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l\bstr3.ct: In a search for charmed particles produced
bY- 300alld 400 GaV/e protons in nuclear emulsions, no
reliablu candidate was found among 16.000 intera.ctions.
This implies an upper limit of 7 p..il (90~' cor~idenoo
level) for the associated production of charmed particlee
with lifetimes between 3 x 10-15 and 3 x 10-13 sec.
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1. Introdnc'tion

At present, there 10 a considerable experimentsJ.

effort on the search ofehaT'm~(t particloQ, I'Ihi.:h oh(l'J.ld

have massoe arotu~d 2 GaV, lifetimes of the order of 10-1~

seconds and should be produced d.n, pairs in l':·~drO)l-h::.~lr~"n

eo~l.isions(1.). The intorcot en Cho.rliled p:,~1;""ticl(:s ......'lti

a"ak~nod first by the discovery of weak nl3vtral ct''rr~:~·'';';'

and of the -SIr particl.es. Ind.ications and/or E:vi.d~"'nc,,;

for the existence of c..'-larm particles carne .f:!"Olll aovor-a';

experimento(2-9J.

The Sllort lifetimes involved if! ~ht) decays of chcz'racd

particles make their direct observation (tiil'eGt ::"'<1. t~H:~ cer.ac

or separating production and de cay vertioes) Pf,,~33i·o1.~ vr.ly

in nuclear emulsions. A charm event o~,did~tc ~ouJ.~ ~~v~

two particleo (charged or neutraJ.) do~aying into t'..eo O~

more particles, the decay vertices bein~ oonno~t6d ~v th~

primary production vertex.

This paper describes a search for the a03~ci~ted

production or charmed particles in 'the intaructiom; of

300 and 400 CeV/c protons with e~ulsion nuc:Loi. Yie ht;.~!e

chosen rather high momenta in orc.er to be well above

any possible throeold and to have higher prouuctl.on

crOBB sectioM.

2. Bxposures and 39-,annin.e

Submitted to !luevo Cimento Letters

January 1977 Two utncks of Ilford G5 emu.LnLrmu nave been e>'}10 L'cd

to protons of 300 and 400 GeV/c respootively at t~e PelUttlub

accelerator. ThO ~ir~t stuck, muJo of GO plutc3, each

600 "'ttl. thiol~ arid 10 x 10 ClJJ.2 in area., l'f2.Ccived al"lou.t ~I 0
5

protons per cm2• The ae cond stacIe, made of SO plu:tcn
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The candid~tos wera later reexamined by b physicist

and a more thorough sea.rch for acsociatp.ci decays WaL'! :!,adeo

up to a distanoe of two millimiters do:mstream or the

primary interaction.

3. De'tection efficiency and backP,roun.!!:

Fig. 1 shows the relative detection effioiency verouo

lifetimes for the observation of " singlo and dO\lhle dec",,"

The detectiun efficiency is uffected by a l,rgo

number of factors, the m03t important of which is

represented by the decay lifetimes of th~ charmed

partioles. The efficiency was studied with a Mo~teoarlo

program, assuming associated prouuotion ot Ch~I~ par~ieles

according to pvre phase space, with an aver~ge total

multiplicity equal to <~s) for the shower particles.

Some decays of hypernuolei wi'thin .. di.tanco of 30 I'm

from the primary vertex were also recorded for Pal"';'· of

the scanning. We were interested in those hypernuclei W~:h

an unusually high release of energy in their deoay e.t' i ~

oould oome from the decay of a bound charmed particle. None

of such event was f ound ,

Table 1 gives a summar)' of the n~ber of interactions

analyzed and of single and d01).b1t3 decay candidates. 'l'ne

to'tal number of intel'actions analyzed is 1609:;$. Of these

3780 had no viaible charged primary and pr-eeueao'ly ccme

from neutron (and photon) interactions (at ~OO GeV/c we

only analyzed a few of these interactiono). ~~e ~a~le give~

also the number of single decay candidat~s, classifiod in

neutral and charged particle decays; there is a :fUl"':ther

classification according to the nuabez- of chargod pronga

originating from the decays.

25 x 10 em in area, received
o

cm~. The dovelopment of the

each ;00 I'-m thick and
4about 3 x 10 protons per

emulsions was psrformed at CERN.

Once an interaction was found, it was carefUlly

looked for decays of neutral and charged particles

coming from the interaction point. The dec~were looked

for in an area ·..hich eX'tended 300".. m around the primar:r .

vertex a."ld 600 I'- m do,mstream of it. This was realized

by soanning in one fie~d of vie,,, (600 p.m in diameter)

ccnter~d on the primary vertex and in a second one

displaced by half a field forward in the direction of

the incoming protons. \7hen an interaction with a. large

multiplicity is involved, it lsdifficult to observe

decays at small distanoes from tho production vertex.

Thus we have a loss of events when the distance between

primary and .econderY vertex ia smaller than 10 fro.

Using standard micros"opes, with 10 x wide field oc,

22 x ob, wo performed an area Bcan for primary proton

interaotiono in a band perpendicular to the beam direction,

covering on each plate an area of 2 x 8 crl at· 300 GeV/c'

and 0.5 x 6 cm2 at 400 GeV/c. The scanning area was chosed at

the entrance of the beam in order to minimize the number of

secondary interactions. We have scanned a total of 56

plates.

Candidates of charmed particlos decays (single or

double) ha.d to have no black tracks coming from the

secondary vertex. Moreover; (i) The decay of a neutral

, partiole into two charged prongs was recorded if the

opening angJ.e was la.rger "than thl"'eu degrees. This cut

removed the majority of converted photons. (ii) A ch&rged

particle decaying into one charged prong was recorded if

it had a minimum deflecting angle of 30.
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of particles vith 2 GaV masses. The ourves were computed

at 300 GaV/ c incoming momentum, assuming (<YI.l= 12, a minimum

visib~. lengt4 of 10 /",m, a maximum decay Leng-th of 600 r-m,

in tho beam direction for the first decay, \0. maximum

of 2000 I'm for the second decay and a p~ate thickness of

600 I'm. The curves do not take into account the scanning

efficiency (estimatcd to be about 90~), the efficiency due

to the cut-offs in the opening ang~e of a vo, in the decay

ang~e of a charged partic~e, into a chargea. one, and the ~oss

due to the decay of a neutraJ. particle into neutral ones.

Al~ these effects are estimated to yield a combined efficiency

of about 80{. for the sing~e decays and slightly ~ess for the

doub~e deca,Vs.

Tne curves change s~ight~y, when changing primary

energy (frem 300 to 400 GeV/c), charmed partic~e masses,

cut of the decay lengthe in ereulsion ~d mean mUltiplicity

factors. Thus we are ab~e to measure with some efficiency

~ifeti~es between 10-15 and ,0-,2 sec. (Fig. 1).

Background events which can simu1.a.te the production

of one or o£ a pair~of charmed partic~es co~e from

secand~J interactions on neutrons, conversion of photons

in e+e- pairs, decays of strange particles, etc. Being able

to identify electrons With good efficiency, we estimate
-3

tha.t from lmown sources we have about 2 x 10 events per

interaction which may simulate the production and deoay of

a single charmed partic~e. The background for doub~e charm
-5

proc1uction and decay is much ~olVer, around 10 events per

interaction. For thiS reason, we concentrate the analysis

on associated production and decay.
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4. ResUlt and discussion

The 37 single-decay candid"tes are eompatib~e

with the background estimate; moreover· their pa.th

~ength distribution is essenti~~ nat (Fig. z ).

We have no acceptable clllldidate with two observed

decays. Taking into account the a~lerage detection

efficiency and the number of observed interactions,

we can give an upper ~imit of o'~ 7 /,-'0, (90j'; confidence

~ev.~) on the hadronic associated production ani decay

of short lived par1icles at Permileb energies with a

~ifetimes in the range 3 x 10-15 ~- 3 x 10-,3 seeonds

and a mass sm~~er than 4.5 GeV.

The cha:nn particle candidates found in nuelesi'

emulsions are of the single decay type (8,9) (with -the

exception of a coomie ray event) and of dit"ficult

interpre~ation. NegativG results tor double decay(events

have been obtained in a. similar emulsion experi.I:1e~t,

USing s~ight~y different seanning criteria (,0)
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Tc.blc 1. Hu.'1lber of interaotions from primary protons

and neutral. pur-td c'Lea anal.yzed at 300 and 400 GeV[c ,

The number of sint~le decay candidates have been found

at a distnnce from 10 to 600 fNm from~the primary

intcrnction vertex.

Rnorl:f Internctiore duo to Single deeayo Double

(G.V) IneutrtUs
neutrnl ehareed decay.,

Pl"0tona
1 pron!'2 pronc;rt' or 1:).01"0 3 or more

~
509<! 3009 5 3 6 2 0

7226 771-- 1 4 11 5 0

,2318 3780Total

1~9S

* With an opening ang~e ~a!'ger than 3'.

+ With ~ dane-eting angle, larger than 3°.

III
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,
10-14 10-13

LIFETIME 'SEC}

!'.is.:...1 Halattve detoct!.on efficiont.':y vernun l1.fl"ti~'H!l

for the Ob30rvation at 300 Cle'?fof the d~oay of : CP.v
partioles, a3sum~d to be produ4ed in psirsl a) for t~8

obner-ration or & 3inr~o docay ~a~iele (solid l!.n~);

b} for tho oboorva.t1on ot' both dacay lll\...-tie!es (d~::'hod

line). At .:\00 Gev~t!to two eurvea move ol1l".!ltly toward
8c~ler lifoti~e~.

** These correspond to only part of the scanning.
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~ Pnth length distribution or sinele de~::L:Y ca.nd1d~tl!s.




