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Goals of Benchmarking Group

High level goals:

. In conjunction with the detector subgroups, to develop a good quantitative understanding
of what performance each subsystem must deliver to achieve the physics goals of the
ILC.

. To initiate physics analyses for a series of critical benchmark measurements that

document the overall physics performance of SiD, and that can be used in the global
optimization of the detector design.

. To incorporate in the physics analyses as realistic a description of the SiD detector and
background processes as possible, and to upgrade analysis results to include full MC
simulations as they become available.

Current tasks:

. Perform physics analyses of specific topics to provide “spot checks” of detector
performance.

. Evaluate results of individual physics studies for the purpose of developing general
conclusions about detector specifications.

. Perform some analyses with full MC and reconstruction; understand fast MC limitations
and improve fast MC.

. Evaluate effects of machine and beam-beam backgrounds on physics results.

. Understand luminosity (L), energy (E) and polarization (P) measurement requirements

and evaluate methods to measure L,E,P from physics processes.




Physics Benchmarks

WWS (World Wide Study of Physics and Detectors for the ILC) formed a committee to develop a
physics benchmark list.
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This note presents a list of physics processes for benchmarlang the performance of proposed ILC
detectors. This list gives broad coverage of the required physics capabilities of the ILC experiments
and sugmests target accuracies to be achieved. A reduced list of resctions, which capture within a
very economical set the main challenges put by the 1LC physics program, is suggested for the early
stage of benchmarking of the detector concepts.




. Standard set of physics benchmark processes:

. Basic requirements of a physics benchmark list:
1) should include the most important reactions that give justification to the ILC,
2)  should be robust, i.e. address issues common to a variety of physics analyses,
3) the effect of the performance of individual detector components on the physics results
should be manifest.
. Relatively long list of physics benchmarks covering:
a)  Studies of the EWSB sector
b)  Studies of the SUSY sector
C) Precision measurements of:

Physics Benchmarks

help justify the detector R&D goals by the required physics capabilities of the detector,

provide focus on specific problems, and promote the development of more realistic
simulations,

provide guidance to optimize subdetector and integral detector performances to maximize
physics capabilities,

will eventually allow to compare the relative integral performance of the different concept
detectors.

. SM processes with indirect sensitivity to New Physics,
. LEP via SM processes.




TABLE II: Benchmark reactions for the evaluation of ILC

A Long List

detectors

Process and Energy|Observables Target Detector |Notes
Final states (TeV) Accuracy Challenge
Higgs ee — ZOhY — Hi-X 035  [Mracnit. ozn, BRes dorzp = 2.5%, dBRyy = 1% T 11}
ce — ZR% B — bb/cE/rr  |0.35  |Jet Aavour | jet (E,f) Mp=40 MeV, §(ozn =« BR)=1%/T%/5% |V {2}
ee — Z"hO RY — WW* 0.35 Mz, Mw, cgawwe S(azn » BRuwwe )=5% C {3}
ee — ZhO /R, hD — y 1.0 M. d{ozn x BR.+ )=5% C {4}
ee — Zh% /h%p, B — ptp—|1.0 M, S0 Evidence for My = 120 GeV T {5}
ee — Z R hY — invisible 0.35 TgqE S Evidence for BRinvisinle=2.5% (& {6}
ee — i 0.5 Totwre s b dlouen % BRu) = 1% & 17}
ee — tth® 1.0 Tith Sgeen="5% C {8}
ee — Z°h"h°, ROROvo 0.5/1.0|0z88, Tovnn. Man Sgnnn=20/10% C {a}
SSB ee — WHW- 0.5 Abig, Ay = 21074 Vv {10}
ee — WHW—wp /2 2% p 1.0 T Mo, A =3 TeV C {11}
SUSY ce — éhén (Point 1) 05 |Ee IMzo=50 MeV f 112}
ee — —+-_ 11 %y (Point 1) |0.5 E.. Ean, Eay Mz — .’lft?:lzzliltl IeWV T {13}
ee — tif, (Point 1) 1.0 dMz =2 GeV 114}
-CDM £e — _+‘_ )Ll 7'-1 {Point 3) |05 dMz =1 GeV, L?.’lft?ZoE]U MeV, F 115}
ee — 1213 ¥7 x7 (Point 2) |05 My in jil, Me in jjliE 65,5, = 4%, 5[;‘11’.53 - :'Lf{?j= 500 MeV |C {16}
ee — T xT/ ey )L: (Point 5) |05/1.0|ZZE, WWE dogy=10%, 6(.-‘1!,:8 — .-'lff-:-lj =2 CeV (8 117}
ee — H"A" — bbb (Point 4) [1.0 MMass constrained My dMa=1 GeV & {18}
-alternative ||ee — 777 (Point 6) 0.5 Heavy stable particle a0z, T {19}
SUSY i1 — 7 + E (Point 7) 0.5 Non-pointing -« der=10% [ {20}
breaking iF — i1+ 75, (Point 8) 0.5 Soft 7& above 4 bkgd |50 Evidence for Am=0.2-2 GeV F 121}
Precision SM||ee — tf — 6 jets 1.0 S0 Sensitivity for (g —2),/2 < 1073 WV {22}
ee — ff(f=epu1ib.c) 1.0 Oer Arpe. ALr S Sensitivity to Mz, , =7 TeV V
New Physics ||ee — ~G (ADD) 1.0 7y + E) B Sensitivity [
ce — KK — ff (RS) 1.0 T
Energy/Lumi||lee — eepyg 0.3/1.0 M op=50 MeV T
Meas. ee — Z% 0.5/1.0 T




Targeted Subdetector(s)

TAEBLE III: Table of relations between the benchmark physics processes and parameters of detector subsystems

Process Vertex | Tracking | Calorimetry| Fwd |Very Fwd Integration FPol.
Trp c'nj;__.-"_,ljz e |dE| &8, &g | Trk|Cal Brin G oo | My | E-1d 1d f__j'jef___-‘_.;r

ee — Zh — X X

ee — Zh — jibb X X X

ee — Zhh — bbjec/Tr| = X

ee — Zhh — WW X X X X

ee — Zh, h — uu X X X

ee — Zh, h — 7 X X X

ee — Zhh — invisible X x| x

ee — virh X X ¥ | x X x| x

ee — tth X X X

ee — Zhh, vihh X x| x X X X X

ee — WW X X

ee — vevWW /22 x| x X x| x

ce — épep (Point 1) X X X

ee — T1Tq X X

ee — t1ty X X X X X

ee — 7171 (Point 3) X X X x | = X

ee — vav3 (Point 5) 3 y

ee — HA — bbbh X X x| x

ee — T1T1 X

W= +E x

i S x x

ce — tt — 6 jeis X X X X

ce — ff [e,pu,Tib, 0 X X X X X X

ce — ~ & (ADD) X X X

ee — KK — ff X X

£E — €€ fug x| x X

ee — £ X X X




Suggested Reduced Benchmark List

A reduced benchmark list was included in the hep-ex/0603010 report.

0. Single e, p*, 7%, 7% K+ K2, 7, 0< |cosf| < 1,0 < p < 500 GeV

1. etem — ff, f=e 1.u, s, ¢ bat /s=0.001,0.35, 0.5 and 1.0 TeV;

2. ete” — 290 — (Hi— X, My, = 120 GeV at /5=0.35 TeV;

3. etem — 200 RO — e, vHr T, WW*, My, = 120 GeV at /5=0.35 TeV;
1. ete= — ZORORY, M, = 120 GeV at /5=0.5 TeV;

cete™ — éhén at Point 1 at /=05 TeV,

o

6. ete~ — 77, at Point 3 at /5=0.5 TeV;

=1

cetem — VT /0800 at Point 5 at /s=0.5 TeV;

Largely inspired by it, we have created our own preliminary highest priority list, (temporarily)
dropping measurements which have been so far rather extensively studied, and including a few
additional ones. After this meeting we would like to start attaching names to each of them.

Most of these studies can initially be performed using fast MC. Ideally, they should target the
reconstructed particle class, so that they can automatically be rerun on full MC as soon as it is
appropriate/possible.




Suggested Reduced Benchmark List

EWSB sector:

1)  Studies involving e*e- — Zh at Vs = 350 GeV

. Measurement of B(h—cc): targets vertexing and flavor ID capabilities. Who: orphaned
. Measurement of B(h—>WW): targets calorimeter performance, especially jet energy
resolution. Who: orphaned

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

2)  Studies involving e*e- — Zh, vwh at Vs = 1 TeV

. Measurement of B(h »p+u-): targets uID and tracker momentum resolution in forward
region. Who: orphaned

. Measurement of B(h —vyy): targets intrinsic EM calorimeter energy resolution and material in
tracker. Who: orphaned

. Measurement of B(h—cc): targets tracking, vertexing and flavor ID capabilities for forward

jets, including the impact of material budget in the forward region. Who: orphaned

3)  Measurement of Higgs self-coupling via e*e- — Zhh — 6] at Vs = 500 GeV: targets jet energy
resolution to identify/separate Z and h bosons. Who: T. Barklow (SLAC)

4)  Study of Strong Symmetry Breaking via e*e- - vwwWW, vwZZ at Vs = 1 TeV: targets jet energy
resolution to identify/separate W and Z bosons (no kinematic fit possible). Who: orphaned




SUSY sector:

Suggested Reduced Benchmark List

5)

6)

7)

Measurement of € mass via end-point of electron energy spectrum in e*e- —» €;*€; (Point 1) at
Vs = 500 GeV: targets tracker momentum resolution and material effects. Who:

Measurement of T mass via end-point of tau energy spectrum in e*e- — t,*t,” (Point 3) at s =
500 GeV: targets very forward detector, in particular the capability to reject yy backgrounds. Who:

Measurement of X1 ,X20 mass via end-point of W,Z energy spectrum in e*e- —>X1 X1 —>X1 XIOWW
and e*e—y,%,"—>y,",°ZZ (Point 5) at Vs = 500 GeV: targets jet energy resolution to
identify/separate W and Z bosons (no kinematic fit possible). Who: T. Barklow (SLAC) and A.
Miyamoto (KEK).




Precision measurements:

Suggested Reduced Benchmark List

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

9)  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

10) Determination of LEP using physics measurements:

Luminosity spectrum via acollinearity in Bhabha: targets forward tracker. Who: orphaned
Center-of-mass energy via e*e- — u*u(y): targets forward tracker. Who: R. Frey (U. Oregon)
Polarization via e*e- —» W*W-: targets forward tracker. Who: orphaned
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Suggested Reduced Benchmark List

Additional studies:

11) Determine required particle ID performance (efficiency/purity, resolution vs. E, 6,..) for different
species: e, u, 1, %, 19, K0, 7.
= in addition to having dedicated single particle studies, we would like, whenever possible, to have
required 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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Conclusions

We have produced a list of high priority benchmarking studies for SiD.

We anticipate every analysis will involve multiple iterations over time, as we keep providing
feedback to the detector design (resulting in configuration changes which will have to be re-

evaluated) and as we keep improving the degree of realism of the simulation (e.g. moving from
fast to full MC).

This is the minimum we would like to do. If we can do more, even better!

Essentially all of us are part-time on this.
An experienced and/or motivated person can have a big impact!

Please volunteer to work, preferably on one of the suggested topics, but also on any of the
topics in the long list!!




This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



http://www.daneprairie.com

