Résultats recents de
I'experience BABAR sur le
charmonium

Guy Wormser (LAL Orsay)
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Plan de I'exposé

m  Motivation : différents tests importants de QCD

Les différents modes de production

La spectroscopie

Les désintégrations

L’étude de la particule X(3872)

Les particules nouvelles de plus haute masse
Présentation ( tres succincte) de BABAR
Résultats réecents sur le X(3872)

Production de double charme

Une méthode originale (qui apporte des informations sur tous ces
aspects!) : I'étude inclusive de la désintégration des B en deux
corps

m Conclusion
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Intérét renouvele pour ce champ de
physique

m Quarkonium workshop Octobre 2004
100 expérimentateurs et 100 theoriciens
Quarkonium Working group, Yellow Report, (521
pages)
http://www.qwg.to.infn.it/YR/index.html
hep-ph/0412158 v1

B Séminaire de L. Maiani

http://www.slac.stanford.edu/exp/seminar/talks/2005/Maiani 4quarks.pdf

m Exposé de F. Close a Pékin
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Charmonium production in e*e-
collisions at 10.56 GeV

Color suppressed B decays Two photon Production
b - by - c e o > e
\“‘ (_3
W - ~
(a) - (b) B © n.n.2s)
- C
g « g e e e
Doubie Charmonium Production Initial State Radiation

JA(2S) i
Jhyp(25)
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Charmonium production in B decays

m B meson is an interesting charmonium factory

Cboior suppressed B decays
- R 5

A Y =
\\ C
wo Y
(a) K
s

g - q
m Large phase space, « democratic production » at zero" order
of all charmonium states

m Selection rule : Factorisation suppression for y, y, states. Is
it respected? Can we undestand the source of the violations
if any

» Understand the pattern in y,y',y"”, n.n'.,%x4 pProduction rates
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Search for Factorization-Suppressed B — \.;K'" Decays : Motivatior

Hypothesis: Factorization of hadronic currents:

(XY |Hesp|B) = (X|Tew|0)(Y|Ts|B)
Terms in Jpw:
(S(@)lervkel0) = —ifsq”
(P(@)ley y5cl0) = —ifpg”
(V(g,e)lerte|0) = —ifymye”
(A(g, &)[eys5cl0) = —ifamae”

e Weak current produces no J =2 : = x.2 suppressed.

o JPC =17~ (Jhp, ¥(25)), and JFC =11+ (x) allowed

o JPC = t+ (xc0) forbiden M. Diehl, G. Hiller, JHEP 0106:067,2001, hep-ph /0105194
But sizeable B — y. oK was found:

e (6.0721+1.1) x 1074, Belle PRL 88 031802, (2.7 +0.7) x 10~%, BABAR PRD 69 071103
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Charmonium spectroscopy

2 494 DD
O " J'l__)h- U:
e 5* D* —
= = D.p, —
e DI S
13-8 o " / ; -'}f
ol e nc- '7__ Al S S
R i ¥ Vi
30 PRI R Cug =
3.4 T ' Xc0
AT @s+yp Ip. lg. 3Q 3p
N - o 1 0 I,-" 1 'Y ,-}, "}/ i
3.2 ;'f ]/ IL/L/// | tohadrons
. N.d ¢ ”l |} through virtual photon
3.0+ ilf—' } radiative
28— JEC W ot | VR U - R
S 0 0 1 1 1 I
L .. 1 0 0 1 1 1
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Interesting topics in charmonium
spectroscopy

* 1. Mass to measure the (25) hyperfine
splitting

* h_.mass to compare with y states c.o.g.
* New high mass objects

n. and n, widths

LABORATOIRE Séminaire LAL, 11 Avril 2005
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Status on h. meson

m CLEO c recently got finally convincing
(preliminary) evidence for h, in the decay

Also from

’ 0 - E835 (pp> 3 ° [
4 - n +hc th% ync MY = 71Y)

W ':—:!ﬂ.jﬁ._—)ﬁﬂﬁl]“] g 151
- AN 2 0.8
= [ -
R, 1 Sias [ sl
& [ INCLISIVE gl —— ARGUS & doclde gecankan 11 § ’
= - PRELIMINARY S 2
:.: L el — P g b i S 1+ 02|
g o [ R |
B * § 2 0 0O ﬂ_l_l 0.75 S35 304" 3656 5578 3534
= A — M
E b §1|_1_|r|||l PN [ I 5 EPRTERSYE P o i o 1y
[ = = s iow sidaband is ’
i & :: s Signal bamd iny 0.25
2 O L l‘ ‘£' ﬂ,
m s0 +m o} L L
g = 3500

£ 52 A 2]
n? recoil mass Ex (MeV)

CRETT ) “',r. "'-f E.-:;’ . M=3525.8 + 0.2 + 0.2
i M=3524.4 + 0.9 MeV/c? right on 5,001
hep-ex/0410090  top the c.0.g 3525.3 + 0.1 MeV/c2

ML hep-ex0410085
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La decouverte de la particule X(3872) wov. 2003)

X (3872) — J/v ww~: discovered and confirmed

PRL 93 072201 (2204
CDF Il <CO

3000

o Belle 2500 o q
e Discovery of a narrow A % 1| v +Aﬁ+ﬁ**ﬁﬂH,
£ gewc 1000 H
charmonium-like new s |
$1500 230 286 _ 330 368
p&l‘ticle X(3872) E ‘ J wu‘,&g;—ﬁi
_1 B1000]™| [\5om,_pr'? k
by Belle {140 fo—1): ol B
500 T o : MimT) <08 3avE"
(PRL 91 262001 (2003)) e
G i

265 2.70 3.75 3.80 2.35 3.50 3.95 4.00
Jyx'n Mass (3eVicT)

30
¢ Then confirmed by I PRL 93 162002 (2204
CDF 11, DO and BaBar i Rl "o 500 DO s
2 |~ . 3 | ,
® | Averaged mass = I { i o g0 ([ BT
3871.9 £ 0.5 MeV .l fon -
- within errors at the I e _; i
o © 2004 [ H
D°D*Y threshold F ol 0T )
0 - . W, (Gevic’)
3 85 3.9 0= 'o.aﬁ 07 d‘).e.' (ggwczf
R. Chistov XXXXth Rencontres de Moriond QCD, March 12-19 2005 pP-2
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Quelle est la nature du X(3872)7

m Les différentes hypothéses
Etat charmonium classique
Molécule D-D*

Etat hybride
Etat tétra-quark

m Les informations nécessaires
Spin-Parité
Partenaire chargé

Modes de désintégration:
m BR(X-=>ynn)
m TA=p?
m BR(X=2yo)
» Radiative decays
BO—->X KO
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Measured properties of X(3872) by Belle

PRL 91 262001 {2004}, hep-ex/0407033, BELLE-CONF-0439

Helicity angle distribution (140 f6~'):

Belle

Prediction for h::(1+_)

il

Data
—>

.00 0.25 0.50
IGDE'E_L..“ |

0.75

= B(BT - XK*, X = J/y #FTx")

—=

too high for ez (1'Dg, JF¢ =277
with dominant 1.2 = 7.7 77", hy
Inconsistent, (x* /ndof = 75/9)
with 8.(2'P,, JT9 =1"")
B(X—J/4 v)
BXo T/ ~Frm) < 040 @ 90% CL
too small for x’; (23P1, g
e s I IGUR O
too small for 13 (13D3, =3

B(X—=xe17)
H(X_}thifﬂ_) < 0.89 @ 90% CL
too small for 32 (1°D,, JF¢ =2
B{XDD)
and narrow width I < 2.3 MeV
suggests J©Y = 07,17, 2% are rule

= M(xT7~) tends to peak near p°

- F . _ L= - e - B e B e e A aFe peam



=
* The existence of gluonic excitations in the hadron spectrum is one of the most important
unanswered questions in hadron physics. Hybrid meson: formed by a quark-antiquark
pair with an excited gluonic degree of freedom. Lattice gauge theory and hadron models
predict a rich spectroscopy of charmonium hybrids i.e. states non-consistent with the
constituent quark model

> JPC =1 state: M(y,) ~ 4 GeV , lying in the vicinity of D™D threshold: tantalizing possibility
of a relatively narrow state if below!

Charmonium hybrids can be produced and detected in B decays:
By, +X, BF[B - yyallJ)+X]~1% ifM<4.7 GeV

*There are three important decay modes for charmonium hybrids:
Decays to D™ D"**: the challenge is to identify decay modes which can be exp reconstructed

> Decays to (ccbar)+(light hadrons): the cleanest signature if the BF is large enough, e.g.

v, = (v, y’)+(light hadrons) Kuang-Yan mechanism
Also radiative decays may be relevant, e.g.
v, —> (Jy,h)+y  EI transition

> Decays to light hadrons: Offer the possibility of producing light exotic mesons

M‘ Séminaire LAL, 11 Avril 2005 13
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Les candidats hybrides

Yy State Final State 4.1 GeV 4.4 GeV
BR (% ) BR (% )

= BE 7.3 0.3

D**(21T)D - 153

D (1D - 63.5

D**(1§)D < 9.4

NeTT T 0.9 0.3

F. Close, et al. light hadrons 91.7 39.4
Phys Lett B574 Crotat(MeV) 10.9 39
(2003) 210 ot D*D 60 5.1
D (oD - 12.8

DR D - 76.9

J/Ymm 20 2.6

light hadrons 20 2.6

rToml(MeV) 0.5 3.9

0T— D**(17) - 62.2

D**(l£F - 37.3

J/?,Dmr 50 0.2

Mt light hadrons 50 0.2
Crotat(MeV) 0.2 40.2
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L’hypothese tetraquark (Ma

al.)
The present work (1)

Recent evidence for o at low energy led us to reconsider the case of sub-GeV

scalar mesons.
Many previous investigations (Joffe, Close&Tornqgvist, Schecter and coll...).

We propose:
- all scalars below 1 GeV are diquark-antidiquark bound states (1 nonet),

- the g-qbar scalar nonet (L=1, S=1, J=0) has to be above.

Results:

* Low energy states show inverted mass spectrum, consistent with “perfect
mixing”’;

* Strong decays are reasonably accounted for;

* Relations with ealier proposal by Rossi& Veneziano suggests connection to
baryon-antibaryon, rather than meson-meson states (or molecule)

PRL 93, 212002 (2004), hep-ph/0407017

SLAC. 25/02/05 L.MAIANI. Scalar Mesons & 4-quarks 7
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Th t k 2 PR D70 054009 (2004), hep-ph/0407028;
e present work (2) hep-ph/0412098 (PR D71, 014028, 2005)
— Heavy quark interactions are spin independent: new spin states?

— We propose that X(3872) observed by Belle and by Babar is a diquark-
antidiquark bound state and estimate the spectrum of states of the spin
multiplet with the same flavors:

= XG87D=0=1")= (€@)eoi=35-1(6@)cor=3.5-1
— with the same parameters, we can accommodate the X(2632) observed by
SELEX:

- X(2632)=(0=2"") =(¢q) co1=3- a5
— we predict X(3872) is made by two states with Am = (5-8) MeV =2 (m; -m )

— If one state only in the decay: B oK appear in
B! K¢ Xx(3872)
— a charged partners must exist: X" = (CH)CO]:iS:I (.S_'d)cogz3,5:1

— bounds to the production of XV are close but not in contradiction with

BaBar.
SLAC. 25/02/05 L.MAIANI. Scalar Mesons & 4-quarks 8
u .L Séminaire LAL, 11 Avril 2005
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- Could decay in DDbar

B 4 (D-wave)
% % B JIY w seen by BELLE
1J++ L 1 +- l l2\+‘.k 3 <
cqs—1(¢q)s—0+ (¢q)s=0[Cq]s—1
-Unnatural spin-parity forbids decay in DDbar R IV T(n)
Consistent with observed decays in J/Y+V. ( ;] ‘
-It decays both to p and w due to isospin breaking in its wave function. fe P
: I : SLAC. 25/02/05 L.MAIANI. Scalar Mesons & 4-quarks 26
Séminaire LAL, 11 Avril 2005 17



D-D* molecule

* one state only: D°-D*?

e ... and very extended: |
R = ~ 4 fm

° vV 2MpEpina

e most of the time (70-80%), D and D* are too far to exchange a c-
quark and form a J/\W;

 for a tight state: BR(W - Wrtn) ~ 0.3, maybe: BR(X- W ')~ 0.03

e the measure of inclusive B(B*—- XK*) determines the X BR from the
overall ratio:

. B(BT — XK")B(X — J/¥ ntn")
R= —0.063+0.014
: B(B— WK*)B(WY — J/¥ ntn-)

e and give an important clue (G. Wormser, yesterday talk).



" S
Towards a new spectroscopy(?)

Recent observations of new states (D, X(3872)...)
several models have been developed

Are we at a stage where we can start to discriminate
among them?

e.g molecular model predicts highly suppressed
BOQX(3872)KS E. Braaten, M. Kusunoki

hep-ph/0412268

4-quark model predicts different masses between
X(3872) in B? and B* decays

|AM|>5 MeV/c?

L. Maiani, F. Piccinini.
A.D. Polosa, V. Riquer
PRD 71 (2005) 014028

Séminaire LAL, 11 Avril 2005 19



1.5T solenoid
CsI(T1) EMC
ey 6580 crystals
144 Quartz bars
11000 PMs
: et (3 1 Gev)

Drift Chamber
40 Lavers

5] Hgt
......

Silicon Vertex Tracker
5 Layers, double-sided strips

Instrumented Flux Return
Iron/ RPC — LST

11 countries, 80 Institutes, 600 physicists
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DE L'ACCELERATEUR
I N E A I P



La statistigue accumulee par BABAR

PEP-Il Records
—  — - BABAR /
< Peak luminosity 0. 823% 0= >22° ] >
T — cm‘z_g_;____--' 0] PEP-Il Delivered 253.16/fb Q-‘}
o) — , BABAR Recorded 243.70/fb
Dest shift 246.3 pb rg:Z BABAR off—(;:ea: 22.68/fb
o] &
Best day 710.5 pb L
Best 7 days 4.464 b J120
Best week 4.464 ' | §™
Best month 16.72 tb!
Best 30 days | 7 L
BABAR logged 246.4 tb!

lumi: 3x
design

AL

EEEEEEEEE

== s
~245 millon BB pairs T faa
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Les consequences de l'accident de
securité du 11/10/2004

W ONOrL-LErti Sscerndrio
®» resume data taking this month (mid-March 2005)

® continuous running (except short break in December 2005)
®» goal of doubling the data sample by Summer 2006

i Belle ~ 390
] BABAR ~ 250

500 yd
400 / A

0
300 /_/ o —Belle
L~ 5 ——BABAR
E
“
J

/
_‘/LD
200 o
5 0]
(Y]
100 E | Belle ~ 560 [+
S BABAR ~ 450
! |
0 e —
T 38885%88888%
= o oy = { = il 5. - [ =]
G2 EXE 8222 5 3

% Longer-term goal
®» doubling again the data sample by Summer 2006

% Future of BABAR after 2008 1s uncertain
®» competitiveness once ultimate PEP-2 luminosity 1s reached?

ATOIRE Séminaire LAL, 11 Avril 2005 22



Le DIRC, compteur Cerenkov de BABAR

R PMT + Base
= ;\\\\ -11,000
* PMTs
Purified Water A \
[ ¢ 7/
Z ,
& "
‘4 : W
17.25 mm Thickness 7 Light .\
(35.00 mm Width) J.:J. Catcher
— Bar Box e T
Track A v
Trajectory il 4 \ \'-.
Wedge < | ./ o)
3S 5 \
he ,:‘ EEg PMT Surface—" | |
Birror . - A1 7 \

4 ) |
. S i

rBar !J_‘ = Al = '_ L .I/-“J

R R el ™ Wikl P Standoff Box —

L \ 490 i —91 mm— ~10mm
; 80m | -

117Tm

4x1.225m
Synthetic Fused Silica
Bars glued end-to-end

s Mo = 5933
ETime = 28380
EDate ~ 6170000
Ewent = 10

Smosdehin
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Une tres grande partie de
I'électronique a été
construite au LAL (chips
front-end, cartes de
lecture, cables, chassis,..)

Ainsi que des parties

importantes de la

mécanique (embases des

pho??“E’&%ﬁ&%é%‘é@é’e

lumiere one d’assemblage
en 1998

Séminaire LAL, 11 Avril 2005
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Les performances du DIRC

200

100

Tagging Kaons

5
Koon Momenturn GeV/c

B onan

0.5 1 1.5 2 2.5 3 3.8 4 4.5 =

Pion Momenturm GeV/c

|||||||||||

B —» DK

o5 1 1.5 2 25 3 38 4 4.5 5
Kaon Momenturn Gev/c

Note: in two-body decays, full

dip angle/momentum correlation
due to boost

Séminaire LAL, 11 Avril 2005

from D*control sample

. 036
0 .
= 80 separation
= at 2 GeV/c
= 034 _ i
& 1 oot o B w .
st ]
r ] T
082 jl l
I
0.8 |
N
; I
078 S _ s .-" !
! 2.5G separation
: at kin. endpt.
“‘?615' 2 II 2..5l - 3 ..L'S 4 - 435
momentuim (GeV/e)

* Simulateous 7t/Kir analysis

Cherenkov angle as a

discriminating variable
in the Maximum Likelihood Fit
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Nouveaux resultats de BABAR
concernant le X(3872)

m Mesure du canal X = ynr avec toute la
statistique disponible dans les deux
cahaux:

B* - X K*
B0 - X KO

M‘ Séminaire LAL, 11 Avril 2005
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" A
B*>X(3872)K* with X—=7/y

244 fb!
o BABAR e s BABAR
s 30 Preliminary 3 - Preliminary
Q b -
O 250
o g
S ~ 20F

B*>X(3872)K* [

8_ 20} ( ) % : 1 |
S 3 18 h |
% 10| } m :I| | !ﬂllll JI |u:-|!_l‘|
2 “ i _.:.f - -lllllll !l I|
Lﬁ - 5 4= lil ___" 1l Illlllll i 31—

gﬂ 332 334 386388 39 392394396398 4

g.2l | I5.25| - §_3 m{Jiynn) (Gevich)
m. (GeV/c’) [N=51%14 6.9c

—B->J /vy nr K Signal + non B-background m,=(3871.310.6)MeV/c?
Non-resonant J/y nn background + Non-B background

-Statistical errors only »7
##» Non-B background
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Search for B(’%X(3872)K

© 1oL BAB4R ¢t BABAR)
~> L Preliminary & 13_— Preliminary
O [ i
g gL| BO>X(3872)Ks § 10F
i = | .
2 o R
oy 6_-. TR
2 4
c [
G>J [
LL 2 .

m(ynm) (Gevic?)

=8.4+
m_. (GeV/c") N=8.4+45 2.7c

AM=M(X,K*)-M(X,Ks) my=(3868.6+1.2)MeV/c?
N H NI N U Fromising ... Needs more data
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X (3872): Belle update (253 f6™')

an

Ewveries Aa i’

1d

u_**l‘ 1 1 1 IS "5 N N N —

3020 2840 2963 3 2900
P by | e i)

N = 46.6 &= 7.8 events

MASS(X)= 3872.4 + 0.7 MeV
M(ntn~) is consistent with pO!
C(X(3872))=+1

everia O ke

12

140

0 860 0.7a
Mi{n'n} (GaV)
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Belle: Evidence for X (3872) — J/9 w (253 fb')

B &+ KJ/ atx— a0 signal region: Heguine

M(J :rr+1r_:rru} e M[ﬂ'r—'_?r_?ru}

M(J 'Jr+::r_1ru} around M({X) :

fit My, in M(?r-l_?r_?ru} bine

X —+ J/i w goes via

wvirtual cw

e J‘
| e smue  |dsTsscuw | Desrosw | i
b il 5, | ;
4ZET CetEG =R = i ]
S el v | s H e
" = = y & - gk o 4 PR L e R ] - i ,]
~ AR | B} 500524 Mo 1) 800825 Me ) 700725 o ! ]
g 1 7 pacil] = | 0 b
£ al Sl g | -
. ol |
g by, Lol | : 280 a5
= L4 LA LB . 1 & e hbi=t =z e
W ) T30 ety ol A= 100 ey s} F— T ey [
BT R = i
408} o] B P s |
X i = = I |
Lomhdo8 |E [T} | |
] 1= ) gl [ ity N |
| o A af || | | - R LF ) |
 —— ) 850578 Wt K] S50 871 Lia¥ (157500 Mak !
T i e | ; 1244+ 4.2 events
aak : 5 | |
050 ars 100 1.25 150 a0 .I'l 1
K J 1 L] -
M{Zn] (G| a I ~ 4 Slg[llf.
Ty ¥ Tom ¥ [E.T] O “Eam
M, . (Ge) My, (Gey) M, (GeV]

(X—=Jd/d n¥x"m2) _ 11104+03= in agreement with Swanson’s D°D%*

B(X—J/¢ mta—)

ound-state model for the X(3872) [PLB 588, 189 (2004)]

— Intriguing indications that X(3872) may be a D?D%* molecular!

- e - B e B e e A aFe peam
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Recoil Mass Spectrum

124 fb 1

4 ‘.7
e+ \:\:\C
Y=ol T
. g i I sk ves)
” J / y/ éﬂﬂ __ - W(25) feeddown | ‘ __
E Jiyr sidebands m |
e‘+ C}C:-l 20— | :
y c I [\ &
observe only C=+1 + k
states! TLTLER BRI,
EJWM iy
ol L PR TR T N N S T S TR N S
alz 2

Sémi 25 3 3.5 2
-+
D LACCELERATEUR mg,_ (Jv— I'T), GeV/e
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‘I’rehmlnary Results 124 fo

J/1p + ce(—> 2 charged) Ne X0 N:(25)
N(signals) 127 + 20 81 + 16 121 =+ 20
Efficiency (%) 29.5+0.7 32.2+0.7 30.2+0.8
Born Cross-section (fb) | 17.6 £2.873° | 10.34+2577% | 164+3.7737
Mass ( MeV/c?) 2984.8 + 4. 0+4 2 | 3420.5 + 4. 8+“ 5 1 3645.0 & 5. 5*‘1 b
J/p cc Te Xc0 1c(25)
Nevt, BaBar (124.4 fb~1) 127 =+ 20 81 + 16 121 =+ 20

Nevt, Belle (155 fb~1) | 235 £ 20N\_ 89 + 24 64 + 30
TBorn % Bsa, BaBar /176 £28 £ 2.\ 10.3+£25+1.8 [16.4£3.7£3.0 |

*) 0 Born X B2, Belle 256 +2.8+34 \64+£1.7+1.0/f] 16.5+3.0+2.4
(+) NRQCD by

Braaten and Lee [1] 2.31 = 1.09 2.28 + 1.03 0.96 =+ 0.45
(+) NRQCD by

Liu, He and Chao [2] 5.5 6.9 3.7

ep-ex/041 204 ep-ex/040/7009

32
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N/20 MeV/c?

Belle: Evidence for X (3940) in double c¢ producti

hep-ex/0412041

- o8y fa y:(2S) X240 .
00 - " ! | M _
75 — v XeD \ |

- v | ! |
50 ;— [ W }

25 i_ + + 1 ' !
0ujm**lﬂ*ltlmlllm||.|||||

2 2.5 3 3.9 4 4.5

Recoil Mass(J/v) GeV/c?

M(X(3940)) = 3940 &+ 12 MeV

[(X(3940)) < 96 MeV @ 90% CL

W OWET SR wm W e - ¥ - - e - - F . _ L= - e - B e B e e A aFe peam



Belle: Observation of Y (3940) — J/v¢ w (253 fb~1)

B — J/¢¥ wK signal:

5 B e e, s e ey e e e

Evants/bin
5

&

0||||||||
A200

M(K w) > 1.6 GeV to avoid K7™ = K w
Fit My, in M{(J /% w) bins

M(Y(3940)) = 3943 + 11 + 13 MeV
(Y (3940)) = 87 & 22 + 26 MeV

hep-ex/0408126, submitted to PRI

e T

T 150

i e B e
5300020

; Q
0.20 CIECI

516 a8 T i Ge"u"]

4080 4280
Wi el yrh (MdeV')

Nhat is it?: Charmonium ¢z ? J/4 — w threshold interaction? cé-gluon hybrid
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Resultats de BABAR sur le n.

ek
C.
ba

j: J[ two-photon ' I | i ;

Ne(2S)

=

entries / 5 MeV/c?

60 [

Echelle | = =

i RPN S N T U RS TS B I
33 34 3:5 36 ER 0 4

m( KKt~ + ce.)

f

entries / 10 MeV/¢?

=

¥ etem — etem n.(25) M|

_two;ph oton *'

_ @'{ J/?/; I

L,

|..=
i

3 3. 32 33
= - =
m({ K Kta™ + cc.)

3

|
| Tl

2.6 2.8 3 3.2
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I Sy - - T mass N width
60 | WO_,'P? . BABAR 1 r HH BABAR -_ o BABAR
- | o BES :
5680 evts ' e BELE | £ T BES
B - CLEO2 ——+——  BELLE
i |_.‘_||—-—| D:I;:UHI :_ CLEO?
200 L E
- = —— E760
150 ISR J/’{)/) L ak Hi:f(:i F
~950 evts —e— R704
L e RT04 r
™ MARK3 _E + | MARK3
et R i o Crys.Bal | & ey Crys. Bal
T T N N P —e— MARK2 i i PDGO2
m( KOK*m™ + cc.) | B (ilhout ;grﬁfa(ma,gas)
:l-l-lll'l-llllllllllll|llllll=l|ll P Tl O o O O O IO
) ¢ Ne Mmass and total width (88 Tb-') 20 26 27 20 2000 o0 0 2 0 00 2 = & &
maes [MeV] width [MeV]
Phys. Rev. Lett 92, 142002 (2004) N
m,,. = 2982.5+ 1.1(stat) £ 0.9(syst) I\-‘Ic—\’v/cr2 % ,sp b BPES 2003
7%, = 34.3 + 2.3(stat) + 0.9(syst) MeV/c?. -
® significantly larger width than previous average 50 et} |
dominated by BES 2003 measurement .
® main uncertainty: experimental resolution function b L
ISR-J/w as control sample m( KKt~ 4 ce.)
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- Ees ogserva!lons au nC(ZS)

Crystal Ball (SF’EAR) B, e

vl ! 50__ 3653 M@-V 1 C‘-LEO IHIIVData134ﬂ:
_wor P j Belle ¥

B w0 -

% v | 3594 MeV | in B decays
£ . ! L a0 ’ BRAA N ke i ¥
5 d / /% CLEO Il Data 9.2fb" -
z B Preliminary 1
= E 3642 MeV

Al
dink

10 i
-5 I | 1 ] | sslgul I Isolgul I :3290 I I34=90| I aag-u 05 25 28-.36 32 3I4 .36 38 4.0
€0 70 80 90 100 10 m( K Ktn™ + c.c.) M(K Km)(GeV)
Photon Energy (MeV)
ete” — Jp X double charmonum o lmE =
oot , > 140 l BABAR
100 [ | : X(3940) 2 2-photon
L» } = 120
25 -
75 o Lodlinn ool b bl | -_; 100
- 3.5 3.6 37 38 3944 41 42 2
50 [ i g 80 : c
7 | 60 ' TR
25 :_ T | i -l-"-, 1 -I-
" 3630 MeV 40 4 | 1 ]
¢ 2.5 II3IIII3|5IIII¢|1|III45 20 3631 MeV
J) recoll mass 0

33 34 35 3.6 37 38 39 4

2
]
: I .' K. Km mass (GeV/c™)
LABPORATOIRE
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Recent BABAR n.(2S)result in yy

entries / 10 MeV/c?

3631 MeV

LM B " O B LTV S NN (o S 0 T O - S

34 35 3.0 3f 3.8 39
K, K m mass (GeV/c™)

) ¢ N(25) mass and total width

Phys. Rev. Lett ©2, 142002 (2004)
My, 257 = J630.8 + 3.4(stat) + 1.0(syst) M \"(

T7e(2%) = 17.0 £ 8.3(stat) £ 2.5(syst) MeV/c
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 BABAR
i 2-photon

.. 1 CLEO
: : 2-photon

i : Belle
- : D decays

. — | Belle
! double-ce

i i Crystal Ball

radlal,we decays

| :
3550 3600 3650 3700 3750 3800

m(n.(2S)) MeV/e’
excluding Crystal Ball
Am(29) = 474 MeV

splitting in better agreement
with NR potential models
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Resume de la spectroscopie du n,
et du n.(25)

Am(2S) : Comparison with
some theoretical predictions

nc(1S) nc(2S)
| Pumplin eral 75
| Eichren, Fienberg 81
] Godfler. Isgur 83
Mass 2982.5+1.1% 3630.8 £ 1.2 . ' gﬁlﬁ:;ﬂm
(MeV/Cz) 09 L] FEichren, Ghuigg 94
=21 Chen, Qalkes 36
Am (MeV/c?) | 117 £1 47 + 4
—_—— Belle (B -= K7}
—— Eelle pwm_)
- EaEar (v}
Width 34.3+2.3£0.9 | 17.0 £8.3+ 2.5 - CLEO {yp
(MeV/CZ) 1 1 1 1 1 1 1 1 1
0 20 40 60 S0 100 120 140 l1s0 180 200

My )-Mim ) (Mel’)

hep-ex/0408001
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Etude de la reaction B*2>K*X -

e — e Y(yg) - o*
Dans le référentiel du centre de masse du
meéson B, le kaon aura une impulsion fixe I

B 3 Y
pour chaque X reco D"

Acces au centre de masse du méson B MC
par reconstruction exclusive de 'autre
meéson B

Les états X sont mesurés
indépendamment de leurs propriétes de
désintégration

LABORATOIRE Séminaire LAL, 11 Avril 2005
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s &8 8 & B B E B %

Kaoh mom. (GeV/c)

\

Each peak is expected to be

~10 MeV wide
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The case of the 1, meson

m Measure the absolute BR(B*—n_, K*), only
known today with a 30% error:
PDG2004: BR(B*—=n. K*)=(9 £ 2.7 )10

m This will in turn gives better measurements of
the n. BR decay into KKn

m This will in turn give a better measurement of the

BR(J/w—vy n.) previously used to normalize the
exclusive . decays.

A ORATOIRE Séminaire LAL, 11 Avril 2005 41
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" S
Physics motivation (2): More
information about X(3872)

m Measure the absolute BR (B*— X(3872) K*) (or
get an upper limit)

m Deduce the BR(X(3872)= J/y nr-)

(or get a LOWER Ilimit)

m Look for a charged partner, irrespective of its
decay modes

m These three informations are very useful to know
more about the true nature of this particle

M‘ Séminaire LAL, 11 Avril 2005 42
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"
Search for other high mass states

m Various high mass states have been
reported in BR (B*= X K* ) channels:
X(3940), Y (3940),...

m Try to confirm their existence, measure
their production rate, etc,...

AAAAAAAAAAA Séminaire LAL, 11 Avril 2005 43
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Description of the analysis

m B selection

SemiExclusive B reconstruction sample candidate, Very high yield
(~2000 B/fb-1), low purity.

B purification: NN based on event shape variables and angular
information ( Breco-rest of the event, Breco-recoil Kaon)

|
|
m Kaon Selection
Kaon Identification:Tight Kaon id (LH selector)
Kaon Purification:

m Rejection of secondary kaons: NN based on energy flow around the
kaon track and angular correlations

m Cuts optimization :
m Fits to the Kaon momentum spectrum

M‘ Séminaire LAL, 11 Avril 2005 44
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" B
B reconstruction

m Data sample : Run1-Run4 210.5 fb™

m Use the semiexclusive B reco sample
provided by the Vub group (B+ yield
~2kB/fb-1)

Dnn decays with D going to Kmr
m Aimed at maximum efficiency for ~50%
purity

M‘ Séminaire LAL, 11 Avril 2005 45
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The B mass spectrum

Very good
agreement with
the MC on the
side bands

MC
overestimates B

reco efficiency
by 8.5%

IIIIIIIII

ConnisMe

1500

1000

=]

BABAR

Mass(GelV)

53

Red B+
Green BO
White : udcs

Black: Full
MC

Dots: Data

46



"
Counting reconstructed B

m The number of reconstructed B is the normalization of
this analysis

m We expect a ~15% precision on the number of
reconstructed J/V¥, the goal is to count B with a precision
significantly better than 10%

m Signal description: Crystal Ball shape, variation of
energy end-point and reconstructed B mass as function
of run periods

m Background description: B , BY and udcs background
components described by distinct Argus-like functions

M‘ Séminaire LAL, 11 Avril 2005 47
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End point determination

B For each sample, fix the average

endpoint

Coumcid i MeV

Countr/0.1 MeV

BABAR B+ MonteCarlo

:
T

g
T

000 —

40000

2000 -

azrad 29 232 S2M

BABAR Runs 1-2

aon -~

28 229 2232 S2M

Mass{GelV]

Av. end Diff wrt
point MC (MeV)
MC 5.28876 |0
Runs 1-2 | 5.2902 1,44
Run 3 5.28985 | 1,09
Run4 5.28925 |0,5
48




The fit to the B mass spectrum

BABAR Preliminary

1o’
2000

Evenis/1 MeVie®

Data B* :378530 + 1110 (stat) 10
Normalized MC B+: 413693 + 680 (stat)
Data B?:245597 * 719(stat) -

s00

M_(GeVic))

LABORATOIRE Séminaire LAL, 11 Avril 2005
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B counting results

Parameter MC Bun= 1-2 | Run3 Bund | Total Data | Tvpical error
Endpoint {(MeV) G288.76 | 5200.20 | 5280.85 | 5289.25 0.05
Peak Mass(MeV /c®) 5279.42 | 527983 | 2796V | 5279.42 0.05
Peak Width (MeV /e®) 2.50 2.69 2.65 2.615 0.06
a Cristal Ball 1.41 1.7 2.9 1.67 0.13
N Cristal Ball 19.9 27.8 48 23.9 ]
High purity B< (kB/fh—") 0.173 0.133 0.147 0.125 0.131 0.01
High purity B* MC-truth (kB/fb 1) 0.173 0.179 0.169 0.165 0.004
B* 1313311 | 145789 56499 | 176202 378580 800
B* (kB/fh™1) 1.97 1.83 1.88 1.76 1.80 0.007
B* MC truth (kB/ fb 1) 2.06 2.11 1.99 2.04
MC B* only fits (kB/ fh~1) 201 2.05 1.97 1.99
Table 1: Summary of all B* mass fit results.
Séminaire LAL, 11 Avril 2005 50




B purification

m NN based on ”;\ =
usual cocktail of |
discriminating N \
variables between BB SRER
and continuum (thrust, N
R,, Wolfram S e
moments,etc) _

cos(B,-B,)
CcoS(B,...-K)

reco

M‘ Séminaire LAL, 11 Avril 2005
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B mass spectrum after NN cut

BABAR Preliminary

G000

Evenis/l1 Melie®

A kaon with
momentum
above 1 GeV/c
is required to
present int he
recoil system 2000

NN output>0.1

4000
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Kaon Selection

BABAR BABAR-MC

-
P

Fraction

I MeV
g
T

82 -

Connis’

il

as - Kaon purity
10000 >90% H#H .
Data and MC T +++ |
after 6.5% T\ »
correction T _wr-\""\"
- 0 {-.MI | |

1 2 3 4

Momentuim (GeV)

. —

Fraction of MislID

0

= o T ey Kaons as function of
Mes spectrum associated - Kaon momentum
Mt with a Kaon above 1 GeV/c
[ a— Séminaire LAL, 11 Avril 2005 53

EEEEEEEEE



"
MC expectations for the kaon

~ adien sma
SF BAB4AR MC

5 AB

Caniints [0 Mel
z
]

J ﬁ' High mass region
Lo ol
YN MC
region L ) BABAR
i i lﬁﬂh
IL‘H_
(.| L|_|_-L|_|-"L'_L‘ \lj’
Kaon .H.:'mm.mm e F'fc;
Blue : two-Bodydecays
Red B+
Green BO L) 11 11 11 L4 14
Eagon momenmm (GelVigl
M‘ Black Full MC
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Performance of the topology NN selector

Heavy object

K lel
ﬁ[\/ D meson

Training done with B+ MC: L T

Primary K from charmonia Primary K— - \\ AN
(signal), K from D decays ) \ \
(background) in two kinematic \\
regions m>3.2 GeV and below 0 N \

Secondary K

M‘ Séminaire LAL, 11 Avril 2005
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NN topology performance

BABAR

Conmird s

Topology NN in the
low mass region

Topology NN in
the high mass
region gy pir

Counts'. 04

-1 -5 o 05 1

n NN ountput

Séminaire LAL, 11 Avril 2005

No
systematic
efficiency
variation of
function of
visible energy
or multiplicity
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Kaon momentum spectrum
in the y —m . region

Extra signal + o L Jhy c=12 MeV
ignificant tail :

S ?m Cta ; Ia > Green 25% with
_CO ected 1o combinatoric 2w F o=70 MeV
incorrectly background i _
reconstructed B nder the B Ne

peak 150 -

100 =

M‘ Séminaire LAL, 11 Avril 2005 57
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Systematic errors

Va4V 4

LABORATOIRE
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Absolute (%) Intradata(%)

B counting 4.5 0

B selection 3 3

K reconstruction 2 0

K identification 3 5/1

Topological selection | 3 3

Signal counting- 3 3

shape

Signal counting- 3.5 10 3.5 10

background

modelisation

Total 9.4 13 8/6.3 13
Low mass High mass Low mass High mass
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Results in the low mass region

gso_llll|lIII|IIII|IITJIIfI|IIII|‘]IIII|IIII|IIII|IIII|IIII_
s Ty N, _
Q = -
- Preliminary 7
g .
Very clear J/y ant 250+ 1 210 fb-1
n. Signals O I §
o 200" b Background:
Significance> 6 o - 1 Cubic
N Jhy=258 + 42 - 7 polynomial
N_mn; =266 + 42 150 7 freein the fit
o 4 1 "
100, %l it lé_l T . Initial vall_Jes
B SNt ] takenasin
i L MC
S0~ I;’m%
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 195 2
Kaon Momentum (GeV/c)

]
m
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" J
Measurement of the BR(B* = n. K*)

m N _Jy=258 + 42
s N_n, =266 +42

using MC efficiency

-

BR(B* = n, K*),yc=(8.3 + 1.3(stat)  0.9(sys)) 10 4

s BR(B* - 1, K*)/BR(B~ J/yK*)=1.03 + 0.22(stat) + 0.06(sys)
s BR(B* = 1, K*)y,=(10.3 + 2.2(stat) + 0.6(sys) + 0.4(ref)) 10

using the PDG04 BR for the J/y decay

> ‘ BR(B* - n, K*)=(8.9 +1.5) 10

M‘ Séminaire LAL, 11 Avril 2005
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Results in the high mass region

~ 1400 ' | T =
= 1
< 12003 X(3872) lelBAR ]
Unbinned - B — reliminary :
max. £ 1000|— =
likelihood fit £ - :
using - 800 =
ROOFIT - ]
600— —
3rd degree 400:_ B
polynomial 200 ]
free in the - ]
flt 0_ 1 1 | I | 1 1 | 1 1 [ ! | !
0.8 1 1.2 1.4 1.6 1.8 2
Initial
Kaon momentum (GeV/c)
values _ _
taken from 9 states allowed in the fit. All the
MC signal parameters fixed in the fit

mz and taken from MC/PDG
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Results in the hlgh mass reglon

~ :I T T | T T T | | 1T T 7T :

S 700 —

S 7004 "BABAR

- 6003— Preliminary _f

2] - g

- 5 500" .

-2 clear signals 2 = F

, m - -

v and g, 400 =

300 =

-2 excess of - N 5

events..y” and 200 T T T =

Mo 100/ R %o

-3 limits o, %, - | | | | | | | !
1

and X(3872)

—

1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5
Kaon momentum (GeV/c)

Zoom in the 3.4-3.9 GeV

: I : region
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Fit Results in the high mass region

Particle | Yield | Peak Position | Width BR(10™%)
X0 9421 <1.8
Xel 192435 7.041.3(stat)41.0(sys)
X2 0136 <2.0
Ne (25) | 84439 | 1.319+0.005 <15 | 3.1+£1.4(stat)30.4(sys)
Ty 116£37 4.241.3(stat)40.6(sys)
il 87160 3.242.2(stat)40.5(sys)
X(3872) | 10418 <3.2

Note: y, désigne en
fait 5, + h,

M‘ Séminaire LAL, 11 Avril 2005
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"
Results concerning X(3872)

m N X(3872) =10+ 18

m The 90% CL on BR(B*->X(3872) K*)is 3.2 10

m From BR(B*—X(3872) K*) * BR(X(3872)~>y7m)=(13.7 £ 2.2) 10°
(BABAR-BELLE averaged), one gets:

BR(X(3872)~>ynn)> 4.3% at 90% CL

Limits were also set on the production rate of X(3940) and Y(3940)
(allowing up to 100 MeV width for this last state) of respectively

3.3and 2.4 10*at 90% CL

M‘ Séminaire LAL, 11 Avril 2005 64
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Mass and width of n, and n/’,

Part | Mass (MeV) | Mass (MeV) Width Limit at | Width
icle | This Other results 90% CL Other results
analysis (MeV)
This analysis
Ne 2994 +5 PDG: 2979.6 £ 1.2 <43 PDG 17.3+2.5
BABAR 2982+ 1.1+ 0.9 BABAR 34 2.5
N, |3639+7 PDG:3654 £ 6+ 8 <23 PDG <55
BABAR 3630.8 £ 3.5 BABAR :17.3+£83+1.5

o
S
X

-
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Results derived from n. and n’, production rates

m This analysis gives BR(B* = n.K*)=(8.9+ 1.5) 10
m From BABAR,
BR (B-n.K)*'BR(n,>KKn) =(74:5:7)10°

—>

BR( 1, ~KKn)= (8.3 : 1.7 )%

a From BES, MARKIII and DM2,
BR( 1, »KKn)*BR(JAy=y 1, ) =(6.7 + 0.9) 10

—>

m From PDG

>
Va4V 4

LABORATOIRE
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BR(J/w=yn.)=(0.81F 0.17 )%

2004 I'(n, =vy)* BR(n, ~KKn) =(0.48 : 0.06) keV

I'(M,27y)=5.8:1.2 keV

Séminaire LAL, 11 Avril 2005
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"
Summary of results derived
concerning n. and n,

BR(KK) (%) |1}y (kev) BR(JAy—>y 1.)(%)
nc 83+17 58+1.2 0.81+0.17
PDG5.7+1.6 PDG7+1+2 PDG 1.30+0.4
[9.5 0.8.0.5
Ne First meast |First meast

Va4V 4
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Precision can be further improved by
combining these measurements

Séminaire LAL, 11 Avril 2005
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Table of the Branching Ratios

Particle | BR (10~%) | BR(PDG2004) | BR(BABAR)
e 8.941.5 0.0+£2.7 13.44+4.4
J [ 8.1+1.6 10.0£0.4 10.640.5
X0 <1.8 6+2.442.1|*) 2.710.7
Xel el Al 6.841..2 5.8+£0.7
Xe2 =2 No entry .3

Ne(2S) 3.1+1.5 No entry
0y 4.24+1.4 6.8+£0.4 6.21+0.5
(4 3.2£2.3 No entry

X(3872) | <3.2 No entl‘}rl

Many improvements compared to PDG2004

AAAAAAAAAAA

EEEEEEEEE
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(*) based on first BELLE result.
New result :2.0+ 0.3+ 0.3

hep-ex/0412066
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The complete charmonium
spectrum from a single analysis!

150

T RSN R
e n

o L
]

50—

Y
W

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
1 11 12 13 14 15 16 1.7 18 1.9 2
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Search for X(3872)- using B—>X(3872)* K-

BABARBO Preliminary

50 |-

Fvents/ A0 Mel”

m 90% CL set on
B0—>X(3872)* K- of 5 10

00
150

100

14 15

Kaon Momentum {GeV)

Va4V 4
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" A
Conclusions

m An original analysis has been performed to extract informations of
charmonium particles production and properties in a novel way.

m The kaon spectrum in the B rest frame, accessed thru the
reconstruction of the other B, allowed to measure the production
rate of 6 charmonium particles and set upper limits of 3 others

m Significant improvments over PDG were obtained in several
domains, especially concerning the n, and n., mesons

m New important information has been obtained on the X(3872): an
upper limit on its production rate and a lower limit on its decay rate
to wrw. An upper limit was set on the production rate of an
hypothetical charged partner and several other hypothetical high
mass states
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DCI

Results = *~~ ™ -~~0n

[ Partide | Yild | BR{10] | BR{PDG200Y] |

116+11 | 5.0£D5 3.TED6

T 120415 | L1405 3.6£0.6 BABAR

D F3+23 | 22408 No entry

o ab4s | 1.040.16 0,78+ 0,05

D* 10+8 | 21401 D40 6

BABA Ty 1940 | 2.6£05 240.5

" D D412 <11 No emtry
E D.(2317) | 749 <11 No enmtry
g S B0 sample
%
o

iR
R MemRa G Kaon Monertam (GeVie)
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" S
Future plans

m Publication plans: PRL, before summer

m Analysis improvments
Reoptimize high mass cuts using our BR upper limit
Use Vertex informations
Look on Y(4S)
Can we use semileptonic decays
KO

m‘ Séminaire LAL, 11 Avril 2005
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" B
Conclusions

m Le secteur du charmonium a bénéfécié de beaucoup de trés belles
nouvelles mesures et offre encore de nombreux mystéres
Production dans le continuum de double charme
Reégle de factorisation: OK pour y,, moins pour y,
Compréhension de la largeur des mésonsn.etdun,*
$(a§gzeo)de la nouvelle particule X(3872) et des éventuelles particules X(3940) et
m  Une nouvelle methode originale permet d’aborder un certain nombre de
reponses
BR absolus de tous les états charmonium produits dans le mode B->KX
Précision inégalée pour la mesure des BR dun etdun,’
Amélioration de mesures importantes pour I'étude du charmonium
= BR(n,~>KKn), BR(J/y=>yn,), I'(n,>vy)

Limite inférieure sur le rapport de branchement du X(3872) en ynr qui a
tendance a défavoriser le modéle de molécule D-D*
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Backup slides
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Belle: Observation of B — D?;(2317) K™ (PRL 94, 061802(2

W-exchange

Tree, 4-quark D:}'
K-

Rescattering

D, (2317)K

sp PT
uh!'!. e ey 1=

AE (GeV)

0.5 {lﬁ 5 0.

M(D )0 L}tﬂl(]) ) (GeV/ch

0.3

3(BY — D!, (2317)T K ) x B(
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Belle: X (3940) decay modes
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adiative and exclusive decays (l) [#C Sector

Radiative decays are not just useful pathways to other states but allow to probe details of
quarkonium wavefunctions and intrinsic properties (e.g. magnetic moment) and velocity
of heavy quarks in the bound state. Still poor known but relevant for NRQCD!

> CLEO-c has accumulated 1.5 million y(2S)’s allowing to study the single photon
spectrum and determine BR[y(2S)—yn.(1S)]. A much larger sample is needed to
observe the direct transition to n,(2S)

- the hindered transition will measure relativistic corrections (e.g. finite size), while
- the direct M1 transition will measure the magnetic moment of the charm quark

> Measurement of angular distributions in y radiative decays gives insight into the
multipolar structure of the process:

- decay dominated by the E1 dipole term

- higher M2 and E3 transitions arise in a relativistic treatment.

- Comparison between E760 (y.,) and Crystal Ball (y.,) results are not consistent with
theory: additional contributions? Effect also seen by E835. More statistics needed!

* Radiative decays of J/y into n, " and n, states can test the underlying dynamics:
> assumed to be dominated by the gluonic contribution
> of particular interest radiative quarkonium decays into scalar mesons instead of pseudoscalars

(they might even be glueballs with admixtures of light quarks)
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: nCI: cur'r'er# status

BaBar (77 —n.(2S))
3632.50 +5.00 +1.80

CLEO (/v — n.(295))
3642.70 +4.10 £4.10

Belle (€ e — Jiyn_(25))
3630.00 £8.00

Belle (B - 1.(2S) K)
8 3654.00 +5.00 +8.00 _—

Crystall Ball ({2S) — n(2S) y)
- 3595.00 +5.00
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