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BLSIII Experiment

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

, . . precision also the non-vector states
at IHEP (Institute of High Energy Physics) BESIII has also unique opportunities with datasets above 3.8 GeV

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

Charmonium resonances are located in the transition region of - - Rev. in Phys. 8 100070, 2022
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Preamble

Charmonium resonances are located in the transition region of

perturbative and non-perturbative QCD

Non vector states still mostly unknown

Vector states can be used either to reach non-1- ones or

as a way to test pQCD predictions (e.g., 12% rule, 4AEM - strong), ...)

Gateway to the XYZ exotic states

Another way to probe the SM (via weak decays)

BESIII has the capability to perform such studies and many charmonium analyses could be discussed:

1. Helicity amplitude analysis of x.; = ¢ ¢

2.0Observation of w(3770) - nJ/y
3. Evidence for n(2S) - n+n-n decay

4. Observation of the J/w and w(3686) decays into n 2+ anti-2-
5. Observation of of ete~ = n0now,(3823)

6. Observation of x.; = /A anti-/\ n

7.Observation of n{(2S) = 3(n*n-) and measurements of x.; = 3(n*n-) in w(3686) radiative transitions
8.Study of the h(1P) meson via w(2S)— n%h  decays at BESIII

9. 1...]
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Using the 2.9 fb-1 P(3770) data set
Search for the Pp(3770) — n J/P decay
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Using the 2.9 fb-1 P(3770) data set

Observation of
Y(53770) = nJ/y

Search for the P(3770) — n J/P decay, and study of the

o(ete- = n J/P) line-shape @,/s = [3.773, 4.600] GeV

Latest results on charmonium decays at BESIII - M. Scodeggio

Lake Louise Winter Institute - February 2023

10



Observation of

arXxj,.
Y(53770) = nJ/y V2212 151
ubmitted to PR|
Using the 2.9 fb-1 P(3770) data set
Search for the P(3770) — n J/P decay, and study of the 14
o(ete- = n J/P) line-shape @,/s = [3.773, 4.600] GeV RS 45
> - 7
Heap observed in M’(yy) (= M(yy) + M(pp) - mysy) correlated to the G 3 31— _ | —-—40
J/P resonance in the M(pp) spectrum ’:% E E 35
S 32F = M
3.1 & 2
= 1820
3 =15
B 1 410
29— o
E 1 =5
[ M A I R W W SR N SRR S S S
2(?.45 0.5 0.55 0.6 0.65 0
M'(yy)(GeV/c?)

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023



Observation of
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Using the 2.9 fb-1 P(3770) data set

Search for the P(3770) — n J/P decay, and study of the

o(ete- = n J/P) line-shape @,/s = [3.773, 4.600] GeV

Heap observed in M’(yy) (= M(yy) + M(pp) - mysy) correlated to the

J/P resonance in the M(pp) spectrum

To extract the signal yield , a fit to M’(yy) is performed in the

M signal region
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Observation of
Y(53770) = nJ/y

Using the 2.9 fb-1 P(3770) data set

Search for the P(3770) — n J/P decay, and study of the
o(ete- = n J/P) line-shape @,/s = [3.773, 4.600] GeV

Heap observed in M’(yy) (= M(yy) + M(pp) - mysy) correlated to the
J/P resonance in the M(pp) spectrum

To extract the signal yield , a fit to M’(yy) is performed in the
M signal region
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Observation of
Y(53770) = nJ/y

Using the 2.9 fb-1 P(3770) data set

Search for the P(3770) — n J/P decay, and study of the
gPressed(g+e- — 1 J/P) line-shape @,s = [3.773, 4.600] GeV

From Ref. [1], data points @,/s = [3.8, 4.6] GeV are taken
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Using the 2.9 fb-1 P(3770) data set

Search for the P(3770) — n J/P decay, and study of the

Observation of
Y(53770) = nJ/y

gPressed(g+e- — 1 J/P) line-shape @,s = [3.773, 4.600] GeV

From Ref. [1], data points @,/s = [3.8, 4.6] GeV are taken
Two hypotheses are considered, the {(3770) contribution is added

either coherently

Latest results on charmonium decays at BESIII - M. Scodeggio
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Observation of
ll)(5770) —>1) J/ Y / \\;: Zl'v.°?27

Using the 2.9 fb-1 {(3770) data set of iévz d;tf , e

Search for the P(3770) — n J/P decay, and study of the - — S?;:;Z;“ | _

gDressed(g+e- — 1) J/P) line-shape @,/s = [3.773, 4.600] GeV | W 4
I lll 37 375 38 385 39

From Ref. [1], data points @,/s = [3.8, 4.6] GeV are taken

Two hypotheses are considered, the {(3770) contribution is added
either coherently or incoherently
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Observation of
Y(5770) —nJ/y
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Using the 2.9 fb-1 P(3770) data set “’;iévz d;t?
Search for the P(3770) — n J/P decay, and study of the - —S?Sh:;g?t fit | ‘
gDressed(¢+e- — n J/P) line-shape @,/s = [3.773, 4.600] GeV m‘ s

From Ref. [1], data points @,/s = [3.8, 4.6] GeV are taken

Two hypotheses are considered, the {(3770) contribution is added
either coherently or incoherently
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Observation of
Y(5770) —nJ/y

Using the 2.9 fb-1 {(3770) data set /;iévz d;tf , —
Search for the P(3770) — n J/P decay, and study of the - —ﬁ;:;:;t |
gDressed(c+e- — ) J/YP) line-shape @,/s = [3.773, 4.600] GeV W 4

From Ref. [1], data points @,/s = [3.8, 4.6] GeV are taken

Two hypotheses are considered, the {(3770) contribution is added
either coherently or incoherently
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Compatible with CLEO resulti2l (w/o interference)
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Evidence for
n(2S) = ' ndecay

Using the 448 million P(2S) data set

Search for the n¢(2S) = mr+rt-n decay through the M1 ¢(2S) — yn<(2S)
transition and determination of &(n¢(2S) — rt*-n)

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023
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Evidence for
n(2S) = ' ndecay

Using the 448 million P(2S) data set

Search for the n¢(2S) = mr+rt-n decay through the M1 ¢(2S) — yn<(2S)
transition and determination of &(n¢(2S) — rt*-n)

Due to the small energy of the ym1, having the background under control
Is fundamental
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Evidence for
1(28) — ' decay Xiv:221

t
Using the 448 million P(2S) data set © PRD

Search for the nc(2S) - rr+-n decay through the M1 ¢(2S) — ync(2S)
transition and determination of &(n¢(2S) — rt+rt-n)

Due to the small energy of the ym1, having the background under control 10° = .
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: QD(ZS) — T 1T7 N 103 :_ ’ Ne(2S) - n*nm™n
l. J/Y — ul-yrsr - Xet = ":”:"
- Xeg T T N
Il. Y(2S) = m*+rT-nNyrsR - | "FSZR
102 g_ ~ Argus

Fit to the M(rt*ryy) at [3.35, 3.70] GeV/c? to properly estimate the
Xc1,2 = 1T+11-n contributions fixing their parameters to the PDG values

—
—

-1 IIIIIIII

EVENTS /5 MeV/c?

N T T T A T I
}.35 34 345 3.5 355 3.6 3.65 3.7
L7 — (GeV/c?)

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023 22



Evidence for
1(28) — ' decay Xiv:221

1
Submitted t 11935
O
Using the 448 million P(2S) data set PRD
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Using the 448 million P(2S) data set

Search for the n¢(2S) = mr+rt-n decay through the M1 ¢(2S) — yn<(2S)
transition and determination of 3(n¢(2S) — m+r-n)

Fit to the M(rt*ryy) at [3.35, 3.70] GeV/c? to properly estimate the
Xc1,2 = 1rtrr-n contributions (found to be compatible to PDG values)
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Evidence for

N«(2S) — n'n ndecay 2Xiv:221;

Using the 448 million P(2S) data set

Search for the n¢(2S) = mr+rt-n decay through the M1 ¢(2S) — yn<(2S)
transition and determination of 3(n¢(2S) — m+r-n)

Fit to the M(rt*ryy) at [3.35, 3.70] GeV/c? to properly estimate the
Xc1,2 = 1rtrr-n contributions (found to be compatible to PDG values)

i —

[ Mg Mo 5109 _¢ BR:(x109) BRy(x10)
\06 £ 2y 448.1 2.9 0.202 7T+5 39.41 4+ 0.20

First ence
@3.50

N .
C 2 _|_ B _ S1g
B(28) = o) = sy € BRL($(3686) — 17.(29)) BRa(n = 1)

Syst.

Proceed to test the “712% rule” (ratio of the 25/1S to light hadron
branching fractions is ~ 12%)

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023
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Evidence for
N(2S) — ' ndecay IXiv:2211 1935

S .
ubmltted to Pp
Using the 448 million P(2S) data set D
Search for the n¢(2S) = m*rr-n decay through the M1 ¢(2S) = ync(2S) 3(nt)
transition and determination of &(n¢(2S) — m*rr-n) O
Fit to the M(rt*ryy) at [3.35, 3.70] GeV/c? to properly estimate the - K'K n*nn?
Xc1,2 = 1rtrr-n contributions (found to be compatible to PDG values)
p — . KRN
(" Nsig \Nyaese)(x10°) € BRi(x10™%) BRa(x10™?)
y 448.1 = 2.9 0.202 7T+5 39.41 £+ 0.20 = KRn
First evidence
@3.50 - T
B(?]C(QS) —>7T+7T_77) — N BR 3686NSig 59)) BR 3 [ 10§22 i ;0141 1 10|61 1 10|81 L1 ‘I| L1 11|21 | 11141
1 (3686) € 1 (9 ) = Yne(25)) 2(n — 77) : & BHn3S) = AVBr(n.  h) : .
3.8 #(30. In the case of 0-+ glueball-charmonium mixing, Ref. [4]
oo 8 and Ref. [5] predict ~12.8% and ~1.00, respectively

Proceed to test the “712% rule” (ratio of the 25/1S to light hadron

branching fractions is ~ 12%)
(41 Phys. Rev. D 44, 1597 (1991)
[5]Commun. Theor. Phys. 25,471 (1996)
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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

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

: [101 Ann. Rev. Nucl. Part. Sci. 37, 325 (1987)
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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

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’

: [101 Ann. Rev. Nucl. Part. Sci. 37, 325 (1987)
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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) — mh. S -
decay to determine h¢(1P) features and the relative # % 10
. . . = | Data
The hc mass is reconstructed via the 0 recoil mass (RM(r19)) 3 _
o — Fitresult g«
O 2 2 J) E) 50 gzooo
_ _ — C | asasa I 2 0
RM(z°) = \/(Eys) — En)? = (Byas) = Bl ___— 8 Signal |
— e Background
either allowing the h¢ to decay inclusively — el i e S
3.5 3.51 3.52 3.53 3.54 3.55
RM(x,) (GeV/c?)
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Study of the h(1'P;) meson y
via(2S) — 70 h decays at BESIII 07570 704

2007 ’
Using 448 million Y(2S) events <10
Search for the E1 hc = ync transition through the ¢(2S) — roh. “ . :
decay to determine h¢(1P) features and the relative # % 10
= { Data
The h: mass is reconstructed via the 9 recoil mass (RM(rt9)) 3 _
o — Fitresult ¢
0 2 _ (7 = 2 > £ - 1
RM(E ) ~ \/(EW(ZS) B Eﬂ:O) B (pl//(zs) B p 0) Lq>lj Slgnal 52 A (N x-- a8
T B aCkg roun d ' ' RM(r,) (GeV/c?) ' '
either allowing the h¢ to decay inclusively — ) SO ISP WAL O S
or tagging the ye1 of the he — ync transition —_ | | RM(r,) (GeVi/c?) |
x10°

A
O
>
o 10
S | Data
e i
%' — Fit result
§ o L Signal
Ll
- e Background
T S L--.L--'f' . ....'t--,........._..._._1_..;.._;_..;...
3.5 3.51 3.52 3.53 3.54 3.55
RM(r,) (GeV/c?)

: . [101 Ann. Rev. Nucl. Part. Sci. 37, 325 (1987)
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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/ 2)

. - M(h,) (MeV/c?) 3525.32+0.06 +0.15™ 3525.38 +0.11
Using 448 million Y(2S) events (1: k \(Z))(MeV) 078383 ;().Do.mio.zwo.zz
Search for the E1 hc — yn. transition through the ¢(2S) — moh. Man(h) | S (BESIIL [6])
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(JZ’ ) — \/(El/,(zs) — Eﬂo) - (]71//(25) o pﬂo)
x10°
Being the S/B more favourable, the tagged data set is used to YE1 TAGGED

BESIII
estimate the hc mass and width, which is the 2nd estimate ever - TR L (b)
of this parameter

—
o
|

| Data

— Fit result

||||||||

Events/0.50 MeV/c?
(@)
| |
N
(@]
- |
Q
Events/0.50 MeV,G:‘*
%"-»... N
s ol

- Backgrounad Pl Bt
ke e N L I I 1.--.1-"':’ 1 l....f..:....ﬁ...‘...l...‘...&_..._..&_._._._
3.5 3.51 3.52 3.53 3.54 3.55
RM(r,) (GeV/c?)

[61 Phys. Rev. Lett. 104, 132002
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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) — 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’

Being the S/B more favourable, the tagged data set is used to
estimate the hc mass and width, which is the 279 estimate ever
of this parameter

BInc(w(QS) — Wohc) X BTag(hc — ’W]C) —

€Tag X N (¥(25)) x B(7® — v7)

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023

Events/0.50 MeV/c?

Variable

M(h,) (MeV/c?) 3525.32+0.06 +0.15

I'(h,) (MeV)

NTa (hf)

Value PDG v.. 7( 20 2/

3525.38 £ 0.11 2)

0.7819274+0.12  0.70 £0.28 £ 0.22

7311 8—+—1500

——1398_

@ Br,, (107%) 4221027 4 0@

x10°

(BESIII [6] )

4.58 4+ 0.64
(BESIII [7] )
4.16 4+ 0.48
(CLEO [8])

YE1 TAGGED

" 1 Data
| — Fitresult
ST e Signal
- e Background

L | | |

BESII
(b)

|||||

A A A

-
"’ ...
.L" 1 1 1 f'.

35 35

[6] Phys. Rev. Lett. 104, 132002
[71Phys. Rev. D 86, 092009
8] Phys. Rev. Lett. 101, 182003

3.52 3.5)3

RM(r,) (GeV/c?

3.54 3.55
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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

/Dyai)
(2;:? :7‘)
00 6
Variable Value PDG v.. 4 ( 20 2 2
M(h,) (MeV/c?) 3525.324+0.06+0.15 3525.38+0.11 )
[(h:) (MeV) 078937 +0.12  0.70 £0.28 £ 0.22
(BESIII [6] )
NTag(hc) 231181L11§8g e
Bine X Brag 1074 4227037 +0.19 4.58 + 0.64
(BESIII [7] )
4.16 +0.48

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

(CLEO [8])

Ny (he) 46187 + 2123 .
0 ; N By, (1074 7324034+ 041> 840+ 1.30 £ 1.00
— . (7 7 ——— (BESIII [7])
RM(” ) \/(EW(ZS) Eﬂo) (pl//(ZS) pﬂo) 9.00+ 1.5+ 1.3
— | - (CLEO [9] )
@%) 57.66f§’;§@ 534748
) — - (BESII [7])
Most precise single estimates (4(§LiE(6) [i8]7 )
Bine (1(25) — 7°he) X Brag(he = yne) =
NTag X103
E1 TAGGED
€Tag X N (P(25)) x B(m? — v7) Y ........ BES{!)I
NE ........
> 10—
N = ' Dat
0 Inc ala
BIHC(w(QS) — T hc) — 0 B . . % A
€Inc X N(w(QS)) X B(Tl‘ — *yv) o — Fitresult ™ Hi
n 31000
s | Signal 3, A
B S Oh B LLJ L B k d Y- ¥ g.a%no) ('Ge\:;,,.:s:% X7 ST
B (h ~ Bc(¥(2S) — m°he) X Brag(he = 7Mc)  NTag X €Inc ackgroun
Teglfie = 1) = Brac($/(25) = 70h,) ™ Nine %
Inc T Ne Inc X €Tag 3.5 3,51 "3.50 3563 354 355
RM(r,) (GeV/c?)
6] Phys. Rev. Lett. 104, 132002 91 Phys. Rev. D 84, 032008
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[8] 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!10.11]

Latest results on charmonium decays at BESIII - M. Scodeggio

Lake Louise Winter Institute - February 2023

Events/0.50 MeV/c?

/

Value PDG v.. 7 (2

Variable

3525.38 & 0.11> 22)

— 0.70 =0.28 £ 0.22

(BESIII [6] )
NTag(hc) 231181L11§8g ce
Brne X Bryg (1074 4.221027 4 0.19 4.58 +0.64
(BESIII [7])
4.16 4+ 0.48
(CLEO [8])
N (h,) 46187 + 2123 .
B (1074 7324034 +041 8.40+1.30+1.00
(BESIII [7])
9200+ 15+1.3
(CLEO [9])
Brag (%) 57.667352 +0.58 53+7+8
(BESIII [7])
48+ 6+ 7
(CLEO [8])
x10°
YE1 TAGGED BESII
A e AN (b)
10—
| Data
- —Fitresult ‘f‘\‘
31000
o Signal : A
Y -5 B ¥ - S ¥ W ¥ 7 WA ¥ T
= asses B a Ckg r OU n d RM(x,) (GeV/c?)
L L [ L [N e l---nl-"‘ t LN W R o l N L L
3.5 3.51 3.54 3.55

[6] Phys. Rev. Lett. 104, 132002
[71Phys. Rev. D 86, 092009
8] Phys. Rev. Lett. 101, 182003

350 353
RM(r,) (GeVic?)

[91Phys. Rev. D 84, 032008
[10] Ann. Rev. Nucl. Part. Sci. 37, 325 (1987)
(11 Phys. Rev. D 96, 056015
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Summary

The largest datasets of cc vector states collected by BESIII provide the power to investigate not only rare
vector decays, but also to study the h(1P), x.(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

3 analyses are discussed in this talk:

Observation of w(3770) = nd/yw
arXiv:2212.12165 Submitted to PRL

Evidence for n(2S) = n*n—n decay
arXiv:2211.11935 Submitted to PRD

Study of the h(1'P;) meson via w(2S) = n%h. decays at BESIII
Phys. Rev. D 103, L091102

More interesting results are expected with the full w(2S) and w(3770) data samples

Latest results on charmonium decays at BESIII - M. Scodeggio Lake Louise Winter Institute - February 2023
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Observation of
Y(53770) = nJ/y Xiv:221,

2.1
Submjy <7165
ed to PRL
Using the 2.9 fb-1 {(3770) data set
Search for the P(3770) = n J/P decay, and study of the ~ [T T T T SN —
d(ete- = n J/P) line-shape @,/s = [3.773, 4.600] GeV § 80 Siq. - Gaussian + CrystalBal E
Heap observed in M’(yy) (= M(yy) + M(up) - mysy) correlated to the @ 70 = Comb. Bka. - Polynomial —
J/P resonance in the M(py) spectrum QN E non-J/U n events -
To extract the signal yield , a fit to M’(yy) is performed in the S = .
M(up) signal region — -
D - .
~ 34 m [ N
2 45 Estimated from a fit to the M’(yy) in 30 ,: —
& 33k f g Bt I 10 the M(uu) sidebands and - | Tl
E . SIDEBAND |35 normalised by the ratio of non-J/y 20 + :
= 325 | f —=30 events in the M(pp) signal region H B !
b S N and sideband regions 100 Jr + ‘ : Ly
; 7 : ' ’ f ’:—?(5) - O DA N R B lwl-“‘l‘-.:..'im | — -
: SIDEBAND 1, (9.48 0.5 0.52 0.54 0.56 0.58
29 |~ s b M'(yy)(GeV/c?)
2(;3.4;5' II |0|.5| — |0.|55| — IO{6I — |0j65_O

M'(yy)(GeV/c?)
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Evidence for
1(28) — ' decay Xiv:221

to
Using the 448 million P(2S) data set PRD

Search for the nc(2S) — rrtrr-n decay through the M1 ¢p(2S) — ync(2S)
transition and determination of &n¢(2S) — rrtr-n)

Due to the small energy of the ym1, having the background under
control is fundamental

* Data sample ®

—
e
{09

I lllllll

. ¢(2S) — mr+rr-n with a misidentified photon is reduced via a ~Signal MC sample

kinematic fit

—
~
o

| lllllll

. J/Y = u+u-yrsr is removed by rejecting M(rr+r-ym1) > 3 GeV/c?
events

Il. Y(2S) — m+rm-nyrsr cannot be reduced, hence a MC shape is
used, the contribution is fixed to the ratio of events with and
without an yrsr (MC-data corrected using a

Y(2S) = yxco— y[yrsr2(rr+r1-)] control sample)

=
8 <

EVENTS /50 MeV/c >

i

—&-

—-

—-—
—-

——

—-

.
—s

.

.

:

.

IR

| | | | I | | | | I | | | | I | | | | I |

—

1.5 2 2.5 3

M M (GeV/c?)
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