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ABSTRACT

The report is on v interactions in the FNAL 15 foot bubble chamber
filled with heavy neon. -Inclusive production of w+, 7=, KO and AC is
shown. Limits are given on the production and hadroanic decay of A.. The
rate of D° production and decay to Kortr~ is reported. Events containing
a u- and e’ are observed and interpreted as leptonic decay of charm.
Events with single et or e~ are reported and found to be consistent with
Ge and v, interactions. » ’

Le rapport tralte des interactions v dans la chambre 3 bulle FNAL de
15 pleds remplie de néon lourd. On y montre la productlon inclusive de
T, 17, KO et de A°. Des limites sont attribuees a la productlon et a la
desintegration hadronique de A, Le taux de product;on de D° et de d€s~
integration en KOwTn~ y est rapporte. On observe les evVenements comport-
ant un seul et ou un e~ et on trouve qu'ils sont coherents avec les inter-
actions vg et ve.

1. AINTRODUCTIQN

* The foliowing réport is on our experiment done acFNALiﬁ.the 15 foot
bubble-chamber filled &ith'642 (atomic) neon and 36% (atomic) hydrogen.
The chamber was run in the FNAL two horn "wide band" neutrino beam whose
energy distribution is shown in Figure 1. With this combination a charged
current rate of about one event per two pictures was obtained, much higher

than that obtainable with the quadruple triplet beam (again see Figure 1).
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Figure 1. Energy distribution of flux times cross section, assuming
cross section ‘proportional to energy.



In addition, the use of neon provided good gamma and electroun identifica-
tion (the chamber is 3.6 meters diameter and the radiation length is 40 cm)
and moderate hadron identification (the interaction length is 1.25 meter).
The following results were obtained from the analysis of 96,000 pic-
tures containing 46,400 charged current events. All events containing a
Ko, a A° or an electron were measured (approximately 3,000 events). In
addition a smaller sample of charged current events 'was measured without
the above requirements. This report will cover data on inclusive produc-
tion of m's, K's and A's and the search for hadronic .decays of charmed
particles. Events containing an e+ or e will be analyzed in terms of con~-
tributions from charm decay, Vo and Ge interactions and possible contri-
butions from hegvy leptons.
2. NON‘CHARMED HADRON PRODUCTION

4For éharged cﬁrrent évents, Figure 2 shows the corrected k° + K° and
A+ z° production as a function of wvis (the visible center of mass energy
of all hadroﬁs). The mean value of ins for this experiment was 3.3 GeV
and the mean fractions of events with K°'s and A's/I's .were 13.6 + 1.5
and 5 % .5%, respectively.

Figure 3, again for charged current events, shows the multiplicities
of ﬂ+, T, Ko and A/Zo as a function of Z, where Z is the corrected
fraction of hadronic momentum carried by the particle inm question. The
correction is given by the formula:

Pi

Eother x 1.4 + Pi

Z = 1)

~ where Pi is the momentum of the particle,ih question and E the total

other’
hadronic energy excluding Pi. This correction is not exact and will some-
what distort the resulting distributions shown in Figure 3. Nevertheless,

one may note the general feature that as Z -+ 1 the production of T, K°'s

‘and A's are all similar and all a factor of about 10 below that for n+'s.
This may reflect the fact that the n+(u3) can be formed with one ocean
quark, the other coming from the fast valence quark leaving the initial

© and A twé quarks have to

interaction (v +d - u +u). For the r , K
come from ocean in each case. It should be noted, however, that these
characteristics may arise simply from mass and charge conservation con-
siderations and do not of themselves prove anything about leaving quarks.
3. HADRONIC DECAYS OF CHARM

A search was made for hadronic decays of the D and AC charmed hadronms.
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The modes studied were

K;(2250) > A atatn o (2)
Iy AT (3)
c _

o - kOt | W

D + Ko ) (s)

Plots of the observed effective mass distrlbuticans are cshewm in Fignres

4 through 7. No signal is observed in reactions (2) -and (4). A small
signal is ‘apparent in chauanel (3) but is not observed if a cut 1is made

of helicicy |augle (Cosdy » -0.6). This rut was chosen fo remove the
large background from events with a slow A aud fast pion, and should have
enhanced the signal to background ratio. The fact that this does not
occur suggasts that the observed enhancement is a fluctuation. From
these results we obtain the following 90% confidence level limits for‘

branching ratios times fraction of charged current production:

e

A > AT < 2% (6)
Ao~ AT < .17

c _ -
pt > kor" < .27

In reaction (5) D+ > K0W+ﬂ- (Figures 7a and 7b) a clear signal is
observed at the expected mass value. A fit using a gaussian on a poly-
nomial background gave a signal of 64 * 15 events, .a mass of 1850 £ 15
MeV., The width was 23 MeV which is consistent with our resolution. This
siéﬁal corresponds to a branching ratio times fraccion of charged current
events of 0.7 * .2%. '

Comparing this with the limit om D+ production and using the SLAC
branching ratios of & + 1.3% for D° > K®r'm and 1.5 ¢ .6% for K°n' we

obtain the ratio

c(D+ production) _

p 5% .4 < .76 (90% CL) N
o(D” production) = :
: %*
Using this sample of D°'s we have looked for evidence of D 's by
plotting D°n+ and D°n+ﬂ_ masses. No evidence of D 's were seen but an

. o + -~ . . .
enhancement in the D m 7 mass spectrum at 4.9 GeV is present (see Figure
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8). This might be considered evidence for a meson containing a quark of
the type present in the T(9.5). However, if the enhancement were of this
origin then its branching ratio times fraction of charged current events
is 2.5%. A branching ratio greater than lOZ‘seemS'unlikely thus implying
that the production of the state occurs in 25% of all charged current
events: a very unlikely situation. We conclude that the effect is
probably a statistical fiuctuation.

4, LE?TONIC DECAY OF CHARM

Charm is expected to be produced only in charged current events and
the AC = AQ rule requires that with neutrinos only positive charm can.be
made and the leptonic decay will then give a positive lepton (e+ or u+)
and a neutrino. Thus production and leptonic decay of charm will appear
as events with a p  and u+, or ﬁ_ and e+. The u identificatiea ia tha
chamber is not sufficient to identify the furmer but the latter can be
identified with high efficiency ( 85%) and low background (< 14%). 164
events with u  and e+ were found.. When corrections are made for scanning
efficiency and identification we obtain a ratio of u_e+ events to all
charged current events of 0.5 * .15%. The y 6%:) and x (2\1 ) distribu-
tions for these events are shown in Figures 9 and 10. The y distributions
can be seen to be consistent with a pormal V-A‘inCeraccion'end.incdnsis- ‘
tent with V + A. The x distribution may be compared with that expected

(continuous line) for production from a valence quark:
v+d+yu +c ' (8)

The agreement is reasonable, but one does note a slight enhancement at
low x which when fitted (broken line) 1nd1cates a 25 *+ 25% contribution

from the strange quarks in the sea reaction: : -
VsswTe s )

- We now consider the strange partlcle content.a 33 of the 164 events
- also contain a V ~1 e. LY Thls may ‘be compared to’ the fractlon of
other charoed current events with a V° which is 6%. The excess is ex-
plained if the events come from charm decay by the expected dominance

of charm deca& to strangeness. If reaction 8 dominates then the expected
excess (after correction for decay modes, efficiencies, and assuming
equal charged and neutral strange particles would to 15%. At higher
energies reaction 9 should eventually become dominant, two strange

particles would be made per event and the visible excess would be



‘wa3s4s |b+hom mnu.wo UOTINQTIISTP SSBW 2ATIOSIIY °g =2iInSTg

SIN3IA3 62 5l -

=

E

0o

80

8L=91L-6S

|
O
©

A

20»—ﬁ

8 0O0I/SLN3A3Z

M(D° ™) GeV




CODPRDRPN

SRR L TR B ois HTUL TR EY ¢ ete ailhidand - et T

5-717-78

EVENTS

y

. N : : X 3 - +
Figure 9. y distribution of events of the type v Ne »p e etc.
. o . . . A T




5-712-78

(arbitrary scale)

do
dx

»|.'Q

X

Figure 10. x distribution of events of the type vu Ne -+ u- e+

etc.




about 30%. 1In Figure 1l and Table I the fraction of VO's observed by
different experiments are plotted against an estimate of the mean neutrino
energy in each case. The’ipwest dotted line indicates the expecte§ con-
tribution from associated strange particle production (unrelated to the
charm); the second dotted line includes the contribution from reaction 1;
and the dashed line is an arbitrary guess as to how the rétio might vary
if production becomes dominated by reaction 2 above 60 GeV neutrino
energy. This line is not the result 6f a calculation but shows that a
higher ratio in the BEBC narrow band beam experiment (point 6) is com-

sistent with what should be expected.

TABLE I

Fraction of v°'s Found ia Dilepton Events from Different Experiments

. *
AverageT - Total - Total . Fraction
# Experiment Beam E, Dileptons V9's With V9's
1 Gargamelle, -t
Freon/propane WB Ps 3 146 ue 3 .21 £ .11
2 CERN BEBC, .
Heavy Neon WB SPS 20 21 p e ) .29 £ .10
3 NAL 15’7, ) -+ .
Light Neon WB NAL 25 17 n e 11 .65 = .12
4  NAL 15°
Heavy Neon i -
(E 172) WB NAL 25 6 ue 1 13 £ .12
S NAL 15', = +
Heavy Neon QT NAL 40 9 u u 1 J11 2 .10
6 CERN BEBC, NR SPS 75 72Tt 4)
Heavy Neon ‘ - + 5ot .ls
vy Sue zf
THIS : .
" EXPERIMENT WB NAL 25 - 164 pu e 33 .2 £ .03

Abbreviations: WB Wide band horm fucué'
QT Wide band quadruple trlplet

NB Narrow band
. NAL  FNAL (Fermllab)
* Errors given are statistical only..

+ These values are approximate only.

Of the 33 events with strange particles 23 £ 3 are K°'s and 10 + 3
and A's or °'s. The errors arise because of ambiguities. The expected
numbers from associated production are 5 and 4, respectively from which

we obtain a ratio of charm decay to K°® over that to A/I° of 6 + 4.7. The
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errors are large but suggest relatively small charmed baryon production
relative to meson producﬁion, a result also suggested by the limits on
hadronic decays (equations 6).

Assuming that the events with a k° do come from D decay, we can plot
the effective mass of the K°e+ system and compare the distribution with
that expected for different decay modes. For this purpose only unambig-
uous K®'s are used (Figure 12b). If the decay were

+

D »e v Ko

(L) -
then the distribution should be as shown by the dashed line (the curve
"is '3 body phase space but calculations including guessed form factors

give very similar curves). Alternatively 1if rhe decay were

NS S auy ..

or 4
o) + Q_~

D +e vKn A (12)
the distribution should be as given by the continuous line (four body
phase space)., The distribution strongly favors this latter hypothesis.
One explanation would be that there ‘are far more D°'s than D+'s as
suggested by the hadronic decays (equation 7). If this Qere the case
then decay (12) is dominant and one should be able to find the 7 by
requiring the N-K°e+ mass to be less than the D mass. Of the 16 events
with unambiguous Ko's, 12 have only one candidate 7~ and 4 have two such’
.candidates. The m K° mass for these events is plotted in Figure 1l2a.
the distribution observed is consistent with the phase space curve in-
dicated. There is little evidence for the 7 K's being from the K#(890).

"Finally'we'can compare the hadronic and leptonic decays branching

ratios. We obtain ’ : ) .-

2 . 3 . e

, p° - K°w+w— )

_ + -
D™ > ve etc -

> 1.6+ .7 Coay

s . + . '
where the limit is reached when there is no D production. The above

limit may be compared with the SLAC .observed ratio

. A
D° ~ K% m (4 *1.3%) _ o.56 * 0.28 ‘- C(14)

. -
p7/° s ev... (7.2 = 2.8)
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vy Ne = u~ e* KO etc. Events with 2 vV°'s or ambiguous
Vo's have been removed.




The apparent discrepancy between equations (13) and (14) could be
explained if the semileptonic decay rate of the D° weras much less than
that for the D+. One notes however that the errors are large.

5. ELECTRON NEUTRINO EVENTS

Events were selected with an ef or e but no y candidate. 28 such
events were seen with an e+ and 187 with an e . Such events can come
from ;e and Vo respectively but could glso come from the decay of heavy
muon type leptons. | In order to set a limit on this latter hypothesis
the expected numbers of’Ge and Vg events were calculated and thus any

excess calculated. We obtained:

1+
1+

excess e = 187 i4 (observed) 215 % 60 (ralculated) = -28 60

(157

i+

PXNESS ef = 28 6 (observed) =23 + 8 (calculated) = 5 £ 10

Clearly there is no significaut excess. An independent test as to
whether these events are indeed due to Vg and Ge is provided by the
. =E)/E . .
iz e’ “viz

These distributions are given in Figures 13 and 14 where the continuous

distributions of the events in y_._, where y . = (E
: viz ‘viz v

lines indicate the expectation for Ge and Vg interactions'and the broken
lines indicate that expected if the e's were céming from the decay of a
T meson (eg., T =+ e-GevT), where the T is assumed to have the same
distribution as a u~ in a normal charged current event. The events
appear to be due to Ge and've with no evidence of heavy leptons.

Quantitatively, these results give the following limits:

. < 3107 for &~
No. of e~ from heavy leptous

- all charged current eveuts _3 + (16)'f
E < 110° for e .
| > 7.5 GeV for 'L~
’ . ) , S
- Mass of ?gavy lepton L‘ (if Sy = 8.y ) { o .A(l7) .
, S e TR B SN S
Tl T > 9 GeV for L
3 s ) " ( < .025 for T .
8oy /guv (or tan SM) { (18)

s < .01 for T
The last result may be considered as a limit on a possible mixing
angle SM between the v, and vu, in which case the limits apply to

tanzem.
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6. OTHER EXOTIC STATES

Finally we can report two non observations: We have seen no tri-

lepton events of the type u7e+e-. From this we obtain:
-+ -
Rate vu > u e e etc. < lo-a
- ' (19)

Total charged current rate

where < Ev > 20 GeV and Me+e‘ > 500 MeV. Such events would be made
if there were neutral current charmed particle production. Thus we can

obtain the limit:

Neutral current charmed particle production <« 2% (20)
Charged current charmed particle production -

Ihe_sécond non obseryvation concerns long lived neutral particles
. of the type reported by the Serpukov bubble chambgr group.l) We have
searched for neutral particles decaying in an e and u with flight path
greater than 5 mm. We have found no such event in 40,000 charged current

events. Our scanning efficiency for such an event is greater than 50%.

This research was suppdrted by the U.S. Department of Energy

under Brookhaven National Laboratory Contract No. EY 76-C-02-0016.
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