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APS Upgrade Overview

" Storage ring consists of 40 Sectors. Each with 33 arc magnets; 27.6 meters / sector.
" Sector arcs consist of five modules, mounted upon three large plinth assemblies.
" Two X-ray sources: BM originating from the M3 Dipole and ID
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APS Upgrade Overview

" Keep the insertion device (ID) beamline alignment
" Bending magnet beamlines must move 42 mm inboard at the front-end exit
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APS Upgrade Overview High-level Schedule

Accelerator

FY 2014 F¥ 2015 FY 2016 Fy 2017 Fy 2018 FY 2019 FY 2020 FY 2021 FY 2022 FY 2023 Fy 2024 FY 2025
CD-Approval CD-1 Approve Revised Cost Range
* PR 8 DOWNTIME
CD-3B Advanced Procurement Package
CD Approval * * &
Milestones Y CD-2 Approve Performance Baseline

Phase Summary

*CD-B Approve Start of Constriiction

CD-4 Approve Project Completion *

Milestones 4 Conceptual Design Complete

Preliminary Design Complete 4 4 Final Design Comnplete

Procurement Complete
- Assembly & Test Complete

W Installation Complete

Final Design

Support Structyres Final Pesign Complete

Magnet Procurement & Test

Vacuum Procurement & Test
Power Supplies Procurement & Test

Integrated Module Assembly & Testing

Installation
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APS Upgrade Overview: Key Performance Parameters
Thresholds

Key Performance Parameter (Performance Deliverable) Objectives
: > 5.7 GeV, with systems installed
Storage Ring Energy for 6 GeV operation 6 GeV
> 25 mA in top-up injection mode :
Beam Current with systems installed for 200 mA 200 mA i top-up
. injection mode
operation
: : | <42 pm-rad at
[Horlzontal Emittance < 130 pm-rad at 25mA 200mA ]
Brightness @ 20 keV! >1x10% >1x10%
Brightness @ 60 keV* >1x10% >1x 10%
New APS-U Beamlines 7 >0

Transitioned to Operations

" Must have beam size monitor diagnostics in place to demonstrate emittance requirement
by the time the three month commissioning period is over
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Diagnostic Systems Scope

Diagnostic Quantity/ Total
Sector

U2.03.03.07.01 RF BPM Systems

Arc RF BPMs 12 480

ID RF BPMs (A:P0, B:P0) 2 80
U2.03.03.07.02 Orbit Feedback System N/A 1
U2.03.03.07.03 Mechanical Motion Monitoring Systems 1 35
U2.03.03.07.04 Current Monitors N/A 2 Beam Position Monitor
U2.03.03.07.04 Bunch Current Monitor N/A 1 Electronic: Libera Brilliance +
U2.03.03.07.05 Beam Size Monitors N/A 3 Used for R&D
U2.03.03.07.06 Transverse Multi-bunch Feedback System N/A 2
U2.05.02.01.06 X-Ray BPM Electronics GRID 1 35

XBPM
Photon

Granite

Invatr
Invar
L 1 [ 1 1

Beam Size Monitor Hardware Mechanical Motion Monitoring / Hydrostatic Level Sensor System
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Beam Stability Requirements

20 20}
~ ®otp s Diagnostics requirements
E 40l 19| driven by the small beam
S 220t 5) size of the MBA ring.
oL 0oL
Ay LN T e e P L I "
0 5 ff10 f15 20 25
Reverse s (m)
bends AC rms Motion Long Term Drift
Quantity APS Now APS MBA APS MBA Units Plane (001_1000 HZ) (7 Days)
Timing Mode Brightness Mode
Beam Energy 7 6 GeV Horizontal 1.3 um 0.25 grad 1.0 pm 0.6 prad
Beam Current 100 200 mA Vertical é 0.17 d 1.0 0.5 d
Number of bunches 24 48 324 o @ pre e pre
Bunch Duration (rms) 34 104 88 ps
Energy Spread (rms) 0.095 0.156 0.130 %
Bunch Spacing 153 7 11 ns . .
Horizontal Emittance 3100 32 42 pm-rad Dlag nOStICS mUSt have
Emittance Ratio 0.013 0.1 11
Horizontal Beam Size (rms) 275 4 pm SUﬁ:ICIent performance at
Vertical Beam Size (rms) 11 o jm low signal levels to allow
Betatron Tune 35.2, 19.27 95.1, 36.1 . . .
Natural Chromaticity -90,-43 -130, -122 commissioni ng
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RF BPM System*

" Tested Libera Brilliance+ BPM electronics
from Instrumentation Technologies in APS SR
and with prototype orbit feedback controller

" 40 Shielded EMI cabinets for BPM and orbit
feedback system electronics

" BPM pickup electrode assembly with
integrated shielded bellows re-design due to
problems with brazing and assembly

* Molybdenum button (previously 316 SST)

* Two piece center conductor rod (previously one piece 304
SST)

* Two piece external shell (previously one piece)

* Cu-Ni shell bonded to Alumina disk, brazed to external
shell (previously Alumina disk alone brazed internally to
shell

* R. Lill etal. IBIC 2016, Barcelona, Spain 2016
X. Sun etal. IBIC 2017, Grand Rapids, MI, 2017
J. Carter: BPM button and assembly mechanical design
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MBA 48 bunches/200mA
70ps/21mm/15.34nC
Gaussian

0.1617W
SST316L-133102. -
0.1866W

inconel625
ow

SST316L-flange
ow

all metals 0.7638W
BN SST316L shell 500hm load 0.1617W
0.0337W

BPM Button Assembly

B -

BPM Button Electrode
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RF BPM System cont.

" 14 rf BPMs per sector

" Used same mechanical design for buttons, rf
fingers and contact springs

-,

PO BPM, 2x per sector Standard BPM, 10x per sector Keyhole BPM, 2x per sector
4.5” DN63 CF rotatable flanges DN40 QCF flanges 6” & 6.75” CF fixed flanges
104 mm flange to flange 70 mm flange to flange 70 mm flange to flange
=TT e
T mﬁ“ﬂs
A:PO A:P1 A:P2 A:P3 A:P4 A:P5 A:P6 B:P6 B:P5 B:P4 B:P3 B:P2 B:P1 B:P0O
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User

User

Studies/
Commissioning

Studies/
Commissioning

*CW even fill pattern
**Low duty factor fill pattern
***Measured using 1000 shots

RF BPM System cont.

200 (mA) 4.2 (mA) 15.34 -4.4 dBm
200 (mA) 0.6 (mA) 2.27 -21.0 dBm
1 (mA) 1 (mA) 3.68 -16.8 dBm
- - 1 2.7 V Peak

APS ring connected an APS ID bpm (PO bpm) using a combiner/splitter

Argonne &
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<13 <0.112

<13 <0.112
<16.5 <142
*k*ko GQ _

AC resolution and RMS measurements listed in the table used Libera Brilliance+ bpm electronics in the

Planning a test this fall using the final design BPM button assembly prototype in sector 25 of APS ring.

Long term drift specification on the electronics set to 10 % of the 1 mm rms specification
Measured 13 nm rms drift over 5 days with switching enabled for the Libera Brilliance+

Measured 325 nm/°C drift over 7 days without switching enabled for the Libera Brilliance+
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GRID X-Ray BPM Design and R&D

XBPM

Detector mount Pre-mask (Cu) target
assembly w/ slit (Ta) absorber
water cooling  Shielding
Detector Spacer (Cu)
Detector

module
Chamber

Ag thin-film X-ray

+HAOI
|
|
|
|
|
ULV
—
|
1108
-

Principle of Pinhole camera Diodes Aperture & Source

" Based on interception of hard X-rays and subsequent fluorescence by Cu (GlidCop)

Vertical position obtained by pinhole imaging, horizontal from difference over sum using upstream and
downstream detector modules

Final engineering of system underway due to higher energy/flux of bending/quad magnet backgrounds in
the 42 pm MBA ring (16 pin diode detector channels used to subtract background radiation)

BM X-ray BPMs use the M3 source, contamination by the Q8 and M4 sources mean only one half the fan is
useable (by users and the BM XBPM)

Argonne & 12
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GRID X-Ray BPM Design and R&D cont.*

BEFORE | AFTER 2710 GRID-XBPM IM QRBIT CONTROL

T 0010} APS-U |L-T Drift
< 0.005 \ [ 17 pm
Horolz.onta! beam g 0.000 Iv"*’ AP ™ XBPM S|gno|/Bockground Ratio
positions in 60-days | 3 oL ! - W . 7.4 um = =
. | 4 —
of User Operations ; -0.005 - 0% 5
g 324-8 324-8 ! = - ]
5 0910y /o kerk fo ToP-UP 4 | | NO TOP-UP g1 000 E
6/30 7/15 / 8/14 S - ]
BEFORE | AFTER 27ID GRID-XBPM IN ORBIT CONTROL % F — s :
T oot ' ' ' _ S5 10k N : .
£ - L-T Drift 2 3 — 3
— 14.2 pm I + — 3
A 0.005 =
Vertical beam g - i . . —
. . T
positions in 60-days | 3 0.000 teraor. prore’ .TT-- eyl I 4.8 um 10 15 20 25 30
of User Operations ; 0,008 Undulator Gap (mm)
S
-~ 324-B 24-8
6 oo /o |xgPM NO TOP-UP - _ No[ToP-UP
6{30 ?f1 ?/3[] 8714

Date in Run 2015-2
" GRID prototype installed in the sector 27 (summer 2015) front-end of the APS storage ring (Long-term drift)

" GRID has a factor of 30 better signal to bending magnet background compared to existing (Old)
photoemission (PE) XBPMs

" PE bpms made useable by Decker distortion that directs background radiation away from the XBPM

" GRID and ID rf BPM Mechanical Motion R&D program completed including analysis of SR tunnel air and

ili * B. X. Yang etal. IPAC 2015, Richmond, VA, 2015
water temperature Stablllty B. X. Yang etal. IBIC 2016, Barcelona, Spain, 2016

G. Decker, PAC 2007, Albuquerque, NM, 2007 1
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Beam Size and Emittance Measurement
Design Considerations*

APS-U MBA ring A:M1 source to be used to emittance measurement diagnostics (B:Q8 to be
used for energy spread measurements and redundant vertical beam size)

* Low dispersion allows for clean emittance measurements
* Larger beam sizes relax resolution requirements compared to other possible lattice sources

Three measurement techniques are considered to cover all expected beam conditions and the
smallest expected emittance of 4 pm-rad
For absolute beam size measurements we will use:

* Pinhole camera for beam sizes from 8-100 microns

* Wide aperture Fresnel diffractometer for beam sizes 4-16 microns

* Another Fresnel diffractometer for beam sizes 1-5 microns

For relative beam size changes when adjusting coupling, a 1-D double-slit collimator will be
used to monitor normalized peak intensities

Coherence preservation for measurement of small beam size is the greatest concern

* B. X. Yang, Emittance 2018 Workshop, Barcelona
Spain, January 2018
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Beam Size and Emittance Measurement
Design Considerations cont.”

" Extended beamline length for 3:1 magnification > 1.0 Somaco

" Three X-ray diffraction imaging branch lines: 2 08

* 12 keV X-ray pinhole camera (right) for beam sizes 8- §’ o° o zomm

100 microns g 04 sosomn

* 12-keV Fresnel diffractometer (lower-left) for beam g 02 o
sizes 4-16 microns S 0.0

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

* Another 12-keV Fresnel diffractometer (lower-right) for «Source (mm)
beam sizes 1-5 microns (0.5-1.2 pm-rad vertical)

>, 1 O [ ' ' j ] Sigmo=C P Blrmimy

-_% i iR W 0.cC2mm 1 .'1 L ﬁ ﬁ 0,00 mmm

c { 1 L0 2y

_.G_‘E O 8 0.004mm - '| :} | ﬂ i1 —

< T 1 0.0GBmm == i 004

= 0.00Bmm w 1.0} h Y —

o - | |

= 06 L | 0.010mm TR ! o —_—

- 0.01 2mm = | f u | £.00T=m

% 04 | 0.01 4mm % 0.6{ :ﬁ::

= 0.G1Bmm La 0.4

c F N 1 221 Drewari

_.Clj 0.01 8Bmm e

% O, 21 L2

o 0.0

=

- OO . . . \j =015 =090 =305 0,00 0,05 D10 o1s
—-0.10 —0.05 0.00 0.05 o010

xSource (mm)
xSource (mm)
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Beam Size and Emittance Measurement
Design Considerations cont.”

" One-Dimensional 12-keV X-ray pinhole Camera for Relative Beam Size Monitor
* Pinhole slit width chosen to maximize peak intensity at the detector

" The slit length increases the X-ray flux five fold relative to a single pinhole

" Detector slit width chosen to balance good resolution and good signal level

Source Pinhole slits Detector Detector slits M Source
distance distance sizes

66m 34umx150um 134m 10umx400um 2.6 4—100 um

- Sigrmo=0 i
F m =
- -
s m : | 2%
E 0.020mm h— TN -
z 0.030mm .E7]. o= N o
2 D.040mm O e S =
£1.0 ) IR--k
. 0.050mm )] ; — L— <
% j l\ 0.060mm é A_: E 5 j :3 E
n I 0.070mm —_ P = b a o
£ 05 o4 3 Q.= 0 0 98
B 0.0BDmm T ~ ~ -
S ool e WO |
£ 0.0 == S=— I
‘ . ‘ @ s — —
—0.2 — 0.1 0.0 0.1 0.7 l
xSource (mm) |
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Beam
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Orbit Feedback System Design and R&D*

electronics electronics electronics electronics

-._‘_,,-"' -‘.“\-‘ . \’/'@: == (5L .
~ APS-U Orbit Feedback Controller (FBC) ™. &5 &3
Preliminary Design Architecture (April 2016) 2 \;a%
backplane .’E} @E;
) ' Storage Rin |
- Conlrals ] ‘ N ®  20Feedd gk C tg I &
subnet = Gig-E .3 S eedback Controllers &
=88 [ \uticore g \ 1 Master Controller /
DAQ £x & s g = E-net =) &
subnet gy 5 EPGA e /q\ 7
oD F || Multicore =i . -
Feedback g0 DSP ‘ E b Mechanical y ") )
Clock o [ SFPs = motion sensors 4 q\,;,;, @;/B
y '-I pl Ny . ) & e
i (e
Upstream feedback . . Downstream =
controller feedback controller !
- Master
l X-BPM | X-BPM
Fast corrector electronics electronics
. Upstream < /1 power supply Downstream
correctors interface fanout correctors Photon bpms
to mis-steering interlock to mis-steering interlock “ ”
nis-steering inter " T g nterl Use “double sector
rt BPM rt BPM BPM | rEPM architecture with one

Upstream rf bpms Downstream rf bpms .~ Feed baCk ContrOI Ier
4 units x 4 bpms/unit 4 units x 4 bpms/unit -~
i e (FBC) every two sectors

J. Carwardine (14 April 2016)

------------- *P. Kallakuri etal., IBIC 2017, Grand Rapids Mi, 2017

N. Sereno etal., IPAC 2018, Vancouver, BC
N. Sereno etal., 6" International DLSR Workshop, Berkeley CA. 2018
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Orbit Feedback System Design and R&D:
Prototype Orbit Feedback Controller

Commagility uTCA card
DSP 1/Core 0
r==- AXI master ====-=1
Supervisory
Supervisory Monitor & Control
£ Feedback Event > Monitor &
s vent 22.6 kH
MRF Event Link in =———f>tsfP | _~'" @226 kHz Control Cache mem.
Interrupt: |
| - o | Timestamp | New bpm data > Bsgct(ﬁta == Execute orbit
P 7| (84-bits) feedback
~ < Setpoint |4~ algorithm
_ — - vector
. BPM Data
BPM data from Liberas attora[Bioeh Place-holder BPM Data . —
| SFP = = |
(271 kHz) - O R @ T forfilter block — @271 kHz | *| (8/32 x 32:bit Update DAQ /
values) -
| | | monitor in DDR3
- Power Supply
Setpoints to correctors . [P Fab’c';ébssed < Corrector PS Setpoints Setpoints . v f Notify()
(22.6 kHz) TEmeriEs @ 22.6 kHz (8/16 x 16-bit | (core-to-core TMS320 DSP
values) Interrupt: * Interrupts)
New setpoints IERE
Microblaze SDRAM
Debug utilities Supervisory H
Virtex-7 FPGA Monitor & Control

A 4

DAQ Task

On-board Ethernet Network

AMC Port 0 Switch Task
Ethernet DSP 1/Core 1

Communication

:| uTCA Ethernet backplane :
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Orbit Feedback System Design and R&D: Sector 27 Test Using a
Prototype FBC

—4 RTFB Feedback Controller §
+ 22kHz DAQ
T ——

RTFB node-to-node data-link

Feedback Controller node-to-node communications evaluation

| 22.6 kHz DAQ]

Coop-meer (= mm) 5 |

T
1 I
1 I
! 1
: ! ——— ——— ——— ———
I .3 1
i ot T ) e : IZ|
— Awrora over fiber : ke 1
L : ' Y EERE Z[ale
— Node-to-node link (protocol TBD) ! = [ H H El EEE
——— Heliax 4 T ‘I' '[ '|' hs’
—— DG power 33 Bl | L | e
|:| In-scope for Inte grated beam s tability WBS E Eg g
=B
gg8 ©

1.5kHz DAQ ’_|

I

Libera " Libera
Photon Photon

Libera Photon

to RTFB controller

i —

Libera Brilliance+ BPM electronics (4 units, 16 bpms total)

APZ AP3

e T L wZi

==

New Diagnystics Rack /
271 kHz (TBT)
DAQ

Mew Desgnostics Rack \

y
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Orbit Feedback System Design and R&D: Hardware

Corrector setpoint switch ~22.6 kHz
Cabinet

Libera Brilliance+ and FBC uTCA APS-U Prototype Fast Corrector PS
Cabinet Cabinet

! .
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Parameter

Algorithm implementation

BPM sampling & processing rate
Corrector ps setpoint rate

Signal processors (20 nodes)

Num. rf bpms / plane

Fast correctors / plane

APS-U design

‘Unified feedback’
algorithm

271 kHz (TBT) ¢
226 kHz v

DSP (320 GFLOPS)
+ FPGA (Virtex-7) +”

560 (14 per sector) ”
160 (4 per sector) o”

v’

Slow correctors / plane 320 (8 per sector) v

Fast corrector ps bandwidth 10 kHz v’

Fast corrector latency <10 us v’

Closed-loop bandwidth DC to 1 kHz v’
” Demonstrated

Orbit Feedback System Design and R&D: Hardware
Demonstrated

Present system (circ. 1995)
RTFB

Separate DC and AC systems for
slow and fast correctors

‘Datapool’

10 Hz 1.6 kHz

10 Hz 1.6 kHz
EPICSIOC  DSP (40 MFLOPS)
360 160 (4 per sector)
- 38 (1 per sector)
282 -

- 1 kHz

- ~250 usec
DC-1Hz 1 Hz - 80 Hz

“ Demonstrated in a double-sector

DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019
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Orbit Feedback System Design and R&D: Feedback
System Measurements

Built In Dynamic Signal perturbation

" Need to evaluate the effects of
latency on requlator tunin [ _BPM DC setpoints ] AFG 2
y g g @

" Obtaining orbit attenuation by - )

Regulator
) > I
dividi d closed | {f ¥ | | RM gl el e RCCH gy :
ividing open and closed loop e Icf — — rroct >.£|—>(>—Cf
Open/Close Drive

»

A 4

g . . A Error I Loop
BPM position PSDs is noisy o orerscam ) ~esidual
" Dynamic-system analyzer W orh, HorH, perturbation
. L =
approaCh measure response Ha?dF\.NNalre PI\?CgSell)%rr?&t‘»gr |! Vacuum ChamberFCorrector Magnet }‘7 Power Supply
to a known excitation using (RM) |

AFGs

: * Multiple simultaneous bpm/corrector
Compute ratio of PSDs Measure response to measurement channels

(Noisy, imprecise) applied perturbation

* Beam-based measurement of
frequency- and time-domain

N
S

CLmag/OLmag
30 F | ——— Linear Fit
* Fc

@
=}

| responses
2 g 1wor g . .
= / ~— * Resolve differences in transfer-
i i e . function to <10Hz
= * Closed-loop Response Matrix
Croqllnnr‘y * Crnr‘\lllnnr‘y measurements
(Hz) (Hz)

Argon ne A DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019 22

NATIONAL LABORATORY




Orbit Feedback System Design and R&D: Measuring
Orbit Feedback Effectiveness

10 T T T | S A | T T T —
" Red curve is orbit attenuation Measured Attenuation
for integral gain only °T I :
. . )]
" Blue curve is using all three 2 9 @
. . c
PID gains calculated using a 2
system model to improve = hPID2, 890 Hz i
closed loop bandwidth and il K. = 0.3, 610 Hz (Max. Permissible)
overshoot
. Amplification at hlgh 5 1(;0 2(;0 | 4o|o I 6(;0 - 1‘060 2060 | 4060 IeoéJol
frequencies corresponds to S . BICQUENOYIn)
overshoot in the step response e e
. D s -
" Obtained 1 kHz closed-loop I VEER
. . . m
bandwidth using PID gains S 0 =L
calculated using a system S
model g 5 vPID2, 1270 Hz .
(O]
< .10} K. = 0.3 (Max. Permissible) a
870 Hz
12 1(;0 2(;0 | 40I0 ‘ 6(;0 = 1IOEJO 2OIOO ‘ 4060 ‘60|00.

Aroonne ‘: Frequency (Hz)
g DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019
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Orbit Feedback System Design and R&D: Comparison of
Model with Measurement

" Used only integral gain for this Attenuation responses with/without added latency
comparison showing excellent 6 ' P A | |
agreement between model a4l i ]
and experiment ]

. 2 r =

" Adding 44 ms latency N __
decreases the closed-loop 8 of----- S 0 Te e
bandwidth for the same gain S Ll Integral gain (Ki) : 2 0.5

" Case 2 is in fact unstable *g Added latency (usec) - - 44
when adding 44 ms latency S 4T B/W (Hz) measured 440 510 400

< 5l B/W (Hz) simulated 430 500 390
Peak (dB) measured 3.8 5.1 5.0
M Peak (db) simulated 3.9 5.1 5.0

-10 X | I

200 400 600 1000 2000 3000
Frequency (Hz)

Argonne &
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Orbit Feedback System Design and R&D: Cumulative
RMS Motion

" Demonstrated APS-U AC

beam Stablllty goaIS in a g 81 Open loop Horizontal : |
double-sector of the APS 6 | g:gzzg :ggg m ﬁ;D? | || Plots show cumulative RMS
ring Q motion up to 11 kHz:
: : o 4 * Open-loo
® Large horizontal motion at o * S27B:P0X . Kipregulatl?)r
frequenmes Correspondlng g o L 1/« Ki+Kp+Kd regulator
to 360 Hz rf system power = 1.7:4m
supply ripple 0.01 0.1 1 10 100 1000 10000
Frequency (Hz)
. T T rrTTTTI T T T T ' T
= . |——— Open loop i I i
2 2 | Closed loop Ki = 0.3 Vertical |
— —— Closed loop vPID2 |
o 15 ¢ ) i
g_) |
1 t | . Large sources of orbit
(o S28A:POY
L 0.58 pm~_ | motion at 360 Hz and
= 0.5 i 1.8kHz is due to
3 ol : 0.37 pm synchrotron motion
0.01 0.1 1 10 100 1000 10000

Frequency (Hz)
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Orbit Feedback System Design and R&D: Unifying Fast

and Slow Orbit Correction

Present APS Present APS APSU R&D in Sector-27
User ops at 1.6kHz+10Hz Unified studies at 1.6kHz+10Hz Unified studies at 22.6kHz

" Algorithm uses a
modification of the slow S o5]

corrector response matrix - ol

a

using the full machine ¢ 5|
(fast+ slow correctors) §'O'5
. O g o
response matrix =iy <= 10 sec
- 51
0

Slow Correctors (a.u.)
N N o
|

2| ' o

%\\ N

0 10 20 30 0 10 20 30 0O 100 200 300 400
Time (sec) Time (sec) Time (millisec)
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Summary

" APS-U diagnostics requirements driven by small beam sizes

Diagnostics also required to have sufficiently good performance for initial
commissioning at low signal levels

Must be able to measure KPPs after initial commissioning

Orbit feedback R&D program demonstrated ability to meet demanding AC
stability requirements.

Demonstrated ability to meet long-term drift requirements in R&D using
mechanical motion monitoring of ID rf and GRID X-ray bpms

Other interesting R&D topics not discussed are MMS R&D, Open/Closed loop
response matrix measurements, unified feedback but would be happy to
discuss these

Looking forward to hearing from DEELSs participants about their diagnostics
experiences at the European light sources
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Minimize the size of cavity
to reduce effect of trapped
modes

RF BPM System cont.

" Characterized coupling
impedance of prototype BPM
assembly using a Goubau line
test fixture

" BPM assembly indicates a
broadband low-loss response

" Need to repeat the test with the
final BPM assembly

Gradual tapering to
different dimensions

0.8

JM///I‘/MM-’“‘W

Use small slots to
shield low-frequency
EM fields

[ N R .
/A \\\\\\\\\\\ VWWM’I’I’ §§ U ,

=

Plate poor conductors with good
conductors (if possible)

Measured and simulated response comparison for a prototype BPM-bellows assembly

e=Simulated_S21_PBPM ===\easured_S21_PBPM (avera; ge)

06

04

0.2

0.0

S_21/dB

vaVAVVAVAV"A—""‘V\JhUn"V -

-0.2

AM,AA'AMAMM
N

APS-U | CDB \
000 000 037 |

1.0 2.0 3.0 4.0 5.0 6.0
Frequency / GHz

Argonne &

NATIONAL LABORATORY

DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019

7.0 8.0 9.0 10.0

30



Argonne &

Mechanical Support Structures

Large assemblies (DLM, FODO) have been demonstrated.

Large integrated
assemblies reduce
installation time.

Design optimized to
minimize static
deflection and
sensitivity to ground
vibration.

One of Forty Sectors of APS-U Arc Components

DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019
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Mechanical Motion Measurement System (MMS) Configuration for
R&D

Instrument BPMs with capacitive and hydrostatic detectors for R&D in
sector 27 of the APS ring (Capacitive sensors descoped for APS-Upgrade)

" Use data from the system to show in R&D how to correct bpm position for
mechanical motion of the bpms
" Instrumented ID rf bpms and GRID X-ray BPM in sector 27

APS-U final design retains only the hydrostatic system: capacitive system

informed the design by indicating rigid supports for ID rf and GRID XBPMs

IS required Shield Wall

User

X-Ray X-RAYS
BPM

Capacitive Sensor
and mounting
assembly

Insertion Device

Capacitive Sensor
and mounting
assembly

Capacitive system
(R&D phase only)

To power supply
and amplifier

Capacitive Sensor
and mounting
assembly

Capacitive Sensor
and mounting
assembly

Invar Rod

Invar Rod

Hydrostatic
H20 Level

Invar Rod

To power supply

To power supply
and amplifier

To power supply
and amplifier

and amplifier

Hutch Hydrostatic system
(for R&D phase only)

nvar Rod

|
Hydrostatic
H20 Level

Hydrostatic
H20 Level

Hydrostatic
H20 Level

Storage Ring Concrete Floor

User Hall Concrete Floor

; *R. Lill etal. IPAC 2015, Richmond, Va. 2015
Arggﬁﬂ?mw DEELSs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019 R- Lill etal. IBIC 2016, Barcelona, Spain, 2016 32




Capacitive MMS R&D DeSign

electrode

Communicating Vessels:
H,0 level is the same

relative to ground no

no matter the orientation

or shape of the vessels
Provides an absolute vertical
Reference

ID rf bpms for MBA are now planned to have their
own Invar support system similar to that for NSLS-I|

Argon ne o DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019
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MMS Correction of Raw BPM Position Using Orbit Feedback*

Successive Predictions at the GRID Using MMS Data For Week 10-25-16

T | T T T | T T GRID_PL_Prad
GRID_PD_CAP_Pred
GRID_PD_HS Prad
GRID_PD_CAP_HS_Pred

GRID:y-ChCorr

i GRID raw position corrected for
0.012¢ local

i capacitive and hydrostatic sensor
0.010¢ readings

0.008] LW

0.006 A ,MM"LM

0.004 [

Prediction at the
GRID Using both
.capacitive and
hydrostatic
correction
Prediction at the
GRID Using only
Hydrostatic
correction

0.002f

on Change (mm)

Prediction at the
N\ GRID using only
capacitive
correction

0.000f

-0.002 : Prediction at the
N\ GRID using

: ' : ' : ' uncorrected rf bpm
10/26 10/28 10/30  *
Time starting Tue Oct 25 02:54:17 2016

\ *N. Sereno etal., GM2017 Workshop,
Argonne ; DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019 Beijing, China 2017 4
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Vacuum System

7Inisertion Device
‘// Source Point

SST904L SEGMENTS FOR FAST CORRECTOR
MAGNETS

SSTTUBETO D
- FRONTEND

'l w
—— — Round Chambers

AL EXTRUSION WITH CUTUBE WITH NEG COATING :
ANTECHAMBER  AND
EG STRIPS

GATE VALVES

INTEGRATED
BPM/BELLOWS
(12)

AL EXTRUSION WITH
TECHAMBER AND

BPM
Support
Bracket

BPM
Support
s Base
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" Injector upgrades — Injector Upgrades

- |Increase PAR extraction / booster /\/\

-

Booster has achieved
>12 nC / cycle;

70% of requirement for
48-bunch mode

Injection energy r
* 375 to > 450 MeV

Booster-to-storage ring
transport line (BTS)

- Decouple booster / storage ring rf

Booster (6 GeV)

Single bunch; 1 Hz rep rate

Magnet ramp linear; RF
ramp ~E* (352 MHz)

Natural emittance: 97 nm

frequencies to accommodate new
storage ring circumference.

* New timing system

Off- t it: 64
* New low-level rf controls momentum emit: 5% nm

- Reconfigure Booster-to-Storage S\ o
Ring (BTS) transport line g—'— RG2RGT  PCG
Particle accumulator ring (PAR) (> 450 MeV) Linac (> 450 MeV)
" Single bunch; 1-Hz rep rate " 1nC/pulse; 30 Hz rep rate
" Captures linac pulses in RF1 (9.8 MHz); compresses " Thermionic RF guns: RG1,
damped beam in RF12 (117 MHz) RG2 (1 hot spare)

Argon ne ; DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019 36
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Orbit Feedback System Design and R&D: Modeling Orbit
Feedback Effectiveness

" Measured more than 40

dB of orbit attenuation
at low frequencies (blue Measurement of orbit motion attenuation: 4Hz — 5kHz

curve) 10 - _ 1
Unlty_galn |
" Simulated attenuation O / S L
curve used a model of D 10 f ""teasu'fedlfestse / \ |
— at nominal gain ; !
the APS-U power S 0l - N |
supply, magnet and S N\
vacuum chamber using 2 \ _ _ _
int | ntrol (oran e -40 + , Details near unity-gain cross-over frequency
Integral co 9 Simulated response %7 10 T T T ] T I
cun/e) -0 at higher gain = | .
S 0
" We predict we can 0 10 100 1000| S 10
obtain >1 kHz closed- Frequency (Hz) g b 4 |
loop bandwidth in APS- <7 200 500 1000 2000 4000
U assuming latencies Frequency (Hz)

transporting b pm data
around the ring are
minimized

.
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Orbit Feedback System Design and R&D: Unified
Feedback Idea

Problem is to use both fast and slow correctors down to DC to correct the beam without the system becoming
unstable

How would one modify the response matrix to achieve this? First took an experimental approach:
Run the fast correctors using their standard response matrix down to DC

Measure the response matrix of the slow correctors

Invert and run the slow correctors using this measured response matrix.

Fast Slow Fast

Fast correctors cannot correct to zero DC perturbations inside the 3-bump
Hence, the measured slow corrector response matrix is band diagonal
and slow correction effectively only uses nearby bpms

Argonne & o
gmmmaomm DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019 38



Orbit Feedback System Design and R&D: Unified
Feedback Idea With Reference to Linear Algebra

" The unified “slow” corrector response
matrix is exactly calculable from the Ap,

standard machine response matrix p A p, i
" Imagine a very simple orbit feedback P= Ap, R
system consisting of two bpms and two :Ac “« *® Orbit
correctors: one fast and the other slow Ac= ACf / R
" The sta.erard response melltri.x is: [RfRs Ac=Ap - . I, Ap,
The unified response matrix is: [RfRus Ac=Ap Standard orbit
" The unified response matrix has an feedback
orthogonal column space (the columns of Ap,
the response matrix) 4
" Conclusion: one can tune up slow and R .
. . -1 us ® Orbit
fast correctors independently using R,=(I-R;R;'|R, ,
different (for instance) PID controllers prer _1_p R Rf
. R, f=f *
" Requires there be more bpms than / R

correctors or bpms associated with the
fast correctors be less than that for the Unified orbit
slow correctors feedback

DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019



M1 Longitudinal-Gradie Q1, Q2, Q3, Q6 and Q7 Quadrupole Magnets

CT Mg —
’;Q’ < Poletp [ Total
; . . Item ID Types of Magnets material |Quantty
1M1 Longitudinal dipoles steel 80
e / 2|M2 Longitudinal dipoles steel 80
L v ] 3|M3 Transverse-Gradient dipoles VP 80
"‘_ 3. '&-ﬂ ; ) 4/M4 Transverse-Gradient dipoles VP 40
it _‘ 5/Q1 Quadrupole VP 80
bl 6/Q2 Quadrupole steel 80
Sextu p0|e I\/Iagnets 7/Q3 and Q6 |Quadrupole (similar to Q2) steel 160
8/Q4 Reverse bend Quadrupole VP 80
9/Q5 Reverse bend Quadrupole steel 80
10|Q7 Quadrupole VP 80
11/Q8 Reverse bend Quadrupole VP 80
12|S1andS3  |Sextupole steel 160 . -
13]s2 Sextupole VP 80 : o o
14|FC1 and FC2 |Fast Corrector laminaton 161
VP =vanadium permedur Total Magnetsﬂ Reverse bend QuadrUpO|e Magnets

Q4, Q5, and Q8
Every arc magnet type has been prototyped

8-Pole Corrector
Argonne o (FC1 and FCZ) DEELs Workshop — APS-U Diagnostics, Nick Sereno, June 3, 2019
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