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The Discovery of |/W

*On Nov. 11, 1974, Burt Richter (SLAC)
announced the discovery of the ¥ and
Sam Ting (Brookhaven) announced the
discovery of the J. T

*The J/ v with a mass of 3.096 GeV was
soon interpreted as being made up ofac
and a c-bar quark.

*The existence of the charmed quark had
been predicted by Glashow, lliopoulos, and
Maiani to explain the absence of
strangeness changing neutral currents.

*The discovery led physicists to finally take
guarks seriously.

» They received the Nobel Prize in 1976 for
their discovery.
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‘ Ilustration

w(2s) > n )y w(2S) > J/y
J/W_)ﬂ+ﬂ_ J/W—)e+e_
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Beijing E Iectron P05|tron Collider Il

, 2004: started BEPClI!’BESlll
% construction
2003 test run

‘(
\f' ‘ 2009 - now: BESIII physics run
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‘BESHI Detectors

SC magnet, 1T

Magnet yoke
RPC

TOF, 90ps

Be beam pipe

MDC, 130 um

.Total weight 730 ton,
0.5% at 1 GeV/c

1 ~40,000 readout chnls,

F 3

Py
Csl(Tl) calorimeter, 2.5% @ 1 GeV

~ Data rate: 5kHz, 50Mb/s

dE/dx resolution
EMC Energy resolution
Spatial resolution

| Sub-detectors

MDC Momentum resolution

0.5%@1GeV
6%
2.5%@1GeV
6 mm

TOF Time 80 ps (Bhabha)
resolution 110 ps (Di-muon)
MUC 9 layers RPC, 8 layers for endcap
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‘ Spectrum of W (2s) Inclusive Decays
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= EMC has an excellent energy resolution.
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y(48) or hybrid
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Quantum Chromodynamics (QCD)

3 primary colors = RULIG

color + camplementawm ed white

= (du)

gluon self-couplin

Baryons are red-blue-green triplets Mesons are color-anticolorpairs

Carriers of the strong interaction are gluons with two color. This is different
from the carriers of EM, which don’t carry any electric charge.

QCD predicts all particles are color-singlet.
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Where is the “missing baryons'?

(1) Does the quark model completely describe the nature of baryons?
The baryon model links number of baryons. In theory: NA>N2>N1>N3,

however, in experiment: Nopsened <<N1. Quark models predict many more

baryons than have been observed

5O O @)

1, 3 quarks 2, quarks and 3, quark-diquark 4, multi quarks
flux tubes

(2) Do the resonances simply escape from detection?

Almost all existing data results come from 7TN experiments.

Charmonium decays at the BESIII experiment, give novel insights into baryons
and provide complementary information to 7TN experiments.
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'Why Charmonium at BESIII?

Spring-8§, ....

1A M (tn, ®, b, p, K -..) BESII58M  1.2B(20xBESI)  10B

o |.|.l {3535] CLEO: 28M 0.5 B (20x CLEO) 2B

J (3770)  CLEO:0.8/fb  2.9/fb (3.5x CLEO) 20/fb

N®AZ...) Above CLEO: 0.4/fb @4040, 5-10/fb
JIp@" — BBM = N*, A* T* E*I open 0.6/fb@4160 2/fb@4260, 0.5/fb
¢ NN, S, charm @4360, Data for
threshold lineshape
M Rscan&t BESII R
®2.23,2.4,2.8,3.4,
e F.A, £, 2 25/phb tau

Interference between N and N*bar could be studied
Not only N*, but also A*, X* E*
High statistics of charmonium@ BESII|
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‘ Quantum States Allowed within the QCD

Pentaquark: Exotic statey H-diBaryon ula
S=+1Baryon U o e tightly bound il
Glueball 6-quark state d>S
Color-singlet multi-
gluon bound state %
Tetraquark mesons g 5]
tightly bound . loosely bound Qﬂ
diquark-diantiquark ' u meson-antimeson R
“molecule” C@ .h*“

qg-gluon hybrid mesons E'Wﬁe
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Partial Wave Analysis

PWA, a powerful analysis strategy aims to find more states and determine
their properties.

The probability to observe the event characterized by the measurement & is

(£)e(©)
P ===

Jdéa($a) 2
w(g)zz_;: 2.CiA;| =12.¢R;B(p, 0O,

where o( & ) is the detection efficiency and « (&) = d o /dDis the differential
cross section,and d® is the standard element of phase space. A, is the partial
wave amplitude with coupling strength determined by a complex coefficient c;.

The likelihood for a particular model is

N events

L=T[R©)

i=1
A series of likelihood fits are performed for parameter estimation and model

evaluation.
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‘ Feynman Diagram Calculation

= Effective
Lagrangian
approach
= Rarita-
e Schwinger
e e formalism

FDC Project by J.X Wang,
Nucl.Instrum.Meth. A534 (2004) 241
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‘ PWA of]/ s 9wm
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PWA of |/ U 2y

PRL 48, 458 (1982), Crystal Ball.

PRD 87, 092009 (2013) _

An indirect way to search for glueball candidates.

/(710 ) > pKK (85 L2y 404
200 y£A710 ) > yam (40 +10 ) x 10—4
e X* /Nopin=1.72 f (1710 ) > yow —4
G 4 / (3.1 £1.0 )=10
1% f (1710 ) > ynn +0.134+1.24 —4
2 4 (2.35T011 0774) x 10
?E‘?"““ PRL 110(2013) 021601, Long-cheng Gui et al.
I calculates by LQCD,

Br(J/w — yG(0"))=3.8(9)x10~"

(a) M, (GeVIe) Need more experimental effort.

Resonance Mass(MeV /c?) Width(MeV /e?) B(J/{¥ — vX — ~nn) Significance

fo(1500)  1468F 3773 136+ 56 %00  (1.61703557955) x 1077 82 ¢
fo(1710)  1759Fg*33 172+10Hs (2351597 672) X 107* 2500
fo(2100)  2081+13+23 273+ 27153 (9.99753775353) x 107° 139 0
f2(1525)  1513%5H3) 7508 (8411003 x 107 1100
f2(1810) 182233345 22073305, (5.3870E3t331) x 1070 640
f2(2340)  2362+31+139 334624164 (5 5g+0.6141.93) 145 7.6 o
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PWA of w(2s)>ppit’

PRL 110, 022001(2013)
T T T T \-(H:m}l T T T (W) Resonance N ._’ e(%) B.F.(ilﬂ_r’")
) N(940) 187045:3;} tgj- 27.5+ 0.4 6.42“:%:3'3“: }3
o - Nuss) . N(1440) muotg;; jj;_:gg'. 27.9+ 0.4 3.551‘;}55’:{{,;;‘;2
= N(1650) N(1520) 19011903 28.04 0.4 0.647002 032
= N(1535) 673t io 200 25.8 +0.4 24717035 00,
g N (1650) 10801 T +352 27.2 4+ 0.4 3.761 0251137
£ N(1720) 510157170, 26.9 £ 0.4 L7t 0o
3 50 948t s 304 34.2 4 0.4 2.6270 35t
_____________ 7951434127 35.3 4+ 0.4 2,181 008 020
N - 4515493 25.8 £ 0.4 16.54+ 0.3+ 1.5
1.5 2.0 25
M,(GeV/c?) Two new baryonic excited states are observed in
200 [F N N Ok PWA analysis. N(2300)[1/2]7, N(2570) [5/2] .
—N(1720)
150 - e ] See more results about baryons study:

J/y — npp PRD 88, 032010 (2013)
J/y > AY"+cc PRD 87, 012007 (2013)
1 yw'— pKE’, =’ > yA PRD 86, 032008 (2012)

g
|

Events/(32MeV/c?)
ls
|

_,—"'-_I_" yT

e e |y p T (pizr 72°) PRD 86, 052011 (2012)

20
M, «(GeV/c?)
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N and 7 ' Physics at BESIII

KLOE, WASA-at-COSY, CB at MAINZ, CLAS, GlueX, PRD 19, 2188(1979).

*Rich physics field:
N/ —2y
n/7 =’
Mmooy
n/Mm —>nn
n/n'— pun’ e
n/m—>pe

0

chiral anomaly

quark mass — Y

box anomaly
TN

CP violation
C violation —
LF violation

« Huge samples of prompt n/»’ with 1.2 billion J/psi decays.
*JIpsi=n (1), Jpsi>¢n ()
B(J/ Vv —yn)~1.1X103 — 1.32X10% n events
B(J/V —yn')~5.2X103— 6.24X10% n’ events
BJ/Vv —¢n)~7.5X10%— 9.0X10° n events
B(J/V —¢n)~4.0X10% — 4.8X10° n’ events
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| —nanin J/o—yn )

PRL 108, 182001(2012)
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7 Y- 1 Mixing
Phys. Rev.D19 (1979) 2188
n%) = cos@,, [T} +sin6_ |7) n'— ez, forbidden

by isospin conservation

. ' llow
N} = -smB_, |T)+cosB_ 1) 1T —> 17z, allo ed

R= LI 2777) _ ¢ in? 0., (+...) oc AM*(+...)
I'(n'— nxr)
sin@, = V3(m, M) f—m, +m.)/2
4(m, —m)

Br(n' »a*a~n%) = (3.83+£0.15+0.39) x 10~* (PDG2010: (3.67}3;) x 10™°) agreement

For n ' —3 9, the branching ration is two times larger than the world average value.
Br(n'—37°)=(3.56+0.22+0.34)x10> [PDG2010=(1.68+0.22)x10"]

Br(n'— 37°) L6% Br(n'—> 77 x°)
~1.6%

, ~ 0.9%
Br(n'— 27°n) Br(n'— n 77 n) ’
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Charmonium Spectroscopy

4.6 - 7(4430)
7(4050)
4.4 7(4250)
4.2 Z(4200)
Z.(3900)
~ 4 Z(3885)
3.8- Z(4020)
S ™ | 7.(4025)
436
- X(3940)
7(3930)
3.2
w5 LU Y (3940)
3 Y(4140)
2.8 X(4350)
| | | | |

JPC o+ 1 1 o** 1+ o+t



X(3872)

Observed by Belle in B > K*ntnJ/y
Close to D°D*® mass threshold, narrow peak

JPC=1++

Natur; unclear:
. D°D*% bound state?

- Mixture of y.,(2P) and DOD*0 bound state?

- Conventional charmonium y,(2P)? tetraquark? hybrid?...

Production

- pp collison; B decays;

- Y(4260)>7X(3872)

Decay: T Iy, TPy, DODOxO, DOD*O, vIhy, v’
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Observation of
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4.23-4.26 GeV



Events / 3 MeV/c?

observation of X(3872)

S 0.6
-1 S = = ~+ data
- —+ Data . 3 0.5 — Y(4260)
: — Total fit - - ----- Phase Space
[ 6 36 - == Background ; 0.4 --- Linear
10_— 1B Z
: 03}
i ] -
5 4 5 02f
A ] @ :
LT AR R
98 I%BIS lI‘39 - '39:% 0:* S S ——
| Mt Jip) (GeVicd) o d (Ge‘\lﬁ 44 45
VI X(3872) signal e
fﬁ]?ou()gli]srag?:tivg Zegcay = Seems from Y (4260) decays
N =20 144 5- » 5lete2>n nd/y) =(62.9+1.91+3.7)
T pb; B(X(3872)>n*nJ/y)= 5%
M = 3871.9+0.7+£0.2 MeV c(ete->yX(3872)) 1o
[PDG = 3871.68 +0.17 MeV] s(ete > I/vy) T
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X (3872) Radiative Decays

Radiative decays of X(3872) help to understand its
nature
X(3872)->vyJ/y determines its C-parity
Ratio (R) of X(3872)>yy’ to yJ/y:
Theoretical predictions:
DD* molecule; (3-4) X 103
Charmonium: 1.2-15
Mixture: 0.5-5
Experimental measurements:
BaBar: 3.4x1.4, 3.5¢
Belle: <2.1 @ 90% C.L
LHCb: 2.46+0.64+0.29, 4.4c
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ete— mrmT/w at BESIII

525 pb-! data at 4.260 GeV

Emm Belle, 967 fb™!
Emmm BaBar, 454 fb

BEEEE BESIIL 525 pb! @ 4230

MR(n'm) (GeV/c?)?

] 1595 events in
H}| J/\|! S|gnal
r

1}{ ng mb ™

FERTE R |
. .2 44 46 48 5.0 5.2 54 56

® (2o

- —+—dm L
A e C - PHSP MG o L C +dats
->-.. C - § {0pl.  --PHsPMC { \
[o)] [0] E —Z,(3000) MC *
g Eﬂ 80  [sideband *H
S Q 60: ﬁ
o o C
) 2 4oL o '+H * "+ 1&
5 § e {
ki & 2of LT

T T T R
M{x*Jly) (GeVic?) MixJiy) (GeV/c) M(z') (GeV/c)
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~ Observation of Z(3900)

Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

100:_ t'?:’::l fit
o BESII o1 M = 3899.0+3.6+4.9 MeV
[ \ Sideband
o >80 { = I = 46+10£20 MeV
sol 1 Lt T 307 + 48 events
N + P | *};‘Z.‘-"n.—_ -
20 34
P R S Ty M = 3894.5+6.6+4.5 MeV
3.7 3.8 3.9 4.0
Mo (/) (GeV/c?) I' = 63+24+26 MeV
70 § e 159 £ 49 events
60— — Fit
: — Background % 355 ata
50;_ .-~ PHSP MC E 30; % Ehasa Space (a) CLEOC dGTG
40f S 25 =y Sidebancs SFG pb- data at 4.170 GeV
30F S 20
20F T/ © 1 M = 3886+4+2 MeV
105 12&1 ..... .. [ = 37+4+8 MeV
oE= - = Iy
37 38 39 4 41 42 e 0 T |81 + 16 events
M. (JAy) (GeV/c?) om0 seno | w0 door
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ete2>m (D*D)*+c.c. BESIT
= Strategy: 525 pb data at 4.260 GeV
= reconstruct D> K-*/D*>Kr*rn*; reconstruct “bachelor” r;

require D* in the missing mass using kinematic fit; look at the
recoil side of «

G 90E

;3 70, M = 3883.9+1.5+4.2 MeV
A [ =24.8+3.3+11.0 MeV
S % oXB 85.3+6.6+22.0 pb
- 1:38.535 ";,.éo 305 4.00 4.05 4.10 4.15

M(D°D*) (GeV/c?) Assuming Z(3885) is Z.(3900)

I'(Z.(3885)->DD¥) B
[(Z2(3900)->md/W)g 5 41 142 7

Large non-DD coupling

3,65 3.00 3.05 4.00 4.05 4.10 415
M(D*D*°) (GeV/c?)

2014/9/24 22-27 Sep. FAIRNESS 2014 28



ete D (D*_D)++C.c.

e COSO,:

e bachelor pion’s pole angle (relative to beam direction) in the
CMS
0.5

0.45 = 0: P-wave, with J,=+1
0.4 :

0.35 - Sln2('];.c
0.3 e it t

" 1. P-wave, 1+c0s20,,

Fractional yield

= 1+: S-wave/D-wave, D-wave

small contribution - flat
00 01 02 03 04 05 06 07 08 0.9 d|str|but|on
lcos 6|

fits favor 1* assumption
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Summary

Fruitful results come from the BESIII
experiment.

New highlight in light hadron, XYZ physics.

Looking forward to new results, since more
data is still being taken under energy range 4.
~ 4.6 GeV.
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