Status of the resonances :
7’ - tt and RSG - WW

David Jamin AS Taiwan
Clement Helsens CERN-EP
Michele Selvaggi CERN-EP

FCC-hh physics analysis meeting
02/03/2018



Disclaimer

* Not discussing much the physic models
* Neither designing state of the art analyses
* But rather study the performance of the FCC-hh detector
* Goal of the study:
 Discovery reach for heavy objects
* Find ways to Discriminate QCD, ttbar and dibosons
* To be validated with Calorimeter performances in full simulation
* No pileup assumed! (for such heavy object the effect is not large)

* But again the effect of pileup (on,off time) on jet reconstruction and
performance will be study in full simulation



Samples

* Signals produced with Pythia8
* Background with MG5 LO 10Million of each
» K-factor of 2 assumed for all of them
* Di-lepton ee and mumu separately with mlI>10TeV
* Di-jet with mjj>5TeV
* Di-boson mvv>5TeV
* V+jets with mvj>5TeV

* Ttbar with mtt>5TeV
* |nvestigating NLO at the moment for the report



Strategy

- First try with an event based BDT found to give tiny improvements.

- Change strategy by training a BDT to get an ant1-QCD jet tagger :

— use leading and second leading jet in the event to build jet collection,
— 2 taggers : t_had Vs. QCD and W_had Vs. QCD,

— rerun 1M independent events for signal and bkgd training,

— signals : RSG - WW and 7’ — ttbar 20 TeV mass only,

— background : p8_pp_jj_lo (pTHatMin = 2500, bias2SelectionPow = 6)

— use only hadronic decay events,

— set of variables similar to the CUT based ones to fully exploit them,
— universal jet tagger that can be re-used 1n various analysis.
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ROC comparison
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/. ->ttbar

* Signal with pythia8

* Cross sections from benchmark top-color model
* Important benchmark model for detector performance on

sub-structure

* Analysis selection
* Jet Pt>3TeV, jet eta <3

J1,2 SoftDropped mass>100GeV
J1,2 Tau32<0.7 0.3<J1,2 Tau21<0.7

Use b-tagging

OR

ant1-QCD jet tagger cut

Do not explicitly select leptons, but “correct” Mjj for MET

* 20% uncertainty assumed on the ttbar normalization when

setting limits and discovery reach
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process yield (30.0 ab-1) stat. error raw
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7. ->ttbar

All cuts before b-tag +ietl.2 m> 40 GeV
jetl,2 m e

process yield (30.0 ab-1) stat. error raw process yield (30.0 ab-1) stat. error raw
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7. ->ttbar

+both leading

pT tagged
process yield (30.0 ab-1) stat. error raw process yield (30.8 ab-1) stat. error raw
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— use X backgrounds into the fit and get spiky shapes before b-tagging



7 ->ttbar

CUT analysis
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Di-boson resonance

Signal with pythia8
Cross sections from Pythia8

Important benchmark model for detector performance on

sub-structure

Analysis selection (Fully hadronic)
* Jet Pt>3TeV, jet eta <3

* J1,2 SoftDropped 100<mass<50GeV
* J1,2 Tau21<0.6

* Jet 1,2 flow 1-5>0.85

* Jet 1,2 flow 2-5<0.05

Norm uncertainties

* ttbar 20% QCD 50%, VV 20%, V) 40%

OR

< §
FlOWn’5 = Z :
k

ant1-QCD jet tagger cut

7|

1R < AR(k,jet) < 2R,

Changed R 0.2 ~0.05
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Di-boson res

process

yield (30.8 ab-1)
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Di-boson res

+ jetl,2 tagger > 0.15

Events/5[GeV]

process

m_{R5G} = 10 TeV

yield (30.8 ab-1)
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Di-boson res
All cuts

N Jet 1,2 flow 1,5>0.85 +jetl,2 m > 40 GeV
Jet 1,2 flow 2,5<0.05

process yield (30.0 ab-1) stat. error raw process yield (30.0 ab-1) stat. error raw
m_{RSG} = 10 TeV 10173.3 8.7 125302 m_{RSG} = 10 TeV 15763.0 66.6 56057
v 3782.0 7.9 232668 vV 5748.7 9.7 354171
vj 29872.7 316.8 8960 V] 25263.3 291.@ 7583
tt 1922.7 41.9 2115 tt 2967.1 52.0 3262
QCD 280497.2 8874.5 999 Qco 83575.9 | 4841.4 298
signal 10173.287 5361 -------------------------- signal 15762.955 8.159
background 316074.633 8880.295 background 117554.98 4850.45
CUT analysis tagger analysis
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Summary

- Defined anti-QCD jet taggers for t_had and W_had :
— simple cut on these taggers + 1 cleaning cut on jet mass reproduces and
improves the whole CUT based analysis.

- Next steps :
— document all these studies in a standalone note/paper.
— g0 to detector level, compare DELPHES / Full sim performances and
reproduce these analysis and the taggers.
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Back-up
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Training samples leading jet pT
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Boosted objects

What is:
* Optimal jet collection
* minimal track angular resolution?

Assessed using :
* QCD, QCD+weak shower, W and Top jets
* Genlets, Calolets, Particle Flow Jets, Track Jets with 2-5-10-20 TeV

Outcome: use track jets for sub-structure corrected to pf jets

More information in Michele’s talk here

Performance of reconstructing such boosted objects Will be further
checked in full simulation for the report
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* Track jets seems to be more robust and better understood at high pT
* Use those corrected by p-flow jet pT



B-tagging

* b-tagging to match first results from full simulation study
without tracks (hit multiplicity jump)

Delphes 3.4.1 - FCChh
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CUT 3 +jet2m, tau2l,
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