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BelleBelle ResultsResults

Henryk Palka
INP PAS Krakow

(for Belle)

( ( nonnon--CPVCPV measurementsmeasurements ))

Outline:
1. Physics stage
2. Spectroscopy case: X(3872)
3. Particle production: double cc production puzzle
4. Glimpse of τ physics: mτ and ππ spectral function
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KEKB KEKB collidercollider & & BelleBelle detectordetector

Many interim improvements
to accommodate high lumi:
shields against n backsplash
(now), new SVD’s 2 inermost
layers + readout (2007)

~1 km in diameter

Mt. Tsukuba 

KEKB
Belle

2 separate rings, 22 mrad beam crossing,
8(e-)x 3.5(e+)GeV,  σ(Eb)~1.5MeV
Lmax > 1.6x1034 cm-2s-1(~continuous fill)

> 1M BB/day; (crab cavities(07)Æ x 3) 
long range plans: see Yamauchi’s talk
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Data Data samplessamples

ΒΒ
−

cont.
Y (4S)

~630fb-1

Æ >700 @2006_end

BABAR

~June 1st 2006

Y (4S): ~570 fb-1

qq cont.: ~ 60 fb-1

Y (5S): ~24 fb-1 (~3weeks)
Y (3S): ~   3 fb-1(<5 days)

~600 M BB
>2 G qq (~0.8 G cc), >550 M τ+τ−

~10 M Y (3S)  [Γinv(Y (1S)) ]
>7 M Y (5S) (~15% are BsBs)

(signal selection eff. large)
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Wealth of Wealth of nonnon--CPVCPV physics physics @@ BelleBelle

Spectroscopy:
available in many mechanisms:

B, D, τ decays
eeÆhad , J/Ψ X, γ X, 

τ physics, 
γγ,
charm production, mixing, CPV
quark FF (polarized),
mesons decay constants, 
QM non-locality tests…



55Henryk Henryk PalkaPalka INP PAS / INP PAS / BelleBelle Physics@LHCPhysics@LHC, , KrakowKrakow 33--8 8 JulyJuly 20062006

Spectroscopy : >2 new states/yearSpectroscopy : >2 new states/year

X(3872) X(3872) B Æ K π+ π− J/ψ

Z(3930) Z(3930) γ γ Æ DD

Y(3940) Y(3940) B Æ K ω J/ψ

XX(3940) (3940) e+e- Æ J/ψ X,
J/ψ DD*

Y(4260) Y(4260) e+e- Æ γ π+ π− J/ψ (c)

ηηcc(2S)(2S) B → (KSKπ)K,
e+e- Æ J/ψ X

DD00(2308),D(2308),D11’’(2430),(2430),
DDs0s0(2316),D(2316),Ds1s1(2460) (2460) (c)(c)

new charmed baryons
in ee++ee-- ÆÆ cccc ::

Σc(2800)0,+,++ → Λc
+ π

Ξcx(2980)+→ Λc
+ K- π+

Ξcx(3077)+→ Λc
+ K- π+

Ξcx(3077)0 → Λc
+ KS

0 π-
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MMXX=(3872.0=(3872.0±±0.60.6±±0.5)MeV0.5)MeV

ΓΓ< 2.3MeV< 2.3MeV

X(3872)X(3872)
140fb-1 PRL 91, 262001

ψ’Æπ+π−J/ψ

X(3872)Æπ+π−J/ψ

Found in BÆKπ+π−J/ψ

M(ππJ/ψ) - M(J/ψ) 

MX ≈ MD+MD*

accidental?
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X(3872) propertiesX(3872) properties

Seen also in pp
(production properties like ψ’ )

X(3872)

CDF
11.6σ

X(3872)

D0

61.2±15.3 ev.

confirmed by BABAR

Branching ratio:

typically: B(BÆK (cc)(J=0,1)) ~ 10-3
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X(3872) properties:X(3872) properties:
ρ(770) –like M(ππ) distribution 
(no I=1 found Æ isospin viol. ?)

PRL 96 102002CDF

X(3872)Æ γ J/Ψ seen

Seen also in:
X(3872)ÆJ/ψ ω*

Æ C(X)=+1

05.014.0
)/(B

)/(B

±=
→

→
−+πψπ

ψγ
JX

JX

3.04.00.1
)/(B
)/(B 0

±±=
→

→
−+

−+

πψπ
ππψπ

JX
JX

(256fb-1(prelim) hep-ex/0505037)

ω* = ω peak low mass tail
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X(3872) properties:X(3872) properties:
Angular distributions study (Belle 256fb-1 hep-ex/0505038)

BÆKπ+π−J/ψ(Æll) : 4 independent angles, the most discriminative
one chosen  for each JPC hypothesis 

ψ

χ2/dof=34/9

e.g. hyp.  JPC = 0 -+ :

1 -+ , 2 -+ are disfavored by M(ππ) shape

0 -+ ruled out
similarly: 0 ++ ruled out

1++ (fav.), 2++ remain
does not fit well into 
charmonium levels
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Threshold peak in B Threshold peak in B ÆÆ K DK D00DD00ππ00

ΔE

M
(D

D
π)

Belle 415fb-1 hep-ex/0606055 ( submitted to PR L)

N=24N=24±±6    6.46    6.4σσ

Br(XÆD0D0π0)
Br(XÆπ+π−J/ψ)

≈ 9.3 ± 5.0

M=3875.4 ± 0.7 ± 0.8 MeV+0.7
-1.7

B(BÆKX)B(XÆD0D0π0 )

= (1.27 ± 0.31 )x10-4+0.22
-0.39



1111Henryk Henryk PalkaPalka INP PAS / INP PAS / BelleBelle Physics@LHCPhysics@LHC, , KrakowKrakow 33--8 8 JulyJuly 20062006

Threshold peak in BThreshold peak in BÆÆKDKD00DD00ππ00

• The peak position disagrees at 2.3σ with 
< M(X(3872) > = 3871.2 ± 0.5  MeV (PDG)

Comments:
• XÆD0D0π0 and XÆD*0D0 ( D0D*0) indistinguishable in the data

• The peak position w.r.t to the D0D*0 threshold: 

M–(mD0+ mD*0) = 4.3 ± 0.7 MeV+0.7
-1.7

is also 2.3σ above the D0D*0 threshold 

• More studies needed to tell if the threshold peak and the X(3872)
are the same objects; 

(is it a resonance? 
why so narrow?)

if it is the same Æ JPC = 2++ rejected
Æ D*0D0 molecule interpret. plausible
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CharmoniumCharmonium productionproduction

e+e- ÆJ/Ψ X :  already @  L~ 30 fb-1 (PRL 89 142001) 
we have noticed rather copious (σ ~ 1.5pb) J/Ψ production,
however pJ/Ψ < pmax - ~300 MeV !!!

: the recoil mass (to the J/ψ)
has proven to be a fruitful
tool:

ηc

ηc’
χc0

X(3940)

ηc
χc0

ηc’

~ no events
here !
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Double cDouble ccc productionproduction

Reconstruct J/Ψ + D0/D+/Ds/Λ :

No satisfactory theory explanation exists up to now

[fb]
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ττ physics: physics: MMττ measurementmeasurement
pseudo-mass method

∆M/M < 5 10-4 @ 90% CL

cosθ =0Æ

Mττ = = 1776.77±0.25±0.62 MeV/c2
Preliminary (250fb-1 hep-ex/0511038)

M+- M- = -0.12±0.45±0.15 MeV
CPT test:

factor of 10 improvement 
w.r.t. previous results (Opal)
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ππ−−ππ00 spectral functionspectral function from from ττ−− ÆÆππ−−ππ00νν
dN/ds (bkd subtr., unfolded):

Preliminary (72fb-1 hep-ex/0512071)

ρ(770)

ρ(1450)

ρ(1700)

Æclear ρ(1700) – via interf. with ρ’
Æaccurate mass spectrum < 2 GeV2:

gives spectral function needed 
to interpret a μ measurement

BNL E821 (2004):
aμ

exp = (11 659 208.0 ± 5.8) 10 −10

aaμμ[[expexp ] ] –– aaμμ[SM[SM ] =] = ~3σ (eeÆππ)
~1σ (ττÆππν)

hadronic vacuum pol. cor exp.input

which one is wrong?spectral function:

mostly external
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All these results were possible thanks to:All these results were possible thanks to:
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BackupsBackups
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τ physics: LFV decaysphysics: LFV decays

BF < O(10-7 – 10-8)
(improvements by
10-100)

•FV observed for leptons ( ν )
•Many extensions of the SM 
predict LFV: they can occur e.g.
in loops of new physics processes 
at the TeV scale such as SUSY, 
Extra-Dim etc.
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ττ→→
lhlh

++ hh--

ττ→→
ｌｌ

η

ττ→→
33ｌｌ

ττ→→
ｌｌ

γγ

ττ→→
ｌｌ

VV
00

ττ→→
Λ

πΛ
π

Prospects:
•1/L : clean modes
•1/√L: bkd dominated
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X(3872): X(3872): charmoniumcharmonium assignment?assignment?

X(3940)

Y(4260)

X(3872)
Z(3930) Y(3940)

?? ??

1-

1+

2+
?

?

?

?

hc1+

χc1’ ?
Γ(γJ/ψ)
too small
& Γ(π+π−J/ψ)
too big


