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Analysis of |/ TT*TT"and DD? Decays
of the X(3872)

® What is the X(3872)!

® Universal properties

e Confusion from D*°D° decay modes
® Line shapes

® Analysis of recent data from



X(3872)

discovered by Belle Collaboration in August 2003
Bt — KT+ X X — J/patr~

final-state |/ === contains CC

® mass not consistent with charmonium spectrum
predicted by potential models

® decays violate isospin symmetry:
X — J/ypntn isospin 1
X — J/Yyrtn n isospin0 Belle



What is the X(3872)?

Two crucial experimental inputs:

|. Quantum numbers: |F<=]**

a. X — J/yy === C=t Belle, Babar
b.X — J/¢nTx~ angular distribution

sl |t or 2 Belle, CDF
c. 27 is disfavored by

X — (29)~ Babar

X — D*0no Belle, Babar

2. Mass is extremely close to D*°D° threshold
Mx — (Mp+o + Mpo) = —0.25 £ 0.40 MeV

measured in |J/\D TT"TT" channel  Belle, Babar, CDF



What is the X(3872)?

Two crucial experimental inputs:

. Quantum numbers: J°¢ = |**
=== S-wave coupling to D DO

2. Mass is extremely close to DD threshold

M~ — (MD*O + MDO) = —0.25 £ 0.40 MeV
===l resonant coupling!

Conclusion:
X(3872) is a weakly-bound charm meson molecule

X — \/Lﬁ (D*ODO+DOD*O)

with large separation between charm mesons




What is the X(3872)?

Nonrelativistic Quantum Mechanics

® short-range interactions

® S-wave resonance close enough to threshold

» large scattering length a (>> range)

universal features depend only on a,
insensitive to shorter distances

X(3872) close to D™D? threshold
universal features depend only on

large scattering length for D*°D°



What is the X(3872)?

Universal features

scattering
) 2
® cross section: 47ma

bound state (a>0)
e small binding energy: h*/(2ua?)

® large rms separation: a/\fQ
X(3872)
® binding energy: 0.25 & 0.40 MeV

® rms separation: 6.375° fm




What is the X(3872)?

universal properties of X(3872)
do not depend on binding mechanism!

® potential between D*0 DY
just deep enough for bound state?

® P-wave charmonium state X.1(2P)
near D*YD° threshold?

® tetraquark state (cqcq)
near D*Y DY threshold?

Resonant interactions with D*° DY
will transform it into a charm meson molecule



What is the X(3872)?

X(3872) is a weakly-bound charm meson molecule
with large separation between charm mesons

Why is this conclusion not universally accepted?
® |ack of familiarity with S-wave threshold resonances
e failure to distinguish between universal

and nonuniversal predictions
e confusion from D*° DY decay modes



What is the X(3872)?

Example of failure to distinguish between
universal and nonuniversal predictions

Br| X — (25) 7]
Br|X — J/y v

—3.4+1.4 Babar 2009

“generally inconsistent
with a purely D*Y DY molecular interpretation"

NO! inconsistent with model by Swanson
in which X(3872) is bound state of

D*D, DD*, J/iyp, J/Ypw



Mass of the X(3872)

PDG average 2008, 2009:
3872.3 +/- 0.8 MeV

from combining measurements }
in J/ynta—, D°D7Y, D*YDY channels
Belle, CDF, Babar, DO

BUT measurements in DYDO7°% D*0DY channels
are NOT measurements of mass of X(3872)!

most recent measurements in .J /1 w77~ channel
Babar, Belle, CDF
3871.55 +/- 0.20 MeV



measurements of mass of X(3872)

WEIGHTED AVERAGE
3872.3+0.8 (Error scaled by 2.3)

| 2
| X
[ | —+ AUBERT 08B BABR 15.2
[+ | AUBERT 08Y BABR 24
—— A -~ AUBERT 08Y BABR 55
, | —H— GOKHROO 06 BELL 22
3 — ABAZOV 04F DO
—+— 1/ -\ ACOSTA 04 CDF2 1.7
=\ CHOI 03 BELL _ 02
v \ 27.2
\ (Confidence Level < 0.0001)
1 1 S— 1
3865 3870 3875 3880 3885

4 lowest measurements: J/i¢ 7wt
2 highest measurements: D070 D*0 )0

incompatible sets of measurements
PDG: combine them anyway
and inflate error by 2.3



Width of the X(3872)

PDG average 2008, 2009:
3.4 21,7 MeV

from Babar measurement in D*°D° channel

BUT measurement in D*°D° channel
is NOT a measurement of width of X(3872)!

. 4+ -
measurements in J/¢7T T  channel

< 2.3 MeV at 90% C.L. Belle (2003)
< 3.3 MeV Babar (2008)



Line Shapes of the X(3872)

Braaten and Lu, Phys. Rev. D 76,094028 (2007)
Phys. Rev. D 77,014029 (2008)

Scattering amplitude
for S-wave threshold resonance

|
v/ —2p(E+ie)

E = energy relative to threshold

¥ = inverse scattering length



Line shapes

Scattering amplitude for D™ D

Take into account
o D*0width: T',g ~ 70 keV

® inelastic scattering channels (J/Q TT*1T, etc,)
=== complex scattering length

1
f(E) = . .
—(Yre + 1%im) + /—2u(E +iT40/2)
binding energy: Ex = (v& +75,)/(2w)

Wldth I“X — F*O + Q’Vrefyim/,u



Line shapes

scattering amplitude for D™ D°

1
F) =
f( ) —(’Yre i i%m) + \/—Q/L(E + iF*O/Q)

spectral function

i f(E) = |£(E) 3om + 1B (1 Ve /4+ME)1/2

A
line shape in line shape in
other channels: DODO1r0, D°D%y

J/W 1T, et



Line shapes

1
Breit-Wigner resonance: |E + Ex +il'x/2)|°

S-wave threshold resonance: 1

2
—(Yre + ©Yim) + / —2u(E + il4o/2)

S-wave
threshold Breit-Wigner




Line shapes

/W TTHTT versus DODOTTO

“virtual state” “bound state”
Yre< 0 Yre> 0



Line shapes
X(3872) resonance in D0 D

If DOTT° has invariant mass close enough to D™ mass
(within 6 MeV for Belle,
within 10 MeV for Babar)

impose constraint that it comes from decay of D™




Line shapes

DODO%70 versus D DY

|

A

X(3I872)

position and width of peak in
are not mass and width of X(3872)!



Analysis of recent data from Babar and Belle

on X(3872) resonance in /P TT*TT and D°DO1T°
Braaten and Stapleton, arXiv:0907.3167

® signal: S-wave threshold resonance
with parameters “re; VYim

e background: J/¢Y7mtm~ constant

D*ODO ~ \/E

® experimental resolution: model by Gaussian smearing

J/prtaT o ~ constant
D*DY  4(E)~+VE

® maximize Log(likelihood)



Analysis of recent data _
J/Q TTHTT DD
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Line shapes from fits to Belle data in J/\p TT°1TT
J/Q T T versus DODOTTO versus

Yre = 47.5 MeV Yre = 384
Yim = O Yim - I 4 MeV

Energy (MeV) Energy (MeV)

position and width of peak in
are not mass and width of X(3872)!



Summary

PDG averages for mass and width of X(3872)
are wrong!

position and width of peak in D°DOTT% or
D™D should NOT be interpreted as mass
and width of X(3872)

among existing measurements, only |/ TT°TT-
should be included in PDG averages

instead of analyzing D°DTT channel as
D™DY, it would be preferable to analyze it as

DODO11 (like 2006 Belle analysis)



The Truth is Out There




