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OUTLINE:
* D, spectroscopy
» Measurement of the decay constant fy,
» X(3872) - Jpw
* Z(3930)
» Search for Z(4430)
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BaBar data

BaBar datasets: As of 2008/04/11 00:00

* Y(4S): 465 (110° decays P |
* Y(3S): 122 1108 decays > [ BaBar
° Y(ZS): 100 D’] 06 decays -g 5001—. PEP Il Delivered Luminosity: 553.48/flp - weeeeriressssmsmssnsii i
c — BaBar Recorded Luminosity: 531.43/fb —
‘e n BaBar Recorded Y(4s): 432.89/fb _
3 L BaBar Recorded Y(3s): 30.23/fb _
%' B BaBar Recorded Y(2s): 14.45/fb |
B-factory operates mainly on the £ 400 Off Poak Luminosity: 53850 s o o -
Y (4S) peak, at E;,=10.58 GeV 5 - S i
EO[ T ]
300}— Jbasdonntitat A Y 2y A0 S .
A B-factory is also a flavor factory Z i
+ta- b : :
e‘e o (nb) Y e N
bb 1.05 B -
cc 1.30 - i
SS 0.35 100 e — o
uu 1.39 i :
dd 0.35 o WL AT HHIIHIHW
T 0.94 {9@ r§§°\ @Q"’ {1965 q{@"‘ qs§§° @06 @6\ @Q'b
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D, meson spectrum

- Godfrey, Isgur model predictions - PRD 32, 189 (1985)
° DS (bound states of cs quaka) Observed before B-factories

Observed at B-factories

» Spectroscopy is still evolving GeV A
« 4 states observed before the B 340
factories in agreement with the Pry(319)
theoretical models 300} 012,501 02,92,
- 2 states observed at B factories: I
D.,(2317)* (in D.*T®) and DEDTHE e
D_ (2460)* (in D_*1) do not match ~ 2-°9[ e =g O
sJ i S ] 'R (g5
theoretical expectations ®
» 2 additional states D_,(2700)* and  2.20 Couzi)
D,,(2860)* observed by BaBar in ey
DK decay | so-t—no—~—~— 01—
* New broad structure at 3040 MeV o OJP | 2 3 4
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240 bt

IQ clusive search of:
e+ o K7 D X
ee - K D*X
Momentum:

p*(DK)>3.5 GeV/c

Same features
observed for all
DO+ reconstruction
modes
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PRL 97, 222001 (2006)

D.,(2700)* and D,(2860)* in DK decay

e

2.3
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v

Fit to combined data
samples yields to:

D,,(2573)* parameters:

m=2572.2+0.3£1.0 MeV/c?

[=27.1+0.6+£5.6 MeV

D,,(2700)* parameters:
m=2688x+4+2 MeV/c?
[=112+7+36 MeV

D.,(2860)*" parameters:
m=2856.6+1.5+5.0 MeV/c?
[=48+7+10 MeV

D

(2536)* - DOK* :

Fit results

PRL 97, 222001 (2006)

D*O N DOy’ DOT[O L+

x103

o

events/20 MeV/c2

\

i \; D_,(2573)* - DOK* |-

\

Broad ]
structure '

at ~2.7 GeV g

[] D sidebands

m(K+D9)

3.1 GeVic2
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Recent update of the study with

double statistics

Results consistent with previous

ones

Slightly larger mass and width

for the D_4(2700)

D,,(2700)* parameters:
m=2710.0+3.3 MeV/c?

[=178+19 MeV

D.,(2860)* parameters:
m=2860.0+2.3 MeV/c?

[[=53+6 MeV

DK study update
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Background subtracted fit using 3 relativistic Breit-Wigner
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Inclusive search of:
e'e - K'DX
e'e - KD™X

Background suppression:
p*(D*K)>3.3 GeV

Angular cut:

(D*K)

background peaking
at cos(6y)~-1
Required: cos(6y)>-0.8

Clear D* signal in 5
reconstruction modes

BaBar studies for Dg; in D’K

PRD 80, 092003 (2009)

Am=mp,-Mp

9
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K-ttt
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0.15
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PRD 80, 092003 (2009)

BaBar studies for Dg; in D’K

LT T \ ] 0 L
) ) . ) - D@ - 2000 = Dot
D*K invariant mass distributions 5000

Kt | i

Same structures visible in all
reconstruction modes

Not visible in MC
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2.5 3 from D* sidebands m(D'K) GeV/c?

m(D'K) GeV /c?

Third Workshop on Theory, Phenomenology and Experiments in Heavy Flavour Physics - July 5-7, 2010 - Capri 8



- PRD 80, 092003 (2009)
? Fit to D'K distribution

Combined spectrum from all reconstruction modes
Fit with smooth background + 3 relativistic Breit-\Wigner

Additional broad structure observed at 3040 MeV/c?

4000 - T 5 | T D.,(2710)* parameters:
u Cumulative B Background — +12 2
~O - distribution 800 - 2710 (12.40) subtracted m=2710+2 -7 Mevic
<3000 - - B i [=149+3+39 , MeV
> ot i
© i 1 600 -
= i | i ] D.,(2860)* parameters:
8 2000 - — L 2860 (6.40) - +5 5
N I | 400 . m=2862+2"5 , MeV/c
2 I 1 :* } 3040 (6.00) ] [=48+3+6 MeV
0 1000 - 200 -
L : ] ] D.;(3040)" parameters:
I | - 0 b m=304418+30 . MeV/c?
0 — | [=239+35*46 ,, MeV
2.5 3 3.5 3 3.5
m(D’K) GeV/c? m(D'K) GeV/c?

Systematic uncertainty obtained varying the selection criteria (p*, cos6y, Am)
Statistical significance evaluated from Ax? after removing one resonance and repeating the fit

Taking into account efficiency and averaging on D°K* and D*K° decays, we obtain:
B(DS}(2710) = D K) — 0.9140.13+ 0.12 B(DSj (2860) = D K)
B(D4(2710)" - DK) B(D(2860)" — DK)
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Angular Analysis

PRD 80, 092003 (2009)

Angular distribution are obtained from the yield of the states in different 6, regions
6,: angle between the mtfron the D* decay wrt the K, in the D* reference frame

1-cos?6,,
expected for natural JP
(JP = 0%, 1, 2%, ..)

Both distribution consistent

with natural parity

D,,(3040) too broad to

obtain reliable results with

this technique

3

(N

[a—

Arbitrary units

0

Efficiency corrected distributions

-o-
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0 |
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cos %,

77, 014012 (2008)):

* L=2 ground state (13D,) - ratio of BR expected: 0.043+0.002
« L=0 first radial excitation (23S,) - ratio of BR expected: 0.91+0.04
data support 23S, assignment

For the D_,*(2710), two different assignment for J°=1- are proposed by P. Colangelo et al. (PRD

For the the D_,*(2860), quantum numbers still not defined (J°=3- and JP=0* are proposed)
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Measurement of the branching fraction D .* - T*v,
and extraction of the decay constant f

In the standard model the D_* can decay to ¢ !
leptonic final states through the annihilation of .
c and s quarks into a virtual W* boson D.* W
These decays provide a clean probe for the -
S Y

measurement of the meson decay constant f,
describing the amplitude for the two quark to
have 0 spatial separation

2 2
2 2
r(; - f*w>=&M3*[ ), ] Ll_ iz ] vl

The D,* has spin 0, so the leptonic decay is 8 | M, "

helicity suppressed. This motivates the study - _—

of t*v, final state helicity phase
suppression space

Predictions for f,, come from lattice calculation:
fhs=(247+2) MeV (J. Shigemitsu, FPCP 2010, Torino)

The measurement can be used to validate lattice

QCD calculations and could provide hints for new
physics effects
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Measurement of the branching fraction D .* - T*v,

and extraction of the decay constant f

hep-ex/1003.3063

4 )

e'e - cC - D.'D;, KX
D" - Dy

D - 17y,

\_ > J

D;,c: reconstructed D meson to suppress
hadronic background

K: required to balance strangeness in the
event

yin D.* decay is the signal photon

E.as SUM of the CM energies of all
photons (of at least 30 MeV) in the event
that are not associated to reconstructed
particles, used for signal - background

separation

Data divided in two samples:

Entries/0.01 GeV

[
»

427 fbl

+ D" candidate is defined as the missing particle:
4-momentum: Pp.. = P, - (Pp + P + Py)

* a single electron is required in the event
(for 1 - evv decay)

* E.,.» required to be in the region 0-0.5 GeV

« Simultaneous unbinned max-likelihood fit to recoil
mass (against the signal photon) and E_,, . (for E_,,,>0)

* branching fractions are obtained from peak in the recoil
mass distribution, normalizing to D" - K;°K* decay

250 T T T T T T T T T
200F Background MC N
150% Signal MC {
100: + :
% i + * % +++ 1
st fese {ﬁ&%ﬁ# Thattig %ﬁ } ‘Pﬂ{:‘%ﬂ%
O0 005 01 015 02 025 03 035 04 045 0_.5
E i (GEV)
P — _
Sample 1: Sample 2:
Eextra:0 E >0

extra
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Measurement of the branching fraction D_* - T*v,

and extraction of the decay constant fy. [427 11

hep-ex/1003.3063

= 30 - o; - f

& F 1o -

L 25 1 C ]

=} C 1 0— o

S 20- o =

= B 10 =

10 1 o= E

55— é 0 —;

10 B

0185 19 195 2 2.05 B o0 -

Myeon (GeV/c?)

o, 10 R i e e B e

2 - ;

2 5 o e

£ ﬁ s :

S e

i l e E

2r 1 oF ]

{imw & LR RERIL .

o i G et T R IR L QN O T T A6 i WO

My (GeVich) M, (GeV/)

B(D! - r'v.)=(45+05+04 %

(D, ) =( 03 fo =(247£2)MeV| [ f, =(259.7+7.8+3.4)MeV
fDS = (233i 13+ 10@\/|EV Lattice QCD CLEO: PRD 80, 112004 (2009)

uncertainty from external and theoretical quantities
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Mass (GeV/c?)

4.0

w
n

30 7 e

The Charmonium spectrum

w(4$) or hybrid Rev. Mod. Phys. 80, 1161 (2008) :

y(2D) v ]

Ld(_zp) xcz(zp) Dﬁi
X(387ww ’

(prmr'Y)J / \I’ 1

Yo — = X(1P) .
\ XC1(1 P) |
Yol 1P) —
7/

Tr

Charmonium |
family ]

o+t 1+t o+t |
1 1 1

Renewed interest in
charmonium spectroscopy
after results from B-factories,
concerning the observation of
states with unpredicted
properties

Expected narrow states below
the open charm threshold,
wide states above this
threshold

Several new states observed:
X(3872), Y(3940), Z(3930),
Y(4260),...

Experimental and theoretical efforts to explain the observed properties, including

non conventional explanations:
» Hybrids (with gluonic degree of freedom, expected mass > 4.2 GeV)
» Tetraquarks - DD molecules (compatible with small width above threshold
and existence of charged states)
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Charmonium Production at B-factories

Color suppressed B decays Two photons production

b C . e
W- c M/L c
< _Ne Ne(2S)
S N\b c C=+
q a et 0N et J=0,2

g
Double charmonium production Initial state radiation
e I wEs) e !
JIY, Y(2S)
Vs _ Vs’ JPe=1-
e+ CcC C:+ e+
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The X(3872) observation

CDF
Discovered by Belle and <3 E’S;imm 2003) 3000TEHE 1 1200] PRL 93, 072201 (2004)
confirmed by CDF, DO, BaBar é’m — s s00] | W
= N 1100} ++ P
B* _ K* X(3872) L3 e
— o 900/
X(3872) - /Y r'TT = ?500’ 380 385 300 3.05
(compatible with J/y p°) ;. ; 2 1000}
" IT 500
M,=3871.9+0.5 MeV/c? ; 2 LL -
rX<ZiMeV/C2 at 9O%CL -T:I:ﬁ' i o I.EI:BI 3!!! 1(3).65 3.‘70 3.‘75 3.‘80 3.‘85 3.;30 3.;35 4.00
at DD threshold Wl =] ) Uy Mass (GeV/c’)
JPC=1** favored BABAR DO
m: 4[]L ,“:.”. "' 1 PRD73,011101 (2006) o-DO “* PRL 93, 162002 (2004)
Observed decays: % : ] § el
JIpy = 30 ot}
DODOTP o) : v
— 20k 3 400
g E
) 5 LOF" © 200 [ ;
Angular analysis: 2B ) o ..
CDF favors JPe=1"", 2 SRS i BN |
Be”e favors JPC=1++ 3.3 3.85 3-9 3-95 U.EM u:]:_ . .EEU ftgfwui;
m(J/yrx) (GeVic) :
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fbt

Analysis strategy:

- Reconstruct B - (J/w,") y KO

- Separate signal from background by
assigning a weight to each event and
project the events in the two categories
(sPlot, NIM A 555, 356 (2005))

X(3872) - JIyy ?

Same analysis strategy applied to
B - J/wyK(*) to reconstruct x_, ,

and validated on MC samples

5 MeV/c?)
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Ll L cao o b 1
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L PN B AR
3.45 3.5 3.55 3.6
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PRL 102,132001 (2009)

~ T rfrr o r I
ci?lot :
%B’—’__»J/prKi :
s | ]
v ]
= [ ¢
g o ..l'
Q |
UEO: +|| TlTIlIlT:
o A I A B B

3.8 3.85 3.9 3.952
m, (GeV/c")

B(B* - X(3872)K*, X(3872) - J/yy) =
= (2.8+£0.8+£0.1)x10°°

This decay mode fix C=+ for the X(3872)
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) PRL 102,132001 (2009)
? X(3872) - W(2S)y

Molecular model predicts small branching ratio
A large branching ratio could indicate a significant

cC component gls-_”””l”“l”“ll_l
> e
B(B* - X(3872)K*,X(3872) - ¢(29)y) = s 10f b
=(9.5+2.7+0.6)x10°° v
PR ;
B(X(3872) ~ ¢(2S)Y) _ 54,14 =
B(X(3872) - J/yy) S *" m
- Of + + ||+||rﬂ
'5__..|....I||||I||||I|_|_
3.8 3.85 3.9 3.95
m, (GeV/c?)
4 | | | 73
No (2S)y signal observed in a recent Belle analysis (QWG7)
B(X(3872) ~ Y29V _ 5 1 gomecL)
B(X(3872) - J/yy)
9 J
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X(3872) - MWpw “l

1 6
GELLE

Belle reported an excess of events in
m,.. above 750 MeV, for B - J/P(3mMK
with J/Y(3m) mass consistent with

Events/25 MeV
0]
T I T ‘ T T

| | | ‘ | L | \

the X(3872) N
hep-ex/0505037 -~ T * t .t T ]
480 605 730
XL3872) M(r'7n’) (MeV)
= 0 | )
%200— B No evidence of X(3872) signal in a
5 [ b‘ ] previous BaBar result
ST 1
o | T T The w mass cut used in this analysis:
= 00— ‘ B ) - 0.7695 <m,_< 0.7965 GeV (B*)
= - ]
S 200 |
z | PRL 101, 082001 (2008)
2o
e N )

e
my,, (GeV/e)
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426 fb?

e Same selection criteria used in
previous analysis, with low w mass
limit lowered to 0.7400 GeV/c?

* Mg fit (after AE requirement) in
intervals of the variable of interest
to extract B-signal contribution

« Fit distributions after efficiency
correction

40 evidence of X(3872) in J/yw

N T LA BN AR SR
>200F N 93 @ A
= T 2 6| 1
'e) R J
| o
> B 4
e
100 \ -
_ | _H _
B H i
Mot uuh”uw u Hh ly MH.MUI
O T 171.114, + T+ H IIT
I PR -0 SN S AT TR TN TN TN AN TR TN S - AN SO SO N |
0.5 0.6 0.7 0.8 09
m,_ (GeV/c?)
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hep-ex/1005.5190

BaBar reanalysis: X(3872) - JY w

- ©)

395

I~
=
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" e Data |
Fit function
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------------ Y (3940)

+ Nonresonant

4.6 4.8

Events/10 MeV/c?

Events/10 MeV/¢?

4 4.2 4.4 4
my,, (GeV/cY)
- a) e New analysis
C e Data X ]
- Firt1 ;unction o Old anaIySIS =
- X(3872) .
Y (3940)

+ Nonresonant
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Vit Y

C s hep-ex/1005.5190
U X(3872) - J/Y w: fit results

m, =(3873.05¢ +1.3)MeV /¢’ :
Ny, =21+7 :
NS =6+3 N

B(X - J /wfb)_ =07+0.3 for B* events §

BX ~ JIga) =1.7+1.3 for BYevents

46 48
my,,, (GeV/c)

B(X - J/ya
Consistent with Belle result: B()E N /l,U7l/71'+7')[_) =1.0+£04£0.3

B(B' - XK")xB(X - J/¢)=(0.6+0.2%0.1)x10®
B(B° - XK°)xB(X - J/¢w)=(0.6%0.3+0.1)x10°
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Events/7.4 MeV/c’

X(3872) - J/L|J w: m3nd|str|but|on

Information on quantum numbers
obtained from 31t mass distribution,
originated by a centrifugal barrier:
S-wave: Data-MC agreement 7%
P-wave: Data-MC agreement 62%

=== MC S-wave

15 — MC P-wave

p—
=

0.76 0.78

m,, (GeV/c")

Events/2 MeV/c?

Is this w or non-resonant 31t?

Unweighted

Each event in the distribution is
assigned a weight prop. to the expected
w angular distribution

Events/2 MeV/c?

This technique projects the w signal
and eliminates background

Weighted
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hep-ex/1005.5190

P-wave for J/Yw indicates P=-
JP=2- assignment favored w.r.t 1*

W
B 1 r T
| N, =28.432- 5.631 +6.301
L 3. 862<m w<3.882 GeV/c®
10 o Bt— Jj’w.l:r:*ﬂ:':':”l(+ ]
{4 ’ } .
l H I‘ I |~ my---
L 1
——+ A
20F N,=27.096- 10,154 +10.154 ]
F 3. 862<m <3.882 GeV/c? 1
10 N | .
b L
b ]
-20c 1 1 1 L n
52 522 524 526 528 53
Mg (GeV/c?)

Events/2 MeV/ic®

Events/2 MeV/c>

n

100

o)

L
O T T

[ 0.520<m_<0.580 GeV/c®

T
N, =152.230 - 19.487 +20.172 N

Bf—= Ihyrn'r 'Kt

soE
| N_,=-0.632-41.788 +41.788

-50r
3 d)

L 0.520<m,_ <0580 GeV/c”

5.2

S R 7 M T T
mgg (GeV/c?)
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? Results for Y(3940) - J/Y w o

L eI
m, = (3919.13% + 2.0)MeV / ¢? = 400r- B Il b i G E
r, = (3L +5Mev 200

Ny =108'%

B(B" - YK")xB(Y - J/¢w) = =400 & o 587 .
=(3.005¢%5) x10™ 2 T
B(B® - YK°)xB(Y - J/¢yw) = 7 ]

=(2.1+£0.9+0.3)x10™ 0=t ke

Inclusive branching ratios (X+Y+non-resonant) ~— 75— 717 1¢ 1%
+ + +0.6 -4 My (GeV/ch
B(B" - J/ygaK™)=(3.2+0.17,3) %10 N ~
B(B®° - J/yaK®)=(2.3+0.3+0.3)x10™ Non-resonant J/yw contribution

: : _ (not background!)
All consistent with previous measurements

Third Workshop on Theory, Phenomenology and Experiments in Heavy Flavour Physics - July 5-7, 2010 - Capri 23



384 fb? " _ _ PRD 81, 092003 (2010)

Z(3930) in two photon fusion

€1+ 7’"”””**«——%,,,,_77*77_,,,,/——«**”””'/7€+/ NQ 35 ; | | | | | ]

C=+ constrained by il /\/1 D 230 o &
production mechanism . s |

. D —25 ¢ -

(]2/72 8 L ]

g ———— .~ E20F ] | :

D mesons reconstructed in: 3 15 Lo E

Km, Krot, Koot - H : } ]

« F I I 10 ? f + T Y } i

3 5] H% il % H

= 500; 0 s A R ;%H% ‘ ]

3 400/ 3.8 4 42
& g D 2
Selection criteria £ 300 m(DD) [GeV/c']

tested on KKt 200"
final state K

Entries / 0.1
o
o

100}

7\\\\\\\\\\\\\\\\\\\:
98 3 32 34 36 38

m(K K7’ [GeV/c’] 10

m= (3926-7 - 2-7i1-1)MeV / C2 Consistent with Belle > 7
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Charged states: Z(4430)

In 2008 Belle observed the first charged state in :
B - y(2S)1tK decays, 7l
by looking at Y(2S)1T invariant mass

Minimal quark content for this state is (ccdu): ;
evidence of tetraquarks

Events/0.01 GeV

6.50 significance
m:(4433i 4+ 2)|\/|€V/C2 Wi ot
[ = (455375 )MeV K

PRL 100, 142001 (2008)

New result by Belle with Dalitz analysis approach

6.40 significance PRD 80,031104(R) (2009)
m= (444377, )MeV / ¢?

[ = (107+86+74) MeV

—43-56

30 |

Events / 0.18 GeVZ/c*

20 |

10}

B(B® - Z*K™,Z* - ¢(2S)71*) =(4.121.0+1.4)x107

0

14 16 18 20 22
M2 (r*y), GeVZ/c?
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Z(4430) : BaBar analysis
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Dalitz plot projections
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Partial wave analysis:

«—— good description of

the K1t mass obtained
using S, P, D waves
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Events/10 MeV/c”

Diff./10 MeV/c
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BaBar - Belle comparison

Belle
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el

PRD 79,112001 (2009)

Direct comparison of the
two experiments:

* normalization with
integrated luminosity,
efficiency, background
(corr. factor = 1.18)

» application of K* veto

The two results are
statistically compatible
(low efficiency regions
excluded)
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Conclusions

Large datasets of Charm / Charmonium available at the B-factories

New informations on charmed meson spectroscopy
— Data support 23S, for the Dg, (2710)*; J°=3- and 0* proposed for D,(2860)*
— Observation of a broad D_,(3040)"

— Measured D decay constant f, in agreement with recent unquenched lattice QCD
calculations

Renewed interest in charmonium spectroscopy after the discovery of several
new states, with unpredicted properties

— X(3872) studied in detail but its nature is still not clear
— Several states observed at mass around 3940 MeV/c?.
— The charged state Z(4430) still need more experimental studies

Several experiments (B-factories, CDF, DO, LHC experiments) with the
potential for studies in this field. More results are expected. °
7\

The Super-B factory will play a leading role in this field. s“lmrﬂ
) -
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The BaBar detector at PEP-II

Hiph Enerpy Ring
(upgrade of existing ring)

Instrumented
Flux Return

Cherenkov Detector

(DIRC)

Both Rings Housed in Current PEF Tunnel

BABAR Detector

1.5T Solenoid

Electromagnetic
Calorimeter

Silicon Vertex
Detector

Drift Chamber

<7
1m
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X(3872) - angular distribution

Y 1+ and 2+ favored by CDF
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