The 2HDM-I heavier CP-even Higgs production

o /5= 14 TeV.

e Alinement limit: cos(f — ) = —0.06.
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The 2HDM-I heavier CP-even Higgs Br
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The 2HDM-I 125GeV Higgs Br
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The 2HDM-I pp — H — hh — W' W ~v channel

ol pp — HX|xBr[H— hh]xBr[h— WEW~ |xBr[h— vy]x2
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The 2HDM-I pp — H — hh — W' W ~v channel

e Br[h— WHW- ]/ Br[h—bb]~0.38;
e Br[W—/lv]~108% (¢:eor porT);

e Br|[ W — hadrons | ~ 67.6%.

e Signal cross section ratio o] WrW v~y ] /o[ bb~yv]:
hadronnic decay: 0.38 x 67.6%> ~ 0.18;
leptonic decay: 0.38 x (3 x 10.8%)? ~ 0.04;

semi-leptonic decay: 0.38 x 67.6% x 3 x 10.8% x 2 ~ 0.17.
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Semi-leptonic decay channel

e Fast-simulation project:
MG5 + pythia + delphes 3.0.10.
e 2HDM Signal: My = 300 GeV.
e SM irreducible background:
pp — qqlv~yy ~ 3113[bh].
e SM reducible background:
pp — qqlvgg ~ o107
pp = qqlvgq ~ o107
pp = gqlvgqg ~ o(107)]
pp = qqlvgy ~ o107
pp = qqlvgy ~ o(107)
with photon identification efficiencies:
€y 3.6 x 1071, €5, 3.6 x 107°.
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Semi-leptonic decay channel

e SM Higgstrahlung:
Radiate Higgs: pp — h — WTW~ — WrW h
pp = WWh = qqlvyy ~ o(1073)[fh].

e SM reducible background:

pp = Lvyy ~ 143.3[tb].
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Signal generated by MGbH

e Generating ¢ g on shell(¢ v off shell) and ¢ g off shell(¢ v on
shell) separately
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Events selection

e Overlab remove:
o Electrons with AR(e,v) < 0.4 are removed;

o Jets(BTag,TauTag = 0) with AR(jet, ) < 0.2 or
AR(jet,y) < 0.4 are removed;

o Muons with AR(u,jet) < 0.4 or AR(u,7y) < 0.4 are
removed.

e Final state(q q ¢ v~y ) selection:
o Number of gjet > 2, choosing leading and subleading
gjet pair;
o Number of photon > 2, m,, of photon pair closest to
Mh;
o Number of electron or muon = 1.

e Basic cuts: |1y q¢| < 2.5, Pr, ,6 > 25 GeV, Py, > 15 GeV.
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Distribution of photon

H— Signal Total
Signal(gq on shell)
—— Signal(v on shell)
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e Cut based: 120 GeV < m,, < 130 GeV.
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Distribution of photon
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e Cut based: 1.7 < AR,, < 3.2 and A®,, > 1.5.
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Missing ET distribution
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e Cut based: MET < 40 GeV.
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Distribution of lepton
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Distribution of gjet
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e Cut based: myq < 90 GeV.
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Distribution of gjet
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Transverse mass distribution
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Cut efficiency

Myy
Cuts Ototal | Events selection Mmeg | ARy, AD,,
MET
Signal [fb] | 0.17 0.011 0.0051 0.0028
qqlvyy[fh] | 31.59 0.514 0.0011 0.0004
lvyy[fb] | 143.3 0.06 0 0
S/B 0.001 0.020 4.5 6.6
s/vBY | 041 0.47 4.8 4.3
s/VBD | 0.91 1.06 10.7 9.6
Signif-PM | 0.41 0.47 3.3 2.7
Signif-P2 | 0.91 1.06 7.5 6.1

Signif-P: \/2 X {(S—i— B) x In[(S+ B)/B| — S}. Integrate

luminosity is assumed to be [ J Ldt = 1000 fb~! and
2 [ £dt = 5000 fb~".
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MVA analysis

e BDT method

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %
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MVA analysis

e Overtraining check

TMVA overtraining check for classifier: BDT TMVA

T T T T T T T T T T T T T T T T
é :-I Sgnal (ts{ sample) T * Sgnal (kraini ng Br#‘ple) [
— e E
pd 6 Background (test sample) ® Background (training sample) -]
° E =
= t~Kolmogorov-Smirnov test: signal (background) probability = 0.987 (0.235) —
z oF B
o i

4 s

1g

1o

Jo

3 e

iz

1S

+Ho

2 <

e

@

%)

i 2

2

o

=)

0.8 -0.6 0.4 0.2 0 0.2 0.4
BDT response

Chun Du



MVA analysis

Background rejection versus Signal efficiency
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VA analysis

Cut efficiencies and optimal cut value Cut efficiencies and optimal cut value
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MVA analysis

Cut efficiencies and optimal cut value

Signal efficiency ——— Signal purity
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Invariant mass distribution after BDT
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