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« Future-Circular-Colliders
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- Goal: Build a 80-100km tunnel to host new collider(s)

* pp-collider (FCC-hh) defining infrastructure requirements
8.3 Tesla (LHC dipoles) = Js=42 TeV pp in 100km (NbTi)

+ 16 Tesla = /s=100 TeV pp in 100km (NbSn3)
» 20 Tesla = /s=100TeV pp in 80km (HTS)

* e+e- collider (FCC-ee, old TLep) as potential intermediate step
 p-e option (FCC-he)



FCC-hh structure

FCC hh WG

/ﬁ\

Fabiola Gianaotti,
Michelangelo Mangano

— | T

Properties of SM

Particles

Roberto Contino

Heather Gray Flip Moortgat

FCC hh workshop: http://indico.cern.ch/event/304759/other-view?view=standard



http://indico.cern.ch/event/304759/other-view?view=standard

[ | || 4
Timeline
1980 1985 1990 1995 2000 2005 2010 2015 2020 pAVYAS, 2030 2035

RAd Construct.  Physics | Upgr

Ry [GWW Design, R&D = Proto Construct. Physics

CDR and Cost Review 2018

1
> |
(C 1!
|
O
4=

1

_ESU

HL-LHC Design, R&D Construct. Physics
ick-off meeting: 11t Nov. 2013 (Daresbury)

FCC Design, R&D | Proto = Construct. Physics/

Kick-off meeting
12th -14th Feb. 2014 (Geneva)




* Precision studies of Higgs Properties

- Rare Higgs production and decays

- High-mass WW scattering

 high-mass HH production

- Additional BSM Higgs bosons: discovery reach and precision
physics program

* New handles on the study of non-SM EWSM dynamics

* New ideas !

Unique direct sensitivity to the
hhVV coupling and the the .
EWSB unitarization mec hanism o r

Juan Rojo




 Extrapolation of basic Higgs o(pp = H+ X) [pb]
channels 1000 | My =125 GeV

» ‘A Higgs factory’
* OggF = 740 pb
- cf. ~800 pb for ttbar at LHC

* VBF provide input for detector n
coverage
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 Theoretical errors are key, including
uncertainties on EFT treatment
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Process | o\NLO[pb]  Scale[%] PDF+a,[%] EFT[%] Total [%]

99 - H 788.6 +71-6.1 483 8.0 (i5 ) +20 —19

NS
q¢ — Hqq 68.74 +2.2 -2.1 +3.1 -3.2 0 +5.3 —95.2

q¢ - WH 15.88 +0.7 -0.1 +5.0 —4.7 0 +5.7 —4.8

qq — ZH 11.28 +1.8 =1.7 +4.5-4.3 0 +6.3 —6.0




Example, ttH at large pt e S/B > |

* |10 M evts at 10ab~' w. ptmin=200
GeV, before further cuts
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Measure ttH/ttZ :

Hua-Sheng Shao, Michelangelo Mangano

To the extent that the qgbar — tt Z/H contributions are subdominant:

- Identical production dynamics:

o correlated QCD corrections, correlated scale dependence
o correlated s systematics

- mz~muy = almost identical kinematic boundaries:

o correlated PDF systematics
o correlated m¢,p systematics

For a given y:.p, We expect o(ttH)/o(ttZ)
to be predicted with great precision

Theoretical Uncertainties
MSTW2008NLO, 1o = Hr /2 FCCI00 gERN&

! N2
ttH (pb) tZ (pb) ftH/tZ
33.9 5/.9 0.585
NLO QCD [7706% g99%]scale | [T873%946%]scale | [T1%77%°2.00%]5cale
[FO741% ) 2golror | [TO791% 1 20%]pDF  ([F992267%.0,0758% ] PDF




[Frederix et al. PLB 732 (2014)]
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° Measurlng HH prOdUCtIOn a-t the HH production at pp colliders at NLO in QCD

Mp=125 GeV, MSTW2008 NLO pdf (68%cl)

LHC will be very difficult

by - Prospects for 14 TeV dire...

)
process ATLAS cMs o
SM HH->bbyy 8.4+ 0.1 9.9 5
bbyy 9.7x15 Yy+jets 8.5 g
ceyy, bbyj, bbjj, jiyy 241 22 y+jets, jets 7.4 b3t
top background 34%22 1.1 ﬁl
ttH(yy) 6.1+05 1.5 %
Z(bb)H(yy) 2.7 +0.1 3.3 o
bbH(yy) 1.2£0.1 0.8 g
Total background 47.1£35 226 2
SHB (barrel+endcap) 1.2
SHB (split barrel and endcap) 1.3 100

Michael Spannowsky

* The energy and luminosity of the  vecy choma Branching ratio  Uner. (+)
FCC make it far more accessible  -» 30510707 201070

» Even potentially non-traditional e ;fggjg_gj
channels like bbpup o pae el

WH (= )W~ (= W)WH (= )W~ (— lv) 8.99 - 1079° 5.47 - 10796

° A SO ttHH, VBF HH, etC Z(— 1) Z(— 117 )bb 7.04-1079° 3.82 - 10796

« Clear benchmark for FCC-hh

Sergei Chekanov



« VBF production provides unigque
information on the HHVV
coupling

- Can be substantially
enhanced in scenarios where
EW symmetry breaking is
broken by strong dynamics

* Need large n coverage

- FCC would provide powerful
constraints on non-SM couplings

SM hhijj -> 4b2j, VBF tagging jets
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* The FCC-hh Higgs program is an exciting playground for the future
 Currently exploring the physics potential of such a machine

* Next: determine a few selected benchmark studies to provide input
into the machine and detector design

» The work so far has largely driven by theorists

* Excellent opportunity for experimentalists to participate

* Feel free to contact us with ideas !

* Not so often that we get to dream what physics might be possible
and how we might design a detector

- Higgs and BSM @ 100 TeV workshop, CERN, March 11-13 2015
- https://indico.cern.ch/event/352868/

- FCC week 2015, Washington DC, 23-27 March 2015

« http://indico.cern.ch/event/340703/
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