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ABRSTRACT

New results are presented on open and hidden charm and bottom
production by 209-GeV muons interacting in a magnetized steel calo-
rimeter. The upper limit on the production of T states by muons is
o (uN=uTX)B(T>up)<22x10739 cm? (90% confidence level). The distri-
butions of elastically produced y's are consistent with s-channel
helicity conservation (SCHC) and disagree with ¢ dominance. From
analysis of dimuon final states the cross section for diffractive
charm muoproduction is 6.9*}:2 nb. The structure function Fo(ee)
for diffractive charmed-quark pair production is presented.

INTRODUCTION

New results are presented from 209-GeV muon interactions in the
Berkeley-Fermilab-Princeton Multimuon Spectrometer at Fermilabl.
Because of space limits on this text, we have omitted many figures
and made the discussions brief. The reader should consult the ref-
erences for complete details of each analysis.

LIMIT ON T CROSS SECTION

Our data have yielded 102 678 trimuon final state events. In
every event, all three outgoing muons are fully momentum analyzed
and are subject to an energy-conserving 1-C fit using the calori-
metric measurement of the shower energy.

A detailed analysis of the dimuon mass spectrum results in a
limit on the T muoproduction cross section of
g(uN»pTX)B(T+uu)<22XlO'39 em? (907 confidence level). The reader is

referred to the recently published report of this analysis for a
detailed discussion?.

8Now at Enrico Fermi Institute, Chicago, Illinois 60637.

PNow at Bell Laboratories, Murray Hill, NJ  0T97h.
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Yy DISTRIBUTIONS

Our first results on ¢ final states have been publishedl. Here
we present the angular distributions of the full elastic data set
and their effect on the measurement of the Q2 distribution3.

_ If we assume s-channel helicity conservation (SCHC), natural
parity exchange (NPE), and no single spin flip contributions, then
the angular distribution of Y-»utp— ish

igF {(l+c0526)+2eRsin26-nesin2ecos2¢}, (1)

1
W(e,rp,n ,R)—l"'ER
where R=o1,/07 is the ratio of psi production cross sections by, and
€=FL/FT is the flux ratio of, longitudinally and transversely polar-
ized virtual photons. We have inserted a factor n to monitor the
size of the polarization angle asymmetry term; n=1 if SCHEC and NPE

are exactly obeyed.

The vector meson dominance (VMD) model of lepton scattering sug-
gests that R=€2Q2/m 2, Any Qz-dependence in the angular distribu-
tion, together with a non-uniform spectrometer acceptance in cosf,
can bias the interpretation of the overall Q? distribution. To study
these effects the data were binned in a bx5x3 Qz, [cosel, and ¢
spacs. An individual mass-continuum subtraction was performed for
each of the 60 bins; the resulting data were fit with the product of
the angular function W(n,R) and a propagator P(A)=(1+Q2/A2)-2  under
various assumptions for n, R and A. An additional complication is
the possibility of a Q2 dependence in the amount of nuclear matter
seen by the incident virtual photon. We have fit recently summarized
data® measuring this effect for AnV200, scaled for use in Fe:

| - 2
/A) -28.3x% )0.760 -~ Q (2)

(A o8 (x7)=(1-0.328e ;X =§h;b+mp2

eff F

All fits were made with S(x”) both included and ignored.

The results of the fits are presented in Table I; the angular
data and the results of fits 1-4 are shown in Figure 1. For plotting
purposes only, the data and fits have been summed over ¢ or Icosel.
While there is little difference between fits of the general SCHC
form, it is clear that the polarization angle data rule out a flat
angular distribution (fit 3).

The Q2 distribution for oerr(yyN>¥X) is present in Fig. 2.
Our insensitivity to the exact form of R and to the possible nuclear
effects results in a propagator mass A between 1.9 and 2.6 GeV/c2.
The VD prediction (A=mw, fit 5) is ruled out. A photon-gluon-fusion
(YGF) prediction has also been fit to the data (fit 7); the data fall
faster than the yGF prediction. A complete discussion appears in
Ref. 3.
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FIG. 1. Angular dependence of the effective cross section for the
reaction yyFe+¢X (energy(X)<L.5 GeV). Dzta and statictical errors
are presented vs. Icosel (left colunn) and ¢ (right column), with

¢ folded into one quadrant. All data {<q2>=0,71) are shown in {a);
(b)-{e) divide the data into four Q2 regions. HNumbered solid lines
exhibit the results of fits 1-h in Table I. Fits 1, 2, and b zre
to the SCHC formula with oL/oT=£2Q2/mw2, constant, and zero,
respectively; fit 3 corresponds to the production of unpolarized
¥'s. Each fit is made to al? lhe data with one adiustable normali-
zation constant.



FIG. 2. Q?-dependence of the
effective cross section for the
reaction yyFe-yX (Ey < 4.5 GeV).
Data and fits have been summed
over |cos8| and ¢. Statistical
errors are shown. The data are
rit to (1+Q2/A2)-2 gultiplied
by the function W(n,R) shown in
Eqn. 1. The weak Qi—de endence
of W results frorm the Q°-
dependence of R and the particu-
lar average values of the angu-
lar factors coc® and cos2¢.
The best fits with free A (Table

gy, Fom (diffractive )) /g (0240

-

g

a2

W
I, fit 1) and fixed A=3.1 (fit )
5) are shown. The data are nor- : 70“'!'!‘ 15) 7
malized so that fit 1 is unity 205+
at Q°=0. Also exhibited is the i
YGF prediction (fit 7). At high ;
Q?, the two latter fits are dis- f
played as a solid band, with the |
upper (lower) edre including ORE . ) L.
{omitting) the screening factor (Al 2 1
S(x7). Qteev/e ¥
N : 2 2 2
Fit Function Sz x /DF A(GeV/c”) n £ or R
Table I. Fits to the No.
Qz, ¢, and 8-dependence
of the effective cross W{n,k)=P(A)) in 45.4/56 2.03:3' :: 1.oz:g'§§ 3.3:;‘:
section ggppy for the 2 “0.18 0.28 . +4.8
reaction yyFe+uX B=(£Q/m )"} out 45.5/56 2.1870" ¢ 1.0470" 51 4.075",
(Ex<h.5 GeV). Errors . 40.31 5 +.26
on the fit parameters H(n,R):P(A)} in  42.0/56 2.2420.13 1.09” "5 35713
are statistical. Fit . +0.31 .27
H=constant]) out 42.4/56 2,43:0.1% 1.10 .37
6 is the same as fit 1 metant? od / 15110 5 24 -3 22
except that W is 3 12(A) in 73.3/S8 2,06:0.11
multiplied by (1+eR): out 73.3/58 2.2220.13
A then varameterizes in 48,6/58 2.21:0,12 - -
the Q2-dependence of 4 V(L:OVPMAY ) 4ol3sss 2 40014 ) s
op rather than Ggpp. in 89.1/58 0.9620.13
Fit 7 compares the S MO0 PN) e 68.sss8 5! pleseoll4 -
data integreted over ¢ ) .01
and cosb with the Q2— 6 Qochyuric 1 in  47.0/56 2.08:0.24 0.86:0.17 .24_"3g
: ef)xF1
dependence ovredicted out 47.6/56 2.20:0.29 0.87:0.17 .34"° 75
by YGF. 3 -.43
7 YGF -- @ in 32.1/8 mcE!.S &wcz

projection out

14.6/8




DIFFRACTIVE CHARM MUOPRODUCTIOR CROSS SECTICIH

The dats have yielded 20072 dimuon final state events, with
(81+10)% attributed to production of charmed states decaying to
muons. The background from 7, K+u decay was simulated in a model-
independent fashion by using hadron muoproduction and decsy para-
meters measured in other experiments. The backgrouni-subtracted data
vas fit satisfactorily with a yGF model producing D mesons, which de-
cay semileptonically. The cross section for diffractive charm pro-
duction is measured to be og;pplul~uccx)=6.911-2 nb, vhere the er-
rers are systematic. A report of this analysis has been published®.

CHARM STRUCTURE FULCTIONS

Fig. 3 displays the v-dependence of ogpplyylizecY) from the
analysis described in the previous section. The insensitivity of
dgeff to Q2 in this range decouples its Q? and v-dependence. The YGF
model with gluon distribution 3(1-x)5/x successfully describes the
data; however, systematic uncertainties prevent the analysis fron
ruling out other possible models (see Ref. 7).

We define the charm structure function Fp(ef) throurh the re-
lation

Q“vdzo(cE)/dQZdv=hnuz(1—y+y7/2)FZ(CE) 3 y=v/vmax. (2)

The Q2 dependence of Fg(cE) is shown in Fig. U for two values of wv.
At its peak Fp{cc) is “b% of Fp. The predictions of the YSF model
resemble the data, but none of the models adequately it the data.

In the energy range of the data in Fig. 5, Fa(cc) is clearly
scale-noninvariant for Q2<10 (GeV/c)2, or xps0.07. To model the
charm contribution to Fp for smaller photon energies, vwe normalize
the ZGF model to the data and damp it at high @? by the factor
(24Q2%/ (10 GeV/c)2)~?. The resulting family of dashed curves in Fig.
S adequately matches the data.

Table II1 compares the rit? inclusive aFglathZ at fixed xp tc
3F2(cc)/3enQ? augmented for charmonium production, calculated with
the YGF model that has been matched to the muoproduction data.
Where the charm scale-noninvariance is most important, the calcu-
lation is reliable to ~:hLCf.

We conclude that diffractive charm production is responsible
for ~1/3 of the total inclusive scale-noninvariance observed in Fy
in a region bounded bty 2<Q2<13 (GeV/c)? and S0<v<200 GeV and center—
ed at xBND.025. A more complete discuscion cun be Tounz In RBef. 7.

This work was supported by the High Energy Physics Divisiorn of
the U.5. Department of Energy under Contract Nos. W-TL05-Eng-48,
DE-AC02-T6ER03072, and EY-76-C-02-3000.



S I ! F15. 3. Energy-dependerze of the
effective cross section o,pp for
<,nqﬁh diffractive charm rroduction by
L] virtual photons. For

L0 | 0.32<Q2<1.8 (GeV/c), Ggre varies
{ with Q? by <20%. Errcrs are sta-

i — “&? tistical. The solid curve exhibiis
= o ¢Fl the v-dependence of the photon-

h gluon-fusion model with the "count-
= ing rule”™ gluon x distribution

{;4 3(1-x)5/x, and represents the izta

= with 13% confidence. OCther porsi-

ble mogels indicated ty dashed
4 lines are deseribed in Ref. T.
"7 g PR<lB Curves are normalized to the data.
The shaded band cxhibtitsz the range
of changes in shape allowed by

) ' , systematic error. Fecr clarity it
bl " & wo 200 M js drawn relative to ‘he solid
vi6ev) curve.
e e

F15. b. Q2-dependence of the
structure Tuncticn Fp(et) for dif-
fractive charm rmuoprcduction. At
each of the two average rhoton
energies, each curve is nomelized
tc the data. FErrors are statisti-
cal. Tre solid (short dashed)
curves labelled mg=1.5 [1.7) ex-
hibit the photon-glucon-frsion gpre-
diction with a charmed aq.ark Lass
of 1.5 (1.2) GeV/e?. ©clil cirves
labelied ¢DM correspond t~ a W-
dominaute prorarater, and iong-
dashed curves labelled B3I are the
model of Fef, B. Sheom at the top
is a fit adapted frcm Ref. 9 to
the inclusive structure function
Fo for isospin-0 uM scattering.
The shape variatiosns allowed hy
systematic errors are represented
by the shaded bands.
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FIG. 5. Scale-noninvariance of
Folec). Data points are arranged
in pairs, alternately closed and
open. The points in each pair are
connected by a so0lid band and
labelled by their common average
vzlue of xg=Q2/ v. Errors are
siatistical. The dashed lines are
the predietion of the photon-gluon-
fusion model with ma.=1.5 GeV/c? ex-
cept that the model !5 renormal-

ized and damped at high Q? as describec in the text.
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The solid banAds

represent the slope variations allowed by systematic errors.

v(Gev) 7 @ 7 16 W3
] 1048,y ratag?
e 1013F ) 2107 * Table I1. Calculated
0.83 17 30 43 4 33 able . Calculate
-39 180 N0 Snizo N3 \ 1043F,/25n0? at fixed xg vs v
2% h )
1.0 23 A3 3\ TI\ W (top), Q2 {1eft margin), and xg
40 R1010 1040 TI0S0 060 [NQ-002 {@iagcnals, right margin). For
1.6 P AN AN A AN e \\ each g -y eoqm"bin:t:":n, t.uzlw values
. 36 73 110 1% 145 are shocwn. ne 0 o value 1s
-8 307 500 550 383 360 K\m from a Ti- to the structure
4.0 3% 80~ 120~ 162, 163 function F2 for u¥ scattering
320 390 430N 460 40 \\m (Ref. 9). The top value is the
6.3 BNEN ms ::;\}:; .o} contritution Fplec) to Fz from
10 1 Se 108 1. 112 diffractive mucproduction of
50\ zzo\ un\ q:o\ 480 [\9.026 bound and unbound charmed guarks.
4 27 [1] 0~ 52
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2 -2 7 26 a 0
-189  -126 S0\ 250 370
® (] -1 6 10~ -22
-1 A an 50 240
o 1 [T
o -23  -154 -9 so [N\@.1
REFERENCES
1. A.R. Clark et al., Phys. Rev. Lett. %3, 183 (1979).
2. A.R. Clark et al., Pkys. Rev. Lett. L5, €86 (1980).
3. A.R. Clark et al., LBL-11562 {to be submitted for publication).
L, K. Schilling, P. Seyboth and G. Wolf, Fucl. Phys. Bl5, 397 (197G)
5. See these proceedings, H. Miettinen, "Soft Hadron Physics”,
6. A.R. Clark et al., Phys. Rev. Lett. Ls, 682 (1980).
T. A.R. Clark, et al., LBL-10879, sutmitted for publication.
8. F. Bletzacker and H.T. Nieh, SUNY-Stony Brook Report No. ITP-~

SB-77~Lk (unpublished).

0

B.A. Cordon et al., Phys. Rev. D20, 26L5 (1979).





