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Heavy Flavor Photoproduction Results from E687 
Presented by Jim Wrss for the E687 Collaboration 

Fennilab experiment E687 ia a collaboration of fin 60 physicists reprmting primarily institutions in the United States 
and Italy(‘). 

IN87 studies the photoproduction of charm pe 
tides using bremastrahlung photons produced in an 
qtrgy range from 100 to 400 Gev. The apparatus 
consists of a multiparticle magnetic spectrometer with 
excellent vertexing, particle ident&ation, and calori- 
metric capabilities. The magnetic spectrometer, con- 
sisting of two analysis magnets interleaved with 5 MWPC 
stations (13,400 wires) provides 1.4% u,/p resolution 
for 100 GeV tracks traversing both analysis magnets, 
and 3.4% resolution for 100 GeV tracks traversing just 
the 6rst magnet. The microstrip vertex detectoK con- 
sieting 8,400, fully pulse height analyzed strips, pm 
videao = 9 pm tranmme extrspolstion resolution 
for stii7 tracks projected to the target plane. Smearing 
due to multiple coulomb scattering equals the momen- 
tumandvertam eammment errnrs at a momentum 
of~2OGeV.Thetypicalcharmpmpertimeresolu- 
tionismeasuredtobeu~~0948ps. Threethrcah- 
old Cerenkov counters (with a total of 300 cells) al- 
low ksons to be separated from lighter particles over 
a momentum range from 5 ti, 62 GeV. Electron iden- 
t&z&ion is provided over the full in&mx&d solid 
solid angle by both an inner and outer dectromagpetic 
calorimeter. Muon identification is provided by arrays 
of scintillation counters and proportional tubes in back 
of eted walls. The data on which the following talk is 
basedwas collectdfrom Deamber, 1987 to February, 
1988 and consists of approximately 10,990 Mly recon- 
structed charm particles. The de&on beam endpoint 
and triggering conditions during this run produced 
data with an average photon energy of 220 GeV. 

Lifetime tagging is the primary tool used in E687 
to isolate charm particles tram the very copious, ph* 
toproduced backgrounds. Two d&rent approaches to 
the problem of finding primary and decay vertices 

areusedinE687. The“standdone”vertex&& 
ee8xdee for events containing more then one cleanly 
isolated vertex by striving to build the highest mul- 
tiplicity vertices with an acceptable 2. The charm 
signals obtained with the stand done vertex finder are 
very clean, but the dgorithm is ndy -at 
at short decay times. An dtemative approach, the 
“candidate driven” vertex finder, searches for charm 
decays into spedtied decay modes. The charmed par 
tide candidate is adumd to form a secondsry e 
A“seed”trackwhichpassesthroughthe~ 
vertex and is dire&d dory the D candidate’s momen- 
tumvedorisusaitose8dfortheprimaryverkx~ 
including tracks which form high confldatce level in- 
tersections with the seed track. The e&iency of this 
algorithm imhding primary vertices is nearly irdb 
pendtnt of the vertex separation Backgrounds am 
reduced in the candidate driven algorithm by mak- 
iug simultaneous cuts on the confidence level of the 
secondaryvertexandonthestatisticdsi~canceof 
vertex detachment (C/u) where f is the distana be- 
tweentheprimaryandsecondaryverta. F’igttrel 
E&Wl3aOmehighatatiaticeoSilltUGSt~dUUllldglKbb 
obtained in the 1987-1988 E687 run. The pakr de- 
tschmentcutisnotedonthefigurewhenthesignais 
obtained via the candidate driven vertex finder. 

1. Photoproduction Studies 

High energy photoproduction is traditionally an- 
dyzed in terms of the photon-gluon fusion model in 
which a charm - anticharm quark pair is created which 
carriea essentially all of the photon energy, and each 
quark carries < P I># 1 GeV. The cross section 
gmws slowly with incressing photon energy well above 
threshold. 
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We measure inclusive charm / charm ratio’s consistent 
with unity for the D+ (1.06 f .06), the 4’+ (1.07 f 
.09) and the At (.99 f .33). No significant change in 
this ratio (measure d for the D+) is obeerved as a func- 

tion of meson momentum Deviation of charm /charm 
ratio from unity is a signature for asymmetric charm 
photoproduction mechanisms such aa associated pro 
duction. The D+ inclusive PL distribution is web fit 
to the form: 

du - a e” 9: + ” p’+ -2 
dpzl 

where al = -.93 f .05 GeV 

and a~= +.04 f .OlO GeV” 

Both the charm / charm and PL distributions are sim- 
ilar to those obtained(2) by the E691 experiment at a 
mean energy of w 120 GeV. 

NaiveIy, one expects that D*‘s and D’s are pho- 
toproduced proportional to the ratio of their available 
spin states or 3:l. Under this assumption, the addi- 
tional assumption that 13 = f1/2 states are produced 
equally, and using the 1990 PDG branching ratios, one 
calcuhttes that the ratio of observed 9 -+ Dar+ 

decays to observed inclusive Do decays should be 0.27 
f .03. We obtain the value .24 f .013 St .Ol for this 
ratio; while E691t2) obtained .32 f .Ol f .03. 

Pigure 2 gives the du/dXf distributions obtained 
for the Do and D+ mesons. The curve superimposed 
on the figures is the (arbitrarily scaled) pamme&k 
tion obtained by E691(‘). It is worth noting that the 
average Xf value is considerably lower than 0.5 - the 
value expected in photon-gluon fusion in the absena 
of dressing $fecfs. 

Figure 3 compares our measufemep ts of the total 
charm photoproduction cross section es a function of 
energy to other measurements (and to the next to lead- 
ing order calculations of Ellis & Nason). Our vahres 
are deduced from us BR(Xj > 0) measumd for the 
process D+ + K-r+& under the assumption of a 
linear A dependence, a branching fraction of 7.9 %, 
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and a factor of 2.42 to convert from the D+ inch- 
sive to charm total cross section. The cross section 
data shown in Figure 2 and 3 is corrected for the large 
f45 GeV uncertainty in primary beam energy through 
a deconvolution procedure. The beam energy uncer 
tainty dominates the cross section ermr bars. In E687 
data taken subsequent to the 87-88 data reported here 
primary beam energy unartainty has been reduced to 
about f 10 GeV through the use of a high rate mi- 
crostrip beam tagging spectrometer. 

All of the E687 photoproduction studies reported 
here are essentially consistent with the expectations of 
the photon-gluon fusion model. 

2. Charm Particle Lifetimes 

The E637 charm particle lifetime meznuements(31 
aresummarisedinTable1. 

Table 1 -Lifetimes 

E667 7 (P4 1990 PDG 

Do .424 l .011 f .007 .42 f .Ol 

D+ 1.075 f 940 f ,018 1.052 f .023 

D? J&t .06 f .03 A45 (+.035 - .029) 

I would like to brieSy review the method used to 
determine the Do and D+ lifetimes. 

We use four independent samples for the Do con- 
sistingofDO+Kw&K3rsamplesandD*+~ 
DOr+ tag and notag samples. For each of these 4 dis- 
joint samples we apply the minimum f/u cuts which 
achieves a 1:l signal to noise ratio which ranges from 
0 for the Kr DC tag sample to 7 for the K3r. We 
use the K-&r+ decay mode with an C/u > 5 cut to 
determine the lifetime of the D+. The resultant mass 
distributions which txntain a total of about R 7500 
signal events are shown in Figure 4. 

Separate lifetime estimates for the 4 Do samples 
and the D+ sample were made with binned maximum 
likelihood technique using the reduced proper lifetime 

0 I I LA 
1.2 I.2 2 

Mass (GeV/c’) 

variable: t = trnw - N u: where we subtract the ro 
quired number of standard deviations of vertex detsch- 
ment from the messured proper time between the pri- 
mary and secondary vertices. Twenty-five bii span- 
ning 6 nomid lifetimes are used where the anticipated 
numberofeveaksinsgiyentimebiigivenby: 

In this expression r is the charm lifetime fit pa- 
meter, ai is the background lifetime shape (directly 
taken from eve& in the mass sidebands), B is the 
background level fit parameter, and f(ti) is a Monte 
Carlo deduced lifetime correction factor which incor- 
porates raolution, geometkal, and absorption e&&s 
to the charm lifetime. The f(t) function is very flat 
evenatshortreducedpropertimesowingtotheuse 
of the candidate driven vertex tider for the analysis 
and data skimming of the experim~. 

The likelihood is the product of the Poisson prob- 
ability that P and B descrii the lifetime evolution of 
signal region events and the Poisson probability that 
the level B matches the number of events in the two-- 
mass sidebands. 

The errors from the likelihood fit were increased 
slightly to account for additional statistical fluctua- 
tions in 2~ and the estimates were adjusted for some 



biases small in the fitting procedure discovered through 
extensive Monte Carlo simulation. 

Figure 5 shows the results of the 5 separate lifetime 
fits over a wide range of L/a cuts. We quote the life- 
times which corresponds to the detachment cuts used 
for Figure 4. At these detachment cuts, the four inde- 
pendent Do lifetime estimates were found to be con- 
sistent with the same lifetime with a 24 % cor&dence 
level. An independent analysis using the stand alone 
vertex Gnder confirmed these results. Systematic er- 
rors are dominated by uncertsinty in the absorption 
correction (collision length or absorption length) and 
in the choice of mass sideband for background. 

3. Branching Ratios 

The table below shows several prehminary relative 
branching ratios obtained in E687 and compares these 

l/u cut 
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values to either other experiments or compilations. 

Some E687 signal yields are 63fll for 4r, 29 f9.3 
for K+K’, 39f8 K,K+K’, and 21 f 6.7 for 43s. In 
order to reduce production model dependencu rek 
tive branching ratios are obtained by fitting mass his- 
tograms where each event is weighted by l/t(P) where 
c(P) is the complete detectiou eSiciency (nfiediry ge- 
ometrical, trigger, and analysis cuts) parameter&I in 
terms of the charm particle lab momentum. 

Several theoretical predictions exist for the l’(P 4 
K$)/I’(DO) branching ratio. This decay haa bear 
proposed by Bigi as a test of the importance d non- 

spectator contributions to charm decay. Our uumber 
from row 4 of the table when combined with the known 
z&x- branching ratio implies I’(DO -, Fd)/r(DO) = 
.77f.3% which is in good agreement with the predic- 
tion (.75 %) of the Batter, Stech , and Wirbelf’) fat- 
torisation model, consistent with the predicticm (1.3 
%) of Block and Shifman@) QCD sum rule calct& 
tiou but inconsisteut with the l/N expansion (MS %) 
prediction of Bums, Gerard, and RucJ#). 

4. Da& Plot Fits 

The I?637 collaboration is in the process of doing 
D&z plot analyses of the D+ --, K-r+&, Do -, 
K,r+r-, and D$ , D+ + K+K-r+ final St&. A 
preliminruy Do + K,x+x- analyaia will be discus& 
here. Twodatasampleswereusedinthisarlalyshl: 
(1) An inclusive sample, consisting of 195 signal events 
with a 1.3 S/N ratio afta the imposition of an C > 10~ 

Ratios 

I I I E%87 I Expl 

Do r+r-x+x-/K-x+w-T+ .lO l .02 l .02 .096 f .018 f .007r 

Do K+K-/K-r+ .I2 f .03 .119 f .018r 

DO K”K+K-IF~+~- .198 f .057 f .078 .20 f .OY 

DoI %?(K+K-),,,&%+T- I.136 f .042 f .063 1 .084 f .OP 

D?j &r+*-x+/&r+ 38 f .20 f.10 .42 f .131 

a ARGUS c CLEO “‘MARK3 YE691 P Particle Data Group 

.X22 f .018 f .OlF 1 
i 

.170 f .0220 1 

.163 l .OW 

* 

.12 f .032r 

-1.11 f .37 f .2F 



cut and (2) A D’ tag sample which consisted of 69 
events with a S/N of 3.2 after the imposition of mass 
difference and e > 5u cuts. A rather tight mass cut 
(f.8~) is used to reduce the Dal& background for 
the inclusive sample. Figure 6 gives the DaIitz scat- 
ter plot and mass projections for the inclusive sam- 
ple. Clear K’(890) enhancements are observed in both 
K,r’ mass projections. The K’+ resonance, produced 
by rd decay, populates a vertical DaIitz band; while the 
K’- from D decay populates ,a band along the “hy- 
potenuse” of the Dalitz plot. A marked depopulation 
exists towsrds the center of each band since the K’ de- 
cay axis is distributed according to ws2 6 with respect 
to the pion produced against the K’. 
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The D&z plot was fit to a coherent amplitude 

which includes ah” , p and non-resonant (phase space) 
contribution of the form: 

d(D) = al t?‘+B(K, r- r+lK*)+aj ei63 B(r+ x- K,jp) 

Here B represents p-wave Breit-Wigner amplitudes 
(and spin factors) for a resonance of mass M, and 
width I‘ of the form: 

The E and a’ are the three momenta of particles a and c 
measured in the ab cm frame. The four fit parameters 
represent the (complex) coefficient of the non-resonant 
amplitude with respect to the K’ ( ~1 exp(i61) ) and 
the p amplitude with respect to the K’ ( 43 exp(i63) ). 
The Da& density is fit to the average of the intensities 
for the D and B where the d(D) is obtained from the 
d(D) through the exchange # 4 ~8. A background 
contribution is included which was obtained from a fit 
to the mass sidebands. 

The preliminary, fitted 01 and aa values imply equal 
fractions of about 14 % for the non-resonant and pK, 
decay, and about 81 % for the K’r decay. The frac- 
tion for a given contribution is obtained by setting aI.l 
other contributions to zero, integrating over the full 
Dal& plot, and dividing by the integral with ah three 
contributions present. Both the 61 and & phases were 
close to -1.75 radians. The lower statistics but ckxurer 
D’ tag sample fits are consistent with these vahus. 

4. The Future 

Severe time and space limitations have prevented 
me from reviewing new results of E887 on D+ semiIep 
tonic decays, D$ semiksptonic decays charm baryon 
branching ratios, * photoproduction, and new limits 
on D-z mixing. we have accumulated about 5 times 
the 1987-1988 data sample reported here in 1990 and 
are presently engaged in 8 1991 run where we hope to 
bring our total data sample up to a factor of 9 timer 
the data reported here. 
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