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* Introduction - Belle experiment

» X(3782) properties

°YE3940g

e X(3940

* Z(3930)- X;Z candidate

* New charm-strange baryons in A: K 1t channel
e Summary
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The Belle experiment
OELLE

Excellent performance:

‘ Main goal is to study CPV by measuring time-dependence of B B pair decays

boosted e"e” —Y (4S) using asymmetric e" e storage rings:

Interaction Region

. s=10.58Gev=M(Y (48))c?
—»B"B and BB’
e also produces qgq,cc,T T ..

8GeV
Electrons

Low Energy Ring
(LER)

» Oyug~1nb,0..,~1.3nb _
_ o <
e peak perfor;r;]anc_ez. P i [}/ i | |l e
> >16X10"cm " s o | o [
(10°em™s™'=nb 's7") =™ =
—
>>1.2fb /day High Energy Ring Pc?éist?c?xs

. [dtc>600£b7
* single collision point ...
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{—B The Belle spectrometer

OELLE cDC
* 1.5 T solenoid 150°
* 3(4)-layer SVD, 50-layer CDC SVD .
o 8.0 GeV N i 3.5 GeV
Pr __ L P
° " —(0.19pT®0.3)% e H EPI—‘—'—.& ._11*" I:. El — e+
¢ 0,,=(190 ks )um - —
5 pB sin*?0 = —
41 =
¢ 0,=(28® ——>—)Um ﬂ
pBsin "0
o 0.07 0.8
= —E=(1 .36 z D vy )% 11T TII R ili(m]l
*PID: > O gg/q,=6 . 9% - +ECAL, dE/dx etc. for € ID ...
- O pop=95PS > +KLM (K, and pu system) ...
- aerogel Cerenkov
e(K*)~85% for " fake-rate <10% upto 3.5GeV/c
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D> m 3872 PRL 91, 262001 (2003)

~152M B B pairs

— * observed in the decay channel
3[:]0:—| ¥ - Bi—) -.J'/Y"l'('-l-’ﬂ'_Ki
3t 1| New state properties:
s mop | X(3872) 4Ly o =(3872.0+0.6+0.5)Mev/c?
LI 1| o Myasrs<2.3MeV@90%C. L.
: v 1| *Br(B—XK)XBr(X—->J/¥n' n )=
o Lot 1 (1.31+0.24+0.13)x10™°
M(m" 17 17)=M(1717)[GeV/e] | 4 jpjtig) expectation: charmonium state,

N=35.7+6.8(10.30]) disfavored by subsequent observations
‘ - = ¥
* possible alternative - D D molecule

W
Q O

[4)

M.Bander, G.L.Shaw and P.Thomas, Phys. Rev. Lett. 36, 695 (1976) ...
S.Godfrey and J.Napolitano, Rev. Mod. Phys. 71, 1411 (1999)

an

Events /( 0.005 GeV )
= = N N @
=) Q

* next: - search for decay modes

.82 3.84 3.86 3.88 3.9 3.92 - determination Of JPC
M(J/y 1ert) (GeV)

4
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I a 3872 hep-ex/0505037 (2005)

~275M B B pairs
BELLE -+

B > X(yJ/¥)K"
No. of B's in bins of M(yJ/¥)

20

Fit M_. in bins of M(yJ/¥)

o) a744Mev | b)380BMev |
events:13.6x4.4 (40) | o il 1

| ¢) 3872 MeV | d) 3936 MeV

Ll s ik

Events/bin

3736 3928 4120 2
M(yJiy) (MeV)

* strong evidence for X—»y J/¥ £)4000 ey 1) 4064 ey
Br(X-yJ/¥Y 1 1
( - ) _—0.14%0.05 i l 1
Br(X—m m J/Y) LLF@\ ] L ﬁﬂ\ _
* ratio expected much larger and mass LN AT TS |
is to small for X, interpretation
‘ 2
M =JE2 i ->-
C(X(3872))=+1 BC beam (Zl:Pl)
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X(3872 hep-ex/0505037 (2005)
BELLE

- '/ v P ~275M B B pairs
B ->mmmmmd K™ 4
M(J/¥Ym mt m’) around M(X)
No. of B's in bins of 1t 1t 10° Fit M, in bins of v’

')
16 [ 5) 475500 MeV ] b) 500-525 Mev 1 &) 525-550 Mev

events:12.4+4.1 (4.30)

i \ + i * a i 1 |
R LN T S B S N RS

480 605 730 o) 625650 Mev 1 h) 850-875 Mev 11) 675700 Mev
M(x'n ") (MeV) ' I

* dominated by sub-threshold decay

/
Evts/bin

S | 1 N I N A

| o) 550-575 MeV 1 &) 575-800 eV 1 1) 6o0—825 Mev

Events/25 MeV
oo
T T T | T T
| | | | | | | |

by

Evts/

EHEO

Evts/bin
i
==
———+——+
—
L
=

X—-Ww J/Y ) n;ﬁ?t:)o:—:r'zsua:v' ';k:)?:zs:—?'souév: - |)>750ue\f
Br(X—»m nm m'J/¥) g 1 T ] I}L
o =1.0+0.4+0.3 T L RRIRi ,
Br(x-)n 1T JIY) :?'200 5.250 5.200 5.250 5.200 5250 5.300

Large isospin violation:
* hard to accommodate in charmonium interpretation

* natural consequence in DD molecule model |N-A. Témqvist, Phys. Lett. B 590, 209 (2004)
E.S. Swanson, Phys. Lett. B 588, 189 (2004)
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Wy (X (3872) - T angulor distribations] e-ex0505058 (2005
: - anqular distributions PEC RIS
Q‘-&’g m J . ~275M B B pairs

B - X(J/¥Yrm' )K"

X—-J/¥Yp
S T B T o A ]
- events:49.1+8.4 ]
~ . =
g 20 \ ER I E
2 [ * § Eg
0: R e B b0 080 0.60 0.70 —~
3800 3820 3840 Mﬁjiﬂﬂwfﬁﬁg\f} 3900 3920 3940 M(TE+TE') (GeV)
Angular distribution study: e J/¥ and p in relative S - wave
e signal region + 5MeV/c? X’Indf=43/39
* 58 events — 11.4+1.1 background *J/¥ and p in relative P - wave
e SIN ~ 4 X’/Indf=71/39
J** favored over J*
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Wy (X (3572) T angular distributions] e2-e<i50503% 2005
: - anqular distributions PEC RIS
Q‘-&’g a J . ~275M B B pairs

B - X(J/¥r n)K*
examples:

1T+
ng'c='0+4 ex?ected { o } ‘O\X(J/‘I’,p)

15— — | — — T
b} JPC=1++E X(J/‘I’ ’ p)
10 —

-

+
T

%fbilll | TR 0

1.00

|cos 0|

* poor agreement
X*Indf=31/9

i \ 1~ e JP¢=0** disfavored

* good agreement
X*Indf=5/6

J.L.Rosner, Phys. Rev. D 70, 094023 (2004)
D.V.Bugg, Phys. Rev. D 71, 016006 (2005)

similar angular distributions for other J°° were tested:
remaining possibilities: J*°= 1** or 2**
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D
Lo

GELLE

xX(3872): p°D°n’, D°D*° Preliminary|
B— X(Do BO'ITO)K ~447M B B pairs
* near-threshold D0 ]501'(0 Invariant mass enhancement observed
M=3875.4+0.7+0.4+1.0MeV/c’

0 =*0 0=0_0 . .
eD D  and D D 1T can not be distinguished
events:24.1+6.1 (6.50)
Lao 5 | - 15 ¢ | Br(B—D’D’n’K)=
S > (1.27£0.31+0.21)X10™"
30 < i
10 i o 10
8 =
¢ i ~ i
Y20 F + a2 |
L 2 5
210 F S
0 e o 0 expected to be suppressed
M(D°D’") -2M(DY) -M(1%) GeV /2 for near-threshold decays

7

If this is X(3872): JF° z 1 ++ois favored over JFc = 2**
— D' D" bound state
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D
Lo

GELLE

Y(3940) : observation

B— Y(J/¥Yw)K

e study decays B—-m w m J/¥PK
e require M(wK)<1.6GeV/c” to avoid strange

meson resonances

B—-J/YwK signal:

PRL 94, 182002 (2005)

~275M B B pairs

M2(J/¥)[GeV/cY]

_\

@

&)
I

Events/bin

120

0) N=219+23

M, (GeV)

120

b) N=196+21

150

100

50 |-

) N=204+20

0.00

AE (GeV)

' 0
0.20 0.60

0.80

M(z* 1 7°) (GeV)

24

N}

hird

o
I

R

- BoK' J/¥V, K'2Kw -

Y

= structure?]

resonant |

M*(0K)[GeV/c?]

1.00

Dalitz plot for

BoRKwJ/Y
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D>

Y(3940) : observation PRL 94, 182002 (2005)
~275M B B pairs

O
B— Y(J/¥ w)K Fit M_. in bins of M(wJ/Y¥)

GELLE

NO Of B'S In bInS Of M(wJ/Y) 12,0')389'7’!;1&" S ,,bl)z"ss%ﬁe\} S ,,cl)algvﬁﬁexlr T ',
X*/ndf=115/11 X*/ndf=15.6/8 g [ T T |
|_ T T T | T T T ] |_ T T T | T T T | |_ ] 4 _ 1 1 -
30—0) — 30 _b) S-wave —//, NP g ol B T SO AN
S i k i - k Breit-Wi il Ty s017mey  le)sosTmey | nDeosTMe
[0 - N r o 8 - T 7
<t — - - LE 4 — —+ - -
2 : 1 i 0_ 1 iy 1T %—Iﬂ‘ﬂ ”iLJHL'J F[]Tﬁj% {lﬁﬂ%@%ﬂ—ﬂ-ﬁj}m\ |
% - 1 - | g) 4137 Me\.l’ L hy 4177 Me\rl‘ | iYa217 MeVI
o 10F 1 10 ¢ - é L 1 1 )
3880 4080 4280 3880 4080 4280 | j) 4257 Mev 1 k) 4297 MeV 11y 4337 Mev |
M(wJAy) (MeV) M(wJAy) (MeV) £ 5| 1 1 ]
* significant deviation from phase-space (8.10) [* 4 Mmﬂ%ﬁ@ﬂﬁ ”"”5_;50"'”[%*5300
e 58 + 11 events M, (GeV) My, (GeV) My, (GeV)

Resonance properties:
* M, (35,0=(3943+11+13)MeV/c”
o FY(3940)=87122126MGV
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W=dlcccc: update & X 3940) hep-ex/0507019 (2005)

s ~357fb "
Recoil mass: “0q50[
- > 1
e reconstruct J/¥-1'1 e X(BQMF |
* calculate mass of the system | S, ..C LR }
£ 21 : i
recoiling from J/¥ _ co [y ]
WA
_ * )2 * 2 I bt
Mrec_J(Ecms_EJ/Y) _pJ/‘I’ - ‘b + ++ nc(ZS)
i Wl *| i | | L
0 25 3 3.5 4 45
M__(Jly) GeV/c
+ —_— AL recoil
e e -5J/¥Ycc
X New state properties:
o " * significance 5.0¢
— e * M, 35,0)=(3.943%0.006+0.006)GeV/c’
J/Y/ ‘I'x(3940)<52MeV@ QO%C.L.
¢ 0y XBr ,=(10.6+2.5+2.4)pb
June 9 - 13, 2006 New Resonances and Spectroscopy (Belle) Samo Korpar
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D> hep-ex/0507019 (2005)

I ¥adlcccc: X(3940)-»DD™

~357fb™"
0 . N5}3200
e reconstruct additional D" or D 8k
e calculate M___(J/¥ +D) |
e D and D" clearly separated in 5
o

MC and data (~2.50) —> |

0 | 1!6 - 1.:‘3 2 | 2.2 | 2.4
Recoil Mass(J/y+D) GeV/c?

N(J/¥YDD)=86+17 (5.10) | DD DATA
N(J/¥D*D)=55+18 (3.30) | "]

v ul | R

-y oA

¥R B KRR SRS
SR R O S O ERRRR IR
g R R KRNI

e requiring M, (J/¥+D)=M(D") |
Improves reSOIUtlon on Mrec(J/Y) i ; ; “-'o00000«00‘0’0’0‘0"0’0‘0’0’00 0200000200002 % %
X O F S LS L0 S0 L0 L0S 0000 00.0.0.0.9.0.9.0.9.4
by factor 2.5 6 18 2 22 24

Recoil Mass(J/y+D) GeVic?

New Resonances and Spectroscopy (Belle) Samo Korpar
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(:-E, cccc: X(3940)-DD™

hep-ex/0507019 (2005)

~357fb!

GELLE

e reconstruct additional D° or D"
e for M___(J/¥+D)=M(D")

recalculate M___(J/¥)

*_

N/10 MeV/c>

X(3940)-D'D
M. (J/¥+D)=M(D)

ol i
< s 5 | b

e clear peak for X(3940)-D'D Wl
0N=24.516.9(5.00‘) / 3.9 4 4.1:8& 4.2 4.3
4 7 M. (V/V) GeVic’
Br(X(3940)-D*D)=(96'%+22)%
X(3940)—DD

e no signal: X(3940)—DD
e N=0.2"71:(<8.1) ~
Br(X(3940)—»DD)<41%QR90%C.L.

Br(X(3940)->J/Yw)<26%R90%C.L.
strong evidence for

X(3940)#Y(3940)

N/10 MeV/c?

M. ..i(d/W) GeV/c

New Resonances and Spectroscopy (Belle)
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GELLE

25 -

N
(=]
|

Events/10 MeV/c2
|

Z(3930) : observation

yy—DD

“x/

= >

=
|
_._

events : 64+18
' 5.30
|

4.1 4.7

M(DD)[GeV/c’]

3

iy

PRL 96, 082003 (2006)

~395fb "
* un-tagged
' D°—>K1T, K1T1T°, K31r
D'>Kmm

* p.(DD)<0.05GeV/c’

New state properties:

* M, 5550=(3929+5+2)MeV/c’

® T} (3030=29+10+2MeV
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GELLE

7(3930) : X_, candidate

yy—)D]S

0" : D, beam axis in

PRL 96, 082003 (2006)

~395fb~"

acceptance corrected

Y Y frame =
:@IE

e J=2 expectation B4
X’/nof=1.9/9 \u#'z

e J=0 expectation _—
X’/nof=23.4/9

I, (z)Br(z—-DD)= D

(0.18+0.05+0.03)kev [ © o

_ ()
M(DD): 3.91 - 3.95 GeVic?

——

S

il
"-.._‘_'-
Y

side band

02 03 04 05 06 0.7 08 09 {
|cos 67

Mass, angular distributions and I'yyBr( —DD)

are all consistent with:

/

S. Godfrey, N. Isgur, PRD32, 189 (1985)
C.R. Miinz, Nucl. Phys. A609, 364 (1996)

X, - 2°P, charmonium state
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Z 5 _(2980)", E_(3077)" Preliminary|
BELLE ~460fb™"
* new exited charm-strange baryons

* observed decay: 5 _(2980)->AK m"
|—>p K 1"
¢ and s taken by different final state particle
* require p >3.0GeV/c to suppress combinatorial background

-~ + . r— +
ch(3077) . - ‘OU-;_':CX(3O77)
N=326+39.6(9.70) 175 |
M=(3076.7+0.9+0.5)MeV/c’ L1so |
I=(6.2+1.2+0.8)MeV = 125

0

o 100

i)
~ + [ = [ ]
E..(2980)" : o -l g |

— 1l ) |
N=405.3+50.7(6.30) o | :"ﬂ wrong-sign A* K* T
M=(2978.5+2.1+2.0)MeV/c’ o ity , NNy
29 2.95 3 3.05 3.1 3.15 3.2 3.25

F=(43.Si7 .5+7. 9)MeV M(AZ K-TC+) (GeV/C2)
June 9 - 13, 2006 New Resonances and Spectroscopy (Belle) Samo Korpar

MESON2006 (slide 17) University of Maribor and JoZef Stefan Institute



4= . (2980)", =_(3077)° Preliminary]

~460fb "

GELLE

* wrong-sign and sideband check:

200 F ! i i 140 T T T
- = 140 | I . H : :
. 75t Wrong-sign. . _f wrong-sign. ol right-sign:
o _ 0120 | + = T o
<150 f T gpt = 200l + .
ial AK T iwf ACK T :™ A_-sidebands
Lr! [T5] B0 [
«i100 | o B0Y o
g 75 ¢ % S0 f‘-; i
E 50 @ P L%‘ 40
25 0r 20
u 1l TS N TN T T S NN TN ST S TR [N TN TR TN T [N N TN SN TN ST TN TN SO TN S T S N 1 G . : : : . L G 1 1 1 1 1
29 285 3 305 31 315 32 325 29 205 3 305 3,315 32 33 29 285 3 305 31 _ 315 32 325
M(Az K'T) (GeVic?) M(A; K'7) (GeVic?) M(A: K'x%) (GeVich)

Check for reflections due to K—1r misidentification:
A_(2593)", A_(2625)", A_(2765)", A_(2880) A m m
(verified with MC simulation)

Check stability against:

* PID criteria

e A’ mass selection window
. p* requirement ...

June 9 - 13, 2006 New Resonances and Spectroscopy (Belle)
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=4z (2980)°, =_(3077) Preliminary]

BELLE ~460£fb "
* search for neutral isospin partners
* observed decay: i
— 0 + 2,0 - =l
':"cx(2980) _)Ac KST( Ng 30 |
« tighter requirement 2%
p >3.5GeV/c o 204
2 15
% 10 | :
E_(3077)": A TR 5.5 0 T
N=67.1+19 9(5 1 ) 2.9 2.95 3 3.05 31 23.15 3.2 3.25
=6/.1x19. 10 M(A; KQr) (GeVic)
M=(3082.8+1.8+1.5)MeV/c’ 25:,' WmngSIQn R
I'=(5.2+3.1+1.8)MeV Ll A:Kgn+
s |
© 15|
E_.(2980)° =
10
N=42.3+23.8(2.00) E I )
M=(2977.1+8.8+3.5)MeV/c’ >
- an |_I_\ . L ; A .
I'=43.5MeV (FIXED) %9 295 3 305 341 315 32 325
M(A? K31*) (GeV/c?)
June 9 - 13, 2006 New Resonances and Spectroscopy (Belle) Samo Korpar
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Z: Search for E_(3519)" Preliminary|

~460fb "
e observed by SELEX in the

same decay channel: B P
5 _(3519)" > AK " e
PRL 89, 112001 (2002) sl
events:8.3%37.3 <69.1@90%CL o LML Ul LU
o |
svrs ' A AT A by
2 e :i P T i w{+++#+#++#{+#+H+{ ep*>2.5Gev/c only for A*
3100 - T { | ® no signal observed:
S0l |
23_ L *Al-pK '
3.4 3.425 3.45 1;;21;3:;_ :TiZ;[é:i,;zsz 3.6 3.625 3.65 N=835360i13748
o(Z_.(3519)")xBr(E_(3519) > A K ") < 1.5%10" @90 % CL
o (A;) '
June 9 - 13, 2006 New Resonances an d Spectroscopy (Belle) SamoKorpar  £5% o8
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ooy [Summary]
Summar

* Properties of X(3872) have been studied:
favorable interpretation D°D*° molecule

* Y(3940) : analysis of more data is needed to study its properties

* X(3940) : a new state found in double charm production

X(3940)#Y(3940)
e A candidate for X_, observedin yy—DD reaction

* New charmed baryons found in the final state A: K 1r

No evidence for SELEX 5_(3519)"
Many new resonances were observed at Belle in recent years and with
new data pouring in continuously a search for new ones will continue.
For topics not covered in this talk see http://belle.kek.jp
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BELLE

X(3872) : observation PRL 91, 262001 (2003)
~152M B B pairs

e B > J/¥Ym m K
) 00 1 | ® initial expectation: unobserved charmonium state
é ok x(3872) 11 dlsfayored by supsequent observations
s | ] | * possible alternatives: - DD molecule
b 100:— l —: -qqg ...
: JM * — study properties

’ 0.110 | 0.80 T 1.|20 | update:

M(mrm 1717)-M(1"17)[GeV/c?] o — . —

New state properties:

® M, (33,,=(3872.0£0.6+0.5)MeV/c”

° I'x 3872) <2.3MeV@90%C.L.

° Br(B_)XK)XBr(x_)J/YTr-l- 1T_)= 3?8;];' 38|20“I +38|4'D | 38|EO | 38|8[] | 3;[}0 | 39;[} | 3940
(1.31+0.24+0.13)X10"° —

e M(1r1r) is consistent with p°

20

Events/5 MeV

10

I—l-.-l—llllllllll

hep-ex/0505038 (2005)
~275M BB pairs
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I ccce: further stud PRD 70, 071102(R) (2004)

~155fb "

GELLE

Alternative interpretations proposed:
« contribution from 2y™ process

* charmonium + glueball

e misinterpretation of peaks — M__ shift

N/20 MeV/c2
[ ] £ (4] ]
o o o
I I
—_—— :
]

NO - everything consistent with:
e'e oy > J/¥n,
(ON/00,, 06,,, .M, bias <~3Mev/c®| %3 26 3 a4 a8

N
(=)
I

P i

o
2
i3
__*_—'Iﬁ_._
o)
333_'_-_

2

o
L

M (Jhy) (GeV/c?)
3 events fully-reconstructed) JE recol
o™
o |
(€C)yes N M [GeV/c?] Signif. oy, X B-s [fb] = 1
M. 235+ 26 2972 +0.007 107 256+ 28 *34 E 10 I
o
J/ =14 * 20 fixed <+ <91 at 90% CL 2 i
X0 89 =24 3407 £0.011 38 6.4+ 1.7+ 1.0
Xei t X2 10 %27 fixed -+ <5.3 at 90% CL
7.(25) 164 =30 3.630 +0.008 6.0 165*3.0*24
(285) —26 * 29 fixed <+ <<13.3 at 90% CL
* observation of " @™ — "> ¥(2S)n ' '
y c Mrecoilluizsn
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cccc: recoil mass spectrum 2
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Recoil mass: T i
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e calculate mass of the system recoiling X
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e first observation in 2002
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ol 2 . : PRL 94, 122002 (2005)
</ > (2800) isotriplet ey

M(pK ') 3 (2800)-Alm
pK m"

60000

N/1 MeV/c?

40000

e tentatively identified as X _, , J°=3/2"
(prediction: AM~500MeV/c’, I ~15MeV)
e larger I' (mixing with X_, (J°=3/27)?)

A,(2880)" > A ™ reflection

20000

3 .
717), GeV/c?

2

»add 1T = 2500 - § AW | S
y - H c - B c 200}
> [ 1 E E
reqU|+re. = 2000
z,
x_(A1m)>0.7
P 1500
1000
200
0 | | | | | | | | | | | | | | | | | ‘ | | ‘ | |
0.4 0.6 0.8 0.4 0.6 0.8 0.4 0.6 0.8
M(A m)-M(A,)
2\ _ +3.2+2.1 +5.8+12.4 +3.4+2.8
MZC(ZSOO) MAC(MeV/c )_ 515'4—3.1—6.0 505‘4—4.6—2.0 514’5—3.1—4.9
—_— +18+22 +37+52 +18+12
I'ZC(ZSOO)(MeV)_ 61—13—13 62—23—38 75—13—11
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Off reson. data:

continuum only e.g. angle

On reson. data: between B

BB (spherical) separated direction

from continuum and beam

(jet shaped) on basis of axis DTty
topological variables cos8,,
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