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Motivation

- Previous studies -

Why Z boson?

Z boson can be produced ‘on resonance’ in very large numbers giving low statistical errors
and with a sensitive energy dependence
-> That makes it much easier to fit its parameters with very high precision
-> |t is possible to predict other physical parameters

Z boson parameters have served as good references

SLC

-longitudinal polarization electron beam was established

-the first e+e— linear collider # - Current Value -
-600 thousand Z decays collected by the SLD experiment A’ =0.1514 =+ 0.0022

LEP

-an electron-positron circular collider with a circumference of approximately 27 km
=17 million Z decays accumulated by the ALEPH, DELPHI, L3 and OPAL experiments 3



Motivation

- SID overview-

SID
provides excellent momentum and energy resolution

over the broad range of particles energies
expected at the ILC

due to

- 5T solenoidal magnetic field,

- a vertex detector with silicon pixels
- @ main tracker with silicon strips
etal.

The ILC baseline design includes 80% polarized electron and 30% polarized positron

Especially for quantities where beam polarization is needed, exactly A, ,
huge progress compared to the present precision can be expected



Motivation

Higgs Effective Field Theory -

General SU(2) x U(1) gauge invariant Lagrangian with dimension-6 operators in addition to the
SM
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If the incoming beams can be polarized,
A Is the most sensitive variable to the effective weak mixing angle



« Simulation setup
Event Generation : WHIZARD 1.95
- Samples : Mixed DBD sample
Signal Process : e*e- => y*/Z* => a fermion-pair
Background Processes :
ete" => W*W, ZZ, single W, single Z, yy, ye -> X
ISR & Beamstrahlung ON
Ecy = 250 GeV
Integral luminosity
250 fb-! for 80L30R / 80R30L
25 tb for 80L30L / 8OR30R

Detector Simulation : DSID (a fast simulation Delphes detector)



Signal Process Definition

Signal : eTe” — ff +86GeV < M, =(truth) < 96GeV

/ Signal \ Cross section /6+Backgroundf\

Z Ogoror = 00.67 pb Z* |

. M distribution .
€ ’Y DBD sample € ’Y
+ MC truth (250fb1) +
(& &
) / \ 80L30R g




Method

Motivation
The direct measurement of the W mass with an accuracy of 30-50 MeV at LEP2
-> It requires a precise determination of the E.,, (below 30 MeV)

Signal
e*te- => Zy => hadrons events (2jets)

0,, 0, : the angles of the 2 jets with respect to the direction of Z boson’s velocity
sin (01 + 02 2|8
sinfq + sinfs 1+ |8

0,, 0, < Effective Center-of-Mass Energy
arxiv.org/abs/hep-ex/9810047

This method was actually applied for the data collected with the ALEPH detector ©




Method

y Particlel
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COM frame
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Method

ISR Photon

\xE(z E,)
E, (=E) >Q<E—XE E, (= E)

COM frame

Beaml Beam?

Pt  Ey ) x

Eiot Ey+ Ey :E—|—E(1—x) 97

_ 2|
W r=1g @

6] =

No ISR case Vs = V4E1 Bz = V4E?
ISR case Vs = \/AE1Ey = \/AE(E — 2E) = \/4E%?(1 — z) = \/s(1 — z)

10



Event Selection

Mixed DBD Samples

ete -> 2 fermions
86 GeV < M <96 GeV

O\

Signal

Number of jets = 2
0.8<x'<0.917
Number of Charged Tracks 2 5
70 < Total Visible Invariant Mass < 94
p<2

Background

—_> Passed

—> Not Passed

Number of jets = 2
0.8<x<0.917
2 = Number of Charged Tracks = 3
85 < Total Visible Invariant Mass < 96

Signal

v
failed

Number of jets = 2
0.8<x'<0.917
Number of Charged Tracks 2 5
70 < Total Visible Invariant Mass < 94
p<2

Number of jets = 2
0.8<x<0.917
2 = Number of Charged Tracks = 3
85 < Total Visible Invariant Mass < 96

Background

¥
failed
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Efficiency and Significance

-for 250fb-1 80L30R -
Genlet Before Event Selection After Event Selection
Signal Z -> charged leptons 1435325.0 (100%) 491475.0 (34.2%)
Z -> hadrons 11231604.0 (100%) 4476526.2 (39.9%)
Background 710042679.9 (100%) 1252105.9 (0.176%)
Significance 471.2 1992.0
FastJet Before Event Selection After Event Selection
Signal Z -> charged leptons 1435325.0 (100%) 511737.5 (35.7%)
Z -> hadrons 11231604.0 (100%) 4313152.1 (38.4%)
Background 710042679.9 (100%) 1258844.1 (0.177%)
Significance 471.2 1956.2

Z -> charged leptons

Before Event Selection
1435325.0 (100%)

After Event Selection
433637.5 (30.2%)

Signal
Z -> hadrons 11231604.0 (100%) 3916783.4 (34.9%)
Background 710042679.9 (100%) 1466618.1 (0.207%)
Significance 471.2 1803.8




All Events 6083733.7 = 3813950.0 0.2293 0.2585

All Signal 4824889.6 | 3270475.0 0.1920 0.2165

Z -> charged leptons (Signal) 511737.5 360337.5 0.1736 0.1957

Z -> hadrons (Signal) 4313152.1 | 2910137.5 0.1942 0.2189

All Background 1258844.1 543475.0 0.3969 0.4474
Background

(ZZ, WW, single Z, single W) 518950.0 71262.5 0.7585 0.8551

YV, ye -> X 159375.0 109125.0 0.1872 0.2109
Background

(ee -> ff outside 86 < M, < 96) 580519.1 363087.5 0.2304 0.2598

DBD sample : sin*0.5; = 0.22225 — > Apr(DBD) = 0.2193

For equal luminosity,

ALr =

NLR_NRL1+P+P_

NLR+NRL P+—|—P_
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The Statistical Error of A g

oLr —ORrr 1+ PTP~ _NLR—NRL'TL1+P+P_

oLr +0re PT+ P~  Npg+ Ngp-rp Pt + P~
luminosity for 80R30L

L= luminosity for 80L 30R

ALr =

r

The propagation of the errors

O0ALR O0ALR 2N, rRNRrL - 7L 1 1 1+ PTP~
AA ~ \/ 2(AN 2 1 2(AN 2 _ 4
Lh (BNLR) (ANLR) (BNRL) (ANgL) (NLg + NgL)? ( VNir \/NRL) Pt + P-
4 The statistical error of A,  for all signal N

N;p(250fb~1) = 4824889.6
Lr(25076™ ) » AALr(500b~1) = 0.00055

Nrr(250fb~ 1) = 3270475.0
- = J
For the full-running at 250GeV,

14

AALR(QCLb_l) - %AALR(5OOfb_1) = 0.00028



A i correction

14+ PTP~ 14 PTP~ o' (Eem)

ApLr = PP Ay + = fokg(Am — Aprg) — A + A2 Ap — EcmmAE — Aeyy
_ %[Am(l 1 Fokg) — FokgAbrg + o] & %[Am(l + fokg) — FokgAvig]

A, Measured left-right asymmetry

foke Fraction of background
Apke Background asymmetry

A Luminosity asymmetry

Ap Polarization asymmetry

A Center-of —mass energy asymmetry

A 4 Efficiency asymmetry

Fastlet A, Apig foke A

All Z -> leptons 0.1646 0.1161 0.1776 0.1953

Nrp(bkg) + Nr(bkg)

N, (total) — Ng(total)

A =
™ Nig(total) + Ng(total)

- Np(bkg) + Nr(bkg) Jokg = Ny (signal) + Ng(signal)



Introduction

- The Blondel Scheme -

The cross-section e+e- -> Z -> a fermion-pair for polarized beams can be written as

O':O'u[l—P_FP_—FALR(P_‘_—P_)}

o, : the unpolarized cross section

P* : the longitudinal polarizations of the positrons measured in the direction of the particle’s

velocity
P-: the longitudinal polarizations of

Ot+ = Ou
04— =0y
O__ =0y

the electrons measured in the direction of the particle’s velocity
:1 — PP~ +ALR( Pt —P_):
14 P*P~ 4+ App(—P* — P~)
1+PTP™+ Arr( PT+P7)
1— P P~ + App(—P" + P7)]

o the first sign denotes the positron- and the second one the electron polarization

—0y_—0__)(—04p+o_y —04_+0o__)

é App = (A
(04++o—+

to4-t+o_ )04+ +o_y+tor_—0__) 16



- The Blondel Scheme -

A i Table

All Events 6083733.7 | 3813950.0 361667.6 258947.6 @ 0.2625

All Signal 4824889.6 | 3270475.0 | 284825.1 | 214270.1 | 0.2173

Z -> leptons (Signal) 511737.5 360337.5 31511.3 = 246488  0.2023

Z -> hadrons (Signal) 4313152.1 | 2910137.5 | 253313.8 | 189621.3 | 0.2193

All Background 1258844.1 543475.0 76842.5 446775  0.4801
Background

2 W ez e W 518950.0 | 71262.5 | 28595.0 | 8165.0 | 0.8627

vV, ve -> X 159375.0 109125.0 13950.0 = 12087.5 | 0.7120

SEECTe 580519.1 | 363087.5 | 34297.5 @ 244250 @ 0.2623

(ee -> ff, outside 86 < M

< 96)

ALR:\/

(04+ +toy -0y —0__)(—044 04 —04_+0__)

(O’++ + g4 ‘|‘O’+_ + O'__)(—O'++ + 0+ + 04— — O'__)

17




The Statistical Error of A g

- The Blondel Scheme -

Ap = (04++o—g—04-—0__)(-044+ to_y —04_+0__)
(6y++o0_y+o0y_+o__ )03y +0_y+or_—0__)

The propagation of the errors

DA DA dA DA
AArr = \/ (G (B0ws) + () (B0 ) + (520 (Bos)? + (52502 (Bo—)?
N | 0% VN
@& The statistical error of A  for all signal D

Ngrr( 25fb71) =214270.1

Npr(250fb~1) = 4824889.6 ’ AArp = 0.00074

Ngrr(250fb~1) = 3270475.0
kNLL( 25fb~ 1) = 284825.1 Y,

For the full-running at 250GeV,
AApr(2ab™1) = 0.00039 18



Future Plan

= Do full detector simulation

- Add the photon to the subprocess final state in Whizard
In order to obtain the correct photon angular distribution

- Estimate the systematic error requirement on
r, P P
Abkg’ 1:bkg’ AL’ Aeff’ Ap’ AE

Conclusion

With the SiD at ILC, the relative statistical error of A ¢ can be reduced to
about 0.1% with the full-running at 250 GeV

E> Assuming the systematic error can be controlled, this should help improve the
Higgs coupling errors in the EFT framework



Backup



Number of Jets

Z -> leptons (Signal)
Z -> hadrons (Signal)

Background

Genlet
| Il Il Il Il Il 1 1 Il Il ‘ Il 1
5 6 7 8
Njet
Fastlet

VLClet




Number of Jets

2 1000?"3
E 900; Z-> |eptons Befo re
800
700 — After
800 = Jet : Fastlet
e If a jet pass all the following restrictions
400 — e . N
woor it is not counted. (Hard photon candidate)
2007 = Jetmass=0
100 = - Jet charge =0
:\ L1 ‘ L1 11 | | I L1 1 | | I ‘ I ‘ | I ‘ | I
% 5 6 7 8 e = Jet Energy > 70GeV
o 5103 " x10°
£ 9000 = s soo:—
w 8000; Z -> hadrons " Background
7000; 500;*
60002— 400;
5000; =
= 300(—
4000; C
30002— 200 —
2000 -
- 100/ —
1000; C :,:‘
O*HHIH\.I\ | e e e | | | 0_ [ BRI B =t | | | | |
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9




significance

Entries

5000

4000

3000

2000

1000

X
=
(=}

Signal
Background
Restriction

- 2 Jets

0 0.1

1 L1 L
0.7 0.8 0.9 1

0.2 0.3 0.4 0.5 0.6 ‘

1600; § 1800;
1400; 2 1600;
1200i 14002—

B 1200 -
1000— =

C 1000
800[
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200/ — 200;

07 0z o4 06 08 4 0 o0z o.|4 - o.le - o.‘s 4

X' lower limit

> 0.8<x’<0.917 =

x" upper limit



Number of Charged Tracks

[ ]

o 2200110 —
£ 2000 Z -> leptons
1800 Z -> hadrons
1600 —
1400?—_ Restriction
1200 - 2 Jets
1000 - - 0.8<x’<0.917
800
600
4005
200
0 5 10 15 20 R R

r\'l Imhﬂr ﬂ" r\'l‘\ﬂvﬂf‘lf‘ Tl"ﬂﬂlll"\



Number of Charged Tracks
- Significance -

Z -> leptons
Restriction
« 2 Jets
« 0.8<x’<0.917

2 = Number of Charged Tracks = 3

Z -> hadrons
Restriction
« 2 Jets
« 0.8<x’<0.917

A = S I
20

5 = Number of Charged Tracks



Total Visible Invariant Mass

- Event Selection For Z -> hadrons -

Red : Z -> hadrons (Signal)
Blue : Background

Restriction

-+ 2 Jets

- 0.8 <x'<0.917

- 5 = Number of Charged Tracks

<

900

& 800 Genlet

700
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400

300
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100
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Total Visible Invariant Mass

- Event Selection For Z -> leptons -

o 180x10°
E ol Z -> leptons (Signal)
ta0~ Background
20E Restriction
E - 2 jets
o - 0.8 <x’<0.917
o - 2 = Number of Charged Tracks = 3
20—
o ‘ M N B 85GeV < Total Visible Invariant Mass < 96GeV
0 50 100 150 200 Mvis[2ngV]
o 180X10° o 180510
@ 160 — E 160 (—
ob a0
120; 1202—
100; 100;
80; sof—
0 ol
40; 40;
20F- M oF
% 50 ST s e e % 5 200 ‘




Background Study

/ ete- => W*W-=> semi-leptonic decay \ / lepton(e or u)\
W+ e’

anti-quark

K quark

p=/2E;(1 — cosb)

o 107 =

Z -> hadrons (Signal)
W*W-=> semi-leptonic decay

=
w
108

Restriction
- 2 jets (GenJet)
- 0.8<x’<00917 E
- 5 = Number of Charged Tracks e

- 70 < Total Visible Invariant Mass <
94 .




Background Study

For Z -> hadrons

Background For Z -> hadrons (GenJet)

2 90000 _
c -
5 go000- Genlet
= Background Processes
7'0000E eL,pR => WHW- g
60000 — => semi-leptonic decay - Restriction -
50000 2 jets
= 0.8<x<0.917
40000 — 5 = Number of Charged Tracks
30000 — eLpR=>2Z 70GeV < Total Visible Invariant Mass <
= => semi-leptonic decay 94GEV
20000 —
10000 —
:’_‘ |—| \_A_l 1 I—l—4 1 Ll ‘ L ‘ I | | I I | | | N |
105550 106555 106560 106565 106570 106575 106580 106585 106590 106595
ProcessID
Background For Z -> hadrons (FastJet) Background For Z -> hadrons (VLCJet)
- _ “ x10°
£ 90000{— M £ 250 — M
0 = 0 L
80000 — Fa StJ et — VLCJ et
- 200
70000 — 00 eL,pR => W+W-
= B => i
60000 - & hadronic decay
= 150
50000 — - eL,pR =>ZZ or W+W-
E Tl | r4”  => hadronic decay
40000 — =
= 100
30000 — =
20000 — 50—
10000 ﬂ -
:HI_I‘\IID—._‘I \\‘ ‘\\\\l\\\llllll L ‘\\\ L \\\‘ \II\lIIIIlII\I
105550 106555 106560 106565 106570 106575 106580 106585 106590 106595 105550 106555 106560 106565 106570 106575 106580 106585 106590 106595

ProcessID ProcessID



Background Study

for Z -> hadrons
(Beam Background)

Background Processes For Z -> hadrons (GendJet)

g 40000
E = n ye- => e+, 2 down-type quarks
350001 GenJet 7 Background Processes
- = ) ye+=> e+, 2 up-type quarks
ye- => e-, 2 up-type quarks
30000 - K .
- \ 1 - Restriction -
25000 — 2 Jets
= yve+ => e+, 2 down-type quarks 0.8<x <0917
20000 1l / 5 = Number of Charged Tracks
000l 70GeV < Total Visible Invariant Mass <
50001 94GeV
10000 —
5000 —
0 = 1 | I I I | \J_|-\ L J_|-< o oenlHa, | 1 L M |
37760 37780 37800 37820 37840 37860
ProcessID
Background Processes For Z -> hadrons (Fastdet) Background Processes For Z -> hadrons (VLCJet)
o 40000 o 40000
2 C 2 -
€ - c —
" a0 | Fastlet “ sso— | VIClet 1
30000 — 30000{—
25000 — n 25000 — -
20000 — . 20000 —
15000— 15000 |—
10000 — 10000 |—
5000 — N H 5000 —
= L AL noenlllh, |, nl b L ] Lol I T Lol
37760 37780 37800 37820 37840 37860 37760 37780 37800 37820 37840 37860
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