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The Physics Department of The University of Chicago Announces
A New Course for Winter 2002 Quarter (Physics 575)

ACCELERATOR PHYSICS AND TECHNOLOGIES FOR LINEAR COLLIDERS

Instructor: Kwang-Je Kim (kwangje@aps.anl.gov
eb-Pase:hitp//hep uchicage-edur~kwangje/phy575.html

The high-energy physics communily is in general agreement that a linear collider (LC) will be the most
important _high-energy physics accelerator project after the Large Hadron Collider (LHC) for
comprehensive exploration of fundamental interactions on the TeV scale. The requirements of a linear
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collider are very challenging: high-current electron beams must be accelerated to several hundred GeV,
focused to a few-nanometer spot, and collided with similarly prepared opposing positron beams. Thanks
to the intense international effort on accelerator physics studies and hardware development during the
past decade, it now appears that linear colliders meeting these requirements can be built.

This course will provide an introduction to the accelerator physics and technology topics required to

construct a linear collider. 1t is intended for graduate students as well as advanced undergraduate
students with a good background in classical mechanics and E&M. Prior knowledge of accelerator physics
is not necessary. The course will begin with a basic introduction to accelerator physics and then progress
into more detailed discussions of important subtopics by guest lecturers who are leaders in the respective
areas. Attendance b_\f scientists from Chicago-area institutions interested in the future development of
high-energy accelerators is also encouraged.

Lecture Room: KPTC103, Physics Department, The University of Chicago Please visit the course web
page for possi_h'lc room change for video conferencing.

Time: Tuesdays and Thursdays 1:30-3:00 p.m.

Review and Exercise Sessions: Thursdays 3:00-3:50 p.m.
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Flat Beam Generation

[}' = . x e . Y — 5 . NN = .
and rotation matrix

Ic |Is
~Is|Ic’

where ¢ = cosa, 8 = sina, and [ is the 2X 2 unit matrix. Then, the 4x4 matrix of skew
block, S, in the transition

R =

V, = SV, (1)
can be found as
o M O) _ Mc* 4+ Ns® |(M — N)es
S=R (O N R_(M—N]ca Ms? 4+ Nc? (2)

Ya. Derbenev, University of Michigan Report No. UM-HE-98-04, 1998.
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Flat Beam Generation and Emittance Exchange

Yine Sun

Accelerator System Division
Argonne National Lab.
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Outline

= Round-to-Flat Beam Transformation
— Theory;
— Experimental demonstration.
= Transverse-to-longitudinal Emittance EXchange (EEX)
— Theory;
— Experimental demonstration,;
— Longitudinal phase-space shaping via EEX.
= Acknowledgements
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Flat Beam Generation: Beam Matrix Formulation
4 XV 0 L | General formof the )1
0 s&4/8 -L 0 beam matrix of a |
Zround = 0 L e, O round beam at
_ L 0 0 ey ’8-‘ waist location )i
% e = ME, ong i Going throu_gh a rou_nd-to-fl_at b_eam |
transformation matrix M which is symplectic
!
4 N 0 0 | Beamis decoupled )
0 & /B O 0 In X and_y and a flat
2t = beam with
0 0 ep 0 emittance € and ¢,
_ 0 0 0 ¢&./B]| isgenerated. Y
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Invariants of the Symplectic Transformation-> Flat Beam Emittances

Phys. Rev. St.
Accel Beams 6,
104002 (2003).

Round beam emittance: [ 5 Flat beam emittances are given by:
e = \/ g +L
eff u 2 2

., =46, +L° L

uncorrelate Const. related to canonic<aLI> e.g. L=20 pm, £,=1 um

d angular momentum L= o £,=47 um; €.=0.02 um

emittance

2
&, .
ForL > ¢ € =—<< g, Flat beam emittance can be much smaller than the
" 21 thermal emittance!
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Flat Beam Experiment at Fermilab/NICADD Photoinjector
Lab (AO)

AMeV TESLA 16 MeV rgyng.-to-flat transformer
rfgun |  superconducting cavity (skew quadrupoles)
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Measurements of the canonical angular momentum
as a function of magnetic field on cathode
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Removal of angular momentum - flat beam generation
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Emittance Exchange
transverse < longitudinal phase-space
manipulation
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Transverse-to-Longitudinal Phase-Space Exchange
= EEX therory:

_ deflecting
— 2002: Cornacchia and Emma, PRSTAB 5, cavit
084001.

 Partial exchange : chicane
— 2006: Kim, AIP Conf. Proc. No. 821.
« Complete Exchange: double-dogleg

= 2010: Double-dogleg EEX experiment
demonstration:

— J. Ruan et al., PRL 106, 244801 (2011).

= 2010: Applications of EEX in beam current
profile modulation:

— Y. Sun et al., PRL 105, 234801 (2010).
— G. Haetal;. PRL 118, 104801 (2017).

deflecting
cavity
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Transverse-to-Longitudinal Emittance EXchange

= Under thin-lens approximation, with proper
matching of the deflecting cavity strength
(k) and the dogleg dispersion (D), I.e.,
1+kD=0, the diagonal sub-block elements
of the exchanger’s transfer matrix are zero
< the initial horizontal phase space is
mapped into the longitudinal phase space,

L 2S L

Transverse-to-Longitudinal

vice versa. Emittance EXchange
= Transfer matrix of a deflecting cavity with \
strength k under thin lens approximation: ( 0 0 L+ S
g PP ] /X\ ol 24 /X\
1 0 0 O , 1 '
X L X
0 1 k 0 (00—«
0010 ‘ a oS 0 0]|°
Kk 0 0 1 O | L LS g 5 9

KaL ol y,
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EEX Beamline at AO Photo-Injector, Fermilab
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Sub-ps Bunch Train Generation using EEX at Fermilab AO

Muk‘rush’r mask
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(1)cavity off: horizontal modulation on X23 and XS4; but
no energy modulation on X54;

(2)cavity on: NO horizontal modulation on X23 and XS4;
but clear energy modulation appears on XS4

. . -5 0 5
Transverse-longitudinal Phase-space Exchange X (mm) o<

Argonne & Coherence in Particle and Photon Beams: Past, Present, and Future Symposium, Argonne, March 15, 2019  Yine Sun



EEX Beamline fi
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Precision Control of the Electron Longitudinal Bunch Shape

via EEX at AWA/AN
EXPERIMENT: Transverse ma& to taﬁgrﬁlonélstu inél denlﬁty profile

20

10

D Trapezoid G. Ha et al,
PRL 118,
104801
(2017).
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