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Checking the properties of predicted states
Understanding of strong force

meson IR NC R =1 - J=0,1,1,2

(B): (-1) (-1)F = (-1)™
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Search for missing
charmonium states

T
— Charmonium production in B
b c decays: accompanied with a
—’W / kaon, e.g. B+—J/y K*
\ _ Look for missing charmonium
S K states in B* — K* X decays
u u with X= some exclusive final
state
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|§ Discovery of n(2S)

First: B 9K KsKre  (because n(1S)—KKm) 2002, L=45fb!
90b_servahon b, n(1S)
Confirmed 3 I
.by Belle in e*e- annihilation (inclusive) |5« g

«by CLEO & BaBar in yy o U YA
= PDG'05 full listing oee e L Celiefia Seip ot

Myoe (MeVic?) _
n(2S)

M =3.638 + 0.005 GeV/c? ETT

T =14 + 7 MeV/c? S

Ty’ * Bn'>KK*w) / T * ([ 72

B(n, »>KK+r") = 0.18:0.05 +0.02 e

the properties are in reasonable 2pyp I gt
agreement with the expectations
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X(3872)

Belle observed a new state

decaying into J/iy mtn-
Belle, PRL 91 (2003) 262001
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B*—K* X(3872) - Mass 3872.0 + 0.6 = 0.5 MeV
| LA B DL B LS R A L
35+7 events y R K X(3872)
p— 2 ’
M=3872.0:08 MeV' ||, | & v ~35 candidates
I'<2.3MeV (90%) S
; } 2
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Confirmed by CDF,D0,BaBar

o Well established % mu“:: — M[xxpml-!::rc:
and included into  { | gLt
PDG'05 i

§ 1500 p
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¢ Not assigned

yet to any ém!—mnm_a:;:mu;‘:‘_ﬂm:.
H = 1oxa P oy
charmonium 7 ¥
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2003, L=140fb

X(3872)

e Observed in B*—(J/yrr)K*

o M,=(3872.0+0.6+0.5)MeV/c?

M, & M, + M

e ['<2.3MeV/c? at 90% CL

tends to peak around
limit (J/y p is isospin violating decay)

e Surprisingly: M

T+7-

Events'D.002 GeVic”
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Search for
B+—K+ X(3872)

Ly Jh mtrnd

__C) ® mass
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X(3872): more decays

]

5.200 I I5.250I - 5.300—00.20 = oo T I0.2D
My, (GeV) AE (GeV)
5_')_'_'_'_|' N=10.0+3.6 S/N=5 ———
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I'(o IN)T(3/y nn)=0.8+0.3+0.1
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in accordance with DD* molecule model
Swanson,PLB 588,189(2004)

Course at University of Tokyo

Peter Krizan, Ljubljana

L
0.20




[l S T |
oD

X(3872): new decays

No.of B—>J/yy K in bins of M(yJ/y) 2005, L=256fb1

20 L;u?z e X(3872) — J/\VY E

UW[ Jﬂ\ Use B—Y),,K as a reference

5

4

3 B(X > J/

g 4 ( V1) _0.14+0.05

[y % BX > J/yr'xn")
736 3928 4120

13.6%4.4 ev. (4c) MiwWiy) (MeV)

No.of B—J/yy K in bins of M(yJ/y) 2005, L=288fb-! g

B[B — KX (3872), X (3872) — J /yy |
=(3.4+1.0+£0.3)x10°°

BaBar confirms X(3872) — J/yy
C(X(3872))=+1

I i
365 37 375 1% 388 39 385 4 405 41
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X(3872): new decays
X(3872)—DODOx° 2005, L=256fb!

B—>DDn? K signal region
M(D°D°70) : enhancement at M,
| N=246 6.4c |

s =

=]
=

=

Events /4.25 MeV/c*

0.05 0.1
MDD "% -2M(D°) -M(z") GeV/e?

0
AE (GeV)

zl— 3 24
[fe) B.886<M- 3,804 | I 3804 Me3 002 ) EO02ME 010

B(X - D’D°z")

p F’”"Mﬂ
B(X—)J/y/zr*zr’)=3.0i1'0 Mﬂ!‘i‘i‘ﬂ ._._

Spin =2 or greater disfavored: |
d-, f- ... wave around threshold

M=3875.4+0.7+0.4+0.1 MeV |
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[l Angular analysis

5 particles in the final state (B—llnznK)
— 1 conservation law = 4 independent

vectors = 6 independent angular 1s
distributions 15
Examine JPC hypothesis one by one, .
choosing the most distinctive angular 2 -, | .
distribution for each 5 § ' :
li 5
P e e R e s
o0 x2/d.o.f. =5.0/9 "~
15
5 ‘0 L] -
" > L% sk L] . . I . i
3 -'I_'I' . .
g.UG 0.50 jcosyl 1.00
2005, L=256fb! feSe S aa A e
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X(3872) quantum numbers

e New decay modes = C=+1, 2005, L=256fb!

<1
e Angular analysis = J#0

¢ M(nn) shape favors s-wave
= P=+1

events/10 MeV

o et R A Tl ] ve 88
0.40 0.50 0.60 0.70 0.80)
Mix'n) (GeV)

Quantum numbers are fixed J°°=1+* corresponds to y,’, but
- %1’ >3/ vy should be much stronger than y,” >3/ynr (measured ratio
~0.15, expected ~ 30)

- ~100MeV/c? lighter than expected. p T ———
Possible interpretion: D°D*° molecule: Ao

- Large isospin violation expected

- JPC=1++ predicted o —
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Y(3940) E

B—J/yoK signal is scanned in 2004, L=253fb!
bins of M(J/vo):

broad enhancement around threshold

M=3940+11 MeV/c?
=92+24 MeV/c?

"

Threshold effect or particle?
-The mass is well above DD*
threshold and decay to J/y®
should not be dominant if :
Y=charmonium sl /
cc-gluon hybrid? ] / ’
- Large B(J/vy, v’ + light hadrons),

decays to DD(*) are suppressed, o + +_
expected width is ~100MeV/c2. +- e
- However according to lattice QCD + ' +

M ~ 4.5 GeV/c2. ;

-

o

o L B I— .
kel 4080 4280

B(B—YK)xB(Y—J/ly@)=(7.1+1.3£3.1)x105 M) MEV) o ase space
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R e %' in yy production

Peak at Mpp~3.930 GeV/c?in selected yy events
p; distribution consistent with yy production

Helicity distribution favors spin = 2
J=0 disfavored y?2/dof=23.4/9

14

consistent with J=2

» N=41%x11(5.50) 12 )
" '=20+8+3MeV il J=0 disfavored
e l M=3931+4+2MeV/c? =
2 25 8
2k S .
= m | ]
g0l Do B g
_ “ g 2
{ " H + o
T 28 39 s o ——aa cos e*l
M{DD) (GeVic2)

The observed state is 7’
(2J+1)r'yy x B(Z—DD)=(1.13+0.30)keV
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3 35
M, econldiv)

Reconstruct J/y + D

o Refit Moei(3/w) =>Mp

From X(3940) — D*D:
M = (3943 + 6 % 6) MeV
T < 52 MeV at 90%CL

Possible interpretation: n(3S)?
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X(3940) in ee annihilation

2005, L=357fb?
Reconstruct J/y—ll

Form MrecoiI(J/\V)EMX

B(DD)<41%

. + L&t i E“ﬂ'ﬁ'J”DﬂL

' B(D*D)>d’5%

5¢

38

RN
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Y(4260) in ete >y X
(radiation return)

2005, L=357fb?

1 e Observed in ISR events in (J/ynr)
mass spectra

e M,=4260 MeV/c?

B
(=]
T

| N=125+23 |
NU 407 T T T T ]
2 r - 1007 ]
E . DJ/w sidebands o \V(ZS) 1]
o 30 w02l 7 ,
0 o ]
g
£ ok E
@ .

o ' = 90MeV/c?

¢ Recoil mass (J/ynr) is consistent
with ISR expectations
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2 D Y(4260) at CLEO

Confirmed by CLEO-IIT: L=13.3fb
.. and by CLEO-c scan:

N

5_ & F5ABI0E. DO
F o serp (@) .
g Sop " - .
4 10 yarrgi (B)  weeso P
) | i .1 w4180} yazeo)
2 -E' 5- H w4 1. 3
7 i=]
) Y oL
MR IS (GeVi . ol(e’e’ >y w(28))
ﬁ 1 e x'a Jiy
= o woa® Jhy : =
o o(ee »J/yn*n’) =58+11+4 pb 11 o A ndiy ¥
e g(ee —J/yn0n0) =23+11+1pb 5.1 ¢ : "
¢ o(ee -J/yn*tn) =949/5+1 pb 3.7 ¢ sof N
—_ o ta iy ofete’—an Jiy)
ﬁ‘w“ o x%2® Jiy
(=]
mh *
3% 5% - 3 aq TazZ
+s (GeV)

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

t‘ Y(4260): other final states

¥(4260) — nnd: no signal | |3 ’_' | - M)
I7 x B(Y(4260) - 7° ) E -l
< 0.4eV @90% CL ‘ g% I mﬁ
Y(4260 : nothing seen i
(4260) — pp: nothing ot Y(4260)
B(Y(4260) —> pp) L i

< 0.13@90%CL

B(Y(4260) > 7"z~ J/w) oo J e g e

80 : s * m(}('n“*'rij (,-‘cl)s
s0 BaBir —
B :_} | Not found in Y(4260) - DD |

evenis/20 MeV/
] 7]
Q o

|| e l B(Y(4260) - DD)

* HM | J B(Y(4260) > 7'z~ J/w)
ol rﬁ*i;hﬁ#ﬁ%ﬂf@ﬂ it < T6@95%CL

m(D D) Gev/c?
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New charmonia, summary

State Mass (MeV) | Width Decay mode(s) |JP¢
(MeV)
X(3872) |3871.2+0.6 |<2.3 )y 14+
@90% CL |y)/y 1=0
DODOx0
X(3940) {3943+ 9 <52 D*D 0+ 2
@ 90% CL | Not DD or wl/y
Y(3940) [3943 + 17 87 + 34 o)y C=+
1
1=0
Z(3930) (3929 +6 29 + 10 DD 2+
Y(4260) |4259 *8 o 88 24 . ntn )y, n0n0)/y 1--
Not n*nd, DD, pp |I=0
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R D.;(2317) and D,(2460) mesons

BaBar - D_,(2317) CLEO
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v £y o || Dg,(2317)
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| e HE
mnihhiog

D; mesons
R
Properties studied Q?;\_\ Du 5
e.g. helicity in B—>DDSJ \""‘-x
T 053(2317)+ - Dg'n wF e Y
g o #LJF_L g 10 _ I:'_:.
/‘+ T | 5’/5””"*7
o J_o I i . J=2
A : I 1 .1_‘_‘_ 05 *--‘—'-é-‘—'—‘-—‘El;—'—'—‘—“

cos(ﬂm ) cos(fp, )

Properties in accordance with lowest level P states JP=0+,1+
Masses lower than expected from models!
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ey Pentaquarks

Pentaquark discovery in 2003 of a state 6* at 1.520 GeV which
decays into

nK+, uudds, was immediately confirmed by 10 experiments
statistical significance of individual expts is not high ~5-6 ¢

Discovery by LEPS ->

Events/(0.02 GeV/c?)

o L i
145 15 155 16 165 1.7 175 18

MM~ (GeV/c?)
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HERA-B: no evidence for 6+

100 =

counts /3 I".zhe\ahf::2
o
o
I

el o .
14 1.475

1.55

P LT MO
1.625 1.7

ng mass, GeV/c”
However many experiments DO NOT see pentaquarks
= Situation IS NOT clear yet

=Experiments which do not see 6+ pentaquark are mainly at HIGH energy
->While pentaquarks are seen mainly at LOW energies

= Need for a high statistics experiment at LOW energy
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ﬁﬁﬁﬁ Belle: Search for pentaquarks using kaon interactions in the

vl 1] feevs] detector material

mall fraction of kaons interacts in the

detector material. Select secondary pK pairs
to search for the pentaquarks.

* Momentum spectrum of the projectile is soft.

= low energy regime, similar to most
experiments which observed pentaquark.

. » . * Projectile is not reconstructed.

=K flavor is not fixed.

momentum spectra = can not distinguish between elastic and

of K" and K* inelastic scattering.

1/50Me\L
& 8
' T

@
o

» Secondary pK pairs selection:
- p, K* do not originate from e*e- interaction point,

40~ identified using dE/dx, TOF and Cherenkov info
L - Kg— = * =~ detached vertex, momentum is not
20~ pointing to e*e" interaction point
B : : - detached common pK vertex
Py P I R o

1 2 3 4 \65
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l_% XY Distribution of Secondary pK- Vertices in Data
barrel endcap
10— - A !
ST - 102
L L
-
b :':. 10
i ? i
b i
B I L
RETE NN L ks e e Ca e It e NP TP Y AR 1 Lt o Tl M el
-10 -5 0 5 10 -10 -5 0 5 10
X, cm
“Strange particle tomography” of the detector.
= Selected pK vertices originate from nuclear interactions.
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EEHAE Mass Spectra of Secondary pK Pairs
L T
> C >
[0)) L [0
8000 215000
6000 |-
i 10000
4000 -
L 5000
2000
: | | nltIhing | | | | ] |
q.4 1‘45 1.5 1.55 1.6 1.65 1-7 q‘4l L I1‘5I L I1‘6I 1 I1‘7I 1 I1‘8I L r1‘9
m, GeV m, GeV

Fit M(pK") to D-wave BW @ resolution function + threshold function.

M=1518.5+.2MeV in agreement with PDG’02 value 1519.5%1.0MeV
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= A(1520) yield is 15519+412 events
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Summary

¢ New states renewed the interest in low energy QCD:
— Great interest: ~800 references to “New charmonium” papers

o Still a lot of work to be done:
— Study more carefully their properties experimentally
— More theoretical ideas
e And hope for new discoveries in the nearest future
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G 7 Charmonium spectroscopy
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