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Besam; R00-500 GeV (the highest enerpy possible)
protons et NAL, U,S.A,

Intensitys (1 : 8.5) X 104 protons/cm2

Emlsion stack: 80 pellicles, 40 of normal G5 and 40 of hypersemsitive
G5 emulsion, each 15cm x 12cm x 0,06cm,
The 15¢m edge along the beam,

We understend that the Batavias Accelerstor (Nationel Accelerstor
Laborstory, U.S.A,) may heve a beam in mid-1971 and perhaps a low-
intensity Dbeeam of about 500 GeV not long after. It also seems that a
majority of the proposed experiments could only be undertaken about 6
months to a year leter as they require facilities which may not be
ready when the first high energy internsl beam is aveilable, This has
prompted us to propose an experiment which can be carried cut employing
nuclear emulsion soon after an externsl or even internsl proton beam

becomes aveilable,

While 1% is true that the role of nmuclear emulsion as a detector
in accelerator work has, during recent years declined considerably, it

can still be used with edventage in the present situation to get
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important information in a relatively short time, Such information
might also be used with sdvantage in designing end implementing complex
and sophisticated experiments later, The simplicity of the general
lsy out , the small machine time required end the fact that the present
experiment can be carried out during the early pericod when the NAL
sccelerstor comes iﬁto operation, are factors which mgy be mentioned in

favour of this proposal.

1, Aim of the Experimpent

The prime ainnof the experiment is to obtain informetion on the
general characteristics of proton-micleon collisions at the highest energy
possible soon after the first internal or axternai beam gt NAL bescomes
evailable. The type of information thet this experiment is expected to yield

can be summerised ss follows:

1,1 Multiplicity

One of the importsnt quentities that can be determined from this
simple experiment is the multipliecity and its distribution in proton-
nucleon ccllisions at 400 GeV, The depehdence of multiplicity on primary
energy has not yet bsen well estsblished(l ) mainly because of the

unreliable nature of the cosmic ray data. The machine results available
go far are only upto 70 GeV and an extension of this to 400 to 500 GeV

would be very valuable,




1.2 Composition of Secondary Particles

We hope to get some importeant informestion on the proportion of
charged keons amongst the secondary particles by identifying them as
outlined in Section R.2,.

When one examines the existing information on the composition of
secondary particles in proton collisions with light nuclei, it is seen that
sufficient information from accelerstor work is availsble only for eneraies
léss than 30 GeV; the data from Serpukhov exists only at a few angles and
for a limited range of secondary energies. Extensive data (2,3) is however
available at primary energies of 12,5 GeV and 30 GeV, We have integrated
the data over angles covering the‘reSPective forward cones, 0° to 20° at
12,5 GeV and 0° to 14° at 30 GeV, and the results obtained on K to TC

ratio are given in the following table.

+ . . + +*
E (GeV) XK/ K=/t K /T
P
12,5 0.08 0.02 0.045
30 0.15 0,06 0.11

e have also carefully analysed (4) the available data from cosmic-ray
investigations, This analysis indicates that in the region of a few TeV,
+ + + o+
K/~ = 0,40 # 0,07, It tims seems that K /7 increases from

sbout 0,045 at 12,5 GeV through 0.11 at 30 GeV to abaut 0.40 at a few

thousand GeV, . .

1t is therefore of considerable interest to determine K /- st

arcund 400-500 GeV from an accelerator investigation.




1.3 Energy Digtribution and Transverse Momentum Distribution of
Secondary Particles |

It is generally aegreed that the best known festure of part.icle
production is the digtfibution of P N

N(R) ~ P, - Pese
with(Py= 2 ¢ = 0.38 Go?/d, almost independent of primary energy.
Accelerator deta seems to indicate furthermore a slow increase of (Pt‘)
with primary energy from 10-30 GeV. There are also indications( 5) from
cosmic ray work that in the region of & few TeV, £ P,> for 7r.° is
0.51 + 0.02¢ GeV/é. It is therefore not unlikely that < Pt> does increase
slowly with energy, Therefore it would be interesting to abta.in P‘b
distriution at 400 GeV; we propose to do this by carrying out measurements
on secondsry particles emitted in the backward hemisphere in the C,M,

System,

1.4 Querks

Muclear emulsion is in some weys & better and unsmbigucus detsctor
to search for quarks, as it permits very accurste snd relisble ionisation
measurements, We plan to use hypersensitive G5 emulsion for half of the
stack; [
about 435/ 100 st ancir the quark with charge 2e/3 will therefore have a g.d. of

‘a.’givistic 5ingly ohargad par’biw ldll hl.?o o gmin-donsity of

15,5/100 a which is sufficiently large to enable the quarks to be identified
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uniquely from single events, Counting of just 500 grains on the quark
and the same number on a neighbouring beam track yields & resolution of
7 stendard deviations. The measurements are therefore relatively simple,
However, s it 18 not practicel in such an qiperiknnﬁAto loock at perheaps
more than 10,000 interactions, the searbh for quarks is limited to a
production crosswsection of greater than sbout 30 pb at the relevent

energies,

1.5 Qther Informstion

In addition to the above important features (1.1 to 1.4), this experiment
would also lead to useful information sueh e&s the angular distribution of
created particles, the intefaction mean free psth which wuld give some
indicatién whether cross section is increasing or decreasing with energy, and
inelasticity 1% peN-Interactions ot 400800 GeV, - ... . .

It is therefore obvious that while this "old fashioned" experiment can't
furnish the detailed information which one can get from~sophisticatéd
accelerator experiments, it can lsad to valuable information in about € months

after the exposure to the first beam at NAL,

2e ggggsurg and Experimental Detsils

2,1 Exposure Deteils
- The shack weuld consist of 80 pellicles of miclear smlsion, the

top 40 being Ilford normel G& and the remeining 46, Iiford hypersensitive

0-06
G5; each pellicle will have dimensions of 15cm x 1Rem x @sfem, The stack




dimensions would therefore be 15cm x 12cm x 4,8 cm, The 15cm edge
would be along the beam, The alignment of the stzck with respect to
the beam should be better thsn 6 x 10.5 radian,

External beams of course would be ideal as one can then ensure
excellent alignment of the steck with respect to the be’am line, As
suggested by Prof, E, L, Goldwasser one can perhaps produce & beam of
low intensity by placing a very fine wire in the internsl proton
beam, The exposure could then be made at a suitably large distance from
the scattering source so thet the intensity of protons is low enough

(104/ off) and also the background due to the secondary particles would be
small.'If, however, this is not possible for some reason (or it might

take too long before this is possible) and only &n. internel beam is
available we propose the exposure to be made in the following way, The
emilsion stack could be locatzd close to the straight section of the
vacuum pipe.‘ Thé"éxgzosure would be made by let;;ing the upstrean ring megnet
drop its magnetic field, enabling the beam to come out of the vacuum pipe,
(If this is not feasible then en slternate method similar to putting the
targe’t in the beam could be tried, In this case the stack mounted on guide
reils is allowed to drop such thet as it reaches the beam line it is
synchronised with the beam) » Since “in emlsion work one cannot work with
a.ﬁ intense exposuré, the overall exposure should lie between 5 x 105 and

2 x 20°/@® , the optimm value to sim at shauld be 1 x 0%/, The besn

should preferably have a diameter of st least Sem as it hits the stack,
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As mentioned above, the alignment of the stack with respe ct to the
beam should preferably be better then 6 x 10~5 radian so that the
length of the beam tracks is at least 10cm per emlsion plate, As the
beam has to pass through the walls of the vacuum pipe before sntering
the stack, there would be some background of secondary tracks depending
upon the 'bhickness of the vacuum pipe snd the angle at which the beam

hits it while emarging from the ring,

- 2.2 Experimental Detells

The interactions would be obtained by the "along the track®
. scanning procedure to ensure an unbiased sample, Suitaeble criteria
would be employed to select & sample of proton-micleon type of collisions,
Angulaer measurements would be made on all secondary tracks from this
sample @f p-N collisions.
All reasonsbly flat tracks emitted at angles greater then 4.09,
the median angle, would be followed through successive emulsions,
The secondary particles will have energies right from less than
100 MeV ta few mndred GeV. While the high energy particles in the
laboratory system are those emitted in the forward direction in the C.M.
system, the low energy ones are those produced mainly in the backward
direction in the C,M. system, At 400 GeV primery energy, the medien angle
which roughly aemaﬁcaﬁho forward cone from the backward cone is given
by N =ta-l 1y, mdas ¥, = 4.4, 7 = 4,07, If < PY= 0,35 GeV/c
<p>= 0,35/sin 4,0° = 5,0 GeV/c, Therefore if we restrict to particles

in the backward cone in the C. M, System, we would be dealing with




LN Ty

particles which have momenta on the aversge less than 5.0 GeV/c.
From the trensverse momentum distfibution we estimate that among
the backward cone particles, there should be less than 2 or 3% particles
with momentum grester than 10 GeV/c, It therefore seems that it should
be possible to identify a mejor fraction of a1l the secondary particles
emitted in the backward hemisphere by a combinastion of multiple
Coulomb scattering, grain density and range measursments,
A quick scan would also be carried out to collect a large sample

of events for the quark 'lunt!,

3, Scientific snd Technical Competence

The Teta Institute of Fundamental Research has been carrying ocut
extensive work on high energy physics using mclear emlsions for a long
time, Therefore aﬁéqaate competence and facilities ex:i.sf for 81l phsses
of this proposal such as design of experiment, processing of emulsions,

scanning and data reduction, and interpretation.
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