UC Irvine
UC Irvine Previously Published Works

Title
Direct measurement of [formula presented] and [formula presented]

Permalink
https://escholarship.org/uc/item/7mf205r4

Journal
Physical Review D - Particles, Fields, Gravitation and Cosmology, 62(5)

ISSN
1550-7998

Authors

Bai, JZ
Ban, Y
Bian, |G

Publication Date
2000

DOI
10.1103/PhysRevD.62.052001

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.orag/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7mf205rz
https://escholarship.org/uc/item/7mf205rz#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

PHYSICAL REVIEW D, VOLUME 62, 072001

Measurement of the mass and full width of thes. meson
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In a sample of 7.8 million]/y decays collected in the Beijing Spectrometer, the procegs-3/7. is
observed for five different), decay channelsK "K™ 7' 7™, w*n w7, K*K2r™ (with K- 7" 77),
¢ (with p—K K™) andK 'K~ 70, From these signals, we determine the mass;ofo be 2976.6:2.9
+1.3 MeV. Combining this result with a previously reported result from a similar study ugi@®)— y 7.
detected in the same spectrometer gine7§=2976.3t 2.3+ 1.2 MeV. For the combined samples, we obtain

I', =11.0+8.1=4.1 MeV.

PACS numbds): 14.40.Gx, 13.25.Gv, 13.40.Hq

I. INTRODUCTION
term in non-relativistic potential models. While tha) mass

A precise knowledge of the mass difference between théas been determined with high accurdtypart in 18) to be
J/y(177) and (0~ ") charmonium states is useful for the 3096.88-0.04 MeV, the mass of the, is less well mea-
determination of the strength of the spin-spin interactionsured. The Particle Data GrouDG) average ofm,,c
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=2979.8t2.1 MeV is based on experiments using the reacare required. Showers that can be associated with charged
tions e*e” — Jy—yn. [1-5], ete” —=y(2S)—y7y. [5] tracks are not considered. Events are fitted kinematic-

and pp— vy [6,7]. These measurements have poor internaflly ~with  four —constraints (4C) to the hypothe-
consistency, and the PDG fit to the measurements has a cofeS: J/¢— YK wtm™, Ap—ymta wta, Jy
fidence level of only 0.001. The most recent result from Fer— YK= 7 @ 7", I/—yyyK K". A one-constrain{1C)

milab experiment E7606] disagrees with the result from the fit is done for the J/¢— ypisdk "K"K"K™ hypothesis,
DM2 group[1] by almost four standard deviations. Measure-Where yp;ss indicates that this photon is not detected. We
ments of the full width of they. have been made by four Select those events for each particular channel that have a
groups: E760 reports a result ﬂnc:23_gt%?iﬁ MeV [6], confidence level greater than 5%. A cut on the variable,

which is larger than the results from SPEC (72§ MeV) ES";%BE&“&S& lfi“}'(s%<9 '19) S((a)leffgreVgorWK;TKow ;))’
[7], Mark 1l (10.1733° MeV) [2] and Crystal Ball (11.5 : 7T s7

-2 and <0.15 GeV(for ¢¢) is imposed to reject events with
£4.5 MeV)[5]. Additional measurements for bothnc and multiphotons and misidentified charged particles. HEfg

I, are needed to improve the situation. Apmass value of  anqp . _are, respectively, the missing energy and missing
mnC=2975.8t 3.9£1.2 MeV was reported earlier by the momentum calculated using the measured quantities for the
Beijing Spectrometer(BES) Collaboration based on an charged tracks. Another cut on the Variabld?tzy
analysis of the reactiog(2S)— y7, [8]. In this paper we —=4|Py;sd?sind(6,/2)<0.006(GeVE)? (for KYK ™ m¥ 7™,
report a measurement of the mass of fhebased on a data # "7 77~ and K*K27™) is used to reduce the back-
sample of 7.8 millionJ/ events collected in BES. The re- grounds fromz?’s, whered, ., is the angle between the miss-
actions Jy—yn., n—K'K 77", atm 7" a~, ing momentum and the photon direction. For the
K*K27™ (with K3—7"77), ¢¢ (with p—K'K™) and K K 77~ andw*w 7" 7 channels|M .+ - .o—M,|
K"K~ 7% have been used to determine the mass and width 0#30 MeV is required to remove the background frdhy

the 7. —wm m and J/y—oK"K™; where an® is associated
with the missing momentum. For thé“K27™ (with K2

— 7" 77) channel, ther™ 7~ invariant mass for thek2
candidate is required to be within 25 MeV MK% For the

The Beijing Spectrometer h_as been described in detail i 4 (with ¢—K*K~) channel, the invariant masses of both
Ref. [9]. Here we describe briefly those detector e|ement%andidate¢’s corresponding t& * K~ pairs are required to
essential to this measurement. Charged particle tracking ige within 30 MeV of theg mass. For th& " K~ 7° channel,
provided by a 10 superlayer main drift chami@iDC). 5t |east one of the thregy invariant mass combinations is
Each superlayer contains four cylindrical layers of sensgequired to be within 40 MeV of ther® mass; for events
wires that measure both the position and the ionization enghere this happens for more than one combination, the one

ergy loss (IE/dx) of charged particles. The momentum yth invariant mass closest to the? mass is taken to be the
resolution isop/P=1.7%/1+P?, whereP is in GeVic. candidater°.

The dE/dx resolution is 9% and provides goat/K sepa-
ration in the low momentum region. An array of 48 scintil-
lation counters surrounding the MDC measures the time-of-
flight (TOF) of charged tracks with a resolution of 330 ps for ~ Using the event selection criteria described above, we de-
hadrons. Outside of the TOF system is an electromagneti@rmine the invariant mass spectra for each decay mode
calorimeter comprised of streamer tubes and lead sheets withown in Figs. a) to 1(e). The curve in each figure indi-
az position resolution of 4 cm. The energy resolution of thecates the result of a likelihood fit using a Breit-Wigner line
shower counter scales as-/E=22%/\/E, whereE is in  shape convoluted with a Gaussian mass resolution function
GeV. Outside the shower counter is a solenoidal magnet thdbr the 7., plus a polynomial function to represent the back-
produces a 0.4 T magnetic field. ground. In these fits, the, total width is fixed at its PDG
central value ofl'=13.2 MeV, and the resolution at the
Monte Carlo determined value. The number of fitted events
and the mass of the. determined for each of the channels
The event selection criteria for each channel are describeare listed in Table I. The experimental resolution, which var-
in detail in previous papefd0-12. Here we repeat only the ies from channel to channel, is also listed in the table.
essential information and emphasize those considerations Figure Xf) shows the combined four-charged-track in-
that are special to then, measurement. Candidates are se-variant mass distributions in +th@c mass region for the
lected by requiring the correct number of charged track cank K™ 7@, a*m a" 7", K*Kgm™ and ¢¢ channels,
didates for the given hypothesis_ These tracks must be WeWh|Ch are those with similar mass resolution. Here, a likeli-
fit to a helix in the polar angle range 0.8<cos¢<0.8 and hood fit using a" fixed at the PDG value and a mass reso-
have a transverse momentum above 60 MeMWFor the lution (o) fixed at the value averaged over the four channels
four-charged-track channels, at least one photon with energyZa,g=13.3 MeV) gives a total of 100:919.8 7. events
E,>30 MeV is required in the barrel shower counter; forand a massm, =2976.7-3.4 MeV with a x*/DOF
the K"K~ «% channel, at least thre€,>30 MeV photons  =14.2/20, corresponding to a confidence level of 81.9%. If

1. BES DETECTOR AND DATA SAMPLE

IV. MASS AND WIDTH OF THE . MESON

IIl. DATA ANALYSIS

072001-2
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o=13.3 MeV is fixed and the mass, number of events, an@f the cut values. In the case of thig2S) measuremeri@],

T are allowed to float, the resulting mass value and numbeihe level of the systematic error on the overall mass scale of

of events arem, =2976.7-3.0 MeV and 91.8521.2, re- BES was estimated as 0.8 MeV by comparing the masses of

spectively e the x.1 and x., charmonium states, detected in the same
The ma.in systematic errors associated withrthe deter- decay channels, with their PDG values. These masses have
- . oo c . _been measured in a number of experiments, and the reported

mination arise from the mass-scale calibration, the detectlo\r}alues have qood internal consistency. Because the ener

efficiency, and the uncertainties associated with the selectioh 9 Y. gy

TABLE I. The number of fitted events and the mass for individual channels. The errors are stafistical.
is the full width of the 7, fixed at the PDG values is the mass resolution given by the Monte Carlo

simulation.

Channel No. of events masseV) I'(MeV) ao(MeV)
KK mtm™ 37.3+13.4 2976.6:6.3 13.2 13.7
mta ot 24.9+11.2 2975.57.3 13.2 12.8
K*KEr™ =K 7 7 27.5+10.4 2978.6:5.2 13.2 13.1
dp—K K KK~ 12.4+3.3 2978.7%6.1 13.2 13.2
KtK ™70 39.4+15.2 2975.1+9.9 13.2 25.0

072001-3
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FIG. 2. The combined four-charged-track invariant mass distri-

bution in the %, region for J/— yn, (with p.—K* K- 7t 7, I g

mta mtaT, K*K3r™ and ¢¢) and ¢(2S)— yne (with 7, i |M=2979,2io,9mev.

—>K+K7W+W7,7T+W777+777,K:KgﬁiandK+K7K+Ki). p et
2970 2972 2974 2976 2978 2980 2982 2984 2986 2988 2990

resolution for low energyy of Barrel Shower Counter is M, (MeV)

poor, the detection efficiency at high mass sidegfis ) ) )

lower than that at low mass side gf . We find that the shift FIG. 3. The curve ofy“ versusm, for a fit that includes all

existing measurements and BES measuren|{&&S J/ s and BES
(29)]; the BES combined results and the four other results with
e smallest errors were indicated as data poifiitse height of data
oint has no meaning heje.

of central value of mass ofj. is less than 0.7 MeV after
making the detection efficiency to the mass spectrum. W
take this as the systematic error caused by detection effb
ciency. Systematic errors originating from the cut conditions
are mainly from the confidence-level cuts for the constrained-g 1 MeV is given by a likelihood fit performed with the
kinematic fits and the photon minimum energy requirement,egolution fixed ato=13.3 MeV. This fit gives a total of
For example, when the accepted confidence level probability g 3+ 26.8 7. events with ay¥DOF=15.0/21, corre-
is varied between 1% and 10%, the central valuemf  sponding to a confidence level of 82.1%. The systematic
shifts by 0.7 MeV. When the minimum energy of the photonerror of the width measurement is 4.1 MeV which includes
is changed from 30 MeV to 50 MeV, the central value of the sum in quadrature of the uncertainty in the mass resolu-
m,, shifts by 0.2 MeV. The systematic errors associated witttion o (2.5 MeV), the uncertainty associated with the choice
the uncertainties in the experimental mass resolution and thef selection cut¢2.5 MeV), and the mass dependence of the
full width of the 7. are small. When the experimental massdetection efficiency2.0 MeV).
resolution is varied between the extreme values of 11.0 and
15.0 MeV, and the full width is changed from 10.0 to 16.0 V. SUMMARY
MeV, we find that shifts of the mass are less than 0.2 MeV.
The systematic error due to the uncertainty in the shape Oéa
the background function is small, only 0.1 MeV. The total
overall systematic error of this measurement is taken to be.” . ; . . :
1.3 MeV, the sum in quadrature of all contributions. %lnmg this frgsult V\ﬁth a prior EES analysis 01’/(.2_8)
Combining the weighted average with the result for the ~ ?7e+ W€ ind m,, =2976.3:2.3+1.2 MeV. Combining
K*K~ 70 decay channelsee Table), we obtain the result the two samples, we also obtdih, =11.0+8.1+4.1 MeV.
m, =2976.6:2.9+1.3 MeV for the five channels. Com- The mass measurement gf from BES is in good agree-
bining this result with that from the BES analysis pf2s) ~ Ment with the PDG value of 297a:82.1 MeV, but 3.&
—y7, namelym, =2975.8-3.9+1.2 MeV [8], we ob- below the E760 result of 2988:3;1 MeV. Figure 3 shows
tain a weighted averagem, =2976.3-2.3£1.2 MeV. the BES results together with the four previous measure-

ments with the smallest errors. The curve in Fig. 3 allows a

Here, since most of the systematic error in the mass scale [§.tarmination of the values af versusm,_for a fit includ-
common between th# s and#(2S) measurements, we take . L Mo
g all existing measurements. The minimum value,

h i f th i h .
from Mo (29 moasurem combined measurement fo be t L DOF=22.218 occurs at 2978:20.9 MeV. The highy?

The full width of the 7, was determined from a fit to the value is predominantly due to the poor agreement between
combinedd/y and (2S) Cevent samples. Figure 2 shows the the DM2 and E760 measurements. The two measurements of

combined four-charged-track invariant mass distribution inBES reduce the new world average for the mass by 0.6 MeV.
the 7. mass region for J¢g—yn. (with 7z
—sK'K wtw, #ta wtw, KtKgﬁ'I and ¢¢) and
W(2S)—vyn. (With 5 —~K'K 7#"n™, # o n n", The BES Collaboration acknowledges financial support
K*K27™ andKTK~KK™). An 7, full width of '=11.0  from the Chinese Academy of Sciences, the National Natural

In summary, we have used the BES 7.8 millidhy data
mple to observe thg,. in five different decay modes and
determine they. mass to be 2976:62.9+-1.3 MeV. Com-
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