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Top quark physics
O Heaviest particle in SM
= FEE~ 1, EWSBTHRRRE 7, 2 (T =X
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Top properties
Mass, Width, Spin, Charge
Spin correlation, polarization

Top production V
test QCD, test EW

Charge asymmetry

anomalous coupling

, Top decay
;c+>( production | o |test EW
esonance Production . S
. W helicity
top from new particle Wb Goupling
,.‘/anomalous coupling
CP violation
FCNC
Major background for Higgs and searches| g’ New particle from top




SM Top quark production @ LHC

O TOp quark pair prOduction Via QCD PRL 110 252004 (2013), arXiv:1303.6254

o = LEE310s Pb (TTeV) g t
o = 252.97132 pb (8TeV) % < _
@NNLO+NNLL (mt=172.5GeV) top++ 2.0 g L
— ~06.4M top quark pairs in LHC Run 1

. . . Phys. Rev. D 83 (2011) 091503, arXiv:1103.2792 [hep-ph].
Q Slngle tOp prOdUCtIOn Vla E\N Phi: R:z. D 82 (2010) 054018, ::X;X:1005.4451 [hzg—gh].

Phys. Rev. D 81 (2010) 054028, arXiv:1001.5034 [hep-ph].
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Event selection

Top quark pair production T/w
O dilepton (11%) E

- 2 isolated leptons
- Z mass veto (for ee, u u) o

O single lepton (43%)
- 1 isolated lepton
- Ermiss, MT(W) Tmulti-jet, W+jetsZcontrol
- 24 jets, at least one jet b-tagged

O all-jets (46%)
- No isolated lepton
- 20 jets, 2 jets b-tagged
- Small Et™iss significance, centrality

Single top production

- 1 isolated lepton
- 2 jets, one is forward, the other is b-tagged
- large Ermiss
b-tag: typically € =70%,
rejection factor=130 (light quark), 5 (c-quark)
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Inclusive cross-section measurement
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Top physicsIFBEENQCDEWDIBZEIRIEN E 21T
Differential cross-section
- Top quark properties (Mass, charge, spin, helicity...)
- topDERL & BRIE(CIRN DHTRLFIERR

ATLAS : https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicRe

CMS : https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhvsicsResu OF



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Eur.Phys.J. C74 (2014) 3109, arXiv:1406.5375
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Differential cross-section

O Njet, pt(top), prt(ttbar), m(ttbar), y(ttbar)...D{&k7F:

reconstructed object — parton levellcunfold U C3EER & IB5m 7z LLER

IBEIQCDEtEDtestE LTEE

O New approach : pseudo-top quark arias-cone-2014-089
- reconstructed object — particle levellCunfold U C3EER & IB5m % LLER

- reconstructed — parton-levelINMD K ERZENEZEE (T, modelikiF(C KD AREMEZE

- single lepton analysis @ Vs=7TeV
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Differential cross-section with boosted toﬁ

O hadronic top®DpT(pt>300GeV)DEEE THIE
O Boosted top D
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Top mass : Standard method

O Template methods

Kinematic likelihood fit CttbarEE SR =B

dilepton : 2 leptons, 2 b-jets—mip

single lepton :

lepton, EtMiss, 2 b-jets, 2 light-jets—mtoprece

ATLAS-CONF-2014-046
ATLAS-CONF-2013-077
ATLAS-CONF-2012-082

Mtop"®C°, MW O, Mip \_T/Eb\bmt JSE; bJSFZ R RE
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Standard MethodIC K2 BSRIEDFESH

ATLAS Preliminary m,,, summary - Sep. 2014, Lint =4.6f"-20.3fb"

m % (lot) (stal.t JSF = bUSF = syst.)

» l+jets* "(\“:“"‘b"“ 172.31+ 1.55 (0.23+ 027+ 067+ 1.35)
'
'
 dilepton® SOV 201507 —_— — 173.09 + 1.63 (064 £ 1.50)
'
'
: arXiv: 1409 0832
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|
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m; = 173.29 &+ 0.95 GeV (LHC Comb.) 0.5%
ATLAS-CONF-2013-102 '

m; = 173.34 + 0.76 GeV (World Comb.)  0.4%
arXiv:14034427




Top mass : Other methods

O B-hadron Lifetime cwvs-rastop-12-030
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Top mass : pole mass with ttbar+1 jet

ATLAS-CONF-2014-053

O Differential cross sectionlc & & El#8Y97%pole massHIE
Eur. Phys. J C73 (2013) 2438, arXiv:1303.6415 [hep-ph]lc T#B7T
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Top mass : pole massEIED X & &

ATLI AS Prelimin'ary Top q{Jark pole r.nass]determinationsI
compared to direct measurement

DO approx NNLO: MSTW08, 1.96 TeV 2009 169.1 Z?

DO approx NNLO: MSTW08, 1.96 TeV 2011 167.5?’?3

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7?'2'2

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 2.6

ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 + 2.6

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172,97

ATLAS NLO: tf+1 jet, 7 TeV 2014* 173.7"

Direct reconstruction LHC+Tevatron 2014 173.3 i. 0.8

I RS SR TR S S A By | B R
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Top quark properties

g 200F fos. -3
O Top quark charge JHEP11(2013)031 R M o
q: = 0.64 & 0.02 £ 0.08 % T o
O W polarization in top quark decay .
JHEP06(2012)088 JHEP10(2013)167 arXiv:1410.1154 o
O CP violation in single top zg D
ATLAS-CONF-2013-032 ——
9 = _ g —ictq, | - i —iﬂ*w«».w*a* ~t+—
Lwa = —ﬁby‘“(VLPL * VPR W, — =D GUPL + gRPOIW, +he. 2.0 + IR

O Top polarization Phys. Rev. Lett 111, 232002 (2013)

O Evidence for associated production with W/Z ATLAS-CONF-2014-038

O FCNC searches
JHEP1209(2012)139 ATLAS-CONF-2013-063 CMS-PAS-TOP-14-003 PRL 112 (2014) 171802

B(t = Zq) < 0.05% B(t — uy) <0.0161% B(t — ug) < 0.0031%

cms  arXivi1410.1154 497478 Tev) . 11 019) ! S0t IR o 24 ‘ CMS-PAS-TOP-14-003
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Top charge asymmetry
O Charge asymmetry using Vs=7TeV data

Charge asymmetry from | Ay| spectrum in single lepton events

Ac

=)

- N(Alyl > 0) + N(Aly| < 0)
AM = 0.006 + 0.010 & 0.005

Aly| = |y:| — |yl

LHC

AZM = 0.0123 + 0.0005

lepton-based charge asymmetry in dilepton events
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TR
A s
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A% = 0.024 + 0.015 + 0.009
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Top spin correlation in dilepton channel

Double differential distribution
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M_o [G eV]

stop exclusion from top quark physics

t{, production, t» b f % /1> ¢ %, > Wb¥ /t>t¥,  Status: ICHEP 2014
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stop exclusion from top quark physics

t, production, - b f ¥ /t>c ¥ - Wb /t>t%  Status: ICHEP 2014
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Run2&ZNLIEICEAIF T : perspective

O J/s=13~14TeVDbenefit
o = 831.87402 pb(13Tev) 0. = 984.57:5 5 pb (14Tev)

Differential, BfEpropertyfa2:. FIBIERN

— Boosted topDBEMK 51000 1 ]
B 900L T o hoeus Track Selecion :
; o D B00L L AT e Tk Saeter ;
&) Plleupb\ﬁﬂz <55 £ 700} ]
o W o) o %
=z 4%/2 Ealgorlthmh\ﬁ:ﬁ% é nf L\S £ :gg; IP3D+SV1 -
% 4oof— d
O IBLOER(E] § S .
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Number of pileup interactions
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Run2&ZNLIEICEAIF T : perspective

O Cross-section
V/s=13,14TeVDF#F LL ;2. Differential cross-section. light stop search

& TOp MAassS CMS-PAS-FTR-13-017

- Std, math, == Endpoints

CMS preliminary projection

-y —_ L.,

® Prosent

- .N .w
MmN W o S
ll' L)

Total m,, uncertainty [GeV]

0w’ 300"

3000 16"

13 TeV 14 TeV 14 TeV :

o
—
/

—

RRIZFEZTESAE
Standard, Endpoint, Lxy, J/¥ method, ...

J v

o o

LI

(FCNC) cms-pas-FTR-13-016

. ATLAS & CMS®D B L\EEHT3

- W W’

Full NLO tools

= RTE TR

ut(e*)

JAP(-up)

B(t — Zq) 195fb ' @8TeV | 300fb ' @14 TeV | 3000 fb ' @ 14 TeV
Exp. bkg. yield 3.2 26.8 268
Expected limit < 0.10% < 0.027% < 0.010%

1 0 range 0.06 — 0.13% 0.018 — 0.038% 0.007 — 0.014%

2 o range 0.05 — 0.20% 0.013 — 0.051% 0.005 — 0.020%

ZO
SM:10-12~710-17
BSM: <104
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O ttbar SUMMaAry

3‘103II L L L L IIIIIIIII]IIIIIIIII]III
= evatron combined* 1.96 TeV (L«8.8 f6) . e
= " ® ATLAS diepton 7 TeV (L=4.6 fb") ATLAS+CMS Preliminary Sep 2014
| = . ® CMS dilepton 7 TeV (L=2.3 b))
o | O ATLAS l+jets” 7 TeV (L=0.7 fb) TOPLHCWG
O | O CMS l+jets 7 TeV (L=2.3 ib")
Q ® ATLAS dilepton 8 TeV (L=20.3b")
n ® CMS dilepton 8 TeV (L=5.3 fo')
) 102 =% LHC combined ey" 8 TeV (L=5.3-20.3 ft') —_
8 = O ATLAS l+jets® 8 TeV (L=5.8 fb") T T 3
5 ~ O CMS lsjets* 8 TeV (L=2.8 b") i .
s = * Prefimanary 250- R
o - i R
()
= - i 1 7
7] L .
E 200} -
o 10F : ] 3
£ - ! {
B NNLO+NNLL (pp) 150 s
S NNLO+NNLL (i) 7 8 |
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -
= 172.5 GeV, PDF @ «_ uncertainties according to PDF4LHC
1 11[11%[1111111?1”11110‘?1?11 L1 1 1
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\s [TeV]
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| W ttdilepton L =4.6fb'
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O ttbar SUMMaAry

ATLAS+CMS Preliminary Oz summary, \s=7TeV

"""" NNLO+NNLL (top++ 2.0), PDF4LHC, m, = 172.5 GeV
scale uncertainty

scale ® PDF @ a4 uncertainty

ATLAS, l+jets -

TOPLHCWG July 2014

stat. uncertainty

total uncertainty
Og +(stat) =(syst) =(lumi)

: 179+ 4+ 9=+ 7pb Liy=0.7 fb’'
ATLAS, dilepton (*) I—I-O-I—I 173z 614 "2 pb L,=0.7 fi"
ATLAS, all jets (*) + 1 167+18+x78+6pb L1010
ATLAS combined e 177:3" 2 7pb L =0.7-1.0 1"
CMS, I+jets (%) HH 1643+ 12+ 7 pb L,=0.8-1.1 b’
CMS, dilepton (*) —_ 170+ 4+ 16+ 8 pb L1t
CMS, 1+ (%) —t ¥ 1 149+ 24+ 26+ 9 pb Ly=1.1 107
CMS, all jets (*) i t ¥ 1 136+ 20+ 40+ 8 pb L,=1.1 b
CMS combined I—l'l—l 166+ 2+ 11+ 8 pb L,,=0.8-1.1 b’
LHC combined (Sep 2012) P 173+ 2+ 826pb  L,=07-11%"
ATLAS, I+jets, b—Xuv —— 165+ 2+ 17 + 3 pb L =47t
ATLAS, dilepton e, b-tag HeH 182.9+ 3.1+ 4.2+ 3.6 pb L4561
ATLAS, dilepton ey, N, -ET™ = o 181.2+28°%7+33pb L,-460"
ATLAS, 1, + I—I-'—°—I—I 186+ 13+20+7pb L2110
ATLAS, <, +jets } Ii : 194+ 18 + 46 pb Lt 71"
ATLAS, all jets I ——ts 168+ 129+ 7 pb Ld7 "
CMS, l+jets —io— : 158+ 2+ 10=4pb L,=2.2-23 fb"
CMS, dilepton He 162+ 2+ 5+4pb L,=2.3 fb"
CMS, 7,4t ———t— 143+ 14+ 22+ 3 pb L=2.2 fo"
CMS, 1, Hets — 152+ 12+ 32+ 3 pb L, =3.9 fb”

CMS, all jets

(*) Superseded by results shown below the line

139+ 10+ 26+ 3 pb Liy=3.5 fb’'

Effect of LHC beam energy uncertainty: 3.3 pb

50 100 150 200
o, [pb]

250 300 350

ATLAS+CMS Preliminary o, summary, \s=8TeV TOPLHCWG Sep 2014

....... NNLO+NNLL (Top++ 2.0), PDF4LHC —
Myop = 172.5 GeV

scale uncertainty
scale ® PDF @ og uncertainty

stat. uncertainty
— =— — total uncertainty

O +(stat) =(syst) =(lumi)

ATLAS prel., e/u+jets X ¥ . 24122+ 3129 pb
ATLAS-CONF-2012-149, L _=5.8 fo

int

CMS prel., e/u+ets — o _| 228+ 922+ 10 pb
CMS-PAS TOP-12-006, L, =2.8 b’

int™

CMS, e/u+t. ——e—— 257+3+24x7pb

arXiv:1407. 6643 L =19.6fb"

int

ATLAS, dilepton ey o=t 242.4+17+55=7.5pb

arXiv:1406.5375, L._=20.3 fb"

int

CMS, dilepton (ee, uu, ew)

239.0+21+11.3+6.2pb
JHEP 02 (2014) 024, L _=5.3 fo

o

int

LHC combined ey (Sep 2014) |4 |
CMS-PAS TOP-14-016,
ATLAS-CONF—2014-054,

241.5+1.4+5.7+6.2pb

L,=5.3-20.3 fo'!
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
[ 1 | | [ | [ | L | [ | [
100 150 200 250 300 350 400




Single top-quark production summary

L L | I LI B | l LI B |

| ATLAS + CMS Preliminary
Single top-quark production

] L | I
TOPLHCWG

«omoON

«omeOonN

<1

T T T rr
Oct 2014

ATLAS t-channel 7 TeV arXiv:1406.7844
CMS t-channel 7 TeV JHEP12(2012)035
ATLAS Wt prod. 7 TeV PLE716(2012) 142
CMS Wt prod. 7TeV PRL110(2013)022003 |

ATLAS s-channel 7 TeV, 95%C.L.
ATLAS-CONF-2011-118

]

ATLAS t-channel 8 TeV ATLAS-CONF-2014-007_|
CMS t-channel 8 TeV JHEP06 (2014)090
ATLAS Wt prod. 8 TeV ATLAS-CONF-2013-100
CMS Wt prod. 8 TeV PRL112(2014)231802

ATLAS s-channel 8 TeV, 95%C.L. .
arXiv:1410.0647

CMS s-channel 8 TeV, 95%C.L.
CMS-PAS-TOP-13-009

LHC Wt combination, 8 TeV
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

PRD 82(2010)054018, PRD81(2010) 054028
scale ® PDF & a, uncertainty

NLO + NNLL PRD83(2011)091503, —_
m,,= 172.5GeV, MSTW2008nnlo |




mtP°'e from O ttbar measuremant

1 I LI B | I LI [ L B | l LI ' LI I LI l LI I LI I L |

Q - ———— MSTW 2008 NNLO )
o 350 S ATLAS e — MSTW 2008 NNLO uncertainty _
c \ CT10 NNLO .
.g ------ CT10 NNLO uncertainty -
) : NNPDF2.3 NNLO .
2 300 - . —— + NNPDF2.3 NNLO uncertainty ~_
U(;,) C 8Tev T O \s 7TeV, 461 \ysm -
% i
O i
O 250 -

200

150
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Top quark mass summary

. . '1 '1
ATLAS Preliminary m,,, summary - Sep. 2014, L =35pb™ - 20.3 fb
m__ % (tot) (stat.: JSF + bJSF £ sysl.)
|+jets* CONF-2011.033 ; 169.3 + 6.3 (4.0 . 49 )
Lie =35pb [
) 1
l+jets = P o F7 (0122040 —_ — 1745 + 24 (06 + 04 t 23 )
™ '
all jets* CONF-2012-030 Pr————— 1749 + 4.3 (21 ¢ 38 )
L, =205 .
: - - ! 35 11
dilepton ff’::?f‘bz,m? e 1752 £5, (16 £ )
- l+jets* fo“’:?;"’:’;o“ﬁ — -E-l 172.31+ 1.55 (0.23+027+ 067+ 1.35)
e = '
— dilepton*® FONTEOIE07 bt et 173.09 £ 1.63 (0.64 +1.50)
',,’= . '
all jets arXiv:1409.0832 - = 1751 + 1.8 (14 £ 12 )
L”=4.6 o ]
; * CONF-2014-055 .
P e fp— " T Z. . :
single top L a203 ! . 1722 * 21 (o7 t 20 )
1
;
CONF-2011-054, L =35 pb” : T3
N A anav:1406.5375 25
M}ﬁ . -
o(tt) dilepton L 48203 . 1729 * 7,
2. 1. iot\* CONF-2014-053 L 23
- Pr— — i -
o(tt+1-jet) e ' 173.7 £ 33
1
LHC Comb. Sep. 2013 : ----- World Comb. = 10
173 59 + 0.95 ——i stat. uncertainty
World Comb. Mar. 2014 : stat. ® JSF @ bJSF uncertaint
) * . y
o wASN . : total uncertainty
B s o *Preliminary, —Input to comb.
4 1
I | | L | |
My, [GEV]



Top quark pole mass

ATL] AS Preliminlary Top q]uark pole r.nassldeterminationsI
compared to direct measurement

DO approx NNLO: MSTW08, 1.96 TeV 2009 169.1 Z?

DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5:?3

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7_+2':

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 2.6

ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 174.1 + 2.6

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9f‘z'z

ATLAS NLO: ti+1 jet, 7 TeV 2014 173.7f‘:

Direct reconstruction LHC+Tevatron 2014 173.3 io 0.8

A B B B S A B

140 150 160 170 180 190

m :’°'e (GeV]



ATLAS and CMS preliminary

\s=7TeV,L =85pb'-22fb" | Fyz | F Fo
B NNLO QCD

Combination
o=+ Data (F_/F/F))
ATLAS 2010 (single lepton) ~e— T Y
ATLAS 2011 (single lepton)  ~e~ - .
ATLAS 2011 (dilepton) R . A
CMS 2011 (single muon) . A
LHC combination - A
TIR (T S W IN NS SR N (NN URNT R R T

0.5 1

ATLAS-CONF-2013-033

W boson helicity fractions



