
255.5 keV   photons can stop any relativistic electron

Luca Serafini and Vittoria Petrillo ,  INFN-Milano and Università degli Studi di Milano

• stopping relativistic electrons of “any” energy      
(MeV’s, GeV’s, TeV’s…) in a single-collision event

• Full Inverse Compton Scattering (FICS) - total transfer 
of energy and momentum from an electron to a photon

• Possible impacts in other fields like Plasma Physics (e- trapping),   
Astro-Physics (Universe opacity to high energy photons, cosmic 
gamma-ray sources, etc),  QED&Relativity (Unruh radiation)

Electron-photon beam collisions revisited: a way 
towards novel radiation sources, advanced secondary 

beams and new phenomena in astro-physics
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If you ask Chat-gpt :
“can an electron transfer its total kinetic energy to a photon?”

It will answer “no”  - a wrong answer 

because Chat-gpt doesn’t know the correct electron-photon
interaction kinematics, it just relies on a compilation of texts…
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We discovered FICS and we’ll tell you about
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in vacuum electron-photon collision
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FICS – Full Inverse
Compton Scattering
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0.5mc2 = 255.5 keV colliding photons will
stop relativistic electrons of any energy Ee !

100 GeV

*hadronic threshold (Ecm < 600 MeV) with 255.5 keV photons ≈ 360 GeV

the most extreme acceleration
achieved in the universe ??
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Full Inverse Compton Scattering: amazing power
of 255.5 keV photons to stop ANY colliding electron



So suprising that FICS was not mentioned nor described
in the previous literature on Compton direct/inverse Scattering

that
we really wanted to re-examine the first historical phases

of the studies on electron-photon QED interaction

How comes that nobody yet identified FICS as the only regime
of complete/full transfer in-vacuum of

energy and momentum between an electron and a photon?
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beginning of the story – the photon, quantum of energy
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General Compton Scattering geometry
between an incident eletron Ee and a photon Eph

at a collision angle a, photon E’ph scattering angle q
and electron E’e scattering angle qe
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A. Compton 1923 - Direct Compton effect

First consideration and study of Inverse Compton Scattering….
During the development of the nuclear bomb!

The Manhattan Project
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Will the back-scattered photons,
by hot electrons of the plasma
created in the initial stage of the
nuclear bomb explosion, release
energy from the fire-ball decreasing
its temperature???



of initiating nuclear fusion
of the whole atmosphere!!!
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fire-ball becomes transparent to photons, that can take energy
off the fire-ball, limiting the maximum temperature

down to a safe level



A. Compton 1923 - Direct Compton effect

J. Follin 1947 - Inverse Compton Scattering
first published (non classified) study on ICS*

* but unknown and not credited in the whole literature on ICS

Second motivation to study ICS in the ‘40s was understanding why
electrons are almost missing in cosmic rays bombarding the upper atmosphere

Both lines (nuclear bomb and astrophysics) were looking for
a mechanism capable to transfer maximum energy from the electrons to the photons 



Publication referenced by everybody in ICS community
as the first published paper on ICS



First idea by Milburn: use electron accelerators to perform
Inverse Compton Scattering in the laboratory vs. the cosmos
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Almost at the same time as Arutyunian and co-workers



Many studies in the literature on electron-photon beam collisions 
collective/statistical properties  (phase spaces, etc)
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Inverse Compton Scattering of photons on
relativistic electrons
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Astro-physics?
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Relevance of recoil in electron-photon
beam-beam collisions
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Deep Recoil
and its 2 benefits:

spectral purification
and

suppression of g2q2 desease



Largest value of recoil factor X achieved in
experiments so far is   X=1.8    at   SLAC in 1999

Colliding the XFEL photon beam (12 keV) with the
19.5 GeV electron beam would achieve X=3585  !!!



for any value of g !

Let’s focus on the
“turning point”

where electron starts
to be back-scattered:
FICS  - Full Inverse 
Compton Scattering
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V. Petrillo, ad-hoc developed Montecarlo code for linear QED



non interacting
electrons

electrons under-
going FICS

Ee = 200 MeV   ;  Eph=255.5 keV
electron momenta distribution after FICS
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Black-hole a=1010 T=4.1.10-11 K

Plasma acceleration (100 GV/m)  a=1.8.1022 T=74 K

??  how about FICS ??
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Unruh radiation during FICS and SCS

aFICS (m/s2) = 7.3.1028 * Ee(MeV)

TUnruh-FICS  (K) =3.1.108 * Ee(MeV)

TUnruh-FICS (MeV) = 0.026 * Ee(MeV)

aSCS = 2.aFICS 

but Eph must be = Ee  in SCS,  while in FICS  Eph  = 255.5 keV

going from 100 MeV up to 2 GeV electrons the Unruh photons at FICS would
cover the 2.6 – 52 MeV range (easy detection in vacuum with low background)
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Conclusions

Old Physics revisited shows new regimes of extreme electron-photon
beam collisions with potentials towards:

New generation Radiation Sources based on Spectral Purification
(ICS in deep recoil)

Amazing tests of stopping ultra-relativistic electrons in vacuum,
attaining extreme accelerations (many orders of magnitude higher
than any other mechanism)

Trapping/charging plasma mirror devices with electrons via S.C.S.

Universe opacity to high energy (TeV, PeV) photons: a Compton relay
based on FICS&Breit-Wheeler cosmic cascade. Cosmic gamma ray
sources and the role of FICS.
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Grazie per l’attenzione
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