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The Top Quark

i W/Mmhm / e / ’ W helicity
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o c,m e Wi Anomalous
= - Couplings
o 2. Production Top Spin { i 7
. J cross section P violation
, - 4 Top Charge
* The heaviest particle discovered Resonant
. production
o Strong top Yukawa coupling
= Plays key role in many important Production
physics processes kinematics
o Flavor physics, Electro-weak processes Top Spin’ )
= Speculated to play a special role in a | Polarization
number of Beyond the Standard
Model theories Couplings
Rare/non SM Decays
Branching Ratios
[Vipl
v = vacuum expectation value (246 GeV)
VX L lop Vukawa coupl
Y, = top Yukawa coupling
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Early Run 1, ATLAS perspective
o July 28, 2010 (CONF note):

“A search is performed for events
consistent with top quark pair
production in 280 n(%)'l of ATLAS pp
collision data...”

e
Eur. Phys. J. C (2011) 71: 1577
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= March 17, 2011 (paper):
o ATLAS: “...in a data sample of 10
2.9 pb'!, 37 candidate events
are observed in the single-
lepton topology and 9 events
in the dilepton topology.”
o CMS: 11 dilepton candidate 1

events
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Top pair production at the LHC
through gg (dominant) and qq

= Single-top production
o t-, Wt-, s-channel

14.6%

) pHp

* Run 1: per experiment (approximately) 12%.4% 1.29, 14.6% E Hadronic
o 6M top-quark pair events . 4 !
o 2M t-channel single-top events \; a
o 150k s-channel single-top events v ’ <t
o 10k tt+W/Z >’“‘(W“< i
o 3k tt+Higgs g v
o 20 tttt

= t—WDb, W—jets or lepton + v
o The more jets, the more challenging
the systematic uncertainties get

(jet energy scale, ISR/FSR etc)

Reconstruction

Detector
View
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i
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= Every topic deserves a dedicated long presentation,

Total inclusive cross-section [pb]

IK{

o CMS Public Page:

https:/ /twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsTOP

o ATLAS Public Page:

https:/ /twiki.cern.ch /twiki/bin/view /AtlasPublic/TopPublicResults
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What was learned about the Top Quark

V.| : 1.6% unc.

I.: 9% unc.

CMS Preliminary August 2014
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Top quark mass measurements
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@ Inclusive top-pair production =

= Opposite-sign ey + 1 or 2 b-tagged jets

o Fewer jets && smaller Z+jets contamination
» Reduce jet and b-tag uncertainties by

L]
-
=4
]
>
w

performing simultaneous fit for 1 or 2 b-tag =

N; = LO’tf 66“265(1 — C’beb) -+ N{)kg

2 bk
Ny = Loy €6,Crep” + Ny °

= Systematics: luminosity(2-3%), beam
energy(1.7-1.8%), tt modelling(~1.4%),
PDF(~1.1%).

........................
ATLAS [ ] Data2012
|s=8TeV,2031" [ !l Powheg+PY
- Wt

Z+jels

) Diboson

e Mis-ID lepton

Powheg+PY .
MC@NLO+HW 4
Alpgen+HW o

/7TeV 0= 1829 % 3.1(stat) * 4.2(syst) + 3.6(lumi) £ 3.3(beam) - N
8TeV 0 =242.4 % |.7(stat) £ 5.5(syst) = 7.5(lumi) + 4.2(beam)

* Fiducial: g,, = A, X G,

o Aeus acceptance; G, reconstruction efficiency

mPo = 172.9722 GeV

o No extrapolation from the measured phase space (PS) to the full PS

= PDF: 1.1 -> 0.3
* QCD scale choice: 0.3 -> 0.0

@ arXiv:1406.5375

& Eur.Phys.). C74 (2014) 3109 Moriond/EW: 50th Rencontres de Moriond




Inclustive top-pair production: Summary

CMS, |

» Summary of LHC (and Tevatron Jmeasurements of top-pair
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production cross sections

o Excellent progress both on the theory and experiment

sides!
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CMS

Single-top-quark production: Summary

» Different processes sensitive to different new physics mechanisms

~ ATLAS + CMS Preliminary TOPLHCWG *® é‘%&?é&%ﬁ?g%e, ATLAS CONF-2014-007 |

| Single top-quark production Jan2015 | SEPLEOYSs weposorgos0 |

ATLAS Wt production
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CMS Wt production
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Events / bin

'

FCNC

Extremely low SM cross sections

o A number of BSM theories that predict
enhancement (both in production and

decay)

New CMS result
o pp— tt—=cH+ Wb
= Same-sign and trileptons
o Br(t— Hc) < 0.93%
= Expected limit [0.89%0-33/ ,,]%
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arXiv:hep-ph/0409342v4

CMS, |
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Syiz
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g Z
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Differential: introduction

= Differential cross sections test of QCD calculations
o Compare generators and NLO QCD predictions to unfolded data distributions

» correct for resolution effects (unfolding)

» regularized inversion of the migration
matrix

For instance, » Singular Value Decomposition method

for the parton-level

measurement leptonic top . gy ATLAS Simulation \s=7TeV psjets
g 00% 00% 0.1% 0.1% 04% 7.9% -
— D — = 350
o 02% 03% 06% 24% 1&1%- 6.7%
©
o 250
IR | i i e b ABAMARAE: S 07% 1.1% 2.4% 12.4%- 82% 23%
8 3F7 ATLAS u+jets = 200
3 V) \s=7TevILda=4.sfb' éf’;‘:f”) 5 28% 4.3% 13.5%-14.5% 48% 1.7%
- : +jets @ 150
: 10°) — ol « 11.8% 19.3%.1&3% 76% 36% 3.0%
10 [ Wejets 100 b
R Multijet m- 229% 102% 55% 3.5% 26%
1 [ Other 50 g 1
104*!_ -15.0% 70% 36% 20% 14% 1.0%
1020 90 50 100 150 200 250 350 800
3[ correlation: 0.84 Parton-level p|, [GeV]
10°F T
§ 1.5
§ 1 :’Mv/ /::;/_’/..'//////,‘j/;;j .
2 05! o o b 5|, subtract ! correct each bin for T
ML= = O 100200 300 400 500 600 700 800 background efficiency to pass selection
@ < Hadronic top p. [GeV]
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Differential

CMS, |

» Differential cross sections test QCD calculations

o compare different generators, PDFs and (N)NLO QCD
predictions to unfolded data distributions
. Study klnematlcs of top pair, top quark p,

= = =
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 CMS Preliminary, 12.2 fb' at Vs = 8 TeV

----- Approx. NNLO

(arXiv:1210.7813)
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= Pseudo-top and tt built from objects directly related

to particle-level observables (leptons, jets, ET . )

Differential: pseudo-top

o CMS: dilepton

o ATLAS: lepton + jets
= POWHEG+PYTHIA
= POWHEG+HERWIG

= POWHEG(HERAPDF)+PYTHIA
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to TeV range

Differential: boosted

* Top p; measured for the first time using
boosted jet reconstruction algorithms up

o Fiducial phase-space particle level

o Full phase-space parton level

= MCs are above data, increasing with p,
o Better description by Powheg+Herwig at

parton level
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[J. Stupak’s talk @ Thursday]
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CMS

» Differential cross sections as

functions of top p; and rapidity
o Comparison with MC using different modeling for

Events /0.1
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Differential: single top t-channel
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0.05F - F : c QCD Multijet 3
C ] A M — . 2000} .
o | | | | | | | Lot ] PSP I U P B 3 c 1.
g Fr T 1 T T T T T T T |_3 5| 1BF T T T T e 1000:- Zé
§§121m i ee—— E g% N N o
goo sF 7 0 }
177 g - R R BRI EPEE EPEPE BRI AP RPN RPN B 505- Q gof T T T T T T T ]
0O 02 04 06 08 1 12 14 16 18 2 0 20 40 60 80 100 120 140 160 180 200 220 240 2&‘% OF-t e U O — ]
top Iyl topp [GeVl 8020 i R +]
0 20 40 60 80 100 120 140 160 180 200 220 240
\ / i
CMS PAS TOP-14-004 . .
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@ Top-pair + X (and other SM measurements)

Standard Model Production Cross Section Measurements

r—

o)
Z
b

1011

108

10°

10*

103

102

10

80 ub7!

1TI'I'| T ||lnl1| T llllll‘l'l T IIllllTI T lllllrll T IlIIIlTl T |||||rl| T lllnﬂ" T IIIlIﬂI LR

0.1<pr<2TeV
- wOm

0.3<m;<5TeV
- =O=

nj >0

35pb1t

nj21 anO
Q= —O——
35 pb~1
nj22 O
W0s n;>1 €KX
Q.

LHC pp +s=7 TeV
B Theory

. Observed 45-471! . Observed 20.3

1

total
O o .22

-1 M 130 fo!
20t Howw

-O-

-

Nolyiy

CMS
Status: March 2015
ATLAS Internal
Run1 +/s=7,8TeV
LHCpp ys=8TeV -
B Theory ;
E
l Vs (TeV) 7 8 14
l tt |pb| 177 | 253 | 950
ttW 169 | 232 | 769
l _ttZ | fb | 137 | 206 | I12]
ttH 86 | 130 | 61l

upper
limit

teX cross sections at NLO
IHEP 07 (2012) 052.IHEP 11 (2012) 056

total |y|<3.0 |y|<3.0 fiducial fiducial fiducial total

PP Jets Dijets W Z 1t

R=0.4 R=0.4

y*<3.0

ti-chan WW 77

total fiducial total fiducial total
semilept.

Wt H Wz zz Wy ":’N";* Zy @w

total fiducial fiducial fiducial total

njet=0

Moriond/EW: 50th Rencontres de Moriond
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§ Top-pair + X, X=W,Z

—_

19.5 o™ (8 TeV)
T T T

CMS

19.5fb™ (8 TeV)
T | T T T T | T T T T | T T T T

(2]
= -
[

N

S , g F : % ' :
. é [ CMS -+ Observed 1M B & 2-D best fit ]
CMS: Search in 3 channels 20 @ 1°" 5001 % e
S [ Irreducible i r o con ?ur ]
" 2L(SS), 31 41 S of s R o =,
= Observation of ttZ and ttV | § CSoene ] - SDWeto
’ 1 80 6 -1 300 777 BW theory -
Oy = 380‘:980 (stat) 5o (syst)fb T - i :
T . T . M 7 200 N
ttW cross section ttZ cross section : R 3
170" 350 (total) fb 200 + 90 (total) fb  2f ; 100-_\ -
L 7] L7777, - N
0 S = C ]
Eur. PhVS. J.C74 (2014) 3060 82 84 86 8 90 92 94 96 gtran“EggV] T I200A4' L IOI ?étg
£ o aras Pedmnay SRE T ol R W
it L=203f0" \s=8TeV wz Other. .
w2 ATLAS: Search in 3 channels
< A1 A B NV N AN BN BRER .,
A * s’ e * 21(SS), 21(0S), 3
s TP \ st = Observation of ttZ, ttW
o s __\S = e \_ 7/ 6Z Theory uncertainty ]| o ttv @ 4.90-
F NN NN W Theory uncertainty 1. .
O 7 NN % . 3 e ATLAS-CONF-2014-038
07 Yz ////////////// BT - o -
0.5 A ; ]
- oA e 1 Process Measured cross-sections Observed o | Expected o
- \ _________ . p
O:_ \\ * Campbell(2012) Kardos(2011),Garzelli(2011,2012) _: ttZ ISOth(tOtal) = 150f§(5)(stat) + 21(SySt) fb 3.1 3.7
(IJI IO.|5Ilk 1 II1.|5IIII2|IIII2.I5IIIII|3III 140 120 70
W | 300*149(total) = 300*120(stat.)*79(syst.) fb 3.1 2.3

g

6/ o, (ttW)

Moriond/EW: 50th Rencontres de Moriond
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Top-pair + X, X—photon %\{

CMS, |

» Sensitive to top charge and to top-photon . e
coupllngs $ 102 ATLAS Muon channel _
~ ] A +D§ta 3
a Control sample / Background to tt+H, H- 7 v £ | fs=7 Tev, [Lat= 45010 D Signal ound ]

° ° Hadron fakes

= ATLAS@7 TeV: observation + fiducial cross & s S Tolal uncerainty from it
section 108 - =
= Extract fiducial cross section by template fit 5 Q\\ N
to the photon track isolation distribution L - o
= ||
= Background determination : \\\
o Data-driven where possible i N\ L
o Single-top, diboson estimated with MC 10 '1[)' e 8 20
P [GeV]

arXiv:1502.00586 [hep-ex]
L BN L L L

ATLAS

CMS@8TeV: cross section

= Muon channel

= E(7)>20 GeV, AR(7,b)>0.1
" O(ttr)/o(tt) =

}5:4

(1.07 £ 0.07(stat)

+ 0.27(syst))x 102

a

a

=>0(tty) =

2.4 + 0.2(stat) = 0.6(syst) pb

SM: 1.8£0.5pb (Melnikov et al)

Electron channel

CMS-PAS-TOP-13-011

{s=7 TeV, f L dt=4.59fb"

——e—— 76 [ (stat.) % (syst.) = 1 (lumi.) fb

T T T T T | T
—+— Data

|:| Theoretical uncertainty

Moriond/EW: 50th Rencontres de Moriond

Muon channel ——— 55 7y (stat.) 14(syst) 1 (lumi.) fb
Combined ————i 63 =+ 8 (stat.) jg (syst.) =1 (lumi.) fb
Theoretical prediction —— 48 =10 fb
IllIlllIIIIIIIIIIIIIIIIllllllllllllllll
-100 -50 0 50 100 150 200 250 300
0, x BR[fb]
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CMS

Top-pair + jets (including HF)

= >50% tt events with extra hard jets |, OMS, L=50 b al Vo= T TV

CMS Prellmlnary 19.6fb'at Vs = 8 TeV

o Tune & test QCD ISR/FSR modeling 8‘%? 1mc°mbmed ;_,: v - Dilepton Cotinc d.> %%gev ;
= Normalized differential cross section”~ | |l 1" _yé‘\%a&aé%igéi;&%
as a function of Ny | | OAHESHRYTE +
o with different jet p, thresholds ol o 0w ] woF :
= Large uncertainties at high N, o MadGaphPytia | | 107 EE
dominated bv JES and MC moaelmg (oL -~ MC@NLO+Hervi R e
U, 107 19 6 b (8 Tev) 5 —— POWHEG+Pythia __________ _; T
S 0 CMS .ttLF $ g/ata i % 15— ! ot = A = gl
W ttcc m 2y — . o ]
l-|3105 ] ttbj DSi]r(iglet 8 osE ' : - 5 IT——_SO-SE*O s
10t | ttbb [ tt other >t ° "N e
10° » Top Yukawa coupling => ttH => ttbb final state
102 o ttbb is an irreducible background
10 = CMS @ 8 TeV: Ratio extracted via fit to the output of
3 the b-tagging algorithm for the 3™ and 4t jets
042 1 = Ratio in full phase space with jet p>40 GeV
S 7t 3 p p .] pT
Sosp
© o 1 2 3 >4
o ; Phys.Rev. D89 (2014) 072012
Number of b-tagged jets : )
o 995E) = ATLAS @ 7 TeV: Ratio tt+(b or c)/tt+jets
b = (0,022 +0.004(stat.) = 0.005(syst.) = 2D fit: (jet pr, vertex mass)
O .
R I Ryr = [6.2 1.1 (stat.) &= 1.8 (syst.)]|%
- —#(NLO QCD) =0.011=0.003 = ALPGEN+HERWIG = 3.4%
11jj
S e » POWHEG+HERWIG = 5.2%
@ arXiv:1411.5621 Moriond/EW: 50th Rencontres de Moriond 0 18




CMS

Multi-top production

= More data, higher Vs => rare processes are
becoming accessible

* Generated with MadGraph

o Many BSM models predict enhancement of this
cross section (SUSY squark/gluino decays) @
CMS

_
t

S S
t

19.6 fb' (8TeV)

e e D108
= No significant excess 'O 1iso. N >7.N, 22 g fi+ligg_
observed over SM Do H. 2 400 cja v E™ 5 30 Gev T EW
expectations i eV, E™ 230 Ge tt other

104
10°

#aes Scale uncertainty
— SM ffif (x 100)
¢ Data

= Cross section limit;:
o Observed: 32 fb (25 x SM)

T III|T1 I II"‘ Il]lq—n'm‘—]

o Expected: 32 + 17 fb 10°
= Will be of interest for Run 2 10
o 4-top production cross section 1

~9--15 times larger

CERN-PH-EP-2014-222

Data - MC
MC
o

arXiv:1409.7339 03 02 -0.1 0 0.1 02 03 04
JHEP 11 (2014) 154 BDT,,., discriminant
54
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CMS

CMS 19.7 fb™ (8 TeV)
S L« Data [ W+jets
5, 3000 Wt (t-chan.) [ Others ptjets |
g - [t (other) []QcD
z 2500:— Bt Stat. unc.

W helicity in top production tom tOH,

t—Wb, W: left-, right-handed, or longltudmal helicity
o => measure the helicity fractions
o W polarization sensitive to non-SM tWb couplings
o First measurement using events containing

a single top quark
» 1 lepton + 2 jets (1 b-tag) + E miss

Fo = 0.720 £ 0.039 (stat) = 0.037 (syst)

CMS 19.7 b (8 TeV)
-1 -0.8-0.6-0.4-0.2 0 02040608 1 S 1
002, FL = 0.298 & 0.028 (stat) == 0.032 (syst)
CMS | 19.7 b (8 TeV) «w—_—_—»
CMS 19.7fb" (8 TeV) | .. SM pred. @ro &1 (2010)) -
0.35 o —_ Stat. une. Combination 05 g, gR:.anornanus tWb
(- [ |Syst. unc. ) . i Coupllngs
\- s Totalunc. =% u+jets = [
0.3 —E& e+jets E OT‘
L _ EE CMS (JHEP 10 (2013))
0‘25-_ -+ Data, o ATLAS (JHEP 06 (2012)) _0_5__ W @ 68% CL « Best fit
Stat. unc. C——a—— CDF  (PRD 87 (2013)) - @ 95%CL e SM pred.
- —— Syst. unc. -
— e U NS RN SRS ST S
i + -Sr:/tIa[lruer(]ﬂc.(PRDm(zow)) > (PRD83(2011)) _0'4 _0'2 R 0 0'2 0'4
s A I 02 1 o o1 o2 e(gL)
0.65 0.7 - 0.75 0.8 FR
0
B —zcﬂ‘ _
_ JHEP01(2015) 053 L™ — \gfw‘( VLP, + Ve PR)tW ™, gf q (gLPL + grPR)EW ™, + h.c
\ Sy arXiv:1410.1154v2 \

Moriond/EW: 50th Rencontres de Moriond
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CMS, |

What We still Need to Learn
* Rich and mature top physics program @ Run 1

o Many things to learn from a bigger data sample!
= A factor of 2 top-pair events in 2015
» Expect 10 fb-! @ 13 TeV [M.Lamont’s talk @ Tuesday]
= Top Properties
o Many properties are still unknown (to the desired
precision)
» Couplings to photon, Z
» Coupling to Higgs [S.Majewski’s talk @ Thursday)

* and maybe some other new heavy particles?
» Charge asymmetry in top pair production

= FCNC
o many channels to test

= Precise cross section measurements

o Differential measurements to test pQCD
= PDF studies

= Thank...

@ Moriond/EW: 50th Rencontres de Moriond
s 21




CMS, |

Top-quark pair production: 201 1

» First Summary of LHC and Tevatron measurements
of top-pair production cross sections

E _I I | 1 I | 1 1 I I 1 I 1 I I 1 I | I | | 1 I I I I 1 | 1 | 1 I 1 I_
O - ® ATLAS  ----- NLO QCD (pp)
_— (2.9 pb) —— Approx. NNLO (pp) | |
b v CMS .......... NLO QCD (pﬁ) _—”:—:—’_ =
10° = (3.1pbl) ----- Approx. NNLO (pP) _.-:2:2 =
- = CDF i .
~ A DO 800 ]
- 250f ] -
10 = 200F -
- Ml : =
- 150 1% -
- 100f 1
6.5 7 7.5 ]
1 :1 1 1 /I, I | | 1 ] I 1 1 1 1 l ] 1 l 1 I 1 ] 1 1 I 1 ] ] 1 | 1 1 1 ]
1 2 3 4 ) 6 7 8

254 \'s [TeV]

Moriond/EW: 50th Rencontres de Moriond
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LHC + ATLAS + CMS + Theory Community
* Huge effort! 2013

1989 | |1998| (2008

2013 |
280 4 4 ‘ 4
260 NLO NNLO .
LO '

240 . Tl]

c
e,
=)
< ! fLL
= 220 NL
é -§. NL LNNLL
> *:'6 200 | &k
awcu Lunnnutyr i q) 5-
- :10 03-3011:21 10 5012-12-16 20:49 UTC < - ' Fixed Order -
z ed from 2 I - ———
pata included eV, 44.2 b — 8 160 ‘ leigiig:
R 011, 7 TeV, 6:1 0 20 ‘ :
& T iz, 8TeV, 2330 : 140 : :
= — 2012, 8 LHC 8 TeV, m,op=173.3 GeV, A=0
4 120 ) MSTW2008 LO; NLO; NNLO
g 225 ATLAS Online LU= .
€ = 20— 2010ppN5=7 Te\\//
- 2 18 — 20M pp\E:”eV
3 o] — 2012pp\s=8T
T £ 16
2 14
? 12
)
Y 994? Z 10
P'Q( ‘»‘t@* ‘»\“ \,\\) ‘»Pi“? s _,,: 8

8
6
A
2
0

O\
yot pe* ’
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CMS, |

Top-quark pair production: 2015

» Summary of LHC and Tevatron measurements
of top-pair production cross sections

E‘ 103:I$I(T I | | Ib ljl I-IIV(LI If;)1)l | I | | | I I I | I 1 I I | I | | I I:
L evatron combined* 1.96 Te =8.8 fb .. —]
ke — m ATLAS dilepton 7 TeV (L=4.6 fi5") ATLAS+CMS Preliminary Sep2014 -
C | e CMS dilepton 7 TeV (L=2.3 fb") _
(e | O ATLAS l+jets* 7 TeV (L=0.7 ft") TOPLHCWG =
O O CMS l+jets 7 TeV (L=2.3 fb") |
() [~ m ATLAS dilepton 8 TeV (L=20.3 fb'")
w ® CMS dilepton 8 TeV (L=5.3 fo')
2. 1 02 % LHC combined ep* 8 TeV (L=5.3-20.3 fb") —
8 — O ATLAS l+jets* 8 TeV (L=5.8 fb') [ ]
bt — O CMS l+jets* 8 TeV (L=2.8 fb) I I
HC_') = * Preliminary 250F “I1 - 4
el | B T -
O
= B i 1 7
= i ]
- 200 .
o 10 [ 1 1
< ! .
s NNLO+NNLL (pp) 150 + T
——— NNLO+NNLL (pp) 7 8 |
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7]
m__=172.5 GeV, PDF® oy uncertainties according to PDF4LHC
1 | | | | | | | | | | | ? | | | | | | | | | | | | | | | | | | | | | | |
2 3 4 5 6 7/ 8 9
@ \s [TeV.
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QUARK MASSES

W+
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CMS /|

" Detectors

= ATLAS + CMS Charge asymmetry
= ATLAS tt+HF

* FCNC prospects

* Various summary plots

@ Moriond/EW: 50th Rencon tres de Moriond 26




Large Hadron Collider

= p-p collider

= Center of mass energy
svVs=7TeV@2010-11
=vVs=8TeV@ 2012
Vs = 13-14 TeV @ 2015+

= Multi-purpose experiments:: \

ATLAS and CMS |

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

LHC / ATLAS Length =44 m, DiaTefet =22m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detecto

LAr electromagnetic calorimeters

» Trackers:electrons, muons, jets, taus, photons
= Calorimeters: electrons, muons, jets, taus, photons
= Muon Detectors: muons 3

Moriond/EW: 50th Rencontres de Moriond e 27



= LHC / CMS Length = 21.6m, Diameter = 15m

Large Hadron Collider

= p-p collider -
= Center of mass energy 7 ) EhRRl Gt
. P :} Silicon tracker
" \/S =7 TeV @ 2010-11 N o P Forward hadron

"% calorimeter

=vVs=8TeV@ 2012
=vVs = 13-14 TeV @ 2015+

= Multi-purpose experiments:
ATLAS and CMS Magnet

Tracking Electromagnetic Hadron Muon

charnber calorimeter  calorimeter charnber

photons / .i 7
Superconducting 4l
—ef B8 solenoid magnet

Hadron Muon ' One of the 15
calorimeter chambers détector sections

 frermost Layer. —————» ~owementyer - G bdetectors and identified objects:

‘o e = Trackers:electrons, muons, jets, taus, photons
= Calorimeters: electrons, muons, jets, taus, photons
= Muon Detectors: muons

WQ
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Charge Asymmetry

= At LO top-antitop is symmetric

diagrams that are not symmetric under the
exchange of t and tbar cause a preferred direction of
the t and tbar and hence an asymmetry
deviation from the SM prediction could indicate physics
beyond the SM
» Tevatron results
3.4 sigma deviation in AFB for M;;>450 GeV (CDF)

Q

a

= LHC: pp collisions
Asymmetry arises from qgbar top pair production
Results are consistent with SM expectations

Q

]

tr _
Ac =

1

O

[%]

A

N(Alyl > 0) = N(Alyl <0)

N(A

0

yl>0)+ N(Aly| <0

)

- ATLAS
L /¢, \s=7TeV, 460"

-

° ATLAS data
ATLAS 1o
ATLAS 20

+ SM, NLO QCD+EW, Bernreuther(2012)
A SM, POWHEG-hvg+PYTHIA6
L L | L 1 1 L | L

R

X

|_511 O 5

10
Ac [%]

arXiv:1101.0034_, Phys.Rev.D83:112003,201

oo
QI

000000t
N e (2011)
000000 [ V. Anrens et al.,
ariv1106.6051v1 (2011)
1999999,

q Q
090

0000000
q Q

= At NLO interferences between box and ISR/FSR

A, of the Top Quark

[ w. Hollik and D. Pagani,
arXiv:1107.2606 (2011)

CDF LJ

——

CDF DIL”

CDF combined*

DO LJ™

CMS

July 2011
(** submitted to a journal)

(* preliminary)

0.158+ 0.074 (:0.072+0.017)
(5317

[N
0.420+ 0.158 (£0.150+ 0.050)
(5117

0.201+ 0.067 (+0.065+ 0.018)
(£stat £ syst)

+0.018
0.196+ 0.060 *)9%2
(5417

04 02 0 0.2
Alb

0.4 0.6 0.8

ATLAS+CMS,\S = 7 TeV Ppreliminary

tt asymmetry

TOPLHCWG, September 2014

=== stat. uncertainty
m— e = total uncertainty

(stat) (syst)

ATLAS l+jets [ 0.006 £ 0.010£ 0.005
[JHEP 1402 (2014) 107]
CMS l+jets F e H 0.004 +£0.010+ 0.011
[PLB 717 (2012) 129]
ATLAS+CMS l+jets Fed 0.005 + 0.007 = 0.006
Preliminary
: - | + +
anti-top ﬁ;II'_IKSASe"cri‘:ilﬁmon + ° 4 0.021£0.025+0.017
/\ CMS dilepton oo -0.010+0.017+ 0.008
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0123 + 0.0005
[PRD 86, 034026 (2012)
A |y| = |yt | - |yt-| lepton asymmetry
ATLAS dilepton b—e i 0.024 £ 0.015 £ 0.009
[ATLAS Preliminary]
CMS dilepton P e i 0.009+£0.010£ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 + 0.0003
[PRD 86, 034026 (2012)
1 e-print arXiv:1501.07383 L L L

Channel A% Al

ee 0.101 £ 0.052 4 0.021 0.025 £ 0.069 £ 0.027

am 0.009 £ 0.019 £ 0.009 0.007 4 0.032 4+ 0.018

o 0.047 £ 0.030 & 0.012 0.043 4 0.045 4+ 0.013

Combined 0.024 &4 0.015 4 0.009 0.021 &4 0.025 4 0.017

SM, NLO QCD+EW [10] | 0.0070 & 0.0003 (scale) | 0.0123 % 0.0005 (scale)
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T T
7L ATLAS
© Ldt=471"
sC \s=7TeV

tt + HF

Constrain models of HF -
quark production at top .
quark mass scale

o Measure ratio tt+HF /tt+jets
Vs = 7 TeV , dilepton decay

channel with at least one
additional jet

2-D Template fit: displaced
vertex mass and jet py

o using different b-tag

operating points

Largest systematics — HF
tagging efficiency and
fragmentation modeling
SM predictions

o ALPGEN+HERWIG = 3.4%

o POWHEG+HERWIG = 5.2%

Phys.Rev. D89 (2014) 072012
CERN-PH-EP-2013-030
arXiv:1304.6386 [hep-ex]

Jets /1.00 GeV

Jets / bin

}5:4

10°
104
10°
102
10
’

10

bjets
cjets

Jets /1.00 GeV

-1 0 1 2 3 4 5 6 7

Vertex mass [GeV]

T T
' ATLAS

et

-1
90 1 2 3 4 5

Vertex mass [GeV]

T T
7 - ATLAS

g Ldt=471"

s

Jets /1.00 GeV

ol ol v vl ol ol ol

6

B | | T | | ‘ T =
- ATLAS | ® Data §
= -1 — Combined fit
= Ldt=4.71b | ----Heavyflavor 3
- \s =7 TeV | ------- Light flavor .
= High purity ; Medium purity I Low purity =
: N, L Hi l N, I L Hj | N, I L /‘/w
) i ) i o i
© se ven:,/\,'"ass 9h '"assosec- Veﬁ:(mass oh massosee- Ve W"’ass 9h

Tagged jet vertex mass category
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@ FCNC prospects -

= Expect further (significant!) improvements at Run 2 and beyond

ﬁ 1 g IIIIII] | | IIIIII[ || IIIIIII | | lll'lll[ I llllllll || lllﬂ%
=] - ATL-PHYS-PUB-2013-007 95% C.L. -
.I. P EXCLUDED -
E’ 101k LEP REGIONS
L DO i
102 =
- ATLAS (21b) ]
-  CMS (4.6 b7 -
102 > o) T

= ATLASSimulation . _ [ | &Y _Scms

Run 2 —ppt TIPRI2I OIS I:.' J(19.1 o)
10°E....... K ' 1~ 300 fb'1|°. > ZEUS 3
— 1 1 = | =
HL-LHC ———p------ Y1 | (sequenti R
- L T 1
S5 : : : seqguenti -
1 o § "B ' I 3 ab'1 =
= E : (discrimingnt) =
_IIIIIII|: I:Illll:ll II llllllll 1 llllllll 1 IJIIIIII 1 llllll_
107 10 10° 1072 10 1
@ BR(t— qy)

Moriond/EW: 50th Rencontres de Moriond 31




CMS

@ A few LHC summary plots

* Charge asymmetry

» Single top-quark production
» Top-quark pair production

» Results are summarized at

a CMS

» https://twiki.cern.ch /twiki/bin /view/CMSPublic/
PhysicsResultsTOP

a ATLAS
» https://twiki.cern.ch/twiki/bin /view/AtlasPublic/
TopPublicResults
o LHC WG

= https://twiki.cern.ch /twiki/bin /view/LHCPhysics/
TopLHCWG
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CMS, |

Charge asymmetry

» Summary of the charge asymmetry measurements on ATLAS
and CMS showing both the ttbar-based and lepton-based
asymmetry measurements

o The uncertainty on the theory predictions is shown but is very small
ATLAS"‘CMS,\S - 7 TeV Preliminary TOPLHCWG, September 2014

== stat. uncertainty

tt asymmetry - = _(St;‘)""‘" ”““(::‘s':)“’
ATLAS l+jets | ® | 0.006 £ 0.010 £ 0.005
[JHEP 1402 (2014) 107]
CMS l+jets F o H 0.004 £ 0.010% 0.011
[PLB 717 (2012) 129]
ATLAS+CMS l+jets Lo 0.005 + 0.007 = 0.006
Preliminary
ATLAS dilepton F e 4 0.021+£0.025+0.017
[ATLAS Preliminary]
CMS dilepton [ -0.010 £ 0.017+ 0.008
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0123 + 0.0005
[PRD 86, 034026 (2012)
lepton asymmetry
ATLAS dilepton R 0.024 + 0.015 £ 0.009
[ATLAS Preliminary]
CMS dilepton e | 0.009£0.010+ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 + 0.0003
[PRD 86, 034026 (2012)
I | I
-0.1 0 0.1
k%1 A
. C .
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Single top-quark: t-channel @ 8 Te

» Summary of ATLAS and CMS measurements of the single
top production cross section in t-chanel @ 8TeV

ATLAS+CMS Preliminary TOPLHCWG July 2014
Data 2012, ys =8 TeV
...... NLO (MCFM), m,__ = 1725 GeV,

PDF4LHC (MSTW2008, CT10, NNPDF2.3) - stat. uncertainty
I scale uncertainty - total uncertainty

scale @ PDF @ o, uncertainty G, channel T(StAL) E(syst) +(lumi)
ATLAS,L =5.0fb"

> Tint 2 M M + + +
ATLAS. CNE.2015.132 o 1 951+24+17.6 £3.6pb
CMS,L =5.81b"

?_int _ = A+£57+11.0 £ 4.
CMS-PAS-TOP-12-011 80 S 0 0 pb
LHC combined (Sep 2013) - 85+ 4+11+3pb
ATLAS-CONF-2013-098,

CMS-PAS-TOP-12-002
ATLAS,L -203 10"
> Tint M + + +
ATLAS Ot 4007 o 82.6+1.2+11.8+2.3 pb
CMS, L =19.7 fo’

> int —_ = 6+23+7.1+£22
JHEP06(2014)090 : 83.6 3 pb

§ Effect of beam energy uncertainty: 1.2 pb

I I I | I I I I

- ' 20 40 60 80 100 120 140 160
@ Gt-channel [pb]
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@ Top-quark pair production @ 7 TeV o

- scals uncerfainty
scale @ POF @ o uncertainty

ATLAS, |+jets
ATLAS, dilepton (*)

ATLAS+CMS Preliminary o, summary. \s=7TeV TOPLHCWG July 2014

"""" NNLOSNNLL ftops+ 2.0), PDFSLHC, m_ = 1725 GeVf = stat uncertainty

fotal uncertainty
o, ztat) 2(sy=t) 2{lurmi)

17914191 7pb Ly=07 b

ATLAS, all jets (*) P
ATLAS combined
CMS, I+jets (%)

CMS, dilepton (%)
CMS, 1, i+ (%)

CMS, all jets (*)
CMS combined
LHC combined (Sep 2012)

17316° 1 Spo La=07Ib
1 167+ 18+ 78+ Bpb Lo-10fb

177+3° 5+ 7pb La-07-1.0b

18413+ 12+ 7pb La-08-1.1 b

1704+ 16+t 8pb Lo=1.11fb
1401+241+ 26+ 9 pb La=1.11b
136+20+ 40+ 8pb La=111b
166+ 2+ 11+ 8 pb L=08-1.1 b
173+ 2+ 8+t 6pb L=07-1.1 b

ATLAS, I+jets, b—Xuv
ATLAS, dilepton e p, b-tag
ATLAS, dilepton e p, Ni“;E’T'"‘=
ATLAS, 1, _+
ATLAS, 1, _tjets

185412+ 17+ 3 pb Lama.7 Ib
182.9+3.1+42+36pb L -5l
181.2+28°27+33pb L -asib
188413120+ 7pb  L.-21lb

i 194118+ 46pb La-171b

ATLAS, all jets
CMS, l+jeis
CMS, dilepton
CMS, 1, i+

CMS, 1, j+els

') Supersedad by results shown below the line

CMS, all jets ]

168112 D+ 7pb La=d7 b
158+ 2+ 10t 4 pb L.-2223b
162+t2+5+4pb L.=23fb
143+14+22+3pb L -z21b
152+12+32+3pb  L.-25kb
130+ 10+ 26+3pb  L-25kb

Efiect of LHC beam energy uncertainty: 3.3 pb

50 100

}5:4

150

200 250 300 350
s, [pb]

= Summary of ATLAS
and CMS
measurements of top-

quark-pair production
@ 7 TeV

o The theory band
represents uncertainties
due to renormalisation
and factorisation scale,
parton density functions
and the strong coupling
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Top-quark pair production @ 8 TeV

ATLAS+CMS Preliminary o summary, \s =8 TeV TOPLHCWG Sep 2014 Summarj T Of ATLAS
....... NNLO+NNLL (Top++ 2.0), PDF4LHC —_ stat. uncertainty and CM S

Tevatron+LHC m,__ = 173.34 GeV — — — ftotal uncertainty

scale uncertainty measurements Of tOp—

scale ® PDF ® a4 uncertaint . b

y quark-pair production

@ 8 TeV
CMS, e/u+t. F——eo—— 254+3+24+7pb

arXivi1407.6643, L =19.6 fo Q The theory band
represents uncertainties
due to renormalisation

top

O +(stat) (syst) (lumi)

ATLAS, dilepton ey o4 241.8+1.7+55+7.5pb

arXiv:1406 5375, L,,=20.3 fo’ and faCtOI'isatiOIl Sca].e,
parton density functions
and the strong coupling
CMS, dilepton (ee, uy, &) p—ey 237.2+2.1+11.3+6.2 pb

JHEP 02 (2014) 024, L,,=5.3 fb"

LHC combined ey (Sep 2014) |-|-|-| 240.6 + 1.4+ 5.7+ 6.2 pb
CMS-PAS TOP-14-016, :

ATLAS-CONF-2014-054,

L,,=5.3-20.3 fb™
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
IllllllllllIIJ_lIIlI|lIII|IIll
100 150 200 250 300 350 400
@ o [pb]
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CMS, |

Top-quark pair production @ 8 TeV

ATLAS+CMS Preliminary o . summary, \s =8 TeV  TOPLHCWG Sep 2014 Summ ary Of ATL AS
....... NNLO+NNLL (Top-+-+ 2.0), PDF4LHC — stat. uncertainty and CMS
top = 7 14:9 7 — — — ftotal uncertainty
scale uncertainty ;
scale ® PDF & a uncertainty xexeeom | Ieasurements of top-
quark-pair production
ATLAS prel., e/u+jets [ o | 241+2+31+90pb
ATLAS-CONF-2012-149, L,,=5.8 fo” P @ 8 Tev
| ) o The theory band
oMOprel, OHElS  j——eimd 2283075,£10pb represents uncertainties
CMS-PAS TOP-12-006, L,,=2.8 fb p . -
due to renormalisation
oo ST 257324 7pb and factorisation scale,
parton density functions
ATLAS, dilepton ep [ 242.4+17+55+7.5pb and the strong couplmg
arXiv:1406.5375, L,,=20.3 fo'
OMS, dilepton (ee. i, ) ooy 239.0+ 21+ 11.3+ 6.2 pb
JHEP 02 (2014) 024, L,,=5.3 fb"
LHC combined ey (Sep 2014) |—|-|-| 241.5+1.4+5.7+ 6.2 pb
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-054,
L,,=5.3-20.3 fb”
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
|||||||||||||||||||||||||||||
100 150 200 250 300 350 400
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