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Tevatron

m pp collider at Fermilab

m Runl: 1992-1996, Vs=1.8 TeV ,
collected 100 pb-!

m Runll: 2001-2011, Vs=1.96 TeV ,
collected 10 fb-!

2 multi-purpose detectors
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Top quark Discovery
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Reconstructed Mass (GeV/cz)

m Discovered in 1995 by the CDF
and DO collaborations

m Large mass: 173.2 + 0.9 GeV

m [s it the top quark as SM
predicted?

m Special role in EWSB?

6 (a) DO (b) m Events by discovery: 10s
. h m Run II: 1000s of events
2 - :
N m LHC : 100000s
° o a0 1o e m Precise QCD tests
Fitted Mass (GeV/c?) m New physics searches

m Calibration sample
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Top quark Production and Decay

m At Tevatron , mainly top pair
production via strong

interactions ‘
TN ;
Do |
> | m Channels classified by W decay mode

~ 85 % ~15 %

71.35 t028 . pb (at mt=172.5 GeV)

Br(t — Wb) ~ 100%

® All-hadronic

@ Lepton + Jets (e and M)
© Dilepton (e and p)

@® Tauonic

NNLO+NNLL QCD prediction M. Czakon, P. Fiedler
and A. Mitov, arXiv:1303.6254
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Top Signatures

m All channels have been explored at
Tevatron: different experimental
techniques to cope with
backgrounds and improve S/B

m Hadronic : large BR , many jets: but
large multijet background

m b-jetidentification ==~
m Secondary vertex

m NN: track and secondary
m jet backgrounds can be largely vertex information
rejected already at trigger level

m Lepton +jets (L+]):
m high pt leptons and missing energy

m Backgrounds:
m Dileptons: clean signature due to = Mix of Monte Carlo derived
two leptons, but small BR (W/Z+jets, Z/ v *,single top,
diboson)

m and data-driven techniques
(multijet)



Measurements in the L+] channel

Using b-tagging information for signal
enriched sample

Dominant systematics:

Adding cut on sum of transverse energy * b-tagging

HT > 230 GeV (scalar sum lepton+MET+jets) * background

P normalization (W+HF)
i Mo * Luminosity uncertainty

. Top
[ single Top
N
. ﬂ
on-
S

Normalized to Z inclusive cross section

* Perform measurement in same data
sample (consistent trigger and lepton ID)

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets * Determine ratio and mU].tiPIY bY

theoretical prediction 251.3+5.0pb

Signal region 2 3 jets
Reduce from 6% to 2% uncertainty

0 =1.22 * 0.35 (stat) + 0.56 (syst)

+ 0.44 (lumi) pb \
0 = 1.32 * 0.36 (stat) = 0.59 (syst)
+ 0.14 (theo) pb
CDF PRL 105,012001 (2010)
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Measurements in the L+] channel

Using kinematic properties, build an ANN
and extract the top XS (W+jets allow to float)

CDF Il Preliminary 4.6 fb™

N >3

bin

B data (7138 evis)
@ top

B W+ijets

@ aco

“z1000

800
600

400

200

50 100 150 200 250 300 350 400 450 500
ht

N, >3  CDFliPreliminary 46 fo"
ot >

W data (7348 evts)
top
Il W+jets
@ aco

045 0.5
aplanarity

005 01 015 02 025 03 035 .

CDF Il Preliminary 4.6 fb™

e Ninis 2 3
3 B data (7348 evis)
r E tor
z% B W+jets
@ acp

IIIIIIII[IIIIIlI

0 01 0.2

e .

03 04 05 06 07 08 09 1
NN output

Main uncertainties: JES and signal/bckg modeling

Normalized to inclusive Z cross section

0 = 17.82 + 0.38 (stat)  0.37 (syst) % 0.15 (theo) pb

CDF PRL 105,012001 (2010)

Ao/o:T%
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Measurements in the L+] channel

Combining counting and kinematic measurements

Events / 0.1

Events /0.1

250-

> 3 jets and no b-tags

0

200
150

100

DG, L=5.3fb""

0 01 02 03 04 05 06 07 08 09 1
RF discriminant

350

300

250

200

150

100

1 D@, L=5.3 fb™’
7 >3 jets
{ one b-tag

0 01 02 03 04 05 06 07 08 09 1
RF discriminant

DO PRD 84,012008 (2011)

m Split sample in 0,1 and >1 btags
m 2,3and > 3 jets

m Use discriminant in regions with at
least 3 jets and bckg dominated

m Other channels used to fit for
predicted number of events

m Simultaneuosly fit for W+HF (2 jets)

DO, L=5.3 fb™

>1 b-tagged jets

D

Number of events
(3]

2 3 >4

Number of jets

o =7.718 *017_ ., (stat +syst) pb
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Dileptons

o -
€40 | (@ D@, L=54fb"
:>j ee+2jet
m Counting experiment on pre-tag a0l [ Z(+jets): 13
and at least 1 btagged jets i Bl WW/W2/2Z: 3
[ ] I BNt 46
20, o DATA: 74
- 1 ta :
Pre tla%F Run I Preliminary (0.1 i) i __CDF Run I Preliminary (s.s%‘} 10
1400p ~@—'DATA ] 30": —e— DATA 1 —+—
KRR S_ys(ematic uncertainty ] ": KXKK S_yslematic uncertainty
A I Tl 0 "~ 57 " 10
g b-tagging NN discriminant
[ Fake
: Use b-tagging NN as discriminant

in different lepton channels
(ee, 1 U,elt)

1jet 22 jet :
(H;>200 GeV + 0S) o=7.36" 0-90_0.79 (stat +SYSt) Pb

Signal region: HT and OS cuts
More than 400 (200) events for pretag (1tag)  Systematic dominated

jcRclelel=lel o = 7.60 + 0.44 (stat) % 0.65 (syst)  0.47 (lumi) pb

b-tagged 0 = 7.09 * 0.49 (stat)  0.52 (syst)  0.43 (lumi) pb
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Exploring different decay modes

Top pair XS measured in different Ratios of XS

Tevatron +—preliminary

decay channels |

DO o,/ o ' 0.86'212 — +0.19

”» DOg,ie; wwp Run; = 0.86 0.17
m Test of SM and sensitive to BSM o | )
DO, / Gy —— 09782

| . = +0.32
DG Run i July 2011 | 1457052 Rzym+j= 0.97 -0.29
CDF o,/ o : P
. . 0.21b™
lepton+jets + dileptons (PLB) 0.19 +0.57 |
5415 )-T_‘ 740700 5 Pb | <41
lepton+jets (topo + b-tagged, PRD) 025 +0.75
53 765755 losr PP . l N .
) 0.5 1 1.5 2
dileptons (topo +b-tagged, PLE) 7.27:58 0% pb tt Cross Section Ratio
5.4 fo~! ’ :
lepton+track (b-tagged)* 50 *16 09 035 pb o o . + +
Establish limits, Br(t > H'b), H" — 7 v
tautlepton (b-tagged)* +1.34+1.20
22 —H 7.32 454 1,06 £045 pb . 1 —
) I — 1v)=1 .
tau+jets (b-tagged, PRD) 4 6.30 1154072 .0 46 oby o ( ) D@, L=1.0 fb'
1.0 b 1090677 T 0 8_‘ —=— Expected 95% CL limit
alljets (b-tagged, PRD) — 6.9 *12 14 s04 pb = 1 —*— Observed 95% CL limit
1.0 o™ N m J
(stat) (syst) (lumi) 0.6_
175 GeV B M. Cacciari efal., JHEP 0809, 127 (2008) ]
Mhop = [l N. Kidonakis and R Vogt, PRD 78, 074005 (2008) E

CTEQS.6M S. Moch and P! Uwer, PRD 78, 034003 (2008) 0.4 /
PR P B /i IR B i
+ = preliminary 0 2 4 6 8 10 12 0.2-]

red = 2011 result

blue = 2010 results Y (PF_)—) tt_+ X) [Pb] 4 el
DO PRD 80, 071102 (2009)  0-g5-
CDF PRL 96 042003 (2006)

1000 120 140 ~ 160
M, [GeV]
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Events/(5.0 GeV/c?)

-

More challenging channels

PHYSICAL REVIEW D 81, 052011 (2010)

1-tag events w > 2-tag events
—+ Data r ~t- Data ..
H*Hi Faea T “ Fitted m Large multijet background
i b sl i . . . .
Ry | Fudte : ’ riedBie (6-8 jets in signal region)
s * ¥2/Ndof = 26.7 / 38 : 30l H }\ ¥3/Ndof = 19.4 /21 . .
[ reseome g ]lﬂ H prob = 0361 m NN to differentiate
00| o 20—
#" *ﬂ @ *
50 # # . .
K . ‘°E H# . m Derived cross section from
R N AL .. N
m{° (GeV/c?) 100 150

ey the fits for the top mass

tt— 7T, Missing E; of Final Selection [ ]

-
N

CDF Ruh Il Preliminary, 9.0 '

Counts/20 GeV
5
T

m Lepton + 7 channel (decaying
hadronically)

©
T T

m Around 30 expected events after
tagging requirement

3 P N PPN IR IR B s
0 20 40 60 80 100 120 140 160 180 200
Missing E; [GeV]

Ao,
Lo o B

{
B | ) |
i [ |
T T [
il s |

0O = 8.2 x 2.3 (stat) £ 1.2 (syst) = 0.5 (lumi) pb

| 1 I 1
I
20 40 60 80 100 T30 40 760 T80 200
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Tevatron combination

m Precise measurements
from each experiment are

combined for a detector [CDF DO | |
and a Tevatron Central value of o 7.63 7.56
Sources of uncertainty Corr.
combination Statistics 0.31 0.20| no
Modeling of the detector 0.17 0.22| no
. . . Modeling of signal 0.21 0.13]| yes
s Combination is Modeling of jets 0.21 0.11| no
performed taking 1nto Method of extracting oy 0.01 0.07| no
.. Background modeled from theory| 0.10 0.08| yes
account statistical and Background based on data 0.08 0.06| no
systematic correlations Normalization of Z/v* prediction | 0.13 - no
. Inelastic pp cross section 0.05 0.30| yes
(much of the exercise Detector luminosity 0.06 0.35| no
done for tOp mass) Total systematic uncertainty 0.39 0.56
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Tevatron combination |I
[ ]

Tevatron Run |l May 2013
-1 . . .
CDF ANN lepton+jets F—eo—H 7.82+0.38+0.41 46fb”
+ 0.56
CDF SVX lepton+jets i@y 7.32+0.36 + 0.61 4.6fb"
+ 0.71
CDF all-jets F - . 1 7.21: 050+ 1.18 291fb” CDP
+ 1.28
CDF combined [ | 7.63:(()).53;1 0.39 o =17.63 *0.50 (Stat+syst) pb
D@ dilepton —— 7.36 = 0.85 5.4 fb™
D@ lepton+jets [——e—— 7.90+ 0.74 5.3fb™
D@ combined —e — 7.56 =+ 0.20 + 0.56 DO
+ 0.59
0 = 1.56 * 0.59 (stat+syst) pb
Tevatron combined e 7.60+ 0.20 + 0.36
m, = 172.5 GeV + 0.41
| B EPEFErEr BT |

& 7 8 9
pp — tt cross section (pb) at\/s=1.96 TeV

Consistent results from the different channels and detectors
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Tevatron combination

[

)

Tevatron Run Il May 2013
CDF dilepton —— = 7.09+0.49+0.67 8.8fb"
+ 0.83
CDF ANN lepton+jets e+ 7.82+0.38+0.41 46fb”
+ 0.56
CDF SVX lepton+jets ~ Ifr@efed 7.32+0.36 + 0.61 4.6fb"
+ 0.71
CDF all-jets —_— 7.21:050+1.18 2.91fb"
+1.28
CDF combined [ = | 7.63+0.31+0.39
+ 0.50
D@ dilepton —] 7.36 = 0.85 5.4 fb™
D@ lepton+jets [——e—— 7.90+ 0.74 5.3fb™
D@ combined —_e —i 7.56 = 0.20 + 0.56
+ 0.59
Tevatron combined [ S | 7.60+ 0.20 + 0.36
m, = 172.5 GeV + 0.41
| IR PR EErRr e |

6 7 8 9
pp — tt cross section (pb) at\/s=1.96 TeV

7.60 + 0.41 pb

= 10:
Lgs5f  TevatronRunll,<8.8fb"
> g,
8.5"
7.5
6.5
63— —e&— Measured o(pp— tt+X)
I —— Measured dependence of o
5'5;_ —— NNLO+NNLL QCD
568 170 172 174 176
Top quark mass (GeV)

5.4% experimental uncertainty
Theory prediction: =4%
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Events

tt + tt+ v

CDF PRD 84 031104 (2011)

) X ) > | ]
Lool.<1ng. into 3 or more jets: 8 10" « Data(e+u )
2D likelihood for tt+jet and tt+0jet o | I

n !
& _f IWy+HF |
c O .
CDF Run Il Preliminary L = 4.1 b o M’sc
Ml Data lﬁ
M + 0j (5.5pb)
| ORI Y o | S B

1000

H(GeV)
500 Search in the semileptonic channel

Observed 30 candidates

% T I T T T T | T T T T

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

3 O probability for

background only assumption
0 4= 1.6 £ 0.2 (stat) = 0.5 (syst) pb

o = 0.18 + 0.07 (stat) + 0.04 (syst)

[ Opmo=1.19 +“'“-o.31 pb ] + 0.01 (lumi) pb

Uwer et al. arXiv:0810.0452




Differential cross sections

m Looking into detail to the production mechanism:
m Testing pQCD predictions and potential indicators of new physics
m Very important for accurate modeling

DO PLB 693, 515 (2010)

T oo Unfolding
%’1 =§f:kzlround 3 ‘;,0 16-_ DQI | °® I ﬁlali[l(a)’ 1(5%1[) | | —:
° - p ]
E From reconstructed Dol Approx. NNLO pQCD
top quark pspectrum s F B MC@NLO :
20-12F ~ == PYTHIA E
g ol ALPGEN ;
“ Zoosby | ]
L D quark p. [Gevic] g Ebl 5
0.06 ! -
to background-substracted FEE :
‘.'g Dzlllldatal1be‘I 0.04 e i 7

> L

8 1ol - B

: F =
— reconstructed | / l 0.02 5
. ted C My
CO?_ -I | & I 1111 I I I IIIIIIII I llllll

-

|1 finite resolution effects
T~

2b L b b b b L L o
0 50 100 150 200 250 300 350 400

107E

10°

0 50 100 150 200 250 300 350 4;)0
to spectrum corrected by top quark p_[GeV/c]

top quark p, [GeV/c] Good agreement with NLO and approx NNLO pQCD

Soon to be released a full Run II dataset measurement from DO
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Differential cross sections Il

m Many BSM mechanisms could distort the Mtt spectrum

CDF PRL 102 222003 (2009) Ferroglia et al. Nucl.Phys.Proc.Suppl.205-206:48-53,2010

100
_¢_
——— SM Expectation Pythia \/3 =1.96TeV
— 10
© 10 ¢ © Data =
N g
3 S
Q <
£ 2
= 1 E ‘
E -
2 ? = ‘
3 D
=
o b 0.1
= $ ~}~ CDFdata
PRI SR S S NS SRS S SR S SRS ] P R - NLO + NNLL
0 200 400 600 800 1000 1200 1400
2:
Unfolded M, [GeV/c"] 0015300400 600 800 1000 1200

M [GeV]
More recently compared with NLO+NNLL with improved agreement

CDF Full Runll data result on distributions of ttbar production angle on Afb talk.
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More results from Tevatron

m “Measurement of the top quark mass at the Tevatron”,
Y.Peters

m “Single top quark production cross section at the Tevatron”,
A. Garcia-Bellido

m “Top quark properties studies at the Tevatron”,
S. Leone

m “Measurement of the charge asymmetry in top quark pair
production at the Tevatron”,
R. Demina

CDF results:

http://www-cdf.fnal.gov/physics/new/top/top.html

DO results:
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html



Summary

m Presented measurements of inclusive top pair cross section
from DO and CDF collaborations

m Consistent results from different decay channels

m First Tevatron combination, uncertainty of 5.5% , in
agreement with latest theoretical prediction

O revarmoy = 1.60 % 0.41 pb

m New results of differential cross sections are expected using
the full Run II dataset




