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Minimal Gauge Mediation Minimal Gauge Mediation

Gravitino of GMSB

The SUSY Flavor Problem

@ Softly broken MSSM has many parameters(105 Martin)
m;z, M,‘, A,‘j7 B,'j

@ Generic Soft Masses and A terms give FV

o Phenonlenology requires
m2 ~ M 5; etc
i f; 9l :

@ Need a well motivated model with no FV
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Minimal Gauge Mediated SUSY Breaking

@ Messenger sector: a SM singlet, a 5, and a 5

W = ASyy
@ Effective theory of SUSY breaking

S= M3+92FS

@ SUSY breaking communicated to the visible sector via
gauge interactions.
e Mass Matrices diagonal: no flavor problems
e Scalar Masses arise at two loops and gaugino masses at
one loop

(@ () e ()
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The Gravitino of Gauge Mediation

@ Gravitino of low scale gauge mediation very light

/\2
V3Mp

@ Cosmology severely constrain the mass range of ms»

m3/2 ~

m3/2 g 16ev m3/2 ~ 100GeV m3/2 > 100TeV

e 16eV — 100GeV need very low reheat temperature
e 100GeV — 100TeV can decay and interferes with BBN

@ Low scale gauge mediation

A < 260TeV
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Almost Low-Scale Gauge Mediation

@ Tree level SUSY breaking

W = 128 + (mj + X\jS)di;

e Leading order gaugino mass suppressed

o _ aFs|Fsf
9 A M | M
e Destabilizing vacuum — larger gaugino mass
e Difficult to meet Tevatron constraints on m,o, m,+
@ Direct Gauge mediation
o Large flavor symmetries are needed
e DSB scale pushed up to avoid Landau pole
@ Semi Direct gauge mediation
e Gauginos leading order contribution again vanishes
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Cascade Mediation GMSB

@ SUSY breaking communicated via Kahler potential

(o
K = IZ!2+\S\2+E\ZIQISIZ+~-,
. h
w = u22+>\8¢¢+583,

@ SUSY is clearly broken F7 = 12
@ These types of models can natural suppress CP violation
@ Including mj3, in Superpotential— phase suppressions

@ Communicating SUSY breaking to the messenger sector

|Fz|?
/\2

2 _
mg=—c¢

@ SUSY breaking communicated to visible sector via mg.
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An Effective Solution Generating a Spurion

Cascade Mediation: Continued

@ Cascade mediation models

e Strong dynamics (Ibe, Shirman, Yanagida)
e Three Loop model (Nomura, Tobe, Yanagida)
@ New One Loop model (Evans, Ibe, Sudano, Yanagida)

@ Global minimum from —|mg|?

2
ms
npzm#w%vﬁw':|%=g¢

@ Global minimum provides precisely the spurion of mMGMSB

(8=l Fo— (7?2 = —hi(s") e
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How to Generate a Tachyonic Mass at One Loop

@ Three types of one loop mass diagrams (renormalizable)

(1) (2) (3)

Two contribute negatively(2,3) and and one positively(1)
In the SUSY limit the sum mass vanish

SUSY breaking only splits scalar masses(2,3)

Diagram (2) further suppressed by additional propagator

@ Tachyonic mass requires (2)> (3)

@ (1) has no mass split fields
@ (2) has an IR singularity
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Global SUSY Breaking Minimum

@ O’Raifeartaigh model with global SUSY breaking
W = Z(u? + g;jB;B)) + M;B;C;
e One flat direction in Z and B; = C; = 0.
@ Problem of Additional trilinear terms

W = Z(u? + g;B;B)) + M;B;C; + \SC; B

e Trilinear mixes F = 0 conditions
e Z and S can indirectly be used to get Fs, F> =0

@ Trilinear with SUSY breaking

W = Z(1® + g;BiB)) + M;B;C;j + M;;B;D; + ASD;E
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Generating Cascade Mediation at One Loop
A UV Complete Model

Generating m% < 0 in Cascade Mediation

@ Simplest model with SUSY breaking vacuum and m2 < 0
W = Z(u? + gB?) + mB(C + D) + ASDE

e Sinteract with B only through ASEm*B* — m2 < 0
e C enforces SUSY breaking

@ Symmetric under S <— E
o Additional fields are needed to stabilize E

@ Stabilize Eand \/F5,S#0
W = Z(12 + gB?) + mB(C + D) + \SDE + m/(EF + GD)

e Generic under U(1)g x U(1)m X Z.
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D-term One loop m% < 0

@ Simplest model for D term breaking

W = mqq + ASqq
e -
D=—k—(lq* g

@ D term cascade mediation relies on IR singularity
@ Trilinear terms provide a singular propagator

1
(P — P + k)2
@ Similar results with R symmetry

Ly = ASgm*q* —

W = m(qqs + 91q) + A\Sqq
e _
D=—-k- §(|CI|2 — g%
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Acceptably Light Gravitino

@ Constraints on B mass
gu? <0.5m?

@ |mg| bounded from above for given 1

2\2 4 1/2 g'/2x
msl = (T ilate)l) <% 2,

1672 m?

@ Gluino mass bound

Mgluino ,S 30 GeV x Nmessg1/2)\ (260MTCV> )

@ Perturbativity to the GUT scale requires g'/2\ < 1
@ ATLAS constrains mgyino 2, 700 GeV
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UV Completion

@ IYIT model of DSB (SU(2) gauge symetry) i = 1..4

W = gfZ;QuQ, (i<j),
= 900(QQ)o + g’Za(QQ)a (a=1---5),

e Largest possible global symmetry SU(4) ~ SO(6)
e Assume SO(5) global symmetry
e a=1..5 correspond to fundamentals under SO(5)

@ Quantum modified constraints (Ma ~ (QaQa))
Pf(Q,Q]) = dyn — MAMA - Adyn

@ Enforcing the quantum modified constraint

%
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Generating Cascade Mediation at One Loop
A UV Complete Model

UV Completion and Gravitino

@ Transcribe the model

Z — Z, My—B,, Z;— D,,
gOAgyn — :uz g//\dyn — m bl gO — 2g *

@ Add additional fundamental fields of SO(5)
Wer =~ Z(u? —gB5) + mBa(Da+ Ca) + MFa(Es + Ga)
+ASD,E, + gs3 + kS,
@ With UV complete model
Wiee =~ 9020(QQ)o + 9'Da(QQ)a + 9'Ca(QQ)a + MFa(Ea + Ga)
+ASD,E; + gs?’ + kS

@ The gluino mass constraint in these models

o 1/2
Meuino 5 2TeV 3 A (Ns ) () (somev)
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R-axion

@ R axion mass arise from one loop Kahler potential

1 k2|S\2
K~ — <5Nme“k2 SPI ) ,
1672 IS u,zq

1 x
VR—breaking = - 1612 (Skszess) rnS/ZFSS + h.c.

@ One loop R axion mass

N 1/2 g 1/4 M o 3/4
< 1/2 mess J /
Ma S A0MeV x k < 5 > () (16eV> ’
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A UV Complete Model

Conclusions

@ A viable model of low-scale gauge mediation is difficult to
realize

@ Cascade gauge mediation provides a frame work for
addressing all of gauge mediations difficulties

@ One loop spontaneous R symmetry breaking works well in
conjunction with gauge mediation

@ By UV completing, spontaneous R symmetry breaking
provides a viable model of low scale gauge mediation
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©/ B, in Cascade Mediation

@ Gaugino masses and /B, generated by Kahler Potential
c c
K = |ZP+|SP+|S? + p!ZF\S\Z + p\ZF!S’\er--- :
- - h g
Wo = u2Z+ASyy+ NS HH+ 533 + §3'3 + M3 M3

@ Charge S, S’ under separate Z3’s prevents direct mixing

@ Potential separates into two separate sectors

SIS
")

V = —mg|SP + |hf|S|* — m5|S'[? + [H2[S'|* + O
@ If |[ms|?> > |mg|? 11/ B, problem sloved

V Fs ~ (S) ~ |mg| ~ 100TeV VFs ~ (8 ~ |mg| ~ 1TeV
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n/ B, in Cascade Mediation: Continued

@ Another CP phase from the additional spurion
@ Vanishing CC again suppresses CP violation

2
QrQ/ K/W W2
V = /M (QSS Ws + IT/I2 _3|M2‘ ) + Vsort-
P P
_ l2_i, /14 - = 80:.0K W= W M2

@ Important Plank suppressed contributions to potential
s/
Vo —m3 |82+ NP8 + 4)\m3/2p18’|5003363/.
@ This minimization gives a vanishing phase for the B,

Arg(B,) = Arg(FsMg) = —30g =0 Mod(27)
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