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Lifetimes and detector technology: a tale of 
anthropic* coincidences in establishing the SM

* something is “anthropic” if, were it not the way it is, we might not be here discussing…

Example: charged kaons, τ(K+) ~ 12 nsec ~ 3.5m

• clear decay vertex signatures from CRs

• measure θ/τ lifetimes to be equal => implausible that θ/τ 
could be different particles

• first evidence for P violation

• for E~ few GeV, τ(K+)~few 10’s m

• make kaon beams!

• study S=2,3 hadrons

• establish SU(3)F and quark model!
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AGS @ BNL (1964)



4

0.1 ns = 3cm => ideal for bubble 
chamber or emulsion pictures!!

AGS @ BNL (1964)

NB: The lifetime of neutral K’s has also be critical to allow the discovery and 
measurements of CP violation (beams, regeneration, ….)
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(includes K→had’s)

Through the yrs, nature provided us lifetimes adapted to the detector 
technologies we had available and could afford!
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Will nature be kind to us, once more, in establishing the BSM ??



from my standard FCC motivational talk:

Mathusla does not pretend to be a facility, and doesn’t need to optimally 
fulfill these criteria. But proving it does, helps build a case in view of the 
competition for Beyond-colliders projects at CERN (SHIP, …)
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Guaranteed deliverables

• Cosmic ray physics:

• looking forward to a quantitative assessment

• this must include a comparison with other exp’s, eg 
KASCADE

• Backgrounds from the IP:

• this is physics, is there anything to be learned from 
these high-pt muons?

• are there relevant applications of better validation/
tuning/improvement of the modeling of muon 
propagation through the rock?

• ???
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The exploration potential

• target broad and well justified BSM scenarios … but guarantee 
sensitivity to more exotic option

• exploit both direct (large Q2) and indirect (precision) probes

9

can’t complain about this… 

contrary to the case of  FCC, here a critical discovery range 
is actually at low masses. Comparison with other projects 

competing in the low-mass region is crucial

not sure we can expect this
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The exploration potential, remarks
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SHIP, …) are really important. The perspective should include both 
competition - should choices be made - but also highlight synergies 
and complementarities - should there be room to optimize the 
programme with more expt’s. Ditto in relation to ATLAS/CMS

• The reviewers and the community will need to know exactly what is 
gained and what is lost going for one detector or another. This will 
be particularly important for expensive det’s such as Mathusla and 
SHIP: what can SHIP do can Mathusla can’t, and viceversa?

• It would be usful to provide explicit examples of complementarity 
with ATLAS/CMS discovery of MET signals: under which conditions, 
for which class of models, covering which part of parameter space, 
will Mathusla contribute to the exploration of these MET sources?
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Comparison with ATLAS, a remark

For cτ>>D,d Nev~ d/cτ, indep of D

NATL / NΜΑΤΗ ~ ΩATLAS/ΩΑΤL * dATL / dΜΑΤΗ  * εATL

~ 2π/0.1π * dΑΤL /20m * εATL ~ 1m/dΑΤL * εATL 

~ εATL 

D

d
NATLAS~ ΩATLAS dATLAS εATLAS

NΜΑΤΗ~ ΩΜΑΤΗ dΜΑΤΗ εΜΑΤΗ ~ 1

solid angle

=> it is signal efficiency, not geometry, that handicaps ATLAS
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reaching the BBN limit is a good example of a relevant target 
for definitive confirmation/exclusion. Anything else?



Some general questions/remarks emerged 
in the first discussion among LHCC referees



backgrounds
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Multiple scattering in the rock 
for low-mass dimuon pairs ?

ATLAS

Mathusla

rock
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pT>100 pT>200 pT>300

b→J/ψ→μμ 2.5 106 8 104 4 103

direct J/ψ→μμ ? ? ?

DY(μμ), 
5<m(GeV)<30 2.5 106 3 105 6 104

b→μ 3.5 107 106 5 104

W→μ 1.5 108 1.1 107 1.8 106

pT min for μ or μμ

Nevents in 3ab–1 at the IP
(|η|<2.5)

Multiple scattering in the rock 
for low-mass dimuon pairs ?

ATLAS

Mathusla

rock
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It could also give higher acceptance to slow, heavy-LLP decays
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μ+δ rays
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μ+δ rays

θ ~1/b

Δ~ θL >Δx  =>  θ>10–3 (Δx/cm) =>  b < bmax ~ 103

=>  mmin = mparent / 2bmax  >  5 10–4 mparent 

How are the estimates of reach in mass and boost affected 
by the θ>2o cut required to eliminate mu+δ-ray bgs??

Does this limit some component of the physics reach?
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Baseline and upgrade scenarios

• Discovery of a signal is the initial priority, and the justified target to define 
the detector performance in the context of a constrained budget. It is 
important to keep in mind however that, in case of discovery, important 
upgrades would be justified and likely to receive support. 

• A possible path to upgrades aimed at the detailed study of the new 
particle(s) (eg measurements of energies and momenta, PID, improved 
timing,…) should be considered in the baseline design, to ensure it’s not 
compromised by it.

• Define scenarios in which a technology upgrade could be more 
interesting than a volume upgrade (MAT100 => 200)

• Allow ambition in the plan: how much more could be gained if more 
resources were available? 

18
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Other misc questions

• Test stand: when do you expect to have the first results on bg’s etc?

• Are there studies ongoing on the environmental impact? In particular, how do 
you see the gas mixture studies for the full fledged detector, in order to avoid 
large consumption of greenhouse gases. 75% of CFC, with a GWP=1400, is 
likely not viable?

• Need a more clear itemization of costs, including electronics, gas systems, CE, 
etcetcetc

• Funding strategy: 

• How do you plan building the collaboration? Currently most members are 
penniless theorists! Resources for LHC experiments are pretty much 
capped already by funding agencies => engage new groups and 
communities (eg CRs) not currently committed to LHC programme?

19
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Final remarks

• I remain convinced that we cannot come to the end of the LHC 
without having explored every corner of parameter space that 
can possibly be accessible. 

• I am confident that MATHUSLA could play a critical role in 
fulfilling this task

• In the LHCC we are looking forward to the interaction with you

• A lot of work still remains to be done, and we’ll be happy to 
follow and encourage your progress
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