A simulation study on measurement of
the polarization asymmetry A,

using the 1nitial state radiation at the ILC
with center-of-mass energy of 250 GeV
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eeZ couplings study

Lagrangian for Z—fermion interference €
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sr/r : Eigenvalue of T3 — Q) sin? Ow
() : Operator for Electric Charge €
T5 : Operator for Weak Isospin
Ow : Weak Mixing Angle
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The A, 1s very sensitive to the weak mixing angle 0y,
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Experimentally,
0Pt — o 14 (P )(Por)
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o7k : the cross-section with (F-, Po+) = (0.8, +0.3)
(Pe~ /e+) : the magnitude of electron/positron polarization

Nr — Np

P, =
e~ /et NR+NL

Np/r, : Number of right /left-handed electron (positron) in a bunch

The ILC i1s suitable for research of the eeZ coupling because of beam polarization




Effective Field Theory

for Higes precision measurement

General SU(2)xU(1) gauge invariant Lagrangian with dimension-6 operators in addition to the SM
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+ ZQSZE(@T D" ®)(ey,e) + ch)Z—;(@T@)Eg, B, g+ h.c

Using this framework, Higgs coupling is fitted
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sin Oy is defined by 4 sin Oy cos Oy = ———

sin® Ay : effective sinfw on Z pole




Previous Study
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Stanford Linear Collider (SLC) arXiv:hep-ex/0509008
The world’s first electron-positron linear collider
The center-of-mass energy of the e"e™ collisions ~ m, (91 GeV)

Longitudinal polarization of electron beam was established
-> reached ~ 80 % in the end of its operation.

600 thousand Z decays collected by the SLD detector

- Previous Value -

AALR
~ 1.
L T LS




Goal of this study

Goal of this study

to estimate how the statistical error of the A, can be reduced
at the ILC with center-of-mass energy of 250 GeV

et f COM Energy after ISR : Vs’ = 91.2 GeV (= My)

. -~

Energy of ISR : Frgr ~ 108 GeV

\/? = \/4Ebeam(Ebeam — EISR)



Helicity

if Frin >> Fg — m, ~0

4_4 |_> : the direction of the spin of beam
42 ISR photon
- =
a =

The sign of the beam helicity is conserved

A, will be possible to be measured at the ILC with COM energy of 250 GeV



International Linear Collider

e+ bunch
Damping Rings IR & detectors compressor

e- bunch ) P
compressor pqsnron 2 km
main linac
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electron
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2 km

* Electron-positron collider with a center-of- mass energy of 250 GeV

* Polarized electron/positron beam (P,-, P.+) = (0.8, +0.3)

= Candidate detector : SiD detector and ILD detector



S1D Detector

S1D
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
- a main tracker with silicon strips et al.




Parameter setup

Event Generation : WHIZARD 1.95
- Accelerator parameter: based on the Technical Design Report (TDR)

Parton shower & hadronization Pythia 6.4
Center-of-mass energy 250 GeV
Beam Polarization (-0.8,+0.3) / (+0.8,-0.3)
Integrated luminosity 250 fb1 /250 fb-!
ISR option ON

Beamstrahlung CIRCE2

sin?0y, 0.22225

A, glepton 0.21930

Detector Simulation : a fast simulation (Delphes)
- based on the TDR 1
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Signal Event

L run : sample with (P.-, P,+)
R run : sample with (P.-, P.+)

(—0.8,40.3)
(+0.8, —0.3)

M 7(true) distribution in the e"e™ — ff process
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(P.,P..) = (-0.8,+0.3) (Pe,Pe) = (+0.8,-0.3)
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The A; g is irrespective of the final state of ete™ — ff

Signal Process for this analysis

_|_

eTe” — gq via Z boson
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Background

The list of background events

_I_

ete” — /Z/ — 4 fermions

ete” = WTW ™ — 4 fermions

_|_

e"e — single Z — 4 fermions

_|_

eTe  — single W — 4 fermions

ey, Yy — X

Examples of the Feynman diagrams
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Jet Clustering

Jet clustering 1s based on the anti-k, algorithm

2
.. = : —2 —2 vJ
di; = min(kp; 7ij) R2
_ 1.—2
dii — My
dmin — min(dij, dm)

1,7 : cluster

kT : transverse momentum

A : distance between clusters
R : a parameter to be adjusted

if dpin = d;;j, combine i and j with each weight corresponding to their energy.

if d,,in = di;,regard i as a jet and remove it from the list of the clusters.

This procedure is repeated until no clusters are left.

In this study, only 2jet events are selected. 14



Background Rejection Cut

-

Event Selection

5 < Nchargedtrack < 25

— to reduce evy,vyy — X events

p= \/2El(1 — cosl_jer) < 1.6 (for all combination)

+

— toreduce eTe- — 4 fermions events

\\50 GeV < Majei(reco) < 107 GeV

lepton

lepton

Ql—jet

qet

qet
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Reconstruction of x = EV/E

beam
fermion] ISR Photon
COM frame of e'e xE (=E,)
Beaml L € Beam?2
E, (=E) E - xE LV E, (FE)
fermion2
Assumption
ISR photon travels collinearly with the beam pipe / Only one ISR photon is emitted
2|8 [sin(61 + 62))|

(1)

_ T _ 5.,
L = 1o 2)

TTIF 5] sinfy + sinfy

£ : the velocity of the recoil system

The x can be reconstructed from 0, and 0,
> No need to detect ISR photon

Vs =250 GeV, Vs = My < z = 0.8670 16



x value distribution
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Reconstruct only the events satisfying 0.75 <x <0.95 17



Derivation of A,

The x distributigon

2
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Assume the absolute value of background is estimated correctly by the MC data.
N, (250 fb1) | N;(250 fb?)
All Events (measured) 10434326 6794226
Background Events (MC) 1051278 469413
NEnal — Ntotal(meqs) — NYF9(MC) = 9383048
Nt = Ntotal(meqs) — NOY9(MC) = 6324813

signal signal
NLg _NRg 1+<P€_><P€+> — 0.21947

Nzignal + N]s%ignal <P€_> + <Pe+> 18

Arg =



Statistical Error of A, ,

O.’Z’LGCLS . O.ELGCLS 1 _|_ <Pe—><Pe+>

A =
LR O_zzea,s e O.}?%zeas <Pe_> + <Pe+>
_ Np—Ng-rp 1+ (Pe- ) (Per)
Np+ Ngr-rp (Pe-) + (Pet)
L run integrated luminosity
r;, —

R run integrated luminosity

Suppose the statistical error of the magnitude of polarization is small enough to be negligible,

OALR
ONg

QNLNR'TL( 1 1 )1+<Pe_><Pe+>
(N + Ngr)* /N, /Ng’ (Pe-) + (Pet)

)?(ANR)? =

0A
VN IN

The statistical error of the signal events can be regarded as the square root of that of all events

Apr = 0.21947 £ 0.00038 (5006~ ")
5 sin? Ow = 0.22223 + 0.00005 (5005~ 19



Fit

In order to remove MC modeling uncertainties for the number of background events,
fitting is applied for the total x distribution.

Signal : three Gaussian functions
Background : Gaussian function and third-order polynominal function

\

Fitting the x distribution for the total events

" The shape of the signal function are fixed
- All parameters for the background function 1s floated

20




Result for the fit

Fitting for the x distribution of the signal events

x10° x10°
S (PP, = (108,4+03) g (PP = (+0.8,03)
3 180 | w2/ndf = 2 180 | +2/ndf =
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o= — background function 120 — background function
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X . ' 21 x



Result for the fit

N, (250 fb1) | N (250 fb1) Ag
All Events 10216660 6655036 | 0.23797
Signal Events 9314017 6277252 0.21956
Background Events 902643 377784 | 0.46208

In the same way as before, the statistical error is obtained by

Arr = 0.21956 + 0.00040 (500fb™1)

With the full-data at 250 GeV of 2000 fb-!, the statistical error can be reduced by a factor of two

Apr = 0.21956 £ 0.00020 (20006~ 1)

22



Summary

- Evaluated of the statistical error of the A, ; at the ILC with the center-
of-mass energy of 250 GeV

Reconstructed the x value for only the events satisfying 0.75 <x <0.95
* Estimated the statistical errors from the fit for the x distribution

- At the ILC, the relative statistical error of A, ; can be reduced
to ~ 0.1% (previous value ~1.5%) with the full-running at 250 GeV

23



Backup



ALR

N¢ N&' o, + N&% N¢ op

meas

T T (Ng N+ N
1 1
— 1(1 - Pe—)<1 + Pe+)0L + Z(l + Pe—>(1 - Pe+)OR
PP = 2L (P )1+ (Pe))o + (1~ (Po))(1 — (Pes))om
o = (1 (P )1~ (Per))ow + (L+ (P )1+ (Pes))om
1
op ™ — o™ = 5((Pe-) + (Pet))(0r — 0R)

=

1
O_znea,s T O.%eas — 5(1 -+ <Pe—><Pe—|—>)(O'L —+ UR)

O.zneas L O.}’)%’LGCLS 1 _|_ <P€_><P€+>
O.zn,eas _|_ O.gbeas <P€—> _|_ <P€+>

ArLr =
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Effective Field Theory

for Higgs precision measurement

= d
(PTD"®)(Ly, L)
DF — gt _
04
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Helicity

Helicity 1s the projection of the spin vector on the direction of motion

e e ™
OL : > —
Left-handed Right-handed
OR : > < [

Right-handed

if Erip >> FEg — m. ~0
ISR photon

Left-handed

: - > {:} <
; : Spin of ISR photon
am ) 1

The sign of the beam helicity is flipped

27




Reconstruction of x = EV/E

beam
fermionl ISR Photon
COM frame of e*e xE (=E,))
Y
Beaml —> < Beam2
E, (FE) E - xE LV E, (ZE)
fermion2

COM Energy with no ISR : \/s = \/4F, Ey = VAE?
COM Energy with ISR : Vs' = \/4E1Fy = /4E2(1 — ) = \/s(1 — )

Vs =250 GeV, Vs = My — z = 0.8670

28



beam

Reconstruction of x = EV/E

. Ptot . Efy zFE x

A= 5. " B+ T E+EQl-z) 2-2

[ : the velocity of the recoil system

2|
g W
/ \ / /
COM frame / Rest frame of the ISR\ sinf, |Pry| sinfs | P2y
£ £,
Particlel Lorentz Particlel
E,=E transformation E,”=7yE +nPcosb cosy = Py 050y = Pae
P, =Pcosd P,.’=nE + yPcos0 £ £,
P,, = Psinf \_> P,,” = Psin6 g
Particle2 Particle2 .
= —= sin(f, + 6
E,=E E,” = yE - nPcosd ‘. : ,2)’=Q=\5\°° (2
, stnfy + sinfy
P,, =-Pcos0 P,.’=nE - yPcosO
szy = -Psm0/ \_ P, ’ = -Psin0 - 29




Nchargedtrack

Nchargedtrack distribution
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Nchargedtrack

The dependence of the significance on Nchargedtrack
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significance
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The dependence of the significance on p
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significance

The dependence of the significance on M, (reco)
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The dependence of the significance on x
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