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LN it A little bit of Sirius history (2008... )

* Sirius before Machine Advisory Committee meeting in June 2012

2T permanent magnet superbend
Emittance: 1.7 nm.rad /

3-Bend Achromat, 480m circumference

e MAC recommendation

“6. The present lattice design is excellent by today’s standards, but the committee urges LNLS to
push for tomorrow’s brightness standard (e.g. <1 nm emittance).”

Helmut Wiedemann (Stanford/SLAC emeritus), Robert Hettel (SLAC), Mikael Eriksson (MAX),
Albin Wrulich (SLS)

e Sirius after MAC recommendation

Emittance: 0.28 nm.rad

/ 2T permanent magnet superbend

5-Bend Achromat, 518m circumference

Low field dipoles (0.58T) => lower energy dispersion = smaller beam size 6-m S5
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Liu Lin (LNLS), Z. Zhao (SSRF), R. Bartolini (DLS),...
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IPAC Design of a Diffraction Limited Light Source (DIFL)

D. Einfeld, J. Schaper, Fachhochschule Ostfriesland, Constantiaplatz 4, D-26723 Emden
M. Plesko, Institute Jozef Stefan, Jamova 39, P.O.B. 100, SLO-61111 Ljubljana
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Multiple Bend Achromat chain reaction diagram

High
magnetic
field
gradients

MBA
DLSR

Small bore
radius

High
amplification
factors

Low dynamic
aperture

Courtesy Ricardo Rodrigues

Narrow
vacuum
chambers

Small
clearance for
injection

low lifetime
High

orbit
stability

[ T—— * Special pumping

impedance
* Minimize RF induced

ngh resistive instabilities

wall
impedance * Special injection

hardware

* Tight orbit correction
with fast feedback

e Stable magnets,
girders and floor

* Stable power
supplies
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It’s all about stability !

Electronics
Power Supplies
RF

BPM Electronics
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LN Gbomsiotacon Prototype Slabs (13.5m x 6.5m each)
: p— R — Based on DIAMOND Based on MAX IV
Void
\\\
60 cm thick
concrete slab RS | i R ] B, AEN R G L R e Ko . :
v Al VR A ARGy G, i R AN PRI . | Industrial
\“d':‘. ,'\"'" ;? ‘ tAa Y " LAY A K QY L = e '-:": ity ot -

floor

60 cm diameter
piles, 12 m long

| Soil-cement

\ -7_‘.'1_-1- —
LAN

Geogrid layer
\\V

1.5m x 1.5m pile head

Chosen after analysis of different labs: Petra Ill,
ESRF extension, Alba, NSLS II...

and important talks with: Nick Simos, Markus
Schloesser, Lluis Miralles, Yves Dabin, Jim Kay,
Brian Jensen...



LN oo Slab’s response to an external vibration source
—— Luz Sincrotron

SInUs.

ﬁ.

...to resume a long sequence
of tests including geophones,
accelerometers, shakers,
hammers, etc.

R/ /

Slab similar
to MAX IV

Industrial floor

around the

prototype slabs

(isolated from

them)

10
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Slab’s response to an external vibration source
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HORIZONTAL

Soil
Diamond

3 3
o (%2}
(2]
S10k o BT V- - BT - - — Integrated signal - -10k - -~ Integrated signal -
1879 - soil 2647 - soil
o 280 - Max . 465 - Diamond
reduction 6.7x reduction 5.7x
-30k T T T T
0.0 0.2 0.4 0.6 0.8
1.01E+05 > 250 1.70E+05
7.61E+04 g 200 1.27E+05
5.71E+04 CI:.S) 150 9.56E+04
4.28E+04 = 7.17E+04
3.21E+04 L 100 5.38E+04
2.41E+04 LL 5o 4.03E+04
& 1.80E+04 & 3026404
1.35E+04 0 2.27E+04
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7.61E+03 250 1.27E+04
5.71E+03 5‘ 9.56E+03
. 4.28E+03 % 200 . 7.17E+03
. 3.21E+03 = 150 . 5.38E+03
o
2.41E+03 D 100 4.03E+03
1.80E+03 S 3.02E+03
L 5o
1.35E+03 2.27E+03
1.01E+03 0 1.70E+03

Attenuation factor from external excitation

Vertical Horizontal
MAX IV 4.8 6.7
DIAMOND 4.7 5.7

13
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Final* configuration for the Sirius foundations
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Final *\configuration for the Sirius foundations
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We still have some margin for small
changes. Comments are welcome
during the coffee-break
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LN LS ot Magnet + Girder options

Courtesy D. Einfeld/M. Johansson

Adjustable magnets

ESRF Il, NSLS II...
*  High precision machined
magnets

* Rigid girder and pedestal

Shimmed (or glued)

magnets

DIAMOND 11, SLS, TPS,

PETRAIII...

* High precision machined
magnets

* Rigid girder and pedestal

* High precision girder

Magnet block

MAX IV...
* High precision machined
magnets

* Rigid block and pedestal
* High precision block
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Typical free field ground motion at LNLS site

Spectral Amplitude (um/s?
P P (u / ) Courtesy Nick Simos

920
80
70 4

OverV|ew on magnet glrder assembly

60

Recorded Ground Motionat Station MP1 (Monday April 6, 5:30 PM)

nght Source descrlptlon 5 fs (Hz) TFsz,v,&G 50 Sffectof Truck Traffic on Site Vicinity
3 motorized jacks, remote alignment, manual 40
ESRF... IR 10(7) 1.3:(2.2)
; horizontal adjustment, unsufﬂaent stiffness - 30 |
Spring-8 6 support pomts stlff ahgnment mechanlsm f 19 1 9 20
..AP.S......4Wedgejack5 95(105) 15(9) 10
Petra " Similar to Dlamond Glrder pedestals 5 cam systems | 04 . ‘ : : : . : . :
: ..beam basedg'rdera"gnement 5 5 5 0 Freq (Hz) 100
Si_ S Glrder pedestals 5 cam systems beam based glrder 15§.5 |
: allgnement - ‘ - : :
Solell ~4-points support when operation 3 Airloc jacks when- -
f allgnement -
Diamond  Girder pedestals, 5 cam systems remote ahgnement 16.3 4.6
SSRF 35 support pomts Wedge Jacks and ball bearlng, + 3 2313
. ; assistant supports , j ; :
: AT Alba. - Fixed, 6- pomt support +vertical flxatnon RN SVTI. - OIS
» NSLS Il  8-points support, fixed, manual allgnment 30 1.4
_ TPS(proto) 6 camsystems + lockingsystems 30

20
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L N LS guere Girder for the storage ring

Sirius first version & Petra lll & Diamond & SLS...

PO T patay PO US TAETY) yalay

Figure 7: First vertical modal shape of girder at 116 Hz, girder on concrete stands



LINL S jhoon Girder and pedestal prototypes

Place for
Dipoles

To be grouted
to the floor 6 Ton

concrete
pedestal

Welded steel
girder

22



PAC _CCELERATOR CONFERENCE — May 3-8, 2015

LINL S jhoon Pedestal stiffness measurement

SInUs.

Pedestal position on top of
DIAMOND slab

Piles

Measured stiffness (10-150Hz)

Accelerometers

X-direction 770
Y-direction 410
Z-direction, excluding floor 4900
Z-direction, including floor 2000

23
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Girder free mode measurements

Springs
(2Hz resonance)

Predicted by FEM

Hz

Y-bending

Torsion
Z-bending
Plate membrane mode

Second order Z-bending

Z-bending

319
333
354
501

552

322
352

354

Accelerometers
installed in 35
positions

¥ [m] 05 .05

Torsion

Y-bending
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Optimization software Inspire™

- - - & ———— R
S=—i=as ===i-as
e
<& - [
nae. e | nan
P ——— - L s

“Inspire(d)” girder

593Hz free mode

+ 0.018202
L 0.012135
0.0060673
0 Min
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SInUs.

Solid steel

Dummy magnets
Spacer

Precision levelling
wedges

> Locking screws
(on the concrete)

Acceleration:
Acceleration: Girder center
Girder edge

Shaker

Force ‘

Acceleration: Floor

26
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LNLS jhasioNdn Transmissibility measurements

Transmissibility from floor to girder center in Z-direction

102 = ——— T
— With stiff supports i

Stiff support with bolts loosened
— With lewelling supports

=
N
~N
I
N

101 /2 A A

87 Hz r— I/’ \
JA \

100 =

Transmissibility [-]
Ll
3§
)
_

¥ [m] 05 .05

101 5 2
10 10
Transmissibility from floor to girder center in Y-direction
! ! ! ! 14
102 [| — With stiff supports 4 65 Hz
Stiff support with bolts loosened J‘\‘\
— With ‘Ievelling suppgrts ,' ‘\
- 4
Z 10t _7/\ L
= )\ i — - Y
2 45 Hz i i | A LY.V |
9 / |\ M N
2 I Y || AVl |
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c 10 N u VUV
© W i\ [
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10° Frequency (Hz) 107
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LN LS st Transmissibility measurements
Transmissibility from floor to girder center in Z-direction
102 : S —
— With stiff supports 1127 Hz >
Stiff support with bolts loosened ﬁ
— With lewelling supports ﬂ
o )| z
= 87 Hz R\
= /A\I \irh [ \}{
5 J N\
G /-"'/ !
E 100 —— AN\
7] L\
S N
= N
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10 10
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Stiff support with bolts loosened J\\
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L NS Ghomsroncens Magnet design and manufacturing
Core Material Core Excitation Machining Corrections

Construction

Adjustable

Permanent
magnet

Low carbon
steel

return

Laminated
glued

Pole face
windings

Silicon
steel

Laminated
not glued

30
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Core Material Core Excitation Machining Corrections

Construction

Adjustable
return

Permanent

Pole face
windings

Silicon

steel Laminated

not glued

e NSLS-Il Sextupole
e ALS Sextupole

%,
/k

ALS (SINAP) NSLS-II (IHEP)  **
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Core Material Core Excitation Machining Corrections

Construction

Adjustable
return

Permanent
magnet

Laminated

glued Pole face
Silicon windings
e Laminated
not glued
e SIRIUS low field Dipole * Iron pole and yoke - |O|oc;kSAIuminium spaers
e SIRIUS 2T Dipole
e ESRFII
SPRING-8 Il

Courtesy J. Chavanne 32
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+ - sirius

Core Material Core Excitation Machining Corrections
Construction

- Permanent
Laminated
Silicon
steel

Adjustable

glued

Laminated
not glued

* MAX-IV

* Need of high quality
and homogeneous steel
* Hard to measure
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LN LS G Sirius storage ring magnet design and manufacturing

Core Material Core Excitation Machining Corrections
Construction

Adjustable
return

Low Carbon Permanent

steel

Laminated
glued

Pole face

Silicon windings
steel .
Laminated
not glued
* SIRIUS
* Standard material
for our magnet * Used before in
supplier our 6 Tons
* Low hysteresis dipoles
make combined *  Compatible with
magnets more our supplier
linear know-how 34
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LINL S oo Sirius storage ring magnet design and manufacturing
Core Material Core Excitation Machining Corrections

Construction

Adjustable
return

a Pole face

Permanent
magnet

Low carbon
steel

Laminated

glued
Silicon windings
steel .
Laminated
not glued
X * SIRIUS
e Standard material
for our magnet * Used before in
supplier our 6 Tons
* Low hysteresis dipoles
make combined *  Compatible with
magnets more our supplier
linear know-how 35




w_lAL PARTICLE ACCELERATOR CONFERENCE — May 3-8, 2015

O CNPEM
LINL S oo Sirius storage ring magnet design and manufacturing
Core Material Core Excitation Machining Corrections

Construction

Adjustable
return

Permanent
magnet

Low carbon
steel

Laminated
glued

Pole face

Silicon windings
e Laminated
not glued
X e SIRIUS

If you can not

e Standard material convince them using
for our magnet * Used before in ~ just mathematics...
supplier our 6 Tons

* Low hysteresis dipoles
make combined *  Compatible with
magnets more our supplier
linear know-how 36
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LNUS oo Sirius storage ring magnet design and manufacturing

SiNUs
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/

Goal: by definition assembly
bellow =20um between
adjacent magnets

One setup for all reference surfaces

B w OO Tem Snthi foe 4 Srathole 1040 45 Radvgo Avers L]
——

s ey -y g s
/ ’ B Bb & B B Iz B B E 2P p
iy o s s o 2

il

fiF
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.O;;

.101

,,,,,

.....
i
A
i
00087 b
L M = CIE
:
I ' T @ FEEEE

- Measurement result: 8 um flatness

N AR

s

0.00 200.00 400.00 (mm)
s |

100.00 300.00

Mechanical measurement
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LINL S jhoon Vibrating wire measurement

SiNUs

O CNPEM

In parallel, just in case....

Vibrating i
wire bench o
ona CMM

Final uncertainty — 1o

Uncertainty budget X, (um) Y, (pm) z. (pm) pitch  (mrad) yaw_(mrad) roll . (mrad)
Magnetic
6.3 7.3 - - - 6.3
repeatability
Magnetic accuracy - 1.3 - 0.0175 - -
Geometrical survey 2.7 4.0 1.5 0.0200 0.0134 0.0042

Total 6.9 8.4 1.5 >0.0266 >0.0134 6.3
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SInUs.

Solid State RF Amplifier @ LNLS

Collaboration with LURE/SOLEIL
since 1999

(special tanks to Ti Ruan)

1999 - Prototype module with 230W
2001 - Booster operating with 900W
2007 — Booster upgraded to 2.2kW
2010 — Storage Ring operating with
2 x 50 kW SSA
* Excellent reliability, high MTBF

* No beam loss due to module
failures

* 4 vyearsin routine operation —7
modules failed (out of 324), 6
fixed in house

e Whole SSA — 4 beam losses in 4

years due to failures in water
flow meters and power supplies

“LLRF~ WA

2001 - Booster
900 W @ 476 MHz
ELETTRA Cavity

2010 - Storage Ring
2 x50 kW @ 476 MHz
ELETTRA Cavities

e * {

1999
D1029UK

()

2007
LR301

300W 350W

2001

D1029UK BLF574

O CNPEM

2015 - Booster
50 kW @ 500 MHz

: .
DO [o—

BLF578
600W
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LN L s S Vacuum system — flange concepts

SiNUs

Sl

Review of Vacuum Technology
Issues for Low-Emittance Rings

R.Kersevan, CERN-TE-VSC-IVM

Low-¢ Workshop, Oxford, 8-10 July 2013, J. Adams Inst. Accel. Studies

MAX IV flanges - based on Spigot

(P.F. Tavares- A bema dynamics perspective , 2014)

Some flange concepts
(L. Schulz - SLS-TME-TA-2001-0188, 2001)

Fig. 4a CF Flange with RF bridge Fig. 4b CF Flange with 0.5 mm gap Fig. 4c Flat Seal Flange

/‘

/
0.05

_SPIGOT DIAMETER
|

;;7 DETAIL Z

Scale 5:1

Diamond flanges - based on Helicoflex
(M. Cox - DLSR Workshop, 2014)

DN4OCF
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Vacuum system — flange concepts
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SInUs.

Sirius flanges - based on a modified KEK MO-type

~ Copper gasket

Copper

Chain-clamp design

]
J

.. Copper UHV leak tight with 3.5 N.m

740

4
Brazed joint to be TIG welded

Standard design Keyhole design
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LNL s o Discrete pumping strategy (ESRF 1, SPRINGS8 Il, DIAMOND Il)

SInUs.

O CNPEM

ESRF Il - with ante-chamber

Lattice upstream part Lattice downstream part

W = 1 _no it
il "”._...-'-—'él 7—‘!__955’—"“ —— ”‘n'-s;é? ] oY
- I*':% i UL E '!..%.& =

Lattice central part

NEG cartridges
and lon pump

Courtesy Jim Kay STAINLESS STL COPPER
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O CNPEM
LNLS bt Full NEG coated strategy (MAX IV, SIRIUS)
Pros (full NEG coated strategy): Cons (full NEG coated strategy):
* Simple chamber’s design e Limited number of activations (10 ...?...30)
* More compact -> space saving * High temperature bake-out for NEG activation
* Low PSD yield -> Fast vacuum conditioning * Many bellows to accommodate chamber’s expansion during bake-out

Sirius - main cross section

Pumping Station
(based on Petra lll design)
Crotch absorber

lon pump (20I/s)

NEG cartridge

Vacuum gauges :
0.3 mm SS sector

For fast orbit correctors =
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Vacuum system - NEG coating R&D for narrow gap sectors
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sirius.

Dipole chamber with
ID radiation extraction

D —~

D-D(1:2)

NEG film activation
(XPS analysis)

Oxygen 1s peak
area reduction [%]

——A
—=—3B
iy C
=} CERN ref LSS 16-4 CR000044
120
100 -
80 -
60 - K
0.85um 40 - \
Coating procedure (2 steps): 20 -
1. Coating of the circular profile Coating thickness set to 2um 0
2. Coating of the narrow gap — “ keyhole” sector ' '
0 100 200 300

Activation temperature — 1h [° (]

46
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SiNUs

Content

 |ntroduction

 Slab

* Supports
* Magnets
* RF

* Vacuum
* BPM

* FOFB

47
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SInUs.

. ERF SOLEIL _
fouceon = 5 MM NI | =3.5mm

Alumina Opyy = 388 X 8.08 Mm2 Oy = 28 X 2.6 IJ.m2

Sirius

button = 5mm
Oy = 402 X 7.9 um?

-~ same

JL

|
Il
u|

% /
'

button = 3 mm
Opyy = 19.8 X 2.0 um?
48

Mbutton = 5.5mm Moutton = 3.5 mm
Opxy = 235X 2.8 um? Oy = 131X 7.6 um?
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Button Geometry Choice

Step-Shaped BPM Button

Flat BPM Button

O CNPEM

Bell-Shaped BPM Button

Based on the
geometry style
implemented at ALBA.

Reduced ceramics
dimensions to decrease
wakelosses.

Conical profile shifts the HOMs
to higher frequencies.

2.3

37%
reduction

From electromagnetic (wakefield) simulations, wakelosses are calculated
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LaboraterioNacona Sirius BPM Challenges/New Ideas

LNLS de Luz Sincrotron
+ sirius

Brazed Al203 insulator, ‘ RP-SMA I\z 0%  [BTE[* Brazing or Laser
1 mm thickness. connector @\ N | welding
s
Threads: thermal contact, e '-
s - f 33220 \
RF shielding and fixation i s >
j s
Kovar housing (magnetic). 4 // /
Ti alloy as non-magnetic ) S f 7 Y !
alternative metal. h - =
: / /N = &3
’ > \ AN\ \ O\ \>’ | ) )
Prototypes already ordered from MDC (USA), | /| %y y r
VACOM (Germany), Kyocera (Japan) } ' N TN , - ‘
1 ’\ PoUdd g
Dl SV
~ |/
A
287 :;
@60 | R
_\ 3660
Filler material - In-house \

prototype

50
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SiNUs

Content

 |ntroduction

 Slab

* Supports
* Magnets
* RF

* Vacuum
* BPM

* FOFB
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Laboratdrio Nacional

THE 6th INTERNATIONAL PARTICLE ACCELERATOR CONFERENCE — May 3-8, 2015

) cnPem
-

golden
orbit

4

Fast Orbit Feedback
Power Supply Orbit
Current Noise Disturbance
Orbit correction Network Latency | Power Cvj Magnet + (vj beam
algorithm (FOFB - Corrector) g supply Vacuum Chamber —> orbit
BPM
Network Latency | : . .
(FOFB € BPM) | Decimation ()«
Filters
BPM

Measurement Noise

(Electronics + Mechanics)
52
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Network Latency

LINL 5 ib&?;?;?r:;g:“al FaSt Orbit FEEdbaCk
Sirius specifications Power Supply Orbit
Current Noise Disturbance
istributi pandwigin O
Data distribution. | """ " Corrector

golden O Orbit correction Magnet + (vj beam
algorithm Vacuum Chamber —>

i
U
o
=
@

orbit x- . | (FOFB - Corrector) 11| supply ! orbit
<5us E il '
latenc : : .
Y ! : BPM electronics ~116 kHz
1 i :""“""“""“"‘I |OOp rate
: b BPM :
! Network Latency N . !
| (FoFrB €BPM) [T | De;.';ma“on (O
: Lo liters 1 Noise (electronics) < 80 nm
SR LR R EEEEEEEEEEE (RMS: 0.1 Hz — 1 kHz)
10 ~ 30 ps
latency Drift (electronics) < 140 nm
Targets: (1 hour)
1 kHz closed-loop bandwidth BPM stands vibration <50 nm
(disturbance rejection crossover frequency) BPM (4 Hz =100 Hz)
* 5% beam size position stability (0.1 — 1 kHz) Measurement Noise

(Electronics + Mechanics)

— ~100 nm at Sirius (vertical plane, worst case) -
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LN LS oo Fast Orbit Feedback

Possible to achieve 1 kHz crossover frequency
with present technology at reasonable cost

Corrector BW | FOFB I'EItE |
—A— 2kHz | i
4 KH m— 10 kHz
& 2 50 kHz | Parameters used in FOFB
= ~©- 8 kHz simulation
I ~O- 16 kHz | === 100 kHz | -
= Vacuum 15 kHz bandwidth
(&}
c chamber
o 1 kHz
g BPM group 3x FOFB sampling
E delay period
S LY
2 800 \\e Control Simple Pl controller
S 500 i SE— = algorithm  tuned for maximum
c e disturbances
400 amplification of 5 dB
0 10 20 30 40 50 60 70 80

Total data distribution delay from/to FOFB controller (us) 54
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LNLS de Luz Sincrotron
+ sirius

RF Front-End ADC + FPGA boards MicroTCA crate

RF Digital
signals signals
HSWA2-30DR
P1dE =30 dB
Isolation=> somdB Calibration Tone
IL=0.7dB l TAMP-T2LN+ TAMP-T2LN+ YoAbC
o
DEmp mEp @ S S
- o
LFCN-530+ TADS68 BPF-C405+
DAT-31RS-5P+ B30 Mz
TAMP-T2LN+ L3 dB S
.
@@ P M) (=1 () r
N S
l LFCN-530+ DAT.31RE.SP+ TAMP-T2LN To ADC »
P1dB =31 dBm P1dB = 20 dBm a
Calibration Tone At=0.315d8 Gain=20 d& i
NF=1d8
‘w('

Analog performance (resolution, drifts, nonlinearity)
 Dominated by RF Front-End + ADC + clocking
e Switching frequency ~ 115 kHz

Signal Processing, Data Acquisition and Control Platform

* System maintainability
* High-end communication interfaces enable FOFB

* DSP algorithms flexibility 55

Open-source software
and hardware facilitate
collaboration
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SiNUs

Content

 |ntroduction

 Slab

* Supports
* Magnets
* RF

* Vacuum
* BPM

* FOFB
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Some final comments:

 The Light Source community is crossing a very exciting era, with hundreds of new
developments under way and dozens new machines expected for next 10 years.

* |tisstillan open community and the international cooperation is one of the most
important engineering tool.
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Some final comments:

The Light Source community is crossing a very exciting era, with hundreds of new
developments under way and dozens new machines expected for next 10 years

It is still an open community and the international cooperation is one of the most
important engineering tool.

* Success to all projects

Thank you
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