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Results on hadronic final states in e*e~ annjhilation are
reported. The data were collected with the MARK II detector at the
PEP storage ring at the Stanford Linear Accelerator Center, operating
at a center-of-mass energy of Vs=29 GeV. The MARK Il detector, a 4.5
K6 solenoid with cylindrical drift chambers, surrounded by a liquid
argon calorimeter, has been described in detail in ref. 2. Hadronic
events are selected by applying several cuts. There have to be at
least 5 charged particles, each with momentum greater than 100 MeV,
in an-event. The total visible energy has to be larger than 8 GeV

{or 15 Gev in the case of the energy correlation). The vertex posi-
tion has to coincide with the beam crossing point. The data used for
this report correspond to a total integrated luminosity of about 15
pb-1' collected in spring 1981%.

1. The total cross section.

The total hadronic cross section at Js = 29 GeV as expressed in
terms of R=0phzd/ oyy s R=3.9020.05 (statistical)+0.25 (systematic).
Table I gives measurements of R from the MARK Il detector at SPEAR?

and PEP.

Talk given at the 5th International Vanderbilt High Energy
Conference, May 24 - 26, 1982, Nashville, TN.
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Table I. R=0had/opp With the MARK Il detector
The systematic error is 6% in all cases.

Js( GeV) R $ events
5.2 3.90 * 0.02 44180
6.5 3.95 * 0.05 11900
29.0 3.90 £ 0.05 4750

Within the systematic uncertainty of 6% there is no variation of
R in the energy range from 5.2 to 29 GeV. The systematic error comes
from the uncertainties in the background subtraction, event selec-
tion, radiative corrections and the luminosity measUrements. The
expected variations of R Wwith energy are of the same order of magni-
tude (10% due to the onset of bottom production,5? due to gluon
brems;trah]ung and 3% due to electro weak interference) as the sys-

- tematic uncertainty.

I1. The inclusive hadron spectrum.

The inclusive cross section for hadrons, sdosdx, ( x =2 P 7 Js
) has been measured! both at PEP and SPEAR with the MARK Il detector
(figure 1). The relative uncertainty among the three measurements in
the normalization is 10%. Strong scaling violations are observed®.
At large x the cross section decreases with energy while at small x (
x<0.15 ) it increases. In figure 2 the quantity (1/0d)osdx is plotted
as a function of s for different bins of x together with data from
the TASS0S group at PETRA. There is good agreement betueen the tuo
experiments given the 10% uncertainty in the relative normalization.

Kinematic effects (in particular from the mass of the charm

quark) as well as dynamic effects such as gluon radiation can cause
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scaling violations®. In figure 3 ratios of the inclusive cross sec-
tions at 29 GeV and 6.5 GeV from MARK 1II and at 34 GeV (35 GeV) and
14 GeV from TASSO are showun. A pure perturbative @QCD calculation
with a scaling parameter A = 200 MeV gives the same amount of scaling
violations as the data (dashed curve). The sum of the fragmentation
function of light quarks and the fragmentation function of the charm
quark, folded with the momentum distribution of the light quarks from
the charm decay, have been fitted to the data at 6.5 GeV.  Then the
Altarelli-Parisi equations? have been solved numericaly to evolve the
spectra to higher energies. Another uway to understand the scaling
violations is by mean of a cas&ade Monte Carlo model® with single
gluon bremsstrahlung. Again, the observed amount of scale breaking
is in agreement with these expectations (full lire in fig.3). The
Monte Carlo model allows us to test the sensitivity of the inclusive
hadron spectra to gluon bremsstrahlung. To some surprise the kine-
matic effects due to finite masses and transverse momenta in a pure
qg fragmentation model lead to almost the same amount of scale break-
ing ( dotted line ) as the qgg model (at least from 6.5 GeV to
29GeVv). This makes a quantitative analysis of the scale breaking
dependent on the details of the model.
III. Energy correlations.
Another general method of probing hadronic final states is the energy
correlation measurement® proposed by Basham et al.!'? and previously
studied by the PLUTO'! group. The follouwing cross section for the tuwo
particle correlation is considered:

dz 1 1 E E’

- = - Tz (N
o dcosx N AcosX s
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where o denotes the total cross section and x the angle betueen tuo
particles of energy E and E/. The first sum is over all combinations
and the second over all N events (note that (1/0)dos/dcosx is normal~-
ised to 1). The corrected cross section is shown in figure 4 normal-
ised to the MARK Il fiducial volume (70% in the polar angle and 86%
in the azimuth). Strong correlations inside a jet (x ¢ 40°) and
between opposite jets (x> 140°) are observed as expected from a tuwo
jet configuration. However this distribution is not symetric around
90° . Figure 5 shows the opposide to same-side asymmetry. Within the
model of ref. 10 the energy correlation cross section can be decom-
posed as follows:
ax pert.QcCcD hadr.

as A (%) + A 0 (2)
o dcosX qqg qqg

The first term describes an asymmetric contribution from qfg events
as calculated in perturbative QCD while the second is symmetric and
accounts for the hadronization of qj events. At high energies the
non perturbative fragmentation term should be doun by a factor of
1/Jys and the qdg term should dominate. Possible contributions from
fragmentation of gqgg events are neglected so far. An attempt of a
two parameter fit of eq. 2 in the angular range 40° ¢ x ¢ 140° yields
a bad x2 ( 50 for 22 degrees of freedom) with ag =0.14. To improve
the fit we added a third term for possible qfg fragmentation. This
term has to be asymmetric since for small angles (x < 90°) the frag-
mentation is the same as for 9§ events but the corresponding correla-
tion at 180° vanishes in the 3-jet case. We have approximated this

third term as follous:
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hadr. hadr.
A (X} = ag A (X} for x ¢ 90°
qdg qq

= ag (1+cosx) const. for x > 90°

A three parameter fit with this extra term yields a better fit (x2 =
26 for 21 degrees of freedom) and ag = 0.19. The result is shoun in
figures 4 and 5. Obviously there is a strong contribution from frag-
mentation processes to the asymmetry and thus the determination of ag
is dependent on the fragmentation model.
IV. D* production.

We have searched for D* productfon12 in our data in the channel
D* -> D1, D -> K*K-. No positive particle identification has been
used. The time of flight measurement uas on]y-required'to be consis-
tent with a 7 or K assumption. The mass resolution does not allou an
observation of the D meson in the Km mass spectrum. Houwever, if one
does a kinematical fit by fixing the Kn system to the 0 mass for all
events in the interval 1.080 GeV ¢ Mgy < 1.93GeV , a clear D* signal
is observed in the mass difference Mypp - Mkp ( fig.6). There are 15
D* events at 2>0.4 (z=fractional D* energy) above a background of 1
event. The observed D* cross section is rather large ( ¢(D*) = 0.36%
0.16 nb), but the uncertainty is also large. In fig. 7 the corrected
D* production spectrum as a function of the fractional energy, z, is
shoun. Since D™ production from bottom decays is less than 20% and
is mainly at small z, most of the events in fig. 7 are from a primary
charm quark. Obviously the charm quark fragmentation function is

different than the steeply falling 1light quark fragmentation func-

(3)
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'

tions. However, due to the small number of events a flat fragmenta-
tion function cannot be ruled out, but the data wuould prefer a dis-
tribution peaked more at the center. A simple model® using kinemat-
ical considerations for heavy quark fragmentation gives a reasonable
describtion of the data (fig 7a). An indirect measurement of a charm
fragmentation function has been reported by the CDHS group!?® from
VN->u*uhadrons events. They observe a similar distribution with an
average z of 0.7 (fig 7b).

Conclusions:

The total cross section ratio R has been measured to within 6%,
which is still too large to observe deviations from the quark parton
mode{. The inclusive hadron spectrum shous strong scaling violations
in the range of 5.2 6eV ¢ Js ¢ 29 GeV. This is in‘;greement with
cascade QCD Monte Carlo models including fragmentation. However, the
energy may be still too low to clearly distinguish betueen perturba-b
tive effects of gluon radiation and non perturbative effecis from
finite masses. Energy correlation at 29 GeV show an asymmetry as
expected from QCD models, but a quantitative result for the strong
coupling constant depends on details of the fragmentation modei. The
observation of D* production allous a first direct measure of the

charm fragmentation function. At present small statistics, only stee-

ply falling spectra are ruled out.
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Figure captions
sdo/sdx at Js = 5.2 GeV,6.5Gev and 29GeV.
1/cdo/dx from MARK 11 and TASSO.
Ratios of 1/odosdx. a) - MARK 11 for 29 GeV over 6.56Gev. b)
TASSG5 34 GeV (35GeV) over 14GeV. The full line is from a qqg
Monte Carlo model, the dotted line 1is for g3 two-jet Monte
carlo, the dashed line is an analytic calculation of perturba-
tive QCD.
Energy corelation cross section within the MARK II solid angle.
Asymetry of the energy correlation.
Mass difference Mpy - Mp.
Number of D* events as a function of 2.
a) 0* spectrum with prediction of ref. 6 (¢ =0.2). b) Charm
fragmentation function from CDHS'3 with prediction

of ref. 6 (e = 0.1)



L 111l

T
°
@)

o

o

o

o

<

l

1T
x)(;i
L Lol

% - -
)
o ey
£ 10° ¢ Ox —
— ] -
= 5 =
35 [ 3, ]
7)) = -
¢ 3
- ’ -
¢ X
0% |- ©
il I

i
__.._
1

To LIRS N N T SN N O N

0] 02 04 06 08 1.0
X=P/E BEAM

5-82 431881

Fig. 1



102 T T T TTTTT] T T TTTT

_ e MARKII 0 TASSO ]

- o ® O O e O _
O.1<x<0.2

10! ¢ o o) —

— O e o I

"(bj'é E o ° o O.2<X<O.3E

9 - ' O o ©) .

'—'b-c - o ’ 003<X<O.4 _

)

10° = ° 0.4<x<0.5 4

= * =

— o) 7

- ° @ 1

B 0.5<x<0.7

IO-' Loty L1 oratartl

10! 102 1093

6-82 S (GGVZ) 4326A3

Fig. 2



MARK ]I TASSO

Illlllllllllllllllllllll lllllllllllll]llllll1l

1.25 g
:F b)

: a)

lllll

1.00 5

T

Q.75

0.25

o

0

\ Q
lTllllllllTllllllll

lllllllll'lllllllll

O‘OO Ll l L1 1 1 l Ll L1 | 1.1 L l ) S .| Lt 1 | | | W .| | W . | l | l L1 1]
0.2 0.4 0.6 0.8 O 0.2 0.4 0.6 0.8 1
X X

O

Fig. 3



'y

TTTT T T 1

—

®

TN

TTTTT T

i

I

J

O

—

O

XS0Jp 0,

P

T

4196A1

cos(x)

3-82

Fig. 4



0.l

T T
—.-
/
//

(x)]

d2
dcosX

|
= 0.0

cosX

:

]
%o
1

0.001

T T T 1]

11111

Fig. 5

0.5
cos(Xx)



EVENTS /(I MeV/c2)

0 ~r] L Ty b g Fllr

140 150 160 |70
$309A2 D°7"-D° Mass Difference (MeV/c2)

Fig. 6



L L B

’N“ - _
L
220 = . -
&
> — -
L
©
2 - ]
SO
N
5t L
3 *
O Ll v vl Lo v by g1y
O 0.2 0.4 0.6 0.8 1.0
‘s-sa VA ( = 2ED’k"'/Ec.m.) _ 4309A3

Fig.7



Fig. 8

MARK II CDOHS
-l | 30 LS l 1171 l | LA B L [ T 1 | 1 170 _| | DR B | L B I T 11T l F 170 l LI L '-J
I 2) 1 b) ]
) 1 ) ]
o I T ]
- —; )( -
_7 T . ]
- —t ) 4 -t
i T ]
n (11} -+ i
_J 111 l L IE 1 1 l (1 1 1 l 1 .1 1 1 ] L.t 1 |-’-4l 1 1 l } O (N7, | I 1 1 1L 1 [ ] 1 t d [ L1 1 |_
0 02 04 06 08 0 02 0.4 06 08 1
Z 7



