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* CERN Accelerator Complex
* RF Group
* Impedance Working Group (IWG)
* IWG Workflow

* Wakefields and Impedances

* Impedance Study Examples
* Vertex Locator (LHCDb)
* Beam Gas lonization Chamber (SPS)
* Beam Wire Scanner (LHC)
* Scraper (SPS)
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The CERN accelerator complex
Complexe des accélérateurs du CERN

Neutrino
Platform

LHC

SPS T2
- T AWAKE
HiRadMat
I\Tms
MEDICIS
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................... \
RIBs : :
REX/HIE- . East Area
o , ISOLDE : :
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lons
p H™ (hydrogen anions) p ions P RIBs (Radioactive lon Beams) ) p (antiprotons) p e (electrons) P p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron /#/ PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

// HiRadMat - High-Radiation to Materials // Neutrino Platform https://cds.cern.ch/record/2800984
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RF Group

P ==
TS

) ‘Modulators, Klystrons
) Amplifiers & Couplers ) Linacs, Injector & High-Gradient
(AC) Synchrotrons (LIS) Struc...

) Servos & Controls
Interface (CS)

) Beams & RF Studies ) SC RF Cavity
(BR) ) Low Level (LL) Technology (SRF)

https://sy-dep-rf.web.cern.ch/
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Impedance Working Group (IWG

The CERN accelerator complex
Complexe des accélérateurs du CERN

T — i * IWG s a subgroup of Colleagues from
BR and ABP.

Platform

'
2013 '
'

'

2010 (27 km)

X AwAKE  Responsible for the longitudinal and
. H
R transverse impedance studies of the
AD “em components to be installed to the rings
lSE p g
I e | (PS, SPS, LHC).

20012015 : /!—C :
.
f
* H
:

PS PN :
* Such as; magnets, bellows, diagnostic

S CLEAR
i = elements etc.

lons

LINAC 4
H

) H™ (hydrogen anions) ) ions p RIBs (Radioactive lon Beams) ) p (antiprotons) P e (electrons) ) p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

// HiRadMat - High-Radiation to Materials / Neutrino Platform
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IWG Workflow

* Equipment owner contacts the IWG.

* Firstimpedance check of the device and
simulation study.

 Update meetings between the R&D teams of
both groups.

* After completion of the impedance study,

, devices goes to installation inside the tunnel.
Impedance Working Group

Equipment Owner
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Wakefields and Impedances

* While particle beam passes through
an accelerator component (cavity, Abunchwith total q,traverse a
i A cavity followed by a test charge g,
bellow etc.), it willinduce a voltage.

* The electromagnetic fields
(wakefields) will be left inside the
component. They perturb the qo o p—
upcoming beam, causing beam r
instabilities.

Taper and Bellow Time Domain -> “Wake Potential”

Crested using
i

H Fourier
Transform

400

— 1 - -

W(ry,s) = q_ j dz[E(rl,z, t) + ce, X B(ry, z, t)]t_s-l-_z
1 T c

M 113 »
Frequency Domain -> “Impedance oo

w
Z = Z ds W”(x,y,s)exp(—i?s)

— 00

[1]
[1] T.Weiland and R. Wanzenberg, Wake fields and impedances, Proc. of the CAT - CERN Accelerator School (CCAS), pp.140-180, 1993
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Impedance Types and Effects

Im n
Narrowband PSElEnGE Broadband
1 Types 1

Af < = Af > — o
3 szZes 5
44 f 4
" J Impedance y
e or o e o os s Lf_o Effects % i ; : : Lo (2]

Frequency (GHz)

Energy loss (Resonant kicks -> Instabilities
Beam-induced heating u?:eam loss and beam blow-ue

[3]

» The impedance response of each machine element must be studied before the installation.
» ltis crucial for the stable operation of the accelerator complex.

[1] C. Vollinger et al., “Needs and Solutions for Machine Impedance Reduction”, Proc. of ICFA Mini-Workshop on Impedances and Beam Instabilities in Particle Accelerators, Benevento, Italy, 2017.
[2] M. Migliorati, “Collective Effects”, JUAS 2022 Course 1: The Science of Particle Accelerators, 01.02.2022
[3] Vacuum for Particle Accelerators Impedance Tutorials, S. Calatroni, B. Salvant.
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Impedance Study Examples

* Vertex Locator (LHCDb)
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Vertex Locator - VelLo

VelLo Tank and Key Components VeLo CAD Model

Vacuum Tank Al L e
W, . - e S [ T
SR 3 i
S () AN T e
Ny T { e o o

s 4 N . T X °

’ \ A B

/| £ 5

» . L]

.

Feedthrough Modules
locations
Wake Field
Suppressor

.....

Exit Window

Bellows

e Silicon sub-detector surrounding the LHCDb interaction point~3 mm
to colliding LHC beams
* Recreates the traces of the particles from LHC collisions

Previous work (measurement & simulation of longitudinal

impedance, heating localization analysis) was done by B. K. Popovic
—_—
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Vertex Locator - VelLo

CAD Model CST Model VelLo Longitudinal Impedance (CST)
Gap
2000 -
open 7 \
close
— — 5 mm
S 1500 |
N
-.q.j N
a'd
o
* Simulation model and mesh settings c 1000 1
were kept the same for consistency. g
e Simulation on server £ 500 -
243 h1m25s~10days
* Green curve -> =5 mm gap.
No visible change! 0 -
* Additional modifications can be 0.0 05 1.0 15 2.0
implemented on the model. Frequency [GHz]
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Impedance Study Examples

* Beam Gas lonization Chambers (SPS)
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Beam Gas lonization (BGI) Monitors

 Non-destructive transverse beam profile monitors. Working Principle
* Complex device -> high voltage, compact design, |" . <+ Cathode
detector readout, cooling channels. © I—
Beam direction
- - —
* Two identical BGls in the SPS ring, one horizontal
and one vertical installation to get the beam profile Detectors

nformation in bott planes. _
Magnet
[1]

« Installation during year end technical stop (YETS) 1) The beam ionizes the residual gas in the instrument.

2023/24.

+ Horizontal model (installed). 2) The ionization image of the electrons are obtained

through the detectors by the applied external magnetic
and electric fields.

* Vertical model (upcoming technical stop).

[1] S. Levasseur, “Development of a Hybrid Pixel Detector Based Transverse Profile Monitor for the CERN Proton Synchrotron”, PhD. thesis, Phys. Dept., Royal Halloway University of London, London,
UK, 2019.
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Initial Design

Mechanical Model Internal View

Stainless-steel Cathode

0
e,
.

.
e,
.

RF Fingers HoIdersL

_ » RF fingers are placed only at the bottom part.
Firstlook » The instrument holders at the back part are not in contact with the vacuum

chamber.
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Constraints on Model

BGl inside Magnet BGl Initial Design - Cross-sectional View

100 mm
100 mm

1200 mm

669 mm
392mm| ‘

* Placed in an existing dipole * High DC voltage -30 kV on cathode.
magnet.
* Spacing required to prevent
* Limited space. possible sparking.

* No place for HOM couplers.

[1] T. Ramos, “SPS-BGI Review Meeting”, https://indico.cern.ch/event/1273318/, 03.04.2023
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https://indico.cern.ch/event/1273318/

Preliminary Result (1)

 CST Particle Studio Wakefield Solver [1]

1.0 A ¥l

_ —— SPS - 450 GeV
* Manyresonances were detected in the BGI Original Model
simulated relevant beam spectrum up to £ 0.8 - i
2.5 GHz. 5
S
wn i -
* The biggestresonance peakis at 1.28 GHz € 0-
around 24 kQ. @
2 0.4 1 I
e Other peaks: é
¢ 399 MHz (close to the 10t beam 5 X
. =2 0.2 1 L
harmonic) \ *‘ \
* 656 MHz hJ
" 913 MRz O'Oom 0.5 -llLi'IoUJ“h JJLlllejml 20 2.5
e 977 MHz ' ' Fr'equency (GHLZ) | |

Intensity ->2.310"" ppb
Bunch length -> 40 = 1.65 ns
[1] CST Studio Suite, https://www.3ds.com/products/simulia/cst-studio-suite Beam spectrum was plotted by BLonD.
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https://www.3ds.com/products/simulia/cst-studio-suite
https://www.3ds.com/products/simulia/cst-studio-suite
https://www.3ds.com/products/simulia/cst-studio-suite
https://www.3ds.com/products/simulia/cst-studio-suite
https://www.3ds.com/products/simulia/cst-studio-suite
https://blond.web.cern.ch/

Preliminary Result (2)

1.0 A ¥l

- SPS - 450 GeV
BGI Original Model

v & ll—l—lr"‘ﬂ{—'—'——

TV v ¢ ¢ KT T i ‘ TN bt v v A
v o ‘.; b - L*: 3 A['.\ /l'\ r')\ A A A4 d_p 3 - :~,‘ X,
il enmdidddsaa :7— Ry P

J‘ Fr A S f-l : - — ) \: 0 &
RS d s R AT IS At st at ot
¢ ¢é ¢ r} v) K Ry R h bbb bR RIRA
¥ dd ¥ 4 ‘_) A A e, % |~,; » Rohoh o RRERR R KR
YU AN A N R R R RRR R KR KK E s 06 - |

v W NN W wes R
Tt T T YT N R Y T
A e R ST es NS

bttt N N X R R e X R R R R Gl R
:xfcr,,‘s':.\f:.'»o-a-,,.:;a:,yp,»;paévt;~_5~.~~c-'l-~v

Normalized Beam Spectrum

i A A & :—-:—;.‘."9'\_ WLILE G A ¥ ¥ v ¥ ¥ ¢ p Y arm X KRR kKRR RN ey v W R T
¢ . -:~*~Trl—£~. A MRS & K oo f ..( L3 I B b B w R K
; -y = T I - P .ok
VN7 A ,f g U L LA ST RRR
Q\_‘h" ¥ L\‘_?—zflil OO oy R . S S | (VR " - sl v B A
e F J—Ql_u___.__,,__r@—| 8
Kh— AL" T e o o e O B o I B B S Pl Tt o O 2

 The source of the resonance peak at 1.28 GHz oo “h_l .1LIILIJ|1. | N e | TR

was identified as the protruding parts of the 0.0 05 1.5 2.0 2',5

cathode. . Frequency (GHz)
Intensity ->2.310"" ppb

Bunch length -> 40 = 1.65 ns
Beam spectrum was plotted by BLonD.
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https://blond.web.cern.ch/

Geometrical Modifications

 The holders are fully covered by RF fingers. - 25
oL Original Model
—— Modified Model
20 -
* The chamber was shortened to contact the back
part of the holders. r . a 15 -
A
L N
2 10-
 The holders were moved to cover the protruding
parts of the cathg=a 5 \
| | | (T T T T N
“ > ' .
| , !
= 0 l‘ J i 4 J J,l - mh, Y S o S,

0.0 0.5 1.0 1.5 2.0 2.5
Frequency (GHz)

» There are still resonances below 1 GHz.
» Possible solution -> Coatings

 The tapered beampipes were modified to straight
beampipes.
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Coating Study

BGl longitudinal impedances with NEG coated cathodes for
different resistivities and a damping rod

c cathode 800
—— 30 kQ/sq
700 - —— 12 kQ/sq
— 3 kQ/sq
600 1 ——  1kQ/sq
—— 300 Q/sq
— 500 -
G
N 400 -
o
300 -
- Titanium coated rodjT‘" 200 -
: . 100 -
* Non-evaporable Getter (NEG) coating on ceramic
(Macor) cathode -> Different Resistivities. 0
* NEG coating -> 1 kQQ was selected. 0.0

 Titanium coated ceramic (Alumina) rod -> 10 Q. Frequency (GHz)

F. Caspers, “Experience with UHV-compatible microwave absorbing materials at CERN”, in Proc. Workshop on Microwave-absorbing Materials for Accelerators (MAMAs), Newport News, VA, USA, Feb. 1993.
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Initial and Final Design

BGlI Longitudinal Impedance Initial and Final Model

25 250
—— BGI Initial Model
—— BGI Final Model
20 1 - 200 » The geometrical modifications
and coatings applied to the initial
S 15 150 5 BGI design.
= =
S N » The cathode coating showed
2 104 L 100 significant effect on impedance
reduction overall studied beam
spectrum up to 2.5 GHz.
5 - - 50
0 0
0.0 0.5 1.0 1.5 2.0 2.5

Frequency (GHz)
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Beam-induced RF Power Loss

SPS Beam Spectra and BGIl Impedance Beam-induced RF Power Loss
1.0 1 250 , ,
| 45.0 4 1 SPS - 26 GeV Y -®- SPS - 450 GeV
| 220 A ‘\‘ i
£ —— SPS - 450 GeV 4251 i \ |
g 08 SPS - 26 GeV 200 i 2001 !
3 —— BGI Longitudinal Impedance 1007 l Y !
£ 0.6 1| L1505 £975 | . \ |
o 7 c = ! & !
] — 2 | 160 X i
ﬁ E 3 350 ! B i
[ | ® 1
o T 2 I | Ay 1
9 0.4 41 HH L1002 £ 3 ’ | 140 N !
8 o« ! . i
N I 120 A > 1
= 30.0 ! \\ i
E 0.2 fadiliiiil, - - 50 l 100 - b}
S U ) 2751 i A
: | \‘ ‘\ i : : 80 : \“\.
[l 25.0 | | H ~<
' !.L_HJJJJI_IJ“IL. .-Illlllln ....... faasa.. .. 0 | . i ! I I I ! | | i | ‘..
05 1.0 1.5 2.0 2.5 3.0 3.2 3.4 3.6 3.BB X L4‘0 ha 1.0 1.2 1.4 1.6 1.8 2.0
= cy (GHZ) unch Leng o (ns)

Bunch lengths -> 26 GeV (40 = 3.4 ns) an 0GeV (40 = 1.65 ns)

Poss = ) RelZ(pwo)] [1(pwo)|?

p=—

Broadband impedance contribution below 1 GHz.

Beam spectrum was plotted by BLonD.
Power loss was computed by BLonD.
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Integration Models in SPS Ring

Horizontal Integration

BGlI Longitudinal Impedance and Integration Impedances

4.0 [l
UpStream 35 . : : —— BGI Instrument
’ : 1 —— Horizontal Integration
3.0 1 I 1 —— \Vertical Integration
______ _ !
g 2.5 N
= 20 ¥
] [
2 1.5 H '
1.0 1 i !
1
----- 1 1
0.5 H
o 0.0 . . = ]
Downstream ) i 0.0 0.5 1.0 1.5 2.0 2.5
Ll Frequency (GHz)l
Vertical Integration 4.0 —
< —_ nstrumen
3.5 4
“‘7’&’7';8 —— Horizontal Integration
o 3.0 1 —— Vertical Integration
1609 g 2.5 1
1e-10 — 2.0 1
N
le-11 g 1.5 1
le-12
0 1.0 A
I i _‘_n_m/ﬁ,_n 2 0.5 1
- % ? g ¥ 5 SO ~vmw-.v~<-i-4-<-4»4-:.w. ‘,: ,, n"l: L 3 (4 x- ¥ ——
—‘1:_¢_ TS e b b4 fL R T e e e PP —‘_‘,:_:‘_: 0.0 T T T T T T T
mem s Wsge—uiem e T e ) 1.4500 1.4525 1.4550 1.4575 1.4600 1.4625 1.4650 1.4675 1.4700
e-field (f=1.461) [pb] o Frequency (GHZ)
Frequency 1461 GHz
Phase 0 M
G » Resonance peak at ~1.46 GHz with ~4 kQ
Maximum on Plane (Plot) 8.16975e-08 V/m
Maximum (Solver) 8.40679¢-08 V/m

magnitude on the vertical integration model.
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RF Measurements of BGI

Manufactured BGl

* Non-uniform resistivity on the NEG coated r

cathode (600 Q on bottom, 1.8 kQ) on top). > Signal leakage on the flange! -> Covered by conductive tape.
* 3 different configurations. > Assumed weak coupling.
* No cavity resonances were detected. > Many probe modes were observed as expected.

» Detected modes were confirmed with field patterns in the
eigenmode simulation.

fsim (GHz) | 0.717 |1.11 |1.308 |2.327 | 2.355
ftest (GHz) | 0.714 | 1.09 | 1.312 |2.328 | 2.352
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Impedance Study Examples

* Beam Wire Scanners (LHC)
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Beam Wire Scanner

Particles generated by the interaction
wire - beam

Beam ) g
Vacuum pipe ; P

Vertical movement,
Horizontal with another scanner

Scintillator

fork Control and | PM current Optical filters

k- o |
position  |J@cquisition Photomultiplier

Preamplifier

J \
v i o RIS 5

Example of a beam transversal profile

Diagnostic element used to measure the
transverse profile (size and shape) of a particle
beam.

Working principal is based on the secondary
particles generated from the interaction of the
beam and the moving carbon wire.

The intensity of the generated signalis proportional
to the local beam intensity at the wire's position.

By recording the signal as a function of wire
position, the beam intensity distribution is
obtained.

*B. Dehning, J. Emery, J. Herranz Alvarez, M. Kouijili, J. L. Sirvent Blasco, “Vacuum Actuator and Controller Design for a Fast Wire Scanner’, 2012 Beam Instrumentation

Workshop, Newport News, VA, USA, 15 - 19 Apr 2012, pp.195-197

24
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Beam Wire Scanner — Legacy Model

carbon wire~ 40um

=

, o
U 4 wire scanners
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Beam Wire Scanner - Initial Model

Top (instrument) chamber

1.0 5 _ ; - 600
00
D_E =l Rl B sl s Bl st crmassseriaanaserrlh soeer49 5 55 M4 § 5 5 FHSSSEEE FISSSEEFHISEEEFH L SR SEEE Fi4 SR EFHSS S EEEHE 45 IEFHSS 85 F HISESE RS SEE IS EER
£
E "
+ - 400
iy
2 0.6 1 .
Bottom (vacuum) chamber = -
— o —
% 1N M
- T
N 0.4 .
T
= 00
G
=
0.2
100
0.0 : - 0
0.0 0.5 1.0 1.5 2.0 2.5

Frequency (GHz)
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Studied Models

Simulation Study
Card & chamber

dimensions

Possible RF
contacts
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Simulation Study (1)

1200
—— |nitial model

— Modified model
1000 A

800 A

600 -

Re(Z)) (Q)

400 -

200 A

| Illl.l

0.0 0.5 1.0 S 2.0 2.5
Frequency (GHz)
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Simulation Study (2)

70 - W — 10 mm
30 mm
60 - — 50 mm
— 60 mm
Absorbers on the top 50 -
e
; 40 A
N
g 30 A
20 -
10 A
0 -

0.0 0.5 1.0 1.5 2.0 2.5
Frequency (GHz)
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Beam Wire Scanner - Final Model

Re(Z)) (Q)

500 -

400 -

100 -

—— |nitial model
—— Final model
l ] nl |ll in|
0.0 0.5 1.0 1.5 2.0 2.5

Frequency (GHz)
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Beam Wire Scanner

Beam Induced RF Power Loss

1.0
- - 40
< 0.8
&)
2
Slid n 30
ider c 0.6 g
g =
@ Lo N
© 04 &
N
©
= 0.2 L 10
o
-
0.0 lllA 'All‘llllll,LL?A 0
0.0 0.5 1.0 1.5 2.0 2.5

Frequency (GHz)

LHC beam spectrum (g-Gaussian distribution with 25 ns spacing and bunch length 40 = 1 ns,
blue) versus BWS final model impedance (green).

RF Absorbers

Pioss = (foeNp)? ) 14 (peop) *RelZ)(pw, )]

p=—00

RF Power Loss =2 ~7 W
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Impedance Study Examples

* Scraper (SPS)
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Scraper

* Abeam scrapercleans a particle beam by
removing stray particles around its edges before

the beam is sent to the next accelerator section or
Beam an experiment.

* Consisting of a chamber and movable graphite
blades.

Graphite blades

A. Mereghetti, F. Cerutti, R. B. Appleby, “Characterization of the beam scraping system of the CERN Super Proton Synchrotron’,
B. Phys. Rev. Accel. Beams 24, 043002 — Published 19.04.2021
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Scraper - Initial Model

‘T Graphite blades

Stainless Steel Tank Internal View Cross-sectional View
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Initial model — Longitudinal impedance response

70 7 — Initial Model

/
60 921 MHz

~70 kQ
50 -

40 -

Z) (kQ)

20 - 1.31 GHz

10 - l
N A |
1.0 15

0.0 0.5

2.0 2.5

Frequency (GHz)
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Model with beam screen

Initial model

i
.
i
-

i Model with beam screen

Beam screen

BEAN
k. |

) .
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Model with beam screen

70 1 —— |nitial Model

—— Model with Screen
60 -

50 A

Z)| (kQ)

N Jul [

0.0 0.5 1.0 1.5 2.0 2.5
Frequency (GHz)
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Model with beam screen and grids

Model with beam screen and grids
Model with beam screen i

Beam screen
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Model with beam screen and grids

—— Model with Screen - 500
121 —— Model with Screen and Grids
10 A - 400
=~ 9] 300
c
=
SR
200
4 .
- 100
2 .
0 - ——p——— — )

0.0 0.5 1.0 1.5 2.0 2.5
Frequency (GHz)
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Initial vs Final Model - Longitudinal impedance Response

70 1 — Initial Model F 500
—— Final Model
60 -
L 400
50 -
a0 L 300
S 40 _
X<
3 30
N L 200
20
L 100
10 -
0- L0
0.0 0.5 1.0 1.5 2.0 2.5

Frequency (GHz)
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RF Measurements

Scraper without screen

Scraper without screen and grids

Little signal léakage:

T T T T
—— 909 MHz I I I I
i —— 1.16 GHz | I I I
around the viewports. . Col .
—20 4 1.3 GHz } } I }
—— 1.66 GHz | | I
——— Entire Range : : :
] |
—40 ] i
I |
|
I
1
—60 - " :
= | |
g f |
= |
~ I
n  —80 I I
| | |
I I I
| | |
i I I |
-100 | | |
| | |
| | |
I I I
i 1 1 1
-120 N | |
5 I i
)
o " ol
]| 1y I
—140 - ol = ©|
T T T T ol T =1 T =l T T
0.00 0.25 0.50 0.75 1.00 150 1.75 2.00

Frequency (GHz)

v' The detected modes (dashed grey lines) showed small deviations on the resonant
frequencies compared to simulation results due to the simplified simulation
geometry and little signal leakage around the viewports.

41 22.06.2026



Summary

* We described the mission and responsibilities of the CERN Impedance
Working Group.

* We discussed the example impedance studies of Vertex Locator, Scraper
and new generation diagnostic elements; beam gas ionization chambers,
wire scanners.

e Some documents for more information:

* Impedance reduction of the beam gas ionization monitors for the CERN SPS

* Impedance Reduction of the Beam Wire Scanners for the CERN LHC
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https://cds.cern.ch/record/2912915?ln=en
https://cds.cern.ch/record/2912915?ln=en
https://cds.cern.ch/record/2943200?ln=en
https://cds.cern.ch/record/2943200?ln=en

Thanks for your attention!
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LHC-BGI CST Models
0 Circular Design

a Rectangular Design e SPS-like BGI Design

> RS

e Circular tank will cause a strong * Two resonators (~coupling and cause * RFfingers can be added.
resonance. resonances) -> (top part (1), bottom * |Impedance response like SPS-
* RFfingers can be added to part (2)) BGI.
contact the chamber. * RFfingers? (fully?) * Rodis not necessary if the
* Smallertank? * Adding an RF contact between the cathode is coated.
tanks?

SY-RF-BR H. Bursali



LHC-BGI Comparison of The Models

1 kQ/Sq N EG Coated M acor Wake impedance Z [Magnitude]

2200 cathodae

S —— E S S ———————— ]
S S ——— S —— u ---------------------------------------- -
e e A SPS-like Design |7 o
O OO, A W— S Circular Design  |_____i .|
| j | Rectangular Design |
L D T . Forbernennnnnnanns I PR -
i ' ' ' ' '
o | s | s |
L oo " -------- e .
600 -
400 -
200 -
D_

Freguen GHz

SY-RF-BR H. Bursali



Remark on HL-LHC Beam Spectrum

Beam Spectrum for Different Bunch Shapes Beam Spectrum vs BGl Impedanc

ol

10_— Gaussian b|=.1.0 ns - 600
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https://bihc.readthedocs.io/en/latest/

RF Measurements - Scraper

Scraper with screen and grids

Scraper without screen and grids

Little signal leakage - -
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v' Many of the modes disappeared after installing the screen and grids. Two of the
modes (dashed grey lines) were detected with a little sighal magnitude.




Beam Parameters
Flat-bottom Flat-top

Bunch parameters
Binomial exponent

Bunch length (ns)
Intensity per bunch (10'° ppb)
Line density binomial

Filling scheme
Buckets between batches

Buckets between bunches
Buckets between fills
Number of batches
Number of bunches
Number of fills

General parameters
Circumference (m)
Momentum (10° eV/c)
Particle type
Transition gamma

RF Parameters References
Harmonic number G. Papotti, private talk.

RF voltage (1 06 V) H. Damerau, private talk.

G. Rumolo, CERN Engineering; Equipment Data Management
RF pha se Service, LIU Proton Beam Parameters, 2017



https://edms.cern.ch/ui/#!master/navigator/document?D:1378341137:1378341137:subDocs
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Beam spectrums were plotted by BLonD.
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Remark on Beam Spectrums (2)

PS Beam Spectrum SPS Beam Spectrum LHC Beam Spectrum
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Beam spectrums were plotted by BLonD.


https://blond.web.cern.ch/

RF Measurements of BGI
O o

Manufactured BGl

Non-uniform resistivity on the NEG

coated cathode (600 Q/sq on bottom, e

1.8 kQ/sq on top).

Restrictions on the probe connections.

3 different configurations. —
Only probe modes appeared. prabe

No cavity resonances were detected.
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BWS Model Trial with Wire (1)

CST Model with Wire & Feedtrough Front View
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BWS Model Trial with Wire

Mode #1 -> 71 MHz

Surface Current

Mode 1 SC
Frequency
Phase

Total Q
Maximum (Plot)

0.0715623 GHz
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Y ¥ 2
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Oriantati Orientation Outside
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Frequena) 111 @ 2754
Total Q  Maximum (Plot) 359042 J/m*3
Maximum Minimum (Plot) ~ 5.44117e-06 J/m*3

Minimum (Plot) ~ 2.5097e-12 J/m*3




BWS Model Trial with Wire (3

Mode #5 —> 532 MH~z
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Phase 0° Tot Frequency 0532995 GHz Sm—p- x
Total Q 223,148 Mz Total Q 223148
Maximum (Plot)  2.78781e+06 A/m Mi Maximum (Plot)  1.04431e+06 J/m*3

Minimum (Plot)  6.90676e-11 J/m*3
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