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Introduction
Goal of this talk: try to share my enthusiasm about the recent progress in 
“HL-LHC prospects studies”, i.e. in studies that aim to quantify the physics reach of the
HL-LHC programme for some key measurements of Higgs properties.

HL-LHC prospects studies are a very active area these days:

    - aim for a Yellow Report by the end of this year (“YR2018”)

    - now is the right time for this YR:

            - final CMS/ATLAS detector optimisations for HL-LHC are available

            - sophisticated Run 2 analysis are being published 
              (“we are basing our extrapolations on pretty sophisticated analyses of real data”)

            - crucial input to the next update (2020) of the
              European Strategy for Particle Physics

Main problem of this talk: most of the studies for the YR2018 are not approved by the
collaborations yet, so I can't show them.
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Higgs target for YR18

S. Jézéquel
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YR18: approach

S. Jézéquel
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Higgs cross sections and couplings

S. Jézéquel
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Differential cross section

S. Jézéquel
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Example of a rare decay: H → μμ
ATL-PHYS-PUB-2018-006

Based on projected HL-LHC detector
performance

Current limits: ~3 times SM cross section

Study Higgs coupling to 
second-generation fermions

http://cdsweb.cern.ch/record/2319741
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Examples of Run 2 projections in the pipeline
VH(bb)
ATL-PHYS-PUB-2014-011

X → WW → eνμν
extrapolate from
Eur. Phys. J C 78 (2018) 24

ttH
extrapolate from:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-011/
https://link.springer.com/article/10.1140/epjc/s10052-017-5491-4
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Di-Higgs production
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Existing, public projections

adapted from M. Kagan
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An exciting theory paper
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Higgs potential

A measurement of the Higgs self-coupling is the only way to experimentally reconstruct
the Higgs potential (reconstruct its shape close to the minimum).

Higgs potential in the standard model:

expansion around the minimum
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Electroweak baryogenesis



Jan Stark IRN Terascale @Strasbourg, 30 mai - 1er juin 2018 15

The “50% claim”

Text on the left: 
from the paper on slide 12.

And this is Ref. [41]:
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M. Kagan, Moriond EW 2018
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M. Kagan, Moriond EW 2018
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M. Kagan, Moriond EW 2018
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M. Kagan, Moriond EW 2018
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More observables

And this is Ref. [41]:

From slide 15:

The previous slides talk about
improved object selection and such.

They do not include the improvements
from the use of “kinematic regions”
(use observables other than
the event yield to constrain lambda)
yet.

An analysis that is based on the
same log-likelihood ratios
that are mentioned in this paper
(on the right would be the matrix
element method).



Jan Stark IRN Terascale @Strasbourg, 30 mai - 1er juin 2018 21

Di-Higgs at HE-LHC

S. Jézéquel
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Conclusions

Exciting progress in the Higgs prospects studies for the HL-LHC;
updated projections will largely exceed the previous estimates.

The result of this work is not “just projections”.
For many of the more involved analyses, we are developing new analysis techniques, 
establishing the basis of the analyses of the HL-LHC data.

Ample room for anybody in this audience to contribute:

   - members of the experimental collaborations,

   - theorists (precision calculations of signal and background processes, …)

   - experiment/theory collaboration

        e.g. on the matrix method for the measurement of the Higgs self-coupling
        (if you are a theorist interested in this, please drop me a line)
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