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Signal

o(T' — t+ H°) = 89fb

W/ W+

Vy é""

jet

Final state: ¢t¢~¢*vvv + b-tagged jet

Unless the Higgs boson is sufficiently boosted, one the two intermediate
W bosons is off-shell (myo = 125 GeV, my+ = 80.4 GeV)



tt background
o(tt — dilepton) = 87.315pb

jet jet

Final state: £T¢~vv + 2 b-tagged jets

The top quarks are heavy enough compared to the bottom quarks for the
intermediate W bosons to be on-shell (m; = 173 GeV, mj, = 4.2 GeV)



Generator-level signal selection

Define a flag: IsSignal
If IsSignal == 1, select signal events:
= H® froma T’
= WTW-~ from a H from a T’
» T4~ froma WHW— from a H® from a T’
= tfroma T’
= WbfromatfromaT’
» ¢ froma W* fromatfroma T’
» b-tagged jet from a b from a t from a T’
// In TopHiggsTrileptonAnalyser::selectSignal (bool isSignal)
.Define("IsSignal", isSignal 7 "1" : "O")
.Define("GenMuons","abs (GenPart_pdgId) == 13")

.Define("MotherGenMuons", "GenPart_genPartIdxMother [GenMuons]")
.Define("MotherPdgId", "ROOT::VecOps::Take(GenPart_pdgId, MotherGenMuons)")

.Define("IsFromW","abs(MotherPdgId) == 24")

// In TopHiggsTrileptonAnalyser::defineCuts()
addCuts("IsSignal == 0 || (IsSignal == 1 && Sum(IsFromW) >= 3)", "0");



Signal vs. tt comparison (L, = 300fb™!)

Summary/results

Cut 0: IsSignal ==
Cut 1: Selected_muon_number == 3 && abs(Selected_muon_charge_sum) ==
Cut 2: Selected_muon_sum_all_muons_pt >= 130.0
Cut 3: Selected_muon_deltaR_min_neutral <= 1

Without generator-level signal selection

|| (IsSignal == 1 && Sum(IsFromW) >= 3)

Events (sig.) Events (tt bkg.) Cut (sig.) Cut (tt bkg.) S/B
Before 1184 2728521 0.0434%
After Cut 1 7.47 2093 —99.4% —99.9% 0.357%
After Cut 2 6.72 1232 —10.0% —41.1% 0.545%
After Cut 3 5.28 280 —21.4% —773% 1.89%

With generator-level signal selection

Events (sig.) Events (tt bkg.) Cut (sig.) Cut (tt bkg.) S/B
Before 1184 2728521 0.0434 %
After Cut 0 5.96 2728521 —99.5% —0% 0.0002 %
After Cut 1 2.40 2093 —59.7% —99.9% 0.115%
After Cut 2 2.26 1232 —5.83% —41.1% 0.183%
After Cut 3 2.06 280 —8.85% —77.3% 0.736 %




Sum of the pr of the 3 muons

272852125 (vban) ——2093.05 (ttbar)

Mean 91.92 Mean 150.71
2 T T RMS 5024 S T T T RMS 54.52
3‘ oo, —— 5.96 (signal) ERla e, —— 2.40 (signal)
2 000, Mean 183.45 | o o0, Mean 259.71
5 o, RMS 9295 % ° hay RMS 71.25
2 S f: e -

10 M Sy
+ gt

e
H‘ft

50 100 150

200 250 300 350 40C 0 50 100 150 200 250 300 350 40C
Sum of the p_T of the three muons Sum of the p_T of the three muons

——1232.36 (tbar) ——280.14 (ttbar)
Mean 182.45 Mean 193.44
s T RMS 49.91 s F T T T RMS 60.38
g oo, — 2.26 (signal) g — 2,06 (signal)
8‘ - Poo, Mean 269.51 3 r N Mean 275.75
2 oo, RMS 61.77 o 10 gt " RMS 60.64
H s f LR 3
w a [ + ‘?* h 4 1

t A ‘?{}ﬁ» it i

i

3

Hmm“
.
==
==8
==
L

0] 50 100 150 50 100 150

200 250 300 350 40C 200 250 300 350 40C
Sum of the p_T of the three muons Sum of the p_T of the three muons




Lo b by benan b by
') Q v o ) 2
= o

<
S

0.03
0.02!
0.01
0.005

R RHISLKIREIR XK KX XA X X
e
el

B e s
ORISR

tatatoletatototatatetotetesct
balaielotorareietecoiesesesaier
LIS
ICRANICRAL:
e eerostsisasesotssoses
e steteteteceteteses
QEELELNIIEKS
otetetetoletetetele % ete
Disessesseessioosatesotss
[2a53504%0%6%8

Sum of the pr of the 3 muons

100 150 200 250 300 350 40C
Sum of the p_T of the three muons

50

100 150 200 250 300 350 40C
Sum of the p_T of the three muons

50



leptons
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New variable: st = > pr+ > pr
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ST=) P+ pPT

New variable

jets

leptons

addVar ({"St", "Sum(Selected_electron_pt) + Sum(Selected_muon_pt) + Sum(Selected_jet_pt)"})
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New variable: invariant mass of the nearest muons

ints nearest(floats &etal, floats &eta2, floats &phil, floats &phi2, ints chargel, ints charge2)
{

ints out = {-1, -1};

float mindr = FLT_MAX;

for (unsigned int i = 0; i < etal.size(); i++)

{
for (unsigned int j = i+l; j < eta2.size(); j++)
{
auto dr = ROOT::VecOps::DeltaR(etal[il, eta2[jl, phii[il, phi2[j1);
if (dr < mindr and chargei[i] != charge2[j])
{
out = {i, j};
mindr = dr;
}
¥
}
return out;
¥
.Define("dimuon", ::nearest, {"Selected_muon_eta", "Selected_muon_eta", "Selected_muon_phi",
< "Selected_muon_phi", "Selected_muon_charge", "Selected_muon_charge"})

.Define("dimuon_deltaR", "ROOT::VecOps::DeltaR(Selected_muon_eta[dimuon[0]],
< Selected_muon_eta[dimuon[1]], Selected_muon_phi[dimuon[0]], Selected_muon_phi[dimuon[1]]1)");



New variable: A¢yin = A¢(dimuon)
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New variable
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What's next

= Two days off (Mon/Tue)

= New variable: invariant mass of b¢

= Define and compare many variables to determine relevant cuts

=  WZ background which should be filtered out by Selected_bjet_number >= 1
= Study ppe, pee, eee final states



Appendix

Ndata set (sig.) = 389500
Nyata set (tt) = 145962 000

Nexpected (sig.) = Lint X o (sig.) X BR(HO — WW) x BR(t — Wb) x BR(W — eu)3

26 700 21 % 2 100 %
= 746 (L =p)
= 12.32 (¢ = p) (intermediate T leptons allowed)
=59.70 (£ = e, p)
= 98.55 (¢ = e, ) (intermediate T leptons allowed)

Nexpected (t?)
26 194 500
= 316953 (¢ = p)

100 %

= Lint X o(tF) x BR(t — Wb) x BR(W — eu)2

= 442687 (£ = p) (intermediate 7 leptons allowed)

= 1267814 (£ = e, )

= 1770748 (£ = e, p) (intermediate 7 leptons allowed)

. o (sig:) X Lint
Nscaled (sig-) = Nunscaled X —————— = Nunscaled X
Nata set
_ o (t8) X Ling
Nscaled (tt) = Nunscaled X —————— = Nunscaled X

Nyata set

w00
389 500 = Nynscaled X 0.068 55
20108500 _

195962000  Nunscaled X 017946
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