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 MAX IV consists of two storage rings and a full-energy

injector linac for top-up
* SRs @ 1.5 GeV and 3 GeV, =3.5 GeV linac also drives SPF/FEL
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 MAX IV consists of two storage rings and a full-energy
injector linac for top-up

* SRs @ 1.5 GeV and 3 GeV, =3.5 GeV linac also drives SPF/FEL

April 27, 2015 ; Photo courtesy P. Nordeng
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 MAX IV consists of two storage rings and a full-energy

injector linac for top-up
* SRs @ 1.5 GeV and 3 GeV, =3.5 GeV linac also drives SPF/FEL
e User beamlines: 3 @ SPF, 10 @ 1.5 GeV SR, 19 @ 3 GeV SR
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The MAX IV 3 GeV Storage Ring
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The MAX IV 3 GeV Storage Ring (cont.)
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* 528 m circumference, 500 mA with top-uf)\,\zO achromats
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The MAX IV 3 GeV Storage Ring (cont.)
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528 m urcumference 500 mA with top- up, *~2.0 achromats

* 19 long strajéhts (4.6 m) for users, 1 for |nJect|o‘n

N
* 40 short ?ftralghts (1.3 m) for RF & diagnostics  \
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528 m urcumference 500 mA with top- up, 20 achromats

* 19 long straJéhts (4.6 m) for users, 1 for |nJect|o‘n

N\
* 40 short ;’tralghts (1.3 m) for RF & diagnostics

\

e 7-bend achromat. 5 unit cells (3°) & 2 matching ceIIs\(l 5° LGB)
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528 m urcumference 500 mA with top- up, 20 achromats

* 19 long stralghts (4.6 m) for users, 1 for |nJechoh

"\

* 40 short ;’tralghts (1.3 m) for RF & diagnostics

\

e 7-bend achromat 5 unit cells (3°) & 2 matching ceIIs“‘(l .5° LGB)
* High-brightness hard x-rays achieved through: ‘}

— Statejof-the-art IDs (in-vacuum undulators, EPUs)  maxiab int.Note 20100215

— 500 n}lA stored current, (infrequent) top-up injection /

PRST-AB 17, 050705 (2014)

— UItranw emittance lattice & harmonic cavities (Ilfetlm'e & IBS)

> gy = 32\8 pm rad (e, adjusted to 2—8 pm rad) ,.'f PAC’13, MOPHOO5
,
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— UItranw emittance lattice & harmonic cavities (Ilfetlm'e & IBS)
> gy = 32\8 pm rad (e, adjusted to 2—8 pm rad)
. ~200 pm rad (with IDs, incl. IBS @ 500 mA)

PAC’13, MOPHOO5

PRST-AB 12, 120701 (2009)

IPAC’11, THPCO59, p.3029

JSR 21, 862-877 (2014)
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Optics and Performance

 Compact, fully-integrated
magnet design concept
> strong focusing from
gradient dipoles and
interleaved quadrupoles

Photo courtesy M. Johansson

JSR 21, 884-903 (2014)
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Optics and Performance (cont.)

 Compact, fully-integrated
magnet design concept
> strong focusing from
gradient dipoles and
interleaved quadrupoles

Photo courtesy M. Johansson

JSR 21, 884-903 (2014)
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Optics and Performance (cont.)

* Many strong, distributed
sextupoles & achromatic
octupoles
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» Many strong, distributed m —~
sextupoles & achromatic oy 7)Uf
octupoles

Photo courtesy J. Bjorklund Svensson
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Optics and Performance (cont.)

4
* Many strong, distributed 35
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* Many strong, distributed
sextupoles & achromatic
octupoles

= minimize RDTs & tune
footprint (chr.TS & ADTS)

= |arge DA (on and off-
energy, incl. IDs & errors)
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* Many strong, distributed
sextupoles & achromatic
octupoles
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= minimize RDTs & tune
footprint (chr.TS & ADTS) =

= |arge DA (on and off-
energy, incl. IDs & errors)
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incl. vacuum apertures
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* 100 MHz main RF system with passive 3rd harmonic cavities

IPAC'11, MOPCO51, p.193

100 MHz




* 100 MHz main RF system with passive 3rd harmonic cavities

e Copper vacuum system with NEG coating ISR 21, 878-883 (2014)

Cooling .
—~Channel
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Technology (cont.)

N

e 100 MHz main

* Copper vacuun

rmonic cavities

JSR 21, 878-883 (2014)

Simon C. Leemann
\/
Low Emittance Rings 2015 Workshop, September 15-17, 2015 27/90 /\/\/A\/\ |V



* 100 MHz main RF system with passive 3rd harmonic cavities
e Copper vacuum system with NEG coating

* Various optics corrections (integrated in magnet design)

NAX



Technology (cont.)

* 100 MHz main RF system with passive 3rd harmonic cavities
* Copper vacuum system with NEG coating

* Various optics corrections (integrated in magnet design)

— Gradient dipoles equipped with pole-face strips » adjust vertical
focusing within roughly 4% (requires dipole feedback)

Photo courtesy M. Johan_sgon
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* 100 MHz main RF system with passive 3rd harmonic cavities
e Copper vacuum system with NEG coating

* Various optics corrections (integrated in magnet design)

— Gradient dipoles equipped with pole-face strips » adjust vertical
focusing within roughly 4% (requires dipole feedback)

— Quadrupole doublets in long straights = match optics to IDs and

restore tunes (ideally makes IDs transparent to arc optics) PAC'11, TUP235, p.1262
IPAC'15, TUPJE038
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* 100 MHz main RF system with 1'_ \
* Copper vacuum system with NE

* Various optics corrections (mte

— Gradient dipoles equipped with ]
focusing within roughly £4% (req

— Quadrupole doublets in long str W\
restore tunes (ideally makes IDs trans gy e ey m s

.‘

— All sextupoles and octupoles carry auxiliary windings; can be
remotely switched between:
— H/V dipole corrector (in addition to dedicated SOFB & FOFB correctors)

— Auxiliary sextupole » nonlinear corrections

— Skew quadrupole - coupling & dispersion control

— Upright quadrupole = calibrate BPMs to adjacent sextupole/octupole

NAX



* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

KIys,ron Galler
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Linac & Injection (cont.)

* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

Simon C. Leemann
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Linac & Injection (cont.)

* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

Simon C. Leemann
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Linac & Injection (cont.)

* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

* Two injector systems:

u..—-_

~a—-
P —— ':

‘l “\“l_uﬂif
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Linac & Injection (cont.)

* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

C R

* Two injector systems:

— Photocathode RF gun = SPF and FEL
(100 pC at 100 Hz, 1 mm mrad, =10 ps =» 100 fs FWHM)

Simon C. Leemann
\/
Low Emittance Rings 2015 Workshop, September 15-17, 2015 36/90 /\/\/A\/\ |V



* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)

e Two injector systems: < ‘:

— Photocathode RF gun = SPF and FEL |
(100 pC at 100 Hz, 1 mm mrad, =10 ps » 100 fs FWHM) i i

—Thermionic RF gun (with RF chopper 15d1]
gun ( pp ;-‘?**[‘5%'@ =10

and energy filter) 2 high-charge injection -
M ] .| - :
INto SRs (1 nCin 100 ns train at 10 Hz, =10 mm mrad) j, : &i;
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Linac & Injection (cont.)
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* MAX IV linac: 19 RF stations (SS modulator, klystron, and
SLED cavities), 39 S-band structures = =3.5 GeV (on crest)
* Two injector systems:
— Photocathode RF gun = SPF and FEL

(100 pC at 100 Hz, 1 mm mrad, =10 ps » 100 fs FWHM)

— Thermionic RF gun (with RF chopper
and energy filter) 2 high-charge injection
iInto SRs (1 nCin 100 ns train at 10 Hz, =10 mm mrad)

* For SPF/FEL: linac contains two magnetic bunch compressors
* For top-up injection into SRs » on-the-fly switching:
— Linac re-phased to on-crest acceleration ®» no compression

— Ramp extraction magnets to either vertical transfer line (1.5 & 3 Gev)
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FinaI/Linac Structure
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* |njection

— Nonlinear kicker (MIK) - transparent top-up injection, = PRST-AB15,050705 (2012)
but tricky to commission (kick scales = x3)

— Single dipole kicker (KI) = use during early commissioning  NiM-A693, 117, 2012

Capture

(on/off-axis) Capture

Inject (off-axis)
y [m]

A
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Linac & Injection (cont.)

* |njection

— Nonlinear kicker (MIK) - transparent top-up injection, = PRST-AB15,050705 (2012)
but tricky to commission (kick scales = x3)

— Single dipole kicker (KI) = use during early commissioning  NiM-A693, 117, 2012

Capture  FEEE e T
on/off-axis
ton/ ) Capture
Inject (off-axis)
y [m]
A
2.0 1 KI
Septum P .
. Pulsers (BINP) MIK
I — T I R e F.Ta / : — )
TL k 5 10 15 20 25
IP X [m]

IPAC’14, MOPMEOQ72
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Linac & Injection (cont.)

* |njection

— Nonlinear kicker (MIK) - transparent top-up injection, = PRST-AB15,050705 (2012)
but tricky to commission (kick scales = x3)

— Single dipole kicker (KI) = use during early commissioning  NiM-A693, 117, 2012

Capture
on/off-axis
(&1 ) Capture
Inject (off-axis)
[m]
A
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e —— T W )

TL N 5
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Simon C. Leemann
\/
Low Emittance Rings 2015 Workshop, September 15-17, 2015 44/90 /\/\I/\V\ l\/



* |njection

— Nonlinear kicker (MIK) - transparent top-up injection, = PRST-AB15,050705 (2012)
but tricky to commission (kick scales = x3)

— Single dipole kicker (KI) = use during early commissioning  NiM-A693, 117, 2012
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(on/off-axis) ﬁ Capture

Inject (off-axis)
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X [mm]

* Injection with a single dipole kicker: NIM-A 693, 117, 2012
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X [mm]

* Injection with a single dipole kicker: NIM-A 693, 117, 2012
— on-axis injection (-0.6 mrad at septum)

— off-axis injection
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X [mm]

* Injection with a single dipole kicker:

— on-axis injection (-0.6 mrad at septum)

— off-axis injection

— and allows for accumulation

Chamber

Kl set to —2.3 mrad

| Injected Ibeam
Stored beam...mw= 1

NIM-A 693, 117, 2012

| Septum Blade

x’ [mrad]

%?L”Hpﬂ“ﬁﬂﬂfﬁﬂﬂ“%ﬂiﬁﬂﬂ““
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20

25 -15 -
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0.3 nmrad
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* Linac commissioning started March 2014 with conditioning
of RF structures; after vacuum intervention (waveguides & SLEDs)

— 13 of 19 stations running at full power (e.g. 100 MeV from LO)

— all other structures reached 95% power = 3.2 GeV in BC2

Extraction Extraction
1.5 GeV 3 GeV SPF
OThermionic ’é‘ : M
RF gun ““OIH-I—.-II—I A 128 F{"a F-{"1os - (s BC2 @ 3 GeV
Kicker &
:fé

Kicker &
0 - {5 -iiH-wesew® BC1 @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



* Linac commissioning started March 2014 with conditioning
of RF structures; after vacuum intervention (waveguides & SLEDs)

— 13 of 19 stations running at full power (e.g. 100 MeV from LO)
— all other structures reached 95% power = 3.2 GeV in BC2
 Klystron for thermionic gun failed in Feb 2015 (vac. interlock &
grounding issues - severe arcing) 2 Started photocathode commissioning
— =150 pC delivered to SPF

—=2.2 mm mrad at BC2 (laser pulse too short (< 3 ps) & photo gun energy low)

Extraction Extraction

1.5 GeV 3 GeV SPF

OThermionic ’é‘ : M

RF gun ““OIO-II—.-II-! A 128 F{"a F-{"1os - (s BC2 @ 3 GeV
Kicker & Kicker &

E‘—é 0 - (T -iHi-=ewned BC1 @ 260 MeV septum septum

Photocathode

RF gun
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Photoelectrons

/Dark current,

-

_CT after photogun.~

—=2.2 mm mrad at BC2 (laser pulse too short (< 3 ps) & photo g&n energy low)

Extraction Extractio

1.5 GeV 3 GeV SPF
OThermionic i
RF gun ““OIO-II—.-II-! 2a 8 A }F-{"18 - {8 BC2 @ 3 GeV

|—.-||—-m-“" Kicker & Kicker &
= o} - BC1 @ 260 MeV septum septum
Photocathode

RF gun
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Linac Commissioning Summary (cont.)

* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

500 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Stripline | | : | _
l(SOO MHz vertical sweep) - .lfﬁlu o ;h "x"' e -
f : | \
N\ i\ | \ = \ 'H
£ || | [ | o
! ]I‘ | f s LI ‘I' \ | |
/ \ xfl iR 1 ffl '.'x
4 = ¥4 ! o ¥ )
-5 0 3
Time [ns] Courtesy D. Olsson
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Linac Commissioning Summary (cont.)

* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

500 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

1
. Stripline
l(SOO MHz vertical sweep) ﬂﬁ i fﬂl ‘ 3
- 0 5 N R
1 : .'I \ ll i!
\ Aperture g 'S S
‘s 4 p 2 2 [ _."ll' ||l III.
% | Il l f ] 0
I| .'I "I
S 1=

( 2 3 4
% [mm] Courtesy D. Olsson
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* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Stripline
500 MHz vertical sweep)

_ _
o ‘ »
> . )

‘_ - -
N - " =5 -~
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* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Stripline
l (500 MHz vertical sweep)



* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Scraper

Energy Filter '
(2x60° & Scraper)
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* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s<~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Energy Filter .
(2x60° & Scraper)
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* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC
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* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

s<~200¢ §()0000000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with =1 nC

Stripline —
Aperture

Energy Filter Y ;
(2x60° & Scraper) —



* In April 2015 commissioned new thermionic gun klystron

* In conjunction with RF chopper system, delivered 500 MHz
structure required for initial ring commissioning (BPM response)

—=0.8 nCin 100 ns train delivered at 1 Hz (corresponds to =0.5 mA in SR)
— =7 mm mrad delivered in vertical plane (chopper sweep plane)
— roughly on-crest phasing of all linacs » +0.3% energy spread

— good position/angle stability at 3 GeV extraction (tivera single Pass )

Extraction Extraction

1.5 GeV 3 GeV SPF
OThermionic i
RF gun ““OIO-II—.-II-! 2a 8 A }F-{"18 - {8 BC2 @ 3 GeV
=

Kicker & Kicker &
0 - {5 -iiH-wesew® BC1 @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



Linac Commissioning Summary (cont.)

* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

100 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with 0.6—1 nC

10 ns (1 ring bucket)
100 MHz structure
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Linac Commissioning Summary (cont.)

* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

100 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with 0.6—1 nC

10 ns (1 ring bucket)
100 MHz structure

-8 Simulation |
N 0 ’,QOQ‘ 6 . ]
£ o : .
a J=\ EX
i A R S R R i, :
g Q ) ( o g_ 0
| 8 |/ \ e\ ] = :
o -10 ‘o O o O o) ? 2 ~
-g o © 2
> 15 P \
- / \ P 6
352 QP
8
"l
-20.5 0 5 10 0 5 0

\V/

~3x20 pC per ring bucket (10 ns)
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Linac Commissioning Summary (cont.)

* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

100 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with 0.6—1 nC

10 ns (1 ring bucket)
100 MHz structure

~nN

Simulation

o

|
n

Vertical displacement {mm]
N
6
)

-
g

-10
-5

Courtesy D. Olsson

~5x20 pC per ring bucket (10 ns)
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Linac Commissioning Summary (cont.)

* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

100 MHz structure imprinted on top of S-band structure

Repeat ten times - inject 100 ns train (10 ring buckets) with 0.6—1 nC

10 ns (1 ring bucket)
100 MHz structure

0.1F
| Injection into single ring bucket (10 ns)
0.06}
0.04} .
E 0.021 7
L
§ Opermtmyteoes .
= -0.02} |
-0.04} .
-0.06
-0.08 Stripline BPM induced voltage
-0.1 A L d A A A
2 4 6 8 10 12 14
Courtesy D. Olsson Time [s] x 108
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* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

«o-000c 9990 0000000000000000000000000

Repeat ten times - inject 100 ns train (10 ring buckets) with 0.6-1 nC

0.1F 100 ns train (10 bunches)

0.08 Injection into single ring bucket (10 ns)

0.06

s L\L—L«L SIS —
|

0.04
s 002
&
% OQWM\PM ’NMWMWMWM
= _0.02 \
-0.04 !
-0.06 |
-0.08 Stripline BPM induced voltage '
-0.1- - .
2 4 v 4 10 12 14 i Stripline BPM induced voltage
Courtesy D. Olsson Time [s] x 108

Courtesy D.®@Olsson



* With frequency combiner (100 & 300 MHz) RF chopper
demonstrated 100 MHz structure required for ring injection
once ring RF switched on (injection phase acceptance)

* Linac went into shutdown at end of April 2015 for transfer
line installations & last phase of exp. hall construction

* Linac RF stations started re-conditioning July 2015
 Linac restarted Aug 3, 2015

Extraction Extraction
1.5 GeV 3 GeV SPF
OThermionic i
RF gun ““OIO-II—.-II-! A 128 F{"a F-{"1os - (s BC2 @ 3 GeV
Kicker & Kicker &
= D) - I -iH-weees™, @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



» After restart, quickly reached pre-shutdown performance:
— 3.17 GeV (limited power from one RF station after vacuum intervention)

— =1 nC (limited at EF, radiation protection concern) in =100 ns train with 500
MHz structure at 1 Hz (currently limited by commissioning license)
— Potential for charge increase:
* filament current (6.5 = 6.8 A)
* gun cavity power (2.7 » 3 MeV seen at test stand)

* +50% by relaxing EF settings (max. 200 keV spread)

— Losses along linac eventually limited to few % (several CTs along linac)

Extraction Extraction

1.5 GeV 3 GeV SPF
OThermionic i
RF gun ““OIO-II—.-II-! 2a 8 A }F-{"18 - {8 BC2 @ 3 GeV
Kicker & Kicker &
= D) - -CIm-8H-=esesy ) 6 560 Mev septum septum

Photocathode
RF gun

MAXTV



* First beam into full 3 GeV transfer line (TL) on Aug 10
* Energy lowered to =3 GeV (according to TL dipoles) Via modulator power

* First attempt at injection into 3 GeV ring on Aug 11

— TL optics set to design, only rough manual trajectory correction

— Dispersion leak from TL leads to dispersed beam and substantial
charge reduction at ring entrance

NAX



lima/beamviewer/r3-301-dia-scrmm-01

Screen in SR Immediately After Septum

D e
4 Bunch Pairs

(spread because of n leak)

age BPM Cahbraton
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=75 ns Linac Extraction

=10 ns SR Injection
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* Spent roughly one week on various improvements/fixes
— Optimization of the TL optics & trajectory

— Ongoing controls work (vacuum, BPMs)

* Proceeded with injection into 3 GeV SR on Aug 19

NAX



* Spent roughly one week on various improvements/fixes
— Optimization of the TL optics & trajectory

— Ongoing controls work (vacuum, BPMs)

* Proceeded with injection into 3 GeV SR on Aug 19

Ol TG0 ET LERL TS IOL EEt -

70 ns = 35 bunches in train

ng BPM Button

f e S S S — i Ani o A e —e

File Horlzontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display
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* Spent roughly one week on various improvements/fixes
— Optimization of the TL optics & trajectory

— Ongoing controls work (vacuum, BPMs)

* Proceeded with injection into 3 GeV SR on Aug 19

* With some manual adjustments of angle and position at
injection point in SR (using diode rings), immediately detected
beam on all BPMs in first achromat (up to first closed valve)

Screen in SR Immediately After Septum

=950 pC at linac extraction

=2 1
=400 pC at storage ring injection > 2 mm

MAXTV



* Spent roughly one week on various improvements/fixes
— Optimization of the TL optics & trajectory

— Ongoing controls work (vacuum, BPMs)

* Proceeded with injection into 3 GeV SR on Aug 19

* With some manual adjustments of angle and position at
injection point in SR (using diode rings), immediately detected
beam on all BPMs in first achromat (up to first closed valve)

* To pass beyond straight 4 (without correctors), required exciting
dipole injection Kicker (exactly according to design)

 Exited dipole kicker at =75% of nominal strength and saw
amplitudes reduce roughly 60% (iibera sriliiance+ sp read-out

MAXTV
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« Commissioning license required radiation survey to be
performed valve by valve (=60 valves total) = roughly one
week spent to reach first full turn

* Aug 25, 10pm: reached first full turn without exciting a
single corrector & all magnets at nominal optics for 3.0 GeV

[FEPCE_ TSN

Libera Brilliance+ SP Data 3 GeV SR

MAXTV



 Commissioning license required radiation survey to be
performed valve by valve (=60 valves total) = roughly one
week spent to reach first full turn

* Aug 25, 10pm: reached first full turn without exciting a
single corrector & all magnets at nominal optics for 3.0 GeV

* Without sextupoles & octupoles lost beam in straight 11

(Whl|e all correctors set to zero); vertical offsets substantially reduced with
focusing from sextupoles & octupoles

MAXTV



3 GeV Storage Ring Commissioning (cont.)

Libera Brilliance+ ADC Buffer Button A

0k

e Commission * vy to be

performed v ughly one
week spent ' | |

* Aug 25, 10p! /& 7 ‘ W citing a
single corre: a s for 3.0 GeV
* Without sex || 2 | raight 11
. 1
(Whlle all col : 1 , l ooy : g ntially reduced with

focusing from sext

R3-301U3/DIA/BPM-02 /JADCChannelA (Y1)

* After a few minutes of manual corrector adjustments and
optics tweaking (mainly in TL and end of linac) recorded 3 passages
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Happy Faces in the Control Room - Three Fingers for Three Turns
Aug 25, 2015, 10pm




3 GeV Storage Ring Commissioning (cont.)

T Libera Brilliance+ ADC Buffer Button A

« Commissior (bufferholds only =24tums) 1 to be
performed 1 = L 1ghly one
week spent -

* Aug 25, 10p Lbdid oid bl f o ld | Biting @
single corre * ey TR 5 for 3.0 GeV

 Without sey , : | aight 11
(while all co | tially reduced with
focusing from sex -}

e After a few - ‘1ents and

° . | |
optics twea = o assages
0 500 1000 1500 2000 5 00 31000 3500 4000 4500 S000

R3-301M1/ DIA BPM-01/ ADCCI.u elA (Y1

e After some more corrector adJustments - 36 passages
detected
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* Aug 27-28: cavity troubles (vacuum intervention required)

¢ Aug 31: d|p0|e kicker breaks down (cabling issue, short to ground = destroyed

IGBTSs; replaced with spares, together with BINP expert found & replaced faulty resistor in capacitor bank)

* Discovered & fixed inverted quadrupole polarity in TL

NAX



* Aug 27-28: cavity troubles (vacuum intervention required)

¢ Aug 31: d|p0|e kicker breaks down (cabling issue, short to ground = destroyed

IGBTSs; replaced with spares, together with BINP expert found & replaced faulty resistor in capacitor bank)

* Discovered & fixed inverted quadrupole polarity in TL

* After tuning relative timing of RF stations could eventually
reduce overall energy spread of bunch train to =1% and
<0.1% within S-band bunches (using dispersive screen in 3 Gev TL)
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* Aug 27-28: cavity troubles (vacuum intervention required)

* Aug 31

IGBTs; repla(i

e DiSCOV¢

e After ti
reduce

<0.1% %

Dispersive screenin TL(ny =1 m)

1 -» destroyed
1pacitor bank)
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* Aug 27-28: cavity troubles (vacuum intervention required)

¢ Aug 31: d|p0|e kicker breaks down (cabling issue, short to ground = destroyed

IGBTSs; replaced with spares, together with BINP expert found & replaced faulty resistor in capacitor bank)

* Discovered & fixed inverted quadrupole polarity in TL

* After tuning relative timing of RF stations could eventually
reduce overall energy spread of bunch train to =1% and
<0.1% within S-band bunches (using dispersive screen in 3 Gev TL)

— This allowed for much better transmission through TL (max
aperture 15 mm, ny, =1 m) = =900 pC in =80 ns train into SR

— Good position/angle stability (<100 um incl. energy fluctuations @ n, = 1 m)
over time scales of many minutes (Livera single Pass )

MAXTV



3 GeV Storage Ring Commissioning (cont.)

.‘ﬂ E] ._] _°“] .ﬂ ﬂ .8.] .@.’] Libera Single Pass E in 3 GeV TL

¢ ) Trend
? |__1| TRBIDWBPL -02 soooook
i,

Buffer | i 1 M \ “ r}l
an Lspe Mw"l’] " N]E'Q“ rm I hy il il \/1 A k‘rf'\"a“’rw"ﬁ' i\ l W “N\’”\ it \r Wl it ‘J\ JW s

Fan.2 speed |

Temperature 1 X [nm] ) 4 ~650000

Temperatur 500000 -
Te srature 3
calibration_ka \ <« Spark in linac structure > energy glitch { 700000
a"”“”""'j:' - Beam within 100 pm over many minutes
calibration_kc 4000004+

alibration_kd (including energy fluctuations) g o

linear_x_k
sar_x_offs J 800000

s&s I ihedith o
‘zmmM ”f "‘ u}'“lﬂA \’Jw W{MW{T‘U{ A-I I
N

limit_min_y

ll“l“ll‘ll“[“ll“]zﬂ"II“I"II"]I”I“II“]”["‘II“I"ll"‘ll"l“ll’
0O [e) . O s) 0 [e) (s) 0 [e) O (o) s) O (o) (s 0 [e) O O [+) O

T 09.10.00 09:[5:00 09.20.00
imit_max_x = e X (Y1) — Y (Y 2)

— Good position/a ngle stability (<100 pum incl. energy fluctuations @ ny =1 m)
over time scales of many minutes (Livera single Pass )
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* Some trouble with cooling of dlpole PS (low flow, Cu collected on filters)
* Ongoing vacuum issues while conditioning some RF cavities

* Rep. rate lowered to 0.5 Hz & adjusted chopper » =1.6 nC at
3 GeV extraction point (radiation protection limitation) = =1 nC into SR

* On Sep 11, three cavities ready for beam (=15-20 kW)
— 15 kW allows for >200 kV gap voltage (max. gap voltage 300 kV)

— bare lattice losses 364 keV/turn = minimum 2 cavities required

* Despite attempts at cavity phasing, could not detect any
effect on beam so far

* But also only 30+ turns in ring = trying to tweak optics &
orbit to increase signal and number of turns

MAXTV



* 3 GeV SR commissioning is organized in phases:

— SR Commissioning Phase I:

* inject, first turn, many turns, RF, store, OCO, accumulate = reach =3 mA

— SR Commissioning Phase Il:

e reach bare lattice design parameters (apart from current) @ vacuum conditioning,
improve OCO, LOCO (shunting), diagnostic BLs, NL optimization?, current increase

910¢2/9 — ST0Z/8

ID Installation, 1-2/2016
— SR Commissioning Phase IlI:

e accumulate sufficient beam for full BL commissioning = stacking, LCs, impedance
characterization, transverse MBFB?, ID commissioning

Inauguration June 21, 2016
— SR Commissioning Phase IV:

* high-current stacking, MIK, high-power RF commissioning, FOFB

— “Post-commissioning activities”: user top-up, more IDs, higher-power RF, etc.

LT0Z~—9T02/9

MAXTV



* Plans for remainder of 2015: complete commissioning
phases | & Il = optics, orbit, vacuum, current, diagnostic BLs

* Shutdown in Jan/Feb 2016 = ID installation (along with 2nd diagnostic L)

* BL commissioning starts Mar 2016 - will influence ring
commissioning priorities (ID commissioning time vs. current vs. stability vs. ...)

* Phase Ill completed by June 21, 2016 - facility inauguration

* [Inauguration goals:

— Linac is reliable injector to 3 GeV SR, 3 GeV SR has stable 10+ mA
at several hours lifetime with 2 IDs commissioned, first 3 GeV SR

BL ready for first users, FemtoMAX BL (SPF) ready to receive light
* Note: 1.5 GeV SR commissioning begins < June 2016

NAX
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Backup: MBA Cycle - Positive Feedback

The Multibend Achromat Cycle

(courtesy A. Streun, PSI)

Many Short Cells

for a given circumference

/7

Short Af/mg"ets Small Bend Angle

Strong Gm%ents Low Dispersion

Small Magnet Gaps \
y'4
Limited Aperture Required Low Emittance
@Power@ for decent MA and Touschek lifetime -

Simon C. Leemann
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y [mm]

 Example: 10 IVUs, gaps fully closed, ring optics matched,

magnet and alignment errors included (20 seeds)

7

6

-15

Ideal machlne with 10 pmuL 5=0:0% =t

Machine with errors, 8=0:0% X
Standard vacuum chamber -
Actual physical aperture -------
Required aperture

&%

-10 -5 0 5 10 15

PAC'11, TUP235, p.1262

IPAC’15, TUPJE038
e |[VU “pmul”:

3.7mlong, 1.1 T peak field,
18.5 mm period, 4.2 mm gap

e Misalignments:
50 um rms H/V
0.2 mrad rms roll

25 ym rms H/V
0.2 mrad rms roll

for each magnet block

for all magnets within

e Field Errors:
0.05% rms within each family

e Multipole Errors:
Upright and skew multipoles added

MAXTV
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* Large off-momentum DA enables generous lattice MA

* In conjunction with appropriately dimensioned RF system

can lead to large overall MA PRST-AB 17, 050705 (2014)
e incl. vacuum apertures
MAXIV 3 GeV SR | Traé:y-S 6D trécking{egsllé/llt\? I
Ucav = 1.8 MV (max) 10 L UEZX:ﬂo MV ——
Target: 8acc > 4.5% I A _
Radiated power [keV/turn] \_ \__N——J_—__J _
400 500 600 700 800 S
7.5 . 0
. | ' RFacceptance ® | Lattice MA / i il
7 I. Bunch length ] always >59 o |
d IV VT \——
6 [ l ] 10 | | | | ]
5.5 - T 0 5 10 15 20 25
5 | U 1aMy w«ss __ RF acceptance >
cav = '
4.5 0 | | | | | | L always >5%

] ]
O 2 4 6 8 10 12 14 16 18
No. of installed IVUs

MAXTV
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* Large off-momentum DA enables generous lattice MA

* In conjunction with appropriately dimensioned RF system
can lead to large overall MA

7.5

6.5

5.5

4.5

Radiated power [keV/turn]

15

PRST-AB 17, 050705 (2014)

incl. vacuum apertures
|

MAX IV 3 GeV SR
Ucav - 18 MV (maX)
Target: 6acc > 4.5%

10 |

Tralcy-3 6D trallcking resdlts

Uggy=18MV —

Ugy=1T.0MV — _

A —
 ~—— A~ ]

S

400 500 600 700 800 o S
B | | RFBIaCCﬁﬁtalncﬁ ; 1 98 Lattice MA% rLIF|| ||ﬁL|ﬂ

. t © '
i H . e 9.6 always >5% 5 F :
I 94 e o VA v
i O 2'2 E For Orr = 5%: 2|o 2|5

e

0 © @ U 18y 38 RF acce 1.1 MV @ 100 MHz
1 | | | Ca\ll | | | | | 8.6 alway:'o 37 MV @ 500 MHZ

O 2 4 6 8 10 12 14 16 18 .

No. of installed IVUs > Cu |OSS€S, power bill
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* Large overall MA is required if ultralow emittance

should render good Touschek lifetime

(low emittance » small transverse momenta = few scattering events lead to actual Touschek loss)

T, (incl. LCs) [n]

95
50
45
40
35
30
25

" 1, incl. IBS (500 MA) ——
= T+ _
| TUItranw-emit'tance -
regime
“Traditional”
i 1!/_'
_I_
L S § | |
0 500 1000 1500 2000
€0 e, [pm rad]

PRL 10, 407 (1963)
J. Le Duff, CERN Yellow Report 1989-01

PRST-AB 17, 050705 (2014)

MAX IV 3 GeV SR
(bare lattice)

| =500 mA

Oacc = 4.5%

Os = const
gy =8 pm rad
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* Large overall MA is required if ultralow emittance SRILEG) AT ((EGE]
should render good Touschek lifetime J. Le Duff, CERN Yellow Report 1989-01

(low emittance » small transverse momenta = few scattering events lead to actual Touschek loss)

e Use 300 MHz Landau cavities to stretch bunches x5
> extend Touschek lifetime beyond gas lifetime  PrsT-AB17,050705 (2014)
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* Large overall MA is required if ultralow emittance Wy
should render good Touschek lifetime J. Le Duff, CERN Yellow Report 1989-01

(low emittance » small transverse momenta = few scattering events lead to actual Touschek loss)

° Use 300 NMUH= 1 andai raviihac +Aa ctratrh hiincrhac x5

55 I I T I
, T (IBS included for 500 MA)  —tpem
2> extenc " s T (IBS neglected) -t PRST-AB 17, 050705 (2014)

= MAX IV 3 GeV SR
— 45 - | ) -
g =-. (bare lattice)
— 40 | = 500 mA _
é Sacc - 45%
L 3O ey = 8 pm rad -

30

25

0 500 1000 1500 2000
g, [pm rad]
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* Large overall MA is required if ultralow emittance SRILEG) AT ((EGE]
should render good Touschek lifetime J. Le Duff, CERN Yellow Report 1989-01

(low emittance » small transverse momenta = few scattering events lead to actual Touschek loss)

e Use 300 MHz Landau cavities to stretch bunches x5
> extend Touschek lifetime beyond gas lifetime  PrsT-AB17,050705 (2014)

At MAX IV LCs are indispensable to A. Piwinski, Proc. 9th HEAC, SLAC, 1974

maintain ultralow emittance despite strong R ﬁiiii
art. Accel. 17,

IBS at 500 mA stored current (5 nC/bunch) CERN-AB-2006-002
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* Large overall MA is required if ultralow emittance

J. Le Duff, CERN Yellow Report 1989-01

should render good Touschek lifetime

(low emittance » small transverse momenta = few scattering events lead to actual Touschek loss)

e Use 300 IVIHz Landau cavmes to stretch bunches x5

200

> ext
e At M2 150
)
mam%
IBS atg %
=
(@]
o> 50

LCs mcluded e
No LCs S

IBS emittance blowup 13%
instead of 45% at natural o;

500

1000 1500 2000 2500
Lattice €, [pm rad]

PRL 10, 407 (1963)

ne PRST-AB 17, 050705 (2014)

A. Piwinski, Proc. 9th HEAC, SLAC, 1974
Part. Accel. 13, 115 (1983)

Part. Accel. 17, 1 (1985)
CERN-AB-2006-002

MAX IV 3 GeV SR
(bare lattice)

| =500 mA

Oacc = 4.5%

Os = const
gy =8 pm rad
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