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Making the physics cases

- Higgs couplings.


- Heavy new physics.

Target:

Addressing important physics questions.

A significant step beyond FCC-x, CLIC etc. 

- Exotic Higgs 
decays


- Dark sector. FIPs. 
Portals, long lived 
particles. 


- …

“bread and butter” Showcasing rich physics



Higgs



Single Higgs

Muon Collider Daniel Schulte

1. Introduction

Two main muon collider concepts have been developed and proposed: in the first the muons
are generated using protons (MAP), in the second using positrons (LEMMA). The proton driven
scheme was the object of a well-supported study, mainly in the US, but the coherent effort has now
been suspended [1]. The recently proposed positron-driven scheme is being studied with a limited
effort mainly at INFN [2]. Since no organised collaboration exists for muon colliders, a small
review group has been charged to assess their perspectives and status [3]. This review is based on
the material made available by the MAP and LEMMA studies and on some additional calculations.

2. Physics Goal

The core goal of a muon collider would be to provide high luminosites at high energies to allow
for discoveries and precision physics. Since the cross section for s-channel production scales as
s µ 1/s, the luminosity goal increases with energy. A tentative estimate for the required luminosity
is [3]:

L =
✓ p

s

10TeV

◆2

⇥1035 cm�2s�1 (2.1)

This assumes five years of operation. A collision energy of 14 TeV and the corresponding lumi-
nosity of 4⇥1035 cm�2s�1 would have a discovery potential comparable to FCC-hh.

3. Proposed Schemes
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AccelerationLow EMmittance Muon 
Accelerator (LEMMA): 
1011 µ pairs/sec from 

e+e− interactions.  The small 
production emittance allows lower 
overall charge in the collider rings 
– hence, lower backgrounds in a 

collider detector and a higher 
potential CoM energy due to 

neutrino radiation.

Figure 1: Top: Schematic layout of a potential muon collider with a muon source based on protons. Bottom:
Schematic layout of a potential muon collider with a muon source based on positrons.

The proton driven scheme is based on a classical muon production by pion decay. A schematic
layout of the MAP scheme is shown in figure 1. An intense proton beam is sent onto a target where

1

1.5 TeV 3 TeV 6 TeV

Higgs production/107s | 37,500 | 200,000 | 820,000 | 107 | 108 |

10 TeV 30 TeVECM (TeV):

To have a clear edge, needs to run at 10+ TeV, 
with corresponding higher  luminosity

muon collider:

In comparison, 250 GeV Higgs factories (FCC-ee/ILC/CEPC) 

produces ≈ 106  Higgses
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Fig. 3.9: 68% probability reach on Higgs couplings at the different future colliders from the
Global fit SMEFTND. For details, see Ref. [39].

The rate of rare Higgs boson decays such as H ! µ+µ� that allows the study of the
second generation lepton couplings, will be best measured by HL-LHC with an accuracy of
about 4%.

It is difficult to access the couplings for the first generation. The current limit ke < 611
[67] is based on the direct search for H ! e+e�. A study at FCC-ee [68] has assessed the
reach of a dedicated run at

p
s = mH . In one year, an upper limit of 2.5 times the SM value can

be reached, while the SM sensitivity would be reached in a five-year run. For the light quark
couplings, please see Ref. [39] for further discussion.

When FCC-ee is combined with FCC-eh and FCC-hh a further significant improvement is
seen, particularly for couplings to top quark, muons, photons and Zg where FCC-hh will benefit
from very large event samples. The improvement in kW comes primarily from FCC-eh. A study
of various other combination of aspects of the FCC programme is documented in Ref. [39].

The sensitivity of the Higgs branching ratio to BSM invisible final states is predicted to
be improved by a factor 3 (CLIC) to 10 (FCC-ee, ILC) with respect to HL-LHC. For FCC-hh a
sensitivity to branching ratios as small as 0.025% is expected to be achieved. Branching ratios
to untagged decays are typically probed with a precision of (1�2)%.

In Fig. 3.9, the results of the fit corresponding on the EFT benchmark, expressed in terms
of effective couplings, are shown. Again, it is seen that compared to the HL-LHC the e+e�

colliders improve most parameters by about factors of 5-10. The exceptions are the coupling
parameters related to top, Zg and µ couplings. The sensitivity of the different types of e+e�

colliders is similar in their first stages. The improvements seen for HE-LHC and LHeC are
more modest. For the Z and W a sensitivity below 0.3% can be achieved by ILC, CLIC and
FCC. At this precision, the uncertainty is potentially limited by the intrinsic theory uncertainties
which is not considered here (see discussion in Sect. 3.2.3). For fermions, the best sensitivity is
reached for b-quarks and t-leptons, and it is about 0.5%.
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The rate of rare Higgs boson decays such as H ! µ+µ� that allows the study of the
second generation lepton couplings, will be best measured by HL-LHC with an accuracy of
about 4%.

It is difficult to access the couplings for the first generation. The current limit ke < 611
[67] is based on the direct search for H ! e+e�. A study at FCC-ee [68] has assessed the
reach of a dedicated run at

p
s = mH . In one year, an upper limit of 2.5 times the SM value can

be reached, while the SM sensitivity would be reached in a five-year run. For the light quark
couplings, please see Ref. [39] for further discussion.

When FCC-ee is combined with FCC-eh and FCC-hh a further significant improvement is
seen, particularly for couplings to top quark, muons, photons and Zg where FCC-hh will benefit
from very large event samples. The improvement in kW comes primarily from FCC-eh. A study
of various other combination of aspects of the FCC programme is documented in Ref. [39].

The sensitivity of the Higgs branching ratio to BSM invisible final states is predicted to
be improved by a factor 3 (CLIC) to 10 (FCC-ee, ILC) with respect to HL-LHC. For FCC-hh a
sensitivity to branching ratios as small as 0.025% is expected to be achieved. Branching ratios
to untagged decays are typically probed with a precision of (1�2)%.

In Fig. 3.9, the results of the fit corresponding on the EFT benchmark, expressed in terms
of effective couplings, are shown. Again, it is seen that compared to the HL-LHC the e+e�

colliders improve most parameters by about factors of 5-10. The exceptions are the coupling
parameters related to top, Zg and µ couplings. The sensitivity of the different types of e+e�

colliders is similar in their first stages. The improvements seen for HE-LHC and LHeC are
more modest. For the Z and W a sensitivity below 0.3% can be achieved by ILC, CLIC and
FCC. At this precision, the uncertainty is potentially limited by the intrinsic theory uncertainties
which is not considered here (see discussion in Sect. 3.2.3). For fermions, the best sensitivity is
reached for b-quarks and t-leptons, and it is about 0.5%.

Target: better than 
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p
s = mH . In one year, an upper limit of 2.5 times the SM value can

be reached, while the SM sensitivity would be reached in a five-year run. For the light quark
couplings, please see Ref. [39] for further discussion.

When FCC-ee is combined with FCC-eh and FCC-hh a further significant improvement is
seen, particularly for couplings to top quark, muons, photons and Zg where FCC-hh will benefit
from very large event samples. The improvement in kW comes primarily from FCC-eh. A study
of various other combination of aspects of the FCC programme is documented in Ref. [39].

The sensitivity of the Higgs branching ratio to BSM invisible final states is predicted to
be improved by a factor 3 (CLIC) to 10 (FCC-ee, ILC) with respect to HL-LHC. For FCC-hh a
sensitivity to branching ratios as small as 0.025% is expected to be achieved. Branching ratios
to untagged decays are typically probed with a precision of (1�2)%.

In Fig. 3.9, the results of the fit corresponding on the EFT benchmark, expressed in terms
of effective couplings, are shown. Again, it is seen that compared to the HL-LHC the e+e�

colliders improve most parameters by about factors of 5-10. The exceptions are the coupling
parameters related to top, Zg and µ couplings. The sensitivity of the different types of e+e�

colliders is similar in their first stages. The improvements seen for HE-LHC and LHeC are
more modest. For the Z and W a sensitivity below 0.3% can be achieved by ILC, CLIC and
FCC. At this precision, the uncertainty is potentially limited by the intrinsic theory uncertainties
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Higgs self coupling: double Higgs
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CLIC projection: 

δhhh ∈ (−7 % ,11%) at 5 ab−1

Naive scaling, for muon collider:

In comparison: 
100 TeV pp collider,  30 ab-1 ,  ~ 5%

δhhh ∼ 7 %  at 6 TeV
∼ 3.5 %  at 10 TeV
∼ 1 %  at 30 TeV

Enough statistics to have good precision at 10 TeV already. 

10 times more statistics → significantly better than 100 TeV pp.

Run at higher energy, or longer for higher lumi?



A dream precision

A. Long  /  July 28, 2016  /  KITPC Workshop 

(+�&+!,!.!,!�+ '� �'-* 
�!���*�&, (*'('+�� 
��
�� �'&�!�-*�,!'&+)

Statement #1:  Parameter space with first order electroweak phase 
transition has large deviation in hZZ, which can be probed by CEPC 

�*�&�� = �!*+, '*��* ( �+� ,*�&+!,!'&, .(��)/�� > 0
�$-� = “+,*'&�$1” �!*+, '*��* ( �+� ,*�&+!,!'&, .(��)/�� > 1.3
�*��& = .�*1 +,*'&�$1 1��, �'-$� ��,��, ��+ �, ��
��

≈ 1% or better. Goal of muon collider

A typical benchmark:


Higgs+singlet models

with strong 1st order 

phase transition



Goal of muon collider studies on 
Higgs measurements

- Validate or refine these simple estimates based 
on statistics and simple scaling. 


Identify main systematics, potential show stoppers.


- Good progress have been made.

More cases to be studied. 

2001.04431, talk by Donatella Lucchesi



Heavy new physics

Example: pair production 



Estimating the reach for New physics 

pair production

LEP has excellent reach, 
setting limit almost at its kinematical limit =   

ECM

2

At muon collider,  expect similar performance
(More detailed study needed)

Soft particle, ISR photon, ….



Direct search for new physics: pair production

stop in supersymmetry

8.3. SUPERSYMMETRY 121

ity is achieved for m(c̃0
1 ) ⇡ 0 (i.e. Dm(t̃, c̃0

1 ) � mt), while the reach in mt̃ degrades for larger
c̃0

1 masses. For this reason, high-energy lepton colliders, e.g. CLIC3000, might become com-
petitive with HL-LHC in these topologies, as their stop mass reach is close to

p
s/2 even for

low Dm(t̃, c̃0
1 ). Lower centre-of-mass energy lepton facilities do not have sufficient kinematic

reach. The exclusion limits are summarised in Fig. 8.8; the discovery potential in all channels
is about 5% lower. If the t̃�c̃0

1 mass splitting is such that final states include very off-shell W
and b-jets, t̃ masses up to about 1 TeV can be excluded at the HL-LHC [443]. A two-fold and
five-fold increase in reach is expected for the HE-LHC [443] and FCC-hh [139] respectively,
with potential of improvements, especially in very compressed scenarios, via optimisation of
monojet searches [455].
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Fig. 8.8: Top squark exclusion reach of different hadron and lepton colliders. All references
are reported in the text. Results for CLIC have been communicated privately by the authors.
Results for LE-FCC are extrapolated from HL- and HE-LHC studies.

Future collider searches of gluinos and stops will be powerful probes on the role of natu-
ralness in the Higgs sector, as shown in Table 8.1. For a SUSY-breaking mediation mechanism
near the unification scale, gluino searches at FCC-hh will probe naturalness at the level of 10�5

and, even in the case of low-scale mediation, naturalness can be tested at the level of 10�3 from
the leading stop contribution. Independently of any naturalness consideration, the measured
value of the Higgs mass can be used as an indicator of the scale of SUSY particle masses.
Indeed, in the minimal SUSY model, the prediction of the Higgs mass agrees with the experi-
mental value only for stops in the multi-TeV range or larger. The most relevant range of stop

M= 15 TeV

30 TeV 
muon collider

M= 7 TeV

14 TeV 
muon collider



M= 7 TeV

14 TeV 
muon collider

electroweak charged particle

M= 15 TeV

30 TeV 
muon collider

Direct search for new physics: pair production
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Figure 14: Summary of collider reach for neutralino dark matter.

while the discovery reach ranged from 350 � 700 GeV. Mixed dark matter parameter space

already receives strong constraints from direct detection and a more thorough study on the

impact of collider searches on this parameter space would be worthwhile.

Finally bino dark matter was studied, bringing various coannihilators into the spectrum to

avoid overclosing the universe. These scenarios utilized the monojet search to project reach.

The stop coannihilation exclusion reach was found to be m�̃ ⇠ 2.8 TeV and the discovery

reach to bem�̃ ⇠ 2.1 TeV. As the thermally-saturating bino mass in this case ism�̃ ⇠ 1.8 TeV

(and mt̃ ⇠ 1.8 TeV), dark matter can be either excluded or discovered in this channel. The

gluino coannihilation, on the other hand, was found to only reach the thermal bino mass for

a splitting of �m = 30 GeV, corresponding to m�̃ ⇠ 6.2 TeV and mg̃ ⇠ 6.23 TeV, so the

thermal parameter space is not entirely closed. Finally squark coannihilation can be excluded

up to m�̃ ⇠ 4.0 TeV and stau coannihilation cannot be probed in the monojet channel.

In addition to the aforementioned interplay with mixed dark matter and neutralino blindspots,

useful future work would be to look at how adding in more search channels can improve the

dark matter collider reach. Such searches would include monophoton searches, razor searches,

vector boson fusions searches, and multilepton searches. Another principal direction to ex-

tend these studies would be to look at the impact of bringing down other particles into the

low energy spectrum.

– 20 –

7 TeV



Goals of studies

- Map out how we get to the maximal mass reach.


- NP decaying to energetic SM particles

Such as:                                   Easy (?)  


- More compressed spectrum

DM in EW multiplet, coannhilation region…


Compressed spectrum. 


Soft objects, kinks/stubs, more difficult, needs full 
simulation to study.


More inclusive searches, such as mono-X? 


Much more study needed. 

t̃ → t + χ, T′� → Wb/Zt, . . .



Rich exotic physics
Many many scenarios:


Dark sector, portals, etc. 


Featuring (very)weakly coupled (light) particles,  long 
life times (some stable), other non-standard signals…  



Example: Higgs exotic decays

- Muon collider can produce 107 - 108  Higgses (with 
higer energy/lumi runs ). Cleaner environment.


- Should be 1 or 2 orders better than Higgs 
factories. 

Higgs exotic decay

Complementary to hadron collider searches

Hao Zhang, Zhen Liu, LTW



Example: Higgs portal.

- LHC (ATLAS/CMS, MATHUSLA…), Br(h→XX) ≈ 10-5 -10-6.


- FCC-hh: probably better by 1-2 orders. 


However, hadron collider needs to trigger on 
something else + large background…


- Muon collider can produce 107 - 108  Higgses (with higer 
energy/lumi runs ). Cleaner environment. Could have a 
chance. 

mX = 5 GeV mX = 20 GeV mX = 40 GeV MATHUSLA
(4 events)

ATLAS
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Fig. 49: Solid lines show the MATHUSLA sensitivity to new particles X pair-produced in exotic Higgs decays,
as a function of c⌧X and assuming the 200 m ⇥ 200 m ⇥ 20 m benchmark geometry of Fig. 1. The purple shading
at the top of the plot shows projected exclusions from CMS Br(h ! invisible) searches [262] (although some
projections are an O(1) factor better, see Section 3.2.1), which would also be sensitive to Xs outside the blue
shaded region. Dotted lines show projected ATLAS Br(h ! XX) exclusions [156], which represent the best-
case main detector reach projections for LLPs with very long lifetimes produced in exotic Higgs decays. Figure
taken from Ref. [1].

8.2 Exotic Higgs Decays62

One of the major discovery opportunities offered by the LHC is the search for new physics produced
in exotic decays of the SM-like Higgs boson [580]. As for all newly discovered particles, a detailed
characterization of the Higgs’ decay modes is imperative. However, the SM Higgs is especially sensitive
to the potential existence of new light degrees of freedom. The Higgs portal operator, |H|

2, is one of
the two leading operators that can couple to new SM-singlet degrees of freedom, making the Higgs a
natural window onto low-mass dark states. The very fact that |H|

2 is a low-dimensional operator and
a singlet under all known symmetries of the SM, which lies at the root of the hierarchy problem, is
what generically enables the Higgs to couple to all new physics to some degree. Discovery prospects
are further enhanced thanks to the fortunate accident that all SM decay channels of the Higgs boson
are suppressed, whether by phase space (WW ⇤, ZZ⇤), loop factors (gg, ��, Z�), or small Yukawa
couplings (bb̄, cc̄, ⌧ ⌧̄ , . . . ), resulting in an accidentally tiny SM Higgs width: �(h ! SM) = 4.10 MeV
±0.73% [539] for a mh = 125.09 GeV Higgs boson [581]. Thus even small couplings of the Higgs to
new light degrees of freedom can easily yield substantial exotic branching fractions. The 3 ab�1 of data
anticipated at HL-LHC will yield more than 10

8 Higgs bosons. This enormous data set could enable the
discovery of exotic branching fractions as small as ⇠ 10

�6, provided that the signal can be both recorded
and separated from background, which is frequently a stiff challenge at the LHC thanks to the low mass
scales of Higgs events. MATHUSLA naturally provides a nearly background-free environment, enabling
it to take full advantage of the Higgs sample produced at the HL-LHC. As shown in Fig. 50, MATHUSLA
will be able to access Higgs branching fractions to LLPs down to the 10

�5 level.
Exotic Higgs decays to LLPs appear throughout this document. In particular, they are one of

the leading signals of many theories of neutral naturalness, extensively discussed in Sec. 4.2. Sec. 8.1
62David Curtin, Jessie Shelton
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FIG. 3. The 95% C.L. limit on BR(h ! XX) for signal
process pp ! jh with subsequent decay h ! XX and X !
jj. Di↵erent colors indicate di↵erent masses of the particle X.
The thick solid and dotted (thick long-dashed) lines indicate
MS (MTD) searches with di↵erent timing cuts. The numbers
in parentheses are the assumed timing resolutions. Other 13
TeV LHC projections [18, 28] are plotted in thin lines.

the lightest neutralino in the GMSB scenario. Its decay
into SM bosons (Z, h, or �) and gravitino is suppressed
by the SUSY breaking scale

p
F , and it can be natu-

rally long-lived. This benchmark represents the timing
behavior of pair produced particles at the LHC without
an intermediate resonance.

For both examples, timestamping the hard collision is
achieved by using an ISR jet:

SigA : pp ! h + j , h ! X + X, X ! SM, (5)

SigB : pp ! �̃�̃ + j, �̃0
1 ! h + G̃ ! SM + G̃. (6)

For SigB, other electroweakinos �̃, such as charginos �̃±

or heavier neutralino �̃0
2, promptly decay into the lightest

neutralino state �̃0
1 plus soft particles. Hence, we take the

inclusive Higgsino pair production cross-section for this
process.

To emphasize the power of timing, we rely mostly on
the timing information to suppress background and make
only minimal cuts. We only require one low pT ISR jet,
with pj

T > 30 GeV and |⌘j | < 2.5. In both signal bench-
marks, we require at least one LLP decays inside the de-
tector. We generate signal events using MadGraph5 [29]
at parton level and adopt the UFO model file from [30]
for the GMSB simulation. After detailed simulations of
the delayed arrival time, we derive the projected sensi-
tivity to SigA and SigB using the cross-sections obtained
in Ref. [31] and Refs. [32, 33], respectively.

For SigA, the 95% C.L. sensitivity is shown in Fig. 3.
We assume X decays to SM jet pairs with 100% branch-
ing fraction. The MTD and MS searches, with 30 ps tim-
ing resolution, are plotted in thick dashed and solid lines,
respectively. For MS, the best reach of BR(h ! XX) is
about a few 10�6 for c⌧ < 10 m. It is relatively insen-
sitive to the mass of X when mX > 10 GeV because X
are moving slowly enough to pass the timing cut. For

FIG. 4. The projected 95% C.L. limit on the Higgsino mass–
lifetime plane for signal process of Higgsino pair production
in association with jets, with subsequent decay of the lightest
Higgsino �̃0 ! hG̃ and h ! bb in GMSB scenario. We de-
couple other electroweakinos and have Higgsino-like chargino
�̃± and neutralino �̃0

2 nearly degenerate with �̃0
1.

the MS search, a less precise timing resolution (200 ps)
has also been considered with cut �t > 1 ns. After the
cut, the backgrounds from SV and PU for MS search are
0.11 and 7.0⇥ 10�3 respectively, and the SV background
dominates. The reach for heavy X is almost not a↵ected,
while reduced by a factor of ⇠ 2 for light X.

In Fig. 3, we compare MTD and MS (thick lines) with
13 TeV HL-LHC (with 3 ab�1 integrated luminosity)
projections, two displaced vertex (DV) at MS using zero
background assumption (thin dotted) and one DV at MS
using a data-driven method with optimistic background
estimation (thin dashed) from [18]. The projected limits
from invisible Higgs decay at 13 TeV [28] is also shown
in Fig. 3.

For SigB, we show the projected 95% C.L. exclusion
reach in the plane of Higgsino mass m�̃ and proper life-
time c⌧ in Fig. 4. The projected coverage of the MTD and
MS searches in blue and red shaded regions, respectively.
Due to the slow motion of �̃, we show the projections with
a tight (solid lines) and a loose (dashed lines) �t require-
ment. The loose selection, �t > 10 ns allows us to use
the current muon timing resolution of 2 ns [34] to achieve
similar coverage. Although MTD and MS searches with
�t > 1 and 0.4 ns cuts have background event of or-
der 1, we also show the sensitivity reach with a sizable
background of 100 at the HL-LHC. We observe a similar
behavior for the coverage of MTD and MS searches in
term of the lifetime for SigB.

Furthermore, we draw gray dashed-dotted lines for
SUSY breaking scale

p
F . To compare with existing

LLP searches and their projection, we follow Ref. [6] and
quote the most sensitive CMS displaced dijet search con-
ducted at 8 TeV [17], and show the projected sensitivity
at 13 TeV HL-LHC assuming statistical dominance for
the background. We can see timing searches almost
double the reach of m�̃ with lifetime around one meter,

h → XX, X → jets (long-lived)



Exotica, Dark sector, etc

- Statistics crucial for reach weak coupling 

Arguing for higher luminosity. 


- Generic signal with objects still quite energetic. 

e.g. exotic Higgs decay; LLP 


Perhaps not too challenging at muon collider. 


- Can have soft tracks, very displaced and out of time…


e.g. Very compressed → long-lived


More detailed detector simulation needed. 

h → XX, X → jj



Thoughts on simulation.

- Delphes card would be very useful. 

Several obvious cases not too sensitive to soft/out-of-
time objects. 


Facilitates the community involvement in studies 
tremendously.


- MC simulation.

VBF is likely the workhorse for most NP productions. 


 MC4VBF (especially with photon) further improved?



Thoughts on run scenarios for studies.

- Recommended scenarios should include

3, 10, 14, 30 TeV (included in snowmass benchmarks).


Explore luminosities different from


- Open to new scenarios (if not too crazy) if there is a 
strong physics case to be made.  

Muon Collider Daniel Schulte

1. Introduction

Two main muon collider concepts have been developed and proposed: in the first the muons
are generated using protons (MAP), in the second using positrons (LEMMA). The proton driven
scheme was the object of a well-supported study, mainly in the US, but the coherent effort has now
been suspended [1]. The recently proposed positron-driven scheme is being studied with a limited
effort mainly at INFN [2]. Since no organised collaboration exists for muon colliders, a small
review group has been charged to assess their perspectives and status [3]. This review is based on
the material made available by the MAP and LEMMA studies and on some additional calculations.

2. Physics Goal

The core goal of a muon collider would be to provide high luminosites at high energies to allow
for discoveries and precision physics. Since the cross section for s-channel production scales as
s µ 1/s, the luminosity goal increases with energy. A tentative estimate for the required luminosity
is [3]:

L =
✓ p

s

10TeV

◆2

⇥1035 cm�2s�1 (2.1)

This assumes five years of operation. A collision energy of 14 TeV and the corresponding lumi-
nosity of 4⇥1035 cm�2s�1 would have a discovery potential comparable to FCC-hh.

3. Proposed Schemes
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AccelerationLow EMmittance Muon 
Accelerator (LEMMA): 
1011 µ pairs/sec from 

e+e− interactions.  The small 
production emittance allows lower 
overall charge in the collider rings 
– hence, lower backgrounds in a 

collider detector and a higher 
potential CoM energy due to 

neutrino radiation.

Figure 1: Top: Schematic layout of a potential muon collider with a muon source based on protons. Bottom:
Schematic layout of a potential muon collider with a muon source based on positrons.

The proton driven scheme is based on a classical muon production by pion decay. A schematic
layout of the MAP scheme is shown in figure 1. An intense proton beam is sent onto a target where

1



Thoughts on Snowmass input

- Useful to have a document outlining open and 
urgent questions to be addressed. 


Can either be an LoI or just as a separate input 
to the Snowmass (e.g. EF and AF). 


e.g. FCC memo to Snowmass 


- LoI (deadline Aug 31st, but ASAP) 

Express interests for individual studies.  


Also have less formal EoI forms.


To be followed by a write-up summarizing findings 
before summer 2021.

https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF-RF-TF-IF-CompF-TOPIC0-003.pdf


Let’s get started!


