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B Introduction CDF/Tevatron

B Top pair production cross section at
Tevatron and LHC

B The met+jets analysis at CDF:
B introduction
B kinematical selection
B data-driven background
estimate
B background cross-checks
B results

E Concluding remarks about the
feasibility of the analysis in ATLAS
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CDF/Tevatron overview

Central Calorimeter (EH)

Ceptral Muon

CDF is a multi purpose detector
, - B The tracking system is composed by multi
rorvramai_ N\ h— 7 D\ wire drift tracking chamber surrounding a 7-
’ 0 == layers silicon vertex detector, crucial to detect
il secondary vertices from heavy flavor decays.
B Energy measurements are provided by
electromagnetic and hadronic calorimeters.
B Finally drift-tube chambers and scintillators
used for muon detection cover the outer
detector region.
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ttbar production @ V1.96 TeV

proton - (anti)proton cross sections
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t{tbar decay modes

At Tevatron top pairs are produced
rarely, but in general provide clean [ & events with W—lv decay contain
handles allowing their separation high-p; lepton/ high MET

from backgrounds B possibility of triggering and/or
selecting high purity samples

B each top pair decay mode
contains nominally 2 b-quark jets

B b-quark jets can be identified
on the basis of b-properties:

\ decaysl/lifetimes
Final states | BR,,;, | BR .4 Characteristics
dilepton | 10.3% | ~5% clean sample, low stat
lepton+jets | 43.5% | ~30% golden channel, good S/B ratio
% all-hadronic | 46.2% | 46.2% | challenging, huge background
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met+jets analysis

...a hew search channel

f+
W . focus on missing ET from v
Y v <+ rather than on lepton identification

\/MET+jets new search channel in
B it is sensitive to leptonic W decays the top sector

regardless of the lepton type v complementary and independent

B has large acceptance with respect results w.r.t lepton-based and all-
to W—1tv decays had measurements

X Large bkg: QCD, EWK+HF

» B need an optimized kinematical + topological selection

F need b-jet identification to increase S/N ratio.
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dataset and method

primary dataset shared with the all-hadronic analysis

B multi-jet trigger (24 jets, AR=0.4, E; 2 10 GeV, ZE>125 GeV)* dataset 311pb-"

MET+jets analysis
ttbar—blv bbarjj

-

Clean up selection:

E Tight leptons (e/n) veto
E no overlap w/ other
L+J top analyses
E increased relative
contribution from
W-—1v +jets channel

High missing E; no

* before modifications for high luminosity scenario

Selection?

All-Had analysis
ttbar—bijj bbarjj

[..]

see G.Compostella’s talk

Kinematical selection + data driven background:

E based on optimization procedure aimed at
minimizing the stat. uncert. in the x-sec
measurement (MC: pythia, 167fb', m, = 178 GeV)

B b-tagging matrix approach to predict the
absolute amount of background

Top Physics Workshop, Grenoble, Oct 23d-25th 2008
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kinematical selection
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ol The cuts

%85 E N jets(E;215 GeV; |n|<2.0) 2 4

P /Y E >400Gev
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£ 454—
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kinematical selection - results

E Njets(E;215 GeV; |n|<2.0) 2 4

P /> E, >4.00GeV"

E min Adp(met,jet) 2 0.4 rad

S/N

w/o b-tagging

0.18

N events MC ..s | MC;.. Data
total | 149,323 | 1,021,024 | 4,249,644
N 24| 72,708 | 549,138 | 2,731788
MET,, 24| 29,830 78,145 3,996
minA¢(met,jets)=0.4 | 19,079 49,848 297
21 b-tag| 11,666 30,410 106
in 311 pb-! 21.7 56.5 106

w/ b-tagging

1.14

~40% of the total acceptance is provided by the tau+jets decay channel;

the remaining ~60% come from e/u + jets ttbar events failing the tight

! lepton identification requirements

e 10p Physics Workshop, Grenoble, Oct 23rd-25th 2008
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Tight and
Loose
tagging
options to
retain

HH signal in
double tag
searches

/

SECondary VerTeX tagger Secondary vix

displaced track
B tracks with significant IP _ \
. . . . Primary vix
are used in a iterative fit to N

identify the secondary
vertex inside the jet.

Efficiency drops at low jet E; and high rapidity but is
45-50% for ttbar central b-jets
Mistag rates are kept typically at 1-2% (tight SecVitx)

b-tag efficiency b-tag efficiency

mistag rate
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/
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/
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data-driven background estimate

b-jets are copious in ttbar
decays, rare in background
processes

b-tag rates can distinguish
the two components

Method implementation:

b—tagged
N jets
good
N jets

E Look at the b-tag rates, P, in multi-jet triggered data ——— P =
using 3-jet (E;%°" = 15 GeV, |n|<2.0) events: F, = 2x10°

top

3-jet events™ | Ny etaq
data 879,187 | 0.065
exp ttbar (MC) 16.88 | 0.582

*the trigger requires 4 jets with raw E;>10 GeV

B Use the variables on which the tag rate depends to construct a b-
tagging matrix

B Check its predictions

Top Physics Workshop, Grenoble, Oct 231d-25th 2008 G. Cortiana [EED



background b-tagging rates

CDF Run I, L =311 pb”

B A b-tag matrix is constructed as:

b—tagged
P (E; Nyy, MET, ) = 2 (Er. Ny, METy, )
N (E Ntrk ! METPRJ )

jets

JET MET A Ao
MET
A¢ JET
W decays in b-semilep. decays in bbar+jets,
EWK processes jet mis-measurements

B MET_o, has a consistent correlation with
the heavy flavor component of the sample
and allows to distinguish MET origins in
relation to geometrical properties

0 0.14

T0.12
& 0.1
£0.08
0.06
0.04
0.02

- \ +_._||—.—'—.—

-- matrix binning

P ++ ++
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b-tag matrix checks - 1

Extrapolate the tag rate from 3 jet events (where the matrix is calculated) to

higher jet multiplicity events, before kinematical selection

| CDF Run ll preliminary, L=311 pb ™ |
x10°

=
B . - Background before kin. sel.
3 eSS _ 3-jets 4-jets 5-jets
3 12000 ®© +  Data before kin. sel.
F B ) S obs 57,314 135,056 87,332
00 R obs tot = 323,522
am}: 5o+ —&—— | exp tot = 322,076+717 exp | 57,314+233 | 133,275+£546 | 87,156+370
o0
Q0 6-jets 7-jets 8-jets
600 .
.wn:_ obs 32,914 8,992 1,914
- —l
200 exp | 33,184+149 9,147+43 2,000£10
. B | | | — ...stat only errors
3jets djets Sjets bjets Ijets Bjets

The agreement between the number of observed and
matrix-predicted tagged jets is good for all jet multiplicities

Top Physics Workshop, Grenoble, Oct 23d-25th 2008

...but can we correctly predict kinematical distributions in the data? see next slide!
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b-tag matrix checks - 2
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b-tag matrix checks - 3

The b-tag matrix background predictions \
are further checked in control samples, 3
depleted of signal, obtained from data s
<
1.2 CDF Run I, L = 311 pb™ QQ; Conteal
. ‘E | Region
. - . (a) (b)
e data before kinematic sel.
10% syst 04 E
) |:| 5% syst 03 fmmmmmm- jooeed
0.4 3jelts 4js.l-ts 5jéts Gjelets Tjelts 8je|ts

3 4 MET Significance

(a) data before kinematical selection

(b)
N (b) data w/ met sig < 3 and minA¢ > 0.3

met sig < 3.00, minad(met jet) = 0.30
10% syst

1 5% ayst

3jets djets Sjets Gjets Tjets 8jets

O

(c) data w/ met sig > 3 and minA¢ < 0.3

5
5 st s The matrix performs well in the control
met sig > 3.00, minad(metjet) < 0.30 (© samples: the discrepancies in terms of the
o L ratio obs/exp b-tags are limited at 10%
¢ 3jets  djets  Sjets  Gjets  Tjets _Bjets_ d-25th 2008 G. Cortiana [ELE



let's look at the selected sample

CDF Run Il preliminary, L=311 pb i

r N jetS(ETcorr >1 5’ |n|<20) >3 .2?00 Background uncertainty (stat + syst)
Q
EE/ ZET >4.00 GeV'2 =290 Background
g © —— Background + top (tHjets) {o=6.
E min Ad(met,jet) = 0.4 rad 580 seekqrouna T iop (1jet) (=61 pt)
. e Background + Inc top (5=6.1 pb)
F =1 b-tagged jet 70— ©
8 Data
60
50 (o + ‘
F matrix- kgroun . .
ri dictit())ar1$iee;dc?)?rc;§e(():iu d 40 MC is here normalized
P . . . : to the th. x-sec value of
with an iterative procedure 30 6.1 pb (m,,,=178GeV/c?)
to account for the ttbar
presence in the pre-tag 20

sample
P 10

The excess is well consistent o—— 0000000000909 _—e—
w.r.t. MC+BKG expectations 3jets 4jets Sjets bjets 7jets 8jets

in all jet bins
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additional cross-checks

The excess attributed to top pair production is checked by looking to

kinematical variables

~ = - CDF Run Il data, L = 311 pb_1
3 30;_ |:| tt MC: 0.68 +/- 0.12
. . . . e . F ) BxG:032+-0.12
Data distributions after kin sel + 21 tag % °F o
are fit using a binned likelihood technique 2200 + L] T onor -1
to the sum of: S
B Inclusive tt template g +
B Matrix extracted bkg template

40 60 80 100 120 140 160_180 200
Missing E, [GeV]

1

F(top);p, = 0.56 +/- 0.09

&

5 0.9

£ o8 == Fltop)yry = 0.47 +-0.05 &  CDFRunllidata, L=311pb’
5 0.7TE F MG

i - |:| fi MC: 0.44 +/-0.12

t 06

- BKG: 0.56 +/- 0.12

[ ] Fitresuit, */NDF = 0.91

I]'S
I]d-

-
0.3 ;;15_—
I]2 @ B
Fitted signal fractions are consistent with -
that calculated by the tag countlng method =05 1 15 2 o5 %

Ad (MET, tagged jet) [rad]



cross section measurement

| CDF Run Il preliminary, L=311 pb " |

The cross section is calculated using a Poisson

. . . . . E'; 00 | Background uncertainty (stat + syst)
likelihood in which input parameters are 300 ——
subject to gaussian constraints. e st o o) (s
E Background + Inc top (o=5.8 pb)
705 (O
2 Data
- . "
505 (o + ‘
{for [ffn]ﬁ@[@ = 178 GV MC is here normalized
0.9 40 to the measured x-sec
+0. |
Cipar = 5.8 + 1.2 (stat) ~ 7 (syst) pb 30 valie
' 20
_patlB Ogtat~20% 10 p—
S_1.4 PO Gyt ~25% 0
3jets 4jets Sjets Gjets 7jets 8jets
TABLE II: Relevant sources of systematic uncertainty.

B The cross section measurement changes Source relative error
by i 005 pb for eaCh '/+ 1 GGV/C2 Generator dependel:l(:eeMﬂ wstemate 8.2 %
change in the m, from the initial value of Trigger acceptance 20 %

ISR /FSR 2.0 %
178 GeV/c2. PDFs 1.6 %
Jet Energy Scale 1.5 %
Others
Background prediction method 10.0 %
Luminosity measurement 6.0 %
IRRIN96%2020024(20006), etve (seovTX scale factor) 58 %

(TR
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top mass measurement

MET + jets ttbar decays are also used to
perform a top quark mass measurement

by adopting the template (TMT) method:

Hy = SE; + MET

B data-driven background

E 21 signal templates parameterized

linearly vs m,,

E likelihood fit to determine the best top mass

N
o

-
(%))

b-tagged jets/(30 GeV)

-
o

CDF Il data

Best Fit background
Best Fit tt + background

.
-
.
*
Ye
+
-
*
-
+ -

+

| 1 1 1 | 1

170 180 19{]2
m, (GeVic')

800

CDF Run |l Preliminary, L=311 pb”

Mhop - 9.6

= 172.3 7108 4 10.8 GeV/c2

o(pp — ti) (pb)

B systematic uncertainty dominated by JES

7% 117710%83 2007
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conclusions

CDF Run Il preliminary’ July 2008
3;‘:;::i:‘;L;oggf‘;;‘gg?;égg‘?gsfffggDB] Assume m=175 GeV/c* F The MET+jets analysis explores high missing
[ Moch & Uwer, arXiv:0807.2794 (2008) . E-I- SUb Sample Of mUIti-jet data
Lepton+Track 8.3+1.3+0.7+0.5 . _ _
(=110 . B provided the first cross section measurements
Lepton.Track: Vertex tag 10.1£1.8+1.1:0.6 in the MET+jets channel.
'Dilepton %-
e ) 6.7+0.8+0.4+0.4
Leptondets Kinematic ANNZAT 6810410604 | 1 The measurement is sensitive to leptonic W
‘ (=28 1 decays regardless of lepton type and has large
Ty e 7.240.4:0.5:0.4 acceptance with respect to W—1tv decays.
»
78124115105 | B The x-sec result is competitive (carried the
i 109108 ~30% of the weight in the previous combination

of 0.7 fb-1).

MET+Jets: Vertex Tag
L=0.31b

All-hadronic: Vertex Ta 2.0
=10m) 8.3:1.045105 | The same channel can be used for top mass
CDF combinge | 10030404 | Measurements via template method.

(stat)=(syst)(lumi)

| | | | | | For far H; templates were used, but more
6 2 4 6 &8 10 12 14 gophisticated hadronic top mass reconstruction
oPp =1 (ph) (max-P;, minAR etc..) as in ATLAS could be used

¢ arefined NN-based analysis on is ongoing with ~2fb-" (G. Compostella) i.n. mEnE




remarks

... feasibility of the analysis in ATLAS

The met+jets analysis needs: not suitable for very
B good understanding of jet/MET resolutions first data, maybe
B good understanding of b-tagging algorithms with O(100 pb-')

....see Ariel Schwartzman’s, and Richard Hawkings’ talks
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remarks

... feasibility of the analysis in ATLAS

EF chain P | L2 chain P | L1 item P
The met+jets analysis needs: S N N R R 20000
B good understanding of jet/MET resolutions —zz 1 zz 1 fzz :ZZZ
. . . xe25 xe XE25
B good understanding of b-tagging algorithms 0 P T -
xe40 1 xe40 1 XE40 20
. ) xe70 1 | xe70 1 | XE70 1
Trigger issues: e = T | xee0 )
Need to study carefully which ATLAS 70 xe30 | 1] 70 xe30 | 1 | J70. XES0 | 1
dataset to use: = e e 42000
J50 1 J23 1 J10 42000
E multi-jet vs missing E-/+jets triggers TG = = 2000
B understanding pre-scales in trigger J40 | 1) 480 1] 8 00
menus for low and high instantaneou — 1A 1] 100
I . t 3J25 1 3J15 1 3J10 20000
uminosities — o o —
3J180 1 | 3J120 1 | 3J70 1
4J45 1] 4415 1 | 4J10 4000
:..and lot of .wor.k wogld neeq to be dqr:e... 0 . T =
in any case it will be interesting to try it! o . e ”
1 1

4J125 4J80 4J35 1
*information on trigger menu for L=103'cm2s-! from: _ _ _
http://tbold.web.cern.ch/tbold/view _menu.php?name=lumi1E31_14.2.20 information from 103! trigger menu*




- the end -

... thank you!
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- backup slides -
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previous CDF-combination results

[T [T 7T T T
|:| Cacciari et al. JHEP 0404:0614 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

7/‘/

T T T
Assume m=175 evic?

CDF Preliminary’
@

'Lapton-l-Tra;:k
(L=1070 pb ')

A\

'Lepton-l-JaiT:s: Kinematic
(L=760pb’)

il

NN

'Lepton-l-Jath: Vertex Ta
(L=1120pb )

{Tlil;tggpb_f} % 6.2+1.1+0.7+0.4

8.3+1.3+0.7+0.5

6.0+0.6+0.9+0.3

8.2+0.5+0.8+0.5

Laptan-l-.]ai_:;s: Soft Muon T

7.8+1.7 +)0+0.5

o
7
"MET+Jets: Vertex Tag

(L= 311 pb”)

6.141.2 +)5+0.4

'All-hadrnnia.;:: Vertex Tag/
(L=1020 pb™')

'Comhinedgold SLT.all-h
(L=760pb")
L1 1 | L1 1 | L1 1 | 11

-

@
8.3+1.0 +79+0.5

7.310.5+0.6+0.4

|1 (Ff?thi |(S}|F5?i| (ﬂw?ﬂ

Z 0 2 4 6

8 10 12 14

o(pp — tt) (pb)

F The measurement is
sensitive to leptonic W
decays regardless of
lepton type and has large
acceptance with respect to
W-—-1v decays.

E Recent CDF top pair x-sec
combination
demonstrated the
competitiveness of the
measurement which
carried the ~30% of the
weight in the previous
combined result.
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CDF multi-jet trigger at low lumi

The multijet trigger used for the

MET+jets analysis required modification in
order to cope with increasing instantaneous
luminosity provided by the Tevatron.

f

As a results the ZE; cut accompanying
the jet selection was increased from
125 GeV to 175 GeV.

Later (2007), all CDF calorimeter trigger
system was upgraded in order to use full
calorimeter granularity, and adopt fixed cone

algorithms already at the second trigger level.

-
R

rate

30F - DCAS

Rate(Hz)

[ = L2CAL

o F
[

25f

20

80 100 120 140 160 180. 200 220

0
60

TOP MULTI JET:4 Cross Section vs. Inst. Lum |

ss Section (nb)

(53]
o

(5]
(=]

/a

.H:“""/g* i

Luminosity

= Top Physics V

150
T TEET TH
S p@rfr'l?
10— Rt grester than 18531
: A Furs bebween 123300 and 183631
5 v remeanet
- | 'R T U T U S A N T T S T A S N N I
10 20 30 40 50 60
Ave. Inst. Luminosity (E 30 cm-2 s-1)
Selection e > Ep >[GeV] | Er(clu) > 15 GeV
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met resolution CDF vs ATLAS
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let's look at the selected sample

...which ttbar decays are entering our selection?

Number of jets 3 4 1 > 6
tH— ee 0.08 + 0.01 0.41 + 0.03 0.18 + 0.02 0.04 +£0.01
t— ep 0.06 £+ 0.01 0.29 + 0.02 0.11 + 0.01 0.05 £0.01
tt— uu 0.01 +0.01 0.05 £+ 0.01 0.01 + 0.01 0.01 +0.01
H—er 0.11 + 0.01 0.93 + 0.04 0.38 £ 0.03 0.15 £0.02
tt— pr 0.05 £ 0.01 0.29 + 0.02 0.15+ 0.02 0.06 £0.01
tH— 77 0.06 + 0.01 (.58 + 0.03 0.26 + 0.02 0.05 +0.01
tt— e + jets 0.68 + 0.04 6.61 +0.11 870+ 0.13 4.25 +£0.09
tt— po+ jets 1.07 + 0.04 11.92 £ 0.15 6.56 + 0.11 2.47 £0.07
t — 7+ jets 1.00 + 0.04 10.98 + 0.14 11.71 + 0.15 5.53 +0.10
tH —+ jets 0.01 4+ 0.01 0.09 4+ 0.01 0.14 + 0.02 0.22 4+0.02

t— X 3.13 £ 0.08
Background b-tagped jets

32.68 + 3.46
Corrected background b-tagged jets —
Observed b-tagped jets 31

32,15 £0.24
37.53 £ 4.14
33.14 + 4.01

33

28.14 + (.23
21.4442.76
17.58 + 2.85

55

12.83 £0.15
8.47 +1.40
6.71 £2.78

19

~44% of the total acceptance is provided by the W—1v ttbar decays

= Top Physics Workshop, Grenoble, Oct 231d-25t% 2008

G. Cortiana



cross section vs top quark mass

to 178 GeV/c2.

m,,, in the base Monte Carlo sample was set

section dependence on m,,,

We used different other MC signal samples to
evaluate the kinematical selection and cross
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B The cross section measurement

changes by + 0.05 pb for each -/+ 1
GeV/c? change in the m,,, from the
initial value of 178 GeV/cg.

P We mesure:

s(ttbar) = 6.0+1.2 (stat)fg-g (syst) pb

for my,, = 175 GeV/c2.

G. Cortiana




iterative top subtraction procedure

E The final sample kin sel + 21 tag consists of 106 events for a total of N_
= 127 positive tagged jets.

B From tagging matrix prediction we expect N, = 67.4 7.2 tags

B We need to correct the tagging matrix prediction in order to account for
the ttbar presence in the pre-tagging sample by using an iterative

method:
N  — |\Iobs B Nexp
ttbar =il ave
N fix |\Ievt B |\Ievt £ fix gtag
I\Iexp o |\Iexp N - |\|exp N
evt evt
E The procedure stops when [N, =N, | < 1% .

E 10.0 tags out of 67.4 are attributed in this way to the ttbar presence in the
pre-tagging sample.

B N, =957.4%8.1is the corrected background amount to be used for a cross
section measurement.
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