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status of analysis
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DBD full simulation analyses (mH=120 GeV):
ZHH @ 500 GeV, vvHH @ 1 TeV

SGV fast simulation analysis: vvHH @ 1 TeV
(consistent with full simulation)

updating analysis of ZHH @ 500 GeV with
mH=125 GeV and overlay: Claude, etc.

updating analysis of vvHH @ 1 TeV: today’s topic

improvements of various analysis techniques and
strategies; combine bb and WW™ modes

LC-REP-2013-003 J. Tian @ LCWS14 C. Durig @ AWLC14
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500 GeV:

500 (1600) fb!

1 TeV: 1000 (2500) fb!

including HH—>bbbb
and HH—>bbWW*#

M. Kurata @ ECFA2013




e” +e — vuHH — vis(bb)(bb)
(full simulation @ 1 TeV, mH = 125 GeV;
without yy—>hadrons overlay case)

pre-selection:

o reject events with isolated lepton ( done with MVA based
IsolatedLeptonTagging processor)

o cluster all particles to four jets (Durham), each with at least 7 particles,
3rd Btagging > 0.2 (done within LCFIPlus processors); pair those four jets
to two Higgs by minimising x2 defined by two pair masses.

final-selection:
Visible energy < 900 GeV; Missing Mass > 0 (cutl)

tt-bar suppression (MVA): MLP_lvbbqq > 0.67 (cut2)
vvZZ and vvZH suppression (MVA ): MLP_vvbbbb > 0.45 (cut3)

B-tagging: Bmax3 + Bmax4 > 0.71 (cut4)




MVA output

TMVA response for classifier: MLP TMVA response for classifier: MLP

TMVA
|IIIkIII|III|III|III|III|III|III|III

Signa quq

TMVA

£ 7 A L A B R B

T Background

=
a1
g I
>
)
=
oS
N
S
s
S
U
-t
Y

=N

-
N

MLP_vvbbbb_vvbbh

Ny AN e
(1/N) dN / dx

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIH—

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

—h

04 06 0.8 1. 0.6 0.8
MLP response MLP response

)
%)
o
o
X
o
S

Evis, MissPt, MissMass * two Z masses in case of vvZZ

W mass case of tt4j and tt5; reconstruction

reconstruction Z and Higgs masses in case of

vwZH reconstruction

tau mass in case of tt5j
- M(H1), M(H2)

Pmax and Econe of leptons
M(H1), M(H2)

Y54 see MVA details in LC-REP-2013-003




P(e-,e+) = (-0.8,+0.2);

signal and backgrounds (reduction table)

Ecm =1TeV; mH =125 GeV; w/o overlay /L =
(preliminary)

vvHH -
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(vvbbbhbh)

vvHH
(ZHH)

vw/ZH

\AV4

significance

240

7232

3.33E+03

E72E+03

7.81E+05

7.86E+05

77.1(66)

2.97E+04

75.2(64.4)

1.09E+04

1.21E+04

57.9(50.8)

33.5(29.4)

24.8(24.0)

6.86

nB = 23.9

(3.70 by previous extrapolation)

~ 3.60
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including overlay: yy—>hadrons

. » exclusive kt algorithm.
: <N>=4.1@1 TeV

: p optimization: R-value

and Njets S
e" +e” — vvHH — vis(bb)(bb)

— Durham (No Overlay)
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the overlay has a significant impact at 1 TeV!



impact of overlay
Energy Efficiency of FastJet Clustering e’ +e¢~ — v HH — viz(bb)(bb)
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R parameter

by traditional kt algorithm to remove overlay, for R=1.2, there are still ~40% (energy)
of overlay remained, and having ~5-15% of remained signal particles’ total energy

a big trouble for jet-clustering




P(e-,e+) =(-0.8,+0.2); Ecm =1TeV; mH=125GeV; w/ overlay

(very preliminary)

signal and backgrounds (reduction table)

/L:2ab_1

vvHH -

WWE
(vvbbbhbh)

vvHH
(ZHH)

vw/ZH
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tt-bar

significance
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7232
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(25% degradation than case w/o overlay!) 8

~2.70




impact of overlay: some hints from detailed comparison

found by looking into the components of each jet: in ~18% of
all events, there are jets which are dominated by overlay
particles.

this immediately lead two signal efficiencies drop: cut on
#particles in each jet; cut on smallest b-likeness

then caused wider Higgs mass —> again signal efficiency
drop by mass cut to keep similar level of background

possible healing 1: to force signal b-vertices not be merged
by jet-clustering (one new feature provided by LCFIPlus)

possible healing 2: to develop better overlay removal
algorithm (start from previous study based on particle-by-
particle overlay tagging algorithm, reported at LCWS13)




summary

analyses of vwvHH @ 1 TeV are being updated with mH=125 GeV

and yy—>hadrons overlay, very preliminary results obtained.

without overlay case, new results are very consistent with

extrapolation from previous study done with mH=120 GeV.

overlay <N>=4.1 at 1 TeV has a significant impact ~25%

degradation; next step will focus on new strategies to heal this

problem

in addition to overlay, also think about improvements of other

part of the analysis: new isolation; use tau finder to suppress

further tvbbqg

'background; new jet clustering and pairing; cuts

re-optimization for coupling instead of cross section, etc.




status and plan for 2015

gn Higgs self-coupling
E collaboration with Claude and Masakazu

short-term: update vvHH @ 1 TeV analysis including overlay and
mH=125 GeV, towards one publication

mid-term: improve ZHH @ 500 GeV with kinematic fitting, matrix
element method, cut re-optimization, etc.

. » combine HH—>bbbb and HH—>bbWW"

§D Matrix element method

. » continue development with more complement set of e+e- processes
> try to implement detector transfer function and apply for analysis

ﬂ Color-singlet jet clustering

> investigate the implementation of color correlation inside Pythia; to
understand how color-singlet characteristics are implement in generator

» combine the previous effort on Georgi Jet Clustering and Color-singlet
Jet Clustering.
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MVA overtraining test

TMVA overtraining check for classifier: MLP

TMVA overtraining check for classifier: MLP TMVA
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DBD full simulation

Higgs self-coupling @ 1 TeV

P(e-,e+)=(-0.8,+0.2) e+ e ) M(H) = 120GeV / Ldt = 2ab™ 1

Expected | After Cut better sensitive factor

benefit more from beam
e @ polarisation

BG tt x-section smaller
more boosted b-jets

BG (tt/wzH) | 786105 | (337) | Ag
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vvhh (ZHH) 74

significance 0.3

Double Higgs excess significance: > 70 Higgs self-coupling significance: > 50




DBD analysis (no gam-gam overlay):

signal and backgrounds (reduction table)
Polarization: (e-,e+)=(-0.8,+0.2) ., =1 TeV, My = 120 GeV L=23ab *

J

Expected Generated pre-selction cutl cut2 cut3 cut4
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Double Higgs excess significance: 7.20




Preliminary results for 125 GeV without overlay

» my= 120 GeV results extrapolated to 125 GeV give a precision of 53% on Higgs self-coupling
» preliminary results without overlay

ZHH — vvHH
ZHH — qqHH

cross section: % = 32. Higgs self-coupling: 22 = 53%

Scenario A: HH — bbbb
Scenario Brwith HH — bbWW™, 2~ 20% improvement
: analysis improvement (kinematic fit, jet-

clustering, etc.), expect 20% improvement
T i
Extrapolation works, slightly conservative

We achieve a precision of 53% on the Higgs self-coupling for my = 125 GeV!
Effect of ~~-overlay? e

| DESY | |
Claude Fabienne Diirig | Higgs self-coupling at ILC | FLC group meeting, 25.08.2014 | 16/19 6326 i



effect of overlay and strategy of removal: yy—>hadrons

p exclusive kt algorithm. - %i

p optimization: R-value and Njets
<N>=1.7 (1.2) @ 500 GeV

R=1.3, Njets = 6 vwvHH—>vv+4b
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impact of overlay on self-coupling

Preliminary results for 125 GeV with overlay

ZHH — I-I\ HH 2.7 59 0910 0.720

3.4 8.0 1.01c 0.85¢
ZHH — vvHH 5.6 9.0 1450 1.230
ZHH — qgHH 8.3 21.8 1.61c 1.450
8.7 38.2 1310 1210

cross section: i—‘;z::{—” = 35.4% Higgs self-coupling: % = 58.1%

Scenario A: HH — bbbb
B C : with HH — bbWW?*, ~ 20% improvement
34% : analysis improvement (kinematic fit, jet-
47% 37% clustering, etc.), expect 20% improvement

Considering ~y~y-overlay, we achieve a precision of 58% on the Higgs self-coupling

1TeVat£=25ab-1 Using additional WW-fusion data at 1 TeV we can

A B C achieve a precision of 10% on the Higgs self-coupling

16% 13% 10% (w/o overlay)
arXiv:1310.0763v3[hep-ph]
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it has a significant impact (8% worse); with few more overlaid particles, some
background can be more like signal; we still need look into some detail to improve this;

. on the other hand, <N> of overlay is currently over estimated.
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