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Detector optimization from the viewpoint of physics: Higgs, Top, EWPO, BSM 
- major detector requirements and reconstruction issues 
- benchmark analyses for detector optimizations 
- overlap is ok	

Update on Higgs self-coupling 	

This summary should be regarded as a starting point. 
There are many important points raised by the speakers which I have undoubtedly missed. 
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Optimization Space

Local, detector 
component parameters

Single particle 
performance

resolutions on 
xμ and pμ, etc.

Physics performance

Benchmark observables 
for evaluation

Confirmation to clear the threshold 
rather than optimization?

VTX TPC

CAL

Δp/p

ΔE/E

Δb

ΔEJ/EJ

ΔO2=ΔσZh

ΔO3=ΔPol(τ)

ΔO1=ΔσxBR(b/c)

ΔOn

Make them as orthogonal or 
diagonal as possible !

Full simulation

Global parameters

Fast Simulation

parametric study

Metric?

New 
benchmark?

Granularity

Global parameters
R, L (CAL), θmin, ...
B-field
Material budget

Internal & scale-invariant
Technology choice
detailed design

constraint rather 
than what to 
optimize?

Cost = fn(R,L,granularity,..)
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Track momentum resolution 

Taikan Suehara, ILD workshop @ Krakow, 25 Sep. 2013  page 6 

ll recoil (preliminary) 
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Z* Recoil mass 
- do not see 
‘h’ to measure ‘h’ 

proc N (no cut) N (cut) 
h 2,574 1,565 
 150,000 2,401 
ff 160,000 1,734 
lnn 600,000 333 
others (mainly  350 

h 250 

CME/meas h eeh combined 
250 / mass 37 MeV - - 

250 / ZH 3.6% 5.2% 3.0% 
500 / ZH 6.5% 7.1% 4.8% 

S. Watanuki, TS 

eeh 250 

h 250 Recoil mass	

At 250 GeV: 
beam energy spread is larger than the detector resolution 
 
At higher energies: 
detector resolution dominates 
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Lowest track pT that can be reconstructed? 
à Standalone silicon tracking	

Challenge: pair backgrounds	

Implications:  
new particles with very small mass differences	

25.09.2013 J.List 5

Tracking for sub-GeV particles

● PT spectrum of Higgsino 

decays - ΔM = 770 MeV (!)

● Not yet studied: corresponding fake rate!

● Can efficiency be improved for < 0.5 GeV? 

● Stand-alone Si tracking?

● Tracking efficiency in DBD:
ttbar + pair background

Charged particles

photons

arXiv:1307.3566
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Impact parameter resolution 
flavor tagging	

hàbb/cc/gg: Higgs BR 
tth: Top Yukawa coupling 
hhh: Higgs self-coupling 
 
hàWW*: anomalous coupling	

tau finding	

hàtautau: BR, CP mixing 

vertex charge	
top pair asymmetries 

 ILD Mee%ng Cracow Sept. 2013  12

Measurement of b quark charge

- Vertex charge measurement mandatory for fully hadronic top decays

- LC vertex and tracking system allows for determina%on of b-meson (b-quark) charge

  B-quark charge measured correctly in about 60% of the cases

  Can be increased to 'arbitrary' purity on the expense of smaller sta%s%cs

- LCFIPlus package not yet op%mised for vertex charge measurement  

Op�misa�on of b-quark charge is major topic for future studies
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Jet energy resolution 
W/Z separation	

qqh analysis 
hàWW*, ZZ* : BRs 
chargino/neuralino anaylsis 
…	

Multi-jet environment:	

Jet clustering much more important! 
à still need to fully exploit detector	
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dE/dx 

Particle ID 
 
à  Improvement expected in: 

Jet energy resolution 
Flavor tagging 
Vertex charge 

25.09.2013 J.List 14

TPC: dE/dx 

● One of the selling points of a TPC!

● Easy: anomalous dE/dx from exotic particles 
→ basically ruled out by LHC (even visible with Si)

● Interesting: pi vs p vs K separation

– Improve jet energy resolution (and scale?)  by taking correct 
masses – for a 45 GeV jet, mp = 1 GeV is 2%

– Reduce uncertainties 
due to fragmentation

– Identify exclusive decay 
modes of new particles 
→ some completely 
background free 
– discovery with very 
few events!

dE/dx at LEP

These need to be studied in concrete physics benchmarks.	
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Systematic uncertainties 

Luminosity spectrum 
Momentum resolution 
Momentum scale 
Jet energy resolution 
Jet energy scale 
…	

Momentum Scale with J/psi 

ILD fast 
simulation 

107 Z’s 

With 109 hadronic Z’s  expect 
statistical error on mass scale of < 
3.4 ppm given ILD momentum 
resolution. 
 
Most  of  the  J/psi’s  are  from  B  
decays. 
 
J/psi mass is known to 3.6 ppm. 
Can envisage also improving on 
the measurement of the Z mass 
(23 ppm error) 
 
 
    Double-Gaussian + Linear Fit   

2/dof = 90/93 
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CDF 

(mostly 
Zbb)  

Momentum scale from J/psi	

Need optimization taking into account the systematic uncertainties	
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Summary 

Detector optimization from the viewpoint of physics 
     detector requirements à physics observables 
 
 
Study needed to fully exploit detector: vertex charge, dE/dx, … 
 
Effective physics benchmarks need to be identified 
 
 
Systematic uncertainties absolutely critical!	


