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The context  
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Electricity prices (for CERN)  
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Prix kWh 

• Present CERN regulated  

price  (EDF): 

~ 0.042 euro 

(70% of CERN purchase with 

regulated tariff, till 2025)  

• “Market price”

~ 0.56 euro

(30% of CERN purchase)

M. Lamont, Oct . CERN Council meeting



Present and future power consumption at CERN
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Hypothetical Electricity cost   HL-LHC(FCC-hh);

• Regulated prices   ~ 63 (160)  x 106 CHF/y 

• “Market price”               ~ 840(2100) x 106 CHF/y

Present ``unitarity” bound:

CERN yearly budget -- 1200  x 106 euro /year !

Presently ~ 1.3 TWh

Yardsticks(yearly consumption):

• FCC-ee(240)     ~ 2  TWh

• FCC-hh             ~ 3.8 TWh

• Canton Geneva ~ 2.8 TWh

• Mankind             ~ 2 x 104  TWh

Future
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The most stable  response to the inevitable increase of the 

plug-power price and its present  and future volatility, 

…and to the risks of the power cuts is to produce rather  

than to buy the  CERN-requisite plug power.

…a “sine qua non” condition for sustainable  accelerator–

driven research at CERN  in the more-and-more unstable  

external environment?  
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Two necessary requirements: low carbon footprint  and safe energy source

SafetyCarbon footprint

Source: The Economist



Best use of the CERN expertise
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Accelerator driven nuclear energy (ADS)

Three conditions;

• requisite power for the present and future CERN scientific programme

• operation safety (a subcritical reactor)

• efficient transmutation of nuclear waste (very important societal 

impact if demonstrated at CERN – given its reputation  )

P. JANOT

P. JANOT
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Proton-beam-driven subcritical reactor studies

➢ Required proton beam power > 10 MW.

(presently operating  accelerators deliver up to 1 MW beams)

➢ Can photon beams be used instead of proton beams?



The challenge  
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Recent ``Nature” paper: Photon-beam-driven subcritical reactor    

LLFP loaded material:  Uranium dioxide pellets-fast breeder reactor core at 50 GWd/t 

Fuel: 235U   

Photon beam 



Two principal  gamma beam requirements 
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Required photon-beam energy:

5-20 MEV -- He(H)- like Ca or Kr  beams  +

comercial ~ 1 mm lasers  

Required beam intensity:

O(10 MW) power    

Keff – subcritical effective neutron multiplication factor



Can Gamma Factory deliver 

such a beam? 
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Gamma Factory          

Today



The FP cavity of the GF PoP experiment as a demonstrator  
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GF SPS –PoP: F-P cavity length – 3.75 m 

GF F-P cavity integration – SPS ring

Cost estimate: Laser + F-P – ~ 1  MCHF  

More: Yann’s talk this morning…
LHC implementation     



Three  principal technical requirements  
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LHC RF power and circumferential voltage Integrated laser pulses power  

◆Present RF power generated by sixteen  

300kW/400MHz klystrons = 4.8 MW. 

→For the 10 MW photon beam the number of klystrons 

would have to be increased  by  a factor of 3 

NB. At LEP 2  forty four klystrons, each of 1.3 MW power → 57 MW 

total power 

For the ideal case of 5mJ  “Erbium laser” photon pulses 

(1550 nm),  zero-degree crossing geometry, 109 Ca+18 

ions/bunch,  and 500 ps long laser pulses GF – the maximal 

achievable  photon rate would be  ~1018 1/s (10 MW beam of 

<Eg> =10 MeV photons requires  6.3 x 1018 g/s )  

➢ For 10 MW photon beam the number of laser-

pulse-PSI-beam crossing points over  the LHC 

straight section would have to be increased…

→ special design and its full simulation needed 

GF PoP FP Cavity:  
5mJ pulses @ 40MHz, (200kW  photon 

beam – commercial lasers)

◆Present LHC circumferential voltage, cv,  delivered 

by 8 cavities (two cryomodules) -- cv =  16 MV

→For the 10 MW photon beam of <Eg> =10 MeV, driven by  

He-like Ca ions,  the cv over the LHC ring would have to    

be increased to:  cv ~ 180 MV 

NB. At LEP 2, cv =  3650 MV to compensate for the average  ~ 3 GeV   

energy loss of each of the beam electron/positron per turn 
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Optimisation studies: GF beam and  laser pulses parameters 

and their collision optics    
+ Ca+18 beam parameters at IP 

• Energy                            9.107D+13 eV

• Number of ions/bunch        1.0000D+09

• Transverse Distribution          Gaussian

• Beta (x,y)                       5.000D+01 5.000D+01 m

• Emittance (x,y)                   3.000D-10 3.000D-10 rad.m

• R.m.s. beam size (x,y)    125.5  125.5 mm

• Gaussian tail cut off           3.50      3.50 sigma

• R.m.s. Bunch length  1.500D-02 m  

• E distribution               Gaussian

• Relat. energy spread 2.000D-04 

+ Laser parameters at IP (Erbium laser) 

• Wavelength                            1.55000 micron

• Photon energy                        0.799898 eV

• Peak power density                 3.527D+13 Watt/m**2

• Pulse energy (FP)                  4.987D-03 Joule

• Time profile of pulse            Gaussian

• R.m.s. pulse length                29.9792 mm

• Spatial profile of pulse        Gaussian

• Rayleigh length  729.6602 mm

• R.m.s beam size at focus     300.00    300.00 mm

+ PSI-bunch – laser pulse crossing angle            1 deg 

Number of photons with energy, Eg, 

in the interval of 6-19  MeV:

Ng = 7.24027 x 1018 1/s 

(11,5 MW GF beam)

Alternative scenario: Ytterbium laser - second harmonics 

of the PoP laser, He -like Krypton beam, Emax = 28 MeV 
Energy- radius correlation at 1 km distance 

from the photon-beam production point

20 GF-PoP –like FP cavities

Ng/day / N Avogadro ~ 1



Next steps
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Optimisation of  the GF-beam-driven reactor – on-going 

simulation studies      
Front view

Side  view

GF photon beam 

Collaboration with Prof. Wen  Luo group:

School of Nuclear Science and Technology, University of South China, Hengyang 

• Optimisation of the overall layout of the system

• Optimisation of  photo-neutron source

• Neutron transport

• Transmutation efficiencies

20 FPs 

5o m long straight section >300 m distance to the 

reactor (10 cm g- beam spot)



Why photons rather than protons?
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Proton-beam-driven and photon-beam driven subcritical reactors: 

(1) transmutation potential     

Comparable  neutron-driven transmutation 

capacity per MW of the beam power   

MYRRHA

Radial 

collimation

Photon beam -- unique fission surgery 

tool for photon-driven transmutation   

g-beam 

spectrum
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✓ There is no apparent showstopper to create at CERN  the 

O(10) MW photon beam – if based on the Gamma Factory 

concept

✓ Building of O(10) MW proton accelerator driver  represents   

a technological challenge (presently  < 1 MW, up to 2.4 MW 

planned for the future MYRRHA project) 

✓ Its cost (likely >109 CHF) would be comparable to the cost of 

a subcritical nuclear reactor construction 

✓ The 10 MW photon beam driver accelerator already exists 

(LHC). Cost of the laser stations negligible… but the  

operation aspects by far more complicated – practical only if 

associated with a broad multidisciplinary  research 

programme with the Gamma Factory  photon beams?

✓ Important aspect: GF photon beam is quasi continuous (20 

MHz repetition rate) – very useful  for the neutron flux 

stability(sub-criticality)

Proton-beam-driven and photon-beam driven subcritical reactors: 

(2) cost and operation aspects       

V. Shiltzev 
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Proton-beam-driven and photon-beam driven subcritical reactors: 

(3) plug power  efficiency 

Proton beam J-PARC Photon beam CERN-GF 

• beam lifetime 10 h

(plug power necessary to ramp the PSI beam to 

requisite  energy negligible)  

• beam power efficiency = beam power/ RF-

power > 90 % 

NB.(DESY FEL beam power efficiency – 0.1 %)

• overall energy efficiency = beam power/(LHC 

cryogenic power +RF power) =   10 MW 

/(10MW +40MW) = 20% 

Efficiency  = 1.3 % Efficiency  ~ 20 % 



Outlook 
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40(60) GeV ERL?

SPS

tunnel

LHC
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PSI = Partially Stripped Ions  

Low-emittance 

“cold” hadron beam 

Stripper

LEMMA

target

SPS fixed target 

programme

Multidisciplinary 

Gamma Factory 

research programme

GF-photon 

beam driven 

200-400 MW 

energy source

Dark matter 

search

~1026 g/year 

Gamma Factory could provide:

• Cold, low emittance, hadronic beam for the 

ultimate luminosity hadron collider

• High intensity m source ( >1013 m/s/MW)

• Polarised positron source (>1016 e+/s/MW) 

for the LEMMA scheme muon collider  

• ~10MW driver beam for the ADS energy 

source (under study)

Laser

cooling

5 GeV Linac

m based n-factory Muon programme

Potential GF role  in  an  incremental,  sustainable, and  multi-

disciplinary development of the research infrastructure at CERN  



Supplementary  slides  
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GF – presently the only technology capable to deliver  the requisite power polarised 

positron source for the CLIC, ILC and for the Lemma scheme muon collider  
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Frank Zimmermann – CERN seminar on challenges for future colliders 

Gamma Factory: Ne+ >1016 1/s/MW,    Nm+ = Nm- >1013 1/s/MW



Neutrons per proton
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Energy footprint of photon beams :  DESY-XFEL example

DESY-XFEL

• Wall-pug power – 19 MW

• Driver beam power consumption – 600 kW

• Photon beam power 600 W

• beam power efficiency  ~ 0.1 % 

• overall plug-power consumption efficiency ~ 0.003 % 

(thanks to Andrea Latina for these numbers) 
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