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The Future of HEP
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From talk by Gavin Salam
at ICFA Seminar 2023

- Higgs physics is at the core 
of most of our open questions

- There are “guaranteed discoveries”
in the Higgs sector 



H interactions
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Source G. Salam, 13th ICFA seminar at DESY, 2023



Higgs Self Coupling
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Significant measurement of the Higgs Potential is
• Central to our understanding of the Higgs
• A “guaranteed” discovery at future machines



The environment
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The Global Situation
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• European Strategy update has been published and “approved” by council
• Higgs factory key priority
• Feasibility study of FCC key priority
• Accelerator and Detector R&D being organised

• Snowmass meeting this summer confirmed the case for a Higgs factory

• The international events (war in Ukraine, energy crisis in Europe, aftereffects
of Pandemic) complicate the situation



P5: Recommendation 1

As the highest priority independent of the budget scenarios, complete construction
projects and support operations of ongoing experiments and research to enable maximum
science. We reaffirm the previous P5 recommendations on major initiatives:

a. HL-LHC (including ATLAS and CMS detectors, as well as Accelerator Upgrade Project) to
start addressing why the Higgs boson condensed in the universe (reveal the secrets of the
Higgs boson, section 3.2), to search for direct evidence for new particles (section 5.1), to
pursue quantum imprints of new phenomena (section 5.2), and to determine the nature
of dark matter (section 4.1).

b. The first phase of DUNE and PIP-II to determine the mass ordering among neutrinos, a
fundamental property and a crucial input to cosmology and nuclear science (elucidate the
mysteries of neutrinos, section 3.1).

c. The Vera C. Rubin Observatory to carry out the LSST, and the LSST Dark Energy Science
Collaboration, to understand what drives cosmic evolution (section 4.2).
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P5: Recommendation 2
a. CMB-S4, which looks back at the earliest moments of the universe to probe physics at the

highest energy scales. It is critical to install telescopes at and observe from both the South Pole
and Chile sites to achieve the science goals (section 4.2).

b. Re-envisioned second phase of DUNE with an early implementation of an enhanced 2.1 MW
beam—ACE-MIRT—a third far detector, and an upgraded near-detector complex as the definitive
long-baseline neutrino oscillation experiment of its kind (section 3.1).

c. An off-shore Higgs factory, realized in collaboration with international partners, in order to
reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific
requirements. The US should actively engage in feasibility and design studies. Once a specific
project is deemed feasible and well-defined (see also Recommendation 6), the US should aim for
a contribution at funding levels commensurate to that of the US involvement in the LHC and HL-
LHC, while maintaining a healthy US on-shore program in particle physics (section 3.2).

d. An ultimate Generation 3 (G3) dark matter direct detection experiment reaching the neutrino
fog, in coordination with international partners and preferably sited in the US (section 4.1).

e. IceCube-Gen2 for study of neutrino properties using non-beam neutrinos complementary to
DUNE and for indirect detection of dark matter covering higher mass ranges using neutrinos as a
tool (section 4.1).

Rank-Ordered
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Role of ILD

• Well developed detector concept

• Adaptable to any of the proposals under discussion

• Common platform to study potential science performance
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Why ILD?

• Has an active community to support ILD

• Has been designed 
– As a particle flow detector: precision

– With a broad energy reach in mind: flexibility

• Is implemented in a modular and flexible fashion

• Has a broad range of well understood reconstruction tools in place
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Goal of the ILD meeting

• Explore the role of ILD at different Higgs factory proposals

• Understand the experimental challenges resulting from different 
collider concepts

• Move towards optimized ILD designs at different collider proposals, 
in particular: 
– FCC-ee

– HALFH

• Plan the concrete steps for ILD in the next 1-2 years
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An ILD work program

1. The forward tracking region of ILD has a number of shortcomings. A dedicated optimization for this region, in particular of the 
acceptance of the vertex detector, should be done. This region will also be heavily affected by different environmental conditions at 
different collider projects, and might need dedicated solutions for each proposal.

2. Circular colliders will have a smaller inter-bunch timing difference than ILC, and also do not deliver bunch-trains, but rather 
continuous beams. This significantly changes the possibility to do power-pulsing for the front-end electronics of the ILD sub-detectors. 
The current design of the ILD sub-detectors depends crucially on their capability to manage the thermal load through power pulsing. 
Using the ILD sub-detectors at FCC will require a very detailed study of how the systems can perform without power pulsing, and the 
development of a concept of how the thermal management can work in this new situation, while minimising additional dead material in 
the system.

3. The close inter-bunch spacing and lack of inter-bunch train quiet periods puts additional challenges on the operation of a TPC in this 
environment. ILD should explore how an ILD-like TPC would perform in these different conditions, and where the limits are for the TPC. 
Since the TPC adds significant particle identification power in particular at lower center-of-mass energies, this study should focus on the 
lower range of energies at a Higgs/ EW/Top factory.

4. A focus of experimentation at circular colliders is a high-luminosity Z program. ILD should investigate how well the detector performs 
under these conditions, and identify components which might need replacement or modification.

5. Circular colliders will have a very different forward region, in order to control the machine backgrounds, and in order to provide the 
beam focusing. ILD should develop a concept for a forward region compatible with FCC-ee and study the impact this changed region will 
have on the detector performance.

6.   A central challenge for a detector like ILD, optimized for precision physics, is the delivery of an excellent and stable calibration and 
alignment environment. These considerations need to be included from early on in the design. The different running conditions and 
beam conditions might impact the way the detector is to be calibrated and aligned, and need to be studied.
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Organisational remarcks
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Local organization: Carsten Hensel 

Coffee breaks: at the cafeteria

Dinner: Tuesday evening, details to be announced Tuesday

Meeting picture: today at coffee break after plenary session

All sessions will be transmitted by zoom
(at least we wil try)

Speakers: please make sure your talks are uploaded 
before the presentations. 


