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OUTLIN

v' INTRODUCTION:
* Light hadron spectroscopy
* The BESIII experiment

v" Physics highlights
* X(187?) states
* Preliminary result: Observation of X(2370) in J/ip—yKKn’
* Search for glueballs @ BESIII
* 2,(980)-1,(980) mixing

v Summary and Conclusions

Isabella Garzia - ‘University of Ferrara and TNFN 2



Baryon Meson

Naive Quark Model:
conventional hadrons @ &
contain two or three quarks @

... but QCD allows also different combinations of quarks and gluons: EXOTIC hadrons

Hadronic
Molecule

Glueball Hybrid Tetraquark

A lot of exotic states observed experimentally, but their nature is still far from being
understood!!!
Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties

Isabella Garzia - ‘University (f Ferrara and TNFN 3



Charmonium radiative decays provide the ideal laboratory for light glueballs and hybrids,
due to the gluon-rich environment, and the the clean high statistics from e*e™ annihilation

Prediction from LOCD
e 0" ground state: ~ 1.5-1.7 GeV/c? ~__ PRD73,014516
« 2% first excited state: ~ 2.3 GeV/c? 12 | . 15
« 0 *state: ~2.3-2.6 GeV/c? 0" =
+ " —
Glueballs can mix with ordinary quark- 10 | 2 = g:; e 4
antiquark states 3+ m— 3 — —
* The key problem is to identify those state 8 | . N
with the dominant gluon component O 2 I — 3 (?B
* Predicted large BF for glueballsinJ/}p "o ¢ | T O — =
radiative decays | 5 =
4 | O —
PRL110, _ -3
g0l L/ = yGye+)/Tiy = 3.8(9) X 107 | |
2 L
PRLI111, -
091601 F(‘]/d/ - YGZ**)/Ftot = 1-1(2)(1) X 1072 ' 0 : : : _‘_ 0

- + -~
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SIII construction

-

v" Double rings
| v Beam energy: 1-2.3 GeV

Y (3770), achieved in 2016
¥ 2009 — today: BESIII physics runs %

Isabella Garzia - ‘University of Ferrara and TNFN 5,



Nucl. Instr. Meth. A614, 345 (2010)

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

CC .

ToF e
c,~ 90 ps (barrel)

BESIII Det

S,

Electro Magnetic
Calorimeter

RPC: 8
ayers

c,~ 120 ps (end

caps)

Drift Chamber
O~ 130 pum (single wire)
0,/Pi~ 0.5 % @ 1 GeV

Isabella Garzia - ‘University (f Ferrara and TNFN

Electromagnetic CsI(TI) Calorimeter
op/E<2.5% @ 1 GeV (barrel)
op/E<5% @ 1 GeV (end caps)

o,y ~ (6 mm)/E'2 @ 1 GeV

RPC Muon Detector
AQ/41=93%




® BESII98
@® BESII(Preliminary)
3 /\ CrystalBall
S O GammaZ2
(I
o

R Value

Markl
pluto

BES||| (|SR) Thresholds

N/9(3.10)

s TTTTTa s
)Ecm(GeV)

2009: 106M 1(2S)
225M J/

2012: 0.45B y(2S) (total)
1.3B J/ (total)

Isabella Garzia - ‘University of Ferrara and TNFN

BESIII (direct)

2018: J/i (and tuning new RF cavity)
2019: 10B J/ip; more data in the XYZ region

World largest J/i, 1(2S) and
W(3770) samples
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BESIH' PRL108, 112003(2012)

* Enhancement observed more than 15 years ago at
BESII [PRL91,022001] and confirmed by CLEO-c 700 &

T T T T T T T

m— X
[PRD82,092002] and BESIII [CPC 34, 421] o 600 F  — Offl?%
* Confirmed also in a PWA of the J/ip —ppy channel > E® e ,(2100)
« JFC=0*(>300) 8 500 - »,(1910)
% 400 F |
_ 1839+19 8 2 g 300¢
M = 1832%17 (stat) *18 ,_(syst) £ 19(model) MeV /c S !
2 200
[ < 76 MeV @ 90% C.L. 5 F
[5 100 E
BR[JM,_,YX]XBR[X_,pp]=(9.O+°'4_].1(s'rq'r)“'5_5_0(sys'r)12.3(mode|))><10'5 0 E T
0.0 0.1 0.2 0.3
» No similar structure observed in related channels M(pp)-2m, (GeV/e?)

What about its nature ? Final-State Interaction effect?

JAYy—wpp PRD 87, 112004 (2013) J/l/J—>q§pp PRD 93,052010 (2016) Y(2S)—¢pp PRD 99, 112010 (2019)
F 500 1000 r T T T T T
80 F — it _=p (@) _=p(b) 2
'N E .« Jydata M o 10F S F = B .
o 70F . = asof -e- Data S 700f ©
N Eoo NG (- OXFP) e 2 ook R L
8 OF - D Sl aom Eal g 1sf -
5 50 3 o sideband data ‘S -, - - Background e 3 . % P | e
g 40;— W 500 @ 200 gfﬂ)_ - = -
2 30F 5 100 ) — ~
S E 0dF 0dF 5
2 20F L g os Fosf T 3 5 . . —
w 10 37aunn 8 o2 === 8 02f~aamcmmemmmT v
JAACSSNNNN - e | S, e S—
0 0.05 0.1 0.15 0.2 : W, J2m (GoVie ) - Mo (GeV/czi 0 0.05 0.1 0.15

M(pp)-2m, (GeV/c) ’ M,;-2m, (GeV/c?) 8
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X(1835) (X(pp) ?) inJfp—-yorn’

PRL 106, 072002 (2011
* X(1835) was first observed at BES, and then confirmed e ( )

at BESII [PRL95,262001] ~ S00¢
* Two additional structures observed at BESIII % 400
. Mapy 1.nterpretat10n: pp bound state? Glueballs? Radial 5 300 |
excitation of the )’ meson S i
g 200

+ BESII Jhp—ymn’: PRL 106, 072002 (2011) @ 1005 §¥

2.

225M J/p events 0

d B 14 1.6 18 2.0 22 24 26 2.8
* nWoyrwandn —n, T Mt n’)(GeV/c?)
* 4 resonances (BW®Gauss)+non-resonant 1’ T " (from
MC) + non-n’ and 77"’ bkgs PRL 115 091803 (2015)
L 80K o, =140
* Also seen in J/ip—yK°Kn which provides a very clear %70 Egllz:zzrt:!)e:::n ;
environment: PRL 115, 091803 (2015) e "'§8§§3
«  K%K%mn and n°K°K°m bkgs are forbidden by exchange g0 Phase space
symmetry and CP conservation < ;g
» Partial Wave Analysis (PWA) of events with *g
M(K°K%)<1.1 GeV/c? and M(K°K°1)<2.8 GeV/c? 2201
+ )<= 0" (>12.90) 0% i
076 18 20 22 2.4 26 28

.. (GeV/c?)
oKgn
Isabella Garzia - ‘University of Ferrara and TNFN e 9
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Covwnection betweenv X (1835

—=———ammmaSaSaTT e

The study of the n’m m" line shape at the pp threshold with high statistical precision
provides valuable information on the X(1835) and X(pp) nature

* 1.09x10° JAp events collected in 2012

g 2 PRL 117, 042002 (2016)
* 0 -oyrrhandn’ -, T T

Significant distortion of the 1)'m 1™ line shape near the pp mass threshold

2500_....|'..w.y...[.,l.....‘.m.l..,.l..,.|..,.‘.,_ \ﬁ)_"wm|""""|"w'-'"'|"'|"|"_ \
S EEEE T ] T
T = FIT1 e o FIT II
g,mo:_ |, mmge | Threshold structure > = Y 1 meeaens | Interference between
=Y S S | due to the opening of |2 ) P | two resonances:
3 ool | additional decay SO | | « Coherent sum of
s | o | mode : § : RN two BW
' sool- * Flatté formula D o0 S .4 amplitudes
i (PLB63, 224) B s
13 14 15 I‘I\AG[T],T::ZH] ‘I(.ée\‘ll.;)cz)Z 21 22 /vs 14 15 |‘I\A6[n’r::+;_] ‘I(ée\}./ch)2 21 22 /

The two models used to describe the data give almost equal fit quality
* Both fits support the existence of one of

- a pp molecule-like state (broad state)
- an unconventional meson, most likely a pp bound state (narrow state)

Isabella Garzia - ‘University of Ferrara and TNFN
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Seawchvfor X(1835) uwo{'he/r mode/y

* JAp—>yye: two structures corresponding to

° T i
JAp—on’n n hadronic decay and search for n(1475) and X(1835) are observed

X(1835)—» n'n'n
PRD 97,051101(R) (2018)
PRD 1101 (R) (201 g 400fCTTTTT T T s g T T T T
99, 071101 (R) (2019) § i (Constr. Int.) ]| § E N(1475) (Destr. Int.) -
a0k —*+ :)alla e + +# § 200~ o g 2005 ; X(61835) .
- - nclusive d | ] . — (0) -]
b [ Jy-oX(183s), ! %w H + e L 1 L 12 3
3 a0 Xgssy i ﬁ t ¢ %; or § 1?_i 100<50, ;
- L = e =y —-IJl - . e ]
§ N *### 1274 e 18 2 Oz e 76 18 2
3 2001 +1§ + Miyo) (GeVic?) Miyo) (GeVic?)
@ 100 - ¢f¢#* 800 |- l I I - 400 ' ' I H
C W \ [ n(1475) ] F X(1835) i
C W' o~ 600 |- —_ - .
raa A - . 3 H () o - -
0 16 1.8 2 2.2 2.4 B 400 0 +” i u ]
nnn (GeV/cz) % ijf S -E E S
. . . S Ll ! ] 5 L
* No obvious sign of X(1835)’s existence 1T 0s Qo5 105 0 05 1
* Large gluon component? [PRD74,034019] :
Solution Resonance mg (MeV/c?) ' MeV) B (107%)
I n(1475) 1477+7+13 118+22417 7.03 +0.92 +0.91
o’ et =Y — —3  (Destr.Int.)  X(1835) 1839 426 + 26 175+57 425 1.77 4035 +0.25
B(Jﬂp A A ) (1'12 +0.02+ 0'13) x 10 I n(1475) 1477 £7+13 118+22+17 10.36 £ 1.51 £ 1.54
B(J/v — wX (1835), X (1835) — 77/7T+7T_) <6.2x%x10°° (Constr.Int.)  x(1835) 1839 426 + 26 175+57 425 8.09 +1.99 +1.36
, .

N o

* Sizable ss component: more complicated
than a pure NN state

Isabella Garzia - University of Ferrara and INFN 1 1
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More/ware/y between 1.8-1.9 Ge/\//cz @ BESIII

~ 250 s
: . . ;T > - : ® PRL106,072002
000  Jip—onn'w is [ 0K On & 0+ | v PRL108,112003
S o0 FPRL 107,182001 E RS JWp—mn'n S . + PRL115,091803
Z oo : ] [ 200 - 0+ | + PRD87,032008
Zso b | [N T 3 - . B PRD88,091502
< 400 P 3 - <: JPC?| A  PRL107,182001
& 200 An(1405) XU870) 3 1501 ¥ o T e
'og ¥ . J‘/\_“ — B - ngzsof— J/l/)—>y3(7t+7t') }
12 14 1.6 1.8 20 2. - -. 2 200F- =
M, (GeVicd) 100 &: §1::§_ PRD 88,091502 E
250 o — >0 :_ —_ . O;JG 7 “)1 a1 5 2 = 2I1’E
i - Frecton(8) - Jp—ypp : ® Y oy Goviey
& 2000 | Qe £_0(2020) _ : |
s r — _ f_(2(212955;0) O 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 " | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
S 150f =R 1800 1820 1840 1860 1880 1900 1920 1940 1960
g: e TR Background M (MCV/Cz)
S 100f
L% 0 A B AR s
5 .
e ] X states near proton-antiproton threshold
0 === 55 5 * X(pp) in agreement with X(1835), while its width is
M(K'Kw %) (GeV/c’) significantly different
Pngs;)gg)zq?)Oé; * Are they the same particles?
>3’06 * More studies are needed to answer this question

Isabella Garzia - ‘University of Ferrara and INFN 12



—

OWvaof X(2370) wa/z/J—> KK??
—

* The X(2120) and X(2370) states observed in the 77"’ invariant mass spectra

(J/WY—ym '’ PRL160,072002)

n
o
o

* Possible glueball candidates = Pk w0 - R
L [ — Fit result 1 L F—Fit result
% 150 f@Signal X(2120) § 2 400f@Signal X(2120)
o @Slgnal X(2370) * 1 o ESlgnaI X(2370)
. . — J/w—»K Kn' = 300 J/\v—>K Kn'
o L ' sd . o I N’ sideband
» A simulataneus fit is performed 3 100}  Lbychev : =R B e
on all the four decay modes: g [rToabe ] 2 2004~ Totalbkg
_ 50} > :
v IPp—yK KT =1 ] 2 100f
? —art —rt R ’
vV ' on ot/ nrty 0 LR, of

1 22 .23 24 25 26 27
M(K'K™)/GeV/c?

V/§ESIII Prehmmary

J/w—)yK Ks'q n—)nnﬁ\ i

-Data

—Fit result

B Signal X(2120)

& Signal X(2370)
N’ sideband

—Chebychev

: 2 21 22 23 24 25 2627
v ThPp—yK K N
vV W onat/ nty

» Clear X(2370) signal
observed with significance
of about 7.60

» No evidence of X(2120) is

Events/(0.01GeV/c?)
o
Events/(0.01 GeV/cz)

10
found 2 U.L. @ 90% C.L. 5
» No spin-parity assienment -
p p y g 02 2.1 22 23 24 25 26 2.7 02 21 22 23 24 25 26 27

M(K°K )/GeVi/c? M(K°K )/GeV/c?

Isabella Garzia - ‘University of Ferrara and TNFN 13
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A mpu,mole/A deym i BESITT

o ——
— e %w

- ———— - e —

* J/Y radiative decays are ideal for searching glueballs
e JY —yPP: 07,27, ...
e JA —yPPP,yVV: 0
* Neutral channel is much cleaner than the charged ones
* Very complicated mass spectrum in the low mass
region: many broad, overlapping states complicate the
study of the spectra

(O]
=
L2

Mg (GeV)

* Amplitude analysis: toll to extract the complex
amplitudes from experimental data 0 . . 0
* Models with free parameters
* Consider the kinematic of final states particles
* Vary the parameters to maximize the likelihood

* Mass Dependent (MD) PWA: model the dynamics of particle interactions as
coherent sum of resonances

* Mass Independent (MI) PWA: make minimal model assumptions and
measure the dynamical amplitudes independently in small regions of two-
meson invariant mass (PRD92, 052003 (2015))

Isabella Garzia - ‘University of Ferrara and INFN 14



PWA of J/b—ym

PRD 87, 092009 (2013)
* J/Ap—ynn: clean laboratory to search for 0++ and 2++ states
*  PWA based on 2.25%108 J/i events
“ 200t ﬂ (1500 { o 200k HH 6a710) (3 {ﬁH £,(2100)
7S 180f “ i S eof ﬁ {1 S 1eof ﬁ
O 160F ﬁ E O 160F ﬁ E O 160F
2uw0f | 1 20 1 2 wf
& 120F - 4 8 120f 4 8 120F
& 100F 1 5 100F 4 3 100F
£ sof } t ¢ {1 2 ef {1 £ wof
Sor o Wwe ] % E I 3
KN W, 3 E E 3
20F 4 o, 20 20
4 I | 1 0 12 14 16 18 20 22 24 26 28 3.0 0 12 1.4 16 1.8 20 22 24 26 28 3.0 0 12 14 16 1.8 20 22 24 26 28 3.0
(a) M, (GeVic?) (b) M, (Gevrc’) (¢) M, (Gevich)
0‘2 200.._ lef“)in=1.72 m: o l+nl ' ' ' o : 220: o '+#l ' ' ' ' ' : :20: ' ' '+§I ' ' ' ' ' :
z [ b 2oE @* “ £,,(1525) 1 bk 544 ” 5,(1810) 1 LinE b“ ﬂH £,(2340) 3
6 i B 160F ﬁ 1 3 e} ﬁ 1 3ieof # E
= 150 ! 2 j40f 1 = 1of 4 2 140f E
= i & 120F bt 1 & 120 b 1 & 120f bt E
= i 3 100F bt 1 BoF t 1 Bob bt 3
3 100f § o ' L E I A " 1 8 A L )
= i W sof Vot 1 W osf W 4 W o4of LX) 3
5 sof ' 23}’:.'%‘\’. : ‘?““:"vm pid ,:"N’ W, - 2f ,:"o/ W OO
L ) 12 14 16 1.8 20 22 24 26 28 3.0 12 14 16 1.8 20 22 24 26 28 3.0 12 14 16 1.8 20 22 24 26 28 3.0
[ *“* k. e (d) M, (Gevich) (€) M, (Gevic)) (f) M, (Gevich
0 - N 1.|5. N 21 i i .2.I5. L0 3 %gz T 1*1+#1 T 0|++|PS| T : %g: T ]h}#l lToltallo-;_-'-l : No:g: T l%l{ﬁHl IT(l)tallz;“'-l ik
(a) My, (GeVIc?) 3 b #“ 1 3k component { 3 1o0f ## component
Sl | fm {1 S :
& 120 & 120 & 120
St0F ot 1 S i0f 4 Stof t Ot 3
2wk ¢ E 2 ook E 2 ook | } E
FINRT RN REF ST
ek W w1 Ye W B L VAL 3
Y2 1f4 116 1.18 2:0 2f2 2?4 2.l6 28 3.0 0 1?2 1{4 116 118 2?0 2f2 2?4 26 28 3.0 0 121416 1.8 20 22 24 26 28 3.0
(g) M, (Gevich) (h) M, (Gevrc?) (i)  M,(Gevich)

Isabella Garzia - ‘University (f Ferrara and TNFN 15



* J/Ap—ynn: clean laboratory to search for 0++ and 2++ states
*  PWA based on 2.25%108 J/i events

PRD 87, 092009 (2013)

Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance
£o(1500) 146814423 13614128 (1.65+92%035) X 103 820
fo(1710) 1759 + 61 172 £ 10*32 (2355013502 x 1074 25.00
T | T T fo(2100) 2081 + 132 2731231478 (11379905 x 1074 13.90
- £5(1525) 1513 = 5%, 75413088 (3.42138+137) x 1073 11.00
200 12nbin=1.72 £>(1810) 1822+29+66 2297+32+88 (5.407969+342) x 1073 6.40
- £>(2340) 236213140 334+ 02+ 163 (5.607962237) x 1073 7.60

* £,(1500) dominant decays are 4r and nn

Events / 0.020 GeV/c®

“2””2.5.“
M, (GeV/c?)

* The production rate of f,(1710) is compatible with LQCD
(PRL110,021601) prediction for a pure scalar glueball
* Suggest a large overlap with 0++ gluball

* PWA requires a strong contribution from f,(2340) with fairly large
production rate = it could be a good candidate for the lowest lying

tensor glueball

Isabella Garzia - ‘University of Ferrara and TNFN
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* J/Ap—ynn: clean laboratory to search for 0++ and 2++ states

*  PWA based on 2.25%108 J/i events

o n
& 8
T I

Events / 0.020 GeV/c®
8

—y—

T T T

£,(1500)
£,(1710)
£,(2100)
f,°(1525)
£,(1810)
£,(2340)

PRD 87, 092009 (2013)

B(J/¢y — yX — ynn)

(1.651930+938) %10~ 8.2¢
(23510183402 x 1074 | 25.00
(1.13%3%068) X107* /  13.9¢
(342195130 x 10— 6do
(5.40138°3%) x 1075 760

(5.601962+237) X 1073

* £,(1500) dominant decays are 4r and nn
* The production rate of f,(1710) is compatible with LQCD
(PRL110,021601) prediction for a pure scalar glueball
* Suggest a large overlap with 0++ gluball

* PWA requires a strong contribution from f,(2340) with fairly large
production rate = it could be a good candidate for the lowest lying

tensor glueball

Isabella Garzia - ‘University of Ferrara and TNFN
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* JPp—yK(Kq: clean laboratory to search for even++ states
« PWA based on 1311M of J/y events

PRD 98, 072003 (2018)

b 6000 @ m b 4000 5000 E©
% 5000 %_ ¥¥/nbin=1.45 6000 E- ¥3nbin=1.32 3500 4000
Q 4000 - Sloka g m: - Globat i g :gzz inbin=1.04 £ 3000 siinbin=1.33
go 5 a0 3 el e G 2000} “ B
g 2000F 2000 1000 1000}
L 1000 1000 - 500 F
4 F - 4F 4 F . 4 B . -
= | | i = + s 204 1 -
2 E Ewﬂo.l_ .{0{’.’|}|..|"Hd, Ll.de.Mm»o.II}H*..H.|+|.“.,.*+.*§‘N|Jo+,'dl. E '§ E|'+++++++. e ++ ++ T +++ +..,++..+.H e E E 7++++, ++N++m.++++_+.+++++++.++++,,+++++++++J+ 2 § |:'++_, ++++ ++ ++ +++H-__ ++++++++ ++ ++++++++ H‘ x
4Tz Ta 15 18 22 24 26 25 9 408 06 04 02 0 02 04 06 08 408 06 04 02 0 02z 04 06 08 1 45 2 K] 0 1 2 3
Mass(K K;) [GeV/c?] cos(Bk,) cos(6,) 0K
* £,(1710) and £,(2200)
Resonance M (MeV/c2)  Mppg MeV/c2) T (MeV/c?) Tppg MeV/c?)  Branching fraction  Significance dominate the scalar spectrum,
K*(892) 896 895.81 % 0.19 48 474506  (6.287016°05) 5 106 350 but we need also to include
K,(1270) 1272 1272 £7 90 90 + 20 (85471 %013%) x 1077 160 f (2 33 0)
f0(1370) 1350 + 9772 1200 to 1500  231421% 200 to 500 (1.07£958+036) x 1075 250 0 .
+01640.18) /1~ e BRof f,(1710) is one order
f0(1500) 1505 1504 + 6 109 109 +7 (1.5973:18018) >/ 1075 236 0
(£o(1710) 1765 + 2*] 1723*% 146 + 377 139 £ 8 (200505 0i) A0 > 350 | of magnitude larger than BR
£0(1790) 1870 + 772 146 + 1417 (1117236709 5 157 240 ££(1500): £(1710 I
(£o(2200) 2184457 2189 + 13 364 + 9" 238 + 50 (2.7270985017Y 5 10+ > 350 ) of fy( ) fo( ) overlap
fo(2330)  2411£10+7 349 + 187 e (4952071 055) x 1075 350 with glueball state
£2(1270) 1275 12755 £ 0.8 185 186.7+32 (2,581 008 030) x 1073 330
U +6 +0.03+0.69 -5
£5(1525) 1516 + 1 1525+ 5 75+1+1 7318 (799738089 x 10 »>35% o  Structure near 1.5 GeV
£,(2340) 2233 + 3415 2345130 507 +37+18 32270 (5.54+034+382) 5 105 260 .
0++ PHSP . (1.8570057058) x 1075 260 dominated by tensor
2++ PHSP (573000 374) X 107 130 contribution £,’(1525), while

Isabella Garzia - ‘University of Ferrara and TNFN

above 2 GeV is dominantly
£,(2340)
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PWA of J/p—yKOsKO

e

PRD 98, 072003 (2018)

* Mass independent PWA results
* Amplitudes extracted independently in bins of KK¢ invariant mass

5000
4500 1 .
4000 @) F14 0™ amplitude
3500 a7
2500 1
2000 ) . '
1500 : ; AL &
1000 U I & )
500 ) sl 0% LT

0 Ladak 0 w Oooq v 1 R M s o

Events / 15 MeV/c?

Mass(K.K,) [GeV/c?]

3500 (b) " 27" amplitude

4 L — MD analysis
ix ‘ e MI solution I

. o MI solution II
:x A ! 0 I ] Lo (ambiguous partner)

Events / 15 MeV/c?

Mass(K.K,) [GeV/c?)

* Agreement with results from MD PWA (no acceptance correction included)
e MI results useful for a systematic study of hadronic interaction

Isabella Garzia - ‘University (f Ferrara and TNFN 18



4 “‘t atus and plang inv v nutshell

—— =

0+ 2+ (I
JAh—ynn (PRD87,092009) PWA Pubhshed
Jp—yn®n® (PRD92,052003) Ongoing
Jp—yPP Jp—yK K (PRD98,072003) Published, no PWA
JAp—ymn’
JAp—yn’n’ 2500 PRD 93, 112011 (2016)
Jp—yw@ (PRD87,032008) %zoool A omf:n;}
JAY—yVV Jp—yde (PRDI3,112011) § 100k I W Svepinion
Jp—yoo \ 2 oo o,
J/Y—yPPP Jp—yn’ e (PRL106,072002) \‘i soof T
Jnp—yKKn’ s T
Jp—ynn'n 2 22 24 26

M(00) (GeV/c?)

* 0++: the production rate f,(1710) is compatible with LQCD prediction for a pure gauge
scalar glueball

o 2++:£,(2340) seems to be a good candidate for tensor gluball [PRL111,091601] (large
production rate)

*  0—:n(2225) is confirmed and two additional pseudoscalar states, n(2100) and X(2500),
are observed

Isabella Garzia - ‘University of Ferrara and INFN 19



%(980) -£,(980)

o v o PRL 121 022001(2()18)
* 2,(980) - £,(980) still controversial explanation about their nature
* Direct measure of the £,(980) - a,(980) mixing in the process proposed in 1979 [PLB88,367]

Jh)—pt(980)—pa’,(980) —¢nn’ and y, ., —n’a’,(980) —n'f,(980)—na’n*n~ (isospin violating
decays)

£,(980) - a,(980) Mixing:

100
o F N
S 8 S £,(980)—a’,(980) mixing
Destructive 52_, :z; g significance: 7.4 0
interference g N i; 1 9%0VEM
5 ol : 1p—>.¢a9( )EM process
o o significance: 4.6c
B A TR CRE R 07 08 09 10 14 12
M,,, (GeV/c?) M, (GeV/c?)
. 100F AnantAr: IR Total fit result
IS 80} -y § 8 = = =  Mixing signal
.2 eof = — = = Jp—¢a°,(980) EM
Constructwe T dop < Interference term
nterference g zof : — —  Sum of a%,(980) signal
& °f 1 @ : N’ peaking bkg
B A T R R TR Y 07 08 08 10 11 12 = = = - Continuum bkg

M., (GeV/c?) M., (GeV/c?)
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a,(980)-f,(980)

- £,(980) Mixing: PRL 121, 022001(2018)
8 16
(\75 ‘(t; 14
> > 12
e § Py a,(980)—1°,(980) mixing
¥ a6 significance: 5.50
= g 4 :‘
u ’J.= AL LO IR L f,(980) signal significant

07 08 09 10 11 1.2 narrower than PDG
M,.. (GeV/c?)

_ BlI/w = $£o(980) = $al(980) > gna’]
Bljy — 6fo(980) > gan]

£ = Bly. — 7°a3(980) —» z°£((980) —» z%zt 7z~ |
of — By — 7°a3(980) — #°z%] '

gfa

Mixing intensities:

£0(980) — a3(980)

Channel Solution I Solution II a(980) — f,(980)

B (mixing) (1079) 3.18 £0.51 +£0.38 £0.28 1.31+£0.41 £0.39+043 0.35 £0.06 £ 0.03 £ 0.06
B (EM) (107°) 325+1.08+1.08£1.12 262+1.02+1.13+048 fe

B (total) (107) 493 +£1.01 £0.96 £ 1.09 4.37 £0.97 £0.94 £+ 0.06 fe

& (%) 0.99 £0.16 £ 0.30 £ 0.09 041 £0.13£0.17£0.13 0.40 +0.07 +0.14 £ 0.07
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BESIII is successfully operating since 2008, and continues to take data
» This year, BESIII has collected about 4.6 billion of new J/p data, which will be

analysed soon
~ = total statistics of 10 billion of J\ data . -

Excellent laboratory to study hadron spectroscopy, complementary to scattering and
photon production experiments

* High statistics

* Low backgrounds
Extensive and systematic searching for glueballs: {,(1710), £,(2340), X(2370),
X(2500), and X(267?), ...
First observation of a,(980)-f,(980) mixing. Many unexpected/interesting
phenomena: narrow £,(980), large 1sospin breaking rate, ...
Many interesting results have been obtained, and only a small part are covered in
this talk

FUTURE

More data will be collected
Detector and BEPCII upgrade

Tsabella Garzia - ‘University of Ferrara and INFN Z 2
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SIII phym

~~s-\.,_,_§§

ngh’r hadron physics

Meson and baryon spectroscopy XYZ meson physics
*  Multiquark states * Y(4260), Y(4360) properties
* Threshold effects * Z(3900)%, ...

* Glueballs and hybrids

* two-photon physics

* Form factors Chc:rm physics
Semi-leptonic form factors

* Decay constants f; and fj,

QCD and 7 ¢ CKM matrix: |V 4| and |V_]|

* Precision R measurement e DO-D° mixing, CPV

* Tdecay * Strong phases

Charmonium physics Precision mass measurements
* Precision spectroscopy * T mass

* Transitions and decays * D, D" mass

Isabella Garzia - ‘University of Ferrara and INFN



M=2200 £ 6 £ 5 MeV/c?, [ =104 £ 15 £ 15 MeV

400

350 |-

W
o
o

250

Events/(0.01 GeV/c?)
o S
o o

Y
o
o

o)
o

Study based on 2.25X108 J /Y events

Unbinned maximum likelihood fit is performed 140 <+ backgrounds
to the ¢f,(980) invariant mass distribution
No interference between Y(2175) and direct

three-body decay of J/— 1 ¢f,(980)
Y(2175) resonance observed with a
significance greater than 100

f(1285) o memm

-~ non-1/¢ backgrounds
B \ histograms: X(1835)
i e histograms: X(1870)

Mnr c*)(GeV/c?)

BESIII: PRD91,052017

backgrounds+direct decay

__ 120

©

% 100

(O]

g 80

=3

o 60 e

@ 40 i\
20 &
oS A

2 21 2.2 2.3 2.4 25
M(o fo(980))(Gewc2)

NTUT mass spectrum recoiling against the ¢:

* Fit includes contributions from the f,(1285)
and n(1405) signals, the J/Y— N ¢t
decay, and backgrounds from non-7 and

non-¢ processes
* No evidence of X(1835) and X(1870) states

BIp—pf,—Pnmn) = (1.20£0.06+0.14) x 10

11 12 13 14 15 16 17 18 19 2 ﬁ(]/tlj—>¢)n(1405)—>q')nnﬂ:)=(2,Ol:|:0,58:|:0,82)><1()'5



ppbow enhancement inv other reactions

Belle: PRLS8S8, 181803 CLEO: PRDS82, 092002
N N BaBar: PRD73, 012005 s
B*—ppK N VoA
e"e—yppar
65120 N N§10 — J/l/)KJr 5 08 1 L . L 3850610-021
= 2 . = BABAR 80
% i SIgnal :_“é x PS170 J/\V Y pﬁ (a)
(5100 s .| £ O FENICE %
T 3 S 06 [ A DMI R > 60
2 8o fr i g ' =
s I OL“m.n[. Lt =z ] S 40f
Lﬁ 60 i 3 3.05 3.1 315 & + 4 E
weor 0.4 Lt +i _ g FHCHILT
G40 | A E 2 0 itk t
= S r At b M
o - 0 SIPRTS I aahd X £ C TN it TPy [ ey Al I
= 5L 0.2 |- 0 100 300 500 700 900
% i AM = M(pp) - 2m_ (MeV/c?)
ol | I ] 80 (b)
: — 0 | I S U (SR S SR N SR S SR N S S S S | E J/\V - Y pr)
é - -2'5- - :; - -3'5- : -"1- - -4'5- - 1.875 19 1.925 1.95 1975 LN :
. . . >
M (GeV/c?) Mpg(GeVie) g
PP =
8
&
* Enhancement also seen in other B decays i
* FSI2 Sub-threshold resonance?

.. . 0 50 100 150 200 250 300
* Not enough statistic to draw any conclusion AM = M(pp) - 2m_ (MeV/c?)
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e

Final State interactiow [NPA 929, 102 ]

BABAR 2006
BABAR 2013
DM1
FENICE

1.5 -

" »e®O0

NLO EFT ﬁt result
(red band) [HEPI1#02,113]

/

NNLO
(green band)

050

0 I 1 1 | 1 I | I 1 | I 1
0 30 60 90 120

Vs - 2M_ (MeV)
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Final State interactiow (4. Mistein, PrhiPsi2017, Maity]

Predictions for the cross section of eTe~ — NN near the threshold

1500 | T % | 150 }ﬁ i ]
: =
= 1000 Iy S | g 1.0¢ 1
© 500l epp (BABAR)] = (5l
\ o pp (CMD-3) e BABAR
0 ) ) _omnn (SND) 0.0
1.90 1.95 2.00 2.05 2.10 1.9 2.0 2.1 2.2 2.3
2e (GeV) 2e (GeV)

Left: the cross sections of pp (red line) and nn (green line) production,
Right: G% / Gﬁ/‘, for proton. The experimental data are from J.P.Lees
et al., BaBar, Phys.Rev. D 87, 092005 (2013), R.R. Akhmetshin et al.,
CMD3, Physics Letters B759, 634 (2016) M.N. Achasov et al.,SND,
Phys. Rev. D 90, 112007 (2014).

J/¢, ¥(25) — ppy decay

The invariant mass spectra in J/9(¢(2S) — ppy decays:

150} J/¥ — ppy * BES2003 = nb ¥2S) = ppy e CLE02010]
Z o CLE0O2010 E = o BES2012
= o BES2012 ~ 30
. 100 %
= = 20
5 1 =
% 50 % 10 / P - %
-/
0 0 - : :
0 50 100 150 200

M(pp) — 2m,, (MeV)

Isabella Garzia - ‘University of Ferrara and TNFN Left: J/ ¥ — ppy decay. Right: w(ZS) — ppy decay.



2500

Events / (10 MeV/c?)

T T T T T T

—+- Data

— Global Fit
-----1,(1510)

- --X(1835) .
== X(2120)
— Non-Resonant |
B Background |
++ pp threshold |

S
1600 +
+
2000 | 110
1200
1500
1000
500

L m
SN ¥
,
’ \ e
! \
’ \ e
/
’ \
/ .

0 =
13 14 15 16 17 18 19 2 21 22

Mn'n*n] (GeV/c?)

Three efficiency-
corrected Breit-Wigner

functions

Simple BW function
fails in describing the
n'nm " line shape
near the threshold

2500_.,.‘|..H‘...w,.., T T T T
o T ! —+- Data
e + — Global Fit
L - £,(1510)
- -~ - X(1835)
oG 2000 o -+~ X(1920)
o0 i -- X(2120)
> L 1200 ] — Non-Resonant |
() B Background |
E 1500 |— pp threshold _|
1000
o L
N =
N
~ =
¢ 1000 -
- L
C =
() =
> =
L 500 [~

01.3 14 15 16 17 18 19 2 21 22
Mnn*n] (GeV/c?)

MODEL 1
Threshold structure caused by
the opening of additional
decay mode
* Flatté formula for the
shape (Phys.Lett.B63, 224)
* An additional BW
resonance (X(1920)) is
needed (5.7 0)
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2500_....,....,... T T T T
- —+— Data 1
I — Global Fit 1
L ----1,(1510) R
& 2000 (— - - - X(1835)+X(1870)]
&) r -- X(2120) b
S B — Non-Resonant |
(o) I I Background |
S 1500 I pp threshold |
o l : ]
z ¢ RN y 1
~ I 3 b
¢ 1000 — e
] L T
C L / ) 4
(0] L / N 4
> L , AN i
W 500 g P

a0

3 14 15 16 17 18 19 2 21 22
M'n'n] (GeV/c?)

MODEL 2

Interference between two

resonances

* Use coherent sum of two
BW amplitudes for the line
shape: X(1835) and a
narrow resonance called
X(1870)

* X(1920) not significant



2500 e

o ' —+- Data
o reoor + ] - Global Fit
L 1,(1510)

— Non-Resonant |
B Background

1500'_‘ - pp threshold ]|

n
<]
S]
o
T
g8 &
2 2
P
20
e
- O ™
NN W
oo
K-X-12}
|

1000

Events / (10 MeV/c?)

[<
[=]
o

01.3 14 15 16 17 18 1.9 2 21 22
Mn'n'n] (GeV/c?)

TABLE I. Fitresults of using the Flatté formula. The first errors
are statistical errors, and the second errors are systematic errors;

the branching ratio is the product of B(J/y — yX) and
B(X - yzntn).

The state around 1.85 GeV/c?

M (MeV/c?) 1638.0 & 121.9)27%
& [(GeV/c2)?] 93.7 £ 3547539
gg,p/gz 2.31+0.3790%
Mo (MeV/c?) 1909.5 + 15.91“37‘?5
pote MeV/c?) 273.5 £21.478}
Branching ratio (3.93 £0.38703}) x 107
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Connectiow between X (1835) awwl/)((pp) Fz,tre/yulty IT

2500 [ e

n
=]
S
S
T

e
(6.2}
o
o

i ‘2”/\ %,,ﬁ

1000

Events / (10 MeV/c?)

(6.}
[=]
o

IRARRERERENREREERE

—+- Data
— Global Fit

)E(1835)+X(1870)'
-‘-v»x(2120)
— Non-Resonant |
) Background |
- pp threshold |

0 -
13 14 15 16 17 18 19 2 21 22

Mm'x'x] (GeV/c?)

TABLEIIL Fitresults using a coherent sum of two Breit-Wigner
amplitudes. The first errors are statistical errors, and the second
errors are systematic errors; the branching ratio (B.R.) is the
product of B(J/y — yX) and B(X - n'ztzn™).

X(1835)

Mass (MeV/c?)

Width (MeV/c?)

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

1825.3 £ 241173
2452 +£13.173¢
(3.01 £ 0.1722¢) x 10~

(3.72 +£0.213018) x 104

X(1870)

Mass (MeV/c?)

Width (MeV/c?)

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

1870.2 +2.27%3
13.0+£6.177;
(2.03 +0. 12+g¢3) x 1077
(1.57 £ 0.0910g¢) x 1073




Jp—vyKO K% provides a clear environment
« KO%K%n and ni°K°K°n bkgs are forbidden by exchange symmetry and CP conservation

1.3x10° J/ip events

* (a) Structure around 1.85 GeV/c?
* (b) Strong enhancement near the
KO KD threshold interpreted as the

f,(980)

* (c¢) Strong correlation between the
£,(980) and the structure near 1.85

GeV/c?

* (d) M(K°%K%)<1.1 GeV/c? =>» the
structure near 1.85 GeV/c?became

more pronounced

PWA of events with
M(K°K%)<1.1 GeV/c?and
M(K°K°n)<2.8 GeV/c?

Isabella Garzia - ‘University of Ferrara and INFN
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~ 500} (2) ~- Data t 3
L7 mm Background
> - — Phase space MC+
3400_— B
S300/- t
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~ N ]
©$200[ .
8 100} L MM‘* ]
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S |
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1.2F
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BESIII: PRL115,091803

- (b)

1 L300}

T T

1.0 1.2 1.4 1.6 1.8 2.0 2.2 24

L B

—+- Data

—BESTI

mm Background E
{ } — Phase space MC]

f ;
+wf+
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- (d)

| IR BLELEL B BLELELE ELALELE B

—~+- Data E
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BESIII: PRL115,091803

Final fit results: the data can be best described with three components: X(1835)—1,(980)n,
X(1560)—1,(980)1), and a non-resonant f,(1500)1 component

oo T T "
* The X(1560) component improves the fit § 705” - a%tapmlect,on
quality when interference with the X(1835) 8 60F - )B(acslggsr)ound :
is allowed o 50} — X(1560) :
* Several fits with different J’C hypothesis g aof oo ki S
o JPC=0" for X(1835), X(1560), and non- >~ s
resonant component T
» JPC=1* for non-resonant component cannot 4 20 s
be excluded wiop
Mass and width of X(1835) consistent with PRL106 01 6 1 8 20 22 24 2 6 2. 8
sK‘s’,n (GeV/c?)

M = 1844 % 9 (stat) 710 ,(syst) MeV/c2 [ = 192720 _(stat) *62 ,,(syst) MeV (>12.90)
BR = (3.3*03% __ (stat) +19¢  __(syst))X10°

M = 1565 £ 8 (stat)™®  ,(syst) MeV/c2 [ = 45714 (stat)*?! 4(syst) MeV (>8.90)
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Obmvafmof e+e——nY(217 5 ) @ Jy> 7 Gey

smmmsssSameT e

PRD91,052017(2015)
* The Y(2175) (¢(2170) in the PDG) was observed by BaBar 08 TeAdR - A RS
(PRD74,091103(2006)), and confirmed by Belle Sl 4
(PRD80,031101(2009)) and BESIII g wf /_ﬂt{ ,
* Y(2175) is regared as strangeonium-like state i i U
« Candidate for a tetraquark state, a strangeonium hybrid wf st BESI

state, or a conventional ss state 2 ZI‘M(¢,2<';80,,(531V,C COE
» Search for Y(2175) resonance in the process ete"—1¢f,(980)

. arXiv:1709.04323 (submitted to PRD
using data collected at the center-of-mass ( )

. (gao— ‘{iﬂ.‘?nce‘v_ “g ‘.G=4.goaae‘v ge- Eja.'gzsee‘v_ “g ‘ ‘.E=4.gsaee‘v
energies between 3.7 and 4.6 GeV S Diamisy r;:::::b?": 3. L?;S::::;’f 3 + =
g2 18 g g4 1
S S s 4 S
3 10f 3 Z‘H A 3 o 3 2 + +
» The simultaneous fit result to all data sample & & - RS QA SEECEE NN
. o o o o 2 M%ozf(%%)‘)i((ie%/cz) 2 M%oﬁztu(QB%)?(Ge%g?) 28 2 M%@ (98%))(GeV/cz) N 2 M(zézfo(sa%)?(ae%'/%?) 28
give a statistical significance larger g e ] § o eewmew] § 7T eewmwan] § [ e
[°] [ f, sideband %) [, sideband v 4 [ If,sideband 7 @ 49 [f, sideband -|
than 106 g 4r ¢sideband g 6 ¢ sideband g 3t } ¢sideband ] g ¢ sideband
: S SN S 2 | Saf |1
> In analogy with the Y(4260) and Y(10860), PN TR /) f ][ 11y il TR
the Y(2175) represents a unique place to “o é“‘;%;é;;"ag;;(seg%) B et B T g, B O g e
search for Zg state in ¢p7t* spectrum
. . . . 141 —
» no significant signal is observed & F g
. . &~ L [0}
» No significant ¥(3686)—nY(2175) 3 0 °
. = osfF S
signal observed G 0% g B -- g
. . . E 06~ = g° . =
» No signicant ete ™1’ Y (2175) signal % , - 50k T T g
2" :‘5 EED : 23.5 : En; g315 “4 q.2 1314 1516 1.7 18 1.9 2 21 22
observed %
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Obye/rvafmof e/+e;——>77Y(2175) @ \/y> 3. 7 Ge/\/
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- : X 1/8" y2Indf= 2.52/5 1
arXiv:1709.04323 (submitted to PRD) o 2 | +(3686) i
S 15F k
© - :
> B .
“ b ]
(/)] B i
(72} - i
o C .
S 05F =
Q6 38 4 a2 44 a6
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%) 40:_ Dfo Sideband —: % 8;— \/S > 3.7 GeV Dfo sideband
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SeawchforZS @ /s = 2.125 G

g 4 _(a) ]P =11 =—r@)=50Mev
5’£ : —l‘(ZS)=20 MeV
© : **2(Z)=10 MeV
3 -
2f
1 *
12 14 16 1.8 02777 75 18
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g 27 P
& a | dJ =1
38 3 o
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2 E
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Seawchvfor Z; @ s = 2.125 GeV

— T —

e =

arXiv:1801.10384(2018) — submitted to P ”

*  We search for Zg a strangeonium-like structure via ete™— ¢ (¢pn’n) using 108 pb~! of data
collected at Vs = 2.125 GeV

 Structure expected around the K'K threshold (1.4 GeV/c?) in the ¢t invariant mass

* PWA analysis performed % 1)
> >
Four subprocesses considered: + Z, component g 1, (80) S _:?fo(gsm
> ¢o > JP=1%and I~ ~ &
> ¢f(980) » Only S-wave i 1
> ¢fy(1370) contribution e L
> ¢f,(1270) > M =(1.2-195) GeV/c? M2(¢r) (GeVZ/c?) M2(on°) (GeVA/c?)
» Non-¢ bkg from ¢ sidebands  » T steps of 0.05 GeV N N |
(non-interfering term) S 00 © > ol @
: . | 2D
» No clear Zg signal is observed: I ! g jz )#
* Maximum local significance = 3.30 at M(Zy) = - 2000 Sideffandsj\f‘*"' ”‘f‘ w w0l M
155 GeV/c? and T'(Zg) = 50 MeV a3 ottt |
. . . i . . 1
* 90% C.L. upper limit on the cross section for Zg M) (GeVicd) o ,\:iiono;fGev;cz)
production are determined I e % 80F +ous
. . . . S a S Fit result
* More data to check for the single pion emission g’m_ M 2 eof e ;’;Zg
mechanism (ISPE) 2 ‘ \ =Pl %WW
> o(ete —¢m) = (343.0+5.1+25.1) pb Saof f v\ £
> o(ete —¢pn'n®) = (208.3+7.6+13.5) pb fond ) I i
B \ N g )
Within 30 from BaBar (PRD86,012008) and Belle (PRDS0, 031101) Y ) (Gevie) B ,\},(:no);;\,,ci)



PRL 121, 022001(2018)

FIG. 4. The statistical significance of the signal scanned in the
two-dimensional space of g, x+x- and gy, x+-. The regions with
higher statistical significance indicate larger probability for the
emergence of the two coupling constants. The markers indicate
predictions from various illustrative theoretical models.



