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Outline

The KEKB accelerator and Belle detector

Search for invisible decays of the Υ(1S)

Search for B h(*)νν decays

Future prospects of B-factories
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TheThe KEKB KEKB acceleratoraccelerator

e+ source

RF cavity

Belle 
detector

asymmetry in beam energies
8 GeV (e-) × 3.5 GeV (e+)
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TheThe BelleBelle detectordetector
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Exciting results every year !Exciting results every year !

Evidence for D0 mixingEvidence for D0 mixing

Observation of direct CP 
violation in B π+π−

Observation of direct CP 
violation in B π+π−

Observation of CPV in B meson systemObservation of CPV in B meson system

Observation of B K(*)l+l−Observation of B K(*)l+l−

Hint at new physics: CPV in B φKs
Hint at new physics: CPV in B φKs

Evidence for direct CPV in B K+π−Evidence for direct CPV in B K+π−

Discovery of X(3872)Discovery of X(3872)

Observation of  b dγObservation of  b dγ

Evidence for B τνEvidence for B τν

AchievementsAchievements atat B B factoriesfactories

Observation of B D*τνObservation of B D*τν

FB asymmetry in B K* l+l-FB asymmetry in B K* l+l-
Success of B factories 

brought rare B decays in 
leptonic and neutrino 
modes on the stage !

Success of B factories 
brought rare B decays in 

leptonic and neutrino 
modes on the stage !
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Search for Search for invisibleinvisible
decaysdecays ofof thethe ΥΥ((11S)S)
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The previous accelerator searches for dark matter (DM) in e+e- annihilation
based on the DM coupling
to the Z (see LEP):

Belle:  search for the DM                                                             
coupled to a quarkonium

The basic idea is to look for decays
of the Υ(1S) to the ‘invisible’ particles
in the final state

MotivationMotivation

PRL 98, 132001 (2007)

χ – an overall dark matter
particle that is lighter than

the beauty quark

χ

χ

q

q
_

DAMA 
NaI 3σ 
Region

CDMS 04

CDMS 05

Lee-Weinberg window
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The upper limits from previous searches (ARGUS and CLEO):

The only invisible decay in the Standard Model: 

The theoretical expectation for the invisible decay to the pair of overall
dark matter particles that are lighter than the beauty quark

ExpectationsExpectations for B(for B(ΥΥ(3S)(3S) invisibleinvisible))

B(Υ(1S)→ νν̄) = (9.9± 0.5)× 10−6

B. McElrath PRD 72, 103508 (2005)

B(Υ(1S)→ χχ̄) ≈ 6× 10−3

L.N. Chang et al., PLB 441, 419 (1998)

ΩXh
2 ≈ 0.11 ≈ 0.1pb·c

<σv>

From:
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Energy scan by CLEO

No signal
in the detector:

Υ(1S) χχ

ISR events
σ ≈ 0.02 nb

σ~4nb
S/N~1/8

σ~7nb
Pions too slow

Belle @ Y(3S) 
dedicated run : 2.9 fb-1

(Feb, 2006: 4 days)
11× 106 Υ(3S)

ΥΥ(3S)(3S) –– thethe bestbest workingworking pointpoint

The decay provides the cleanest sample of Υ(1S)
decays with sensitivity better than from 7 year Υ(4S) data

Υ(1S):
no signal in the
detector

Υ(2S):
pions are too slow; 
very low trigger
efficiency

Υ(4S):
very small
cross section
and
poor S/N (∼ 0.001)

Υ(3S)→ π+π−Υ(1S)

Υ(1S)
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TheThe signalsignal andand thethe controlcontrol samplesample

The SIGNAL: Only two (slow) pions in
the final state

Look at the mass
recoiling against
the π+π- pair

In addition: a control sample:
to check if our Monte Carlo simulation reproduces
the overall properties of the Υ(3S) ππΥ(1S):

to estimate the number of Υ(3S) in the data sample

optimisation of selection criteria

determination of a shape of the recoil mass
distribution

Υ(1S)
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A A dedicateddedicated triggertrigger

Selection of the Υ(3S) π+π- (Υ(1S) invisible)

• Signature: just two oposite-charge tracks in the events
• Main background: two-photon processes: e+e- e+e-X (no-tag, X π+π−(π0), µ+µ-)
• A dedicated two-track trigger applied (looser than at the Υ(4S)):

ptH > 300 MeV/c

ptL > 170 MeV/c

φ(ππ) > 300

Trigger eff. 89.8%
Trigger rate 850 Hz  
(450 at the Υ(4S))

• The total visible energy in the electromagnetic calorimeter less than 3 GeV
(rejection of Υ(1S) neutral particles)

• Rejection of tracks identified as electrons, muons or kaons

X
γ

γ

-e

+e

π+

π −
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SSuppressionuppression ofof twotwo photonphoton processesprocesses

Suppression of two-photon events:

Fisher discriminant

γγ events are boosted
along the beam direction

F = 0.87× | cos θππ|− 2.4× pππt + 1.43× Emaxγ
Event reconstruction eff. 9.1%
Overall eff: 9.1 × 89.8 = 8.2 %
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The control sample Υ(3S) π+π- (Υ(1S) µ+µ-) π+

π−

Υ(1S)µ+

µ−

Y(3S)

M(π+π−) GeV/c2

∆M =M(µ+µ−π+π−)−M(µ+µ−) GeV/c2

Signal:                      4902+-71 events
Background:                  87+-15 events
Detection efficiency:    39.7 %

9.2 < M(µ+µ−) < 9.7 GeV/c2

Other control variables also agree data vs MC

S: triple Gaussian
B:1st order polynomial

SStudiestudies ofof thethe controlcontrol samplesample

≈ M(Υ(1S))
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TheThe controlcontrol samplesample as as thethe peakingpeaking
backgroundbackground to to thethe signalsignal itselfitself

Mrecoil
π+π− GeV/c

2

The recoil mass against the (π+π-) subsystem peaks at the mass of Υ(1S) for those
cases where all of the Υ(1S) decay products go outside of the detector acceptance

The control sample provides a  peaking background
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TheThe peakingpeaking backgroundbackground

The source # of events The dominant contribution:

π
π

µµ
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data
Fit  
BG 
Prediction
Br(Y(1S) invisble)=0.6%

Search for light dark matter on Search for light dark matter on ΥΥ(3S)(3S)

B. McElrath PRD 72, 103508 (2005)Nsig = 38± 39 ev.

B(Υ(1S)→ invisible) < 2.5× 10−3 (90 % C.L.)

Unbinned extended maximum likelihood fit

Signal: a double Gaussian calibrated using
the control sample

Background: 1st order polynomial

NBG = 133+20−15 ev.

[PRL 98, 132001 (2007)]
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FutureFuture prospectsprospects

better veto (hermeticity)                      
on Υ(1S) l+l- (l=e,µ)

More data ∼ 1 × 10-3 can be reached;  
then saturation
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SearchSearch for B for B hh(*)(*)νννν decaysdecays
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hh(*)(*) standsstands for for thethe lightlight mesonsmesons: : ππ++--, , ππ00, , ρρ++--, , ρρ00, K, K++--, K, K00
ss, K, K**++--, K, K*0*0 andand φφ

ProceedProceed throughthrough looploop diagramsdiagrams &       &       electroweakelectroweak penguinspenguins

AdvantagesAdvantages::
TheoreticallyTheoretically cleanclean::
no no longlong--distancedistance contributionscontributions ((presentpresent inin BB KK(*)(*)ll++ll--))
SM (NLO) SM (NLO) expectationsexpectations::

SensitiveSensitive to to thethe New New PhysicsPhysics (i(in n bothboth diagramsdiagrams; ; 
branchingbranching fractionfraction enhancementenhancement e.ge.g. SUSY). SUSY)
SensitivitySensitivity to to thethe lightlight darkdark mattermatter (M(MSS < 2 < 2 GeVGeV)   )   

M < 10 M < 10 GeVGeV essentiallyessentially outout ofof reachreach
for for directdirect searchessearches

C. Bird, PRL 93, 201803 (2004)

G. Buchalla et al., PRD 63, 014015 (2001)

MotivationMotivation for for thethe searchsearch for B for B h(*)h(*)νννν

DAMA 
NaI 3σ 
Region

CDMS 04

CDMS 05

Lee-Weinberg window

B(B → Kνν̄) = 4× 10−6 B(B → K∗νν̄) = 1.3× 10−5
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One One ofof thethe twotwo BB’’s s fromfrom thethe decaydecay ΥΥ(4S) (4S) B B BB isis fullyfully reconstrucreconstructedted inin
order to order to tagtag::

Offline single B meson beam !

Υ(4S)

e−
(8GeV) e+(3.5GeV)

B

B
π

Full reconstruction
(tagging rate of 0.1~0.3%)

B Dπ etc.

Decays of interests
B Xu l ν,
B K ν ν
B Dτν, τν

A powerful tool in particular
for B decays with neutrinos 

B B mesonmeson beambeam: : fullfull reconstructionreconstruction methodmethod

–– B productionB production
–– B flavor/chargeB flavor/charge
–– B momentumB momentum
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B B hh(*)(*)νννν:: reconstructionreconstruction

ExploitExploit thethe offlineoffline
beambeam ofof B B mesonsmesons::

TheThe particlesparticles whichwhich werewere not not attributedattributed to to BBtagtag areare usedused to to reconstructreconstruct BBsigsig hh(*)(*)νννν

TheThe keykey variablevariable:: amountamount ofof extraextra energyenergy inin thethe calorimetercalorimeter ECL                            ECL                            
((summationsummation overover neutralneutral clustersclusters thatthat areare not not associatedassociated neitherneither withwith BBtagtag nor nor thethe hh(*)(*)):):

535535×× 101066 BB--mesonmeson pairspairs

492 fb492 fb--11

Presented at FPCP7, Bled, Slovenia May.2007; to be submitted to PRL

EEtotaltotal ––totaltotal visiblevisible energyenergy measuredmeasured by by thethe calorimetercalorimeter ECLECL
EErecrec –– measuredmeasured energyenergy ofof reconstructedreconstructed objectsobjects includingincluding

thethe BBtagtag andand thethe signalsignal sideside hh(*)(*) candidatecandidate

EECL < 0.3 GeV

EECL ≥ 0.3 GeV

TheThe signalsignal regionregion

TheThe presencepresence ofof additionaladditional
neutralneutral clustersclusters

BB DD**llνν usedused as a as a controlcontrol samplesample: data : data andand MC MC agreeagreeEECL [GeV]
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B B KK**νννν resultsresults

The P*(K*) is defined in
the rest frame of the Bsig

The dominant background: generic B0B0 decays

(Shaded) distributions
of backgrounds are estimated

with MC simulations
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B B KK**νννν resultsresults

EECL [GeV]

EECL [GeV]
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B B KKνννν resultsresults

EECL [GeV]
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B B ((ππ,,ρρ,,φφ))νννν resultsresults
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B B hh(*)(*)νννν:: summarysummary

Upper (A) and
lower (B) bounds

MS < 1.4 GeV/c2 excluded
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Future prospects
of B-factories
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Quantitative confirmation of the CKM model

(Belle, 2005) ρ: +0.026
−0.0300.197

_

η: +0.019
−0.0180.339

_

φ1

φ2

φ3

Vtd

Vcb

Vub
KM unitarity

triangle

sin2φ1=
0.728±0.061

∆md=0.511ps-1

|Vtd/Vts|=
0.200±0.046

75°< φ2 < 113°

22°<φ3<113°

|Vcb|=(4.08±0.27)×10-2

|Vub|
=(4.35±0.52)

×10-3

AchievementsAchievements ofof BB--factoriesfactories
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•• ~2/ab from BaBar+Belle by the end of 2008~2/ab from BaBar+Belle by the end of 2008
•• BaBar will end in 2008BaBar will end in 2008
•• Belle proposing a major upgradeBelle proposing a major upgrade

–– part of the part of the ““Japanese HEP master planJapanese HEP master plan””
–– luminosity goal : 8 x 10luminosity goal : 8 x 103535/cm/cm22/s (peak), 50/ab (integrated)/s (peak), 50/ab (integrated)

FutureFuture prospectsprospects ofof BB--factoriesfactories

•• b b s tCPV: 2.6s tCPV: 2.6σσ ~4~4σ (σ (for the same central values) for the same central values) 
•• ImprovedImproved studystudy of Dof D00 mixingmixing
•• FollowFollow--upup studiesstudies of B of B τντν
•• Evidence for B Evidence for B µνµν
•• More precise angle measurements, in particular More precise angle measurements, in particular φφ33

with significant observation in B with significant observation in B DD(*)(*)KK(*)(*)

ImportantImportant topicstopics withwith 2ab2ab--11
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T o d ay
0.02 6 0.02 0

0.1 3 0.09

6.3% 4 .9%
0.8% 0.8%

2 0.4 % 1 0.3%
36% 2 7 %
2 3% 1 0%

2 ab -1

sin 2 φ
1
/β (b→ c )

sin 2 φ
1
/β (b→ s)

φ
2 1 1 o 6 o

φ
3 1 9 o 1 2 o

V
ub

(in c lu s ive )

∆ m
d

B (B → (ρ,ω ) γ )
B (B → τν )
A

F B
(K *l+ l-)

δ(ρ,η) =
(10.0%,4.4%)

R. Itoh, @LHC upgrade WS, 
Jan. 2007

0.05                0.035
PhysicsPhysics
reachreach atat

2ab2ab--11
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•• Asymmetric energy Asymmetric energy ee++ee−− collidercollider at at EECMCM=m=m((ϒϒ(4S)) (4S)) to beto be realized by upgrading realized by upgrading 
the existing KEKB the existing KEKB collidercollider..

•• SuperSuper--high luminosity high luminosity ≅≅ 88××10103535//cmcm22//secsec →→ 11××1010 1010 BB per yr.BB per yr.
→→ 99××1010 99 τ τ ++τ τ −− per yr.per yr.

Higher beam current,
more RF, smaller βy* 
and crab crossing
→ L=4×1035/cm2/sec

Belle with improved rate immunity

http://belle.kek.jp/superb/loi

SuperKEKBSuperKEKB
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SuperKEKB will answer these SuperKEKB will answer these 
questions by scrutinizing loop questions by scrutinizing loop 

diagrams.diagrams.

1.1. Are there new CPAre there new CP--violating phases ?violating phases ?
2.2. Are there new rightAre there new right--handed currents ? handed currents ? 
3.3. Are there new flavorAre there new flavor--changing interactions with b, c or changing interactions with b, c or ττ ??

SM predictions

∆SφK0 (July 2005) ∆SφK0 (SuperKEKB)

_
d
b s_

sB φ
_
d
s Ks

FlavourFlavour physicsphysics atat SuperKEKBSuperKEKB
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τ µ

( )sµ

( )sµ

h

τ 3l, lη

τ ( )eµ

γ

τ%
0χ%

( )eµ% %

2
23(13)l(m )%

τ lγ

τ
3l

τ
l K

s

τ
B

γ/π

Search region enters into O(10-8 10-9)

τ
lγ

τ
lπ

/η
(‘)

Estimated
upper limit
range of Br

PDG2006
Belle
Babar

based on eff. 
and NBG of 
most sensitive 
analysis

cf) Hayasaka at BNM2006

LFV LFV searchsearch atat thethe SuperKEKBSuperKEKB
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Case 1: All Consistent with Kobayashi-Maskawa TheoryCase 1: All Consistent with Kobayashi-Maskawa Theory

Discovery of B Kνν

Discovery of B Dτν
Discovery of B µν

CKM Angle Measurements with 1 degree precision

Discovery of CP Violation in Charged B Decays

Discovery of Direct CP Violation in B0 Kπ Decays (2005)

Discovery of CP Violation in Neutral B Meson System (2001)

|Vub| with 5% Precision

Search for New CP-Violating Phase in b s with 1 degree precision

“Discovery” with
significance > 5σ

Discovery of New Subatomic Particles

sin2θW with O(10-4) precision
Observations with 
Υ(5S), Υ(3S) etc.

ExpectedExpected highlightshighlights atat SuperKEKBSuperKEKB
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SummarySummary

B h(*)νν

Invisible
decays of
the Υ(3S)

Prospects for a rich harvest of interesting results at the SUPER KEKB

No observation of light dark matter (LDM)

The experimental limit disfavours theoretical expectations
for LDM 

Possibility of a substantial improvement in the sensitivity

B(Υ(1S)→ invisible) < 2.5× 10−3 (90 % C.L.)

Usage of the offline B meson beam

The search for six exclusive decays negative results

a restriction on the existence of light dark matter
(provided by the Kνν limit) mS > 1.4 GeV/c

2


