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Taking these excesses seriously already allows a
precise determination of the Higgs mass!
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* my view on the Higgs is:

guilty until proven innocent

e for the rest of this talk: mjp ~ 124 — 126 GeV

o not technicolor!

e J|et’s explore implications for SUSY



SUSY

e |25 sits in the battleground between natural and not

natural (——[mh = 125 GeV]—) unnatural
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the plan:

|. MSSM

2. NMSSM A <0.7
ANSH, H,
3. \SUSY A > 0.7



fine tuning in the MSSM

tree-level:
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general bottom-up fine tuning

* write the potential in the
direction of EVVSB,

Ah
V= miInf? + 22 ay

2
ms, /2

signals fine tuning

* extremizing, > 1
mro = Apv° = —2m7y
Kitano and Nomura 0602096

M0 is the contribution to the Higgs mass
from the direction that breaks EW



the MSSM

Higgs Mass vs. Fine Tuning
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ANSH, Hg

NMSSM Higgs Mass
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Stop Mass

Xl = \/ng

1000
800
600
40013;‘151*;;t

Freyniil S
200, y | gg “““““““““““ ]

040 045 050 055 060 065 0.70
A
®
o

3
<

250,
200

150

Fine Tuning

X[ — \/gmf

100+

50 Suspect

- FeynHiggs

(9.40

045 0.0

fine tuning highly prefers large )\

(and small mixing)

the NMSSM is pushed to the edge of its

parameter space



what about larger )\ ?

W DO ANSH, H,

e top-down: fat higgs

Harnik, Kribs, Larson, Murayama 0311349

* bottom-up: ASUSY
Barbieri, Hall, Nomura, Rychkov 0607332

so the theory is

* we restrictto )\ < , ,
A2 perturbative until

A < few x 10 TeV



* naively, very large )\ leads to too heavy of a Higgs mass
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singlet-higgs mixing

M2 — A2 sin? 28 + M2 cos? 28 Mv(u, Mg, Ay)
B AU(MaMSwA)\) m2

ASUSY Higgs Mass
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cannot be decoupled: dt ]2
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non-decoupling of H
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non-decoupling of H

my+ = 470 GeV

20

Tan

1.4

1.2}

1.0:

T ““" ( !

125 R S
,/ R4 \ Re
' ” S\

7’ Q Q
P * R4 ~ ~
i . ¢ S
’ 0 ¢ ~
- Q ¢ S
e Q » ~
PR 0 »
- 0 Q
-7 S o
- K G
K .

12 14 1.6 1.8

(0g9—n X Broosyy ) susy
(0gg—sh X Brh—>w)SM

R’)W



Signal strength
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* too early to tell, but
watch for deviations!



large A protects against fine tuning

Ah
V = miInf? + 22y

A~ om3, where My, is the higgs
m%o /2 mass before mixing

this means that the stops can be ~ \/g times
heavier than the MSSM with the same tuning



A Natural SUSY Spectrum
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flavor degen squarks above
current LHC limits are natural!



take away points

* the MSSM requires maximal stop mixing
and is ~|% tuned or worse

* the NSSM can be ~10% tuned at the edge
of its parameter space,

A~ 0.7, tanfB <3

. mh = |25 GeV is natural in ASUSY
with large )\ because of singlet-doublet mixing

*in ASUSY, £y can be enhanced and flavor degen
squarks are naturally accommodated
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higgs mass in MSSM

* |-loop:

4 2 2 2
2 2 cos2 24 3 my oo & | X 1 X
m; ~ m7 cos” 23 >— |l0g — + — 5
(4m)% v my  m? 12m:
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maximal mixing: | X;| = V6 m;




NSSM

* consider the superpotential:

which generates:

2
WD)\SHqu+,LLHqu+MSS |FSZD)\2|Hqu‘2

* and soft terms:
Viott D ms|S|> + (AAx SH, Hy + h.c.)
* the lightest CP even eigenvalue satisfies the bound:
m; < m%cos® 25 + A*v?sin® 23

saturated when mgs > Mg
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precision electroweak
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large A protects against fine tuning
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