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The Top Quark

> needed as isospin partner of
bottom quark

a2 > discovered in 1995 by CDF and D@:
O« ~ gold atom

top

* large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

» short lifetime: T~ 5 -10%s < A‘1QC :

D
decays before fragmenting
— observe “naked” quark

Is the top quark the particle as predicted by the SM?
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Top Quark Pair Production

85%

q T
g t

g t g t
g tg tg t

PRD 78, 034003 (2008)

O = 7.46 067 pb in NNLOapprox

(m_ = 172.5 GeV)

+0.48
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Top Pair Signatures

tt decay modes

lepton + jets

all jet
46%

dilepton (e/p)
6%

ud

W

+ e/n + jet
34%
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Lepton+jets Signatures

W + jets

Q|

10 ¢

3000 times higher rate

10" times higher rate

background

multijets
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Dilepton Signatures

background

300 times higher rate
g b

q\999*

Z + jets

ol

> less statistics
> less background

— electron+muon event with b-tagging
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Top Pair Production Cross Section

» check if production rate is as expected in the SM
» test of the underlying theory: QCD

- powerful search for new physics beyond the SM

Measurement: | O=(N,.-Ny,)/ (EL)J\

y 3.4 fb: <
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Lepton+]Jets Topological Cross Section

- kinematic properties allow
separation between signal and
background

DO, L=5.3fb""

Events / 10 GeV

top pair
use variables such as:

. 100,
energy-dependent quantities: Wi
- e.g. transverse mass of leptonic top

angular dependent:

50 100 150 200 250 300 350 400 450 500

* e.g. sphericity M (GeV)
< 250
S ; DO, L=5.3 fb™’
‘ Random Forests of 2 200 ++ top pair
Boosted Decision Trees g 150_5

le
e

ke

ke 100

W+jets:

=,
F/\P F/\ P
0 01 02 03 04 05 06 07 08 09 1
. ‘e Sphericity
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Lepton+]Jets Topological Cross Section

- kinematic properties allow

separation between signal and

background

use variables such as:

energy-dependent quantities:
- e.g. transverse mass of leptonic top

angular dependent:
* e.g. sphericity

‘ Random Forests of
Boosted Decision Trees

background signal

0 1

Events / 10 GeV

DO, L=5.3fb""

top pair

50 100 150 200 250 300 350 400 450 500

M:"' (Gev)

Evenis / 0.04
N
[=]
i Iol 1

DO, L=5.3fb™"

H

01 02 03 04 05 06 0.7 08 0.9

top pair

1

Sphericity
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Lepton+]Jets Topological Cross Section

up to 6 variables

DG, L=53f"

2 4 jets

Events / 0.1

top
pair

5 59 b5 o6 0. — combine:
il RF discriminant 2 jets
multijets e
+0.71 _ >4 jets
1725 Cev [Gu = 7.68_ (stat+syst+lumi) pb ] e and p
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b-tagging

> B hadron lifetime v ~ 1 ps

Nucl

> B hadrons travel ny ~ 3 mm before decay

Jet

Secondary vix

Y

displaced track

Frimary vix

/\\

> secondary vertex tagger
> 45% b-jet tagging efficiency
(with fake rate of 1%)

b-jet Efficiency (%)
&8 8 3 3 3 8

N
()

. Instrum. Meth. A 620, 490 (2010)

IIo

- 1"'

- ~ ]

—+T | p_=230GeV, | <1.1
: b P >I 15 GeV, n| < 2.5
_I I| 11 II | 1 1 I | I|
10 1 10

Fake Rate (%)

* form a 7-variable neural network
> b-jet tagging efficiency 59%
(with fake rate of 1%)
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Lepton+]Jets Cross Section with b-tagging

w very powerful tool to reduce the background

2000
1800
1600
1400
1200
1000

800

600

D@, L=5.3 fb™

top
pair

v

Number of events

W+jets

/

400
200
/ . 0 1 >2
.n Number of b-tagged jets
multijets
8.13" 7 (stat+syst+lumi) pb
o.= 813 _ (stat+syst+lumi) p m_ = 172.5 Gev
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Combined Method

DO, L=5.3 fb™

ar Xi v: 1101. 0124 [ hep- ex]
accepeted In Phys. Rev. D

combine:
2,3, =24 jets
0,1, =22 b-jets

e and p
3 >4
¢ Number of jets
W+jets & heavy 3 - 00, L=53 b
flavor scale o
factor fH 200—;
il “counting”
Systematically _
limited: 0 01 02 03 04 05 06 07 08 09 1
- IuminOSit RF discriminant
_ JES and JEyR 077 m . = 172.5 GeV

- b-tagging [Gu = 7.78_, ., (stat+syst+lumi) pb ] + 9%
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Dilepton Cross Section with b-tagging

ar Xi v: 1105. 5384

N i 7] C
z + a ets ﬁ aol | (@ D@, L=5.41fb" ﬁ - (b)) D@, L=5.41b" [ hep- ex]
J 2 I ee+2jet 3 80r uu+2jet
30( [ Z(+jets): 13 i [ Z(+jets): 67
\ r B WW/WZ2/ZZ: 3 30_- E WW/WZ/ZZ: 5
i i 46 L Instrumental: 8
20 e DATA: 74 a0} B+ 1: 60
i i e DATA: 144
10} 20-
.+_
0™ 5 10 0™ 5 10
b-tagging NN discriminant b-tagging NN discriminant t
% 503 (€) D@, L=5.4 fb" g - | (d) DO, L=5.4 fb™ ?
a1 '+' eu+2jet & 801 '+' ep+1jet pal r
I [ Z(+jets): 30 i [ Z(+jets): 41
100l- Bl ww/wz/zz: 9 60~ Bl ww/wz/zz: 21
. [ Instrumental: 23 L [ Instrumental: 25
B t: 192 aok Bl ti: 52
® DATA: 281 i ® DATA: 150
20;
+
0
5 10 0 5 10
b-tagging NN discriminant b-tagging NN discriminant
7.36" " (stat+syst+lumi) pb
0= /.30 ;4 (Stal+sysi+iumi) p ill%

m_ =172.5 GeV
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Top Pair Production Cross Sections

Combination: |+jets and dilepton DO Run I July 2011

lepton+jets + dileptons (FLE) +0.19  +0.54
Q 5.3 fr 740 ;19 Zoss PP
.Q', 14 lepton+jets (topo + b-tagged, PRD) He¥ 7.65%025 075 o
= 53" W _p25 -057
bﬂ-’
dileptons (topo + b-tagged, PLB +0.45 +0.78
12 5:3‘;-1 e * . r HeH FaoE 28
lepton+track (b-tagged) 16 +08
2 1[:] iyt G 5.0 *J7 ‘ps 03 pb
v, b "-‘ “3‘ tau+lepton (b-tagged) 1.34 +1.20
10 ...... K - 2.2 rb-P e 7.32 t1.24*;1 06 :0.45pb
........... tau+jets (b-tagged, PRD) +1.15 +0.72
............. 10rju‘ 1 H 6.30 7, 5 1557 t0.40 pb
8 TN, SRS i, Pen —— 89 112114 w04 pb
T 1.0 &
. (stat) (syst) (lumi)
6 ::;x ........... - 175 cey M M Cacciari efal., JHEP 0809, 127 (2008)
_ '~’~... . mmc_:reua G B N. Kidonakis @ind R. Vogt, PRD 78, 074005 (2008)
—e— o(pp— t+X — l+jets+X) . eiN\& ' S. Moch and P! Uwér, PRD 78, 034003 (2008)
. —— Exp. mass dependence -0 e e
41— —— NNLO approx Kidonakis * = preliminary 0 2 4 6 8 10 12
- '... - 1 I — -
[ —— NNLO approx Moch and Uwer : [ T el o (pp = tf + X) [pb]
. —— NLO+NNLL Ahrens et al.
2 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
150 __ 160 170 _ 180 _ 190 all channels measured except fort,_ T, .

= 1725 Gev Top Quark Mass (GeV)

m
+0.63 .
[th = 7.56_,__ (stat+syst+lumi) pb + 8%

= good agreement with higher order QCD calculations
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Top pair production cross section
Top decay couplings
Top mass
Conclusions
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Searches in Top Decays: b disappearance

q \Y,
t
W+
500000 0 t
q ¢ q
w-
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Measurement of Branching Fractions

Vud Vus Vub
R=B(t—>Wb) VCKM: Vcd Vcs Vcb
n rd M I B<t_)WQ) Via Vis Vi
7 R changes fractions of
b 2 —_ H .
= =y, ['= b-tagged jets:
|th| +|Vts +|th|f 2 DG R
s un ll
! @ 0.8
unitarity of CKM matrix 9 Hl1 tag
Q.
beyond g 00
S
M R=1 ] f.

e.g. decay into 4™ generation
quark: R<1
sensitive to b disappearance

07/21/2010 Top Pair Cross Section and Properties - Christian Schwanenberger - HEP 2011, Grenoble 20 8o

sssssssssssssss




Measurement of Branching Fractions

2 ' | : ' g 30007 | |~ Data
£10000{ D@, L=5.3 b —* Data : e D@, L=53fb" " D
= ' — tt R=1 ' = : — { R=1
t 2500- -
fooeoo T ttR=05 ] tt R=0.5
8000__ ------- ti R=0 - :.......................; _______ ti R=0 -
] Background | 2000 Background |
6000 L e
] lepton + 3 jets 1500 lepton + >4
b ) 1000
2000—_ R B 500_: """""""""""""
0 | AR FF R IJ‘PJ FREIRLR 0 : :--I--.--I--I--I--I--I--I--I--I--I-
0 1 >2 0 1 >2
Ntag Ntag
- L | L L L L L L L L L
] 1 -1 —» Data
1o | DO, L=54 T Tl
R - t{iR=0.5 |
i tt R=0 [
102 Background s
o] PEiE et
;. Tl b dilepton
topological information ;- L
and b-tagging :
107 T B T
0 5 10
NN output

21 &G
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Simultaneous Measurement of o and R

Maximize total Likelihood function simultaneously for
branching ratio R and top pair production cross section

L . g ar Xi v: 1106. 5436 [ hep- ex]

| L ! L !
= 1; DO, 5.4 fb
1 68% CL
195% CL

0.6—: 99.7% CL

0.8
[R= 0.90+0.04 (stat+syst) ]

0.4
3 using unitarity of CKM matrix:

0.2-

[0.90 <[V, | <0.99 @95% C.L. ]

oA

R meas

= agrees with SM
at 1.6% C.L.

+0.67

-0.57

[th = 7.74 (stat+syst) pb]

07/21/2010 Top Pair Cross Section and Properties - Christian Schwanenberger - HEP 2011, Grenoble 22 B&iocin

sssssssssssssssss




Search for FCNC in Top Quark Decays

€

Lrone = 2 sin Oy cos vz = az75)q2" + hec
+
Z .
7\ t
Dot an 4 4
k.,

> select 3 leptons, missing transverse momentum, 2 jets
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Search for FCNC in Top Quark Decays

= C
o i T
B - {11 1 FONC, B(t—Zq)=5%
i i
a, 30 i —=— Data
[75) /+
t 5 : WZ
S N
q w > ; -1 z -
v @ 20 - 77 DQ, 4.1 fb
B q
" t
i - Other backgrounds q
10 g . b
L g f
B 'BEBEEEEEREERRRERRERERREE!
= z EEEEEEEERE R R W_ I_
aq Z
! v
% T T % D@, 411" | 3 [D@, 4.1 |
& ‘D@, 4.1 1b [ tt FONC, B(t—Zq)=5% s o [ &t FONC, B(t—Zq)=5% g DY 4. [ &t FONC, B(t—Zq)=5%
§ -l —— Data § 4__ —— Data § I FEE ? —=— Data
= 20— - w2 #
: O L m e 2
g8 [ I zz 2 | Hidd Iz g [ il Bz
F-% - -Other backgrounds L% 2__ -Other backgrounds L% 1- ﬁ% %j‘? ' -Other backgrounds
T : L
- : i - Gl
[ o . ‘ = iy ()
% 200 400 600 800 1000 % 200 400 600 800 1000 % 200 400 600 800 1000
H, (GeV) H; (GeV) H, (GeV)
3 leptons + 0 jets 3 leptons + 1 jet 3 leptons + 22 jets
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Search for FCNC in Top Quark Decays

Events per 100 GeV

Phys.

~
[U—
S,

D@, [ tt FONC, B(t—Zq)=5% > - 1 -®m. tt FCNC, B(t—Zq)=5%
- ’ () —DQ 4.1 fb™- - e- Data
; T Data g 200 T il SM backgrounds -
T i [Mwz e oL Lol
i EEEEEH .m - - - : Lo
[ i) 22 sool Conon o
BER ERERRERERRY —
i i) [l Other backeround - =R ( 0}
L 4 %. ther backgrounds - - == (b)
r bR RERERE ‘;. . | m - = [E m = 5 = = g & z .
i TR 00~ I ZEEITILIllo
o« - () -1 R
0 200 400 600 800 1000 . B = = =0 - ®
Hy (GeV) 200 = - -
g O_....I....I....I....I...
7 . mreco 0 100 200 300 400
. top 3 leptons + =1 jet mg° (GeV)
t
q E :DQ, 4.1 fb'l {1 tt FCNC, B(t—Zq)=5%
_ gre— b o |
g t ‘g 4L i
w- - o T i
i S : i [ Other back d(a)
B b \;,; ‘ ther backgrounds
Lett. B701, 313 (2011) 95% C.L. = i
B(t—Zq) < 3.2% (3.8% expected) NS .. = S
0 100 200 300 400

M (GeV)

MANCHESTER
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Excluded Regions by Colliders

e ]|
—

excluded at 95%

m, =175 Gu\f.aﬁlﬁmpb
amz'"ﬂ-ahz-KWT'u

}ERA/

* | H1
Preliminary
L3 DO
y
_______________________________ L=411fb" world’s

e -

iy, |
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Top pair production cross section
Top decay couplings
Top mass
Conclusions
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What mass do we measure?

L s -F My (1+ 2)...

e

» LO QCD: free parameter top
> NLO QCD: dependent on the renormalisation scale M

kk\gamiﬁfmwde/w anCD :
g: — My, Wy, M, mc;m{@
M'gaof P onoume ters ojDQCD;

jﬁ cm), m,, (M), My (M), U (1] MC(H))'“{G(H)
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Important to know...

°* measurement reconstructing decay products: depends on MC mass details
> how does MC mass relate to pole mass or running mass scheme?

pole mass

July 2010

80.5

T~

1 — LEP2 and Tevatron (prel.)

----- LEP1 and SLD
68% CL

y \ ______
80.3- | )
150 175 200
m, [GeV]

° can we measure pole or MS mass in direct and well-defined way?
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Important to know...

°* measurement reconstructing decay products: depends on MC mass details
> how does MC mass relate to pole mass or running mass scheme?

July 2010
I

' |
1 — LEP2 and Tevatron (prel.)

80.5 -~ LEP1 and SLD

pole mass ~] wa

804 |}z
e _
- ™ world
803 average
- 0 interpreted
150 175 200 as M mass
m, [GeV] ~10 GeV (3-loop)

° can we measure pole or MS mass in direct and well-defined way?
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Top Quark Pole Mass

ar Xi v: 1104. 2887 [ hep- ex] ) [
& 14
Theoretical prediction | mP°'® (GeV) AmP' (GeV) &F T
NS 12
MC mass assumption |mMC = mP® mMC = mMS -
NLO [12] 164.8%37 —3.0 10
NLO+NLL [13] 166.5153 —2.7 e T
NLO-+NNLL [14] 163.015 5 -3.3 8- T SN
Approximate NNLO [15]| 167.5752 —2.7 " Ahrens et al. [N\
Approximate NNLO [16]| 166.7152 —2.8 8 RN

.
Se

-
e, N
>,

4

MC mass = pole mass,

—— Approximate NNLO

— NLO+NNLL
| | I

150 160 170 180 _ 190
Top quark pole mass (GeV)

* use b-tagged cross section since less dependent on mass
» difference due to MC mass interpretation is included into systematics

pole +5.2
[mt = 166.7_,_ GeV ] +2.9%

- 10 consistent with Tevatron average: m = 173.3 + 1.1 GeV
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Top Quark Pole Mass

March 2011 __ : : : : —_— [ -1
| —m,, m(D0, NLO*NNLL) 8 14 DO, L=5.3 fb
—m,,, m,(DO, Approximate NNLO = L
g0.5 v MO0 App ; o |
----- LEP1, SLD 12— h,
' Fee Moch, Uwer
— Bide L Moch, U s ' . Phys. Rev. D80,
= 10 .“‘_‘_.054009 (2009)
O 804 ( (). )z R O\ e
= - 8— el
Ahrens - Ahrens et al _____________________
- JHEP 1009, -
.......... 6097 (2010) )
80.3 - —— Measured o(ppp tt+X) XX
al — Measured depefdence of o TR Xy
. —— Approximate NNLO
A T | —— NLO+NNLL
150 175 200 2 1 1 1 I 1 1 -I|- 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
150 160 170 180 _ 190
m, [GeV] Top quark pole mass (GeV)

* use b-tagged cross section since less dependent on mass
» difference due to MC mass interpretation is included into systematics

pole

m = 166. 7_45 GeV +2.9%

- 10 consistent with Tevatron average: m = 173.3 + 1.1 GeV
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Tiop Quark MS Mass

8 4L % D@, L=53fb"
S D\ -\
©

better convergence of higher
order resummation a3
 Moch, Uwer

‘e
.
. S
. o \
- Y
.
e
.
.

Theoretical prediction MS (GeV) Am)S (GeV) 10, S TN
MC mass assumption miv[c = mP® mMC = mMS s e
NLO+NNLL [14] 154. 5+ ) —2.9 - Ahrens et al '~ ________________
Approximate NNLO [15]| 160. 0+4 8 —2.6 6_—
[ —— Measured o(pp— f+X) TN
ar Xi v: 1104. 2887 [ hep- ex] 4. — Measured dependence of o
| —— Approximate NN RN
[ —— NLO+NNLL
MC mass = pole mass 2 1 1 1 | 1 1 T 1 | 1 1 1 1 | 1 1 11 | 1 1 1 1 | 1
140 150 160 170 180
Top quark MS mass (GeV)

> first extraction of MS mass taking selection efficiency into
account = —
[mt = 160.0_ , GeV ] +2.8%

- 20 consistent with Tevatron average: m = 173.3 + 1.1 GeV
> Tevatron average is more consistent with a pole mass!
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Top pair production cross section
Top decay couplings
Top mass
Conclusions
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Conclusions

° top pair production
8% precision, many channels analyses, differential cross
section, good agreement with NLO QCD predictions

> precision measurements (see talk by G. Petrillo)
e.g. top mass

> top properties and searches (see also A. Grohsjean)
high precision/sensitivity, some measured for first time

> excellent prospects for top quark physics at the
Tevatron and the LHC
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Which top mass does a LO MC contain?

> matrix element in LO QCD
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Which top mass does a LO MC contain?

> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which top mass does a LO MC contain?

> matrix element in LO QCD

(=2

- t

W SH*

» parton showers simulate higher orders,
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Which top mass does a LO MC contain?

> matrix element in LO QCD

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which top mass does a LO MC contain?

> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons! (LL)

=» very hard to answer...
> arguments that it should be close to pole mass
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The Tevatron at FERMILAB: pp Collisions

\E Inject-'-(l)"l:\'
& Recycler

P BTA"/ “!-ATA' E

Js =1.96 TeV
At = 396 ns

Run 11987 (92)-95

Run 11 2001-11: 100x larger dataset Is the top quark the partiCIe as
atincreasedene?y | nredicted by the Standard Model?
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Combined Method

Source o7 [phl Offset [pb’ +o [pb] —a [ph!
Statistical only 7.58 +0.24 —(.24
Muon identification —0.04 +0.05 —(0.05
Electron identification +0.14 +0.12 —(.12
Triggers -0.09 +0.09 —(.11
Background normalization +0.00 +0.07 —(.06
Signal modeling —0.06 +0.23 —0.21

b-tagging —0.14 +0.12 —0.12 -——
Monte Carlo statistics —0.01 +0.06 —(.06
Fake background —0.01 +0.06 —0.04
fu —0.00 +0.02 —(.02
Jet energy scale —0.03 +0.00 —0.00

Jet reconstruction and identification +(.18 +0.18 —(.17 -*——

Luminosity +0.12 +0.51 —0.44 <-——
Template statistics +0.00 +0.03 —(0.03
Other +0.01 +0.14 —0.13

Total systematics @ET —@
Fit result 7.78 +OTT =0
_ +0.77 . +
n. = 1725 GeV O, = 7'78-0.54 (stat+syst+lumi) pb —9%
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Different Top Mass Definitions

hep-ph/0001002

peal

scheme

MS
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Differential Cross Section

arXiv:1001.1900 [hep-ex]

1'_' _IIIIIIIIIIIIIII IIIIIIIIIIII IIIIIIIIII_

O 16 DD ° data 1fb1 E
=10t NLO pQCD

5 o.14F —— Approx. NNLO pQCD
S [ B ---- MC@NLO :
L2012 — == PYTHIA E
g ot | |- ALPGEN E
T :
~— 0.08}

©

O.06F

0.04F

0.02f

0 50 100 150 200 250 300 350 400
top quark P_ [GeV/c]

> need NLO QCD to describe
normalisation correctly

w > important test of NLO QCD
> unfolding of distributions

Kidonakis, Vogt,
Phys. Rev. D78, 074005 (2008)

Ny 07/21/2010 Top Pair Cross Section and Properties - Christian Schwanenberger -

HEP 2011, Grenoble

zzzzzzzzzzzzzzz



Differential Cross Section

w > important test of NLO QCD
> unfolding of distributions

arXiv:1001.1900 [hep-ex]

2.0 RRRRN AR RRRRE LARAN
° da’[a1fb1 DY

-
o
1

= NLO pQCD scale uncertainty

[ —— Approx. NNLO pQCD ]
1.6 ----- MC@NLO .
L —— - PYTHIA :
AL - ALPGEN Rl e

=== ==

—h
N
T T 1

—h
(=}
LI T

Shape ratio to NLO pQCD
=3 S

o
(=2}
T T 1

050 100 150 200 250 300 350 300
top quark P_ [GeV/c]

> need NLO QCD to describe
normalisation correctly
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Differential Cross Section

% > important test of NLO QCD
> unfolding of distributions

arXiv:1001.1900 [hep-ex]

2_0_I LI I IIIIIIIIIIII I rrri I rrri I LILINLIL I LI I_
° data 1 fo DG 1
[ NLO pQCD scale uncertainty ]

[ —— Approx. NNLO pQCD

PRL 102, 222003 (2009)

-
o
1

CDF Il Preliminary

()]
(@)
)
Q. -
O 16f----- MC@NLO . : —— smExpectation PY THIA
= [ T T~ PYTHIA _._:__.__E — 10 :_ -SM Uncertainties
o 14f---- ALPGEN I Q S o CDFII Data,fL==2.7fb'1
L = > [
o ' 2 i
= 1.2} S
(U - é 1 —
L - = = _
o 1.0F =
o I &, —
i o)
_g 0.8 C o =
(7)) - -
0.6 - |
|||||||| TR RN PN RN TI NN PR PRV S A SN RN TN NN TN T S AT TN TR NN SN WA SO N SN SO T N T W
0 50 100 150 200 250 300 350 400 0 200 400 600 800 1000 1200 1400
top quark pT [GeV/c] Unfolded M_[GeV/c?]
> heed NLO QCD to describe > no deviation from the SM

normalisation correctly
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Differential Cross Section

% > important test of NLO QCD
> unfolding of distributions

arXiv:1001.1900 [hep-ex]

2_0-IIIII IIIIIIIIIIII IIIIIIIIIIIIIIIIIIII

8 [ e data 1 fb1 D - Ahrens, Ferrogia, Neubert, Pecjak, Yang
O 1sF NLO pQCD scale uncertainty arXiv:1006.4682 [hep-ph]
Q. [ —— Approx. NNLO pQCD ] 100
3 1.6 ==--- MC@NLO .
> [ ---PYTHA |
o 14 - - - ALPGEN S - .
O . .f S
S 1.2 -
© [ =2 ’
h -
Q 1.0:. § l
Q 8
8 o.8f 0.1 | | |
(D B ~—— CDF data \ I
0.6} B NLO + NNLL
050 100 150 200 250 300 350 400 ®%% 200 400 600 800 1000 1200
top quark p_[GeV/c M [
> need NLO QCD to describe > no deviation from the SM
normalisation correctly > NLO+NNLL: improvement
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Tevatron Integrated Luminosity

10.0

9.0

8.0

~
o

&
o

Luminosity (/fb)
IS o
o o

2.0

1.0

0.0

Run Il Integrated Luminosity

19 April 2002 - 18 July 2010

NN

L% //
— Delivered .z/ /

a4
— Recorded / 7 /

Pl Vd
el
/_./,/
D
po——
AT
-
Sy M, 0.0, 0, 00,0 00, 00, 0, M, 0 0y 00 0 0, 0, 0, M, 0 000, gy

07/21/2010 Top Pair Cross Section and Properties

- Christian Schwanenberger -

HEP 2011, Grenoble

49 Sc Rt

zzzzzzzzzzzzzzz



Tevatron Instantaneous Luminosity

Collider Run Il Peak Luminosity

4.50E+32 4.50E+32
4. 00E+32 - 4 D0E+32
3 50E+32 3.50E+32
. )
3.00E+32 - 3.00E+32 E
2 S
w =
2 250E+32  250E+32°
= =
E &
3
1 200E+32 200E+32 E
=2 = |
] I -
@D & ' i
0 150E+32 Afs 150E+32 B
o
&
1.00E+32 ek 1.00E+32
T 2 of ‘ "
5.00E+31 b P.“ 5 D0E+3
1.5' - ] t
L ' i "
uﬂﬂE+'uﬂ T e T T I‘l T T T T T T T T T T T T T T T T T T T T T T T T T T T UﬂﬂE+Uﬂ
= = v O O D 0 0000 = s s o WD W WD WD D D D P P B b D00 D 3OO OO OO
2R RR S S NN SRR R0 2R2E23R3322822382=5
2 e 2ee 2 e 22 el 22 2ee 2ea 2es
EE%EEBSEEBSEEESEEBEEEBSEEBSEEB%EEEEEEE
Date
& Peak Luminosity +Peak Lum 20x Average

> peak luminosity of 4.0-10%*? cm™2 s
* took many years to achieve this!

THE ROYAL

Ny 07/21/2010 Top Pair Cross Section and Properties - Christian Schwanenberger - HEP 2011, Grenoble 50 SBsociy

CELEBRATING 350 YEARS




DO Run ll * = preliminary

August 2010

NEW

i i ivate extrapalati
I+jets (topological)* private extrapalation
43 f"
i * private ext lati
|+Jets (b—r.agged) private ex rapova ion

from 172.5 Ge
4.3 ™

I+jets, dilepton, t+lepton (PrD)

1.0

dilepton (topological)*
5.3 fo~"

I+track (b-tagged)*
1.0 o

tau+lepton (b-tagged)
2.2

tau+jets (b-tagged, PRD)
1.0 fo™

alljets (b-tagged, PRD)
1.0fb™

B M. Cacciari e
[ N. Kidonakis gnd R
S. Moch and

My, = 175 GeV
CTEQ6.6M

1@+
.| +0.46 +0.66 +0.54
@+

+0.33 +0.51 +0.49
7.25 753 J039-043 PP

7.93 +0.30 +0.89 +0.54

2030 -0.77-0.47 PP

7.84 2045 —0'54-0.46 PP

8.23 +0.52 +0.85 +0.65 b 9

—0.51-0.80-0.57

50 1% 02 i3 pb

7.32%1 34" 20 1045 pb
H 6.30 '] 15 "0 12 s040 pb
—— 6.9 13 "4 104 pb

(stat) (syst) (lumi)

I., JHEP 0809, 127 (2008)

Vogt, PRD 78, 074005 (2008)

er, PRD 78, 034003 (2008)

rDilepton

(L=4.3fb")

-Lepton+Jets (ANN)

(L=4.6 fb")

—PrLepton+Jets (SVX) iy

(L=4.3fb")

All-hadronic

(L=2.9 ")

CDF combined
v%/DOF= 0.60

[l Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

7.27+0.71-0.46+0.42

(stat) (syst) (lumi)
7.6310.37+0.35+0.15
7.1410.35+0.58+0.14

7.21:0.50+1.10+0.42

7.50+£0.31-0.34+0.15
m,=172.5 GeV/c’

0 2 4

8 10 12

o (pp — tf + X) [pb]

all channels measured except forT, . T, .

5

o(pp — tt)
NEW MET+2, 3, > 4 jets (orthogonal)

9 10

combination: 6% !

= good agreement with SM in all channels
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