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Goal of Light Higgsino Study

J.Yan, T. Tanabe, K. Fujii et al

Demonstrate measurement precision of Higgsino
masses and production cross sections

Results of masses and cross sections
(= “observables”) as input

’ S.-L. Lehtinen (DESY) et al

determine SUSY parameters
eg. M, M,, u, tanp

* To get info about unobserved sparticles
* To test GUT-scale models

Why?

How? | Global ¥ fit of to observables

Study required input parameters and precisions;
interplay with Higgs precision measurements

Serve as a basis for future discussions of ILC run scenario in
the case of new particles being discovered
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Benchmarks in this Study

RNS model (Radiatively-driven natural SUSY)

* 4 light Higgsinos: 5(’(1)

(LSP)

~0
X2

 AM approximately complies with
naturalness (ISR tag not needed)

This study: Vs =500 GeV

Full detector simulation
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NUHM2 model parameters

[arXiv:1404.7510]

Benchmark ILC1 ILC2
M, [GeV] 7025 5000
M./, [GeV] 568.3 1200
A, [GeV] -10427 -8000

tanp 10 15

U [GeV] 115 150
M, [GeV] 1000 1000
M(x,%) [GeV] | 102.7 148.1
M(x.*) [GeV] | 117.3 158.3
M(x.0) [GeV]| 124.0 157.8
M(x%) [GeV] | 267.0 538.8

AM : 15-20 GeV AM~ 10 GeV

Defined at GUT scale,
Defined at weak scale Observables
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Extraction of Higgsino Mass and Cross Section

Mass:
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Use Toy Monte Carlo to obtain mass and cross section precisions 4



Neutralino mixed production with leptonic decay Left Polarization  (Pe-,Pe+) = (-0.8, +0.3)

~0 ~0 SO0 gt p— Edge precisions ~1 %, assuming 500 fb"-1

eTe” = XiXo — XiXi
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Chargino pair production with semileptonic decay
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ILD Preliminary
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X1 X149

500 GeV, 500 fb ', P.

~0 ~0 _ 7

Left Polarization (Pe-,Pe+)=(-0.8, +0.3)

Edge precisions ~0.5 %, assuming 500 fb"-1
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ILD Preliminary

Almost all bkg rejected
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ILD Preliminary

Left polarization vs right polarization

500 GeV, 500 fo™', P
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Higgsino Mass Precisions (combined)

apply x?fit to “observables” (kinematic edges)
(Ell_max, Ejj_max, MIl_max, Mjj_max are functions of Higgsino masses)

e Default : 500 fb-1
1600 fb?

4 channels (mm, ee, left, right)
N1N2 MN1 AMN1/MN1 MN2 AMN2/MN2 Scale results to H20
102.54 0.758% 123.36 0.688% For each polarization:
H20 0.424% 0.385% . H20:
4 channels (m tag, e tag left, right)
CIC1  MNI AMN1/MN1 _
116.60 0.447%
H20 0.250% 0.243%
8 channels (m, e, left, right, NIN2, C1C1)
ALL MN1 AMN1/MNI1 MN2 AMN2/MN2
110.56 0.405% 130.90 0.372%
H20 0.226% 0.208%

Theoretic values: MN1 =102.70 GeV  MN2 =123.98 GeV, MC1=117.33 GeV

MN1: X% mass

MN2: x°, mass MC1: x*; mass




combined statistical mass precision ~ 0.2% (H20)

Dominated by precision of chargino channel (higher cross section)

Neutralino results consistent with theoretic values

Chargino results deviated due to jet energy resolution

* H20: 1600 fb!

4 channels (m tag, e tag left, right)

CiCi MNI1 AMN1/MN1
116.60 0.447%

H20 0.250% 0.243%

8 channels (m, e, left, right, NIN2, C1C1)

ALL MN1 AMN1/MN1 MN2 AMN2/MN2
110.56 0.405% 130.90 0.372%
H20 0.226% 0.208% 0.221%

Theoretic values: MN1 =102.70 GeV  MN2 =123.98 GeV, MC1=117.33 GeV
MN1: X% mass  MN2: x% mass MC1: x*; mass



Cross section precisions

e Neutralino (N1N2): 1 —1.5% (H20)

right polarization has better precision due to

suppressed BKG

—
o
o

Events /2.0 GeV
3

Count # of events under
distribution

500 GeV, 500 fbo”, P_

[ 2% aer)
[ smbkg -

[l susy bkg

- Chargino (C1C1) : 0.3-0.7% (H20) 20
scales with size of cross section % 50 100 50
E,. [GeV]

NIN2 Acg/o CiC1 Ac/o
left, mumu 3.49% left, mu-tag 0.85%
left, ee 3.17% left, e~tag 0.83%
combined 2.35% combined 0.59%
H20 1.31% H20 0.33%

NIN2 Aocg/o CiCi Aog/o
right mumu 2.80% right mu—tag 1.75%
right ee 241% right e~tag 1.71%
combined 1.83% combined 1.22%
H20 1.02% H20 0.68%
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Also analyzing more challenging benchmarks with smaller AM

=» compare precision of SUSY parameter extraction

e Currently working on ILC2

Despite reduced visible energy, doable without large change in analysis strategies

*  Will show ILC1 & ILC2 results at LCWS2016

Masses [GeV] from LHA files:

M(N1) 102.7 148.1 151.4
M(N2) 124.0 157.8 155.8
AM(N2,N1) 21.3 9.7 4.4
M(C1) 117.3 158.3 158.7
AM(C1,N1) 14.6 10.2 7.3

Cross sections [fb] for ¥ s=500 GeV with TDR beam parameters,
Event Generator: WHIZARD v1.95, DBD setup)

C1C1 (-1,+1) 1799.9 1530.5
C1C1 (+1,-1) 334.5 307.2
NIN2 (-1,+1) 490.9 458.9

NIN2 (+1,-1) 378.5 353.8

i i |Lé)1 e"LeE |
4 flicteer

i | |iLc2ee ]
3k | |iLc2eer ]

i [ nGMM1 e e, |

[ ]nGMM1 eje;

0 20 40 60 80
Di-lepton Energy (GeV)

Cross Section (fb) / (1 GeV)
[\

1520.6
309.5
463.5

357.3 11



Neutralino mixed production with leptonic decay Pt cut and Muon ID criteria loosened

+ ~0 ~0 ~0=0p+ p— ILC2, KK Other selection same as ILC1 L=500 fb-1
ee — o 0y
X1 X2 =7 X1X1 (Pe-,Pe+) = (-0.8, +0.3)
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Neutralino mixed production with leptonic decay

et
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ILD Preliminary 500 GeV, 500
>200_||||
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After loosened U selection criteria (ratio of E_calorimeter over P_tot),
U statistics increased =» now precision of E_u U is slightly better for ILC2

(may also benefit from steeper slope of signal distribution)

Plan to optimize i selection for ILC1 as well, after LCWS2016
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Neutralino mixed production with leptonic decay
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All ILC1 cuts applied, with exception of
Pt_mis cut loosened from 10 2 7 GeV

Chargino pair production with semileptonic decay

~ ~__ ~0 ~ - -
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Chargino pair production with semileptonic decay

All ILC1 cuts applied, with exception of
Pt_mis cut loosened from 10 2 7 GeV

— ~t o ~0 =0, 7 -
€+6 — Xi_ X1 — X1 X199 147 ILC2 e-tag *  Muon ID criteria loosened
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Chargino pair production with semileptonic decay
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Will think of how to improve statistics for the measurement of these soft
particles (in terms of lepton selection method, loosening of cuts, etc: ")
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Summary for Light Higgsino Study

Precision measurement of light Higgsinos with small AM (< 20 GeV)

* Motivated by both experiment (complementary to LHC) and theory (naturalness)

This analysis: neutralino mixed production (x,°x,°) and chargino pair production (x,*X;’)
Full ILD detector simulation, L=500 fb-1 at Vs = 500 GeV, (Pe-, Pe+) =(-0.8,+0.3), (+0.8, -0.3)

* Fit kinematic edges to extract Higgsino masses

* Fit to overall distribution to extract production cross sections

Obtained statistical precisions for ALL channels of ILC1
 Assuming H20 : Mass: ~ 0.2%, Cross section :neutralino: 1-1.5% , chargino: 0.3 —0.7%

results obtained in this study become full H20 run, three 4" s
input to SUSY parameter determination 5.-L. Lehtinen (DESY) et al
test GUT-scale physics and SUSY-breaking mechanism

All channels analyzed for ILC2 as well, some channels still undergoing confirmation
e Selection methods adjusted to accommodate softer leptons/jets
* Higgsino mass and xsec precisions should not be much worse than ILC1

* Optimization for ILC2 give hints on how to improve ILC1 18



Plans

Until LCWS

* Nov 25 at KEK: “ ILC Detector Meeting”

 Nov 26 at KEK: “ILC General Physics Meeting”

* Nov 30: present LCWS results to ILD (phone meeting)

At LCWS: show current stage of ILC1 results and most of ILC2 results

After LCWS

* study effect of jet energy resolution

Possible improvement from identifying and removing ISR photons from jets

Improve lepton tagging efficiency
e assess a gap in di-electron invariant mass in SM bkg due to generator cuts
maybe need to generate major electron channel bkg with generator cut of 0.5 <M _ee <4 GeV

* begin simulation and analysis for Mirage4_74_2 benchmark
e continue working on Higgsino paper which includes all three benchmarks :
theory, analysis, and SUSY parameter extraction_



Additional Material
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WHIZARD-level distributions

ete” = X1X2, Xa = XL
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Cross Section (fb) / (0.5 GeV)
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AM(N2,N1)  21.3 9.7 4.4



WHIZARD-level distributions
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e T
Di-parton Energy (GeV)

Cross Section (fb) / (0.5 GeV)

AM(C1,N1) 14.6 10.2 7.3



Xsec fits for ILC2 N1IN2
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Efficiency and signal yield

yield(ILC2) yield(ILC1) lepton eff([LC2 lepton eff (ILC1)

NIN2

muon,left 2159 1515 63.58 45.44
muon,right 1150 1276

elec left 2159 1990 17.29% 79.38%
elec, right 1756 1736

CiCi

muon,left 610 14173 84.17% 94.48%
muon,right 313 3466

elec left 556 14437 56.16% 51.03%
elec, right 270 3526

N1N2 efficiency definition:

Muon (similar for electron)

Top: hAnI>GetEntries("leptype==13&&nZmm==2")
Bottom: hGen->GetEntries("nZmm==2")

C1C1 efficiency definition:

Muon (similar for electron)

Top: hTr->GetEntries("nWqgq==2&&nWmm==1&&abs(PDG)==13&&TagbestlepM==1&&abs(PDGOrig)==1000024")
Bottom: hTr->GetEntries("nWqgq==2&&nWmm==1&&abs(PDG)==13&&abs(PDGOrig)==1000024")



Cuts for ILC2 N1IN2
lepton type (L Oor ee) : the two leptonic channels of N1N2 analysis

nTrack =2 : number of charged tracks

no hit in BeamCal : vetoyy2fBG

Pt _lepl,2 >4 GeV and |cosBlepl,2| < 0.95:
Coplanarity < 1.0 rad : angle between leptons in x-y plane
Evis — Eymax < 40 GeV : visible energy (very small for signal)
Emis > 300 GeV : missing energy (very large for signal)

| cosOmissing| < 0.98 : 8 of missing energy events

|cosBZ| < 0.98 : z* production angle

Pt_dl <80 GeV : transverse momentum of dilepton
Minv<20 GeV : dilepton invariant mass: determines AM

last of all observe distributions of Minv and dilepton energy (E_dlI)

Kinematic edge is a function of Higgsino mass and AM
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Cuts for ILC1 N1IN2
lepton type (L Oor ee) : the two leptonic channels of N1N2 analysis

nTrack =2 : number of charged tracks

no hit in BeamCal : vetoyy2fBG

Pt _lepl,2 >6 GeV and |cosBlepl,2| < 0.95:
Coplanarity < 1.0 rad : angle between leptons in x-y plane
Evis — Eymax < 40 GeV : visible energy (very small for signal)
Emis > 300 GeV : missing energy (very large for signal)

| cosOmissing| < 0.98 : 8 of missing energy events

|cosBZ| < 0.98 : z* production angle

Pt_dl <80 GeV : transverse momentum of dilepton
Minv<50 GeV : dilepton invariant mass: determines AM

last of all observe distributions of Minv and dilepton energy (E_dlI)

Kinematic edge is a function of Higgsino mass and AM
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Motivation for Searching Light Higgsinos with Small AM

** From experimental point of view:
e LHC already excluded large regions with large
AM = M(NLSP) — M(LSP)
* Remaining region with compressed spectrum
very small visible energy release,
near impossible to probe at LHC 400

=» ILC is essential

600

Higgsino-like LSP (u <M,M,) g
MM« : [0.05,2] TeV ..
tang : [1,70] 5

500

Mo [GeV]

300

¢ From theoretical point of view:
Compressed Higgsino spectra related to

200

c

Illlllllllllllllllllllll

g. arXiv:1212.2655, arXiv:1404.7510 100 %", = typically Am of 20 GeV or less
naturalness [eg. arXiv arav ! 7, ", - - very difficult for LHC!
0 - :’ 'S l § l Y l T l 1 l T — l -
12 2 d __ 2 U 2 100 200 300 400 500 600 700
M7 _ my + Yg — (myy, +35) tan® 3 2 m._[GeV]
2 tanZ 3 — 1 ’

* To maintain small electroweak fine tuning AEW (<~3%), all contributions on right-hand-side
should be comparable to M(z) = requires L~ 100-300 GeV

top and bottom squarks in the few TeV regime, gluino mass 2-4 TeV,
1st, 2nd generation squarks and sleptons in the 5-30 TeV regime

* ufeeds mass to both SM (W, Z, h) and SUSY particles (Higgsinos)
* Higgsino masses not too far from masses of W, Z, h (~100 GeV) 2 7



Event Selection

Neutralino mixed production with leptonic decay

~0 =0 ~0-=0

eTe” = X1X2 ~ xaxat

* Reconstruct two leptons (ee or puu) which originate
from Z* emission in decay of x,° to x,°

* Major residual bkg. are 4f processes accompanied =
by large missing energy (vvll)

e 2-y processes are removed by BeamCal veto, cuts

on lepton track p;, and coplanarity \ (8) pt
\'/z-y

Chargino pair production with semileptonic decay

ete™ = X NT — X0 Wqq by N

* Reconstruct two jets which originate from W*

emission in decay of x,* to x,° \

* Use lepton (e or u) from the other chargino as tag

e BeamCal veto, cuts on missing py, # of tracks, # of
leptons, and coplanarity remove almost all bkg.
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Neutralino mixed production with leptonic decay
+ ~0~0 . =00 p4 p—
— X1 X2 = X1x1t 't

e'e

Right Polarization (Pe-,Pe+) = (+0.8, -0.3)

Much less bkg
Precision slightly better

Edge precision <~ 1%

ILD Preliminary 500 GeV, 500 ", P, > LD Preliminary 500GV, 50017 Py
> ey > :

© gl ] 120 F 3
o O 2 (LC1) ] g F [ ]z aeen) :
g |:|51M2bkg i : 100 |- [] sM bkg -]
a8 or Bl susyY bkg B -*g 80 | [l susY bkg .

o [ ] o I 20.93+/- 0.22 GeV
o a0 L 73.77+/- 0.84 GeV F o 60F =
L [ - . ]
I Di-muon 40 F Di-muon | J
20 : energy 20 | mass 3
O' Eae b L 0' NPT BPUTITTINN SPETIE TN BT

0 50 100 150 0O 10 20 30 40 50 60
: [GeV/c?]
Theoretical values: E_max=74.93 GeV AM= 21.28 GeV

— ooy ST eV IUU T T e e oSy ST : fo, F’+ !
. S A > R L R o
® 100 [~ . 8 I i
g r %% aeen g o 1950 [z aen ]
i 80 - [ sm bkg . - i [ ] smbkg .
2 [ Il susY bkg i 2 I Il susy bkg -
o S0 73.45+/- 0.61 G&V/ S 100 .
S X . . N u>J - 20.89+/-0.19 GeV
T : [ i
40 :_ di-electron 50 - di-electron h
20 f energy mass
0 ’ 0 [ ﬁw | I IS A IR .-
0 50 100 150 0 10 20 30 40 50 z‘—f

Ece [GeV] M.. [GeV/



Chargino pair production with semileptonic decay right Polarization(Pe-,Pe+) = (+0.8, -0.3)

NO N
€+€ — Xl Xl — X1 X149 € Cross section ~ 1/5 of left polarization
. IL.D I.:’rellimin?ry. . —— 530(3 GIeV., 5.00.fb':, F-'+ 5 ; :ILD Prelm:lnary_ e .5c'Jo'Gle\'/, ‘.50'0 Ib'l, F*ﬁﬂ-@‘—:
= - Q400 F -
& 250 s aLen = ©) - [z, aen -
~ " . ~ - [ IsMbkg .
— 200 & swbkg = = 300 Il susy bk 7
~ Bl susy bkg . co - g -
(7)] . — 5 -
£ 150 52.51 +/- 0.43 GeV J & 200 F 16.02 +/- 0.20 GeV 1
> 5
@ 100 di-jet energy L di-jet mass
100 |- i
50 w/ muon tag - w/ muon tag [
0 S| 5 R A T 0' [WPERTTE I BRI PP
0 20 40 60 80 100 120 0 30 40 50 260
E. [GeV] M; (GeV/c®)
Theoretical values: E_max =55.05GeV AM = 14.63 GeV )
5 GeV,500fb, P
ILD Preliminary 500GeV500fb PBO30 —_ T T T T T
; 300 _l T T T T T T T T T T T T T T T — > __:
[0} [ i ® Clwx .
0] %%, aie i © %, (L) -
N 5 I:lsm bkg . A I:ISMbkg _-:
= 200 B susy bkg ] Bl sus bk }
*g 52.68 +/- 0.43GeV 17.64 +/- 0.28 GeV]
2 ] -
>
w100 - di-jet energy di-jet mass
i w/ electron tag w/ electron tag
0 PRV ISR SR S T |

80 100 120 T g() ' '260
E, [GeV] M, (GeV/c?)



Events /2.0 GeV

Extraction of Cross Section

100

Events / 2.0 GeV

N1N2

ILD Prellmlnary

Uncertainty of right pol is about 3 / 4 of left pol

dependent on statistics (evaluated using Toy MC)

80

60

40

20

120
100
80
60
40
20

Eon ooy sl D
di-muon, left pol.
—
2% aen) ]
7] sm bkg .
B susy bkg .
Ac/o = 3. 49‘;-'

100 150
E,. [GeV]

500 GeV, 500", P oo

Di-electron, left pol.

[ ]2 e
[ Ismbkg

B susy bkg

Ac/o =3.17%

Events /2.0 GeV

Events / 2.0 GeV

ILD Preliminary

500 GeV, 500 b, P o .o

80 [ l di-muon right pol.
I [ Ixz aen i
- [ ]sMbkg -
6or B susY bkg -
wor Ac/c = 2.80%
-:
0 [ i i b " . N " ]
0 50 100 150
Euu [GeV]
ILD Preliminary 500 GeV, 500 fb™, P~
100 — Di-electron, right pol.
[ L 13 aLe) -
80 - [ sm bkg p
[ B susY bkg i
60 - g
40 Ac/c =2.41%
20 | :
of
0 150




Extraction of Cross Section * Left pol has x2 better precision

C1C1 e dependent on statistics

.. -1
ILD Preliminary 500 GeV, 500 fb". P lL'D I.Dre:llrrlun?ry' e 500 GIeV., 5-00.be, P'+ )

—_— | T 71 r 717 | AL |

[ %% ae
[ ] sMbkg

B susY bkg

Ac/c = 0.851 %
di-jet energy

[Jxx, ae E
[ Ismbkg .

[ susy bkg :
Ac/o =1.752 %

di-jet energy

mu tag, Right pol

. § P S P TP S —————

mu tag, left pol

1 PR N IR T O
80 100 120
0 20 40 60 80 100 120
E; [GeV] E; [GeV]
ILD Prelimi 500 GeV, 500 fb, P
. ILD E’re:lin:in‘?ry. et .§quIev.,5'oo'fb'l‘, P : ; 300 F -re-m:m?ry. ————rT ,e. — i
> - D i :
Q ] ¥T (LY 2 Q) 7,7, (ILC1) ]
[ Ismbk AN i [ smbkg 7
’ e < 200 B susy bk 7
B susy bkg " s g -
© _
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= W 100 - '
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ILC2: (Pe-,Pe+) = (-0.8, +0.3)

ILD Preliminary 500 GeV, 500 fo", P Xsec fits for ILC2 N1IN2
% 150 B 1 1 1 1 1 |
O] - [ 125 aLe) ] Neutralino mixed production with leptonic decay
o) [ smbkg ] ete” — 5(,(1) 5(,(2) — %95(/(1)€+€
; 100 |- B susy bkg 7
c 1
2 xsec precision] 2.7%
“ 50 .
i Di-muon energy
%0 20 30 40 50 60 ILC2: (Pe-,Pe+) = (+0.8, -0.3)
E,. [GeV] LD Proliminary ____ S00GeV.5001 P e,
g 120 : 1 1 1 1 1 :
© : [ %% aee2) ]
o100 [ sm bkg ~
» 80 _ Il susY bkg _E
C - :
e 60f ~
L - xsec precision: 2.8%;
40 :_ Di-muon energy —:
20 | -
0 [ . + :
0 10 20 30 40 50 60
E, [GeV]




ILC2 Cut Table: N1N2 left polarization, mumu
4T ST N yan, 5L 5b. 1090 £159,05 SB.15
Polarization: (e-,e+) = (-0.8,+0.3)

Reduction Table

Process : 2f_1 2f_h af_1 4f sl 4f_h aa_2f Ch aa_4af ae3f BG Signal Signf
Cross Section : 6773.97 19625.1 18566.2 13232.1 B648.64 2.6771e+06 006.095 26.0064 261580 2,99B845e+06 260.839 2
Generated : 040500 2.3467e+06 5.58174e+06 1.213Be+06 704600 7.17376e+07 1.3530Be+06 8300 2.26291e+07 1.06524e+08 622651 622651
Expected t 3.3865d4e+06 0.81253e+06 5.2838Be+d6 6.61606e+06 4.32432e+06 1.33855e+09 453847 13003.2  1.3079e+08 1.49023e+09 148420 148420
Cutd H 2.148%9e+06 6.05387e+06 2.42023e+06 4.22121e+06 3.19932e+06  1.B45e+09 1319018 8 4.83904e+87 1.91156e+09 50331.3 58331.3 1.15117
Cutl : 369688 117.74 199296 211,807 0 9.342490+08 2066.99 9 1.15692e+87 9.46301e+88 4663.82 4663.82 9.151602
Cut2 : 338190 79.246 138429 148.907 9 5.11411e+06 2050.05 2 553509 6.13941e+06 4633.7 4633.7 1.86939
Cut3 : 331497 2 110809 78.4665 9 5.04102e+06 1678.23 2 541496 6.03557e+06 3077.96 3077.9%% 1.25254
Cutd : 126906 4] 64248.8 12,579 @ 2.99956e+06 1617.35 2 283772 3.47612e+06 2088.86 2088.86 1.6024
Cut5 : 4416.64 ] 18725.2 12,5796 2 47962.8 186.86 2 64277.9 127582 2184.45 2184.45 6.06403
Cutb : 678.202 2 5060.91 2 2 37247.9 186.842 2 28496.5 64570.5 2182.38 2182.38 8.44688
Cut? : 31.2224 ] 2313.23 ] 2 320.312 186.842 2 245.5 3097.11 2182.38 2182.38 30.0355
CutB s 13,7132 ] 22909.25 ] 2 21.8171 181.678 2 80.5 2506.96 2159.95 2159.05 31.6075
Cutd : 13,7132 2 1224.07 2 2 21.8171 181.678 2 82.5 1521.78 2150.05 2159.985 35.5869
Cutid 6.28661 2 674.558 ] ] 4.91819 179.124 ] 80.5 945,386 2159.85 2159.95 38.75
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ILC2 Cut Table: N1N2 right polarization, mumu

wuLav . earsrvw Avasrou 2aoved U IIUY

Polarization: (e-,e+) = (+8.8,-8.3)
Reduction Table

Process : 2f_1 2f_h 4f_1 4f_sl 4f_h aa_2f Ch aa_4f ae3f BG Signal Signf

Cross Section - 5960.13 11663.4 7482.28 2043.64 741,331 2.6771e+96 233.28 26.90064 254270 2.96842e+06 223,035 2

Generated i 049500 2.3467e+06 5.58174e+06 1.213Be+06 784600 7.17376e+07 1.3530Be+06 8300 2.26291e+87 1.06524e+08 622651 622651

Expected t 2.08006e+06 5.8316Be+06 3.7411de+d6 1.47182e+06 370665 1.33855e+09 116640 13003.2 1.27135e+08 1.48021e+09 111517 111517
Cutd t 1,00282e+06 3.36716e+06 1.71042e+06 935367 275567  1.845e+09 68230.8 0 4.81962e+07 1.90145e+09 49214.2 49214.2  0.922213
Cutl : 155831 731.52 152579 481,142 0 B.71657e+08 2212.32 0 2.1921Be+07 B8.93801e+08 5157.25 5157.25  9.172494
Cut2 : 147362 588.141 67418.6 161.676 0 5.41092e+06 2198.83 2 962865 6.59961e+06 5125.45 5125.45 1.99436
Cut3 - 130500 12,5799 365095.1 13.289 0 3.32467e+06 571.971 2 522469 4.02383e+06 1303.49 1303.49  9.649705
Cutd - 98183 12,5799 21306.4 6.24784 0 2.14954e+06 564,097 2 286895 2.5565e+06 1300.3 1300.3  9.813039
Cut5 - 4821.3 6.28997 5094.61 6.24784 2 24449.2 23.3857 2 67420.9 101822 1163.47 1163.47 3.62549
Cutb - 4118.03 6.28997 1031.78 2 2 19882.9 23.9801 2 20482.2 45544.3 1163.37 1163.37 5.383
Cut? - 0.779192 2 200.774 2 2 99,0678 23.9801 2 410.96 733.752 1163.37 1163.37 26.7098
CutB c 2 2 155,016 2 2 33.6364 22,1379 2 142,529 353.32 1158.5 1158.5 20,6681
Cut9 : 2 2 108.715 2 2 33.6364 22.1379 2 142,529 307.019 1158.5 1158.5 30.1357
Cut1d : 2 2 75.9479 2 2 2 21,7311 2 130.029 227.708 1158.5 1150.5 30,9906

39

2.89844



. .

ILC1 Cut Table: N1N2 left polarization, mumu
Polarization: (e-,e+) = (-0.8,+0.3)

Reduction Table

Process : 2f_1 2f_h 4f_1 4f_sl 4f_h aa_2f Ch aa_d4f ae3f BG Signal Signf
Cross Section @ 6773.07 19625.1 10566.2 13232.1 8648.64 2.6771e+d6 1065.17 26,0064 261580 2.99861e+06 309.791 2
Generated - 049590 2.3467e+06 5.58174e+06 1.213Be+d6 704600 7.17376e+87 2.33207e+06 8300 2.26201e+07 1.07583e+88 1.0063e+06 1.0063e+06
Expected t 3.38654e+06 0.81253e+06 5.2830Be+06 6.61606e+06 4.32432e+86 1.33855e+09 532585 13003.2  1.3079e+88 1.49031e+09 150395 158395
Cutd t 1,84022e+06 62768.8 1.46378e+86 1.9857%e+06 430258  1.845e+09 6227.38 0 4.83904e+07 1.89018e+09 16478.1 16478.1  9.378114
Cutl : 185899 0.376323 89936.7 12,0538 0 B.71657e+08 2425,99 @ 2.19281e+07 B.93B864e+08 2121.19 2121.19  9.0709487
Cut2 : 176420 0.376323 62027.4 12,0538 0 5.41992e+06 2410.6 ] 065354 6.62614e+06 2105.07 2105.97 0.817649
Cut3 : 175961 0.376323 54146.6 12,0538 0 1,3549Be+06 1985.79 ] 205459 1,88255e+06 1804.44 1804.44 1.3145
Cutd : 120835 8.376323 32485.6 9.373803 2 895478 1959 ] 167734 1.21B4Be+d6 1749,98 1749,98 1.5842
Cuts - 5788.39  9.376323 3408.47  9.373883 2 3496.68 21,7669 2 33867 46503.1 1530.26 1530.26 6.98221
Cutb - 4935.45  9.376323 1656.45 2 2 2188.4 21,7669 2 4743.09 13545.5 1527.48 1527.48 12,4416
Cut? 6.4366 2 795.253 2 9 33.6364 20.6055 2 23 878.932 1529.51 1520.51 31.0408
CutB : 2 2 785.550 ] 9 33.6364 19,4550 2 9.00002 847.652 1515.69 1515.69 31.1779
Cut9 : 2 ] 500.845 2 2 33.6364 19,4559 ] 0.00002 562.937 1515.69 1515.69 33.2447
Cutid ] ] 374,054 2 2 33.6364 19,4559 ] 0.00002 436.147 1515.69 1515.69 34.3075

3.8839
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ILC2 Cut Table: N1N2 left polarization, ee

LuT1o Yan, SBb 5b. 16Yb £159,05 36,15
Polarization: (e-,e+) = (-9.8,+8.3)
Reduction Table

Process : 2f_1 2f_h 4f_1 4f_sl 4f_h aa_2f Ch aa_4af ae3f BG Signal Signf

Cross Section - 6773.07 19625.1 10566.2 13232.1 8648.64 2.6771e+06 996.995 26.0064 261589 2.99845e+06 280.839 2

Generated - 049590 2.3467e+86 5.58174e+06 1.213Be+06 784608 7.17376e+07 1.35308e+06 8300 2.26201e+87 1.06524e+08 622651 622651

Expected t 3.3865d4e+06 9.81253e+06 5.2838Be+d6 6.61606e+06 4.32432e+06 1.33855e+09 453047 13003.2 1.3079%e+08 1.49023e+09 149429 140420
Cutd - 2.148%e+06 6.05387e+06 2.42023e+06 4.22121e+06 3.10032e+06  1.845e+09 131018 0 4.83984e+87 1.91156e+80 50331.3 50331.3 1.15117
Cutl - 360688 117.74 199206 211,807 0 9.34249e+88 2966.99 0 1.15602e+87 9.46391e+88 4663.82 4663.82  9.151602
Cut2 i 338199 79.246 130420 148.07 9 5.11411e+06 2059.05 2 553509 6.13941e+06 4633.7 4633.7 1.86039
Cut3 : 3314907 2 119809 78.4665 0 5.84102e+06 1678.23 2 541496 6.03557e+06 30877.9% 3077.9% 1.25254
Cutd - 126906 2 64248.8 12.5796 0 2.90956e+86 1617.35 2 283772 3.47612e+06 2088.86 2088.86 1.6024
Cuts : 4416.64 2 10725.2 12.5796 2 47962.8 186.86 2 64277.9 127582 2184.45 2184.45 6.06403
Cuté : 678.292 2 5060.91 2 2 37247.9 186.842 2 28496.5 64570.5 2182.38 2182.38 8.44688
Cut? - 31.2224 2 2313.23 2 2 320.312 186.842 2 245.5 3007.11 2182.38 2182.38 30,0355
CutB - 13.7132 2 2209.25 2 2 21,8171 181.678 2 89.5 2506.96 2159.95 2159.95 31.6075
Cut9 : 13.7132 2 1224.97 2 2 21.8171 181.678 2 80.5 1521.78 2150.95 2159.95 35.5869
Cut1d - 6.28661 2 674.558 2 2 4,01819 179.124 2 82.5 945,386 2159.985 2150.95 38.75

3.62639
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ILC2 Cut Table: N1N2 right polarization, ee

wuLav . T s US LT vIeT Aruus s SULNATS

Polarization: (e-,e+) = (+8.8,-9.3)
Reduction Table

Process : 2f 1 2f_h 4af_1 4f sl 4f_h aa_2f Ch aa_4f ae3f BG Signal Signf

Cross Section - 5960.13 11663.4 7482.28 2943.64 741,331 2.6771e+96 233.28 26,0064 254279 2.96042e+06 223.9835 ]

Generated : 040590 2.3467e+06 5.58174e+06 1.213Be+06 784600 7.17376e+07 1.35308Be+06 8300 2.26291e+07 1.06524e+08 622651 622651

Expected t  2.0B006e+06 5.83168e+86 3.7411de+06 1.471B2e+06 370665 1.33855e+09 116640 13003.2 1.27135e+88 1.48021e+09 111517 111517
Cutd t 1,00282e+06 3.36716e+06 1.71842e+06 935367 275567  1.845e+09 68239.8 9 4.81962e+07 1.90145e+09 49214.2 49214.2  0.922213
Cutl : 348952 82,2538 136959 254,47 0 9.342400+08 1537.28 9 1.15587e+07 9.46288e+08 3726.21 3726.21 0.121131
Cut2 - 318859 67.4158 68865.8 158,203 0 5.11411e+06 1528.65 2 553112 6.0567e+06 3701.47 3701.47 1.508357
Cut3 - 312250 2 68446 41.4731 0 5.94192e+06 876.676 2 541542 5.95617e+06 2488.21 2488.21 1.901933
Cutd : 117226 2 28217  9.752627 0 2.99056e+06 851.716 2 284195 3.43005e+06 2419.18 2419.18 1.30576
CutS - 4331.67 2 6379.33  0.752627 2 47962.8 103.15 2 64222 123000 1786.5 1786.5 5.85731
Cutb - 681.173 2 1788.44 2 2 37247.9 102,845 2 20533.5 68353.9 1783.83 1783.83 7.15608
Cut? : 35.4134 2 497.908 2 2 320.312 102.845 2 324.5 1199.98 1783.83 1783.83 32,7057
CutB - 6.27674 2 313.128 2 2 21.8171 101.013 2 89.5 531.735 1766.12 1766.12 36.8434
Cutd : 6.27674 2 217.76 ] 2 21.8171 101,013 2 89.5 436.367 1766.12 1766.12 37.6326
Cut1d : 0.376122 2 151,715 2 2 4.91819 100.556 2 89.5 347.065 1766.12 1766.12 38,4195
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ILC1 Cut Table: N1N2 left polarization, ee

E T

Polarization: (e-,e+) = (-8.8,+8.3)

azzu.uz

JUsTeTa

Reduction Table

Process 2f_1 2f_h af_1 4f sl 4f_h aa_2f Ch aa_4f ae3f BG Signal Signf

Cross Section 6773.07 19625.1 10566.2 13232.1 8648.64 2.6771e+06 1065.17 26.0064 261580 2.99861e+06 300.791 2

Generated 040590 2.3467e+06 5.58174e+06 1.213Be+d6 784600 7.17376e+07 2.33207e+06 8300 2.26201e+87 1.07503e+88 1.0063e+06 1.0063e+06

Expected 3.38654e+06 0.81253e+06 5.2830Be+d6 6.61606e+06 4.32432e+06 1.33855e+09 532585 13093.2 1.3079%e+08 1.49931e+09 150395 158395
Cutd 1.84022e+96 62768.8 1.46378e+06 1.9857%e+86 4308258  1.B45e+09 6227.38 0 4.83984e+07 1.89918e+09 16478.1 16478.1  9.378114
Cutl 370700 7.90279 202605 232.557 9 9.3424%e+08 3491.12 9 1.15602e+87 9.46396e+08 3829.66 3820.66  0.124487
Cut2 330188 7.15014 131982 161.026 9 5.11411e+06 3468.38 2 553509 6.14234e+06 3796.34 3796.34 1.53131
Cut3 326820 2 109309 53.7053 9 4.05147e+06 3056.24 2 446325 4.93783e+06 2721.13 2721.13 1.22432
Cutd 124943 2 58984.8 6.28981 9 2.54505e+06 2059.29 2 242702 2.97463e+06 2611.06 2611.906 1.51325
CutS 3756.07 2 0905.42 6.28981 2 20306.4 82.7328 2 54031.4 06188.3 2020.56 2029.56 6.44759
Cuté 495,138 2 5388.26 2 2 22010.1 82.4337 2 15209 43184.9 2017.23 2017.23 9.48802
Cut? 9.70654 2 2064.4 2 2 208.738 77.8352 2 133 2493.68 2007.8 2007.8 29,9256
CutB 1.13008 2 2021.29 2 2 16.8989 75.2367 2 27.5 2142.06 1000,13 1009,13 31,0655
Cut9 1.13008 2 1058.45 2 2 16.8989 75.2367 2 27.5 1171.23 1008.89 1008.89 35,5019
Cut1d 2 2 811,285 2 2 16.8989 75.2367 2 27.5 938.921 1098.89 1008.89 36,9201

39
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ILC2 Cut Table: C1C1 left polarization, mu tag

Polarization: (e-,e+) = (-0.8,+0.3)
Reduction Table

Process : 2f_1 2f_h 4f_1 4f sl 4f_h aa_2f NIN2 aa_4f ae3f BG Signal Signf

Cross Section : 6773.07 19625.1 10566.2 13232.1 8648.64 2.6771e+96 260.839 26.0064 261580 2.00783e+06 996.095 )

Generated : 049598 2.3467e+06 5.58174e+06 1.213Be+06 784600 7.17376e+87 622651 8300 2.26291e+87 1.85794e+88 1,3538Be+06 1.3530Be+06

Expected t 3.38654e+06 0.81253e+06 5.2838Be+06 6.61606e+06 4.32432e+06 1.33855e+00 140429 13003.2 1.3079e+88 1.40801e+09 453047 453047
Cutd t 2.97791e+96 B8.92002e+06 3.0183e+86 6.20276e+06 4.18404e+86 1.34285e+09 2 9 1.23824e+88 1.49208e+09 183479 183479 4.74967
Cutl : 215888 810857 2.1969%e+06 440342 210930 1.18992e+96 2 2 860560 5.93279e+06 14217.9 14217.9 5.83025
Cut2 : 144855 232428 2.19234e+06 418755 62421.7 587577 2 2 639364 4.27774e+06 9309.7 9399.7 4.49631
Cut3 : 19467.9 18229.3 2.08897e+06 69424.5 253,387 116934 2 2 131973 2.44525e+96 3728.56 3728.56 2.38259
Cutd : 276.316 312,052 2.84942e+96 46427.5 2 760.468 2 2 2331.905 2.909952e+06 1075.35 1075.35  9.741958
CutS : 142.317 107.841 2.984899e+06 34010.3 2 105,135 2 2 536.501 2.0B848Be+06 659,507 650.507  9.456677
Cuté - 60.1868 0.30082 2.8483Be+96 62.8483 2 163.127 2 2 57 2.84874e+06 658.22 658.22  9.459789
Cut? 2 14,9019  9.376323 2.04823e+96 12,5737 2 4.20718 2 2 0 2.84826e+06 657.357 657.357  9.450239
Cut8 : 13.2494 9 2.84823e+06 6.2839 2 4.20718 2 2 0 2.84826e+06 656.934 656.934  9.458944
roan . 43 nana a % A40YIA.AL £ no2n a 4 na710 a a a % A4OICA.BL cce aon ccc aon o Acoaca

if (iZDecayMode == 13) { //Zmumu mode
cutl = "leptype==138&nLeps1==16&nBCAL==0";
cut2 = ”PtW'c‘7“; f/ "jet_ptis2 &5 jet pt2>5";//&&Ptmis>19";
cut3 = "jet_cop<1.8";

cutd = "abs(jet_costhetal)<d.9565abs(jet_costheta2)<d.056&nTrack2>18&( jet_nTrack-nTrack2)>1";

! cutd = "abs(jet_costhetal)«<®.9588abs(jet_costheta2)«<8.9588jet_ptis1 && jet pt2>18&nTrack2>18&(jet_nTrack-nTrack2)>1";
cutS = "coslllep<d.288cos])lep2<@";

cuté = "(Evis-Ephotormax)<60" ;//Evis<d4®,17

cut? = "Emis>480" ;

cutB = "abs(cosmis)<9.98";

cut9 = "ptjj<50";

//abs(jet_coll) < @.9B8&pt)j<50";
//&&(Elepl+Elep2)>35";

cutld = i) mass < 15";//139
Jfoutld = "y e < 239";

11,7081



ILC2 Cut Table: C1C1 right polarization, mu tag

riéation: (e-,e+) = (+0.8,-0.3)

Pola
Reduction Table
Process 2f_1 2f_h 4f_1 4f_sl 4f_h aa_2f NiN2 aa_4f ae3f BG Signal Signf
Cross Section 5060.13 11663.4 7482.28 2043.64 741.331 2.6771e+06 223,035 26.0064 254270 2.96041e+06 233.28 2
Generated 049500 2.3467e+06 5.58174e+06 1.213Be+d6 784600 7.17376e+07 622651 8300 2.26201e+87 1.85794e+88 1,3538Be+06 1.3538Be+06
Expected 2.08006e+06 5.8316Be+d6 3.7411d4e+06 1.471B2e+06 370665 1.33855e+09 111517 13003.2 1.27135e+88  1.4802e+09 116640 116640
Cutd 2.63307e+06 5.20654e+06 1.7748Be+d6 1.37424e+06 358554 1,34285e+09 ] 0 1.70482e+08 1,52468e+09 04891.2 04891.2 2.43009
Cutl 176641 533942 1.6B858Be+06 70585.4 18479.4 1.18992e+06 ] 9 1.20565e+06 4.97180e+06 7376.6 7376.6 3.30604
Cut2 116679 140188 1.68477e+06 50829.7 5680 587577 ] ] 063034 3.5666Be+06 4849.902 4849.02 2.56107
Cut3 15284.8 12383.1 1.6721Be+06 11734 46.316 116934 ] ] 205874 2,03436e+06 1011.44 1011.44 1.33095
Cutd 223.302 307.027 1.66781e+06 5614.12 ] 760.468 ] ] 0979.673 1.67568e+06 520,963 529,063 9.488642
Cut5 127,565 112,951 1.66772e+06 3147.78 ] 195,135 ] ] 233,5 1,67154e+06 320.683 320.683 9.254974
Cuté 41,1958 50.6961 1.66765e+06 30.4428 ] 163.127 ] ] Q93 1.66B83e+06 329.301 320,301 9.254946
Cut? 19,6352 6.28097 1,66763e+06 8.752273 ] 4.20718 ] ] 9 1.66767e+06 328.945 328.945 9.254698
CutB 7.05852 0 1.66763e+06 9.37596 ] 4.20718 ] ] 0 1.66765e+06 328.92 328.92 9.25468
Cutd 7.85852 0 1.66763e+06 9.37596 ] 4.20718 ] ] 0 1.66765e+06 328.869 328.869 9.254641
Cutid - ] 0 1.66763e+06 ] 2 9.900097 ] 2 @ 1.66764e+06 311.082 311.082 9.240871
if (iZDecayMode == 13) { //Zmumu mode

cutl = "leptype==138&nLepsi==185nBCAL==0";

cut2 = "Ptmis>7";  Jf "jet_ptls2 &5 jet _pt2>5"; //GAPtmis>19";

cut3 = "jet_cop<1.0";

cutd4 = "abs(jet_costhetal)<8.9588abs(jet_costheta2)<d.958&nTrack2>1686(jet_nTrack-nTrack2)>1";

/f cutd = "abs(jet_costhetal)«<d.0588abs(jet_costheta2)«<8.9588 et_ptils1 &5 jet pt2>18&nTrack2>18&(jet_nTrack-nTrack2)>1";

cutS = "coslllep<d.288cos)lep2<d";

cuté = "(Evis-Ephotormax)<60" ;//Evis<d4®,17

cut? = "Emis>480" ;

cutB = "abs(cosmis)<0.098";

cut9 = "ptjj<50";

//abs(jet_coll) < @.9B8&pt)j<50";
//&&(Elepl+Elep2)>35";

cutld = i) mass < 15";//139
Jfoutld = "y e < 239";

3.983158



ILC2 Cut Table: C1C1 left polarization, e tag

LUT1Y ¢ £.904B8L5e+00 1bBD. 1D 20bL.LUL ¥. 3656503
Polarization: (e-,e+) = (-0.8,+9.3)
Reduction Table

Process : 2f_1 2f_h af_1 4f_sl 4f_h aa_2f NiN2 aa_4f ae3f 86 Signal Signf
Cross Section 6773.07 19625.1 10566.2 13232.1 8648.64 2.6771e+86 280.839 26.0064 261580 2.99783e+06 996. 095 9
Generated : 040500 2.3467e+06 5.58174e+06 1.2138e+06 704600 7.17376e+07 622651 8300 2.26201e+87 1.05704e+88 1.35308e+06 1.35388e+06
Expected : 3.38654e+06 0.81253e+06 5.28308e+06 6.61606e+06 4.32432e+06 1.33855e+00 140420 13003.2  1.3079+08 1.49801e+0Q 453847 453847
Cutd ¢ 2,07701e+86 8.020020+06 3.0183e+06 6.20276e+06 4.18484e+06 1.342850+00 9 9 1.23824e+88 1.40208e+00 183479 183479 4.74967
Cut1 : 265865 230025 2.18272e+06 270277 65378 4.60881e+06 9 ? 6.686660+06 1.43017e+07 8208.58 8208.58 2.18686
Cut2 : 160005 96420.9 2.18134e+06 257536 20874.4 2.96822e+86 9 8 5.74779e+86 1.144120+07 558,75 6558.75 1.03848
Cut3 : 24943.3 5657.27 2.86800e+06 46334.9 100.966 693575 9 9 1.80140e+06 4.6411e+06 3108.73 3108.73 1.44254
Cutd : 382.466 104,352 2.84875e+06 32554.3 9 68667.2 9 9 312067 2.462620+06 771,343 771,343 9.491452
Cuts : 335,904 97.7484 2.04847e+06 27340.6 9 59124.8 9 9 265287 2.30165e+06 570,83 570.83  0.374886
Cuté : 27.3275 6.20023 2.8483e+06 21,1283 9 21643.2 9 9 11707.3 2.0817e+06 579,408 570.488  9.481527
Cut? : 7.18005 9 2.84823e+06 6.28981 9 9 9 9 8 2.84824e+06 578,967 578.967  9.484484
Cut8 : 7.18905 9 2.84823e+06 9 9 ) 9 9 8 2.84823e+06 578,948 578.048  9.484472
Cut9 : 7.18905 9 2.84823e+06 9 9 9 9 9 9 2.84823e+06 578.948 578.048  9.484472
if (iZDecayMode == 13) { //Zmumu mode

cutl = "leptype==138&nLepsl==186nBCAL==0";

cut2 = "Ptmis>7";  Jf "jet_ptls2 &5 jet _pt2>5"; //GAPtmis>19";

cut3 = et xlpfi 8";

cutd = “abs(jet_costhetal)<d.9588abs (jet_costheta2)<d.9588nTrack2>18&( jet_nTrack-nTrack2)>1";

! cutd = "abs()et costhetal)fa 95&&absl)et costheta2)«<0.9588 et _ptis1 &5 jet_pt2>18&nTrack2>18&(jet_nTrack-nTrack2)>1";

cutS = "coslllep<d.288cos]lep2<d";

cuté = "(Evis-Ephotormax)<60" ;//Evis<d4®,17

cut? = "Emis>480" ;

cutB = "abs(cosmis)<8.98";

cut9 = "ptjj<50";

//abs(jet_coll) =< 9.9885pt))<50";
//&&(Elepl+Elep2)>35";

cutld = i) mass < 15";//139
Jlcutld = ") e < 239";

11,7001



ILC2 Cut Table: C1C1 right polarization, e tag

Polarization: (e-,e+) = (+9.8,-8.3)

Reduction Table

Process 2f_1 2f_h af_1 4f_sl 4f_h aa_2f NiN2 aa_4f ae3f BG Signal Signf

Cross Section 5068.13 11663.4 7482.28 2943.64 741.331 2.6771e+06 223.935 26.90064 254270 2.96841e+06 233.28 2

Generated 049590 2.3467e+06 5.58174e+06 1.213Be+d6 784600 7.17376e+07 622651 8300 2.26291e+87 1.05794e+88 1,3530B8e+06 1.3530Be+06

Expected 2.08006e+06 5.83168e+06 3.74114e+06 1.471B2e+06 370665 1.33855e+09 111517 13003.2 1.27135e+08  1.4802e+09 116640 116640
Cutd 2.63307e+06 5.20654e+06 1.7748Be+06 1.37424e+06 358554 1.34285e+09 2 0 1.70482e+08 1.52468e+09 94801.2 048901.2 2.43009
Cutl 243855 151606 1.68848e+06 53021.3 5527.38 4.69881e+06 ) 9 B.56541e+06 1.5398Be+07 4265.16 4265.16 1.08704
Cut2 142563 62078.7 1.68024e+06 43662.7 2700.96 2.96822e+06 2 0 7.49421e+06 1.23946e+07 3351.61 3351.61  9.951872
Cut3 : 22746.5 4149.08 1.66998e+06 0844.84 12,2397 693575 2 0 2.33334e+06 4.73285e+06 1507.22 1507.22 0.73406
Cutd 312.69 105.64 1.66771e+06 3634.58 2 68667.2 2 2 206941 1,94737e+06 382.664 382.664  0.274189
Cuts 265.245 62,2548 1.66766e+06 2575.44 2 50124.8 2 2 189651 1.01834e+06 286.24 286.24  0.207082
Cutb 32,9641  9.376339 1.66765e+86 25.516 2 21643.2 ) 2 13499.6 1.78285e+96 286.214 286.214  9.219314
Cut? 12,9618 0 1.66763e+06  0.376313 2 2 2 2 0 1.66765e+06 285.883 285.883 9.22136
CutB : 12,9618 0 1.66763e+06 2 2 2 2 2 0 1.66765e+06 285.578 285.578  0.221124
Cut9 12,9618 0 1.66763e+06 2 2 2 2 2 0 1.66765e+06 285.578 285.578  9.221124

if (iZDecayMode == 13) { //Zmumu mode

jet_nTrack-nTrack2)>1";

cutl = "leptype==138&nLeps1==16&nBCAL==0";

cut2 = "Ptmis>7";  Jf "jet_ptls2 &5 jet _pt2>5"; //GAPtmis>19";

cut3 = "jet_cop<1.8";

cutd = "abs(jet_costhetal)<8.9588abs(jet_costheta2)<0.9588nTrack2>185(
!/

cutS = "coslllep<d.288cos)lep2<d";

cuté = "(Evis-Ephotormax)<68" ;//Evis<d4®,17
cut? = "Emis>480" ;

cut8 = "abs(cosmis)<8.38"
cut9 = "ptjj<50";
//abs(jet_coll) < @.9B8&pt)j<50";
//&&(Elepl+Elep2)>35";

cutld = i) mass < 15";//139
Jfoutld = "y e < 239";

cutd = "abs(jet_costhetal)«<d.0588abs(jet_costheta2)«<8.9588 et_ptils1 &5 jet pt2>18&nTrack2>18&(jet_nTrack-nTrack2)>1";

3.03158



ILC1 Cut Table: C1C1 left polarization, mu-tag

Polarization: (e-,e+) = (-8.8,+8.3)
Reduction Table

Process - 2f_1 2f_h 4f_1 4f sl 4f_h aa 2f NIN2 aa_4f ae3f BG Signal Signf
Cross Section : 6773.07 19625.1 19566.2 13232.1 B64B.64 2.6771e+06 300.791 26.0064 261580 2,99785e+06 1065.17 ]
Generated : 049590 2.3467e+06 2.84BBde+d6 1.9491e+06 704600 7.17376e+07 1.0963e+06 8300 2.26291e+87 1.04261e+88 2.33207e+06 2.33207e+06
Expected t 3.3B654e+06 0.81253e+06 5.2B830Be+06 6.61606e+06 4.32432e+06 1.33855e+09 158395 13903.2 1.3079e+88 1.49892e+09 532585 532585
Cutd : 2.5496e+96 0 3.21083e+06 1.6053e+06 1463 1,34285e+09 6448.59 9 1.23824e+08 1.47484e+09 139638 139638 3.63688
Cutl : 166279 @ 2.0593Be+06 12369.8 121,582 1.18992e+06 1135.45 2 B60560 4.28976e+06 57982.8 57982.8 27.8078
Cut2 : 116859 0 2.03424e+06 6042.01 32,1319 465397 964.755 2 519208 3.14274e+06 38240.3 38240.3 21.4408
Cut3 : 24514.9 9 1.82201e+06 838.307 ] 83683.4 530.5 2 199325 2.04091e+06 26085.4 26085.4 18,1438
Cutd : 587.2 @ 1.75586e+06 541.814 ] 554.622 22.288 2 2234.05 1.75972e+06 14611.8 14611.8 10.9695
Cut5 : 345.949 0 1.75524e+06 514,594 ] 131,168 ] 2 511,501 1.75674e+06 143987.6 143987.6 19,7511
Cutb : 152,933 @ 1.75387e+06 6.28999 ] 100.16 2 2 41 1,.75417e+06 14205.4 14205.4 10.7497
Cut? : 20.8147 9 1.75325e+06 2 ] 3.20718 ] 2 9 1.75327e+06 14238.5 14238.5 19,7039
CutB : 20.8147 @ 1.75325e+06 2 ] 3.20718 2 2 @ 1.75327e+06 14229.6 14229.6 10.7832
Cut9 : 20.8147 8 1.75325e+06 2 ] 3.20718 ] 2 9 1.75327e+06 14189.9 14188.9 19.6667
@

if (iZDecayMode == 13) { //Zmumu mode
cutl = "leptype==138&nLepsl==185nBCAL==0";
cut2

"PtmissT"; /7 "jet_pt1s2 && jet_pt2>5";//&&Ptmis>18";

2>185(jet_nTrac

k-nTrack2)>1";

/f cutd = "abs(jet_ costhetal)fe 05&8abs(jet_costheta2)«d.0588 et _ptls1 &6 jet pt2>18&nTrack2>18&(jet_nTrack-nTrack2)>1";

cut3 = "jet_cop<1.9";

cutd = "abs(jet_costhetal)<8.9588abs(jet_costheta2)«<0.9588nTrack2
cutS = "coslllep<d.288cos)lep2<d";

cuté = "(Evis-Ephotormax)<68" ;//Evis<d49®,17

cut? = "Emis>400" ;

cutB = ”abc:cQCW'sch.QS“;

cut9 = "pt;;<50";

//absljet_coll) < 9.9865pt)j<50";
//&&(Elepl+Elep2)>35";

cutld = "7 mass < 15";//130
ffcutld = "j5 e < 239";

13,7538



Mass Precisions (individual channels)

Vs = 500 GeV
Convert precisions of kinematic edges to those of Higgsino masses L = 500 fb-1
MN1: X%, mass MN2: x°, mass MC1: x*; mass
Neutralino: 1-2%
4 ) ( )
polarization MN1 MN2 A MN1 AMN1/MN1 A MN2 AMN2/MN2
left mm 102.26 123.02 1.77 1.7% 1.76 1.4%
left ee 100.30 120.81 2.17 2.2% 2.15 1.8%
right mm 103.06 123.99 1.82 1.8% 1.81 1.5%
right ee 103.41 124.30 1.44 1.4% 1.43 1.1%
g J \_ J
Chargino: left pol is better than 1%
~ 2 times better than right pol
ek MN1 MC1 AMNT [ AMNI/MNT) AMG1 (AMCI/MCT )
left mu tag 113.50 129.14 0.82 0.7% 0.82 0.6%
left e tag 122.96 140.37 1.19 1.0% 1.18 0.8%
right mu tag 116.42 132.44 1.76 1.5% 1.75 1.3%
right e tag 125.34 142.98 2.20 1.8% 2.18 1.5%
N\ J \_

Theoretic values MN1 =102.70 GeV  MN2 =123.98 GeV, MC1 =117.33 GeV
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