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Introduction

Motivation

Study the ee — gqqq process

Idea: Measure WW cross-section as input parameter to EFT studies

First view on new detector model — WW/ZZ separation to evaluate performance

@ SM: mainly WW, ten times less ZZ, different scenarios possible in BSM
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Introduction

Technical introduction

o Compare CLIC_ILD with CLIC_03_v12, use Pandora PFA for particle reconstruction
o Study different timing cuts to reduce contribution from vy —hadrons (overlay):

o Loose selected (considered use at 380 GeV)
e Selected (1.4 TeV)
o Tight selected (3 TeV)

@ Compare CLIC_03_v12 without overlay (reference) and with overlay

o Study WW/ZZ separation in new and old detector model

@ Use MC quarks to: z B
® 09F s
e tag events < 09E g 0778 & ®
e cut on invariant mass: 1.2 for s 088
1.4TeV and 2.8 for 3 TeV 2o7E
S 06F
e cut on |cos @] of all quarks 5 UOF
. . . 2 055 ¢ 0272 & &
o Mainly use VLC jet clustering 04E-
algorithm: 03E
o radius: jet size . 02;’ generalized e 00 I:uj.:nvariai Ivrl-ii:;(ﬂfj(fn'
e [3: "control clustering order” E' Lo o "
" . o 0.15 E a,=p dy=p
o ~: "beam jet size | S P N I SR B I P
A 06 04 02 0 02 04 06
o use 2 exclusive jets azimuth o/ (rad.)

Figure: arXiv:1607.05039v1
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Timing cuts at 1.4 TeV: comparison of CLIC_ILD and
CLIC.03.v12
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Compare old and new detector model: 1.4 TeV
Vs > 1200 GeV, |cos(8)| < 0.95, ee->qqqq 1.4 TeV Vs > 1200 GeV, |cos(6)| < 0.95, ee->qqqq 1.4 TeV
A [~ oose ' T "] $0.05F —eovenwy ;A
o) —— loose VY- [ —— nooverlay ]
= | —— selected 1 = | —— overlay selected i
E004 - —— tight ; __ "E [ :overlay tight 1
& f  jpemes | D004l g :
8 [ ] 8 r CLIC_03_v12 1
£003¢ { Zo0sf .
© I CLICdp preliminary g © I CLICdp preliminary 1
E0.02f 1 Eoozb E
o L ] o™ L ]
< 3 i € r ]
0.01} 1 oo01f ]
ol * —— . ok * —— .
0 50 100 15(C 0 50 100 15(
jet mass [GeV] jet mass [GeV]
Figure: CLIC_ILD Figure: CLIC_03_v12
o Large differences in loose selections, new model performs better (changed also calo

barrel timings)
@ Smaller differences in selected collection: mass lower, closer to W
o No significant differences in tight
o Comparison with reference (no overlay): use tight selection for W jet mass
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Timing cuts at 3 TeV: comparison of CLIC_ILD and
CLIC.03.v12
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Compare old and new detector model: 3 TeV

(s > 2800 GeV, |cos(6)| < 0.95, ee->qqqq 3 TeV (s > 2800 GeV, |cos(6)| < 0.95, ee->qqqq 3 TeV
8 F IloolseI N 8 [ T 'no'ov'erlay' T
= [ —— selected 1 = 0.08} —— overlay selected .
'EO 06 — tight - 'E . | —— overlay tight ]
) ) | VLCR: 0.8 |l o© | —— overlay loose |
ILD i VLCR: 0.8 ]
8 I b 80 06 F CLIC_03_vi12 a
0 i 1 @ ¢ 1
('_5 004 __ CLICdp preliminary __ c_[s : CLICdp preliminary :
E | | Eooaf ]
o L 4 O i |
S0.02| 4 < .t ]
- g 0.02- ]
0 [ PP B Lo ] 0 L il ]

0 50 100 150 20(¢ 0 50 100 150 20(
jet mass [GeV] jet mass [GeV]

Figure: CLIC_ILD Figure: CLIC_03_v12

@ Again largest differences in loose collection: now much closer to W mass
o For selected and tight selection only small shifts to lower masses

o Comparison with reference (no overlay): use tight selection for W jet mass
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WW /ZZ separation with CLIC_ILD
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WW/ZZ separation with CLIC_ILD

o Studied different jet clustering algorithms: VLC, kT, ee-genkT
o Median of W and Z jet mass distributions

e Separation of medians
° |QR34

sample: ee->qqqq 1.4 TeV R=1.0
T

sample: ee->qqqq 1.4 TeV VLC, B=1.0, y=0.7
T

sample: ee->qqqq 1.4 TeV VLC, R=0.8 B=1.0
T

8 —vLcmoLio 1 2 VLCR06 ] gZOOOV*vW ' 1
‘50.04F 1 $2000F _vicros 1 § | ]
c K ] > —VLCR10O 1 > v10 ]
5 cegenkt 1 Fo000f —weras 1 @0000F —y1s I E
$0.03 E ; ] 0® 1
& 1 gsooof 1 gsooof E
Eooaf oo 1 Zoooof omrmm 1 Ssooof cummvrnme ]
g 1 4000 E 4000 E
0.01 1 1 ]
] 2000 | E 2000 - B
0 ‘ ‘ - 0 . ] 0 ]

0 50 100 150 0 50 100 150 0 50 100 150
large-R jet mass [GeV] large-R jet mass [GeV] large-R jet mass [GeV]

Figure: Different algorithms Figure: Different jet radii Figure: Different VLC v values
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Jet clustering optimisation

@ IQR34: half width of interval around median containing 68% of the distribution, as
used3 IN arXiv:1607.05039v1

@ resulting settings: VLC with R =0.8, 3 =1.0, v =0.7

9O VS > 1200 GeV. [cos(6)| < 0.95, sample: ee->qqqq 1.4 TeV, : 1245.1 fb, L: 1.5 al cuts: V8 > 1200 GeV, [cos(8)| < 0.95, sample: ee->qqqq 1.4 TeV., o: 1245.1 fb, L: 1.5 at
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Separation with VLC r =0.8 8 = 1.0y = 0.7: two exclusive jets
@ Jet mass distributions clearly separated for same amount of WW and ZZ events:

separation of medians around 8 GeV
@ For SM conditions, we expect around ten times less ZZ events (right plot) — Z lies

in W shoulder
-c cuts: Vs > 1200 GeV, |cos(8)| < 0.95, samg\e EE'>SqﬁE 1.4 TeV, 0:1245.1 fb, L: 1.5 ab™ m cuts: Vs > 1200 GeV, [cos(8)| < 0.95, sample: ee->qqqq 1.4 TeV, o: 1245.1 fb, L: 1.5 ab™
r — ] i Wtagged VLG 1
TS ] 220001 — 7 f .
'C—_UO-OA' O RO8 P10 Y07 7] 20000 L 08, (10, y:07 | \\ 1
g r 1 % i medion 387,108, 13 mac 50| | 1
r 1 . [ ol ]
80.03 o 7 88000 - [ ]
L imi ] o r " ]
N CLICdp preliminary 1 % I CLICdp preliminary h
0.02F ] @B000¢ ;
s 1 4000 3
0.01p 1 [ f ]
r 1 2000 4 b
0 L n r T | n 0 : : ‘“M‘\MV’WLf*“'l;._//TL\f'{v_ — ]
0 50 100 15(C 0 50 100 15(
jet mass [GeV] large-R jet mass [GeV]
Figure: scaled to same #events Figure: at expected SM ratio with combination
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Separation with VLC r = 0.8 3 = 1.0y = 0.7: four exclusive jets
@ 4 exclusive jets: combine by X|2/V/z = ((my — mw,2)* + (M — mw,z)?)

@ decreases the low mass tail — improves separation: here around 15% higher
@ scatter plot shows the separation for the same amount of WW and ZZ events

4 81& s > 1200 GeV, |cos(6)] < 0.95, VLC, R:0.8, B:1.0, y:0.7
~ —

! T
cuts: 8 > 1200 GeV, [cos(B)| < 0.95, sample: ee->qqqq 1.4 TeV, o: 1245.1 fb, L: 1.5 ab? = -
1) C W tagged VLC 1=
g [ — Ztagged ]
- R: 0.8, B:1.0, y:0.7 .
i T ] 100}
H+ r median 902, IQR,, 8.6 max: 780.2 ]
[3) r ]
o 0.03 .
g' E CLICdp preliminary E 80
©0.02[ =
0.01f 1 60
[ ] r i e CLICdp prefiminaryT]
- B I I PR 4 I I 1 1 I I
0 P S R |
dijet mass [GeV] i1
Figure: mass jetl vs mass jet2, same amount of
Figure: Using 4 exclusive jets WW and ZZ
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WW/ZZ separation with CLIC_03_v12
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WW/ZZ separation with CLIC_03.v12
@ Use optimisation results from old model to study separation in new model

@ generally slightly lower jet masses
@ overall separation similar to CLIC_ILD: around 8 GeV between medians

cuts: Vs > 1200 GeV, |cos(B)| < 0.95, sample: ee->qqqq 1.4 TeV, o: 1245.1 fb, L: 1.5 ab™ cuts: Vs > 1200 GeV, |cos(6)| < 0.95, sample: ee->qqqq 1.4 TeV, 0: 1245.1 fb, L: 1.5 ab™
8 I —— Wtagged VLC 1 ,}ﬂ [ —— Wtagged VLC ]
0 I —— Ztagged 1 < | —— Ztagged 1
=0.04 I R:0.8, B:1.0, y:0.7 1 o L R: 0.8, B:1.0, y:0.7 4
sl S 1 2004 pooi e 7
e [ CLIC_03 v12 1 & + CLIC_03_v12 g
5 - 1™ : ]
20.03 1 §0.03F .
L CLICdp preliminary ] >Q<' [ CLICdp preliminary ]
0.02} 71 Yo.02F .
0.01f 4 0.01f =

0 PR L 0 -

0 50 100 15( 0 50 100 15(

jet mass [GeV] dijet mass [GeV]
Figure: two excl. jets Figure: four excl. jets
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Outlook

@ Study separation with new
detector further

@ Use average jet mass to

cuts: Vs > 1200 GeV, |cos(8)| < 0.80, sample: ee->qqqq 1.4 TeV
—T T — T T T T T T

reduce tails 8 T W tgged turets | "]
- taggec -
@ Gaussian fit + cut at = R:08, f:10, 1:10
- - £0.06 - i h .
Intersection GC) | median 89.7, IR 5.8 I
mean 89.8, ¢ 5.33 1
@ maximise significance o) L Ziwio2a winw: 085 1
o o) i CLIC_o3_v12 i
o currently: 85% of WW and “’0 04
0 in si =0. ~ -
244) of ZZ events in signal < [ cLicdp prefiminary ]
region =
@ caveat for detector 5 i J
performance: Z decay to c CO 021+ -
and b quarks included L ]
o furthermore: evaluate i 1
missing pr distributions for ekl

new detector model 0 it
o ected 0 50 100 s
@ use jet trimming on selecte average dijet mass [GeV]

timing cut collection
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Summary

Summary

@ Compared timing cuts for new and old CLIC detector model:

timing cuts work out of the box for CLIC_03_v12 (closer to W mass)
loose PFO selection gives better jet mass than before, but tight selection is
still to be preferred

o Looked at WW/ZZ separation in ee — qqqq events:

optimised jet clustering algorithm and parameters

looks hard to separate according to SM cross-sections

for same amount of WW and ZZ events: good separation achieveable
ongoing work: separation with same amount of WW/ZZ
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Backup

Backup
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Summary

Compare old and new detector model: 1.4 TeV

Vs > 1200 Gev |cos(e)| <0.95, ee- >qqqq 1.4 TeV Vs > 1200 GeV |cos(8)| < 0 95 ee- >qqqq 1.4 Tev

025 lIoose T 025 __' lno overlay T ]

—— selected I —— overlay sel E

—— tight [ —— overlay tight ]

VLCR: 1.0 |- —— overlay loose -

0.02 ILD 0.02 VLCR: 1.0 1
CLIC_03_v12

CLICdp preliminary CLICdp preliminary

o hormalised entries
¢ © %
H
(6]
SN & M, MMM M
....I....I....I....I....I'
o hormalised entrias
¢ > X
=Y
(6]
T

0.01 0.01f
005 005 F 3
0 1 e T 0' L AT R B ]
400 500 600 700 800 400 500 600 700 800
jet Energy [GeV] jet Energy [GeV]
Figure: CLIC_ILD Figure: CLIC_03_v12

@ Small differences in compared from old to new detector: now slightly lower energies

o Barely any differences in jet energy between timing cut collections in CLIC_03_v12
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Summary

Compare old and new detector model: 3 TeV
P
Vs > 2800 GeV, |cos(e)| <0.95, ee- >qqqq 3 TeV r > 2800 GeV, |cos(e)| < 0.95, ee-: >qqqq 3 TeVv
$004 ~ —Iuose 1 $003 r — no overlay 1
= | —— selected 1 = I —— overlay sel
= | —tigh 1 = F— | igh
[, 1€ | o
0.03} ILD a VLCR: 0.8
8 L i 80 02| CLIC_03 v12 ]
0 i 1 @ I
- | CLICdp preliminary 4 = CLICdp preliminary
20.021- 1 &
g I 1 2o.01F -
0.01| ] r
0- i AP MR 0-...|...|...
1000 1200 1400 1600 1000 1200 1400 1600
jet Energy [GeV] jet Energy [GeV]
Figure: CLIC_ILD Figure: CLIC_03_v12

@ More sizeable differences between old and new model in jet energy compared to the
1.4 TeV case

o No distinct differences in jet energy between timing cut collections in CLIC_03_v12
or CLIC_ILD
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Summary

Jet mass and energy: loose selected

o Compare collection for CLIC_ILD and CLIC_03_v12 with overlay
@ Loosely selected PFOs, CLIC_03_v12, CLIC_ILD

F > 1200 GeV, |cos(e)| <0.95, ee- >qqqq 1.4TeVv

o©
o
[N

o hormalised entries
C o

Q

(6)]

o
o
&

17} T
(5] F — CLIC 03 leIoose ]
E | — ILDloose 1
50.03 T VLCR: 0.8 t
S [ i
3 r i
t_ﬁooz [~ cLicdp preliminary ]
é [ i
g | :
0.01] ;
ok TSR :

0 50 100

150

jet mass [GeV]

Figure: W jet mass

\r > 1200 GeV, |cos(e)| <0.95, ee- >qqqq 1.4 TeV

o
o
=

A T
L — CLIC 03 v12|oose
[ — CLIC_ILD loose

VLCR: 0.8

CLICdp preliminary

0’..: PP EPSR R
400 500 600 700 800

jet Energy [GeV]

Figure: W jet energy

@ Loose collection usually not considered at 1.4 TeV but considerably better now
o narrower distribution and peak closer to W mass
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Summary

Jet mass and energy: selected

o Selected PFOs compared, CLIC_03_v12, CLIC_ILD

Vs > 1200 GeV, |cos(8)| < 0.95, ee->qqqq 1.4 TeV Vs > 1200 GeV, |cos(8)| < 0.95, ee->qqqq 1.4 TeV
T T T T T T T T 025 T ML
—— CLIC_03_v12 selected [ — CLIC_o03_vi2sel
0.04 - — LD selected I —— CLIC_ILD sel
VLCR: 0.8

L VLCR: 0.8

o
o
(¥

CLICdp preliminary CLICdp preliminary

normalised entries
o o
o o
N w

TR TS BTSSR TR ST
o hormalised entries,
¢ = :

Q
[6)]
T

0.01f
0.01 005 |-
O n P PR | o L L PERFERTIRTEN BTSSR
0 50 100 150 400 500 600 700 800
jet mass [GeV] jet Energy [GeV]
Figure: W jet mass Figure: W jet energy

o Smaller difference in selected collection, shift to slightly lower masses
o closer to W mass
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Summary

Jet mass and energy: tight selected

o Tight selected PFOs compared, CLIC_03_v12, CLIC_ILD

Vs > 1200 GeV, |cos(e)| <0.95, ee- >qqqq 1.4 TeV

a [ —cuc 03 vlznght ' ] _8'025
= [ — ILDtight 1 =
%0-04 i VLCR: 0.8 ] %0.02 7
k5 2 |
2003 1  9o1s
© CLICdp preliminary ©
E0.02F ] £
5 of 5001
c L c N

0.01r 7 0.005

0 L n n .
0 50 100 150

jet mass [GeV]

Figure: W jet mass

\F > 1200 GeV, |cos((-))| <0.95, ee- >qqqq 1.4 TeV

= T
r fCLIC 03 letlght
I —— CLIC_ILD tight sel

VLCR: 0.8

CLICdp preliminary

L=

600

700

800

jet Energy [GeV]

Figure: W jet energy

o Tight selected PFOs show very similar W jet mass distributions
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Summary

Jet mass and energy: loose

o Selected PFOs compared, CLIC_03_v12, CLIC ILD

r > 2800 GeV, |cos(e)| < 0.95, ee- >qqqq 3TeV v” > 2800 GeV, |cos(e)| < 0.95, ee- >qqqq 3 Tev
$0-05 C ' P CLIC 03 v12\oose ] 80'04 F — cuc 03 vlzloose 1
= N —— ILD loose 1 = [ — cLIC_ILD loose 1
%0.04 } VLCR: 0.8 { 50.03 i VLCR: 0.8 R
© r 1 © i 1
B0.03f 12 ]
'c__U ’ N CLICdp preliminary ] (_E 0.02 CLiCdp preliminary a
£ 0.0z 1 1 E | :
50.02F = 5 ]
c H : c L ,
L ] 0.01f b
0.01 ] [ ]
0 b L PR S SR [0 ] 0 B " " " 1 " " " il
0 50 100 150 200 1000 1200 1400 1600
jet mass [GeV] jet Energy [GeV]

Figure: W jet mass Figure: W jet energy

@ W mass peak a lot more pronounced for new model
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W mass Peak height

1 4000uls' E>’ !ZOU'GeV, !00519)'\ <0. 9[5, sarr:p!e e?~>tﬂq'z_1 1.4 TeV, n‘l' 1245'1 fb, L' 1.5 a‘ !
L VLC 05 y1.0 —— VLC $1.0 v0.7 E
- —VLC (1.0 Y10 ——VLC $1.0 713 -
- —VLC (15710 —— kt_algorithm .
12000 |- .
10000 |- .
| cLiCdp preliminary 7
8000 - -
| L L L s | s s " L s
0.5 1 1.5

Figure: Separation of W and Z median

@ medium peak height for VLC with 5 = 1.0 and v = 0.7
o settings with higher peak height lead to worse IQR34/median or median
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Summary

Median
;‘ 90 ts: VS > 1200 GeV, \ms(mkoals‘ sampl: ef»;qqqﬁ!ATeV‘ o: 12451 b, LI:|sal ' ; 1 OU (_s,E>|200 GeV, \cesmn(ogls‘ sample: e?»>qqq'q|4'lre\l‘c 12451 b, leiﬁa— '
Wepos 10— o prayor T [ wcpossto —woproror ]
8 [ —vicporo —weproyes - ] (q-'_)) [ —vcsioro —wcproris ]
P B 4 = 95F —ucpsiio — oo
c N ] c [ 1
© [ ] o r b
8 ] 8 9% ]
E 80 C ] S [ 1
= 0 ] N 85p = ]
750 | r ]
L 4 80 — -
[ cLiCdp prefiminary | [ cLicdp preliminary ]
70 L 1 1 ] 75 L 1 1 1
0.5 1 1.5 0.5 1 1.5
Jet radius Jet radius
Figure: Median of W jet mass distribution Figure: Median of Z jet mass distribution

@ As expected, median of jet mass rises with jet radius: picking up more PFOs
o difficult to get W and Z median right with same setting
e VLC with # = 1.0 and v = 0.7, median around the W mass for r = 0.8
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Summary

Median separation

cuts: VS > 1200 GeV, |cos(0)] < 0.95, sample: ee->qqqq 1.4 TeV, o: 1245.1 fb, L: 1.5 ab”
| — T T

s F ' ]
(O] F | 1
9 9fF .
c C ]
9 C \ JI\ ]
© 85 |\ 7
— r / ]
s | ;
(o) 8 L | CLICdp preliminary .
U) L y -
% N ‘\“ ——VLC 05710  — VLC$1.0707 |
g 7-5 N \ f‘ —VICP10710  —— VLC 10713 ]
g ¢ N esise :

1 L L L L 1 1 L n
S o5 1 15

jet radius
Figure: Separation of W and Z median
o Flatness at high radii expected, W and Z jets both pick up more mass

@ VLC with f = 1.0 and - = 0.7 achieves high separation around 9 GeV
WW)/ZZ separation August 29, 2017 21 /21



Detailed comparison: Change in /s cut

sample: ee->qqqq 1.4 TeV, 0: 1245.1 fb, L: 1.5 ab™
(551200 Gev T
{s>500 GeV
{5<500 GeV
s>0 GeV
VLCR0.6 B10y0.7

sample: ee->qqqq 1.4 TeV, 0: 1245.1 fb, L: 1.5 ab™
T T T

[~ — (s>1200 GeV
I —— Vs>500 GeV
| — Vs<500 GeV
— 5>0 GeV
VLCR15B10y0.7{

o
o
®

o

o

K
——

(;rlcdp preliminary CLICdp preliminary

o
o
N
normalisgd entries
o
N
T

normalisgd entries
o
w

o
o
=

0.01

0 : 0 == e A R

0 50 100 150 0 50 100 150
large-R jet mass [GeV] large-R jet mass [GeV]
Figure: r = 0.6 Figure: r =1.5

@ /s > 1200GeV,\/s > 500 GeV, /s < 500 GeV, /s > 0 GeV
@ low boost — not the whole W captured in one jet

o for high radii (here 1.5) low mass bump vanishes already for /s > 500 GeV, but
high mass tail
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Summary

Detailed comparison: Change in | cos(f)| cut

sample: ee->qqqq 1.4 TeV, 0: 1245.1 fb, L: 1.5 ab
— T —

[cos(6)]<0.95
[cos(B)]<= 1.0
|c0s(8)[>0.95
VLCRO.8 B1.0 y0.7
15>1200 Gev

o
o
K

\CLICdp preliminary

normalised entries
o o
o o
N w
e

©
o
=

0 L L f ri L
0 50 100 150

large-R jet mass [GeV]
Figure: |cos 6| < 0.95,all,| cos @] > 0.95

@ cos @ cut on quarks

o forward region: part of the jet not captured
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Detailed comparison: Change in VLC 3

cuts: VS > 1200 GeV, [cos(8)] < 0.95, sample: ee->qqqq 1.4 TeV, o: 1245.1 fb, L: 1.5 ab”
L B e e e e e L

QZOOO [ — vicros pos yo7 R
ST ;
w0 ]
ésooo - : :
X600 e ]
4000 | .
2000 |- .
0 L T N ]
0 50 100 150

large-R jet mass [GeV]
Figure: 3 =0.5,=1.0,=1.5

@ For boosted events not important (clustering order) ?
o will check influence of 3 for 4 excl. jets at lower energies
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