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Physics at LCPhysics at LC

• Emphasis onEmphasis on
– Higgs properties

Precision of measurements– Precision of measurements
– SUSY parameters

But many other things are interesting and 
importantimportant



ZH • Higgs:Higgs: 
– Higgs can be 

reconstructed through 
ilrecoil mass 

independently of its 
decay channel

– Even for invisible decays



ZHH

• Key to understanding ofKey to understanding of 
Higgs potential –
mechanism of symmetry 
b kibreaking 

Low xsection/ Large SM• Low xsection/ Large SM 
backgrounds
– 0.2 fb HZZ vs 500 fb tt0 b s 500 b tt

• 4 b-jets in final state



Precision
• Precision measurements of ALR and AFB allows to 

distinguish between models: Little Higgs, Simplest Little 
Higgs, E6, KK excitations, LR-symmetric 



Supersymmetry
• Rich phenomenology

Mass spectrum and– Mass spectrum and 
couplings are 
determined by several y
high mass scale 
parameters
Th l d fi d– They also define decay 
modes of SUSY 
particles signaturesparticles signatures

• Huge variety of 
signatures!signatures!



Cosmology Motivated SUSY Scenarios 
• Dark Matter is 25% of 

Universe – how to explain?
• In SUSY : small mass split Green:       

240 210 G V• In SUSY : small mass split 
between LSP and NLSP = 
small visible energy in the 
detector

240-210 GeV
Blue:  
240-220

detector
– ee stops, sbottoms, staus
– Important case to motivate 

th l T k ith

Red : 
240-230
Violet: 
220 210the massless Tracker with 

zero PT cutoff 
• Large two –photon Small mass split of sbottom

220-210

g
backgrounds
– Need to veto 

electron/positron in forward 

Small mass split of  sbottom 
and neutralino produce soft 
particles – difficult to track 
and to tag  p

systems
g



From Physics Studies to 
B h kiBenchmarking

• Emphasis of physics studies will shift towards 
– Evaluation and comparison of detector choices
– Realities required by engineering: material 

( t d di t ib ti )(amount and distribution)
– Realities required by reconstruction algorithms: 

t ki & PFAtracking & PFA 





12. H γγ



Benchmarking Processes
• Compulsory and additional processes will 

allow to benchmark subsystems 
– Vertexing
– Trackingg
– EM and HAD Calorimetry
– Muon systemy
– Forward system

• and to compare SiD to other conceptsand to compare SiD to other concepts



H μμ
• One of important Higgs Brp gg
• Mμμ distributions for NN>0.95 for signal and 

background summed
– Need excellent mass resolution 
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Importance of π0

• H ττ process 
• Tau polarization (from τ ρν ( ρ

π+πον) allows to determine 
CP properties of Higgs

• Separation of clusters and 
reconstruction  of πο requires 
e cellent segmentation ofexcellent segmentation of 
EMCAL (MAPS EMCAL)

• Also : using π0 to constrain 
the vertex massthe vertex mass 
improvements in b-tagging ρ-> π+πo



Tools for Benchmarking
Java based lcsim.org framework
• lcsim.org FastMC

– Smeared MC informaiton
• lcsim.org full MC: SLIC

G– GEANT based
• Perfect PFA

• Vertexing / Flavour tagging : LCFI package   

• Track reconstruction and Full PFA – ready soon• Track reconstruction and Full PFA – ready soon



Analysis Model
• Use FastMC to develop analysis algorithms
• Use full MC and Perfect PFA as intermediate• Use full MC and Perfect PFA as intermediate 

step to develop a realistic analysis

• Use realistic tracking and PFA for the 
analysis when ready
– A drop-in replacement of algorithms



org.lcsim FastMC simulation of Calorimeter/PFA output
Use tracker momentum for all charged tracks within acceptance;

GLD PFA LDC PFA org.lcsim
FASTMC ith

Use tracker momentum for all charged tracks within acceptance;
account for confusion term by blowing up single particle resolution for neutral hadrons
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What does Perfect PFA do?What does Perfect PFA do?
• Tracking g

– Define “trackable” charged particles 
– Smear as in FastMC
– Full material effects (interactions and decays) before the ( y )

calorimeter are taken into account in deciding which particles are 
actually tracked 

• Neutrals 
– For all “non-trackable” particles, assign energy deposits in the 

calorimeters
– Do neutral particle reconstruction using those deposits using 

perfect pattern recognition (no confusion term) 
– Use actual detector responses for energy and direction - so most 

of the nasty nonlinear, nongaussian effects are included



Primary Vertex Reconstruction 
i h l i F MCwith  org.lcsim FastMC

LCFI vertexing package can be used with lcsim.org 
R l i f i i ZHH• Resolution for primary vertex in ZHH events: 
– 2 μm in z-direction
– <0.8 μm in x-y plane (beamspot constr.)  2 μm (no beamspot constr.)
– Resolution pulls are nice Gaussians with σ ~ 1 1 for all x y and zResolution pulls are nice Gaussians with σ  1.1 for all x,y and z



LCFI Flavour Identification
• Combine several variables into Neural Net

– Vertex mass
– Vertex momentum
– Decay lengthDecay length
– Decay length significance
– Jet Probability

• Main contributors are Vertex Mass and Jet Probability



Standard Model Samples
• Full 2 ab-1 SM Data Sample is available at SLAC via ftp   
• Each file corresponds to a particular initial e-/e+ pol. and final state

Standard Model Samples
p p p

• Web documentation  
• Will be used by all concepts
• Need to add 250 GeV samples





Some ResultsSome Results

• Several analyses done previously usedSeveral analyses done previously used 
both Fast and Full MC

ZH ZHH H μμ ttbar– ZH, ZHH, H μμ, ttbar …
• Recent developments with tools

U d LCFI k ith l i l– Used LCFI package with lcsim.org samples
– Used Perfect PFA for ZHH analysis 



ZHH Analysisy

LCFIudsc jets LCFI

b-jets SLAC

Very good separation
uds

• c-mistag vs • Flavour ID Neural 
b-tagging effNet output



ZHH Analysisy

ttZHH ttZHH

• Sum of neural net outputs for all six jets

• Developing ZHH selections

• The above is FastMCThe above is FastMC

• Checked first ZHH Perfect PFA sample



SUSY Sbottom AnalysisSUSY Sbottom Analysis
e tb ~,~

γγ→ bbtb ~,~e
e

Z

,

• γγ is the main bkg

sbottom signal
240GeV 210GeV

• γγ is the main bkg 

• Studying variables to 
separate signal and signalsignal

Invariant mass of two jets GeVInvariant mass of two jets GeV

separate signal and 
background

• b-tagging of soft jets Invariant mass of  two jets, GeVInvariant mass of  two jets, GeVb tagging of soft jets



How to contributeHow to contribute

• We look for people to lead severalWe look for people to lead several 
analyses – both compulsory and additional

• Physics studies are ideal for newcomers, 
f t t k t t ib t t L Ifast track way to contribute to LoI



BackupsBackups





SLAC
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Michigan/Bristol ?

Texas A&M ?
RAL/Oxford

SLAC 
OxfordOxford

Oxford

Texas A&M/Colorado ? /Montenegro 

Oxford/Montenegro

g

Lancaster

SLAC
12. H γγ RAL



Example: Vertex Charge
• Total charge of tracks 

associated with a vertex
– Binary behaviour : a lost or 

wrongly assigned track 
changes the charge 
every track is important

Sensitive to low pT tracks
Sensitive to materialSensitive to material

Wh i it f l?Where is it useful?


