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|. Introduction
. Advanced Superconducting Test Accelerator (ASTA)
lll. Diagnostics with undulator radiation (UR)
- Basics of UR generation
- Characterization of electron beam properties from UR
IS nonintercepting so applies to high power beam.
V. Free-electron laser (FEL) basics

V. VUV and soft x-ray (XUV) FEL application: simulation
examples

VI. Summary
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L. 3 FY13 -- 50 MeV Injector + 1 Cryomodule L. 3

Fermilab Fermilab

* Goal: installation complete and beam commissioning started by end of FY13
* RF gun + RF system and photocathode laser system
e 2 SCRF booster cavities (“CC1” and “CC2") + RF systems
50 MeV beamline elements and instrumentation to the low energy dump
« Low energy beam dump
« SCRF cryomodule (*CM2")
Installation of 15t AARD experiment (high brightness X-ray channeling source)

‘ ‘ 50 MeV beam energy

[ ] [ ] [ L]

Hattream beam dump 1st cryomodule

electron
transform T
— S —
booster , speetrometer 7 —
cavities chicane\ ; magnet
—‘ To be installed Lo Al oo
in FY13 eamiines beam dump

ASTA photoinjector

|
|

FAAC review 2013
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2= 50-MeV Injector for ASTA/IFNAL %2
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e Injector being installed with First beam expected in 2013.

40-MeV Injector

|_|||IIIII_||_|H LI LT L

electron booster flat beam deflecting beam 15t cryomodule

gun cavities transform

PC rf gun installed First cryomodule (from

Booster cavity 2 (from DESY FNAL) installed at ASTA.

and Saclay) installed in ASTA
Courtesy of M. Church
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2= First ASTA photoelectrons: 6-20-13

Fermilab

 First photoelectrons from Mo cathode on 6-20-13.
Subsequent studies on following day to improve
beam spot for single micropulse shown at right.

Loss Monitor shows

m 3-MHz rate (e-Logbook)
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# ASTA Buildout and Operation Occurs in
Stages: Stage |

Fermilab

JE
N

Fermilab

photoinjector
.1 / ~50 MeV exp.area

Stage |

experimental

300 MeV/ & diagn.area

//ii;fspecﬂo

+ dump
.2 ACC1
.3 ACC1

up to 300 MeV
storage ring b i
(IOTA, 50-150 MeV)

ASTA Proposal 2013
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= Experimental Areas 1 & 2 =
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Energy Exp 50  5-50 MeV Ly
En ergy Exp 820 50_820 MeV 1500 MeV with 6 cryomodules

TURCEETE 3.2 0.02-20 nC Geeindii e
NUIEER s Ellell 333 2 10-  ns  laserpower

IJpU|Se train T 1 macrop ms rkr?isti:grt:rgolmtedbymodulatorand
Train rep rate

minimum may be determined by egun
O . 1 '5 H Z T-regulation and stability

1

S ultio
considerations

5

1

maximum limited by aperture and
<1.. >1OO m Mm beam losses

Emittance rms nom
Bunch length ms

Peak current 3 >0
*3.2nC X 3000 bunches x 5 Hz X 0.82 GeV =40 kW V. Shiltsev. GARD13

min obtained with Ti:Sa laser;
0_01—10 pS maximum
obtained with laser pulse stacking
I Q 3 kA with low energy bunch compressor; 9

kA possible with 3.9 GHz linearizing cavity
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2= ASTA Temporal Pulse Format 2§
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RF pulses separated by an
adjustable delay

__________________ / \

5 Hz rep rate

A

Each macropulse consists
1ms of ~3000 micropulses

|||||||||||||||||||||||||||||| - LA

J_J

| 0.033fs

Each micropulse has

~10%° electrons A
/‘\T /‘\ /‘\ /'\ Microbunching,10nm
Wya Wys
<lps .. 0.33 s - Revised B. Carlsten Slide
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FLASH 9-mA Studies
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HIs
TTF/FLASH 9mA Experiment
JSLASH,
ACC1 ACC2/3  ACC4/5/6
RF gun Diagnostics Accelerating Structures Collimator
Undulators
Laser Compressor Compressor FEL
SMeV 127 MeV 450 MeV 1000 MeV Bypass Diagnostics
“ 260 m ’
Comparison of machine parameters Nominal experiment setup
« 3nC/bunch
XFEL 1 ILc FLASH | SmA * Bunch rates: 40kHz — 3MHz
design studies
+ Laser #1: 40kHz — 1MHz; Laser #2: 3MHz
Bunch charge | nC 1 3.2 1 3 + RF systems operating nominally on crest
Bunch rate MHz | 5 57 |a 3 « BC magnets on, but no compression
r—— 2750 2625 | 7200 2200 » Beam through Bypass line to dump
T ounenes + RF gun: 1.5 cell warm PC gun
Pulse length s 650 970 | 800 800 +  ACC1- 8 SC cavities
Current mA | 5 9 g 9 +  ACC23: 2x 8 SC cavities
«  ACCA456: 3x 8 SC cavities
+ LLRF: digital /Q control of V5
+ Piezo tuners: ACC3, ACC5, ACCB
leport on 9mA studies (FLASH Seminar, 24 Nov 09)
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FLASH Macropulse Data
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Injector setup — compression

FLASH.

Free-Electron Laser
in Hamburg

Bunch compression monitor (BCM)
Pyro BCM 9DBC2 Pyro BCM 4DBC3
Pyros BCMs show the ' s
bunch compression . I |
increases over the train " g |
Gun’ ACC1, and ACC23 hiad 0 T ) 00 00 oo ) 00 20 300 40 500 W0 00 800
phase setpoints include
slopes to compensate for
phase slopes in the gun
and laser (delicate balance)/
Gun Fwd & Ref powers
M ACC1Ampl & Phase ACC23 Ampl & Phase
E .‘. .”p\.' L ACC1 VS amplitude vs bunch number ACC23 VS amplitude vs bunch number
oAl 2 o 1264 ¥ — v T a12 v ¥ £
™ ."‘ W ) 1262/ Dty [UNEN an
i M N 'm:‘. #'.’,"ﬂ\‘vw“' f"l‘ K x , 308
“ e w * ms"" . \' b |
Gun Piwd phase vs bunch number Gun Pref phase vs bunch number 1258 Lali
'7{;00 800 900 |d00 100 1200 1it0 1400 m';OO 800 900 1000 H‘DO 1200 |3‘® 140
oy ACCI Vs '_'_"“ L) h‘“_‘_"" "“_’_""" A ACC23 VS phase vs bunch number
o 25 v
”w““"‘"“ﬂ“\',-r“.‘» . l‘ -
1151 Ll L
o] ‘ "."“"I‘-f'\'.‘-lv‘n‘.‘,l 2
-13 - . F b . 10
700 800 900 1000 1100 1200 1300 1400 700 800 900 1000 1100 1200 1300 1420
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FLASH 3-mA Data
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ilr o _
XFEL Transverse bunch distributions along bunch-train
(800 bunches @ 1MHz, ~3nC/bunch)
FLASH
Bunch #100 Bunch #300 Bunch #3500 Bunch #700
4000
oy o —_ 6 —_—
E % E E 8 3000
% 5 i =
= = H =7
—_-: ;:- _; ;: 2000
';E: ?‘: E i g L 1000
> = = &
9 9
_ <] |,
B 5 6 7 6 7 8 3. 6 7 5 6 7
Horizontal axis (mm) Horizontal axis (mm) Horizontal axis (mm) Horizontal axis (mm)
4DBC3 BCM pyro signal + Transverse bunch distributions clearly
0%y il show changes in bunch size and shape
8- L 2 3 2 over the long bunch train
5|-2 b
g 3 « ACC1 phase: and BCM signa_ls appear
21 .s correlated with the changes in bunch
3 distributions
oy g 1 1 h ! 1 |
600. V90 1400. « LOLA was only available diagnostic
Time (us) for single-bunch measurements with
First bunch at 700us, last bunch at 1500us long bunch trains at full-energy
Report on 9mA st = (Rev)
eport on 9maA sti . " - . ev
Compressor monitors missing: (phase/E)
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3¢ Radiation Producing Devices #¢
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Radiation Producing Devices: Wigglers

= A wiggler is a series of N strong bends of alternating sign

= The beam “wiggles” in a sinusoidal trajectory

A
W
= Trajectory angle and amplitude characterized by K
parameter
K — Omax T — &
M.Borland Talk, 1/~ mnax 27y
FNAL 12/2011 See, e.g., K. J. Kim, AIP Conf. Proc. 184 (1989)
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Radiation from Undulators 25
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= |f K=3 radiation from successive periods interferes
constructively E—

= Average forward electron velocity is

[ N l'ﬁ'l L' |'F'l 'n'| I'ﬂ"
o 1] :L:ﬁ"z I'|II IIII I',I II.'I I|II |'II I|I I|I I'I 'II |II I|I
—
' ' . I
= Radiation has v=c, so after each c N
P | !\ |
period it slips ahead by / \ |
i "2 .-'.. * I'l_
&E — }i‘l.U(]- I Izh ) | II-'. W .I.I
= Coherent addition between poles | |/ \ '/
for certain radiation wavelengths \ | / \ "/
'\-.\Oj ‘\.\\C}ﬂ
At = Al n=1223,...
= Undulator radiation peaked at odd harmonics
12
) —— )‘“’(ll%ﬁ ) Al ~ L for —’5‘)\ ~) L
LS 272 TV N A N
Tutonal on Accelerator-Based Light Sources, M. Borland, March 23, 2011

Diagram after B. McMeil, "How an FEL works®, FELZ2010
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2= e-beam Features from UR features 2
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 Time-resolved Diagnostics planned at ms-, ys-, ns-, and
ps-regimes for electron-beam parameters.

e position Transverse UR image position

 Size monitor Transverse UR image size

 emittance Gain in UR, harmonic ratios

 Dbunch length UR bunch length, streak cam.

* bunch phase UR phase position, streak cam.

e energy UR Central wavelength, spectr.

 energy spread Bandwidth obs. 1/nN, spectr.

Beam based feedback monitor

A.H. Lumpkin APT Seminar June 25, 2013 14



3F U5.0 Option
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 Undulator U5.0 transfer from LBNL under negotiation.

Device retired from ALS storage ring in January 2013.

Period=5.0 cm, K tunable, Length=4.5 m, Wt= 47,000 Ibs.

A.H. Lumpkin APT Seminar June 25, 2013
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2 U5.0 Parameter Table 2
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« Table 1. Engineering design specifications for U5.0 with
Nd-Fe-B magnetic blocks and vanadium permendur poles.

Period, A, 5.0 cm
Number of periods, 89
N
Length, L 4.55 m
Max. field @1.4cm 0.89 T
Magnetic Gap 1.4-2.16,4.7 cm
range
Harmonics 3,5 -
K value range 0.45-3.9 -

A.H. Lumpkin APT Seminar June 25, 2013 16
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Diagnostic Options with U5.0
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Table 2: Electron beam enerqgy and UR wavelengths

Phase # Beam Energy | UR Fundamental | Period (cm), | UR Harmonics
(MeV) (nm) K (hnm) 3,5

1 125 680 5.0,1.2 226
1 150 472 5.0,1.2 157

200 265 5.0,1.2 88
1 250 170 5.0,1.2 57
1 250 262 5.0,1.8 87
2 500 42 5.0,1.2 14, 8.3
3 800 16 5.0, 1.2 5.3
3 800 13.7 5.0, 0.9 ---
4 900 3 1.1,0.9
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2= Streak Camera Basics 2=

Fermilab Fermilab

Input optics relay photons passing through a slit
onto a photocathode.

(1) The streak tube deflection plates displace the
photoelectrons dependent on the photons’
arrival time.

(2) A streak tube MCP amplifies the electron
number, and a potential difference between
the MCP and phosphor results in the
conversion of the electron distribution to a
visible light streak Image. This image is
recorded by a readout video camera.

A.H. Lumpkin APT Seminar June 25, 2013 18
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Streak Camera Principles

Fermilab

 Addition of synchroscan plugin module and the C6878 phase-
locked delay box enabled new series of experiments at AO (ASTA
In planning)

Deflection plates

-V

A
Light pulse s

BUNCH
LENGTH

Slit

81.25 MHz %
81.25 MHz rf IN Trigger

scanning Voltage

Sweep Sine Wave from
Signal Synchroscan Based on VG by B.Yang
Ref. In M5676 in C5680 cam. for ANL/S35 review

A.H. Lumpkin APT Seminar June 25, 2013 19
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3 Example UR Results-1
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« Boeing/LANL Visible FELO project at 630 nm.
Nominal burst-mode FEL parameters
Electron beam: Undulator: o
Energy 110 MeV period=2.2 cm =
Peak current 100-300 A Length =5 m &
Micropulse (FWHM) 8-10 ps z
Energy spread (FWHM) 0.5-1%
Micropulse repetition rate 4 MHz
Macropulse width 60-100 us
Streak-spectrometer
FROM -
VIDEQ MOMITOR e E'DI.IHC FEHISCGFE
T s2COND "1
-5: £l JARAELL-ASH /“fj o LENS 2 LEVEL ~
ANALOGUE AIIEJ 1./ 4-mi HDHOCH-FIDMA.TDR e -
g PATH 2 1Hmuhhr
{ c2280 C"'_ M
i [ffﬂf | seve
b B :I"_l PATH 1 PO ,
— I I I I |
. 670 650 630 610 590
LEEEFE}&T CAMERA w 1‘5’ ki diais M1 WAVELENGTH(nm)
counme | M| Hogzea
Fast aweep
5TRE UPPER LEVEL OF
TR P Svmeronaan (108 wia) CONTROL ROOM A.H.Lumpkin et al., NIMA 285, 17 (1989)

DIAGHOSTICS TABLE
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3F Example UR Results-2 3F
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 Duke Storage Ring FELO circa 1998, 107 m ring
circumference, E=500 MeV, Und. period=10 cm, L=3.4 m.

Electron

Beam
CaF; S file Ima splay Analysis Contral Others 6
* Wmtiow [ QD B 97‘3:{ Jslalal [~[m]z BB =) |
Optical Klystron = Duke |ru|_ 96.23/R5/10us 1975001 — =
\ b0 Jo B FLEIR] B T / / ﬂ ‘l‘ Mirror | 5 :
nr\mﬂ'\ AN l x N &
g Al L S,
o
| | 00) £
53.73m | | o
Cavity Mirror | (@)
Rc=27.46m | c: |
dia. = 50 mm | e A 6:5 ;
thick = 11 mm [ .
, Mitror (\\L} ______ % Beam Splitter j— B
C5680 —Ll L
"o Streak i S i i i =
S Samain | I Vo e o - _]Hm rrrRIRFrae I_i_
" = | - T2 Range 10ps
Al \ L_‘—'_‘ ;
strr:;tI;:Lon :.J MO oW — gg:c?out
e ——]
e B e S G Rev freq=2.78 MHz, A=450 nm, SER
Bunch length=60ps FWHM
Incident l\_)q._ .
Light Puise Py Py Py A.H.Lumpkin et al., NIMA 407, 338 (1998)

Fig. 1. Schemauc of dual-sweep streak technigue,
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Example UR Results-3

Fermilab

Univ. of Hawaii S-band microwave gun and S-band electron linac drive
Mark V FEL (mid-IR 4.5 pm). Look at UR but, 7" harmonic coherent
spontaneous emission radiation(CSER) at 652 nm (tests in May 2013).

OTR source
CSER source
Aﬁem:ﬁun Pt ¥-Ray Beamline
_ e-Beam Diagnostic Chicang _%_ é

Baam Dump

A.H. Lumpkin APT Seminar June 25, 2013 22
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CSER Streak Camera Results:R1-1us
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Synchroscan (119.0 MHz)
R1 cal.=0.62 ps/pixel

300 ps range

1 ys range

#
%

(pixels)

¥

Alpha=12.50 A, slew=

%A [ @ B A

From File

Select Image CUserstumpkintPictures\Uo fHFEL\CS-R1-1us-D0us0-seq1400-001display tif

Get Images

Live Imag
’7 Cross |XVC =

[ Save Images. ]

#To Average 1 Take New Background
Calibration Date 25 May-2013 Iscrateh/
Cross XVC

— Wertical Projecti

‘ [ View Images ]

Load Images

Radon Peak
5.890e+04
80 — 2
o=2.2 ps
60
Sigmas
40 777
20 Background )
Linear w7
A ing Mod
100 200 300 400 I
ixels Average Individual ... *
Pels . y (pixels) J
Amp - Mean - Sigma -
Gl |44 0.353 110 0.0196 367 =
100 200 300 400 500 600 G2 |96 0.4m 357 0.0169 351 ;
x (pixels)
et - Const +- Lingar +-
. Rotation Bck 204 0.0542 -0.0004 0.000331 o
Use Background 0 | T [
— Horizental Projecti
Radon Peak
5509
——
Fit Again
Amp 4 Mean 4 Sigma  ~
Sigmas Gl 827 0.138 156 0.704 286 E
200 G2 [385 0152 354 144 352 T
G3 1.3 0.154 473 433 336
Background G4 [o714 0.28 533 3.02 768
Quadratc =/ < | [ r

100 200 300 400 500
x (pixels)

Averaging Mode

Average Individual ..

-

-3.9,3.2 pix

»

A.H. Lumpkin
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3¢  Microbunching Mechanisms &¢
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« Microbunching of an electron beam, or a z-dependent density
modulation with a period A, can be generated by several
mechanisms:

— The Long.Space Charge-induced microbunching (LSCIM) starts
from noise fluctuations in the charge distribution which causes
an energy modulation that converts to density modulation
following Chicane compression. This is a broadband case.

(Not good for FEL as described in May 2011 APC seminar)

— The laser-induced microbunching (LIM) occurs at the laser
resonant wavelength (and harmonics) as the e-beam co-
propagates through the undulator with the laser beam followed
by Chicane compression. This is narrow-band, also like FELO.

— In self-amplified spontaneous emission (SASE) induced
microbunching (SIM) the electron beam is also bunched at
resonant wavelength and harmonics. This is narrow band.

« A microbunched beam radiates coherently. (COTR,CUR,FEL)

A.H. Lumpkin APT Seminar June 25, 2013 24




2 Some FEL basics
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 Free-electron lasers are based on the modulation of
Intrinsic electron beam longitudinal structure at the
resonant wavelength as e-beam co-propagates with
optical fields in undulator.

A, = A, (1 + K2/2)/2ny?,

Where A is the resonant wavelength (for microbunching)
A, Is the undulator period
K is the undulator field parameter
n is the harmonic number
Y IS the Lorentz factor

A.H. Lumpkin APT Seminar June 25, 2013 25
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3 FEL Configuration Types
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« Fundamental physical properties impact options.
M Oscillator FEL The tunability toward short wavelengths

£ (OGO @9 Simiedby e avaiabiy of high ualty

) (AT 0 | ooy 0009 spoctal quaity

pulse train

Amplifier FEL
P The tunability toward short wavelengths

Seeding radiation ﬁ ﬂ"ﬁ(ﬂ"l’(ﬂ'ff ﬁ y is limited by the lack of availability of

very short wavelength seed lasers.

AT
e beamﬁ f(ffﬂ'l’fffff FEL radiationopectral quality limited by the quality of

the electron beam.

Potentially completely tunable, FEL
SASE FEL wavelengths only depend on the

7 m’ﬁﬁ‘i’ﬂ’ﬂ‘ & __  resonance condition.
s Tighter requirements for the electron
< bears (D (o

. beam parameters.

OQpectraI properties affected by the
limited coherence. E.Allaria, Seeded FEL WS

FEL radlatl

A.H. Lumpkin APT Seminar June 25, 2013 26



2 SASE FEL Basics 2
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e Since SASE FEL starts from noise, intensity and
spectral content fluctuate.

electron beam
undulator

POOO00a00a0G00000000406460

photon beam

sp:::-nt_an_eous ?{N dump
emission Energy b—=| |—
modulation / bunching .
coherent emission I4}

radiat saturation
log( pnw:ﬁ'

lwﬁ- 10°

- F 4
SASE Radiation has full Transverse Coherence

See Bonifacio, R, C. Pelligrini, and L. Narduce1, Opt. Commun. 50, 373 (1984)
D. Moncton Talk, Oct.2007
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2= XUV FELO Application at ASTA %2
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« The ASTA beam provides six unique capabilities that
enable XUV FELO experiments

« Low emittance photoinjector Needed gain per pass
« 3 MHz micropulse rep. rate. Cav. Rnd Trip of 100m

e 3000 micropulsesin 1 ms. Passes for saturation
« SCRF energy stability Stable wavelength
« (GeV scale energy XUV wavelength

« High power:1msatupto5Hz High power FELO

A.H. Lumpkin APT Seminar June 25, 2013 28



2F VUV FEL Oscillator Configuration a¢
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 The bright beams, pulse structure, and new multilayer
mirrors will make FEL oscillator feasible at ASTA.

/ FEL circulating photons \
B W W m
2 or 4 Mirrors I ‘ /
N

for 333-ns

Opt. cavity ’ Undulator ‘

3 MHz Electron Pulse Train, 333-ns spacing

FEL
output

A.H. Lumpkin APT Seminar June 25, 2013 29
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International FEL Context

« Summary of emerging and proposed FELs. Only SASE
FELs for VUV, soft x-ray, and hard x-ray regimes so far.

Peak brilliance:

International context

wavelength (m)

1[]-1'. "H}T "IDH ID-'\'-II “].|:. iD_..l
! FELO /l\ Ewropean XFEL LCLS
‘_____"m record: 5r59/SACLA
= s 176nm === B
2 3 . PSI-XFEL (SASE)
c |Z10”
E g © i)
= .1“ hl.gh —"
< ‘g E 3" ganeration
© 107 SPring-8  light sources
2 |E - mikd enorgy ELAF
E 10 37 ganaration AP \
--._.1'-?- " Eght sources '\\
107 2\ .
% LS
10 i T

A.H. Lumpkin

' 10° 10° 10° 10
photon enerqgy (e\v)

10

APT Seminar June 25, 2013 30



3= GINGER and MEDUSA Codes 2=
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* GINGER code developed for SASE FELs by W. Fawley
while at LBNL. This was a single pass application.

e Oscillator module added subsequently and used by J.
Wurtele’s section at LBNL. (Ryan Lindberg now at ANL).

« M. Reinsch has provided simulations using nominal
ASTA electron beam parameters, the U5.0 parameters
and mirror reflectivity values into XUV down to 13.4 nm.

« MEDUSA was developed by H. Freund for SASE FELSs,
but it iIs now merged with an optical propagation code
(OPC) developed in Europe by P.J. van der Slot.

 Freund has provided simulation results using similar
sets of input parameters at 120, 100, and 13.4 nm.

* Note: shortest wavelength record for FELO is ~176 nm.

A.H. Lumpkin APT Seminar June 25, 2013 31
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GINGER Simulations at 120 nm
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« Beam energy 300 MeV, |, =100 A, 100-um radius hole

Avg. Fundamental Bunching vs. Z z Output Radiation Power vs. PASS # mias

0.40 T T T T T 4.0E+08 T T T E— T T

0321 , . 3.2E+08 | .

, \

o 024} ;/ 1 gz.amma - i
S / ES
2 / =
o 016 ___,-"! 1 §1.EE+DB - -

0.08 - 1 B.0E+07 |- .

/
/'//
0.00 ——- S ' 0.0E+00 el —
0.0 0.9 1.8 2.7 3.6 4.5 11 81 120 160 200
Z(m) PASS #
A.H. Lumpkin APT Seminar June 25, 2013 32



2% GINGER Results at 40 and 13.4 nm 3&
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e Simulations run with GINGER code with oscillator
module at LBNL by M . Reinsch. Concentric cavity.

Output Radiation Power vs. PASS # Output Radiation Power vs. PASS #
1EH 09— B3
- a) 40 nm P " b) 13.4 nm e
1.E+08 | /// 1 1.E+08 | ’ E
E ;// B F s m
_ 1.E+07 % é - ;_ _;
) E / —_— F ¢ 3
c 1.6+06 3 2 1ee0s ]
g = 3 . 3
& 1E+05) 3 5 i
g 3 O 1.E+05F E
1.E+04 | 470 MeV, 3 - 800 MeV,
] 1E+04E
- 700 Apk : 800 A pk
1E+03 ! ! L L
1 81 161 240 320 400 1E+03 e
PASS # 1 101 201 300 400 500
PASS #

Initial GINGER simulations for output power saturation at the fundamental wavelength of a) 40.0 nm and b)
13.4-nm for a concentric cavity with multilayer mirror reflectances of 50 % and 68%, respectively.
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aF GINGER results at 13.4 nm 2
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e Use hole output coupling of 100 um radius in
downstream multilayer mirror.

Output Radiation Power vs. PASS # ]
4. 8E+08
L / ]
E=800 MeV, 4.0E+08 [-
1,=900 A,
€¢y=2 Mm mrad —
=
£
(1]
EEAEH}H
5
=
o
O 1.6E+08
B.0E+0T
D-uE+Du 1 1 J——" 1 1 1 1 1 1
1 101 201 300 400 500
PASS #
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MEDUSA:OPC Simulations at 120 nm
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« Beam energy 301 MeV, |,,=100 A, 1-mm radius hole
Electron Beam 7
Energy 301.25 MeV 2510" .
Current 100 A i ]
Normalized Emittance 2 mm-mrad 2010’ B B
Energy Spread 0.05% <> - 1
X 122 microns E i i
0 1.0 S 1510 .
Vime 120 microns = r 1
o 1.0 c : -
Wiggler S 1010 - _
Period 5.0 cm o B ]
Amplitude 2.4614 kG 8 . E
Kems 0.813 5.0 10° - .
Length 88 periods i ]
Resonator Concentric i ]
Wavelength 120 nm 0.0 ‘
Cavity Length 50 m 0 20 40 60 80 100
Radii of Curvature 25.32m Pass
Mirror Reflectivity 80%
Hole Radius 1.0 mm
Total Loss 52%
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Medusa:OPC results at 100 nm

JE
N

Fermilab

 Hole outcoupling radius evaluations by H. Freund.
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2= Medusa:OPCresults at13.4nm 3¢
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 Transmissive coupling evaluated by H. Freund (LANL).
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2= Ring Optical Resonator Option 2
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A schematic of the ring optical resonator for an XUV FEL
oscillator using multifaceted mirrors and on-axis beam-
expanding mirrors (B. Newnam et al., SPIE vol.1552
(1991)). This would provide broadband subregions in A.

QUTPUT BEAM

MULTIFACETED
MIRROR
(Rh,AL,Si, Ag)

7
N

0
(IIm

N focets

BEAM-EXPANDING

MIRROR
(CAN BE ANY OF)
8iC, §i
Rh, Ag (SOFT X-RAY REGION)
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= Schematic of VUV test station 3
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« Narrowband reflectivity VUV mirror selects harmonic.

Multilayer metal

UR or FELO VUV mirror (LBNL)

photons

I

CVUV Harmonic

_rVisibIe BP and blocking Filter

@8 VUV MCP (FNAL)

Extend measurements <> Lens
With VUV spectrometer . CCD
If possible. (Angular Distribution)
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FELO Options with U5.0
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Table 3: Phase, beam enerqgy, and FEL wavelengths.

Phase # Beam Energy | FEL Fundamental | Period (cm), | FEL Harmonics
(MeV) (nm) K (nm) 3,5

1 125 680 5.0,1.2 226

150 472 5.0,1.2 157

200 265 5.0,1.2 88
1 250 170 5.0,1.2 57
1 250 262 5.0,1.8 87
1 300 120 5.0,0.8 40
2 500 42 5.0,1.2 14, 8.3
3 800 16 5.0,1.2 5.3
3 800 13.7 5.0, 0.9 ---
4 900 3 1.1,0.9

A.H. Lumpkin APT Seminar June 25, 2013 40



a¥ FELO in High-energy Beamline 3¢
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 Concentric cavity configuration option.

XUV FEL Oscillator

R Hole in beam dump
for FEL light
—— Downstream mirror [~y

(/ L B I B b "“:j\,&;:é;ﬁ‘ﬁ —r2 ELO e
I : — —3
(—{ 42mto end of CM 3 1 e e "-f:?_':_‘:E’EEErEBGuw —

u.s. spectrometer d.s. spectrometer

Upstream mirror AARD Test area (12m)

He BB A i~ MNonlineer M
>800 MeV beam Possible future test
energy (with 3 CM’s) ]
IOTA ring
. osc .
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2 Benefits of an FELO 2
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« Photon noise seeds the start-up of the FEL pulse within
the electron pulse and the multiple passes result in
growth of microbunching at resonant A and harmonics.

— Very high peak flux and brightness (comparable or better than
SASE FELs).

— Temporal coherence of the FEL pulse.

— Control of the time duration, wavelength and bandwidth of the
coherent FEL pulse.

— Close to transform-limit pulses provide excellent resolving power
without monochromators.

. — Natural synchronization of the FEL pulse to the seed laser.
— Reduction in undulator length needed to achieve saturation.

The problem with seeding is that there are not sources available for direct
seeding in the very short wavelength range (few nanometers).

Need to explore processes at the XUV frontier.
Revised E. Allaria Slide
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2F SUMMARY 2F
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 Nonintercepting electron beam diagnostic techniques
based on time-resolved imaging of UR are proposed.

— UR emissions at resonance on fundamental and harmonic
wavelengths expected.

— Studies of CUR strength due to beam microbunching would
complement the evaluations of 6-D beam quality. Gives
electron beam micropulse properties.

— Could support initial CM2 beam studies with visible-UV UR.

 Diagnostics should be extended to VUV and soft x-ray regime
where possible at ASTA into harmonic frontier. (several technology
challenges: mirrors, optics, detectors, filters, etc.)

« Significant opportunity for first XUV FELO demonstration at ASTA
(Can share e-beam with IOTA at 125-150 MeV)

 First photoelectrons from PC rf gun obtained 6-20-13 at ASTA.
* Installation of 50-MeV beamline expected in FY13, then first beam.
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2= US5.0 Transport from California 2
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e Available unique power source at Fermilab for cross
country overland hauling.
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Jt ASTA Buildout and Operation Occursin Jt
L. 3 L. 3

Fermilab stages: Stages ||’ l"’ |V e
Stagell  \cc1 Acc2 Accs ~800 MeV
Stage Il
| E\I
: B 25 Mevﬁb
H- inj.
3.9 GHz SC
Stage l/ (linearizing) RF up to 800 MeV
ASTA Proposal 2013
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