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BLSIII Experiment

Being BEPCII an e+e- 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

at IHEP (Institute of High Energy Physics) BESIII has also unique opportunities with datasets above 3.8 GeV

BESIII (BEijing Spectrometer lll) is an
experiment located at the BEPCII
(Beijing Electron Positron Collider Il)
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Preamble

Charmonium resonances are located in the transition region of
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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), ...), especially above DD threshold
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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), ...), especially above DD threshold

Gateway to the XYZ exotic states

Another way to probe the SM (via weak decays)
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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), ...), especially above DD threshold

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. Measurement of the inclusive branching fraction for @(3686) = Kg0 + anything

2.Measurement of Branching Fractions of J/y and w(3686) decays to 2+ and X
3. Measurements of the branching fractions of ¢(3686) = 2° A + c.c.
4.Search for New Hadronic Decays of hc and Observation of he = K*K n*n™n’

5. Measurement of ete- = yx., cross sections at center-of-mass energies between 3.77 and 4.60 GeV

6. Observation of the decays xc; — nkA + c.c.
/.Search for the X(2370) and observation of n. = nnn’ in J/y = ynnn’

8.Search for the rare semi-leptonic decay J/y = D e’v,_ + c.c.

9. Search for new decay modes of the w>(3823) and the process ete-— = n°n%ywx(3823)
10.[...]
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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), ...), especially above DD threshold

Gateway to the XYZ exotic states

Recent study about XYZ particles

at BESIII
by J. Bloms

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. Measurement of the inclusive branching fraction for @(3686) = Kg0 + anything

2.Measurement of Branching Fractions of J/y and w(3686) decays to 2+ and X
3. Measurements of the branching fractions of ¢(3686) = 2° A + c.c.
4.Search for New Hadronic Decays of hc and Observation of he = K*K n*n™n’

5. Measurement of ete- = yx., cross sections at center-of-mass energies between 3.77 and 4.60 GeV

6. Observation of the decays xc; — nkA + c.c. //
/.Search for the X(2370) and observation of n. = nnn’ in J/y = ynnn’

% Light meson spectroscopy
at BESIII
by Jinfei Wu

Results of J/y Weak Decay Searching

at BESIII
by Chuang-xin Lin

8. Search for the rare semi-leptonic decay J/y = D e” v, +c.c.

9. Search for new decay modes of the w>(3823) and the process ete-— = n°n%ywx(3823)
10.[...]
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Measurement of Branching Fractions of J/y and y(3686
decaystoX and X arXiv:21

Data sets (‘09 - "12):
J/w-1.31x107
W(3686)-0.45 x107

Channel selection:
g — 55 = (pro)(Eno)

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021
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Measurement of Branching Fractions of J/y and (5686

decaystoX and X o X2107 050
Mitt
Data sets (‘09 - "12): °dto JHEp
J/ W - 1.31x107 Channel Nsig Branching fraction (10~%)

J/p —XTY | 86976 £ 314 10.6140.04 +0.38

Ll)(3686) = 045 X 1 09 ¥(3686) — XX | 5447 + 76 2.52+0.04 +0.10

Channel selection:
Y = 22 = (pnO)(pn®)

Number of signal events are counted
by fitting the M, distribution requiring M5, to be within the signal region (1.17 < SR< 1.20 GeV/c?)

8000 F

450

% 7000 “o 400 , lp(5686)
’ Esooo E 350
B \ p 5 5000 5 S
=(23.8+1.3) % S S 200
B =~ 3000 =

(/)] (/)]
J/v—h E 2000 S 100
11 1000 D 50
P141.151.161.171.181.19 1.2 1.211.221.231.24 T T e T e o 1011251537124
M, (GeV/c?) M_ ., (GeV/c?)
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Measurement of Branching Fractions of J/y and y(3686
decaystoXand X arXiv:21

SUbmite, 37. 0297
Data sets (‘09 - '12): to JHEP
J/ W - 1.31x107 Channel Nsig Branching fraction (10™4)
J/p—XTY | 86976 + 314 10.614:0.04 +0.38
LIJ(3686) -0.45 x107 »(3686) — LTY | 5447 £+ 76 2.5240.04 +£0.10 }

Channel selection:
g — 55 = (pro)(Eno)

In agreement with the PDG values within 20 €

By (3686)—sh

- (23.8+13)%
BJ/?,D—M
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Measurement of Branching Fractions of J/y and y(3686
decaystoXand X arXiv:21

SUbmite, 37. 0297
Data sets (‘09 - '12): ‘o JHEP
J / W - T 31 X ] 09 Channel Nsig Branching fraction (10~%)
J/Yp > XY | 86976 + 314 10.61+£0.04 +0.38
P(3680) - 0.45 x107 7 (3686) — STS | 5447 + 76 2.52+0.04 %0.10 }
Channel selection:
g = 343 = (pno)(pno) )
~In agreement with the PDG values within 20 €~

2 Precision improved by a factor of 7

By (3686)—h

- (23.8+13)%
BJ/zp—m

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 135



Measurement of Branching Fractions of J/y and (5686

+ - arXi,.
decaystoX-and X Sum: 2107025,
itt
Data sets ('09 - '12): ¢ to JHEp
J / P - [ 31 X 09 Channel Nsig Branching fraction (10™%)
TS Y 86976 + 314 10.61+£0.04 +0.38
P(3686) - 0.45 x107 7 1p(3686) — ST | 5447 £ 76 2.5240.04 £0.10 }

Channel selection:
g — 55 = (pro)(Eno)

_ Inagreement with the PDG values within 20 €~ :

2 Precision improved by a factor of 7

/

\

..\

~(238+13)%
BJ/¢—>h / Violation of the “12% rule” in accordance with the

, previous measurement in the 2030final states by BESIII
o [PRD 95, 052003 (2017)]

d
/" By (3686)—h
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Measurements of the branching fractions of )
Data sets (‘09 - '12): andyc0-0,1,2 — AA
w(3686) - 0.45 x10°

lsospin symmetry

breaking decay

|

Channel selection: 602—'(';)"””'””'””:”“'””—I 40—(b)"'f"—
— — - — fit : - — fit m
- N(\') 50 [ — signal of 2°A — N‘\') £ E_ — signal of =°A _E
L|J(28) — ZO/\ — (Y/\)(prl ) %J - —siznaloffoA %J 30 l | — signal of =°A —
8 40:— --+ 395" background —: g 255_ Ol liel ¢ { -+-+ 395" packground _E
8 N Yoo XX background 8 - i o XX background;
e e O 4 o 20 il ]
| _ | o 1 2 sE | Rk 'ﬂ -
011 B8R (W(3686) = 20N + &<, | © E N :
 (1.60 = 0.317stat = (.17 3syst :O.58><1O-6 = 1 %
e e —— e S e — s - 01 gy ﬂ1f3. : r,i .....
M(Ay) GeV/c?
Coming from the w(3686)-continuum " Tension with CLEO-c result 111 of (12.30 = 2.4) x10-6
interference, where the prior of the mixing Consistent within 10/20 (depending on the w(3686)-
angle is assumed uniform continuum interference) wrt theoretical prediction (2]

[11 Phys. Rev. D 96, 092004
Charmonium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 21 Tnt. J. Mod. PhyS. A 30. 1550148 15



Measurements of the branching fractions of Y(3686) — X0 A + c.c.

Data sets (‘09 - "12): and ycj0-0,1,2 — AA 1’;’%- Rev. p
W(3686)-0.45 x109 112004
. L cO Acl A2
Same channel selection: -
—  4Data AN LA
— “(pnt ~Fi
/\ (/\) prl (prl ) O 10° ?---;°;Obackground 3
S - - Flat background
()] $ |
0 t ‘
— L) | . —_
Viode B (#(3686) = vxes) B(xes — AA) (x107%) § 1 * ¢ P
xB (xcs — AA) (107°) ) This work PDG =~ ¢ ﬁ f
X0 3.56 4+ 0.10 & 0.10 '3.64+£0.10+0.10 “ . 3.27+0.24 e 11
Xa  1.2840.06 +0.06 1.31£0.06+0.06 40.03}|  1.14%0.11 T
Y 2 1.82+0.08 £0.17 1.914+0.08+0.1740.04]| 1.84+0.15 T - L I A I
| - 330 335 340 345 350 355  3.60

Due to the uncertainty on the

— M(AR) GeV/c?
ERW(3686) = yx) T \_

Improvements on the 82 knowledge for the J = 0,1 states
Results keep not being consistent with theoretical
oredictions (e.g., 1.19 ~ 1.51 x10-4 for yo) 3!

31J. Phys. G 38, 035007

Charmonium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 16



Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

) arXj,-
Data set Sub/v..2707,o360 4
1 9.3 fb_1 mlﬁ'ed to PRD
@3773 < \/S < 4600 GeV 22 out 34 energy points have £, > 400 pb-,

number of signal events from fitting
M(yud/@p) (@ /s < 4.009 GeV) or M(y J/p) (@ /s > 4.009 GeV)*

\/s<417SGeV

Channel selection:
ete™ = YXc(1,2) ™ YYJ/Y

— | 13 ¢+data
=40t (a) + (b) ~ Kot
D i - ~Xeo
2 §_ -bkg

%’fﬂ--ﬁ-ﬁ LA LD |

/ ﬁ
T L JrJf i
O_ R T h.t_l_—f_f{/\\+ I.{ . ’{. .."I 1,__/@ ! £H 41
3.4 36
M(Y J/w)(ee) My, J/w)(uu)(GeV/CZ)

*@ /s < 4.009 GeV E(Ye+e) < E(yyc)

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 17



Measurement of e'¢ — Yy Cross sections

at center-of-mass energies between 3.77 and 4.60 GeV

Data set: SarX’V-'27O7, 036
19.3 fo- “omity N

@3773 < \/S < 4600 GeV 22 out 34 energy points have £, > 400 pb-,

number of signal events from fitting
M(yud/@p) (@ /s < 4.009 GeV) or M(y J/p) (@ /s > 4.009 GeV)*

\/s<417SGeV

Channel selection:
ete™ = YXc(1,2) ™ YYJ/Y

— | F +data
=40t (a) + (b) ’;1
D ) o —/c2
First observation of the SE .. -bkg
re- - tween 4-5GeV S, 1 A ;
ete~ = yXq1,2) process between 4-5 Ge % 20}2.}.... H ! ]L ]L ] +
ete- — @7/.60 g | ﬁjr 't % H Jt/ Jr
T Y Xt &= D | Ab A TF Jr JLH 4
ete— = yy¥c2 @6.00 oL ——— “4—**4 B /NS =
M(Y J/w)(ee) My, J/w)(uu)(GeV/CZ)

*@ /s < 4.009 GeV E(Ye+e) < E(yyc)

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 18



Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set: arXiy:o
19.3 tb-1 SmeileZOSéM
- Sdto PRp
@3.773 < /s < 4.600 GeV
. N"\? ' (c 1 —4— Data Vs=4.129~4.288 GeV
Channel selection: 3 | [° B st
550 i
ee™ = YXa1,2) ™ YYI/Y -l LT R (Y
. i **.?f+++“+++++*“ L ! +§H+++++++++++
For energy points with 4. < 200 pb-, QF R '3'55' - ae
number of signal events by counting the events in the signal M@y, Jp)(ee) My, J/ap)(um)(GeV/c?)
region (SR) subtracted by the events in the sideband regions (SBR)
§40'_ ©) 1 f) . E)/ata f=b4.3:8~4.467 GeV
SR [GeV] SBR [GeV] = | . | .
= . I -
Xc1 3.49 < M(y /) < 3.53 | 3.42 < M(yJ/y) < 3.46 z H {H i {Hé { | .
z B thi 14,44 | §+* HH*HH{.} +++*H++*”++;*+++*+;*+++*+++++ )
X2 3.54 < M(y J/yp) < 3.58 | 3.60 < M(y J/p) < 3.64 = E— P EETS .
M(y, JAp)(ee) M(y, JAp)(un)(GeV/c?)
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:

19.3 tb-
@3.773 < /s < 4.600 GeV

Channel selection:
ete™ = yXc1 7 YYJ/Y

— fit result
----- ) (3686)

3770
4040
4160

N
-

— Y

-=-continuum

%
Ot —smxer (V'S) =|Acont|” + |BWy(3es6) (V)|

T |BW¢(3770)(\/§)|2 + | BWy(4040) (VS)
T BW¢(4160) (\/g)ei(bl |2

A \
o(e'e —yx ) (
S

o

T p T 1.4
7
~,‘

—h
o
1

e Nignal V3839 4 414243444546
VYT L1+ 6)eB s (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 20



Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set: ;:ZGV:.27O7.O3604
19.3 fb- f MMted to pppy
@3.773 < s < 4.600 GeV T~
. B . ——Dat
Channel selection: ~ 301 \_ﬂf?é%s”ét)
ete™ 2 yXa1 2 YYJ/Y 2 VTTe
~-20( | - 605
N & | ---= continuum
Oete—syxer (V8) S| Acont|” H |BWyy(aess) (Vs) [ M 10l
+ | BW 3770y (V8)|? 4 | BWy(a040) (V5) RS E
+ BWya160) (V/5)€e*|? % 0k '
Interference between :
-10

3839 4 4142434445 46
's (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation

continuum and other components
was found to be small

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021 21



Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set: SarXiv,-2707.03604
19.3 th- % “bMitteq ¢ PRD
@3.773 < s < 4.600 GeV T~
. B . ——Dat
Channel selection: ~ 30 f{}}?&%é‘ét)
ete= = yxc1 — yYJ/W S 5 ; %185
P 200 | — - (4160
o K § 1__ -+=continuum
Oete~ —vyxel (\/g) :‘AgontP n ‘BW¢(3686)(\/§)‘2 1\ 10 _
+ | BWy(3770) (ﬁﬂ*‘ | BW 4040 (V/5) AC E
+ BWya160) (V/5)€e*|? % 0k '
Incoherent sum of W(2S) and w(3770) _10:..|....|....|....|....|....|....|....|....|..
because their contribution is small 3.8 39 4 4142 43 44 45 46

's (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set: ;JZ("V-'.2707.O3604
19.3 fb-1 MMtted to pppy
@3.773 < s < 4.600 GeV o~
. - N g
Channel selection: ~ 30} aal
o vy 3686
ete™ = yxXa1 — YYJ/y a | o
~-201H T — $ 4160§
v Xo I == continuum
et e (V8) =l Acontl? + | BW,s(ass6) (V3) ..
o L
+<D .
5 0
Signiticances for w(4040) and w(4160) _10:..|....|....|....|....|....|....|....|....|..
are estimated to be 3.70 and 3.30 3839 4 4142 43 44 45 46

's (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:
19.3 th-
@3.773 < /s < 4.600 GeV
Channel selection:
ete— = yyc2 = YYJ/W &
| ~ -
L §o 20— IF]; 4160
Oete— —>7Xc2(\/§) = BW¢(3686)(\/§)|2 T \BW¢(3770)(\/§)‘2+ T i "
BWy(1040) (V/$) + BW (4160 (v/)€" _'I_CD P
+ BWR(Va)e © 0
O B
L N N N R N N P N
Nsignal 3839 4 4142 43 44 45 4.6

o(Vs) =

Ling(1+6)eB 's (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:

19.3 tb-
@3.773 < /s < 4.600 GeV

Channel selection:
ete™ = yXc2 7 YYJ/Y

Oc+e— —>7X02(\/§) — BW¢(3686) (\/§)|2 + ‘BW¢(3770) (\/g)‘Q—I_
BW¢(4O4O)(\/§) + BWy(4160) (V/s)e ’
+ BWr(Vs)e'?|

Significances for w(4040) and w(4160) are
estimated to be 2.0c and 4.60

Resonance @4.39 has a significance of 5.80 38 39 I 4 I 41 42 43 44 45 46
's (GeV)

NB Negative is due to the subtraction in the
number of signal events estimation

o(e’e—yx_,) (pb)
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:

19.3 tb-
@3.773 < /s < 4.600 GeV

Channel selection:
ete™ = yXc2 7 YYJ/Y

Oc+e— —>7X02(\/§) — BW¢(3686) (\/§)|2 + ‘BW¢(3770) (\/E)P—I_
BW¢(4040)(\/§) + BWy(4160) (\/E)e ’
_+ BWr(v/s)e'?[?

Significances for w(4040) and w(4160) are
estimaj;ed to be 2.00 and 4.60

o(e’e—yx_,) (pb)

i ~ lllllllllllllllllllllllllllllllIIIIIIlIllIlI
- esonance @4.3 has a significance of 5.80 3839 4 4142 43 44 45 4.6
y M = 4371 75+ 1.8 MeV/c2 —> Consistent with either \E (GeV)
Mot=511+17.6 « 1.9 MeV Y (4360) orY (4390) resonance NB Negative is due to the subtraction in the

number of signal events estimation
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:

16 fb-
@ 4.008 < s < 4.600 GeV

n\

Channel selectior®” :y, 2.~
ete—— YXc0
YVI(KTK™n 0™ )/(KTK™)/2(n"n~)]

Number of signal events by fitting simultaneously
3 invariant mass distributions

Significance was estimated to be < 20 V energy point

Charmonium decays at BESIII - M. Scodeggio
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Measurement of e'e — yyj Cross sections
at center-of-mass energies between 3.77 and 4.60 GeV

Data set:

16 tb-1

ete™ = yXco
YVI(KTK™n 0™ )/(KTK™)/2(n"n~)]

Number of signal events by fitting simultaneously
3 invariant mass distributions

Significance was estimated to be < 20 V energy point

Hence, UL were estimated

N

Charmonium decays at BESIII - M. Scodeggio

Events/0.005

(GeV/c?)

N
-
o

—
-
o

I

W
o

Events/0.005 (GeV/c?)
= S

AN41 42 43 44 454
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. Data

arX,‘V.27
‘ /
Subm/u 03604
ed tO PRD
R T (5=4.008~4.600 GeV %200; M shape T (5=4.008~4.600 GeV
S | * H
LA RN : $+++ ++++++++++++x ++H+H+++++++HH+
$ ? 100 |
I S |
| --'1':":.: ol Lﬁ | T T s o
83 335 34 345 83 335 34 345
v (Gevie?). Mt (GeVic?)
— 40
A\ - MCshape B /o 008~4.600 GeV

(g% @)

3 335

345

M(K*K) (GeV/c?)
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Search forfiew decay modes of the »(3823)
and the process e'¢ — 0a0»(3823)
Data set: Above DD threshold

19 b1 @4.1 < s < 4.7 GeV

Reaction:
ete~ = ntnWy(3823)

7 decay modes
studied

YX c1
" } Xc(1,2) = Y/

YA 2
rnJ/y
2’7V [y

YA c0 = yxco = YI(KTKT)/(n"n™)]

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021
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Search for« cay modes of the y2(3823)

and the process e’¢ — 70,(3823)

Data set: Above DD threshold
19 fo! @4.1 < s < 4.7 GeV

Reaction:
ete~ = ntnWy(3823)

7 decay modes

|

el 4.3 < s < 4.7 GeV

—+— Data

Sideband

YXc0 = yXeo = YI(KTKT)/(n"n™)]

Charmonium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021
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Search forfiew decay modes of the 1p2(382 Y
and the processe'e —

Data set:
19 tb-1 @4.1 < s < 4.7 GeV

Reaction:
ete~ = ntnWy(3823)

7 decay modes
studied

YA c0 = yxco = YI(KTKT)/(n"n™)]

Charmon ium decays at BESIII - M. Scodeggio

0,(3823)
Above DD threshold 1 Phys. Rev,
Observed
W2(3823) = yx1 @11.80
43 <s<4.7 GeV
3 35 — Data
35
s0f et Tt e £ 30 — Fit result
25 Sideband 225 - = Background
20F 10 20
15 + 215
10F -l- Em
5
OLL#@.J“ ...... b,k >
378 SRBM(i+i?) ?Gi‘t,/i?G 3.8 0378 3.8 3.82 3.84 3.86 3.8

RM( ) (GeV/c?)
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Search for cay modes of the y>(3823)
and the process e'¢ — m00»(3823)

Data set: Above DD threshold Phys. p
-Rev, p
9 fb1 @4.3 < fs < 4.7 GeV 103, 10974,
Reaction:
ete~ = ntnWy(3823) :
8F
= X
7 decay modes : : ‘O 7F c2
udiod First time > of
evidence for > 5f
= 5f
W2(3823) 2 YXc2 3 4F
@3.20 S SE T
T 2F + -+
LI C
1: _ - a — an
N:ANRRANNS R

3.78 3.8 3.82 3.84 éz.sé "3.88
RM(rttt) (GeV/c
YXcO = yXeo = YI(KTKT)/(n"n™)] ) { )
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Searchfor iff: modes of the wé( )
and the process e'e  — 0n%»(3823)

Data set: Above DD threshold Ph
. YS. Rev, p
9 fb-1 @4.3 < /s < 4.7 GeV 93,0911,
Reaction:

ete~ = ntnWy(3823)

7 decay modes Nl//2(3823) B(y,(3823)—--)
studied B(y>(3823)-7xc1) Consistent within 1o wrt
VYol ) ... ] theoretical prediction
, (0.317 - 0.324) [4] of
v}( YX 2 7
71""71'_]/1// B(W(ljDz)_)}’)(cz)
By (1°D
20790 /s (w(1°Dy)=7x01)
nJ /[y
7°J [y
YX c0

[4]1 Phys. Rev. D 95, 034026
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Search for new decay modes of the 2(38253)
and the processee — u0n01p2(5825) >

Data set:

Qb1 @4.3 < /s < 4.7 GeV

Reaction:

ete—— noOnOw,(3823) 2 yxc

With 15.9+57 44 number of signal
events...

Charmon ium decays at BESIII - M. Scodeggio

AbOVe DD thresho|d .

Events / 5 MeV/c?

N
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- X
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ci

—+— Data

— Fit result
- = Background

Sideband
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Lo i

378 3.8 382 3.84 3.86 388

RM(n°r0) (GeV/c?)
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Search for new decay modes of the 2(38253)
and the processee — u0n01p2(5825) >

Data set: Above DD threshold —

Qb1 @4.3 < /s < 4.7 GeV

Reaction:
ete—— noOnOw,(3823) 2 yxc

With 15.9+57 44 number of signal

events, evidence for
ete—— nOnlywy(3823)@4.30

Events / 5 MeV/c?

N

Charmon ium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021
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—+— Data

— Fit result
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Search for new decay modes of the 12(5825)
and the processe’'e — n0n01p2(5825) b

Data set: Above DD threshold" ' Phys R
ev. D
9fb1@4.3 <s<4.7 GeV 103 L097105
Reaction:
ete—— noOnOw,(3823) 2 yxc
10F YY —+—D.ata
With 15.9+57 44 number of signal L 4 d o B
events, evidence for = T Sideband
ete—— nOnlywy(3823)@4.30 2 6:_
(e:e —07%,(3823)) Py / T
oleTeonTy,(3823) 00 0T PR L

- 378 38 382 384 386 388
Isospin conservation is confirmed within the uncertainty RM(n°r0) (GeV/c?)
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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., Xy and nJ(2S) states, decays of which are mostly unknown
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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., Xy and nJ(2S) states, decays of which are mostly unknown

As shown throughout this talk, also datasets above the DD threshold can shed new light on charmonium decays
and hint at possible connections between XYZ states and conventional charmonia
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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., Xy and nJ(2S) states, decays of which are mostly unknown

As shown throughout this talk, also datasets above the DD threshold can shed new light on charmonium decays
and hint at possible connections between XYZ states and conventional charmonia

4 analyses are discussed in this talk:

Measurement of Branching Fractions of J/w and w(3686) decays to 2+ and 2-
arXiv:2107.02977 Submitted to JHEP

Measurements of the branching fractions of w(3686) = 20N\ + c.c. and xcju=0, 12 = AN
Phys. Rev. D 103, 112004

Measurement of ete- = vy, cross sections at center-of-mass enerqgies between 3.77 and 4.60 GeV
YX g
arXiv:2107.03604 Submitted to PRD

Search for new decay modes of the w»(3823) and the process ete~— nonfwy(3823)
Phys. Rev. D 103, L091102
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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., Xy and nJ(2S) states, decays of which are mostly unknown

As shown throughout this talk, also datasets above the DD threshold can shed new light on charmonium decays
and hint at possible connections between XYZ states and conventional charmonia

4 analyses are discussed in this talk:

Measurement of Branching Fractions of J/w and w(3686) decays to 2+ and 2-
arXiv:2107.02977 Submitted to JHEP

Measurements of the branching fractions of w(3686) = 20N\ + c.c. and xcju=0, 12 = AN
Phys. Rev. D 103, 112004

Measurement of ete- = vy, cross sections at center-of-mass enerqgies between 3.77 and 4.60 GeV
YX g
arXiv:2107.03604 Submitted to PRD

Search for new decay modes of the w»(3823) and the process ete~— nonfwy(3823)
Phys. Rev. D 103, L091102

More interesting results are expected with the full J/@ and w(3686) data samples
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Charmonium decays at BESIII - M. Scodeggio

Search for New Hadronic Decays of h

Data sets (‘09 -'12):  and Observationofh - K' K an
W(3686) - 0.45 x109

First observation of the h, decaying to mesons carrying strangeness

Predictions of the decay process
h. = light hadrons 14 — 48% [

Best-measured decay mode is the radiative
transition (51%) h. = ync

Sum of all other known 22 < 3%

EPS-HEP Conference - July 2021
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Data sets (‘09 -'12):  and Observationofh - K' K an

w(3686) - 0.45 x10°

First observation of the h, decaying to mesons carrying strangeness

Search for New Hadronic Decays of h

10 decay modes studied

(1) KTK ntn n°

7T+7T_7T07’}

KK nFata™

KT K x°
KTK™n

KTK ntr™n

2(KTK™)n®
KTK n°n
KOK*nT

ppr m”
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Search for New Hadronic Decays of h

Data sets ('09 - "12):  and Observationofh, - K’ K x'a n® "hys. Rey, s
Ww(3686)-0.45 x109 102, 11200,

_ th
Ny3es6)  [1; Bi - €

B(h. — X) - B(¥(3686) — 7°h,)

10 decay modes studied N, B((3686) — m°hc) X B(he — X) B(h. — X)
6.00 (i) KTK ntn n° 80 + 15 (2.8 4+0.54+0.3) x 107° (3.3£0.6 £0.6) x 1072 .
3.60 (ii) atr 7o 35+ 9 (6.2 + 1.6 + 0.7) x 10~ (7.2 + 1.8+ 1.3) x 1072 Summing up the &2 of these decays,
-5 —2 /
. i < 90.0 < Lox 1o < Lex1om one gets ~1.3% to all h.decays
3.80(iii) KYK*nFrtn 41 +£13 (2.4 4 0.7 4 0.3) x 10 (2.8 £0.9 +0.5) x 10
< 65.3 <3.9x%x10°° <4.7x107?
(iv) KtK—7° < 20.1 <4.8x107" <58x1074
(v) K"K <185 <75x107" <9.1x107" More studied are needed to establish
(vi) KtK ntnn < 24.1 <2.0x107° <2.5x%x1073 : :
(vii) 2K+ K )0 o117 < 91%10-7 <95 10" if hadronic decays of the h. are same
(viii) KK~ nn < 20.2 <1.8x107° <22x107° order as the radiative ones [I!]
ix) KYK*rnT <174 <4.8x1077 < 5.7x10*
(x) ppr’n° < 11.8 <44x1077 <5.2x1074

] Phys. Rev. D 46, R1914
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Data sets (‘09 -'12):  and Observationofh - K' K an
W(3686) - 0.45 x109

For h. = K'K n"nn' in the h. decay, a search for intermediate resonances was performed
C

Charmonium decays at BESIII - M. Scodeggio
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Search for New Hadronic Decays of h

Data sets ('09 - "12):  and Observationofh, - K’ K x'a n® "hys. Rey, s
Ww(3686)-0.45 x109 102, 11200,

For he = K*K™n*n™n' in the h. decay, a search for intermediate resonances was performed
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Search for New Hadronic Decays of h
and Observation of h = K'K w'n a¥ Phys. Rey, 1

UL determination procedure

Bayesian approach

Sig: Breit-Wigner (mass and width of h fixed to PDG values)

1) Signal yield is scanned using the( convoluted with detector resolution

BKG: ARGUS function with kinematical threshold of 3551 MeV/c2

2) Systematic uncertainties are introduced by smearing the likelihood function with a Gaussian one
(width of which is set to the systematic uncertainty of the corresponding decay mode)

——>» Number of h. events to define the UL

_ 90% C.L.
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Search for the rare semi-leptonic decay J/y - D e'v, + c.C.

Data set: Charmonium decays can also probe the SM arxj,
. 1
® Submitt 04-06628
J/L|J-1O1X1O edtOJHEP
Channel selection: Missing quantity Uviss = Exis — Pris |
| (#MISS — #J/L|J #D # )
— + _ _
J/LP —De Ve 7 (K+I'I I )e used to count events
No signal (negative number of events is interpreted as such) 33 ;_ —— Data Signal MC
is found, hence an upper limit is set % 30 ;— — Fit result Inclusive MC
. ) | S 25 ----Background
The 82 (J/p = D e'v,) < 7.1x107° @90% C.L. (systematics are & 20 .
included) improves the superseded results by ~170 times " I -
s 150 )]
The 82(J/p = D e’v,) is also compatible 2 10 §; 'l
with SM predictions of ~107"" V! = 5 [+ LT 4T ot
o oF e ! e
1 Phys. Lett. B 639, 418 -0. 06 -O 04 -0 02 0 0 02 O 04 O 06
[IVI Phys. Rev. D 92, 074030 (GeV)

mlSS
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Search for the rare semi-leptonic decay J/y - D e'v, + c.C.

UL determination procedure arXiy:o

Bayesian approach

Likelihood scan, with Ngyn, ranging from -70 to 70 1 - -
(with steps of 0.1) L 08¢
= :

/ * UL on the BF ~

2 :
Uncertainties from the fit range and the background shape d 0.6 : \ @90% C
‘\ c)o |_

of the U, ... are included in the fit and the largest likelihood =3 0.4 |-

value is retained as the most conservative result 0.2 . h
Other systematic uncertainties are implemented as 0L S P
orescribed in Ref. [V] 0 20 25

B(J/ t//eD etv +c.c.) (X100 %)

Distribution of the normalised smeared likelihood

. Grey area corresponds to the 90% CL
[Vl Chin. Phys. C 39, 103001

Charmonium decays at BESIII - M. Scodeggio EPS-HEP Conference - July 2021



Observation of the decays ycj — nK°A + c.c.

Data sets (‘09 - "12): arXiVj°2706.73442

5 S“bmltt "
W(3686)-0.45 x10 : © JHEP
—~ 200 Dotted curves peaking bkg from
Channe‘ Se‘ectiOn- § E XCJ—DZi/\n$+C.C.With zi—’nl'li \
) - [
L|J(28) - VXel - YHKO/\ < 150 |
O i
— VNI Y I
ynin+n-)(pn+) < o0 A
3 . . o i
) 8X103 Treated as a mlssmgl particle 2 : \ ’
—_ h Inclusive MC with signal Il G>) 50— . \
N\g i Inclusive MC without signal Il LLI i / ‘ ;| ) \ I + -
é 06:_ BK; - +l-/T--I""T..;.>‘_ o) ~ —_—\ L{; .... \b;
=0 35~ 34 | 345 35 355 3.6
s Invariant mass of nK”_ (GeV/cz)
n _ O -
0.2 Prmiss = pCM}{ Py = PK=PA Dashed line shapes
Lﬁ I BW (MnK/\) X EBY X D(Ey)/
0

where D(E,) is a damping factor to suppress the E3, tail
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Observation of the decays ycj — nK°A + c.c.

Mode NLJ BF (10_4) Subm,:ttggé' 73442
Xc0 1288 =50 6.67 =0.26 =0.41 to JHEp
Xcl 41030 1.71 £0.12 £0.12
X2 900 £41 3.66 £0.17 £0.23

X ™ nK°A + c.c. decay
Lobserved for the first time
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Observation of the decays ycj — nK°A + c.c.

Mode Ny g BF (107%) 82 (pKA)/&2(nK°A)
X c0 1288 =50 6.07 =0.20 =0.41 1.98=0.09 +0.14
Xcl 410 =30 1.71 =20.12+0.12 2.64+0.23+0.20
X 2 900 =41 3.66+0.17+0.23 229+0.13+0.16

X ™ nK°A + c.c. decay
Lobserved for the first time
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&2 checked with isospin conjugate

Xcs = PK'A+ c.c.VMland no isospin
violation is found within the
uncertainty

[VIl Phys. Rev. D 87,012007
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Observation of the decays ycj — nK°A + c.c.

21
Mode  Nij BF (107%) &2 (pKA)E2 (nK°A) Submig 36.73442
t
Xc0 1288 =50 6.67 £0.26 =0.41 1.98+0.09=+0.14 © JHEP
Xcl 410 £ 30 1.71 +£0.12+0.12 2.64+0.23 +0.20 &2 checked with isospin conjugate
X c2 900 £41 3.66 £0.17x0.23 2.29+0.13+0.16 XcJ = PKA+ c.c. Mlland no isospin
T . ] violation is found within the
- Xe = NKFA+ c.c. decay Incertaint
observed for the first time | 4
‘ _ — Aof
= 601 | ¢ = |30F ’ %; 301 M I
Observed % 401 | II S./ 20l | E‘ 20;_ I | Il’H|
near threshold enhancements £ | *I 21 f | || 4310-_ | |
|.(|]>.|) O:_ 4 Ty L%J 10? /41 iy | : / b |
—J 25 3 —J 25 3 Y/ a5 3
M _(GeVie?) e’ M (GeVic?) " M _(GeVi?)

[VIl Phys. Rev. D 87,012007
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