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ABSTRACT
It is proposed to conduct an experiment at the
NationalVAccelerator Laboratory concerned with
the search for new particies having lifetimes

17 and 10-12

between 10~ second. The experiment
will Ee conducted with an emulsion chamber arrange-
ment and will explore for particles with lifetimes
too short to be observed directly with other
instruments. Two sidelines of tﬁe experiment will
be concerned with an improved measurement of the
lifetime of the neutral pion and the search for
gamma ray bundles arising from higher mass res-

onances which cannot decay by pion emission.

INTRODUCTION

The present-day knowledgekof particle éroduction~in had-
ronic collisions is in a somewhat embryonic stage. At least
several hundréd boson and baryon fesonances are considered by
theoreticians making calculations with thermodynamic models
for particle production. While the properties of resonances
are most important, there is reason to feel that current ob-
servational techniques and analysis have not yielded signifi-
cant results commensurate with the effort during the past year
or two. Often experiments are found to be in rough agreemént
with semi-empirical theoretical models, leaving one with the
impression that little of fundamental importance has been learned.

While it is important to introdﬁce techniques which go
beyond those in use at thekpresent time, it is perhaps more

easily said than done. However, it may be in this way that it




is possible to find some special features of particle prop-
erties or production which will disclose something of the
fundamental nature of the dynamics of particle physics.

The present proposal is concerned with an‘effort to search
for new particles produced by 200-500 Gev protons at the Nat-
ional Acceleratér Laboratory, Batavia. The search will be
concerned with particles produced in collisions in the nuclear

17 _ jo-12

emulsion and having lifetimes in the range of 10

second. The nuclear emulsion is the only instrument which

allows direct measurements to be made in this range of lifetimes.
It is presumptuous, of course, to assume that the present

proposed experiment will yield information of a fundamental

nature. ﬁone—the-less, the experiment is of a modest nature

and, in the light of recent cosmic ray observations; it could

yield new information of a basic nature.

PROPOSED EXPERIMENT

A possible unusual particle was reported by Niu, Mikumo,
and Maeda in the Proceedings of the_lzth International Confer-
ence on Cosmic Rays (Vol. 3 page 1262, Aug. 16-25, 1971). The
event was produced in emulsion by a cosmic ray interaction of
energy near 10,000 Gev. One emitted particle (described in
the paper included in Appendix I of this proposal) traveled a

distance of 1.38 cm and then appeared to decay into a charged

o [+

particle and a 1~ meson. The gamma ray energies from the

were determined and the unknown particle found to have a life-
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time of about 10 sec. and a mass of about 2 Gev/c . Since

the particle had an energy of several Tev, the lifetime and

mass values are not too strongly dependent upon the assumed




mode of decay as shown in Appendix I. In the same event another
particle traveled 4.88 cm before decay but its mass and lifetime
couldn't be determined. '

While one observation doesn't yield a meanlife, Niu's
particle seems to have a lifetime guite different from that for
known particles;' If, on the other hand, the two unstable part-
icles come from the decay of another very short lived particle,
its mass would be about 5-10 Gev as estimated from the angles
given in Fig. 6C of Niu's paper. '

At first glance it looks as if Niu's particle (or particles)
should have been observed in experiments at CERN, Brookhaven,
or Serpukhov. Since there is a good deal of uncertainty in the
particle mass estimates, it could be below the threshhold for
production at all accelerators except the ISR at CERN. In the
ISR its lifetime may make its detection rather difficult.
Another question which may be raised is why it hasn't been
observed before in cosmic ray experiments. Niu's use of a
plastic-emulsion sandwich stack rather than one of pure emulsion
produced a very much slower build-up of electromagnetic cascades.
This enabled him to follow tracks out to distances df at least
10 cm before they were obscured by the tracks due to cascades.

Niu's experiment is included as an illustration of the
importance of conducting a search for new pa:ticles in the life-~

-17 _ jo-12

time range from 10 second. Basically however, the
justification for such a search must be that it is highly im=-
portant, at the beginning stages of an accelerator, to carry out
a few exploratory experiments of a general nature. Hence, it is

presently proposed to carry out'an experiment similar to that of




Niu's and search for new particles arising from nuclear inter=-
actions produced by 200-500 Gév particles.

Another experiment which would be a sideline of this pro-
posal would be concerned with the lifetime of the neutral pion.
Direct measurements of the 7° lifetime have been made many years
ago by observing the decay distance of the particle through the
decay mode 7° - e+ + e + vy . The observations were made in
emulsion and the distance measured from the production point of
the 7° to the origin of the decay electron-positron pair. The
average distances were about 0.3 microns compared with the
emulsion grain size of about 0.9 microns (after processing).
Emulsion measurements gave a mean life of about 1.4 % 0.4 x 10-16
second while counter experiments through the Primakoff effect
gave about 0.7 ¥ 0.06 x 10”1® second. There is need for a better
value of the mean life of the neutral pion.

Neutral pions produced by particles at the NAL energies
will have time dilatations about a factor of 10 greater than
in'the previous expe:iments. The consequent decay distance in
the emulsion would be about 10 times larger which would allow
the lifetime to be detérmined to a precision of about 8% rather
than the 30% as given above. The scanning methods used in the
experiment to search for new particles would automatically
locate the above described neutral pion decay vertices. There
would be little additional effort required to make the measure-—

ment of the decay distance and to estimate the energy of the pair.

EXPERIMENTAL ARRANGEMENT

Several different types of detectors will. be used in the

search for new particles produced by the high energy hadronic




interactions at NAL. The main features of the design will be
to have a detector which is capaple of allowing observations
to be made on the decay of short lived particles.

In collisions at 200-500 Gey,épeculation can only be made
regarding the mode of production and energies of new particles.
From particle spectra at Serpukov and the scaling ideas of
Bali, Brown, Peccei, and Pignotti, it can be assumed that there
will be a good deal of secondary particles emitted at energies
of 15 to 20 Gev. Without speculation on the masses or modes
of production, assume a time dilation of y = 10 for the new
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particles. In this case lifetimes of 10 -~/ to 10 ~° second

5 mm to 3 mm. While the

4

will lead to decay paths from 3 x 10
best resolution of the emulsion is about 3 x 10 °© mm, the lower

lifetime limit would still allow the detection of lighter part-—

icles. For example, the neutral pion having a time dilation

value of y = 500 would have a decay distance of 15 x 107> mm,
about 50 times greater than the resolution of the emulsion.

Unstable particles such as those found by Niu et al would
have a mean decay length‘of the order gf 0.1 to 0.5 mm at NAL
energies. This is baséd on extrapolations from the cosmic ray
experiments wherein the time dilation factor would be reduced
by a factor of about 100. In addition, for decay distances
greater than about 1 mm, observations could be made much more
effeétively with bubble chambers.

Niu et al found their events out of a sample of about a

dozen interactions which had undergone careful examination. At

NAL energies we plan to examine about 5000 interactions for

evidence of decays or pair production within 1 mm of the point
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of interaction. Althdugh one emulsion plate would provide
sufficient statistics for the experiment, a large stack will
be needed to study the nature of the tracks after a decay.

As shown in Fig. 1, a stack 7 cm x 15 cm x 3 cm will provide
the main detector for the experiment. There would be 50
pellicles in the stack each 600 microns in thickngss and made

of Ilford G-5 emulsion.

« —_
—— e FIG: 1
7 cm
/ % 50 Ilford G-5
/ pellicles, 600
0 microns thick

Beam 3 ecm

> /. L]
l
2

It is proposed to expose the stack to 90,000 particles / cm”™ of

the highest energy available at NAL. This intensity is about
the maximum that will allow indi&idual tracks to be followed
with sufficient precision to locate evidence for a decay. Nat-
urally, many test exposures would be made to be sure of the |
proper flux.

Several smaller stacks will be made up to study the high
energy events with a view of detecting gamma rays. The arrange-
ment, shown in Fig. 2, is made up of a sandwich of emulsions and
lead plates. It is held together in a frame made of two brass

pins which allow alignment of the plates with a precision of

about 5 microns. A larger precision sandwich stack of this type
has been described by Gibbs and Lord (Acta Physica Academiae 29
Suppl. 3, 113, 1970). The proposed arrangement shown in
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Fig. 2 will be employed to search for gamma rays from the high

energy nuclear interactions or the decay products of unstable

particles.

G=5
G~5 Pb‘/\

G=-5 G-5 FIG! 2
L Yo b n ¥

P> ~Pb

All emulsions are
I1ford G-5

N
¥
v

Polystyrene

As shown in Fig. 2 there will be a small producing region
consisting of 5 pellicles, 600 microns in thickness, located om
the beam side of the detector. After that there will be a 1 mm
thick Pb plate {(1/5 radiation length in thicknesé) followed by
an 800 micron thick polystyrene plate with 300 microns of emul-
sion on either side. The latter double coated emulsion allows
accurate angle measurements to be made for single tracks and .
electron pairs. An additional sandwich of 4 Pb plates and emul-
sions provides about 1 radiation length of material between the
high energy event and the detector plate. This arrangemeht is
similar to the gamma ray detection system employed by Niu et al.
It will allow the detection of gamma rays originating from the
decay of the unstable particles being sought in this experiment.
Naturally, in this case, the gamma rays will be of very much
lower energy than found in the cosmic ray experiment. However,

the alignment arrangement of the stack will allow accurate

-
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angular measurements of individual electron-positron pairs for
correlation with decay events.

The producing layer as shown in Fig. 2 is quite thin and a
flux of 10,000 particles per cm2 through the five pellicles will
give about one interaction per mm2 of the cross sectional area.
This density of events is sufficient to allow good correlation of

the gamma rays with events.

While many experiments with counters and bubble chambers
will search for new particles at the National Accelerator Lab-
oratory, they will be restricted to those having lifetimes

12

larger than 10~ sec. or the very short lifetimes of the res-

onances. The present experiment is designed to search in a

region not accessible to counter or bubble chambers, ie.t1 = 10’17-

10-12 second. It is also a search wherein there is cosmic ray
evidence for a particle of lifetime 10-14 second and having a
mass less than perhaps 3 Gev. '
The proposed experiment is simple and can be carried out
with only one orvtwo pulses of particles from the accelerator.
A second sideline experiment which is possible with the
arrangement of Fig. 2 will be the search for gamma ray bundles
arising from the decay of higher mass resonances which cannot
decay‘by pion emission. The regge trajectories for meson and
baryon families have at most only three or four members. The
meson trajectories vary linearly with the square of the rest
mass while the baryon trajectories are linear with respect to

the mass. At higher J values (5 or 6) the difference in mass -
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may be less than the rest mass-of the pion. In this case the
only decay mode might be through the emission of a gamma ray
with AJ = 1, If the J is quite large E%e meson might decay .
stepwise into four or five gamma rays. A Yhe NAL energies a
small bundle of gamma rays would be emitted.

In the proposed experiment the emulsion sandwiéh detector
will have 1 mm lead plates for the purpose of detecting gamma
rays. This feature of the detector would give a finite chance
to locate and estimate the energy of a gamma ray bundle. While
gamma ray bundles will be looked for in the scanning, the emul=-
sion sandwich detector is not too satisfactory an instrument in
the search for low energy gamma rays. The main effort in the
proposed experiment will remain, as noted before, the search for

new particles as described above.

ACCELERATOR ARRANGEMENTS REQUIRED
While only two emulsion stacks are needed for this experiment,

it would be well to prepare a few additional ones in order to obtain

the optimum exposures. A summary of the proposed exposures follows:

Stack Approx. size Type of particle Total exposure
and energy
# 1 2"x3"x6" protons 2*1-500 Gev '53,a03 per cm2
# 2 2"x3%x6" protons 200-500 Gev 90,000 per cm?
# 3 2"x3"x6" protons 200-500 Gev 120,000 per cm2
# 4 S'x5'x4" protons 200-500 Gev 10,000 per cm2
# 5 5"x5"x4" protons 200-500 Gev 30,000 per cm2
# 6 2"x3"x6" neutrons 200-500 Gev 520,000 per cm2
# 7 2"x3"x6" neutrons 200-500 Gev 800,000 per cm2
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Aggendix I

"HE 4% (from: Proceedings of 12 th Int. Conf,

on Cosmic Rays, Vol. 3, page 1262,
Observation of High Energy Interactions Aug. 1971)
at Acroplane Altitute

K. Niu and E. Mikumo
Institute for Nuclear Study, University of Tokyo

Y. Maeda
Yokohama Nationzl University

An analysis is presented on a nuclear interaction observed by emulsion
chambers with producing layers exposed at an aeroplane altitude. Among
secondary particles produced in a high energy jet shower, a possible decay in
flight of a particle of unknown type was found.

1. Introduction. In order to investigate super high energy jet showers in full
detail combining the informations about secondary charged particles at or near
an origin of jet shower as well as ¥y ray component, a new type of emulsion
chamber with producing layer was developped, and exposed to cosmic rays. The
measurement and analysis on jet showers observed are now going on, and here the
report is limited only about an event already analysed.

2. Design of the chamber. The
emulsion chambers for this experi-

Schematicel Hlluatration of the emululon chamber

ment consisted of three parts as T wioh productng layers.
shown in Fig. 1. These are: upper

chamber as a detector of ¥ rays NUCLEAR ACTIVE

coming from the upper atmosphere; COMPONENT ——
middle chamber with material ;o

¥
y
!

P
i

; {ePER CHADER

[4 -

¢ LEAD-ENULS IO
;fizasuﬂ satpwiCH

suoweR A6

producing jet shower, which is also
used as an analyser of charged
component from jet shower; and
lower chamber as an analyser, as
well as a detector of y rays
produced by the jet shower in the N\ seT ShoweR
middle chamber. ﬁk

Hlnm.e CHAIIRER
i - (raonuccn Lavem }

AN . y
L. f%. . },“omusw LovER CrATER
To minimize the development LTS §gﬂ ’ﬁji 3 eascane (LEAD-EIWLS 10N
of cascade showers and occurrence gascaoe” ¥ SHOWER ' comen sanmics )

of secondary jet showers initiated
by secondary particles in the
producer layer, and to observe a
crossectional view of jet showers
each 1 mn along the shower axis, we adopted as a producer, a pile of nuclear
emulsion plates with a 50 um coating on both sides of meta-acryl base with a
thickness of 800 um,

: A typical design of the chamber is shown in Fig. 2. The middle chamber is

a pile of 49 layers of nuclear emulsion plates with X-ray films and 5 lead plates
with thickness of 1 mm. The thickness of this pile is 7.3 an and this corre-
sponds to 0.1 nuclear interaction mean free path and 0.3 (Emu151on plates) + 1.0
(Lead plates) cascade unit. The total size of this chamber is 20 cm x 25 cm x

19 em, and the weight 'is about 50 kg including the packing case. :
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3. Fxposure and scanning. Fxposure of . . :
this type of cmulsion chamber in the Fie.1. Desten or Dension Cximer Wit Paooeces Laves
upper atmosphcre, about 260 gr/am?, was o $IZE: Zen x 250m ¥ 1%
performed using a Jet Cargo Aeroplane of © — e
Japan Air Lines from August to December ’ T e uminv v
1969, In total, 12 chambers were ‘ ' ' ‘
exposed with an effective exposure of
400 ~ 600 hours, ‘ , : T e
- weap parg ( 2.3m) 7
. . . . cupsprLate € LSe) B
The scanning for jet showers was mogs veston

made through the following scanning —
program. At first, there is selection :

of those multi yrays events in the Fieew Cusracatracoueing Laves)
lower chambcr whose primary particle , ST .-

come through upper chamber leaving no LT (i) 8
"there, and next following back
shower tracks up into the producing
layers and detection of the origin of |
jet shower.
‘ tovzn Cwvnen
4, Event "GB-23" —
a) General description of the event. W rur (w) 2
One of jet shower observed in these W i
chamber, Event "6B-23'", was fortunately J o
produced in the emulsion of lower o
- surfase of plate No.38 in the middle of
the producer layer. Therefore, type of C e
this jet shower was observed as ¥ L ' Pig. 3
(19470)n. Schematical view of this jet e ‘ B
shower is shown in Fig. 3. S EVENT 6B-23
Analysing on cascade showers of this (194+70)n

.- we found that 4 of the 23 cascade showers

" jet shower is shown in Fig. 4, with esti-

" Pairs of y rays coupled with line in this

event in the lower chamber we get 23
cascade cores. Fmission angles of

charged particles, were estimated using
target diagramms on each emulsion surface
in the producer layer. Following down
these particles into the lower chamber, .

belong to secondary interactions induced y
by charged secondary particles. - = Y e

Target diagramm of cascade cores
at plate No.7, 6.63 cm from the origin of

mated energy of each cascade shower. |

figure are posible n° mesons whose produc-
tion hights are coincide with the origin
of the jet shower within the error of 10
$. From this analysis our method of o
energy determination of y rays was.confirmed, - ... .o




In Fig. S is shown
the relation of energy to
1g.tg 6 for y rays with
1g-tgd distribution of
charged sccondary particles,
Though the jet shower "6B-
23" is produced by a
complicated collision of
neutral primary particle
with Ag or Br nuclei in
the emulsion, the angular
distribution of charged
particles shows two fire
ball like structure,
Comparing anguler distribu-
tion of Yy rays with that of
charged particles, it is
seen that we observed neary
2/3 of vy rays of forward
fire ball. From this,
threshold energy to detect
_Y rays in this case turns
cut to be about 40 Gev.

b} Central part of the
event. The most impressive
feature of this jet shower
is that 2 y rays whose
energy are ncarlyone order
higher than others are
emitted very closely in
the center rcgion of
shower. Relative distance
between those y rays is 3.4

m at the plate No. 10.
ﬁecause of a very small
distance betwcen them, inde-

pendent energy determination

for each y ray could not be
possible.

We estimated total energy of these y rays as 3.2 &
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ing size of both cores, cnergy rat1o of these two y rays is estimated as v 2:1.
Counllng these two Y rays into a 7' meson, the estimated production hight is
3.8 £ 0.5 om above the plate No. 10, and 1t is smaller than the hight of origin

of primary jet shower,

There cmitted 4 charged particles very near to these y rays.

5.14 om.

We drew presise

target diagramm of tracks of these 4 particles A, B, C, and D at each emulsion
surface in the producer layer, and then reconstructed three dimensional view of

tracks of

are shown in Fig, 6 a, b and c,

direction of track B.

these particles and #° meson.

X, Y, and Z projection of these tracks
‘e adopted Z axis parallel to the emitted

As ycu can see from X and Y projections, track B and C have knees at i.SS cmn



e and 4.88 an respectively from the
origin of jet shower and the angle
of direction change of tracks are
1.07 x 10-3 radian, and 1,50 x 10-3
radian respectively.

Looking at the 7 projection,
you can casily rccognize that the
two cascade cores from ;9 meson
appear in just the opposite
direction of Z projection of
track B', and particles B, B' and
% meson satisfy the coplanarity
condition. The emission angle of
r%meson from the point of direction
change of track R is 1.96 % 10~*
radian.

We followed down the track B!
and C' to the bottom of lower
chamber the thickness of which is
7 cascade unit, and found nothing
assosiated with tracks B' and C!
before their leaving the chamber.
Therefore, the track B' and C!
might be produced by hadronic par-
ticles. Inspecting near arround the
point of direction change of track B
and C, no track assosiated with
these points was found,

c) A possible two body decay of
X particle. BRasing on the features
mentioned above, it is possible to
attribute the phenomenon including
track B, B' and 7% meson to a two
body decay of X particle into a w—°
meson and a charged hadron.

Transverse momentum of ;9 meson
to the initial direction of track B
is estimated as 627 Mcev/c from its
emission angle and obscrved energy.

This valuec is also applied for that of .

particle B' in the case' of two body
decazy. From this we get the momentum
of particle B' as 0.59 Tev/c.

Assuming * meson or proton as a
partner of «° meson, mass and life
time of X particle are got as shown
in Teble 1.

Plate
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5. Discussions. As {ar as y rays Table 1
concerned, there ohserved sometimes Assumad
"6B-23" like events in I'mulsion decay mode My Gev Ty sec.
Chamber Fxperimept on Mts. Norikura

s LIS -1
and Ch 8C11t§Vl 1) 1n Bristol Rowbay X + = = 178 2.2x10
Experiment4) with a haloon cxposed X » #°H 2.95 3.6 x 10”1
emulsicn chamber, there observed
several such cvents amoung 44 jet 3

showers with EFy>1.3 Tev. Bahayan ct a1”) also TeD orted the existence of high
energy pVCﬂLq in which appreciable fraction of primary energy 1s transferred to a
single 7° meson. Some of these cvents might have the same characteristics as our
event ''6B-23". Japan Prasil collaboration group of emulsion chawber called this
type of events as 'Torpedo", and they attributed this to a new state of matter
with anisotropy. Combining the information about charged secondary particles as
well as ilic vy ray component of jet shower, we were able to analyse this type of
event more pr csxsely and got above results.

The possibility of this type of event produced by secondary interaction or
chance coincidence of elastic scattering of one of charged secondary particle and
original 7 meson so emitted as to satisfy ccplanarity conditiocn is very small as
is shown in Table 2.

Table 2

Path length from Ratic of Probabil:ty of Probezbility te

jet shower crossection of Ex® > 2, or satisfy

origin to upper the process to 3 coplanarity Total .

rocess surface of total 3 condition probability
lower chamber crossection. Ex® > ZIEY. within 1*.
x/2 int cfo tot

Onc n® meson
production : .
in sccondary 0.055 0.026 < 0.1 0.067 < 0.96 * 1073

interaction.

Elastic

:cattiring of ;
secondar article .
and =% zeson 0.088 0.156 <0 . 0.0028 < 2.4 %10
produced in

primary jet

shower.,

As for the charactoristics of X particle the transverse momentum of 59 meson,
627490 Mev/c, is much higher than maximum momentum of decay products of existing
strangc particles. The 1ifc time of assumed X particle is several times 10° -1y
seconds and this is e xtremely longer than those of rescnance particles.

Therefore, our X particle could not be included neither in strange particle nor
resonance particle,

If the direction change of track C at 4.63 an from jet shower origin is
attributed to a decay of particle C into a hadronic particle C' and a necutral
badéuwéc particle, maybe we are observing a pair production of new type of

articles. .

»

Eeing informed about this event, S. Ogawa ot 314) recched a conclusion that

-
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our'X particle must be such a particle which has a new quantum number and is
produced in pair in super high encrgy strong interactions. Attributing this to
p' particle which is the fourth type of fundamental baryon corresponding to 4
leptons, and assuming hyperon like 2 body deczy bia weak interaction of this new
particle with mass of 2.95 Gev, they estimated mean life time of this channel to

be 3.2 x 107'? sec.

Of course, it is also possible to attribute cne of the decay products of the
X particle which produced track B' or track C' to a p meson. Then, there might
be other possibilities to interprcte this type of event.

We arc now continuing to search for new type of particles, and we have
another possible example of pair production of X particles produced in supar high
energy interaction,

One of charged sccondary
particle suffered direc- Table 3
tion change after about

. . Experimental method The reason why this type of particle
1 em flight, and another cannot be found.
p?SSlbl}' dOCR)’Cd 1nt9 Experiments in high The Lorentz factor and then the flighting
three chargcd hadronic cnergy accelerator path of produced new particle, i_f it is
3 £ region. produced, is too small to idetify.
part“(,:les aiter aa)GUt.z In case Sf pair production, incident
an flight. Tull detail energy is not sufficient because of
of this and other events higher threshold of production.
wili be puhl:is'.hed else-~ Emulsion chamber Observation is limitted mainly in Y ravs
where experiment in cosmic and information about charged secondary
. ray region, particles at or near the origin of jet
shower is omitted.
Finally able 3 is Emuls?on stack One cascade unit corresponds to 3 cm
a short swaary _of experiment in cosmic in emulsion stack and many Y rays initiate
L, s TfPE . ray region. cascade showers earier than let them
zfiigniagﬁgttgészggngi* : identify this type of particle.
I -
: PRy - Qther track detecter Observation is limitted mainly in
fled b)f O:hC'I‘ experi or counter experiments charged secondary particles at more than
mental method, in cosmic ray region, several ¢m down from 3&. shower origina
and observation of individual y ray

is hardly possible.
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