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• Recirculating accelerators with multipass crossing 
accelerating sections and independent magnetic transport 
system for each pass – basis of the projects MARS and ERL 
light  sources. 

• Creation of microtrons, racetrack microtrons, cascaded 
race-track microtrons been very important steps for 
understanding problems of recirculating accelerators. 
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• Superconducting RF technology was developed by 
Cornell University, KEK, CERN, Jefferson Laboratory, 
DESY. 

• The CEBAF at Jefferson Laboratory was first in world 
large scale implementation SRF technology and using 
multipass beam recirculation. 

• The CEBAF accelerator is a 5-pass recirculating  
SRF linac with CW beams of up to 200 µA, full energy is 
nearly 6 GeV, geometric emittance ε < 10-9 m⋅rad and 
relative energy spread of a few 10-5. 
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History of physical proposals based on using of 
accelerator – recuperator:

•- M. Tigner (1965) for realization of linear e-e- collider using 
SRF linacs with energy recovery; (not realized) (M. Tigner, 
Nuovo Cimento, 37, (1965). )

•- G. Budker (1968) for creation electron coolers using DC 
electron accelerators; first demonstration of energy recovery 
cooler was made in Novosibirsk (1974); now all electron 
coolers (more 10) use energy recuperation. 

•- A. Skrinsky, N. Vinokurov (1976) for increasing efficiency 
and power of FEL; first demonstration of energy recovery 
SRF linac was made at Stanford University (1986); (T. Smith 
e. a., NIMA, 259 (1987). Now in operation ERL-FELs in 
Jefferson Laboratory FEL (USA), Budker Institute of Nuclear 
Physics FEL (Russia), JAERI FEL (Japan). 
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Operated  FEL
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The scheme and views of the 1The scheme and views of the 1stst stage stage NovosibirskNovosibirsk acceleratoraccelerator--recuperator recuperator 
and FELand FEL 17
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On AprilOn April 4, 2003, 4, 2003, firstfirst lasing was obtained atlasing was obtained at a 1sta 1st stagestage FEL.FEL.
At presentAt present,, thisthis FELFEL is the most powerfulis the most powerful (400 W)(400 W) generator generator 
of the terahertz radiation with tunable wavelengthof the terahertz radiation with tunable wavelength (120(120--235235
µµmm, , δλδλ//λλ=3=3••1010--33).).



Second stage Second stage NovoFELNovoFEL

A full-scale 4-track accelerator-recuperator uses the same

accelerating structure as the accelerator-recuperator of the

1st stage but in contrast to the latter, it is placed in the

horizontal plane. Thus, there is no need in dismounting one

for installing another.

The choice of operation regime at one of two machines and

one of three FEL will be achived by simple reswitching of the

bending magnets. 19



2-nd stage Novosibirsk FEL (in horizontal plane)

90 MHzMaximum repetition rate

150 mAMaximum mean current

up to 40 MeVE-beam energy

Up to 10 kWAverage power

5 – 240 µmRadiation wavelength
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InjectorBeam dump

120 – 240 µm 1st stage NovoFEL
(in vertical plane)

30 – 120 µm

5 – 30 µm

RF Cavities



Novosibirsk free electron laser

Status of the NovoFEL second stage 

FEL-2007 Conference excursion,
Novosibirsk, August 29, 2007  

Assembly of four tracks of Assembly of four tracks of NovoFELNovoFEL accelerator system is in progressaccelerator system is in progress
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Planned ERL-FELs
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Realization of a fully spatial coherent source  is possible in cRealization of a fully spatial coherent source  is possible in case ase 
of a shift from electron storage rings to accelerators with enerof a shift from electron storage rings to accelerators with energy gy 
recuperation, which was first discussed at SRIrecuperation, which was first discussed at SRI--97 (see 97 (see KulipanovKulipanov
G., G., SkrinskySkrinsky A., A., VinokurovVinokurov N. N. SynchortonSynchorton light sources and recent light sources and recent 
development of accelerator technology. // J. Of Synchrotron development of accelerator technology. // J. Of Synchrotron 
Radiation Radiation ––1998 V.5  pt.3  P.1761998 V.5  pt.3  P.176).).

Presentation of MARS Presentation of MARS -- recuperator based diffractionrecuperator based diffraction--limited    limited    
XX--ray source was made on ICFA workshop on future light sources ray source was made on ICFA workshop on future light sources 
(ANL, USA, July 1999).(ANL, USA, July 1999).

After that, the idea of using the acceleratorsAfter that, the idea of using the accelerators--recuperators was recuperators was 
actively discussed at Jefferson Lab, Cornell Uni., BNL, LBL, actively discussed at Jefferson Lab, Cornell Uni., BNL, LBL, 
Erlangen Erlangen Uni., Uni., Daresbury Daresbury Lab., KEK.Lab., KEK.
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Energy recovery demonstration at world – record energy 
was made at SEBAF Jefferson Laboratory at 2003: 

- Demonstrated the feasibility of energy recovering a high 
energy (1 GeV) beam through a large (~1 km circumference), 
superconducting (39 cryomodules) machine. 

- 80 µA of CW beam, accelerated to 1055 MeV and 
energy recovered at 55 MeV. 

- 1 µA of CW beam, accelerated to 1020 MeV and energy 
recovered at 20 MeV, was steered to the ER dump. 

- Tested the dynamic range on system performance by 
demonstrating high final-to-injectror energy ratios (Efinal/Einj) of 
20:1 and 50:1. 
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Planned ERL- X-ray sources
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Basic overall dimensions of ERL and MARS (Basic overall dimensions of ERL and MARS (EEmaxmax = 6 = 6 GeVGeV))

6 GeV

∆E = 5.28 GeV, Lacc = 576 m (ERL, nt=1)

∆E = 1.32 GeV, Lacc = 144 m (MARS, nt=4)

λ~1Å

λ~12Å

Injector
5 MeVBeam 

dump 

MARS:  3D view

36

2.04 GeV      3.36 GeV      4.58 GeV      6 GeV

R=100 m

∆E = 0.66 GeV

∆E = 55 MeV



A rough estimation has shown that in practice, the total cost A rough estimation has shown that in practice, the total cost 

of the multiof the multi--turn low electron current (<10 turn low electron current (<10 mAmA) accelerator ) accelerator 

based project is the same as the cost of the available SR based project is the same as the cost of the available SR 

source of the 3rd generation (ESRF, APS, Springsource of the 3rd generation (ESRF, APS, Spring--8).8).

It is quite probable that in some cases, a multiIt is quite probable that in some cases, a multi--turn turn 

acceleratoraccelerator--recuperator can be used for improving the recuperator can be used for improving the 

brightness and for obtaining the fully spatially coherent sourcebrightness and for obtaining the fully spatially coherent source

at the upgrade of the available SR sources of the 2nd and 3rd at the upgrade of the available SR sources of the 2nd and 3rd 

generations. In this case, the existing storage ring with the generations. In this case, the existing storage ring with the 

available generation systems, beam lines, etc can be used as available generation systems, beam lines, etc can be used as 

the last track (I. the last track (I. KoopKoop, ERL , ERL SynSyn--2002, 2002, ErlangenErlangen).).
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Existing storage ring

with the available SR generation systems

(undulators, wigglers),

beam lines, experimental stations

e-ε = 10-10 m⋅rad
I = 100 mA

Existing storage ring

with the available SR generation systems,

beam lines, experimental stations
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ConclusionConclusion

At present, the projects of the 4At present, the projects of the 4thth generation SR sources generation SR sources 

on the basis of acceleratorson the basis of accelerators--recuperators are considered at recuperators are considered at 

Budker Budker INP, INP, DaresburyDaresbury Laboratory, Jefferson Laboratory, Laboratory, Jefferson Laboratory, 

Cornell University, LBL, KEK, Cornell University, LBL, KEK, ErlangenErlangen University, University, 

Brookhaven National Laboratory.  Brookhaven National Laboratory.  

The accelerating schemes and most of the  systems , which The accelerating schemes and most of the  systems , which 

make the basis of the projects, have already been tested in make the basis of the projects, have already been tested in 

many laboratories (Jefferson Laboratory, DESY, MAMI, LEP, many laboratories (Jefferson Laboratory, DESY, MAMI, LEP, 

BudkerBudker INP, KEK, MAX). INP, KEK, MAX). 
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There is no any essential physical problems in the There is no any essential physical problems in the 

development of the 4development of the 4thth generation SR sources on the base of generation SR sources on the base of 

acceleratorsaccelerators--recuperators with average current<10 recuperators with average current<10 mAmA . The . The 

main problem is the cost of the project and its maintenance. main problem is the cost of the project and its maintenance. 

Therefore, orientation toward the multiTherefore, orientation toward the multi--turn acceleratorsturn accelerators--

recuperators (MARS), which enable a substantial reduction in recuperators (MARS), which enable a substantial reduction in 

the power consumption and the cost of accelerating systems the power consumption and the cost of accelerating systems 

compared to those of singlecompared to those of single--turn ERL (for our example, 14 turn ERL (for our example, 14 

MW instead of 38.5 MW  and 204 M$ instead of 366 M$) MW instead of 38.5 MW  and 204 M$ instead of 366 M$) 

seems to be rather pragmatic. seems to be rather pragmatic. 
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