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Introduction of BEPCII and BESIII

BEPCIl and BESIII

BEPCII
Epeamn 1-2.3 GeV
I—desigr‘; 1 x 1033cm2s—1
Eopt: 1.89 GeV

Compton back-scattering for

high precision beam energy Espreaél 5.16 x 10_4
measurement \ Nounch 03
Itota|: 091 A
BESIII

He-based drift chamber:
0.5%@1 GeV/c, dE/dx~6%
plastic scintillator TOF:

80 ps (B), 110 ps (E)

Csl EM calorimeter:

2.5% (B), 5% (E) @1 GeV
1T Superconducting magnet
Muon system: 39 layers of RPC
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Introduction of BEPCII and BESIII

Data samples

First e+e- collision event on 19th July, 2008

» 2009: 106 million 1)’
225 million J /4

» 2010: ~900 pb~! +(3770)

» 2011: ~2000 pb~t ¢(3770)
470 pb~! @ 4.01 GeV

» 2012: ~0.4 billion ¢/
~1.0 billion J /4

Peak luminosity reached 0.65 x 10%° @ (3770)
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Charmonium related results he

Ne

» P-wave spin singlet (S=0, L=1)
» First evidence: E835 in pp — he — v1c
» Potential model:
Non-vanishing P-wave spin-spin interaction
—> AMp(1P)=Mp, )— < M(13P;) >+£0,
where < M(1%P;) >= (M, +3M,,+5M,,)

» CLEO-c observed h¢ inete™ — ¢/ — n%h¢, he — e
AMp (1P)=0.08 + 0.18 4+ 0.12 MeV/c?

consistent with 1P hyperfine splitting =0

» Theoretical predictions:
» B(y — 7°h¢) = (0.4-1.3)x 1023, B(he — 1) = 48% (NPQCD)
B(he — 1) = 88% (PQCD) Y. P. Kuang, [PRD 65, 094024 (2002)]
» B(he — ync) = 38% Godfrey and Rosner, [PRD 66, 014012 (2002)]

Yagian WANG (Mainz University) Recent Charmonium Results from BESIII wangy@kph.uni-mainz.de 6/20



Charmonium related results he

hc Inclusive [PRL 104, 132002 (2010)]

wop | | EI1 tagged:

200F I (" — 7 he, he = yc)
% 1500 E&/\N Mh, = 3525.40 + 0.13 + 0.18 MeV/c?
2 Nl P Mhe = 0.73 4 0.45 + 0.28 MeV
7 so000 et ®| (< 1.44 MeV@90% C.L.)
N LJ\M Inclusive:

20000 £ ]::E:L. 4 +++. e (wl — ﬂ-ohc)

oo b

0" |3‘|51| II |3:52I II |3.1|53I II I3‘|54I |

70 recoil mass (GeV /c?)

AMp = M(he)— < M(3P3) >= 0.10 & 0.13 £ 0.18 MeV/c?
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Charmonium related results he

hC Inclusive [PRL 104, 132002 (2010)]
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3500 Pregrrtitoeity s
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E o iy
1000 2w}
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@| E1 tagged:
(' — 7°he, he = Yne)

My, = 3525.40 £ 0.13 4- 0.18 MeV/c?
(e = 0.73 +0.45 £+ 0.28 MeV

Events/1MeV /c?
=}

20000 £

T

10000

®| (< 1.44 MeV©90% C.L.)

(v — 7°h)

50000 |- i - e

400002— 25 1\ . . .

o002 LJ\M inclusive:
_I_+1l+_;_+4.++

70 recoil mass (GeV /c?)

AMp = M(he)— < M(3P3) >= 0.10 & 0.13 £ 0.18 MeV/c?

Yagian WANG (Mainz University)

Agree with zero within ~ 0.5 MeV/c?
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Charmonium related results he

hc Inclusive [PRL 104, 132002 (2010)]

pred ST | EI1 tagged:
ettt / 0

as00b 0 (" — 7mhe, he — y1c)
% 1500 E&/\N Mh, = 3525.40 + 0.13 + 0.18 MeV/c?
C oo S A Mhe = 0.73 +0.45 + 0.28 MeV
T o000 F e — ®) (< 1.44 MeV@90% C.L.)
E 40000 2500 \ . )
= o0l inclusive:

20000 ]::E:L. $1d +++. ! Lt o (wl — 7-‘-Ohc)

10000 _,‘ﬁﬂ I.+ +TT. i .TH

0= |3I51| II |3I52I II |3.I53I II |3I54I |

70 recoil mass (GeV /c?)

AMp = M(he)— < M(3P3) >= 0.10 & 0.13 £ 0.18 MeV/c?

Agree with zero within ~ 0.5 MeV/c?

Branching fraction results:
B(y' — 7°hs) = (8.4 £1.3+1.0) x 104
B(he — ync) = (54.3 +£6.7 +5.2)%
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Charmonium related results he

hC Inclusive [PRL 104, 132002 (2010)]

3500 e @] E1 tagged:
P e et
ot - (" = 7°he, he — ~1c)
% 1500 E&/\N Mh, = 3525.40 + 0.13 + 0.18 MeV/c?
S ol P Mhe = 0.73 & 0.45 + 0.28 MeV
R a— —— ®| (< 1.44 MeV@90% C.L.)
é} oo N 1\ . . .

soooof | Inclusive:

20000 F CCf 4 gt L P (W — 7TOhC)

10000 _,‘ﬁﬂ A A

0= |3I51| II |3I52I II |3.I53I II |3I54I |

70 recoil mass (GeV /c?)

AMp = M(he)— < M(3P3) >= 0.10 & 0.13 £ 0.18 MeV/c?

_ _ Agree with zero within ~ 0.5 MeV/c?
Branching fraction results:

B(y' — 7°hs) = (8.4 £1.3+£1.0)x 1074

Agree with theoretical predictions
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Charmonium related results he

hC exclusive [arXiv:1209.4963]

» Simultaneous fit to M 2 /ndf = 32/46

7T
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Charmonium related results he

hC exclusive [arXiv:1209.4963]

» Simultaneous fit to M0 2 /ndf = 32/46

8|
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=
Events/

Parameters
Mass ( MeV/c?)
Width ( MeV)
No. of signals
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Charmonium related results he

hC exclusive [arXiv:1209.4963]

» Simultaneous fit to M0 2 /ndf = 32/46
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Charmonium related results

WEIGHTED AVERAGE
2981.0+1.1 (Error scaled by 1.7)

- - ABE
- WU
- WU

- - BAI
- BAI

(Confidence Level = 0.0006)
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17<(1S) mass (MeV)

WEIGHTED AVERAGE
29.7+2.1 (Error scaled by 2.0)
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Valuces above of weighted average, orror,
and scale factor are based upon the data in
this ideogram only. They are nol neces-
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obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.
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>

Ground state of cc system

Discrepancies between
different experiments

» Charmonium radiative decay

» Two-photon fusion or B
decay

Provide information on the
hyperfine splitting: M; /., — M;,

Important experimental input
to tests of lattice QCD
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Charmonium related results

ne line shape
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» Distortion of n. from CLEO-c

Yagian WANG (Mainz University)

[PRL 102, 011801 (2009)]
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Charmonium related results Ne

ne line shape
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» Distortion of n. from CLEO-c
[PRL 102, 011801 (2009)]

» Line shape of n. from BABAR
[PRD 84, 012004 (2011)]
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Charmonium related results

Nc

ne line shape

4250308-001

BABAR

YY — T
77(; — K5K7T

symmetry
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3.2 3.4 36 , .38 A
m(KSK-rr*) (GeVic?)
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5 3 /% — e
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3 8 *g 600—
% h i 4001
c 4~ -]
L; [ N 200
okl T [rmmrmmim e o] ot g e meodimre ooy ] C | | |
0.04 0.14 0.24 0.34 0.44 0—55% 58 3
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» Distortion of n. from CLEO-c T 1°F
> E
[PRL 102, 011801 (2009)] .~
> Line shape of ¢ from BABAR £ w
[PRD 84, 012004 (2011)] 0L
» 1c from BESIII [arXiv:1209.4963] N
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Charmonium related results Ne

¢’ —> Y7c [PRL 108, 222002 (2012)]

250 250
[ —e— data —e— data
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o E
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]
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» Modified Breit-Wigner (hindered M1)
» Possible interference between n. and non-n. decays
» Simultaneous fit
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Charmonium related results Ne

Properties of 7.

> M,, =2984.3+ 0.6 +0.6 MeV/c?

> [, =320+1.2+1.0MeV

» Two solutions of the interference

> ¢1 =2.40£0.07 = 0.08 rad
> ¢ =4.19+0.03 +0.09 rad

= Belle vy Belle vy

CLEO vy GLEOQ vy
BaBar vy —®—— BaBaryy

—C— CLEOC Jiyr —O— GLEOC Jiy
(stat.only) (stat.only)

—— BESII y’ —— BESII y
e.
| L | L I [ ] . |, I T T
2980 2982 2084 2986 2088 2090 2992 20 o5 30 35 40
n_mass (MeV) n, width (MeV)
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Charmonium related results
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Charmonium related results ¢

M1 transition
Search for ¢/ — ~nL

» Access to spin-singlet states

» Rather weaker than E1 <—largest ¢’ sample

» Disagreement between theory and experiment
> ) — yne: BN = (1.6/3.4)% > B = 0.34%
> o)) — ynk: B = (5.9/7.3) x 1074

» Other potential models: B(y/ — 1) = (0.1 ~ 6.2) x 104
[arXiv:0909.2812]
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Charmonium related results ¢

/

e

» First reported by Crystal Ball in 1982

» Other published results:

> B — K7l » PRL 89 102001 (2002);
PRL 92 142001 (2004):
PRD 72 031101 (2005)

. 7y — 1l — KK7 > PRL 92 142002 (2004);
PRD 84 012004 (2011)

» double c¢ production > PRD 72031101 (2005)

» ~ 50 MeV photon in ¢/ — ~nl.
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Charmonium related results

n¢

Ne — KK [PRL 109, 042003 (2012)]

S cdaa (k)] S0 e data (KKT®) 3
8 10°E — fitting results - 8 - — fitting results .
Lo E T XCJ ] Lo i ™ = XCJ
S F —-nd(2S) S 10 —-n(2S) E
o 10° N S & S U background = s BHX v X background
= L = 108 o " E
4 r IRRREETIS S /
£ 10 ‘ . I R ’
G>.) Ty ant M \ E G>J i \\ ‘\"‘: ''''
m [ e e 1 T PN \
1= - LS N - N-H - L RN L\ |
35 3.55 3.6 3.65 3.7 35 3.55 3.6 3.65 3.7
My oy (GeV/d) My (GEVIC)
» Simultaneous fit:
» 7. signal: BW (M1) (Mass resolution extrapolated from x.;)
» Y3 Signal: MC shape smeared with Gaussian
» BG fromete™ — KK (ISR), ' — KK#7(FSR), ¢/ — KK
» Statistical significance > 100 [PRL 109, 042003 (2012)]
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Charmonium related results ¢

Results of ¢/ — vn., — vKK7

» Mass and width:

» M(n.) = 3637.6 & 2.9 &+ 1.6 MeV/c?
> (L) = 16.9 £ 6.4 + 4.8 MeV

» Branching fractions:
> B(y' — yn. — yKK7) = (1.30 4+ 0.20 £ 0.30) x 107°

» Using B(n. - KK7) = (1.94+ 0.4 +1.1)% (BABAR)
B(y' — yn.) = (6.8 4+1.1+45) x 10~*

» CLEO-c: < 7.6 x 10* [PRD 81, 052002 (2010)]
» Potential models: (0.1~6.2)x10~% [arXiv:0909.2812]
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Charmonium related results ¢

77(/: — VV (,0 ,0O K *OK *0 ¢¢) [PRD 84, 091102 (2011)]

“Intermediate charmed meson loops” to evade heI|C|ty selectlon rule

10* E 10* E 10t T
L 10E ® 1PE ®© 10 ; (©) i
> E > F > E
(] C (] C (] C
sz) 10 E 10 E 10 R -
g E g E g E # ’9ﬂ R . +
2] 2] 1Y) t i
c 10 c 10 = 10 i ftﬁf * * *
(O] (O] [ i +
g g 3 t
w L w L w 1 H-’ ‘ 4
1 g [ e e e e 11 TR 1l ! IS 20 TR I L 1 v e TR | | L4 | | o L
10535 3.4 3.45 35 355 3.6 3.65 3.7 10335 ) . . . . ) . 10535 34 3.45 35 3.55 3.6 3.65 3.7
M35 (GeV/c) MG (GeV/d) M3E (GeV/d)

Vo BP = np — VWV BP(p = V) B — V)

(10~7) (1079) (1073)
oV 12.7 3.1 6.4 to 28.9
K *0 19.6 5.4 7.9t0 35.8
b 7.8 2.0 2.1t09.8
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Charmonium related results ¢

77(/: — VV (,0 ,0O K *OK *0 ¢¢) [PRD 84, 091102 (2011)]

“Intermediate charmed meson loops” to evade heI|C|ty selection rule

® 103 ) wﬂ (b) f:itzaa 4 ® 10 © 4
= E > F ‘ 3 > E
% 102; g 102; - % 102% R -
g " £ 1°§ﬁﬁﬁf HHH+ W +T .
103.35 3.4 SASMgg_;?;S(.Gei/S/Eé) 3.6 3.65 3.7 103.35 E .Mi%K*O (GeV/@) X . 103.35 34 345M3(;§26e\3};(5:2) 3.6 3.65 3.7
u / / u / theory( ./
V. B®W =g = AVV) B®(e = V) BT = VV)
(107) (1073) (1073)
oV 12.7 3.1 < 6.4t028.9
K *0 19.6 54 <  7.9t035.8
0 7.8 20 < 21t09.8
Upper limits smaller than the theoretical predictions.
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Summary

Summary

» With 106 M ¢’ data sample and good performance of BEPCII and
BESIII, several interesting results came out:

» The branching fractions of ¢ — 7°hc, he — yn. are determined,
besides the mass and width of h.

» Parameters of . are measured with high precision, interference
between n: and the non-resonant amplitudes around the n. mass is
considered for the first time.

» Observation of M1 transition )’ — 7. with KK 7 final states

» With the new large data samples, many interesting results are
expected.
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Summary

Summary

» With 106 M ¢’ data sample and good performance of BEPCII and
BESIII, several interesting results came out:

» The branching fractions of ¢ — 7°hc, he — yn. are determined,
besides the mass and width of h.

» Parameters of . are measured with high precision, interference
between n: and the non-resonant amplitudes around the n. mass is
considered for the first time.

» Observation of M1 transition )’ — 7. with KK 7 final states

» With the new large data samples, many interesting results are
expected.

Thank you!
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