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The Higgs rare decays BRs
from the CDR:

FCC-hh Simulation (Delphes) FCC-hh Simulation (Delphes) FCC-hh Simulation (Delphes)
§ _llllllllllllllllllllllllllllllllllllllllllllll g rlllllllllllllllllllllllllllllllllllllllllllll—' § lllllIllllllllIlllllllllIlllllllllllllllllll+
< - — ~ - —— stat t . ~ B —— stat t 3
= L (s =100 TeV stat + syst (cons.) ~ s = 100 TeV stat + syst (cons.) ~ (s = 100 TeV stat + syst (cons.) i
= B stat + syst (optim.) = 100 1 stat + syst (optim.) = = stat + syst (optim.)

8 L =30 ab-1 % - L =30 ab . % = L =30 ab-1 N
' 10 — stat. only = ' - — stat. only 4 . — stat. only
T f 1 T I - r 10F E
o - - C o0 - §
2 0 1 = 10 E 2 0 :
?:: \ - % E : ’:\E \ -
s ERL } S 7
L = = - - §
E B 7 E £ 1_/ —
o0 [~ . o 16 — oC - -
~ B = ~ = = (a0} B z
© . B © " 7 ~ _ i
- B o i |
-l BRH —=vyy) - BRH — uu) - i BR(H — uuy)
- BR(H — eeuu) - I BR(H — wuuu) - - BR(H — uuuu) -
- i 107'E —
B - 5 . 107" =
i T T NN IR RN AN NN N NN NN o b b by b Lo b b 1y |19 N FEENE I PR IR I PN IR NN
100 200 300 400 500 600 700 800 900 1000 50 100 150 200 250 300 350 400 450 3500 50 100 150 200 250 300 350 400 450 500
p?min [GeV] p:'mm [GeV] p:min [GeV]
Coupling precision 100 TeV CDR baseline
o
égHyy / OHyy ( /o) 0.4
o
éngp / gHuu ( /0) 0.65
o)
OgHzy / gHzy (%) 0.9




The Higgs rare decays BRs
Energy dependence of the Higgs pT integrated spectra:

0T min (GeV) 100 140 180 220 260 300
o(80)/(100) 0.71 0.70 0.69 0.68 0.68 0.67
5(120)/5(100) 1.33 1.33 1.35 1.35 1.37 1.38

Rescaling the statistical uncertainties (%) on the BR measurements:

120 TeV vy UL

Coupling uncertainty projections:

Coupling precision mg::e\llirfgﬂ 80 TeV 120 TeV
OQHyy / QHyy (%) 04 04 0.4
OgHup / GHup (%) 0.65 0.7 0.6
OgHzy / gHzy (%) 0.9 1.0 0.8




ttH coupling from ttH/ttZ

FCC-hh Simulation (Delphes)
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ECM dependence of rates for boosted final states [pt(H), pt(top) > ptmin]

0T min (GeV) 0 100 200 400
0(80)/a(100) 0.68 0.67 0.67 0.57
o(120)/0(100) 1.36 1.38 1.38 1.48

At 80 TeV expect stat degradation of precision from 1% to 1.2% ...
At 120 TeV expect stat improvement of precision from 7% to 0.85% ...
But systematics will likely remain the critical item, more work, even for 100 TeV, is needed



The Higgs self-coupling

FCC-hh Simulation (Delphes)
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MLM, Ortona, Selvaggi https://arxiv.org/abs/2004.03505

see updates in Michele’s next talk
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Figure 13. Expected negative log-Likelihood scan as a function of the trilinear self-coupling
modifier k) = A3/A5M in all channels, and their combination. The solid line corresponds to the
scenario II for systematic uncertainties. The band boundaries represent respectively scenario I and

ITI. The dashed line represents the sensitivity obtained including statistical uncertainties only, under
the assumptions of scenario I.
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Det performance/systematics scenarios

. Target det performance: LHC Run 2 conditions
l. Intermediate performance

ll.Conservative: extrapolated HL-LHC performance,
with today’s algo’s (eg no timing, etc)

\
2019

scenario I scenario II scenario 111
5 stat only 2.2 2.8 3.7

# stat + syst 2.4 3.9 5.1
5 stat only :

K\

stat + syst

Table 7.

Combined expected precision at 68% CL on the di-Higgs production cross- and Higgs
self coupling using all channels at the FCC-hh with £;,,, = 30 ab™"

The symmetrized value
0= (6T +07)/21is given in %.



https://arxiv.org/abs/2004.03505
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The Higgs self-coupling: extrapolation htips://andv.org/abs/2004.03505
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NB Statistical uncertainty depends on performance scenario (eg through yy and bb mass resolution)

oy (80TeV) oy (120TeV)
= ~ 0.72  => increase Ost by 5% e ~

=> reduce Ostat by 5%

80 TeV s | s |l s |l |20 TeV s | s ||l
stat : : : stat

Syst . . . Syst
tot . . . tot

Bottom line: variation is within the band of uncertainty due to detector
performance. Run 2 performance keeps the overall uncertainty below 5%
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The Higgs self-coupling hitps://arxiv.org/abs/2004.03505

The precision timeline,at 100 TeV:

FCC-hh Simulation (Delphes)
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These conclusions remain true at 80 TeV, assuming an LHC Run 2 detector performance
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More at 100 vs 80 vs 120 TeV



Disappearing charged track analyses (at ~full pileup)
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https://arxiv.org/abs/1901.02987
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FCC-hh Simulation (Delphes), (s = 100 TeV
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® |0-15% reach increase at 120 TeV

® | 5-20% reach loss at 80 TeV
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* For the key “guaranteed deliverables”, the difference between 100 and 80 TeV is
comparable to the detector performance projection uncertainties. T he loss in rate
is in the range of 20-30% for key observables, with minor impact on measurements
that by and large tend to be systematics-dominated
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100 vs 80 vs 120: remarks

* For the key “guaranteed deliverables”, the difference between 100 and 80 TeV is
comparable to the detector performance projection uncertainties. T he loss in rate
is in the range of 20-30% for key observables, with minor impact on measurements
that by and large tend to be systematics-dominated

= improving detector performance brings more than increasing E

* Discovery reach at the largest masses vary at the level of —20% to +15% for the 80
and |20 TeV options. No obvious case today of critical thresholds to push for, or
exclude, either option.

= unless a specific BSM case arises, the upgrade from 80 (or 100) to 120 TeV
doesn’t lead to clear progress justifying the potential cost and refurbishment time
loss: running at 80(100) TeV longer might be wiser ...
= the decision of 80 vs 120 vs 100 is probably final, and unlikely to lead to an

upgrade path



Further suggestions of useful studies
(see Michele’s talk for more and for the detector performance perspective)

® extend the exploration of Higgs physics measurements (see Michele’s talk, and beyond)
® EW precision potential
® role of non-general-purpose experiments (flavour, BSM, ...) (see Juan’s talk)
® nterplay of FCC-ee and FCC-hh:
® concrete examples of how possible discrepancies for EFT operators observed at FCC-ee can be

understood with direct detection at FCC-hh. Focus on concrete BSM scenarios

® Eg:assume FCC-ee detects a 30 discrepancy in, say, H—YY: can FCC-hh further explore and
discover the source of this anomaly, at least in the case of a few BSM model candidates !

® Which other concrete anomalies from FCC-ee can or cannot be explored by FCC-hh?

® Follow up and improve on FCC-ee discoveries of HNLs, LLPs, etc

® Mapping the FCC-hh discovery potential beyond the sensitivity of FCC-ee, also with a view to

driving questions in particle physics such as naturalness.



