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BaBar recorded 531 fb! in total

o Y(4S): 433 fb!
 Y(3S): 30 fb!
o Y(29): 14 fb!
o Off-peak: 54 fb!
Cross sections at Vs = 10.58 GeV
e o(ete” - bb)=1.1 nb — 475.10° BB pairs
e o(ete” — cc) = 1.3 nb — 633.10° cc pairs
BaBar is a B factory... but BaBar is also a charm factory!

The BaBar experiment switched off in 2008, but still produces many
Interesting results!

e 551 papers in total
e > 350 PhD thesis!
e 26 papers in 2013
e 14 papersin 2014
e And more to come!
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| will mainly focus on the charmonium-like states

* X(3872)
* X(3915)

e |nclusive charmonium production in B* decays and search for
exotic states

e The Y family: Y(4260), Y(4008), Y(4350), Y (4660)
* Y(4140)

o Z(4430)

o Z,(4050)* and Z,(4250)*
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X(3872):
WHERE IT ALL
BEGAN




First observation in 2003 by Belle in B decays B* — X(3872)K=* with

X(3872) it \]/\|!TC+TC' _ PRLQI?‘, 2I620Im {20(33)
o First indication of an exotic charmonium state! - E L
< 300 _— =
: 3
Properties S ok h
e M =(3871.69 + 0.17) MeV/c? s [ ;
e ['<1.2MeV at90% CL 5 X(3872)
Q 100 -
s JECEige oo Ve ]
: . - e
This state is above DD threshold % oto om0 120
e Should have large width! (if natural parity) M@ T) - M(I'T) (GeV)

This state is very close to the DD threshold (affects width if unnatural parity)
e m(DY) + m(D%) = (3871.8 + 0.12) MeV/c?
e |s this a coincidence?

BaBar: search for a charged partner (decaying to J/\wn%m)  phys. Rev. D71, 031501 (2005)

e No signal
Vincent Poireau Charmonium-like states at BaBar 8
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e BaBar results for X(3872) — J/yn*w

3 3 05 X(3872)K’% ?‘
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m, (GeV/c®) m, (GeV/c?)
MJ/\WHn- (GeV/ Cz) MJ/\yn+n- (G eV/ C2)

e Main results

BF(B*—XK*, X—Jlyrn*n) = (8.4+1.5+0.7) x 10
BF(B—XK,X—Jlyr*n) = (3.5+1.9+0.4) x 106, <6.0x10° @ 90% C.L.
R(X)= BF(BY)/BF(B*) = 0.41 + 0.24 + 0.05

I'(X)<3.3 MeV @ 90% CL

PRD 77,111101 (2008)
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Find 3.6c evidence for PRL 102, 132001 (2009) ‘g 10p | 23| 0+/I—6 |4 ]
B*—>X(3872)K*, X(3872)— Jy y > events |
o BF(B*—X(3872)K*)x(X(3872)—J/yy) = = i 1
(2.8 +0.8+0.2) x 106 ? - } \ \ -
First evidence for B*—X(3872)K*, *::) ; 'L| -
X(3872) ->wy(2S) y 2 L AR
» 3.5¢ significance + :
o BF(B*—X(3872) K*)x(X(3872)—w(2S)y) = sf X(3872)> Jhyy ]
(9.5 +2.7 £ 0.9) x 10 3 8 383 3 9 305

15 <z .

BZ(Z<(+3$742) > w(2S) ) / BF(X(3872) — JAy ) K+ i@ 23;‘;{;2-3 ]

- —

b {m

' Rk

X(3872)—> y(2S) 7"
But signal confirmed by LHCb NPB 886, 665 (2014) 38385 39 3 95

my, (GeV/c?)
10

* Inconsistent with a pure D**D® molecule, but consistent
with cc-D"°DP admixture

n
1
P N—

No Signal seen by Belle in X(3872) — y(2S) vy

Events / (5 MeV/c?)

e Upper limit compatible with BaBar BF  prwL 107, 091803 (2011)
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e Study the decay B%* — J/y ntnn® KO (0 — wrrn)

PRD 82, 011101 (2010)

e Clear signal (4c) for the . e ':' B ” | ?

S 400
X(3873) » Jly ® 2 -
9% % 200 LT B -
e 26.7+7.6 events ' xesrz | b o ]
s .
] erer————
4 4.2 4.4 4.6 4.8
My (GeV/E)

* BF(X > Jy o)/ BF(X > Jy n*n) =0.8 £ 0.3
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Belle in 2006: excess in the D°DOx? invariant mass in B — D°Dx°K, with a shifted

mass with respect to X(3872) — Jyn*m

e M=(3875.2+0.7+12, ) MeV/c?

e 2o away from the X(3872) — Jlyn*w

BaBar in 2008: study of X(3872)—DD*?

e Confirms X(3872) signal (4.90)
e M =(3875.1"97 ;. + 0.5) MeV/c?

e 450 away from the X(3872) — Jlyn*n

e Measurement of the width
« I'=3.0%%9,,40.9 MeV
e Angular study inconclusive

Events/2 MeV/c?
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In 2010, Belle redid the mass measurement for D°D*?with more statistics

e M =(3872.906,,%04 ) MeV/c?
e In better agreement with X(3872) — Jiyn*n

« However width still in disagreement " = (3.9 *28_, , 02, /) MeV

e In disagreement with BaBar result

Charmonium-like states at BaBar

Belle: PRL 97, 162002 (2006)
BaBar: PRD77, 011102 (2008)
Belle: PRD 81, 031103 (2010)
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e Saga summary

Year Collaboration Channel Mass measurement

M = (3871.69 + 0.17) MeV/c?

2003-2015 World average Jy
2006 Belle DODOx0 M = (3875.2 £ 0.7*12, ) MeV/c?
2008 BaBar DOD*0 M = (3875.1%%7 ;. + 0.5) MeV/c?
2008 Belle DOD*0 M = (3872.9 *06 , ,+04 ' ) MeV/c?

* One possible explanation for the mass shift in X(3872)—DD*?
e No proximity of the threshold for J/yn*m

« Mass and width measurement e I
correspond to the real particle X “““““““““ 1
e Proximity of the threshold for D°D*? I'
- If particle just below threshold, we see ~._ | D°D*lineshape
a peak above threshold NOT

~ DODO70 lineshape
1 | N‘—u; t

R 0 1 2
Energy (MeV)

Braaten, Stapleton,PRD 81, 014019 (2010)

corresponding to the real particle

Vincent Poireau Charmonium-like states at BaBar
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e First observation by Belle in B—>X K, X — Jhym decays (called
Y(3940) then) and confirmed later by BaBar

— 7T PRD 82, 011101 (2010)
20 D) PRL 94, 182002 (2005) ]
§ 400 F
20 — g i
i i = i
K ) Z 200 4
10 5 I X(3872)  (3915)
— X(3915) ] = L | 7 .
— + : 0 . .- M L M M L 1 L M M 1 M M L 1 M M M
1 1 1 I 1 1 1 I 1
(’3);880 1080 4280 4 4.2 4.4 4.6 4’}.8
M(wJAy) (MeV) My, (GeV/C?)
a 12 PRD 82, 011101 (2010)
e Belle also observed X(3915) In 3w
; S—’ﬁ 8 X(3915)
two-photon production Zs
vy — X(3915) — Jyo 2 _
g.B 3.9 3.95 4.05 4.1 415 4 4.25 4.3

W (GeV)
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e BaBar also studied X(3915) — J/ym In two-photon production
e Good agreement between BaBar

25 PRD 86, 072002 (2012)
and Belle measurements e b i’b
> r
BABAR Belle g - 1reo)
g g - g - [76 0']
Mass (MeV/c?) 39194 +22+16 | 3915+ 3+ 2 S of
Width (MeV) 13+6+3 17103 §’ F
.. xB(J=0)(eV)| 52+10+3 | 61+£17+8 : , _,___*_mm outl o
I, xB(J=2) (eV) | 105+£1.9+0.6 18+5+2 s e asaes A Amh AT did a2
m(Jyo) (GeVicd)
° Discriminate between JP_ O:l: PRD 86, 072002 (2012) PRD 86, 072002 (2012)
= 125 -

and J°=2* with angular analysis

3 - 14F =,
1 + | i(j» 12_!, +
T e ® 1

2
0
-::_g 8 | ' %J 0
e 0* strongly preferred in distribution § 6 TlT TT S el 1l
: 4L g 7 W
of all variables 2 + + . ::'M T
e Consistent with the X(3915) 0.3""4;{.5"'6'*"b15""1 f{{ TR
i cosb
being the y.,(2P) state 269 0P= 09 ; ‘f‘;’fi o

=659 (P=27 2=T77.6(F=0) 16
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v [ PRINGEES |

e Study of the two-body decays B*— K= X,
e Update of Phys. Rev. Lett. 96, 052002 (2006) with full data sample

e With the full reconstruction of one B meson, one can look at the
momentum of a Kaon iIn its B center of mass

Reconstructed B
in hadronic
channel

Recoiling K
Signal B
X

e Will exhibit a peak each time there is a two body decay B — K X

2 2
my —\j my +my —2FE -mjy

Vincent Poireau Charmonium-like states at BaBar 18



e Allows to measure absolute BR for the normal charmonium
spectrum and to search for the exotic charm mesons

e Independent from the X . decay channel

e Sensitivity : BR of a few 10 0|

=TT — BABAR
® Mg distribution of all the o |
exclusively reconstructed B* meson | mes =B -p¥

5.24 5.26 528 53
2
my¢ (GeV/e™)

Vincent Poireau Charmonium-like states at BaBar 19
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e Improvements in BR(B*— K= X_;) for all channels

Particle| Yield |Peak Position| Width BF(10™%)
o |516+67 9.6+1.2(sta)+0.8(sys)
ne  |655£77| 208245 | <43 |13.341.8(stat)=0.4(sys)=+0.3(ref)
Xeo |218£76 4.440.9
Xe1  [192+£35 7.0£1.3(stat)=1.0(sys)
Ye2 | 0£32 <1.2
Me (25) [283+£94| 3632+0.007 | <33 6.0+2.1(stat)=0.4(sys)
W [293+90 6.2+2(stat)+0.6(sys)
$(3770) | 0+49 <2.0
X(3872) | 7581 1.4£15 or < 4.4 (B*—>XK*, X—Jyn*m) ~ 0.1
e Analysis extended to D mass region
Particle | Yield |Peak Position BF(107%) PDG 2014
D’ 126420 3.540.5(sta)£0.3(sys) | 3.7£0.17
D’ 126+21 3.5+0.5(stat)+0.3(sys) | 4.240.34
D1(2420)" | 97425 2.1+0.5(stat))=+0.3(sys) -
D**"(2680)| 95429 | 2.684+0.003 | 2.14+0.6(stat)=+0.3(sys) -
D+ 44+10 3.3+0.8(sta)+0.3(sys) | 2.0£0.21
D+ 40£10 3.0+0.8(stat)+0.3(sys) | 2.1+0.16
D*(2420)% | 52413 3.941.0(stat))=£0.3(sys) -

» Charged kaon recoiling against a neutral B: no signal for charged X states

Vincent Poireau Charmonium-like states at BaBar
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e Resonance discovered in e*e” — y,sr(Jyn*n) by BaBar in 2005

e Confirmation by CLEO-c, CLEO-III, and Belle with some spread in the
resonance parameters

>

-

e Belle result suggested the existence of
another broad structure: the Y (4008)

41 L S A A B RS B

m;_(a) } ?_

[ Sideband

e BaBar updated the measurement in 2012
e M= (4244 +£5+4) MeV/c?
o I'=(114 *16 .+ 7) MeV

Events / (0.020 GeV/c?)

e Excess at low mass: might result from the
y(2S) tail and a possible ete—Jhyn*n
continuum contribution

e No evidence for the Y (4008) state

1 5 I
m(Jyr'w)(GeV/c?)

PRD 86, 051102 (2012)
23 Vincent Poireau Charmonium-like states at BaBar
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e Natural to study of Y(4260) —» y(2S)r*7 in ISR production

e Peak found... but not at the expected position!

e New resonance: the Y (4350) T
:i@ E'“:,': ( m LD&E

e M= (4324 o 24) MeV/c? - Y[4260) + BKG
o I'=(172 + 33) MeV I ecimonees) |

BHIG [non-ywi{25])

—
=
T 1

Events / 50MeV/c*

:l.\

e Confirmed by Belle
e M = (4361 + 9+ 9) MeV/c?
e I'=(74 £ 15 £ 15) MeV

e Belle also reports another state: Y(4660)
e M = (4664+11+5) MeV/c?, T = (48+15+3) MeV

53
m(2(x*)iy) (GeVic?)

BaBar: PRL 98, 212001 (2007)
Belle: PRL 99, 142002 (2007)
24
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e Update of BaBar analysis with the full dataset

o, 22:|g%|"'|"'|"'|"'|"'|"'|"'|"'|": o, 20pT L L L L
> 20 ;—i/ T(4350) E;._::Y(4660) b w2S) - JynT = > isf y2S) = Iynm
= 18F = | [ ]background = 16F- t BABAR =
g 16;— —; g 143_ 112 events (520 fb™') _E
DBelle -
0 o 3 g 100 110 events (673 f6)
RE = SE E
oF : ’ E o ‘
aF- F 4= —
0 W AT | i e L sHH.'_ ARRIn: OEI 1 :
4 42 44 46 48 5 52 54 56 58 4 : )
m(y(2S)m'n) (GeV/c?) m(y(2S)t' 1) (GeV/c?)
: Parameters First Solution Second Solution
e BaBar confirms the Y(4660) (constructive (destructive
interference) interference)
L

Parameters for both Y (4350)
and Y (4660) are consistent with
the Belle measurements

Vincent Poireau

Mass Y (4360) (MeV /c?)
Width Y(4360) (MeV)
B x T (Y (4360)) (eV) 6.0 £ 1.0 &+ 0.5
Mass Y (4660) (MeV /c?)
Width Y(4660) (MeV)
B x T'ee (Y (4660)) (eV) 2.7 £ 1.3 £ 0.5

¢ (°)

4340 = 16 £ 9
94 + 32 £ 13
72+1.0x06
4669 £ 21 £ 3
104 + 48 += 10
75+ 1.7T£0.7

12 £ 2744 T8+ 12+ 3

Charmonium-like states at BaBar
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Y (4140)

(2015)

Vincent Poireau Charmonium-like states at BaBar 26



iy
o

e 2009 42011 e
CDF studied the decay mode =
B* 5> Jy ¢ K, o> KK Iy »ptp g

o Looked at JAy ¢ invariant mass =

e Observed two narrow peaks, named S

X (4140) and X(4270)

PRL102, 242002 (2009)
arXiv:1101.6058 (2011)

e 2012

LHCb did not confirm these peaks
e 2.4c disagreement with CDF

=Y
T

Candidates / 4 MeV

N
T

PRD85, 091103 (2012)

1000 1100 1200 1300
M(Jhy)-M(J/y) [MEV]
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e 2013

CMS confirmed the presence of the two

resonances

Physics Letter B 734, 261 (2014)

o 2014

DO saw evidence for the two resonances

PRDS9, 012004 (2014)

Vincent Poireau

Ccwms, \s 7TeVL52fb“ E I

@
o
\

ti + "

= 3007 | :
[0} r —— Data ]
= o Global fit

o - [I] ------- Three-body PS (global fit) 4
NOE . +16 uncertainty band ]
—~200 - . — — Event-mixing (Jiy, 0, K*) ]
e T A Event-mixing (J/y, o K* )
bz

1001 V] +
L e

50 ot i
&g

°F ‘ \ |
| 11 2 13
of e DO -
DO
@ 40_ ~X(4330)
E: I ~PHSP
@ 20-
Ol 4.21 I T T A T

2 43, 44 45
MJVK'K) (GeV)
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PRDS85,091103(R) (2012)

No signal;

excess at ~ 4.3 GeV/c?

e Nota: 2009 g: Belle (u pulished)
‘ u BELLE
Belle did the study (unpublished)  vepton-Photon conference 2009 s u
i 1
e Unable to conclude due to low efficiency at threshold ~
e Summary of the previous results K b
X(4140) X(4270)
Reference Mass Width Mass Width
(MeV /c?) (MeV) (MeV/c?) (MeV)
CDF 4143 +29+12 | 11783 +37 Possible signal
PRL102,242002(2000)
CDF 41434130 £ 06 | 153 %4 + 05 || 42744 8% + 19 | 323729 + 76
arXiv:1101.6058
LHCb No signal

arXiv:1309.6920

DO 4150 £ 43 +6.6 | 199+ 12.6 759 ~ 4360 30.0 (fixed)
PRD89,012004(2014)
CMS 41480 +244+63 | 28711 +19 43138 +53 + 73 | 38732 +16

Vincent Poireau
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e Branching fraction measurement
e Fit to the mgg distributions

E*2 pg

beam

Vincent Poireau

e Study of the processes B* — Jiy K* K- K*, BY — J/y K* K- K%
e Jiy > ete,utn 6> KK
e Perform the branching fraction measurements
e Search for the resonances X(4140) and X(4270)

52 521 522 523 524 525 526 527 528

70 e
60F
L
Z E B
=40 m
(_':1 £ ]
5 30 =
= . |
2 r % B
8 205 + =
10 + % "
.........................
- 2

s (GeVic)

After ¢ seleetioh

= After ¢ seleetio'n

Events / 2 MeV/c?
= _
AR AL L AR L]

Fas

ok | I Lo g 1 T
52 521 522 523 524 525 526 527 528 529
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e Observation

of a clear ¢ - K* K" signa

T0p 20— T
3 b -
N§ soi— } b 143 3
2 402— [ sideband E :;;: [] sideband :;
o |} i | ]
2 20F 2 oF } E
P ALk F AT
oF o W ek Mgty oF . . .LHLH. A1 FL[F‘LlFJ] | ‘LL [
0.98 1 1.02 1.04 1.06 1.08 1.1 0.98 1 1.02 1.04 1.06 1.08 1.1
my. . (GeV/c?) My (GeVic)
e Yields and branching fractions
B channel Event yield € (%) Corrected yield B (x1073)
B" - J/wK"K K" 290 £22 15.08 £ 0.04 1923 £ 146 337+£0.25£0.14
Bt — J/y¢pK* 189 + 14 13.54 £ 0.04 1396 £+ 103 5.00+0.37£0.15
B" > J/wK*K~K" 68 +13 10.35 £ 0.04 657 £ 126 349 +0.67£0.15
B = J/y¢K" 41 +£7 10.10 £ 0.04 406 £+ 69 443 £0.76 +£0.19

e Values in agreement with previous BaBar measurement and with other
experiments (CLEO, LHCb)

e Ratio of the resonant and nonresonant BF in agreement with predictions
from spectator quark model

Vincent Poireau Charmonium-like states at BaBar 31
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e Study of the J/y ¢ mass spectrum in B — Jiy ¢ K

F3

e |ngredients

e Signal: two incoherent Breit-Wigner distributions with parameters fixed
to CDF values arxiv:1101.6058 (2011)

« 2D efficiency map taken into account in the fit
e Background: uniform distribution (phase space)

0-25_""I""I""I""I""I""I""I_
(\_'5:;‘ 7Z ]
% 02 :_ +"""++H_FH-++++—|— B
Rl : : : = - e *,
e Efficiency in the J\y ¢ Invariant mass: s °5F + + ]
- ++ —
z;, [ -+ ]
= 01__ 4+ -
L - .
5 ]
= 005 ]
m -
():....l....|....|....|....|....|....|'
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e Result of the fit

L3
T T T T T T T T

e Fit with the two CDF resonances BT PN
« y?/INDF =12.7/12 ;}E 20;— [I] Sosri:izr;:zces)—;

e Fit with no resonances = i }l |
« y’/INDF = 26.4/14 %

* Efficiency-corrected and background- 5
subtracted J/y ¢ mass spectrum for 220F ]
the combined BY and B* samples 2 sop | ﬂ £
| it 4
ﬁ 1 1

4.1 42 4.3 4.4 45 4.6 4.7 4.8
My, (GeV/c)
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e Fit fractions with the assumption of two resonances
o f(4140) = (9.2 + 3.3 + 4.7)%; UL(90% CL) = 13.3%
o f(4270) = (10.6 £ 4.8 +7.1)%; UL(90% CL) = 18.1%

e Comparison to other experiments

Experiments f(4140) [%] f(4270) [%]
CDF 1490+20+24 - (*) Estimated from number
LHCb <7 < 8 of signal events quoted
DO 194+7+4 -
CMS 10+3 18.0 £ 7.3 (%)

e No clear conclusion from BaBar on these resonances
 Significance below 2o for both X(4140) and X(4270)

e Hypothesis that events are distributed uniformly on the Dalitz plot gives a
poorer description of the data
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Belle has reported a new charged charmonium-
like state in the decay B—»Z 'K, Z—y(2S)w

The reported mass and width are:
« M= (4433 £ 4 + 2) MeV/c?
o I'= (4571837 15) MeV

Significance: 6.5¢
e 121 + 30 events

If this result is confirmed

 First observation of a ccud tetraquark state,
since it is charged and carries hidden charm

Belle confirmed this result with a Dalitz plot
analysis
o M = (448522, +28 ) MeV/c?
o T =(200% .26 ) MeV

Belle: PRL 100, 142001 (2008)
Belle: PRD 80, 031104 (2009)

Belle: PRD 88, 074026 (2013)
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e Search for the Z(4430)- with 413 fb-tin the decay modes
e B—J/yrKO
e BOJ/ymK* In the following, using “y” to denote J/y or y(2S)
e B —y(2S)TKO
e Bl—y(2S)TK*

e Describe the Krt- system in detail, since structure in the Kn- mass and
angular distributions dominates each Dalitz plot

e Correct the data for efficiency event-by-event across the Dalitz plot, and
describe using only Kn~ S-, P-, and D-wave intensity contributions

e Project each Kz~ description onto the relevant wr- mass distribution to
Investigate the need for Z(4430) signal above this “Kn~ background”
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e Good descriptions of the m(Kr) T I 1 w(mﬁ
. A i A o 10 § % 1 10
distributions are obtained = 40 : Al
T 0ERL )
:'%) 10 —Fit result
B
; = D-wave ]
L B & S I S N R R ¥
m,. (GeV/c?) my . (GeV/ch)
mJ/\yn_ m\y(ZS)n_
2 e AN | amenFlatcosd, | gmg ]
® The Kr- reflections 2 oo §f g (@ sl oyeenee gf g (D))
reproduce the data < s« ‘
e no evidence for & | 0
additional structure 2 o B yosrk™ | @]
s oy _ #
g-m;_ residuals | ! ] I T esiduall 30 m :
354 Ay 38 4 47 44 46 48
my, .- (GeV/c?) MLy oq) (GeV/co)
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Events/10 MeV/c’ Events/10 MeV/c

Events/10 MeV/c

e No signi!
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e BaBar — Belle comparison
e BaBar and Belle distributions
statistically consistent

Events/10 MeV/¢

BiBir '
e

o data in signal region
[] data in sideband region } %

- 20E %‘ % % |

e No need for the Z(4430)- in the oy ﬁ n Bl b |
- I T

BaBar data 3_SJW%MMEM%45 ‘

4.6 4.8
My, (GeV/c?)

e | HCb did confirm the existence of Z(4430) with large
significance PRL 112, 222002 (2014)
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Z,(4050)* AND
Z,(4250)*
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e Belle observed charged charmonium-
like states Z,(4050)* and Z,(4250)* In

B? — y K
e M,, = (4051 + 14 *29 ) MeV/c?
o I'yy = (82721 ;547 5,) MeV

e M,, = (4248 *44 4 *180 ..) MeV/c?

o 'y, = (177+4 347310 1) MeV

e BaBar studied the processes

Events / 0.024 GeV/c?

b? IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

w
w
™

M (x.,m"), GeV/c®

B0 — XC]_K-T[-I- and Bt — XclKOSﬂ;+ to
search for these states (where y,,—

Jhyy)

Vincent Poireau

PRD78, 072004 (2008)
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* Binned y? fits to the background-subtracted and efficiency-corrected Kn
mass spectra in terms of S, P, and D waves amplitudes

3 10005— ) 4005— :
§ - - Channel S wave P wave D wave x> /NDF
° 750:— 300 - B — y, K @* 404 +22 379 = 1.3 114 +20 58/54
o f . 03+15
S soop 200F- B* — y. Kym* 424+35 ;7.1 + ;.2 10.1 % 3.1 55/54
3 2505_ + 100f- H } 104 +2.5
? F t E JrH ! H* i ‘ s
0 MR oludtl W <>
0.5 1.2 1.9 05 1.2 1.9 ?o *H}H Hﬁ} Hﬁ - h
m(K™n*) GeV/c? m(K%n*) Gev/c? w # {
o -os i | <> 0 ﬁhﬂ} Hﬁ | wﬂ i
e To represent the angular structure, we compute the 'g .{ o s -
efficiency-corrected Legendre polynomial moments 3 o:wu“H H*M“Wﬂw s ﬁ WW *
<Y %> in each Kn mass interval by correcting for 2 | W | i R} = ﬂ *”w
efficiency and then weighting each event by the T A
Y, %(cos0) functions g "t s | <>
-
o _Ahww b w o Jﬂm{w HJHWW

1.9
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e \WWe generate high-statistics MC m(y,,r*) distribution

based on angular structure in Kz system using <Y, %> in
Kz mass interval

e Best result for L.....=5 — MC simulation with L,,,,=5
s === Simulation with no angular weights

e The excellent description of the data
Indicates that the angular information
from the Kz channel with L.,=5 Is
able to account for the structures
observed in the y.,m* projection

.
(=]
(=]

200

events/20 MeV/c?

e No need for additional structures in
the mass distribution 0

4 4.5
M(Xer 77) GeV/c?
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* Fit the y.,m* mass spectrum using two scalar Breit-Wigner with
parameters fixed to the Belle measurement

Two resonances i One resonance
e Less than 2c in any distribution : i@‘
* No significant excess for a single s 2 w00
resonance either S F 7
e Limits on BF not inconsistent with L= 2 0l
Belle results due to Belle v N
uncertainties o
L2 200 F 200 -
0 _, + - ~ 2 % f :
B (B® — Z,(4050)" K thB(fl(aﬂ]S()) 8| Lol (©) | “ 150:_(@ N
— vamT)< 1.8 X 107>, s | r
X ) E §1oo_| } 1oo}|
\Y; P C 7 . Al
B (B° — Z,(4250)7K~) X B(Z,(4250)* = R | I | ”l *E |||”
— ) < 4.0 % 1075, é e r—— ] e ————
4 45 4 4.5
m(xes ) GeV/c? m(xe ™) GeV/c?

e Z,and Z, still need confirmation!

Vincent Poireau Charmonium-like states at BaBar 45



P —

CONCLUSIONS
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e Many results given by BaBar on charmonium and
charmonium-like states

e Some states are in agreement among the different experiments
« X(3872), X(3915), Y(4260), Y (4350)

e But some states are not confirmed by BaBar
e Y(4008), Y(4140), Z(4430)*, Z(4050)*, Z(4250)*

e This situation should be clarified with more statistics thanks to
LHCb and Belle Il
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/Kinematics of fully reconstructed B Background discrimination
5:::: : I e \/ E2 _ 72 Suppression by multi-vari.'flble classifiers
wo | ! ES “beam — VB based on event-shape variables:
1 Meg " " Fisher discriminant, Boosted Decision Trees
:: t ! AE = ‘Eﬁ - Ebﬂ:m (BTD)"
— L
& 100 , - B A | etem — T(48) — BB | e - g
& 7s "= HP | il' [
RiMC T e AF .
i & Topology:
g m— pa~300MeV/c
-7s | : o "o s L,
L 25 353 s ia S sa e -:d 10 200 40 40 20 80 10 R V0 ) Angular E'>\-{:‘b-}-( 1__< B rw i
e - — “ TP P - e
K/1T separation E_U-H% (b) distribution: J,=0 9 P-wave o J=122 S-wave
°
Very good 2
particle ID [ ° StEonIy_discriminate continuum events
between 1.5 (e’e—aq (q =u.d,s,c)
and 4 GeV/c i ] e Background from B decays
15 2 25 3 135 4[‘{;::"(.')
J \

N\

Variables are often combined to a likelihood function, used in a maximum likelihood

fit for signal/background separation and to measure parameters of interest
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Charmonium: cc or cc-like
Below the D®D® threshold

e Narrow width

e All states are observed and

Above the D®D® threshold
e Large width expected
e Many unexpected states

Several exotic hypothesis

explained

reported since 2003!

« Some of them narrow

Tetraquarks
Hadronic molecules

Hybrids
Glueball

Vincent Poireau
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e Hybrids
e States with excited gluonic degrees of freedom

o Lattice and model predictions for the lowest-mass hybrid
« M~42GeV/c?

e Tetraquarks

e Bound states of 4 quarks
e Large number of states expected
e Small widths above threshold

e Molecular states

» Loosely bound states of a pair of mesons
e Small number of states
e Small widths above threshold

e Other possibilities
e Threshold, cusp, or coupled-channel effect

» Give a cross section enhancement which may
not correspond to resonance production at all

5%
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e B-meson decay

e Color-suppressed b—c decay
e Penguin diagram also possible

e e*e Initial State Radiation (ISR)

e e*e collision below nominal c.m. energy
e

e Double charmonium production
e Typically one Jhy or vy, plus second cC state

e Two-photon production
e Access to C=+1 states

b r C
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e X(3872) likely not a charmonium state
 Radial excitation of y, (J°¢ = 1**) expected at 3950 MeV/c?
* N, (JPC =2*) should have X — Jhyy suppressed
* No satisfactory cC assignment

e DOD*0 molecule? Phys. Rev. D71, 074005 (2005)
« Would explain proximity of the D°D*° threshold
o favors DD* decay over Jhynn over Jyy (as observed)
e Expect X — y(2S)y to be suppressed (in contradiction with observation)

* tetraquark state? Phys. Rev. D71, 014028 (2005)
e Predict 2 neutral states and 2 charged states
« Neutral states produced in B® and B* decays: Am = (7 + 2) MeV/c?
e Measurements:
« Am=(2.7+1.6 +0.4) MeV/c?in B — Jlyr*n
* No evidence for charged partners

e Mixing of D°D*%and y,? Something else?...
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e No cC assignment for 1 state

® Probably not a glueball Phys. Lett. B625, 212 (2005)
* No evidence for Y(4260) — ¢nin

¢ tetraquark state [CS] [Eg_]') Phys. Rev. D72, 031502 (2005)
e Should decay dominantly to DD,

* Hybrid meson?
e DD, D*D*, DD* decays suppressed
e DD,(2420) decays should dominate

e hybrid + quenched lattice QCD predicts, for 1--

e M =4380 + 150 MeV/c? Phys. Rev. D74, 034502 (2006)

* Oy MO lecule? Phys. Lett. B634, 399 (2006)
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Reconstructed B
in hadronic
channel

Recoiling K

Ccc
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