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ABSTRACT

The mass, Pps xp, and co;e*
dependenceSofiﬁM— production by 400 GeV
protons on a Tungsten target are reported.
The data sample contains 275,000 events with

Myy 2 6 GeV and has 15,000 T -» 1 1" events.
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Introduction:

We report here preliminary results of a high statistics
study of u+u_ production by 400 GeV protons on a Tungsten
target carried out at the Fermi National Accelerator Laboratory.
Some details of the apparatus and earlier results can be
found in References 1 and 2 (attached). This paper is divided
into three sections. Section I discusses the analysis tech—‘
niques. In Section II, the mass spectrum is presented and
discussed. Feynman_x, P and cos0* distributions as a function

of mass are presented in Section III.

Section I: Analysis Techniques

| The basic technique used is to generate events using

Monte Carlo (MC) techniques and an assumed physics model and

to compare the MC generated event distributions to the actual
data. The MC generation takes into account essentially all

known propertieé of the apparatus. For example, multiple
scattering and energy loss of the muons, detector spacial resol-
ution,  the beam phase s$pace and attenuation in the target, and the
exact geometry of the detector.

The physics model used for the MC generation is:

. -aM
do = C(l’lxpl)n(l+acosze*)e i

2 x : . 2 6
dMuuddepTdcose [1 +(Ii'1_') ]
Po

(1)
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where the quantities ¢C, n, Pyr o, and a were adjusted

to reproduce the data reasonably well. Here Xp is the

‘Feynman x and pp is the transverse momentum of the mu-pair.

The decay polar angle in the mu-pair center-of-mass, 6*, is
with respect to the "gquark-quark" frame.3 In general, the
qguantities €, n, Por 0, and a can depend on the kinematic
variables. The final determination of these quantities from

the data are discussed in Sections II and III.

Section I1: The Mass Spectrum

Figure 1 shows the mass acceptance of our detector
when the trigger was set to reject low mass events. Virtually
all of our high mass data was taken with this trigger. For

acceptance calculations the MC program assumed n=3, p,=2.8GeV,

a=0, and a=1.0. The lower points show the geometric acceptance

in the usual sense. The upper curve is the one we use to
correct the data and includes a correction for resolution
smearing which is important at higher masses. Figure 2
shows the MC calculated r.m.s. fractional mass resolution
(AMUM/Muu) as a function of mass. The lower points show
the resolution limit due to the finite MWPC wire spacing.
The rest is due almost entirely to multiple scattering

of the muons in the solid iron magnets.

Figure 3 shows the uncorrected yield graphed versus mass
and summed over the other kinematic variables. The level of
backgrounds ffom uncorrelated pairs of muons can be inferred
by studying those triggers which contain two like-sign muons.

The lower data points, representing such pairs, have been
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corrected for the fact that the acceptance for like-sign
pairs is different from that for the opposite-sign pairs. By
studying triggers with one muon out of time with the second,
we conclude that our like-sign spectrum is dominated by
accidentals. Such backgrounds appear to be negligably small
except at the lowest masses.
The acceptance corrected mass spectrum is displayed in Figure

The long region of smooth fall off of the continuum both above
and below the T region makes the T signal stand out well.

This spectrum was fit with the form in equation 2:

2
o = (aMy, +bMyy) )
Y(M )= -
(2) ( uu) A_e +Ax G(Mr,cr)

- -M_)2 /252
a o (M, M;) /203
i Gr

where G(My, 0p) =

and AM is the bin width. The normalization is chosen so
that Ar gives'the number of events in the Gaussian shaped
resonance. Multiplying Ar by the full acceptance gives the
actual number of T ~ u+u— events recorded by this.experiment.

All parameters in the fit were allowed to vary without constraint.
The results are summarized in Table I. The fit gives values
for M in good agreement with the mass of the T given in

referénces 4-7.

As is evident in Figure 5, there is no apparent structure

- in the mass spectrum above the T region.
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Section III: Production Dynamics

Three mass intervals are indicated at the bottom of
Figure 5. Mass intervals numbered 1 and 3 (designated My
and M, for short) contain the continuum below and above the
T region respectively. Region My also has some continuum
but approximately 40% of this data is from the T. 1In this
section we will present preliminary results from fits to
'the Xp P and cosb* distributiohs.

The acceptance in P (including resolution smearing
effects as discussed for Figure 1) integrated over xp for
each mass interval is presented in Figure 7. Figure 8 shows
the results of three Monte Carlo's in the M, mass range. The
-highest set of data shows our best parameterization with all
known apparatus effects folded in. The data in the middle
is the same except that the detector resolution is not folded
in. The lowest data set shows-what our data would look like
if all dimuons had Pp=0+ i.e. it is the resolution function.
Each data set is independently normalized.

Wé have further subdivided the data into three intervals
- of xp and show in Figure 9 the fitted value of P, using the
parameterization of Equation 1. The circles show the results
of fits using the data in the range O.<pT<4.0 GeV. The errors
are dominated by systematic uncertainty in the acceptance.
Some QCD calculationslo have suggested that the P distribution
should become narrower as X.. increases. Our data is inconsistent

F

with this prediction. For more detailed comparison with QCD
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predictions we have also fit the same data only above pp = 1.0 GeV.

No systematic change in this conclusion is evident.

P is graphed versus Muu in

Figure 10. This data is quite consistent with that of Yoh, et.al.

The data, integrated over x

One of the unique features of this experiment is the

broad acceptance in x The resolution smeared acceptance

P
function for the M, mass interval is shown in Figure 11.

Also shown is the resolution function at Xp = 0 and Xp = 0.7.

As can be seen from the acceptance corrected data, the functional
form (1-|xf|)n is not a particularly good representation of the

data. A definite asymmetry about x_, = 0 is apparent and is

F
expected because of the neutron content of the Tungsten target.
Nevertheless, the parameter n is a sensitive indication of the
general shape of the x distributions. Figure 12 shows how

- this shape parameter changes with mass.

Our acceptance in cos6*, showﬁ in Figure 13, is not wide
enough to obtain data of sufficient precision to test current
models. Figure 14 shows the result of fits to the data of
the form 1+acosze* for the three mass intervals.

We wish to thank J. Gallagher, M. El-Rayess, E. Kaiser,

R. Spielmaker, D.Logothetis, and the Fermilab Directorate and

staff for considerable help and encouragement.
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TABLE I

Results of fit to mass spectrum. Fit region is 7.0<M<15.0 GeV.

a=1.12 * 0.06 Gev !

b = -0.007 + 0.003 Gev 2

Ar x Acceptance = 14660 * 1340 events

M. = 9.52 * 0.06 GeV

o, = 0.92 * 0.04 GeV

(GMC (Muu = 9,5 GeV) = 0.61)

R = goc(T) = 1.18 * 0.11 GeV
Eﬁﬁu (Muu = 9.5 GeV)

x2/a.£. = 58.2/34
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Figure Captions

Mass acceptance for this experiment. The data points show
the Monte Carlo calculated geometric acceptance. The uppef
curve shows the acceptance including effects of resolution
smearing.

Thevr.m.s. fractional mass resolution AMUU/MHM' The lower
data points shoW the resolution limit due to the finite wire
spacing of the MWPC's. The resolution is dominated by
multiple scattering in the solid iron magnets.

Yield of dimuons as a function of Muu before acceptance

corrections. The like sign pairs have been corrected for

the difference in acceptance between them and the opposite

sign pairs.

_ Corrected mass spectrum.

A fit to the mass spectrum. See text.

The T signal after subtraction of the continuum fit of
Figure 5.

Resolution smeared acceptance corrections for the P data
for the three mass regions shown in Figure 5.

Three MC's versus P The upper data is the full simulation,
the middle is the full simulation but without resolution

folded in, and the lower data is the resolution function.
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Results of fits to the P data. For definition of the
parameter p, see equatioﬁ 1. The circles are the result
of the fit including data in the range OSPTS4 GeV. The
triangles are for lsst4 GeV for better comparison to QCD
calculatiohs. See Reference 10. For plotting purposes
the triangles have been displaced by AxF ; %0.03 from

their true values.

The parameter P, averaged over all Xp.

This figure includes the resolution smeared acceptance
correction, the corrected data, the resolution function at
0. and .7 and the parameterization (l—|xF|)3'0 for the data

in the M2 interval versus Xp

The result of the fitting parameter n to the x_ data versus

F

M .

HU

Data in the M, mass interval versus cosf* after the acceptance
corxection which is also shown. The resolution function

is also shown and is relatively constant over the whole cos6*

range. The curve is the result of a fit of the form l+acosze*.

The fitting parameter o for the three mass intervals.



FERMILAB-CONF-78-120-E

\ FIG. {
/- GNP gt -
o MASS ACCEPTANCE
=T

)
N
~




FERMILAB-CONF-78-120-E

7.50

% RESOLUTION (Be)

0

FIG. 2
= % MASS RESOLUTION BY MONTE CARLO

O COMPLETE RESOLUTION CALCWATION

A No MYLTIPLE SCATIERING ‘

SREE Y |
T
1
1

0.00

0,00 3.00  6.00  9.00  12.00  15.00  18.00
MRSS (GEV)



FERMILAB-CONF-78-120-E

o
e
&
—_—
. - T N
' .
Illn " ._. 2
I”I-L. _ .lﬁn\@a‘-
= ———t
e
—— H 1
_...nl_ ———————t
re =,
o ]Mﬂm
~~ " L] l.. ! ? =
. A . S
—8———1 -
. - o > L e
O o T = =
() J : T 5 o
g 1 N -t. e ! T
F T .‘ ) I“- ot —— ﬁ& .
n .... o >
o .... L " - i @
o M O * m
o .... . ﬂoo o
4 ] 40
- . ] o,
= - ..Hﬂ... ¥
e —e—
= P
e = -

I-«« I-l-It-L -'P[-P 113

RIS T T _ 1
| _ | 8 amzdsm%_bmw O oeash € &




7 RESULTS(8/13/781 MNWT

N

b od

] LU R ¥ LA B R RALI

g"7 00K 3 5.7 1000k 3 5.7 10000K3 5

LB LB RR]

R
1

I%?Z ( KI._‘ RY

Y
oft + 3 30 % 2

FERMILAB-CONF-78-120-E

FIG. 4

COLLABORATION FERMILAB EXP. ’-}39

»

.00 4.00



FERMILAB-CONF-78-120-E

FIG. 5

L Vo N

RESULTSfB/ 13/78) MNWT COLLABORATION FERMILAB EXP. 439

L

LR RAJ

. 3571000k 3 57 100003 5

AL

Y

357900, 3 579k 3og (FRITER

o1o.

.00 20.00




\
t

ﬁ

 PRELININARY RESULTS(8/6/781.
.1~
L3

(210°)

. 2.00 2.50

=L

A

508 "TED " %5" Im' {PRTTRRRY L?.Igf’ ’

-1

FERMILAB-CONF-78-120-E

FIG.G

B S

MNAT COLLABORATION.FERMILAB EXPT. 439

o
N
=
=3
‘oo  e6.00 @ 800 10,00  12.00 14,00 16.00



1,00

(~10%)

FERMILAB-CONF-78-120-E

FIG. 7

P poprnat

l

PT RCCEPT FOR M1.M2.M3

o A +

a I
3
& ;
] ¥
[ ] [ ] [ -
. .
] 3 i
S
“0.00 1.00 © 2,00 T 3.00 400 = 5.00
P-PERP




FERMILAB-CONF-78-120-E

P-PERP DISTRIBUTION

-~

il )

13,75 4.50

3,00

c ool 29

i

EINSIIN TS




4.00

FERMILAB-CONF-78-120-E

F16.9

_ D SIGMA/D PT xx 2 = C/(1+(PT/PQ)x22)xxE

gw I | M {]
= i
tgv +—t —t —+ . — -

[~ 4
et
()
[ ~)
a.
g
[ =4
o
- L. - L -4 A L d
N. B L J —— | g L L
~ |
[ -]
O
i i
[~}
a.
=4
e

~2.00 9.00 2.t kT o T el
XFE%%FN 6.00 8'0?-101



FERMILAB-CONF-78-120-E

FIG. IO
= - P0 AVERAGED OVER X FEYNMAN
A
+
' H
ol §
| T : }
Q. ' 1 -
: * :
Qi L
& H
‘ii 00 + 8:'00 — 8.1‘0 F ) (?..00

0
7 mees (GEV)

T 12,00 14.00



FERMILAB-CONF-78-120-E

FIG.IL
FEYNMRN X DISTRIBUTIONS

C X DATA

O PRESoLuUTION

29 955%,4% 3 355400

T TN
"
"
»

6%,&'@67‘1 A LT

S
1
ot
Yyl
o]
m .
Lo
(2 ad
bl
b4
’S
—
)
P
~~

008 3y5e7, om2 3 ygel
——

. 40 ' .: 00
1| Zrenea x® | € h’




FERMILAB-CONF-78-120-E

FIG. 12

= DSIGMR / DX = A ® (1-X) *x N

T
(2]
+
}
¥
4
[~
Wt
o T
:
!
1
T
)
I
S }
z“' 1
: )
L
[ —4
@l
[ ]
O’ y - 1 Il ) 'R ;I y 1 'l 8
Ty, ’ 00  8.00 ' 10,00 2.00 14.00
Y4.00 6.0 cev) )



FIG. 13

= COS (THETA) DISTRTBUTION

3.0

.50

D SIGMR / D COS (THETA)

75

FERMILAB-CONF-78-120-E




FERMILAB-CONF-78-120-E

FlG. |4
s FITTING PHRHMETERA ALPHA
T
w
R-— [ 1]
£o

yey 56 708 - 853  10.03  11.50 13.00
PFSS ) -





