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Charmonium — positronium of QCD

Charmonium is a bound state of cc quarks.

Mass [MeV] v~ 0.3, .
v - relative velocity between quarks.
41001 ¥ — o Non-relativistic limit: v? << 1
3900[ 5 | s not unreasonable.
$r S Potential model calculations!
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Charmonium — positronium of QCD

Mass [MeV]

States below the DD threshold are narrow!

D =cd, cu
41001 Y~
3P2
3900[ B
e Spectroscopy:
3700[ . ' — DD Production Threshold
T h. Ao e |[deal tool to study QCD from short to long
3500 ))((1— distance scales;
O ® Detailed analysis of confinement potential;
3300[ e Search for exotic hadronic matter:
Ty glueballs, hybrids, tetraquarks, molecules;
3100[, — ® SM and beyond by quark mixing matrix.
2900
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Charmonium Transitions @ BESIII

Populating 1~ states directly

Mass
3900

3700

3500

3300

3100

2900

MeV]

Y ——— DD Threshold
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Spin singlets n ', h_

Poorly studied due to small
branching fractions, difficult to
observe!

Meson-loop (DD) studies:
require high precision
measurements!

A good detector is required!




The BESIII Detector

Super-conducting
magnet (1.0 Tesla)

Drift Chamber (MDC) .
op/p (°/,) = 0.5%(1GeV) Nl
G ey (°1o) = 6%

Time Of Flight (TOF)
G- 90 ps Barrel
110 ps endcap

i1 Counter
8- 9 layers RPC
ORP=1.4cm~1.7 cm

EMC: GOE/VE(°/,) = 2.5 % (1 GeV)
(Csl) O‘Lq}(ﬂm) =0.5-0.7 cm/VE

BESIII Collected by the end of 2011:

Jhp: 225M
o T0em RECORD!
" 2.9 fb! (3.5xCLEO-c)

¥(4010): 0.5 fb"!

More J/y and ' data were collected during 2012, not presented in the results yet. >




The BESIIl Physics Program

i Unofficial logo ‘

255,

B (looks like DD for D or charm physics)

E (looks like cc for charmonium physics)

S (for light hadron Spectroscopy [+exotics])

T (for tau physics, looks like a Roman number “lII”)
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h Parameters in ¢'—n’h ,h —yn_

h_is challenging: small feeding branching fraction

Mass [MeV]

3900

......... V—— DD Threshold.
3700 | (3686

nl
e )y h (3525)

3500 | Dominant decay modes!
33001 i) = (8.4 + 1.3°%

B PRL 104, 132002 (2010)
3100 n(2980)

High accuracy: an excellent detector!
2900 |
0" 1~ 1"
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h Parameters in y'—n’h ,h —yn_

Analyzed 16 decay modes of n_, some examples:
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> . — ] = | L > e BT S T S & f PRl B LLLN
W 3 4% A0 743 T4 LI W 348 A0 K LE L1
n° recoil mass (GeV/c?) 0 recoil mass (GeV/c?)
S . o0
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O Ic
S
LLl a I 1
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n° recoil mass (GeV/c?)

neous fit to ° recoilin
3525.31+0.11x0.15 M

70+0.29+£0.21 MeV First measurement!

Consistent with previous E1-tagged measurement: PRL 104, 132002 (2010).

Consistent with potential model predictions: M ~ 3526 MeV/c?, I'(h)=0.51 MeV

D. Ebert: PRD 67 (2003) 014027, Kuang: PRD 65 (2002) 094024. s



h_Parameters in ¢y'—n’h_ h —yn,

Mass [MeV]
3900 _
W DD Threshold
—_ —————— q-J —————————————————
3700 ' — ¥ (3526)
— n(3525) " rery
35001 X..(3415)

Potential model: if P-wave spin-spin interaction is non-zero:

M (1P) = M(h )-<m(1°P )>#0

(m(1’P,))= ZM (2T +1)/9

1 (1P) = -0.10+0.13+

Consistent with zero
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n_Parameters

Mass [MeV]
39001
........ v —— DD..........

3700[ 'w?- Threshold

i LS T S—
500 ¢ E— )’(‘cl—

KKn ?

33001
3100} 2

n,
2900

Has not been observed before!
Experimental challenge:
small branching fraction + search for photons with energy ~ 50 MeV
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First Observation of ¢y'—yn |

Phys. Rev. Lett. 109, 042003 (2012)
Decay mode n—KKm, y tagging

~ T S I A LA
o B —— data (KOKiTC+)
~ .. S
> 10° & — fitting results -
(«b] E -
R " X
8 - — ,n !
R L M R packground e 7.64+2.9+1
S ¢ 0+6.4+4.8
>~ A \
2 10, " W DA E _ .
§ e, SO 7 N & consistent with BaBar results
g R S ' Y PRL 92, 142002 (2004).
35 3.55 3.6 3.65 3.7
ngKtr (GeV/c?)

yKK) = (1.30£0.20
easurement of n '—KKre: S
—yn ") = (6.8+1.1+£4.5

Consistent with potential model predictions: (0.1-6.2)x10™ .
E.J. Eichten: PRL 89, 162002 (2002).
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Surprises: Meson loops?

Mass [MeV] \
] = 3637.6+2.9+1.6 M
3900 . B - 16.9+6.4+4.8 MeV
......... ¥ —=—— DD Threshold.
3700 Weese), Potential picture PRD 69, 094019 (2004):
n i(3638) ) X, M(y') = M(n ') = 67 MeV
| — X
3500 c1
Xy Observed:
M(y') = M(n ') = 48.3 MeV
3300 “Something is rotten in the state
Iy of Denmark”?
3100 —
n,
B Influence of virtual decay
2900 channels? -
cc couples strongly to DD!
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Meson-loop studies In ¢'—>yyJhp

Final state yyJAhp at amplitude level has 2 parts

Mass [MeV]

3900 |- Discrete part: cc states only.

P DD On-shell and offshell. ¢'— yyx_— yyJhp
3700 .—[IJT(éééé) ------------ (k1) (k) (k1) Y(k2)

RN ) v(2) ;é: _;: Iy $(25) %15155 L
3500 | X P
XcO

i Continuum part: intermediate off-shell D mesons.
3300 P'— yyJhp: Never observed before!
3100 JIP ¥(25) J/0
2900 | DYDY — loop

CLEO-c upper limit:
Br(y'— yyJhp) < 1x 10° PRD 78,011102(2008)
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Meson-loop studies in Y'—yyJhp, Jhp—1+-
arXiv: 1204.0246 Accepted by PRL
Background studies are important!

signal

= (3.1+0.6 +0.8/-

Observed for the first time!
18 Sept 2012 EuNPC, Bucharest 14



Meson-loop studies:
Isospin violating transitions

Sources of symmetry breaking:
» the up-down quark mass difference
* electromagnetic interaction

J.F. Donoghue (1989), K. Maltman (1991): EM contribution for ' — »°J/y
is much smaller than the quark mass difference.

= EFT (QCD multipole expansion) |m, B(Y'—-7’Jly)
o R= + loops !
m, B(Y'-nJ/y)

F.-K. Guo, C. Hanhart: Phys. Rev. Lett. 103, 082003 (2009)

We are interested in n°(isespin) transitions between various
charmonium states in order to reveal the hadronic-loop contributions

to light quark masses (communication with Juelich theory group). >




Isospin violating v'—n°Jhp @ BESII|

Mass [MeV]
3900 [~

"’ ——— DD Threshold

3700

3500

3300

31001, JI(3097) =0

2900
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Isospin violating y'—n’Jhp @ BESII|

= BESIII Preliminary N
Nu 180; soo;
! = ndhy
= 140 2o
5 100 - :
I_ C
=
g 60
Ll
20
0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15
M, (GeV/c?)
B(W'-n'Jly) (%)
0
B(W'-nJ/y)
J/t|) — U J/t|) — ee
EFT 11 + 6 (*)
This work = 3.76 = 0.09 = 0.10 3.71 = 0.09 + 0.10 Best Measurement!
CLEO-c 3.88 + 0.23 + 0.05 Can constrain EFT!

17
(*) Phys. Rev. Lett. 104, 109901(E) (2010)



Isospin violating transitions @ BESIII

Mass [MeV]
4100 (4040
o B(y(4040)— n°J/yp) < 2.8 - 10
39001 T ! . Accepted by PRD
......... i;g:::-----------------
37001 U A B(y'— m°h)=(8.4 =13+ 1.0)- 10*
A W ) PRL 104, 132002 (2010)
3500 ob o "
| |
o Xo  B(y'—m®Up)B(w'—ndiy) =
3300 Do A (3.74 £ 0.6 = 0.04) - 10?
oy x'/ It Preliminary
i \A 2%
3100 —i— N on
n, Vg Iy B<Xco,2_) T nc) <
2000 In Progress
S S P °P

0-+ 1 -- 1 +- 1 ++
18



Thanks to the BESIII Collaboration

11 Helmholtz Institute Mainz

Europe _rl Johannes Gutenberg-University Mainz
Unil:Jgi Sagwaii Germany: Univ. of Bochum, Univ. of Giessen, GSI| Darmstadt
T : , : Russia: JINR Dubna, BINP Novosibirsk

Univ. QLANASNID TR Italy: Univ. of Torino and INFN, LN Frascati and INFN

Carnegie Mellon Univ.
Netherlands: KVI/Univ. of Groningen Korea (1)

LE!jniv. fo Mﬁinghesota
niv. of Rochester Turkey: ish | r center
A s acpe gralgLcents Seoul Nat. Univ.
P ( «

Univ. of Indiana
® & *  Japan (1
- C D 1.7’ TDKF;IO Uaiv).

DR gt )
) i g

® '.
o’ IR
\\ ol =g i ¥ £ g
i\ China 29 I
IHEP, CCAST, Sh Univ.,,
Univ. of Sci. and Tech. of China
Zhejiang Univ_, Huangshan Coll
Huazhong Normal Univ., Wuhan Univ.
Zhengzhaou Univ., Henan Normal Univ. :&,
Peking Univ., Tsinghua Univ. ,
Zhongshan Univ.,Nankai Univ.
Shanxi Univ., Sichuan Univ >
Hunan Univ., Liaoning Univ.
Nanjing Univ., Nanjing Normal Univ.
Guangxi Normal Univ., Guangxi Univ. _
Hong Kong Univ. Hong Kong Chinese Univ.
GUCAS, Lanzhou Univ.




BESIII is operational since 2008:
World's largest data samples of JAp, y’, y", (4040) are already
collected;
More data will come in future (DS**DS' at 4170MeV is coming soon).

A lot of results have been obtained, particularly in charmonium
spectroscopy:
Precision measurements of h_parameters have been performed;

M1 transition y'— yn " has been observed for the first time;

Transition ' — yyJhp has been observed for the first time;
Precision measurement of ' — n°JAp has been performed.

Many more exciting physics results are obtained but not shown in this talk,
and many more will come in the near future!
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n_(1S) Parameters

Mass [MeV]

3900 |

......... VIO DD Threshold.
3700 | '(3638)“’

T h (3525) X, (%L
3500 X,(3210)_
X (3415)

3300 | ¥

] Iy
3100 2g0)
2000
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-J/y radiative transitions:
-yy processes /B decays :

(1S) Parameters

The S-wave spin-singlet charmonium ground state, found in 1980
* M & I measurements:

eYY, Pp, B decay

M~ 2978.0 MeV, I ~ 10 MeV
M =2983.1+1.0 MeV/, T' = 31.3+1.9 MeV

 eW(1S,28)9mm,

Al L] '|I 2

Mass [\ P width y

A X 2 - AUBERT 08AB BABR 2.5

|-@-  AUBERT 08AB BABR 2.4 @' UEHARA 08 BELL 00

| ‘@ - UEHARA 08 BELL 43 [ —— Wy 06 BELL 57

[T ReE 07 BELL [ L WU 06  BELL

—— Ny WU 06 BELL 6.9 ’ﬁ |- - ASNER 04 CLEQ 0.3

—+ oW 06 BELL 08 . : - AUBERT 04D BABR 7.8

| .. .. ASNER 04 CLEO 04 e AMBROGIANI 03 E835 (0.8

| '5 - - AUBERT 04D BABR 2.0 R BAI 03 BES 18

. - AMBROGIANI 03 E835 24 Cannmi FANG 03 BELL 00

. . BAI 03 BES 37 J\— . .  BAl 00F BES 33

| f FANG 03 BELL 01 | @\ - ARMSTRONG 95F E760 0.1

7., BAl 0OF BES 25 o | . - BAGLIN 87B SPEC 7.4

—o— LBl 90B MRK3 4.1 @ BALTRUSAIT.86 MRK3

/  —@—\ GaIsER 86 CBAL _ 06 /@ - GAISER 86 CBAL _125

yd 04 | 420
. \ (Confidence Level = 0.0014) //I I I ‘M\I'H i (Confidence Level < 0.0001)

e | | L~ ] = —=

2050 2080 2070 2080 2000 3000 ([ =0.00]14 * ° 0 4 e w0 (] <0.0001

1-(15) mass (MeV)

18 Sept 2012
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(15) Parameters with y'—yn (15)

Phys. Rev. Lett. 108, 222002 (2012)
Interference with non-resonant background Is significant!

250 250 =
C [ —=— data  —+— data
. - [ other v’ decays 140_-0“'9”!’ decays
%, 2005 200 T17%, t S T e
=7r 27T - cont 2 1200 cont
E C - % - -- sig % F - Slg
= 150F S 150 —— e E1m5———:zr»reso
o o o
i 100 g 100 -
I 2 1
c - c C ==
5 5o B sl :
o e W w
0F 0
t |||||||||||||||||||||||||||||.‘f'|I"|"-|-"|.“|."|"|m||||||||||| . :|||||||||||||||||||||||||||||||.|“|||||||||||||||||
2.7 2 ?5 2 B 2 3-5 2 9 2 95 3 3 0‘5 31 3 15 3 2 272752828529295 3 3.053.13.153.2 23.7 2752828529295 3 3.053.13.153.2
M(KsKn) GeVic? M(KKx?) GeVic? M(rzn) GeVic?
~ — —— data
140 300F —_ data 250: -oglerw'decays
L O 2505 £ 200 M cont
3 100 P 2 [ g
E a0 Ezm;_ 2150_ —— non-reso
o o E o C
— 60 ~ 150 — C
- —~ E 100
Jis] £ 1000 1] C
L i P
> b 50
o 20 w S0E il
2. _.f 2 ?5 2 3 2 3-5 2 9 2 95 3 3 05 31 3 15 3 2 272752828529295 3 3.053.13.153.2 2.7 2.75 2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.2
M(KsK3r) GeV/c? M(2K2m®) GeVic2 M(6x) GeV/c?

84.3+0.6+0.6 MeV/c?
.0£1.2£1.0 MeV

.07 £0.08 rad (construc
03 +0.09 rad (deconstr!

World's best precision!
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