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The charmonium spectrum 7
A

Charmonium
properties are well 4600 D
understood and : £S5,
until DD threshold. 1400
Good agreement i e oo
between data and 1200l 2°D, 2'D;2"D; 27D
prediction until new i rF, I'F; F;s PF,
states have been [ 250 3P, -

: 4000 |- 2P 5, 2°p, 2 L2
discovered. ~ : =12°Pg =

& e e D P Dy - DD*
- 3800 o

Region above the 3 5----1---;-%391 ---------------------------------- DD
DD threshold S se00f @ 8 - °p
(3.73GeV) is very ] & SN —
poorly known. sa00F oL
cC states above 3200 -
open charm B rs,
threshold are soool. ([S3 Observed states
expected to be not T o o
narrow and decay 0+ 17— 1+- otF |+ 2+ o=+ o= g=— g¥- g+ 4+
mainly to open gPcC
charm channels.
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Update on X(3872)

First observation by BELLE in B decays: B*
2>X(3872)K * with X(3872) = Jhp '

Confirmed by

X BaBar
X CDF
X DO

PRD 71, 071103 (2005)

PRL 93, 072001 (2004)

PRL 93, 162002 (2004)

Update by BaBar with 232 M BB

PRL 91, 262001 (2003)

PRD 73, 011101 (2006)

B(B>KX(3872), X(3872) > T/y)
= (10.142.5 +1.0)x 10

~

Combined results:

X m, = (3871.2 £0.6) MeV/c?
X [y<23MeV @ 90% CL

%X Very close to m(D%)+m(D™)

Solid hist.:
40 m; sidebands
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Inclusive search for B>KX(3872) \,,

Events/10 MeV/c

.."“‘ Yn "'_* \ /I
X Fully reconstruct one B Y~ ,’_&) |
X Measure p(K) in the other B BABAR: 232M BB’
frame PRL 96, 052002 (2006)

X Calculate m(X) based on p(K)

7008 E B(B*—K+c¢C) are consistent with
600E- = PDG values for known charmonia
500 =
= ] X No X(3872) signal observed
1005 1 BR(B*—X(3872)K%)<3.2-10* at 90% CL
300 -
2005_ [ [ [ , [ ‘H [ E X From BaBar-Belle average:
1005_ ) P N o by 1 BR(B*—X(3872)K*, X(3872)—J/ymrm)=
: 20K %3 2(13.3¢2.5).106
TS T T R TR TR T R WE R
Kaon momentum (GeV/c) XB R(X(3872) —J /l|.|'|T+'|T)>42% at
90% CL
~
INFN

C G. Cibinetto Quarkonium spectroscopy and search for new states at BaBar 5




X(3872) search for charged partners 257

X Exclusive reconstruction technique

Search for X~(3872) = m°J/y

PRD 71, 031501 (2005)

-

| BO—=K*X~(3872) f | B~ KX (3872)
(a) } - 20 (by
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X Inclusive search using recoil technique

No charged partner observed

BR(B%— X(3872)'K*, X(3872)
= J/p1rmY) <5.4-10% at 90% CL

BR(B-—X(3872) K, X(3872)
= J/p1rmY) <22-10% at 90% CL

| BO—K*X~(3872)

Evenis 1o Mel

K* momentum on BO recaoill
No signal is observed for charged partners
BR(B°—X (3872)*K")<5-10* at 90% CL

No evidence found: - 1=0 favored for X(3872)

| #f
PRL 96, 052002 (2006) : f m}
I

]
1 11 12 13 1.4 1.4
Eaon Momentum (GeFl
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_ PRD 74 :071101,2006 ‘
X BABAR: 287M BB o T ——
> [ N=19.445.7
B(B*— X(3872)K*,X—J/yy)= = 1(3.4 0) | .
=(3.4+1.0+0.3)x1076 SO II '|| * } } }
X Belle/BABAR average: ; of- m | u l* Y ¥ H—‘l’ih‘ -
BX =Y 0194007 7 | | }
BX—=Jyrxnm) 10~ -
e T ] S
] m (GER-'.-'-::':J
A Establish C(X54,,) = +1=» C(n*m) = -1 = I(;wtn) =1 )
X Forbidden J/@1rom0, J/wT9, and J/yn decays
X Consistent with p-like sttn~ in X—=J/p -
X 1=0 favored for X(3872) - the J/y 1*11- decay is isospin
violating (small width)
M
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Search for X(3872)=>J/y yin continuum \:"7

386fb-L ”//

. ) . arXiv:0707.1633
Jhp production observed in continuum 1o e

. . % i : ’:‘é I _E
while no evidence of y, states. ol JF et } gzs X(3872) |
St < BABAR 20 B4BAR]

‘ 2((01328?‘2 2 sol 386 b’ preliminary_] 2 i 386 ' preliminary |

( ) Iﬂ - XCZ |.|>J 15; J

-
(=]
T TT

L=
LI

20—
L I | of | T e Lo
(‘ X> 2 C h &25 03 035 04 045 05 055 06 06 065 07 075 08 085 09 095
¢ @ AM, (GeVic?) My (GeVI)

+.. production is consistent with (€7 = Xet directX ) - B(X = (Nop, > 2)) = (41.1 £18.0+ 20.6) fb
C

the expected contributions | (<77 th @90% C.L.),

from prompt y(2S) production

feed-down to x.: no evidence o(eTe” = Y direaX ) B(X = (Nep > 2)) = (23.2£27.7£26.1) fb
of prompt ., , (< 79 th @90% C.L.).

No evidence of X(3872) 0'(€f+€:f_ — X(3872)X) . B(z\(_’)gl‘) — "J/L ) B( X — ( lon > 2))
production in e*e” annihilation.
= (—27+£37+1.0)tb (<5.1fb@0% C.L.).

2
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Search for D(*)D(*) resonances

r"i/l
BELLE observed of: B -> X(3872)K* , X(3872)->D0D0x0  [[PRUS7 1620022008) |
. All mud::a
BaBar studied 8 channels: 2 B B ------------ T
= 25 ]
_ _ g« Tl i :
B+ —=DOD 0K+ + D ODOK+ [ : ¢ | I f
_ _ g T i : : : _ ]
ED QDDD*DI{H + D*I{]DI’_‘IHD = ol l ] :+ 1 IJ e M
- . i ‘ [ | || _I - . I | n-' i
with D''—=D"" and D% - | | ell 11T Tl II 1l -_ LI
§ ik gl g IR
5 "i ull t | |T | ' I
u E " | ) I . Il
M = 3875.4,,"12+0.7MeV /c? - lJ TLL. S e
4.2

9.3 385 309 3.5]:; 4 4.05 4 1 4 15
°+T [ Invariant Mass (GeV/ich

The mass is in good agreement with
Belle’s result in the same final state,
but 2.50 higher than the world average.

AmM(BY/B*) = 0.2+£1.6 MeV/c?

N
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X(3872) interpretation i3

Angular distribution (from CDF and Belle) compatible with 1** state.
- The decay to y, , y has been searched by Belle but not observed.
 The decay to J/i n was searched by Babar but not observed.

« The charmonium interpretation starts being in trouble.

« DO%D* molecule? (E. Braaten and M. Kusunoki)
— B9 — X(3872)K° suppressed by a factor 10 compared to B* — X(3872)K*

— Measurements:
« R(B%B*)=0.50+0.30+0.05inB — \lhprc*n' BaBar: Phys. Rev. D73 (2006) 011101
« R(B%B*)=2.23+0.93+0.55in B — D°D*°K BaBar: Preliminary

4 quark state? (L. Maiani, F. Piccinini, A. D. Polosa, V. Riquer)

— Predict 2 neutral states and 2 charged states
« Neutral states produced in B° and B* decays: Am = (7 + 2) MeV/c?

— Measurements:
* Am=(2.7+1.3+0.2) MeV/c?in B — Jpr*m BaBar: Phys. Rev. D73 (2006) 011101
e Am=(0.7 £1.9 £ 0.3) MeV/c?in B — D°D*°K BaBar: Preliminary

Glueball? Hybrid? ...
q
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NEW P

The Y(3940) state %57

 Discovered by Belle in B = K w J/y (Based on 253 fb")

PRL 94, 182002 (2005)

Babar preliminary

New result based on 350 fb- B*-YK* B YK,
g R
g [
§4nu ?5 sof
B*-YK®, Y->Jlyw, gznu S0
Iy~ 20 (L=ep) § N 5 off
+ap-gp0 ¢ = L
W= T 1} © 06
ooy
.EAIIII ; 5“‘“ _'
BO_’YKs , Y2Jlyw Eam i 505
Jigy—=>£L*4-(4=e,n), =200 st
w— o E‘m o g 03
Tro_’YY’KS_’Tr-'.Tr- ; n.. ......|...E ; :...I. TR PP B B
52 522 524 526 528 5.3 52 522 524 526 528 53
M (GeV/c) m.s (GeV/c)
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NEW (/ )
. < 57
Y(3940): new result sabar prefiminary T
| A
| » ¥ @ fYKE
M(Y) = (3914.373(stat) T} 5(syst)) MeV/c™ & aoo]- B YK* ]
T(Y) = (33%3%(stat) 108 (syst)) MeV . 3 s00F- 1 NEE ] -
§ L T T }I P
‘ o OF | B —=
« Belle’'s Evidence for B—YK - - - -
(Y—=J/yo) is confirmed ;_Tg : ‘ " ) BO—NK ]
£ 400 — M
» ~30MeV lower mass than Belle’s e r l .
» Narrower width 2 200~ B o i S| .
> Preliminary BF estimate similartothe 5§ [ } T ] } .
Belle’s (~109) @ o—H— — T
» No evidence for B—X(3872)K - u S — |
(X—Jdlyw) o E;— ¢ BO/B=* ’ _
- 4 —
[11] N ]
Belle’s results 2 ﬂil l rooeef I - | 1 }-1 E
*M = 3943 + 11(stat) + 13(syst) MeV/c2 OF I . . ]
o[ =87 £ 22(stat) £ 26(syst) MeV 3.8 4 4.2 44 4.6 4.8
my,,., (GeVvic?)
q
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Discovery of the Y(4260) 7

Phys. Rev. Lett. 95 (2005) 142001 | /
]

Babar discovered in ISR events (233 fb'l) & | JPC=1--

~, 40 :
_ = L gt 7
Study of J/yTtr*1r- production S T 0L P(2S) 4]
&0 wE 1
X ISR 1])(28) as good % B ‘ m%JH "*rmr*ﬁi'i*mi#|i‘H"+'1*i”m+waﬂmIit@; i
benchmark 3 - ;%20_— ‘ W 156738 4 42 44 46 48 5 ]
X Small mass recoiling against - J. : :
final state - | | | | } | -
X Low missing transverse 10 ) ‘ N ' | B
momentum h] i [T i T e m:m%
X v,5g detection not required T L P A + =
9% 4 42 4.4 4.6 48 5
m(mtIy) (GeV/c?)
Broad structure Y(4260):
m, = (4259 = 8+2) MeV/c? Confirmations from CLEO-c, CLEO-II
Y -8 and Belle with some spread in the
I, = (88 = 23") MeV resonance parameters.
N
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Other Y(4260) decays

cl; X D sidebands DD
O
25 ‘—| Y(3770) 289fb-1
) -

N H/p(4040)
£ (4160)

' G>) o) l|

LuO 3 *H H *lno Y(4260) signal

o b h ri*:.*mﬁ*i#ht#t ot
4 4.5 5

“m(DD) / GeVi/c?

[, xB(Y(4260) - m'mg) < 0.4eV 90% CL | SSgha
B(Y(4260) — DD)

< 7.6 95% CL
B(Y(4260) — n°n ) MNosignal

B(Y(4260) — pp)

<013 90% CL
B(Y(4260) — 7'1y) 1 Nosinal

N

Events/0.025 Ge \’x’c2

Events/(20) ."vie‘»'."rjl

232fb1

80

_jhp

BABAR

preliminary 0.98

shaded: ¢ S|debands

.45 25
m(K Kt ) (GeVicY)

lpp
[ iy N=438+24] 232fpt

PRD 73, 012005 (2006)

Y (4260) |

Wyt N=22% l i
o ]

4
M, (GeV/c®)
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Search for ISR Y (4260)—mntny(2S) L

A
Y(4260) discovered in ISR swttx-Jhp. How about ) (2S) in ISR?
Search for Y(4260)— nt*ny(2S), Y(2S)—n*m-Jp 298 b1, hep-ex/0610057 Submitted to PRL
0 T r-rrrrrorrtrT
~ 1 + —_
> BABAR 5w ] ISR wtrr-Jp
é Prefiminay | _ .« « Y(4260) + BKG . T e A N B S
~ 10 = New resonance + BKG | — E F|[ ] sidebands BABAR: 232 fb! ]
§ [ BKG (non-y(29)) ] = 30 H PRL 95, 14200.1.. -
a , 1 St (2005) @ :
| B \ —:
5 wl ° 4
‘ 1oLt | .
. \ \ ‘ i . bl
.."L'>'>'1"I""|""|""""" = cUo gy |7T. o .‘.I L.d‘. .T_
L 1 —L s 4 4.2 4.4 4.6 4.8 5

45 5 S m(md/p) (GeVic?)
m2(n)Jp) (GeVicd)

Single resonance fit = mass=(4324x24) MeV/c?, T=(172+33) MeV (statistical errors only)

Incompatible with ¢(4415); Poorly described by Y(4260)
Prob=4.5 "103 that the two structures are the same

/)
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Interpretation of the Y(4260)

No cC assignment for 1 state

* Probably not a glueball
— No evidence for Y(4260) — ¢mmn

e 4 quark state [cs][cs]?  (l. Bigi, L. Maiani, F.

Piccinini, A. D. Polosa and V. Riquer)
— Should decay dominantly to DD,

« Hybrid meson? (many authors)
— DD, D*D*, DD* decays suppressed
— DD, (2420) decays should dominate

e What if there are 2 different states?

/)
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Summary and Outlook RE
o
X Several new states have been
recently observed in the 4600 3
) ) 3°Dy
charmonium mass region. B 4°8,
. L 4400 |-
X Their nature is still unknown b Y (4350)7?
L mymm (4260 2'D,2°D,; 2°D
> Update on X(3872) 1200 2_D1 ( ) ] Dy _2_31 S
> New result for Y(3940) : 31_0_ 3 S1Y(3940)13—§2 I'Fs 1 X5 I'Fy
> Y(4260) and a new structure 4000 Tslp o3p 2 Po
at 4350MeV/c? & - R
v : ---------------- _--—1D21D21D3 ------------- DD*
% Several hypothesis have been % 3800 D, X(3872) -
formulated LT T T T T T T g T T T T T T TT T mmmmmmmmmmmmmmes
& I 2E)= 2°S, .
= 8600 L ll_P 13P11—P2
: I | il S
X Need more experimental data - e
. 3400 -
to discriminate among the L
different models: ’
3200
> Quantum numbers - s,
» Decay modes 3000 L ll_So
> Branching ratios [ 1 1 1 1 1 1 1 1 1 1 1 1 1
0-+ 1- 1+— 0++ 1++ 2++ 2-+ == g—— 3'0-— 3++ 4++
> Angular distributions
J PC
» Charged partners
“
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Backup slides



BaBar experiment at SLAC 'v“;/

% Peak luminosity 1.12x10%*cm~?sec™t

X Recorded ~450 fb! on the Y(4S) peak

As of 2007/07/17 00:00

A
[$)]
o

BaBar

PEP |l Delivered Luminosity: 467.35/fb

n
o
(=]

wW

w

o
II\IIIIIIIII\I\IIII\IIIIIIIII

BaBar Recorded Luminosity: 449.64/fb
Off Peak Luminosity: 41.61/fb

- o —
s E
“ " .
1 Ay
. A
s = s
i
HEg Energy Hing !
ﬂ"W‘E ni "H-ulinr.riul F
Mtk Rings Houseal in Curcend PEP Tunmcl r

.................................. X e*e CM energy ~10.58 GeV

Integrated Luminosity [fb™]
3
o

[\
()]
o

200
150 X Dboost gy~ 0.56

100

o S i % ~600 physicist from 80
Institution in 11 countries

Y
L :‘i:l:i‘:i:i:
* S B0 S SN e L ot | ] g _
* A N N s SRR R S I S [ T I— e
*E R
L]




The Babar detector T

The BaBar Detector

1.5 T solenoid

. P Calorimeter
(superconducting) 4 sl i 6580 Csl(Tl) crystals

Detector " g

144 quartz bagg

11,000 PMTs

Silicon Vertex

B L ) Tracker
G’LGQV/)’ 3 P r 5 double-sided

layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

Peak luminosity: 12.1 x 10*3cm™2 s™!

-
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X(3872)

N ._i,_\
~—r

!
([
final state X(35872) branching fraction
‘JT+‘JT_..FI.-"'E-' (11.6 4+ 1.9) = ID_HI'.EB\-I-_._J;"&ETE]J’{+ (= 10a)
x0T not seen
el < 0.9 = .Erpr—_;_l.-?:.
":.‘...r_,-"'i.f-' I:EE + 1.0 £ DE:I *, ID_HII.EB_._J"[S,E'FEH{+ I:} -'-1|5le
I:D].-i + UDE:I x E_x',:ag','g:,_,.-ﬁ"—_;l,r-,li. I:-iﬂﬂ':l 3900307008
L < 7.7 % 1078 /Bp_x (RT2IH +
RO (1.0 £ 0.4 4+ 0.3) % Bypasmai—rte-sig (4.3
pepe < 6 x lﬂ_‘:'.-"ﬂ;+—r..:]'ﬂ:36";1{j. BY = Jymw+ K- T (2008)
DTo- < 4 = 1[]_‘:'.-"55+ X (3BT + BaBar
E i _ i B+ J -+ K = 1 I
D:'DD‘II'D < G 1D_5.IEE+—._J:‘.:33'.’2:.I{+ = J"\J,ﬂt w o+ PRD 73, 011101 {2006}
+2.3 5 ¢ _
(12.24 3.1759) = 107 /B xgemapc+ " (6.40)  pp - Jymns+ X |- . 0. 1620z oo
PP = JhymtT + X — =" EEEE 720 (2004)
B - Jiyrnm+ K- Lo, ?H?U,E 262001 (2003)
average [— e f EI-E%EGS 1 (2008)
BDD'ro+K |- = Eﬁfus.mzu:zzzﬂoﬁi
m(D°) + m(D*) [~ o oy hairee
|
3865 3870 3875
Mass (MeV)
/)
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Y(4260) in B decays <57

PRD 73,011101 (2006)

Weak indication of Y(4260) Nj
production in exclusive B decay: S
O
>
B*—Y(4260)K*Y(4260)=J/y '
X 30 excess E
>
X Need confirmation [ I SR S
4 4.2 44
m(J/ynr) (GeV/c™)
B(B" — Y(4260)K ")xB(Y(4260) > yn'n )=
=(2.0+0.7+0.2)x107 211 fh-L
~
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No Y(4260) in R scan T
A
P o(e' e — hadrons)
ole’e = u 1)
A local mininum at 4.26GeV
| | — T ‘
- J/U‘j Mark | ves) M4160 |
Mark | + LGW i
= Markll
o ¢ PLUTO
o DASP
o Crystal Ball
- » BES
‘\
- Ny
‘ | | ‘
3 3.5
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