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Abstract

The special advantages of the L3 detector for vy collision physics are pointed
out. The recent measurtement by L3 ol I',,(#.) is brielly described. Agreement of the
value of o, (M.) determined from the branching ratios: Ty (n.)/ 1., Te(J/9)/T,.
with deep inelastic scattering resnlts is much improved by including effective gluon
mass corrections. A comparison is made, for charmonium physics in ¥y collisions,
between LEP and B-Tactories. Fstimates of the rates to be expected at LT317200 for
hidden charm and beauty production are giveu. The important complementarity of
LEP and a Tan/Charm factory for charmoninm studies is stressed.

1 Two Photon Physics using the L3 Detector

T b Talk given at the Workshop on Two-Photon Physics from DA®NE to LEP200 and
&  Beyoud, Paris 2-4 February 1994
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The central detectors of L3, the TEC (Time Expansion Chamber) [1] and the BGO
Electromagnctic Calorimeter [2], (sce Fig 1) arc well adapted to the study of exclusive
final states in photon-photon collisions. The imaportant characteristics of the TEC in this

respect are:
e 62 sense wires covering the angular range : 13° < § < 167°

o 7,, = 0.02pr(GeV)>?

e Good dE/dX measnrement (resolution =~ 10%) for low momentum tracks in the
1/6? region.

o A fast trigger [4] with a low pr threshold of 100-200 MeV.

The modest py resolution of the TEC is quite adequate for the low momentum charged
particles produced in the final states of vy collisions. The BGO calorimeter has ~ 11,000
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crystals arranged in barrel modules (42° < § < 138°) and end-cap modules (11.6° < f <
38°,142° < § < 168.4°). The encrgy resolution of the detector for low energy photons is
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Fig 1. The Central Region of L3

“_ ~ Detector B L Type ( Angular rénge LQ2 range (GeV)? ﬂ
L _ — 7

~ End cap EM Cal. BGO 11.6° < 4 < 38° 332-3400

Active Lead Ring Lead/Scintillator J.9° < f <8 36-160
Luminosity Monitor BGO 30 mrad< # <62 mrad 7-30
Very Small Angle Tagger | Tungsten/Silicon | 4 mrad< # < 10 mrad 0.2-0.8

Table 1: L3 Tagging detectors. @2 estimates are for LEP200 with Ey,,,, = 90Gel” . The
Very Sinall Angle Tagger is still under study.

excellent with op/FE ~ 0.05 at 100 MeV and ~ 0.023 for £ > 1 GeV. In addition L3 is
well equipped with detectors able to tag the final state ¢* in photon photon collisions.
The characteristics of these detectors are sumnmarised in Table 1. All, except the VSAT,
behind the first quadrupole, which is currently under study, are shown in Fig 1. Analyses
of single tagged data (for example the measurement of the photon structure function) are
nunderway, but are not described here.

The dE/d.X measurcment in the TEC (sce Fig 2) is used to separate m/K/p,p for
momentum below 1 GeV, and also to reject beam gas events which typically contain one
or more low energy protons.
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Fig 2. dE/dX versus momentum for the TEC. The m, K, p lines shown are fits to the
Bethe-Bloch formula.
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Fig 4. a) m*m~ effective mass distribution
b) K7 cfective mass distribution.
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The first step in the 7. analysis, described below, is to use the good BGO cnergy
resolution and the dE/dX information to identify the following nnstable particles in final
states of low charged multiplicity (2 or 4 charged tracks) :

0 7, 7, K°, K*(892)

y

Effective mass distributions showing signals for these particles are shown in Figs 3 4.
Such identified nnstable particles are used in the scarch for the different known [5] decay
channels of the 7..

2 Measurement of [' . (7,)

This measnrement  [6], [7] used data corresponding to an integrated luminosity of 30
ph~! collected in 1991-1992. The basic cuts used to select exclusive final states originating
from the 7. decay were:

e 2 or 4 charged tracks

Charge balance

Beam gas background (events with protens) removed using dE/dX.

Small py imbalance : | ¥ pp|* < 0.015(Gel")?.

The 12 different decay modes where an 7, signal was looked for are listed in Table
2. The entries in this Table are: the measured [5] branching ratio (BR), the acceptance
(given by a Monte Carlo calculation inclnding full detector simulation), the number of
observed events N, and the estimated number of background events Ny,.. The Monte
Carlo generator [8] used the exact transverse luminosity function [9] and a pure phase
space distribution for the final state particles. The background levels were estimated by

S pr|? or effective mass distributions.
The ‘signal’ region of effective mass was 2900-3100 MeV. The effective mass distribution

fitting exponential functions to ‘side bands’ in the

for the sutn of the 12 analysed channels is shown in Fig 5. 28 candidate events are obscrved
in the signal region with an estimated background of 11 cvents. A Gaussian fit to the
mass peak in Fig 5 gives:

M, = 3003+ 15[}, o =45+ 12M eV’
The fitted mass value is consistent with the measured [5] 7, mass of 2979 + 2 eV, and
the Gaussian width ¢ is consistent with the mass resolution, estimated by Monte Carlo
to be 60 MeV. The natural width of the 9. [5] of T, = 104+ 4MeV is much smaller. The

value obtained for the radiative width (sce [5], [6]) for more details) is:

I, (1) =8.0+23%2.4keV (L3)
The first error is statistical, the sccond systematic.


http:fit.t.cd
http:timat.cd

n
o
I

Events / 50 MeV
o
I

2500

|
3000

3500

Effective mass (MeV)

4000

Fig 5. Effective mass distribution summed over the 12 analysed channels.

Channel BR [5] Acceptance | Noner
% %

nrtrT (n = yy) 127+ 047 | 244 0.1 1 0.
nrtrT (np = 7r+7'r—7ro) 0.77 +£ 0.28 | 0.53 £+ 0.07 2 0.8+ 0.6
et (f = p%v) 082+ 034| 52402 | 2 |05+03
n'mtr (n = mtrTn) 0.47 £ 0.19 1.3+ 0.2 0 0.5 +0.6
nrtr™ () = vy) 0.06 £ 0.02 | 3.0+ 0.2 1 0.
Tt 1.2+ 04 3.7+ 0.1 8 1.7+0.3
KtK-rtr~ 2.0+ 0.7 3.6 +£ 0.2 4 3.24+0.4
KOK*r® (K = K¥7%) | 1.33 £ 0.46 | 6.6 + 0.2 5 2.940.3
KK (K* = K*r%) 10194006 | 584 0.3 1 | 0.5+0.2
6 (6 = K- K+) 0.17 £ 0.07| 56+02 | 0 0.
K*r¥ (= mnt) 1514041 69403 | 3 | 0.5£0.2
K+*K—n° 1.10 + 0.30 3.8 +£0.2 1 0.24+0.1

and their estimated background.

Table 2: The decay modes explored in this analysis with their measured branching ratio,
the detector acceptance, the number of observed events in the mass interval 2900-3100

’LExperimenﬂ Reference [

Lyy(me) (keV)

| Decay channel [ # Events | .C(pb‘lﬂ]

PLUTOT [10] 23 + 12 KOK*n¥ 10 45

TASSOT [11] 16.1 +6.3+6.0 KOK*r* 41 83

TPC/2v [12] 6.4%33 b 1 69

CLEOT [13] 7.8%31 123 KOK*n¥ 10 429

85415 +39 KYtK-rntm
CLEO 1II [14] 5.74+£1.3+1.2:+16 K'K*rF 43 1630
R704 [15] 43137 +£24 vy ~ 10 0.511 (pp)

L3 [7] 8.0+23+24 see Table 2 17 30

or: statistical,systematic,branching ratio.
ratio is used.

5

Table 3: Compilation of measurements of I',(1.). Errors are cither total (single crror)
[ indicates that an improved K K7 branching
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This result, the first two photon radiative width to be measured at LEP, is compared
with previons mcasurcments in Table 3. The L3 determinationis remarkable for the large
number of channels analysed and the (correlated) large ratio: # signal events / Y [
obtained. The npdated World Average value is found to be:

T, (7.) = 7.1+ 1.1+20keV (WA)

Since all measurements have a common large systematic error due to the nncertainty
of the branching ratios !, this common error is removed from the systematic error of each
experiment before performing the weighted average. To calenlate the weighted average
the remaining systematic error and the statistical errors are assumed to be uncorrelated
between the different experiments and are added in quadrature. The first error quoted
above is that on the weighted average 2, while the second error ( 28 %) is the systematic
error due to the branching ratio.

3 Theoretical Estimate of I',,(1,)

Within the non-relativistic quarkonium rodel the 5, — vy transition (Fig 6b) is
simply related to the decay J/¢ — e*e™ (Fig 6a). In fact [16]:

. 64ma? 3.4
L) = Graga O = “Fon(ar) (1)
64ma? 16
T..(7 = — ¥ ,021—‘,/\10 2
Assuming:
2]‘16 = A[,//,j,, \I/Ur(()) = ‘I’[/I/,(O)

and neglecting the O(a,) QCD corrections leads to the simple prediction:
Loy (ne)/Tee(T/9) = 4/3 (3)
The mcasured value of T',,(J/¢) of 5.4 £ 0.3 keV  [5] leads to the estimate:
L) =7.2keV

in cxcellent agreement with the WA value given above ?

4 Determination of o (M)

In the non-relativistic quark model the total width of the n, is given, in lowest order
of perturbative QCD, by the process shown in Fig 6c. It is the same as for . — vy

'This is due to the poorly known branching ratio I'(.//¢ — n,v)/[(J/¥ — anything). Sce also Section

5 below.

" = (5 &)
”[n(:lml?ng‘ the O(a,) QCD correction with a,(A.) = 0.33 gives 8.5 keV
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except that the final state photons are replaced by gluons. On taking the ratio of the

total width of f,he Ne: Ly = Tga(ne) to T'yy(n.), there is not only an exact cancellation of
the wave function at the origin, but also, in view of the close similarity of the diagrams

in Fig 6b,6¢c, relativistic corrections are also expected to largely cancel. Thus «a, at the
. * oy Sk J -

Y
_/(‘NV"\ ,fmv%m
7.

/\/\/\);\/\. L/J(O) \ ng

ne

a) b) | c)

Fig 6. Lowest order diagrams in the non-relativistic quarkoniun modecl:
a) J/Y —ete, b) 7. — vy ¢) n. — gluon gluon.
¥ (0) is the wavefunction at the origin of the bound state.

scale of the charm quark mass a,(M,) may be determined from the branching ratio [16]:

r, 9a,(N,)? 8.2
S 1+ “a,(M, 4

With the additional assumptions similar to those made above in deriving Eqn 3, but

retaining the O(«,) correction, o, (M,.) may also he determined from the branching ratio:

T, 3 (o, (MM 102
_ome D ERSTIN y 22 (M, 5
T..(J/v) 2{ ol [L+ = (M) (5)
The cxperimental widths [5]:
Lyy(1.) = 7.1+23keV
Too(J/¥) = 5.364 0.29keV
r = 10.3+3.6MeV

Ne

then give: ( I refers to Equ(4) , II to Eqn(5) )

ol (M) = 0.21+0.04
olf(M,) = 0.2040.03

These two values of a,(M,) are quite consistent with each other, but only marginally
consistent with the value of a,(M.) derived by evolution of the precise Decp Inelastic
Scattering (DIL) result [17] which is [18]:

aP(11) = 0.326 £ 0.017

7
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The discrepancies observed between «f hand o), of

possible explanation [18] of this inconsistecy based on ideas proposed many years ago
by Parisi and Petronzio [19] is a predominantly phase space effect due to a non zero
‘effective mass’ m, of the gluons in the final state in the process shown in Fig 6c. Such
effects also seemn to be necessary [19, 20] to explain the inclusive photon spectra observed
in the decays: J/¢y — vX, T — ~X. For J/¢ decays the value of m, required to fit

are, respectively, 2.70, 3.70. A

the measired photon spectrum was found to be: m, = 0.66 + 0.08Gel” [20]. Including

the corresponding correction factor calculated in Ref{lS] of 0.70 in Eqns[4,5] leads to
I

3)

where the O(n,) correction terms are neglected * and ‘NLO” where the O(w,) corrections

the modified results for of a!f presented in Table 4. Two cases are considered ‘LO’

calculated assuming massless gluons are used. In both cases the discrepancy with the

DIL results is reduced. In the LO case the agrecment is now very good while in the

11

.1 are teduced respectively to 2.00, 2.50 respectively. As

NLO case discrepancies for af, o
described in Ref[17]

the case discussed here, in many other charm and beauty bound state decay branching

, inconsistencies with a much greater statistical significance than in
ratios, are all resolved, without the introduction of any adjustable parameters, by taking
into account effective gluon mass effects. A more theorctically orientated discussion of
the role of the gluon mass in perturbative QCD may be found in Refs[20,21].

[BR] o, (LO) | o, (NLO) ]
I [0317997[023]]0.247505 (2.0 ]J

I1 | 0317062 [0.22] ] 0.24 4+ 0.03[2.5]

Table 4: Values of o, (M,) evaluated including the glnon mass corrections from Refs[19,20].

Also shown in square brackets is the quantity: |of — a?”"/\/(o")z + (aPH)? (i = LII).

LII refer to the branching ratios in EqnsH,S]. ‘LO’ NLO" are defined in the text.

5 Charmonium Production in vy Collisions. LEP
versus B-Factories

LED has two considerable advauntages over low energy ete™ colliders for the study of
charmonium production in vy collisions. These are:

e larger cross-sections

e much reduced background from one boson annihilation

In Table 5 the cross-sections for 7, production at colliders with beam encrgies of 5, 45, and

*The neglect of these Lerms may be justified by noting that the phase phase suppression due to gluon
mass clfects is expected Lo be even stronger in the diagrams contributing to the NLO corrections than in
the Born term of Fig 6c. [n particular gluon splitting: g — gg should be strongly suppressed [18]. In the
NIO case massive gluons arc assumed for the Born term and massless gluons for the O(«,) corrections,
so that the latter are surely overestimated. The NLO and LO cascs therefore give conservative lower and
upper limitls respectively, on the size ol the gluon mass corrections
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90Gel” are compared. Even after introducing realistic experimental cuts® the cross-section
is four times higher for £ = 90GeV, than for £ = 5Gel”. The improved background sit-
uation at high encrgics is illustrated in Fig 7, which compares the effective mass spectra

of candidates for the process . — 77~ ntn~ K+ K7t 1~ as as observed by two exper-
iments: ‘

(i) CLEO [13] at the CESR collider at Cornell with /s = 9.5Gel’ (Y(1S) )
and Y L = 429pb~!

(i) L3 [6, 7] at LEP with /s = 91.2GeV (Z ) and ¥ £ = 30pht

For CLEO no signal is observed above the very large background of events from T(1S)
decays that fake an exclusive final state. For L3 a small signal is clearly seen above the
much reduced background. The difference in energy between the one boson annihilation
channel is only 6.5 Gel” in the case of CLEO, as compared to 88 GeV for the case of L3!

6 Estimates of Charmonium Production in vy Colli-
sions at LEP200

In Table 6 estimates for the production of the states n., 7', e, Xe2 are presented,
assuming an integrated luminosity of 500 pb~'. For the 7, and the 5! an extrapolation of
the L3 data presented in Table 2 is given. With /s = 180Gel” at LEP200 the following
extrapolation factors are used: acceptance (0.94), cross-section (1.43), luminosity (16.6).
For the y. states the acceptance estimates take into account the calculated geometrical
acceptance, and expected improved detector performance®. This implies that for the 7.
and 7. where no such improvements are taken into account, the numbers given in Table
6 should be taken as conservative lower limits.

It 1s important to note that the full physics potential at LEP200 for charmonium
production can only be realised if mnch improved branching ratio measurements of the
states are obtained. This requires a high Inminosity Tau/Charm factory, and a detector
equipped with high resolution calorimnetery” for low energy photons [23]. The error on
the present WA value of I',,(7.) is already dominated by the 28 % branching ratio (BR)
error. In fact the experimental measnrement of BR(J /9 — n.v) [24] that determines
this error is based on only ~ 30 events. According to Table 6 one may expect the present
statistical error of 2.3keV on I',,(7.) as measnred by L3 to be reduced to ~ 0.6kel” at
LEP200, of the same order as the present (non BR) systematic error and a factor of 4
tirnes smaller than the current BR systematic error. Improved tests of QCD, similar to
that described in Section 3 above, can be made only if much more precise measurements
of the 7. branching ratios and total width becomne available.

5The acceptance decreases with increasing beam cnergy due Lo increased collimation of the final state
partticles along the beam dircction due to larger Lerentz boosts

8For example improved determination of the momenta and angles of charged tracks using the recently
installed Silicon Microvertex Detector

"This is, unfortunalely, not the case for the dctector at the high luminosity BES collider at Beijing
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Fig 7._ mrrtrTr” and K+ K-ntr cffective mass distributions from a) CLEO [13], and
b) L3 [6]. See text for discussion.

100 3200 3300 3400

Machine LE,,C,m (GeV) &(c*“c“ — n.cte”) (pb) l Aﬁ oA (pb) ﬂ

Cornell 5 13 0.69 9.0
LEP100 45 95 033 314
LEP200 | 90 136 027 36.7

Table 5: Cross-scctions for 5. prodnction.  The acceptance A is caleulated for the
rtatrT o state with the cuts: 16° < , < 164°, pT. > 80AM el

| State [ T.,(n.) (keV) [ Decay channels [ > BR % | Axe % | # Events |

=

e 7.1 as L3 11 as L3 290
1., 3.6 as L3 117 as L3 807
X0 1.3 2(mt7r™)
Kt*K-ntn~
plmtm 11 10 70
I(mtrT)
KK*m
X2 1.3 2(rtn)
KYK-ntg~ 5.3 10 170
I(mtwT)
| V()Y — etem, pt i) 1.6 20 104

Table 6: Estimates of Charmonium production at LEP200 with Vs = 180GeV, ¥ L =
500pb~'. A = acceptance, € = elliciency.

10



Withont measnrements of the prodnct branching ratio:
R(Y" — y.v)BR(n, — D)

for different decay channels D] of the 7. it will not be possible to determine T, (7). Tu
this case the only measurements of physical interest are the mass of the 7! and the relative
branching ratios of different decay channels.

7 Estimates of Hidden Beauty Production in vy Col-
lisions at LEP200

Estimates of the two photon radiative widths of hidden beauty states can be made, in
the non-relativistic quarkoninm model, in a similar way as for the 7. in Section 3 above.
For the n, and x2(1P) states one finds:

(( h)) . %[1 .3 ga,(]\[,’)] %)
w(\bz(lf’)) 3 802 3.2 |
Loo(x2(1D)) B QaE(M,,)[l - o, (My)] (7)

Using the experimental widths [5]:

T,.(T) = 1.34keV
Loo(xp2(1P)) = T(xp(1D) — hadrons) = T'(x»2(2P) — hadrons) = 100keV

and assuming [18] o, (A,) = 0.21 the following estimates of the radiative widths are
obtained:

Fv‘y(nb) == O.Sk(i‘/’
T, (xp2(1D)) = 0.09keV

The approximate formula [25] for the total cross-section for the production, in photon
photon collisions, of a narrow resonance R:

_ . 166°(2Jp + 1) ¢, 2EN\?  2E
oclete” = Rete™) = A <ln mc) [41n M 3T, (1) (8)
leads to the estimates:
o(cte” = mete”) = 0.28pb
+ =
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For 3 £ = 500pb~" and a combined branching ratio x acceptance x effictency of 10 %
only ~ 10-15 events are expected. By combining many channels it may be possible to
observe the 7, and mecasure its mass. The feasibility of this depends strongly on the
background level. More detailed studies, such as the QCD tests which are possible with
charmoniun are clearly excluded.
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