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Energy Management and Sustainability Aspects for FCC Jean-Paul Burnet, 

CERN; 14:55 – 15:15

Electron Ion Collider Energy Consumption and Sustainability Thea Vijaya 

Kumar, BNL; 15:15 – 15:35

Plasma-based injector for PETRA IV Andreas Maier, Paul Winkler; DESY; 15:35 –

15:55

Power Consumption at SLAC Matt Gibbs, SLAC (Zoom); 15:55 – 16:15

Addressing Energy Responsibility in Particle Accelerators: Insights from the 

KITTEN Research Platform Giovanni De Carne, KIT; 16:45 – 17:05

Design of Detectors for Future Colliders (FCC) Werner Riegler, CERN; 17:05 –

17:25

Sustainability for Einstein Telescope Project Maria Marsella, University of Rome; 

17:25 – 17:45

7 Excellent Talks
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There are many opportunities to reduce energy consumption and GHG emissions at present and 

future research facilities and projects.

Every reduction of our energy and carbon footprint is important. We are publicly funded and we 

should be leading by example. Also, a research facility is often the leading power user locally.

Even when the power is mostly from carbon-neutral energy sources, reducing energy consumption is 

still critically important as we are facing an energy gap that can not be filled with carbon-neutral 

energy sources any time soon.

General comments
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Careful study performed of carbon footprint of FCC construction and operation

Summary:

FCC needs low carbon power sources

FCC includes renewable energy supply (thanks to European green transition)

Sustainability is a key aspect of the project

All designs and R&D are focused on energy savings to reduce the power demand and energy consumption

The impact and challenge of detectors is not to be forgotten…

My comment:

Additional reduction of energy consumption
of FCC would be very desirable

Energy Management and Sustainability Aspects for FCC
Jean-Paul Burnet, CERN
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Brookhaven EIC is presently the largest accelerator project

Detailed presentation of using 41 MW of process heat for 

heating the buildings on campus using large scale heat 

pump

Electron Ion Collider Energy Consumption and Sustainability
Thea Vijaya Kumar, BNL
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Development of a compact 6 GeV injector to PETRA IV 

based on laser plasma acceleration (LPA)

Fast energy correction provides stable injection beam 

energy

LPA injector uses much less energy and hardware than the 

present DESY IV injector

Plasma-based injector for PETRA IV
Paul Winkler; DESY

The Plasma Injector for PETRA IV

Conceptual Design Report
Ilya Agapov, Sergey Antipov, Reinhard Brinkmann, Ángel Ferran Pousa, Sören Jalas, Manuel Kirchen, Wim Leemans, 

Andreas Maier, Alberto Martinez de la Ossa*, Jens Osterhoff, Rob Shalloo, Maxence Thévenet and Paul Winkler

PETRA IV. The Ultimate 3D X-ray Microscope
The future 4th generation synchrotron light source at DESY 

• PETRA IV will provide up to 1000 t imes 

higher brightness beams than PETRA III. 

• New Extension West Hall doubles the 

number of photon beamlines (30): 

~10,000 user/yr.  

• PETRA IV will become a world reference  

in 3D X-ray microscopy, driving ground-

breaking discoveries in health, energy, 

mobility, informat ion technology, earth 

and environment .

Enabling laser-plasma accelerators for PETRA IV (and beyond) 

• Builds upon successful LPA development at DESY: LUX 

for enhanced beam quality [1, 2], reliability and performance [3] 

• Act ive feedback with AI cont rol for enhanced stability: KALDERA [4] 

• Laser guiding technologies for ef f icient 6 GeV energy gain: HOFI [5] 

• State-of-the-art  comput ing capabilit ies for precise modeling [6] 

and advanced machine learning opt imizat ion [7] 

• Novel Energy Compression Beamline (ECB),  

enabling sub-per-mille levels of energy spread and stability [8, 9]

The Plasma Injector for PETRA IV
A competitive, compact and cost-effective alternative

• Competitive: full PETRA IV operation (fill + top-up) 

• Compact: laser-plasma acc. + beamline:  < 50 m 

• Cost-effective: power consumption: < 500 kW

DESY’s moonshot

Simulation framework Start-to-end simulations: full jitter analysis, aided by surrogate modeling 
Beamline simulat ions with OCELOT (t racking, collimat ion, CSR, RF, etc.)  

Tracking in the storage ring with ELEGANT (wakef ields, synchrot ron radiat ion, etc.)   

Overall energy deviations reduced by a factor of 25   0.04% 

Emittance is preserved in the horizontal plane (chromatic correction). 

Charge throughput 96%. No additional particle loss in the ring.

collimator5 m

Quad triplet 

Captures and 
matches the beam

Chromatic chicane  

Corrects emit t . growth and 
pre-st retches the beam

Main chicane  

Induces energy-t ime correlat ion (R56)

X-band structure 

Corrects energy deviat ions (dechirper)

Laser pulse (20 J, 350 TW) 
drives the LPA 

Plasma target  

inject ion control 
and laser guiding

LPA
6 GeV  ± 1.0% 

Plasma injector design

Plasma injector

6 GeV

100 m

PETRA IV

DESY IV
6 GeV

Injection  
channel

KALDERA

LPA simulation

LINAC II
450 MeV

6 GeV ± 0.04%

Laser pulse (f lat tened Gaussian) 

a0 = 2.0, w0 = 50 µm, P0 = 345 TW, 
τ= 53 fs (fwhm), Energy = 19.6 J.

Electron beam 

Charge: 87 pC, Energy spread: 0.5 %. 
Emit tance (norm): 4.6 µm, 1.7 µm. 
Divergence: 0.2 mrad, 0.1 mrad. 
Laser-to-beam energy eff iciency: 2.7 %

Plasma target 
LUX-type prof ile: np = 2 × 1017 cm−3 
HOFI channel: wm = 50 µm.

[1] M. Kirchen et al., Phys. Rev. Lett . 126, 174801 (2021) 
[2] S. Jalas et al., Phys. Rev. Lett . 126, 104801 (2021)  

[3] A. Maier et al., Phys. Rev. X 10, 031039 (2020) 
[4] W. P. Leemans and A. R. Maier, KALDERA (2022) 

[5] R. J. Shalloo et al., Phys. Rev. E 97, 053203 (2018)  
[6] R. Lehe et al., Comp. Phys. Comm. 203, 66 (2016) 

[7] A. Ferran Pousa et al., Phys. Rev. Accel. Beams 26, 084601 (2023) 
[8] A. Ferran Pousa et al., Phys. Rev. Lett . 129, 094801 (2022) 

[9] S. A. Ant ipov et al., Phys. Rev. Accel. Beams 24, 111301 (2021)

Operating PETRA IV
Repetition rate 

• Filling the ring in 10 min.: 2.6 nC/s   80 pC @ 32 Hz. 
• Top-up 1% of the charge every 6 min: 40 pC/s    80 pC @ 0.5 Hz. 

Power consumption 

• Realistic PIC simulations exhibit 2.7% laser-to-beam energy efficiency. 

• The ECB enables 96% charge injection throughput.  

• Modern diode-pumped laser systems perform with 1% wall-plug efficiency. 

2.6 nC/s × 6 GeV = 15.6 W 

Average beam power Average laser (electrical) power

15.6 W / 0.026% = 60 kW 

electrical-to-beam energy efficiency

Component Power

Laser system 60 kW

Laser cooling 40 kW

Magnets 60 kW

RF system 40 kW

Magnet & RF cooling 15 kW

Vacuum system 20 kW

Miscellaneous 10 kW

Total 245 kW

Average power consumption 

Implementation Roadmap
DESY engages in the technical development  
phase of the plasma injector for PETRA IV

… to PETRA IV

LPA optimization: FBPIC[6] and Optimas[7] 
Maximizes the beam spect ral density at 6 GeV 
Minimizes the laser energy.

2024

2028
Phase 1: 

 Technology demonstration

Conceptual Design Report

2032

Phase 3: 
 Full PETRA IV operation

Phase 2: 
 Top-up injector

circumference: 2.3 km 

Energy / GeV 6 GeV

Operation mode Brightness Timing

Total charge / nC 1536 615

Number of bunches 1920 80

500 MHz

PETRA IV

DESY. Deutsches Elektronen-Synchrotron: MLS /MPA /MPY 
* alberto.martinez.de.la.ossa@desy.de

245 kW

Laser-plasma acceleration technology (LPA) enables  
a more compact and energy efficient injector

Key challenges: 

• Energy gain: 6 GeV 

• Energy spread and jit ter: < 0.3 % 

(to maximize charge throughput and stability) 

• Charge inject ion rate: > 2.6 nC/s 

(to fill the ring in < 10 minutes) 

• Availability: > 98% (for the user’s satisfaction)

Accepted charge 
83.5 pC +/- 10.0% (rms) 

Charge throughput  = 96.5%

Energy = 5.999 GeV (1.0% rms)

Energy = 6.000 GeV (0.04% rms)

±1% 

Jitters : {0.75 mm in zf, 0.75% in EL , 0.75% in np,  
0.2 mrad in θx, 0.1 mrad in θy, 100 fs in RF timing}

Optimization, jitter modeling, start-to-end

Laser-plasma accelerator plus energy compression beamline



7

Four facilities (SPEAR3, LCLS, FACET-II, LCLS-II) with power demand of 32 MW and growing

Sophisticated control of 80 LCLS klystrons to turn off unused units to save power

About 52% of power from carbon-free sources, need to get to 100% by 2030 – very challenging!

Hydropower in US West is reduced because of historic drought

Power Consumption at SLAC
Matt Gibbs, SLAC
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Electric power analysis and simulation tool

Shows the effect of solar panel energy source on 

accelerator operation

Plan to add battery storage

My comment: renewable energy sources should 

have local energy storage

Addressing Energy Responsibility in Particle Accelerators: 
Insights from the KITTEN Research Platform
Giovanni De Carne, KIT

Prof.Dr.-Ing. Giovanni De Carne26.09.202411

Clouds

2.5 GeV

Operation

No beam

Photovoltaics to Smooth Consumption Curve
Peak Net Consumption (clouds cover photovoltaics)
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Detectors use about 10 MW, mainly for magnet. Small compared to accelerator power consumption

My comment: it is still very desirable to explore reduction of power consumption (HTS?)

On-line computing for FCC-hh could use a lot of power

Detectors dominate direct GHG emissions

Main mitigation: leak fixing and alternative detector gases and cooling liquids

Design of Detectors for Future Colliders (FCC)
Werner Riegler, CERN



Sustainability for Einstein Telescope Project
Maria Marsella, University of Rome

Einstein Telescope is a proposed 

underground facility to host a 3rd generation 

gravitational-wave observatory. 

30 km tunnel, 3 large cavern, 3 – 4 M m3

excavated material, surface buildings, 

computer center

Sustainability study started

Energy and carbon footprint important to the 

selection of project and location
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