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••  B-factory and B-factory and ΥΥ(4S) Resonance(4S) Resonance
••  ΥΥ(5S) Resonance and B(5S) Resonance and Bss

motivationmotivation
Belle dataBelle data
prospectsprospects
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2B factory:

} B} B
!(4S)

Primary goal: study CP violation in weak decays of B meson
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e+ source

cavity

Belle detector βγβγ  = 0.425= 0.425

the hardware

8.0 8.0 GeVGeV

3.5 
3.5 GeVGeV

22 22 mrmr •• LLmaxmax  = 1.71 X 10= 1.71 X 103434 cm cm––22ss––11 (world record) (world record)
•• Data (6/1999Data (6/1999––3/2007)3/2007)
•• ∫∫LLdt dt ==  710 710 fbfb––11@@{{ΥΥ(4S)+off(~10%)}(4S)+off(~10%)}
•• (>7.1x10(>7.1x1088 B events) B events)
•• ∫∫LLdt dt ==  24.6 24.6 fbfb––11@@ΥΥ(5S)(5S)

Charged Charged tracking/vertexingtracking/vertexing
•• SVD: SVD:
 (-7/03) 3-layer DSSD  (-7/03) 3-layer DSSD SiSi
µstrip (152M B pairs)µstrip (152M B pairs)
 (8/03-) 4-layer (550+M (8/03-) 4-layer (550+M
BB)BB)
•• CDC: 50 layers (He- CDC: 50 layers (He-
ethane)ethane)
Hadron Hadron identificationidentification
•• CDC:  CDC: dE/dxdE/dx
•• TOF: time-of-flight TOF: time-of-flight
•• ACC: Threshold  ACC: Threshold CerenkovCerenkov

((aerogelaerogel))
Electron/photonElectron/photon
•• ECL:  ECL: CsI CsI calorimetercalorimeter
Muon/KMuon/KLL
•• KLM: Resistive plate KLM: Resistive plate

counter/ironcounter/iron

βγβγ  = 0.425= 0.425
KEKB B-factory
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4  …… the people the people

~13 countries, 55 institutes, ~400 collaborators
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(authors vary, each paper)(authors vary, each paper)
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5CP Violation & weak force

conserved (mostly)conserved (mostly)

PP

CC

CPCP

f f’

How can an interaction violate CP?

CP{CP{                      } =             } =             ≠≠                         ((hermitian hermitian conjugate)conjugate)  
Complex coupling constantComplex coupling constant

f f’g f’ fg f’ fg*

• matter-antimatter asymmetry requires CP-violating interactions 
    (Sakharov 1967)

Weak force:Weak force:  underunder symmetry operations symmetry operations

Why is CP violation of interest?Why is CP violation of interest?

violated maximallyviolated maximally

        ““                      ““
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Standard Model = 12 fermion flavors (+(+antifermionantifermion))
•• 3 generations( 3 generations(distinguished only by massdistinguished only by mass)x2 typesx2 ea()x2 typesx2 ea(strong & EM couplingsstrong & EM couplings))
      (stable, but for weak interaction(stable, but for weak interaction))

ZZ00 "neutral current" "neutral current"

•• quarks: neutral current  quarks: neutral current –– ~universal, no generation  ~universal, no generation x-ingx-ing

uu

dd

cc

ss

tt

bb

ee––

ννee

µµ––

νννν

ττ--

ννττ

•• leptons: ~universal coupling, no generation  leptons: ~universal coupling, no generation x-ingx-ing

WW±± "charged current" "charged current"
seenseen

•• quarks: charged current  quarks: charged current –– all different, approx. generation-conserving all different, approx. generation-conserving

suppressedsuppressed

not seennot seen

Flavor & the weak forceFlavor & the weak force
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complex
preserves metric

“  orthogonality

  • suppression of flavor-changing neutral currents
  • multiplicity of charged current couplings
  • AND …….

GIM (Glashow-Iliopoulos-Maiani) mechanism Explains

Cabibbo-Kobayashi-Maskawa (CKM) matrixd'd'
s'  s'  ==
b'b'

dd
ss
bb ≡ unitary

• d', s', b'are eigenstates resulting from perturbation by
weak interaction, ≠ mass eigenstates d, s, b

is universal & generation-conserving
      d’   s’  b’

u   1   0  0
c   0   1  0
t   0   0  1

gF x

Elegance Restored

      d   s  b

u  Vud  Vus Vub
c  Vcd  Vcs Vcb
t  Vtd  Vts Vtb

gF x

{matrix of couplings}
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… for >2 generations, e.g. 3, {9RR+9II} dof constrained by unitarity:

First 3rd-generation particle (τ) observed 1975

VVjiji
**VVjkjk==δδikikUnitarity conditions -> 3 real + 1 imaginary free parameters

(Kobayashi-Maskawa 1973)

irreducibly
complex! -> CP violating

   1!"2/2      "     "3A(#!i$)
       !"        1!"2/2   "2A

"3A(1!#!i$)  !"2A    1

explicit parametrization(Wolfenstein):
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9Unitarity

Vub*Vud
Vcb*Vcd

Vtb*Vtd
Vcb*Vcd

+ 1 + = 0=>

 Vub*Vud+Vcb*Vcd+Vtb*Vtd=0

"unitarity triangle"

V  V*
 V  V *   cd  cb

ud  ub
V  V*
 V  V *   cd  cb

td   tb
(α)

(β)(γ)

−(ρ+ιη) −(1−ρ−ιη)

Unitarity condition for {i=1,k=3}

B-factories test self-consistency of UT
• fully constrained by 3 of {3 angles, 3 sides} ==> overconstrain

Inconsistency -> New Physics
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10Observing CP asymmetry

AND for irreducibly complex weak coupling in CKM,AND for irreducibly complex weak coupling in CKM,
need process w.need process w.  all 3 generationsall 3 generations

Complex coupling constant is CP-violatingComplex coupling constant is CP-violating

Equal only if Equal only if relative phaserelative phase of g, of g,gg’’=0=0

BUT to BUT to observeobserve CP asym, need CP asym, need  2+ interfering amplitudes {T,P}:2+ interfering amplitudes {T,P}:
T=gAT=gA,,P=gP=g’’AA’’  ->->  ||gAgA++gg’’AA’’||          ||gAgA*+*+gg’’AA’’*|*|CPCP

CP{CP{                        } =       } =                     ≠≠                             = = {            }{            }TT  f f’g f’ fg f’ fg* f f’g

===>>> B Decays ===>>>===>>> B Decays ===>>>
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11CP asymmetry in B decay: example

well-well-
measuredmeasured

identical identical hadronic hadronic processesprocesses

BB

∝VVcbcb
**VVcscs

c
c

}Ks

J/ψ
s

B -> J/ψ Ks(Sanda/Bigi/Carter)

 tree (real Vij) ∝VVtbtb
*2*2VVtdtd

22VVcbcbVVcscs
**

c
c

s }Ks

J/ψ

mixing+tree (∝Vtd
*2)

Bottom line: CP-dependent oscillation in timeBottom line: CP-dependent oscillation in time from x-term(s) 
     - no theoretical uncertainty: arg(Vtd

2) = 2φ1 β
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12B factory:

ee-- ee++

ϒϒ(4S)(4S)
CP=+1, CP=+1, 

conservedconserved

ΔΔt t by asymmetricby asymmetric energy energy e e++ee-- -> ->ΥΥ(4S(4S))
(symmetric (symmetric ϒϒ(4S): CLEO 1979-2001)(4S): CLEO 1979-2001)

flavor tag flavor tag @t=@t=00: e, µ, K: e, µ, K±±, ..., ...
effective effective eff eff ~30%~30%

CP mode CP mode @ @ t=t=ΔΔtt
BR < 10BR < 10––33

t=0t=0

BB11 decay  decay 
((t=0t=0), break CP), break CP

BB22

BB11

ΔΔzz≈≈ΔτβγΔτβγcc
~200 µm~200 µm

BB22 decay  decay 
at at t=t=ΔΔtt

onon
resonanceresonance

~90%~90%

offoff
resonanceresonance

~10%~10%
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13CP asymmetry

sin2φ1= 0.728±0.056±0.023

world average:
sin2φ1= 0.726±0.037

140 140 fbfb––11

 PRD 71, 072003 (2005)
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14Belle physics

208±5 papers published or in press (#1 in 3/2001)208±5 papers published or in press (#1 in 3/2001)

(CP asymmetry in B decay, other B decay, charm, (CP asymmetry in B decay, other B decay, charm, tautau, 2-photon), 2-photon)

occasional overlap of topics,occasional overlap of topics,
e.g., discovery of new e.g., discovery of new charmoniumcharmonium(-like) states in(-like) states in  B decay.B decay.

Recent highlights
•• evidence for D evidence for D00 mixing mixing
•• quantum entanglement (EPR) quantum entanglement (EPR)
•• new  new charmonium-like charmonium-like states Y(3940), X(3872)states Y(3940), X(3872)
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15Looking to the future: Υ(5S) Resonance

CLEO
PRL 54, 381 (1985)

ϒ(5S)

Can we (competitively) study Bs at the Υ(5S)? (FNAL, LHC)

ϒ(4S)
M=10580±1 MeV/c2, Γ=20.5±2.5MeV

M=10865±8 MeV/c2, Γ=110±13 MeV

Maybe...
• exclusive B pair events (quantum coherence), high trigger eff, clean γ’s
• B-factory: high luminosity, established detector
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16Υ(5S) physics

Bs studies
• Low CP-asymmetry in SM

-> sensitivity to New Physics
“SM CP violation is insufficient to explain baryon asymmetry”
Mod. Phys. Lett A9, 75 (1994); PRD 51, 379 (1995); Nucl.Phys. B287, 757 (1987)

• ΔΓ/ΓCP/Γ=O(10%) in SM
-> differences in CP, flavor eigenstates

• Similarity/difference w (non-strange) B
-> quark-hadron duality,
fine-tune hadronic models

• Υ(5S) spectroscopy:
B(s) event fractions (needed to evaluate prospects for Bs)
Bs

(*) mass
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17Bs decays: outline

Similarity w Bu,d
• dominated by spectator process

– similar semileptonic widths
– D->Ds for many modes

difference
• CKM-favored AND flavor-neutral
   CP=+1 in heavy quark limit, mc->∞
   ~ saturated by 2-body Ds

(*)+Ds
(*)–

  -> difference in widths of CP=±1

Aleksan, Dunietz, Kayser Z. Phys., C54, 653 (1992)
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• energy scan, 5 points, 30 pb–1 each

data

June 2005: 3-day “engineering” run
• to study ϒ(5S) properties, Bs prospects
• test KEKB - Lmax~1.39x1034cm-2s-1 

June 2006: 20-day run
• 21.7 fb–1 on resonance
• data analysis starting

• 4 x largest previous sample (CLEO)
• 1.86 fb–1 at peak 10.869 GeV

A. Drutskoy et al., PRL 98, 052001
(2007)
A. Drutskoy et al., hep-ex/0610003
submitted to PRD
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19Event count in 1.86 fb–1

Event shape parameter
(Fox-Wolfram moments)

(5.61±0.03±0.29)x105 events

Continuum 3.67 fb–1

(scaled)

1

3x2–1

2-jet                       R2->1 

R2->0 
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continuum

Bs fraction in Υ(5S) events

inclusive Ds production

similar analysis using inclusive D0:
fs=(18.1±3.6±7.5)%

combined:

(model estimate) (measured)
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Readily reconstructed CKM-favored modes

Full reconstruction of Bs:

Not reconstructed:

-> Bs candidate Ecand, pcand in cms of e+e–
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BsBs ,Bs*Bs ,Bs*Bs*

MC simulation

Candidate reconstruction: energy, momentum of Bs at Υ(5S)

-> Reconstruct candidates with

Bs energy is lower by Eγ/2 (~25, ~50) MeV

-> ΔE lower, Mbc higher

Resolution does not change much
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23Bs candidates in 1.86 fb–1

BsBs
Bs*Bs

Bs*Bs*

Bs*Bs* dominates

Bs
*Bs

* signal region

Fit ΔE in Mbc signal bands
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24Bs candidates in 1.86 fb–1

Combine 6 modes

Bs
*Bs

* signal region

Fit ΔE in Mbc signal bands

BsBs

Bs*Bs

Bs*Bs*

20.3±4.8

1.5±2.0
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25Bs candidates in 1.86 fb–1

BsBs

Bs*Bs

Bs*Bs*

20.3±4.8

1.5±2.0
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26Bs
(*) mass

BsBs

Bs*Bs

Bs*Bs*

20.3±4.8

1.5±2.0

Reconstructing Bs candidates:

in Bs
*Bs

* event, <pBs> = pB*

in Bs
*Bs

* event, <EBs> = Ebeam - <ΔE>
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27Bs
(*) mass

Reconstructing Bs candidates:

in Bs
*Bs

* event, <pBs> = pB*

in Bs
*Bs

* event, <EBs> = Ebeam - <ΔE>

=(5411.7±1.6±0.6) Mev/c2

=(5370±1±3) Mev/c2
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28Searches for new modes

Ds
(*)+Ds

(*)–: CKM favored, first sensitivity to

Analyze 3 modes together; little background 
-> 2006 data: ±30%(stat), (small sys. err.)

1.86 fb–1 CDF 2007:
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29Searches for new modes

γγ: 1.86 fb–1

beyond SM: up to 5x10–6

[previous limit:  1.48 x 10–4]

2006 data will probe ~ 5 x 10–6
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30Summary

Belle 1999-Belle 1999-
••  ΥΥ(4S): (4S): 7 x 107 x 1088 BB BB ̅̅

CP asymmetries,CP asymmetries,  other B decay studiesother B decay studies
-> -> overconstraining Unitarity overconstraining Unitarity TriangleTriangle
  charm, charm, tautau, 2-photon, ..., 2-photon, ...

••  ΥΥ(5S(5S): 1 x 10): 1 x 1055  BBssBB ̅̅s s results,results,  1 x 101 x 1066 in process in process
inclusive Dinclusive Dss rate -> fraction of B rate -> fraction of Bss
reconstruction of Breconstruction of Bss decays -> decays ->

dominance of Bdominance of Bss
**BBss

**

masses Bmasses Bss
**, B, Bss

hints of Dhints of Dss
(*)(*), best limit on , best limit on γγγγ

clean data, high-luminosity machine ->clean data, high-luminosity machine ->
Belle Belle willwill contribute to B contribute to Bss


