The MAX IV linac

Sara Thorin, on behalf of the
MAX IV linac team




1.5 GeV ring — circumference 96 m
e 3 GeVring —circumference 528 m
e Linac 250 m long

* 13 beamlines funded

e 26 beamlines in 2026

e Short Pulse Facility
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Thermionic

Photo cathode RF gun
RF gun

o o MAX IV linac overview

iy ,
@*ﬁ “% Extraction

1.5 GeV

BCl@ 2
C1 @260 Mev Extraction

3 GeV

N_wﬁ'ﬁ#ﬁg e b

BC2 @ 3 GeV

Full energy injection and top up
operation for the two storage rings

Energy 1.5 GeV/ 3GeV
Injection 10 Hz
frequency

Charge 0.6-1 nC/shot
Emittance 10 mm mrad
Energy spread | <0.2%
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Thermionic
Photo cathode RF gun

o MAX IV linac overview
@*ﬁ HH @%@ Extraction
e 1.5 GeV
BC1 @ 260 Mev I Extraction
3 GeV
B VT
PRY Wy
h,
BC2 @ 3 GeV SPF
Full energy injection and top up High brightness driver for
operation for the two storage rings the Short Pulse Facility
Energy 1.5 GeV/ 3GeV Energy 3GeV
Injection 10 Hz Injection 100 Hz
frequency frequency
Charge 0.6-1 nC/shot Charge 100 pC
Emittance 10 mm mrad Bunch length 1001s
Emittance 1 mm mrad
Energy spread | <0.2%
Energy spread | <0.4%
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Thermionic
Photo cathode RF gun

o MAX IV linac overview
@*ﬁ HH @%@ Extraction
e 1.5 GeV
BC1 @ 260 Mev I Extraction
3 GeV
e PO
PRY Wy
h,
BC2 @ 3 GeV SPF
Full energy injection and top up High brightness driver for
operation for the two storage rings the Short Pulse Facility
Energy 1.5 GeV/ 3GeV Energy 3GeV
Injection 10 Hz Injection 100 Hz
frequency frequency Possible future
Charge 0.6-1 nC/shot Charge 100 pC Free Electron
Laser
Emittance 10 mm mrad Bunch length 1001s
Emittance 1 mm mrad
Energy spread | <0.2%
Energy spread | <0.4%
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MAX IV linac timeline

_ 2010 2011 2012 2013 2014 2015 2016

Linac building
Linac installation —_—

Linac commissioning >

Linac operation e e e e - >
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MAX IV linac timeline

_ 2010 2011 2012 2013 2014 2015 2016

Linac building
Linac installation —_—

Linac commissioning

v

Linac operation e e = ~




Conditioning

e Linac and SLED pre-conditioned
e Short waveguides

* Good vacuum

— assumed short conditioning time

e Baking

* Hybrid mode <
! MAXIV



MAX IV linac

/ Linac Section Linac Section

Power Divider

SLED Unit

\ Accelerator Unit/

T From RF Unit
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39 warm s-band linac
structures + SLED

18 units

3 GHz

5.3 m/linac

20 MV/m gradient
3+ 0.6 GeV

18 modulators + klystrons
37 MW peak power

4.5 ms

100 Hz

Thermionic gun: 8 MW 10
Hz RF unit
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Thermionic gun

RF gun

BaO cathode

Exported to SOLARIS
and Canadian light
source

270 degree energy filter
In operation at MAX-lab

Design parameters of the MAX IV

thermionic pre-injector
Beam kinetic energy 2—-2.5 MeV
Bunch frequency before 5 9985 GHz
chopper, fgun

. 99.931+0.5
Bunch train frequency, fring MHz
Number of bunches per bunch 3
train
Number of bunch trains per
LINAC shot 1ori0
LINAC shot repetition 10 Hz
frequency
Totlalimje.cted charge per top- 9.0nC
up injection

MAXTV



Design parameters of the MAX IV

Th e r m io n ic g u n thermionic pre-injector

Beam kinetic energy 2-2.5 MeV
o gun Bunch frequency before
BaO cathode chopper, fur 2.9985 GHz
Exported to SOLARIS . 99.93140.5
and Canadian light UGN WD (IEUSNE) Gy |y
source Number of bunches per bunch 3

270 degree energy filter  [train
In operation at MAX-lab Number of bunch trains per L or 56

LINAC shot
LINAC shot repetition 10 Hz
frequency
Tot.al.lnje.cted charge per top- 9.0 nC
up injection

10 Hz

100 MHz

Up to 10 micro bunches

* D. Olsson et al, A chopper system for the MAX IV thermionic pre-injector, Nuclear Instruments and Methods in Physics
Research, Volume 759, 21 September 2014, Pages 29-35
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Thermionic gun + chopper

Aperture
Energy
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Energy
filtering

Stripline BPM\.\ & N
vAG ot ——,, \\
screen s '@‘3, Fo

Aperture L’:n (for lestmg}

Stripline

=) Solenoid
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- RFgun .., screen Solenoid
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Al w Wl (B § a GRLee guliitter 7y
=@ THeH BB : A : ARy = A, _q;n;_\h\éii‘ ..... OB\
[&] L. — i
"] Thermionic 24 cm 84c = vac

Commissioning parameters
Charge 0.75 nC/shot
Rep rate 2 Hz
Chopper f 500 MHz
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Energy
filtering

Stripline BPM
(for testing)

Strip line
= screen
=] Solenoid  Stripline

| Thermionic 24 ¢cm Bdc
‘=~ RFgun ... screen  Solenoid

No aperture

With aperture
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Strip line
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No aperture With aperture
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/

L Stripline BPM
Strlp line YAG (for testing)

screen _&_

Button BPM

g/ Solenoid Stripline Aperture e (for testing)

4,{_ 3
\ :.a— oL, o5 (A %? :a ..A-
D

—r * =

\

[&] .
[*7] Thermionic 24 cm 84c = vac
-, SCreen

Solenoid

NAX



6 Thermionic RF BC1 (@260 MeV)

gun «‘“‘lﬂ-ll

I:' o F ua }{ us

Photo cathode RF
gun

Maximum dispersion

Beam energy
280 MeV




1.6 cell UCLA-type RF gun
Copper cathode

High brightness gun

10 Hz/100Hz

SLED

Ti-sapphire laser, 263 nm

Commissioned and tested at MAX-lab

<1.5mm mrad @ 100 pC

4.2 MeV @ 90 MeV/m cathode field

Quantum efficiency 2:10-°
Installed at the MAX IV linac
Commissioning late 2014

B (solid, circles) and LS (dashed, squares) for 90 MV/m 100pC
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Bunch compressors — double achromats

.
BC1
Bl quad
) = e
W

R56 >0
T566 >0
E E
‘ ’
7 ™ ]‘
Emean' _________ :
- ‘ ;
2
AE AE
56( E j 566( z j
BC1 BC2
R56 2923 ¢em | 2.89 mm
T566 8.05cm | 6.76um
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Bunch compressors

4
BC1
B quad
| = dipole “\ B |
2 W sext \\ \
e 2 4 6 8 10 12
X [m]
Bunch Compressor 2
—— Dispersionx == Dipole
—— Betax = Quadrupole
— 90 — Betay = Sextupole 0.3
— 80 0.2 T
g 70 K 0.1 =
[¢] . 0.0 g
a4 60 -0.14
g S0 0.2 &
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\
= = 0 =
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Why self linearising compression?
e economy
* reliability
* simplicity

Why compression in double achromats?
* positive R56 (fixed)

* positive T566 for linearisation

» “weak” sextupoles for tuning

e symmetry - small energy depending
matrix elements

* beam spreader

Bunch Compressor 2 and
beam distribution

SPF
BC2b

\J//”(;lZa

» Possible
future FEL
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longitudinal phase space after BC2

5920
5900}
-]
E
E 5880}
o
5860
<150 -100 -50 0 50 100 150
time(fs)
normalised slice emittance x
0.8 ra T x . .
- 0.6F
=
E * *
E 04r
-§- Taee? ’. ot *
Wt 0.2f .
0 L L L L L
<150 -100 -50 0 50 100 150
time (fs)

Current after BC2
1000}
<
500(
0 L L L
<150 100 -50 0 50 100 150
time(fs)
x 10"t slice energy spread
3 | *
w 2t *
m . * *
<] - *
1 | .. * - ..
0 i L L L L L
<150 100 -50 0 50 100 150
time {fs)

Gun — 1%t linac: ASTRA
Linac + compressors: ELEGANT

Charge 100 pC

At fwhm 100 fs

Peak current 1.5 kA
Compression 50

factor

Slice eN 0.42 mm mrad
Proj eN 0.55 mm mrad
Emittance 5%

increase

Slice AE/E 0.035 %
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longitudinal phase space after BC2 Current after BC2 Gun — 1stlinac: ASTRA

5920 —— 15000 ;
sot0l | Linac + compressors: ELEGANT
3900 10000
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3860 Peak current 14 kA
3830 11.10 SIU 0 5.0 . 1lI]l] 0 =40 20 D 2ID
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Future plans — X-ray FEL

2013 2014 2015 2016 2017 2018

e ———
MAX IV (accelerator + 8 BL) lB

Phase lla & llb BLs

2019 2020

Il BLs

&

o decision

The science case for Swedish X-ray Lasers
Collaboration between MAX IV
Laboratory, the Lund Laser Centre, the
Stockholm-Uppsala FEL Centre, and

Accelerator

Uppsala University

Energy ~ 6 GeV 2-3 GeV
Rep rate 100 Hz 100 Hz
Linac S-band S-band
Bunch compressors 0.250/3 GeV 0.25 GeV
Electron beam
Peak current 2-3 kA
Charge 20-150 pC
Beta function 7.5m
Emittance, norm 0.25-0.4 mmRad
Pulse length 10/100 fs 10/100 fs
FEL undulator
Undulator period 18 mm 22.5
Undulator K 1.8-2.1 2.1
Type In-vacuum In-vacuum
FEL performance
Wavelength 1.3-10 A 10-50 A
Energy 1.2-9 KeV 0.2-1.2 KeV
Flux 102 ph/pulse
Soft X-ray
2 Extension

More than 40 proposals for science
case z

BC2 @ 3 GeV

emtoMAX (SPF)

http://www.llc.lu.se/sxlf_’/.f-:

\

\\
\!

| Linac extension X-ray FEL

+3GeV
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