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Axions (axion-like particles/ALPS) are pseudo-

scalar particles that are wel
extensions of the standard

Coupling to photons described by

a simple Lagrangian
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motivated in many
Model

_ike pions, they may be Nambu-Goldstone
0osons, hence naturally light (e.g. QCD axion)
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't turns out that, in a particular mass range
(~GeV), heavy ion collisions at the LHC provide
the best sensitivity to these particles

This is unusual: at the LHC, proton-proton

collisions are the drivers of BSM searches
(this is the only instance | know of where they lose out)
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K it Is an iImportant example to keep In
when considering future collider
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Heavy ion collisions include a class of events
called Ultra-peripheral collisions:
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Ultra-peripheral collisions via electromagnetism

Lead charge
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Ultra-peripheral collisions via electromagnetism

Expansion in
Z%a ~ 50

'Strong’” QED
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Enrico Fermi
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Ultra-peripheral collisions via electromagnetism

Expansion in
Z%a ~ 50

'Strong’” QED

Hitoshi’s talk yesterday)
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Enrico Fermi's effective photons

Replace E and B fields
with a flux of photons
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Mass reach—quick estimate
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Mass reach—quick estimate

t g
w 1/R Wiz ~ 7/ R
NN\ N\N\N\N\N\N

bmin = 2R Enucleon 2wmax

D 1.6fm  7.5TeV 1500 GeV

Pb 14 tm 5.6 TeV 160 GeV
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Axions in Ultra-peripheral collisions
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Heavy ion collisions are not optimised for
typical BSM searches

(lower luminosity, lower per nucleon collision energy)

Ph 8772 5
Oq — F(a’ — VV)LWV (ma)
Mg
Pb I — 1 myg
64mr A2
4.5 x 107
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However, there iIs a Z enhancement on our

side, clean environment, and -mwf"" ,
tiny background (ight by light w@i
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-or these reasons, we showed heavy Ions can
olace best limits in the mass-coupling plane
oetween 5-100 GeV

Trigger: 2 photons E>2 GeV and no hadronic activity in at least 1 fwd calorimeter

log &+ linear al'F' coupling

" pps=T7TeV
: Pb'P}) SNN — 55 Tev
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In future colliders...

Future lepton colliders
can extend reach to

much lower couplings
and wider mass range
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In future colliders...

Future lepton colliders

can extend reach to S\S\S\.
much lower couplings
and wider mass range
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Future heavy ion colliders provide new (and perhaps
unexpected) physics opportunities

Large Z (and N), low background of ultra peripheral
collisions, Is rather unique
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Thank you for your attention!
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