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SUSY and its breaking

@ Suppose we find SUSY at the LHC.

@ SUSY must be broken spontaneously
(dynamically) in a separate hidden sector.
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@ Explaining how SUSY is broken and
communicated to the SSM will be one of the
great challenges of our time.

Gauge Mediation
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® Gauge mediation is a promising framework for
communicating SUSY-breaking to the SSM.

@ Its advantages include:
@ Automatic flavor universality (no FCNCs)
@ Viable spectrum
@ Calculability

@ Distinctive phenomenology




Motivation

@ What are the most general predictions/
parameters of gauge mediation?

@ Especially important question in the LHC era.

@ To date many models of gauge mediation have
been constructed.

@ However, it has not been clear up to now
which features of these models are
and which are

Ordinary gauge mediation

@ Spurion for hidden sector SYSY:
(X) =M RG'F

® Messengers ¢ in real representation of Gss
receive tree-level SYSY mass splittings.
W = A X ¢?

@ Loops of the messengers and SM gauge
fields communicate SUSY to the MSSM.




Ordinary gauge mediation

@ 1-loop gaugino masses:

® Gaugino unification

@ Sfermion mass hierarchy {
True only in

@ Bino or slepton NLSP certain models

@ Positive sfermion masses
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Beyond OGM

W = \ij X ¢i; +mijdid; + fX
¢ €5, ¢; €5

@ Large class of simple, renormalizable
extensions of OGM.

@ By including doublet/triplet splitting in the
messenger couplings, can already violate
some of the standard predictions.

Beyond OGM

@ Gauging Gninearion
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Positive sfermion masses




General Gauge Mediation
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@ Theory decouples info separate hidden and
visible sectors in g->0 limit.
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@ Hidden sector:
@ spontaneously breaks SUSY at a scale M
@ has a weakly-gauged global symmetry

G D Ggsy

Hidden sector at g=0

@ Start by analyzing the hidden sector at g=0.
Assume for simplicity G=U(1).

@ Global currents and their correlators are
natural objects to study.

@ Try to understand general properties of the
theory before we know the underlying
Lagrangian.




Current Supermultiplet

@ Current sits in a real linear supermultiplet
defined by:

\7:\7(337875)7 DQJZDQJZO
@ In components:
J = Jt iy =) o0
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Current superfield

J =J+i0j —i0j — 0005, + ...

@ Nonzero two-point functions constrained by
Lorentz invariance, current conservation:

J(z)J(0)) = z~¥Co(z2M?)
' ’ = —i0! .0, (:C_4“C1/2(5B2M2>)
= (’17,“/(92 S 8,11,81/) ($_401 (x2M2))




SUSY limit

@ If SUSY is unbroken, can show:

Co(z) = C j2(z) = Ci(z), B(z) =0

® More generally, SUSY broken spontaneously,
so at short distance must be restored:

hH(l)C()(CU), Cijo(z), Ci(x) =c; lim B(z) =0

x—0

@ FT to momentum space is log divergent:

~ A i ~ &
Co(p). Cujalp). Crlp) ~ clog = + finite s B(p) ~ finite

Coupling to visible sector
@ Weakly gauge G=U(1)
Eint:Qg/d49.7V+---:g(JD—)\j—Xj—j“VM)+...

@ Integrate out hidden sector exactly.

@ Effective Lagrangian at O(g?):

B : ; Je ;
0Lesy = 59200(192)132 — g°Cy2(p?)ira* O\ — 19201 (p*)F,, F*
1

—592<Mél/2(p2))\)\ sl C.C.)




Beta function

R B , o T ;
0Ler it 59200(192)132 — g°C12(p?)ira O\ — 19201(p2)FWF“

1 s
—§g2(MBl/2(p2))\)\ + c.c.)

@ Integrating out the hidden sector changes
the U(1) beta function.

A
C, ~ clog 7 Ab— (O e

¢ = hidden sector contrib. to beta function

Soft Masses

R g , o T ;
0Lesy = 59200(192)192 — g°C12(p?)ira O\ — ZQQCl(pQ)FWF“
1

_592(M31/2 (p2)>\)\ e C.C.)

@ Soft masses follow from the effective action:

o U(1) gaugino: My = ¢>M B(0)

5 (301w /MP) — 4Cy P M) + Gl /M1*))




MSSM Soft Masses

@ Straightforward to generalize to SU(3)xSU(2)xU(1).
M, = g?!MB™(©0), r=1,2,3

@ Three independent complex gaugino masses. So gaugino
unification not guaranteed. GGM has SUSY CP problem?

MSSM Soft Masses

@ Straightforward to generalize to SU(3)xSU(2)xU(1).
3
m% =Y grca(fir)A,
E=l

d*p 1
(2m)* p?

(3¢ (v?/M2) - 4CT7), 07 /M2) + C§ (?/12)

@ Sfermion masses not necessarily positive. Indeed, can
find simple examples where they are negative.

@ Typical momentum in sfermion integral is O(M) -- cant
be computed in low-energy theory.




MSSM Soft Masses

@ Straightforward to generalize to SU(3)xSU(2)xU(1).

3
mi = grca(fir)A,
r=

d4p 1 = (r =(r ~(r
A= _/ (2@4?(3@ (9 /M) = 4C0) 0P M) + C )<p2/M2)>

@ Sfermion masses must be finite -- constraints on two-
point functions at O(1/p?).

@ 3 independent real parameters -- sfermion masses not
tied fo gauge couplings or to gaugino masses.

Rewriting the soft masses

)J(0)) = 2~°B(a)
Q' (2)J(0)) = 8 (+~4(38C1 (&) — ACya(x) + Co(=)) )
@ Check: vanish when SUSY is unbroken.

® GGM analogue of OGM relations

My, ~ mfc ~ |FJ?

@ All the information contained within the OPE
of J with itself. Can use this to prove
convergence of sfermion mass integral.




Sum Rules

@ Five MSSM sfermion masses f=Q,UD,L,E are
given in ferms of 3 parameters A,_; 5 3

@ So there must be 2 relations (per generation)

Te¥mte B — e =0

Summary

@ We have constructed a framework for
analyzing general models of gauge mediation:
arbitrary hidden sectors coupled to the
MSSM via SM gauge interactions.

® We used our framework to understand the
general predictions of gauge mediation.

@ Parameter space: 3 complex parameters (gaugino
masses) and 3 real parameters (sfermion masses)

® Our framework is suitable for analyzing
strongly-coupled hidden sectors.




Outlook: Exploring GGM

@ Can one build (simple) models which cover
the entire parameter space of GGM? What is
the minimal construction?

o exhibit
generalizations of OGM that have the right
number of parameters (3+3)...

Outlook

@ Connections to string theory?

o

@ Main outstanding challenge for gauge
mediation: mu/Bmu problem.

o




ITs NOTHING PERSONAL.

TERMINATOR 2
JUDGMENT DAY

@ One point function of J can also contribute
to the sfermion masses:

@ Tree-level in effective theory. Corresponds to
FI parameter.

@ Can lead to tachyonic sleptons. Forbid with
“messenger parity”: J — —J




