Loange D o AqYul® + %\AUYUP e )

g)\Mu)2 1

g~ ) = (2]

(@7 Q)?

Strongly suppresses FCNCs for light flavors ~

1
(Ye)
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Gauged Flavor (non-SUSY)

N

Some Features

/ .
= )\u, ds Au.d> M u,d are umwersal free parameters.

— Y, 4 carry flavor structure, overall scale is free parameter
Y

— Model not quite MFV : gauge induced FCNCs persist even
when yukawas are turned off in the M/ — 0 limit.

— Gauge bosons that mediate 3rd generation transitions can be

light ~ O(TeV) and maght be LHC accessible.

— Strongest bounds from modified Zbb coupling, 4th gen searches
Lightest exotics > 400-500 GeV
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Finally Add SUSY 7

Let’s Supersymmetrize the gauged model

SU@B)g | SUB)y | SUB)p | SUB). SU2)r U(l)y
Q 3 1 1 3 2 +1/6
u 1 3 1 3 1 —2/3
d 1 1 3 3 1 +1/3
Ve 3 1 1 3 1 —2/3
Ve 3 1 1 3 1 +1/3
Y 1 3 1 3 1 +2/3
y 1 1 3 3 1 ~1/3
Yy 3 3 1 1 1 0
Jac 3 3 1 1 1 0
Yy 3 1 3 1 1 0
Y 3 1 3 1 1 0

Note: Y, , superfields added to cancel flavor anomalies

As before : flavor spurions are not the yukawas, despite the notation
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Generating Yukawas g

Superpotential
W D Hu@¢uc 1 Yuwuwuc v Muwuﬂ + YuYuYu A :uYYuYuC

Flavor “Higgses” get VEVs (Y,,) = (Y) # 0

and induce mixing among interaction eigenstates (1, V¢, )

Transforming to the mass basis (\Ifu, W,,c, U ) yields ¥V, W,

states with masses of order My ~ (Y,,)

and a massless MSSM triplet [/
— H,QWVU)+ H,QWT,.)

with Yukawa couplings ), c V ~ O (Mu/ <Yu>)



- ‘('
<
~ 5

‘“Exotic” BNV i

R-Parity is not imposed by hand, but 7idd is forbidden

since U~ (3,1),d~ (1,3) under SU(3)y x SU(3)p



“Exotic” BNV

R-Parity is not imposed by hand, but 7idd is forbidden
since U ~ (3,1), d ~ (1,3) under SU(3)y x SU(3)p

However, both up and down type wuc, de ™~ 3 under SU (3)@

—> WBNV = VycgePqe



=

“Exotic” BNV 7

R-Parity is not imposed by hand, but 7idd is forbidden

since U~ (3,1),d~ (1,3) under SU(3)y x SU(3)p

However, both up and down type wuc, de ™~ 3 under SU (3)@
— WBNvV = YuctPietqe

: Vg  Yge sz,
After flavor breaking dii =t b K r

WBNV = (Vuﬁ) (VdD)(VdD) %

[?

SN B Y

Consistent with MFV )" yuydyd

U
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Deviations From MFV 4

Before breaking SUSY, we also have flavor violation from

aW = * c\ X 5 3
3% D uy (YO Yythye + (u — d) + c.c.

which is not MFV: (Y,") doesn’t set Yukawa couplings

u

but as longas [ty << (Y) this is strongly suppressed
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Deviations Fromm MFV i

Before breaking SUSY, we also have flavor violation from

S S s ke —=d) G

oY,

which is not MFV: (Y,") doesn’t set Yukawa couplings

but as longas [ty << (Y) this is strongly suppressed

D-terms are also not of Yukawa form

g * % a 7 * ra c*rma s C Z
2Q O T20 ) Tog eV PToY, VO TEVE L L)

and similar terms for SU(3)y p which will constrain the gauge

couplings later...
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Important Aside

X

Thus far, everything assumes exact SUSY

Minimizing D Terms forces : (Y,) = (Y.°) up to small corrections

If 11,y — 0 the “exotic” \y fermions/bosons are mass degenerate

SUSY breaking and EWSB spoil both features :

— The D-term masses will only cancel to (0 ( gmg)

— Mass non-degeneracy arises explicitly from soft terms

However, if the flavor scale satisfies <Y> > mgs

these problems are tamed
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— SUSY breaking mediated while the flavor symmetry is exact.

— Flavor symmetry will constrain structure of soft terms

— Approximate mass degeneracy ensures the same matrices
diagonalize both the soft terms and fermions



i ,

,
'\

{

Important Aside

X

Furthermore, we want the mediation scale to satisty
M. > Y7 > mg

— SUSY breaking mediated while the flavor symmetry is exact.

— Flavor symmetry will constrain structure of soft terms

— Approximate mass degeneracy ensures the same matrices
diagonalize both the soft terms and fermions

Now let’s break SUSY ...
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Finally Break SUSY g

SUSY Breaking spurion: X — F§?

Xtx
M

X

LsD | d*o =

(@70 + ) + [ d*0-— (H,Qye + Yutbuthye + Mytpuii + -+ -)
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X

X
M,

Initially generates flavor universal soft terms of order

ms ~ As ~ Bs ~ F /M,
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Xtx
M

X

X

LsD | d*o i

(<I>T<I> A ) 4 /d29 (Hy Qe + Yuthuthye + Mythy @+ -+ +)

Initially generates flavor universal soft terms of order
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Recall:

— Flavor “Higgses” Y couple only to exotic matter
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SUSY Breaking spurion: X — F§?

Xtx
M

X

X

LsD | d*o i

(<I>T<I> A ) 4 /d29 (Hy Qe + Yuthuthye + Mythy @+ -+ +)

Initially generates flavor universal soft terms of order
TI’LSNASNBSNF/M*

Recall:

— Flavor “Higgses” Y couple only to exotic matter

— Degeneracy = same diagonalization matrices for scalars
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Finally Break SUSY g

SUSY Breaking spurion: X — F§?

Xtx
M

X

LsD | d*o i

(<I>T<I> A ) 4 /d29 (Hy Qe + Yuthuthye + Mythy @+ -+ +)

Initially generates flavor universal soft terms of order

ms ~ As ~ Bs ~ F/M,

Recall:

— Flavor “Higgses” Y couple only to exotic matter

— Degeneracy = same diagonalization matrices for scalars

MSSM scalar flavor violation is proportional to Yukawa matrices

= el Yy
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Leading diagrams exactly MFV in degenerate mass limit

A Terms

2 A ¢uc 3 S wuc U \ 7 U, qj

~ ~
~ ~ ~

e G e CEE S e s GO
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A Terms

O
O
O

Q< 2 %
5 %c % U
o e As 5 AV, + O G Y2
7 Y
e V)

— Deviations under theoretical control
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Leading diagrams exactly MFV in degenerate mass limit

A Terms

O
O
O

Q< 2 %
5 %c % U
p i As 5 AV, + O G Y2
7 Y
e V)

— Deviations under theoretical control

— Similar corrections from MSSM Higgs VEVs
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Similar story for other soft parameters

2 2 Do
5 N_'_ v 5 + v (V) mS
Ls DmkQ {1+—m%f( uyu,ydyd)+o<<yujd>2> +0<<Yu7d>4

— Leading behavior diagonal from coupling to X

— MFV term gives largest correction

)

~

Q_|_...



Soft Masses "4

Similar story for other soft parameters

U U
MFV: R e ke o St ) At ) NOT: © o St S Gk »---
A \ 4 A \/
(Hy)  (Huy) (Hu)  (Hu)
Ls D> mz Q! 1+02f( [V yy*)+c9 Lol pl s L
m ) u () 5 2o ba

— Leading behavior diagonal from coupling to X

— MFV term gives largest correction

— Higher order terms from EWSB and SUSY breaking

(diagonalization matrices not identical for fermions/bosons)
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Constraints Beyond MFV 7

Direct Production: comparable to inverted, gauged model

— 4th gen searches bound lightest exotics > 400-500 GeV
— W’ Z° searches bound lightest gauge boson > 1-3 TeV

“Flavorful” SUSY : Nomura, Stolarski, Papucci (arXiv:0712.2074)

Low energy constraints on soft terms not aligned with Yukawas

— Constraints on LL squark transitions from D-terms gr < 1075 =107

— Since gauge boson masses ~ O(gr (Y)) production constraints

require (Y) > O(10TeV) for lightest VEV

— For weak-scale soft masses, this automatically satisfies LR bounds
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Summary of Requirements

X

3 4
Mess?lolger Scale /1910 ey (300 GGV) (taﬂ B )
(gravitino mass) ms 10

Approximate exotic

M, > (Y) > ms ~ O(100 GeV)
degeneracy

Y) > py

D-term flavor bounds G0z
(LL squark masses)

Smallest VEVs (Y) > O(10TeV)

(gauge boson production)
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Conclusion 4

— MFV SUSY : attractive framework for SUSY model building.
RPV saves SUSY, MFV tames flavor problems.

— Gauged model: effective yukawas, minimal extra field content
new states: inverted mass hierarchy = suppressed FCNCs

— SUSY gauged model generates naturally suppressed BNV operator
— approximate exotic degeneracy mimics MFV behavior for scalars

— generate controlled deviations from MFYV. Vanish in extreme limit.

— need to impose hierarchy of scales/VEVs by hand, but W only has O(1)

couplings : no new tuning

— Yukawa structure in A-terms allows light 3rd generation MSSM squarks

Thanks!
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Flavor VEVs

N

The simplest way to get VEVs :
WSy
Minimizing D-term potential forces (Y,) = (Y,) # 0
Like Grinstein et. al. getting right textures requires multiple fields
Ag, 9" (CijkY,j(Yfo)k - ng(wj)Q) + (u—d)

flavor VEVs are actually linear combinations of these

Equality of VEVs at leading order ensures D-term squark masses
vanish up to corrections from Y’s soft masses

g b, i X, 2 i 2
gy (@ TQ YV TY, ~ YiTY > oL D gemus Q' T0)



