


@ Indirect experimental hints and the weak/strong dicotomy

® Model-independent effective approaches to EWSB

® One example of a (new) explicit model



Indirect experimental information on physics
beyond the EW scale before LHC

@ Strongest and most precise hints presumably associated fo E » TeV:
grand-unification and neutrino masses

not directly relevant to TeV, still

@ best friends with physics that can be extrapolated to high scale

@ gauge coupling unification precisely PREDICTED in very few models, but
accounted for in many
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Indirect experimental information on physics
beyond the EW scale before LHC

@ Strongest and most precise hints presumably associated fo E » TeV:
grand-unification and neutrino masses

not directly relevant to TeV, still

@ best friends with physics that can be extrapolated to high scale

@ gauge coupling unification precisely PREDICTED in very few models, but
accounted for in many

@ Hints from cosmology and astroparticle physics:
dark wwatter, baraow asymmetry, inflation, dark energ Y

not mecessarily relevant to TeV, still

@ relic-abundance from EW-scale WIMP DM too good NOT fo be true?
@ but does not point at a single model

@ "no” hints in precision and flavour observables:
-2, A%, B —> /Y @, ...

»

possibly relevant, not conclusive
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The landscape of theory models

@ Indirect information does not single out a model
— proliferation of theory models addressing the
"naturalngss/unitarity” problem:

o either physies is perturbative up to A » Tev, there exist a Higgs up to
A » Tev and its mass has a naturalness problem

@ or perturbation theory fails (tree level violation of unitarity in Ww
scattering) — new strong interactions not far from the Tev scale
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Indirect information does not single out a model
— proliferation of theory models addressing the
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@ or perturbation theory fails (tree level violation of unitarity tn Ww
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A minimal, model independent approach

Known fields: - ¢’y "W S BE . CLSSNERERG =t SR

- Ggoqg

General Iagrangian: [Callan Coleman Wess Zumino] U =¢e" 2v v = 246 GeV

SM v? t MW i Aput
£ = L8 + D) (D) - | QY (YBh ) +hic
2
L0 - Te(UTD,UT3)> + ...+ O (p?)

2
M,
M? cos? Oy

p= ~ 1= ap < 1, or approximate global SU(2).xSU(2)r

Reliable up to A ~ 4mrv ~ few TeV
o anything else below A?

@ what goes on at € » A?



@ Electroweak precision observables (EWPOs) need new ingredients

[Barbieri arXiv:0706.0684]

-0.3

-03 -0.2 -0.1 0
S

o Effect of s =0, 1/2, 1 states below A revisited in a model independent way



Bagger 94
Chivukula Dicus He 02
New Vec.l.o rs Fabbrichesi Vecchi 07
Belayev 08
Accomando De Curtis Dominici Fedeli 08
Barbieri Isidori Rychkov Trincherini 08
: Cata Isidori Kamenik
@ Vyu + Ay (vector + axial vector)

Barbieri Carcamo Corcella Torre Trincherini 09

@ Adjoint of SU(2).+r, coupled to SM gauge sector only (safe), L-R parity

@ Parameters: My, Fv, Gk, Ma, Fa

Tt SM background
by el Telolels
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[] Fy=2Gy, Faz0 SM normalization

D 0 <Fy < 2Gy, F5=0 from MADGRAPH
[ ] 0<Fy< 256Gy, Fu20

2.0 2.5 3.0 M(e*e’)[GeV/cz]
My (TeV)

Barbieri Isidori Rychkov Trincherini 08 Cata Isidori Kamenik

EWPOs Signals

for M, < g00 Gev
Drell-Yaw prod wctlon
clean LTL- sigwaL
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A light, possibly composite scalar L s

Arkani-Hamed Cohen Katz Nelson 02

: Cr : 5 Contino Nomura Pomarol 03
Lo (D“H) (D/’LH) - T [D“(H H)] e Agashe Contino Pomarol 05
2f Giudice Grojean Pomarol Rattazzi 07
{-‘ in’rerpola’res be-l-ween Contino Grojean Moretti Piccinini Rattazzi 10
De Rujula Lykken Pierini Rogan Spiropulu 10
o composite Higgs from strong dynamics at A ~ f ~ few Tev (PGB, Little
Higgs, holographic Higgs)
o weakly interacting EW sector at £ ~ A » Tev, needing a cutoff to radiative
corrections to the Higgs mass
the scalar fixes EWPO in the large f light my limit Al e
2 2 == T 5D
SM v s 0 2ayt
L= Logaen o Tr[(D,U)Y(D'U)] (1 + 2a; + bv—2) 2
b=1—2cy—
—Q U<1+ h) VA el L
el O (5 2%
\/§ % () )\7;3' df CH Ik
= LR
e e

a: VV = VV constrained by EWPTs [Barbieri Bellazzini Rychkov Varagnolo]

b: VV =@ hh chance OF a signal at hlgh L [Contino Grojean Moretti Piccinini Rattazzi]
c:VV — ff
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is in principle in line with indications from
EWPT, unification, nu masses
(RS a valid competitor)

weakly interacting wup to Mey
+
Higgs mass stable under rad corr

Supers 5 mmetrg

issue: not seen so far..
or FT (due to the extrapolation)



Supersymmetry breaking

® The supersymmetrization of the SM is straightforward, essentially unique,
and does not introduce new parameters (it actually predicts one)

@ Breaking supersymmetry is non-obvious, the mechanism is unknown
(spontaneous?), a model-independent effective description is useful

G -t
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@ But about 100 new physical parameters

(MSSM)
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i ~ ~T ~ ~ c ~ e\t 3¢ ~
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® And large FCNC (and CPV) processes in most of the parameter space, (SUSY
flavour problem)




Supersymmetry breaking

® The supersymmetrization of the SM is straightforward, essentially unique,
and does not introduce new parameters (it actually predicts one)

@ Breaking supersymmeitry is non-obvious, the mechanism is unknown
(spontaneous?), a model-independent effective description is useful

& ~ ~T ~ ~ c ~ AT e ~ =)
_ﬁsoft = (m?])ZJQ;er A (m2 )’L]( )Tu i (m?ic)’bj(dz)Td] oy ( 2)701:[

+ (12)55 (E5)18S + m2_hlh, +m2 hlhg

(MSSM)
Ns e M M,
+ =—20ags + — W, Wa b = BB+ b€
: + AV a§qhy + ADdSGihg + AL ELiha + m2 ghyhg + hec. ;

@ But about 100 new physical parameters

® And large FCNC (and CPV) processes in most of the parameter space, (SUSY
flavour problem)

@ One solution of SUSY flavour problem: m%; = m?% 0j; + rad corr
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A wide class of models of supersymmetry breaking

SUSY breaking ? MSSM

Z chiral superfield

<Z> = FO? M
F » (Mz)? (MSSM)
SM singlet
217 QtQ s F?
Ja#eSms ~mAe =

Examples: gravity mediation, gauge mediation, gaugino mediation...















"Dietrologia”

@ Supersymmetry breaking masses (Z*ZQ*Q) are obtained at the tree level
from spontaneous SUSY breaking in a renormalizable theory

@ Two arguments seem to prevent this possibility

1. what about the supertrace formula? > o contribution from MSSM fields
compensated by < o contribution by superheavy fields

2. what about gaugino masses? Loop factor suppression partially compensated
by o©(10) unavordable enhancement + model-dependent enhancement



A concrefe example

G = SO(10) "minimal” GUT (V heavy SM singlet means rank > 5)

V associated to the SU(5)-invariant generator “X"

SO(10) SU(5) SO(10) SU(5)
PR ST | 1025 4 5
X i 1 5 X Pt 0o
Z'I' Q'I'

>vvvvvv< gives ng OCXQXZ
z ¥ Q

The (usual) embedding of a MSSM family in a single 16 does not work
(whatever the sign of Xz)



@ The three MSSM families are embedded in |16; + 10}, i=1,2,3 (needs Xz > 0)

SO(10) SU(5) SO(10) SU(5)
16; = 10; Q= gi
X 1 X 2

@ Let us only consider SO(10) reps with d < 120

@ SO(10) breaking to the SM needs 16 + 16 + 45
16 + 16 needed to reduce the rank

=§+10+1 =5+IT)+T <1> = <I> = M = Mgur (or larger)

® SUSY breaking: sfermion masses need Z SM singlet with Xz > 0
only option: Z is the singlet of a 16
gauge invariance: 16’ # 16
E: 5 +10" + Z =5'+10'+Z <Z>=F 02 (<Z> = 0 for simplicity)
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@ Then M, = My = Mc —mlo_l—om it —mdc—mg—g
@ In particular
r
@ all sfermion masses are positive
@ sfermion masses are flavour universal, thus solving the
supersymmetric flavour problem
=10 I 2
@ mq7uc’ec — iml,dc (01- M)
.




o Splitting the SO(10) multiplets

SO(10) SU(5) SO(10) SU(5)

16; = 10 10j: =5E5

X e Yool i

must be made heavy

@ Automatic!
@ Rp-invariant superpotential interaction involving 16; 10;:
@ hj16;10; 16 = M;; 5 5; when 16 = <16>
@ Mjj =M hjj (M = <1>) (hij may be related to light fermion masses)

@ (note also h'j 16i 10; 16’ coupling 5i, 5; to supersymmetry breaking)

@ Reinforces the theoretical consistency of the framework



Gaugino masses

@ Vanish at the tree level

@ Arise at one-loop because of a built-in ordinary gauge mediation structure

C id ¢ o et 10 del SO(10) V() SO(10) SU(5)
(% onsider ror examp e e s i Modade 16| di 10‘ IOI 5 5i
o (W = hy 16; 10; 16 + h'y; 16 10; 16') X ! X 2
Q m F
o M,— — Tr(bh e Ay o SN
95T b R g T (m M)

@ 0O(100) hierarchy — O(10): m: > O(10 TeV) — O(1 TeV) + model dep factor A

@ (model dependent; the three messengers contribute at different scales; the
enhancement also enhances two loop contributions to sfermion masses)



Gaugino masses

@ Vanish at the tree level

@ Arise at one-loop because of a built-in ordinary gauge mediation structure

We o My SO(10) SU(5) SO(10) SU(5)
@ Consider for example the 16; + 10; mode Gl 10 10 =5
@ (W = hijj 16; 10; 16 + h'j; 16; 10; 16') . : Z ¢ 2
8% m F E
o M,=— Tr(b'h+ Ny i
g 47T r( ) m? mt 10 (m M)

@ 0O(100) hierarchy — O(10): m: > O(10 TeV) — O(1 TeV) + model dep factor A

@ (model dependent; the three messengers contribute at different scales; the
enhancement also enhances two loop contributions to sfermion masses)






Conclusions

® We enter the LHC era

@ confident, as LHC is crossing for the first time the energy territory
where EWSB has its roots

@ prepared, with a background of strongly motivated theoretical ideas

@ aware that we might have not yet found the solution to the EWSB
puzzle

@ do not give up looking for new ideas

@ develop model-independent approaches

@ ready to surprises






Cosmology

LSP is the gravitino (in the regime in which sugra FCNC effects are under
control), as in loop gauge mediation

F
m I
3/2 J3Mo

Stable gravitino: a dilution mechanism is necessary not to overclose the
universe, Tr < 2 10° GeV

~ 15 GeV( o 4 )

TeV 21016 GeV

NLSP decay can spoil BBN

@ If the NLSP is a neutralino (typical case) a decay channel much faster than
the Goldstino one is needed in order not to spoil BBN (e.g. a tiny amount of
Rp-violation; consistent with thermal leptogenesis and gravitino DM)

[Buchmuller, Covi, Hamaguchi, Ibarra, Yanagida,
arXiv:hep-ph/0702184 (JHEP)]

@ If the NLSP is a stau (the other possibility) BBN not a problem but the
peculiar predictions of TGM are hidden by large loop gauge mediation
contributions

@ (work in progress)



An example of spectrum

Charginos: m
1
m.+

X

Squarks:

Sleptons:

Figure 2: An example of spectrum, corresponding to m = 3.2TeV, M ;5 = 150 GeV, 04 = 7/6,
tan § = 30 and sign(pu) = +, A =0, n = 1. All the masses are in GeV, the first two families
have an approximately equal mass.




