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1 hePaul Trap Simu-
lator Experiment
(PTSX) at the U.S.

Department of Energy’s
Princeton Plasma Physics
Laboratory doesn't trap
people named Paul or simu-
late the trapping of Pauls.
Its mission is much grander.

“We are trying to an-
swer big physics questions
that have costly implica-
tions in a small, compact
relatively inexpensive de-
vice,” notes PPPL physicist
Erik Gilson. Research by
Gilson and his colleagues,
led by Principal Investiga-
tor Ron Davidson, could
have a significant impact
on several areas of science
and technology, including
particle physics, heavy ion
fusion, nuclear waste transmutation, and high-energy-  direction perpendicular to the flow of the particles. Gilson
density physics — wherever charged particle beams are  likens the beam to a water balloon, which if squished from
used as tools. the sides, will leak out the top and bottom. When pushed

From left at the PauITrap Simulator Experiment are Ron Davidson, Phil Efthimion, Andy
Carpe, Ed Startsev, Dick Majeski, Hong Qin, Moses Chung, and Erik Gilson.




History of our lab.

2008~2014

Accelerator Physics Center at Fermilab :

History and Accomplishments (2007-2018)

Viadimir Shiltsev

Fermi National Accelerator Laboratory, Batavia, 1, 60310, US4




The late Prof. Ronald C. Davidson:
~6 years at Plasma Physics Lab., Princeton University

An Introduction to the

PHYSICS OF
NONNEUTRAL PLASMAS

7”““97/1(“1/{'? /cw bcmi orx
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by Ronald C. Davidson (K on Llnd 1,

The late Dr. Alvin V. Tollestrup:
~5 years at Accelerator Physics Center, Fermilab

"Alvin brought a focus on underlying physical principles
and a faith that judicious (21 & ©}) application
of freshman physics could master any challenge."

"Robert Wilson had some creative people around here,
but not guys that understood freshman physics very
well."
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Beam Envelope Calculations in General Linear Coupled Lattices

Moses Chung,' Hong Qin,*? Lars Groening,* and Ronald C. Davidson®

! Department of Physics, Ulsan National Institute
of Science and Technology, Ulsan 689-798, Korea
2Plasma Physics Laboratory, Princeton University, Princeton, New Jersey 08543
*Department of Modern Physics, University of Seience
and Technology of China, Hefei, Anhui 230026, China
4G8I Helmholtzzentrum fiir Schwerionenforschung GmbH,
Planckstrasse 1, D-64291 Darmstadt, Germany
{Dated: October 7, 2014}

Abstract

The envelope eq-.mt\io_l}faml Twiss parameters (F and e} provide important bages for the uncou-
pled linear beam dynamics. For sophisticated beam manipulations, however, coupling elements
between two transverse planes are intentionally introduced. The recently developed generalized
Courant-Snyder theory offers an effective way of deseribing the linear beam dynamies in such cou-
pled systems with a remarkably similar mathematical structure to the original Courant-Snycder
theory. In this work, we present numerical solutions to the symmetrized matrix envelope equation
for @ which removes the gauge freedom in the matrix envelope equation for w. Furthermore, we
construet the transfer and beam matrices in terms of the generalized T'wiss parameters, which

enab'[; beam envelopes in arbitrary linear coupled systems.

caleclation crf e

I. INTRODUCTION

The fundamental framework for the design and analysis of an uncoupled quadripole lat-
tice is the Courant-Snyder (CS) theory [1]. Many standard textbooks on Wi accelerator and
beam physics introduce the CS theory to Aﬁfs’:\i}ssiuns on the linear uncoupled beam
dynamics [2-4|. Interestingly, one of the recent trends in the beam physics community is
to introduce coupling elements between two planes intentionally for sophisticated beam ma-
nipulations [5-7]. Several ideas have been proposed to generalize the original CS theory for
the systematic heam dynamics description of such coupled systems with as much similarity
as possible to the original C8 theory [6, 8, 9],

In recent papers [10, 11], the dynamics of charged particles in general linear coupled
lattices has bﬁf&iﬁrmulnted in terms of & genoralized C8 theory, which extends the original
C8 theory t‘:}-\fu]ly coupled cases. The generalized CS theory can be a.ppllecl to systems w}th
quadrupoles, skew-quadrupoles, dipoles, and solenoidal et 2o “torsl}o';': ofthe
design orbit and variation of beam energy. Furthermore, the generalized C5 1;hcol';»r contains
remarkably similar mathematical structure and physical meaningf to their counterparts in
the original C8 theory. The 1D envelope equation is generalized Bito a matrix envelope
equation in higher dimensions, and the phase advance is generalized #to a symplectic ro-
tation. Pa\rtlcula.rly in Ref. [11], the gauge group structure afht;he generalized CF theory
was analyzed uamgipolar decomposition theorem. It has been Feune that the pauge freedom
in the matrix envelope equation for w can be bypassed by solvm%ﬁymmet;rued envelope
equation for the generalized Twiss parameter G, This gauge ﬂ-mns‘m s the 1 numcnuﬂ
algorithms of searching for matched solutions for § and § more efficient than for matchcd
solutions for w and ', In the matrix envelope equation for w, in principle, there m}] uﬁnu.e
number of iMé matched solutions for w and ',

aled (yits i Yecw b and 1T
by o} ﬁe“;;}rzﬁiet.n:sed euvclope equation for # and

In this paper, we present.
formulate transfor matrix (M) and beam matrix (X} in terms of the generalized Twiss
parameters o and B, which turn out to be rem&.rkably consiqumt with the eriginal CS theory.
We also present. beam envelope calculations isr ::evcral lmcm Oﬂuplﬂd systems, which indeed
demonstrate the validity and usefulness of the generalmed C8S theory. Canclwyicns

anve ﬁummn}pﬂ" h dec v,



History of our lab.

2014~2024.2
Link to a short video clip: @& 27 34 (HSH M%)
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History of our lab.
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Benchmark

Stanford U. + SLAC
Memgsl;ark &7 min Stanford University >

2.4 miles

Gakye, 51

Department of
Applied Physics...
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"Stanford University operates SLAC for the
DOE Office of Science.”

Budget: $383 milion (2017)
Staff: 1684

Al/ML - Silicon valley

EUV - Startup (e.g., xLight)

"POSTECH operates PAL for the

Government of South Korea.”

¥ - S
Budget: 580 ¥ (2021)
Staff: 259% (20224 38 &)

SO A =
MotE7| 2=
AKX =

FACET-IIl vs elLABs:
- Advanced Accelerator R&D

SPEARS3 vs PLS-II:
- Synchrotron Light Source

LCLS-Il vs PAL-XFEL:
- Hard X-ray Free Electron Laser
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eLABs (electron Linear Accelerator for Basic sc
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FYINGINAPA PAL XFEL

FORANG ACCELEAATOR LABORATORY (Pohang Light Source) (Pohang Accelerator Lab.
X-ray Free Electron Laser)

PAL

RAON SGCC-HITS KOMAC
(Rare isotope Accelerator complex ~ (SNUH Gijang Cancer Center of  (korea Mutti-purpose Accelerator Complex)
for ON-line experiments) Heavy lon Therapy and Study)

12
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Building the world’s most powerful
i lasers
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The xLight mission is to commercialize particle accelerator

salooiigas A it [ . . .
"ok 2" i driven Free Electron Lasers (FEL) for critical US economic
) YONHAP NEWS . . . R .
@ L ojlis Bo] =3t A ﬁ and national security applications.
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SEREE

Accelerators are critical tools for physical
sciences research

. ‘;i#""'
tional Synchrotron Light!

Source Il

Advanced Light Source “Fermilab Accelerator
Complex

More than 54%"* of SC’s nearly 36,000 users
perform research at an accelerator-based facility

'FACET Beam Test
Facility

Spallation Neutron Continuous Electron
Source Beam Accelerator Facility

U.S. DEPARTMENT OF Ofﬁce Of
©ENERGY | ST

FY 2019: 19,337 users (54% of 35,771 total SC users) were at accelerator-based SC facilities.
FY 2020: COVID reduced the number of users coming to physical facilities significantly, down to 47% (15,700) of 33,500 users.

+ FRIB / Cornell CHESS 15
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Collider

Synchrotron
Light Source

FEL

Proton & Heavy
lon

TN E=

Operation

BEPCII {1.89 GeV,
2 CAV, since 2006)

BSRF (2.5 GeV,
2 CAY, since 20086)
SSRF (3.5 GeV,
3 CAV, since 2009)

PKU FEL & DC-SRF Gun
(30 MeV, 3 CAV)

CTFEL (10 MeV, 2 CAV,
since 2017)

ADS injector | (10 MeV, 14
CAV, since 2016)

CAFe (25 MeV, 23 CAV, since
2017)

Construction

BEPCIl upgrade
(2.35 GeV, 4 CAV,
complete in 2024)

HEPS (6 GeV, 10 CAV,
complete in 2025)
HALF (2.2 GeV, 1 CAV,
complete in 2028)

SHINE (8 GeV, 616 CAV,
complete in 2027)

S3FEL (2.5 GeV, 224 CAV,
complete in 2031)

CTFEL upgrade (50 MeV)

CiADS (0.5 GeV, 151 CAV,
complete in 2025)
HIAF (4.25 GeV/u, 96 CAV)
CSNS-II (300 MeV, 54 CAV,
complete in 2028)

Design & R&D

CEPC
(45.5-180 GeV,
288 ~ 980 CAV)

SAPS (3.5 GeV, 4 CAV)

DALS (1 GeV, 96 CAV)
Pulsed XFEL (15 GeV)

CSNS-Ill (1 GeV)
ADS (1 GeV)
Pulsed proton linac (1 GeV)

Sum

2 circular colliders
tau-charm, Z, W, Higgs,
tthar

5+ light sources
3 & 4" generations
2.2 ~6GeV

71+ FELs

2 hard X-ray

1 soft X-ray
TEUV,1IR, 2 THz

6+ proton & heavy ion
SRF accelerators

Sum

Operating 6 facilities
~ 50 cavities

Constructing 9 projecis
~ 1200 cavities by 2028
~ 40 billion CNY

Proposing
6+ projects
2000+ cavities

17




@ Operation
@ Construction
O Design and R&D

® CEPC in China_
(site to be decided)

CSNS-l and SAPS ;
and large SRF lab €~ 1

in Dgx)

p— o e
p\ V : ' 0 ...».‘--.
S3FEL and SR¥ lab: oS oAd HIAF 0 ol

in Shenzhen ; and large SRF lab in Hui

18
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How to get a Ph.D?

1. At least 1~2 SCI papers as a first author.
and

2.

- You know your topic better than your advisor.
or

- You can find your job by yourself.

[To do that, you need skill set for the job: Beam physics
(various beam dynamics codes) / RF(CST) / Control(EPICS) /
Design (CAD) / Diagnostics / Electronics / Magnet / Vacuum /
Computation (Python, Matlab, AL/ML) etc.]




Preferred Qualifications:
* Experience with modern programming languages, particularly Python
* Demonstrated ability to communicate research results through reports, publications and presentations.

e Experience in accelerator physics, which may include working in a control room, conducting accelerator-based experiments, and computational
modeling

Desired Qualifications

* 2+ years experience with software and hardware for instrument design and calibration

» 2+ years experience with software and hardware methodologies for instrument control and data acquisition.

+ 2+ years experience with large-scale scientific or industrial control systems.

* 2+ years experience with programming and scripting languages.

* An understanding of advanced mathematical and scientific software applications as evidenced through educational
preparation or professional use.

21



Target Journals

Nature/Nature Photonics, Nature Physics, Nature
Communications: Nearly lottery. Need to join big collaboration

;

Need physics results

Physical Review Letters: Practically the best in our field

Physical Review - Accelerators and Beams

Nuclear Instruments and Methods in Physics Research A/B

Journal of Instrumentation }
Review of Scientific Instruments (RSI) Related with

experimental system

Korean journals in case of emergency: JKPS(KPS), NET(KNS)

22



Duties

Lab. Leader: 571 (P) / &G (V)

IT manager: &f &G 2l (P) / Emre Cosgun (U)
— PC purchase/maintenance

— Server maintenance

— CST/TraceWin/HFSS/COMSOL/SIMION/Mathematica etc.

Equipment manger: 4% (P) / 2= & (V)
Project manager and accounting:
— ROt M EH(P): M2AE S 35

— FFOo MMH(U): 1085 55

23



Laboratory rules

Workhour: Mon ~ Fri.,, 10 AM ~ 6 PM = But will be flexible = For

example, if you are late by 1 hour, then you would stay by 7 PM etc.
Ciol B S 32 fdS2 &2 FdoH....

-, O 1= o =1 [

Meeting: Just call/email/text me before you come to my office to
make sure I'm available.

— Regular group meeting on every Friday 10: 30 AM (2 &= 2~3
70 ot SOt = X[EE 0 d)

= OlL =2 &1, B0 O 40| CHte 820 &2

H O™ OfE

L—

rok 1o

Vacation: Usually, 5 days in summer and 5 days in winter. In case you
need to take days off in addition to the regular vacations, just let me

know. Things are very flexible. .



« JHA| (2D
— Beam-driven Wakefield 2t&| > 2020.03.01~2025.02.28
— 7t&7] o™ kM ItX| S 2022.05.01~2027.12.31

— ZESHSO| HZEF OtK| S 2024.03.01~2027.2.28

25



2024 87| =0 WA}

Winter USPAS (Knoxville, Tennessee): 1 27€~ 23 7&
GEANT4 @A &f (E&): 2E 3~7E

St =2|sh2|(C™): 48 23~25¢

ot= RXHSS| (M =F): 5 21~23 ¢

IPAC 2025(E[O[2H): 6 & 1~6 &

Summer USPAS (Rohnert Park, California): 7.2 280"" 8= 8
77| 25 02D (ZEH): g2



Tips / 2tA 2]

You need to have good relationship/teamwork with researchers in
accelerator laboratories to make the most of facilities or to get a job there.

English is essential to collaborate with experts worldwide and to write a
nice paper. You can make the most of Al tools to improve your English.

Driver's license
Insurance/Radiation safety: once per year

CST/COMSOL/Mathematica etc.: Take education program (mostly on-line
these days) when available

Please read recent papers (e.g., PRL, PRAB, NIM etc.) and don’t be afraid of

having a meeting with your advisor (i.e, me).
27
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