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% Number of
FORCES states below
System Ground triplet state 13S, dissociation
(V/c)? energy
binding | decay Name I (MeV) | Mass (GeV) n3S, | all
POSITRONIUM
EM EM ete- | Ortho- 51015 0.001 | ~0.0 2 8
QUARKONIUM
S uu,dd P 150.00 0.8 | ~1.0 0 0
S T s§ 0 4.40 1.0 | ~0.8 ‘| e
T R —
R 0 cc V] 0.09 3.1 | ~0.25 2 8
E
O N =
M bb Y 0.05 9.5 | ~0.08 3 30
N G
G = Toponium
weak tt (3000.0) (360.) | <0.01 0 0 | < isnotalab
for QCD
Consequences of large mg:
» velocities of constituents are small V | Expansion
« strong coupling constant in annihilation and production is small o[ parameters

This opens avenues for effective theories of strong interactions:
« purely phenomenological potential models
« more recently NRQCD and much improved QCD on Lattice
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X Content of this talk

N

* Report on two recent measurements with the
CLEO-IIl and CLEO-c detectors:
— Measurement of the 1 (1S) mass and the branching
fraction for Y(3S) —»yn,(1S) [arXiv:0909.5474]
— Higher-order multipole amplitudes in charmonium
radiative transitions [Phys.Rev.D80:112003,2009].
CLEO-e & o « CLEO-c detector (cc data):
e+ o Ring Imaging Cherenkoy — Charged particle detection (1T):
N o 6,/p=0.6% at 1 GeV
<6 Quachunole ol merpriictanber/_ Photon detection: 6/E=4.8% at
om0 e 100 MeV, 2.2% at 1 GeV
) PN I|| — Hadron ID: dE/dX+RICH (fake
& . rates at a few % level)
) ™+ CLEO-Il detector (bF data)
Quadrupole 7 ’/: e e — The same detector except for
\‘- inner vertex detector (silicon) and

Mrgnet earrtmmon magnetic field (1.5T)
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|

*N\Q\b Hyperfine splitting s, -5,

'L
s,
n 2+ | A e
\L%Z
'S
55 45,

« Expected to be significant only for S states (L=0)

» Hyperfine splitting of the ground state of bb (n=1) a
good place to test lattice QCD calculations:

AM[(1S) 5= M(13S,) = M(11S;) = M(Y) — M(n,,)

* Only recently measured experimentally thanks to
the first observation of n, by BaBar
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First observation of n, by BaBar R —
BaBar PRL 101, 071801, 2008 BaBar “
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5.9  Confirmation from the CLEO data?

 The CLEO Y(3S) data samples is ~18 times smaller
than the BaBar's

» We published the upper limit on BR(Y(3S) —-»m,) <
4.3x104 (90% C.L.) in 2005 [vs BaBar (4.8+0.5 +
0.6)x104] , but:

— We did not include the ISR peak in the background fit which
biased the BR down;

— We assumed I'(n,)=0, while 4-20 MeV is predicted (not
completely negligible compared to the resolution).

— We did not use continuum background suppression cuts,
which BaBar proved to be beneficial for this channel (our
analysis was optimized to lower energy E1 transitions
where continuum backgrounds were insignificant)

« Today present re-analysis of the CLEQO data,
optimized for Y(3S) —»yn, sensitivity
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\J Improved thrust axis anaIySIS

140000 JE50E0 M=K
Contlnuum bkg 'zununf— I IT III
ere’ — 160000 - I (35) Dat
qq ﬁ bo0ao £ E?DqE[T!-LE?TaCIEI:.‘IE:'-.-"
o 80000 —
& -
S E0000 —
3 C
O 40000 |
Thrust axis Y 20000 [
O o 02 04 DA 05 0E DT 0B 08 1
cos 8,
Y(3S) %’Y nb 40000 -
35000 5 T(3S) Data
30000 £
.- - =
} = 25000
Thrust axis Y 2 200000
% 15000 -
- BaBar used |c0s6|<0.7 O 10000 |
« We split <0.7 into 2 bins (the main smu;\r¥
improvement)andkeep>0.7data 3] =PRI IS IS S B i ===
. _ 500 00 70D 800 800 1000 1100 1200
« We perform simultaneous fit to all 3 E (v) (MeV)

photon spectra
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D CLEO search for Y(3S) —yn, SR =
€T Y(@3S) >y,
be(zP)—wT(lS) YY(1S)

38508{}9-(}0?
400

1 E
S

The smooth background
and y,,;(2P)—y Y(1S)

200
subtracted.

U _...qn-l BT |

< -200 : : : E l
. Statistical § 0o | |
significance 3 i
~4G S o I H—Mﬂﬁmﬁj‘ﬁ 1'1'1' ﬂ%
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(Assuming T(n,)=10 MeV ) Er (MeY)
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\J CLEQ search for Y(2S) -y n, ISR >

ete —
(1P T(1S) 1Sy L) 2T

The smooth background 1500 |\ SN S NN L&
and x, (2P)—y Y(1S) ; \ioon —
subtracted. 70 R | .
: rH.H..LW\H#It}-T*Hmﬁf JT Nmmu;ﬁw. .

» No signal -750iH L E
detected(much:, EHHI:;HIE@HHIH:IHHI:E
higher resonant = ™ | 1 / n s
backgrounds) £ “’j‘} T u i
 BaBar detected o-mf::::}:::_.::}-::::::}:: :}::::}::_f
~3.50 Signal N ?50;—} H ” 111 { _;

~ . L Al it -:-:“.-q Ll | H ot ]
data -750 |- ’H \ =
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(Assuming I'(n,)=10 MeV )
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) CLEO vs BaBar vs theory

(Assuming I'(n,)=10 MeV )

AMp(18);, (MeV)  B(Y(nS) — vym,) x 10*  significance

T(3S) — vy (CLEO) 68.5 £ 6.6 +2.0 7T1+18+1.1 4o
(BaBar) 714755 £2.7 48+05=+0.6 > 100
T(2S) — vym (CLEO) — < 8.4 (90% CL) —
(BaBar) 67.4715 £2.0 3.971% = 0.9 3.50
Lattice (UKQCD+HPQCD) 61 £ 14
(TWQCD) -0+ 5 } Unquenched
(Ehrman) 37T+ 8
pQCD (various) 35 — 100 0.05 — 25 (Y(395))

0.05 — 15 (T(29))

« The experimental results for hyperfine mass splitting agree
with the unquenched lattice QCD calculations

« BaBar has the best measurements

 Significance of the CLEO measurement is in independent
confirmation of the BaBar results
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Higher-order mutipole amplitudes In

charmonium radiative transitions
et o Wavelength of the radiated

oy 53_91_)2—38_______ 2mp) |1 photon large compared to the
_ _1%_1 - | radiating system, thus lowest
3.6 ‘ h 13P1x12|12__ multipole amplitude
i " Jap, >~ |  dominates: E1
Saal X"~ -1« Allowed higher order
% - s, mutipoles:
2%3.2_— 1 B — For 13P1Z M2
R | — For 13P,: M2, E3
3_0-__nl+ I- 1 * Tothe first order in Ey/m,
'l e fraction of M2 amplitude is
expected to be:
« Denote these fractions as: M2 B
~ b,! for y(2S) 7 . (1P) } { T e
— a,’ for % ,(1P,) — YWJy(1S) VEE T METEE - aam L T

K, —anomalous magnetic moment of c-quark (expect k.=0)
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Previous measurements
| == = Theory #xBal AE835 WE760 [IBESH| . 50001
3 T i | | 1E . |
! i
B | J=1 B I )
0 4 1 e a,
£ : " |_‘e| T 1
I ] 1 1
| : | | | | | : | |
-0.10 -0.05 0.00 0.05 0.10 —-04 -0.2 0.0 0.2 0.4
T T I | 2 T | 1 | |
- i b=t - i " b J=2
" 2 . 2
] 1
E i} == —{1—t 1
I I | I I 11 | | : | ¢ |
-0.10 =0.05 0.00 0.05 0.10 -0.2 —0.1 0.0 0.1 0.2
Magnetic Quadrupole Amplitude
1 B 5 - i af7'\  —0.002+0.020 e
. (z:g)l = pi 3 = 0.676 £ 0.071 , ? (agzz)“p— oo = 020
The ratios are o= Bt | N a”t\ 00020020 e
Independent (bgzl )u = _Ef.:{f:l = —2.27+0.16 , . b1 . = 00T L0050 _  Ye-oa2
ofm,, k. (inthe /- B2 3 ) b\ _ 013220075 o
1t order) (b§=l)th =~ BEVE 1.000 + 0.015 | (bﬁzllm = S0 oo =~ i
=2\ B . b=2 01320075 060
(ag_g)m g —0.297 +0.025 . (F T ToBEom —1.01+58

* |Inconsistencies between data and theory
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) CLEOc data =

« Select yyutu- or yye+e  events. Backgrounds are small and
under control. The x.; and ., are well separated.

160090%-012

3000 1500
T T T (a) ! (b)
Jx= 1 . Data J)[: 2 ., Data
- Generic MC = Generic MC
>
© 500 L 11000 - | l
E 000 - 40k events 20k events
<
5 _
& 1000 | {900 P y
>
) ; %1
| . 0 :
0 __ -
3 496 3511 3 526 3 541 3 556 3 571
M, (MeV) M, (MeV)

- By an order of magnitude larger statistics than in the
previous experiments.
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)/ CLEOc resu

assuming no E3
0.05 | | 1|5t1090-3-015 0.05 — |( : - g| : )
a \ } ™
oos| @ ' | | .04 (B) \ .
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1 f
—-0.02 |- ! o ' =
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Presence of quadrupole amplltudes
established at 11.16 (6.20) forJ 1(2).

« Good agreement with the theoretical predlctlons (Mm.=1.5
GeV, x.=0)

Allowing electric octupole (E3) amplitude for J=2 data:
a,"2=(1.7214%20.3)10° b,'=2=(-0.8+1.2%0.2) 10
(the results for a,’=2, b,’=2 change within the errors)
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D/ CLEOc results
|===Theory ® CLEO ¢xBal AE8S35 WE760 [IBESH| . 00nuis
105 1 o i i —  10%] H.h
104F aj=! 4 10¢ i
2] : : : : —¥—H
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) g ] ;
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g) ._ 1 J=1 __ 4 _ l_._h
10°F 6 4 10°F o !
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Magnetic Quadrupole Amplitude
J=1 EJ’:I = ajzl
a5 v VO e - 2 — .67
(aé’ﬂ)m e 0.676 + 0.071 , (agzz)am +0.19
J=1 1J=1 al=1 "
(gﬁzl) — =T = —227£0.16, (é)cmo — —2.27+057
2 th ! '
J=2 EJ=2 bl=2 5
(3}1) | T % = 1.000 +0.015 (b;’:‘ )cmo = 03745
th i J—2
by~ By~ ; (—bg . ) — 0.11*g1
(ag_z)th - EJ= - UATERes. a3~ cLEo e

« The inconsistencies with the theory has been resolved

K, =—-0.123 £ 0.088 + 0.034 £ 0.175 (last error due to m_=1.5 = 0.3 GeV)



) Conclusions

» BaBar’s observation of the Y(3S) —»y 1, confirmed
by the CLEO data:

— The experimental results for hyperfine mass splitting
agree with the lattice QCD calculations
« Admixture of the magnetic quadrupole amplitude
to predominantly electric dipole transitions 23S,
— 13P; , — 13§, in charmonium well established
by the CLEOc data:

— No inconsistencies with the expectations, unlike in the
previous experiments

— No evidence for anomalous magnetic moment of c-
quark



