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X(3872) K R I,

B> KX(3872)

Confirmed by 7 independent experiments
(BABAR, LHCb, CDF, DO, CMS, ATLAS, BESIII)

_ _ Solid signal !

35 X(3872) 152M BB

KEK, Japan
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X(3872)H) i =

> Belle (2003): M=3872.0 =0.6+0.5MeV > where its name come from
> Belle (2011): M=3871.8540.27+0.19 MeV (updated with 772M BB)

» CDF (2009): M=3871.61+0.16+0.19 MeV = most precise measurement by far!
» BaBar & LHCb (*=0.6; =0.48); BESIII (aiming for ==0.3(?) MeV level)
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X(3872)H) i =

> Belle (2003): M=3872.0 =0.6+0.5MeV > where its name come from
> Belle (2011): M=3871.8540.27+0.19 MeV (updated with 772M BB)

» CDF (2009): M=3871.61+0.16+0.19 MeV = most precise measurement by far!
» BaBar & LHCb (*=0.6; =0.48); BESIII (aiming for ==0.3(?) MeV level)

3871.60+ 0.17 OUR AVERAGE I'xas72) < 1.2 MeV [Belle (2011)]

AE = m[X(3872)]-(m[D°]+m[D*°]) =(0.01+0.19) MeV

S[m(D°)]~50 keV, S[m(D*°)]~14 keV (???)
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X(3872)HIIPCE T2

* Observation of X(3872)->vl/y by BaBar (2006) & Belle (2011) = C-even state

* CDF prompt production (2007) 2 1** or 2=
* Belle B>KX(3872) decay(2011) = 1**or 2
* BaBarX(3872)2>wl/y (2010) P-wave => favor 2~ assignment




X(3872)HIIPCEF4X

* Observation of X(3872)->vl/y by BaBar (2006) & Belle (2011) = C-even state

* CDF prompt production (2007) 2 1** or 2=
* Belle B>KX(3872) decay(2011) = 1**or 2
* BaBarX(3872)2>wl/y (2010) P-wave => favor 2~ assignment

* LHCb B>KX(3872)>Kntr-J/y=>Krnrr-utu- (2013), by analyzing angular distribution

PRL 110, 222001 (2013)
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PRD 84,052004 (2011)
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> X(3872)>mn-)/y, CDF & Belle fit the wrm~ system with a p° candidate (p-® mixing)
» Iso-spin violation decay: X(3872)=>p%/wy, branching ratio ~ (4-5)%

> A typical charmonium (2S)-> %/, branching ratio ~0.1%
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Charmonium Spectrum
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Charmonium Spectrum

S .
8 » What are these new XYZ particles???
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Charmonium Spectrum

> .
8 » What are these new XYZ particles???
- » Exotic hadrons = e.g. molecule...?
%) _
©
= 2'D,(4.21) 2°D,(4.21) 2°D;(4.22)
1°F ,(4.09) 1'F,(4.09) T'F5(4.10) £F, (4.09)
(4040)
4 — b'P(3.96) P (3.95) Xc2(2P) 2015 2019
Xco(2P)
DD W (3770) 0 1D,(3.84) [y(13D,)] W(1°D5) -
e 00
3.6 he(1P) Xea@p) Ke2P)
Xco(lp)
30 1974
Iy
N(15) predicted, discovered
1" 1+- O++ 1++ 2++ 2-+ 2" 3" 3+- 3++ 4++

LT BT X AR 13



G R R

Rev. Mod. Phys. 90, 015004 (2018)

“Hadronic molecules are analogs of light nuclei, most
notably the deuteron (/i) . They can be treated to a
good approximation as composite systems made of
two or more hadrons which are bound together via the

strong interactions.”

 Long-range(m,G...) exchange nuclear force
* M (p,n) bound state: AE =-2.22 MeV, r ~(1-2) fm

D% -D*% “molecule”

AE = m[X(3872)]-(m[D°]+m[D*°]) =(0.01+0.19) MeV, r ~(8-10) fm

Loosely bounded !
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e S HE -
> Decay branching ratio: D°D*0 (~30%-50%)
» |so-spin violation

7] .«

» Production ratein pp collision @ 1.96 TeV

* Suppressed by MC studies [PRL 103, 162001 (2009)]

* CDF [~20% of y(2S)]; ATLAS [~10% of y(2S)/high pt]

D% -D*% “molecule”

Mixture: 5%|cc > + 95%|D°D*0>
PTEP(2013),093001

wave fcn overlap is too tiny, <10-3

Vol ~ (8 fm)3
Polosa: “Multiquark Hadrons,” pg 56 ( )
Achasov: MPLA 30, 1550181 (2015) Vol ~ (0_5 fm)3

From Steve Olsenin Hadron2019
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> Relative decay between X(3872)>yw(2S)/yl/v
* Swanson’s calculation is suppressed

 Hanhart’s calculation is OK 465M BB
PRL 102, 132001 (2009)
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> Relative decay between X(3872)>yw(2S)/yl/v
* Swanson’s calculation is suppressed

e Hanhart’s calculation is OK sss?ﬂozmlgszoouzoo%
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IESSTRAS

1000 -L.-MAIANI et al.-

3952
3950} X(3940) |
3900, X(3872) 3882 ! »
3gs0. 3832 mput | VeP
3800/
3750, 3723 L DD
diquark - diantiquark 37001
3650/
Tetraquark - compact state o
(A L LA
: a » 1,014028 (200
» Fourquarks confinedin a “bag PRD 71,014028 (2009)
Partners not well established!
» Diquark & diantiquark can be colored
» Explains:iso-spinviolation ... H = Zmi + ZzKij(Si . Sj)
i i<j

» Prediction: partner particles

Phenomenological model (CMI)
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Y(4260)>yX(3872)

C > C
Radiative transition _

C ~ C
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Y(4260)>yX(3872)

PRL 112, 092001 (2014)
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> e*e 2>7YX(3872) by BESIII [X(3872) JF¢=1*]
» Crosssection shows a peaknear 4.26 GeV

» Strongly suggest Y(4260)—>YX(3872) transition

LA RFA L RXIFFFHARE XNEFFHFHIZ 21



Y(4260)>yX(3872)
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» e*e 2>7YX(3872) crosssection by BESIII
> M=4200.6'7°,; ;+3.0 MeV, ['=115*38_.+12 MeV
» Agree with the Y(4260) resonance

Commonality between Y & X?
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X(3872)> oJy

BEST PrL 122, 232002 (2019)
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Events / 5 MeV/c?

PRL 122,202001 (2019)
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» Observed the X(3872)> 1%, decay for the first time with >56 significance
» lIso-spin violation, comparable decay rate with p®J/y =>disfavor % (2P) assignment
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X(3872)>D°D*0/yJhy/yD*D-

DO>yD0 — arXiv:2001.01156
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Summary

» 17 years stories of X(3872) since its discovery...

» Lots of progresses both from experiment and
theory

» Still do not fully understand it, maybe a molecule...

»Mass (more precise?), width (?), absolute
branching ratio (?), production (?)...

Thanks for your attention!
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Absolute branching fraction

PRD 97,012005 (2018) arXiv:1911.11740  465M BB
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, Li & Yuan, PRD 100,094003 (2019)
Global fit (average):

BIX(3872)>n-J/w]=(4.1+19; 1)%: B[X(3872)-> D° D*0]=(52.4+253 ,, 5)%
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