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Motivation

® Important properties:
O The X(3872) (the first unexpected charmonium) was first discovered at 300

the Belle experiment in 2003 during the B* — K*ntn~] /3 process.
[Belle, Phys. Rev. Lett. 91, 262001 (2003)]

200

D Q = mx(3872) — mD*O — mEO = (—004 i 009) MeV

r =(1.19+0.21) MeV
[(Particle Data Group), PTEP 2022, 083CO01 (2022)]

O B(J/vp) = B(J/Yw), isospin break.

[LHCD, Phys. Rev. D 108 L011103, (2023)] 0
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O Several possible explanations have been proposed to explain the M(T T 1'T) - M(I'T) (GeV)

properties of X(3872), including whether it may be a tetraquark or a
hadronic molecule.

® Productions:

O e*e—yX(3872) (BESII) , B/B,—KX(3872) (Belle, Babar, LHCb, CMS),
vy*—X(3872) (Belle), A\, decays (LHCD), pp/pp collision “prompt”(LHCDb,
CDF, DO, ATLAS, CMS), new production mechanism?

Compact tetraquark Hadronic molecule 4



Motivation

® Decays:
O Many experimental measurements have investigated the mass, width, spin-parity and decays of the X(3872).

Over 30% decay mode of X(3872) is unknown.
[C. H. Liand C. Z. Yuan, PRD 100, 094003 (2019)]

O Still plenty of room to explore.

Decay mode Branching fraction
X(3872) » atnJ/y  (4111))% ® Search for X(3872) — light hadrons?
X(3872) = DD  c.c. (52.4122.;)% O cc — light hadrons(annihilate); molecule — light hadrons(?)
X(3872) = yJ/w (1.1+8-§)'% O Searching for light hadron final state may tell us more
X(3872) — yw(3686) (2-4+é.‘§)% information about X(3872).
0 +2.2
X(3872) = me (3'6‘12-2)% ® Based on the assumption that X(3872) contains visible
X(3872) = wJ/y (4.415)% :
B+ — X(3872)K* (19 fo 6) x 10 components of the y.,(2P), we search for the light hadron
- . 0) x 10~ .
BY — X(3872)K" (1.1403) x 10~ decay process of X(3872) - n*n 1.
X(3872) — unknown (31 92}?51)% [N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C. P. Shen, C. E. Thomas, A. Vairo and

C. Z. Yuan, Phys. Rept. 873 (2020), 1-154.]




Motivation

® Spin partner of X(3872)
O Degenerated spin partners with quantum numbers 0++, 1++ and 2++ in heavy quark limit.
[P. Colangelo, F. De Fazio and S. Nicotri, Phys. Lett. B 650, 166 (2007)]

O The 0** state(X(3700), a DD molecule, mass around 3720 MeV) is expected as a partner of X(3872) via

heavy-quark symmetry arguments. Latim Lac:m-E9+ £ Exp
[J. Nieves and M. P. Valderrama, Phys. Rev. D 86, 056004 (2012)]
40+ 2 —4.0
— . . b - — ———— - — 3 (3930 2my, |
O Ashallow DD bound state was also found in LQCD in the study 20l N ';(i‘e]%';'g;): -
of the coupled-channel DD — D.D, scattering. Binding energy : m — ;3_8:'?"""—’7*6)' xogo  Jag
2mD :—04t§g MeV @3 7-— T 2 T,;}_:- 37
O Various strategies for the experimental search for the X(3700) in sor - o I°
exclusive decays, ¥ (3770) — ynn'(dominant decay), ¥(3770) — B x"z“p"_ 32
yD°D® and B — KO+ pOpo. 34 > Gin 134
JPC OH— 2—H— 0++ _++ 0++ 2++

[C. W. Xiao and E. Oset, Eur. Phys. J. A49, 52 (2013)]

[L. Dai, G. Toledo and E. Oset, Eur. Phys. J. C 80, 510 (2020)]

[L. R. Dai, J. J. Xie and E. Oset, Eur. Phys. J. C 76, 121 (2016)] [S. Prelovsek, S. Collins, D. Mohler, M.
Padmanath and S. Piemonte, JHEP 06, 0356

(2021)]



Motivation

O Experimentally, some hints of the existence of X(3700) have been reported.

- Inthe ete”™ = J/YDD reaction (Belle) indicates that there may be some evidence for

such a bound state, with My =3723 MeV.

[Belle, Phys. Rev. Lett. 100, 202001(2008)]
[D. Gamermann and E. Oset, Eur. Phys. J. A 36, 189 (2008)]

« A hint of enhancement just above the DD threshold was both seen by the BaBar and

Belle Collaborations in the reaction yy - DD

[BaBar, Phys. Rev. D 81, 092003 (2010)]
[Belle, Phys. Rev. Lett. 96, 082003 (2006)]
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BESIII experiment

Electromagnetic

Calorimeter
CsI(TI): L=28 cm
Barrel 05=2.5%
Endcap 0;=5.0%

RPC: 9

layers ‘

SC
Solenoid

Barrel

Muon Counter

RPC
Barrel: 9 layers
Endcap: 8 layers

cspaﬁal= l .48 cm

"—int [pb_]']

Main Drift Chamber
Small cell, 43 layer
Oxy=130 um

dE/dx~6%
op/p=0.5%at 1 GeV

Time Of Flight

Plastic scintillator
or(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)

4 | After 12 of years data taking: w(3770)
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€ World largest J /¢, ¥(2S), ¥(3770) data sample

€ More than 37fb! of data taken between 2 and

4.95GeV
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A coupled channel analysis of the X(3872) lineshape

arXiv:2309.01502
Submltted to PRL [Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Parameter index Decay mode Branching fraction

(4157 %

Two important decay modes:

|
» mTm~] /1. Pure charged daughter particles, 2 X (3872) = DD + c.d N2.47%3)%
higher selection efficiency, lower background, ‘3/ X(3872) = 4 J/v 'IiS:SJ%
narrower peak X(3872) — v(3686) (2§ ~%
» DD + c.c.: Major decay mode, the opening |5 [3f ~ voma
. . . 3 E — Fitting signa
threshold will strongly distort the lineshape. E I § 3 -~ Filing Bkg
Production: e*e™ — Y (4230) — yX(3872) @ 10 ]l i } ][ L S
+o= /iyt 2 sfF T oon
J/p —eTe” /utu 5 o | Nl 1 bt
D° - K—n*t,K~ntn®, K 2ntm~ @ 2f B g f e g
. 0 3.9 3.95 ..'?.?5 3.8 3.85 3.9 3.95 4
Mass resolutions M(n°DD) (GeV/c?) M(zrJ/y) GeV/c?
. ?I+1I_]/lp : ~ 2 MeV [BES III, PRL 122, 232002(2019)], [BES lll, PRL 124, 242001(2020)]

e« NON0,0, _ .
D7D ~ 0.8 MeV We have well established samples for both

modes, we can perform a simultaneous fit
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A coupled channel analysis of the X(3872) lineshape

_L
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|

Key features:

s == Signal 70 -+.- Signal
* Model independent N Linecipe % 60 o Thnetape
: £ T > S 12r — Total ey Zomotal
* Including the D' D self energy terms T 1o > 50
* Including the width of D~ i of E: 40
* Including the coupled channel effect o 6f 2%
. . R — g 2
* Fit parameters: g, [+ -/, My E : ‘ l T l 2
g = 0.16 i 0.10t%%% 3[? - ‘*';g;"ﬁ“"s‘;:“*'"'3".9;“-'"'é'."gs 1?.75 | IS.IS o ‘3.55 . 3?9‘ - I3.:95I T 4
2
F[] :(267i177tgg%) Mev i 111 JlI1 Hu}ll{ n“||1 |l rll 0 '} 1[ l { {
My = (3871.63 + 0.13+39¢) MeV ‘ AALLSIURA CENRALLAI S 2 * vy
X ( T _0'05) ¢ T M ceviey T M@ gy (Gevye) '
Large systematic uncertainty Iy = I77; /4 + Tknown™ Tunknown
from Funknow/rn""n:_];’lp (1)]/1/), V]/l/), Vl/)', 7T0Xc1 0.1
0 .......................................................................
Two poles are found: 5 -0
>
E; = (7.04 + 0.157997) + (—=0.19 4+ 0.08X31%)i Mev =2 ETTT
£-03

Ey = (0.26 £5.74%3¢%,) + (—1.71 £ 0.90%:52)i Mev
Ey is much closer to the threshold, should play a

dominant role in the X(3872) confinement mechanism _
_0'6 PRI (A IRl PRl L L
= = _ . ; 6 62 64 66 68 7 72 74 76 1.8
M(D°D*®) — M(D°D°n®) = 7.0332 Mev  Ex = My — (mpo + mpo + myo) LY 12




A coupled channel analysis of the X(3872) lineshape

* Near the threshold, the sca.ttering amplitude can be « ERE parameters In the limit of I, = 0 and stable D*, the ERE
expanded as the power series of the momentum k =

\/Zu(E — ER) (Effective Range Expansion, ERE)

parameters are determined:
— (—16 5+7.0 +5.6
* a=(=16.515742377) fm

* a:scattering length
* 71,: effective range

1 . 7 , . — (_A11+0.9428
* S-Wave f7H(E) ~ = +%k2 — ik + O0(k*) e = (—41233154) fm
[S. Weinberg, Phys. Rev. 137, B672 (1965)] Z: field renormalization constant
21-2)1 * 7 = 0: pure bound (composite) state
a = —W— + O(B_l) * / = 1: pure elementary state
A 7 1]/ 1~ ﬁ ~ 1.4 fm, for both deuteron and the X(3872)
% 7 r,=————==+0(f™)
: / 1-2y v =k A recent comment from C. Hanhart:
7% The contribution of charged D*D
: hould be subtracted, r, = —2.6 fm
: X(3872 deuteron > / Te
NBIRCEREE. | teron [Phys. Lett. B 833 (2022), 137290]
% | — . Nearby threshold D*°D° pn
"‘xx virtual state
* T a -16.5 fm 5.41 fm
"'«»,h = ~p Different sign, may suggest an
bound state 5, Te -4.1 fm 1.75fm elementary c¢ core
R [A. Esposito PRD 105, L031503]
RN Range correction negligible important for 7,
resonance %,
7 ~ 0.18 _ = Close to 0 but can not be solved

model-independently

~ 1 |1, /al 0.25 0.32 due to the range correction
Z,=1- '—
1+ |2r./al 7z 0.18 0.22
X(3872) A

[Eur.Phys.J.A 57 (2021) 3, 101] 13



Observation of ete™ - w X(3872) at BESIII

1 =
arxXiv:2212.07291 RS D.EISE. - - i
PRL 130, 151904 (2023) > 09l HTr e
(D 085pi == LB
~ 0B TTTIIN T S wa R
r—=vy e IR
n+n -no H E '“"=_-""-"'"". '_".'-"="' TR T
+':: D?;— E .'lll:l--.i:
ee— X(3872) = D.Eﬁé—' NI I NLL b
089537305 31 415 32 325
> v/ M(*T) (GeV/c2)
Lo ere-/prp- Dataset at Ecm
=4.61-4.95GeV .
L 0.95F
* Signal reconstruction E 0 95_'_
* Final state includes six charged particles and two photons g D.BS%— o i
* Partial reconstruction by missing one pion in kinematic fit is applied - D.Bi— - - TR
to improve the signal efficiency B 0.75¢ RN
 Retain all four -+ combinations per event +E, U_}';J - "
< 065F -

- | | O8 8 Shr 561 566 368 59 382 394
Events accumulation in X(3872) signal regions M dAy) (GeV/cd)
14
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Observation of ete™ - w X(3872) at BESIII

(o)}
"

- 30

TE 14:_ +— Data 25:_

% 12 —Fit I

E 10:_ = = = = Background % 20:_

o [ [ Sideband r T T

A3 " T 15F |

e +q’ -

4"2 °F E‘"’ 10:_ i *

c 4‘_ A :
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UM:.ELMLM b g
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« Observed the X(3872) new production process e*e™ — w X(3872) with 7.8¢
« The lineshape of the cross section indicated that w X(3872) may be from decays of some nontrivial structures.
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Search for the light hadron decay X(3872) —» n*n™n at BESIII

arXiv: 2308.13980
PRD 109, LO11102 (2024)

No obvious signal was observed.

OForete” - yX(3872) »m*nn,n - yy _ — 20
- gla i i
Ncharged tracks = 2 » Net Charge =0 w, PR = — Signal MC . Al iSI:i:gE'rtmaal MC
. . o B e Fil ~ - S
* 5C kinematic fit > 80F - Background > °r Egckgruund
» the four-momentum conservation of the final state particles = [ (a) B Incheive MC | = [ (b) == Incluslve MC
equal to the initial e*e™ colliding beams —4C ; 7 EU:' v
» the nmass -1C(n — yy); P @
5 o
0 it
O Forete™ - yX(3872) >t n,n - ntn n’ g
. Ncharged tracks = 4, Net Charge =0 B0 hjﬁs 5 ?J?D 3.95 QED 3.85 3.90 3.95
: . : : . T 2 w i
» PID: At least one of the pion candidates 1s required to satisty Y eI sledai EL G
L(m) > L(K) ‘
e 5C kinematic fit: Combine all the data. For the two decay channels
Yy
» the four-momentum conservation of the final state particles of , a simultaneous fit to the M(t ™ n) :
I to the initial e¥e™ colliding b 4C
5 tel?;l?] rr?assein;(l‘?ne—)enfi_;:gg cams = Signal PDF : signa MC ® Gauss function

Background shape : Znd-order polynomial
Fit result: N(X(3872)) = 100.31 + 148.75

16
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Search for the light hadron decay X(3872) —» n*n™n at BESIII

Likelihood

v" Blue triangles are the upper limit for the (¢B)*? and red dots
with error bars are the simultaneous fitting result for the (aB).

e ] 0.4¢ RN R as AR R R R

4180 ] = 1 ]

B \ <247.00@ 90% C.L. ] 0'3§ v . ’/?\ <0.12@ 90% G.L.
08 \ - 0.25 . A S . 0.8 B
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-/ | ; m g |} i e .
oa |/ ' 1 o 01 ‘ l | S04k .

L - 0.2 . :

__ Y N n 0.2— ]

0.2 / :\“\ : 0.3 - :
Ot e S 04" ' ' ' ' 0,05 01 0.15 0.2 025 0.3 035 0.4
0 100 200 N 300 400 500 415 42 425 43 435 : ' HiK{SBTé}I—) TE*‘II."I]] - '
X3a72 llllg (GEV) Rm
Upper limit at 90% C.L. for 4.18 GeV Cross section measurement  Upper limit of the branching fraction ratio
ole*e™ —» yX(3872)|B[X(3872) > nt 1) p -
Nti)bs Nfiﬂ - Nt:(_)t,a.] Z, E,U,(l =l 51) 618(']/'9/) — I+F )
— = ¢ ol ’ / + 7 — 770
Line(1 + SJ(EII—']’}’BTT_’H’ + Epomt n'_n'oB?‘,'—m*‘ a-m0) Line(1 +6) Ntotal Zi ‘C’U'(l I 5’) 62781 + 6? s 82

Niio: the total number of X(3872) signal events;

L;, 0;, (1 + 6;) are the same for both process. 17



Search for X(3872) spin partner in ¥ (3770) radiative decay

® Y(3770) —» yX(3700), X(3700) — nn'(dominant decay)
O [y3770)>yx x-ny'= 0.293 keV, based on

2.9 fb~1 y(3770) data, we can test the theoretical
prediction.

O The new 20 fb~1 (3770) data will be able to improve
the sensitivity further.

[C. W. Xiao and E. Oset, Eur. Phys. J. A49, 52 (2013)]

® (3770) - yX(3700),X(3700) » wtmn~J /Y

O Since the X(3700) decay might have a large isospin violation
similar to X(3872) -» n*tn =] /1.

O There is no theoretical prediction of this process, which can

provide input information for the theoretical prediction.
[N. A. Torngvist, Phys. Lett. B 590, 209 (2004)]

arxXiv:2305.11682
PRD 108, 052012 (2023)

Channel

Re(gx) [MeV]

Im(gx ) [MeV]
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gx: Coupling of the pole at (3722

— i18)MeV to the channels
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Search for X(3872) spin partner in ¥ (3770) radiative decay

® Study of y(3770) - ynn’

No obvious signal was observed.

4
1

O Upper limit at 90% C.L.:

L, e,b|x,y,2) =

i i | | +data
| - 3k —signal MC
_0.98- L o [ EYSRwes)
?‘I.:‘ . .| % L Dngn-DE
T 0.961 o =, B
e [ | <
w d . =~
. 0.94r p | P
faor L ] o 1
= L I >
0.92- || L
L I J |
Dn_IIII|IIEII|EI||II|IIIII|iIIII _II IIIIIIII
37 371 372 373 374 375 g.? 371 372 373 374 375

M) (GeVic?) M) (GeVic?)

O The upper limit we get (0.9 - 1.9(x 107°))mostly

B(y(3770) — yX(3700) x X(3700) — n1f’) <

(CTR AT N S S (L) g
' V2o, y!
é IIIlITTIIIIIlII'IIIIIllTT]IlllllTTIIIIIllT'IIIIIllT
<1r M(nn') = 3720 MeV ]
N"
5 =22.7at90% CL :
0.8 —
Br* < 9.3 x10°at 90% CL
0.6 —
0.4F N
0.2} -
0'....|....HM|....|....|....|....|....-
0 10 20 30 40 50 60 70 80 90u 100
N"/z NP

sig

LxXaxzXxBr(n— yy) X Br(f) — yntn)

lower than the theoretical prediction (1.8 x 107°) y

(X (3700)) (MeV /c?)

3710 3715 3720 3725 3730 3733 3735 3740

O Disfavor that y(3770) — ynn' is the dominant
channel for X(3700) decay

P(3770) — ynn'’

co (%)

B"(x107°%) 8.9

10.56 10.50 10.14 9.77 9.31 8.99 8.70 &.15
9.0 93 97 10 13 13 19
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Search for X(3872) spin partner in ¥ (3770) radiative decay

® Study of Y(3770) » yrntn~] /Y

O Simultaneous fit of M(rttt™I*I) distribution with

No obvious signal was observed. different masses of the X(3700)
o~ 3.15¢ 2 o~ 3.15¢ 2 . .
}‘: 3.14?—. I1.s % s14) I1.a Slgnal : Slgnal MC Shape
S o S is Background:1st-order Chebyshev polynomial
o 312 - o 14 5 312k - ) —1.4
= s - - 2 = 3 12 ..
D P A N, O Upper limit at 90% C.L.:
sosf ' - s 3.09; R _ ' v Mos up
308 SRR os 308 ' BW(3770) — vX(3700) x X(3700) = ntn~J /) < Y
307 o4 sort - i ¥ LXxoxexBr(J/y— Itl)
3.06 0.2 3.06 0.2
a0gbet e B ol i M(X(3700)) MeV/c2 3710 3715 3720 3725 3730 3733 3735 3740
.7 3.7053.713.7153.723.7253.733.7353.743.7453.75 .7 3.7053.713.7153.723.7253.733.7353.743.7453.75
M(e*enm)-M(e*e)+m_J/y (GeV/c?) M{uu e )-M(utp ) +m_JAp(GeV/c?) L pb_l ) 2031 .8
8 + p— or
Biém. 3710 MeVie? =3720 MeVic® 3730 MeWic=3735 MeVic? —‘l'.dala. =3T10 MeVie? m3720 MeVie? - 3730 MeVic? = 3735 MeVlc?| B(quff - ) 3.97%
:Dlnclusl\ce MC®3715 MeVic? m3725 MeVic? m2723 MeWe? m3740 MeVic? ) :DlnclusweMc-aﬂﬁ MeVlc? m3725 MeVic? m3733 MeVic? = 3740 MeWic?| (,T(pb) 7150
}E o % o €6 15.68% 15.59% 15.88% 15.50% 1538% 15.32% 14.83% 13.76%
E_ 4:_ E . e 24.10% 23.97% 24.02% 23.93% 23.67% 23.54% 23.16% 21.80%
g | I P Bopscp (x107) 2.2 1.2 1.8 3.0 0.86 1.0 1.3 34
- 2 . + = 2 e - . . _
v AL =L i I O The upper limit we get from 0.9 to 3.4 (x 107°).
| LT Tl Hl I l l W O This result can provide a constraint for the theoretical
71 374 3

A N R G N B £ 977371 3712 373 :
M dhy) (GeVicd) M) (Gevic) calculation of X(3700) 20



Summary

A set of interesting and important results on the X(3872) from BESIII achieved:

v A coupled channel analysis of the X (3872) lineshape with D°D°r® and n*=~] /4 samples was performed for the
first time. The result is consistent with the molecular picture. Due to the uncertainty, the presence of a compact
component can not be excluded.

v" We observed new production mechanisms of X(3872), ete™ —» w X(3872) , which provide a window to peer into
the internal structure of the X(3872).

v We searched for the decay X(3872) —» n*n~n associated with the radiative production e*e™ — y X(3872). No
obvious signal was found and the upper limits for the product of the production cross section and branching
fraction have been given.

v" We searched for the X(3872) spin partner X(3700) iny(3770) radiative decay for the first time. No signal events
were observed, the upper limits of combined branching fraction have been given. The branching fraction we get is
inconsistent with current theoretical predictions.

With the largest y¥(3770) data sample (20/fb) and the upgrade of BEPCII in both luminosity (*3
times at 4.8 GeV) and the maximum energy (~5.6 GeV), the more extensive and intensive

Investigation is ongoing, looking forward to new results in the near future. -



Thank you for the attention!
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Parameterization

[C. Hanhart, PRD 81, 094028]

dBr(D°D°n?) 1 g+ keg(E)
—_p_— “0 0,0
o BZ?TX D) x Br(D"" - Dm")
dBr(m*m~] /) B 1 Dtn gy & Kegr(E) + ikoge(E)
dE =P |D(E)|?
D

Composite particle with one unstable constituent

1
D(E)=E —Ey += 59+ (et(E) + ikeg(E) +rcies (E) + ik rr(E))+ T,

Kert(E) mJJ(E —E? + 17/ +E — g

- JJ(E —Eg)? +TI%/4—E+Eg— EJJ(E— Eg)? +T2/4+E—Eg=./-2(E—Eg +il/2)

refr(E) = — ﬂp\/x/(E—ER)2+F2/4—E+ER B -
D°D*® + D* D*~ effective self energy
+\/;TPJJ(EXER)2+F§/45X+ER 3
E \2 ,
Io = It I + Tknown + Dunknown [(E) =Tk Br(D*O - DOJTU) (E_R) ! Br(DmO - DOY)
Ex = My — (mpo + mpo + myo) IR = 55.9 keV
+Due to the limited statistics, l",,,,,,,;‘,,w,,,,ﬁ,,/Fﬂ+,,—J,/,‘b is fixed
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003] For the effect of D*° width,
* It brings us the largest uncertainty we fit to M(D°D°m?%) without mass constraint
Key features:
] ) Model 1ndependent
Partial width of the other decay channels + Tncluding the D' D self encroy terms
Ip =1, nrj/ T Iknown™t Lunknown ) i“ciuj?“g :Ee Widﬂ; (21“31 | offoct
' * Including the coupled channel effec
wl /b, vI, v, m0x. ;

* Fit parameters: g, [+ -,,,, My



Parameterization

2Im[D(E)] = g * (ketrtkee) + rﬂ?““n_j/tp * Ienown + Tunknown

The produced numbers of events in a fitting
range (Ein, Emax) are:

prod fmax B 2Im[D(E)] -
S — . _ prod
X(3872) Eoin 21T |D(E)|2 HUpopogo = Epopogo X RDGE{)RD X HX(38?2)
E, .. — B prod
uPy%% o = Br(D*® - D°r%) x gp 2, 9 Ketr Horrnyyp = Emtajp X Ravnmyp X Hy3s72)
b'Dm | 2 |D(E)|* |
Emin
E € : efficiency and branching fractions correction
ﬁip?d—j/u I 5 *rﬂw_jrzp E— e d el keg
nn ) . 2]‘? |D(E) N Emin |D(E)|
Emin _ — #0 0.0
Rpopens = Br(D™® = D'n?) x (Enox gp 2ImID(E)]
Emin |D(E)|2
Emax dE rrr"rr_ff;ﬂ
Einin
prod Roytny/p = [D(E)
Only one new parameter ‘uX(3872) Emax 4 2 Im[D(E)]

Emin |D(E)‘2



Pole search

* Due to causality, the scattering amplitude should be .
N

analytic over the complex energy plane, up to poles and 697 _oaE
branch cuts U ol 00000
* The pole locations can reveal the intrinsic properties of & g 4
the particle § 00
* Two sheets with respect to D*°D° branch cut = 7.04 — 0.19i MeV
o Sheetl: E — Ex — gJ—2u(E — Ex +iI/2) £ 03
* Sheetll: E — Ex + g/ —2u(E — Ex +i['/2) -0.4
-0.5

o Ey=(7.04+0.157302) + (—0.19 £ 0.0815:15)i MeV

« Ey=1(026+574%31%) 4+ (—1.71 £ 0.90252)i MeV

* Ejis much closer to the threshold, should play a
dominant role in the X(3872) confinement mechanism

_06 b bvv v b v by by w
"6 62 64 66 68 7 72 74 76 7.8

Re E (MeV)
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Comparison

g 0.108 + 0.003%5:463 0.29+262 0.16 + 0107312
Re[E;] [MeV] 7.10 7.12 7.04 £ 0.1515:07
Im[E;] [MeV] -0.13 -0.12 —0.19 £ 0.08%515
Re[k*] [MeV] ~13.9 —15.3 —12.6 + 5.57%%
Im[k*] [MeV] 8.8 7.7 12.3 + 6.87%%

a (fm) =50 —31.2 —16.5720 %, ,
Te (fm) 5.3 ~3.01}2 —4.1%93 135
- 1LAF (835 B | GAECRD
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Estimation of the width of D*°

The Lagrangian for D* = D 4+ m under HQSS is

£ =L <HH,y"5 > 0,M,0,

VA
Where H is the heavy meson fields and the M is the matrix of pseudoscalar

mesons. The partial width of D** — DYz ™ reads

124 149
.= Mp+ Mpo .
C BEMS* 3 fn. |pﬂ:| + DO
For D*Y - DO ¢
bzl 129 L3 M et
— —— 1M Ao Mo = X T
0 87TM§*0 3 fn-z |pn'| p*ovipo len:lSMD*O C

One obtains the strong decay partial width [[; = 35.8 keV, the total width of

D*0 is estimated to be
FO
64.79%,

~ 55.4 keV

FD*O —
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Combine the systematic uncertainties between two n decay modes

O A weighted average is taken as:

A = szfﬁz +QZCDV i,7),

1]

EE'BQ;
ST cov(i,]) = piywiw; A; 45,
1=1 "1

A¢p¢ 1s the combined total systematic uncertainty for each source;
w; and A; are the corresponding weight and systematic uncertainty;

€; and B; are the efficiency and branching fractions for the 1-th decay mode of 1
p;;j 1s the correlation coefficient between them.

AN NN

* We take p;; = 1 for the same systematic source.otherwise p;; = 0.
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