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Physics at BESIII

Charmonium Spectrum BESIII Data Sets (primary):

predictions based on PRD 72, 054026 (2005) (e+e- collisions at Ecy between 2.0 and 4.95 GeV)
measurements from PDG

z|(4430) 2009: 106M (2S5) o
4 E T ;u(4381) 225M J/y Many topics!

L=l +c2(3P2) 2010: 975 pb-tat y(3770) spectroscopy
Y(4260) | 1e(3'P1) Xe1(3%P1) 2011: 2.9 fb-1(total) at 1/1(3770) (light and heavy),
42 - D@Dy X-0(8%F0) 482 pb-lat 4.01 GeV ﬂavor physics,

2012: 0.45B (total) y(2S) new physics,
4.(2(4020) fi,) | Y3*50) 1.3B (total) Jly R scans,
<220 2013: 1092 pb-1tat 4.23 GeV T physics, etc.
X(3872) 826 pb-1 at 4.26 GeV
3.8 ” Xc0(23Po) 540 pb-! at 4.36 GeV

] 10 X 50 pb-l scan 3.81 — 4.42 GeV
' (2150) 2014: 1029 pb-! at 442 GeV
3o ) 110 pb-! at 4.47 GeV,4.53 GeV
1 i) Xe1(13P1) 567 pb-l at 4.6 GeV
34 L yeo(15P0) 0.8 tb-! R-scan 3.85 — 4.59 GeV
2015: R-scan 2 — 3 GeV +2.175 GeV
2016: ~3fb-lat4.18 GeV (for Dy)

2017: 7 x 500 pb-! scan 4.19 — 4.27 GeV
JAP(13S4) predicted, undiscovered ;gig Ill(l)OI;C(J/WZSCZJn/d tuning new RE CaVity)
: : tota 1/4
30 I (1789 unpredicted, discovered 8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV
2020: 3.8 fb~' scan4.61 — 4.70 GeV
O+ 1= 1= 0 1w 2w 2021: 3B (total) y(25)
Jre 2 fb~! scan 4.74 — 4.95 GeV

Z(3900) he(21P) [20919)

3.2 - predicted, discovered
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Physics at BESIII

Charmonium Spectrum Primary Data for Spectroscopy:
predictions based on PRD 72, 054026 (2005)
measurements from PDG

Light Quark Spectroscopy

I
Z(4430)
4 S (43S e
[ eSo) 10 billion J/y
he(31P4) e
Y(4260) | MelC T Xc1(3%P1) o o . .
40 L T Precision Charmonium Physics
P(23D)
3 3 billion y(2S)
4 [ 2(4020) 15,y 1 ¥ S0
> 3500 —%@e15) Xe2(2°P2) Charmonium (XYZ) Spectroscopy
hc(2 P1) X(3872)
3.8 - P Ly > 500 pb~! at ~30 points
PMp [T T e
'(23S)) between 4.0 and 4.95 GeV
ne'(2'So)
3.6 -
Xc2(13P2)
he(17P+) c1(13P+ °
Xer (1) This talk:
34 Xco(13Po) .
(prelim) An example J/y decay.
(1) The “Y” statesineTe™ — Y.
3.2 - ——
predicted, discovered . _
(2) The X(3872) in ete™ — yX(3872).
JIP(1854) predicted, undiscovered . P
30 L (3) The Z_.states in e"e™ — /..
' Ne(11So) unpredicted, discovered
(4) The Z_ state in eTe™ — KZ,_..
O+ 1-—- 1+- O++ 1++ 2++
Jpe (final) Upgrade of BEPCII to BEPCII-U.




An Example from J/y Decays: J/w — y(n'n*n™)
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An Example from J/y Decays: J/w — y(n'n*n™)
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An Example from J/w Decays: J/w — y(n'nn7)

2500 _I [ | LI | | | | [ [ I | LI | L | L | | I_ BESIII: 1.1B J/w decays
I L e . ——
| .1600 : é — Global Fit | : ] I LI | ] I LI | ] I ] : ] ] I ] LI | I I I I * I :
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N | 1200} — Non-Resonant | Q 3500 - - Background (-
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% 1500 __1000 __ 2 E ”C(IS) E
o L il o 2500 f ,
e ) % 3 X370, E
£ 1000 |- " Vi 2
q>) : — : 'i..".ol' 3 —
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_ 0 = £,(1510) -

16 17 18 1.9
M) (GeV/c?)

2 21 22

The state around 1.85 GeV/c?

M (MeV/c?) . 1638.0 & 121.91)2/%
@ [(GeV/c?)] Flarté 93.7 + 3547475
s/ 5 shape for 231+ 03708

Events/(0.04GeV/c?)

Myge MeV/c?)  « ,  1909.5 +15.955
pole 7.5
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4.0
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An Example from J/y Decays: J/w — y(n'n*n™)

2500 [T T T T T BESIII: 11B]/y/decays
| 1600] igla;ﬁalﬁt 1 EAB BLELELE BLELELE ELPLELE AL AL I ELRLAL ILALEL
S S R R S . .
2000 1400} . 4000 £ —+ Data
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: i o 2500 o | ? *
i s x2120) @707 o)
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500:;
I 225M J/y decayS'
- , 56
13 14 15 16 1.7 nr'n] (GeV/c?)
ML 1.1B J/y decays: :
+9.4 .
The state aron pO16:()((1835)) = 1909.5 £ 159777, MeV/c? :
M (MeV/c?) .é'. R o-
63 1(GeV /)] Flad 1o Jy w decays are currently P ..'
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M o1 (MeV/c %) “« X( ] 8
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106, 072002 (2011)

> There is an urgent need for more 100, 072002 (20N -

rigorous methods to extract resonance 2.5 , 3.0
properties from data. )(GeVic?)



XYZ at BESIII: (1) Start withete™ = Y
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XYZ at BESIII: (1) Start withete™ = Y

(really y, since I°J°C = 07177)

eTe~ — hadrons

[BESII, PLB 660, 315 (2008)]
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! 1l
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PRL 118, 092001 (2017)

i 1/(4230)

R W T - P PP e . P e A LT A L L L X
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+1.4 MeV/c? w(4360)?

_10[] 1 | 1 | 1 | 1 | 1 l;. | 1 |
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Ecm(Ge

o(e’e—=n Tt d/y) (pb)

W(3770) = 13D,
(4040) = 335,
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XYZ at BESIII: (1) Start
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XYZ at BESIII: (1) Start

100 - —— Fit result
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— Fit result

—3— Data
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— Fit result
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. ( 1 ) Sta] There’s been great progress in providing
new measurements of exclusive
eTe™ cross sections!

PRL 122, 102002 (2019)

Properties of the Heavy y States (PDG 20] More work is required to sort out the

experimental properties of the y states,

= -
— R peaks . .
2 2000 o Loikmben s including even how many there are.
— [ B AAIU13BC (LHCb) B — Kup
c 180— (4230)
o) . @  ABLIKIM 20AG (BESIII) u*y . .
S 60| W Aeumzon ees ey In the meantime, the region around
- A ABLIKIM 200 (BESIII) nJ/y .
— | Y AsLikim 1om (BESI) ay, 4.23 GeV has proven to be a rich source
140F—| O ABLIKIM 19R (BESIIl) xDD*
~ | O Asukmtov sesiy xiss72) of other new phenomena. ..
- /\  ABLIKIM 17B (BESIIl) mrJ/p
120 — | ¢  ABLIKIM 17G (BESIII) aizth, L}
- gh  ABLIKIM 17V (BESIIl) nmy (2S) _i
__ 1 (4360)
100 - @ ABLKIM 17B (BESIII) amd/y T
— B ABLIKIM 17V (BESIII) oy (2S) +
S80F—| A WANG 15A (BELLE) wmy(2S) qk:]
: \ 4 LEES 14F (BABAR) iy (2S)
— Q
60— f
40— r
20—
:I IIII|IIII|IIII|IIII|IIII|IIII|IIII
30700 3800 3900 4000 4100 4200 4300 4400 4500 4600 4700
Mass [MeV/c?]

e At : 3 /s (GeV)
=0 e ey by e e e e S 1
38 39 4 41 42 43 44 45 46
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)

Events / 5 MeV/c?

Events / 5 MeV/c?

ete” — yX(3872) — y(ntn Jly)

f— (a) 4.15<E__ <4.30 GeV
- CM

X(3872)

|

PRL 122, 202001 (2019)

- - * o, oo o
1 /k L b T 1 Lo

L.
3.85

L L,
3.90

Mt Jiy) [GeV/c?]

(really x.,(3872), since I°JF¢ = 0*17)
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)

(really x.,(3872), since I°JF¢ = 0*17)

ete” — yX(3872) — y(ntn Jly)

70 (a) 4.15< ECM <4.30 GeV

|

60
50 X(3872)
40

30

Events / 5 MeV/c?

20

PRL 122, 202001 (2019)

(b) 400<E_ <4.15,430<E_,

- PRL 122, 232002 (2019) —4— Data

%, 5F - BESIII 2014
% : — Fit

= 4 -

w o f L w(4230)?

@ 3L

5 F

i

1 /k 1 1 TT
3.85 3.90

Mt Jiy) [GeV/c?]
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)

(really x.,(3872), since I°JF¢ = 0*17)

ete” — y(wJly)

ete” — yX(3872)

70 (a) 4.15< E_, <430 Ge
: %% [ X(3872)  PRLI22,232002(2019) _—— P&
60 % 20 — — - X(3015
R E = - ™= |\  nmmm Y o
2 50 To) B - - - Background
% - X(3872) B 10 - Sideband
= - 2 -
= 40} 5 |
™~ N T L
&L 30
C [
4 -
o 20F

(b) 400<E_ <4.15,430<E_,

- PRL122,232002(2019)  —— Data
i -4 BESIII 2014
— Fit

[y (4230)?

Events / 5 MeV/c?

1 1 | 1 1 1 1 | 1 1 1
3.85 3.90
Mt Jiy) [GeV/c?]
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)
(really y,.,(3872), since ISJPC = 0*1*7)

PRL 122, 202001 (2019)

PRL 122,232002 (2019) —— Pata

— . X(3915
S x§396og
........... y 0

X(3872) T ‘ | -—- Baf:kground

Sideband

S L'--.__
g oo st | G e et L N S s | e A e

3.80 3.85 3.90
M(r%_) [GeV/c’] B ™

Events / 5 MeV/c?

oy
o1 Y

4.15, 4.30 < ECN|

- PRL 122, 232002 (2019) —4— Data

- BESIII 2014
— Fit

w(4230)?

Events / 5 MeV/c?
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)

Events / 5 MeV/c?

ete” — y(x'x)

X(3872)

PRL 122, 202001 (2019)

£ ’ 41 > o

l--n__
h T e e i i i A v

= A
) O G e R e

oy
o1 4

—

Events / (3 MeV/c?)
CJ‘IC_DL @) _

3.80

o

3.85 3.90
M(r%_) [GeV/c]

(really y.,(3872), since I1CJFC = 0F1+7)

PRL 122,232002 (2019) ' g8

PRL 124, 242001 (2020)

—+— Data

—  X(3915

Background
Sideband

- PRL 122, 232002 (2019) —4— Data

w(4230)?

-4~ BESIII 2014
— Fit

E | X(3872)
)/ } H
3 } .
.... H '” l
3.9 3.95
DD’ (GeV/c?)
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XYZ at BESIII: (2) Access the X with eTe™ — Y — yX(3872)
(really y,.,(3872), since ISJPC = 0*1*7)

PRL 122, 202001 (2019)

—+— Data

R PRL 122,232002 (2019) _____
S
§ 3 X(3872) : BESIII produces small numbers of the
g A ]J 1 X(3872), but in a clean environment.
(= Jj L T T We established e "e¢™ — ¥V — yX(3872).
3.75 3.80 3.85 3.90 3.95

We can measure X(3872) branching

M(n% ) [GeV/c?] . .
°J fractions to a wide range of final states.

Data
-4 BESIII 2014
— Fit

—

o

.
.

.
o*

Events / (3 MeV/c?)
@) 5 @)
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XYZ at BESIIIL: (3) Accessthe Z. witheTe™ —» Y — n/,

(Z. means [°JFC = 11117)
ete™ - nZ.(3900) ete™ - nZ.(4020)

ete” > rH (@ Ily) ete” — n(@Jly) ete” — r*(z7h,) ete™ — n%(x°h,)

== 1w S-Wave Jly *
£,(1270) Jly

-= ZgrHC.C.

— total

=]
=]

(=2
<
>—Q—Q—'—<IIIIIIIIIIIII

Events/(0.005 GeV/c?)
Events/(0.01GeV/c?)

-
LN e L L MLy

_ H++++*+ 4 +H'+++ -\ +++. oy e ++++++++ ettt 3

IIII*IIIII

3.6 38 , : 32 34 36 38 4 LIPS 4 tE %85 39 395 405 41 415 42
- . 400 405 410 415 MEY  (GeVic)
my,,. (GeVvic) Mzo s (GEVICY) M., (GeVic) "

PRL 119, 072001 (2017) PRD 102, 012009 (2020) PRL 111, 242001 (2013) PRL 113, 212002 (2014)

EVENTS / 0.015 GeV/c?

il 111

ete™ = at(DD*)F ete™ - 7%(DD*)" ete™ — at(D*D*)* ete™ - 70(D*D*)"

— . - comb. BKG —— data s ' ' ' '
. 4.23 GeV +4.26 GeV
— total fit

— - Z(4025)
S PHSP signal

—+-Data

— Gilobal Fit

---- Signal
Incl. Bkg

—~
o
~

Events / (10 MeV/c?)

Events / ( 2.5 MeV/c?)

Events / 4 MeV/c?

3.9 3.95
M(DD*) (GeV/c?)

O T S RM(9)(GeV/c?)
M(D°D*) (GeV/c?) PRL 115, 182002 (2015)

PRL 112, 132001 (2014)
PRL 112, 022001 (2014)
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XYZ at BESIII: (3) Access the Z. witheTe™ —» Y — nZ,

(Z. means [°JFC = 11117)

Amplitude Analysis of ete™ — 720 /y

ete™ - nZ.(3900)

ete™ = nt(x%Jy)
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70F
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50F
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30¢
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10F

O- S P B B B
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J/\un
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PRL 112, 022001 (2014)
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PRD 102, 012009 (2020)

& Ml

Fit@Vs=4.226 GeV
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XYZ at BESIII: (3) Accessthe Z. witheTe™ —» Y — nZ,

(Z. means [°JFC = 11117)
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XYZ at BESIII: (3) Accessthe Z. witheTe™ —» Y — nZ,

(Z. means [°JFC = 11117)
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XYZ at BESIII: (4) Access the Z.. withe"e™ — KZ_

1
(Z,., means 1J* = ElJ’ and S = 1)
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XYZ at BESIII: (4) Access the Z.. withe"e™ — KZ_

1
(Z,., means 1J* = ElJ’ and S = 1)

B — ¢p(K*J/y) at LHCb
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XYZ at BESIII: (4) Access the Z., with e

Events /(5.0 MeV/c?)
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Prospects for BESIII: Upgrade BEPCII to BEPCII-U

Accelerator upgrade (BEPCII — BEPCII-U):
* Increase the luminosity by 3X at
high energies; and | Upgrade BEPCII
* extend the energy reach (£_,) to : (BEPCII-U)
5.6 GeV.
Method:
* add one additional RF cavity
per beam; and
* optimize optics in the interaction
region.
Timeline:
* the project was approved in July 2021;
* 1t requires 2.5 years of construction n S :
(with no shutdown); - - 4.0
# installation will start in July 2024; and e (Gel)
* running begins January 2025.

. |

Peak luminosity (cm™s™")

BEPCII

Physics Goals: 2 X M(A) = 4572.9 MeV

2 x M(ZHT9) = 4905.8 — 4907.9 MeV
2 x M(EHY) = 4935.4 — 4940.9 MeV

2 x M(QY) = 5390.4 MeV

(1) Explore an unknown energy region.

(2) Access charm baryons at threshold.
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Summary

BESIII continues to use e e~ collisions to explore the z-charm region in detail.

* 10 billion J/y decays allow unprecedented access to light quark hadrons
(and increases the urgency for methods to rigorously extract resonance parameters).

* 3 billion y(25) decays allow new precision studies of charmonium and offer complementary
initial states (17.(1S,2S), y.,(1P), h.(1P),w(2S)) from which to study light quark hadrons.

* XYZ physics remains a key component of the BESIII physics program:
(1) we continue to map out complex structure in exclusive ete™ cross sections (“Y” states);
(2) with E__ near 4.23 GeV, we produce the X(3872) through eTe™ — yX(3872);
(3) also near 4.23 GeV, we see the Z.(3900) and Z.(4020) through e*e™ — #Z_; and
(4) at higher E__,, above 4.6 GeV, we see the Z. (3985) ineTe™ — KZ_..

* BEPCII will soon be upgraded to BEPCII-U, opening a path to unexplored territory.
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