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Introduction

» Top-quark = heaviest elementary fermion discovered so far

= Unique properties in the SM! Behaves as predicted
in the SM ? Still point like ?

= Top mass important parameter in the SM

= Very sensitive to EWSB

—> Top plays important role in many SM extensions

Top-quark physics is important

" per se
= for consistency checks of the SM SM extensions

= for new physics searches =———3 background
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Top-quark interactions determined
by the gauge structure of the SM
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The top-quark in the Standard Model

Only “2” free parameters:

= Top quark mass / Yukawa coupling
= CKM matrix

—> Top quark properties can be precisely predicted in the SM
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Experimental status — CKM matrix

Cabibbo-Kobayashi-Maskawa (CKM) matrix

df V'u.d Vus Vub d
S f == Vcd Vt;_‘:s V{:b S
bf ‘/f d V} s ‘/z‘ b b

eigenstates of the

. : mass eigenstates
weak interaction

[CKMFitter 2012, taken from A.Lenz DESY Theory Workshop 2012]

Y a7 A9=+0.00022 = 19+0.00059 | a==+0.00015
U-g"42'-1—”.11)[}1}1--1 0-22'3'43—u.m_msm 0.00355 0.00012

. _ 9=090+0.00060 2 49+0.00022 Y119¢+0.00060
Vekm = 0.225297 ) gp00a  0-97342 55750015 004126714
e ~740.00033 1nE1+0.00060 A aaa1 49+0.000043

0.00857 ¢ gp0z0  0-04051 75755104  0-99914274 600025

Assumes —>direct measurement
unitarity + 3 families important
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Experimental status — Top-quark mass

Tevatron

LHC

LHC m,,, combination - June 2012, L_=35pb'-4.91"
Leptonsjets Runll COF 17300 & 0.65 & 1.06 GaV ATLAS 2010, l+jets 2 g . ) 169.3+ 4.0+ 4.9
Lepton+jets Runfl DO 17494 £ 081 £ 124 GaV - r »
Lepton+jsts Runl CODF NS S 1764 & 51 2563 GeV : : —— 745+06+23
Leptontjets Runl| D@ L 1801 & 36 £ 39 GaVv ATLAS 2 all jat 7 D 1 10
e T 4 3
Alljets Runll CDF B il 17247 £ 143 2 1,40 GaoV ’
Afjsts  Runl COF . 1860 £100 £57 GaV M3 & 1755+ 46+ 4.6
Dileptons  Runll COF H—-—L 17028 £ 195 & 313 GoV B
| CM
Dileptons  Runil D@ - 17400 £ 236 £ 144 GeV e 73122 2.7
Dileptons  Runl COF ® . 1674 £103 249 GoV MS 2011, di-lanto 17334 12427
Dileptons  Runi D@ ° 1684 £123 £ 386 GaV — - iy L l.2X |
Epiots  Runil COF ot 17232 % 140 £ 182 GoV s : —— 1726+ 04+ 15
Decay length Run Il CDF . LI 16600 £ 900 & 242 GaV
LHC June 2012 - 17330513
Tovatron Combination 2012 £ 17318 & 0.56 2 075 GaV X'fdof = 2.5/6, prob = 86%
i raara kit Tavatron July 2011 s 173.2+ 06+ 0.8
1 (st : sl
i " i i i T—] {syst)
160 170 180 190 150 160 170 180 190
m, [GeV]

Mass of the Top Quark [GeV]

Top-quark mass measured to high accuracy

Peter Uwer (HU Berlin) | Top-quark physics: Recent results... | Valencia, Oct. 2012 | page 7




[Mangano, Tophworkshop, July 2012, CERN]

Issues: ® Renormalization scheme not fixed (only LO theory)
» Pole mass intrinsically uncertain > A-QCD
= Color reconnection
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[Heinemeyer, Hollik, Stockinger, [Degrassi, Di Vita, Elias-Miro,Spinosa,Giudici 12,

Weiglein, Zeune '12] Alekhin, Djouadi, Moch ’12]
E‘D.Eﬂ T '| T T T I T T T t T T T I T T T I T T T |' T T
- experimental errors 68% CL.: E
LEP2/Tevatron: today ) 200 I
80.50 — % .
K My=123..127Ge\——1 5 150
E i mssm| 1 .E
= : | = [
= v
80.40 2] 100 -
e
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£ i
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sv [N |
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Top-quark decay

Main decay in the SM: W
Vipl~1 — t—Wb N
L) CIC_]’,K_Vg A
Width calculable in the SM:
o (1) (258 (52 (% -3)
I, = 1——N) (1+=X) (1- — =
CT ana o ome) T 3w\ 3 2

~ 148 GeV Two-loop QCD and one-loop EW corrections also known!

Life time:
[~ 1.4GeV > 13 ~4x107%s < TQCD ~ 3 X 10~**s

“Top-quark decays before it can hadronize*

[Bigi, Dokshitzer, Khoze, Kiihn, Zerwas "86]

Unique property: Top quark behaves like a quasi-free/bare quark
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Measurement of the top-quark polarisation

Basic ingredients: = Top quark decays before hadronization
= Parity violating decay t > Wb

)

Polarisation can be studied through the
angular distribution of the decay

products!
1 dI' 1
1 CosV
I"dcosd 2( T )

+ s + | least energetic
£+, d Vo, U b W jet from qd’

Ky 1 -0.31 | -041 | 041 0.51
QCD NLO corrections known! [Czarnecki, Jezabek, Kuhn 91, Brandenburg, Si, PU ‘02]
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Top-quark pair production

% QI — CCEEGEGE0
.
666666060 @GMMMM
éé \
( GCEEEEEEE0 CCEECEGGE

~90% @ Tevatron, 10% @ LHC ~10% @ Tevatron, 90% @ LHC
Partonic cross sections
B=1/1- 4mt
L 8ma’ 1P

) 4o p? 1+ 0 7 31
= (104 ) m(—l_ﬁ)—ﬁ(m)]

NLO corrections also known

= Spin averaged total cross section [pawson, Eliis, Nason '89, Beenakker et al '89,91]
= Differential distributions [Mangano, Nason, Ridolfi 92],

» Spin dependent cross section [Bemreuther, Brandenburg, Si, P.U. 04]

» Analytic results for spin averaged cross section [Czakon,Mitov 08]
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Beyond fixed order perturbation theory

» State of the art until recently:

[Dawson, Ellis, Nason ’89, Beenakker et al '89,’91,Bernreuther,

N LO + N LL QCD Brandenburg, Si, PU '04, Czakon,Mitov 08]

[Bonciani, Catani, Mangano,Nason ‘98, Kidonakis, Laenen, Moch, Vogt 01]

ﬁ N J_F?E')/O% (scale) f%ﬁ (pdf) Tevatron
T £11.5% (scale) + (2 —3)% (pdf) LHC

[Moch, PU 08, Cacciari, Frixone, Mangano, Nason Ridolfi 08, Kidonakis Vogt 08]

2 2
[ 010 2 i) S b~

[Christian Schwanenberger, DESY TH workshop]

NLO + NLL QCD not sufficient
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Theoretical predictions for top-quark pair production &2¥

Experimental accuracy about 5 %

- need to go beyond NLO+NLL accuracy

Possible corrections (percent level):

Bound state Mixed weak-QCD || .. . .
QCD Nl\iLO effe Ct]S corrections finite width
~ (XS " ((XS.E)B” ~ (X,Ea Ft/mt
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Resummation for pedestrians: Origin of large logs

2) Phase space integration

Y dky (kek;) o [ — B9
Lo (2m) 4= 12Ey (kyk;) (ky k) Ey ¥ (1—cos29)

L l 0 E{(‘nax E}r{nax
e () ()

universal behavior!

Large logarithmic corrections if
max _
Er® < \/(ki-kj) =Q

M —
i.e. B—> () (threshold), or 1 §” > ()
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Cross section in Mellin space

Resummatlon
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Resummation beyond NLL

20 E
0

Sl {05 T 5 [Moch, PU "08]
OO 50 (x 5)
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0

Similar results for gg, missing constants guessed
—~ Small effect, use resummation to generate NNLO, .,
Include knowledge on Coulomb singularity and full scale (in)dependce
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The NNLO / NNLL industry

[Ahrens, Baernreuther, Beneke, Bonciani, Cacciari,
Catani, Czakon, Ferroglia, Kidonakis, Laenen,

. Mangano, Mitov, Moch, Nason, Neubert, Pecjak,
" Beyond N LO + N LL QCD Ridolfi, Schlwi\:m, Sterman, PU, V(Lajgt, Yang.J..]
(B=/1—4m?/s)

. (" Soft gluon resummation (In(B),In*(B)...)
@vo& < * Threshold corrections (1/B,1/B%...)

_* Full scale NNLO (in)dependence (RGE: ln(y),lnz(,u))

= Combined soft and Coulomb resummation [Benekeetal

NEW ‘12:

* High energy behavior (sl Elis 01, Moch, PU, Vogt ‘12]
= NNLO QCD for q9g wdll [Baernreuther, Czakon, Mitov ‘12]
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) "Moch, PU, Vogt ‘12]
S

Gij = % (£ +ama £+ (4ma) 2170 4 ) (= gy =)
t LO NLO NNLO

0.1 ;Tf;q]{E.ﬂllc'Ellpp;'t;K 'lll A.Bll o ]_
008 [ qu{E.DJ thresh ~ oeooeeeee -
0.06 E- _E
004 [ .
002 [ =

o E -
002 bEal ol ol Wb 00 811l

0% 107 1 10° 10 10°

threshold n= iz —1 high energy

m
- Recently confirmed by direct calculation (Czakon, Mitov 1]
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Tevatro

ot [PD]

5

res
N. O¢ot

[Baernreuther Czakon, Mitov arXiv:1204.5201]

CDF., L=4. sfb; —
DO, L=5.4fy" +—s—r

NNLO+NNLL

Lt X i Tevarrun) T '
MSTWQOOSNNL,O( 680 i )

164 }'6‘6 168 170 172 }'74 176 178 180 182

MyoplGeV]

= 2 +0.143 (2.0%) +0.186 (2.6%) :
= 7.067 —0.232 (3.3%) [ ] —0.122 (1.7%) [l)dﬂ

gg—~>tt @ NNLO is underway
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Comparison with NNLO

approx

Fixed order NNLLO: [Baernreuther, Czakon, Mitov arXiv:1204.5201]

NNLO _ 7 005 +0.202 (2.9%)

+0.170 (2.4%)
—0.310 (4.4%) [pdf]

[scales] —0.122 (1.7%)

N N LOapprox [HATHOR, Aliev, Lacker, Langenfeld, Moch, PU, Wiedermann ‘10]

NNLOapprox

+0.196(2.8%)
Otot

10.17(2.4%)
~0.315(4.4%) (paf)

=7.058 —0.12(1.7%) \P

(scales)

Based on threshold logs + RGE + Coulomb singularity
No gg contribution included in NNLO!

» Agreement better than 1 % !

HATHOR = HAdronic Top and Heavy quark crOss section calculatoR
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“Boundstate” effects

% resummation NLO
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Threshold Behaviour

NRQCD approach: [Bodwin,Braaten,Lepage 95]
l dL;; da;

P\P>—T 9, ij - ij—T . 5 5

M—2P TS M) = d l ' ] 2) M— 2 112

tt — system with specific spin and color

|
G.M.u7) = FijurG.M u7) = ImGP (M +iT)),

SN

Quarkonium production,

non-relativistic
hard scattering VISt

Schrodinger
Greensfunction
“bound state effects”
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do / dM [pb/GeV|

0.06 [
0.05
0.04 |
0.03 }
0.02

001 F

D it 5 i i i i i i i i i i i i i_i 8 i
335 340 345 350 355 360 365 370 375 380

Tevatron

color-octet

color-singlet

Tevatron vs = 1.96 TeV

.
d i s s i

| IS B

M [GeV]

do / dM [pb/GeV|

[Hagiwara, Sumino, Yokoya 08]
[Kiyo,Kuhn,Moch,Steinhauser,PU 08]

35
3 |
25
2 |
15 F

1| color-singlet

ol ¢ LHC Vs = 14 TeV

.
S TIPS I BN APt BPEPArar BV POy

u i Aod i i
335 340 345 300 355 360 2365 370 375 380

M [GeV]

“Resonance structure” from would be bound state

~ +1% shift of total cross section at LHC
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Weak corrections

[Beenakker et al 94, Bernreuther, Fucker, Si 06’, 07]
[KUhn, Scharf, PU 06,07]

< -1 | |
o~
: LHC
S 15 [ ]
U .
: M,, = 120 GeV ]
E - :
x 2 [ wimew - == -
m B Mh=200GEV ‘
5 .
3 o
‘g _2'5 I O . -
E M,, = 1000 GeV
TE-- A

165 170 175 180

m, [GeV]

mixed weak corrections of order ol
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[Langenfeld, Moch, PU 09]

B O B LT R I R LTI O O £ )
16 i
14 Tevatron il
MSTW 2008 NNLO i
12 L s NLO i
— B NNLO
a - approx 7ii [GeV] | m, [GeV]
e L 0.98 .
g 10 I 8'18J—r0.87 pb LO 1592132 | 159243
i NLO | 159.8%33 | 165.8*3:2
&r 1T 160.0733 | 168.2%3¢

6 :__Tevatron, DO

4 PRI PRI EPPE I, .
140 145 150 185

P I R R T

A P
165 170 175 18

e m, = 168.913~
160 0 '
m(m)
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Recent measurements

ATLAS-CONF-2011-054, 35 1/pb CMS-PAS-TOP-11-008, 1.1 1/fb

CMS Preliminary, vs=7 TeV, L=1.14 fb™

)
ATLAS Preliminary,j L=35pb” a
=

approx. NNLO = MSTWOBNNLO:
[ Langenfeld et al.

== c{pp — tT+X — l+jets+X)
= Measured dependence of o

II'I,1IIIJ|IIII].I_|_J-I'

. — NNLO approx. Kidonakis = o : :
* ‘%~ = NNLO approx. Langenfeld et al. 400 =% =2 Kidonaids
3007 "~ NLO+NNLL Ahrens et al. ' [T Ahrens et al.
250 Di-Lepton
200 RS Eeegn
- e Rl U1 Cyreeee. = 200
1 50 :F .................. be —_—
100 :_ ) L [1 Méasiwsdcrossssetion @~ @0 0B - .
- Lepton + jets @ Cross section corrected for m"“" (Langenfeld et o )
50 I l | [1 Measured cross section dapandanca on m1
C i L i | i i i i i i | i
u L i [l [l I L i i 'l J_ i i i 'l I i i i [l I 1 L i 'l
140 160 180 200 140 150 160 170 180 190

Top quark mass [GeV]

Approx. NNLO x MSTWO0SNNLO  mP°' / GeV Approx. NNLO x MSTWOBNNLO  mP°! / Gev  m}M® / Gev

Langenfeld et al. 15&4:??-; L?ngenfelcf et al. 1?(1.3:_:?.2' 153.1;;-3—
Kidonakis 166.21%2 e 110.027 T
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Differential distributions

Example: m,—distribution in top-quark pair production
[HVQMNR, Mangano, Nason, Ridolfi]

4 e S50 - CHLLUES T S AP N SN LR 15 ] F L]
s (myz) < my _:
LHC ]
[Kiyo,Kiihn,Moch, T -
Steinhauser,Moch,PU 09] Vs = 14 TeV h [Haisch, Westhoff 11]

15
= U prediction

100}
LHC s =7 TeV

25 F

da | dM |pbiGe|
w3

o 1 Ly Lygg

L i L L i i L i
E:® 0 345 330 2355 360 M5 IT0 AT

5 1
M [GaV)
0.5 3
l i b 1 I i i i b I l i i ' i ' i a pP a

350 400 450 500 550 600 650 700

M [GeV]
Peter Uwer (HU Berlin) | Top-quark physics: Recent results... | Valencia, Oct. 2012 | page 30




do / dM [pb/GeV]

Vs = 14 TeV

A I. i i i I. i i i I A - i I i i i i l — i i I

I i i i i 'l i i i i
400 450 500 550 600 650 700

350

M [GeV]
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Weak corrections — Sudakov suppression

[Beenakker et al 94, Bernreuther, Fucker, Si 06°, 07]

0 . — K0, Scharf, P.U 06,07]
L-HE
M, = 1000 GeV

5 l

M, = 120 GeV
10 F

doy o / doo [%]

dM, / ~dM,
-15 F | | . |

1000 2000 3000 4000 5000

—> relevant when searching for new physics, using the m,, spectrum
could hide a possible raise of the cross section if not taken into account
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Top-guark spin correlation

Due to parity invariance of QCD, top’s produced in qg—>tt and
gg-> tt are essentially unpolarized  [pramaratna, Goldstein, 90,

Bernreuther, Brandenburg, PU 95]

But: Spins of top quark and antiquark are correlated

[Bernreuther,Brandenburg 93,
Mahlon, Parke 96, Stelzer,Willenbrock 96,
Bernreuther, Brandenburg, Si, PU 04]

Quantum mechanics: @s+1)p
P
close to 39, 19,
threshold: ~ _ _
qq — tt gg — tt

- Spins are parallel or anti-parallel close to threshold

_o(n)+o(ll)—o(l)—o(1)

-~ o(I1M)+o(ll)+o(1])+0o(lT)
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Spin correlations

= Search for new physics

" j.e. CP violating interactions, Higgs with
undefined parity, properties of s-channel
resonance

= Affect the angular distributions of the decay products
" important for event selection
" Test of the decay as a quasi free quark

" precise test of the production and decay
mechanism
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[Bernreuther, Si 10]

0.7 ———1—

LHC: :

gg dominates 06 |

¥

fw/o, correlati

1/0 do/dcosg,

on

LHC14 |

1 bs® %o ! e o L . T T 'E"m';
SO 05 it Y o
t t 04 | -
" F with correlation
03 P | |
-1 -0.5 0 0.5 1
€ > COSPu € &—
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L HC measurement

T [arXiv:1203.4081]

E _I LI l LI T I L IA LI L L] |
o 900:‘&' data TLAS -
> Ot (SM) e
I 800ET7147 (uncorrelated) Ldt=2.1fb =
: lsmq.‘e top .
700E m 277 *+jets e

600 diboson b
500

B fake leptons
400

300
200
100

First
Observation of
spin-correlations

(5.1 o)

IfIIIIII IiI|III'I|IlII|IIII|II
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i AR AEETE TR AR L 1

€ €— 25 13 | €=———>
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=
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]

Ansatzz (G — f < dgho-cor _|_fSM % dGSM
FSM —=1.30 + 0.14 (stat) T0-27 (syst)
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LHC measurement

-F"'-"\._I D s 5 | I LI I ] I I I I L L L L 1 ] I I ] I | L L L ] ] I I ] I I_
- 5 - -1 ]
-9-_ ~ CMS Preliminary, 5.0 fb" at \/s=7 TeV s
0.45- =

13 L SRS S <
S o ! -
_8 0.4 -
o) B I f -
=< 0.35F E
0.3 ; =
0.25 -

8 ~¥— ( Data - BG ) Unfolded .

0.2 — Syst. Uncertainty i

- —— Powheq parton level E

0.15 — W.Bernreuther & Z.G.Si (SM,u=M) —

[ .. W.Bernreuther & Z.G.Si (uncorrelated, ;z-M )]

D '1 T 11 L | N S N T O S O T

0 05 1 15 2 25 3
A

|+1-
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Progress beyond top-quark pair production

Why important ?

» Many top-quark pairs produced in association with jets
» Top-quark decay affects reconstruction + cuts
= Consistent inclusion of parton shower

» Experimental analysis needs to take
effects into account

- Detailed understanding required
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Progess beyond top-quark pair production

Many new results, mainly due to

* more sophisticated methods for one-loop calculation

(i.e. unitarity method, improved conventional approach, more cpu power)

- High multiplicity final states

= conceptual developments

(i.e. complex mass scheme)

- Finite width effects

= better modelling of final state

(i.e. top decay, consistent matching with parton shower)

- Powheg and MC@NLO
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Progess beyond top-quark pair production

tt+ 1-det+ X

tr+v7+X
ttbb + X
tt +2-dets+ X

WWbb+ X
tett + X

[Dittmaier, PU, Weinzierl 08],
[Bevilacqua,Czakon,Papdopoulos,Worek 10]

[Melnikov, Schulze 10]
[Melnikov, Scharf, Schulze 11]

[Kardos, Papadopoulos, Trocsanyi 11]
[Ailioli,Moch,PU 11]

[Duan, Zhang, Han, Guo, Wang 09]
[Melnikov, Scharf, Schulze 11]

[Bredenstein, Denner, Dittmaier, Pozzorini 08-10]
[Bevilacqua, Czakon, Papadopoulos, Pittau, Worek 09]

[Bevilacqua, Czakon, Papadopoulos, Worek 11]

[Bevilacqua,Czakon,van Hameren,Papadopoulos,Worek ’10]
[Denner, Dittmaier, Kallweit, Pozzorini 10, 12]

[Bevilacqua, Worek 12]

NLO
+ decay
+ shower

NLO
+ decay

NLO

NLO

NLO
NLO
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Progress beyond top-quark pair production

= Off-shell effects and non-factorizable corrections

[Bevilacqua,Czakon,van Hameren,Papadopoulos,Worek '10] [Denner, Dittmaier, Kallweit, Pozzorini 10, 12]

Full NLO corrections including decay
In complex mass scheme

\Qq_% i 4.: ' b \QQQ&

[/
— ——
a1
Ly ! 1Vvavvv\£:
[/

—— i
g r ¥ J g yﬁy

LO sample diagrams

- More realistic final state
-> Effects could be large for specific observables
- Valuable information for mass measurements
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* Production of 4 top-quarks [Bevilacqua, Worek 12]

oNEO(LHC 1amev, me = 173.2 GeV, MSTW2008nlo) = 16.877404(+24%) g,

—4.26(—25%) E
0.075 frrie 1

5

= 0.06 NEO e 7.2
o g
< =

= 0.045 =
L 5
3 =
= 0.03 b2

B 2.5

= 0015 }

0k 0

2 2

1.5 } 1.5

[ P 5 g S M o i P B —— 1

0.5 : ; : : . ; 0.5 L .
0 150 300 450 600 750 900 -3 2
pr. [GeV] . y
T )L[O — H T / t

- Dynamical scale H; works remarkable well
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Theory well prepared for precision physics with tops
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...and their deterr- In.

= Parameters are only defined in a specific model *
y \'\O‘\

= [n general: Parameters # Observables ‘ (\6
» Precise values depend on specific - ((\
= Determination through comnr- e‘

Top-qU?"6 “\
\L
o ¥% (WVe

.x Mmass is “just” a parameter like o,

Iy |

Go(ﬂc states,

—> renormalisation scheme dependent,
only indirect determination possible
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Different mass definitions

ZR(P):*@* e i B L e

[.qu = |.}f){ = [Zn — [ )mp
= Pole mass scheme
I \ i |
p—mr—Xg(p) ~ P—mpole |

_ 3 —0
S mass r(Mpole)

Chose constants minimal to cancel 1/¢ poles in ZR (p)

= 1S mass [Hoang, Teubner 99]
Position of would-be 1S boundstate

= Potential subtracted mass [Beneke 98]

PS
m; > = mpole + 3 Jig < 2n)°’V (9)

Each scheme well defined in perturbation theory = conversion possible
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Conversion between schemes

Example: Q
= Pole mass < > MS mass: ) 6\'\0

i - \O
(u)(l it i+lv/ de\e(“\

Important:

7\
\ \)
. P (\\(\g‘\\)

d |er order In coupling constant
O\)\' .|er|cally significant

co
&O((\ \N\\X\ my ~m(u)(1+4%+...)

— (1650 +7.6+1.64+0.5 1) GeV  [Chetyrkin,Steinhauser 99]
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Good choices — Bad choices

= Perturbative expansion may converge better using specific
scheme (resummation of large logs...)
» Scheme might be ill defined beyond perturbation theory

Example: Renormalon ambiguity in pole mass

n 1Gm " o

3P A —_— caa™t?
@ﬁs %ﬂ@ 3i" — n
oo [(:' r

E =) . h—d0 Cf2an_1
> i ' n n.
n=0 (a")

6000y
S50,

é i
5
£ B

Z“} —

[Bigi, Shifman, Uraltsev, Vainshtein 94 Beneke, Braun,94 Smith, Willenbrock 97]

There is no pole in full QCD !

Pole mass has intrinsic uncertainty of order Agcp
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Top-quark mass. experimental methods

* Template method
= Matrix element method

Issues:

= Intrinsic limitations of pole mass (~Aqcp ) )
= Precise relation
Myc — Mpgje (1 /\) >

= Reconstruction of top momentum from color

Not independent

neutral hadrons / color reconnection
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Impact on current measurements

Color reconnection:

?
Am = 500MeV  skandswicke 08]

Relation: measured mass <—> pole mass:

Myc =— Mpgle (1 /\)
A~0.13%

AR{ Lx08%
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Tevatron

LHC

Mass of the Top Quark [GeV]

Different channels and different
experiments give consistent results

$

Large effects unlikely

Peter Uwer (HU Berlin) | Top-quark physics: Recent results...

| Valencia,

L LHC m,mmmnnamn -June 2012, L_=35pb ' -491fb"
Leptonsjsts Run Bl COF 17100 £ 0.65 £ 108 GaV ATLAS 2010 = - 1693+ 40+ 4.0
Leptonsjets Runil D@ 17404 £ 083 & 124 GV t
Leptonsjets Runl COF N 1761 & 51 2853 GaV gt —af— 1745+061+£23
Leptontjets Funl DO i 1801 £ 36 239 GoV ATLAS 2011, al . y
Alljets Runil COF et 1T24T £ 143 & 140 GaV . . b s 1749+2.11£39
Alljets Runl CODF — s {1860 E 100 =57 GaV CMS 201 [— £ + 1755+461+ 46
Dileptons  Runil COF o 17028 £ 195 & 313 GoV P it o
Dileptons  Runil D@ i . 17400 £ 236 £ 144 GaV . goiod<oieh —t— e 173.11 2, 2.7
Dileptons  Runl COF 1674 2103 %48 GoV MS 20 o o i e AR
Dileptons.  Runl D@ * 1664 2123 236 Gov - 173.3+£1.242.7
Egqjots  Runll COF reafe 17232 £ 180 £ 182 GaV M5 = 1726+ 0.4+ 1.5
Decay longth Run il COF  #+————8—— 166.00 & 0.00 & 282 GaV
LHC June 2012 . 173.3+05+13
Tovatron Comblnation 2012 iTI1E £ 0.5 2 0,78 GaV x ‘fdﬁ 2 sfﬁ Dl'ﬂh BE%
i Tevatron July 2011 vl 1732106108
X idof =83/ 11
i " I | 1["'-1‘-11“1"'-}
164 1 180 190 150 160 170 180 190
m,. [GeV]
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Alternative method: Top-quark mass from jet-rates (ttj)

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

Use tt+1-jet events

-> Large event rates (~30 % of inclusive tt events)

—> NLO corrections available [Ditmaier, Uwer, Weinzierl ‘07,08, Melnikov,
Schulze 10, Melnikov, Scharf, Schulze "12]

- NLO+shower available [Alioli, Moch, PU “11,

Kardos, Papadopoulos, Trocsanyi “11]

Similar to b-quark mass measurement at LEP
using 3-jet rates [Bilenky, Fuster, Rodrigo, Santarmaria ‘95]

» Less sensitive to color reconnection
» Mass parameter fixed through NLO calculation
= MS mass in principle possible
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Top-quark mass from jet rates

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

To enhance mass sensitivity study:

dn3 B 1 tht_—HJet
P (mPoIe) —

dps O 7 +1Jet dps

2m0
with Py = , Mgy = O(m) "1 - Distance from
Sti+1Jet threshold”

i.e.my =170 GeV
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Mass dependence

g 0.3 ey
> B aNn0 0 o~ | Crossing due
S 0.25Ps —to normalization
0.2 =
0.15F 3
0.1 3
0.05[- -

| R | I L 1 1 | | I L1 1 1 | | [ L1 1 I | | ! |
8.1 02 03 04 05 06 0.7 08 0.9
high energy pS threshold
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Impact of higher order corrections

0.15

0.05

High energy 8

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

1|l1|lIll[ll!llll]l]]llllllll[lT L T 1T 1T T 1

dnd it posiotioks | B
i 3’5051?0 Ge'u‘;, PDFZECTEQ;B.B NLO

ap

=y mam

=== kA

= Consistent with scale
variation

= {tj: Corrections in
general moderate

» Hard corrections 2>
small p

..................................................................................................................................

rerrErdrarrararra T a s mrermrmarrErEesrdr s raErn s r e
ki

IJII|!III|IIII|

II1ilIIIiI1rliIllli:1llliltllillllil1 threShOId
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Scale and PDF uncertainties

—

i 0*3""!""!""I""!""!""I”"I""

FPUEURRRPES. [PSRPERFORMENRR SRR I SRR, RSPOUNURNRORMRRN. (B R SRR, S,

0.15

0.1

~very stable

PT ——

0.05

Illllllli!lllllll-lll
IIJllIIIJilIIle[IIIt

IlIIItI|IIIIIIIIIItIrIlIIIIItrIIIII

Highenersy 83702703 0.4 05 06 07 08 0.9
Ps

threshold
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Toy experiment

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

-l
®
6)

II|1IIIIIIllII'I'IIIlllllllllllll'lllllll

m, extracted ’frcm a gpa fit tc: NLO calculatmn
: [ S

—— POWHEG: tT at NLO

—— POWHEG: ti+1-Jet at NLO

........... S ............. B .. atNLO

b

lill!'ll!lillllllllillll

165
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!.'I.I.IE|IIII!IIiIlIIIIlIiI

160

155jII]IilllliIllli]]]Iillllillllillllilllll
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[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

llTFllll]llll]l[llTll]ITllllTlIllTlI{lll[

10F dn,. SCALE VARIATIONS

A my,, GeV

.,..................;..................'.........".g.__... Sansasnapnannnin insranananeenbesades e e i ol L o e

5 Ne— - | e : - : —> 0.5 GeV
2 : : e i : i : .
: : i i fp, : : i : i

10‘1 ilItlill]lilI!Iillllilll]illl]illllili.lllli

01 02 03 04 05 06 0.7 08 0.9
Ps
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Estimate of uncertainties

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

Source of Impact on the
uncertainty top quark mass .
Theoretical [YR'EUEUTES ~(0.5GeV

HiWaseini=MPDF choice ~ (0.2 GeV
MC comparison [ 2R

JES ~ (0.8 GeV}y
Statistics (5 fb-1) ~ 1.2 GeV

AJES = 3%

-> Interesting alternative

>1GeV

Experimental
uncertainties
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Time to collect the fruits

* Improved mass measurements
= Spin correlations

» Charge asymmetry

= New physics ?
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do/dM [pb/GeV]

0.8/

0.6¢

0.4

[Ahrens, Ferroglia, Neubert, Pecjak, Yang “10] [Kidonakis “10]

" 1.2} .
" =S —— NLO p=m
- - 7 a
\/; = T{“\' i NG vmrme NLO p=mv2, 2m
I ’éff ——— NNLO approx U=m
_ L i : —=—- NNLO approx p=m/2, 2m
-
208
-
o
= 0.6
(a7
]
B L
= 04

;,' B NLO+NNLL

NLL ul-

350 400 450 50 ol

150 200 250 300

M [GeV] Pr (GeV)

1] 50 100

Results available also for forward-backward charge asymmetry
[Almeida, Sterman, Vogelsang 08][ Ahrens, Ferroglia, Neubert, Pecjak, Yang 10,11][Kidonakis 11]

- No significant change of one-loop predictions
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BS5 10 T
i - 95 Tevatron E
s E E 3 MSTW 2008 NNLO

m({m) = 163 GeV

65 | - B

g & 8 75

o o |
55 F ] 7 ;

5 F Favatran \ : 65
a5 MSTW 2008 NNLO ; 5
s | m = 173 GeV 3 55
3.5 . 5 ¢ 1
iy LO, NLO, NNLO /My
Pole-mass / on-shell Running mass

—> Perturbation theory better behaved !
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Non-perturbative effects

Non-perturbative effects at the LHC [Skands, Wicke ‘08]

Simulate top mass measurement using different models/tunes
for non-perturbative physics / colour reconnection

._\.r":i.'.l. — Nl,”;:l?‘lw]
| ] El I | I | I I I | ' | I .ll |
. ':? Tune A . .
‘ ek different offset for
’ Tiie A-RT F | different tunes!
b Tune DW F
d Tune BW L
B 0 . Non-perturbative
T . | effects result in uncertainty
| of the order of 500 MeV
* NoCR T
BT B T I T I .
-10 -5 0 5 blue: pt-ordered PS
ﬂm;

offset from generated mass
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EW precision fit

o 10 N I D B | [ LI —nl I LI l L L I LI I LI LI I T T T _]
= - L) E T
SRS I N j ___________ Y s [elfitterladis
- Fit excluding Higgs searches @
8 E_ Fit including exp. Higgs limits -
7k " | Fit assuming M =125 GeV —
6 ~®- Tevatron m!'"* [arXiv:1107.5255] =
i~ DO x-section-based det. [Phys.Lett.B703,422-427] | =
S = using approx. NNLO of [Phys.Rev.D.80,054009] IE
e T | | e L 326
3F =
2 =]
1 - T - T 10
: L1 1 1 [ 1 l L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 :

{?160 165 170 175 180 185 190 195 200

GeV
- Fit “prefers” larger values of mt i
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[Sven Moch, prepared for Top2012 Winchester]

* Determine top quark mass from Tevatron cross section data

UtE =

Ot —

-~ o4 0.63
(.56 56

~ e 048
(.50 —0.48

“ Fit of m; for individual PDFs
¢ parton luminosity at Tevatron driven by ¢q

pb DO coll. arXiv:1105.5384

pb CDF coll. CDF-note-9913

* MNS-scheme for mim(mf ), then scheme transformation to pole mass

]Ji)l!*

my " at NNLO
ABM11 JRO9 MSTW08 NN21
mi o (me) | 1620733706 | 163.5155105 | 1632733108 | 1644155105
mpe 1717557506 | 1733555505 | 1734153105 | 1749755503
(mpe) [ (1699733159 | (1714135 50D | (713155 55%) | (1727555 15)

- Consistent with direct measurements
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