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ABSTRACT

Prelininary results on two-photon interactions from the SLAC-LBL
Mark 11 magneric detector at SPEAR are presented. The cross section
for n' production by the reaction c¥e” + oo n' hss been measured over
the beam energy range from 2 to 4 GeV. The radiative widch rw(“') has
been determined co Le 5.8 ¢ 1.1 keV (£20X systematic wncertatnty).
Upper limits on the radintive widths of the £(1270), AZ(IJIO) and
£7(1515) mesons have been deternined.
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In this talk we report zome preliminary results on two-photon

interactions from the Mark IT experiment at the Stanford Linear

Accelerator Center et storage ring facility SFEAR.
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The production eross section of a resonance R by the two-photon

interaction is directly proportional to fts radiative width r_' (R) as

has been pointed oul

t by Low.® Heasurements of T,

g direct confry

csleulations,”?
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(R) allow an oo
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especially in the case of the n' meson.?

Aftor a ehort description of the Mark IT detector we will prasent

here preliminary resulta on reaction (1) including all the data B

accunulated at SPEAR for beam energies E, above 1,95 GeV. This repre-

ments an incrcose in the integrared luminosity of about a factor ) over

the previously published data sample.® We have searched for the

following final gtates from two-photon resonance production:

£(1270) +

07, Az(lllO)*D"’: and £(1270), A,(1310) or £'(1515) decaying into [

Ko sipnal has been

found.

Upper limits on the radiative width of these

resonances have been obtained from these measurements which will be

described in the la

st chapter.
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TI. The hark 1T Detectar

A gchematic view of the SLAC-LBL Mark IT magnetic detector 1s shown
in Fig. 2. Its configuration and performance have been described else-
where.5:? The detector conrnists
esscntially of a large cylindrical
drift chasber with 16 layers
folloved by time-of-flight (TOF)
scintillation counters, both
embedded in = solenoidal magnet,
which in turn s surrounded by a

am o0 op

1liquid argon electromagnetie
shower calorimeter (LA) and a
meon detection system, Addi-

tional shower counters cover

both ande of the cylindrical
detector. Fig. 2. Schematic viow of the Mark
IX detector. (A) vacuum charmber,
The performance features (B) plpe counter, (C) drift chamber,

(D) time-pf-flight counters, (E)
golenoid coil, (F) liquid argon
The azimuthal coordinates for shower counters, () iron absorber,

charged tracks are measurcd in and {H) muon proportional tubes.

may be summarized as follows.

the drift chamber to a tms accuracy of about 210 ym per layer. The
sagnetic fleld is 4.1 kG, and when tracks are constrained to pass through
the known bzam position the momenta of charged particles are detcrmined
with a resolution gp/p = £[(0.005p)2+ (0.0145)2]' uhore p 1 the momentum
in Ge¥fe, The rma tine-of-flight resclution for hadrons is 300 ps which

awyvs. K at the onc standard deviation level at
momenta of 1.35 GeV/c and K va. p at 2.0 GeV/e. “he mms energy
resolution for photans and elcctrens in the liquid argon calorimeter
Fas been measured to be &E/E = 0.11//F (F In CeV) at high energles

(B 2 0.5 GeV) and slightly worse (0.13//E) ac lower energics bocause

of the increasing importance of the cnergy loas in the 1.36 radiation
1engths of material (coil and supports) 3n yonit of the calorimeter.

The rms angular reselution is about 8 mrad both In azimuth and dip angle

for low energy photons. The monsured photon detection efficiencies are
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15% at 100 Mev, S0Z at 200 McV and 902 above 400 HeV, exclusive of
geometry. The LA detector is alse used far electron-plon scparation.

Pion misidentiE{ication probabilitics of less than 4X and elcct:&'_ntefﬂ-
elencics above 77% are achieved for particle momenta greater than' SO0
MeV/c, These improve at higher momenta. Fimally, muons are detected
above p~700 MeV/c with a segmented steel hadron absorber. 7The fraction
of the full solid angle covered by the drift chamber and the TOF counters
is 75%, by the LA dotector is 65%, and by the muon detection system is 55%.

A two stage hardware trigger!® has been used to select, with effi-
elency 2992, all interactions that have at least one charged particle
with transverse momentum P, > 100 ¥eV/c, such that it traverses the entire
drift chamber, and anothar parricle which passes through at least the
first five layers.

II1. Measurement of the Two-Photon Production of the n’

First results on reactioan (1) have been reported recently from the
Mark II experiment.® In the following analysis we have used the ssse
method with similar event selaction criteria. All data accumulated at
beam energies Eb above 1.95 GeV have been used; the results presented
here include the previously published dara sample.

The events aearched for were n' + n+n'y decays with no additional
final state particles detected. The outgoing e and e in reaction (1)
were not detected. Therefore, cvants were selected which have only two
oppositely charged tracka coming from the interaction region and one
photon measured in the LA detector,

The charged particlea were fidentified as pions if their TOF was

within 3 standard deviations of the expected time, they deposited

lese energy im the LA than that expected for electrons, and there werc
no track-associated hits in tho muon chambers behind the hadron absorber.
Only those events with an invardant 17a pair mass of loss than | GeV/cZ,
with each pion momentum leas than 1 CoV/e, and with a photon energy E'
within 0.180 < E, < 1.0 GeV have been considered further. With the lowar
photon energy cut we have remeved background that is generated by

electronic noise fluctuatlons {upurious photous).
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Kinematfcal cuts have then been applied to reduce the contributions
from the following two main background sources. Possible background
from one photon ete™ annihilation events with somc of the fimal state
particles nor detected has been decreased by requiring that the trans-
verse mowentum p, of the W'y state be less than 250 MeV/c and that the
acoplanarity angle 8¢ between the e and the Y momentum vectora pro-
Jacted into a plane perpendicular to the beam axis be less than 20°
(3¢=0° for back-to-back decays). The background from lepton or pion
paice praduced in two-photon interactions combined with noise-generated

photons was by requiring that the transverse momentum
of the x*% stete be larger than 50 KeV/c and that the acoplanarity
angle between the two plans be larger than 3°.

The s*3"y invarisnt mass distribution ™Ay for the events which
satinfy all the selection crireria is shown in Fip. 3(a). There is a
clear signal of events with an n' +x*x"y decay detected. The abmerved
width of about 40 MeV/c (xms) for the n' mass signal is mostly due te
the photon energy resclution and agrece well with a Mounte Carlo caleu—
latfon. The shift of the n' signal by ~25 MeV/c? towards higher mastes
15 caused by the steep rise of the photon detection efficiency as a
function of the deposited energy in the LA for energies below 400 HeV.
This mass shife can be investigated experimentally in the following way.

Ragonances produced in tvo-photon 1 at SPEAR occur
maiuly at very low trausverse momenta P with respeet to the axis of the
colliding electron beams. This fact can be exploited by constraining
the events to zero nat p, and using a calculated phozon encrgy instesd

of the weasured one, This pracedure reduces the expected mass resolution
fox the n' eignsl to about 15 Mv:VI:2 {rm9) and removes the masa shift.
However, for events with an n' produced with non-zero p, it gives a wrong
mass value. The mags distribution with the constraint p =0 is shown in
Fig. 3(b) for the n' reglon and displays the expected fcatures.

The only explicit cut agplied cn the dipjon mass haa been m gy < 1
Ge¥/c2. Ve find that the dipion mass distribution Eor the cvents in the
n' macs reglon, defined as 900 < Qg < 1050 Hcvlcz, 1s compatible with
the hypothesis that all pairs In the n' + nn"y nignal come from p° decays.
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Fig. 3. (a) r+n-y invariant mass distribution. Events from basm energies
cqual or above 2,6 GeV are shown shaded, (b) x*a"y invariant uass dis-
tribution with N =0 constraiat.

The kinematics of two-photon reactions are very chax-steristic and
different from other processes. For the n" produced by reac“ion (1) the
kinematice are distinct, for example, from those of mesons i multi~hadron
evants from one photon cte™ annihilacion reactions, The transverse
momentum LN distribution Is shown in Fig. 4 for all the data (full
histogram) and for the subsample of events lying in the n’ mass region
(shaded). The n’ mesons have lever p, than the background eventr. The
distribution of the total enerpy E is shown in Fig. 5. The encrRy of n'
appeare to be confincd to low valuea, excluding the posaibility that
the n' is produced in a two-body amnihilation reaction like n'y with the
¥ not detected, The angular distribution of the n' mesons is strongly
penked alonpg the beams. Their rapidity (y) distribucion, given in Fig. 6,
is flat over the whole detector acceptance of abont -0.5 < y < (h5, whereas
the background events tend to peak around y=0.
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¥ig. 4. Tramsverse mowentum
distrivution. Events in the a'
poak 0.90<wy  <1.05 GeV/c
are sheded.

The backgrownd has been
stwdied vith two differmmt
mathods, In tha first method
we have anslyzed multihadron
o*¢" anaihilation events. The
ssme amalysis cuts as for
reaction (1) axcept for the
topolugy selection have been
appliad io events with threa
or more charged prougs and at
least one photon. The re-
sulting mess dixtribution is
smooth and Teaches a broad
waximum over the range fros
0.8 to 1.3 GeV/e?. The trans-
verse momentum distribution
rises below sbout 125 HeV/e
and stays approxirately con-
atant above. In the second

Fwor I .
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Fig. 5. Total energy distribution.
Events in the n' peak 0.90 <my ¢
108 Gevlel sre shaded. Y

Fig. 6. Rapidity distribution for
the ntny states, with the events
in the n' pesk chaded,

mathod we have used all the original selection criterin including the

sxclusive tuwo~charged pronge and only one photon topology but have then
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combined the dipion state from one event with the photon frem cthe next
event. This analysis reproduces the shape and the ncrmalization of the
observed background in che mess and di

Both these studies suggest a smooth background shape under the n' signal,
and we have therefore made m direct subtraction using the adjacent mass
regions {seoc Table I). This subtraction makes no specific assumptions
on the origin of the background. We notice that the background contri-
butfon is lower for the data taken at the iiigher hesm ensrgies chan for
the low enerxy part of the data {ses Fig. 3(a)).

TABLE T

Summary of the Cross Section Calculation

SJear atn")
4 n“.

(Ge) [ *(ab)
1.95-2.21 4199 0.0231 7.725.1 0.22+0.18
2,25-2,50 2131 0.0224 4.3:2.6 | 0.30%0.18
2.50-3.00 6655 0.0211 25.9£2.1 0.6220.17
3,00-3.35 4009 0.01717 20.0%3%,9 0.94£0,28

3.70 984 0.0125 | 3.1%2.2 0.84 £ 0,60

By is the beam energy, .JZde is the integrated lumincoiey,

© is the detection efffciency not including B(n' » wry), mpe
1n the background subtracted number of n’ avents and o(n’) 1s
the cbaerved cross aection, Only statistical errors are showm.

The crosg gection has baen calculated using the detaction efficfency
© for reaction (1) and the branching ratio B(n® » v's"y) = 0.298:0.017,1!
The detection probability has been determined by a Monte Carlo simulation.
Evants have been generated according to the cross mection calculation and
angular distribution of Ref. 12. Theae events have then been subject to
the same detector geometry and selection criteria as the real data except
for the LA shower cuts on the charged tracks. Because of the difficulties
of describing in decail tho interaction of pions In the shower counter
outerial, the efficiencies of the latter cuts (typically 85%) have becn
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Jdetermined experimentally with unambigously identified pions from ¥
decays. Furthermore, there is a small (5%Z) loss of cvents due to
additional spurious photons which has also been determined experimentally.
The observed croas section o{n'), and t, are given in Table I. The

cross scction 9(n') is also displayed in Fig. 7 as a funetion of the

bean epergy and is found to be com-

patible with the expected slow risc

8 T T
with Increasing energy. The errars
alvovm for a{n’} are statistical only =
and do ot include an estimated =
averall syatematic uacectainty of prof k
‘.
2202, We have net corrected the ‘o
displayed cross sections for [
ifnitiel statc radiation in reaction ) 0S5k p
s 04
m.
The two-photon production
crons mection for a resomance R ° N
0o 2 3 a
is directly proportional to the » P ™
radiative width Iy (R) of the
6
Tesonance.® This cac be seen Pig. 7. Cross section for
for example in the equivalent ete™ » ete™n' ax a function of
the beaw cacrgy. The curve is
photon approximation calculation the result of Eq. (2) with
of Ref. 13 Pyy(n') = 6 kev.
):4 2
- 16a? -3 SV (™R
Yeemoen = 1AW AT R x (l.n e z) ‘{E; (2
with

o = oD mioa-hasd

J denotes the spin and LY the mass of the resonance. Ey, is the beam energy
and o, the electron mass. From the measured cross section for reaction
(1) we have deternined Tyy(n') = 5.8+ 1.1 keV using the two-photon calcu-
lation of Ref. 12, In this calcylation we have inciuded the correcrion
for initisl state radjation effects. The error reflects the statistical
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accuracy of the measurecent but does not inelude an escimated overall
aystematie uncectainty.of £20%. Upper Timits an rw(“" in the range
11 to 35 koV had been obtained in other searches?™ for reaction (1).
From the radiative width we have deduced the tatel uidth T, (") =
2934 67 kev (220X systewatic uncertainty) using the B(n'-+yy) =
0.019720.0026.1! This measurement of T,  (n') 1o in good sgreement
with the value 280 % 100 keV reported in Ref, 14,

‘The radiative width for the n' has been calculated by several
authore®s15:16 g9 will be discussed by F. J. Gilman in the following
talk.? In short, quark models with fractionally charged quarks lead,
under the assumptions of a amnil paeudoscalar octar-singlet mixing angle
and of equal mingler and oetct decay constants, to the prediction of
I‘W(n') o 6 keV in very good agreement with our measurement. Applying
the same amgumptions, the dota 1s not compatible with integral charpe
quark models, for which a radiative decay width of about 26 keV is

predicted. Wowever, the validity of these P has been

in Ref. 15 where alternative analyses are proposed.

IV. Upper Limits on the Rodlative Widths of the Tensor Mesons E,Arand [

The radiative widchs of the tensor mesons E(1270), Az(lllo) and
£'(1515) are esperimentally net knowm. From SU{3) eymmetry they ace
expected to have values in the ratlo 25:9:2 for the case of ideal mixing
and with phase gpace corcectfons meglected.? The [, for the £(1270)
meson has beon calculated by several authors, see for example Refs. 17
and 18, which predice r“(f) to be in the raage of about 5 vo 20 kev.

We have investipated exclusive final states for the following

reactions
e+ efe” f(1210) )
Da"
e s e nann @
ps
e« ot Fa210) sy

Ny
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by searching for signals in the invariant mass distributions of the
Tespective final states which would occur 8t low transverse momenta.
As in the measurement of reactiom (1), the final state e’and ¢~ remained

, wdetecced. No sigaal abave background has been detected for reactioas
€3) zo (7). Ve have used the data taken at Leam encrgies above 2.25 GeV
{14 pb"l integrated luninosity) to determinc upper limits on the radiarive
widths of thesc temsor mesons as described below, The study of fimal
state pion pairs from two-photon interactions, facluding rcactioa (8)
and the direct process ete™ = cter¥r~, is not yet completed.

A. p% Pinal State .

It has been recently proposedl® thar the £{1270) mesan could have a
relatively large branching fraction into p®y, namely 3 to 5%. We have
eearched for rcaction (3) vsing the samc method as described in the
preceding chapter for the measurement of reactiom (1). The same cuts
have becn applied except that the lower photon cnergy cut hus been
increased to 250 MeV in order to further suppress backgrounds. The
resulting w'n"y mase distribution is shown in Flg. 8(a) and tha p,
diseriburion in Fig. B(b) with the events from the mass interval
1.15 < Mymy < 1.40 GeV/c? shaded. No sipnal at the £(1270) mars I8
present. The n' signal appears reduced due ta the more stringent photon
energy cut. The background mase distribution can be well deseribad with
artifically generated events in which the diplon state hos been combined
with the photon from the next event of the same two charged prongs and
only onc photon topology. The ovornll detection efficiency for reaction
(3) has heen determined in the same way as for reacrion (1) and found to
be 0.020. The data therefore allow us to set a 95% C.L. upper limit on
the product a{f) » B(f+py) < 0,14 nb at the luminosity-weighted average
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besm cnergy of 2.85 CeV. With Eg.

40 L T TTTT
(2) this equates to Tyy(f) x AR RN
B(f+py) < 0.8 keV. Both llmfts 3 | 1
include an estimated 202 systcmatie ) ]
uncertainty. g | 1
ki
B, p'n® Final Seare Bl 4
To search for reaction (&), g u 1
we have selected the event topology [} —
0 20

which contains two oppositely
charged pions and two photons.

All events with two photons in the
energy range 0.1 « z’ < 1.0 GeV
and with a two-photon invariant
masy W within 0.075 < LI
0.200 GeV/c® have been selected.
For these events the photon

EVENTS/(25 Mavrt)

energles were adjusted to con-
strain m . to m,. These © have
been combined with efther one of

100 200
w79 Py (Mevre)

202813

the charged pions to form the
invariont mass m . Only those

3 -

3 Fig. 8. (a) w'n vy invariant mass
evente with a p® candidate, distributlon for the £(1270) +o%
defined as 0.5.¢m 4.5 < 1.0 GeV/c?, search. (h) Transverse momentum

distribucion; events from the
have been retained any further. £(1270) maes_reglon 1.15 < Bty
Special cuts have been necessary < 1.40 GeV/cZ pre shaded.

ta suppress the background coming

from ¢ lepton pair production with thelr subsequent decays inta piv‘ and
final states containing saingle or multiplons which have been measured ia
the same experiment,'? Both the p* and the »¥ momenta have been reguired
to be less than 800 MoV/c. Finally, the invariant pp® mass has been
formed, and a transverse momencum cut of r, < 250 McV/e on it has been
applied to reduce the background from one photon e'c” annihilation events.
The mpin; and P, distribucions are shoun in Figs. 9(a)} and 9(b), wich tie

events lying in the Ay mass reglon 1,20 < my, 3 < L.45 Gev/e? shaded in



Fig. 9(b). From the obscrved
background in the w\p,';. dfs- N
tribution, the known %
Blag+p"sT) = 0.70320.021 1 :
and the overall detectlon - <
&
&
&

B B e et B

@

T

(o}

NP

efficlerzy for reaction (4)

¢ = 0.0028, which {s greatly
Teduced due to the 1ow cnergy
photon efficiency, oot deduces
a 952 C.L. upper 1imiL for
0(A) < 0.36 nb ot E, = 2.85
Ce¥ for reaction (4). From
EZq. (2) it follows that
Tyy(A2) € 2.5 keV. A posatble
systematic error of 252 has
been fncluded in these limits,

° lxnmlxlAnllnﬂ
o os [ 15 20
megs (o)

0 T

T

c. X'K Ftoal Seate

The KK~ decay wodes of
the £(1270), A,(1310) and n-7e Pu
£'(15)5) mesons can be need

(Mavre) Jse2BN

to etudy their two-photen Flg. 9. (a) p*n* invarlant mass dis-

production with drtle back- tribution, (h) Transverse momentum
distribution; events from the Ap{1310)
mass reglon 1.20 < mye g < 1.45 Gav/e?
sanihilarcion processes. For are shaded.

ground from ope photon ete

this purpose we have sclected

events with only two oppositely charged prongs and no detocted photona.
Both tracks have been required to ba unmambipously identjfied as kaons by
the TOF measurement. Thio has been achleved by a cut on the probability
Level2® which has been required to be larger than 0.65 for bath tracks t4
be a kaon. In order to reduce sources other than two-photon production
we have applied two looge kinematical cuts: the acoplaparity anglo A
between the two kaons had ta be <20% and the p, of the K'K™ state had to
e <250 MeV/c. The invarignt mase m and the p distributionr are
glven in Fips, 10(a) and 10(b). The LA af most ol the cvents Is seen to
ba very small as expected for reactions (5) to (7).



Non-roronant praductfon
can alwo contribute to KK
finpl states from two-photon

—_ T T T T Ty

interactions. We have “§ )_ tay J

estimated the expected back- : s

around in the m distri~ ;: 4

bution from the nonresonant ?_, + 4

process § I b
e w ekt © b [an

s 20

with the cquivalent photon foeure?)

approximation of Ref. 21. v

The curve in Fig. 10(c) (b)

shows the result of using

a oimple kaon form factor G

with a & pole of the form
Jela)| = (1-srmdl.

Wich this aneumption for
tha form factor the contri-
bution of renction (9)
appears to be small (10%
over the raunge of observed
K'" masses). The low

statistics of the data

EVENTS/(25 Mavr}

[ 100 200 300
=79 oy (Mev/e)

e

Fig. 10. (a) Invariont X*K™ mgs dis-
tribution. The curve shows the expectad
in Fig. 10(a) only allows contribution from nonresonant two~photon
intergctions (see text). (b) Transverse
us to extract upper limits momentum distribution of the K'K~ system.
on the productinn cross
sectiony Eor the £(1270) and Az(l310) mesons §n reactions (5) and (6), where
ve have used the branching ratios'! fato K*K™ of 0.016520.002 and
0.0235 £ 0.0025 and overall detection efficiencies of 0.0167 and 0.0172,
respectively, at the average beam cnergy of 2.85 GeV. The results as well
as the upper limits on Y'" from Eq. (2) ara given in Table II. The
branching ratio of the £'(1515) meson into KX 1s not known, hut expected
1o be dominant!! (1.e., B(£'+ K'K") near 0.5). The data together with
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TABLY

Final L] Try ~
State | Pesen € (nb) (k¥

£
% £120) | 0.0200 | °*2e0 Try B =00
ofx A,0310) | o0.0028 < 0.3 © e 2.
' £(1270) | 0.0167 <4.2 < 26.0
x| Lane | eon < 2.6 < 17.0
- oxBE' »XN) | Tyy % BCE' + KXY
K% £ (1515 | 0.0195 pargps vy BOE

Upper limits (95T C.L.) on the two-photon production cross section
¢ and the radiative width Fyy of the tensor mesons at the luminosity

weighted average beam energy 2.85 GeV.

The overall detection effi-

cleacy 1s listed under ¢ and B stands for branching ratia.

the calculared detection efficiency of 0.0195 provides therefore only
upper 1imits on B(E' +KNKT) % off') and BLE*+KHK") x Iy (£') for
These upger limits are also listed in Table I1I. A
systematie uncertalnty for the KK~ flaal states of 15% has been included
in the 1isted 95% C.L. upper limfts.

reaction (7).

We have summarized in Table 11 the upper limits on the radiative
widths of the £(1270), AZ(IJIO) and £'(1515) mesons cbrained from the

finul ptates studied so far.

All of rhese limits are consistant with

tha cxpocted values mentioned at the beginning of this chapter.

We wish tp thank Drs. S. J. BSrodsky and F. J. Gllman for stimulating

discussions.
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