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SM: Standard Model
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Discover by ATLAS and CMS group @CERN
 Higgs-like particle

CMS
Higgs Candidate

New CMS results  2013
proton-proton centre-of-mass energy of 8 TeV, 2012
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Discover by ATLAS and CMS group @CERN
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LHC(Large Hadron Collider)
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Standard Model(SM) complete?
Question:

1. Yes
2. No
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Standard Model(SM) complete?
Answer: 
1. Yes
2. No
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Standard Model(SM) complete?

Something Beyond Standard Model...
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Beyond Standard Model

SUSY

additional 
Higgs Bosons
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Let’s Check
Next-to-Minimal Supersymmetric 
Standard Model (nMSSM) 

SUSY
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nMSSM
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neutral
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light Higgs: 

B-Factories
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Searching for a CP-odd light Higgs

proposed by Dermíšek, Gunion, & McElrath in 2007 

B-Factories
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Searching for a CP-odd light Higgs

B-Factories

At e+e- colliders 
Directly 

in cascades 
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Searching for a CP-odd light Higgs

B-Factories

Directly 

in cascades 

e+e� ! ⌥(ns) ! �A0
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Searching for a CP-odd light Higgs

B-Factories

Directly 

in cascades 

with

e+e� ! ⌥(ns) ! �A0

e+e� ! ⌥(ns) ! ⌥(1s)⇡+⇡�

⌥(1s) ! �A0

(n = 1, 2, 3)

(n = 2, 3)
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Searching for a CP-odd light Higgs

can be large
- up to  

Directly 

two models, different parameter setting

BR(⌥ ! �A0)

28



Searching for a CP-odd light Higgs

can be large
- up to  

two models, different parameter setting

Directly 
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Accelerator of B-Factories

Light 
Higgs

mA0 < 2mB
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Detector of B-Factories

Belle
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Detector of B-Factories

BaBar
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Samples at B factories

33



Samples at B factories
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Samples at B factories

samples at B factories:
⌥(ns)

⇠ 108

n = 1, 2, 3
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Upsilon 1S, 2S, 3S samples 
Selections
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Upsilon 1S, 2S, 3S samples 
Selections
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Expected A0 Decays in nMSSM 

Preferred decays 
depend on 𝐴0 mass & 
model parameters 

Phys.Rev.D81:075003,2010
arXiv:1002.1971
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Expected A0 Decays in nMSSM 

cc̄

Phys.Rev.D81:075003,2010
arXiv:1002.1971
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Expected A0 Decays in nMSSM 

cc̄

ss̄

Phys.Rev.D81:075003,2010
arXiv:1002.1971
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Belle & BaBar

Light 
Higgs

Light 
Higgs
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Belle Preliminary

⌥(1s)⌥(2s)

Samples at Belle

102 M 159 M
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Belle Preliminary
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At e+e- colliders 

Directly 
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Belle Preliminary

At e+e- colliders 
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Belle Preliminary I
e+e� ! ⌥(1s) ! �A0(! ⌧+⌧�) Directly 
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Data Analysis

Event Selections
Optimization

e+e� ! ⌥(1s) ! �A0(! ⌧+⌧�)
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For Example FOM: figure-of-merit
FOM =

signalp
signal + background
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Data Analysis

fitting and limit
background survey

e+e� ! ⌥(1s) ! �A0(! ⌧+⌧�)
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Belle Preliminary I
new

50



Belle Preliminary I

Factor of 2 improvement over 
previous world limit by CLEO
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Belle Preliminary I

Factor of 2 improvement over 
previous world limit by CLEO

Sensitivity scales with 1/sqrt(L), 
due to large BG.

If background could be greatly 
reduced, limits might scale like 

1/L instead...
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Belle Preliminary I

POSSIBLE SOLUTION

pion Tag

reduce BG
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Belle Preliminary II
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Belle Preliminary II
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Belle Preliminary II
new
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BaBar results I
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BaBar results I
new

Belle (preliminary) limit just slightly stronger. 
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BaBar results I
new

combine limits, red 
solid line, from 

different ϒ 
resonances by 
plotting limit on 

Yukawa coupling x BF limit
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BaBar results II
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BaBar results II
new
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BaBar results II
new
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Limit on the Light Higgs vs nMSSM
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Limit on the Light Higgs vs nMSSM
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Belle & BaBar Results

Shown at FPCP 2012. Also summarized in arXiv:1209.1143 (B. Echenard) 

No significant signals observed 

BaBar
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Belle & BaBar Results
No significant signals observed 

Belle
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Summary
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Summary
Much activity, but nothing found to date… 

Light 
Higgs

Light 
Higgs
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Summary

Light-CP odd Higgs 
most, but not all, BaBar/Belle samples are exploited 

Light 
Higgs
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Thank you for your listening
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Backup
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SuperKEKB & Belle-II

2011.11.18
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SuperKEKB & Belle-II

2015 start
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Why SuperKEKB?

5 years

167 years
SuperKEKB

KEKB
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Next Generation B-factories
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