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• Physics goals of future 
accelerators 

• Understand the nature of 
electroweak symmetry breaking 

• Investigate the flavor sector and 
its role in the matter-antimatter 
asymmetry 

• Hunt for dark matter candidates 

• Explore new physics that solves 
the hierarchy problem 

• Future accelerators will operate at 
higher energies and luminosities 
than today, and with similarly long 
run times

Future physics drivers
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Physics Briefing Book

10.1. PRESENT STATE OF ACCELERATOR TECHNOLOGY FOR HEP 163

Table 10.1: Summary of the future colliders considered in this report. The number of detectors
given is the number of detectors running concurrently, and only counting those relevant to the
entire Higgs physics programme. The instantaneous luminosity per detector and the integrated
luminosity provided are those used in the individual reports. For e+e� colliders the integrated
luminosity corresponds to the sum of those recorded by all the detectors. For HL-LHC this is
also the case, while for HE-LHC and FCC-hh it corresponds to 75% of that. The values forp

s are approximate, e.g. when a scan is proposed as part of the programme this is included
in the closest value (most relevant for the Z, W and t programme). For the polarisation, the
values given correspond to the electron and positron beam, respectively. For HL-LHC, HE-
LHC, FCC, CLIC and LHeC the instantaneous and integrated luminosity values are taken from
Ref. [635]. For these colliders, the operation time per year, listed in the penultimate column,
is assumed to be 1.2 ⇥ 107 s, based on CERN experience [635] (this is reduced by a margin of
10–18% in the projections presented for physics results from FCC-ee). CEPC (ILC) assumes
1.3 ⇥ 107 (1.6 ⇥ 107) s for the annual integrated luminosity calculation. When two values for
the instantaneous luminosity are given these are before and after a luminosity upgrade planned.
Abbreviations are used in this report for the various stages of the programmes, by adding the
energy (in GeV) as a subscript, e.g. CLIC380; when the entire programme is discussed, the
highest energy value label is used, e.g. CLIC3000; this is always inclusive, i.e. includes the
results of the lower-energy versions of that collider. Also given are the shutdowns (SDs) needed
between energy stages of the machine; SDs planned during a run at a given energy are included
in the respective energy line.

Collider Type
p

s P [%] NDet Linst/Det. L Time Ref.
[e�/e+] [1034cm�2s�1] [ab�1] [years]

HL-LHC pp 14 TeV – 2 5 6.0 12 [23]
HE-LHC pp 27 TeV – 2 16 15.0 20 [23]
FCC-hh pp 100 TeV – 2 30 30.0 25 [636]
FCC-ee ee MZ 0/0 2 100/200 150 4 [636]

2MW 0/0 2 25 10 1-2
240 GeV 0/0 2 7 5 3

2mtop 0/0 2 0.8/1.4 1.5 5
(1y SD before 2mtop run) (+1)

ILC ee 250 GeV ±80/±30 1 1.35/2.7 2.0 11.5 [341]
350 GeV ±80/±30 1 1.6 0.2 1 [345]
500 GeV ±80/±30 1 1.8/3.6 4.0 8.5

(1y SD after 250 GeV run) (+1)
CEPC ee MZ 0/0 2 17/32 16 2 [508]

2MW 0/0 2 10 2.6 1
240 GeV 0/0 2 3 5.6 7

CLIC ee 380 GeV ±80/0 1 1.5 1.0 8 [637]
1.5 TeV ±80/0 1 3.7 2.5 7
3.0 TeV ±80/0 1 6.0 5.0 8

(2y SDs between energy stages) (+4)
LHeC ep 1.3 TeV – 1 0.8 1.0 15 [635]
HE-LHeC ep 1.8 TeV – 1 1.5 2.0 20 [636]
FCC-eh ep 3.5 TeV – 1 1.5 2.0 25 [636]
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Table 4-3: A summary of concepts discussed under Thrusts 1 and 2 of PRD 1 and used as basis for the potential 
sensitivity curves in Figures 4-2 to 4-4 (discussed later).  These can be classified into three distinct classes of 
measurements: beam dump, missing energy/momentum, and spectrometer-based searches. 

Detection Approach and Concept Name 

 
Requirements 

Beam energy Detector 

 
Sensitivity 
Limitation 

Low-energy proton beam dump  
(e.g., COHERENT@SNS) 

1 GeV p 
�u���� POT  

1 tonne LAr/NaI @ 25m Yield, 
Systematics 

Low-energy proton beam dump  
(e.g., CCM@Lujan) 

800 MeV 
���u�����POT  

10 tonne liquid argon 
detector @15 to 40 m 

Yield, 
Systematics 

Mid-energy proton beam dump  
(e.g., SBN@BNB) 

8 GeV 
�u�����POT 

New dedicated beam dump, 
112 tonne LAr-TPC @ 110 m 

Yield 

Electron beam dump  
(e.g., BDX @ CEBAF) 

2-11 GeV  
�����EOT  

1m3 scale CsI(Tl) EM 
calorimeter 

Yield 

    
Missing momentum @ CW electron beam  
(e.g., LDMX) 

8 GeV  
���� EOT 

10% X0 target, kinematics on 
recoil electron energy less 
than  0.25 * Ebeam 

Rate 

Muon missing momentum @ muon beam  
(e.g., M3) 

15-25 GeV   
�����POT 

50 X0 target, kinematics on 
recoil muon energy less than  
0.6 * Ebeam 

Rate 

    
Proton spectrometer (e.g., at the MI @ 
Fermilab) 

120 GeV 
����������� POT 

Spectrometer, vertex 
resolution, EMCal 

Yield 

 
 

Experimental Opportunities and Challenges 
 
As highlighted above, a variety of past accelerator-based experiments employing beam dump, missing 
energy, and spectrometer-based techniques place some of the strongest constraints on light dark 
matter and dark sectors.  These results demonstrate the power of the various accelerator-based 
approaches to producing and detecting dark matter at or below the proton mass.  New experiments 
leveraging the DOE accelerator portfolio could build on these results, with the objective of decisively 
testing motivated dark-matter thermal relic targets and broadly probing new forces and particles in the 
dark sector.  This section describes the experimental opportunities and challenges of future 
proton/electron beam dump, lepton missing momentum, and spectrometer-based experiments. 
 
This report necessarily focuses on DOE facilities, and we will use examples of beamlines and detector 
concepts to illustrate the opportunities available.  A more comprehensive summary of proposals is 
provided in the 2017 “US Cosmic Visions” report, Ref. 8. 
 
Beam dump experiments 
 
Next-generation proton beam dump experiments could utilize existing DOE proton accelerator facilities 
at FNAL, ORNL, and LANL to produce and detect dark matter, and offer unique sensitivity to scenarios 
where dark matter interacts preferentially with nucleons.  As with the successful MiniBooNE-DM search, 
concepts for future experiments utilize existing facilities and detectors developed for the U.S. neutrino 

Basic Research Needs for Dark Matter Small Projects New Initiatives
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From drivers to requirements
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High luminosity

Maintain low 
occupancy

Reject pileup 
and machine 
backgrounds

Collect data 
at high rate

Robust engineering Long term monitoring and 
recalibration

Survive high 
radiation 
dose
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From drivers to requirements
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Physics goals

Excellent electromagnetic, 
hadronic, and missing 
energy resolution over a 
wide energy range

Cutting edge materials and methods

Detectors to be designed

Sarah Eno 2020 Hadron Collider Summer School 47

Tracking
• TPC or silicon? 
Calorimetry
• CALICE-style or Dual-Readout?
Particle ID
• What are the needs for flavor physics at Z running? How to incorporate this into existing strawman designs?
Luminometer
• Need precise luminosity measurement in a region plagued with machine backgrounds
Software
• Strong needs for a new generation of software tools to fuel these studies

Very challenging specs

CEPC goals
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Technological priorities

• All have seen significant R&D for HL-LHC and ILC 

• Calorimetric methods show promise for the next 
generation of e+e- or hh colliders and high 
intensity fixed target experiments… 

• …but require significant R&D to meet physics 
performance and radiation tolerance specs

5



R. Yohay Snowmass IF Kickoff Workshop 19 June 2020

Technological priorities

• Particle flow calorimetry 

• Fine lateral and longitudinal segmentation 

• Good timing resolution 

• Close integration with charged particle tracking 
detectors 

• Dual-readout calorimetry 

• FE SiPM readout with low crosstalk 

• Optical fibers with high Čerenkov light yield
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Technological priorities

• Radiation tolerance 

• Radiation hard materials, including FE ASICs and 
power converters 

• Mitigation with temperature control 

• Damage tracking and recalibration over time 

• Data volume 

• Significant FE preprocessing 

• High bandwidth, small footprint cables
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Technological priorities

• Engineering 

• Production at scale 

• Low-power FE components 

• Efficient and scalable cooling systems 

• Redundancy
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Key active media and FE technologies

• Silicon sensors 

• Advantages: high granularity at scale, radiation tolerance 

• R&D: cost, extreme radiation-hard engineering, engineering for specific 
properties (e.g. rise time, collected charge, drift time, etc.) 

• Crystals 

• Advantages: absorber + scintillator, compact 

• R&D: radiation tolerance, engineering for specific properties (e.g. high light 
yield, fast scintillation, etc.), production at scale, calibration 

• Plastic scintillator 

• Advantages: cost, machining 

• R&D: radiation tolerance, optical properties (e.g. light yield, scintillation vs. 
transmission wavelengths)
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Key active media and FE technologies

• Optical fibers (scintillating and Čerenkov) 

• FE SiPM readout 

• Advantages: size, scalability, sensitivity 

• R&D: dynamic range, integration with 
transparent materials
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