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» Search fok(2230) @BABAR (NEW: Submitted to PRL hep-ex/1007.3526)
* Evidence for X(3872»JAy® (PRD 82, 011101 (2010))
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The &(2230)

Jh—yK*K™ ]

« Mark-Ill Collaboration reported a narrow i
resonance inradiative J decays(m~2230 0T

MeV/c?, T'~20 MeV; Significance 3.6-4.5c)
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e MIS ITEP Collaboration claimed observation
of §(2230) inTp—KOK N (Pos HEP2005, 083 (2006))

MASS  (Gewv/c?)

« Crystal Barrel Collaboration did not observe

. Iy—yKOKO % r
in pp —>TIZOTIZO, 71;01’] (PLB 520, 175 (2001)) - S
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e BES could not confirm or refute the existence
of §(2230)(prL 76, 3502 (1996) & PRL 81, 1179 (1998))

ENTRIES/(0.025 Gev/c2)
N
C)

o

 Lattice QCD: resonance with mass ~2.Z
GeV/c for the ground state tensor*2glueball

(PRD 69, 076003 (2004) & PRD 56, 4043 (1997)) MASS  (Gevsc?)
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Search for the £(2230) @ BABAR:ssz

e BABAR searched for ¢§(2230) in the decay ‘e—ypliv,
Jhy—vE(2230), §(2230)-KK, using 460/fb of data (425 (35) /fb @
Vs=10.54 (10.5) GeV)

 Thedatasetontains (16.40.3)<10° JAy decays
« TheJhy andK% masses areonstrainedo the PDG values

e Selectiolcriterie:
v' Ey>300 MeV & Veto events with® candidates
v' Events with two tracks only
v P(K)>1.35 GeV/c to suppress events af-3#K*(892)K, K*(892)—Kn
v" Helicity angle of each Kaon |c8K]|<0.7

« yKK mass resolutiors 6 (8) MeV/¢& for the neutral and the charged modes

K*K- KOKO
Number of selected events: TR KA LA

Yirs detected ~1000 ~80
Yirs NOt detected ~1300 ~100
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Search for the £(2230) @ BABAR
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* The recoil masgeaks
atzeroin both decay
modes: Jj—yK*K-
andJny—yKOKO

» ClearJhy resonance
areobtainedwith a
flat continuum
background
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Search for the £(2230) @ BABAR

hep-ex/1007.3526

o Contributions from Jhy—yf2(1270),

11(1525), 11(1710), K*@92K are g e EH |||
Obtained g 4005— [] [ 3y — 1, (1525) y % E;
« Signal:BW convolved withresolution g Pl @vevmor g
E 300? M E gl; 2I 2|1 2‘.2 2I3 2I4“2.|5.126
 Background: Second ordeChebychev E Preliminary™ © © P ok o
polynomial e
« No evidence for £(2230) was observed 100[-
 Branching fractions (BF'syary with the - .
. . . 0 e
spir anc helicity hypothesi R asE (GaVIcS
* Obtainedbranching fractiorupper limits: - -
L 35 e Data e
0:’ BF(JAI/—)Y&)XBF(é—)K+K-)<36><105 E 305_ Dcontinuumbkg -;': ::
@ 90% C.L. (J:2, hil) § 3 v - r0525) g s
= 25 dy st (T0)y 2
 BF(JAy—yE)xBF(E—KO%KO)<2.9x10 g .F - $ U-L
-5 @ 90% C.L. (J:Z’ h:O) T 15%_ PFGB%{A[;ZFV | m| z‘l‘ngkz"s riassi:Gs;:;fc;,)“6
 BABAR upper limits BF's arebelow the s
Mark-I1l values
Only J=2 & h=0 iscompatible with the - Lt 10
BES results o 18 2 &5

) 3
KeK¢g mass (GeV/c?)
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The X(3872)

o X(3872):first new charmonium-like statéiscoverecat theB-
factoriesby Bellein B—>XK, X—Jhm*n

e Confirmationfrom: CDF, DO, &BaABAR

o So far the X is theonly new charmonium-likestate observed
with more thar one decar mode X—Jny, X—y(2S)y,
X—D%D%, andJiyn*n (assuming different X, Y, and Z states)

 The decay modeX{—Jiyy & X—y(2S)y = C=+1
* No charged partner for the ® 1=0

o JF for the X was studied by Belle & CDF using—Jhyn*r;
CDF showed thatouldn’t distinguishbetweenl* and2
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X(3872)—Jyw?

_ Belle: hep-ex/0505037
» Belle reported amxcessf events in

ms, above 750 MeVRin the decay _ " . 075%112136425‘;51%\//%
B—JAy3nK for |my4.-3872|<16.5 2 R
MeV/c? = interpreted aX —Jiym

Events/25

e BABAR, confirmed the existence ¢ 430 605
the Y (3940 in B—Y(Jww)K bul

L]

could not see the X(3872J\yoK
signal  when requiring 0.7695<
m,, <0.7965 (B*)

S
e

Eventy/ 10 (MeV/c?)

Y(3940)!

m=3914.6; ;3 stat}2.0(syst) MeV/é

=34 g*1(stat}5(syst) MeV

Product B.F.(B+)=[4.9 ;"1 Y(stat)}-0.5(syst)k10°
Product B.F.(B0)=[1.3 ;**Jstat}-0.2(syst)k10°

w
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=
=
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The I\/I et hOd PRD 82, 011101 (2010)

Illll;lll

. We use thesame selection criteriased| %zooL B 5 Jhmr RT ot ]
. . . = , q
In the previousBABAR analysis frL 101, S ' |
o001 (2008), exceptthat on the lowerf 2 | 1
masdimit of thew signal region ool * 1
« Fit mes in intervals of variable of - h
interest toextract the B-relatedsignal [ ] { p
afterAE requirement | i 4
( ) ) oft ?“H%+ﬂ*-'rﬁf{!|+ﬁ‘f}+}%{#+ﬁ +1+ dmﬁw.r}r
RN [ ] .
_ %-"Pee[PB _ D2 _ W S ; -
Mes = \/( E ) Pg ~mg 0370.6 0'? “0.8770.9

(GeV/cd)

N

Criterion (GeV/€)
0.7695<m <0.7965 (B) Old
0.7605<m,<0.8055 (8) | analysis

AE = EJ -

« The data (signal yields) areorrectec
for efficiency and K branching
fractionsto perform asimultaneoudit | 9:/400<my,<0.7965(B*)  New

to the B and B distributions* of my, 0.7400<m,,<0.8055 (B?)_] analyss

* The use of charge conjugate reactions is implied throughout
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Fitting the Efficiency Corrected Data

PRD 82, 011101 (2010)

e
ISI T

[R¥]
I%I T

Events/10 MeV/c®

=
TT

Events/10 MeV/c>
1 | 1 I | 1 1 I 1 |

X(3872) : Gaussian function
(resolution)

0 .............
O Aou ’ TR T ] Y(3940): Breit-Wigner
>t %%1;15)“0“ 4+ function forthe x phase spa
=4001~ Also corrected for |.. Y(3940) 7]
o [ KO & KO %m0 F -~ Nonresonant 1 Nonresonant: phase-space
R I 1 Gaussian functiom my,,
52001 [{l} B -
S IR W & :
L ‘.rflu—‘l —
0 = Aot
4 12 24 46 18 Good fits are obtained
2
My (GeV/c)
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I: I t ReSUI t S PRD 82, 011101 (2010)

Fit Parameter

Value

my, (GeV/c?) 3873.0, ("¥(stat) T 1.3(syst)
my (GeV/c?) 3919.1 ;5,7 %(stat)2.0(syst)
I'y (MeV) 31 ¢"1(stat) T 5(syst)
Gaussian 11 (GeV/c?) 4435 %5 (stat)

Gaussian 6 (GeV/c?) 356 et

Nt (NOy) 2147 (643 (stat))

N, (NY%) 108_,,7*>(stat) (19£8(stat))
N e (N%ie) 992146(stat) (155X 18(stat))
Ry =N° /N*_ 1.0, . "¥(stat) o, ! (syst)
R =N /Niz 0.7 55 " #(stat) £0.1(syst)

Ry =N/ N

0.710.1(stat) Z0.1(syst)
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Uncorrected Data in the X(3872) Region

PRD 82, 011101 (2010) ;"J“ 30F a) —
§ N * Data Examine my_ in this ]
C Fit function i ]
g_ 20¢ X(3872) fe bl -
2 F e Y (3940) ]
o 10:_ — + — Nonresonant 7

n L g s e —1
Clear N et A st R e -
enhancement | ng _:b:) . .+ | ‘e e H
observed around% I Z
Mye~3-872 < s[5 obtained with |
GeV/c 2 [ m>0.7695 Gevic? ]
> - -
N - . T s
e S =

(4.00 significance) 385 386 387 388  3.89

my,, (GeV/c?)
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m,_for the X(3872)  eceumamn

Events in X-sig. reg.
3.8625<ny,,,<3.8825
GeV/e

Each point is the signal
yield of an mgfit in
m,_interval of 7.4
MeV/c?

S-wave:?/NDF=10.17/5
P(?/NDF)=7%
P-wave:?/NDF=3.53/5
P(?/NDF)=62%

o

o

|
[
=

e
O
+

—_——

N

LA
TT T T[T 1711

o
]

NN
90)
(S}
|
(&
=
e
N
mo

Events/7.4 MeV/c> Events/7.4 MeV/c?
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- T R MC S-
15§ Combined — MC P-wave

Events/7.4 MeV/c?
=

5 R U
oF . s —
0.74 0.76 0-78 (Gev/e) Similar shift in D’D*;
= Negative Parity favored ” Explanation for such a shift can
L . T . be found in PRL PRL 100,
How dowe justify calling such a distributiom signaf 062006 (2008)
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Dalitz-Plot Weighting Technique

Each event is given
weightof (5/2)(1-
3co0s9,), whereb, is the
anglebetween the*
andn® in then™n rest
frame

Non-m events projected
away

Arafat G. Mokhtar

Events/2 MeV/c

Events/2 MeV/c?

3n in thew region

| 28#6 evts
' Non-weighted ]
bl |
20 27+10evts
On'Hm |u +‘++M + k
4P
F b) weighted
200,
53523 524 526 528 33

Mg (GeV/c?)
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Events/2 MeV/c?

Events/2 MeV/c

PRD 82, 011101 (2010)

3n in then region

100

152+20 evts

[ ¢) B'= Iyn'nn’K’

Non-weighted

[s| ISR U T 1 1l

50_"'|"'|"'|"'|":

-1+42 evts

50 _ .
d) weighted -
5353 524 526 558 353
Mg (GeV/c?)
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Branching Fractions

PRD 82, 011101 (2010)

Process

Branching Fraction (BF)

B*—>XK*, X—=>Jhyo
BO— XK X—Jhyw
B*—>YK*, Y->Jho
B—YK?, Y—-Jho
Bf—>JwyoK”*
BO— JAyoK?°

0.6+0.2(statr0.1(syst)k10°

0.6+0.3(statr0.1(syst)k10°
3.0, 6" (stat)g 5 Asyst)x10°
2.1+0.9(stat=0.3(syst)k10°
3.2+0.1(stat) 5 5+2-¢(sys)] <104

2.3+0.3(stat0.3(syst)k104

BR= U249 — 07+ 03(B")

BF (X — J /)

BR= X209 -9 7+ 1 3(B°)

BF (X - J /)

BABAR average: 0.8 £0.3

Belle:1.0+£ 0.4+ 0.3

hep-ex/0505037
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Summary

 BaBArR searched forg(2230) using the full datasetyo
evidencdor £(2230)—KK has been found

 BaBAR updated the Y(3940) parameters (mass, width, &
BF’s)

 BABAR reportec ar evidence for the decar mode
X(3872)—J/ww (4.0c significance)

 TheP-wave hypothesis for theX(3872)decay describes the
databetterthan the S-wave

o =>» X(3872) is mordikely to haveJ’=2 than F=1* state=>»
consistent with charmonium.,(1D) interpretation
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Backup slides
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Fitting m-cwith new m,_window

Nu NQ I 1 I 1 1 1 I ] ] ] I ] ] 1
— i - i — ] - ]
> B'— Jyn'm 'K a) > 100- B — Jyrn'na'K by A
E N, = 1158.6 +56.8 - 55.7 E N, =206.1 +26.6 - 25.6
@ Ny, = 6559.1+92.3-92.3 % @ Ny, = 1226.0 +40.9 - 40.9
g 400F Cap=7381+ 18-18 - 5 Crpe =389+ 4.2 42
5 1L = 527892 + 0.00013 - 0.00013 5 | 1= 5.27949 + 0.00040 - 0.00040
o = 0.00282 + 0.00014 - 0.00014 - G = 0.00335 + 0.00040 - 0.00040
IAE|<15 M eV s IAEI<20Mev il
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
522 524 526 528 53 522 524 526 528 53
my¢ (GeV/c?) my (GeV/c?)

Clearmgg signalsin both B and B with ~1160 and
~210 sighal events, respectively
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Section Criteria

Selection Category Criterion
J/y—up mass (GeV/c?) 3.06<m <3.14
J/y—ee mass (GeV/c?) 2.95<m_<3.14
7° mass (GeV/c?) 0.115<m,,<0.150
AE (GeV) | AE|<0.015 (B"); | AE|<0.020 (B")
B-helicity angle | cosO,]<0.9
Photon helicity angle Oy cos0y<0.95
Y(2S) veto (GeV/c?) 3.661<my, 1, <3.711
mg (GeV/c?) 5.274 — 5.284 (signal box), >5.2 for fits
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Fitting the UNCORRECTED

Data

TS»?‘ - @) -
§ B _
= 20 — ]
g T -
o L0V fe| 4 - ]
0 L - o . —-
4-:2 — : : ! : : : ! : : : ! : .: E;ata: —
= B b) Fit function _
§ B X(3872) _
20— e Y (3940) —
g — e Nonresonant —
2 r ]
L — —
E 10 — —
: bbb :
[~ bty r ¢ 7

0 2 i e USSR . s o

4 4.2 4.4 4.6 4.8

my,.. (GeV/c?)

Parameter values (other than normalizations) are consistent

with fits to corrected data
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Comparison: Old and New Analysis

I ‘  Now
| NAARIAD
“%;400 ' ) ‘
oyl T 1
OJH‘ : ﬁ \ ; SRR LY

:. | .T e | .:

T 4 * 4'4 4'fnR (GeV/c)
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Bias in the Fitting Procedure?

< =600

400

200
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(R 1]

1l

A5t 21,3454+ 08213

A0 09657 + 0.02452

1 1 1 1 1 1 1
1] [T

No biasisobtained -

= Toy MC A
— Fit result -

------- N =NZX_ A

Fit. Gen.

-1.779 + 0.6387
0.9854 = 0.0080127

|
200
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Events Around the X(3872)

}E 28+6 evts E
O_ —_—
2 B*—JhyoK* :
£ )
SRR A
*. H * LH*H - i Events In
02 522 524 526 5.3
s e v 3| 3.8625am,,,<3.8825
Chs E GeV/c
S BO— JhyoK % .
g0k it
> I a i
m / Nit S
/ol G

--------- >

02 522 524 526 528 53
Mz (GeV/c?)
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Systematic Uncertainties

 EmbeddingX(3872) signal in background Toys

 Tracking PID, Neutral EfficienciesandB-Counting

e SecondarnBranching Fractions

« Uncertainties in then.s Shape

narameter values

 Fitting the Uncorrected Data

 P-waveBW Vs. S-waveBW for the Y (3940)
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B—XK, X—D0/[J0

» Both BaBar andBelle reported a ¢ -
shift in X(3872) mass in thez: —  ouexes
decay mode X>D°D"(~3875 ::

MeV/c?) (No shift in mass in the ~ &
most recent analysis from Belle 3L 7= %t T

D D° Invariant Mass (GeV/c?)

| From BABAR and CDF: Am=3.5+ 0.8 MeV/c? | '
'm S-wave _

e The shift in XD massmay be
due to one unit of orbital _ _
angulaimomentum, as for the !

H-'d ol
g P-wave
E - AM=3 MeV/c?

* An explanation of the shift for "=
X(3872)— DD can be found =
%

IN PRL 100, 062006 (2008) B R
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The X(3872)—w/(29)y

 BAaBAR also reports evidence of —— PRL 102, 132001 (2009)
X(3872)—w(29)y in B*—X(3872)K* at
3.50

e B — w(29(Kr) background is included in
MC study

p—
W

424/fb

._.
tn O
T T

Events / (5 MeV/c?)
o

B(X(3872)— 1,0(25 )/) .
BXGS—=I gy >4 * 1.4

 Bedle does not confirm the existenc of
the decay mod& (3872)—ywy(29)

« When remove the background due to
B—y(2S)K*(892), K*(892)-Kn0, the
y(2S)y mass does not show any peak at the
X(3872) resonance

» Belle's upper limit:

'Lﬁ
|
|

3.8 3.85 3.9 3.95

Belle Preliminary 850/fb
- W2l /ynn

(73]
[=]
T

Events/ 9.5 MeV/c?
- N N

75 38 385 39 395 4

B(X(3872)— 4 (25)y) <21 @ 90% C.L. M, (GeVic)
BX(872)—J/4)
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BABAR: B—y(2S)(Kr) background is
included in MC studies

For more details see:

PRL 102, 132001 (2009) & B. Fulsom
UBC Thesis (SLAC-R-9409)

Bkd. Events / (10 MeV/c

f | m, Distribution, Data vs. MG |

Events; (5 MeV/c")

12 _L
10 ]
8 ik —
: ;
a Data 3
2 Bkg MC 3
I ¥ A - 3.'95'_'

m, (GeYc)

Raw (2S)y mass distribution
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