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aMotivation
2 Preliminarg MC Stuclg for event reconstruction:
+ Identification of the lel:)ton from Top 5| clecag
+ Association of the Iel:)’con from B clecag to the
Parent ToP
aNext Steps



M. OZ‘/‘\/QZ‘/‘OI?

aSemilePtonic top clecags tt, t~>”:>v, t->bXx
-rlepton tags the Havor of both the Bjets at the Procluction time

@ Arxiv 1212 4611 [Gedalia) Isidori et al.]: 30 test of the DO anomalg with
50 b at 14 TeV (8As|~0.15%)

@At the moment: measurement of the integratecl B mixing Probability X

alnterests:
-pOriginal Analgsis
+Compare x(mt) with x(mZ): test QCD factorization
sProvide clean sample of muons to stucig the spectrum for the

“standard’ clile!:)ton mixing Padova Analgsis



A na/yéz‘é SZraz‘eﬁy

Lepton S1 ab mixing obtained exploiting
the charge correlation

between leptons S1 (rrom top

~ B-Jet1 sl Aecag) and 52 (from B sl
\
AN clecag)
Lepton S2
Top1 W-Jet1
Top2 O W
B-Jet2 aLel:)’ton 52 has to be

assignecl to one of the two

B—jets using toPological and

kinematic quanti’cies
W-Jet2 3



Analysis Strateqy

aTriggers Used in this exercise on MC.:
HLT Mul7 Mu8_*

P (lePt N>17 GeV
HLT _Mul7_Eles CaloldT_CalolsovL_TrkidvL TrkisovL_* P (lePt 2)>8 GeV
HLT M u8_E|el7_Calol&T_Calo!soVL_TrkchVL_Trklso\/L_* -

HLT Elet7 CaloldT CalolsovL_ TrkidvL TrkisoVL Eled CaloldT Calolsovl Trkidve TrkisovL

aAnalgsis ltems (Partia”g correlated):
stt events selection and BKG suPPression (Paolo}
+5igna stuclg on MC (Martino)
s Identification of the si tagging Iep’con from t->W->(1)->|
s Identification of the 52 Iepton from t->b->(c)->| and
association to the right parent top
b->] / b->c->] separation (Stuclentj A. Boletti since 365’:@:’&89)
Likelihood definition (PTre] + other discriminant varibles) (AlD

Closure test on Signal/FUH MC

Measurement on Data

L . 3



First Stwudies on S{gna/ MC

Lepton classification in signal MC S_ignaL
S1 tt, t->[X
aToP~corre|atecl classes: - - _/ \Z/ S
+ Sl JE~>W~>|) t~>W~>T~>l Top 1 _Top?2

s S2:t->b->| t->b->c->|
s Bl t->W->c->|, t->W->light->], t->b->light->]

aNon~toP~corre|atecl classes
+ D2: b~>|3 b->c->| (3.5% of 52, dilute the sample)

o B3 -], light->]

aLePtons with no link to generation (From GEANT) not

considered 9et



Eventd Selection
Missing E_>20 GeV
At least one isolated lepton:
. lsolation<0.5
o Z°veto IM(ITH-MZ>15 Gev
PT (Jet)>20 GeV

W (hadr): all Jet Pairs surviving b-veto CSV<0.7
.Bjets candidates:
e Atleast onejet surviving udsc-veto CSV>0.3

e Atleast onejet havinga muon

Best combination chosen according to W and ToP masses chi?



( esu/ Z‘/‘n\g Sel/ection fraciion ( 7 >

m-s1g m-bkg e-sig e-bkg
tts 18.71 6.41 18.9 6.93
ged 0.0 0.98 0.0 0.41
dy 1 0.0 1.85 0.0 0.07
dy2 0.0 0.22 0.0 0.08

tts = tt, t~>|X, inclusive b clecag
c191 = Drell-yan with 10 GevV< M (D < 50 GeV
cng = Drell-Yan with M{ID> 50 GeV

Signal= tt, t->IX, b->ly
BKH = non tt, b>ly OR fake |<—:|:>tons
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Eventd Classificadion

— Correct
- flavor
—assignment

e W

Xyz httMuType
=0:Lepton Jet OK I
” 1:ngtgrr]1 Jgt Wrong Entries 251161

y= 0 : OK both b, OK both W jets
1 : OK both b, OK only 1 W jet (higher pt)
2 : OK both b, OK only 1 W jet ( lower PT
3 : OK both b, bad both W jets

4:0Konly1b
z=1:t->W-> , t->b->l same top
2 . t->W->| , t->b->c->| same top
3:t->W->| | t->b->| opposite top
4 . t->W->| , t->b->c->| opposite top
5 : t->W->tau->| , t->b->| same top
6 : t->W->tau->| , t->b->c->| same top
7 : t->W->tau->| , t->b->l opposite top
8 : t->W->tau->| , t->b->c->| opposite top

b Bhanll

Wrong

flavor

ASS.

0 20 40

60 1 00 120

140



Tdentificalion of Zhe Si/ epZ‘On\S
and BK(G reduction



Sl rictons fronr ¢ op s/ a/ecayé
MC tt with onlg one t->|X decag

ptBkgm
nptBkgn
— Entries 59115
~ Pesam 19.25
oz — P BriS 14,01
- T
o SI muons from toP s| clecag
e Muons from other sources
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o 0= 1 1% z ]

Reconstructed c]uantitiesj no cut aPPIiecl onP_at the moment



Sl electrons Fror Z(op s/ a/eCLQyS

MC. t with onlg one t->|X decag

ptBkge
npebikge
Entries 12913
Blean 047
o P BME .57
T

) elcctrons From top sl decag

e [B- Electrons ?rom otl'ler sources

AWk e

Enbriex 129149

41.E4
aZ.04

isoSige

[T

Entries A6 33T

Isolation e aaeaa

(neu+cha+l:>hot) / PT(U) ,AR<0.3
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o o o o
B B B B

I rHkge
Enbrims= 1239149
[ [= 1t 1213
RS . 1413
ARmin (J-Jet)

1%

Reconstructed c]uantitiesj no cut aPPIiecl onP_at the moment



Z./,ée/ 1 Hood /( alio Fror Che 4 vars.

LikmS1

Muons
Sl 52, Bl B2, B3

hLikmS1

102971
0.2915
8.695

LikeS1

Electrons
Sl 52, Bl B2, B3

hLikeS1

49856
4.364
7.996

Signal 51 |e|:>ton5 very well seParatecl

12



Tderntificalion of the S2
/. epZ‘onS card associalion Zo Zhe

rfg/vz‘ Cop parent

[Onlg reconstructed muons and electrons with lin|< to 52

lePtons n generation used in what Fo“ows]

13



Evertd Keconstructdion

oS B-Jet1
W ~ -
= Lepton S2 W-Jet1
Top1

Top2 & W

B-Jet2 %

W-Jet2
abvent topologg studied using generation informations

sDefinition of variables useful in the reconstruction of the right
“ordered quaclruplet” o{:jets:

(B-Jet1 [from s TOP], B-Jet 2 [from hadr. Top],

W-Jet 1 [higher P_1, W-Jet2 [ower PT]) 14



Event Keconstruction [withlink to generation]

hmw2
1000 — Entries 11184
- Mean 80.04
2 RMS 19.07
- W_>J J 22/ ndf 86.22/17
800 — Prob 2.954e-11
B Constant 9143+ 123
i Mean 79.75+ 0.15
600 [— Sigma 1343+ 0.14
400 —
200 —
0 B L L Ll L L L L L L | L L L | L L L | L L L J_l L J L L | - |
0 20 40 60 80 100 120 140 160 180 200
mT1
hmT1
800 — Entries 11184
C Mean 208.7
700 __ S RMS 93.35
- L ¥2 I ndf 79.97/ 16
600 Prob 1.683e-10
- TO p Constant 7412+ 10.8
C Mean 176 £ 0.5
S00 - Sigma 39.72 £0.53
400
300 —
200
100 —
D :I 1 1 1 Ll | Ll 1 1 1 1 1 == | | S 1 |—
0 100 300 400 500 600 700 800

— hmT2

C Entries 11184
1400 — Mean 165.9

- RMS 29.05
1200|— Hadr' ¥? I ndf 182.6/ 16

C Prob 2.515e-30
1000 — Top Constant 1436+ 18.6

C Mean 164.2+ 0.2
800 — Sigma 23.99+ 0.21
600 —
400 —
200—

B 1 | 1 1 1 1 1 1 I L 1 1 1 | 1 1 Lod ol | | 1 1 1 1

Oy 50 100 150 200 250 300 350 400

-plnvarian’c mass grom reco 4-momenta

o?jets, lePton and neutrino

..EZ(V) obtained bg constraining the
W({v) mass

-pJet—-Parton association based on AR

and Parton P, starting from the

highest PTjet

15



Event Keconstruction in 2 Sz‘epé

aSteP I: In the go”owing, onlg the Possible combinations of 4jets
formed starting from the first Nzéjets ordered in P_are considered.
le=70% to have the right combination using N=6, £=3%% using N=4].
Exploi‘cing the relevant topological c]uantities, a Probabilit9 IS assignecl
to every 4-jets combination to be the right one using a Likelihood
Ratio aPProach. All the combinations are then ordered based on this
Probabilitg.

uSteP 2: The 52 lePton IS assigned to the right Top parent bg
consiclering the highest Probabilitg combination in which the lePtonjet
has been classified as one of the two B-jets. Some other toPological
variables are added at this level in a Likelihood Ratio.

oBoth the stePs are based on a Likelihood-Ratio
aPProacl’: (to be moved to MVA) 16



fx/enZ‘ relC.orns Z(/‘ V24 CZ(/‘O/? [with no link to generation]

Right combination

T+ Wrong combinations
- Entriesh mT122694
0.07 Mean 209
- RMS 95.19 AF h
0.06—
{msz_ M(SL tOp) *EZ (V) or t c M (SL TOP )
o / obtained bg constraining
o the W({lv) mass to the PDG
0.02—
0.013—
of W L
0 400 500 700 800
mT2 0.09 ;— th222594
0.14— Ention 52604 008 = fouda
— Mean 166.3 -
ool RMS 29.98 007
E M (hadr top) 008
- o.osi—
0.085_ 0.042—
0-06:— 0.032—
0-04;— {:-.02;—
0.02[— 0.01;—
00: 300 400 500 o0 'aEJo 00: 300



X* of eVent reconstruction
@/ mportant c]uantitgz x> of the % invariant masses: W, top (sl)) top (hadr
a“-momenta resolution oﬁets, Iepton end neutrino Parameterizeci on MC
in terms of P gets)) P (lepton) and MET (neutrino)

o(Px) o(Px)
o3 Jets e Neutrino

o.zsf_ o(Px)% vs Pt(Jet) o8| o(Px)% vs MET,

0.2

chi2T1WT2 deltachi2

i hdeltachiz2
hchi2ZT1wWT2 — L
Entries = 22694 s Entries = 22694
[ Mean Mea
RMS RMS [e]

5 O(X*(W)+X* (TOPD X2 (Top2)) | ’

-~ X* (minimum)

0.2
H = [
0.1 L; I: = E—‘L I:
ol | | 1 1 | TP I ol 1 | | 1 TR IR R
(] 10 20 30 40 50 60 70 80 a0 100 10 20 30 50 o 7O 80 20 100

Ny XE(W)+X* (Topl) +X* (Top Y[

o © 9o o o o
W A




X° of Kinematic Fit (CTKnFidder)

TkinFitter Package used to constrain the 3 invariant masses:
M(SL Tol:)) . Mhadrw), M(hadr TOP) to the world average

AX* bg swapping

Z 2 - , ,
: 4 X X* (minimum) the 2 B-jets
W by 234 ' WA T2
i hdelachilk ,
I Mean 109 C 4 02 i Entrigs 22694
I Xz 5 l As NG i Enties 22694 C l y o
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i g 03] ws | 0 Signa RIS 6847
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| " o
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i 006
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Some variables in the Step | Likel/ hood

After refi Z‘Z/nﬁ

B-Jet from semilePtonic toP clecag

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

chb1Pt

Entries  1.112643e+07
Mean 52.28
RMS 40.54

180 200

0.024

0.022

0.02

0.018

0.018

0.014

0.012

0.01

0.008

0.008

0.004

0.08H
0.06{]
0.04]

0.02H

cb1CSV

0.1

chb1CSY

Entries  1.112643e+07

0.3323
0.3526

hew1b1

Entries 22694
Mean 0.2942
RMS 0.5415

cosO(W(lv), B-Jet-1

=T III|III|III|III III|III|III|III|III|III|I




Some \/ar/aé/ eSS

Hf Y er refiddin

cb2P
chb2Pt
— Entries  1.112643e+07
: Mean 52.75 0.16
— RMS 32.87
0.025—
- 0.14
0.02— 0.12
C 0.1
0.015— i
- 0.081
0.01 i
- 0.061]
0.005 0.04
l | l L | 0.02]
% 20 40 60 100 120 140 160 180 200
0
W-iets £ hadronic top d
cjw1Pt
0.03 : chjwi1Pt
Entries  1.112643e+07
Mean 52,88
RMS 4312

0.025
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0.015

0.01

0.005

Highest P_Jet
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100 120 140 160 180 200

in Che Sfep l [_/‘,ée/ 1 Hood
Bje’t from hadronic toP clecag

cb2CSV

chb2CSV

Entries  1.112643e+07
Mean 0.3324
RMS 0.3526

CSV

0.05

0.04

0.03

0.02

0.01

o e by by by T PRI R s
o] 20 40 60 80 100 120 140 160 180 200

jw2Pt

hjwZPt

Mean
RMS

Entries 22694

38.6
19.5

Lowest PT Jet




Sore variables in Zhe §Z(ep l Z./ée/ 1 Hood
AFter refitd /ng

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

cjw1jw2

W—j ets

hcjw1jw2

Signal

BKG
cosB(W-Jet1, W-Jet2)

Entries 2z
Mean 0.2
RMS 0.5

N

cjw1CSV

0.08H
0.06H
0.04H

0.02H

CSV Highest P_ Jet

chiw1CSV

Entries  1.112643e+00
Mean 0.333¢
RMS 0.353

from hadronic top decag

cwZb2

hcw2b2

- Entries 22694
0.02— Mean 0.2445
- } RMS 0.5393
oots-  cosO(W(hadr), B-jet-2)
0.016—
0.014—
0.012—
o.01—
0.008—
0.006—
0.004
: 1 I 1 1 I 1 I 1 | 1 I 1 1 | 1 | 1 1 I 1 1 | 1
-1 08 06 -04 02 ) 0.2 0.4 0.6 0.8 1
cjw2CSV
chjw2CSV
0.16 Entries  1.112843e+07
' Mean 0.3334
. RMS 0.353%
0.14 CSV Highest P_ Jet
0.12
0.1
0.08H
0.06
0.04H
0.0z
O 1 "!—0—"‘—'_'—‘—‘—‘—' 1
0 0.8 0.9 1




Some variables in he Sfep | Like!ihood
Afler refi ¢Zing

Beta Variable: function of the number of tracks in ajet Coming from

the Primarg Vertex

beta1

hbeta1

0.06::—
0.0sf—
o.0al
o.o3l-
0.02 g—

o1

B-Jet from SL top

decay

Entries 22684
Mean 0.834
RMS rO. 1758

%

0.1

0.2 0.3

i
a.5 0.8

beta3

hbeta3

(o]
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- N W B O O

(=]

W-Jet highest P_

Entries 22694
Mean 0.8528
RMS 0.1601

o

beta2

hbeta2
5 Entries 22694
0.06 — Mean 0.828
RMS 0.1805
0.05H—
0.04 - B-Jet from hadronic

0.03H

0.02H

0.01H

top decay

0.4 0.5

betad

0.8 0.8

W-Jet Lowest PT

1
hbetad
Entries 22694
Mean 0.7889
RMS 0.207




SZ‘ep l Z./,ée/ 1 Hood

LikeCb

hLikeCs

" BKG ver 03| @ Using the first Nzéjets in PT,

10° RMS 9.932

the max Likelihood combination
is the right one 30% of times

10 =
10°
102 =

10

-100 -80 -60 -40 -20 0 20 40

.'.IStarting from the SteP I Likelihood all the 4—jet5 combinations are
ordered accorcling to their Probabilitg to be the right one

@ The hadronic W is constructed using the twojets classitied to come

fromw clecag in the same combination. 24



Some \/ar/aé/ es 1n Che SZ(e/O 2 [./,ée/ 1 Aood

S2 Lepton from semileptonic top

S2 Lepton from hadronic toP
cLWLm

0.024

helWLm

0.022
0.02

0.018
0.016

0.014
0.012

0.01
0.008
0.006
0.004
0.002

Entries 17738
Mean 0.2773
RMS 0.5518
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OP(W (lv), Lepton)

LO

1

1
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helWhHm
0.02— Entries 1770~
- Mean 0.211¢
0.018— RMS 0.5483
0.016— L—”J
— cosO(W (hadr), Lepton)
0.014
0.012—
0.01— 1 JSHAE
- ,+. I A
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0.004—_| 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
- 08 -06 -04 02 0 0.2
drwLHmM
_ hdrWWLHm
L Entries 17701
- Mean 2.63
0.025/— AR(W (|V), Lepton) RMS 0.9658
0.02—
0.015— 1
0.01—
0.005—
0 1 | . | 11 1 1 I 11 1 1 | 11 1 1 | | I I | 11 1 1 I | . 11 I | I I I | I I | 1 1 11
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S 2 LepZ‘on Jef

jets4lLm
hjets4Lm
0.7k Entries 8844
- Mean 1.[}8-1
52 Lepton from - RMS 0.8966
0.6—
semileptonic top -
05—
S2 Lepton from -
) 0.4
hadronic tol:) /
03=
aal_
: —>
01—
- [ |4 [ i P i [ i [
% 0.5 1 1.5 2 25 3
Classification B-Jet from Not B-Jet from
from Step sem:leptomc classified hadronico top 2

top
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S’Zep 2 Like!ihood

LikeFD2sm
hLikeFD2sm

- Entries 17701
- Mean  -5.166 1600
- RMS 10.09
i 1400
-Muons S2 from
B 1200
- Sl to
= P 1000
i 800
- S2 from s
- 400
T Hadr toP
B 200
_l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 0
30 20 0 10 LR 20 30

LikeFDZ2se

hLikeFD2se

- Entries 3581 350
C Mean -4.592
- RMS 9.027
= 300
“Flectrons
— 250
E_ 200
= 150
- 100
= 50
= e 0
30 20 10 10 20 30

LikeFD1sm
hLikeFD2sm
O Entries 17701
- Mean -5.166
C RMS 10.09
- Muons
" stacked
:l 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 |
=30 =20 -10 ij 20 30
LikeFD1se
hLikeFD2se
C Entries 3581
C Mean -4 592
C RMS 9.027
- Electrons
=5 stacked
: 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 I 1 r.—'_| 1
=30 =20 =10 10 20 30

LR




1000

Bl

iSZ]Croer |——:I
:Hadrt P I L F

200

B

A0

Sfep 2 Like!ihood

LR LAZ SR

hlL ke Lam
= — Entrigs 1770
—52 1Crom J_'_ 1 hisan -5, 166
| | RMS 100,08
LS top ‘ :

]

07—

Classif.

0.6 f—
05 f—
0.4 f—
0.3 f—
0.2 f—

0.1

0

hjets4Lm

Entries 880

Mean 1.108
RMS 0.9031

4]

top

top

IIII0.|5lll,l1lll|1?5llll2llll2.|5||||3
B-Jet semil. Unclass. B-Jet hadr.

aPeak due to wrong, Bjet-ToP
Sssociation from Step l
aCaveat: Jet~Parton
association & clecag
reconstruction in MC to be

invest) gatecl

aTrH to recluce the wrong-
associations comparing
variables for right and wrong,

B—je’cfrop association

28



ﬁy Zo /‘MprO\/e Z A e Separa?f 10N

aSome variables for events with right or wrong, E’)je’c-ToP association

cLWLhwm
helWLhwm

= Entries 4941

u Mean 0.08274
0.016

mcosO(W (lv), Lepton) RMS 0504
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Entries 55560
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(eSé(/Z‘//?q L( sci// A)-’BO%...

LikeFD2sm LikeFD1sm
hLikeFD2sm hLikeFD2sm

C Entries 17701 1200 — Entries 17701
600 — Mean -6.737 B Mean -6.737

a RMS 12.5 _ RMS 12.5

- 1000 |—
e Muons 52 from - Muons

- 800|—
k- Sl top  *o¢ stacked

- 600 —
300 — -
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200(— 400
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LikeFD2se LikeFD1se
hLikeFD2se hLikeFD2se

160— Entries 3581 Entries 3581
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140 RMS 12.55 250 RMS 12.55
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Fitting Strateqy

hLlkeFDZzm

200 — Enlrins 177

- S2trom _[“]J_'ﬂrL e 5 @..in any case, the two samples can
'Iﬂl'lﬂ_ S|t [ L , ,

- o [ ]L be seParatecJ statlstlcang
80— [

E S2 from |' :
= Hadr top ﬁJJ L—UILL 1& aThe fractions FSL (x) and
“F LL1 1H FHAD (x) =1~ FSL (x) of the two samples
2””__ Hrr al “1] can be fitted in terms of the MVA

B e _LI'.I'I L-||_|_\JH_ , , , , ,

e B TR R R— clxscrlmmatmg variable “x”
X

aPDF for the Likelihood fit to Yb can be defined as a function of “x”.
s L=F_GO*PDF_(X)+(-F_ GCO)*PDF__(x)

- Statistical separation of the two oPPosite Havor components "
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almProve/ debug the lel:)ton—-tolo Parcnt association at the
generation level @je’c-Parton association

alryto reduce the wrong association Peak in the Step 2
Likelihood

allse a MVA instead of a L-R to manage with the
correlations between variables

alnclude IePtons from BKG sources

aStudg the BKG MC (W+charm, QCD,...)

aStuclg the sel:)aration between direct and cascade b
clecags (Alessio Bolctti) “sinergg” with Jacopo stuclg)
aDefine the Likelihood PDF for the extraction of )_(b 3
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fXPeCZ(ea/ Stad/istics

aCMS Analgsis with semilel:)tonic tol:>, data 2012, i.e.
CMS PAS TOP-13-008 (W helicity):

4200 K evts after selection

+50% with W->p, the same withit W->¢ 230 K tOP quarks

$€ HLT (M)=62%, € HLT (e)=5%% 9 K events b~>p

+ BR(b->D=10%

+ € lePton fromb ~40%
aTo be considered also cascade clec:ags b->c->| (... and magbe b->e7?)
aRough estimate ~ 12 K evts (2012)

20Y~0.00%5 (without taking into accont BKG and dilution...)

with toP tag
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S2 / epz(on —-7”op associalion

Likelihood using onlg angular variables

| hSZ25Sdif I

52 lepton £ |+ Moan.  0.028679
1400 - CP onirroms OP — peifgid O OB ran
1200E57 lePton from hadr top
1000— |

800 [— I
GO0 ; J \
400 [—
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- 'l ] | i i i i i i i i i i i i i i i i i i i i i i | i i
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52 leplon -7 op association
Without Kinematic Fit
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