ete > v. o WTW - and ete” — v .7, ZZ°

David Ward and Wenbiao Yan

.5 UNIVERSITY OF
4P CAMBRIDGE

e WW scattering analysis
e Breit-Wigner width @ W/Z
e Z/W separation

e Summary and outlook



e WW scattering

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

e Improvement @ this work (work in progress)

— LDCO00Sc detector model
— PandoraPFO PFA
— C++ 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,.ccoii >= 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 Y34 > 0.001
* Jet energy: Ej.; > 10.0 GeV
x Jet theta: |cos(0)| < 0.99

e Kinematic fitting: Not yet

— 1C: the two dijet masses are constrained to be equal



Breit-Wigner width © four primary partons

e 4 primary quarks @ ete™ — V.U, WTW ™ — v.U.q19293q94 and
@cte™ — VeV_eZOZO — Veleq192934a

| 2-jet mass @ Primary parton | ———NPartonMass ___ | 2-jet mass @ Primary parton | ——lbartonMass ___
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e PYTHIA: W: 2.085 GeV Z: 2.4973 GeV

e Breit-Wigner width T’ 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 n — ¢ plane —-
correctly combine two jets into one W

| 2-jet mass @ Parton shower | = showerMass___| | 2.jet mass @ Parton shower | s
Mean 79.45 Mean 89.63
~ RMS 9.003 ~ RMS 9.445
250— X2 I ndf 1749177 - X2/ ndf 185.9/77
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e Breit-Wigner I': increase by factor ~ 2.6(W)/2.0(Z) with respect to four
primary partons



Breit-Wigner width © hadronization

Stable hadrons after hadronization

e Matching four primary partons to reconstructed jets in 1 — ¢ plane

| 2-jet mass @ hadronization | MMHM% | 2_jet mass @ hadronization | hHadronizationMass

Entries Entries 6880
Mean 80.77 Mean 90.95
240 RMS 9.49 240 RMS 9.608
X2/ ndf 122177 X2/ ndf 1287177
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e Breit-Wigner I': increase by factor ~ 1.03(W)/1.08(Z) 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(6)) < 0.995)

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

| 2-jet mass @ hadron level | _—fHadMass 1 | 2-jet mass @ hadron level | . fHaduass
M 78.97 Mean 87.71
F RMS 9.086 RMS 10.7
180— X2/ ndf 111.6 /77 C X2/ ndf 166.4/ 77
C po 1127+20.1 160 poO 1087 +19.1
- pl 79.82 £ 0.06 o p1 90.57 £0.07
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e Breit-Wigner I': increase by factor ~ 1.05(W)/1.17(Z) 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

Entries hutass 4330 2'j et mass Entries puass 4402
- RS o503 RS 1106
160— X2/ ndf 35.41/37 I~ X2/ ndf 61.46 /37
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e Breit-Wigner Q Gaussian fitting: Fixing Breit-Wigner width (W: 5.63 GeV;
Z: 6.13 GeV;) as Breit-Wigner width @ before detector simulation, Gaussian
width describe the contribution to resolution from PFA and detector effect,

which are ~ 3.71(W)/4.19(2)



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

e Select a good jet pairing

- |M;3 — MW/Zl + |MJB; — MW/Zl: Min. value

| 2_1 et mass @ Jet pairing | Entries hutassZ 4604 | 2_.] et mass @ Jet pairing | Entries niass2 4334
Mean 78.23 Mean 88.5
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Z /W separation

L
(a) Four primary partons (b) Partons by parton shower
[2-jet mass @ Primary parton | ZZ jets [2-jet mass @ Parton shower ] ZZJets
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(d) Hadrons w/o neutrins
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Z/W separation: (M + M

L]
(a) Four primary partons (b) Partons by parton shower
(M™+M7)/2.0 @ Primary parton I ZZ Jets (M™ +M})/2.0 @ Parton shower I ZZ )ets
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.. ATA B
Z/\W separation: M vs. M

(a) Stable hadrons by hadronization

w/o0 neutrins and @ beam pipe
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(b) Detector PFA
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Summary and outlook

We begin to have WW analysis.

Breit-Wigner width of W/Z by using the partons at parton level and k1 jet
finder increase by factor ~ 2.6(W)/2.0(Z) with respect the natural width.

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

Breit-Wigner ® Gaussian fitting have ~ 3.95(W)/4.05(Z) GeV for detector
and PFA effect.

W /Z separation plots are available.
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