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hh production and signal model

hh production mechanism
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e dominant production through gluon-gluon fusion;
* signal model simulated using Madgraph5_aMC@NLO,

a(pp -+ HH + X)'[fb] using NLO reweighting with finite top mass effect correction implemented
1000 - My = 125 GeV gg—+HH | through Form Factor R. Frederix et al., Phys. Lett. B732 (2014) 142
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Parton shower choice and EFT approx validation
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Herwig++ LO-EFT-FF
Pythia 6 LO-EFT-FF

o Comparison between LO calculations with —
—— Pythia8 LO-EFT-FF

finite top mass correction with NLO ones for
different Parton Showers 10"

i
H
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Heriwg++ NLO-EFT-FF
Pythia8 (NLO -EFT-FF)

i

» Pythia8 shows an hard pt"h spectrum when
using LO simulation not shown by the other 0 == m

Parton Showers - I |
| | - - /s = 13TeV
 Prefer to use Herwig++ for signal simulation 3 |
10" &
05000 Fs0 00 256500550 400 450 - 500
p, HH [GeV]
e full NLO computation with finite o6 0 — :
top mass effect available [S. 0.14f — Lo ] : NP0 FTappro ]
[ —_ 1 — [ — NLO FTapprox (Reweight) _]
Borowka et al. JHEP 1610 = 012} T ey = 020 — o -
i @) [
£ 008 private communication { = b .
e our approximation (FTapprox) 5 006} J5=13TeV < Vs =13TeV -
T i = 004p B = i i
quite in good agreement with full 3 ool 005ﬁ :
calculation 000 et 0.00 Bl
S 20F 1 g20¢ — :
: : © i ] O — — == ==
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hh decay channels
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The Higgs boson can decay to different final states:

e 4b, WWhbb are the dominant ones
e yybb, ZZbb are the cleanest one

e 4b, yybb have been already studied in the present
physics-report

e For WWbb there is a feno-paper in the 1-lepton final
state: PRD87 (2013) 0011301 claiming for 40
observation with 600 fbo-! @14 TeV, preliminary CMS
results with 3.2 fb-1 of 13 TeV data in the 2-lepton

0 0.1 0.2 0.3 0.4 final state find much worse results [CMS-PAS-

HIG-16-024]

30 ab-1

In this presentation, focus on two final
states:

results from the 2016

o]o) 1.3%
FCC physics report A

e (S/é5%2°/ ) 200%
° WWbb, ZZbb
ZZbb, 41 [ ~40%
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Pile-up conditions and detector simulation

For bunch spacing of 25 ns

Pile-up simulation

FCC Phase 1 | FCC Phase 2 , o
. 100k Herwig++ 2.7.1 min-bias events
. Peak. pileup . B 130 940 overlapped to the hard process using Delphes
Peak pileup line density m™1 < 3200 < 17000 pile-up configuration used in this presentation
rms bunch length fem] 5 5 - WWbb 50, 200, 900 vertices, ZZbb 1000

For 5 ns bunch spacing pile-up divided by a factor 5

Base-line geometry
Twin solenoid +
Dipole magnetic system

- ZZbb

-

z[m]

40

Tracker Fwd Tracker

Detector simulation with

Delphes git trunk: ZZbb
Delphes 3.3.2:  WWhbb

Fwd dipole not used in the ZZbb case

EMCAL Dipole

HCAL
Coil+Cryostat

Muon system

Simulation of the 5 ns low and high luminosity phase
and of the 25 ns high luminosity phase

Calorimetry
ECAL granularity: HCAL granularity:
0.0125x 0.0125 |n| < 2.5 0.05x0.05 |n| < 2.5
0.025x 0.025 2.5< |n| <4.0 0.1x0.12.5< |n| <4.0
0.05x0.05 40<|n| <6.0 0.2x0.24.0< |n| <6.0
ECAL Energy Resolution: HCAL Energy Resolution:
o(E)/E = 10% / VE ® 1 % o(E)/E = 50%/VE®3 % |n| < 4.0
Inl <6.0 o(E)/E = 100%/VE®5% |n| <6.0
Tracking
Efficiency c-quark jets:
4% |n| <25
3% 2.5< |n| <4.0Zzbb

Efficiency light-quark jets:
0.1 % |n| < 2.5
0.075 % 2.5 < |n| < 4.0 ZZbb

Efficiency b-quark jets:
75% WWhbb 85 % ZZbb |n| < 2.5
64% 2.5 < |n| < 4.0 ZZbb
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Object reconstruction and performances

4 Particle Flow Reconstruction

* Using charged hadrons, muons, electrons and calorimeter towers to

build particle-flow objects

 Tracks from pile-up are rejected if [Zo! Zpv|> |

12(Zo) + 1 2(Zpv)

4+ Jets
e Anti-Kt (Fast Jet) algorithm
* particle-flow objects as inputs
- R=04
* Jet Area pile-up correction: i )
« private calibration to particle level piorected = pi¥ I 1 aJetArea

oTiet > 20 GeV.

4+ Missing Transverse Energy

5 0.2 - | | | | | 3
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e Anti-Kt (Fast Jet) algorithm
e negative vector sum of Jets, after pile-up correction and calibration
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Lepton efficiencies in the ZZbb ' 4Ibb analysis
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e Extremely high tracking efficiencies for muons: need to start to think to trigger and identification
efficiencies to have realistic acceptances
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The hh! WWhbb! Ivbb channel

Final state very close to the ttbar background, possible to
disentangle the two only through the use of many variables

|deal analysis would exploit all mass constraints through a kinematic
fit, profit of different angular and spin correlation through an MVA
analysis

e This is just the first attempt, tried to use a simple cut based analysis,
to train the machinery

e at least one isolated lepton with pr > 15 GeV, |n| < 2.5 use the
Higgs mass constraint to compute the neutrino longitudinal
momentum

e atleast 4 jets with pr > 20 GeV |n| < 2.5

e atleast 2 b-jets
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The hh! WWbb! Ivbb channel, analysis cuts and results
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Analysis cuts 10
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3 ab-1 Object Final

3 ab-1 Object Final
PU 50 selection selection PU 200 selection selection
hh-WWbb 7084 803 2.5-103 G RUAYe ol 5.4 - 104 273 8.5-104
t-toar 54100 7.9 - 10° t-tbar 3.6-10° 3.4 -10°
S/Bkg 1.3+-106 1.0 -103 S/Bkg 1.5+ 10> 8.0 104

S/B quite low , need to work more on analysis selection implementing more variables and using
a MVA approach.
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The hh! ZZbb! 4Ibb channel

* 24 muons with pr>5GeV, |n| <4.0
* 24 electrons with pr > 7 GeV, |n| < 4.0

Events/0.5 GeV
Events/1 GeV

« Ziselection: | *I - pair with mass closest to

the nominal Z boson mass
40 GeV < mz1 < 120 GeV

« /> selection: second | *I - pair
12 GeV < mz2 < 120 GeV

* Among the 4 selected leptons: at least one
with pt>20 GeV and one with pt>10 GeV

« QCD suppression: m(l 1) > 4 GeV

160
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« Kinematic cuts: m4 > 120 GeV, m4 < 130 w0 E
Gev ” ||...ww 110 115 120 125 130 135 140
. At |east 2 b_JetS Wlth pT S 30 Gev 10 20 30 20 50 60 7,3'22 [Gevﬁo M, [GeV]
L =3ab "

oL no b-jet > > e forward b-tagging can be an important
(no b-jet) ( b-jet) ingredient of the analysis, need to test

configuration with fwd dipole

with b-jet

Br(hh! ZZbb! 4lbb req.

4u 161 o1 12.1 38% [.4%
de 161 40 7.7 25% 4.8% e big impact from lepton isolation cut (not
Tot 399 101 20 319 6.2% presented here), need to optimise

isolation criteria
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Conclusions
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 This work is supported by the INFN scientific committee 1 in the context of "R&D
activities for Future Accelerators" (RDFA)

» Work is still preliminary as significant computing and storage needs are being
established

e setting up an adequate grid-based computing and storage framework with
INFN support

e Consolidating results for the Berlin workshop
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