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E Arees of Study

e FEL Startup from Noise
e Qutput Fluctuations

e Quantum Effects

e Undulator Focusing

¢ Undulator Errors

e Microbunching

e Technical Challenges:

undulator, diagnostics...



Uses of Micrcbunched
Beams

e High frequency accelerators

* Injection into plasma, dielectric accelerators

* Light sources

* Radiation production

* Compton backscattering

e Compressor

* Replacement for magnetic compression






Spontanecus emission calculations
ssue

What is the effective input bandwidth
which is amplified by the FEL?



Spontaneeus emissiom calculations
Theory

A charged particle travessing undulating
magnetic field radiates.

We need to know
a) The total spontaneous emission from the
undulator.
b) The total emission over the FEL bandwiclth and
solid angle.
c) The effective startup level for the FEL.

Four approaches to calculate spontaneous emission:
1) Larmor’s formula.

2) From FEL 1D equations.
3) Integrated Liénard-Wiecherd fields a 14 Jackson.
4) Numerical model with “random” distribution.

One Gain Length Rest of Undulator




Spontaneous emissien calculations
Example Frem FEL 1D Equations

(dP J__ Ne |
dodQ | 1+K2/2 4meqce

where | is the beam current and here N s the number of
undulator periods in one gain length.

This, along with the FEL bandwidth, yields

P=37 milliwatts

(Spontaneous radiation power in one gain
length within the FEL bandwidth and

angular acceptance.)
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iR FEL Beamline

DML AF Phsiacathods Gun

Plane Wave Trensformer

(PWT) Linac
Quad Triplet
Integrating Current Transformer
Dipole
Beam Dump
Emittance Slits
Profile Screen
Quad Doubiets
Undulater
Quad Doublet
Dipole
Beam Dump
evised
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UCLA Particle Butm Physios Laboratory
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R FEL Project Goals

Studies of a High Gain Self Amplified Spontaneous Emission FEL.

Present System Future Plans
60 cm undulator * 2 m undulator
Moderate gain * High gain
Startup regime * Saturation regime
Dependence on beam charge * Gain versus emittance, current ...
Proof of principle for coherent * Measure highly bunched beam
monitor




Electron Beam Diagnostics

Need to know:

« Current

« Charge

» Pulse length
- Beam profile

. Size

* Position

« Angular spread
- Emittance
* Energy
 Energy spread

Available tools:
o Current
« ICT
« BPMs (sum)
» Screens (Iinear?
- Streak camera / Cerenkov
 Pulse Length Monitor
- Beam Profile
« BPMs (sum)
« Screens (linear!)
- Optical Transition Radiation
« Emittance
» Slits
» Collimator

En-ergrpole spectrometer
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IR FEL Operational Diagnostic Layout

Detector

ocussing 1R Mirror
f~1m)

ea
Shieldin

Focussing IR Mirror ﬁ
{~0.3m) ||
Amplifier
i mmmm<—> R Block

Liquid He Cooled Ge:Cu Detector
Sensitive Range: 2-32 um

Rise Time: 5 ns
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Detector [mV] = 2.9 + 21*#photons [107]




R FEL Parametors

~_ Single Shot Planar Hybrid
Beam Parameters @ 1aC Unduletor Parameters
Energy 13.5 MeV Length 60 cm
n Spread 0.2% Period 1.5¢cm
Peak Current 150 A Peak Field 0.75T
(norm. %M& 15 mm-mrad Undulator Parameter 1
SASE FEL
Simulation Resulits
(Ginger)

Total Gain @ 60 cm ~5
Pegk Power ~2W

Nominal Wavelength 16.5 um

UCLA Particie Boam Physics Laboratory Rovieed /1606
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The Undulator

® Compact short period Hybrid design
® Samarium-Cobalt main magnets
® vanadium-Permendur C-shaped yokes

® Neodymium-Iron-Boron pole tip magnets

® Peak field of 7.5KG (> sum of fields)
® Pole tip field error 0.25% (peak).
® Second integral (e-beam orbit) good.

® Deviation of orbit < beam radius.

e-beam |vacuum Undulator

l PP e

—— i ) 7.5KG Field 5 mm gap
p ee————————

T0.4mm 4mm 60 cm: 40 periods
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Cut-away view of the undulator



Mesured Magnetic Field,

First and Second Integral
UCLA/Kurchatov Undulator
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MPOoTNaim rarammelieds.

Slpoage

- Slippage length:
L =NA

= 40(16x10™)

= 640um

- Bunch length:
L, ~1000um

- Slippage parameter:

s L,
Lb

=—— ~1
1000



important Parameters:
Ceongurstion Length

- FEL Parameter:
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Laser Power (wcHs) vs. Time 13m0

tostn%
Cray—
T.E-08 — L T 71T "2 ¢S T T T T T T Y
- .90 m 4 - 0 33 m 4 L 63 m J
" .E-09 |- — §.18 -
[ %1 ol —
e E-89 |~ — L #12 - B 1
[ © ]
B = ¥ of - 9.4 —
0 Q o]
of E-89 |- - aem} 4 a R i
} i 1 e2f .
2.£-9% d em b -
- - - -y ™ -
o.ceop il Lot T N . .0 Y I 'Y || | S
| L ] 18 19 20 23 L} 15 N 5 ¥ 5 1 15 28 s
Time (ps] Tlme (ps) Time (ps)
5 L LA L L " 7T T 7T v T o — T T Y T
- .93 m . - 26 m 4 3 '59 m ]
L B b | e .
i 7 i 7 a0 |- -
L Y- 4 ¢ wl 40 R i
L L] [
» = 4= - 4 x 308 -
0 =] 2] L -
a a | 1a
200 ]
. - - -
v . » - - 1o ]
L y - 4 L i
0 L g 1 . i 1 Pog b . i
] k] 18 135 20 5 [ ] - " 15 m 3 9 25
Time {ps] Time (ps} T|m. (psl
W —T——7—T—T T T T T 7 W 11T T, T T T SES T T T 7T T T T T
- 1.89 m . - 2.2 | - 2.55 m -
08 — § . EelS —
e [~ -~
C e - - C B 71 Q.ee05 —
@ [ ] 0
® = 4 x 2eeee - - = L 4
aQ Q i 0,
a 2eee 4a | | o2.e+95 -
- A - .
10008 — b
1988 — - 1.E+85 p— —
— - I~ - b= -
2 L1 L T - . [ R . T G \ | 8 E+08 TR FE | |-
9 % 19 15 o 25 " 5 19 15 28 o] ? 5 19 15 2@ 25

Time (ps) Time (ps) Time (ps)



Avg. Fi
. Field P
ower vs. Z
d}éfz‘jt%é
esty
cray—b

Power (watts)




Peak Power @ 60 cm (W)

Ginger Simulation Results
Emittance (norm. rms) [mm-mrad]
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Signal Distribution @ 550-600 pC
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