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Advanced Light Source Upgrade: Lattice

ALS today: triple-bend achromat ALS-U: nine-bend achromat with reverse bends

Position (m) Position (m)

e = 2000 pm-rad at 1.9GeV e <70 pm-rad at 2.0GeV
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Advanced Light Source Upgrade: Machine

Advanced Light Source Upgrade (ALS-U) ALS beam size
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Advanced Light Source Upgrade: Timeline

FY 2017 |FY 2018 [FY 2019 |FY 2020 [FY 2021 |[FY 2022 FY 2023 |[FY 2024 FY 2025 |[FY 2026 FY 2027 FY 2028 FY 2029

¢ CD-0 & CD-1 . 4CD-2 & CD-3 CD-4 ¢
Milestones @ CD-3A START Dark Time COMP Dark Time
Accumulator C c D Design > p | Assdmble / T
, rocurement ssdmble est
Ring (& BTA) : ( ) Pre-staging Assembly and Ac¢eptance
Storage Ring C : ) Design
: C ) Procur¢ment / Assemble / Test

(& AST/ATS) Pre-staging Assembly and Acceptance ()

. @) AR Pre-work and Installation
Removal & : @ SR Predwork

Installation @ SR Removal |
@ |SR/TL Installation
‘AR Commissioning )
Commissioning SR CommissioningJ

Transmission to Operationsi-
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Need For Realistic Commissioning Simulations

* (Challenging lattice of future light sources

- Strong focussing & small aperture
- High sensitivity of machine to magnet errors

- Getting from first injection to stored beam with realistic
alignment tolerances is not straight forward

- Standard approach of setting error tolerances does not work

* Realistic simulation of commissioning process required

- Realistic error model

- Efficient trajectory/orbit/linear optics correction strategies CA‘:""““‘T‘{f;ﬁﬁjf(;r{’Eﬁf(ﬁ?f“ ngj
- Set requirements for lattice correction capabilities
. 4CD-0 4CD-1 4€CD2  4CD3 CD-4
- Evaluate robustness of lattice and set tolerances for errors Milestones o STARTDuTne ) COM Dk T
. . R Accumulator ( ( ) Design S A
. Procurement / Ass¢mble / Test
¢ ChO]Ce Of ]mplementat]On Ring (& BTA) : ) Pre-staging Assembly arid Ac:eptan/ce
Storage Ring ( ' ) Design
. . o : C ) Procur¢ment / Assemble / Test
- ALS-U will be operated with Matlab Middle Layer (MML) (& AST/ATS) Pre staging Asemblyand Acceptance D -
: — AR Pre-work [and Installation
. . Removal & .T re-wor
- Easy communication between MML and Accelerator Toolbox (AT) Istalaton : 'LSERR;;I;;;II L
. . . . . . o |AR Commissioning () |
- AT implementation of ALS-U commissioning allows for experiments at ALS Commissioning R

. Za
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Toolkit Design




Limited Accessibility of Machine Properties

Power supplies Operating machine High level controls

pm—— T

£ R =
I

Diagnostic
devices
—
i Magnetic fields Limited access! | ¢
Particle trajectories « V-

Magnet offsets

Setpoints and read back values

~ Pa
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Realistic Workflow of Toolbox Important

Machine manipulation Magnetic fields Machine state Beam reading High level scripts

Set CM to setpoint l

) : D PolynomA Y _ : N :
Set Quad to setpoint PolynomB o Get BPM Trajectory correction )
’ ‘= 0 . — — ) —> . e SN E:r_«—g;%

reading

Set Sext to setpoint

- ‘ 1 '
] 4 Y
! ; 4 A ‘
\ >/ iy - 4
I

Injection pattern

Pa
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Large Number of Error Sources Included

Magnets

Diagnostic errors

BPM offset

BPM cal. error

BPM noise (TbT/CO)
BPM roll

CM cal. error

CM roll

CM / skew-quad limits

Support Structure

Rafts, Plinths, Sections
Roll & Offsets

Circumference

Higher Order Multipoles

Systematic
Random

BERKELEY LAB | Gy ALS-U

Magnets

Offset

Roll
Strength
Calibration

RF errors

Phase
Frequency
Voltage

Injection
Static
Jitter

A}/'Raft

Horizontal analogously

Plinths

Rafts (Girders)
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Visualization Tools

Misalignments
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Visualization Tools

3 [m]

Aperture [mm)]

Lattice and Element Registration in Toolkit

Beta Functions and Dispersion
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omprehensive Source Code Documentation

HADN'T YOU SAID YOU
WANTED TO WRITE ALL
THE DOCUMENTATION
FOR YOUR CODE THIS
YEAR?

idealKickDifference

SC = SCupdateMagnets(SC, idx);

PHYSICAL REVIEW ACCELERATORS AND BEAMS 22, 100702 (2019)

beam di; The toolkit ilities are

Toolkit for simulated commissioning of storage-ring light sources and
application to the advanced light source upgrade accumulator

Thorsten Hellert®, Philipp Amstutz, Christoph Steier, and Marco Venturini
Lawrence Berkeley National Laboratory, Berkeley 94720, California, USA

®  (Received 23 July 2019; published 10 October 2019)

‘We present a new accelerator toolbox (AT)-based toolkit for simulating the commissioning of light-
source storage rings. The toolkit provides a framework for supporting high-level scripts to represent with
realism the various procedures (e.g., orbit and optics correction, beam-based alignment, etc.) encountered
during commissioning and is designed to mirror as closely as possible the reality as seen from the control
room. Emphasis is placed on the inclusion of a comprehensive set of error sources and faithful modeling of

DOL: 10.1103/PhysRevAccelBeams.22.100702

L INTRODUCTION

To achieve small beam emittance, diffraction-limited
light sources employ lattice designs based on high-gradient
and small-aperture focussing elements, which lead to larger
natural icities, stronger i poles, and
ultimately highly nonlinear lattices [1,2]. A consequence of
the combined strong nonlinearities and focusing is an
enhanced sensitivity to magnet and other lattice errors.

This places emphasis on the need for realistic modeling
of the relevant errors, the development of efficient beam
orbit/optics correction schemes, and high fidelity simula-
tions of the actual procedures used for correction, with the
goal to establish feasible error tolerance specifications
and ensure rapid commissioning. As many of the new-
generation light-source projects are upgrades of existing
facilities, meeting the latter goal is essential to minimize the
dark time [3].

The new machines challenge the traditional view that

Version Control

in an ication to the recent design and

commissioning studies of the Advanced Light Source Upgrade (ALS-U) Accumulator Ring, a short-time
successful commissioning of which will be critical to the overall ALS-U project success.

applies to varying degree to both the storage ring (SR), the
actual light-source, and the ring (AR), aSR-size
machine required for swap-out injection.

In this paper we report in detail on the recent development
of a new erical tool ing the 4th i
machines needs and its application to the ALS-U AR design.
The new tool, the Toolkit for Simulated Commissioning (SC),
is an extension to the MATLAB®-based [11] Accelerator
Toolbox (AT) [12]. It has been designed with the primary
goal of ing realistic issioni i i of
electron storage-rings including a large variety of error
sources as well as accurately treating the beam diagnostics,
within a framework that tries to reproduce as closely as
possible the point of view of the machine operator.

SC is well suited for tasks like testing orbit/lattice
correction strategies or defining effective commissioning
procedures, but it is also a valuable instrument through the
entire design process to vet lattice designs or assist with the

tends to represent ing as disjoint
from the design phase and to be pursued by following a
more empirical, hands-on approach. The emerging con-
sensus is that commissioning simulations are integral to the
design effort and should inform the design process from
the start [4-9]. This is particularly true in the case of the
Advanced Light Source Upgrade (ALS-U) [10], where the

P of error and di. ics require-
ments. An earlier version was briefly introduced in [13] and
preliminary results have appeared in [14,15].

While the new tool can be expected to display its full
potential in the application to the SR, the focus in this paper
is kept on the AR in part because of its more advanced level
of maturity within the ALS-U Project and in part because it
represents an interesting test bed in its own right.

The AR has essentially the characteristics of a 3rd-
generation machine but some aspects are reminiscent of the
newer light sources. Most notable, given the relatively large
emittance of the beam injected from the booster, is the
requirement of small magnet apertures, intended not for

design challenges common to all new-generation light
sources are magnified by the tight space constraints and
Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain ion to
the author(s) and the published article's title, journal citation,
and DOL.

2469-9888/19/22(10)/100702(17) 100702-1

field imization (as in a di ion limited light sources)
but for magnet size and power consumption minimization
to permit installation and operation in the ALS tunnel.

Published by the American Physical Society
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SC.RING{idx}.SetPointB(2) = polSP;

SC.RING{idx}.SetPointB(2) = polSP;

TOOLKIT FOR SIMULATED COMMISSIONING ...

Extensive Code Comments

dipCompensation && SC.RING{idx}.BendingAngle ~= @ && ismember(idx,SC.ORD.

( ( polSP - ( SC.RING{idx}.SetPointB(2)-SC.RING{id

[SC,~] = SCset(Ms2SetPoints(SC,idx, —-idealKickDifferencexSC.RING{idx}.Le

Full ALS-U AR Scripts (PRAB 22/100702

PHYS. REV. ACCEL. BEAMS 22, 100702 (2019)

g “Horizontal
- Vertical

correction, and finally a LOCO-based linear-optics correc-
tion including all quadrupoles.

Figure 16 shows that the correction is effective at
restoring the dynamic aperture. The mean and standard
deviation of the horizontal and vertical emittance before

10" 10! 107
AB/By [%

Dynamic Aperture

00 10

FIG. 15. Visualization of LOCO results. Shown are the cumu-
lative distribution functions (CDF) of the beta beat, dynamic
aperture and emittance before (dashed) and after (solid) LOCO in
the upper four plots. The lower plots show the final relative
quadrupole setpoint deviation from the design value (left) and the
required skew quadrupole strength (right).

‘We simulate the impact of the di

the rf frequency adjustment is e, = 1.820 & 0.004 nm
and €, = 4.5 +3.2 pm, respectively. After the frequency
adjustment the values are €, = 1.822+0.025 nm and
€, =47+4.7 pm. Thus, a slightly increased emittance
spread throughout the lattice realizations can be observed
which is within acceptable limits.

The errors in Tables II and III are thus considered as
tolerable.

V. SUMMARY AND CONCLUSION

For 4th generation storage-ring light sources the ability
to carry out commissioning effectively and rapidly is
crucial. To prepare for this task we have developed an
extension to the MATLAB®-based Accelerator Toolbox
(AT), the Toolkit for Simulated Commissioning (SC), which
allows for realistic si i of the issioni
process of storage rings. The toolkit was used to perform
a start-to-finish commissioning simulation of the ALS-U
Accumulator Ring, a MATLAB® script of which is
available on the SC homepage [16].

We have succeeded in identifying an effective sequence
of commissioning steps, including trajectory/orbit correc-
tion, commissioning of the rf cavities and linear optics

variation by adding a random error Af with 2o-truncated
normal distribution and 1.1 kHz rms spread to the current
AR f freq y as d ined during the issioni

simulation. For a given Af realization, the bending-
magnets field strength is scanned to identify the setting
yielding the nominal beam energy. For a 1.1 kHz frequency
step this induces a beta beat of 3% and 0.5% in the
horizontal and vertical plane, respectively. The QFA family
quadrupoles are then adjusted (with relative adjustment
equal to that of the bending magnets), followed by orbit

pre-LOCO post-LOCO post-RF

v [mm)
¥ [mm)

For trajectory control we use an iterative feed-
back-like approach based on the Tikhonov regularization of

the SVD pseudo-i , which yields a ient handle
to trade-off the final rms BPM reading versus the rms CM
strength.

Due to the locked rf frequencies of the ALS-U AR and
SR, the AR synchronous energy has to be adjusted for by
exercising (combined function) dipole magnets. We have
shown that within the expected limits of differential ground
motion between the two rings the resulting optics pertur-
bations on the AR lattice can be sufficiently well restored.

In detailed studies not reported here the outcome of the
commissioning simulation, thus the performance of the
corrected lattices was used to identify the proper placement
and the required number of BPMs, dipole- and skew
quadrupole corrector magnets. The SC toolkit and the des-
cribed procedure was also used to set multipole field error
and to define an overall error tolerance budget of

3 - T S ———3
EE - W trgggg
0FE (OVEE | Sf | ) o
o | -r//mu\\N i m\*é 5
0 0 8 -0 0 8§ -0 0 8
X [mm] x [mm)] x [mm]
FIG. 16. On-energy dynamic aperture at different stages of
commissioning. Plotted are individual error sets (black) and the
dynamic aperture for the ideal lattice including the aperture (red)
before linear optics correction (left), after optics correction
(center), and the final result after adjusting the rf frequency
(right). The colored ellipses indicate the beam size of the injected
beam (16, 25, and 30).

both the AR and the BTA transfer line. Furthermore, the
injection efficiency of various injection schemes has been
evaluated under the presence of realistic errors and the AR
aperture requirements have been determined.

It can be concluded that the SC toolkit is well suited to
support the design process of storage rings, in particular
because of its elaborate error model and the ability to
realistically correct a large number of disturbed lattices
during simulated commissioning. The current ALS-U

100702-13
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INntroduction

Realistic simulations of the operation of a complex machine like an accelerator not only require a good model of the
beam dynamics, but also have to acknowledge the fact that only incomplete information about the actual machine
state is available during operation, due to the many unknowns in the machine geometry, the magnetic fields and the
beam-diagnostic systems. The SC toolbox addresses this issue by making clear distinctions between machine
parameters that are accessible during operation and the parameters that go into the beam dynamics simulation of the
machine, e.g. by implementing a transfer-function, relating magnet setpoints to the actually realized magnetic fields.

(scinit()) I |
| AT Fields

|lh1cert—aintia}—>( SCregister*() }——~(SC.SIG (SCapplyErrors O ) ——-

SC.RING) SC.INJ)

Errors

'
» AT Fields —( atpass /»—><SCgetBPMreading()>—;
T |

High-Level
Functions

Setpoints

e sl <3c593*2SetPoints()>
Figure 1. Schematic drawing of the workflow of the SC toolkit.

Typical usage of the SC toolbox follows the steps

e [Initialization of the SC core structure

Error source definition & registration

e Generation of a machine realization including errors

Interaction with the machine

which are described in the following. Thereafter we describe the definition of error sources, followed by a usage
example for a complete correction chain and a list of all implemented functions.

Initialization
In a first step, the user initializes the toolbox by calling SCinit with the AT lattice of his or her machine as input. This
sets up a matlab-structure, usually assigned the variable name SC, with which nearly all subsequent functions of the

toolbox interact. Within this central structure all relevant information about the machine and the error sources is
stored.

Error Source Definition & Registration

In the next step, the user registers elements like magnets, BPMs or cavities including all error sources they would like

T. Hellert: ‘SC Toolkit’ @ 8th LER Workshop, October 26 2020, INFN-LNF
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Application Examples




Machine Sensitivity to Errors
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100 e
——w/0 Aperture
- w/ Aperture
=50
<
O . .
0 0.1 0.2 0.3
Error scaling factor
Orbit Deviation
0.3 . .
——Horizontal
—— Vertical
E) 0.2
e
S
<1 0.1
O . .
0 0.1 0.2 0.3

Error scaling factor

Fa

Dynamic Aperture

——w/0 Aperture
- w/ Aperture

0 0.1 0.2
Error scaling fac

Beta Function Dist

——Horizontal
|——Vertical

Percentage

ALS-U Accumulator Ring

Closed Orbit Existance

].OO ©

CO Existence at|APS-U*

100

80
60
40
20

O

0 0.1 0.2
Error scaling factor

BERKELEY LAB | G5 ALs-U

0.0 0.1

0.2 0.3 0.4 0.5

Fraction

e—e—o
~
®
\
\
k]
\

Aperture,
perture ~ oo

0.5 1
r scaling factor

d

bit Deviation

rontal
cal

0.9 1

Error scaling factor

Dynamic Aperture

400
——w/0 Aperture
- w/ Aperture || 9
£
200 &
3
1100

0.5 1
Error scaling factor

Beta Function Distortion

|——Horizontal 140
—— Vertical

30 %o
=
20 S
<

110

0

0.5 1
Error scaling factor

. .
) V. Sajaev, PRAB 22,0408+ s¢ Toolkit’ @ 8th LER Workshop, October 26 2020, INFN-LNF | 15



Correction Chain for ALS-U SR Commissioning

 |nitial Transmission
— Achieve first turn transmission
— 2-turn trajectory correction

 Multi-Turn Transmission

— Trajectory based BBA
— Static injection error correction

* Sextupole Ramp-Up

— In loop with 2-turn trajectory correction

* Achieve Beam Capture
— RF phase correction
— RF frequency correction
— Tune scan

* Linear Optics Correction
— Beam based alignment
— Closed orbit correction
— LOCO based optics correction

* |ID Compensation
— Close IDs and include kick maps
— Global optics correction
— Evaluation of lattice properties

Pa
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Importance of Orbit Offsets in Sextupoles

Horizontal Vertical
e Errors included in all runs: 4
— RF, Injection, Diagnostic al
— Sys. multipoles, magnet strength c'g . 9 o o
and roll errors S ol O 0
. . SGE .
- Errors varied in all runs: = /‘ " Boo o Booy o .
— Girder/Plinth/Magnet offset Ly / . vc ® o 2 o ©
—  Assumed BBA accuracy Different data sets OE:S N © © o ©
0 . . . O . Q O . .
o Findings: 0 10 20 30 40 50 0 50 100 150
— Correlation between pre-LOCO COD in Sext. [m] COD in Sext. [
closed orbit deviation in .
sextupole magnets and post-LOCO o f
performance O
— O —
— Lifetime virtually zero above COD = 1| L =
of 40 pm rms = o %é? =
— O +—
» Conclusion: 2 051 8 S | S5l T
) e / O 0 O ) O&0
— Small orbit deviation in | O&%@% g?% L
sextupoles crucial for lattice W8 % By O o0 o
0 ' ' T 0 ' 22
performance 0 10 20 30 40 50 0 50 100 150
COD in Sext. [pum)] COD in Sext. [um)]
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Beam Based Alighment on Quadrupole Trim Coils

» Detailed Study of BBA Possibilities Performed: = 100 ——Hor. Ap. «++- Ver. Ap. [ Sext I Dip [ Quad .
— Regular BBA on quadrupoles %
— Using main sextupole coils with stored beam E 0
— Using quadrupole trim coils in sextupoles with ;% 1oL | | | | | |

trajectories (2 turn) & with stored beam

— Assumed K values for quadrupole trim coils: +/- 0.26 m-2
» Sextupole magnets generally off (trajectory- !
based BBA using 2-turn transmission): :

— Exercise sextupole coils of targeted sextupole magnet.
BBA accuracy: ~60 ym -

BPMs and CMs
[ [ [
B HCM BB VCM 0 SKEW i BPM .

|I| lll|
12 14

0l

— Exercise quadrupole coils of targeted sextupole magnet.

2
BBA accuracy: ~25 ym

Pa
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Beam Based Alighment on Quadrupole Trim Coils

» Detailed Study of BBA Possibilities Performed:

— Regular BBA on quadrupoles
— Using main sextupole coils with stored beam

— Using quadrupole trim coils in sextupoles with
trajectories (2 turn) & with stored beam

— Assumed K values for quadrupole trim coils: +/- 0.26 m-2

» Sextupole magnets generally off (trajectory-
based BBA using 2-turn transmission):

— Exercise sextupole coils of targeted sextupole magnet.
BBA accuracy: ~60 ym

— Exercise quadrupole coils of targeted sextupole magnet.
BBA accuracy: ~25 ym

» Sextupole magnets generally on (closed-orbit-
based BBA):

— Exercise sextupole coils of targeted sextupole magnet.
BBA accuracy: ~30 pm

— Exercise quadrupole coils of targeted sextupole magnet.
BBA accuracy: ~15 ym

 Conclusion:

— BBA accuracy of 15 pym achievable at BPMs adjacent to
sextupole magnets

Fa
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BPM offset before/after BBA for one lattice

{
) AV\AL w.\‘l’.'"“

-150 -100 -00) 0 ..
Remaining BPM offset |[pm)]

— Horizontal rms: 16um
—— Vertical rms: 13um
—— Uncorrected rms: 47um

10 F

o
T

Number of counts

' \‘l‘m\t\“‘l‘ 1.‘ “ AW.NV.
510 1

00 150

Horizontal Vertical
L 1 =
—— Before: 46 um I l —— Before: 40 um
—— After: 19 um —— After: 15 um
0.5 0.5}
0 ]—IJL : I 0 A . ]‘-M.M.L__[I_I
-100 0 100 200 -100 -H0) (0 H0) 100

Orbit deviation in sextupoles [um)| Orbit deviation in sextupoles [um)|
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Realistic Modeling of ID Compensation Important

EPU (kick maps) Duplicate of LEDA
» Simplified Set of IDs h/v/c polarized radiation (placeholder for new TENDER)
— 5 out of 14 IDs clearly dominate dynamics X {

ﬁri "' H e g AT
51“' K rji':"‘:"ﬁ - ’ |
COSMI C ||'— E —I' M _4 55 o - ‘{F

St ¢ S "

_— o J o A @ g L Y
— = R T
= | el

— 3 kick maps
— 2 series of SBENDs

* Impact of IDs Thoroughly Analyzed

— Dominating: lin. local phase advance distortion

— Dynamic multipoles higher than linear focusing && Strongest Wiggler in SR, d V
and typical ID multipoles not very relevant =% modeled by SBENDs P &l

* Global Optics Correction®

— Using all quadrupoles and global response
matrix of beta beat and tune shift at sextupole
magnets, SVD

T
oL

— Including tune, chromaticity, orbit correction

Duplicate of U114

In-Vacuum ID with 4.2mm (placeholder for new FLEXON)

minimum gap size (kick map)

*) T. Shaftan et al., Conf.Proc.C 060626 (2006) 3490-3492
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Realistic Modeling of ID Compensation Important

» Simplified Set of IDs

— 5 out of 14 IDs clearly dominate dynamics
— 3 kick maps
— 2 series of SBENDs

* Impact of IDs Thoroughly Analyzed

— Dominating: lin. local phase advance distortion

— Dynamic multipoles higher than linear focusing
and typical ID multipoles not very relevant

* Global Optics Correction®

— Using all quadrupoles and global response
matrix of beta beat and tune shift at sextupole
magnets, SVD

— Including tune, chromaticity, orbit correction

 Final Results Guide Lattice Selection

— Relative lattice performance after ID

compensation differs significantly from ‘post-
LOCO’ state

*) T. Shaftan et al., Conf.Proc.C 060626 (2006) 3490-3492

BERKELEY LAB | Gy ALS-U

0.9

CDF

Touschek Lifetime For Various Lattice Candidates

Post-LOCO

—

—v20r
—S01:380
Sol:124
— Mike:P12
—v20:15

—v20:09

1.6

—_

—v20r
—S01:380
Sol:124
— Mike:P12
—v20:15
—v20:09

0.4 0.5
Lifetime |h]

0.3

T. Hellert:
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0.7

0.8
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AR-SR Differential Circumference Change

* Locked Frequencies in SR and AR

- Due to synchronization between AR and SR ¢ o~ Accumulator Ring
~ 2T o --o- Storage Ring
* AR Energy Adjusted by Dipoles = TR
- AR frequency defined by SR circumference E ;
- AR dipoles used to change AR energy % .
2 1
_3 | | | | | | | \\8

| |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Circumference change [mm]

E > Es f<f0

@ ? Cavity CJ

Storage Ring
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AR-SR Differential Circumference Change

Locked Frequencies in SR and AR

- Due to synchronization between AR and SR

AR Energy Adjusted by Dipoles

- AR frequency defined by SR circumference
- AR dipoles used to change AR energy

AR Combined Function Dipoles

- Significant tune shift after adjustment
- Must be corrected by other quadrupoles

BERKELEY LAB | G5 ALs-U

Tune Shift

3 | | |
&> --o- Accumulator Ring
~ 2F o --o- Storage Ring i}
o O~
£,
qb)D Lr \n:\’@\?»t
=
S T~
8 g
:qj) -1 — SU
g
= 2L "B |
=
_3 | | | | | | | | |
-1 -0.8 -0.6 -0.4  -0.2 0 0.2 0.4 0.6 0.8 1
Circumference change [mm]
0.9 Tune Shift After Dipole Compensation
. [ I [ [ I [
--o- Horizontal [ {
--o- Vertical
0.1+ o il
o - ol
o
-0 - . o
0+ 6 ~O-. 7
o~ o
e
o
o7 o
-0.1+ o .
/// 6//"/
S
_0.2 | | | | | | |
-2000 -1500 -1000 -500 0 500 1000 1500 2000

Frequency change [Hz|
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AR-SR Differential Circumference Change

* Locked Frequencies in SR and AR

- Due to synchronization between AR and SR 3§§i o~ Accumulator Ring
~ 2T o --o- Storage Ring
* AR Energy Adjusted by Dipoles = TR
- AR frequency defined by SR circumference E ;
- AR dipoles used to change AR energy % .
: -l
* AR Combined Function Dipoles £, e
- Significant tune shift after adjustment . | | | | | | o3

I I
-1 -08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8 1
Circumference change [mm]

- Must be corrected by other quadrupoles

e ALS Circumference Measurements

Measured Circumference Change at ALS

1.5
- 200 pm initial circumference error of both rings 1L & ]
- Annual ground motion =2 mm 0.5 /,;::é«\\\ N -
- 125pm rms between BEND and wall monuments = o i/;{:/ N —
N S g=-- Sz===z--"%.%7 3N
i<]> 0.5%;. -------- § === \\\\\ .
-1 L \\.é _
A\
-1.5F
-¢ Floor - ¢ Inner Wall Upper Inner Wall Lower -§ SR Bends ?
") | 1 |
Sep-09 Oct-10 Jul-11 Jan-12 Jul-18

Time of Measurement
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AR-SR Differential Circumference Change

* Locked Frequencies in SR and AR

Frequency vs. Circumference Correction Failures 0
- Due to synchronization between AR and SR 3 | | | | |
‘N 2 S o |
* AR Energy Adjusted by Dipoles = 710
® \@ /, %
- AR frequency defined by SR circumference E . p |90 @
- AR dipoles used to change AR circumference % . - ACsr- ACar 2200 ilm 20 &
qs)_l------------------.\is : / :é
* AR Combined Function Dipoles £l e L4 10
- Significant tune shift after adjustment . | | T T N e ;
1 -0.5 0 0.5 1 0

- Must be corrected by other quadrupoles

Circumference change [mm]

e ALS Circumference Measurements

- 200 pm initial circumference error of both rings

post-LOCO

- Annual ground motion =2 mm
- 125um rms between BEND and wall monuments

 Realistic Simulation of LOCO Process

- Correction works reliably within 1kHz rms

- Allows for =240 um differential circumference change

- Ve
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AR Injection Efficiency Studies

Demanding Specification on Injection

- Storage ring lifetime and injector limitations
require >95% booster into AR injection efficiency

Different Injection Schemes Studied
- NLK, 2-DK, 3-DK, 4-DK

Evaluation with Realistically Corrected
Machine Errors

- Evaluation on post-commissioning lattices

- AR and Booster-to-Accumulator transfer line

- Time- and spatially varying septa leakage fields

Injected
Beam

| Az [mm]

-40

—Particle trajectories
o BPM reading

— Aperture
10
Stored §
Beam =
<
-10

BTS (existing)

| I .

AR (Section 1-3)
[ [

Septum

III_III_I I I I I | —

40
s (m]

Accumulator Ring

b y d D )
D ‘) & D qd
QL 0 d
Q \ ¥ @D D

I

al—0hh—hb—hh——hhi—hit

100 120 140 160

hh—hh—hh—hh——hb mbhi—
0 20 40 60 80

Pulsed kicker signal ringing

100

Final Specifications Include %0
BPM and CM requirements in transfer lines E |
Septa leakage field amplitudes E 10
Pulsed kicker misalignments and strength errors 2
Aperture requirements in BTA and AR !

2 BERKELEY LAB | Oy ALS-U

Leakage: Temporal

— At -5 mm
- — At 0 mm |-
/I At 5 mm
—— At 8 mm |1
0 200 400

Number of turns
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Leakage: Spatial

—— At 32 turns =)

—— At 100 turns <t

At 200 turns <
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SC Application at PETRA-IV and SOLEIL Upgrade

Closed Orbit After Correction Chain at SOLEIL Beam Transmission Throughout Correction Chain at PETRA-IV
V0313 /176 BPMs /176 H-V corr. L ‘ ' — TS
Error set 1
0.8F
2000 [

E 0.6 -

3 L’* e
"y S 3
=> 0.4

—

@) —— Initial correction

+ —Traj. BBA

8 0.2} Sexi. Rampup 10.2
(‘F —f(;FbCoglmissioning \

- - P st B B N A H M N AN W W R A WS S —— Orbit Correction

5 —100 —— H trajectory, RMS 0 ‘ ' — L. )
T o | 0 200 400 10! 102 103

5%-95% range Initial beam loss [m] Beam transmission
—200 ' : : : : : : : D i — T ———===
200 ~

- 2-turn BBA Results at PETRA-IV

3

~ 100 30 | 1§ I | | |

- ., — Horizontal rms: 164pum

o 0 *g —— Vertical rms: 95um

3 S 20F —— Uncorrected rms: 451pm|-

— o

-IL—J- _100 - | trajectory, rvs WA TR R AT TN —g 10

> 5%-95% range = i i

—200 : : ] : 1 r r Z ‘ I
0 50 100 150 200 250 300 350 . *... 1 A
s/ m -1500 -1000 - )00 500 1000 1500
Courtesy of David Amorim Remaining Bl’l\l offset [pm)|
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Summary

» Realistic Simulation of Errors and Commissioning Process Required
— Challenging lattice of future light sources
— Tolerances studies must include commissioning process
— Simulation must reflect reasonable information flow

* Development of Commissioning Simulation Toolkit
— High fidelity error model
— Realistic workflow
— Comprehensive documentation

* Wide Range of Application Demonstrated at 4 Machines

— Error sensitivity

— Injection efficiency studies

— Beam based alignment procedures
— LOCO based optics correction

— |ID compensation

Pa
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Thanks For Your Attention!

Want a more technical introduction or help with
setting up the toolkit with your machine?

thellert@lbl.gov // https://sc.lbl.gov


mailto:thellert@lbl.gov
https://sc.lbl.gov

