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@ /LD Introduction

© SM Analyses
@ Higgs: cross section o,y & mass my
@ Tau Pairs: 0, and Arp
@ Tau Pairs: Polarisation P,

© SUSY Analyses
@ Muon Signatures in SPS1a’
@ Stau Pair Production in SPS1a’

e Summary
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Overview

LC, ILD, and Lols... what?

o ILC: guess you have heard about this one
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Overview

. ILD, and Lols... what?

o ILC: guess you have heard about this one

@ Lol: Letter of Intent (request issued in spring'08)
— deadline for Lol's of all ILC detector concepts: March 31, 2009

@ ILD: International Linear Detector
Originally two concepts: the European LDC and the Asian GLD,;
work on a common concept (ILD) started during winter'07 /spring'08

— Optimisation studies for six different ILD detector models:
3 based on GLD & 3 on LDC simulation software

A lot of effort went into the ILD Lol document , mostly
due to a detailed & realistic simulation of the entire ILD detector!

=> A year can be very short, but: we made it! ...even on-time

http://www.ilcild.org/documents/ild-letter-of-intent/LOI.pdf
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Overview

The analyses were not done to show
the ultimate ILC precision reach,
but to help optimise the ILD detector
using “real” physics observables!

Z H-recoil (— my, 0z, and BRs),
r7-prod. (— 0,7, Ars, Pr),

Xi X1 (B X3) — W(Z)XYW(2)X) (gaugino masses)

i production (— mgo, Mgy and mg, ),

T system (mz, P — 7-mixing & underlying model parameters)
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Overview

nalyses Prerequisites

o WHIZARD generator files:
produced at SLAC for all four possible configurations of fully polarised
beams, being ++4, +—, —+, ——
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Overview

nalyses Prerequisites

o WHIZARD generator files:
produced at SLAC for all four possible configurations of fully polarised
beams, being ++4, +—, —+, ——

@ Simulation Data Samples:
SM (& most common SUSY) background is also centrally produced
background: [ £ dt > 250 fb~?
signals: [Ldt~1...2ab7 !

a HUGE effort — production of 44 million events in total!
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Overview

alyses Prerequisites

o WHIZARD generator files:
produced at SLAC for all four possible configurations of fully polarised
beams, being ++4, +—, —+, ——

@ Simulation Data Samples:
SM (& most common SUSY) background is also centrally produced
background: [ £ dt > 250 fb~?
signals: [Ldt~1...2ab7 !

a HUGE effort — production of 44 million events in total!

@ Detailed detector simulation: for sim. events
use reasonable geometries for all subdetectors; include accurate
descriptions of dead regions, support structures & even cabling

@ Full reconstruction for all events utilised in optimisation studies
and/or physics analyses (no reference to MC truth information)
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ILD Detector
“Basics”



ILD Introduction

Quadrant view of the ILD detector Number of hits for sim. charged
as implemented in the simulation particle tracks versus cos 6
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ILD Introduction

ILD Detector

Quadrant view of the ILD detector Rad. lengths A; of the material
as implemented in the simulation from all ILD tracking detectors
699

Material budget
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ILD Introduction

LD Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

Tracking efficiency for simulated tf — 6 jet

Efficiency [%]
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

o ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

o ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition

Purity [%)]

Flavour tagging:

b-tag: excellent b-jet recognition

c-tag: reasonable discrimination of

c-jets vs light quark- & b-jets 20| evaluated for:

_ _ Z—qq at Vs'=91 GeV
bc-tag: very good b/c-jet separation %%z o021 o6 o8 1

Efficiency
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

o ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

o ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition

@ Magnet: large volume, superconducting solenoid: B=3.5T

@ Yoke + pu-Detector: flux return and p measurement
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ILD Introduction

D Detector Characteristics

@ VTX: 3 double Si-layers — high impact parameter resolution

@ TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition

Magnet: large volume, superconducting solenoid: B=35T

Yoke + p-Detector: flux return and pu measurement

Forward Region: precise, rad.-hard detectors extend calorimetric
coverage to ~4m, provide L-estimate & monitor beam quality

Daniela Kaifer 3rd HGF Alliance WS INEYAPRPLIIE Selected ILD Analyses 8/47



=

ILD Introduction

D Detector Characteristics

VTX: 3 double Si-layers — high impact parameter resolution

TPC: up to 224 space points per track and very little material
— high momentum resolution & good dFE/dx ~ 5%

ECAL+HCAL: fine lateral & longitud. segmentation
Small e/m-ratio — crucial to separate charged & neutral hadronic clusters
— flavour tagging, pattern recognition

Magnet: large volume, superconducting solenoid: B=35T

Yoke + p-Detector: flux return and pu measurement

Forward Region: precise, rad.-hard detectors extend calorimetric
coverage to ~4m, provide L-estimate & monitor beam quality

All resolutions are implemented in the ILD detector simulation !
(- . . material is also accounted for)
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SM Higgs Boson
Cross Section & Mass



SM Analyses

iggs Production @ ILC

Higgs—Strahlung: o ZZ-Fusion:
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SM Analyses

ggs Production @ ILC
Higgs—Strahlung: o ZZ-Fusion:

e+
@ assume a Higgs mass of my = 120 GeV (done @ /s = 250 GeV)

@ well-known ILC initial state & clean eTe™ environment
— Z H-recoil analysis of leptonic Z-decays
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SM Analyses

ggs Production @ ILC

Higgs-Strahlung: o ZZ-Fusion: o
H
e* et

@ assume a Higgs mass of my = 120 GeV (done @ /s = 250 GeV)

@ well-known ILC initial state & clean eTe™ environment
— Z H-recoil analysis of leptonic Z-decays

@ identify a well-measured lepton pair compatible with the Z-boson
— independent of H-decay: mpy = Myrecoil
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SM Analyses

ggs Production @ ILC

Higgs-Strahlung: o ZZ-Fusion: o
H
e* et

@ assume a Higgs mass of my = 120 GeV (done @ /s = 250 GeV)

@ well-known ILC initial state & clean eTe™ environment
— Z H-recoil analysis of leptonic Z-decays

@ identify a well-measured lepton pair compatible with the Z-boson

— independent of H-decay: mpy = Myrecoil

Analysis optimised for Higgs-Strahlung process — latest results!
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SM Analyses

Signal Selection

o Consider both polarisation modes P(e; e};) and P(eze; ), a beam
energy spread of Fj =0.28% .- /0.18%.+) and beamstrahlung

Lepton identification & background suppression:
@ discard lepton tracks with large uncert. dp on reco’'d momentum p

@ use calorimetric information for lepton-IDs

= Signal efficiencies: €(.+.-x) = 98.8%, e+, x) = 95.4%
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SM Analyses

Signal Selection

o Consider both polarisation modes P(e; e};) and P(eze; ), a beam
energy spread of Fj =0.28% .- /0.18%.+) and beamstrahlung

Lepton identification & background suppression:
@ discard lepton tracks with large uncert. dp on reco’'d momentum p

@ use calorimetric information for lepton-IDs

= Signal efficiencies: €(.+.-x) = 98.8%, e+, x) = 95.4%

Further requirements on:

o dilepton: mass my,, transv. mom. pr ., acoplanarity Ay, and. ..
to suppress radiative Z — ¢/ background (w. ISR a/o beamstrahlung)

e transverse momentum balance: pb* = pr ,, — p2

@ and for events with at least 2 additional tracks: |A8,,,s]
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SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW': F
@ multi-variate likelihood analysis:

ﬁe+ﬁg— )
|pg+ ||pg— ‘

acolinearity Acol = acos (

acol (rad)

Daniela Kafer 3rd HGF Alliance WS INEYAPRPLIIE Selected ILD Analyses 12 /47



SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW':

@ multi-variate likelihood analysis:

norm.

acolinearity Acol = acos (M)

|ﬁg+||ﬁg—‘
polar angle 4,
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SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW': = | ‘

@ multi-variate likelihood analysis:

acolinearity Acol = acos (%)
|pg+||pg—‘

polar angle 4,

transv. mom. pz 4 and

0 20 40 60 80 100 1
Py (GeV

0

~ 1o Bl
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SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW':

@ multi-variate likelihood analysis:

acolinearity Acol = acos (%)
|pg+||pg—‘
polar angle 4,
transv. mom. pz 4 and
the invariant mass my, 0 50 100 150
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SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW':
@ multi-variate likelihood analysis:

ﬁe+ﬁg— )

acolinearity Acol = acos (ﬁ
|pg+||pg—‘

polar angle 4,
transv. mom. pz 4 and
the invariant mass my,

0 50

I
100

] ‘2(‘)0 2;50
M, (GeV)

150

e Optimise likelihood w.r.t. S/v/S + B of remaining events
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SM Analyses

H Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW':
@ multi-variate likelihood analysis:
acolinearity Acol = acos (M)

|ﬁg+||ﬁg—‘
polar angle 4,
transv. mom. pz 4 and

200 250

the invariant mass my, 0 50 100 150

M, (GeV)

e Optimise likelihood w.r.t. S/v/S + B of remaining events

8000 T T T T m 30 LI} T T T
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U) 1]
. 25F E

6000, — Signal 12 :
'*. - - - Background D20f E E
4000} =, 1 s} E
10F : fL>0.26 E

2000 ] ;
. st : ]
vy - B S e
fLcut fLcut
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SM Analyses

Signal Selection, cont'd

Rejection of diboson bkgd. ZZ, WW':

@ multi-variate likelihood analysis:

ﬁe+ﬁg— )

acolinearity Acol = acos (ﬁ
|pg+||pg—‘

polar angle 4,
transv. mom. pz 4 and
the invariant mass my,

I
100

150

250

0 50 200
My (GeV)
e Optimise likelihood w.r.t. S/v/S + B of remaining events
8000 T T T T m 30 LI} T T T
z + :
U) 1]
. 25 ]
6000, — Signal 12 :
- - - - Background @20 E E
4000} =, 1 15 E
o : : _ ;
@ cut on fr, varies slightly 5400 1" i fL>0.26
depending on polarisation 3 : E
. L L L it L L L
mode and analysis type... % 02 04 06 08 1 C0 02 04 06 08 |
fcut fLcut
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SM Analyses

- Sig+Bkg 80 . Sig+Bkg 1
S 120 — Sig e — Sig ]
& 100 —— Fit to Sig+Bkg > 60 i —— Fit to Sig+Bkg
B Ik e Fit to Bkg < bW Fit to Bkg
o 80 o )
T i 40

0 150 130 140 150 0 1é0 150 140 10
Mrecoil (GeV) Mrecoil (GeV)
(r—x0)?
P L T=T0
f(z) =N 7
(-7/'_1'0)2 k,’l?*,’l?g k2
B-e 200 +(1-=p)e o e2 %>k

Fit assumes Gaussian-like signal and polynomial func. for background
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SM Analyses

o 140 . Sig+Bkg ~ b . Sig+Bkg 1
120 — Sig o 60 — Sig .
5100 —— Fit to Sig+Bkg > + ‘ —— Fit to Sig+Bkg
Mt e Fit to Bkg < [ M e Fit to Bkg b
o 80 © 40~ ik
@ T ]
60 [ ]
40 20 4 A
20 ... B Y ‘
I e
0 1 -------- . E 0 ! T -
120 130 140 150 12 130 140 150
Mrecoil (GeV) Mrecoil (GeV)
(r—20)? B
¢ 202 L L0 o g
flz) =N ) 7
(-7/'_-7/'0) T—X k2
-5 —k = T—xg
B-e 202 + (1=p)-e o e2 T>k

Fit assumes Gaussian-like signal and polynomial func. for background
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SM Analyses

~ 40 . Sig+Bkg o 80 . Sig+Bkg 1
S 120 Sig e Sig 1
& 100 ‘ — Fitto Sig+Bkg J >~ 60 —— Fitto Sig+Bkg
. F K Fit to Bkg I W - Fit to Bkg ]
z | 2 40 i
L 60 L

120 130 140 7150 0 120
Mrecoil (GeV) Mrecoil (GeV)

130 140 150

Model-indep. (MI) vs. model-dep. (MD) analysis, assuming SM decays & BRs
for the Higgs — add. tracks & improved selection — further backgr. reduction

channel d(my) cross section stat. error §(o )

X 37 /31 MeV +0.39 / +£0.32 fb 3.4% / 2.8%

eeX 87/66 MeV  £0.62/+045fb  4.9% / 3.6%

eeX @ ppuX 34/28 MeV 2.8% /2.2%
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SM Analyses

achine & Detector Influences

= ] = ]
© 0.5 ! @ 0.5 =
g 0.4F —— Generator Level E g 0.4F —— Generator Level E
et Width =560 MeV ] et Width =560 MeV ]
0-3? --------- Reconstructed Data 7 0-3? --------- Reconstructed Data 7
F Width =650 MeV ] F Width =750 MeV ]
0.2 = 0.2 =
01F E 01F E
Ed ] O e,
0.0 120 130 140 150 0.0 120 130 140 150
Miecoil (GeV) Mrecoil (GeV)

@ L-spectrum & detector response — peak width in my distribution
\\ depends on intrinsic Epeq, spread & beamstrahlung for every /s
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SM Analyses

achine & Detector Influences

= ] = ]
© 0.5 ! @ 0.5 =
g 0.4F —— Generator Level E g 0.4F —— Generator Level E
et Width =560 MeV ] et Width =560 MeV ]
0-3? --------- Reconstructed Data 7 0-3? --------- Reconstructed Data 7
F Width =650 MeV ] F Width =750 MeV ]
0.2 = 0.2 =
01F E 01F E
Ed ] O e,
0.0 120 130 140 150 0.0 120 130 140 150
Miecoil (GeV) Mrecoil (GeV)

@ L-spectrum & detector response — peak width in my distribution
\\ depends on intrinsic Epeq, spread & beamstrahlung for every /s

@ influence of detector response differs:

channel IMiotal dMmachine dmget
X 650 MeV 560 MeV 330 MeV
eeX 750 MeV 560 MeV 500 MeV
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SM Analyses

achine & Detector Influences

= ] = ]
© 0.5 ! @ 0.5 =
g 0.4F —— Generator Level E g 0.4F —— Generator Level E
et Width =560 MeV ] et Width =560 MeV ]
0-3? --------- Reconstructed Data 7 0-3? --------- Reconstructed Data 7
F Width =650 MeV ] F Width =750 MeV ]
0.2 = 0.2 =
01F E 01F E
Ed ] O e,
0.0 120 130 140 150 0.0 120 130 140 150
Miecoil (GeV) Mrecoil (GeV)

@ L-spectrum & detector response — peak width in my distribution
\\ depends on intrinsic Epeq, spread & beamstrahlung for every /s

@ influence of detector response differs:

pupX @ momentum resol. — only small broadening of my-peak
eeX : bremsstrahlung — widens mg-peak considerably
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SM Analyses

achine & Detector Influences

= ] = ]
© 0.5 ! @ 0.5 =
g 0.4F —— Generator Level E g 0.4F —— Generator Level E
et Width =560 MeV ] et Width =560 MeV ]
0-3? --------- Reconstructed Data 7 0-3? --------- Reconstructed Data 7
F Width =650 MeV ] F Width =750 MeV ]
0.2 = 0.2 =
01F E 01F E
Ed ] O e,
0.0 120 130 140 150 0.0 120 130 140 150
Miecoil (GeV) Mrecoil (GeV)

@ L-spectrum & detector response — peak width in my distribution
\\ depends on intrinsic Epeq, spread & beamstrahlung for every /s

@ influence of detector response differs:
pupX @ momentum resol. — only small broadening of my-peak
eeX : bremsstrahlung — widens mg-peak considerably

@ mass resolution is clearly machine-dominated in ppu X, while both
(machine & detector) have about similar importance in eeX
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Tau Pairs

orr | Apg | Pr



SM Analyses

...at v/s = 500 GeV is challenging, even @ ILC
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SM Analyses

...at v/s = 500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)
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SM Analyses

...at /s =500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)

@ aim to measure:

Orr,
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SM Analyses

...at /s =500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)

@ aim to measure:
o+, forw.-backw. asymmetry Agg,
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SM Analyses

...at /s =500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)

@ aim to measure:
o+, forw.-backw. asymmetry Agg, and 7 polarisation!
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SM Analyses

...at /s =500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)

@ aim to measure:
o+, forw.-backw. asymmetry Agg, and 7 polarisation!

Reconstructing 7-leptons — require exactly 2 candidate 7-jets
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SM Analyses

easuring 7-Pairs...7?

...at /s =500 GeV is challenging, even @ ILC

@ 7's are highly boosted — decay products (mainly 74, mo, €, and p)
concentrate in narrow angle

@ T reconstruction: separating nearby tracks & photons
— study detector performance, esp. particle flow algorithm (PFA)

@ aim to measure:
o+, forw.-backw. asymmetry Agg, and 7 polarisation!

Reconstructing 7-leptons — require exactly 2 candidate 7-jets
@ only select events with < 7 tracks and 2 opp. charged jets as 777~ pairs
(since about 99% of all 7-decays contain less than 3 charged particles)

@ extremely small opening angle < 50 mrad of assumed 7-decay products,
or: small opening angle <1 rad and mj,, < 2 GeV
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SM Analyses

election of 77 Pairs (background suppression)

Main backgrounds: ee — ee (Bhabha), WW — fv by, ~~(— 77T)
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SM Analyses

>election of 77 Pairs (background suppression)

Main backgrounds: ee — ee (Bhabha), WW — fv by, ~~(— 77T)

@ opening angle betw. 7 candidates 2 [ i
— suppresses WW — £ vlv bkgd. }3107? ;ﬂm “*““”f
ol : . ey/vy Bhabrﬁ";:
@ cut on |cosf| for both 7-leptons 10 3 2nint i '"'“""""-'"-'"-ﬂ.-'.-;;,\i
— suppresses Bhabha events 105?
10‘%
a T
Wy ol
i h |In Lol i

100 150
Opening angle [deg.]
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SM Analyses

election of 77 Pairs (background suppression)

Main backgrounds: ee — ee (Bhabha), WW — fv by, ~~(— 77T)

@ opening angle between 7 candidates 2 f T
— suppresses WW — (vlv bkgd. 2407F f},"',m el
w £ ovlr Bhabhla__-'f
@ cut on |cos@| for both 7-leptons 10 3 2nint i .'w.w_.\-ﬂw.-'eﬁ'j
— suppresses Bhabha events 105? ey
i
@ calorimetric info. and e/u-ID 10%%
X M,
— reject pure ee/pup background 103% w—‘/ I n
A BTN L
0 100 150

Opening angle [deg.]
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SM Analyses

election of 77 Pairs (background suppression)

@ opening angle between 7 candidates 2
— suppresses WW — (vl bkgd.

@ cut on |cos@| for both 7-leptons
— suppresses Bhabha events

@ calorimetric info. and e/u-1D
— reject pure ee/pup background

o 0 500 800 400 500
@ visible energy: 40 < E,;s < 450 GeV Evis [GeV]
lower bound: against vy bkgd.
upper bound: against Bhabha events
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SM Analyses

lection of 77 Pairs (background suppression)

@ opening angle between 7 candidates
— suppresses WW — (vl bkgd.

@ cut on |cos@| for both 7-leptons
— suppresses Bhabha events

@ calorimetric info. and e/u-1D
— reject pure ee/pup background

o 500 800 400 500
@ visible energy: 40 < E,;s < 450 GeV Evis [GeV]
lower bound: against vy bkgd.

upper bound: against Bhabha events

@ requirement on E** supresses nearly all remaining Bhabha events
(30 < Emaer < 240 GeV)
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SM Analyses

lection of 77 Pairs (background suppression)

@ opening angle between 7 candidates
— suppresses WW — (vl bkgd.

@ cut on |cos@| for both 7-leptons
— suppresses Bhabha events

@ calorimetric info. and e/u-1D
— reject pure ee/pup background

o 500 800 400 500
@ visible energy: 40 < E,;s < 450 GeV Evis [GeV]
lower bound: against vy bkgd.

upper bound: against Bhabha events

@ requirement on E** supresses nearly all remaining Bhabha events
(30 < Emaer < 240 GeV)

= Background can be suppressed to =~ 10% of the 77 signal!
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SM Analyses

oss Section o & Asymmetry Afg

Cross section can be determined with stat. precision of ~ 0.30%

D € N [10%] Njp [10%] d0rr
Plerer) 92.4% 15.8% ~125.4 ~10.3  0.29%
Pleger)  93.6%  16.3% ~103.2 ~7.1  0.32%
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SM Analyses

oss Section o & Asymmetry Agg

Cross section can be determined with stat. precision of ~ 0.30%

D € N [10%] Njp [10%] d0rr
Plerer) 92.4% 15.8% ~125.4 ~10.3  0.29%
Pleger)  93.6%  16.3% ~103.2 ~7.1  0.32%

The statistical error is dominated by signal statistics, not background statistics,
e.g.. doubling the background leads to ¢ o = 0.30% and 0.33%, not worse!
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SM Analyses

oss Section o & Asymmetry Agg

Cross section can be determined with stat. precision of ~ 0.30%

D € N [10%] Njp [10%] d0rr
Plerer) 92.4% 15.8% ~125.4 ~10.3  0.29%
Pleger)  93.6%  16.3% ~103.2 ~7.1  0.32%

The statistical error is dominated by signal statistics, not background statistics,
e.g.. doubling the background leads to ¢ o = 0.30% and 0.33%, not worse!

T
—— all

—— T+T—
—— Bhabha

k —— ee—up

Determine the:

Events

6000
forward-backw. asymmetry Agg :Lﬁ

—o— 2l+Vv

from the angular distribution of the
—— yy -l

L 4000 <3,
momentum direction of 7-leptons! .

L —— other ey/yy
r —— other

2000
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SM Analyses

0ss Section o, & Asymmetry Arg

Cross section can be determined with stat. precision of ~ 0.30%

D € N [10%] Njp [10%] d0rr
Plerer) 92.4% 15.8% ~125.4 ~10.3  0.29%
Pleger)  93.6%  16.3% ~103.2 ~7.1  0.32%

The statistical error is dominated by signal statistics, not background statistics,
e.g.. doubling the background leads to ¢ o = 0.30% and 0.33%, not worse!

%) T T ]

Determine the: 5 I — all 1

Lﬁ 6000 —— T+T— —

forward-backw. asymmetry Agg K —— Bhabha 1

o I e

from the angular distribution of the 4000 144 o 2l4v ]

momentum direction of T-leptons! FeS — -l :

F —— other ey/yy -

r —— other 1

Shown for 7, but it looks exactly 20001, "\i\\ ;,

analogue for 7~ leptons due to the :+ S PRy
. o $e ¢

demand on the opening angle (>178°) 05 -3 5 o 91
cos

Daniela Kafer 3rd HGF Alliance WS INEYAPRPLIIEE Selected ILD Analyses 18 /47



SM Analyses

0ss Section o, & Asymmetry Arg

Cross section can be determined with stat. precision of ~ 0.30%

D € N [10%] Njp [10%] d0rr
Plerer) 92.4% 15.8% ~125.4 ~10.3  0.29%
Pleger)  93.6%  16.3% ~103.2 ~7.1  0.32%

The statistical error is dominated by signal statistics, not background statistics,
e.g.. doubling the background leads to ¢ o = 0.30% and 0.33%, not worse!

—
—— all

m |- " " " ) ) ) ) .

Determine the: g L ]
31 6000 — T :

forward-backw. asymmetry Agg Lﬂ —— Bhabha
r —— ee—> Ul 1

from the angular distribution of the L o 2l4v ]
momentum direction of 7-leptons! 4000*-.". — ol 1
P ’ s —— other ey/yy A

r —— other §

2000~ -

Plepes) : Arg = 52.4+0.3% i M~ 1
L S dtemiternarst IO |

Plerer) : Ars 2+0.3% o5 05 0 05 1
cos 0
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SM Analyses

ecay Modes & Separation

Dominant 7~ decay modes, c.c. for 77:

TT — e U Uy 17.9% T — 7w /[ pr
T — WU,y 17.4% highest sensitivity
T > T U, 10.9% to T-polarisation P,
T = p v, — 7wl 25.2%

T — ay Vr — TV, 9.3% (1-prong), 9.0% (3-prong)
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SM Analyses

Decay Modes & Separation

Dominant 7~ decay modes, c.c. for 77:

TT — e U Uy 17.9% T — 7v /[ pv
T — uT O,y 17.4% highest sensitivity
T > T U, 10.9% to 7-polarisation P,
T = p v, — 7wl 25.2%

T — ay Vr — TV, 9.3% (1-prong), 9.0% (3-prong)

Much improved since Lol: NN-based selection instead of simple cuts:

@ use six diff. NNs, one per decay mode NN output for pv—decay
L S A B
Il evv
Bl vy
Y
0 pv
Hl ain
Hm other T

mm other SM

10?
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SM Analyses

Jecay Modes & Separation

Dominant 7~ decay modes, c.c. for 77:

TT — e U Uy 17.9% T — 7v /[ pv
T — uT O,y 17.4% highest sensitivity
T > T U, 10.9% to 7-polarisation P,
T = p v, — 7wl 25.2%

T — ay Vr — TV, 9.3% (1-prong), 9.0% (3-prong)

Much improved since Lol: NN-based selection instead of simple cuts:

@ use six diff. NNs, one per decay mode
now also 1-prong a;v mode included!

NN output for ajv—decay

LA N B BN B
HN evv lH ain

N vV Bl other T

CJ v mm other SM
= pv

0.0 02
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SM Analyses

Jecay Modes & Separation

Dominant 7~ decay modes, c.c. for 77:

TT — e U Uy 17.9% T — 7v /[ pv
T — uT O,y 17.4% highest sensitivity
T > T U, 10.9% to 7-polarisation P,
T = p v, — 7wl 25.2%

T — ay Vr — TV, 9.3% (1-prong), 9.0% (3-prong)

Much improved since Lol: NN-based selection instead of simple cuts:

@ use six diff. NNs, one per decay mode

NN output for ajv—decay
now also 1-prong a;v mode included! 210° ‘mmovy B an
N vV Bl other T
v mm other SM

= pv

@ leptonic modes (e, 11): calorimetric info.
& lepton-ID (good ¢/m and p/7 separation)

hadronic modes: separate 7° decays
from “real” neutral energy deposits
— rely on fine CAL seg. & PFA 10

0.0 02
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SM Analyses

2cay Modes & Separation

Dominant 7~ decay modes, c.c. for 77:

TT — e U Uy 17.9% T — 7v /[ pv
T — uT O,y 17.4% highest sensitivity
TT = T U, 10.9% to 7-polarisation P,
T = p v, — 7wl 25.2%

T — ay Vr — TV, 9.3% (1-prong), 9.0% (3-prong)

Much improved since Lol: NN-based selection instead of simple cuts:

@ use six diff. NNs, one per decay mode
now also 1-prong a;v mode included!

@ leptonic modes (e, ;1): calorimetric info. decay mode ¢ [%]  p[%]
& lepton-ID (good ¢/m and p/7 separation) evy 08.9 03.2
hadronic modes: separate 7° decays 1227 98.8 89.7
from “real” neutral energy deposits TV 96.0 84.3
— rely on fine CAL seg. & PFA pv 91.6 83.0

. . aiv, (1-pr.) 78.5 86.7

@ combine all six decay modes and v (Gpr) 011 867

determine the 7 polarisation

Daniela Kafer 3rd HGF Alliance WS INEYAPRPLIIEE Selected ILD Analyses 19 /47



SM Analyses

olarisation P

All T-decay distr. have same analytic form: can be split into
pol.-dep./-indep. parts — use optimal observables (one per mode)
— then combine diff. optimal observables into one common w

e, U, p,and © combined

P(e-,e+)=l(—80,+30)% ® (left)
P(e~e*)=(+80,-30)% (right)

12000
10000
8000
6000
4000
2000

I |
qJ.O -0.5 0.0 0.5 1.0
Optimal Observable ®
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SM Analyses

olarisation P

= Extract the polarisation P, from linear fits to the
ratio of polarised to non-polarised sample in the w distribution:

N
=}

N
=)

e, I, p,and 1 combined ]
P(e-e") = (-80,+30)% ]

e, 1L, p,and © combined ‘1
P(e-e") = (+80,-30)%

pol / non—pol
o

pol / non—pol
(S}

10 1.0 .

¢ ]

0.5 05 b

[ Pr=+63.8£0.7% f P:=-50.8+0.8% 1

ool v v v ] ool o+ v v o o]
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

Optimal Observable ® Optimal Observable ®
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SUSY or rather:
SPS1a’



SUSY Analyses

eneral SUSY and SPS1a’

SUSY could provide a rich spectrum & phenomenology of kinematically
accessible particles @ ILC energies (up to /s =500 GeV)

New Physics: complex mixture of dom. & sub-dom. processes/states (?)
that might lead to the same visible final states anyway. ..
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SUSY Analyses

sneral SUSY and SPS1a’

SUSY could provide a rich spectrum & phenomenology of kinematically
accessible particles @ ILC energies (up to /s =500 GeV)

New Physics: complex mixture of dom. & sub-dom. processes/states (?)
that might lead to the same visible final states anyway. ..

SPS1a’: pure mSUGRA model with conserved R-parity & CP, and a
quite light mass spectrum in the gaugino/slepton sector,

SUSY parameters

MO 70 GeV
M1/2 250 GeV
Ap -300
sign(p) +1
tang 10
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SUSY Analyses

neral SUSY and SPS1a’

SUSY could provide a rich spectrum & phenomenology of kinematically
accessible particles @ ILC energies (up to /s =500 GeV)

New Physics: complex mixture of dom. & sub-dom. processes/states (?)
that might lead to the same visible final states anyway. ..

SPS1a’: pure mSUGRA model with conserved R-parity & CP, and a
quite light mass spectrum in the gaugino/slepton sector,

SUSY parameters particle masses
My 70 GeV m(xY) 97.7 GeV
M o 250 GeV m(x9) 183.9 GeV
Ag -300 m(ig) 125.3 GeV
sign(p) +1 m(pr) 189.9 GeV
tang 10 m(T 107.9 GeV
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SUSY Analyses

neral SUSY and SPS1a’

SUSY could provide a rich spectrum & phenomenology of kinematically
accessible particles @ ILC energies (up to /s =500 GeV)

New Physics: complex mixture of dom. & sub-dom. processes/states (?)
that might lead to the same visible final states anyway. ..

SPS1a’: pure mSUGRA model with conserved R-parity & CP, and a
quite light mass spectrum in the gaugino/slepton sector,

SUSY parameters particle masses
My 70 GeV m(xY) 97.7 GeV
M o 250 GeV m(x9) 183.9 GeV
Ag -300 m(ig) 125.3 GeV
sign(p) +1 m(pr) 189.9 GeV
tang 10 m(T 107.9 GeV

= Consider diff. final states, either with pp Er, or with 77 Er !
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SUSY SPS1a’

pp B Signatures

SPS1a’: pure mSUGRA model — conserved R-parity & CP
features light mass spectrum in the gaugino/slepton sector



SUSY Analyses

muon Signatures pp Bt

Concentrate on sub-dominant processes with uu Er final states!

Measure ms0, M3y, and pi7, using the two processes:
- =00 S0, >0
o ete™ — XoX] — KX X}

o ete” — prpr — pxy px3
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SUSY Analyses

muon Signatures pp Bt

Concentrate on sub-dominant processes with uu Er final states!
Measure ms0, M3y, and pi7, using the two processes:
o ete™ — XoX3 — HX] HX1
o efe” — prpr — px3 HX]

Both signals feature: 2 high energetic p's and (quite a lot) Fr
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SUSY Analyses

muon Signatures pp Bt

Concentrate on sub-dominant processes with uu Er final states!

Measure ms0, M3y, and pi7, using the two processes:

o ete™ — XoX] — kX3 X}

o ete” — prpr — pxy px3

Both signals feature: 2 high energetic p's and (quite a lot) Fr

Identification & background rejection:
e tracking + HCAL info. + outer u-chambers — pu-ID: € = 95%
o define two signal samples: [ipji, — pu Br and X9X§ — pu Br
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SUSY Analyses

uon Signatures pp B

Concentrate on sub-dominant processes with uu Er final states!

Measure ms0, M3y, and pi7, using the two processes:
o ete™ — XoX] — kX3 X}
o ete” — prpr — pxy px3

Both signals feature: 2 high energetic p's and (quite a lot) Fr

Identification & background rejection:
e tracking + HCAL info. + outer u-chambers — pu-ID: € = 95%
o define two signal samples: [ipji, — pu Br and X9X§ — pu Br
@ selection requirements use:
Er, my,,(pp) and m,....,, the transverse momentum p;, and the
direction & speed of the pu-system in the laboratory frame
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SUSY Analyses

easuring x| and [y, Masses

Use ppptr production to measure these masses from the position of the
kinematic edges in the ™ momentum distribution:

(%)
‘g —— Signal + background
2 800 ee [ > x|
SM background
------- SUSY background

600

400

200

0 50 100 150 200 250
u* momentum / GeV
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SUSY Analyses

easuring x| and [y, Masses

Use ppptr production to measure these masses from the position of the
kinematic edges in the ™ momentum distribution:

Lo N » r T
Fit signal edges at =32 GeV and g2 | —— Signal + background 1
~151 GeV with a step function 3 800 - oo - 11l ]
. 3 = SM background 4

— statistical uncert. of: D A SUSY background
dmso = 1.40% 600 [~ ]
~ — o, r 4
omy, = 0.27% I ]
400 [- 5

200 B

0 1

0 50 100 150 200 250
u* momentum / GeV
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SUSY Analyses

easuring x| and [y, Masses

Use ppptr production to measure these masses from the position of the
kinematic edges in the ™ momentum distribution:

. N » r T
Fit signal edges at ~32 GeV and g2 | — Signal + background |
~151 GeV with a step function 3 800 - oo T -t 1]
. 3 = SM background 4

— statistical uncert. of: S A SUSY background |
6m>~<c1) = 1.40% 600 [~ ]
~ — o, r 4
omy, = 0.27% i ]
400 [- 5

and 2.5% stat. uncertainty on the i 1
signal cross section is achieved 200 N
0L |

0 50 100 150 200 250
u* momentum / GeV
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SUSY Analyses

asuring X and fiy, Masses

Use ppptr production to measure these masses from the position of the
kinematic edges in the ™ momentum distribution:

. N » r T
Fit signal edges at ~32 GeV and g2 | — Signal + background |
~151 GeV with a step function 3 800 - oo T -t 1]
. 3 = SM background 4

— statistical uncert. of: T SUSY background |
5m)~<c1; = 1.40% 600 [~ ]
~ — o, r 4
omy, = 0.27% i ]
400 — 3

and 2.5% stat. uncertainty on the i 1
signal cross section is achieved 200 N
Definedness of the kinematic edges 0 50 100 150 200 = 250

. u* momentum / GeV
(—> mass measurement) is not so much

limited by track or mom. resolution, but rather by beam-strahlung!
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SUSY Analyses

easuring the x5 Mass

Use x9xY production to measure the X3 mass from the position of the
kinematic edge in the pu mass distribution:

[ B I
L« Signal + background A
300 [~ B x0 - B - ! 4

[ Standard Model Background
: ------- SUSY background :

Events

200 [~

m(up) / GeV
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SUSY Analyses

Use x9xY production to measure the X3 mass from the position of the
kinematic edge in the pu mass distribution:

L o B e
L« Signal + background 4

Edge just visible below the Z-peak!
ge) P 300 [~ B x0 - B - !
[ Standard Model Background

Fit in: 40 GeV < m,,, <85 GeV 1
— statistical uncert. of: | e SUSY background 1

dmgo = 1.41% 200 1

Events

m(up) / GeV
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SUSY Analyses

asuring the x5 Mass

Use x9xY production to measure the X3 mass from the position of the
kinematic edge in the pu mass distribution:

L s B B B B

* 1
Edge just visible below the Z-peak! §300 ;fggia'u;iai“f;’“"d ]
Fit in: 40 GeV < m,m <85 GeV w Sztandard ModeI‘Background t
— statistical uncert. of: SUSY background |

200 i1
émig = 1.41% &

m(up) / GeV

X9xY prod. would increase by ~50%
(with only a small increase in background)
if ILC would operate with 60% positron polarisation instead of 30% !
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SUSY SPS1a
= Prod. & Decay

SPS1a’: pure mSUGRA model — conserved R-parity & CP
features light mass spectrum in the gaugino/slepton sector



SUSY Analyses

hy the 7 System?

Main objectives w.r.t. detector optimisation:

@ what are ILD’s capabilities for processes particularly sensitive to
(machine induced) beam-beam background?

@ is the detector’s hermiticity sufficient?

@ what about particle-ID & momentum resolution
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SUSY Analyses

hy the 7 System?

Main objectives w.r.t. detector optimisation:

@ what are ILD’s capabilities for processes particularly sensitive to
(machine induced) beam-beam background?

@ is the detector’s hermiticity sufficient?

@ what about particle-ID & momentum resolution

Physics reasons:

e SPS1a’(in particular the 7 system) provides a rich phenomenology
— underlining advantages of an e*e™ collider tunable not only in
beam energy Ej, but also in beam polarisation P !
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SUSY Analyses

hy the 7 System?

Main objectives w.r.t. detector optimisation:

@ what are ILD’s capabilities for processes particularly sensitive to
(machine induced) beam-beam background?

@ is the detector’s hermiticity sufficient?

@ what about particle-ID & momentum resolution

Physics reasons:

e SPS1a’(in particular the 7 system) provides a rich phenomenology
— underlining advantages of an e*e™ collider tunable not only in
beam energy Ej, but also in beam polarisation P !

e 71 is NLSP — Am(7, V) =10.2 GeV

@ achievable stat. precision on mz, 057, and P.? (77 — 307 x9)
and on mz,, and 05,7, ? (using 75 7 — mHXY XY
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SUSY Analyses

ey Characteristics & Backgrounds

ete™ — 777 and ete™ — 757, production:
@ two acollinear 7 leptons in final state with E, ... < 43 GeV
e large missing energy & momentum due to escaping X|'s and v's

@ central production & no forward-backward asymmetry
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SUSY Analyses

ey Characteristics & Backgrounds

ete™ — 777 and ete™ — 757, production:
@ two acollinear 7 leptons in final state with E, ... < 43 GeV
e large missing energy & momentum due to escaping X|'s and v's

@ central production & no forward-backward asymmetry

Total simulated sample: some 13 million events!
SUSY sample: 7171 (7.9-10%), ToTo (8.8-103), others (1.2-10%)
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SUSY Analyses

ey Characteristics & Backgrounds

ete™ — 777 and ete™ — 757, production:
@ two acollinear 7 leptons in final state with E, ... < 43 GeV
e large missing energy & momentum due to escaping X}'s and v's

@ central production & no forward-backward asymmetry

Total simulated sample: some 13 million events!
SUSY sample: 7171 (7.9-10%), ToTo (8.8-103), others (1.2-10%)

Different dominant backgrounds:

T1: 7y background is important, while WW — v lv is less so
To: the other way around. ..
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SUSY Analyses

y Characteristics & Backgrounds

ete™ — 7,77, and ete™ — 7 7, production:
@ two acollinear 7 leptons in final state with E, ... < 43 GeV
e large missing energy & momentum due to escaping X}'s and v's

@ central production & no forward-backward asymmetry

Total simulated sample: some 13 million events!
SUSY sample: 7171 (7.9-10%), ToTo (8.8-103), others (1.2-10%)

Different dominant backgrounds:

T1: 7y background is important, while WW — v lv is less so
To: the other way around. ..

mz: SUSY bkgd. less important; )A{f)ﬁc/%gf{g production dominate

Pr: need entire spectrum — SUSY bkgd. gains importance
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SUSY Analyses

ome Selection Requirements

Topological selection (71 & 72) and vy bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;; < 300 GeV, but m,,;ss > 250 GeV
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SUSY Analyses

ome Selection Requirements

Topological selection (71 & 72) and vy bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;; < 300 GeV, but m,,;ss > 250 GeV

@ low angle veto — only vyy-events remain with one beam remnant escaping
into incoming/outgoing beam pipe = large g+ & large Yacop

@ events accumulate @ g, ~180°
— jJp-cut needs to depend on ¢
vy background

p, miss /0.5 GeV
>
T W

t

I

10

M)

ST

o
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SUSY Analyses

ome Selection Requirements

Topological selection (71 & 72) and vy bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;; < 300 GeV, but m,,;ss > 250 GeV

@ low angle veto — only vyy-events remain with one beam remnant escaping
into incoming/outgoing beam pipe = large g+ & large Yacop

@ events accumulate @ g, ~180° ~7y background
— gr-cut needs to depend on ¢ E 20r ‘ ‘ ‘ -
@ no significant activity in BeamCAL = sl .o
@ cut on scalar sum of transverse L 10°
jet momenta w.r.t. thrust axis in 10 10*
the projection L to the beam [ 10°
5F 102
r 10

0 50 100 !

150
) /6 deg

acop
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SUSY Analyses

me Selection Requirements

Topological selection (71 & 72) and vy bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;; < 300 GeV, but m,,;ss > 250 GeV

@ low angle veto — only vyy-events remain with one beam remnant escaping
into incoming/outgoing beam pipe = large g+ & large Yacop

@ events accumulate @ g, ~180°

— pr-cut needs to depend on ¢ > 201 L
0] [ b 10*
@ no significant activity in BeamCAL S gt
S 10°
@ cut on scalar sum of transverse [
jet momenta w.r.t. thrust axis in 100 1
the projection L to the beam [ N
S5¢ m ——poE 10
L=
[
% 50 100 !

150
/6 deg
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SUSY Analyses

Some Selection Requirements

Topological selection (71 & 72) and v bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;, < 300 GeV, but m,,;.s > 250 GeV (due to \|'s and v/'s)

@ low angle veto — only vyy-events remain with one beam remnant escaping
into incoming/outgoing beam pipe = large §'r & large @acop

@ events accumulate @ g, ~180° 77 signal

— gr-cut needs to depend on ¢ > 20 10°
5
@ no significant activity in BeamCAL S
Q

2
@ cut on scalar sum of transverse i
jet momenta w.r.t. thrust axis in 10

the projection L to the beam 10

0 50 100 !

150
P, /6 deg

acop
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SUSY Analyses

Some Selection Requirements

Topological selection (71 & 72) and vy bkgd. rejection:
@ exactly 2 low-multiplicity 7-jets with opp. charge & mje; <2.5 GeV
@ total F,;, < 300 GeV, but m,,;.s > 250 GeV (due to \|'s and v/'s)

@ low angle veto — only vyy-events remain with one beam remnant escaping
into incoming/outgoing beam pipe = large g+ & large Yacop

@ events accumulate @ g, ~180° 77 signal

— gr-cut needs to depend on ¢ 3 207 ‘ ! 10°
V) [
@ no significant activity in BeamCAL S Bl
o157

@ cut on scalar sum of transverse 10°
jet momenta w.r.t. thrust axis in 10

the projection L to the beam [ 10
5F
@ more requirements depending on the b

analysis goal: o7z, mz ,, or P, 0 1

0 50 100 150
) /6 deg

acop
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SUSY Analyses

@ SPS1a’: has sizable co-annihilation contribution to DM relic density
— makes mz, an especially important quantity!

@ measure upper endpoint of 7| energy spectrum: E. ...
SUSY will be a major source of bkgd due to NLSP-7; — cascade decays
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SUSY Analyses

Endpoint Fit — mz

@ SPS1a’: has sizable co-annihilation contribution to DM relic density
— makes mz, an especially important quantity!

@ measure upper endpoint of 7| energy spectrum: E. ...
SUSY will be a major source of bkgd due to NLSP-7; — cascade decays

fit exp. to bkgd. in signal-free region

10°
& extrapolate into signal region

SM bked.
SUSY bked.

jets/0.7 GeV

0 20 40 60
Ejet [GeV]
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SUSY Analyses

ndpoint Fit — mz

@ SPS1a’: has sizable co-annihilation contribution to DM relic density
— makes mz, an especially important quantity!

@ measure upper endpoint of 7| energy spectrum: E. ...
SUSY will be a major source of bkgd due to NLSP-7; — cascade decays

fit exp. to bkgd. in signal-free region
& extrapolate into signal region

10°

SM bked.
SUSY bked.

jets/0.7 GeV

straight-line fit to total sample
(30 < F < 41.5 GeV) — endpoint
defined at crossover of both fits

0 20 40 60
Ejet [GeV]
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SUSY Analyses

ndpoint Fit — mz

@ SPS1a’: has sizable co-annihilation contribution to DM relic density
— makes mz, an especially important quantity!

@ measure upper endpoint of 7| energy spectrum: E. ...
SUSY will be a major source of bkgd due to NLSP-7; — cascade decays

fit exp. to bkgd. in signal-free region
& extrapolate into signal region

10°

SM bked.
SUSY bked.

jets/0.7 GeV

straight-line fit to total sample
(30 < E < 41.5 GeV) — endpoint
defined at crossover of both fits

® mz = 107.697708 GeV £1.1- dmi

mz = 107.9 GeV (nom. value) 0 20 40 60
Ejet [GeV]

Statistical uncertainty on m; is entirely dominated by neutralino mass error!
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SUSY Analyses

etermination of P

T polarisation < key observable in characterising the T system:

@ depends on: mixing angle of 7 chiral & mass eigenstates (6>), and on
the Higgsino & gaugino components of the x{-LSP
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SUSY Analyses

etermination of P

T polarisation < key observable in characterising the T system:
@ depends on: mixing angle of 7 chiral & mass eigenstates (6>), and on
the Higgsino & gaugino components of the x{-LSP
@ 2 ways to 0x: cross sections & endpoints of E,-spectra (4 meas.) or
from mixed 717 production — more sensitive!
= ILC needs to run between thresholds for 7171 / 7o production
but study done @500 GeV not
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SUSY Analyses

Determination of P,

T polarisation < key observable in characterising the T system:

@ depends on: mixing angle of 7 chiral & mass eigenstates (6>), and on
the Higgsino & gaugino components of the x{-LSP

Use 7 — m¥v;, decay:

@ non-negl. beam spread & ISR effects
— parametrise true F, spectra for
extreme polarisations (P, = +1) 25

E spectrum for 7| — T — v,
gen. w/o ILC beam spectrum & ISR
T T :

Eals=0

—ANs 20
P, = 0.896

@ expected true E, spectra can then
be calculated for any 7 polarisation

relative frequency [%] / 0.5 GeV

40
E [GeV]
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SUSY Analyses

Determination of P,

T polarisation < key observable in characterising the T system:

@ depends on: mixing angle of 7 chiral & mass eigenstates (6>), and on
the Higgsino & gaugino components of the x{-LSP

Use 7 — m¥v;, decay:

@ select clean sample of signal decays,
full particle-ID (CAL+ TPC dE/dx)
(~80% signal accepted, and only 25
~ 0.4% non-sig. decays misidentified)

E; spectrum for 7| — T — 7tv,
gen. w/o ILC beam spectrum & ISR
T T :

Eals=0

—ANs 20
P, = 0.896

relative frequency [%] / 0.5 GeV

40
E [GeV]
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SUSY Analyses

etermination of P

T polarisation < key observable in characterising the T system:

@ depends on: mixing angle of 7 chiral & mass eigenstates (6>), and on
the Higgsino & gaugino components of the x{-LSP

Use 7 — mtv;, decay:

@ select clean sample of signal decays,
full particle-ID (CAL+ TPC dE/dzx)

= 300 e
8 E * reconst. Points E
~ 250 = — fitto reconst. Points

o fit resulting, eff. corrected spectrum 8 200F ;Zf:;mund 3

with theoretical distr. and correct for § 150; E
ISR & ILC beam spread — extract: F ]
100 =
obs __ E ]
P27 = 91 £+ 6 £ 5 (bke) e 3
+3 (msusy)% o E ]

cxp o ] 0 10 20 30 40
PP = 89.6% for comparison E [GeV]
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SUSY Analyses

Jetermination of P, cont'd

Can also use 7 — p*v, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects
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SUSY Analyses

etermination of P, cont'd

Can also use 7 — ptv, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects

@ do not use CAL-based PFlowObj.-ID (#© clusters close to tracks); use instead
TPC dE/dx to reject T — evv and 7 — K*7v, and Mjet around p mass
— clean signal sample
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SUSY Analyses

termination of P, cont'd

Can also use 7 — ptv, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects

@ use efficiency corr. model prediction for all 3 possible 7 helicity config's

— 0.05 T T T T - F T T T T 9 = e T T T T |
) L 5 1 20025 b) 3 1S E 3 1
= [ a) —inital spectrum:  0.507 - 10° entries 1o r 1 o o 1
S P 12 3 1 =oo02sF E
g 0.041 . 18 | 1 2 E ]
5 L — selected spectrum: 0.170 - 10° entries 15 0.02 |- 1= E ]
© F i1 £ r ] = 002 3
003 1 | 0.015F|  —initalspectrum:  1.014- 10° entries B F ]

E ] F 1 0.015 — inital spectrum: 0507 - 10° entries |

0.02 - l o — selected spectrum: 0.305 - 10° entries B £ ]

C ] a 4 001 — selected spectrum: 0.136 - 10° entries 4

0.01] 0 oo0s) 1 0005H B

ol o ok d ot i

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
E/Ey Ed/Ey E/Ep
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SUSY Analyses

etermination of P, cont'd

Can also use 7 — ptv, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects

@ use efficiency corr. model prediction for all 3 possible 7 helicity config's

N
o
[S)

@ fast sim. study too optimistic!
both, in overall selection eff. and
for low and high R efficiencies

—
simul. data points

ﬂ*r { — fit to data

entries / 0.02
wW
S

200

100

-
|

T T 1T ‘ L ‘ T T 1T ‘ T T 1T
e
3 4

o
o
N
o
~
o
o
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SUSY Analyses

stermination of P, cont'd

Can also use 7 — ptv, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects

@ use efficiency corr. model prediction for all 3 possible 7 helicity config's

@ fast sim. study too optimistic! 400 T e ]
both, in overall selection eff. and S [l simul. data points b
for low and high R efficiencies Booo| JIfiyf — fttoda H ]

E T r ]

@ restrict fit to R spectrum of sel. S % L]
sample: 0.1< R <0.9, where 200; 5 7
full & fast sim. agree in shape r Py b

100 - ; .

r H

07 Il Il Il Il il
0 0.2 0.4 06
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SUSY Analyses

stermination of P, cont'd

Can also use 7 — ptv, — 757, decay:

@ observable sensitive to P;: ratio R = E,/Eje;
but insensitive to exact Ej.; value — insensitiv to beam spectrum & ISR
— no need ro re-evaluate true spectrum due to these effects

@ use efficiency corr. model prediction for all 3 possible 7 helicity config's

@ fast sim. study too optimistic! o 400 7 .
both, in overall selection eff. and S [l simul. data points b
for low and high R efficiencies Booo JIliyf — fttodat H ]

E T r ]

@ restrict fit to R spectrum of sel. s % L]
sample: 0.1< R <0.9, where 200; 5 7
full & fast sim. agree in shape r 3 b

100 - ; 3

L ol

Pobs = 87.0 + 3.4% 89.6% (exp) g 1
% 0.2 0.4 06
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Conclusion

and Outlook



Summary

onclusion & Outlook

@ Sensitivities achieved in fast-sim. studies can (mostly) be reproduced
in full-sim. analyses, but: a lot more effort is needed to do so!
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Summary

onclusion & Outlook

@ Sensitivities achieved in fast-sim. studies can (mostly) be reproduced
in full-sim. analyses, but: a lot more effort is needed to do so!

> recover worse efficiencies
> use more sophisticated analysis techniques, etc.

but: many issues already identified + some ideas!

° But, lesson learned:
= ILC operation @500 GeV is not optimal for in-depth 7 study!
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@ Sensitivities achieved in fast-sim. studies can (mostly) be reproduced
in full-sim. analyses, but: a lot more effort is needed to do so!

> recover worse efficiencies
> use more sophisticated analysis techniques, etc.

@ full-sim. much more sensitive to detector & machine effects!
=> which is both: bad & good! - How so?
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in full-sim. analyses, but: a lot more effort is needed to do so!

> recover worse efficiencies
> use more sophisticated analysis techniques, etc.

@ full-sim. much more sensitive to detector & machine effects!
=> which is both: bad & good! - How so?

> bad: for physics sensitivity & precision goals
> good: for optimisation & proposing sensible ILC operating schemes!
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Summary

onclusion & Outlook

@ Sensitivities achieved in fast-sim. studies can (mostly) be reproduced
in full-sim. analyses, but: a lot more effort is needed to do so!

> recover worse efficiencies
> use more sophisticated analysis techniques, etc.

@ full-sim. much more sensitive to detector & machine effects!
= which is both: bad & good! - How so?

> bad: for physics sensitivity & precision goals
> good: for optimisation & proposing sensible ILC operating schemes!

@ Will continue detector R&D efforts & accompanying physics studies
over the coming years! ... hopefully until:
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Summary

onclusion & Outlook

@ Sensitivities achieved in fast-sim. studies can (mostly) be reproduced
in full-sim. analyses, but: a lot more effort is needed to do so!

> recover worse efficiencies
> use more sophisticated analysis techniques, etc.

@ full-sim. much more sensitive to detector & machine effects!
= which is both: bad & good! - How so?

> bad: for physics sensitivity & precision goals
> good: for optimisation & proposing sensible ILC operating schemes!

@ Will continue detector R&D efforts & accompanying physics studies
over the coming years! ... hopefully until:

= the ILC (& ILD detector) are approved and being built!
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Thank Youl



yme Advertisment for ILC

MSSM18: no assumptions on unification & breaking mechanisms!
MSSM18: LE + LHC300

- 16 Environment

20 Environment
— Best Fit Value

Derived Particle Mass [GeV]

+ NNNNNN

[
N A LR, 5
X1XQX3X4X1XQ R L’CquRqu b, t, t, g

Some MSSM18 sparticle masses are not accessible @ LHC
= uncertertainties large compared to constrained models
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e Advertisment for ILC
MSSM18: no assumptions on unification & breaking mechanisms!

MSSM18: LE + LHC300 + ILC

% 600; - 16 Environment _—’
) L 20 Environment | = = —
[%)] [ -
! 500F —— Best Fit Value
> C
o 400 — o -
o s -
© 300F
a r
B 00 -
g 200 . . _
o o - —
O 100 —
\ \ \ \ \ \ 1 \ \ 1 \ 1 1 1 1 |

| | | |
WA HH 2 0 0 % Ty T %, %, 6,6, by b, T, T, §

Increase in precision not limited to param'’s linked directly
to observables @ tree level; strong decrease of correlations
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me Advertisment for ILC

MSSM18: LE + LHC300 + ILC

% 600; - 1o Environment d __
S, - 26 Environment [ —
» r o
@ S0 — Best Fit Value
= o
o 400 — o o
3 s —
T 300
o C
B 00k -
= 200: — _
s b -
O 100 _
\ \ \ \ \ \ 1 \ \ \ \ 1 1 1 1 |

NN~ o~ ~ o~ o~

| | | |
Wﬁwwmnﬁﬁﬁnmu1g%mb%nga

ILC tremendously improves the theoretical understanding of ANY
SUSY-scenario in agreement with cosmological & low-energy data!
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BACKUP



SUSY Point 5:

Gaugino Production

SP 5: includes non-universal soft breaking contributions to Higgs masses
Xli and X9 nearly mass degenerate: M =216.5 GeV, mgy =216.7 GeV



augino Production in SUSY Point 5

SP 5: includes non-universal soft breaking contributions to Higgs masses
ﬁt and X9 nearly mass degenerate (777)\(%/777,{/0 =216.5/216.7 GeV) and

2

decay predominantely via W# and Z
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ugino Production in SUSY Point 5

SP 5: includes non-universal soft breaking contributions to Higgs masses
ﬁt and X9 nearly mass degenerate (Mg /mgy =216.5/216.7 GeV) and
decay predominantely via W# and Z

Look at fully hadronic final state qq)z(lJ qq;}? — 4j B — Why?
...separating W and Z hadronic decays:

e requires excellent jet energy resolution, and
e provides a good test of PF-based jet reconstruction

SP 5 parameters

My 206 GeV
M1/2 293 GeV
Ay 0
I3 375 GeV
tang 10
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ugino Production in SUSY Point 5

SP 5: includes non-universal soft breaking contributions to Higgs masses
ﬁt and X9 nearly mass degenerate (Mg /mgy =216.5/216.7 GeV) and
decay predominantely via W# and Z

Look at fully hadronic final state qq)z(lJ qq;}? — 4j B — Why?
...separating W and Z hadronic decays:

e requires excellent jet energy resolution, and
e provides a good test of PF-based jet reconstruction

SP 5 parameters particle masses
M, 206 GeV m(xy) 115.7 GeV
M, 5 293 GeV m(x9) 216.7 GeV
Ag 0 m(x7) 216.5 GeV
I 375 GeV m(xd) 380.0 GeV
tang 10
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ugino Production in SUSY Point 5

SP 5: includes non-universal soft breaking contributions to Higgs masses
ﬁt and X9 nearly mass degenerate (Mg /mgy =216.5/216.7 GeV) and
decay predominantely via W# and Z

Look at fully hadronic final state qq)z(lJ qq;}? — 4j B — Why?
...separating W and Z hadronic decays:

e requires excellent jet energy resolution, and
e provides a good test of PF-based jet reconstruction

SP 5 parameters particle masses
M, 206 GeV m(xy) 115.7 GeV
M, 5 293 GeV m(x9) 216.7 GeV
Ag 0 m(x7) 216.5 GeV
I 375 GeV m(xd) 380.0 GeV
tang 10

In addition, o(X9X9) only ~ 10% of o(XiX{) — complex analysis!
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augino Production Cross Sections

Cut-based presel. for 4j [/ topology; consider all possible dijet comb.
1%t strategy reduces bkgd. as much as possible & uses 5C kinematic fit
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jugino Production Cross Sections

Cut-based presel. for 4j [/ topology; consider all possible dijet comb.
1%t strategy reduces bkgd. as much as possible & uses 5C kinematic fit

@ use jet pair with highest x2-prob. in (2000 T T ‘a)‘ ]
kinematic fit for m; distribution = 4 Total ]
g [# 4 —— SMbackgr.
@ 1500 .
1000 Other SUSY |
500} ]
ok o
40 60 80 100 120 140

Fitted boson mass / GeV

41 / 47

Daniela Kafer 3rd HGF Alliance WS INEYAPRPLIIEE Selected ILD Analyses



jugino Production Cross Sections

Cut-based presel. for 4j [/ topology; consider all possible dijet comb.
1%t strategy reduces bkgd. as much as possible & uses 5C kinematic fit

@ use jet pair with highest x2-prob. in 2000 T \a)\ 1
kinematic fit for m;; distribution i * Total ]

Events

@ use 3-comp. fit function for mass 1500

> BW (mw, I'w) + Gaussian i 1
> BW (mgz, I'z) + Gaussian, same 1000 Other SUSY ]
> and a 2"¢ order Polynomial 3 8

500(

40 60 80 100 120 140
Fitted boson mass / GeV
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jugino Production Cross Sections

Cut-based presel. for 4j [/ topology; consider all possible dijet comb.
1%t strategy reduces bkgd. as much as possible & uses 5C kinematic fit

@ use jet pair with highest x2-prob. in o 2000 T T T b ]
kinematic fit for m;; distribution I Fits to: )
o E# — signal B
@ use 3-comp. fit function for mass 1500 ﬁ% — background -
> BW (mw, I'w) + Gaussian - ]
> BW (mgz, I'z) + Gaussian, same 1000~
> and a 2"¢ order Polynomial i
500
=> normalisations of W and Z peak free! i
Fy — [V
S (Xi leF) 0. ng’ % 60 80 100 120 140
5U(X1 X1) = 2.9% Fitted boson mass / GeV
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jugino Production Cross Sections

Cut-based presel. for 4j [/ topology; consider all possible dijet comb.
1%t strategy reduces bkgd. as much as possible & uses 5C kinematic fit

@ use jet pair with highest x2-prob. in o 2000 T T T b ]
kinematic fit for m;; distribution 5 | Fits to: )
. _ o ## — signal B
@ use 3-comp. fit function for mass 1500 w* — background -
> BW (mw, I'w) + Gaussian - ]
> BW (mgz, I'z) + Gaussian, same 1000~
> and a 2"? order Polynomial
5001
=> normalisations of W and Z peak free! i
5U(X1 Xi) =095% -~ 0.64% % 60 80 100 120 140
do(XEXT) =29% ~ 21% Fitted boson mass / GeV

274 strategy uses MC-templates to fit 2D m,; distributions, leaving only
normalisations of the two signal contrib’s as free parameters. ..
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augino Mass Determination

400
t , 100
200 b 50 4
R R T R 0 Y/ R | L]
80 100 120 140 160 80 100 120 140 160
Z Boson energy / GeV

W Boson energy / GeV
Use energy spectra of W and Z candidates after the kinematic fit!

(YR PRI Seclected ILD Analyses 42 /47
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yugino Mass Determination

Define Y X7 and X9X) signal samples based on dijet mass distributions

800 T~ T T T T T T
n t g n [

c | , S 2001 7]
e SUSY + SM 1 e 7
W 600~ - wor
[ 1 150
e b L
L XX 1 [
400k | [
007 , 100
200~ B 50l

SRR R R M 0’\“\‘”\‘”\”‘\.""

80 100 120 140 160 80 100 120 140 160
W Boson energy / GeV Z Boson energy / GeV

Use energy spectra of W and Z candidates after the kinematic fit!

Fit spectra using an empirical signal function + SM bkgd. parametrisation
— upper/lower kinematic edges — determine gaugino mass
(both upper edges are rather sensitive to beam & luminosity spectrum!)
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augino Mass Determination

Define Y X7 and X9X) signal samples based on dijet mass distributions
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W Boson energy / GeV Z Boson energy / GeV

for 7C-fit, with:
m;; = Mmw/mz

Ew :+02/ + 0.7 GeV
E,:+04/ + 0.8 GeV

5m%g =1.7 GeV 0.9 GeV

67’77,;11 =29 GeV 2.4 GeV
} 5m>z<11 =1.0 GeV 0.8 GeV {

Uncert. on masses are larger due to strong correlation of gaugino masses!
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SM Higgs Boson
Branching Ratios



ggs Branching Ratios (BR)

...allow a test of the SM-hypothesis: H-coupling o< Mparticle
use again: my = 120 GeV

@ estimate stat. uncertainties for different Higgs BRs
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@ study Higgs-Strahlung process for 3 different Z-decay topologies:
Z — v,
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gs Branching Ratios (BR)

...allow a test of the SM-hypothesis: H-coupling o< Mparticle
use again: my = 120 GeV

@ estimate stat. uncertainties for different Higgs BRs

@ study Higgs-Strahlung process for 3 different Z-decay topologies:
Z —svi, Z—Lt¢~, and Z — qq
= indep. of Higgs decay, but: (heavy-)flavour tagging is essential !
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gs Branching Ratios (BR)

...allow a test of the SM-hypothesis: H-coupling o< Mparticle
use again: my = 120 GeV

@ estimate stat. uncertainties for different Higgs BRs

@ study Higgs-Strahlung process for 3 different Z-decay topologies:
Z —svi, Z—Lt¢~, and Z — qq
= indep. of Higgs decay, but: (heavy-)flavour tagging is essential !

@ use not only b-tag, but also c-tag variables, even
combine b-/c-tag info. from 2 jets into b-/c-likeness variables

@ simultaneously determine stat. error on exclusive cross sections for
each topology & combine each with the 5% uncert. on the total
Higgs-Strahlung cross section o
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gs Branching Ratios (BR)

...allow a test of the SM-hypothesis: H-coupling o< Mparticle
use again: my = 120 GeV

@ estimate stat. uncertainties for different Higgs BRs

@ study Higgs-Strahlung process for 3 different Z-decay topologies:
Z —svi, Z—Lt¢~, and Z — qq
= indep. of Higgs decay, but: (heavy-)flavour tagging is essential !

@ use not only b-tag, but also c-tag variables, even
combine b-/c-tag info. from 2 jets into b-/c-likeness variables

@ simultaneously determine stat. error on exclusive cross sections for
each topology & combine each with the 5% uncert. on the total
Higgs-Strahlung cross section o

= extract BRs and their corresponding statistical uncertainties!
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ifferent Z-decay Topologies

ZH — ££qq: 2 high-p; leptons + 2 jets

o statistically limited, but: very clean Z-decay channels: ee, piu
= completely independent of wether H decays into bb, c¢, or gg'!

@ suppress dominant ZZ background using a likelihood selection,
based on: thrust, mj;, my, and angular variables
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fferent Z-decay Topologies

ZH — 0lqq: 2 high-p; leptons + 2 jets
@ statistically limited, but: very clean Z-decay channels: ee, uu
= completely independent of wether H decays into bb, c¢, or gg!

@ suppress dominant ZZ background using a likelihood selection,
based on: thrust, mj;, my, and angular variables

ZH — v H: 2 jets+ Bt

@ select events using: M., ¥Pr, Pr,
and various lepton-1D requirements

@ use Y12 and y23 (DURHAM) to reduce
747 — voqq, WW — Tr,qq backgr.
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ferent Z-decay Topologies

ZH — 0lqq: 2 high-p; leptons + 2 jets

o statistically limited, but: very clean Z-decay channels: ee, ppu
= completely independent of wether H decays into bb, c¢, or gg!

@ suppress dominant ZZ background using a likelihood selection,
based on: thrust, mj;, my, and angular variables

ZH — vv H: 2 jets+ Ep L e M s
i i+ ZH > vvee |

@ select events using: M., ¥Pr, Pr, A\

and various lepton-1D requirements

@ use Y12 and ya3 (DURHAM) to reduce i
747 — voqq, WW — Tr,qq backgr. 4007

@ use b-, c-, and bc-flavour tags! 200}
reconstruct m;; & fit signal contrib. i :
for b-/ c-tagged sample separately Qo0 "o 720 130 140
my / GeV
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anching Ratios: Results

ZH — qqcc: 4 jets, one mj; compatible with mz

@ 4j-events from Z/v* — qq fragmentation, (mostly ¢gG gg final state)
g-jets: less energetic, smaller angles — event shape, e.g. Ay,

e WW/ZZ — qq qq background — suppress via kinematic fits
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ZH — qggcc: 4 jets, one mj; compatible with myz

@ 4j-events from Z/v* — qq fragmentation, (mostly ¢gG gg final state)
g-jets: less energetic, smaller angles — event shape, e.g. Ay,

e WW/ZZ — qq qq background — suppress via kinematic fits
@ select ZH — qqcc sample: use c-tag / c-likeness variables

— and reconstruct my using a kinematic fit to constrain m;; = myz

Combine all 3 Z-decay topologies:
dBR(H — bb) ~ 51%
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@ 4j-events from Z/v* — qq fragmentation, (mostly ¢gG gg final state)
g-jets: less energetic, smaller angles — event shape, e.g. Ay,

e WW/ZZ — qq qq background — suppress via kinematic fits
@ select ZH — qqcc sample: use c-tag / c-likeness variables

— and reconstruct my using a kinematic fit to constrain m;; = myz

Combine all 3 Z-decay topologies:

dBR(H — bb) ~ 51%
dBR(H — cé) ~ 15%
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anching Ratios: Results

ZH — qggcc: 4 jets, one mj; compatible with myz

@ 4j-events from Z/v* — qq fragmentation, (mostly ¢gG gg final state)
g-jets: less energetic, smaller angles — event shape, e.g. Ay,

e WW/ZZ — qq qq background — suppress via kinematic fits
@ select ZH — qqcc sample: use c-tag / c-likeness variables

— and reconstruct my using a kinematic fit to constrain m;; = myz

Combine all 3 Z-decay topologies:

JBR(H — bb) ~ 51%
dBR(H — cé) ~ 15%
dBR(H — gg) = 29%
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anching Ratios: Results

ZH — qggcc: 4 jets, one mj; compatible with myz

@ 4j-events from Z/v* — qq fragmentation, (mostly ¢gG gg final state)
g-jets: less energetic, smaller angles — event shape, e.g. Ay,

e WW/ZZ — qq qq background — suppress via kinematic fits
@ select ZH — qqcc sample: use c-tag / c-likeness variables

— and reconstruct my using a kinematic fit to constrain m;; = myz

Combine all 3 Z-decay topologies:

dBR(H — bb) ~ 5.1% (Z — £f most precise)
0BR(H — cc) = 15% (Z — vv most precise)
dBR(H — gg) = 29%

The results mostly agree with earlier fast simulation analyses!
TESLA TDR: http://tesla.desy.de/new_pages/ TDR_CD/PartlV /detect.html

Daniela Kafer 3rd HGF Alliance WS INEYAPRPLIIE Selected ILD Analyses 46 / 47



nsitivity to Higgs Self-Coupling

Study ete™ — ZHH — qgbbbb (only 34% of all ZH H-decays)
@ use again: my = 120 GeV (with ozyy ~ 0.18 fb at /s = 500 GeV)
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@ multi-variate selection, including

> invariant masses of all jet combinations
> (b, ¢)-flavour tagging information

= ratio S/v/S+ B =0.5540.06 needs to be improved!

@ need better b-/c-tagging performance in 6-jet environment
(mass information does not have sufficient discriminating power)

= already identified room for improvement in the analysis... but:
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sitivity to Higgs Self-Coupling

Study ete™ — ZHH — qgbbbb (only 34% of all ZH H-decays)
@ use again: my = 120 GeV (with ozyy ~ 0.18 fb at /s = 500 GeV)

@ multi-variate selection, including

> invariant masses of all jet combinations
> (b, ¢)-flavour tagging information

= ratio S/v/S+ B =0.5540.06 needs to be improved!

@ need better b-/c-tagging performance in 6-jet environment
(mass information does not have sufficient discriminating power)

= already identified room for improvement in the analysis... but:

Higgs trilinear coupling measurement will be very difficult. ..

Sensitivity does not yet approach that of earlier fast sim. studies!
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