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AT SR

B Machin Parameters . N_.=-N_|
* Eem=250GeV Electro polarization N TN
*luminosity : 1[ab] ° R °t
*electron polarization :0.8 positron polarization Ngg =Ny
*positron polarization :-0.3 N .. +N_

Bl Model Parameters

*Spin of DM : 1/2 Non, HGHE ESZBEFOHK
*DM mass : 50GeV

*Cf : 6.86 Nor, Bz s8zBpETOR
* A : 1000
H Event Generation
* luminosityl [abl] D\ I T SURARU LD ERK.
* 0 FIVE R E EE 15fb&{RE.

F1 N\UIH SRS R EE
Event Selection ee/ av\W WZ WW /7
Cross Section[fb] | 3992 684 5 2183 082
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(A) ZZ (B) wzZ->vwqq (C) WW (D) evW->evqq (E) eeZ->eeqq
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WIIEE R MD1EIR  Isolated Lepton Cut

Isolated Lepton Isolated_Lepton Isolated Lepton Isolated_Lepton Isolated Lepton Isolated_Lepton
w (A) ZZ Entries 982000 0P ( B ) V V Z Entries 5000 X"| 0_ P ( C ) WW Entries 2778020
C Mean  0.2318 5000 Mean  0.0762 1800 = Mean 0.415
" RMS 0594 F RMS 0.36 r RMS  0.5741
£ 1600
i3 ' e - 1400 -
600 C U t C U t I C U t
B 1200
B 3000 1nuuf—
[ - —|

('i‘: [solated Tepton cut

e'e—WW,eeZ background Lisolated lepton A& ENS
isolated lepton — bS5V D TR ILF—>10GeV

cone TRILF¥F— <1GeV

— ete—WW,eeZ background ZHRYBR<

e\_\E/e

Non-isolated  Isolated lepton
lepton

100~

Number of leptons

Number of leptons

X3 .Isolated lepton M %1

20—

L L 1
0 1 2
Number of leptons
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NIRSE R D1EIR  |solated Lepton Cut

Isolated Lepton Isolated Lepton | | | |solated_Lepton Isolated_Lepton
w (A) 77 Enfries 982000 —=F (B) wZ Enfies 5000
C Mean  0.2318 5000 Mean  0.0762
" RMS  0.5% E RMS 0.36
6001 Cut i Cut
S00L- 3000
400~ i
C 2000—
300 i
200 1000
100 L
C A [ — L
E L : L l £ L —— e I —
E 0 1 2 E 0 1 2
Number of leptons Number of leptons
Isolated_Lepton Isolated Lepton | | | |solated Lepton Isolated_Lepton
ar : (D) evW Entries 684000 ar F (E) ee’/ Entries 3092000
= Mean  0.2295 3000 Mean 0.31
F RMS  0.481 E RMS 05451
500— L
i ' 2500 '
400 L
] Cut 20001 Cut
S 1500
2 1000}
100:— 500:_
L L L 1 C L L 1
’ 0 1 2 b 0 1 2
Number of leptons Number of leptons

X3 .Isolated lepton M %1

Isolated Lepton Isolated_Lepton
%_Ix'm_ : (C) WW Entries 2778020
— = Mean 0.415
1800
n RMS  0.5741
1600
1400
c Cut
1200
1000
800
600
400
200
C L \ J
0 0 1 2
Number of leptons
Isolated Lepton . Isolated_Lepton
%—lm' d SIgnaI Entries 100000
Mean  0.00597
100~ RMS _ 0.07742
i Cut
60—
-
20—
L L 1
E 0 1 2
Number of leptons
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forward_particle

Forward_Particle

(A) 22

Entries 982000
M
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RMS 0
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Forward_Particle

Forward Particle forward_particle
| Fenwerd Porich | (B) vz Enfries 3392000
x10
= Mean 0
40001 RMS 0
3500
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MIBE R DEIR  Forward Electron Veto

forward_particle

(C) WW

Entries 2778020
Mean  0.009649
RMS 0.1125

(i1) Forward electron veto
e'e—evW,eeZ background Tl E—LNAT(ZIRITHBEFAEEND
% #:E, > 5GeV and 0.98<|cosh |<0.9999875
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D

— ete—evW,eeZ backgroundz Bx Y Bx<

_— e ]
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E
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[X|4.Forward el ectrons 0) £k

| L
0 1

Number of foward particles
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NMIBE R DIEIR Forward Electron Veto

Forward_Particle forward_particle | | | Forward Particle forward_particle | | | Forward Particle forward_particle
* (A) /7 Enfries 982000 %_H = ( B ) \VAVYA Enfries 3992000 %—lﬂ = ( C) WW Entries 2778020
1000 Mean 0 C Mean 0 B Mean  0.009649
2 RMS 0 4000 RMS 0 = RMS  0.1125
800— L L
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B C 1500—
- 2000 B
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L 500— L
0 L L | 0: L | & 0_ L L &
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C Mean  0.1697 = Mean 0 Mean 0
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500 3500 i
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400~ Cut - Cut - Cut
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YIEESE R DEIR  Z masscut

Zmass zmass Zmass zmass Zmass
(A) Y4 Eniries 082000 ( B) vvZ Eniries 5000 (C) WW  (ees e
= Mean 180.8 300 Mean 85.97 50000 Mean 190.4
22000 i3 RMS 67.79 L e RMS 12,77 § H RMS 51.81
20000 250 B
18000 E 40000}
160001 200
140005 30000
12000 150
10000 ] 20000
80001 ik e C

(ii1) Z mass cut
signa THNIEX, 2 Jets Dinvariant mass (FZ RYDEEIZFLLY
— 83GeV<zmass<100GeV ZFimf-9 BERHFER

a 1UE_—
300001 L
250000 L
20000 60—
15000— =
g 40
10000
5000 A=
(] T D T Pt ke e Y 0_ \|\|\\§\i\\\\|\| 0:\|¢ e e e e e ) R e
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
ZMass[GeV] ZMass[GeV] ZMass[GeV]
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NIRSE R DIEIR Z masscut

m Zmass Zmass Zmass Zmass Zmass
ET (A) /7 Enfrles 982000 |y | (B) \VAVYA Enfries 5000 |omess | (C) WW Enfries 2778020
= — Mean 180.8 300 —— Mean 85.97 50000 Mean 190.4
22000 i RMS  67.79 C 1) RMS 1277 § ok RMS 51.81
18000 - 40000~
160001~ 200 i
14000E- i 30000
12000;— 150:_ C
L - 20000~
8000;— 100:_ i
6000 C L
4000F- e 10000/
2000 : - i 7
b T e [ oL I L e e [ ‘ o B b s ‘
0 50 100 150 200 250 0 150 200 250 0 50 100 150 200 250
ZMass[GeV] ZMass[GeV] ZMass[GeV]
m Zmass Zmass Zmass Zmass . Zmass
[mass | (D) eVW (G oo ;ﬂlns (E) ee’/ Eniries 3992000 £ SIgnaI Eniries 100000
£ Mean 824 F Mean 100.7 C > Mean 86.41
c o RMS 2681 ¥ o RMS 34| ggoob RMS 9497
40000 = 2 120~ i = B3
35000 mn: e
300005 C 6000
250007 L 5900
20000 60 40001
15000 402 3000;—
10000 - 20001
5000 B 1000
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Likelthood Function

M Background
. ZZ background

. WW background

. evW background . vvZ background

eeZ background

zmass_pdf cosz
Entries 290302 [eosz]
Mean 89.61 L
Dasc 4 aca 0 E
0.0

1. ZRVVDEE 7,

*Likelihood function L=F

(@: Likelihood function M E &

2. ZRY U DELELAE 5% cosh,
3. ZRYUDEIERTDUtDERIRAE D cosd,

XF

zmass cosbZ

4

- Likelihood function M/ N\TA—=RIERDZHRV D EENFEE A FRALT=,

0.006]—
0.004—
0.002—

07\\\\

Z mass( Fzmass)

T
90 92 924 96 98

100 0

Zmass [GeV]

Lo o Lo b by b Lo Do Lo Loy gy
01 02 03 04 05 06 07 08 09

COSDz(Fcoshz) oz < 0.955

0.006
0.004

0.002

0l

0

Lo o b b by b Do Lo Do Laany
01 02 03 04 05 06 07 03 09

COSqu(FCOS@qq)



Likelthood Function

M Background
. ZZ background . evW background . vvZ background

B ww background eeZ background

[zmass pdf | | [cosz couz
Entries’ 280302 Entries 290302 cosqq, pdf

Mean 89.61 I Entries 290302

Mean 0.6101
4.054 0.05 Mean 0.502
RMS 0.2964 0.289

0.04

0.03

0.02

0.01

84 86 88 a0 92 94 96 98 100 (1] g 0.3 0.4 0.5 0.6 0.7 B 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Zmass [GeV] Costheta Costheta

Zmass(Fzmass) C0S0z(Fcosz) COSBag(Feosaa)
M Signa

zmass_sig cosz_sig cosz_sig cosqq_sig cosqq_sig

Entries 68736 Entries 68736 Entries 68736
Mean 89.44 0.012 Mean 0.4744 0.012— Mean 0.4752
RMS 3.469 RMS 0.2819 RMS 0.2846

0.02
0.018
0.016

0.01 0.01

:

0.014 0.008— 0.008 —
0.012 r B
0.01 0.006— 0.006 —
0.008 L L
= 0.004— 0.004—
0.006 — r r
0.003 — 0.002— 0.002—
0.002— = L
0:.| T S ] [ [y, . I O Il P S Rl B [V AN B 1 I Al ) B [ SRl B P IO A SO
94 96 98 100 01 02 03 04 05 06 07 08 09 1

=)
=)

041 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Costheta Costheta

COSqu(FCOS@qq)

Zmass [GeV]

Zmass(Fzmass) COSH2(Feoshz) coshz < 0.955
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Likelthood Ratio

®:Likdihood ratio D EZH
Likelihood ratio XD K5 IZE&ELT=,

oy . L
Likelihood Ratio = g

sig ng
sig
| BG likelihood | BG likelihood | Entries 68737
Entries 290294 W
F ean 0.5399
= Mean  0.4603 - i 6 as
= RMS 0.1516 3000 -
8000,— 5
= B 3
70005 v 25005
60005 - Werw -
- Deez 2000_'—
5000‘—'_ .nnz I.:
40005 — 15004—
3000;— 10005
2000 E
- 500:—
1000;— 5
:l IIJ|III]|IlIJ _'I |||||||I|II|I
% 0.8 09 1 % 08 09 1
likelihood ratio likelihood ratio

X 12. likelihood ratio distribution
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Likelihood Ratio Cut

Significancezx iz K123 51=& Dlikelihood ratioD & E 1k 16
—best likelihood ratio (£0.3Td %
g [ § auf
2 1= i 8
s I s .
"gl 08— d 30 :
+ L B8
na:— 261 N
C 4
“-4:— // 2F
- ' 20
02— jal
3: et IS ot [ SR e S0AE SR TS T o ] Ml o 153— e e e
0.1 0.2 03 04 05 0.6 07 0.8 0.9 1 0 0.1 0.2 0.3 04 0.5 0.6 0.7
background_efficiency likelihood_ratio
13. signal efficiency vs bg efficiency 14. significance
F=2. signa , background efficiency 7= 3. significance vs likelihood ratio
R=> background sighal R=> background signal significance
0 1.00 1.00 0 90134 9193 29.17
0.1 0.90 0.98 0.1 80837 9024 30.10
0.2 0.80 0.95 0.2 72417 8720 30.61
0.3 0.70 0.90 0.3 63318 8268 30.90
0.4 0.60 0.83 0.4 53805 7648 30.85
0.5 0.50 0.75 0.5 45006 6915 30.35
0.6 0.39 0.63 0.6 34785 5832 28.94
0.7 0.24 0.45 0.7 21605 4134 25.77




RecoilMass5

RecoilMass5

Entries 2682316

RecoilMass5

RecoilMass5
Entries 2607813

x10 x10
M 70.33 M 68.43
140 RMS 6262 140 RMS 629
120 Hlsignal 120 Bsignal
[zz [ |zz
100 Bww 100 Bww
80 Clnnz 80 Cinnz
Benw Benw
RA. NIMZKBUTFILENYI TSR DHER
Event Selection Signal eeZ evW Ww Y4 ZVV
cut nothing 15000 3992000 684000 2778020 982000 5000
Isolated lepton 13635 198646 371140 1342040 676385 3206
Forward particle 13635 198646 305944 1332730 676385 3206
Z Mass 10310 19306 29946 52951 185722 2364
0.3<=Likelihood ratio 9195 3834 20228 34317 149965 1928
115<missm<145 8268 58 6826 4896 29057 1041
significance s n
60
4000
4000 C
S0 2000 -
L 1 L | L 1 L L C 1 | | L 1 L L
% 50 100 150 200 250 % 50 100 150 200 250

(3)83 < Z mass < 100

Recoil_Mass[GeV]

Recoil_Mass[GeV]

@)0.3 < Likelihood Ratio




RecoilMass5

%10

RecoilMass5

140 —

120

100

40

50

(Dlsolated lepton cut

100 150

RecoilMass5

Mean 70.33
RMS 62.62

Entries 2682316

200 250

Recoil_Mass[GeV]

RecoilMass5

Entries 359025

F Mean 106.2
18000 — RMS 26.42
16000— Bsignal
14000— [ |zz
12000 Hww

= Linnz
10000 = . enw

8000— [ Jeez
6000—
4000
2000—
0 B I ! 1 | ) 1 I 1
0 50 100 150 200 250

(3)83 < Z mass < 100

Recoil_Mass[GeV]

RecoilMass5

%10

RecoilMass5
Entries 2607813

140 —
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100
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200 250
Recoil_Mass[GeV]

(@Forward electron cut

RecoilMass5
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14000

12000

10000

6000

4000

2000
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Upper limits

@ : PTFILEEEDILCEERICKSAERR. Uppe limit DRFELY
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ii. 1000E DFHITERRYIRL. N, DR TEFD X16. &7 F L DOPDF
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Entries 148023
[ likelihood > 0.2 | Nsig - an;;n 1766
Entries 1000 -
= 1 Mean -7.234 S0
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c %2 I ndf 69.44/75 -
35— Constant 28.88 +1.22 0.02-
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25— 0 r
20; C-L- 95/0 0.01:_
15— C
E 0.005—
10— -
5 | [ (o 0 ) (1
foo 10 120 130 140 150 160
Recoil Mass [GeV]

-ﬂ]lll] -800 -600 -400 -Zo[lﬂ_ 0 200 400Nu:1[::ﬂer o?:ﬂe[‘l'en'itlslﬂﬂ 17 . /{\\Jbg\\%"/PODPDF
15. /NS A—8Ny,

T FILE R ETEIE Dupper limith\kES 19




@: Upper limit Z&/MZF 518 Dlikelihood ratio D&wZ@EILIZDULNT

—lLikelihood ratio A% 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7LA T DA+ ZEFY

| BG likelihood |
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likelihood ratio
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[ likelihood > 0.2 |

BG likelihood
Entries 290294
Mean 0.4603
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Nsig
Entries 1000
Mean -7.234
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Mean -5.009 + 8.596
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(o T A S | e
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Number of events
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Entries 68737
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likelihood ratio

S5+ LD likelihood ratio %%

h_pull h_pull
Entries 1000
C Mean -0.02818
2 RMS 0.988
50— ¥21 ndf 62.34/ 54
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o O FILETEIEZO[fbIEL. RIFEH o -upper limit #F&R5I1ZRLT=,
Supper limit Z8/IMZ9 %best likelihood ratio cut (0.4

F=5. upper limit
likelihood ratio Ng;p(C.L 95%) efficiency upper limit [fb]
0 955 0.687 0.808
0.1 239 0.687 0.779
0.2 929 0678 0.774
0.3 905 0.654 0.772
04 435 0.591 0.736
0.5 385 0476 0.809
0.6 245 0.269 0911
0.7 27 0.006 4.500

o« BREtonf=2FTFILEEIEDupper limit A i5Higgs - DM DM@ Branting ratio @
upper limit Z RFE+£o7=,

C.L.95%
O-DD

— =3.1x107°
ole'e - ZH)

BR(H — DM,DM) =

21



Summary and Plan

B Summary
o ILCERICEAEVITR-R—RIIERTOREMEDRHREZREL T,
—I 0 F )L A BT FE D upper limit:0.736[fb]
» Brancing ratio , BR(H—DM,DM) QDupper limit: BR(H - DM,DM) =3.1x10"°

HPlan

1. H-oZZ*—4v 1\v5 5 FREZELS T FILEEIE Dupper limit # 245
2. ZH— w (Z* w),w (W 2)/\vD T SUREZEELTYY FILEEmIE D upper limit &
RiELD

3. DME=EZE%ZZEAT. Y FHILEHEEDOuppe limitZRiEE5
4. bEYJTRABEE125GeVIZLTETITS

22



Back up



-Optimization of thelikelihood ratio to minimize the upper limit of signal cross section.
so , When likelihood ratio cut is smaller than 0.0,0.1,0.2,0.3,0.4,0.5,0.6 or 0.7, | showed
distributions of Ny, parameter and pull distribution. —1 found that the mode of distribution is
near O,

e Likelihood ratio > 0.0

BG likelihood BG likelihood sig

Entries 290294 Entries 68737
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= L 2500—
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Likelihood ratio > 0.1

BG likelihood

BG likelihood

Entries 290294
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e Likelihood ratio > 0.3

BG likelihood BG likelihood
Entries 290294
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e Likelihood ratio > 0.4

BG likelihood

BG likelihood
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e Likelihood ratio > 0.6
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Likelihood ratio > 0.7
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