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APS ACCELERATOR COMPLEX = S-band Electron Linac (375 ~ 500 MeV);

— Two thermionic RF guns;
— A Photo-Cathode RF gun;
— 13 10-ft long accelerating structures;

= Particle Accumulator Ring (PAR);
= Booster;
» Storage Ring (7GeV).

BOOSTER Chicane RG2 RG1
- PC
< éﬂ | 1““%.1
LEA wall 375 ~500 Mey ~ LINAC 150 MeV 6 MeV
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PHOTOCATHODE RF GUN

«CLS-I type 1.6-cell 2856 MHz Gun:
—Gun conditioned to 12 MW power
(>125MV/m on cathode), 2.5 us RF
pulse and up to 30Hz repetition rate;
—Maximum dark current per RF pulse is

~150 pC.
=Copper back plate serves as cathode:
—QE: ~[2-4]x10 at commissioning,
currently ~6.5 x10-°(2018/2/5: 320 pC
with 23 ud UV laser power).

*Main/bucking solenoid for emittance
compensation.
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THE APS LINAC PHOTOCATHODE RF GUN (PCG)

= 09/2014: Installed at the APS linac front end;

» 12/2014: Beam commissioning in the linac;

» 03/2016: PCG beam injection into PAR/Booster/Storage Ring.

= 10/2017: Interleaving demonstrated in supporting of APS storage ring top-up operations.

PC Gun Installed upstream of the 1st
accelerating structure.
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PHOTO-CATHODE DRIVE-LASER

= Nd:Glass Laser composed of both oscillator seed
and regenerative amplifier (regen)

= Amplifier pumping using AlGaAs laser diodes
(808 nm).

= Typically 3 mJ out of the amplifier at 1053 nm,
compressed to 2-3 ps with 50% transmission
efficiency

= Twice doubled using 2 1-mm-thick BBO crystals

(10563—526.5—263.3 nm); maximum overall —0.5 O‘Ox (n?j) "0
conversion efficiency: 12% Center of nase ths wiaen
» Rep rates: 2-30 Hz (mm) (mm)
o _ X 0.3700 0.1645
= 3% Nd-doped Brewster-cut rods 4-mm diam., 75- v 20.1093 0.0976
mm length
= TEM,, elliptical output After laser shaping, nominal UV

energy on cathode ~25uJ/pulse.
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LEA: LINAC EXTENSION AREA

booster

Chicane RG2 RG1

I

LINAC 150 MeV

=
.....

®An existing radiation enclosure of ~ 53 m long;

= The LEA beamline will utilize the first ~ 17 meter of
the tunnel;

= The rest of the tunnel will serve as a S-band RF test
stand.
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LEA BEAMLINE

» A new beamline utilizes the high brightness photo-injector beam for advanced R&D for accelerator
technology and beam physics;

» An experimental area is incorporated into the beamline.

beam direction

- —— =

YAG4 YAG3 YAG2 YAG1  wall

Q7 Q6 Q5 Q4
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Quad BPM H/NV current flag GV pump grection
steer Monitor ~ -

Vertical spectrometer
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3D drawing Courtesy of S. Lee
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LINAC INTERLEAVING OPERATION

» During storage ring top-up operation, most of the time the Linac is needed for ~20 seconds every two minutes to
inject the RG2 beam into PAR;

» There is no beam in the linac during rest of the two minutes — PCG beam can be accelerated through and
transported to LEA,;

* Interleaving Operation of the RG2 and PCG beams in the APS linac.
— If RG1 is providing beam to the LINAC, there will be no interleaving.

two minutes

D i i >
time
booster J RG2 RG1 PCG
LEA E"'] PTB:B2 PTB:B1 LTP:B1 L5 L4 / “‘ \ﬁ L2 m
355 /A Chicane

425 MeV 150MeV

Argonne &

'MATIONAL LABORAT

THF NN VERRITY NF ﬂ US DEPARTMENTOF _ &- M:\uﬂ'llgn.all_.alu-alol --am N
th Linear Accelerator Conference -- LINAC18, Beijing 12 % CHICAGO @)ENERGY L R T



LINAC MODIFICATIONS FOR INTERLEAVING

» Gate valves for PCG and RG2 beams need to remain open simultaneously.
— Radiation Safety/Controls systems are modified to allow interleaving operations.

=Beam Trajectory Control: Interleaving operation of four trajectory switching magnets
(shaded red):
»RG2 alpha magnet ;
= Linac-to-PAR dipole magnet;
» AR-to-Booster dipole magnets.
= |nterleaving linac RF timing, phase, and amplitude.

RG2 RG1
booster PCG
L5 L4 —
LEA = / -
wal | | |
425 MeV 150MeV 6 MeV

l-z-unumlonaualu 1y
US. Dupanmar: o° Er Abarator
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RG2 AND PCG BEAM TRAJECTORIES THROUGH THE LINAC
Same settings for linac quadrupole and steering magnets.

LiPmWithSteering.adl
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DEMONSTRATION OF LINAC INTERLEAVING OPERATION

WITH STORAGE RING IN TOP-UP MODE
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PHOTO-INJECTOR DESIGN

» Energy: Up to 500 MeV; Nominal energy 425 MeV;

= Energy Spread: 250 — 500 keV
= Charge: 50 — 500 pC
» Rep rate: up to 30Hz

» Optimization of the APS photo-injector for high-brightness electron beams:

variable range unit
Gun gradient [110 ~ 130] MV/m
Solenoid peak field [0.2 ~ 0.315] Tesla
Cathode and solenoid center separation [0.183 ~ 0.202] m
Bunch charge [50, 100, 250, 1000] pC
Drive laser pulse [2~5] ps
Drive laser size [0.1~0.8] mm
Cathode and first accelerating structure distance [1.12 ~2.12] m
Energy gain in the first acc. structure [11 ~ 33] MeV
Energy gain in the next four acc. structures [27 ~ 33] MeV
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PHOTO-INJECTOR DESIGN

CAPTURE CAVITY LOCATION EMITTANCE OPTIMIZATION

= Distance between the cathode and the first * Machine parameters optimized for best

accelerating structure optimized for best emittance, ~ eMittance at bunch charge [50 —1000] pC;
normalized emittance [0.2-1.1] ym.

-6
x 10

1.4 A og y E e | '1nC. 250pC 190pC Ianld §0pFJ emittalnc'e(u'm)
o 250pC ' ' ' [ :
1.21 o 100pC
*x 50pC
1 -
Cathode installed at
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g from capture cavity
E 06l
=
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0o +ﬂ g ®° o
02 # X XX Xy Xkx x X
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SOLENOID SCAN: BEAM SIZE/EMITTANCE MEASUREMENT AND SIMULATION
Drive laser: 0=0.1mm, 0,=2.5ps, bunch charge Q=93pC, beam energy ~ 5.5MeV

- ermitynorm Fa holrSpotSizle ]I:
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BEAM JITTER STUDY

Jitter sources Beam jitters at LEA DUT
rms iitter Relative | Bunch
Jitters are generated using Gaussian Quantity leiel mean arrival | Rms energy spread | Rms bunch length
random numbers with a +3 o cut-off. emergy | ftime
rms rms/ps | mean | rms/% |mean/ps| rms/%
Table |. Nominal beam parameters laser timing | 0.9ps [1.42X107°| 0.162 [6.33X10~°| 824 | 1.12 | 17.76
Parameter Value unit charge 50% |1.61X10* 0.070 |6.04%X107| 3.85 | 1.20 | 5.08
Bunch charge 0.3 nC gun phase | 0.5 deg [2.25X10°| 0.007 |6.08X107| 0.15 1.21 0.18
Bunch length 3 ps gun voltage | 0.5% |7.78%X107| 0.054 |6.08X107| 0.08 122 | 2.48
Transverse RMS laser spot size  0.13 mm L1 phase | 0.5deg [1.10X107°| 0.003 |6.07X10°| 1.02 | 121 | 240
Initial kinetic energy 06 eV L1 voltage | 0.5% [4.08X10™ 0231 [6.07X10°| 062 | 121 | 039
_ - L2 phase | 0.5 deg |6.88X10™*| 0364 |6.10X107°| 2.51 | 120 | 747
" The most serious beam jitters: L2 voltage | 0.5% |137X107°| 0.739 |6.06X10°| 222 | 121 | 095
* Mean energy jitter; L4 phase | 0.5 deg |1.83X10°| 0.000 |6.07X10° 0.56 | 121 | 0.00
Bunch arrival time i p g
M.' “”"; _ bart”"a tt'”:ﬁl'ger' " L4 voltage | 0.5% |1.45X107| 0.001 |6.07X10°] 000 | 121 | 0.04
. .
ain contributors to the beam Jiters: L5 phase | 0.5 deg |1.83X107°| 0.000 |6.07X107| 056 | 121 | 0.00
* The laser timing jitter; 5 K102 1072
. The phase and voltage of the L5 voltage | 0.5% |1.45X107 0.000 [6.07X10°] 0.00 | 121 | 0.04
All —  3.07X107| 0.986 6.39X107| 11.17 | 1.12 | 20.93

accelerating structures right before

chicane(i.e. L2 here).
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The most significant jitter is highlighted in yellow.
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BEAM JITTER DEVELOPMENT ALONG THE BEAMLINE

Chicane Chicane

wos  12] 1415 o _12]ia15 o
8 ‘ - @ [ 8 1 L) |["os= a.b.The relative mean energy (E/E,)
=m0 vl and energy spread (:E/E,) jitters
§ L glese g T S decrease after chicane because the
c & o mean energy (E,) is being increased
£ o S o by L4 and L5.
= - o e 3 c. Bunch arrival time jitter: Laser timing
2 [ e E Tomnmm jitter is compressed by the the
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 magnetIC Chlcane by a faCtOF of 56’
o Chigane > () e s Chicane % (1) wesmm  the phase and voltage jitter of the
% - M’W © E% 0.20 *J (d) T accelerator structure right before
£ : Lo £ 515 il chicane (L2), is fully converted into the
z 06 f £l timing jitter.
g 7 : d. Rms bunch length jitter: The bunch
S o2 g 500 length compression of the chicane is
§ 0.0 ....f @ 0.00 -t realized by introducing an energy

0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140 chirp via phasing the beam ahead of

s (m) s (m) the crest in L2, thus the compress
factor is sensitive to the L2 phase
» The chicane is a turning point for most of the beam jitters. variations and laser timing.
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FIRST EXPERIMENT IN LEA ‘euclid Argonne &

IN COLLABORATION WITH EUCLID TECHLABS TECHLABS NATIONAL LABORATORY

= experimental chamber 9.75” along beam
path;

= Chamber internal setup design,
fabrication and installation are done in
collaboration with Euclid;

= The first experiment will be the testing of
dielectric wakefield tubes provided by
Euclid:
— Main goal is to commission the LEA
beam line and characterizing the

PCG beam.
s | J+1 |

MAAA Cinmla MAol4s
IVviJu© JIIIUIC Ivivaiea
inner diameter (mm) 0.8 0.5 Quartz tubes
e e e R 15 S. Antipov, Euclid TechLabs.
dielectric 38 38
length (cm) 12 6

o
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START-TO-END SIMULATION OF DIELECTRIC WAKE-FIELD TUBE (ASTRA+ELEGANT)

= From PCG to chicane (150
MeV) using ASTRA with
space charge effects;

= From chicane to LEA using
ELEGANT with CSR
included;

» L EA experimental chamber
area with type | dielectric
wake field tubes inserted,
10 cm long, 100um offset.

Argonne &
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FUTURE LEA EXPERIMENT: TESSA-266

Strongly tapered undulator

/\ output pulse
Input seed laser pulse M
U M
m Decelerated e-beam
High energy prebunched e-beam

PIETRO MUSUMECI O Tapering Enhanced Stimulated Superradiant Amplification:

University of California = Reversing the laser-acceleration process, extract a large fraction
at Los Angeles

Amplified

_ _ of the energy from an electron beam provided:
LEA programmatic review v" A high current, microbunched input e-beam: 300 MeV 1000 A;
November 10, 2017 v An intense input seed;
UCLA Argonne & v" Gradient matching to exploit the growing radiation field.
O Short wavelength single pass amplification demo at LEA.

/A radiasoft

Drift, FODO, Chicane

52cm
Undulator (89.6cm)
e BB
12cm 12cm
32cm, helical drift 4cm drift
4cm period drift
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THANK YOU FOR YOUR
ATTENTION!
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