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FNAL is completing construction of the Integrable Optics Test Accelerator (IOTA) at the Fermilab

Ouerview Accelerator Science and Technology (FAST) facility. In Spring-Summer 2016, its photoinjector

Timetable was commissioned and several beam experiments with 50 MeV electrons had been carried out.
In 2017, the 1.3 GHz SRF cryomodule (CM2) will boost the energy further to 150-300 MeV

Contribution List range, as needed for injection in the IOTA ring. The 300 MeV beam commissioning will again be

followed by a period of beam studies. Installation of the ring itself progresses fast and the first

Speaker index circulating electron beam in IOTA is expected in early 2018. That will make IOTA available for

Book of abstracts the first advanced nonlinear dynamics studies on integrable optics and other critical one-of-
a-kind unique quantum optical experiments. Commissioning of the IOTA RFQ-based 70 MeV/c
Registration proton/ion injector in 2019 will open the era of the advanced experiments and studies of beam

dynamics in high-intensity proton beams, including the space-charge effects and space-charge
compensation.

L. Registration Form

List of registrants

The Fermilab team has taken great care in a flexible design of the IOTA ring allowing mounting

- of very special and characteristically unique experiments that will demand flexibility of optics and
/&2 Support: Lisa Lopez x3674"  rapid re-configuration of its set-up as demanded by experiments. Many external collaborators
from the academic and national laboratory communities within US and internationally joined us
in shaping the accelerator R&D program where this special community will have a vested
interest and will direct and own the experimental program.

This annual meeting - 5th in series - will allow the participants to review

the status of the facility, share the results of the first studies and tests,

evaluate the progress toward key advanced beam physics experiments at FAST/IOTA and to
develop further the scientific program of the facility with full synergistic support from the
community, helping and enhancing the national and international developments collaboratively.




Warning!

e Emergency Warning at 10:00 a.m. — right before Aliaksel

Halavanau's talk. Should last no more than 25 seconds.

e Also — We need a count and NAMES of those who want to
get on the IOTA/FAST tour at lunch (facility is pre-

operational, ODH area... Fermilab or local attendees will

have other chances).

2£ Fermilab
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2016 IOTA/FAST Meeting — IVt" Annual
June 14, 2016

My talk: 1.Facility News & Plans 3. Science News

2. Budget / Effort / People 4. Conferences/Accolades

2% Fermilab

5. This meeting / expectations



US HEP Evolution and Our Role In It

Long Baseline Neutrino E—— NuMI-MINOS
Facility Y Beam (120 GeV)

L 2

(60-120 Gev) '+, Beam (8 GeV)

Main Injector

(120 GeV) Switchyard

(120 GeV)

Recycler

!  Proton Improvement Plans:
I, (current) PIP 700kW
|\ PIP-1+ (next few yrs) >900kW
& PIP-Il (ca.2026) >1.2MW
PIP-Ill (ca.2031) >2.5MW
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IOTA/FAST Layout

Low Energy Beamling (~25 m) High Energy Beamline (~100 m)
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Past Year Highlights: e- Injector 50 MeV

Equn CC1 CC2 : : Beam
/9 l l Cthne SpectrometeQJole Absorber
t=hi{ -z:n‘: .Im'-:{m{- "m:r :|ﬂ'l='-H Hee{jo(lo(eo{l}{e* 'J‘.‘%’__;;JI ;’5{" e '.»"‘ '| [\ a{j{{ pos| o ""LI ;"-'”3 froe—p
<€ 20 meters >

52.5 MeV e" beam through FAST injector

May 16, 2016: Beam accelerated by both Capture
Cavities #1 and #2: 4.5 MeV (gun)+28MeV+20MeV




FY17 Highlights :
300 MeV beam line
Installed




FAST Vacuum system contiguous! May 26

Elias Lopez and Dave Erank




Highlights: IOTA magnets delivered and tested,
girders installed, I0-NL magnet delivered, etc

—_— —

y
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IOTA: Integrable
Optics Non-Linear
magnet #1 —
delivered!

Viadimir §



Highlights: p+/H- source commissioned in MDB

{5 Fermilab
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A Tue 2017-05-30 11:13:28
Dean Edstrom (edstrom) Kermit Carlson (kermit)
Henryk Piekarz (hpiekarz)

An arc has been struck in the IOTA Proton Source (HINS Cave). The traces shown below are the
generator pulse (channel 1) and a current measurement from the arc modulator through a toroid
(channel 2; 10V:1A, padded into the scope by 20dB for 1.75V ~ 1.225A on the arc). The arc
voltage through the temporary Lambda bulk supply is set to 29.2 V. All other parameters
(filament, solenoid, valve, vacuum, etc) are reading back correctly through ACNET as shown
below.

i AL 330mv
T@:  1.64V

Arc on the Scope. .. IPA Synoptic Source [

LQQS: FAST I Categ{]rieg: IOTA Proton |nject0|’ | Id P

Chi 200V @B S00mv M1UUpsAChIJ’560mV nilab
.. . . 30 May 2017
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IOTA/FAST Facility Plan

Last year expectations:

FY16:
— 50 MeV e- beam thru CC1-CC2
— Beam studies with 50 MeV beam

— Finish installation of high energy beamline
from CM2 to beam dump

FY17:

— 300 MeV beam thru CM2 to beam dump

— 300 MeV beam commissioning and studies
— Finish construction and install IOTA

FY18:
— 150 MeV e- beam injected in IOTA
— Finish IOTA commissioning, start R&D(NL-10)

FY19:
— Move 2.5 MeV proton RFQ to FAST

— Commission IOTA proton injection, so
research with protons can start in FY20

Status:

done (06/2016)
done (2016)
finished in FY17

“happening now”
summer 2017
now in 2018

Yes, in FY2018
commissioning

move in FY19-20

FY19 will be year
of e-IOTAR&D



Physics: First (Experimental) Research Paper

PHYSICAL REVIEW ACCELERATORS AND BEAMS 20, 040102 (2017)

Analysis and measurement of the transfer matrix of a 9-cell, 1.3-GHz
superconducting cavity

A. Halavanau,'” N. Eclcl?',2 D. Edstrom,” E. Harms,” A. Lunin,” P. Piot,"”
A. Romanov,” J. Ruan,2 N. S{:}plyak.2 and V. Shiltsev’
'Deparrmem of Physics and Northern Illinois Center for Accelerator & Detector Development,
Northern Illinois University, DeKalb, Illlinois 60115, USA

2Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
(Received 27 January 2017; published 13 April 2017)

Superconducting linacs are capable of producing intense, stable, high-quality electron beams that have
found widespread applications in science and industry. The 9-cell, 1.3-GHz superconducting standing-
wave accelerating rf cavity originally developed for et /e~ linear-collider applications [B. Aunes, ef al.
Phys. Rev. ST Accel. Beams 3, 092001 (2000)] has been broadly employed in various superconducting-
linac designs. In this paper we discuss the transfer matrix of such a cavity and present its measurement
performed at the Fermilab Accelerator Science and Technology (FAST) facility. The experimental results
are found to be in agreement with analytical calculations and numerical simulations.

DOI: 10.1103/PhysRevAccelBeams.20.040102

2£ Fermilab
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JINST article (2017)

Up-to-Date facility
and R&D Plan

3 Beam physics experiments at [0TA

3l
3.2

33
34
35
3.6

37

16

Integrable optics with nonlinear magnets

Integrable optics with nonlinear electron lenses

321 Thin radial kick of McMillan type

322 Axially symmetric kick in constant beta function
323 Experimental design and apparatus

Space-charge compensation with electron lenses
Space-charge compensation with electron columns

Optical stochastic cooling

Electron cooling

3.6.1  Electron cooling of protons

3.6.2  Diagnostics through recombination

3.6.3  Electron cooling and nonlinear integrable optics
Other experimental beam studies

371 Generation of X-rays, gamma rays and THz radiation
3.7.2 Opportunities for advanced beam dynamics studies

... that’s not all !

|
Vladimir Shiltsev | IOTA/FAST Me
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TECHNICAL REPORT

IOTA (Integrable Optics Test Accelerator): facility and
experimental beam physics program

S. Antipov,” D, Broemmelsiek,” 0. Bruhwiler,” D. Edstrom,” E. Harms,” V. Lebedev,”
J. Leibfritz,” 5. Nagaitsev,” C.5. Park,” H. Piekarz,” P. Piot,™! E. Prebys,” A. Romanov,”
J. Ruan,” T. Sen,” G. Stancari,” C. Thangaraj,” R. Thurman-Keup,” A. Valishev”
and V. Shiltsav™?
* Fermi National Acoelerator Laboraiory,
Batawia, Mineis 60510, LLEA.
b ReadioSont LI,
Houlder, Colorade 8304, UL5A.

E-mail: shiltsevifnal . gov

ApstracT: The Integrable Optics Test Accelerator (IFTA) is a storage ring for advanced beam
physics research currently being built and commissioned at Fermilab, It will operate with protons
and elecirons using injectors with momenta of 70 and 150 MeVic, respectively. The research
program includes e study of nonlinear [ocusing integrable optical beam laltices based on special
miagnets amd electron lenses, beam dynamics of space-charge effects and their compensation, optical
stochastic cooling, and several other experiments. In this article, we present the design and main
parameters of the facility, oatline progress o date and provide the timeline of the construction,
commissioning and research, The physical principles, design, and hardware implementation plans
fior the major IOTA experiments are also discossed,

Kevworns: Beam dynamics; Instrumentation for particle accelerators and storage rings — high
energy (linear accelerators, synchrotrons); Instrumentation for particle accelerators and storage rings
— lvw energy {lincar accelerators, cyclotrons, electrostatic accelerators); Beam-line instrumentation
(beam position and profile monitors; beam-intensily monitors; bunch length moniters)

"Also al Northerm Wlinois Universily, DeKalb, linois, 60115, ULS.A
A orresposling authaor:

Publishad mader e torma of fhe {scative Commons. Arribotion L0 Licenss by K
Fublishing Ll wnl S Mcdisiety wl  Any Faribecr disirbution of s work mest
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FCC : Future Circular Collider (100 km, 100 TeV)

Cea Single beam current limitations (1) Fcc week — Berlin, May 2017

- - - -
0. Boine-Frankenheim, V. Kornilov, S. Arsenyev, A. Langner, V. Shiltsev
————————————————————— 4 S
_ - , FCC Electron lenses for Landau damping
Overview FCC Landau Octupoles
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Antoine CHANCE Machine performance Summary FCC-hh machine design

- IOTA Experiment to demo Landau e-lens effects

2£ Fermilab
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NAPAC2016 - Proceedings

Chicago, IL, USA [ U1V U1
InvOral

Proposed Experimental Validation of Hamiltonian Perturbation Theory in IOTA J

e D.L. Bruhwiler, N.M. Cook, C.C. Hall, R.A. Kishek, S.D. Webb
RadiaSoft LLC, Boulder, Colorado, USA

® S. Nagaitsev, A.L. Romanoy, A. Valishev
Fermilab, Batavia, lllinois, USA

The Integrable Optics Test Accelerator (I0TA) is a small ring under construction to explore ad-
vanced concepts in beam dynamics, initially with electron pencil beams to emulate single-parti-
cle dynamics and later with low-energy proton beams including significant space charge tune
depression. Hamiltonian perturbation theory and simulations with Synergia, Warp and other
codes are being used to develop an experimental program for beam dynamics, including the
highly nonlinear 'elliptic' magnet originally proposed by Danilov and Nagaitsev. The results sug-
gest a number of experiments that could be performed at IOTA. For example, small changes in
the linear tune and the strength of the elliptic magnet can be used to control dynamic aperture.
Both electron and proton beams can be used to measure the tune spread as a function of the
elliptic magnet strength, for comparison with theory. Space charge driven halo formation due to
envelope oscillations can be measured over a range of elliptic magnet strengths. Theoretical
and computational results will be presented to guide future decisions regarding experimental
diagnostics for IOTA.

ContrOral

Analytical theory for McMillan map J

e T. Zolkin, S. Nagaitsev
Fermilab, Batavia, Illinois, USA

McMillan map is an important discrete time model of 1D transverse nonlinear accelerator lat-
tice. We provide a full analytical theory based on parametrization of individual canonical biqua-
dratic curves*. Using the normal forms provided in* we were able to generalize this result to en-
tire phase-plane of finite trajectories and calculate mechanical action-angle coordinates. The bi-
furcation map for canonical McMillan map including stability of fixed points is provided. In addi-
tion, we discuss the connection of these results with possible 2D generalizations - axially symet-
ric and 2D-magnetostatic McMillan lenses.

19
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8t International Particle Accelerator Conference

COPENHAGEN, DENMARK, 2017 MAY 14—19

Correcting deviations from integrable motion in the IOTA proton ring

Mathan M. Cook!, Christopher Hall', Stephen D. Webb', Alexander L Romanov?, Alexander Valichev?, David L. Bruhwiler!
'RadiaSoft, LLC, Boulder, CO,USA *Fermi Mational Accelerator Laboratory, Batavia, ILUSA
acookiradiazofr.ner

Abstract
Tune spread with amplinude suparesses. intensiy.diiven parametric
nsiabilities. such as beam hala. Conventional appreaches to achieving|
high fune spreads can reduce single particle dynamic aperture. in idoa
circumstances, nondineas Integrabie optics. 3 itroduce the neceszary)
tune spread withous loss of dynamic apestuse. The Idealized cynamics is
conctrzined by two integrl: of e mation, bt remain: suscopible to
y tune s due 1o energy spread and space
sudy this conceps, Femilab is bullding e insegrable
We explore a variey of such
pertubations compaeztionally, using the acosiesator simuilssion package,
Synerga. We discuss apgenaches fa future experimental meunement
of nanliner decoherence ticugh beam contiold displacement. in S
tationz and bunch

cam mismatch while

minimizing devizsions o iniegrable mobon.

Motivation
To achieve the beam Intensities demanded of future acoslerators,
new techniques for the su ppvssu.r of collective effects ane required. |
IGHTA will provide 3 testbed for siudying the ruppression of collectve
bltes though rorlioear decohescace mdseed by speciised

alinear fields. Beam dynamics ase srongly afiecied by both single

particle nonlinear dyaamics and coective effects.

» The I0TA lamice Imgiements a compact tiered design, which
ntroduces consiraints to compensating for nanlinar dynamics and
hace :h:nge ‘fune depression.

. 5 perturbed by the presence of space chargs, and bs
senaiive t the choics of heam daruton and emitancs.

The IOTA Lattice

The IE3TA. lattice bs designed for many expeimens rnging Fom
2l sochasic caoling of elecirons o nonlinear wneshik with|

no
miegrable motion in the preseace of these magnes, the following

properties must

The nanlinear potential LI introduces
an elliptic dependence on wansverse
coordinates, resalting in a Hamiltanian

The Nonlinear Potential
il shape
. Fox nonliness sirengehs

‘.
nch confinement may be last

i thm vertics plane as the origin becomes an unsiable saddie point

Matching distributions
‘We define cur beam using 3 distribution in the first invarians, which

s & funcrien of the Hamibonian M. To diferent dis

been considered: 2 generalized K- diswibution, and a w
= The generalized K-V disiribusion s defined by a defia-funcsion in the,
Hamiltonian. However, Siks distribusion (s uneealistic and prone 10
numenical inszabiliies, which may increase heam emimance.

« The Waterbag distrbutes particies n.rmrl In H from ¢
maximum value Ho. The ¥ iz more real
net peune to numenscal
produce an incoherent

Space Charge Compensation
Space charge disrupss the integrability of dhe sysiem, procicing
e depression fiat breks the n-s phase advance requirement while
alsos genesating tme dependint dynamics through the nonfinear Insert
beeabing the assumptons of the onginal Danilov. Nagalses theory

in-cell algorithm within Symergia,
and benchmarked againsi semi-analytic models for unifam and
».mmgm;um ans

s shiown above, invarkance [ lost, and the beam average shows an
il Jump 20 3 larger value of H feflowes by seady Fuctiations. To
rogain integrabiiey, the latbce must fist be adusted s aceount for the
coherent tune shif resuiting from the beam mace charge 1o meet the
phaze advance requirement.

Smp1 mei] . w2 =]
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NAPAC16 Student Poster Awards: v uonn
IOTA/FAST Collaborators IR w10 WV,

oI |

i | ‘"]] :
. ! o] : i

e Gerrit Bruhaug, Idaho State
University, The Design and
Construction of a Resonance
Control System for the IOTA
Storage Ring;

e Auralee Edelen, Colorado |
State University, Neural
Network Based Controls for S e
Particle Accelerators;

« Aliaksei Halavanau, Northern
lllinois University, Method for
Measuring the Electron-Beam
Magnetization.

20 Vladimir Shiltsev | IOTA/FAST Meeting, 06/06/1



Summer Interns at IOTA/FAST :
US, International

Yuan Shen Li Nadezda Afonkina Andrea Scarpelli

Year: 2016

Year: 2016 Year: 2016 Program: PARTI

Program: Lee Teng Program: PARTI College: University of Ferrara, Ferrara, Italy
College: Carleton College, Northfield, Minni College: Aix-Marseille University, Marseille, Home: Ravenna, Italy

Home: Singapore, Singapore Home: Moscow, Russia Mentor: Giulio Stancari

Mentor: Tanaji Sen Mentor: James Santucci

3£ Fermilab
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Summer Students

Optimization of the Diode-Pumped
Solid State Nd: YLF Amplifier Chain
for the 263 nm Drive Laser at the
FAST Facility

Julie M. Gillis

Department of Physics
Department of Chemistry and Biochemistry
Bayer School of Natural and Environmental Science
Duguesne University
Pittsburgh, PA 15282

James K. Santucci and Jinhao Ruan
Fermilab Accelerator Science and Technology (FAST) Facility
Accelerator Division

Fermi National Accelerator Laboratory
Batavia, IL 60510

22 Vladimir Shiltsev | IOTA/FAST Meeting, 06/06/17
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Important Note : We (APC) have moved !
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This Meeting (51" in Series) is to:

 Four blocks of presentations:
I.  Status and near term plans of the facility and its parts
li. Beam studies and tests: 2016 results; 2017 plans
lii. Progress of the Integrable Optics experiment @ I0TA
Iv. Other experiments at IOTA/FAST

 Two coffee breaks (AM and PM) and group photo at noon.
 There will be a tour of IOTA/FAST at lunch
e Qsl/lssues: contact Lisa Lopez or me.

 You are also invited to attend the Festa Italilana event held
tonight 6pm - 11pm at the Kuhn Barn - in the Village

e Tomorrow, “big celebration” — Fermilab’s 50" anniversary!

{5 Fermilab
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hitp://50.fnal.gow/ |
| SOYears

Anniversary Symposium & Users Meeting

of Fermilab
o

June 7-8, 2017
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“Fermilab - 50“ Events : WH2 Exhibition

A Lasting Mark:

artist Angela Gonzales
at Fermilab 1967- 1998

June 1, 2017
to

September 30, 2017

Fermilab Art Gallery
events.fnal.gov/art-gallery/

Her work displays cornplexity, hurmor,

broad vision and strong craftsmanship.

Motifs appear repeatedly and in
delightful combination. She celebrated
the immense range of subjects probed
in physics, from subatomic particles
and human-scale structures to far-off
galaxies. Sometimes, all of these
elements appear together in a single
composition.

27 Vladimir Shiltsev | IOTA/FAST Meeting, 06/06/17
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N

As Fermilab celebrates its soth year, we
are delighted to present this exhibit as a
toast to the vision, efforts, creativity and
accomplishments of those who created
this lab. Angela Gonzales’ artwork cap-
tured the lab’s spirit and provided a visual
history of Fermilab’s scientific explora-
tion and discovery. Those who work here
are grateful for the lasting mark she left.

Open: M-F, 8 - 430
Exhibit tours: 10 am,
June 24, July 22, Aug 26

2= Fermilab
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Let’'s Have a Productive Meeting !

2£ Fermilab
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PIP-|+ 2 Fermilab

Fermi National Asceslarator Laboratory

Proposal for PIP-I+
May 2017

M. Convery, |. Kourbanis, W. Pellico, R. Zwaska

We present a proposal for the PIP-I+ accelerator operations campaign
designed fo increase beam power to NOvA and address accelerator
infrastructure needs.

S DEFARTMENT & t}mc& DI'
®ENERGY | Soces

30 Vladlmlr Shlltsev | IOTA/FAST Meet?ﬁ«a?ﬂOg,tjg?T?A lance, LLE for the U.S. Departrant of Enengy Offico of Scloros

v frual gow



June, 2016: In the news http://news.fnal.gov

Home | contact | Phone Book | Fermilab at Work Jobs

2% Fermilab

Newsroom Resources for ..

| science |
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New beginning at FAST: Research accelerator
News and features reaches designh beam energy

Press releases
June 8, 2016 | Leah Hesla m P Tweet| G+ | [ Email
Photo gallery

On May 16, Fermilab sent an electron beam with an
energy of 50 million electronvolts, or MeV, through the
photoinjector at the Fermilab Accelerator Science and
Technology facility (FAST), achieving a major design goal
for the accelerator — and marking the beginning of a new
accelerator science program at the laboratory.

Fact sheets and brochures
Media contacts

Subscribe to Fermilab
Frontiers

“This is @ major milestone for our general accelerator
R&D,” said Vladimir Shiltsev, head of the Fermilab
Accelerator Physics Center. “The delivery of this beam
marks the start of a new program here — new facility, new

Fermilab news Search

Useful links science capabilities,” Shiltsev said.
® Symmetry magazine Fermilab accelerator scientist Jinhao Ruan (center) . ) § .
. Inieracti(:'ls g shows Fermilab Director Nigel Lockyer (left) the laser | |he delivery of 50-MeV beam is the first step in
setup for the FAST photoinjector. Viadimir Shiltsev establishing an accelerator R&D facility that will serve as
(right) is director of the Fermilab Accelerator Physics one of America's leading test beds for cutting-edge,
Int t Center. Photo: Reidar Hahn o ) _
nterac record-high-intensity particle beam research. Once

complete, FAST will provide scientists and engineers from Iab

1 v
ﬁ | t | h-; ._.._. around the world with a place to study the science of

31 high-intensity particle beams and superconducting radio-frequency acceleration, the technology on which nearly



Today: Collaboration’s 5th Annual Meetlng

o« 25 Partners:

— ANL, Berkeley, BNL, BINP,
CERN, Chicago, Colorado
State, IAP Frankfurt, JINR,

Maryland, Universidad de
Guantajuato Mexico,
Michigan State, NIU, Oxford,
RadiaBeam Technologies,
RadiaSoft LLC, Tech-X,
Tennessee, Vanderbilt

« NIU-FNAL: Joint R&D Cluster /i SENES ST
° Pub]ications, presentations at ! SR R e T 2014
conferences, workshops, etc [UaIERTE NS E e inER

IOTA
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IOTA Construction and Research Timeline (2016)

FY15

FY16

FY17

FY18

FY19

FY20

Electron Injector Proton Injector IOTA Ring

20 MeV e- commiss’d
beam tests

50 MeV e- commiss’d
beam tests

150-300 MeV e- beam
commissioning/tests *

e- injector for IOTA
+ other research

e- injector for IOTA
+ other research

e- injector for IOTA
+ other research

Re-assembly began 50% IOTA parts ready
@MDB

50 keV p+ commiss'd  I0TA parts 80+% ready

2.5 MeV p+ commiss’d |0OTA fully installed
beam tests @ MDB first beam ? *

p+ RFQ moved from IOTA commiss’d with e-
MDB to FAST * Research starts (NL 10)
2.5 MeV p+ commiss'd |OTA research with e-
beam tests IOTA commiss’d with p+

p+injector for IOTA | |OTA research with p+*

beam operations I

contingent on $$: FY17-20 - under current budget scenario...together with OHEP GARD
management we explore options to accelerate start of research by 1 year (1.48M$ supplemental)
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