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1. INT‘RO‘DTUVCTION

Although many experlments were dedlcated to charm search in hadrouic

1nteract10ns no significant 31gnals were found [1] until recently. This

is why no consistent picture for charmed particle production could be
extracted from the data so far [2]. After the first observation of
D production by the CCHK-Collaboration [3], the obvious aim is to learn

more details about the dominant production mechanisms of this new flavour.

The observatlon of charmed baryon production at the ISR by the CCHK
[4] and two other collaboratlons [5,6] constitutes another major step

forward in this field.

Here, the two experiments performed by CCHK with the Split Field
Magnet (SFM) will be described, in which charmed meson production and
charmed (anti)-baryon production were observed. Cross sections will be

presented and consequences of the results will be discussed.

 Talk given at the SLAC Summar Institute on Particle Physics,
: Stanford, USA, 1979
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2. INCLUSIVE D ~PRODUCTION AT v = 53 GeV

2.1 Apparatus and trigger

The experiment was perfﬁrmed-at'thé CERN-ISR using the SFM detector
at a c.m. energy vs = 52.5 GeV. The experimental set up (fig. 1) and
procedures of data acquisition and analysis have been described in
previous publications [7]. The results presented here are based on events
obtained by triggering on a negative particle emitted at a c.m. polar
angle 6 v 8° with a transverse momentum larger than 0.5 GeV/c (see
table 1 for the phase space region covered by the trigger). A threshold
Cerenkov counter covering the acceptance of the trigger allowed a
separation into "pion" and "non-pion" samples. In the non-pion sample
(v 100 000 events) about 80% of the triggering particles are K , 20% are
p and the‘pion'COntémination is negligible. In the following all triggering
particlés;are treated as kaons and all other particles are assumed to

be pions.

2.2 Selection of events

_ Iﬁ order to seérch for resonances in the K 7' and K—ﬂ+ﬂ+ systems
low multiplicity even;SVWith:the following structure were selected
(fig. 2): a fast (system of) particle(s) was required opposite in
rapidity to the K-nﬂ+—system (n = 1, 2) whose transverse momentum is
partially balanced locally in rapidity by other particles. Further

details and references can be found in [3].

2.3 Mass spectra

- _+ . . .
In the K ™ mass distribution from the selected events no structure

» * .
at the D mass is found, but there is a strong K (890) peak (not shown, [3]).

. . -+ +
No significant enhancement is found in the K m m mass distribution
at the D mass (fig. 3). To suppress combinatorial background and since
o =5 +
it is conceivable that there is a contribution of_K* (890)T™ to the
-+ + ' + -+ + \ ; ; .
K m™m final states from D decays the K m 7. mass distribution is

: -+ : ‘ *
replotted in fig. 4 for K i systems inside the K (890) mass region

>



(of full width 60 MeV). A pronounced signal is seen in tﬁe D mass region;
since the‘Kintﬂfaquantum,numbersqare exotic the signal is not compatible
with.any non-charmed resonances. - In addition, it is concluded from a
Monte-Carlo study of position and width of the enhancement that the peak
is:not a'reflection.of a known:resonance whose :decay products have been
misidentified.: -o.no-. - .o

" In ordér‘to'estihete the’significance of the signal and to verify that
the signal is not due to kinematics and/or acceptance, three different
background spectra have been considered, all obtalned from the data with

+
the same selectlon criteria as used for the K mhn spectrum of fig. 4:
e SR e
(a) Knmm and K7 m mass distributions.

PR . - -
(b) K m T masc.distributions obtained by combining the K from one

‘event: with pions’ from differeot events ("event mixing').

The background shown in fig. 4 is obtained by adding the background
spectra (e), and (b),~§nd by normalizing to the number of Kmm combinetions
~outsidelthe ﬁlregion. | |

There are 92 * 18 events above background in the signal. The D+-mass
wasvestimated to be 1.91 GeV. The difference of 40 MeV between our
estimation and published results is compatible with local systematic
errors. added to the statlst1ca1 uncertalnty of about 20 MeV. The width
of the 81gnal corresponds to the expected mass resolutlon due to the

experlmental momentum resolution.and to multiple scatterlng in the beam

pipe.
. + : ! . . .
From the number of D events found and assuming equal cross sections
+ . T . . . -

for D and D’ production no significant D? signal is expected in the K 7

mass distribution mentioned above.

+ ) — + — )
From D decays into K*¥'m one expects about 457 of the K*® outside
the K*° mass cut defined above because of detector resolution. Also from

. .+ . -+ + -+ o
isotropic D decays into K m T there should be K m mass combinations

+ -
outside the region 0.866 + 0.926 GeV. In fact D decays with both K m

*
mdss combinations outside the K region have been found.

P SN



2.4 Cross sections

Because of the small number of ob‘served'D+ decays' and the sizable
D acceptance region (table 1) the inclusive D production cross section
inside the acceptance region is model dependent. Cross sections have
been calculated with a Monte-Carlo method [3]. With an exponential and
a slope parameter of 2 (GeV/c)-1 for the transverse momentum dependence(
. of Df production the following range of cross sections for the acceptance

(*)

region ! was obtained from the measured number of events

c1iie (9 0y - const.) s (do y2)
B . oy = 1.44 b \ ax () = const.} + 2.81 ub\dx v (1 - %)Yy,

. + +
with errors of 407; B is the branching ratio for the decay D =~ K*07n .

Consequently (sect. 2.3) the cross section for the decay D+ > K-n+nf

- * .
with one K m' combinations in the K ° mass region (0.866 + 0.926 GeV) is

B' - = 0.76 + 1.48 ub.

%
o ;. N ) ] + . -+ + . .
Assuming a 607 K*0 contribution to D decays into K m ™ final states
L=
(this is equivalent to assuming that in Vv 32% of all events there is one K 7
*
combination in the above K region) one obtains
= 53 + 104 ub.
O u
To extrapolate to full phase space it was tried to deduce the longitudinal

+ £l .
dependence of the differential D production cross section from published

data (fig. 5, see [1] for details).

From ISR measurements of the e/m ratio (e/m ~ 2 10_“, [8]) at

small Feynman x one gets

do
< () ~ 15 + 30 ub
dy ~ ’ly=0

for D production assuming all direct electrons are due to semileptonic

+
D decays. The D data correspond to

+ .
(*) At most 28 events with D production have been removed from the data
by the particular event selection applied. They have been included

for the calculation of the cross section.



do (D+) {

N 35+ 66 b,
dy vz “:

‘Thése observations suggest that the differential cross section for
‘D production is rather independent of y. A central production mechanism
would give = ¢ Lo : v ’

do o ! +
S (D ),y 0R > 200 ub or = > LS . 10 (from D only)

v1f used to extrapolate from the D data aty v 2,

Data on inclusive single prompt U production [9] support this picture:
in fig. 6 a prediction from a central production mechanism for the M A
ratio (curve a) is compared with the data; better agreement with the

data is found when using do/dy = const. for D production (curve b).

Thls is certalnly a rather unexpected shape of the d1fferent1a1 cross
sectlon for D product1on and very drfferent from what one could guess from

analogy to strangeness productlon It therefore needs further exper1menta1

conflrmatlon.

The .obvious question is now which production mechanism gives rise to

such a d1fferent1a1 cross sectlon. Two examples are given in fig. 7:

-

In the framework of model I, D are produced centrally and fast forward
D mesons originate from decays of fast heavy objects (con31st1ng of two
. valende quarks and a charmed quark) such that do/dy(D) + do/dy(D) is

rather lndependent of" y.

Model II 1ncorporates contrlbutlons from central DD productxon and

from dlffractlve N productlon w1th subsequent N decay into NDD.
-For.deflnlteness,.model I was used to extrapolate our measurements
. . + s
to full phase space. The following integrated inclusive D cross section

waqum(

I

B+ o(D') = 6.49 wb, or

S (DY = 240 Wb

Probably O(D)“: 2 . O(D ) 480 pub.



-6 -

2.5 Comparison with other experiments

To compare the above cross section with results from other measurements

all published data have been used to recalculate the corresponding

.inclusive D cross sections in the framework of model I [1]. The results

are given in fig. 8. Inclusive D cross sections are in the range of 8

to 80 uwb in the’FNAL/SPS energy range, and in the order of 150 to 480 pb
at the ISR, with an average of about 300 pb, If a central production
mechanism is used to calculate cross sectlons from the data the resulting

values span the range from v 20 ub to > 4 mb and at the ISR!

INCLUSIVE A, PRODUCTION AT Vs = 53 GeV

3.1 Experiﬁental procedure

Contlnulng the analys1s of the data descrxbed in sect. 2. 3 K pﬂ+.

mass d1str1but10ns were studied to find ev1dence for A productlon [4].

‘Agaln, only the triggering K was positively 1dent1f1ed Sane a probable

diffractive contribution to Ac production is even more enhanced by the

forward K.'tfigger the following cuts were imposed on the events:

(A)i Events arevaccepted when nobs <11 (nobs = nqmber of recohétructed

tracks, n . ~ 8).

' .obs

(B) Events are accepted only if |x | > 0.5 or |x_ | < 0.1 where x
opP opp opp

is the total reduced longitudinal momentum measured in the hemisphere

oppos1te to the 10ng1tud1na1 direction of the trlgger. This cut selects

those events 1n wh1ch a leadlng system is observed opposlte 1n X to the

trigger (Ix I > .5) or escapes detection (Ix opp | <.l), i.e. if a very

fast proton stays 1n31de the beam tube or if a fast neutron was produced:

(C) The triggering K is required to have reduced longitudinal momentum

Xy > .3; this is equivalent to a ppcut since K are only accepted in a

small O range.

(D) Part of the transverse momentum of the Ac is required to be compensated

locally in rapidity by a "recoiling system'". The recoiling system is
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defined as the set of particles emitted in the same longitudinal direction
as the triggering K , but with transverse momentum components kT. anti-

i
parallel to the transverse momentum of the K . Events are accepted if

= X
PR 7 rec. kg > 0-2 Gev/e.

-+
(E) The transverse momentum of the K m p system has to be larger than

1 GeV/c.

3.2 Mass spectra

Fig. 9 shows the K—ﬂ*p mass distribution for K m' systems in the

. K*(890) mass region (.896 * ,040 GeV); the prominent feature is a narrow

. peak around the Ac mass (v 2.26 GeV, [10]). To rule out that the signal
is due to kinematics and/or acceptance asmooth background obtained by
event mixing (sect. 2.2) is also shown. Although the K“n+p system has
non-exotic quantum numbers the narrow width of the 31gnal which is con31stent
with the experimental resolution renders a possible interpretation as Y
unlikely. The fact that the width of AC is much smaller than the width of
D+ (sect. 2.3) where the particle taken to be a proton here was assumed
to be a pion can be understood as follows: because of the different decay
kinematics in the AC and D case the proton from the A decay is beeing

e : .. + Tup ot
produced at larger rapidities than the pion from the decay oo~ K¥0yp

At larger rapidities the momentum resolution (i.e. the resonance mass

resolution) is much better in the SFM due to the particular configuration

of its magnetic field.

‘ | In fig. 10 the K-ﬂ+pvmass distribution is displayed for a pn+ system
in the A++ mass region (1.236 * 0.1 GeV). Cut (C) (sect. 3.1) is not used

here, but only particles with x > 0.3 are taken to be proﬁoné; cut D was

modified so that only events with Py < 0.1 were removed. A peak in the

K m p mass distribution at the A mass is evident above a smooth background

obtalned as above by event mixing. This time, however, the background

does not seem to describe the mass distribution outside the Ac mass very

well. In fact, another structure seems to be present.

-+ .
The width of the K A f signal is different from that measured in

the K“°p case, since due to modified cuts, the decay products populate

different regions of phase space.
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-It was checked that there are no events contributing to the D+,

T ~- ++
. K*°p‘and K A signals simultaneously.

A preliminary analysis shows that both the K*° p and N fiﬁal

. B B . . -
states contribute about 307 to the Ac decays into K m p.

3.3 Cross sections

The determination of the inclusive Ac cross section is model-dependent
since the acceptance region (table 1) does not cover full phase space.
For simplicity and in analogy to differential cross sectioné measured
for p, n, A, Z+’production [11] at x £ 0.6 it was assumed that'dU/dx(Ac) =
const.; an exponential with a slope parameter of 2"(GeV/c)-'1 was used
for the transverse momentum dependence. A Monte-Carlé calculation gives

the following cross sections:

PP Acx _VB . G(Ac) = 3 b
L

PP > Acx B - c(Ac) =3.3 pb,
Lot

(with an error of v 407) not too different from,other»expgr;mgnts [5,6].
These cross sections have been corrected for K*¥ and Af+ outside the
resonance mass regions defined above (sect. 3.2); tbey have‘élso,been
increased by 307% since this is the estimated upper limit of genuine Ac
events suppressed by cuts A, B, D. With estimated branching ratios

B~ 7% tiZ]:a Ac cross seétiop of about 45.ub is‘obtained._ This seems to

be a reasonable value if compared to o (D ) = 240 ub.

PRODUCTION OF"(Ki IN EVENTS WITH AN ELECTRON TRIGGER AT /5 = 63 GeV
Since the semileptonic branching ratios for the lightest charmed

* . .
particles are expected to be fairly large, e triggers should enrich

events with charmed particles produced in pairs, e.g. in the reaction



pp > A CX ;
A .
|+ 'K-”T+p
note that for palr product1on the charges of the lepton (here e from
the decay of an anticharmed partlcle C) and the charged kaon (here K

from the’ Ac decay) have the same sign.

4.1 Apparatus and experimental procedure:

Also this experiment was performed at the ISR with the upgraded

~ SFM (fig. 11). By rearranging and adding Multiwire Propotional Chambers
(MWPC) both acceptance and pattern recognition were improred. The SFM
was furthermore equlpped with threshold Cerenkov counters, a MWPC w1th
analogue readout (dE/dx chamber) and a tlme—of- 11ght system (TOF) to

1dent1fy partlcles

o The events were. obta1ned by trlggerlng on e produced at b = 90°t
This ~was achieved by requlrlng a c01nc1dence of 31gnals from two
consecutive Cerenkov counters with signals from a road system in the

: MNPC selectlng particle traJectory candldatesa Table 2 glves the regions

| of phase space covered by ‘the trlgger.'

After track reconstruction the corrected pulse height from the
dE/dx chamber was used to separate single electrons from unresolved.
narrow electron pairs. To further reduce background from non-direct
.elecfrons only events with pT(et) > 0.4 GeV/c were retained. In, the

(e) range of 0.4 + 0.6 GeV/c most of the electrons.from semi leptonic

D .decays are expected.

The pion contribution to the trigger tracks was’ estlmated ‘to be
< 10%Z on the average and the contamination from non-direct: e “(not due
to charmed particle decays) was calculated to be less than 40%Z. The

.‘present analysis is based on a subsample of the data taken. ’
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4.2 Mass spectra

(a) The event sample with e triggers selected according to the procedure
. R -+

outlined above was used to search for resonances in the K pm system.

For this study no hadron identification was attempted; the varlous masses

were tentatively ass1gned to the tracks.

To suppress background some further cuts were applied (see also

'sect.'3.1)

L oy ~
A': LI < 14 (nobs = 15)

B: as before

F: xp, XK > x"

G: | (Kmp) -'¢(e)| > m/2 and |y(Kmp)| > 0.5.

The resulting Kmp mass distribution is displayed in fig. 12, a peak at the
Ac mass is seen above a structureless background from event mixing
(sact. 2' 3). The insert shows another backgromd obtained from K # p

+
comblnatlons in e trigger events after 1mp051ng the above cuts.

_Slnqe in this case the éigns of the lépton and kaon charges aﬁe
different, no charm signal should bevobserved. The absence of a resonance
signal in the latter event sample and the fact that the width 6f‘the Ac
resonance in the e trigger events is consistent with what is calculated
from the detector resolution proves that the enhancement in the non-exotic
K-n+p'system is due to a charmed baryon. The contribution of K* and A++
resonances to the Ac decay into K-ﬂ+p is estimated to be (15 * 10)Z and
(25 £ 10)% (preliminary, uncorrected for eventual differences of acceptances).
An identical analysis of the K+W-E system produced in events with et
triggers does not show any significant signal, i.e. no Kc prqduction is

. + .
observed in e trigger events.

(b) For a fraction of the events used for the preceeding analysis both
+ -

K and (p) could be identified by TOF. No further kinematic cuts were
applied to the data in addition to implicit cuts due to TOF acceptance

and TOF resolution. As a consequence the rapidity of the Kmp systems

is confined to |y(Kmp)| < 1.0.
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_ The K+5’r_ -mass diﬁstribution for e trigger events (kaon ‘charge =
electron charge).in tzg. 13 shows an excess around the ﬁ ‘mass over a
background obtained poth from event mixing and from e trlgger events.
The width of the peak is again consistent with the detectof'fESOintion.
This together with the structureless mass distribution from e trigger
events proves that the signal is noéigenerated'by acceptance and/or
kinematics and that it is due to charmed antibaryons: From fig. 13
one determines:a contribution of about (50 % 30)%4frome*“’to‘£hé**‘"

+ -- =
K'm p final states from Ac decays (preliminary results).

No indication for A production is found in a similar analysis of

the K ﬁ p system in e trlgger events, -

()

It is clear that calculatlons of cross sectlons for A productlon ’

in electron trlgger events are much more d1ff1cu1t and 1nterest1ﬁg than
~in the case of inclusive D production (sect. 2.4) and>1nc1us1ve‘Aé

production (sect. 3.3) because of the need to: *

(a)& simulate the performance of ‘all external equlpment (C, dE/dx"

* chamber, TOF),  and to

(b) study the effects of unknown possible correlations betwéén‘chargéd

‘particles, e.g. in the reactions pp 4"5A¢X;'pp-+ Aéﬁcx.’

SUMMARY AND DISCUSSION

After many years of only indirect evidence for charm production in =
. . . : . . ‘ + L e
hadron~hadron interactions the first observatior of D production at the
ISR may have some important consequences for the understanding of heavy

FPE

quark dynamics, since:

(a) the inclusive D cross section seems to be much larger than anticipated
+
(o(D' ) v 240 yb, sect. 2.4), and
(b) there are indications that the differential cross section has a
: + . : - : “y
rather unusual shape (do/dy(D ) is no strong function of y) with
substantial contributions from forward production. These findings should

be confirmed experimentally.
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Even more recently inclusive production of charmed baryons Ac has
been measured by our collaboration (and in two other experiments). With
a reasonable asssumption for the branching ratios for the decays

ey - ++ .
Ac + K* p/K A (B~ 7%) and a differential cross section which is

independent of Feynman X, an inclusive cross section of N~ 45 pb is estimated, a

reasonable value if compared to 0(D+) = 240 yb. This value of the Ac*
cross section, a constant differential cross section do/dx and a semi-
leptonic branching ratio of 10Z (like for D mesons) would give a

. -l .
contribution of v 0.3 *+ 10 to the e/T ratio at small x and Py 0.5 GeV/c.

Preliminary data from SLAC [13] seem to indicate that the branching
ratios for Ac + K*%p and Ac > K A are only of the order of 0.5%, which
would imply a much larger Ac cross section. On the other hand a larger

Ac cross section would have at least one of the following consequences:

(a) either the semileptonic branching ratio is much smaller than 10Z, or
(b) do/dx has a minimum at small x.

Otherwise the e/rratio measured at vs = 53 GeV to be of the order
of 2 10°" is saturated by Ac production alone leaving no room for central
D-meson production.

The CCHK data on (Kz produced in association with triggering leptons
open the field for studies of correlations between charmed particles.
Already the pattern of observation and non-observation of charmed (anti)-
baryons emerging from the above analysis seem to give some hints for
particular production mechanisms.

: As can be deduced from the procedures by which the signal to background
ratios were improved detailed studies of charm production call for a 4w

detector, like e.g. the SFM.

I would like to thank all my colleagues from the CCHK (now ACCDHW)

Collaboration for their contributions.
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YTABLE 1
Acceptance regions for»K-,,D+; Ac
— - T
Variable K D : Ac
X 0.3-0.6 |0.2-0.8 |0.4~-0.8
Ly 2,0-3.0 |1.7-3.2 2.0~ 2.9
pp(GeV/c) > 0.5 > 0.2 > 1.0
Ad ~ 70° 120° 100°
: T&LE 2
' +
Kinematic range of e trigger
Variable Range e Range et | Mean e~ | Mean e
X * 0.012 + 0.012 0 0
y + 0.3 + 0.4 0 0
pT(GeV/c) 0.3-2.0 |0.3~-2.0 0.695 0.672
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FIGURE CAPTIONS

Fig. 1 Top view of the Split Field Magnet detector. The shaded area
represents the geometrical trigger acceptance, covered by

threshold Cerenkov counters.

Fig. 2 Sketch of the event structure (in the rapidity transverse

momentum plane) of the selected low multiplicity events.
. -+ - . . .
Fig. 3 K ™ m mass distribution for the selected events.

. -+ + . . . .y
Fig. 4 K ™ 7T mass distributions under the condition that at least one
of the two K T combinations (independent of their charge) has

*
a mass in the K region. The broken line represents the

background discussed in the text.

Fig. 5 Measured values of the differential cross section do/dy for D
production as derived from measured e/m ratios (y v 0) and D+
data (y v 2). The dashed line shows the extrapolation to y =0

+ . .
from the D data for a typical central production model.
Fig. © Experimental and calculated /7w ratio as function of Feynman xj
contributions from y pair production were subtracted. Curve
" (a) gives the prediction from a central production model;

curve (b) corresponds to do/dy (D) = const.

Fig. 7 Diagrams for two models for D production giving rise to a differential

cross section do/dy (D) which is only weakly dependent on y.

Fig. 8 A compilation of cross sections and upper limits for D production

calculated with model I (this figure is taken from ref. [1]).

Fig. 9 K-pﬂ+ mass distribution under the condition that the combination
K7 has a mass in the K*(890) region. The broken line represents
an estimate of the background. ”

Fig. 10 The K-pﬂ+ mass distribution with pﬂ+ in the A++(1236) region.

The line is an estimate of the background normalized to the

histogram for mass values > 2.5 GeV/c2.

Fig. 11 Top view of the upgraded SFM, equipped with a TOF system,

threshold Cerenkov counters, dE/dx chamber and a LAR calorimeter.
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FIGURE CAPTIONS (Cont'd)

Fig. 12

Fig. 13

- + ] .
The K pm mass distribution from events with an electron trigger.
The broken line is an estimate of the background. The insert

- - _+ . . . . .
shows the K pmT mass distribution from events with a positron

trigger.

‘ += - .
The K pr mass distribution for positron triggered events with

the K and p identified in the time-of-flight system. The

broken line represents an estimate of the background. The

* -
subset K °p is represented separately.
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