
Volume 147B, number 6 PHYSICS LETTERS 15 November 1984 

MEASUREMENT OF THE RADIATIVE WIDTH OF THE r/'(958) IN TWO-PHOTON INTERACTIONS 

TASSO Collaboration 

M. ALTHOFF, W. BRAUNSCHWEIG, FJ. KIRSCHFINK, K. LUBELSMEYER, H.-U. MARTYN, 
P. ROSSKAMP, H.G. SANDER 1, D. SCHMITZ, H. SIEBKE, W. WALLRAFF 
L Physikalisches lnstitu t der R WTH Aachen, Aachen, Germany 8 

J. EISENMANN, H.M. FISCHER, H. HARTMANN, A. JOCKSCH, G. KNOP, L. KtgPKE 2, 
H. KOLANOSKI, H. KUCK, V. MERTENS, R. WEDEMEYER 
Physikalisches Institut der Universitiit Bonn, Bonn, Germany 8 

A. ESKREYS 3 ,.K. GATHER, H. HULTSCHIG, P. JOOS, U. KOTZ, H. KOWALSKI, A. LADAGE, 
B. LOHR, D. LUKE, P. MATTIG, D. NOTZ, R.I. NOWAK 4, j. PYRLIK, E. RONAT s, M. RUSHTON, 
W. SCHUTTE, D. TRINES, T. TYMIENIECKA 4 , G. WOLF, G. YEKUTIELI s, Ch. XIAO 6 
Deutsches Electronen-Synchrotron DESY, Hamburg, Germany 

R. FOHRMANN, E. HILGER, T. KRA.. CHT, H.L. KRASEMANN, P. LEU, E. LOHRMANN, 
D. PANDOULAS, G. POELZ, K.U. POSNECKER, B.H. WlIK 
IL lnstitut fl~r Experimentalphysik der Universitiit Hamburg, Hamburg, Germany 8 

R. BEUSELINCK, D.M. BINNIE, P. DORNAN, B. FOSTER, D.A. GARBUTT, C. JENKINS, T.D. JONES, 
W.G. JONES, J. McCARDLE, K.J. SEDGBEER, J. THOMAS, W.A.T. WAN ABDULLAH 7 
Department of  Physics, Imperial College, London, England 9 

K.W. BELL, M.G. BOWLER, P. BULL, R.J. CASHMORE, P.E.L. CLARKE, R. DEVENISH, 
P. GROSSMANN, C.M. HAWKES, S.L. LLOYD, C. YOUNGMAN 
Department of  Nuclear Physics, Oxford University, Oxford, England 9 

G.E. FORDEN, J.C. HART, J. HARVEY, D J(. HASELL, D.H. SAXON 
Rutherford Appleton Laboratory, Chilton, England 9 

F. BARREIRO, S. BRANDT, M. DITTMAR, M. HOLDER, G. KREUTZ, B. NEUMANN 
Fachbereich Physik der Universitiit-Gesamthochschule Siegen, Siegen, Germany 8 

E. DUCHOVNI, Y. EISENBERG, U. KARSHON, G. MIKENBERG, R. MIR, D. REVEL, 
A. SHAPIRA, M. WlNIK 
Weizmann Institute, Rehovot, Israel lo 

and 

G. BARANKO, A. CALDWELL, M. CHERNEY, J.M. IZEN, M. MERMIKIDES, S. RITZ, G. RUDOLPH, 
D. STROM, M. TAKASHIMA, H. VENKATARAMANIA, E. WlCKLUND, SAU LAN WU 
and G. ZOBERNIG 
Department o f  Physics, University of  Wisconsin, Madison, WI, USA 11 

0370-2693/84/$03.00 © Elsevier Science Publishers B.V. 
(North-Holland Physics Publishing Division) 

487 



Volume 147B, number 6 PHYSICS LETTERS 15 November 1984 

Received 17 August 1984 

The reaction e+e- ~ e+e-r/'(958) has been observed by detecting the final state 7r%r-3,. The two-photon width of the r/' 
has been measured to be l?(r/' --* ~'y) = 5.1 +- 0.4 + 0.7 keV. A search for the ~(1440) has been made in the p°-r final state. 
An upper limit has been obtained for the product P(t(1440) ~ 3'30, B(L~ a03,) < 1.5 keV (95% CL). 

The determinat ion o f  the two photon partial width 
of  the 7 ' (958) has received considerable at tention in 
recent years [ 1 - 3 ] .  It has been motivated by  theore- 
tical models [4,5],  where this measurement is expect- 
ed to differentiate between integrally and fractionally 
charged quarks. 

We report  on the measurement o f  the reaction 

e + e -  ~ e + e - o 0 3 , .  

L T[+ff 
(1) 

In this reaction we have measured the two photon  
partial width o f  the r/' and searched for o ther  reso- 
nances in this final state, in particular for the t(1440) 
which possibly [6] has been observed in the/903 ' final 
state. The measurement was performed using the 
TASSO detector  at PETRA, at beam energies o f  7 -  
18 GeV. The scattered electron and positron in the 
final state were not  detected since they are predomi- 
nant ly  emitted at very small angles. The main diffi- 
culty in the measurement o f  this decay mode lies in 
the detect ion o f  a low energy photon  ((E. r) ~ 0.2 
GeV). Consequently,  a careful evaluation o f  the re- 
sponse o f  the electromagnetic detector  for low energy 
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photons is required. The measurement was carried 
out  using two different electromagnetic calorimeters 
o f  the TASSO experiment.  They are the liquid argon 
barrel calorimeters (LABC) and the hadron arm 
shower counters (HASH). The LABC are liquid 
a rgon- lead  sampling calorimeters (0.5 cm argon, 0.2 
cm Pb, 14 r.1.) using for energy measurements towers 
pointing to the interaction region and strips for angu- 
lar measurements.  The LABC covers 40% of  4rr. A de- 
tailed description has been given in ref. [7]. The HASH 
are lead-scintillator (0.5 cm Pb, 1.0 cm scintillator, 
7.4 r.1.) shower counters where the light produced by 
electromagnetic showers is collected by wavelength 
shifter bars and then channeled to photomultipliers.  
They are located in the hadron arms and cover a total  
solid angle o f  18% of  4rr. A detailed description is 
given in ref. [8]. The present work is based on an in- 
tegrated luminosity o f  66 p b - 1  for the LABC events 
and 76 pb -1  for the HASH events. 

To study reaction (1), events were selected with 
two opposi tely charged tracks and one photon  in one 
o f  the electromagnetic detectors.  The charged tracks 
were measured with the central tracking detector  de- 
scribed in ref. [9].  The trigger required two tracks in 
the central tracking detector .  The trigger efficiency 
varied as a function of  the momentum component  o f  
each track transverse to the beam direction (Pt)- The 
trigger efficiency per track was 50% for Pt ~ 0.17 
GeV/c increasing to 95% for Pt > 0.29 GeV/c. The 
tracks were required to have a polar angle 0 with re- 
spect to the beam direction satisfying Icos01 < 0.82 
and to originate within +5 cm of  the interaction point 
along the beam axis, and to be within +-1 cm in a 
plane perpendicular to the beam. Shower clusters 
were considered as photons if  the measured energy 
was larger than 0.1 GeV (0.16 GeV) in the LABC 
(HASH) and if no charged track pointed to it. More- 
over, the clusters had to be isolated from the nearest 
cluster associated with charged tracks by  more than 
10°(17 °) for the LABC(HASH). 
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The charged tracks were assumed to be pions. The 
following cuts were imposed in order to reject QED 
reactions of  the type e+e -  ~ £+~-7(~ =/a, e) and 
e+e -  -+ e+e-~+£- (7) :  

(1) The total energy observed from charged par- 
ticles and photon had to be less than 25% of  the avail- 
able CM energy. 

(2) The two charged tracks were required to be 
acollinear in the plane perpendicular to the beam by 
at least 10 °. 

(3) The helicity angle (0fa) between the rr + and the 
photon in the rr+Tr - rest frame was required to satisfy 
Icos0fa I < 0.7. The last requirement reduced the effi- 
ciency for 7'  detection by less than 12% because the 
p°-decay angular distribution is proportional to 
sin20ft. In contrast , the background from QED events 
where a photon is emitted close to the lepton direc- 
tion is suppressed. 

Figs. la,  lb  show the correlation between the sum 
o f  the transverse momenta  squared (I ]~Pt [2) o f  the 
rr+rr-7 system and its mass for the LABC and HASH 
events, respectively. Strong 77' signals are seen in both 
distributions for events having low I~Pt 12 values. The 
signals contain roughly 160 events in the LABC and 
80 events in the HASH. Figs. 2a, 2b show the i l~Ptl 2 
distributions for the rl' mass band [0.90 ~<M(rr + 7r-3') 
~< 1.05 GeV] for LABC and HASH events, respectively. 
The distributions peak at [ ]~Pt 12 = 0 as expected for 
3'3' events with no missing particles. For the distribu- 
tions that follow a cut o f  IN Pt 12 < 0.0049 (GeV/c) 2 
was imposed. 

Figs. 2c, 2d show the zr+rr-7 mass distributions for 
the LABC and HASH events satisfying the above- 
mentioned cuts. Clear 7/' signals are observed. The 
shaded areas correspond to events satisfying the addi- 
tional requirement o f  the rr+rr - mass being in the p0 
region (0.60 <~M~%- ~< 0.85 GeV). In this case the 
background is strongly reduced. Figs. 3a, 3b show the 
rr+rr - mass distributions for events with protons in 
the LABC and HASH, respectively. The events were 
required to have a 7r+lr-7 mass in the r/' region [0.90 
<~M(Tr+rr-7) ~< 1.05 GeV] and the distributions are 
shown after background subtraction, where the back- 
ground was obtained by selecting events in the same 
mass region but with 0.1 < i~Ptl  < 0.2 GeV/c. Figs. 
3a, 3b show clear p 0 peaks but with mass values lower 
than the nominal p0 mass by about 30 MeV. Amass 
shift has also been observed by other experiments 
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Fig. 1. Correlation between M0r+lr -3') (in GeV) and I I~Pt 12 
[in (GeV/c) 2 ] where the photon is detected in (a) the LABC 
withE.,/> 0.10 GeV and (b) in the HASH withe 3, > 0.16 
GeV. 

[10]. Such an effect is expected for a dipole transi- 
tion in the decay 7/' -+ 003 ' for which the matrix ele- 
ment is proportional to the photon energy [11 ] meas- 
ured in the p0 rest frame. 
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Fig. 2. (a), (b) 12;Ptl 2 distribution for 0.90 < M0r+~r-~) < 1.05 GeV where the photon is detected in (a) the LABC and (b) in the 
HASH. The solid lines are the results of fits to the sum of the r/' contribution and a polynomial background (dashed lines). (c), (d) 
M(n~-'r) distribution for lY.pt[ 2 < 0.0049 (GeV/c) 2 where the photon is detected in (c) the LABC and (d) in the HASH. The 
solid lines show the fits results for the sum of the expected ~' and A 2 contributions and of a fourth degree polynomial in 
M(n +n -q0 (dashed lines). The shaded areas correspond to a p0 interval of 0.60 < M~r+Tr- < 0.85 GeV. 

In order to determine P(r/' -+ 3'3'), Monte Carlo 
events were generated using the luminosity functions 
given in ref. [ 12]. For the decay ~1'-+ p03', the Particle 
Data Group [13] values for the 7/' mass (m n, = 958 
MeV) and width (P = 0.28 MeV) as well as for the 77' 

p03' branching ratio (B = 0.30) were used. Events 
were generated according to three body (rr+rt-3') phase 
space (R3) and then weighted with the dipole transi- 
tion matrix IM[ 2 according to the relation: 

2 2 dN/dM~n dM~.y = (dR3/dM2 d M 2 ) I M t  2 

ocD 2 2M2. ~ sin20~i [M[ 2 _ k -ir-lr- 

2+ X [(M~r 7r- - M2) 2 +M2r2I - l  (2) 

where p(k)  is the pion (photon) momentum. All 
quantities are evaluated in the lr+~r - rest frame. The 
width of  the p is given by F = F0(p/p0)3 [2p~J(p 2 +p2)], 
where P0 = P for M~r. n-  = M o . The Monte Carlo 
events were traced through the detector using a de- 
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Fig. 3. (a), (b) MTr+~r- distributions, after background subtraction as described in the text, for 0.90 < M0r+~r-3,) < 1.05 GeV 
where the photon is detected in (a) the LABC and (b) the HASH. The histograms show the expected contributions from 7/' decay. 
(c), (d) E, r distributions after background subtraction as described in the text, for 0.90 < M0r+lr-~) < 1.05 GeV, where the pho- 
ton is detected in (c) the LABC and (d) HASH. The histograms show the expected contributions from 7' decay. 

tailed detector simulation program. The conversion of  
photons in the TASSO coil was simulated using the 
EGS [14] program package. Particles produced in the 
showering process in the coil were traced into the two 
shower detectors where their energies were added in 
each tower or counter, smeared by the respective re- 
solutions, and corrected for absorption in the coil. 
The systematic errors were estimated by varying the 
resolutions and the absorption corrections. 

Figs. 3c, 3d show the photon energy spectra, after 
background subtraction, for events in the 7?' region as 
obtained in the two electromagnetic detectors. The 

histograms represent the expectation from the Monte 
Carlo calculations. The predicted p 0 peak is lower by 
~25  MeV compared to the data (see solid lines in 
figs. 3a, 3b). 

Two different procedures were used to evaluate 
P01' "+77): In the first procedure the I~Pt [ 2 distri- 
butions for the LABC and HASH events shown in 
figs. 2a, 2b were fitted to the sum o f  a first degree 
polynomial and the shape expected from the Monte 
Carlo predictions for the process r{ ->p°  7. The result- 
ing fits yielded F(r/' ~ 3'7) = 5.0 -+ 0_5 keV for the 
LABC events and 5.3 + 0.8 keV for the HASH events. 
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These results were found to be insensitive to the ex- 
act p mass value used and to the specific parametriza- 
tion o f  the background. 

In the second procedure the distributions of  figs. 
2c, 2d were fitted to the sum o f  the r~' shape obtained 
in the Monte Carlo program, an A 2 contr ibution and 
a polynomial  background. The A 2 could contribute 
via 33' -+ A 0 -~ zr+rr-rr0; zr 0 -~ 77 where one of  the 
photons was not detected.  This process produces an 
enhancement in the rt+zr-7 final state near the mass 
o f  the A 2 (1.32 GeV). The solid lines in these distri- 
butions give the results o f  the fits which provide a 
good description of  the data. The resulting fit values 
for I'(r/' ~ 77) are insensitive to the amount  of  A 2 
production with less than 10% variation for F ( A  2 -+ 
77) ranging from 0 to 2 keV. A value of  F ( A  0 ~ 77) = 
1.0 keV was used for the final fits. The fits yielded 
F(r/ '  -+77)  = 5.1 -+ 0.4 keV for the LABC events and 
5.7 + 0.8 keV for the HASH events. 

The results obtained for both  devices and in both  
methods agree well with each other. For  the final re- 
sult we used the first method ,  for which the back- 
ground is best understood.  The weighted average for 
the two devices is: 

I"(77 ' ~  77) = 5.1 -+ 0.4(stat .)  + 0.7 (syst.) k e V .  

The systematic error is dominated by  uncertainties in 
the shape of  the background and in the detect ion effi- 
ciency for low energy photons.  

Our value for F(r/ '  -~ 77) agrees with previous 
measurements [1.2] with the possible exception o f  
the PLUTO result [3] o f  3.8 + 0.26 + 0A3 .  It also falls 
in the range o f  4 - 6  keV predicted by  most models 
[4,5] containing fractionally charged quarks while in- 
tegrally charged models tend to predict values around 
25 keV. However, it has been argued [15] that  a con- 
sistent integrally charged quark model  can be built 
that agrees with the experimental  results. 

We also made a search for other resonant structures 
in the reaction 77 ~ P07. From a study o f  radiative 
J/~b decay [6] preliminary evidence has been reported 
for a p07 enhancement in the region o f  the t(1440). 
Our data shows no signal in this mass region (shaded 

histograms in figs. 2c, 2d). Using for the t(1440) a 
mass o f  1460 MeV and a total  width o f  r '  = 105 MeV 
a 95% confidence level upper limit for the two pho- 
ton width of  the t(1440) times its branching ratio 

into p07 was found to be: 

P(t  -+ 77)B(t  ~ p07) < 1.5 k e Y .  

In conclusion, the 77' + 77 partial width was meas- 
ured to be 

P07 ' +  77) = 5.1 -+ 0.4(stat .)  -+ 0.7 (syst.) k e V .  

An upper limit for the 77 width of  the t(1440) times 
its branching ratio into p07 has been given. 
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