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PETRA lll upgrade to PETRA IV

= Rough overview of how PETRA-IV will look like

What are the plans for the RF systems
= The Fundamental-system: SSA-HOM-damped cavity, 500MHz
= The High Harmonic system: SSA- HOM-damped cavity, at 1,56Hz
= Alfernative ideas for a 3rd harmonic cavity
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Aerial View on the DESY Site

PETRA III and its related
injectorm chain:
LINAC IT, PTA and DESY II
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ERA 1V se The PETRA Il Tunnel

N Paul P. Ewald Hall
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Thanks to
Michael Bieler
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Some main parameters in comparison

_____________________|PETRAIl _|PETRAIV(CDR)

Energy / GeV 6.0 6.0
Circumference / m 2304 2304
Revolution frequency / kHz 130.121 130.121
Beam lines 26 30

Number of bunches (timing-, brightness mode) 40, 480 80, 1600
Beam current / mA 100, 100 80, 200
Emittance (hor./vert.) / pm rad 1300/ 10 <50/10,<20/4
Energy loss (ID closed) / MeV per turn 5 4.024
Momentum comp. factor 0.001127 0.00001485
RF voltage / MV 20 8+ 2.3
Synchrotron frequency / kHz 6 0.421

RF frequencies / MHz 499.6 499.6 + 1500
Harmonic number 3840 3840
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PETRA IV: The Ultimate Hard X-Ray Storage-Ring-Based Light

SO u rce Today Pl (high B) Future PIV
Preparing X-Rays in a Well-Defined State

Photon source size - ideal imaging capabilities

source size
& divergence:

155 pm x 6 pm
7.7 x 3.8 prad?

source size
& divergence:
11 pmx 3.2 pm
1.7 x 1.5 prad?

extended & divergent ] y == small & collimated
X-ray beam transformative technology: " X-ray beam

(Hybrid) Multibend Achromat
MAX IV, SIRIUS, ESRF-EBS, APS-U, SPring-8-Il

emittance reduced
by upto factor

PETRAIII PETRA IV
31 generation SR source  Nab”  SNONL— ~LgFT 4th generation SR source
< <

1300 pm rad efficient 20 (< 50) pm rad
Max_ brightness: ~1021 nanometer Max. brightness: ~1023
Coherence: ~0.1-1% focusing Coherence: = 25%

f//" \,\ -

[\ Coherent Fraction Wavefront
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New Design . /2« Diamond
HOM-damping capabilities w oy

are optimized a5

(Cavities in operation at:

« ALBA

« BESSY
« DELTA
+ Diamond

PETRA IV RF

The 500 MHz fundamental RF system

Parameters for the PETRA IV fundamental RF system:

Main (fundamental) RF frequency 499.65 MHz * ESRR)
Total voltage main RF 8 MV

RF voltage per cavity 476 kV <
Transit Time Factor 0.7

RF voltage per cavity seen by the

electrons 3BV <=
Cavity wall loss 16.3 kW

Power to the beam 37,4kwW
Quality factor (unloaded) 29600 <—
Cavity coupling factor 3.3

Shunt impedance R.=V?/(2P) 3.4MQ <
Loaded quality factor 6900
Number of main RF cavities 24
Synchronous phase 34.2°
Nominal transmitter power per RF

station 120 kW

Beam tube aperture 74 mm
Length of cavity (flange to flange) 500 mm
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PETRA IV RF

The Prototype 500 MHz, 120 kW SSA

WR1800
RF out
(PDR
High Power Waveguide Combiner 4:1, 120kW
Driver/Ctrl
Ampifier Unit
Arrplifier Unit Arrplifier Unit Arrpifier Unit
Power Supply and Control Power Supply and Control Power Supply and Control
Amplifier Unit Arrpiffier Unit Ampiifier Unit
Amrplifier Unit Ammpiifier Unit Ammpifier Unit
Power Supply and Control Power Supply and Control Power Supply and Control
Armplifier Unit Ampiifier Unit Arrpifier Unit
Amplifier Unit Ampifier Unit Armpifier Unit
bg f bg 1 Ag '
Water
~230v/400v | Water ~230V / 400V ~230V / 400V ~230V / 400V inlet
CEE125 ¥ gutlet CEE 125 CEE 125 CEE 125
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Two frequencies

Lengthen the bunch with a second active RF-system

V(t) = Vo sin(wt + ¢pgq) + Vy, sin(nwt + ¢g,)

Bunch length:
» without a 2nd RF-system: 23 ps (7 mm)
> with an additional RF-system (n=3): 60 ps (18 mm) o

The 500MHz-voltage (blue), the 1,5GHz-voltage
(red) and the resulting voltage (black)

—200+

> So the single bunch current could be increased

» The required harmonic RF voltage for a flat potential and ) IVeV]
the required synchronous phase is:
257
> V= 2.26 MV. apl
> ¢, =-12.8° +.5{
L SSEMeV 0]
The calculated parameters for the dual harmonic rf
system (500MHz and 1,5GHz) !
¢S]_ ¢SZ k V01 VOZ —1‘00 0 160 260 360¢ [Deg]
145 8° -12.8° 0.28 SMV 2 2AMV The single-harmonic- (red) and the dual harmonic

bucket (black) in comparison.
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PETRA IV RF

The high harmonics RF system

Parameters for the PETRA IV third-harmonic RF system:

3rd harmonic RF frequency 1498.995 MHz &8

Total RF voltage 2.3 MV &
RF voltage per cavity 93 kv
Cavity wall loss 3 kW
Quality factor (unloaded) 17000
Loaded quality factor 4250
Cavity coupling factor 3
Shunt impedance R,=V?/(2P) 1.5 MQ
Number of RF stations 24
(cavity/SSA)

Nominal transmitter power per

RF station 10 kW
Beam tube aperture 46 mm
Length of cavity (flange to

flange) 313.6 mm

Courtesy of Beatrice Bravo, ALBA
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RF System Design

--------------- - Transmitter Circulator C/a‘\ﬂ\
set : _______ _I:I_-:RF Eﬁ DSSA ; S H i
Ao — i i
. . Amplitude | ] i
Each cavity of the complete rf system is powered by set Eprase | | ~ N |
. . . P5p0 — [ — DSSA %H i
its own Solid State amplifier (SSA) p—— | L
| | e
. . . i - : % N : :
The complete rf system is divided into 6 groups e 1 > %H i
i : compensation : : | :
- i E [ ? ....... i : B /_\\ i :
Each group is composed of . s > @—K M
= 4 *500 MHz systems oS0 4 | -’ L
= 4*15 GHz hlgh harmonic SyStemS reference : T : Cavity voltage sum L]
signal %ﬂ—;————- ___________ :
The groups are independent of each other fx3 T (L, ROy
They are spatially separated '"J,"_' = @ ’C‘
2 1500 MHz : i :
Each group has its own S A ’C‘
=  Water supply | = ﬁ ol
= Power supply iet I : - . =
= Air cooling e > ﬁ >( )
¢"|5L’J-'Jﬁ contro : : :
The top priority of the design is redundancy and reliability e L
. ! ~ )Ci L
Nl _ — H _—
T HH Cavity voltage sum
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1.5 Trip compensation, what does that mean?

* The RF system has a high redundancy

« Continuous RF operation without beam
loss is still guaranteed when:

1) A complete group has failed or is in
service.

2) 1 fundamental- and 1 high harmonics rf
system is in service in each of the
remaining groups.

Trip compensation in the worst case would
bring the cavities as well as the SSA’s to
their limits.

Requirements for the worst case
Trip compensation on the 500MHz
rf-system

&
O—’
O—*

Power from the SSA 107kW Lk i O a0
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How To Arrange Six Independent Groups In A Building

The RF-building was shifted from the South to the North
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An Alternative Cavity Design For The High Harmonics Cavity

» HH-rf-system needs a frequency of 1.5GHz, the 500MHz BESSY-HOM-damped cavity was
downsized by a factor of 3. Fabrication is extremely expensive

Simply downsizing is mechanically not an easy task. Cooling circuits of the cavity are a nightmare.
longitudinal loss factor k; ~ f
transversal loss factor k, ~ 2

increased HOM damping capabilities for the HH-rf-system would be desirable!

YV YV Y VYV V

Driven by the arguments we have started to look for other cavity concepts which have to fulfil the
following requirements:

1) The concept has to be mechanically very simple and cost saving.

2) The HOM-damping capabilities must be more effective compared to the downsized BESSY-cavity.
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1. Alternative: The ,,Choke Mode Cavity® from T. Shintake

372.45 mm

higher-order modes )
outer e 50
radial line H43-% choke structure
i oo
junction.l .
inner
radial line | 5 acceleratmg mode
:‘» Sassnnasacn i

. RF power input

Our final design of the “choke mode cavity” with a
ring shaped HOM-absorber made of silicon carbide
(ring in dark blue) (Picture: S. Karau (DESY MHF)).

1,5GHz

shunt impedance
A cut view through the “choke F{®S3P) Rs 1,7 MG
mode cavity”. The cavity is HUler:(6[leNo (IR 15.000
azimuthally symmetric. (Picture: T.  EE&{siie) s Qo -
Shintake [1]) R</Q, 380

High power input coupler
was chosen to be a
capacitive coupler.
Coupling factor f s
adjustable from 0 up to 5
(XFEL-coupler) (Picture: S.
Karau (DESY MHF))
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An application of the choke mode cavity

Choke Filter

Trapped
| Accelerating
-~ Mode

The choke mode cavity in a LINAC application. The individual choke mode disks are stacked to form a LINAC.

This is a C-band LINAC for a compact X-ray free electron laser facility. The HOM-damper-material is a simple
ring made of Siliconcarbide

Picture: T. lganaki, C. Kondo, H. Maesaka, T. Ohshima, Y. Otake, T. Sakurai, K. Shirasawa and T. Shintake: “High-gradient C-band linac for a compact x-ray free-
electron laser facility”, Physical Review special topics-Accelerators and Beams, 17, 080702 (2014)
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521 [dB]

HOM-Damping Capabilities Of The Choke Mode Cavity

X * :|| N (@]
o NN — ™ .3
— Eood - — ™ ' N N
o — N S &N & o U = LN
0 — = < <<= =
< = = s EE =K = .S e Nose Cone
= = i s Y i i Choke Mode Cavity
~10 4 2 = : : : g —od : i T il T sic single Ring
P < | R LoD Pt !
= = | i i P - —
—20 - = = ' i e il :
: :: Pobe o i
| Pog ook Z v
-30 - L e o : ' .
i : N s - -
: S R o i
_aq i 3 -S> R ¥
40 H : < = s _—
~50 A : - \ Undamped cavity
-60 - . Port2
: : : Port4
-
~80- -
_9{} -
—~100 -
H : H Port3
' E E E Portl
=110 = T T T | — T T T T T T . | — T T T T H
1.00 125 150 175 2.00 225 250 275 300 325 350 375 400 425 450 475 5.00 HOM damped cavity

freq [GHz]

The pictures are provided with kind permission of Simon Karau (DESY MHF)
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2. Alternative: The ,,Herminghaus" Single Mode Structure

field (f=1500) [1]

’.. v -
e . frequency - 1,5GHz
Frequency 1500 MHz
Wavelength 0.199862 m
Plot attribute Instantaneous
Yy Phase 0°
A 1 e shunt impedance
) Maximum on Plane (Plot) 2965.38 V/m 1 4 M Q
4 ‘ z » Maxl pos. (X. Y, Z) 0.000, 26.057, -23.722 mm S
Maximum {Plot) 2975.02 V/im 5 s 3 C S T)
Max. pos. (X. Y, Z) 0.134, 25.818, -23.721 mm (
unloaded quality o
0 16.100
factor

I Ry/Qo 870

The pictures are provided with kind permission of Kathrin Cottel (DESY MHF)
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Summary

> A concept for the PETRA IV RF system was presented:
1) Fundamental RF: 24 x 500MHz HOM damped cavies plus 24 x 120kW SSA
2) High Harmonics RF: 24 x 1,56Hz HOM damped cavities plus 24 x 10kW SSA
» The main focus of the concept is: redundancy and reliability

> Hence the large numbers of cavities with relatively moderate voltages

» There is currently a discussion at DESY ongoing: How much redundancy and
reliability we should allow ourselves to have.

> Are there cavity alternatives which are simple o manufacture and with enhanced
HOM damping capabilities?

> Currently we are investigating two single mode cavities: The Choke Mode Cavity and
the Herminhaus Cavity.
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Thank you for lending your ears

« Additions or questions?

Contact
DESY. Deutsches Peter Hllsmann
Elektronen-Synchrotron DESY, MHF

peter.huelsmann@desy.de
www.desy.de 049/40/8998-2782



