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BLSIII Experiment

BESIII (BEijing Spectrometer Il1) is an Being BEPCII an ete- collider, BESIII can profit from direct production
of vector states (JFC = 1-)
The statistics of the @w(nS) decays allows to probe and study
with high precision also the non-vector states

experiment located at the BEPCII
(Beijing Electron Positron Collider Il)

at IHEP (Institute of High Energy Physics) BESIII has also unique opportunities with datasets above 3.8 GeV
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Charmonium-like XYZ States

cc spectrum features supernumerary states

Exotic states don’t fit potential model predictions,
show strong couplings to hidden charm states,
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Exotic States

Assuming a novel physical origin, exotic hadrons can g
U (B KJ [ ] ( 4 Ph
be grouped into two families following their compact tetraquark 7.yf5'555(-)873,
o — | 20)

valence content with respect to the standard meson-
baryon picture:

*they mi nce o

*they can be multi-quark states

/ glue—
ball

p——————

/ gluonic _
\_excitations /

=~

Some are close to open-flavour thresholds, which
might induce kinematic enhancements!’. 2!

They could emerge as interference effects of hadronic
various standard quarkonia molecule

————————————————————\

[1] Phys. Lett. B 598, 8-14 (2004)
[2] Int. J. Mod. Phys. E 25,07 1642010 (2016)
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X(3872)/%1(53872)

The mass lies near the DOBO* threshold (MX(3872) - EThreshoId = 6),
suggesting a possible molecular nature

The loosely bound molecular nature can explain the relatively
small width (-1 MeV/c2)3]

Though, the relatively large branching fraction for the radiative
transition to hidden charm mesons suggests an admixture of a

conventional charmonium and a D9D% molecule

BESIII is at the forefront of the X(3872) studies, thanks to its
direct production mode(s) and clean leptonic environment

The BESIII collaboration found, in 201441 evidence for the 0
¥(4230) = yX(3872) decay 3.82 3.84 3.86 3.88 39 3.92
M(J/vy ) (GeV)

[3] Phys. Lett. B 590, 209-215 (2004)
[4] Phys. Rev. Lett. E 112,092001 (2014)
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The New wX(53872) Production Mode

If the X(3872) contains a component of the spin-triplet

, , state xc1(2P), the process e*e” = wX(3872) should exist,
Using 9 energy points @,/s = [4.661 4.951] GeV

as BESIII observed the e*e” = wxcu(1P) transitionsl
Study of the aB°™M(e*e = wnt*mt /1)

Fit to M(rt*rtd/1) to estimate the X(3872) mass and its
production cross-section

[5] Phys. Rev. Lett. 114, 092003 (2015)
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The New wX(53872) Production Mode

Using 9 energy points @,/s = [4.661 4.951] GeV

Study of the aB°™M(e*e = wnt*mt /1)

Fit to M(rt*rtd/1) to estimate the X(3872) mass and its
production cross-section
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The New wX(53872) Production Mode

If the X(3872) contains a component of the spin-triplet

Using 9 energy points @,/s = [4.661 4.951] GeV

Study of the aB°™M(e*e = wnt*mt /1)

Fit to M(rt*rtd/1) to estimate the X(3872) mass and its
production cross-section

The line-shape suggests that the wX(3872)
production mode may derive from some

nontrivial structures decays
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state xc1(2P), the process e*e” = wX(3872) should exist,

as BESIII observed the e*e” = wxcu(1P) transitionsl
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[5] Phys. Rev. Lett. 114, 092003 (2015)
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X(3872) to Light Hadrons

Using 16 energy points @,/s = [4.13, 4.34] GeV

Search for the e*e™= yX(3872) — yrt*rt'n process

Assuming a loosely bound molecular state, the X(3872) size would
be relatively large and the charm quarks would be far away from
each otherltl, hence, the light hadron decays should be suppressed

[6] Rev. Mod. Phys. 90, 015004 (2018)
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Assuming a loosely bound molecular state, the X(3872) size would 0.05
be relatively large and the charm quarks would be far away from '
each otherltl, hence, the light hadron decays should be suppressed 0O

X(3872) to Light Hadrons "
@Q' to P/PL V7
Using 16 energy points @,/s = [4.13, 4.34] GeV 0.4¢
0 35:_ ZX(3872) —»i'nn) < 1.4% @90% C.L.
Search for the e*e™= yX(3872) — yrt*it'n process ' g
__ 0.3F v
-it to M(Tttritn) to estimate the upper limits to the :S; 0. 252—
o(ete— yX(3872)) x E(X(3872) — mr it n)] product o 0 23_
8 E_ v v \ 4

415 4.2 425 4.3 435
\'s (GeV)

[6] Rev. Mod. Phys. 90, 015004 (2018)
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ar
X(3872) to Light Hadrons
Ubp, .. 139
MNitte 80
d¢ V7
O P/PL
Using 16 energy points @ys = [4.13, 4.34] GeV 0.4¢
0 35:_ BX(3872) —»1i*rin) < 1.4% @90% C.L.
Search for the e*e™= yX(3872) — yrt*it'n process ' g
A~ 0'3:_ M
O -
=it to M(rt*rt'n) to estimate the upper limits to the [=! 0.25F
ofete ™ yX(3872)) x E(X(3872) & mr*rt'n)] product Q 0 23_
8 E_ v v \ 4
o 015 y
N — v v v VvV
0.1:— v v oy V
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be relatively large and the charm quarks would be far away from ' -
— I I I

each otherltl, hence, the light hadron decays should be suppressed 0O

415 4.2 425 4.3 435
\'s (GeV)

Ref. [7] estimates a light hadron decay width in the range of [10 - 100] keV
correspondingto &~ [1 - 10] %

[6] Rev. Mod. Phys. 90, 015004 (2018)
[7] Phys. Rev. D 106, 074015 (2022)
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Search for X(3872) Direct Production

Using 4 energy points around the X(3872) mass

Search for the e*e™ X(3872) — mt*rt"J/y process

The Belle collaboration found evidence of the X(3872) in
the efe™— e*ei' " J/9 two-photon interactions processlié

The BESII collaboration has observed the direct
production of the X.1(1P) charmonium statel®l

Spectroscopy at BESIII - M. Scodeggio
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[8] Phys. Rev. Lett. 126, 122001 (2021)
[9] Phys. Rev. Lett. 129, 122001 (2022)
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Search for X(3872) Direct Production

Using 4 energy points around the X(3872) mass

Search for the e*e"— X(3872) — rt*nt"Jd/y process

Fit to M(rt*rt™d/1) to estimate the upper limits to the
direct production

The U.L. on ee x &(X(3872) = mt'rtd/1) is 7.5 x 103 eV

@90% C.L. (17 times tighter than the previous onel),
With Iee < 0.32 eV

Ref. [10] reports MNee = 0.03 eV and a lower bound of
Tee X B(X(3872) = 'mtd/Y) = 0.96 x 10-3 eV, using
VMD and making no structure assumptions
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[10] Phys. Lett. B 736, 221-225 (2014)
WIFAI - November 2023 14



Search for a Scalar Partner of the X(3872)

Using the data sample of the 1(3770) 0520 12 ¢ 2023) |

The X(3700), a lighter scalar parter of the X(3872), is
searched via the yrt*rt'J/9 and ynn’ processes
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Search for a Scalar Partner of the X(3872)

Using the data sample of the 1(3770) 0520 12 ¢ 2023) |

The X(3700), a lighter scalar parter of the X(3872), is

' ' [11,12] -
searched via the yr'rtJ/4 and ynn’ processes Before 2010 hints of the existence of X(3700) , @ bump in the

DD spectrum by Bellel'3! and enhancement above the DD threshold
was both seen by BABAR!'4! in the reaction yy = DD

11] Eur. Phys. J. A 36, 189 (2008)
12] Eur. Phys. J. A 57, 38 (2021)
13] Phys. Rev. Lett. 100, 202001 (2008)

14] Phys. Rev. D 81, 092003 (2010)
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Search for a Scalar Partner of the X(3872)

Using the data sample of the 1(3770) 0520 12 ¢ 2023) |

The X(3700), a lighter scalar parter of the X(3872), is

' ' [11,12] -
searched via the yr'rtJ/4 and ynn’ processes Before 2010 hints of the existence of X(3700) , @ bump in the

DD spectrum by Bellel'3! and enhancement above the DD threshold
was both seen by BABAR!'4! in the reaction yy = DD

Under molecular assumptions!’d], the maindecay of the
X(3700) is to nn’, with
[B(P(3770) = yX(3700)) x BAX(3700)—nn’)] ~ 1.08x10-5

[11] Eur. Phys. J. A 36, 189 (2008)

[12] Eur. Phys. J. A 57, 38 (2021)

[13] Phys. Rev. Lett. 100, 202001 (2008)
[14] Phys. Rev. D 81, 092003 (2010)

|
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Search for a Scalar Partner of the X(3872)

n P:)/S. Rey D 108
. _ +data 520 :
Using the data sample of the (3770 , 12
J P w3770 3+ -~ signal MC (2023
R ISR
The X(3700), a lighter scalar parter of the X(3872), is O - @y v(25)
- : S non-DD
searched via the yrt*i"J/4 and ynn’ processes > - 0O
& L Bqo
= ol
-, i
F -
Under molecular assumptions!’s, the maindecay of the ~ i
X(3700) is to nn’, with -g i
[B(P(3770) = yX(3700)) x BX(BE700)—nNn’)] ~ 1.08x10-5 q>) 11 3
- The U.L. for &[p(3770) = yX(3700)) x &X(3700)—nn’) | I
are [0.9 - 1.9] x 10-5 | i
o T oL .t | I - e i

37 3.71 B3.72 .732_3.74 3.75
M(m') (GeV/c)

Also no significant signals to m*rt'd/y are found
The U.L. are calculated to be from [0.9 - 3.4] x10-5
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A coupled-channel analysisof the 25,

R . SL/[) ; -075
X(3872) line-shape withBESIII data "%« 07

Using 11 energy points @Vs = [4.178, 4.278] GeV
Study of the X(3872) production line-shape

— Total
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]
T

Simultaneous fit to the invariant masses of the two X(3872) decay
channels (D°Dr® e mrJ/w)

Events / (3 MeV /c?

e i .'.l 3 Tl el R LA L s R LR L T I T

3.9 3.92 3.94 3.96 3.98

L
: ‘:‘ E a
. o e
| )
Ve e e
X ‘ ‘ )
" - e~ -4 | -
" .
. % o | I o [ -9~
. [\ [ [
. N
. sJle,
.: ...J.i’-’.’- I'--l-“. . 1o
o WU ] 1 1 | N

Signal parametrisation is from Ref. [16]
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A coupled-channel analysisof the "2,
Sup,, . 207

X(3872) line-shape with BESIII data "=/, o2

Using 11 energy points @Vs = [4.178, 4.278] GeV
Study of the X(3872) production line-shape

Simultaneous fit to the invariant masses of the two X(3872) decay

channels (D°Dr® e mrJ/w) ~ »Encapsulates X(3872) production terms

Signal parametrisation is from Ref. [16] _— ”X(3872) - D*D effective coupling constant

dBr(D°D'7Y)
dE
dBr(ntn—J/v)
db

—» Self-energy term, i.e., parametrisation of
the coupling to the D*D channels

[16] Phys. Rev. D 81, 094028 (2010)
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A coupled-channel analysisof the 25,

Supb -07

X(3872) line-shape with BESIIIdata "« ,f;’f &

Using 11 energy points @Vs = [4.178, 4.278] GeV
Study of the X(3872) production line-shape

Simultaneous fit to the invariant masses of the two X(3872) decay iT o
channels (D°D°® e rrd/y) [ =9 ( E — Egp D~ ) + cost
Signal parametrisation is from Ref. [16] 2

dBr(D°D7%) BBI(D*O — D979 x g X keg(E)
dE B ID(E)|? |
| __—>» Self-energy term, i.e., parametrisation of
dBr(W T J/w) _ BFWLW_J/‘P the coupling to the D*D channels
dE D(E)|?

[16] Phys. Rev. D 81, 094028 (2010)
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A coupled-channel analysisof the ~ “%v25,,
—Sub,,

X(3872) line-shape with BESIII data ’“@d?,fgfw

Using 11 energy points @v/s =[4.178, 4.278] GeV .
0 .......................................................................
Study of the X(3872) production line-shape S o
-0.
Simultaneous fit to the invariant masses of the two X(3872) decay i 0.2
channels (D°Dr® e mrJ/w) £ 03
_ 0.4 1
The D*D term of the parametrisation identifies two Riemann sheets 0s =
AN 0BG 3 64 66 68 7 7274 76 78
[: —g4/—2 (E—ER | 5 >+7T0 Re E (MeV)
O ......................................................................
ZFD*O .
II : +g\/—2<E—ERI > )—l—zFO -0.5
_ =)
“Switching off’ o, all the decay channels, but the D™D, disappear, Q15
showing that the Ejpole is the nearest to the D*0D° threshold LI
2
Ei = (7.04 + 0.15%°9 4 08) +i(-0.19 + 0.08*°144 19) MeV -
_25 :_
jl.... Lo i

5 -1 -05 0 05 1 15 2 25
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A coupled-channel analysisof the 25,
X(3872) line-shape with BESIIIdata "« ,f;’f &

Using 11 energy points @Vs = [4.178, 4.278] GeV Fe o
Study of the X(3872) production line-shape D(k) — a 1k 9 k* 4 O(k?))
Simultaneous fit to the invariant masses of the two X(3872) decay
channels (D°D%® e /)
_ 2021 | e
a = -O(B7)
(2—2) ~
Z 1
—1
Te = - O
BONUS € 1 — 7 ~ ( )

Effective Range Expansion parameters are also estimated (a and re found to be negative)
and a Z = 0.18+020_ o3 s found (with big uncertainties!), suggesting a similar

compositeness to the deuteron

“This is qualitatively different from a bona fide loosely bound molecule, for which Z = 0 and ro > 0”

PHYS. REV. D 105, L031503 (2022)
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Y(4250)

220
'y (3686 e Jd/
Y states rose up showing unexpected features, interpreted as 200 + W( ) + ¥ ‘%%
states, in exclusive e*e— cross-sections 180 ya ol g WY,
. 160 |4 7D°D T
Observed by the BaBar collaboration!'7], BESIII allowed to T - MY A
disentangle two resonant structure around 4.23 GeV/c? __ 140 On0J/ s
and 4.32 GeV/c? g 120 E
| N . = 100
Looking at the inclusive cross-section the Y(4230) shows a dip = - A
around 4.26 GeV, suggesting a non-standard cc structure 80 - +
60 |
BESIII discovered many of its decay channels and observed 40 C v
the transition to the X(3872)4l and the Z(3900)l"8] states n 4
suggesting a possible common nature 20 = +
0 —I | | | | | | ] ] ] I | | | | | | | | | | |
4200 4250 4300 4350 4400

Mass (MeV/c?)

[17] Phys. Rev. Lett. 95, 142001 (2015)
[4] Phys. Rev. Lett. E 112,092001 (2014)
[18] Phys. Rev. D 102, 012009 (2020)
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The Y(4230) — KOsKO0gJ/1p Cross-sections

Using 36 energy points @,/s = [4.128, 4.951] GeV

Study of the aB°™M(e*e"= KO0sK0sJ/{), already measured by the

Belle collaborationl'€], but only U.L. were provided

Fit to M(J/y) to estimate the Born cross-section

Spectroscopy at BESIII - M. Scodeggio

Phys. R,
03/2012 5 (2%2130)7,

4 () $ oB°M (This) v oY (This)
2 c2°™ BESIII (2018)
>
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¢ Y Y v
TR TR PRI

O A ] AT g
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[19] Phys. Rev. D 89,072015 (2014)
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The Y(4230) — KOsKO0gJ/1p Cross-sections

P
Using 36 energy points @,/s = [4.128, 4.951] GeV . . hys. Rev, D 107
oiss = |BW, + BW,ei#: + BW,ei#3|? 092005 (> ,
Study of the aB°™M(e*e"= KO0sK0sJ/{), already measured by the . 023)
Belle collaborationl'€], but only U.L. were provided 4 & Dat Fit It (C)
| | | ata — it resu
Fit to M(J/y) to estimate the Born cross-section Y(4230) -=== Y(4500)

Y(4710)

gPlressed |g fitted with a coherent sum of three
resonances...

1) Y(4230), observed clearly (~260 significance)
for the first time

c¥ess(K K J/vy) (pb)

2) Y(4500), already seen in the e*e"—= K+K-J/P

process [this resonance has little influence over 0
the total fit]

3) Y(4710), parameters are 10 away from those of
the Y(4660), a possible candidate for the 1(5S)0]

[19] Phys. Rev. D 89,072015 (2014)
[20] Phys. Rev. D 98,016010 (2018)
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More Exclusive Cross-sections o
The J/v — ¢ switcheroo 032004 ('202 ,
3)

Using 33 energy points @s = [3.773, 4.701] GeV
Study of the aB°™M(e*e”— K0sK0%@) and oB°™(e*e— K+K-d)

Fit to M(¢) to estimate the Born cross-section

In Ref. [21], the Y(4230) is interpreted as a compact tetraquark
cscs, which would lead to decays into final states containing ss.
This is supported by the evidence of the Z:(3900) in the process

ete- =Y (4230) — trrr-Jd/Ppl22]

[21] Phys. Rev. D 72, 031502 (2005)
[22] Phys. Rev. Lett. 119,072001 (2017) -
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More Exclusive Cross-sections Py
The J/y — ¢ switcheroo 03 2‘004 ( D 10g

18 :_(a) —¢+— data
—— (C/Vs)" continuum
......... (C/\s)* + BW (coherent)

Using 33 energy points @s = [3.773, 4.701] GeV
Study of the aB°™M(e*e”— K0sK0%@) and oB°™(e*e— K+K-d)

Fit to M(¢) to estimate the Born cross-section

+

cx(e'e” = ¢K'K) (pb)

6
4t !
2 F
In Ref. [21], the Y(4230) is interpreted as a compact tetraquark 0383940 414243 44 45 46 47
cscs, which would lead to decays into final states containing ss. is (GeV)
This is supported by the evidence of the Z:(3900) in the process "
ere- -Y(4230) — mrH-J/ P22 S (b) —— data

—— (C/Vs)" continuum
......... (C/\s)" + BW (coherent)

N
~
~
N
N
N
N
N
o
N
-
-~
S
L)

No evidence for a resonant contribution is found, suggesting the
Y(4230) prefers to preserve its charm content

og(e’e” — PKKS) (pb)
———;

lllllllllIlllllIllIIlllllIIIlIIlIIIlllIIIIIIII

|
3.8 39 40 41 42 43 44 45 46 4.
/s (GeV)

[21] Phys. Rev. D 72, 031502 (2005)
[22] Phys. Rev. Lett. 119,072001 (2017) 28
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The Y(4250) — n J/v Cross-section

S} r)(/.l/:e‘?

Si, 70,
Using 44 energy points @,/s = [3.808, 4.951] GeV blh/ﬂ@d f 336 7
O

vy

Study of the aB°™(ete"—= nJ/P)

Search for the P(3770) — n J/P decay, and study of the
gDressed(g+e- = n J/YP) line-shape @,/s = [3.773, 4.600] GeV

Assuming the Y(4230) is a conventional P(4S), the
expected BP4S) = nd/P) is ~ 1.9 x 10-3[23]

Assuming a hadronic molecular state, Refs. [24] predicts
8(Y(4230) — nd/P) to be [2.52 x 106, 13.92 x 10-4]

[23] Phys. Rev. D 91, 094023 (2015)
[24] Phys. Rev. D 88, 094008 (2013)
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The Y(4250) — nJ/1y Cross-section

c':?r)(/l/ 2
Using 44 energy points @,/s = [3.808, 4.951] GeV — z‘z‘@Q, to o [ vy
Study of the aB°™(ete"—= nJ/P) . ¢ Data RD
—~ 100 Solution III — TOtal fit
Search for the P(3770) — n J/¥ decay, and study of the vl - - - y(4040)
gDressed(g+e- = n J/YP) line-shape @,/s = [3.773, 4.600] GeV — 30 A - = (4230)
)
2 ! - .. y(4360)
S Iy
< : — Continuum
T 60 H
Assuming the Y(4230) is a conventional {(4S), the '© s 2
expected BP(4S) = nJ/YP) is ~ 1.9 x 10-3[23] F 40 $ |
Assuming a hadronic molecular state, Refs. [24] predicts §
2(Y(4230) = nJ/YP) to be [2.52 x 10-6, 13.92 x 10-4] o 20
O
©
0 =
&Y (4230) — nd/Y) is estimated to be in the range of 3.8 4 4.2 44 46 4.8 5
(6.06 + 0.76 + 0.17) x 10-3 to (18.89 = 1.75 + 0.90) x 10-3 \[g ( GGV)

[23] Phys. Rev. D 91, 094023 (2015)
[24] Phys. Rev. D 88, 094008 (2013)
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The Y(4250) — nJ/1y Cross-sectio

ar)(,-l/.. 237
sing 44 energy points @s = [3.808, 4.951] GeV . /z‘t@dt 67',7
Op
Study of the aB°™(ete"—= nJ/P) . ¢ Data RD
100 Solution 111 ' ‘
Search for the P(3770) — n J/P decay, and study of the J I\\’ —> (‘)
gDressed(g+e- = n J/YP) line-shape @,/s = [3.773, 4.600] GeV e O\d .

Assuming the P(4230) is a conventional P(4S), the
expected BP4S) = nd/P) is ~ 1.9 x 10-3[23]

Assuming a hadronic molecular state, Refs. [24] predicts
8(Y(4230) — nd/P) to be [2.52 x 106, 13.92 x 10-4]

O.dressed(e+e-% nJd/ v) (pb)

&(P(4230) — nd/YP) is estimated to be in the range of 38 4 42 44 46 48 5
(6.06 + 0.76 + 0.17) x 103 to (18.89 + 1.75 + 0.90) x 10-3 \[E ( GeV)

[23] Phys. Rev. D 91, 094023 (2015)
[24] Phys. Rev. D 88, 094008 (2013)
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Charming Excited Cross-Sections

Phy
S.
7 Rev Lett 130
Using 86 energy points @,/s = [4.19, 4.95] GeV 3)
Study of the o(e*te= m*D°D™)
Simultaneous fit to M™(rt*Dm®%) and Mc(t*DntY) to estimate gPressed
1200
glressed s fitted with a coherent sum of three resonances 2 1000 i, | T XYZ data
and a PHSP term... ~ . 22U bl —+ Scan data
B [

1) Y(4230), its electronic width measurement (~40 eV) N 800 - '
disfavours hybrid interpretation under lattice QCD H 600 . ke UMD RGO LT
calculation(25] T o U | | S

L 400 L it sl e

2) Y(4500), the 8y = T*D°D™) > 8¢ = K*KJ/1) is = oo F
inconsistent with a hidden-strangeness tetraquarkl26] é N

3) Y(4660), first time in open-charm meson states ° O"—',',',,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,

s (GeV)

(251 Chinese Phys. C 40 081002
(261 Phys. Rev. D 73, 094510 (2006)
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The “New” Z. States

40
s = 4.681 GeV t— Data
30 [ (a) Total fit _
Charged structures seem to hint at a completely exotic nature, : Ecs(3985)0 :
as they require a minimum quark content of at least four 20 } } B - Dr (2600)D"
L9 et I L e | - non-Res.
‘\/‘; 10 \ + + Lz p"p»
As these features present themselves near D(*))D(*)s) S L S c;m; BKG
thresholds, they might be as well threshold cusps § 0 4 405 41 415 |
< 207 :
. . . . Q \/E = 4.628 GeV } s = 4.641 GeV
In 2021, BESIHII found the first isospin-1/2 charged state with » 15f (b) : (c)
obvious open-strange content, the Z.(3985)2/] § 10F ! - } * [
. - 5 —+ * ; M!n d
Then, the LHCb collaboration reported28] the Z¢s(4000) ) - tenty ’,//[//4/@}1% bR\
candidate in the K+J/y final state, the mass of which is 20 4 4.05 41 4 4.05 4.
consistent with the Zcs(3985), but with a width 10 times bigger s = 4.661 GeV - s =4.698 GeV
BE (@) ;‘ ()
10F * * U] * -] .-l I l H
°F 4t 3 HI
27] Phys. Rev. Lett. 126, 102001 (2021) 0 yE——e- Y-S T

28] Phys. Rev. Lett. 127, 082001 (2021) RM(K*) (GeV/c?)
CV/C
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The Spin Partner Z(3985)0 "

Using 5 data sets @,/s = [4.628, 4.699] GeV

In Ks® recoil-mass spectrum, evidence in ete= Ks’(Ds' D™t + Ds"D*) of a

near-threshold structure @4.60

Coupling to Ds'D** and Ds"D* suggests ccsd

M(Zcs%) > m(Zcst), which is consistent with predictionsi29 in
either a molecular or compact tetraquark framework

Mass (MeV/c?) Width (MeV)

Z.5(3985)° 39922+ 1.7+1.6 7.775% +4.3
Z.5(3985)" 3985.275 0 £1.7 13.8735 +£4.9
Born
B (pb)
s (MeV ° %
oP°™" x #is found to be consistent Vs | ) Kofgs 6<3985>° K Zes 2<3985>+
with the charged partner 4628 4. 4—% >, £2.0 0.8 —0.8 - 0.6
4641  0.01;0+02 1.6777+1.3
—|—1 8 | —|—1 3 |

It is concluded that Zcs?is the 4661 2.8-,6+0.6 1.6-,; =0.3
isospin partner of Zcs+ 4682 2.27,7+0.8 44705 + 1.4
o 4699 7. 0+2 2418 2. 4+1 1412
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Events / (10 MeV/c?)

tett. 129
(202 2)
—§— Data Total PDF Signal
""""" Sideband Non-resonant process === DJ**D
40 _ 40 _
- () (s =4.628 GeV - () Vs=4.641GeV

40F
- (¢)

\s =

4.661 GeV

WA05 41 415 42 955

30/
20|
10}

100_-

All data

()

405 41 41542

RM(K(S))(GeV/cz)

[29] Nucl. Phys. B 968, 115450 (2021)
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Z(3985) vs Z(A000) o,

Using 12 energy points @,/s = [4.61, 4.95] GeV 30 :_ \/_ GeV
- s =4.63 ~4.92 Ge
Study of the a®°™(e*e = K+K-J/P), and investigate the KJ/y -
invariant mass NS 25 [
= T
220 F
No significant Zcs is found (~2.30) p -
~ 15
o(ee = KZ:5(3985)) x B(Zs(3985) — KJ/P) ~ O(1) pb, while * N
o(ee = KZc:s(4000)) x B(Zcs(4000) — KJ/P) ~ O(3) pb I 10 -
> f
 B(Z(3985)F = K+J /1) 5 | &6
Ro = B 7o) — (0D + bobf)) < 0-09 - 2 S Sy
0 TP 0] AT [ [FHELL T, SRS, L1
3.8 3.9 4 4.1 4.2 4.3
The suppression of the Zs(3985) = KJ/ decay disfavours Ref. [30] M, .. (KZJ/yp) (GeV/ c?)

under the molecular state assumption, supporting the fact that
Z:s(3985) and Z.s(4000) are two different states!3]

[30] Phys. Rev. D 88, 096014 (2013)

[31] Sci. Bull. 66, 2065-2071 (2021)
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An Heavier Partner, the Z'¢s “iivecs

Using 3 energy points @,/s = [4.61, 4.70] GeV

Study of the eB°™(ete= K*(D's'D° + c.c.)
S 100 - D,(2536)" D, Comb. BKG
§ - -t - NR —&— Total data
, | * | ) - —+—— Total fit — 7'
Z'cs state is expected to decay abundantly to DsD with 2 =
masses ranging from 4120 to 4200 MeV/c? following different e~ -
models = 50
Z
E.g., Ref. [32] predicts a 4124 MeV/c2 mass under a D'sD >
molecular hypothesis é
L | o 4.14 4.18
No significant Z’cs (2.10) after systematic uncertainties, the N
statistical local significance is 4.10 RM(K") (GeV/c?)

Mze = (4123.5 + 0.7 + 4.7) MeV/c?

[32] Phys. Rev. D 103, L021501 (2021)
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Summary

BESIII started taking data in ‘08, and since then
it has been exploring and shedding light on the charmonium spectrum and the XYZ states

Datasets above the DD threshold can shed new light on charmonium decays and hint at possible
connections between XYZ states and conventional charmonia

Thanks to its tuneable centre-of-mass energy in the charmonium range and leptonic beams,
BESIIl can be competitive even with smaller datasets

Finally, new data sets are currently being taken and analysed

With the expected inner tracker and accelerator upgrades, exciting times wait ahead...
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Upgrading the BESII Experiment

Energy & Luminosity CGEM-IT
Js (GeV) 3.77 4.70 |

| /
Upgrade VS BEPCH/p\

/A
/
\

Readout electronics

. > -y

f
/
/'.

(CIn

ak luminosit,

P,

With the expected inner tracker and accelerator upgrades, exciting times wait ahead...
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Horizon Europe

THE NEXT EU RESEARCH & INNOVATION
PROGRAMME (2021 - 2027)

B European
Commission

Thank you
for the attention!

We acknowledge the support of the BESIIICGEM Project (645664) - H2020-MSCA-RISE-2014
We acknowledge the support of the FEST Project (872901) - H2020-MSCA-RISE-2019
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BLSIII Experiment

BESIII (BEijing Spectrometer lll) is an
experiment located at the BEPCII
(Beijing Electron Positron Collider Il)
at IHEP (Institute of High Energy Physics)

Multi-layer Drift Chamber

Time of Flight Detector

EM Calorimeter

1T Solenoidal Magnet

t-charm factory 2.0 GeV < /s < 4.9 GeV

with a 1033 cm-2s-1 designed luminosity
@ . s =3.77 GeV
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|

7< O'E/E (]. GeV)

MDC
Single wire o, (1 GeV) 130 pm
o, (1GeV) ~2 mm
o,/p (1GeV) 0.5 %
JdE/dx (1 GGV) 6 %
- EMC

Position resolution (

1 GeV)

|

TOF

oT
Barrel (1 GeV/c muons) 100 ps
End cap (0.8 GeV/c pions) 65 ps

_ — _

;{ Muon Identifier
No. of layers (barrel/end cap)
Cut-off momentum

9/8
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Solenoid field 1.0 T
AQ /4 93 %



BLSIII Experiment

BESIII (BEijing Spectrometer lll) is an
experiment located at the BEPCII
(Beijing Electron Positron Collider Il)
at IHEP (Institute of High Energy Physics)

Multi-layer Drift Chamber

Time of Flight Detector

EM Calorimeter

1T Solenoidal Magnet

t-charm factory 2.0 GeV < /s < 4.9 GeV

with a 1033 cm-2s-1 designed luminosity
@ . s =3.77 GeV
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2009:

2010:
2011:

2012:

2013:

2014:

2015:
2016:
2017:
2018:
2019:

Data sets

106M y(25)
225M J/y
975 pb-1 at w(3770)
2.9 fb-1(total) at yw(3770)
482 pb-1at 4.01 GeV
0.45B (total) w(2S)
1.3B (total) J/y
1092 pb-1 at 4.23 GeV
826 pb-1 at 4.26 GeV
540 pb-1 at 4.36 GeV
10 X 50 pb-1scan 3.81 — 442 GeV
1029 pb-! at 442 GeV
110 pb-! at 4.47 GeV
110 pb-! at 4.53 GeV
48 pb-lat 4.575 GeV
567 pb-1 at 4.6 GeV
0.8 fb-1 R-scan 3.85 — 4.59 GeV
R-scan 2 — 3 GeV + 2.175 GeV
~3fb-1 at 4.18 GeV (for Ds)
7 x 500 pb-1 scan 4.19 — 4.27 GeV
more J/y (and tuning new RF cavity)
10B (total) J/y
8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV

2020: 3.8 fb-l scan 4.61 - 4.7 GeV
2021: 2 fb-1 scan 4.74 - 4 946 GeV

3.0B (total) 1(2S)



A coupled-channel analysisof the 25,
V7

® ® ,h/h‘ 502
X(5872) line-shape with BESIII data Y10 VT
16—
u -...- Signal

—~ 14F Background
Using 11 energy points @v's = [4.178, 4.278] GeV > 12t " Lineshape
Study of the X(3872) production line-shape % 1
Simultaneous fit to the invariant masses of the two X(3872) decay % . ‘ :‘ + 1L

On0,:0 - > 4] = 4[4

channels (D"D"t” e it J/Y) 2 erm,ﬁﬁlj J“Jf

3.9I 3.92 3.94 3.96 3.98
SRLH

39 _ 392 394 396 398
M (D°D%%%) (GeV/c?)

A O O
o O O

N
o
ITTTTTTITTTTITTTTITTTT]TII

W
o

Events / (5 MeV /c?)

—h
=)
T]T1

.75 3.8 3.85 3.9 3.95 4 44
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A coupled-channel analysisof the 25,

Supb -07

X(3872) line-shape with BESIII data "=/, o2

240

Using 11 energy points @v's = [4.178, 4.278] GeV 5000

Study of the X(3872) production line-shape 200

—~ 180

Simultaneous fit to the invariant masses of the two X(3872) decay '> 1601

channels (DD e trJ/y) 5 140F

< 120

Signal parametrisation is from Ref. [16] % 100

\ -

0 0.0 %0 0,0 = 80

dBr(D"D"r") :BBI(D — D7) X g X ke (F) S 60-

dE ID(E)|? 40

| 201

dBr(’/( i J/@D) BFﬁ+7T—J/¢ 0k
dE -D(E)|?

1 stato X(3872)

-..--.-----
N
b b .

lllllll

‘ Combinazione dei due canali
| Forma della linea dello

~§
~.
-
e
-
L A
- -
...
-~
-
--------
-----
-

I TR R R R

3.866 3.868 3.87 3

872 3.874 3.876 3.878 3.88
E (GeV)

D(E) =L _EX - %g [(Keﬂ: (E) T Zkeff(E)) Parametri Liberi

+ (kSq(E) + ikSq (E))] + %Fo Risultato del Fit

[16] Phys. Rev. D 81, 094028 (2010)
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g [y (MeV) Mx (MeV)
0.16 =0.10 2.67 £ 1.77 3871.63 £ 0.13
ncertezzasist. +1.12 —0.11 +&8.01 —0.82 +0.06 — 0.05
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Partial wave analysis of J/1p — ynn’

400F T = I - .

S [ + (a) Xz/d0f= 1.57 i ' 400:_ (b) Xz/d0f= 1.52 +_ _:

S 300 # ey - S F Kl

s [ A 2 : = 300 W, -

< 200} g — 1 (1855 - S i )

_?_,3 i 1. .._..I13WAfit projection (exclude n) _?_,) 200 , 4 M

GC) 100._ Y. % — PWA fit projection (baseline fit)_- qc) E ‘¢ E

0 I ! - 1 100 el .

- - B ® 7]

ol P ot ‘. pane oy . O: oty B0 :—-r-"_:j b

1.5 2 2.502) 3 1 M )(G1e.\5//C2) 2
M(mm’) (GeV/ YN

Decay mode Resonance M (MeV/c®) T MeV) Mppc (MeV/c®) I'epg MeV) B.E (x107°) Sig.
£o(1500) 1506 112 1506 112 1.814£0.11775: 15 >300
f0(1810) 1795 95 1795 95 0.11£0.01%703 11.10
f0(2020) 20104+61S 20349772 1992 442 2.2840.121050 24.60
J/p =X =y’ | f0(2330) 23124777 65410713, 2314 144 0.10+0.02 555 13.20
m (1855) 18554+91% 188+1873 - - 0.2740.041002 21.40
£2(1565) 1542 122 1542 122 0.3240.0510 55 8.70
£2(2010) 20624+671° 1654+17F1° 2011 202 0.71+0.0610 58 13.40
£4(2050) 2018 237 2018 237 0.06+0.0175 0% 4.60
0" PHSP - - - - 1.44+0.1510 50 15.70
J/p = n'X — ynn' | hi(1415) 1416 90 1416 90 0.0840.011025 1020
h1(1595) 1584 384 1584 384 0.160.0270:0% 9.9¢
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Partal wave an

alysis o

40

N
o

Weight sum/(10 MeV/c?)
o

)/ —ymy

+Data - Sideband
—PWA fit projection
..PWA fit projection

E

baseline fit)
exclude 7]1)

+.-.' ' : .
0 * .uw- 1’+ '
F f
5 2 25 3
M(Tm’)(GeV/CZ)

Uno stato esotico isoscalare

JPC = 1-+ | cui parametri sono
consistenti con i calcoli LQCD

per lo stato ibrido 1-+ hybrid

400F T IS
S [ + (a) Xz/d0f= 1.57 :
o = ‘ -
S 300 § Rl -
% - ‘ * O+ -
L b — 4" i
1C_> 200} | ‘o “~‘ — 1 (n,(1855)) -
= i f —1r L :
12 i ", ... PWA fit projection (exclude n)
- . e} — PWA fit projection (baseline fit) -
q) .
> 100 b =
LLI [ i
= ‘ -
OJ 'ﬂf"—x ‘ : - P e = A i
1.5 2 2.5 3
M) (GeV/c?)
Decay mode Resonance M (MeV/c®) T MeV) Mppc (MeV/c®) I'epg MeV) B.E (x107°) Sig.
£o(1500) 1506 112 1506 112 1.81£0.1175: 13 >300
f0(1810) 1795 95 1795 95 0.11£0.01%703 11.10
f0(2020) 20104+61S 20349772 1992 442 2.2840.121050 24.60
J/Y =X —ym’ | fo(2330) 23124+7F% 6541073, 2314 144 0.1040.021005 1320
m (1855) 18554+91% 188+1873 0.2740.041002 21.40
f2(1565) 1542 122 1542 122 03240057012 87
£2(2010) 20624+671° 1654+17F1° 2011 202 0.71+0.0610 58 13.40
£4(2050) 2018 237 2018 237 0.06+0.0175 0% 4.60
0" PHSP 1.44+0.1510 50 15.70
— — 1 . VUl 5 20
J/p = n'X = ynn’| hi(1415) 1416 90 1416 90 0.0840.0170:25 10.2
h1(1595) 1584 384 1584 384 0.16£0.02750 9.90
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