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* In the early 2000s, MAX-lab wants to build new x-ray source

* Quickly realize a single new accelerator cannot cover the
entire required spectral and temporal range

» After a facility-wide optimization, decide instead to build 3
new accelerators: I 15 Geviing e

photocathode guns

—one =3.5 GeV linac as Linac
SPF/FEL driver & ring
Injector (separate guns)

— two separate storage ] /I{ )
xperimental hall with beamlines A / J 4
rings at 1.5 GeV (UV) B

and 3 GeV (x-rays)

MAXTV



MAX IV Facility Overview (cont.)

* In the early 2000s, MAX-lab wants to build new x-ray source

* Quickly realize a single new accelerator cannot cover the
entire required spectral and temporal range

 After a facility-wide optimization, deC|de instead to bwld 3
new accelerators: Feb 5, 2015 | e

—one =3.5 GeV linac as
SPF/FEL driver & ring
Injector (separate guns)

— two separate storage
rings at 1.5 GeV (UV)
and 3 GeV (x-rays)

Simon C. Leemann
- - MAX TV
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MAX IV Facility Overview (cont.)

* Facility can accommodate up to 32 user beamlines:

3 @ SPF,10 @ 1.5 GeV SR, 19 @ 3 GeV SR

* 14 have been funded in our first two beamline phases

1. FemtoMAX
Studies of ultra-fast processes in materials
2. NanoMAX

Imaging, spectrojcopic & scattering techniques with
nanomater resolution

3. BALDER

—

(o) (Hard) X-ray absorption spectroscopy with emphasis on
g in-situ and time resolved studies.

o 4. BioMAX

4 Macromolecular crystallography with a high degree of
— automation and remote access

) 5. VERITAS

3 RIXS combining a unique resolving power with high
R spatial resolution.

=% 6. HIPPIE

High-pressure photoelectron spectroscopy
7. ARPES

Angle resolved photoelectron spectroscopy for detailed
studies of the electronic structure.

8. FinEstBeaMS$S

Estonian-Finnish Beamline for low density matter

- 9. SPECIES (Transfer)

High-pressure photoelectron spectroscopy and RIXS

The 14 Funded Beamlines

10.

11.
12.
13.

14,

FlexPES (Transfer)
thoiktron Spectroscopy and NEXAFS
MAXPeem (Transfer)

CoSAXS

SoftiMAX
Coherent Soft X-Ray Scattering, STXM...

DanMAX
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* MAX IV 3 GeV storage ring designed for x-ray users = high
brightness via state-of-the-art IDs, high-current top-up
operation & ultralow emittance

 Ultralow emittance achieved through MBA lattice (gx~ 1/Np3)

1
eo[nmrad] = 1470 E[GeV]? > I, =1-2=

J 1o I
Fome 1

0.0078 B
= " E[GeVE o) 12%/}, B[P o —
x b
—— Gradient Dipoles
Iy = % Iy = 7{% (p—12 + 2b2> ds Is = ]{ %ds H = ven® + 2z’ + Bun’

TME: brute-force approach Is/l, = 0 easily leads to overstrained optics, chromaticity wall
MBA: many weak dipoles, distributed chromaticity correction = allows relaxing optics
Gradient dipoles: reduce emittance, allow for more compact optics » improves MBA
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* The multibend achromat proposed already in the 1990s...

SPIE Vol. 2013, 1993 EPAC'94, p.627 PAC'95, TPGOS8, p.177 PAC'95, FAB14, p.2823

e ... became a reality @ MAX IV due to several technological
breakthroughs

NAX



* The multibend achromat proposed already in the 1990s...

SPIE Vol. 2013, 1993 EPAC'94, p.627 PAC'95, TPGOS8, p.177  PAC’95, FAB14, p.2823

e ... became a reality @ MAX IV due to several technological
breakthroughs

— compact magnets (narrow gaps = short but strong), magnet
integration (common magnet block = “girder”), use of combined-
function magnets

JSR 21, 884-903 (2014)



* The multibend achromat proposed already in the 1990s...

SPIE Vol. 2013, 1993 EPAC'94, p.627 PAC'95, TPGOS8, p.177 PAC'95, FAB14, p.2823

e ... became a reality @ MAX IV due to several technological
breakthroughs

— compact magnets (narrow gaps = short but strong), magnet
integration (common magnet block = “girder”), use of combined-
function magnets

— NEG-coated vacuum chambers = narrow magnet gaps & tight
magnet spacing

MAXTV
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* The multibend achromat proposed already in the 1990s...

SPIE Vol. 2013, 1993 EPAC'94, p.627 PAC'95, TPGOS8, p.177 PAC'95, FAB14, p.2823

e ... became a reality @ MAX IV due to several technological
breakthroughs

— compact magnets (narrow gaps = short but strong), magnet
integration (common magnet block = “girder”), use of combined-
function magnets

— NEG-coated vacuum chambers = narrow magnet gaps & tight
magnet spacing

— 100 MHz RF system with harmonic cavities = ensure stability,
good Touschek lifetime & mitigate emittance blowup from IBS

MAXTV



IPAC'11, MOPCO51, p.193
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MAX IV 3 GeV Storage Ring Lattice (cont.)
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* 528 m circumference, 500 mA with top-uf)\,\zO achromats
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PRST-AB 12, 120701 (2009)
IPAC’11, THPCO59, p.3029

\ // JSR 21, 862-877 (2014)
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MAX IV 3 GeV Storage Ring Lattice (cont.)
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528 m urcumference 500 mA with top- up, 20 achromats

~,

e 19 user straléhts (4.6 m), 1 long straight for |nJéct|on
e 40 short ?ftralghts (1.3 m) for RF & diagnostics
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PRST-AB 12, 120701 (2009)
IPAC’11, THPCO59, p.3029
JSR 21, 862-877 (2014)
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528 m urcumference 500 mA with top- up, 20 achromats
e 19 user straléhts (4.6 m), 1 long straight for |nJect|on

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

\

e 7-bend ?chromat 5 unit cells (3°) & 2 matching ceIIs\(l 5° LGB)

L

| f

s
\\\ ) S PRST-AB 12, 120701 (2009)
. yal IPAC’'11, THPCO59, p.3029
- ”
S e JSR 21, 862-877 (2014)

T MAXIV



. - o a2 -

T
o P,

-~ T

«'

528 m urcumference 500 mA with top- up, 20 achromats
e 19 user straléhts (4.6 m), 1 long straight for |nJéct|on

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

e 7-bend achromat 5 unit cells (3°) & 2 matching cells\‘(l .5° LGB)

e 328 pmfrad bare lattice emittance (g, adjusted to 2-8 pm ra}d)

5 10 15 20 25
X [m]
\\\* e PRST-AB 12, 120701 (2009)
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* Gradient dipoles perform  1s|  Peakdispersion8cm e ——
vertical focusing (e~ 1/k)  16F ) e
» Gradient dipoles inter- T
leaved with horizontally ¢ “|
. = 10 -
focusing quadrupoles £ | ‘ ‘ ‘ ‘
v =42.20,v,=16.28 & ol
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Linear & Nonlinear Optics (cont.)

e Chromatic sextupoles correct linear chromaticity (&, = -50 »
+1) & tailor its higher orders » additional sextupoles used to
minimize first-order RDTs (low since phase advance = 2nix2, 2rnix3/4)

* Strong sextupoles drive large ADTS » achromatic octupoles
allow tailoring ADTS to first order = minimize tune footprint

A VIRERERELET

>

PRST-AB 12, 120701 (2009)
PRST-AB 14, 030701 (2011)

Simon C. Leemann
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* Nonlinear tuning results in small amplitude-dependent and

chromatic tune shifts (tracking performed with Tracy-3)

PRST-AB 12, 120701 (2009)
PRST-AB 14, 030701 (2011)

e Overall tune footprint becomes very compact both on and

off momentum = large on/off-momentum DA

y [mm]

| | B | |
Dynamic Aperture; 6=0.0% e
Dynamic Aperture,:0=4.5% =—#—
Dynamic Aperture, 6=-4.5%
Vacuum Chamber -
Physical Aperture -------
Required Aperture

~<

y [mm]

PAC'11, TUP235, p.1262
IPAC’15, TUPJEO38

-15

T : T T T — I
Ideal machine with 10 pmulL, 8§=0.0% =t

{ Machine with errors, 6=00% % |
© Standard vacuum chamber -
Actual physical aperture -------

Required aperture
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* Nonlinear tuning results in small amplitude-dependent and
chromatic tune shifts (tracking performed with Tracy-3)

PRST-AB 12, 120701 (2009)

PRST-AB 14, 030701 (2011)
* Overall tune footprint becomes very compact both on and

off momentum = large on/off-momentum DA

 Large lattice MA in conjunction with appropriately
dimensioned RF system - large overall MA

PAC'11, TUP235, p.1262

IPAC’15, TUPJEO38

PRST-AB 17, 050705 (2014)

15
MAX IV 3 GeV SR | Traé:y—s 6D trﬁllcking 1re851|é/llt\§ I
Radiated power [keV/turn] _ cav = 1.
L 400 500 600 700 800 Ucav = 1.8 MV (max) | 10} \ Ucay = 1.0 MV -
'7 . I I RFIacceptalnce ; 1 Ta rget: 6acc > 4-5% N \ !
-. Bunch length | \_ \_/ ——/ \_/ .
6.5 | L <
NI _ e Ay ey
ce | ] Lattice MA / | |
¢ “u always >5% 5 E =
> Ugay = 1.8 MV | \ y oo /—\
45 R ] ] ] ] ] ] ] RF acceptance ﬂ \/ V »—
0 2 4 6 8 10 12 14 16 18 . 10 | , , , , =
No. of installed IVUs always >5% 0 5 10 15 20 25
s [m]



* Nonlinear tuning results in small amplitude-dependent and

chromatic tune shifts (tracking performed with Tracy-3)

PRST-AB 12, 120701 (2009)
PRST-AB 14, 030701 (2011)

e Overall tune footprint becomes very compact both on and

off momentum = large on/off-momentum DA

PAC'11, TUP235, p.1262
IPAC’15, TUPJEO38

 Large lattice MA in conjunction with appropriately

dimensioned RF system - large overall MA

e Large overall MA is required for
good Touschek lifetime despite
ultralow emittance

T, (incl. LCs) [n]
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PRST-AB 17, 050705 (2014)

" 1, (IBSincluded for 500 MA) —t—

Tis (IBS neglected) -+

MAX IV 3 GeV SR _
(bare lattice)

| =500 mA 7]
6acc = 45%
gy =8 pmrad n

0

1000 1500 2000
g, [pm rad]
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* Nonlinear tuning results in small amplitude-dependent and

chromatic tune shifts (tracking performed with Tracy-3)  Fo! A8 12120701 (2009
PRST-AB 14, 030701 (2011)

* Overall tune footprint becomes very compact both on and

off momentum = large on/off-momentum DA PAC'11, TUP235, p.1262
IPAC’15, TUPJEO38

 Large lattice MA in conjunction with appropriately

dimensioned RF system - large overall MA PRST-AB 17, 050705 (2014)
200 | | | sinch e —_—
* Large overall MA is required for Retes T
o : = 150 1 [ bare fattice) :
good Touschek lifetime despite g | |
ultralow emittance IRLY | S ‘
= + gy =8 pm rad
* Landau cavities stretch bunches o sor s e w135
x5 = extend Touschek lifetime & 0t —
. 0 500 1000 1500 2000 2500
reduce emittance blowup by IBS Latiice e, [om rad]
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* At LER 2015 in Grenoble had just reported first turns...

[0
_~
—~—
o~
—~— -
-~
-~
—
-~ —
-~
-
-
.-
-~ -
-~ s
-
-
-~
- -
-
-
-—
-~
- -

LU BT HL E
It T T T S TR T e i1
TEilEy I T I R Y -
$E44 1) TR TR i R LRt b il
13dsl O TReadieaisiasjaiisniiin )

T

i
!

| | — ' : - - - Libera Brilliance+ SP Data 3 GeV SR

First full turn
e without exciting a single corrector

e all magnets at nominal optics for 3.0 GeV
(excitations according to magnetic measurement data)

e using a single dipole kicker for injection
NIM-A 693, 117, 2012




* At LER 2015 in Grenoble had just reported first turns...

* First stored beam on Sep 15 = =0.1 MA (=170 pC from linac)

Ol F1e & v ® O CF OF <<~
[__/7 W 7 Info

Horizontal
LN piagrami: Ch1,Ch2,Ch3

"J l Injecfted beamé

_______________ R SIS AL A S S S SR M) (S R
v ' [

>
Revalution period

~-injection shot {0:5;Hz)




3 GeV Storage Ring Commissioning (cont.)

* At LER 2015 in Grenoble had just reported first turns...
* First stored beam on Sep 15 = =0.1 MA (170 pC from linac)

e First stacking observed Oct 8 (@ reduced dipole kicker strength) NIM-A 693, 117, 2012

20 T T T . T T
5 Lo "Lored beam. —— from 19:00:13 to 21:58:13 on 2015-10-08 Storage Ring DCCT
10 Ghamber = Y1 —Y1 - r3-31952/dia/doct-01 /current
_ o7 o.oo4s:
E o : 4.3 mA accumulated
< 0.0044 -
5T [Kisetto-2.3 mrad T 0'00‘:
-10 ) . l . ] 1
5 E I 0.0036 1 ' ' *
DO I M v B asese! - |
0 5 10 15 20 25 ooozs: |
s [m] o
— . 0.0024 ]| P !
1 _Sepitum E}Iade | 0_002:
3 1 # Acceptance )
? 0.0016- 0.1 mA
0.5 : | .
- 3 00012 (=1 linac shot) 181
© Inj.; ]
E 0= 0.0008 i)
> |
-0.5 0.0004 “ |
0 | n YTy !\L ; : |
-1 \ch \999 9@ B ?’090 79»1,0 ® a0 q’\@ 1\.5;0 %\.4..0 79.@
| | | | |
15 -10 -5 0 5 10

X [mm]
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3 GeV Storage Ring Commissioning (cont.)

* At LER 2015 in Grenoble had just reported first turns...
* First stored beam on Sep 15 = =0.1 MA (170 pC from linac)
e First stacking observed Oct 8 (@ reduced dipole kicker strength) NIM-A 693, 117, 2012

* Phasing 2 ring cavities @ maximize fs and improve inj. rate
%)

Spectrum
Ref Level -63.00 cém » RBW 10 M2

Att DCB  SWT 1856 ms VBW 10HZ Mode Auto FFY o
SGL TRG:EXT ) e SpeCtrum Analyzer e max fs =730 Hz
@ 1AP Cirw '.l.. RS
MI1[1) 94.32 dBm B ol Bl
-70 dbm 199.6532 1320 MHz 700 € e——y
D2(1) 31.15 d8 T
00 By st 3 - j,::', S0 Hz . ( ) I Phase Cav 16
S0 dim ’ 650
B Y " Phase Cav 18
-100 c8&m o
600
"BPM sum si i f; =536 Hz
BPM sum signal when kickeron [€—>» 1= -0 -
1* (t s 590 Scavityls phase
<130 c&m ', ‘; sweep
oy R l] abeu o |} 1Y (T 1 T PETTH. AL @
et 1 ™ W DI 6 W'] i YW RN T 500
il w” TN R LR A A WAL B .
| AT | =
160 cem % ‘ 1t 4%
CF 499.6532132 MHz 691 pts Span 5.0 kHz
Marker
Type | Ref | 1rc | X-value | Y-value | Function | Function Result | 400 n
M1 1 499.6532132 M2 -94.32 d8m
D2 ™M) | -535.5 M2 -31.15 a8
D3 M1 1 535.5 W2 ~30.69 db -
\ ) J sy o wores o 100 50 0 50 100 150 200
Date: 17.SEP.2015 16:31:25 479 kV - expect 540 Hz RE Phase fdea] Courtesy D. Olsson
T — T —
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3 GeV Storage Ring Commissioning (cont.)

Spe:

Ref
Att

SGL
1AP

-704d

-80 d

-110

from 08:26:53 to 08:41:03 on 2015-11-12

Y1 -e-Y1 - r3-319s2/dia/dcct-01/current -e-Y2 - |-TR3/DIA/CT-01/AverageCharge Y2
0.02- -2e-09
W* * —= "‘
0.018- -1.82-09
0.016- -1.6e-09
0.014+ Transfer Line CT | [[14e-09
0.012- ’ -1.2e-09
0011 - storage Ring DCCT 1.25 nC (incl. 0.45 nC offset) @ 0.5 Hz » 13.6 mA/min | [ 44.09
0.008 - -8e-10
- 19 mA in 4 min » 4.75 mA/min = 35% injection efficiency
0.006 - -6e-10
0.004 - -4e-10
0.002- -2e-10
0- -0
0® ® . : .
e ®? ® ™ ®? Ny o ®*° ™
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3 GeV Storage Ring Commissioning (cont.)

* First linear optics studies & corrections

10 - | | -
—- Model 0.1 mrad vertical kick é
-5 Experiment :
€
=
>
o
u “
Vertical integer tune confirmed 16 ; ; ;
B 1 ] P PP PP Josscascasasnasacsasssssssscsssssasnnsaannsssssssssass Jeceasacsacnsssssscsssssasansnnsasnssssssssssssasnasas Jioscsssscsssessasansansansasssssssssssssansaanasnasesy Lecsssasasnnsansasnssssssssssasassasasnnsnsssssssssead §ecccccacanes —
100 200 300 400 500
Sim]
2F 1 l T T ' —
| ~®- Model 0.1 mrad horizontal kick s
—5~ Expernment
€
£
>
a
3 : Horizontal integer tune confirmed 42
R L TR e Jonmm e e e e e e e e e e e e e e e e e e aaaaannnnnnas [ Booooeeeaaaan
100 200 30 400 500
S{m] Courtesy M. Sjostrom
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3 GeV Storage Ring Commissioning (cont.)

* First linear optics studies & corrections
o va1 7 D.OF = 0,000777

Model Beta Furcticn (n =42,1958) Model Beta Function (Nsmmm

| - v h ........ A T S S
TV PRLL AT
| L AN
1 Early LOCO data, before correctlon w
i. ‘
E:

TR Y

After LOCO correctlons (quad PSs only)

Wm i
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3 GeV Storage Ring Commissioning (cont.)

* First linear optics studies & corrections

............................................................................................................................................................................................. L R L I L L L R R L L L L LE L R L R L L LT LT T e PP

mm max ny
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3 GeV Storage Ring Commissioning (cont.)

* First linear optics studies & corre

.........................................

Simon C. Leemann
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3 GeV Storage Ring Commissioning (cont.)

* First linear optics studies & corrections

e BPM offsets relative to adjacent sextupole/octupole

via auxiliary coil powered as upright quadrupole

+6.690131e-02 Mean
+1 114501e-01 RMS
111 u-em 1 14 8e

Hi0ffset [mm]

g -0.1 :
0.2 —H 1111 IJ«m r mS R3-302U1/DIA/BPM-01=+3.7564¢-01 +

mmmmmmmmmmmmmmmmmmmmmm ——

R3=301M1/DIA/JEPM-01l=+59410e-03

R3-301NIIDIAIIPM-02-+1 05'9&01 B
R3-301U3/0IA/8PM-01=-2 5066e-02
R3-301U3/DIA/EPM-02=-4 5391e-02
R3-301U4/DIA /EPM-01=-12145¢-02
R3-301US/DIA/EPM-01=+1.8235¢-02
R3-301M2/DIA/EPM-01=+65.1717e-02

"llll l:lliljl

BPty HWOFFsat [am]

7 R3-301M2/DIA/EPM-02=-7 8807e-02
-\ /. - |R3-302M1/DIA/EPM-02=+1, 8637&01 ||
-0.4 V: 11071 BRMIMS gy g ) ] R3S302UN/OSROL= 43 378001 [
0 50 00 150 200 250 300 0 400 450 500
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* First linear optics studies & corrections

e BPM offsets relative to adjacent sextupole/octupole

via auxiliary coil powered as upright quadrupole

— downloaded to our 200 Libera Brilliance+ units
— above 3 mA orbit must be within £1 mm in both planes

—if 5 BPMs show bad orbit (or any BPM in an ID straight) MPS dumps beam

NAX



0.15
0.1
0,05

BPMx [mm]

-0,05

-0.1

0.2f

0.1

My [mm]

-0.1

& 0.2}

-0.3
-0.4

0

0 -

STEFEFENENE R l ............... l ............. ' ............... ' ............. 1 ............... ' ............. 1 ............... I ............. 1 ............... I ...... e

I H: 357 nm rms 1 R3-301M1/DIA/BPM-02=-7.{ .

4 R3-301U4/DIA/BPM-01=+1.
4 [R3-301M2/DIA/BEPM-01=+5
1 R3-302M1/DIA/EPM-01=-5.

3 R3-316U3/DIA/BPM-02=-53 ~

1 R3-316US/DIA/BPM-01=+7 ¢
4 |[R3-316M2/DIA/BPM-01=+5¢

1 R3-317M1/DIA/EPM-01=+4.
1 R3-317M1/DIA/BPM-02=-7.3—

............................................. V: 61 ] meuuz/ommmn=3;
Excursions within arcs only |J.m rms |-
e CHTSIORSWIRAIR AFES ONTY R

0 50 100 150 200 250 300 350 400 450 500

-7.452072e-04 Mean
4+3.567974e-03 RMS

R3-301M1/DIA/EPM-01=-65 N

R3-301U3/DIA/BPM-01=-2.1"
R3-301U3/DIA/EPM-02=-3.

R3-301US/DIA/BPM-01=+2.
R3-301M2/DIA /EPM-02=-6.

R3-302M1/DIA /BPM-02=+9. v
4| i [ >

=1.716162e-03 Mean
+6.138709e-02 RMS

R3-316U4/DIA/EPM-01=-2.6
R3-316M2/DIA /EPM-02=+5.(

R3-317U1/DIA /BPM-01=45.6—

R3-317U3/DIA/EPM-01=-6.0R4

* Orbit correction to <1 um rms in H; larger in V (since Neewm > Nvew)
> apply weighting so orbit always locked down in ID straights

MAX TV



3 GeV Storage Ring Commissioning (cont.)

* First attempts at measuring/adjusting linear chromaticity
— after adjusting towards design tunes (0.20/0.28)

— using only 2 chromatic sextupole families

-35.6564 (dp/p) + 1.0076 dp/p + 0.209%

— limited Ap/p range > £2)? e

0.213 }+
0212} £X =+1.0
s -63.5636 (dp/p)2 + -1.3883 dp/p + 0.30514 5 0.211
¢ T 3 g 0.21
= 0,305} AL B X i 0,208 |+
g 0.3} T 0,208 +
; 0.255+ e 0,207 +
0,29} :
. o. 1 1 | L 1 A 1
i . : A . . ; 2%.4 -0,3 -0.2 -0.1 0 0.1 0,2 0.3 0,4
-0.8 -0.6 -0.4 -0,2 0 0.2 0.4 0.6 0.8 Momentum Shift, do/p (2]
Momentum Shift, dp/p [X]
k) Giny
S L il e oz _A.962 (do/p) ¢ 3.702 o/ + 02045
g 0,085 - - vl
: O'w I _‘,---"'---—--- g O.a = gy = +3.7
2 o.0m | s, : g
t - O.a N
= 0,07 '5
0 - 1 s 1 1 3 L S 0.2651
Be 068 <4 02 0 0.2 0.4 0.8 0.8 S 0.28
Honentum Shift, devp (2] 15-0ct-2015 21:57:51
0.275 }
o. 1 1 1 1 1 1 1
%,4 -0,3 -0,2 -0.1 0 0.1 0.2 0.3 0.4

Momentun Shift, de/p (2]
04-Now-2015 05:25:11
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3 GeV Storage Ring Commissioning (cont.)

* First attempts at measuring/adjusting linear chromaticity
— after adjusting towards design tunes (0.20/0.28)

£ = -48 (-29)

Simon C. Leemann
6th Low Emittance Rings Workshop, SOLEIL, October 26-28, 2016 40/78



3 GeV Storage Ring Commissioning (cont.)

* First attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2 IPAC’16, WEPOW034

L 1b

X

(af:

Photocourtesy A. Anderssgfh

Simon C. Leemann
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3 GeV Storage Ring Commissioning (cont.)

* First attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2 IPAC’16, WEPOW034
:Ta;:t"-b-“‘ % 4 dipc

lens

horizontal absorbers

1

CCD camer/

polarizing beam splitter

nnnnnnn

thin absorber

d diffraction obstacles

planar mirror

/ radiation shielding wall
|
|

yr—¥ |
CH— -
3 _ , v/ / é vacuum exit window
Photocourtesy A. Anderssgiiiy . e filters || = photo diode, sampling oscilloscope .
; Courtesy J. Breunlin

Simon C. Leemann
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Vertical Position

* First attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2 G L3, PO
B SRW simulation N S CEnt
300
0.5 350
400 -
0.0 . 450
N 500
' 550
Ly 320 pmrad, Bx=1.5m 600 2mmx2mm

250 300 360 400 450 500
-1.0mm -0.5 0.0 0.5 1.0

Horizontal Position

Sigma polarized SR, 632.8 nm, SRW calculation (left) and measured image (right). The simulation is
done for €, = 320 pm rad, B, = 1.5 m.

Both figures show a 2 x 2 mm”2 area of the image plane.

The fringe pattern is too weak to be visible.

Optical magnification of m=-2.28 is taken into account in the SRW model

Horizontal opening angle: 6 mrad

Vertical opening angle: 8 mrad

Exposure time: 2.9 ms Courtesy J. Breunlin



Vertical Position

~irst attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2 IPAC'16, WEPOW034
10 . . 250
SRW simulation Measurement
300
c | T T T T
. 30 oy=11.5+0.23 um § + measurement
i £,=6.4%0.9 pmra d ﬂ theoretical model
0.0 .
450 ~
500 S,
05 2
550 £
ex=320pmrad, Bx=1.5m - £
o 250 300 350 400 450
-1.0mm 0.5 0.0 0.5 1.0
Horizontal Position j U \
Sigma polarized SR, 632.8 nm, SRW calculation (left) and measured image (right). The simul 0; N -0|5' . .MO.Z i :

done for €, = 320 pm rad, B, = 1.5 m.
Both figures show a 2 x 2 mm”2 area of the image plane.

The fringe pattern is too weak to be visible. Figure 3. Vertical profile of imaged n-polarized SR at
488 nm wavelength. Measurement (blue dots) and SRW
calculation (red lines). The vertical beam size is 11.5 um.

vertical position [mm]

Optical magnification of m=-2.28 is taken into account in the SRW model
Horizontal opening angle: 6 mrad

Vertical opening angle: 8 mrad

Exposure time: 2.9 ms Courtesy J. Breunlin



* First attempts at measuring/adjusting linear chromaticity

e First light seen on diagnostic beamline Nov 2
—installing 2" diagnostic BL in 2017 (on 3° dipole) = os

NAX



* First attempts at measuring/adjusting linear chromaticity
* First light seen on diagnostic beamline Nov 2

—installing 2" diagnostic BL in 2017 (on 3° dipole) = os
* Top-up running since NOV (closed shutters)

—injector & linac switch between SPF operation and ring injection

* on-the-fly switching of guns, linac optics, and linac extraction dipoles

Extraction Extraction
1.5 GeV 3 GeV SPF
OThermionic {
RF gun ‘»‘o‘ﬂ-—.-ll-i 2a s s F-{"18 - {1198 BC2 @ 3 GeV
=

Kicker & Kicker &
0 ) - {5 - =a0w’ BC1 @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



* First attempts at measuring/adjusting linear chromaticity

* First light seen on diaghostic beamline Nov 2

Figure 5: statemachinegui — X

_InStaIIIng znd d|agn05 File Edit View Insert Tools Desktop Window Help N

Ra f bucket hich to inject
nge of buckets over which to injec 3-GeV Ring RTop-up [ Check inj. rate

* Top-up running since

.« . . . Fixed top-up interval/min
—injector & linac switc ‘ H

Step between injections/10 ns _|Enable scheduled interval S min v;

* on-the-fly switching ¢

Maximum current/mA 199
1
Number of injections per step Minimum current/mA 198
| 1
Injection kicker voltage/V Continue previous v/
OThermionic
‘ I RF gun o i 5500 Send Stop top-up
I o J}--{_us Ml@ZGOMe\
Photocathode
RF gun

MAXTV



3 GeV Storage Ring Commissioning (cont.)

from 20:00:00 on 2016-06-10 to 10:00:00 on 2016-06-11 &
q A\
Y1 —Y1 - r3-319s2/dia/dcct-01/current —Y2 - |-TR3/DIA/CT-01/AverageCharge ,\e{g} Y2
A\
< Storage Ring DCCT &o“ | [ 4e-10
0.16 - ¥ .
\ Decaying beam
Top-up @ 160 mA over night _ X
14 - : ~ ' "
o -3.2e-10 |
¢ 0.12 1 ~ 1 1 ' | F2.8e-10
0.1- | Top-up shots from linac g 1 | [2.4e-10
B f
| | ‘ | -1 -2e-10
0.08 - |5 -+t Tttt S - L
I
‘ | h —1.69-10
0.06 - -+t 1 “ttEtHEEERERELET L
l } L 1.2e-10 B
0.04 -t HH “tHEEHT
‘ -B8e-11
0.02- =
Transfer Line CT e F
0- : : ; : : Lo 1
\06 \06 \06 \06 \06 \06 \06 \06
Q,Q‘\ A0 Q}‘\ A0 & A\ o AN o A & N %‘\\‘\ \0‘\ A\
L—:" Machine studies Linac modulator K02 tripped
RF gun | -
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* First attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2
—installing 2" diagnostic BL in 2017 (on 3° dipole) = os
* Top-up running since NOV (closed shutters)

—injector & linac switch between SPF operation and ring injection

* on-the-fly switching of guns, linac optics, and linac extraction dipoles

—injector & linac routinely running at 2 Hz since Nov

— injection efficiency improved (ring phase acceptance!)

Extraction Extraction
1.5 GeV 3 GeV SPF
OThermionic {
RF gun ‘»‘o‘ﬂ-—.-ll-i 2a s s F-{"18 - {1198 BC2 @ 3 GeV
=

Kicker & Kicker &
0 ) - {5 - =a0w’ BC1 @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



3 GeV Storage Ring Commissioning (cont.)

from 05:48:00 to 06:12:00 on 2016-05-10

Y1 —Y1 - r3-318s2/dia/dcct-01/current —Y2 - I-TR3/DIA/CT-01/AverageCharge Y2
| l | ‘ -4e-10
0.08 - 7 Storage Ring DCCT - . [
. / ‘ | / -3.6e-10
0.07- '
I | | (4 | 8 r | 3.06-10

{ | Transfer Line CT | 283 pC (incl. 38 pC offset) @ 2 Hz » 16.7 mA/min
/ /

0.06 - SN AT r,-#-vd o " 79\ 2,810
0.05+ | *i -2.4e-10
| / \ -2e-10

0.04- | _
' | /( \ | L 1.60-10

0.03+ | / 80 mA in 5 min » 16 mA/min > =96% injection efficiency

/ | / -1.26-10
0.02- | ' ‘ ' | ‘

L1/ / N
0.01- —f / — /( —~_/ 4 4 |He-11
0- . ' : - -0

o ¢ @ @ ¢ o ¢ ¢ e

Simon C. Leemann -
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* First attempts at measuring/adjusting linear chromaticity

* First light seen on diagnostic beamline Nov 2
—installing 2" diagnostic BL in 2017 (on 3° dipole) = os
* Top-up running since NOV (closed shutters)

—injector & linac switch between SPF operation and ring injection
* on-the-fly switching of guns, linac optics, and linac extraction dipoles

—injector & linac routinely running at 2 Hz since Nov

— injection efficiency improved (ring phase acceptance!)

— integrated dose increasing = improving ring vacuum

Extraction Extraction
1.5 GeV 3 GeV SPF
OThermionic {
RF gun ‘»‘o‘ﬂ-—.-ll-i 2a s s F-{"18 - {1198 BC2 @ 3 GeV
=

Kicker & Kicker &
0 ) - {5 - =a0w’ BC1 @ 260 MeV septum septum

Photocathode
RF gun

MAXTV



3 GeV Storage Ring Commissioning (cont.)

* First attempts at measuring/adjusting linear chromaticity

. : : Normalized average pressure vs beam dose
* First light seen on diagno:
S2 (gauges, no RF)
| 1 | I T I
100 - E | i
= 35 Ah/month \ 2 1E-09 E
_ sof- 1M e< : Y=(1.64e-10)*x"(-0.75)
% { S :
2 el 1Fl 52 1610 £
2 % £ - June 26, 2016
g February SD / N T B
g 40 - N ° B
= \ ™ T
= 1E-11 +
20 - Xmas SD . § =
\ ! X IVUs & striplines
oL . 1 . ! i installed
2015-09-01 2016_01_01 2016_05_01 1E_12 1 | | lllll% 1 11 llllli 1 L1 llllli 1 L1 llllli
Courtesy P.F. Tavares ( O 1 1 10 100 1000
@'I:I;ermionic - Dose [Ah] Courtesy M. Grabski
gtn % Kicker & Kicker &
E‘l‘c‘—’“’ - BC1 @ 260 MeV septum septum
Photocathode
RF gun
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Normalized hfetime vs accumulated dose
* First attemptsatme e ese A
* First light seen on di i’"i':'é;ié}{'g'é;;i':"ib"h"é'56’6'&&)& """"""""""""""""""""""""""""""
—installing 2" diagnd |
* Top-up running sinc ; 100 1
—injector & linac swit ) :
* on-the-fly switching -
—injector & linac roud 1 il gmeseill  gammnl o p g
— injection efficiency . | oy C]ty N

— integrated dose increasing = improving ring vacuum

=im prOVi Ng beam lifetime (along with effect of bunch lengthening from passive harmonic cavities)

NAX



3 GeV Storage Ring Commissioning (cont.)

from 13:17:00 on 2016-05-28 to 20:00:00 on 2016-05-29

Y1 —Y1 - 3-319s2/dia/dcct-01/current % Y2 - r3-319s2/dia/dcct-01/ifetime Y2

0.2+ x ~-1e+05
x
x

0.18 | | X - | ~ | -9e+04

. Storage Ring DCCT aoc,‘x % Top-up @ 160 mA over 30 hours [
0.16 Ww -8e+04

| * X Thex X |
0.14 - x %X x" k% b9 -7e+04

X
0.12- P%WVL* o o -6e+04
%O X X %% XXX 3 Xoxx; %
0.14 -5e+04
. > 14 h lifetime - 2.2 Ah integrated lifetime L]
0.08 - . Lifetime % : | 4e+04
(from DCCT)
0.06 -3e+04
0.04 4 -2e+04
0.02 - % T F1e+04
0- -0
o © ) =) o ° ) ) o o
@0 0 O (N 0 AN O 0 ©
Simon C. Leemann eV’
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3 GeV Storage Ring Commissioning (cont.)

 Orbit drifts observed during top-up operation
— 70 um / 20 um observed over 8 hours

— unphysical BPM spikes observed - implications for bad orbit trip (MPS)

r3-3X XX X i/ bpm-X X/xpossa [mm)

3 3
T [ | ‘,52:10 [ = 5210
04f Top-up @ 50 mA over night
tq 1%
| I
02~ Storage Ring DCC . E o2
o ‘g 8 hrs S
.E OS -E 0
Cx ) 1 §
00F £ i e —T——————— &
BPM x =2 2 BPM y 2 2
R i Bt v e N
— 3:301dkabpm-01/possa_vake % m
ol ~comisapmonpei e | 8§ g —%&'?;W“’ "
— (:301miidabpm00/possa_vave - b tposss v
3-301m2idabpm-01/1poss3 value — 3-31m2datpmL{L/ypossa_ Vahoe
— (3301m2ida/bom 02possa.valve - 01wiklbpm-Olipoms vake
— GtatiGatpndihgosss yake | g B -ty oompored I
04 ~— (30143idiabpm-01/ipossa vakue Q4 - - (3-30104/dabem-01/ypossa_value
' (3-301u¥diabpm-02ipossa_vake '
— 3:301udidabpm-01possa_vake mﬁ m“,‘:"“‘*"w :,‘";
A (3-301uS/cabpm-011possa_vake 0 L 3-300m1 uawmwwmw T —)
210 00:00 (-302mtidabpmOl/ipossa value  og.0) 2100 0000 13-302m2Gatpm-01/ypossa_ vam‘ 06:00
20151210 21512-11 mozntwmm_m 20151240 2151211 3-302m2idabom{possa_vake
r3-302m2idabpm-01/xpossa_
Courtesy P.F. Tavares — (3-302m2'dabpm-02/pessa_value 13-302utidabpm-01/ypossa_value
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 Orbit drifts observed during top-up operation

— 70 um / 20 um observed over 8 hours

— unphysical BPM spikes observed - implications for bad orbit trip (MPS)
* SOFB now routinely running at =0.5 Hz (target: 10 Hz)

— sub-micron stability in H, but larger in V (Ngpm > Nvewm)

— weighting = in ID straights still locked down to 200-400 nm

NAX



3 GeV Storage Ring Commissioning (cont.)

from 02:35:40 to 14:35:40 on 2016-04-20

—¥1 - r3-302m2/diafopm-02/xpossa —=Y¥1 - r3-302m2/diaopm-02/ypossa Y1 - r3-303ml/diabpm-01/xpossa
—Y¥1 - r3-303ml/diafopm-01ypossa Y1 -r3-307m2/diaopm-02possa Y1 - r3-307m2/diaopm-02/ypossa
—¥1 - r3-308ml/diafopm-01xpossa —Y1 - r3-308ml/diabpm-01/ypossa —=Y1 - r3-310m2/diaopm-02/xpossa H H
—¥1 - r3-:310m2/diafbpm-02/ypossa ¥1-r331imldiabpm-0lpossa —Y1 - r3-311ml/diabpm-01ypossa BPMS In ID Stralghts
Y1+ r3:315m2/diafopm-02/xpossa ==Y - r3.315m2/diabpm-02/ypossa Y1 - r3.316ml/diabpm-01/xpossa
Y1 - r3-316ml/diafopm-01ypossa Y1 -r3-316m2/diabpm-02/xpossa —=Y1 - r3-316m2/diafopm-02/ypossa
Y1 - r3-317mlj/diafopm-01/xpossa ¥1 - r3-317ml/diafopm-01/ypossa
200" pm
A U4 /\’L . ‘l h :
0.16 —— el ‘/J“ 000 al, et Ve A A AN ! —"w,\m S)
' bl o ol ¢ Lol
.o ! |
=5, Top-up injections
_- . - e 4
0.08- e - g%ni.u- AR = ‘ 4 hrs with SOFB
{1 == — " S -~ ,",',‘,"_’“N'Wl"!.ﬂ'ﬁlﬁ_ %
0.044 b " e SRR G B ! ! ! ! ! ! ! !
L A l
0044 —— . —— — - ——— —
T e g y———— > ™
+0.08 - T — : — e
ator)
0,124 ! | !
Beam loss
-0.16 4
024
g @ @0 2 0P P P $° 1 9P 0P @F° @ #F ¢ 9P ©F 3P 3P P P 4P (2P WP W P
Courtesy M. Sjostrom
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3 GeV Storage Ring Commissioning (cont.)

from 02:35:40 to 14:35:40 on 2016-04-20

—¥1 - r3-302m2/diafopm-02/xpossa —=Y¥1 - r3-302m2/diaopm-02/ypossa Y1 - r3-303ml/diabpm-01/xpossa
—Y¥1 - r3-303ml/diafopm-01ypossa Y1 -r3-307m2/diaopm-02possa Y1 - r3-307m2/diaopm-02/ypossa
—Y1 - r3-308ml/diafopm-01/xpossa —Y1-r3-308ml/diaopm-0l/ypossa ——Y1 - r3-310m2/dia/opm-02/xpossa H H
—¥1 - r3-:310m2/diafbpm-02/ypossa ¥1-r331imldiabpm-0lppossa —Y1 - r3-311ml/diabpm-01)ypossa BPMS In I D St ra lghts
Y1+ r3:315m2/diafopm-02/xpossa ==Y - r3.315m2/diabpm-02/ypossa Y1 - r3.316ml/diabpm-01/xpossa
Y1 - r3-316ml/diafopm-01ypossa Y1 -r3-316m2/diabpm-02/xpossa —=Y1 - r3-316m2/diafopm-02/ypossa
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A 0.24 4
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0.164 —- —=Y1 - r3-303m1/dia/bpm-01ypossa Y1 -r3-307m2/diafbpm-02/xpossa Y1 - r3-307m2/dia/opm-02/ypossa
~—Y1 - r3-308m1l/dia/bpm-01/xpossa -—Y1 -r3-308ml/dia/bpm-01ypossa Y1 -r3-310m2/dia/opm-02/xpossa
—Y1 - r3-:310m2/dia/bpm-02/ypossa ¥1-r3311mY/dabpm-01ppossa —Y1 - r3-311ml/da/opm-01ypossa
0.124 =
o | —¥1:r3:315m2/da/bpm-02/xpossa Y1 -r3.315m2/dabpm-02/ypossa —Y1.r3.316ml/diabpm- -0l xpossa
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0.084 4 Y1 Y1 - r3-317m1/dia/bpm-01/xpossa Y1 - r3-317m1/dia/bpm-01ypossa
1| =
0.044 il Si0an
- — -

. | 0.0016- : ' 4 hrs with SOFB ‘ ' 3
004 == 0.0012- v : ' , ~ : - ,
o008 ===  0.0008-

00044
0,124 1 o000
-0.16 4 { o
.0.24 | -0.00044 -
'—
a® o .0.0008-
Courtesy M. Sji  .0.0012-
-0.0016 +
-0.002- : :
0 0 o w?® o Gl o® 2 3% o® o o
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3 GeV Storage Ring Commissioning (cont.)

* Attempted first scraper measurements

— mean pressure seen by beam: P[10° Torr] = 0.0178 x I[mA] + 0.6088

— lifetimes

* 50 mA, , = 900 Hz ) N

12}

At 50 mA & fs =900 Hz:

= e P=2.1e-9 mbar
g o 5= 4.2%
2 o >Te =111 h
= > Tbs = 68 h

2 2 Tis = 18 h

0

1 | 1 1 ] 1 ] 1 1
0 05 1 15 2 25 3 35 4 45 5
Courtesy J. Sundberg Scraper position distance from beam center, y [mm]
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* Attempted first scraper measurements

— mean pressure seen by beam: P[10° Torr] = 0.0178 x I[mA] + 0.6088

— lifetimes & ring acceptance (in conjunction with local beta measurements)

14 T T T Y T T
50 mA, f; =900 Hz :
121 ,;’___c;:«*p_ D
o
101 2500
o
g ‘.
:. 8 3.2 m;;yacceptance @ V scraper
€ y
2 &
= 6fF /
S &
= /
4t A
(/
2 / By=4.7m @ V scraper » Ay = 2.17 mm mrad
J}”—:.

0

0 05 1 15 2 25 3 35 4

Courtesy J. Sundberg Scraper position distance from beam center, y [mm]

45

y [mm]

MAX-lab Int.Note 20121107

DA (bare lattice & commissioning error distribution)

7 : :
| i deal machine, 5=0,0% =t
6 - Machine with errors, 6=0:0% X |
Vacuum Chamber ................
Physical Apertare -------
ST Required Aperture -
4 B —
3 B —
2 B —
1 B —
0 ]

Ay =2.17 mm mrad - ay = 2.1 mm @ ID straight

MAXTV



» Attempted first scraper measurements

— mean pressure seen by beam: P[10° Torr] = 0.0178 x I[mA] + 0.6088

— lifetimes & ring acceptance (in conjunction with local beta measurements)

14 | T A T 1 4 14
50 mA, f; =900 Hz :
12+ ,;’___c;:‘-’""} 5
e ol
o
10 2500
o
=
:. 8 3.2 m;;yacceptance @ V scraper
= y
K &
= Bk /
> &
= /
4+ ‘,.f;.
4
E / By=4.7m @ V scraper » Ay = 2.17 mm mrad
;ij:'

0

0 05 1 15 2 25 3 35 4

Courtesy J. Sundberg Scraper position distance from beam center, y [mm]

45

y [mm]

MAX-lab Int.Note 20121107

DA (bare lattice & commissioning error distribution)

7 : :
| i deal machine, 5=0,0% =t
6 - Machine with errors, 6=0:0% X |
Vacuum Chamber ................
Physical Apertare -------
ST Required Aperture -
4 B —
3 B —
2 B —
1 B —
0 ]

15

X [mm]

Ay =2.17 mm mpad - ay = 2.1 mm @ ID straight

4.9 mm @ H scraper » Ax=2.5 mm mrad = ax = 4.8 mm @ ID straight

MAXTV



* First two IVUs installed during Feb 2016 shutdown
— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field

NAX



3 GeV Storage Ring Commissioning (cont.)

* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

NanoMAX floor plan

Undulator Ange Gefiowng aperture & CVD Gamond finer

Vertically focusing mamor - 25.2 m

Morgontaly focusng mimer - 258 m
Horontally Aff=pctng orystl smonochromator - J8.0

Courtesy U. Johansson

Courtesy U. Johansson
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* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning started Apr 2016

Courtesy U. Johansson Courtesy T. Ursby

§ _ 22 April —front end dipole light 29 April —first undulator light in the front-end and optics hutch

27 April — OH screen 1 dipole light 11 May — OH screen 1 undulator light

11 May — first monochromatic light

——— \
12 May — 11 keV photons after monochromator May - light in @xperimenta




* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning started Apr 2016
* May 11: 10 mm gaps on both BLS (FB loop for ID correctors closed)

 May 11-19: first monochromatic beams (on detector / 11 keV)

NAX



3 GeV Storage Ring Commissioning (cont.)

* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning st~rtad Anr 2014
BioMAX experiment setup

* May 11: 10 mm gaps on bol

* May 11-19: first monochror

-

(3]
First beam
Thursday May 19" .% -
- I
. \f;‘ N ".
<% b o /

>
2N\

Detector up and running on
Tuesday May 17" 2016

Courtesy T. Ursby MAXTV
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* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning started Apr 2016
* May 11: 10 mm gaps on both BLS (FB loop for ID correctors closed)

 May 11-19: first monochromatic beams (on detector / 11 keV)

. June 8/9 Flrst dlffractlon patterns

First diffraction @ BioMAX

Focused beam on sample @ BioMAX




3 GeV Storage Ring Commissioning (cont.)

* First two IVUs installed during Feb 2016 shutdown
— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning started Apr 2016
* May 11: 10 mm gaps on both BLS (FB loop for ID correctors closed)
 May 11-19: first monochromatic beams (on detector / 11 keV)

Knife edge scan

 June 8/9: First diffraction patterns

FWHM = 0.56795 um

* June 20: First nano-focus @ NanoMAX

Ve detector image

: Sample intensity map :

{ 4
L]
E 4 |
L |
. 0
0 1 2 3 4 b
X

Coarse TEM grid
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* First two IVUs installed during Feb 2016 shutdown

— Hitachi, 18 mm period, 4.2 mm magnetic gap, 2 m length, 1.3 T peak field
— for BioMAX and NanoMAX beamlines

 ID, FE & BL commissioning started Apr 2016

e May 11: 10 mm gaps on both BLS (FB loop for ID correctors closed)
 May 11-19: first monochromatic beams (on detector / 11 keV)
 June 8/9: First diffraction patterns

* June 20: First nano-focus @ NanoMAX

- just in time for inauguration on June 21

e June 30: closed to 4.5 mm gap

NAX



MAX IV Inauguration

* Brightest time of the year: June 21, 2016 @ 13:08:55 (local noon)

While the rest of Sweden
was celebrating Midsummer
like this...

Simon C. Leemann
\/
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* Brightest time of the year: June 21, 2016 @ 13:08:55 (local noon)

/ CarI XVI Gustaf
,| ,’ His Majesty The King

= 0,,7d

Stefan Lofvén &

Prime Minister

...we inaugurated our
new facility.

Our very proud director

* After inauguration, 3 weeks left until summer shutdown

NAX



3 GeV Storage Ring Commissioning (cont.)

198 mA present stored current record
Y1 Y2
0.2+ -6e-10
0.18- N\
- S —— e —— S — T —— -56-10
0.16-
F ~ MPS dumps beam @ =200 mA
0.14 -
| e L ﬁﬂ -4e-10
~ Storage Ring DCCT |
0.12+ { 195 mA in 21 min = 9.3 mA/min > 80% inj. efficiency
0.1 l -3e-10
0.08- 170 pC @ 2 Hz » 11.6 mA/min
L -2e-10
0.06 -
0.04
-1e-10
0.02-
Transfer Line CT
0- t T T ! -0
. D . a0 . D
0{,90 0‘35 0600 ogfb 01.00 01?9
2016-07-09
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3 GeV Storage Ring Commissioning (cont.)

* Finally, need to also focus on stability & collective effects

— 3 passive Landau cavities (Rs = 2.5 MQ) allow for tuning to flat-
potential conditions already @ 150 mA

i g
:_;!/ﬁoo MHz Landau Cavity
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3 GeV Storage Ring Commissioning (cont.)

* Finally, need to also focus on stability & collective effects

— 3 passive Landau cavities (Rs = 2.5 MQ) allow for tuning to flat-
potential conditions already @ 150 mA

— Achieved >2 Ah under stable conditions (top-up running & BbB FB loop closed)
25

— I
107 mA “osn T = 2.3 Ah {400

20+

300

X
w

200

Current*Lifetime [A*hr]

100

[Aw]anje s enepuejdweBeipso-sbelpbenuspicoqesa ) | 2LoLe-gl

00 | | | | |

17:15 17:30 17:45 18:00 18:15

2016-04-22
Simon C. Leemann Courtesy P.F. Tavares
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3 GeV Storage Ring Commissioning (cont.)

* During recent summer shutdown installed three new IDs

EPUA48 > VERITAS (rRIXS)
EPUS53 > HIPPIE (AP-XPS, AP-XAS)

3.9 m magnetic length, 69/77 periods,
11 mm min. magnetic gap, =1.1 T peak field

Manufactured at MAX IV

Simon C. Leemann
6th Low Emittance Rings Workshop, SOLEIL, October 26-28, 2016

In-vac Wiggler » BALDER (XAs, XES)

2.0 m magnetic length, 50 mm period,
4.2 mm min. magnetic gap, =2.4 T peak field

Manufactured by SOLEIL
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e Continue commissioning of 3 GeV storage ring
— optics & IDs
— diagnostic beamline, longitudinal bunch profile
— RF conditioning main cavities and LCs (high current)
— collective effects & BbB feedback commissioning

— integrate fast corrector PSs & LB+ units » commission FOFB
e Just started commissioning of 1.5 GeV storage ring

— first IDs to be installed in 1.5 GeV SR during early 2017
* “Friendly users” arrive Nov 2016 & first open user call for Mar 2017
 What remains to be installed during 2017

— 2nd diagnostic BL on 3 GeV SR

— 2 additional linac stations (2 stations with 4 structures each » 4 stations with 2 structures each)

— 3IDsin 3 GeV SR (21vus, 1epu) & 3 IDs in 1.5 GeV SR (2 new EPUSs, 1 EPU from MAX I1)

NAX
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Photo courtesy L. Jansson, August 24, 2015
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Photo courtesy L. Jansson, August 24, 2015
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The Multibend Achromat Cycle

(courtesy A. Streun, PSI)

Many Short Cells

for a given circumference

ad

Short Magnets

/

Strong Gradients

A

Small Bend Angle

\

Low Dispersion

Small Magnet Gaps

\

V4

\Limited Aperture Required

for decent MA and Touschek lifetime

Low Emittance

MAXTV



Backup: Optics Tuning & Corrections

* Gradient dipoles equipped with pole-face strips = adjust
vertical focusing within £4% (requires dipole feedback)

Photo courtesy M. Johanssen
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* Gradient dipoles equipped with pole-face strips = adjust

vertical focusing within 4% (requires dipole feedback)

 Quadrupole doublets in long straights = match optics to IDs

and restore tunes (ideally makes IDs transparent to arc optics)

2.0 -

QDend QFend

"

ID

QFend QDend

10

X [m]

15

20

25

PAC'11, TUP235, p.1262

IPAC’15, TUPJEO38

MAXTV



Backup: Optics Tuning & Corrections (cont.)

* All sextupoles and octupoles carry auxiliary winding

ece N Trimn cod panel. R3-30IMYMAG/CRTOXX-01

* Can be powered as: (remotely switchable) o et e e

e auxiliary sextupole » nonlinear corrections @

e dipole correctors, in addition to... Skew Quadrupole

120 —a,<0

e skew quadrupole » coupling & dispersion control

e upright quad = calibrate BPMs to adjacent sext/oct

Configuration |SXEW_QUADRUPOLE =

A VIR R

>

Simon C. Leemann
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 All sextupoles and octupoles carry auxiliary winding

* Can be powered as: (remotely switchable)

e auxiliary sextupole = nonlinear corrections
e skew quadrupole » coupling & dispersion control
e upright quad = calibrate BPMs to adjacent sext/oct

e dipole correctors, in addition to...

e Dedicated dipole correctors » SOFB & FOFB b etallod o Cu e

g R

5 10 15 20 25

10 kHz, installed on short SS chamber sections



* These modern rings are really a different beast
— MBA lattices employ very weak dipoles

PRST-AB 17, 050705 (2014)

—installed DWs and/or IDs can have huge impact on rad. power

— emittance & energy spread determined by IDs & gap settings
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Radiated power [keV/turn]
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MAX IV 3 GeV SR:
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Loaded: =1 MeV/turn
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* Improved matching to IDs (coupling, optics in straights)

— Transverse coherence and brightness at 1 A almost doubled by

settingey=8->2pmrad 7« E xVk

PAC’13, MOPHOQOS5, p.243

— Good Touschek lifetime maintained by exciting vertical dispersion

bumps in all arcs (transparent in ID straights)

PRAB 19, 060701 (2016)

* Increase focusing in arc > g reduced to 269 pm  pac1a, TuPRI026, p.1615

rad (-18%) while retaining
satisfactory DA & lifetime

* First GLASS/MOGA studies assuming
PSs can be exchanged » 221 pm rad

e Assuming on-axis inj. » =170 pm rad
or =150 pm rad (w/ IDs and IBS @ 500 mA)

(photons/s/m rad/mm?/0.1 %BW)

Brilliance
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