nnnnnnnnnnnnnnnnnnn
IIIIIIIIII

NNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNN

Perturbation Sources and Improvements
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SIRIUS — 4GSR in Operation

SIRIUS design parameters

Energy 3.0 GeV
Circumference 5184 m
Emittance 250 pm.rad

Current (top-up) 350 mA

Brazilian Center for Research in
Energy and Materials (CNPEM)
* Green-field facility
* Construction: 2012 — 2020
e Cost: USS 500M (~85% spent in Brazil)
e 1stregular users call: Nov. 2022
* 10 beamlines in operation Campinas
. . . Brazil
* 100 mA in top-mode mode, uniform fill

* Phase-1 (end of 2024): 14 beamlines



SIRIUS Beamlines — Phase 1

https://www.Inls.cnpem.br/beamlines/

Third Cycle of Proposals (1S 2024)
Total: 422 submitted / 225 approved

CEDRO SAPUCAIA
(SRCD)

(SAXS) From Brazil: 376 subm.ltted / 198 approved INSTALLATION
Form abroad: 46 submitted/ 27 approved

PAINEIRA  JATOBA ESEERN . =5 = CONSTRUCTION

(PDF) IMBUIA

46 submitted (nano & p FTIR)
36 approved
82 submitted

QUATI ” EANC R 33 approved
(XAFS) s .

SAPE
(ARPES)

(RIXS/ XPS e S _
45 submitted MOGNO P i CARNAUBA
(1CT) ' (nanoprobe)

40 submitted 67 submitted
41 approved

26 approved CATERETE

EMA (CDI/XPCS)

30 approved SABIA MANACA

Extreme Cond.
(XMCD/PEEM) (MX) ( _ ) 41 submitted
18 submitted ;33 ZUbrrn()I\tLZd 24 approved
15 approved PP

Courtesy: Harry Westfahl




Main Design Parameters
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Main Design Parameters
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Main Design Parameters
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Main Design Parameters
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Main Design Parameters
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Storage Ring Injection




Storage Ring Injection

0.06 Ll |
* NLK uses BESSY type wire configuration with titanium coated ceramic &1 ®©

chamber (~¥8 um thickness);

* Grooves were machined on the ceramic exterior to house the wires juR
Field @ peak 800 Gauss

Peak position -8.0 mm

-15

firmly
Current 08 KA
Voltage 48 kV
-0.06 Pulse width 27 us

Injected beam



Storage Ring Injection
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NLK for off-axis injection = beam accumulation
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Storage Ring Injection
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NLK for off-axis injection = beam accumulation
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Storage Ring Injection
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Dipole Kicker - (comissioning, recovery)

NLK for off-axis injection = beam accumulation
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Long-Term Stability (weeks - 1 hour)



Top-up Operation

100.3

100.2

Current [mA]

07:00 09:00 11:00

* Running for users since March 2023
* Current: 100 mA

* |njection: 1 pulse every 3 min

e uniform filling in 864 bunches

* Thermionic e-gun bias voltage used as
charge control parameter

current [mal

Inj.

Courtesy: Ximenes Resende
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BPMs Drift and Temperature



BPMs Drift and Temperature

e BPMs Drift:

Operation with antennas switching helps against temp. changes;

BBA is performed periodically (monthly) after machine maintenances;
Large offsets variations detected on some BPMs;

Not sure about the time-scale of these variations;

X-BPMs not operational yet. Work in progress;

o
o
o
o
o
o No complaints from beamlines;



BPMs Drift and Temperature

e BPMs Drift:
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Operation with antennas switching helps against temp. changes;

BBA is performed periodically (monthly) after machine maintenances;

Large offsets variations detected on some BPMs;
Not sure about the time-scale of these variations;
X-BPMs not operational yet. Work in progress;
No complaints from beamlines;
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BPMs Drift and Temperature

e BPMs Drift:
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Operation with antennas switching helps against temp. changes;

BBA is performed periodically (monthly) after machine maintenances;

Large offsets variations detected on some BPMs;
Not sure about the time-scale of these variations;
X-BPMs not operational yet. Work in progress;
No complaints from beamlines;

* Temperature:

©)

Daily and seasonal correlation among HLS readings, concrete
temperatures, and external temps.;

Apparently not detrimental to beamlines experiments;

Large effort to improve temp. control of tunnel, water and hall;
Almost all temperatures under specification limits (0.1°C to 0.5°C);
Periodic verification of magnets temperatures.
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BPMs Drift and Temperature

e BPMs Drift:

Large offsets variations detected on some BPMs;

X-BPMs not operational yet. Work in progress;

o
o
o
o
o
o No complaints from beamlines;

* Temperature:

o Daily and seasonal correlation among HLS readings, concrete

temperatures, and external temps.;

o Apparently not detrimental to beamlines experiments;
o Large effort to improve temp. control of tunnel, water and hall;
o Almost all temperatures under specification limits (0.1°C to 0.5°C);

o Periodic verification of magnets temperatures.

 Water well problem mitigated:

o In early operation we noted the interference
of a water well close to the building on beam
position on the beamlines and on the ring
circumference;

o Problem was mitigated by changing the
operation mode of the well;

o Plans to de-activate the well are in progress;

Not sure about the time-scale of these variations;

APos @ CAT [um]

Operation with antennas switching helps against temp. changes;
BBA is performed periodically (monthly) after machine maintenances;
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BPMs Drift and Temperature

* BPMs Drift:
Operation with antennas switching helps against temp. changes;

BBA is performed periodically (monthly) after machine maintenances;

o
o
o Large offsets variations detected on some BPMs;
o Not sure about the time-scale of these variations;
o X-BPMs not operational yet. Work in progress;
o No complaints from beamlines;

* Temperature:

o Daily and seasonal correlation among HLS readings, concrete
temperatures, and external temps.;

o Apparently not detrimental to beamlines experiments;
o Large effort to improve temp. control of tunnel, water and hall;
o

Almost all temperatures under specification limits (0.1°C to 0.5°C);

o Periodic verification of magnets temperatures.

* Water well problem mitigated:

o In early operation we noted the interference
of a water well close to the building on beam
position on the beamlines and on the ring
circumference;

o Problem was mitigated by changing the
operation mode of the well;

o Plans to de-activate the well are in progress;
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Mid-Term Stability (103 — 103 Hz)



Booster ramping in the same tunnel of SR:

o Intop-up operation mode, booster keeps ramping all day long;

o Influence on the SR orbit comes mainly from Dipoles ramp;
o Not sure whether from magnets or cables;
o Booster RF also creates small noise on neighboring SR BPMs.

Booster Ramp (2 Hz) and Mains (60 Hz)

SR Orbit Distortion by BO Ramp - RMS over BPMs

4_
e 21
= 0l
5
_4- | | |
0.0 0.5 1.0 1.5 2.0
t [s]

SR Orbit Distortion by BO Ramp - RMS over Time

§_5 gl ”JBAAV VA AV"\ v“v"V‘vA*"*‘vA”ﬂ"AV'A Lk VVAMAV V

—— Normal ramp (rms: 3.1um)
0 100 500

No dipole ramp (rms: 0.3um)
200 300 400
s [m]

Courtesy: Murilo Alves
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Booster Ramp (2 Hz) and Mains (60 Hz)

Booster ramping in the same tunnel of SR:

SR Orbit Distortion by BO Ramp - RMS over BPMs

o Intop-up operation mode, booster keeps ramping all day long; |

o Influence on the SR orbit comes mainly from Dipoles ramp; — 4

o Not sure whether from magnets or cables; g 2

o Booster RF also creates small noise on neighboring SR BPMs. 5 01
Mains perturbations: —2-

o Disturbance mainly on the horizontal orbit; —4

o Magnets PS ripple ruled out by direct meas. and/or tests with beam; 0.0 0:5 1:0 1:5 2.0

o Most likely cause is some grounding issue; t [s]

o Most probable location is the SS of the RF cavity (Sector 02);

o Before FOFB it was very detrimental to nano-focusing beamlines; SR Orbit Distortion by BO Ramp - RMS over Time

o Currently it’s not a problem, but still seen by these beamlines; 5 -

Mains (60 Hz) Possible Source Location (55-02) E‘ W IA Mn hﬂA A Alr AMA ik ﬂﬂ I\ Ah A l
HEU—H+-*+_-*1I 'II-—I‘+'_._—J—E_|—I| 5 0 - \'WV ﬁ'W\ y v “ v v
5 wwwvu VVV P vvvhy
-_§ 401 [\ é _5 i —— Normal ramp (rms: 3.1um)
E 20 - /_\ No dipole ramp (rms: 0.3um)
: O_I\/\ 0 100 200 300 400 500
40 s [m]
s [m] Courtesy: Murilo Alves
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Vibrations
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Vibrations

Specially designed
high rigidity XYZ
adjustment

* High Stability Floor:
o Binary structure for the high stability floor: A 90 (60) cm Girder with 10um
flatness integrated
concrete slab on top of a more than 3m deep compacted layer of I
soil-concrete under the machine tunnel (experimental hall).

* Very rigid girder:

o All machine componentes aligned by construction.

5 GPa elastic
modulus resin
to the concrete
floor

High compressive
strength concrete

15t Vert. mode: 268 Hz 15t Horiz. mode: 152 Hz

\ Measured Values /
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Vibrations

High Stability Floor:

O

Binary structure for the high stability floor: A 90 (60) cm

concrete slab on top of a more than 3m deep compacted layer of

soil-concrete under the machine tunnel (experimental hall).

* Very rigid girder:

orbit distortion [um]

O

101

1071

0 100

All machine componentes aligned by construction.

BPM-01M2

Specially designed
high rigidity XYZ

Girder with 10um adjustment
flatness integrated

references

5 GPa elastic
modulus resin
to the concrete
floor

High compressive
strength concrete

15t Vert. mode: 268 Hz

200 300
Frequency [HZz]

15t Horiz. mode: 152 Hz

\ Measured Values /
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RF Plant perturbations =

FDL

DownConversion

——————————————— 60Hz Noise

Courtesy: David Daminelli
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RF Plant perturbations

PreFrontEnd

60Hz Noise

Courtesy: David Daminelli
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RF Plant perturbations

* Until 2023 LLRF operated with very low PI gain (bw < 20 Hz):
o No control of Robinson detuning;

o Perturbations on the beam at n x 64Hz (created by DAC).

* First attempts to increase gain: 60Hz Noise
o Perturbations of 60Hz, not present with low gains; R g?lirfe_syz_liayid_?afn_ir_1e_||i o
o Problem in the feedback branch. J At N - ﬂ \
. . . . : Demodulation Q Modulation pAc [ o Vi
e Operation with high Pl gain (bw > 3kHz): w\ T '

o Only possible after fixing the 60Hz with a high pass filter; \ T ““““ ~ PicoDigitizer E

| |

| Phase Shifter [<— Q h

| 20MHz, V/

| Demodulation ADC | ¥ op
!

\ Q @ Q u /

o And re-evaluating how to adjust phase shifter; Amplitude & Phase

Reference

o Phase stability ~0.02° and energy stability < 2% of o;.

old

0.5 1.0 15 2.0 2.5 3.0 3.5
Frequency [kHz]



RF Plant perturbations

* Until 2023 LLRF operated with very low PI gain (bw < 20 Hz):
o No control of Robinson detuning;

o Perturbations on the beam at n x 64Hz (created by DAC).

* First attempts to increase gain: 60Hz Noise
o Perturbations of 60Hz, not present with low gains; R g?lirfe_syz_liayid_?afn_ir_1e_||i o
o Problem in the feedback branch. J At N - ﬂ \
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o And re-evaluating how to adjust phase shifter; Amplitude & Phase

Reference

o Phase stability ~0.02° and energy stability < 2% of o;.
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RF Plant perturbations

* Until 2023 LLRF operated with very low PI gain (bw < 20 Hz):
o No control of Robinson detuning;
o Perturbations on the beam at n x 64Hz (created by DAC).

60Hz Noise

* First attempts to increase gain:

o Perturbations of 60Hz, not present with low gains; Courtesy: David Daminelli

o Problem in the feedback branch. s ! N . ﬂ .
. . . . : Demodulation | - Modulation pac [tz 5 Vi
* Operation with high Pl gain (bw > 3kHz): g Pl \
o Only possible after fixing the 60Hz with a high pass filter; o T ‘‘‘‘‘ -, PleoDigitzer |
o And re-evaluating how to adjust phase shifter; Amplitude & Phase | S — S h :
Reference | ADC |l 2MHz; Vg

o Phase stability ~0.02° and energy stability < 2% of o;.

Demodulation I
o O | ™)
/
P

LLRF impact on longitudinal stability 10°
' ' ' ' ] old new |
10 1011
5 1M | I
IE OB 1 o 0 0 00 ROt el .L'J.;iii..'ii' =102}
old (34x107" ptp) new (5x107° ptp) - 2% o : -
. . . . 5 10~4 ol bl FIMNY!
0 20 40 60 30 100 0.5 1.0 1.5 2.0 2.5 3.0 3.0
Time [ms] Frequency [kHz]
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Change of Working Point

Phase space measurement

* Change of working point to higher fractional tunes to reduce orbit amp. factor; initial
r | area=12.02 T S E
* Old tunes: (49.07,14.14) New tunes: (49.16, 14.22); 02 ’ & .'.:':.r,' ]
P o ® !Pr‘h L] [\]
* Needed Non-linear Dynamics optimization: % ;;.‘?" e, . :-;_
* Robust Conjugate Direction Search (RCDS) : - . Pe o o S
o Kick resilience 001 oo o | [}
* Collaboration with Xiaobiao Huang (SLAC) A P .'b.
* Objective: avg. injection efficiency of 5 pulses @ 2Hz; 01 e '!,: A o -"5'
* Noise-sigma ~ 1% = o —»— optimized Seee %o oo o 3
= 95 0 - See o 2 0
* Optimization knobs: i 7 . . :
e 6 achromatic + 15 chromatic familes E —50 7 ?q —
* Combination of sextupoles in 13 knobs and 17 knobs % —75 - £ optimize
* Injection efficiency > 95%; 05 TR
i ifati . . : - ' - / ® e o
* No impact on lifetime; 600 650 ?[)Fl 750 800  R50 P %60 % .0
kick [prad] o ® : ® @ .'... ® ® @
3 . o @
X run 1 00d p e '. "'Q_'--'.'. °
> E o * e L ®
P o (& _oTEer Y L
) i 'o"’.'.":o °
;'-g » * @ :I. :.. .. ®
S . . . : . . ® o 9
g a 0.5 a r =
5 § | 8 5 0 5
0 - - ' - - ! | ' ! ' > [mm]
£ 0 o0 100 150 200 0 50 100 150 200 .
o Courtesy: Matheus Velloso
>
[gv]

evaluations
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Fast Orbit Feedback (FOFB)

._

£dds @ Hids
C¢-AJ/So
= AJ4/HD4
Zd4s »; A2/ 5
Y0 Ndg
P20
s
Q
o
,ﬂ. INdg

ND4/HD4/ S0

—
o
1900 T
-
04as ,M
a40 B
084S %
2aao

ID SS k

FOFB design principles:

2 BPMs, 2 FCH, 2FCV per source point
(SP) = angle and pos. stability at SPs;

O
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Fast Orbit Feedback (FOFB)

R T T L T LN ET AL
IDSS Il ' | ' , i3 Y % .25 555 Bl 58,3
{f-j'ﬁﬁ A BN g oo i Tl "‘%a @‘w , e O O \'
’f‘#\ﬁ R B L R —— “3%&&6:'?1@{{
TR sz % : % 23 238 03 o e
13 g ¢ 5 z 5o ¢ 3%%
] = oS¢ o S o~ @
. . . (o} UE
* FOFB design principles: =
o 2 BPMs, 2 FCH, 2FCV per source point SOFB FOFB V roreerm
(SP) = angle and pos. stability at SPs; BPMs | 160 | 80 (subset of SOFB) | FasT corrector
HCor | 120 80 (dedicated)
V Cor | 160 80 (dedicated)
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Fast Orbit Feedback (FOFB)
v il

—
[an]
o

Bl

SDBO
DpB1

#-M@%a% 6448 s G
s 33 S 5 °% r ° Z5 £33
s 8 -
* FOFB design principles: Fast Corrector Magnet
o 2 BPMs, 2 FCH, 2FCV per source point V5= SOFB FOFB V roreerm
(SP) = angle and pos. stability at SPs; BPMs | 160 | 80 (subset of SOFB) } Fast corrector
o High bandwidth actuators ( ~20kHz); HCor | 120 80 (dedicated)
V Cor | 160 80 (dedicated)

* 0.5 mm FeSi steel lamination
* L=3.3/6.6 mH (normal/skew)
* R =80/180 mQ (normal/skew)
* Deflection @ 3 GeV: 30 prad

0.3 mm SS vac. charpbgr
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Fast Orbit Feedback (FOFB)

o — — N e > BC ~ o0
N2 = 28 81 2g%ag B .aBaE%@v ’ ’glmg B2 NN ,
ID SS 8\*dmd b ; A vy " o é.ad%gé BL & 8238
. e - w, o - HALTRT -~ : S8 & 5.
“% %%&??ﬁ%%- ..-/' I' £?§ T _,‘ . :@'=— ‘_\%6 ‘ﬂ g Ey
=33 8 s & 8% - ° B5 513 03 Y e LA g
B> = 5 = 9SO & & 2 8 33s
5 g 2 5 v T N
Q g oy O O 5; o
* FOFB design principles: Fast Corrector Magnet -
o 2 BPMs, 2 FCH, 2FCV per source point = SOFB FOFB V roreerm
(SP) - angle and pos. stability at SPs; BPMs | 160 | 80 (subset of SOFB) } Fast corrector
o High bandwidth actuators ( ~20kHz); HCor | 120 80 (dedicated)
o Highest possible update rate (48kHz, V Cor | 160 80 (dedicated)

20us): ideally data distribution
(~14us) should dominate delay (not
achieved, but close);

o Real-time processing in hardware * 0.5 mm FeSi steel lamination

. . . L =3.3/6.6 mH (normal/skew)
(FPGA) and integration as tight as R = 80/180 mQ (normal/skew)

possible; « Deflection @ 3 GeV: 30 prad




Fast Orbit Feedback (FOFB)

— — o
- 5,08 o 8 B2
D\ 2 g“g B 28 583
IDSS ‘ v ' |
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E 33 8 2 5 5
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* FOFB design principles:

o 2BPMs, 2 FCH, 2FCV per source point
(SP) = angle and pos. stability at SPs;

o High bandwidth actuators ( ~20kHz);

o Highest possible update rate (48kHz,
20us): ideally data distribution
(~14us) should dominate delay (not
achieved, but close);

o Real-time processing in hardware
(FPGA) and integration as tight as
possible;

e Complementary to SOFB @ 10 Hz
o Partial download (4%) of FOFB kicks
at each SOFB iteration;
o No need to update FOFB ref. orbit.

BC

SDB3
Q3

BPM f

QS /FCH/ FCV

Fast Corrector Magnet

0.5 mm FeSi steel lamination
L =3.3/6.6 mH (normal/skew)
R =80/180 mQ (normal/skew)
Deflection @ 3 GeV: 30 urad

0.3 mm SS vac chamber

V rorsem

\‘f FAST CORRECTOR

» ZOH

ZOH

_+ v

L A s
SOFB FOFB
BPMs | 160 | 80 (subset of SOFB)
HCor | 120 80 (dedicated)
V Cor | 160 80 (dedicated)
r. -
: | C2) [~ »(+)
f‘_x' T 280
D(z)
1ev 3 10 Hz
g (- ) CF(Z)
o O
10 H=z 320
o~ - .
d’

Py(s)

1

P(s)
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FOFB System ldentification — Closed Loop

IeXCItatIOI"I e e e e e e :ne_as_ _________________________

 Measured loop delay (step on BPM signal to  reference ] :
Orbit Power Corrector Vacuum :

fast corrector current change): 51 us > sl,p:,",ie%—‘ Magnets ﬂ Chamber Response—F |

:

~NETWOTK BPMs |« '

Delay 1

___________________________________

Courtesy: Daniel Tavares and Erico Rolim
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FOFB System ldentification — Closed Loop

Iexmta‘flon _______ {n e;as_ _________________________

 Measured loop delay (step on BPM signal to  reference ] :
Orbit P Corrector Vacuum ;

fast corrector current change): 51 us > SUZL",?QSH Magnots ﬂ Chamber Response—r |

. . . . I

* Closed loop identification method: rv—— _— :
- [ < 1

o PRBS added to BPMs: one left-singular vector of Delay !

the response matrix (M) at a time;

o Closed loop data measured and projected into the \l |_| | | | E?r?:sosgaqnudeonnge(PRBS)

excited singular vector;
o Ratio of output over input gives the sensitivity;

Mg =USVT = !
F 2}3@1

Courtesy: Daniel Tavares and Erico Rolim
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FOFB System ldentification — Closed Loop

Measured loop delay (step on BPM signal to
fast corrector current change): 51 us

* Closed loop identification method:

o PRBS added to BPMs: one left-singular vector of
the response matrix (M) at a time;

o Closed loop data measured and projected into the
excited singular vector;

o Ratio of output over input gives the sensitivity;

Mg =USVT = !
F 2}3@1

First 118 dirs.:

o crossover at 1kHz;
o peak ~5.5dB.

Similar to SISO with same gain and delay;

Last 38 dirs. saturated actuators and could
not be measured properly;

Analysis of off-diagonal terms still missing.

Reference

Magnitude [dB]

Orbit

exmtatlon

e el e T T I R e e |

Vacuum ]

Power Corrector
"| supplies

Magnets 1" Chamber

Response

A

UL

Pseudo random
Binary Sequence (PRBS)

Disturbance rejection response per direction

Last 38 singular vectors
—— Reference response (SISO)

102

Courtesy: Daniel Tavares and Erico Rolim

Frequency [Hz]

10°
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FOFB Performance (Oct 2023)

Horizonta
101
— 0
N 1O S |
a Lo — 7 o
n > —— VR
a & 1072 / .
3.10_3 1 T T T T 1+ T T T T IIIlII H T
10—4%— FOFB Off —— FOFB Off New Tunes = —— FOFB On New Tunes
10°t 10 10! 102 103
Vertical
100 ~ :
P "‘\\}\/_‘#‘Q -"7‘\\ \ i b
N 107! = =
M
a - Vi i
n > 102 v |
a & ==
3. 10_3 l’//\\ \//\ "//\\‘/.\:‘ ’iV L\'.-:Nﬂ‘ A\,.I Al
! | |
104 |
101 10° 101 102 10°

Frequency [Hz]

Courtesy: Daniel Tavares and Erico Rolim
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FOFB Performance (Oct 2023)

RMS / beam size (%)

RMS / beam size (%)

=
o
=

=
o
O

o
,L

=
o
=

[
o
o

Orbit RMS relative to nominal beam size
Horizontal

f‘“\/ W\/‘“U‘“\/‘“\/\"“\/W‘“WV\’“V \/ \/W\/\’“\/WW\/\”V‘“\/ \f‘“\

*.
L 3 0
* <.

< 2 4
- hd . . ?
E * P'S

*
*

? i i i i i i i i i i i

Vertical

JVWNW*A/WWJ\/W/WWVWWE

-
4 . - b4 . s v oy .

.
> 2 04
& * * L 4 *® ¢ R4 .

* e o/ ¥ ¥ AR 2 + 4 */ 0 N v . LA © S - L4 AR

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 152
BPM Index

—e— FOFB Off —+— FOFB On (0.1 Hz - 1 kH2z)

L 4

BPMs on the correction loop FOFB On (0.1 Hz - 100 Hz)

Courtesy: Daniel Tavares and Erico Rolim

2% of

Beam Size
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Short-Term Stability (103 Hz — Turn by Turn)
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Injection Perturbations: Septa Leak Field

oh— === 5D SEPTA
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Injection Perturbations: Septa Leak Field

. . ‘I' l I'I' l ool — 2 ,
Attempts with passive | AR e R
shielding were not enough; | PULSED SEPTA

H and V Fast Corrs (from FOFB)

FF using fast corrector magnets from FOFB
(~20kHz bandwidth);

FOFB PSs do not have waveform functionality
-> PS from SOFB correctors had to be used;
Low PWM frequency (48kHz):

o Small bandwidth (~4kHz);

o Input FF waveform optimization;

o Large jitter in synchronization;
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Injection Perturbations: Septa Leak Field

. . ‘I' l I'I' l ool — 2 ,
Attempts with passive | AR e R
shielding were not enough; | PULSED SEPTA

H and V Fast Corrs (from FOFB)

FF using fast corrector magnets from FOFB
(~20kHz bandwidth);

FOFB PSs do not have waveform functionality
-> PS from SOFB correctors had to be used;
Low PWM frequency (48kHz):

o Small bandwidth (~4kHz);

o Input FF waveform optimization;

o Large jitter in synchronization;
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Injection Perturbations: Septa Leak Field

—,:":“;:( ) l. ) §==:=: . — ——= i
* Attempts with passive B — I I I I — .
shielding were not enough; |

) H and V Fast Corrs (from FOFB)
* FF using fast corrector magnets from FOFB

(~20kHz bandwidth);

 FOFB PSs do not have waveform functionality
-> PS from SOFB correctors had to be used;

* Low PWM frequency (48kHz):
o Small bandwidth (~4kHz);
o Input FF waveform optimization;

o Large jitter in synchronization;

Septa FF PS Waveforms

0.5 1
— Input - Output

Current [A]

I I
0.0 0.5 1.5 2.0 2.5

Time [ms]
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Injection Perturbations: Septa Leak Field

: : *I' zlzl'lvi g e ——— ,
Attempts with passive BEER TV DU =
shielding were not enough; | = PULSED SEPTA

) H and V Fast Corrs (from FOFB)
FF using fast corrector magnets from FOFB

(~20kHz bandwidth); Effect of Septa Feedforward (FF) @ SI-06M1:DI-BPM

FOFB PSs do not have waveform functionality < —  FFOff
-> PS from SOFB correctors had to be used; 3 100+ FF Off New Tunes
— = FF On New Tunes
Low PWM frequency (48kHz): *E 0l N\l ——— T 50% of Beam Size
O
o Small bandwidth (~4kHz); L s e T o VR R
O
o Input FF waveform optimization; £ O

o Large jitter in synchronization;

Septa FF PS Waveforms E Beam size o, =44 um
= 0 X
0.5 - e —— otert = (2% coup )@ c,=6.7 um
\ — Inp pu g 10 BPM SI-06M1 Y
2

Current [A]

ol M fo————— § P ——
| : *
D.IS

10 15 2’0 >'s 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time [ms]

0.0 Time [ms]
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Injection Perturbations: Septa Leak Field

e Attempts with passive E=E H —

shielding were not enough; |

* FF using fast corrector magnets from FOFB
(~20kHz bandwidth);

 FOFB PSs do not have waveform functionality E
-> PS from SOFB correctors had to be used; S 100
* Low PWM frequency (48kHz): *E 50 -
o Small bandwidth (~4kHz); I
o Input FF waveform optimization; £ O

o Large jitter in synchronization;

Septa FF PS Waveforms

0.5 1
— Input —— Qutput

Vertical [um]
=
o

<
et
E 0.0 4= ___.__n‘_.jﬂ H".'H'h"h_h_d__-_ T ——
3 ! 0
I I I
0.0 0.5 1.0 1.5 2.0 2.5
Time [ms]

H and V Fast Corrs (from FOFB)

Effect of Septa Feedforward (FF) @ SI-06M1:DI-BPM

— FF Off
o)
290%’ Gx FF Off New Tunes

= FF On New Tunes
————— 50% of Beam Size

350% o, Beam size

(2% coup.)@
BPM SI-O6M1

o, =44 um
o, =6.7 pm

. 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time [ms]
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Injection Perturbations: Septa Leak Field

. . D Il I l‘.' d [poEe I‘= = —
* Attempts with passive ik PP T e T
shielding were not enough; S

_ H and V Fast Corrs (from FOFB)
* FF using fast corrector magnets from FOFB

(~20kHz bandwidth); Effect of Septa Feedforward (FF) @ SI-06M1:DI-BPM

— FFOff
100 - 290% o, —— FF Off New Tunes

= FF On New Tunes
————— 50% of Beam Size

 FOFB PSs do not have waveform functionality
-> PS from SOFB correctors had to be used;

e Low PWM frequency (48kHz):
o Small bandwidth (~4kHz);

o Input FF waveform optimization;

Horizontal [um]

o Large jitter in synchronization;

E Beam size

Septa FF PS Waveforms El (2% coup.)@ G, =44 um
05 — — = o coup. c,=6.7 um
< Input Output O 10 BPM SI-06 M1 y
2 =
E 0.0 1 WA T g --------------------- R e sttty
= 0 —
[

0.0 o's o 1’ > s 0.0 0.5 1.0 1.5 . 2.? ] 2.5 3.0 3.5 4.0
Time [ms] ime [ms
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Injection Perturbations: NLK Residual Field
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Injection Perturbations: NLK Residual Field

Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;
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Injection Perturbations: NLK Residual Field

Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 us duration;

~800 A
QL @ k
(] ( @
Qr .r ~20A
® ~20A
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Injection Perturbations: NLK Residual Field

* Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

* Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 ps duration;

~800 A
() ﬂ @ u
o ( ) o—> . .
Effect of compensation, TbT data @ injection BPM
Y ﬂ ) ﬂ ~20 A

o ~20n ‘...“H H"H‘H‘H.“. ) Q‘H.H

€

3 """"mnm. ki "”"'i'i'i'i'v.v

. —— new cable --- * beam size

€ LA LLabn g LI m;,i.,_‘ )

%’x |‘H<H H" i ""'“l(”“i’li" ¥
=B

0 100 200 300 400 500 600 700 800
time [us]

19



Injection Perturbations: NLK Residual Field

* Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

* Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 ps duration;

~800 A
| ® ﬂ ® ﬁ
° < : - : ng Effect of compensation, ToT data @ injection BPM
' * ~0n £ 0 ‘ .H...u,e's.A,'A‘.!..‘.!.!.l.!,.lI{,.,,,!,,,A_!,g}.u
2o | Hi”'”' i

* Eddy currents from ceramic Ti coating = residual kick shape

—— old cable —— new cable+com wires
deformation and prolongation for several turns; " newdable - rtpamske |
— 501
* Pulse-strength and timing are optimized to compensate combined § ok ( '1 IRV YRR NIMAN 'Mh AL
effect of NLK residual field + eddy currents. > \ |u i Il' TV ' ( H]lf )lil i i
_50.

0 100 200 300 400 500 600 700 800
time [us]
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Injection Perturbations: NLK Residual Field

Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

_‘@\:130mw |Boomv |[@B.sows 116V

Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 us duration;

~800 A S S S N VA
® e e @ _\;E.oous;lﬂi\gln.ctz??;;;us \;3“@ >)9141Li
o ®
(X ) ee ~20A T
‘ A \ A A
200-“~!“MM A A
= COAAA R A ANt ATAN NN aidn b
® ~20A e AR CALLEEULLULEL L
™ Wi DAL RNRVHEAINVMEAIAVMAANRNLUALLLLD EELILLUGIANNVMYATAYEYA
3 M \f{g ‘,ﬁﬂ VUV UL\J K W*\MJJT/\JT{/W Il WARA
. . . . . - +4- -V ' - Iy
Eddy currents from ceramic Ti coating = residual kick shape il AR e A — _
: : H - 0la cable - New cable comp. wires
deformation and prolongation for several turns; F ol new cable  --- + beam size
— 501 |4 \
Pulse-strength and timing are optimized to compensate combined § . | | hum N 'WIUL"M
effect of NLK residual field + eddy currents. > T L) ” 't”vm W i
~50- f
0 100 200 300 4(')0 500 600 700 800
time [us]



Injection Perturbations: NLK Residual Field

Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 us duration;

~800 A
@ 9 e ©°
() @
X ) ee ~20A
® ~20A

Eddy currents from ceramic Ti coating = residual kick shape
deformation and prolongation for several turns;

Pulse-strength and timing are optimized to compensate combined
effect of NLK residual field + eddy currents.

seap awil || §

©® 2lazomv/ |27 mv |

-

o> 1

g
=
)
=
o
@
w

l.!_ —'—____—__"Er'u b

543 ps 643 s 743 ps 843 s 943

(@100 s/ [10.4272000 5 |@ @ > 1|

104 us

Ax [um]
(@]

—— new cable + comp. wires

Ay [um]
(@]

-== #+ 10% beam size x
-—== #* 50% beam size y

300

400
time [us]

500 600 700 800



Injection Perturbations: NLK Residual Field

Cable from high-voltage PS to wires changed to coaxial cables to
provide better shielding;

Cancellation of residual field on-axis:
o Additional pairs of pulsed wires;
o Half-sine shape with 2.4 us duration;

[

~800 A S S Y S
® ® ® ® _};E.oous;lﬂi\gln.ciz??;;;us \;::3“@ >)9141Li o
o ®
(X ) ee ~20A
- U A TS B S
® ~20A =
2 0
S 2,
Eddy currents from ceramic Ti coating = residual kick shape Overall reduction of peak perturbation by
deformation and prolongation for several turns; factor ~60in X and ~18 in Y
.5
Pulse-strength and timing are optimized to compensate combined E
effect of NLK residual field + eddy currents. 5 0
Beam size @ o, =68 um
injection straight c,= 9um 0 100 200 300 400 500 600 700 800

time [us]



Very Short-Term Stability (Turn by Turn —f../2)
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Injection Perturbations: NLK Residual Field

* Residual kick is well canceled by compensation wires for fregs < TbT;
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Injection Perturbations: NLK Residual Field

Residual kick is well canceled by compensation wires for fregs < TbT;

However, eddy currents distort residual kick shape (horizontal mainly);

kick [urad]

kick [urad]
o

vertical

O = = o o e o
-

—— NLK pulse
- =+ derivative

Moot

horizontal
104 i~ —— NLK pulse
| ‘ == derivative
5 4
O =
—5-
~101 >
-2Trev  -Trev 0 Trev  2Trev
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Injection Perturbations: NLK Residual Field

Residual kick is well canceled by compensation wires for fregs < TbT;

Horizontal Position [um]

However, eddy currents distort residual kick shape (horizontal mainly);

Hor. wire only cancels avg. of very large oscillation within one turn;

BPM ADC Data (

382 X fRev)

Sl-

5M2:DI-BPM

100 A

—100 -

— coils off

\

— coils on

I
I
|
I
|
I
|
|

@
1
|
|
I
I

'

= . ———d O

—
-

=== 0One Turn (~1.72us)

0

5

10
Time [us]

15

20

kick [urad]

kick [urad]
o

vertical

Dl = o o o ————

- NLK pulse
- =+ derivative

~10- >

- NLK pulse
- =+ derivative

-Zfrev -Trév 0

2Tr'ev
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Injection Perturbations: NLK Residual Field

* Residual kick is well canceled by compensation wires for fregs < TbT;

vertical

- NLK pulse
- =+ derivative

* However, eddy currents distort residual kick shape (horizontal mainly); 14

* Hor. wire only cancels avg. of very large oscillation within one turn;

kick [urad]
o

e Afull-sine PS being designed to replace half-sine one used in hor. plane; =
* Ongoing studies to use new coatings: thinner, strips, etc...; .
horizontal
BPM ADC Data (382 X frey) @ SI-05M2:DI-BPM 101 - Z‘L'F p‘:!se
R T e e
g A oA ! 5
>, 100 A I I I I I I I I I i =
5 I AR . TS BTN ¥ ©
a AR TR\Y 4% H L [ L YA dl = 0
L 0 I g I I I ' AS § I N
s : "\ UVERY BVIR YA
o~ ' ) ~
L0 W R LAY
§owod A 1Y S —— Af
T : | —— coilsoff —— coilson —-- One Turn (~1.72us) : : _10- \
1 1 1 I — I — I — I I 1 l [ I . 1 ’
0 5 | 10 15 20 -2Trev  -Trev 0 Trev  2Trev
Time [us]
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Collective Instabilities
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Collective Instabilities

Growth Rate / Current [1/s/mA]

®
6 -
®
5 A
4 \ Previous operation point (OP)
e
x’f : .'
31 / o*—*
/ ‘ ‘ - . ® New OP
2 * ° “
------------------------ T —————r
. : ]
| x
— — — — — — — — 0 — — — — —.r-‘--— — —
30 32 34 36 38
Cell 6 Temperature [°C]
Mode 387 Mode 552 Mode 569 == lkpes = 20.0 A
Mode 494 Mode 553 ® Mode 650 mem. |ypee = 50.0 mA
Mode 503 Mode 554 ® Mode 673 — -+ hhres = 100.0 mA
Mode 530 Mode 568 e Mode 678
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Collective Instabilities

SR still operates with a PETRA 7-Cell cavity; o
Longitudinal HOMs -> beam unstable at 100mA,; <6
Stability recovered with: -E.. °
. . m
o Longitudinal BbB feedback on; = 5
o Cavity temperature detuning; :'
-
SRF cavities will be installed in June 2024; g 4. \ Pr?vlous operation point (OP)
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Collective Instabilities: Transverse Planes

Average Spectrum RMS Over Bunches Coupled Bunch Modes Amplitudes
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Collective Instabilities: Transverse Planes
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Summary

A few important subjects not addressed in this presentation:
o Effect of IDs on orbit: Feedforward with correctors as close as possible to ID and/or FOFB;
o Tune variation due to IDs and drifts: Currently is small, but feedback loop is planned;
o Effect of IDs on equilibrium parameters: Not observed with current IDs, but is priority for the
near future;

Efforts to improve long-term stability are being made. However, quantitative assessment is
difficult. More interaction with beamlines needed;

Good mid-term stability (<2% of beam size and energy spread), thanks to FOFB and improvements
in LLRF control. However, mitigation of perturbation sources must be pursued;

Short-term stability was largely improved, but still needs enhancements in both areas: septa leak
field and NLK perturbations;

Residual oscillations of collective instabilities must be improved and investigations regarding
operation at higher currents must be carried out;
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Thank you for your attention!

Thanks also to Liu Lin, Murilo Alves and all my colleagues that helped putting this presentation together.
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