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A Crisis at the Weak Scale?

The Absence of SUSY at LEP?

Sources of Tension in SUSY — Little
Hierarchy Problem!

Does the NMSSM resolve the tension?
Tuning to keep M, small slightly alleviated.
Tuning required for viable phenomenology.

— Tuning Is persistent!
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The Success of the Standard
Moddl!

We’ve found nothing beyond the Standard
Model at LEP I...
Nothing at LEP II...

Nothing at Tevatron Run | or Il. .. so far?

No indirect evidence in EDM or flavor
signals...

Naively, mg = 500 GeV — the weak scale
already looks unnatural at the 1% level!



A Little Hiearchy Problemin
SUSY?

92 _ 1—cos(206) 92 1+cos(28) 2 2
mz = cos(2/3) mpg, cos(203) Mg, _Q'LL '
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A Little Hiearchy Problemin

SUSY ?
1—cos(2 14-cos(2
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In the presence of large couplings (v, g3), Soft
parameters receive significant radiative
corrections.
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In the presence of large couplings (v, g3), Soft
parameters receive significant radiative
corrections.
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A Little Hiearchy Problem in
SUSY?

92 _ 1—cos(206) 92 1+cos(28) 2 9
mz = cos(2/3) mpg, cos(203) Mg, _Q’U '

In the presence of large couplings (v, g3), Soft
parameters receive significant radiative
corrections.

2 2 2 2
We expect my ~ my ~ m; ~ mz.

With gaugino unification, m; ~ (3 — 6)my,.
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A Little Hiearchy Problem in

SUSY ?
1—cos(2 14-cos(2
mZZ — COS(Q(ﬁ)ﬁ) m%——’u ;Los(Z(ﬁ)ﬁ) m%{d o 2”2

In the presence of large couplings (v, g3), Soft
parameters receive significant radiative
corrections.

2 2 2 2
We expect my ~ my ~ m; ~ mz.

With gaugino unification, m; ~ (3 — 6)my,.

The entire SUSY spectrum seems heavier
than M
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The Little Hierarchy Problem as
an Opportunity?

If we find SUSY at the Tevatron or LHC, it will
probably look unusuall

Can we use the apparent fine-tuning to our
advantage and anticipate the underlying
theory?

Do non-standard Higgs scenarios relieve
fine-tuning?

What should we expect the SUSY spectrum
to look like?



Gluino and Sgquark Searches
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Stop and Shottom Searches
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Third generation squarks should be light while
first two generations are > 400 GeV.
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Tuning from Heavy Higgs

ms < MZ cos* 203 + y Sov?ytsin® B1ln (mtlmtz).

mt
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Tuning from Heavy Higgs

m7 < M2 cos 25+ 22} ytsin 51n (mﬁg”fz).

my

my, 2 114 GeV — large m; —~ 5% tuning to
keep Mz small.
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Tuning from Heavy Higgs

mi < Mz cos® 203 + £25v%y; sin* f1n (miﬁﬁ).
my, 2 114 GeV — large m; —~ 5% tuning to
keep Mz small.

Possible solutions invalidate tree level relation
(new contributions to Higgs quartic coupling,
lower the SUSY mediation scale,
non-standard Higgs...etc).
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Tension with Heavy Higgs
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Can the NMSSM Resolve the
Little Hierarchy?

uH,H; — NSH,H; and (S) — s.
V(S,Uu,vd) —

A2 (h2s? + h3s® + hZh3) + k?s* — 2Akh,hys® + 192 (h2 — h3)?
—2XA\huhgs 4+ 2kAs® +mF hE+ my hg +mes”.
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Can the NMSSM Resolve the
Little Hierarchy?

uH,H; — NSH,H; and (S) — s.
V(Savuavd) —

A (hZs? 4+ h3s® + h2h3) + K2s* — 2Akhy,hgs® 4+ 1% (h2 — h3)?
—2XA\huhgs 4+ 2kAs® +mF hE+ my hg +mes”.

Extra singlet scalar and pseudo-scalar that
mix with Higgs states. Extra fermion singlino.
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Altered Higgs Phenomenology In
NMSSM

_arge A\ — MSSM-like Higgs is naturally
neavier than 114 GeV (Landau poles?).

Hide Higgs in cascade decays? E.q.
Br(h — aa)~ 1 with « light.

(Dermisek and Gunion, hep-ph/0502105, hep-ph/0510322,
see also Chang, Fox, and Weiner, hep-ph/0511250)

Interesting possibility: Higgs is genuinely
hidden! Is this natural?

Two approximate symmetry limits generate a
naturally light a, U(1)pg and U(1)g.
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The NMSSM PQ-Symmetric
Limit
(|H,) =|Hyql =1, |S] =-2) A.,x ~ 0. Not
broken by Standard Model.

A, sin(20) m2%

2(1+y) Y= 372

L= A§ =

M2, 2 (312 + MmN + O(Ap)).

To keep m,, < 10 GeV, need x < 0.01\.



Tension in the PQ Limit

Electroweak symmetry breaking requires
small m7; and mg
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Tension in the PQ Limit

Electroweak symmetry breaking requires
small m7; and mg

PQ breaking must be small to keep m4 < 10
GeV.

2/4:)\,u 24+ X202 sin 203
X0 \/)\QU2+M

Singlino too light! m
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Tension in the PQ Limit

Electroweak symmetry breaking requires
small m7; and mg

PQ breaking must be small to keep m4 < 10
GeV.

~ 26Au 24+ X202 sin 203
0 \/)\QU2+M

Singlino too light! m

Large 1 requires large Ay = (250 — 350) GeV
— EW tuning



Tuning for Electroweak
Symmetry Breaking
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Phenomenology Tuning
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Analyzed using NMHDECAY | (Ellwanger, Hugonie, hep-ph/0406215).
Thanks to A. Sopczak for LEP H — 4b exclusion contours
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NMSSM R-Symmetric Limit

([Hu] — [Hd] — 1, and [S] = O), A)\yAli ~ (.

9 (mE+A*v?—Akv?sin(28))
ST = 52 .

2 9X\*v? A, sin(20) 3uA,
Mg, =~ A7 2




Tension In R-Symmetric Limit

SM A-terms and gaugino masses break
U(1)g, generating 0 A, ~ 100 GeV.

Cancelation (5 — 10%) required for m,, < 10 GeV.

Without light a;, Higgs-strahlung must be
suppressed (5 — 10% tuning).
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Tension In R-Symmetric Limit

SM A-terms and gaugino masses break
U(1)g, generating 0 A, ~ 100 GeV.

Cancelation (5 — 10%) required for m,, < 10 GeV.
Without light a,, Higgs-strahlung must be
suppressed (5 — 10% tuning).
Very large negative m? is needed to generate
.
Radiative EWSB works, but requires negative
m?% at high scales.
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Electroweak Symmetry Breaking
In the R-Limit
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U(1)r Higgs Constraints
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Summary and Outlook

LEP “should have” seen SUSY at or below
M.

Alleviating the tuning requires both an altered
Higgs sector and an unusual squark/gluino
spectrum.

NMSSM (or extensions) can accommodate
non-standard Higgs scenarios.
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