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Upgrade of the Advanced Light Source

ALS-U: updating the ALS to a 4" generation Light Source

* DLSR upgrade of the storage ring
— E =2.0GeV (vs. 1.9GeV currently)
— 9-bend achromat
— Emittance: € = 75 pm.rad (rms)
— n =1 coupling (round beam)
— Ny, = 284 bunches, | = 500mA

* 4 new beamlines
* Soft x-ray facility
e completion 2025

& ALSs-U




Specification requirements for new beamlines

* Reuse existing facilities: the ALS
— straight sections do not move
—bend magnet beamlines move slightly

* New beamlines must fit on experimental floor (L=30m)

* Beam and energy resolution to match scientific needs
—moderate energy resolution (more flux)
—extreme power density on the sample
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Four new and upgraded beamlines
4 beamlines and 7 branches

* FLEXON
— Branch 1: scattering 400—1400 eV, >5000:1 RP, 15 um focus,
— Branch 2: in development

 Tender

— Branch 1: imaging, 2—8 keV, >5000:1 RP, <3 um focus

— Branch 2: scattering, 1—5 keV, >5000:1 RP, <3 um focus
* COSMIC

— imaging, 250—2500 eV, >5000:1 RP, 12um focus size
* MAESTRO

— Branch 1: pARPES 60—600 eV, >15000:1 RP, 10 um focus size

— Branch 2: nano-ARPES 60—600 eV, >15000:1 RP, 10 um focus size
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Coherence

filament beam size and divergence

* \Very high coherent fraction 0,=(2AL,)¥2/2m
for soft x-ray operation (>50%) 0, =(A/2L,)12
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Flux (ph/s/.1%bw)

Coherence in the upper part of the spectrum

At higher harmonics, the effect of the energy spread in the
electron beam can dominate the photon beam emittance,
but still a good coherent fraction at higher energy

_simulations with sirepo.com
convolution
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Undulator radiation brightness and coherence near the diffraction limit beam shape near resonance out of §
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Beamline design

Diffraction-limited performances:

* Minimal number of optics (2H+2V)

—avoid mirror figure error
—avoid vibration

* Keep beam round

* Adjustability
—Vertical beam adjustment: VIA-VLS monochromator
— Horizontal beam adjustment : Adaptive Optics
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Beamline layout

VIA-VLS monochromator

COSMIC-U white beam mirror elliptical mirror
side view
15.098m 9.203m 2.0m 5.573m
15.098m 24.301m 26.301m 31.874m
L 4 L 4 L 4 L J
top view

M102 M103
G10x

M101

horizontal demagnification: 1/M,=  py/as
vertical demagnification: 1/M,= c-p,/q,
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Soft x-ray beamlines

* VIA-VLS grating monochromator resolving power =
p-V(go(c*-1)/L,)-1/(2:2.35 )
demag = c:p/q

— for flexibility, heatload compensation light efficiency 1/c

—dispersion and focusing

¢ RO u n C be a m : W. Jark J.Synchrotron Rad. (2019) 26, 1181
doi.org/10.1107/5S1600577519004120
—matching of the H and V demagnification
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Round beam

beam

* Exit slits do:
—spectrally filter the dispersed photon energy
—spatially filter the beam and select coherence exit slits

e Effect on vibrations

—since the beam is has sharper features,
vibrations play a bigger role

static intensity variations, o = 0.1 %,

T
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standard deviation [%]
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slits size =
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Beamlines

Tender beamline

Shield wall
eam position feedback

Pink beam siit onochromatic slit C ry sta I ( D C M )

XO V miror
/Beam viewing paddle M OonocC h rom ato I
;DCM

\\\Beam viewing paddle ( 2.1-8 kev)
Wave front sensor

— Monochromatic slit
i =AXO H mirror

Beam viewing paddile

*--.._,_Y_‘yBeam viewing paddle

ink beam slit . Monochromatic slit

rating

‘Monochromatic sI\ir"\fcmre front sensor g rati N g (V LS)

Shield wall . XO mirror .
remirror Beam viewing paddile
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L [9))
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Monochromatic slit  preliminary design of ALS-U ID beamlines — A Wojdyla
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Liquid Nitrogen-cooled white beam mirror

* ALS-U Insertion device: Elliptically Polarizing Undulators

— fast switching between polarization is such there is a spatially varying heatload

e Using nitrogen cooled white beam mirror to limit aberrations y o
— Heatload simulations using SRW/SRCalc
— FEA simulations using ANSYS
— Optimization using Strehl ratio
— Validation using OASYS widget

A cantilevered liquid-nitrogen-cooled silicon mirror for the Advanced Light Source Upgrade.

see talk #11491-14
G. Cutler, D. Cocco, E. DiMasi, S. Morton, M. Sanchez del Rio & H. Padmore (2020).

P - . . SN
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Compensation of thermally-induced aberrations

e \White beam mirror

—compensation using deformable mirror
|

cryo H (3.88, 0.99)
cryo V (3.86, 0.99)
water H (4.12, 0.95)

—— cryo H (3.85, 0.99)
—— cryoV (3.91, 0.98)
—— water H (8.53, 0.43)

—250
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¢ M O n O C h rO m atO r p rE' m I r rO r before monochromator optimization after monochromator optimization
—compensation using adaptive .

. ° E E
1 0
VLS grating trajectory s
-10
"2 FWHM X [um]  285.6103 ~20°FWHM X [um]  10.9853
-30 FWHM Z [um]  15.5443 ~30-FWHM Z [um] 15.5443
—-600 —400 -200 O 200 -110 -100 -90 -80  —70
X [um] X [um] p N
See ta I k #1 1493'4 Compensation of heat load deformations using adaptive optics for the ALS upgrade: a wave optics study. [/ '\\ﬁ H
- M. Sanchez del Rio, A. Wojdyla, K. A. Goldberg, G. D. Cutler, D. Cocco & H. A. Padmore (2020). | )
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Optical simulations - raytracing

Shadow/OASYS

* check nominal size
* figure error

* grating error

* misalignment

e deformation

e corrected beam

r.
""" i BERKELEY LAB ‘4‘ ALS-U
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with mirror figure error
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Optical simulations — resolving power
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Mirror figure error

* Superpolished mirrors: not much data available

e depends a lot on vendors,
need to use “comparable” optics

* DABAM global or local

FLEXON aberrations

20.0

- vertical
17.5 4+ —— horizontal

15.0 1

12.5 1

_———-—-’/
10.0

spot size [um (fwhm)]

ALS-U specs

5.0 1

0.0

0 50 100 150 200 250
scale of aberration [%]

& ALS-U
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300

Z[nm]

Heights Profile. St.Dev.=1.121 nm

| #58

M111

-0.100 -0.075 -0.050 -0.025 0.000 0.025 0.050 0.075 0.100
Y [m]

Length Heights St.Dev. Slopes St.Dev.

Entry  Shape [nm] [urad]

new easy import/export tool

ece ec e
n Calculate  Export Output  Useof the Wi *
Raw data Create DABAM files
-54.450615 0000000838 = Clear Info

-53.451125 0000000881
-52.449095 0000000860
-51.45024 0000000822
-50.450115 0000000877
-49.449355 0000000835
-48.4505 0000000908
-47.45101 0000000976

Output File oot /Users/awojdyla/dabam-07101a
Export DABAM file

Year of fabrication

DABAM Prepare Profile

— [Tt} Heights Profile | SiopesProfile | PSD Heights
RN oy pr————

- profile results -~
Data File:  <none>.dat
Metadata File: <none>.txt
Scan length: 250.001 mm
Number of points: 261

No detrending applied.

Slopes profile:
StDev of slopes profile: ~ 2.143 urad
from PSD: 2142 urad

L46.450885 0000001006 Surface shape cylindrical M|
-45.450125 0000001362 Function collimating mirror -
-44.45 0000001551 —
-43.45051 0000001259 Length in Sl units [m] 02

-42.45102 0000001495 -

-41.450895 0000001714 Width in S1 units [m]

-40.450135 0000001834 7 . )

3042001 0000001904 Thickness in SI units [m]

-38.449885 0000002428 Optical length in SI units [m]

-37.450395 0.000002776

-36.449635 0000003184 Substrate (e.g. Si) glidcop
-35.45205 0000003261 .

-34.44875 0000003826 Coating (e.g. Pt) Rh

-33.451165 0000003883 £

-32.45104  0.000004272 GEIHBEE) AL

-31.452185 0000004369 Instrument type used TP

-30.447615 0000004601
-29.450665 0.000005154
-28.449905 0000005529
2745105 0000005830 Environment unknown
-26.45283 0000005860

-26.450165 0000005463

-24.45004 0000005348 ~|

Polishing method

Date of measurement YYYMMDD
User example
User comment

User name awojdyla

Modify:

Select actior

detrend: 9.758 urad
with detrend: 9.758 umd
Skewness: 0.256, Kurtosi
PSD power law fit: beta:2. 556 D' 1222
Autocorrelation length:0.031
Heights profile:
StDev of heights pmnle 75 505 nm
from PSD: 01
Peak-to-valley: no delrend 222104 nm
with detrend: 222,104 nm
Skewness: -0.057, Kurtosis: -1.481
PSD power law fit: beta:4.963, Df: 0.018
Autocorrelation length:0.045




Alignment tolerances

* Limit degrees of freedom but not too much

i

* Tolerance budget: AB = 0.32-2L ,-Mag?06/(4nq)
(based on depth of focus)

Monte carlo

59101
N
@ 9.05 1
E
2 9.00 ‘
T
2 895 -
8
S 890 {
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8385 1

4.5 25 25.5 26 T T T T T T / A ‘
longitudinal position T [m] 0 20 40 60 80 100 [ 3 "-I""“ ““"
run # ) ]
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Optical simulations — Wavefront propagation

* SRW —tool of reference (within Sirepo or OASYS)
—evaluation of flux
—evaluation of height error
— evaluation of partial coherence (e-beam emittance and E spread)

COSMIC XS101 1KeV [ph/slmmz] COSMIC XS101 1KeV +1/14 mfe [ph/s/mmz] COSMIC-U 1keV +10x\/14 mfe [phlslmmz] COSMIC XS101 1KeV [ph/slmmz]
SRW se, total flux= 1.23e+14 ph/s x10'® SRW se, total flux= 1.22e+14 phis x10"® SRW se, total flux= 1.22e+14 phs x10'® SRW se, total flux= 1.20e+14 ph/s x10'®
16
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14 6
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= =1 = = 5
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g 5 6 2 5 g 5 6 g 3
9D 10 4 9D 40 9 40 4 n 2
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R position [pm] R position [m] R position [m] R position [m] ‘*
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Optical simulations — Light efficiency

* Mirrors reflectivity from XO DPY or xrt
—overall efficiency ] g,__\( !
—monochromator trajectory e
—harmonic suppression ettt

 RCWA simulation for gratings: RETICOLO (I\/Iatlab)

COSMIC-U blazed grating efficiency
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https://www.lp2n.institutoptique.fr/en/
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Diagnostics

S position [mm]
position S [mm|

380 385 390 395 400 405 410 415 420

* DiagOn
—alignment undulator

—diagnostics of undulator : : : :\I/

e Wavefront sensor

- 2

1. 15

g -1
E

-0. i 05

0

. 05

1

. 1.5

2

25

Intensity ph/s/mm >, total: 1.58e+16 ph/s 25

positio R [mm] position R [mm]

_——— Cadamera

/nultilayer

— intermittent wavefront sensor (shearing, 1D)

(I
[T
| (c) 2
M |3 mm 2

reflective shearing grating

A reflective binary amplitude grating for soft x-ray shearing and Hartmann wavefront sensors
Kenneth Goldberg, Diane Bryant, Anoine Wojdyla, Michael Helmbrecht, and Eric Gullikson

Za ALS-U Optics Letters (2020) doi.org/10.1364/0L.398737
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Conclusion

e ALS-U diffraction-limited beamlines have specific
constraints, old (reuse of facility) and new (round beam)

* New tools were developed for the preliminary design of
ALS-U, covering optical and opto-mechanical aspects

* Diagnostics and correction are important to ensure
diffraction-limited beam quality
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