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Outline

Challenges in Hadron Spectroscopy
XYZ states

— The X states — whatever is leftover
— The Y states — JPC=1-

— The Z, states — |1=1 & decays into cc
Upgrade and prospects

Summary



Hadrons: normal & exotic

* Quark model: hadrons are composed from 2 (meson)
quarks or 3 (baryon) quarks

ud d &
?st Ul:je %g

dibaryon pentaquark glueball

diquark + di-antiquark dimeson molecule q q g hybrid

« QCD does not forbid hadrons with Ng,qns#2, 3
— Glueball : Nguarks = 0 (99, 999, -..)
— Hybrid : Nguarks = 2 (or more) + excited gluon
— Multiquark state :  Ngyaks > 3
— Molecule : bound state of more than 2 hadrons




Hadron spectra: normal

Light mesons (u,d,s quarks)

exotic
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e Parity = (—1)tt1

e Charge Conjugation = (—1)t+S
e Spin=J=|L-S|,L.L+S

e Vacuum = 3Pp20++
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Experimental observation!!

Light hadron spectroscopy 1s complicated

Many broad and overlapping states discovered,
some not yet — need complicated PWA

technology

Below open-charm/bottom threshold: good
agreement between experiments and

theoretical predictions

Above open-charm/open-bottom threshold:

some expected states not discovered yet
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Multiquark states have been discussed since the 15" page of the quark model
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*

If we assume that the strong interactions of bary- ber n; - uf would be zero for all known baryons and

ons and mesons are correctly described in terms of
the broken "‘eightfold way' *~“/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-

namical ""bootstrap' model for all the strongly in. v

teracting particles within whi€h one may tryg<so0
rive isotopic spin and sfrangeness co ,
broken eightfold symmetry ir istency
alone 4). Of co se, with o interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

and

mesons. The eresting example of such a

model is one.irg whic the triplet has spin 7 and

z =gl eﬂh& four particles d-, s~, u® and b°
t I with the leptons.

A Simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number j.
We then refer to the members u3, d-3, and s-3 of
the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
<999!1 (%gqqq), etc., while mesons are made out
of (qa), (@qqq), etc. It is assuming that the lowest
baryon configuration (gqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while

the lowest meson configuration (qq) similarly gives
just 1 and 8.




Main Suppliers of Exotics
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Variety of recorded reactions

T decay _ _ B decay
bb-exotic Jhp

Y(mS) ‘ b ’ ,
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H > W
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+ JPC=0", 17 Double N5
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N limit. production C=+1.
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“XY Z” = the beginning
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X(3872) Y(4260) Z:(4430)=
PRL 91, 262001 (2003) PRL 95, 142001 (2005) PRL 100, 142001 (2008)
Bt - Kt [atn—J/y]  ete” = A[rTa I/ B — K[r=/]

~20 multi-quark states are observed since 2003 with high significance
BES, Belle, Babar, CDF, DO, LHCb, Atlas, CMS
Some examples of multi-quark states

Tetraquarks candidates X(3782)—J/yn*n-, Z*(4430)—V'=*, X(4140)—J/yo,
Z,*(10610)—Ynr*, Z,*(10650) — Y=r*

Pentaquarks candidates P.*(4450) — J/yp, P.*(4380) — J/yp



XYZ particl¥e§h

‘ Charmonium-like (XYZ) particles
X (4700) R
B ew type of hadron (multi-quark ...)?
Y1660 == x (4630) AF*AC
[ 1 1) o
4500 1 ¥ (4415)(4S)
= Y (4390) X (4350)
—— Y (4360) Y (4274) - |
L Xtate0)y - s Y (4200) Y2200 - D; Dy
1(4160)(2D) Y (4140) I
777777777 444@40;(35),,ZSH(B&,;,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,DQBQ;T I
T
O e X(913) X2 P) b
= Z(3900) X (3872)
% L ———%ETOD)  X«(P) ¥2(3823)(1D)  D°D°.
S 7e(29)
he(1P) xer(1P) xe2(1P)
3500 - P
Xeo(1P) n@SHL
Prog. Part. Nucl. Phys 93 (2017) 143 1 AR A el
S total spin of ¢ & cbar
T/ (18) L orbital angular momentum
L=0,1,2...correspond to S, P, D, ...
3000 _1e(15) J=S+L
P = (-1)“*! parity
Particle “Zoo” again ! o s s
0—|+ 1—]— 14:— O-IL+ 1_;_+ 2-II-+ 2—I— ?I?
JPC

If I could remember the names of all these particles, I'd be a botanist. - E.Fermi ¢



— Theory 1:
— Theory 2:
— Theory 3:
— Theory 4:
— Theory 5:
— Theory 6:

i

— Theory 7:

e ml

— Theory 8:
exotics

— Theory 9:

Too many models !

screened potential

hybrids with excited gluons
tetraquark states

meson molecules

CUsSpsS effect Tetraquark mesons
final state interaction ¢

tightly bound " 4 '
diquark-diantiquark

coupled-channel effect

O

mixing of normal quarkonium and
\Y)

loosely bound @\’T

mixture of all these effects neoranimeson (0

“molecule”

— Theories ...
We need clear features to identify exotic hadronic states |
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The X state
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X(18??) at BESIII
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Any relations?

0.0

What is the role of the ppbar threshold (and

other thresholds)?

Patterns in the production and decay modes
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What is the X(3872)’?

Mass: Very close to DD’ threshold w;— 140 -

Width: Very narrow, < 1.2 MeV -
JPC=1++ w_

Prod U_Cti on o OA:ol\-/\(n;J/w)o—M(Ji/‘w) [GeV]
— in pp/pp collision — rate similar to charmonia

— In B decays — KX similar to cc, K*X smaller than cc

— Y(4260)>7+X(3872)

Decay BR: open charm ~ 50%, charmonium~O(%)

Nature (very likely exotic)

— Loosely DOD* bound state (like deuteron)?

— Mixture of excited y.; and D°D™ bound state? .



BESIL opservation of e*e >vX(3872)

Events / 0.001 GeV/c?

i 15 .
500:— s == Data .
200k o [ — Total fit

i % i === Background 7

C S 10 -
300 ™ i i
200:— E : :

C ch 5 l ‘ —

C = K 7
100}~ L I | l Il'
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19.66 367 368 369 37 371 3.72 %.8 3.85 3.9 3.95
- 2
M(r*mJhy) (GeV/c?) M(r*rJ/y) (GeVic?)

ISR v’ signal is used for mass, and mass resolution calibration.
N=1818; AM=0.34+0.04 MeV; Ac,~=1.14 £0.07 MeV

N(X(3872)) = 20.144.5 6.3c  PRL112,092001 (2014)
M(X(3872)) = 3871.940.7+0.2 MeV  [PDG: 3871.68 £0.17 MeV]
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BESIL observation of Y(4260)>vX(3872)

PRL 112, 092001 (2014)

0.6

0.3F
0.2

0.1F

0.5F

0.4

—4— data
— Y (4260)
-== Phase Space

--- Linear

oB(yX(3872)—yrn'nJ/y) (pb)

A new Y(4260)

decay mode

A new X(3872)

production mode

If we take B(X(3872) — w7~ J/¢) ~ 5%, ( >2.6% in PDG)

o(ete™—~vX(3872))

~ 10°/o

o(ete——ntn—J /1)

Large transition ratio |
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Candidates/(6.0 MeV)

Candidates/(10 MeV)

1

()

Search for X(3872)2>pp and @@

* BT - ppK™ : clean environment to study (c¢) = pp

04

v | I T T T T I ]
LHCb id background subtracted
0’ n.(15)
¥ x(3872)
0 ez x xrl n (PAY
:3 " ; ‘ <0 c ¢ {
i iR I 17 001 "Jl II v FE ':‘I wa 1
10 !“i T g o ol W ”.' 'l-i]' NSl
| |
PLB 769, 305 H ‘ \
1 X : 1 X 1
. 3000 3500 4000
M, [MeV]

¢ P spectrum from inclusive b-hadron decays

= — T T T T T T T T T T T T
000 |- 15 EPJC 77 (2017), 609 uc, -
- T/l — Limits for 7
500 - foi‘bidden to X(3872), _-
- decay to ¢¢ X(3915{ .
000 l \\\ —
2 \\3
500 | 3 ) v\
b-decays, inclusive .
0 pure (pqy c?n}bi}m;do.ns. . . . .
2800 3000 3200 3400 3600 3800

M(¢¢) [MeV]

Upper limits at 95%(90%) C.L.
B(b — X(3872)X) x B(X(3872) = ¢¢)
< 4.5(3.9) x 1077
B(b — X(3915)X) x B(X(3915) — ¢0)
< 3.1(2.7) x 1077

B(B* — X (3872)K*) x B(X(3872) — pp)
B(B* — JJp K*) x B(J/{ — pp)
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Observation of X(3872)>n x4

e I[f the X(3872) were the y%.1(2P) state of charmonium: e'e =yt x Iy

['(X(3872) = 7%c1(1P)) ~ 0.06 keV (i.e.very small) N% 70 (@ 415<E_ <430GeV 9 () fh-1
If the X(3872) were a tetraquark state: E 60;— 84.1+10.1 g,
['(X(3872) — 7%.1(1P)) should be enhanced. 5 °OF
w C
[Dubynskiy, Voloshin, PRD 77, 014013 (2008)] 10
30F
* The X(3872) — a%.j decays are sensitive to the 20f
internal structure of the X(3872). 10
0 , s Rlncasensrenancasssenss
e For normalization, first reconstruct: M(zrJiy) [GeV/c?]
ete- — yX(3872) with X(3872) — wr /) ey 20y withy_ >y Uy
using J/1p — ete-/urp-. CO:
> 8F
* Next search for: 5 70
ete- — v1X(3872) with X(3872) — 7t%%.s g 6f
using Y1 — Y2J/p and J/p — ere-/p+u-. "ooE
a4
e Finally, take the distribution for 4.15 < Ecm < 4.30 GeV  3f
and separate the yj for J =0, 1, and 2 by choosing a3
the v that minimizes AMj = | M(2J/1)) — Mppc(¥ey) |- 1: | _ LRt J 1
$357 340 345 850 855 360

Also require AMo < 25 MeV/c2 and AM > < 20 MeV/c2. *%®

M(y, Jp) [GeVic’lq



Events / 5 MeV/c? Events / 5 MeV/c?

Events / 5 MeV/c?

Observation of X(3872)=>n x4
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* Find a clear X(3872) signal (5.20) for m¥yc1,
and no signal for J =0 or 2.
R;=BX — 7%, / B(X — - J/)):
Ro <19 (90% U.L))
Ry =0.88+031 4, +0.14
R><1.0(90% U.L))
3.2%[PDG]< B(X(3872) » ntn™ J/Y) < 6.4%
Then we have:
B(X(3872) = ¥y .1)~(3-6)%
* The large value for R; disfavors the
%c1(2P) interpretation of the X(3872).

» [Dubynskiy, Voloshin, PRD 77, 014013 (2008)]
4 l\ Loosely D°D* bound state ?

Mixture of excited y.; and DD’
bound state?

Tetraquark state ? 18



X(5568) —

puzzle

 DPossible tetraquark candidate of four different quarks : “Ew ——
* Seen by D0 with 4.8 ¢ significance S + =
+0.9 ' -
m = 5567.8 + 2.9 (Sta.t) Lo (syst) MeV/c? saf Ji- 1 fRL 117, 022003
+ s 20 E
[ =21.9 + 6.4 (stat) 752 (syst) MeV/c? * ;
2507~ » ‘ . (a) ; 300— LHCb BO > 10 GeV .Claimed X(5568) state —|
If confirmed, would g """ 1PT et 2 orlBs) Wowsimois
: : > =0 . -
be unique with 4 = PRL120,202006 I Wi 10990‘; :
: @ 150 - - - i ' =
different flavors @ - A Lhpdd s
% 100 S 150 1t + LR H'} 3
o L O C 7
z = 100 3
%0 % - -
T ! ! ! ! % > E
0 55 56 565 57 575 58 585 59 © B
m(Bos ni) [GeV/Cz] 0 5550 5600 5650 5700 5750 5800 5850 5900 5950 6000
0.
CDF CMS ATLAS m(Bgm*) (MeV)
% 120 o 197 (8 TeV) - ———— : -
> PRL 120, 202006 B goof @ H g S F
= 100 B? signal region u§> C g 100 A
% 80 » 600 S SR ]
: wﬁ%ﬁﬁlﬂ*ﬂﬂuﬁf g =t A PRL 120, 202007
3 60 G 400 { Data 200F- ' ATLAS - =
E 40 B! sideband regions S [ — Fit 5 :: ;;:z ngsmfb" R —E
_— o PRL 120, 202005 RS
2.5 5,[3/ 58 59 < ;33, o E L
M(Bs Tti) GeV/c? WA(BOn-) G eV] 5600 5700 . ’\’5:\5)13



Candidates/10 MeV/c?

The Story of X(4140)—(2009-2011)

PRL102, 242002 (2009)
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CDF (2009) found evidence of Y(4140), now called X(4140)
Belle (2010) cannot confirm or deny the existence of X(4140)

LHCDb(2011) confirms neither of the structures, 2.4sigma disagreement with CDF

Belle found evidence of X(4350) in ¥ process

Entries/25 MeV/c

Belle

PRL104, 112004 (2010)

4.4 4.6 4.8 50
M(0JAy) (GeV/c?)
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N(B*) / 20 MeV

Events / 0.003 GeV/c?

CMS, \s 7TeV, L 52fb1

The Story of X(4140)— (201 2-201 6)

' -1 ©
CMS igjéﬁagnd . : & [ D@ Run I, 10.4 b +II3aItIaFt(c) S
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P ;+ e e T @ 20~ | l ' )
P e " |
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. . . 0b TR 742 43 42 45 46 47 i
11 1.2 1.3 1.4 1.5 42 43 . 44 45 m (GeV/cz)
Am [GeV] M(J/yK'K') (GeV) ye
’ PRL118:022003 (2017)
> 2 o0k ARARLRARE T 2
E c - 12 F
4.2; « BES g . S * LHCb+ LHCb
s5E  PRD91,032002 (2015) L 1000 se¥ 4 3 10of _ |
S 800L 4 DORunll, 104" Preliminary J = F
43 F /7 4 DataLxy>0.025 cm 1 & %F
25¢ 600 7 —Fit ] 60F
2F I Ff -+ Signal DO ] :
15F 400? g ] 40-
TE - -~ Background (f) ] -
0;-‘ Bk 200 PRL115 232?01 (20115 20f _
%{ 415 4L2 . 4:25 v 4|35 T 0™ 4 15 4 2 425 43 4.35 4. 4 0-4|002 .4 4500 4600 ";117/(;?0 [ﬁ;g{)/]
M(6 Jhy) (GeV/c?) M(J/y ¢) [GeV]

CMS, DO, LHCD finally confirm the existence of X(4140) with >5sigma significance
LHCDb also confirms the existence of Y(4274) with >5sigma significance
LHCDb found two more structures: X(4500) & X(4700) 21
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Search for X355

Motivation:

*  bbbb tetraquark below the 1,7, threshold (18.8 GeV/c?) may be found decaying to Y™y~
* Predictions: (Karliner et al., PRD 95 034011)

* (cross section x BR) expected at the level ~4 fb, width ~1.2 MeV

CMS has observed double upsilons
(JHEP 1705 013 (2017)
should check mass spectrum?

Analysis:

 Data sample: 6 fb~1,2011-2017(!) data

* Y(1S5) - utu~ used as normalization

* Resolution extracted from MC, ~ 65 MeV

« Upper limits as a function of inv. mass a(X) = o(pp = Xppp5)
PP B(X) = 0(Xpp55 — Y (1))

B(Y(15)) = B(Y(1S) — up)

Candidates / (100 MeV/c?)

MpMb Y(15)Y(15)

24
22F
20
18 E

YT

LLHCb : LHCb

vs=7,8,13TeV

6.3 fb1

n

MIulix_iI.dllumm ...'.:.::::..:155

20000 22000 24000 26000
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16000 18000

No significant signal, upper limit for mass range 17.5—20.0 GeV /c?

o(X) x B(X) x B(Y(1S)) [fb]

10>

10 F

6.3 fb~1

Vs=7,8,13 TeV

Obs. 95% CL limit
"""" Exp. 95% CL limit, median

- Exp. (68.3%)

Exp. (95.6%) —

17500

——t
18000

——d
18500

719500 20000
. [MeV/e?)

PRRTR SR
19000
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The Y states

measurements of more final states for the

Y and y states

> %
</Oh
e + BELLE
Y

C

e C
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Entries/20 MeV/c?

Belle: PRL99,142002, 670/fb
BaBar: PRD89, 111103, 520/fb

The Y states

Events / (0.020 GeV/c?)

8, T VU U U o
i B A % 18F-(a) y(2S) » Iyr'w 3
: > 16 ¢ BABAR 3
: 10° g 143— 112 events (520 fb™") _E
10° > :’:) 12F __|Belle =
80 * 10 ] \"f:"f q""'ﬁ’*'\n'ﬂf"\'! LI>J 105— 110 events (673 fb™) _f
60:_ 35””4'1“”4I5“”é””55 85— _E
20 E PRL110,252002 6?— —i
I | 967/fb 4E ‘ —
20 t 200 | -
e Wil iy bl
% 4 52 54
: m(y(2S)n 1) (GeV/c?)
80) [t - |
= ] 40 D PRL101,172001
E E ; Nl 695/
60 F \ PRD86,051102 7 30
50 5_ 454/fb _§ 0L
;_ _g 10;_ """ F +++ ++
p E N A T T |HJ
_} . 91.5 46 47 48 49 5 51 5 2 53 5.4
38 42 44 46 48 5 52 54 I M(AC AC)

mJAyT ) (GeV/ic?)
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= Search for Y(4660) and its spin part in

BT - KTA} A7 at Belle

* Belle reported a structure, called X(4630), in the AL A7 invariant mass
distribution in ete™ = y;cpATAZ  PRL 101, 172001

* Also, some theory explained that Y (4660) has a large partial decay width
to A¥ A7 and it’s spin partner Y(4616) is predicted. PRD 82, 094008; PRL102,

<o

242004
EPJC 78, 252 (2018)

~. 30r ~. 30r C
XS - - Data Q0 - —~Data - Y
%_) 25 :_ (a) _Tf)tal Fit %_) 25 :_ (b) _T,Otal Fit Particles and Fields
= S Fitted Bkg s T Fitted Bkg
o 20F Sideband o Sideband
@ 15) P
E C C
2 1of 2 +
L - L

5f

0 ! P I TR TR T TR N R N

46 465 47 475 . 47 475
M. (GeV/c?) M. (GeV/c?)

* No Y(4660) and its spin partner ¥;) were observed. in the AY A7 invariant mass
distribution

*  90% C.L. upper limits of B¥ = K*Y(4660) - K*A{A; and B —» K'Y, —
KYAYAL are 1.2x10"% and 2.0x10™%. 25



BESIT ete =2mtn~J/w cross section

PRL118, 092001 (2017)

100 150 I
3 oofF + XYZgata BESTI = —+ Scagata BESTT
§ ot 2 T
2 gl --Fitll 8.2 fb 2 Tt
R i 19 points R
T aof T sof
()] - ) i
© \i ; : ‘ K
5 | 5 |

: N 1 " N " | N " " 1 " N L 1 N N " 1 L 0 B
038 4 4.2 4.4 4.6

Vs (GeV)

» Most precise cross section measurment to date from BESII|
> Fit | =|BW;+BW,*ei®2+BW;*ei®3|2 or Fit Il =| exp+BW,*ei?2+BW3*e?3|2 (other fits ruled out)

»M=4222.01t3.1+1.4 MeV (lower)
»[=44.11+4.3+2.0 MeV (narrower)

» A 2nd resonance Y, with M=4320.0110.4 7.0 MeV/c?

» Observed for the first time, significance > 7.6c
26



Y(4260)-)Y(4220) What is it?

c

SO o BESIIL: R-scan data sample
F  =BESIII: XYZ data sample

§. 200 :— —Fit curve: Total

= [ -- Fit curve: Y(4220)

2 150 .

g - Fit curve: Y(4390) [ [

@ E

2 100F w|

8 C | |‘

F 131

= S0 i |1

Z 0k Tk

L ’
-50F

39 40 41 4.2

43 44 45 4.6

Vs (GeV)

100
8 wf g
= i = 100
> 60 > I
= i g
+l-'2 [ +.= i
1o T s0f
(0] - ) |
* - + L
L 20} ) L
© [ (o] L
L o L
O 1 1 1 1 1
3.8 4 4.2 4.4 46
Vs (GeV)
100; g 120
8ot = 100F
— c S .
g 60 E _§ 80 :_
& A0F 0 60f 9
3 r 2 -
J20f 3 40 | A
o L O 7
v C 20F
20F 0 =
4oL —2% T
415 4.2 4.25 4.3 435 4.4 4.45 45 0 .

Y (4220) appeared in wy o, 1T/,
ntn~y' , ntnh,, D’D*
Mass~4220 MeV, Width~ 60 MeV'!

= BESII ] 1000

200

- Belle _: -
-= BaBar 800~
- — :
2 600
¢ L
G400

\s (GeV)

ok

III|III|III1‘-III|III

1 ‘ I 413
Is(GeV) . E

I
b
W
L
I
o)

\/ D D molecule?

(4S) state?
/ D.*D.* molecule?

vy Molecule?

=» More data and more
theoretical work needed
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The £, states
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Events / 0.02 GeV/c?

Events / 0.01 GeV/c?

Observation of Zc(3900)

PRL110, 252002 (2013)

70
60
50

40f
30F
20T
10/
N

100f

N B (o)) (0]
o o o o
T T T T T T T T T T T

o

PRL110, 252001 (2013)

+ data
— Fit
— Background

---- PHSP MC

37 38 39 4 4.1

Mpax(J/W) (GeV/c?)

—4- Data

— Total fit

---- Background fit

-.= PHSP MC

3.7 3.8 3.9 4.0

Mo (/) (GeV/c?)

Counmts/10 MeV

40

35

30

235

20

15

10

- ¢ Data
~ .-« Phase Space
— Fit

b —

M(Z'(3900))=3884.6:4.6 MeV

81+20events

Moax(79/V) (MeV)

M = 3899.0+3.6+4.9 MeV

I = 46+10+20 MeV
307 + 48 events

 >8c
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BESIT Spin-parity of Z,(3900)

PRL 119, 072001 (2017) * Asymmetric line

R nn S-wave J/ E 400 ;_ e TT S-wave J/
% 300;— e fi(li270)l/ilw + (a) % 3502_ Zl°%£270)1.-/\]yw (b) Shape
c(?l 2502— i 2 } 8 3002— o
S wE 4.23 GeV S o « JP=1+ preferred
o 1 1092/pb =
= 2 over 0O-, 1-, 2-, 2+
T Z 10

50— ul
- Y. . by at least 7.

02 0.4 0.6 08 1.0 )2 L EEY 3.6 38 40 '""22'.2

m,..- (GeV/c) My (GeV/cY) Sj f (£ (980)
- Significant f,

R 180F° e T S-wave Jy NQ 2005_ ——- TnS-wave J/y . .
S wF Ll say o | 3% A @ contribution
B UoE e ZT @ 160F
N 1202— o i’jg;:
S 4.26 GeV S o - nr D-wave
E 60F CIQ 60F f t I
§ ot =0 " raction increases
w20 . > b W e DR T

%2 12 G2 s 36 38 10 42 as Ecm INCreases

M., (GeV/c?) m, . . (GeV/c)
May any model calculate the s-dependent Dalitz plot?

[large data samples at 4.18-4.28 every 0.01 GeV, 4.36, and 4.42 GeV] 30



BESIL  gearch for Z.—> PN

* Search for new decay mode of Z(3900) and Z.(4020)

* The ratios of Zg') — pn.to Zg') - 1J /Y (mh,) may
discriminate the tetra-quark and molecule models.

100

100/

Dynamical Z. tetraq. Type-| —
Molecular Zc. — |

namical Z'. tetraq. (type indep.) — |

Molecular Z'c — |

L1072 | N 102
1074 /\ 10~
Y T n 1 100 100 1000 1010105 102 ol 1 10 100
Rz Rz
p - B> pne) p — B = pnd)
" B(Z. - nj/Y) “ B(Z; - mh,)

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

Type II tetraquark model:

neglect the spin—spin interaction outside the diquarks 31



BESII

preliminary

Evidence for Z.— pn_.

e ete” >t n'n,
* 1.—9 hadronic

decays

Decay mode BR
N— PP ~0.13%
N — 2(K*K") ~0.15%
N — m'n KK~ ~1.50%
n. — K'Kn° ~1.20%
N — ppn’ ~0.18%
N — KgKn ~1.80%
Ne — TN ~1.60%
ne — KK™m ~0.57%
N — ©' om0 ~2.40%

Events / 10 ( MeV/

» Strong evidence foree—nZ,., Z, >
pn,at+/s =4.23,

240156 events

statistical significance is 4.30.

e ¢'e—nZ.Z, - pn, notseen
21x13 events (10)

= = Background
[ sideband

preliminary

+++

3.8 3.9 4
MRecoiI nt (GeV/ Cz)

Events / 10 ( MeV/c?)

60
50

20
10

i

E Ny = 240 + 56
E N,z 21413
E 2IDOF = 33.7133
40F

30F

preliminary

0
A0F
20E

T

|

-305....|....|.....
37 38 39 4

|v‘RecoiI i (GGV/ Cz)

ece—nl., Z. - pn.@4.23 GeV 32



BESIL  Evidence for Z.— pn,  Pemnev

« Measure Born cross section at 4.23 GeV:
dB8ete” >t n,)=(46+124+10)pb
cBlete —>nZ.,Z. > pn.) =47+ 11 £ 11) pb

Vs =4.23GeV /s = 4.26 GeV /s = 4.36 GeV |Tetra-quarks-I Tetra-quarks-II Molecule

Rz, (s000)| 21%+0.8 <64 2301330 0277019 0.04675523
Ry, (4020) <1.9 <1.2 < 1.0 6.6125° 0.01070508
I —

Also calculations predict

Dynamical Z. tetraq.Type-l — Aamidal Z'« tetraq. (type indep.) —

weawz. —  very different values:

R =10-3~102!

P o arX1v:1806.05651
| ® ® arXiv:1512.01938

g, = Bl =P g, = BZ:>p1)  pRD 91, 034032 (2015)
Bz > m/¥) B(Zc = mhe)  pRD 90, 054006 (2014)

A.Esposito et al, Phys. Lett. B 746, 194 (2015)
EPJC 73, 2561 (2013)

Molecular Zc. —
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Search for the Z_."(3900) production in Hy
decays via the following decays:

Production of Z_*(3900) in b-hadron Decays

\ob

Hy, — Y (4260) + anything
Y (4260) — Z.%*(3900)n*
Y(4260) Z, Z.%(3900) — J/yn=
where Hy is any b-flavored hadron
- arXiv:1807.00183 R ———
m = 200 DO Run I, 10.4 fb' 3
. £ b) DO Run II, 10.4 ' S 180 vz RESTT =
- 196 TeV % 160 ¥ % 80;‘ —Fit 3
3 F 2 140F e
= F 460 - 120F- s
5 [ [a2<muyrm<azscey ] 100 s UF
E s ¢ DATA ‘ 80;_ 0
@ 40: — Full fit 60;—
| 40;—+ +
2 20F :
ST NN Py TSN e N R ¥ ¥ ¥ ¥
e [GeV] A m(J/ymn) [GeV]
M = 3895.0 5.2 (stat)™0_, ; (syst) MeV Y (4260)
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Observation of Z_(4020)*

BESIIl: PRL111, 242001

U 120f
>
f 100F Simultaneous fit to
S sof 4.23/4.26/4.36 GeV data,
Z 60% ! 16 1, decay modes. 8.9
" a0 Wk | M(Z,(4020)) =

20- 4022.9+0.8+2.7 MeV;

gy v ey 125 [(£4(4020)) =

Mo (GeVIe) 7.942.7+2.6 MeV

o(e’e> nZ.27n'wh,):
8.7£1.9+2.8+1.4 pb @ 4.230 GeV

7.4£1.7+2.1:1.2 pb @ 4.260 GeV
10.3+2.3£3.1+1.6 pb @ 4.360 GeV

Close to D*D* threshold

Significance: 8.9c [Z.(4020)]
No significant Z(3900) (2.10)

35



BESIL Z.ine‘e— tiny’ ?
PRD 96, 032004 (2017)

* A prominent narrow structure is observed in my(3686)
mass spectrum for data at \/s = 4.416 GeV.

« An S-wave Breit-Wigner fit function is performed on the
Dalitz plot of M?(nt*1(3686)) versus M?(n~{(3686))
p-q/c N p-q/c
(M} — )2 + M} - T2/c* " (M} —y) + M%-T%/c*
 The fit yields a mass of M=4032.1+2.4 MeV/c? and a
width of '=26.1+5.3 MeV, with a significance of 9.20

_Stat. err. ONLY!

N
o

(\5 - :E E g\"o‘ our -
= I Q wf + }-
R 10 g'00¢ S N
£ St ot 1 S it T
> 5 ..g 50- ++ +++ +'}'++ +++ E 20_—+++ - 1 1
g | S byt
AT SR > SRS ST --eoeee
= = g 035 6 182 W 002" 03 04

ME(y(3686)1) (GeV/c?? W<“*W<3686 (GeVic’y Mr'r <eewc2>2

Different behavior between high and low M (7" 7 ™)! 36



A toy fit by Alex Bondar @ Charm2018
Toy Fit of BESIII data at 4.416 GeV

vvvvvvvvvvvvvvvvvvvvvvvvvv
= : Wi a0 al« 35 40ev® ook 15 40ev e Wy _-«
5 v 6 © {v =
~ - ~ 1~
& b > 7 4=
] F o 40 -;
4 =k x 1* w0
s Suf I
~ : ~ L s
3 :F - i3 %
. nE .~
g F + R EE
E!o:- é'n— -'é"
n: 1 1 1 . 0 0
2 B 02 03 04 05 08, 07 o 02 o3 0‘ 05 06, 07 08 02 03 u 05 06 _ 07 o8
Nix'2'), (Gev/c') W(z'x), (Gev/e') Nir'm), (GeV/c)
B e 7 80 preer
1 = 165G " nf:r L 17 4w e W iyids)
teb O °“’"10
~MNpF - -
> 4 .
3 -3 3
1= wE
g“ "2 b
A 4 A " A A A ~ ~
o w ok
15 16 17 g 15
§ §i
M?(y(3686)%) (G V/22 & F fasf
Ul ) (GeV/c e 1="F
L
ok

H .
02 0.3 04 0s 0‘1 07 08 02 03 04 0s 08 07 s
N(x'n"), (Gav/e®) N(n'z"), {(Gav/c')

2 Toy Fit Results:

M, = 4019 * 1.9 MeV/c?

&k : ] I,= 29+ 4 MeV

? 03; )J(?wzs%x). :Té-wc"‘: ;: . :l:vlzsil llcovl &f * Fit FraCtion 12 1 3.70A)

= P + £y ; Probably this is a new
B S w1 i i Zc(4020) decay mode.

M(y(28ix), (GeV/c’) M(y(28)w), (Gev/c®) Miy(28)x}, (Gev/c®)



X, Y, Z particles are correlated

Whatever they are, they are very similar.

Molecule”? Compact tetraquark? Kinematic effect?

Y(4220)

X(3872) ? Z.(3900)
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Upgrade and Prospects
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PO BEPCII Upgrade

* Increase of beam energy
— Epeam=2.3022.35>2.45 GeV
— Plan:
« Getto 2.35 GeVin 2019
* Getto 2.45 GeV in 2020-21, change ISPB (Interaction
region SePtum Bending) magnet, big challenge
* Top-up injection

— Data taking efficiency increases by 20~30%
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SuperKEKB B

y=/=aN=
Expected data sample @ full luminosity 70:
“F  Goal of Belle I1/SuperKEKB
Channel | Belle BaBar  Belle II (per year) 50f -
BB L |77* 10° 48x10°  11x107 Z 40£-2018.4. start of the collisions
*) (% 6 _ 8 !' .
Bs Bs " | 7.0 x10 60x10°  E® ,F 5019 physics running
T(1S) |1.0x 108 1.8 x 101 g N3
T(28) | 1.7x10® 0.9 x 107 7.0 x 1010 :
T(3S) |1.0x107 1.0x 108 3.7 x 1010 10E- 2 ovelraonth
T(55) | 3.6x 107 — 3.0 x 10° mssgi_““"“" S S SRS S S
T 1.0 x 10° 0.6 x 10° 1.0 x 1010 g oF
* assuming 100% running at each energy .E; af-
T — ————— i 5 25—
X103 pror——riEi,Fouk Liminoslty z ?)I S I I I I B
[ ; ss 2017 2018 2019 2020 2021 2022 2023 2024 2025
20— : F —
: : . Calendar Year
L : > K] ] .
s i {ﬂ}‘)) 1 o Assumptions:
S /’ | - same commission time to reach design lum. as KEKB
T 7 1 - 9 months/year running
i S : .
T 00— 006 —— 008 —— T - 20 daYS/month
— year

3.85 years

The target integrated luminosity will be 50-100 ab!

a1



LHCDb upgrade

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
LHCb Current — Upgrade | —— Upgrade I—»

Integrated Recorded Luminosity (1/fb)

= e 2018(6.5TeV):0.74 /b 22 -
| o evesesmmecon | 2012 4 W 1o 8
3 e 2016(6.5TeV): 1.67 /0 : ﬁ:’ 20 300 ;
E 2015 (6.5 TeV): 0.33 /o ESSRRTRE . SR R R A 3
= e 2012(.0TeV):2.08/0 2016 / 2017 = 18 . §
- o 2011(35TeV: 111/ E— S ST —%50 £
= LT (UL | D i 3
':'_ e - 125 v~ o~ ) - 8
= 2011 x 2 2] 2] 1 @
=2 2 104 —150 £
EXUR S SN ol V> 4 - 8 :
sl P 6 - b
- )€ =
e i s LI L e R o o I= . ) 0

* 2010 2015 2020 2025 2030 2035

Month of vear

LHC era HL-LHC era

Run1 Run 2 Run 3 Run 4 Run 5+
(2010-12) (2015-18) (2021-24) (2027-30) (2031+)
3 frt 6 bt >300 fb 2

Phase-1 Phase-1b Phase-2
Upgrade!! Upgrade!? Upgrade??

Now.....End of Upgrade la (23 fb-1).....End of Upgrade Il (300 fb-1)
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Summary

Lots of progress in the study of exotic states at
experiments

Some new (charm-)baryons were found recently
(see backup)

More experimental and theoretical efforts are
needed to understand heavy flavor spectroscopy

BESIII, Belle Il, LHC, ... will take more data and
continue the study

Thanks a Lot!
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Baryon Spectroscopy
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* Only one excited (2~ states, 2(2250), was confirmed until now.

Observation of an excited - baryon
B

D

<O

* The evidence for two other states of {2~ were reported.

Observation 27 (2012) with a significance of 8.3 in Y(1,2,3S) data
-M = (2012.4 + 0.7 + 0.6) MeV/c2& I' = (6.4122 + 1.6)MeV

Combinations/2.5 MeV/c?

Combinations/2.5 MeV/c?

160
140
120
100

80 15

60
40
20

350
300

200

=07(2012 (a)
3 ( ) 20 + K-

ik o TS
— arXiv:1805.09384

= .. AcceptedbyPRL

A measurement of the three-body decay,
e.g., (U(2012) —» =EmK, is crucial to identify
the nature of this hyperon.

Y. H. Lin and B. S. Zou, arXiv:1807.00997
M. V. Polyakov, arXiv:1806.04427

M. P. Vulderrama, arXiv:1807.00718 45



distribution in e*e™ - y;cpATAZ

£:.(2930)° in Bt - K*Af A,

« Belle reported a structure, called X(4630), in the A A7 invariant mass

PRL 101, 172001

 BarBar once studied B* -» K*Af A7 and found two small peaks in
M \+3- spectrum and a vague structure named E,(2930) is seen in the

distribution of Mg 5 . Larger data 1s needed to verify them. PRD 77,
031101

Also, some theory explained that Y(4660) has a large partial decay width
to AT A7 and it’s isospin partner Y(4616) is predicted. PRD 82, 094008;
PRL102, 242004

c(nb)

0r
45 46 47 48 49 5 51 52 53 54

0.6 —
0.4

0.2

—

| PRL 101, 17200

| Lo by b AT BTN

M(AL AY) GeV/c?

Events/(10 MeV/c?)

—_— e — e PO

SO P N0 B~ N O

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

awdi PRI PRI PRI RRTI RATE PRRENARA PARA PARANY

QT[T [TT T[T [TIT[TA T [TIT [T [TIT[TToI[T

Lot ] Aot O el , T

28 285 29 295 3
m(A} K) (GeV/c?)

uuuuuuuuuuuuuuuuuuuuuuuu

TRD71f3H0Mﬁ

TIT [T T [TTT[TTT[TTT[TTITI[T

2

465 47 475 48
m(A! &) (GeV/c?)
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Observation of £.(2930)° in Bt - KtA} A; at Belle

Eur. Phys. J. C78, 252 (2018)

M. = \/Egeam — p 2 — beam-constrained mass
% 70F C
§ - — Data o 30F ——Dpaa
g 60t B § - _Ig:: Fn::n= (2930) Bk
o 50 —-- Background [0)) 255 PnaseSpa_tc:e ?
— s = oL Sideband
g A0E o [ == Generlc MC
: < 15F
I.% 0k 2 i
g C  10F
20% © T R E S S
10_ - 5—_ h et T emey
:1 TN TN T I TR TR T T SN SN TR T S N1 lpi1g1 31313 0— A '.! . :.—:"-i-.h'.l L .-ll E-':-T.-:-.:--:._-h?.n >
§25 526 527 528 529 53 28 28 29 205 3
M,. (GeV/c?) My, (GeV/c?)
153+14 B decay signal events. =.(2930)°—A_*K- 61+16 events

BF(B+—>AC+AC'K+) :(4.80i0.431'0.68)x1 04 51c significance
Clear confirmation for the BaBar claim, PRD77,031101(2008) and much

more precise M=2928.9+3.0 +0.8/-12.0 MeV, ' =19.5+8.4 +5.4/-7.9 MeV

@ =.(2930)° = csd is the first charmed-strange baryon established in B
decay. a7



Evidence of charged =£.(2930) in B® - K°A} A
arXiv:1806.09182
® Based on full Y(4S) data set (772 M BB pairs) at Belle

® Three A, decay channels:
Af > pK nt, AT - pK,(nTn™)and A} - A(pn™)nt. BES
® B candidates extracted via 2D fit to M, and AMp

N o F
o I Q 15 e T e T |
S [ —Data S Y| —Data P L o
B ) 5 —_— o ! : i * i
é’ 15:— = Total Fit (a) s i = Total Fit (b) C\.l8 N ... __________ _.,
N : == Background S 10_— =+ Background > 2.3 parmeny o0l e
~ 10 i ) I 21 ol
@ 2 | O et s WL
cC L g 5-_ + | '...‘0...,.......! 0. L] '........5......!
i ][ : Jf §<Q TR s
W LRl AT - 2.251- .
0 UL LT ... N LLLLI 0‘]"‘ YT b CTITTTT se . * ...E__:___,___,___;
525 526 527 528 529 53 “004 002 0 002 004 S5 23
M, (GeV/c) AMpg =M — mp M. (GeV/c?)

@ Quite clear AfA; signals and B° signals.
o N¥¢ = 34.9 + 6.6 with a statistical signal significance above 8.3
o B(B° — KOAfA;) = (3.844+0.73+0.48) x 10—4
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Evidence of charged =£.(2930) in B® - K°A}f A

® Charged £.(2930) extracted by fitting Myo,_

K 95 B NO - —e— Data
RIS D < | — Reflection+PHSP+Sideband
N - () MC % ~ ... PHSP + Sideband
o) C EES - = 15F..... Sideband
G 9r kit Data - — Total Fit
o i o - Sideband T
> L . i _ 10F
S g5l ° 7 4 1¢
- % = —
L C C
L ()} r
8k TS
: z STN B
- E cL L T D - N
T B R B 0 ...|%.1 ! T B
8 8.5 9 9.5 . 2.85 2. 9 2 95 3
M - (GeV/c?) . (GeV/c?)

Q N::t = 21.2 £ 4.6, stat. significance 4.1¢

O M+ po5 = 29423+ 4.4+ 1.6 MeV/c”
@ M_t pgqp = 14.8:8.8+£7.1 MeV

+ (2930)
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Exicted (). at LHCb and Belle

Candidates / (1 MeV)

PRL118, 182001(2017) PRD97, 051102 (2018)
L B AL IR
| - ey @
- <O
p) | . BELLE
" | BB Y ' {
o1l e, S L
o ..”.' A 5' b 20
“5 B o ®
40
i '3; 3 || l [ | ]
2 o e Gl ”ull vy
- g o |'.._|lg,,.'!‘ .;"- ..:| %! "Ws? "'I‘ I f']. ' w ., .Iq
073000 3100 3200 3300 & NN
m(Z:K") [MeV] Wrong-sign combination

> Narrow states i ‘EC sideband events
(+ possibly one wide one) 2 ’ + |

10 ” “
I| |L'|'| |I|||":;I..I| |||I'| ||||,, ol | Bl |
' ' |"|' ||' I " ‘ iy 'Ilil T ||"I N I"‘||i"'| |l||'.I| ;: w
‘|

Four narrow states out of five M-t S T
: M(E;K) (GeVic?)
reported from LHCb confirmed.
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Observation of a new =,

« Hadronic A} — A}
Resolution: 2 MeV
— M=6226.91+2.0 £ 0.3 + 0.2 MeV
— I'=18.1+54+ 1.8 MeV

x Semileptonic (SL)
A = AFu=Xv,
o Resolution: ~18 MeV
o Yields ~15 larger

m Semileptonic (SL)

=0 o+~ Y

Many states are predicted at ~6230

MeV To distinguish them further
information needed (c.g. J*, B)

state

arXiv:1805.09418, submitted to PRL

w
(=3
O

Candidates / [10 MeV/c?]

n
(=3
S

T T

o
S
T L —

- LHCb — Fullft
\f_-7 8TeV — & = AAT K
Combinatorial

" LHCb
- s=13

400~

200

— Fullfit ]
TeV — &> Ag(—{A;n')K
Combinatorial

b, ohd 4

L. . P R
500 600 700 800 900

L L \ L
500 600 700 800 900

L
600 700 800 900

500
M(AZK) - M(AF) [MeVi/c?] M(AZK) - M(AD) [MeV/c]

% [LHCb — Fullfit LHCb — Fgum 0
3 Vs=78TeV —E - AANXK|  [{s=13TeV — & — AANXK
S 1500+ Combinatorial Combmatonal
X L 2000
© 1000
k] L
o L I .
§ r 1000~
8§ oI .

5007

ool B, | n_o
600 700 800 900

100

500
M(AK) - M(AS) [MeV/c?] M(AK) - M(AD) [MeV/c?]
% [LHCb —Fullit ] 40-LHCb —Fyllflt
> 00-(5=78TeV — & - E-EN X Vs=13TeV — & - E)-Eu X
s | Combinatorial Combinatorial
g 300_—
P 200 i
3 200-
kel
5 i
[
O 100

W0 60 800
M(ENT) - M(E]) [MeV/c?]

a0 800 80

M(ElT) - M(ED) [MeVic?]

s

7.9c

2bc

9.2c
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Observation of =

+at LHCDb

e

e Decay: Z}" - ATK n* ™, B could be

as large as 10% [Yu et al., CPC 42 (2018) 051001]
« LHCbrunlIlat+/s = 13 TeV, ~1.7 {b’!

L
- LHCb 13 TeV

160 —5
Siep 313 + 33,
T 10E _ Total 120
5 120 E e Signal
£ 100F ---Background
o
"g 80
S 60
40 } - .
20 —PRL 119 (2017) 112001 3
0 3500 3600 3700 —

m, (55 [MeV/c?]

- K ntntAf (- pK—nt)

m(Z}) = 3621.40% 0.72 + 0.27
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Belle |l vs. BESII|

ISR produces events at all CM energies BESIII can reach
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BESIL e*e~ » w*tDOD* +c.c.

« Reconstruct DY - K™t

» Select the combination closest to DY mass (m(D"))

« Find an additional t*;

¢ 1.9 <M(D*) (RM(D’n*) + M(DY) — m(D?)) < 2.1 GeV/c*
+ select the candidate closest to D"~ mass

R I T e
 An un-binned maximum likelihood fit D 5 00: Preliminary
 Signal shape: MC convolved with a >

Gaussian; i 200F
* The isospin partner background (dotted %

line) is parameterized with MC; r_% 100 P !
* A linear function for other bkg T 4"

¥s 1.95 2 2.05 2.1

| RM(D0n+)+M(D°)—m(DO)(GeV/cé)S '



BESIL  Fit to the dressed Xsection of
ete™ > ntDD* +c.c.

Nobs | = | »

Taress = (1 4 6M)B(DO = K-n)e “aress(™) = le- VP(m) + € By(m) #\7) + e By(m) p(% ’
1000_] | | I | | | | I | | | | I | | | | | | | | | | | | | | | |
soo— Preliminary -
8 600 k L 1
G400 S L S
_ | k ‘ _
200— { ' ' T at?" _
B vl -
0._.| -+ -1 ..'..'l.'i'l---'i ---------- I R N BT T T T

4.1 42 45 4.6

Fit with a constant (pink dashed triple-dot line) and two constant width relativistic

BW functions ( and ). 56



SCOII Resonant parameters

Parameters Solutionl Solutionll SolutionlIl SolutionlV

¢ (10_4) 55:1:06 The error are statistical only.
My (MeV/c?) 4224.84+5.6 -

Ty (MeV) 79 340 1 Preliminary
Mo (MeV/c?) 4400.149.3

[y (MeV) 181.7416.9

s (eV) 6294115 7.241.8 81.6+15.9 9.3+2.7
I's (eV)  88.5415.8 55.348.7 551.9485.3 344.9470.6

D1 -2.1£0.1  2.840.3 -0.9£0.1  -2.3£0.2
D2 1.9+0.3  2.3£0.2 2.3£0.1 -1.940.1

» Statistical significance is greater than 10c.

> Consistent with those of Y(4220) and Y(4390) ine*te™ » n¥n ™ h,.
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SCOIL e*e'— n'nh(1P)

* h.—yM., N —>hadrons [16 exclusive decay modes]
o pp, Tt KK, wtrpp, 2(K*KY), 2(n*r), 3(n*n)
o 2(n*m)K*K-, KPK*r+c.c., KK nntn+c.c., K'Kn0
o ppn?, K*Km, n*nn, n*nnrx0, 2(n*n)n, 2(n*mnd)

50

160 —
E..=4.415 GeV1 : E..=4.415 GeV
140
3.1 40 < Tk
. > 1200
§ 30 é 100
[<5] L
S 39 S s0F
= 20 I -
= 2 60
29 o & w0
20F
2§ 0 :I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
48 350 352 354 356 358 3.60 39,43 3.50 3.52 3.54 3.56 3.58 3.60
M,, (GeV/c?) M,, (GeV/c?)

Method same as in PRL111, 242001 (2013) «g



BESII e*e">m'nh_ cross section

PRL118, 092002 (2017)

250 .« BESIII: R-scan data sample BeSIT
_ - = BESIII: XYZ data sample 6 fh-1
@ 200 :_ —Fit curve: Total
= ~  -- Fit curve: Y(4220) *
S 150 . !
*g — - Fit curve: Y(4390)
P - .
2 100 1 ]
5 n [ ®
= 50 l 1) P‘j’\
<5} T . Aa e NS *
7 n ' ' 3 ¢l 'k
) u B¢ I T o
o %El.| [
g O = I T
- Lol
-501- o
| I L1 11 I L1 1 1 I 111 I L1 11 I L1 1 1l I L1 1 1l L1 1 1 I | -

39 40 41 42 43 44 45 4.6

» First precise cross section measurement from threshold to 4.6 GeV

> Fit with |BW;+BW,*e%?|2 , two resonant structures are evident -



BESII e*e">m'nh_ cross section

PRL118, 092002 (2017)

250 o BESIII: R-scan data sample BGS]]I
_ - = BESIII: XYZ data sample 6 fh-1
'§.. 200 :_ —Fit curve: Total
= - Fit curve: Y(4220)
S 150 :
*g ~ - Fit curve: Y(4390)
72 —
2 100
E n
o —
= S0
o
a u
& [ =
g U
50

> M,=4218.4*55, .+0.9 MeV/c2, T',= 66.023,,+0.4 MeV - Y(4220)
> M2=4391.5+6'3_6.8i 1.0 MEV/CZ, F2=139.5+16'2_20_6i0.6 MeV 9 Y(4390) 60



BESIT Improvement of e*e— n*ny’

PRD 96, 032004 (2017)

 Data samples:

— 16 energy points from 1/s=4.008 to 4.600 GeV.
— The total integrated luminosity (L.,) is 5.1 fb".

* Reconstructed modes:
Mode I: Y(3686)2>n ]/, J/y=21"T (I=e/pn)
Mode Il: Y(3686)2neutrals+l/y,
neutrals=(n’n’, n°, n and yy) Jy=21T (I=e/p)
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BESIL  signals at Ecm=4.416 GeV

PRD 96, 032004 (2017)

& =T r [ rT°*t°*f§ ¥y [T < e B B m e e e e e e
Q )n o | .
>200F +Dae 1 =L +Dae ]
(D - + — Fit D 60 — Fit
o C Model || ... Background g I Modell [} ... Background ]
8.150;_ [ /v sideband - 8 a0k [ vy sideband
Si00f 41 2 [ i
S~ = S~ =
2 F 0 20 -
c 50 o c
o - o
> o > - - - :
L ; ; L PADS NP LS T qar B SIS Y A1 VR E 7 A
:9.64 3.66 3.68 3.70 3.72 74 :964 3.66 3.68 00| 70 ) 3.72 74
M(r*nJ/y) (GeV/c?) M= (w*m) (GeV/c)

Number of signals are extracted from n'n-J/\y invariant mass (mode
1) and - recoiled mass spectrum (mode Il).

Signals are described with MC simulated shape convolved with a
Gaussian function.
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BESII

The Ysine*e— 'y’

5 120p TR arXiv:1703.08787,
o N -
80 -=- BaBar -

Cross Section
(@))
(@)
|

The Y(4220) is necessary

(significance = 5.80)

Fix parameters of the
Y (4660) to Belle results

2%.0 4.1 4.2 4.3 4.4

4.6

's(GeV)

Parameters Solution I Solution II
M(Y 4220) (MeV/c2) 12005 £ 7.4
T(Y(4220)) (MeV) 80.1 4+ 24.6

B¢ ™ (Y (4220)) (eV) 0.8 +0.7 0.4+0.3
M(Y4390) (MeV/c?) 4383.8 4 4.2
T(Y(4390)) (MeV) 84.2 +12.5

B¢ €™ (Y(4390)) (eV) 36415 2.74 1.0

61 (rad) 33410 2.8 4 0.4

¢o  (rad) 0.8+ 0.9 47401
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Summary of the Z_ states at BESII|

Decay Modes Z.(3900) Z.(4020)
1G(JPC) 1*(1+-) 1*(?7-)
nd/y Discovery mode No
nh, 2.1c Discovery mode
D*D Yes No
D*D* No Yes
Ty’ No Yes?

PN 4.30 No
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Results from Five Collider Experiments on X(5568)

Analysis Production ratio ( B, / X(5568) ) Reference
DO (Jiy ¢) 86+1.9+1.4% PRL 117,022003(2016)
DO (n D) 7.3+28 , 06 o) PRD 97, 092004 (2018)
LHCb < 2.4% (pr(B) > 10 GeV) PRL 117,152003 (2016)
CMS <1.1% (p+(BY) > 10 GeV) PRL 120, 202005 (2018)
ATLAS <1.5% (p;(BSY) > 10 GeV) PRL 120, 202007 (2018)
CDF <6.7% (2.3 +1.9%£0.9%) PRL 120, 202006 (2018)

LHC experiments do not observe X(5568) at higher collisions energy
CDF result is in ~2c tension with D@ studies in hadronic decay channel

— Kinematic selections vary substantially

— Ratio to B.° production might not be the best metric
Without theoretical model of X(5568) production and decays it is hard to compare

various experiments quantitively

July 7 2018

Dmitri Denisov | DG Heavy Flavor
Results
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