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Short history of e+e− linear colliders
1) In 1965 M.Tigner published a paper in Nuovo
Cim. 37, 1228 (1965). about using colliding linac
beams as an alternative to storage rings for 
studying electron-electron collisions. He talks 
about the benefits of superconductivity and how 
to lower the operating power by using energy 
recovery. He considered machines in the few 
GeV energy range. This paper did not attract 
attention, there were no citations until 1979.
2) In 1971 A. Skrinsky at seminar in Morges spoke briefly about linear accelerators 
for reaching the hundred GeV region, necessity of 10 μm transverse beam sizes, 
conventional and superconducting LC with energy recovery were mentioned.

3) July 1973 – discovery of neutral currents (Gargamelle, CERN),  that confirmed 
Weinberg-Salam model which predicted Z-boson with MZ~100 GeV. 
In 1975-76 B. Richter spent a sabbatical at CERN and worked out (together with 
C.Pelegrini, C.Rubbia) the scaling laws: Cost = C0 +kE2 for e+e- storage rings. As 
a result  he published the paper NIM 136 (1976) 47, which opened the way to the 
construction of LEP. 
4) At the end of 1975, Ugo Amaldi, inspired by the discussions at CERN, published 
a paper “A possible scheme to obtain e-e-, e+e- collisions at energies of hundred of GeV”,
where he proposed a superconducting linear collider with energy recovery. 
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In this scheme the electron and positron bunches are dumped after one-pass energy recovery

In this scheme the electron bunches are dumped after a single traversal while, to save positron
current, the positrons are recirculated in a low energy ring.

The very first paper on high energy LC:
U. Amaldi, Phys. Lett. 61B (1976) 313  (March 29, 1976)
+ report U.Amaldi, H.Lengeler at Serpukhov meeting, May 1976

B. Richter (1987): «Amaldi in Physics Letters in 1976 independently reinvented Tigner's scheme 
of superconducting electron linacs with energy recovery. He also considered e+e- colliders, but 
could not find a solution that satisfied him for the production of positrons in a sufficiently small 
phase space to make high luminosity electron-positron colliders a practicality».

Ugo called it “Peloron”,
“Positron-electron Linear Oscillator
Radiating Only Negligibly”



5

H. Gerke and K. Steffen, Note on a 45 - 100 GeV electron swing colliding
beam accelerator, DESY-PET 79/06 (1979).

More advanced “Peloron” scheme. Problems

Problems: parasitic collisions in linacs do not allow a high collision rate. 
Only one bunch shoud be present at each moment in a half linac, that restricts the
collision rate f~30 kHz. The luminosity, with account of duty cycle 1/30, is low enough.

As result  L=3.6×1031 - not interesting

Here bunchers-debanchers reduce the energy spread in damping rings.

Since 1980 linear colliders with the energy recovery were no longer considered,
because one pass linear colliders allowed higher luminosity, up to L~1034 .

So, the main obstacle to LC with energy recovery is parasitic collisions in linacs! 
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Linear colliders 

??

The advantage of LC – no synch. radiation → higher accessible energies
The disadvantage of LC – beams are used only once → low energy efficiency

The ILC has not been approved yet, partly because the FCC-ee has almost one order
higher luminosity at Higgs boson energies. 

The idea of radically increasing the luminosity of linear colliders came to me
in March 2021, and I spoke about it at LCWS 2021 (remotely).
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1) LC consists of two parallel SC linacs with coupled RF systems, so that the fields 
are equal at any time. One line is for acceleration, the other for deceleration.

2) Damping is provided by wigglers (no damping rings) at the “return” energy about 
E~5 GeV. The energy loss per turn dE/E~1/200. Damping is needed to reduce 
emittances and the energy spread to the level  σE/E~2·10-3 arising from collisions. 

3) It can work with a in the continuous mode or with a duty cycle, duration of one cycle
tens of seconds, depending on SC technology.

V.I.Telnov, LCWS21
arXiv:2105.11015

JINST 16 (2021)12, P12025

A high-luminosity superconducting twin e+e- linear
collider with energy recovery (ERLC)

The ERLC was reviewed in 2021 by an expert group (led by A. Hutton). It was found 
to be realistic project and was recommended for further study and development of 
the required technology, high T and Q superconducting cavities.
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Dual/Twin cavities (before 2021)
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Collision effects limiting luminosity
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Power consideration for e+e-
Most of power consumption is connected with
1) RF power losses in SC cavities (depends on Q-value of cavities)
2) High order mode losses (HOM) (for one bunch dE/dz ∂ N2/a2, a-iris radius)

(details in the article JINST 16 (2021)12, P12025)
Optimization N, dependence of L on accel. grad. G and Q

The total power (main contribution only)

where the coefficients k1 and k2 describe the RF and HOM losses, both are proportional to the 
length of the collider (or E0), d –distance between bunches. The luminosity in one collision 
with account of collision effects L1∞N,  then the total luminosity

The luminosity reach maximum at

For fixed total power
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In continues (CW) mode

which gives

Continuous operation requires a large threshold power P > k1 ∞G. However, 
at higher powers the behavior is similar to DC mode, where L/P does not depend 
on G and proportional to Q1/2.

So, e+e- ERLC can work at high gradients !   
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Possible luminosities vs power (G=20 MeV/m)
V.Telnov, JINST 16 (2021)12, P12025

Luminosity can be two order of magnitude higher than at one pass ILC
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e+e- ERLC, update
As was notice recently one can obtain higher accelerating gradients using traveling wave 
accelerating structures. According to V.Shemelin et al (PRAB  25, p. 021001, 2022) with the 
same aperture (same HOM losses) one can achieve 1.3 times higher G and 1.7 times lower 
RF heat losses (parameter k1). In this case, one can work with G=40 MeV/m in continues mode 
with reasonable total power: 

V.Telnov
arXiv:2302.09758
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V.Telnov
arXiv:2302.09758

In this case the power is used for compensation of RF, HOM and 
beamstrahlung radiation at the IP,  

which in optimum cases reach Pγ=10-30 MW ! Electric power needed for 
compensation of beamstralung losses 4Pγ was assumed. 
For such e−e− collider L2 ∞ PγN/(εnyE0d) and  L∞Q1/4.  See details in the paper.
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A Linear Collider Vision for the Future of Particle Physics
C. Balazs et al., arXiv:2503.19983, 31 March 2025

The ERLC is considered now as a high luminosity upgrade of ILC
(or instead of ILC?)



18

Critical technologies and problems of ERLC, further work

The ERLC is good idea, but there are many questions which need careful 
studies and technical developments:

1. Development of reliable SC cavities with a high working T and high Q,
such as Nb3Sn or better.

2. Development of twin/dual cavities. 

3. Study of beam stability and HOM losses

4. Study of compressors-decompressors, they increase εx  and determine the 

required damping loss. By now only energy spread was accounted.

This is very exciting work for experts and young scientists, since 
the ERLC is an ideal collider for achieving the high luminosity, 
which is necessary for detailed study of the Higgs boson.
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from FCC-feasibility study,2025

LC

FCC-ee(4 IP) Twin ERLC

e+e- Higgs factories
2E0=250 GeV,  e+e- → ZH,  σ ≈ 3·10-37 cm2

2E0=500+ GeV,  e+e- → t+t-H, ZHH (Higgs self-coupling), σ ≈ 1.5·10-40 cm2

The ERLC is undoubtedly is the superior
candidate for a Higgs factory !
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Conclusion (abstract)

Experts and enthusiasts, join this work!
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Conclusion (abstract)


