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Outline

* Introduction of X(3872), BEPCIl and BESII|
 Recent three BESIII results



* First observed in B » K(mw*m~] /) [Belle]

e Mass: close to D*°D? threshold
 3871.68 £ 0.17 MeV, By = 0.01 £ 0.20 MeV

* Width: very narrow
e < 1.2 MeV

« JPC=qH++ [CDF and LHCb]
* No iso-spin partner has been found yet

* Production
* pp, pp collision, B decays, y*N, m*Li
+ ete” - yX(3872)

* Decay BR:

« open charm ~ 50%
« charmonium ~O(%)
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Overview of X(3872)

Nature

(multi-quark candidate)

« DD molecule

* Hybrid: mass too low

« Charmonium state: y.;(2P)

* Tetra-quark: no charged
partner be found

» Cusp effect
 Etc.

e Mixture of above ...




BEPCII: Beijing Electron - Positron Collider I
R HBF - IEBRTF XHEILI
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CMS energy: 2.0 ~ 4.6 GeV; Luminosity: 1 X 1033cm™2%s~1
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BESIII: BEIjing Spectrometer
s 2.5% @ Barrel
:”:A/R 1’—[t/f>< 5.0% g Endcaps
with 1 GeV

80 ps @ Barrel
110 (60) ps @ Endcaps

1T magnetic field
0.5% with 1 GeV/c

A general purpose detector with a 93% solid angle coverage
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BESIII data: the largest e Te ~collision samples in T-charm region
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Observation of X(3872) = n%y.,(1P)

»|n conventional cc hypothesis, F(X(3872) — no)(cl(lP))~0.06 keV

»In tetra-quark/molecular state hypothesis, the decay width could be sizeable.
[PRD 77, 014013(2008)], [PRD 92, 034019(2015)]

9.0 fb~! ete™ collision data with center-of-mass energy between 4.15 and 4.30 GeV
ete™ - y,X(3872)
L X(3872) —» TL'O)(C]

L Xej Y2l /Y
L J/W —ete” /utu”



Phys. Rev. Lett. 122, 202001 (2019)

ta o~y U it - .
€e —»y ,{mmth,{m—;-,erIuI

o~ F
O -
S o
@ -
= T
Ty -
—_— 6 [
2 -
- SE
g - : :
L 4F Xeo Keq Xea
3f | |
2F |
= & == I = ——4——4-—1:‘—_-5"-'-4-'-1-'-'- [ ) e o ) I I |-L-|--|i_| 1
3[;).35 3.40 3.45 3.50 3.55 3.60

M(y, ) [GeV/c?]

After select X(3872) signal region, clear

Xc1(1P) signal is observed; and vise verse.
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Events / 5 MeV/c? Events / 5 MeV/c?

Events / 5 MeV/c?
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.202001
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.202001

Phys. Rev. Lett. 122, 202001 (2019)

Tt J /Y X0 X1 e
Event yield 84.1+5%1 1.9 10.8%3% 25132
Signal significance (o) 16.1 1.6 5.2 1.6
Efficiency (no ISR) (%) 32.3 8.8 14.1 12.8
Efficiency ratio (with ISF{] 0.272 0.435 (0.392
B(xcs — vJ/¢) x B = ) (%) 1.3 33.5 19.0
Total svstematic error (%) 17.0 11.9 9.4
B(X — 7%.0)/B(X = nrn— J/1) 6.6750 £ 1.1 (19) 0.88%0-52 £ 0.10 0.407) 357 £0.04 (1.1)

> Using B(X(3872) » tm~J/Y) > 3.2% and < 6.4%, it is found that
B(X(3872) - %1 (1P))~3 — 6%
> Using I'y(3g72)~1.2 MeV, conventional cC hypothesis predicts B(X(3872) —

2019-8-17 zhuk@hadron2019 11


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.202001

Observation OfX(3872) N a)]/l/) Phys. Rev. Lett. 122, 232002 (2019)

» Belle and BABAR reported 40 evidence for this decay, and give
iso-spin conserved  B(X(3872) - ntn~n’] /y) 10404403

iso-spin violated B(X(3872) » =] /)
»BESIII is expected to find ~70 X(3872) — w] /Y events with the data
accumulated around 4.2 GeV.

ete™ - y,X(3872)

L X(3872) - w] /¢ J/Y o ete futuT

L' w - mtr Y
L m’ > yy
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https://journals.apκκs.org/prl/abstract/10.1103/PhysRevLett.122.232002

Phys. Rev. Lett. 122, 232002 (2019)
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Full reconstruction

Significant ete™ — yw/] /1 signal, compared with ete™ - y,;p Y (25) [Y(2S) - nJ /Y]
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https://journals.apκκs.org/prl/abstract/10.1103/PhysRevLett.122.232002

Phys. Rev. Lett. 122, 232002 (2019)
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At least one additional BW-formed resonance except X (3872).
Hard to distinguish the two hypotheses (only 2.5 o difference):
additional one V.S. two resonances.
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https://journals.apκκs.org/prl/abstract/10.1103/PhysRevLett.122.232002

Phys. Rev. Lett. 122, 232002 (2019)
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Mass Width
X (3872) 3873.3 + 1.1 (3872.8 + 1.2) 1.2 (1.2)
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https://journals.apκκs.org/prl/abstract/10.1103/PhysRevLett.122.232002

Phys. Rev. Lett. 122, 232002 (2019)
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_ M = 4200. 6+133 + 3.0 MeV/c?
Simultaneous fit [ =11538 + 12 MeV

B[X(3872)-w]/YP] +0.4 : :
R BIX (387D o ) o] 1.6Z573 * 0.2, agree with the previous measurements.

Input for the hadronic molecule interpretation for the X(3872) resonance

o

G(yX(3872)—yaJ/y) (pb)
T
S(YX(3872)—yr /) (pb'
o
M N O Qo

-
o™
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https://journals.apκκs.org/prl/abstract/10.1103/PhysRevLett.122.232002

X(3872) » D°D*° +c.c.,y] /Y, y¥(2S),yDTD™

Combined the BaBar, Belle, and LHCb

3.4+ 1.4, BABAR 3.60 and 3.50
B|X (3872 2S L )
ZE[,E(%;;ZZ(M)] = 2311057 { <2.1(90%C.L.),Belle 5.50 and 0.40
2.46 + 0.64 + 0.29,LHCb > 80 and 4.40
Also Significances for yJ /Y and yy(3686)
B[X(3872)-y] /Y]

B[X(3872)_>7T+7l'_]/1/)] — 024 i 005

~30 X(3872) - y] /i

events expected on BESIII
~20 X(3872) — yy(25)

A good test for the existing measurements!
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Datasets and decay chain

X(3872) - D°D*° + c.c.
D*O —>)/DO,T[ODO

D° » Kn, Knm, K

X(3872) - yJ /Y
J/W — up/ee
X (3872) - y(3686)

Y(3686) - wtm~ ]/
Y(3686) — up
X(3872) » yD*D~

D* - Knm, K
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\s GeV
4.1783
4.1888
4.1989
4.2092
4.2187
42263
4.2357
4.2438
4.2580
4.2668
4.2777

Luminosity (pb~")

3189.0
521.9
523.7
S511.2
508.2
1092
528.9
532.7
826

529.3
174.5




Study of X(3872) - yJ /Y, yy(3686)

Requirement: 2 s 2
cosf, € [-0.7, 0.7]inJ/p > eTe™ 3 0
o 20 o
IM(Lya) — Myogny| > 0.02(0.03) GeV < = g
£ 10 @
|M(VL]/¢)_mXC1’2|>0-02Gev L%i__. LG>IJJO . | |
Simultaneous fit; significance > 3.5¢ M v sevicd” M vee)) Gevie)
o 12f M ;120 \ \O_
Requirement: S o ¥ >100 ! A £
. = 8 = 80 T
IM(yL¥H) — Myo(y| > 0.02(0.03) GeV 2 ¢ l S ob Ly
+ = -'g 4t _ % 40
|M(7T T )recoil o ml/)(3686)| > 0.01 GeV L%J oF _ ' 2 QOE R
9% 55 g 395G ] TR T S T R
Simultaneous fit; no evident signal Mlry (rmag) (GeVie) My (up)) (GeVic)

B1X(3872) 5y (3686)] < 0.59 at 90% C.L. _
B|X(3872)-y] /Y] Expectation strength

2019-8-17 zhuk@hadron2019 19



Study of X(3872) —» D°D*® and yD*D~
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» Simultaneous fit on D*® —» yD% and #°D°

No evident signal for yD*D~
» Significance > 7.40

g e l s Mode DDO 4 ce. AJfY Yy’ vDT D~
S . ratio 14.81£3.80 0.79+£0.28 < 0.42 < 0.99
&l Using X(3872) —» m*m~] /Y as the reference channel.
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Summary and outlook

* Great progress achieved at BESIII recently:
* New decay mode of X(3872) is observed, X(3872) - %y,
* First firm observation of X(3872) — w/ /Y

* More decays, D°D*? + c.c., yJ /Y, yY(2S), yDt D™, are searched
and measured



Summary and outlook

Parameter index Decay mode

Branching fraction
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Inputs of global fit
C.H. Li, C.Z. Yuan
arXiv:1907.09149

The peak cross
section of

ete” - yX(3872)
at4.226 GeV is
5.525%¢ pb
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Summary and outlook

* Great progress achieved at BESIII recently:
* New decay mode of X(3872) is observed, X(3872) - %y,
* First firm observation of X(3872) — w/ /Y
* More decays, D°D*? + c.c., yJ /Y, yY(2S), yDt D™, are searched
and measured

* Hint of relation between X(3872) and Y(42xx) states.
* Evidence of X(3915) or X(3960) in w/ /1Y channel.

* BESIII have more 3.8fb~! eTe™ collision data between 4.13
and 4.44 GeV this year, new results are on the way.
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