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- Outline

e Inkroduction ko BESIII and BEPCII

* Highlights of Light hadron spectroscopy:

%X stabtes @ PP mass threshold
€ PWA i charmonia de.amvs

. Summ&rj and conclusions




- WwBEPCII: o t—-charm

Upgrade of BEPC (started 2004,
first collisions July 2008)

Beam energy 1 ... 2.3 GeV
Optimum energy 1.89 GeV
Single beam current 091 A
Crossing angle: +11 mrad

EPS-HEFPRO17

Design luminosity: 1033 cm-2s-!
Achieved in in April 5th, 2016

Beam energy measurement by

Laser compton backscattering

AE/E =5 *10-5( 50 keV at 7 threshold)



2ESIII: The Detecto:

Super-Conducting Magnet
1.0 T (2009)
0.9T(2012)

Main Drift Chamber(MDC)
op/P=0.5%(1GeV)

Odr/dx = 6%
Electromagnetic Calorimeter

(EMC)
CsI (TI)

og/VE=2.5% (1 GeV)
0,0=0.5-0.7cm/VE

Time of Flight (TOF)
ot: 90 ps (barrel)

110 ps (endcap) M Counter (MUC)

8 -9 layers RPC
Oreo =1.4cm~ 1.7 cm

93% of 4w acceptance NIM A614, 345 (2010)

EPS-HEFPRO17
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- : The Fl«vsi&s program

 Light Hadrons
Meson and barvon spectroscopy
Search for exotic hadrowns
Light meson decays

o Charmonium ‘Phjsa::s
X, Y, and Z stakbes
‘De«mgs and btransiktions

o Ogaetn Charm ‘Phjsi,«r:s
D mweson c(et:avs
mixing
CP violakion in the charm sector

And many other Eapi,r:s e.q. tau and &wo-—-pha&om thvsws

—

EURDPEAN PHYSICAL SOCIETY
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g(ete” > hadrons) 10

— | ! =
R, . = - b .
u I 3 loop pQCD ]
== S - Naive quark model ]
i £ , o | i
- ; pl ‘I :.‘-. [ _‘_f "::T .____ e - a‘.::...l_'.la:',"lﬁi[ _____ R _*_ :_L _____ e
= F My ' En. Scan 526 pb- .
- . e Sum of exclusive . » Inclusive E
— I 3 measurements | measurements n
T S S NS S S S IR _
0.5 1 1.5 - 2.5 3
-] 1.3 10° N ] e =
- T/ | ¥(25) 051 Yoo 4420 s .
— A Mark-T B 1.0 b ]

- v Mark-T + LGW 2.9fb i ) 4600
:_ m Mark-II P 1040 Y 14’4415 0.6 fb! B

MORE: st e PLUTO P #;&] o b |

’ 2. - © DASP | | "l %ﬁ; ! . N
Coarse scan 4100-4-400 MeV/c?; 4 | 4 Crystal Ball { ,L‘f* L e%. S %ﬁg% VUL —
0.04 fb! around Ac threshold; : o n . YT AL j. I~ 3
. . [ . i i s e %‘ [
Data taking on-qoing 3 i'—J I } | o ik %ﬁ - E
. [ ' .
L e e T =

5
D,D AA
IDEAL ENVIRONMENT TO STUDY LIGHT R scan 1.3 bt 130 Spoints “e \/; [GeV]
i .
HADRON SPECTROSCOPY!! EPSHEP2017




- Wodronshconvenkional aind exobic

¢ Conventional hadrons consist of 2 or 3 quarks
Meson: btwo qu&rk‘s
Barjon: three qu,a\rk‘s

Bubt QCD allows other forms of hadromns:
v Multi-quark state: > 3 quarks

v Grlueball: 99, 999, ... Lots of candidates buk wot
v Hjbrid: 999 94999s established 72!:
v molecule: %au,nd state of

more then 2 hadrowns

Searching for new forms of hadrons provide test of QCD

EPS-HEP2017 %



= % Light Hadrown Spectroscop.

s Motivation:

« £skablish spectrum
. Search for exctic hadrowns

RESIII advankaqes?

statistics)
Gluon rich processes
Kinematics évembte

bwg

Charmonium décajs can be used (high

IPC and Isospin filters tn strong decays
compared to hadron colliders

n'<
II‘S“ My

Cleainn environment, no combinatorial G

my

Why ¥y demvs are mos&t-j used?

» J/v production cross section is high and the BR of hadrons in J/v
decays higher than ¢’ decays ("12% rule”).

» Large phase space to 1-3 GeV hadrons in J/y decays
» Production BR of exotic hadrons expected to be larger or similar

to the one for conventional hadrons in J/v decays.

EPS-HEFPRO17 9



= « Hunking Gluebails '

> Direct test of QCD

Grlueballs from quenched LQCD

e Labkice QCD predic&icn

« o™ ground state: 1717 GeV/& | .
.« 2" ground state: 2.3V24 GeV/& 12 0+ m—
« 07" ground state: 2.3V2.6 GeV/ & N
10 e 4
They can mix with ordinary qq states 3" -
8
o 2*—1+-_ 3 Sa:
Wb rodiative decays are gluon-rich environment (Large BR = 0
forseen): an ideol place to search for glueballs. =0 9
|2
4
Svs&ema&c experimen&ai studies needed:
*” Map of the resonances ) |1
Study of the production patterns PRD 73 (2006) 014516
(/9->v/w/p+X)
Study of the decay patterns L 0

EPS-HEP2017 10



- ¥ staltes @ pp mass threshold

EPS-HEYR017 11



* Observed by BESII in J/y->ypp more than 10 years ago

Confirmed by BESIII and CLEO-c in (3686)>n'rl/, J/Y>ypp

80
70
©
- 60 S 60
QO ®
> 50 =
(&) o
g 40 d 40
S 2
Z 30 o
e >
S 2
320 w20
a7 CPC 34,421 (2010) 0
1 | | | |
0 005 010 015 020 025 0.3

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

(h\ |
P(3686) > TTI/ U, J/P->ypp

PRD 82,092002 (2010) |
CLEO-c

......................
_________________
---------------
------

0

50 100 150 200 250 300
AM = M(pp) - 2m_ (MeV/c?)

Confirmed by BESIII in J/W->vpp (PWA below 2.2GeV/c?)

v X(PF) —>JP¢ = 07+ (>30 o) with BW parametrization

v' M = 183211%+18(syst) + 19 (Model) MeV/c?
v T = 13 4+ 39(stat)*19(syst) + 4 (Model)MeV/c? (< 76 MeV /c?> @

90% C.L.)

v" PWA: 4 contributions included:

No similar structure observed in related channels X(pp). f»1910), f,(2100),

(e.g. Y(15)->vpp, &' ->vpp)

non-resonant O** contribution, FSI)

150

EviaN.005 Gavie

Events/(0.005GeV/c?)

nature of these states? PP bound stake?

Llook into the subthreshold energy region.

[ J/Y->vpp

e
T

2]

o

BESII

PRL 91,022001 (2003)
— T T ]

Jpe=g

7~

J/$->vpp 7 1

0.1 0.2 0.3
2
M pﬁ-Zmp (GeV/c9)

PRL 108,112003 (2012)
12



- - X(1%38)

/+ Discovery by BESII in J/{->yn'retin 200&

< 120 (230M J/p)

S 5SM 1/ * Confirmed by BESIII inJ/y->yn'mm
S BESI ( Y) v M = 18365 % 3.07 53¢ MeV/cZ 20 1>vp (p S1T)
S 80 Phys. Rev. Lett. 95, v T =190 + 938 MeV /c2 >c00 'S e
% 262001 (2005) £ 9736 MeV/c ">, n->yy
E 40 /
g LI L L I
L . \ . . C - ]
° 2.0 2.6 o~ 0 _BESII )
M(TC+TC-T]') (GeV/cz) L - 1| 4 resonances (BW © GAUSS) +
\ > 400 —| non resonant contribution (from
&) - Y §3 MC)+ Non n’' + n'm*m- 1° bkg
B g 300 a5
T 5000 N = - .
3 T E 200 | —
g 4000 [ 8 1 :
' > 100 F ™ T
© 3000 |- =1 oy 100 N
20005— 14+ COSZ(QY) —E 22 24 2.6 2.8 Phys.Rev. Lett. 106,072002 (2011)
1000 - BES]]I g MmN’ ) (GeV/c?)
B0~ 02 04 06 08 10 LQCD predicts the glueball mass of O+ is ~2.3GeV.
lcos0, | For O~ glueball, it may have similar property as n.
v" Angular distribution is consistent with O- (the main decay mode is mmn’).

EPS-HEP2017 12
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n -
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[Z11000F
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- w X(1%3s)

'Sy

—+ Data

— PHSP MC
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0 14 16 18 2 22 24 26 28 3

Mn'='n] (GeVic?)

1600 1

1400 F
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L1200
> -
1000 F
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N 800F
£ 600F
% »
2 400:
200F

-+ Data

— PHSP MC
@ Background
----- pp threshold

PRL117,042002 (2016)

-3/ P->yn'mrr (1)

1.09x10% I/ (Ro12)

* Two decay modes of n’
A2 (Bt (o
* NN, NoYvy

Clear ct»ems of X(1¥38), X(2120), X(2370),

A significant and anomalous distortion of the
' line shape close to the pp mass threshold

as expected for a pp bound state

Simultaneous fits for the two n’ decay
modes: simple BW function fails
descrip&iom near the pp mass threshold

Mnz'n] (GeV/c?)

Ne, aA a structure wnear 2.6 GreV/c?
2500_IIIIIIIIIIllII]llII|IIII|III?IIIIIlllllllllllll
0 Lk . - R " . —+Data .
14 16 18 2 22 24 26 28 3 : ] i — Global Fit ]
Mnh©'m] (Gevic®  F b4 f,(1510) :
m 2000 - --X(1835) ]
(&) ---- X(2120) §
S — Non-Resonant ]|
(D) I Background ]
S 500 [ 0000000 Ty F& pp threshold |
o |
A i
- i
v 1000
5
>
L 500
PRL117,042002 (2016) 0
1.3 19 2 21 2
EPS-HEP2017 14



- X(235) in W ->yn'mrr: fik of the Li.v\esk;pe

Interference between X(1%38) and anocther
very harrow resonance close to threshold:

Threshold structure caused by the opening
of additional pp d@.t‘:&j mode (Flatte formula)

VPout 'Zgzp ~ i ( + 9 )
MT s 15 gipn L JiPe= 98 (o jg’%ppp
coupling to pp chariljel
coupling to everything else

T =

S.M. Flatté PLB 63, 224 (1976)

— elf. Coherent sum
T =— Pout __, ﬁz Pout of two BW
Ml —S—lM1 Fl MZ —S— lM2 Fz

2500 _[ T 1T I TT 11 I TTTT I TTTT l TTTT I TTT IIII T I TTTT I TTTT I Il— 2500 _l LI I LI LI LI LI LI E] I LU I rrTT I LU I ||_ FIRST RESONANCE x(1835)
g Y B | i recowice s
| 1600 — Global Fi | | 1600 _ . ]
M (MeV/c?) 1638.0 t121.9+1278 L 1 = £,(1510 i A f1(»?51ao) I {1 M(MeV/c?) 1825.3122+173
¥ -121.9-2543 < 2000 ::igggg; ™ 2000 [ 400f y - - - X(1835)+X(1870}
g2((GeV/c2)?) 93.7+35:4+47¢ § [ a0 ] § B 4 oX@2) ) T(Mev/e) C245.2315 34
' ) . — Non-Resonant | I 1200 g _
2 2 +0.37 +0.83 % i -:;cthg‘::::;ﬂ‘ ] % 1500 |- \kw*ﬁ -g;ct:?;:::ﬂi { BRAe1) (301 2537 2829107
3 : 1500 — — [ 1000 R ] . . -
gpr—)/g0 2.31 2537 060 i S S 1= =t ] BR(d.1) (372 +0:21 4018104
= 18 1.85 1.9 1.9 Al - - 18 1.85 1.9 1.9 * * n
A 9727 = I PR 1< E | SECOND RESONANCE: X(1870)
o 1000 - ' o 1000~ ’ s
Fpoe (MeV/c2)  273.5 31461, =B 1€ | . | MMev/e?)  1870.2 233253
. : o i ] ] L . .
* i i {a 500 ] F(Mev/cz);:é "5p
ﬁr?.nching (393 538 *03hx107* 500 _ i . B.R.(CI)  (2.03 1512 +543yx1077
atio N - : )
- i ; B.R.(DI) (157 15:39 T5755) X107°
ik 0
9% 14 15 16 17 18 19 2 21 22 13 14 15 I1VI6[ 7 ]1(-& \1//9 2)2 21 22
" e ] (GeVic . I
_An adfnﬁuonal resonance, Min7'n] (GeVic’) d X(1920) is not significant
X(1920)“, is needed with 5.70 PRL 117, 042002 (2016)
Y

Significance of g/ g being
non-zero is larger than 7o

A pp molecule-lilke state?

Significance of narrow X(1870) is larger than 7o,
M = 2m,-6.3116 MeV/c?

EPS-HEFPRO17 1s it a pp bound state?

16



A/ P>yn' e

Both models fit the data well, both suqqest two structures:

« a broad stakte and a narrow stake very close to
pp mass bhreshold,

+ a pp molecule-like state or bound stabe?

Whatever the X(1%35) is, it has Large coupling to pp!

« To understand the nature of this exotic state
* Larger data sample needed
. S&u,civ other cle.«m:j modes
« W U->vpp (seen before)
« I P->vKsKsn

EPS-HEFRO17 16



B 0 — ;Bgtzakground N‘\-’ :gg::?(ground E
1.3X1O9 j/l.IJ QVQV\ES (2009 QV\& 2012> g — Phase space MC{ > ‘Zo)ﬁ }—Phasespace MC
400 | h 3
o] [ ]
Clean environmenk: an K? and nﬂ‘oKs K? bk‘g x a00 ]
forbiddden s
@ 200
c
2 100
w [
* Clear structure on mass spectrum of KKsn oba
@L¥S GeV/c strongly correlated to £,(9%0) |
- PWA for M(K? Kg Y < 1.1 GeV/c? and 24 Data P o, —+- Data
2.2f o] mm Background
oW e) , — R ] % — Phase space M
M(KS Kg n) < .% GreV/c? "§ 2.0F BGS 1¢
. . . 1.8f | 18 MKEKSY
to debermine spin anﬁj §° L 18 KRS e
= 1.4} o ‘%
1.2;— | | 1a
N 18 2022 24 2.6 28 30 rEF
2 2
ngxgn (GeV/c?) ngx:n (GeV/c?)

EPS-HEF2017 PRL 115,091803 (2015) 17



X(2836). i I/ ->yKs K (1)

X(1%35)
J°c=0-+; X(1835)>Ks K n(>12.95) , dominated by
fo(980) production

MeV

M = 1844 + 9*1¢ —
c
['=192%591%% MeV /c?

Consistent with X(1835) parameters obtained
from J/y->yn’'mtn-, mass consistent and width
larger than X(pp)

B(T/P->yX(1835)) - B(X(1835)>KKgn)=(3.3113:33+

X(1560).

JPc=0-+; X(1560)>KSKSn (> 8.90)

MeV
M = 1565 + 8f23 Z

= 4513128 MeV/c?
Consistent with n(1405)/n(1475) within 2.00
Interference allowed in PWA

PRL 115,091803 (2015)

80/ -
o x?n,,. = 1.40
2 70F —+Data = -
S f — MC projection 1
O 60F Il Background
O O F ---- X(1835)
o 50F —  X(1560)
o - —- Phase space
© 40¢
~ _f
» 30¢
'E ¥
198)x 103 0 20|
LW 104
ok
2
MKgKgn (GeV/cY)
‘ a non-resonant fo(1500)n component

More statistics and other channels analysis
needed to understand, like yKsKgrt

EPS-HEP2017
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= @owmparison between BESIIT resulks

soop T . ® PRL106,072002
gasof- J/b = ynKsKs 0| ¥ PRL108,112003
2 00f J/ - yn'ntn” : 4 PRL115,091803
o : (0 | % PRD87,032008
@ '%0F <t B PRD88,091502
i 100 = JPC?| A PRL107,182001
Y sof <.
ok ~ 80 | 0 E
M(3(x*)) (GeV/c?) S 10 J wp J/[P-y3 (7T+7T_) = E
2o0f BR T Qs
© 500 s ‘ Q.
(87 M ; ]
> 400 4 1 X{1870) >7.20 BES]]I
£ 300
@ 200 50

I/ = ot

=)
IS

J g
’
J4
.
0
’
2
e
<3
"

.4 1.6 8 20 22
M. (GeVic) —

- Ypp

1 I 1 1 1 l | 1 I: I 1 1 1 I 1 | 1 I 1 1 l I 1 1 1
1840 1860 1880 1900 1920 1940 196
M (MeV/c%

I
1800 1820

'

X states near proton-antiproton threshold , what’s the role of that threshold?
o X(pp) in agreement with X(1¥35), while its width is significantly different

3 ‘ pp bound state?
Are X(1¥38) and X(pp) them SA

n’ radial excitation?

glueball?
‘More studies are heeded to answer this question, but connections are emerging' | 5
Larger stabistics will kelp! EPS-HEFP2017




PWA.UA charmonia decaus

Q Model Independent PWA of I -dyrore
QO PWA of Jp—yod
0 Amplitude analysis of they , - nntn-decays

EPS-HEFRO17 R0



Events / 15 MeV/c? Events/ 15 MeV/c?

Events / 15 MeV/c?

- Madel Inde

1.3x10° J/ events (2009 and 2012)
om0 is a very clean system with large statistics
* Many broad and overlapping resonances (parameterization challenging)

* Model independent PWA

(MIPWA): a piecewice complex function is

built to describe the s dependence of mm dynamics
v" More than 440,000 reconstructed events

N | 1
it g“’ M oLl

1 s I ol
PRRITR IR T €110 MR I L P

~ (<)
v' Background level ~ 1.8%
Extracted Intensity Relative Phase
16000 g E SETTL . IT; K ] T
14000 § q{ ;iiif- g . % J Fomt g 5;5{' ‘“
= FRY .. ioE T e, «w‘*"‘w%www«« K|
}.'Lf Y ; E 0 -:-_ op f 1*1' il o
. Mw iy s, E 1B
- 1 15 2 25 P ;_—
Mass(x) [GeV/cT] Lo - o5 0 5 20 25
30000 = Mass(x°%) [GeVic?]
2500 =~ (b) 2+ E1 4 5
20000 E— © ‘;;?0 £ 3
15000 %— 5“ T)‘ § 2
10000 ;— Qe;’ ?i?‘ ; 1
E et Y e Nﬁ”ﬁ“"mﬁg’ S I
o 05 1 |5 25 H -1
Mass(n®1®) [GeV/c?] 3, 2
g 3
16000 N
14000 (c) 2+ M2 jad
12000 V)
10000 ;;
2000 & 3
po g -
2000 o “ g o e E
° 05 = " 3 0
TWw"aébTwﬁegenerate g -
Loz
(d) 2+ E3 g 3
Mass(x"-:") GeVic?)
‘ H " * Solution 1-nominal
g |
Ix

. Solution 2-ambiguous

= :7'5 * 15 2 25
Mass(n®1%) [GeV/c?]

Phys Rev D92,052003 (2015) EPS-HEFR017

Events / 15 MeV/c?

endent PWA of I/ P->yrone

5 =
10 Data =
Exclusive MC .
] signal B
[ MISchonslrucled background

4 - -n) =1
10 [ =
. -

10
[ Other Backgrounds

3 10
10

11 IllIlll

-2
= 10

-3
10

15
Mass(x°1°) [GeV/c?]

v' Extract amplitudes in each M(m°m°) mass bin

Scalar spectrum -> significant structures near 1.5, 1.7 and
2.0 GeV/c?

2++ spectrum -> dominated by f,(1270) (fensor glueball
candidate f(2230) don't show up)

v' Multiple solutions in MIPWA are usually unavoidable.

v' Provides the scattering amplitude minimizing systematic
bias due to assumptions about st dynamics and in a
experiment-independent way

1

Relative Size (to data maximum)
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%1 . <
S 10° &
1+ é ;N
X =
%‘I g 10 <
=
, . Ay 1
1 1.05 1.1 1.15
(@  MK'K) (GeV/c?)
kS I — Data-bkg 5 3000F -
E’ZOOO; — MC projection g
o £2000f
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% W
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1000 1000
cC
g | T
[ ¥2in,, =1.09 [ ¥, =0.71 1
O 22 24 28 05 0 05 1
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Entries/ 0.01

Entries/ 3 °
N
o
o
o

1000}

I 22, =1.55 [ 1Ing,=1.69
%os 0 s 1 %0 w0 e e
(d) cosb(K’) (e) %)

“('\32500:— . MC
150 3 i * —+ data
20001
ST —bkg
100 &1500F ° S
E I . o..
21000f ..
50 | -
Wi 5001 * o™
0 02 22 24 26 28 3
© M(9¢) (GeV/c?)
5 [ -+
23000}
- i
Q0 I
£2000}
w i
1000F
! ¥2n,,=2.01
-1 05 0 05 1
(c) cos6(0)
N02500 0" model independent
S [ o:dempem[
i 0" model independent
%)2000 _ _9.?.;5";* e 0 model dep::erl
[ i % 4 2" modelindependent
B00F 5 4o e
B E i’i 'OI
g1 000F 5,5 “‘?-ow.ﬂ:*
T j: :o:,.‘.."
Lu 500_- E’E‘: é.,—‘x.r{:{"?‘:._‘ L
0 ;'“".”'t“-.l '.r ,.’:‘t': o
22 24 26

BASELINE SOLUTION

Resonance M(MeV/c?)

['(MeV/c?)

BF.(x107")  Sig.

206111 18

IR ARA0 £ 010773, 28.10

1(2100) ) 2050°

30477
24-26

2503518 (3304 0,097 52150

S~—" 15463 A — )
X(2500) 2470710758 9307510 (0.1740.027502) 880
fo(2100) 2102 21 (0.434£0.0475%3) 2420
2010) 2011 202 (0.35£0.0510%) 9.50
{2010 ( 019 PDG fixed
£(2300) 2297 149 (0444007707 6.40
— \0 Compatible with
Cooa a9 319 CU91£ 00T D% ocD pred. for

07" PHSP 7o model direct decay (2.74£0. 15+(1) ig) 6.80

Tensor glueball

Scalar state:
f,(2100)

Tensor states:
,(2010),1,(2300),f,(2340),0bs.inm N and pp.
strong f,(2340) production.Tensor glueball?

Pseudoscalar states (DOMINANT):

Phys.Rev.D93,112011 (2016)

Help bo ma
pseudoscal.ar
excitabtions

2225) confirmed (DM2,MARKIILBESII

M(o0) (GeVicd) E FS=HE FR017

n(2100) andX(2500) observed.

Well consistent with the results from Model-independent PWA

RR



‘Amﬁiﬁud@. alalysis of the y , > nn+n‘c’&e¢:&v

5000 . data 448.0 10°y(3686) events (>15 x CLEO-c sample), = 34ky .,(World largest sample!)
— it 10¢ C 10 -
o, 4000 BESIL || — signal Y (3686) > vy .4 \ \_ DATA @ ... : SV ©)
% ----- background an d 8 i <4 8 B
= 3000 ¥ [ %75 ) - - =
N . Aftern sb N ?§ S HESIA § of a,(1700)
‘% 2000 bkg sub. Xeg 2N 1T g 38 |
> i 133919 sel. ev £ o4 ;’E 4
1000} * O :
g i 95% of n decays = of = 2f
- AT Dot n =31 n>yy g X
3.45 3.55 ol 2y . ol
M(nr*n) [GeV/c? o 8 10,\.,\ 0 2 4 6 8 10
] ] ] MP(nr*) [GeV/ ME(nr*) [GeV/
Search for exotic mesons with 1-*in (1.3-2.0) GeV/c? et °F PRD95 (2017), 032002 aatd ¥
mass region decaying nm (m;states, only m,(1400) 400 e © 700 - E i
decaying nm by CLEO-C, e.g) % 1200 . b ~ b
- ¢
Test sensitivity to a,(980) — n'm production g °®° ‘ S ‘°F # (i
of a,(980) lineshape i s 00p 4 N e :
§ 400 f % 200 m‘N“’ ’Mﬂ X
& PR i wa,(1320) 5
. 200 - .- 100
Searchfor y ., = a,(1700)m  with JEL L et S S
a 1 7 0 0 — 17T 05 1 156 2 25 3 35 0 05 1 .1 5 2 25 3
2 ( ) U M (nr) [GeV/F M’(n’u ) [GGV/%
EPS-HEFPR017



analysis-of the y ., - gt decays (II)

600~ . 2 (960} : . a0
Isobar model (7 , 1) .. Besm - ., 600/ BESIL -y
. . . o E -~ a,(1700)r o s -~ a,(1700)r
Helicity formalism for Amplitudes > 500} - S > 500f -
BW+ Blatt-Weisskopf factors for most of the = 400;— o ;jgggg))g] = 400F- ;jg%gg;p]
resonances, a,(980) and a, (1700) free = 300F- 5 :
parameters, PDG for the others P - P 3005_
< 200 < 200
Dispersion integrals for a,(980) considering > - 3 s
: o 100 4 TR ey etV 100
nm, n'w, KK decay channels . ™ g =
0 Easespymimrent et SIS R g ey iy 0 Eermtimmifs i e e g
OPTIMAL SOLUTION usi litud ith >0.5% 0.5 1 1.5 2 2.5 315 0.5 1 1.5 2 2.5
o o e 'tude with >0.5% M(nr) [GeV/c?] M(r*m) [GeV/c?]
contribution and significance >50 PRD95 (2017), 032002
Decay F [%] Significance [o] B(y. — natn™) [1073]
nwta “ee ‘e 4,67 £0.03 £0.23 £0.16
ay(980) Tz~ 72.8 0.6 2.3 >100 340 +0.03£0.19+0.11
a-~(1320) Tz~ 3.8+ 0.2+ 0.3 32 0.18 + 0.01 + 0.02 4+ 0.01
a,(1700) Tz~ 1.0£0.1£0.1 | 20 | 0.047 £ 0.004 £ 0.006 =+ 0.002
Sk 25x0.24+£0.3 22 0.119 £ 0.007 &= 0.015 £ 0.004
S_n 16.4 +0.5 4+ 0.7 >100 0.76 + 0.02 + 0.05 = 0.03
(ztn™)¢m 17.8 £0.5+ 0.6 s 0.83 £0.02 +0.05 £ 0.03
f2(1270)n 7.8+£03+1.1 >100 0.36 £0.01 £ 0.06 + 0.01
£4(2050)n 0.6+0.14+0.2 9.8 0.026 £ 0.004 + 0.008 £ 0.001
AJNANVU UV VaLANALAGGGUWW Y AP S L/\I v \/.‘—‘CJ
71(1400)* 7~ 0.58 4+ 0.20 Weak <0.046
71(1600) 7~ 0.11£0.10 . <0.015
71(2015) "z~ 0.06 £ 0.03 2.6 <0.008
R4
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- - Sw\«\m&rj and conclustons

w Sy is sm:«:ess{u,uj operating since 200%, and continues to take data
until 2022 at least

W Excellent laboratory to study light hadron spectroscopy (and many other
tkems):
o High statistics
¢ Low backgrounds

W Many interesting results have been obtained, and only a few have been
repc:»r%ed in this talk

2 In the next three years new DATA for Y/ are awaited towards ¥ Billions J/y

T —m——
EURDPEAN PHYSICAL SOCIETY h
HEP2(117
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= % No pp threshold enhancement

CLEO, Y (1S)— v pp BESIl, J/p— wpp .
PRD 73, 032001 PRD 87, 112004 BES, Yy =Y pp

L B e A B B e ! PRL 99, 011802
: : 80 ;_ — total f|t 20 L l LI I L I L I L I L I L L I l_l
- 1 & E .« Jiydata [ -
1o I i § 70 E XN (Jy— wX(pP) -
NQ B 1 o© 60 non-resonant contribution -
> F ? . 1 O F o sideband fit 9
= 5[ —| = 50 F o sideband data ,
- % — O - —
HhiEURS MRS 4
2 | @ =
TR ® 20F S :
: * : LLI : 1.1 l L 1.1 l L 1.1 l 1.1 I 1.1 I 1 n
-5| — 10 24 26 28 3 32
- ] AN\ OO N S B S NN NSNS RN AN 2
L R U T R R N % .05 0.1 0.15 0.2 M(pp) (GeV/c?)
1.9 21 23 25 27 29 3.1 i >
M(pp) (GeV/cd) M(pp) 2mp (GeV/c?)

EPS-HEFRO17 R7



- X(235) in Y-Sy Flabté Formula Fik

Threshold skructure caused bj the opening of additional pp decaj mode
v Pout

el T =
Fitting results MZ—s5—12, 0 pr
S.M. Flatté PLB 63, 224 (1976)
2 +1219+1278 2
M (MeV/c) 1638073519 5543 2 o a2(p 4+ PP o
Jichie= 9o (po + 42 Agi
gé ((GGV/C2)2) 93.7 tggz tgg i coupling to pp channel
coupling to everything else

2 91 +0.37 +0.83

2 [l
Sl 03706l

+15.9 494 M (MeV/c?) 1638.0 +121.9+1278

My (MeV/c?)* BE 1909.5 1323 557

95 ((Gev/c1)?) 93.7 13541433
) * 214 +6.1 2 2 +0.37 +0.83
Ly (MeV/c') 2735 Sy gio 8up/ B0 2.31 Z9:37 Z0,60
_ _ +038 4031\ 1 -4 Mpole (MeV /c?) * 1909.5%123%375
Branching Ratio (3.93 Z3g Zgg)X10 » p—
Iyoe (MeV/c?) 273.5 2514 6x0
Branching Ratio (393 *338 £33 x107*

An additional resonance,
X(1920), is needed with 5.7¢

* The pole nearest to the pp mass threshold

Significance of glz,ﬁ/g(z, being
non-zero is larger than 7¢ A pp molecule-Lilkke state?

PRL117,042002 (2016) EPS-HEP2017 Q¥



= X(1988) in IY-Syn'mra i Two resohances Fil:

Interference between two resonances with one very harrow close to threshold:

Coherent sum of two Breib-Wigner amplitudes for the Line shape:

2500 LI | LI UL LI LI LI | | LI I L I LI I LI ie
B e 7 T — VPout B-e” \[Pout
L ] . —+Data . T M2 M. T * M? (M, T
!  —Global Fit - T T e
T A . £,(1510) -
(\’l\ 2000 — 1400} - --X(1835)+X(1870Y)
2 | ~ Non-Resonant 1
= - T Non.Resonant - FIRST RESONANCE: X(1835)
> : m Bfi:gro:nlc:’ M (MeV/c?) 1825.3 122 +17.3
= 1500 |- pp fhresho I (Mev/c?) i%z%iésg
E i B.R. (constructiveinterference)  (3.01 *317 +026)x 104
~ - B.R. (destructiveinterference) ~ (3.72 *J:21 *0.18)x 104
y i
o 1000 —
“ -
C i
<1>) 5 SECOND RESONANCE: X(1870)
L 500 B M (MeV/c?) 1870.2 ¥23+23
- r (Mev/c?) (13072875
i B.R. (constructive interference) 03 1012 +023x 1077
0 B / B.R. (destructiveinterference)  (1.57 ¥3-93+0-42)%x 1075
1.3 14 15 16 17 18 19 2 21 22

Mnm'n] (GeVic?) Significance of narrow X(1870) is larger than 7o

X(1920) is not significant
Is it a pp bound state? EPS-HEP2017 29

PRL 117,042002 (2016)




- % X(1%40)in Vu-ov3(rr)

o0 ) LA L L L L L L L L B 230M]/1pdatasample

BESIL f

N
o))
o

S 200 = X(1¥40)(> 7.60)
o [ _]
< 150 =
2 F ] M = 1842.2 + 4.2+71 MV
i 100[— - - 4L Hl 2672
R = r=83+14+11 MeV/c?

50— , -

Sy 1.7 1.8 1.9 2 2.1 NO PWA
M(3(*)) (GeV/c?)

PRD 88,091502(R) (2013)

Mass consistent with the obher X(1%38), buk
widkh is much swmaller

Results with higher statistics in progress.

EPS-HEFR2017 30



- o X1%70) i VY- e |

230M JAp data sample
I Y>wnma-
o0 B x a,(980) in pt
800 F
N; 700 ‘ b R X(1870) : 7.20
2 600 F | ; e 0+ (?)
S 500 F woo s it X(1835) ?
S0k T NO PWA
= 300
5 200 BGS]]I
100 f' A PRL 107,182001 (2011)

1.4 1.6 1.8 2.0 2.2
M, . (GeV/c?)

Resonance Mass (MeV/c?) Width (MeV/c?) B(10~%)

f1(1285)  1285.1 = 1.0FS 22.0 £3.1772  1.25 £ 0.10701
n(1405)  1399.8 + 22751 528 = 7.670¢ 1.89 = 0.217(3]
X(1870) 1877.3 6331 57+ 12°) 150 £ 026707

EPS-HEP2017 31



1.3x10% J/ events collected by BESIII in 2009 and 2012

* Covariant tensor formalism
« Data-driven background subtraction PWA
* Resonances are parameterized by relativistic Breit-Wigner with constant width Procedure
* Resonances with significance > 5 o are selected as components in solution
% $2500F w, MC
>1.15 150 >, ' * —data
o ©2000(
g = - * e bkg ¢
3 1.1 100 31500} ) o i"A‘..
"+ E 7] | .0 ‘:.:_:' % .
£1.05 50 £1000p
— c P er, *
=, 5 500 BESI "
11 1.15 0 %2

1 1.05

(@  M(K'K) (GeV/c?)

M(y0,) (GeV?/c?)

EPS-HEFPRO17

2 22 24 26 28 3

(c)

M(09) (GeV/c?)

Phys.Rev.D93,112011 (2016)
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- W

PWA

J/b>vdd

Both MIPWA and model dependent PWA performed on data

Ng _ - Data-bkg 53000' T
2200 il o [ w
0

o 22000f

ﬁ c

Syl ’

Sl

£ 1000-J 1
PN i, =071
0 o

) 22

() Moo) Gevih) (0 cosff)
o ”
° 32000
0 5
5 c
c W
W

1000F

I Yoin,,=1.69

0. OIAIIAIAIIAIIIIIII

05 0 05 1 0 W 4 60

(d) cose(K*) (¢ 1)

24 26 405 0 05 1

o N
5 3000F
@
0
S2000+
W
1000F
0
(¢)
2500 o 0" modelindependent
~~~~~~ 0" model dependent

» 0" modelindependent|

N
9
0
E ) é:‘; ~== 0" model dependent
P modlindepenen
81500— :i ".* 2" model dependent
F) ! ¥ :':,0"
| 4
'q:)1 000 i} :v‘ *”i‘._"
t I 7 *,
m "i | """.,
e 500 N ...' A:l‘_.x";""'u.‘ '4'|, [
L | '!'l"ll 'ﬁ‘-‘ﬂ oty
ERTEETEET

(f) Mi00) (GeVic)

v" Well consistent with the results from Model-independent PWA

Phys.Rev.D93,112011 (2016)

EPS-HEFPRO17

BASELINE SOLUTION

Resonance M(MeV/c?) I'(MeV/c*)  BE.(x107")  Sig.

7(2225)\ 221611518 18512440 A5.40 +0.1012 TN Lo

100) J2050° 577 250755 ENG30 £ 0097341 50

X(2500) 2470715458 2307558 (0.17£0.0275) 880

fo(2100) 2102 21 (043£0.04708) 2420

0.03
f2(2010) 2011 202 (0352005103 950
f2(2300) 2297 149 (0442007507 640
23 319 CLIL£00THTII.

0=" PHSP To model direct decay (2.74 £0. 15+(1) ig) 6.80

Scalar state:
f,(2100)

Tensor states:
f,(2010),f,(2300),f,(2340),0bs.inwtp

reac. strong f,(2340) production
Is it tensor glueball candidate(consistent

with LQCD predictions)?

Pseudoscalar states (DOMINANT):
2225) confirmed

1n(2100) andX(2500) observed.
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PWA

/=2y, m 2 VY

Resonance Mass(MeV /c?) Width(MeV/c?) B(J/1 — vX — vnn) Significance

fo(1500) ~26-100

175046111 172410532
2081413713,
1513571, 75112416

0o+294-66 o0n+52+388
1822—24—57 229—42—155
[ B YAl +3l+140

EPS-HEYR017

1 or y 5 10—5
(1.657 020090y x 107% 82 ¢
(2.3550 1302 x 107% | 25.0 ¢

4 16+0.0940.64 4 )
(1'1‘5-().1()t().‘28) x 10 1390

(3.4270577150) x 1077 11.0 0

= 1+0.60+3.42 -5 .

Phys.Rev.D87,092009



