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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) BESIIl has also unique opportunities with datasets above 3.8 GeV
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Why Charmonia...?
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https://agenda.infn.it/event/33110/contributions/197493/attachments/106261/149621/mitchell.pdf
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Study of the h(1'P;) meson
via(2S) — ¥ h decays at BESIII

Using 448 million Y(2S) events

Search for the E1 hc = ync transition through the ¢(2S) — mh.
decay to determine h¢(1P) features and the relative 2
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Study of the h(1'P;) meson
via(2S) — ¥ h decays at BESIII

Using 448 million Y(2S) events

Search for the E1 hc = ync transition through the ¢(2S) — mh.
decay to determine h¢(1P) features and the relative 2

The hc mass is reconstructed via the 0 recoil mass (RM(r19))

RM(1°) = \/(Eya5) = Eo)* = (Pyias) = P’
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Study of the h(1'P;) meson y
viaP(2S) — ¥ he decays at BESIII 0720/23 706

Using 448 million Y(2S) events %10°

Search for the E1 hc — ync transition through the ¢(2s) - m®h. o 7= :
decay to determine h¢(1P) features and the relative 2

—
o
o

| Data
The hc mass is reconstructed via the 0 recoil mass (RM(r19))
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Study of the h(1'P;) meson y
via(2S) — 70 h decays at BESIII 07570 704

Using 448 million Y(2S) events %10°

Search for the E1 hc = ync transition through the ¢(2S) - moh. | 77 .
decay to determine h¢(1P) features and the relative 2 100

| Data
The hc: mass is reconstructed via the 0 recoil mass (RM(rr9))
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Study of the h(1'P;) meson y
viaP(2S) — ¥ he decays at BESIII 0720/;0 706

Variable : Value PDG v.. 7 ( 20 » 2)
- T M(h,) (MeV/c?) 352532 +0.06 +0.15™ 3525.38 +0.11
Using 448 million Y(2S) events (1: k Z) MeV) 078333 ;().Do.mio.zwo.zz
Search for the E1 hc = ync transition through the ¢(2S) — m%hc Nrog (he) 2311841500 e
decay to determine h¢(1P) features and the relative 2
The hc mass is reconstructed via the 0 recoil mass (RM(r19))
0\ 2 — — 2
RM(2°) = \/(Ey0s) = En) = (Pyias) = Po)
x10°
Being the S/B more favourable, the tagged data set is used to YE1 TAGGED BES{!I
estimate the hc mass and width, which is the 2nd estimate ever % L CER - )
of this parameter > 10—
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BT — et
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[11 Phys. Rev. Lett. 104, 132002
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Study of the h(1'P;) meson y
via(2S) — 70 h decays at BESIII 07570 704

Variable Value PDG v.. 20 », 2)
. 1 M(h.) (MeV/c?) 3525.324+0.06+0.15 3525.38 +0.11
Using 448 million Y(2S) events F(gzc))(MeV) 0787927 £0.12  0.70 +0.28 £ 0.22
Search for the E1 hc = ync transition through the ¢(2S) — mh. Now () o3yt D
decay to determine h¢(1P) features and the relative Z Buoe X Brag (1074 4227027 £0.19° 4.58 + 0.64
.16 :
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Study of the h(1'P;) meson
via(2S) — 0 h decays at BESIII

Using 448 million Y(2S) events

Search for the E1 he = ync transition through the ¢(2S) — noh.
decay to determine h¢(1P) features and the relative 2

The hc mass is reconstructed via the 0 recoil mass (RM(r19))

RM(1°) = \/(Eya5) = Eo)* = (Pyias) = P’

Binc (V(28) = 7he) = N @8)) x B0 = 77)

Bine(¥(25) = 7°he) X Brag(he = v1e)  Nag X €nc

BTag(hc — ’777(:) —

BIHC (@D(ZS) — Wohc)

Nipe X €Tag
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07200 706

PDG v.. 7(202/

Variable Value 2
M(h,) (MeV/c?) 3525.324+0.06+0.15 3525.3840.11 )
['(h.) MeV) 0781027 +£0.12  0.70 £0.28 +0.22
(BESIII [1] )
Nty (h,) 23118308 aE
Brne X Bryg (1074 4.221027 4 0.19 4.58 + 0.64
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4.16 £ 0.48
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Ny (he) 46187 + 2123 ..
By (1074 7324034+ 041> 840+ 1.30 £ 1.00
—— (BESIII [2] )
9.00+ 1.5+ 1.3
— | ~ - (CLEO [4])
@%) 57.661382 + 0.58 53+7+8
] . - (BESIII [2] )
: : : 48 +6+7
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[11Phys. Rev. Lett. 104, 132002 41 Phys. Rev. D 84, 032008
2 Phys. Rev. D 86, 092009

31 Phys. Rev. Lett. 101, 182003
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Study of the h(1'P;) meson
via(2S) — 0 h decays at BESIII

Using 448 million Y(2S) events

Search for the E1 hc = ync transition through the ¢(2S) — h.
decay to determine h¢(1P) features and the relative 2

The hc mass is reconstructed via the 0 recoil mass (RM(r19))

RM(1°) = \/(Eya5) = Eo)* = (Pyias) = P’

With respect to the center-of-gravity mass (M(c.0.g.))
of the three xcu(13Py) states

M(co.) = M) +3M ) + MG

no mass splitting (Anyp = 0.03 + 0.06 + 0.15 MeV/¢?) is
observed as predicted by potential model calculations!>.6l
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[41 Phys. Rev. D 84, 032008
[51 Ann. Rev. Nucl. Part. Sci. 37, 325 (1987)
(6] Phys. Rev. D 96, 056015
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Ysand is

Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(ete™ Tt rt"2(3823))

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Ysand is

Phys Rey, Le
102003 (2:2-31)29,
No i C\IO N
. _ = 1 r %(28 —+ D'ata LS, LD —$— D.ata
Using 20 energy points @,s = [4.230, 4.700] GeV for a Zin: = 11.3 fb- g’mo} Y ) " Background Emoi V 2 — Background
To) : Sideband u\) I Sideband
Study of the o(e*e™ 't Y2(3823)), (employing a partial) reconstruction @ _ o [ ]
= 90| ¢2(3823) S S0 ﬂ ¢2(3823)
technique: ttrt, (Y)y & J/yp (= ¢ 7¢)) i J ____________ it A |
| B65 37 375 38 385 865 47 375 38
Fit to M™c°l(rt*m) to estimate 12(3823) mass and Ny M®* () (GeV/c?) M w*n) (GeV/c?)
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Ysand is

Phys Rev
SVelett,
RS, I —+— Data 0 I —t+— Data
S [ 1y |#es) | S 2y ¢ |
- - — L g > | | — Fit > Y(2s) — Fit
Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 fb 2i00- | . sackground I ) Background
Te) : Sideband T} I Sideband
Study of the o(e*e™ 't Y2(3823)), (employing a partial) reconstruction @ _ o [ ]
o = ¢2(3823) S o0 * ¢2(3823)
technique: ttrt, (Y)y & J/yp (= ¢ 7¢)) i J it A
0 e e | S b WY 03 AP - (RN, WY WS Ve W TP V. 194 ST
| 3.65 3.7 3.?5 _3.8 3.25 65 3.7 3.?5 _3.8 3.25
Fit to Ml ) to estimate 12(3823) mass and Nmgps M®* () (GeV/c?) M w*n) (GeV/c?)
— > 3823.12 + 0.43 + 0.13 MeV/c2 |
Most precise estimate up to date In accordance with the
predictions for the
—2r (3823 < 2.9 MeV charmonium (13Do) statel’!

Most stringent upper limit

[71Phys. Rev. D. 72, 054026
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Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(e*e™ 't Y2(3823)), (employing a partial) reconstruction

technique: ttrt, (Y)y & J/yp (= ¢ 7¢))

Ysand is

NQ I f —+— Data NQ

> | 1y (¥Ry Fit >
=100 || Background =100
o [ Sideband LO

kLt 0l ¥ =

= 50+ 2(3823) S 50
S _ >

LLl ;WJ -

0 ... Mgt

3.65

Fit to Ml ) to estimate 12(3823) mass and Nmgps

__——

/

In the o(e*e— T'1T2(3823)), found structures
corresponding to the Y(4360) and Y (4660)

Parameters Solution I Solution II
M|R] 4406.9 +17.2 £4.5

[t R ] 128.1 £37.2+2.3

| Blez 0.36 = 0.10 £ 0.03 0.30 £ 0.09 4 0.03
M|R,] 4647.9 + 8.6 £ 0.8

[t [R5] 33.1 £ 18.6 4.1

| sz[gz 0.24 +0.07 £0.02 0.06 & 0.03 £ 0.01
i, 267.1 £16.2 £3.2 —324.8 =43.0 £ 5.7

Charmonium Spectroscopy at BESIII - M. Scodeggio

The observation of the
Y(4660) in this channel
challenges the 1,(980)y(2S)
hadron molecule
interpretationl’] and the
extended baryonium
picturels!

Hadron23 - June 2023
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71 Phys. Lett. B 665, 26 (2008)
81J. Phys. G 35, 075008 (2008) 7



Ysand is

Though Neutrals This Time

Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(e*e = m°n®2(3823))

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Ys and ¢s

Though Neutrals This Time

Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(ete’—= 1t°rt%42(3823)), (employing a partial) reconstruction

technique: ttrt, (Y)y & J/yp (= ¢ 7¢))
Fit to M(yyJ/y) to estimate 92(3823) mass and N™¥gps

Charmonium Spectroscopy at BESIII - M. Scodeggio

Hadron23 - June 2023
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JHEP ¢
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—+— Data
— Fit
¢(28) ------ Background

Inclusive MC
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36 37 38 39
M(yyJ/y) (GeV/c?)
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Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(ete’—= 1t°rt%42(3823)), (employing a partial) reconstruction

technique: ttrt, (Y)y & J/yp (= ¢ 7¢))
Fit to M(yyJ/4) to estimate $2(3823) mass and N™¥ops

Ys and ¢s

Though Neutrals This Time

Events / 12 MeV/c?

Charmonium Spectroscopy at BESIII - M. Scodeggio

—23824.3 £ 2.4 + 0.9 MeV/c?
 [yo(3823) < 18.8 MeV

Hadron23 - June 2023
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JHEP ¢
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O ! .

—+— Data
— Fit
¢(28) ------ Background

Inclusive MC

36 3.7 38 3.9
M(yyJ/y) (GeV/c?)
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Ysand is

Though Neutrals This Time 60
cé - —— Data
> I =
Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 fb- % 40l ¢(2S) ______ Egckgmund
Study of the o(ete’= m®m®P2(3823)), (employing a partial) reconstruction N Inclusive MC
technique: ttrt, (Y)y & J/yp (= ¢ 7¢)) _'\g 20
C n
Fit to M(yyJ/y) to estimate 92(3823) mass and|N™¥ops g’
: LLI O_ . S L B
—23824.3 + 2.4 + 0.9 MeV/c? 36 37 38 39
" Typps23) < 18.8 MeV M(yyJ/y) (GeV/c?)

Due to the limited statistics, a cross-section scan
cannot be performed with enough significance...

Avg Born

R B O-7TO7TO¢2 B Nﬂ-()ﬂ-Ow2 (Z’L L’L(]- _I_ 5)i€i)7T+7T_?7D2 ]_
gffgizzn Notr—py (O Li(L+0)i€i) gogoy, B2(m0 — v7)

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Ys and ¢s

Though Neutrals This Time

Using 20 energy points @,fs = [4.230, 4.700] GeV for a Zin: = 11.3 b

Study of the o(ete’—= 1t°rt%42(3823)), (employing a partial) reconstruction

technique: ttrt, (Y)y & J/yp (= ¢ 7¢))

Fit to M(yyJ/y) to estimate 92(3823) mass and N™¥qps

Due to the limited statistics, a cross-section scan
cannot be performed with enough significance...

Avg Born

™ — 0-71-071'0’9b2 o N7T071'0¢2 (Z’L LZ(]- —+ 5)i€i)7r—|‘71-—¢2

B = N (5 £

ntm Ty

Charmonium Spectroscopy at BESIII - M. Scodeggio
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The - system in ete = i ho(3823) process
is expected to be dominated by S-wave

If this was true and ¥2(3823) was a 12(13Do) state,
the relative orbital angular momentum should be 2
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Phys. Rey
: —~+-Data — %203
- — L=0 fit
1 05 0 05 1

P2(3823) - 2(1°D))

Since p? = nr? is forbidden, the observation of
ete = 1i°’n¥P2(3823) corroborates

the S-wave (fo(500)— °r’) expectation

This, together with mass estimations and width upper limits

supports the JP¢ = 2 assignment and the hypothesis that
the 92(3823) is a ¥2(13D2) state
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Looking at the Light Sector

Using 24 energy points @,fs = [4.0, 4.6] GeV for a £, = 15.6 fb-"

Study of the o(e*e™ m*rtw) and all the possible t*mt” intermediate
resonance states via Partial Wave Analysis

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Looking at the Light Sector

Using 24 energy points @,/s = [4.0, 4.6] GeV for a Zint = 15.6 fb- meitted tc; JHE
p

Study of the o(e*e™ m*rtw) and all the possible t*mt” intermediate
resonance states via Partial Wave Analysis

investigation of the M(rt*r") and M(rtw)
to extract intermediate states and their cross-sections
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Using 24 energy points @,fs = [4.0, 4.6] GeV for a £, = 15.6 fb-"

Study of the o(e*e™ m*rtw) and all the possible t*mt” intermediate

resonance states via Partial Wave Analysis

Fit to M(rt*rtntY) to estimate o®°™, and investigation of the M(rt"rt) and M(rw)

to extract intermediate states and their cross-sections

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Using 24 energy points @,/s = [4.0, 4.6] GeV for a Zint = 15.6 fb- = 8- { @3.60 ---{v((41) 60) + 1 (Vs) —
oy NS @3.16 — Y(4220) +f(Vs) -

Study of the o(e*e” ' w) and all the possible *mt” intermediate :é\/ - \ %}})g f,((ﬁ?g; :’;((% -
resonance states via Partial Wave Analysis e 6_ \\ |
Fit to M(t*rt'nt?) to estimate ¢®°™, and investigation of the M(t*i’") and M(nw) ,? I ?\i@ | ]
to extract intermediate states and their cross-sections i ﬂ#{% { ]
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Hexaquarks in the Midst!!!

Using 29 energy points @,/s = [4.16, 4.70] GeV for a Zin: = 18.8 fb" 043007

Study of the o(e*e™ pppnr+ c.c.), and search for exotic states in the pn

and pprr invariant mass distributions

I B. Zheng, “Search for hexaquark or di-baryon state at BESIII”

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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https://agenda.infn.it/event/33110/contributions/196796/attachments/106100/149364/hexaquark.pdf

Hexaquarks in the Midst

Using 29 energy points @,/s = [4.16, 4.70] GeV for a Zin: = 18.8 fb" 043007

Study of the o(e*e"—= pppnrt+ c.c.), and search for exotic states in the pn

and pprt invariant mass distributions
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Invariant mass spectra are consistent with S i _
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Hexaquarks in the Midst

Using 29 energy points @,fs = [4.16, 4.70] GeV for a Zin: = 18.8 fb-"

Study of the o(e*e™ pppnr+ c.c.), and search for exotic states in the pn

and pprr invariant mass distributions
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Hexaquarks in the Midst

Using 29 energy points @,fs = [4.16, 4.70] GeV for a Zin: = 18.8 fb-"

Study of the o(e*e™ pppnr+ c.c.), and search for exotic states in the pn

and pprr invariant mass distributions
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Hexaquarks in the Midst

Using 29 energy points @,fs = [4.16, 4.70] GeV for a Zin: = 18.8 fb-"

Study of the o(e*e™ pppnr+ c.c.), and search for exotic states in the pn

and pprr invariant mass distributions

Fit to M™c°(pppr) to estimate oBorn =
é — —— Exponential function
Due to the limited statistics, the cross-section is 8 i — PHSP lineshape
measured in three energy bins (4.160, 4.380), (4.400, +
4.600), and (4.610, 4.700) GeV B 50
N
For each bin, the average Born cross-section is gz
St !
tg 1712 Q
Born - __ N | 1 11 ‘ S
S0 TT Y L (14 5 -
. . —
Zi€7/ ? ( _|_ ) © 0 . I—-——l——"l/l R
4.2 4.4 4.6 4.8
s (GeV)
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Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the o(e*e= t*i'DTD7)

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023

33



Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the a(ete’—= m*n"DTD7), reconstructing only the DT (— Kttt

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the a(ete’—= m*n"DTD7), reconstructing only the DT (— Kttt
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Charming Cross-Sections

. 72012 (2025
Using 20 energy points @,/s = [4.190, 4.946] GeV y )
N (C)
Study of the a(e*e’= m*n'D¥D"), reconstructing only the D' (= Kmt*mt*) S (500 , * +Data
) B . . -
| S g .
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~» Fraction and selection efficiency of

D1(2420)" — Dt*rt’, ¥(3770) —» D*D", and PHSP
subprocesses
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Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the a(ete’—= m*n"DTD7), reconstructing only the DT (— Kttt

Qf(zz w@-ei(l -+ 5),&) |1—1H2| [,B(D"‘ —> K‘|‘7T_7T_)

-~ 1 P(4360) - Y(4390 —

Fit to M™col(D¥ri*mr) to estimate gBorn S v )Y ) S
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42 4.4 - 46 4.8 5
. . . GeV
oBom is fitted following 4 hypothesis... s(GeY)
(a) One resonance -
Q.
(b) Coherent sum of two resonances a
o
(c) Coherent sum of a resonance and a PHSP term g
(d) Coherent sum of two resonances and a PHSP term %
©
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Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the a(ete’—= m*n"DTD7), reconstructing only the DT (— Kttt

Fit to M™col(D¥ri*mr) to estimate gBorn

—
o1
o

BONUS!
Evidence for the 13(13D3) candidate in the

X(3842) — D*D" process

Unlike its spin-partners ((3770) and 12(3823)),
the X(3842) production does not peak @,/s < 4.4 GeV
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Charming Cross-Sections

Using 20 energy points @,/s = [4.190, 4.946] GeV

Study of the a(ete’—= m*n"DTD7), reconstructing only the DT (— Kttt

Fit to M™col(D¥ri*mr) to estimate gBorn

BONUS!
Evidence for the 13(13D3) candidate in the

X(3842) — D*D" process

Unlike its spin-partners ((3770) and 12(3823)),

the X(3842) production does not peak @,/s < 4.4 GeV

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Charming Cross-Sections

Excited Ones!

Using 20 energy points @,s = [4.19, 4.95] GeV for a Zint = 17.9 fb-1

Study of the o(e*e”—= m*D™°D™)

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Charming Cross-Sections

Excited Ones!

Ph
. . 727907
Using 20 energy points @,s = [4.19, 4.95] GeV for a Zint = 17.9 fb-1
Study of the a(e*e’—= m*D™°D™), either the D (= D°®) or D™ (— DY) the 1500 15=4600GeV £ 4 pag
Q (D"-tag)
are reconstructed > Background
= 1000 - - - Peaking BKG
Simultaneous fit to M"™cl(r*D®) and M"col(*D ) to estimate gBom o L — DD
¢ i Inclusive BKG
u 500
2 .
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Charming Cross-Sections

Excited Ones!

Using 86 energy points @,s = [4.19, 4.95] GeV for a Zint = 17.9 fb-1

Study of the a(e*e’—= m*D™°D™), either the D (= D°®) or D™ (— DY) the

are reconstructed

Simultaneous fit to M™(rt*Dm®%) and Mc(rt*DntY) to estimate gPressed

gDressed g fitted with a coherent sum of three
resonances and a PHSP term...

1) Y(4230), its electronic width measurement
disfavours hybrid interpretationl®]

2) Y(4500), the p = m*DOD") > B = KK J/2p)

IS Inconsistent with a hidden-strangeness
tetraquarkl10]

3) Y(4660), first time in open-charm meson states

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Charming Cross-Sections

Strange!

Using 20 energy points @,/s = [4.23, 4.95] GeV

Study of the a(ete"— Ds *Ds ) semi-inclusively, either the Ds * (= YK*K )

or Ds "(— YyK*K'1T) are reconstructed

Charmonium Spectroscopy at BESIII - M. Scodeggio Hadron23 - June 2023
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Charming Cross-Sections

Using 20 energy points @,/s = [4.23, 4.95] GeV

Study of the a(ete"— Ds *Ds ) semi-inclusively, either the Ds * (= YK*K )

or Ds "(— YyK*K'1T) are reconstructed

Fit to M(YK*K™1T) to estimate gBorn

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Charming Cross-Sections

Strange!

arXi,.
Sr)glv.2305. 10780
u .
Using 20 energy points @,/s = [4.23, 4.95] GeV Mitte to PR[
Study of the a(ete"— Ds *Ds ) semi-inclusively, either the Ds * (= YK*K )
or Ds "(— YyK*K'1T) are reconstructed -
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Charming Cross-Sections

Strange!

Using 20 energy points @,/s = [4.23, 4.95] GeV

Study of the a(ete"— Ds *Ds ) semi-inclusively, either the Ds * (= YK*K )

or Ds "(— YyK*K'1T) are reconstructed

— I I I I I I I =
Fit to M(YK*K 1) to estimate gBom E .
Mass (MeV/c?) | Width (MeV) :g 103 ’,«""”-— ST e L
#1 Res | 4186.5+9.0430 | 55+17+53 o Edm. -
a X _
#2 Res | 4414.54+3.246.0 | 122.6+£7.048.2 o - -
A ) ®
#3 Res | 4793.3+£7.51+9.3 27.1+7.0+34 .I o 10 ‘*v_?
fﬁbé | — IBW 2 ¢ Jataw | -
1. Consistent with the 1¥(4160) (also with the Y(4230) I / | ! — IBW,|* — fitted line _
considering the systematic), a candidate for the ¥(23D+) 10 B / | [[| = = continue IBW I / I\ =
T 7, A /T I T I T A T Y T NN AN TN N SO SN N AN 4 S B ! I T
2. Possibly the 1(4415) state, a $(43S1) candidate 4.3 4.4 4.3 4.6 4.7 4.9
3.Y(4793), a new 1-state...? ECM (GeV)
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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

The largest datasets of cc vector states col
rare vector decays but also to study t

ected by BESIII provide the power to investigate not only

ne h(1P), xo)(1P), and n(2S) states and their decays

Also 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

~2.7x10° @p(2S)
~20fb 1@y(3770)

Hence, exciting times wait ahead...

Charmonium Spectroscopy at BESIII - M. Scodeggio
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Thank yo
for the attention
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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
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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

2009:

(Beijing Electron Positron Collider Il)
. . . 2010:
at IHEP (Institute of High Energy Physics) 2011:
2012:
2013:

Multi-layer Drift Chamber
Time of Flight Detector —
EM Calorimeter
1T Solenoidal Magnet

2015:
2017:
2018:
2019:

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

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-! scan 4.61 - 4.7 GeV
with a 1033 cm-2s-T designed luminosity 2021: 2 flr! scan 4.74 - 4.946 GeV

@ . s =3.77 GeV
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3.0B (total) 1(2S)
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K luminosin,

120,

Upgrading the BESII Experiment

Born Cross-sections

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

Upgrade vS BEPCI|

»

Readout electronics

2
=
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Back to the Origins... Rediscovering the h (11Py)

Using 448 million Y(2S) events

™~
Non-E1 decays
JHEP 2022
(2022)

ete = T'TThe With Zing = 11.3 fb-
he = m°J/1 @|s = [4.189, 4.437] GeV

<@
Tensions with E760(1] )
Agreement with E835[] o Signal
Found
~ 101
~ i —t+— Data
% 8- —— Fit result
= i -- Background
L0 6 Sideband
Ql -
~ 4:_
%) _
g 2 L
Lﬁ |
Ol. PRTHI : U IRy o R TR T W

3.5 3. 55
RM () (h_ —n0Jhp) (GeV/c?)
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—
N
(@)

Events / 2.5 MeV/

Events / 3 MeV/c2

—
o
(@]

A OO @
o O O

N
o

497350 : _ 37354 355
m( Non-E1 fractions are at the level of ~10-3 4

Still unclear if Mhad(he) ~ Te1(he)
16f
14f
12
10f
8
o

V)

<

-
{

ly | -1 @- . |
-|. 1 . N Al—l—__n L P
49 3.50 3.51 3.52 3.53 3.54 3.55 49 350 3.51 3.52 3.53 3.54 3.55
M (ppn)(n—>n'mn°) [GeV/c?] _ D.10 M (ppn)(n—>vy) [GeV/c?]

VKJ
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_ N W b O O
Events / 3 MeV/c2

Events/0.50 MeV/c?

Nl

Value ppe 0720
07 (2022)

3525.32 £ 0.06 = 0.15 3525.38 &+ 0.11

Variable
M (h.) (MeV/c2)

I'(he) (MeV) 0.78 T5-27 + 0.12 0.7 &+ 0.4
Ntag(he) 23118 11599 —
4.58 + 0.64
Bine X Brag (107%) 417 1327 + 0.19 ﬁfi 81;
(CLEO [23])
Nine(he) 46187 + 2123 —
Bine (107%) 7.23 +0.33 +0.38 8.60 + 1.30
Brag (%) 57.6675 52 +0.58 50 £ 9

— = = — = S —

Wrt the center-of-gravity mass of the three ch(13PJ) stétes
‘no mass splitting is observed with this measurement as predicted
by potential model calculatlons[31

—
o

x10°
YE1 TAGGED BESII
[Tt gt (b)
| Data

| — Fit result
B Signal
L e B ackg roun d ' RM(x,) (GeV/c?) ' '

L L L L I e 1.--.1-"‘ ' f ':_j_. ....... l n L L
5 3.51 2 3.54 3.55

5 1 1 1
RM(,) (GeV/CZ)
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