
Reduced fine tuning : nonuniversal gaugino masses II. 
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Natural ratios?  e.g.: 

(OII, also mixed moduli anomaly) 

 2.7!3 :1: 0.5!1 !3 :1:!1

Reduced fine tuning : nonuniversal gaugino masses 

Ma = Ms ! + baga
2"# $%



Phenomenology 
Gaugino mass ratios 

Light neutralino and 2 charginos nearly degenerate  

….	
  gauginos	
  can	
  be	
  very	
  heavy	
  

•

•

+ for M1 < µ, Bino or Higgsino LSP candidate 



2-loop fine tuning in 75 case  Ghilencea,	
  Lee,	
  Park	
  



Muon g-2 
aµ
theory ! aµ

exp t = !(28.7 ± 8.0)"10!10
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Needs light sleptons – anomaly/mirage spectrum? 

aµ
theory ! aµ

exp t( )"10!11

Theory error from hadronic contribution:  



Summary 
• Hierarchy problem ! SUSY breaking structure and/or further states 

• CMSSM 
Complementary DM & LHC searches	
  

DM	
  

LHC	
  

! "100 Sensitivity # (10 $100)

Full region LHC  14TeV  10 fb!1( )

• NMSSM Z4R , Z8RReduced ! GNMSSM !!

SUSY states can be (slightly)heavier 

mi = M 0

• Gaugino focus point 

Max !EW ,!"[ ] = 15(29), mh = 114(116) ± 2GeV

mh  !  130GeV
Mi =!iM1/2 Characteristic	
  	
   !i

Light	
  	
  ! 0,±

! b" s#( )
! g " 2( )

significant 
Small(?) 

(Gauge mediation  ! >>100)	
  

(before Higgs discovery) 
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! "100 Sensitivity # (10 $100)

Full region LHC  14TeV  10 fb!1( )

• NMSSM Z4R , Z8RReduced ! GNMSSM !!

mi = M 0

• Gaugino focus point 

Max !EW ,!"[ ] = 15(29), mh = 114(116) ± 2GeV

Further light/invisible Higgs a possibility 

!MSSM > 300 for mH = 126GeV

(Now	
  achieved!)	
  

Mixed anomaly mediation, mirage mediation … 
Light sleptons…g-2! 

(after Higgs discovery) 

• Natural SUSY, SPLIT SUSY… 





(More) solutions to the hierarchy problem!   ! " 1TeV ??

Composite: e.g. technicolour !•

LHC and BSM 
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Symmetry protection!• Nambu	
  -­‐	
  Goldstone	
  	
   H H T ..

T ..

  e.g. SU (3)! SU (2) 8! 3 5 Goldstone modes
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Symmetry broken by gauge interactions –  
pseudo Goldstone bosons 

…addresses	
  li*le	
  hierarchy	
  problem	
  only	
  
….li*le	
  Higgs	
  
	
  

LHC and BSM 

c.f.	
  Dudas	
  lectures	
  



(More) solutions to the hierarchy problem!   ! " 1TeV ??

Composite: e.g. technicolour !•

 ! fundamental ! 1TeV !• Xtra dimensions! R 

x

   
V (r) =

1
M

*

2+d Rd

m1m2

r
, D = 4 + d , r ! R

   
M

Planck

2 = M*
2 M*R( )d

(or warped extra dimensions)!

Symmetry protection!• Nambu	
  -­‐	
  Goldstone	
  	
   H H T ..

T ..

  e.g. SU (3)! SU (2) 8! 3 5 Goldstone modes

  

. . H *+

. . H *0

H ! H 0 .

"

#

$
$
$

%

&

'
'
'
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pseudo Goldstone bosons 

…addresses	
  li*le	
  hierarchy	
  problem	
  only	
  
….li*le	
  Higgs	
  
	
  

LHC and BSM 

Anthropic     e.g split SUSY, no SUSY!•



Kaluza Klein Decomposition 

Universal extra dimensions 

Warped extra dimensions 

AdS5

Flat 

Xtra dimensions 

m(n) = k xn e
!kL =O(TeV ), J1(xn ) = 0



ET  (graviton emission)



ATLAS 



CMS bounds on exotics 



Higgs discovery and exclusion – LHC July 2012 

Atlas CMS 

LHC and BSM 



Higgs branching ratios 

CMS 

Atlas 





Effective Field Theory description … SU(2)L !U(1)

 SO(4) ! SU(2)L ! SU(2)R

! a " SO(4) / SO(3) Goldstone bosons 

Wµ
± ,Z

!(x)"UL!(x)UR
†

nonlinear 

=
h1 + ih2 !h3 + ih4
h3 + ih4 h1 ! ih2

"

#
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2
(h + v) !

! x( ) = ei" a#
a /v SO(4) V! "! SO(3)

V H( ) = !µ2H †H + " H †H( )2H = (H ,H )

“custodial” symm 

! " mW
2

mZ
2 cos2#W

= 1



Effective Field Theory description … SU(2)L !U(1)nonlinear 

SO(5) / SO(4) :W ,Z,h
e.g. 

SO(6) / SO(5) :W ,Z,h,a

…	
  



Effective Field Theory description … SU(2)L !U(1)

h

nonlinear 

General parameterisation of composite models of Higgs: 

! x( ) = ei" a#
a /v,

a = b = (cj = c) = 1, b3 = c2 = ...= 0(SM : ) 

SM : (h + v)2



Slides	
  from	
  
Grojean	
  





Electroweak precision tests 

!S " #4e2 d
dq2

$3 q
2( ) |q2=0 !T = e2

s2c2mZ
2





Higgs signal strength data 

Interference term  !"ac

ca

c negative? 



Standard Model 





h!" " enhancement in the MSSM 



h!" " enhancement in the MSSM 
g! " gg#!! etc

 ! ! 0 fine tuned 

MH
2( )12 = !(mA

2 +MZ
2 )sin" cos" + Loop12 = 0



h!" " enhancement in the MSSM 

SUSY: light	
  	
   !
!

{	
  
New heavy particle contributions: 

…	
  

 (LEP :ml! >100GeV )
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See	
  Djouadi	
  review	
  

Carena	
  et	
  al	
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requires  tan! ! 60, µ " 300GeV , m#" !100GeV
anomaly/mirage..?	
  

See	
  Djouadi	
  review	
  

Carena	
  et	
  al	
  

maximally mixed stau, heavy higgsinos, LSP light Bino  

Giudice et al With slepton universality – g-2 SUSY correction plausibly  correct!   



h!" " enhancement in the GNMSSM (λNMSSM) 

W = !SHuHd !V " # 2 HuHd

2

Higgsino (and chargino) enhancement in large λ limit 

New interaction allows sizeable correction at small tanβ: 

Schmidt-Hoberg, Staub 





Future tests of compositeness: 



(i)  As above 

(i) Large   	
  !




