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LONGITUDINAL EXCHANGE EXAMPLE
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AWA RESEARCH 1: REPARTITIONING
EEX

FBT
Magnetized 

beam

𝜀௫ ൌ 45 μm𝜀௬ ൌ 45 μm𝜀௭ ൌ 10 μm
𝜀௫ ൌ 67500 μm𝜀௬ ൌ 0.03 μm𝜀௭ ൌ 10 μm

𝜀௫ ൌ 10 μm𝜀௬ ൌ 0.03 μm𝜀௭ ൌ 67500 μm
*T. Xu et al., IPAC19, WEPTS094 (2019)
**M. Kuriki et al., IPAC19, MOPMP009 (2019)1 nC𝜀௫/𝜀௬  ൌ 100

Flat beam
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AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
Discrete modulation
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AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
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AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
Discrete modulation
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AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
Discrete modulation

z

x

MLA

exp

exp

Cathode array

exp (partially)

Transverse wiggler

Simulation

Y.-E Sun et al.,PRL 105, 234801 (2011)
A. Halavanau et al., axXiv 1907.02089 (2019)
K. E. Nichols et al., IPAC19, TUPTS090 (2019)
G. Ha et al., IPAC19, TUPGW089 (2019)



AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
Continuous profile shaping
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AWA RESEARCH 2: LONGITUDINAL PROFILE SHAPING
Continuous profile shaping

G. Ha et al., PRL 118, 104801 (2017)
G  Ha et al, this proceeding, TUPLM15

z

x
Shaped laser

Cathode array

transverse transverse

Longitudinal Longitudinal

exp

Mask

Nonlinear magnet

exp

Transverse wiggler

Simulation



AWA RESEARCH 3: COMPRESSION
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AWA RESEARCH 3: COMPRESSION

z

x Initial bunch 
length

Tunable compression

Simulation

Q3: -2.2 T/m
Q4: 5.5 T/m

Q3: -2.2 T/m
Q4: 4.6 T/m

Q3: -1.9 T/m
Q4: 3.1 T/m

Q3: -1.9 T/m
Q4: 2.4 T/m

Tunable chirp

Simulation

Application to XFELO

SimulationG. Ha et al., IPAC17, THPAB062 (2017)
J. Seok et al, IPAC19, WEPTS066 (2019)
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AWA RESEARCH 4: LINEARITY

z

δ
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AWA RESEARCH 4: LINEARITY

z

δ
OCT off OCT on

Double-horn suppression
Simulation

Application to XFELO
w/o harmonic cavities

Simulation

Transverse wiggler

J. Seok et al, this proceeding, TUPLH05



AWA RESEARCH 5: DIAGNOSTICS
FMC
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AWA RESEARCH 5: DIAGNOSTICS
FMC

QUAD

SEXT
SEXT

QUAD𝑥 ൌ 𝐶𝑧  𝐴𝑥  𝐵𝑥ᇱ  𝐻. 𝑂.

z

x

0.03 fs for 
100 MeV

0.005 fs 
for 2 GeV

0.25 keV for 
100 MeV

0.5 keV for 
2 GeV

Analytic

0.8 fs
0.7 pC
100 MeV

Simulation

G. Ha et al, IPAC15, MOPJE020

TDC



ARGONNE WAKEFIELD ACCELERATOR FACILITY
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Charge 0.01 – 100 / 60 nC Single / 8 bunch

Energy 6 / 24 / 42 / 60 MeV Each KLY: 18 MeV

Laser radius 0.1 – 12 mm

Laser pulse 0.3 – 10 ps FWHM

Various beam conditions

Flexible experiment area

World only operating EEX beamline

Longitudinal phase space 
measurement

Transverse phase space 
measurement

Flatbeam transform



SUMMARY
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• EEX provides an exchange of phase spaces

• AWA group is exploring various applications of EEX

 Repartitioning of emittance
 Profile control
 Compression
 Linearity control
 Longitudinal diagnostics
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