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Beijing Electron Positron Collider:

« symmetric, double-ring e*e~ collider
« energy range: 2 GeV < /s < 4.94 GeV
e luminosity: 1033 cm™2s™1 (at ¢ (3770))
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BESIII

o MDC: drift chamber
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o EMC: electromagnetic

ToF

calorimeter

SC
Quadrupole

o RPC: resistive plate

chambers for muon ID
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BESIIl datasets

Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

Y(25)
Mark-1
Mark-1 + LGW
Mark-I1
® PLUTO
¥¢ Crystal Ball
* BES

energy range: 2 GeV < +/s < 4.94 GeV
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L/pb

BESIIl datasets
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« 1019 J /3 decays

« 448 -10° (2S) decays
(with another 2.3 - 10°
recently finished)

— light hadron spectroscopy
& decays, charmonium

decays, hyperon physics, ...

see other talks:

07/26 11:15, 11:40

07/27 11:40

07/28 07:25, 09:45

07/30 09:45, 10:05, 11:15



On X(1835),X(2120), X(2370)

PRL 95 (2005) 262001 PRL 106 (2011) 072002 PRL 117 (2016) 4, 042002

n
@
(=3
o

—+-Data

— Global Fit

-----£(1510)

---X(1835)

== X(1920)

- X(2120)

— Non-Resonant

B Background
pp threshold

/

- n
@ o
[=3 [=3
o (=]

Events/(0.02GeV/c?)

=
©
=
o
N
]
o
P
L
=
w

Events / (10 MeV/c?)

o
Q
o

1.4 2.0 2.6 0% 4 16 18 20 22 24 26 28

' . 2 o b ciiin
M(J‘["’n'r] ) (GeV/C ) an_n(GeV/CZ) 14 15 ;\)ii[n’zlgr']}ée\}?cz)z 21 22

« X(1835):seeninyn'ntn~, ynKJKg, vy, ywo close to pp
 similar state in: ypp, y3(n*n~), wnntn~ (recoiling off an w) [ threshold
« what about the other peaks?

— factor of 8 increase in statistics upcoming!
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Events/(0.01GeV/c?)

JAp—y KK, n=a'mn, vy
—— Data Chebychev

— Fit result =~ PHSP

[ Signal X(2370)
o Jhp— K™* K '+ c.c.
-= 7’ sideband

Events/(0.01GeV/c?)

=y KK, =y, pP—smtn
—— Data Chebychev

— Fit result =-=*PHSP

2% Signal X(2370)
Jhp— K* K n+c.c. 4
-= 1’ sideband

On X(1835),X(2120), X(2370)

J/Y - yKKn'":

« basedon 1.3-10° /¢

« simultaneous fit to
n' >nontn”andn’ - yntaT,
and J/Y - yK*K™n'
and J/Y — yKSKSn'

“22 23 24 25 26 27
My, (GeV/C?)

2 23 24 25 26 27
My, (GEV/C?)

Jhp—=y KK, =y’ pPsmi
—— Data Chebychev

Jhp—yK2KG 0, -, n—>yy
——Data Chebychev
----PHSP

- ----PHSP
—_ F|‘t result Total bkg

— Fit result -+ Total bkg

ignal X(2370)
1’ sideband

ignal X(2370)
1’ sideband

« 8.30 for X(2370) » KKn'
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Events/(0.01GeV/c?)

* no indication for
X(2120) -» KKn

22 23 24 25 26
2
My, (GV/C?)

22 23 24 25 26
2
Myeyo, (GeV/c?)

Eur.Phys.J.C 80 (2020) 8, 746

w INDIANA UNIVERSITY BLOOMINGTON 7



On X(1835),X(2120), X(2370)

Jp—ymm'm'= yn'n Jhp—ymm';n'— 'y

“paa “pae O J/Y = ymm'":

sk — Fit result
X(2370) X(2370)
---1' sideband

---1'sideband
Chebychev Chebychev

« basedon 1.3-10° /¢

Events/(0.01 GeV/c?)
Events/(0.01 GeV/c?)

Gl e SMBIBMRER - simultaneous fit to
M, (GeV/c) - n' ->nntn~andn’ - yntn~

Jp—ynm'n'= ya'n

—Data (e

— Fit result

g, signal

---1"'sideband
ARGUS

12| —Fit result * Nno Signal of X(2370) < 717777’

B, signal

» first observation of
. ne = '

I L
<P A0SR ! ] b i R
g.7 275 2.8 285 29 295 3 3.05 3.1 %.7 275 28 2.85 29 295 3 3.05 3.1

M, (GeV/c?) M, (GeVic?) more light meson spectroscopy:
Phys. Rev. D 103, 012009 (2021) Shuangshi Fang, 07/26 11:15
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Light meson decays

 radiative J /i decays provide a clean source of n,n’ mesons
BR( /¢ - yn) = (1.108 + 0.027) -10~3 1.3-10°J/¥ 1.4-10°n (1.1-107n)
BR(J/Y - yn') = (5.25+ 0.07) - 1073 (10°7/y)  6.8-10°n" (5.3-107 1)
* ideal testbed to study:

low energy QCD
¥PT predictions
symmetry violations

O O O O

— see yesterday's talk by Rongsheng Shi
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Light meson decays: n’' >t 171

n'->ntnutu: n' >ntn ete”
BR = (1.934+0.33+0.18) - 107> BR = (242 4+ 0.05 + 0.08) - 1073

» interference between CP-allowed M1
:g:;;e;;uh';c transition and CP-violating transition

le—»m(1405)~‘yo—>n '

Jp—prn-—rw R would procude asymmetry A,

— = JWp sy e Ty —en ]

Sy || Ay =(Q9%37+1.D%
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Phys. Rev. D 103, 072006 (2021) M,...ps (GOV/CH)
Phys. Rev. D 103, 092005 (2021)
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Search for ]/II) weak decays JHEP 06 (2021) 157

—+- Data Signal MC

l+ > — Fit result [ |Inclusive MC
-+ Background

W+
Vi 0-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Umiss (GeV)
¢ > > d Nsignal
C < c 10 20 30 40 50 60 70
e 11 . BR<7.1-107°
« standard model prediction: BR ~10 | at 90% CL

- several BSM: predict larger BR up to ~107>

0 0 15 20 25
B(J/y—De*v, +c.c) (x10°)

- one of the first published results using 101° J /1 events
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L/pb

BESIIl datasets
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. ~29fb 1 aty(3770)
(to be upgraded to ~20 fb~?!
in the near future)

« ~32fbats = 4178 GeV

— D(5) meson decays,
quantum-correlated
D°DY pairs, ISR and
YY processes, ...

see other talks:
07/28 07:00, 07:25
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Open charm production
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Dt - Kttt 1r°

n 1.88[ o signal region
u X
c ch cd |
K°

(GeV/c?)
=
S

Mye
I "
® R
Events / (1 MeV/c?)

(GeV/c?)
-
ES

tag
BC

2
s -
D+ ) 1.84 :
d ‘_ d d * d ~ 1.88F o sideband \EI
Cabibbo favored doubly Cabibbo suppressed B
=
1.84F I 49 4 S irn SIRE A 706 2a
r 1.86 1.88 . 1.86 1.88 1.84 1.86 1.88
) Br(DCS M (GeVicd) M2 (GeV/c) M (GeVic?)
. expectation: 212S) tan*6,. ~ 0.29% m
Br(CF) D Kl
2 =
§ B other ba:kgruund
e Br(D* - K+T[+TL'_T[O) = (1.13 +£ 0.08 + 0.03) - 1073 =
2
Br(Dt->Kk*ntn—n0 )
( - ) = (1.81 +£ 0.15)% Tags:
Br(Dt—>K—ntntn0) D- — K*m—m-
D™ - KSTC_ M, (GeV/cz)
[l] D™ > K*mn~m’  pRL 125, 141802 (2020)
INDIANA UNIVERSITY BLOOMINGTON ’ 14



Dt - Kttt 1r°

* new measurement using semi-leptonic

instead of hadronic tags

e Br(D* - K*ntn % = (1.03+0.12 + 0.06) - 1073

Br(Dt-Kk*tntrnn0)
Br(Dt—-Kntntn0)

= (1.65 £ 0.21)%

— confirms unexpectedly large branching ratio

— first demonstration of semi-leptonic tag,

useful for D® decays in the future

w INDIANA UNIVERSITY BLOOMINGTON

Tags:
D~ - K% v,
D™ > Ktn~e v,

M, (GeV/)
%
[<}]

0.2 0 0.2 -, 0 0.2

Events / (0.01 GeV?%/c?)

M2, (GeV?/cH) M2, (GeVZ/ch)

-¢-Data -4-Data
— Total fit
Signal

— Total fit

---Total BKG Signal

---K¢3nBKG ---Total BKG

M2, (GeV?/cY) M2, (GeV*/cH

arXiv:2105.14310

more on DCS decays:

Xiang Pan. 07/28 07:25 Is



Df -t

 first measurement of Br(D » n*n*n™n) = (3.12 +£ 0.13 + 0.09)%
« amplitude analysis reveals dominant a,(1260)*n contribution 2,(080)"
- observation of weak annihilation D} — a,(980)*p(770)° +

Amplitude Phase FF(%)

a1(1260)" (p(770)°7 1)y 0.0(fixed) 55.4+3.942.0
a1(1260) " (fo(500)7 )y 50+£0.1+£0.1 81+1.9+2.1
a0(980) " p(770)° 25+01+01 6.7+25+15
n(1405)(ao(980) "7 )7t 0.24£0.2+0.1 0.7+£0.2=+0.1
n(1405)(ao(980) T 7~ )7t 0.24£0.2+0.1 0.7+£0.2+0.1
f1(1420)(ao(980) "7 ")rt 4.34+£0.2+04 1.9+0540.3
f1(1420)(a0(980) T~ )T 4.34+0.24+04 1.74+0.54+0.3
[@0(980) 7w ]sm™ 01+£024+0.2 51+1240.9
[a0(980) T |sm™ 01+£024+0.2 3.4+0840.6
[£0(980)n] st 14+024+03 62+1.74+0.9

[f0(500)n]s7* 25402403127+ 2.6+2.0 M(rn) (GeV/cz) M(r*t) (GeV/cz) M(m ) (GeV/cz)
arXiv:2106.13536

more on amplitude analysis in D decays:
Panting Ge. 07/28 07:00

Events / (25 MeV/c?)
S
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L/pb

BESIIl datasets
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e ~22fb~1 at various +/s in
the XYZ region

— spectroscopy of XYZ-states,
XYZ-decays,
open-charm production,
charmed baryons, ...

see other talks:
07/28 09:25

07/29 09:25, 11:15
07/30 09:45
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Charmonium-like exotic states

[\
L
>
[O))
Q)
S

m
(4360)

[h (3P| (3 P‘)

exotic candidate
NR quark model
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conventional charmonia (cc) fit well
with potential model calculations

several unexpected states observed

3982 3.84 3.86 3.88 39 392
M(J/y ) (GeV)

—+ XYz
—Fit |
- =Fitll

m(r nJ/mc \’/c ) s (GeV)

PRL 95 (2005) 142001 PRL 118 (2017) 9, 092001
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Charmonium-like exotic states

» charmonium-like states:
o supernumerary
— o do not fit into spectrum
N e o strong couplings to hidden charm
§ (soe) I QEIES
3 o exotic decays (e.g. ZX — J/Yyr™)
~
E he (1P, P . .
 nature of these states is still unclear
NCY | \ - W =< |
¢/ e/ g ¢ //

https://physicsmore.blogspot.com
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PRD 102 (2020) 3, 031101
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The Y- (or y-) states
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PRD 96 (2017) 3, 032004 T
) 23, 232002 PRD 99 (2019) 1,019903  PRD 99 (2019) 9, 091103

T

o)

o
~

T BESHI
Belle
-+ BaBar

I +Xyz e ~ Data
F —Fitl E -4 BESIII 2014
F I — Fit

L --Fitll

o
o
o

-4 BESII 201542016

oPR(e"e—p) [nb]

Cross Section (pb)

o(e'e > Jhp) (pb)

ofe’e—u,,) (pb)
a
o

o

8 38 4 41 42 43 44 45 46 T 3 22 aa i . 0 41 4z 43 44 45 46 42 43 44 45 46
s (GeV) s (GeV) 1s(GeV) Is (GeV)
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The Y- (or y-) states

ete” > nJ/Y:

 updated measurement using 13.1 fb~1 of
data in the range 3.8 GeV < +/s < 4.6 GeV

7 reconstructed in yy, ntn n°

o
o
_——
=
e ]
=
'‘©
+
)
-
m
o]

« fit with three resonances:
— 1(4040), fixed to world-average
— two additional, found compatible with
Y (4230) and ¥ (4360)

-50 =
38 39 4 41 42 43 44 45 46

Vs (GeV)
PRD 102 (2020) 3, 031101
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The Y- (or y-) states
ete” > utu:

« using 133 data samples in the range
3.8 GeV < +/s < 4.6 GeV with L;,,; = 13.2fb~!

41 42 43 44 45 46
s (GeV)

- measurement of I, for 1(4040),(4160)
and ¥ (4415)

» observation of an additional state with

m = (4216.7 + 8.9 + 4.1) MeV
[ = (47.2 +22.8 +10.5) MeV
[, = (1.53 + 1.26 + 0.54) keV

(1 of 8 ambiguous solutions) 38 39 4 41 42 43 4'4@?é§e\7)'6

llJ INDIANA UNIVERSITY BLOOMINGTON PRD 102 (2020) 112009 95



PRD 103, L091102 (2021)

Y,(3823) - the Y(13D,) state?

ete™ - mmi,(3823): “

0 el g, 5200 S 0
3.78 3.8 3.82 3.84 3.86 3.88 378 3.8 3.82 3.84 3.86 3.88

- search for various (new) decay
modes of the ¥, (3823)

« first evidence for ¥,(3823) = yx. AL Wi

RM(x) (GeV/c?) RM(x*x) (GeV/c?)
10F (f) n®J/y

» first evidence for ~oma
ete” - n'n%p,(3823) -+ Background
with ¥, (3823) = yx.1

Events / 5 MeV/c®

Sideband

LLLT]
378 3.8 3.82 3.84 3.86 3.88 378 3.8 3.82 384 3.86 3.88
RM(x*x) (GeV/c?) RM(r*x) (GeV/c?)

o
L2
>

(0]
=
To]
~

[2]
2 3,65

(3]

>
L

w
o

[
o
2]

H

w
o

My Jp) (GeVic?)

-n-——uﬂ
3.78 3.8 3.82 3.84 3.86 3.88

RM(x°?) (GeV/c?)

3.45 3
378 3.8 3.82 3.84 3.86 3.88 378 3.8 382 3.84 3.86 3.88
RM(r'x) (GeVi/c?) RM(xx) (GeV/c?)
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The Z_.,(3985) inete™ - K*(D;D*® + D~ DY)

. 0 . L0 —+— Data
* partial reconstruction o s=4.681GeV Total fit
Kt p- -y t Dota ——— Z,(3985)
methOd ' K r DS K'D,D — Fit result

- 5*1(2600)°D*°
non-Res.
D, b
comb. BKG

« using 5 new datasets
above 4.6 GeV

2 205
RM(K*D)+M(D)-m(D)) (GeV/c?)

—
N
3]
-~
>
S
<
n
<
&
=]
)
>
S8

e 5.30 excess close to
threshold for data at \/s = 4.681 GeV

« coupling to at least one of D; D*® and D}~ D°
suggests minimal quark-content of ccsu

— see talk by Ronggang Ping 07/29 11:15 PRL 126, 102001 (2021)
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L/pb™

Future perspectives

10°
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3000 3500 4000 4500 5000
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1010 J /1 and 2.7 - 10° Y(25):

O

detailed studies of scalar and pseudo-scalar

glueball candidates
(see also talks by A. Rodas, A. Sarantseyv, E. Klempt)

search for hybrid mesons, e.g. in y.; decays

many more opportunities:
— baryon spectroscopy

— hyperon physics see talks by Liang Yan, 07/27 11:15
- N and Xej decays Xiongfei Wang 07/30 11:15
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L/pb™

Future perspectives

10° ° °

T IIIIIII[

102

A T S I S S T P T S I T S S |
3000 3500 4000 4500 5000

s/ MeV
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20 fb~1 at the y(3770):
o precise charm and flavour physics

o quantum correlated D°D° pairs
— strong phase measurement as important
input to study CKM angle y in B - DK

PRD 101, 112002 (2020)
PRL 124, 241802 (2020)
PRD 102, 052008 (2020)

1 05 0 O

o source of ISR and y™®y ™ events
— exclusive cross sections } gy —2
_ transition form factors H

26



Future perspectives

new data above 4 GeV:

L/pb™

102

l . |
3000 3500

o filled up some blank spaces in the ¥ (4230),
Y (4360) region

o nhew data between 4.6 GeV and 4.95 GeV
— Z.5(3985) as first result

4000

T I T
4500

w INDIANA UNIVERSITY BLOOMINGTON

o production of charmed baryons
A, 2.2, ELE,
s/ MeV

o more surprises to come in the XYZ region?

27



Summary
BESIII is taking data since 2008

broad physics reach
o light hadron spectroscopy & decays
o open charm physics
o (exotic) charmonia
o precision measurements (R, TFF, ...)
O

(=05

Vo ™ =

e/l

several new data sets currently being analyzed

o first exciting results from new /3 and XYZ data
o many analyses in progress, plenty of results to come

data taking is ongoing BESIII White paper:

o new: 2.3 -10° ¥(2S), soon: 20 fb~* at the ¥ (3770) arXiv:1912.05983
Chin. Phys. C 44, 040001 (2020)
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Thank you for your attention — questions?

THE BESIII COLLABORATION MEETING IN SUMMER O 2021
2 0 2 1 % & X i W 111 @A KB OA& fE 1 OH F 2 R A& B oancasmmow
— 5 a

N : Qé‘z ‘_4, 4 ,. 5
4 ? o R O Y "’; ;
. Win  JA

F

BESII sesi coltanoration Meeting in Summer 2021, Jun.28-Jul.2, 2021.
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S0 T ——
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