XYZ studies at BESIII

Ke LI (like@ihep.ac.cn)
Shandong University

Institute of High Energy Physics

Ke LI (SDU&IHEP) ERICE 2015


mailto:like@ihep.ac.cn
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/\/‘ 2004: started BEPCII upgrade
. ,/ , BESIII construction
A / 2008: test run

2009 - now: BESIII physics run
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BESIII Detector

CsI(Tl) EMC

Rinner: 63mm;
R outer: 810mm

Length: 2582 mm
Layers: 43 A
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Crystals: 28 cm(15 X))
Barrel: | cos0|<0.83
Endcap:

0.85< |cosB| <0.93
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BTOF: two layers
ETOF: 48 crys. for each
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BMUC: 9 layers — 72 modules
EMUC: 8 layers — 64 modules
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Hadrons: normal & exotic

« Hadrons are composed from 2 (meson) quarks or
3 (baryon) quarks

Quark model

» QCD allows hadrons with N, ,4s#2, 3

o glueball : Nquarks =0 (gg, ggqg, )
— hybrid : Nguarks = 2 *+ excited gluon
— multiquark state : N, 4> 3

— molecule : bound state of more than 2 hadrons
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The heavy quarkonium system

At short distance

Cornell model works pretty well
V(r) = -4a,/3r+kr
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When distance becomes larger

Theory 1: let there be screened potential

Theory 2: let there be hybrids with excited gluons
Theory 3: let there be tetraquark states

Theory 4: let there be meson molecules

Theory 5: let there be cusps

Theory 6: let there be final state interaction
Theory 7: let there be coupled-channel effect
Theory 8: let there be mixing

Theory 9: let there be mixture of all these effects
Theories ---

The world is not that good! Need data to develop
theory.

Ke LI (SDU&IHEP) ERICE 2015



All these happen in 4.0-4.7 GeV

Hybrids ~ 4.2-4.5 GeV

Tetraquarks ~ 3.9-4.7 GeV

DD*/D*D*/D*.D* /DD, molecule
] | |

GeV A
4.80 BESIII can reach here for now
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4 40 . m-435|l4.45}
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Name JFC | [(MeV) Decay modes Experiments interpretation
X(3872) | 1% | <1.2 | mnJAy, yJAy, DD¥, ... |Bell/CDF/DO/BaBar/LHCh | DD* molecule?
X(3940) | 0 | ~37 | DD* (not DD, wIrp) Belle 1.7(?)

Y (3940) % ~30 @J /Y (not DD¥) Belle/BaBar
Y(4140) | 7 | ~11 Iy CDF & CMS & BaBar cess?
X(4160) | 0* | ~140 | D*D* (not DD, DD*) Belle 1.7(?)
Y(4008) | 1= | ~220 iy Belle (not Babar) W(4040)?
Y(4260) | 1- | ~80 oy BaBar/CLEO/Belle ccg hybrid?
X(4350) S ~13 Ty J/ Belle cess?
Y(4360) | 1- | ~75 Ty(2S) BaBar/Belle
Y(4660) | 1= | ~50 | mmw(2S),AA, (D) Belle/BaBar
Z£@430) | 1° | ~100 w(2S)nE Belle/LHCh 4-quark?
ZE(4050) | 17 | ~80 Ao L Belle (not Babar) 4-quark?
Zt(4250) | 1+ | ~180 Yo Belle (not Babar) 4-quark?
Z*(3900) | 1° ~40) Jyn* BESIII/Belle/CLEOc 4-qu 135rk?
ZE(4020) | ~10 hn* BESIII 4-quark?
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XYZ states

4 )

conventional quarkonium (c¢), meson molecule (cg + ¢q),
tetraquark (ccqqg), hybrid state (cc + g ...) et.al.
o )

. isospin triplet

radiative or hadronic
transition from Y

Largest data sample around Y (4260) at BESIII,
We can study the relations between X and Y.

ete™ annihilation Hadronic transition from Y
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» Published works
» Observation of the ete™ - yX(3872) (PRL 112,092001)

» Search for Y(4140) via ete™ - y¢J/y (PRD 91,032002)

| | ! | |
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Observation of the e"e™ - yX(3872)

o R « Observed by Belle, Babar, CDF, LHCb
> °°F %E’ E only from B decays and pp collision,
o [ [w(2S) 152 m BB
S 200 - . « Mass 3871.69+0.17 MeV
S - PRL 91, 262001 (2003)]
£ ok X(3872) _I « very narrow (£ 1.2 MeV)

i - V4 ] « close to D*¥DO threshold (3871.8)
N, SO ikt + JP¢ = 1** (LHCb)
049 . _+_0'80 o 120 * Hunt it through radiative transition
M@ ') - M(I'T) (GeV)
T T T T T CDF Il 360 pb
c PRL 110, 222001 (2013). LHCb .
o 10° © 250 X(3872) — J/yr'nw
£ * Simulated J™=2" Simulated J"%1+ ® — Jiy p (L=0)
8 10 = 200 —-Jpyp (L=1)
% /\ 'g 150 Multipole Expansions for cc:
o 10° o
s T ; 4 o 100
5 . ¢+ “data 3 2
£ 10 ‘ E 2 50
Z 3 N o
107 # A a ok RRENEXL
3 t > ] | ! ! ! ]
[ R f N PP T -50 0.4 ' ' ' 0.6 0.8
-200 -100 0 100 200 2t Mass [GeV/c?]
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Observation of the e"e™ - yX(3872)

e M=3871.940.7 + 0.2 MeV st oae
© | — Total fit
E 10_ - - Background
e Summed over all data X(3872) « L
significance = 6. 30 ‘LC; 5
: | )
e Production in Y (4260) decay s 3.85 3.5 3.95
suggest i ve Mt e Jd/ ) (GeV/c?)
connect X and Y for the first time 0'65 —+- data
05F —— Y(4260)
- - - Phase Space
0.4 ;— --- Linear
B(X(3872) - ¥~ ] /Y)=5% (arxiv:0910.3138) g3§

_ BY(4260) - yX(3872)) _ :
~ B(Y(4260) - wtnJ/YP)

oB(yX(3872)=yr mJly) (pb)
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Search for Y(4140) via ete™ - ypJ /¢

Exist or not?
CDF (3.80) Bt -» ¢J/YK™ Belle yy - ¢J/y
CDFII (>5 O') B+ N (P]/l/JK+ 825 fb_l €+€_ collider
6.0 tb~! at /s = 1.96 TeV . . .-
v S/ Belle BT = ¢J/YK™ 772%x 10° BB
CMS B* > ¢] /K™ . LHCbB* - ¢J /K™
52fb™" at Vs =7 TeV 0.37 fb~1 at 5 = 7 TeV

(2.40) disagreement with CDF
DO (3.10) BY - ¢J /WK™
10.4 fb~1 at \/s = 1.96 TeV BABARB"Y - ¢J/YWK* 469x 10° BB

A good candidate for D;D; molecular.

Positive C-parity,
radiative transition of 17~ charmonium (-like) states at BESIII?

ete” > y@J/P, J/Yp > eTe T /utu”

with ¢ » K*K~ (one Kaon can be missing), ¢ - KqK; (K, is missing) and ¢ - ntn~n°
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Combine six modes (three ¢ modes X two J/i modes)
45F Joss8 45F -
S s - s=4.23GeVE 2 5 7 \[s=4.26 Gev®
o Yk s\ To.25 @ Tk d . Ho.2s
= 3 : : el = 3 / \ El
O 25¢ / \ Ho.2 ® 255 . Ho.2
@ 20 / \{, of -B<0.35pH,, @& 2t / oP - B<0.28 b,
| e S 3 | e = 3
o 15 =/ E o 15F / E
> - \ Jo.1 > - Jo.1
L 157 I_I- 3 'Y ] : L 1?‘ q b :
05> % \ oo 05 4 \ oo
0:4-,-"' N 2 AN ! do 0:4..--""‘ AT (O B AW g
41 415 42 425 43 435 44 41 415 42 425 43 435 44
5: :0.4 5 5:
4.5 ; K\ - 0_355 4.5 ;
v 4 Vs=4.36GeV 8 « 4f Sumofall data sets
> 350 T 0 > a5t
= 3 - \ J5 S 3
™ o5F [/ oB . B<0.33 pb 0.2 ® 5F
2 2y TR
g 1.5;/ : 7:01 g 1.5; [
w1 I BRI \_ 1 w15 A4 t 1
05/ T 05} \\ %
%1415 42 425 43 435 44 21 415 42 425 43 435 44
M(¢ J/y) (GeV/c?) M(¢ J/y) (GeV/c?)

Three events seems like Y(4140).
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Summary

Many states (XYZ) in charm sector do not fit quark model well.

« The X(3872) is observed with significance 6.30 via e*e™ — yX(3872).

 The Y(4140) is searched via e*e™ — y¢J /3, no obvious signal (three events).

On-going analysis (within collaboration)

ete”™ » DD}, D.D:
e*e™ - D?Dyy(2317) Dy, (2460)
ete” - nY(2175)

Charmonium
M1 transition J /Y = yn., ¥' = yn.(n:(25))

With more data above 4.0 GeV at BESII|, more informations of XYZ particles
will be uncovered. Hopefully we may understand the natures of them.

Thanks for your attention.
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