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Outline

• Progress of the PETRA IV machine project since last project review (May 2023)

• Highlights of technical activities
Highlights of the prototype programme
Recent issues with DESY IV

• Conclusions and future work
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Main events since last project review (May 2023)

• The project proposal was revised/corrected with Directorate’s input

• Cost estimate with internal (July) and external (September) reviews;
TAC_06 (September), FIAC_03 (October), MAC_42 (November)

• Design and prototype activities
TDR girder, RF, diagnostics, kickers, …
revision of the DESY IV lattice and layout

• Definition of the next steps for 2024-2025
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The PETRA IV storage ring: a world leading machine
The PETRA IV accelerator lattice will produce X-ray beams with unprecedented brightness. 

The lattice is based on a novel cell structure (H6BA)

> emittance: : ~ 20 x 4 pmrad2

> undulators: 4.3 m and 10 m
> Average brightness increase: 500

that is replicated identical across all octants (72 cells)

1 2 3 4 5 6
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The PETRA IV project timeline is under revision

5

This timeline cannot be maintained and at least 
one year shift of t=0 is considered
Last week came the news of additional 44 M€
funding for PETRA IV R&D

start 
procurement

PIII 
shut down

start 
assembly

PIV ring 
commissioning

The draft breakdown below hinges on
• Project approval in mid 2024
• Call for tender start in mid 2024
• Dark period 24 months
• First light in Jan 2029

the project is built on the 
basis of these 2 constraints 
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The Engineering Design will continue into 2024-25

The EDR phase aims at 
• completing design and write up a document to a sufficient level of details to support the call for tender
• Investigate areas where cost saving and reduction of energy consumption can be implemented
• building one fully equipped girder with magnets, vacuum strings, water and power connections as close 

as possible to the final configuration
• complete the full prototype programme

Recruitment programme for the TDR phase was concluded (DESY + PIV Project) 103.9 FTE (57.5 FTEs on 
the accelerators). 

The additional funding will allow 
• the opening of ~40 position across the project (~10 on the machine)
• the conclusion of the prototype phase

Large contract cannot be placed until final project approval.
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Urgent manpower needs are prioritised.

40 new FTEs are in the priority list 
for the project ramp up phase

Priorities is given to activities that are already 
on the critical path (mostly civil engineering)

On the machine project:
- 2 diagnostics (emittance meas. – cabling)
- 2 controls (high-level software)
- 1 girders 
- 1 magnets (PM/DLQ) + 1 DW
- 1 magnetic measurements (resistive)
- 1 feedback systems
- 1 accelerator physics

extension/stabilization of ~10 fixed term positions 
nearing the end of the contracts
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Funding for remaining prototype activity assessed
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Cost of PETRA IV project has been estimated

30.6%

The cost for the PETRA IV project is fixed!
Price index fixed at end 2022
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Dealing with uncertainties and errors
• Accelerator cost 371.8 M€ (error distributions from the uncertainties reported in the WP)

The strategy is to build to budget, allowing redundancy [not contingency]

Potential savings (to be identified within the end of the EDR)
- reduction in hot-swap redundancy – (here assumed 1:3)
- reduction in RF cavity stations

- corresponding cost reduction (infrastr.) racks, cooling, cables, 
IT cabling, size of supply building (rack space)

82%
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Status of design: hot swap system

PS reliability at PIII is already very high: unlikely to improve reliability 
of a single unit
PIV will have 4400 PS more than PIII 859 – MTBF reduced accordingly

Hot swap is the only viable solution to further improve the reliability

Contacts with ESRF:
ESRF design had difficulties in the commissioning phase but now 
working fine 
ESRF hot swap 1:4 – 1:6 depending on the position in the ring/racks

PIV implementation
1:1 concept - successful tests at PIII with beam

but…
large cost, large real estate and infrastructure requirements

Hot-swap tests at PETRA III were successful

Current deviation 6e-4 over 2.5 ms
during the hot-swap

Under analysis: reduction of the hot-swap topology, definition of the ratio 1:n for different PS type, their size, the rack 
capacity required, the cooling demands.
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Prototype programme and timeline
The TDR phase is supporting a number of prototypes on key subsystems:

Magnets (WP2.02):
- high gradient quadrupoles (delivery from SIGMAPHI in October 23)
- sextupole (contract awarded to Danfysik in June – deliver expected end April 24)
- combined fast/slow corrector (design finalized – prototype in house – foreseen May 24)
- permanent magnet DLQ (first module prototype in-house January 24)
- Dummy magnets for the TDR girders in fabrication at DESY (ongoing – foreseen January 24)

Vacuum  (WP2.04):
- NEG coating of long small aperture chambers (done and positive)
- vacuum string for TDR girder mock up (copper extruded profiles at DESY – foreseen November 23)
- demonstrator of PS for Ion pumps

Girders (WP2.06):
- one girder (contract placed – delivery end of January 24)
- girder movers

These will allow the construction of one mock up girder by the end of the TDR phase.
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Detailed status of the TDR mock up girder programme
Girder prototype

delivery January 24

PQA prototype
SIGMAPHI delivery Dec. 23

PSA prototype
Danfysik delivery April 24

S/F corrector prototype
in-house delivery May 24

Dummy magnets in-house
(climatic cabin with DESY procur.)

DLQ prototype in-house 
first module January 24
full module April 24

Dummy magnets
in-house end of 2023

Vacuum chambers prototype
in-house November 23
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Prototype of a mock up girder is underway 

A detailed list of scope and sequences of tests is being collected

Quadrupoles
Sextupole Corrector

DLQs

Girder movers
Water distribution Power distribution

Electronic boxes
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The timeline of the prototype timeline was revised

Prototyping activity running in 
many different areas

All efforts are made to support 
financially the ongoing activities 

The current plan matches the 
TDR timeline

However close monitoring is required

Delays in some areas (e.g. magnets, 
kickers) will put us beyond t=0
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Prototypes are underway 
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Status of DESY IV

The DESY IV booster (316.8m) will have
252 magnets and 9 RF cavities

System design and
CAD integration progressed

The PETRA IV project proposal includes the construction of a new booster DESY IV

The lattice was frozen last year with a design
delivering 20 nm – 1 nC single bunch operation

reusing the LINAC-II and PIA ring Courtesy C. Kula
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DESY IV: installation issues

Installation issues:

• Close to the maximum load: 
1.5 tons per magnet + 1.5 tons support

• Difficulties in drilling the holes on the ceiling due to 
the reinforced steel rod pattern on the ceiling
(no wet drilling)

• Logistic concept requires a transport and lifting system
and the outer floor load must be reinforced

• The “ringtraeger” creates difficulties in providing a smooth 
and stable surface for transport and lifting vehicles. 
Such surface must be prepared and the ringtraeger ideally 
should be removed

• Crane removed

The definition of detailed installation plans highlighted several issues:

Inherited building layout poses several constraints: installation on the ceiling turns out to be more costly than planned 
and with a complex logistics – not impossible, but triggered a review…

DESY IV
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DESY IV analysis of different options

Option 2: Ringtrager discarded on the basis of stability issues
(apparently a long debated issue)

Different options were analysed in terms of lattice layout, stability and installation procedure: 

1
2

3
4

Outer wall and inner wall possible:

Option 1: not favoured as the outer wall has no support pillars 
underneath the floor 
Option 4: not favoured as the removal of DESY II does not allow 
start of installation before the PIII shutdown 
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DESY IV: testbeamlines issues

Working group set up with the FH division (M. Stanitski, S. Ackermann) – options for testbeamlines at DESY IV
Assess the implication of the required modification to the DESY IV baseline and the test beamline performance

Courtesy H. Ehrlichmann

DESY II runs parasitically for the production of e+/e- beam [testbeam] serving a large community (detectors)
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DESY IV lattice revisited

The Beam Physics group provided lattices for all options with equivalent performance to the baseline DESY IV:
Moving from hexagonal to octogonal symmetry to follow the floor layout (and to provide better compatibility 
with the test beamlines)

DESY IV parasitic operation for testbeamlines: discussion ongoing on the required modification to the 
baseline operation: ramped 5Hz for top-up, followed by CW operation for test beamlines

The continuation of testbeam programme will be a decision of the DESY Directorate
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Alternative options for the pre-accelerator: reuse of DESY II

Analysis of reusing DESY II pointed out that the large emittance 350 nm is unsuitable for injection in PIV.
However, the idea of limited modifications to DESY II, could be appealing as a measure to save on the large 
investment for the DESY IV booster (76 M€ including refurbishment of the DESY tunnel infrastructure).

This poses the question whether DESY II operation can be extended for few years, with limited 
refurbishment, until the LPA delivers a beam suitable as full injector for PETRA IV

Currently a max of 3 nC can be accelerated in DESY II – this rules out operation in timing mode for PIV (7.6 nC)
However:

- collimation in the transfer lines can be used to reduce the emittance of DESY IV to the level acceptable 
for injection in PETRA IV and reduce radiation issue at the injection point
- can use swap-out injection in PETRA IV (collimation in transfer line still needed)

The emittance of DESY II can be reduced with new 
power supplies for the quadrupoles – J. Keil IPAC17 
and operating off-energy down to 120 nm.



Using existing DESY II as booster for PETRA IV reevaluated
 Simulation of injection from DESY II (with/without emittance-optimized beams) into PETRA IV.

 Roughly 60% of the beam is lost during off-axis injection and 35% during on-axis (swap-out) injection

 However, with on-axis injection, timing mode parameters cannot be reached due to charge limit

Courtesy S. Antipov

On-axis injectionOff-axis injection

DESY IV remains the baseline strategy for the pre-accelerator complex until the 
potential of the LPA injector is fully assessed
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Conclusions and future work

• PETRA IV is the highest priority project at DESY

• Project proposal (TDR) ready 
• Storage ring lattice well defined. Many elements of the machine are close to their final design. 
• Prototypes are on the way
• DESY programme under revision – new lattice done – engineering integration ready to restart

pending decisions on installation

• Personnel/Investment resources for 2024-2025 reassessed in the light of the recent news on funding

9th Low Emittance Ring workshop – CERN 12th-16th February 2024 
Workshop on feedback systems – in preparation at Karlsruhe (KIT)
Workshop on injector systems – April 2024 location to be defined
(supported by the EU I-FAST project)

Special Thanks to D. Einfeld for his 3 years consultancy for PETRA IV



Thanks to many colleagues that provided material for 
this summary

Thank you for your attention!
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