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Why light hadron physics ?
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"That [intermediate distance] scale is the richest phenomenologically,
and is certainly the crux region to understand..what QCD is really
about. And at the heart of the subject is the hadron spectrum, in

particular the spectrum built from light quarks. (..) Without question,

there is a great need... for a new round of experiments,..."
James D. Bjorken (2000)

v QCD degrees of freedom at low energy
v Understanding of the quark and gluon confinement
v Particles beyond the QM



Liglt 'mw@nﬂ spectra from QM
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Pseudoscalar nonets

S=+1

® Ground states: well described by QM
® Radial excited states (21S,)

e n(1295) and f,(1285) ?

e n(1475) and n(1405) , n(1760) ?



m n(1295)

® only observed in wp interactions

® its existence is questionable

® Due to interference between f,(1285) and n(wm)s_,qve
E. Klempt and A. Zaitsev Phys. Reports 454,1(2007)

B More decays, e.g.,

J/ ¢ —~{w,p, 7}X

may shed light on n(1295)

=21.0£1.7 MeV

M=1281.7+0.6 MeV/c?

n(1295) & f,(1285)

Resonance M (MeV/c?) T (MeV/c?)
f1(1285) 1288 +4 £ 5 45+9+7
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n(1405) & n(1475)

n(1405)—a,n First observed: 1(1405)—f,(980)n°
_ BESIII,PRL 108, 182001 (2012
° "(1440){«1475)—»(* K - PR 720, R0 B9
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® One or two resonances?
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K(K) 11 = = ﬁ
- Resonance M(MeV/c*) I'(MeV/c)
K(K) ,I: 980 n(1405) (7" 7~ 7) 1409.0 = 1.7 48.3 = 5.2
D( ) NTT n(1405)(7° 7" #) 1407.0 + 3.5 55.0 = 11.0

Triangle Singularity (TS
g g y (TS) BR(77(1405) — f,(980)z°) _

BR(17(1405) — a,(980)7)

25%

one n(1440) is enough to
describe the experimental
data !

J.J.Wu et al, PRL 108, 081803(2012)

Large isospin breaking!



Light scalar meson

= Why light scalar mesons are interesting?

e There have been hot debates on the existence of o and k

e g, k and f,(980) are also possible mutiquark states. They
are all near threshold.

e Lattice QCD predicts the 0** scalar glueball mass ~ 1.6 GeV.
f,(1500) and f,(1710) are good candidates.

Name Mass [MeV/c?]  Width [MeV/c?] Decays
fo(600) = | 400 — 1200 600 — 1000 T, VY
fo(980) = | 980 £ 10 40 — 100 am, KK, v
fo(1370) 1200 — 1500 200 — 500 w, pp, oo, m(1300)w, aym, mn, KK
ﬁ;(lSUU 1507 £ 5 109+ 7 wr, oo, pp, ©(1300)7, aymw, nn, '
KK, v~
fo(1710) = | 1718 £ 6 137 +£8 am, KK, nm, ww, v
Ffo(1790)
fo(2020) 1992 £ 16 442 + 60 PTT, T, PP, WW, N1
f0(2100) 2103 £ 7 206 & 15 nww, T, TTw, 09, 1’
fo(2200) 2189 4+ 13 238 4+ 50 ar, KK, nn
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m Large coupling with KK indicates o
ol .

big s s component in f,(980) oe M(ngjﬁ}[(;ewc%j "
M =965+8+6 MeV
g =165+10+15 MeV

Surprising result: very
narrow width!

3KK 42140254021 PRL 108, 182001 (2012)




Unusual properﬁes of fo(l 370), fo(l 71 O) and fo(l 790)
m f,(1710):

e |t dominantly decays to KK (notto nn) = SS
e It is mainly produced together with ® (not ) > uT +dd
e Whatis it ?

m f,(1370) and f,(1790)

e They dominantly decays to nn (not to KK) = §§

e It is mainly produced together with ¢ (not o) Ul + dd
e What are they ?

- Scalar Puzzle



y

EVENTS /0.025GeV/c™

y)

EVENTS /0025GeV/c

£,(1710)
800 7 / a)
+ —
400 | Jly > KK
'2m -

0 1 1 1 _-;IJLLL“"
o > KA
100 —

50

. . ; Imr

0 1 ﬂS é ZE 3

M(KK) (GeVich)

PRD 68 (2003) 052003

,(1710) at BESII

J/y - oK'K™

23MeV

Evenis

Evens ~’.*T.M’ﬂ I

26

T

fean

T

288008

. 1500

I aaag

Faa

L

-f,(1710)

Entrias/0.025 GaVic?

J.IIIIIIJ-.TIIIIIIIIIIII
MK 'K ) (Gelre?)

JIy >or'

L)

Fi

(ol

NO f,(1710)

Is

2

M ) (Geb e )

B(£,(1710) - 7zrx)

B(£,(1710) — KK)

< 0.13 @95%CL

PL B603 (2004) 138

w
=
g

L]
o
g

2]
=
g

@
g

=
g

S0

"J/y —>yr

f (1710) ?

|||||||IJ

f(1710) ?

Jﬁ %W{M'WW

M(n%r0 )

PL B642 (2006) 441



Phys. Rev. D. 87, 092009 (2013)

* f,(1710) and f,(2100) are
dominant scalars

PWA of J/y—yn
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* f,(1500) exists (8.20)
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* f,’(1525) is the dominant
tensor

x° / Nbin=0.69

4 %

: i+ f,(1810) and f,(2340) exist
200— E (6.4 and 7.60')

96 08 00 05 10 R R TN .
©  cose, @ o, * No evidence for f,(2220)
Resonance Mass (MeV/c?) Width (MeV/¢?) B(J [ =yX = yn7) Significance
£0(1500) 146871375 136236215 (1L.65Z037175) X 107 820
fo(1710) 1759 = 6712 172 + 10732 (2.3550135 024 < 1074 25.00
f0(2100) 2081 + 1372 273131700 1370007058) X 102 13.90
f5(1525) 1513 =571, 75712716 (342708137 % 1073 11.0o
f2(1810) 18227575 229735535 (54020857559 X 107 6.4
£2(2340) 236223263 33478510 (5.60Z6523437) X 107 7.60




Strangeonia spectrum

@ Like charmonia, a similar pattern for the strangeonia is expected

@Much less well understood, most of them have not been observed yet

@ Strangeonia serve as a bridge between short and large distance behavior of
QCD confinement potential
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Y(2175)/¢(2170)

first observed by Babar
confirmed by Belle and BESII

g 140
Phys Rev, D74 : 091103(2006) Phys Rev, 2009, D80 : 031101 6]
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Collaboration Process
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J/ — 1 fo(980)
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~ S éfo (ISR) 2175+ 10 £ 15

2186 £ 10 £ 6

BABAR [2]
BESII [3]

BELLE [4] ete” ISR) 2079 £ 13773
BABAR(updated) [5] eTe™ = ¢fo (ISR) 2172 +10+38
BESIII J/ = nofo(980) 2200+ 6+ 5

58 £ 16 £ 20
65 +23+17
192 £ 2373
96 £19 £ 12
104+ 15+ 15

- hybrids or strangeonium ?



New forms of hadrons

Hadrons consist of 2 or 3 quarks:
Naive Quark Model: IS qd)

Baryon (qqgq)

QCD predicts the new forms of hadrons:
* Multi-quark states : Number of quarks >= 4
- Hybrids :  qqg, qqqqg ..

* Glueballs : gg, ggg ..
- Exotics: (JP¢=0--,0*-,1-*,2 *-,3°*,.)
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Meson spectroscopy in LQCD
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PWA of J/L>vp p

* PWA of J/Y—=2vyp |_o was first performed

700

* The fit with a BW and S-wave FSI(1=0) T 600
factor can well describe p B mass % 500
threshold structure. 5 400
* It is much better than that without FSI = 300
effect, and A2InL=51 (7.10) Z 200
E 100

B Spin-parity of X(ppbar): J PC:O-+ 0

>6.80 better than other JP¢ assighments

80 E — total fit
a :: . J/wd_ata
§ 70 E e SXNG Wy — @ X(0D))
© 60 - non-resonant contribution
o £ o sideband fit
5 50 £  sideband data
S 40 F | -
> ok JJ/W2op p
= E
S 20
LLI .

10 &

0 0.05 0.1 0.15 0.2 PRD 87, 112004(2013)

M(pp)-2m, (GeV/c?)

0.0 0.1 0.2 0.3

M -2m,,(GeV/c?)

PRL 108,112003(2012)

No similar structure was observed in
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Confirmation of X(1835) and two new structures
PRL 106, 072002(2011)

”§ 500} ¢ two newsh = sool
® [ ' ] '
)
S 4 : . 7% 1 J/y—=>yn'n*n-
g300; } W4 s n'>Nu+n
5 f1(1510) & . f n'—yp
100 e | R A A TR
/ |cos6, |
M, (GeV/c?)
N X(1835) consistent with
BESIII fit results: 0-
Resonance M( MeV/c?) I'( MeV/c?)  Stat.Sig.
X(1835)  1836.5+3.0'56,;, 190.14+9.0'%. 5200
X(2120) 2122.4+6.747,,  83+16*3, 7.20
X(2370) 2376.3+87'32,,  83+17+4, 6.40

v'Nature of X(2120)/X(2370): pseudoscalar glueball ? n/n’ excited
states?
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Events / 20MeV /¢?

Identification
of X(1870):
0-+(?)

It is X(1835)?

900
800
700
600
500
400
300
200
100

X(1870) in Jy—onntn-

X(1870):
— —L.20
F.(1285) 1(1405) r'd
\ j 4 =-==" 4

1.2 1.4 l.6 [.8

PRL 107, 182001(2011)

2.0

7
i

Mypvn— (GeV /c?)

Resonance | Mass (MeV /c?) Width (MeV/c?) Branch ratio (10~ %)
£1(1285) |1285.1 £1.07,% 22.0+£3.1777 1.25 £ 0.1070 59
n(1405) |1399.8 £2.272% 528+ 7.670 . 1.89 £ 0217720
X(1870) [1877.34£6.3720 5741277 1.50 & 0.26 1072
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Observation of X(1840) in J/y—y3(n*n")

PRD 88, 091502 (2013)
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@ Mass is consistent with that of X(1835), but the width is
much smaller than [yg35 =190.1£9.0%38 ;o MeV

@ A new decay modes of X(1835)?
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—— 1(2225)
— - - Phase-space

L — Background

2 2,
M(K'K t*nn®)(GeV/c?)

3

Confirmed the enhancement observed at BESII
M= 1795x7+13 . +19(model) MeV/c2,
M =95+10%2%,, =75(model) MeV
Spin-parity is determined to be O*
the same as f;(1710)/f,(1790), or a new state ?
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Comparisons of the observations at BES

250 * X(1840): JP unknown,J/y—sy 3(n+ n-) PRD88,091502
é o X(1870): JP unknown, J/y— @ (nrx) PRL107, 182001

_ 200 - A X(1835): JP =0, Jhy—y (n’nr) PRL106, 072002
E 150 E_ m X(p p): IP=0"J/y—y (p p) PRL108,112003
s E + X(1810): JP=0",J Jhy—>y (w¢) PRD 87, 032008
T 100=
s 4

50— +

0:..|..l.|....|....|...

1800 1850 1900 1950
Mass (MeV/c?)

X(18??) near the threshold position of proton-antiproton

Are they the same particle? Itis crucial to identify these

observations.
23



Exotics (3°c=0-- 0+ ,1-+,2 +-,3-*.)

JP¢ exotic particles: beyond the naive quark model
easily to distinguish from others due to the exotic JP¢
production rate and dynamics are not well understood

candidates?

Qo 1T1(14OO)
o ,(1600)

CLEO
") (©) - 2,(980)T o e & (080
.......... a,(1320)% I - @8,(1320)1
| T [1'[1-,[}51'.’ Eﬂ' wawes [1'[1[}311;
40, w1270}’ { . f,(1270m’
— m,(1600)R — m,(1600)%

05 10 15 2.0 25 30 35
M(n'n) [GeV/c?)

40!

20

n_ ar, | i TR T !
U'5 1.0 15 2.0 25 3.0

M(nn) [GeV/c?]

ot
Xet 7 N7 @

PRD84 (2011) 112009

Evidence of an exotic n'm amplitude [n;(1600) ?] was seen

Ycy: an important source for light hadron physics!
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BESIII: Phys. Rev. D89,074030(2014)




Baryon spectroscopy

The established baryons are described to 3-quark
(9qq) configurations

Non-relativistic quark model is successful in
interpreting of the excited baryons

Also provides an explicit classification for light
baryons in terms of group symmetry

Predicts more excited stated ("missing resonance
problem")
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SU(G)xO(B) Classification of Baryons

Quark orbital angular momentum

Lowest Baryon Supermu]tlplets

SU6)x0(3) Symme;try
Particle Data Group '
W s : : f
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0 -_;.g ................................ EH:‘ZD
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Events/(32MeV/e?)

PWA results on N* baryons in y'—n% p

Phys Rev. LeT‘r 110 (2013) 022001
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Two new baryonic excited states are observed |
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M, (GeV/e?)

28



Events/(25MeV/c’)
[~ [~ Y

N(1535) ih y'—np p

PRD 88, 032010(2013)

J5 N(535)
l (a)

| Mass: 1524 + 5710 MeV/(2

Width: 13013730 MeV/c*

Events/(25MaVic™)

M( pn)

lﬁ(3686) —_ AS-I_’]T_ PRD 88, 112007 (2013)

-
=

() ] (b)

(4] C
S0
T =

-

S
s
RN

n
=
H|

o 1Ht
dﬂ >

ts/(25MeV/c?)
EEER
=
_E_:F:—_':—
i_‘gl
=
e
£ e
Events/(25MeV/c?)
a3
_—.*_:r%
e
=5
—
_._,——*z._
Events/(25MeV/c®)
g

- aoF [7 an
c F + T S .oF ‘++ 20
L Euz_ n.._|'1.--—+r""—-_...+-|.r — + - 2'}:_ e et S : :_ -i_'_‘__' ppppp e
10 10 :—_ - 'l=...!__ 10 i_: e
PP B L ar i i,
0 0 1.4 1.6 1.8 2 2.2 2.4 2.6 0

14 16 1.8 2 22 24 24 26 28 3 32 34 a6
M{AT)(GeVic?) M(E 7)(GeVic?) M{AT ) GeVic?)

 Clear structures were observed
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https://halldweb1.jlab.org/wiki/index.php/File:Gluex_detector_3d.jpg
https://halldweb1.jlab.org/wiki/index.php/File:Gluex_detector_3d.jpg
http://wwwcompass.cern.ch/Pictures/CompassSetup2.png

Summary

® Rich physics in light hadrons

search for exotics - QCD

study of strangeonia — Quark model

light meson decays — test of ChPT

Search for missing baryons— QCD, Quark model

® Mapping out the light hadron spectroscopy is crucial
e 1.3 billion J/¥ and 0.5 billion ¥* @ BESIII

® BESIII plays an important role in light hadron physics
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More surprises-@ Super t-charm factory !
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Thank you |



