


" NATIONAL INSTITUTE FOR RESEARCH IN NUCLEAR SCIENCE,

Telephone:
Abingdon 1220 Rutherford High Energy Laboratory,
Ext. 3283
Harwell,
Didcot, Berks,
Dr. Hobbis 25th March, 1959.
Bldg 412

Dear pr, Hobbis,

T enclose a draft programme for a short symposium on high energy accelerators
which we are planning to hold at the Rutherford Laboratory in the summer, and I should
be glad to have your comments.

A series of talks would be given by members of the Institute steff and the
7 GeV project, each followed by a short period for discussion, the idea being to give
brief but authoritative general accounts of the various accelerators. These would be
simed at potential users, rather than accelerator specialists. Finally, there would
be a general discussion of possible future accelerator programmes.

The formal papers could occupy one day, or possibly a day and a half, and
an additional hglf day would be allowed for the general discussion.

I hope that you will be able to come, and to bring some of your colleagues.
A questionnaire is enclosed, to enable us to choose the most convenient dates and to
assess the total numbers to be accommodated. ;

Yours sincerely,

kg

PsPe
T. G, Pickavance
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RUTHERFORD HIGH ENERGY LABORATORY

S i Ene ele .

Draft Pro e

The National Institute and the Rutherford Laboratory.
The 50 MeV Proton Linear Accelerator.
Characteristics of the 7 GeV proton synchrotron.
Beam selection and iransport problems.
High energy electron accelerators.
(a) synchrotron
(b) 1linear accelerator.
Ridge field (AVF) cyclotrons.
Beam storage and colliding beam systems.

Possible future programmes - a discussion,
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23 July 1959

Dr. T. G. PICKAVANCE

National Institute for Research in Nuclear Science
Rutherford High Energy Laboratory

Harwell .

Didcot, Berks,

Dear Dr, Pickavance,

I ax very glad to give you my opinions concerning the value
of various types of bubble chambers for high energy research in
answer o your request. Although I am sure you have already had
exper? advice on this question, my experience with propane and
Xenon chzmbers may be at some use to you.

It i= obvious to me that hydrogen-deuterium chambers possess
unique axni enormous advaniages irn the simplicity of interpretation
of partizle scatiering, production, and absorption processes and
for this one reason, simplicity of data interpretation, kinematically
and othe-wise, the hydrogen chamber is the best track detector for
experimenss feasible with it, . Experience in the past few years has
shown that there is a class of experiments, some completed, and some
in the future, that cannot be done witk bhydrogen chambers, (at least
not econcmically in terms of exposure time at the machine and analysis
time)$

We a~e ir the process of analyzing the first heavy liguid bubdble
chamber experiment., We have analyzed 80,000 out of 160,000 pictures
of the xenon chamber (30 cm diameter, 25 cm deep) exposed to a 1.1 BeV
X ~ beam, The pictures contain about 1400 /ﬁ°-§1° productions.
At thg half-way point we have already found excellent values for the
ratio of neutral to charged decay rates of /?o and Ko, as well as =z
value for the up-down asymmeiry of the "unseen" mode /A—> 707 %+ -~ .
For some yezzrs cosmic ray ff'f have shown an unexpected forwzri-
backward zsymmeiry which, if taken seriously, is evidence for pariiy
violation in the strong reactions leading to strange particle production.
No such effect is found in hydrogen, but it was argued thai perhaps the
Wasymmetric /é " resulted from collisions of 2Z ‘7 in the heavy atoms
(CyFe, 2x2 Pb ) in which they were produced in the cosmic ray experiments.
To test this idea, a large unbiassed /\ —~sample proéuced in heavy nuclei
was needed, Our /\ﬂ{ were able to show that the asymmetry does not £
exist for /% made in at least one heavy atom (X e) at one energy
( 1.1 Bev), and strongly suggests that the cosmic ray data (85 cases for
the whole world) were statistically or systematically weak.,

Pzrity violation in hyperon decay leads to a longitudinal pofarization

of the decay nucleons, their longitudinal polarization being algebraically

(sign and magnitude) equal to (x , the parity-mixing parameter describing



the decay. This longitudinal nucleon polarization is given a
transverse component by the laboratory motion of the center of mass
of the decaying hyperon so that a right-left asymmetry in thev
scatiering of the nucleon against nuclei in the liquid is expected.
Since the asymmetry as well as the total cross-section are small in
bydrogen, this is a difficult (or may be altogether unfeasible) ex-
periment in hydrogen. The Berkley propane chamber gfoup has just
reported in Moscow a value for the helicity at the N decay proton
on thes basis of a number of scatterings in propane (mostly against
C since its "polarizing strength" is much greater than that of H).
We hope to obtain a similar result in our xenon pictures, Now that
we know that Dt f?f”TT° ghows & large updown asym-.
metry, .a similar measurement P il decay protons is of the greatest
interest. Even more interesting would be a measurement of the helicity
of neutrens from @ I - f% in although that is much harder
but may be feasible in propane,
I could go on adding examples of current and future experiments
which use propane or heavier liguids to great advantage for
1) eificient 1/_ ray detection
2) study of particle interaction against nuclei (polarization,
isospin arguments as for the He4, c12 etc.)
3) study of possible cooperative phenomena inside nuclei in
partidle produciion and interaction
4) cases in which range measurements aid particle identification
or kinematical analysis or in which it is desired to stop
particles to observe their absorption or decay
5) experiments requiring high density to increase the probability
at rare events such as double or triple scatterings or of
K° - §P - Ko conversion and diffraction
Since it is difficult to predict the precise direction of the
experimentis or of possible future chemical developmenis concerning
practical bubble chazber fillings (price of xenon may drop, Some new
substituted heavy metal-organic liquid may be usable, eic) I advocaie a
funiversal bubbie—ekamber" in addition to a hydrqgen-deuterium chamber.
It should be able to operate from about -25°C to 125°% (from xenon up
to the rezlly easy limit for most diaphragm and gasket materials), be
very safe against escape of toxic or inflammable materials, be con-
strucited of the most corrosion-resistant of reasonable materials,
have 15,020 to 20,000 gauss field, have at least three cameras, and be
as simple and reliable as possible,
To me it has always seemed important in high energy physics to have
availa®ble a great diversity of itechniques so that new thepretical ideas
may be tested, and experimental uncertainties resolved with the greatest

possible range of conditions of observation. Only with such flexibility



can the creative imagination of the experimenter attain its best
results in studying the important problems in Physics., To limit
oneself to one or several techniques, except in case of dire economic
necessity, is to fly in the face of experience in experimental physics
and to deny the worth of inventive ingenuity.

I have been a bit long-winded and rerhaps allowed myself an excess
of philosophy. Please excuse me for this.

With best wishes

Sincerely yours,

D, A, Glaser
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COIIELL UIIVaRS1TY

Laboratory of Nuclear 3tudies
Ithaca, New York

6th ovember, 1959,

Dear Gerry,

llave you heerd of the sufrestions of T. D. Lee, now at the
Princeton Ingtitute, for vosearch into high energy reutrino interactions?

Suppoge you teke o beam of /7 mesons at about 2 GeV. The /7
will decay by 7., /“'4. Y/ » and in the laborstory system the
antineutrinos Hiil be“throun forward into a well-collimated beam. This
is thon filtered through 25 m. of steol (expensive!) which removes
everything else so that quiet experiments can be done.

The antincutrinos could induce inverse /8 decay roactions like ¥ + F
& N » which would be detected as & anergy shower. The ‘

cross~section for this reaction risecs as 4 2, The matrix eclement
in the expression, 5
( 7 = tramsition rate
% K o = X scction
W e %"‘7/’7/2/‘1‘ . = Batrix elemont
: (’ « final state density

would be constant, while /% mluuvggmalnmuuﬁé . In fact o~
at 1 GeV reaches vuch a size that it might induce one reaction per hour
per ton of detector, which should be cbservable., At1 GeV the shove
crops-section would level off because of the finite size of the proton,
but the total cross-section would go on up

S

oy

/ /.—I—'-E’ 0‘(\74-9’7 Q:'TN}

o 1 6ev 26eY
because of such reactions ags D+ £ » & +P+ T » which start more
slowly bocause of unfavourable /. at low energies. It is said that G
would reach geometric proportions at 100 GeV. Hot so woak interactions!
Thero is great excitement about all this here, and much talk of
you should think of having one at the 7 GeV machine. The general idea
is that the ncutrinos are 'the tool of the future for exploring the nuclcon!.
Thers really may be a good deal of truth inm this.
Let w2 know your reactions, and those of' John Bell. fore:qnpla.
Tours,

Jimmy,
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Extract from letter received from Professor J. M. Cassels

CORNELL UNIVERSITY

Laboratory of Nuclear Studies
Ithaca, New York

18th November, 1959

"Dear Gerry,

Thanks for your letter. We are still only hearing rumours here about
the neutrino story and what I wrote you was a personal reconstruction of
the physics. However Lee will visit us on the 30th November and I will

- send a more solid story then, Meanwhile:-

1) I calculate the 2-body cross-section as:-

= weak interactiozgconstant

ES s ' - 2 x 10%7erg-cn3
g S g

I +_. = neutrino energy ~ 1 GeV

AR /

which agrees with the number you mention.

‘" P )
2) The 3-body cross-sections will rise as ©; » the 4~body as /- ,
and so on. This explains how ¢ can reach geometric dimensions by 100 GeV

(centre-of-mass, be it noted.) I am not clear how to think of form factors
for many-body reactions, so I don't know whether 4t Wwould in fact go up so
far., Some 3-body reactions might get well under way near Nimrod.

3) I think the shielding must be 25 feet, not metres. It would have
to be some kind of igloo to avoid neutrons coming round corners, obviously.
However the sides may not need to be too thick, since the neutrino reactions
produce high-energy collimated showers.

4) The best detector may be a Big ingot of lead glass.
5) The pion beam producing the neutrinos need not be too formally

orgenised. Inside the machine there will be a big density of pions running
downstream from any target, for example,"

Yours,

Jimmy.



