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‘ Outline

= Exploring top quark production
at the Tevatron:
— Top Pair production cross section
—Single top production
=V, measurement
—Forward - backward asymmetry

—Search for new physics in
top production

= Prospects & Conclusion
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The Fermllab Tevatron 5

2011

W [ Run Il: Vs = 1.96 TeV

Tevatron stopped taking data on september 30,

2000

The birthplace of the top quark
The highest ppbar collider in the
world ...... until December 2009

Lumlnosny (pb h)

~ ontape >10 fb?

> '._._" = -";:L__';H i S EDDDE—u ...........................
Main Injector | 2000k
— Delivered
& Recycler * UEverE
S T el [+ Acquired
e e 2000t

el s b s e b b b s g 1y
3000 4000 5000 6000 7OOO 8000 9000

dehvered ~ 12 fpl g

per experiment

store number

Results shown in the
following based on
datasets up to 8.7 fb!
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a¢& Top Quark Production at Tevatron

= QCD pair production ~85% f o~ ~15% t

Ggm = 7.46 0% 467 pb / (o) <

(for my,,= 172.5 GeV) \ - A -
o t g ' t

PRD 78, 034003 (2008)
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4= Top Quark Production at Tevatron

= QCD pair production ~85% £ ~15% t
Oy = 7.46 *048 | - pb
(for my,,= 172.5 GeV) \ E lz
PRD 78, 034003 (2008)
s-channel t-channel
e EWK single-top production ~33% o ~67% .
» s-channel: g, = 1.05 + 0.07 pb ! t
» t-channel: o5, =2.10+0.19 pb = w
(Both for m,,= 172.5 GeV) b t
PRD 83, 091503 (2011) q' b i
PRD 81, 054028 (2010) 4 b

= Single top associated production Wt: ¢ ~ 0.2 pb, too small at the Tevatron
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SM predicts BR(t — Wb) = 100%

Prompt tracks

O e-e(1/81)

B mu-mu (1/81)
M tau-tau (1/81)
Ee -mu (2/81)

® e -tau(2/81)

B mu-tau (2/81)
E e+jets (12/81)
B mu+jets(12/81)
B tau+jets(12/81)

O jets (36/81)

b quarks

are always n—
Present | o deomn

/

7

Lxy :
. e
Primary vertex
% . /
do v

Jet

W+

Event topology determined
by the W decay modes

For ttbar pairs:

=Dilepton (ee, yu, ep)
—BR = 5%, 2 high-P- leptons
+ 2 b-jets + 2 neutrinos
=|_epton (e or u) + jets
—=BR = 30%, single lepton + 4
jets (2 from b’s) + 1 neutrino
=All Hadronic:
=BR = 45%, six jets, no

neutrinos
" T hag TX
—=BR =21%
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Top pairs production

= Top quark is a very special particle:

— Heavier than all known particles 101l id
— Decays before hadronizing: 103 -
Mop=1.5 GeV > Ages - ! @
= Measuring the production cross section is 3 101
the first step in understanding any - 10 | k
selected ttbar sample @ 400 € T
= Test of theoretical QCD calculations E 10"k ﬁ
= New physics can change: 102k d
— overall production rate 2| U
— rate in different channels 1071 e
= Precision measurements of cross section N
are important in different decay channels 10° |- Vir
10-10 s V“
o, = NData — |\IBackground 10-11 - Ve

Acc j Ldt
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Top pair production: Lepton +Jets

= Pre-tagged sample, =  When combining kinematic & b-tags
NN discriminant determine simultaneously xsection &
= normalizing to the measured Z W-+heavyflavor/W+ light flavor ratio
cross section: g =RegM™
tt Z
c N, >3  CDFIlPreliminary 46 fb" i W
5 500— W data (7348 evts) 45- D@, L=5.3 fb™ I + >3etS ."
i — CDF 3 J M Other
* @ aco S DO 0 Wejets
& & 3 I Multijets
E
2

0 01 02 03 04 05 06 07 08 09 1

0 1 >2
NN output

Number of b-tagged jets
CDF (4.3 fb't,m=172.5 GeV), pre-tagged: DO (5.3 fb-t,m,=172.5 GeV), b-tagged:
0,=7.82+0.38(stat)+0.37(syst)+0.13(theo)pb 0,=8.13+0.25(stat) *09° .. (syst) pb
Combined kinematical + b-tagging:
CDF (4.3 fbL,m,= 172.5 GeV): DO (5.3 fb't,m = 172.5 GeV):
o,=7.70 £0.52(stat+syst) pb 0,=7.78+0.25(stat) *073 4 (syst) pb
PRL 105 012008 (2010) PRD 84, 012008 (2011)
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Measurements of o4,

JES, b-tag accept., W+bjet background

= Consistent with theory prediction, challenges its precision

= Consistent across channels, methods, experiments

Dominant exp. uncertainties:

July 2011

DO Run i

CDF
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All measurements limited

2011 result
2010 results

red
blue

by systematic uncertainty

CDF Combination: 7.50 £ 0.48 pb

6.4% precision!
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Electroweak single Top Production

= Give access to the W-t-b vertex: o ~ |Vin|?
=Allows direct measurement of CKM matrix element |V, |
. . . . o 4 W
= Final state hidden behind large backgrounds with uncertainties Vi
larger than signal !
=Use of multivariate techniques is mandatory u
— No single variable provides enough signal-background separation
Single Top Quark Cross Section August 2009
Os~ 0.4 Oy CDF Lepion s 3216° | 2.17 2% b
Observed by CDF & DO erlonuels 828 re 17 -055P
in March 2009! COF METsjots 241" | 50 35 pb
D@ Leptonijets 2.3 1h E 3.94 :ggg pb
i} / '_I_'evajron Combination E 2.76 X025 pb
] ‘l* I ;{nil_i r_='_;{II_F’_RI'T- 66, 0540.:’-' (2002) M = 170 GeV
\j\j\j\j\J ~|th| N. Kidonakis, PRD ..-r:.--da'z.z;on:e. l | | l tap
W - 0 2 4 6 8
b b o (pp — tb+X, tqb+X) [pb]

“s-channel

t-channel o, = 1.05+0.07pb

_ _ 2 0, =2.76 *0°%  ,; (stat+syst) pb
G = 2.10+£0.19pb (M=172.5 GeV/c?) V,.|=0.88  0.07 (stat+syst)
B.W. Harris et al., Phys. Rev. D66, 054024 (2002)

. Sullivan, Phys. Rev. D70, 114012 (2004). |th|> 0.77 @ 95% CL m, = 170 GeV/c?

ampbell/Ellis/Tramontano, Phys. Rev. D70, 094012 (2004).
N. Kidonakis, Phys. Rev. D83 091503 (2011).

(2040) — PRL103,092001(2009). PRL 103, 092002(2009)
Moriond EWK, March 9, 2012 10 Sandra Leone INFN Pisa
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Single top: s+t channel cross section

- U‘ = e -
= DO updated the analysison € " fe 00, 54| T 00, 541"
5.4 fb-1 2 10 @ = tb+igb
o 10% " S 15 =“W+Jets
. o = -
= Discriminating variables are & | 2 = Multijets
combined into: 2 s

= Boosted Decision Tree (BDT) 10702 0.4 06 08 1 88 o085 09 095 1
— Bayesian Neural Network Ranked B, discriminant Ranked B, discriminant

= Neuroevolution of Augmented § 2[@ D@, 541" g 30/-(b) oo, 54fb"
Topologies (NEAT) E i t-channel 2 's- channel-tb
= Correlation ~ 70% 2 g = Wejets
orrelarion o W 10 w it
. =] =} N -Mu ijets
= a second BNN is used to g 5 g 10 e ']f
construct a combined ] ] :
iccrimi 8 085 08 08 1 8 08 09 095 1
discriminant for each channel Ranked B, discriminant Ranked By disoriminant
- > (d) D@, 5.4 b
Ul o) g f
nel % 100
s+t 3.437073 2
= 50-
t 286106 S | .
0. +0.38 = More in YSFA4:
S 08 _ ¢35 0%320 160 180 200 220 | J. Joshi talk
PRD84, 112001 (2011) Top Quark Mass [GeV]
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Direct |V;,| measurement w

= Using cross section result to measure |V,|

n " — 2
Measurement assumes SM production Mb,meas — ' |th, SM‘

mechanisms, V-A coupling in decay, does oSM

not assume 3 generations or unitarity

= Maintain the possibility for an anomalous

strenght of the left-handed Wtb coupling fl,

‘2 O'mea,s

Measure strength of V-A coupling |V, f-y|: If restrict to SM region
. 0.1] and assume f-, =1
2 5 DO, 5.4 fb ™! (0.1 -
5,5 = Z ) DO, 5.4 fb"
£ c 4
S ¢ S 5 IV,|>079
. S | @95%CL.
= b s 2
a i D
Y05 1 15 2 s 1
|V fL|2 En o gy il i
A TR % 0204 06 08 1
| = 102401 v,f
PRD84, 112001 (2011) tb

Moriond EWK, March 9, 2012 Sandra Leone INFN Pisa
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= Based on 7.5 fb! of data

= Use NN with same input variables as the observation analysis
= Signal: s-chan+t-chann+Wt-chan simulated with NLO POWHEG

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

Events

60
[ Z+Jets 0
M Diboson
@maQcb 20

19

1 -0.5 0 0.5 1

NN Discriminant

‘th,meas

Posterior Probability Density
o o o o
o o o o o
5 ® & &8 °
T

cystop = 3.04 057 -0.53 (stat+syst) pb

L]

‘2 Umea.s

Vis, 51/

asSMm

W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™

IV, | >0.78 (95% C.L.)

0
03 04 05 06 07 08 0.9 1

v, P
tb

V| >0.78 @ 95% CL

At ‘Moriond OCD’ dedicated talk given by Z. Wu

V| = 0.92 010 o (stat+syst) + 0.05 (theory)

Moriond EWK, March 9, 2012
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Single top s- and t-channel measurements w

" S and t-channel sensitive to different BSM physics
= Construct a 2D posterior probability density for t vs s cross section
= no SM constraint on the relative rate of t vs s production

= Extract t cross section from 1D posterior by integrating over x-axis (s)
=> nho assumption on s rate

2 DG 5.4 b
= 68% C.L.
= == 90°% C.L.
E a W= 95% C.L.
S
£ h) = 2.90 + 0.59 pb
= | : H'II-I[:umrnu'nl c)-(t-c ) - L. T U. p
S
E | e BB
L S 2y O Top-favor™
1 Fenc O'(S-Ch) =0.98 + 0.63 pb
% S 4

s-channel cross section [pb]

the most precise measurement in t-channel
> 5 o significance PLB 705 (2011)313

Moriond EWK, March 9, 2012 14 Sandra Leone INFN Pisa




Ratio of branching fractions R w

_ BR(t > Wb) _ Ve |
" BR(t—>Wq)  [Vial® + [Vis|? + [Vas|?

R

= SM: R=1 constrained by CKM unitarity. R<1 could indicate new physics

= Drop assumption R=1 in dilepton (DO) and I+jets (DO & CDF) cross section
measurements

= changes predicted fraction of events with 0,1 and >1 b-tags in I+jets channel
(changes the shape of the NN output distribution in dilepton channel, DO)

= Measure R simultaneously with ttbar cross section

NEW! CDF preliminary 7.5 fb! DO on 5.4 fb!
L+jets channel L+jets & dilepton
Tppari(pb) | 74£1.1 oy = 7.7475 57 pb
R 001 +0.00 R=0.90£0.04 (stat+syst)
| Vip| 0.95 + 0.05 |Vin|=0.95£0.02 (stat+syst)
(stat+syst uncertainties) [Vio|>0.88 @99.7% C.L.
PRL 107, 121802 (2011)

Moriond EWK, March 9, 2012 Sandra Leone INFN Pisa
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Forward backward asymmetry (AFB)w

quarks

to Y, in ttbar rest frame:
Yt x qlepton «AY

In terms of frame-
independent
rapidity difference:

~ N(Ay>0)—N(Ay <0)

£

B N(Ay > 0)+ N(Ay < 0)

= We use the rapidity difference (AY)
of t=>Ivb and t=»jjb, which is proportional

—@—»?f\té<—(§;—

Lepton + jets, DO

150F

D0, 54 b
5.4 fb?

- Wi

- [ Wjet
. WMt
C # Data

- -2 -1 ] 1 2

PRD 84 (2011) 112005

Events

= NLO QCD predicts small (~7%) asymmetry from qqbar=>ttbar
= New physics could give rise o an asymmetry (Z" ,axigluons,..)
= Reconstruct the top direction and the rapidity of top and anti-top

Dilepton CDF

ylop-ytbar in Lab

CDF Il Preliminary

60~

=TT
WWIWZ/ZZ

sy

Moriond EWK, March 9, 2012
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Main syst uncertainty: from background size & shape
At “Moriond OCD” there will be a talk given by D. Mietlicki

CDF Run Il Preliminary L = 8.7 fb

= CDF updated the lepton +jets £ fa (W’+
analysis on 8.7 fb! I N
= Use Powheg +EW correction oL
for SM prediction e e S

" At reconstruction level: —> A = 0.066 + 0_02%
= To better compare to theory 1 #:iﬂ—
predictions =» correct data for | 4
background and acceptance and | L.
resolution effects S T

" Inclusive parton level: —> ALY = 0.162 + 0.041(stat) +

0.022 (syst)

Moriond EWK, March 9, 2012 17
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Forward backward asymmetry (AFB)w

A, of the Top Quark
[ V. Ahrens et. al,, July 2011
arXiv:1106.6051v1 {2011)
Syt Partonlevel
= Inclusive parton level PRD 83,1203 (2011)
asymmeTr‘y: CDF LJ . — ?;28;1;].0?4 (+0.072+ 0.017)
A . =0.162 + 0.041(stat) + 0.022 (syst) S
D, * *
0.420 + 0.158 (20.150+0.050)
=can be compared with (210
pr'eViOUS CD F r‘eSUITS CDF combined* —e— 0.201+ 0.067 Eiﬂt:fioés;i)
and DO result
DO LJ* —e— 0196+ 0.060 B
> In aqr'eemenT PRI(DSE.;Z,bl)lZOOS (2011)
| | | | |
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
A
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Arp dependence on M.,

" Study the asymmetry vs. the mass of the ttbar system

= A could increase at higher energy due to g e

new production mechanisms o :;g”;::t-:;j,-,z’e:;;‘m,es)

= In the SM Ay, increases linearly with M, ., ) et v

* Unfold My, dependence back to parton level ..}

= Compare with old CDF and DO results PE—
NEW! O e T

Parton Level M (GeV!c )

NLO
M + -1 -1
(c-;e*\"/) (QfEbGEW) CDF 5.3 fb DO 5.4 fb

Inclusive  0.066 0.158 + 0.074 0.155 + 0.048 0.196 + 0.065

0.078 + 0.048
Recon. Level

<450 0047 -0116+0153  0.078 + 0.054
>450 0100  0475:0112  0.296+0067 2190000

Recon. Level

Moriond EWK, March 9, 2012 19 Sandra Leone INFN Pisa



= Top pair P;is a sensitive test of reconstruction and modeling
(expecially at low values, due to soft jets)

= Background-subtracted data in good agreement with NLO Powheg
and MC@NLO

CDF Run Il Preliminary L = 8.7 fb™

BDOE
--e-—= Data - Background

)

>

Q

2 |+ —— POWHEGH+Pythia
600}=

= —— MC@NLO+Herwig

[ —— — Pythia, CDF Tune A

c 400

:d: - —— Pythia, No ISR

i

200p-

OU 10 20 30 40 50 60 70 80 90 100
tt P; (GeVic)

Moriond EWK, March 9, 2012 20 Sandra Leone INFN Pisa



Search for resonant ttbar production

= Look at the M,,,,. spectrum in the lepton +jets final state, to see
any deviation over the SM prediction
CDE L=4.8fbl DO L=5.3fb1
CDF Il Preliminary 4.8b . > —=—data
% ' ' ' ' K & 102 D@, 5.3 fb'  []M,=950 GeV
g Standard Model tF 3 g - ft
% 5 [ W/Z+jets
g ;&; 10 [ multijets
z ht
10-1...|...|...
500 1000 1200 200 400 600 800 1000 _ 1200
m, [GeV/c?] m; [GeV]
CDF |l Preliminary 4.8/fb .
T o [ " [ 95% CLinterval . DO, 5.3 fb"
g o \ [ 68% CL interval @ 1F
é 3 \ — — leptophobic Z' 2
@ “f \ -------- axpected limit
¢ 1'21_ \ observed limit .
osf 10 - — Topcolor Z’
osf - — 95% C.L. observed
o4f - == 95% C.L. expected
"L . : ‘ . 10°-260 600 800 7000 1200 N -
400 00 200 1000 1200 14::6[66\”;26]00 resonance mass [Gevl Harrls1 HIII’
A topcolor leptophobic* Z' — ttbar is excluded at 95%CL with: Parker 99
M,. < 900 GeV/c? M,. < 835 GeV/c?
PRD 84, 072004 (2011) arXiv:1111.1271 Accepted by PRD
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Search for top+jet resonances in ttbar +jet

= Search for a heavy new particle M produced in association with g
top quark PP — MU — 1Qt leading to a resonance in the L+ Jet

system of tt+ Jet events.*

= Select events in lepton +jets channel with at least 5 jets and 1 b-tag,

use 8.7 fb! of data.

CDF Run II Preliminary

;E ; Resonance (0.1 pb): + Data 8.7 fb"!
‘:E T e 300 GeVIci  Top
= - @ 500 GeV/e
- :
00 T e so0Gevie [ WoHets
- - . Other Bkg.
i +4
10 |
£ 7
ot
= 77
o Uk
L:: -1F ‘ . . . b 7 o
= 100 200 300 400 500 600 700 800 900 1000

m, [GeV/c?]

EW!

CDF Run II Preliminary

'E- L J.Lclt= 3.7 ! — (Observed limit
LTI TY Expected
0 +- 10
1 [ ]+-20

— Singlet (g.2,)=0.1
Triplet (gL,gR) =(0,1)

95% C.L. Cross-Section Limit

I|III|IIII‘\III|IIII
400 500 600 700 800

Resonance Mass [GeV/c?]

IR
200 300

* Zurek et al, 2011
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Conclusions w

= The Tevatron keeps providing precise measurements of the top pair
production cross sections in different channels challenging the
precision of the theoretical calculations

= Electroweak single top has been observed.
= New cross section measurements have precision < 20%
= Observation of t-channel production
— Measurements and limits on V.,

= No evidence for resonant production

= Legacy measurements from the Tevatron with the full data set will
include:

= top pair production cross section
— single top cross sections and |V, |
= Study of forward-backward asymmetry of top events keeps indicating
a discrepancy with current NLO QCD prediction.

= .... many more top properties in S. Sharyy talk!!
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Backup
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Evidence for ttbar + photon

= First measurement of ttbar + one additional radiated photon in 6 fb-!

= Expected ~order of magnitude smaller
than top pair production rate

Tevatron Run Il, pp \s=1.96 TeV

. 102 B Theory
2 F [] CDF Preliminary
=105, ® CDF Published
_. Z
10‘.2— =
10°
E Wy 2,
0% "=
E ww
] E wz Single

" Oitbary - 0.18 £ 0.08 pb
" Gitpary / Ottbar = 0.024 + 0.009

s P ;z 1909950 Gev

E

N -
T TTITT

Production Cross Section
=

W ETW, 3 Wiy Wt % O gy,

= result well consistent with prediction
arXiv:0907.1324

CDF Run Il Preliminary 6.0 fb™

. Qaté(em) s

| ]
lw’%m:: ;
Bfake b-tag |

Bj fakes vy .
fake IVE 7
SEWK T
1 fake y
e fakey

50 160
PRD 84, 031104 (2011) Photon E; (GeV)
Moriond EWK, March 9, 2012
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Top pair production: Lepton +Jets

Pre-tagged sample, NN discriminant

N, >3 CDF Il Preliminary 4.6 o'
jets =

B data (7348 evis)

 tor CDF
N w+jets
I aco

xd

-+

01 02 03 04 05 06 07 08 09 1

NN output
Systernstac Hiag gy 407" = H
Lumnosity b.1 2.8 a4
b-tag modeling 4.7 - -
W +HF correction 4.0 - -
Jet energy scale 4.1 29 -
Monte Carlo generator 27 26 -
[nitial /final state radiation 06 0.4 -
POF 06 049 1.4
Background shape model 02 19 0.3
Lepton ID/ftrigger 1.3 13 1.1
Lotal o 7.5 6.2
Tatal -F_.[_n'll:l'_;.:'_.'.l-i- [ E2 1.7

PRL 105 012008 (2010)

Kinematic method. RF discriminant

600 -1
D@, L=5.3 fb

DO | + >3jets

Events / 0.1

-

Ratio - 1

1 l 1 I 1
0.8 0.9 1
RF discriminant

DO (5.3 fb-t,m=172.5 GeV), pre-tagged
o, =7.68+0.31(stat) *064 .. (syst)pb

PRD 84, 012008 (2001)

Moriond EWK, March 59 2012

26 Sandra Leone INFN Pisa




CDF Run Il Preliminary (5.1 fb™)
I ]

—&— data ]

soobt- T % Bkgd T 16 uncertainty 3
- [ Tti(c=7.4pb)

Events

>
LKL

s

|

Djet 1jet 22jet HT>200+05

240 dilepton events
cut and count with and w/o b-tagging

o
€40 |(@ D@, L=5.41b"
l% ee+2jet
30- [ Z(+jets): 13
} Bl WW/WZ/2Z: 3
[ - t i: 46
20 o DATA: 74
10
0

0 5 10
b-tagging NN discriminant
Fit to b-tag NN discriminant distribution
systematics included via nuisance param.
largest uncertainty from luminosity

CDF (5.1 fbt, m=172.5 GeV), pre-tagged,
o, (dil)=7.4+0.6(stat)+0.6(syst)+0.5(lum) pb

DO (5.4 fb-t, m=172.5 GeV), b-tagged,
o, (dil)=7.36%09 , _(stat+syst+lum) pb

CDF (4.8 fbl, m;=172.5 GeV), b-tagged,
o,(dil)=7.25+0.7(stat)+0.5(syst)+0.4(lum)pb

Combined with L+jets:

DO (5.4 fb-t, m=172.5 GeV), b-tagged,
o, (dil)=7.56%063 ; .(stat+syst+lum) pb

Moriond EWK, March 9, 2012
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Missing energy plus b jets

= Independent from "lepton+jets” channel

= MET + jets:

— Interesting channel to searches for new physics (i.e. low mass Higgs)
= 2or 3 identified jets, at least one b-tagged jet
NN trained against QCD background

Another NN to isolate top pair from remaining background

CDF Run 11 Prellmmary L 5.7 fb! > 1 b tag

- - Top Palr - Smgle Top . leoqon —
[ Multijet  [Z]W+LF
[ ]z+LF [ ]z+HF

:

Events/0.2

[JW+HF |
—~—-DATA

CDF (5.7 b1, m= 172.5 GeV):
G, = 7.12 +1.20

_1 1o (Stat+syst+lumi) pb

Conf, Note 10237
Moriond EWK, March 9, 2012

28

Sandra Leone INFN Pisa




single top

= Expected events in 7.5 fb.:

| Process | W+2jets, 1 tag | W3jets, 1 tag | W+2jets, 2 tag | W+djets, 2 tag
m 1T3.0 £ 49.1 | 10672 £ 108.G | 083 £ 14.5 2812 £ 11.8
WW 147.7 4+ 20.6 183 + 6.6 1.1+ 0.3 1.2+ 0.3
WZ 520+ 5.8 14.4 £ 1.6 8.8+ 1.3 244+ 04
Y 1.7 + 0.2 0.7 + 0.1 0.3 £ 0.0 0.1+ 0.0
Zjets 118.3 &£ 15.5 45.6 £ 5.9 4.8 £ 0.7 2.7+ 0.4
Whh 14521 £ 436.9 434.1 £ 1311 182.9 + 56.1 6G4.7T £ 19.8
Wee TGG.1 £+ 233.0 2545 £ 774 10,2 + 3.2 TO+ 22
Wej 0R3.2 £ 1774 127.7 & 38.8 T8+ 2.4 3.5+ 1.1
WMistags 14593 £ 1485 432.6 & 47.0 T4 £ 1.5 G4 +11
Non-W 3157 £+ 126.3 141.5 + 6.6 6.8 + 3.5 3.4+ 332
t-channel 1928 + 25.3 84.0 & 10.6 5.9+ 1.0 14.7T £ 2.4
s-channel 127.6 £ 11.3 42.8 + 3.8 323+ 4.4 11.6 £ 1.6
Wi-channel 16.2 + 4.3 2.7+ 6.8 0.7+ 0.2 2.3+ 06
Total Prediction | 57074 4+ 876.6 | 2719.1 4+ 292.9 3673 £ 65.7 403.1 £ 52.6
Observed no33.0 2432.0 335.0 £ 0.0 3500 £ 0.0
Source of Uncertainty Hate Shape Processes affected
= Sources of systematic uncertainties: s s Gl X o
Imitial state radiation -11% X single top, ¢f
Final state radiation 0-15% X single top, tf
Parton distribution functions 2-3% X single top, tf
Acceptance and efficiency scale factors  0-9% single top, tf, diboson, 2/ +jets
Luminosity i single top, tf, diboson, 2/ +jets
Jet flavor separator X all
Mistag model X Wlight
Mon-W model x Non-W
Factorization and renormalization scale X Whb
Jet 1 distribution X all
Jet AR distribution X all
MNon-W normalization N Non-W
Wik and W e normalization 307 W, Were
We normalization 0% We
Mistar normalization 17-29%, W +light
tf normalization 12% it
Monte Carlo generator 1-5% single top

Moriond EWK, March 9, 2012 29 Sandra Leone INFN Pisa



‘ Single top Combination: results w

PRL 103, 092002 (2009) PRL 103, 092001 (2009)
CDF (3.2fb— 1) 0 [-'2 a2 5! :|
Exp. Obs. -
ME 49 43 I Xp. 1 b,
BDT 52 35 E{By| L3 1.6
NN 52 3.5 I 5
e = = Ii."-..."-. I 1 :-.I_
FEr+jets | 14 21 CDF Preliminary Single Top Summary M LE l. 1 1.0
Comb ‘ 5.9 ‘ 5.0 For Mtop: 175 GeVi/c? BMM Camhb 1.5 5 [
S-Channel
Likelihood, Function | 15+ 82 1
G2h) : D& 2.3fb March 2009
M Neural Nefwork = Decision Treles 3.74 % pb
The various MV (3.2#11}) 1.8+0.6 ' —0.79
. |
methods give Ve o 25+ g Bayesian NNs e 470 118 pp
H Likelihood Function 16+ 08 '
Boosted Decision Tree 0.7 !
(3.21) ; 0.6 L
Combinatipr (LeptonsJets) T 06 BLUE Combination 4.16 +0.84 pb
(3.2) 05 |
MET+Jets, 26 BNN Combination 3.94 £0.88 pb
(2.1f7) 22 |
Combination (All Channels) 0.6 !
(3.2f0) ‘ | 0.5 N Kidona|(i3, PRD 74, §14012 (2006) myq, = 170 GeV
-5 0 5 !
L L L L L 1 Il L | L L L | L L
Single Top Production Cross Section (pb) 6 5 10
G (PP — th+X, tqb+X) [pb]
+0.6
Osst = 2.3 o5 PbD 6. =3.94% 0.88 pb

20 Sandra Leone INFN Pisa



Sensitivity to New Physics w

i S" and T_Channel SC“S'T'V@ 55 ; Standall'dMﬂde]f
to different BSM physics . b = e
o e Z-1-¢ FCNC
4.5 (.= &)
- h I -8 ¥ rthFamily
t-channe e L,k x S
(V,=0.5)
q Q O a5 [ + ¥ =
L0 R (My =250 GeVy
(Q\| : -
— 25 L + =
z 3 E
1.5 — 3
t : R N T N B
C 0 0.5 1 1.5 2 2.5 3

% ) Gg (pb)
/ : T. Tait, CP Yuan PRD63, 014018 (2001)

- Flavor changing neutral
currents (t-Z-c, t-y-c, t-g-c) W' H* WK
* heavy W’ boson

e charged Higgs H*
o Kaluza Klein excited Wk “q:

s-channel

21 Sandra Leone INFN Pisa



‘ Separate t and s channel search

= Measure o, and c; separately, relax assumed SM s/t ratio

The results of the eleven separate channels  Ty3in NN, BDT and ME for t-channel,

¢ +jets and MET + jets interpreted in the Measure t-channel and s-channel
lan : simultaneousl|
(05,09 plane 3 xiv:1004.1181 y
_ CDF Run Il Preliminary, L=3.2 b DQ PLB 682, 363 (2010)
2 o e BestFit T r
o 45 W 68.3%CL ? ® Wessired Posk
g | 99.7%C - =0.
& S B SM(NLO) g ; |:HT:-:4 .
8 3| B SM(NNNLO) - 3 Tor
€ op-flavor
% 25| s A m1Tev
g -z . I::zpslc?;ev
tr": " l Elsé% c.L
= 15 B 90 c.L.
1 Bl es%c.L.
05 |
0005 1 15 2 25 3 35 4 45 5 B B e

oyt : 1 L fiid

s-Channel Cross Section o_ [pb] s-channel cross section [pb]

o, = 1.8+0'7 ob G,=1.05 +£0.81 pb
-0.5 +0.94
o= 3.14 pb
G, =0.8%+0.4 pb -0.80
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-1
CDF Preliminary 7.5 fb

45 F
S 25
2
1.5?—
1:
0.5
: P T | il A R
0.75 0.8 0.85 0.95 ;.:53" ., WI:)A
B(t — Wq)
Systematic oR 00 pp ez (Pb)
Jet Energy Scale | +0.03 +0.5
Generator +0.006 +0.4
ISR/FSR +0.03 +0.2
Top Mass(m;) | £0.007 +0.4

Table: Systematics not inserted in the fit

)

-1
CDF Preliminary 7.5 fb

w
[TTTr[rrrT

] | I L L L | L ] L] L
8 8.5 9
(pb)

0|:l]j - tt

Systematics included in the fit:
=Tag efficiency

=Selection efficiency
=Background normalisation
=Luminosity

Moriond EWK, March 9, 2012
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CEM SVT CDF Run Il Preliminary ( 7.5fb™ )

£ i
5 [
3 70 | e
E |
g oy
E T
b 50 (ml |

ol i I

% f

: as
wf

1 1 1
60 80 100 120
Missing Transverse Energy (GeV)

10
o e e P s
2 . e =T S s B B
b 20 40 &0 80 100 120

Events with 1 b-tag

581 Data Events

7 *INDF = 28.56/19

KS Prob = 0.607

Number of events

CEM SVT CDF Run Il Preliminary ( 7.5fb™)
18 F
16
14 |
12 |
10 [
s .T |
) % "
: ‘ ‘ [
L -
o —— |
2 [ | ]
o L ! 1 1 !
20 40 60 80 100 120
Missing Transverse Energy (GeV)
5 f | l
05 _+_I _«_\ | |_+_‘_+_|l11_+_.
: ot S-S0 e o7 5 S 4 M AL AR

20

Events with 2 b-tags

40

60

80

100

120

Missing transverse energy for central electron candidates, 4 jets

[ single top (s-ch)

t
[ HonW D

145 Data Events

3 2INDF = 11.40/19

KS Prob = 1.000
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CDF Run Il Preliminary L = 8.7 fb™

Arg dependence on Ay

= Study the Ay dependence of the asymmetry & [—rwespaa

t,, = (30.6 % 8.6)x107

= Tn the SM Ay increases linearly with Ay 0-64_gfLoérféaé;cig;c;?amﬁes)
= Unfold dependence back to parton level o, = 103407

0.4

= Compare with old CDF and DO results

0.2

0_ el et ———_————r—————— e ————_——
0 0.2 04 06 038 1 12 14 16 18
Parton Level Ay

NLO
oyl | QPEW) 1 cpF 5.3 fb-! DO 5.4 fb-!

Inclusie 0066  0.158+0.07)  0.162+ 0047  0.196 + 0.065
<10 0043 0.026+0.118 0.088 + 0.047 0.061 + 0.041

(recon. Level)

>10 0139 0611:0256  0.433:0.109 e

(recon. Level)
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Arp Asymmetry: Background-subtraction level significance

= We compare the observed slopes to the POWHEG predictions

= Starting with the POWHEG predictions, we perform simulated experiments by
fluctuating the contribution from ttbar and each background source

= For each simulated exp. the nominal background-subtracted differential
asymmetry is measured.

= The p-value is the fraction of simulated exp.in which the slope exceeds that
which we observe in our data.

CDF Run Il Preliminary L = 8.7 fb’! CDF Run Il Preliminary L = 8.7 fb"
1] =
& 0.5F —— I+Jets Data - Bkg i [ ——I*JetsData-Bkg
< : 0y = (20+ 5.9) x 107 < O ty, = (11£3.1)x 10
-~ NLO (QCD + EW) tt [ — NLO (QCD +EW) tt
2 o, =3.1x10

0-4; 0, =6.7x10

M,

0.3F 04t

0.2F

: 02}
0.1F [
— 0
0702704 0608 1 12 14 18 1-8Ay2 350 400 450 500 550 600 650 700 750
t M, GeVi/c?
CDF Run II Preliminary L = 8.7 fh—1
Slope Parameter Data p-value
any (Arp vs. |Ayl) 0.00892
Oé]\/[t{ (AFB VS. Mt{) 0.00646
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Forward backward asymmetry (Agg

= Systematic uncertainties on the parton level Ay measurement:

CDF Run II Preliminary L = 8.7 fb™!

Source Syvstematic Uncertainty
Background Shape 0.014
Background Normalization 0.011
Parton Showering 0.010
Jet Energy Scale 0.005
Initial and Final State Radiation 0.005
Color Reconnection 0.001
Parton Distribution Functions 0.001
Correction Procedure 0.003
Total Systematic Uncertainty 0.022
Statistical Uncertainty 0.041
Total Uncertainty 0.047

Moriond EWK, March 9, 2012 Sandra Leone INFN Pisa
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