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Seminal Contributions 

• Cosmology

• Extensive Air Showers
• Analysis ideas
• Monte Carlo calculations

• Acceleration of Cosmic Rays

• Origin of Cosmic Rays

• Gamma-ray Astronomy

• Post ‘retirement’, in addition to several of above
• Geology
• Economics
• Astronomy



3
Michael as a student ~1951 Self-portrait at 75 (?)
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Early days  

At school already showed signs of computational talent

- log tables

Choice of Leeds rather than Cambridge to study physics

Slide rule
- log of fundamental constants engraved on back

Seemed able to get more out of any computing device 
than other people

Always had an excellent idea of what more detailed 
computations would reveal
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PhD thesis (1957) – after gaining First Class Honours Degree

‘The interaction of stopped negative muons with atomic nuclei’

(i) Tests of ideas about interactions between four fermions
(ii) Interaction rate depends on nuclear structure

Private communications with Primakoff and Telegdi

123 pp with 18 pp of circuit diagrams (thermionic valves)

• Chronotron: Nuclear Instruments and Methods 3 344 1958

• Results from thesis: Phil Mag 3 344 1958

Comment by G D Rochester and J G Wilson
‘Most impressive viva either of us have ever attended’
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Junior fellowship at Harwell to work on shower array ‘outside 
the wire’ of Atomic Weapons Research Establishment (AWRE) 

Worked with Cranshaw, Galbraith, Porter, de Beer, Jelley….

At this time there was already debate as to whether Michael 
was more theoretically or experimentally inclined

A reminiscence of Bill Galbraith from Harwell days:

‘Hillas came later and scared the wits out of  me (as Safety 
Officer) wading around kVs in wet enclosures housing spark 
counters for muons.  I was relieved he later, at Leeds, took up 
the theory of EAS’.
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Harwell (or Culham) array in mid-1950s:
91 Geiger Counter stations over 0.6 km2

Younger 
people 
lived in 
aircraft 
hangers

When 
rabbits bit 
through 
cables, they 
had to get 
up at night 
and repair 
equipment
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Charge difference experiment: Nature 184 892 1959

< 1 in 1020 difference compared with 1 in 1018 that is needed: Bondi and Lyttleton 1959
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Implications:

Short cascades occur in showers so 
that at these energies one sees very largely
the results from one interaction

At the same meeting Zatsepin proposed
the same idea, describing the shower as 
being like ‘an inverted Christmas tree’

Key work on Shower Fluctuations

Cranshaw and Hillas ICRC Moscow 1959
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In Cranshaw and Hillas paper

“If the primary particle is an α-particle, the shower 
will usually be produced by one nucleon 
undergoing few collisions, as described for the 
proton primary.  The other three nucleons will 
make collisions at mean intervals of 75 g cm-2 and 
contribute almost nothing to the photon-electron 
cascade as sea level”

This, of course, refers to relatively low energies.  At 
higher energies the ‘single cascade’ effect becomes 
less and less evident, if at all
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Returned to Leeds to a lectureship in 1959

Very strong reference from E C Stoner

‘Promise of outstanding contributions from him’

But ….‘may not add to the superficial gaiety of the University’

In fact Michael had a fine sense of humour – if a little dry

In his application, he wrote:

‘When AWRE decided that cosmic rays did not show the way immediately 
to a new energy source, this work was transferred to the universities’
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He sent me this note in late 2013 when he was beginning to
have difficulties with his rather ancient computer

“Further to my computer's bouts of very slow running, I
currently attribute this to GCHQ's difficulty in following my
typing using their analysis system. But why should they bug
me? They must be alerted by frequent appearances of the
name of a foreigner they are unable to clear of suspicion. I
suspect it will continue until they get from me Cherenkov's
email address.”

Michael made it clear that he did NOT want to be involved with 
Haverah Park project – perhaps thought sheep behaved like rabbits

Worked on plans for large cloud chamber project
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His early work in Leeds was done on KDF9 Mainframe with 64k of 
memory: brought into service at Leeds ~1964

By 1967 there were 9 available in UK universities: several £M

Algol 60 complier was available in Leeds with paper tape input

* In these early days there were no graphing facilities

Up to four programs could be run at once

In Leeds, Eldon 2 operating system (Eldon was name of a converted 
chapel and local pub)

Weighed about 5 tonnes

Analysis of arrival direction and core position of shower with 4 stations 
(first stage of Haverah Park) took several minutes

* You had to THINK before you did anything: time was rationed!
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KDF9 Leeds University ~1967



15

• Michael was still thinking deeply about showers and was one of 
the early people to realise the importance of pion interactions

• Student (Jim Hough) measuring bubble chamber pictures (1964)

• 20 GeV/c π- on hydrogen in Saclay 81 cm bubble chamber

• Established that 

<pt> = 0.34 +/- 0.01 GeV/c

Average fraction of energy taken by fastest pion = 0.47

ρ0 production = (22+/- 9)%

• Never written-up!
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From J Hough: PhD thesis 
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At Sydney there was an 8 x 8 scintillator array triggered by Geiger counters

Showers with one core: proton.  With two cores: deuterium

Also talk in Leeds before the ICRC
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From discussion in 1965 Conference Proceedings after McCusker’s presentation

A M Hillas:  I wish to comment on the identification of two-core showers with deuteron 
primaries.  If an alpha particle, for instance, dissociates into four nucleons of equal energy at the 
top of the atmosphere, these will generally have very different energies half-way down, 
where they probably generate the detected cascades or at sea level, because of Poisson 
fluctuations in the number of collisions they have suffered.  A simple Monte Carlo calculation, 
assuming your value of elasticity, shows that even on average the third most energetic nucleon
will have only 6% of the total energy, and it quite likely that only 1 or 2 nucleons would be 
noticeable, either at sea level or halfway down where most of the detected soft component is
originated.  So many alphas would look like deuterons on this basis.

C B A McCusker:  The identification of deuteron primaries is admittedly difficult.  For this 
reason, we rejected 17 out of 20 ‘good’ two core showers.  The showers we selected had to 
have approximately equal electromagnetic cores, with core density of the correct value and one 
or two well-separated nuclear active particles close to the electromagnetic cores.
Selection of two nucleons of equal energy as specifically deuterons is requiring a statistical 
miracle.
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Essentially based
on CKP model for 
collisions 

<pt> = 0.32 GeV/c

and 

πp collisions treated
as pp collisions
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Cosmic Rays in an Evolving Universe 1967

ICRC Calgary 1967
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1.  Energy taken out of proton spectrum by 
microwaves should appear in another form

Electrons and positrons of ~1015 eV and then
through  inverse Compton to give γ-rays of 1011 eV

First discussion of this?

2. Several times expressed to me that the dip in 
the spectrum  due to pair production was
never credited to him.

In fact, Hill and Schramm who developed this idea 
further (Phys Rev D31 564 1985), do give full 
recognition – but this seems to have been lost 
subsequently
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Hobart 
ICR 1971
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Haverah Park:    ρ(500) and ρ(600) for 500 and 1800 m spacing                   
(empirical)

Auger Observatory:  S(1000) for 1500 m array
S(450) for 750 m

Telescope Array: S(800) for 1200 m spacing

IceTop:   S(125) for 125 m spacing

ropt from Newton, Knapp and Watson 2007 
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*
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Later treatment (1971) of Volcano Ranch data not appreciated by John Linsley!
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θ = 85⁰ Nearly uniform densities over 4 km    Factor of 2 of 1020 eV 
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Seminal Work by 1969 – when just 36

• Δq:  Nature

• Fluctuations in showers: ICRC

• Understanding of importance of pions: unpublished

• Dip at 1 EeV as due to pair-production: 
Physics Letters and ICRC

• ρ(500): ICRC

• Analysis of inclined showers: ICRC

Work largely reported in ICRC Proceedings: a bad habit!


