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Four initial paths of the project development

1. Creation and development of the requisite software tools.
2. Evaluation and documentation of the research and discovery
potential of the Gamma Factory project (basic and applied
science) .

3. The accelerator feasibility tests.
4. LOI and Proposal for a “proof-of-principle” experiment at SPS.
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Software tools for studies of:
-

electron stripping schemes
beam dynamics of partially stripped ions (PSI) beams in the CERN
accelerator complex (beam losses, emittance growth, …)
partially stripped ion-beam cooling methods, à example
collisions of PSI with laser photons,
gamma-beam extraction,
production of secondary beams of polarised positrons and muons,
neutrinos, neutrons and radioactive ions (target design, heat load, etc…)
event generators for the precision studies of the SM and BSM
processes
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EXAMPLE: Simulations of cooling of partially stripped ions in
the LHC lattice by Alexey Petrenko
Scenario 1:
Gamma-beam generating
laser (full power)covering
uniformly the LHC initial
ion energy bandwidth
+
Beam cooling, low power
laser with frequency band
covering the ΔE >0
resonant collisions

Evaluation of the research and discovery potential of
the Gamma Factory project (basic science)

1. Physics of electron-proton and gamma-proton collisions at the LHC IPs
2. Precision EW-physics and BSM-physics with high-Z He-like ions*
3. Dark matter searches with gamma beams (axions,, ALPs, Dark Photons)
- beam dump techniques
- direct production of DM particles at high-lumi photon-photon collider
4. Study of the QCD confinement phenomena at the colour production threshold
5. Precision neutrino physics*
6. Dark matter searches with neutron beam
7. Neutron dipole moment and neutron-antineutron oscillations
8. Physics of radioactive ions (Isolde- and Alto-like) programme
9. Rare muon decays (search of new physics)
10. Physics of the TeV scale muon collider
11. Fundamental QED measurements*
12. DIS programme with the polarised positrons and muons
* work has already started
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Elastic light-by-light scattering

signal
Two measurements:
γ-γ collisions, for ECM > 2me
and (background free)
γ-γL collisions, for ECM < 2me

Up to 1000 events/second expected,
…to be compared to ~10 events/year
at the LHC

background
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Evaluation of the research potential of the Gamma
Factory project (applied science)
1. Polarised positron sources*
2. Polarised muon sources*
3. Muon catalysed cold fusion
3. Gamma-beam catalysed hot fusion
5. Accelerator Driven Systems (ADS) and Energy Amplifiers (EA)*
6. Transmutation of nuclear waste
7. Wake-field particle acceleration
8. Production of isotopes for Positron Emission Tomography (PET) and for
the selective cancer-cell therapy with alpha emitters

* Initial contact with expert groups (individuals) already established
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muon collider?
neutrino factory?

Electrons and positrons
muons
~3 m bunch separation
over the time span of
~20ns

γ-beam
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acceleration

electron
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Electron and muon
bunches
separation zone

electron-ion collider
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The accelerator feasibility tests
(a realistic “minimal interference” 2017 scenario)
1. Test runs with the

129

54Xe(+39)

(P-like) ions in the SPS.

The fully stripped 12954Xe(+54) ions are already approved for the 2017 SPS runs.
We propose to devote a small fraction of the SPS Xe operation time (couple of
days) to the operation of partially stripped 12954Xe(+39) (P-like) ions to test: injection
of such a beam to the SPS, measure its life time and emmittance at the injection
energy and acceleration of such a beam up to the nominal transfer energy to the
LHC. Technically such runs require removing the electron striper and preaparing the
beam transfer and RF system for the acceleration of the +39 charge state of Xenon.
2. Preparation of the optimal stripping scenario to run the
like) ions in the SPS and in the LHC for the year 2018.

208

82Pb(+80)

(He-

Optimisation (simulations, BNL experience) of the stripper thickness, stripper
material(s) to run the 20882Pb(+80) (He-like) ions in the CERN accelerator complex
in 2018. These simulations have to be done early on in 2017 to place the
workshop-order and produce the requisite stripper on time for the 2018 operation
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The accelerator feasibility tests
(a realistic “LHC as ep collider” 2018 scenario)
3. Test runs with the

208

82Pb(+80)

(He-like) ions in the SPS.

Fully stripped 20882Pb(+82) ions are already approved for the 2018 SPS and LHC
runs. We propose to devote a small fraction of the SPS Pb operation time (couple
of days) to the operation of partially stripped 20882Pb(+54) (Ni-like) ions and,
subsequently, 20882Pb(+80) (He-like) ions (insertion of a new stripper) to test: the
injection scheme of such a beam to the SPS, measure its life time and emittance at
the injection energy and acceleration of such a beam up to the nominal transfer
energy to the LHC (comment on the SPS à LHC stripping possibility).
4. Test runs and a short physics run with
LHC. LHC as an electron-proton collider!

208

82Pb(+80)

(He-like) ions in the

The tests would start with the injection of single 20882Pb(+80) bunches to the LHC to
measure their life time. If the life time of more than ~1 hour is measured these tests
would be followed by their acceleration to the nominal LHC energy, injection of the
counter propagating proton bunches, squeeze and collisions in the LHC IPs. 13

Partially stripped ions as electron-beam
carriers
Pb80+(1s)
ECM~ 200 GeV
e

p

•partially stripped ion beams can be
considered as independent electron and
nuclear beams as long as
the incoming proton scatters with
the momentum transfer q >> 300 KeV

…or

Z

ECM~ 8.8 TeV

• average distance of the electron
to the large Z nucleus d ~ 600 fm
(sizably higher than the range of strong
interactions)

p

•both beams have identical bunch structure
(timing and bunch densities), the same β * ,
the same beam emittance – the choice
of collision type can be done exclusively
by the trigger system (no read-out and
event reconstruction adjustments necessary)
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ep@LHC
initial estimation for 20882Pb(+80)-p collision scheme

• CM energy (ep collisions) = 202 GeV
• β at IP = 0.5 m
• Transverse normalized emittance = 1.5 µ m
• Number of ions/bunch = 108
• Number of protons/bunch = 4 x 1010
• Number of bunches = 608
• (ep) Luminosity ~ 0.8 x 1030 cm-2 s-1
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LOI and Proposal for a “proof-of-principle” experiment at SPS
(concurrently, and in a close relation to the outcome of the accelerator feasibility tests)

The goal of this experiment would be to validate the scheme of producing photons
in collisions of the SPS PSI beams with the laser photons. The preliminary concept
of this experiment exists. It could be made in two phases, the first using the
extracted PSI beam to the AWAKE experiment zone for collisions with photons
inside the F-P cavity, the second using PSI beams circulating in the SPS and
requiring an installation of the laser system in the UA1 cavern. The charge of the
Xe and Pb ions and their γL could be easily adjusted to the choice of the laser
wavelength. Several choices minimising the investment on the accelerator side are
already being studied.
The installation of the laser system could fit to the LS2 period of the CERN
accelerator complex operation. It could take place in 2019.
.
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Extra transparencies
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Life-time of partially stripped ion beams
•

Bunch temperature Tb << 1 Ry × Z2 at all the acceleration stages (radiative cooling, evaporation cooling, laser Doppler cooling)

•

“Stark effect” in the LHC superconducting dipoles (E= 7.3 1010 V/m) - only
high and medium Z ions allowed to be the electron carriers at the LHC

•

Ionization process
-realistic requirement on the LHC vacuum (concentration of
CH4 is critical - must be kept below ~6x1011 mol/m3 (circumference averaged )
to achieve the Pb81+(1s) beam life-time larger that 10 Hours )
- stringent requirements on the allowed beam collision schemes
(only partially stripped high Z ions can collide only with the lightest fully
stripped ions: p, He, O…)
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Survival of partially stripped ions:
Ionization losses
•

A dominant process leading to losses of partially stripped ions is the ionization
process in beam-beam and beam-gas collisions (note a quantum jump in magnetic
rigidity of the beam particles)
Ionization cross-sections
Anholt and Becker, Phys.Rev.A36(1987)

Experimental cross-check
Krause et al., Phys.Rev.A63(2001)

Coulomb contribution:

σCoul = s(Zt,Zp) (Zt/Zc)2 104 [barn/electron]
Transverse contribution:

σTran= t(Zt,Zp) (Zt/Zc)2 104 ln(γ2) [barn/electron]
Where: s(Zt,Zp), t(Zt,Zp) are slowly (logarithmically)
varying functions of the electron carrier Zc and
target Zt, and γ is the Lorenz factor
Note:
- spin-flip contribution is neglected
- coherent bunch contribution is neglected

Pb81+(1s) ions at 158GeV/A
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Survival of partially stripped ions:
beam-gas collisions
Collisions of Pb81+(1s) ions with the residual gas in the LHC beam pipe –
how long can they survive?
u

Calculate maximal allowed concentration of molecules to achieve the 10
hour lifetime of the beam
τ -1 = σ i x ρ

u

i

x c

Compare with the estimated densities for the gas molecules in the
interaction regions by Rossi and Hilleret, LHC project rapport 674 (2003):
(H2 – 1.3x1012; CH4 – 1.9x1011; … CO2 – 2.8x1011 mol/m3)
Result: The safety factor varies between 30 (for the H2 molecules) and 2 (for the CO2 molecules).
Better vacuum in arcs.
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Two beam cooling methods:
1. Radiative ion cooling (broad-band-laser cooling) – faster beam particles
lose more energy than slower ones and all gain the same energy in the accelerating cavity
Laser bandwidth covers the angular and
momentum dispersion of the ion beam

For Scenario 1 the dumping time is t =52 s and the equilibrium horizontal
emittance is εx= 3 x 10-15 mrad (E.G. Bessonov)

2. Enhanced cooling

Linear rise of the laser beam power in the frequency interval
within the a fraction of a broad beam region (previous case)

The dumping time is reduced to t =0.1 s (note cooling mainly in longitudinal
direction, emittance exchange schemes must be applied..) (E.G. Bessonov)
[1] E.G.Bessonov, Kwang-Je Kim, Radiative cooling of ion beams in storage rings by broad band lasers, Phys. Rev. Lett.,
1996, v.76, No 3, p.431-434; Preprint LBL -37458, UC-414, June 1995.
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Optimisation of the stripper type an thickness to run the
196 Au(+77) (He-like) beams
79
first in the AGS and subsequently in RHIC

Target type and thickness optimisation for the
BNL Au77+ beams (two electrons attached)
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The existing UA1 cavern
23

24

