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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 ;
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Introduction to the BESIII Experiment

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: ~5 x 1032 cm~2s-!
(~8x CESRc and ~45x BEPC)
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aerial view of BEPCII at IHEP
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Introduction to the BESIII Experiment

The BESIII Detector

L‘ ‘ Y, 2 1
Muon Counter SC magnet

detector

. T ; | & Y e
Be beam pipe i' Ty SR,
2 4

Drift Chamber

CsI(T1) calorimeter

Excellent tracking and calorimetry with
a uniform acceptance:

tracks: oOp/p=0.58% at 1 GeV/c
photons: Og/E =2.5% at 1 GeV
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The BESIII Detector
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Excellent tracking and calorimetry with
a uniform acceptance:

tracks: oOp/p=0.58% at 1 GeV/c
photons: Og/E =2.5% at 1 GeV —
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BESIII Data
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So far BESIII has collected:

~ 225 Million J/
~ 106 Million Y (2S)
~ 1fb~1 at the (3770)

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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Physics at BESIII

Charmonium Spectroscopy and Transitions
* Properties of the he (PRL 104, 132002 (2010))
o YP(2S) —= yYI/P (preliminary)

Charmonium Decays
* Xy —> T, N (PRD 81, 052005 (2010))

* Yl —> YO, YW, YO (preliminary)
* XcJ — W, (i)(‘), (L)(I) (preliminary)

* P2S) =y, yn, v’
(PRL 105, 261801 (2010))

* Y1 — 410 (arXiv:1011.6556)
Light Quark States

* a0(980) — 10(980) mixing (arXiv:1012.5131)

« 1" — N matrix element (arXiv:1012.1117)

« X(1860) 1n J/\p — v(pp)

(Chinese Physics C 34,4 (2010))

« X(1835) in J/Ap — y(M'7THIT) (arXiv:1012:3510)

« X(1870) in J/Ap — 0(NMTTHIT) (preliminary)
Open Charm, etc., etc.!
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Introduction to the BESIII Experiment

c eg.:

c eg.:

B(y(2S) — px) <129

* Quantitative Comparisons with Lattice QCD
* charmonium masses

* radiative transitions
* open charm decay constants

* Decay Dynamics

* the “o puzzle”

Jp or Y(2S) osvsvavenvsveo S O

c eg.:

QCD

phenomenology
and theory

B(J /Iy — pm)

* The Structure of Mesons

* gluonic excitations?

=0 P O

MESON HYBRID MESON GLUEBALL
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First Analyses from the BESIII Experiment

Physics at BESIII

Charmonium Spectroscopy and Transitions
* Properties of the he (PRL 104, 132002 (2010))
o YP(2S) —= yYI/P (preliminary)

Charmonium Decays
* Xy —> T, N (PRD 81, 052005 (2010))

* Yl —> YO, YW, YO (preliminary)
* XcJ — W, (i)(‘), (L)(I) (preliminary)

* P2S) =y, yn, v’
(PRL 105, 261801 (2010))

* Y1 — 410 (arXiv:1011.6556)
Light Quark States

* a0(980) — 10(980) mixing (arXiv:1012.5131)

« 1" — N matrix element (arXiv:1012.1117)

« X(1860) 1n J/\p — v(pp)

(Chinese Physics C 34,4 (2010))

« X(1835) in J/Ap — y(M'7THIT) (arXiv:1012:3510)

« X(1870) in J/Ap — 0(NMTTHIT) (preliminary)
Open Charm, etc., etc.!
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First Analyses from the BESIII Experiment

Physics at BESIII

* Charmonium Spectroscopy and Transitions
* Properties of the h¢ (PRL 104, 132002 (2010))

MASS [GeV/c?]

3.8

2Mp

3.6

3.4

3.2

3.0

P"'(13D1)
P'(2381)
ne'(2'So) V
Xe2(1°P2)
ne(17P1) Xc1(13P1)
B Xco(13Po)
Y
JP(13S+)
| ne(1'S0)
O+ 1-—- 1+- O++ 1++ D++
JPC

26




Introduction to the hc(1P)

Produced 1n the i1sospin-violating process:

B((2S) — n’h,) is a measure of 1sospin
violation.

B(he — yn¢) is a large E1 transition.

CLEO could only measure the product:
B(y(2S) — nhe) x B(he — yne)

but BESIII has measured the individual
branching fractions.

Mi(h.) gives a measure of the hyperfine
splitting of the 1P states:

M(hc(lP)) — <M(XcJ (IP))>(spin-weighted)
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Events/1 MeV

2001 B x B = (4.22 + 0.44 + 0.52) x 104

The he(1P) at CLEO-c

PRL 101, 182003 (2008)
(using 27M P(2S) decays)

3850208-003

Tag the
he—=>ynec
photon

1146118 h, events (100)
- Mass = 3525.35+0.23+0.15 MeV/c2

0

_100 5\ Tll ! | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘

3.5 3.51 3.52 3.53 3.54 3.55
1° recoil mass in GeV

(Note: CLEO also measured Mass and BxB using

MASS [GeV/c?]

exclusive decays of the 1., not included in these numbers.)
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The he(1P) at BESIII

PRL 104, 132002 (2010)
(using 106M P (2S) decays)
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3500
3000 |
2500 |

2000 g0l
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Hyperfine splitting of 1P states is small (or 0).

<=

e Tag the photon to measure
B(y(2S) — n%he) x B(he — y10)
=(4.58 £0.40 £0.50) x 104
(consistent with CLEQ)

e Don’t tag the photon to measure
B(y(2S) — n'h,)
=84x13x1.0)x 104

(first measurement)

¢ Combining branching fractions gives
B(he = yne) =(543+£6.7+£52)%
(first measurement)

e Also measure the mass

M(he) = 352540 £0.13 £ 0.18 MeV
(consistent with CLEQO)

e Compare to:
<M(XCJ ( 1 P))>(spin—weighted) —
3525.30 +0.11 MeV/c? (PDG)
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First Analyses from the BESIII Experiment

Physics at BESIII

« Charmonium Decays

* YP2S) = yad, yn, vy’
(PRL 105,261801 (2010))

Y(2S) — yn®

P(2S)

AVAVAVAVAVAVAVAVAVANLY

L ] ']f'l or ’rl,

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

Y(28) — yn

P(2S)

' r\f\j\M !
| : 0

' VAVAVAVAVAY

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

Y(2S) = v

(First Observation)

strange

depletion!

Mass (GeV /c?)

- 4 -
: i v
Q
2
Z +
ol - “ : ' '
0.4 0.5 0.6 0.7 085 09 0.95 1 1.05

Mass (GeV /c?)

Y(2S) — yn
(F'irst Observation)

40

20

0 1 1 L
005 01 015 0.2 0.25 0.3

Mass (GeV/c?)

Mode BESIII Combined BESIIT PDG

e e 1.58 £0.40 £0.13 1.58 £0.40 £0.13 <5 (Branchi

' —= (Tt 7Y)[1.78 £ 0.72 £ 0.17 138 4+ 0.48 + 0.00 < 9 ra’flc m.g
— n(7°7070)  [1.07 £ 0.65 £ 0.08 . Jractions "

O = (rtrn) | 1204548 oG iais 1o g |sol 107
— ' (7T ) 129 + 3 + 8
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The Suppression of P(2S) — yn?

e For J/ll), J/q) — yn(’)
B(J/y — yn) 511 s AVAVAVAVAVAVAVAVAVANLY
B(Jy—=vyn) ~ (21.1£0.9) % JIp £ " ‘ wory
consistent with other measurements of the r
N-1' mixing angle.
e But for \(29), Y(2S) =M
| N « AVAVAVAVAVAVAVAVAVANRLY
BWES) =11 (110 +038 £0.07) % v2s) b :
B(y((2S) =) - 1 ~ nmory

e Why the difference?
¢ interference with the continuum?
e contributions of other processes?
e something related to the “ox puzzle?”
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First Analyses from the BESIII Experiment

Physics at BESIII

« Light Quark States
* a0(980) — £0(980) mixing (arXiv:1012.5131)

What are the
a0(980) and
f0(980)?

MESON

111

HYBRID MESON

GLUEBALL

FOUR QUARK

Types of Meson States Allowed by QCD

MOLECULE

33



a0(980) — fo(980) Mixing at BESIII

e Search for ag(980) — £p(980) mixing in these channels:

0

"L< < G

f, > a0 a, > fo\\
-

(normalize to JIy — ¢fo) (normalize to y.1 — niaop)

e The leading contribution to the mixing is through:

k’ + K’ ()
fo / \ ap fo ’ \ody
NG \ :
P Qo

=> mixing appears as a narrow peak between the K+K- and KK? thresholds
(Hanhart, et al., PRD76, 074028(2007) and references within)
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20(980) — £o(980) Mixing at BESIII

Selecting the ¢ in K+*K-
e Search for J/p — ¢p(n): ~ 2T T
= 2 BESIII
S 18 3.30 reliminar
b = 16 . P Y
1/ n 2 14
o g 12 | o foa
" \\ = 10 ; direct ao
fo 2 a, 8 * \
n0 i L |
6 ®
| __ | A‘
2 : *
GEERE L1y, 'Iil.m
e Use 225 million J/4p decays. 09 10
M(nst“)/(GeV/cz)
* Measure: _ | Selecting the ¢ sidebands
12
§: 105— BESIII preliminary -
¢ = B([J/v = ¢£0(980)][f0(980) — a(980)][a0(980) = nm°]) 3 o | _5
fo = B([J/0 — 60(980)][f0(980) — 7+7—]) 5 4l L J&
= s olll 4|1
4 o ol .
= 0.6 + 0.2(stat.) + 0.2(syst.)% ik % T # * l 'HH hﬂT‘
:1.1....1....1....1....1.£
0.8 09 1.0 1.1 1.2
Mn")/(GeV/c?)
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Events/(0.01)

Events/(0.01)

20(980) — £o(980) Mixing at BESIII

Selecting the Y1 in ttrn?

O S 7 I =
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' I 1 ] ] ) l I 1 | ] I Ll ] ) L] I 1
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200 preliminary

”» o
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i @
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Selectlng the yc1 sidebands

T 1 T
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BESIII prelzmmary :

. _: ga,f =
;

\ 4

T

0.8

0.9 1.0 1.1 1.2
M )/(GeV/e?)

e Search for yc1— mO(rTHm):

0

Xc1 < / o+

ap 2 fo\\ )
T

e Use 106 million P (2S) decays and P(2S) — vyc1

e Measure:

B([xe1 = m™a0(980)][ao(980) — fo(980)][f0(980) — =

7))

B([xc1 — m%a0(980)][ap(980) — nm0))

= 0.3 + 0.2(stat.) + 0.1(syst.)%
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20(980) — £o(980) Mixing at BESIII

e Mixing intensities can be derived from coupling constants and masses.
(Wu et al., PRD75, 114012 (2007) and references within)

e Coupling constants and masses can be predicted by models or measured by experiments.

= Compare the BESIII measurement to models and experiments...

0.04—=
““-, - +
wp i O
2 0.03 -
U) .
C |G
2 002 |«
C ) - n
= :
< 0.01=%
- i
o

®

@
93
KK

} models
qqg

SND
KLOE
BNL

CB

BESIII prelimina

experi-
ments

—-
-
-

"
-
- —--_
- --
- --
- --

-
- -

I 1 I 1

upper limits

g

——-
’-
-

mixing intensity &fa

too much mixing

= The KK model appears to predict

= More data would be interesting!
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First Analyses from the BESIII Experiment

Physics at BESIII

« Light Quark States

*+ X(1860) in J/Ap — v(pp)
(Chinese Physics C 34,4 (2010))

« X(1835) in JAp — y(M't ) (arXiv:1012:3510)
« X(1870) in JA) — o(MTT+T) (preliminary)

What other
states can we
find in the
light quark
meson sector?

MESON

111

HYBRID MESON

GLUEBALL

FOUR QUARK

Types of Meson States Allowed by QCD

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

140 1 ' =
e First observed by BESII > n ]
. = 100 [ =
e Now confirmed by BESIII in = B % L -
— — = 80 e |l | —
Y(2S) n:+n:_J/1p N L% Y Ilﬁhl{'% " y E
v = vpp E ITI‘:I#HFHIT | %ﬁlﬂlu y h':jllﬁ lllllll Lo #'I| E
using 106 million {(2S) decays 40 ;— t ! ":j.lf,%u‘#g f! i %;%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) _
+ )(28) —> 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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The “X(1835)” in J/\ — vy(n/m+7t) at BESIII

First observed by BESII: Confirmed by BESIII:
~ 120 (58 million J/yp decays) (225 mzllwn J/I/J decays)

QY —_ v T T T T v
§ PRL95,262001 (2005) h§ 500 X(1835) + BESIII Prehmlnary -
) L i g ]

o -

% 80 S 400}
- :

5 S 300f
= 40 S 200]
-~ -

> 100}
0 0

1.4 20 26 14 16 18 20 22 24 26 2.8
-, GeV/
M(r ") (GeV/c?) Moy (GeV/c)

But with surprises:

: ' ‘
Rich Substructure! \ resonance | M( MeV /) [T MeV/2)| Nevent
fi(1510) [ 1522.7 £5.0 | 48+ 11 | 230 + 37

(an amplitude analysis could help

1ud | X (1835) | 1836.5 £ 3.0 | 190.1 £ 9.0 |4265 + 131
with interpretation) X(2120) [ 21224 £ 6.7 | S4L£16 | 647 £ 103
X(2370) | 23763 £8.7 | 83 +17 | 565+ 105
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The “X(1870)” in J/Ap — w(nretsr) at BESIII

e One more surprise R3) JALE L L L i

pTISC... > 900 =

é 800 £ £,(1285)  m(1405) E

e Look at M(nrttm-) from Q 700 £ \ Saltie E

600 [ s

JAp = o) — - X(1870) *

~ 500 |- + E

after selecting ap* — Mt é’ 400 £ =

2300 2 BESIII preliminary =

= 200 F E

e A new signal appears at 100 E- =

a mass of 1870 MeV/c?2 M- 1 ‘ N 3
with a width of ~80 MeV/c2! 1.2 1.4 1.6 1.8 2.0 2.2

M(nrt) (GeV/c?)

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

Physics at BESIII

Charmonium Spectroscopy and Transitions
* Properties of the he (PRL 104, 132002 (2010))
o YP(2S) —= yYI/P (preliminary)

Charmonium Decays
* Xy —> T, N (PRD 81, 052005 (2010))

* Yl —> YO, YW, YO (preliminary)
* XcJ — W, (I)(‘), (L)(I) (preliminary)

* P2S) =y, yn, v’
(PRL 105, 261801 (2010))

* Y1 — 410 (arXiv:1011.6556)
Light Quark States

* a0(980) — 10(980) mixing (arXiv:1012.5131)

« 1" — N matrix element (arXiv:1012.1117)

« X(1860) 1n J/\p — v(pp)

(Chinese Physics C 34,4 (2010))

« X(1835) in J/Ap — y(M'7THIT) (arXiv:1012:3510)

« X(1870) in J/Ap — 0(NMTTHIT) (preliminary)
Open Charm, etc., etc.!

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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