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Physics Goals

=» To determine the Higgs mass precision, cross section
using Higgsstrahlung signal (e'e > ZH = e'e X)
based on the ILC500 beam setup and nominal detectors
LDMARO1 & SDMAROL.

=» To evaluate the impact of charged tracking performance
on Higgs/SUSY mass, BR(H->CC) measurement.

=>» To estimate the effect of ISR, beamstrahlung and beam
energy spread on Higgs/SUSY mass measurement.
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Waorldwide Study of
the Physics and Detectors

Monte Carlo Generator & Simulation

* MC Generator: Pandora V2.2, Pythia V3.1, with latest patches
polarization of electron is - 85%, no polarization for positron
* Analysis Platform: Java Analysis Studio VV2.2.5

* Detectors: LDMARO1(LD), SDMARO1(SD)

* Fast Monte Carlo Simulation
~e'e” > ZH —>e’e” X, M, =120, 140, 160 GeV, L = 500 fb-!

+ A ~f o~ +~0, 6 - ~0
« €€ D Uglg D> M Y H X L=501fbt, P(e) = 80%, P(e*) = 0
three mass pairs with high, medium and low mass difference
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Waorldwide Study of

the Physics and Detectors

Selection cuts for Higgsstrahlung Signal

= Selection cuts for Higgsstrahlung signal (see backup slides)

1). Energy of lepton from charged track: E(lepton) > 10 GeV
2). Polar angle of lepton: |cos(0)| < 0.9
3). No. of leptons satisfy 1) and 2): N(lepton) >=2

4). Invariant mass of lepton pairs: |M,, —M,0| <5 GeV
5). Polar angle of Z0: |cos(6,0)| < 0.6 (to suppress ZZ)

6). Angle between lepton pairs: cos(6,) > -0.7 (to suppress WW)
7). Energy of the most energetic photon: E(photon)<100 GeV (to suppress Zy)

My (GeV) | Cross Section (fb)| LD-Eff. (%) | SD-Eff. (%) | Events (500 fb™t)
120 2.34 +/- 0.015 55.28 55.28 647
140 2.15 +/- 0.022 56.37 56.37 606
160 2.01 +/- 0.032 56.64 56.67 569

ZZ BKGD 475.0 +/- 3.4 1.011 1.011 2401
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Worldwide Study of
the Physics and Detectors

for Future Linear
e e Colliders

ffect of ISR, Beamstrahlung & Beamspread

ILC500-SDMARO1-Z(ee)H

ILC500-SDMARO1-Z({ee)H
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Worldwide Study of
the Physics and Detectors

Z0 Recoil Mass for Baseline Detectors

Z0 recoil mass (GeV)
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ee e Z0 Recoil Mass Spectrum

ILC500-Z{ee)H, Espread=0.0011
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Impact of Track Momentum Resolution

ILC500-SDMARO1-Z(ee)H, Espread=0.0011

3,500 T
3,000 T
2,500 T
2,000 T
1,500 T
1,000 7

500 7

¥ pt*0.05
+ pt*0.1
o pt*0.15
O pt*0.25
pt*0.5
pt*1.0
A pt*2.0
* pt*4.0

T T
116 120 125

T
130

Z0 recoil mass {GeV)

ILC500-LDMARO1-Z(ee)H, Espread=0.0011

3500 T
3,000 T
2500 T
2,000 T
1,500 T

1,000 T

500 T

i

e pt*0.05
m pt*0.1
A pt0.15
+ pt*0.25
pt*0.5
pt*1.0
Q pt*2.0
O pt*4.0

T T
120 125

1
130

Z0 recoil mass {GeV)

Higgs mass resolution (GeV)

Higgs mass resolution (GeV)

25
225
20
1756
15
125
10
75

25

10

05
L]
ILC500-Z(ee)H-120GeV o4 ILC500-Z(ee)H-120GeV
e SDMAROT = e SDMARD1
04
& LDMARO1 ] & LDMARO1 o
c
g 0% A
® |G
2 03 e
-9
&
§ 0.25
E ™
- .é 02 e
. T 015 ¢ ®
H L
g 0@ 8 0.1
-1 -1
10 1 10 1
Scale factor of A(1/P,) Scale factor of A(1/F)
=
ILC500-Z(ee)H-120GeV 04 ILC500-Z(ee)H-120CeV
* SDMARO1 ‘= ¢ SDMARD! o
+ LDMARO1 S o3 % LDMARO1 .
c &
o 2
e g_ 02 °
Eﬂ L+
-]
. E s ®
L] 0 P
[=2]
s e 1= L
g * ju=
¢ ° 041
0.00
0.08

107" 1
Scale factor of A(1/P)

10" 1
Scale factor of A(1/F)

SiD Meeting - H.J. Yang

Impact of Tracker Design on Higgs/SUSY Measurement




Worldwide Study of
the Physics and Detectors

for Future Linear
e e Colliders

Purity & Significance
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Higgs Mass Resolution and Precision
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forFtars Liner Cross Section of ZH = ee X
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ABV/Br of ZH-IICC (%)
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ee ks Fuinse Lo SUSY Mass Measurement

SPS #1

E’min X Emaw 250 __
o (Emm + Ema:c)z

M2 = E? o
Hp

Slepton mass = 143 Ge

— 200 : Neutralino mass = 9971 GeV
2 9 Ermin + Emas % i
Mz = M‘fﬁ- o{l -2+ ——=} 3
Eem = Vs =286 GeV, E_min 5021, E_max = 39.21 GeV
%‘3'150 4 Vs=350 GeV.E =20.32. E_max = 75.64 GeV —
AM AEminyy, . ABmasn, = Vs =500 GeV, & min=1232. E_max =124.77 GeV ]
m:A- [E =2+ Z ] = Vs =750 _E_min=7.77. E _max=197.87 GeV
i i e ‘2100 - GeV.E_min=5.73, E_max = 26846 GeV]
2 /‘\ g- 2 24 -
AMzy Mz C 1 - 1 ae .
f e O L pam A G s, & :
M;(%J Mfflf Emz? Ecm Emaw Ecm 50 _ —

where,
Emaz - Emtfn
2(Emm: + -El"rr.z?I‘.':i.)1l

A:

300 400 500 600 700 800 900 1000
Center of Mass Energy (GeV)

SiD Meeting - H.J. Yang Impact of Tracker Design on Higgs/SUSY Measurement 13



Waorldwide Study of
the Physics and Detectors
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ILC Beam Effect — SPS#1

L = 50fb-1 Smuon Neutralino ILC500-SDMARO1-Smuon
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SPS#1, High Mass Difference (AM=47 GeV)
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Medium and Low Mass Difference
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New Results about SUSY Masses

=» Neutralino Mass
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=» Smuon Mass
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New Results about SUSY Masses

=» Neutralino Mass
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o e Results from Bruce Schumm’s Group
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Summary and Conclusions

2 L T~

2

The conclusions are based on ILC500, SD & LD, Higgsstrahlung and
Smuon pair signal, fast Monte Carlo simulation results.

ISR and Beamstrahlung have significant impact on Higgs/SUSY
measurement.

Beam energy spread < 0.2% has little effect on Higgs/SUSY masses.

Track momentum resolution affect Higgs mass significantly with better
track performance yielding better Higgs mass resolution & precision
until the re-scale factor of track momentum resolution down to ~ 0.2.

Track momentum resolution has little effect on the cross section of
Higgsstrahlung signal, branching ratio of H - CC and SUSY masses.

Ref: physics/0506198,” Impact of Tracker Design on Higgs and Slepton
Measurememt”, Hai-Jun Yang, Keith Riles.
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Future Plan

Michigan group will assist with SiD ...... resolutions, and
reconstruction, but with priority given to ongoing tracker alignment
R&D with frequency scanned interferometry.

Application of advanced data mining technique, boosted decision
trees (BDT), for ILC physics analysis to improve the performance.
Michigan group pioneered the application of BDT in HEP data
analysis, we successfully applied BDT for MiniBooNE data analysis
and ATLAS Di-Boson analysis. The performance of BDT is better
than ANN based on our studies. We would like to collaborate with
other groups on this issue if you are interested in and/or have MC
samples on hand for application.

* Hai-Jun Yang, Byron P. Roe, Ji Zhu, " Studies of boosted decision trees

for MiniBooNE particle identification", Nucl. Instrum. & Meth. A 555
(2005) 370-385, physics/0508045

* Byron P. Roe, Hai-Jun Yang,Ji Zhu, Yong Liu, lon Stancu, Gordon
McGregor, " Boosted decision trees as an alternative to artificial neural
networks for particle identification”, Nucl. Instrum. & Meth. A 543
(2005) 577-584, physics/0408124
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Z0 Recoil Mass (with ZZ bkgd, 500fb-1)
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Z0 Recoil Mass (with ZZ bkgd, 500fb-1)
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Purity and Significance — Mu = 140 GeV
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Purity and Significance — Mu= 160 GeV
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