Combination single top +tt
tZ — 1034

Lorenzo Basso
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Optimisation - almost matched Isis’s

@ LEPTONS: |n| < 2.5(2.4) for e/
peT > 20 GeV, ISO: CONEO4, [,..; < 0.20 e/p

@ JETS: pl > 40 GeV, || < 2.4, 1/EEover HE > 0.15
@ loose JETS 30 < p] < 40 GeV, || < 2.4, 1/EEover HE > 0.15
@ Selections:
© N, >1(J =lightand b jets); (if N; = 1, then also N/°°*¢ = 0)
© N, > 1toreduce WZ, N, < 1 once WZisremoved = N, =1

@ Z candidate as pair of ete™ (1 7) closest to M
and |[My, — Mz| < 15 GeV

Here, MVA or Cut&Count with
@ loose W reco: 10 < M7 (vey)/GeV < 150
@ loose top reco: MT(vbly,)/GeV < 215
@ top reco 2: M(bly)/GeV < 150
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Backgrounds - cutflow
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MVA — BDT

@ training on sum of signals (naive combination)

@ one training each for k,; and k.

@ inclusive sample

@ training on background without ¢¢
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Variables for k¢

Filled after the M (¢T¢~) — Mz < 15 GeV cut.

11 Variables with relative importance when trained considering all

backgrounds without t¢:

Variable Importance
M (¢b) 1.991071
M(j2) 147107t
p7(2) 1.191071

AR(b, tyw) | 9.581072
M(tZ) 8.301072
T (j1) 7.5010~2
Qlw) 7.091072

AR(Z, tw) | 7.051072

AR(t, Z) 5181072

AR(Z, MET) | 4.221072
Ap(t Z) 4.391072

where Q(¢w) = Q(4w) X |eta(fw)|. Low discriminating variables are kept

because work well with ¢t.
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K.ut. OVertraining

TMVA overtraining check for classifier; BDT

TMVA
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Variables for k.t

Filled after the M (¢7¢~) — M, < 15 GeV cut.

10 Variables with relative importance when trained considering all
backgrounds, including tt:

Lorenzo Basso (IPHC)

Variable Importance

M (¢b) 2.111071
M Z) 1.6910~1
L' (j1) 1.2010°¢
AR(bw, Z) | 9.641072
MET 9.241072
pT(Z) 8.731072
AR(b, W) 7.361072
AR(Z,MET) | 6.541072
Ag(t, Z) 4.451072

AR(t, Z) 4111072
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K.ct. Overtraining

TMVA overtraining check for classifier: BDT
v
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BDT output

Rzut Rzet
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Reading of sum of signals

Lower bound scan

. output
@ = Entries 100
% 8l— Mean -0.2983
g - RMS 0.4311
%) 7;
o
s
4
sE
2
=
0717‘ : ‘—O‘.S‘ : ‘—O‘.B‘ : ‘—O‘.4‘ : ‘—O‘.Z‘ : 0 0.2 [;.4 0.6 0.8
BDT
Training: Solid: zut, Dashed: zct
Reading: Blue: zut, Red: zct
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Reading of sum vs single signals

Lower bound scan

. output
@ c Entries 100
% 8l— Mean -0.2983
g - RMS 0.4311
%) 7 ;
6
s
B
sE
2|
e
0717‘ : ‘—O‘.S‘ : ‘—O‘.B‘ : ‘—O‘.4‘ : ‘—O‘.Z‘ : ‘(‘)‘-1“‘707.‘;74 ‘0.4 0.6 0.8
BDT
Reading: Solid: combined, Dashed: single
Reading: Blue: zut, Red: zct
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MVA: 2D limits

Present limit: BR(t — Zq) < 0.05%, Kz, <02TeV!
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Cut-and-count

Cut Suni By Sigual Rezet | Signal Koaut | Signal tbar Ke | Sigual tthar Ku
nocuts GO2208806 £ 223501 26T+ 0 2203+ 3 2133 £ 1 2128 £ 1
Nj==1 133102305 + 105036 1088 + 1 1976 + 1
108901 + 385 17+0 5+0
10610 + 384 216 = 0 214 +£0
nbjets =1 973 + 16 108 + 0 104 +0
|Mil - MZ| < 15 103 +0 99+ 0
MTlnu < 120 15+ 0 9 +0 M+0
MTlbnu < 220 4+0 86+ 0 &0
M(IB) < 150 HE0 82£0 L0
0x0 0£0 0x0
0x0 0x0 0x0
0+0 [LE) 0+0
0+0 0+0 0+0
0+0 0+0 0+0
0+0 LEX) 0+0
0x0 0£0 0x0
0E0 0E0 0E0
Cut TT+V+jets TTHets VVtjets ZTolL
nocuts G087 £ 11 : 386521 = 87 | 634504800 = 2234
i 3842 + 11 101176 + 53 | 1262166
S04+ 3 T+ 24 7236 + 14
157 + 3 571+ 21 7215 + 14
nbjets =1 240 + 2 340 £ 16 201 3
[MI—MZ| < 15| 164+2 98+ 9 :
M7l < 120 1241 T8
MTibnu < 220 8141 "6
M(Ib) < 150 TEE1 12 £ 6
00 00
00 00
00 00
00 [EX]
00 00
00 00
[ EX] [EF]
[FX] 00
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Significance

Cut Signal K-zct Signal tthar Kc [ Signal tthar Ku || comb {c) | comb {u)
neocits (L0100 0.083 11,083 10.0493 0.171
(L0149 0.172 1171 1.191 0321
¥ 2.3089 3680
3
nhjets =1 74 ] 6
MH—-MZ| <15 628 3.704 4.376 6. 760
M lnu < 1 (LG3G A.861 3.732 G.007
MTibnu 0.756 1156 18 2
M{Ib) < 150 0.771 4.155 )
-nan nan
nan -nan nan
nan -nan nan
-nan -nan
-nan -nan
AL -nan i
-nan -nan nan
-nan -nan man

MVA highest signficances when each signal is trained against itself:
Kyt = 8.380, S = 139.727, B = 138.566,
Kzet = 5.010, S = 72.925, B = 139.291
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Need to drop M(jZ) as observable because there is no light jet

For zct training, drop also M ET
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Backgrounds - cutflow
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K.ut. OVertraining

(1/N) dN / dx

zut training

TMVA overtraining check for classifier: BDT

TMVA

A Sonal (elsarpiy ]

3 H77) Background (test sample)

« Signal (wraining Sample)

 Background (training sample)

zct training

TMVA overtraining check for classifier: BDT TMVA

FE signal(test sample) | b Sgnal (raifing sampie) |
H77) Background (test sample)  Background (training sample)

Exolmogorov-Smimov test: signal (background) probability

-

Lorenzo Basso (IPHC)

414 (0.546)
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BDT response

(L/N) dN / dx

olmogorov-Smimov test: signal (background) probabilty = 0.505 (0.887)
L

BDT response
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BDT output
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MVA: 2D limits

Present limit: BR(t — Zq) < 0.05%, Kz, <02TeV!
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Cut-and-count

Cut Sum Bg Signal K-zct Signal ttbar Ke | Signal tibar Ku
nocuts E) 2033 £ 1 2028 £ 1
Nj=1 () 306440 472 0
lep =3 170 105+ 1 5740 580
nOSSF =0 BT £ 3 17£0 105 + 1 5740 580
nbjets = 1 05 + 11 1m0 2U+0 20+ 0
[MIl- MZ| < 15 250 4 6 0+0 2340 194+ 0
MTimu < 120 940 21+ 0 1840
MT il < 230 153+ 5 940 18+ 0 16+ 0
M{lh) < 150 136 + 4 040 17£0 16+ 0
0£0 [EX0) 0E0 [EX]
0£0 00 0x0 00
0£0 00 0x0 0£0
0£0 0£0 0E0 0£0
0£0 00 0x0 0£0
0£0 00 0x0 0£0
0£0 00 0E0 [EX]
0£0 040 00 (]
Cut TT+V+jets TT+jets TZq VV+jets ZToLL
nocuts GOBT £ 11 208 + WHT 1 624504800 £
Nj=1 G47 = 4 1320496 + TIT£0 | 538 93418384 + &
lep = [ES 342 + 16 [FEN} Jlm +11 1624 + 319
nQSSF =0 &7 x1 2456 £ 14 930 1458 £11 1624 = 319
nbjets =1 83+ 1 157 + 11 50 £ 0 145 +£2 [[E1]
|Ml—MZ| <15 a2+1 50+ 6 ] 130 £2 0x0
MTinu < 120 2441 11 + 6 14+ 0 [[E]
MTlbnu < 220 JIEE] 206 + 4 12+ 0 0x0
NM(1b) < 150 13+ 0 23+ 4 HE] [[E1]
[LE] LLESS) (=) [UES]
(e} [LE) (e [EXI]
[[EX] 00 0x0 0x0
[LES] LLES) (=) [LES]
[EX] 00 0x0 0x0
[ E] [} 0x0 [[E]
[LEX] LI E) (e 0x0
[EX] 0+ 0 0x0 [ EX]
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Significance

Cut Signal K-zet | Signal K-zut | Signal tthar Ke | Signal tthar Ku || comb (¢) | comb (u])

nocuts 0.010 0088 0083 0.083 0.003 0.171
' 010 (LOS0 0037 N.01:38 0048 (118
1.204 1279 1G99 0.708 0.902 1.976
1.205 128G 1.704 0712 0.907 1.956
je 11521 2.868 1.147 .964 1.630 3710
M- MZ| < 15 1,598 N Wirg 1342 1.129 1.894 4.116
M Inu < 120 116G 3.098 L35l 1.138 1904 40038
M7t < 220 B 3485 1398 1.266 1465
Milh) < 150 4 1.288 4.542
o] -nan -nan
n -nan -nan -nan

i -nan

an -nan

nan -nan

-nan -nan
-nan -nan -nan -nan
-nan -nan -nan -nan

MVA highest signficances when each signal is trained against itself:
Kaut = 5.1970, S = 46.678, B = 33.987
Kzet = 2.0580, S = 27.588, B = 152.086
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Summary

@ separate training for different couplings

@ possibility to isolate a pure single-top sample with MVA

@ good improvement with BDT in inclusive sample
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