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Charmonium spettroscopy

P, Rk A

[PRD 72 (2005) 054026] & [PDG]

« Potential model is used to describe cc states 04 |- [rae9es]
(x(3P2)
« Below the 2 M_ threshold the predicted masses Ixﬂtm)':
. 42 -Wel
of the charmonium states match
8 : P(3°Sy) |
« Above the 2 M, threshold there are many g «0 |- (o) e
.'x 2
predicted states but only a few have been = - )
experimentally measured g 3:; Xolf
he(1'Py) :Xﬂ“’m)'@
34 | Xeol 13Po)
3.2 - predicted, discovered
JAp(1351) predicted, undiscovered
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Charmonium spettroscopy

. [Eree s

i, k2 AL

[PRD 72 (2005) 054026] & [PDG]

« Potential model is used to describe cc states 2(4430) |
457 [ned'Sg) |
| 'Y(4360)
| Xc2(3%P2)
« Below the 2 M, threshold the predicted masses Yiazs0) | M<(3"P) | [xex(@P0)|
: 42 |- X:0(3°Po)
of the charmonium states match
%‘ . P(33S) I
« Above the 2 M, threshold there are many > « S ey
predicted states but only a few have been f o0 Mmp, X(3872)
experimentally measured 2 I )
= | 'U'(2°S1}|
a0 ' [ne'@'s0)
* An abundance of states that do not fit the a7l
prediction has been discovered AR [P
34 |- X(19Po)
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Charmonium spettroscopy

P, Rk A

[PRD 72 (2005) 054026] & [PDG]

« Potential model is used to describe cc states

« Below the 2 M, threshold the predicted masses PEZ)

of the charmonium states match

« Above the 2 M, threshold there are many

predicted states but only a few have been
experimentally measured

MASS [GeVic?

 An abundance of states that do not fit the
prediction has been discovered

« Decay modes of the XYZ states prefer cc states
instead of the open-charm ones

8.
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Charmonium spettroscopy

P, Rk A

[PRD 72 (2005) 054026] & [PDG]

« Potential model is used to describe cc states

« Below the 2 M, threshold the predicted masses
of the charmonium states match

« Above the 2 M, threshold there are many

predicted states but only a few have been
experimentally measured

MASS [GeV/i?

 An abundance of states that do not fit the
prediction has been discovered

« Decay modes of the XYZ states prefer cc states
instead of the open-charm ones
o

BESIII is a suitable experiment
to access to these states
3%

.’._ ‘d
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Nucl. Instr. Meth. A614, 345 (2010)

BESIII @ IHEP

. - g o ~ : i :
m - —N
Y . i

e The Beijing Electron-Positron s
Collider BEPCII and the il
Beijing Spectrometer BESIII
are T-charm factory.

E, =2-4.6GeV

® g achieved — 1033 cm-2s-1

e Data taking until 2022 - ' |
with the chance to continue up to 2027 PID with “time of flight” technique
e The physics program includes: Electromagnetic Calorimeter (Csl)
» High precision test of EW
interaction B
» High statistic studies of light
hadron spectroscopy Superconducting
magnet
* The exotic charmonium states
* Studies of charm physics
« Studies of T physics RPC for muon ID
| BESIII

4
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BESIIlI data set

From 2009 to 2015:
* 1.3x10° J/y
* 5x10% wy(2S) o«
* 2.9 b1 @ y(3770) 7ot
=
-

|
[

L]

|

"high lumi
e 0.5 b @ y(4040) XYZ data" o °
e 2.3 fb! @ 4230/4260 MeV

e 0.5fb! @ 4360 MeV

e 0.5 b @ 4600 MeV

e 1fb! @ y(4415) 10°
e 0.1fb! @ 4470/4530 MeV

* 0.04 fb' around A_threshold
e 1fb! @ 4420 MeV 10
* R scan:

e 2-3 GeV, 19 points, ~0.5 fb!

e 3.85-4.59 GeV, 104 points, ~0.8 fb!

I llIIIIIl
| IIIIlIIl

| IIIIlIIl

[

“R scan w

data”

T I.llllllf. | llllllll
L]

11 IIIIIIl

I
ad
(]
o
I

1 , .
2 3 4 5
* On-going data taking Ecm [GeV,

&
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Y states

Preliminary ete” = T Y(2S)
PRL 118, 092001 (2017) e'e = T J/y
PRL 118, 092002 (2017) €'¢ = w7 h,
PRL 114, 092003 (2015) €€ = OX;
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Y state: ete = ww Y(2S)

2

' BaBar: PRD 89, 111103(R)

o]
3

| e e e ) e

N% 20 (a) ‘ + y(2S) - Jyrt =
E :2: g [ ]background :%
s
BaBar saw two resonances in the mass B E 3
spectrum m(w'n- W(2S) ) later confirmed by o } ‘ } I -
Belle: Y(4360) and Y(4660) 3;—}1 Ui x:;'l“‘i i i

my(2S)n'T) (GeV/c?)

8 100f ey S

BESIII confirms the line shape for Y(4360) s 80F lﬂ‘%’ e E
'..3 60;— # T -=BaBar —;

O 40F | ‘E%» -

(g 205_ ."ﬁ =5 L .,—E

S o || TR

O £ i :

205TTTT =

-40 HT -

'60 r IO YN ST S (ST TR DN B0 S [N TS ST NN G A Y VS T S [ M T VY S (T SANY O S I

M(mee((2S)) (GeV/c2)

&
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Y state: ete = w'n J/y

. [Eree s

The Y(4260) has been discovered by BaBar
experiment in the mass spectrum

m(n'nt J/y) and then confirmed by Belle

Belle experiment also claimed the discovery
of another resonance labeled Y(4008)

£3
=
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ete~ — mwtr ]/ using ISR at BaBar
PRD 86, 051102(R) (2012)

Events / (0.020 GeV/c?)
3

10 I ik, o |
e L ] | [ 1|" .. I :
0 I Ml B} I et L1l PO 1 F I Ll i
384 42 44 46 4B 5 52 54
m(J/yr'T)(GeVic)

ete- — mtrt-J/4 using ISR at Belle

PRL 110, 252002 (2013)
C ElbiSEae R
120 f g =

r af *
% 100 F b =
% E 102 ry .\ e
o Ee
g 60_ 3.5 4 4.5 5 55
_g N ======+ Splution |
I..ICJ 40 : =+=r== Splution Il

E +‘ R L L T

0" O S = e =
38 4 42 44 46 48 5 52 54
Mz 7 Jy) (GeV/c?)

!
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Y state: ete = w'n J/y

. g [Eree s

wpmimwees PRL 118, 092001 (2017)

100
L = 9.05 fb! from 3.77 to 4.60 GeV = e BESII
S 80 —Fitl
: - = kL g
» Selection criteria : 2 60 [~ i
* 4 charged particles % ol :
* Net charge =0 ‘o
= 20 \' 3 ; 4
* lcosBl <0.93 © i o o4
 4C kinematic fit e e e e
 Measurement performed with two data sets Vs (GeV)
» The fit with a single peak has a smaller significance
Two resonances describe the data with a significance > 7.6 ¢ - i e l BESIT
O
M, =4222+3.1+1.4MeV ,I' =441+ 4.3 +£2.0 MeV S 100~
M, = 4320 + 10.4 + 7.0 MeV, [, =101.4 *53___+ 10.2 MeV| =
T 50 -
* Y(4320) has been seen for the first time and it is compatible *;i i
with Y(4360) measured by Belle and BaBar b ol

" b
e
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Y state: ete =t h

C
« PRL 118, 092002 (2017)

-+ BESIII: R-scan data sample BESII
= BESIII: XYZ data sample
— Fit curve: Total

L ~91b! from 3.868 to 4.60 GeV

Fit curve: Y(4220) [
-- Fit curve: Y(4390)

e Selection criteria:

« h - vyn_,n, — 16 exclusive channels
50

* Net charge =0
 lcosOl <0.93

Dressed Cross section (pb)
[
[—]
[—]

-

o
S

* The data cannot be fitted with a single peak
Two resonances describes the data with a significance > 10 ¢

0.25————————— — 0251

M, =42184 *° _+0.9MeV ,I',=66.0+%% .= +0.4 MeV HBESTIN .. e : o

. . 0.20 G contour 0.20- G contour

M, = 4391.5 *63,_+ 0.9 MeV ,I,=139.5 *162 1 0.4 MeV | ST Y ]

. ' S 015 1 & oast |

e i + 18 |
) ) . . - ~ 0.10F vazeor™ 1 = o10F ¢
* Y(4220) is compatible with the state found in n'n~ J/y at ; | F v + o
L ] ! ¥
4222 MeV 00SE vz M ye 1 05 ;

e Y e e | i i i e e e e ]
°'°£15 4.20 4.25 430 "3 435 440 445 45
M (GeV/c?) M (GeVic)

e
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=
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Y state: ete = oy,

. g [Eree s

Nine energy points from 4.21 to 4.42 GeV

Selection criteria:

« 4 charged particles and 2(3) y for x, (%, ,)
* Net charge =0
* lcos Ol <0.93

* The data suffer the low statistic
A resonances describes the data with a significance > 9 ¢

M=4230+8+6 MeV ,I'=38+12+ 2 MeV

« Only o % , channel shows a significant cross section,

® X, , have a cross section compatible with 0.

« The mass and width are compatible with the Y in t'n" h_
decay

:v

28 May - 3 June 2017

2017.05.28-06.03 - FAIRNESS - Sitges - Spain

P, Rk A

PRL 114, 092003 (2015)

“FBesm
80~ —4— Data
= 60k — Resonance
a £ --- Phase Space
B 40
- £
3 [E / _____________
’l‘ 20 o  AES B SR T e
Ko - / e (e <
[ i il —t |
v °F 1 t
20 \
Ty | IS [SrErArar) ' T |l 0 O S o 1

4.3 4.35 4.4

4.15 4.2 4,
\s (GeV)
0.25——— 1
3 3¢ contour
L M 26 contour |
0.201 M 16 contour ]
r —- Y(4220)
2 015t ]
S +
= 0.10¢ Y(4260)"¢
0.05:— V(4260 1 Y(4230) “:
O'QHIS 4.20 4.25 4.30
M (GeV/c?)
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X (3872)

PRL 112, 092001 (2014) e*e = yw'n J/y

>
. (
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PRL 91, 262001 (2003)

X state: some history

Ly
- s o 33
tg 2
22
X(3872) discovered by Belle in B » K n'n- J/y ;1
confirmed by many other experiments 2.
QO
M = 3872.69 £ 0.17 MeV ,TI'<1.2 MeV @ i
)82 3.64 3.86 366 39 392
M(J/y nrt) (GeV)
Decays: %
. i Jhy CDF: PRL 93, 072001 (2004) S o
p— DO: PRL 93, 162002 (2004) g _
* wD°D BaBar: PRD 71, 071103 (2005) 5 _:
. E | —=— Data ]
« yJAr and Y w(2S) LHCb: EPJ C72, 1972 (2012) 2 E

E e Simulated J?%=2*

...................

 IcosO, | > 0.6 ]
JPC = 1++ _|_+
30

G-‘l e ‘0'5' g (].'! s l0I5l (;C;S‘BX‘I
. __ LHCb: PRL 101, 222001
4 B e
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X state: ete = yn'n J/y

. [Eree s

coad i

PRL 112, 092001 (2014)

Four energy points from 4.009 to 4.360 GeV

L ———
e -_ BESIII —~+ Data _-
[ — Total fit

--= Background ]

I

e Selection criteria: o
* 4 charged particles and vy \

* Net charge =0

e |cosOl <0.93 51 J l l

Events / 3 MeV/c?

L ¥ VU W T TR R R 01
* A resonances describes the data with a significance > 6.3 ¢ 3.8 3.85 3.9 3.95
M(r*n J/y) (GeV/c?)
M = 3871.9 £ 0.7 + 0.2 MeV , I'< 2.4 MeV (90% C.L.) i P
0.5F BESIT — Y(4260)
C ---= Phase Space

0.4F --- Linear

* Cross section is consistent with the expectation for the
radiative transition process Y(4260) — v X(3872)

o8(yX(3872) =y J/y) (pb)

£3
=

¢
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/, states

PRL 110, 252001 (2013)

PRL 115, 112003 (2015)

PRL 112, 022001 (2014)

PRL 115, 222002 (2015)

PRL 111, 242001 (2013)

PRL 113, 212002 (2014)

PRL 112, 132001 (2013)

PRL 115, 182002 (2015)

ete
ete
ete

ete

eN
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T ( J/y)
n(DD*)
T (nth )
n(D*D¥*)
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Z state: ete » ' (w J/ v) , 7(n° J/v)

. [Eree s

* Charged charmonium-like structure:
« Decay to J/y — contains cc

« Electric charge - contains ud

M =3899.0 +3.6 +4.9 MeV ,I'=46 £ 10 £ 20 MeV

* Confirmed by CLEO-c and Belle

* Measured in the neutral channel at different energies with
a significance > 10 ¢

* Quantum number measured with a maximum likehood fit
to be J¥ = 1*

Isospin triplet is established

&
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PRL 110, 252001 (2013)

Events / 0.01 GeV/c?

— Total fit
===+ Background fit

100;B€S]]I —4- Data

-:=: PHSP MC

]L [ sideband

80
60
40t

205

3.7 3.8 3.9 4.0
My (/) (GeV/c?)

PRL 115, 112003 (2015)

Events/(10 MaV/é) Events/(10 MeV/é)

Events/(10 MeV/)

ot BESIL (a) 4.230 GeV, 1091.7 pb'




Z state summary

PRL 110,252001 (2013) |[ PRL 115, 112003 (2015) PRL 113,212002 (2014)
T o A (a)4.230 GV, 1091.7 pb' =
% 40:- E %
i = Mmjiiz.uw) ?ge\ﬂcz)‘t >
ete -t/ Y ete->n'nl)/ Y
B . (PRL115,222002(2015) ([ PR
S oof *F Swf TN g &
E é § i - :vr;sp signal .j:'j
2 a0 : : #
§ 20f : i gzo:
W of £ ; ) i : E
3.85 3.90 3.95 4.00 4.05 4.10 4.15 385 39 A5 4 405 402 404 406 408 L S (s
M(D-t—ﬁno) (GeV/cz) M(DD") (GeVie) RM(m) (GeV/cT)
e*e >t (DDY) e‘e’ »>n°(DD)° e'e >n* (D'D') e‘e > n’(D'D’)°
Z,(3900) *? Z4(3900)°? Z,(4020) “? 2(4020)%?
« Several Z decays have been measured in cc and open charm states
» Isospin triplet is established for all of them
» Masses and widths are comparable
FATENESS 2017.05.28-06.03 - FAIRNESS - Sitges - Spain R.Farinell },‘@: 20
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Nature of these states

e Tetraquark state?

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014);

e Molecule state?

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013)

e Charmonium hybrid?
Phys.Rev. D88 (2013) 045027;

e Other?

O
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Conclusion

P, Rk A
o Ry

BESIII is successfully operating since 2009 and has the World largest
data sets in tau-charm mass region. It has unique data for XYZ studies

BESIII is ideally suited to explore transitions and decays of Y states
that are produced directly to investigate the XYZ-spectrum

BESIII is creating a connection between these states that can lead to
an explanation about their nature

First two isospin triplet states Zc (3900), Zc (4020) established
Precise measurement of the cross-section in the Y energy range
Even the Y(4260) in n+n- J/y no longer looks like a simple peak.

After more than 10 years the XYZ puzzle is still unclear and its
interpretation in not trivial
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