
Alexander Tapper — 19th June 2024

Searching for surprises at the 
highest energies
Inaugural lecture
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Why?
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δοκεῖ δὲ αὐτῶι τάδε• ἀρχὰς εἶναι τῶν ὅλων ἀτόμους καὶ κενόν, τὰ 
δ'ἀλλα πάντα νενομίσθαι [δοξάζεσθαι]. (Diogenes Laërtius, 
Democritus, Vol. IX, 44) 

The first principles of the universe  
are atoms and empty space; everything  
else is mere opinion

Democritus 460 - 370 BC

Matter
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Phys. Rev. Lett. 110, 213001 (2013)

Phys. Rev. 98, 217 (1955)
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Electromagnetism

Maxwell
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Other forces
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Newton Einstein FermiPauli

Gell-Mann Zweig
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Matter & forces

Forces carried by particles
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Matter & forces

The Standard Model
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Dark Matter

Vera Rubin
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Unification of forces & hierarchy problem

Colossal coincidence? (yuk!)

Abdus Salam11



Potential solution — supersymmetry

• Provides dark matter candidate

• Solves hierarchy problem

• Coleman-Mandula
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Unification of forces
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The starting point

N. Arkani-Hamed (2011)JHEP 09 (2008) 117
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How?
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Searching for dark matter (supersymmetry)
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The Large Hadron Collider @ CERN
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Building CMS
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Building CMS
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CMS (finally) finished
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Big data?
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What happens?
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Triggering
Patrick Blackett

“ .. I set about, therefore, the devising 
of a method of making cosmic rays 
take their own photographs …” 

Nobel Lecture, 1948 
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Building our own computers 

24



What did we learn?
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First look
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Look again

~30x larger data sample
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And again …

~20x larger data sample


slightly higher energy 7 → 8 TeV
28



Once more …

Probed up to expected masses more or less


No hint of a discovery …


… but 1000+ citations
~2x smaller data sample


higher energy 8 → 13 TeV
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Looking elsewhere (with AI) 

JHEP03(2024)105
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The future

HL-LHCLHC

10 cm
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Why was it worth it?
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The science …
Physics 

Supersymmetry doesn’t seem to be the solution to the hierarchy problem — 
though may well exist at higher than TeV scale

No evidence (yet) for dark matter particles

Challenges us to think of new ideas!


Technology 
Trigger systems are challenging technology but vital to science programme

Expanding to do more realtime processing and (much) more AI on chip, even 
quantum computing
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The students … thanks
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The moral of the story …
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Thanks

Rob Bainbridge Oliver Buchmüller Costas Foudas Andy Rose Greg Iles

Ken Long Geoff Hall Gavin DaviesPaul Dauncey

And many more 
@Imperial and all 
over the world…
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Thanks
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