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Introduction to the BESIII Experiment

The primary goal of BESIII: Use ete- collisions to produce charmonium states,
then use their properties and their decays to learn about the strong force.

(and the properties and the decays of ;

their decay products, etc.) 3.8
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Introduction to the BESIII Experiment

accelerator

BEPCII:
Institute for High Energy Physics
Beijing, China

Collide e*e~ in the T-charm region:
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First collisions: March 2008

Record luminosity: ~6 x 1032 cm~2s-!
(~10x CESRc and ~50x BEPC)
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aerial view of BEPCII at IHEP
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Introduction to the BESIII Experiment

The BESIII Detector

SC magnet
Muon Counter . -

—

detector

e hesm pipe @ |

Drift Chamber .

A
° e

CsI(T1) calorimeter

Excellent tracking and calorimetry with
a uniform acceptance:

tracks: op/p ~0.6% at 1 GeV/c
photons: Or/E ~2.5% at 1 GeV




Introduction to the BESIII Experiment

The BESIII Detector

SC magnet

Muon Counter

e
—— o

| detector

Be beam pipe

First Hadronic
Event:

e | July 2008
CsI(T1) calorimeter

Drift Chamber

Excellent tracking and calorimetry with
a uniform acceptance:

tracks: op/p ~0.6% at 1 GeV/c
photons: Or/E ~2.5% at 1 GeV

10



Introduction to the BESIII Experiment

2Mp o
accelerator 2
3.6
= Xe2(13P2)
S
8
ow 34
(9]
<
=
QCD <« .
E1-Dominated Transitions
3.0 - M1-Dominated Transitions
phenomenology
0+ 1— 1+ o+ 1++ 2++
and theory e

a bigger picture

E1 photon tagged

400

200 + + +
0P Ty
200F
~400F ‘ ‘
351 352 3.53 3.54
- s Inclusive
2500
2000 F
1500 |
1000 F
o b ATy
I T
-1000 = =375y 352 353 354
3.51 3.52 353 3.54
7 recoil mass (GeV/c?)

11



Introduction to the BESIII Experiment

data
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Introduction to the BESIII Experiment

BESIII Data
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So far BESIII has collected:
~ 225 Million J/4
~ 106 Million y(2S)
~ 2 .9fb-1 at the {(3770)
~ 0.5fb-1 at 4010 MeV

data
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Introduction to the BESIII Experiment

BESIII Data
: (()(; 10%)
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MKIIl  CBAL BESI BESIH CLEO BESHI

So far BESIII has collected:
~ 225 Million J/4
~ 106 Million y(2S)
~ 2 .9fb-1 at the {(3770)
~ 0.5fb-1 at 4010 MeV

data

BESIII will also collect:
more J/, P(2S), P(3770)

+ data at higher energies
(for XYZ searches and D; physics...)
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Introduction to the BESIII Experiment
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Properties of the he (PRL 104, 132002 (2010))
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Introduction to the BESIII Experiment
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Introduction to the BESIII Experiment

A Selection of Recent Results from BESIII:

Light Quark States

« X(1860) in J/Ap — v(pp)
(Chinese Physics C 34,4 (2010) and NEW: arXiv:1112.0942)
X(1835) in J/Ap — y(M'7tHIT) (PRL 106, 072002 (2011))

X(1870) in J/Ap — w(NTTHIt-) (PRL 107, 182001 (2011))
a0(980) — 10(980) mixing (PRD 83, 032003 (2011))
N’ — 1ttt matrix element (PRD 83, 012003 (2011))

Charmonium Decays
o P(2S) = yaO, yn, YN’ (PRL 105, 261801 (2010))
e Y1 —> TOTO, MM (PRD 81, 052005 (2010))
* Yl —> YO, YW, YP (PRD 83, 112005 (2011))

o YcJ — 470 (PRD 83, 012006 (2011))
Charmonium Spectroscopy and Transitions
« Mass and width of the N (arXiv:1111.0398)
 Properties of the he (PRL 104, 132002 (2010))

« Multipoles in P(2S) — VY2 (arXiv:1110.1742)
Open Charm
* results very soon
Charmonium Above Open Charm Threshold
« results a little later
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QCD

phenomenology
and theory

23



Introduction to the BESIII Experiment

* Quantitative Comparisons with Lattice QCD
* e.g.:
* charmonium masses
* radiative transitions
* open charm decay constants

* Decay Dynamics

c eg.
* the “o puzzle”

By(@25) = p7) __15q, JAp or Y(2S)

B(J [y — pr)

* The Structure of Mesons

YossOETTTTSsTS: T

QCD c e.g..

* gluonic excitations?

phenomenology
and theory

MESON

=0 C» O

HYBRID MESON GLUEBALL

24



Introduction to the BESIII Experiment

2Mp o
accelerator 2
3.6
= Xe2(13P2)
S
8
ow 34
(9]
<
=
QCD <« .
E1-Dominated Transitions
3.0 - M1-Dominated Transitions
phenomenology
0+ 1— 1+ o+ 1++ 2++
and theory e

a bigger picture

E1 photon tagged

400

200 + + +
0P Ty
200F
~400F ‘ ‘
351 352 3.53 3.54
- s Inclusive
2500
2000 F
1500 |
1000 F
o b ATy
I T
-1000 = =375y 352 353 354
3.51 3.52 353 3.54
7 recoil mass (GeV/c?)

25



A Few Highlights from the BESIII Experiment

A Selection of Recent Results from BESIII:

Light Quark States

« X(1860) in J/Ap — v(pp)
(Chinese Physics C 34,4 (2010) and NEW: arXiv:1112.0942)
« X(1835) in J/Ap — y(M'tHIT) (PRL 106, 072002 (2011))

« X(1870) in J/Ap — w(NITrIT) (PRL 107, 182001 (2011))

* a0(980) — 10(980) mixing (PRD 83, 032003 (2011))

« 1) — Nt matrix element (PRD 83, 012003 (2011))
Charmonium Decays

o P(2S) = yaO, yn, YN’ (PRL 105, 261801 (2010))

e Y1 —> TOTO, MM (PRD 81, 052005 (2010))

* YcJ — YO, YW, YP (PRD 83, 112005 (2011))

« YcJ —> 47V (PRD 83, 012006 (2011))
Charmonium Spectroscopy and Transitions

« Mass and width of the N (arXiv:1111.0398)

 Properties of the he (PRL 104, 132002 (2010))

« Multipoles in P(2S) — VY2 (arXiv:1110.1742)
Open Charm

* results very soon
Charmonium Above Open Charm Threshold

« results a little later
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Study of Light Quark States

A Selection of Recent Results from BESIII:
« Light Quark States

X(1860) 1n J/yp — v(pp)
(Chinese Physics C 34,4 (2010) and NEW: arXiv:1112.0942)

X(1835) in J/Ap — y(M'7wrw) (PRL 106, 072002 (2011))
X(1870) in J/Ap — w(MTTTT") (PRL 107, 182001 (2011))
a0(980) — 10(980) mixing (PRD 83, 032003 (2011))

N’ — 1ttt matrix element (PRD 83, 012003 (2011))

Types of Meson States Allowed by QCD

MESON

HYBRID MESON

GLUEBALL

FOUR QUARK

27



The “X(1860)” in J/\p — v(pp) at BESIII

140 1 ' =
e First observed by BESII > - ]
. = 100 [ =
e Now confirmed by BESIII in = B % L -
— — = 80 e |l | —
Y(2S) n:+n:_J/1p N L% Y Ilﬁhl{'% " y E
= ypp E ITI‘:I#HFHIT | %ﬁlﬂlu y h':jllﬁ lllllll Lo #'I| E
using 106 million {(2S) decays 40 ;— % ! ":j.lf,%u‘#g f! f j %;%I%I;#I%ﬁ.lulﬁﬁ'jg ‘ %' ! —;
20 | VT
e Also recently confirmed by o
CLEO-c (with lower statistics) o 2.0 vl 25 3.0
in the same reaction R “t-o. M(pp)(GeV/ c?)
e No clear evidenc_e in: g 60 5 ‘ + X(1860) _
+ (2S) = ypp (BESII 2 ol F/ i
« JAp — wpp (BESII) S 40f H + o %
. Jp — pp (BESIID) 2 wf e +
O e, v, - v
+ Y(1S) = ypp (CLEO II) R e it A S R SR phase space
° t . 10 _:7/, ;
- & : acceptance

f00 005 010 015 020 025 'g).so
e Possibly baryonium? M -2m,(GeV/c%)
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JPC of the “X(1860)” (NEW)

perform amplitude analyses using decay angular distributions...

1 l L 1 T 1 ' T ) ! L\l I .

Jp — ypp !

0+ phase space :
. 13(1910) E
f3(2100) . E

nll'l-‘l‘l"ll\::!;i.-
4!']’-1 .

01 02 03
M _-2m,(GeV/c?)

“X(1860)” has JPC = 0+

Events/(0.01GeV/c?)

25
20

15}

10
S

35}
30}

0.

| 10.21 - 10.;)3
M p§-2mp(GeV/C )

“X(1860)” is now seen in
P(2S) decays
(~5% of JIY decays)
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The “X(1835)” in J/y — v(n/'7c+) at BESIII

First observed by BESII: Confirmed by BESIII:
—~ 120 (58 million J/p decays) (225 mzllwn J/?/) decays)
Q\] ~ T T T
O Q
% PRL95, 262001 (2005) % 500 3 X(1835) .} "PRL106, 072002 (2011%
w -
% 80 S 400 :
= S 300}
& = :
E 40 2 200F
L . :
E 100
0 08
14 50 56 14 16 18 20 22 24G26/28
-, . Vv
M(t'nn’) (GeV/c?) My (GeV/e)

But with surprises:

Rich Substructure! \ resonance | M( MeV /c*) [T'( MeV/c*)|  Nevent
F1(1510) | 15227 £5.0 | 48+11 | 230 £37
1ud | X (1835) | 1836.5 £ 3.0 | 190.1 + 9.0 |4265 & 131
with interpretation) X(2120) | 21224+ 6.7 | 84+16 | 647+ 103
X (2370) | 2376.3 £8.7 | 83+17 | 565+ 105

(an amplitude analysis could help
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The “X(1870)” in J/Ap — w(nretsr) at BESIII

. 900
¢ One more surprise... -
800

cl
iy
e [.ook at M(nrtm-) from > 700
2 600
Jp — w(ntn) = ¥
. < 500
after selecting ap* — Nt S
> 400
= 300
e A new signal appears at D 200
a mass of 1870 MeV/c2 g
with a width of ~80 MeV/c2! 100
0

= In general, amplitude analyses will be needed to learn more about these new states...

1 l L 1 L I I L 1 I 1 1 L I I L 1 I L} I ]

f1(1285) 4
\ 1(1405) 24

&)

VR X(1870)

- - -
.....

T

| = PRL107, 182001 (2011)

J\

1.6 1.8 2.0
(GeV/c?)

nnn

and then we need a global comparison between experiment and theory...

~
(g
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Study of Charmonium Decays

A Selection of Recent Results from BESIII:

« Charmonium Decays
o YP(2S) — ymO, yn, YN’ (PRL 105, 261801 (2010))
« Y1 — OO, NN (PRD 81, 052005 (2010))
* YcJ — YO, YW, YP (PRD 83, 112005 (2011))
« YcJ —> 47V (PRD 83, 012006 (2011))

Y(2S) — yn®

‘ AANN NN NN Y
P(23)

! N or T],

=> ideally, study the n—1' mixing angle, but
P(2S) — y1 1s anomalously suppressed...

Y(2S) — ynd

' r\/\r\f\ﬁ !
| : 0

P(2S) AVAVAVAVAVAY

= possibly study the y* — vy — 0
form factor for timelike y*
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Analysis of P(2S) — v(i°,n,n") at BESIII

Y(2S) — yn
(F'irst Observation)

Y(2S) — v
(First Observation)

40

20

strange

B \:\ ——
5 ' :

0 ""l- 1 " 1 L
005 01 015 0.2 0.25 0.3

Mass (GeV/c?)

+~ [ ]
> | ++
o %04 05 06 o7 08 09 095 1 105
Mass (GeV/c?) Mass (GeV/c*)
Mode BESIII Combined BESIII PDG
Y 1.58 £0.40 £ 0.13 1.58 £0.40 £0.13 <5

(Branching

fractions in
units of 10-9)

— yn(nO7%7x0)  11.07 & 0.65 4+ 0.08 N

/ ! (et e —
Y — 0’ () 120 £5 £ 8 126 +3+8 121 +8
—>fyn’(7r+7r_'y) 129+ 3+ 8
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The Suppression of P(2S) — yn?

e For J/ll), J/q) — yn(’)
B(J /Iy —yn) 1000 = AVAVAVAVAVAVAVAVAVANRY
B(J Iy — yn") =(21.1£0.9) % Iy f s :
) Y ) M or 1M
consistent with other measurements of the
N-1' mixing angle.
e But for y(2S5), Y(28) ="
. « AVAVAVAVAVAVAVAVAVANEY
BWES) =) _ (110 +038 £0.07) % v2s) | :
By(25) =) _ ! morn’

e Why the difference?
¢ interference with the continuum?
e contributions of other processes?
e something related to the “ox puzzle?”
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Study of Charmonium Spectroscopy

A Selection of Recent Results from BESIII: 38
P’ (13D-)
P24 1YY e E L L LR ELEREEEED
3.6 -
&
>
)
O,
o 34
)
<
>
3.2 |
« Charmonium Spectroscopy and Transitions JI(13Sy)
» Mass and width of the M (arXiv:1111.0398) / E1-Dominated Transitions
 Properties of the he (PRL 104, 132002 (2010)) 3.0 - no(11S0) M1-Dominated Transitions
« Multipoles in P(2S) — VY2 (arXiv:1110.1742)
O+ 1-— 1+ O++ 1++ 2++
JPC
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Measuring the Mass of the Nc(1S)

the n(1S) is the ground state of the charmonium system, but its properties are not well-known:

WEIGHTED AVERAGE WEIGHTED AVERAGE
2980.3+1.2 (Error scaled by 1.6) 28.6+2.2 (Error scaled by 2.0)

V MASS ! WIDTH
| >
2 X
X ... LEES 10 BABR 456
- - LEES 10 BABR 1.3 f— - - - - . AUBERT 08AB BABR 1.8
.. AUBERT 08AB BABR 2.5 - .. UEHARA 08 BELL 0.0
- - UEHARA 08 BELL 46 —f— - WU 06 BELL 5.1

: ...\ - . ABE 07 BELL 1.7 L WU 06 BELL
 — [ ----- WU 06 BELL 6.7 —|- - -~ - ASNER 04 CLEO 056
f b WU 06 BELL 0.8 e i B - - AMBROGIANI 03 E835 1.1
- ASNER 04 CLEO 06 — |l - - BAI 03 BES 2.0
. - AMBROGIANI 03 E83 27 | —fL o FANG 03 BELL 0.0
@® | BA 03 BES 32 —Q@— || - - BAI 00F BES 38
—— -\ FANG 03 BELL 0.1 e ARMSTRONG 95F E760 0.2
- - BAI 00F BES 2.4 Q- - - BAGLIN 87B SPEC 8.3

--------- BAI 90B MRK3 4.0 —— . - - - . . BALTRUSAIT...86 MRK3
—@—\ GAISER 86 CBAL 0.6 . - . GAISER 86 CBAL 145
31.2 41.9

(Confidence Level = 0.0018) (Confidence Level < 0.0001)
1 i 1 | | { 1 | |
2050 2960 2970 2980 2990 3000 3010 .20 0 20 40 60 80 100

some of the problem appears to stem from measurements using Y(15,2S) — yn(1S)...



Measuring the Mass of the Nc(1S)

BESIII observed a shift in mass due to a distortion of the Y(2S) — yn.(1S) lineshape...

250 250 160F
| —e— data | —e— data - —e— data
- [ other y’ decays B I other vy’ decays 140 I other v’ decays
N 200 X, o [ a%, o - [ a%,
O n 0 200 O -
ST ST = S re0- = e
§ 150 :_ — — non-reso % 150 r —=— non-reso g 100 — — non-reso
9 E ............. 9 E ............. Int 9 80 ;_
2 OF ~ 1001 > 60F
S s0F S 5ol S 40F
T et N g % & 20 MRS
(eSS et o o B gt Rl DS Splly - o EETEEE B~ :
Lo ln Lvialunn, T N T P 0 e 2 S Liviiloin, il T
27275282852929533053131532 27275282852929533053131532 8.7275282852929533053131532
M(KsKn) GeV/c® M(KKn®) GeV/c® M(rn) GeV/c?
- e d C e d 250 —— data
140 T Il o?r':Zr ¢’ decays 300 - o?l::r y’ decays A - ] o;her y’ decays
L1200 ot " 250} con 0200w con
%100:_!:%“ % - !:?gnt % E ---- sig
- . - - [ — — non-reso
= 80 C inn(:n rese = 200 - pon-rese = 150 oo
(@] = C o B
F@ 60F 3 E) 100}
C 40F - S .
O e e o S e t—— ] 0 __-_____._____a_.__-----' i - “ \~I-'-L.._._.-.___-
Covvalins I IR TN FRE R R N ‘ Lol Lol I I Lol
27275282852929533053131532 27275282852929533053131532 27275282852929533053131532
M(KsK3r) GeV/c? M(2K2mn®) GeV/c? M(6m) GeV/c?

Attributing the distortion to interference with non-resonant radiative decays...

M=29843+0.6+0.6 MeV and I'=32.0+1.2+1.0 MeV
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Study of Open Charm

A Selection of Recent Results from BESIII:

* Open Charm
* results very soon

= D
_,_/
> — i
P
P(3770) -} _
- - Ty
Sy D
o

« Use Y(3770) — DD to produce two
quantum correlated D mesons (almost) at rest.

* “Tag” one D meson to learn about the other.

* Powerful tool for studying:
* mixing and CP violation
* hadronic decays (e.g. Dalitz analyses)
* semileptonic decays (form factors)

* leptonic decays (decay constants)
* efc.

* BESIII has ~2.9fb~1 (~3x CLEO)
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Open Charm at BESIII

Examples of a few D-tag modes...

12000 T T T T T T T = g = I ﬂ o 3
z 1 14000 =
o000, BESIII \ | 14000 BESII :
5 imi 3 = Prelimina 1 E
80005 Preliminary 1 10000 ry E
6000 | - 80001 * very clean
4000] 0> | | oo N
- | DY=2Km B - | D*2Knm :
: 4000; * excellent resolution
S {20000 . ~1.3 MeV
0183 1.86 1.88 0753 1.86 1.88 for pure charged
9000F ~ " T T o T T T T3 S * ~1.9 MeV
E 3 14000 -
8000 BESIII A : = BESIII with a 0
"% Preliminary 3 9% preliminary
6000} 3 10000F r
5000F E
4000F E
3000 DO Krrt! :
2000 £
10005 o r
J &4 18 188
P52

(using only 420 pb-1...)
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Study of Charmonium Above Open Charm Threshold

A Selection of Recent Results from BESIII:

« Charmonium Above Open Charm Threshold
« results a little later

the spectrum of charmonium states above open
charm threshold is richer than once thought...

State m (MeV) T (MeV)
X(3872) 3871.52+0.20 1.3+0.6
(<2.2)

X(3915)  3915.6+3.1 28+10
X (3940) 394219 37117

G (3900) 3943 +£21  52+11
Y (4008) 400813 226497
Z1(4050)T 405172 8212,
Y (4140)  4143.44+3.0 154

X (4160) 4156722 139718
Z5(4250) 42481185 177432
Y (4260) 4263+5 108414
Y (4274) 4274.478% 32122
X (4350)  4350.67%+6 13.3F184
Y (4360) 4353+ 11 96442
Z(4430)T  4443%22 1070123
X (4630) 4634% 9 92+23
Y (4660) 4664+12 48415

Y,(10888) 10888.4+3.0 30.7+%2

arXiv:1010.5827 [hep-ex]
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The Y(4260) and Y (4360) States

potential hybrid meson states discovered in ISR at Belle and BaBar...

The Y(4360) in wrre(2S) at Belle/BaBar
Discovery of the Y(4260) by BaBar

(o] 40 T T T T T T T T - .
2 ' ! UL LA i 100 Best Fit
Cll o . ' -JRELELELELD Solution |
< 301 b _ — i wenenenna Solution Il
g [ o : 8 75| o Belle
8 [ 10F it R — i
§ i 136 3.118 4114.‘2 4£|1 4fﬂs}i zﬂsﬂus i % BABAR
&3] 20 H \(}]/ |
i > 50
i I I
10K - 1S
; O
.. b 25
9 A Rt U N N SRR A .. !
8 4 4.2 44 4.6 4.8 5
m(n ) (GeV/c?) ol
PRL 95, 142001 (2005) 4.0 45 5.0 5.5

arXiv:1010.5827 [hep-ex]

These states could be produced directly at BESIII.
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Summary

A Selection of Recent Results from BESIII:

Light Quark States
« X(1860) in J/Ap — v(pp)
(Chinese Physics C 34,4 (2010) and NEW: arXiv:1112.0942)
« X(1835) in J/Ap — y(M'tHIT) (PRL 106, 072002 (2011))
« X(1870) in J/Ap — w(NITrIT) (PRL 107, 182001 (2011))
* a0(980) — 10(980) mixing (PRD 83, 032003 (2011))
« 1) — Nt matrix element (PRD 83, 012003 (2011))
Charmonium Decays
o P(2S) = yaO, yn, YN’ (PRL 105, 261801 (2010))
e Y1 —> TOTO, MM (PRD 81, 052005 (2010))
* YcJ — YO, YW, YP (PRD 83, 112005 (2011))
« YcJ —> 47V (PRD 83, 012006 (2011))
Charmonium Spectroscopy and Transitions
« Mass and width of the N (arXiv:1111.0398)
 Properties of the he (PRL 104, 132002 (2010))
« Multipoles in P(2S) — VY2 (arXiv:1110.1742)
Open Charm
* results very soon
Charmonium Above Open Charm Threshold
« results a little later

e BESIII 1s now fully operational and many
analyses are underway (as well as many
systematic studies)

e BESIII has already made many
contributions beyond the reach of CLEO-¢

e Many more results are on their way!
(including analyses of open charm)
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