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Magnetic Alloy-FINEMET" loaded wideband cavities for CERN PSB and PS 1 lJJ

in the frame of the LHC Injector UpgradeCollaborative Work ICA/JP/0103 LHC necorsUpgrade

7254 2-RF Collaboration for LHC Injector Upgrade
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e Wideband Cavity using Magnetic Alloy,Finemet-FT3L
e Solid State Amplifiers
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Magnetic Alloy-FINEMET® loaded wideband cavities for CERN PSB and PS
in the frame of the LHC Injector UpgradeCollaborative Work ICA/JP/0103

RF Collaboration for LHC Injector Upgrade
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e PSB(PST—RA—) RF systemsD B/ T VT L—F possibly

using wideband, multi-harmonic, solid-state driven Magnetic Ally loaded cavities
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CERN Accelerator Complex
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J-PARCD Magnetic Alloy ZE ;[
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PSB/PSM Magnetic Alloy ZE ;A

= G E->
PSBZEERDEZIZ
PSD DR /\—2ZEqH
ILiE >
PSB: dual harmonic acceleration
PS: Multi-mode damper cavity,

Z % L71= impedance

Z D 2Rt )L (24-36 cell / PSB)
Down time DK

AN ZxFAMNATRAENR, EZEE,
[ZBEIRDEHNTE
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FINEMET® loaded wideband cavities for CERN PSB and PS
in the frame of the LHC Injector UpgradeCollaborative Work ICA/JP/0103

RF Collaboration for LHC Injector Upgrade

W% ET5 B AN
 Wideband Cavity using Magnetic Alloy,Finemet-FT3L
e Solid State Amplifiers
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Magnetic AlloyZE ;[
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MA Cavity: V=Z(f) x Ior  Simple !
Ferrite cavity: V=Z(f, ferrite bias, temperature, By,) X ¢
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JJ Existing RF systems in the PSB

Three systems are presently installed in the machine:

ERH €02 c1e
= Frequency range 0.6('1.0)—1.8 MHz "  Frequency range 6.0-16 MHz
= Gap Voltage 8 kV = Gap Voltage 6 kV
= |nstalled in sections 7L1 and = |nstalled in section oL1

ST T T

= Frequency range 1.2(°2.0)- 3.8 MHz
= Gap Voltage 8 kV
* |nstalled in section 1311

Finemet cavities may (will) work as C02
& C04 systems

* Frequency with injection from LINAC4 . et

M. Poluzzi @ Finemet review
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Magnetic AIonGDEJ’i
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KEK-made cores will reduce temperature of cavity core.
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EI£ ﬁ1$7>70 J-PARC
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Change of J-PAC tunnel:
— Tests at J-PARC & Fraunhofer Ve T charged partices, n
_ FE'{G)E*R (szy‘[;J\J:s ﬁﬁ;]-% L] v, similar to PSB/PS
£
— Compensation of radiation \\—-\_\_ﬂ_ﬁ_
° 1§ $E 'l‘i nJ J: 2 \ VDS breakdown volt age& L) p
- PUTDRR(AHEZR,IFR o1 |
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79—)1
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Compensation of radiation effect

VREIELE @Fraunhofer

KEKT2&PSFHD
ToTEHE.

PSB RF section: 1- 40 Gy/yr ;
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FINEMET® loaded wideband cavities for CERN PSB and PS 1 lJJ

in the frame of the LHC Injector UpgradeCollaborative Work ICA/JP/0103 LHC necorsUpgrade

RF Collaboration for LHC Injector Upgrade

Collaboration A&

« PSB ZE;F M cavity-beam interactions
J-PARC MR T®Dduring LS1 HiRI D E— L5 E&R. PSBTDAER,

o HFEBERTUTDOMMETIEHEGER
* CERN PSHllongitudinal damper

o feed-forward beam loading f#{&
feedback



Beam Test at J-PARC MR during LS1

Test setup 1.4 x 10 ppb, 8 bunches

Comparison of FB OFF/ON, FB+FF ON 1.4 x 10" ppb, 8 bunches, harmonic
components of (top) WCM, (bottom) gap voltage, h = 8,9, 10,17, 18,19

— closed loop
— open loop

Beam Signal

9.2dB reduction
@ 1.7MHz

impedance [

FB off: no data

10 10°

e Wake Voltage

CERN PSB rf system prototype installed in the J-PARC o

MR

"

» PSB system installed in rf straight section FB off: no data

- . - - i Harmonic components (h = 8,90, 10, 17, 18, 19) of (top) WCM and (bottom) gap voltage. (Left) FB OFF / FF
» conservative feedback gain to avoid system instability OFF, (middie) FB on / FF off, and (right) FB on / FF on after commissioning.

under heavy beam loading (observed in 2012 beam test at ERICIEEILCOBRGBI(—FN\VITOMEETE
PSB) # selected harmonics (h = 8,9, 10, 17, 18, 19) are greatly reduced by FF

Finemet review, F. Tamura Feedforward tests in 1-PARC 3 review, F. Tamura eedforward tests in J-PAR(

1.4x10%3 protons were handled by a single AMP system !

SSA technology & damper cavity are useful for other rings: J-PARC, RHIC
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@ Coupled bunch instability

~7/_

A charged beam in a particle accelerator, moving through a vacuum
chamber, generates electromagnetic fields called wakefields.

Due to the causality principle, wakefields generated by the head of a
bunch act on particles at the tail, modifying the beam dynamics and,
under some conditions, leading to a growth of oscillations and driving
instabilities.

This same mechanism can be used to describe the coupled bunch
instabilities in which resonant modes, found e.g. in RF cavities, are
excited by a bunch and act on the following ones .

The beam can be stable at low currents because “natural” damping = lmm,m
effects (synchrotron radiation ....) can suppress unstable modes with — /\i o oo
small growth rates. As more current is injected into a machine the {: cavity ? \I / U U‘r \qu’ }E"
growth rates increase producing instabilities. Bunch oscillations will '

grow with time and we need to find some mechanisms to cure it. e e LT EE —
bunch 2 bunch 1 2 3 3 1

Coupled bunch instabilities -> Courtesy of A. Hofmann

beam “current limit” in the accelerator

A possible solution: Feedback system to keep the beam stable at high currents. In particular, in case of coupled
bunch instability, each unstable oscillation mode (determined by its frequency) needs a feedback system to work at that
frequency. -> Feedback system in frequency domain

Up to present intensities (achieved 1.8x10! ppb at extraction) coupled bunch instabilities are damped using a
feedback system limited to the first two dominant oscillation modes, but it will become insufficient for the beam
parameters planned within the LHC upgrade (2.7x10'! ppb at extraction, that is 20x10*2 particles per beam ).

L. Ventura, Finemet Review 2014
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CERN PSDF 2 /\—2EiR
* Longitudinal Coupled Bunch
Instability[C&AHTIvAR RIENN
o IRIK:H19,20% %R

o S22 ZFDMDE—FEEXEK=>
Wideband damper !

Coupled-bunch feedback

* Actively reduce spectral components of the beam, no matter which

impedance source excites them G
* Global feedback working in frequency domain 1084[
wy

Suppress strong line Total voltage 4.,
‘ vector:

h=20_
=S

o q / Instability [&yT @18 EFTTDbunch
a1l oy N splitting THR 4

“—+= Correction

pect‘;‘all.ines TOI | toRFcavities m%iﬁ%& ;|=_I tﬁlﬁia=1$7>700) 9\‘>/\0 %
S 1 [ZERE. S 6B 28 EF - TEERR
B>SF—FRIICIXF S ANTELHLEHE

Beam, \mdeband

= I
Beam test using ferrite cavity (narrow band) #% *
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UJ Plans

. 2016-2017
Finalize system design and integration in the PSB

Finalize PS damper
- Automatics shielding displacement

- Ease amplifier exchange.

Place the orders for electronic and mechanical parts.

Star production from CERN services.

l J P I a n S . Prepare a test place.

2017-2018

2014-2105 - Production, acceptance, pre assembly and testing.

Beam tests in PSB and PS to:

2019 : LS2

Prove the principle and see limits and reli|
Removal of existing systems, cabling and installation.

Amplifiers.
Cavity cooling. 2020
Radiation effects and compensation.
Beam/cavity interactions.
LL electronics

- AVC functions.

Running in

— Wake fields compensation. to advise
— Multi harmonic operation

Carry out new amplifier layout/design for:
- Improved cooling.
- Improved mechanical and electrical interfaces.

Get first prototypes from Japan (special contribution to come) -> Next year

Select industrial partners for production and get prototypes from
industry

Start final system design and integration in the PSB

Decision about implementation end 2015.

2015/8/6 C.Ohmori@ER/FE
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Other topics
e CERNTOh®d FH&

— ELENA anti-proton deceleration cavity
— Replacement of AD CO2 RF System

— FCC/CLICD vy H—ERInductive adder with
Finemet® Technology

e Future application for J-PARC
— Feedback SSA for MW beam
e Medical accelerators™~®D {7 FE “
_ : e )
MedAustron, KHIMA in Korea iy NE




Summary

e RFIZRH9 557K —
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A IF10FE L EITHT=Y

— Z&3[): LEIR— > PSB,PS——> ELENA, AD
— FERTUTIIEIL D BI-PARCA I fiT IRt

o IBFLIU(LHCABIZR 7Yy T I L—R)ADiH

— FT3L Finemet® cores® = 217 77

— S FREE(LPS Damper)

F BT UTLEE

(23

— P BKT 2 THTILI-PARC MR feedback AMP (2, {5

AZZF5->SMW beam.

In this collaboration, experiences are circulating!



CERN Accelerator Complex

First Magnetic Alloy Cavities
@CERN from 2005
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