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From Manfred’s Opening Talk

Update of the European Strategy for Particle Physics adopted
30 May 2013 in a special session of CERN Council at Brussels.

Statement c:

c) The discovery of the Higgs boson is the start of a major programme of work
to measure this particle’s properties with the highest possible precision for
testing the validity of the Standard Model and to search for further new physics
at the energy frontier. The LHC 1s 1n a unique position to pursue this programme.
Europe's top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view
to collecting ten times more data than in the initial design, by around 2030. This
upgrade programme will also provide further exciting opportunities for the study
of flavour physics and the quark-gluon plasma.

What we have done during this workshop is flesh out
this (very nicely worded) paragraph
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Exploitation of the Higgs

“The discovery of the Higgs boson is the start of a major programme
of work to measure this particle's properties with the highest possible
precision for testing the validity of the Standard Model”
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Rare & Suppressed Higgs Processes

* HL-LHC luminosity
allows study of
important rare Higgs

modes

- Several new studies
from experiments

presented

o ttH (H to Z2)

o H to uu

- 2"d generation
couplings

o HtoZy

« compositeness

ettocH
« FCNC
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HL-LHC is also a Discovery Machine

“... And to search for further new physics at the
enerqy frontier. The LHC is in a unique position to
pursue this programme”

e H[ - HC offers a unique multi-pronged opportunity to discover the BSM physics
anticipated to stabilize the observed Higgs mass against quadratic divergences (or to rule out
such “natural” explanations)

e Fra of precision Higgs physics & tests of EWSB mechanism
e Uniquely capable of some critical measurements

e (Continue direct search for new particles (SUSY incl. extra Higgs, or other solutions to
hierarchy problem)

e Access small cross-section x BR production and/or inefficient decays
e [ uminosity sufficient to search for rare SM processes (enhanced in BSM)

e Might yield the clue we need to move the field forward (has in the past ...)
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Direct Searches for BSM Particles

e HL-LHC luminosity needed to discover j/)
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V V Scattering
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¢ \ferification of Higgs’s
presumed role in canceling
divergences in VBS will come
by end of Run 3

e However, HL-LHC with access
to highest pr events, becomes
increasingly sensitive to q
anomalous gauge couplings
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Flavor Physics

“This upgrade programme will also provide further
exciting possibilities for the study of flavour physics’

J

 Discovery of new physics

through indirect effects g—
e New particles in loops LHCb
change observables from
SM prediction ¢, from

- Variety of measurements have B,—®d

been studied (some ongoing)
¢ Diverse program

e Complementarity of
experiments

e Rare phenomena, need
HL-LHC luminosity
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E.g. Bsq to pty-

 Measure Bg and Bs

e NP effects can be different

« CMS and LHCb can make precise measurements
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Heavy lons

“... and the quark gluon plasma”
QCD Phase Diagram

1 .
i Early universe

(T)

- Experiments plan major upgrades during LS2

« HL-HI-LHC defined as Runs 3+4
e >10 nb’" Pb-Pb physics run, x10 stats of Run 2
e p-Pb “high lumi” run

Temperature

Quark-gluon plasma

~170MeV |~ =

e pp reference (5.5. TeV)

e Possibly light ions i 900;: o

aryon chemical
K. Rajagopal and F. Wilczek, Handbook of QCD  potential (x)

« HL-HI-LHC Physics Program
e Variety of measurements that study different aspects of the medium
- Jets, Heavy Flavour Probes, Quarkonium, Low-mass Dileptons

e All require high stats (and upgraded detectors) of HL-LHC
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E.g. Measuring the Temperature

« Use thermally radiated photons
measure temperature of

medium P———
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* Different Mee correspond
to different times during
the collision (evolution)

e Statistics obviously important

M.. (GeV/c? )

Precision of ~10% on the inverse slope 2> T

Thursday, October 3, 13 11



!-/z European Committee for Future Acceler:

Detector Requirements

“Europe’s top priority should be the full exploitation of
the full potential of the LHC, including the high-
luminosity upgrade of the machine and detectors ”

 The first detector requirement is easy to state
¢ Have one that is not dead

* Due to radiation damage, LHC detectors will not survive beyond ~500 fb-’
* Must replace inoperable elements
- Tracking detectors, endcap calorimeters (CMS)

e Must upgrade electronics to cope with increased rates (esp. trigger)

aaaaa
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Others - Particular °  wz
Physics Needs w,Z

« Some physics processes make specific
demands on the HL-LHC detectors

e £.g. important part of the HL-LHC physics
program will be VBF produced physics
(Higgs, VBS, EWKinos)

e Current VBF measurements rely on shower
shapes in calorimeters to distinguish VBF
jets from pile-up (beyond tracking
coverage)

« Known to be insufficient with HL-LHC
pile-up

e Can possibly be mitigated by extending
tracking coverage and/or calorimeter
improvements (e.q. precision timing)

- Needs more detailed study, R&D
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With optimistic tracking
performance, large impact on
VBF EWkino backgrounds ...
can invert this and set a target

for design
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Design Targets Based on Physics @ECFA
Aspirations?
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Next Steps

« Perhaps the most important outcome of the ECFA workshop is the focus of
activity it has provided

e [ostered interest in physics of HL-LHC, interplay with detector upgrades
« Outcome of this is/will be new ideas
- Continued investigation should be encouraged

e Communication & collaboration between experiments established
- Valuable exchange of information (again ideas ...)

 Forums for such discourse should endure

- Immediate future (next weeks), some work in progress that did not quite make
this workshop will be completed

e But how to continue this activity beyond this?
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Future Workshops

« Experiments must build on established momentum and continue to drive such
studies in order to inform their upgrade designs and future physics programs

e Another ECFA HL-LHC workshop in ~1 years time might again help focus
this activity

* In the interim, topical mini-workshops could be arranged to sustain momentum
and keep communication channels open

e These could be hosted by LPCC perhaps
e They could focus on important physics topics

- How to make sure LHC is able to observe di-Higgs production
e They could focus on important detector performance issues

- How to get achieve pileup mitigation for VBF produced physics
e Or other topics of interest to the community

e First such meeting early 20147
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Summary

- Many new studies on physics reach and performance goals prepared for
this workshop

e Precision Higgs physics (ATLAS/CMS)

e Direct searches for BSM particles (ATLAS/CMS)

e Searches for deviations from rare processes in the SM (ATLAS/CMS/LHCDb)
e Heavy lons (ATLAS/CMS/ALICE)

- This workshop has provided people, tools, and fora to establish HL-LHC
physics goals and assess detector performance

e At lot of progress, but key questions remain
e This work must continue, building on the established momentum
® Propose a follow-up workshop 1 year from now

* Interim period interspersed with topical mini-workshops
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