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FIG. 1, Comparison of (a) the radiative decay V — &y
and (b} the leptonie deeay V —p*p”.
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NMSSM expects very light mass Higgs boson which
might be less than twice the mass of the charmed quark.

- Depending on tan([3) and another mixing term cos(0,)
(=between the newly added singlet & the rest)
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Minimal Super Symmetric Model (MSSM)
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Next-to-Minimal Super Symmetric Model
(NMSSM)

MSSM+SU(2) singlet N
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expect more “Higgs” than MSSM




Why going to the NMSSM? émgl
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1. Introduction: The SM Higgs Sector

_ The The p-
Hierarchy problem
Problem

The Peccei-Quinn
Symmetric NMSSM

9 Higgs bosons
+ 2 charged Higgsinos The Axion

+ 2 neutral Higgsinos

As NMSSM A local PQ

+ extra Z' symmetry fhe NMSSH

6 Higgs bosons
The mnSSM + 2 charged Higgsinos
+ 3 neutral Higgsinos
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Data Set & Event Selection

Data: 225M J/vy, collected in 2009
Channel : J/y ->yA®, A%-> u*u- (final state: 1 gamma+di-muon)
Event Selection :
-- charged track ( |Vz| <10.0cm, |Vxy| <1.0cm, |cos(0)]|<0.93)
-- gamma candidate ( E > 25 MeV (barrel), E >50 MeV(endcap), 0<t<14)
-- angle separation between tracks&gamma : 20 deg.
-- Muon identification
Ev./p<0.9 , O01<E+,<0.3
At™OF (diff of TOF and expected time)< 0.26 ns
Require MUC depth: (-40.0+70*p/(GeV/c)) cm for 0.5<p<1.1, or 40.0 (p>1.1)

four-constraint (4C) kinematic fitting

| COS(@)he'“| < 0.92 ( angle between direction of muon & direction of J/\y, in A° rest frame )



“Reduced mass” distribution and
background components

“non-peaking background”
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FIG. 1. Dustribution of my for data (black points with emror
bars), together with the background predictions from the various
MC samples, shown by a solid histogram and a histogram with
horizontal pattern lines for the nonpeaking and peaking back-
grounds, respectively. The MC samples are normalized to the
data. Three peaking components, corresponding to the p,
fol1270), and f(1710) mesons, are observed in the data

m,.4 IS equal to twice the muon momentum in the AO rest frame and is easier to model

near threshold than the dimuon invariant mass. “  (from the paper)




Ref: Reduced Mass ?

Invariant Mass
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### 1(RK) am not familiar with those functions .

PDF & Flttmg

Signal PDF : sum of two Crystal Ball functions

Background PDF ( non-peaking ) :

polynomial functions

Background PDF ( peaking ) p :

“Cruijff” function
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Obtained Significance

(a) Number of signal events (Ns-lg) and (b) signal
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FIG. 4. Histogram of tfie statistical significance & obtained
from the fit at 2,035 mjf» points, together with the expected

& distribution in the :

the solid curve.

sence of signal, which is shown by

“The distribution of S (significant) is expected to follow the
normal distribution under the null hypothesis, consistent with
the distribution in Fig.4 “

(from the paper)



Upper Limit
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FIG. 5. The 90% C.L. upper limits (UL) on the product © - | | | M N
branching fractions B(J /y — yA”) x B(A” — u* ™) as a func- 0 05 1 15 o o5
tion of m4o including all the uncertainties (solid line), together 5
with expected limits computed using a large number of pseu- mye (GeV/c?)
doexperiments. The inner and outer bands include statistical _
uncertainties only and contain 68% and 95% of the expected limit FIG. 6. (a) The 90% C.L. upper limits on g,(= g.tan® f) x

values. The average dashed line in the center of the inner band is
the expected average upper limit of 1600 pseudoexperiments. A
better sensitivity in the mass region of 0212 <mp <
0.22 GeV/¢? is achieved due to almost negligible backgrounds
as seen in Fig. 2 (top).

V/B(A? = u* ) for the BABAR [16] and BESIII measurements
and (b) cos04(= |\/Gp0c]) x V/B(A® = u*4~) as a function of
my. We compute g tan®f x /B(A° — u*pu~) for different
values of tan # to compare our results with the BABAR meas-
urement | 16].




Summary

- Search was conducted for a light Higgs boson in the
radiative decays of J/y , using large data sample taken in 2009.

* No significant signal and set 90% C.L. upper limit on
B(J/y->yAC)xB(A®->u*w) for 0.212 < M, < 3.0 GeV/c?

* The combined limits on cos(0,)*sqrt(B(A%->u*w’) ) for
BESIII & BABAR favor that the A® is to be mostly singlet.



