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Outline

= |ntroduction:

* expected and unexpected, charmonium-like
states

= Exotics @ BESIII: X, Y, Z
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BES]]I QCD bound states

“*Usual: mesons(qg) emw® and baryons (gqq) ?

+* Allowed but unusual, or exotic:

** hybrids @v®

J=L+
p (1)L+1
C=(-

)L+S

9
% glueballs &3

Exotic: any multi-quark meson,
or meson with JPF¢ =0— 0+, 1, 2
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BCSIT Charmonium Laboratory

Potential models, and L-QCD, very successful in describing

Example from Barnes, Godfrev, Swanson: Spectra & Onium propertieS!
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BES]]I XYZ: charmonium-like

“'%fﬂ = Most note-worthy: X(3872),
g e | Y(4260) & Z.(3900) ...

a2 |
[w(zDy) ] :

B — = XYZ: not predicted by
O 4.(24020) |s,) - -
3 % G potential models
% 3; ey \@ u XYZ dO nOt flt |nt0 qq -
= ’ (235,

ol EES scheme

] = Challenge for theory and

experiment(s)
B emsees || w > 20 new states, including bb
20| e P — sector!
[ g 1=-- 1+ ++ 1++ D++
Jre QWG report, Bodwin et al, arXiv: 1307.7424

Kornicer 18 May 2015 :: CHARM 2015 5



BESII

CLEOc
27M

Solencio Coll Barred
P Casorimeter
% " Ring Imaging Cherenkov

7
/ < Detector o~
P . e
2o e @ -
/ -~ Chamber

S .. Inner Drift CI
%~ Beamp
- -
po
73
Py

Kornicer 18 May 2015 :: CHARM 2015 6



What can BESIII do?
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BESTT BESIII Collaboration

= Qver 50 institutions, ~400 members scattered in 11
countries

= 1 —charm physics with very rich program:
= Charmonium spectroscopy transitions and decays,
dedicated to explore XYZ region (up to 4.6 GeV) ...

= Light hadron program: XY Z,, exotic mesons ...
= Charm physics: precision phase ...

= 7 - physics: most precise tT-mass measurement

... and many more, several talks (@ CHARM 2015!
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BESIII @ BEPCII

Excellent  §p/p=0.5% @1GeV Peak Lumi?ositz alchieved:
tracking: dE/dx=6% 0.85 x 10°° cm—s"

SC magnet

Muon Counter

Compton back-scattering
for high precision beam
energy measureme

Drift Chamber

A
. °

CsI('T1) calorimeter

Shower

reconstruction: ii/]:; 0= 52~§;V; %\%v Optimal energy 1.89 GeV

Kornicer 18 May 2015 :: CHARM 2015 10



@
=
=
oc

0

III[|III||TI|I||III]I|II|I1I|

w000

S R ]
BESI|SS AN S WAOT) ey FOAD
EBEESI|{(Prelimina

( w’ W10

Crys=sfalBall
Gamimnaz

pluto

| ,
WM +M bt

T 1T
Threshelds T g:%

T7T

DD DY,.D,

2

AT AT 4.1

L J

ﬂ.ﬂa(ﬁig‘i)

i)

| .z (421
PS) T== (4.94

!
3

|
a

5
Ecm (GeV)

A lot of interesting thresholds, pay attention to A, decays later...
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Data collected over time

— Note that luminosity is lower at J/vy,
and machine is optimal near y" peak ‘

2012:

v & J/y
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/
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Data for XYZ study (5/fb)
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2015: running energy scan between 2 - 3 GeV
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BESIT Start of XYZ @ BESIII:
e'e — wird/y
Compare running at Belle and BaBar, with one month at

BESIII !

120 P T T T S LI S L e e e e S B s S >
2 mﬂf_? {PRDBG 051102 (2012)_f " { ot
2 wf | . @60 h‘_ BESII ]
e e ]
= .'\340 NI y
T +l=’ b
' =
2 vzo ]
o ©
° |HH ittt o8

o HdHH* # ++++ w‘
38 4 42 44 46 48 S5 52 54 4 45 5 5.5
Een(GeV) -m (GeV)

BESIIl: 0" =629 + 1.9 + 3.7 pb

PRL 110, 252001 (2013)
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3ESII Z.(3900) — wt Jhy

% Charged charmonium-like structure: e e — 77 (7= J [ y)

manifestly exotic: ..
Significance > 8 ¢

B —+—Dala
- 100
<+ couples to cc b T —Tn
} L ===+ Background fit
+ has charge 3 8o
<+ at least 4 quarks 5 ok {. I seean
D IS It ? E C
» what is it ° 3 40|
c L
[ L
ﬂ 20 :.--

o

M: (3899.0 + 3.6 + 4.9) MeV/c?

37 38 39 40
T: (46 =10 +20) MeV M, (mtJly) (GeV/c?)

R: (21.5+ 3.3 + 7.8)%

PRL 110, 252001 (2013)
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BESIT The first Z_ confirmed

+ bas by data from three experiments!

100 PRL 110, 252001 i
© L BESDI 3 - CLEOc data, Phys.Lett. B727 366 (2013)
= B0r : : asf
D L - - FHSF MU - -
g oF + [ Sideband ;: so;
e i S 25
92 40+ -
5 C “Tins 20:
- - -
W o0y 15F
10F
U i M i i n i i M i i "
3.7 3.8 3.9 4.0 5:
Mmax[}ri‘-"fuf]{ae"‘;fcz] ;‘—’AAAAlAAAAIAAAAILAAAﬁLA
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b 60F
- -
::% 50 m / MeV I/ MeV
S 40 f— BESIII 3899.0+3.6+49 46 +10+ 20
f 30 :_ Belle 38945+ 6.6+4.5 63+ 24+ 26
o - CLEOc 3885+ 5+ 1 34+12+4
g 20
W ok Belle: ete~ — yggJ/pmtm—,
- sl ) et in Y(4260) region
037 38 39 4 41 42 CLEOG data: /s = 4.170GeV
Mo (Tdyr) (GeV/ic?)
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Studylng the e*e— 2°2° J/w process at different \/_

|
E

Events / (0.01)

s
L=

20

R
¥y
=

4.230 GeV | 7 + 4260 GeV 13;

BESIII
preliminary

BESIII 30
preliminary 25

A structure in ®J/y invariant

mass is clearly evident:

M: (3894.8 +£2.3 +2.7) MeV/c?
I': (29.6 £ 8.2 +8.2) MeV
Significance = 10c

Kornicer

4.360 GeV

BESIII
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oké
3

[sospin triplet established!
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BES]]I Z.(3900): close to D'D threshold

— K= Vs =4.26 GeV
e*e— n*D°D"+c.c. Single D-tag: reconstruct n* and D® —K-7* and
e‘e — 7DD+ c.c. require that missing mass is consistent with D*;
(do the same for ©*D-D*?)
L k-
oV 27. -
o9 Mass [MeV/c*]: | o5t | PRL 112, 022001 (2014)
> 89 38839415642 | F
= 60 Width [MeV]: '
< 24.?:I:3.3:I:11.0 o0F
2 30 40F
- - ; -
© 20 ! 20
R T o [
3.85 3.90 3.95 4.00 4.05 4.10 4.15 3.85 3.90 3.95 4.00 4.05 4.10 4.15
M(D°D*) (GeV/c?) M(D*D*°) (GeV/c?)

Enhancement in both DD* modes, labeled Z(3883)
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BCSIT  Z.(3883): angular analysis

0-, m in P-wave: dN/ d cos0,, < 1 — cos?0,,
1-, m in P-wave: dN/ d cos8, < 1 — cos?8,
1*, ®in S-wave : dN/ d cos0,, « flat
(assuming D-wave small near threshold)
0*:excluded by parity conservation

Data clearly favor JP¢ =1+

If Z,(3900) and Z(3883) are the same:
B(Z, — D*D)
B(Z. — Jhpw)

Compare to:

B(2(4040) — D™ D)

B(1(4040) — J/i)n)

= 6.2 4+ 1.1 42.7

= 192 + 27

PRL 112, 022001 (2014)

0.5
0.45
0.4
0.35
0.3
0.15F

0.1
0.05F

01 0.2 03 04 05 0.6 0.7 0.8 09
|cos 6,

Fractional yield

Open charm decays
clearly suppressed:
different dynamics in
Y(4260) - Z_(3900)
system!
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BGS]]I Z .(3883): double tag D'D analysis

Reconstruct ©* and DY, D, in 4 or 6 decay modes,

plus require 7 in missing D* mass: (new)
_efeT—-m*DD - etel > mtDTD™
% mj_ 1090 pb1@4.23GeV ] % i 1090 pb 1@4 23Ge‘h.f' _ Mass [MeV/Cz]:
s | = 3884.3+1.2£1.5
‘%20_— § :%mf ) Width [MeV].
: SN | 23.8+2.1£2.6
395 4 405 4 K\ % 395 4 405 e
_ rlvilm”r::"} (GeV/c?) e\\ - M(D.*El]((]e\-"fc o Compatible with
S G 20 527 pb@4.26GeV 1 single D-tag result,
e - ]
= uf z . but much more
3| I precise!
g 10 £ 10
2 | & Ll
{}- [

I 3.9 395 . 4 4.05 4.1 I . " 4 4.05
M(D'D ) (GeV/c?) M(D*D ) (GeV/ch)
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h,— yn.; n.In 16 decay channels
@ 13 different energies!
Cross section line shape consistent
with CLEO, but not trivial!

z*h, structure observed:

M = 4022.9£0.84+2.7 MeV/c?
['=7.9£2.7£2.6 MeV

Yet another charmonium-like
state, charged: Z.(4020)

Note: a weak evidence for
Z.(3090)— 1 h,

Events/(0.005 GeV/c?)

ete — ﬂ*irhc(lP)

90—

8{}_ —s— aie’e-»m*r'h,) BESII
70
60
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40
30
20
105

—=— ole'e->1 L 4020)+c.c.) BESIL

Born cross section (pb)

I I.IIIIII.I|IIIIIIIIIlIIIIlIIIIlIIIIl

|Tl.|||||

c o
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%

3 \y
N \>/ &)
£, WP
"4 0 ka Y

P

0=

2.0 31 3z a3
 Ecy(GeV)

PRL 111, 242001 (2013)

44

120F

100
80f

60:

95 4.00 4.15
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Neutral partner !
ee* — n%%h (1P)

45
40
35
30
25
20
15

7%h, structure observed:
M = 4023.9 % 2.2 + 3.8 MeV/c?

I" - fixed to be the same as for its
charged partner.

Another isospin triplet

established!

Events/(0.01GeV/c?)

39 395 4 405 4.1 4.1
Ml (GeV/c?)
T max

PRL 113, 212002 (2014)
Note: cross sections for e *e— z*z~h_and e *e~— 7%72°h,

consistent with isospin conservation!
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e*te— m (D*D*)" +c.Cc.at\/s = 4.26 GeV

Tag a D* and "bachelor™ =~ :
look for recoil mass against 7~
after reconstructing =° to suppress
the background.

D*D* structure observed Z_(4025):

M = 4026.3 + 2.6 + 3.7 MeV/c?
['=248+56«£7.7 MeV

Events / ( 2.5 MeV/c?)

co
o

E= (e)]
o o
T T

]
o
T T

Z .(4020) close to D'D" threshold

TY O,

44,«9 Iv%
7@~
N (NT~ \ B
S w £
%"4. 1907 \if

o S

PRL 112, 132001 (2014)

— - = comb. BKG

D*D*‘k

—4— data

— total fit

—— Z,(4025)
----- PHSP signal

......

P
4.04

[
4.06

4.08

RM(r) (GeV/c?)

If Z_(4020) and Z(4025) are the same, coupling to D*D* much stronger
compared to zhe:  gletem — (D*D¥EnT] = 137+ 9 + 15 pb at 4.26 GeV

olete—nt Z.(4025)F —(D* D*) £ 7 F] =0.65+0.09+ 0.06

olete=—(D*D*)Er¥]
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BESII D'D* double-tag neutral mode!
ete — n'(D*D*)" @ 4.23 & 4.26 GeV
Similar strategy: tag D, D & select ©t° (new)

DY K 1t + c.c.
D9 K P +c.c.
DO= K mt* 1t +c.c.

D*— K " t* +c.c.

detected

not detected

2

®=4.26 GeV

| | signal Region - .. s

W
AT

MR S Eiing D*D*1? process

signal regions:

T P R — DD*1t” process
2.1 2.2 2 2.1 2.2
RM(Dn%)(GeV/c?) RM(Dr®)(GeV/c?)
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BCSII 10 recoiling mass

SlgnaI+PHSP+Backgrounds PHSP+Backgrounds
c‘FSO—" | _&"*30'|"'|"'|"'|"'|'_
O VY[ 4.23GeV+4.26GeV O . |
S —+ Data IS Significance=7.40
% N[ | Signal QO

B I Backgrounds |
220_ - comnm PHSP MC
@

c |
210
wr

o

402 404 406 4,08 41
RM(n%)(GeV/c?)

Note: consistency between charged and neutral modes!
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BESTT comparison between Z.(4025) °
and 7 (402 5) i

I (MeV/c?)
3

40

20

—+— g'e > ZC(402S)Oﬂ:“—>(D*D*)1r°+cAc(D0ub]e Tag) l

: 8 ;

—+— efe — Zc(402S)+fc‘—>(D*D*)fc‘+c.c(Single Tag) i

4020

4022 4024 4026 4028

M%az)

e'e = Z,(40251'>(D D )n’+e.c(Double Tag)

ete'— ZC(4025)+fc'—>(D*D*)fc‘+c.c(Single Tag)

4.23

424 4.25 4.26
\s (GeV)

Kornicer
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What do we know so far!

Z.(3900)%

Z..(3900)"

7.(3885)*

7.(4020)*
7..(4020)°
7.(4025)"
Z.(4025)0

Kornicer

3899.0t3.6 4.9

3894.8+2.3+2.7

3883.91+1.51+4.2
[single D tag]

3884.3+1.2X1.5
|double D tag]

4022.91+0.8 +2.7
4023.9+2.2 +3.8
4026.3+2.6+3.7

+2,0
4025.5%29+3.1

18 May 2015 :: CHARM 2015

29.618.218.2

24.81+3.3111.0
[single D tag]|
23.81+2.11+2.6
|[double D tag]

7.91+2.7 £2.6
fixed

24.81£5.617.7

Iy

Iy

DD*-
DD*

nth,

n’h,

D*“D*'

ee oty
ete —n'n’Jy
ete—n D'D*
ee—n DD
e‘e—n mh,
ete—n'n’h,

ete (D" D¥)

23.0+6.0+1.0 (D*D*)0 ete—— nO(D*D*)O

27



Eveonts / 0.01 GoV/o®

Events / 4 MeV

e

as 295 u(év_)l.w 4.1 413
ete~ —» n~(DD*)™

Z..(3900)*?

Kornicer

Events /( 0.01)

T0E

o BESIT | 4.230Gev
3 BESIII

40 preliminary
30

20

10

0

3:8 4.Il) 4.2
M(J/y) (GeVie?)

ete™ = mOnOJ/ip

BESI
sSOo0n ...

Z.(3900)"2

What do we know so

EvendAums Geve ')
Fwotd oS GYich

B 40 405

4l 415 4D 4>

M, (GEVIT)

ete™ -5t~ ntthe

5

— - COMD. BKG -4 dsta

“) | s Do — tolal 8t

= ool 7.18025)

g ! PHSP sicnal
w |} R WS

& 40}

g |

Rt

W

402 4.04 “4.06 4.00
RMix) (GeV/C”)

ete™ — = (D*D*)™

Z.(4020)7?
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A 1\ss .4 s al 3
M Gevie)

ete~ — 71971%h,

4.23GeV+4 26GeV ]

Events/(5MeV/c?)
[ ] (43]
= . =

-
=

—_

=

48V404 406 4 B 4.1
RM{T:"U}{GEWCZI

ete”— 7/ (D*D*)°
Z.(4020)°?
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Bl e*e — 7' o @ 4.23-4.26 Gev

o— T’
- ~is = 4.23 GeV Vs = 4.26 GeV
i BESIL| < | - BESIT
Em, rellmlnary ?o__ preliminary

4 r . P - - I, - 31 -
L 1 -l L [
P T : :
TN RO U AR SO T AT ||| " |..'i" [
I W W Y R . '2

Miem) (Gevic®)

Miwr) (GeVic?)

No significant Z(3900)—mrw signal! Indicates that cC

-— annihilation
[(£,(3900)—mw) < 0.2 % T'(£,(3900)) is suppressed!
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BGS]]I What is the nature of these Z_ ?

* At least 4 quarks, not a conventional mesor

» Tetraquark state?
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc

A—g
« DO D® 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); etc

® Threshold-effects?

Rescattering near threshold due to interactions - }@%@ :

between two outgoing mesons,
both Z(3900) & Z.(4020) suspiciously close to DD thresholds!
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X & Y (@ BESIII

7 =
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S

BEL  e*e >y 2@ 4.2-4.6 Gev (O

Se

preliminary

arXiv:1503.08203 X(3823) candidate
consistent with
Reconstruct y,.— vy J/w— y Il v(1D,) — vz,
look for zzrecoll

+ J—
. i, 128 — ete~ —-a'n X(3823) »x'n
= = -<F TR preliminary s i ]
g g " Cross-section v.s. energy
& & 1 2 25p
= - —+data

5 ¢ o -

- - = -~ = 2 —Y(4360)

%6 Y AR | e e ¢ R 1" ? - B'ES]]I _ . ---y(4415)

M*er) (GeV/c?) M*rer) (GeV/c?) 2 15F preliminary /

) %0 -+ Data b N -+ Data T i / i '-.._l
> —r 3 nof Data-ll —F 2] [ I
z w2 o e g /1
P 5 15F = - [l "
€ 15 = - K - / : ‘
3 10 5 10; E USE J//-"'I".’.'_J Hﬁh‘“—:-: S

5 5¢ @ '__._L,EL'.-J';"E....|....|....|..

: o) D
JimInien 4.2 4.3 4.4 4.5 4.6
%6 a7 = .88 89 %6 3.7 38 3.9 E., (GeV)
M) (GeVic?) M) (GeV/c?) . . .
_ Line shape consistent with both
M=3821.7 1.3+ 0.7MeV, significance 6.7¢ p

I' < 16MeV at 90% C.L. Y (4260) & Y4360
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Kornicer

1

S

Events / 0.004

4.26 GeV

V/c?
=)

Events / 0.004

i

=k
o

1

e"e >y lly

Clear ISR signal for validation: e e~ — yw

ol

401GeV) . background

—+—data

B b
=t

0 il

3. 3.7 38 39 4

=k
o

—

M(m+ i) (GeV/c?)

—data
* | background

36 37 38 39 4

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

“o

S—

\Y

2 Events/0.004

Events / 0.004

10° .
rd —+—data
4.23 {_aev " background
1 t 4
10F
AR Y

b ok e

M(rd/y) (GeV/c?)
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3.6 3.7 3.8 3.9 4
M(m*d/v) (GeV/c?)
©10°
}g 4.36 GeV | ’ - data
— . background
10F
3.6 3.7 3.8 3.9 4
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X(3872) @ BESIII

Strong evidence for

X(3872) — ©tm

M =3871.9+0.7 +£ 0.2 MeVI/c?
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“* New mode of production of X(3872) and Y (4260) decay?
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Emerging connections?
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BESIT Y(1-) states @ BESIII

» Structures from ™ h, Phys. Rev. Lett. 111, 242001
» Cross sections of eTe™ - wyo is measured. No

signal of wy.4 or wy., found. Disfavor Y (4260)
IS a wy., molecule.

» Cross section of efe™ — nJ/y [preliminary]
» Cross section of ete™ » % J /¢ [preliminary]

» Cross section of ete™ - J/yYynr®, no observation,
only upper limit report. [preliminary]

» Cross section of ete™ - n*m~X(3823) » wtm yyx
[preliminary]

» Cross section of efe™ —» n' J/Y [preliminary]
» eTe” -y J/YP, No significant Y(4140) signal.

[preliminary]

» Cross section of eTe™ — Y Xy, No observation, only
upper limit report. [preliminary]
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BESIT  XYZ @ BESIII summary
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Quark model works well for
charmonium (cc) states below
DD threshold

Several Z, structures appear
unexpected, pointing to non-
conventional (exotic) mesons

A number of transitions between
different exotic states observed,
starting to make connections!

A model that can explain all new
features needed!

Expect more data from BESIII
and watch for more BESIII talks!

18 May 2015 :: CHARM 2015 37



Kornicer 18 May 2015 :: CHARM 2015




