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Outline

 The BESIII experiment

« charmoniumlike states

— The Y states — JPC=1-

— The Z_ states — I=1 & decays into cc

* Summary



Where is the BESIII experiment
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Ecm = 2-4.6 GeV

198
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Beijing Electron Positron Collider (BEPC)

nded: 1984

9-2005 (BEPC):
veak=1-0x10°" /cm?s
8-now (BEPCII):

seak=1.0x10%%/cm?s

(Beljing electron-
positron collider)

at\
BESIII
detector




BESIII Detector

SC magnet, 1T

Magnet yoke

RPC

TOF, 80ps

Be beam pipe

MDC, 120 um

0.5% at 1 GeV/c Total weight 730 ton,
~40,000 readout chnls,

| Data rate: 5kHz, 50Mb/s
CsI(TI) calorimeter, 2.5% @ 1 GeV

oo

Has been in full operation since 2008,
all subdetectors are in very good status!



BESIII Collaboration

14 countries

64 institutions



E | | [ | [ | | | I | | | | I | | | [ | | | [ | | :
E PDG 2012 @ u, dr S E
i ' 3 loop pQCD .
- L fF 0 mmmmmmm=ad Naive quark model _
- p i | 2175 ]
5 ih P 0.1 fb~! :
R 4 }:'f. _——“Mu
i "".'_',. ny _“I;;-r" : — s I s I |
= i T gt Energy Scan 526 pb—! =
- Can cover 0-4.6 GeV from “Tmw ===
-+ direct annihilation or ISR mensurements . (JRLECCISEUD,
"a's""}""r's""é"";s 4210, 4220,
' i ' 4236, 4245
| ] [ | | | | | | | | | I. J Z
L g/ ¥ (2S5) pree o 50 4270, 4280:
- A Mark-I 0.5 fb~1>.  4230+4260 1.0 fb? 3.9 fb!
: Mark-I + LGW 1.9 fb’
- ® Mark II o l{’ v/ A aeoo E
- ® PLUTO | 5x10 o6y
- O DASP A ]
:— vr Crystal Ball | ' M‘i | ! | i l —:
: | * BES " 1 A\ 'F‘Ill 1 ‘ JI_I
o | 29075 | 4360 || L _ — — - =
L U] }|12| i 05 b !| :
[~ T L. ! | ll- ]
:':‘T)‘ —————— =t %ﬁ' R écan 1.3 fb~! (130 points) h| .
3 3.5 4 4.5 5
Vs [GeV] 0> <




Mass (GeV)

h
(

B
N

DD
3.6

3.2

2.8

Godfrey & Isgur, PRD32, 189 (1985)

Charmonium spectroscopy

S and D-wave spin-triplets have the same
oess | quantum number as the photon!

3 3
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1°S (3.10)

O-+ 1— 1+- O++ 1++ 2++ 2-+ 2-- : P= (_]_)L+1 parity
C = (-1)%*S charge conj.

+1) LJ

—_ L orbital angular momentum
1S 2.97) L=0,1,2..correspondto S, P, D, ...
J=S+L



Charmonium(like) spectroscopy

—~4.8
2 » Charmonium-like (XYZ) particles 2 (3960)]
S » New type of hadron (multi-quark ...)? 2.(4020)
0 .
Q4.4 » Too many vector states! Exotics? | Z.aa30)
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O-+ 1— 1+- O++ 1++ 2++ 2_+ 2-- 3-- 3_,__ 3++ 4++
Godfrey & Isgur, PRD32, 189 (1985) N



The Y states

measurements of more final states for the

Y and y states
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Belle: PRL99,142002, 670/fb

Th e Y State S BaBar: PRD89, 111103, 520/fb
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(AT GeV/cd) May BESIII help? 12



S e*e— nrnd/y at 4.26 GeV

Events / 0.002 GeV/c?

160
140
120
100

882+33
Jhy >pip

595128
Jhy 2e'e

Co
[ ]
Events / 0.002 GeV/c?

.....

M(wr) (GeV/cd) M(e'e) (GeV/c)

Select 4 charged tracks and reconstruct J/y with lepton pair.
Very clean sample, very high efficiency (~45%).
o(ere— n'n-J/y)= (62.9+1.9+3.7) pb

13

PRL110, 252001 (2013)



BESIT ete->rtn-J/w cross sectior

100 150 PRL118, 092001 (2017)
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» Most precise cross section measurment to date from BESII|
> Fit|=|BW +BW,*e¥2+BW,*e!?*|2 or Fit Il =|exp+BW,*e¥2+BW,*e!?*|2 (other fits ruled out)

M = 4222.0+3.1+1.4 MeV (lower)
['=44.1+4.312.0 MeV (narrower)

X(4260) MASS 4251 + 9 AVERAGE

PDG ”
X(4260) WIDTH 120 +12 AVERAGE




BESIT ete->rtn-J/w cross sectior

PRL118, 092001 (2017)
100 150

—~ | XYZ T
S X\Zdata BeSI | = |+ i_ctre:aata "l BESTI
“— L — I _— | — I
2 b --Fitll 8.2 foL R N 0.8 bt
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» Most precise cross section measurment to date from BESII|
> Fit|=|BW +BW,*e¥2+BW,*e!?*|2 or Fit Il =|exp+BW,*e¥>+BW,*e!?*|2 (other fits ruled out)

»M=4222.013.11+1.4 MeV (lower)
»1'=44.11+4.3+2.0 MeV (narrower)

» A 2nd resonance Y, with M=4320.0110.4 +7.0 MeV/c?
['=101.4*%>3 ,,1+10.2 MeV
» Observed for the first time, significance > 7.6c 15



3E5I e*e— n'nh(1P)

* h,.—yn. n. —hadrons [16 exclusive decay modes]
o pp, Tt KK, wtrpp, 2(K*KY), 2(n*n), 3(n* )
« 2(n*)K*K:, KLK*n+ce.c., KK nn*rn+c.c., KK
¢ ppn?, K*Kn, n*nn, n*n =, 2(x*n)n, 2(n*wnd)

3.2 50 C
160 _
E_—4.415 GeV I : E,.=4.415 GeV
31 140 .(,: 140:—
— > 1200
§ 30 g 100
[+P] L
g 3.0 = 8oL
<=° 20 Z C
= £ 60f
2.9 o & )
20F
238 0 e R B N B B
48 350 352 354 356 358 3.60 £48 3.50 3.52 3.54 3.56 3.58 3.60
My, (GeV/c?) M, (GeV/c?)

Method same as in PRL111, 242001 (2013) 1



BESIL e*e-—>mtmh, cross section

PRL118, 092002 (2017)

250~ o BESIII: R-scan data sample BGS]]I
_ - = BESIIL: XYZ data sample ~6 -1
:S.. 200:_ —Fit curve: Total
= —  -- Fit curve: Y(4220)
S 150 :
E — - Fit curve: Y(4390)
n -
2 100—
E [
o N
= S0 l
S .
4 N
& _ mi
= U=
-50[
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||I||

3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6
Vs (GeV)

> First precise cross section measurement from threshold to 4.6 GeV

> Fit with | BW,+BW,*e!??|2, two resonant structures are evident 17



BESIL e*e-—>mtmh, cross section

PRL118, 092002 (2017)

250~ o BESIII: R-scan data sample BGS]]I
_ - = BESIIL: XYZ data sample ~6 -1
:E:.. 200:_ —Fit curve: Total
= C  -- Fit curve: Y(4220)
S 150 :
‘E} — - Fit curve: Y(4390)
@ —
2 100 - 1] _
2 - .
= S0 l 1) |
o 1 : A ?
2 - \ L L .
o oF - e o e T
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-501— o
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3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6
Vs (GeV)

» M,=4218.4+55, . +0.9 MeV/c?, I',= 66.0*123,,1+0.4 MeV - Y(4220)
» M,=4391.5*3 . +1.0 MeV/c?, I',=139.5*162_ . +0.6 MeV = Y(4390) 18



BESIL ete~ » wtDOD* +c.c.

« Reconstruct DY - K™t

 Select the combination closest to D® mass (m(D?))

« Find an additional t*;

¢ 1.9 <M(D*) (RM(D’1t*) + M(D®) — m(D?)) < 2.1 GeV/c?
» select the candidate closest to D*~ mass

« An un-binned maximum likelihood fit CS 200 Preliminary
« Signal shape: MC convolved with a >t
Gaussian; i 200
« The isospin partner background (dotted % -
line) is parameterized with MC,; L% 100 '
« A linear function for other bkg ?: R ,"’,--.,...4.ff',"."_"j';"_"_"_';'::;F_;3_

9 1 95 2.0
RM(D %)+ MDD)-m(D’)GoV/c?)



BESII

Fit to the dressed Xsection of
ete” > ntDYD* +c.C.

N °obs
Odress = = 0 E—

L0100 o s ey s I B B N B B N O S D B O B B I
soo— Preliminary ’ .
gﬁoo:— ‘ l -]
S400— i%a p3e Sl
B 400 .- n
- IRl [ .......... -
200— { Al T Mg e T —
0_ 'r- *i- ji [ jh--l---;h-:l':-l--"} | A B . L]
4.1 42 4.5 4.6

43 44
E(GeV)

Fit with a constant (pink dashed triple-dot line) and two constant width relat|V|st|c
BW functions (green dashed double-dot line and ).




SCOII Resonant parameters

Parameters Solutionl Solutionll Solutionlll SolutionlV

¢ (1”_4) 5.5£0.6 The error are statistical only.
My (MeV/c?) 4224.84+5.6

Iy (MeV) 72.349.1 Crelminany
My (MeV/c?) 4400.1£9.3

[y (MeV) 181.7£16.9

s (eV)  62.9+11.5 7.241.8 81.6+£15.9 0.3+2.7
s (eV)  88.5+15.8 55.348.7 551.9485.3 344.9+70.6
b1 2.140.1 28403 -0.9+0.1 -2.340.2
bo 1.940.3 23402  2340.1  -1.940.1

» Statistical significance is greater than 10c.
> Consistent with those of Y(4220) and Y(4390) inete™ — n+n2‘lhc.



BESIL Improvement of e*e— n*ny’

PRD 96, 032004 (2017)

« Data samples:
— 16 energy points from 1/s=4.008 to 4.600 GeV.
— The total integrated luminosity (L) is 5.1 fb™".

* Reconstructed modes:
Mode I: Y(3686)2>n ]/, J/y=2>1T (I=e/p)
Mode ll: WY (3686)2>neutrals+Jhy,
neutrals=(n’n’, n°, n and yy) Jy=21T (I=e/p)

22



BESII Sighals at Ecm=4.416 GeV

(0.002 GeV/c?)
8 8 8
I I 1

()]
o
LI L B L

Events / (

s
QT

3.66

T T T T T
h -4~ Data _:
+ —Fit .
----- Background
] /v sideband -
368 370 3.72 374

Mt J/y) (GeV/c?)

Events / (0.002 GeV/c?

PRD 96, 032004 (2017)

C —f1 rr 1 rrrrrrrrrr
[ —4 Data

60 — Fit -
: MOde Il ----- Background

40 B [ Jiv sideband

20

.’264 3.66 3. 3.70 3.72 74

M) (GeVic?)

 Number of signals are extracted from n*n"J/y invariant mass
(mode |) and =" recoiled mass spectrum (mode Il).

« Signals are described with MC simulated shape convolved
with a Gaussian function.

23



The Ysine*e— n'ny’

o g T T e arXiv:1703.08787,
£ 0oL l ~Belle PRD 96, 032004 (2017)
- B 4
2 80 -= BaBar _
% 60 F 1 The Y(4220) is necessary
o | S
S 40p (significance = 5.80)
@) 20 F
0' Fix parameters of the
- #mﬂ',,,,,j’,,,,,,,,,,,,,,,,,,,- Y(4660) to Belle results
40 41 42 43 44 45 46
s(GeV)
Parameters Solution I Solution II
M(Y4220) (MeV/c2) 42095 £ 7.4
T(Y(4220)) (MeV) 80.1 + 24.6
Bre e (Y (4220)) (eV) 0.840.7 0.4+0.3
M (Y 4390) (MeV/c2) 4383.8 £ 4.2
I(Y(4390)) (MeV) 84.2+12.5
Bre' e (Y(4390)) (eV) 3.6+ 1.5 2.7+ 1.0
¢ (rad) 3.341.0 2.8 +0.4 24
¢2  (rad) 0.840.9 4.7+0.1




100

Y(4260)=>Y(4220): w

—+ XYZ
— Fit |
- - Fitll

80|
60 [

a0

o(e'e—n*nJiy) (pb)

20

100

4 22
Vs (GeV)

100~

50

o(e’e—n*nJ/y) (pb)

80
60 -
40

20

—4— Data

— Resonance

--=- Phase Space

4 42
Is (GeV)

c(e*e‘ec)xw) (pb)

oF 1

20

40 L
415 42

©

5400

425 43 435 44 445

200

by
. LY
c\Illllllllll'}'-lllllll

b)

(P

Cross Section

hat IS It?

250~ o BESIII: R-scan data sample
= = BESIII: XYZ data sample
:E.. 200 :_ —Fit curve: Total
g 1 [ -- Fit curve: Y(4220)
E SOE _ Fit curve: Y(4390)
@ -
2 100
e C
&} r 1%
= S0 A
2 F [ |
g 0; [ = j 1*% 3

50

=T ET I T T T T T U VN T T A T T [N T e T A T A T A |
3.9 4.0 4.1 4.2 4.3 4.5
Vs (GeV)
120 — T
- ' ' ' ' = BESIII 1
100 l -

80F -
60 F =
40F -

Y (4220) appeared in wyq, t " /psi, ntn vy, ntn"h,, D’D* m?
Mass~4220 MeV, Width~ 60 MeV!

25
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A coupled channel analysis

Y (4220)

Y (4390)

Y (4660)

42165+ 1.4 £ 3.2
61.1 =23 3.1

4383.5 1.9 £6.0
114554499

4623.4 £ 10.5 = 16.1
106.1 £ 16.2 £ 17.5
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2 44
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—4—EBEZI
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8 4 42 4.4 4.6
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- —+ Belle
—— BABAR

—+ BESNI

Lnk
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T ¥YZ data
|+ R-scan data

T iE (GeV)
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4

— R-scan data

ale'e iy (pb)
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500
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By Jielei Zhang, Limin, Yuan, and
Rumin Wang, arXiv:1805.03565
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Leptonic width of Y (4220)

For an isospin-zero charmoniumlike state, we expect

B(Y — 7r+7r_hc),
x B(Y = 7t J/z!))
S x B(Y — nhm~1(3686)),
B(YY — 7tD°D*~ + c.c.),

B( X
B(Y — mrJ/) =3
B(Y — 7T7T?,/)(3686)
B( )

>~<
1
|
-
3
|
Lo
X ||

Cote- = » Bi X Tope-
= leco X Dote- + Brrh, X Dote + Brrp X Tete— + Bpper X Tetem + ...
Taking Solutions with the smallest B X T+,
[ +,- > (36.4 + 2.0(stat) + 4.2(Sys)) eV
More modes being measured:

» charmed meson pairs, light hadrons+n,
J. Zhang et al., arXiv:1805.03565

27



What is Y(4220)?

Hybrid?

— Mass agrees with LQCD

— Couples to e*e- weaker than conventional charmonium
— Couples to spin-singlet strongly

D,D molecule?

— S-wave open threshold [BESIII will release c(e*e > f)lD) soon |

v(4S) state?

— Screened potential reduces 4S mass

D.*D.* molecule?

Yo Molecule?

=» more data and more theoretical efforts -



The Z_ states
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BESIL e*e— n*mdhy at E,,=4.26 GeV

PRL110, 252001 (2013)

525 pb-! data at 4.260 GeV

I & o, 18 0
o ME o 17k 1595 events in Jhy
> 12F 1 D 1gE Ty signal region,
S 4 e b purity~90% .
= e W = F
& 08F o o :’; na
0.4 12 f_ :
T L , VI I Ll b b b b b Laaag -2
U‘I(] 11 12 13 14 15 16 18 1D‘IO 1 12 13 14 15 16 17 18 L
M2(£*Jiv) (GeV/dZY M2 (" Jhy) (GeVic?)?
C Data r + Data 120F
" 100} ZMC . 100; MC o +E4aéa H
S [ Zeoomg S o b \ —zEoomg S 100f ]
8 80: } \ } [ sideband 8 80_ [ Sideband 8 - —Z[3900) MC *H::
o * ol o 80~  [f sideband y :
e L Q S0 HH ..-* + I ﬂ 2 60: i !'i
i Lk T I S
= ' S T 40
= 2 af 4 2 %
323334 353637 3839 4 4142 823334 3536373839 4 4142 02 04 06 08 1 12 14
M(r*Jly) (GeV/cd) Mz Jy) (GeV/cd) M(r*r) (GeV/c?) 30



BESIL  gpin-parity of Z,(3900)

PRL 119, 072001 (2017)

EVENTS / 0.02 GeV/c?

EVENTS / 0.02 GeV/c?
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e TE S-W *
z(127'0) J lp‘

50 b i
E o

38 40 42

My, (GeV/c?)

Asymmetric line
shape

JP=1+ preferred
over 0-, 1-, 2-, 2+
by at least 7c.

Significant f,(980)
contribution

ntir D-wave
fraction increases
as E_,, increases

May any model calculate the s-dependent Dalitz plot?
[large data samples at 4.18-4.28 every 0.01 GeV, 4.36, and 4.42 Ge\4]



3EI spin-parity of Z,(3900)

PRL 119, 072001 (2017)

NE NS00
o I | nvre O4500___.
0 330] | = o 400
3301 | N s
i 3—$— """"""" I U R
> 1 P e e 1 =
L300 e LLI 300
> i L YT XY D 5
I e ST 11250
250/ L 200f
I —-0_' - 1502— _.0-' .o
200[ L -2 oof Zf e e
? S50F
150~ _(2) bt P
0.0 02 04 06 08 10 00 02 04 06 08 10
|cos(6,.) |cos(6,,,)]

« Z.enhanced events show clear JP=1+ preference! "



BESII Improved res. param. of Z.(3900)

1
s — M?2 +i[g) p1(s) + ghp2(s)]

BW (s, M, gy,95) =

parameter value

Mass (39015 £ 2.7 = 38.0) MeV
;" (0.075 £ 0.006 £ 0.025) GeV?
J,'/9," 271 £20%19
Moole (3881.2 £ 4.2 & 52.7) MeV
L pore (51.8+4.61£36.0) MeV
4.23 GeV (21.8 + 1.0 + 4.4) pb
4.26 GeV (11.0 + 1.2 + 5.4) pb

PRL 119, 072001 (2017) 33



3G palitz plot of ete— n*ah (1P)

PRL111, 242001 (2013)

—
o

g : ‘ %mf
i 175— j §1003— |~~
= 16 oS gf } w \
; R PR }

LT A

14] : :

13;} 0. 1 0. 2 0. 3 04 05 026 07 08 0 e

M2, (GeV/c?y M_., (GeV/c?)

* Obvious structure around 4.02 GeV
* Hints of Z_,(3900)

« ~1500 events in h, signal region at 4.230, 4.260
and 4.360 GeV, purity about 65% 34



3L Observation of Z.(4020)*

BESIIl: PRL111, 242001

U 120f
{E 100f Simultaneous fit to
= 50 4.23/4.26/4.36 GeV data,
% cof 121 16 n, decay modes. 8.9c
3 401 * 1-1@@#&1: M(Z.(4020)) =

20- 4022.9+0.8+2.7 MeV;

Po5 400 405 0 ppn il 125 [(£,(4020)) =

My (GeVIED 7.942.74+2.6 MeV

o(e*e> nZ . 2>n'mwh) ! Close to D*D* threshold

8.7+1.9+2.8+1.4 pb @ 4.230 GeV
74417421412 pb @ 4.260 Gev  Significance: 8.9¢ [Z,(4020)]

10.3+2.3+3.1+1.6 pb @ 4.360 GeV  No significant Z_(3900) (2.1cs)35



BE

SII Z.inete— 'y’ ?

PRD 96, 032004 (2017)

M) (GeV/c?)?

» A prominent narrow structure is observed in my(3686)
mass spectrum for data at /s = 4.416 GeV.

« An S-wave Breit-Wigner fit function is performed on the
Dalitz plot of M2(n*(3686)) versus M2 (n~y(3686))
p-q/c’ N p-q/c’

(Mg —x)2+M%-T2/c* (Mi—y)+M{-T?/ct
 The fit yields a mass of M=4032.1+2.4 MeV/c and a
width of '=26.1+5.3 MeV, with a significance of 9.20

0o o~ o otat. err. ONLY!
gl [ %
15 150 2 0
Q I O sl
10 gloop S |
N S
w0 C -~ r
5 E : % I
Lﬁ D: L 1|5 __._-+-«r‘I TR = Lg'lj D----I---.---.-".". | L o L1 L1
0 01 02 04
" Mz(\lf(3686) 17) (GGV}?:Z)2 W(niw(SBBG)) Gevie 32)2 Mz(ar T }(GeWcz)Q

Different behavior between high and low M?(ztn™)! 36



BESII Fit of intermediate state

Interference not conS|dered & fits Cannot descrlbe data weII'
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BESIT  gearch for Z.—> p1n.

* Search for new decay mode of Z_(3900) and Z_(4020)

* The ratios of Zg) — pn,to ZE') — mf /Y (ith,.) may
discriminate the tetra-quark and molecule models.

100

100
Dynamical Z tetraq. Type-l — namical Z'. tetraq. (type indep.) — |
1 1
Molecular Z. — Molecular Z'. — |
L1072 1 N 102
10-4 /\ o
-6_ i e " \n.\..\. " PR " E——— - _6 1 i 1 1
10702 0.1 1 10 100 1000 D007 107 0.1 1 10 100
Rz Ry
/
_ BZ:—-pn) P B(Z: - pn.)
z zr — /
B(Z. - nj/Y) B(Z; — mh,)

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

Type Il tetraquark model:

neglect the spin—spin interaction outside the diquarks -



BESIT  Evidence for Z.— p1N.

preliminary

* Strong evidence of e"e"— 1 Z_,
Z.— pn,at+s =4.23,
statistical significance is 4.30.

e ete” st 'y,
* 11,—9 hadronic

decays _ | _
(3.90 including systematics)
Decay mode BR
ap— o13% c ete—nZ., Z; = pn,. not seen.
n. > 2(K'K°) ~0.15%
N > KK ~1.50% _ ?gg - preliminary — gg _;m::isfs preliminary
N, = KK ~1.20% é :ig S Tr 4N, “;3 40§—x ' ’ H
n. = ppr° ~0.18% > }gg = l
Ne > KoKt ~1.80% g 2
N, = TN ~1.60% il z
n.~> K'Kn ~0.57% 87 38 39 4
N = TTTTOR ~2.40% Maeco - (GEV/C')

ete—mnZ,,Z, - pn, @ 4.23 GeV
39



BESIL  Evidence for Z.— pn, Pemne

 Measure Born cross section at 4.23 GeV:
o8(ete” »ntn nn.)=(46+12+10) pb
oB(ete > mnZ,,Z,—»pn)=(047+ 11+ 11) pb

Vs =4.23GeV /s = 4.26 GeV /s = 4.36 GeV |Tetra-quarks-I Tetra-quarks-II Molecule

Ry, (s000)| 2.1+0.8 <64 230733 0.27104%  0.046709%

Rz, (4020) <1.9 <12 < 1.0 6.6725 0.01075008

100~

100

Dynamical Z. tetraq.Type-l — namical Z'. tetraq. (type indep.) —

— r
Molecular Z. Molecular Z'c —

Q1072 S 1072
0% or I1 Tl 100 1000 T 107 102 o 1 10 100
Ry Ry
p = BE = pn) p — B~ pn)
© B(Z. - ]/yY) “ B(Z; - mh)

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015) 40



Summary of the Z_ states at BESII|

Decay Modes Z.(3900) Z.(4020)
15(JFPC) 1*(1+ ) 1*(?7 )
nd/y Discovery mode No
nh, 2.1c Discovery mode
D*D Yes No
D*D* No Yes
Ty’ No Yes?

PN, 4.30 No
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Summary

Lots of progress in the study of charmoniumlike
states at BESIII

Measurements of many hidden charm final states,
Y (4260)=>»Y(4220) with more decay modes now

JP=1+ for Z_,(3900), evidence for Z.(3900)->pn.
a new Zc structure in my’'?
BESIII will take more data and continue the study.

Thanks a Lot!
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Thanks a lot!

515 !



Belle Il vs. BESII]

ISR produces events at all CM energies BESIII can reach
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