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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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The Tevatron at FERMILAB: pp Collisions

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

p BTA"/ “!-ATA' ;

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?

05/07/2012 Top Pair Production Cross Section - Christian Schwanenberger - ICHEP 2012, Melbourne ER O R

sssssssssssssssss




Tevatron Integrated Luminosity
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Thanks to accelerator and computing divisions!

WSl 05/07/2012  Top Pair Production Cross Section - Christian Schwanenberger - ICHEP 2012, Melbourne 4 oo

chchchchchchchchchchchchch




Inclusive procduction cross section
Differential cross section
Top mass
Lorentz invariance violation
Conclusions
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Differential cross section
Top mass
Lorentz invariance violation
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Top Quark Pair Production

85%

q t
g t

g t g t
t:i:i::z:il:::::::: _% j:::i::i:i1:><::::: 1_:z::;)'.!Jl.‘ll-gtp“cl.‘<:’:ﬁ' ]LE;S‘;
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

all jet
46%

lepton + jets

| u?j |
wt e/n + jet
dilepton (e/p) 34%

6%
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Lepton+]Jets Topological Cross Section

powerful test of QCD and search for new physics

- kinematic properties allow
separation between signal and
background

DO, L=5.3fb™"

top pair

250

200

Events / 10 GeV

150

use variables such as: :
100

energy-dependent quantities: W+j&tsz
* e.g. transverse mass of leptonic top 50

angular dependent: 0 50 100 150 200 250 300 350 400 450 500
* e.g. sphericity M: (GeV)
g 250—_ 1
2 ] ' DO, L=5.3 fb
(1] ] u
‘ Random Ft?r_ests of 2 2 + top pair
Boosted Decision Trees &

. ]
W+jets:
L b 100
F P S b ]
q 50:
F/\P F/\\P ‘ <a i

wr = 01 02 03 04 05 06 07 08 09 1

B | o ==
| & - 3 o Sphericity
J
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Lepton+]Jets Topological Cross Section

powerful test of QCD and search for new physics

- 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

0

g D@, L=5.3 fb "'
2 ™ top pair
5 0 PP
S . v
W 150 P
w - 100—; q
+ Jetg J q'
0 50 100 150 200 250 300 350 400 450 500
M- (GeV)
3 250_5 DG, L=5.3 fb ™!
(7] ] )
g m H top paiir
"'" 150-
W+ jets:
b 100
v e ]
2w b q 507
w+ <E ]

0 o1 02 03 04 05 06 0.7 08 09 1
Sphericity
t
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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

. . Nucl. Instrum. Meth. A 620, 490 (2010)
> B hadron lifetime v ~ 1 ps

> B hadrons travel ny ~ 3 mm before decay

jo 280
370
C
D 60= —
Secondary vix _9 | )
4= 50 [as
displaced track Ll I + |
"d'; 40- rhiﬁ
Primary vix ’ — E_T]:r 4 P, >I 30 GeV, n| < 1.1
7 Qo 305— P, 115 GeV, | < 2.5
20_||I L L ||||||| ! Ll
10" 1 10
> secondary vertex tagger Fake Rate (%)
> 45% b-jet tagging efficiency
(with fake rate of 1%) » 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™

Phys. Rev. D 84, 012008 (2011)

binned maximum likelihood fit
(systematics included as
nuisance parameters)

combine:
2,3, =24 jets
0,1, 22 b-jets
e and p
3 >4
¢ Number of jets
. ~ 350
W+jets & heavy S o DG, L=5.31b"
flavor scale & 0]
factor fH 200—;
g “counting”
systematically
limited: 0 01 02 03 04 05 06 07 08 09 1
- Iuminosity RF discriminant
m = 172.5 GeV
- JES and JER +0.77 top

- b-tagging [Gu = 7'78-0.54 (stat+syst+lumi) pb ] +9%

WSS 05/07/2012  Top Pair Production Cross Section - Christian Schwanenberger - ICHEP 2012, Melbourne 14 SWsocarny

sssssssssssssss



Dilepton Cross Section with b-tagging

o ‘E 4,,:_ (a) D@, L=5.41b" -E [ (b)) D@, L=5.4fb"
z +J et s 2 ee+2jet 2 80 uu+2jet
300 [ Z(+jets): 13 i [ Z(+jets): 67
\ C B WWWZ/ZZ: 3 60 E WW/WZ/ZZ: 5
[ B+ii 46 . Instrumental: 8
20- e DATA: 74 i Bt 60
g b i 40: e DATA: 144
b 10 20l
.+_
0 5 10 0™ 5 10
YA b-tagging NN discriminant b-tagging NN discriminant
<t : I)
t *E L () D@, L=5.4 fb™ 'E . (d) D@,L=5.4fb" to
I;.!_..:‘150'_' -+- ep+2jet E.-: 80 '+' eu+ljet ai r
: [ Z(+jets): 30 i [ Z(+jets): 41 p
100 B Ww/w2/zZ: 9 60~ Bl WwW/Wz/zz: 21
s [J Instrumental: 23 I [ Instrumental: 25
I B ti: 192 a0- B et 52
s ® DATA: 281 - ® DATA: 150
50 I
20 F
+
™% 5 10 0™ 5 10
b-tagging NN discriminant b-tagging NN discriminant
Phys. Lett. B

704, 403 (2011)

+0.90
-0.79

+11%

THE ROYAL
SOCIETY
aaaaaaaaaaaaaaa

O, = 7.36 (stat+syst+lumi) pb

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 (rLe) +0.19  +0.54
Q 531 740750 g5 pb
o 14 ki
epton+jets (topo + b-tagged, PRD) He¥ #0.25 +0.75
= 53" 7.65 525 —os7 PP
e
ileptons (tope + btagged, PLE) +045 +0.76
o dil HeH 7.27 b
12 Ehas &l _g45 -083 P
lepton+track (b-tagged)* 16 +0.8
1F:'] iyt fanges 5.0 113 ‘g 03 pb
10 [ ot e cn} 73273412 0 aspb
.................. ta:t;j;elts {b-tagged, PRO) H 6.30 11150 2040 pb
8 e o m 69 13 e b
. . (stat) (syst) (lumi)
6 ::;.’ ........... = 175 GaV . M. Cacciari I., JHEP 0BODS9, 127 (2008)
_ '~’~... . m'W(;TEQE i B N. Kidonakis @ind R| Vogt, PRD 78, 074005 (2008)
—e— o(pp— t+X — l+jets+X) . eiN\& ' S. Moch and P\ Uwer, PRD 78, 034003 (2008)
. —— Exp. mass dependence -0 e e
41— —— NNLO approx Kidonakis * = preliminary 0 2 4 6 8 10 12
F ——2 NNI O annray Moch and llwar -, red = 2011 result - -
i NNLO approx Moch and Uwer B o (pp — tt+ 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
had " had

= 1725 Gev Top Quark Mass (GeV)

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

= good agreement with higher order QCD calculations

THE ROYAL
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Inclusive procduction cross section
Differential cross section
Top mass
Lorentz invariance violation
Conclusions
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Differential Cross Section

w > important test of NLO QCD
> unfolding of distributions

Phys. Lett. B 693, 515 (2010)

F. b _I LI I rrri I LI II IIIIIIIIIIII IIIIIIIIII_
O .16 DD o data,1fb’ -
% L NLO pQCD . Cidonakis. Voat
X idonakis, Vogt,
Go14r — 'I’\*/Ipé’g’li”_’\(')'\"-o pQCD- Phys. Rev. D78, 074005 (2008)
s [ /-
2012 - — = PYTHIA (tree level LO)
ootk || ALPGEN E
s [ | (tree level incl. |
~ 0.08[ | higher orders) -
o "E oo g ) :
S0 - -
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
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Differential Cross Section

w > important test of NLO QCD
> unfolding of distributions

Phys. Lett. B 693, 515 (2010)

= ' T IRAREE RN 2.0 T T RERRE RARRE LRARN
I0016—_ D@ o data 1 fb1 ] 8 - @ data 1 fb1 D@ a
> NLO pQCD ] O 18- NLO pQCD scale uncertainty ]
Go.1af —— Approx. NNLO pQCD © T — Approx. NNLO pQCD :
s F - MC@NLO : O 16f----- MC@NLO .
20128 — —— PYTHIA (tree level 10) > [ ---PYTHA |
ootk Loy ALPGEN ] o 14 -:-:- ALPGEN i_'_"_':'_':
S | . (tree level incl. o . .F
~ 0.08[ ! higher orders) - = 1.2r
© —*— | p—— ] E :
Coopled -:- . = 1.0p
s 5 0 5 o -
0.04 S o4
0.02f »
: ] 0.6
0 50 100 150 200 250 300 350 400 050 100 150 200 250 300 350 400
top quark P_ [GeV/c] top quark P_ [GeV/c]
> need NLO QCD to describe > shape described well by
normalisation correctly PYTHIA and ALPGEN

05/07/2012 Top Pair Production Cross Section - Christian Schwanenberger - ICHEP 2012, Melbourne 19 BEicin”

sssssssssssssssss




Inclusive procduction cross section
Differential cross section
Top mass
Lorentz invariance violation
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: — M, My Mo, 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?

—

?
S 80.46

Not excluded at 95% C.L. by direct searches

— My, WA, M: Tevatron

£30-44 68% C.L. <

pole mass 80.42

\SMQ

80.38

:

80.36

80.34

80.32

80.30 ] | | | | 11 1 | I | I I LIl 1| I /

165 170 175 180 185 190
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?

—

E 80.46 :_ Not excluded at 95% C.L. by direct searches
[ M, WA, M: Tevatron
gso'“ . 68% c.L!"‘Il rﬂcﬁx
pole mass 80.421 o
30.33:—\A
8036 “—_ world
i N average
%0341 S interpreted
80.321- / as MS mass
30_30:|Iu|.|....|....|...|,,,,| ~10 GeV (3-loop)

165 170 175 180 185 190
M, (GeV)

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

----------

- Ahrens et al N

=
]
o
(7]
c
=
(1]
o
Q
—_—
)
T

~~~
-

—— Measured deperjdence of 6 IR

.'Q~ &
B

-
e 2
e

-

—— Approximate NNLO >
—— NLO+NNLL

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

MC mass = pole mass

pole +5.2

m’ =166.7 . GeV| +2.9%

-4.5

THE ROYAL
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Top Quark Pole Mass

S 8 b DJ, L=5.3 fb
g 80.46 __D Not excluded at 95% C.L. by direct searches N-I:‘ L
gso 44: — My, WA, M;: Tevatron 3 o 12:
. — o /] —
r ReekL &2 . “\3\: Moch, Uwer
80.421 g TN\ Phys. Rev. D8O,
pole mass - %{ob 101 054009 (2009)
80.40) & L N, T
80.38 8- el
80.36/ o[ JHEP 1009, | "% T
- r - 097 (2010)
80.34 Q@“" | —e— Measured o(pp—} tt N e,
L 4-_ —— Measured deperjdence of ¢ “- s
80.32:— / . —— Approximate NNLO
B | —— NLO+NNLL ‘
80.30\||||||||||||\|||||||||||| 2|||||||||||||||||||||||||
165 170 175 180 185 190 150 160 170 180 190
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 +5.2

m’ =166.7 . GeV| +2.9%

-4.5

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

) _ .1
better convergence of higher 2 14 D@, L=5.3 fb
b=

order resummation
Moch Uwer

..
-
.
.
.
.Q
- . .
........
e
-~ .
.o \ *,

~ay,
“ay,
fan,
—ay
----------
.....
-----

e
-
S
S
e
.
e
e .
.....
e
.
ey
e
.._

8 .Q -
- Ahrens et al. PN
6_— ~.
| = Measured o(pp— fi+X) N
ak— Measured dependence of 6~
. —— ApproximateNNLD
[ —— NLO+NNLL
MC mass = p0|e mass 2 1 1 1 | 1 i T 1 | 1 1 1 1 | 1 1 1 1 | 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 —

MS

+4.8
m_ = 160.0__ GeV +2.8%

THE ROYAL
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Top Quark MS Mass

Loy
S f 8 40 DO, L=5.3 fb
g 80.46 __D Not excluded at 95% C.L. by direct searches ‘-If -
= . o [
g | M,, WA, M: Tevatron 3
80.44— A o 127
- RO &2 SRR R Moch Uwer
i o4 | N e, S\
80.42 pole mass & 1o
i o
& S e SNl N Nt
80.400 S - T SR
f 8- BRI
80-38 B * &n:: ::‘ .
— : . Ahrens et al. N T
MS mass - 6
- | ——— Measured o(pp— t§+X)
80.34- al — Measured dependgnce of ¢
B . —— Approximate NNL
i [ — NLO+NNLL
B L1 P
80.30° a7 175 180 185 190 2 w0 im0 70 780
M, (GeV) Top quark MS mass (GeV)

> first extraction of MS mass taking selection efficiency into
account — e
m_ =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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Inclusive procduction cross section
Differential cross section
Top mass
Lorentz invariance violation
Conclusions
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Search for Lorentz invariance violation

General Lorentz invariance violating terms added to
SM Lagrangian:

Standﬂ Model Production J.Errrecuuns Decay Corections

F

G B, " s =
M |2=PFF-!-(::‘R+£':L)lw (6P ,+5 PF)WFF;I-&:‘L)M (P(F)""F+PF(6F)")

symmetric traceless matrices:
strength of Lorentz invariance violation
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Search for Lorentz invariance violation

L;
Eint

Ni = Niot

11+ fsfsme(0i))

» L; is the integrated luminosity over appropriate bin of sidereal phase ¢,
> f, is the fraction of signal (tf) events

o 0.8( 3 o 0.8¢ 3
-(a) DJ, 5.3 fb - (b) DG, 5.3 fb
0.6 tt / e-channel 0.6 tt/ y-channel
_ 1 (Ni/Ns+s g 3
Ri:f L —1) o4} 0.4¢
S i int 0.2 | 0.2 _‘.__0_*+ ——
02F - -+ 0.2 T 14T
-0.4| -0.4F
0.6/ -0.6[
Nl P, - | SR R SIS T
0'80 0.25 0.5 0.75 1 0'80 0.25 0.5 0.75 1
Sidereal Phase / 2n Sidereal Phase / 2w

= no indication of time dependence of tt cross section
= first constraints on LIV in free quark sector (cu)xx, (CL)xy, = 5 (CR)XX; =
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Conclusions

> top pair production cross section
8% precision, many channels analyzed, good agreement
with NLO QCD predictions, no new physics observed

> differential cross section is investigated
e.d. top quark transverse momentum, powerful QCD tests

’ pOIe and MS mass E _ —IINII-OIQICIID(Ippl)I | Iol lJALI;:iuic-]fffbl'“Iprlelilm.l)I -
pOIe mass agrees With D.: - !:igméczt;;{pp) ¥ CMS(U.B-1.1fb'1,prelint._.)‘._.‘l‘l

02 = - Approx. NNLO (pp)

Tevatron combination within 16 " - - =
> top quark production as

expected in SM 3
new tests using NNLO+NNLL
calculations: 3% uncertainty 11-?"" e o Ju
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Lepton+jets Signatures

3000 times higher rate

background

W + jets

Q|

10 ¢

10" times higher rate

multijets

Wesed  05/07/2012

Top Pair Production Cross Section

- Christian Schwanenberger -

-3

ICHEP 2012, Melbourne
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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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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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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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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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Top Quark Pole Mass

ar Xi v: 1104. 2887 [ hep- ex] o)
L 14
Theoretical prediction | mP'® (GeV) AmP°' (GeV) i
Fy <) 125
MC mass assumption |mMC = mP® mMC = mMS e
NLO [12] 164.8%37 —3.0 105 DN
NLO-+NLL [13] 166.5153 —27 e AN
NLO+NNLL [14] 163.0154 3.3 8- e N
Approximate NNLO [15]| 167.5152 —2.7 ] """""""""""
: +5.2 »
Approximate NNLO [16]| 166.77;% 2.8 — Messuredo(pp xS

4

MC mass = pole mass,

—— Approximate NNLO R
—— NLO+NNLL

NN
—— Measured depe$ence of 6 NI

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 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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Different Top Mass Definitions

hep-ph/0001002

peal

scheme

MS
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Search for Lorentz invariance violation

> General Lorentz-violating terms added to SM Lagrangian
> Effective field theory treatment for LV
> Not constrained to be the same for all particle species

Standarg Model Pmducﬁuwr‘racﬁnns Decay C‘Wtions

r,r"

IM [?=P F F+(cg+cy),, (8P ,+8 P, FE+(c,),, (P(8F )" F+PF (8 F)")

Vv

> cpand ¢, are symmetric, traceless matrices g
containing coefficients which parametrize
the strength of Lorentz violation in the
top quark sector

> Set limits on elements of ¢; and ¢,
as well as linear combinations
c=c+candd=c —c;.

> Top sector only accessible to high-energy
particle colliders

» Tight limits already set on LV other
particle sectors
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Search for Lorentz invariance violation

> GOAL: Estimate components of ¢z and ¢, matrices

SM extension

Apparatus _

S
CL(R _R( Wgide ){Sun—rApparatus]cLL(“;?} /

> D-Zero events projected onto different components of SME

matrices c; and ¢;

> Varies with sidereal frequency as detector rotates with Earth
> Unique signature!
> Time-dependent event rate.
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