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SM: Standard Model



July, 2012.

125GeV

SM: Standard Model



Discover by ATLAS and CMS group @CERN
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Discover by ATLAS and CMS group @CERN




Discover by ATLAS and CMS group @CERN




Discover by ATLAS and CMS group @CERN
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Discover by ATLAS and CMS group @CERN
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Standard Model(SM) complete?

Question:
1. Yes

Leptons




Standard Model(SM) complete?

Answer:

Leptons




Standard Model(SM) complete?

Something Beyond Standard Model...
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Standard Model(SM) complete?

. neutrino .I

dark

energy

Something Beyond Stcmdard Model...




Beyond Standard Model

additional
Higgs Bosons




Let’s Check

Next-to-Minimal Supersymmetric
Standard Model (nMSSM)
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B-Factories




B-Factories

light Higgs: A




Searching for a CP-odd light Higgs

B-Factories

proposed byemiéek, Gunion, & McElrath'in 2007



Searching for a CP-odd light Higgs

B-Factories

At e+e- colliders X

In cascades



Searching for a CP-odd light Higgs

B-Factories
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Searching for a CP-odd light Higgs

B-Factories

l

l+

e"e” = Y(ns) »vA”  (n=1,2,3)

In cascade

ete” — T(ns) = Y(ls)n n~ (n=2,3)

with Y(1s) — ~vAY




Searching for a CP-odd light Higgs

10~3 tanf=10, u=150 GeV, Mm,-lOO 200,300 GeV

BR(YT — vA")
can be large o
- Up to ]0-4 i 10-5

107

10-4 |

+ %5

0 <mg,<2m
2m_<m,, < 7.5 GeV
7.5<m,, <88 GCeV
8.8<m,<92GeV
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-05 00 05

two models, different parameter setting
Phys.Rev.D76:051105,2007
arXiv:hep-ph/0612031
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Searching for a CP-odd light Higgs

tanf=10, u=150 GeV, M, ,,=100,200,300 GeV

-3
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BR(Y —7A 1
be | F s
can pe iarge ‘*
_4 g 1 0 <mg,<2m
- UP to ]0 i 105 3 ? o 2m <m, <76 GeV
& 3 {1 7.5<m,, <88 CeV
, & 8.8 <m,, <92 GeV
¢
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two models, different parameter setting
Phys.Rev.D76:051105,2007
arXiv:hep-ph/0612031
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Accelerator of B-Factories
o S PEP-H & KEKB

tttttt

SuperB/SuperKEKB A
Factory Machines

Operate at a certain energy
(Y(4S) for example).
Aim is to achieve high luminosity. /

Luminosity (cm™s™")

Texatron

LEP-II
DORIS ¢ ¥ TRISTAN

BEPC, e  LLEP

PP-2M * g
spEaRVEPP-4M

m o < 2mMp

Energy Frontier Machines
LecE
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Detector of B-Factories

Belle

The KEKB Collider & Belle Detector

SCC RF(HER)

“ -

- € (8 GeV) on e*(3.5 GeV)

Belle detector * Vs x My(as)
e © « Lorentz boost: By=0.425

* -8 - 22 mrad crossing angle

b

: - Operating since 1999
i Peak luminosity (WR!) :
o 2.1 x10% cm s
1 =2x design value

Ares RF cavity

< et source
» First physics run on June 2, 1999
Last physics run on June 30, 2010

Loeak = 2.1x103%/cm?/s
L > 1ab!
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Detector of B-Factories

PEP-I1I
Rings ™

>ositrons

Low Energy Ring
BABAR Detector

BaBar

High Energy Ring
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Samples at B factories

-
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200 |

o
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1ab™!
On resonance:
Y(5S): 121 fb!
Y(4S): 711 !
Y(3S): 3fb !
Y(2S): 25 b
Y(1S): 6 fb!

Off reson./scan:

~100 b}

~ 550 fb™!
On resonance:
Y(4S): 433 fb*
Y(3S): 30 b !
Y(2S): 14 fb™!
Off resonance:
~54 b
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Samples at B factories

>1ab”

1200 . ' T T On resonance:
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1000 F e — Y(3S): 3 !
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800 | | Y(1S): 6 fb!
. | Off reson./scan:
, ~100 b !
6800 ____

~ 550 fb!

On resonance:

400

Y (4S): 433 fb !
- Y(3S): 30 fb !
200 Y(2S): 14 !
| | | , Off resonance:
DR A D ~54
o R | |
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Samples at B factories
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Upsilon 1S, 2S, 3S samples

254 . ] .
- | Large : SeleChOnS
S 20 Narrow Y states natural -

g | (width limited by width  ;
- 133 beam energy spread) _ .
- | / :
1 10} / -
‘] ' ]
’3 54 ' t
- Sk 0”"%44 Ash o

944 948 10007002 1034 1037 1054 10,58 10.62

Mass (GeV/ic)
W

No BB decays:
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Upsilon 1S, 2S, 3S samples
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Expected A° Decays in nMSSM

Preferred decays
depend on AY mass &

model parameters

Phys.Rev.D81:075003,2010
arXiv:1002.1971



Expected A° Decays in nMSSM

for m.>2m.,

7 and hadronic

Phys.Rev.D81:075003,2010
arXiv:1002.1971

39



Expected A° Decays in nMSSM

1.000
0.500 f

for m,>2m,,

7 and hadronic

or lower m,

u and hadronic

Phys.Rev.D81:075003,2010
arXiv:1002.1971

0.001
0

0.001
0

1.000 g
0.500 f
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Belle & BaBar

Light
Higgs




Belle Preliminary

T(1s) Y(2s)

# millions Y(nS) produced




Belle Preliminary

b b
Y b M
S,
At e+e- colliders |

eTe” — T(2s) — vA"

;

1'1"'

ete” — T(1s) — A"



Belle Preliminary

b b
Y b M
S,
At e+e- colliders |

eTe” = T(25) = yA (A° = 777 or — uT )

;

l+'

eTe” = YT(1s) = yAY(A° — 7777)



Belle Preliminary

;

“E<

<

At e+e- colliders
IN cascades)

ete” — T(2s) = Y(1s)mTn™

Y(1s) = A’ (A° = 777 or — put )



Belle Preliminary |

ete” = T(1s) = yA (= 77 77)



Data Analysis

ete” = T(1s) = yA (= 7777)

Optimization

Event Selections



FOM: figure-of-merit

7.2. List of Tuned e,u Cuts. Szgn&l

(1) Tau Skim B: evt_cls.flag(4)>0 FOM = :
(2) Trigger: RecTRG_summary3.final(0) + final(1) != 0 Vv signal + background
(3) Two Charged Tracks w/ Balance
(4) N,=N.=1
(5) Lepton Probability cut: P(e) > 0.05 and P(u) > 0.8
(6) KB Cut: KB Parameter > 20GeV?
(7) Missing Energy Cut: 1.5GeV < Eqissing < 7.5GeV in CM frame
(8) Missing Angle Cut: -0.9<Co8(fpsissing)<0.96 in CM frame
(9) Gamma Quantity: N, > 0

(10) #° Cut: 110MeV < M., < 160MeV

(11) Bremsstrahlung: apg,.,, >0.2 radians in CM frame

(12) CM ¢ Distribution Cut: -0.9<Cos(fcps )<0.9

FoM for Pi0 Cut (Low) Efficiency Pi0 Cut (Low)

154

162

1%
02—

.

P PP EFPEPIP IPOPEPIT PUPEIPE IPETIPEr EPUPIErS EPIPEPIPS UPEPIr PP PN EPIPEPIPE IPEPIPERY PIPERIPE PEPIPEPS IPEPIPEPS EPPEPETY EPEPEIPE APUPPIr P
50 &0 o 80 20 100 110 120 130 0 (=) 70 &0 <0 1o 110 120 120
P10 Cut Location [MeV) PO Cul Locason (MeV)

152

TVI] IT T T IrT [T I rIfrrrfrrryrereryes
i AR RRER MR ILLELE FLASN AL AR

FIGURE 32. Figure of merit and efficiency for #° low-side cut, 3.6 GeV A°
mass, e, u cuts
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Data Analysis

ete” = T(1s) = yA (= 7777)

background survey

fitting and limit



Belle Preliminary |

g Background Sources b)
% Beam Background
= 0>y
1“; 10° Bremsstrahlung
5 ~JIsR
o
£
o
. ;
* Expected signature 7 e

AR AR A AR AN L Ve e PSSP
1 1.5 2 2.5 3 3.5 4

— mono-energetic photon line CM Frame Ey [GeV]

—  products of two Tau decays
« Event selection

—  two charged tracks only, at least
one with positive poreID

—  Missing energy
—  veto Bremsstrahlung and 7°

* Fitfor peakin E, spectrum
* None observed =2 set limit

— or
<% of

——— Systematic Error Included
--------- No Systematic Error

Ere\'\minara

40

30

20

10

.....

| 7 IIIIIIIIIIIIIIIITIIIIX

B(Y(18)—~yA I B(A’—~v*r)

. .0.8. g
A" Mass [GeV/c?|
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Belle Preliminary |

ete =Y (1s)—>yA'(—>1tr17)
Factor of 2 improvement over
previous world limit by CLEO




Belle Preliminary |

ete =Y (1s)—=>yA(—=1t717)
Factor of 2 improvement over
previous world limit by CLEO

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

If background could be greatly

reduced, limits might scale like
1/L instead...




Belle Preliminary |

ete =Y (1s)—=>yA(—=1t717)

POSSIBLE SOLUTION

pion Tag v
reduce BG % R

b
u‘b



Belle Preliminary Il

e e —Y(25)—>yA" (direcil_




Belle Preliminary Il




-
N
7
!’

Events/ 10 MeV

Y[ZS] — Y[IS]T[ /7 ol Y[].S] Loy }’Ao(cascade) fnw((gevy

Events/ 10!

10§

10

Belle Preliminary |l

A" (direct)

A - ¥t~

Similar to previous page,
But require one e-ID, one mu-ID

.

| Prod. BF < 1.2-12x10°5
| ma=4.16-9.19 Gev

A® - T

mAO:3 .84'9

.16 GeV

[ ]|

Prod. BF < 0.91-45x10°

o

1. CM of T(1S)

5
(GeV)

Events/ 10 MeV
P
8

1000

500

Events/ 10 \

" RV

.
o
g

new

No missing energy = Final state can

be fully reconstructed = less backgro

Prod. BF < 0.19-8.26x10°

| Strongest limit on A% — ptp~

mode for low m ,,

* Modes with the nt+mt- tag have lower BG, but also lower statistics...
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BaBar results |

ete =Y (2s)=>Y(Is)n n ;Y(1s)—=>yA" (—=>1'17)




BaBar results |
new

ete =Y (2s)=>Y(Is)n*n ;Y(1s)—=>yA" (=>171)

ol

) l Al P | ) l ' ' L | I L\l 1 ) ' l L L\l l I

arXiv:1210.5669 (submitted to PRD)

BF UL @ 90% C.L.
;‘ i &

—
llllllI

—
—
I l

1 l 1 1 1 | I | 1 | 1 I 1 1 1 | I 1 1 1 1 I 1 1 1 1 I 1
4 < 6 7 S 0
(GeV)
FIG. 3: 90% C.L. upper limits for B(Y(1S) — vA°)xB(A" —
T~ 3

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

€+€_—>Y(2S)—>Y(]S)JZ'+JZ'—Y(]S)—>}/A0 (—17777)

‘lllllllll'fllIllll'll'f]’llllll)l
3 .

combine limits, red /i N
° ° g N E‘: --—--m.\r(.&S)—»:A' ,Js ' 3
solid line, from -l =, Y s A LE
. t Y [-- CLEO Y(15) > 7 A* . ' 1 .:‘ I
different Y < | JEAT L
resonances by “
plotting limit on : !

Yukawa coupling x BF

-lllllllllllllllllllllllllllllll

4 5 6 7 S 9 10

FIG. 4: 90% C.L. upper limits for Yukawa coupling g7 x
B(A” — 7%77). Shown are combined BABAR results (red
solid line), results from this analysis only (dashed green line),
the previous BABAR measurement [9] (dotted blue line), and
results from the CLEO experiment [12| (dot-dashed black
line). The shaded vertical bar shows the region around x,(2P)
mass excluded from Ref. [9].
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BaBar results |

ete =Y (25,3s)=>Y(1s)n*n ;Y (1s)—=>yA" (—=u'u)



BaBar results |l

ete =Y (2s5,3s)=>Y(Is)n*n ; X(1s)—=>yA” (—=u*u)

90% C.L. UL on product branching fraction
B(Y[1s] - yA®) x B(A®° - u*u") :
- W'ﬂ -

Y25,

1 N

0*)

BF UL (1

Y[3s]

BF UL (10%)

A
"combined

10

BF UL (109

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv



BaBar results |

ete =Y (2s5,3s)=>Y(Is)n*n ; X(1s)—=>yA” (—=u*u)

90% C.L. UL on product branching fraction

B(Y[1s] = yA®) x B(A® —» u*yu")

BF UL (10%) BF UL (10%)

BF UL (109

—

—
(=]

—
o

llllllll I llllllll

—

—

L
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] 1 lllllll

e
Do
W

Y[3s]

combined

mﬂ

(@) 3

o

vvvvvvvvvvvvvvvvvvvvvvvv B Swn SN A 4n s e snn o o auy ey o ans on awe e em e ae o o

f2 UL (10

2 UL (10

PRD-RC 87,031102,2013

—Y(2S, 3S)—>n"m Y(1S), Y(1S)—7A° A°
—Y(2S,35) >y A" A s '

62



Limit on the Light Higgs vs nMSSM

* Assume BR(A"—1t'1)=1
®* Dashed lines to show highest and

lowest upper limits in different A° 109
mass regions

tanf=10, u=150 GeV, M, ,5=100,200,300 GeV
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Limit on the Light Higgs vs nMSSM

®* Repeat for muon final state
* Assume BR(A’—u u)=0.025-0.1 1g-3 tanf=10, =150 GeV. My,3=100,200,300 GeV

E5N BEREN FEESE LRE!
O<2M1’ <+ .
M~<A%7.5 GeV/c? I T ”if‘
5 GeV/c2<A%8.8 GeV/c? ‘ ; :
3.8 GeV/c2<A%<9.2 GeV/c? *i* :
2~ . | N ¢ + -
£ 12} Y(2S)-Y(1S)n'r: P =N 3 P i
:1 ‘gf Y (1S)—VAL; e & ¥ ,‘
:\i G‘Ere\iminal’a T " - Iltl
§ 4 — '|W|"7 i -05 00 0.5 -05 00 05
: el Ty .']H‘W j (i y a, non-singlet fraction (cosé,)
2% 1 2 3 4 5 6 §

Az o Sg «:e% *PRD 76 051105(R) (2007)
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Belle & BaBar Results

No significant signals observed

BaBar y

Shown at FPCP 2012. Also summarized in arXiv:1209.1143 (B. Echenard)
Mode Mass range ( GeV) BF upper limit (90% CL)
T (25,38) >~A4", A” sty 0.21 < ma < 9.3 (0.3 83) % 10~°
T(3S) - yA" A 5 7F 7~ 4.0 < ma < 10.1 (1.5 — 16) x 10~
T(25,35) = yA*, A° 5 hadrons 0.3 <ma < 7.0 (0.1 —8)x10°
T(18) - vA% A% = xx m, < 4.5 GeV (0.5 —24) x 10—°
T(18) — yA? A° — invisible ma < 9.2GeV (1.9 — 37) x 10~°
T (35) = vA®, A? = invisible ma < 9.2GeV (0.7—31) x 10~°
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Belle & BaBar Results

No significant signals observed

Belle

New searches since then

e 23 ¥Hs] A" (5751 7)

» ohe S ¥[2s] > pAN (=TT )

« ete” s Y[2s] - Y[1s]rtn~; Y[1s] - yA°(~ 777, uﬂu_)
+ S
+

Belle Preliminary

« ete” -5 Y[2s] - Y[1s]lnetw~; Y[1s] - yA° (= t¥17)
« ete” 5 Y[2s,3s] » Y[1s]rtm™; Y[1s] - yA°(» utu~
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Much activity, but nothing found to date...

Light
Higgs




Summary

Light-CP odd Higgs

most, but not all, BaBar/Belle samples are exploited




Thank you for your listening






SuperKEKB & Belle-I|

e

SuperKEKB B3 45 52 = =t

SuperkKeEKB Groundbreaking Ceremony
Q) BIRIVF—NNEIFIAITHENS 2011.11.18

2011.11.18]




2015 start

50 ab'!

1034 E

Luminosity
o
w
w
1

10*

Our mission

Peak lumonisity trends (e+e- colliders)

Can be accumulated within
a few/several years.

KEKB

Next Generation
B-factories

1990

2000
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Why SuperKEKB?

5 years
SuperKEKB -3 10°%/em*s ™

16 i
KEKB 167 years s 10° /el




Next Generation B-factories

SuperKEKB ‘
Japan

Super
KEKB

uest for BSM

Global efforts for Next Generation B-factories
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About Me

KEHIRSM(Pope Francis) (BEIRF/AFP)

Associate Professor 2013.08 .-
e hOYIO) Assistant Professor 2006-2013
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2013

My Students in FJU
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