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• Proposal: M. W. Krasny (2015)

• Up to 1017 photons/s with energies up to 400 MeV

• Physics with primary, secondary, and tertiary beams

• “Table-top” physics with the LHC ? 
2
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relativistic

Photon-energy boost: 2!L

Photon-energy boost: 2!L× 2!L 
 backward emission angle: 1/!L
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The magnitude of the Gamma source intensity leap

Inverse Compton scattering

Gamma Factory

Cross-section Requirements

➢ Relatively “compact”
➢ Large laser system
➢ Low γ photon flux  

(109 ph/s)

➢ Unique Gamma-ray 
beam

➢ Modest laser 
requirements

➢ Ultrahigh γ photon flux 
(1016 ph/s)

➢ Transparent to 
accelerators

➢ Beam cooling 
capability

(LHC)

LINAC or LWFA

σ x 109 x 107 ph/s

Features

E. Granados   |   PBC Annual Workshop 2024   |   25.03.24 
M . W. Krasny “The CERN Gamma Factory proposal” 
https://indico.cern.ch/event/604619/contributions/2474166/ 

Compton backscatteringCompton backscattering

Tune laser frequency to resonant atomic transition —> ~every photon in the bunch interacts

The	Gamma	Factory	Intensity	Leap
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Comparison to other X-ray and Gamma-ray sources

“Can one make a technological leap of 
7 orders of magnitude to deliver similar 

fluxes to FELs in the Gamma-rays?”

Storage Ring

          Linac

          ERL

  *       Design
  **      Under commissioning
  ***     Existing 

Gamma raysX rays

Gamma
Factory
CERN

GF
PoP

107

104

European XFEL Gamma Factory

27,000 pulses/s 20 MHz

24 keV 18 MeV

1016 photons/s 3.6 x 1017 photons/s

1.4 mJ/pulse 5 mJ/pulse (laser)

38 W (J/s) 570 kW (kJ/s)

The Gamma Factory operates with MW electric 
power and 10s MJ of stored beam energy

Example (GF for nuclear physics app):

So far, the only facility currently providing 
such parameter space is the LHC
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Where	is	GF	in	the	global	context?	

LHC	—	huge	rel.	factor	 	

PSI	—	huge	cross	secBon		

XFEL	at	≤	400	MeV	energy!	

Proof-of-Principle	(PoP)	

experiment	

	at	SPS	in	preparaBon	for	2028

γ
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Is this possible?
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7GF group is open to everyone willing to contribute to  this initiative!

Gamma Factory PBC study group 
90 scientists
35 institutes

>10 countries

Prof. Dr. 
Witold Krasny
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Physics Beyond Colliders: The Gamma Factory at CERN
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Examples of physics opportunities (from 2021)
Now many more additional papers have been published

3

Physics Beyond Colliders: The Gamma Factory at CERN
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Examples of physics opportunities (from 2021)
Now many more additional papers have been published

Gamma	Factory	virtual	MITP	workshop	in	2020	
Great	response	from	the	community	
Special	issue	in	Annalen	der	Physik
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Ann. Phys. (Berlin) 
2021, 2100284
arXiv:2106.06584



Secondary	Photons	( )	on	Fixed	Targetω2 = 40 keV − 400 MeV 32

Excited ions

Laser pulse

Ion bunch

Gamma-ray
pulses

Targets

FIG. 20. The parallel spectroscopy configuration.

FIG. 21. The gamma factory configurations suitable for the pump-probe experiments: a) su�ciently large angle of collision
between the laser and the ion beam allows for the laser temporal profile to be imprinted into the gamma-ray pulses; b) X-ray
probe pulse can be selected and energy-tuned using a small-angle X-ray mirror.

Angle-correlated energy resolution ~10-4/5

+ 100% polarization —>

Study narrow states, identify quantum numbers

Photophysics with radioisotopes (proximity of ISOLDE)

P-violation with real photons in hadronic range 

Secondary	Photons	in	Colliding	Mode	on	p/ion	beam	( )s ≤ 100 GeV
Circular	photon	polarizaBon	—>	assess	parity	violaBng	part	of	CS	( )	
With	PV	can	access	odderon	()	without	the	need	for	anB-parBcle	beam!	
Parity-Conserving	 :	C+,	P+	(pomeron)	—	Parity-ViolaBng	 :	C-,	P-	(odderon)

F3

F1 F3

2
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Selected	physics	highlights	



p + γ → Δ → p + π0 → p + 2γ

Tune	the	gamma	ray	to	be	on	the	Delta	resonance	(in	the	rest	frame	of	the	proton	beam)

≈ (Mγ,0,0,Mγ) (ω,0,0, − ω)

p 

Δ+(1232)

p 

π0γ = Ep/M = 7000

TerBary	VHEGR	Photons	ω3 ≤ 3.2 TeV
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Incident	beam:	 	—>		pion	produced	at	 	

All	pions	will	decay	into	2	photons	within	 	

Rate	esBmate:	4300	photons/s

ω ≈ 300 MeV/2γ ∼ 22 keV ωπ ∼ 2γ 230 MeV = 3.2 TeV

γτπ0 ≈ 2.5 × 10−13 s

p + γ → Δ → p + π0 → p + 2γ

Tune	the	gamma	ray	to	be	on	the	Delta	resonance	(in	the	rest	frame	of	the	proton	beam)

≈ (Mγ,0,0,Mγ) (ω,0,0, − ω)

p 

Δ+(1232)

p 

π0γ = Ep/M = 7000

TerBary	VHEGR	Photons	ω3 ≤ 3.2 TeV
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Incident	beam:	 	—>		pion	produced	at	 	

All	pions	will	decay	into	2	photons	within	 	

Rate	esBmate:	4300	photons/s

ω ≈ 300 MeV/2γ ∼ 22 keV ωπ ∼ 2γ 230 MeV = 3.2 TeV

γτπ0 ≈ 2.5 × 10−13 s

p + γ → Δ → p + π0 → p + 2γ

Tune	the	gamma	ray	to	be	on	the	Delta	resonance	(in	the	rest	frame	of	the	proton	beam)

≈ (Mγ,0,0,Mγ) (ω,0,0, − ω)

p 

Δ+(1232)

p 

π0γ = Ep/M = 7000

The	highest	photon	energy	produced	in	the	lab	-	studies	relevant	e.g.	for	astrophysics

TerBary	VHEGR	Photons	ω3 ≤ 3.2 TeV

12
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Summary

•The	Gamma	Factory	@	LHC:	a	unique	gamma	source		

•Unprecedented	photon	flux,	wide	energy	range,	high	energy	resoluBon,	100%	polarized	

•A	wide	range	of	physics	tasks	with	photons	from	40	keV	to	3.2	TeV	

•Will	deliver	crucial	insights	in	atomic,	nuclear,	hadronic,	parBcle	physics,	BSM	searches
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Goals

Budget
2 workshops á 15 k€ = 30 k€ (ECT* and CERN natural choice, also MITP)


Travel money for networking 25 k€/year = 100 k€


1 PD position for 2 years at Mainz = 150k€

GF collaboration exists and already produced scientific results: 

- Review papers and special issues of Annalen der Physik with case studies

- Technical group preparing the PoP experiment at SPS


Maintain the collaboration and promote its contribution to PBC

Further elaborate the physics case for GF @ CERN —> service to CERN


Study application of GF principle to other machines (EIC, GSI/FAIR, …)


