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Introduction £

p Why study top quark properties?

>
O
S,

200

p heaviest quark in the standard model 150
p large coupling to Higgs 100

p probe for new theories above the electroweak scale
50

0
) top quark decays before hadronisation

) study properties of a “bare”’quark

QUARK MASSES

173

up
down | 2
strange °3
charm |©@
bottom (& =
top

p stringent test of the SM, with many possibilities for manifestation of new

physics
) tops could be produced from decay of new particles
) tops could decay into new particles

) important to understand top as a background for other measurements and

searches
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Top mass: CDF lepton+jets T+

PRL 109 152003

p CDF leptontjets channel until recently most

400/
precise single measurement

250l CDF Il Preliminary
o 7 e Data (8.7 b))
- y i 2300
p latest result with 8.7 fb™' at [.96 TeV, e/p + =4; e 7] Signal+Bkgd

. . . . o B 1 4, R
p jet energy scale (JES) leading systematic: reduce 2200 ¥\  [Bkgdonly

uncertainty by measuring residual JES 2150
. . . . o
simultaneously with m¢ using mw constraint 100

) tt system reconstructed using X2 minimisation

. . oo 150 200 amg 308350
p Kernel Density Estimate-based approach to e (GeVie)

forming probability density functions (pdfs) from
simulated Pythia MC simultaneous fit for m and JES

0.6 J_.|..J...I...|...l..|..I..J..J...I...|...l..l..I..J..|...I...I...|...l..|..l..J..J...I...|...l..l..l..J..{...I...|...|...l..|..l..J...I...I...L..l..I..l..J...|...I...I_L

p Done for signal and background for various i R T T Rl
ValueS Of mt and JES 04—- ------ """"""""" “‘_..-..-.,_.....a .............. ;.-AIOQ(L;)=4_5 ...... _

p Per-event likelihood from sum of signal and AT T T O o i O

background pdfs, with 3 observables: g | :
<
O ............... ll""’/,,ll ..... '...... ........... “‘ ........ ",22 ...... __
P  m e from each of the 2 smallest X2 A T B

PermUtatlonS, and mWreco 02_, ............... ............... ............... ............... ...... _

b me= 172.85 £ 0.71 (stat.+|ES) + 0.84 GeV (syst) e TOmm L

4705 171 1715 172 1725 "i"7é";'1'#é;5 174 1745 175
M__(GeV/c)

top
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Top mass: CMS lepton+jets T+

p 5fb~! 7TeV lepton+tjets data (e/u + =4j, =2 b-tags) JHEP 12 (2012) 105
. . . CMS \(E 7 TeV, €+jets
p Kinematic fit to reconstruct mass of top quarks in A PRI =
. . N I:Iﬂw ong [ Wijets ]
each event, using mw constraint 12000 | :cone? o Ewew

1000
) 2 possible parton to b-jet assighments per event, :

weighted based on fit X? (and with high X? cut to
increase fraction of correct permutations and reject

800F
600F

400F

background) :
200F
p Per-event likelihood for m¢ and JES based on mq L o
. 100 200 300 400
and the reco-level mw (before constraint) mit [GeV]

p includes sum of pdfs for tt with “correct” and o1 01F3“~”35°fb (S =7 TeV, vjets
“wrong” jet permutations, and also “unmatched” _’1_005

where the 4 jets do not correspond to the 4 partons 1 B!

p Mass and JES simultaneously extracted from
combined likelihood (ldeogram method):

b me= 173.49 £ 0.43 (stat.+]ES) £ 0.98 (syst.) GeV

0.995 = A\ \\N

0.99 ..............

0.985 T DS

b JES = 0.994 + 0.003 (stat.) + 0.008 (syst.) il

172 173 174 175
most precise single measurement to date m, [GeV]
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http://dx.doi.org/10.1007/JHEP12(2012)105
http://dx.doi.org/10.1007/JHEP12(2012)105

3D template fit top mass analysis

ATLAS-CONF-2013-046

P New result from ATLAS seeks to further reduce JES
systematics by adding an independent correction to the b 4.7 fb'' 7 TeV data

jet scale, bJSF, so the simultaneous fit > B00prr T Aatnsinssnsan e
& ATLAS Prellmlnary e (s= 7TeV data
. . . . @ 500+ I Best Fit background —]
p Template fit, using 3 variables from a kinematic fit of each £ Jramaze®, 4 ot Fi
W 400~ Mg, = 17231 0. &
event e ora o0s s O
300 bJSF = 1.006 = 0.008
» m " templates as a function of input m, |SF, and bJSF -
P  mw templates as a functlon of |SF 100
py bhad +p bp T
2 T
} templates of RreCO b W W as a function of Mt and bJSF 030140 150 160 170 180 190 200 210 220
pp 4 pr? e (GeV]
u1_06\\\\‘\\\\‘\\\\‘\\\\‘\\\\ L J\‘\\\\\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\L L1_O25\\‘\\\\\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\
(dp) - 1o cont. 2b-tags 20 cont. 2b-tags : (@] 1 03; 1o cont. 2b-tags ]| n B 1o cont. 2b-tags |
B B 1o cont. 1b-tag . 20 cont. 1b-tag . a3 F 20 cont. 2b-tags | - - 20 cont. 2b-tags |
1.04+ 1o cont. comb. fit 20 cont. comb. fit ; Ozi 1o cont. 1b-tag E 1 02; tocont. 1btag |
L ’ C 2c cont. 1b-tag ) - 2o cont. 1b-tag
B N C 1o cont. comb. fit ] B 1o cont. comb. fit ]
102? | 1-01; 20 cont. comb. fité 1 015; 20 cont. comb. fit |
- . LS E i ]
- s 1.01 -
- . 0.99- ] B 1
0.98 - : ] [ ]
- ATLASPreliminary - 0.98 ATLASPreliminary - 1_005’ ATLASPreliminary ]
0-96~ det 47fb g 097f det 47fb - det 47fb
I B 1 L] N T J AT N
1 1.005 1.0 1 015 1 02 1.025 170 171 172 173 174 175 176 177 1 170 171 172 173 174 175 176 177
JSF Myop [GEV] Mo [GEV]

} mop = 172.31 £0.75 (stat + JSF + bISF) £ 1.35 (syst) GeV ) total uncertainty significantly reduced compared to

JSF = 1.014 +0.003 (stat) + 0.021 (syst), result using traditional 2D fit (with bJSF set = |):
bJSF = 1.006 +0.008 (stat) + 0.020 (syst). mep = 172.80 +0.35 (stat + JSF) +2.02 (syst) GeV
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046

Tevatron top quark mass combinationct;

p BLUE method (best linear unbiased estimator)

P Mwp =
P Miwp =

173.20 £ 0.51 (stat) £ 0.71 (syst) GeV
173.2 £ 0.9 (syst) GeV

p  relative uncertainty of 0.50%

p Compared to previous (201 ) combination, uses updated Run || CDF

lepton+jets and MET+jets measurements

p  full 8.7 fb"! of data, and improved analysis technique and jet energy

resolution for lepton+tjets

p  Precision of 2012 LHC combination already surpassed by single results

0.5

0.4

0.3

0.2

0.1

IWiI/E IWil in the Tevatron combination

23/05/13
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Analysis

CDF Note 10976, D@ Note 6381
Mass of the Top Quark
March 2013 (* preliminary)
. ®
CDF-I dilepton 167.40 =11.41 (+10.30 = 4.90)
. °
DO-I dilepton 168.40 +12.82 (+12.30 = 3.60)
. o—
CDF-II dilepton 170.56 +3.79 (+2.19= 3.09)
. ——
D@-1l dilepton 174.00 +2.76 (=236 = 1.44)
. °
CDF-I lepton+jets 176.10+7.36 (5.10 = 5.30)
. o——
DQ-I lepton+jets 180.10 +5.31 (:3.90 = 3.60)
. [ T
CDF-II lepton+jets 172.85+1.11 (:0.52= 0.98)
. ()
DO-Il lepton+jets 174.94 +1.49 (=0.83= 1.24)
. ®
CDF-I alljets 186.00 =11.51 (+10.00 = 5.70)
. ——
CDF-Il alljets 172.47 +2.07 (=143 = 1.49)
®
CDF-Il track 166.90£9.46 (=9.00= 2.90)
. —0—
CDF-Il MET+Jets 173.95+1.85 (+1.35+ 1.26)
Tevatron combination * " 173.20 +0.87 (:051=0.71)
(+ stat = syst)
v?/dof = 8.5/11 (67%)
| | | | |
150 160 170 180 190 200
Myp (GEV/c?)
March 2013
Parameter Value (GeV/c?) Correlations
Mtalljets MtH_j Mth MtMEt
Mtiets 1727+ 1.9 1.00
Mt 173.2+£0.9 0.25  1.00
Mg 170.0 £ 2.1 019 041 1.00
]\ItMEt 173.8 £ 1.8 0.13 026 0.18 1.00
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top - antitop mass difference T+

p SMinvariance under CPT predicts equality of particle and antiparticle masses CMS PAS TOP-12-031

p  test by measuring the mass difference between t and tbar, Am¢ = m¢ - Mepar
p 19fb7! 8TeV lepton+tijets data (e/y + =4j, = | b-tag)
p Kinematic fit to reconstruct mass of hadronically decaying top in each event, using Mw constraint
p jet energies first corrected to parton-level
p Mass extracted from combined likelihood (ldeogram method)
p per-event likelihood terms for signal with correct and incorrect jet combinations, and for background

p Event sample split in two based on lepton charge:

CMS Prellmlnary, 19 fb ' at Vs =8 TeV [+ CMS Prellmmary, 19fbat Vs =8 TeV [+
> 25000 - P PP % P P P 0 P 550 0 . e A e P P P P P B e -W+jetS > 25000 B | ] T I T T TT [ r|-| T 11 T T ] T T°T I T -W+jetS
8 - Bl Z+jets 8 S | +jets  |MZ+ets
o 20000 Bl Single-Top o 20000} — — s - Bl Single-Top
~ C ~ B
£ 15000 £ 15000(
c . c -
o 5 2 -
LIJ 1 OOOO I Lu 1 OOOO B
5000} 5000F
O 1.4 _ ....................................................................................... O 14 .
= 1.2 = 1.2
E 1 Foviiie@ - 9200 00e000000000.5g00 9o oG0S 0L _'CE 1
I 08 e e e e e B O e I 08
O 0.6 F vtk et ere et e e et e b e et e oo O 0.6 _
0O 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 e 700 800 900 1000
Fitted Top Mass (GeV) Fitted tbar Mass (GeV)

} Amy = —272 =196 (Stat) + 122 (SYSt-) MeV average fitted top-quark mass is found to be

) By far the most precise measurement to date = 172.51 £ 0.10 (stat.) GeV (no syst.)
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tt cross section

p Similar event selection as for mass analyses

- AR RN SARA KRS AN ';
. . . . = | m FOX. ¥ Single Lepton (7 TeV) 179+ 12 pb
p Measurements typically using kinematic fits 5% [BoroeWO®) (i
. Lo . . . . PP O All-hadronic 167 = 81 pb
to distinguish signal and background, with a | G2 | —9prox. NNLO (6P @ Combined 177 o552 _
. . . - mCDF = -
likelihood fit to estimate Nitbar - oo ]
p Measured cross-section in good agreement ! 250 :
with theory 10 200 ;
p exact NNLO calculation recently completed: - 15025 1
arXiv:1303.6254 [hep-ph] -/ ATLASPreliminary ; 5
| | | - | [ o1 |
1 > 3 4 5 6 7 8
Thebry (scales + bdf) —— —10°
Th_eory (SC&/GS) '8_ e CMS prelim. combined 8 TeV (2.8 fb")
300 + CMS dilepton, 7TeV —v— — [ & LHC prelim. combined 7 TeV (0.7-1.1 o'
ATLAS and CMS, 7TeV —— S [ e CMSdiepton7TeV (2.3 fb")
ATLAS, 7TeV —e— ¢ Tevatron prelim. combined (up to 8.8 fb")
~ 25D CMS dl/epl‘on, 8TeV o CDF prelim. combined (up to 8.8 fb™
Q - ) 0 DO combined (5.4 fb™) =
& 10° =
S -
b —
200 | . i
B Approx. NNLO QCD (pp)
B Scale uncertainty
PP — tt+X @ NNLO+NNLL Scale ® PDF uncertainty
150 mt0P= 173.3 GeV | 10 E_ ------- As\sz{: ):J.nlzcla\lrlt_:i)ngch P
MSTIVV2008NNLOI(68C/) : I Scale ® PDF uncertainty
I~ Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
6_ 5 V4 7. 5 8 8_ 5 -/ MSTW 2008 NNLO PDF, 90% C.L. uncertainty
IlI’IIIIII|IIII|IIII|IIII|IIII|IIII|IIII
Vs [TeV] 1 2 3 4 5 6 7 8 9

Vs (TeV)
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http://arxiv.org/abs/1303.6254

Differential cross section

} ATLAS results in 2 fb! Eur. Phys. J. C (2013) 73: 2261

TeV d S ey = 10 PRSI
e data ) - — data ]
7Te ata 8 4L [Lat=205m" 1 NLO (MCFM) | S L 1 NLO (MCFM) ]
) S Ed T e ALPGEN = 10F T e ALPGEN  —
> CMS Iepton+]ets and L MC@NLO - 2 e MC@NLO -
| - \r‘_' ~ Tt -
. H L =t=rder _ B B 7]
dilepton channel results in ] e 1 3 4L amas i
o - _ A E
12 fb-! 8 TeV data : : = | fraseosw :
10 = S
} COhSlStent Wlth SM, bUt 107 ettt - l ]
. . - —1|—1 I I I -27 | | |
NNLO required to describe S ——— L ——
B 4 D T e E © ]
[ e rmmmmmmmmes ] m) 1 | =e--cac-aa ey
top pt dependence N TR R s [ = —
e 3 2 4 0 1 2 3 2 "T710 20 100 200 1000
= Y. = p_ [GeV]
tt Tt
CMS PAS TOP-12-027 CMS PAS TOP-12-028
CMS Preliminary, 12.1 fb'at Vs = 8 TeV 3 CMS Preliminary, 12.1 fo' at (s = 8 TeV , CMS Preliminary, 12.2 f5' at /s = 8 TeV
[? F | T T T | T T T | T T T | T T T | T T T | T T T : [? 10:I IOI T | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T TT I: r"_—1 10:I IOI T | TTTT | TTTT | T T TT | TTTT | TTTT | TTTT | T TT I:
> - e/u + Jets Combined e Data ] > 9F- e/u + Jets Combined e Data E % oF Dilepton Combined e Data E
8 102k — MadGraph | 8 C —— MadGraph 3 S - — MadGraph ]
= VE === MC@NLO ] = 8 “== MC@NLO - 38 s e MC@NLO -
LlE ----POWHEG ] 3L ----POWHEG - o --- POWHEG -
© o E g @090 Approx. NNLO 3 E o~ e Approx. NNLO A
0 403 - | . :
E E 6 :_ (arXiv:1205.3453) _: 6 :_ (arXiv:1210.7813) _:
r ] sb /| ey = 55 =
107 E 4F 3 4 =
- ] 3 = 3/ TER =
s T e St : ] E
10 3 'Y 2 — 2 —
: | i : 1 :
B 7 b ] ]
10'6 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 0 IIII|IIII|IIII|IIII|IIII|III | 1 FTT R - - O llllllllllllllllllllllllllll TTT};I
400 600 800 1000 1200 1400 1600 0 50 100 150 200 250 300 350 400 0O 50 100 150 200 250 300 350 400
mt [GeV] p. [GeV] . [GeV]
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https://cds.cern.ch/record/1523611
https://cds.cern.ch/record/1523611
https://cds.cern.ch/record/1523664
https://cds.cern.ch/record/1523664
http://link.springer.com/article/10.1140/epjc/s10052-012-2261-1
http://link.springer.com/article/10.1140/epjc/s10052-012-2261-1
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Top charge asymmetry

p Greatinterest in the tension between the Tevatron

PRD: arXiv:1211.1003

measurements and the SM prediction for charge asymmetry g 25 §—+22F=%a_:%’49;40f_'817
P App= xiiz - 8; - x&z . 8; where Ay = ye-Yibar .g%\’ of  Anco06en0020 |
p  Plots show latest CDF |+jets result with 8.7 fb'! at 1.96 TeV sE — ——
p  distributions bkg-subtracted and unfolded to parton level 1;_ —+— |,
p  The SM calculation has been improved LR e L
P  electroweak processes that contribute to the asymmetry S 02l ' ' ' ' ' _+_
p  studies of the choice of renormalisation scale ‘§Og:
p  progress on NNLO calculation 8osF | | | | | | |
p  small increase in the expected asymmetry, but not enough to R 0P5arto1r\-Le1\}5eI Ayz

resolve the tension with observation.

m m =
| —— CDF Data, 9.4 fb" T -1
< | oy =(155=48)x10* (GeV/cY)’ < o6 CDF '(3:;""3 9': fz"; -
B t [ (0 — O * 0.4)X
081" — i Prediction / o5E I
ay = (3.4 = 1.2)x10* (GeV/c?)" e F — tt Prediction 474
n tT ¢ = -2
I / 04k oy, = (9.7 = 1.5)x10 l /
0.4 |- A -
- / 0.3F
2 L
0 : /‘i//;‘
0 | | | | | | | 0 » | |
350 400 450 500 550 600 650 700 750 0 0.5 1 1.5 2

Parton-Level M_ (GeV/c?) Parton-Level IAyI
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http://arxiv.org/abs/1211.1003
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Characterisation of do/dcos0¢

CDEF Conf. Note 10974

} AFB(A)') ~— AFB(COSGt) ( equal when pr(ttbar)=0) i 1.0 — |_6
»  Angular dependence of qg->tt scattering in CM 05| I=1

completely characterised by sum of Legendre | = 1=2
polynomials ool A/ :ii |

p  contributing polynomials determined by angular |=5

momentum ] of intermediate states
» LO SM:contributions only from £ =0,2. Non-zero

! ~197% 05 0.0 05 1.0
Ars comes from odd moments (£ =1,3,5) cos0

CDF Run Il Preliminary f£=9.4/fb  tt—/v+ jets

»  Results from fit to cosB: in data, background .l

subtracted and corrected to parton level

250r

p  Observed Ars all comes from £ =1 term

N
o
(@]
Ui O N = O (S
|

—

Ot
g Pl
P’;O—(A

(F%)

| 8,8

&

g |
L=
N—

SN—

Events/0.1
=
wu
(=)

53 +3
—— Legendre Series (20 terms) £(632° — 7023 + 152)
0.8l 100} —— Legendre Series (8 terms) ||
NLO SM tt (Powheg)
~ o6 B Background
(U% . 4 Data
= . 1.0
% 0.4l cosh,
g 020! CDF Run Il Preliminary [£ =9.4/fb tt—¢v + jets |
i + Data

E 0.2 —_— 0-15¢ * NLO SM (PRD 86 034026 (2012)) |
_é 0o A JQ:) 0.10f
O . 1 - g 0.05}
> = 5 U I o0
— —— NLO SM (PRD 86 034026) - LO t-channel (Z' 200 Gev/c") 5

-0.2} . : O @

- == LO SM (Pythia) | Data (stat+syst error) o e —0.05
-T--' LO s-channel (Octet A) ¢ Data (statistical error only) £ —0.10}
—0,4* | 1 1 1 ] E
1 2 3 4 [XV < g _— I
Legendre degree (¢) . . “An B
. . ~0%00 005 o010 015 020 025 030 035 0.0
s-channel model with axigluon of mass 2 TeV A from linear term
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http://www-cdf.fnal.gov/physics/new/top/2013/TopAngularXS/cdf10974_PubTopCosTheta.pdf
http://www-cdf.fnal.gov/physics/new/top/2013/TopAngularXS/cdf10974_PubTopCosTheta.pdf

Charge asymmetry at the LHC 5

p Ars variable not useful at LHC because initial state LHC Tevatron
is symmetric (qq) tbar  tbar t
p If top quark preferentially emitted along the t
direction of g, expect tops to be more forward
than antitops, i.e. |yt|>|ytbar]|
p LHC measurements consistent with SM
p same is true for lepton charge asymmetry, which Y y
can be measured in dilepton events Ac = N (|t > |yzl) = N(lye| < lye])
) But this is possible for some NP models N(lyel > lysl) + N(yel < |yel)
Eur.Phys.J. C72 (2012) 2039 0.1 Phys. Lett. B717 (2012) 129
—~ T T T T | T T T T | T T T T | T T T T . T T T T | I T [ T | I :I T | T T T T | T T T T
;\ B CMS 7] - o
= —— Dat ATLAS P
< | s50f'atVs=7TeV - : e
S B —— NLO prediction ] AN i o Y )
o A =0.004 % 0.010 3 i
-8 0.6 |+jets — 3 B W 7 -°~‘§ .;m""i:{gi‘;&w 4
- - . - 33
- : - S '
0.4 — >
i - U  ® i |
i — ] T O_ SM & 8 owMs .
02} . = | ATLAS i
i . | T 1
g ] < WNVSY. . e . -
O | | | 1 | ] ] ] 1 | L L L 1 | 1 1 1 1 I AR T 0 T | U A ol e by |
-2 -1 0 1 2 0 01 02 03 04 05
Alyl .
doubly differential measurements currently lacking in statistics AFB (Tevatron Va”able)
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http://www.springerlink.com/content/61x5lq055240w477/
http://www.springerlink.com/content/61x5lq055240w477/
http://www.sciencedirect.com/science/article/pii/S0370269312009756
http://www.sciencedirect.com/science/article/pii/S0370269312009756
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W helicity fractions in top decays (LHC combination) %

p Fractions of events containing W bosons with right-handed (Fr), left-handed (F.), and

longitudinal (Fo) polarisation

) measured using 0% distribution in tt events: angle of the lepton in the W rest frame, measured

wrt the W momentum in top rest frame (helicity basis)

p ATLAS measurements using template fitting method and acceptance-corrected angular

asymmetries

p CMS measurement based on reweighting MC in a likelihood technique to find F; preferred in data

1 dI
} T d cos 6*

3 3 3
= §(1 +cos9*)2 Fr+ §(1 —COSH*)2 Fr + Z(l —00329*) Fo

p CMS and ATLAS results combined using BLUE

| T T T T | T T T | |
ATLAS and CMS preliminary
\s=7TeV,L =35pb'-221b" | Fq F, F,
B NNLO QCD

Combination
=& Data (FR/FL/FO)

ATLAS 2010 (single lepton) om0 A

ATLAS 2011 (single lepton) - P

ATLAS 2011 (dilepton) Rt ke

CMS 2011 (single muon) A

LHC combination - oA

T TR I ST BRI BRI T
0 0.5 1

ATLAS-CONF-2013-033 W boson helicity fractions

Fo = 0.626 + 0.034 (stat.) + 0.048 (syst.)
FL = 0.359 + 0.021 (stat.) + 0.028 (syst.)

23/05/13

-

L

0.5

0.45

0.4

0.35 |

0.3

- & Data
~ mEm NNLO QCD

— \_ATLAS and CMS preliminary
- L =35 pb™'-2.2fb" -
\s=7TeV

0.25 |- — Unitarity boundary

p Also measured in

single-top events
CMS PAS TOP-12-020

05 055 06 065 0.7 0.75
CMS PAS TOP-12-025

=>Fr=0.015%+0.034

(unitarity)

Fo

M at NNLO in QCD
hys.Rev.D81(2010)

Statistical Unc.

Systematic Unc.
Total Unc.

[ 1

——8—— CMS (u+jets, 2.2 b fs = 7 TeV)

ATLAS (1.04 fb™ f5 =7 TeV)

CDF full Run Il (arXiv:1211.4523)

DO (PRD 83, 032009(2011))

CMS preliminary(u+jets, single-top|
topology, 1.14 fb™' fs = 7 TeV)

CMS preliminary(u+jets, single-top
topology, 5.3 fb' fs = 8 TeV)

CMS preliminary(u+jets, single-top)|
topology, Combination

L 1 1 1 L 1 1 1 1

0.1 0.2
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https://cds.cern.ch/record/1523619
https://cds.cern.ch/record/1523619
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Limits on anomalous couplings 42

The combined helicity fractions are in agreement with NNLO QCD
predictions and can be used to set limits on new physics contributing to the

Wtb vertex.

Start with most general Wtb vertex:

left and right handed vector couplings left and rlght handed tensor couplings
g - - —iot'q
Lwi = —$b7fﬂ @PL +®PR) tW, — _b V‘.L +“R) tW, +h.c.
SM part,VL =V anomalous coupllngs (zero in SM)

Assuming V=] and Vr = 0, set limits on real parts of g and gr

ATLAS-CONF-2013-033 CMS PAS TOP-12-025

~ 1
[
€ o
8 S . . . .
- region highly disfavoured by single top
0.6 LHC combination preliminary  V,=1,V_=0 cross-section measurements
- \s=7TeV, L =35pb'-2.2fb"
0.4 " B se cL
02 | Jo5% cL

p Assuming g =0:

S, Re(gg) = —0.10 + 0.06 (stat.) T

0,08 (syst.)
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Search for CP violation in single top quark events 55

p  CP violation has been observed in the decays of kaons and B mesons but not at higher energies (i.e. top)

» helicity fractions measured using 8* not sensitive to all anomalous couplings

p limits apply to real part of coupling, not the complex phases that would imply that the top quark decay has a

CP-violating component spectator quark

p Single-top quarks produced in the t channel predicted to be

highly polarised (P~0.9) in direction of spectator quark Require exactly

| lepton, | b-tagged
jet, 1 untagged jet,
and MET

p Define On: similar to 6%, but angle measured wrt normal to
WV direction and spectator quark direction (top spin direction)

p forward-backward asymmetry in the normal direction, ANgg, very sensitive to imaginary part of gr:
3 AEB = 0.64 PI(gr) (for small values of gr and with V. = | andVr = g = 0)

p  cosOn distribution unfolded to parton level for comparison with theory . . o
first experimental limits on Im(gRr)
o I : T
ATLAS-CONF-2013-032 S -
0 S B e o e e e @ 1000F T T T T B AT_LASPrfahmlnary 7]
N C  ATLAS Preliminary ey ATLAS data i 3 L ATLAS Preliminary —— ATLAS data i - 2jets 1b-jet combined .
Q 250__ 2 jets 1b-jet muons — thhann‘_al ] > ~ 2 jets 1b-jet combined I t-channel e 0.95 - ]
2 _1 i N | .1 e O I S Ll '
S - Ldt=4.661b Wlight jets 1 5 800 f Ldt=4.66fb Wi, MC stat. + multijet unc. C s 7Tev .
Z+jets, Diboson B . — = —
o 200 Ys=7Tev [ MuJItijet - =2 - Is=7TeV . oo '° e —
_'G_.z C /1177, MC stat. + multijet unc. 7 % C | { = C i
3 1501 1 © - e SM prediction (LO) -
ko — 0.85— — Observed ]
S "L =10 (68% CL) -
@) 100 : +20 (950/0 CL) :
~ AN =0.03 = 0.07 (stat. @ s) =
0.8_— ]
e E— O||||||||||||||||||||||||||||||||||||||| 0.75__ __
o S S Y Y B BV { -08 06 -04 02 0 02 04 06 08 1 - ]
© S B B B L B BN BN LR BRI N - .
2 1.5 — cos 6 07_....|....|....|....| R ,
nh_ 1mmWWﬁﬁfﬂﬁnfﬁfmf«n«n r:«rlvmi N '05 '04 '03 '02 '01 O 01 02 03 04 ( 0)5
= = 3 — Im(g
g o8 S AN = 0.03 £ 0.07 £0.03 i
o i -08 -06 -04 -02 0 02 04 06 08 1

95%C.L.=Im(gr)&€[-0.20,+0.30] for P=0.9

cos oN
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p Construct probability model for expected b-tag
multiplicities vs R where R = B(t — Wb)/B(t — Wg)

done separately for different event categories based on

4

-log A

4

(&)

o
-CO_'-HIlIIIIlIIIIlIIIIlI

Ratio B(t @ Wbh)/B(t > Wq)

) Measurement in dilepton final state with 16.7 fb-' 8 TeV data

Probability

channel (ee, ey, pu) and jet multiplicity

Likelihood fit for R using observed b-tag multiplicity

distribution

CMS preliminary,

Is=8 TeV, [ L=16.7 fb”

\ I

_I_ T T T

I,l’llllllllllllllllllI|II

-

I
-

= 0.988 <R < 1.058

=2 =3 =4
b-tag multiplicity

combined
ee

7’
1 —l”l | | |

I\IlIIII|IIII|IIII|IIII|III-I—

—l-IIIlIIII\I‘Illllllll

23/05/13

1 1.05

1.1

Measured R

o
©

0.8

0.7

0.6

0.5

0.4

CMS PAS TOP-12-035

, CMS preliminary, /s=8 TeV, [L=16.7 fb

0.3 =0 b-tags _;
=1 b-tags &
0.2 M =2 b-tags E
=3 b-tags 1
0.1 [l =4 b-tags =
0 "l"'|I|||..,|,|I|IIIE
0 0.2 0.4 0.6 0.8 1 1.2
R=B(t—Wb)/B(t—>Wq)
. 1S:MS preliminary, (s=8 TeV, [L=16.7 fb
— +0.036 g = 99.7% CL
m Y-SF
R >0.945 at 95% CL %0.7
0.6
V| >0.972 at95% CL e
0.4
0.3
most precise 02
measurement to date 0'; b
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Search for FCNC in top decays

p Flavour changing neutral currents highly suppressed in SM Phys. Lett. 8718 (2012) 1252 b
p Search for tt events with FCNC decay, t = Zq
p tt > Zq+tWb >4 £q+4 Vb t v/
p Require two opposite-sign, isolated leptons (e or M) consistent with a o V
Z-boson decay and an extra charged lepton consistent with W decay,
also =2 jets (no b-tagging) wu, ¢
p Less likely Z-j combinations vetoed by cut on > DPre+ ) pri + £t ,
then tt pair with largest Aphi selected t 7, g+
p Perform counting experiment: B(t — Zq) < 0.21%

;22_| T T T | T T T T | T T T T | T T T I*l +|-| T T ;22_| T T T | T T T T | T T T T | T T T |*| +|-I T T g-
& oof CMS\s=7TeV, 5.0 fo! EZr=>rT 3 &, 0F CMSVs =7 TeV, 5.0 fb” =Z_’Y o3 id dated f
= - tt — C tt ] I
= 18F [ wit/ztt — = 18 [ wit/ztt — slide to be UP ate or
2 160 Wwwwzzz 3 G F W wwwzzz - new result (19/fb 8 TeV):
T - [ single-top . c - [ single-top .
g 14F [JtozaB=1%] 145 [ ]t>2zq(B=1%)] CMS PAS TOP-12-037
= E —e— Data ] L E —e— Data ]
121 - = S0 S ey
n > & reliminary
N G [ 195fb"at(s58TeV
10:— — 23005 . ]
o] — E I
6E 250/~ .
4 200- [V ]
2 :
- 0 150+ & | L
100 150 200 250 300 350 100 150 200 250 300 350
T O SO T A R

m,, [GeV] My, [GeV] 1900 150 200 250 300 350
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Conclusions and prospects for 13 TeV 5

p LHC mass measurements matching precision of Tevatron

p Abundance of tops at LHC allows for more detailed studies of top quark
properties compared to Tevatron

p differential cross-section compared to theory at NNLO

p top, antitop mass difference and limits on Vy and FCNC far exceed Tevatron
precision

p Tevatron Ars result still the only hint at new physics (good agreement with SM
elsewhere)

p Many results for full LHC dataset at 8 TeV still to come!

D tt cross section increases by factor of ~3 from 8 TeV to |3 TeV

p uncertainties will quickly be dominated by systematics

p good understanding of top background very important at |3 TeV
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Mass combination at the LHC s

LHC m,,, combination - June 2012, L =35pb" - 4.9 fo”
ATLA MS Prelimi =7 TeV
} June 20 I 2 ATLAS 2010, I+jets S+ CMS Pre |m|nary,\@ ©
Combination Lint=35pb-1’ (® CR, U.Esyst_) ' - . ' J 1693 + 40 + 49
’ ATEAS 2011, Trets ——i 1745+ 0.6 + 2.3
. BLUE ATLAS 2011, all jets
using oo ————i 1749+ 2.1+ 3.9
L=2fb", (® CR, UE syst.)
. CMS 2010, di-lepton ] . .
p Leptontjets channel | v o o + 1755+ 4.6 = 4.6
e CMS 2010, I+jets N N
best SenS|t|V|t)’ CLK‘AE,?’Z”;A(@S-RFVS” ——— 173121+ 2.7
' M PO drepton — -1 1733+12+27
smallest syst. unc. CMS 2011, u+jets
} y L =491, (®CR, UE syst) —o— 172604 +1.5
LHC June 2012 @~ 173.3+0.5+1.3
CMS PAS TOP-12-001
Tevatron 2013  ATLAS-CONF-2012-095 o 173.2+05+0.7
| | | | * (stalt.) + (syst.)

150 160 170 180 190 GoV
p CMS results updated I . Mep [GEV]
since combination cus 2010 pinets

1725+ 04+1.5

CMS 2011 dilepton
(val. = stat. = syst.)

arXiv:1209.2393 (L=5.0/fb)

p CMS combination: cpsze sperge

@
—O—
N 1735+ 0.4 1.0
CMS 2011 all-jets S W 1735+ 0.7+ 1.3
—a@—
—=—t

(val. = stat. = syst.)

PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.)

P m:= 173.41£0.410.9 GeV

Tevatron 2013 combination

CMS PAS TOP-11-018

p Consistent with Tevatron R T

160 165 170 175 180 185
my,, [GeV]

173.4+0.4+0.9
(val. = stat. = syst.)

173.2+ 05+ 0.7
(val. = stat. + syst.)
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Top polarisation s

Atlas: Iepton+jets, template fit ATLAS-CONF-2012-133 CMS PAS TOP-12-016

CMS: dilepton, unfolded to parton level
Distribution of angle of lepton in top CM (helicity basis) oc 1 + «;p COS 0;

Ipha=1 in SM at LO
RS 1 N(cosf; > 0)— N(cosf; <0)
fraction of + polarised tops: f==+

2  N(cosf; >0)+ N(cosb; <0)

vV vV vV vV V9

Reco level Parton level
g :H‘\H‘\H‘\H‘\\\‘\\\‘\\\\_.\_\\Dét\a”\\\ 825007\\\‘\\\‘\H‘H\‘H\‘\H‘\\M—.‘_‘[‘)‘ait‘a. “““ -'-2_ 1__|||||||||||||||||||||||||II|IIIIIIIll__
5 4000F  ATLAS Preliminary > ATLAS Preliminary  _ gy £ [ CMSPreliminary 501 at a7 TeV
-%J 3500; fL dt = 4.66 fo' - ap=0 '..GEJ 2000k f,_ dt = 4.66 b e op=0 1 8 0.8 B —»— ( Data - BG ) Unfolded 7
L - s=7 TeV — op=+1 UCJ B s=7 TeV — ap=+1 5 s Syst. Uncertainty
3000? —Otp=-1 '8 : —— Powheg parton level
2500 15001 L 06 _
2000 T e
10001 - —
g z 5007 n 0.2 .
:\ 1| ‘ 11| ‘ 11| ‘ 11| ‘ 11| ‘ 11| ‘ 111 ‘ 111 ‘ 111 ‘ L1 \: : _ : -
0_1_08_06_04_0200 040608 1 O\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ O ol b b b b b b b b
-1 -0.8-0.6-0.4-0.2 0 0.20406 0.8 1 -1 -0.8-0.6-0.4-0.2 0 0.204 0.6 0.8 1
cos(6)) cos(6) COS(9|+)
I
+0.023
— - _
f =0.470 £ 0.009(stat) g 35 (syst) f = 0.491+0.029+0.041
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Lepton charge asymmetry 4

CDF Conf. Note 10975

POWHEG 4 /+)ets (Data - Backgrounds)
CDF Run Il Preliminary f£ =9.4/fb
2000"\1easured A% = +0.070 £0.022 (stat) | _|—— POWHEG + ¢+JetsData —— Fit 4(
Predicted A'ep = +0.023 + .3 .
+ +_+_ Uncertainties: ] *1o(stat. +sys.) @l +1o(.
__ 1500} _+__+_ | CDF Run Il Preliminary f£ =
S
> +
5 4
s A+t
= 1000f _+_
500¢ I
)1}
0 —-1.0 —-0.5 0.0 0.5 1.0
ay,
. CDF Run II Preliminary [ £ =9.4/fb 9 6 | | | | |
COISZ(;ZOSIE;VGI 0.0673:1(;.1?)1%%& P%%?SG 0 0.2 0.4 0.6 0.8 1.0
Backgrounds Subtracted 0.070+£0.019 + 0.011 0.023 |qyf|
Fully Extrapolated 0.0944-0.02410-022 0.027
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more top mass

Study of the dependence of the top-quark mass measurement on event kinematics
5.0 /fb
link

CMS PAS TOP-12-029

Top mass with the kinematic endpoints method
5.0 /fb
link

CMS PAS TOP-11-027
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top mass systematics T+
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Top spin correlation s
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