Recent results on spectroscopy

from BESII

LIU Beijiang
Institute of High Energy Physics, Beijing
(for BESIII collaboration)

XVI International Conference on Hadron Spectroscopy,
Sept. 13-18, 2015, Newport News, US



Outline

* Introduction
e Selected results from BESII|

— Light meson spectroscopy
— Light baryon spectroscopy
— Charmonium spectroscopy

* Summary



Beijing Electron Positron Collider (BEPC)

—
beam energy: 1.0-2.3 GeV

2004 started BEPCII upgrade,
; BESIII construction
W% 2008: test run
ey 2009 - now: BESIII physics run
<_“ + 1989-2004 (BEPC):
> L e =1.0x10%! /cm?s
"2’ + 2009-now (BEPCII):
' L___.=0.85x1033/cm?s

peak
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Features of the BEPC Energy Region

Rich of resonances: charmonia and charmed mesons
Threshold characteristics (pairs of T, D, D, ...)

Transition between smooth and resonances, perturbative
and non-perturbative QCD

Energy location of the gluonic excitations and multi-quark
states
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Physics at BESIII

Charmonium physics:
- spectroscopy
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball, hybrid, multiquark

NIM A614, 345 (2010)

The BESIII Detector

Drift Chamber (MDC) =
GP/P (%/,) = 0.5%(1GeV) \tili
Guesax (o) = 6%

Super-conducting
s, magnet (1.0 tesla)

Time Of Flight (TOF)

G;: 90 ps Barrel pCounter

- two-photon physics R S e
ETOF (MRPC) upgraded
- e.m. form factors of nucleon ; Z55p EMC.  oEAEY)=25% (1 GeV)

Open Charm physics:
- (semi) leptonic + hadronic
decays
- decay constant, form factors
- CKM matrix: Vcd, Vcs
- DO-DO%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- tau decays near threshold
- tau mass scan
...and many more.

(Csl)  ©,4(cm)=0.5-0.7 cm/VE

Further presentations at this conference
Xiaocong Ai: Studies of Charmonium at BESIII

Dan Bennett: Hadronic Transitions above 4 GeV at BESIII
Qing Gao: Radiative Transitions above 4 GeV at BESIII

Wei Shan: Exotic Zc states at BESIII

Liging Qin: Light meson decays at BESIII

Yao Qin: Recent results on J/{ radiative decays at BESIII
Jake Bennett: Progress on the baryon spectroscopy at BESIII
Mihajlo Kornicer: Study of y.; » nu*n~

Xiaokang Zhou: Charmed baryon Lambda_c decays

Cristina Morales: Form factor measurements at BESIII

Zhu Kai: Collins Asymmetry at BESIII
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BESIII data samples
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World largest J/vy, y(2S), v(3770), Y(4260), ...

produced directly from e*e" collision



Hadron spectrum

Mesons/Baryons g .%

- S S S S S B DS B DS B B B B B B B s Em oy

MoIecuIes/MuIthuarks Cg & :—g :—Q-:
Hybrids é %
Glueballs O ©

« Not unambiguously established yet P

Continuous efforts in
experiment and theory

g EEm . . o . . o
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e Hadron spectroscopy is a key tool to investigate QCD

- testing QCD in the confinement regime
- providing insights into the fundamental degrees of freedom
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Light meson spectroscopy

® Observation of X(1835) in J/Y->yYK.Kn

® PWA of J/U->vdod
® Model independent PWA of J /1 — yrr'n?®

® Amplitude analysis of y.; - ntm™

Further presentations at this conference
Liging Qin: Light meson decays at BESIII

Yao Qin: Recent results on J/Y radiative decays at BESIII

Mihajlo Kornicer: Study of y.; = nm¥m~



Charmonium decays provides an ideal hunting ground
for light glueballs and hybrids

qq Mesons Each box corresponds
to 4 nonets (2 for L=0)
(a) (b)
2-+ @
25 I_I - o-+ E hadrons hadrons
D++ 2+- g -
%I D - '\\% 99 qqg
2.0 | FHH o | _
i c 1-+ «—— exotic (©) q
En S (d)
o 1+- nonets
Q
i D @ 1++ / Dﬁj@g hadrons hadrons
i ¥ .
15718 0+- Lattice _ i
s o+ | 171.9GeV « 0
O++ . N P > 1N \ —~ 2
1.0 M(J/1) = 4G) ~ 0(aa?), T (J/tb = vH) ~ O(aa?),
0+ 1.6 GeV . s o a
F(J/Y = yM) ~ O(aag), [ (J/¥ = vF) ~ O(aay)

€ “Gluon-rich” process
€ Clean high statistics data samples from e+e- production
& 1(JPC) filter in strong decays of charmonium



BESII

Observation and Spin-Parity Determination of the X (1835) in J/¢¥ — nygKg,n
Phys.Rev.Lett. 115 091803(2015)

+++'Ba°k9f°""d The structure around 1.85 GeV/c?

— Phase space MC

in the K¢K¢n mass spectrum is
strongly correlated to f,(980)

1'0-{3".1_8 2.0 222'42'52'3'5 %0 12 1.4 1.6 1.8 2.0 2.2 2.4
Moo, (GeVic?) Mayo (GeVic?)
sof 7 Partial Wave Analysis for M(K K ()<1.1 GeV/c?
o : (a) lenbin= 1.4 .
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G - X(1835) : +16 +20 +62
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r ase space
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Diverse structures near pp threshold BES]I[
PRL 108,112003(2012)
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Model independent PWA of j /¢ —» yrn°n®

arXiv: 1506.00546, accepted by PRD + Solution 1

o Solution 2
0" Intensity 2™ E1 Intensity
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A sophisticated mass independent amplitude analysis is performed.

Significant features of the scalar spectrum include structures near 1.5, 1.7, and 2.1 GeV/c?.
12



BGS]]I Partial Wave Analysis of J/Y—2vdd (preliminary)

Besides n(2225) , very little was known in the sector of pseudoscalar
above 2 GeV. The new experimental results are helpful for mapping out
the pseudoscalar excitations and searching for O+ glueball

C2

—}— Data-bkg

S3000f =

%2000_ MG projection 7 Resonance M(MeV/c*) I'(MeV/c?)  B.F.(x107%) Sig.
=400 , _
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« Dominant contribution from pseudoscalars
n(2225) is confirmed,;

* n(2100) and X(2500) are observed with large significance.

« The three tensors f,(2010), f,(2300) and f,(2340) stated in wp reactions
are also observed with a strong production of f,(2340).

 Model-dependent PWA results are well consistent with the results .
from MIPWA



BESII

Besides n(2225) , very little was known in the sector of pseudoscalar
above 2 GeV. The new experimental results are helpful for mapping out
the pseudoscalar excitations and searching for O* glueball
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Dominant contribution from

n(2225) is confirmed,;

« two additional pseudo

* The three tensors f,(2010), f,
are also observed with a strc

 Model-dependent PWA resul
from MIPWA

Partial Wave Analysis of J/y—2vdd (preliminary)
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Glueballs from Quenched LQCD

M (GeV)

Phys. Rev. D 73, 014516

++ -+ +-

Phys. Rev. Lett. 110, 021601

4 |p] 2
I(J/y —>1G.)=—a—LL|E(0) =0.35@8)keV
(J/y —1G.) 702, 1(0) 8)

T/T tot=0.33(7)/93.2=3.8(9)x10~

Phys. Rev. Lett. 111, 091601
I'(J/y — ;/G:_ )=1.01(22)keV

I(J/y =G .)/T,, =1.1(2)x10~

Flavor-blindness of glueball decays

%l—(G—)mr:Kl?:rm:rm':r]'r]') =3:4:1:0:1

* Low lying glueballs have ordinary quantum
number->mixing with qqbar mesons

At BESIII

« f£,(1710) and f,(2100) are observed with a strong
productionin / /Y — y nm [PRD87, 092009]

(as well as MIPWA of | /¢ — yr°?)

» f,(2340) is observed with a strong production in
J/W = ynn/pe (as well as MIPWA of | /Y —
ynon®)

e Systematic studies ongoing

> J/Y -y

- JYy-vnn

* J/Y - VKK
* J/Y - 9X, wX

15



BESII

Amplitude analysis of y.; = nm ™

* X1 provides another suitable environment to look for 1+
 14(1600) studied in y.q decays by CLEO-c
* only 1(1400) has been reported decays to nm

* Properties of ap and a, still need further studies

N(x) ~ 35000
zs + .
< 6000 y(2S)->yne
 5000F ?fn?]a]];y
= :
40000
2 -
§ 3000
Q _
2000\
1000/- )
M‘ﬂ — ."‘."."".l. :"W
94 345 35 355

M(nr*n’) [GeV/c?]

3.6

compatible with a,(1700) hypothesis

M(n*m) [GeVic*)

10,

oo

NS

(=]

m T T

- new feature

...... a,(980)
..... a,(1320)
e §o(1270) -

2 4 6 8
' MP(nm*) [GeVIc*P

16




o
' .
9 B —— 2009 + 2012
> 600 B BESII
= L -+ Sy il preliminary
= - £,(1270)n
& 400 v a(980)r
c -+ a,(1320)n
% i .- a,(1700)t
200
e e
0.5 1 1.5 2 2.5 3 3.5
M(nr) [GeVIc?]
L
'->-- - nn S-wave:
o 600 t N/D by A.Szczepaniak
= - ' PRD84, 112009
& a,(980):
"; 400 dispersion integrals
"E PRD78,74023
@ :
9 . .
)
200
0 e e SFRE R T R 2 2 s S - :---1--l - .”;-1- -1_-._“4 :

15 2
M(rc*rt) [GeV/c?]

0.5 1

Decay mode

B(xea — natn™) x 1073

4.819 £ 0.031 £ 0.088 + 0.210

ap(980) 7
a(1320)*7F
az(1700)* 7
Skk1)

SppTl

TS
f2(1270)n
f4(2050)n

3.506 £+ 0.034 &+ 0.182 + 0.153
0.185 £ 0.009 £ 0.038 = 0.008
0.048 £ 0.005 £ 0.014 + 0.002
0.123 + 0.007 £ 0.018 £ 0.005
0.791 = 0.019 £ 0.037 £+ 0.035
0.859 £ 0.021 £ 0.031 £ 0.037
0.371 £+ 0.012 £ 0.054 = 0.016
0.027 £ 0.004 £ 0.009 = 0.001

BESIII Preliminary
m1(1400)E7F
m1(1600) 7

m1(2015)* 7T

U.L. [90% c.1]

0.028 £+ 0.010 < 0.048
0.005 £ 0.005 < 0.016
0.003 £ 0.002 < 0.008

Errors: stat. = syst. = extern.

e Clear evidence for a,(1700) in x_decays.
e First measurement of g,,, # 0 using a((980) — nm line shape.

e Measured upper limits for T, (1~ ") in 1.4 - 2.0 GeV/c? region.
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Light Baryon spectroscopy

J/p@') = BBM = N*, A* 3* E*

M(J'l:'r'mq)pK ) e+ N',A,E =

Y2 N

NN,AZ.) e

hd
B
:

il
1)

Charmonium decays can provide novel insights into baryons
and complementary information to other experiments

v Missing N* with small couplings to mN & yN , but large coupling to gggN :
Y - NNm/n/n'/w/P, DEm, DAK ...

v' Not only N*, but also A*, X%, E*

v Gluon-rich environment: a favorable place for producing hybrid (qqqg)
baryons

v" High statistics of charmonium @ BES Il

Further presentations at this conference

Jake Bennett: Progress on the baryon spectroscopy at BESIII 18



PWA of (25) - npp
Phys. Rev. Lett. 110, 022001 (2013)

i P(2S) > K AE?

Sy [T —
oo AR | [T N(1440) ()
— N(1520)

; — N(1535)
150 --= N(1650))

TN}

Events/(32MeV/e?)

50

Observation of £(1690) /£(1820)~

30

Phys. Rev. D 91, 092006 (2015)

| ol :
s 1.5 20 25 ; ¥ :
M, GeV/c) g 20 ‘ il
gk ) S 10h11/r S |l Iy
—— N(2300) . By ‘F}‘ET“._ R e o L 16 T
‘f-._: 150 == N(2570) i F ii[_i e i 77 M ; i
z ok
= 1.6 1.8 2.0
=4 7 M(K'A) (GeV/e?)
o * E(1690)" =(1820)"
o i ST M(MeV /c?) 1687.74+3.8+1.00 1826.7+55+1.6
P e i e SR L I'(MeV) 27.1 £ 100 £ 2.7 544+ 15.7+42
1.5 20 25 Event yields 74.4 +21.2 136.2 + 33.4
My GeV/A) Significance(o) 4.9 6.2
. Efficiency(%) 32.8 26.1
23007 32" o s 1207 4 1500 B(1079) 521+ 1.48+0.57 12.03+£294+122
i i Mppg(MeV/c?) 1690 + 10 18234+ 5
2570+ JR(rUtE . B9 6. Mg Foves (MeV) 30 24+13

2 New N* are found (1/2+, 5/2-)
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Charmonium spectroscopy

Y L

e*e 2>vyX(3872) e*e >hidden charm  Observation of Z_ states
e*e 2>t X(3823) final states

 Intriguing phenomena spring up.
« A number of transitions between different exotic states
observed, starting to make connections.

« Complexities require complementary studies and global
efforts: CDF, DO, LHCb, ATLAS, CMS, CLEO, Babar, Belle(2), BESS3, ...

Further presentations at this conference
Xiaocong Ai: Studies of Charmonium at BESIII

Dan Bennett: Hadronic Transitions above 4 GeV at BESIII

Qing Gao: Radiative Transitions above 4 GeV at BESIII

Wei Shan: Exotic Zc states at BESIII 20



Charmonium and exotics at BESIII

Charmonium Spectrum
predictions based on PRD 72, 054026 (2005)
measurements from PDG 2014

MASS [GeV/c?]

o(e’e” — Jyr*r)(pb)

el e
Y|
[ v(4360) | ]
Y(2260) | N=(3'P1) X1(33P1)
42 - X=0(3%Po)
2(4020) s,y | #=1
Z(3900) T Xe2(23P2)
38 - 2Pg
© 0] [xeal22Po) |
¥'(2S)
a6 | 2150
13
34
32 - ‘ predicted, discovered ‘
‘ predicted, undiscovered ‘
3.0 - nNe<(11S0) ‘unpre:ided, discovered ‘
0+ 1— 1+ O+ 1+ 2+t
JFC

€

v, Y

ol

direct production of ¢ , Y
radiative and hadronic transitions
ete— wnd/y

Compare running at Belle and BaBar, with one month at

BESIII !
120 e T —
o g c 80k PRL99, 182004 (2007) |
: D/ { PRDS6, 051102 (2012)] & | 4

N 2 £60

o, — 5
M BESTI

i :.M'} ”l’
i & 0 JHH ’Hﬂ} “ W*}HHﬂ*”******ﬂ**“&”++++*‘+4*+#+.++*0g

—+1——| RN ] =t :

30 4 43 44 46 48 S 32 S4 4 4.5 S 5.5
Een(GeV) E.., (GeV)

BESIIl: 6°=62.9 + 1.9 + 3.7 pb

PRL 110, 252001 (2013)

«— BESH

40

20 *

0
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BESIL Observation of e*e- 2>vyX(3872)

Strong evidence for

X(3872) — nn J/y
M= 38719 £ 0.7 £ 0.2 MeV/c?
15-_. o .—II—D.atal s
E 10:_ 6.30 :;:::aklgﬂrtound B
i il
“ |1
?3.8 3.85 3.9

M(rJ/y) (GeV/c?)

** New mode of production of X(3872) and Y(4260) decay?

If we take B(X(3872) —» ntn—J/¢) ~ 5%, ( >2.6% in PDG)
~ 1 10%

o(ete™ —~vX(3872))

o(ete=—mtr—J /)

3.95

oB(yX(3872)—yr ' J/y) (pb)

PRL 112, 092001 (2014)

0.6

Suggestive of

Y(4260) — y X(3872)

0.5

0.4

—4- data

— Y(4260)

-.=.- Phase Space
--- Linear

4.1 4.2 4.3 4.4 4.5

E_ (GeV)

Large transition ratio |



BESII

S a0t o S a0t o
s% = st | 200 | m  Scepand
2 10F = 10F

M,_;(mT) (GeVic?) M,_(mT) (GeVic?)

Simultaneous fit of yx.; (left) and yyx., (right) events
M(X(3823)) = (3821.7 + 1.3(stat) + 0.7(syst)) MeV/ c?
r(x(3823)) < 16 MeV at 90% C. L. consist with Belle

8 8 2.5
Riia N - I
L P C — )
SO Dvee gy |ty by E T . ey(d415)
<  -—Swave  Ug3s0404505 | 1.5p
84 M) (GeV/c?) -~ .
c : g 1__ K -‘._
w Ziﬁ X 0.5F }
- E E =
b= L & 0' T et Tl H T TR S SI R SR B
0_1 05 y 42 43 44 45 468

E... (GeV)

X(3823) scattering angle  Cross section VS energy

distribution

D-wave is expected.
Limited statistics

Both Y(4360) and W(4415)
line shape give reasonable
description

efe 2> X(3823)2> iy,

Phys. Rev. Lett. 115, 011803 (2015)

Reconstruct y. — yJ/Y - yltl™
look for Tt~ recoil

B(X(3823) = vXc2)
B(X(3823) = vXc1)
< 0.42 at 90% C.L.

Good candidate of W(13D,).

23



BESII

Observation of e*e— n*n-h (1P)
Phys. Rev. Lett. 111, 242001

Open circles: Belle e*e— n*nJ/y
Solid dots: BESIIl e*e— n*mh,

: ++H+H :

% 40t Tﬂ«v +++ :
20;_& ++¢+¢¢¢¢¢¢ 64 ¢_
a2 '473' TT44 45 45

Ecm (GeV)

o(e*e— n*mwh,) ~ o(e*e— nndly)
But line shape is different from
Y(4260) in n*mwJd/y

G(e+e'—>coxco) (pb)

Observation of e*e™ > @y
Phys. Rev. Lett. 114, 092003

100

80 —4— Data

— Resonance

60

== Phase Space

-
......
------
-------

40
20

-----
-----
-
L=

of

20

015 42 425 43 435 44 445 45
\s (GeV)

Fit with a single BW

Mass = 4230+ 8+ 6 MeV

Width =38+ 12 +2 MeV

Significance > 9c

Inconsist with Y(4260) from it/ /Y
No significant signals for e'e Wy, ,



BESII

Observation of e*e> nJ/y

PRD 91,112005 (2015)
100F —|Belle
" g (a) l — BESIIN2012)

IR
QZ M H ’H E& Jﬁwﬁw

:~ll "'
20
3839 4 41424344454647
JS (GeV)

o(e'e — nJ/y) (pb)

® Agree with previous results with
improved precision

® non-trivial structure around 4.2 GeV

Observation of e*e> n'J/y

BESIII Preliminary

RN l* { ]

] o =3.140.640.3 pb @4.23 GeV
.40 _ ALl e= 3. 91;0 s;to 4pb @4.26 GeV

Born cross section (pb)

i
4.15 42 425 43 435 44 445 4.5 455 46
m (GeV)

First observation at 4.23GeV and 4.26GeV,
couldn’t tell the line-shape due to the statistics.
o(nJ/W) is much lower than a(nJ/W) which is in
contradiction to the NRQCD calculation. PRD 89,
074006 (2014)
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SESI

M(D*D*) (GeV/c?)
ete- > 1 (DD*)*

405
M(DD*) (GeVic?)

ete - 10 (DD*)0

* ccbar annihaltion?

PRL 110,252001 (2013) arXiv:1506.06018 State Mass(MeV) Width(MeV)

: o o TE Z(3900)* | 3899.0t+3.6 +4.9 | 46+10 +20
~, 10 o $ ok (2)4230 GeV, 10917 pt' o o at 2ot
S sl - : 5 Z.(3900) 3894.8+2.3+2.7 | 29.6+8.2+8.2
(D i == PHSP MC
S eof lr I e g 3883.9+1.5+4.2 | 24.8+3.3+11.0
o [ 3 . .
S 4o i 7 (3885)* [single D tag] [single D tag]
5 [ 2 3884.3+1.2+1.5 | 23.8+2.11+2.6
@ 200 [double D tag] [double D tag]

of 37 38 39 40 0 +4.3 +11
M. (i) (GeVIE?) ere- > 10 710 1/ W Z(3885)° | 3885.7'23+8.4 | 35'13+15
ete -t J/ W
 Near DD* threshold

\ r ~ o I'(Z.(3885)—DD™)
O 400k v [ . =6.2+1.1 £ 2.
100 v | Tz 57y O !
§ 80:— 960: -+ Signal JPf 1+

C Jor [ incl. Biq °
T h i o
0 400 fui 4 e Decay mode:
S 20 AT 4T j af  Hidden charm,
Wb b ok e Open charm,

I(Z{ - ont) < 0.2% Tl
[Phys.Rev. D92 (2015) 032009]
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T 402

4.04 4.06 5
RM(1r) (GeV/c?)

4.08

ete- -t (D*D*)

RM(n?)(Ge

ete- - 0 (D*D*)0

4{)6 S ,, Y ; 4A

V/c?

)

PRL 111,242001 (2013) PRL 113,212002 (2014) State Mass(MeV) Width(MeV)
P Z.(4020)* | 4022.9+0.8 £2.7 | 7.9+2.7 £2.6
Ewoi ; 2 . Z.(4020)° | 4023.9+2.2 +3.8 fixed
% o 5..-'!" g » + Z,(4025)* | 4026.3+2.613.7 24.845.617.7
: jz L o % ' ﬂ Z,(4025)° | 4025.5%29+3.1 | 23.046.0+1.0
20% M 12
sl 4'151\/1"11 '(z(gewé')zs R 3'9;1$:°“|m:)(5(;e€/c2;.15 o
ete = 1t 1 h, ete > 0 no h,
PRL 112,132001 (2013) arXiv:1507.02404 Near D*D* threshold
S —— Gup T T Iso-spin triplet is established
N DD — total fit 2 [ () i The Zc(4020) and Zc(4025) are
?0:‘ L peh o 20 § consistent within 1.50.
& aof -st : i, [(2:(4025) 5D'DY) _
Lol o8 TELEES T(Z.(4020) - whey) T
w i
6
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Emerging connections between XYZ?

S
[
Y
RS )
At
N,
\

Two isospin triplets observed
Building spectrum ?

Zc(4020)

What is the nature? Molecule/Tetraquark/

Hybrid/Hadrocharmonium
/Threshold effects/...

Further experimental efforts needed:
Production/Decay mechanism;
Resonance parameters (any kinematic dependency?);
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Prospects of hadron spectroscopy at BEST

« BESIII collected world’ s largest samples of J/y, y(2S),
v(3770), Y(4260), ... from e*e" production.

« It will continue to run 6 - 8 years.

A1)
"
Y (3770)

Above open charm
threshold

R scan and tau

Y(2175)
P(4170)

1.3*10° 21x BESII
0.6*10° 24x CLEO-c
2.9fb? 21x CLEO-c

0.5 fbl@1(4040), 1.9 fb'! @~4260,
0.5 fb'@4360, 1.0 fb'* @4420, 0.5 fb'! @4600

3.8-4.6 GeV at 105 energy points
2.0-3.1 GeV at 20 energy points

100 pb1 (2015)
3 fb! (next run)

10*10°
3*10°
20 fb'!
5-10 fb'?
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Prospects of hadron spectroscopy at BESTI

« High statistics samples at BESIII provide
opportunities for hadron spectroscopy of both
light quarks and heavy quarks.

— Systematic investigation of low lying glueballs
and hybrids

— Study excited nucleons and hyperons in
charmonium decays

— Explore XYZ states and their transitions

Thank you



