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The CERN Accelerator School
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i Numerical methods A BPM Read-out Electronics
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A Signal-to-noise and BPM resolution

I Higher-order moments
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Beam Position Monitor [BPM]
Moniteur de position de faisceau [BPM]




A System of Beam Position Monitors 0D

The CERN Accelerator School
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BPM Pickup and Read-out Electronics 0D

The CERN Accelerator School

O

signal
BPM pickup U cables : feedback bus
‘, BPM read-out electronics - :
: A, ... (if appll'cfable) control
. - position system
Vs ( data (L AN)
ol vertical > ¢ > Ar_1a|og A Digital Signal Data
BPM ElECHREES > AL Signal D Processin Acquisition
|_> L | Conditioning C g g
Fl . ¢
beam < horizonta _
trajectory BPM electrodes CLK Power Tn_gg_er &
R&LJ Supply & Timing
< i. Misc. Control timing,
D trigger
signals

A BpPMm pickup
i Electromagnetic detector, being part of the vacuum chamber.

i Consists of 4 (sometimes 2) symmetrically arranged electrodes to convert the bunched beam EM field into electrical signals.

A BPM read-out electronics
i Extracts the horizontal and vertical beam position information from the PU electrodes.
I Usually, but not always located in a service building outside the accelerator tunnel (to avoid damage due to radiation).
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Learning Objectives

X Introduction into BPM systems

I From an engineering perspective
U How to design and build key components for a BPM system!?

I Focus on the principle of operation
U Often in graphical format

I Sorry, there are a few equations, but I try to focus on the principles
U keep lengthy derivations in the backup slides and for the writeup

I Stick to the fundamentals

A U Expert and exotic stuff: please study the related papers

O

A

goe

The CERN Accelerator School
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O

The BPM System

A is based on Beam Position Monitors (BPM),
which are beam detectors located along the accelerator

I BPM: Beam Position Monitor

U Beam pickup with signal processing (read-out) electronics
I Often colleagues just refer to the beam pickup as BPM

i BPMs are typically located near each quadrupole magnet
U Use 2 or more BPMs per betatron oscillation period

goe

The CERN Accelerator School
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@ E-field of a moving point charge 0D

The CERN Accelerator School

Point charge

at rest
| T
Gauss law:
n g0 N %, ko piﬁ‘r’]‘ls
00 7 = 000 —(— — =
/- T“F 0 T“k 6
charge
density

A
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Wall (image) current at s e do'e

The CERN Accelerator School

A Point charge A in a perfect
conducting cylindrical beam pipe
of radius 4

i Travelling with: 7 Oj%g

U A p an c dikedield distribution
I Image charges A, along the
azimuth of the beam pipe wall:

surface

* will not follow the charge state
in most parts of this lecture
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@ Effects of Low-b Beams D

The CERN Accelerator School

A At o L the EM-field of a point charge develops longitudinal field components

(non-TEM field) T 0 : P

W Jp 1

I Point charge in a cylindrical beam pipe of radius=|

(. L | 0

i The longitudinal image charge distribution B4 7 ¥ollows a complicated expression
from a Bessel-Fourier series expansion =|

U Fortunately, the RMS value is simply:  Q, F
iz
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@ The Electrostatic BPM Pickup 0D

The CERN Accelerator School
FM_—ME% ;

»

-

courtesy O.R. Jones

-} |
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@
@ BPM Pickup Response i High-pass 0D

The CERN Accelerator School

courtesy O.R. Jones

C“ 'Yé

Response (V)

v

Frequency (Hz)
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Beam Position Monitor Principle D

The CERN Accelerator School

A The BPM principle is based on symmetry
I The beam displacement d is detected by a pair of symmetrical arrange electrodes

courtesy
O.R. Jones .
U I RO

i BUT: Hoops, wait a minute, not so fasteée
What happens if the beam / bunch intensity changes?!

U The -signal still contains beam intensity information!
UNeed to Anor maghalzeo t he
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®
E@V Electromagnetic Pickup for Position Measurements (OO

The CERN Accelerator School

A The BPM pickup converts the EM-field of the beam into electrical signals
to monitor the beam position by means of:

I identifying asymmetries of the signal amplitudes fArom two (or f,ogr) 5 b
symmetrically arranged electrodes,e.g.,.=& |: T T OA BAH 18D

0O O

U broadband pickups with, e.g. button- or stripline electrodes
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@
E@V Analytical Analysis of a broadband BPM Pickup QOO

The CERN Accelerator School

A To understand the position behavior of a broadband BPM pickup
we apply some simplifications:
I APenci | 0 beam, I . e. , zegQ, t r)Jansverse di mensi
traveling with relativistic velocity (o e 99 in the beam pipe

U Perfect transverse electromagnetic(TEM) beam field
0 No transverse dimensions, can be approximated by a line-charge distribution ¥ W«

I Beam pipe with circular cross-section and infinite conductivity
U using a perfect electrical conductor (PEC)
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@ Reminder: E-Field of a Line Charge D

The CERN Accelerator School

A E-field of an (infinite) line charge f

T point charge element: . T -
P | g Q04 4 WO i then follows:
@O _ Qa
oY 7. a0 _ Qq [ ‘
/// \\\ _[u _ (11 a ) 7‘ ” o
o =% =24l
T -Y ™ Y'Yy IR
R T i which results in:
‘ ! J/ET(IEDI)O H
/// Y l \\\\\ |TZ Z ‘I=_

O+++++++++
o O L S L ¢ o
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@
E@V E-field distribution in a circular beam pipe cylinder (m

The CERN Accelerator School

A E-field distribution
AN - = wall (image) charge distribution

i Infinite grounded cylinder (beam pipe)
and line charge f (beam charge)
O 2D electrostatic problem

A\

grounded beam pipe LAL
(circular cross-section) ==
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@
E@V Applying the Result for a Pair of BPM Electrodes OO

The CERN Accelerator School

A wall (image) current density
Y
Y'Y i cYIATWI®O )

closed-form solution

O (Yishfr)
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@
@ Normalized Beam Position Characteristic (OO

The CERN Accelerator School

A Pair of symmetric horizontal electrodes:
6 O OEKXIEOAOOBAD 1 AEAAOOT AA
I Horizontal and vertical beam position (Cartesian coordinates):
w 1AT<O w 10kl
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Example 0D

The CERN Accelerator School

2

A Position characteristic for R =12.5 mm, U = 300°:

1.0 y-displacement -
9 AL . — Omm
I :
05l 1 2.5mm _ ]
[ ~—— Smm
— 7.5mm

10mm

1
o
on

T

-1.0L

I-'1DIIII-EIIIIDIIIIEIIIIHJI
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@ Logarithmic Ratio Normalization 0D

The CERN Accelerator School

A Results in a more linear position characteristic

ET DPBOEO ET‘{? qﬂl(—%l EECEAO OROR DO

B (QFIFFIh.h)

X ohhih)

i The example for R = 12.5 mm, U= 30°
gives a sensitivity of 2.75 dB/mm near the origin

a@Ha—
y-displacement
— Omm
gu-_ — 2.5mm |
= I = Smm
5 - — T.5mm
o= 0
g I — 10mm
&
—20l
=402 . . . ., ..
=10 -5 0 5 10
x!mm]

II-1|0”II-ISI”IOIIII$I”I1I(}II
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@ BPM with 450 Rotated Electrodes 0D

The CERN Accelerator School

A Required in all electron / lepton ring accelerators!

I Prevents that sync light, or collision debris, hits the electrodes
U More non-linear position behavior
U Reduced position sensitivity (this example: 1.94 dB/mm)

i Same mathematical procedure, but with coordinate rotation of 450

> o= |
— Omm
gu-_ — 2.5mm 4
. : — Smm
% i — 7.5mm
E ﬂ_ = 10mm
&
_20l _
ERA—T, i 0 5 10
II-1IDIIII-I5IIIIﬂlllléllll‘ilﬂll I[l‘l‘ll'l'l]
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Numerical Analysis D

The CERN Accelerator School

O

curved electrodes flat electrodes A but tstyle electrodes stripline electrodes

Ve
[ 1

\ /
‘ 4 i x
\\\__// L. - e
A BPM electrodes may have different shapes octagonal-shape vacuum chamber
i e.g., curved or flat, following (flush) or not the vacuum pipe cross-section shape with button BPM feedthroughs

A

T>o T>
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E@ Poisson Equationt Greend s Reci pr oc i@

The CERN Accelerator School

A To analyze the coupling between the beam particles to the
BPM electrode we need to numerically solve the Poisson equation: n 3 (ip) e

i forapointcharge” NP © travelling at relativistic velocity!  Ufoe p

U In the following the point charge is replaced by aline charge density " (B) _ a1 ®] o,
mimicking a pencil beam with small transverse dimensions , h, L dwrt.to the beam pipe aperture @

- p 3 .
\ A
A
Ybeam fmmmmmnac.. ) 1
Xpeam X‘
y -
L i §>

/ ) .

button BPM with aline-charge excitation line-charge E-field in the o +p|ané at » fixed potential ~ T set on the UR electrode
A Instead of scanning the line charge (beam) An A"
across the e e¢plane and recording the potential ! ! o !
at the BPM electrodes through many calculations, Jo” QW %o” W Qw %"
we apply Green6s reciprocity theorem:
i Applied to one BPM electrode, % % B
setto a flxgd voltage potential D  p it S|mpI|f_|ed to:. %o B’ PO DN
U Assuming all other electrodes and the beam pipe cylinder ‘ | L'J
being on ground potential . :
_ b pw
Page 24
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®
E@V Greend6s Reci pr oc it tLpplatenEguatioa nf{ 00

The CERN Accelerator School

I furthermore, assuming ” _(b)
we retrieve the scalar potential % b ati: N

0 .
U Which is equivalent to the position coupling characteristic of the electrode { (ehw) = _ 4 (i)
A The resulting Laplace equationn 5 (bB) Tneeds to be solved in 3D

I as of the geometric symmetry of the BPM, the calculation requires to be performed only
for one electrode, by putting it on a fixed potential, e.g. T

B % B

ntials™ _4(ehch» qr = = 8V « 3D isometric surface potential ™ _J(ehwhy
U The resulting 3D scalar potential,
here for the upper-right electrode” _4 ehch» ,
needs to be mapped to a 2D-plane to account
for the induced image charge on the electrode: 1
i with/b e Jb O (here:/b e Q o )
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@ Wakeup Quiz D

The CERN Accelerator School

] I1O

2D equipotentials™ _4(eht) qFc = 8V «

A Again, assuming a fixed potential of - T |
Is applied on one BPM electrode, §l
the resulting scalar potential ranges:

-08
10+

-06

T %o (Oj:(}.)) P W

y [mm]
o

D
Pur(0,0)=0.0487

A What information gives us the value 5
of the scalar potential in the beam pipe center? |

0.4

02
-20-

%0 (00 T[F[A) T[)

-30 -20 -10 0 10 20 30
X [mm]

A The value, in our example™ _4( h)e 8 ,expressesthe amount of coupling

between the beam, passing the BPM in the center of the vacuum chamber, and the
BPM pickup electrode, herex P

I Useful to estimate BPM signal levels based on the beam current
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@
¥ -Normalized Position Characteristic 0D

The CERN Accelerator School

A The 2D potential field scalar of one BPM electrode, e.g.” _a qfn) "= oh is simply
transformed to the other BPM electrodes by symmetry operations.

i No further calculations required due to the BPM symmetry
A with all 2D field scalars for the 4 buttons at hand we now perform a normalization,

e.g., following the popular ¥ -normalization:
&g, 1ofiowing pop T hor./vert. electrodes rotated electrodes
N /. %0 %o %0 %o %o %o
%o g N0 P T R
%0 %0 %0 %0 %0 %0
’ o %o %o o %0 %o %o %o
! 00 — 00
\D'- %o %o %o %o %o %o

x [mm]

1ol . . ‘ ‘ a o . r ; ; ‘ ‘ ; 0100
os 05l — x=20mm 0.08[
=T ] ’ - x=10mm
— x=0mm 5 2
% 00 % 00 &5 2 "%
< <0 3 3
© T 0.04f
05| 05 |
0.02| .‘I',.r
10 -1.0 : -
=30 -20 -10 0 10 20 30 -20 -10 0 10 20 20 30 -20 -10 0 10 20
X [mm] y [mm] y [mm]
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®
E@ Scaling & Correction of the Position Nonlinearities OO

The CERN Accelerator School

A Any EM BPM pickup is an LTI system: a linear, time-invariant device!
i e.g., the superposition principle applies
A However, the position characteristic of most BPM pickups is non-linear, thus, needs to be corrected.
I The exception is the split-plane type BPM pickup, which has a linear position response
U atthe expense of lower sensitivity and limited operation frequency range
A The si gnall | evels of the BPM pickup electrodes ar e

i Today, in most cases, the signals are acquired separately for each BPM electrode, as averaged value on a
bunch-by-bunch or turn-by-turn basis,orasdown-c onver t ed and debcainndaoct evda | fiubea s e

U If the electrode signals are combined, e.g., by a hybrid, or altered non-linear, e.g. by a logarithmic amplifier
before the digitalization, that process needs to be included in the non-linear correction procedure

i The normalized raw beam position is calculated from those ADC values,
e.g., for a pair of horizontal BPM electrodes: . n
. s 3 Y U

W CVE

Y 0O
0 With =| and 4 being the (averaged) ADC values of the right and left BPM electrode signal level

i This raw beam position need to be scaled to a beam position value, e.g.,in 0O

U Scaling and correction of the position non-linearities are performed simultaneously by the non-linear correction
procedure, e.g. a look-up table or as discussed here: a polynomial fit function
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Linear Fit = Simple Scaling D

The CERN Accelerator School

2

po O

w 0
Z =and || are the signal levels of the, e.g. horizontal or vertical pair of BPM electrodes

Z T isthegradientof 7 |JJeh)inOO atthe beam pipe center elu
A Example for a BPM with:

A A linear fit is applied to the normalized position response n €4

rotated electrodes hor./vert. electrodes
1.0[ ) ‘ l ‘ ] ] T v T 11 Iél T T T -" LI L | “]_‘ ; ‘ “ ‘ [ ‘_ :l T I T
o | it A v s IO B e N N -
22 o \—V\:Dm'“ | E %"‘ Oﬂ_q 4 oo \—y\:Dmm | :
10} s aaas :-!.‘lbb'!-: A, a sl ] 10_ llllllllai 'éﬂ-----.---
-0.5F H » QOIO = - olo?l "X C
9 _ I aaa l.‘.::ﬂ #*’#*éi -::.‘.l " aa ok 'E‘
-1-0750 20 10 0 10 20 30 E 0 PP PP! _E,
X [mm] ; '_ =
-10f MEERD- i
T R T T o 30 20 -10 0 10 20 30
X [mm] X [mm]
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&

1D Polynomial Correction D

The CERN Accelerator School

A The relationship between the raw (measured) position data
of the right 4 and left4 BPM electrodes, for the horizontal axis, )
and the true horizontal position value e is given as: @0 <§‘> Y U

I Based on the electrostatic analysis

I Again, =| and 4 are the digitized and decimated (averaged) signal levels
of the right and left BPM electrodes

uOr Iin case of rotated BPM el ectrodes the equival en
1 w1 rdandd 4
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1D Polynomial Correction T Example (s

The CERN Accelerator School

o

fit pos. char.

fit pos. char.

fit pos. char.

fit pos. char.

/
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1 abs. error [mm]

- y -
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@ 2D Polynomial Correction

A For an arbitrary beam offset ef
the normalized ¥ raw horizontal and vertical beam position,
o) Ly¢ >=|=€,A}based on the ADC data,
and the true beam position e, «, can be linked to two functions:

A Again, these functions need to be inverted to get from ¥ toOO:

i Please notetheswapw Q (w ho )

AN

W
(o

goe

The CERN Accelerator School

o
® Q@ h )
O Q@ h )
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| Example (maA

The CERN Accelerator School
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Capacitive Pickup deo'e

The CERN Accelerator School
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Capacitive Pickup (2) D

The CERN Accelerator School

AlLet 6s asGaussian particle distribution

I Gaussian bunch charge line density: _ (i o) — Q
0&gQ N andf @ U (beam velocity)

I For reference: Gaussian bunch current in the time domain:
m i o ™ i Qi ™ i ™ i ho Q& O
QO Qi QO Qi Qi

Q (i

I and: Gaussian bunch current in the frequency domain: O (Q &£ @ (_)

A
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Capacitive Pickup (3) 0D

The CERN Accelerator School

A BPM electrode spanning an angle: |
I gives a (geometric) coverage factor: %o o

u k-
K
I and results in the charge on the electrode:

, . %Q9g, . (Jb q 56) e (fb q &))]
0 Ql ([ Q1 |
O q 1 ( Ve, ¢Ve,,

- .%ﬁ from the electrostatic analysis and

he the coupling constant

capacitive
~ BPM electrode
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Capacitive Pickup (4) D

The CERN Accelerator School

A Voltage signal of the BPM pickup electrode

i Inthe frequency domain: © (Q O (90 (Q
P— e anaaanaanraen u Wlth ) (“g .Y
Q =0 Y U W p QcHQY
................. 5 i i
—;— 0 - = - | - - (w/o fringe fields)
Q C | l
Page 37
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Capacitive Pickup (5) D

The CERN Accelerator School

A Transit time considerations
I Required if the bunch length,, X /b
i We assume the tap-point in the center of the electrode at: /b | ¢
U We are ignoring azimuthal time effects. TEM fields assumed, otherwise: ,, ﬁ
i Signal velocity on the BPM pickup electrode assuming air-dielectric: 0 Wi wo

%0Q & [Ql(gb P T) ¢ w)O Ql(gb P 1) ¢ co)
C

c p T '\/E” Cﬁ”
%Q & b b ()
Q (0 0 Q
‘ p T ¢',
. o %e L Y S G
o o T Q 0
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Wakefields 0D

The CERN Accelerator School

O

A Wakefield are beam generated EM-fields due to the surroundings

I The EM-field of the charged particles moving at constant velocity oT{'fis altered by

vacuum pipe components, e.g. kickers, pumps, bellows, RF cavities, beam monitors,
etc., but also by the finite resistivity of the beam pipe itself.

U Any discontinuity or resonant structure (cavity) in the beam pipe causes wakefields

dB

-4.85

e
iy

55

T :
A »333

Y
e-field (t=0..end(0.01);x=0) [pb] &

Component Abs l‘
Sample 1/155 z x
Time 0

ns
Maximum (Sample) -inf dB
Maximum 0dB
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&

Wake Function and Wake Potential 0D

The CERN Accelerator School

A Wake function based on the sketched 2-particle model:
I A Lorenzforce acts on A by the wake field of A

L -
1
T W ¢ A(p im
I The wake function of the structure, e.qg.,

a discontinuity or cavity, due t=|o A is the defined as:
©

F(e B o A Ay — B Ceh hoha g T o

~
v

t 7l
i The change of momentum on test charge a is then: 9mm

A The wake potential is defined for a distributed source

A
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&

&
Loss Factor and Coupling Impedance D

The CERN Accelerator School

A Wake function / potential can be separated into longitudinal and transverse components
I and they are linked with each other (Panofsky-Wenzel theorem)

: N . — | 7. -
i For beam pickups often the long. wake potential is dominant: 7 (9 Yy 9z-(9z
r r p t) e \ ™~ 14 N r 1 r
i With the long. wake function given as: - (1) n_ QO whwhhi a7i
e , ‘ : L ow , P . —
i Here assuming a Gaussian bunch source: ,@0) NI @ (Ww_a wo _(i) \/—?‘Q

A Theloss parameter describes the energy loss due to the wake fields

I The bunch shape-dependent total loss parameter is given as: -
. < Y- (W (Y

U Assuming a Gaussian longitudinal particle distribution
and negligible transverse dimensions
i Please note, the total loss factor 'Q j is usually computed by time-domain wakefield software
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@
Beam-induced RF Power Losses (1) 0D

The CERN Accelerator School

2

A The long. Wakefield effects result in a power loss in the vacuum device, e.g. in the BPM pickup
I That power dissipation is converted to heat, able to damage the BPM pickup

U At SPEAR (SLAC) operating with higher beam currents some BPM buttons dismounted and fall into the
vacuum chamber as of the heating related to beam-induced power losses !

i Evidently, the beam-induced power losses are an issue for high beam-current ring accelerators,
not for linacs and transport-lines.

i There are different ways to estimate those wakefield-based power losses:

A Created using Vim

SIMULIA CST Studio Suite® 2.22e+05

1.05e+05
85000

65000 —

45000 — |
35000

25000

15000

5000

e-field (t=0..end(0.05)) [pb]

Cutplane at ¥ Omm
Maximum on Plane (Sample) 2330.69 V/m
Maximum (Sample) 8553.79 V/m
Maximum (Global} 411181 V/m
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Power Losses in Metals D

The CERN Accelerator School

O

A Numerical wakefield analysis software (CST Studio, GdfidL, Echo 3D, etc.) has many field
analysis features, including the sampling of E- and H-fields vs. time or frequency.

i The be afmelselated surface currents and the resulting power losses due to the finite
conductivity of the metals are of interest for the BPM design

I E.g.,in CST Studio we can separate the power losses by material type and part to get an idea of the
loss distribution within the BPM housing, by calculating:

30 .
U

h] Created usin
)

N BT RELUEE
af f+mmhto- 4o 14
Fu- g atn ol Yoo og<tn i
assuming the CST Studio software
Is used with a different bunch charge

914 uWw ‘ 39.33 mw

y. 7/ N oY
L b
A

C
¢

82.5

—

surface current (t=0..end(0.05)) [pb] &
ompanent Abs.
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@ Types of BPM Pickups D

The CERN Accelerator School

A Broadband pickups
I Capacitive coupling
U e.g. button BPM, split-p | ane (bfoxhoo e, @Bdrtidry electrodes
I Inductive coupling
U Image current, transformer or toroid-based
I Loop or transmission-line (directional) coupled
u Stripline BPM, exponentially tapered stripline BPM
I e
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@m Button BPM and Equivalent Circuit 0D

The CERN Accelerator School
——{ ——
i
= \ o 2
‘H' | + ¢ ‘T I=-H— coaxial stub -H-\ =| .
= (TL feedthrough) |
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2

Button BPM

251

+ Pros 20
g

I Robust simple construction € 15y

i cost effective! 3 10

I minimum real-estate! 05l
U RF UHV feedthrough and BPM button

0.0

1

goe

The CERN Accelerator School

{|— r=4mm, C,=1.5pF,R, =500
1| — r=4mm,C,=2.0pF,R =500
| — r=4mm, C,=2.5pF,R =500
—— r=6mm, Cp, =3.0 pF, R; =500

is a single element

A

2 3
frequency [GHz]

: —r=4mm,c =1.5 F,R =1000
1C b p 1 Y,

D =25 mm
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@
E@V EM Design Procedure for a Button BPM Pickup OO

The CERN Accelerator School

A Tools: 3D EM design software 8 00O gap n 00O conical button

i Wakefield analysis (time-domain) with ports, RF/MW solver
(S-parameter, preferable time-domain), electrostatic solver

A

canted-coil spring
for grounding
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) Cylindrical Button Optimization

The CERN Accelerator School

Define free parameters button as 2-port TEM-line A Perform aloss-free analysis, make use of symmetries
of the button geometry =

fe—|d;5 = 0.1378"
I(_)l d1.52 = 0.598"

i To speed up the numerical calculations
i Dondét forget geometrical detail s!
A Fully parametrize your geometry and the material parameters

T Avoid using imported, non-parametric 3D geometry files, e.g., STEP files,
in your optimization procedure

A Software optimizers?!
ol T Good idea but may lead you into a trap.
Sometimes better, follow your engineering instincts

Ryn = 0.127"

3 Button output signal (50 2 load)
hisy = 0.127" e
%

20 -180 T T " -180 . ,
operating frequency regime
_ 1 _ , _ of the read-out electronics
QE J4 %‘E 10| ?s;'DE _190-
hlml:touz Es %. E % E %‘
g% ] &7
d, l(_gap & 5 ¢ &-20f frequency-domain 3 &-20 frequency-domain
utton _ time-domain (magnitude in dB ) N (magnitude in dB)
=10
loss-free button BPM pickup geometry A S P S | | . : . N B [ R
0.2 04 06 08 1.0 12 14 0 5 10 15 20 25 0.0 0.5 1.0 1.5 20
time [ns] frequency [GHz] frequency [GHz]
Button BPM wakefields
omsf T T T T 0015 1 - 1 1 71
0.010f n.m:—
g g g g
:_ 0.005 3_ 0.005- E g
g i ]
-E 0.000 S oo K £
i i i
£ _0.008 £ _ooos’ E : H
g 2 [ @ i 2
- 0010.- Iong-range umo; Short-range £ V (;
wake potential o wake potential i wake impedance |
[ ] -20
B 2000 4000 5000 3000 10000 B [ 0 a0 e 1 12 14 16 % 20
distance [mmj] distance [mm] frequency [GHz]
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®
Summarize all Results

The CERN Accelerator School

“geometry & materials

vacuum ¢ BPM flange, 1.32" ID, 0.00311" recessed E
4 S8 316L, 25 um Cu coat (beam pipe face) E

BPM button (pair),
quasi-cylindri

y Imm]

I

coaxial center pin,
— Mo

gnal Ievels inTD & FD \pOSItIOH characterlstlc

hullnn nutpul s“lgna] (time- dumam) . -‘b‘:.‘l\l'.ﬂﬂ output signal (frequency-domain) & C O r r eCt I 0 n Of n O n —I I n ear I tl e
DE ’ Ii| . _ s:.u:.':’::’;m-l gg -190 /l,_ — T —J— _ m;-
Ei i B ‘ — Tmm dia.conical | g = // ~3dB E of
ég 2 / l\ §é 20t f —_ 5:::::1';:.mml ""E
3 "i | ﬁT.ﬁi!w — 7 mm dia. conical 1 beam-induced
» U . power losses “

0.0 0.2 0.4 06 08 1.0 12 14 o 1 2 3 4 §
time [ns] frequency [GHz)

‘ fong. wake impadance Z3(0 (e = dmen) |
Rolzy, foss-tree (6 mm cyL. buon)

5 pedance
(and norm. bunch spectrum _n__—)

1Zy),Joss-tree (6 mm exl. buon) |

! ‘ Re(2y),toss-free (T mm cone.bution) |
= iz lows-trve (7 mim cone, buton)

- Re{2y).lossy {6 mm cyl. buton)

button reflection coefficient in time-domain
10f

s

s

bg. wake-impedance Z, (0]
Gaughlan bunch spectrum A

i

— Tit) analytical {Counen = 315 pF)
— F{t) numerical
-10f

o o8 10 18 20

e beam pipe
numm time-domain reflectrometry (TDR) response : ﬁ:g(l:;:]?oo o
(in the analysis)
button capamtance 7.748W

& imp. matching

w[ / l

[1

000 005 040 045 020 025 030
time (5]

Pp =13%w [] I Por=1.39%w
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@ Examples of Button BPM Pickups 0D

The CERN Accelerator School

TNC CONNECTOR

ELECTRODE

LHC Button BPM
(CERN)

TTFIl Button BPM (DESY)
located inside an undulator magnet
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