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Purpose 
of 2-fermion process study

´ Precise measurements of 
electroweak processes at 
the ILC will provide unique 
opportunities to explore 
new physics beyond the 
standard model.

´ Fermion pair productions 
are sensitive to new 
contact interactions or a 
new heavy gauge boson
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Z’ by comparing 
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Purpose 
of 2-fermion process study

´ Studies at √s = 500 GeV or 
more energy exist.
´The result is made                        

without full simulation.
´No result 

at √s = 250 GeV 
(the first-phase ILC:   
the Higgs factory)

arXiv:0912.2806

Z’ mass reach

We need to study by full detector simulation and √s = 250 GeV.
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Today‘s Talk

´ report on a new simulation study of 
fermion pair productions at 250 GeV

´ demonstrate the potential of the first-
phase ILC (the Higgs factory). 
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Simulation condition 

´ 2f – tautau event
´ 4f – Leptonic event

Backgrounds

´ DBD ILD detector geometry : ild-v1-05
´ ILCSoft Version  : v01-16-02-p1
´ Using H-20 scenario at 250 GeV

´ Polarization : |P(e- )| = 80%, |P(e+ )| = 30%

´ e-
L e+

R and e-
R e+

L results are treated 
independently to investigate the 
deviation to SM

(Bhabha is NOT included)

Total Luminosity e-
L e+

R e-
R e+

L

500 fb-1 337.5 fb-1 112.5 fb-1

2000 fb-1 1350 fb-1 425 fb-1
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Signals
´ 2f – mumu event



Track Selection  / Event Selection    
(1/2 )

´ Track Selection
´ The track with the highest energy is selected

from each positive and negative tracks.
´ Cut 1: Both of the selected tracks has > 10 GeV energy
´ Cut 2 : Muon ID

´ Cut 2-1 : Ecluster / E track <0.6
´ High energy muons penetrate detectors, which give

smaller energy deposit with respect to the track momentum

´ Cut 2-2 : EECAL / (EECAL + E HCAL  )  <0.5
´ Electrons deposit most of energy at ECAL  (This cut aims to cut Bhabha events)
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Cluster Energy / Tracker Energy

Red : µ+µー

Blue : tautau

EECAL / (EECAL + E HCAL  )

Cut 2-1

Cut 2-2



Event Selection (2/ 2)
´ Cut 3: Energy sum of two selected tracks > 230 GeV

´ Cutting most of 4f/tautau background and radiative return events
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cos ✓ =

Pz

E
´ Cut 4:    -0.95  <              < 0.95

´ Cutting the forward Bhabha events

cos ✓ =

Pz

E

Red : µ+µー

Blue : SM 
background

Red : µ+µー

Blue : SM 
background

cos ✓ =

Pz

EEnergy sum

Cut3 Cut4



Cut Table
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eL.pR
L=500 

fb^-1

Signal 
(mumu) %

BG 
(tautau) %

BG 
(WW/ZZ) %

BG (single 
W/Z) %

No cut 2417420 1082540 1255810 130744
Track > 10 GeV 1899430 79% 709045 65% 842641 67% 103175 79%
ECAL / (ECAL + 
HCAL  )  <0.5 1529710 63% 149028 14% 169394 13% 766.916 1%
sum track energy > 
230 GeV 649926 27% 99 0% 248 0% 0.708508 0%
angular distribution 612339 25% 93 0% 237 0% 0.566807 0%

eR.pL
L=500 

fb^-1

Signal 
(mumu) %

BG 
(tautau) %

BG 
(WW/ZZ) %

BG (single 
W/Z) %

No cut 4808510 4171460 6211980 1019310 
Track > 10 GeV 3933710 82% 2792170 67% 4443290 72% 851330 84%
ECAL / (ECAL + 
HCAL  )  <0.5 3170660 66% 570103 14% 1063590 17% 3457 0%
sum track energy > 
230 GeV 1265710 26% 92 0% 649 0% 0 0%
angular distribution 1191050 25% 68 0% 601.185 0% 0 0%



Angular distribution

27 Jun 2017AWLC2017@SLAC

9
cos ✓ =

Pz

E

e-
R e+

Le-
L e+

R

cos ✓ =

Pz

E
cos ✓ =

Pz

E

Negative muon Negative muon

Identify Z’ models based on the statistics 
of these distribution 



investigation the deviation to SM
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e-
L e+

R ,  500 fb-1 , MZ’ = 2.5 TeV

e-
R e+

L ,  500 fb-1 , MZ’ = 2.5 TeV



investigation the deviation to SM
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e-
L e+

R ,  500 fb-1 , MZ’ = 5.0 TeV

e-
R e+

L ,  500 fb-1 , MZ’ = 5.0 TeV



Results
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L= 500 fb-1

Z' = 2.5 TeV eL.pR eR.pL combined
BSM model χ^2 ndf probability χ^2 ndf probability χ^2 ndf probability
SSM 126.44 76 0.00023476 94.9611 76 0.0695688 221.4011 152 2.04E-04
ALR 167.963 76 6.74E-09 151.037 76 6.83E-07 319 152 6.52E-14
χ 86.3574 76 0.195383 100.764 76 0.0302492 187.1214 152 2.78E-02
Ψ 79.9975 76 0.354724 77.0383 76 0.445167 157.0358 152 3.73E-01
η 86.1638 76 0.199391 76.6222 76 0.458426 162.786 152 2.60E-01

Discrimination of Z’ models

L= 500 fb 
Z' = 2.5 
TeV eL.pR eR.pL combined
BSM 
model χ^2 ndf

probabilit
y χ^2 ndf

probabilit
y χ^2 ndf

probabilit
y

SSM 141.907 76 6.92E-06 90.9601 76 0.116018 232.8671 152 2.67E-05
ALR 341.358 76 2.71E-35 103.504 76 1.97E-02 444.862 152 1.67E-30
χ 165.297 76 1.43E-08 79.1519 76 0.379755 244.4489 152 2.89E-06
Ψ 79.5565 76 0.367685 77.1609 76 0.44128 156.7174 152 3.80E-01
η 78.0516 76 0.413357 78.8486 76 0.388907 156.9002 152 3.76E-01

probability to be consistent with the SM 

L= 500 fb 
Z' = 5 TeV eL.pR eR.pL combined
BSM 
model χ^2 ndf

probabilit
y χ^2 ndf

probabilit
y χ^2 ndf

probabilit
y

SSM 80.059 76 0.352933 76.92 76 0.448927 156.979 152 3.74E-01
ALR 92.4063 76 0.0970292 77.7001 76 0.424305 170.1064 152 1.50E-01
χ 81.5109 76 0.31192 76.1944 76 0.472157 157.7053 152 3.59E-01
Ψ 76.2189 76 0.471366 76.0715 76 0.476118 152.2904 152 4.78E-01
η 76.1264 76 0.474347 76.1755 76 0.472764 152.3019 152 4.78E-01



Summary 
´ Fermion pair productions are sensitive to new contact 

interactions or a new heavy gauge boson.

´ We use e+ e- -> µ+ µ- process in 250 GeV to investigate 
the possibility  to find the Z’ models.

´ Z’ models of SSM and ALR with 2.5 TeV mass can be 
discovered in the costheta distributuon.
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Plan 
´ To simulate bhabha event as the backgrounds

´ To study  other final states (tautau, ee,  cc etc..)
to obtain the conbine mass reach of ILC to  Z’ models.


