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C Basincamasissraey

HZ -bb qq at \/seff > 2500 GeV characterised by two high-energy boosted fat jets, back-
to-back in azimuth

Excellent jet mass resolution helps to discriminate between signal and background
signatures

* Investigate subjet behavior and jet substructure

* Concentrate on H>bb, use b-tagging information to reject backgrounds and to help
selecting H jet

- accurate measurement of underlying \'s g beneficial for EFT fits
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L e

Jets defined using VLC algorithm with B=y=1.0, run in exclusive mode with R=0.7with
n._ =2
jets

—>tight timing and py selection applied on particle flow objects for jet clustering
Check for 1solated leptons and photons with E>10 GeV

Requirement: relative isolation rellso<0.10 within a cone of 10 degrees
—>lepton veto in event selection

Ordering jets by masses (1) >m(j2), treat j1 as H jet, j2 as Z jet
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~ Signal and backgrounds for 15, >2500 Gev ‘"

Total Cross-section: ee>qqqqqq sum of 14 different six quark
datasets

Process Cross-section in fb Cross-section in fb
Polarization e -80 % | Polarization e~ +80 %

HZ > Hqq |3.78 2.67

ee—2qq 1269 786

eec—>qqqq 902 120

ee—>qqqqqq |64.4 22.3

Event numbers for cut on reconstructed Vs > 2500 GeV

Process v Sreco> 2500 GeV \ Srece> 2500 GeV
e  pol -80 %, L=4 ab’! | e pol +80 %, L=1 ab"!
HZ - bb qq 1660 291
ee—2qq 165 000 17 800
eec—>qqqq 239 000 8 090
eec—~>qqqqqq 31300 3010
CLICdp analysis meeting, 4 Matthias Weber
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o Leadingjermases

CLICdp Work in Progress L 4ab e poI 80%

HZ signal £ [ duaqqq (52500 Gev :
CLICdp Work in Progress L= 4ab & pol -80% g 800 B :ith 7
2 120F" "Hz>bb qg, (s>2500 GeV'’ ] m [ ) ]
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jet mass [GeV] r= ee— qq, Vs>2500 GeV
@6000 |- et -
Lﬁ i —jet2
Clear peak at Z and H mass for signal i _
« for diquark sample peaks at lower values 4000~ di-quark 1
with long tail :
* Six quark sample has leading peak around 2000 - .
top mass, subleading peak around W mass i
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o Cutonjermaswes

CLICdp Work in Progress L= 4ab e poI 80%

HZ signal -2 qaqq, Vs>2500 GeV
CLICdp Work in Progress _L=4 abe" pol -80% © [ :igg
2 120F sz—>e”bb qa, [$>2500 GeV' ] (T5000 |- Four
© : l
> 100f —iet2 3 _ quark
: : 10000 | .
80 -
60| ] 5000 - ]
40 . [
I ] 0 ke T e ;
20 - E 0 50 100 150 200
- ] jet mass [GeV]
0 - L I R - "
0 50 100 150 200

jet mass [GeV]
Four quark sample has narrow

peaks around W and Z masses
—> sizeable tails to higher
masses

Apply two dimensional ellipse cut on jetl-jet2
mass plane around Z and H mass with windows
of Am(j1) = Am(j2) =20 GeV

—> Cuts more on the lower tail of m(j1), needed

to reject qqqq background
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= 200 = 200~
';' 150 B befOI’e . ' _ ';' 150 B _
% [ e A [
© =i © I T
S ) S I ]
o 100f . &y 100~ @ ;
2 - ! 2, - .
o0 - -._‘, H 50 :— -
0 [ A I R B 0 [ N
0 50 100 150 200 0 150 200
jet1 mass [GeV] jet1 mass [GeV]
Process Vs, >2500 GeV Efficiency | Vs, .,>2500 GeV Efficiency
e pol -80 %, L=4 ab’! | In % e pol +80 %, L=1 ab"! |In %
HZ - bbqq | 1020 61 179 62
ee—2qq 8020 4.9 860 4.8
ee—=>qqqq 20399 8.5 771 9.5
ee—=>qqqqqq | 1080 34 49 1.6
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© Massand Theta Cuts for 45, >2500 Gev "

] CLICdp Work in Progress L 4ab & poI 80% CLICdp Work in Progress L 4ab e poI 80%
> | after mass- cuts (s>2500 Ge\/I | after mass- cuts (s>2500 GeV
© | —HZ 1 . h7
. —qQq . i —qq i
0T qaqa | 60 —aqaq 7
i —qqqqqq - I —4dqqqqq |
s | Mhh ho- ' ]
B r 1] w' 7 : T In ] il :
- i 1H".. . ol
20 . , i
ol | L .
0] 50 100 _ 150 OO
jet16[° 0(j1) - 8(2) [

For four and six quark samples jets forward peaked, jets typically in opposite
hemispheres

Keep events with AO (j1,j2)<100° and 20°< 6(j1)<160°
—> Cut could be potentially tightened
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~Theta on top of mass cuts for 52500 Gev ‘"

Process Vs, >2500 GeV Total (to prev cut) Efficiency | \s,...>2500 GeV
e pol -80 %, L=4 ab! | In % e pol +80 %, L=1 ab!
HZ = bbqq | 956 57 (93) 167
ee—2>qq 6550 4.0 (82) 699
ee—~>qqqq 8215 2.7 (32) 337
ee—=2>qqqqqq | 523 1.7 (49) 24

Cuts on polar angle keeps most of the HZ and di-quark dataset, removes significant
parts of remaining four and six quark events

CLICdp analysis meeting, 10 Matthias Weber
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~ Plagngprocedwre "

Use particles clustered in both large jets used as input for vertex reconstruction and
flavour tagging procedure

* Jet Refiner running on jet particles, clustering the input in two jets, VLC7

* Each fat jet has two subjets

—> Since LCFIPlus uses vertex jets as seed for jet clustering, typically splitting in
refined jets considerably different from FastJet subjet declustering, e.g. after
LFCIPlus leading subjet harder

- For HZ signal, the subjet with the largest BTag belongs to the more massive jet

—> For background subjet with largest BTag belongs to both jets

‘ Cut on largest BTag value of subjets assigned to the
leading fat jet BTag>0.9

CLICdp analysis meeting, 11 Matthias Weber
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- 300 F CLICdp Work In Progress Ig_4 ab’ \7 poI 80% " CLICdp Work in Progress L 4ab e poI 80%
?6 b &Hrr%ass -outs, (s>2500 Ge = 0 & n%ass _cuts, (s>2500 GeV
_ o [ —H ]
o : G 150 F — qqqq -
200 4 499qqq f i —qqqqqq
100 - ;
! normalized Event yield
100
0 aama o o O T e s W
O 4 0.6 0.8 1 : :
jet1 sj BTag__ jet1 sj BTag
Process VS, >2500 GeV Total (to prev cut) Efficiency | \'s,...>2500 GeV
e pol -80 %, L=4 ab! | In % e pol +80 %, L=1 ab"!
HZ - bb qq | 407 24.5 (42.7) 68
ee—2qq 262 0.16 (4.0) 22
ee—2>qqqq 147 0.11 (1.8) 10
ee—=>qqqqqq |42 0.13 (8.1) 2.5
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~ Transverse Momentum Correlation Functions "

Cuts on jet masses, polar angle and BTagging information reduce background

significantly, di-quark dominated the background events

—> Use substructure information within fat jets, for signal two subjets within those fat
jets

Transverse momentum and energy correlation functions

e Introduced in JHEP 06 (2013) 108 by A.J Larkoski, G.P Salam and J Thaler

Maybe more suitable

N N-1 N Z
ECF(N, ) = Z (H Eia) (H H 9ibi0> for e*e” collisions

11<ie<...<iny€J \a=l1 b=1 c=b+1
N N-1 N s ,
ECF(N, §) 3 (HPTz'a) (H ] Ribic> Used by the LHC experiments
ey \as b e So far investigated these
variables
ECF(0,8) =1,
Both definitions available in
ECFE(1 = :
1eJ
ECF(2,8) = Y pripr;(Rij)°,
1<jed
CLICdp analysis meeting, 13 Matthias Weber
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 Energy Correlation Double Radios "

Energy correlation double ratios Cy® defined as

o) _ T ECF(N +1,8) ECF(N — 1,0)

O ECF(N, 8)°

D,® introduced in JHEP 12 (2014) 009 (https://arxiv.org/abs/1409.6298)
by A.J Larkoski, I. Moult and D. Neill as

D,® = EFC(3, B)/EFC(2, B)’
C,» = EFC(3, B)*EFC(1, B)/EFC(2, B)>

CLICdp analysis meeting, 14 Matthias Weber
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 Leading jet Energy Correlation Double Ratio D, /"

Studied three different beta values: 0.5, 1 and 2, variables least discriminant using

B:O 5 ] CITIQdo V\/ork iln I?rogresls . .L=.4 ob‘l‘,el' pol .'8.0%
) 2 150 .
4o © - 6 & mass-cuts, (s>2500 GeV .
CLICdp Work in Progress L=4 ab e pol -80% - —HZ
S5 f - a4qq
S 150 - 0 & mass-cuts, (s>2500 GeV _ 100~ — qqqqqq
N —HZ - L
- —_ qq -
i —{qqq |
100 | —dqqqqq _
S50+ -
i 7 ] CLICdp Work in Progress L 4ab € poI 80%
i 1 D 250 [ 0 & mass-cuts, \s>2500 éeV ]
i il I C —HZ ]
0 - —aq ]
0 11)0 200 —qqaq s
D( h —9d9aqq ]
150 |
Use B=1.0 for now 100}
—>for HZ dataset distribution peaked at lower 50 [F
values Z
0 1
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 Energy Correlation Double Ratios C,(/and D0

CLICdp Work in Progress  L=4 ab™ e pol -80%
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Jet Energy correlation ratios of both jets © & mass-cuts, 52500 GeV 3
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and backgrounds l BERARRE ]
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[ i :
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- CLiCdp Workin Progress _ L=4 ?bf,e' pol .'89% _ CLICdp Work in Progress L=4 ab™, e' pol -80%
D : : B |
© 150 |+ 0 & mass-cuts, Vs>2500 GeV | : 0 &Hrrzlass cuts \/_>2500 GeV |
i __HZ i —
—ag 1 190p —ag .
—qqqq i - —qqqq
! — ' - —qqqqaq
100 F q9q99q 5 _
I 100 |
or 50 |
O I »
0 0

Most powerful against ee—>qq, for four and six quark backgrounds leading jet D,
more discriminant

—> Cut on 2D plane on upper end

CLICdp analysis meeting, 17 Matthias Weber
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~ Energy Correlation 2D cut selection on HZ "

Cut on 2 dimensional distributions of jet substructure variables

||
0.5 -

N
|IIII|IIII|IIII|IIII|IIII|IIII

0.5 1 1.5 2 2.5 3 ?.5
jet1 D(z)

OO

Selection keeps most of the signal, but removes the tails of all backgrounds
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© Finalcutflow defaultexample

CLICdp Work in Progress

L=4 ab’ e poI 80%

CLICdp Work in Progress

L—4 ab’le polp 80%

-UE) S0 0, mass BTag & b2 /s >2560 GeV | -'cé) 0, mass BTag & b2 /s >25(50 GeV
) - —HZ D 5 —Hz -
= L —qq = r —Aqg ]
W | —aqqq W b —aqqq _-
20 499999 = - —0dqqqq ]
3F -
i 71 C M- ]
10 -80° . 2F JI .
- 807  180% ;
I s -
O I L P TR S T | | TR O : T T | Loy ]
0 50 100 150 200 0 50 100 150 200
jet mass [GeV] jet mass [GeV]
Process VS,.00>2500 GeV Total (to prev cut) Efficiency | Vs, >2500 GeV
e pol -80 %, L=4 ab’! | In % e pol +80 %, L=1 ab"!
HZ - bbqq | 282 17 (69) 48
ee2qq 39 0.02 (15) 2.0
ec—=>qqqq 57 0.02 (38) 5.0
ee—>qqqqqq |18 0.06 (43) 0.9
CLICdp analysis meeting, 19 Matthias Weber
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© AdematveCucFlow "

Keep jet mass and polar angle cuts, relax cut on Btag>0.8, tighten cut on D2 -
increase in ee—>qqqq background, slight decrease for ee=>qq

CLICdp Work in Progress L 4ab’e poI 80/

CLICdp Work in Progress L 4ab’e polp 80/

-'UE) 30" '9,mass,BTag & D2, s>2560 GeV i) 6.mass,BTag & D2, s>2560 GeV ]
e | s ° i ‘
W[ —aquqqg L —aaaq
ool —9999qq i uL —ddqdqqq ]
10 :_ M”LL 1 2 __ —
0 I PN RIS | —— 0 I PR S S I S R SR T NI L
0 30 100 150 200 0 50 100 150 200
jet mass [GeV] jet mass [GeV]
Process VS,..,>2500 GeV Total (to prev cut) Efficiency | \s,...>2500 GeV
e pol -80 %, L=4 ab! | In % e pol +80 %, L=1 ab!
HZ - bbqq | 288 17.2 (54) 52
ee—2>qq 30 0.018 (6.6) 2.0
ee—=>qqqq 90 0.037 (25) 53
ee2>qqqqqq |21 0.07 (31) 1.1
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Open H selection, default cuts AR

So far always select H>bb, based on MC truth. In case we remove this cut based
on MC information, the number of events increases from 282 to 288 for the dataset
with negative polarization.

The amount of H->bb within that sample is 98 %

For the +80 % polarization sample H->bb contributes to 98 % of the final selected
events as well

Process Vs,..>2500 GeV Total (to prev cut) Efficiency | Vs, ..>2500 GeV
e  pol -80 %, L=4 ab’! | In % e pol +80 %, L=1 ab"!
HZ > Hqq |288 17 (69) on H>bb 49
ee—>qq 39 0.02 (15) 2.0
ee—=>qqqq 57 0.02 (38) 5.0
ee=>qqqqqq | 18 0.06 (43) 0.9

Without any signal selection the jet with the larger mass 1s matched to the H in
around 85 % of cases. After the final selection this 1s the case in more than 98 %

CLICdp analysis meeting, 21 Matthias Weber
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o Conduios "

First look at HZ signal with H=>bb and backgrounds from ee=>qq, ee=>qqqq and
ee=2>qqqqqq

Discrimination between signal and backgrounds by cuts on

* Jet masses against all three backgrounds

« Jet polar angle (rejects mainly ee=>qqqq and ee=>qqqqqq)

* Flavour identification, using BTagging on the leading jets

* Energy correlations addressing the differences in jet substructure = particularly
helpful to discriminate against ee=>qq

—> Further tuning limited by available statistics in ee=>qq and ee—>qqqq datasets

—> Signal selection almost exclusively selects H=>bb events, more massive jet is
matched to H with over 98 %

Next step:
Use most discriminating variables in BDT
MC Production has been started to increase statistics of di-quark and four quark
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