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CDF detector

Central Muon o Central Calorimeter (E/H)
* p-pbar collisions at Tevatron MR \‘\,,,, Wi
— Sqrt(s) — 1.96 TeV Plug Calorimeter (E/H) //l QiR

Forward Mugn

e Runll(2002-2011) ,-_ ,

— Recorded luminosity 10 fb!

|
 Multipurpose detector "6/}/
\

— Almost cylindrical symmetry

. . . Forward Calorimeter (E)
— Highly performing tracking " ] \\ e
SySte m 1;; of Flight
— L1 and L2 track triggers ol SSETOURT Tonglist
Intermediate Silicon
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Single Top: Theoretical Interest

Conf.Note 10878

* Single top quark is produced via electroweak interaction
— Its production rate is proportional to |V,,|?
— Direct measurement of CKM matrix element |V, |

* splustchannel observation obtained with 3.2 fb-!
— 2.3,+0-6_0.5 (stat+sys) pb Phys.Rev.D82:112005,2010

 s-channel evidence

v
b
q

q_/

t-channel s-channel Wt associated production
c=2.10£0.19 pb o =1.05+0.07 pb c =0.22 £ 0.08 pb




NN Multivariate Selection

W + Jets, > 1 b-Tag CDF Il Preliminary 7.5 fb™

< 0.15 —
 NLO simulated events for better 2 e Ter
signal description g Wb
c 0_1 Z+Jets
) g - — Diboson
* Overwhelming background fromW % ach
1 @ -
pIUSJet§ N 3 0.05"
* Artificial neural network £ :
® =
 NeuroBayes ®package 2
%5 0 05 1
° |mpr0vements: NN Discriminant
* Introduction of more input variables % 8001””'?‘5’21TZQDF baa
* 4 event categories S [
1T} i

B W+LF
[ Z+Jets

Il Diboson
QcCD

e 2jets,1and 2 b-tag

« 3jets, 1and 2 b-tag
e 2trigger samples

* Lepton triggers

* ME; plus jets triggers

1 05 0 05
7/4/2012 NN Discriminant
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Posterior Probability Density

Single Top Cross Section and |V, |

W.Jets, NN Discriminant _CDF Il Preliminary 7.5 ib™

0.01

0.005

T I T T T T I T 1

00 2

Assuming m = 172.5 GeV/c?
top

4 6 8

Single Top Quark Cross Sectionc,,[pb]

5W+Jets NN Discriminant CDF Il Preliminary 7.5 fb™'
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g @® CDF Data

'E' - B 68.3% CL

S 4f 95.5% CL

St 99.7% CL

w s Bl SM(NNNLO)

w 3

w

o [

O L

s F

o [

S [

s 0
C0“”1“”2“”3””4”“5

s-channel Cross Section [pb]

Ce = 3.04 5 pb cg = 3.04 #1057 .. pb

6,SM = 3.37 £ 0.34 pb

N. Kidonakis
arxXiv:0909.0037

W.Jets, NN Discriminant _CDF Il Preliminary 7.5 ib™

2 001}

wn L

o i |V |>0.78(95% C.L.)
D __ b = alas
> 0.008 -

T‘Eu [

T 0.006 [

o i

n_ -

ko) -

8 I

0 0.002

O 95%

sece e il o o I
%.3 04 05 06 07 .

|‘/tb|?neasurcd — O-;nfgsuer|mb|SM/Js+t

V,,=0.96 + 0.09 (stat.+syst.) + 0.05 (theory)
V,, >0.78 at 95% C.L.

e 2-dimentional fit

Wt-channel with t-channel combined
s-channel

e Result:

G, = 1.81 063 . pb
=3.04 47 . pb



Top Pair Decay in Dilepton Channels

° Mot|vat|on Conf.Note 10878

— QCD calculation of top pair production
cross section
— Connection top pair Aq study
* Signal selection
* Understanding of background composition l

* Signature 3 . V
— Exactly 2 leptons: electron or muon g ) )
- ME; WJ A0V L '
— Two jets W (&
a t N Y

* Physics Background
— Diboson
— Z+jets
 Background with Fakes
— Jet misidentified as electrons or muons



Pre-tag Selection

CDF II preliminary (9.1 fb=1)

tt Signal Events per Dilepton Flavor Category before b-tagging
Source ee L el £f
WWwW 5.03+1.04 3.90+£0.81 9.2341.86 18.16£3.61
WZ 2.6240.45 1.564+0.27 1.5240.27 H.70+0.96
ZZ 1.71+0.26 1.3040.20 0.68+0.11 3.691+0.54
Wey 0.73+0.77 0.00£0.00 0.0040.00 0.73x0.77
DY — 771 5.30+1.04 5.314£1.02 11.584+2.12 22.19+3.96
DY — ee + pup 22.27+4.14 17.11+£2.95 D.0441.52 44.924+5.98
Fakes 12.574+3.80 23.27T£7.26 67.044+20.46 102.87+28.38
Total background 50.214+6.89 52.45+8.36 95.60+£21.24 198.26+31.44
tt (o = 7.4 pb) O7.61+4.73 092.97+4.49 221.97+10.62 || 412.55+19.65
Total SM expectation | 147.82410.97 | 145.424+12.53 | 317.56+31.67 | 610.81£50.76
| Observed | 147 | 165 | 313 [ 625
CDF Run Il Preliminary (9.1 fb™) Candidates I CDF Run Il Preliminary (9.1 fb™)
O ks Test -0 142 —e— DATA | K Test 0525 —e— DATA
180; X Test :0.943 (Entries : 1280) S00L o Test : 0941 (Entries : 625)
160 I “/7 Syst. Uncert E Z77 Syst. Uncert
>~ 1a0b- 2 [t (c=74pb) 400 — % [t (c =7.4ph)
8 - F [ Diboson N [ Diboson
w0 12”5_ B DY — ee+up ﬂ 300/ Bl OY — ee+up
o 100 DY =1t S N DY =
'_g sof- w :_ B Fakes
o o[- m:
; 2 I L.I”._ . ; 2 '
PR SRR PR LTS TRR AR L SERaR S Tﬁ-’ \l l F3 oty
8 ost ‘ A N Y 8 ost ‘ ‘
0 20 40 60 8D 100 120 140 160 180 200 0 1 2 3 4 5 6 7 8 9 10
Leptons p_ (GeV) Number of jets
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b-tag Selection

CDF II preliminary (8.8 fb—1)

tt Signal Events with the tight SecVtx b-tag

Source ee LLLL el £¢
WW 0.131+0.06 0.144+0.05 0.33+0.10 0.60+0.16
WZ 0.0440.02 0.0540.02 0.051+0.02 0.13+0.03
27 0.144+0.03 0.1240.03 0.0310.01 0.29+0.06
DY+ LF 1.07+0.12 1.17+0.15 0.561+0.06 2.804+0.31
DY+HF 0.994+0.17 1.3440.22 0.50+0.10 2.831+0.45
Fakes 1.88+0.69 2.16+0.85 6.72+2.16 10.76+3.06
Total background 4.2440.76 4.9940.94 8.191+2.18 17.41+3.20
tt (o = 7.4 pb) 55.64+3.90 | 52.02+3.64 | 126.23+8.76 233.88+16.17
Total SM expectation | 59.884+4.55 | 57.01+£4.42 | 134.414+10.80 | 251.29419.21
| Observed l 53 | 71 | 130 “ 254
Candidates | CDF Run Il Preliminary (8.8 fb”) Candidates | CDF Run Il Preliminary (8.8 fb”)
1m:_ KZ—S T&t_t 0.005 —e— DATA ;_ KZ—S T&t_t 0331 —e— DATA
qapf. ¥ Test-045d (Entries - 508) 200f ¥ TSt TO%6 (Entries - 254)
- | Z77 Syst. Uncert 1m3— Z77 Syst. Uncert
Sl S aF [t (c=74pb) 160 7 [t (o =74pb)
8 100 [ Diboson = [ Diboson
e CJDY+HF 8 DY+ HE
= mf EloovLF £ "F Bl oY+ LF
.g 50:— B Fakes L 1mf_ B Fakes
3 g [ I ; L _.» 3 25_‘_‘_.4_._,_,_,__1&3_..__4_._4_._4_._‘_‘_#
50;_ ..”““HTH 305“ o e i
d -U 20 40 60 80 100 120 140 160 180 200 d -U 1 2 3 4 5 7 [:] 9 10
Leptons p_ (GeV) Number of jets
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Cross section Measurement

~ Nobs — Nipig A, Acceptance of dilepton categories
T TS AL L, Luminosity of the dilepton categories

* Pretag: 625 events selected

= 7.66 £ 0.46,,,, *0.66,, * 0.47,,.. pb

pretag stat

* One secondary vertex requirement: 254 events selected

Oprag = 7-47 £ 0.50,,,, +0.53,, * 0.46,,,; pb

stat

Previous result: Opretag = 7-40 £0.58,,; % 0.63,; + 0.45,,,, pb

Conf. Note 10163 | Gy, = 7.25 % 0.66,, + 0.47, . *0.44,, . pb

sta sys
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Top pair in dilepton decay mode with Tau

Signal processes
Thad + Tlep
— T4t ‘prompt” electron or muon

Interest

—  Test for lepton universality

—  Probe for alternative Higgs mechanism
phenomenology

* t->b+H*
* Enhance of the decay channel
Measurements

—  Cross section
—  Branchingratio oft 2 tvb

Signature

—  Electron or muon

— Narrow jet tagged as tau
—  ME;

— Two jets

Most complete study of top pair into

ditau decay mode

7/4/2012

Tau reconstruction

seed track

not associated \\
with tau candidate\\ !

— signal
—— isolation

'r

Osig =10°
eiso =30 °

10



Samples and Background

0 12ﬁ - T7T, Tau Misidentification
. E - C CDF Run Il Preliminary
Low P; trigger samples c o1f
— Lepton ET > 8 GeV g 0.08:— s Jets misidentified
c B as 1 prong tau
— Isolated track P; > 5 GeV/c g oosk. I F
= B
5 0.0a[- T4
Background with jets 0B T ‘
. . . o Ewow Lo L b L ]

0 50 100 150 200 250
misidentified as tau JotE. [
Events with fakes from data ... o0 Cluster , At T

— Jet misidentification rate gua  CormmPrmn S0t S
— Inclusive single lepton sample éx N3
25 25? -
20 2o§—
15 15?
Physics Background ”
SE
— Z+Jets % ~"20 a0 60 80 1cn:|T;u 101:35;’123'[(;2:]50 R e T TR Taﬂ‘r':'racliLMulztln‘ghcm?
— Diboson g eemm—— | | —!—+ s i
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Log-Likelihood Discrimination of Fakes

* Background from events with fakes
— Top pair in single lepton mode

* Log-Likelihood Ratio discrimination
— Signal sample: top into lepton plus tau as
— Background sample: top pair in single lepton as
* Variables
- Tau E / P ﬂ—m, T Log-Likelihood Fake Rejection After b-Tag
_ Tau |SO|atIOn gmé_ CDF Run Il Preliminary, 9.0 fb; akes
— Third jet E;
— MW
* Log-Likelihood >0 &
g e '\"'I"'w‘r -
s B P R SR

7/4/2012 12



Selection Result, Cross Section and
Branching Ratio of top into tau, neutrino, b

Z/y* — 71T 1.12+0.07 4+ 0.25  1.41+0.08 £ 0.29 2.53+0.11 £0.53
Z/y*— 0.10£0.03 £ 0.03  0.03+0.01 +0.01 0.13+0.03 £ 0.04 E
Diboson 0.09+=0.02£0.03  0.09£0.02 £ 0.03 0.17+0.03 £ 0.05 10f
tt — 70+ X  10.56+0.08+1.34 13.73+0.10+1.75  24.29+0.13 £ 3.09

tt— 71, Tau Cluster E; of Final Selection
tt — Teth + X Events of Final Selection anj CDF Run l Preliminary, 9.0 ft'
Process Muon Sample Electron Sample Total %2&? + S Diboson
Fakes 1.80+0.3170 37 2.20+0.6475 13 4.01£0.7170:30 S af-
15

tt— 717+ X 1.07+0.03 +0.14  1.37+0.03 + 0.18 2.44+0.04 4+ 0.32
Total Expected 147:|:03t%$ 188i06t;% 336i07t§; % 20 40 60 80 1001_ I:ZID ! 1;?[G \1’?0
Observed 12 24 36 523 — .
CDF Run II Preliminary, 9.0 fb=? e
NGF . N’l 4 1 1 14 160
O = - Z o i
ZCMX I GE,U[(BRETEET + BRTTETT) fﬁzdt] ztt—ml Ty Tau Track Multiplicity of Final Selection
. ‘ A g 25: CDF Run Il Preliminary, 9.0 fi5” é;_;‘l‘;s
BRy; =2+ BR(t — (vb) - BR(t — Tvb) - BR(T — jet v) El: IR
201~
BR.. =2-BR(t — tvb)*- BR(t — fvv) - BR(T — jet v) 155_ S
o = 8.2 & 2.3(stat.) 12 (syst.) £ 0.5(lum.) pb 10-
1 Nﬁcl - ; N% 5;_
BR(t — Tvb) = BROW 57 - b b9 7 RSO e ATTOT VILI NOETOD
2 R( - y) Tt ZCMX- CMUP, CEM Cer f it 0 08 23 3 Ta?u"?rraclil Mul‘t‘i'glicitf
BR(t — Twb) = 0.120 £ 0.030(stat.) T 035 (syst.) £ 0.007(lum.) <3 |

7/4/20 12 [ S S S} S S S S— 13



Ditau Event Discrimination

Log-Likelihood ratio discriminant for
ditau separation
— Signal: top pair into ditau decay mode
— Background: top pair into lepton plus tau
mode
Variables
— My(lep,ME;)
— |Ad(lep, MET)|
- Pt|ep
Fit on the Log-Likelihood distribution
— BR(t > tvb)
BR(t — Tvb) = 0.098 + 0.022(stat.) £ 0.014(syst.)
BR(t — Tvb) < 0.159 at 95% C.L.
7/4/2012

tt > O Log-Likelihood Ditau Discrimination Final Selection
£ 160
% CDF Run Il Preliminary, 9.0 fb'
2 14—
3
o
© 12[
10
8l
6
4
2
qa 6 8
Log-Likelihood
] - : B
e
e e
] 5 ) 0 8
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Summary

* Single top cross section measurement

or = 1.497047 pb

0.63
1.813158 pb

Ogs —

Ost = 3_044:8:25 pb

V,,| measurement

|Vip| = 0.964+0.09(stat + sys

@ 95% CL

Vio| > 0.78

+0.05(theory)

)

e Top pair cross section in dileptonic modes

oz = 1.66 £ 0.465¢at £ 0.665yst + 0.471umi pb

Electron and muon pre-tag

O-tf - 7.47 :l: 0.505tat :l: 0.535yst :l: 0.461un}i pb

Electron and muon 1 b-tag

CDF Run |l Preliminary, 9.0 b

Top Pair Production Cross Section at CDF

Assume M=172.5 GeV/c’

Cacciari et al., arXiv:0804.2800 (2008)

Kidonakis and Vogt, arXiv:0805.3844 (2008)
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o = 8.2 + 2.3(stat.) 14 (syst.) + 0.5(lum.) pb.

Ditau component

BR(t — Tvb) = 0.098 + 0.022(stat.) £ 0.014(syst.)

BR(t — 1vb) < 0.159 at 95% C.L.
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Single Top: Selection Requirements

Exactly 1 lepton E; > 20 GeV

ME; > 25 GeV

Exactly 2 or 3 Jets, E; > 20 GeV

1 b-tagged jet
QCD Veto

— M;¥>20 GeV (> 10 GeV for central muons)
— Correlation ME;*8 and ME; with |Ad(jet, ME;)|

EW Processes

Theoretical Cross Section (pb)

tt
Single Top (s-ch)
Single Top (t-ch)
Single Top (Wt-ch)
WW
WZ
77
Z+Jets

7.3+£0.6
1.0£0.1
21+£0.2
02+0.1
11.3£0.7
3.2+£0.2
1.2+0.1
787 £ 85

Processes | W + 2 jets, 1 tag | W + 3 jets, 1 tag | W + 2 jets, 2 tag | W + 3 jets, 2 tag |
tt 474 + 49 1067 £ 109 98 + 14 284 + 42
WW 148 £+ 21 48 £ 7 1.1 £ 0.3 1.2 + 0.3
WZ 53 £ 6 14 £ 2 8.8+ 1.3 24+ 04
77 1.7 £ 0.2 0.7+ 0.1 0.3+ 0.0 0.1 +£0.0
Z+Jets 118 + 15 46 + 6 4.8 +£ 0.7 274+ 04
Whbb 1452 £ 437 434 £+ 131 183 + 56 65 & 20

Wee 766 + 233 254 £ 77 10 &+ 3 7T+ 2
Wej 583 4+ 177 128 + 39 7.8 £ 24 3.5+ 1.1
W+ Mistags 1459 £ 148 433 + 47 7.4+ 1.5 54+ 1.1
Non-W 316 + 126 141 £ 57 6.8 £ 3.5 3.4+ 3.2
t-channel 193 £+ 25 84 + 11 6+1 15+ 2.4
s-channel 128 £ 11 43 + 4 32 +4 12 + 1.6
Wt-channel 16 + 4 26 + 7 0.7+ 0.2 2.3+ 0.6
Total Prediction 5707 £ 877 2719 £ 293 367 + 66 403 £ 53
. Observed 5533 2432 335 355




Single Top: NN Input Variables

2-jet 3-jet
variable 1-tag 2-tag 1-tag 2-tag
Moy v o vV
i . Mevbp
» Most Sensitive variables M oo
’ S v vV
» Reconstructed top mass ;v
E.* v v
 Flavor separator Ebouer y
. . . Sel! v v
* Dijet Invariant mass st v v
. . v
* (lepton Q) x (jet h) e ) .
¥1 y
Brsig v
cos by v v v
cos ., v
cos ., v
cos 05 v v
Qxn v v oY
e v
N v v
2o v v
Any; v ooV
Ay light v
Vs v

Centrality v
Jet flavor separator v v v




Single Top: Systematics

* Rate and Shape Systematics

Source of Uncertainty Rate Shape Processes affected

Jet energy scale 0-8% X all

Initial and final state radiation 0-6% X single top, tt

Parton distribution functions 0-1% X single top, tt
Acceptance and efficiency scale 1-7% single top, tt, diboson, Z/v*+jets
Luminosity 6% single top, tt, diboson, Z/y*+jets
Jet flavor separator X all

Mistag model X W+light

Non-W model X Non-W
Factorization and renormalizatio X Whb

Jet n and AR distribution X W 4light

Non-W normalization 40% Non-W

Wbb and Wee norm 30% Wb, Wee

We normalization 30% We

Mistag normalization 10-20% W +light

tt normalization 8% tt

Monte Carlo generator 3-7% single top, tt

Single top normalization 7% single top

Top mass 2-12% X single top, tt

* X indicates the sources of uncertainty from shape variation
« Sources listed below double line are used only in |V;;| measurement

7/4/2012
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Top Pair into Dilepton Mode:
Selection

e Selection

— 2 leptons requirement: electron or muon
P.>20 GeV/c
Opposite sign
— At least 2 jets
E;>15GeV, |In| <25
— ME; > 25 GeV
(> 50 GeV if |A¢p(lep,MEt)| <207)
— M, >5 GeV
— Summed transverse energy H; > 200 GeV



Top Pair into Dilepton Mode with Tau:
Samples and Background

. LOW PT trigger Samples . 0-12t_t - T7T, - Tau Misidentification
E CDF Run Il Preliminary
— Lepton E; > 8 GeV 5 o1
— Isolated track P; > 5 GeV/c £ 0081 P Jets misidentified
é - as 1 prong tau
» 0.06—
B
. B o
* Physics Background e T
— Drell-Yan process P T
— Diboson: WZ, ZZ, WW ° 0 T e devy
* Background with misidentified _,,t>%% Tau Misidentification
. é C CDF Run Il Preliminary
objects : ol
— Jet misidentification in tau E 0.08] Jets misidentified
E B as 3 prong tau
50.06:— = P
= - &
. B o004 ! =
* Events with fakes from data T .
0.02—
— Evaluate jet misidentification rate - i S
OB " T00 70 200 _ 250

— Inclusive single lepton sample Jet E. [GeV]



Top Pair into Dilepton Mode with Tau:
Kinematic Selection

 Exactly 1leptonand 1 tau S
— Opposite charge

e Z- llremoval
* Atleast 2 jets

4 4
O 20 40 60 80 100 1020 140 160

— Leading Jet E; > 20 GeV ﬁjm ;
— Second Jet E; > 15 GeV e e e

- Inl<2
| ME> 10Gev o
* Ht=Et + MEt+XEt,>150GeV &

(> 155 GeV for 3 prong taus) .
* Atleast 1 b-tagjet -

RS EEEEE SR S EE R EE R N e FEEE R
0 05 1 15 25 3 35 45 5
Tau Track Multiplicity
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Log-Likelihood Discrimination of Fakes

. tt - v+ X Uncertainties of Final Selection
® Rate SySte matics Process Z/v — 11 Zjyv — (f Diboson {f — 70+ X 1t —rr+ X fakes
Trigger +3% +3% +3% +3% +3% +3%
—_ 1 Cross Section +15% +15% +6% - - -
Th eo retl Ca | PDF i - - 40.5% +0.5% -
Showering - - - +3% +3% -
- M C ge ne ratO r Color Recon. - - - +4% +4% -
ISR/FSR +9% +9%
— Jet and tau ene rgy Pile Up - . - +2.5% +3% -
. JEC +9% +20% +20% +2% +3% -
correction T By scale +4% +20%  +20% +0.5% +1.5% -
7 ID scale +3% - +3% +3% +3% -
— b-t a g SECVTX Tag +5% +5% +5% +5% +5%
SECVTX Mistag +20% +20% +20% - - -
_ Fa ke rate Fake Rate - - - - - f;&

CDF Run II Preliminary, 9.0 fb—!
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