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What can an electron lens do?
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A magnetically confined, low-energy electron beam is used to affect the transverse and 
longitudinal dynamics of the circulating beam in a storage ring. Energy, current, 
transverse profile and pulse structure of the low-energy electron beam can be precisely 
controlled, making the electron lens a very flexible tool in beam physics.
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What can an electron lens do?
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RHIC at BNL (2015-present)
• head-on beam-beam compensation
• further studies of halo scraping

Fermilab Tevatron collider (2001-2011)
• head-on and long-range beam-beam compensation
• abort-gap clearing
• first studies of halo scraping with hollow beams

IOTA
• nonlinear integrable optics
• electron cooling
• tune-spread generation
• space-charge compensation

LHC at CERN (2025-2027 installation)
• active halo control with hollow beams
• option for tune-spread generation

SIS18 and SIS100 at FAIR
• space-charge compensation 2021 JINST 16 P03044

Figure 7. Cross sectional view of the space charge lens indicating electron beam transport from the gun
(left) to the collector (right). The interaction with the ion beam (not displayed) takes place in the interaction
solenoid at the center. The beam pipe for the ion beam will enter and exit through the holes in the cover of
the two toroids. More details are given in the text.

Figure 8. Magnetic field projected onto the orbit for electrons (blue curve) and ions (green curve) throughout
the lens. The dips in the field at the transitions to the toroids are readily identified.

in the interaction solenoid is related to its size at the gun by the ratio ⌫gun/⌫int. Thus, we can
shrink the electron beam by ramping down the small gun solenoid, keeping the field of the much
larger interaction solenoid constant. However, due to the constraint that ⌫gun � 0.2 T, we need
a correspondingly larger field in the interaction solenoid. Allowing for a bit of margin, choosing
⌫int = 0.6 T appears very reasonable.

The second reason to go for a larger field throughout the lens comes from the option of
overlapping the ion beam with electron beams having an elliptic cross section. Unlike rotationally
symmetric electron beams, for which the charge distribution is stationary in a uniform axial field, a
beam with an elliptic cross section will rotate about the longitudinal axis due to the action of the

– 12 –
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Electron lens layout in IOTA
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What research can we do in IOTA with an electron lens?
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See also the next talks in this session: Cathey, Banerjee, Burov and Stern

Nonlinear Integrable Optics (NIO): Use the electron lens as a nonlinear focusing 
element to create integrable lattices.

Electron Cooling: Enable experimental program on high-intensity beams with 
protons, providing a wide range of lifetimes and brightnesses.

Tune-Spread Generation: Demonstrate the benefits of Landau damping under 
controlled excitations.

Space-Charge Compensation (SCC): Mitigate the effects of space charge on 
lifetime and emittance growth with an “e-column” or a “SCC e-lens”.

Advanced Studies on Beam Stability: Observe the interplay between destabilizing 
mechanisms (space charge, controlled impedances) and mitigation strategies 
(electron cooling, Landau damping, active feedback).

G. Stancari et al., Beam Physics Research with the IOTA Electron Lens, JINST 16 P05002 (2021) 
https://doi.org/10.1088/1748-0221/16/05/P05002

https://doi.org/10.1088/1748-0221/16/05/P05002
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Baseline design: from physics to specifications to apparatus
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Challenge: several functions combined in a compact electron lens (too many?).
Baseline design completed. However, careful review of experimental designs is 
required before construction. Input from collaborators and users is needed.
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Core physics groups
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Nonlinear Integrable Optics
Cathey, Romanov, Stancari, Valishev

Electron Cooling
Banerjee, Burov, Lebedev, Nagaitsev, Stancari

Space-Charge Compensation
Chung, Freemire, Park, Shiltsev, Stancari, Stern

Advanced Beam Stability  
(interplay of space charge, impedances, cooling, Landau damping and feedback) 

Ainsworth, Banerjee, Burov, Eddy, Lebedev, Nagaitsev, Stancari, Valishev

Tune-Spread Generation for Landau Damping
Burov, Shiltsev, Stancari, Valishev

Each group is responsible for formulating physics goals, preparing experimental 
proposals, and providing specifications for the apparatus.

Collaborators are very welcome.
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Typical IOTA parameters with stored electrons or protons
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will be maintained, both for commissioning and for physics. Installation of the IOTA electron
lens is tentatively scheduled for the second half of 2022. More information on the IOTA physics
program can be found on the Web page of the IOTA/FAST Scientific Committee [18].

1.2 Roles of the IOTA electron lens

Electron lenses are a flexible instrument for beam physics research and for accelerator operations.
Several applications were demonstrated experimentally. They were first used in the Fermilab
Tevatron collider for beam-beam compensation, abort-gap cleaning, and halo collimation [19–22].
In the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory, electron lenses
allowed experiments to reach significantly higher luminosities [23]. Recently, hollow electron
lenses for active halo control were included among the upgrades of the Large Hadron Collider at
CERN to reach higher luminosities (HL-LHC Project) [24–30]. Future applications also include
space-charge compensation in synchrotrons at FAIR [31].

The electron lens is based on low-energy, magnetically confined electron beams overlapping
with the circulating beam in a straight section of a circular particle accelerator or storage ring.
One of the main strengths of electron lenses is the possibility to shape the transverse profile and
time structure of the electron beam to obtain the desired e�ect on the circulating beam through
electromagnetic interactions [20, 32]. Moreover, the solenoidal magnetic field used in the overlap
region enhances the stability of the two-beam system.

Research with electron lenses is an essential part of the IOTA scientific program. First of
all, an electron lens can be used as a nonlinear element to create integrable lattices (section 2.1).
There are at least two ways to accomplish this: (i) the McMillan lens and (ii) the axially symmetric
thick lens. These studies will be carried out with circulating electrons first, then with protons.
Secondly, the electron lens can act as an electron cooler to enable experiments with protons that
require a range of beam lifetimes, emittances and brightnesses (section 2.2). Electron cooling

Table 1. Typical IOTA parameters for operation with electrons or protons.
Electrons Protons

Circumference, ⇠ 39.96 m 39.96 m
Kinetic energy,  1 100–150 MeV 2.5 MeV
Revolution period, grev 133 ns 1.83 �s
Revolution frequency, 5rev 7.50 MHz 0.547 MHz
Rf harmonic number, ⌘ 4 4
Rf frequency, 5rf 30.0 MHz 2.19 MHz
Max. rf voltage, +rf 1 kV 1 kV
Number of bunches 1 4 or coasting
Bunch population, #1 1 4� – 3.3 ⇥ 109

4
�

< 5.7 ⇥ 109
?

Beam current, �1 1.2 pA – 4 mA < 2 mA
Transverse emittances (rms, geom.), nG,H 20–90 nm 3–4 �m
Momentum spread, X? = �?/? 1–4 ⇥ 10�4 1–2 ⇥ 10�3

Radiation damping times, gG,H,I 0.2–2 s –
Max. space-charge tune shift, |�asc | < 10�3 0.5

– 4 –
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IOTA electron lens parameters
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solenoid channels and a toroidal section to the overlap region, where it interacts with the IOTA
circulating beam — electrons or protons. It is then directed towards the collector in a similar
way. A summary of the IOTA electron lens parameters is given in table 2. The design criteria are
discussed in more detail in section 3. Some of the main components of the apparatus are described
in section 4.

The cathode-anode voltage + determines the velocity E4 = V42 of the electrons in the device,
which has length ! and is located in a region of the ring with equal lattice amplitude functions
VG = VH = V̂. When acting on a circulating beam with magnetic rigidity (⌫d) and velocity
EI = V12, the linear focusing strength :4 for circulating particles with small betatron oscillation
amplitudes is proportional to the magnitude of the electron current density on axis 90:

:4 = 2c
90! (1 ± V4V1)
(⌫d)V4V122

✓
1

4cn0

◆
@4@1

|@4@1 |
. (1.1)

The ‘�’ sign applies when the beams are co-propagating and the electric and magnetic forces act in
opposite directions. The last term contains the charges of the electron beam @4 and of the circulating
particles @1. It indicates a focusing e�ect (:4 < 0, restoring force) or a defocusing e�ect (:4 > 0).
At large electron beam currents in the electron lens, the focusing of the electron beam itself may of
course distort the lattice. For small focusing strengths and away from the half-integer resonance,
these kicks translate into the tune shift

�a = � V̂ 90! (1 ± V4V1)
2(⌫d)V4V122

✓
1

4cn0

◆
@4@1

|@4@1 |
. (1.2)

for particles circulating near the axis. Di�erent current-density distributions 9 (A) introduce a
radial dependence in the focusing strength and therefore di�erent linear or nonlinear e�ects on the

Table 2. Typical IOTA electron lens parameters.
Parameter Value
Lattice amplitude functions, V̂ 2–4 m
Circulating beam size (rms), 4� 0.4–0.6 mm
Circulating beam size (rms), ? 0.9–4 mm
Circulating beam divergence (rms), 4� 0.15–0.21 mrad
Circulating beam divergence (rms), ? 0.3–1.4 mrad
Cathode-anode voltage, + 0.5–10 kV
Peak current, �4 5 mA – 3 A
Pulse width 200 ns to DC
Pulse repetition rate DC to 10 kHz
Cathode radius, A2 < 15 mm
Current-density distributions McMillan, Gaussian, flat, semi-hollow
Length of the main solenoid, ! 0.7 m
Main solenoid field, ⌫< 0.1–0.5 T
Gun and collector solenoid fields, ⌫6 and ⌫2 0.1–0.4 T
Beam size compression,

p
⌫</⌫6 0.5–2.2

Current-density magnification, ⌫</⌫6 0.25–5

– 6 –
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IOTA electron-lens experimental requirements (examples)
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NIO McM NIO axially 
symm. e-cool tune-spread 

generator SCC e-lens e-column other?

max. solenoid 
fields (e-gun, 
main, coll.) [T]

0.4 / 0.5 / 0.4 0.4 / 0.5 / 0.4 0.4 / 0.2 / 0.4 0.4 / 0.5 / 0.4 0.4 / 0.5 / 0.4 — / 0.1 / —

kinetic energy 
[keV] 5-10 5-10 1.36 1-10 1-10 —

peak current 
[A] 0.1-2 0.1-2 0.01 0.01-1 0.1-2 —

current-
density profile McMillan Gaussian, 

McMillan
flat, semi-

hollow Gaussian Gaussian —

pulse duration 
[us] 104 turns or DC 104 turns or DC DC < 1 ms and DC DC, pulsed? —

pulse 
frequency [Hz] < 5 Hz < 5 Hz DC < 5 Hz DC, intra-bunch 

modulation? —
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When will we have an electron lens in IOTA?
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Depends on resources. At least 1 year from now.

The electron lens is essential to enable the proton program on the stability of 
high-brightness beams (IOTA Run 5 and beyond) in terms of research topics, range 
of achievable brightnesses, and diagnostic tools.

Very valuable contributions were received from internal and external collaborators. 
Also, a substantial part of the equipment can be reused from previous projects.

Current critical needs:
- a project engineer, to oversee the design and integration
- funding for the main components of the magnetic system
- committed collaborators to take responsibility of subsystems

The IOTA/FAST team has been very successful in completing projects (facility 
construction, NIO installation, OSC experiment, etc.), but the size of the group does 
not allow for progress on several parallel fronts. Next priorities: IOTA proton injector, 
Run 4 operations, and electron lens.
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Recently published scientific and technical reports in JINST
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Special Issue of Journal of Instrumentation on electron lenses (ICFA Beam 
Dynamics Newsletter #81), edited by V. Shiltsev and I. Hofmann

https://iopscience.iop.org/journal/1748-0221/page/ICFA_Beam_Dynamics_Panel_Newsletters_Special_issue

Several articles about 
the IOTA e-lens program

https://iopscience.iop.org/journal/1748-0221/page/ICFA_Beam_Dynamics_Panel_Newsletters_Special_issue
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Published several articles about the IOTA e-lens program
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Designed a cryo-cooled main solenoid for the IOTA e-lens
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4 K cryocoolers
(x2)
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Coil assembly

Vertical 
coil hangers (x2)

~ 800 mm

Lateral coil positioners 
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Main Solenoid

R. C. Dhuley, C. Boffo, V. Kashikhin, A. Kolehmainen, D. Perini and G. Stancari,
Design of a Compact, Cryogen-Free Superconducting Solenoid for the Electron Lens of the Fermilab 
Integrable Optics Test Accelerator,
JINST 16 T03009 (2021), https://doi.org/10.1088/1748-0221/16/03/T03009

Stand-alone, compact and reliable system. Good field quality and low power 
consumption. Needs second design iteration on field straightness and quench 
protection.

https://doi.org/10.1088/1748-0221/16/03/T03009
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Fermilab e-lens test stand upgrades and commissioning
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Vacuum upgrades: new pumps and ion gauges, controls (Franck, Obrycki, Stancari)

High-voltage feed-throughs

Anode

Cathode

Anode

Assembly body

MAIN SOLENOIDE-GUN  
SOLENOID

COLLECTOR  
SOLENOID

Started tests of existing 10-mm Gaussian electron gun (1.6 A at 10 kV), reused from 
the Tevatron, for the IOTA research program (Banerjee, Cathey, Stancari)
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Collaborations
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Strengthened collaboration with U. Chicago (Y.-K. Kim, S. Nagaitsev):

- Nilanjan Banerjee (post-doc)
- John Brandt (engineer)

Main topics: electron cooling, beam instabilities, design and construction of electron 
guns and instrumentation

Completed DOE SBIR Phase I design study with RadiaBeam and RadiaSoft:

- R. Agustsson
- Y.-C. Chen
- C. Hall
- A. Murokh
- A. Smirnov (PI)

Conceptual design of the full magnetic system for the IOTA e-lens. Compared 
resistive and superconducting options.

Main solenoid B=0.8T 152 mA 1000 eV (flat, 30mm dia. beam in Gun)14

Solenoid B_max
(T)

k jk(Amp/
mm2)

Gun 0.321 3.720
8

5.079

Transfer 0.842 4.5 22.190

Bend 1 0.057 1 5.577

Bend 2 0.063 0.5 2.788

Main 0.799 0.588 NA
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Collaborations
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Continued to benefit from collaborations 
with the growing international 
community of electron-lens experts

W. Fischer, X. Gu (BNL) - Beam studies 
at RHIC, electron gun design

P. Hermes, D. Mirarchi, S. Redaelli, 
A. Rossi, S. Sadovich (CERN) - Hollow 
electron beams for halo control in LHC, e-
lens test stand design and 
instrumentation, simulation codes

A. Levichev, D. Nikiforov (BINP) - electron 
beam dynamics, simulation codes

 

Halo removal experiments with hollow electron lens
in the BNL Relativistic Heavy Ion Collider

X. Gu ,* W. Fischer , Z. Altinbas , A. Drees , J. Hock, R. Hulsart, C. Liu, A. Marusic ,
T. A. Miller, M. Minty, G. Robert-Demolaize, Y. Tan , and P. Thieberger

Brookhaven National Laboratory, Upton, New York 11973, USA

H. Garcia Morales †

CERN, 1211 Geneva, Switzerland and Royal Holloway, University of London,
Egham, TW20 0EX, United Kingdom

D. Mirarchi,‡ S. Redaelli, and A. I. Pikin
CERN, 1211 Geneva, Switzerland

G. Stancari
Fermilab, Batavia, Illinois 60510, USA

(Received 22 November 2019; accepted 10 February 2020; published 9 March 2020)

A hollow electron beam has been proposed as an active control tool to remove the beam halo from high-
energy, high-current hadron or ion machines (such as the High-Luminosity Large Hadron Collider). To
study the halo removal rate and assess the effect on the ion beam core, one of the two electron lenses in the
Relativistic Heavy Ion Collider was changed from a Gaussian beam profile to a hollow profile. We describe
the design and verification of the hollow electron beam parameters as well as the methods to minimize the
hollow beam profile distortions, which can result in an ion beam emittance increase. The hollow beam
alignment with the ion beam by using a backscattered electron detector has been demonstrated.
Furthermore, experiments were carried out to explore the efficiency of the halo removal by scanning
the current and inner radius of the hollow electron beam, which is pulsed either every turn or every nth turn.
The effects of the hollow electron beam on the ion beam emittance and luminosity were also assessed
experimentally by scanning the inner radius of the electron beam.

DOI: 10.1103/PhysRevAccelBeams.23.031001

I. INTRODUCTION

Hollow electron beams have been studied for about
70 years for different applications. Nonmagnetized hollow
electron beams have been used or proposed for several
acceleration schemes, such as in linear induction acceler-
ators [1] and, more recently, plasma wakefield accelerators
[2–3]. Furthermore, to improve the stability and perfor-
mance of a free-electron laser, an electron beam with a
hollow transverse distribution instead of the usual Gaussian
is under investigation [4]. To get better transverse cooling

rates and avoid electron heating, aswell as to increase the ion
beam lifetime, a magnetized hollow electron beam has been
proposed and used for an electron cooler [5–11].
More recently, hollow electron lenses were proposed as a

novel technique for active beam collimation and halo
control with application for the High-Luminosity Large
Hadron Collider (HL-LHC) at CERN [12–15]. Concerns
related to the operation with high stored beam energies at
the HL-LHC motivated studies for the integration of this
technique in the baseline upgrade program of the LHC.
A first conceptual design [13] was followed by detailed
integration studies [15].
The hollow electron beam can be used as an active control

method to remove the beam halo via increasing the diffusion
rate within a certain amplitude range, which results in a
higher collimation efficiency. This reduces the beam energy
stored between the beam core and the collimator edges and
reduces the risk of a sudden energy release from the beam
halo, by controlling the moments in time during the opera-
tional cycle when beams are lost. The beam halo is sensitive
to both beam condition changes, such as orbit jitters, and

*xgu@bnl.gov
†Present address: CERN and University of Oxford, Oxford

OX1 2JD, United Kingdom.
‡Also at University of Manchester, Manchester, M13 9PL,

United Kingdom.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI.

PHYSICAL REVIEW ACCELERATORS AND BEAMS 23, 031001 (2020)

2469-9888=20=23(3)=031001(15) 031001-1 Published by the American Physical Society

 

Resonant and random excitations on the proton beam in the Large Hadron
Collider for active halo control with pulsed hollow electron lenses

Miriam Fitterer, Giulio Stancari ,* and Alexander Valishev
Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA

Stefano Redaelli and Daniel Valuch
CERN, European Organization for Nuclear Research, CH-1211 Geneva 23, Switzerland

(Received 16 September 2020; accepted 1 February 2021; published 11 February 2021)

We present the results of numerical simulations and experimental studies about the effects of resonant
and random excitations on proton losses, emittances, and beam distributions in the Large Hadron Collider
(LHC). In addition to shedding light on complex nonlinear effects, these studies are applied to the design
of hollow electron lenses for active beam halo control. In the High-Luminosity Large Hadron Collider
(HL-LHC), a considerable amount of energy will be stored in the beam tails. To control and clean the beam
halo, the installation of two hollow electron lenses, one per beam, is being considered. In standard electron-
lens operation, a proton bunch sees the same electron current at every revolution. Pulsed electron beam
operation (i.e., different currents for different turns) is also considered, because it can widen the range of
achievable halo removal rates. For an axially symmetric electron beam, only protons in the halo are excited.
If a residual field is present at the location of the beam core, these particles are exposed to time-dependent
transverse kicks and to noise. We discuss the numerical simulations and the experiments conducted in 2016
and 2017 at injection energy in the LHC. The excitation patterns were generated by the transverse feedback
and damping system, which acted as a flexible source of dipole kicks. Proton beam losses, emittances, and
transverse distributions were recorded as a function of excitation patterns and strengths. The resonant
excitations induced rich dynamical effects and nontrivial changes of the beam distributions, which, to our
knowledge, have not previously been observed and studied in this detail. We conclude with a discussion of
the tolerable and achievable residual fields and proposals for further studies.

DOI: 10.1103/PhysRevAccelBeams.24.021001

I. INTRODUCTION

In circular accelerators and storage rings, beam quality
can be affected by the interplay of external excitations with
machine lattice. This work, through calculations and
experiments, focuses on how a certain class of resonant
excitations influences beam dynamics and to which extent
these excitations can cause beam losses, emittance growth,
or changes in the particle beam distributions. Besides their
general relevance to the topic of complex nonlinear
dynamics, these studies were motivated by the need to
assess the effects of a pulsed hollow electron lens for active
beam halo control.
Considering past, current and future high energy col-

liders, each new machine has represented a considerable

leap in stored beam energy (Table I). Furthermore, recent
measurements at the LHC show that the tails of the
transverse beam distribution are overpopulated compared
to a Gaussian distribution. This results in a considerable
amount of energy being stored in the beam tails. In
particular, in the case of the LHC, about 5% of the beam
population is stored in the tails (i.e., above 3.5σ, where σ is
the standard deviation of the Gaussian beam core), com-
pared to 0.22% in an ideal Gaussian distribution, leading to
19 MJ of stored energy for nominal LHC parameters and
34 MJ in the case of HL-LHC [1]. This leads to the
conclusion that a mechanism is needed to deplete the beam
tails in a controlled manner. Further information on the
needs for halo control in LHC can be found in Ref. [2].
The most direct approach is to decrease the collimator

gaps or to periodically scrape the tails. However, this is not
feasible, as it would generate unacceptably large loss spikes
and possibly component damage. Most promising are
methods which increase the diffusion speed in the region
of the halo particles, resulting in a smooth and continuous
removal of the high amplitude tails, while leaving the core
of the beam unperturbed. The diffusing halo particles are

*Corresponding author.
stancari@fnal.gov

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI.
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Probing LHC halo dynamics using collimator loss rates at 6.5 TeV
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S. Redaelli,1 B. Salvachua,1 G. Stancari ,5 G. Valentino,2 and J. F. Wagner 1,6

1CERN, Beams Department, Esplanade des Particules 1, 1211 Geneva, Switzerland
2University of Malta, Msida, MSD 2080 Malta

3The University of Manchester, Manchester M13 9PL, United Kingdom
4The Cockcroft Institute, Warrington WA4 4AD, United Kingdom

5Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
6Goethe-Universität Frankfurt am Main, 60323 Frankfurt, Germany

(Received 11 March 2020; accepted 8 April 2020; published 27 April 2020)

Halo diffusion measurements at the CERN Large Hadron Collider (LHC) were conducted with beams
for physics at 6.5 TeV by means of collimator scans, carried out between 2016 and 2018. From the time
evolution of the beam losses recorded during a collimator scan, in which collimator jaws are moved in steps
toward the beam core cutting beam tails, one can extract information on the halo diffusion and its
population as a function of the transverse amplitude. In this paper, results of the first scans performed at
different beam intensities for both planes and both beams using the primary collimators of the betatron-
cleaning system are presented. The scans were performed with squeezed optics and colliding beams after a
few hours of regular physics production, during so-called end-of-fill measurements. Beam losses are
measured with ionization chambers close to the collimators, which enable 1 and 100 Hz acquisitions, as
well as diamond beam loss monitors, which enable turn-by-turn and bunch-by-bunch acquisitions.
Parametric fits of a diffusion model are applied to the time profile of losses, for both total and individual
bunch intensity. The analysis of the measurements performed in various conditions was used to estimate the
diffusion coefficient as a function of the transverse amplitude and the population of LHC beam tails.

DOI: 10.1103/PhysRevAccelBeams.23.044802

I. INTRODUCTION

Inevitable particle losses occur at each stage of the
operation of particle accelerators. These losses are due to
the dynamics of the particles in an accelerator that usually
is quite complex. Various mechanisms such as lattice
nonlinearities, beam-gas interaction, and beam-beam
effects may contribute to the topology of the particles’
phase space. In addition, noise sources like ground motion
and ripples in the radio-frequency devices or the magnet
power supplies can interplay with the particle motion,
resulting in diffusive dynamics. Excessive diffusion may
result in an increased rate of the halo repopulation,
emittance growth, and, eventually, for the high-amplitude
particles, an increase of beam losses. These aspects are
particularly important for high-intensity superconducting
accelerators where beam losses put at risk the operation of

superconducting magnets and can damage accelerator
components.
The CERN Large Hadron Collider (LHC) consists of

eight arcs and eight insertion regions (IRs), four of which
house experiment detectors [1]. The total stored energy in
the LHC 6.5 TeV beams exceeds 300 MJ. A multistage
collimation system was installed to provide beam cleaning
and passive protection against beam losses [2]. Betatron
halo cleaning is concentrated in IR7, while off-momentum
cleaning is concentrated in IR3. Local triplet magnet
protection and physics debris collimation cleaning are
located at the colliding IRs (IR1, IR2, IR5, and IR8).
The LHC collimators are kept at tight gaps throughout

the operational cycle, as small as 1 mm at top energy for the
collimator jaws closest to the beam, in order to ensure
adequate machine protection and cleaning against beam
losses. This system protects the LHC aperture and, in
particular, the superconducting magnets against quenches
(sudden transitions from the superconducting to the nor-
mal-conducting state), by concentrating beam losses in
warm areas. Collimators can serve as powerful diagnostics
instruments, e.g., to probe the beam tails, through trans-
verse position scans [3]. Presently, this is the only method
to measure with sufficient resolution the beam tails above
three sigmas of the high-intensity LHC beams.
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The electron lens is an integral part of the IOTA research program: it enables new 
experiments on nonlinear dynamics, electron cooling, tune-spread generation 
for stability, space-charge compensation, and more advanced studies on 
instabilities and their mitigation.

The project is closely related to electron-lens applications in other machines 
(RHIC at BNL, LHC at CERN, SIS18 and SIS100 at GSI/FAIR). Fermilab has been a 
leader in this field for 20 years.

Received very valuable contributions from collaborators.

Now transitioning from baseline conceptual design to detailed experiment 
design. Input from all interested collaborators is needed before construction.

We look forward to interesting experiments in IOTA!

For more info: cdcvs.fnal.gov/redmine/projects/iota-e-lens/wiki

https://cdcvs.fnal.gov/redmine/projects/iota-e-lens/wiki


Backup slides



Giulio Stancari | Research with the IOTA Electron Lens: Overview IOTA/FAST Collab. Meeting | Fermilab, 27-29 Oct 2021

IOTA e-lens apparatus
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IOTA Electron Lens Layout (top view)
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Nonlinear Integrable Optics Concept
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Electron Column Concept
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