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KEKB/Belle E5&

KEKB A0:E 35
ete BT - Vs=10.6 GeV
HAZREDILS /T4 1.53x10%%cm? 5!
BRILS/OT4 38810 0050323
Belle #2328
BENf- TRILX—E8E 5 HREE
& RIFEL AT RE
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EREROMEIE

e'e—=Y(4S)—»BB - 1.1nb ([FEAED b IE c [ZHRIE)
e"e"—dq (uds) -—- 2.1 nb

e'e"—CT -—- 1.2 nb

e e T --- 0.9 nb

Yy — hadrons (W.,,>0.8GeV) --- ~1 nb (within the acceptance)
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B O)tl:%I: t Tau O)fl:%I::

“BelleRERD A T—”

(b)es(t)
B Fd CP violation @ ;BIE ‘E‘
(de(w

S BRIR D BIE
— New Physics DIER

X LT ITERICZE. ...

Tau -- the third-generation lepton 99
CP/T violationMDIEFR Ny >
flFRRIRDAIE %

Lepton-flavor violation M LR
(or neutrino-less decays)
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Charm Physics/Hadron Physics

Energy available for hadron production
in B decays (~ 5GeV)
in et+e™ annihilation (~10GeV) /
in T decays (~1.7GeV)

in two-photon collisions (~4.5GeV) ~.
Hadronization

QCD MD#REE

JEEENERAY QCD

meson & baryon DFEEDET )L
New resonances

Hadron properties
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Tau Physics

New PhysicsDIE R

CP/T violation, EDM of
Lepton-flavor violations
motivated by SUSY, GUT, etc. ‘T

1—=¢7, LY
T—3 charged leptons

T— e/ +nmm’

T— AT, ATT .
............ Neutrinoless decay
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Belle hep—ex/0501068

oC .
T% e * (to appear in PLB)
9 # 1N Bejle PRL92(2004)171802

Belle and Babar LARI] D ol

EERICEL D LRIE : BR<105~10¢ £

L\<O7b\0)IE-FIH:H%IL;\ d'éz
SUSY, LR-symmetry — 107 ~10-°

ee =T [THEITHERFEH
Topology: Signal side: e (W) +y
The other side: not e (not W) + neutral(s)
QED backgrounds ZHER&
Missing p, to large angles

(two-photon events ZHEFR)
Missing mass cut
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m_- AE plane cut
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L °® #. ° .:
FREEE LR EEEEEED .-' [ ] [ ) | 4
5 : . : - ! leas * o
L : e ° % N ® .l |
C " & L\l Ml 3 p
z L., oot 8T NN
. %. '.'oc.. s
L4 * ¢ [ ] + *
L ] o |
. ? l
o
05 iy, i e 1.6 * 1.8
1.6 1.8 2 M, (GeV/c?)

M, (GeV/c)

Background-level M BfE4HY
llybackgrounds MXZELHI (I=e, Y, T)

BHESNIZARN NI T 5O ELTERBAREE)

expected as background observed
ey (86.7 tb1) 25.710.3 20
wy (86.3 fb!) 20.2+2.1 19
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Systematic error & #HE

Photon reconstruction efficiency 3.0% (2.8%)
Selection criteria 2.5% (2.2%)
Trigger efficiency 2.0% (1.6%)
Track reconstruction efficiency 2.0%
Integrated luminosity 1.4%
MC statistics 0.3%

Possible spin-dependent interaction effects negligible for VXA

Total 5.0% (4.8%) for ey (L)

Results
Present (Belle) BaBar
ey <3.1x10”7
wy  <3.9x107 (90%CL) < 6.8x108 (232 fb'!)
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T AT, A DIEFE
Baryon number(B) & Lepton number(L)
ZRIFFICHESTAEXR

< Proton decay, | Strange baryon

12 Jll S 1
signal side: AT"— P’ T
/| AT—— pt Tt
the other side: one prong
+ neutral(s)
B-L RF/SERFITAEADX A
opposite/same charged pions
A mass cut e T T R KR
missing-mass-squared cut o © Mass (GeV/c?)

A mass cut

o
(=)
o
o
T

6000

4000 -

2000

Number of events / 0.25 MeV/c®
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m_- AE plane cut

T— AT = pTU" Ty T— AT = pIU T ()
< b - < o .
(0] . ® |
OJ o O) SRR
L|J02 B . LU 02 B I X
. - . A VI
ol ol .o e
; e ' SHHS BT
N A e e
02 @& -0.2 7
: « inary -
imin ° -
04- o Yl’e‘ 0.4 e

1.725 1.75 1.775 1.8 1.8252 1.725 1.75 1.775 1.8 1.8252
M., (GeVic?) M, (GeVic?)

Backgrounds: T — a,(1260)v - ttm v, (120D n % p LfEHED)
A-inclusive qq events

inv (

Results  pey Ary<16x107  (90% C.Lypretimin®™
153 81 BT Am) <1.2x107  (90% C.L.)
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T >0V & g—2(U0)

| , had 2
HJ: 27 spectral function %Y, aﬂa '

muon anomalous magnetic moment (EEHKEESR)

[Z%19 5 21 contribution & 5.

/4

Hadron

ZMNETIZ ALEPH, CLEO . OPAL THOHAIEHY
KEKB/Belle EE&: 1~2Z st T+—4
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number of entries ;"(]'.(]2:3('l[}e‘V)2 (log)

-1’ mass spectrum

 one charged track in hemisphere.

MC: Tauola

o DATA
] MC(signal)

1-feed across
(Kn)

T-feed across
(others)

# of eniries

(=]
tin
N>

1
1

1 |+ one 7’ in the hemisphere.

Normalization:

gamma condition : gamma-like

] E, > 0.08Gev
shower shape :

1 | * veto the additional gamma
. E, 2200MeV

A2 PP

=499 214+ 1.6%

h>27"v 5.4%
Kﬂ'OV 1.7%

4.4 tb! data

Unfolding this distribution

(o W=

M(n—no)(GeV/chZ)mé
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Preliminary result

a4~ = '{Iin (0) = ds K(S) vm” (S)

H T 4262
1
» M2 s V(. 25 B, 1 dv_,
v©o(s) = | ’|2 1_M2 1+M2 ; ~ d;“
6?? ]7 S - T 2 e ° 3
ud | D EW Pr ehmmal'y

a™ = [528.2 £ 2.1(stat.) £ 3.8(syst.) = 2.4(isospin)]

: -10
Integrated mass sqr. region : 4/~ to (1.8) Ger” x10

Previous experiments (t—base)
ait =(520.1+3.5(stat.) + 2.4(syst.) £ 2.4(isospin) )x10-19

Exp.—Theo. ~ (22.1£11.6) x10-1° (only for e*e- data)
Theory’s error ~ 8x10-1° SEDOREDIS—IEINSELRTEFTH /S
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Charm Physics

FZCEREE . QCD. hadron Physics, flavor physics
A R E R

c-quark fragmentation function

DO-DP mixing, D-meson® FRIED4E
Ecbaryon DE=.ME .............

Fy—FE=r).Ls & Charmed Hadrons
RIOFERINT-1D

N.(2S) --BEMNT 2ELFETIDELDEDLED

X(3872)

X(3940), Y(3940)

D*,(2308), D, (2427)

D,(2317), D,(2460)

5 (2800)
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X(3872) & ZDME s

F¥H: B'— X(3872) K'Y, X(3872) »mm Iy, Iy It
Fo{FHILLVEEDPRFN?

M =3872.4%0.7 MeV/c? (from 253 fb-! data)
< 2.3MeV (90% C.L.)
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X(3872) DER -

in B>t J/y K

From 152M BB data

| | [ 12000 T T T T
i _ a) data i _ b) MC
o W(29) : Y(28) :
E ! 1 sooo |- —
T 200 — —
ol || 2X(3872)) 4 T i
)y N
N nlN I Tl TR
0.40 0.80 1.20 0.40 0.80 1.20

M) - M) (Gev)

M{TT ) - M) (Gey)

B fE]F D pR iR Z 80 L TE Al

M, (beam-constrained mass) and AE cuts

Qoo |
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X(3872) MDEFH

No decay to DD found (unnatural parityZZ HEEHD &)
No decay to vy, (unlikely y,, v;)
JNy decay angle (unlikely h)) —
% J/y not found
(mm — (DJPC= (1)1 like) I (DB LR
mrr-nlJ/y found (virtual o like) T |
(1sospin/G-parity violation?)

. J/y decay helicity angle

- LT e _
C-- + LU I 71 f
e IERIZIEL i ] :
M(X) = M(D)+M(D%) J[ ______________________________
JPC:1++ favorable 0.00‘ 0.25 | lcgfeo | 0.75 1.01
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Double-Charmonium production

Belle PRD70(2004)071102(R)

et+e— — (cC) + (cT)’

EE Al S 15
(CC)--- Ty — Il
N, > 4

(cc)
(cc)’

(cc) C-odd

(cc)’ C-even

C-odd

C-odd

or Y(2S)

Peminy > 2 GeV/e (BHREF D BRIRERZ HEFR)

Qoo |
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Spectrum with J/y tagging

2 [af + 2 (XG4p)
3100 : n.28) ¥ il
25 { .
Q75 . | (A1 }
E 35 36 3.7 38 3944 4.1 4.2 \ H \ \
50 nc(ls) | Xco | l Preﬁm'mal'y
51 Gl T 285 fb-!
ot . o t |
2 2.5 3 3.5 i 4.5
Recoil Mass(J/y) GeV/c?
N.(1S), %co» N(2S) are seen  --- C-even states
not seen J/, X.,, X(3872) (NRQCDETHE £

3940MeVIZE—7, X(3940) --- (DD* decay seen)

Qoo |
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First measurement in W(2S) tagging

N/20 MeV/c?

V(2S) > i J/y
155 tb-! data
I B2 DFERELITLND
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n.2S) DEE

o | n(18)  41.8fb’!
= i
g nc(zs) i
:@ 40 —
B + ’_‘A‘*
0 I ;)fl\*\# & H|. |¢7| & [T*® T
2900 3100 3300 3500 3700

2
M, ... (MeVic)

Observed in B— 1 (2S)K, 1,(2S)— K°Kn

Belle PRL89(2002)102001

M= 3654+ 6 £ 8 MeV/c?, <55 MeV

Belle: Double charmonium --- M=3630 *+ 8 MeV/c?

Crystal Ball 1982 : M=3594 + 5 MeV/c?
Qo0 |

JPS Meeting, Mar. 24, 2005, S.Uehara, for Belle 21



An Enhancement 1n WJ/\ ...... oo

B> oy KFD o)y DAREEENH
(253fb)

Events/40MeV

o ) Near-threshold enhancement

BN : Y (3940)

“HIN ] M=3943+11+13 MeVic

¥\ v, T =87%£22+26MeV

10 H N et

o 1 1. 1L 1 DD RREIEAENELTES

3880 4080 A280 — . L
M(wJAy) (MeV) ccg (hybrid) stateD{&F#

X(3940) &IEA%?
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New Isotriplet Charmed Baryon

Belle hep—ex/0412069
(to appear in PRL)

[sotriplet charmed baryon (%))
¥.(2455) and X(2520)
=172 3/2

N XEEMDEIE A EE = DEEIKNE

FhFCIKRE DERR
Decaying to AT
e"e” — hadrons
A, A/ > pKTr
X,(A 1) >0.7
(ELLVEEI=TDAERK)
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HLLY charmed baryon DFE R

2

o~y
2500

+T
F

2000

NJ10 Me

1500

1000

500

0 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.4 06 0.8 04 0.6 03 04 06 03
M(AST) - M(AS), GeV/e?

Signal:AM ~ 0.51 GeV, —> X (2800)
Background peaks: A_(2880)"—=X.(2455)nt - At

2811b"!
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HLLY charmed baryonD &

Charge | Mass Diff. from M(A_") | Total Width
(MeV/c?) Ajepugz |(MeVic)
0 |5154+39+2) 61 £ 15 +%3
+ 5054+ 8% 2% 162150 +9%
++ 514537225 75+ 15+ 12

HETHREOLERIZENIL. ..
j(nn)=2, D waveTHRIEE, JP=3/2- (?)
RN Ic DEYEAETERTIREDER
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Two-Photon Physics

G hadrons

,v*\jzszug DA —9 EDhardEELEL

2 DM E |EHFDEREICKDH/N\NFAVER
(|971<0.001GeV?)

Exclusive processes with W, =0.8 - 4.5 GeV

EERN. IEEFRIQCD, /N\FAVERANZX L
Light-quark resonances, F¥—E=") L

[/l — D RIGZ LD IR )L —5EIs T—F(THIE AT 68
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w % TE+TC_ t w % K+ K_ Belle hep—ex/0412058

QCDDHZE  at 2.4 <W,_<4.1 GeV

HWETIL
Hard scatteringl Z& AT+ — £ Rk

(%) 2 quark>xt MDA & form factor (Brodsky & Lepage, Benauyon&Chernyak)
(F8) 1 quarkxt4E R & soft hadronic contributions (Diehl, Kroll & Vogt)

Y -,

oo g

"
Yo . YMM-
Nb® QCD EHmMDFE : do/dcos 6*|~ sin™* 0*

Counting rule M5 F RSN DT RILF—IRTFME: W,
SWVWIRILF—TRYIDEFEEIND
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vy — e & vy > KHK- DT

[T @) B ] (B
Bl S 5
Two tracks (p>0.8GeV/c) g’ ol | l
v-inclusive events® kR ENE T

p-balance (E—LBAE S FEBIEASVRILHD:
50(100)MeV/cELF for rt (KK)

R 35 Al
ete, uwt,pp D HEER
K/ 5> 8

=734 uu background
QED MC Z{£FHL THH1E
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Cross section D IR JLF—IKFH

7 Y t:ry‘b‘ X«CO? Xc2 %Eﬁ;ﬂ“
(CHDTOEXATIFHHT)
Fr—E=VLDFEIFELSIK

Nevent / 20MeV

MiEREE,  WIGeV]
Ratio(K*K=7/mttrt ™) 1F

0 04 AN [ o T
=0.89£0.04=%0.15 ; t%:tﬁ}; <~ ALEPH|| | ﬂ%@ ~ALEPH
SU(3) (U-spin) invariance hold j — I _

-
T

W..* dependence
(EDRIRILF—IKFMN)

n=-—-79=*x04 X 15forn'n" _ -
—7.3 £ 0.3 £ 1.5 for K'K™ N R R P P I BRI B SR B R

2.3 3 3.3 4 2.3 3 3.3 4

for 3.0<W <4.1GeV WiGeV] W[GeV]

G,[nb] ( |cos6'[<0.6 )

Gmm — 1 JPS Meeting, Mar. 24, 2005, S.Uehara, for Belle 29



AXEL A 73 fn

2.48-2.50GeV 2.50-2.68GeV 12.60-2.70GeV 2. 70-2.80GeV 2. 88-2.90GeV 2. 98-3.00GeV

(I B L B

3.8a-3. 10GeV 3. 1e-3.28GeV

k'@

o

F.20-3.30GeV 7.30-3.40GeV 2. 48-3.50GeV 3. 50-3.60GeV

L

;

dc/_d|cose |

- O a-2.70GeV 3.70-3.80GeV 3.80-3.90GeV 2.90-4.00GeV i 00-4.10GeV

- - - - -

© i

2.5 + € K'K

‘@4 i i I 1.227
= "{3" B - i :ﬁ sin® @
0 1 1 1 1 1 1 1 1 )—‘—1
0 0.3 0 0.3 0 0.3 0 0.3 0 0.3

lcoso’

Curves: QCD EiwDF 5 : do/d|cos 0*|~ sin~* 6*

W, >3.0 GeVTHE2 TS, BLNEIATIHEREBRBRNLY I
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VY — K%KV : preliminary results

YoV 1 Vi L

|| 280" - =
0-\|J XCOW_’KEKE _: Kc0> X2 b\EZ%)
| K'K- TOHIZE EE D (isospinFREH— 1:2)

Events/20MeV

XCZ 1Fo e
Iwn_n || H : "'---_._____._ ,
b, Sl : " Mo KK
\llhwlhrﬁu-—nnn E-m +_’_‘_ 4
26 28 W(Gev) 36 38 4 B -K{ ++++

cs(KO K% ) <<o(K*K")
EX571 *ﬁ 5] 1’|5 FA73 @ T hadron/quark
DERIZEOTES

10 |

D m’“\ary

- £
10 | lcost 1£0.6

!
r

LEIZDULVTQCD ST EM RESNT

10
24 25 23 3 3.2 34 36 38 4
LA W(GeV/c)
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W % Ep Belle hep-ex/0503006
QCDENY AV EMANZXLDHE

single quark?.. or a diquark?
WK & BEEOAES iy

M. background

122 I S A map T @] = — (b
Two tracks: i::: . I '
proton and anti-proton £ | L
p,balance <0.2 GeV/cjwuu—' Eal Ty

- I Wi,
20 '..“M#W o w} o +~Iih 444
n. O BB CEEEETTIE e

(first observation in this process)

JNy background Z#5|EHEL THILE
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Cross section

 — complete diquark
ol S - - - - diquark, only helicity E
S o conserved amplitudes ]
firY T ]
o % 7 three-quark IW.." dependence
tE . n=—15.1 9% @2.5-2.9GeV
lcos® | < 0.6 54
n=—12.4 +24 @32 4.0 GeV
\_\'
10k “.K T ) . .
= : §1t 75\ %é
o] 3.1GeVEIET
2| = Belle I : o
 F o CcLEO "~ ‘f‘_{_‘f‘ 3 QCD prediction n=-—10
- © VENUS e T mESuTLASBLALL
o Iztzl I Izj4. I Izl.ﬁ. zl.sl .I=. .312 .3.I4I Sjﬁl 3:5. T
W, (GeV)

JPS Meeting, Mar. 24, 2005, S.Uehara, for Belle

33



do(—ppiidicesd | (nb)

do(y—ppyidicosd| (nb)

AN L]

ﬁj\

ELWIRILF—TRERKAENKEL
IRILF—DNBTEICHIANEAEARIEIZENS

s

2,m5€ww{ 2.1 GeV 2.1 {ww{ 2.2 GeV 2.2<Ww< 2.3 GeV
i s Cw
- . I= s | B
10 g 10 g 5
5 —+ ‘& s - "B s .
6 _+_+ L o - ; 4 ——
4 5 4 —— 1 —e]
2 2 z
01 02 03 04 05 06 o1 02 0304 05 06 @1 02 03 0.4 05 06
leosd’| leosd’| o'l
23 < Ww< 2.4 GeV 2.4 < WW< 2.5GeV 25 < Ww< 2.6 GeV
7 = s = 8
o :E' E 3
s . E 4+—¢— E 8 +
4 . E —
=13 L=
z —u—++ j‘g N ++++ j.g Li—a—
. 4 1 4
o

01 02z 03 04 0.5 0.6
kcos@ |

%01 0z 03 03 035 o0s
kcos@ |

Yo a1 0z 03 0.3 05 os

kcos |

26 <W,, <2.7GeV

27 <W,, <28GeV

= !Hb-'
W B

Tr—ppiicicesd’l (nb)
= =
b b

do
&

o
= H

——
—h

-
——

L3

dai y—pp)idicosti’| (nb)
@
L)

————

_+_

—4
—
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yy—sppiidicosd’l (nb)
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1
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03
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i

0.1
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—
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leosf |

31< Ww{ 3.5 GeV
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lcosf |
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lcosf |

3.5< WW4 4.0 GeV

—

——

+

004
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=
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+

@
=
[
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daiy-sppiidiecss’l (nb)

R

b 01 0.2 03 0d 05 06

loos8 |
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U1

Fy—EZ DO LDFERDOFED

in vy — /Kt K- /K K°%/pp

Process ['yy(R) B(R—final state) [eV]
YY—K o =TT 15.1+2.1+23
YW—=>X o —KK™ [143£1.6£23
WX KK [6.05+£0.61+0.48  prelimina™y
VY= K ep =TT 0.76 £0.14 £ 0.11
YW—=% =KK™ 1044 +0.11+£0.07
WX oKKs  [0.26£0.05+0.02  prelimina™?
YY—N.— PP 7.20 + 1.53 + {6

1SoSpInFEMMNEYI>— KK KK =2:1
IAT 2R FERERETIIWOHTODAEE
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YY — nn/K*K™ at the lower energies

Ao{ (|cosB|<0.6)(nb)
S
(=]

T r %H

2002_ Hj{ Jri:% —-—Cello
- : —Mark I
150 *j L f‘f# ﬁ}
- Pl 1270)
100 [ W +f2(
@WM+ | %ﬂ*ﬁ
50 *m
85 1 12 Ere 1'6 “18

W (GeV/c?)

10.0 [

o
(=]

=
o

o
<]

Ooyy>KHK™ (lcos8*|<0.8) (nb)

Belle Prelimd!

Belle EPJ C32(2003)323
inary

TV—/,(980) ZE—2 EL TERA
£,(980) [XIE{ATEAD FfEF

EHED qq (1 3P,) state?
KK molecule

XTI+ —IFTILTCHRBEASNhS ?

New resonance structures observed

JP=(even)" @ f;or a,FEF

Resonance Mass Total width
components (MeV /c?) (MeV)
(A) (f5(1525)) 1508k 153 824+ 243
(B) (A.75.CGeV) I137-E5+7 151422494
(C) (2.0GeV) 1980+2+14 297+12+6
(D) (2.3 GeV) 2397+9+6 276136420
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F=EH

KEKB/Belle %%ﬁli BB LN DR ETE
@ﬁk%%*ﬁﬂ\ L/Tll\é

Tau: New PhysicsDIRFE D KIg75ch =
hadronic coupling D ¥5%BITE
Charm: FTLLWV\FOVOHERR
QCD/hadron ¥IFEANNDHFEH
flavor physics~DHF 5
Two-Photon: QCD MD#&EiF
BRONRACOME. AEEEDHZE. |

o

ER

More Results Coming soon
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Belle Detector =

. Aerogel Cherenkov cnt.
SC solenoid . — . 5 n=1.015~1.030
1.5T N\ 12
CsI(TI) jeV et
16.X, -~
TOF conter
8 GeV Q/T: 5 I: lDrlft Chamber

all cell +He/C, H,

Si vix. det.
3 Iyr. DSSD

1 /'K, detection
14/15 lyr. RPC+Fe
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