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WW scattering: Motivation

The Higgs does not exist...

* if no Higgs is found at LEP, Tevatron, LHC, LC:

* very fundamental arguments require: something must happen on the TeV scale

* one possibility: a new strong interaction (WW rescattering) plays the role
of the Higgs
there are no fundamental scalars in nature, "fermioncentric" world,
either no Higgs exists, or the Higgs is composite
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e WW scattering

e Published works @ Linear Collider
— LC-PHSM-2001-038: SIMDET for TESLA © 800 GeV

e Improvement @ this work

— LDCO00Sc detector model
— PandoraPFO PFA
— C+4++ k; jet finder: Ktlet package in Marlin



WW /ZZ event selection @ 500 GeV

e We follow the paper LC-PHSM-2001-038, and need to tune cut value in
the future.

e Event selection: reject events with a significant fraction of neutrinos

— Recoil mass: M, cco51 >= 120.0 GeV
— Total transverse momentum: pr >= 12 GeV
— Total transverse energy: Er >= 90 GeV
— Total missing momentum and most energetic track: | cos(0)| < 0.99
— Energy in a 5° cone of most energy track: E. .. >= 2.0 GeV
— Force events to have 4 jets, and Y3, > 0.001
x Jet energy: Ej.; > 10.0 GeV
x Jet theta: |cos(0)| < 0.99



Breit-Wigner width © four primary partons

e 4 primary quarks @ ete™ — V.U WTW ™ — V.U.q192q3q4

e 4 primary quarks @ ete™ — v .7.Z°Z° — v.U.q19293q4
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e Breit-Wigner width I’ is close to natural widths



Breit-Wigner width @ parton shower

e Partons after parton shower by four primary partons

e Matching four primary partons to reconstructed jets in 7 — ¢ plane

| 2-jet mass @ Parton shower | EiShoweriass | | 2-jet mass @ Parton shower | - hShowerltass__|
Mean 79.38 Mean 89.72
~ RMS 8.944 RMS 9.449
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e Breit-Wigner I': increase by factor ~ 2.5 with respect to four primary
partons



Breit-Wigner width © hadronization

e Stable hadrons after hadronization

e Matching four primary partons to reconstructed jets in n — ¢ plane

| 2-jet mass @ hadronization | -pHadronizationMass | [ 2.jet mass @ hadronization | | (MHadronizationtfass |
Mean 80.84 Mean 91.08
- RMS 9.689 RMS 9.716
- x*/ ndf 96.63/ 76 B x*/ ndf 90.76 / 77
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e Breit-Wigner I': increase by factor ~ 1.1 with respect to parton level



Breit-Wigner width © before detector simulation

e Hadrons after hadronization: stable particle in the generator, remove
neutrinos and particle in beam pipe (T'"Math :: Abs(cos(0)) < 0.995)

e Matching four primary partons to reconstructed jets in n — ¢ plane

| 2-jet mass @ hadron level | _ftadilass 1 | 2-jet mass @ hadron level | o Hadiass
Mean 78.84 Mean 87.9
- RMS 9.349 RMS 10.83
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e Breit-Wigner I': ~ 1.1 with respect to complete hadronic final state



Breit-Wigner width © detector level

e Particle flow objects: PandoraPFO PFA

e Matching four primary partons to reconstructed jets in 7 — ¢ plane
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e Fixing Breit-Wigner width (W: 5.95 GeV; Z: 6.99 GeV) and using Breit-
Wigner Q Gaussian when fitting mass distribution



Breit-Wigner width © detector level

e Particle flow objects: PandoraPFO PFA

e Four jets — C7/2 = 6/2 = 3 pairs (pair: two 2-jet groups) per event
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Z /W separation

L
(a) Four primary partons (b) Partons by parton shower
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Z /W separation

(a) Stable hadrons by hadronization (b) Detector PFA
w/o neutrins and @ beam pipe

ZZ jets ZZ jets
MA vs MB @ hadron level Entries 638 MA vs MB Entries 545
b i Meanx  88.17 LI— Meanx  87.82
- Mean y 87.94 o Mean y 88.11
r 10.91 - 1063
110: %Wjets 110: o %Wjet
[ o Entries 630 :ODE Entries 536
- Mean x 78.3 Mean x 77.46
100 E_ Mean y 78.96 100 E"D Mean y 79.14
- RMS x 8.846 r I:ID RMS x 9.619
90 |- o RMS y 8.983 | 90% ocﬁ SMSY 9.547
o o o [0 o R o
Mo o o © ° r % o o o°o
& - o o o
sop- H ° =8 80 O g o
C O oO~ o - o @
L ® oo - g o
70— 0% 70— o
C o o C O o
C o = 0 &g oD o
60 — 60— o
C & og C o
L o o L [
5....|....|..'F!-|.|....|99EI....l... 7] PR [P HEP S U kS = | NP B « S
%O 70 90 100 11 E 120 %O 60 70 80 90 100 110 120
(c) Detector PFA & jet pairing
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Summary and outlook

e We begin to have WW analysis.

e Breit-Wigner width of W/Z by using the partons at parton level and kr
jet finder increase by factor ~ 2.5 with respect the natural width.

e Hadronization and missing particle (neutrinos and particle in beam pipe)
have small effect (~ 10%) to Breit-Wigner width.

e Breit-Wigner @ Gaussian fitting have ~ 3.9/4.3 GeV for detector and PFA
effect.

e W/Z separation plots are available.
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