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Higgs Energy Fron-er Charge:
1. Provide a compact summary of the measurements on and searches for the SM

Higgs boson, including informa*on from LEP, the Tevatron, and the LHC. Include in
this summary a survey of searches for non‐minimal Higgs sectors. (Some General
Remarks ﬁrst – the summary of results is straight‐forward and informa*ve)

An energy fron*er hadron collider provided a compelling and eﬀec*ve search
strategy for the Higgs boson:
The LHC cornered the Standard Model with make it or break it capabili-es for
the Higgs boson search.
Now that a par*cle has been observed at 125‐126 GeV in the SM Higgs search, we
need to understand how well we can measure the proper*es of this par*cle. Are we
in an equally compelling posi*on to con*nue to inves*gate this par*cle, and how
should the beam energy and luminosity evolve to keep this program progressing in
leaps of sensi*vity?
The 1st charge provides the reference point of what we know now (HCP 2012 and
Moriond 2013) and we will compare against this reference to quan*fy the future
gains we expect from diﬀerent scenarios of the hadron collider program.
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Higgs Energy Fron-er Charge:
2. Provide a compact summary of the theore*cal mo*va*ons to explore the

proper*es of the Higgs boson to high precision. (The Higgs sector is an avenue for
future discovery – how well can we quan*fy this in the context of what is
experimentally possible. We need to establish a strong mo*va*on for this physics.)
a) What is the full phenomenological proﬁle of the Higgs boson? What are the
predicted produc*on modes, the ﬁnal‐states, and the experimental
observables? (Hadron collider experiments cannot explore the full Higgs
phenomenology – but there is an incredible richness at 125 GeV and we need
to show what can be done in terms of a diversity of analyses)
b) What are the ranges of predic*ons for devia*ons from Standard Model
proper*es that enter from new physics? Which produc*on and decay
channels and boson proper*es are most sensi*ve to these devia*ons?
(Beyond discovery, can theory guide us to achieve key sensi*vi*es and is
there a good match between BSM in the Higgs sector and experiment?)
c) What can be learned from the discovery of bosons from non‐minimal Higgs
sectors? What is the phenomenology of non‐minimal Higgs models? (Are
there compelling direc*ons for extended Higgs sector searches?)
d) To what extent are proper*es of the Higgs boson and the Higgs sector in
general important for understanding fundamental physics and the universe?
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Higgs Energy Fron-er Charge:
3. Organize a set of simula*on studies to evaluate the level of precision that can be achieved on

Higgs physics measurements for the range of choices of accelerator facili*es and detector
capabili*es under considera*on by the Facili*es/Instrumenta*on groups. Include studies of
search sensi*vi*es for non‐minimal Higgs sectors. (This is the main experimental charge.)
a) To what degree can a par*cular experimental program ascertain whether the resonance
at 125‐126 GeV is the Standard Model Higgs boson? To what precision can each of the
measured proper*es of the Higgs boson be determined and tested against SM
predic*ons?

This is a statement primarily for the Atlas and CMS experiments to
address through simula*on and guided by what has been achieved so far.
There is the basic approach which is to take the current searches for SM
ﬁnal states and push them to the benchmarks of 300/d at 14 TeV, 3000/
d at 14 TeV, and 300/d at 33 TeV – bringing in Upgrades that are central
to Higgs search sensi*vi*es.
Detailed dissec*on of these ﬁnal states and coherence of the Higgs
proper*es are enumerated in parts c) and d) ‐ part a) is a base
understanding.
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Example Analyses
• Ini*al work has been done on σBR for
Present300d‐1@14TeV3000d‐1@14TeV
• HE‐LHC op*on needs study (and what the are speciﬁc beneﬁts
for Higgs physics and extended sectors)
• Mass, Parity, Spin, Tables of σBR precisions for all ﬁnal states
ATLAS Preliminary (Simulation)

ATLAS Preliminary (Simulation)
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Figure 2: (a): Expected measurement precision on the signal strength in all considered chan
luminosities of 300 fb−1 and 3000 fb−1 . (b): Expected measurement precisions on ratios of Higg

Higgs Energy Fron-er Charge:
3. Organize a set of simula*on studies to evaluate the level of precision that can be achieved on
Higgs physics measurements for the range of choices of accelerator facili*es and detector
capabili*es under considera*on by the Facili*es/Instrumenta*on groups. Include studies of
search sensi*vi*es for non‐minimal Higgs sectors. (This is the main experimental charge.)
b) What are the search sensi*vi*es for bosons in non‐minimal Higgs sectors?

This is taken to be opportunis*c, not comprehensive. What can be
discovered in Higgs sectors beyond the SM over the wide mass range
probed by a hadron collider?
There are natural extensions to the SM Higgs that predict addi*onal
par*cles in the Higgs sector. The leading produc*on modes can be
diﬀerent, the decay chains can be diﬀerent, and some combina*ons of
these could be best addressed at hadron colliders. SUSY Higgs (A, H, H
+/‐), nMSSM‐speciﬁc decays (Haa), and other extensions are part of the
rich phenomenology that hadron colliders can explore – especially from
the wide‐band mass range (125 GeV is on the lowest end of what the LHC
was built for)
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Higgs Energy Fron-er Charge:
3. Organize a set of simula*on studies to evaluate the level of precision that can be achieved on
Higgs physics measurements for the range of choices of accelerator facili*es and detector
capabili*es under considera*on by the Facili*es/Instrumenta*on groups. Include studies of
search sensi*vi*es for non‐minimal Higgs sectors. (This is the main experimental charge.)
c) The studies should summarize their results in terms of these areas:
i. Mass and width measurements
ii. “Couplings” in terms of produc*on cross sec*on by process and branching
frac*ons by decay mode, including searches for non‐SM couplings
iii. “Tensor structure” in terms of quantum numbers (JCP) and eﬀec*ve couplings in
the Lagrangian
iv. Couplings and proper*es governing the Higgs poten*al

This is the detailed quan*ta*ve approach to dissec*ng the Higgs sector.
There is an embedded indirect energy fron*er search here that is
poten*ally the farthest reaching mass scale that we can hope to probe at
the LHC. The sensi*vity to large mass scale needs to be quan*ﬁed.
Direct observa*on of the Higgs poten*al proper*es will bring the Higgs
theory together in full circle – but how well can we really do this.
10/12/12
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Example Analyses
Ini*al work couplings has been done for Present300d‐1@14 TeV
More ﬁnal states need to be included for HL‐LHC and HE‐LHC op*ons
Final states for Triple‐Higgs couplings under study (&Higgs pair rate)
Diﬀeren*al decay rates/tau‐polariza*on correla*ons in Hττ
Alterna*ve presenta*ons of results and the evolu*on of the
sensi*vity on these quan**es may also be helpful
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Higgs Energy Fron-er Charge:
3. Organize a set of simula*on studies to evaluate the level of precision that can be achieved on

Higgs physics measurements for the range of choices of accelerator facili*es and detector
capabili*es under considera*on by the Facili*es/Instrumenta*on groups. Include studies of
search sensi*vi*es for non‐minimal Higgs sectors. (This is the main experimental charge.)
d) What are intrinsic advantages of par*cular experimental programs? Are there unique
capabili*es to reconstruc*ng par*cular decays or unique sensi*vi*es to par*cular rare
decay rates? Are there proper*es that can be determined in some experimental
programs and not in others? To what extent can complementary programs enhance the
overall Higgs physics program?

This part comes out of the comparison and combina*on with the lepton
collider approach (or gamma gamma or other poten*al colliders).
Hadron colliders have high produc*on rates – so processes like top
+diphoton can be observed. Decay frac*on sensi*vity have a star*ng
point of 108 Higgs bosons.
10/12/12

10

shows the expected measurement precision.

An overview of the expected measurement precision on the signal rate in each channel is give
g. 2(a) for assumed integrated luminosities of 300 fb−1 and 3000 fb−1 . The γγ and ZZ ∗ final st
ofit most from the high luminosity, as both statistical and systematic uncertainties (which are do
RareofSM
Final
States
ed by the •number
events
in the
sideband) are reduced considerably. The bb̄ final state is not
luded in these –
estimates,
as both jet energy resolution and b-tagging suffer from the high lumino
qH (Hγγ)
nditions and need careful studies with a realistic and well understood upgrade detector design. Fo
Hμμ
W ∗ channels the–signal
rate is not the limiting factor, and background systematic uncertainties rap
come dominant.– However,
HZγ the addition of some rare channels with clean final state signatures,
H or ZH with H
→ WW, ZZ, γγ, is expected to improve the overall results considerably and y
– HZZ4ν
cise measurements of W-coupling related processes. These channels are subject to further studie

Example Analyses
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gure 1: Expected invariant mass distribution for (a) tt¯H, H → γγ in the 1-lepton selection and (b)

Higgs Energy Fron-er Charge:
3. Organize a set of simula*on studies to evaluate the level of precision that can be achieved on
Higgs physics measurements for the range of choices of accelerator facili*es and detector
capabili*es under considera*on by the Facili*es/Instrumenta*on groups. Include studies of
search sensi*vi*es for non‐minimal Higgs sectors. (This is the main experimental charge.)
e) Provide cross‐calibra*on for the simula*on tools to provide a record of what intrinsic
performances and assump*ons went into these results.

Here we want to make sure there is no ques*on about the validity or
assump*ons that go into these studies. Atlas and CMS approve these
results, so this is mostly covered on detector performance. For
backgrounds and other assump*ons (including out‐of‐*me pile‐up, etc.),
these need to be documented.
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Workshops and Planning

• The commiqee recognizes that the simula*on work is
substan*al and organiza*on of this work must begin in
advance of the end of 2012
– We propose a January mee*ng (Jan. 14‐15th at Princeton) to
report on the progress and plans for comple*ng these studies
– will be well adver*zed and open to all experimental and
theory groups studying the future of Higgs physics
– Compare hadron, lepton and other collider and detector
op*ons to see where there are expected to be big gains and
diﬀerences
– Verify the *meline for analysis sample produc*on by
experimental groups
– Iden*fy the analyses that the experiments plan to undertake
– Monthly mee*ngs with experimental contacts to understand
what studies are to be organized and address open ques*ons 13

