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Introduction: European Strategy

Preamble: The particle physics community is ready to take the next step towards
even higher energies and smaller scales. The vision is to prepare a Higgs factory,
followed by a future hadron collider with sensitivity to energy scales an order of
magnitude higher than those of the LHC, while addressing the associated technical
and environmental challenges.

High-priority future
Initiatives

An electron-positron Higgs factory is the highest-priority next collider. For the longer
term, the European particle physics community has the ambition to operate a proton-
proton collider at the highest achievable energy. Accomplishing these compelling goals
will require innovation and cutting-edge technology:

the particle physics community should ramp up Its R&D effort focused
- on advanced accelerator technologles, In particular that for high-fleld
superconducting magnets, Including high-temperature superconductors;

- Europe, together with Its Iinternational partners, should Investigate the technical
and financlal feasibliity of a future hadron collider at CERN with a centre-of-mass
energy of at least 100 TeV and with an electron-positron Higgs and electroweak
factory as a possible first stage. Such a feasibllity study of the colllders and
related Infrastructure should be established as a global endeavour and be
completed on the timescale of the next Strategy update.

The timely reallsation of the electron-positron International Linear Collider (ILC)
In Japan would be compatible with this strategy and, In that case, the European
particle physics community wou? wish to collaborate.



Collider Options
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HL-LHC Higgs Legacy
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Case for precision Higgs physics

= How large are potential deviations from BSM physics?
= How well do we need to measure Higgs couplings?

@ To be sensitive to a deviation d, the measurement needs a precision of at least &/
3, better &/5

@ Implications of new physics scale on couplings from heavy states or through

mixing
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= Percent-level precision test TeV scale

_ _ arXiv:1310.8361
= Requires 106 Higgs events

= There is no strict limit to the precision needed!
O



Experimental Setup

= Collisions dominated by electroweak processes

@ Low event rates 10°
@ Trigger-less readout possible o | |
@ Low occupancy and no pileup o
10° M
@ Limited radiation damage
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Higgs Related Physics at Lepton Colliders

Measurements (incomplete list)

mz, [ z, Gs, Aqep, flavor, QCD

My s-channel Higgs production
2Mmwy Mw, Qs
My+Mmz+... MH, [H, J°P, grxx, BSM decays, indirect gur-
2*Miop gHww, [ H, Indirect grit, Mtop
2*
Miop+MH+... OHHH, OHit

Mnp gHitt, gHHH, BSM Higgs



Higgs Production

= e+e-—ZH production maximal at 240-260 GeV

Unpolarized cross sections

—e'e = HZ
—HZ,Z—>vv |
- WW — H
ZZ - H

Total

N
o)
o

..........................................................................................................

Cross section (fb)

..............................................................................................

N
o
o

IIIIIIIIIIIIIIIIIII‘IIIIIII

150

100

..................................................................................................................................................

50

320 340 360
Vs (GeV)

.
300

-
280

d . v T 1 1 | 1 1 i I 1
200 220 240 260




Higgs Production
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Higgs Factories
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Higgs Precision Measurements

= Recoil method unique to lepton collider
= Tag Higgs event independent of decay mode
= Provides precision and model independent measurements of
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Higgs self-coupling through loop corrections
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= Very large datasets at high energy allow
extreme precision gz4 measurements

= |ndirect and model-dependent probe of
Higgs self-coupling
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http://arxiv.org/pdf/1312.3322v5.pdf
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Higgs self-coupling through loop corrections

Higgs@FC WG November 2019
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Precision Higgs Couplings
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Hadronic Higgs Decays

a) simulated data
ZH; Z — q§; H — jets candidate

d) fit template: gg

CLICdp Vs =350GeV c) fit template: cc
ZH;Z - qq;H - gg

ZH;Z - qq;H —>cC

b) fit template: bb
ZH;Z - qg; H — bb
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Precision Higgs Couplings

kappa-3 scenario HL-LHC+
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CP Measurements

= CP violation can be studied by searching for CP-odd
contributions; CP-even already established

= Higgs to Tau decays of interest
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Additional light scalars

Decay-mode independent searches for new
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Exclusive Higgs boson decays

= First and second generation
couplings accessible

® Sensitivity to u/d quark Yukawa
coupling

® Sensitivity due to interference

BRhospy Ky [(1.9 % 0.15)k, — 0.24,, — 0.127 ]

102>
B 0.57R? X

= Also interesting to hadron collider
program

= Alternative H—MV decays should
be studied (V=vy, W, and 2)
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Rare and Exotics Higgs Bosons

= |_argely unexplored!

= /H events allow for detailed studies of rare and exotic
decays

@ improved with hadronic and invisible Z decays
@ set requirements for lepton collider detector
= Coupling measurements have sensitivity to BSM decays

= Dedicated studies using specific final states improve
sensitivity

= Fxample: Higgs to invisible, flavor violating Higgs, and
many more

= Modes with of limited LHC sensitivity are of particular
importance to lepton collider program

= Detailed discussion of exotic Higgs decays at Phys. Rev.

D 90, 075004 (2014)
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S-channel Higgs Production

— Born .
= s-channel production 12: arxivi1509.02406
@ very small cross section 1125_ (1): with ISR
® reduced by ISR and beam spread o E (2): 8E/E = 3x10
o obom(ur—H) ~ 40.000 otom(ere oH) o 0.8E
® o(ere—H) = 50ab (nominal SE/E) B ol
® o(u+py-—H) = 15pb (nominal SE/E) 0.4
02;’%1%
- Beam-spread improvements 0 125.69 125695 125.7 125.705 125.71
® FCC-ee via monochromators Upper Limits / Precision on «,
@ Feasibility and impact on luminosity need S F
study ]

= Expected significance > 16/ 10ab-1 *

T IHHHI I

@ Setan electron Yukawa coupling upper limit:

10 &
Ke < 2.5 @95% CL =
1 B Standard Model I .
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Conclusion

@ Future lepton colliders offers a broad physics program

@ Will precisely map the Higgs sector building on HL-LHC
foundation

@ Adding unique measurements of Higgs properties

@ Ambitious programs aiming for significant progress
(order(s) of magnitude) in understanding of nature and
the Higgs boson
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FCC-ee: The Higgs Factory

(4y) Z peak E., = 91GeV 51012 e+e-—> Z
(2y) WW threshold E__ =161 GeV 108 e+e- > WW
(3y) ZH threshold  E_ =240 GeV e+e- 2> ZH

(4y) tt threshold  E__ =350 GeV ete- > tt

(ny) H(optional) E., =125 GeV ete-> H




FCC documentation

Outcome of design studies recommended
by the 2013 European Strategy

4 CDR volumes published in EPJ

@ Recognized by European Physical Society

Recent FCC publications

Particles and Fields

1) Future Circular Collider - European Strategy
Update Documents

(FCC-ee), (FCC-hh), (FCC-int)

2) FCC-ee: Your Questions Answered - arXiv:
1906.02693

_ 3) Circular and Linear e+e- Colliders: Another
FCC Physics FCC-ee: Story of Complementarity

Opportunities
PP arXiv:1912.11871

4) Theory Requirements and Possibilities for the
FCC-ee and other Future High Energy and
Precision Frontier Lepton Colliders arXiv:

1901.02648
—p 5) Polarization and Centre-of-mass Energy
FCC-hh: HE-LHC: Calibration at FCC-ee, arXiv:1909.12245
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