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We miss him so much.
Michael Ebert (+ 2021-03-06)
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The RF of PETRA IV

- Lots of activities at DESY

- Short view on the present RF-system at P3

- CDR P4

* main parameter of the machine
 RF parameter
 active 3" harmonic RF

- RF at DESY IV

- Tests of P4 RF components in P3
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| ots of activities at DESY W

ALPS I -
. 24/7 operating of XFEL, PETRA3, DESY2, FLASH ‘
+  FLASH2020+: new undulators, new rf-modules . w e 74, m |

Operation from 2025 B siia0/ATHENA|
« KALDERA: A high-power laser for plasma - >4 m "
accelerators. Operation from 2026 3 @ Sy 1B

- m DESY-Testbeam
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The existing RF system.One half of the current PETRA Il rf system
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PETRA IV

2018 2019

source size
& divergence:
155 pm x 6 pm
7.7 x 3.8 prad?

X-ray beam transformative technology:
(Hybrid) Multibend Achromat
MAX 1V, SIRIUS, ESRF-EBS, APS-U, SPring-8-Il

emittance reduced
by upto factor

PETRA IV

NEW DIMENSIONS

Timeline of the PETRA I\ Project

2022 2023

Technical Design
PETRA IV

corR

@ shutdown PETRA Il 4 Start PETRA IV

Girder Assembly

Commissioning + User Operation

Installation

Acceleralor De.'ugn

Defining Beamline Portfolio

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

extended & divergent 1= = small & collimated
X-ray beam

4t generation SR source
< 20 (< 50) pm rad

PETRAII
3rd generation SR source S
1300 pm rad -
efficient
Max. brightness: ~1021 nanometer Max. brightness: ~1023
Coherence: ~0.1-1% focusing Coherence: = 25%
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PETRA Ill vs PETRA IV.

ke NI
HIPHETE Sl gt b ol v
¢

Paul P. Ewald Hall

mostly reuse of the
old tunnel segments
of PETRA 1 from 1976

te— 108 m —
¢ Straight
: section

Straight -
section

PETRA IV

Injection

channel Ada Yonath

) Hall
SE
Injection
Thanks to
Michael Bieler
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Some main parameters in comparison

____________________|PETRAIl_|PETRAIV(CDR)

Br\ghtness Mode )

Energy / GeV 6.08 6.08 50 Bunch train 2 glunchtraing0
Circumference / m 2304 2304 .0 ” ............................................................... ””””H””
Revolution frequency / kHz 130.121 130.121 \Timing Mode PETRA cycle period = 76820

Beam lines 26 30 i ! ...................................................................
Number of bunches (timing-, brightness mode) 40, 480 80, 1600

Beam current / mA 100, 120 80, 200

Bunch current / mA 2.5,0.25 1,0.125

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+24

Synchrotron frequency / kHz 6 0.421

RF frequencies / MHz 499.6 499.6 + 1500

Harmonic number 3840 3840
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PETRA IV RF.

fundamental

Parameters for the PETRA IV fundamental RF system:
500 MHz single cell nc cavity

Main (fundamental) RF frequency 499.65 MHz

Total voltage main RF 8 MV {— HOM damped

RF voltage per cavity 476 kV

Transit Time Factor 0.7 reuse of plungers and couplers
RF voltage per cavity seen by the electrons 333 kv <

CaV|t_y wall loss 16.3 kW see presentation

Quiality factor (unloaded) 29600 ) .
Cavity coupling factor 3.0 ,PI_unge_r Refurbls_hment
Shunt impedance R;=V2/(2P) 3.4 MQ (Nils-Oliver Frohlich)
Loaded quality factor 7400

Number of main RF cavities 24

Synchronous phase 30.2°

Synchrotron frequency 421 Hz

Total wall loss in cavities 392 kw

Total beam loading power 800 kw

Nominal transmitter power per RF station 110 kW

Beam tube aperture 74 mm

Length of cavity (flange to flange) 500 mm
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two frequencies

Bunch length: corrected: 23 ps (7 mm)
- without a 2nd RF-system:

- with an additional RF-system (3rd harmonic):
So the single bunch current could be increased

corrected: Stop

60 ps (18 mm)

The required harmonic RF voltage for a flat potential at the 500 Ampl. MV R
bunch transition is ’3)1 8,000 | 29,96
2
1 1 U,
VHHC’ opt. _ VTf ﬁ — nz — 1 % qe Vrf flan i syn.plj_alsueglsw
g 2260 0,21
max Uc in MV

n: order of the harmonic (PETRAIV: 3) Veriust in MeV

U,: energy loss per turn (4.0 MeV) D” 4,020
V,:: voltage of the fundamental RF system (8.0 MV)
J.: elementary charge (1.602 * 10-*° C)

Ampl 500 (MV) bei
This gives an optimum value for the harmonic voltage of Summe:Verlust
Vhrc,opt. = 2.26 MV. | 3,995
With some safety margin, the system is designed for Ampl 1500 (MV) bei

Summe=Verlust

| 0,025
500 Frequenz in Hz

Ve = 2.4 MV.

Dipole, IDs  (300+1500)
"~ und Wiggler | 9474

fuin Hz

S 499664420
-l
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Spannungen
10,0-

Amplitude in MV

-180 -150

HRw |

U S T T W NS W T T U W= —

i
150 180

I
-50 0 50 100
Phase relativ zum Strahl in Grad (500er System)
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PETRA IV RF.

third-harmonic

Parameters for the PETRA IV third-harmonic RF system:

3rd harmonic RF frequency

Total RF voltage 2.4 MV <
RF voltage per cavity 100 kV <——
Cavity wall loss 3.3 kW
Quality factor (unloaded) 17000
Loaded quality factor 2700
Total wall loss in cavities 71 kW
Cavity coupling factor 5.3
Shunt impedance R.=V?/(2P) 1.5 MQ
Number of RF stations (cavity/SSA) 24 <
Nominal transmitter power per RF station 10 kW <&
Beam tube aperture 46 mm
Length of cavity (flange to flange) 313.6 mm

1498.995 MHz

Collaboration ALBA/HZB/DESY
Development of a 3rd harmonic HOM damped cavity
1/3 scaled and optimize from 500 MHz

see presentation tomorrow (Jesus Ocampo)

In addition there are some ideas of alternatives
see presentation of Peter Hllsmann
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RF System Design

i
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500 MHz

Each of the 24 cavities is powered by its own Solid State Amplifier (SSA)
and we want to control them in 6 groups of 4 pairs of cavity/SSA.
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A worst case scenario (200 mA beam current):

Only 5 of the 6 systems (each a group of 4 SSA/Cav) running
and in addition a failure of one sub-system (SSA/Cav).

This brings the cavities to their limit.
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UTCA crate  \More details see presentations tomorrow
(Frank Maschewski, Arvid Eislage)
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RF implementation in PETRA V.

new tunnel segment and new hall: 24 + 24 cavities and 24 + 24 SSA

. )

fal el
7474

22788226
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DESY IV.

Booster parameters:
Circumference: 316.8 m

Harmonic number: 528

Repetition rate: 2 Hz to 5 Hz
Momentum compaction: 3.30 x 10-3

Beam energy at 6 GeV
Energy loss per turn 4.04 MeV

700 MeV
0.748 keV

A new machine (DESY V) in the same tunnel as

the existing and remaining DESY II.

RF:

9 (grouped in 3 locations) 5-cell 500 MHz nc cavities

each powered by a SSAs

Frequency

Total RF voltage

RF voltage per cavity

Cavity wall loss

Quiality factor (unloaded)
Cavity coupling factor

Shunt impedance R,;=V?/(2P)
Number of RF 5-cell cavities
Beam tube aperture

Cavity length (flange to flange)
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499.65 MHz
12 MV

1.3 MV

59 kW
29500

nyd

15 MQ

9

120 mm
1800 mm

\| |

~1}
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Tests of P4 RF components in P3.

One prototype SSA and one prototype HOM damped 500 MHz single cell cavity
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Cav. Wasser
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Thank you for lending your ears
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Sailing vessel (four masted barque) ,Peking® back in Hamburg 2020-09-07
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Contact

DESY. Deutsches Stefan Wilke

Elektronen-Synchrotron DESY, MHF-e
stefan.wilke@desy.de

www.desy.de 049/40/8998-1836



