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Phi to Psi 2009

Motivation to study
cross sections e*e- — open charm

Parameters of the J'C=1-- conventional charmonia
y(3770), y(4040), y(4160), y(4415)
M T, , T, remain quite uncertain and model dependent

To fix the resonance parameters we need to know their

decay channels to take into account their
interference:

* non-resonant contribution
 many open charm thresholds
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Phys.Lett.B660,315(2008)

BES fit to the inclusive R spectrum

05|

possible two0-Dody decays of ,
ﬁﬂqlﬂl All ible two-body d f y(3770)
Iﬂll Q“N Mol ,_,__.L-rn[- y(4040), y(4160), y(4415) are included
- H., _
ﬁl}ﬂi igm (3770) = DD;
A Ree=RpwtRiy |7 | |0(4040) = DD,D*D*,DD*.DD* D.D,;:
A ;Q. a7 | |v(4160) = DD,D*D*,DD*,DD",D.D,,D.D;;
ool faxmf.i:..‘;;;z:ji:n.ﬁ;ﬁ._ .. (4415) = DD,D'D*,DD',DD*,D.D,,D.D*.D'D".

a7 38 .39 40 41 42 43 44 45 4'6' 47 48 49 50

Resonance shapes Ecm(GeV)

Interference term

Significant effect of interference :

M, MeV T,.,MeV | T, keV 3, deg
w(3770) | 3772.92 £ 0.3 | 27.3 = 1.0 | 0.265 = 0.01 PDG09
5 8
3772.0 = 1.9 | 30.4 = 8.5 | 0.22 = 0.05 0 BES08
w(4040) | 4039 =1 80 =10 | 0.86 = 0.07 PDG09
4039.6 = 4.3 | 84.5+12. | 0.83 £0.20 | 130 = 4 | BES08
3 6
v(4160) | 4153 =3 1038 | 0.83 % 0.07 PDG09
4191.7 = 6.5 | 71.8 = 12. | 048 = 0.22 | 293 = 5 | BES08
3 7
%#1;05)9 203321 + 4 6220 | 0.58 = 0.07 PDG09

model dependent!

To reduce model
dependence

we need to measure
exclusive cross sections to
open charm final states



Width, GeV Potential models & y states

State |Mode| PDG09 |°Py|pKp

(3770)|DD  [27.3+1.0[33] 11

¥(4040)| DD 01123 ¢ Mass spectrum
DD 25| 17
DD’ ‘? 25| 5 In general agreement with data
D.D. 6 |1.6
Total | 80+ 10 |57 | 26 & Open Charm decays
/:(4160)| DD 12 via nonperturbative gluodynamics
g%* () gf 0 6 ¢ difficult to compute
D.D. . 6 ' * good probes of strong QCD
Mo/ % Only inclusive measurements
Total | 103+ 8 |57
»(4415)[D°D 12
DD; 24 . .
DD, ? 18 More theoretical and experimental
DsD, 2 efforts are required

Total | 62+ 20 |60

E.Swanson, Phys.Reports 429(2006)

State PDGO09Y GI85 F91 EQ94 ZVRY5 EFG03 BGS05
1S, I/ 3096.919 +0.011 3098 3104 3097 3100 3096 3090
23S, (28) 3686.00 +0.04 3676 3670 3686 3730 3686 3672
1°Dy  (3770) 377292 +0.35 3819 3840 3800 3798 3785
338, (4040) 4039 + 1 4100 4180 4088 4072
22Dy 1/(4160) 4153 + 3 4194 4142
43Sy 1/(4415) 4421 + 4 4450 4406
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Charmoniumlike
1~ family

One more reason to study e"e” to charm cross sections

The nature of the charmoniumlike 1~ family with masses above open
charm threshold remains unclear

* Their properties are inconsistent with conventional charmonium
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Events / (20 MeV/c?)

Events/ 20 MeV/c2

arXiv-0R08R 1543

Is inconsistent with conventional charmonium
Phi to Psi 2009

ete —=J/ynTn ViR

w PRL 95,142001(2005) -
RistY@260) T om0 Y(4260)... Y (4008)?
30}4 H ‘°2 H - oSy . " PRL99, 182004 2007)
- : ) 10?' “Hm*ﬂﬁ +++ ] —: l
- % I i ] : T i
20:— he l l ‘ . 8 63.6 38 A 42 44 46 a8 5_: é % s ' . 2_BVY t?vt wilthﬁint(‘:l‘:;;.encet
_ | [ 1 - = _E 2 i 1! e ozsolsls ::cs .'ons o
1o'| J |._ | | ] |‘l | | 23317 | - §4O-Y(4008)_" : peak o
LT T o s Pl LI 8 [ ey Yot2o0 :
i Ty g I T S -
8 4 az a4 as as '25% “r & l | -
e v T Fpa ol wpa m{WNJIIW)(G?V/c{ = I -'.H:._' i J'"LLI':LIII“
88 4 42 44 46 48 5 52 54 1
i 2
p oo BEECEVE e | e ey
. PRD74,091104R(2006) Co nﬁrmed PRL 96 162003(2006) _
12 s B >3 16| ] %87
Sl W l ol L e diy  o(efe—mn J/y) ] &
= 1 IP]FI @40 o °r° Jhy 10
T} | blim rlon. ) o + Jiyn®n? (5.10) :
..UEJ 3 — 5 4G 36 38 4 42 44 46 48 5 52 n 20 T _. Stg
Z 2| ‘ 133 fb! | |347] p o -
Enn [ i 3.7 338 3:9';/ év 41 42 "43tbd
%8 4 42 44 46 48 5 52 e » s (Ge )+
M (1 -Ji) (GeV/c?) ion [y (4260) ‘ 4247 + 127 |108 +19+10
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o(n'n w(zs))(pb) PRD 78, 014032 (2008)
Best Fit
100 -_ E - S Solution |
[ A T Solution Il
! * Belle
75 [ vzeo) " e
[ [YEOORE  v(a660)
- 1 [ t 6.1c
50 | |
25 _ 1 | ?1 l :.:.
:Jv*l | NG LN l *
0 _I.. ’ - A, :.....I.._- ...4.. : ...l. .I - . _|_
4 4.5 5 5.5
V3 (GeV)

11 1+
L9 2+07 Y4660) 5.9 + 1.65

Y5 - 0 g 4o 7 9 \ub'-\//é2)
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Y(4360) 12.3 = 1. 2

171 HE BN~ -0 saemy

) COmbTEEd—Jj‘(ﬂSBaB W&%ﬁlle
?_ data Y{f}ﬁﬂj\l’ﬁz@)ﬂﬁﬂ) SR

Best measurements of Y(4360) and Y(4660)

State M, [MeV/c?|  Tiot, [MeV]
& Y(4360) 4324 + 24 172 + 33
E Y (4360) 4361 +9+9 T74+15+10
& Y(4360) || 435572+9 10317 +11
ﬁ Y(4660) | 4664+11+5 48+ 15+ 3
002 (2007 (
12 &7 Y (4660) 466173 + 6 42715+ 6

Absence of open charm production
IS inconsistent with conventional
charmonium

5.5



Y states vs inclusive cross section e*e—hadrons

R(s) = o(e"e” —>hadrons)/c(e e—pp)-Ry
m Pl

3 E i3 ig 5 §, BES(2002)
iz P :3 o ¥
S '+ = 5
% S
2 @ : LS
f| .g : y &
1 IR K : : %{ : H +
[] ] +E * + 1 1 |! EI | é | I! | !I |E 1 | | | I! | | | 1 1 1
3.8 4 4.2 4.4 4.6 4.8 5
if R,;,=2.285+0.03  Durham Data Base J(s), GeV

& Peak positions for M(J/ynn) & M(y(2S)rtr) significantly different
% Y(4260) mass corresponds to dip in inclusive cross section
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Potential models & Y states

No room for Y states among conventional 1-~ charmonium

33, = y(4040)
23D, = y(4160)
438! = y(4415)

masses of predicted
3D, (4520)

53S, (4760)

43D, (4810)

are higher (lower)

Phi to Psi 2009

S.Godfrey and N.Isgur PRD32,189 (1985)

475 150 331 1P1 | 3PD N 3P1 I 3p2 l 1[)2 3D1 { 3D2 l 303
el 4660 |
...... w(‘{‘{Li)' R NN NN NENNNNNNNNNN NN NNRNRNNNNN N NN NN NN KN N NN NN NN NNN] A3..5‘Q [ ]
4'25¢_|_ oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo e |
4260
4.00 W(4160)
o ) T \Pomemomtmtmtmp 0 0 0 0 0 @ -————-_[m oooooooooooooooooooooooooooo
. ® 4008
175 L2 (2P | |
Y £ T o— B \;1(3770) ................................
W(2S)
3.50 (S —— =.=I/i| N
h, C®— la Le2
xc(]
3.25— —
m‘ﬂn
3.00—g— J/V —
N,
| | | | |
0 1 1 0 1 2 2 1 2 3JPC
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Interpretations of Y states

Y (4360) &Y (4660) are conventional charmonia with shifted masses
Y (4360) = 33D1 , Y(4660) = 5381

G.J Ding, J.J.Zhu, M.L.Yan, Phys.Rev.D77:014033 (2008)
A.M.Badalyan, B.L.G.Bakker, 1.V.Danilkin, Phys.Atom.Nucl.72:638-646,(2009)

4381 £ y(4415) = 43D1(4661); Y(4360)=43SI(4389) . Y(4660)=53SI (4614) or 43D1(4661)
J.Segovia, A.M.Yasser, D.R.Entem, F.Fernandez Phys.Rev.D78:114033,(2008).
Charmonium hybrids

Zhu S.L.; Close F.E.; Kou E. and Pene O.
The lightest hybrid is expected by LQCD around 4.2 GeV
The dominant decays Y (4260)—D®D®x, via virtual D**

Hadro-charmonium

Specific charmonium state “coated” by excited light-hadron matter
S.Dubinskiy, M.B.Voloshin, A.Gorsky

Multiquark states
[cqllcq] tetraquark Maiani L., Riquer V., Piccinini F., Polosa A.D.
DD, or D*D? molecules Swanson E.; Rosner J.L., Close F.E.

Heavy meson hadronic molecules

Y (4660) is y(2S)f,(980) bound state
F.K.Gou,C.Hanhart, S.Krewald,U.G.Meissner

S-wave charm meson thresholds Lui X.
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Use ISR to measure open charm exclusive final states

h *"
4t TegsTe ot

.
. st e % o, .
LA J «s® ‘. w

ISR at B factories
& Quantum numbers of final states are fixed JPC¢=1--

% Continuous ISR spectrum:
access to the whole Vs interval

% 0,, suppression compensated by huge luminosity

comparable sensitivity to energy scan (CLEOc¢, BES)
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etfe- —DD
via ISR
with full reconstruction

& [Full reconstruction of hadronic part

\ PAIONNSU0II
Y

& ISR photon detection is not required
but used if it is in the detector acceptance

& Translate measured DD mass spectrum to cross section

Phi to Psi 2009 Galina Pakhlova



o(nb)

o(nb)

7 +o—
: : —
p s i e 5p' D G(e € DD)
r | Bell _—
Lf e 1 * + &= Phys.Rev.D77 O1103(2008)
o 05| ++# i + Phys.Rev. D76, 111105(2007) g
3F . & B +#M+ﬂ*i+w _. — Phys.Rev. D80, 072001(2009) -
b ][ 3.8 %0.7 - CLEO ¢ (2007)
1 _+ 0.6 _ P e'e > D'D’
b L e i o] 05T
3.8 4 42 44 46 48 5 o4k T
5 i ee >D'D 0.3 — + L
- B C | |
A0 | Beme [ 0.2 . W
BaBar - * { 0.1 ' | )
0.5 -
3 - * ## + | L IO WS A VAN IO AT WA N
_ 3.9 395 4 4.05 4.1 4.15 4.2 4.25
s . %& + +++*H . t##hthﬁtw# o) V(s), GeV
I 3.8 4 4.2 4.4
i ]l * Broad structure around 3.9 GeV
L ][ } | + * in qualitative agreement with coupled-
0: n *Itrﬂ Hﬂ‘d'l’fﬁll e et channel model?

3.8 4 4.2 4.4 4.6 4.8 5 * Some structure at 4.0-4.2 GeV
V(s), GeV * Statistics are small ...\y(4040)? y(4160)?

+ Hint of y(4415)
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ete- >D®D* via ISR <

with partial reconstruction

DD & D*D*
% D’ partial reconstruction

increase eff ~10-20 times
% Detection of ISR photon

& Translate measured mass recoil against v,z = D)D" mass spectrum to
Cross section

Phi to Psi 2009 Galina Pakhlova



Exclusive efe—D®D" cross-sections

Phys Rev Lett 98, 092001 (2007)

Y
© | BELLE {i*“
AL
EJ.?JI.E..WE..IEF‘?W" .J""ll
C 1 .
o
C ol S
2 A W
1F R | :
b et e
3.8 4 4.2 4.4 4.6 4.8 5
M, (Y, GeV/c’
Systematic errors = statlstlcal errors
sD*D*

o(nb)

Phys Rev. D80, 072001(2009)

35k _CLED c(2007 : &e -D'D”
31 w(4040) :
250 " K.
N N o
20 W
B v(4160)
05F
om :
0 | 1 | 1 | 1 | 1 | 1 | Il
4 405 41 415 42 425
"CLEO¢(2007) : e'e-—>D'D"
5 :_ : :
4t 4 :
ST y(4160)
2 N
L : ® Elsp -
LE y(4040) -
T S N T R R

0 1
4 405 41 415 42 4.25
V(s), GeV

complicated shape of cross section
clear dip at M(D*D") ~ 4260 GeV (similar to inclusive R)

sDD”

broad peak at threshold (shifted relative to 4040 GeV)
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events /(20 MeV/c?)

100 1 phys.Rev. D79, 092001(2009)| New BaBar: etfe — DOD*
- Full reconstruction of hadronic part
- Both charged and neutral final states
< Fit by sum of y states with
s0 [ DD* |  fixed masses&widths from PDG (due to limited statistics)
s | 1 No evidence is found for Y(4260)— DD, DD*,D*D"
: Wit Hh by B(Y (4260) — D*D)
| . 1P T o s - < 34
0 T B s B(Y(4260) — J/vmtn—)
- D*D* —
20 | ’ | : B(Y(4260) - D'DY)
o L + { 384 fb! " B(Y (4260) — J/ymta)
i
L P } Br ratios seem to disagree with potential models ...
4 4.5 5 5.5 o e
m (GeV/c?) ... uncertainties are too large

measurement 3Py C? and pKp
(L (4040) — D*D)  0.24 4+ 0.05 &+ 0.12 0.003 0.14 [14]
B( (4040) . D*D) 0.18 &£ 0.14 £ 0.03 1.0 0.29 [14]
D*) 0.02 & 0.03 &£ 0.02 0.46 0.08 [6]

(4160) D*D*
5(4160) — D*D*) 0.34 + 0.14 4+ 0.05 0.011 0.16 [6]

(4400) . D*D*)  0.14 + 0.12 £ 0.03 0.025

/B(4/(4400) — D*D*) 0.17 + 0.25 + 0.03  0.14
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Belle vs BaBar: 6(efe —D"D")

2’ 7=
T 6L Phys. Rev. Lett. 98, 092001 (2007)
- Belle: e e —D" D ,
s5F BaBar:e'e > D' D’ N
[ ‘l Phys.Rev. D79, 092001(2009) CW
4l
3f
} b } } ] l 2160 .
n [l ‘ [{}}H M ﬂ;;]l !; o ©14 : Belle: E+E+_j}D D,_D D_,:) 1)_*
0= ; 4 i s 120 BaBar:ee ->DD,DD,D D
~12 -
Ch: PR 10 -
B1oL gd]l;‘% xee _>D]3]_)*D - {' i ,{. Sum of two body
o aanee = 8 - I open charm final states
- 6
61 ]W - 'HH
L 4 —
o o Wm
L 2- _—'}'
Ll e o u‘ﬂ . ﬁﬂﬁfw
P R l1 | ’ ; IH| !Ff“lh 3.8 4.6
3.8 4 a2 4.6 5
\f(s) GeV \J (s), GeV

Belle & BaBar results are in very good agreement

Phi to Psi 2009
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Three-body final states

pot reco”

A\
ectaPl® |
.‘{ ““detoo :.0. : .’;. Yor

v, u ey
v, o % ¢
o

“®

P3)INI)SU0III

DD gt

& Full reconstruction of hadronic part

& ISR photon detection is not required
but used if it is in the detector acceptance

% Translate measured DD mass spectrum to cross section
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Resonant structure in y(4415)—>D'D " K=<

O

~ 27 F ~ - BELLE
%g,ﬁ 3 : E w0k M(Dx") vs M(D—xt") from y(4415) region
=25 o S (S0l ]l = Clear D*,(2460) signals
B2 SLIRLIN E * 3 1
Q24 [ =< Jf | = No non-D",(2460) contribution
E2.3 - : .5:_ 10 _++ + 1
SR INY | el A Y e e
2252232425 26 27 055232, 24 25 2.6 27 Phys.Rev.Lett.100,062001(2008)
M(D'"), GeVr M(DT"), GeV/ RS = .
N (D), GeV/ (D7), GeV/e S 40 5 670 b DD*,(2460)
‘% M=4411 £ 7MeV = 30 o
S0 [ \[ F=77£20Mev 8 20
N N. =109 £ 25 10 =
~0r ﬂ N 0¢
gl Ly - - o £
022232@52& 20: £
MD°T"), Ge Wz’ Consistent with BES, 10 &
’ Phys.Lett.B660,315(2008) 0 E i L T, s OO
PDGO06, Barnes at.al 4 4.2 4.4 4.6 . 4.8 ;5
Phys. Rev. D72, 054026 (2005) M(D'D®"), GeV/c

o(ete—y(4415)) X Br(y(4415)—DD*,(2460)) X Br(D*,(2460) —Dm) = (0.74 % 0.17 % 0.07
Br(y(4415) — D(D7),00 paas)/Br(w(4415) —DD*,(2460))<0.22
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The first
charm baryons
final state

Partial reconstruction
with anti-proton tag

3 .'.. r..%
& Reconstruct A * e *.,*

& Use antiproton tag from inclusive A ~—pX 2%,
Br(A —pX) = (50%=16)% "““%% @
&,

combinatorial background suppressed by =10 ey

& Detect the high energy ISR photon

& Translate measured mass recoil against v,z = A, A,” mass spectrum to
cross section

Phi to Psi 2009 Galina Pakhlova



N/100 MeV/c®

partial reconstruction with p tag

400 [~ no X-
[ Ac— A(2765)
: : e, A (2880)
300 - ' \ | A A-@625) "
- A(2595)
200 [ e
100
: - Gide®
1 ! 1 1 | ! 1 1 L 1 1 ! ! |
1.5 2 2.5 3
GeVice
rec01l(A YISR)
% Total refection contributions < 5%
(included in systematics)

% Look at
M, .oil(¥isr) = Mass spectra of A A =

Phi to Psi 2009

Galina Pakhlova

e'e —=ATA Visr

& Clear peakin Mrec(A Yisr )
distribution at A mass.

At mass > 2.5 GeV/c?
% contributions from A;As—n0

could proceed via A "X~ ; violates
isospin and should be strongly
suppressed

O_II 1 | | | | | | | | 11
45 46 47 48 49 5 51

and A A 7w n
could proceed via A, A .(2595),
AFA.(2625)7,1.71,(2765),
A,%1.(2880)~

Phys.Rev.Lett.101,172001(2008) _

o +o— +A - D
i e'e A A Visr
i BELLE

X(4630)
8.2¢

52 53 54
M(AL AD) GeV/c



i D
40 T

30

N/20 MeVic®

+a— +A -
e'e—ATA Visr

—~ 300

101
- 200 -

Cross section (pb

07.\ v b b b b b b e
45 46 47 48 49 5 51 52 53 54
M(AL AD) GeVic®

* X(4630) =Y(4660)? JPC=1--

100

Phys.Rev.Lett.101,172001(2008) Interpretations for X(4630)

* no peak-like structure

PRL 99,142002(2007)

PRD73,012005(2006)
— 1500 i T e d
= o ® BABAR
= Wy O FENICE
S (¥ O DM2
2 é»g A DMI
% 6 - % ADONET3 |
P & BES
O

+%‘£ ece—pp via ISR |
500 H + -

State | M, MeV/c? | T\, MeV

X (4630)| 46347515 | 92750110

Y (4660)|4664 + 11 £ 5|48 + 15+ 3

* X(4630) = Y(4660) = charmonium state 5°S, or 4°D,
J.Segovia, A.M.Yasser, D.R.Entem, F.Fernandez

» Charmonium state 6°S, B.Q.Li and K.T.Chao

* Threshold effect E.Beveren, G.Rupp

*Y(4660) = y(25),(980) bound state
FEK.Gou,C.Hanhart, S.Krewald,U.G.Meissner

* Point-like baryons R.B.Baldini, S.Pacetti, A.Zallo
* X(4630) =Y(4660) D.V.Bugg
* X(4630) = Y(4660) = tetraquark D.Ebert, R.N.Fausov, V.0. Galkin

—

05 GeV/cY)
=

Events/(0.

L L a o
2.8 3
—o—+
22 24

M,z (GeV/c?) i s

= 20f
G 15¢

s
of

S

\/[pp(Ge\ /e )

» dibaryon threshold effect?
® like in B—>pA7t, J/\|1—>ypp

25

32 34 36 38 4 42 44 46 4.8 5

M(A*p) (GeV/c?)



Phi to Psi 2009

Galina Pakhlova

Searching
for hybrids
via their
favorite decay
modes



N/0.05

N/0.2 (GeVich

A [
S =
0E S0 +
of 1 t { Is T
U gty : |
20F H 20
i e L+ ++‘
0 L I | L1 |E| | L1111 | L1l 0 i +
2 -1 0 1 2 3 9 95 10 105 11
MDD 1), (GeVic)’ MDD i), GeVic?
80 f|: Yisr IS not detected ..’.
6O ;
40 - Yisr 1S detected
20 —+
o Fltatarttagatitan Mt Fo e bty on,
-1 0.5 0 0.5 1
cos B

Consistent with ISR production

% Combinatorial bgs are estimated
from sidebands D and D*

Other bgs are small and taken
into account

& Small efficiency at threshould
Phi to Psi 2009

Y

D

New
ete = DD ~xt
at Vs ~4—5 GeV via ISR

% Full reconstruction
% No extra tracks

% Detection of y,q, is not required
if 7,4 IS detected
M(D’D*1t*y,gg) is required ~E_

BELLE

% n; J{
ﬁﬁ * M Ik} M +
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in efe-— DDty . .
D,(2420)° — D*n* — D,(2460)" DD'n & DD, &D'D,
D'D*71* « D'D,(2420)° & DD,(2460)"

e'e” — y(4415)—DD,(2460)'—D’ Dn* is measured

Main problem is to separate DD (2420)° from DD ,(2460)°
+ D,(2420): T, =20.4 £ 1.7 MeV
+ D,(2460)°: T,,, =43 £ 4 MeV (PDGOS)

Both DD, & DD, are seen ...
but the statistics is not enough to study their mass spectra!

N0.02 GeV/e
o
[—]
T l T T T T
-
[—]
a
+
2460
_F—
N/0.02 GeV/e
(3%
(—]
T I T

Ui H iy
Ow,mﬁm J&H N

2 2.2 24 2.6 2.8 3
\I(D n ) GeV/c M®D ) GeV/e”
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° 4 . — O % + _ ° (D
New Exclusive e’e™—> DD ~n" cross-section P

BELLE

s arXiv:0908.0231 % No evident structures: only UL’s !
1 y4e60) % Baseline fit:
V(#415) RBW for y(4415) & threshold
J[ function for non-resonant contribution
0.5 * Jr Jr without interference between
[ -!—|Jr|r -=Hr+ amplitudes
"""" L | T 1 % To obtain limits on X—>D'D*r",
S X=Y(4260), Y(4360), Y(4660), X(4630)
T VY T Y perform four fits each with one of the
M(D’D ") GeV/c? X states, y(4415) and non-resonant
Interference could increase these UL’s by contribution

factors of 2—4 depending on the final state & Fix masses and total widths from PDG
(for destructive solutions)
c(ete——y(4415)) X Br(y(4415)—D'D*n*)< 0.76 nb at 90% CL
Br(y(4415)— D'D*n*) < 10.6 % at 90% CL

UL at 90% CL Y (4260) Y (4350) Y (4660)]X (4630)
oclete” = X) x B(X — D°D*~ =), nb]|| 0.36 0.55 0.25 0.45
Bee x B(X — D’D*~7"), [x107°] 0.42 0.72 0.37 0.66
B(X — D°D" 1) /B(X — ntr J/) 9
B(X — D°D* =t /B(X — ntr =4 (25)) L8 t10.7
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Cross section
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N = IBERE o
=4 2 L5 D'D
T L i ++ﬁ§§ :
EI L
4 E_ m: gi 8 IPRL98, 09;2001 (%007)
? i_ :++ EI++¢ isi WLHHH.!_'QDD'H
0 o | LB : el
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5

o(e'e—open charm) via

ISRtates vs exclusive cross sections

% Y(4008) mass coincides with DD peak

% Y(4260) mass corresponds to dip in D*D"
Cross section

% Around Y(4360) mass all measured cross
sections are smooth

& Y(4660) mass is close to A_"A_~ peak

& Signigicant “peak-like” enhancement

near 3.9 GeV in ee—DD
**ee. coupled .channel effect? or something else?

3.7

E.Eichten, et al Phys.Rev.D21:203,(1980)



4.2 44 4.0 4.8 5

| DD*n

W
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4 4.2 4.4 46 4.8

Vs, GeV

I e i 0 PPN 8 R O N A PO £ AT R ARl B
42 44 46 48 5 38 4 42 44 46 48
s, GeV s, GeV

Sum of all exclusive contributions

PRELIMINARY

Belle(2009)
BES(2002)

ﬁﬁmﬁ h

E

5

a4 a6 as
Vs, GeV

Only small room for unaccounted contributions
e Charm strange final states
Limited inclusive data above 4.5 GeV
* Charm baryons final states
Galina Pakhlova




Cornell Coupled Channel model: R in the threshold region

LCLEO

arXiv:0801.3418 DD

" DD

¢ ¢ & e D*D*

o (nb)

¥ Exclusive D-meson

B Inclusive D-meson
@ Hadron Counting

3.90

3.95 400 4,05
Dz 24011+ 1.b 42+ 4

& Gaomphcatﬁdﬂ;lreshnlds behavieiiz D*D(0*),D™*D'(1%),...

410 415 420 4.25

=

E.Eichten QWGO08

' S-wave
’ D-wave
S-wave

& Need'impioved modekto describe standard and to search for new states

E. Eichten - Fermilab
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In conclusion
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FRgre thexent

AS Six exclusive open charm final states are measured
DD, D'D, D°D", DDx, DD'm, A A,

and Their sum is close to e"e- — hadrons

... i€ BB Fobd vbem&sgﬂaiﬁcﬁywwns!r@@smhmlmly

consistent with each o
and to extract realistic parameters of y states ...

inclusive cross section are kindly requested!
o AA,
enhancement at threshold, quantum numbers, mass and width are
All presasitechcxods semdions can be found in Durham Data Base

* Various interpretations
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Thank you!
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