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SM describes all short distance phenomena
down tod ~ 10-18 cm.

1
Lan = — ZFSVFCL“V Gauge bosons

+ i D Fermions
+ meijqub + h.c.  Yukawa couplings
+|Du¢l? —V(¢)  Higgs
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Lquark — ZQ_ZEQZ = Zﬂzﬁuz + ijpdz
+ qiy i 0u + Qiygijdj¢ + h.c.

Wednesday, February 6, 13



»Cquark — ZQ_ZEQZ + Zﬂzpuz =+ ijpdz

Without Yukawa couplings, SM possesses a large global
flavor symmetry:U(3)o x U3)v x U(3)p
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Lquark — ZQ_ZEQZ = Zﬂzﬁuz + ijpdz
+ qiy i 0u + Qiygijdj¢ + h.c.

Without Yukawa couplings, SM possesses a large global
flavor symmetry:U(3)o x U3)v x U(3)p

With Yukawa couplings, flavor structure still very
predicative, supressed FCNC’s, small CP violation, lepton
and baryon number conservation, etc.
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A
LHiggs — |D,u¢|2 — m2¢T¢ T Z(¢T¢)2

Higgs potential has only dimensionful parameter in SM

h

Quantum corrections make the mass parameter unstable:
the hierarchy problem.
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Introduce “superpartner’ of different spin to cancel
guadratic divergences

huy, hy,

Quantum corrections only log sensitive to cutoff
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e Rich and interesting
collider phenomenology

e Elegant extension of
Spacetime symmetries

e Grand unification works
better than SM

e Well motivated R-parity
automatically gives dark
matter candidate
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A AP

SUSY must be broken, many new flavor violating

- = = q1
(¢1 ¢ g3 )Jr X | # # # | X| @
# H# qs3

Generic TeV scale values of mass matrix are badly ruled

out N
|
by low energy flavor tests N
/LR/ X~ e\R j
/ ¢
— / B \ _
K B :

N’ NN N NS
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Assume mediation of SUSY breaking is flavor blind

iupel?ymm.e@y Flavor-blind MSSM
reaxking origin '\/W\/\/\’ (Visible sector)
(Hidden sector) Interactions

Alternatively, a framework like gauge mediation predicts
flavor blind soft masses
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Promote SU(3) flavor group to full symmetry

SUB)o | SUB)y | SUB)p | SUB). SU2), UQ)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
Y, 3 3 1 1 1 0
Yy 3 1 3 1 1 0

Ansatz that all flavor violation proportional to Y, and Y4
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Soft SUSY parameters now fixed up to flavor universal
dimensionful coefficients

m2 ) (1 + Y[V, +..),

Asoft(Yu )zggzajhu

Flavor universality up to corrections that are largest
for 3rd generation

Flavor bounds are much more easily satisfied
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Soft SUSY parameters parametrically the same size
as Yukawa’s, matrices not aligned

a;; ~ Asoft Yij axy

Low energy constraints can still be easily satisfied,
phenomenology often quite be different

Much easier to build models which satisfy this property
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e Elegant solution to the hierarchy problem with many nice
features

e Makes a big mess of flavor in simplest incarnation

e Many solutions including gauge mediation, MFV, flavorful
SUSY

e In 2010, we were very hopeful that the LHC would turn on
find huge excesses in missing energy events
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ATLAS SUSY Searches*

MSUGRA/CMSSM : 0 lep +|'s + E; c
MSUGRA/CMSSM : 1 lep +j's + E i
. Pheno model : O lep +j's + E s
S Pheno model : 0 lep +]'s + E7
3 Gluino med. ¥ (G—q0x ) : 1lep +j's +E
3 GMSB (INLSP) : 2 lep (OS) +]'S +Ep e
¢ GMSB (TNLSP) : 1-27 + 0-1 Iep+Js+ETmiSS
3 GGM (bino NLSP) :vyy + ET _
S GGM (wino NLSP) :y +lep +E_; mes
= GGM (higgsino-bino NLSP) :y +b + E miss
GGM (higgsino NLSP) : Z + jets + £ ::zz
Gravitino LSP : 'monojet' + ET)mISS
Sl g—>bb (virtual b): 0 lep + 3 b-'s + E; niss
< E gettx (V|rtual P2 lep (SS) +jS +E7 iss
g o —>th1 (virtual?) : 3 lep +j's + E; s
TS gettxk virtual t) 0 lep + multi-j's + E s
©° Gty (virtualD) : 0 lep + 3 bi's + Er s
" o bb, b —>b& 0 lep + 2-b-jets + E7 e
8 bb, b, =ty 3Iep+]s+ETmiS,S
3% il (very Ilgbt) t—>bx 2lep + ET miss
IS tt (light), T—=bx* 01 2 Iep + b-jet + ET miss
S § ttﬁnedlum te%x 2lep + b-jet + E o
= 8 1t (heavy), tetx 1lep + b-jet + E; i
SRS 1t (heavy), t—>tx O lep + b-jet + E; i
Tt (natural GMSB) Z(—>II) + b-jet + E miss
N ILIL, Ielx 2lep + Eq s
= 3 ~+~Ox —>|v(|v)—>|vx :2lep + ET miss
w3 XX iivl I(vv)( W |gv)v :3lep+E
KXoy — W™y 7' x. :3lep + E T miss
Direct X pair prod. ( AMSB : long-lived X,
Stable § R-hadrons : low B, By (full detector)

Stable T R-hadrons : low f, By (full detector)

Long-lived
particles

X — qqu (RPV) :u + heavy displaced vertex
LFV : pp—>v +X,v_—>e+u resonance

LFV : pp—v +X, v —>e( )+t resonance
B|I|near RPV CMéSM 9 lep+7js+E
X X1—~X1~ WX X®—>eevu,elw ‘4lep+E
10 %IX Yo “4lep + ET miss

g N qqq.: 3- Jet resonance pair

) Scalar Bluon 2-jet resonance pair
WIMP interaction ( irac %) : 'monojet' +

T,miss

RPV

T,miss

T miss

- 95% CL Lower Limits (Status: HCP 2012)

GMSB : stable®

| | I T 1T 111
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109]

L=5.8 b, 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109]
L=4.7 b, 7 TeV [1208.4688]

L=4.7 fb™", 7 TeV [1208.4688]

L=4.7 fb™, 7 TeV [1210.1314]

L=4.8 fb™", 7 TeV [1209.0753]

L=4.8 fb™", 7 TeV [ATLAS-CONF-2012-144]
L=4.8 fb", 7 TeV [1211.1167]

L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-152]
L=10.5 fb™", 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb™", 8 TeV [ATLAS-CONF-2012-145]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-105]
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-151]
L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-103]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145]
L=4.7 fb"", 7 TeV [ATLAS-CONF-2012-106]

— T T TTT] T T 1
150Tev. Q=0 mass

1.24Tev g =§ mass
1.187eV. G Mass (m@ <2TeV, lighty) ATLAS
1.38 TeV q mass (m({g) <2 Tev, IlghtX ) Preliminary

900GeV § mass (mfx ") <200 GeV, (") =
WaTel § Mass (tanp < 15)
#1306Vl g mass (tang > 20)
07TVl G mass (mi)) > 50 GeV)
619GeV g mass
900 GeV [s] mass (m( ") > 220 GeV)
690 GeV gmass (m(H )>~2oo GeV)
645Gev F scale (m(G)>10*eV)
1.24 Tev 9 mass (mx 0)<2oo GeV)
850GeV| g Mass (m@) <300 GeV)
860 GeV g mass (m() <300 GeV)
1.007eV. g mass (m( )<3oo GeV)
_145Tev. gmass (m G )<200GeV)
480IGevll b mass (mix °)<150 GeV)

2mGym(@)
f Ldt = (2.1 - 13.0) b

Is=7,8TeV

8 TeV results

7 TeV results

L=13.0fb", 8 TeV [ATLAS-CONF-2012-151] _ 405 GeV b mass (m( ) 2my 0))

L=4.7 ib™, 7 TeV [1208.4305] 130GeV. t mass (m(xw) <70 GeV)

L=471b", 7 TeV[1209.2102]  123-167[GEVN t mass (Ln(sgf) =55 GeV)

L=4.7 b, 7 TeV [1209.4186] 298-305 GeV | t mass (m(i )=0)

L=4.7 fb™', 7 TeV [1208.2590] 230-440 GeV t mass m( ?) 0)

L=4.7 fb™, 7 TeV [1208.1447] 370-465 8V t mass (me) = 0)

L=2.1 fb™, 7 TeV [1204.6736] 310 GeV T mass (115 <m(y, ?) < 230 GeV)

L=4.7 fb”, 7 TeV [1208.2884] 85-195GeV| | mass (m&:’) =0)

L=4.7 fb, 7 TeV [1208.2884] 10:8401GeVI . mass_ (M) < 10 GeV,m{iv) =2(m(x’) + m(xj)))
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154] 580 GeV X mass (m(ii) miy, Z) m(”?) 0, m(l,v) as above)
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-154] ~140-295 GeV. X mass (m(ij) =m(x, ), m(x 0) 0, sleptons decoupled)

L=4.7 ib™, 7 TeV [1210.2852]

L=4.7 fb”, 7 TeV [1211.1597]

L=4.7 ib™, 7 TeV [1211.1597]

L=4.7 ib™, 7 TeV [1211.1597]

L=4.4fb", 7 TeV [1210.7451]

L=4.6 fb", 7 TeV [Preliminary]

L=4.6fb™, 7 TeV [Preliminary]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-140]
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 [1210.4813]

L=4.6 fb™", 7 TeV [1210.4826]

L=10.5fb™, 8 TeV [ATLAS-CONF-20124147]
| | 1L 1 1 111

(1 <ty 1)<10 ns) ’

985 GeV g mass
683Gev. t mass
300GeV] T Mass (5 <tanp < 20)
7oolcevll g mass (. 3x10° <1, <1.6x10°, 1 mm < ot < 1 /g decoupled)
1.61 Tev V. Mass (,,=0.10, 2,,,=0.05)
1.10 TeV v mass (Ag;0.10, 2, ;,4,=0.05)
12Tev q g mass (cr,, <1 mm)
700 GeV x mass (m(x?) > 300 GeV,
430 GeV | mass_ (m(x %) > 100 GeV, m(l.)=m(,
666 GeV g mass
100°287.GeV! Sgluon mass (incl. limit from 1110.2693)

704Gev. M* gcale (m, <80 GeV, I|m|tof<687GerorF8
1 [ 1 L1 L1l

220 GeV X mass

121 OF Moo >0)

H)=m(IT) Apy OF Aoy >0)

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.

1 10
Mass scale [TeV]
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Supersymmetry may not be dead but these

latest results have certainly put it in the
HOSPITAL.

- Prof. Chris Parkes, quoted by the BBC
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D PN.WD

Additional allowed operators usually forbidden by R-
it 1 .. g |
Wiy — NRLiLjer + X LiQjdy, + 1 LiH,

1 ..
-+ 5)\/’Z~7kuidj dk
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D PN.WD

Additional allowed operators usually forbidden by R-
it | g |
Wiph = §Xﬂ’f‘LiLjek + N LiQydy + " LiH, Y} AL =1

1 ..
-+ 5)\/’Z~7kuidj dk
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D PN.WD

Additional allowed operators usually forbidden by R-
it | g |
Wiph = §Xﬂ’f‘LiLjek + N LiQydy + " LiH, Y} AL =1

1 .
+ 5)\//Z3kuidjdk }AB — 1
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Additional allowed operators usually forbidden by R-

Wr

1 3 |
Py — 5)\”kLiLjek -+ )\/”kL@'Q]’dk -+ ,u/ZLiHu } AL =1

Can decay the proton and make
a (bigger) mess of flavor

p
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Additional allowed operators usually forbidden by R-

Wr

1 3 |
Py — 5)\”kLiLjek -+ )\/”kL@'Q]’dk -+ ,u/ZLiHu } AL =1

Can decay the proton and make
a (bigger) mess of flavor

p
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e Rich and interesting
collider phenomenology

e Elegant extension of
Spacetime symmetries

e Grand unification works
better than SM

e Well motivated R-parity
automatically gives dark
matter candidate
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e Rich and interesting
collider phenomenology

e Elegant extension of
Spacetime symmetries

e Grand unification works
better than SM

motivated R-
automat ives dark
r candida
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e Rich and interesting
collider phenomenology

e Elegant extension of
Spacetime symmetries

e Grand unification werks

dain | —

motivated R-
automat ives dark
r candida
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Imposing MFV on the RPV sector dramatically reduces the
allowed parameter space and ameliorates the flavor problem.

Requiring flavor breaking spurions to couple
holomorphically allows only one operator.
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Imposing MFV on the RPV sector dramatically reduces the
allowed parameter space and ameliorates the flavor problem.

Requiring flavor breaking spurions to couple
holomorphically allows only one operator.

1

Wepv = o X55rse, + N Tt + i DA } AL =1

1 .
_I_ 5)\/,Z]kuidjdk } AB — 1
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\ W4 A \ V. WA A
SUB)o | SUB) | SUB)p | SUB). SU2), U@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
Y, 3 3 1 1 1 0
Yy 3 1 3 1 1 0

1

Wepy = 5 X55kae + NV s + ' LA } AL = 1

)\gxﬁl,y/ — GO{B,Y(YU )(YBB/)(YCZ )
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1
LL%AFNIZZ-Q)VHMBWU%“LBdV
d
>\/C/v’ﬁ’ ;) — GO{BV(YU )(Yﬁﬁ’)(y )
sb bd d s

—7 —9 —12
)\//Nu 5 x 10 6 X 10 3 % 10 tanﬁ 2
— ¢ 14x107° 12x10° 12x10°8 X =0

L

2x107* 6x107° 4x107°

- R-parity is an approximate symmetry

- Lepton number is an exact symmetry (up to neutrino
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LHC pheno depends strongly
on who is the LSP

Squark LSP Case:

e Squark pair production
lead to pairs of di-jets

e Gluino pair production
gives pairs of tri-jets
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LHC pheno depends strongly 9 j
on who is the LSP

Squark LSP Case:

e Squark pair production
lead to pairs of di-jets

e Gluino pair production
gives pairs of tri-jets
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e Previous work assumed MFV as an ansatz

e |s there a model that can reproduce MFV?
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e Previous work assumed MFV as an ansatz

e |s there a model that can reproduce MFV?

- Global flavor symmetry? Goldstone bosons?
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e Previous work assumed MFV as an ansatz

e |s there a model that can reproduce MFV?

- Global flavor symmetry? Goldstone bosons?

- Gauged flavor symmetry? SUSY breaking? RPV? D-terms?

Anomalies?
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e Previous work assumed MFV as an ansatz

e |s there a model that can reproduce MFV?

- Global flavor symmetry? Goldstone bosons?

[ Gauged flavor symmetry? SUSY breaking? RPV? D-termsp

Anomalies?

\. J
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\ W/ WA

Promote SU(3)oxSU(3)uxS

\

/

A

U(3)p flavor group to full gauge symmet

A

SUB)o | SUB)y | SUB)p | SUB). SU®2), U@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
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\

Promote SU(3)oxSU(3)uxS

/

A

\

/

A

A

U(3)p flavor group to full gauge symmet

SUB)o | SUB)y | SUB)p | SUB). SU®2), U@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

e 3 1 1 3 1 1/3

Yy 1 3 1 3 1 2/3
Va 1 1 3 3 1 ~1/3
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\

Promote SU(3)oxSU(3)uxS

/

A

\

/

A

A

U(3)p flavor group to full gauge symmet

SUB)o | SUB)y | SUB)p | SUB). SU®2), U@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

e 3 1 1 3 1 1/3

Yy 1 3 1 3 1 2/3
Va 1 1 3 3 1 ~1/3
Y, 3 3 1 1 1 0
Yy 3 1 3 1 1 0
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\

Promote SU(3)oxSU(3)uxS

/

A

\

/

A

A

U(3)p flavor group to full gauge symmet

SUB)o | SUB)y | SUB)p | SUB). SU®2), U@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
e 3 1 1 3 1 1/3
Yy 1 3 1 3 1 2/3
Va 1 1 3 3 1 ~1/3
Y, 3 3 1 1 1 0
Yy 3 1 3 1 1 0
Ye 3 3 1 1 1 0
Y¢ 3 1 3 1 1 0
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e Gauge full non-abelian SM flavor group

e Add minimal matter content to cancel anomalies
e y, andg; are vectorlike under all gauge symmetries

e In addition to MSSM matter, theory contains exotics,
and flavor gauge fields

e Previous LR-SUSY version:
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

O(1) flavor universal

couplings
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

O(1) flavor universal

couplings

Can’t write down usual Yukawa coupling
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

Y, — (Yy) e mixes with u
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

Y, — (V) Yyc Mixes with u
Q Q i Q _
\ Pye \ Pye Yy u \ U, W
>« | >« | — >—«
v v \ v

(Yu)
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

Y, — (V) Yyc Mixes with u
massless
Q Q ) @ \‘
\ Pye \ Pye Yy U \ U, W
= | o> X< | — =
pad Y M v

(Yu)
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

Y, — (Yy) e mixes with u

massless

@ Q ) @ _
\ Pye \ Pye y u \ U, V¥
< | o> H— R =
.Y M

’,Y’, »
(Yu)

HuQa(wuc)a — HuQa(V&L@/Uﬁ/) = (yu)aB’HuQaUB/
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W = AN H,QUye + N Yutbythye + Mytp,u + (u — d)

Consider (Y,,) > M,

Massless state : U ~ @

Mass of exotic ~ (Y,,)
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e Seesaw mechanism
for quarks

e Exotics and flavor gauge
multiplets have opposite
hierarchy of SM
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A

Spectrum of flavor gauge
bosons and exotics

A qd ™ LK S
1st gen.
flavor B
5 - Au " d
2nd gen. - FCNC’s among 1st and 2nd gen.
suppressed
3rd gen. - 3rd gen exotics and gauge bosons

potentially accessible at LHC
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Wgrpyv = ?LCZCZ

3 of SU(3)U




Wgrpyv = udd

T

3 of SU(3)D
3 of SU(3)U

eeeeeeeeeeeeeeeeeeeeee



3 of SU(3)D
3 of SU(3)U

eeeeeeeeeeeeeeeeeeeeee









Wgrpv = Twdd

WRpv = Yyegege

T

3 of SU(3)q
3 of SU(3)o

eeeeeeeeeeeeeeeeeeeeee



Wrpv = medd

WRPV — wucwdc wdc Only allowed operator that
1 T breaks R-parity

3 of SU(?))Q
3 of SU(3)o
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Wrpyv = &dd

WRPV — wucwdc wdc Only allowed operator that
breaks R-parity

Y = (Y) : transform to mass basis

W — eteeP (Vi U ) (Vi Dy ) (W4, DY)
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Wrpyv = &dd

WRPV — wucwdc wdc Only allowed operator that
breaks R-parity

Y = (Y) : transform to mass basis

W = e (Vi Ua ) Vher Dy ) (V5 DY)
Color indices j
Flavor indices
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Wrpyv = &dd

WRPV — wucwdc wdc Only allowed operator that
breaks R-parity

Y = (Y) : transform to mass basis

W = e (Vi Ua ) Vher Dy ) (V5 DY)
Color indices j

. Exactly the MFV form!
Flavor indices
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Supersymmetry
breaking origin
(Hidden sector)

Flavor-blind
VAVAVAVAVAY

Interactions

MSSM
(Visible sector)
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Supersymmetry Flavor-blind MSSM
breaking origin MV \V/\V/\V/ Y

(Visible sector)

(Hidden sector) Iteractions
A (GeV)
A
1010 SUSY mediation M,
_ 109

('p, exotic masses my ~ (V)

__10*

— 107 } Soft
OIT Mmasses m
_ 102 S
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Supersymmetry Arbitrary MSSM
breaking origin MV \V/\V/\V/ Y

(Visible sector)

(Hidden sector) Iteractions
A (GeV)
A
1010 SUSY mediation M,
_ 109

('p, exotic masses my ~ (V)

__10*

— 107 } Soft
OIT Mmasses m
_ 102 S
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I~
TP
A =

K

/,Y” -’
(Yu)

H,Q (Wue)a = HuQ*VigU”) = (Vu)ap H.QUP

Q Q
\ %c \ %c %
S>—< | So——> K—&
Y \
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I~
TP
A =

K

Q Q
\\ Yue \\ uo Y
>—<¢ | —— TP« |

-’ -’
e e
”

v v Y v
H, ~ H, ~ |
(Yu)

H,Q%(Yue)a — HyQ V25 U) = (Vu)ap H.QU?

A Pye A e i A U, ¥
S --«---  + - --«--T-<-- + - = S - -
.y v \ 4
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I~
TP
A =

K

Q Q
\ %c \ %c %
ke < | P < : P—HK—
Y M

v .y
(Yu)
— / — /
_ Q
H, Q% (Yue)a = HQ*Vig U ) = (Vu)ap HuQ U
Q : Q .. : ~ Q i
A wu A %Duc U A U, ¥
---q--- JPtobih CEE D S — > - - -
4 v \ v
H, H, | H,
My, (Yy)
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Al

Need y, . — V. . up to small corrections.
Equivalent to,,2 _ MM, , S0 SUSY breaking is
small ? !
2
Msott

Deviation goes like(Y")?

Inverted hierarchy comes to the rescue again!
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SUB)o | SUG)Y | SUB) D
Y. 3 3 1
Y, 3 1 3
ye| 3 3 1
ve| 3 1 3

Wy = Ay, Y Yo Yy + Ay Y YV 4+ py, Y, Y+ (u— d)
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Al

All these parameters must because they induce
additional SUSY breaking

—F;:— = AvYY + ,uch

2
gQ X a C a C*
Do|* = - | Yo ToYu — Y TGY,

~ ~ ~ ~ 2
+ QTR — YucTHye + (u — d)
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Exactly MFV
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Exactly MFV FIavorfuI SUSY
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_ % m?s. | ~ =
A y+0(yAy)+0(y—> +0(3’ > H.QU

Flavor universal

m?g{ll VIV _O(yky)Jr@(y%) +0<'y 2 )

T M (V)Y
2 1 )4
T _O( )‘l'O()\% m?g >




_ Ky m?g _ ~ =
A y—FO(y)\y)—I—O(y—)—I—O(y > H,QU

Flavor universal




A :y +OVAy) +0 (y%> +0 (y {;%2) H,QU

Flavor universal Flavorful SUSY

b, 2

m?g{ll | Uzaﬂyﬂ/ O(J/Ay)ﬂ’)(y%) +O<y<7;‘>52>:
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Exact MEV

o (V)< M,
o My < (Y)

o \y K1
o Jr K1

o Ms,V K <Y>
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Exact MEV

o (V)< M,
o My < (Y)

o \y K1
o Jr K1

o Ms,V K <Y>

Not a corner of parameter
space, but a tool for
computation
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Many of the constrained processes in this model
are studied in the literature.

Direct constraints:
e RPV gluino search
e Search for Z’, W’

e Search for top
partners

Indirect constraints:
e K—K  mixing

e Neutron EDM

e n—n oscillations
e Proton decay

e 7 — bb

* Vi
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M, > 10" GeV

(V)11 210" GeV PY <903

(Y33 > 10* GeV

> 700 GeV
few x 100 GeV

sz Qz
LV ¢
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| PN

WL — )\eHdeeC + )\gYewewec + Meweé
+(d—u,e v, e— N)

yz/ ~ )\I/MV/)\;/<YI/>
Marjoana mass for N forbidden by SU(3)n

Natural realization of pure Dirac neutrinos,
still reminiscent of traditional seesaw scenario
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e SUSY can solve the hierarchy problem,
makes a mess of flavor

e Natural SUSY is in trouble, even lepton violating RPV
e MFV RPV allowed, can be natural, interesting pheno

e Lots of interest in baryon number RPV since our paper:
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e Maximal gauge flavor allows model of approximate MFV

e MFV limit allows computation, all bounds can be
satisfied

e 3rd generation structure could be accessible at LHC

e Could give a window into SM flavor puzzle

Wednesday, February 6, 13



Wednesday, February 6, 13



\ W

SUB)g | SUB)y | SUB)p | SUB). SU2)L, U(l)y
T 1 1 3 1 ~2/3
bae |3 1 1 3 1 +1/3
D 1 3 1 3 1 +2/3
b 1 1 3 3 1 ~1/3

Additional matter charged under SM group, not in
complete SU(5) multiplets

Hypercharge hits landau pole as low as 104 GeV

SU(3)°® gauge symmetry not compatible with naive SU(5)

unification
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Can generate vev for Y and Y¢ with a singlet S

W = ASS (YYC —w2)

Single Y field not enough to break all gauge
symmetries and generate SM Yukawa’s

Extend to M copies of Y and Y¢ and add N singlets S
W — )\Sz’ SZ (kayj (Yc)k — w?)

Replace Y, withz Y, in superpotential
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