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E687 has been a highly successful experiment on charm physics at Fermilab collecting approximately 100,000
fully reconstructed charm events. Still recently, after seven years since last data taking, E687 has produced world
class physics results, the latest of which will be summarized in this article.

1. INTRODUCTION

The fixed target experiment E687 ran in 1990-
91 at Fermilab with a -~ beam of average en-
ergy ~ 220 GeV on a 10% interaction length
beryllium target (=~ 4 cm). About 500,000,000
hadronic events were collected and 100,000 charm
events reconstructed. With this statistics new re-
sults or confirmations were published in most of
the charm physics areas (throughout this paper
whenever a state is mentioned, the charge conju-
gate state is implied) : Cabibbo allowed, forbid-
den and double Cabibbo suppressed D, Ds meson
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hadronic decays in 2, 3, 4 and 5 bodies; D, Ds
semileptonic decays, form factors and branching
ratios; charm-anticharm production asymmetries
and correlations; Dalitz analysis of D}, D" —
Katr~, K*TK-n+ and ntatn=; AT, 25,20, Q0
hadronic decays and branching ratios; lifetime
measurements of all D mesons and singly charmed
baryons; studies on the D**, A% =% excited states;
search for CP violation in D%, D° hadronic de-
cays; search for Dt rare and forbidden decays
and J/V¥ elastic photoproduction cross section.
In this paper I will describe the latest physics re-
sults published concerning a new =7 lifetime and
mass measurement, the evidence of a E} state and
the Dalitz analysis of D}, Dt — ntntr—.

The apparatus used in E687 is described in detail
elsewherel'l and it was a large aperture multi-
particle spectrometer with good detection capa-
bilities for charged hadrons and photons consist-
ing of a 12 plane Si microstrip vertex detector,
two analysis magnets, 5 multiwire proportional
chambers, three multicell Cerenkov counters, two
electromagnetic calorimeters (at small and wide
angle), a hadron calorimeter, another electromag-
netic calorimeter for measuring beam gamma en-
ergy, several muon counters and trigger scintilla-
tor hodoscopes.

2. Ef LIFETIME AND MASS MEA-
SUREMENT

An improved measurement of the =} lifetime
is important since it helps discriminating among
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theoretical models incorporating string effects in
singly charmed baryon decay (see ref.1 in [2]). In
this measurement the channels Ef — LtK -7+
with : a) £+ — pn® (channel never observed
before) and b) £+ — nrt were analysed in
addition to the already existing® channel : c)
Ef - EZatrT. Details of the selection of the
Ef — TtK~7nT channel can be found in [2].
The mass plot of the decay channels a), b) and
¢) and their sum are shown in figure 1. The in-
variant mass of the E} was fitted and a value of
2465.8 + 1.9(stat.) + 2.5(syst.) MeV/c? was ob-

tained after the study of systematics. For the life-

8 % 3

Events/ 10 MeV/c*
wn

Events/ Ig 0 MeVic?
T

Y
=]
T

10

2.6 M
GeVic? O T

48
o~
) c) w2 [d)
Sas 10 20 |
S
~30
H1s 8
£ [
220 6 oL
15 a [
10
s 2
0 0 0 L | IR
2.4 26, 2.4 26 24 26
GeV/c GeV/c GeVic

Figure 1. Invariant mass distribution for : a)
Bf = SH(pr)K—7nT;b) EF - ST (nat)K 7t
¢) sum of the two; d) EF — E;7t7" e) sum of
the three.

time measurement an isolation cut of {/o; > 3.8
common to the three samples was used (I is the
distance between the =} vertex and the primary
vertex and oy is its error) while for the mass plots
different //o; cuts were used for different chan-

nels. The variable used in the lifetime fit was the
reduced proper time : t' = l;ﬁN—gL where N = 3.8
and fv is the Lorentz boost factor.Details of the
fitting procedure and the likelihood function used
for the total =} sample are described in [2]. For
each channel the expected number of events n;
in the *" reduced proper bin centered at t. is

-t

1y —e
given by n; = SJEKT—_; +BEQ‘T where b; is
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2o f @) !

the number of events as measured from the mass
sidebands and f(t;) is the correction function es-
timated by a Montecarlo simulation, S are the
signal events, B are the background events. The
fitted lifetime was 0.3413-07 (stat) ps. The studies
of systematics indicated an error of 0.02 ps. The
proper time distribution and the correction func-
tion are shown in figure 2. The Z} yield is 56
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Figure 2. Correction functions for : a) Zf —
TtHnanrt)K—nt; b) EF = Tt (pa®)K—nt; ¢)
EY — E;nt7rT d) Background subtracted, Mon-
tecarlo corrected reduced proper time distribu-
tion. The superimposed line is the result of the
fit.
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events. The E687 measurement is in good agree-
ment and its error is comparable to the present
PDG world averagel4.

3. EVIDENCE FOR A E*t - =07t NAR-
ROW STATE

Excited baryon states provide a test on the pre-
dictions made by models based on QCD and lat-
tice gauge calculations and rich information on
the hadronic structure and on the forces govern-
ing that structure (see ref.l in [5]). The lowest
excited states of the £, baryon, in which the two
light quarks are in a spin singlet, are expected to
be two JF = §+ states (Z.,). These states are be-
lieved to be below threshold for the decay to Z .7
and consequently to decay radiatively to Z.v. Re-
cently they have been observed by WA89[6] and
CLEOI"l. The next excites states (%) are ex-
pected to have J¥ = %+ and to be above thresh-
old for the E.m decay. The CLEO collaboration
has reported®] two mass differences : MEtr")-
M(EF) = 178.240.5+1.0 Mev/c? and M(E07+)—
M(Z%) = 174.3 £ 0.5 + 1.0 Mev/c®. E687 has
shown evidence of the Z:* state decaying into
Z07* and of the subsequent two new =2 decays :
82 —» AK,rtr~ and B2 - AK ntrtr~. De-
tails of the analysis can be found in [5]. After a
good EU candidate is found by the vertexing al-
gorithm an additional  from the primary vertex
is combined to form the =} state. Although no
clear signal was observed in either the AK w7~
or AK~n*trtr~ invariant mass spectrum, due
to the large combinatorial background, the scat-
ter plot of AM = M(E2r*) — M(E?) versus the
M(Z?) shows a clear enhancement of events in the
small box of fig. 3, whose boundaries are: |AM~—
177.1] < 4.0 MeV/c? and [M(Z0) - 2470.3] < 24.0
MeV/c?. A two-dimensional gaussian fit of this
signal gives S = 40.7 £+ 8.2 signal events with
% = 6.7 statistical significance. Selecting events
within the two horizontal lines that satisfy the
cut |M(Z2) — 2470.3| < 24.0 MeV/c? one ob-
tains the AM distribution shown in fig. 3b. A
fit and the study of systematics gives the value
of AM = 177.1 £ 0.5 + 1.1 MeV/c?. Similarly,
selecting events between the vertical lines corre-
sponding to the AM cut one obtains the invariant
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Figure 3. a) AM versus M(Z?) scatter plot for
the 22 - AK,x*n~ and 2% - AK ntntrn~

combined sample; b) AM distribution ¢) M(Z0)
distribution.

mass distribution of fig. 3c. The result of a fit and
study of systematics is M(Z0) = 2471.8+3.6+3.0
MeV/c?. The yield calculated from the plot in
fig. 3b and 3c agree well with the one of the
two-dimensional scatter plot. This leads to be-
lieve that these events originate from a higher
mass state (E}T7) decaying into Zln*. This is
confirmed also by the scatter plot of the wrong
sign AM = M(Z27~) — M(E2) versus M(Z%) (not
shown here) where no signal is observed. Sepa-
rating the contribution of the two decay chan-
nels in the scatter plot of fig. 3a one obtains
fig. 4a,b and 4c,d for the 20 — AKntrta—

c
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and B¢ — AK,nt7~ channels respectively. Fits
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Figure 4. The mass difference distributions and
the ZQ invariant mass distribution for : a) and
¢) the 20 - AK—nTnTn~ decay; b) and d) the
20 5 AK ™ decay.

to Gaussian signal plus polynomial background
yields 26.5 + 8.0 and 19.8 & 7.8 events for the
two channels, in agreement with the yield quoted
above for the total sample. Also the AM and
M(Z?) values are in agreement with the ones ob-
tained with the total sample.

4. ANALYSIS OF THE D+, D} - ntrtn~
DALITZ PLOTS

The amplitude analysis of non-leptonic decays
is an excellent tool for studying charmed hadron
dynamics. In particular the D} — 7T 7t 7~ de-
cay is Cabibbo allowed and can provide crucial
information on the dynamics of the decay. In
E687 it was possible to select a sample of D*
and D} decaying into three pions using a 'candi-
date driven’ algorithm!®). All the details on this
analysis can be found in [10]. The three pion in-
variant mass of the selected sample is shown in
fig. 5.a; in fig. 5.b the additional requirement
that the D vertex lie outside the target is im-
posed. For the Dalitz analysis the much cleaner
sample of fig. 5.b is used. This mass plot is fitted
using two Gaussians for the D™ and D} signals, a
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Figure 5. The ntn*7~ mass distributions : a)
‘candidate driven’ sample; b) ’candidate driven’
and out of target sample

Gaussian shape for the K7 reflection tail at high
masses and a second order polynomial for the re-
maining background. The yield was 235.6 + 20.1
and 97.9 + 12.2 events for the Dt and D} signal
respectively. It would be too long here to summa-
rize all the details of the Dalitz analysis formalism
and the resonances used in the fit; these can be
found in [10]. Only the final results are shown
in table 1 for the D} — n#¥7 7~ and in table 2
for the D — 777~ channel. From table 1 it
is clear that the D} decay is mainly a two-body
process since only the f2(1270), fo(980) and the
S(1475) resonances have non-zero amplitude co-
efficients exceeding 3o significance. The §(1475)
is a state parametrized with a Breit-Wigner with
mass and width fitted on the Dalitz plot itself
(this was done because of the present major ex-
perimental uncertainty about dipion scalar res-
onances in the 7t 7~ mass region around 1500
MeV/c?). The fitted parameters are remarkably
consistent with the f(1500) entry of the PDG!.
The consistency with zero of the p and Non Res-
onant contribution may be interpreted with the
absence of the annihilation diagram in the D}
decay. As opposite to the D} case, from table 2
one sees that the DT decay is mainly in the Non-
Resonant state with a smaller contribution from
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Table 1
Df = wtrt o~ results
Decay Decay Phase Amplitude
mode fraction (degrees) coefficient
Non Res. 0.121 £0.115 £+ 0.044 2356+£22+2 0.34+0.14
p(770) 0.023 £0.027 £ 0.011 53+44+ 10 0.15+0.09
f2(1270) 0.123 £ 0.056 £ 0.018 100+ 18+ 6 0.34 £ 0.09
£0(980) 1.074 + 0.140 £ 0.043 0(fized) 1(fized)
S(1475)x 0.274 £ 0.114 £ 0.019 234+ 15+ 4 0.50 +0.13
Table 2
DV 5 rrxt 7~ results
Decay Decay Phase Amplitude
mode fraction (degrees) coefficient
Non Res. 0.589 £ 0.105 + 0.081 0(fized) 1(fized)
p(770)m 0.289 £ 0.055 £+ 0.058 27+14+11 0.70+0.11
f2(1270)w 0.052 £ 0.034 £ 0.035 207+17+4 0.30 £0.11
fo(980)7 0.027 £ 0.031 + 0.038 197 + 28 + 24 0.224+0.13
Table 3 320 (1992).
Branching ratio measurement 2. P.L.Frabetti et al., Phys.Lett., B427 (1998)
I D+—-)1rt7r+7r~ 211.
T _OII‘?? L 3. P.L.Frabetti et al.,Phys. Rev. Lett. 70 (1993)
E691 035 £ .007 + .003 1381.
WAS2 032 +.011 + .003 4. Review of Particle Physics, The European
MarklI1 042 £ .016 + .010 Physical Journal C (1998).
T(DF onfnta) 5. P.L.Frabetti et al., Phys. Lett. B426 (1998)
D(Dy —¢rt) 403.
E687 328 +£.058 + .058 6. R.Werding et al., Proceedings of the 27t
E691 44+ .10 + .04 International Conference on High Energy
WAR2 33+ .10+ .04 Physics (1995) 1023.
LD/ onTatns) 7. T.E.Coan et al., CLEO Conf. 97-29 and EPS
iy 97-393 (1997)
E687 .265 + .041 £ .031

the two-body channel with the p(770) resonance.
Finally in table 3, three relative branching ratios
are shown together with a comparison with differ-
ent experiments. One can conclude that E687 re-
sults are in reasonable agreement with the previ-
ous determinations and significantly increase the
precision of the measurements.
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