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Charmonium

« Charmed-quark(c) anticharmed-quark(c) bound states.

« Has been a powerful tool for the understanding of the
strong interaction
— QCD is well tested at high energies
— In low-energy regime, many aspects are not understood

— Charmonium sector is in an important position to test QCD
and improve our limited understanding of QCD



Charmonium

* m_.~ 1.5 GeV/c?, v~ 0.3 = the system is non-relativistic.

* In quark potential model, the energy levels can be solved with

GeV A « non-relativistic SchOdinger eqution
» color Coulomb + linear potential
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1-- states: J/y, v, v”, y(4040), y(4160), y(4415)

Abundantly produced from e*e-, pp collsions

Observed in 1970's
Above DD threshold, those states present themself as enhancement

in the total hadronic X-section.

Charmonium mesons
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JP¢ = 1- states produce peaks in R,

Extraction of resonance parameters from R measurement
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P wave triplet x., % %o

 Large event samples can be produced through E1 transition of the '
« The mass/width has been measured precisely (< 0.5 MeV),
dominated by the results from E835 pp anhilation
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* Be produced in yy process, B decay, pp collision, ..
* Least-understood states below the DD threshold

Charmonium mesons
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17.(1S)

« S-wave spin-singlet ground state, first found by Markll in 1980
PRL 45, 1146 (1980)

 The mass & width

J/y radiative transition: M ~ 2978.0MeV/c?, [~ 10MeV
Yy Process: M =2983.111.0MeV/c?, T'=31.3x1.9MeV
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1. (25)

Crystal Ball’s “first observation” of /—y X never been confirmed
PrL 48 70 (1982); until 2002, Belle found it in B=2K1, .

Observed in different production mechanisms,

1. B=2Kn/(2S) Belle: PRL 89 102001 (2002)
CLEOc: PRL 92 142001 (2004)
2. yy?n.(2S)2KKx Belle: NPPS.184 220 (2008); PRL 98 082001(2007)
3.  double charmonium BaBar: PRL 92 142002 (2004); PR D72 031101(2005)
. BaBar: PR D84 012004 (2011)
production

4. M1 transition v/ 2yn(2S)
CLEO found no signals in 25M v’

BF(I//9777C(25)) <7.6X10% PRD 81 052002 (2010)

Experimental challenge : search for photons of 50 MeV
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D
L2 B2>Kn(1S,25) 2K(K K )

* Performa M(KKr) & cos@ 2D fit
* Interference btw signal & NR considered ~ ®
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Measure 1, IN y'—y1,
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The interference between 7, and non-resonant is significant.

Simultaneous fit to 6 modes,

Mass = 2984.3+0.6 0.6 MeV/c?

Width =32.0£1.24£1.0 MeV
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Observation of ' 2yn.(2S) 2y (KKx)

PRL 109 042003
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= (1.30+0.20+0.30) X 105

BF(M.(2S)2>KKr)=(1.9+0.41.1)%
BaBar: pr D78 012006 (2008)

BF(y’27n(2S))
=(6.8+1.1+4.5) X10*

CLEOc: <7.6x10™% PR D81 052002 (2010)
Potential model predicts:

(0.1 6.2)x10%*  PRL 89 162002 (2002)
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Evidence of w'2yn.(2S) 2y (KK37)

PRD 87, 052005 (2013)
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Summary for n,
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Summary forn.(2S)

° BESIIIy(2S)--> yKsK3n
BESIIIy(2S)-->yKKn
BaBar vy -->KK3n
BaBar vy -->KsKn
Belle B --> Kn (25)
I\\Ill\ IIII.‘\IIII\\III\\II'IIII‘\III
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1 (2S) mass (MeV/c?)

BESII y(2S)--> YKsK3n
BESII y(2S)-->y KKzt
BaBar yy -->KsKn

Belle B --> K (2S)

13 a\{e. |
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Hyperfine splitting: Exp: AM(2S) =46.7 + 1.3 MeV

Theory:

AM(2S) ~ 68 MeV

60
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h.(*P,)

Spin singlet P wave (S=0, L=1)

Potential model: if non-vanishing P-wave spin-spin interaction,
AM,(1P)=M(h.)-<M(1 3P,)> =0,
<M(l SPJ)> [M(XCO)+3M(X01)+5M(XCZ)]/9

Theoretical predictions:
— B(y'—>nh) = (0.4-1.3)x103, B(h.—»yn.) = 41% (NRQCD)
B(h,—yn,) = 88% (PQCD)
Y. P. Kuang, PR D65, 094024 (2002)
— B(h,—»yn.) =38%  Godfrey and Rosner, PR D66, 014012 (2002)

First reported by E760 in decay pp—=>h.~2J/yn®, not confirmed
Evidence found by E835 in pp—>hc—> yn, in 2005 (PR D72 032001)

Observed by CLEO in y'—n’h, h.—yn.  PRL 95 102003 (2005)
Most recent results from BESII|I
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h. analysis

3960805-012

“inclusive”

———————————————————————————————— : only detect the x°
] (compute M(h,) from kinematic)
X2 1PY Rate o< B(y'—n’h,)

| “E1 tagged”
detect the 10 & vy
Rateo<B(y'—>noh.) X B(h.—~>yn.)

1 «“exclusive”
detect the n°, y & n.> X, decay
products
Rateo<B(y'—>n'h.) X B(h.—~yn.)
XB(M, 2Xi)

1 ++ 2++:
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22 16 hadronic decays (~40% n, decays)

Events /(2 MeV/¢?)

1 Phys. Rev. D 86, 092009 (2012)
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n. lineshape from y'=>n°h_, h.2>1m.
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The n_lineshape in h.=2>yn_Is not as distorted as In y'->yn_ decays;
—>the non-resonant interfering bkg is smaller than y' =2y .

—>this channel will be best suited to determine n, resonance
parameters, B(y’ 2>yn,)
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N, resonance parameters from h.2>yn. @BESII|

M. Mass =2984.491+1.16£0.52 MeV/c?
n. Width =36.4+3.2+1.7 MeV

Compared with the reults from y'—yn,

Mass = 2984.3+0.6+0.6 MeV/c?
Width =32.0+1.2+1.0 MeV

1. Statistic errors are dominated, need more statistics.

2. Reults are consistent with those fromy/—yn. decays
within errors.
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Charmonium mesons
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Entries / 10 MeV/c?
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X(3823) 2y, 7in B2 x47K

oY)
-

(\®
-,

Events/(5 MeV/c?)

[—
-

Simultanous fit to B* 2 y,y K=& B%2> y.,7 K

ch

reconstructed in yJ/ v

- | 711 fot
3.80
_ 1} }L

3 + H i # +
i WL t . oyt | |
Frovmimmie: l"'::::'-'“':%:“I‘"'"‘;""":"':7'7-'-'-'-'.'."..'.".'.'.'.". --------- ok

3.75 3.8 3.85 3.9

M., (GeV/c?)

PRL 111 032001(2013);

r | ~

My sy = Mg = MO + M2
=3823.1+1.8+0.7MeV

N Y

The measured mass and
other properties are

consistent with the

missing y,(1 3D,) state
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Might be seen in
vy or hadronic
production

Opportunities

Decay to DD*
Produced in E1 transition

/|

PRL94, 182002 (2005)

Yo 3P, 071) = Y(3940)> wlly
Largely decays to DD,

N, (D, 27)
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study Charmonium(-like) state




Summay

Charmonium states provide a platform to study non-
perturbative mechanism.

Below the open-charm threshold: Spin-singlet states n., h,,
N.(2S) have been well measured

Lots of discoveries, expected and unexpected
— Y, is assigned; X(3823) is consistent with y,(1 3D,)

— Are the X/Y states really new? Or the missing charmonium states? What'’s
their nature?

Future potential model, Lattice QCD, sum rules, novel method

BESIII and future experiments, Panda, Bellell, have good
chance to establish not-yet-observed states.
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