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Overview of XYZ Physics at the BESIII Experiment

Use e*e™ data at Eqy; between 4 and 5 GeV to study...

Y Physics = unexpected features (states?) in exclusive ete™ cross sections (6(Egy))

New Results (>2022):

xtn~JIy (prD 106, 072001 (2022)7; KT K~ J /W (cpe 46, 111002 2022)7;, K K J/y (PrD 107, 092005 (2023)];

DD and D" T D~ juepos, 155 (2022)]} DDz pre 130, 121901 20231, DYD ™t 1~ 1prD 106, 052012 (2022))

DS* +D: ™ farxiv:2305.107891; 70T Y (3823) (pRL 129, 102003 2022)7; WO W (3823) ump 02, 171 20231 QY. THEP 01, 132 (2023)]
Questions:

How many and where are the poles (resonances) in the scattering matrix?
Future/Ongoing Work:

Perform a global K-matrix fit to many channels.

X(3872) Physics = well-known candidate for a D*D molecular state

New Results (>2022):

ete™ > wX(3872) ipre130, 15194 2023)1; eTe™ — X(3872) (prp 107, 032007 2023)7; X(3872) — n(7)y,. (PRD 105, 072009 (2022)]
Questions:

What is the X(3872)? Can we use it to further study the properties of hadronic molecules?
Future/Ongoing Work:

Study the line shape in X(3872) — DDV and look for new decays and production mechanisms.

Z. Physics and Z_ Physics = peaks with I # 0 seen near DD*, D*D*, and D .D* thresholds

New Results (>2022):

ete” — KSZQS — KS(DSJFD*_) [PRL 129, 112003 (2022)];, €T e~ — K+Z; — K+(D:_D*O) [CPC 47, 033001 (2023)]
Questions:

Are the Z_ and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?
Future/Ongoing Work:

Study the line shapes in more detail with input from theory.

Ryan Mitchell (Indiana University) — Overview of XYZ Physics at the BESIII Experiment 5
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Overview of XYZ Physics at the BESIII Experiment

Use e*e™ data at Eqy; between 4 and 5 GeV to study...

Y Physics |= unexpected features (states?) in exclusive e¥e™ cross sections (6(Egy))

New Results (>2022):
xtn~JIy (prD 106, 072001 (2022)7; KT K~ J /W (cpe 46, 111002 2022)7;, K K J/y (PrD 107, 092005 (2023)];

k k__ k — % k__ — —
D tD " and D YD~ puepos, 155 2022)5, D OD* =% pre 130, 121901 20231, DYD ™t 1~ 1prD 106, 052012 (2022))

DS* +D: ™ farxiv:2305.107891; 70T Y (3823) (pRL 129, 102003 2022)7; WO W (3823) ump 02, 171 20231 QY. THEP 01, 132 (2023)]
Questions:

How many and where are the poles (resonances) in the scattering matrix?
Future/Ongoing Work:

Perform a global K-matrix fit to many channels.

ete” > wX(3872) ipre130, 151904 2023); eTe” — X(3872) (prp 107, 032007 2023)1; X(3872) — n(7)y, (PRD 105, 072009 (2022)]
What is the X(3872)? Can we use it to further study the properties of hadronic molecules?

Study the line shape in X(3872) — DD and look for new decays and production mechanisms.

o *_ o I__ k_ *k
ete” > KSZBS — KS(D;'D ) [PRL 129, 112003 2022)], € Te™ — K+ch — K+(DS D O) [CPC 47, 033001 (2023)]
Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.
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Overview.c

7T+7T_J/l//[PRD/
D D ~and L
D5+DS_ [arXiv:2:

How many and

ha RL Kperiment

o oto—
Use e"e™ data at E-y be | 20(44z0()41so) 0(@S)
Y Physics Y(4360)

Y(4260)

Y(2°D1)

P(33S1)

Physics Letters B 660 (2008) 315-319

Determination of the ¢ (3770), ¢ (4040), ¥ (4160)
and v (4415) resonance parameters

BES Collaboration

55

w (4040)

5.0 |
L w(3770)

45

2

w (4160)

w(4415)

Perform a glob

MASS [GeV/c?]

ete” - wX(3
What is the X(

Study the line |

ete” — K70
Are the Z_ and

Study the line s®
Ryan Mitche

y"’(13D,)

JIP(13S1)

4.0

3.5

3.0
25 |
2.0 . e
15F ___________
1of | NG

. L .
b | s ‘ | P52 ’
[ I3 . . A 4 \
05F |\ / Gl it N
o bt bstia
! N A ® o 3 v of: X

i = -t g PN i o i
\ O 1, R O L .
A R e wm T & e . o= a n e o o
0.0 frdecrimimavriSissiefrerriirrno s anass R o e -
s \ onmon "

-10 1 1 1 1
37 38 39 40 41

42 43 44 45 46 47 48 49 50
Ecm(GeV)

= The shape of the inclusive cross section agrees well with

quark model expectations.

—= , Dol [l Experiment 8



Overview

o(e’'e = nnd/y) (pb)

100

S
~
~a
~.

""""""
----------
Dl e

eriment
[
Z(4430) :
4.0 Nc(41So) YsSy) | 4
Y(4360) |
Xc2(33P2)
Y(4260) | N(3P1) Xo1(33P1)
4.2 S Xc0(33Po)
P(23Dy) | 3
% 4 (2M4020)fis,) | WESY | 2
e
Q) Z:(3900) he(2'P; X(3915) Xc2(23P2)
ete™ - atn Jly ete”™ - ntny(2S)
PRD106,072001(2022) PRD 104,052002(2021)
3 Y(4260)? = XYZ data 100 ___ Fit result
= —+ R-scan —3 Data
3 Y(4230)? 80 6 -~ Single BW
- (s=3.8713 Y(4360)? Non-resonance
= 5 __Eit 60 ( ) Inteference
— 40 Y(4660)?

;".""o"' """" . R 0 ‘Es.b:'.‘a’.--.- -.-9'?-.%:#0;:9':.-.-,- %"

:|I|||:|||:||...ﬂ:,,,|°lI

3.8 4 4.2 4.4 4.6
/s (GeV)

o(e’e - ny(3686)) (pb)

41 42 43 44 45
Is (GeV)

=—> Exclusive cross sections show a surprising variety of structure.



Overview.c DICEEFE ha DL xperiment

Z.(4430) D@5y

: 4.4 = T1o(41S0)
Y Physics Y(4360)

Y(4260)

Y(2°D1)

{z(4020) W(3%S4)

ete” > KTK Jly ete” — KKl ly

PRD 107, 092005 (2023)

CPC 46, 111002 (2022)

—3-Data '
— Fit curve: Total (a)
— Fit curve: Y(4230)

@ Data — Fit result
Y(4230) -=== Y(4500)
Y(4710)

S

%S (K K J/y) (pb)

L — Fit result
Y(4230) . S ==== Y(4500)
Y(4710) = E

o)
o
g
=
)
X
+
X
/l\
()
+
Q
o
©

S

593 (K’K 2J/yr) (pb)

: [
L
4.4 4.6
's (GeV) . . 4.6
Vs (GeV)
—> Exclusive cross sections show a surprising variety of structure.




Overview.c DICEEFE ha DL xperiment

Z+(4430) D@5y

: 4.4 = T1o(41S0)
Y Physics Y(4360)

Y (4260) Xc1(33P1)

Y(2°D1)

{z(4020) W(3%S4)

ete” - DD 4+ cc.

JHEP 05, 155 (2022)

4
3.5

3
25

fe
£ 2
)

1.5
1
0.5

0

(\9)

A EEEEEEEEEEEEEEEEEEEEEEESN

r
8

N

Ryan Mitclie T . ———— , D L0111 Experiment 11



Overview.c O ha DL xperiment

Z:(4430)
4 41— No(41S0)

p(4%s1) | 4
Y (4360)

Y(4260)

Y(2°D1)

P(33S1)

— * *__
ete” - D "D,

arxX1v:2305.10789

S B L B L S B B S R T T T L R B A

= T T T e ———— e |

Q_‘ 103 — 5 3 - - T _

\— - s . 4 .

% - -

g L . ) |
a ) :

te 1070 : E

Lo . 2 N ]

obm | IBW | ¢ }ata'\-, .

_ — IBWJ  —fittedline - g .

10k -.4- continue IBW I 2 -

O & I : PR T N AN N TR N N |1 [ /I | \ T

4.3 4.4 4.5 4.6 4.7 4.8 49

Ecy, (GeV)

—> Open-charm cross sections apparently show complex interference patterns.

Ryan Mitcre T : T . e D Lol Experiment

12



Overview.c DICEEFE ha DL xperiment

Z:(4430) D@5y

: 4.4 = T1o(41S0)
Y Physics Y(4360)

Y(4260)

Y(2°D1)

P(33S1)

— S *k
ete- > DD rt+c.c. ete™ = D™D n1tn

PRL 130, 121901 (2023) PRD 106, 052012 (2022)

E — it —+ XYZ data
Continuum & —+ Scan data

w9

o(e'e—n*n’ DD )(pb)

Gdressed( ete’ %D*OD*_TC‘L)

o

P17 dlllllridlllridlll|lhidl|lhii||

Ryan Mitcre PTCTTTCT =TT : T , DOl Experiment 13



Overview.c O ha DL xperiment

Z+(4430) D@5y

: 4.4 = T1o(41S0)
Y Physics Y(4360)

Y(4260)

Y(2°D1)

ete” - nTnyy(3823) - 7T (yy,) ete” — 1y, (3823) = 2’1 (yx,)

PRL 129, 102003 (2022) JHEP 02, 171 (2023)

o)}
o

—+ Data

— Fit
Background
Sideband

1%%)

—+ Data

— Fit
Background
Sideband

—— Data

— Fit
Background
Inclusive MC

Events / 5 MeV/c?
S
T O T T T
Events / 5 MeV/c?

(&)

365 3.7 375 38 385 65 37 3.75
M) (GeV/c?) M) (GeV/c?)

[+ Data | 36 37 38 39
I — Two-BW fit § M(,Y,YJ/W) (GeV/CZ)

| === One-BW fit

Events / 12 MeV/c?

o

= The y,(3823) is produced at high E~\,
(and also with a non-trivial cross section lineshape).

14



Overview.c

Z+(4430)

4.4

Ne(4'So)

P(4°S1)

Y (4360)

Y(4260)

Y(2°D1)

P(33S1)

ete” = P

JHEP 01, 132 (2023)

1

i (b)
" Threshold

—+ Data
— Fit

0
8
6
4
2
]

5 46 47 48 49
/s (GeV)

5

Kperiment

15 - (a) —+— Data
| Threshold — BW
. Y(4660)

100 | ¢ o Y(4660)+PHSP
: E ’ Y Acont\/a
L B ‘ l =7:7=7=."“=:”=“7“=‘?I:“‘-“ e

15

= [t'’s now possible to measure cross sections for even heavier exclusive final states.

46

4.7
I's (GeV)

y
na
. “
P P % P 4% P

Ryan Mitche —

=pT.511l Experiment

5




Overview of XYZ Physics at the BESIII Experiment

Use e*e™ data at Eqy; between 4 and 5 GeV to study...

Y Physics |= unexpected features (states?) in exclusive e¥e™ cross sections (6(Egy))

New Results (>2022):
xtn~JIy (prD 106, 072001 (2022)7; KT K~ J /W (cpe 46, 111002 2022)7;, K K J/y (PrD 107, 092005 (2023)];

k k__ k — % k__ — —
D tD " and D YD~ puepos, 155 2022)5, D OD* =% pre 130, 121901 20231, DYD ™t 1~ 1prD 106, 052012 (2022))

DS* +D: ™ farxiv:2305.107891; 70T Y (3823) (pRL 129, 102003 2022)7; WO W (3823) ump 02, 171 20231 QY. THEP 01, 132 (2023)]
Questions:

How many and where are the poles (resonances) in the scattering matrix?
Future/Ongoing Work:

Perform a global K-matrix fit to many channels.

ete” > wX(3872) ipre130, 151904 2023); eTe” — X(3872) (prp 107, 032007 2023)1; X(3872) — n(7)y, (PRD 105, 072009 (2022)]
What is the X(3872)? Can we use it to further study the properties of hadronic molecules?

Study the line shape in X(3872) — DD and look for new decays and production mechanisms.

o *_ o I__ k_ *k
ete” > KSZBS — KS(D;'D ) [PRL 129, 112003 2022)], € Te™ — K+ch — K+(DS D O) [CPC 47, 033001 (2023)]
Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.

Ryan Mitchell (Indiana University) — Overview of XYZ Physics at the BESIII Experiment 16
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Overview of XYZ Physics at the BESIII Experiment

K-matrix Analysis of e"e~ Annihilation in the Bottomonium Region
Y Physics
N. Hiisken,»? R.E. Mitchell,! and E.S. Swanson?®

PRD 106, 094013 (2022)

(b) B*B

10.58 106

Vs (GeV)

—> The infrastructure required to analyze many-channel systems is being developed.
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Use eTe™ data at E~, between 4
CM

K-matrix Analysis of ete~ Annihilation in the Bottomonium Region
Y Physics
N. Hiisken,»? R.E. Mitchell,! and E.S. Swanson?®

PRD 106, 094013 (2022)
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Are the Z.and Z_, —> The infrastructure required to analyze many-channel systems is being developed.

Study the line shapes in more detail with input from theory.
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Overview of XYZ Physics at the BESIII Experiment

Use e*e™ data at Eqy; between 4 and 5 GeV to study...

¥~ Iy prD 106, 072001 (2022)7; K™K~ J/W rcpc 46, 111002 2022)1; K <K J/y 1PrRD 107, 002005 (2023)];
%k k__ k o %k k__ . .
D ™D ~and D TD™ puepos, 155 202205, D OD* = nt [PRL 130, 121901 (2023)7, D™D~ 7 [PRD 106, 052012 (2022)]
% *k__ _
D, +DS [arXiv:2305.10789], T TT Wr(3823) (PRL 129, 102003 (2022)); ﬂoﬂol/lz(3823) [JHEP 02,171 (2023)]; (DY .j [JHEP 01, 132 (2023)]

How many and where are the poles (resonances) in the scattering matrix?

Perform a global K-matrix fit to many channels.

X(3872) Physics | = well-known candidate for a D*D molecular state

New Results (>2022):

ete™ > wX(3872) ipre130, 15194 2023)1; eTe™ — X(3872) (prp 107, 032007 2023)7; X(3872) — n(7)y,. (PRD 105, 072009 (2022)]
Questions:

What is the X(3872)? Can we use it to further study the properties of hadronic molecules?
Future/Ongoing Work:

Study the line shape in X(3872) — DDV and look for new decays and production mechanisms.

o *_ o I__ k_ *k
ete” > KSZg — KS(D:D ) [PRL 129, 112003 (2022)], € e~ — K+ch — K+(DS D 0) [CPC 47, 033001 (2023)]
Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.

Ryan Mitchell (Indiana University) — Overview of XYZ Physics at the BESIII Experiment 20
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

ete”™ - yX(3872) - yx rn Jly

PRL122,202001 (2019)

7Z+7Z_J/l// [PRD 106, 072001 (2022)], K+K_J/l// [CPC 46,
%k k__ k o %k %k
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X(3872) Physics
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What is the X(3872)? Can we use it to furt
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Study the line shape in X(3872) — D™DV

b
*
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= The X(3872) is produced in a clean

Are the Z. and Z,; peaks evidence for furthe environment at BESIII.

o else?

Study the line shapes in more detail with input from theory.
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X(3872) Physics

X(3872) = %,

PRL122,202001 (2019)
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== BESIII can probe novel decay modes of the X(3872).
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X(3872) Physics

X(3872) — yJ/y and yy(2S)

PRL 124, 242001 (2020)
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= BESIII can probe novel decay modes of the X(3872), including radiative decays
and decays with open charm.
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Use ete™ data at Ecyp between 4 gua
X(3872) = yJ/y and yw(2S)

L PRL 124, 242001 (2020)
T T J/l//[PR/) 106,

D"*D"~ and D"

D‘::_FD‘::_ [arXiv:2305.
TABLE I Relative branching ratios and UL on branching ratios

How many and compared with X(3872) — n*z~J/y [18,27], where systematic
uncertainties have been taken into account.

Perform a global

Mode Ratio UL

X(3872) Physics vy 0.79 + 0.28

' —0.03 +0.22 <042
ete” — wX(387 yD° DY 0.54 4+ 0.48 < 1.8
DD —0.13 +0.47 < 1.16

What is the X(38 D*D° + c.c. 11.77 + 3.09 .
yDT D~ 0.00% 50 < 0.99
Study the line sha ol /w 1.679% +0.2 [18] .

0.
0% 1 o.ssfg;f; +0.10 [27]

+,— 0
€ce — KS ch
= BESIII can probe novel decay modes of the X(3872), including radiative decays
Are the Z and Z and decays with open charm.
(& CS

Study the line shapes in more detail with nput Irom theory.
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

¥~ Iy prD 106, 072001 (2022)7; K™K~ J/W rcpc 46, 111002 2022)1; K <K J/y 1PrRD 107, 002005 (2023)];
%k k__ k o %k k__ . .
D ™D ~and D TD™ puepos, 155 202205, D OD* = nt [PRL 130, 121901 (2023)7, D™D~ 7 [PRD 106, 052012 (2022)]
% *k__ _
D, +DS [arXiv:2305.10789], T TT Wr(3823) (PRL 129, 102003 (2022)); ﬂoﬂol/lz(3823) [JHEP 02,171 (2023)]; (DY .j [JHEP 01, 132 (2023)]

How many and where are the poles (resonances) in the scattering matrix?

Perform a global K-matrix fit to many channels.

X(3872) Physics | = well-known candidate for a D*D molecular state

New Results (>2022):

ete™ > wX(3872) ipre130, 15194 2023)1; eTe™ — X(3872) (prp 107, 032007 2023)7; X(3872) — n(7)y,. (PRD 105, 072009 (2022)]
Questions:

What is the X(3872)? Can we use it to further study the properties of hadronic molecules?
Future/Ongoing Work:

Study the line shape in X(3872) — DDV and look for new decays and production mechanisms.

o *_ o I__ k_ *k
ete” > KSZg — KS(D:D ) [PRL 129, 112003 (2022)], € e~ — K+ch — K+(DS D 0) [CPC 47, 033001 (2023)]
Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.
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X(3872) - DD + c.c.

PRL 124,242001 (2020)

D —
Il yDY
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X(3872) Physics
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“ un l
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o

—> The open charm mode can be used in a coupled-
channel analysis of the X(3872).
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X(3872) Physics

ete” - wX(3872) at Ey; between 4.66 and 4.95 GeV

PRL 130, 151904 (2023)

—+— Data

— Fit

- - - - Background
Sideband

ik i N L

3.82 3.8;1 3.8613.8é 3.9 3.92 3.94
M(mrrd/y) (GeV/c?)

Events / (3.0 MeV/c?)
WO NN B OO O 5 K; _-D: C_J;

= BESIII recently discovered a new production mechanism for the X(3872).
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X(3872) Physics

Search for eTe™ — X(3872) — ntn~Jly

PRD 107, 032007 (2023)

o
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e,
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©

3900

O ]
3800 3820 3840 3860 3880

Center-of-Mass Energy / MeV

—> BESIII continues to search for new production mechanisms and decay modes.
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Search for X(3872) — 7’0, 7t x.0, 7°7°%

PRD 105, 072009 (2022)

K™ K'K

it Il o0 & O Frres T o 1 . Pagmy
m‘l I i

| ) T
5

3.80 385 390 395 4.00 375 3.80 3.85 390 3.95 4.00
Mass(noxco) [GeV/c?] Mass(noxco) [GeV/c?]

Events/5 MeV/c?

Events/5 MeV/c?
N w AN (@) » ~

X(3872) Physics

o

0
3.7

Ratio 90% C.L. upper limit

B(X(3872)=1"%.0) 3.6

BX(3872)=n 7 J/y)

B(X(3872) 7% o) 4.5
B(X(3872)—=7x".,)

B(X(3872)—>x"n y.0) 0.56
BX(3872)=n "7 J/y)

B(X(3872)—>7°7%.0) 1.7
BX(3872)=r* 7 J /)

= BESIII continues to search for new production mechanisms and decay modes.
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

¥~ Iy prD 106, 072001 (2022)7; K™K~ J/W rcpc 46, 111002 2022)1; K <K J/y 1PrRD 107, 002005 (2023)];
*k k__ *k o *k k__ . .
D ™D ~and D TD™ jmepos, 155 2022)5;, D OD" =7 pre 130, 121901 20237, DYD ™™ 1PRD 106, 052012 (2022));
%k k__ o
D, +DS [arXiv:2305.10789], T TT Wr(3823) (PRL 129, 102003 (2022)); ﬂoﬂol/lz(3823) [JHEP 02,171 (2023)]; (DY .j [JHEP 01, 132 (2023)]

How many and where are the poles (resonances) in the scattering matrix?

Perform a global K-matrix fit to many channels.

ete” > wX(3872) ipre130, 151904 2023)1; eTe” — X(3872) (pro 107, 032007 2023)7; X(3872) — n(7)y,.q (PRD 105, 072009 (2022)]
What is the X(3872)? Can we use it to further study the properties of hadronic molecules?

Study the line shape in X(3872) — D D" and look for new decays and production mechanisms.

Z. Physics and Z,; Physics | = peaks with [ # 0 seen near DD*, D*D*, and D, D* thresholds

New Results (>2022):

ete” - KSng — KS(DSJFD*_) [PRL 129, 112003 (2022)], € e~ — K+Z; — K+(D:_D*O) [CPC 47, 033001 (2023)]
Questions:

Are the Z_ and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?
Future/Ongoing Work:

Study the line shapes in more detail with input from theory.
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Use e¥e™ data at Eqy bet

xta~J/y prp 10

*k k__

D ™D ~and D
%k k__

D, +DS [arXiv:23

How many and

Perform a glob;

ete” - wX(3

What is the X(

Study the line s

Z. Physics and Z ., Physics

Events / 0.01 GeV/c?

= The isospin-1 Z,(3900) appears near DD* threshold.

ete™ - Z.(3900)r —» n*n~Jly

PRL110, 252001 (2013)

—4— Data
— Total fit
-=-- Background fit

-.=- PHSP MC

M. (=) (GeV/icd)

(2023)];
~ [PRD 106, 052012 (2022)],

2, 171 (2023)], gb)(c 7 [JHEP 01,132 (2023)]

((3872) — n(m)y, o (PRD 105,072009 (2022)]
1c molecules?

duction mechanisms.

— *__ o I__ k_ %
ete” > KSZBS' — KS(Dj' D7) (pre 129, 112003 20227, eTe” = K +ch - K +(DS D 0) [CPC 47, 033001 (2023)]

Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.

Ryan Mitchell (Indiana University) —
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Use e¥e™ data at Eqy bet

ete™ - Z.(3900)r —» n*n~Jly

PRL110, 252001 (2013)

—4— Data

— Total fit

ete™ > Z.(4020)r — 7 h

PRL111, 242001 (2013)
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Perform a glob; 40
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80

ete” - wX(3 60 )]
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-
LTSN
5
‘e
5

What is the X(

Study the line § = The isospin-1 Z,(3900) appea

Z. Physics and Z ., Physics

. *_
ete” > KSZ(?S' — [(S(D:'D ) [PRL 129, 112003 (2022)], ete

415 420 4.25

Mn:hc(GeV/cz)

= The isospin-1 Z.(4020) is near D*D* threshold.

Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.
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ete™ - K*(D-D™ + D;~D")

PRL126, 102001 (2021)

40
s = 4.681 GeV —+— Data

100 : |
o i 30} (a) Total fit
S i : — — — Z,(3985)
o 80 : R - D* (2600)°D*
(E - —~  FPlurrmee TRy, | non-Res.
N S *k *
o 60¢ § i —— D, D
2 I O s 7 comb. BKG
o 40| = 4 405 41 415
c | <
S 20 :
S i 2 Ns=4.628 GeV - s =4.641 GeV
L 2
=
)
>
a4

B :%,%WMA 9 40
. . M., (GeV/c?)

s = 4.661 GeV . Vs =4.698 GeV
(d) 5 ‘ (e)‘ \ i
i A5 420 425
Z_ Physics and Z ., Physics : f M_., (GeV/c?)
M et R T

4 41 4 405 41 415

RM(K") (GeV/c?)

D*D* threshold.

= The isospin-1/2 Z.(3985) is near D D* threshold.
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—§— Data

ete™ - K(D;D"* + D, D")

PRL 129, 112003 (2022)
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= Evidence for the neutral Z.(3985) has also been found.

Ryan Mitchell (Indiana University) —

Overview of XYZ Physics at the BESIII Experiment

34



Overview of XYZ Physics at the BESIII Experiment

Z. Physics and Z ., Physics

~
N
Q
~
>
=
&\
~—'
—
N
~
=
P
>
=

n
—

Search for the Z'_in eTe™ — K*(D,~D™")

CPC 47,033001 (2023)

D_(2536)" D, Comb. BKG
--- NR —¢— Total data
— Total fit — 7'
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= There is no evidence yet for a Z,, near D¥* D* threshold.
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

¥~ Iy prD 106, 072001 (2022)7; K™K~ J/W rcpc 46, 111002 2022)1; K <K J/y 1PrRD 107, 002005 (2023)];
*k k__ *k o *k k__ . .
D ™D ~and D TD™ jmepos, 155 2022)5;, D OD" =7 pre 130, 121901 20237, DYD ™™ 1PRD 106, 052012 (2022));
%k k__ o
D, +DS [arXiv:2305.10789], T TT Wr(3823) (PRL 129, 102003 (2022)); ﬂoﬂol/lz(3823) [JHEP 02,171 (2023)]; (DY .j [JHEP 01, 132 (2023)]

How many and where are the poles (resonances) in the scattering matrix?

Perform a global K-matrix fit to many channels.

ete” > wX(3872) ipre130, 151904 2023)1; eTe” — X(3872) (pro 107, 032007 2023)7; X(3872) — n(7)y,.q (PRD 105, 072009 (2022)]
What is the X(3872)? Can we use it to further study the properties of hadronic molecules?

Study the line shape in X(3872) — D D" and look for new decays and production mechanisms.

Z. Physics and Z,; Physics | = peaks with [ # 0 seen near DD*, D*D*, and D, D* thresholds

New Results (>2022):

ete” - KSng — KS(DSJFD*_) [PRL 129, 112003 (2022)], € e~ — K+Z; — K+(D:_D*O) [CPC 47, 033001 (2023)]
Questions:

Are the Z_ and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?
Future/Ongoing Work:

Study the line shapes in more detail with input from theory.
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Use eTe™ data at Ecy between 4 aua AVERIITY:

JPAC analysis of the Z.(3900) in 75°J/y and (D*D + c.c.)™"

nta~ Iy (pri PLB 772,200 (2017)

*k k__

D *D ™ and
%k k__

DS +DS [arXiv
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Study the lind = F/| Bi) . | ZC(3900)
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1 . 3.95 4.00 4.05 . . . 4.00 4.05 4.10
Z. Physics and Z., Phy o oo

ete” - K

= The theoretical framework to describe the Z (3900) exists.
We still need a joint theory-experiment analysis.

Are the Z_. and

Study the line shapes 1n more detail with Tnput Iromn theory.
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Use eTe™ data at Ecy between 4 aua AVERIITY:

JPAC analysis of the Z.(3900) in 75°J/y and (D*D + c.c.)™"

7T+7T—J/‘/’ [PRI PLB 772,200 (2017)
*k k_
D *D ™ and
:}:+ k__ ‘
DS DS [arXiv Ecw = 4.26 GeV| = Egy = 4-23 GeV L Ecu=4.26 GeV
How many af s | | 3 El:
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ete” > K
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model for the

Z (3900)

Intensity (a.u.)
Intensity (a.u.)

Study the ling

= The theoretical framework to describe the Z (3900) exists.
Are the Z, and We still need a joint theory-experiment analysis.

Study the line shapes 1n more detail with Tnput Iromn theory.
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

Y Physics = unexpected features (states?) in exclusive ete™ cross sections (6(Egy))

New Results (>2022):

xtn~JIy (prD 106, 072001 (2022)7; KT K~ J /W (cpe 46, 111002 2022)7;, K K J/y (PrD 107, 092005 (2023)];

DD and D" T D~ juepos, 155 (2022)]} DDz pre 130, 121901 20231, DYD ™t 1~ 1prD 106, 052012 (2022))

DS* +D: ™ farxiv:2305.107891; 70T Y (3823) (pRL 129, 102003 2022)7; WO W (3823) ump 02, 171 20231 QY. THEP 01, 132 (2023)]
Questions:

How many and where are the poles (resonances) in the scattering matrix?
Future/Ongoing Work:

Perform a global K-matrix fit to many channels.

X(3872) Physics = well-known candidate for a D*D molecular state

New Results (>2022):

ete™ > wX(3872) ipre130, 15194 2023)1; eTe™ — X(3872) (prp 107, 032007 2023)7; X(3872) — n(7)y,. (PRD 105, 072009 (2022)]
Questions:

What is the X(3872)? Can we use it to further study the properties of hadronic molecules?
Future/Ongoing Work:

Study the line shape in X(3872) — DDV and look for new decays and production mechanisms.

Z. Physics and Z_ Physics = peaks with I # 0 seen near DD*, D*D*, and D .D* thresholds

New Results (>2022):

ete” — KSZQS — KS(DSJFD*_) [PRL 129, 112003 (2022)];, €T e~ — K+Z; — K+(D:_D*O) [CPC 47, 033001 (2023)]
Questions:

Are the Z_ and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?
Future/Ongoing Work:

Study the line shapes in more detail with input from theory.
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Use e*e™ data at Eqy; between 4 and 5 GeV to study...

BEPCII-U Upgrade

arXiv:1912.05983

Upgrade BEPCII . <
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—> BEPCII-U will extend the lifetime of BESIII into the foreseeable future.

— *__ o I__ k_ %
ete” > KSZg — KS(Dj' D7) (pre 129, 112003 20227, eTe” = K +ch - K +(DS D 0) [CPC 47, 033001 (2023)]
Are the Z. and Z_, peaks evidence for further hadronic molecules or kinematic thresholds or something else?

Study the line shapes in more detail with input from theory.
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SUMMARY

e BESIII remains a very active experiment in XYZ physics with > 14 publications
in the field since 2022.

* Meaningful progress can still be made with current data sets: for example,

a global K-matrix fit to sort out the Y states and lineshape studies of the Z. and X.

e The BEPCII-U upgrade will provide larger data samples, which are essential
for improved sensitivities to XYZ decay modes and lineshapes.

e Data above 5 GeV may still hold surprises for the XYZ.

e Stay tuned for continuing contributions from BESIII!
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