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Introduction

ttbar Decay Modes

Oete Emu+mu [Etau+tau Oet+tmu Ee+tau © Not observed yet, can add a new
Omu+ttau  Metjets Hmutjets Otautiets Mallhad || piece of knowledge in the top
physics sector

® Large background: QCD, EWK+HF

U taus are reconstructed as jet-like
objects: more challenging signature
compared to e/p.

O Will use MET rather than
lepton ID: Extra Acceptance
from “dirty” e/utjets events

¥ Need optimized kinematical + topology selection.

¥ Need b-jet identification to increase S/N ratio.

I b-jet identification rates are different on ttbar and background processes: can
distinguish the two components:
‘ Tagging matrix

—) B-tag rate parametrizations




Datasets & Method 4 ﬁ’ £

Good Run List: v7.0 (1,1,4,1) |

Datasets and trigger:
TOP_MULTI_JET dataset up to Aug 2004: 311 pb-i.
¥ [ 1: 21 cal. tower with E;210 GeV;

B L2: 24 cal. clusters with E; 2 15 GeV, ZE; 2 125 GeV;

¥ 13: 24 jets, R=0.4, E; 210 GeV

Offline version: 5.3.3_nt5
MC : (167 fb-'), Pythia ttbar, M,,, = 178 GeV

Jet Corrs: jetCorr04b

All Had analysis
ttbar—bijj bbarjj
See Andrea’s talk

t+jets analysis no

ttbar—blv bbarjj

igh missing Et
Selection?

I Method 1: positive tagging matrix
approach to predict the absolute
amount of background

¥ Kinematical Selection + 21 SECVTX
positive tag

ttbar cross section measurements in multi-jet final states

Method-l approach
+

ad hoc Kinematical selection




Method-l Background Prediction

B Use 3 (E;~> > 15 GeV, |n|<2.0) jet events: F
B Take the vars by which the tag-rate mainly depends

B Construct the positive tagging matrix

¥ b-jet identification rates are different on ttbar and background
processes: can distinguish the two components:

B Look at the B-tag rates directly from TOP_MULTI_JET data

op = 2x10°5
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Asymmetric
distribution:
due to different
concurring
processes,

HF +jets
EW+jets

Allow to track
sample
composition
changes with
MET

3-d (E;, N;grk, Meto ) Positive Tagging Matrix constructed on 3 (E;-*>15GeV,
In|<2.0) jet data events. Use it to extrapolate the tag rate to higher jet multiplicities



CDF Run ll preliminary, L=311 pb "

x10°

|
M tx C h ec k #1 % 1400 — . - Background before kin. sel.
% 1200 E_ - Data before kin. sel.
" 1000 f—
Extrapolate the tag rate from | o
3 jet to higher jet multiplicity | *“°F——~——
events, before kinematical 400 — —
selection. 200 .
o 1 I I I I ]
3jets djets Sjets Gjets Tjets Sjets
CDF Run Il preliminary, L=311 pb ™ |
The agreement E:-fu o2 Z - Background before kin. sel.
between observed and Voeab e  Data before kin. sel.
matrix-predicted -
positive tagged jet is = e
good for all jet 01l — .
multiplicities = .
0.05—
o= 3j:;ts 4jr|,~ts 5j;ts Ejt;ts ?jt;ts Sj:;ts
N jet 3 4 5 6 7 8 |
Nevts 879,187 1,553,525 859,543 284,062 68,628 13,237
N tgbl jets 1,781,645 4,197,888 2,877,148 1,134,089 318,410 69,966
" Obs + tags 57,014 135,006 | 87,332 32,014 3,002 1,011 |
_Exp +tags | o7 3146233 | 13. 32704046 | 8T, 1065370 | 33, 1845140 | 9 147 b 48 | 2.000£ 10
Total observed + tags: 324,008
Total expected + tags: 322,575+ 1337




Kinematical Selection

Clean up selection:
I Tight leptons (e/p) veto (no overlap w/ other L+J top analyses)
W Trigger requirement simulation (for MC events)
¥ Vertex requirements:
¥ |Z,..] <60cm
B |Zvertje’t - vaertl <5cm
. Nvertices(Q>12) 21

Optimize the kinematical selection in order to minimize the relative

statistical error on xsec using both the expected amount of tags for
inclusive ttbar and background (from matrix)

Optimization procedure:

+ Start by selecting 24 jets (matrix is computed with =3 jet events)
+ Scan different sets of requirements (metsig, A, minA¢)

+ Calculate the amount of expected bkg tags for a given cut se

t t t
+ Instead of N, 9 use Ntag, + Ntag_

kin “tag

Choose the set of cuts that
minimizes the expected (stat. only) relative error on xsec



Kinematical Selection — cont’d

b Njets(E;215 GeV; [n|<2.0) 24 |

*E /> E, >4.00

¥ min Ap(met,jet) 2 0.4 rad

Extra acceptance come from e/pu +
jets ttbar events failing the tight
lepton identification requirements

Exp MeatSig

06 =

014 Mo

|
Exp DPhiMeat 012 :_

. _% 01
03 r

0.08

cut set MO | MJ | MC | BKG'™ | S/VN | e |
1 | 4.00 | 0.00 | 0.40 92 097 73| 68+4 8.83 | 17.59%
2 || 4.00 | 0.00 | 0.50 81 461 64 | 46 £ 3 9.45 | 17.61%
3 | 4.00 [ 0.01 | 0.40 89 549 70| 63+4 8.84 | 17.73%
4 | 4.00 | 0.01 | 0.50 79 426 62| 433 9.49 | 17.74%
5 | 4.50 | 0.00 | 0.30 84 446 67| 59+ 3 8.72 | 17.95%
DEiere @geing

N evt MO(T+J€tS) MC(Incl MJ

Total 149,234 | 1,021,924 | 4,249,644
Prereq 74,786 | 556,575 | 3,897,755

NJet 72,597 | 547,309 | 2,781,788

e | MetSig 29,768 | 77,545 3,996
DPhiMetJet 19,035 | 49,421 597

in 311 pb I 35.36 91.81 597

T+ Jgets: Npef (Nopsw — Ve .
S/N Inclusive: Nl /(Ndata _ Nyinel) 0.18

DPhiMetJet

> 1 tag

in 311 pb™:




oo
o

min DPhi(Met,jet)

Control Region

ol

MET Significance

# data before kinematical selection
B data: met sig < 3 and minA¢ > 0.3

B data: met sig > 3 and minA¢ < 0.3

The tagging matrix background
predictions can be checked in control
samples obtained from multi-jet data
itself:

| CDF Run Il preliminary, L=311 pb " |
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met sig < 3.00, dphi > 0.30
met sig > 3.00, dphi <0.30
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Jjets
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G6jets 7jets

The matrix performs well in the control samples, the discrepancies in terms of
the ratio obs/exp tags being limited at 10 %.




Kin sel + 21 tag Sample:

Once we feel confident about CDF Run Il preliminary, L=311 pb &
our matrix parametrization we 400
can look at its prediction in the | & S e e
data sample after kinematical |7 gg[;
. . . ] Background
selection and compare it with S
SethX tagged data. gao e Background + top {tau+jets) (#=6.1 pb)
- 70 e Background + Inc top (o=6.1 ph)
¥ N jets(E;'5 215; |n|<2.0) 2 3 -

=1}
=

P E /Y E >4.00

E min Ap(met,jet) 2 0.4 rad

N
o

F matrix-based background
prediction is corrected with
an iterative procedure to
account for the ttbar
presence in the pre-tag
sample.

3jets 4jets Sjets bGjets 7jets 8jets

The excess is well consistent w.r.t.
MC+BKG expectations in all jet bins!



Checking F,,, using 2-c fits

We can cross-check the excess we attribute to ttbar production by
looking to kinematical variables.
& data

ttbar MC: 0.54 +/- 0.14
+ - mix BKG: 0.46 +- 0.14

+ Fit result, Chi2/NDF = 1.35

In particular we can use 40
the positive tagging matrix to 33
extract background shapes.

Then fit data distribution
after kin sel + 21 tag to the sum of:

B Inclusive ttbar template
|

And extract the relative fractions of
signal and background in the data

Used binned likelihood fits:

and checked the fitting procedure by pseudoexps.



We also fitted, Set3, HT, jet ET and jet A¢p with MET distributions:

[Et]
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- data - data
|:| ttbar MC: 0.68 +/- 0.14 | |:| ttbar MC: 0.44 +/- 0.12
- mtx BKG: 0.32 +- 0.14 - mtx BKG: 0.56 +/- 0.12
[ Fitresult, Chi2/NDF = 0.83 [ Fitresuit, chi2iNDF = 0.91

|||||
wr wr e L +

From data fits:

we found a ttbar fraction consistent with that calculated by the counting method.

0.9
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tthar fraction

0.3
0.2
0.1

Note that some of the
determinations are
correlated with each
other (HT, Sumet,
Sumet3, met)

1
el Fit

After kin sel + 21 tag data: 50% top + 50% background

1 1 1 1
Setd Fit Met Fit Jet Et Fit DFhiMet Fit




Systematic Uncertainties:

B Almost done with systematic uncertainties determination,
only ISR/ FSR to be computed (waiting for prescriptions).

Systematics uncertainty sources

Source

Method

Uncertainty

€kin Systematics

Trigger simulation turn-on curves 17.8 %
Generator dependence lepyTiIA—¢nERWIG] 8.2 %
EFYTI{IA .
PDF's MC reweighting 1.6 %
ISR/FSR samples comparison N.A.
JE'T O()I‘I’(“('Tiﬂﬂq |Ejr:tcorr._+1ﬂ_ﬁjetr:orr,—le:r| 1 5 %
ey o A 1 L. Efkiﬂ -
|€kin, Myqp=170"Ekin, M;,,=180
M i i 2.
top 24€pin, My, =178 8 %
€tag Systematics
SecVtX scale factor |E*““‘+1§F:E“""1”| 5.5 %
tag
Tagging matrix systematics
Data control samples Nobs /Nezp 10.0 %
Luminosity systematics
Luminosity measurement — 6.0 %

B Total
Systematic

uncertainty:
24 %



Cross Section:

L—F)2 (epin—Epin)2 (¢tag—Ftag)” _ Wepp—Negp)® _ WNewp—Negp)®
_E=D ~hinothins - — 272 2072
E = € 2‘:'rL - e Telin - e Jﬁtag - € Nemp - e Nea':p
e e LN\
. (Jtt Chin Etﬂ,g ™ Bﬂ:p) . 6_(Utf'ﬁkm'ﬁmg'L+Némp)

NGbS!

B The cross section is measured by means
of a likelihood function maximization:

Variable Simbol | Input Value | Output Value
Integrated Luminosity (pb~! | £ 311+ 18 311+ 18
Observed Tags Nops 127 —
Expected Tags Newp 57.43+8.1 | 57.43+8.06
Kin efficiency (%) €kin 4.836 + 0.962 | 4.837 +1.00
Ave Tag efficiency (%) €lag 79.02+4.34 | 79.03 +4.35

P Gypor = 5.8 1.1 (stat) 17 (syst) pb

+2.
=58 .1



Conclusions: 41 EERE
B  We wanted to isolate the ttbar tau+jets signal from multijet triggered data in
the sample after kin sel + 2 1 SecVtX tag.

B We set up a Method-l analysis constructing a positive tagging matrix able
to predict the amount of background tags in a given data sample with an
uncertainty of 10%

B We optimized the kinematical selection using the matrix predicted
background information by minimizing the expected statistical uncertainty
in a xsec measurement.

B By using tag counting and kinematical distribution fits, 50% of the final
sample was attributed to inclusive ttbar production

B The total systematic uncertainty was estimate to be 24%, and was found to
be mainly driven by trigger simulation related systematic.

B With all these ingredients we measured a cross section of: I
B  We believe to have this results
P G, =5.8%1.1 (stat) +1.7 (syst) pb blessed by this sumrner
-1.0 B A Full Status report is already
+2.0 scheduled for June 17t at L+J

=5.8_4 5 pb. meeting.




Backup Slides




Kin sel + 2 1 tag Sample:

Let us see in deeper details which ttbar decay channel mainly contributes

to the signal we expect:

We computed the Monte Carlo positive * Njets(Er™ 215; [n|<2.0) 23

tags expectations for each decay channel P A Z E. >24.00

as a function of the event jet multiplicity ¥ min Ad(metjet) = 0.4 rad

N jets 3 4 5 6 = 3

Monte Carlo contributions

ee 0.08 0.40 0.19 0.04 0.01 —

e 0.06 0.31 0.11 0.04 0.01 —

JLfL 0.02 0.05 0.01 0.01 — —

er 0.11 0.91 0.41 0.11 0.03 —

T 0.05 0.28 0.15 0.05 0.01 —

TT 0.07 0.57 0.25 0.04 0.01 —

€+ jets 0.65 6.56 8.70 3.32 0.74 0.20
| p+ gets 1.03 11.63 6.41 2.05 0.37 0.06

T + jets 1.01 11.06 11.73 1.31 0.98 | 0.18 |

all — had 0.01 0.09 0.14 0.15 0.04 0.03

inclusive 3.11 31.80 27.99 10.09 2.20 0.47




Checking the fit procedure..

Pseudo experiments:

Use the fitted bkg fraction to generate pseudoexp w/ same stats as
data w/ the original shapes for signal and bkg.

Fit them with the enme miagic | e F

= - [ Pseudoesp bkg Fraction erer | —_ FE_E —

same fitting "'E o e - G
4 1 it S04 0 BT 2 it ekl

procedure . C commtnnt sab: 131 e - A e T
Foig iNPUt = 46% proilpriyoior 250 Be anniie 4 sates

I
Fokg iNPUt = 46%
Fokg €= 11.91 £ 0.04
o(Fpygerr) =1.18 £0.03

Foyg = 45.6 £ 0.4
o(Fyyg) = 11.6 £ 0.3

...and iterate
1K times 10

$1 0.2 0.3 o4 05 05 o7 0§ 8

o1 25
Paoudaseon Fulls - PE F — [ Pseudoesp Likelihocd vabue | - PE L -
Fbkg input = 46% ;:-I.:::II :E%E ﬁ ..!T-I.s:dl :-.r.i:::ﬁ
] Pull mean = -0.034 + 0.033 Comacat 3 |62 180 Comiars 1A B3
Flg refers Pull sigma: 0.94+0.03 Sigms  DEGEE: DEEME 1E0 Hg=e 1428+ DLaaks
- 144
to the saf -

Sumet fits P.E.

.

1

Fit technique does not
show particular bias

L+

(=]
=]
-
°F
=&
2]



Hints on bkqg sample composiﬁ

We can do more: we have the background
shapes extracted from the tagging matrix
information, we can fit them to the sum of
two Alpgen Monte Carlo templates for the
processes we expect to populate our

signal region.

DPhiMet bl{g . mtx BKG

12

10

Il

bb+4p MC: 0.54 +/- 0.10
. - wbb+2p MC: 0.46 +/- 0.10

Fit result, Chi2/NDF = 1.11

bb+4p 0.42 +/- 0.06

¥ Wbb+2P
¥ bb+4P
From bkg
fits:
we found a bb
fraction: 5 ﬂ‘;
T 0.8
E 07
2 06
+ 05
S 04F *
03I
0.2E-
(K==
0E .

}

Met Fit DFhiMet Fi

After kin sel + 21 tag data: 50% top + ~21% bb + ~29% Wbb



A bit more on systematics: Trigger

Trigger efficiency on signal events
is determined using TRIGSIM++.

CIRAW[U][Z]
Entries 13742

EtRaw

Mean 2414 1t C
RMS B.1g8

Entries 18722
Mean 8.743
202

[ Il T TR T E T TR E 4th -n4th
1315 1] . B 151 (7 R
FEwETE e
= 12 Mean 2 =12 Mean 73
g E RMES 17.73 i E RME £.08%
k] - 4 I ndf TRAT 12 9 - 5 ndf 2122010
E 'r e o T 0 £ - - T 0
- pl 14 0 o [ 11 0
L 2 15712 0.08861 E 2 1967 & 0.3088
08— e 3.124 1 0OTETE 08— e 3.037 1 01811
0l 0l
04l a4l
0zl 0zl
] " AT TR T A TR AT TN TETEE AT R [ Ll ey Lok | I . I I I
o i 20 30 40 &0 & 70 @0 80 100 0 0 0 a0 40 &0 63 70 B0 80 100
Raw Et Raw Et
D[ THath=Frea= 0] | EtRaw[0][Z]
Entries 13742
1 Mean 2414
RMS 188
o8l
o6l
a4l
C -
C ¥
0.2
=S TR PR PR ST TN PR TN ST A
4 *3h 2z a0 T B0 80 100
Raw Et

Need to evaluate related
systematic:

comparing trigger turn-
on curve (as a function
of some offline variable)
as returned by the
simulation and as
measured from Tower 10
data (same L1 as ToP_MULTI_JET).

The mismatch between
turn-on curve allows to
quantify the systematic
effect.

Note: the 4th offline jet
is matched with the 4th

L2 cluster within R=0.4
in order to preserve
energy hierarchy
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Tagging matrix
based
kinematical
distribution
compared to data
ones before
kinematical
selection
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