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Issues

 Changes in the base layout
* Operational difficulties

* Alternative Sources and Topics to Investigate

- R.J. Bakker
FELSI 01-Apr-2008
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Present Tunnel Layout
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Last Changes:

« Length of linac sections
o 37 cell, 1.5 GHz TW linac

o 132 cell, 3.0 GHz TW linac
(internal load)

o ~0.55 m between sections

- R.J. Bakker =

Corrector coils
o 36 horizontal correctors
o 28 vertical correctors

Length of 30 MeV diagnostics
(originally not included)

FELSI 01-Apr-2008
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Present Tunnel Layout
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- R.J. Bakker
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Present Tunnel Layout
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Not finished:

« 250 MeV diagnostic section
o base design on paper

o length and specs pending

- R.J. Bakker
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Previous Changes (1)

< gap
Cathode — Anode Geometry simplified
< gap 2a
original  Eng N @ KWY{ B e
2a
77777777777777777777777777777777 _»e
cathode anode
holder ¢
| anode
cathode anode
electrode

anode

flat cathode > less focusing

- R.J. Bakker
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Previous Changes (2)
2-cell standing wave cavity

e less focusing

reduced control over the
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R longitudinal bunch-shape
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longer drift: 7.5 cm » 12.5cm » 15.0 cm

- R.J. Bakker
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Consequence of Changes:
Difficult solution for the required beam-optics:

« 1MV pulser @ 250 MV/m
solution still OK

« 500KV pulser @ 125 MV/m &

500 KV pulser @ 90 MV/m (modified cathode)
academic solution

- R.J. Bakker
FELSI 01-Apr-2008
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Boundary Conditions
for a High Brightness Accelerator

emittance compensation
specific beam waist
emittance evolution

@ @ harmonic

capture cavity booster diagnostic main linac cavity
(1.5+45GHz) (1.5Ghz) section (3 GHz) (12 GHz)
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O ]
<
S SR — magnetic

bunch compressor
velocity bunching

beam energy
length

- R.J. Bakker

FELSI 01-Apr-2008



ma(——{Jmm PAUL SCHERRER INSTITUT -

1 MV pulser @ 250 MV/m linac modules dipoles
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- R.J. Bakker
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compressor _:
beam envelope:

shape of curve tuned by: ]
« focusing (solenoids, RF, ..) B

need matching
at specific locations
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e current density

Il Il Il Ll I Il Il Il Il I Il Il Il Il I Il Ll l//l Il I Il Il Il Il I Il Il Il Il I Il Il Il Il I Il l-

1 2 3 4 10 20 30 40

FELSI 01-Apr-2008



s~ —{)Jmm PAUL SCHERRER INSTITUT @m—

Boundary Conditions
for a High Brightness Accelerator
emittance compensation

specific beam waist CSR
emittance evolution beam waist
@ @ harmonic @
capture cavity booster diagnostic main linac cavity

(1.5 +4.5 GHz) ( 5 ) secti (G) (12 GHz)

D _H

| =

cathode

I
B X ,;,%//

solenfid

velocity bunching
beam energy
length

—

low emittance
tight window of permitted beam diameters

magnetic
bunch compressor

- R.J. Bakker
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Approach
for the PSI XFEL 250 MeV Injector

tune the beam optics to:

* a solution, which is close enough to the optimum solution  (e-comp.)

« still permits sufficient fine-tuning down-stream (CSR)
harmonic
capture cavity booster diagnostic main linac cavity
(1.5+45GHz) (1.5Ghz) section (3 GHz) (12 GHz)
8 | S - — e
[®)
<
9 = magnetic
solenoids bunch compressor
- / N— 7

Y V

@ 0

=== Approach is restrictive to the beam diameter close to the gun

- R.J. Bakker
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Solution Oct 2007, 1 MV pulser @ 250 MV/m

linac modules dipoles
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- R.J. Bakker
FELSI 01-Apr-2008
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Solution March 2008: 500 kV @ 90 MV/m

linac modules
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- R.J. Bakker
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Cause: Low Beam Energy after Pulser
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Suggest to increase the voltage
of the pulser to 1 MV, such that

the effect is smaller on the

relative scale
(irrespective of gradient)

- R.J. Bakker
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Coping with Lower Gradients

Pierce electrode Original 140¢ OBLA

120}
<« gap - 100}
> 80 Ppierce
=, 60}
L ; r=2.7mm
40} fo
2a 20 ; r,=4.0mm
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - flat cathode
cathode B
holder ‘ .
= re-optimize  (mm)
anode iris
to larger gap
cathode anode
electrode .o » Helps to match the electron beam to
the 2-cell RF cavity
« Still needs of pulsed solenoid behind
the anode
- R.J. Bakker
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More Detailed Studies (Kevin Li)

= R.J. Bakker

FELSI 01-Apr-2008
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Possible Solutions (Electron Source)
subject to discussion

* Present design with the pulser:
o upgrade to 1 MV.

o redesign of the anode/cathode geometry, based on a
realistic gradient.

 RF photo-cathode
o 2.5 cell S-band (CERN design, available)
o 1.5 cell S-band (copy of LCLS, SPARC, Elettra ...... )
o 1.5 cell 2-frequency (J-Y. Raguin)

- R.J. Bakker
FELSI 01-Apr-2008
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Default Design & 1.5 cell, 2-frequency design

|
da-00-+dok
da-10-1aok
L0gW-LaotL
wwwx#mw” €ZOW-LA0L
LZOW-La0L
100ay-1Lao0k
wwwxuw%w €LOW-1d0}
LLOW-Laok
0ZOW-080}
Y08N-080L
€08N-080L Vﬂ_
209N-080L [ =]
\
L08N-080L
0LOW-080}
7LOW-8XNI
€LOW-gXNI
ZLOW-EXNI
LLOW-8XNI
OVErEXNI OVIS-GXNI
0¥OVISW-70-8SNI
0DV ISW-70-8SNI
OV-¥0-8SNI
0ZOVISW-70-8SNI
0LOVISIN-70-8SNI
0vOVISIW-€0-8SNI
0€DVISN-€0-GSNI
OvY-€0-8SNI
0ZOVISW-€0-GSNI
0LOVISI-€0-8SNI
0¥OVISW-20-8SNI
0OV ISIN-Z0-gSNI
OV4-20-aSNI
0ZOVISN-Z0-gSNI
0LOVISW-20-8SNI
0vOVISI-L0-8SNI
0OV ISI-L0-8SNI
OV¥-10-8SNI
0ZOVISI-L0-8SNI
0LOVISI-L0-GSNI
0Z1SI-00-LANI
LOGN-LANI
- 0ZOW-LANI
OLOW-LANI 0L ISIN-00-LANI
0¥OVISIW-Z0-gINI
0EOVISW-Z0-gINI
OvHEA N —— 02OV ISW-20-g'INI
0LOVISW-Z0-gINI
OFISIN-L0-E1NI
0ETSIN-L0-gNI
0ZTISIN-L0-EINI
OVY-L0-gINI OLISIN-LO-EINI
1vO3-93NI OLISW-D3NI

I T W 00m

2.5 cell CERN gun

¥08N-080L

€08N-080}
20gN-080L

L0gN-0g0L

OVd-axXNI

OVvd-70-aSNI

OVvd-€0-aSNI

Ovd-20-dSNI

Ovd-L0-gSNI

OVd-Nd30

0ZOW-0d0}

~ 1

0LOW-Og0}

0¥OVISN-70-aSNI
0€OVIS-70-aSNI
02OVISN-70-aSNI
0LOVISN-70-aSNI

0¥OVISN-€0-GSNI
0€OVIS-€0-aSNI
0ZOVIS-€0-aSNI
0LOVISIN-€0-aSNI

0¥OVISIN-C0-aSNI
0€OVISIN-C0-aSNI
0ZOVISIN-C0-aSNI
0LOVISIN-Z0-aSNI

0¥OVISIN-L0-GSNI
0E€OVISIN-L0-aSNI
02OVIS-L0-GSNI
0LOVIS-L0-GSNI

FELSI 01-Apr-2008

p no change

B ISI-LB-EN

R.J. Bakker



PAUL SCHERRER INSTITUT

/ identical solenoids INLB0O1-MSL10
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1.5 Cell, 2-Frequency Gun

- R.J. Bakker
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Source Specifications (Pulser)

[J?@:] . PAUL SCHERRER INSTITUT
500 kV
= Source
_ Q =200pC
— | =55A
— R =0.30 mm
- ¢, =0.1 mm mrad
= Pulser

— G =90-125MV/m

- RF
— 1.5 GHz:
— 4.5 GHz:

40 MV/m
15 MV/m

- R.J. Bakker

1000 kV

= Source
— Q =200pC
— | =55A
— R =0.30 mm

=

=

n

Pulser
G =70-250 MV/m

RF

e =0.1 mm mrad

1.5 GHz:
4.5 GHz:

35 MV/m
15 MV/m

FELSI 01-Apr-2008



@  PAUL SCHERRER INSTITUT @m%
Source Specifications (RF Photo Cathode)

1F Cavity 2F Cavity
- Source -~ Source
— Q =200pC — Q =200pC
- 1 =20A - 1 =70A
— R =0.50 mm — R =0.30 mm
- ¢, =0.2mm mrad - ¢, =0.1 mm mrad
-~ Existing design < Preliminary design
~ RF - RF
— 3.0GHz: 100 MV/m — 15GHz: 60 MV/m

— 45GHz: 30 MV/m

- R.J. Bakker
FELSI 01-Apr-2008
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- R.J. Bakker
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1.2

1.0

0.8

0.6

normalized emittance (mm mrad)

- R.J. Bakker

&

\

high value caused by
velocity bunching

»

—v— 500 kV pulser

—A— 1 MV pulse
—<— 2F 1.5 cell

—I— CERN 2.5 cell

thermal emittance

needs verification with

particle tracing code

r

fraction of bunch (%)

FELSI 01-Apr-2008
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Pulser vs. RF Photo-Cathode

Pulser 1F RF photo-cathode 2F RF photo-cathode
v large flexibility in v availability v thermal emittance
beam manipulation v stability (velocity bunching)
v projected emittance v longitudinal bunch-
relatively close to shape
slice emittance * projected emittance

not too far from
v low thermal

: slice emittance X no field-emitters
emittance
X projected emittance
I X no field-emitters X availability
X availability
(needs 1 MV) X thermal emittance x  stability ?
no velocity bunchin
x  stability ? __ (no velocity bunching) D
——

limited simulation results

- R.J. Bakker
FELSI 01-Apr-2008
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Strategy under Consideration

« Development of two injector designs, to be tested in WLHA
In sequential order:

o Intermediate emittance source, possibly with a charge

up to 1 nC (for 10 — 1 nm FEL):
-~ 2.5 Cell CERN gun?

o Ultimate low-emittance gun
- 1 MV pulser + 2 cell, 2-frequency cavity
- availability ?
- wakes < 30 MeV ?

-~ 1.5 cell, 2-frequency cavity
- real performance analyses
- availability and design ?

- R.J. Bakker
FELSI 01-Apr-2008



