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XYZ states

Recent results from BESIII

M. Maggiora
on behalf of the BESIII Collaboration
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The experimental scenario
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Excellent scenario for XYZ Physics

World’s largest data samples directly produced from e*e collision @ J/y and y(2S)

—_ 6 v’ 4040 TQ#F‘ XYZ scan data |—t\ _ _
Ql~ ® BESII9 2.28x10° 0.5fb? | gesm #*4V I 0.8 fbt | d ; ]
S|z | ® BESII( T|[ 4180 R o | ; .
'g +‘-'$. - A CrystalBa v e 3 fbt - E : : .
<|p °F O Gamma2 v(3770) ] 4420 E 0 5
1 O Markl 2.9 fb? - 1 fbL 3l e ® i S
| i 10° F ! ! : A
lm _|_“3 i qp  pluto . n v @ : : -
o 24T ‘ZQ . o oy, 0% Peee e @ o
L — b‘ - oo . , ' Lo —
© : 2 - : : ° L
s T | i ]
E — o L i
e ) ol A L eeeened i
bt p 10° | B R
2 b ¢ 7 4230+4260 | 4360 - . me e . .
% 1.9 fbl 0.5fb? N « ° | -
3540-3600 R W { o 1 |
233pb AN M | %% | | CALSNE 0o
1 | ~21.9 fb'1 1 1 1 1 1 K . 1 1 1 1 1 1 1 1
T — ! 38 40 42 44 46
Thresholds ! M= PN e ' o
| —+RRake« < E.m (GeV)
- ISR | | BESII direct prodcution | : >|
0 2 3 M 5 XYZ data:
C

Hadron form factors
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/s states?

QCD test
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Light hadron spectroscopy

Glueballs, hybrids, multi-quark
states

Rare decays

Tau Physics

V)

XYZ
D and Ds Physics

(fp and f,, mixing, CP)
Charmed baryons
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* 46 energy points (21.9 fb?)
* 29 energy points with L,> 0.4 fb™!

Small scan sample:
* 104 energy points (0.8 fb)
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1°D, states — i, (3823)

8 2.57
e B— (l/)z(3823) — yXCl)K - ~+4-data
e first evidence from Belle: pPRL 111, 032001 (2013) 2 —Y(ji?g)
« 772 x 10° BB events, 3.8¢ 150 - (4415)

« M =(3823.1+ 1.8 + 0.7) MeV, Ty < 24 MeV

*e” > T P,(3823),1,(3823) - yxea
e observed from BESIIl: pRL 115, 011803 (2015)
 Scan data sample at+/s = 4.23,4.26,4.36,4.42,4.60 GeV, 6.20

o
o w

GB(:rc+Jt'X(3823)—>;r|:+:rc'yxc1) (
|

42 43 44 45 46

* M =(3821.7 £ 1.3 £ 0.7) MeV, I;o; < 16 MeV E.. (GeV)
* 1,(3823) > yxe2. ] /Y, 999. Y99
* predicted by several theoretical works: PRD 55, 4001 (1997)
. N 3 PRL 89, 162002 (2002)
[y, 3823)-yxe ~ 200 — 350 keV PRD 67, 014027 (2003)
* [y, 3823)5yx, ~ 40 — 90 keV PRD 69, 054008 (2004)
* Ty,823)-vxe/ T, (3823) 5y 5 ~ 019 —0.32 PRD 72, 054026 (2005)
. T 45 — 200 keV PRD 79, 094004 (2009)
¥2(3823)—>n] /¢ PRD 94, 034005( 2016)
) Ly, 3823)>m = /w/ Ty, (3823) vy, ~ 0-12 — 0.39 Front. Phys. 11, 111402 (2016)

2021/09/14 Marco Maggiora - HQL2021 arXiv:1510.08269



« 9fb~1

New 1, (3823) decay modes

cete” >t 17Y,(3823)

PRD 103, L091102(2021)

scan data between 4.30 and 4.70 GeV

. mvestlgatlon of decays: Y,(3823) = VX012, T]J/Y, nJ /Y, 0] /Y

35F (a) yx —— Data
N§ 30F 3 — Fit result
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New 1, (3823) decay modes

cete” - n? Y%, (3823) PRD 103, L091102(2021)

e 9 fb~1 scan data between 4.30 and 4.70 GeV

= D
* search for decay: 1¥,(3823) = vxq " 10 X i Fi?tisu"
olete”->nm%,(3823)] +0.22 S 8 N... =15.9*51  .... Background
. _ S - sig = 15.913 groun
olete —>mtm™Y,(3823)] = 0.64-020 £ 0.05 é’ i ’ T Sideband
o 60 4.30
2 b LIl BESII
c 4
S [
>
LUl oL
of

378 3.8 3.8 3.84 3.86 388
RM (1) (GeV/c?)
et e” > T mYP5(3842)  PRD103,1091102(2021)

* 13(13D3) observed by LHCb in 2019 ([JHEP 07, 035 (2019)])
* no evidence in any decay mode
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X (3 8 7 2) PRL 91, 262001 (2003)

e RT + + 4+ - .
B+ - K*X(3872) > K*n"n™ ] /Y %Z
* first evidence from Belle: PRL91, 262001 (2003) S
* confirmed by CDF and DO PRL 93, 072001 (2004) ; PRL 93, 162002 (2004) ;_:_z
* X(3872) *31
* mass: i

* M = (3871.65 £ 0.06) MeV PDG2020, dominated by JHEP0S, 123 (2020) [LHCb] *°2 284 G0, 228 02 V)
« very close to D°D*® mass threshold [(3871.69 + 0.01) MeV]

* width:
* I'sywy = (1.19 £ 0.21) MeV  PRD 102, 092005 (2020)
« JPC:1**  pRL110, 222001 (2013)
e produced in:
* B decays, B, decays, A}, decays, pp collision, pp collision, PbPb collision, e ¥ e~ radiative
transition, ]/)/>I< processes

e decay modes:
* D°D°, ntnT/p , ntnTwl ) mxey VI v (25)]7]

2021/09/14 Marco Maggiora - HQL2021 10



X(3872)

cete” > yX(3872)>yntn ] /Y
e 4 data samples between 4.01 and 4.42 GeV
* first observation at BESIII: 6.30 PRL 112, 092001 (2014)

cete” - yX(3872) >y w//i pri122, 232002 (2019)
e 11.6 fb~! data between 4.01 and 4.60 GeV

* first observation in w/ /Y : > 50

PRL 112, 092001 (2014) 0 PRL 122, 232002 (2019)
151 A = —+-Data
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S 1 = 0. 6_ — Fit
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X(3872) decays

cete™ - yX(3872) - y o]/  PRL122, 232002 (2019)

PRL 122, 232002 (2019)

2

O - sig -
* 11.6 fb~! data between 4.01 and 4.60 GeV o 201 v 5.L%75 =7 @] /¥
e cross section peaks around 4.2 GeV E :
* first observationin w//Y : > 50 P
« M = (3873.3 + 1.1 + 1.0)MeV /2 g | |
BosTa i) = 16783 £02 ’ s
M(wJAy) (GeV/c?)
cete” - yX(3872) - yny. J  PRL122,202001 (2019) _PRL122,202001 (2019)
9.0 fb~! data between 4.15 and 4.30 GeV S ST NS19:10.843% ¥y,
* first observation of X(3872) » n°%y,.; > 50 5 i 5.20
B(X(3872)-n%x, 2 4 |
' B(;(3;72)ln+7gi(szp) = 0.88%927 £ 0.10 ¢ | J
B(X(3872)—-m -
' B<;<3;7z>in+ni(;jzp> <1 . JHI
B(X(3872) > Xco) < 1.1 S ——
B(X(3872)—>mtm~ ] /)

_ M(z% ) [GeV/c?]
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et e” > yX(3872) , X(3872)-yJ/y, y(25),D*°D° +c.c.

X(3872) decays

e 9.0 fb~! data between 4.15 and 4.30 GeV

« X(3872) - D*°D° + c.c.

7.40

* X(3872) - vy]/Y 3.50
» no evidence for X (3872) — Y1 (25 ), D*D~

X(3872) -» D*°D° + c.c.

—_
o

(3 MeV/c?
o,

o

D* - yD

7.40

Everﬂs /
[6)]

o

9

0

2ULJ.IU:7/ 14

3.9

M(DD") (GeV/c?)

Events / (6 MeV/c“)

N
o

W
o
T

N
o

-
o

X(3872) - yJ]/Y

pu

-t N
o o
T T

o
L L

3.50

wW
o

wo

10

Events / (5 MeV/c?)
D
o

X(3872) - y(25)

o) [y

(4]

o

% LHCb expectation

n
o

.8 3.85 3.9
M(yy’) (GeV/c?)

viau v vidgyloid - fiYLZusZ.l

PRL 124, 242001 (2020)

Mode Ratio UL
vJ/w 0.79 + 0.28 ..
L ~0.03 £0.22 < 0@]
yDODY 0.54 £ 0.48 < 1.58
2°D° DO —-0.13 £0.47 < 1.16
DDV +c.c. 11.77 £ 3.09 _
yDtD~ 0.0073 < 0.99
ol [y 1.6f§}}_'3;‘ +0.2 [18]

7% 1 0.887555 +0.10 [27]
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Y State S PRL 95, 142001 (2005) PRL 110, 252002 (2013)
-&’. [ L U I U L B i ) .F
= I . ) [
- {1 = 8of
am 1 S eof
* Y (4260) | Ay
. . 10k i E 40:
* discovered first . - 20 by
. g_. P Rt M-S 1' o | A T R iR ;
* in ISR processes by BaBar T e 08 4 “M(L‘L.ﬁf) 48 3 52 54
: . ,.PLB 660, 315 (2008) PRD 86, 051102 (2012)
* no evidence in: : e 80 e
. . . or i 703—454 fb1 =
* inclusive hadron cross section i Tk % BAB :
. . b WL S “F | _—
* open charm pair cross section oy kA S sof E
. ®o2opt I § 40 F 3
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zj ;..'1:.;f.-:;a:;-:':;'-'.:;“.:i‘..-\:.'... g 20 * H* + E
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Eem Gev) mJAYT TN GeV/ich)
Phys.Rev.Lett. 101, 172001 (2008) PRD 91, 112007 (2014) Phys.Rev.D 89, 111103 (2014)
T L e B TR o s e B L N N N R
S a0 ol 98001 ]z fgj520fb1 ;
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2 o 20 - § 12:— _; .
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) (i - | } ]\ 1 * in ISR processes
Us 46 47 48 49 5 51 52 53 54 O T
M(A! AD) GeV/c? M[r*mwy(2S)] (GeV/c ) m(y(28)n'T) (GeVi/c?)
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11'11'1]00/1[) PRL 118, 092001 (2017)
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Y(4660)

=

CKC: first observation from Belle

g :::;: +  BELLE: PRL101,/172001 (2008)
+<Z . <+ BESIII: PRL120, (132001 (2018)
< 4005

g 4‘ +

I ﬂ %ﬁﬂ#ﬂﬁﬁ hﬂﬁwﬂﬁ

° k= BESN — t

M(AIAL) [GeV/c]

et e -t - (3686) arXiv:2107.09210
« 20.1 fb~! data between 4.01 and 4.70 GeV
* in agreement with previous data but...

 much improved precision in cross section:
 first observation of Y(4660), Y(4220) and Y(4390) confirmed
* higher precision w.r.t. Belle and BaBar
* new 2020-2021 data sample: 4.70 < +/s < 4.95 GeV

e challenging parameterization of o line-shape
2021/09/14 Marco Maggiora - HQL2021

et e” >t 7Y (3686): first time in BESIII

o(e'e —mny(2S)) (pb)

o(e'e - y(2S)) (pb)

100 — _._BESIII (This work)
-+ BESIII (2017)
80~ = BaBar +*
- -+ Belle ‘-. '
60 ‘-I‘Lgo |
40 i
Of L. $UF +|. | :-
20 :— | ﬁl L +l 6-200|006+‘-|
o fLTELLL IR & 1. on el
T i
20 _T'-'--'--- T
il 11 1 | | 1 I 1 11 I 1 ‘ 11 1 ‘ | 11 I
4 41 42 43 44 45 46 47
/s (GeV)
100 XZ = 31. —Ei;t:‘esult
80 :!-_-Single BW

Non-resonance
Inteference

= Y(4220), Y(4390), Y(4660), continuum
4 4T 42 43 44 45 46 47 48
/s (GeV)
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ete” > n+]/P,P(2S)

e ete™ - nJ/iy PRD 102, 031101 (2020) "a Y(4220)

e 13.1 fb~! data between 3.81 and 4.60 GeV o '-

» first observation of Y(4220) and Y(4390) states innJ /Y L %(4040)

* significance > 60 0 “1‘/(4390)
*ete” = mP(2S) arxiv: 2103.01480 o fE e g

e 5.25 fb™! data between 4.24 and 4.60 GeV
» first observation with 50 significance (only 6, 5. .,, = 25pb from CLEOc [PRL96, 162003 (2006)])
* no significant structure in 771/)(25) more data expected and mlssmg track technlque

NU U 20 """" prrrrprrrrprrrryryryyypreet I""I"'_
= - = 8: —_ B
< 12r 'I)(ZS) —4— data o E —— data o] -
— N (. signal s = signal 2 15+
< 10 [ background < 6E [ background ,.m": C
— - < o
2 B 5E S
c e cC = %
= C > = .
L Ll W 3E o

I g o

| ‘! E IIID

! N . s

65 366 367 368 3.60 3 7371 370 0 05 0.55 06 4.2 425/4.3 4.35 :.464.:’5 4.5 455 46
\
M( i) (GeVic?) M(yy) (GeV/c?) = (GeV)
2021/09/14 Marco Maggiora - HQL2021
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cete" s pp+nw

Search for Y(4260) = light hadrons

arXiv: 2102.04268
14.7 fb~! data between 3.77 and 4.60 GeV
final states with pp are very interesting:
e Y opph < pp > Yh,h=n,w (- PANDA)
no resonant production through a vector state V:
s ete”" >V ->ppn, ete” -V - ppw
« ete”™ - V - ppn’in progress

Born cross section upper limits at 90% C.L.:
up — up —
Octe=oy(4260)-ppy 7.5pb, Oete=o(4260)-ppw 10.4pb
up ) up .
ete >V-ppn ° ete " >V-ppw”
0.30 030 18
0.25 025F 16
S S
& 020 ey G 0.20F " a
= 015 3 < 0158 o5
3 . 3 .
= 010 = 0.10F 19
0.05 4 0.05 E‘ _ il ’
4.0 41 4.2 43 4.4 40 41 42 43 4.4

mass m (GeV/c?)

mass m (GeV/c?)
2021/09/14 Marco Maggiora - HQL2021

cg(e'e” — ppn) (pb)

ogz(e’e” — ppw) (pb)

4.5
4.0
3.9
3.0
2.5
2.0
1.9
1.0
0.5

RS W s m =

IIII|IIII|IIII|IIII|IIII|IIII| '1I|II

—4— data

{C.l'sf' continuum

--—-- (Cis)" + BW (coherent)

s (GeV)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
38 3.9 40 41 42 43 44 45 46

—4— data

{C.l'sf contnuum

--—-- (s} + BW (coherent)

3.

IIIIIIIII
8 39 4

WERPY
s (GeV)

IIIIIIIIIIIIIIIII
44 45 46
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Search for Y(4260) = ¢pAA

cete”™ - pAAN  arxXiv: 2104.08754
e 19.5 fb~1 data between 3.51 and 4.60 GeV
. Y(4260):

* interpreted as a |cs|[cS]state [PRD72, 031502 (2005)]

* decays to final states including ss

« explains large Y (4260) — ,(980)/ /Y in Y (4260) - 't~ ]/
e if ¢C annihilate, Y (4260) — ¢AA possible

 fit to cross section:

* near threshold enhancement observed - X(2260) - > 250:

2021/09/14

* large interference b/w resonant and non resonant contributions

e M = (2262 + 4 + 28)MeV /c?
e = (724 5+ 43)MeV/c?
o« JPC:1t+ 27 (favoured), 2*F; 0~ rejected (70, non(2225) )

]- no match in PDG!

Marco Maggiora - HQL2021
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Search for vector resonant contributions to DgDg; around 4.6 GeV

PRD 100, 111103 (2019) PRO. 101, 091101 (2020)
* Belle: ete™ - DI D,,(2536)F * Belle: ete™ = DID},(2573)F
* enhancement just above 4.6 GeV observed * evidence seen above 4.6 GeV

« ete” = DITD!F(2317), DiTDy1(2460)F, DiTDy1(2536)T prD 104, 032012 (2021)
* clear D;D;; signal, no significant resonant structures in cross section line-shape

% [ Vs=4600GeV ). % [ /s=4626GeV | .. _ 1% | Vs=4640GeV |,. 15 [ T T
= r = H = C 1 o L J
E :z: 2Indf=0.97 7.10 E 0F T 2ndf=1.49 5.60 - E oL y2ndf=1.15 4.70 - £ 40F  D§*D3(2317)" +c.c. BESII -
= r 140 - sof 4 = sE 1.20 ] ! |
-8.: 30: + *S: ] E L % + ML } i L i
7} 7} B %H .. . 20F | .
— -— 1 = 607 e s — |
S eo - % ] & H + {. ‘H + g | | | |
2 F :,3 13w 7l g E o A ] ]
0F B 1 = bttt —t—+ }
20 — ] 20— ] 40_ :,
92 205 23 235 24 245 35D 82 225 23 285 24 245 25 55! 82 225 23 285 24 245 25 55 i i | I I |
M5S (GeV/c? M= (GeV/c?) M™ (GeV/icd) ool | ]
e ) ) s D:*D4,(2460)” + c.c.
L 15=4660GeV 610 & [ Vs=4.680GeV 1016 | €l (s=4.700 GeV 7.00,; - - ]
CR x¥ndt=0.77 5 y2ndf=1.37 ERCI: x2/ndf=1.15 ] 0 +—+ ———
- . ] 100 — - 1
S oF 1.20 3.40 - §250; 4.90 11.00 E § - 270 5.80 1 40f -
o - t } 1w ®F {» E ' | .
B o 12 200- } 'H+ 1 % C + H, } ] L I ]
5 ! RAPBA S RANEI BRI VR I & ]
e F 1 g o ' 19 ? b H A A 20
m f g - s i t ] : | D:*Dy;(2536)" +c.c.]
20 - - C ] r ] - 4
L 50 — A 20 — 0 a L | TGNy TECTRN VRN VRS SRS P | : L ] L
i - : - ] 46 4.7 4.8
T YT : P T T T courtesy from C. Z. Yuan Vs (GeV
2 225 23 235 24 245 25 255 2.l 32 225 23 235 24 245 25 255 56 22 225 23 235 24 245 25 255 26 y e s (GeV)
M. (GeV/c?) M= (GeV/c?) M= (GeV/c?)

2021/09/14 Marco Maggiora - HQL2021 ) 21



100

|e e” ->nt 7 Y(3686)

75F
50 }

25|

cle'e’ ' my(2S)] (pb)

D

<O

BELLE

PRD91, 11zooi
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5

o(nb)

o(y(28)t'T) (pb)

PRD89, 111103 (2014)

TT T T T T T

PRL101, 172001 (2008)

J Y(4630) or Y(4660)?
Ie e~ —>AA

<o

BELLE

—>
na
=
T

Tl rX|v 2107.092

ha—r
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42 4.3 4.4 4.5 4.6 :

s (GeV)

48 5 52 54 56 58
Em (GeV)

* tension between open charm
and charmonium modes

e parametrisation affects
resonance parameters

M(AT AD)

BaBar, tmy’
BESIII, Ty’
Belle, A" A~
Belle, D.D

) “s—sl

Belle, D.D",,
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|
b 48 49 5 51 52 53 54 ﬁT

GeV/c

6 x Br (nb)
o
T

| Ie+ e~ — D.Dg, |7

o

PRD 100, 111103 (2019)-I- ,
5

%

M(DD,(2536)) (GeV/c?)

5.5

6% B (nb)

A

|e+ e~ - D.D, |

|
l}[l i
! PRD 101, 091101 (2020)

4652+10+8
4669+21+3
4651438+2
4634 18 *3

5 55
2573 GeV/c

Experiment | Mass (MeV) | Width (e

Belle, mmy’

68+11+1
104+48+10

155+25+1

+40 +10
92 —-24 =21

46259 %2104 4981132440

4619.8 182 +2.3

47.0 1313 +4.6
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Z.and Z.; states

tetraquark

multi—quark states

hadro—
quarkonium

hadronic
molecule
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Z . states from e*e” annihilations

Z.(3900)/Z.(3885) Z:(4020)/Z.(4025)
PRL110, 252001 (2013) PRL111, 242001 (2013)
PRL115, 112003 (2015) PRL113, 212002 (2014)
C ot p— + o= ~4-Data '1:3: 120~ + - + - .
w 0T T % ook ete” > he Observed both in
> - .- Background fit it L
o 8op B S oF charged and neutral modes
r = -
= £ oo Iy
2 40ﬁ &
|j>j 20 et
_ : oz e SRR Inspired by
0 95 4.00 4.05 410 4.15 4.20 4.25
3.7 3.8 3.9 4.0 3 M_., (GeV/c® 40
. . . . (GeV/c7) T ° + . —
Mpa(mtd/y) (GeVic?) e ZC(3900) ine e — Tl'Tl']/'I)
PRL112, 252001 (2013) PRL112, 132001 (2014) 7 (4020)%0 in e*e™ - mmh,
W PRL115, 222002 (2015) o PRL115, 182002 (2015)
Lo ete” >m* D) |  — _ F ete >t (DD ) search for unobserved new
2> 70F % 6ol Z_states via:
= 60 = 50| H ete” > T NN
3 50 ~ 40f : 0 i to
” = of * Iso-triplet Z.~" decay into m*n,
= ® 2 . 0 )
S 5 20f * Iso-singlet Z." decay into nn,
u>J I 10f

4.02 4.04 4.06 4.08
M(D°D*) (GeV/c?) RM(r) (GeV/c?)
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L. — N, and Z, = Mg

(a)
+ - + = < % ol =
cete” O MWW NN PRD 103, 032004 (2021) e §§Z§§+ VS = 4.23Gev
* 4.1 fb~! data between 4.23 and 4.60 GeV ~ _ ’: il g
e e = f
* 16 n. decay modes Ve B
* no significant signal for t*m~n.n (. or Z,. production) A e
++ A4505— (C) ﬁaoo'_" (d)
4 nOpO lSO Slnglet 3 7<M(nnc) < 3 9 Ge‘/‘\'> ::z%ﬁz 4.36Gev ‘“§ 700%\/§=4.4268v
& a00f- g (E Ezzg IR
L 0-42306V -_— 62pb 0-4'26G8V 108pb gzsog_ 1 1 ; gdmé I+
up _ _ S =t ; = :
O436Gey = 27-6 DD, 04 a2Gey = 22.6 pb, = L
p & s0F- ] 100;—
0] —_ 23-7 b at 9O%C-L- 0Bl 3 A R Y R X R R
4.60GeV p L g Gevied m(ne) [GeV/c?]
¢ ete o +. -0 + - 0 70
Nemw "1 -, N T, NeTTTY PRD 103, 032006 (2021) g0 460
« 7.3 fb~! data between 4.18 and 4.60 GeV §sor |

e ete” > n.tm™ n° observed at 4230

compatible with intermediate Y(4260) 75 Nwn
» looking for Z, close tom(DD) N

+,0
Marco Maggiora - HQL2021

: : +.0
* useful to investigate Z;"" - n.m
2021/09/14

(b)

s = 4.26Gev

w (=]

(=] (=]

o [=]
;’
5

o ) B~
=] =] o
S =] S
T T T

(=]
TTTT[TTTT[TTTT]T

Events / ( 0.0125 GeV/c?)
8
T

1 1 1 1
2.7 2.8 2.9 3

1
341

m(ne) [GeV/c?]

450:_ (e)
& 400
o 5 —_—
g | \/Jrs = 4.6OGev|
g a00f- t
& 2s0f t i
< E
o 200:—
—~ 1505—
® E
5 100;—
2k
L 50;—

0: |||||||||||||||||||||||||
2.7 2.8 29 3 341

m(n.) [GeV/c?]

Oy [PD] 475 +13.1
m [MeV/c?] 4236.3 + 8.9
I [MeV] 70.0 +32.1

—e— Data (nou*nn°)

-10[ 0O DataUL,, (ne*nn® —
— 7.3fb~ 1
=20 f e Y(4260), PDG
— —- PRL 118, 092001 €2017)
B L1 R ———
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L > N and Z, = N1,

cete™ > Z.[- n.ntnm
e 7.3 fb~1 data between 4.18 and 4.60 GeV

* looking for Z,. close to m(Dﬁ)

* no signal found for ZX — n.m®

* more significant cross sections for Z0 — n.m", but more statistics is needed

PRD 103, 032006 (2021)

2021/09/14

3650 3700 3750 3800
m,_[MeV/c?]

3650 3700 3750 3800
my, [MeV/c?]
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_|_
Zc = T~ Xcj

Z.(4050) and Z,(4250) inw¥y,¢:

 observed from B decays by Belle pRrb 78, 072004 (2008)

* no evidence from BaBar

cefe” >ty

=]
(3]
L

2021/09/14

PRD 85, 052003 (2012)

PRD 103, 052010 (2021)

* 15 data samples for a total of 11.23 fb~*
* no obvious signal found forete™ - T[+T[_)(C], slight enhancement: 1.50 at 4226

* upper limits at 90% CLfore™e™ — (Z 1 ,m =) m ™ x¢;

®  Observed cross section
¥ Upper limit at 90% CL

[
I

TXCO

H!MH ]

I

|

130 435 440 445
Eons (GeV)

20 425

150 455 4.60

2.5
= ®  Observed cross section
¥ Upper limit at 90% CL IXCl
140 445 430 455 4.60

—0.5 T
4. 4. 4. &() 4
U E . (GeV)

Marco I\/Iagglora HQL2021

o (ph)

[N} o

—_

Z.(4050) and Z.(4250)

Looking for

in ete™ annihilations @ BESIII

S
7 N

et ' e
N

LR

71 @  Observed cross section
¥ Upper limit at 90% CL XCQ
[
[
I
ITT I
IR
- .
420 425 430 435 440 445 450 455 460

Eﬂ_‘lll:\ ((-"(‘\ —)
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Z:(4020)° - X(3872)y

cete” 5> mY7.(4020)° - 7°X(3872)y  prD 104, 012001 (2021)
14.4 fb~1 data between 4.18 and 4.60 GeV

proposed Z.(4020)° radiative transition to X(3872)

[PRD 99, 054028 (2019)]

no significant signal for X(3872) » ™ ] /y

o(et e” - m°X(3872)y) - B(X(3872) » ntn~] /)

 upper limit at 90% C.L.: (6 B) < 1.6 fb
« predicted 0(0.1 fb) [PRD 102, 114041 (2020)]

no significant signal for Z.(4020)° - X(3872)y

glet e »n°Z.(4020)%) - B(Z,(4020)° - X(3872)y)
- B(X(3872) » ntmn~]/y)
e upper limit at 90% C.L.:
0_, . ot —
. B(Z:(4020)°-x(3872)y) -B(X(3872) »ntn” ] /) < 0.15%

B(Z-(4020)%—(D*D*)9)

. B(Z.(4020)° -

2021/09/14

(D*D*)?) from BESIII [PRL 115, 182002 (2015)]
e compatible with predictions from molecular picture [PRD 99, 054028 (2019)] 42
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X(3872) >t J /Y
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Z.<(3985) from e*e annihilations

cete” > K*(D;D*° + D~ DY) PRL 126, 102001 (2021) g, o y v
e 5 data samples for a total of 3.7 fb~*! /ics \D /iﬁ N e v
(at 4628, 4640, 4660, 4680, and 4700) CHN * ;.;:-*‘*{- A T
i{‘i kA

partial reconstruction of final state, K and D. tag

reconstructing . — [®nn  ,K*'K| > Kt K n~ orD; — KJK~

clear signal for both decay modes

wrong sign (WS) events provide good description of combinatorial background
Fitto RM(K*D:) provides absolute contribution in signal region

(8] r Di — NO i Di - 220 E~ T T ; T -—- — T .
2 2000 - s 18 =4.681 GeV <600 s '8 =4.681 GeV 1,200 E ch—’ D,D* (s = 4.681 GeV-
% L } B * _____ ch_> D* DO _:
B I K+D D*O + =

- K*'D*.D°

.9 1.95 2 2.05
) 1.95 2 2.05 2.1
M(K'K') (GeV/c?) M(KCK) (GeVic?) RM(K*D)+M(D)-m(D)) (GeV/c?)
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Z.<(3985) from e*e annihilations

cete” - K*(D;D*° + D~ DO)

enhancement around 3.98 GeV

cannot be described by:

—%x%()

« D7D+ and DD

* interference between two of them

assume JF =1%

simultaneous fit to 5 data samples
signal component (f = 0.5: 2 decay modes):

4 DPj

M? —mg + imo(fT1(M) + (1 — /2 (M)

Pole (5. 30 significance):
e m = 3982.5%1%
« ' =12.8733 + 3.0MeV
at least four quarks (ccsu)

2021/09/14

4 2.1MeV/c?

Zes i
LY
PRL 126, 102001 (2021) / N e
S P — N
et \ e 3
40¢ Kk
L35F Vs =4.681 GeV —+— Data
>30 ¢ , Total fit
S5 — — - Z,(3085) v
520 S D* (2600)°D*" . /
B15F A\ Dbt I L | - non-Res. e
§1>:>1O S TRNULY [ 5 s S Ay A B D, b _.;‘/,; N D
w 5 I comb. BKG et i e
+
O 405 41 415 K
RM(K*) (GeV/c?)
[8Y] C _ No i _
s = |
2 310, 3100
25 25
3 B ) % : _
0 4.05 41 0 4 405 4.1
RM(K") (GeV/c?) RM(K") (GeV/c?)
L. .| Vs=4.661GeV © [ Vs=4.698 GeV
2" 35 N, =17.8
= 10. I stg
510 S0}
25 25/
g L 9 r
4 405 41 415 4 405 41 415
RM(K™) (GeV/c?) RM(K*) (GeV/c?)
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Z.s(3985) vs Z,.,(4000)

BT - J/ YK~ ete” > K*K™] /¢
PRL 127, 082001 (2021) PRD 89, 072015 (2014)
%700 S A I I R
= [ 5
| State | Signif. | IP | Mo (MeV) | To (MeV)
2 500 g 4
= 40 g °f Z.(3985) 53c ?? 3985%53+1.7 13.8%%14+409
= = -
- c°F Z.(4000) 156 1+ 4003 +6%%, 13115126
10 S ep e iH Z.(4220) 590 1+ 4216424743 233 452+
3. B 38 4. ‘ W [GeV] 1212. . I1I4. . l1|6l . l1I8. I Izlol . .22 °
MA(K J/y) (GeV/ic?)?
ete” >'KT(Dy D™ + D;~D°) _
PRL 126, 102001 (2021) Zcs(3985) vs Z cs (40.0(_))'
40 ¢ * mass consistent within 1o ]_ ot the same statel
T;’gg 3 \/5=4.681GeV « width differs significantly
225 4 BESII Missing data:
20 E
15| + B* > K*(D;yD*° + D; D)
810, cete” > KTK™J /Y
W 5E
0

waiting for BESIII results on same data sample

L~ 405 41 415
2
2021/09/14 RM(K") (GeV/c) Marco Maggiora - HOL2021 31
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The near future

BESTI sl
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The near future

SCOIT

10 : J 70
e Lpeak Before IR upgrade | —— Int. Luminosity - 1x 108k BEPCII 9
comm— \
- 3 Lmk After IR upgrade upgrade N
Nm —~ \,
V — rat \
g ~{ 50 g?r 0',"’ 8x 10% Lia ® I
3 3 : \
g 0 , 20 § 3 BEPCII o %% 3
4 [partial] 5 2 6x 102 t\.
* (o] A X
: = B )t WS
= ) = i
€ PXD 14 5 = s x -
= 2 = o RN
X g o I ® h )
5 1 3 Lo
L, ’_/// ) 2x 10%2}
0 (Tuning) 0 I “,. %
2019/1  2021/1 2023/1 2025/1 2027/1 2029/1 2031/1 % ) ; .
e 2.0 3.0 4.0 5.0 5.6
3 (mm , 0.6 0.5 0.3
gy, (mm) 1.0 Ecm (GeV)
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 203+
Run III ‘ \ Run IV Run V
LHCb 40 MHz L=2x10% LHCb L=2x103% LHCb L=1-2x 1034
UPGRADE 1 Consolidate: UPGRADE II
UPGRADE Ib 50 fo 3005
a"ral.sgs; Upgr ::LAS II UPGRADE HL-LHC HL-LHC
P L=2x10% ase L=5x10% L=5x10%
CMS 300 fb! CMs 3000 fb!
Phase I Upgr Phase II UPGRADE
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Summary
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Conclusions

* BESIIl provides an ideal environment to investigate XYZ states

* |ots of progress in the experimental study of XYZ

* investigation of excited charmonium states:
* new 1, (3823) decays modes observed

 charmonium-like states:
* decay modes of X(3872)
* high precision measurements of cross section for Y states investigation
* decay modes of Z states
* observation of new Z .. states

* more results to come, and lots of opportunities and challenges ahead

2021/09/14 Marco Maggiora - HQL2021
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Thank you!
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Backup

Marco Maggiora - HQL2021
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BESIII detector performance
Experiments VIDC VDG =M

P Spatial resolution | dE/dx resolution | Energy resolution
CLEOc 110 pm 5% 2.2-2.4 %
Babar 125 pm 1% 2.67 %

Belle 130 pm 5.6% 2.2 %
BESIII 115 pm <5% (Bhabha) 2.4%

TOF

Experiments

Time resolution

CDFII 100 ps
Belle 90 ps
BESIII 68 ps (BTOF) 60 ps (ETOF)
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