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ALS Advanced Light Source

ALS is funded by the U.S. Department of Energy, Office of Basic Energy Sciences.
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ALS Advanced Light Source

ALS has 28 bend magnet end stations and 22 insertin device end stations
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ALS Advanced Light Source

The 3 superbends (6 T superonducting dipole) is a unique feature of the ALS

Normal ALS Sector Modified Superbend ALS Sector
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ALS Advanced Light Source

ALS sector with superbend
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ALS Advanced Light Source

ALS insertion devices, 14 IDs, 17 beamlines, 22 end stations
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ALS Advanced Light Source

ALS publications from insertion device straights and bend magnet beamlines

-60% ALS publications from Bend Magnet beamlines (including Super bends @ 24%)
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ALS-U Advanced Light Source Upgrade

High-level performance goals of the upgrade of ALS

I Achieve an increase in the brightness and coherent flux for soft x-rays
at 1 keV photon energy of at least two orders of magnitude beyond
today’s ALS capabilities

I Develop a set of experimental capabilities that will enable leadership
in soft x-ray science

I Provide infrared capability that extends across the wavelength range
provided at present day ALS

I Provide hard x-ray capability comparable to present-day ALS
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ALS-U Advanced Light Source Upgrade

Stages of a DOE project – ALS-U is working towards CD-1

I Finished first (partial) CDR draft in May 2017

I First ESAC+MAC meetings in early summer 2017

I Currently working on system integration and second CDR draft

I Completed first technical design review (Dipole B, R+D magnet)
planning round of technical conceptual design reviews for spring
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ALS-U Advanced Light Source Upgrade

Funding situation as propsed in a bill from the House of Representatives (dynamic)
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ALS-U Advanced Light Source Upgrade

Scope of ALS-U
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ALS-U Advanced Light Source Upgrade

ALS and ALS-U in numbers
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ALS-U Advanced Light Source Upgrade

Multibend achromat with 9 bend magnets with reverse bends from QF with offset

Twiss functions for lattice v20r. The lattice has 12 fold symmetry.
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ALS-U Advanced Light Source Upgrade

Lattice v20r frequency-map, tune footprint, and momentum aperture (with errors)
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ALS-U Advanced Light Source Upgrade

Storage ring parameters for lattice v20r
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ALS-U Advanced Light Source Upgrade

Reverse bend configuration
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ALS-U Advanced Light Source Upgrade

Reverse bend magnet parameters
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ALS-U Advanced Light Source Upgrade

Accumulator ring with triple bend achromat lattice
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ALS-U Advanced Light Source Upgrade

ALS-U Technical challenges

I Emittance increase due to intrabeam scattering

I Swap-out injection

I Tightly packed MBA lattice

I Very high magnet packing density

I Alignment of the magnets

I Small ( 20 mm) aperture NEG-coated vacuum chambers for the
acclerator sectors

I Vacuum system to allow all dipole and straight section light ports

I Very small (4 to 6 mm) aperture NEG-coated vacuum chambers for
the straight sections
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ALS-U Advanced Light Source Upgrade

Accelerator R&D: Swap-out injection technology demonstrated on ALS
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ALS-U Advanced Light Source Upgrade

Accelerator R&D: Vacuum and magnets
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ALS-U Bending Magnets

Scope of bend magnet beamline move suggests about 25 beamlines to move
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ALS-U Bending Magnets

ALS-U bend magnet performance
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ALS-U Bending Magnets

ALS-U reverse bend source – More Fluxe
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ALS-U Bending Magnets

Initial modeling for installing 3 superbends with 6 beamlines has started
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ALS-U Bending Magnets

There is a 15mrad shifts on BL8 superbends

I Will require core drilling the shield wall at 2 places

I Translate 4 hutches 375mm to side - expensive

I All superbend beamlines are productive
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ALS-U Bending Magnets

Infra-Red Beamlines 1.4, 2.4, 5.4
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ALS-U Bending Magnets

Defining the detailed plan for moving of the bend magnet BLs is work in progress

I The bend magnet beamlines are highly productive and cannot be left
out from the ALS-U

I Matching the dipole source points between ALS-U and ALS is not
trivial

I It may be possible to use the reverse bend to increase the flux at
warm magnet bend magnet BLs

I Modeling the superbend lattice and the superbend magnets has
started and is work in progress
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ALS-U Insertion Devicese

Undulators for the ALS-U

I The small dimensions of the ALS-U beam
allows the installation of circular vacuum
chambers with down to 4 mm vacuum stay
clear diameter

I The small vacuum chamber gives freedom
to choose undulator type and period length.

I Polarization control is needed for several of
the new undulators, which gives EPUs,
Delta type, X-type, or superconducting
undulators.

I The circular vacuum chamber can be used
on complete straight section and the first
section of a canted straight section
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ALS-U Insertion Devicese

Interesting development is taking place at SR and FEL sources. Two examples:
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ALS-U Insertion Devicese

Parameter studies of EPUs

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

M
ag

ne
tic

 F
ie

ld
 [T

]
 

4039383736353433323130

Period Length [mm]

EPU with 7.5 mm gap
 BV, Planar mode, horizontal pol.
 BH, Vertical mode, vertical pol.
 BH=BV, Elliptical mode, circular pol. 
 BH=BV, Inclined mode, 45° inclinatio

1200

1100

1000

900

800

700

600

500

400

300

200

100

0

Ph
ot

on
 E

ne
rg

y 
[e

V
]

 

4039383736353433323130

Period Length [mm]

EPU with 7.5 mm gap
Fundamental Harmonic (2 GeV)

 Upper limit with K=0.4
 Inclined mode, 45° inclination
  Elliptical mode, circular pol. 
 Vertical mode, vertical pol.
 Planar mode, horizontal pol.

E. Wallén, 2017-12-04. Undulators and bending magnet sources at the ALS-U 33 / 45



C ALS ALS-U ALS-U BMs ALS-U IDs S SPIE

ALS-U Insertion Devicese

Parameter studies of Delta type undulators
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ALS-U Insertion Devicese

Parameter studies of double helical superconducting undulators
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ALS-U Insertion Devicese

Parameter studies of two period superconducting undulators
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ALS-U Insertion Devicese

The undulators are optimized to give the maximum brightness

Scaling of the brightness increase
with increasing undulator length
depends on the photon energy,
undulator length, and harmonic,
the beam parameters.

Horizontal Emittance εH 64 pmrad
Vertical Emittance εV 64 pmrad
Horizontal β-function βH 3 m
Vertical β-function βV 3 m
Beam Energy E 2 GeV

Energy Spread σγ 8.13 ×10−4

Undulator Period λ0 32 mm
Undulator Strength K 2

BnReal ∝ Lκ
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ALS-U Insertion Devicese

A selection process over the coming 6-9 months will determine the final undulator
configuration of the ALS-U. A tentative selection of undulators is shown below.
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ALS-U Insertion Devicese

Beamline 10.0.1 using a 4 m long Delta type undulator
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ALS-U Insertion Devicese

Beamline 10.0.1 using a 4 m long Delta type undulator
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ALS-U Insertion Devicese

Beamline 10.0.1 using a 4 m long EPU
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ALS-U Insertion Devicese

Beamline 10.0.1 using a 4 m long EPU
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ALS-U Insertion Devicese

Insertion device challanges and prototyping
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Summary

Summary

I The baseline lattice for the ALS-U is a 9 bend achromat with reversed bends
from offset of the focusing quadrupoles in between the defocusing quad
bender magnets.

I The natural emittance ε is 92 pmrad (without IBS)

I The fully couple H/V emittance εH/ εV is 62 pmrad and the beta functions
in center of the SS are βH = 2.2m and βV = 2.7 m.

I An accumulator ring and swap injection will be used. A prototype fast kicker
magnet has been built and tested.

I It is challenging to accommodate all bend magnet and superbend beamlines
when installing ALS-U

I Undulators with cirular vacuum chamber can be used on ALS-U.

I The funding situation looks promising with a chance of receiving $20M
already fro FY 2018. The funding schedule would be the similar tor APS.

Thank you for your attention!
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SPIE Conference Series

Biannual Undulator Conference at the yearly SPIE August meeting in San Diego

SPIE is the international society for
optics and photonics and the
groups working with beamlines
optics attend conferences arranged
by SPIE.

A biannual conference series on
undulators will be arranged at
the SPIE August meetings in
San Diego starting year 2019.

At the August 2019 meeting in San
Diego there will also be a
conference called ”X-Ray Lasers
and Coherent X-Ray Sources:
Development and Applications”.
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