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- The BaBar experiment

- Spectroscopy introduction

- Charmonium Physics at BaBar

r

x B — X((3870)K
x B- YK
x B — Z(4430)K

x B = JK

« Overview on bottomonium studies at
BaBar ,
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Asymmetric e*e” beam @ PEPII
Peak luminosity: 1.2x10*cm™2s™!

>500 M BB produced
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|l B-factory at SLAC
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Silicon Vertex Tracker
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Instrumented Flux Return
iron/RPCs [ — LSTs]

«  BABAR collaboration consists : 11 countries and 630 physicists!
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Sides ~ A3
CP violation O triangle area
Test the flavour sector of the

The BaBar detector has been SM
optimized for:

study on in BB
system

measurement of the angles and sides
of the Unitarity Triangle

[XI rare B meson decays
(search for new Physics)
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Is a B-factory:

< The main goal of the BaBar Physics has been the measurement of
the sides and angles of the Unitarity Triangle, and rare decays.

< B-factories have been demonstrated to
be also a huge source of cc production.

The spectrum of Heavy Quarkonium
states is an ideal place to provide
precision tests of Q@ D.

Integrated Luminosity [fb”

Very accurate calculations are
possible using Lattice techniques.

M ~1.5 GeV/c* is high enough to try oot /= |
Lo Genillbe o L L L iy oL Il T R et DT
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- Well known charmonium
states below the DD threshold
and some 1 states above

threshold

- States below the DD
threshold are in good
agreement with theoretical
models

theoretlcal expectations
> Q D foresees a more rich
spectroscopy: hybrids,

tetraquark, molecular states...

» BaBar is also working in this
direction in order to interpret
these new states...

3400 |

2200 |

3000

'S @y ) observed

|= new, to be searched
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BABAR

* Production in continuum: - e*e” - ¥ X (C =+)

<« etfe" > y__ X(only J7°=1)

ISR

* Production B decays:  * b—c (color suppressed decay)

charm and charmonium spectroscopy

* Transition Y(4S)-Y(2S)rn'n, Y(4S)-Y(1S)x'n, Y(4S)-Y(1S)n

vottoronium spectroscopy

The main goal of the physics @Y(3S) and @Y(2S) is the
search of bottomonium states and light Higgs.
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e’ J/ et y 'SR .

y O
C |
o~ Double charmonium = - Conhnugm -
production production
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Some possibilities are investigated for the study of
resonant structures in B decays (missing or new states,
Aybrids):

b

h® =1, w @ p° NN

(neutral light mesons)
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For Charmonium studies in B decays most of the bkg is from combinatorics: use
two uncorrelated variables reflecting momentum and energy conservation.

Main kinematic variables:

RMS

5.22 5.24 5.26 5.28
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— Discovered by BELLE in B=»XK, X=J/ymn+rt™; confirmed by CDF,

DO, (prL 91, 262001 (2003), PRL 93, 072001 (2004), PRL 93, 162002 (2004)),anNd BABAR
(PRD 71, 071103 (2004)[117 fb1], PRD 73, 011101 (2006) [211 fb1])

11
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+ Update on the study:
B—-XK, X—MNmt

L
w s

' HBE :m am am an T d Ihh m HE m TR TR T m .
Wz iGaVie™)

" M =(3871.10.6) MeV/c?
b What is this
s o | R X(3872) state?
Fomexk fil B W VK
b XN Xows)y
ot IR
B m, (ézsxzfci) 12
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L |

* Invariant 2r-mass in J/ymr :
S-wave J/yp favoured

favoured over |

.IE
::..
L
2
&

3

Evcnis!

@ C=+ for the X(3872) PRD 71, 031501 (2005)
@ |=1 for the (1) in J/YTTTT

-
5

a forbidden J/rere, Jyre, J/pn Ss0l® | \ | ézﬁ'mr T

2 1=0 favored for X(3872); e RIRTE Hm 12 ! H H! {
the J/yrrt decay is "i;m } | t }'- 3—;”}“ H ’ } i
l-violating (small width) 207 [ R

@ Decay X(3872) - J/wp against 12_ )

charmonium hypothesis: 38 385 39 395 38 385 39 39
no charged partner found! ‘ m(J/ym ') (GeVic™) m{J/ym ') (GeV/ic)




PRL96, 052002

in hadronic

« Fully reconstruct B

modes

« The X mass distribution can be
obtained from the momentum
distribution of K=

* Huge background due to secondary
K= tracks

« Observation of X states
independent from the decay mode

- Absolute measurement of

BR(B - XK)

reco

Events/10 MeV/c

X(3872)
300

200

I] h‘l:I-l x’ﬂl
IEle fb 1
] i e e el § g G Py el gy il 5§
1 1. 15 ].2 1.25 1.3 1.35 1.4 1.45 15

Kaon momentum (GeV/c)

I!!!II!IIlIII‘ !E!!llllll!!E!Illllll!!

From BaBar-Belle average:
BR(B* - X(3872)K%, X(3872) = )/yrttT) =
=(13.3+£2.5)-10°

BR(Bi (3872)K+)<3 2:10* at 90% CL
BR(X(3872) - J/wrtt1t)>4.2% at 90% CL X3t
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« BaBar studied the channels:

B* +D°D°K* + D*°D°K*
B° - D°D*°K® + D°D°K°

]
LA

Events/10 MeV/c2
[oud
= T

- Measurements:
@AM = (0.2%1.6)MeV/c?

*R(B°/B*) = (1.33+0.69+0.43 ) MeV/c?

X(3872) —»DOISOn‘T
)T _1.37+0.56
* R x(3872) -DoD%

Events/2 MeV/c

experiment Mass (MeV/c?)
BABAR 3875.2407, +0.5
BELLE 3875.2+0.7*3 | +0.8

[y
Lh
] LILI

[y
=
1 LI

PRD77, 011102
347 fb!

w(3770)

—|{ 75. StL 410.5) MeV/
375 33 335 39 395 4 405 41415 42

DD Invariant Mass (GeV/c?)

) X(3872)
ANTD D" modes

i

M is ~4.50 away from the world average in)/

R Expected: 1.3 for a state proceeding only via D°D%* 5
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X(3872) likely NOT a charmonium state

Radial excitation of x,_ (1) expected at 3950 MeV/c
No satisfactory cc assignment

Measurements: . a”
s R(BO/B+) = 0.50+0.30+0.05 in J/ux Is it @ molecular state?
E R(@BO/B+) = 1.33+£0.69+0.52 in D°D*°
‘§§§@ BaBar: PRD73 (2006) 011101
o Am =2.7+1.3+0.2 MeV/c? in J/ur Is it a 4-quark state?

s Am =0.7+1.9+0.3 MeV/c%in D°D*°
BaBar: PRD73 (2006) 011101 PRD71 (2005) 014028

)
= MX 3871.4+0.6 MeV/c lln J/\E[ 'Hwhaf else? .
s M = 3875%1.1 MeV/c’ in D°D*°
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First observed at BaBar

JIy

c W(2S)

p y(3770)
etc

Events / 20 MeV/e?

?.HI o 4 .
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a2 44
m(J/ynmr) (GeV/c))

reiXB(Y(426O) - ﬂ:+ﬂ:_(P)< O4eV 90%CL No Signa|

B(Y(4260) - DD)
B(Y(4260) - w1 )
B(Y(4260) - pp)
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Interpretation of the Y (4260)

Hybrid interpretation most appealing:
Dominant decay mode: DD, : threshold = 4287... 7
|s the Y(4260) a DD, bound state
Should be a multplet

Charmonium w(45):
in some models, the Y mass consistent with predicted 45 state: 435,
Some other models: 45 =Y (4415)

Tetraquark:

How can we tell from hybrid?

[ The whole Family: }

Y (4008), Y(4260), Y(4325), Y(4660)

P. Grenier -
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BELLE has reported a new
charged charmonium-like

state in the decay: B-»ZK, Z
_)LIJ(ZS)T[-(PRL 100, 142001 (2008))

The reported mass and width

are.

— m=4433 * 4(stat) = 2(syst)
MeV/c?

— F=45+18 . (stat)*3° ,(syst) MeV

Significance: 6.50

* If this result is confirmed=>
first observation of a genuine
ccud “tetraquark” state, since

a8 4.08 43 .56 48 It Is charged and carries

m, - (GeV/c?) hidden c%a rm
(e.g. Maiani: 0708.3997 (hep-ph) ,
Karliner & Lipkin arxiv: 0802.0649 (hep-
ph) )
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Events / 10 MeV/c®

DlJl]

. B lynK

/10 MeV/ic?

!"_, L
52000

1 |
A S
m2. _ (GeV-/c™)

B'—J/yrnK*

B“—>\|1(2 S)n K*

3
2, 4

Fedfo

m,_- (GeV/ cé)

ﬁgggi— C) . Bl]—)J/lIITE-KJr _f :

mKn

- (GeV/c?)

Decay mode Z(4430) Branching fraction Upper limit
signal (x10) (x10) (@95% C.L.)
B —ZK, Z —Jyn | -16 £ 140 -0.1 £0.8 <1.5
B'—ZK', Z —Jyn | -666 + 203 -1.2+£04 <0.4
B —ZK’, Z —y2S)n | 110+ 118 1.3+£14 <3.8
B'—ZK*, Z"—y(2S)n” | 327 £ 170 1.4+0.7 <2.6 "
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B Jyn K™

[+~
o

All K Events

Events / 10 MeV/c>

Events / 10 M

Events / 10 MeV/c>
Events / 10 MeV/c>

Events / 10 MeV/c’
Events / 10 MeV/c’

(GeV/ cz)

BABAR preliminary

400

200

400

300

200

100

200

100

B wsnK""
All Kn™ Events

T

P

K'(892) + K (1430)

no
significant

Z(4430)-
signal

was observed!

IIIIIIIIIIIIII|II

|IIII|IIII|IIII|IIII|II4I

(Gevie)
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Looking for tetraquark....

.Ba>J/w K

24
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The proposal is:

e 10 MEasUre; the Bt ol the deecay. channe
B=Jluw X, o211

to study the invariant masses of the B daughters,
with particular attention to [J/w ¢] in order to check

if there is a new charmonium state decaying to
these two mesons

25
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The transition most likely proceed as a
3-body decay.

Another possibility. te be exploited Is that this
transition Gan Proceed as a quasi-2-body. decay,

Wellear JAu ciplel W elfe elzllic)piiers ©f el i erlel
crizifrronlting Steite

The transition b—ccs is a very promising
place to observe observe Yg.

If this state exists, and it decays in J/Qe, the
invariant mass will be below 4.3 GeV/c’ (the DD*

threshold), as above 4.3 GeV/c? the dominant
decay should be Yg—»DD*.
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A recent paper (arXiV:0801.2036) provides
theoretical explanation for a model In
quenched-lattice QCD giving for vector hybrids
statées masses:

JPC O—+ 1—+ 2—+ 1~

Mass 4.252 4.320 4.397 4.457

As the [J/w ]| invariant mass lies in the range
[4.0:5.0] GeV/c?, we believe that the transition

under examination is a very promising place to
search for hybrids, new resonances.

27
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Decay mode Parameters
E=-25110
= JE 021 + 0.0028
B* — JboK= | ganssian | 0 = E? +0,022) % 1073
+ Npeqr = 130 £ 12
Argus ‘amg =127T4+13
= (.66
= —44-|_- 10
= 5.28014 £ 0.0070
B’ — .I.,-"'-t"rﬂfg gatssian &[]b 0,022) x 107
+ Npegre = 69 £
Argus Npig = 141+ 14
“ =1.62

Channel

Expected

EVENLS

Measured Efficiency

events

preliminany

8= J/

- BaABAR

w K5, ¢9>K'K

i Bl BT el P T

%) II|III|III|III|

5.21 5 EE

523 5.24

525 SEE

Mgs (GeV/c®)

Expected B.R.

E 140_ LB DL R AL L L L DL DAL LA IEL A LA AL LR LR L
2 ob BABAR =
= - preliminary :
100H Ko + ':g —
sn_—B é J/W S ’ ¢*K 3
60 —
40— 3
zof- =
82 521 52z 523 524 525 526 527 528 520

Measured B.R.

MES [-GBV.".E'E]

B:I: — j;";'{;" b Hi
BY — J/ieK?

Elisabetta Prencipe

127
70

130 £12

60£0 | (891 +0.07)%

(11.19 £ 0.08)%

0w 107
4.5 % 107

LAPP

107
x107°

(0.23 % 0.85)
(442 4 0.58)
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Decay mode

Parameters

E=-13=z11
7 =5.2784 £ 0.0042

Bt~ Jl,a"'i;'*@f{i gansslan | o = (2.88 £0.40) x 107 -
+ _-'\-’pmk =T0+12
Argns Nig = 178 £ 16
=047
£=-42410
7 =5.27805 £ 0.0053
B! — Jl,e"'?,-'.'rf:'f{g sanssian | ¢ = (2.235 £ 0.063) x 1073
+ Npeak =43 £ 10
Nk

Argns

— 166 + 14

Channel

Measured
events

BR. (107

BT = jr,i‘, o Hi
BY — J/oK?

412
42+ 10

(5.57 4 0.85)

BABAR

preliminary

B=> J/y ¢ K

Events/0.005 (GeV/c?)

ML —

BABAR B°-> J/\p q) K®,

preliminary

Events/0.005 (GeV/c?)

i\] II_||IlIIIIIII|IIII|IIII|IIII|IIII|III
iﬂhII|IIIIIIIIIIIIII|IIII|IIII|IIII|III
k=]

522 523 524 525 526 527 5.28
mgg (GeV/c

[3¥]

o

ﬁz.ﬂg +0.61)
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C'hannel

B.R.(10~°)

BaBar

CLEO-2

BE* — JyoK=

1414205

8.8T35+1.3

BaBar

CLEO-2

BaAaBAR

5.3
Migs (GeVic?)

B%> J/y ¢ K°,

BY — JyoK"°

102+=3.8£1.0

8.8T35£1.3

2.3
Mg (GeWV/c®)

B*-> J/v ¢ K*

PRL 91 071801

f_'B:—* j {ufi

B(B" -

(5.6 £ 0.9(stat

- J ) r‘i'fi (5.4 £ 1.2(stat

) £0.3(sys)) x 107

|+ 0.4(sys)) x 107

Events/0.005 (GeWV/c>)

""""""" I L L e L Rl LN RN RRREN RRERE RN RS
- 4] L 4
35—BABAR = > - BABAR -
- preliminary 15 prelninay ]
/g 7 aF r
L Lot ]
5 38 =
; S -
0 1 E AP 3
L 0 I ]
I5E 30 {* .
Iof < wp + 1
5 1 E
O_H. —— 1 IH“HH"H"HHIHH‘.HL Gill\I‘I\I\‘li\l\llllllll’l‘ll‘I\I\Il‘\ll\l\lllllll\-
5151 52 5B 5M ) 5k 51 O5M M52 5N os;m oS3 oSM 5K 5% 5D 5B 5B
g (GeVIE) g (GeVIc)

0 0 + +

B™> J/y ¢ K°_ B*-> J/y ¢ K

hep‘ex,---- 30
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MC sample

In order to
understand if new
resonances lie in
the masse range
under examination,
we analyze Mij.

n the v
we do not expect to
see any resonant
structure , so we
observe smooth
distributions.

(i) M3, ve Ml
31
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fa) Mo

| bt HiHH, Hmﬂﬁ
T N SSVSUUUSTUSUIRTS A | S
(d) Myype (e) Myyux () Mg
LT A T
() Myrpas (h) My, (i) Mz

» (a), (b), (c) are realized applying the selection cuts and requiring M_>5.27
» (d), (e), (f) are realized after the background subtraction
+ A cut every 50/c? (20)MeV was put on the Mij range

Expected events: 127

Measured: 125+15 M
137+16 M"" }

119+16 M;{"K
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The same study as described in Slide28 was done for the neutral B channel decay.
In this case we used a larger MC sample of 1273 fb™*
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BE o3 e Ak 04 0 Al A% a3 4

|:b:| ;nl'.-ir,_i"_.-':_;:HE

<« after D/D* veto

+ (a), (b), (c) are realized applying the selection cuts and requiring M_>5.27

+» (d), (e), (f) are realized after the background subtraction
+ A cut every 50 MeV/c? was put on the Mij range

Expected events: 65
Measured: 58+13 Mm
66+14 M/st
60+14 M.

34
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If we put together the charged and the neutral channel:

phi Jpsi LK Jpsi [BhiK

.

S S S T B ¥ N T A T ¥ B T ne. s "?.; LR e T T
(a) M T/ (b) M K (¢) Myk
:ngn By T w_ﬂTibg E:ﬂt’;ﬁa ,;‘1;‘?
30%— + 12;_ :m%—
25;‘ 10;— 25%—
N3 ea 2of-
15 Gf_ 15E
10 ] "1'5_ 10
] ol 23_ C
o e, o LT T B b,
11 42 43 44 45 46 47 4B A8 B TET 42 a3 4% 45 48 47 48 48 % S E1 41 43 44 45 48 47 a8 48 B
{[1} ﬂf.}__-"'i.-':r:- '::“} *ﬂlfc-h-_ﬁ"l'ﬁ'_ H} ﬂf,‘;"‘,‘;‘ﬁ""fx'_
@ (a), (b), ( c) represent the binned fit
+ (d), (e), (f) represent the Mmp invariant mass plot using the 9-tiles method .
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- Efficiency corrections applied

- Plots done on the full DATA sample: Bch + BO

- Excess of events seen around 4.50 GeV/c?, but also compatible with flat distribution
- Need of more data and accuracy to understand the nature of this enhancement

Mi2, charged+neutral comected | I W13, charged+neutral correcied |

M23, charged+neutral corrected |
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BOTTOMONIUM SPECTROSCOPY

Y(11020)
Y(10860)

BB threshold
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%y1(2P)

i

Yng1PY |

Unconfirmed J
assignments of

all the x, s

now BaBar found! ™
0-* 1-- 1+ 0+t 1+t p
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g

Non-peaking background subtracted plot

19200+2000 events T|| 100

T T I T T T T '| T

Entries/20 MeV
Y

L

E, (GeV)

|.|.||r|'||||l

921.2*21
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PRL96, 232001

* Non BB decays

« Transitions:
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55'1 '-If’.l- & “"”' 4S 2S
3" AN 1 & A I =(2.7:0.8) keV
S /3 { & f 1
_ -4
B4S =(0.90£0.15)x10
=(1.840.4) keV

‘FI’!F. 102 L LI T LI3 L4 1S 0SE 053 054 OS5 055 05T SR 0.5
AR (GeVieh Ty Abd [(GeWIic™I)

4S 1S

E.aiff.'sﬂﬂ BABAR - E ! eerr || BaBar |
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confirmed
now als
from BES

MASS

(Me\/c?)

I’

[[ulensy

PRODUCTION
MECHANISM

X(3872)

3871.2+0.5

<23

B decays, pp

3875.4£0.7722
| 3875.1°210.5

3.05'5£0.9

B decays

Y(3940)

3943+1.1+1.3
3914.673%1.9

87+22+26

33'F%5

B decays

ISR

BaBar | Y(4175) | 2175x10+15 | 58+16+20 KK

Babar 4259487 88+23'% b a1V

CLEO Y(4260) 4284754 735s5%5 A 1T ISR
Rell 4247127, [108+19+10 KK s

Babar 4 4324124 17233 .

Belle Y(4350) | oiiosn  |74x15+10 A IR

Theory still not clear.

Significant contribution from BaBar in these 9 years.
Important analyses are ongoing...
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