Hadrown spectroscopg at BESIII

Xinkun Chu
(on behalf of the BESIII collaboration)
Peking University
XllIth International Conference on Heavy Quarks and Leptons
May 22-27, 2016, Virginia Tech



* Introduction to BESIII
* Hadrow spectroscopy

. Light meson
(. Bargow
[, XYZ states

¢ Summa\%



R T R ‘ |
e LINAC

0

1 BESI @\,\\{
i ;,,'-",é,'r detector %\ £ \ 3
"\_'PJ‘ 4 ’&...—;’_3‘ :

P

. R

o -
X IiStorage ring

2004: Start BEPCIl construction
2008: Test run of BEPCII
2009-now: data taking




BESII

Drift Chamber (MDC)
oP/P (°/,) = 0.5%(1GeV)
Oe/ax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
o;: 90 ps Barrel
110 ps endcap

pCounter

8- 9 layers RPC
OR®=1.4 cm~1.7 cm
EMC: oE/VE(°/,) = 2.5 % (1 GeV)
(Csl) om(cm) =0.5-0.7 cm/VE



Data samptes
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Light meson spectroscopy at BESII



Observation of X(18??) on BESIII

250
BGS]I * X(1840): J° unknown, J/y->y3(r*rr), PRD88,091502;
_ O X(1870): J? unknown, J/Y->wnmr*nc, PRL107, 182001;
200 |- A
S - A X(1835):J° =0, J/Y->yn*rtn’, PRL106, 072002 ;
s 150 B X(pp): ) =0", )/ h->ypP , PRL108,112003;
£ - + X(1810): J° = 0*, J/P->ywe , PRD 87, 032008;
S 100 =+
s F 4
- e Recently:
S0 ! X(1835): JPC=0-+, J /W — YK?K%n, PRL115,
: 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 091803;
0 1800 1850 1900 1950 J/ g - yn"'n'n’, existence of a pp~ molecule-
Mass (MeV/c?) like or bound state, arxiv 1603.09653.

% Are X(18??) the same resonant state?
% Nature? pp bound state, second radial excitation of n,
pseudoscalar glueball?

More PWA work are needed to confirm ,



Glueball candidates

Glueballs are expected:

v Copiously produced in radiative J/{ decay

O Mix with nearby gg nonet

Systematic PWA study on:

J/Y - ynm
J/p - yr'n®
J/Y - v

PRD 87, 092009 (2013)
PRD 92, 052003 (2015)
arxiv 1602.01523

J/W—=ym' J/Yp -y ]/ - yKK,

J/Y = ¢X, wX

Lattice QCD
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n and n' physics at BESIII

: B(J/Yy->vyn) ~110x1073 ~ 1.44 x 10° n events
With1.3B J/¥ g/ —yn) ~515x10~2  ~ 6.74 x 105 0’ events
Test/Constrain of Models, Decay dynamics
0 >ntmy ChPT PRD 83,012003(2011)
& n -2(nm) ChPT&VMD PRL 112,251801(2014)
& n/n - 3n Isospin breaking PRL 108,182001(2012)
' >t VMD/ChPT PRD 89,092011(2013)
& n' - yete” VMD, Transition form factor PRD 92,012001(2015)
& n ->yntn~ VMD&Box anomaly preliminary
% n' - yyn® LoM and VMD preliminary
Search for New Physics
& n/n' - nn CP violation PRD 84,032006(2011)
& n/n -nte v, New charged current interaction PRD 87,032006(2013)

% n/n' - invisible Light invisible particle

PRD 87,012009(2013)
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Observation of the Dalitz decay ' - ye'e™

A (A’ +7?)

F 2y12 —
F@)F = e s

x)
8

A, = (0.79+0.04(stat) +0.02(sys)) GeV
vy = (0.13 +0.06(stat) + 0.03(sys)) GeV

Events/ (5 MeV/c?)

% Agrees within errors with the VMD model
predictions.

% The uncertainty matches the best result in space-
like region

% TFF useful input for studies of the HLbL

E o T contribution to the ., = (g, —2)/2

[ | 1 1
0 01 02 03 04 05 0.6 0.7 0.8
M(e'e) (GeV/c?) 10




Bargow spectroscop Y at BESIHI



qaqq qqqg diquark meson-baryon state

3-quark(a) configurations
v' Explicit classification for light baryons in terms of group symmetry.
v' Successful in describing ground state baryons

[] Predicts more excited states

‘missing N*states’ around 2 GeV:
fewer effective degrees of freedom ? -> diquark(c) configuration
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€ Access to N* \* X* Z* baryons
€ Favorable environment for producing:

-- hybrid (qqqg-g) baryons;

-- missing N* strong coupling to g3N
¢ Complementary to 7N experiments

Selected results at BESIII

&% PWA of Y’ — ppr!
PWA of Y’ — ppn

& Measurement of ' - (Y)K~AET + cc.
Observation of Y’ = AX*n™ + cc.

% Hadronic Branching Fractions of A} decays
Branching Fractions of A — Ae*v,

PRL 110, 022001(2013)
PRD 88,032010 (2013)
PRD 91, 092006 (2015)
PRD 88, 112007 (2013)
PRL 116, 052001 (2016)
PRL 115, 221805 (2015)
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& Absolute Hadronic Branching Fractions of the A} baryon

A lightest charmed bar}

First measurement of absolute hadronic BR

12 Cabibbo-favored /1, decay rates measured

HQET by double-tag technique
w00} PK BESIL pKm* - pPKmn® Mode This work (%) PDG (%)
~O0F ] pK? 1.52 4+ 0.08 + 0.03 1.15 4+ 0.30
: pK-n* 5.84 +0.27 4+ 0.23 50+1.3
b 20f pKOx° 1.87 + 0.13 + 0.05 1.65 + 0.50
= 10} pKOrta~ 1.53 +£0.11 + 0.09 1.30 £ 0.35
= S Y pK-ntx° 4.53 4+ 0.23 + 0.30 34+ 1.0
£ 200 K AT - o Azt 1.24 + 0.07 + 0.03 1.07 +0.28
2 of ] ] Azt n® 7.01 +0.37 +0.19 3.6+ 1.3
sk ! ﬁgw : : . Artamt 3.81 +0.24 +0.18 2.6 +0.7
o S S SO0zt 1.27 + 0.08 + 0.03 1.05 + 0.28
1o} PKITT _ =0 _ o >+ 70 1.18 + 0.10 + 0.03 1.00 + 0.34
<t _ _ | Stata 4.25 4+ 0.24 + 0.20 3.6+ 1.0
" . leL o Stw 1.56 + 0.20 4+ 0.07 2.7+ 1.0

2.26 2.28 2.3 2 26 2 28 23 2.26 2.28 23
M, (GeV/c?)
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XYZ, S}:ectroscmag at BESIII



XYZ spectroscopy

2(4430)?|

[ne#'So | Vo] — }/P Predicted not discovered
- Viéze0y | (3P | [xer(@P)|
42 Lo ¥eo(3*Po)

S ., BEse 5] Y Discovered not predicted

=

g Tz X X(3823) X(3872) ---

T L — Y vector ete->hidden charm final states
- Z Zc charged charmonium-like states

Don't fit in the quark model

predicted, discovered :
predicted, undiscovered Good agr eement between
e prediction and discovery
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X(3872) in Y(4260) - yrntn~ ]/

narrow 1** state close to D°D*%threshold

¢ D°D*? molecular state?
¢ mixture of ¥’ _,and D°D*? bound state?
L L B 0.6
B N . - —4— data
I BES]]I + Data | ] g osf —— Y(4260)
) i — Total fit = ---- Phase Space
> T --- Background 7 < 04F e i
g 10 .— — E I Linear
: |
2 | ] S
2 5 3 S
“eoor 1 o
o CH T T T °
3.8 3.85 3.9 3.95

M(r*mJ/y) (GeV/c?)

M = (3871.9 + 0.7(stat) + 0.2(syst)) MeV/c? Suggestive of Y(4260) — yX(3872) ;




X(3823)inete™ » MW YX 1

240 BESIT e b 40F - Data First observed by Bellein B — y YK

Q@ _ i - Background % :_ ------- Background PRL111, 032001 (2013
E O I Sideband = 30F I Sideband 2o
~ 20f 2 20f

2™ 6.70 | ¢ | Good candidate of ¥ (13D ,)

Q10 0 10F 2

L g o f

wWo

6 37 38 39 36 37 38 39
ecai('T) (GeV/C) MM (GEV/C?) 6 M = (3821.7+ 13(stat)+ 0.7(syst)) MeV/c*

® ' <16 MeV at90%C.L. consistent with Belle

M

7 +Data (a) & * ?'55 (b) +data B(X(3823) )
- 4 5 oof —Y(4360) 6 R= —“YXe2) - 0.43 R~0.2 predict
~ 6] —D-wave 2+ + + ;; . " 5 : .2 predict.
_ i . - y(d415 (X(3823)~vXc1)
2 [ --Swave 00350434202+ % 1.50 1B e
..24_— M(r*n) (GeV/c?) c’oa“ 1:_
@ = % L . o . L] o
ol L J %05t (a) D wave expected, with limited statistics
1, ey _,_4 2 hadl —  (b) Both Y(4360) ¥)(4415) line shape give
0 ‘ Ll % U043 4d 45 46

—

. r nabl ription
to-0s 0 05 £ (GeV) easonable descriptio

18



Y states

Abundant structures observed above 4GeV
1~ can be produced in e*e-annihilation

BESIII Exclusive cross section line shape measurement

¢ ete” >t h, PRL 111,242001(2013)
ete™ - wy o PRL 114,092003(2015)
ete” > nJ/Y PRD 91,112005(2015)
ete” - n'J/Y Preliminary
% Search forY(4140) - ¢ J /Y PRD 91,032002(2015)
Search for Y (4260) - J /Yy nm! PRD 92, 012008(2015)

Search fore¥e™ — yx CPC39 (2015) no.4, 041001
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Study of ete™ - wy . from 4.21 to 4.42GeV

Y(4260)

e strong coupling to the J/ynm final state

@ relatively small coupling to open charm

coupling between Y (4260) and wy ¢ by threshold effect?

“J“E RESTT Fit with a single BW
80 - 4 Data Mass =4230+8+6 MeV
5 wf  Rosonance Width =38 +12+2 MeV
3 a0f Significance > 9o
; 20f | | —
{E_E i 1 “ Inconsistent with the line shape of the Y(4260)
I T 6 P(4S)? EPJC 74:3208 (2014)
20 ¢ Tetraquark? PRD 91, 117501 (2015)

T,] FEPEETE EPEIP INETEPET AP IS A I -
415 42 425 43 435 44 445 45 & Threshold effect?
\'s (GeV)
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ete” - nJ/YP ete” -n']/Y

4 BESII2012) L] R e e et TR

—4— This work
|\ HI }ui

T,

| FETETETE E ST ET A AT S AT A AT STETETET S AT ET TS AT AT A AT S ST E N R

100 | * —} Belle

o
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o(e'e’ — nJ/y) (pb)
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Born cross section (pb)
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- U (BESIII Prellmmary}
38 39 4 41 42 43 44 45 46 47 415 43 425743 455 44 445 45 455 46

/s (GeV) Ecm (GeV)
Agree with previous results with ¢ Cannot tell the line shape due to statistics
improved precision e o(n'J/Y) muchlower than o(nJ/y)
Structure around 4.2GeV lower than NRQCD calculation
Y(4160) - nJ/YP?
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Zc(3900) in ete™ = n(w]/P)

State Mass (MeV/c2) Width (MeV)
Zc(3900) 3899.01+3.6+4.9 461+10+20
Zc(3900)° 3894.8+2.31+2.7 29.6+8.218.2

Z¢(3900)¢
® couplesto /¢ cc
% electric charge ud/ud

o F BESTI Ao
i — Total fit

---- Background fit

0
o

.=« PHSP MC

Events / 0.01 GeV/c?
5 O
o o

N
o

3.7 3.8 3.9 4.0
Miax(7=Jy) (GeV/c?)

Zc(3900)°

Events/(10 MeV/Z)

Events/(10 MeV/é)

Events/(10 MeV/¢E)

Lo 5B 88188 3

L L
ER 4.0 4.2

M o, (GEVI)



Zc(3885) in ete™ — w(DD*)

State Mass (MeV/c2) Width (MeV)
Zc(3885)*  3881.7+1.6+2.1 26.6+2.0+2.3
Zc(3885)° 3885.77:5+84  357]13+15

Zc(3885)*

3.85 390 395 400 405 410 4.1°f
M(D’D*) (GeV/c?)

cucd

3085 3.90 3.95 4.00 4.05 410 415
M(DD*) (GeV/c?)

cd cu

Z¢c(3885)°

“:t; B -+ Data
EBU_— BES]]I — Global Fit
s N . Signal
=60 M Incl. Bkg
= «v PHSP
240
o [

20}

o

3.85 3.9 3.95 4 4.05
M(DD*) (GeV/c?)

Zc(3900) & Zc(3885)
® mass and width are consistent within 2c
® Zc(3885) favor 1t Zc(3900) ?

¢ B(Z.— D*D)

=062+1.14+2.7
B(Z.— Jhp)
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Z2¢c(4020) in ete™ — n(mh,)

Zc(4020)* Zc(4020)°

120

100

r:l"-'\.
g :
= o
= =
s« =
Zz ' Z
g 40 =
e )
-
20 =
0
395 400 405 410 415 420 425 $5 39 395 4 405 41 4
reco
M, (GeVic)) My, (GeV/eEY)
State Mass (MeV/c2) Width (MeV)

Z¢(4020)* 4022.9+0.81+2.7 7.9+2.71+2.6

Zc(4020)° 4023.9+2.213.8 fixed(7.9)
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Zc(4025) inete™ - D*D*

Zc(4025)= Zc(4025)°
O  — - comb.BKG  —+ data I e
c:.“ [~ eeeea D*D** — 'total fit % —%Sm 4 23GeV+4.26GeV S -
L i o s - 3 -
> 60[-BESTI £:(4025) g @ Fol Z
s [ H ----- PHSP signal 2 [ 8 N
N 40~ “eor '— :
P i i 0_2404 4n54 |
_.% 20 __ 10 __ . -. + ' - RIL-'I[::”}-[GEWEZ: __
= | L a
LL R i _

4.02 4.04 4.06 4.08 " 4.02 4.04 4.06 4.08 4.1

RM(r) (GeV/c?) RM(r%)(GeV/c?)
State Mass (MeV/c2) Width (MeV) 7 (14020) & Ze(40725
C C
Zc(4025)* 4026.3+2.6+3.7 24.8+5.6+7.7 ( ) ( )
Zc(4025)° 4025.5*%0+31  23.0+6.0+1.0 ¢ resonance parameter consistent within 1.5¢

—4.7
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Nature of XYZ states

Tetraquark state?
D(*)D(*) molecule state?
Meson-Loop?

FSI?

Cusp?

¢ € € € @

/

X(38872)

Y(4260)

&= Z.(3900)
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Summarg

BESIII collects large data sample at 2-4.6 GeV in e*e collision

BESIII is an ideal laboratory for studying hadron spectrum

% Light hadron -- X(187?). glueball. rare decay ---
% Baryon -- excited nucleons. baryon decay ---

e XYZ -- XYZ and transition ---

More data are taking & More exciting results are expected!



Thank You!



