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Hadron spectroscopy

AHow does QCD give rise to hadrons?
A Quark model seems to work really well. Why?

AKey things to search for: additional degree of freedom
-quark in heavy quark sector

C% BES]]I . ’ Heh https.//qwg.ph.nat.tum. de/exoticshub/

A Strong evidences for multi

A Evidence for gluonic eXC|tat|ons remains sparse
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Light QCD exotics

Light sector is even harder
ALight flavor -exotic hard to establish
AAssignmentof some | + pga.+.S544 nonets difficult

ARole of gluons:
A Gluons mediate the strong force

AJ o xr gv y x self-interacting property
A New form of matter: glueballs, hybrids
A Gluonic Excitations provide measurements of the QCD potential

[ Critical to confinement and mass dynamical generation




Beijing Electron Positron Collider (BEPCII)
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[(Jly - yG) ~ O(aa?)

* 1989-2004 (BEPC):
Lpeak=1.0x10%! /cm?s
* 2004: started BEPCIl upgrade, c
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BESIII
detector

2009-now (BEPCII): E
L= 1.0 X103 /ecm?(4/5/2016)

2020: energy upgrade to 2.45
GeV & top-up mode

I(Jly = yM) ~ O(ﬂﬂ;‘) [(Jly = yF)~ O{M?}

Charmonium decays provide an ideal lab for Gluonic Excitations
A Gluon -rich process

A Well defined initial and final states
- Kinematic constraints
- Isospin and J P¢ filters

A Clean high statistics data samples: ef and 8 @ BESIII
- High cross sections of "H"™H © & h
- Low background 4



Light hadrons with exotic quantum numbers

AUnambiguous signature for exotics € ¢
AEfforts concentrate on Spin = -exotic  Guoarcon e =
AForbidden for 11 : - -+ o)
T =N Ny Ty vy OLX g g rias
£EA HH CHIR "HH ’ ove a4
Glueballs & gg>
Experiments: . + > >
Multi- @—@ @—@ |7°J")
AHadroproduction:GAMSYVESE852, COMPASS quarks +
A’l’l annihilation: Crystal Barrel, OBELPANDA(under '

construction)
APhotoproduction:GlueX2017), CLAS
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Spin-exotic mesons

AOver 3 decades, only 3 candidates so far:
All Isovectors

An (p T I TBEENIN S A
An (p @ X T8€EN N MAS § byA, fiA
An (¢ T P (needs confirmation): seen in
b,A, and fiA
ASome claims are controversial

An (p T T@A (p @ 1X can be one pole
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P Hybrids m, 16(gP) = 1-(17%)
Alsoscalar IS critical to establish the \
hybrid nonet

™~

Ky 160P)= > (17)

ACan be produced in the gluerich

"16(1PCY= 0t (1T
charmonium decays n 160F0)= gt O T

ACan decay to  imP-wave

PRD=83)01402 (201 1)z PRD83/014006 (2&F) P135, 945(2020) ww
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Observation of An Exotic |soscalar State

PRL 129 192002(2022) , PRD 106 072012(2
AThes &reconstructed frommA A &SA A ,S
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Observation of An Exotic |soscalar State
PRL 129 192002(2022) , PRD 106 072012(:
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Observation of

An EXxotic

|soscalar State
PRL 129 192002(2022) , PRD 106 072012(2C
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AOpens a new direction to completing the picture of spaxotics

Alnspired many interpretationsHybrid/€ ¢ Molecule/Tetraquark?

result by the BESII I exper.i
could be a breakthrough. o
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Prospects of spin -exotics at BESII|

Uniqueness, enrichment and complementary
A High statisticggluon-rich environment: 10 BY ,2.7B , alot of -y

|soscalar: Isovector: ( )
AGhf &slur shuwl hv A*IC O ns A hX X
A¥IC O r AATBA +16 8 o887 O A AA M/EmMs AX X
ASurgxfssbrghuwl hv ALQCD predicted major decay modes
AT O 5 s Ms haa
A? Os ss haoo
AWhere is

A Other partners: ha- &
AAnalog in  “FH
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Glueballs

AGlueballs are the most direct prediction of QCD

A Color singlets emerge as a consequence of the gluon self

interactions

AEssential for understanding
mass dynamical generation

of confinement and

A Gluon degree of freedom in the low energy

ATheoretical predictions from lattice QCD and QCD

iInspired models mostly consistent

A Light-mass glueballs: *

nm hk hm
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Glueball hunting for over 40 years

' luon -rich processes
A_Supernumergry states  that do not fit g p Phys. Rept. 454 1
into 11 multiplets s . Charmonium decays:

A A priori, mixed with nearby 'l . Z' BESIIPUNLLL &

A Assignment of some NNmultiplets difficult T

AProduction: Strongly produced in  gluon -
rich processes “

pp double -Pomeron exchange:

WA102, J DPV &

ADecay: gluon is flavor -blind
AQrgrpl gdiwhg} gh
A3%) v|pphtw{bhf whg
AQrul jrwruhwg! fwlraqgyv

A Could be analogy to OZI suppressed
decays of charmonium , as they all decay
via gluons [PLB 380 189(1996), Commu .
Theor. Phys. 24.373(1995)]

yu 1’1 annihilation:

., Ful vwdo eduuho/




Close and Kirk, PLB483 (2000) 345

Scalar glueball candidate

fo(1370)  fo(1500)  fo(1710)

200

m i +dd qg

ASupernumerary scalarsuggest additional degrees of freed

A However, mixing scenarios are controversial Cheng et al, Phys. Rev. D74 (2006) 094005
AMeasured" *IS © r&£Ep x p 1isx10 largethan Hp v T T fo(1870)  Jol1500)  fo m'(”
BESIII [PRD 87 092009, PRD 92 052003, PRD 98 072003] “ “
W oui+ dd g9

ALQCD3(*IG © ' )73 ofw) p T

[PRL 110, 091601(2013)]
u BESIIIIH largely overlays withthe scalar glueball

J/ = vfo(1500) J/Y = vfo(1710)

U Identification of scalar glueball with coupledhannel rKK e e
B(J /%) = 7£6(1500)) ~ 0.29 x 10
analyses based on BESIII data ym BU/Y = 1fo(1710)) ~ 2.2 % 1077,
[PLB 816, 136227 (2021), EBA(B0 (2022, PLB326,136906 (2022)

—tot—

AFurther more,suppression of H( ) O supports yrr e e
Natl. Sci. Rev. 8,n0.11, nwab198 (2021)

"H( ) has a large overlap with glueball T ET!

1 10 10°

BESIIIPRD 106 072012(2022)] Branching fractions (10~)

17



Indications of tensor glueball

*I¢ O n i
I‘(J/l,b R ")/G2+) _ 1.01(22)keV 250§ES”I ¥C r N ifPRD 93, 112011 (2016) ]
NU s 0 modal independent
— -2 — e ™ model dependent
r(J/sz ;D7$2+;/ont = 1.1 X 10. 2000 g: mode depeutent
, Phys. Rev. Lett. 111, 091601 (2013) = 4 ' A 2" ﬁ:dm
'::' --; E B . Ind nt
. 1500 : : 2”7 model dependeni
Experimental results S S,
@D :H"i"-r.i-
° ) (8§ ¢) glooop
BESIII PRD 87,092009 (2013) T BO0L it e
’ ) © ) ( 8 8 g ) i:‘-':r.'-"dl“'-.-illl-:‘:h-‘:l'l .ll_ LR o .
BESIII PRD 93, 112011 (2016) 02 55 ‘ >4 ""“é"'g““
’ )O EE) (8 0§ 3) (f) M(00) (GeV/c?)
BESIII PRD 98,072003 (2018)

A £,(2010), f,(2300) and f ,(2340) in pp
reactions are all observed in &F ©
with a strong production of f
A Consistent with double -Pomeron
exchange from WA102@CERN

ATEr © "HC )o ) (8 8
BESIII PRD 105,072002 (2022)

oc e
N—r

,(2340)
still desired to study more decay modes

More complicated due to the large number of tensor states e



{ Reproduced from X(2500)
1 PRD 96 034013 (2017)

Where is the 0" glueball

n(2225)
X(2370)

7
6
5-
APseudoscalar sector, a promising window o 4 ) 1(2320)
AOnly s, s (& radial excitations) from quark N@ 3]
model = = ,
1—_?7
AMass ofn e
A LQCDY 0-* glueball (2.3~2.6 GeV) T2 f; 4 5
AWKh! jowhédogg! gdwh@sol w
l gwi T 10 qggT YU 300

APdvivgf r ps dzwlveko R G

AOl whw{oshh ul plhogiwduop d &t 6l h Y
[PRD.100.054511(2019)]
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Events/(0.02GeV/c?)

Isospin -violating decay of

s(PT Y Hwy)nr

ff—— 100 : , - ¢ (950
“b L q{ D( )TE

>0 = A -

40 S T 1n(1405/1475)
S| T

20 I [

10 i ® BESIII PRL 108 182001(2012)

————— ~ ' L i
92 M1f‘495ﬂ 1.; ” 2)1.13 oh— Gl
(f,(980)n°)(GeV/e M(r°n%)(GeV/c?)
f0(980) is extremely narrow: G @10 MeV.

PDG: G(f0(980)) @40~100 MeV.

Anomalously large isospin violation:
Br(n(1405) — fo(980)7Y — ntn—x?)

Br(n(1405) — ag(980)° — nnO70)

Br(x, — f,(980)x° — m*n"n°)
0
)

<1%(90% C.L.)

% " Br(xy — a,(980)a" = r’n

PRD, 83(2100)032003

@ (17.9 = 4.2)%

Triangle=singularityty mechanismhas:sbeenrproposed-
- Manifesteddinmany neara -threshold structures:-s

PRL 108 081803 (2012)
K

n(1405/1475)

f,(980) i 20



Shed new lightsonthe s(p T i/ p T X puzzle

FC O r+ + A BESIII JHEP 03 121(2023)

A Mass Independent PWA in bins of e et
M(+ + A ) to detangle J P¢ components e e e ) S
A Valuable inputs to develop models ‘@:‘ZZZZEf:ﬁ:@:ﬁ:ﬁ:::, .
A M ass Dependent PWA with BW to extract S woof, T T
resonances N DU S e =S
A Consistency between Ml and MD results 12000 —+-as e @ o ewp S N
210000 g ; 0 R et

g 8000F 77*’* . . M(K2K3)(GeV/c?)

= [ - 17(MD) - e _'

A Dominated by 0 -* fiZZ*ﬁ’} 5 W B S
A Two BW s around 1.4 GeV is needed ool F B R A I
T et P S 8000_:1?:; -~ -~ -
M(KPK3)(GeV/c?) %eooo;- S - ]
A coupled -channel analysis & 4o0op N .
A Two poles : PRD 107, L091505 (2023) ; e f

s 2 n
PRD 109, 014021 (2024) T e
A One state : arXiv:2407.10234

21



*TC O r r ,ra Qflavor filter

arXiv. 2401.00918

PR D97 051101 (2018) T 1000f /N, = 115.4080= 144 ] ° ?: ;ass)
go400i- T . . 3 | [
S (b) Amplitude analysis with = | ?f1 420;
) - n . ) 1
G O E advanced techniques for © - t(1510
o L - . T 500F (1510)
S 200 ] background subtraction = i . 1,(1525)
> of ] —E I - X(1839)
2 0 [ -...1,(1950)
N i TP 0 —1,(2010)

1.2 1.4 1.6 1.8 2 o ) 5 Py . f,(2200)
Myo) (GeVic?) a Fit to mass spectrum = gE«fM !».é*M*...?r‘w;Mﬁw.;ﬂg‘;pi o
A 12 14 16 18 2 22
From the amplitude analysis, M, 9) (GeV/c?)
A s(p 1 11is observed, while s(p T ¥ can not be excluded
A n( )© suggests its assignment of  t excitation
A L © are observed. The very first radiative decay mode of tu
A Observation of I ( ) and I ( ) © 77 unfavored their glueball interpretations [PRD 108, 014023,
arXiv: 2404.01564 ]
A No evidence of 1 Tt , well consistent with the predictions for glueball/hybrid [PRD 107,

114020, NPA 1037, 122683]
22



Where is the 0" glueball

APseudoscalar sector, a promising window

A Only s, s (& radial excitations) from quark model

AMass

A LQCDy 0-* glueball (2.3~2.6 GeV)

AWKh!l ygowhédogg!| gdwh@sol w

| gwp t 1dq g T QU
APdvivgf r ps dzwlvekoe R G

A Ol whwoshh u | plhogiwduop d &t ¥vid h' Y

AProduction
A LQCD: 3(*IC O !

same level as 0 -* mesons

A Decays

c® gP M p 1, atthe

[PRD.100.054511(2019)]

A Possible guidance: OZI suppressed decays of

A 3 pseudoscalar final state is a good place to
look for (3¢ © ¢ Qs forbidden)

M?(GeV?)

O =~ N W 00 O N
[ T T SRR R B

{ Reproduced from X(2500)
1 PRD 96 034013 (2017)

1(2225)

X(2370)

X(1835) (23205

X(2100)
1n(2010)

s O g0inPDG

D B

£)

058)

Decays involving hadronic resonances
(1.8740.26) %
((1.614£0.25) %

Decays into stable hadrons
(7.0 £0.4)%
(1132£0.15) %
(17 £05)%

A No dominant decay
A Flavor symmetri¢
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[BESIlarXiv 2401.00918]. Upper limits of BF are well consistent witlx

predictions ofrt  glueball

AMass consistent with LQCD prediction for glueball
A Spinparity determined to be

BESIII PR1132, 181901(2024)
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Myayee0 GEV/ G More, (GEV/C?)
A B e 2400 "\ ' E 600 I ) 4 Dat I
2200 _; —_— F::esull
= E
: %’ 1600 A _g % Background
=L 000:— + Data = Iggg Data ) E 8
% 800F — Fit resuit _Lna 10005 Fitresut E 0
2 E ....- Signal = ---- Signal T
£ 600} S 800 X(2370) > 50 % &
o - o E
Lﬁ 4002_ Background X(2370) >> 50’ |_|>J ggg Background _; u>j
200;— o 200 E
_"T"‘T.-":"“-- 1 L 1 L l..-'..""r-.‘... A 4 n "‘:""'-“"‘:'“--I--'- I L L 1 PR T TP | i 3
02 2.2 2.4 26 % 2.2 2.4 2.6
Mysyer0 (GEV/C?) Moy, (GEV/C?)

—

observed inthe gluonrich&f radiative decays
A€E determined to be

AMass and production rateonsistent with LQCD CO”Z‘E?Q;‘:VM‘

A 4

h & &R nEp PEGE S h >H observed, in
analog to - -

ADecay modes( ) O




Summary

90

ABESIII has a rich program of hadron physics : >571 publications

e (by 2024.6
ALots of progress in light QCD exotics | ||| ||||| |“ ||
alllini

20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
[ Submitted [ Published

w (=)
= (=] (=]

)

=T =]

AGreat potential to be fully explored

Auv & data on disk, including p T prt ¥ and

¢ pmt S
ARunnlng Untll ~2030 Yi4200) viasonys Y@710)

200 g oy Vi
AUpgrade in this summer T s
Afl o2 Vi=4.7 GeV -
AT © v 0OQ,starting from 2028 P e )
ACGEM inner tracker

Z.,(3985)'®

30 new hadrons

Mass (GeV/c?)

2012 2014 2016 2018 2020 2022 2024

Date of arXiv submission
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Spin-parity Determination of w¢ o X ¥ O rg + +

BESIII PRL 132 181901(2024)

As reconstructed withsa A andra A
A+ reconstructed with A A

AAlmost background free
ANegligible mis-combination for + ( <0.1%)

s 556 O it
ANo background from*f¢ © A s+ + ors+ + M myGove

A Forbidden by exchange symmetry and CP conservation

G250 — riresun E

ANo peaking background o
AlLittle Non- s backgrounds estimated from s %::Z
sidebands N
A1.8%for ©O 6.8%for © of sy

M@ymn) GeV/c?



-_— =k

-
OO 00 N

Mo (GeV/c?)

Events / 0.015 GeV/c?

Spin-parity Determination of

2 22 24 26 28 3
MKOKO . GleV/C2
sAsTl

;(d) H’m +T]::c+n'n

’ — PHSP MC

2 22 24 26 28 3
MKOKO . GeV/C2
shsTl

Wc¢oxXxm*{ O rs+ +
BESIII PRL 132 181901(2024)

AA clear connection between the £ w Tt
and 8 ¢ g x/gt
A /E w y tselection with - + + D ' B
A Clear signals of the 8 ¢ o x and s

AAmplitude analysis

A Quasi two-body decay amplitudes in the
sequential decay processes *I§ O r 8 ©
9s @O + + and*IC O r 880 :+ H O + s
are constructed using the covariant tensor
formalism[Eur. Phys. J. A 16, 537]

29



180
% 160

Events / 0.01
(7]
o

Spin

(a)

2

I b |
x*n,;, = 82.68/69
t+ Data ]
— MC projection _:
[ Background

----- Non-resonant 7
..... X(2370) E
X(1835) .

X(2800) mﬁ ]

22 24 26 28 3
Mogs,: (GEV/C?)

.06 02 02 06 1

coso

~ in A

-parity Determination of

BESIII PRL 132 181901(2024)

Nominal fit solution

Wc¢oxXxm*{ O rs+ +

state Jre Decay mode Mass (MeV/c?) | Width (MeV/c?) Significance
X(2370) | 077 fo(980)7’ 239511 188+15 14.90
X(1835) | 0°* fo(980)’ 1844 192 22.00
X(2800) | 07+ fo(980)’ 2799+32 6607190 16.40

e 0~* fo(980) 2983.9 32.0 > 20.00
PHSP 0+ n’(KgKg)S—wave - == - == 9.00
ﬂ’(KgKg)D-wave -~ - == 16.30
An( ) "EEA with 9.8

A Product branching fraction:

"o gCoRMB(C ORI+ + ) (Ao + + )

(pp ™ ¢ 8 )

P TT

30



)

O

MKgKg (GeV/

q seenin *I O r+ + s

Observation and Spin-Parity Determination of the X (1835) in J/y — yK2K%n
BESIII PRL 115 091803(2015)

2.4
2.2

2.0

1.8

1.4

1.0k

1.6}

1.2f

1.6 1820 2.2 2.4 26 28 3.0
(GeV/c?)

K°K°

i Similar decay patterns of the n
a clear N AND -signals
: ] no N OR -ysignal

L P I | I I

- (a) —~+ Dat { ]
ri‘_-’_ 500 - [ ] Bgcigrcund ]
% - — Phase space MC
15 400 Y ]
N ]
Q 300 t .
o [ t ]
~ - ]
i) 200 ' -]
c t m* ]

o HHH# ’ﬁ"
> 100 F W"" .
wE ”W’" .
0 16 1.8 2.0 2.2 24 2.6 2.8 3.0

2

MK:.,'Kgn (GeV/c?)

and -y
31



What we have learned before

-- from Marklll, BES, Crystal barrel, OBELIX, WA102, GAMS, E852, e

"Scalaro 1 nonet in quark model, "H& "Hee
Exp: overpopulation
LQCD : ground state 0 * glueball ~1.7 GeV;

\_ 3(*IC O ' )J3 o) pTT -
/Tensor: 2 nonets( 3P,,3F,), complicated )
Exp: large uncertainty
LQCDY 2+ (2.3~2.4 GeV);

L 3(*IC O ' )73 PP(q) p m .
& eéYvIpsohy\

Exp: lacking of info. above 2 GeV

/ Pseudoscalar:

; puzzles s p ¢ WL

SPT AT X
LQCDY 0+(2.3~2.6 GeV)
BT © & )T o <+u8 () /

e*e annihilation

1'l annihilation

central exclusive production
chargeexchange reactions

Cheng et al, Phys. Rev. D74 (2006) 094005

Scalar mesons =
(1500) | [ £1710) |
[ gosro) | ‘ ) f0(1370) 0(1500) 1710)
® ¢
o) () R m |x;ng schemes
\ \a
VN |\ | Close and Kirk, PLB483 (2000) 345
‘‘‘‘‘‘‘‘ TV L)
p(1450) \ - G; \x\ V \.L/;‘L f (13 0) f 1 UU 1710)

o g, ’
Q

'g o) O

~

6l l 1st radial excitation | 4
"
5 ‘ AV X(2370)
(\%‘ 4 X(1835) X(2120)
Q 5| n(1475) ®
s L n(1760)
2r n(958) :* \
il n(1295) n(1405)
of n(548)
2 3 4 5
n 32



Landscape of glueballs has been updated

z|l wk EHVLLLgVv | gsxw
KSCaIarG 1 nonet In quark mOdel, TH & 7"ng1:0(1710) IS |arge|y Over|apped A
Exp: Overpopu|ation W|th the SCa|ar g|Ueba||
according to its production and
LQCD : ground state 0 * glueball ~1.7 GeV; decay properties
\_ 3(IC O ' I3 of e) p T N %
Tensor: 2 nonets( °P,,3F,), complicated 'V Large produc’:,tion rate of A
Exp: large uncertainty f,(2340) in €F radiative decays
LQCDyx 2*+(2.3~2.4 GeV);
S 3(*IC O ' )F3 PR(C) p T N /
T _ 3 /V Non -observation of I
Pseudoscalar: & & YVvI psohy _
V Insights of ¥
Exp: lacking of info. above 2 GeV; | 7R . .
Sxﬁra;;nf’ ;?Iljn 0. ADOVE 2 BEV, PHzeles e P & @ Vn( ): a good candidate with
analogy decay pattern as “H
LQCDx 0-*(2.3~2.6 GeV)
3T O ' T3 AP pTI ,\ _/




Scalar glueball candidate: decay properties

Flavor-blindness of glueball decays

%f(G—)fm:K]?:rm:7}7]’:7}'7]'):3:4:1:021

*with chiral suppression
PRL 95 1720011 PRL 98 149103

4
(G - nn)/T(G - KK) = ]{14 ~ 0.48

K

Expectation:

Measured:
) 4

1 _
55 [(G - mm:KK:m) ~ 1.3:3.16:1

New inputs from *JC © r sag

[BESIII PRL 129 192002(2022) , PRD 106 072012(.

A Significant £p v T TT
"AHpun®ss e
"AHpPpULTPAA

A Absence of "H
" AHpX MO s s @
" AHPX MO A A

Ppod) pm

consistent with PDG

CX pmm 2 w38

U Supports to the hypothesis that £ p X p owverlaps
with the ground state scalar glueball

A Scalar glueball expected to be suppressed
"(Oss)F(C oAy maUT

[PR D 92, 121902; PR D 92, 114035]

Bottom line: Predictions on mixing scheme and decay property of glueball are model-dependent 34



More scalars

"0

2000 ¢

W'

p X PAAp X O

1500 i—a
1000 :

500

200; L s e et
150
100
50
500 F

400

400

Evts/30MeV Evts/30MeV Ewvts/25MeV Evts/25MeV

300 :
200 ¢
100 F
500 E

300 ¢
200 £
100 ¢

4000 B

Peak around 1700 MeV/c?
(OZI rule: nn structure)

Enhancement at 1790 MeV/c?

No peak around 1700 MeV/c?

QApY M W (PY p)X

Isovectorpartner of ' Q(p Y Y2t

J/v s el e d o@v e
B "0 *C /E [Shuleio s t a
& - PRD105, L051103 (2022)
fo  PLB 797 (2019) 134789

p; - kyxget  BESII

——
“ee [(980)

%\ D: d fi
2 \ =& Data and it _)c[]“_;om - —_
o 10 = o % 60r
> — fus2s) ] SN —— Data \
2 SN o | (@ — Totalfit
S 10 = 40 .
— S KK (892)
il - | S(1710)m+
= & 20r
2 20 K
N g AD R ALY + 4
1 15 2 S AR T s L R
m_, [GeV] 1 1.2 14 1.6 1.8
M KK (GeV/c?)
o 250 T == paa PRL129, 182001 (2022)
| —— Projection (a)
L [— x \
< 200F F GG p.—kskn  BEST
= f 2(1950) —_ r "
¢ E 150 R L (@ KK (892) !
- — - - Phase- S * 002\
| 8 = Sl KK
J /'y — yop (DOZI) g roof =Rt —-K*K (1410’
2 . L [ a,(980)'r
- -~ [ _ + 0
u:j 50: *E 501 a,(1817)'n
- =
L - |
0 - wrledipe m i L iv o, £y '
2.5 3 1 1.2 14 1.6 1.8

l 2
PRD 87, 032008(2013) M{K+K_TI'I['HO}(GE'V3'C2) MKgK" (GeV/c?)



Two photon couplings

1o 00 BESIII preliminary
Belle PTEP013(2013)12,123C01

L B(KK)y, (V) | 127543

unknown

Parameter fo(1710) fit
fit-H fit-I.  H,L combined PDG R |
. & = = 6000

X2 /ndf 694.2/585 701.6/585 Z 7500 —

Mass(f7) (MeV/c?)|17501572% 174975730 175075+2% 1720+ 6 = 4000

Tiot (£7) (MeV) 138732 1397149 135+6 2 5000
=
)
-
€2

o«
Belle PR8 (2008)052004 1.00 1.25 2.0
Parameter Nominal ro2 =0 No fo(Y) Unit
Mass( fo(980)) 9822+ 1.0 980.2+1.0 9837717 MeV/c
T+ (£0(980)) 285.57107  297.01133 37057757 eV
9f0(980)mm 1.824+0.03 1.79+0.03 1.89+0.03 GeV
Mass(fo(Y)) 1469.7 £ 4.7 1466.8 £ 0.6 - MeV/c?
I'(fo(Y)) 89.718-L ‘Ez.ﬁ?ﬁ;;; = U "Q(p v Tt
L B(fo(Y) — n%7%) 112755 6780.278252 0 (fixed) eV

Proper assignment requires more sophisticated model a6
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o

100

50

Belle PRD 86 052002(2012)
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Amplitude analysis

Amplitude analysis is a key tool of hadron spectroscopy to disentangle contributions from
Individual resonances and to extract the resonance's spin-parity, mass, width and decay

properties

(h) , (the four-momenta of the final-state patrticles),

Oi £ (e, () 5
) 1 Gh)

T , efficiency

1D 101 &)

For UFf radiative decays [Eur. Phys. J. A 16, 537]
A =1, (my)e, (mo) A" =), (mq)e, (mo ZA Ut
e.g. ¢ O rmt ht O Ah A

O 1om)1) = Sy By (Quiyx ) L)

o 3
S pr = CuvapPqyd

& 0 is Blatt-Weisskopf centrifugal barrier for *I © r 8

—=5B 0 s differential cross section,

Perform an un-binned log-
likelihood fit (fit the data event-wise
to high-dimensional distributions
using complex weights) to make
our model for] agree with the
experimental distribution by varying
the |



BESII@BECPII

Beljing Electron Positron Collider(BEPCII)

Beljing Spectrometer(BESIII)

BESIII collaboration: ~600members from 17countries € 89 institutions
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