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Outline

« Chargino/neutralino masses
— Signal selection
— Kinematic fitting
— Mass measurement
« Cosmology motivated sbottom production
— B-tagging
— Results
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Introduction

Physics process: (SUSY point 5 in ILC benchmarks)

ete” — X{xi — XDOWTW- — xXix1qdqq parameter  valie
_ - ~ m 206 GeV
efem  — XaXs — XiN1Z°Z° — XiX{4d4q o e

tan 7 10

A 0

40 /L 375 GeV
— X1/X2 dominantly decay into on-shell W/Z e
— Cross-section not too small Mg 216.7 GeV

. XiXi ~100fb

« Xsxs ~10fb
— The gauge boson energy depends on the parent and LSP mass
Signature: 4 jets (from 2 acoplanar W/Z) + missing energy
— WWY/ZZ separation: good PFA performance required

A.NomerotskKi



e+e- -> ne2ne2 -> nelnelssdd

i
T
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Samples

SUSY samples:

—s =500 GeV; 500 fb-" luminosity; ~ 1.2M

events /sample

— Polarization: 80% e- L, 30% e+ R

— SUSY Backgrounds: e+e- -> ne1neZ2, slepton
pair production

sample

myo (GeV) Mo+ (GeV)  myg (GeV)

Template
neul + 0.5
ch + 0.5
ch + 0.5

115.7
117.2
115.7
115.7

216.7
216.7
217.2
216.7

216.5
216.5
216.5
217.0
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S Ig n al Se | eCtI O n Total visible energy

107
wr M
105;—
cut value E
Fout > 10 GeV otk
Fraction of EM energy in each jet < 80% .
Number of tracks > 20 103;
Total visible energy < 250 GeV ; /\
Thrust <085 (R TR
COS 'chruai < 0.9 Total Visible Energy /GeV
6(1, 2) > 60° Acoplanarity btw 2 W’s
f(1, 3), 8(1,4) , 6(1, 3) > 40°
(2, 4), 6(3, 4) > 20° 2500f — SM bkg
Acoplanarity of two reconstructed gauge bosons > 10° 2000:_ —— Chargino
. ) ) signal
Before Chargino/Neutralino separation: 1500
Chargino all- Neutralino all- SM e
hadronic signal hadronic signal background s00(=_
Efficiency 60.1% 59.3% 0.0004% oL
ﬁd"'21"ét)l‘"hd"‘sfti"éd"%g“,;ho;'90
e coplanarity of two reco’d W's /de
Composition 36.7% 6.9% 53.5% pranarty s
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W/Z Reconstruction — Jet pairing

[invariant mass of jet 1,2 | [invariant mass of jet 1,3 |
b -k «  Chargino/Neutralino signal
s ot separation is based on the two
" . reconstructed boson mass: W or Z
~E b « Need to pair jets correctly
3 ™F « Jet pairing optimization: Choose

: e T i B A R the combination minimizing:

(Mixk — mMw)2 + (Min — Mw) 2

[invariant mass of jet 1, 4 | [invariant mass of jet 2, 3 |
1200 F r
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1000:— [ . '
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800 — m:
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600—
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T0E
e soof- 400C-
w00 [ C
: so0f. 300
500 [ C
awof- 0oL 200F
w0l o 100
200 el T I e A . W B P B
E ok ol.'! 20 40 60 80 100 120 140 160 180 200
mo:— s Reconstructed W Mass/ GeV
R T TR T T T
Invartant mass of jet 2 and 4 Invartant mass of jet 3 and 4
7
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Chargino/ Neutralino Separation

Correlation of two di-jet masses is a powerful selection criteria

BosonMasses3C

2nd Gauge bgson mass /GeY,
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Entries 230304
Meanx 78.09
Meany 73.38
RMSx  10.43
RMSy 10.72

1 1 1 | | 1 1 | | | 1 | 1 1 | | 1
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Chargino events signal

130 GeV < M(W1) + M (W2) < 172 GeV

120 140
1st Gauge boson mass /GeV

BosonMasses3C
Entries 46565
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1st Gauge boson mass /GeV

Neutralino events signal
M(W1) + M (W2) > 172 GeV
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Chargino/Neutralino mass —
strategy

« When C1(N2) -> N1 + W(Z), in C1 rest frame, the W is

monochromatic (m?, +m¥, —m?_)|

e

E W = |

2M b

* Inlab frame the W is boosted but E,, still depends on the
mass of chargino and neutralino.

Entries 142438

« We can extract the chargino/neutralino

mass by comparing the W/Z energy
spectrum to the template.

Energy of W from MC level / GeV
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Kinematic fitting

Kinematic fitting with one constraint (Mboson1 = Mboson2)
improves the boson energy resolution

— Used KinFit in Marlinreco package (J.List et al)
— Jet resolutions: 8E = 50%/VE; 860, 8¢ = 0.1 rad

2500 - Chargino
- selection:
2000 S00F
s 500 Before/ After
1500 — 400— Kinfit
1000 300;
200
500 g
L 100;
G40 6o B0 105 120 740 02020 60 80 100 120 140 160 180 200
Reconstructed W Mass /GeV Reconstructed W Energy /GeV
Reco'd W mass Reco'd W energy
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Result — boson energy spectrum

Chargino selection:

1000— :
i —  signal
- — SUSY bkg
800 ——  SMbkg
600
400
200
0 ~"26""40 80 80" 100 120 140 160 180 300
Recontructed W Energy /GeV
Purity : 75.3%
Efficieny : 93.8%

Xsection error:  0.9%
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Neutralino selection:

- — signal
300r — SUSY bkg
C —  SM bkg
250
2005—
150
1005—
sof—
| | 1 I

02626 60""80 900 20 140 160" 180" 200
Reconstructed Z Energy /GeV

Purity : 33.7%

Efficieny : 30.2%

Xsection error: 4.2%
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Result — mass uncertainty

c::}:aan _— ;iﬁ%iﬁ §1 50 ;_
Em 2 ; ++3} Ewo a
E‘han— ! :ﬁ E? ; J(
;nan_— t ++i gsoj_ 1[ J( HJ(Jf 2 . +1-
Em_ : s £ ﬁfﬂ#ﬂl}[ﬂw J[HHHHTEEM—« _ X?min +1
2 4 ok f 1[ H
600 — ¥ e 50— J[ +
00— 100 %_ J[ J( ﬁpﬁﬁﬁﬁHHﬁH
e R R T e L L
Gauge Boson Energy /GeV Change in Gauge Boson Energy / GeV
Blue: chargino+0.5, red: neul1+0.5 2= \fs (Ytemplatel,i — Ydata,i + i)
1 — 2 2 2
Chargino signal templates (SM bkg not included) i=0 Ttemplateli T Tdatai T T5M.i
Chargino selection Neutralino selection
Chargino 95 MeV Neu?2 369 MeV
Neu1 94 MeV Neu1 102 MeV

(Chargino 395 MeV)
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Sbottom Production

Cosmology motivated SUSY
predicts small mass split
between LSP and NLSP

— Small visible energy in the
detector

— Assume NLSP is sbottom
— Two b-jets + MET

— Jet clustering and b-tagging are
challenging for low energy jets

Huge jjyy and jjy backgrounds
— Need to use forward calorimeter
for rejection

02t B-tag eff vs Jet E,GéV

N B [
20 40 &0

IIIII 1 1 IIIII 11 11
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E [GeV]

Signal scaled up by 10°
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P IR
12 14

Acoplanarity

A.Nomerotski




LCFI| b-tagging

* Vertexing: LCFI package
— NN based on flavour discriminants
— Re-optimized for SiD using 500 GeV dijets

— Re-optimized for sbottom signal
 Deterioration at small E recovered

Pt Correcied Mas:

g u.gi—
é— T.Lastovicka ; .
0= 'u|.1' - 'u.lzl - :J.|3' - 'u.lat' - 'u.lsl - 'u.lﬁ' - 'u.l:f' - 'u.la' ' el::ﬁ:ie ;1 0 £ 4 ® & 10
. . Corrected vertex mass, GeV
) Purity vs Efficiency ‘
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Sbottom Production:.] swoe -

— sbottom

Main selections e
— Visible energy < 80 GeV 10°
— Number of particle 107,

— Forward EM veto, acceptance 10 10k
mrad, E > 300 MeV -

Main discriminating variables

combined in NN, also adding ol o
i it
- Acoplanarlty . NN output
— Maximum pseudorapidity
_ AR §12:""""""|""|""|""|""|"
Results g 10° E
— 15% Cross section measurement for >
A / 7
mj = 230 GeV and mgo = 210 GeV g - i
— Sensitive to sbottom-neutralino mass Ao \\ ]
difference down to 10 GeV , E

7IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII7
00 100 200 300 400 500 600 700 800

Significance vs # signal events
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Summary

« Chargino / neutralino events can be identified and
efficiently separated from each other.

« The cross section uncertainty of chargino and
neutralino2 signals are 0.9% and 4.2% respectively

« Chargino1 and Neutralino2 masses can be
determined with 100 MeV and 370 MeV uncertainty
using the template method

« Cosmology motivated SUSY sbottom scenarios can

be constrained to the sbottom-neutralino mass
difference of 10 GeV

More details and references can be found at SiD Letter of Intent:

http://silicondetector.org/display/SiD/LOI
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Backups
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BosonMasses3C BosonMasses3C
Entries 334308 Entries 334308
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The two boson masses of all SUSY events

Left: chargino events selection; right: neutralino events selection
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SUSY Mass Templates

 Templates have different SUSY masses
» Difference between ‘Data’ and templates

Number of Events / 1 GeV
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Di-jet Mass Resolution

For SUSY analysis
— o0~8 GeV before KinFit
— o0~4 GeV after KinFit
Physics analysis includes
— Boson natural width
— All quark species (light, c, b) — neutrinos from c, b can worsen the resolution
— Forward CAL
— Effects of jet clustering (FSR, jet confusion and combinatorics). Events are forced in 4 jets.

Vector boson invariant mass for chargino and neutralino2 signals

90— — reco'd W mass [— recoawm: 200 :_ reco'd W mass
E reco'd Z mass ) reco'd Z ma C reco'd Z mass

80- L — 1800

700 - 160F After KinFit, normalized to
: - same # of events

60— 140

120"

40; Bef ihFit lized i 100
i e dame B of ovarite _ Before] KinFit, normalized g,

0E to/same luminosity -

zo;— ; 60:—

10- / \ : o0
E bl el L 20—

00 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 1 C AL T il

invariant mass of gauge boson/ GeV invariant mass of gauge boson 00 20 40 60 80 100 120 140 160 180 200

invariant mass of gauge boson/ GeV
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