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MSSM

e Matter and vector fields become supersymmetric
Matter = Chiral superfields (¢, ¥)

Vector = Vector superfields (A, A")
e Two Higgs chiral superfields

h= H, H,

e Interaction Superpotential

L= / d* oW, W = y,iQH, — ysdQH,; — y.eLHy + (1H,Hy

Special ultraviolet finiteness properties (no quadratic divergencies)
Address the hierarchy problem My >>> Myeak

Better GUT unification

Included in unification theories

» Local supersymmetry includes gravity (Supergravity)
» Superstring theory
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SUPERSYMMETRY BREAKING
e Supersymmetry not realized at low energies
SUSY MUST BE BROKEN!!
e Soft susy breaking = No quadratic divergencies

SUPERSYMMETRY MUST BE BROKEN SOFTLY

L = Lyssmu + Lsop

o Ly = Soft terms

MAAAY Gaugino mass
my¢'e  Scalar mass
AQ® A - term

e Superpartners get masses
e Non supersymmetric interactions

?? Predictions for pattern of soft terms ??
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SUSY BREAKING AND THE SSM

e Supersymmetry must be broken softly around the weak scale !!!
e Soft terms include masses for unobserved sparticles (A, ¢)

STANDARD PARADIGM: MEDIATION OF SUSY BREAKING
DSB | S\ /\ /| SSM

Hidden sector with spontaneous (dynamical) susy breaking (scale Ay, = VF)
Visible sector SSM with gauge group Gsu

Interactions lead to soft terms in the SSM, e.g. mass my.; to sparticles
2
SSB = Gravitino with mass ms, ~ -

Planck
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GRAVITY MEDIATION
e Soft terms as Planck suppressed operators

2

Susy

Mp
o Ay ~ 101°711Gev
® m3/y = Myofy

@ Issues with FCNC

(*] Msoft ~

GAUGE MEDIATION
e Typically messengers field charged under Gs), and with mass M
e Soft terms via loops of SM gauge fields and messenger fields

2

M

o (Generically M is a supersymmetric scale s.t.: Ayeaxr < M < Mp))
o Typically 10*GeV < Ay < 10°GeV

@ M3/ K Mygfr

e Calculable model, Flavour blind

@ /B, problem, ...

2
g
@ = Myofy ~ Tom2
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GENERAL GAUGE MEDIATION

e Parametrize susy breaking sector in a model independent way
e Gauge mediation definition

limg, — 0 No susy breaking in visible sector

e 6 independent parameters: (gaugino, scalars) x U(1),SU(2),SU(3)
e = Soft masses in GGM (at the messenger scale M,,;)

g’
=t Ag i=1,...3
my, (47_(_)2 G l 3
3 g
2 i 2 H
=2 Ciki——Az ; Ci = mir ki=(3/51,1
m, i; @) 5 Cas 3/ )

e A terms are loop suppressed
e Sum rules for sfermion masses TrYm? = 0, Tr(B — L)m* = 0

Covers all possible models of gauge mediation
(also strongly coupled hidden sectors)

?7?7? Higgs sector (i, B,,) ???
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HIGGS POTENTIAL AND GAUGE MEDIATION

e Higgs Potential in MSSM

1
V = (2 m}, Jhuhl(m Yah B (huhath.c.) 4 (83480 ([~ ha)?
e In Gauge Mediation, m;,, and my,, naturally radiatively generated at M, s

2 2 _ 2
my, = ny, = Mg,

e In pure Gauge Mediation B,, loop suppressed at M, ;s
@ 1 supersymmetric term in the superpotential
» 1 would be naturally of order UV scale pu ~ Agur

INSTEAD: WE NEED it AND B,, OF THE ORDER OF THE EW SCALE

e To generate p and B,,, depart from GGM definition
e = couple Higgs to hidden sector operators, e.g.

AW = \H,0, + \;H;0,
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//L/Bu PROB LEM DVALI GIUDICE POMAROL " 96

e Minimization conditions for EWSB

2B, - m;; — tan(3)*m;

o = — 22
mpy +mp 24 “ tan(3)2 — 1 a

sin(283) =
e We need both p and B,, of the order of the EW scale
e Simple attempt: Couple Higgs to messengers (®;, ®;) of SUSY breaking
AWhiges = NH, @1 P2 + A\gH P P2

e 1 and B, generated at one loop

)\u)‘d Fx B — >\u/\d FX ?
1672 M55 e 1672 M 55

e =B, > u?

Generic problem in gauge mediation !!!
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125 GEV HIGGS IN THE MSSM

? Is this possible within the MSSM ?

@ One loop corrections to the Higgs mass

3m; m;, xX? xX?
2 2.2 1 h'n t t
m2=m + = (1 + 1—
h 208 T gy ( o8 < m? > m; mg, < 12m;, m;2>)

where

v
V=12 47 tanf3 = — X, =A, — pcotf
Va

e To reach 125 GeV loop corrections should be relevant
o Free parameters are (tan 3, X,, m;m;, = M)
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125 GEV HIGGS IN THE MS SM DRAPER, MEADE, REECE, SHIH: ARXIV:1112.3068

e Consider m; ,m;, < 5 TeV, within LHC reach
o Contour Plots of Higgs mass as a function of tan 3, Mg, X,

Fixing m;, , m;, ~ 2 TeV Fixing tan 8 = 30

315 X
10 0.5]
5 0'075—4—20246:
o .- - " 5 . 3 X [Tev]
X/Ms
5 _ I : Smallest scales
ecreasing tan 5 always decrease IX,| > 1000 TeV
Higgs mass m;, ,m;, > (500GeV)?

o If m;,m;, <5TeV = Need large A-terms

PROBLEM: A-terms ~ 0 in Gauge Mediation
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GAUGE MEDIATION & HIGGS SECTOR

MODEL INDEPENDENT FEATURES OF PURE GMSB
o Quite predictive in the mass spectrum
e No flavour problem
e Sum rules for scalar soft masses: TrYm? = 0, Tr(B — L)m* = 0
e Gravitino LSP
e A-terms are suppressed (loops order)
e Soft terms RG run from M,,.,; to EW scale

HIGGS SECTOR IN GMSB
e p and p/B,, problem

e Hard to explain 125 in gauge mediated MSSM. Possibilites

@ Very large stop mass (naturalness issue)
@ Very large M., i.e. very long RG run, to generate A-terms
© New interactions of Higgs sector with hidden sector
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CONSERVATIVE POSSIBILITY

o Small A-terms at M, s
e Long RG run or large stop mass to obtain 125 Higgs mass J

? What are still the possible scenarios in GGM ?
CLASSIFYING NLSP IN GGM WITH 125 HIGGS
o In restricted area of paramater space
AG] = AGZ = AGS # A§1 = Ag'z = A§3

@ = Only standard NLSP (stau, neutralino)

@ Scanning the full 6-dim parameter space Work in progress with P. Grajek and D. Redigolo
(plus tan 5 and Higgs sector parameters)

e = No squarks NLSP
e = Other exotic NLSP are still possible

vy
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EXTENSION OF GGM: GENERIC FEATURES

WE NEED

© Generate large A-terms by adding new interactions in the Higgs sector
@ Modify MSSM scalar Higgs potential

CHALLENGES AND CONSEQUENCES
e Combining them with possible solution of 1 B,, problem
e Embedding in strong dynamics to address the hierarchy problem
e They can modify Higgs couplings to SM particles

SURVIVING GMSB FEATURES
e Low energy supersymmetry breaking
e = Gravitino LSP
o Address flavour problem
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EXTENSION OF GGM: EXAMPLES

NMSSM
e Add Singlet N coupling to Higgs: W = ANH,H,; + W(N)
e Can explain ; and B, term
e Can increase the Higgs mass for sufficiently large A

DIRECT COUPLING OF HIGGS TO MESSENGERS
e Can generate one-loop sizeable A-terms

MODIFYING HIGGS QUARTIC COUPLINGS

e Hidden sector contributions to Higgs quartic couplings

Contribution from charged hidden sector particles
Contribution from extra heavy gauge fields
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CONCLUSIONS

SUSY AS BSM AND GAUGE MEDIATION
e Susy still promising
o Gauge Mediation interesting possibility
e Solve flavour problem
e = Provide precise and computable predictions

HIGGS AT 125 GEV
@ 125 is a challenge in gauge mediated MSSM
o However Gauge Mediation not strongly constrain Higgs potential

e = Need new ingredients in Higgs sector

Modification of Higgs couplings
Mixing of Higgs with hidden sector particles
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