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Description du probleme

e Canal:efe > ttbarZ' (Z' — inv. )

* Masse du Z’ ? (MZp) N, 7
* Couplage v ? (gZp)




Description du probleme

* Bruit de fond:
— e*e"— ttbar (~ 20 fb)
— ete"— ttbar + inv. (~ 5 fb)

e Signal :
— e*te” — ttbar Z’ (~ 1fb) (<= MZp)
—Br(Z’ > inv. ) ~ 10% (<= gZp)



Description du probleme

= =
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Crosss section (pb)
=
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br (Zp — inv.)

Description du probleme
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Description du probleme

* Domaine (MZp,gZp) autorisé (Genevieve) ?

* Domaine (MZp,gZp) observable ?



Méthode d’approche

MZp mesurée via la masse manquante :

10°

Number of events

10

[a—y

missM = sqrt(missE® - missP?)

MZp = 400 GeV
gZp=1

Besoin d’une
coupure ...
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: — Background -
— Signal
S ﬂﬂ!J.]T.“IIIIH.......l.?
0 500 1000 1500 2000 2500 3000
Missing mass (GeV)




Méthode d’approche

* Couper sur des des variables discriminantes de |'état
final.

e 8variables retenues :
— Energie manquante
— Impulsion manquante
— Angle 0 de I'impulsion manquante
— Impulsion transverse manquante
— Spéricité
— Aplanarité
— Energie du ler jet
— Impulsion transverse du ler jet



Variables Discriminantes

Input variable: Missing energy

=
=
1ad
Lh

0.003

LN /49.4

0025

(1/N

0.0015

0.001

0.0005

Input variable: Missing momentum

Background

A 7 0
1 1

500 1000 1500
Missing energy [GeV] Missing momentum [GeV/c]

T Signal T

= =
o o
S S
Th =

(1/N) dN/24 GeV/c
=
=
£

U/O-tlow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

U/O-tlow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

0 d Ll & -
2000 2500 200 400 600 800 1000 1200 1400
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Input variable: sin{8) of missing momentum

(1/N) dN/0.0166

Variables Discriminantes

Input variable: Missing transverse momentum

ED.DDQIII|III|III|III|III|IIIIII_
} 4

200 400 600 800 1000 1200
Missing transverse momentum [GeV/c]

U/O-tlow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
sin(0) of missing momentum
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U/O-flow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

11



Input variable: Sphericity

(1/N) dN/0.0151

22
20
18
16
14
12

10

= ko S oo

Variables Discriminantes

Input variable: Aplanarity

B,om

UO-flow (S.B): (0.0, 0.0)% / (0.0, 0.1)%
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Sphericity
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Variables Discriminantes

Input variable: First jet energy

-
0
Q 0.009
~

S 0.008
% 0.007
Z 0.006
= 0.003
0.004
0.003

0.002

0.001

III|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|II1—|‘

U/O-tlow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

200 400 600 800 1000 1200 1400 1600
First jet energy [GeV]

Input variable: First jet transverse momentum
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M
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1400
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U/O-flow (S.B): (0.0, 0.0)% / (0.0, 0.0)%
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Méthode d’approche

Coupure “ala
main”
imprécises

Outils
d’analyse
multivariable
(TMVA)

Background rejection versus Signal efficiency

Background rejection

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

gZp=1
TMVA

TR R TR r R r TR Rt T T E Tt T T TN T r T Ty T Ty L L T VR R IR LR LT Cr R L, PRTTS Frow

PPN T2, T e

1 02 03 04 05 06 07 08

0.9 1

Signal efficiency
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Méthode d’approche

8Zp=>

Background rejection versus Signal efficiency

TMVA

 Coupure “ala

g 1

main” 2
. £ 2 09

imprécises 2
S 08

o=

Bhy
. = (.7

e Qutils §
d’analyse 0.6
multivariable 0.5
(TMVA) 04
03 F

'D.EZIlllilllllllII|IIII|I||Iillllilllli||||i||||i|||

0 1 02 03 04 05 06 07 08 09 1
Signal efficiency
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Méthode d’approche

Coupure “ala
main”
imprécises

Outils
d’analyse
multivariable
(TMVA)

Background rejection versus Signal efficiency

Background rejection

gZp=15

TMVA
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0.8

0.7
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0.5

0.4

0.3

1 "':IIII|IIII|IIIIIIII|IIII

02 IIII|IIII|IIII|IIII|IIIIilIIIiIIIIiIIIIiIIIIiIIII

0 1 02 03 04 05 06
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08 09 1
Signal efficiency
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Méthode d’approche

e 3 algorithmes retenus:
— Boosted Decision Tree (BDT)
— Gradient Bosted Decision tree (BDTG)
— Multi Layer Perceptron (MLP)



Number of events

Méthode d’approche

 Variables de sortie :

o' E

Number of events

-1 08 -06-04-02 0 02 04 0.6 08
BDTG
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MNumber of events

MZp = 400 GeV

gZp =10

BElb s b vl by

-5 -1 0.5 0

0.5

18

1.5
MLP



Méthode d’approche

* Coupure grossiere (exemple)

BDT=0 BDTG>-0.3 MLP>-0.3
v TTTTTTTT T o TTTTTTTTT | o TTTTTTTTT
g — Total Entries 458 E I — Total Entries 598 £ — Total Entries 487
>+ > = F
225 — Signal Mean 8828 D251 — Signal Mean 945.1 25 — Signal Mean 9235
= C o L =] L
E r — Background |rms 3787 2 — Background ||rms 40 S — Background |rms 4203
520 = 220 520 =
= r = r = B
z Zz f z t .
15 - 1sf- 15| J -
i i : 1] I | :
1o} 1of- 10 -
s s sk I ] |l _
: : ; } | :
L L L ﬂ UfH L ]
n_lll {]_ G-HIIHIIHIHH L1 bl Ly 1 i
500 1000 1500 2000 0 500 oo 1500 2000 0 500 oo 1500 2000
Missing mass (GeV) Missing mass (GeV) Missing mass (GeV)
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Méthode d’approche

* Pertinence de |la coupure :
Significance = S/sqrt(S+B)

e Optimiser Coupure < maximiser Significance
* Scanner (MZp;gZp)



Résultats

Significance (BDT)

o 16

14.5326
13.966
13.7462

12.813 14.3452

11.4046 13.8513 14.2581

9.59553 12.2476 13.5718

8.76616 11.1141 12.3214
7.71493 8.98026

200 250 300 350 400 450 500 550 600 650 27"[!{!
MZp (GeV/c?)
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Résultats

Significance (BDTG)

o 16

13.6722
12.5573

13.015 14.4785

10.8883 13.7303 14.3452

9.58849 12.0976 13.6071

8.52387 10.5487 12.7632
8.24774 9.19239

200 250 300 350 400 450 500 550 600 650 27"[!{!
MZp (GeV/c?)
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Résultats

Significance (MLP)

o 16

200 250 300 350 400

14.0698
12.8918
12.7992

11.5711
9.16976
8.32026

450

500

14.3975

13.0956 13.9949
12.2158 13.6559
10.2715 12.2406
8.08242 8.50118

550 600 650 700
MZp (GeV/c?)
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Number of events

30

25

20

Résultats

* Spectres en masse manquante, apres coupure :

1000

1500

2000

25

20

Number of events

15

2500 3000 0 500
Missing mass (GeV/c)
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Suite de I'étude

 “Initial state radiation”

—> Regénérer les donneées ...

e Résolution détecteur

— Contraintes ...



Discussion

TMVA ?

Fit signal et bruit de fond

Coupures optimisées / coupure unique
Parametre ajustable ? (gZp, MLZP ...)

CDR CLIC?



Backup

Background (BDT) |

200 250 300 350 400 450 500 550 600 630 2?'00
MZp (GeV/c)

| Significance (BDT) |

o 16
N
oh

13.966
13.7462 10
12.813 14.3452
11.4046 13.8513
9.59553 12.2476
8.76616 11.1141

7.71493

14.2581 8
13.5718
123214
8.98026 4

200 250 300 350 400 450 500 550 600 650 27"00
MZp (GeV/c)

200 250 300 350 400 450 500 550 600 630 2700
MZp (GeV/c?)

N

10.08
ch -0.052 -0.075

12

||T(‘)|'Q?'}:|||||Tol'%3|||
200 250 300 350 400 450 500 550 600 650 2700
MZp (GeV/e?)
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Backup

|Background (BDTG) |

200 250 300 350 400 450 500 550 600 650 2?'00
MZp (GeV/cT)

| Significance (BDTG) |

13.6722
12.5573 10
13.015 14.4785
10.8883 13.7303
9.58849 12.0976
8.52387 10.5487
8.24774

14.3452 8
13.6071
12.7632
9.19239 4

200 250 300 350 400 450 500 550 600 650 2?'00
MZp (GeV/c?)

Signal (BDTG)

. 16
N
P

200 250 300 350 400 600 650 700

MZp (GeV/c?)

S 10 T T GAE
=h 0.644 -0.439
.0.5 -0.583 -0.537
-0.509 -0.527
.0.594 -0.575 -04
0,627 -0.511
-0.545 -0.568 03
0692 0,583 0.423 Yy
-0.696 0,698 0.583
0.618 0.556 0.568
-0.622 -0.572

-0.598

250 300 350 400 450 500 550 600 650 700

MZp (GeV/c?)
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Backup

|Background (MLP) |

o 16
S SR
=11]

" 3275

12

10
- 4020

8

6

2

200 250 300 350 400 450 500 550 600 650 27"(}0
MZp (GeV/ic)

Significance (MLP) |

o 16
tﬁb 18
14 6
12 14
12
10 14.0698
12.8918 10
127992 143975
115711 13.0956  13.9949 8
0.16076 122158 | 13.6559 .
832026 102715 122406
808242 850118 4
2

200 250 300 350 400 450 500 550 600 650 2?00
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16

gZp

200 250 300 350 400 450 600 650  J00
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t?l_ 16 TT ld-igj T T | T I.Id-m TT | T I-Id-gjj TT

-0.529 -0.434 -0.425
-0.56 -0.335
-0.477
-0.422
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-0.542
-0.502
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-0.442
-0.556
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200 250 300

350 400 450 500 550 600 650 700
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