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The first motivation for supersymmetric extensions of then8ard Model (SM) stems from
the solution of the naturalness or finetuning problem in thggkl sector of the SM. Since LEP
has established a lower bound of about 114 GeV on the Masd a SM-like Higgs boson, it has
become clear that the Minimal Supersymmetric Standard MdI8SM) suffers from a so-called
“little hierarchy problem”.

The origin of the little hierarchy problem can be understasdollows. The Lagrangian of the
MSSM in the Higgs sector contains two doubletsandHy, soft supersymmetry (Susy) breaking
mass termsnd andmy,_ for these scalars, additionslipersymmetrimass termgi? (whose origin
is difficult to understand), and quartic couplings depegdin the electroweak gauge couplirgs
andgy. In the approximatior{Hy) > (Hq) (neglecting terms. tan~2 B), the tree level potential
reads simply

2| o2
_|_
V = (m, + 122) JH P+ (2)
FromMZ = (H3) ging% we find the condition
!
—2(Mf, + %) = M3 2)

In the absence of any finetuning, we should hisie~ y? ~ —mﬁu. However, the SM-like Higgs
massMl, is approximately given by

3 M2
M2 ~ M2+ P i ep) (3)
h z 47T2<Hu>2 nﬁ)p

For Mp 2, 114 GeV we needls;op > 1 TeV, and but large values fdflsiop inducemd ~ —Mg,,
via radiative corrections between the weak and the GUT soﬂgrv 1 Te\V? requires to tungs?
in EqQ. (2) with a precision ok 1%.

In the Next-to-Minimal Supersymmetric Standard Model (NBAB) [1], an additional gauge
singlet superfield generates an effectiya ¢ ;-term through its vacuum expectation valygs s =
A (S), whereA is a Yukawa coupling. Apart from generating automatically-germ of the desired
order, the NMSSM has more physical states in the (neutrgy$isector as the MSSM: 3 neutral
CP-even, and two neutral CP-odd states. The lightest CPstaddA; can be quite light (G<
Ma, < 50 GeV) without contradicting any bounds. In this case thel&®Higgs bosorh would
decay dominantly ak — A;A;, and LEP constraints oM, are alleviated: essentially one is left
with constraints orh — 4b (if Ma, > 10.5 GeV) from DELPHI/OPAL [2, 3], and o — 4t (if

~

Mp, < 105 GeV) from ALEPH [4].

~o

The region b GeV < Mp, < 105 GeV is particularly interesting: her® would mix with
the CP-oddbb bound stateg)p(nS). The mass of the only observed stgig1S) by BaBar [5, 6]
is actually somewhat below expectations from QCD for theenfjpe splittingMy15) — My, (15
This could be explained by — np(1S) mixing, if Ma, is in the above range [7]. However, the
width for any decay),(nS) — ggis much larger than the width; — 17 1~. Consequently a tiny
A1 — nNp(nS mixing angle suffices such that the physical eigenstateydesaminantly intogg [8],
and the ALEPH constraints do not apply.

In general,h — AjA; decays alleviate the lower bounds bl from LEP and hence the lit-
tle fine tuning problem [9, 10, 11]. Taking possil¢ — n,(NS mixing into account, the corre-

sponding remaining finetuning in the constraint NMSSM (cNBA§ has been studied in [12] and
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Figure 1: A in the planemy — My, for the cMSSM and the cNMSSM. Bounds within specific cMSSM
scenarios from ATLAS [13] are indicated as black lines, anodif CMS [14] as red lines.

compared to the cMSSM. Here, the finetuning measure is dedised

d'n(Mz)
A=Max{| ——=+ 4
{‘dln(pIGUT) }7 ( )
wherep®UT are the parameters at the GUT scale:
piGUT == rTb7 M1/27 A07 h’[u cee (5)

For fixedmo, My, (universal scalar and gaugino masses) we look for the mimioiA as function

of Ag, tan(B), ...; the minimal value ol can be represented in the plang M, for the cMSSM
and the cNMSSM: We see in Fig. 1 that, fdq», < 400 GeV andng < 800 GeV, the amount of
finetuning in the cNMSSM £ 10) can be considerably less than in the cMSSNM §3) due to
lower possible values d¥l;, due to allowech — A1A; decays, although most of this region is now
excluded by fruitless searches for supersymmetry with Myysyat the LHC. (However, these
negative results are not necessarily applicable to the cBMISotably for a singlino-like LSP.)

It is interesting to study the dependence of the finetudimm M4, in the cNMSSM in Fig. 2.
We see tha\ is particularly low forMa, ~ 10 GeV (whereh can be light due to the absence of
constraints fromh — 41), and for 30 Ge\ M, < 50 GeV where the constraints &, from
H — 4b are weak.

Itis clear that, for any value d¥l, andM,,, the search for a SM-like Higgs boson decaying as
H — AjA; — ... isachallenge at the LHC (see [15] and references thereintphiy the interesting
caseMp, ~ 10 GeV, whereA; — gg dominates, seems hopeless at first sight.

However, the search for jet substructures can be appliasttoas situation [16, 17, 18, 19, 20].
Here one concentrates on assockapeoduction with aV*, and triggers on an isolated lepton from
W* — |* +v. Then one studieB — AjA; — 2 (fat) jetsj from eachA;. Typically one requires
jet transverse momenta; > 100, 50 GeV (or 200 GeV) allowing to study a boosted Higgs.nThe
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Figure 2: Dependence of the finetunidgon My, in the cNMSSM

one looks for substructures in jeitsvith m; < 12 GeV, which are supposed to originate fromfan
decay into 2 gluons: Undoing the last recombination stefphefdustering algorithm fronjs, jo

to j, one requiresn;, ~ m;j, < m;. Finally one looks for a peak in the dijet masg; ~ my. A
possible result (from [16], witln, = 120 GeV, 30 o't luminosity) is shown in Fig. 3. Hence, as
also indicated in [17, 18, 19, 20], such a search seems feasib
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Figure 3: Possible result for the dijet massg; for m, = 120 GeV, from [16]

To summarize, the scenario with a light pseudoso&awith Ma, ~ 10 GeV in the NMSSMis
particularly interesting, and particularly challengirdpe toA; — np(1S) mixing and the resulting
dominantA; — gg decays, bounds from LEP dn— A;A; are particularly weak. This allows for
scenarios with particularly low finetuning in the (C)NMSSBAuL, precisely this final state in Higgs
decays is very difficult to detect. In this scenario, the cedior jet substructures seems to be the
only hope for a Higgs discovery at the LHC.
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