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Static Charmonium Potential
= some trivial things
= some not so trivial things

= X(3872)
= radiative decays
= strong decays

1. Comparison
Belle Experiment

. Y(3940) BaBar Experiment
= Y(4260) 2. Implications of

. Z(4430)+ Potential Model

= Belle-II
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Charmonium

<1fm

1 gluon
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Static Quark-Antiquark Potential for Charmonium
= Coulomb-Potential
+ Confinement-Term k=0.5 GeV/fm
4 ovg s
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= solve Schrodinger equation
(m. heavy — non-relativistic)
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Mass of a Charmonium State
(Potential Model)

1 n dependant term

3myg r Or?
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Charmonium Excited States n<3,L <4

1S5 3S;y Py 3Py 3Py ®Py Dy °Dy Dy Dy 'F3 *Fa34'Gy 3Gags
n23+1 L 5
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4 E==s —— F g Xec -_-C_f_- He2 . s i sisisls S=as
DD* AR v ——
DD —1° he o X X2
e Jjb
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Mass / GeV
4 free Parameters
2 | — Og
k  string constant (confinement)
m, quark mass
1

— o contact term (spin-spin)

fit to 11 experimentally observed states
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3.2 d ] 32 — Experiment
Lo Jhp(3097) 1 2 Ww—e Model
3.0 _ 0 1 (2979) _ r e -
2 gt ] 28 | 'S s, Py Py 'D, *D)
’ S P D F G
Barnes, Godfrey, Swanson Eiglsperger

Phys. Rev. D72(2005)054026 arXiv:0707.1269[hep-ph]
Weise, HIRSCHEGG 2007

o5 = 0.5 ag = 0.29
k= 0.723 GeV/fm kK '= 1.306 GeV/fm
m. = 1.4794 GeV m. = 1.2185 GeV

Note: string tension from Lattice QCD k~1 GeV/fm
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Og

= Strong coupling is assumed constant for 0<r<co
= Mass solutions depend on ag with Am<100 MeV for Aa.<0.1
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— — DD*
n=3 oD
n=2 =

E. is non-trivial

requires numerical solution of Schrodinger Eq.

o-t 1—— 1t— ott 1t+ ot+ o=+ 17— 27— 3= 3t 234+t 345 -
A+
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Short-range Forces:
Spin-Spin Term

= consequence of one-gluon exchange

= spin-spin term is put into the potential,
i.e. not treated as a mass shift

= radial only
= ,contact term", Gaussian
= fit to experimental data gives o~1 GeV

4
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Long-range forces:
Testing Confinement

= Testing e.g. mass splitting of P-wave states

<r>~0.7 fm 4 v
Vir) = —2=+kr
= Coulomb term transforms as Lorentz vector 37r
(photon = vector)
» Linear term transforms as Lorentz scalar
= Scalar implies: >=2 gluons needed
3 3 3
Po “P1 °Ps n mCPh) —m(Gh)
m(*P) —m(* )
X% Xa Xé R,,=0.48 & 0.01
[ — --_f-- --_l'--
Xfﬂ X':l X2 Rvector = 0.8
i Xe2 — Confinement term is needed.
XD Xe —u — Confinement is scalar.
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Tensor Term 5 _
L | XA
i I R = .o
] ?.I'.I' i1 JEeaems maeeeees el e
= treated as perturbation o4 [ _ I;Iif h’ Yo X Xe [p3|
. ! aly —
» has diagonal and op —I  _ h vy Xl
non-diagonal elements » G
. )
= vanishes for S=0 3 e 1
. r
= vanishes for L=0 Zero Zero

= same order of magnitude and same range as LS term

+%j(j+1)l(l+1)5‘(5‘+1)<1>+& S <13>

m 2 - 2
i q ! 1 q

Among all the states used as input i 1 [ 1| 141

for potential model fit, I 5
only x., are shifted by tensor term. S12 | 501 | 2| s
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B Factories

SLAC injector
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Belle at KEKB BaBar at PEP- II

ime-of-Fli Electromagnetic Calorimeter
Electromagnetic Calonmeler .Y Ilr_frlfngf Hignt Cousiers 6580 Cel(T1 )Cr?stajs

9736 Csl(T1) crystals
os/E, = 18% 816V __

Cerenkov Detector
e 144 quartz b

Aerogel Cerenkov Counters Instrumented Flux Return g e B

n=1.01— 1.03 19 RPC layers =

o : K /= separation ¢ and K7, ID
3.5 GeV positrons,

K, -u Detector <" ff N
1415 RPC layers ( \
Ky and p ID ‘

3.1 GeV positrons

Centra] Drlﬁ[ Chamber 9.0 GeV electrons e

I 4 50 axial and stereo layers
iy Jgpfp ~ 0.35% @|& QeV/e

|I|c ‘ertex Detector
. dnub%ﬁa.dﬂ:l Tayam \

GP) = o o(tag) > 140 Drift Chamber
40 stereo layers
Silicon Vertex Tracker
5 double-sided layers

14 countries, % 3 msﬁtgté}. ~400 collaborators I countries, 80 institutes, ~600 collaborators
> 1000 /fb
On-resonance samples: ~553 /fb
Y(4S): 711 /fb On-resonance samples:
Y(5S): 121 /fb Y(4S): 433 /fb
Y(3S): 3.0 /fb Y(3S): 30 /fb
Y(2S): 24 /fb Y(2S): 14 /fb
Y(1S): 5.7 /fb Off-resonance: 54 /fb

Off-resonance: 87 /fb
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Production of Charmonium

B Decays Double

CC
b - ce — Charmonium
Production
A
in 2-body B decays, d, s -
PC=0—+, 1— —, 1++
in factorization limit C=+1
U > U
- Initial State Radiation
IPC=0++4,0—+, 2++ |
e e ¥
JPC=1_ —
'Y 'Y cc cc
E+ E:+ €+
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Decays of Charmonium States

C e
1-
Annihilation
c et
EM
e.g. J/y— ot v n®
OZI suppressed
AJ=0,1,2 c u
g Dot d
C
¢ > < d
c < c d
4 por < 4 Strong
Strong c z ~1/ag?
v ’ > ¢
C - ¢ Strong
AL=1 EM u Spectator
c radiative d sospin
> transition ?
: ) c (if () =p)
J ~1/og?
e.g. Y/ = Xy ¥ ¢ eg.y S I/yntw
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X(3872)

A molecular state?



X(3872)

observed
in more than one
decay channel

X(3872) — J/yYmTwT
X(3872) — J/iy
X(3872) — J/yrtr oY
X(3872) — DD’
X(3872) — DD’y
X(3872) — oy

narrow width
'<2.3 MeV (90% CL)

Mass 3871.46+0.19 MeV
very close to threshold

A[X - (mD* + mDo) =
-0.32=0.35 MeV

S-wave molecular state?

Belle, Phys. Rev. Lett.91(2003)262001
CDF-Il, Phys. Rev. Lett.93(2004)072001
DO, Phys. Rev. Lett.93(2004)162002
BaBar, Phys. Rev. D71(2005)071103

7| LIS B S B “2
-Belle 33
30— —
L w0
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o | ;25
%20* — E
s | 320
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10— —
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1 v
[ [ [
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Cl TR AN R R R SRR SR SO N ST SN MANN N gllllll A IS EET I AR TI NN RE
3820 3840 3860 3380 1900 .8 3.823.84 3.863.88 3.9 3.923.943.903.98 4

M i) (MeVic?)

m{Jiynr) (GeVic?)

3000+

CDF Il 1400 ) 800-D@ X(3872)
1300 % -
25001 1200 s
"o 1100 S 600
= 20001 1000 - N
E 900 E - %:um
31500- 380 g 400 ;
= o B I P
51000_ + - + E f! gmm
© Inclusive 200 |}/ 3
5007 * : . . 25 3 31 3z i3
[/ inclusive w,(gevic)
-.|||||||||||||I||||I||||
T 0*~08 07 08 09 1
3.65 3.70 3.75 3.80 3.85 3.80_3.95 4.00 T Mu*u' (GeVic")

Jyn T Mass (GeVic?)

pp, Vs=1.8 TeV
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Strong Decay X(3872) — DD™ %o T e

B § s AllD D" modes BaBar E

= Decay into DD" is dominant S 100 i
BR is factor 9.4+36 , s ] :
higher than for JAp pag. = i3 ] ’ I

+  BaBar, Phys. Rev. D77(2008)011102(R) ¥ | Pl it TN
m=3875.1%%7_, 5 0.5 MeV LT (T U LT T

= binned maximum likelihood fit D 'D° Invariant Mass (GeV/c?)

= 1-dim fit, M(D*D)
= signal pdf from MC
= exponential function background

= Belle, Phys. Rev. D81(2010)031103
m= 3872 9+0.6 4+04 05 MeV
= unbinned maximum likelihood fit
= 2-dim fit

M, >5.27 GeV

]
TTTTT

D* — DOy
Belle '

Events / (2 MeVic?)
; —

e ra - -] @
B UL LS UL B LA WL

= beam constraint mass %zf— w5276V D* DO 50
Gaussian signal S10r Belle
Argus function for background 84
= M(D*D) _ £ '
Breit-Wigner signal :
square root for background k: B &
2 T
A7 Sa75 74 67 678 360 3505 3054 3eh6 35643590

M(D*D) (MeV/c?)
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Radiative Decay X(3872) — JAp vy, ¢’y

Rare Decay

BR is factor ~6

smaller than BR(X— J/y =t =n™)
Combined branching fraction

BR(B decay) x BR(X decay) ~ 10-°

Evidence for X(3872)— 1/y y by Belle
256/fb

13.6x4.4 events
arXiv:hep-ex/0505037

Confirmed by BaBar

424/fb

23.0+£6.4 events

Phys. Rev. D 74(2006)071101

Proof for positive C parity
BaBar found evidence

for X(3872)—y "y

424/fb

25.4+7.4 events

Phys. Rev. Lett. 102(2009)132001

B(X (3872) — ')
B(X(3872) — J/um)

P+

=34+14

Events / (5 MeV/c?)

256 fb‘ll |
A Iy

Events/bin

3736 3928 4120
M(vJiv) (MeV)

—
n
T

Events / (5 MeV/c?)
=
_'_

o wn
1 &
-
————
A —
—— .
——
— “
I.—.—ri....l....l....l

h
'

(large)
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Radiative Decay X(3872) — JAp vy, ¢’y

= X(3872) — J/vy vy, E;=775 MeV
VMD contributes (p, w) 5

= X(3872) — vy 'y, E=186 MeV
can only proceed through

light quark annihilation oD F
— expected small DD —
— BaBar measurement surprising

= New measurement by Belle 3

Preliminary, QWG10, 711/fb

() VMD

Vol
Swanson, Phys. Rept. 429(2006)243
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New Measurement of X(3872) Radiative Decays

X(3872)—y vy

¢y K and ¢y "K* background is different for Il and J/vy nn
— simultaneous fit, 2" order Chebyshev polynom

Combinatorial Background

Belle, PreIiminary, QWG 10, 711/fb

S 20 % o B ¢ J/n
S 180 s
=16 R
31 g || e NG
:‘:’ 19? I.% 15" Y }w [ W J’] M
g: 1o ﬂ - Jf \Fﬁ.’.
Y75 38 EEs 38 Ies 4 Y7538 385 39 385 4
M, s, (GeVic?) M, ;s), (GeV/c?)
% 7? 7 c:g-
2 5 BO (R R 3 — J/qg nt
£ 4 T I
[ E c
. - M LL g
g w
2-- -
1 4 E I
g 385 39 395 4

M, s, (GeVic?)

B+ — K* X(3872)
5.0+11.9_,, , events
(0.40)

BR<3.4 x 10-6 (90% CL)

BO — KO X(3872)
1. 5+4.8_3.9
(0.20)

BR<6.6 x 107® (90% CL)

No signal observed

No indication, that
X—(n=2) charmonium
is stronger than
X—(n=1) charmonium
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Isospin Violation

= X(3872) = J/y ot
observation: ntn~ invariant mass peaks at p°
= X(3872)—=]/yp(I=1) violates isospin
= Reason?
= u-d mass difference (in strong interactions)
= u-d charge difference (in EM interactions)

= X(3872) can only decay into D%*D9, [cu]
not in D**D~, [cd]
(threshold is 8 MeV higher)

= — this decay is EM, not strong

Belle, arXiv:hep-ex/0505038
—r r ] ¢ T T [t ¢ & ] 1T 1

X(3872)

events/10 MeV

0.40 0.50 0.60 0.70 0.80
M(r'r) (GeV)
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Isospin violating Charmonium Transistions

Only one decay for charmonium measured in PDG.

b Decays into J/¥(1S) and anything
J/1(1S5)anything (59.5 +0.8 ) % —
J /1 (1S5) neutrals (24.5 £0.4 )% =
J/@-a(ls)ﬂw— (33.6 £0.4 )% 477
J/(18)7° (17.73+0.34) % 481
J/(15)n (_3.28+0.07) % 199
| J/(18)7° ( 1.30+0.10) x 103 S=1.4 528

Another one
P — h o

see Bes3 results, talk by R. Mitchell
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B — X(3872) K

Belle, arXiv:0809.1224, 605/fb

small K*(892) signal

80

70 !

w
(3.}

60

503 »
400
s ¢ I
20

10 N~90 events
0

N
o

Events / ( 0.0025 GeV/c?)

| 3
»
——
Events / ( 0.0475 GeVic?)
- N W
(44 g O

-
o

{ T

(=

M(J/y ) (GeV/ic?)

BR(B® = X[K"7 Jnon—res XBR(X = J/pntn™) =
BR(B" - XK*"x BR(X — J/yrtr~) <
BR(BY - XK+)x BR(X — J/ymtn)

BR(B— K X) ~ BR(B — K nt X)
non-resonant Kr as strong as resonant K
(although phasespace smaller)

......................
...........
-

it
e

3.82 3.83 3.84 3.85 3.86 3.87 3.88 3.89 3.9 3.91 06 07 08 09 1 11

12713714 15
M(K =) (GeVic?)

(8.1+£2.0M17) x1076

3.4 x107°% at 90% C.L.
(8.10 %+ 0.92 + 0.66) x 10~°
Belle, arXiv:0809.1224

(844+1.540.7) x 1076
BaBar, Phys. Rev. D77(2008)111101
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B—KnX(3872) is very different from other B—~KnCharmonium

KX (3872)

o 45¢
S 40f
[}] E
O 35
wn =
5 305—
S 250
i 20F
& 150
@ 10
5§— IRURTRRY )
0 & I AT IR WU IO WU | = 21"
06 07 08 09 1 _11_12 13 14 15
M(K =) (GeVic?)
M(Kr) / GeV
4
Ky Krd/Ap
—_ « 800 [ | [
= u - -
4,200 < C hi
> 180 } Belle % C BaBar, Phys. Rev. _ b
Q1600 arXiv:0809.0124 S 600 — D71(2005)032005 -] =
=140} . P - s
S 5 400 [ 4 3
~100E ) C ¥ Ny ~
E 801 E R H "2
> 60f = 200 E s
40F = C L i m
202— 0 ';J' 'I"'s-M-r_ " i
0 R Y
M(K =) (GeVic?) 1 1.5 2
M(Kr) / GeV M(Kr) / GeV
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Belle, Phys. Lett.
B634(2006)155
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Y(3940)



Y(3940)

= only decay seen so far: J/1)w

= quite narrow
radially excited P wave state?
n>2 has nodes in wave function
— width narrower

= Belle, Phys. Rev. Lett. 94(2005)182002
275 x 10 B meson pairs
mass 3943x11(stat.)+13(syst.) MeV
width 87+22(stat.)+26(syst.) MeV
= BG~qg*(m)
momentum of particles in JApw restframe

= mass resolution fixed Am(Jpw) ~ 6 MeV
factor >10 narrower than Breit-Wigner

= BaBar, Phys. Rev. D82(2010)011101
467 x 10 B meson pairs

mass 3919.1+3-8 5, (stat.)=2.0 (syst.) MeV
width 31+10 o(stat.)£5(syst.) MeV

= BG Gaussian
= mass dependant resolution

B* Events / 10 (MeV/c?)

BY Events / 10 (MeV/c?)

Yield

3880 4080 4280
M(wdhy) (MeV)

400 [~

200~

BaBar B+ 1

o
T 1

400 -

200 -

o

(5]
;:ﬁ T T T
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X(3872)—3x and Y(3940)—3x

Isospin violating decays.



Observation of X(3872) — JAhp w(— w+ = n®)

= Belle, arXiv:hep-ex/0505037 16?‘ | |

4. 30 5|gn|f|cance (stat )
256/fb

Events/25 MeV
[00]
|

. . . 0 ] T | ’ | i o + | * - ! - | | ‘
= |sospin violation o . .
(additional xt¥) M) (MeV)

B(X — wta— 7wV /v)

seems large — 1.0 + 0.4(stat) £ 0.3(syst)
= — BaBar B(X — ntn—J/1) t

re-analysis of Phys. Rev. Lett.101(2008)082001 Belle

with new o mass cut MC efficiency corrected

BaBar, Phys. Rev. D82(2010)011101, 433/fb

BaBar, Phys. Rev. D82(2010)011101, 433/fb

Belle BaBar BaBar
hep-ex/0505037 | Phys. Rev. Lett.101(2008)082001 | QWG10

Cut on AFE +35 MeV +20 MeV (B™) +20 MeV (B™)

= JET* — (72 | (charged only) | £15 MeV (B°) +15 MeV (B°)

Cut on m(37) >0.7500 GeV__ | 0.7695-0.7965 GeV (BT) 0.7200-0.7965 GeV (BT)
(charged only) | 0.7605-0.8055 GeV (B) 0.7400-0.8055 GeV (B°)

PDG2008 m(w)=0.78265+0.00012 MeV
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B+ — K+ X(3872)(— JAp w(— =+ = n0) )
X(3872)  Y(3940)

C:IS 1 v '- _ 1 _ _ 1 1
> | 5 ]
v - = -
= 100 P v, .
E - — -
z T :
5200_— N
0- BaBar, Phys. Rev. D82(2010)011101 \\-

| 42 44 46 48

my,,,, (GeV/c )

B(X(3872) — J/yw)
B(X(3872) — J/ymr)

=0.7+£0.3 Large isospin violation confirmed
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Testing the Quantum Numbers of the X(3872)

X(3872) — J/y 2n
S-wave preferred

o’ Belle, arXiv:hep-ex/0505038 X(3872) — J/w 3n
e P-wave preferred
= = -Jhyp (L=1) |
= | | BaBar, arXiv:1005.5190, 433/fb
5 Wppg
o NU N t 1 E .
S MC S-wave E
E‘ 15: — MC P-wave .
M(r'm) (GeV) < = 3
CDF-II, PRL 96(2006)102002 S E ]
"¢ 2501 X(3872) > iy + :‘E 3 E
— JAy p (L=0 N
% 200_—'J/\:ISEL=1§ - , —— *—]
f 150 |- Multipole Expansions for cC: 0.74 0.76 0.78 R
) 3g . GeV/c”
5 100—9_5;&1)(5 147 | ms, (GeV/c?)
> = T
2 50| I <
%
50— . | . . : \ . . \

0.4 06 0.8
mn Mass [GeV/c?]
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Implication for X(3872) possible Charmonium Assignment

4 -

= Case 2 — P=+ N
1++ ‘?E 1++
Xe1 Py g
. N 24
predicted mass 3953 MeV >
n=2 ] 2—+
0 1 T T T T 1
« Case 3n — P=- 0 \1/ 3
2—+ ' r/ fm
N D, 2
< 10_0 MeV lower than y, 1s, 35, 1p, %p, 3p, p, Ip,
predicted mass 3837 MeV 5
n=1 " "
(would be a L=2 meson) AR AV VA s
?H ."!'H _mm-— L [wEww) mma= C
4 b W [¥G [ Xe i
DD~ e
Mass predictions by Xeo L
Barnes, Godfrey, Swanson e J /b
Phys. Rev. D72(2005)054026 3
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A student exercise:

B — K X(3872)
0— —=0-— 1+
parity (—=1) — parity (—=1) x (+1) x (=1)t



A student exercise:

B — K X(3872)
0— —=0-— 1+
parity (—=1) — parity (—=1) x (+1) x (=1)t

We need L=1 to create ]J=1,
but this violates parity.



vector or
axial-vector

K%

d —

J=0 or J=1 preferred
Parity + or parity — allowed
JP=1+* no problem (e.g. B*— K*y.; seen with BR 4.6+0.4 x 10~%)

but J=2 very hard to be generated
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X(3872): Notes

- If X(3872) is ‘D, v
then it is S=0 % o
transition to J/y = spin-flip! 3
M1 transition. Must be suppressed. £ *
Example: @15
El v —yxy BR=9.2+0.4 % w0 A Tp-
M1 ¢’ —ymn. BR=0.34+0.05 % st
(although phasespace larger)

T, DR (WL o, o A SR
Q7538 385 39 395 4

M, s, (GeVic?)
LS term —2 Zero
Tensor term +2/3 +2/3

+ @ S ‘3
r

j(jﬂ)z(z+1)5(s+1)<1>+ S <1>

— Voe——
2 3 Sag...92
mg 7 Im p

1D, mass prediction ~50 MeV too low
Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026
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Regge Trajectories if X(3872)
s J=2

Gershtein, Likhoded, Luchinsky
Phys. Rev. D74(2006)016002 X )
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J/yw in yy collisions



Slolg=la M -Tale CH BN EWAS IR g M- ER-s MEFEI:ET@  Hirschegg'll | January 18, 2011

vy = JAp o

Belle, phys. Rev. Lett. 104(2010)092001

Final state 2 vector mesons with I=0

0.95

0.9

0.85

o
oo

0.75

M(37) (GeVic?)

0.7

0.65

0.6

M(I*T") (GeVic?)

. "
. .
- . ® ]
] * . - ¥
. l.., =
L= -. [ . . » .
L] '. ]
*a
-
- L ] - -
= .
-
.
L . ®
- o ]
. .
: R
& - L
o . l*‘-.' . .
B * . st o d
. sy ™ %= . "
B -!.l-’ '. . L]
-1 : ) L] .l “ :.
™ .
| L * t'l [ - .
. L] . -
. . " L]
B .. s
: " 1 .'.' -I. < e o
= H| il

694/fb
includes Y(3S) and Y(5S) data

Events/5 MeWic2

3

3.2

M{1+|‘?'{iG eVic) Event

25 F selection:
w2 | | 4 tracks
I lﬂl Net charge=0
§ _ 2 n0 candidate
30 F ' Lepton ID

5_ i o

: # ! K rejection
Dn.'aﬁh;;l .U%D#H1 P, balance

M(37) (GeV/c2)

a1



vy = JAp o

= vy collision signal region (P < 0.1 GeV)
= (Clear enhancement seen just above J/y w threshold

= 7.70 (stat.)
49+14(stat.)+4(syst.) events

= M=3915%3(stat.)+2(syst.) MeV
= [=17+10(stat.)x3(syst.) MeV
= (C=even, but J? not yet determined (need much more statistics)

= Is this the Y(3940)7? (in a 27 production mode)

Belle
0.3 o * ]
.. PRL104,092001(2010)
__025 | ¢ * =5
_S.-?- ® m " "
S LE e = Resonance contribution
& 2
~0.15 e A Estimated background
'kd_‘ P o ‘E
:]'- 0.1 £ ..' 5 Without resonance
_— "Qo
0.05 F ° o
C oS0 e
02.’?’!.'.?'.,[.?1...1.... YA ARSI A
3.9 4 41 42 43 4 4,05 4.1 4.15 42 425 4.3
W (GeV)
W (GeV)
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If this state is the Y(3940), it implies:

in yy collisions JF¢=1+*or 2+ can not be produced
(only 0*++,0-+, 2+)

X(3872) and Y(3940) would have different JP¢
— mixing forbidden (in B decays)

llir
lllllll

T =
200 000 Py U T3

e LT T T .
385 3.9 3.95

M(J/yw) / GeV
(see p. 29)




Y(4260)

JP=1-, but coupling to ete~ small.
(a hybrid state?)

Note: recent notation
by PDG as X(4260)



Y (4260): Reminder

initial state radiation events
ete-—y J/pmtn

(undetected y parallel to beam axis)

mass >4 GeV
(far above DD(*) threshold)

width < 100 MeV

(quite narrow) %
>

S =

significance >100 N
=

&

quantum numbers must be
(based upon production
mechanism)

JPC=1- -

Initial state radiation

&

LVS ]
O
T

(%)
(=]
T T T 1T 17

1oL

46 48 s
m(T T I/y) (GeV/c?)
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Y(4260) Parameters
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BaBar [1] | CLEO-III [2] | Belle [3] Belle [4] BaBar [5]
211 fb~1 [ 13.3 b~ ! 553 fh! 548 fh~1 454 b1
N 125423 141753 165424 324+21 344+39
Significance | ~8c ~4 9a >To >150 —
m / MeV | 425948717 | 42837 .44 | 429510757 | 4247412725 | 42524673
I/ MeV 8842375 | 7075, 133+267,° | 108419410 | 105£187;
1] Phys. Rev. Lett. 95(2005)142001
2] Phys. Rev. Lett. 96(2006)162003
3] arXiv:hep-ex/0612006
4] Phys. Rev. Lett. 99(2007)182004
5] arXiv:0808.1543 hep-ex|

46



e*e~ — yisr JAY (V) 7t : Y(4008,4260,4350,4660)

Phys. Rev. Lett. 99(2007)182004, 550/fb

T '[ T T Ll T I
80

T T l’ T T T " T T T {

Entries/20 MeV/c?

T

T T T

1 1 i i

\

|

s .45 - 5 _ 5.5
M(?‘C :r:"quf) (Gerc )

<> Er T ! T T T \ ERERaEmE
2w ||not seen E
E - ?BABAR -
70 preliminary —]
(] C ]
< 60 | arXiv:0808.1543, 454/fb |
2 S0 + 3
5 40= } '} E
305— H _i
Sk PR
0842 47 I5 38 5 55 51
m( I/ (GeV/e?)

Phys. Rev. Lett. 99(2007)142002, 670/fb

—h
)
R S O LR S L

Entriesf25_LMercz
N LS

L T T

L ! T

M(:n: = W(2S)) (GeV!c )

Phys. Rev. Lett. 98(2007)212001, 298/fb

Pt

—_
=)

Events / 50MeV/c?

L

Mm@ (GeVic)
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What is the tail <4.7 GeV?

= Threshold m(D)+m(D**) = 4326 MeV
Lineshape distorted? No.

= Non-corrected radiative effects? No.
Radiative lower mass tail in J/¢y — e+ e~

might generate higher mass tail in m(J/y-with-wrong-mass n*n-).

= Fit funtion: Breit Wigner x Phasespace x Efficiency
Efficiency a(m-my)+b with a=7.44+ 1.3 GeV~!, b=9.31 + 0.07 (Belle)

changes factor ~2 over peak
Belle, hep-ex/0612006

Events/20 MeV/c?
-

N
a
T T

N
=]
T

-
o
T T

10

Y(4260)

—— e

b

5.5 6 6.5 7
M(rc* - Jdhy) (GeVic?)
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1-—- Y States

3 L2
: S 1 E 30 Belle
Y (4660) 2,0
'il.'ll’m No more states. & :
— Y (4350) 20—
EFI-:I.r.l' Y (4260) B
M»
4 Y (4008) 15
DD __ I;I-w
DD — I 107 ] . ] H ]
i i R
3 o_ltlll - I4.|5I - Iél = |5% L“llli? ..T.:.IG!EII'III II7

All same quantum number
1 ——
but apparently
= no mixing with other 1 states

= N0 mMixing among them
Y(4260) seems not decay to ¢” ot «~
Y (4350) seems not decay to JAp ot ™

Soren Lange | New states from Belle and BaBar

Mt e Jdiy) (GeVic?)

No more [J/y nt n~ ] state up to 7 GeV

Note: radiative transistions
between the states
forbidden by parity
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Y(4260): Comparison Belle and BaBar

= BaBar collisions head-on,
dipole magnet close to IR

= Belle: steering angle

= slightly higher background
at BaBar (also seen as
MRad SVD radiation dose)

= backward acceptance
for 6~180° limited

Events / (20 MeV/c?)

Events / (50 MeV/c?)

arXiv:0808.1543, 454/fb

0 :

0=

BABAR

preliminary -

15 14001

1
CVENIS/V.L

13 1200

W
=]

Events/20 MeVic?
N
(3]

hep-ex/0612006, 553/fb

N
[=]
LI B

Belle

M(r* e Jy) (GeVic?)

B 1000:—‘

800
600

=

(S AT IS AT A ol 1
9.8 4 42 44 46 48 5 52 54
m(mTIy)(GeV/eh
16077\\ T TTT TTT TTT TTT TTT TTT ‘ TTT ‘ T 1T ‘ TT \7
1401} BA‘BAR
1200 preliminary
1001
80 -
60 -
40 -
ZD_I f
Lo oy, .
0__-LL.—-'-I—I-'.—.J-'-I._HTI_A_'_.._I‘I-IJ-'-;_
| Il

Bl by b b
-1 08 06 04 02 0

11 ‘ 11| ‘ 11| ‘ 11| ‘ 11| :
02 04 06 08 1
cost* (M Jy)

200

Belle

0

W e =22 =20 s B
-1 -08 -0.6 -0.4 -02 -0 0.2 04 0.6 0.8

cos(0)

CMS polar angle of Y(4260) to e— beam
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Y(4260): Notes

= Decay to DD, DD*, D*D* not seen
see Talk G. Pakhlova, PsiPhi09
but e.g. BR(y " "— DD) > 90%

= Small coupling to e+ e—
(although JP=1-)
BR(J/y nt n~) x I'(et e~) =
(7.5+£0.9+0.8) eV
BaBar, arXiv:0808.1543

= Small coupling to pp
BR(Y(4260)— pp)/
BR(Y(4260) — J/y n* n~)<0.13
BaBar, Phys. Rev. D73(2006)091103
> implications for Panda

What is blocking
these decays?

G(nb)

= st -2 LY ] £ =Y tn L= ~1
T T T

H

S
L +
(4, L[lﬂtﬂf &“ithhhﬂ Sboaittad narb b snamas onie ead

Belle
BaBar

2

|

“WH

- 00
ee =D D

0
3.8

W
ATy
4 4.2 44

3.8

4 4.2

44
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X(4630) highest charmonium(-like) state observed so far

only new state with decay to baryons seen

» 535, or 45D, ?
Segovia, Yasser, Entem, Fernandez
= 635, 7
Li, Chao
= 2-baryon threshold effect?
as seen in B decays, J/vy decays

ete A TAL Yisr

A. — pKS , pK=ntt |, At
A.~ is tagged by anti-proton,
(partial reconstruction,

recoil mass)
Phys. Rev. Lett. 101(2008)172001, 670/fb

10

-]
N = . :
2 ™ Ac A.-(2768) § 40 D
= B - 768 B =
2 o TN | e 2 X(4630)
S Ac(2625) e S b g5
“ - A (2595) z [ 26
so0 b/ T x
i 20
100 - - T | | %
5

> : 0 1 | L 111 | I I | | I | | 11 1 | L1 11 | L 111 | | I | | L1 11 |
1> 2 23 e/ 3 45 46 47 48 49 5 51 52 53 54
+ ev/c + .-
Mrecoil(Ac 'YISR) M(A, Ac) GeV/e
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Potential Model:
Wronski-Determinant must be =0 at turning point

515 I
| S
E —2m 4m? —4mE + E? 4o, FIR N A N Y
Tturning point 20. + 40_2 30_ -
7= S SO SV AU SN JUU SR

= at m=4.660 GeV, the turning point
of the wave function is at r>2 fm!

= |arge fraction of wave function
is in string breaking regime
r>1.35 fm

— 1,5

—18
—18
—3S

_— 110=

W 1
05 \

0,0

-0,5 <

3': 1 == e === E
/1 -~ 3
/ /T radius [fm] Beoskx

\VAVA Pt Ce™ ;’ :l De™*

-1,0<4 \ 7

-1,5-
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Z(4430)*

A charged charmonium(-like) state.




BO — K+ m-

K*(1430)

K*(892)

2.5

e
™

[N — [ o) o [ o %

o o — — — - —

" (,A99) (AN

1.5

0.5

M*(Kw) (GeV?)

55
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Z(4430)*

—5102
510 &
'3 1 Mo =05 s T2 s s
M2(K "), GeVZict
BaBar Belle
Phys. Rev. D79(2008)112001 Phys. Rev. D80(2009)031104
413/fb 605/fb

Dalitz plot shows same features, although different range.
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Belle and BaBar data look similar.

with K* veto

Events / 0.01 GeV/c?

Result of Belle
— Dalitz fit analysis.

The same curve
divided by 1.18
(scaled with

Y ——

e Ty opou 0 gw 30 ¢y
4.2 4.4 4.6 4.8

Integrated luminosity)
M (') GeV

Events / 0.01 GeV/c?

30
25 |
20
o
105

S5F

e T —

P I S (N (I S [ M
42 4.4 46

M (') GeV

Enhancement in Mass(my’) is seen in both data samples,
only interpretation is different.
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Belle-ll



Belle Rollout, 09.12.2010

L o
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Belle Rollout, 09.12.2010

. x

.l. r
5 o gl
% e : \\ o WL
= - T X A gk ' =
e (= =N ’
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Belle-ll and Super-KEKB
= Luminosity x 40 (8x103> cm~—2 s71)
plan 50 ab~! by <2021
= Groundbreaking Ceremony: 8.04.2011
= Technical Design Report, see arxXiv:1011.0352
= Several new detectors, e.g. DEPFET Pixel Detector
= vertex resolution Az>20 um for p>1 GeV/c
= improved low momentum tracking, e.g. for D**(— D° nt*)
= schedule: detectors installed by 01.10.2014

Silicon
Vertex
Detector

Pixel sensar

K-long/
Muon
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Summary

= Although BaBar and Belle finished data taking,
results from spectroscopy analyses are flourishing.

= Even >5 years after discovery of X(3872), Y(4260), ...

their nature is not understood.

= The next steps ahead:
Bes-III, LHCb, Belle-II, PANDA, ...... , SuperB ...
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Luminosity prospect

70f
o 50 Milestone of SuperKEKB /'/
D 50

§ 1059 month/year We will reach 50 ab;

3 £20 days/month in 2020~2021.

g8 30

Y|

<IN

£ 10

x10%° E;_

2  6——Commissioning starts

e A in-2"4.half-of- 2014

gL N

JE 20

xS b 0 L 1]
3 D10 2012 2014 2016 2018 2020 | 2022

Shutdown
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K* is peaking with respect to this angle
in B meson rest frame

»Z(4403)+"

Angle shows forward/backward
asymmetry for K*
(because of P-wave ?)
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Y(4140)

A state with strange quarks?



—

B+ — K* Y(4140)( — JApd)

CDF Run Il Preliminary

L=5.0 fb" Signal PDF: S-wave BW

Candidates per 10 MeV/c*

{

J_ — "

convoluted with resolution
(1.7 MeV)

Background PDF: 3-body phase
space (blue dot)

Fixed component for Bs
component (black dot dash)

Am, I' consistent with previous

O Nk oo ~NOO o
|

—

| I
1.1 1.2 1.3 1.4

result, yield is increased

m(u KK )-m(u*y’) GeVic?

Result w/ 5.0 fb-L:

Yield =
Am =
r =

19+6
1046.7%29_, , MeV/c?
15.3*104 . (stat) MeV/c?

J(-2log(L,,.)/L)= 591

Result w/ 2.7 fb1:

Yield =14+5
Am  =1046.3+2.9 (stat) MeV/c?

r = 11.7*53 ., (stat) MeV
8

Kai Yi et al., ICHEP 2010

Analysis with 2.7/fb in Phys. Rev. Lett. 102(2009)242002
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B+ — K* Y(4140)( — JApo)

- D.°* D, molecule? Br(B*—Y(4140)K*) x Br(Y—Jhpo)
" Beware: CDF (9.0 = 3.4 = 2.9)x10®
there is no neutral Ds(*) meson. Belle <6 x10® at 90% CL
= m(D,* )+m(D* )= 3937 MeV P
— too low. 2 27.575 (1:90) elle
= m(D.**)+m(D_*)= 4286 MeV 3 " IN
— too high i ] |
= J/y ¢ molecule? uoen I T
= both neutral and heavy i
« m(J/p)+m(¢)= 4116 MeV Gkl
» close, but positive ,binding energy®  °TFETTETTETTET
(would be a virtual state) MO/ we) / GeVv
Belle, Lepton-Photon-09
771/fb
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X(3872) mass in wtw-J/Ap channel only

<M,>= 3871.46 £+ 0.19 MeV

X(3872) Mass Measurements in J/ynwr Mode
Belle ——
3871.46 + 0.37 + 0.07 MeV/c?
BaBar (BY) I @
3871.30 + 0.60 + 0.10 MeV/c?
BaBar (BY) | o ‘
3868.60 + 1.20 + 0.20 MeV/c?
DO i @
3871.80 + 3.10 + 3.00 MeV/c? - new CDF meas.
CDF old : o -
3871.30 + 0.70 £ 0.40 MeV/c? A// CDF| PRL103,152001(2009)

CDF new (preliminary) +o+
3871.61+0.16 + 0.19 MeV/c?

average w/o new CDF result ~ —@— Mpo + My«o.
@

3871.24 + 0.29 MeV/c?
average with new CDF result
| 3871.46£ 0. 19 MeN e e A

m(D%)+m(D*) [PDG1 2010 —o—
3871.78 + 0.29 MeV/c? | |

. . I I
3866 3867 3868 3869 3870 3871 872 3873
X(3872) Mass ( MeV/c?) ‘—v—’

L]
A

Belle meas.

Am = -0.32 £ 0.35 MeV
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300

X(3872) yield / bin volume

CDF: PRL 98 132002

“lcos(0, )l
<05

lcos(6,,, )l < 0.6
lcos(6, )| lcos(6, )l

> 0.5

[

< 0.5

lcos(6,,,)| > 0.6

lcos(6,. )l
> 0.5

0 0.63 1.15 n/2

0 0.63 1.15 w2

0 063 115 n/2

IA @ - nl - /2l

0 0.63 1.15 w2

All JPC values other
than 1** or 2 tare
ruled out with high
confidence
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B+ and B decays are quite different.

Swanson, Phys. Rept. 429(2006)243

—7 :

B+ = B,
0 —
BO = B,
B+ — K+

Bg — K; B0 — KO
B+ — K+ (charge sign changes by W+,
B+ — K0 and changes back,
B+ - K — same charge for B and K)

any combination possible

color suppressed
color enhanced (color is locked by spectator quark)
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X(3872)—JApn'n” in B+ and BP

Phys. Rev. D 77(2008)111101, 413/fb arXiv:0809.1224, 605/fb

{:m: il | | | T | [TTT T TTTT[TTH
= 2oF ~a 7> ik
a 70 5 50[ C D i
§ EBE Fiti A BELLE .
p= - [ —— Fitincluding signal ]
i 50 i 40 [ ree Background level

[ - v Data

£ aof 30f B + .

20

-
=]
LEI

'IU

rr&{éav}cz} OI b b b b b v b o bova ol |
P R L L A A . 13"'—
14 ] r -
3 0 . 16 0 .
g" B 14F B 3
= 10 122— E
§ 8 - - 'I(]:— —_
6 ‘ 8 ]
|| | . 6F ]
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e.g. Braaten, Lu,
(Belle) (BaBar) Phys. Rev. D 77(2008)014029
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A cross section through the device is shown in Fig. 4.3. A p-channel MOSFET or JFET (junction
field effect transistor) is integrated onto a silicon detector substrate, which becomes fully depleted
by a sufficiently high negative voltage to a p™ contact on the back side. A potential minimum
is formed by sideward depletion [4], which is shifted directly underneath the transistor channel
at a depth of about 1 pum by an additional phosphorus implantation underneath the external
gate. Incident particles generate electron-hole pairs within the fully depleted bulk. While the
holes drift to the back contact, electrons are accumulated in the potential minimum, called
the “Internal Gate”. When the transistor is switched on, the electrons modulate the channel
current. The readout is non-destructive and can be repeated many times.

FE amplifi
T gate clear - plifier

P+ SOurce

N+ clear

p+ Grain

depleteq
n"Si bu“(

P+ back Contact

The removal of the signal charge and thermally generated electrons from the internal gate is
called “Clear”. A neighboring n™ contact is pulsed at a positive voltage providing a punch-
through into the internal gate. Any reset noise is avoided if the entire charge is removed. An
advantage of the DEPFET device is the amplification of the signal charge just above the position
of its generation, thus avoiding any lateral charge transfer where losses could occur. The most
important feature of the DEPFET is the very small capacitance of the internal gate, resulting
in a very low noise performance even at room temperature.
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Y(3940) > DD* ?
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C=+ States



Double charmonium production
Recoll mass
(direct production in continuum)

Belle, 693/fb, arXiv:0708.3812

e o0 7 1

N/20 MeV/c?

recoil = D™D e

C =+ preferred er

High branching fraction
for this process unexplained

_. =_—ZC == I:.:I: = = ! T 3= = Il 1 1 :I I
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

(probably non-pertubative QCD)
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Any of the DO)D() seems to indicate

S-wave enhancement

[
[=]

N/50 MeV/c?

N/25 MeVic?

N/25 MeV/c?

N/50 MeV/c?

M(D"? D) GeVic?
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Too high

for molecular

Hypothesis.

Constituents | JZ¢ | Mass [MeV]

DD* (Vi ~= 3870
DD* 1+ ~ 3870
D*D* 0+t ~ 4015
D*D* 0=+ ~ 4015
D*D* 1+ ~ 4015
D*D* 2+ ~ 4015

Predictions of molecular states
one-pion exchange model

Tornqgvist

Phys. Lett. B590(2004)209
Phys. Rev. Lett. 67(1991)556
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C=+ states

= Cannot annihilate to y (e* e™)
= only decay to yy or gluon gluon

0O ey,
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LS =) = % (r =0)
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[wd/Ap] in double charmonium production?
ee >J/yY + (v J/Y)

N = N
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Phys. Rev. Lett. 98(2007)082001
B(X(3940) — w J/v)
B(X (3940) — D*0 DY)
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