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2017:  
Creation of the 
Gamma Factory 
PBC study group 

 



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

Gamma Factory PBC study group   

Today: 
66 scientists 
20 institutes 
  9 countries 



Gamma Factory  research tools:  
    primary and secondary beams     

       A leap in production efficiency, intensity and  purity    

Atomic beams  

(PSI)  
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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, dark mater, EW precision 
measurements with PSI, n, µ and ν beams… 

Gamma Factory  research  potential    

       Opening new research domains and a leap in the measurement precision in 
existing research domains – a paradise for creative physicists…      
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1.  Demonstration of efficient production, acceleration 
and  storage of  “atomic beams”  in the  CERN 
accelerator complex.  

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

3.  Successful execution of the GF Proof-of-
Principle (PoP) experiment in the SPS tunnel. 

4.  Building up the physics cases for the LHC-based 
GF research programme and attracting wide 
scientific communities to use the GF tools in    
their respective research. 

5.  Extrapolation  of the PoP experiment results  to the 
LHC case and realistic assessment of the 
performance figures of the GF programme. 

6.  Elaboration of the TDR for the LHC-based GF 
research programme. 

Gamma Factory milestones – where we are?  

Documented in Vol.1 of 
the the Gamma Factory  
Yellow Report. 

LoI submitted to the 
SPSC on the 25th of 
September 2019. 

Documents 
summarising highlights 
of the GF research 
potential in the domains 
of Atomic and Nuclear 
physics in preparation. 
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…motivation   

8 
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PoP experiment in the SPS tunnel   

Placement of the FP cavity in the 
SPS tunnel 
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What we want to learn/demonstrate with the GF 
Proof-of-Principle (PoP)  experiment at the SPS?  

1.  Demonstrate integration and operation of  laser and a Fabry-Perot cavity in a high 
energy hadron storage ring.  

2.  Benchmark simulations of atomic excitation rates. 
3.  Develop a collision scheme and implement the operational tools, match the laser 

photon spectrum to the atomic excitation width to maximise excitation rate. 
4.  Demonstrate laser and atomic bunches synchronisation. 
5.  Measure and characterise the photon flux.  
6.  Develop atomic and photon beams diagnostic methods. 

7.  Evaluate the performance of  laser cooling techniques of  the atomic beams  
 
8.  Perform atomic physics measurements in the ultra-relativistic regime.  
 

Today… 



Longitudinal laser cooling is important to stabilize the ion motion: 

 Two complementary paths to HL-LHC  

Two  ways to increase the machine luminosity:   
1.  Increase beam focusing at the IPs of the experiments. 
2.  Decrease transverse beam emittance of colliding beams. 
   … and, perhaps the best option, a mixing of the previous two   

 
\ 

The beam width σ can be expressed in terms of the β* parameter describing 
beam focussing strength in the interaction point and a beam emittance ε.  
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On-going HL(pp) -LHC project  

Levelled Luminosity: 2.5 (5) x 1034  cm-2s-1 

estimated cost ~ 1 billion  euro 
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Beam cooling of atomic beams at the SPS: 

… to be experimentally confirmed by the GF PoP experiment… 

Merit of atomic beams: highly 
efficient, selective,  manipulation of the 
beam particles confined in the particle 
bunches by the laser photons – opening a 
path to a very fast beam cooling.     

Selected beam particles  

Transverse beam cooling at the SPS -- Li-like Calcium ions:  
•  (2s—>3p)1/2 transition 
•  Laser light wavelength: 768 nm (t.c.). 768.3 nm(l.c.) 
•  Laser pulse energy:  2 mJ (t.c.),  0.25 mJ (l.c.) 
•  Laser pulse length: 2 ps  
•  Laser transverse pulse size: 1.1 mm 
•  Crossing angle: 1.3 deg 
•  Expected cooling time ~ 7 s  

Beam particles  

A.Petrenko   
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SPS 
LHC 

PS 

LEIR 

Stripper 

Stripper 

fully stripped 
Calcium –Ca(+20) 

Laser  cooling 
 (2s—>3p)1/2  

Source+Linac: Charge state after  

stripping: Ca17+, 80 K cooler than Pb! 

 

 Lithium-like 
Calcium - Ca(+17) 

Parameter Cooling 
only 

Cooling/ 
focusing 

s1/2 [TeV]  7.  7. 

σBFPP(Ca)/σBFPP(Pb)  5 x 10-5  5 x 10-5 
 

σhad(Ca)/σtot(Ca)  0.6 0.6 

Nb 6 x 109  3 x 109  

ε(x,y)n [µm]  (1) 0.7   0.7 

IBS horizontal [h] 1.2  2.3 

β*  0.5  0.15 

LNN [cm-2s-1] 5.1 x 1034 4.3x 1034 
 

Nb of bunches 1404 1404 

Collisions/beam 
crossing 

3.9 3.3  

(1) Beam emittanace must be preserved through the LHC acceleration cycle 

 

 

Gamma Factory proposal for  HL(NN)-LHC: 
An implementation scheme with Ca beams   

Initial estimates 
 



Gamma Factory PoP experiment at the SPS (2.4 
MCHF) may  open a complementary  path to HL-
LHC (with equivalent,  …or higher partonic 
luminosities),  by storing  quark and gluons in 
“cold”-nucleus  rather than in “hot”-proton 
bunches…  
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… the most likely achievable luminosity limit  od this scheme is IBS – a stochastic optical 
cooling at the beam collision energies, and blow up of the longitudinal emittance over the 
LHC acceleration cycle,  may be required to preserve the beam emittance of the  SPS-
cooled  beam…    
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Three merits of HL(NN)-LHC  w.r.t.  HL(pp)-LHC  
(at equivalent partonic  luminosities) 

1. Better signal to noise for   
point-like partonic processes: 
 
•      lower number of collisions/b.c. 
•          lower average multiplicity of soft hadrons   
   

                nsoft(AA)  ~ Npart < Ncoll 

2. Maximizing the luminosity of 
photon-photon collisions: 
  
•   avoid excessive  beam burning at high Z 
•       profit from the Z4 (coherence) enhancement   

 

Z 

M.L. Miller et al.   D. Brandt.   
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The canonical LHC pp collision mode (including 
HL-LHC) is not optimal for the precision EW 
programme (1) , why? 
 
 
 
 
 
 
 
(1) For the quantification of these statements see e.g..:   
 
 M.W. Krasny, F. Dydak, F. Fayette, W. Placzek, A. Siodmok, Eur.Phys.J. C69 (2010) 379-397. 
 F. Fayette, M.W. Krasny, W. Placzek, A. Siodmok, Eur.Phys.J. C63 (2009) 33-56. 
 M.W. Krasny, F. Fayette, W. Placzek, A. Siodmok, Eur.Phys.J. C51 (2007) 607-617. 
 M.W. Krasny, S. Jadach, W. Placzek, Eur.Phys.J. C44 (2005) 333-350. 
     

L

L

R R

u and d quarks have different  
charges, weak isospin and  
vector and axial couplings:  
 
 
 
 
 
 

Need to know -- to a very 
high precision – the 
composition of  partonic 
beam: in particular the 
relative momentum 
distributions of u and d 
quarks  in the proton! 
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Three merits of HL(NN)-LHC  w.r.t.  HL(pp)-LHC  
(at equivalent partonic  luminosities) 

3.Why choosing the Ca ions? à Isoscalar (Z=A/2) ion beam   
 
Profit from the flavour symmetry of strong interactions to control the partonic 
beam composition and their longitudinal and transverse emittances: 
 

uneutron(x,pt,Q2) = dproton(x,pt,Q2)   and    dneutron(x,pt,Q2)  = uproton(x,pt,Q2)  
 

…allowing to equalize(1)  the distributions of the u and quarks: 
dCa(x,pt,Q2)  = uCa(x,pt,Q2)   

 

(1)  Up to a tiny EM corrections  
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An illustration of the gain in the measurement 
precision by using isoscalar ion instead of  proton 

beams   

Measurement of the ratio of the pseudo-rapidity distributions of the charged lepton 
for W and Z production at the LHC. Gain in precision a factor of ~8. 

 M.W. Krasny, F. Fayette, W. Placzek, A. Siodmok, Eur.Phys.J. C51 (2007) 607-617 

Isoscalar LHC beams provide the unique way to improve our present 
knowledge of the SM basic parameters such as MW, sin2θW,… 
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Conclusions 

Ø  Over the last 2 years the Gamma Factory initial ideas developed into 
a well-defined project involving a group of ~70 scientists from 19 
institutes in 9 countries. 

Ø  Progress has been impressive. The next steps are clear. 

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

Ø  It is now entering  its second and decisive phase with a proposition 
of  a GF Proof-of-Principle experiment at the CERN SPS. 
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Conclusions 
Ø  The ultimate target of the GF initiative is to develop a variety of novel 

research tools and research concepts which could open new exciting 
opportunities in a broad domain of basic and applied science. 

Ø  A specific  example of  the  HL(NN)-LHC concept and its physics 
potential  was presented in this talk as an  illustration of a possible 
impact of  the Gamma Factory ideas and tools  on the ongoing and 
the future CERN research programme.   

Ø  We hope that the SPS PoP experiment will be approved and  the 
requisite resources (2.4 MCHF) allocated by CERN and by the 
national Funding Agencies (ERC funds) allowing to pass the next and  
decisive Gamma Factory  R&D phase. 
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Postscriptum 

Ø  PBC has provided an ideal cradle for the development of the GF 
project in its initial stage (we are grateful for this “early childhood” 
care). 

Ø  For the success of the subsequent GF R&D stages a recognition of 
the enormous GF research potential is crucial  (ESPP process) 
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The GF timeline (2020-2024) 
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Quantum uncertainty of the  

Longitudinal position of W-production  Quantum formation lengths of W-boson 

M.W. Krasny, S. Jadach, W. Placzek. 
Eur.Phys.J. C44 (2005) 333-350. 

 

An additional  merit of HL(AA)-LHC  w.r.t.  HL(pp)-LHC 
Tagged beams of transversely and longitudinally polarized W and Z bosons 


