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General Things:

Processes & Technicalities



General Things

hat Are We Looking For?

The SUSY signal processes:

+

ot _ ~ 0y
ete™ = xixi — WxI Wx! — qd’ X 9@ X"

efe” = XaXa — ZXx) ZX] — ad x| 4qd X!

What do we want with these signals?

@ separate signal(s) sufficiently from backgrounds (SM & SUSY alike)
@ measure the cross section — need good ¢ x 7 !

o extract SUSY-masses: m(X1), m(X9) and mpsp

Daniela Kafer LCWS'08 16-20/11/2008 Chargino/Neutralino fully hadronic FS 4 /36



General Things

USY p5: Params, Samples & Software

Input Parameters

Mposino [GeV]

Decays

my: 206.0 GeV

m1/2: 293.0 GeV
tan(5): 10
Sgn(p): 1
Aoi 0

% 115.7
0%, 216.7
X3, X9 413, 430
X 216.5
Xy 430.7

X9 — XV Z: 96.4 %
not relevant

T — XYW 99.4 %
2-body: =~ 87.0 %

@ DESY mass produced Monte Carlo samples; that have been
generated at SLAC using WHIZARD

@ So far only for /s = 500 GeV and with P+ = +1, P,- = —1

o Software: ILCsoft v01-04,

detector model: LDC’ :

DSTO01-*_ch1lch1.????_500_LDCPrime_02Sc*_ep+1.0_em-1.0_Desy_point5_0077.slcio
DSTO01-*_ne2ne2_?77?_500_LDCPrime_02Sc*_ep+1.0_em-1.0_Desy_point5_00?7 slcio
DSTO01-* _chlch1_???? 500_LDCPrime_02Sc* _ep+1.0_em-1.0_Desy_point5_00?7 slcio
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How to separate

Charginos/Neutralinos?



lino Separation

‘ Ramaining # of events by SM suppression cuts for chargino analysis I htemp
Entries 27945
20000 - Mean 2721
c LDC RMS 656.3
18000 [— .
= Chargino
16000 [— M .
E # of track and Evis cuts only
14000 [— I +>20GeV lepton veto
E + all jet within 0)|<0.
| bb all jet within |cos(0)|<0.9
10000 -
8000 [—
6000 [—
4000 [
2000 .y Ye _
% 1000 2000 3000 4000 5000

DST file #

Luminosity is NOT normalized: SUSY-signals = 500 fb!,
but for backgrounds only: vy /ve =1fb~!, qq/qqqq = 20-50 fb~!
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utralino Separation

htemp
Remaining # of events by SM suppression cuts for chargino analysis [Entries 27945
H . Mean 271
10 LDC’ Charglno RMS 6563
- No W mass cut
B i with W mass cut
10°E s
E WWZ
B e
2 —
10 E vy
10
Al il I f 1 L 1 L 1 L J L 1 ' Al ' L J 1 1
0 1000 2000 3000 4000 5000
nproc

After W-mass cut: WIW & WW Z are the dominant background.
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Chargino / Neutralino Separation

Jet Invariant Mass

Entries 33636

B i : Mean 771
1200 [~ GLD'(chargino) R
- LDC'(chargino
1000 [~ LDC'(SM)
o
 jet pairs are selecte
600l to obtain invmass
- nearest to 80GeV
400}
200:—

% 30 40 50 60 70 80 90 100 110 120
Invariant mass of 2 jets [GeV]

SUSY-signals & SM-processes simulated using diff. detector models.
(Ratio 4j/2j decays from Charginos might differ between GLD and LDC’.)
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Chargino / utralino Separation

argino/Neutralino Di-Jet Mass-Spectra

h11
Entries 10504
Mean 7828
600 RMS 1044
500 Chargino 6L
i LDC

400

300

200

100

% 60 70 80 9 100 110 120 130
2-jet invariant mass [GeV]

Jet pairs are selected such that the invariant di-jet mass is closest
to either the W-mass (Charginos) or the Z-mass (Neutralinos).
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Chargino / Neutralino Separation

uge Boson Energy Spectrum (Chargino Analysis)

| w energy in chargino event w/ neutralino bg. l ERWEKE
Entries 8910
E Mean 99.69
C Slgnal + Backgroun::!;MS 1277
At g :
200
jEue=—
1 00:_ .............................
50__ ..............
=k _ e ] .lﬂ'-.' "’h‘dj_ = . Dbt
%o 70 80 20 100 110 120 130 140

W energy [GeV]

Charginos: W-Boson Energy including Neutralino background.
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utralino Separation

ge Boson Energy Spectrum (Chargino Analysis)

w energy in chargino event w/ xn2&SM bg. WEXE
| 9y 9 9 I Entries 24296
i Mean 100.7
- LDC : : RMS 14.06
600 — Chargino + neutralino2
C (SM not included)
500 —
a0~
300
200
100 — .
E fralino2 !
% 70 80 90 100 110 120 130 140
W energy [GeV]

Charginos: W-Boson Energy including Neutralino & SM background.
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Chargino utralino Separation

uge Boson Energy Spectrum (Neutralino Analysis)

i trali t hargino bg. zexn2
| Z energy in neutralino even w/ ¢ argino bg | e 550
180 C H ; H T 7| Mean 108.1
= Signal + Background  LRMS 7.78
160 » e clD
0 e S
- 1y HEEY i J4LDC
120 e L X\ E
80— ‘
60—
a0
20 :_ .................... o d PO e DR I P | RIS SRR SO . { PSSRSO SO
%o 130

W energyrgeV]

Neutralinos: Z-Boson Energy including Chargino background.
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Charginos/Neutralinos

Using Kinematic Fits



Chargino / tralino Separation

nerator Level Distributions

15000
E @« - Charginos
- g Char: W1
P i
2 Char: W2
c
L% 10000 |:| Neutralinos
Neut: 21
— Neut: 22
5000

%0 ] 80 90 100 110 120
MC: gauge boson mass [GeV] MC: gauge boson mass [GeV]

Gauge boson masses from Chargino/Neutralino decays (just for fun).
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tralino Separation

ator Level Distributions

Chargino Analysis Neutralino Analysis
2500 500
= vz 3 71,72
i) N 0] +
0} @ 450]
= wi - —
~ 20001 =~ 4007
i) w2 2 — 72
g & 350]
4 [ 2122 >
] i
1500 3001
2504
1000 2004
150
500 100
501
T T . i T T 07 Mid T T T 1] T
100 120 140 160 180 80 80 100 120 140 160 180
MC: Gauge boson energy [GeV] MC: Gauge boson energy [GeV]
incl. Neutralino background w/o Chargino background

These allow to extract masses precisely: m()Zit) / m(X9) and mrsp.
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Chargino / Neutralino Separation

nematic Fits: W/Z mass constraints

What for?
@ Find the “correct” jet-pairing

@ Improve mass and energy resolution

How is it done?

@ Use all three permutations of di-jet pairs and save those with the
best fit probability and those, where the di-jet invariant mass lies
closest to the “W" or “Z" hypothesis.

@ Software is based on Kinfit (ILCsoft v01-04), using JES: +1% and
assuming Gaussian errors for all parameters.

1C-fit: making use of: m(j1,352) = m(j3,j4)
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Chargino / Neutralino Separation

ent Cases of the Kinematic Fit

- Chargino Pairs
l:l Neutralino Pairs

error

C: Dbest

W-like Z-like

A

A: best fit prob = W fit prob
B: best fit prob = W fit prob or
C: best fit prob = W fit prob and = unclear events!

15 /36

Chargino/Neutralino fully hadronic FS

(best permutation)

best fit prob
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Chargino / Neutralino Separation

Energy Spectra

1200 600
> Il chergines > [ Neutralinos
6] [0}
10001 T 5001
::5’ 800 & 4001
600+ 3001
400+ 2001
200+ 1001
0+ 0 ? T T T : ‘ 7
40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180
MC: gauge boson energy [GeV] MC: gauge boson energy [GeV]

Energy spectra at generator level (pure MC).
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Chargino / Neutralino Separation

Energy Spectra

700 400
> Il chergines > [ Neutralinos
0] O 2501
~ 6007 -
£ £ 300]
S 5001 5
> >
it W 2501
400
2001
3007
1501
2001 1001
100 50
o+ 0 : T T T T ‘ ;
40 80 100 120 140 160 180 40 60 80 100 120 140 160 180
W boson energy [GeV] Z boson energy [GeV]

Energy spectra after reconstruction, but without kinematic fit. (nof)
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Chargino / Neutralino Separation

Energy Spectra

700 400
> Il chergines > [ Neutralinos
0] O 2501
~ 6007 -
£ £ 300]
S 5001 5
> >
it W 2501
400
2001
3007
1501
2001 1001
100 50
o+ 0 : T T T t ‘ ;
40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180
EMC: W boson energy [GeV] EMC: Z boson energy [GeV]

Energy spectra after reconstruction and with kinematic fit. (EMC)
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Chargino / Neutralino Separation

Z Energy Spectra

3000 700
> . > B -
3 Il Emc: w12 3 Ly, = 500 pb* Il Emc:z1,2
no fit: W1 1 no fit: 21
™ 25001 ~ 600
- no fit: W2 - no fit: 22
£ £
5 [] nofit: w1,2 5 500 [ ]nofit: 21,2
> 2000 >
w w
400
15001
3001
10001
200
5001 1007
0+ - 0= =
60 80 100 120 140 160 180 60 80 100 120 140 160 180

Gauge boson energy [GeV] Gauge boson energy [GeV]

Energy spectra after reconstruction and with kinematic fit. (EMC)
(Comparison between unfitted and fitted distributions.)
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Chargino / Neutralino Separation

lection Cuts in (V1,V2)-Mass Plane

W-like events: kinematic fit (equal mass constr.) closer to “W" mass.

=
<

%’ Charginos %’1407 Neutralinos %’1407 SM: qqaq+vv
8 ' ) ' o) N
w 121 o 121 w 121 i
g 4 g N
£ E E
m 100 N 100 Ri 100
= = = .
804 80 80~
0 o 0 . 0 \ X
40 M. . \\ 40 " e : \\ 40 S \\
0 i 0 i 0+ 7
20 40 60 80 100 120 140 20 40 60 80 100 120 14C 20 40 60 0
W/Z1 mass [GeV] WiZ1 mass [GeV]

0 100 120 14
W/Z1 mass [GeV]

Cuts in (V1,V2)-mass plane is choosen by eye, no optimisation yet.
will be optimised for € X 7 (efficiencyxpurity)... - further cuts.
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Chargino / Neutralino Separation

lection Cuts in (V1,V2)-Mass Plane

/-like events: kinematic fit (equal mass constr.) closer to /" mass.

=
<

%’ Charginos %’1407 Neutralinos %’1407 SM: qqaq+vv
8 ' 8 N ' 8 NN
w 121 o 121 w 121 ral B
£ E E
m 100 N 100 aj 100 -
= = = :
804 80 80~
0 = 0 i 0 \ '.
40 M. . \\ 40 " e T \\ 40 0 \\
0 i 0 i 0+ 7
20 40 60 80 100 120 140 20 40 60 80 100 120 14C 20 40 60 0
W/Z1 mass [GeV] WiZ1 mass [GeV]

0 100 120 14
W/Z1 mass [GeV]

Cuts in (V1,V2)-mass plane is choosen by eye, no optimisation yet.
will be optimised for € X 7 (efficiencyxpurity)... - further cuts.
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Chargino / Neutralino Separation

racting m (X7 ), or m(X3) via Fit: |

7 30001 Il charginos Basically, the VERY complicated fit
S [ Neutralinos uses the upper and lower edges of
22500— [ ] sM:gaagvy pp &
P the gauge boson energy spectrum,
& 2000 convolutes them with the Breit-
= .
w Wigner shape of the boson mass
1500] : . .
and adds a little gaussian smearing.
1000]
Assumptions (due to kinematic fit):
5001
> m(V1) =m(V2) (bosons)
%0 0 80 100 130 140 160 180 200
MC: W boson energy [GeV]
1 —a-re . .
bin; = +g (no Gaussian smearing)
reg—1)2 reg+1)2
o reg+ 1Y) ofre- 1 4. b 6—72((%%5 b))z B 6_7§<ois b)>2
Ojes b Ojes b 2w
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Chargino / Neutralino Separation

Perform a “bloody” complicated fit to the Ey (Ez) Spectrum:
@ express By and |py| in terms of the 3 relevant masses:

my =m(XE, V), mi=m(X)) =misp, my = mw:

1 1
Eo — — (m2—m2—m2) — —

V= (mf —m3 —myp) - (m1, ma, my)
. 1 2
|pV,:mQ¢(mgm§m2v) —am?m?,

@ then find the inverse expression for either the chargino mass
or the neutralino mass

@ add the effect of a finite boson mass width via integrating over
a Breit-Wigner distribution

@ add Gaussian smearing to the boson energy spectrum. ..
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Chargino / Neutralino Separation

xtracting m(x; ), or m(x3) via Fit: IlI

... finally, the fit function looks like this - allowed region: |reg| < 1

1—-a-
bin; = +reg (no Gaussian smearing)
reg-1)2 reg+1)?
e reg + 1 _o reg— 1 n a.i 6f§(disl,,))2 B e*ﬁ([,it,gz
Ojes b Ojes b 2
A A
spect = bin; - BW <m(€,, v, my — Tm, my + 2m> + spect

with the boson Ey and |py| in the bosino rest-frame:

A meo
pv =5 b= = >
2 V &beam — M2 - PV
2 2 2
g _’ml—mz—mv reg — zmy — Epeam Ev
v = e 0V =
/2 2
2m2 Ebeam —m35 - pv
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Chargino tralino Separation

gino Selection and Fits |

330007 m(i)= 113.9+0.02 | Il Charginos

0 st -

o m(z,)=212.3 +0.06 [ Neutratinos FEoson at generator level:
= 25001 [ ] sM: qaag+vy

Events / 1
2
g

but inclunding Neutralino back-

19003 ground and the most dangerous
10001 SM 6-fermion background from
WW?Z-processes: qqqq + vv.
5001
0

20 60 80 100 120 140 160 180 200
MC: W boson energy [GeV]

All processes are weighted correctly, corresponding to: £y;c = 500 fb—1,
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Chargino

gino Selection and Fits Il

tralino Separation

2000

00 GeV
>
8

1600

14007

Events / 1
)
3

1000
800
600
400
200+

m
m

0.

Il Charginos
|:| Neutralinos

[ ] sM: qaag+vy

(
(

)=112.0+£0.04

X
%)= 215.8 £ 0.05

0
40

140 160 180 200
W/Z energy [GeV]

80 80 100 120

Eposon after reconstruction:
(but w/o kinematic fit)

but inclunding Neutralino back-
ground and the most dangerous
SM 6-fermion background from
WW?Z-processes: qqqq + vv.

All processes are weighted correctly, corresponding to: £y;c = 500 fb—1,
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fer LCWS'08

16-20/11/2008

Chargino/Neutralino fully hadronic FS

22 /36



Chargino

gino Selection and Fits IlI

tralino Separation

2000

00 GeV
>
3

1600

14007

Events / 1
)
3

1000
800
600
400
200+

Il Charginos
|:| Neutralinos

[ ] sM: qaag+vy

0
40

120 140 160 180 200
EMC: W/Z energy [GeV]

80 80 100

Eposon after reconstruction:
(with kinematic fit: EMC)

but inclunding Neutralino back-
ground and the most dangerous
SM 6-fermion background from
WW?Z-processes: qqqq + vv.

All processes are weighted correctly, corresponding to: £y;c = 500 fb—1,

Daniela Kafer
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utralino Separation

gino Selection and Fits IV

1800

1600

- 1400+

12007

Events / 1.00 GeV

1000

800

600

4007

200+

0.

Il Charginos
|:| Neutralinos

[ ] sM: qaag+vy

)=115.2+0.46

m(x
1)=215.3 £2.45

m(¥

0
40

120 140 160 180 200
EMC: W/Z energy [GeV]

100

80 80

Eposon after reconstruction:
(kinematic fit & selection)

but inclunding Neutralino back-
ground and the most dangerous
SM 6-fermion background from
WW?Z-processes: qqqq + vv.

Efficiency x purity:
exm =45x% x 78.y% = 0.35

All processes are weighted correctly, corresponding to: £y;c = 500 fb—1,

Daniela Ka
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Chargino / Neutralino Separation

gino Selection: Mass Spectra

40001
3

Il charginos
|:| Neutralinos

Qo
© 35007
] |:| SM: qqqq+vv

o
~ 30007
c

M =79.90
3.76

26000 ¢ =

Events

20001

15007

1000

500

70 80 90 100
EMC: W/Z mass [GeV]

W boson mass after kinematic fit
(no selection)

Daniela Kafer
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%40007 Il charginos
%3500- |:| Neutralinos

d SM: qqqq+vv
3000
2 M =79.21
025007 5 = 260
w

2000

1500

1000

500
40 70 80 90 100

EMC: W/Z mass [GeV]

W boson mass after kinematic fit
(2D-cut in (V1,V2)-mass plane)
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Chargino / Neutralino Separation

ralino Selection and Fits |

600
m{i)= 11564037  |[[11] Neutralinos
m

'x_‘\
¥ )=216.8+0.74
so0] M%)

Events / 1 GeV

400

300

200

100

40 80 80 100 120 140 160 180
MC: gauge boson energy [GeV]

Generator level: Neutralinos
absolutely no backgrounds
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3000
% [ Neutralinos
o Il charginos
S 2500]
i [ sM: quggvy
Ny [ L SN 49997V
£ 2000]
[
>
L

15007

1000

500

0 ‘ T T ‘ , :
40 60 80 100 120 140 160 180 200
MC: Gauge boson energy [GeV]

Generator level: Neutralinos
Bkgd: Charginos + SM-WW Z
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Chargino / Neutralino Separation

ralino Selection and Fits Il

400T——
m(i’)= 114.7 + 011
m

'x_‘\
(ﬁ)= 217.6+0.11

|:| Neutralinos

350

300

Events / 1 GeV

2507

2007

150

1007

507

%0 e 80 100 130 140 180 180
Z boson energy [GeV]

Reco’, no fit: Neutralinos
absolutely no backgrounds
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2000
% im@)=1146=003 | Neutralinos
18007 !
g m(x,)=215.8 + 0.02 Il charginos
7 1400]
2 1200

1000+
800
600
400+
200

% 60 80 100 130 140 180 180 200
WI/Z energy [GeV]

Reco’'d no fit: Neutralinos
Bkgd: Charginos + SM-WW Z
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Chargino / Neutralino Separation

ralino Selection and Fits Il

400T——
m(i’)= 115.0 £ 0.15
m

'x_‘\
(ﬁ)= 218.5+0.32

|:| Neutralinos

350

300

Events / 1 GeV

2507

2007

150

1007

507

%0 60 80 100 130 140 180 180
EMC: Z boson energy [GeV]

Reco’d, EMC-fit: Neutralinos
absolutely no backgrounds
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2000

m@E)= 115.7+0.04 | ] Neutralinos
Il charginos

|:| SM: qqqq+vv

1800
m(

)=216.2+0.09

00 GeV

1 16007

/1

vents
N
N B
(=] f=)
2.2

1000+
800
600
400+
200

0 7 T T T T T T
40 80 100 120 140 160 180 200

EMC: W/Z energy [GeV]

Reco'd, EMC-fit: Neutralinos
Bkgd: Charginos + SM-WW Z

Chargino/Neutralino fully hadronic FS 28 /36



Chargino / Neutralino Separation

ralino Selection and Fits IV

600 — 800
3 m(x?)= 115.6 £ 0.37 |:| Neutralinos % m(ii’): 113.8+0.07 | [ Neutralinos
9 500 rﬂ(ii)= 216.8 + 0.74 g 700 m(7 )= 218.0+ 0.14 | [l Charginos
- ] 1
7] pd [ ] sM:qqaq#vy
£ = 6007 ="
7 400] £
i £ s00]
=
il
3007 4001
3007
2001
2001
1001 100]
O e 80 100 120 140 100 180 %0 60 80 100 130 140 180 180 200
MC: gauge boson energy [GeV] EMC: W/Z energy [GeV]
EMC-fit + Neutr.-Selection EMC-fit + Neutr.-Selection
absolutely no backgrounds Bkgd: Charginos + SM-WW Z
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Chargino / Neutralino Separation

ralino Selection: Mass Spectra

|:| Neutralinos

2500 [l Charginos

|:| SM: qqqq+vv
M =78.81

c= 835
1500 fit impossible

2000

Events / 0.50 GeV

1000+

500

70 80 90 100 110
EMC: W/Z mass [GeV]

Z boson mass after kinematic fit
(no selection)

Daniela Kafer LCWS'08 16-20/11/2008

% |:| Neutralinos
Il charginos
S 10004 |:| SM: qqqq+vv

M =89.08
8001 ¢ = 3.70

600

400

200

0 T : ;
40 50 60 70 80 90 100 110
EMC: W/Z mass [GeV]

Z boson mass after kinematic fit
(2D-cut in (V1,V2)-mass plane)
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Summary & Outlook

mmary & Outlook

@ Chargino & Neutralino pair production can be separated from the
SM-background and from each other, respectively.

o Masses, m(X5), m(X3) and mpsp can be extracted via fits.
Although the errors are rather small, the mean values are too far
away from the nominal values.
= need to improve selection efficiency and purity!

Next steps:
@ Include all SM and relevant SUSY-backgrounds.

@ Improve the kinematic fit to better find the correct jet-pairings and
thus help improve mass and energy resolution.

@ Improve on the mutual selection (Chargino vs Neutralino) and
on the rejection of SM- and other SUSY-backgrounds.
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Boson Energy Spectra

1800

iy

600

-1400

iy

2001

Events / 1.00 GeV

10007
8007
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4007
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040

Energy spectra at generator level
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Events / 1.00 GeV

5001
400
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1007

Il charginos
|:| Neutralinos
|:| SM: qqqq+vv
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100 120 140 160 180 20C
WIZ energy [GeV]

reco’'d: no kinematic fit !
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e Boson Energy Spectra
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Energy spectra at generator level
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Il charginos
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|:| SM: qqqq+vv
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EMC: W/Z energy [GeV]

reco'd: with kinematic fit !
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Events / 0.50 GeV

re Boson Mass Spectra

2 Il charginos M = 80.15
20007 -

g oo [ Neutralinos o= 519

2 1 |:| SM: qqqq+vv

10°4
5 1400

1023

10 T T T T ] 0 ; ; T ?
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Mass spectra at generator level reco'd: no kinematic fit !
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Mass spectra at generator level reco'd: with kinematic fit !
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