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Full MC Detector Simulation and
Event Reconstruction



Full MC Detector Simulation and Event Reconstruction of
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by Norm Graf
\/g —=350GeV L=500fpb*' Backgrounds. e'e -»ZZ —u'u X, |cosf,|<0.8
yy—e'e (overlay)
ey (overlay)

vy — hadrons (overlay)

Detector response of latest baseline SID is simulated with GEANT4

Digitization simulated using GEANT4 hits as input
(level of detail varies from one subsystem to the next: ccd, si u-strip, calorimeters)

Digitized hits are fed to clustering algorithms which create tracker hits or calorimeter clusters

|solated MIP clustersin EM, Had, & u calorimeters identify muons and seed track finding in si u-strip.
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Tracker Performance Studies



SPSla Selectron Mass Measurement at 1 TeV  B. Schumm et al.
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Instead of using a fixed detector model, one use simple
parameterization of tracker momentum resoiution to

rapidly vary momentum resolution:
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M, Distributions for NN>0.95 for signal
and background summed




Resolution for
BR(H 1)
s a or b
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Signal Significance
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Ecm Resolution
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Caorimeter Parformance Studies
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(AEjet )90 — ago

Use rms of central 90% core to define oy, :
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Error on BR(H — WW*) from measurement of

e'e” — ZH — qgWW* — qggglv at v/s =360 GeV, L=500 fb™
J.-C. Brient, LC-PHSM-2004-001
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e'e > 7 > WHWWT - 7 779909
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Latest Resultson e'e” — ZHH — qgbbbb
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OLD Neural Net NN,

o Usesigna and background events that pass preselection to
train NN,

o Usethefollowing variablesin the ZHH neural net:

Z§HH XEHH _HHmass Z;HH _ ZHHmMass
Xt Xirowemes X Timess

Zgzz Z§ZH _ZZHmass

Zgz ;(;H _ ZHmass

NNbtag; , j =1,2,3,4,5,6
min(M (k) , k=1,2,3,4,5,6)
|COSchrust |

# jets
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Old definition yz.,.,

» Force charged and neutral objectsinto 6 jets
e Loop over 45 jet-pair combinations & minimize A z4+

6 (Nthag —1)°
Z§HH - Z§HH _ ZHHmass T Z J
=3 Nthag
(Mlz - M 2)2

AziH ziHmass — AZHH HHmass T

2
O',vIZ
(M.,-M_) (M..—M,)*
_ \'Vigyg H/ , \'Vise H/
AZHH _HHmass — o2 o2
M, My

M, = Massfor jet-pair combination ij
NNbtag, = btag neural net variable for jet |
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New approach:

Instead of variables 20

such as yZ,, , which
contain kinematic info
for 1 of 45 combinations,
feed neural net dl jet pair
masses where jets are
ordered according to jet
btag neura net value

(jet 1 isthe most b-like,

jet 2is2nd most b-like, °.

etc.)
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Jet pair masses where jets are ordered according to jet btag neura net value
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Neural net based on

b-tag ordered jet pair
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BR(H — bb)=0.678 0.44 -
0.42
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Neural net based on 107
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with gluon rad
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Final state QCD problem may be solved with a more sophisticated jet algorithm and better b/c tagging. Note
that we currently force recon particles into 6 jets, which may not be best approach in presence of hard gluon radiation.
Better b/c tagging, including flavor tagging, can reduce combinatorics and provide b/c weighted jet energy corrections.
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Benchmarking Goals



1) Togobeyonde'e —ZH — u 1~ X with full MC smulation
and reconstruction we need to output PFA resultsin
Reconstructed Particle LCIO format. Haiwen Zhao is working on this.

2) Once we have aPFA agorithm intefaced to Reconstructed Particle
LCIO we will do ssimple analyses with full MC simulation and
reconstruction that require jet reconstruction such as

the Higgs mass measurement in the 4 jet channd e'e” — ZH — ggbb

3) Begin detector optimization studies

4) Compare full and fast MC and improve fast MC

5) Continue fast MC physics studies
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from Aurdio's Oct 2006 talk

PoTRgey PR o~ L

- — ol.““‘ﬂ‘ nA.‘ll.AA‘l D I ‘
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/ EWSB sector: b L \

One of the highlights of the ILC physics program is the
precise and model-independent measurement of Higgs
properties, in particular couplings.

1) Studies involving e*e- — Zh at v's = 350 GeV
M, (GeV)
Measurement of BE(h—bb,cc): targets vertexing and flavor ID capabilities. Who: orphaned

. Measurement of B(h—»WW) with W/Z—jj: targets jet energy resolution to identify/separate Z
and W bosons. Who: orphaned

. h—tt:
. Measurement of B(h—t*t): targets vertexing. Who: orphaned
. Exploit T polarization in h—t*t~ for determination of CP properties of Higgs boson:
targets EM calorimeter granularity. Who: orphaned




EWSB sector (cont'd):

from Aurelio's Oct 2006 talk

Suggested Reduced Benchmark List

dominant

A/

2)  Studies involving e*e” — Zh@w@-at vs=1TeV

Measurement of B(h —ufp-): done (with Fast MC)
targets plD and tracker momentum resolution in forward region. Who: arphated

Measurement of B(h —vyy):

targets intrinsic EM calorimeter energy resolution and material in tracker.
Instrumental background from multijets with jet(s) faking a photon potentially large

= may provide another motivation for fine EM calorimeter granularity to reject n1°—yy.
Who: J. Yoh (Fermilab)

Measurement of B(h—bb,cc):

targets tracking. vertexing and flavor ID capabilities for forward jets, including the impact of
material budget in the forward region. Who: orphaned
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Precision measurements:

from Aurelio's Oct 2006 talk

[

8)

Angles only

H.J. Schreiber
K. Moning

\
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Determination of LEP using physics measurements:

Suggested Reduced Benchmark List

Measurement of the couplings of a multi-TeV Z’ boson in e*e- — t*t at vs = 1 TeV exploiting tau
polarization: targets EM calorimeter granularity. Who: orphaned

Measurement of forward-backward and left-right asymmetries in e*e~—bb,cc at Vs =91, 350, 500
GeV and 1 TeV: targets tracking and vertexing via vertex charge performance. Who: orphaned

Luminosity spectrum via acollinearity in Bhabha: targets forward tracker. Who: orphaned
Center-of-mass energy via e*e- — p*p(y): targets forward tracker. Who: R. Frey (U. Oregon)?
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from Aurelio's Oct 2006 talk

Suggested Reduced Benchmark List

/ Additional studies: \

11) Determine required particle ID performance (efficiency/purity, resolution vs. E, 0,..) for different
species: e, u, T, n, n°, K0, v.
= in addition to having dedicated single particle studies, we would like, whenever possible, to have
requirad ID performance assessed within each individual analysis.

12) Study how to improve b jet energy resolution, in particular for semileptonic decays.
Who: orphaned
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