0\ LR

b,

’fimg‘
. L

Higgs decay to WW* in HZ at 500 GeV

Mila Pandurovi¢

Vinca Institute of Nuclear Sciences

Higgs/EW group meeting 31. August 2016.
rewiew



Overview e i

0 Introduction

o The review of analysis results

o The comparison of the signal samples
o Summary
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Introduction 7

o Analyzed HZ fully hadronic decay: Z—qq , H—-WW*—qqqqg
0 BFy L ww~21.9% , BFyyy_qqqq~49-4% = ~ 10 % of Higgs decays

o HZ @500GeV a(e*e"— HZ)~114 fb including LR polarization

0 O(e*e —»HZ, Z—qq , H-WW*—qqqq )~11.33fb

. 2
g HzZzZ * & HWW

Iy

o Signal signature: €
6 central jets in the final state
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Analysis strategy '

o Analysis proceeds in several steps:

Fast Jet « k7 exclusive, PandoraPFQO’s
U Force events into 6 jets , R=1.5
Lcfi Vertexing & 6 jet hypothesis to apply btagging
U
Preselection < Reduction of large cross-section background
U
MV selection < BDT
U
A0 b BB
Relative statistical precision s

c,s- Hep &X0OwL ~IH (X



Higgs, Z, W boson reconstruction 3 ‘ '

o The event is forced into 6 jets

o Obtained jets are grouped into pairs to form the Higgs, W, W* and Z
bosons

o The combination which minimizes the y?is chosen:

F = (Mij _ MW)Z n (Mkl —M; )2 N (Mijmn _ MH)Z
W Gz ot

o For the 6%, - WA width
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R parameter for jets

o Force eventinto 6 jets. R=0.6,0.8,1.0,1.1,1.2,1.3,1.4,1.5
o Jet Pairing to form Higgs, Z, W

o Fit of the invariant mass of the Z and Higgs boson in an interval s
around the peak

85 <m,<95 120 <myyy, <130

o The best fit results are obtained for the R=1.5 which is further used in
the analysis
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Reconstructed boson masses ﬁ

3 am}f _ . .

. o The obtained invariant mass of
w00f the Z, Higgs, W real boson
- obtaided by the jet pairing
zooi
mrp;
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Signal reconstruction

150

100
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Signal and background samples 7

Process | th| #Fevis /0. 5ab
signal 106730 11.33 5665
Other Higes decays 106525 103.45 51725
ete” — 4f ZZ hadronic 250002 G80.23 340115
ete” - 4f WW _hadronic 250006 7680.69 3840345
ete” — 4 WW /ZZ mix hadronic 250010 6400.11 3200055
ete” - 4 ZZ semileptonic 250014 G0O8.57 304285
ete” - 4 WW_semileptonic 250018 9521.45 3760725
e*e”™ — 2f hadronic 250114 324705 16235250
e*te— — 6 T yyxylv 108675 232.02 116740
ete” — 6f 1t yyuyyc 108683 163.32 81160
ete” = 6f xxWW 37078 15.69 7845
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Invariant masses
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Input variables 7

count

700 ————— Signal ZH, Z—pqq.H—.-«'lul'll"L'll — qgaq
600 M2, other H decays
500 . 2500002 72 hadronic
400 ———— 4 WW hadronic
300 A4 VW EE mixhadronic
200 —_— M ZZ semileptonic
100 e A 'W'W semil eptonic
0 140 "
NPFO «
£1800 =
81600 -
1400 - e o Number of particle flow
1200 [ Hils :
000 [l objects NPFO
800 | ) o Event shape variable:thrust
600 -
400 i—
200 |- i ::hk
s 9 095 1
pfo_thnust
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Input variables

=1400

c
=

81200
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5 6
-log10(y56)

— Signal FH, F— g H— WW — gqnon
————— HE; vllier H wesmys

A4f 2500002 IT hadronic

4f WW hadronic

4f WWZE mivhadronie

Af ZF gomil aptoniz

41 W samdleptonic

tt

—m

o Jet transition probabilities

a kt value at which number of
jets transits from i number of
jetsto], y;
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Preselection

€ signal>99%: NPFO>40  thrust<0.95 y45<4.4 y56<4.8
* Additional cut— 70< m, <110 = ¢gg,,,= 80.41%
Process c[fb] #evts/0.5ab1 ?SE]S ”p“r‘;’i_i{;ﬂj?fj
signal 106730 11.33 5665 80.0 4527
Other Higgs decays 106525 103.45 51725 61.3 31718
e*e” — 4f ZZ hadronic 250002 680.23 340115 58.3 191772
ete” - 4f WW _hadronic 250006 7680.69 3840345 45.7 1758779
ieﬁl-_fWWfZZ e hadieis 250010 6400.11 3200055 46.1 1475371
ete” — 4f ZZ semileptonic 250014 608.57 304285 11.3 34428
ete” — 4f WW _semileptonic 250018 9521.45 4760725 113 538652
ete” — 2f hadronic 250114 32470.5 16235250 7.0 1143281
ete” - 6f tt 108675 232.02 116740 59.0 68957
ete” — 6ftt 108683 163.32 A /
ete” - 6f WWZ 37078 Fy / /
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TMVA 3

Input variables

Invariant masses: m; mMy;qos My My

NPFO E,. jetP,

Event shape variables: thrust, aplanarity, sphericity, oblateness
Jet transitions: Yy, Ya3 Y34 Yas Ys6 Yer

btag applied to all six jets, used the four highest btag values:
btag1, btag2, btag3, btag4

o Angle between jets that comprise Z: ThetaPartZ

o Angle between jets that comprise W: ThetaPartW

o 0O 0 0O O

Training was done on all backgrounds,
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Reduction after tmva

#tevts./0.5ab?

#evts/0.5ab!

Process o[fb] | #evts/0.5ab e E“‘E}';: 'I’ i
signal 11.33 5665 4527 30.0 1348
Other Higgs decays 106525 103.45 51725 31718 5.4 1713
ete” — 4f Z7 hadronic 250002 | 680.23 340115 191772 0.17 331
ete™ — 4f WW hadronic 250006 | 7680.69 3840345 1758779 | <0.05 733
ete” — 4f WW/ZZ mix hadronic | 250010 | 6400.11 3200055 1475371 | <0.05 616
ete” — 4f ZZ semileptonic 250014 608.57 304285 34428 <0.02 0
ete” — 4f WW _semileptonic 250018 | 9521.45 4760725 538652 <10™ 0
e*e” — 2f hadronic 250114 | 32470.5 16235250 1143281 0.14 1617
ete” — 6f tt 108675 | 232.02 116740 68957 0.11 79
ete” — 6f tt 108683 | 163.32 / / f

ete”™ - 6f WWZ 37078 / / / /

o Dominant background: other Higgs decays, qqqq, qq
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Reduction after tmva

XY

After preselection
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o The dominant background after mva is qgqq

~ 6%

Ao = US54 h
o S
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Comparison of H—-WW—qqqq samples |

£ 300
0 HZinclusive, ® ool
extracting:H—>WW* —4q m%_ ——— ZH,, rightamow H —ww
(1 06525) 15-:)5— —— H sww
o Exclusive production of 100F-
H—>WW?* —4q specific sof

channel (106730)

T
0 20 40 60 80 100 120 140
KPFM

o Higer number of particle flow Eﬂ}m__
objects NPFO'’s S0 ZH,, rightarrow H - ww
o Slighlty different event S N
topology 400/~
20-:}-—

95055 06 065 07 075 08 085 09 095 1
pfo_thrust
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Signal samples

600

HZ inclusive, extracting: H—>WW* —4q 5

Exclusive production of H>WW* —4q “°F
specific channel 300f-
zoof—
mof—
Higher NPFO’s is resulting in slight ot ... . ...
. . 0 20 40 60 80 100 120 140 160 180 200
discrepancy between Higgs and Z Higgs mass (GeV)
boson reconstructed invariant masses &o°

500
All other distributions show no

noticeable difference

400
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100
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MonteCarlo 3

count

o The same difference is observed in Monte Carlo
o Used stable particles: Generator status==

o When used getSimulatorStatus it has been found that the difference was in
the overlaid particles , status="0", showing in exclusive 106730 , not present
in inclusive sample 106525

- = 250
250 s
- ° T i %l
B — ZH,  rightarrow H — ww 200—
200 — B ——— ZH,, rightarrow H — ww
— H — ww -
- 150
150 I~ - - H = ww
100 reconstructed 100 1\1' MC
50|~ 50 [
- | : y | Full detector acceptarjce
% 50 100 150 200 250 300 T T 100 180 o0 2RO 300
NPFO ‘ ; 0 Gevi
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Monte Carlo o

o The distribution of stable particles (generator status=1)

o After removing the overlaid particles from 106730 we observe
matching of that the number of final state particles with
the 106525 file

~ 0007 NMC fnal ber o costica
E Ertries GO85
C Mean 1154

Ll RAMS 19.62

0.005 —— ZH,__ rightarrowH — ww

H — wwr

LR IES

0003

0.002

LR

a L

=
L
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k.
=
=
L
=
P
=
=
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Summary

3

2,

o High cross-section backgrounds are included, plans include 6f final

states

0 The preliminary relative statistical uncertainty 6.0%
Uncertainty of the measurement is dominated by qgqq, gq and

other Higgs decays

o Difference between two signal sample is observed both in

reconstructed and MC samples

o The main difference are overlaid particles, after removal of the
overlaid particles the MC distributions of the stable particles are the

same

o In the analysis for the obtained result the exclusive (106730) sample
is used for signal and for other Higgs decays inclusive sample

(106525): not consistent

a For consistency use HZ sample: only 10* events available
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BACKUP
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AOY

Backgrounds 7
Process o|[fb] #evis/0.5ab
Other Higgs decays 106525 103.4 51725
e e~ — 4f ¥ hadronic 250002 680.2 340115
eTe” = 4f WW_hadronic 250006 7680.7 3840345
e e” = 4 WW/ZZ mix hadronic 250010 6400.1 3200055
eTe” — 4f ZZ semileptonic 250014 608.6 304285
eTe” — 4f WW _semileptonic 250018 9521.4 4760725
e¥e” — 2f hadronic 250114 32470.5 16235250
eve” — 6f tt_yyxyev 108670 116.9 58450
eve” — 6f th_yyveyx 108668 1171 58550
eTe” = 6f H yyuyyc 108679 164.4 82200
e¥e” — 6f tt_yycyyu 108681 165.5 82750
eTe” — oLt _yyxylv 108675 2311 116500
eSe =BT yyvivk 108673 2316 115800
ete™ = 6f tt yycyye 108683 163.3 81650

- e¥e” — 6f tt_yyuyyu 108677 166.6 83300




