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Outline

1. What is the X(3872)?
2. Low-Energy Universality
3. Decay amplitude for Bt — XK*

4. Invariant mass distribution at threshold
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Proposed Interpretations

1. Charmonium

D-wave: JP'¢ =9-%
P-wave: JPC¢ — 1+=

Hybrid (ccg) : mass 4100 & 200 MeV  (ground-state)

2. Loosely-bound D D* Molecule
mp + mp+ = 3871.2 £ 0.7 MeV

myx = 3871.9 £ 0.6 MeV (Average)

Bound by one pion exchange J'Y = 1T+ (S-wave)
JPY = 0=t (P-wave)

If molecule, it 1s important to know the production rate ‘




Low-Energy Universality
If X is S-wave D D*° / DD™ Molecule:

Natural scale for the binding energy ~ m?/2u = 10 MeV

1. Extremely small binding energy (< 0.4 MeV) >7 fm

|
Fy =mp + mpx — my 2,/
21 a

2. Some pI’OpGI’tiCS depend OIlly on (U (s-wave scattering length),

insensitive to shorter scales of QCD =— low-energy universality

3. Universal wave function g\ /2 |
|k‘ << My \I}(k) = (_> k2 + 1/(,12
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Short-distance Process: BT —» D D*K*




Coalescence Process A[D° D™ — X]

Large S-wave Scattering Length (! e Resonant Scattering
kcm < My

i B s e

DD — X — DYD*0

Universal elastic scattering amplitude:

_ _ STm pm p=
DOD*O DOD*O ~
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Universal coalescence amplitude:
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What about the loop integral over £ ?

/ d*/ 1 1
2m)* (g +0)> —m3, +ic (¢ — 1) — m3), + ¢

N /A dBE ?:Mal/2 \IJ(E)
- (27)3 44271/ 2m pm ps T
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A2 mpmps

| Momentum-space wave function

—> Linearly depend on the ultraviolet cutoff A

(A ~m;) :chosen for an order-of-magnitude estimate



What about the short-distance process?

A[B* — D DK+ (or A[BY — D'D7K*] )

In order to produce X(3872) by coalescence, D mesons should
have small relative momentum and are almost collinear

—0 " )
At the corner of phase space where D and D™ are collinear:
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An Estimate for ¢; and ¢2 from Babar data

—0 .
A[B_I_ — D D*Oﬁ_l_] = P-€
Babar has measured the branching fractions of B —s D) D) i

1. Use factorization assumption and Isospin relations

For example,

ABT — DD K*] =X (D°|ey* (1 — 45)b| BYY (D™ Kt [s9*(1 — ~5)c|0)
+A(KT[57 (L — 45)b| BYWD° D™ ey (1 — v5)c|0)
ABT — DDt K] — M (D°|ey" (1 — 45)b| BTY(DT K*|5v*(1 — ~5)c|0)

2. Need from Heavy-quark spin symmetry

+ PO PO ] s
Fot example, ABT™ — D"D"K" | = -1 € -(V 4+ v)

—i( [/mp)e (v - E(V +v)" —ove- (V + v)k”
—ie”‘“’aﬁ(V + v)uv*akg]



Branching fractions of 3-body double charm decay:

0.015

® Babar measurements
¢ OurFit
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If C =+ (constructive interference),

BBt - XK*T]~ 3.9 x 107 A5 2 -
-~ m2 \ 0.4 MeV

If we take A ~ n, and E, = 0.4 MeV andif C=+ (JF9=17+)

B[BT -+ XK*]~3.9x10"° (our estimate)

(Belle collaboration)
BBt - XK x B[X = J/vata™] =(1.34£0.3) x 107°

Our estimate is compatible, if JF¢ = 11+

and X — J/¢o7T7~ is one of the major decay modes of X(3872)




Summary

Applied the low—energgl univers_al%)ty analysis, assuming the
X(3872) is S-wave D D*°/D°D™ molecule.

Invariant mass distribution  dT/dMpp+[X — D D*]
should have a peak at the threshold

Applied the heavy-quark spin symmetry to estimate unknown
constants ¢1 and ¢2 from Babar measurements

An order of magnitude estimate 1s compatible
if Xhas J"¢ = 17" and
X — J/¢rtx~ 1s one of the major decay modes



