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Outline:

e Introduction

o DY — DY mixing in DY — K*7~
o DY — DY mixing in DY = KTe v
e D** study in B decay

e B— D;;K/m results

e Double charm production

e Summary
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@ KEKB, Belle detector

BELLE

Interactlon Region

Electrons Low Energy Ring

(LER)

WIGGLER
WIGGLER

_ ] 3.5GeV
High Energy Ring Positrons

(HER)

SC solenoid 1.5 T
wK i detection 14-15 layers RPC-+|Fe

e 3.5 GeV et x 80 GeV e— e Sil.VD: 3(4) layers DSSD
e CDC : small cells He + Cs Hs
e L=15x 1034cm_28_1 e TOF counters.
e Continuous injection — o Aerogel CC:n =1.015 ~ 1.030
1.1 fb_l/day. e CsI(TI]) 16 X
°
°

o [Ldt~ 360 fb1
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@ Charm production

BELLE

ete” — Y(4s) - BB

b

e E. =F, e Fp =FE,
® o~ 1.3nb e o~ 1nb

e Both at T(4s) and in continuum e Fixed initial state (B) angular momenta.
Charm studies
e D° — D° mixing.
e Rare decays of D.
e Study of charmonia production
e Excited D™ and D,; spectroscopy and production from B decay.

e Charm baryons
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@ DY — DY mixing

BELLE
c dsb u
- - -
DY DY
> W W >
- : — 47 : -
u dsb C

e Neutral D mass eigenstates are D° — D’ combinations with masses mi, ms.

mi — mo ' —I'e
r = s 'y: _
(T'1 +T3)/2 I'n +1':

e Highly suppressed in SM: z,y = O(107 1% —1079)
Long distance effects — z,y = O(107° — 10~ ?)

e New Physics can provide additional box diagrams

Way to measure.
e Lifetime in different D decay modes KT K, ntn~, K.
e Wrong-sign decay D° - KT n~ - time evolution.

e Wrong-sign decay amplitude D° — KT v.
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/DO DY — D° mixing in D° —+ KTn~.
BELLE
—1
I;Cdt:90 fb M Q:mKﬂ'ﬂ'slow —MKx — My
5
3 3 O wcmmame ]
O] > B Random 1t ]
. 8 g 10§ [ D 3body J
D flavor — sign of w from - — :
D+ Dot : s b i
ien: 5 g
Wrong sign: b L% f
Double-Cabibbo Suppressed 10F
mixing-+Cabibbo-favored
10
1825 185 1875 19 0 5 10 15 20
Mass (GeV) Q (MeV)
é ; _+_ ‘ ] % 3007 lc‘tombinatori‘c
. . L 1 B Random 1t
B Combinatoric K 400} : % | Eoosmy
B Random 1t 8 300 7 _ g 200 | E D, D" 3body
o i ' o
[] DO 3body % : ] % ,
D, D* 3bod > 200| ] ?
iD; y @ _ @ 100]
] Signal 100} _: [
R (DY Ktr) ]
W T(DY— K= 0 1825 185 1875 19 0
= (0.371 £ 0.018)% ' " Mass (GéV)

(statistical errors only)
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/O D° — DY mixing in D° - Ktn~.
BELLE

Wrong sign decay rate depends on DCS and CF amplitude + mixing:

A
Ry — | DCS|’
|[AcF] %) N
300 - KTt .
r_ 8k in 8K
T L COSOKx + YSINOK § | nteference
y' = —zsindgr +ycosdxn L ﬁ Mixing
200 ¢ A :
dN . _ 12 4 12 * NN Combinatoric
Y e TRy + A/ Rpy'Tt+ 1Y (T2 j t
dt 4 100 - i
DCSD interference mixing I
Unbinned likelihood fit pdf(t,m, Q). 0 I e A P s
-2000 0 2000 4000

Proper time (fs)

In the case of CPV:{R}, 2/*2 '} for D° and {R,, '~ % y'~ } for D°
CP violation is parametrized by the asymmetries:
Ap = (RL —R;)/(R5, +R,) and Ay, = (R, — Ry,)/(RL, + Ry,),
where Rﬁ = (:c’i2 —|—y’i2> /2.
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D°® — DY mixing in D° - Ktn~.

Fit results

0.02

Fit Case Parameter Fit Result
(x1073)
/2 +0.80
T —1.53 "1 00

+11.1

No CPV Yy’ 25.47 5
R 2.87 +0.37

No CPV y’ 6.0+ 3.3
z' =0 (fixed) R, 3.43 +0.26
Ap —80 + 77
+13
CPV allowed Ay 987 220

-0.02

A .Kuzmin

95 % C.L. region.

no cpv (stat. only)
no cpv

cpv (stat. only)

cpv

.

o=
e i e e =0
—

002 004 006 008 01
x’2 x 10

hep-ex/0408125 , PRL, 94, N7, p.071801
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<O DY - KTe v, decay.

BELLE
[ Ldt =140 b 00|
e No DCSD: only mixing amplitude: 5000 |
AFTER CORRECTIONS
_ 12 12 4000 ¢
N T <—”" TY (f‘t)2) FWHM =7 MeV
dt 4 3000}
2000 NO CORRECTION
e background from CF decay 1000 | FWHM =55MeV
e No amplification ~ v/ Rp 85 34

0.2 0.3
Am [GeV]

® Presence of v

Reconstruction:
e Use simple cut on t > 1.57p to suppress D° mistag background
® Use constraints to improve v reconstruction for mpx, m,

® The background shapes are estimated from the data, with a small MC-derived correction.

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 p- 8
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5000 |

4000 ¢

3000 ¢

2000 ¢

1000+

DY —» Kte r,.

Right sign

RS.
RSDATA
FIT
BKG
0. 14 0. 16 5 0.18
Am [GeV/cT]
Ngrs = 40198 £+ 329
l)o—+e__I(+'Vé _ m2—+y2

rp =

l)o—+e4‘1(_'ue

2

450

400

350t
300 ¢
250
200}
150+
100+
50

Wrong sign

WS .
++ I
1
WS DATA
} FIT
BKG
0. 14 0.

0.16 .,
Am [GeV/cT]

Nws =19 £ 67

= (0.20 £0.70 £ 0.11) x 107

rp < 1.4 x 1072 at 90% C.L.

hep-ex,/0408125
update, with twice the statistics, is in preparation

Charm Physics at Belle.
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QBE D** are p-wave excitations of D mesons.

oy
v
II¢
v

&

Oy
o
Y

B — D**x, D** — DWr g
D** — D™ have different dependences N
o 2L L=0 L=1

D; - Dw, D*rmr D-wave % TR

D, — D*nr  D-wave Q) I

D] — D*w  S-wave 2.6 B

Dj — D~ S-wave I

. 2.4

In B decay fixed initial state spin O. I

B — D;w D-wave 2.2 _

B — Dim P-wave

B — Dim P-wave 2 _

B — Dgm  S-wave
All D** states can be distinguished using 1.8

Dalitz plot analysis

Test of HQET and QCD sum rule predictions.
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o B~ — DMt
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120
~ 65 M BB 100
DT 5> K—ntxt, D*t — D™
D° 5 K 7t and D° 5> K ntnnt
Unbinned likelihood fit of Dalitz
plot for Dnr.

100 -

50 -

2 more angles for D* decay.
Unbinned likelihood fit of 4-D plot

2 2.5 3 A o 4

%1 w005 o 005 o01 for D" m. MDH(GeV/CZ)
AE (GeV)
150
All 4 neutral D** have been observed.
D** products of branching fractions 10— 4 100
B(B —- D**n)B(D** — D) B(B —- D**n)B(D** — D*n)
DJ 3.4+0.3+£0.6+0.4 1.8+ 0.34+0.31+0.2
D; 6.84 0.74 1.34 0.2 >0
D 6.1 £0.6:09+1.6 X
D) 50+£0.4+1.0+£0.4 0 e

M per (GeVv/cd)

Masses and widths of all neutral D**’s have been measured.
First observation of DJ and Dj.

PRD 69, 112002,2004
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100
~ 152 M BB 80
D° > K~ =xt,D*® — D" sol
0 — 0 — =t
D" —w K n and D" — K " wnm = I
40
' Unbinned likelihood fit of 2(4-D) o0
distribution to extract D**’s contributions.
0
2
80
Both neutral narrow D** have been observed.
D** products of branching fractions 10— 4 60 -
B(B —- D**n)B(D** — D) B(B —- D**m)B(D** — D*n)
40 +
N 10.15 10.3540.39
D; | 3.08+0.33+0.09%91° 2.45 + 0.4210-35+0.39
+0.7140.65
D, 3.68 &£ 0.6070:71+0.65
D < 1.2 at 90% C.L.
D! < 0.7 at 90% C.L.
Broad D** production is suppressed. M e (GEV/C?)

hep-ex/0412072
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@ B — DWW

BELLE

The production of D;‘;"/Qw_ in B° decay is comparable with D;.‘;%/Qﬂ'_ in BT decay.
D;:lL/27T_ production in B decay is at least 5 times lower than in BT decay.
o> ¢ @
b b i\
_ > >
BY) '9 @) y . <
a u u
G
T3/2 >> T1/2 D., DI, D

e Tree B — D™* diagram: 73,5 >> 779
® Color suppressed diagram fD3/2 << fD1/2

For broad D** production Color suppressed amplitude dominates.

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 pP-
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@ BO — D)0+ =

BELLE

e B9 —» D™t~ includes B? — D(*)OR0

e D™p, DM f,(1270) and D) f,(600) are included in the fit amplitude.

80 30
50 D*mm(cos O > 0)
20+
40
o b
20 | +
[ ]
. . el [T
0 25 5 75 10 125 O 05 1 15 2
M? (GeV/c?)? M__(Gev/c?) M_ (Gev/c?
Tut
decay BF 10~*
») 0 +0.08
B(B® — D) | 2.91+0.284+0.337)
B(BY — D°fs) | 1.95+0.3440.387072
> *0 4+0.18
B(B° — D*%) | 3.73+0.874+0.4670 1%
>) *x0 +0.80
B(B° — D*°f,) | 1.86 4 0.65 £ 0.6019 32
Preliminary

hep-ex/0412072
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<O BY —» DY K—, B —» D_,x+ decays.
BELLE

e Narrow D, ;(2317) and D, ;(2460) were observed by BaBar, CLEO and Belle.
— Masses significantly lower than potential model expectations.
— Widths of the resonances are consistent with zero.

— The quantum numbers are consistent with 07 and 1T.

e Decays B — D,;D were observed by BaBar and Belle with branching fractions one
order magnitude smaller than for B — D;D decay.

e Studies of decays B0 — D:JK_, BO — D_,nt are important to understand nature of

DsJ
W-exchange diagram  Final state interaction Tree, 4-quark Dy
ua,, -
u s :
K- <
Cn+ - S
sDgy) vﬁff<§§;: We 5
BO W' & C . d D+
S - B° gﬁ Ds(J) 5o ® c( sl
oK d 5 d

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 p- 15
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QBE BO — DI K—, BO — D, 7w~ decays.

152 x 10 BB pairs
D, ;(2317)t — DI =%, D,;(2460)t — DI+, DY — ¢nt, KK+ K.KT,

10F D (2317)K’ 10%p_(2317)k"

5F 5F

O -j I e e e e L = L[] PR | O i - P

02 03 04 05 06 ,07
AE (GeV) M (D) - M(D) (GeV/c)
Fit mass difference Am = mp,; —MD,
Decay mode Yield Product B(B° — D,;h)x Significance
AM(D;;) B(Ds; — Dsw°(v)) (107°) o

BY — D¥,(2317)T K~ 16.6175° 53715 +07+1.4 6.8
B° — D?,(2317) "« ™t 2.9133 <2.5(90% C.L.)
BY — D, ;(2460)T K~ 2.0729 <0.94 (90% C.L.)
BO — D, ;(2460) " «t —1.9%32 <0.40 (90% C.L.)

B® — D*,(2317)T K~ branching fraction is of the same order as B® —+ D K~ and at least a
factor of 2 larger than the B° — D, ;(2460)T K .

No significant signal from B0 — DS_J7HL

hep-ex /0409026, PRL 94, N6, p.061802
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@ Double charmonium production
BELLE

fﬁdt = 155 fb~ !

Study of recoil mass against J/¢(¢(2S)): Mye. = \/(ECM — E(’;/w)2 — pj/zw
Y(2s)

6y
o
T

N/20 MeV/c?
[EEY
(@)
S

N/20 MeV/c?
w N
o o

N
o
T

o . [}
L N\ S )N
10: I il " .................... + +
0 | I I | I I I I I I I I 0 i I i I I I +\ ++ \+ | I I I
2.2 . . 3.8 2.2 2.6 3 34 3.8
M, econ(/W) (GeVic?) M, eeon(W(2S)) (GeVic?)
280 fb~ " /
® Production of n¢, X0, m. observed
~S AR } Yne yield is very much larger than predicted
= L 75 —
2100 , : oA by theory
§ 75:257 ® No J/¥, Xe1 »Xe2: ¥(2S) rule out double
7\\\\‘\\\\‘\\H‘HH‘HH‘HH‘HH . . . .
% 35 36 37 38 3904 41 42 \ virtual photon annihilation

e angular analysis rule out J/¢Y+ glueball
production

e Evidence of X (3940) with new data.

2 2.5 3 3.5 4 4.5
Recoil Mass(J/y) GeV/c?

hep-ex/0407009, Phys. Rev. D 70, 071102(R) (2004)

. _______________________________________________________________________________________________________________________________________
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<:'l:::> Summar

BELLE

e Sensitivity to D° — DO mixing has reached a 1072 level.
e Accuracy is close to the level to search CPV in these decays.

e The branching fractions of B~ — D**°7~ have been measured both for narrow

and for broad states. Masses and widths of D™ have been measured.

e Significantly smaller branching fractions of B? — D***7~ for the broad

states has been observed.
o BO D:jK_ and BO = D,; — 7" decays were studied for the first time.

e The branching fraction of B® — D*;(2317)* K~ is of the same order as
B® - DK~ and at least a factor of 2 larger than the
B — D, ;(2460)T K.

e No significant signal from B® — D,y — 7™

e Double charmonia production has been observed.

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 p.- 18
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A .Kuzmin

Backup slides

Charm Physics at Belle.
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D° — DY mixing in D° - Ktn~.

Fit Case Parameter Fit Result 95% CL interval
(x1073) (x1073)
z'? ~1.53719:80 z'? <0.81
No CPV y' 25.4 100 —8.2<y' <16
R 2.87 + 0.37 2.7<Rp <4.0
R,, — R,, < 0.42
No CPV y' 6.0 £ 3.3 —
z' =0 (fixed) Ry 3.43 £ 0.26 —
AL —80 + 77 —250< A, <110
CPV allowed Ay 987 T3, —991< A,, <1000
z'? — z'? <0.89
y’ — —-30<y’ <27
R,, — R,; < 0.46
No mixing Ry 3.81 £ 0.17 (stat.) J_rg‘gg (syst.)

or CPV

A .Kuzmin Charm Physics at Belle.

Les Rencontres de Physique, 2005.03.02
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e Masses and widths of D*" have been measured.

M s+ = = (2459.5+ 2.3+ 0772 9)MeV/c?, T prt = (48.9 + 5.4 + 4.2 + 1.9)MeV.

M +_(24282:l:29:i:16:I:06)MeV/c, r +_(349166+4li41)MeV
MD*O_(24616:|:21:t05:|:33)MeV/c, D*o_(456:|:44:t65:i:16)MeV
MD*O — (2308 £ 17 + 15 & 28) MeV /c?, Fpso = (276 4 21 & 18 & 60) MeV.

M 0_(24214il5zt04:i:08)MeV/c, 50 = (23.742.740.2 + 4.0) MeV,
MD,O_(2427:I:26:t20:|:15)1\/IeV/c, D,lo_(384+1°7iz4i70)1v[ev

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 p- 21
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7~ 7w~ Dalitz plot analvsis.

Mass constrain fit to Mg, Mp+~ and Mp.

o 8
L L
% ®
e 7t - e 7t
-)(t -k':
ND 6_ - (\ID 6— K
= =
5- v 5r
4L 1 1 1 1 4 1 1 1 1
15 175 202 25 25 . 15 175 202 225 25 -
M 5 e max (GEVIC) M* 5 i max (GEVIC) P

B decays to 2 pseudoscalars and vector B - PPV

V — PP decay gives information about polarization.

A% pa«, o 2
dI’ = 25675MS, M, dm7sdm7,d cos advy,

A .Kuzmin Charm Physics at Belle.

Les Rencontres de Physique, 2005.03.02 p. 22
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D3 2;/2 A®) ~ sin v sin @ sin y
D3jy 13, AR) ~ sinasin @ cosy + 2 cos 6 cos a
Dy s 1@2 Agl) ~ sin asin 0 cos v — cos 6 cos
Since c-quark has finite mass the two 17 states can be mixed:
Dy = (D3/acosw + D1/26i¢ sin w)

D7 = (D1/2 COS W — D3/2€_i¢ sin w)

As, = (agAY cosw + a, A sin we) BWary, 1y, (¢°)
—I—(asAqu) COSW — adAg) sinwe_w)BWMD, I'pr (q2)-|-
1 1
azA(2)BWMD; Ips (¢*) + ap, AP BWp, (¢*) + ap; AP BWp, (¢*)

A .Kuzmin Charm Physics at Belle. Les Rencontres de Physique, 2005.03.02 pP-



