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Spectroscopy at BESIII:

BESIII Data Sets and Physics Reach
Examples of Precision Spectroscopy

Examples of Open Questions in Spectroscopy:
(1) the proton antiproton question
(2) the Q7 question
(3) the Y question
(4) the Z question

Common Theme:
I the need for collaboration between theory and experiment
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The Broad Physics Reach of BESIII

Charmonium Spectrum

predictions based on PRD 72, 054026 (2005)

measurements from PDG

Z(4430) -
4.0 | o(41S0) (43S1)
[Le#S0) Y(4360)
$c2(33P2)
Y(4260) | (31P1) $c1(33P1)
4.2 + $c0(33Po)
" (23D1)
Y 424020 |5, " (3%Sy)
>
(b} $02(23P2)
O  [Z(E%0 he(21P1) X@872)
N 38+ $co(23Po)
0 "##(13D1)
<§E 2Mp [
"#(23S;)
I HK21S
36 L #21So)
. $c2(13P2)
he(11P1) $c1(13P1)
3.4 $co(13Po)
3.2 - predicted, discovered
I (1%S4) predicted, undiscovered
3.0 - 1 ¢(11So) unpredicted, discovered
0% 1%% 1+% O++ 1++ 2++
JPC

20009:

2010:
2011:

2012:

2013:

2014:

2015:
2016:
2017:
2018:

BESIII Data Sets (primary):

(ete" collisions at &v between 2.0 and 4.6 GeV)

106M (2S)
225M T/
975 pb-1 at P(3770)
2.9 fb-1 at I(3770) (total)
482 pb-1 at 4.01 GeV
0.45B 1(2S) (total)
1.3B J/!' (total)
1092 pb-1 at 4.23 GeV
826 pb-1 at 4.26 GeV
540 pb-! at 4.36 GeV
~50 pb-! at 3.81, 3.90, 4.09, 4.19, 4.21,
4.22, 4.245, 4.31, 4.39, 4.42 GeV
1029 pb-! at 4.42 GeV
110 pb-1 at 4.47 GeV
110 pb-1 at 4.53 GeV
48 pb-1 at 4.575 GeV
567 pb-l at 4.6 GeV
0.8 fb-1 R-scanfrom 3.85 to 4.59 GeV (104 points)
R-scanfrom 2-3 GeV + 2.175 GeVdata
~3fb-1 at 4.18 GeV (for Ds)
7 x 500 pb-! between 4.19and 4.27 GeV
J/' (and tuning new RF cavity)

+ Initial State Radiation (ISR)

(data sets from BESII are much smaller (e.g. 58M J/! decay
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Precision Studies in Charmonium (1)

Charmonium Spectrum 1 (25)! " + anything
predictions based on PRD 72, 054026 (2005)
measurements from PDG [PRD 96, 032001 (2017)]

w
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Z(4430) - 300
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250
Y(4360) $c2(33P2) é §
Y(4260) hc(31P1) $C1(33P1) o 200 :—
4.2 $co(3%Po) S 150yl
" (23Da) = Ce T ————
S R 2 S
— n 3 Lu :— h
% 4.(2(4020) s,y | &Y =
% -
$c2(23P2)
O, [ZE3900) he(21P1) X@872)
N 38 $c0(23Po)
2 "##(13D1)
<§E 2Mp [
"#(23S1)
36 I H21S0) w 5000
' $eo(13P2) = 4000
hcm $e1(13P1) | =
A Z = 3000
3.4 [ $eo(132] I
.... g 2000
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*
*
*
.
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*
o
.

1000

3.2 - predicted, discovered 0
5
J/" (1381) prediCted’ undiscovered 'g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.1 0.15 0.2 0.25 0.3 0.35

30 13 o(11So unpredicted, discovered E. (GeV)

(1:S0)

%o %% +% ++ ++ ++ .
0 1 1 0 1 2 (using 106M !(2S) decays)
JPC
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Precision Studies in Charmonium (I)

1 (2S) ! "

+ anything

[PRD 96, 032001 (2017)]

PDG [7] (%)

PDG[7] (%)

Branching Fraction This analysis (%) Other (%) Average Fit
Bl 13686' ! "#." 9.389# 0.014# 0.332 922# 0.11# 0.46 [9] 92# 04 9.99# 0.27
Bl 13686' ! "#.." 9.905# 0.011# 0.353 Q07# 0.11# 0.54[9] 8.9# 0.5 9.55# 0.31
B!l 13686' ! "#." 9.621# 0.013# 0.272 Q33# 0.14# 0.61 [9] 8.8# 0.5 9.11# 0.31
Bl 13686' ! "#.0"! Bl#,,! "J=" 0.024# 0.015# 0.205 Q125# 0.007# 0.013[31] 0.131# 0.035 Q127# 0.006
0.151# 0.003# 0.010[15]
0.158# 0.003# 0.006 [16]
Bl 13686' ! "#."! Bl#,! "J= "  3.442# 0.010# 0.132 356# 0.03# 0.12[31] 2.93# 0.15 324# 0.07
3.377# 0.009# 0.183[15]
3.518# 0.01# 0.120[16]
Bl 13686' ! "#,"! Bl#.,! "J="  1.793# 0.008# 0.163 195# 0.02# 0.07 [31] 1.52# 0.15 175# 0.04
1.874# 0.007# 0.102[15]
1.996# 0.008# 0.070[16]
Bl#,o! "J= " 0.25# 0.16# 2.15 2# 0.2# 0.2 [32] 1.27# 0.06
Bl#, ! "J=" 34.75# 0.11# 1.70 379# 0.8# 2.1 [32] 339# 1.2
Bl#, ! "J=" 18.64# 0.08# 1.69 199# 0.5# 1.2 [32] 19.2# 0.7
e, (keV) L em (keV)
Initial State  Final State RQNB3] NR/GI[34] SNRy [35] LP[8] SP[8] LP[8] SP[8] This Analysis
I (3686) #eo 26.3 63/26 74/25 27 26 22 22 269418
#e1 22.9 54/29 62/36 45 48 42 45 283+19
#eo 18.2 38/24 43/34 36 44 38 46 275+ 1.7
#eo J=! 121 152/114 167/117 141 146 172 179
#e1 265 314/239 354/244 269 278 306 319 306+23
#Heo 327 424/313 473/309 327 338 284 292 363 +41
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Precision Studies 1n Charmonium (1I)

1 (2S)! e'e"gand" ! ee J!
[PRL 118, 221802 (2017)]

3 3 .
RS- RS-
> i > i
v10% v10%:
= : > -
< I <t i
Y 10t Y 10
N ; 7 i i
= 15 et t ¢ = 1E.-- ' :
e T | I o
LIJ10-1 LIJ10-1
3.4 3.45 3.5 3.5? 3.6 3.4 § 5 3.5 3.5523.6
M I/ ) (GeV/c) M(e eJd/! ) (GeV/c?)
(using 448M 1(2S) decays; reconstruct |(2S) #ete' J/)
B(y(3686) = eTe yey)/  Blres = eTe J/y)/
Mode Yields  Efficiency(%) Branching fraction B(y(3686) = yy.;) B(y., — vJ/w)
w(3686) > etey,o 48+ 10 6.06 (11.7+25+1.0)! 10* (9.4+1.9+0.6)! 1073
w(3686) = ete y. 873430 5.61 (86+£03+£006)! 107* (83+£03+04)! 107
w(3686) > ete y, 227+ 16 3.19 (69+05+06)! 1074 (6.6+05+04)! 1073
Yoo = ete JJur 56+ 11 6.95 (1.51 £0.30 +0.13) ! 10~ (9.5+19+0.7)! 1073
Yo = ete T w 1969 + 46 10.35 (3.73 £ 0.09 £ 0.25) ! 1073 (10.1 £0.3£0.5)! 1073
Yoy = eteJJur 1354 + 39 11.23 (2.48 +0.08 £0.16) ! 1073 (113 4+ 0.4 +0.5)! 1073

Ryan Mitchell (Indiana University), Spectroscopy at the BESIIII Experimdfbruary 9, 2018



Spectroscopy at BESIII:

BESIII Data Sets and Physics Reach

Examples of Precision Spectroscopy

Examples of Open Questions in Spectroscopy:
(1) the proton antiproton question
(2) the Q7 question
(3) the Y question
(4) the Z question

Common Theme:
I the need for collaboration between theory and experiment

¥

ete™ — Y (4260)— ! t1 —J/"



Examples of Open Questions in Spectroscopy at BESIII

(1) The proton antiproton Question
What is the X(1835)?

(2) The "# Question

Why are there anomalous differences between J/! and !(2S) decays?

(3) The Y Question

Why are there so many different peaks in exclusi®eaoss sections?
e.g. Y(4230), Y(4260), Y(4360), Y(4660), etc.

(4) The Z Question

What are the electrically charged OcharmoniumlikeO peaks?
e.g. £(3900), £Z(4020), £(4055), etc.
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(1) The proton antiproton Question

JI 1 "pg
[BESII, PRL 91, 022001 (2003)]
AL
_ 240 | | | | | | | | | | | | | | | I | I I I I
NQ — I -
3 160 I _
O
»y — — _
(@) - _
o i i
ag 8o ]
(€D) N _
>
LL] | _
‘ O I_ | | | | | | | | | | | | | | | | | | | | | .
1.90 2.15 - 2.40 2 65 2.90
M(p p) (GeV/c?)
Ne

(using 58M J/! decays)
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(1) The proton antiproton Question

J/N—="pp
[PRL 108, 112003 (2012)]

s0F T T, ——— | |
; (a) 700 & (a)
T 2000f - % 000 F
® 3 : > 500 F 1.
@) H ] 8 n*
S 1500;' — 8 400
< 1000 . g/ 300
s | 2 200
i S00f el - 2 100F ..
L l-"'--.-I"' a8 T R Ty
o e e
2.0 2.5 3.0 0.0 0.1 0.2 0.3

M(pp)(GeV/c) M,p-2mp(GeV/c?)
(using 225M J/! decays)

Fit Components: X(1835), 0++ phase space, 1o(2100), £2(1910)
M =1832 7 (stat), ", (syst)+ 19(model);! < 76 MeV/c?; JPC¢ =0'*
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(1) The proton antiproton Question

J/p — yrta
[BESII, PRL 95, 262001 (2005)]

=
N
-

00]
o

AN
o

EVENTS/(20MeV/c?)

-

1.4 2.0 2.6
M(I 1™ «) (GeV/E)

(using 58M J/! decays)
M = 1833.74+6.1(stat) +2.7(syst) MeV/ ¢?; T = 67.74+20.3(stat) £7.7(syst) MeV/ ¢?;
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(1) The proton antiproton Question

JV D T H S
[PRL 117, 042002 (2016)]
- R LR L B L L
= : $ -
4000 F g -+ Data =
< - .~ —PHSPMC E
§ 35005 I Background :
o 3000 P pp threshold 4 fi(1510)
= - g 1 X(1835)2?
Q »NE . 1 X@120)
= 2000 .n; 1  X(2370)
c 1500 | T N (2600)
G>) - :‘ [ & '.'“I-I‘l'l 7
[ 1000 F : =
500 - =
0 Eutes ]

14 16 18 2 22 24 26 28 3
M[" ®'1 ] (GeV/cH)

(using 1.1B J/! decays)
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(1) The proton antiproton Question

J/V TS
[PRL 117, 042002 (2016)]

2500_||||||||||||||||||| 1T |||§|||||||||||||||||||_ 2500||||||||||||||||||||||||E|||||||||||||||||||
| [T T T ] —— Data | | , N
o . - 3 —+— Data ]
: 1600_ _____ E(I%)_?(I))Flt : - 1600} _ ]9(| (1)2 i‘lo ;:it |
2000 [™1400f —%8 ggg; ] 2000 [—1400] - - - X(1835)+X(1870)]
B © --X(2120) i 0 -=X(2120) ]
> Po— - o B — Non-R ]
R | oo G o b Besorant ]
% 1500 [0, e pp threshold | % 500t 000 A pp threshold |
= = - > L i
S ] S ]
"g 1000 _— | -.2 1000 |
) I ] q>_) -
i i ] oo
500 __ __ 500 _—
- ’ 0 B -
013 T4 15 16 17 18 19 2 21 29 13 14 15 16 17 18 19 2 21 22
o | | M[" " ] ('GeV/é:Z) o M[" &1 ] (Gevic?)
b
X (1835
The state around 1.85 GeV=c? dal ) 3 —
Mass (Me\£c?) 18253 +£2.47)%
_ .0+127.8 24
G [(GeV=C’)’] 93.7 % 35: ~439 tB&R. (constructive interference)  (3.01 £ 0.17:92%) 1 10~
%op=% 231 0.37 59 @& R. (destructive interference)  (3.72 +0.217018)1 10~

M pole MeV=C?)
[pole (MeV=c?)
Branching ratio

1909.5 + 15:913:%
273.5 £21:418
(3.93 £ 0.381031) x 107

a

X(1870)

Mass (Me\Ec?)

twidth (Mev=c)

B.R. (constructive interference)
'B.R. (destructive interference)

18702 422733
13.0 £6.1133
(2.03 £0.125933) 1 1077
(1.57 £0.09%0¢) ! 107

Cr\
=
<
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Examples of Open Questions in Spectroscopy at BESIII

(1) The proton antiproton Question
What is the X(1835)?

(2) The "# Question

Why are there anomalous differences between J/! and !(2S) decays?

(3) The Y Question

Why are there so many different peaks in exclusi®eaoss sections?
e.g. Y(4230), Y(4260), Y(4360), Y(4660), etc.

(4) The Z Question

What are the electrically charged OcharmoniumlikeO peaks?
e.g. £(3900), £Z(4020), £(4055), etc.

Ryan Mitchell (Indiana University), Spectroscopy at the BESIIII Experimdfbruary 9, 2018

15



(2) The "# Question

o

J/! and! (25)! "*"t
[PLB 710, 594 (2012)]

>

| _ )
CQ U 6001000 - 3
< g | -
% 400000} . 6;
~ i [
(- E

1mp1ies: :>: 200000:— L /ﬁ\.‘.

1 2 3 0 2 4 6 8
B(l (ZS) I X) " 12(% m(nr) [GeV/c?] m(n*n®)? [GeVZ/c]
B(J/! I X) | _
y w0 #, S
> I of\? ﬁﬁ O,
but: E [ b %e
0 g = : i" ‘E’
m—4+ ul n L ¢
B(I (28) | ) g ;«*:** %"‘/ ssm -
nmynl n( 0 @:’ ¢ | {’l‘”
B(J/ ! | )
m(nr) [GeV/c2 m(n*7°)? [GeV?/c*]

= 1.00 % 0.01 (stat.)~ g oo (Syst.)

(using 225M J/! decays and 106M !(2S) decays)
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(2) The "# Question

1 (2S)! "# and "#'
[PRD 96, 052003 (2017)]

> >
ce 1 o ZF
< < ?5 202—
implies: § 152_ +
n n ; 10:_ lﬂ{]{ JWLT
B(J/' ! "#) B (2S)! "#) E 5 A +T+T1 +
B(/! ! "#) B(!l (2S)! "#)) R A
0.4 0.5 0.6 0.7
M(" ™ ™ %) (GeV/c?)
but: N, 10
B(J/! ! "#) L
. =(21.4+ 0.9)% O F
B(J/! ! "#") §102é‘
and: 510%— HH' P X
B(! (25) ! "#) § o
B(! (2S)! "#') 107 g Toe 1. 11

O.|9 1
M("*" 1) (GeV/c?)

=(0.66+ 0.13+ 0.02)% (using 448M !(2S) decays)
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Examples of Open Questions in Spectroscopy at BESIII
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(3) The Y Question

et e

hadrons

[BESII, PLB 660, 315 (2008)]

55
50 .-
45 |
4.0 -— | |
3.5 | It
30 | l[

as ]

2.5 ' [ e P

S¢ il udr® "
X 20k

15

10 F |t ;
i |

05F |\ ’.:;‘

-0.5 |-

”
\\._ o 2 \
\ e € ,e® “
0 0 .—'y./ﬁx.".—.—;'.—.'.'r:’.—i.'-:-.’;:r--rr‘.-.‘».-a;-.\._
3

2
1/d.0.f=1.08
}
B R

exp
Rthe
"""" RBw
——————————— Rres

~\ Rint
./! \'\ _____ R on

S \ pon :

_10 Ii 1 | 1 | 1 | 1 | 1 |

37 38 39 40 41 42 43 44 45 46 47 48 49 50

16 Ecm(GeV)
I =135 P(3770) = 13D
P(2S) = 23S V(4040) = 338,

W(4160) = 23D,
W(4415) = 43S,
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as
S¢

(3) The Y Question

e" e | hadrons ete I 1T g
VS.
[BESII, PLB 660, 315 (2008)] [BaBar, PRL 95, 142001 (2005)]
5.9
T /d.0.f=1.08
i L v /4.0.1=1.
40 | l
. | |
22 l [ ! )05 e "—'—’-{-
ain I —_ hi ) Rexp
25 | |
: PROTL ot S Rthe
m 20 1 1 1 1 1 L 1 1 L 1 1 1 1 1 1 1 1 1 1
g0 38 239 40 41 42 43 44 45 46 47 48 49 50
C§ 40_ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i
D i 104 4 1
=~ 10 1]
N 30— 102 :—
4(3 B (Y} *w Y gt ++ + ++ t :
GCJ i . 10 ++++H+++++++ f ++ +++ E i
> T : 13'6"3'8"21”'4'2”4'4"46"4" 5]
10_. o o | | |. | _
LS R L v LR L | L (L]
([ Tl S | (SN T
i | o Ill I8 Tl 1| 14
1 1 1 I 1 1 1 I 1 1 1 Il 1 1 1 l 1 II I 1 1
3 4 4.2 4.4 45 48 !
mC+"-IN ) (GeVI®
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$(e’e# "IN ) (pb)

(3) The Y Question

ete I 1Tl
[BaBar, PRL 95, 142001 (2005)]

ete | 11t/
[PRL 118, 092001 (2017)]

(\&) 40 T l T T T l T T T l T T l T T T l T T T
= 10° AR AR AR AR I
= T 10 )
Q 30— T —
-~ B A s b =
V) — (Y ) '+' ’++ " +l+ fﬁ” t —
ST | T e
Lﬁ 20l * 1387384 42 44 46 48 5
10 e e TLarlsl | NS ] |1
Il | l%T I-i--|-.o.| _____________ | Wi.ir ® o| ol ‘ l I
i T % | |! I”“ ki
1 I 1 1 I 1 I 1 1 I 1 I 1 1 1
98 4 4.2 4.4 4.6 4.8 :
100
-+ XYZ
80 — Fit|
60 __ - Flt ” # .
a0
20 - \i ; : ‘
i @ . ¢
O i | L | L L L | L L L | L L L | L
3.8 4 4.2 4.4 4.6
\s (GeV)
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[PRL 118, 092001 (2017)]

et ¢
100
a
= 80
S 60
z
4 40
(D)
+
L 20
&
0

(3)

The Y Question

RN TR gte 1 1+1!"(29)

[PRD 96, 032004 (2017)]

—4— XYZ
— Fit |
- - Fit Il

[y
o
(@)

TT 7T

(@)
o
T

(@)

4
2

Cross Section (pb)

0 T TT I T T I T 1T I LI I I | I T 17T I T 1T
- BESIII
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o
T T T

OF
OF
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(3) The Y Question

ete | 171" (29) ete | 1711 h(1P)
VS.
[PRD 96, 032004 (2017)] [PRL 118, 092002 (2017)]
_’g 120: ' ' ' "'iééélil'g
~ 100p l l Belle -
2 gk = BaBar -
8 B i
o« 60F
0 i
o 40:—
&
of
:: Lt | | |

I [ T AT A AT A BT AT AT BT A A A
'291.0 41 42 43 44 45 46

{s(GeV)

250:_ -+ BESIII: R-scan data sample

| =BESIIl: XYZ data sample

@ 200:_ —Fit curve: Total

c -~ Fit curve: Y (4220

S 150 : _ ( )

§ — - Fit curve: Y(4390)

B 100—

o u

@) - ® =

-é 50— i | . '

5 o : Eiliimil BE
-50 {

_II|IIII|IIII|IIII|IIII|IIIIIIIIIIII|II

3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6
/s (GeV)
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(3) The Y Question

ete | 1+1! n(1P) ete | 1*DD" + cc
[PRL 118, 092002 (2017)] VS [preliminary (2017)]
c F - Fitcurve: Y(4220
é 150 | curve. ( ) K
o — - Fit curve: Y(4390) J
B o [T L
B 100— -
o - ' ®
O - 1+ 1
50— 1|
g N el Tl 14
9 - N : T . —| “‘1’
a O - r i
B %e _
_50:_ ol
—1 1 | 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1 l 1 1 1 I 11 1 1 | 1 1
3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6
Vs (GeV)
1000_1|||||||||||||||||}|||||||||_
500 BESIN Preliminary E
2 600[— } l —
- | { } ]
200— { YAt -
- g s I A T R R
O 42 a3 44 45 4.6
Ecu(GeV)
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(3) The Y Question

Parameters of the Peaks in e'e” Cross Sections

N E

g 220 = | (4160)_

< 200 - “Y(4260)” | (4415)_

c —

g 180 - was here O "Y(4220)" .
160 |- (4320,
140 — Y(4220)", "1 (2S)
120 — Y3900 o)

— "Y(4220)"
100 — hc
— "Y(4390)"
80 — ' e
60 —
40 0
20 :_I I I I I I I I
4150 4200 4250 4300 4350 4400 4450 4500

Mass (MeV/c?)
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Examples of Open Questions in Spectroscopy at BESIII

(1) The proton antiproton Question
What is the X(1835)?

(2) The "# Question

Why are there anomalous differences between J/! and !(2S) decays?

(3) The Y Question

Why are there so many different peaks in exclusi®eaoss sections?
e.g. Y(4230), Y(4260), Y(4360), Y(4660), etc.

(4) The Z Question

What are the electrically charged OcharmoniumlikeO peaks?
e.g. £(3900), £Z(4020), £(4055), etc.
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(4) The Z Question

ete | 1ENTJM)
[PRL 110, 252001 (2013)]

100 - —4— Data |
- — Total fit
: ---- Background fit
80 - , -.= PHSP MC
) + [ Sideband
\

Events / 0.01 GeV/c?
D o
o o
[

20

] PR T T T T I M S T ]
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(using 525 pi3 at 4.26 GeV)

M =(3899.0+ 3.6+ 4.9) MeV/ ¢?;
| = (46 + 10+ 20) MeV/ c?

Events / 4 MeV/c?

ee | 1*(DF)”
[PRL 112, 022001 (2014)]
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(using 525 pi3 at 4.26 GeV)

M =(3883.9+ 1.5+ 4.2) MeV/ ¢
| =(24.8% 3.3+ 11.0) MeV/ ¢?;
JP=1*
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(4) The Z Question

ete | 1EUTJM)
[PRL 119, 072001 (2017) (Aug. 16)]
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(using 1092 phh at 4.23 GeV)

400
E |_r:-.--.-.-.
350+ | --F—
L] —_——
SR e S o
o | ———m e
J300F L e
(D gy mmmam
A
Zosol L
> .
LL r =0 2
200F Z% o2
: (a)
150 -
00 02 04 06 08 1.0
|cos(92§)|

my,. (GeVic?)

500
450
400

O350

2300

= 250F

Z200F

0 150F

100F Z

|cos(6 J,W)l

Ryan Mitchell (Indiana University), Spectroscopy at the BESIIII Experimdfbruary 9, 2018

N

2 —=nn S-Wave J/\yi N(\.) 200 - —= 1 S-Wave Jhy

> 350 £,(1270) JIy (b) S 1B0F ,(1270) Jiy (d)
o - ZenkC.C. (o)) C .

M 300 160 * Z:n+c.c.

e — total O 14k * — total

- 250 O 10f |

g 200 g 100 *

< 150 = S ,-—‘"}'1’"—‘_1*’““"*. :

D 100 0 0F = it

= = wF o gl

Z 50 E 20F A0 T b
a1 32 34 3.6 3.8 4.0 4 w32 3.4 3.6 3.8 4.0 4

My, (GeVic?)

(using 827 pi3 at 4.26 GeV)

M =(3881.2+ 4.2+ 52.7) MeV/ ¢?;
| =(51.8+ 4.6+ 36.0) MeV/ ¢?;

3P =1%
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(4) The Z Question

ete | 1E(" he(1P))
[PRL 111, 242001 (2013)]
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M, ihc(GeV/cZ)

(using 1090 phh at 4.23 GeV,
827 plit at 4.26 GeV,
545 pl§t at 4.36 GeV)

M =(4022.9+ 0.8+ 2.7) MeV/ ¢?;
| =(7.9% 2.7+ 2.6) MeV/ ¢?

ee | 1*(DF)
[PRL 112, 132001 (2014)]
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(using 827 pi3 at 4.26 GeV)

M =(4026.3+ 2.6+ 3.7) MeV/ ¢?;
| =(24.8+ 5.6+ 7.7) MeV/ ¢
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(4) The Z Question

ete 1 11! " (29)
[PRD 96, 032004 (2017)]
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(1092 pit at 4.23 GeV, 826 phat 4.26 GeV, 540 pbat4.36 GeV, 1074 3bat 4.42 GeV)

M = (4032.1+ 2.4) MeV/ ¢?;
| =(26.1+ 5.3) MeV/ ¢?
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(4) The Z Question

ete 1 11! " (29)
[PRD 96, 032004 (2017)]
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(1092 pit at 4.23 GeV, 826 phat 4.26 GeV, 540 pbat4.36 GeV, 1074 3bat 4.42 GeV)

M = (4032.1+ 2.4) MeV/ ¢?;
| =(26.1+ 5.3) MeV/ ¢?
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(4) The Z Question

ete 1 11! " (29)
[PRD 96, 032004 (2017)]
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For M2(1*1') > 0.3 GeV?/c*:
M =(4030.3% 0.1) MeV/ c?;
l =(5.1% 0.2) MeV/ c¢?
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Spectroscopy at BESIII:

BESIII Data Sets and Physics Reach
Examples of Precision Spectroscopy

Examples of Open Questions in Spectroscopy:
(1) the proton antiproton question
(2) the Q7 question
(3) the Y question
(4) the Z question

Common Theme:
I the need for collaboration between theory and experiment
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Progress 1s Limited (in many cases) by Theory and Methodology

(1) The proton antiproton Question (2) The ot Question
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Spectroscopy at BESIII:

BESIII Data Sets and Physics Reach
Examples of Precision Spectroscopy

Examples of Open Questions in Spectroscopy:
(1) the proton antiproton question
(2) the Q7 question
(3) the Y question
(4) the Z question

Common Theme:
I the need for collaboration between theory and experiment
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Spectroscopy at BESIII:

BESIII Data Sets and Physics Reach
Examples of Precision Spectroscopy

Examples of Open Questions in Spectroscopy:
(1) the proton antiproton question
(2) the Q7 question
(3) the Y question
(4) the Z question

Conclusions:
I There 1s much still to learn about spectroscopy at BESIII.

I Spectroscopy i1s in an era where experiment-theory collaboration 1s crucial.




