Dithering

M. Masuzawa



Introduction

SuperKEKB needs to alignh two super-small beams in
vertical and horizontal planes at the IP for good collision.
And good collision conditions have to be maintained.

KEKB

yvandy’: “standard” orbital feedback based on beam-

beam kick calculated from the BPM readouts located on
both sides of the IP was used.

X :Beam-size (from the SR Monitor) was monitored and

control by changing the horizontal bump height at the IP
before crab crossing.

X :beam-beam kick after crab crossing with crab cavities.
FB rate was about 1 Hz.



Introduction

SuperKEKB

vandy’ : “standard” orbital feedback based on beam-
beam kick calculated from the BPM readouts at both sides
of the IP still expected to work, just needs to be faster.

= presentation by the monitor G (H. lkeda).

X : Beam-beam kick will not be a sensitive parameter for

monitoring collision as € is so small:
g, ~ 0.0028(e+), 0.0017(e-)
= Luminosity dither is being considered.



Collision FB scheme (KEKB & SuperKEKB y&y’)

(luminosity max.)

(1) Finding good collision

Change bb kick by changing

Luminosity scan
Lumi. vs bb kick

Calculate beam-beam setting of iron-core steering -' E
kick (b-b deflection) ) . - [ =
uscin(bBIEI\(jli ection) magnets located on either /,r’."r" “\
5 side of the IP. ol N
- TR A T T WA——— -
325 32 315 31 305
bb kick
295 (2) Maintaining gow'!
o -3 —_/v\\m (luminosity max.) : <
O : : =
‘T -3.05F o ~ 4-37. 2
- Luminosity scan ] Q
% -3.1 Maintaining collision-38 o
O .3, 15F ——‘l‘_wllJT 1.38, 3
z ; (il 1.0 =
e -3.2F i \,\%\ -39 @
(T : : =
g -3.25F Bump height created by / -39. ~
3 3F steering magnets \%»‘5_40 ®
E @IP to maintain bb-kick ] °
-3.35H—— — e h"-4o.:‘
4"30"0° 40" 50" 570"



Collision FB scheme (SuperKEKB x)
(1) Finding good collision
(luminosity max.)

Dithering (60~70 Hz)
by air-core coils on both sides of the IP.

(2) Maintaining good collision
(luminosity max.)

Change dithering output (zeroing Lock-In
amp output) by settings of iron-core
steering magnets located on both sides
of the IP.




Luminosity dither (similar to PEP-II) :
Key components to be examined

(1) Dither frequency :

(2) Dithering coil design (air-core or ferrite-core) :
(3) Power supplies :

(4) Lock-in amps :

(5) Vacuum duct :

(6) Good luminosity signal :



[ (1) Dither frequency }

From 17th Review Committee Report:

The horizontal collision feedback system need
not be very fast, since the most important perturbation is
expected to be rather slow, around 3 Hz.



Review
“perturbation is expected to be
rather slow, around 3 Hz.”



Tunnel vibration near the IP
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Calc. B4 floor

Calc. (KEKB floor)

—— Beam line floor(B3)

~3Hz
Mainly in vertical (Kanto-loam soil)

Vibration will be amplified

by cryostat, magnet, movable table...

How much larger will it become
& what frequencies?

= Being examined by H. Yamaoka.

We will prepare Horizontal FB
anyway.
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(1) Dither frequency

We need to pick one frequency for dithering as we will
just dither in horizontal direction.

PEP-II
To avoid interference from the 60-Hz power line, the
dithers run above 70 Hz.

Our power line runs at 50 Hz...
So 50 ~ 100Hz?



(2)Dithering coil design
(air core or ferrite core)
Estimate of bump height and magnetic field

When two beams overlap, the luminosity drops on either side of
the peak, giving modulation at 2w,.
Off center, there is additional modulation at the fundamental.

Dithering simulation by S.Uehara
Max. dithering amplitude, which corresponds to 10
% drop of the peak luminosity should be prepared.

Current
psition

inosity P
Luminosity Beam-beam simulation by K. Ohmi

This corresponds to a horizontal bump height of

dithering 7
~7um.

Tpo

We will prepare coils, which can make a +10um
5 horizontal dithering bump at the IP.

P HABNZA=2  =Max. kick angle (estimated by Y. Funakoshi)) of
+10urad, if coils are placed near the slow “iBump”
horizontal steering magnets.
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Does it make more sense to have dithering coils in LER?

Four locations, two on each side of the IP, in HER.
Will be investigated.



Dithering coil design
Air-core type

PEP-II dither coils""

2 pairs of-Helmholtz coils

Ours will be just one pair ,
Assuming|Leg~ 0.25m, we will just need ~10 G

Coil design will be done soon.
Wire size, # of turns, inductance, resistance, power consumption and so on.



Dithering coil design
Ferrite-core type

What SuperB proposed:

Dither coils will be curved “saddle” coils with a
cos(0) current distribution and an outer ferrite
cylinder to act as a shield and flux return.
Provides much better shielding and efficiency
than the open Helmholtz coil design used in
PEP-II.

This is interesting.
Will be looked into.



Coil-pair parameters

Coil design and performance
Fast dither review

Steve Gierman

Oct. 19, 2005
Calculated values
B,/1(G/A) | L (m) | R(Ohms) | L (mH)
horizontal kick |5 gg 0.178 0.546 536 1§
+50m 1A )Y
Vertical Kicx 2.89 0\74E 0.546 5.36
+50m T Ta
horizohta! sk 1
2.92 0177 0.546 5.36
+30m
rtical kick
vertical Kie 252 0.248 0.546 5.25
+30m

calculated single-coil inductance is 2.48 mH (compare 1.54 mH measured)
calculated inductance is used in tables that follow




Required voltage V, (100 Hz)

Coil design and performance
Fast dither review

Steve Gierman

Oct. 19, 2005
dither amplitudes —— Ax =40 pm Ay =5 pum Ay' =100 prad

bsepilL 5.66 -0.21 -1.38

horizontal bsep2L 4.61 0.20 - 0.9?___ B
kick bsep2R 4.59 -0.53 0.93
bsep1R 5.65 0.35__" -1.63
;s_ep1E_ 5.25 -18.13 -3.97
vertical bsep2L -1.50 5.29 -4.17
kick bsep2R 2.12 5.61 3.87
bsep1R -5.69 -17.35 4.38




(3)Power supplies for actuating dither coils

Digital Meters

Model BOP 20-5D (top) and BOP 72-6D (bottom)
100, 200 and 400 Watt Linear High-Speed Amplifiers

PEP-II

a bipolar voltage-controlled current

source capable of delivering up to 20 A
at 20V (Kepco BOP 20-20M) was used.

Our power supplies have similar specifications
As Kepco BOP 20-20M.

i/ T4 BWS18-15 BWS40-7.5
BOP DYNAMIC SPECIFICATIONS ‘ ‘ |
[BAHBE (V) 18 x40
BANOWIDTH RISE & FALL TIME LARGE SIGNAL = =0
(d-c 10 .348) 10%-90% FREQUENCY (min) ’“xﬂmg’ﬁ (A) ’i] ° |i7-5
MODEL Ko (e pac raxenm RESPOUSE KKz [y lcv 0.01%1mV Lt 0.019%:2mV 1Py
v | vl Lt b¥aLb—vay lcc [0.01%5mA Lip
b siE R cv 0~3.6V/V 0~8V/V
BOP 20-5M 18 12 20 30 17 18 | avpe— k) e o~aAry o154
BOP 50-2M 18 12 20 30 17 13 / SAN
BOP 100-1M 18 1 17 22 18 1o (Y7L cv [1mVCE
200 WATT (rm.s) lcc [1.5mALT 0.5mALLT
BOP 20-10M 18 6 20 60 17 7| st cv IDC~15kHz [DC~20kHz
BOP 36-6M 16 13 20 27 15 14 |[*9;dB ]cc ’ch OkHz
e = L L = 15 L 1 [gxanEn@va) [750 [750
BOP 72-3M 20 15 18 26 17 12 wmm l2539)
BOP 100-2M 22 15 18 26 17 12 EAk
(Hmm  [147(164)
BOP 200-1M 4.0 2.5 110 150 40 | 25 | (®xm
400 WATT (Dmm  [450 (530)
BOP 20-20M 95 | 10 s | 35 8 | 10 |[EE (1) kg 26




(4)Lock-in amps
To discriminate dither signals

Signal in qu Vi = Kgcos(2nft + ds) - cos(2aft + dg)
| > l
‘ =3 s(ds — (22 ,
Vg = KCOS(Z](f( + ¢s) Amplifier [ 2Kg [cos(ds — dr) # cos(2r2 fr+ ¢s + dr)]
v'“]
R x}——

Mixer Low-pass

{ filter
Reference e

in ,\’/
Y s
V, |rb Ve = cos(2r ft + dg)

Sine-former




(4)Lock-in amps

v ) . X, : Offset of
To discriminate dither signals two beams.
2 X =X,+XCOSW, 1
L(x) = L exp|-— }
X) =L, - 2 ) )
. 2. =0_.,+0_
XX X X,
= L,|1--cosw t ———cos’ w1 |exp| - —=
: x 22
Lock-in amp
&low-pass filter
XX X
V.=C, LO\/» 2e p 2202

V, is useful because
(1) proportional to the offset x,
(2) and goes to zero when the luminosity is maximized.



s Same model used for the tune trackers.

= Built-in sine-wave source (or accepts external sine).

SRS 830 Digital Lock-In Amplifier

» Quadrature measurement: amplitude and phase s eg\ )
gnal

= Digital mixer and narrow low-pass BG\(rs\)Gt
component at the d g n @"Eqan

n\ suppress 2" and higher harmonics.
onally, can \& su %he N™ harmonic for X studies.

tten for tune trackers) using GPIB.

'8”@ .
aﬂ nt it for occasional use to set range, frequency, filtering.

= BNC outputs for amplitude and phase.

= For the feedback loop, send these to a SAM and avoid GPIB.

Alan Fisher
2005-10-19




Basic Idea

Lock-In amplifier will give signal « dL/dx

— will become 0 at perfect alignment of beams

Newton search to zero out this signal

3 planes (x,y,y’) independently run

— each cycle implements all 3 moves together

Algorithm is independent of 2- or 3-frequency system

5‘*}@(@\@?@@
B Qﬁ‘

er fnformalon

U. Wienands, SLAC-PEP-11
Fast Dither Review 18-Oct-05
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/B

(5)Vacuum duct
For field penetration

~60Hz Dithering freq.

1 ) | T
= : . |
o) I o
- | m—Ratio(Cu, r=53 mm)
[ | w—Ratio(Al, r=53 mm)
Ratio(SUS, r =53 mm)
| | — Ratio(Cu, r=46 mm)
0.01 .
0.1 1

Frequency (Hz)

1

Bin AuO bt

l+|——ow

o

b: Outer radius of the duct

t: Thickness of the duct
6mm

p: conductivity

w: Angular frequency

A.W. Chao and M. Tigner, Editors,
Handbook of

10 ?-I 00 1000 Accelerator Physics and Engineering,

Second printing, World Scienti
fic, Singapore (1998), p. 264.



(5)Vacuum duct
For field penetration

16

110

10

Current design
Copper
6 mm thick

20

FAS

‘22

We will have to
make a request to Suetsugu-san
to change the duct material
from Copper to stainless steel,
where iBump & dithering
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L (6) Good luminosity signal }
(S/N)

Fast luminosity monitor by S. Uehara.
How clean is the signal?
Very important.



Concept of the Lock-In Scheme

s Continuous sinusoidal dither of the beam at the IP.

n ~Stmultaneeus-dithers for x, 3-andy—Fwe-metheds-avatable:
= Use three-ditferent frequencies—a,, @p-and-@y-

87 [ ¢ TV Wittt 7Ll U

(7
[¢ Xy [¢ Ry Y y

= One lock-in amp per dither frequency detects the magnitude and phase of
the luminosity’s response.

= Lock-in magnitude at drive frequency disappears when beam is centered (while
signal at even harmonics should climb).

. e binstiondithonsirelonthobuminos: .

= Lock-in phase indicates the direction beam must move to increase luminosity.
= Excite the 4= air-core coil sets with coefficients that give desired kicks.

s Measure-all3-dithers, then send one cembined-correction to DC correctors.
= 1-Hzcycle: 0.3 sec for measurement, 0.7 sec for moving DC correctors.

®
~Is 1 Hzfast enough?

Alan Fisher
2005-10-19




Dithering Summary : To-do list

Locations of the dithering coils (and iBump (orbit control) steering
magnets) need to be finalized and a request to the vacuum group
needs to be placed very soon. Stainless steel vacuum ducts are
preferred.

Horizontal only?

Specifications for coils and power supplies need to be finalized and
the coils (air-core or ferrite core) need to designed.

Power supplies need to be purchased.

Specifications for Lock-In amps need to be decided.

Continuing work on fast luminosity monitor by S. Uehara --
collaboration with LAL is ongoing.

Signal/noise, zero-finding algorithm simulation work is needed.

Steering magnets for changing the collision orbit needs to be
designed. Setting rate?

Collaboration with SLAC is highly appreciated.
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Conceptual Sketch

Lock-In Amplifiers

CAMAC at 3 Dither Frequencies
SAM
DAC ROOIR R 0
In @ In @ In @
| I [ Luminosity
Monitor
fx fy y

Power
| Amplifier § Dither
(> Magnet
(10f 8)
Programmable-Gain - .
Amplifiers -
Alan Fisher

2005-10-19




Project Scope for SLAC work (tentative, to
be agreed upon between SLAC & KEK)

* IR Feedback Investigate an IR feedback scheme
that will maintain stable collisions at high
luminosity

— Perform analytic work and simulations of such a
system, as appropriate, in communication with KEK

— Generate requirements for the luminosity monitor(s)
and other diagnostics to be used in the feedback

— Generate requirements for the beam-control
elements (steering magnets)

— Propose hardware implementation compatible with
extant KEK infrastructure.

Y. Funakoshi




