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1. Gravity and gauge mediation : advantages/problems

- Gravity mediation
SUSY broken in a " hidden” sector which communicates

with our sector via (super)gravitational interactions

MSSM o Hidden Sector
nonren.int. T;, (F;) # 0

Define F2 = Y, |F;|?, then
F
MsyGgrRA ~m3/p » M3z = V3Mp

Ex : (G= K+ In|W[?, F*=mg3,,G*)

2 2 53
mis =m3,5 (G5 — R;j 3G*GY)

1jo



e Natural solution for the p-problem via Giudice-Masiero
mechanism
po~ omgpp o, Bpo~ m%/z
where
Lyrssym = (/ d?6 wHiH>) + Buhihoy 4+ c.c. + - --

e Easy to construct explicit models, natural in string

theory (moduli fields)

e FCNC effects are generically problematic in SUGRA
theories (GIM not enough)



Solutions for FCNC problem

i) 2 (m§)ij = (m§)dy;

i) . (m3);; are aligned to Yuk. Y;;
(diagonalized in the same basis)

If not squark, slepton masses > 50 TeV or so !

e Universality/alignment are not generic in gravity me-

diation.



- Gauge mediation

of SUSY breaking through SM gauge loops

— gauge mediation

SUSY breaking <« — MSSM
sector
X =(X)+0°Fy — X — soft terms
are typically :

- vector-like, charged under SM gauge group.
- If SU(5) complete multiplets (say N pairs 5+45), they

preserve MSSM gauge coupling unification.



e MSSM soft terms, minimal gauge mediation:

- gaugino masses —

2
g Fx
M ~ N.
127 62 <<X>
- scalar (squarks,sleptons) masses :
2\ 2 2
2 g Fx 2
mg ~ IN. —= | ~ NmM
oo (16w2> <<X>> mreMSE
Typically Mgysp > m3 o, gravitino very light (

) ~ NmMgagrsB




Minimal gauge mediation has

- StrM?2 = 0 in the messenger sector.

- SU(5) symmetric messenger masses.

Advantages :

e Gauge mediation solves the flavor problem

e In its minimum version, highly predictive spectrum.
Problems :

e Very difficult to generate u, Bu of correct size.

e Complicated explicit models (vacuum metastability) .



- Hybrid models

Couplings of messengers to SUSY breaking sector:

Wm=®(AxX + M)CT)

Gauge / SUGRA contributions to MSSM soft terms
M 2 M
GMSB N, Y SAx P
m3/2 167 ./\/l

In recent works messengers are taken to be very heavy

M ~ 1013 -101% Gev

Then mg/> ~ MagnsB IS possible.



— SUGRA and GMSB contributions are comparable.

2 2 2
mg ~ m35 + NmMGrsp
My o ~mz /o + NmMansB
Most models are metastable (lower vacuum with mes-

senger vev's); lifetime of our vacuum

e Stability prefers gravity mediation.

e Hybrid models combine advantages of both transmis-

sions if

MGMSB ~TeV ~ 30— 100 m3/2 (1)



2. Hybrid models with GUT induced doublet-triplet

messenger splitting

Messengers are naturally very heavy if they couple to
SU(5) GUT adjoint. Denote (¢;,d;) the component
messenger fields belonging to definite SM gauge repre-

sentations and by Y, their hypercharge, one has
Tr(P(Z)P) = 6v Y Y0 ,
i

yielding a mass M; = 6\yxvY; for (¢;, ;). For (5,5) and

(10,10) messengers, the component fields and masses



are

CD(B) pu— {¢§’171/37 ¢1,2’_1/2}, M p— {2)\27), _3>\Z'U},
®(10) = {¢3,2,1/6, $31.-2/3 ¢1,1,1}, M = {Azv, —4Axv, 6Axv]
() ~vY — peculiar spectrum at high energy.

Main outcome : GMSB contribution to the bino mass
My ~Tr(Y?/M) ~ TrY =0

vanishes at one-loop. If My = mg3/» < MgysB:

, even if mediation is mostly gauge.
Neutralino much lighter than the other superpartners.
Other models with neutralino LSP in gauge mediation :

conformal sequestering (Craig-Green: Yanagida et al.)



Generically

~2 _ =2 2

FCNC gravity contributions are :

- suppressed in the squark sector (further suppression
is needed for CP violating phases).

- not enough suppressed in the slepton sector (right-
handed sleptons are light) — need additional

flavor symmetries in the leptons sector.

Some typical numbers :

m3;p = 80 GeV , ing ~ 1TeV , g ~ 100 GeV



3. SUSY breaking sector

We use ISS (Intriligator-Seiberg-Shih) model as sector
that breaks SUSY (other DSB models similar results).

W = Wiss + Wim + Wu+ Whyrssym
Wisg = hgXq — hf°TrX
~ X2
Wy A M—) H1H
(1MP-I- QMP) 1Ho>

where 2 = mA ~ (1010GeV)?2.
ISS SUSY breaking vacuum is

(d) = (&) = [, (X)=0 (3)
e \x ~A\/Mp <1 — large lifetime.



At tree-level there are in X: Xgp=flat

direction.

v — [ Yo+oY Al
- 87 X0+ 6X

Yo have a tree-level potential.
One-loop :

- contribution of the ISS sector to the potential:

1 1
Vigh = ——5 8h*f2(In4 — 1)N(N; — N)|Xo|?
64T
- messenger loop corrections
N | TV X2R2 f4 35 10
y — Im _ Ay X)2 Ay X 4 h.c.
x 6472 18)\221)2( X7 F X



Minimization generates vev's
Xo~ f2/Asv , Yo~ f2/(167°A50)

In the end we find

SR Gy 2
32~ 30~ Mo
A Aoh
po~—ommzp o, B )\—1X0

Easy to find B,u ~TeV > mg/o.



2. Low-energy phenomenology

e Squarks, sleptons, charginos, gluinos and three neu-
tralinos get masses from gauge mediation.
e Lightest neutralino is mostly bino, mass < m3/o.

e B, u also gravitational origin, but enhanced w.r.t.

m3/2.
Spectrum at messenger scale :

i) (5,5) messenger pairs: gluino and SU(2); gaugino
masses are

Ma — EN a3 )\XFX M2 _ —EN 8% AXFX
3 2 m47T )\Zv ’ 3 m47‘(‘ )\Zv ’




where N, is the number of messenger pairs, leading to
the ratio |M3/Ms| = 3a3/2ap (4 at p=1 TeV).

Scalar masses at a messenger scale of 1013 GeVv :

m@ . mie I mpe 1 M7 I mpe ~ 0.79 1 0.70 : 0.68 : 0.14

in units of Ny M2, ,, with Mgy = (az/47)(AxFx/Asv).

i) (10,10) messenger pairs: gluino and SU(2); gaug-

iINO Masses are

{ Ay F Ay F
M3=—Nma3 XX, M2=3Nma2 XX7
4 47‘(‘ )\Zv 47T )\qu

leading to the ratio M3/My = 7Taz/12as (1.5atu=1

. 0.08,



TeV). Scalar masses at 1013 GeV messenger scale :
mg 1 mfe : mhe . m7 I mpe ~ 8.8 :56 5533017,
e Notice the lightness of m%c. This is important for
the of dark matter, if LSP neutralino mass
below 50 GeV.

e Bino gets GMSB mass only from Ay — bino and the

gravitinos are the lightest.

e [ he other superpartner masses are 300 GeV -1 TeV.



Prospects

e LHC will (re)start in 2009 the hunt for physics BSM
and particularly low-energy SUSY.

e [ here are generically three possibilities :

- generic SUGRA mediation — all soft terms of the
same order myg,ry ~ ms3/o, but numerically different.

- gauge mediation — flavor universality and some cor-
relation between the different soft terms. Very likely
that this will be a metastable vacuum, in which case

" There are reasons of anxiety” (Coleman, 1977).



- hybrid models : they can combine advantages and
eliminate problems of gauge / gravity mediations

e For GUT induced doublet-triplet messenger splitting
M ~ Y, predictive spectrum :

- LSP is the lightest neutralino, which is much lighter
than the other superpartners.

- peculiar mass ratios at high-energy: gaugino non-
universality, right-handed sleptons,etc.

e Dark matter properties are different.

e More general cases of SUSY breaking/mediation sce-

narios deserve attention from LHC perspective !



