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Gamma Factory initiative (Sept. 2016)  



3 GF study  group is open to everyone willing to contribute to  this initiative! 

Gamma Factory study group members (March 2019)  

Today: 
64 scientists 
20 institutes 
  9 countries 
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Three principal domains of activities  
and their coordination 

 
As we have passed the threshold of 50 group members (November 2018) , it became  
natural to segment our on-going  activities into the  three already well defined  
and well established domains,  and into several on-going  “incubator phase” studies.  
 
Reyes Alemany Fernandez is  coordinating all the activities of the preparation and  running of 
PSI beams at CERN and the analysis of their results  — including the implementation of the new 
stripper(s), beam collimation aspects,  storage ring vacuum conditions, etc… 
 
Brennan Goddard is  coordinating the Conceptual Design Studies for our PoP experiment, and 
the preparation of the LOI  for the SPSC.  
 
Alexey Petrenko is  coordinating the development of the Gamma Factory software, in both its 
beam dynamics and cooling aspect, and the gamma beam production aspects 
 
                    … they have organised and will chair the corresponding sessions of this meeting… 



Gamma Factory research tools:  
    primary and secondary beams     

       A leap in production efficiency, intensity and  purity    

Atomic beams  

(PSI)  
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Gamma Factory  beam intensity targets 

•  Highly-ionised, highly-charged atoms – new at relativistic energies. 

•  Photons – up to factor of 107 gain in intensity w.r.t. present gamma 

sources.  
•  Polarised positrons – up to factor of 104 gain in intensity w.r.t. KEK 

positron source. 
•  Polarised muons – up to factor 103 gain in intensity w.r.t. to PSI 

muon source (low emittance beams à muon collider, high purity 
neutrino beams). 

•  Neutrons – up to factor of 104 in flux of primary neutrons per 1 kW of 
driver beam power. 

•  Radioactive ions – up to a factor 104 gain in intensity w.r.t. to e.g. 
ALTO. 
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Particle 

Nuclear 

Accelerator 

Atomic 

Applied 

Physics 

nuclear charge and spin structure, neutron 
skin, confinement studies, photo-fission… 

beam cooling, plasma wake field acc., high-
int. polarized e+ & µ sources, ν-sources… 

physics of highly charged electronic and 
muonic atoms: strong  EM fields, EW effects… 

accelerator driven energy sources , cold & 
warm fusion, medical isotope production…  

basic symmetries, DM, EW precision 
measurements with PSI, n, µ and ν beams… 

Gamma Factory  research potential    

       Diverse and exciting research programme in many branches of science      
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Three examples illustrating  the 
Gamma Factory research potential: 

 
•  Low emittance lepton source for muon collider and muon beam 

based neutrino factory 
•  Precision EW physics at the LHC with isoscalar beam  
•  An applied physics example   
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F. Zimmermann – Muon collider workshop, 2018 - Padova 
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muon  
acceleration   

positron 
acceleration   

γ-beam    

Electrons and positrons    

muons   

Momentum equalisation zone    

Focusing 
zone    

initial ideas…  
software tools are being developed -- talk of V. Ivantchenko at this meeting) 

Electron and muon 
bunches  
separation zone    

GF-based muon 
collider and neutrino 
factory  

~3 m bunch separation 
over the time span of 
~20ns  
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Propagation of transversely and longitudinally (Higgs 
modes) polarized W-bosons in vacuum and matter    

Quantum uncertainty of the  

Longitudinal position of W-production  Formation lengths of W-boson 

M.W. Krasny, S. Jadach, W. Placzek. 
Eur.Phys.J. C44 (2005) 333-350. 
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Luminosity requirements for 
precision EW physics at the LHC     

•  LAA ~ 0.1 Lpp/A2  
  
     already sufficient for a large fraction of the precision measurement  
     programme with isoscalar beams (e.g. for  the MW measurement). 

     Example: LCaCa ~0.6 x1030 [1/(cm2s)] – feasible for 2x109 Ca ions/bunch  
     at the SPS exit? (D. Manglunki et al Proceedings of IPAC2016, Busan, Korea)  

     How to achieve such a goal:  
 
Laser Doppler cooling of isoscalar PSI at the SPS followed by an 
electron stripping in the SPS-LHC transfer line and (if necessary)  
optical stochastic cooling at the LHC 
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Electric power for the LHC cavities-energy recovery  

neutrons 

Electrons, 

Positrons 

B 

B 

γ-beam 

Fissionable nuclear waste – neutron multiplication 

Fissionable nuclear waste sensitive to slow neutrons 

Principal target – GDR sensitive nuclear waste 

Moderator  

vacuum  

Coolant  
inlet 

Coolant  
outlet 

High intensity electron and positron beams – cost  recovery  

Distance to the  
LHC tunnel:  

~100 
 

Solenoid   magnetic field 

… an idea of the secondary positron beam producing station  with 
sustainable research -- the electric power and cost recovery                
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A path from the GF initial ideas to 
the GF research project   

 -- three constraints --  

  
q  The GF programme can be realised  at CERN by using its present accelerator 

complex infrastructure, including the LHC – it must fit to the long term plans of 
of  CERN.  

q  The GF programme can only be realized as an interdisciplinary  project 
(collaboration of accelerator, particle physics, nuclear physics, atomic physics 
and applied physics communities) – first ever attempt going in this direction. 

q  We (the Gamma Factory study group)  have to demonstrate,  
quantitatively, based on detailed simulations and the dedicated R&D 
studies,  its  research potential.  



LHC run schedule  
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We are here  

Start of the LHC-based 
GF research programme   

High Lumi LHC  
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The opportunity window for the Gamma Factory 
research programme  

  
q  The next CERN high-energy frontier project may take long time to be 

approved, financed and built.  

q  If the  present LHC research programme  reaches earlier its discovery 
saturation (no further physics gain by extending its running time), a strong 
need will arise for a novel programme which could re-use (“co-use”) the 
existing CERN facilities (including the LHC)  in ways and at levels that were 
not necessarily thought of when the machines were designed.  

q  Gamma Factory research programme could potentially fulfil such a role. It 
could  exploit the existing,  world unique opportunities offered by the CERN 
accelerator complex and its scientific infrastructure (not available elsewhere). 

Ø  It requires an extensive  R&D to prove its feasibility. The R&D timeline is 
tight  to be ready, at the time when such a need arises…  
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PBC as a “start-up cradle” for the Gamma Factory  
study group activities  

The Gamma Factory initiative (arXiv:1511.07794 [hep-ex]) was  endorsed by 
the CERN management by creating (February 2017) the Gamma Factory 
study group, embedded within the Physics Beyond Colliders (PBC) studies 
framework: 

Conveners: J. Jaeckel, M. Lamont, C. Vallee 



The PBC groups 
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Funding profile 
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Mike Lamont 



The EPPSU context    
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The European Particle Physics Strategy Update (EPPSU) is the process by which every ~ 7  
Years the European particle physics community updates the priorities and strategy of the field. 
 
First ESPP in 2006; first update in 2013; next update 2020. 
 
Bottom-up process involving the community. Driven by physics, with awareness  
of financial and technical feasibility.  
 
Scientific input includes: physics results from current facilities from all over the world; physics  
motivations, design studies and technical feasibility of future projects; results of R&D work. 
 
The Strategy is adopted by the CERN Council.  
Individual (major) projects require dedicated approval: e.g. HL-LHC 

                          
                                                                                      from Fabiola Gianotti’s presentation  
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Gamma Factory group EPPSU contributions     

Submitted December.  2019 
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1.  Production, acceleration and  storage of  “atomic beams”  at CERN 
accelerator complex.  

2.  Proof-of-Principle (PoP) experiment in the SPS tunnel. 

3.  Development “ab nihilo”  the requisite Gamma Factory software tools. 

 

4.  Realistic assessment of Gamma Factory performance figures. 

5.  Physics highlights of Gamma Factory based research programme. 
 
6.  Gamma Factory TDR. 

The Gamma Factory study group  milestones  
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July 2018: Birth of Atomic Physics research at CERN 

https://home.cern/about/updates/2018/07/lhc-accelerates-its-first-atoms 
https://www.sciencealert.com/the-large-hadron-collider-just-successfully-accelerated-its-first-atoms 
https://www.forbes.com/sites/meriameberboucha/2018/07/31/lhc-at-cern-accelerates-atoms-for-the-first-time/
#36db60ae5cb4 
https://www.livescience.com/63211-lhc-atoms-with-electrons-light-speed.html 
https://interestingengineering.com/cerns-large-hadron-collider-accelerates-its-first-atoms 
https://www.sciencenews.org/article/physicists-accelerate-atoms-large-hadron-collider-first-time 
https://insights.globalspec.com/article/9461/the-lhc-successfully-accelerated-its-first-atoms 
https://www.maxisciences.com/lhc/le-grand-collisionneur-de-hadrons-lhc-accomplit-une-grande-premiere_art41268.html 
https://www.symmetrymagazine.org/article/lhc-accelerates-its-first-atoms 
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Acknowledgement: 
The successful Gamma Factory beam tests, with the Xe+39, 
Pb+80 and Pb+81 beams, over the year 2017 and 2018 
involved dedicated  work of the operation tams of the: Ion 
source, Linac, PS, SPS, LHC, the BE, EN groups responsible 
for the installations of the GF strippers, vacuum teams, RF-
experts and numerous  other individuals.  
 
We (GF-group) acknowledge high quality of their work and 
and their enthusiasm in making these tests a success story!       
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What we want to learn/demonstrate with the GF 
Proof-of-Principle (PoP)  experiment at the SPS?  

1.   How to integrate the laser and Fabry–Perot cavity system into the storage ring 
of hadronic beam? (radiation hardness of the laser system, IP for high beam 
magnetic rigidity  beam, beam impedance, vacuum,  etc…) 

2.  How to maximise  the rate of atomic excitations? 

3.  How to extract  γ-rays from the collision zone?  

4.  How to collimate the γ-ray beam?  

5.  How to monitor/measure the flux of outgoing photons? 
 
6.  Demonstrate new cooling method of hadronic beams (Doppler Cooling).  
7.  Atomic Physics measurement programme. 



GF software development   

A. Petrenko 

A. Martens, K. Cassou. 

C. Curatolo, W.PLaczek 

W. PLaczek 

W. PLaczek W. PLaczek 

W. PLaczek 

C. Curatolo, W.PLaczek 

A. Petrenko 

MC Cross-check  MC Cross-check  Beam cooling studies  

Beam cooling studies  

Laser and F-P  
optimisation studies  

Maximising Nb of excited atoms  

Selective  atomic excitation  

PoP photo  
detection studies  

PoP photo  
detection studies  
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The Gamma Factory studies timeline  
(as specified in the GF EPPSU document) 

Phase 1  -- Initial beam tests and PoP experiment design 

Phase 2  --  SPS  PoP experiment  and GF performance studies 
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1.  Production, acceleration and  storage of  “atomic beams”  at CERN 
accelerator complex.  

2.  Proof-of-Principle (PoP) experiment in the SPS tunnel. 

3.  Development “ab nihilo”  the requisite Gamma Factory software tools. 

 

4.  Realistic assessment of Gamma Factory performance figures. 

5.  Physics highlights of Gamma Factory based research programme. 
 
6.  Gamma Factory TDR. 

The Gamma Factory group Yellow Report   
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Overleaf framework 
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https//fr.overleaf.com/project/5c52c7d598873812604174ce 
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The principal goal of this meeting  

Ø  Over the last 2 years the Gamma Factory initial ideas have been  
transformed  into well-defined R&D activities  

Ø  We have passed the  first and  most important milestone: the 
proof that one can produce, accelerate and store atomic 
beams in the CERN accelerator complex...  

Ø  … and entered its second phase: (1) developing the requisite 
software tools and (2)  designing  a GF Proof-of-Principle 
experiment at the CERN SPS. 

Ø  We have submitted two documents (Comprehensive overview 
and Addendum) to the European Particle Physics Strategy 
Update 2018–2020 and hope that the Gamma Factory will be 
retained as a possible  future research programme for CERN. 



The principal goal of the meeting  
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Ø  Given the the EPPSU timing our main priority now is to document 
the work which has already been done by the GF study group,  e.g. 
in a form of a CERN Yellow Report  

Ø  This a very crucial step on our path from the “GF initiative” to 
the “GF project” stage.   

Ø  Such a reference document  will be of of help while: (1) applying for 
grants, (2) preparing conference contributions, (3) preparing the LoI 
for the GF proof-of-principle experiment and finally (4) for the visibility 
of our progress -  a “sine qua non” condition to trigger the quantitative 
studies of the GF research goals  

Ø  The structure of the document and the assignments of the authors of 
the sections and chapters  has been made… initial drafts of several 
contributions have been written J   (…111 pages  as of today…) 



One of the principal goal of his meeting is to 
review were do we stand with the GF YR 
writing…  the agenda of this meeting reflects 
closely the structure of sections and chapters 
of the YR. 
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The Agenda of the meeting    
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Monday morning – PSI beams session chaired by Reyes 



The agenda of the meeting    
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Monday afternoon  – PSI beams session cont. – chaired by Reyes 



The agenda of the meeting    
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Tuesday  afternoon  – gamma ray source  session. – chaired by Andrey 
                                   software tools development session chaired by Alexey 



The agenda of the meeting    
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Wednesday morning –  software tools development session chaired by Alexey 



The agenda of the meeting    
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Wednesday afternoon –  PoP experiment session  chaired by Bren and Yann 



The agenda of the meeting    
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Thursday morning –  PoP experiment session  chaired by Bren and Yann 
                                                       (SPS tunnel visit organised by Reyes)  



Tuesday dinner 
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A table for 12 was reserved in the O’Brasseur bar for Tuesday  
dinner (8 PM) (8 people inscribed in the Meeting registration form)  
- please let me know if you did not inscribe and want to join…  
the bar is within a walking distance from CERN       
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Welcome,  
 and looking forward to a fruitful 

GF meeting! 
 
 
 
 


