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The yc(1P) States of Charmonium
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Importance of the ycj(1P) States

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

Xc0,2 — VY Xc0,2 = 99
Y - g
C
— C
C Y g
corrections to EM perturbative QCD
processes considerations

* Exclusive ycj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.



Dynamics of y¥cj(1P) Decays

ELECTROMAGNETIC STRONG
— aaq
Y g 1
C C —
¢ f q
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C Y g ¢ qg
Zeroth order is QED. Start with perturbative QCD considerations
But the process is sensitive to QCD (but this picture appears to be too simple).
corrections. B
XeJ —7 449

Some theoretical uncertainties

cancel in the ratio: qg W g
C

- F(XCQ — /7’7) q
= T'(Xco = ) E>m<g

Also measure ratio of two helicity Use the “color octet model” to help explain large
amplitudes for yc2—>YY. 2-body decay widths?




Dynamics of y¥cj(1P) Decays
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Zeroth order is QED.
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corrections.
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Also measure ratio of two helicity
amplitudes for yc2—>YY.



Dynamics of y¥cj(1P) Decays

ELECTROMAGNETIC

X c0,2 — VY

Y
C

C Y

Zeroth order is QED.

But the process 1s sensitive to QCD

corrections. To lowest order (QED):

Some theoretical uncertainties R=4/15=0.27

cancel 1n the ratio: , , o
/ With corrections, predictions vary from:
I'(xe2 = 7Y) R =0.09 - 0.36

IW(XCO — 77)

R —

=> R is sensitive to higher order QCD effects
Also measure ratio of two helicity (radiative corrections, relativistic corrections, etc)
amplitudes for yc2—>YY.



Study of ¥c02 — vy at BESIII (preliminary)

. Look for:
_] 28) — : —
> 1000 BESIII Preliminary - W(2S) = Y1e02s Aeo2 = VY
o _ (3y final state)
O 500 —
LO _ i
8_ 600 N The energy of the lowest-energy
o - | — photon tags the yc0..
4‘2 400 __ /
& B Y _ Derive the background shape
o 20 xT-- * - (dominated by QED processes)
oL % ‘ from non-y(2S) data.
X 0 Take the signal shapes from:
47040 045 020 025 0.30 035 0.40 P(2S) = Yixeo2; Y02 = KHK-
E (1) (GeV)
Quantity X <0 Y2 Results for R are consistent with
Bi x B2 x 10°  2.17£0.1740.12 2.814+0.1740.15 the lowest order prediction!
[y~ (keV) 2.3340.20+£0.13+0.17 0.63+0.044-0.046704 order corrections deviate from
R 0.271£0.02940.01340.027

this value...??...)



Study of ¥c02 — vy at BESIII (preliminary)

Also look at the two possible helicity states (A = 0, 2) of the photons in ¥ — VYV:

50T 1 7 T T T T T T T T T 250 T T T T 250:" T '|""|""|""|""|':
o 200F 4-data BESII preliminary 3 o 200 3 + data BESIII preliminary - = 2000 4 data BESIII preliminar)_,f
o - . . C ] ~— o . -
S- 5ok — Fit MC E g sk I —Fit MC E E isob — FitMC l E
g t 1 e bt | N I
o 1005_ P { | +|| 11 S 100;“' vl 1l *qE) 100 - E
T - | o T o L el te = 2o | | | ! ? = > | .
W s0Fo L1l ;!ﬁl_T_l_T__I_I_T_._T_l__Ll_ 14w g | o ?74 ] 11: 50 | | -
3. |"|"|||T|II0|T| |0| |I| ||| 1 |T| 1 |I| | - |"|"| |lE E T T I 4 I I I [ ] ! I + | TE E- P PR IS S S T | .‘ L T PR IR T P T ' ' I&E
0% 08 04 02 00 02 04 06 0508 06 04 05 00 02 04 06 08 1.0 % 1 2 3 4 5 6
cos of transition vy cost of a y from Y2 ¢z of a y from e
Fit angular distributions with fixed 72 helicity ratios (x = A1/Ao and y = A2/Aop) and one free
parameter (fo.2, the fraction of A=0/ A = 2):
Wa(01,02,¢2) = f0/2 iy (1 + cos” 61) sin™ 02 4 3z~ sin” 01 sin” 265 — Tmy sin 2601 sin“ 02 sin 2602 cos ¢2
+ /3xsin 201 sin 202(3 cos? 0y — 1) cos g2 + \/gy sin® 07 sin? 05 (3 cos? 0y — 1) cos2¢2 + (1 + cos? 01)(3 cos? 0y — 1)2
A=0

1 2
+ [ZyQ(l + cos2 01)(1 4 6 cos® O3 + cos? 62) + 222 sin? 61 (1 + cos? 62) sin? Oy + %my sin 2601 sin 202 (3 + cos? 02) cos ¢2

V3 V6

3
— 73} sin 261 sin? 05 sin 205 cos ¢o + 7y sin? 01 (1-— cos? 02) cos 2¢2 + 5 (1+ cos? 01) sin? 0 : (5)
A=2

Find fo2 = 0.00 = 0.02 (consistent with expectations, < 0.5%) = dominantly A = 2.



Dynamics of y¥cj(1P) Decays

STRONG

Xc0,2 — 99 Xc1l — 449

C I C

D QS

C g ©¢C

Start with perturbative QCD considerations
(but this picture appears to be too simple).



Study of Ycj —= WwW,pP,w¢ at BESIIL (PRL 107, 092001 (2011))

Three initial expectations:
1. Perturbative QCD calculations suggest branching fractions much smaller than 10-3.

2. %1 = VV (0w, p¢) should be suppressed due to the “helicity selection rule”:

XCO,2 — gyg

- g

C g

3. % — V'V (0@) should be suppressed since it is doubly OZI-violating:

single OZ1 double OZ1
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>
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Study of Ycj —= WwW,pP,w¢ at BESIIL (PRL 107, 092001 (2011))
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3. Substantial rates for g — V'V (0®)
(against double OZI expectations?).
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Study of Ycj —= WwW,pP,w¢ at BESIIL (PRL 107, 092001 (2011))

Final numbers:

Mode N et € (%) B(X10™%)

XYoo — PP 433 +23 224 7.8+ 0.4+ 0.8

Xe1 — d 254 +17 264 4.1 +0.3=*0.4

X2 — b 630 =26  26.1 10.7 £ 0.4 + 1.1

— 2(KTK") |

XYoo — O 179 + 16 12.8 9.2 +0.7 + 1.0 Find:

Xel — dP 112 +12 153 50 0.5+0.6

X2 = 219 =16 149 10.7x0.7= 12 1. Branching fractions of O(10-3)

S KtE—mt 0 . ; ]
K'K mim o (against perturbative QCD expectations).

Combined:

Xco— $¢ 8.0+ 0.3 +0.8

X1 — ¢ X R 4.4 +0.3+0.5 2. Substantial rates for yc1 = VV
X o o 10720312 (against helicity expectations?).

X0 — W 991 = 38 13.1 9.5+0.3=x1.1

Yo = W 507+29 132  6.0=+0.3=0.7 ,

Yep = OO 762 +31 119  89+03=* 1.1 3. Substantial rates for xcg = V'V (0®)
— 2t a?) (against double OZI expectations?).
X0 — W 76 =11 14.7 1.2 0.1 0.2

Xl — 0o 15*+4 16.2 0.22 £ 0.06 = 0.02

X2 = 0 <13 15.7 <0.2
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Dynamics of y¥cj(1P) Decays

STRONG

Xc0,2 — 99 Xc1l — 449

qg q
C g C g

Start with perturbative QCD considerations
(but this picture appears to be too simple).

Xed %qgg
G AR
C

g

C

Use the “color octet model” to help explain large
2-body decay widths?



The “Color Octet Model” and 7.y di-Baryon Decays

Using only the color singlet model:
B(xeo — pp) = 0.29 x 107°
B(xe2 — pp) = 0.84 x 107°

which are far lower than the experimental values.

Use color octet contributions to correct the discrepancy and predict other di-baryon rates:

predictions (COM) from EPJ. C 14, 643 (2000)

Branching Fractions of 1 Branching Fractions of 7.z
Decay Mode COM| PDG NEW from BESIII ||[COM| PDG NEW from BESIII

DD 6.5 [7.3+£0.4 = 78 | 72404 =

nn 6.5 — — 7.8 — —

AN 3.9 [11.84+1.9| 122+1.1+1.1 3.5 [18.6+2.7| 208+1.6+22
»05 3.3 <4 3.841.0+0.5 5.0 <8 4.04+1.1+04
IEDY 3.3 <6 544+15+0.4 5.0 <7 4.9+1.9+0.6
=0 25 | <6 - 3.7 | <11 -
== 2.5 | 8.4+2.3 - 3.7 |15.5+3.5 -

AA 3.9 - - 6.3 - —

2+*(1385)i "(1385)| 2.1 ~ |4.6+27+1.0(<9.3)|| 3.6 - 8.1+4.441.8 (< 16)
*(1385)X 77 (1385)| 2.1 - 1.74+2.04+0.3 (<5.4)|| 3.6 - 0.1+3.7+0.3 (< 7.2)
== 1.1 - - 2.1 - -
A(1520)A(1520) - - < 8.6 - - 51 £ 13

(in units

of 10-5)

(Note that y .o decays are suppressed by the “helicity selection rule.”)
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Using only the color singlet model:
B(xeo — pp) = 0.29 x 107°
B(xe2 — pp) = 0.84 x 107°

which are far lower than the experimental values.

Use color octet contributions to correct the discrepancy and predict other di-baryon rates:

predictions (COM) from EPJ. C 14, 643 (2000)

Branching Fractions of 1

Branching Fractions of 7.z

Decay Mode COM| PDG NEW from BESIII ||[COM| PDG NEW from BESIII

D 6.5 | 7.3+0.4 - 7.8 |7.2+04 -

nn 6.5 — 7.8 —

AA 3.9 [11.8+19| f122+1.14+1.1 3.5 |18.6+2.7| £20.8+1.6+2.2
305" 3.3 <4 3.84+1.0+0.5 5.0 <8 404+1.14+04
DY 3.3 <6 544+ 1.5+04 5.0 <7 494+19+0.6
=0%" 25 | <6 3.7 | <11
== 2.5 | 8.4+23 - 3.7 |15.54+ 3.5 -

AA 3.9 -~ -~ 6.3 -~ -

z+*(1385)§ "(1385)| 2.1 - 4.6 +2.74+1.0 (<9.3)|| 3.6 —~ 8.1+4.44+1.8 (< 16)
*(1385)X 77 (1385)| 2.1 - 1.74+2.04+0.3 (<5.4)|| 3.6 - 0.1+3.7+0.3 (< 7.2)
= E 1.1 — — 2.1 — —
A(1520)A(1520) - - < 8.6 - - 51 £ 13

The “Color Octet Model” and 7.y di-Baryon Decays

(in units

of 10-5)

(Note that y .o decays are suppressed by the “helicity selection rule.”)
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1. % di-Baryon Decays at BESIII (preliminary)

Select clean samples of ¢y decays using:

Y s yA Bt = prd

A — pr™

A-prt 5 AR

> — pr?

60

40

20

30

20

10

Events/3 MeV/c?

20

15

10

o

= ._.j!.‘-‘w-ﬂ, g
0 335

wo
WITTm

3.40
Invariant Mass (GeV/c?)

BESIII prelin/lzinary |

pre 00
W Gl ai - e om F L7 %

BESIII preliminary

s _saba st Wb s
BESIII preliminary

'3.55

b
N _:Ar—-;; 69l

(in units
Results (preliminary) of 10-5)
Mode X c0 Xel X2
This work 333420426 12241.141.1 20.84+1.6+2.2
PDG 33.04+4.0 11.8+1.9 18.6+2.7
AA | CLEO[18] |33.843.6+2241.7| 11.6+1.840.740.7 | 17.0£224+1.1£1.1
Theory [4, 19] 11.9~15.1 39 35
This work 478434438 |3.841.04+0.5(< 6.1)[4.04+1.1404 (< 6.4)
PDG 420+7.0 <40 <80
_ 90%
»030% | CLEO[18] |44.14+5.6+42422 <44 <75 CL.
Theory [4] - 33 50
This work 454442425 54415404 (< 8.5)[4.9+1.940.6(<8.6)
PDG 31.0£7.0 <6.0 <70
»+t¥~| CLEO[18] |32.5+£5.7+4.0+1.7 <6.5 <6.7
Theory [4] - 33 5.0

B(Xc]_’Q — AK)

still larger than COM predictions

B(xc12 — ¥Y) : UL’s agree with COM predictions

B(xco — AA,XX) : large violation of the helicity
selection rule
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Using only the color singlet model:

B(xeo = pp) = 0.29 x 1075
B(xe2 — pp) = 0.84 x 107°

which are far lower than the experimental values.

Use color octet contributions to correct the discrepancy and predict other di-baryon rates:

predictions (COM) from EPJ. C 14, 643 (2000)

Branching Fractions of 1

Branching Fractions of 7.z

Decay Mode COM| PDG NEW from BESIII ||[COM| PDG NEW from BESIII

D 6.5 | 7.3+£04 - 7.8 |7.2+04 -

nn 6.5 — — 7.8 — —

AA 3.9 [11.8+1.9| 122+1.1+1.1 3.5 [18.6 £2.7| 20.8+1.6+2.2
305" 3.3 <4 3.84+1.0+0.5 5.0 <8 404+1.14+04
DY 3.3 <6 54+ 1.5+0.4 5.0 <7 494+19+0.6
=0%" 2.5 <6 - 3.7 | <11 -
== 2.5 | 8.4+23 - 3.7 |15.54+ 3.5 -

AA 3.9 —~ 6.3 -~

z+*(1385)§ "(1385)| 2.1 - 4.6 +2.7+1.0 (<9.3)\\ 3.6 —~ 8.1+4.44+1.8 (< 16)
*(1385)X 77 (1385)| 2.1 - 1.74+2.04+0.3 (<5.4)4 3.6 - 0.1+3.7+0.3 (< 7.2)
= E 1.1 — 2.1 —
A(1520)A(1520) - - - - 51 £ 13

The “Color Octet Model” and 7.y di-Baryon Decays

(in units

of 10-5)

(Note that y .o decays are suppressed by the “helicity selection rule.”)
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2. Y di-Baryon Decays at BESIII (preliminary)

Search for: B
Yes — 2(1385)F%(1385)F
through: B
Yes — mTm T AA
O 12f —
= 7 0(1385)7X(1385)"
3 :
o 8 (BESHI 4
o . °
S sl prelim.)
o
T 4r |
.."E) 23— \ |l .
2 JJreed ¢ g ,“
L 925 33 335 34 345 3.5 355 3.6
) M2(1385)+E(1385)' (GeVic?)
S 1.0 2(1385)7%(1385)
D n
O 1% (BESHI
S 8 prelim.)
=
N
2 b j
c B
g 1un “‘v Il ‘hr
i $55 33 335 8.4 345 35 355 5.6

M

>(1385)=(1385)*

(GeV/c?)

Divide the four-body phase space into five regions,
study the cross-feed between regions using MC,
then unfold the five different processes.

(UL’s at (in units
Results (preliminary). 0%CL)  of 107)
Xc0 Xcl Xe2
Yoy decay mode
B UL B UL B UL
1 e — AMrtr~ (w/o 3(1385))[29.9+13.6+7.4| < 57|27.4+8.5+2.7 75.9+14.9+6.9
2 XeJ — E(l385)+/_\7r_ 4+ c.c. |35.4+14.7£7.0 1.44£7.3+9.0 | < 12]23.9+13.64+4.1| < 43
3 XcJ — 2(1385)_/_X7r4r +c.c. |25.0414.3£5.9/< 45| 0.0£7.2+0.0 | < 11 |38.8+14.444.3
4 xes— (1385)FE(1385)" | 17.0£6.042.0 4.6+£2.7+1.0 |< 9.3| 8.1+4.4+1.8 | < 16
5 xes — 2(1385)72(1385)T | 24.046.343.1 1.742.040.3 |< 5.4| 0.143.740.3 |< 7.2
XeJ — AAW+W_(total) 129+7+12 32.5+3.6+4.1 163+9+19
B(xc1,2 — £(1385)%(1385)) : UL’s agree with COM

B(xeo — 2(1385)X(1385))

. large violation of
helicity selection rule
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The “Color Octet Model” and 7.y di-Baryon Decays

Using only the color singlet model:
B(xeo — pp) = 0.29 x 107°
B(xe2 — pp) = 0.84 x 107°

which are far lower than the experimental values.

Use color octet contributions to correct the discrepancy and predict other di-baryon rates:

predictions (COM) from EPJ. C 14, 643 (2000)

Branching Fractions of 1

Branching Fractions of 7.z

Decay Mode COM| PDG NEW from BESIII ||[COM| PDG NEW from BESIII

P 6.5 |7.3+04 - 78 |72+04 -

nn 6.5 — — 7.8 — —

AA 39 [11.84+1.9] 122+1.1+1.1 3.5 [18.6+2.7| 20.8+1.6+2.2
5205 3.3 <4 3.84+1.0+05 5.0 <8 40+1.1+04
IRy 3.3 <6 54+1.5+0.4 5.0 <7 4.94+1.9+0.6
=0%" 2.5 <6 - 3.7 | <11 -
== 2.5 | 8.4+23 - 3.7 |15.54+ 3.5 -

AA 3.9 —~ —~ 6.3 -~ -

z+*(1385)i "(1385)] 2.1 — 4.6+2.74+1.0 (<9.3)| 3.6 - 81+4.4+1.8 (< 16)
*(1385)X 77 (1385)| 2.1 - 1.74+2.04+0.3 (<5.4)|| 3.6 - 0.1+3.7+0.3 (< 7.2)
=FE 1.1 - — 2.1 — -
A(1520)A(1520) | — - - -

(in units

of 10-5)

(Note that y .o decays are suppressed by the “helicity selection rule.”)
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3. e di-Baryon Decays at BESIIL (PRD 83, 112009 (2011))

Search for s — A(1520)A(1520) through Xes — KK~ pp .

Perform a simultaneous fit to the

Isolate A(1520) — pK-and c.c.:

signal and sidebands:

1.8 "B 25T
" . :' - i Fitting curve of Signal Region
B . a _E .(a_) NO 20 - (b) ------- Fitting curve of 2D Sideband
SR B S e N
s . >
o © 15
) . Q0 -
= - A L | C N !
+ 16 = .-'E-. - O 10 L
SR QELLE ) s "t
- e I A  HERE P [ ] )
BT gi%e"8, = |, =g - L = i |
= e L e e § 5F ,
150 .. o 'B..L A L 3 h A 1 |
N P R S o NILLmeg | PO Y
1.5 1.6 1.7 1.8 3.35 3.4 3.45 3.5 3.55 3.6
M(pK)) (GeV/c?) M(ppK'K) (GeV/c?)
X c0 Xcl Xe2

B(x.;— ppPK"K™) (107

B(x.; — pKTA(1520) + c.c.) (10~%)
B(x.; — A(1520)A(1520)) (107%)
B(x.; — pbd) (107)

1.24 = 0.20 = 0.18
3.00 = 0.58 = 0.50
3.18 = 1.11 £0.53
6.12 = 1.18 £ 0.86

1.35 £ 0.15 = 0.19

1.81 = 0.38 = 0.28
<1.00 (ULsat
<1.82 90% C.L.)

2.08 £0.19 £ 0.30
3.06 = 0.50 = 0.54
5.05 = 1.29 £ 0.93
3.04 = 0.85 £0.43

B(x.; — A(1520)A(1520)) rates are perhaps surprisingly large, comparable to B(x.; — AA)

20



Importance of the ycj(1P) States

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

Xc0,2 = VY Xc0,2 =7 99
Y )
C C
- C
C Y g
corrections to EM perturbative QCD

processes considerations



Importance of the ycj(1P) States

* Exclusive ycj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.
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Amplitude Analysis of ¥¢.1 — Nt at CLEO-c
(PRD 83, 112009 (2011))

Search for states with exotic JFC (i.e. JPC forbidden in the quark model).

Possible substructure in yc1 — Nt

Xc1 Decay Mode L Isobar J©¢

aom; ao — nm P 0"
T, T — 77('>7r S, D -
AT, Ao — 77(')7r P, F ot
aqsT; a4 — 77(')7r F,H AT
f(m(') fo—>nm P 0F

f277 ; f2 — T PaF 2++
f477(’); fao—mm F H 4T

Advantages of these Y1 decays:
= the only %1 S-wave decay is through w5t (the m; has exotic JF¢€ = 1-+)

=> the “m1(1600)” has been observed by BNL’s E852 in tp — n/';tp (PRL 86, 3977 (2001))
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Events / 5 MeV/c?

Amplitude Analysis of ¥¢.1 — Nt at CLEO-c
(PRD 83, 112009 (2011))

Select clean samples of yc1 — Mttt and Y1 — Mt

800 - y(2S)—y nm*

600 -

400 -

200 | l

T

'ﬂ et

l

"""""""

M(n7mt*m)

M
3.45 3.50 3.55

[GeV/c?]

(a)

3.60

300

250 [

200

150

100

50

0 [tstes

[ Y(2S)->yn'n

ﬂ Xc1

(b)

3.45 3.50

355 3.60

M(n'n*r) [GeV/c?]
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Amplitude Analysis of ¥¢.1 — Nt at CLEO-c
(PRD 83, 112009 (2011))

Perform an amplitude analysis of the nrtt7t~ and n'sttT systems:
250

- a,(980)n L e a,(980)r
N a,(1320)n N a,(1320)n
200 e (TN 100 SSEERN €719 M|
[ - £,(1270)n - -== 1,(1270)n
150} — f,(2050)n — £,(2050)n
100 50|
> K L ARSIV TR IR S P B T g '-I h
% O R O N I o L T s 0 B B SR v S T 5 A
o 0.5 1.0 15 20 5 3.0 35 05 1.0 15 20 25 3.0
© M(nm) [GeV/c?] M(rrt) [GeV/c?]
2 60 80
first evidence for an S o T 2 (980) T 2(980)T
. o B | Lo a (1320)m o | BL L a,(1320)m
exotic JFC state in _ e ()N’ 601 e ()Y
. . 400 - £,(1270)1 * I - £ (1270
charmonium decays. _ (1600 (1600

* 1-* has significance _ 401
>4 .70 over all other JPC 20

and all other hypotheses 201

* mass and width Ol Lottt Mmoo | Lot i,
05 10 15 20 25 30 35 05 10 15 20 25 3.0

consistent with 1t (1600) M) [GeV/c?] M () [GeV/c?
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Amplitude Analysis of ¥¢.1 — Nt at CLEO-c
(PRD 83, 112009 (2011))

X1 Decay Mode F %] B(x. — nVa 7)) X F [1073] N,
nwtawT e 4.97 = 0.08 £0.21 = 0.22 e
ay(980)7r 66.2 1.2 + 1.1 3.29 =0.09 £0.14 = 0.15 >10
a,(1320) 7 9.8 0.8 £1.0 0.49 = 0.04 £ 0.05 £ 0.02 9.7
(7 7 ) g 225+ 13+25 1.12 = 0.06 = 0.13 = 0.05 >10
SV _m 121 = 1.7 5.6 0.60 = 0.08 * 0.28 *= 0.03 >10
st 3.4+09* 1.5 0.17 * 0.05 + 0.07 * 0.01 6.0
SexT 3.1+ 0.6 + 0.4 0.15 * 0.03 = 0.02 + 0.01 9.4
1>(1270)7n 7.4+ 0.8 £0.6 0.37 = 0.04 £ 0.04 = 0.02 >10
£4(2050) 7 1.0=0.3*0.3 0.05 = 0.01 £ 0.02 = 0.00 5.2
“7r,(1600) 7 S <0.031 0.7
nmTta .. 1.90 = 0.07 = 0.08 = 0.09 R
ay(980) 7 11.0 £23 *+ 1.8 0.21 =0.04 £ 0.04 = 0.01 8.4
a,(1320)7r 0.4 + 0.5+ 0.6 <0.031 1.4
(m 77 )gm 21.6 £ 2.7+ 1.2 0.41 = 0.05 = 0.03 = 0.02 10.2
SO 7.0 + 2.2 + 2.3 0.13 = 0.04 = 0.04 + 0.01 6.6
Sexn 8.4+ 15+ 13 0.16 = 0.03 = 0.02 + 0.01 7.5
£,(1270) ' 27.0 + 2.9 + 1.7 0.51 = 0.06 = 0.04 + 0.03 >10
*£,(2050) 7’ e <0.010 0.4
71(1600) 7 15.1 2.7 +x3.2 0.29 £ 0.05 £ 0.06 £ 0.01 7.2
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Summary

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

Xc0,2 — VY Xc0,2 = 99
Y - g
C
— C
C Y g
corrections to EM perturbative QCD
processes considerations

* Exclusive ycj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.
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* ¥c1(1P) decays can probe strong force dynamics, for example, through:

BESIII measurement Xc0,2 = V7Y Xc0,2 77 99
of B(%c02 = YY) 2 C Y
(R consistent with C
lowest order _
expectations) C y C 0]
corrections to EM perturbative QCD
processes considerations

* Exclusive %cj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.
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Summary

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

BESIII measurement

BESIII measurement Xc0,2 — VY Xc0,2 — 99 of B(Yes = VV)

/y g (large rates, Xci decays,

f B(yc02 —
(;)3 Cogii(ﬁem :/v?t)h C C double OZI violation)

lowest order _
expectations) C Y & g

corrections to EM perturbative QCD
processes considerations

* Exclusive %cj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.
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Summary

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

BESIII measurement Xc0,2 — VY

of B(Xc02 = YY) v
(R consistent with C
lowest order
expectations) C Y

corrections to EM
processes

BESIII measurement
Xc0,2 =7 99 of B(yes = VV)
g (large rates, yci1 decays,
C double OZI violation)

C g BESIII measurement
of B(}es — BB)
(mixed reviews for
COM, large violation of
helicity selection rule)

perturbative QCD
considerations

* Exclusive %cj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.
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Summary

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

BESIII measurement Xc0,2 — VY

of B(Xc02 = YY) v
(R consistent with C
lowest order
expectations) C Y

corrections to EM
processes

BESIII measurement
Xc0,2 =7 99 of B(yes = VV)
g (large rates, yci1 decays,
C double OZI violation)

C g BESIII measurement
of B(}es — BB)
(mixed reviews for
COM, large violation of
helicity selection rule)

perturbative QCD
considerations

* Exclusive %cj(1P) decays are also a source of light quark states, useful
for both meson and baryon spectroscopy -- a rich set of final states
allows one to 1solate quantum numbers.

CLEO-c observation of exotic JPC in y¢1 — n/'mwtw-
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Summary

* ¥c1(1P) decays can probe strong force dynamics, for example, through:

BESIII measurement Xc0,2 — VY

of B(Xc02 = YY) v
(R consistent with C
lowest order
expectations) C Y

corrections to EM
processes

BESIII measurement
Xc0,2 — g4 of B(es = VV)
0] (large rates, y.1 decays,
C double OZI violation)

C g BESIII measurement
of B(}es — BB)
(mixed reviews for
COM, large violation of
helicity selection rule)

perturbative QCD
considerations

BESIII now has ~3x more 1 (2S),
therefore ~3x more 7.y decays...
Expect more results soon!
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