
Dear Readers,
Welcome to the 2021-2022 APS-DPB newsletter! We are excited to introduce the 18th 
edition, which highlights some of the recent technical progress, and other developments in 
the accelerator science and technology community. This year’s edition brings a particular focus 
on U.S.-based projects and local advances; however, it is stressed in many contributions that 
international partnerships often play crucial roles in bringing either fundamental knowledge or 
essential in-kind contributions.  

Despite facing another difficult year of isolation and quarantine, LNLS/CNPEM in Brazil 
successfully hosted a virtual IPAC. As much as we all look forward to seeing one another in 
person, it was a great triumph to bring together over 1700 people from around the globe to 
share the progress they continued to make under difficult circumstances.

In the past we’ve highlighted certain major projects around the country, but this year we decided 
to try to summarize the whole landscape of exciting developments. We polled representatives 
from the large DOE accelerator projects and compiled their responses into a short summary. 
So, whether you’re plugged into heavy ions, light sources, or colliders you can keep up to date 
on what your colleagues are building. 

We also have several featured articles contributed by generous members of the community 
spotlighting technical progress and capabilities, as well as organizations and programs including: 
the new ARDAP office, the accelerator traineeship at the Illinois Institute of Technology, the 
R&D capabilities at test facilities around the country, the Center for Bright Beams at Cornell 
University, and exciting first results from the IOTA project at Fermi National Accelerator Lab.

You will also find 2021 APS DPB Awards & Fellowships, a discussion of the benefits of 
division activities for current and future members, our interview with the DPB Dissertation 
Award Recipient, and important dates in 2022-2023.

We would like to thank all of our authors for their valuable contributions and our 2021 APS 
DPB Executive Committee Members for their endless support. 

As always, don’t hesitate to get in touch if you would like to share your research in the next issue. 
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APS DPB Newsletter Co-Editor and Early 
Career Member-at-Large 
Fermi National Accelerator Laboratory  
siqili@slac.stanford.edu  /  (650) 926-3032

Nicholas Evans, Ph.D.
APS DPB Newsletter Co-Editor  
and Early Career Member-at-Large 
Oak Ridge National Laboratory  
evansnj@ornl.gov  /  (865) 241-5274

APS Division of Physics of Beams Annual Newsletter  //////////  2021

In this Issue:
Meet the 2021 Executive Committee

From the Chair 

From the Secretary Treasurer

Highlights from IPAC21

The Office of Accelerator R&D and Production

Chicagoland Accelerator Science  
Traineeship’ (CAST) Program

Overview of R&D Capabilities at US Beam 
Test Facilities

Expanding Accelerator Capabilities with  
the Center for Bright Beams

First Results of Research at IOTA

2021 Outstanding Doctoral Thesis  
Research in Beam Physics Award Recipient: 
An Interview with Lieselotte Obst-Huebl 

Upcoming Events

APS DPB Awards and Fellowships

Disclaimer: The articles and opinion pieces found in this 
issue of the APS DPB Newsletter are not peer refereed 
and represent solely the views of the authors and not 
necessarily the views of the APS.

Enjoy,

Image: The Center for Bright Beams explores the limits of 
accelerating technology (pg. 14).



2 APS Division of Physics of Beams /// Annual Newsletter 2021

Meet the 2021 Executive Committee

Member-at-Large
(1/21–12/23)
John Byrd
Argonne National Laboratory

Member-at-Large
(1/21–12/23)
Steve Lund
Michigan State University

Early Career 
Member-at-Large
(01/21–12/22)
Siqi Li
SLAC National Accelerator 
Laboratory

Early Career
Member-at-Large
(01/20–12/21)
Nicholas Evans
Oak Ridge National Lab

Councilor  
(01/19–12/22)
Stuart Henderson
Jefferson Lab

Member-at-Large  
(01/19–12/21)
Eric Prebys
University of California, Davis

Member-at-Large/ Wilson 
Prize Committee Chair  
(01/19–12/21)
Mei Bai
SLAC National Accelerator 
Laboratory

Member-at-Large 
(01/20–12/22)
Todd Satogata
Jefferson Lab

Member-at-Large  
(01/20–12/22)
Georg Hoffstaetter
Cornell Laboratory for 
Accelerator-based Sciences 
and Education

Doctoral Research  
Award Committee Chair
(1/20–12/22)
Frank Schmidt 
CERN

Publications  
Committee Chair
(1/20–12/22)
Jean Delayen 
Old Dominion University

Education, Outreach &  
Diversity Committee Chair
(1/20–12/22)
David Bruhwiler 
Radiasoft

Non-Voting  
Members

Chair 
(01/21–12/21)
Sarah Cousineau
Oak Ridge National Laboratory

Secretary/Treasurer
(01/17–12/22)
Marion White
Argonne National Laboratory

Past Chair/Nominating 
Committee Chair  
(01/21–12/21)
Sergei Nagaitsev
Fermi National Accelerator  
Laboratory

Chair-Elect/Fellowship 
Committee Chair  
(1/21–12/21)
Frank Zimmermann
CERN

Vice-Chair/Fellowship 
Committee Chair  
(1/21–12/21)
Camille Ginsburg
Jefferson Lab



 APS Division of Physics of Beams /// Annual Newsletter 2021 3

At the end of my term as the APS DPB Chair, I find myself 
reflecting on the remarkable journey our community has 
undertaken in the last two years. 2021 marks the second year 
that we have worked under the extraordinary constraints of the 
COVID pandemic, which has forced us to completely rethink – 
and largely reinvent – how we perform our jobs and interact with 
one another. And though our normal mode of operating has been 
completely derailed, as a community we have kept progress largely 
on track.  I am proud of how we have stepped up to the challenge, 
and I am honored to report on some of the markers of success that 
reflect this achievement. 

Major accelerator projects continued to hit critical milestones, 
accomplish key deliverables, and host and complete project reviews 
(see below article on project updates). As most of us know, this 
required an increased level of communication, commitment, and 
flexibility. With no option to postpone, all project reviews have 
been held virtually. Together with our international colleagues, we 
endured late nights and early mornings on zoom, and learned to 
be effective in shorter time windows and without the convenience 
of in-person interaction. We have been entertained by the zoom 
bombing of children and the occasional attire blooper, but 
more importantly, the challenges of collaborating in a virtual 
environment have increased our sense of comradery.  

In the arena of conferences and workshops, the move to virtual 
mode has had both advantages and disadvantages. I believe we all 
agree that virtual conferences do not offer the same collaborative 
opportunities, and we are anxious to return to an in-person format. 
However, there have been silver linings, and lessons learned: In 
2021 the program for the Division of Physics of Beams in the 
2021April APS meeting was the largest and most well attended 
program to date for our division. The DPB business meeting, 
held that week, also drew an atypically large attendance, pointing 
to the need perhaps to continue a community meeting in the 
virtual format in the future. In February 2022, the DPB held 
its first “trial run” of a virtual community meeting off-schedule 
with conferences. The meeting was well attended and a healthy 
discussion was enjoyed among attendees. Stay tuned for another 
virtual community meeting in summer! 

The IPAC conference, hosted virtually by Laboratório Nacional 
de Luz Síncrotron (LNLS), attracted over 1750 registrants, and 
featured a zero-fee registration for students.  The IPAC series 
will continue with IPAC22, to be hosted in person in Bangkok in 
June of 2022.  The April APS conference is also currently being 
planned as an in-person meeting in Washington DC, April 23rd – 

26th. Lastly, as many of you are aware, the HEP Snowmass effort 
was paused for a year and has now resumed planning, with the 
final Snowmass summit to occur in person from July 13th  – 27th 
in Seattle, Washington.  

The Division of Physics of Beams continued with its annual award 
programs without interruption. I would like to take a moment to 
personally congratulate our four new fellows, Giuliano Franchetti, 
Todd Satogata, Soren Prestemon and Nathan Woody; our 
dissertation award winner Lieselotte Obst-Huebl; and our annual 
Wilson Prize Award winners, Rep. Bill Foster and Dr. Steven 
Holmes.  They are testament to the ingenuity and talent that spans 
all career stages in our community.  

I also am pleased to announce the new Ernest Courant Outstanding 
Paper Recognition, jointly sponsored by the PRAB and the DPB 
and in honor of the late Ernest Courant (1920 - 2020), one of 
the founding fathers of our field.  One paper published in PRAB 
will be recognized annually, and the recipients will be offered 
an invited talk on the paper at the April APS meeting. The first 
paper recognition was awarded to Carlo Vicaro and colleagues for 
their paper, “Two-color x-ray free-electron laser by photocathode 
laser emittance spoiler.” Also, please note that student travel grant 
programs sponsored by the DPB will resume for both the next 
April APS meetings and the US Particle Accelerator School for 
upcoming 2023 in-person programs (note that students must be 
DPB members to apply). 

Finally, I would like to bring your attention to an urgent matter. 
The membership levels for the DPB have fallen dangerously close 
to the minimum division threshold for the APS. If we are not 
able to maintain our membership level, the DPB will no longer 
be eligible for division status. Please join me in reminding those 
in our community of the importance of our professional society 
as a mechanism for interaction, collaboration, recognition, and 
advocacy. Please encourage students and junior staff to join and 
take advantage of the programs that we have recently put into place 
specifically for their benefit. 

For the first time in 2021, this newsletter is not being 
published in a paper format. We hope you enjoy the 
convenience of the online version and share in our desire 
to reduce cost and carbon footprint.  We welcome your 
suggestions and feedback on the format and content.

From the Chair
Sarah Cousineau,  Oak Ridge National Laboratory
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DPB is performing very well as an APS Division. Our members are 
engaged, interacting with each other, sister professional societies, 
and with government organizations involved in accelerator-
related activities. Our income is mostly derived from conferences 
and we have done well, but DPB membership continues to be a 
serious concern. If our membership is too low, DPB could lose 
APS Division status. Please encourage your physics colleagues 
who use accelerators in their research to add DPB to the APS 
Units to which they subscribe.

Over the past year, the DPB has provided funds to support the 
annual newsletter. We have not been able to fund our planned 
in-person travel grants, since in-person conferences continued to 

be canceled due to the COVID pandemic. We sincerely hope that 
next year will see improvements. 

The EC held four teleconferenced meetings this year, and no in-
person meetings. 

Our election was successfully held and only 23% of our 
membership participated this time, down from 33% each year for 
the previous three years. We sent two fewer reminders this time, 
so we will bother you with more reminders for the 2022 election. 
Please login to www.aps.org from time to time, verify that your 
email address is correctly listed, and let APS know of errors.  

From the Secretary Treasurer
Marion White,  Argonne National Laboratory

June 15, 2021 /  The international accelerator community 
met last May to online to discuss the developments in 
new accelerator projects and the latest results.
The 2021 International Particle Accelerator Conference (IPAC21), 
which is hosted annually and typically attracts more than a 1000 
accelerator scientists and engineers from all around the world, was 
originally scheduled to take place from 24-28 May, 2021 in beautiful 
Iguassu Falls, Brazil, hosted by the Laboratório Nacional de Luz 
Síncrotron (LNLS) in Campinas, Brazil, also the site of the newly 
commissioned 4th generation storage ring light source, Sirius. IPAC 
is the main international event to discuss the latest achievements 
in the science and technology of Particle Accelerators, promoting 
collaboration among scientists, engineers, technicians, students and 
industrial partners across the globe. It is also the primary forum for 
conference publications in particle accelerators and it was important 
to include publication of the proceedings in the conference planning. 
As is became clear that the global pandemic would prohibit travel, 
the IPAC Organizing Committee chose to support a fully virtual 
conference format but endeavor to replicate the scope of an in-person 
conference as much as possible including invited and contributed talks, 
poster sessions, topical forum and an awards session, and industrial 
exhibitors. Furthermore, we wanted to allow some live sessions with 
timing that allow global attendance.

To try and achieve these goals, we selected the Whova platform 
(whova.com) for hosting the virtual conference. The agenda featured 
2 hours of live plenary programming each day that allowed worldwide 
participation without losing too much sleep and the remainder of 
the talks were pre-recorded with links in the conference platform 
for watching and commenting with subsequent live Q&A sessions 
with each of the speakers. Poster sessions were each provided a 
teleconferencing link for several hours to discuss their “posters”. 

Several highlights from the conference include plenary talks on the 
scientific capabilities of 4th generation storage ring light sources by 
Harry Westfahl, Jr. of the LNLS, the newly commissioned Facility 
for Rare Isotope Beams at Michigan State University by Thomas 
Glassmacher, a talk on the future of high power FELs from Norbert 
Holtkamp at SLAC, a survey of the current state of RF photocathode 
guns by Houjun Qian of DESY, and a talk on future directions 
in particle physics in the US by Young-Kee Kim of University of 
Chicago. There were several topical sessions including a session on 
Women in Science and Engineering (WISE) that featured a talk 
entitled “Women in Science: The Inconvenient Truth” from Marcia 
Barbosa from the Universidade Federal do Rio Grande do Sul, an 
industrial forum hosted by Raffaella Geometrante from KYMA 
that focused on the intersection of government accelerator projects 

The Virtual 2021 International Particle  
Accelerator Conference (IPAC’21) 
John Byrd, Argonne National Laboratory  /  Liu Lin, LNLS/CNPEM  /  Regis Neuenschwander, LNLS/CNPEM



 APS Division of Physics of Beams /// Annual Newsletter 2021 5

and industry featuring Eric Colby of the US Dept. of Energy, David 
Bruhwiler of RadiaSoft, and Paolo Manini from the SAES Group. 
The closing plenary was a sobering presentation on interaction of 
climate change and the Brazilian Amazonia region by Paulo Artaxo 
from the University of São Paulo.

The conference was highly successful and attracted over 1750 
participants from around the world. Despite the technical and logistical 
challenges of a global virtual conference, the virtual platform provided 
many advantages. The relatively low registration fee ($120-$160) and 
zero fees for students allowed a much higher attendance than an in-
person conference and also attracted a large number of early career 
and student attendees as well as attendees from countries typically not 
represented at IPAC. The virtual platform also allowed the spontaneous 
creation of over 60 chatrooms with discussions on technical topics to job 
postings (over 100 jobs posted!) The high quality of pre-recorded talks 
allowed every attendee to have a front row seat and to watch interesting 

talks multiple times. The practice of audience questions coming in via 
chat was particularly successful and led to more active discussions than 
an in-person meeting. The virtual format was less than optimal for 
poster sessions and industrial exhibitors. 

All talks from this year’s conference will remain accessible via the 
IPAC21 website for registered participants. As of now, IPAC22 is 
planned as an in-person conference in Bangkok, Thailand from 17-22 
June, 2022. We hope to see all of you there!

The newly-built storage ring light source Sirius in Campinas, Brazil, the host  
for this year’s IPAC2021.

Screenshots of a few of the many presentations from the IPAC2021.

Statistics and the participants distribution by country and by age.
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The Office of Accelerator  
R&D and Production
The Office of Accelerator R&D and Production

DOE’s Office of Science (SC) and its sister organization within 
DOE, the National Nuclear Security Administration (NNSA), 
operate several accelerator facilities and are planning several 
aggressive, forward-leaning facilities over the next decade or two. 
These new facilities will focus on discovery science research and 
fulfilling other core DOE missions. Near and mid-term examples 
include PIP-II and FACET-II (for High Energy Physics); LCLS-
II, SNS-PPU, APS-U, and ALS-U (for Basic Energy Sciences); 
FRIB (for Nuclear Physics); NSTX-U and MPEX (for Fusion 
Energy Sciences); and Scorpius (for NNSA). Longer-term 
examples may include future proton or lepton colliders, the SNS-
STS, LCLS-II HE, EIC, and the MEC upgrade. In addition to 
domestic facilities, SC also contributes to several international 
efforts, including the ILC, the LHC, and ITER. 

Together, these new facilities constitute a multibillion-dollar 
construction and operations investment. To be successful, they 
will require advances in state-of-the-art accelerator technologies. 
They will also require the national laboratories procure a variety of 
accelerator components, including, for example, superconducting 
RF (SRF) cavities and high-temperature superconducting wire 
(for high-field magnets). As a concrete example, the U.S. may be 
asked to produce twenty-five to fifty 9-cell SRF cryomodules in 
the near-term for the international ILC PreLab.

Facility-specific accelerator R&D is the purview of the SC 
Program (Fig. 1) planning the facility. For example, Basic Energy 
Sciences is responsible for the R&D needed for the high-average 
current, high-brightness electron injectors needed for LCLS-II and 
LCLS-II HE; Nuclear Physics will be responsible for the R&D 

Figure 1. SC organization, including the Science Programs and the new Office of Accelerator R&D and Production (outlined in red).
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needed for ion cooling for the upcoming EIC; and High Energy 
Physics will be responsible for the high-field magnet R&D needed 
for a 100-TeV hadron collider. The amount of accelerator R&D 
required for upcoming SC facilities is very significant, with several 
key enabling technologies still elusive (e.g., advanced accelerator 
schemes for future multi-TeV lepton colliders). Moreover, several 
emerging technologies may impact multiple facilities crossing 
different Science Program Offices, and the coordination of the 
required R&D between these offices needs to be considered. 

While accelerator facility construction and operations costs 
have increased over the last decade, accelerator R&D in SC has 
decreased both in absolute terms (from about $164M in 2011 to 
about $96M in 2022) and in relative terms (from about 12% of 
the entire accelerator budget to about 4.8% in 2022), as shown 
in Fig. 2. In addition, over half of accelerator procurements for 
construction and operations are now coming from off-shore. 

Concerned about strengthening accelerator R&D and reducing 
supply-chain vulnerabilities for accelerator technologies, in FY 
2020 SC instituted a new initiative, the Accelerator Science and 
Technology Initiative (ASTI).

As part of a larger reorganization in SC, a new Office of 
Accelerator R&D and Production (ARDAP) was established. It is 
seated directly under the Principal Deputy Director of the Office 
of Science, along with the Offices of SBIR/STTR Programs and 
Isotope R&D and Production. ARDAP is directed by Dr. Eric 
Colby, with support currently from Dr. Marion White of Argonne 
National Laboratory (through a part-time detailee position to 
SC) and Dr. Bruce Carlsten of Los Alamos National Laboratory 
(through an IPA assignment).

ASTI funding is embedded within the Science Program Offices 
and ARDAP. It is intended to support five primary technology 
areas that are strategically important for future SC facilities:

• Advances in superconducting accelerator systems, including 
SRF, SC magnets, and cryogenic engineering. 

• Beam physics and high-fidelity computer modeling and control, 
including better diagnostics, control systems, advanced focusing, 
and beam cooling techniques.

• Advances in high intensity electron, proton, and ion sources, also 
including megawatt-class targets for secondary particle sources. 

• Higher average-power radiofrequency and ultrafast laser sources, 
including power handling devices, and high accuracy X-ray optics. 

• High-risk, high-reward R&D in advanced materials, particle 
sources, beam dynamics, acceleration techniques, and other 
advanced topics.

ARDAP’s overall mission is to coordinate and make accelerator 
R&D and production investments (including through ASTI) that 
are aimed at addressing accelerator science and technology gaps to 

help ensure that the community will meet future U.S. accelerator-
based physical science R&D priorities. To accomplish that, its 
goals are to:

• Operate the Congressionally mandated Accelerator Stewardship 
program (first funded in the FY 2014 appropriation, this program 
moved from High-Energy Physics to ARDAP in FY 2021);

• Formulate and implement the Accelerator Production program 
(first funded in the FY 2022 appropriation)

• Maintain a strategic picture of accelerator science and technology 
needs for future SC accelerator facilities;

• Understand worldwide competition in accelerator R&D;
• Facilitate coordination of programmatic accelerator science and 

technology R&D investments across SC;
• Invest in selected cross-cutting accelerator science and technology 

areas;
• Provide a systems-engineering perspective for SC facility projects 

through an ARDAP Chief Systems Engineer;
• Mature key accelerator technologies and develop capable U.S. 

vendors;
• Transition accelerator technology to broader uses; and
• Support workforce development targeted at ARDAP goals when 

appropriate.

DOE G 413.3-1 provides acceptable methods for implementing 
systems-engineering requirements as specified in DOE O 413.3B. 
To help projects with this implementation, an ARDAP Chief 
Engineer will provide support for a consistent and graded level 
of systems engineering across SC, consistent with DOE Order O 
413.3B. The Chief Engineer’s responsibilities include:

• Providing support to ARDAP’s ability to see the totality of 
planned and ongoing SC accelerator work through a project-
oriented view;

Figure 2. SC accelerator R&D, construction, and operating costs from 2011 to 2022 
(where “C&O” means construction and operations).
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• Curating databases of lessons learned and best practices;
• Curating databases of available technologies and vendors;
• Owning SC systems engineering principles and standards 

(including developing SC focused Systems Engineering 
Guidance); and

• Provide ongoing support to projects as an SME consultant, as 
needed and requested by either the project or by the project’s 
Federal Program Director.

The Accelerator Stewardship program is intended to be flexible 
and responsive to national needs as identified by partner Federal 
agencies, including all SC Program Offices, NNSA (specifically 
NA-21, NA-22, and NA-80), AFOSR, ONR, DARPA, DHS, 
NIH, and NSF. Tracks 1, 2, and 3 in Accelerator Stewardship are 

well established, with Track 1 topics including focused research 
on particle therapy delivery systems, ultrafast laser technology, 
high-power electron accelerator technology for industrial and 
environmental applications. As technologies mature, older 
Track 1 themes will be retired and new ones introduced. A new 
Track 1 activity was introduced in the FY 2020 call for enabling 
technologies for compact accelerators based on security and 
medicine needs as identified in the Accelerator Stewardship 
compact accelerator workshop.[1] Since this is a relatively new 
program element, we have included Fig. 3 to indicate which beam 
energies and power are most relevant to which application. Track 
2 funds basic research at universities, in a manner complementary 
to the General Accelerator R&D program in High Energy Physics 

Figure 3. Diagram of compact accelerator applications (size of the bubble represents maximum allowable device size) versus beam energy and average power.
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and Track 3 provides assistance to industrial and other non-DOE 
entities to make short-term use of accelerator R&D capabilities at 
DOE SC National Laboratories.

While the U.S. continues to excel in discovery and innovation, 
the applied research and development necessary to translate new 
emerging technologies into products remains a challenge for 
individual companies, leading to accelerator technology supply 
chain vulnerabilities for SC and other Government missions. 
The ARDAP Accelerator Production program goal is to reduce 
these vulnerabilities by turning US-based accelerator inventions 
into products made by a skilled and diverse American workforce, 
as well as adapting foreign accelerator advances to domestic 
products as appropriate.

ARDAP’s Accelerator Production program addresses this goal 
with an Accelerator Technology Maturation sub-program and an 
Accelerator Technology Production sub-program. Through these 
sub-programs, the Accelerator Production program ensures the 

TRL and MRL of selected critical accelerator technologies are 
both sufficiently high so the technologies can be commercialized 
by domestic accelerator technology vendors. Cross-cutting 
technologies within the five strategically important technologies 
areas will have the highest priority for investments by the 
Accelerator Production program. Funding for the Accelerator 
Technology Production sub-program started in FY 2021 for 
projects developing business plans for enhancing the domestic 
vendor capability of selected technologies.

ARDAP will support cross-cutting and use-inspired accelerator 
science and technology R&D in the TRL 1-4 range with the 
Accelerator Stewardship program and broad accelerator science 
and technology R&D in the TRL 5-7 range (i.e., across the “TRL 
valley of death”) with the Accelerator Technology Maturation sub-
program. ARDAP will support production development over the 
entire MRL 1-7 range in the Accelerator Technology Production 
sub-program. The TRL and MRL ranges of the different ARDAP 
programs is shown in Figure 4.

Figure 4. TRL and MRL levels for Accelerator Stewardship (red), Accelerator Technology Maturation (green) and Accelerator Technology Production (yellow).

From: Technology Readiness Assessment Deskbook, July 2009, 
http://www.skatelescope.org/public/2011-11-18_WBS-SOW_Development_Reference_Documents/ DoD_TRA_July_2009_Read_Version.pdf
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While “cross-cutting accelerator R&D” and “technology 
maturation” have relatively clear definitions, ARDAP is currently 
studying ways to most effectively develop and support domestic 
vendors through the Accelerator Technology Production sub-
program, including possible public-private partnerships and other 
mechanisms such as consortia. As technologies mature, DOE needs 
to synchronize moving emerging technologies from universities and 
National Laboratories to industry while ensuring that investments 
lead to viable industrial production capability. Similarly, effective 
technology maturation will be facilitated by strong partnerships 
between universities, National Laboratories, and industry that 
complements and leverages the SBIR and STTR programs. 

In December 2020, ARDAP started the process of understanding 
commercialization needs and mechanisms with a data call to the 
National Laboratories to determine what accelerator technology is 
purchased through domestic vendors and what is through foreign 
sources. ARDAP followed this in February 2021 with a RFI 
soliciting community input on how to mature key accelerator 
technologies and optimally support domestic vendors. In the fall of 
2021, a roundtable discussion on supply chain risks in key technology 
areas--including accelerator technology--took place. The roundtable 
final report will be available soon. ARDAP additionally solicited 
business plan development and public-private partnership concepts 
through its FY 2022 funding opportunity announcement.

Summarizing some of the main ARDAP functions: 
• Through the Accelerator Stewardship program, it will continue 

to support accelerator R&D that is use-inspired and that is cross-
cutting in the sense that the R&D is not specifically needed for 
the future goals of a single Science Program Office;

• It will work with universities, National Laboratories, and 
industry to mature and commercialize key accelerator 
technologies to reduce the risk of future SC (and other Federal 
agencies’) accelerator projects through the newly started 
Accelerator Production program; and

• The ARDAP Chief Engineer will broadly support projects’ 
systems engineering needs within SC.ARDAP investment 
strategies for both the R&D and Production topical areas will be 
informed by the SC Accelerator Joint Oversight Group, discussions 
with other Federal agencies, responses to RFIs, Roundtable 
Meetings, and Basic Research Needs (BRN) workshops. 

ARDAP encourages the entire DPB community to participate in 
the data calls and other input processes as the opportunities arise. 
Ensuring that future SC accelerators can be successfully built is an 
especially important challenge that we need to address together, 
and that we can be proud, as a community, of successfully meeting.

Reference
1 Basic Research Needs Workshop on Compact Accelerators for Security 
and Medicine, edited by Mike Fazio, (2019), https://science.osti.gov/-/media/
hep/pdf/Reports/2020/CASM_WorkshopReport.pdf 
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Illinois Tech (IIT) and Northern Illinois University (NIU) are 
heading into the third year of their joint ‘Chicagoland Accelerator 
Science Traineeship’ (CAST) program enabled by support from a 
DOE Traineeship grant.  The purpose of the program is to provide 
additional opportunities for graduate education in accelerator 
science and engineering. The CAST grant was awarded in fall 
2019, enabling NIU to apply the support to students immediately, 
whereas there was a delay for the IIT cohort due to the relative 
timing of the academic year. A total of 10 students (6 NIU, 4 IIT) 
have finished at least one year, and 5 (2 NIU, 3 IIT) new students 
are enrolled for fall of 2021.  The first CAST student to finish will 
graduate this fall from NIU. Of the 15 total students (new and 
old) 40% are women, and there is one underrepresented minority 
student (that is ~7%). There are seven CAST faculty members. Note 
that DOE supported Traineeship students must be U.S. citizens 
or permanent residents. Both NIU and IIT have a prior history 
of graduating students in accelerator science and engineering, they 
have jointly awarded approximately 64 graduate degrees in this 
field to-date. The resulting network of collaborative contacts with 
outside partners is a valuable resource for the new CAST program.

DOE funded Traineeships
In May of 2015 there was an ‘HEP RFI on Strengthening US 
academic Accelerator Science’; this was followed by an FOA for 
the Accelerator Science and Engineering Traineeship[1] with the 
first award in 2017. The DOE Traineeships address priority DOE 
technical workforce needs and identified training gaps.  Currently 
identified areas of critical need include, (1) physics of large 
accelerators and systems engineering, (2) SRF accelerator physics 
and engineering, (3) RF power system engineering and (4) cryogenic 
systems engineering. The DOE Traineeship awards are for 5 years 
providing up to $55,000 per student per year for up to two years for 
programs enrolling 4-10 new students every year. The universities 
partner with one or more of the following, (1) a national laboratory, 
(2) a DOE sponsored private sector organization, or (3) a non-DOE 
sponsored organization to address a specific DOE training need.

The CAST Traineeship structure
Each student in a Traineeship program receives no more than two 
years of funding that may be for an MS or PhD degree. One choice 
to be made by a Traineeship program is which two years of a graduate 
student’s education will be covered, and whether the students will be 
MS or PhD students at that time.  That choice is naturally tailored to 

the overall program parameters of the recipient institutions. CAST 
supports MS students with a Master’s thesis requirement. The 
academic requirements for the MS program are the same as needed 
to fulfill PhD requirements, so students are able to transition to 
PhD at the end of the program without extra classes. One reason we 
chose to do MS funding for CAST is that the physics department at 
Illinois Tech typically accepts 5 funded (via Teaching Assistantship) 
graduate students each year, while there are five sub-disciplines 
within the department. This creates a recruitment bottleneck for 
accelerator science in spite of the opportunities for research in this 
area. Offering full funding for the first two years gives us the ability 
to specifically recruit students interested in accelerators.

There remains the issue of PhD funding for those students who 
are qualified and wish to continue their graduate education. Some 
of these can be moved onto faculty grants, while others may be 
funded by graduate student support available at the National 
Labs, or even private sector R&D companies. The CAST 
program official partners are Fermilab, Argonne National Lab, 
Euclid Techlabs, and Muons Inc. The students are being trained 
in areas of critical need for particle accelerator-based research, so 
it is typically in the interest of National Laboratories to partner 
with universities in this way. Traineeships may also offer the 
opportunity for laboratory employees to continue their education; 
for example, a Fermilab accelerator operator will be joining the 
CAST program in fall 2021. If there were enough interest from 
a National Laboratory, it might be possible to make a continuing 
education pipeline with a flexible arrangement for Traineeship 
graduate education in physics or engineering.

Chicagoland Accelerator Science  
Traineeship (CAST) Program
Linda Spentzouris, Illinois Institute of Technology

Figure 1. Sarah Weatherly and Riley Roca at Euclid Techlabs, the site of their MS 
research.
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Partnerships between universities and National Laboratories to 
carry out graduate education in accelerator science and engineering 
are a natural result of the special needs in our field.  Student  research 
should involve an accelerator and its associated infrastructure, while 
laboratories benefit from having graduate students on their research 
teams, and from training their future workforce. A distributed 
education is the norm in our field anyway, since most students 
take courses at the U.S. Particle Accelerator School (USPAS). The 
USPAS courses provide needed training, and the credits are often 
needed for graduation. CAST, like other Traineeships, requires 
students to attend USPAS.

MS thesis projects
The CAST program runs a seminar series for the students during 
the academic year. A good portion of the speakers are those from 
National Labs or companies that are interested in taking on a student 
for an MS thesis project. In this way the students are exposed to 
thesis research options and at the end of the year connections are 
made between students and projects. One planned improvement for 
subsequent years is to have a one-page form for potential mentors 
to fill out with a description of their potential MS project, so there 
is a ‘library’ of potential projects available to students. Also, in this 
way other National Labs or organizations could also easily advertise 
to students. This would be especially desirable if funding for PhD 
research might be available from the organization later (assuming 
everything goes well during the MS phase of the project).  So if 
you, the reader, are interested, contact us!

As can be seen in the following short descriptions of the current 
student projects, the CAST partners are indispensable for providing 
quality training to our students.

NIU Physics/FNAL: 
1 Emittance diagnostics simulations 
2 Beam transport optics measurements and analyses

NIU EE/ANL: 
1 Beam-position monitor electronics development 
2 Micro/Nano-fabrication of ultra-sharp silicon tips for cold-field 

emission 

NIU Physics/ANL (AWA):
1 Injector design/upgrade for AWA
2 Modeling and diagnostics for a wakefield acceleration experiment 

IIT Physics/FNAL: 
1 Nanofiber material development for next-generation high power 

targets
2 NuMI beam monitor 

IIT Physics/Euclid Techlabs: 
1 Ultra-low vibration cryostat
2 Dielectric disk-loaded accelerator structure

Starting a Traineeship in a pandemic
We had the challenging experience of starting the CAST Traineeship 
program during a pandemic. There were naturally some undesired 
consequences; (1) tours and meetings at the National Laboratories 
were canceled, (2) students attended USPAS and IPAC virtually 
instead of in person, and (3) students attended their university 
courses virtually. These were impediments to establishing a close-
knit group and robbed early planned experiences of some of the 
natural excitement. Nevertheless, retention is good, and the next 
year is happily anticipated.  One advantage to remote life has been 
the ability to invite speakers from all over the country to our seminar 
series, since no travel funds are needed. This practice of virtual 
seminars will continue in a hybrid form; some of our speakers will 
be virtual, but CAST members will gather at IIT and NIU for the 
talks.  May we all be free of pandemics in the future!

Going forward
DOE funding for Traineeships is a valuable asset to our community 
at large. There are several other Traineeships besides CAST at 
other locations in the U.S., and there are plans for additional ones 
in the near future. Partnerships between universities, USPAS, 
National Laboratories, and R&D companies makes sense in the 
field of accelerator science and engineering. The Traineeships are 
an effective tool for increasing the number of trained scientists and 
engineers in our field.

Reference
1 “Funding Opportunity Announcement (DE-FOA-0002489): DOE Traineeship 
in Accelerator Science & Engineering.” Department of Energy, Mar. 2021, 
[Online]. Available: https://science.osti.gov/-/media/grants/pdf/foas/2021/SC_
FOA_0002489.pdf
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Overview of R&D Capabilities  
at US Beam Test Facilities
Sergei Nagaitsev*, Fermi National Accelerator Laboratory

Numerous reports[1-3], including the May 2014 report of the HEP 
Particle Physics Project Prioritization Panel (P5) recommended 
to “…Support the discipline of accelerator science through 
advanced accelerator facilities...” and “…Pursue accelerator R&D 
with high priority… Focus on outcomes and capabilities that will 
dramatically improve cost effectiveness for mid-term and far-term 
accelerators.” To accomplish this mission, beam test facilities with 
high-quality beam parameters and diagnostic tools are essential 
to support the necessary research into new beam generation, 
acceleration and transport techniques with the potential to 
mitigate technical risks of upcoming projects and to reduce the 
cost of future accelerator facilities.

Several beam test facilities, supported by the DOE Office of 
Science and the NSF, provide access to a suite of complementary 
and diverse capabilities for a broad community of scientists 
representing universities, industry and national laboratories to:

1 Advance accelerator technologies for the next generation of SC 
research facilities

2 Carry out basic research in accelerator and beam physics 
3 Educate and train future scientists and engineers.

The Accelerator Test Facility (ATF) at Brookhaven National 
Laboratory serves the US DOE Accelerator Stewardship program 
and develops advanced acceleration methods for leptons and ions 
as well as high-energy photon sources. The ATF provides access to 
three classes of experimental facilities: a long-wave infrared high-
power laser at ~ 9.2 µm, a high-brightness linac-driven 80MeV 
electron beam, and near-IR laser sources. This combination 
of capabilities enables programs on particle and photon source 
development, wakefield acceleration, inverse Compton scattering, 
and laser-driven plasma ion acceleration.

The Argonne Wakefield Accelerator (AWA) is dedicated to 
the investigation of Structure Wakefield Acceleration (SFWA) 
including both collinear wakefield and Two-Beam   Acceleration 
(TBA). It focuses on the underlying beam-dynamics challenges 
(e.g., production of bright- and high-charge-beams), beam 
manipulation (e.g., beam-current shaping) and control (e.g., 
mitigation of BBU), and the development of advanced accelerating 
structures (e.g., dielectric waveguides, metamaterials) for efficient 
high-peak-power RF generation and acceleration. AWA has 

demonstrated unprecedented beam-transformer ratios (>5) in 
both SWFA and Plasma Wakefield Accelerator (PWFA) setups. 
Likewise, it has generated GW-scale peak-power RF-pulses and 
demonstrated staging in a TBA configuration in the pursuit of 
a linear collider. AWA develops these technologies for other 
applications (FELs and compact accelerators) and synergistically 
supports other advanced-accelerator concepts.

The BELLA Center at LBNL has been performing research on 
laser-plasma accelerators (LPAs) for over two decades. The main 
research objectives are the development of LPA modules at the 10 
GeV level and the staging (coupling) of LPA modules, which are 
two essential R&D components for a future plasma-based linear 
collider. The current laser systems at the BELLA Center include 
the BELLA Petawatt (PW) laser and two independent 100 
Terawatt (TW) systems. Upgrades are underway to the BELLA 
PW beamline to allow the delivery of two synchronized pulses 
on target, enabling staging, and a short focal length capability, 
enabling experiments at ultrahigh intensity. The BELLA Center 
is also pursuing a new facility, kBELLA, consisting of a 1 kHz, 
few J, 30 fs, high average power laser for the demonstration of 
a high rep-rate, precision LPA and subsequent applications. The 
BELLA Center functions as a collaborative research center and is 
part of LaserNetUS.

The Fermilab Accelerator Science and Technology facility (FAST), 
consists of a storage ring, IOTA, capable of operating with both 
protons and electrons with beam momentum range 50 -150 MeV/c 
and two injector linacs (electrons and protons). The IOTA research 
goals are mostly focused on the challenges posed by future high-
intensity machines, such as beam instabilities and losses. The 
IOTA storage ring is unique in its flexibility and performance. 
It has a circumference of 40 m and a relatively large aperture (50 
mm). It is easily reconfigurable to accommodate the installation of 
1-3 concurrent experiments. The focusing lattice was designed to 
have significant flexibility to enable a wide variety of studies. IOTA 
can store electrons up to 150 MeV or protons at 2.5 MeV (kinetic).  
Research with electron beams into optical stochastic cooling is 
underway at both IOTA (Fermilab) and CESR (Cornell).

The Facility for Advanced Accelerator Experimental Tests 
II (FACET-II), an upgrade of the FACET facility at SLAC 

*Also, at the University of Chicago
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National Accelerator Laboratory, operates as an Office of Science 
National User Facility. FACET-II will provide beams optimized 
for the next generation of PWFA experiments and will be the only 
facility in the world capable of providing 10 GeV electron beams 
in support of accelerator science R&D. It allocates roughly half of 
the beam time towards investigating plasma wakefield acceleration 
in support of the R&D roadmaps defined in the DOE Advanced 
Accelerator Development Strategy Report. Primary elements of 
this program include demonstration of a 10 GeV plasma stage 
with preserved beam quality, development of ultra-high brightness 
beams from plasma-based injectors and developing high-intensity 
X-ray and Gamma-ray sources. The other half is dedicated to a 
diverse set of research programs enabled by high-energy high-
intensity electron beams and their interaction with lasers, plasmas 
and solids. Novel diagnostics to characterize the extreme beams 
are being developed combining beam-physics, machine learning 
and artificial intelligence. Future upgrades to deliver 10 GeV high 
intensity positron beams and upgrades to the 10 TW experimental 
laser systems are under development to exploit the full scientific 
potential of the facility. 

The Beam Test Facility (BTF) at the SNS is employed to study 
beam dynamics in the front-end of high-power ion accelerators. 
The BTF consists of an H- ion source, RFQ and 2.5 MeV transport 
line, as well as diagnostics for 6D phase space distributions and 
detection of halo at one part-per-million. The BTF addresses the 
critical question of beam loss control for high power accelerators 
through a more complete picture of halo formation, including 
better predictions and mitigations. 

The Cornell-BNL ERL Test Accelerator (CBETA) consists of 
a 4-turn SRF Energy Recovery Linac with a permanent magnet 
Fixed Field Alternating-gradient (FFA) arc at Cornell University. 
The facility is equipped for studies of energy recovery, including 
phenomena such as the beam-breakup instability, beam timing 
and SRF phasing for simultaneous beam; for permanent magnet 
technology; and for FFA optics with large energy aperture. An 
additional focus is the saving of energy in accelerators.

The UCLA PEGASUS facility is home to a small university-size 
accelerator beamline for research in ultrafast beams, advanced 
beam manipulation and diagnostics techniques. Experiments 
currently planned include novel beam instrumentation like RF 
deflectors and Electro-Optic Sampling Technique, exploration of 
new regimes of operation of RF photoinjectors, high resolution 
longitudinal phase space measurements and ultrafast relativistic 
electron diffraction.

The capabilities of the above facilities target specific aspects of the 
DOE SC mission. Collaboration among the research programs 
to develop concepts and take advantage of diverse capabilities at 
various facilities is beneficial to all accelerator research programs 

within the DOE. For example, the AWA facility offers synergistic 
opportunities with plasma-based acceleration. The staging and 
bunch shaping for high transformer ratio capabilities mean that the 
facility can be used for initial demonstration at low energies of these 
technology elements for both PWFA and LWFA technologies.

Beam test facilities will continue the mission to train the next 
generation of leaders in accelerator physics. This is accomplished 
through partnership with universities. Developing the workforce 
with skills to build and operate the next generation of SC research 
facilities requires specialized facilities suitable for hands-on 
training. It is important to expose university-based researchers 
to the opportunities available with a career in accelerator science, 
including direct training and co-mentoring of undergraduate and 
graduate students.

References
1 https://www.usparticlephysics.org/wp-content/uploads/2018/03/FINAL_
P5_Report_053014.pdf

2 https://arxiv.org/abs/2101.04107

3 https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-
AF6_AF1_Vitaly_Yakimenko-096.pdf
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Expanding Accelerator Capabilities  
with the Center for Bright Beams
Oksana Chubenko, Arizona State University  /  Rachael Farber, University of Chicago  /  Nathan Majernik, UCLA  /   
Ryan Roussel, University of Chicago  /  Zeming Sun, Cornell University

Introduction 
The Center for Bright Beams (CBB), a National Science 
Foundation Science and Technology Center, has leveraged 
the expertise of experimental and computational physicists, 
chemists, materials, and interfacial scientists, and others since 
its formation in 2016 to advance the fundamental understanding 
and implementation of particle accelerator-based science and 
technologies. CBB is led by Cornell University, and also includes 
Arizona State University, Brigham Young University, Northern 
Illinois University, University of California Los Angeles, 
University of Chicago, University of Florida, University of New 
Mexico, Fermi National Accelerator Laboratory, Lawrence 
Berkeley National Laboratory, and SLAC National Accelerator 
Laboratory, and affiliates at other institutions.

With the mission of increasing electron beam brightness by a factor 
of 100 and reducing the cost and space requirements of accelerator 
technologies, research conducted within CBB contributes to the 
advancement of accelerator based technologies used in multiple 
sectors and scientific fields. Developing electron microscopes 
with sufficiently bright sources will allow for lower cost and 
higher throughput microscopy capable of sub-atomic resolution. 

Compact, university scale, x-ray free electron lasers (XFELs) will 
increase access to x-ray crystallography of protein structures with 
femtosecond pulses and nanometer spatial resolution. Accelerator 
facilities equipped with brighter, more intense beams will improve 
high-precision photolithography and quantum computing as well 
as facilitate powerful biopharmaceutical treatments.

CBB’s mission involves three focused themes to produce, 
accelerate, and control high brightness, charged particle beams 
(Fig 1). The Beam Production theme is developing robust 
photocathode materials and geometries capable of generating 
bright electron beams at operational fluences. In the Beam 
Acceleration theme, work is being done to develop a thorough 
understanding of the optimal properties of superconducting radio 
frequency (SRF) cavities as well as producing high performing 
SRF cavities at larger accelerating gradients. Within the Beam 
Dynamics and Control theme, ongoing efforts aim to conserve 
beam quality and brightness in linear accelerators and storage 
rings. To address the complex, multifaceted factors limiting the 
brightness of modern charged particle beams, CBB incorporates 
the developments of each theme to produce brighter beams for 
future accelerator applications.

Figure 1. (Top) The Center for Bright Beams’s workforce: the Beam Production theme focuses on different aspects of advanced photocathode modeling, growth, 
fabrication, and characterization; the Beam Acceleration theme develops next-generation SRF cavities using advanced superconducting materials; the Beam 
Dynamics and Control theme develops effective methods to preserve the beam quality during transport. (A) AFM and KPFM characterization of smooth alkali-
antimonide films; (B) STEM-EWPC image of Nb3Sn film grown via electrochemical deposition; (C) Machine learning based exploration of accelerator parameter 
space subject to unknown constraints.
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Theme 1 - Beam production 
The photoemission process, by which the electron beams are 
generated, plays a critical role in defining the beam quality (i.e. 
brightness) throughout an accelerator. The Beam Production 
theme seeks to understand and improve this process in order 
to develop photocathodes that can deliver intense and highly 
collimated electron beams and can survive in harsh environments.  
Modeling and simulation of physical processes involved in 
photoemission reveal the mechanisms that limit photocathode 
performance and identify optimal operational conditions. 
Graduate student Jai-Kwan Bae (Cornell University) found that 
non-linear processes like ultrafast electron heating and multi-
photon absorption broaden the electron beams emitted from 
metal photocathodes [1] . Postdoc Oksana Chubenko (Arizona 
State University) has developed a detailed Monte Carlo model of 
spin-polarized photoemission [2], which identifies fundamental 
mechanisms limiting the performance of GaAs photocathodes. 
A fully ab initio, many-body photoemission framework developed 
by graduate student Kevin Nangoi (Cornell University) 
predicts the transverse momentum distributions and the mean 
transverse energies (MTEs) of photoelectrons from single-
crystal photocathodes and shows that atomically ordered, low-
electron-affinity semiconductors (e.g. caesiated GaAs, and alkali-
antimonide thin films) preserve collimation and size even at large 
laser fluences [3].

Taking full advantage of alkali antimonide photocathodes requires 
growing them as single crystals. Postdoc Alice Galdi (Cornell 
University) focuses on detailed analysis of surface morphology 
and emission properties of cesium antimonide films grown on 
single crystal substrates, and has significantly reduced the surface 
roughness that contributes to beam broadening [4] . Students and 
postdocs in the Karkare group (Arizona State University) have 
demonstrated cesium antimonide films grown on lattice-matched 
STO substrates with a surface roughness of less than 0.5 nm and 
work-function variations less than 5 mV [5].

Cathodes for accelerators such as XFELs must survive for weeks 
or months in harsh operating conditions, often with relatively 
poor vacuum.  To meet this need, the Beam Production theme 
is developing protective coatings for sensitive cathode surfaces. 
Graduate student Jai-Kwan Bae and postdoc Alice Galdi 
demonstrate that activation of GaAs photocathodes using Sb-
Cs-O improves the dark lifetime up to one order of magnitude 
and the charge extraction lifetime by a factor of 60 as compared to 
traditional Cs-O activating layers [6]. In a parallel effort, recent 
Ph.D. Will DeBenedetti (Cornell University) demonstrated the 
transfer of mono-layer graphene to a cathode surface, offering 
protection in some conditions.  

Nano-scale emitters can be used to generate bright electron beams 
through reducing the source size. Graduate students Joshua Mann 
and Gerard Lawler (UCLA) developed bright photocathodes 

based on nano-blades [7]. They found that these nanostructures 
permit higher peak surface fields compared to nanotips, resulting 
in more intense emissions. 

Theme 2 - Beam acceleration 
Particle beams are accelerated to high energies within a short 
distance by using curved-cylindrical superconducting cavities 
under radio-frequency (RF) electromagnetic fields. The Beam 
Acceleration theme has focused on identifying next-generation 
superconducting RF (SRF) materials grown on the inner surface 
of SRF cavities.  These materials can increase cavity performance 
at higher accelerating gradients and improve cryogenic 

Figure 2. Representative STM image of the (3×1)-O Nb(100) surface with A) In 
situ helium atom diffraction and B) Auger electron spectroscopy revealing the 
persistence of an ordered Nb oxide structure at elevated temperatures [15].
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efficiency, thereby decreasing operational costs compared to Nb 
SRF cavities, the current standard cavity material. Nb3Sn has 
been identified as one such promising material. CBB affiliate 
Sam Posen (FNAL), then a graduate student at Cornell, first 
demonstrated the feasibility of Nb3Sn cavities grown via Sn 
vapor diffusion [8]. Interdisciplinary research efforts aimed at 
optimizing Sn vapor diffusion methods by graduate students 
Ryan Porter, Nathan Nitaraman (Cornell University), Darren 
Veit (University of Chicago), and Alden Pack (Brigham Young 
University) demonstrated  that decreasing the surface roughness 
directly impacts the performance of resultant SRF cavities due 
to the relationship between physical film quality [9], structure 
[10], chemical composition [11], and accelerating performance 
[12].  Postdoc Zeming Sun (Cornell University) is developing 
advanced methods to produce smooth, homogeneous Nb3Sn films 
and has found that  electroplating-based Nb3Sn films have a five-
fold reduction in surface roughness compared to standard Nb3Sn 
films [13].  The combined efforts of CBB graduate students and 
postdocs led to the first demonstration of a compact Nb3Sn SRF 
system equipped with 4.2 K conduction cooling [14]; this marks 
the first step in realizing Nb3Sn-based accelerating technology.

Graduate student Sarah Willson and postdoc Rachael Farber 
(University of Chicago) are investigating growth of Nb3Sn films 
using in situ ultra-high vacuum surface science growth and analysis 
techniques. Their mechanistic studies of the Nb-Sn-O interactions 
would guide growth of Nb3Sn alloy films. Density functional 
theory (DFT) calculations done by graduate student Ajinkya 
Hire  (University of Florida) provide insight into the atomic-
scale interactions dictating Sn alloying behavior on oxidized Nb. 
Through this work, there is a more complete understanding of 
the relationship between surface oxide structure and composition, 
as demonstrated by graduate students Alison Mcmillan, Caleb 
Thompson, and Sarah Willson (University of Chicago) [15], and 
Sn adsorption and diffusion behaviors. 

In addition to Nb3Sn, the Beam Acceleration theme is actively 
investigating a wide range of next-generation SRF materials. 
Graduate student Thomas Oseroff (Cornell University) is 
utilizing an RF sample test cavity to “identify candidates that 
may be able to push accelerating cavities to the next level.” 
Computational work by graduate students Nathan Nitaraman and 
Michelle Kelley (Cornell University) and graduate student Aiden 
Harbick and postdoc Ben Francis (Brigham Young University) 
utilize ab initio DFT calculations and mesoscopic Ginzburg-
Landau modeling to investigate superconducting properties as 
well as cavity-level performance metrics resulting in a complete 
understanding of the fundamental behavior of superconducting 
materials and their RF performance.

Theme 3 - Beam dynamics and control 
The Beam Dynamics and Control theme seeks to improve realized 
beam brightness in colliders, light sources, electron microscopes 
and other accelerators. The brightness of beams from high quality 
sources must be conserved during beam transport.  In order to 
measure beam parameters in the requisite regime, post-doc Jorge 
Giner Navarro (UCLA, now at CIEMAT, Spain) developed 
instrumentation that measures pico-meter emittances which has 
been applied to the ultrafast electron diffraction HyRes beamline 
in LBNL.  Preserving pico- and nanometer emittances requires 
control of space charge effects, which grow with the ever-shrinking 
beam sizes. Graduate student Matthew Gordon (University of 
Chicago) has integrated point-to-point space charge modeling into 
the simulation of beams as they emerge from photocathodes [16] 
and graduate student Chris Pierce (Cornell University) has shown 
that even with space charge, high charge-density injectors benefit 
from high performance photocathodes [17]. CBB researchers 
are further exploring new methods to reduce emittance growth 
in beamlines for FELs, ultrafast electron diffraction, electron 
microscopy [18] and other applications.

Once electron or hadron beams are injected into storage rings, beam 
brightness can decrease over time due to intrabeam scattering and 
diffusion mechanisms. To recover lost brightness, stochastic cooling 
serves as a fast feedback system to reduce the transverse beam 
emittance [19]. Optical stochastic cooling promises faster cooling 
rates than traditional stochastic cooling, but requires more precise 
control over beam parameters and improved radiation transport at 
optical wavelengths. Graduate student AJ Dick (Northern Illinois 
University) contributed to the recent demonstration of optical 
cooling in IOTA/FAST at Fermilab [20], and graduate student 
Samuel Levenson with Research Associate Matt Andorf (Cornell 
University) are working toward demonstration of active cooling 
(i.e. with amplification)  of CESR at Cornell University [21].

Implementing these techniques requires precise control of a 
large number of accelerator parameters and limited diagnostics. 
CBB graduate students and postdocs at UCLA, Cornell, 
University of New Mexico and SLAC are  investigating the use 
of machine learning methods for advanced control and modeling 
of accelerators. The creation of neural-network based accelerator 
models with extremely fast computation times enables optimization 
of previously unsolvable problems that have a large number of 
free parameters. Determining techniques towards adapting these 
models to real-time data is a central focus of CBB research [22,23]. 
In the long-run, CBB hopes to apply intelligent machine learning 
algorithms to automate routine accelerator tuning tasks [24] and 
enable previously impossible optimizations [25].
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Conclusion
Through the combined efforts of researchers within CBB, 
demonstrable and vital improvements have been made to 
particle accelerator science and technology and related fields. 
Tight collaboration between scientists with expertise in multiple 
disciplines has been a key to this progress.  A small subset of this 
progress has been summarized in this article including work into 
advancing beam production, acceleration, and control. These 
scientific advancements are only a portion of the value generated 
by this Center; another is the training of a workforce. In its first 
five years, CBB has trained 24 graduate students and 8 postdocs.   
The graduate student and postdoc trainees of the Center are 

poised to continue to work in interdisciplinary, solutions-focused 
positions both within accelerator physics and beyond. This is 
illustrated by the career trajectories of graduates of the Center, 
summarized by the figure below. Further, CBB seeks to improve 
the diversity of the field of accelerator science, aiming to meet and 
exceed national demographics in the field of physics. To this end, 
there is a strong focus on creating a culture within the Center that 
reduces the feelings of isolation and “otherness” experienced by 
underrepresented groups. Within this framework, CBB continues 
to progress towards the demonstration of 100-fold brighter 
beams while reducing the size and cost of enabling technologies, 
facilitating progress in myriad fields. The future is bright!

UC-XFEL
The x-ray free electron laser (XFEL) is a transformative 
scientific instrument but its ~kilometer footprint and billion 
dollar price dramatically limit access resulting in highly 
oversubscribed facilities. A new concept, the ultra-compact 
x-ray free electron laser (UC-XFEL)[26], seeks to increase 
access by reducing the cost, footprint, and staffing requirements 
of current XFELs by at least an order of magnitude. It would be 
capable of generating a coherent beam with 25 gigawatts of 1 
nanometer photons in a 40 meter footprint with a <$40M price 
tag. Such a UC-XFEL would make them dramatically more 

accessible, enabling research that the current XFEL paradigm 
is unable to support. This approach will require state-of-the-
art technology such as short period undulators; cryogenically 
cooled, normally conducting RF structures; and ML methods 
for automated system tuning. The most critical constraint is 
reliance on higher brightness electron beams and brightness-
preserving beam manipulation and transport. This radical 
advancement is uniquely enabled by the interdisciplinary, 
fundamental research being performed by CBB.

Figure 3. To-scale conceptual layout of a UC-XFEL, with major subsystems called out and human-sized figures for reference. The overall length is 
approximately 40 meters.
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First Results of Research at IOTA*
A. Valishev on behalf of the IOTA team, Fermi National Accelerator Laboratory

The Fermilab Accelerator Science and Technology facility (FAST) 
is being developed as a center for accelerator and beam physics 
research [1,2]. The facility takes its beginnings in the early 2000’s 
when the construction of an ILC test accelerator was initiated 
aiming to demonstrate the operation of a short section of the 
ILC linac with beam. Later, advances in the theory of nonlinear 
integrable optics gained renewed interest in the accelerator 
community [3] and a small electron ring was proposed to test 
the novel accelerator lattices. This ring, the Integrable Optics 
Test Accelerator (IOTA) became the centerpiece of the IOTA/
FAST facility, which is at present the only dedicated machine 
for intensity-frontier accelerator R&D in the United States. The 
many advanced features and the small scale of the facility together 
with the flexibility of its accelerators establish a unique capability 
for testing novel accelerator science concepts and technologies, 
national and international collaboration, and training of the future 
accelerator experts. 

The facility is presently composed of an SRF electron linac [4] 
and the IOTA storage ring (Fig.1). A low-energy proton linac for 
injection of proton beams into IOTA is under construction with 
the planned completion in 2021. 

The FAST electron linac can produce bunches with transverse 
emittance of 0.6 mm-mrad (r.m.s. normalized), charge of up to 
3.2 nC, and energy of up to 300 MeV. The design beam structure 
consists of 1-ms long trains of 3000 bunches 333 ns apart at a 
frequency of 5 Hz. The typical mode of operation for beam injection 
into IOTA uses single bunches at the repetition rate of 1 Hz. 

IOTA is a 40-m circumference storage ring, designed to satisfy 
the requirements of a diverse beam physics research program using 
either electron or proton beams. The ring features a conventional 
linear focusing lattice with 8 sector bending magnets and 40 
individually powered quadrupole magnets. The stretched-octagon 
layout with four 2-m long straight sections and two 6-m long 
sections allows for the placement of the essential beam manipulation 
and instrumentation devices as well as for the installation and easy 
replacement of experimental insertion devices. The 2-in diameter 
vacuum chamber permits circulation of large-size proton beam 
and allows studies of large-amplitude oscillations with electron 
beams. The maximum design beam momentum in IOTA is 150 
MeV, and to date the ring has been operated with electron beams 
at 47, 100, and 150 MeV. At these energies, electrons emit ample 
amounts of synchrotron radiation in the visible part of the spectrum 
thus affording beam observation using a broad range of optical 
instrumentation. The ring is also equipped with a conventional 
capacitive-pickup BPM system with 21 points of observation. A 
unique capability of IOTA is the reproducible long-term storage of 
single electrons, which opens wide research opportunities. 

The high-impact research pursued by the IOTA/FAST team 
seeks to address the grand challenges of accelerator and beam 
physics [5]. The IOTA research program is primarily motivated 
by the needs of the future high-intensity HEP facilities and aims 
to push the maximum beam intensity and brightness of future 
proton rings while minimizing the accelerator scale and cost. 
Along this direction, the key research areas are i) the mitigation 
of beam loss and quality degradation caused by coherent beam 

Figure 1. Layout of the IOTA/FAST accelerators (not to scale). * Fermilab is operated by Fermi Research Alliance, LLC under Contract No.  
DE-AC02-07CH11359 with the United States Department of Energy



 APS Division of Physics of Beams /// Annual Newsletter 2021 21

* Fermilab is operated by Fermi Research Alliance, LLC under Contract No.  
DE-AC02-07CH11359 with the United States Department of Energy

instabilities through their suppression by Landau damping; ii) 
research on improvement of beam quality and brightness such 
as the mitigation of space-charge and beam cooling. The main 
candidate technologies being pursued by the IOTA team are the 
Nonlinear Integrable Optics (NIO) [6], Electron Lenses [7], and 
Optical Stochastic Cooling (OSC) [8]. 

In addition to the priority research, the flexibility of the facility 
accelerators and its operation model allow opportunities for 
experiments concurrent with the main program. The studies 
in this category are often driven by external partners both 
nationally and internationally and involve academia and graduate 
students. Example directions include photon science experiments, 
development of novel beam instrumentation, aspects of high-
current SRF operation, radiation generation, machine learning 
and quantum science initiatives. 

In order to encourage a vibrant scientific program, establish 
transparent resource and schedule priorities, and ensure adequate 
planning and conduct of experiments, the IOTA team implemented 
a simple and effective process. The IOTA/FAST Scientific 
Committee reviews and approves proposals, works with experts 
on the development of experimental plans, establishes priorities 
and follows the progress of the program. The facility beam 
operations are conducted in compact periods, referred to as ’runs’ 
interleaved with periods of machine development, maintenance, 
and experiment assembly. Since the completion of IOTA assembly 
in August of 2018 and the subsequent commissioning, the team 
conducted three experimental runs: the 70-day run 1 in 2019, 
the 85-day run 2 in 2019/20 and the 325-day run 3, which was 
completed in August of 2021. 

In run-1 and run-2 the IOTA experiments were primarily focused 
on NIO and included the studies of nonlinear dynamics, coherent 
beam instabilities, intra-beam scattering, and photon science with 
single and multiple electrons [9]. It should be noted that run 2 
was cut short because of the COVID-19 pandemic and some 
experiments did not complete data taking. 

The overarching goals of the NIO experiments in IOTA are i) the 
demonstration of a practical implementation of the NIO concept 
in a real accelerator; ii) the study of fundamental aspects of stability 
of such lattices to imperfections; and iii) demonstration of benefits 
of NIO lattices in high-intensity synchrotrons [6]. 

The NIO research program is comprised of two major parts: 

1 Studies with electron beams with focus on the aspects of single-
particle betatron dynamics, allowed by the properties of 100–
150 MeV electron beams: the suppressed collective effects and 
the small transverse size of the electron beam compared to the 
available machine aperture. 

2 Studies with proton beams, which deal with the physics of 
space-charge dominated beams in strongly nonlinear lattices. 
The 2.5 MeV kinetic energy proton beam in IOTA will be 
strongly affected by the space-charge forces. Additionally, the 
long proton bunches allow for the investigation of coherent intra-
beam motion and the impact of NIO on coherent beam stability. 
The demonstration of practical benefits for high-intensity and 
high-brightness hadron beams is the ultimate goal of the IOTA 
NIO research program.

The studies in run 2 dealt with the first phase of the NIO research. 
Initial NIO experiments in run 1 demonstrated that a record-
high nonlinear amplitude-dependent betatron tune shift can be 
attained in IOTA with the use of NIO lattices. Extensive machine 
upgrades during the 2019 summer shutdown enabled a better 
quality research program in run 2. 

The run 2 experiments explored two types of NIO lattices: i) a 
system with one invariant of motion, also referred to as the Quasi-
Integrable or Hénon-Heiles-type system, implemented with a 
quasi-continuous octupole focusing channel; ii) a system with two 
invariants of motion, also called the Danilov-Nagaitsev system [3], 
implemented with a quasi-continuous nonlinear elliptic-potential 
focusing channel. 

All of the IOTA NIO concepts rely on precise tuning of the 
lattice, and the project strives to achieve better that 1% precision 
in  β-functions and better than 0.001 precision in horizontal 
and vertical phase advances through the nonlinear sections. Two 
methods were used to tune the IOTA lattice: the LOCO tool and 
the turn-by-turn kicked beam data analysis. We estimate that the 
β-functions were within 3% of the design values. The errors in 
betatron tune and phase advance through nonlinear sections were 
kept below 2×10-3.

The quasi-integrable option makes use of 17 discrete octupoles 
to approximate a continuous potential of a Hamiltonian with one 
invariant of motion, the Hamiltonian itself. Changing the strength 
of the octupole insert does not affect the small-amplitude tunes 
of the system, whereas the amplitude-dependent detuning varies 
linearly with octupole strength. In run 2, the best configuration, 
i.e. a dynamic aperture near the physical limit, was demonstrated 
and the measured maximum detuning of up to 0.04 was in 
agreement with simulations [10]. 

The Danilov-Nagaitsev system was implemented with the use of a 
specially designed nonlinear magnet to construct a focusing optics 
that possesses two invariants of the motion: the Hamiltonian itself, 
and a second function quadratic in momenta [3]. The variation of 
the magnet strength changes the small-amplitude betatron tunes 
of the system. At a certain strength, the vertical fractional betatron 
tune reaches 0, however the particle stability is not lost due to the 
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very strong nonlinearity: the phase space topology changes and the 
beam splits into two beamlets in the vertical plane. Remarkably, in 
experiments the beam crossed the integer resonance without loss. 
The beam could be left circulating on the integer resonance for 
100 seconds, and in agreement with the theoretical predictions, 
two stable beamlets were observed. The maximum nonlinear 
amplitude-dependent tune shift of 0.08 was achieved [11]. 

One of the expected benefits of the stable strongly nonlinear lattice 
is the suppression of transverse instabilities via Landau damping. 
In run 2 experiment, a transverse feedback system with reverse 
sign was used to produce anti-damping similar to an instability. 
The threshold of transverse instability as a function of the lattice 
nonlinearity was explored, and a two-fold increase of the instability 
threshold in the quasi-integrable octupole system was observed. 

The third IOTA run was focused on the proof-of-principle 
demonstration of Optical Stochastic Cooling (OSC), a novel beam 
cooling technique originally proposed some 30 years ago but never 
tested experimentally [8]. OSC is based on the same principles 
as the well-tested microwave stochastic cooling while using much 
shorter optical wavelengths (around 1 µm in IOTA resulting in 
a possibility of cooling much denser beam. Owing to the much 
smaller wavelength, usage of conventional electromagnetic pickups 
and kickers is not possible for OSC. Instead, undulators are used 
for both the pickup and the kicker. 

In IOTA the OSC apparatus was installed in one of the two long (6 
m) straight sections. The magnetic chicane bends particles in the 
horizontal plane and also provides space for the optical focusing 
system. The charged beam optics is arranged so that horizontal 
and longitudinal motions are coupled in the chicane resulting in 
particle cooling in both degrees of freedom. Cooling in the vertical 
plane is produced through coupling of the horizontal and vertical 
betatron modes outside of the cooling section. 

Although OSC was proposed as a cooling method to be used for 
hadrons or nuclei, the IOTA experiment uses electrons. The use 
of 100 MeV electrons greatly reduces the cost of the experiment 
but does not limit its generality and applicability to future hadron 
colliders and storage rings. 

The OSC studies are carried out in two stages. In the first phase, 
executed in run 3 the radiation is 3 refocused from the pickup 
undulator to the kicker undulator without amplification. This 
’passive cooling’ results in a cooling rate that exceeds the natural 
synchrotron-radiation damping by one order of magnitude. We are 
happy to report that the world’s first OSC was demonstrated at 
IOTA on April 20, 2021. Further systematic OSC measurements 
and characterisation demonstrated a full 6-degree-of-freedom 
cooling and the system performance in agreement with the design 
predictions. The implementation of ’active cooling’ involving an 
optical amplifier is planned for the future second phase. 

In summary, over the last five years IOTA saw remarkable progress 
in construction, commissioning and first research with electron 
beams. The IOTA/FAST facility supports a growing portfolio of 
collaborative experiments and serves as a platform for technological 
developments, synergistic research and training. The future runs 
will pursue the continuation of NIO studies, especially with proton 
beams, investigation of space-charge effects, realization of Electron 
Lens with a broad program, and continuation of the OSC research. 
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An Interview with Lieselotte Obst-Huebl 
Lawrence Berkeley National Laboratory 

Let’s start with your thesis 
research: Can you give a brief 
description of the work, and its 
impact on the field? 
My thesis research is on laser-plasma 
acceleration of ions with PW-class 
lasers and how the performance of 
these novel compact accelerators can 
be improved for future applications, 
for example in radiobiological 
research and radiotherapy. With these 

applications in mind I studied several approaches in experiments 
at the DRACO laser of Helmholtz-Zentrum Dresden-Rossendorf 
(HZDR). One part was to clean the temporal laser pulse contrast 
with fast plasma-based shutters called “plasma mirrors”. This 
resulted in a significant increase of the generated proton energies 
when using ultra-thin targets of few 10 nanometers thickness after 
laser pulse cleaning. The maximum proton energies achieved with 
these cleaned laser pulses were higher than those usually reached 
at the given laser pulse energy. 

A second topic was to increase the repetition rate of the generated 
ion bunches by using renewable target systems such as cryogenic 
hydrogen jet targets that are essentially self-replenishing, at a rate 
significantly faster than the widely used foil targets that need to 
be advanced to a fresh location after each laser shot. On top of 
their high repetition rate capability, these targets are essentially 
debris-free, meaning that material ejected from the laser-target 
interaction does not significantly degrade the surrounding 
experimental components. 

In the third part of my thesis the team and I investigated spatial 
structures in the proton beam that formed during propagation from 
the target to the detector over the distance of several centimeters. 
We found that the proton beam structuring happened as the protons 
propagated through a field map of quasi-static deflecting fields in 
the residual gas of the vacuum chamber. These fields were induced 
by the laser pulse itself, which instead of being mostly absorbed 
into and reflected from the target plasma, was in fact diffracted 
around the target and could therefore reach the half space behind 
the target. Using this effect, we could actively tune the imprinted 
structures, and even wrote “HZDR” into the beam profile.

How did you become involved in accelerator research? 
I became involved in laser-plasma interaction and plasma-based 
accelerators during an undergraduate internship in Prof. Schramm’s 
laser-particle acceleration group at HZDR. During that internship 
I built a vacuum-compatible single shot autocorrelator to measure 
the pulse length of a 30 femtoseconds long laser pulse. I became 
interested in the application of these laser pulses for particle 
acceleration and soon worked as a student researcher on the laser-
ion acceleration project, where I also conducted research for my 
Master’s thesis. After an internship at École Polytechnique in 
France, gaining further experience and deepening my curiosity 
of laser-plasma interaction experiments, I returned to HZDR to 
conduct my doctoral research about laser-ion acceleration. 

What did you find most challenging during your PhD, 
technical or otherwise?
The physical phenomena of interest for laser-ion acceleration 
with femtosecond lasers take place on the micrometer spatial 
and picosecond temporal scale. That means that preparing and 
aligning the laser, target and diagnostics to trigger and resolve 
these phenomena requires a high level of accuracy. Even after the 
experimental setup is complete, the daily fine alignment may take 
up to a full work day before the first laser shots are fired. Once 
everything is ready, laser shots on target and data collection can go 
long into the night, to be followed by a new day of fine alignment. 
So these experimental campaigns require patience and endurance, 
but the exciting results are usually worth the trouble. 

What advice do you have for graduate students in the 
field of accelerator physics?
My advice is to try and get involved in as many experiments 
and projects as possible (while maintaining a healthy work-life 
balance). Not only does this help them learn all there is to learn 
about their field, but they also meet many different people and 
can benefit from their experience. I also recommend presenting 
their work as early as possible on conferences and workshops to get 
involved in scientific conversations with other peers and improve 
their presentation skills. 

2021 Outstanding Doctoral Thesis Research  
in Beam Physics Award Recipient
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Date Title Location

Upcoming Events

Conferences & Meetings

  2022

June 12-17, 2022 IPAC 2022 / International Particle Accelerator Conference Bankok, Thailand

August 7-12, 2022 NA-PAC22 / North American Particle Accelerator Conference Albuquerque, New Mexico

August 22-26, 2022 FEL2022 / 40th International Free Electron Laser Conference Trieste, Italy

August 28 - September 2, 2022 LINAC2022 / International Linear Accelerator Conference 2022 Liverpool, UK

September 11-15, 2022 IBIC 2022 / International Beam Instrumentation Conference Krakow, Poland

September 12-15, 2022 eeFACT2022 / ICFA Advanced Beam Dynamics Workshop  
on High Luminosity Circular e+e- Colliders

Rome, Italy

September 11-16, 2022 eeFACT2022 / ICFA Advanced Beam Dynamics Workshop  
on High Luminosity Circular e+e- Colliders

Elba Island, Italy

September 20-23, 2022 Science@FELs 2022 DESY, Hamburg, Germany

October 5-7, 2022 ECFA Workshop Higgs/EW/Top Factory DESY, Hamburg, Germany

Accelerator Schools

  2022

June 6 - July 1, 2022 U.S. Particle Accelerator School (USPAS) Summer 2022 Virtual

What are you working on now? Will you continue your 
earlier research, or start something new?
I am continuing my research in laser-ion acceleration and plasma 
mirrors at the BELLA PW laser at Lawrence Berkeley National 
Lab. One project I am particularly excited about is using laser-
accelerated protons to study radiation-induced biological effects 
in human cells. I have been actively involved in extending the 
BELLA PW capabilities to achieve higher laser-accelerated proton 
energies, and to be able to irradiate larger biological samples. 
This research could deliver important discoveries to improve 
radiotherapy. Going beyond that, I am exploring novel laser-ion 
acceleration mechanisms that involve exciting new plasma science 
in the high energy density regime.

Tell us something interesting about yourself outside  
of work! 
I like getting immersed in the stunning landscapes surrounding 
the San Francisco Bay Area and some of my all-time favorite 
hikes are through the redwoods and along the slopes of Mount 
Tamalpais in Marin County. On other days I enjoy playing my 
acoustic or electric guitar, sometimes by myself and sometimes 
with others – it is always good fun.
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Facility for Rare Isotope Beams (FRIB) 
Location: Michigan State University
Website: https://frib.msu.edu/
TPC: $730M
Status: Critical Decision (CD)-3 granted August 2014
Next Major Milestone: CD-4 is in June 2022

Summary: The Facility for Rare Isotope Beams is based on a 
full energy driver linac capable of accelerating all stable ions 
from proton to uranium to energies above 200 MeV/u delivering 
400 kW beam power to the target for rare isotope production. 
The driver linac consists of electron-cyclotron-resonance ion 
sources, radio-frequency quadrupole operating at 80.5 MHz 
frequency, 46 cryomodules containing 324 superconducting 
radiofrequency (SRF) cavities and 69 superconducting solenoids. 
At full performance, the high power linac will advance the heavy 
ion beam power frontier by about two orders of magnitude. The 
rotating multi-slice graphite target generates rare isotopes of fast, 
stopped, and reaccelerated beams for nuclear science research and 
applications.  

Technical Challenges: Full-scale low-beta SRF from 0.041 to 
0.53 operating at 2 K temperature; high power charge stripping 
using liquid lithium; rotating multi-slice graphite target

Upcoming Milestones, and Recent Progress: FRIB driver 
linac is operating as world’s highest energy continuous-wave hadron 
linac with beam energies above 200 MeV/u. It is also world’s 
highest energy heavy ion linac accelerating all types of ion up to 
uranium. The liquid lithium charge stripper has stripped uranium 
beam from average charge state of 33+ to 78+. Currently, beam 
commissioning is entering the final stage of experimental systems 
containing the target system, fragment separator, and user stations.

Advanced Photon Source Upgrade (APS-U)
Location: Argonne National Laboratory
Website: www.anl.gov/aps-upgrade
TPC: $815M
Status: CD-3 Approval Granted July 2019
Next Major Milestone: CD-4 is scheduled for March 2026

Summary: The Advanced Photon Source (APS), a U.S. 
Department of Energy Office of Science user facility at Argonne 
National Laboratory, has been one of the most powerful X-ray 
light sources in the world for 25 years. The mission of the APS 
Upgrade Project is to carry out a massive upgrade to the facility 
that will significantly enhance its capabilities, replacing the original 
APS magnet lattice with state-of-the-art technology, creating nine 
new feature beamlines and enhancing multiple other existing 
beamlines. The upgraded APS will deliver X-ray beams up to 500 
times brighter than those currently generated, and will provide 
the national and international scientific community with a world-
leading facility for broad and diverse research. The APS Upgrade 
project will enable innovations and discoveries that will improve 
our daily lives, and will keep the United States at the forefront of 
global hard X-ray science.  

Technical Challenges: The technical challenges of the APS 
Upgrade include full implementation of a multi-bend achromat 
lattice storage ring, replacing the existing APS storage ring and 
reducing the effective emittance of the stored electron beam by 
greater than 70 times, to 42 picometers.  When coupled with new 
undulators, including some superconducting undulators, the X-ray 
brightness delivered to beamlines will increase by up to 500 times 
above current performance.  This increase in performance will be 
used by a suite of new beamlines, and substantial refurbishment 
of other existing beamlines, to take advantage of the improved 
accelerator performance.

Upcoming Milestones, and Recent Progress: A single very 
tangible and visible milestone for the upcoming year is completion 
of the Long Beamline Building in June 2022.  This building will 
house two of the APS Upgrade’s feature beamlines, the design of 
which required lengths which extended beyond the footprint of 
the existing facility.

Using information gathered from a questionnaire sent out to the major DOE accelerator projects, the editors  
have compiled this feature to give you a summary of the status, challenges, and recent milestones of major  
accelerator projects around the country. We hope this provides a concise summary of work your colleagues  
at Universities and National Labs are doing to provide more photons, heavy ions, and hadrons to users eager  
to make use of the latest technology to advance their science at world-class facilities in the US and beyond.

A Summary of Major Accelerator  
Projects Around the Country
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Spallation Neutron Source Proton Power Upgrade 
(SNS-PPU)
Location: Oak Ridge National Laboratory
Website: https://neutrons.ornl.gov/ppu
TPC: $272M
Status: Critical Decision (CD)-3 granted November 2020; 
Early finish planned for Q2 FY2025, 
Next Major Milestone: CD-4 in 2028

Summary: The Proton Power Upgrade at the Spallation Neutron 
Source will increase the power capability of the accelerator complex 
from 1.4 MW to 2.8 MW, and the liquid mercury target to 2.0 
MW.  This will be achieved by increasing the linac energy from 1.0 
to 1.3 GeV, and the charge per pulse from 23uC to 33uC. PPU will 
upgrade high power and low level RF systems, add super conducting 
accelerator cavities to the linac, upgrade utilities, and ring magnets, 
and add diagnostic capability. PPU will also provide a short tunnel 
stub to allow construction of the Second Target Station to proceed 
during future operation of the First Target Station.  

Technical Challenges: Design of the 2.0 MW liquid mercury 
target represents the greatest technical challenge for the PPU 
project. We are using test targets during current operation designed 
with key features such as hydrogen gas injection to prove the 
concepts needed to achieve 2.0 MW capable targets. 

Upcoming Milestones, and Recent Progress: Despite 
the challenges presented COVID-19 measures, PPU managed 
to obtain CD-3 approval in 2020, completing over 95% of the 
design work, and finished buildout of the klystron gallery that will 
house the HPRF hardware for the additional accelerating cavities. 
Jefferson Lab has the first three cryomodules in various stages of 
fabrication, with installation beginning in mid FY22. 

High Luminosity Large Hadron Collider Accelerator 
Upgrade (HL-LHC AUP)
Location: Project is exectued by a national consortium of 
national laboratories and universities including Brookhaven 
National Laboratory, Fermi National Accelerator Laboratory, 
Lawrence Berkeley National Laboratory, Argonne National 
Laboratory, and Old Dominion University, and Jefferson Lab with 
Project Office located at Fermi National Accelerator Laboratory
TPC: 242 M$ (2019, US accounting)
Status: CD-3 granted in 2020, project 50% complete
Next Major Milestone: CD-4 March 2028

Summary: The high-level goal of the HL-LHC Accelerator 
Upgrade Project (AUP) to the HiLumi-LHC effort is to 
provide in-kind elements to the LHC accelerator to achieve a 
10-fold increased in delivered Luminosity to the experiments. 
This is done with in-kind contributions based on leading-edge 
technology developed in the US: namely Nb3Sn Final Focusing 
Quadrupoles (for the high luminosity experiments ATLAS and 
CMS) and deflecting Crab Cavities.

The in-kind contribution plays the dual role of paving the way 
for a sizeable US scientific presence in the LHC experiments and 
of enabling parallel in-kind contributions from CERN to the 
Neutrino program pursued in the US.

Technical Challenges: Production of Nb3Sn high field (12-
13 T) magnets (in excess of ~8 T presently achieved at the LHC 
using NbTi) is the main technical challenge for the Project. The 
technology has been studied, developed and brought to a real-
life application by a decade-long investment from DOE through 
LARP (LHC Accelerator R&D Program) and CDP(Conductor 
Development Program). The LARP Program, completed in 
~2015, demonstrated the feasibility of the HL-LHC Upgrade and 
provided the basis for the approval of the HL-LHC AUP Project.

Nb3Sn magnets have never been used in HEP accelerators before this 
application for HL-LHC. Several future collider concepts (Muon 
Collider, Future Circular Colliders, etc. ) rely on the technology 
developed by LARP, AUP and the HiLumi Collaboration run 
from CERN to achieve higher and higher magnetic fields for the 
containment and focusing of high energy beams – so in a sense this 
is a “generational” Project that will contribute to, and enable, the 
future of Energy Frontier accelerators.

Upcoming Milestones, and Recent Progress: In 2021, AUP 
has completed the tests and acceptance for HL-LHC operations of 
4 pre-series magnets (out of a scope of 20 magnets). All magnets 
tested according to specifications. In addition, AUP tested 2 
prototype Crab Cavities (called Radio Frequency Quadrupoles, or 
RFD) meeting the Field and Q0 specifications. There are 10 RFD 
cavities in the AUP scope.

Proton Improvement Plan II (PIP-II)
Location: Fermi National Accelerator Laboratory
Website: https://pip2.fnal.gov/
TPC: $978M plus $310M in-kind contributions
Status: CD-2 December 2020; CD-3a March 2021;  
CD-3 granted April 2022
Next Major Milestone: Early CD-4 2028

Summary: PIP-II is an essential upgrade to Fermilab accelerator 
complex to enable the world’s most intense beam of neutrinos to 
Long Baseline Neutrino Facility (LBNF) and Deep Underground 
Neutrino Experiment (DUNE), and a broad physics research 
program for decades to come.  PIP-II will enable the Fermilab 
accelerator complex to reach 1.2 MW of proton beam power at 120 
GeV to the LBNF target, and will provide a platform for multi-
MW capability. 

PIP-II will replace the front-end of the Fermilab accelerator 
complex with a new leading-edge 800 MeV, 2 mA H- srf linear 
accelerator designed for cw rf operation, will construct a new linac-
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to-Booster Transfer line, will upgrade the Booster, Recycler Ring 
and Main Injector, and will build associated conventional facilities, 
incl. site preparation, Cryoplant Building, Linac Complex and 
Booster Connection. Please see attached figure. 

Project Challenges: PIP-II faces challenges due to the technical 
complexity and international nature of the project.  

Technical: Achieving required performance of complex state-
of-the-art components (examples include SSR2, LB650, HB650 
SRF systems operate at state-of-the-art Q0 and Gradient due to 
cw RF operation of PIP-II linac), interfaces, integration, quality 
assurance/control.  

International: Completing partner deliverables on schedule, 
ensuring no delayed or damaged deliverables, handling non-
conformances, export/import controls. 

Upcoming Milestones, and Recent Progress: Despite 
the challenges presented by COVID-19, PIP-II obtained CD-2 
approval in Dec. 2020, and CD-3a approval in Mar. 2021. We 
successfully completed beam tests at PIP-II Injector Test Facility 
(PIP2IT), accelerated beam to 17 MeV and validated critical 
technologies. The Cryogenic plant building construction is 85% 
complete. The cryogenic plant contract is under execution. We 
launched the ASPIRE Fellowship with the goals to develop 
a diverse workforce and accelerator engineering pipeline. The 
project is focused on integration of the first HB650 cryomodule 
and on upcoming CD-3 review. 

Advanced Light Source-Upgrade (ALS-U)
Location: Lawrence Berkeley National Laboratory
Website: https://als.lbl.gov/als-u/
TPC: $590M
Status: CD-2 granted April 2021
Future: CD-3 expected October 2022

Summary: The goal is to achieve an increase in brightness and 
coherent flux of soft x-rays (at 1 keV) of at least 100 times larger 
than today’s ALS capabilities and to develop a set of world-class 
experimental capabilities that will push the frontiers in soft x-ray 
science. The scope includes a new 2-GeV, high-brightness 9-bend 
achromat storage ring fed by a new full-energy accumulator ring 
and transfer lines for swap-out and recovery of bunch trains all in 
the existing ALS storage-ring tunnel. 2 new full-length undulators 
and 6 high-field. Preserving the majority of existing beamlines and 
adding a suite of 4 world-leading undulator beamlines. Performing 
a seismic upgrade of the ALS tunnel shielding.

Technical Challenges: Top technical challenges are: the 
aggressive storage magnet and vacuum technology to realize the 
ultra-small emittances, realizing the on-axis swapout and recovery 

of bunch trains using fast injection pulsers and 2 rings necessary 
for injection, and preserving the beam’s high coherent flux with 
novel cryogenically cooled optics and advanced adaptive optics.

Upcoming Milestones, and Recent Progress: Despite the 
challenges presented COVID-19 measures, ALS-U managed 
to obtain CD-2 approval in 2021 on plan. Preparation of the 
accelerator tunnel and initial installation of the accumulator ring 
components have begun.

Linac Coherent Light Source-II-High Energy  
(LCLS-II-HE) 
Location: SLAC National Accelerator Lab
Website: https://lcls.slac.stanford.edu/lcls-ii-he
TPC: $650M
Status: CD-1 received 2018; SRF cryomodule production 
launched following CD-3A (long-lead) in May 2020
Future: CD2/3 is expected in mid to late 2023

Summary: LCLS-II-HE will extend the recently completed 4 
GeV superconducting (SRF) CW FEL-driver LCLS-II linac to 8 
GeV and will add a suite of experimental instruments to allow the 
free electron laser complex to make use of the higher energy, higher 
repetition rate beam. The project also includes a low emittance 
beam injector based on superconducting gun technology. Taken 
together, the SLAC LCLS free electron laser will significantly 
extend photon energy range to 20 keV (factor 4). The LCLS-II-
HE project is being carried out by a partnership between SLAC, 
Fermilab, Jefferson Lab, LBNL, and Michigan State University.

Technical Challenges: The CW SRF linac uses the first 
kilometer of the legacy SLAC accelerator tunnel. To reach 8 
GeV electron beam energy 184 cavities capable of operating at 21 
MV/m will be required, a substantial increase over the existing 
16 MV/m cavities used for LCLS-II. In addition, the project will 
develop a quarter-wave resonator SRF photo-cathode gun with 
a target emittance of 0.1 nm-radians. Both challenges represent 
major advances in SRF technology.

Upcoming Milestones, and Recent Progress: In summer 
2021 the partnership tested its first cryomodule made with the 
newly-prepared high gradient SRF cavities. The cryomodule (8 
~1 meter-long cavities) was demonstrated capability to accelerate 
to 200 MeV, roughly 25 MV/m. This is a record gradient for a 
CW accelerator.
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Electron Ion Collider (EIC)
Location: Brookhaven National Laboratory
Website: https://www.bnl.gov/eic/
TPC: $1.7-2.8 billion
Status: CD-1 granted June 2021

Summary: Project Design Goals:
• High Luminosity: L= 1033 – 1034cm-2sec-1, 10 – 100 fb-1/year
• Highly Polarized Beams:  70%
• Large Center of Mass Energy Range: Ecm = 20 – 140 GeV
• Large Ion Species Range:  protons – Uranium
• Large Detector Acceptance and Good Background Conditions
• Accommodate a Second Interaction Region (IR)
Conceptual design scope and expected performance meets or 
exceed NSAC Long Range Plan (2015) and the EIC White Paper 
requirements endorsed by NAS (2018)

Technical Challenges: The operating parameters of the EIC, with 
luminosities of up to 1034 cm–2 s–1 and up to 85% beam polarization, 
will push the design of the facility beyond the limits set by previous 
accelerator projects in a number of core technology areas.

The EIC will require significant advances in the field of 
superconducting radiofrequency (SRF) systems operating under 
high current conditions, including control of higher-order modes, 
beam RF stability and crab cavities. A major challenge is the 
achievement of strong cooling of intense proton and light-ion 
beams to manage emittance growth owing to intrabeam scattering. 
Such a capability will require unprecedented control of low-energy 
electron-beam quality with the help of ultrasensitive and precise 
photon detection technologies – innovations that will likely yield 
transferable benefits for other areas of research reliant on electron-
beam technology (e.g. free-electron lasers). 

Upcoming Milestones, and Recent Progress: This project 
includes construction of both the accelerator and a detector. In 
the last year a proposal committee was established, and detector 
proposals submitted. The major milestone for this year will be the 
decisions on the EIC initial detector included in the project scope. 

Spallation Neutron Source Second Target Station
Location: Oak Ridge National Laboratory
Website: https://neutrons.ornl.gov/sts
TPC: CD-1 estimated range $1.8B - $3.0B
Status: CD-1 granted November 2021

Summary: The Second Target Station (STS) Project includes 
the design, construction, installation, and commissioning of the 
facilities and equipment necessary to create a world-leading source 
of cold neutrons of unprecedented peak brightness at Oak Ridge 
National Laboratory’s Spallation Neutron Source (SNS). The 
project leverages the capacity of the existing SNS accelerator, 
accumulator ring, and infrastructure and takes full advantage of 

the performance gains delivered by the PPU Project. The STS will 
provide new capabilities for research including:
• Making time-resolved measurements of kinetic processes and 

beyond-equilibrium matter
• Taking simultaneous measurements of hierarchical architectures 

from the atomic scale to microns and beyond
• Measuring smaller samples of newly discovered or synthesized 

materials
• Examining new frontiers in materials in extreme conditions

Technical Challenges: Much of the STS project scope is either 
conventional construction or similar to scope executed as part of 
the SNS construction project. Technical risk areas where new or 
extended capabilities are required include the rotating tungsten 
target and the compact, high-brightness neutron moderators. R&D 
is underway to ensure that these systems meet STS requirements.
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APS DPB Awards & Fellowships
2021 Robert R. Wilson Prize for Achievement  
in the Physics of Particle Accelerators Recipients 

Stephen D. Holmes, Fermilab

Citation: “For leadership in developing the modern 
accelerator complex at Fermilab, enabling the 
success of the Tevatron program that supports rich 
programs in neutrino and precision physics.”

  
 

G. William Foster, Fermilab (Retired)  
and U.S. Congress

Citation: “For leadership in developing the 
modern accelerator complex at Fermilab, enabling 
the success of the Tevatron program that supports 
rich programs in neutrino and precision physics.”

2022 Ernest Courant Outstanding Paper Recognition 

Carlo Vicario, Simona Bettoni, Alberto Lutman, Andreas Dax, 
Martin Huppert, and Alexandre Trisorio

For their paper on: “Two-color x-ray free-electron laser by photoca-
thode laser emittance spoiler.”

2021 Exceptional Service Recognition 

2021: Ernest Malamud

Citation: “For his service as DPB Secretary & Treasurer, as Chair of the 
DPB Education and Outreach Committee, and as editor of the DPB 
brochure “Accelerators and Beams, Tools of Discovery and Innovation.”

2021: Stephen Holmes

Citation: “For his pivotal role in shaping US accelerator-based High 
Energy Physics over several decades, for his leadership of the APS DPB 
as Chair and Divisional Councilor, and for his role in training next 
generations of accelerator physicists.”

APS Fellow Nominations by the DPB in 2021

Giuliano Franchetti,  
GSI Helmholtzzentrum für Schwerionenforschung GmbH
Citation: For broad, impactful advancements in the understanding of 
lattice resonances for the high intensity regime, and for exceptional 
leadership in the community.”

Nathan A. Moody, Los Alamos National Laboratory
Citation: “For fundamental developments in material physics 
methods to protect and enhance the ruggedness and performance of 
photocathodes and materials surfaces critical to particle accelerators.”

Soren Prestemon, Lawrence Berkeley National Laboratory
Citation: “For multiple, significant contributions to the research and 
development of high performance resistive, permanent magnet, and 
superconducting magnet systems for science applications from light-
sources to high-energy physics.”

Todd Satogata, Jefferson Lab
Citation: “For outstanding experimental and theoretical contributions 
to the understanding of the dynamics of ions and polarized beams 
in colliders and recirculators, and for extraordinary leadership in 
improving accelerator physics education and curriculum development.”

For more information on APS-DPB awards and honors 
visit: https://engage.aps.org/dpb/honors/prizes-awards
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