b
Yaerraien

&

1

S Ene i

343

s
L1ety
TRk

3F

24
£

L
3

.

Cader

1y
ST

A

S
i
o

it

S

413

As
SR
Lo

{7

L)

S
7

bt

Perifl

SOk Y

SIS

3 9
Jelzaginegt

'] .
IR




Relic Abundance

e In the early Universe, at high temperature 1" >> m, massive and energetic
particles were created and existed xx <> Il in thermal equilibriund’ >> H(t)
where I' = nvo

e Expansion of the universe diluted the interaction rate ( )=> density of heavier

particles became too low [’ << H(t)

e Particle density freezes out =>constant number density
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e Distribution factor f(p) = c(E—m)/T L 1 where

P—de P
e Number density 4, — 9 / d3

TE f(p)d’p
3/2
e 22 m —m/)T

e For non-relativistic cold DM n = g Q—”) €

=>The equilibrium term is exponenti I?y suppressed

e Boltzmann transport equation

dn

= = =3Hn — (04u0) (n* — 1’ po)

e Approximate solution of Boltzmann equation is given by
3 x 107* cm? sec™!
OAU

Qxh2 = e
Pe

e From WMAP, difference of matter and baryon density
Q, h* = 0.11425 + 0.00311

. Annihibation cross-s%ction roughly=>
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Equilibrium
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Mypeak ~ O(lOOGBV)
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x=m/T




do/dE, (fb/GeV)

do/dE, (fb/GeV)
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M,=225 GeVj °F

M,=200 GeV

MSSM

do/dE, (fb/GeV)
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' Model Independent

w e
E, (GeV)
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do

dxdcosf

o 50 100 150 200 250 300

E, (GeV)

WIMPs can annihilate into SM particle pair

X+ x— Xi+ Xz’;

Xi=1,4,9,..

In the non-relativistic limit, for a relative velocity U of two X each cross section

oo
J
g;v = g O',E )’1)2‘]‘
J=0

Analysis restricted to for s and p wave respectively. For low velocities

3

(F
e o
Annihilation fraction is defined as g, = L
Oan CHN I i/ *
8 R SX=0 1
The constrainton O 4 9p is provided by cosmology

For general kinematics of €

_|_

=>only for collinear photon

Using

(eTe— = 2y +7) =

akeOan 1 +(1—2)2 1

167

T

5in20

1/24+Jo
4M?
92daiog Yy
( X + ) (1 = iL')S

- 10
M, (GeV)

€ — XX7 =>no model independence. Model independence

z = 2E,/\/s The relevant cross section can be computed from=>valid /s > 2m,,




Polarization

o = L4 P [(L+ Pyr(elied) + (1 - Pyw(elel)]

+3(1= PO [(1+ Pos(ebel) + (1 - Pos(eleld]

4+

e Equal: Independent of helicity ~ k(€g,€) = K(eg, er) = klep,er) =

e Helicity: Conserves helicity and parity (€eg. e;) = klegp,eR);  k(eg,ep)

e Anti-SM: WIMPs couple to only tight handed electrons
and left-handed positrons. n(eR eL) All others 1 (e, e+) — 0

e The reach of ILC can be increased by polarizing the beams

e Polarization of electron and positron =>  FP_  and P—|— respectively

e  WIMP spin is not directly accessible and is subsumed under the normalization of the total cross section

which is left as a free parameter alongside the WIMP mass
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Expected Cross-section

o Total unpolarised cross section at COM energy 500 GeV for p-wave and spin 1 and spin 1/2.

* Photon phase space restricted to experimentally accessible £, > 9 GeV and |cosf| < 0.998

o [fb]

500

400 |-

m
300 [

200

600 —

(PP,) = (0.0/0.0)
S=05;J =1

100

(a)

» Generator level photon spectra for different WIMP masses

150 200

250
M, [GeV]
(b)

* Second figure shows for both s and p wave

do /dE [a.u.]
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Background processes

<= Irreducible: €+6_ —> V7Y =>Dominated by W-fusion at t channel at above COM
energy above Z mass

=  Reducible: ete™ — eTe ™y =>Dominated by radiative Bhabha scattering

Large background of eTe~ — ~~yin the order of § X 108 fb_l
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Analysis Strategy

= WIMP signature is indistinguishable from the dominant e*

e~ — vy background

= Signal events are created from background ete™ — vy weighted with Wsiq = (X X7Y)/o (VDY)

<= Luinosity and polarization weights Wpol = (1 + Pe—)(l == Pe+)/4

Eemp

Lic

1
op_P, = Z{(l + P-)(1+ P+)ogr+ (1 — P.-)(1 — P+)orL
+ (1+ P-)(1 = Po+)or + (1 — P-)(1 4+ P.+)orr}

Wevent —




Signal Definition

A signal like event contains at least one photon with 10 GeV < E,, < 220 GeV and

lcosB| < 0.98  to reduce soft photons and exclude the radiative Z return

e Within the tracking acceptance of the ILD detector to distinguish from charged particle

Subsystem

Coverage in | cos (O)|

Coverage in © [deg]

ECAL Barrel | cos (©)] < 0.787 © > 38.1
ECAL EndCap 0.761 < |cos (©)| < 0.987 9.25 < © < 40.45
ECAL Ring 0.988 < | cos (©)] < 0.995 57<©< 90
LumiCal 18<O < 45
BeamCal 03<O< 24
Active region Radial 7 [mm] Longitudinal z [mm)]
Calorimeters r > 1843 z > 2450
Tracking in TPC 395.0 <r < 1739.0 2 < 2247.5




Event Sample Generation

D

<= SM Background generated by WHIZARD

W3

= Beam energy spectrum and beamstrahlung calculated for nominal beam
parameters with GUINEA PIG=> passed to WHIZARD

Parameter Value Units
Center of mass energy 500 GeV
Peak luminosity 2-10% cm st
Repetition rate 5 Hz
Accelerating gradient in cavities 31.5 MV /m
Length of each Main Linac 11 km
Beam pulse length 1 ms
Average beam current in pulse 9.0 mA

Total site power consumption 230 MW
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Event sample definition

=~ ee” = viy(N)y Background required to have at least one photon with Efy > 9GelV
lcosf| < 0.98
and beam polarization (P.-, P.+) = (+1,—1) (P.-, P.+) = (—1,+1) =>others vanish

()

+ ForBhabha=> (P,—, P.+) = (£1,F1)




Generator: WHIZARD
Process P P N,pents o [fb] L [fb]
Vele?Y —1.0 +1.0 3,832,650 14990.0 255.7
Vele?Y +1.0 —1.0 198, 643 397.3 500.0
VeleYY —1.0 +1.0 988, 847 1977.7 500.0
VelVeYY +1.0 —1.0 38,897 77.8 500.0
VelVeYYY —1.0 +1.0 67,453 134.9 500.0
VelVeYYY +1.0 —1.0 4,414 7.6 580.8
YUy ~1.0 +1.0 310,232 620.5 500.0
Vuly +1.0 ~1.0 197,947 305.9 500.0
VU Yy —1.0 +1.0 60, 632 121.3 499.9
Va7 +1.0 -1.0 38, 752 7.5 500.0
VuVu YV -1.0 +1.0 5,878 11.8 498.1
VU Y VY +1.0 ~1.0 4,407 7.6 579.9
Vv ~1.0 +1.0 300, 482 619.0 500.0
VrUry +1.0 —1.0 197, 361 394.7 500.0
VrUr Yy —1.0 +1.0 60, 535 121.1 499.9
Vr Ur Yy +1.0 —1.0 38, 827 77.7 499.7
Vr Ur 7YY —1.0 +1.0 5,937 11.9 498.9
Vv +1.0 -1.0 4,364 7.5 581.9
Generator: WHIZARD
Process P.- P.+ N, pents o [fb)] L [fb_l]
Ny ~1.0 +1.0 51994 12998.3 40
YY +1.0 —1.0 129912 12991.2 10.0
YYY —-1.0 +1.0 21580 2158.0 10.0
YYY +1.0 —1.0 21594 2159.4 10.0
YYYY —1.0 +1.0 1941 194.1 10.0
Y +1.0 ~1.0 1042 104.2 10.0
ete +1.0 —1.0 1738455 17469600.0 0.1
ete +1.0 +1.0 1718495 17275000.0 0.1
ete y —1.0 +1.0 1750065 17525700.0 0.1
ete —1.0 —1.0 1723995 17265000.0 0.1




ittt e R

Detector Simulation

¢

= Detector simulation has bee done by MOKKA=>Simulated detector model=>ILD_00 &
LDC_PrimeSc_02=>Differs only in forward region

Subsystem Letter of Intent Simulation MOKKA

Magnetic Field, B [T] 3.5 3.5
Rmin 1847.4 1843

Zmaz 2350 2350

ECAL Barrel Layers 20+ 9 20+9
Total X 23.6 —

Coverage | cos (©)| < 0.786 |cos (©)| < 0.787

Ronin (square) — 400.0

Rinar (0ct.) 2090 2088.8

ECAL endcap _ 9450 9450
Coverage 0.761 < cos (©) < 0.987 0.761 < cos (©) < 0.987

Ronin 280.0 250.0

: Rpar (oct.) 390.0 390.0
HCALrmg 2450 2450
Coverage — 100...157.8 mrad

Rinin 80.0 80.0

Lumical Rumaz 196 195.2
Zmin 2450 2506.9

Coverage 32.6...79.8 mrad 31.9...77.7T mrad

Ronin (out beam) 20.0 (out beam) 20.0

Ronaz (supp.)  220.0 (sens.) 150.0

BeamCal Zmin 3595 3595
Coverage 5...40 mrad 5.6...41.7 mrad
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Reconstruction

< Reconstruction was done by MARLIN
=>Particle Flow Algorithm=>PandoraPFA
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Beam Induced
backgrounds and 7Y

= Tight selection onYY, e*e~ =>might lower the

significance S/v B
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<= A veto of pr <3.0GeVcauses a loss of 0.27% signal

1

X
a8 N .
: | e’e* pairs (GuineaPig+WHIZARD)
& background (WHIZARD
%‘3 10-1 - vy background ( )
o C
L -
'_ -
10° F
10° E

10

[GeV/c

T tracks




ittt e R

ST, 10
3107 —VeveY
S 1 IARY
o 10
= 107 :e.
Discriminating variables 10°
10°
10°

e Transverse track momentum

pr < 3.0 GeV 10°
e Visible energy 7 E7 < 20.0 GeV

oy
0 50 100 150 200 250 300
E, [GeV

e Rejection by detecting in BeamCal

. Blue eTe” — vy Yellow et

Green => Radiative Bhabha

e

_|_

e Black irreducible background e e — VU7
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Event Selection

e ==

e  Thedistributions are dominated by low p tracks after the veto of pp < 3.0 GeV is
applied

e~

e =

=
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o
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. T e e e e e e T T e s

[1/fb GeV]
8‘0
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( a) pT,tracks[GeV/C] (b) pT,tracks[G eV/c]
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e A veto on events with events containing

tracks of pr > 3.0 GeV reject Bhabha 0 50 100 150 200 250 300
and eTe” — Y7y events apart from E, [GeV]
muon and hadronic events (second figure) —
% 1010 —VeVeY
O 10 WVovery
e Signal rejected => 0.25% ke 103 Y
| = e

0 50 100 150 200 250 300

E, [GeV]
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Visible event energy excluding the most

energetic photon is applied to reduce
further hadronic and muonic backgrounds

Aveto of B,;s — B, < 20.0 GeV

reduceseTe™ — 77y events completely
and reduces Bhabha by 10%

50

100
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150 200 250Gl 300
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= (b)
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Event Selection

e BeamCal effect is considered by assigning a %‘1010
relative probability corresponding to be A 10°
tagged by the BeamCal to each event. o 10°
= 107
10°
o Selection efficiency is 87% 10°
10°
10°
10
10
1
10
0 50 100 150 200 250 300
E, [GeV]
2 f -
5 | Mean 0.8688 >'10"° Vv
i 10" RMS 0.3369 S 10° Wvevery
IS a 10° o
-2 ~
s 107 F =10 e‘e’
p= - 6
= f 10
S 10° F
T
10% F
10° F
10° |
E-I 1 l 1 1 1 1
0O 02 04 06 08 1

Tagging Probability 0 SO LU Ef?(()ae\%)o




Event Selection Efficiency

Process simulated  signal def. prirack  Euvis — E, BeamCal tag  Eff. [%]
Polarization Configuration (P,-: F.+) = (+0.0:+0.0)

v 4354 2493.3 2435.4 2283.88 2239.63 89.8
vvyy 613 344.3 325.4 238.52 228.51 66.4
vvyYy 45 254 23.2 11.82 11.05 43.5
0% 6497 578.1 457.3 60.74 5.80 1.0
YYY 1079 145.0 112.7 4.65 0.10 0.1
YYYY 97 19.5 14.7 0.15 0.03 0.2
Bhabha 17377544 421533.1  88935.9 67389.80 1228.70 0.3
Polarization Configuration (FP,-: F.+) = (+0.8: -0.3)

vy 1263 048.1 526.7 460.99 438.01 79.9
vvyn 214 97 .4 89.4 49.51 43.45 44.6
vy 19 9.2 8.1 2.53 2.05 223
0% 8055 7154 571.3 75.71 7.13 1.0
YYY 1339 187.1 138.5 5.60 0.13 0.1
YYYY 120 25.2 19.5 0.13 0.06 0.2
Bhabha 17382269 423848.9  89074.7 67016.50 1204.30 0.3
Polarization Configuration (P,-: F.+) = (—0.8:4+0.3)

v 9536 5635.3 5513.1 5203.03 5116.28 90.7
vvyn 1307 757.2 717.7 542.03 523.26 69.1
vvyYY 95 53.7 494 26.79 25.35 47.2
08 3059 718.4 562.7 74.91 7.26 1.0
YYY 1338 184.8 141.1 5.93 0.13 0.1
YYYY 120 23.1 16.9 0.24 0.00 < (.1
Bhabha 17424441 4253249 887344 67761.60 1226.50 0.3
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"~ WIMP Selection |
Efficiency

' 1!’ adiieli .1:9,‘ !-§ l! 1 { H i ! i:u hi‘i" ; ﬂig
_— LA

— v~y background depends on photon energy spectrum

e Selection efficiency of the e

e photon energy spectrum depends on mass => selection efficiency depends on mass !

e For a fixed total cross section, p-wave peaks sharper at low photon energy, resulting in higher

selection efficiency for p-waves of all masses i
|

> 1.2 > 1p %
= - 2 &) - it
o 't pO 0.9722+ 0.0055 :6 098 E i
Y— [ —— = i |
\T - T F —— p-wave (J =1) { i
1 - p1 -0.001336 + 0.000065 c097F { | ?ig
0ok 5 0.96 - . i ! ﬁ!

: Qo095 FEEE

0.8 3 0 0.94 ;_ , ;! : g ! L

- - ; é b

07F 0.93 = : i : ; ¢ {#

: S 0.92F 3 | i.l

06F — S_electlop Efficiency F ¢ jfe

- = Linear Fit 091 5;3?

O 5 —I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 0 9 : I L1 1 I L1 1 I L1 1 I L1 1 I 111 I L1 1 I L1 1 I 11 § %;

T 0 50 100 150 200 250 ™ 100 120 140 160 180 200 220 240 iér

E, [GeV] M, [GeV] '

(a) (b) y
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stematic Uncertainties
Y |
g
e Signal efficiency €= —callbrated by radlatlve Z-return 2 F . I | I&tf
for an integrated lumm05|ty £ =500 fb~lafter event 58000 | oo ' 0
c : Constant 8319.08 + 35.82 ;g
selection without vetoes on photon L : :
7000 . Mean 240.12 +0.08 il
6000 E A Sigma 6.35+0.08 |

e Uncertainty of normalization of Gaussian fit => given by 5000 E- ‘

data statistics => upper bound of error (photon s ' i
reconstruction efficiency) 4000 3 . i
wooof 4| ;,
2000 .+ " E
e Statistical uncertainty of polarization for observed data ot A
events Np, A __ VNp 1000 - i
= = . — u
6 0-lllllllllllllllllIllllllllllllIllllllllllllllllll ;Fé
200 210 220 230 240 250 260 270 280 290 300 | fix
E,[GeV] |

T

easias sasnaras

o 200 tb™! with (+|P.-|; —| P+

e e e T e

e 200 fb~! with P+

e S e b querry oy

? Parameter value do [tb]

( )
(— +|Po+|)

o 50fb~! with (+|P.-|; +|P.+]). gg/gP (1)322? ?Z
(— )

TR S N T e D T S S o

..s.'.‘i_‘_:

et et

0L/ L 0.01% 0.01
Total 5.9

T

e 50 fb~! with

52 SRR ST e T kev e b ST T e vy ee T e




or = HO+IPA = [Peyorr+ (1= [P_)(1+ [P )or
+ (L+|P_)(X + [Py|)or + (1 — |P_|)(1 = [Py|)orr}
o, = %{(1_ P_)(1+ |P)orr + (1 + |[P_)(1 — | Ps|)ows
+ (1= |P_|)(1 = |Pg])ore + (1 + [P-|)(1 + |Py|)oLr}
ree = LA+ P+ |Pelorn+ (1~ [P)(1 ~ |Pil)oss
+ (1+ |P-|)(1 = [Py|)ore + (1 = |P-|)(1 + |Py|)orLr}
o = %{(1_ P_)(1 = |Py)onrr + (1 + |P_)(1 + |Py)ows
+ (1= |P_])(X + |Py|)ope + (L + |P_|)(1 = |Py|)oLr}

e For individual cross sections, coupling structure can be determined

e Unpolarized cross section 0 is defined as E(i,j)e{R,L}U(i,j) =4 < gy




Equal: Independent of helicity x(eg,ef) = r(eg,en) = k(er,er) = k(er,ex)

Helicity: Conserves helicity and parity rk(eg,€f) = k(er,eR); r(eg,eR) = k(er,ef) =0.

Anti-SM: WIMPs couple to only tight handed electrons

and left-handed positrons. h‘,(e]_%, ez); All others k(e e+) — 0




Polarization Configuration

Pol. config. stat. syst. contributions total
(P.-; P.+) L[] o [fb] +do[fb] +0P +d0c +0L][fb] +do [fb]
"Equal” scenario and £ =50.0fb™!
(+0.8; —0.3) 20 99.4 10.4 57 1.7 0.01 12.0
(—0.8;+0.3) 20 97.3 20.5 11.9 1.7 0.01 23.8
(4+0.8;40.3) 5 99.5 22.1 106 1.7  0.01 24.6
(—0.8;-0.3) 5 98.5 32.5 79 1.7 0.01 33.5
"Equal” scenario and £ = 500.0 fb™"
(+0.8; —0.3) 200 99.4 3.3 57 1.7 0.01 6.8
(—0.8;+0.3) 200 97.3 6.5 11.9 1.7 0.01 13.7
(+0.8;+40.3) 50 99.5 7.0 106 1.7  0.01 12.8
(—0.8; —-0.3) 50 98.5 10.3 79 1.7 0.01 13.1
“"Helicity” scenario and £ = 500.0 fb™!
(+0.8; —0.3) 200 1234 3.3 57 2.1 0.01 7.0
(—0.8;+0.3) 200 121.3 6.5 11.9 21 0.01 13.7
(+0.8;+0.3) 50 75.5 7.0 106 1.3  0.01 12.8
(—0.8;-0.3) 50 74.5 10.2 79 13 0.01 13.0
» Anti-SM” scenario and £ =500.0 fb™!
(+0.8; —-0.3) 200 233.4 3.4 57 4.0  0.02 7.8
(—0.8;+0.3) 200 11.3 6.4 11.9 02  0.00 13.6
(+0.8;+40.3) 50 125.5 7.0 106 22  0.01 12.9
(—0.8; —-0.3) 50 24.5 10.2 79 04 0.00 12.9
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Determining coupling scenario
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scenario

Determining coupling

(|Pe-|; | Pe+ ) = (0.8;0.3) (| Pe-|; | Pe+|) = (0.8;0.6)
"Equal” scenario
orL/00 0.99+0.24 (0.16) 0.99+0.10 (0.07)
ORR/00 1.00+0.33 (0.21) 1.00+023 (0.14)
oLL/oo 1.00+0.37 (0.29) 1.00+0.23 (0.15)
oLr/ 00 0.95+0.38 (0.25) 0.95+028 (0.15)
"Helicity” scenario
oRL/ 00 1.99+0.24 (0.16) 1.99+0.10 (0.08)
oRR/00 0.00+0.33 (0.21) 0.00+0.23 (0.14)
oL/ oo 0.00+0.37 (0.29) 0.00+£023 (0.15)
oLr/00 1.95+0.38 (0.25) 1.95+029 (0.16)
" Anti-SM”  scenario
oRrL/00 3.99+ 026 (0.18) 3.99+0.12 (0.10)
oRR/00 0.00+0.33 (0.22) 0.00+023 (0.14)
orL/oo 0.00+0.36 (0.28) 0.00+023 (0.15)
oLr/0o —0.05+0.37 (0.24) —0.05+0.28 (0.15)
"Equal :” Op_p, = 0p
"Helicity : 7 op_p, = 0o[l — P~ Po+]
"Anti —-SM: "  op_p, = 00[l — Pe-Per + Po- — Pet].




P-Values and coupling
scenarios

p-values (x?/ndf) for different Theory Scenarios

Data Scenario ”Equal” "Helicity” ” Anti-SM”
”Equal” ~ 1.0 (0.0) <107%  (14.0) <107%  (60.0)
"Helicity” <107  (13.4) ~ 1.0 (0.0) <107%  (31.9)
” Anti-SM” <107%  (53.0) <107%  (29.9) ~ 1.0 (0.0)
"Equal :” op_p, = 00
"Helicity : 7 op_p., = ool — P,-P,+]
"Anti —-SM:”  op_p, =00[l = Po-Ps+ + P.- — P.+].
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Work atvs =500 Gev by
oritz :Reconstruction at ECal

E./E,,. barrel ~ E./E,,,. transition from barrel to endcap - E./E, endcap
ha
L Enlries 5055243 | Entrins 3594485 - Entries 4143400
| Mesan 1.008 Mean 0.9808 i Mean .22
RMS 0.08304 BMS 008483 RS (. 06736

10* et E_

C Gauss: :

1.033
Mean = 1.022 1
ean =1.0 o Sigma = 0.031

10° Sigma = 0.036 -
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0.7 08 09 1 11 1.2 13 0.7 0.8 0.9 1 1.1 12 1.3 07 08 0.9 1 1 12 13
E../E,, transition from endcap to plug E./E. plug E./E,.. forward

10* hé h7 h8

= Ertrios 692526 Entries 1421728 - Entries 1600

- Mean 1.024 10t Meon 1.004 B Mean 0.9456

r RMS 007777 E AMS 005874 B RMS  0.1109

- - Gauss: i
10° | Mean = 1.094

= . 10}

C 1 Sigma =0.031 =
10 i [~

C e
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In plug reconstructed energy 10% too high
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Reconstruction at transition
region of endcap and plug

M R R

E../E. transition from endcap to plug >100 GeV
hé h9
- Entries 692526 10° Entries 1517837
10" Mean 0.9778 § Mean 1.033
§ RMS 0.1772 ~ RMS 0.09021 .
- 10° =
10° = .
- 10° |
ek 0 Gauss: 1
- = gl,ean = 1.082
- - igma = 0.038 i
- 107 = i
10 =
= i
- 10 o
1 i
11 1 I 111 1 d 1 _I | T | I [ J 1 l [ \1 1 I 111 1 S BT R i
0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 25 3 3.5

 in some cases photon reconstruction fails in the transition region of endcap and

plug
- Azimuthal angle dependence can be expected because of the square shape of

plug




® behaviour

¢ for Erec/Emc < 0.7 in transition region h3 ¢ for Erec/Emc < 0.7 in 20<6<30
Entries 24
Mean 0.04987 C - h4
L " 102 i Entries 1
B Mean -2.284
: 107" r‘ m [H“ F“ W"\ /‘M '"W - RMS  104.8
10_2 E— 10—3 u
1073 o I
- 107
| I [ | 1| [ . | L1 1 L 11 I L1 | 1111 | | | L1 11 | [ | L1 | L1 I L1 | I | I Ll | | |
-150 -100 -50 0 50 100 150 -150 -100 -50 O 50 100 150

<= Alright when equals 0,90,180,270 (Photon completely at endcap)

<= Alright when ¢ equals 45,135,.. (Photon completely at plug)

Peaks at transition region g3 <0 12

%
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My test sample

0 0
E..../E,,. for 9.3° <6 <12 E JE

R
eco Me hpfoer_emc Reco —MC
e T T T T e = hpfoer_emc1

.. ............... ............... .............. ...... Entries 13815 Enfries 87325

Mean 1.002 8 L e P! -
Std Dev 0.07649 10 | Mean 09868
: . : : : | stdDev 0.1242

2 I ndf 123.5/25 ;
x< I ndf 1176/12

- S N -- \i..] Constant 1759 + 20.2
e e RTINS Y ESUU S e Mean 0.9985 + 0.0005 Constant 1.113e+04 + 5.116e+01

Sigma 0.05908 + 0.00044 3 .............. e ........... ...... Mean 0.9998 + 0.0002
; 10 : ; : : : : Sigma 0.05702 + 0.00018
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Ereco/Enc 0 02 04 06 08 1 12 14 16 18 2

¢ for 9.3° <6 <12 o

5 e T hphi . : : : : : : hphii

£ Entries 13815 g : 5 5 5 : Entries 87325
.g Mean -0.164 % Mean 0.7866
e I SR A S SR S A Std Dev  104.2 & StdDev 104
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Future Plans

3 hphi_pt :
. ¥ - Enties 87325 pt vs. ¢ for 9.3° <6 <12
ol - = - . ol - — Meanx  0.7866 3 hphi_pt
Mean y 1658 | = Entries 13815
Std Dev x 104 - Meanx  -0.164

M .
Std Devy 0.4877 25 sﬁaggv X 110?1‘.121

StdDevy 0.173

0.5

0 Lo b by o b by b b by
-150 -100 =50 0 50 100 150

< Produce new corrected physics samples

< Carry out the WIMP search at ILC /s = 250 GeV




