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A simulation study on measurement of  
the polarization asymmetry ALR  

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

Z
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Lagrangian for Z–fermion interference	

This causes left-light polarization asymmetry	

sL = �1

2
+ sin ✓W sR = sin ✓W
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For electron,	

sL/R : Eigenvalue of T3 �Q sin
2 ✓W

Q : Operator for Electric Charge

T3 : Operator for Weak Isospin

✓W : Weak Mixing Angle

PL/R : Projection Operator (PL ⌘ 1� �5
2

PR ⌘ 1 + �5
2

)
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ALR	

For electron	

�L/R : the cross-section with (Pe� , Pe+) = (⌥1.0,±1.0)
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�L + �R
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=
2(1� 4 sin2 ✓W)

1 + (1� 4 sin2 ✓W)2
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The ALR is very sensitive to the weak mixing angle θW	

Because of �L/R / s2L/R,
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ALR	

Experimentally,	

ALR =
�meas
L � �meas

R

�meas
L + �meas

R

1 + hPe�ihPe+i
hPe�i+ hPe+i
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The ILC is suitable for research of the eeZ coupling because of beam polarization   	
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�meas
L/R : the cross-section with (Pe� , Pe+) = (⌥0.8,±0.3)

hPe�/e+i : the magnitude of electron/positron polarization

Pe�/e+ ⌘ NR �NL

NR +NL

NR/L : Number of right/left-handed electron (positron) in a bunch
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Effective Field Theory  
for Higgs precision measurement 	

General SU(2)×U(1) gauge invariant Lagrangian with dimension-6 operators in addition to the SM	
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sin ✓W is defined by 4 sin ✓W cos ✓W =
4⇡↵p
2GFm2

Z
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sin⇤ ✓W : e↵ective sin ✓W on Z pole
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Using this framework, Higgs coupling is fitted	



Previous Study	

 Stanford Linear Collider (SLC) 
 ・　The world’s first electron-positron linear collider 
 ・　The center-of-mass energy of the e+e− collisions ~ mz (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 - 

arXiv:hep-ex/0509008		
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�ALR

ALR
⇡ 1.5%
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Goal of this study	

Goal of this study 
 to estimate how the statistical error of the ALR can be reduced  
 at the ILC with center-of-mass energy of 250 GeV  
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p
s0 =

p
4Ebeam(Ebeam � EISR)
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COM Energy after ISR :

p
s0 = 91.2 GeV (= MZ)
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ALR will be possible to be measured at the ILC with COM energy of 250 GeV 

Helicity	
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ISR photon	

: the direction of the spin of beam	

The sign of the beam helicity is conserved	

if Ekin >> E0 ! me ⇡ 0
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International Linear Collider	

・ Electron-positron collider with a center-of- mass energy of 250 GeV 
 
・ Polarized electron/positron beam 
 
・ Candidate detector : SiD detector and ILD detector 

(Pe� , Pe+) = (⌥0.8,±0.3)
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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 
・ a main tracker with silicon strips  et al. 

SiD Detector	



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

  
  Detector Simulation : a fast simulation (Delphes) 
    - based on the 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 fb-1 / 250 fb-1	

ISR option	 ON	

Beamstrahlung	 CIRCE2	

sin2θW	 0.22225	

ALR
lepton	 0.21930	
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Signal Process for this analysis	

Signal Event	

The ALR is irrespective of the final state of e+e� ! ff̄
<latexit sha1_base64="Q9Sx1/RUqbx5OmI7lilQNHjwA+4="></latexit><latexit sha1_base64="Q9Sx1/RUqbx5OmI7lilQNHjwA+4="></latexit><latexit sha1_base64="Q9Sx1/RUqbx5OmI7lilQNHjwA+4="></latexit><latexit sha1_base64="bCGVUtJ4GILCFEt2oLv9yGqi8/s="></latexit>

e+e� ! qq̄ via Z boson
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Mff̄ (true) distribution in the e+e� ! ff̄ process
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L run : sample with (Pe� , Pe+) = (�0.8,+0.3)

R run : sample with (Pe� , Pe+) = (+0.8,�0.3)
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L run	 R run	



Background	
 The list of background events 
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e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

e�
<latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit>

Z
<latexit sha1_base64="6YCnmwPPFTBzg6lkyd6GCeub224="></latexit><latexit sha1_base64="6YCnmwPPFTBzg6lkyd6GCeub224="></latexit><latexit sha1_base64="6YCnmwPPFTBzg6lkyd6GCeub224="></latexit><latexit sha1_base64="6YCnmwPPFTBzg6lkyd6GCeub224="></latexit>

�
<latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="SGX75kUUu7R0JBZNkbE7oNavt6A="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

e�
<latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit>

f̄
<latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="t5EhN/wGpR9zj4XQHiiEoXCE82o="></latexit>

f
<latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

e�
<latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit>

�
<latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="SGX75kUUu7R0JBZNkbE7oNavt6A="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

⌫e
<latexit sha1_base64="ixLXlh2odIzk73JiY3RxWyDrZak="></latexit><latexit sha1_base64="ixLXlh2odIzk73JiY3RxWyDrZak="></latexit><latexit sha1_base64="ixLXlh2odIzk73JiY3RxWyDrZak="></latexit><latexit sha1_base64="7pQqEIz8aG/qkI3QLKUFmDNi71s="></latexit>

W
<latexit sha1_base64="YHfgEV26Ejpdb1oqvdtJums6Q0g="></latexit><latexit sha1_base64="YHfgEV26Ejpdb1oqvdtJums6Q0g="></latexit><latexit sha1_base64="YHfgEV26Ejpdb1oqvdtJums6Q0g="></latexit><latexit sha1_base64="YHfgEV26Ejpdb1oqvdtJums6Q0g="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

�
<latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="SGX75kUUu7R0JBZNkbE7oNavt6A="></latexit>

�
<latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="FVudjhPqICTWI+nFR0elyd/Jngw="></latexit><latexit sha1_base64="SGX75kUUu7R0JBZNkbE7oNavt6A="></latexit>

f
<latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit><latexit sha1_base64="LLagMHebbSaRgSA+s0QanM4n3EU="></latexit>

f̄
<latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="x1yjvHCD2jXuq706s+CA1IQ9vU4="></latexit><latexit sha1_base64="t5EhN/wGpR9zj4XQHiiEoXCE82o="></latexit>

Examples of the Feynman diagrams	

e+e� ! ZZ ! 4 fermions

e+e� ! W+W� ! 4 fermions

e+e� ! single Z ! 4 fermions

e+e� ! single W ! 4 fermions

e�, �� ! X
<latexit sha1_base64="HzjXT7kfvO7A0mpE+VmsaAVJSp8="></latexit><latexit sha1_base64="HzjXT7kfvO7A0mpE+VmsaAVJSp8="></latexit><latexit sha1_base64="HzjXT7kfvO7A0mpE+VmsaAVJSp8="></latexit><latexit sha1_base64="9pz67EZLS7ON4oyctOvB4GF8zvs="></latexit>
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Jet Clustering	
Jet clustering is based on the anti-kT algorithm	

dij ⌘ min(k�2
Ti , k

�2
Tj )

�2
ij

R2

dii ⌘ k�2
Ti

dmin ⌘ min(dij , dii)
<latexit sha1_base64="PVxMb9I2vcJd0ZVfmfEt1m6OVIY="></latexit><latexit sha1_base64="PVxMb9I2vcJd0ZVfmfEt1m6OVIY="></latexit><latexit sha1_base64="PVxMb9I2vcJd0ZVfmfEt1m6OVIY="></latexit><latexit sha1_base64="eqsqDwVB3KZQXIXU2Qn8SsWTEEk="></latexit>

14	

i, j : cluster

kT : transverse momentum

� : distance between clusters

R : a parameter to be adjusted
<latexit sha1_base64="oCKHUErIivyY0KMa4JNwvKrGB3U="></latexit><latexit sha1_base64="oCKHUErIivyY0KMa4JNwvKrGB3U="></latexit><latexit sha1_base64="oCKHUErIivyY0KMa4JNwvKrGB3U="></latexit><latexit sha1_base64="Hhockc7y4Z5ReqRKp6OxLkt4wCU="></latexit>

In this study, only 2jet events are selected.
<latexit sha1_base64="ZcDihDXwAo4tE0Iov8xv4MY4QXg="></latexit><latexit sha1_base64="ZcDihDXwAo4tE0Iov8xv4MY4QXg="></latexit><latexit sha1_base64="ZcDihDXwAo4tE0Iov8xv4MY4QXg="></latexit><latexit sha1_base64="3/zoUYyGGkMN+PokActAknkM7BQ="></latexit>

if dmin = dij , combine i and j with each weight corresponding to their energy.

if dmin = dii, regard i as a jet and remove it from the list of the clusters.

This procedure is repeated until no clusters are left.
<latexit sha1_base64="GybMePuGlR/b+JN6+VlAcit7ERE="></latexit><latexit sha1_base64="GybMePuGlR/b+JN6+VlAcit7ERE="></latexit><latexit sha1_base64="GybMePuGlR/b+JN6+VlAcit7ERE="></latexit><latexit sha1_base64="L3hkrPBQYhAxVw+CTJQ+srV3dk4="></latexit>



 
	

Background Rejection Cut	
Event Selection 

✓l�jet
<latexit sha1_base64="MztSAPEN/R2n5ZXKxwcRf2wQZf8="></latexit><latexit sha1_base64="MztSAPEN/R2n5ZXKxwcRf2wQZf8="></latexit><latexit sha1_base64="MztSAPEN/R2n5ZXKxwcRf2wQZf8="></latexit><latexit sha1_base64="yHZboAMsMEQ7VuP0LGijEvg4CJw="></latexit>
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5 5 Nchargedtrack 5 25

� to reduce e�, �� ! X events

⇢ =
q

2El(1� cos✓l�jet) < 1.6 (for all combination)

� to reduce e+e� ! 4 fermions events

50 GeV < M2jet(reco) < 107 GeV
<latexit sha1_base64="M2ZgAulGOFJZS/I0F7dkLWil55Y="></latexit><latexit sha1_base64="M2ZgAulGOFJZS/I0F7dkLWil55Y="></latexit><latexit sha1_base64="M2ZgAulGOFJZS/I0F7dkLWil55Y="></latexit><latexit sha1_base64="uvV7x72avVDXxAy3OrzAoXmrk98="></latexit>

lepton
<latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit>

lepton
<latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit><latexit sha1_base64="UJSMJci8xj7DANaK6Lc4vKSpkfk="></latexit>

jet
<latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit>

jet
<latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit><latexit sha1_base64="47F8RX7d1QIpJyHGr0WaecD+pKU="></latexit>



Reconstruction of x ≡ Eγ/Ebeam	

E1 (= E)	 E - xE	

xE (= Eγ)	

ISR Photon	

Beam1	 Beam2	
E2 (= E)	

COM frame of e+e-	

The x can be reconstructed from θ1 and θ2 
No need to detect ISR photon 

fermion1	

θ1	

fermion2	

θ2	

16	

Assumption 
ISR photon travels collinearly with the beam pipe / Only one ISR photon is emitted 

p
s = 250 GeV,

p
s0 = MZ () x = 0.8670

<latexit sha1_base64="+2tloh9BQXtpn00txf4qVRo63Hg="></latexit><latexit sha1_base64="+2tloh9BQXtpn00txf4qVRo63Hg="></latexit><latexit sha1_base64="+2tloh9BQXtpn00txf4qVRo63Hg="></latexit><latexit sha1_base64="mZnl9Lwy01/qRGYwuPLX/3mtccQ="></latexit>

x =
2|�|

1 + |�| · · · (1)
<latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="QRUo/84GEdsSpRXjhyE55/z1zmE="></latexit>

|sin(✓1 + ✓2)|
sin✓1 + sin✓2

=
⌘

�
= |�| · · · (2)

<latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="Jt/4mmC+x115fLGJt1Px1/cE9wo="></latexit>

� : the velocity of the recoil system
<latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="o1/x3+Jy0W+PtiLVW9OzxMj+Ljg="></latexit>



Background Rejection Cut	
Before 

(2jet requirement is applied)	 After	

17	

x value distribution	

Reconstruct only the events satisfying 0.75 < x < 0.95 

L run	 L run	

R run	 R run	

0.75	 0.95	

0.75	 0.95	



Derivation of ALR	

Assume the absolute value of background is estimated correctly by the MC data. 

NL	(250	fb-1)	 NR	(250	fb-1)	

All	Events	(measured)		 10434326		 6794226		

Background	Events	(MC)		 1051278		 469413		

Nsignal
L = N total

L (meas)�N bkg
L (MC) = 9383048

Nsignal
R = N total

R (meas)�N bkg
R (MC) = 6324813

ALR =
Nsignal

L �Nsignal
R

Nsignal
L +Nsignal

R

1 + hPe�ihPe+i
hPe�i+ hPe+i

= 0.21947
<latexit sha1_base64="SQsrm0fxeiRbVkM09eMbrwSkPLs="></latexit><latexit sha1_base64="SQsrm0fxeiRbVkM09eMbrwSkPLs="></latexit><latexit sha1_base64="SQsrm0fxeiRbVkM09eMbrwSkPLs="></latexit><latexit sha1_base64="/wREhoVd1CuCWm3km2x1llv+gbg="></latexit>

L run	 R run	

18	

The x distribution
<latexit sha1_base64="yGOyn6QfCXMxag4kruwPiV/lf3Y="></latexit><latexit sha1_base64="yGOyn6QfCXMxag4kruwPiV/lf3Y="></latexit><latexit sha1_base64="yGOyn6QfCXMxag4kruwPiV/lf3Y="></latexit><latexit sha1_base64="31JYcZaFkINFfyDVrvj4MEODhwE="></latexit>

0.75	 0.95	0.75	 0.95	



Statistical Error of ALR	

ALR =
�meas
L � �meas

R

�meas
L + �meas

R

1 + hPe�ihPe+i
hPe�i+ hPe+i

=
NL �NR · rL
NL +NR · rL

1 + hPe�ihPe+i
hPe�i+ hPe+i

<latexit sha1_base64="mHKVfirqbEmAq+xhZ8LT5P/shzM="></latexit><latexit sha1_base64="mHKVfirqbEmAq+xhZ8LT5P/shzM="></latexit><latexit sha1_base64="mHKVfirqbEmAq+xhZ8LT5P/shzM="></latexit><latexit sha1_base64="9DEDBU4Aiw2YxH/BV096rVF9W2s="></latexit>

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

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

�ALR ⇡
r

(
@ALR

@NL
)2(�NL)2 + (

@ALR

@NR
)2(�NR)2 =

2NLNR · rL
(NL +NR)2

(
1p
NL

+
1p
NR

)
1 + hPe�ihPe+i
hPe�i+ hPe+i

<latexit sha1_base64="Oo5OrcDpy0qRAwgZIfw+qVTdOIM="></latexit><latexit sha1_base64="Oo5OrcDpy0qRAwgZIfw+qVTdOIM="></latexit><latexit sha1_base64="Oo5OrcDpy0qRAwgZIfw+qVTdOIM="></latexit><latexit sha1_base64="lFZz4T1NJkQ8k31mCNhVC+yNZLE="></latexit>

ALR = 0.21947± 0.00038 (500fb�1)
<latexit sha1_base64="GNJ+8JrhGwNot4rfggdMpE8ckZg="></latexit><latexit sha1_base64="GNJ+8JrhGwNot4rfggdMpE8ckZg="></latexit><latexit sha1_base64="GNJ+8JrhGwNot4rfggdMpE8ckZg="></latexit><latexit sha1_base64="BXjHlO0XLgHpnn9DEKk7M4xKnGM="></latexit>
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rL =
L run integrated luminosity

R run integrated luminosity
<latexit sha1_base64="VS6LBOFJGg2K8yKiiuhL8O3VV2M="></latexit><latexit sha1_base64="VS6LBOFJGg2K8yKiiuhL8O3VV2M="></latexit><latexit sha1_base64="VS6LBOFJGg2K8yKiiuhL8O3VV2M="></latexit><latexit sha1_base64="mZB2LToVradYlx7fCWZZYnOUXtI="></latexit>

sin2 ✓W = 0.22223± 0.00005 (500fb�1)
<latexit sha1_base64="7TIZ29F47Q23mgwj7lRtJo2PMLw="></latexit><latexit sha1_base64="7TIZ29F47Q23mgwj7lRtJo2PMLw="></latexit><latexit sha1_base64="7TIZ29F47Q23mgwj7lRtJo2PMLw="></latexit><latexit sha1_base64="00uNa/8l6UrDOfxWHTJYprr2pJQ="></latexit>



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 is floated  
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Result for the fit	

Fitting for the x distribution of the total events
<latexit sha1_base64="FqsCfu91kG+Fsr/SfWTZ0NUlLyc="></latexit><latexit sha1_base64="FqsCfu91kG+Fsr/SfWTZ0NUlLyc="></latexit><latexit sha1_base64="FqsCfu91kG+Fsr/SfWTZ0NUlLyc="></latexit><latexit sha1_base64="NGcnebbEU9baSa8KVVtNBO97yy4="></latexit>

L run	

L run	

R run	

Fitting for the x distribution of the signal events
<latexit sha1_base64="H1por4dGKZ6jlSm75WYPuZkAF/E="></latexit><latexit sha1_base64="H1por4dGKZ6jlSm75WYPuZkAF/E="></latexit><latexit sha1_base64="H1por4dGKZ6jlSm75WYPuZkAF/E="></latexit><latexit sha1_base64="TcWwi4AfkmSODjzT1twjOzmdGMQ="></latexit>

R run	
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Result for the fit	

NL	(250	fb-1)	 NR	(250	fb-1)	 ALR	

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 

With the full-data at 250 GeV of 2000 fb-1, the statistical error can be reduced by a factor of two 	

ALR = 0.21956± 0.00040 (500fb�1)
<latexit sha1_base64="S1bPWmG87ynMqeIRzF2swt4rVIQ="></latexit><latexit sha1_base64="S1bPWmG87ynMqeIRzF2swt4rVIQ="></latexit><latexit sha1_base64="S1bPWmG87ynMqeIRzF2swt4rVIQ="></latexit><latexit sha1_base64="0xTNhdC6iDnnYvgHpf2fNeZtlCY="></latexit>

ALR = 0.21956± 0.00020 (2000fb�1)
<latexit sha1_base64="v2uyuC3b9BiwQ5VN+o06z+j8+CQ="></latexit><latexit sha1_base64="v2uyuC3b9BiwQ5VN+o06z+j8+CQ="></latexit><latexit sha1_base64="v2uyuC3b9BiwQ5VN+o06z+j8+CQ="></latexit><latexit sha1_base64="oTdhz60PjIten/JwCsQSFZqG1DU="></latexit>

22	



Summary	

・Evaluated of the statistical error of the ALR 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 ALR can be reduced     
　to ~ 0.1% (previous value ~1.5%) with the full-running at 250 GeV 

23	



Backup	
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ALR	

�meas
L =

1

4
(1 + hPe�i)(1 + hPe+i)�L +

1

4
(1� hPe�i)(1� hPe+i)�R

�meas
R =

1

4
(1� hPe�i)(1� hPe+i)�L +

1

4
(1 + hPe�i)(1 + hPe+i)�R

<latexit sha1_base64="2ooUgTZKumjpzu/sNPL1JKwD40M="></latexit><latexit sha1_base64="2ooUgTZKumjpzu/sNPL1JKwD40M="></latexit><latexit sha1_base64="2ooUgTZKumjpzu/sNPL1JKwD40M="></latexit><latexit sha1_base64="0X05V/nQD6Hmzxi7ZkhT3Gk5t/w="></latexit>

�meas
L � �meas

R =
1

2
(hPe�i+ hPe+i)(�L � �R)

�meas
L + �meas

R =
1

2
(1 + hPe�ihPe+i)(�L + �R)

<latexit sha1_base64="hP9DFEkJQ0j8cniSuhHFemtw/pg="></latexit><latexit sha1_base64="hP9DFEkJQ0j8cniSuhHFemtw/pg="></latexit><latexit sha1_base64="hP9DFEkJQ0j8cniSuhHFemtw/pg="></latexit><latexit sha1_base64="0FCJ2Hwjvh8F4UcygjqHVwpTMoI="></latexit>

ALR =
�meas
L � �meas

R

�meas
L + �meas

R

1 + hPe�ihPe+i
hPe�i+ hPe+i

<latexit sha1_base64="LMmDhp8ZI6Km+ve+e/3icGb/Gdw="></latexit><latexit sha1_base64="LMmDhp8ZI6Km+ve+e/3icGb/Gdw="></latexit><latexit sha1_base64="LMmDhp8ZI6Km+ve+e/3icGb/Gdw="></latexit><latexit sha1_base64="LMmDhp8ZI6Km+ve+e/3icGb/Gdw="></latexit>

�meas =
Ne�

L Ne+

R �L +Ne�

R Ne+

L �R

(Ne�
R +Ne�

L )(Ne+
R +Ne+

L )

=
1

4
(1� Pe�)(1 + Pe+)�L +

1

4
(1 + Pe�)(1� Pe+)�R

<latexit sha1_base64="jZLXNBqO1/65c91a8XUUPeU/WHQ="></latexit><latexit sha1_base64="jZLXNBqO1/65c91a8XUUPeU/WHQ="></latexit><latexit sha1_base64="jZLXNBqO1/65c91a8XUUPeU/WHQ="></latexit><latexit sha1_base64="fVVkjczNpoVGH8/b2tbSxqpZM+o="></latexit>
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Effective Field Theory  
for Higgs precision measurement 	

approximation	

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

L̄
<latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="HwqDxfQqp7UmfMTlHBD0K0qu0EI="></latexit>

L
<latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="4nx4t1oXV3xupETHK8dH59JSD5g="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

Vµ
<latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="SjFcuoHYqa3+0LIacW2TN2TD8oU="></latexit>

-	

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

L
<latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="4nx4t1oXV3xupETHK8dH59JSD5g="></latexit>

L̄
<latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="HwqDxfQqp7UmfMTlHBD0K0qu0EI="></latexit>

L
<latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="4nx4t1oXV3xupETHK8dH59JSD5g="></latexit>

L̄
<latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="HwqDxfQqp7UmfMTlHBD0K0qu0EI="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

Vµ
<latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="BexUtmvz7vzaYJGBBc2M3YDGw7M="></latexit><latexit sha1_base64="SjFcuoHYqa3+0LIacW2TN2TD8oU="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

�
<latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="QBZKvtgFtx12Oyc/eiqqw1teybY="></latexit><latexit sha1_base64="PDUAR/k7Qjvyv2AKV07F89Ggt3U="></latexit>

L
<latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="nAbwmO2glLVYUKL4jk4O8I1nEp0="></latexit><latexit sha1_base64="4nx4t1oXV3xupETHK8dH59JSD5g="></latexit>

L̄
<latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="1FqOQfeqhChde8zC24hPJb9cNv8="></latexit><latexit sha1_base64="HwqDxfQqp7UmfMTlHBD0K0qu0EI="></latexit>

(�†Dµ�)(L̄�µL)
<latexit sha1_base64="2bJP0xv0SWbXMfOy1VmGxcAnxgY="></latexit><latexit sha1_base64="2bJP0xv0SWbXMfOy1VmGxcAnxgY="></latexit><latexit sha1_base64="2bJP0xv0SWbXMfOy1VmGxcAnxgY="></latexit><latexit sha1_base64="sSgUA40mlnkUqVmje6QahOvP/NU="></latexit>

Dµ = @µ � V µ
<latexit sha1_base64="/hS64oOVfNKKMR6beb+7FVx+css="></latexit><latexit sha1_base64="/hS64oOVfNKKMR6beb+7FVx+css="></latexit><latexit sha1_base64="/hS64oOVfNKKMR6beb+7FVx+css="></latexit><latexit sha1_base64="H+EU2NMKewGj5ZcwUtvfP1JNKiQ="></latexit>

?
<latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit> ?

<latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit><latexit sha1_base64="zYZxWOgvfHBT1Mugg5tGcjc/GKI="></latexit>



Helicity	

�L
<latexit sha1_base64="RsIF2zwj9X1W55lau0B/lih+dK8="></latexit><latexit sha1_base64="RsIF2zwj9X1W55lau0B/lih+dK8="></latexit><latexit sha1_base64="RsIF2zwj9X1W55lau0B/lih+dK8="></latexit><latexit sha1_base64="42hTGVJ6pOqrzPmUD+ERq65i/aQ="></latexit>

�R
<latexit sha1_base64="pkhc8w8W+6V+yeylAfSbipYbU+E="></latexit><latexit sha1_base64="pkhc8w8W+6V+yeylAfSbipYbU+E="></latexit><latexit sha1_base64="pkhc8w8W+6V+yeylAfSbipYbU+E="></latexit><latexit sha1_base64="NGKO/2PjPLeo/1S0Cqn0mEEV7wE="></latexit>

e�
<latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit><latexit sha1_base64="DznrY0JMYLvzId9g8CxbtL6MEPM="></latexit>

e+
<latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit><latexit sha1_base64="MP521i/pCMHXNkJ35GA8bktdpPw="></latexit>

Helicity is the projection of the spin vector on the direction of motion 

Left-handed
<latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="c4ABnN7vOVZONqHi6xHdmWyPWCg="></latexit>

Left-handed
<latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="3/iS3SdzaR7eAIhONDlCArWjXq4="></latexit><latexit sha1_base64="c4ABnN7vOVZONqHi6xHdmWyPWCg="></latexit>

Right-handed
<latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="CneJKxOWHirPHWtEFB8fvqKNNKg="></latexit>

Right-handed
<latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="hv/M2GRCNIvWsN/SzvDMAUaR+/A="></latexit><latexit sha1_base64="CneJKxOWHirPHWtEFB8fvqKNNKg="></latexit>
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ISR photon	

The sign of the beam helicity is flipped	

if Ekin >> E0 ! me ⇡ 0
<latexit sha1_base64="yPsSMYthYo57rb7eb7vak9rw+I0="></latexit><latexit sha1_base64="yPsSMYthYo57rb7eb7vak9rw+I0="></latexit><latexit sha1_base64="yPsSMYthYo57rb7eb7vak9rw+I0="></latexit><latexit sha1_base64="0tNxz6ZjbG7CQ/vxQRBEHvRXPTY="></latexit>

�1

+1
<latexit sha1_base64="fVv8hO8XtyRB9I6ek68/u3g1534="></latexit><latexit sha1_base64="fVv8hO8XtyRB9I6ek68/u3g1534="></latexit><latexit sha1_base64="fVv8hO8XtyRB9I6ek68/u3g1534="></latexit><latexit sha1_base64="zpOrzDLQBluzEtZh7nt6pjgion8="></latexit>

Spin of ISR photon
<latexit sha1_base64="yyycxbXJEVKTOxNOC//goInKc9c="></latexit><latexit sha1_base64="yyycxbXJEVKTOxNOC//goInKc9c="></latexit><latexit sha1_base64="yyycxbXJEVKTOxNOC//goInKc9c="></latexit><latexit sha1_base64="JnO+PerLwd64rYTvpcvMugZ6ql8="></latexit>



Reconstruction of x ≡ Eγ/Ebeam	

COM Energy with no ISR :
p
s =

p
4E1E2 =

p
4E2

COM Energy with ISR :

p
s0 =

p
4E1E2 =

p
4E2(1� x) =

p
s(1� x)

<latexit sha1_base64="uOGm7gVFrXMc42lLlHhPaQNmfBk="></latexit><latexit sha1_base64="uOGm7gVFrXMc42lLlHhPaQNmfBk="></latexit><latexit sha1_base64="uOGm7gVFrXMc42lLlHhPaQNmfBk="></latexit><latexit sha1_base64="ZVecyB99XA48SbVbwuHZRSntzQ8="></latexit>

p
s = 250 GeV,

p
s0 = MZ ! x = 0.8670

<latexit sha1_base64="y320nhSu8WSEe6wDmA+d/4iIklk="></latexit><latexit sha1_base64="y320nhSu8WSEe6wDmA+d/4iIklk="></latexit><latexit sha1_base64="y320nhSu8WSEe6wDmA+d/4iIklk="></latexit><latexit sha1_base64="0hr30UXjmatLG4dAT9BGusqULOU="></latexit>
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E1 (= E)	 E - xE	

xE (= Eγ)	

ISR Photon	

Beam1	 Beam2	
E2 (= E)	

COM frame of e+e-	
fermion1	

θ1	

fermion2	

θ2	



Rest frame of the ISR 
 

Particle1 
E1’ = γE + ηPcosθ 
P1x’ = ηE + γPcosθ 

P1y’ = Psinθ 
 

Particle2 
E2’ = γE - ηPcosθ 
P2x’ = ηE - γPcosθ 

P2y’ = -Psinθ 

COM frame	
 

Particle1 
E1 = E      

P1x = Pcosθ 
P1y = Psinθ 

 
Particle2 
E2 = E 

P2x = -Pcosθ 
P2y = -Psinθ 

Lorentz 
transformation 

sin✓1 =
|P 0

1y|
E0

1

sin✓2 =
|P 0

2y|
E0

2

cos✓1 =
P 0
1x

E0
1

cos✓2 =
P 0
2x

E0
2

<latexit sha1_base64="DZX9LpSFgVrp56TcEZwaiSY057g="></latexit><latexit sha1_base64="DZX9LpSFgVrp56TcEZwaiSY057g="></latexit><latexit sha1_base64="DZX9LpSFgVrp56TcEZwaiSY057g="></latexit><latexit sha1_base64="ZNCe7xI8X5wizZfiuCyPCmxrZ4E="></latexit>

|sin(✓1 + ✓2)|
sin✓1 + sin✓2

=
⌘

�
= |�| · · · (2)

<latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="DWm3QQMXv2p/A6kHK4JVaTBiTjs="></latexit><latexit sha1_base64="Jt/4mmC+x115fLGJt1Px1/cE9wo="></latexit>

|�| = Ptot

Etot
=

E�

E1 + E2
=

xE

E + E(1� x)
=

x

2� x
<latexit sha1_base64="ReGAdzy9ZqXDriULXBnzJUrTlEI="></latexit><latexit sha1_base64="ReGAdzy9ZqXDriULXBnzJUrTlEI="></latexit><latexit sha1_base64="ReGAdzy9ZqXDriULXBnzJUrTlEI="></latexit><latexit sha1_base64="T/HD+IYon6ouOGBgXAc36hYK9k8="></latexit>

x =
2|�|

1 + |�| · · · (1)
<latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="8ABv06KUPCyapFNc80jO/r0rV6U="></latexit><latexit sha1_base64="QRUo/84GEdsSpRXjhyE55/z1zmE="></latexit>
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Reconstruction of x ≡ Eγ/Ebeam	

� : the velocity of the recoil system
<latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="ieXbswME02ZXabmMLwjJ1E6FY7Q="></latexit><latexit sha1_base64="o1/x3+Jy0W+PtiLVW9OzxMj+Ljg="></latexit>



(Pe-,Pe+) = (-0.8,+0.3) 
Njet = 2   
ー      (71 GeV < Mtrue < 111 GeV ) 
ー µ+µ- 

ー τ+τ- 
ー e+e- 
ー 4 fermion 

ー γγ, eγ -> X 
ー      (outside 71 GeV < Mtrue < 111 GeV) qq̄

<latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="Rh04IHIFrNLO4lx+X6z1XsWNWu8="></latexit>

qq̄
<latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="Rh04IHIFrNLO4lx+X6z1XsWNWu8="></latexit>

Nchargedtrack	

L run	

Nchargedtrack distribution	



Nchargedtrack	

L run	 L run	

Lower Limit	 Upper Limit	

The dependence of the significance on Nchargedtrack 



(Pe-,Pe+) = (-0.8,+0.3) 
Njet = 2 
5 ≦ Nchargedtrack ≦ 25 
ー      (71 GeV < Mtrue < 111 GeV ) 
ー µ+µ- 

ー τ+τ- 
ー e+e- 
ー 4 fermion 

ー γγ, eγ -> X 
ー      (outside 71 GeV < Mtrue < 111 GeV) qq̄

<latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="Rh04IHIFrNLO4lx+X6z1XsWNWu8="></latexit>

qq̄
<latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="aI7COA0Agli7zipB7D+okobrQCc="></latexit><latexit sha1_base64="Rh04IHIFrNLO4lx+X6z1XsWNWu8="></latexit>

ρ	
ρ distribution	

L run	



ρ	
The dependence of the significance on ρ 

Upper Limit	

L run	



(Pe-,Pe+) = (-0.8,+0.3) 
Njet = 2 
5 ≦ Nchargedtrack ≦ 25 
ρ < 1.6 
ー      (71 GeV < Mtrue < 111 GeV ) 
ー µ+µ- 

ー τ+τ- 
ー e+e- 
ー 4 fermion 

ー γγ, eγ -> X 
ー      (outside 71 GeV < Mtrue < 111 GeV) qq̄
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M2jet(reco) 	
M2jet(reco) distribution	



M2jet(reco) 	

L run	 L run	

Lower Limit	 Upper Limit	

The dependence of the significance on M2jet(reco)	
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L run	 L run	
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The dependence of the significance on x	


