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CESR Prehistory

1935 -- 1.5 MeV proton cyclotron

1949 -- 0.3 GeV electron synchrotron
1954 -- 1.2 GeV electron synchrotron

1962 -- 2.2 GeV electron synchrotron

CHRONOLOGY OF ACCELERATORS AT CORNELL
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CESR Luminosity Improvements
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Energy Sample Size

Y(5S): 420 /pb

Y(4S): 15.5 Ifb

Y(3S): 1.2 Ifb 6M decays
Y(2S): 1.2 Ifb 9M decays
Y(1S): 1.1 /fb 22M decays
10.54 GeV: 2 Ifb

below Y(3S): 10.33 GeV 0.2 /fb
below Y(2S): 10.00 GeV 0.4 /fb
below Y(1S): 9.43 GeV 0.2 /fb
Way below Y(1S): 6.9-8.4 GeV 17 Ipb

3.97-4.26 GeV 60 /pb includes 13 /pb at 4.26GeV
4.17 GeV 586 Ipb
psi(3770) 818 Ipb

psi(2S) about 27M decays
3.673 GeV 21 /pb

Usefullfor yy-fusion studies

Direct two-photon decaysg of  , €.9.
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CLEOQO, 1973-2013, in excelsio del
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Figure 1: AM distributions for 1(25) data events that pass the selection criteria applied. Points with error
bars are the data, and the blue solid curve is the result of the fit for the signal-plus-background hypothesis,
and the blue dashed curve 1s the background component. The three y;;(1F) components indicated by the
red dotted curves are considered here as part of the signal.



Two-photon physics (not ee - yy!)
 Fundamental: probes directly EM couplings

— Ratio of X production in yy collisions=>high “stickiness”

* N.B., goes both ways yy— X OR X - vy

1—’ 1,

I—Em




Photon-Photon Scattering in QED 1

| gt
Subthreshold Light-by-Light Scattering :]:m
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Photon-Photon Scattering in QED

Single pair production (syy 3> 4m?):

L
\ o(yy — T67) ~ I Jog m_sf

Y .
. spm—% exchange

First observed at Novosibirsk, Frascan
Double pair production (syy 3 lﬁmﬁ}:

L o(yy — E‘l'F_E‘l'f_} oy 5‘;
Ty

X spin-1 exchange






Physics accessed by CLEO In 2-photon
collisions:

C=+ resonances
Photon-to-Meson Form Factors
Studies of glueball candidates

No tag
Single tag
Double tag

=> access different regions of phase space/different
partial waves
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PHOTON-MESON TRANSITION FORM-FACTORS OF LIGHT PSEUDOSCALAR. MESONS.
Bo-Wen Xiao Bo-CQiang Ma

Phys.Rev.D71:014034,2005
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Figure 3: CLED results on 77 — 77 production. See the text for more information.



‘Two-Photon Exclusive Amplitudes

dalx, Oy Vg (3,D, )
x({l=xly(l—y)

when gy (x,0)=g¢ (1 —x,0) is assumed.” Thus much of the dependence on ¢{x,{) can be removed from
o 33 by expressing it in terms of the meson form factor—i.e.,
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¥ — .E_m Ec.m_

up to corrections of order e, and m*/s. Now the only dependence on ¢, and indeed the only unknown
quantity, is in the 8-dependent factor

! bz, Q530 alp(l—pl+x(1—x]]
J, dxdy 1—xpil—y) a’—blcos. -

a8 a0y =
KL Be i ] a0 M 1,0
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The spin-averaged cross section follows immediately from these expressions
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n. meson in vy collisions (2™ definitive)

Measurements of the Mass, Total Width and Two-photon Partial
Width of the n. Meson
ML Mass, total width and
w ] Two-photon width

Events /8 MeV

o . L i
2500 2750 3000 3250 3500

MK K¥ 2
Using 13.4 fb~! of data collected with the CLEO detector at the Cornell Elec-
tron Storage Ring, we have observed 300 events for the two-photon production
of ground-state pseudo-scalar charmonium in the decay . — H}j K7, We
have measured the 7. mass to be (2980.4 = 2.3 (stat) £+ 0.6 (svs)) MeV and
its full width as (27.0 == 5.8 (stat) & 1.4 (sys)) MeV. We have determined the
two-photon partial width of the 7, meson to be (7.6 £ 0.8 (stat) £ 0.4 (sys) =
2.3 (br)) keV., with the last uncertainty associated with the decay branching




Obser-
vation

of m_

CLNS 03/1853
CLEOQ 03-14

Observation of 5. Production in v Fusion at CLEO

A "]ﬂ: ract

We report on the observation of the .'.L:s‘l . the radial excitation of 1% ..| ground state of

charmonium, mn the two-photon fusion -:-:-Ji".:.x.h Y — T, — 1".';5-1".” ¥ in 13.6 fb~! of CLEO II/ILV
data and 13.1 fb~! of CLEQ III data. We obtain M(y')=3642.9+3.1(stat)+1.5(syst) MeV, and
M (n.)=2081 8+£1 3(stat)+1.5(syst) MeV. The corresponding valees of hyperfine splittings between
'Sp and *5y states are AMp(15)=115.1+£2.0 MeV, AMaz(25)=43.1+3.4 MeV. Assuming that the
ne and 7 have equal branching fractions to KsK m, we obtain Uy (173 )=1.320.6 keV.

In 1982 the Crystal Ball collaboration reported the observation of a small enhancoment
it B, == 91 :'Lln-"n' in the inclusive | h 1% Il"- Telh gl hoil I"u]n ||ll reaction '.r » " — X, and
interpreted it as due to 7 with M) *]1 5 MeV, I'{l)<8 MeV [1.2]. This observation,
which correspo |L|5I- to a 25 hyp -m ]L Sl hl ing _‘-L W "‘-u 'L. (1) — M n_._,'n 0245 MeV, was
in qualitative accord with the well est: ablished 15 hy [mn e splitting, AMap(15)=M{J /)
M{n)=117+2 MeV [2]. However, it was not confirmed, and the listing of the o, was dropped
by the PDG [2] from the meson summary list. The Fermilab experiments E7T60/ES835 [4]
failed to identify . in the reaction pp — 7 — 7. for 4 mass in the range M (nl)=3575
3660 MeV. Similarly, in e* e~ collisions at /% = 91 GeV DELPHI [5]. and later L3 [6], found
no evidence for i} in the reaction v — hadrons, in the mass range }-3800 MeV, and
concluded that its population in this reaction was less than a third of that of the .. A
recent preliminary CLEQ measurement [7] of the inclusive photon spectrum from « — X
has also not found any evidence for the excitation of ..

The theoretical situation was eqgually uncertain. The perturbative prediction for the
hyperfine splitting of the 5 states of charmonia is, in the lowest order

AMup(S) = [32mas/ (9m)] | ¥ (0)]?. (2)

Thus, assuming that the strong coupling constant @, (25) = a(1.5).

e (o — ete—) M2y

_'”|..1|f,l;l|-:j'“'l I (0) S, )
'-:_:: C(J /e — ete—) M2(J )

AM(15) (0} S,

r'i

gsinee I'(35; — ete~) is proportional to [¥(0)[2/M?(35;). Substituting experimental val-
ues [2] yvields, AMg(25)1=682+7 MeV. Buchmiiller .m.l Tye [8] have pointed out that in
order to take approximate account of binding energy, me. in Eq. (2) ean be replaced by
.'|-|rl:|-"‘| | 2, which leads to _"';.'l-lr_l,__flf-"‘: 4845 MeV.



The Discovery of 7.(2'5p)

The breakthrough came, of all the places, from the observation of 5 in B decays by Belle. It was
followed by its observation 1n v fusion at CLED and BaBEar.

Mnl(25)) ['(n.(25)) | events (reaction)

Belle(2002) [3] | 3654+ 10 < 55 30+ 11 (B — K(KsKn))
CLEO(2004) [0] | 36429+ 3.4 [ 6.34+14.1 | 61415 (vy — KsK=)
BaBar(2004) [10] | 36308 £35 | 17.0£87 | 11242 (vy— KsK7)
BaBar(2005) [11] | 36450 £55 | 22814 | 120427 (ete — J/ub(cd))
Belle(2005)" [12] | 3636+ 9 311 £ 42 (e~ — J/y(c))

*Both 5. and y-0 masses in this measumment were obtained ~ 10 MeV lower than their known values. With apologie
| have therefos arbitrarily increased the ) mas eported by Belle by 10 M=V in the above table.

« New measurements are being made, but M(n) 1s still not firmly anchaored. The present weighte
average 15 W (n) = 36387 £+ 2.0 MeV.
& [his leads to the hyperfine splitting
AM(25) = 3686.1 — 3638.T = 4T.4 + 2.0 MeV.
Recall that, AM #(15) = 3097 — 2080 = 117 + 1 MeV.
Explaining this large difference 15 a challenge for theonsts.



CLNS 08/2019
CLEO 08-03

Two-Photon Widths of the y.; States of Charmonium

TABLE IV: Compilation of expennmental results for two-photon partial widths of vy and ye.

Expenment |Rek) Measured [ () BeV' T, (xa) kev’ R

E760{1003) [12] Blpp — xa) * By i 0L47£0.12£0.07 -
E835(2000) [13] B(fip — Xes) x By 20131.0320.24 0.3920.07-£0.03 0.20£0.110.03
E835(2004) [14] B(fp — Ya) % Byy  3.320.6+0.5 . -

OPAL(1998) [24] Ty x B(xa — vJ/¥) - 1.1040.32+0.26 -
L3{1009) [25] Ty % Blxea — vJ /) - (LE0+0.27+0.11 -
CLEO{1994) [26] T x Bixa — vJ/1) - 0.74+0.21+0.18

CLEO(2001) [27] Ty x Bixes — 77/t 3.0040.5440.44 0.5140.1420.09 0.1740. 060,04
CLEO(2006) [28] T x Bixa — vJ/1) - 0.55+0.060.05 -
Belle(2002) [20] Ty x Blyea — vJ/4) - 0.560.05+0.05 -

Belle(2007) [30] Ty x B{yer — KRKD) 25340234040 0464008000 0.18+0.03+0.04
Belle(2007) [31]** Ty x Blyey — 47) 18420154027 0L4040.04+0.07 0.22+0.083+0.05
[y % Blyer — 2r2K) 2.0720.20+0.40 0.44+0.04+0.16 0.21+0.03+0.00

[y % Blxes — 4K)  2.88£047+0.53 0.62+0.12+0.12 0.210.050.06

This measurement B{¢0(25) — vxey) x Byy 25320372026 0.60£0.0620.06 0.24+0.040.0:3

Averages (weighted by total errors) 2231001020012 (L51+£0.0240.02 020200014002




r, from direct yy production (CLEOC):

TwoPhoton Width of y.o

S. Dobbs,! Z. Metreveli,! K. K. Seth,! A. Tomaradze,! P. Zweber,! J. Ernst,? K. Arms,? H. Severini,?
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The two photon width of vz (/) state of charmonium has been measured using 14.4 fb™ " of
ete” data taken at /5 — 9.46 — 11.30 GeV with the CLEO III detector. The ~yy—fusion reaction
TAYs YT — X2 — yF S — et e [ tuT). We measure Do ixe2)B(xen —
+ pTpT) = 13.2 4 1.4(stat) £ 1.1(syst) eV, and obtain 'y, (x=) = 559 +
(stat) &= 48(syst) = 36(br) eV. This result is in excellent agreement with the result of vy fusion
measurement by Belle and is consistent with that of the fp — vo2 — vy measurement, when they
are both reevaluated using the recent CLEQ result for the radiative decay x 2 — ~J /4.

studied 1s e e~ — &7
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CLNS 01-1732
CLEO 01-08

Experimental Investigation of the Two-photon Widths of the v

and the y.» Mesons

CLEQ Collaboration

{June 11, 2015)

Abstract ﬂ:ulululul

3200 3400 3500
M (4] WeV)

FIG. 1. The vtr 7 "%~ invariant mass (data point with errors). The solid line is the fit with
ax/dof = 44/54.

TR0

Using 12.7 fbh! of data collected with the CLEO detector at CESR, we
ohserved two-photon production of the of states v and x o in their decay to
ata”wtx”. We measured I, (x.) x B(x. — ®Tn 777 ~) to be 75 + 13 (stat)
+ 8 (syst) eV for the x o and 6.4 £ 1.8 (stat) £ 0.8 (syst) eV for the x.», im-
plyving ' (x0) = 3.76 £ 0.65(stat) +0.41(syst ) = 1.69(br) keV and I". (x 2) =
0.53 £+ 0.15(stat) £+ 0.06(syst) £ 0.22(br) keV. Also, cancelation of dominant
experimental and theoretical uncertainties permits a precise comparison of
U ixco) /Ty (xe2). evaluated to be 7.4 £ 2.4(stat) + 0.5(syst) £ 0.9(hr), with
QCD-hased predictions.

The two-photon width of a y,. meson can be determined from a measurement of its two-
photon cross section. The ratio of the two-photon width to the two-gluon width of a y. meson
can be calculated in POCD with reduced uncertainties due to cancelation of charmed quark
mass factors, non-perturbative factors, and wave function dependence. In next-to-leading

order (NLO) PQCD one obtains the following relationships [1] :
[ xo) 8o’ (1+0.18a,/m)

Too(va) 002 (15 05a,/7) (1)
[y (xen) B 8a? (1 — 5.30,/7) @)
[gglxe2) Oa? (1 — 2.2a,/7)

The width of the y 4 meson can be assumed to be dominated by its two-gluon component,
80 [gg(xe0) & Diat(x0) = 14.9728 MeV [2]. Using a value of the strong coupling constant
a, = 0.28 [1], one obtains the NLO PQCD prediction ' (ya) = 5.0 £ 0.8 keV. Due to
the uncertainty in the charm mass scale, we also caleulate the NLO PQCD prediction at
oy = 0.35 and find I, (xa0) = 29 £ 0.5 keV. A measurement reported in a thesis gave
' (xa) = 4.0+ 2.8 keV [3]. The E835 collaboration reported an upper limit of I', (y0) <
3.47 keV (959 C.L.) [4].



Things we didn't find (glueball

candidates)

. LEP's (1440) (KK)
.f,(2220) > MM
~(BES Jhy = f,(2220))
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* Despite the richness of the basic physics accessed,
YY-physics has a Hennie Youngman complex (or

Groucho Marx complex [or Rodney Dangerfield
complex]) at B-factories.

* Nevertheless, two-photon couplings formed the
basis of roughly one CLEO publication per year
during the salad days.

 Still huge data samples waiting to be mined (esp.
Belle-111")
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