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Standard Model (SM) and Beyond the SM

Standard Model

Standard Model problems
Quarks

» Hierarchy problem
» Grand unification
» Dark Matter
» Baryon asymmetry
» CP violation

Leptons

Supersymmetry is one of the theories proposed to solve the SM problems
» Each SM particles has their superpartners with 1/2 spin difference
» Superpartners couple like SM particles
> It is a softly broken symmetry [otherwise — mz = me] UNKNOWN

Standard particles SUSY particles
ul c) t)
ALY
dJ s} b) oo
O s @ tevons @ Forceparices swars @ sipons @ susviowe
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Standard particles SUSY particles
XIRINT In Minimal SUSY
\d/\s/\ly e H|gg5 Bosons: Higgsinos:

O, HO, A, H* RO, HO A, = ?
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Supersymmetric Particles of the SM bosons

SM(MSSM) Gauge Group: SU(3)c x SU(2). x U(1)y

Electroweak Sector

Gauge Fields:

B, — U(1)
Wi — Ssu(2),i=1,2,3

Higgs Doublets:
_( Hf _( Ha
wo= () = (i

SM Bosons
W* - Wi+ iw?

Electroweakino Sector

Gaugino Fields:
B, — U(1) — Bino

W), — SU(2) — Wino , i=1,2,3

Higgsino Doublets :
~ H+ ~ Ho
Hu = ( ot ) ' Hd - ~i

! HY H;

Gaugino/Higgsino Mixing

Charginos ( X&) — (W+/77 H )
Neutralinos ( X7 ) — (Eﬁ,Wi, FIS, FlS)
with W= — W1+ iW?
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Charginos ( X&) — (W+/77 H )
Neutralinos ( X7 ) — (Eﬁ,Wi, FIS, FlS)
with W= — W1+ iW?

higgsino-like
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Parameters of the Electroweakino Sector

M, My, 14, tanB
Mass Parameters:

Soft SUSY Breaking Terms Not related to the Soft SUSY Breaking

» M; — Bino mass parameter » 1 — Higgsino mass parameter

» M, — Wino mass parameter

* It is allowed by unbroken SUSY

* It is the only dimensionful parameter
in the MSSM

Other Parameter:

HO . . .
» tanf = iHéi — the ratio of Higgs vacuum expectation values

Higgino-like charginos and neutralinos

if |p] << My, M

> |ul = M)Z?yz’ M).(li M; ~ Mig“ My ~ Mizi’ M>’<2/3
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* It is allowed by unbroken SUSY

* It is the only dimensionful parameter
in the MSSM

Other Parameter:

HO . . .
» tanf = iHéi — the ratio of Higgs vacuum expectation values

%2, & )Zli are the interested HiggsinosJ

Higgino-like charginos and neutralinos

if |p] << My, M

> |ul = M)Z?yz’ M).(li M; ~ Mig“ My ~ Mizi’ M>’<2/3
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Electroweakino parameters & experimental observables

Relation between electroweakino parameters and experimental observables

Tree level masses in the case that My & M; are large (Ow — Weinberg angle)

1| — sin 2Bsign(p) cos® ow 72
M,

2 .2 2
m3 . . sin“fw  cos” Ow
|| £ - (1 £ sin 28sign(p)) ( M v >

<
H_
I

B
2
I

» They are weakly dependent on tan BJ

» j determines Mo & Mfcli J

72 2
B _ mz (sin“fw | cos” Ow 1 1
Mg =My = 35 ( M T T >+O<M,2’tanﬁ>
.2 2
> [sin“fOw  cos” Oy 1
My = '"Z< AR )+O<ﬁg)

» M; & M, determine M)Zgyxi — Mi? J

1
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Natural SUSY

Z boson mass in one-loop level is given as

P e L I = B
- 1—tan2j H
[@ large tan f]
mz = —2(miy, + T+ |uf?)

with H, is a SM-like Higgs.
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Naturalness requires to have higgsino mass parameter p at the electroweak
scale.
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P e L I = B
- 1—tan2j H
[@ large tan f]
mz = —2(miy, + T+ |uf?)

with H, is a SM-like Higgs.

Naturalness requires to have higgsino mass parameter p at the electroweak
scale.

» p? ~ m%/2 GeV — Light Higgsinos
> In one-loop level ¥ () ~ m%/2 GeV — Light Stops

Studied model contains light higgsinos but no other SUSY particles < a TeV J
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Light Higgsino Scenario

Motivated by naturalness which requires p at the electroweak scale
Scenario contains

> 3 light higgsinos: & & %0 & 3

> Almost mass degenerate: AM(XE, %2) & AM(K3, %)) ~ a (sub) GeV

» All other supersymmetric particles are heavy up to a few TeV
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Light Higgsino Scenario

Motivated by naturalness which requires p at the electroweak scale
Scenario contains

> 3 light higgsinos: & & %0 & 3

» Almost mass degenerate: AM(XE, %) & AM(X3, %)) ~ a (sub) GeV

» All other supersymmetric particles are heavy up to a few TeV

Due to small mass difference, it is a difficult scenario for LHC )
= 300 T T T T T
8 ATLAS Preliminary === observed it (162 s preiminary | test EogTey
£ 080 - ij:zo.nb‘,\s:aTev ----- Expected it (¢10,,) ] . ; et
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i . é o —
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Benchmark Points

Two benchmark points are considered:

dm1600 dm770
Mass Spectrum Mass Spectrum
Particle Mass (GeV) Particle Mass (GeV)
h 124 . . . h 127
).(i 16417 light higgsinos ’ f(i 166.59
5 165.77 % 167.36
2 166.87 % 167.63
H's ~ 10° H's ~ 10°
's ~2-3x10° X's ~2—3x 10°
AM(KE, §Y) = 1.59 GeV AM(X1 ,X3) = 0.77 GeV
Input Model Parameters Input Model Parameters
Parameter Value n<< My < My ' Parameter Value
m 160 GeV m 160 GeV
My 1.72 TeV M, 5.37 TeV
M, 4.33 TeV M, 9.47 TeV
tan 3 43.81 tan 3 47.66

But also high scale models, for instance: “Hybrid Gauge-Gravity Mediated Supersymmetry

Breaking Models" Ref: F. Brummer et al. hep-ph:1201.4338
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Production Processes

Production Processes:
+ - ot o—
e e —X1X1
+ - ~0.~0
e e —Xi1X2
Chargino Production Diagrams:

t-channel is suppressed / Z — ~ interference

Neutralino Production Diagrams:

t-channels are suppressed / No Z — ~ interference

)

Strong polarization dependence J

T
EP10Gev
—P(e",e)=(+30%,-80%)
+-P(e",€)=(-30%,+80%)]

500 600 700
Vs/GeV

fop
EF>10Gev ]
—P(e",€)=(+30%,80%)
~P(e",€)=(-30%,+80%)]

500 600 700
Vs/GeV
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Decay Modes

Chargino Decay Modes Neutralino Decay Modes
~+ ~0/*
»Xr o W - R 02
ev, o '[ ji ~ ~
10 [~ <. o - > Xg — X(l)'y
o N /%8 péi
5 08 \ ] dm1600
= "1 dm770
m
H B R
£ W /2 ! W
g P
@ XY
F'/r g
Amg (GeV)
Ref: C.-H. Chen et al. hep-ph:9512230 Branching Ratios
Branching Ratios Mode dm1600 | dm770
Mode dm1600 | dm770 ¥ 23.6% 74.0%
T 16.5% 60.4% ; v 21.9% 9.7%
0 28.5% 7.3% BRs depend crucially on AM Je - 3.7% 1.6%
ev 17.3% 15.0% whp 3.7% 1.5%
uv 16.6% 13.7% hadrons 44.9% 12.7%
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Chargino Process

> XX 2%+

Separation of the Processes

W+* Wf*

> X — 2%% + * hadrons

* leptons

* semi-leptonic

dm1600 dm770
/it (@) | e/ntnt
BR = 30.5% BR = 35%
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Neutralino Process

> 98 =28y + 2%
> %8 =28+

> 9%3 — 2%% + * hadrons
* leptons

* photon

dm1600 | dm770

BR(7) = 23.6% | BR(y) = 74.0%




Higgsino Signatures and Challenges

In the Final State
» A few soft visible particles
» A lot of missing energy (2 %?)
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Higgsino Signatures and Challenges

In the Final State
» A few soft visible particles
> A lot of missing energy (2 ¥3)

> 10t ! ! E > 10tk T ! 4
[0 3 fod 3
K] dM1600 K] am770
= Oz = LAY
S 103 F 00 S q0? 0.0 N
2 X%, 2 Ly 3
= =
o ] [
> > 1
W02 3 Yok 3
10 b . 10 b .
1 1 d 1 d
0 2 4 6 0 2 4 6
P./GeV P./GeV
Pr <5 GeV Pr <2 GeV
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Higgsino Signatures and Challenges

In the Final State
» A few soft visible particles
> A lot of missing energy (2 ¥3)

3 10'F ' ' ERE ' ' 3
[0 3 fod 3
8 dM1600 8 am770
= Oz = LAY
S 13k 050 S 10 7050 3
2 X% 2 Loy 3
= =
o [
> > 1
Wk 3 Yok 3
10F . 10k §
1 1 d 1 d
0 2 6 0 2 6
P/GeV P/GeV
Pr <5 GeV Pr <2 GeV

It is extremely challenging for LHC to observe or resolve such a low energeticJ

and degenerate particles
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It is extremely challenging for LHC to observe or resolve such a low energetic
and degenerate particles

It is also non-trivial for ILC J
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Standard Model Background: ~vy — ff

'y* f
y* f
et et

In the final state:

» 2 fermions with low energy, which
is very similar to the signal

Signal Two-photon Background
)
| ~
q / qd /
— = ===
N — - o
o

Ref: PhD thesis of C. Hensel
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Standard Model Background: ~vy — ff

vy — 2f
e e
’Y* f
V* f
et et

In the final state:

» 2 fermions with low energy, which
is very similar to the signal

Signal Two-photon Background
1

— } — — . o~

o
n

K%

Ref: PhD thesis of C. Hensel
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» We have required hard ISR photon,
efe” = XX

efe” = I8y

to avoid this similarity of the final states.

» Additional v makes the beam
electron visible in the detector.

» |t also makes it possible to use the
recoil mass method for the mass
measurement

ISR

fa¥
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Standard Model Background: ~vy — ff
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e e
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V* f
et et

In the final state:

» 2 fermions with low energy, which
is very similar to the signal

Signal Two-photon Background
1

o
n

— } — — . o~

K%

Ref: PhD thesis of C. Hensel

» We have required hard ISR photon,
efe” - ik

ete” = XXy

to avoid this similarity of the final states.

» Additional v makes the beam
electron visible in the detector.

» |t also makes it possible to use the
recoil mass method for the mass
measurement

* This method is a well-known trick for
vy — 2f background

* In this study, it has been observed that
this method doesn’t work for ey — 3f
background
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Analysis Overview

Software:
» Signal events are generated with Whizard (ILC-Whizard by generator

grou p) Ref: Wolfgang Kilian et al., hep-ph: 0708.4233v2

» Branching ratios are calculated by Herwig++
Ref: M. Bahr et.al., Eur.Phys.J., C58:630-707, 2008

» DBD generated samples for SM backgrounds

» Apply fast detector simulation SGV (ILD DBD version of SGV)

Ref: M. Berggren, physics.ins-det: 1203.0217

» Track efficiency is applied for low P;
> Signals 0.6
. . all cos(6)
> Dominating SM backgrounds 4500 GeV
0.4 —+1TeV
02f ]
3 e ] 37 avrro
s O%zy s 0%z 0 L L L
g Oz 3 2% O7gr 3 05 1

15 2
p|/GeV

From full simulation including

tt events and pair background

2
3

2 6
P/GeV.
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Analysis Overview

Data Set:
» /s = 500 GeV

» [ Ldt =500 fb~! for each polarization

» Polarization:
> P =+30%, P._ = —80%

e

> P+ =—-30%, P, =+80%

e

» Cross Sections are calculated by whizard

Aim of the Study:

To measure
» mass of the )'th & 3.
mass difference between )Zf & %0

precision on the polarized cross section

YVYY

To check if the measurements are good enough to determine u, M1, M

and tan 8
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Measurement Strategy

Xi & %3 Mass Measurement (Mxli & MXS):

Recoil mass of hard ISR photon is used to measure mass of )ﬁc & %3

Reduced CM Energy:

s =s5—2sE"

> Vs =2 x My, if 2 X are produced at rest
» Fitting gives My.

However; this method is an approximation, since
» formula is obtained only after some assumptions

» /s is assumed 500 GeV
Hence,

» Calibration is applied to the masses.

+

8
T
[}
=~
=
i

Events/10 GeV
g g

400

200

900 250 300 360 400

4;0 500
\'s’Gev

Hale Sert | Light Higgsino Scenario | LC-Forum 2013 | 10 October 2013 | 16/29 %



Measurement Strategy

Mass Difference Measurement (AM (5, %2)):
» Boost decay products to the rest frame of ¥
Boosted Energy:

« (Vs—EVE"+P"-P
E; =
2M>.<i
1

At the rest frame of )Zf;

» K9 is produced at rest, gﬁ . i 3
e (Ms — M) (Mgs + M) +m2 ]
2M).<1i 2f

£ 1 n m>2 AMIEs e
T 1/AM+1/3 M 2M>~<ft 00 w0 a0 a0 500

Mzeeoi/GEV

Recoil

> Ejcays = AM(XE, 12
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Measurement Strategy

XF & %3 Mass Measurement (M + & /\/I;(g):
1
Recoil mass of hard ISR photon is used to measure mass of ¥; & %

Reduced CM Energy: s =s—2,/sE”

Mass Difference Measurement (AM (55, ¥2)):

Boost decay products to the rest frame of ¥ (Edecays = AMKE, %))

Boosted Energy: Ex = w
X1

Polarized Cross Section Measurement (00 pojarized / O polarized )
Statistical precision on polarized cross section

<00meas> __ 1 Estimated Precison

<Omeas> Ven [ Ldt-oggna is based on

efficiency and purity
O meas = O polarized X BR()%T)Z; — 2)2?7 ™, e()u‘))
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Event Selection

Preselection:
» Require 1 photon
> with E,’Y"""X > 10 GeV
> within the acceptance of TPC

No significant activity in the BeamCal

Less than 15 reconstructed particles

Edecay products < 5 GeV
Emiss > 300 GeV

Y YY VYY

Both soft decay products and missing
particles are required not to be in the
forward region

After PreSelection
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Event Selection

» Preselection is applied

Chargino Selection

[2] F T T T T T 7]

f . E1 - XX, Y .

» Select semi-leptonic decay modes o S00¢ dm770 gzaiay 1
w i 1

» 1mand (Leorlpu) r .S1M2 1

» EX <3 GeV 1000:_ — simul. data_:
> ¢acop < 2or \/? < 480 GeV C ]
500 s

00 4 5 6

P,/GeV

After Chargino Selection
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Event Selection

» Preselection is applied

Chargino Selection
» Select semi-leptonic decay modes
» 1mand (Leorlpu)
» EX <3 GeV
> Pueop < 2 0r V5" < 480 GeV

Neutralino Selection
» Select photon decay modes
> Only photons
» | cos Oysore| < 0.85
» E7 > 0.5 GeV

Vsoft

Events

T T T 0 ~0I :

400 amrzo O %Y
gxey

300 Bsv

— simul. data]
200

100

5 6
P;/GeV

After Neutralino Selection
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Calibration Procedure

» Choose different true masses (X-axis)
» Apply measurement and get fitted masses (Y-axis)

» Obtain calibration curve

L L L B |
—M‘i'i’e =167.4 GeV -
Mj =168.6+ 1.0 GeV |

M= 1673+ 1.5 GeV ]

1GeV
3
(4]

it
1

X

+5Mﬁti 170 F - i
X it il 1
_smft %1 . dm770 1
iit Slope =0.66+0.18 1
165 -

1 L 1 L L 1 ]

165 ,\/,cali 170 175
sme Xl sme M“/GeV
— + 1
e it
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;,\Zﬁf Mass Measurement & Calibration

8ooF [ %, %, v AM1600

10000 %,y dm770
Oz %y M = 168.6 % 1.0 GeV/
r @ sm - o001 1.0Ge

+ 172 fit _
0L [ sm  ME=1680%14Gev

d

— simul. data

[o2]
o
o

} —- simul. data

Events/10 GeV
Events/10 GeV
[e:]
S

400 r

400 F

200 200 F
gOO 250 300 350 400 450 500 %00 250 300 350 400 450 500
\s/GeV \s/GeV
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175
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250 300 350 400 450 500
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M\, = 165 8 GeV E
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— dM1600
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.
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fod
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o
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o
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200
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Z‘

dM770
168.6 + 1.0 GeV
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\'s/GeV

175 - M;,“E_ 1674GeV -
ML =168.6+ 1.0 GeV
MY = 167.3% 1.5 GeV

1701 B

1]
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Ay
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Mass Measurement & Calibration

% r d.0 T T T 2 ..0 ]
& 500 E LX,Y dM1600 §1200 —g Loy dM770 B
o x4 & %, x Yo E
5 400 [ sm My = 168.2 1.6 GeV 1000 |- FE su M= 1663208 GeV |-
& 300 ~ simul. data 800 F — simul. data E
L E 600 - B
200 - 400 £ ]
100 F 200 B
%00 250 300 350 400 450 500 %00 250 300 350 400 450 500

\s/GeV \s/GeV
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Events/10 GeV

{9 Mass Measurement & Calibration

F ~d 0 T T | ‘(Q £ ~d 0 T T T ]
500 E % XY dM1600 1 §1200 E E % LY dmM770 B
F XX Y it ] w F X% ¥ ]
E t= 1000 it = 1
400 F . sM Mﬁ2 168.2+ 1.6 GeV ] . Y M;22 166.3 £ 0.8 GeV
300 [ — simul. data ] 800 — simul. data E
b 1 600 E
200 - B u ]
E ] 400 E
1001 ] 200 H
200 250 300 350 400 450 500 gOO 250 300 350 400 450 500
\s/GeV \s/GeV
2 T
8 —dM1600
E§<‘175 [=--- error band 1
—_dMTT0 dM1600 dm770
--~efror band M3 = 166.9 GeV M7 = 167.6 GeV
170|.. Slope =049 0.14 1 B %
L M} =168.2+ 1.6 GeV M% =166.3% 0.8 GeV
: ‘lﬁ M2'=169.6+3.3 GeV M%'=165.7+ 1.6 GeV
18510 1 ’ -
il L L
165 170 175
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Mass Measurement & Calibration

> ~0I 0 T T T T ‘(Q —_d 0 T T T T 3
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g 400—.21'\:17 Mt = 1RR 2+ 1 R RaV/ Wyn00 _X1X1'Y Mt = 166.3+ 0.8 GeV | H
12} ]
§ 300 F — simul. data Statistical precision on ME%’ is 3.3/1.6 GeV E
w F for dM1600/dM770' H
200 ]
100 F 200E B
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\s/GeV \s/GeV
> T T
8 —dM1600
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Mass Difference Measurement

> fF T T > i3 T T T T 3
8 6'_."(1]"37 8 G;IXaXaY dmM770 ]
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E* /GeV

Events/0.1 GeV

Mass Difference Measurement
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E* /GeV

Events/0.1 GeV

Mass Difference Measurement

The central values agree with the true values within the uncertainties
AM can be measured with 270/40 MeV statistical precision
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a 1Y dM1600
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4
2
N SO
250 300 350 400 450 500
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Polarized Cross Section Measurement

Efficiency, Purity and Precison on Polarized Cross Sections:

Polarizations P(e",e”) = (+30%, —80%) | P(e",e™) = (—30%, +80%)
Processes )%Irf(f v )N((ZJ)N(Y” >~<Ir>~<17‘f ig*?”
dm1600

BR of selected mode 30.5 % 23.6 % 30.5 % 23.6 %

Efficiency(e) 9.9 % 5.8 % 9.5 % 6.0 %
Purity(r) 70.1% 67.4 % 36.4 % 62.3 %
fomess) 1.9 % 3.2% 53 % 3.7%
dm770

BR of selected mode 34.7 % 74.0 % 347 % 74.0 %

Efficiency(e) 121 % 17.1 % 122 % 17.2%
Purity(r) 85.3 % 85.8 % 56.1 % 82.5 %
Aomess) 1.6 % 1.7 % 3.8 % 1.9 %

» Efficiencies are almost same for both polarizations

» Huge difference between purities for both <80 meas> _ 1
. . . . <O meas > \/€<7r-f Ldt-ogignal
polarizations in the chargino processes are due to &
the strong polarization dependence

Omeas = O polarized X BR
» Cross sections can be measured more precisely
using the polarisation with efe;”
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Parameter Determination

w, M1 & M, can be determined using the result of the analysis.

Fit Procedure
» tan 3 is fixed in the range [1,60]
» Fit the mass parameters; u, My and M.

Used parameters for the fit
> M, Mg, AM(EE 1)
» Statistical precision on the cross sections (0o /0)

» do/o at \/s =350 GeV are also added after scaling errors by the ratio of
the production cross section, v/30.
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Parameter Determination

w, M1 & M, can be determined using the result of the analysis.

Fit Procedure
» tan 3 is fixed in the range [1,60]
» Fit the mass parameters; u, My and M.

Used parameters for the fit
> M i MO AM(X1;X1)

> Statlstlcal precision on the cross sections (0o /o)

» do/o at \/s =350 GeV are also added after scaling errors by the ratio of
the production cross section, v/30.

Relation between measured and fitted parameters
> AM(X1 ,%9) is the crucial parameter for determination of M; and M,

> M;(:t, I\/lig and do /o are used for the determination of the ;. parameter
1
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Results

» Lower limits and allowed regions for M; and M, can
be obtained from the correlation between M; and M,

Parameter Determination

» 1 parameter can be determined with 6.8(2.5) GeV
statistical precision for dM1600(dM770) scenario.

dM1600 \/s = 500 GeV \/s = 350&500 GeV
@500 fb~ ! input lower upper lower upper
My 1.7 ~ 0.8 no ~ 0.8 no
M;, 4.4 ~ 15 no ~ 15 no
o 165.7 165.2 172.5 165.4 170.2
dM770 /s =500 GeV /s = 350&500 GeV
@500 fb! input lower upper lower upper
My 5.3 ~ 2 no ~ 2 no
M, 9.5 ~3 no ~3 no
I 167.2 | 164.8 167.8 165.2 167.7

dM1600
500 fb™! b
—tanp = 50

~tanB = 10

dM770
500 fb™! ]
—tanp =50

~—tanf =5

» Inclusion of do /o at 350 GeV only effects the determination of the

parameter
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Results

» Lower limits and allowed regions for M; and M, can
be obtained from the correlation between M; and M,

Parameter Determination

dM1600
500 fb™! b
—tanp = 50
~tanB = 10

» u parameter can be determined with 6.8(2.5) GeV AT
statistical precision for dM1600(dM770) scenario. o -
dM1600 \/s = 500 GeV \/s = 350&500 GeV 0 L L L .
@500 fb~ ! input lower upper lower upper 0z 46 M?/Te\}o
My 1.7 ~ 0.8 no ~ 0.8 no 20
M, 44 | ~15| no | ~15 no 2 0
”w 165.7 165.2 172.5 165.4 170.2 sk 500 fb' 1
= —tanB =50
~—tanf =5
dM770 +/s = 500 GeV \/s = 350&500 GeV OF AL
@500 fb! input lower upper lower upper i.‘
W 53 | ~2 | no | ~2 no st A —
M, 9.5 ~3 no ~3 no 0 . ) )
I 167.2 164.8 167.8 165.2 167.7 5 10 15 20

» Inclusion of do /o at 350 GeV only effects the determination of the

parameter

350 GeV is not sufficient to measure the masses and mass difference,

larger statistics are needed. So, analysis should be done at 500 GeV

|"LC=Forum2013"|"10"October 20137 ‘.,l
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Parameter Determination at High Luminosity

> Luminosity is increased to [ Ldt =2 ab™? for each polarization
» |t is assumed that experimental errors would be reduced by a factor 2

» The measurement of the AM(%3, %?) is also included
(not measured in this analysis)

Results:

» Inclusion of AM(%3, %3) breaks the dependency of M; & M, on the low
tan 3 region

» Increased luminosity narrows the allowed region for 1 parameter

- .
=T : @ dM1600 dm770
Q@2 ab input | lower | upper 3° e, 2a5] 3 1o MG, 26 ]

%1 gg ~ 173 n‘1)5 R —tang<s0 ] K!:mi
2 . ~ ~ 10F ]
" 167.2 165.2 167.4 4 ]

@ 500 fb! input lower | upper 2
My 5.3 ~2 no T T T T e 0 10 15 20
M, 9.5 ~3 no M,/ TeV M,/ TeV
o 167.2 | 164.8 | 167.8
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Parameter Determination at High Luminosity

> Luminosity is increased to [ Ldt =2 ab™? for each polarization

» |t is assumed that experimental errors would be reduced by a factor 2

» The measurement of the AM(%3, %?) is also included
(not measured in this analysis)

Results:

» Inclusion of AM(%3, %3) breaks the dependency of M; & M, on the low
tan 3 region

» Increased luminosity narrows the allowed region for 1 parameter

20

M,/ TeV

- .
=T : @ dM1600 dm770
Q@2 ab input | lower | upper 3° e, 2a5] 3 1o MG, 26 ]

%1 gg ~ 173 n‘1)5 R —tang<s0 ] K!:mi
2 . ~ ~ 10F ]
" 167.2 165.2 167.4 4 ]

@ 500 fb! input lower | upper 2
My 5.3 ~2 no T T T T e 0 0T 2
M, 9.5 ~3 no M,/ TeV M,/ TeV
o 167.2 | 164.8

AM(%3,%9) has an important parameter for the fit!J
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Conclusion

Summary
» Naturalness leads to have light higgsinos
» Studied extreme case of no other sparticles accessible at the ILC
» Assumed /s = 500 GeV & [ Ldt = 500 fb~' with
> P(et,e™) = (4+30%,—80%) and P(e™,e™) = (—30%, +80%) each
» Separation of Higgsinos at the reconstructed level is possible at the ILC
> OM = (Myg), SAM(KE, %2), and 6(o x BR) are small

» Precision is sufficent

> to determine p to a few percent
> to constrain Mi, M, to narrow band in multi-TeV regime

Outlook
» Do the analysis with full simulation

» Add neutralino mass difference measurement
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Polarized Cross Section Measurement

Number of events for two signals and all SM background:

Polarizations P(e", e ) = (+30%, —80%) P(et, e™) = (—30%, +80%)
Processes gy | 0y | AansmBkg | 0w v | 900y | ANSM Bkg
dm1600

nocut 38672 24250 1.09 x 10° 9817 19071 1.07 x 10°

semi-lep sel 3813 897 4016 930 7 3969
photon sel 19 1395 764 3 1134 762
dm770

nocut 38130 23040 1.09 x 10° 9792 18773 1.07 x 10°

semi-lep sel 4600 36 2199 1190 32 2416

photon sel 22 4095 764 3 3230 762

Efficiency, Purity and Precison on Polarized Cross Sections:

Polarizations Pe",e”) = (+30%, —80%) | P(e",e”) = (—30%, +80%)
Processes XXy X5 XXy X317
dm1600

BR of selected mode 30.5 % 23.6 % 30.5 % 23.6 %

Efficiency(e€) 9.9 % 58 % 9.5 % 6.0 %
Purity() 70.1% 67.4 % 36.4 % 62.3 %
mens) 19 % 32 % 53 % 3.7 %

dm770
BR of selected mode 347 % 74.0 % 347 % 74.0 %

Efficiency(e) 121 % 171% 122 % 17.21%
Purity() 85.3 % 85.8 % 56.1 % 82.5 %
iomess) 1.6 % 17 % 38% 1.9 %
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Mass Measurement Procedure

Fitting Procedure

» Fitting is done in the following order:

> SM background is fitted with an exponential function assuming that we can
precisely predict SM background.

» SM background is fixed.

> SM background + Signal are fitted using linear function for signal.

1000

o}
o
o

Events/10 GeV
(2]
S

400

200

+\ N T
gz dm770
0z%y M™ = 168.6 + 1.0 GeV
@ sm 7 o
— simul. data

%00 250 300 350 400 450 500

\s/GeV
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