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Introduction

Discovered in 1995 at the Tevatron

N
o
o

T i T T L T I T T L 1 ] T Ll L T ] T T 1 1 ]

S 200
Q - -
. . . S, - -
Heaviest particle in SM @ 190 - — -
o -
» Yi~1 Ewoi \ ]
o . ]
» Sensitive to new physics BSM S fx_—/, ]
Short lifetime ~ 10-25s OE :
> Information on a bare quark 160 __ Measurements Results of the EW fit ]
. . . Tevatron LEPEWWG N
top quark pair produced via QCD process |- § Tevatron + LHC B8 Gfiter, incl.M. ]
Decays via EW process 2 ‘l" ormess)

L L l 1 1 1 1 l 1 1 L 1l l 1 1 1 1 1 L 1 1l J

140 1995 2000 2005 2010 2015

Year

LHC is a top quark factory

» In Run 2, a top quark pair every second

Top quark physics is crucial to the LHC

» Precise measurement of the QCD and EW

» Probe couplings to Higgs, W, Z, r

» 3rd generation models within BSM (stop, ... )
Significant background to searches and Higgs
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Large Hadron Collider
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Peak Luminosity per Fill [10%° cm?2 5]
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top quark pair production in p-p collision’

effective energy

proton beam

. ) proton beam

A proton consists of not only u-u-d valence quarks but
also huge amounts of sea quarks and gluons — parton
The cross section cannot be extracted without the
knowledge of the parton density.

Opp—tt — Z/dim/diE‘in(fEl,M)fj(iUQ,MjCAfij—nf(S,OZS(,LAL)aQ/M)

n parton(i)-parton(j) cross-section

N Oij—tt _, perturbative QCD

fi(x, ) Parton distribution function




top quark pair production at LHC
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Top quark decay

all hadronic
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tau plus jets

l\‘ . = lepton plus jets
A\Y

Br(t—Wb) ~ 100%
2DDWDEREIC K o T, categorizeE=Nnd

- dilepton 5%
- lepton+jets 30%
- all jets 45%

- tau+X (charged Higgs(CT/REE)
- rare decay (FCNC decay’i &)



10

A Toroidal Lhc AppratuS

Magnets: o
Solenoid: 27 A7 | @ Inner Tracker: o =0.05% x P, + 1% (2% @ 20GeV)
Toroidal : Pixel: ! SCT:| @ TRT:

= 2~6 (T 50x400um? 80pm x 6cm  4mm ¢ straw tube
f Bxdl (Txm) 80M channels  7M channels 350k channels
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b-jet id & T -id
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Event selection

O dilepton

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

- 22 jets, at least one jet b-tagged b
O single lepton
- 1 isolated lepton

- Ermiss, Mt(W)Tmulti-jet, W+jetsZcontrol

- 24 jets, at least one jet b-tagged

O all-jets

- No isolated lepton all hadronic
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- 20 jets, 2 jets b-tagged

W decay mode

TT tau plus jets

- Small Et™Miss significance, centrality

P
lepton plus jets

b-tag: typically € =70%,
rejection factor=130 (light quark), 5 (c-quark) W.decay mode



Top quark physics program

Top production

test QCD

Charge asymmetry
anomalous coupling
tt+X production
Resonance Production
top from new particle

. W- anomalous coupling

Major background for Higgs and searches
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Top properties
Mass, Width, Spin, Charge
Spin correlation, polarization

Top decay
p |test EW
W helicity

/Wtb coupling

CP violation
q FCNC
q’ New particle from top




Top quark pair production
Cross-section
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Inclusive cross-section
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Inclusive cross-section in Run?Z2

ATLAS+CMS Preliminary LHCIOPWG
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Inclusive cross-section in Run
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Inclusive tt cross section [pb]
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. . . 20
Differential cross-section

- PDF, kinematics of ttbar system, parton shower evolution’x & MD1R3E

- pt(top), pr(ttbar), m(ttbar), y(ttbar), Njets ... DR E DIKF =TSR

- pT(top)x EXISR, FSRICRRE
- y(ttbar)ldgluon MPDFICRE y=5n (E+p.)/(E—p.)] = 5 o (21/22)
- m(ttbar)(&High-Q2D ()R ICRE

- top quark®boostE&ICHU T -
- “Resolved” regime : top quark H 5 ®Dlepton, jeth =N TL\D
- “boosted” regime : top quarkhsDERIFH\"fat jet” & U THIBEK

N partially merged,

un-merged ) boosted W

< 200 GeV
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d o /dpT differential cross-section

Unfolding reconstructed object — particle level
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d o /dy differential cross section
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d o /dpT differential cross-section

ATLAS Simulation

- Unfolding reconstructed object — parton level
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d o /dpT differential cross-section
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ttZ cross section [fb]

ttbar+X cross-section

q VA

4

600

(I’

[T T | | LENLINL I | |
ATLAS %  ATLAS Best Fit
——— ATLAS 68% CL
500fs=8TeV, 203 0NN . . .. ATLAS 95% CL

400

...........
.......
.
e
e
e

300

II]IIIIIIIIIJ'III

200

100

I

01111[1111

4+ NLO prediction*
I t1Z Theory uncertainty
I ttW Theory uncertainty

* Madgraph5_aMC@NLO calculation

llxlllllllllllll

lllllllllllllllll'

|-

0 100 200 300 400 500

600

ttW cross section [fb)

Tiw = %69*86 (stat.) = 44 (syst.) b = ?69+100fb 50(3.20)

2 ¢ same sugn 24 opposnte sngn 34,44 +bb

Dilepton

Lepton+jets

Combination

oz = 176135 (stat.) + 24 (syst.) fb = 17675 . 4.20(4.50)

25

g > t
1 b
H_<
e
| b
g < t
dilepton, I+jets, H—bb
—f rrrfrefrr T rrrl
— tot. ATLAS \s=8TeV,203fb"' —
oSt g HobB)  (tot) (stat)
: o~ 3 28+20 (1.4) _
_ e — 12+13 (08) —
=t 15+1.1 (0.7)
1o PR NN TR S T Y SN TN TN SN NN SN SN N SH S N '
0 2 4 6 8 10

Best fit u=o/c_  for m =125 GeV
SM



26

ttbar+MET
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Of. i, — 40 pb ~ 20 pb (m; =175 GeV — 200 GeV)

L l L ] L I UL I L I L

ATLAS

=. _ N
S 40 -
2 b \s=7TeV,46fb" .
= 35 \s=8TeV,20.3fb" B
S 5= Expected limit +1 6, E
R - Ob L SUSY .
% - served limit £1 o0 .
§ 255_ '{‘_) t i?, m(i?)z.l Gev "‘;:;,'.':-_.... _5
E 2 -
. - 100% .
O 1.51 : -
o\o N e .
O 1; | e P e e e e e e eeeeeemeemeeeeemeeeeeneeneeneeneen—nn- _
© = -

O.Sb—l | I l | S T — l | I — l | I T — l | S — l | - l_-.—

170 180 190 200 210 220 230

m- [GeV]
my < m; < 177GeV excluded (95%CL)
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Top mass : Standard method
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Eur. Phys. J. C (2015) 75:158, Eur. Phys. J. C (2015) 75:330, etc

Kinematic likelihood fit Cttbars

= R%& BB

dilepton : 2 leptons, 2 b-jets—mip

L = B(Ep 1. E 7|nm I'w) - B(:Elep- E,,l‘l'l'm.'.lﬁw)
B(E, 1, Ey o, Epalmy, I}) - B(Eep, E, , Ey 4|lmy, I)
V\/ Enu\s|pr ,) - W(Eml\s‘pu ) ) W .El(plgkp '

HW jet. I\Ep, HP (tagged | parton flavour),

i=1 i=1

single lepton : lepton, ETMiss, 2 b-jets, 2 light-jets—mtopeco, mwrece, Rpqreco

mtopreco, mw"eco, qu

all jets : 2 b-jets, 4 light-jets—R3/2=mjj;/mj;

% 60 arias T dma e
-~ 4 .. Best fit background
> \s=7 TeV, 4.6 fb”
= 500 —— Best fit —
L% + + Uncertainty
400 LA | | =
bl ' 1 single lepton
300 —
ki
200 —
DN
100_' R ¢ ]
.......................................................... L™
‘PBO 140 150 160 170 180 190 200 210 220

my = 172.33 £ 1.27 GeV M2 [GeV]

Entries / 0.05

D ®dD3D fithromt, JSF, bJSFZRIFRE

p%lad + p 1ep

Wetl Wet2
pTJ _|_pTJ

Rredo _

[ITI T ‘[ .]- T]’Tnl IAI]lTA] T I
1 \s=7 TeV
JLdt=4.6 fb

e Data

------ Signal
ATLAS — — Background

— Signal+background

600
500

400
300

'llllll | Ll l | | Ll

200

IIT][ITIIIIT]IIT[]]IITI

100

‘e
.
.
......
..
Err
-.
------
.......
.-

1618 2 22242628 3 323436
my = 175.1 £ 1.8 GeV I:23/2



http://link.springer.com/article/10.1140/epjc/s10052-015-3373-1
http://link.springer.com/article/10.1140/epjc/s10052-015-3373-1

Standard Methodlc K2 BSREDEE &

ATLAS Preliminary m,,, summary - Mar. 2015, L =4.6 fb" - 20.3 fb”

m_ £ ol (stal £ JSF+DJSF1 syst)

all jets ‘xlfu‘“‘ ‘: * < — 1751 + 18 (14 £ 1.2 )
single top* ‘1*‘”'; ’ — — : 4 1722 + 21 (07
> 4jets Mo SRS [l o 'i" 172.33 + 1.27 (0232 025+ 0.67+ 1.02)
> dilepton 1500427 -—G-o—o—c 173.79 + 1.41 (054 £ 1.30)

o(tf) dilepton F " ¢ CTH @ 3103 < 1729 + 2%
- -~ (. - 4

o(tl+1-jet)* Con 201408 r —a 4 173.7 +;
'
'

bn@em—y] World Comb. £ 10
- stat. uncertainty
—— stat. ® JSF @ bJSF uncertainty

- total uncertainty
| —— *Preliminary, —Input to ATLAS comb.
'

| 1 : 1 1
165 170 175 180 185
M, [GeV]

172.99 +0.91 GeV (ATLAS Comb.) 0.5%
arXiv:1503.05427

my = 173.34 £ 0.76 GeV (World Comb.)  0.4%
arXiv:1403.4427

E
||




Top mass : Other methods -

(O B-hadron Lifetime cwvs-ras-top-12-030 g .
Lyy =wbpTp = 0.4 m—zﬁBTB < Lgy >~ 7 mm ;I_-;:?'
B .. o
My — 1735 i 1.53tat i 1'38ySt I 2’6pT (t) Gev Eo.nfMS Simulation, Vs=8 TeV
Uo.ué _._ i::?:::::\nel
° ° ° 072 + e+jets-channel
O Kinematic End POINT Eurphys.J.c2013)73:2494
S S S
, > 066, ________..f-_j_‘_'_f.'.?-—""")‘—
- - q — . -\ P
h\‘” x\‘ k\ \ N 064*

0.62:%

my = 173.9 £ 0.9(stat) 5 7 (syst) GeV 162 164166 168 170 172 174 178 178 120

?31500 "o (5egTevdaa g! vy
R 2 Best fit: m_ = 172.2 + 0.7 (stat.) GeV
O t-channel Slngle top ATLAS-CONF-2014-055 £ | ! fogal L&ZJ
@1 Background o mim e
Template fit of lepton-b-jet mass T L [P
500
m; = 172.2 £ 0.7(stat) £ 2.0(syst) GeV

60 80 100 120 140
m(lb) [GeV]

— Standard method & &78 4% Systematics




Top mass : pole mass from Ot

arXiv:1303.6254 _

o(me) = 0(meet) (m“ef)4

mt

31

EPJ C74 (2014) 3109

mit = 172.5 GeV

IIIIIIIII

E -
S 390 ATLAS
5N
5 X
® 300/ S
3 ~ 8Tev T \
S . '
O 2501:,‘:—--‘-1__ L™
, T —
!\\ 1
200 77ev™
- —%-
150:—
L I ]

IIIIIIIIIIIIIII

e MSTW 2008 NNLO

II[[[

e MSTW 2008 NNLO uncertainty _|

CT10 NNLO

CT10 NNLO uncertainty
NNPDF2.3 NNLO

NNPDF2.3 NNLO uncerlalnty

O \s=7TeV, 461 }vsm'

\0 \s=8TeV, 2031

I,

I

—

llllllllllll

?Ole = 171.4 4+ 2.6 GeV (7TeV)
Pole — 174.1 4 2.6 GeV (8TeV)

164 166 168 170 172 174 176 178 180 182

[GeV]

pole

myo¢ =172.975°

o GeV  (combined)



Top mass : pole mass with ttbar+1 jet

. . . — - - arXiv:1507.01769
O Differential cross sectionlc & 2 @8V pole massHIE
Eur. Phys. J C73 (2013) 2438, arXiv:1303.6415T#E7 jgg;}a}&'s """""""""""""" oo
- \s=7TeV, 460" [ m=1725Gev

events / 0.1

gluon radiationhtop quark massIcikEI D &
7 R

1 doyraq;
pole L tt+1jet pole
R(mt 7/08)_ B d (mt 7,0.9)
Ott+1jet Ps

pS - \/% mo = 1 70 Gev (mt{ﬁa){f%%) §' 1+ %:?}:?13"?‘1 . 77 A Ll e il ddd 546 % + o
S O 010203 04 05 06 07 08 098 1
O single leptonf&IREE(C K 2 BEHT ! unfold bTR(mt,p)(: "
- |ept0n, ETmiSSb\BleptOniC tOp@W%E*%}ﬂz :: 4‘2” ATLAS tts 1 10113710NCL%+PS for m -
£ 4F e eV 4.6 fb" 475 Gev
- WDKinematicss&4hH Shadronic top M2jetxiE IR < .. S - 1 -
R ¢ Data
- my? — mbad NRINE IR Bb-jet&E WDHEZERTE 25f- e
oF ';' sarrepronrs
- ttbarLAf Djetld. pT>50GeVDleading jet 15}
- psf’zunfold LT x 2 fit CEE&RE oSt
mPl® = 173.7 + 1.5(stat.) + L4(syst.) T5:3(theo.) Gev ¥ ' T
& 0.7 0.2 0.4 0.6 0.8 1

p_(parton level)



Top mass : pole massHIED X & &

1 I I 1 | I 1 I I ] I Ll I | 1
o Top quark pole mass determinations
ATLAS Preliminary .
compared to direct measurement
+5.9
DO approx NNLO: MSTWO08, 1.96 TeV 2009 169.1 .
+5.2
DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5 ‘s
+3.0
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7 -
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 £ 26
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 £ 2.6
+2.5
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9 -
- +2.3
ATLAS NLO: tt+1 jet, 7 TeV 2014* 173.7_2 1
Direct reconstruction LHC+Tevatron 2014 173.3 + 0.8
1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 I | 1 1 1
140 150 160 170 180 190
pole

[GeV]
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Top quark property



Charge asymmetry

SMIC K dasymmetry
tree&box®interference

+FTNIE CTIRERBENS DL ?
q

ppbarHpp TRAAMNEKRD

TevatronA top
anti-top

ArB .

o N(AV>O)_N(A\<O)

4 = .
FB N(Ay>0)+N(Ay<0)
Ay = Yt — Yi

ISREFSR®Dinterference

q i q
u(a) _ {

"Z' (W)
7(d) 7

LHC A top
;|

Ac -~

_N(Alyl>0)-N(Aly|<0)
T N(Aly[=0)+N(Aly|<0)
Aly| = |yl — lysl

A
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Charge asymmetry

ttbars

SR Z kinematical fitz

LN THBIBAK

Ay|> 7z parton levellCunfold
InclusiveAIE DMBIC, mu, pT,tt,/8 E DB TACDAIE

Ac = 0.009 £0.005 (stat.+syst.)
4 O
< sl SM ATLAS s
' —  Light color octet vs=8TeV, 20.3 b’ 0.15
— Heavy color octet
0.12 4+ Data 0.12
0.09¢ 0.09¢
. 4
0.06 0.06
0.03 4 ._L_. 1 0.03
|
0.0 —— 0.0
-0.03 -0.03
-0.06 -0.06
0 250 500 750 1000

my [GeV]
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SM ATLAS
4 Data Vs =8TeV, 20.3fb™
>
: 4 4
25 50 75 100
Prii [GeV]



Charge asymmetry

LHC A top
anti-top

o /TN

Z". Flavor violating Z' exchanged in
t-channel in uu - tt and with right-
handed Z'tu couplings

>

W' W' boson with right-handed
couplings exchanged in t-channel in
dd - tt

Q" Color-sextet scalar with right-handed
flavor violating tu-couplings and
exchanged in u-channel

w*: Color triplet with flavor violating
tu-couplings, right-handed,
exchanged in u-channel in uu - tt

G,: Axigluon, color octet vector with axial
couplings

0.08

0.06

0.04

-0.02

| 1 | | I ] 1 | | I | 1 | | I | | | | l | 1 | ||
"ATLAS I
i CMS -
: L Models from :
B ol O PRD 84, 115013: _|
I a o JHEP 1109, 097 |

| | | 1 I | | 1 | 1 l | | | 1 | | | | | 1 l | | | 1
0 0.1 0.2 0.3 04 0.5

FB

Tevatron top
anti-top
Ars -
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Flavor changing neutral current

g g
t
q
~ b
g t
w
C,u
t Al
0
Z /-
u, C t
g 9
W f
R —— v
by <))":

Events / 8 GeV
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arXiv:1311.2028
Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t—Zu 7x 1077 — —~ <1007 <107° .
t—Zc 1x107H4 <1076 < 10710 <1077 <10~% <10°°
t—sgu 4x107H - - <1077 <1076 -
t—gc 5x10712 < 1074 < 108 <1077 <106 < 10-10
t—yu 4x10716 - - <1078 <107° -
t—~ye 5x1071 <1077 < 1079 < 10—8 <1070 <1079
t—hu 2x107'7  6x107° - <107° <107? -
t—he 3x107®  2x107% <107 <107° <1070 <107
tt—>Zqu—>€ 4 q 2 vb (3 Ieptons =2jets(z21 b-jet), MET)
5p™ 7r e ——. S
- aTLAS o date | ATLAS[ . data || ATLAS . data '
4 15=8TeV. 203" Satttad 6F 15876V, 203 1" if,zbqu"g"" 5} s =8TeV,20.3fb" ii,z"qu"g""
Bl other 31 I W other 31 , Bl other 31
I B v ] B iv 4! B v
3. - fake leptons . | fake leptons : - fake loptons
____ | stat. uncomlnry 4:~ ”msm uncenalmyw [ {7 stat. uncertainty ]
i 3l
2 3 1 | |
\V R N Mz vq | 2 Me¢e -
1 . n |
L o | ] ; » o ‘ ' |, .
120 160 200 240 280 100 140 180 220 260 75 80 85 90 95 100105110
m,, [GeV] m,, [GeV] m, [GeV]

BR(t = Zqg) <7 x 10

—4  @95%C.L.
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Flavor changing neutral current

t—cX t—uX
ATLAS Preliminary ATLAS Preliminary
BR(t— cH) BR(t— cy) BR(t— uH) BR(t— uy)
J 0 J
© - o TEVATRON i \ o
wof I
r °L o Py
i 1
10°
107
10 Preliminary 10 <8 B
X g g G
ST d URTS iy
o E i o o E § o
0 ) 0 )
10" 102 10° 10* 10° 10 10 10° 10° 10 107" 10° 10° 10* 10° 10° 10* 10° 10 10
BR(t— cH) BR(t— cY) BR(t— uH) BR(t— uy)
B(t — Zq) 195fb ' @8TeV | 300fb ' @14 TeV | 3000fb ' @ 14 TeV
Exp. bkg. yield 3.2 26.8 268
Expected limit < 0.10% < 0.027% < 0.010%
1 o range 0.06 — 0.13% 0.018 — 0.038% 0.007 — 0.014%
2 0 range 0.05 — 0.20% 0.013 — 0.051% 0.005 — 0.020% CMS-PAS-FTR-13-016




ZDDTop quark properties

O Top quark charge JHEP11(2013)031
q: = 0.64 £0.02 £0.08

O Top polarization and spin correlation
Phys. Rev. Lett 111, 232002 (2013)  Phys. Rev. Lett 114, 142001 (2015)

1 d 1
b o (djcosH — Z(1 + a1 Py cos 61 + aa Py cos o — C cos 01 cos 0s)
1 2

O Wtb coupling
JHEP06(2012)088 JHEP10(2013)167 arXiv:1410.1154

ATLAS-CONF-2013-032
g T H 1/ ’ — g —iot’q, y—
Lwa = —_,,b} (VLPL + VRPR)IW,, — b (g1 PL +£PR) tW, +h.c.

V2 V2 mwy

O ...

Consistent with SM prediction
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New physics search with top quark B

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt =(4.7-20.3) ! Vs=7,8TeV
Model Ly Jets ET™ [ram’) Limit Reference
Ty v T v T v T
ADD Gux +8/q - z1]  Yes 203 n=2 150201518
ADD non-resonant ¢¢ 2e.p - - 203 n=3HZ 14072410
ADD Q8H — g 1epu 1) - 203 n=6 13112008
ADD Q84 - 2] - 203 n=6 1407.1376
ADD BH high N,.. 2u (SS) - - 203 n =6, My = 3 TaV, non-rot BH 1308.4075
ADD BH high I pr 2lepn 22j - 203 n = 6, My = 3 TeV, nonrot BM 1405 4254
ADD BH high multijet - 22] - 203 n =6, Mp = 3 TeV, non-ro1 BH 1503 08588
RS1 Grx — € 2e.u - - 203 kiMp =01 14054123
RS Gkx — ¥y 2y - - 203 kiMy =01 1504.05511
Bulk RS Gy — ZZ — qqtt 2e.pu 2j/13 - 203 kM =10 14095190
Bulk RS Gy — WW — qqlv tepu 21/1J  Yes 203 kiMep =10 1503.04877
Bulk RS Gyw ~ MM —» bbbb - 4b - 195 k/Mpy =10 1506.00285
m - 1t Teu 2102102 Yos 203 BR - 0.925 1505.07018
[TRES ; ] Yo 0 1504 04805
SSMZ' - Ut 2e.u - - 203 14054123
SSMZ' < o 2r - - 195 150207177
s SSMW’' = ¢» Tepu - Yes 203 14077494
EGM W' - WZ sty 't Jen - Yes 203 1406 4456
EGM W’ — WZ — qqtt 2ep  2j/13 - 203 1409 6190
EGM W’ - WZ - qq99 - 2J - 203 1.31.5Tdl 1506 00962
HVT W' s WH s Evbb Teu 2b Yos 203 sv=1 1503 08089
LRSM W, — tb teu 20,01  Yes 2043 14104103
LRSM W, — tb Oe. 21b,1J - 203 1408 0888
" Clqaqq - 2) - 173 M = =1 1504.00357
6 Cl qqft 2e.u - - 203 e ™ -1 14072410
S Gyt 20,u(SS) 210,21 Yes 203 |Ceal = 2 1504 04605
g EFT D5 operator (Dirac) Oe.u >1) Yos 203 at 90% CL for m{y) < 100 GeV 1502 01518
EFT DS operator (Dirac) Qe 1J,€1) Yes 203 at 50% CL for m{y) < 100 GeV 13094017
i Scalar LQ 1™ gen 2¢ 22] - 203 f=1 Prokmanary
S Scalar LQ 2™ gen 2u 22j - 203 =1 Prelminary
Scalar LQ 3™ gen Teu 21023 Yes 203 g=0 Prelmanary
TT » Ht 4 X 1 e 22b. >3 D: 20 T ia (T.8) doublet 1505 04306
VIQYY -« Wb+ X Teu 21023) Yes 203 Y in (B,Y) doublet 150504306
ii VIQ BB «» Hb 4+ X feu 22023] Yos 203 isospin sieglot 1505 04306
VLIQBB +Zb+ X 223eu 22210 - 203 B in(B,Y) coubiet 14095500
Tss3 — Wt teu 210.25] Yos 203 1503 05425
Excited quark ¢* — qy 1y 1] - 203 only u* and d°, A = m{q*) 13093230
Excitod quark ¢* ~» qg - 2| - 203 only v and &, A = m{q") 14071376
Excited quark b* — Wt lor2eu1b2jorlj Yes 4.7 70 GeV lef-handed coupling 1301.1583
Ciled loplon £ ~» Ly ey - - 130 Aw22TeV 1308.1364
Excited lepton v* — ¢W . vZ Jeur - - 203 A=16TV 14112621
LSTCay — Wy Tepuly - Yes 203 14078150
LRSM Majorana v 2e.u 2] - 203 m{Wi) = 2.4 ToV. no mixing 1506 06020
Higgs triplet H** — & 2e u(SS) - - 203 DY production, BR(H}* —» {£)=1 14120237
Higps triplet H** - £« Jepur - - 203 DY production, BR(H," ~s (1)1 14112621
Monotep (non-res prod) Teu 1b Yeos 203 oo =02 14105404
Multi-charged particles - - - 203 DY production, igf = Se 1504 04188
Magnesc monopoles - - - 70 DY production, gl = 1g,, spin 1/2 Prelminary
A A P l A A e A e a4 l A A A '
e [aRR -,
10 1 10 Mass scale [TeV)

*Only a selection of the available mass limits on new states or phenomena is shown.
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Measurements Results of the EW fit
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Run2& ZNLIEFICE)FT © perspective

O Cross-section
V/s=13,14TeVD#F LU\, Differential cross-section. light stop search

O TOp MassS CMS-PAS-FTR-13-017

CMS preliminary projection

-y - L.,

- Std, math, == ENdpok

nts

® Prosent

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

Total m,, uncertainty [GeV]

300m"
14 TeV

30w’
13 TeV

o
—
/

3000 10" -
14TeV

= J

o o

HTHIE

(FC N C) CMS-PAS-FTR-13-016

. ATLAS ECMSD B L\ =

RRIIFECESAE
| Standard, Endpoint, Lxy, J/

- W W’

A t t
b : b

Full NLO tools

v

=R TRFE

¥ method, ...

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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PDF: Parton Distribution Functio

Hadron is non-perturbative object K / K
— PDF is obtained by fit of experimental data q (02=-Q?)
Based on n-th fixed order calculation B+ \ XP
P >
3 free quarks >
}
4 1
= 0.9 | g/ 4 2 “:
1/3 1 xf(x,u?=10" GeV")
3 bound quarks : 0.8} -
. 0.7} E
= : 5
> 0.6} .

3 bound quarks plus “stuff”

>

> 3
> 0.2} .
< 113 L 5 ]
0.1 -
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Top quark production

O Top quark pair production via QCD PRL 110 252004 (2013), arXiv:1303.6254
o = 177.31 0% pb (7TeV) g t
o = 252.97 172 pb ¢V i
@NNLO+NNLL (mt=172.5GeV) top++ 2.0 g t
— ~6.4M top quark pairs in LHC Run 1

Q Slngle tOp prOdUCtion Via EW Phys. Rev. D 83 (2011) 091503, arXiv:1103.2792 [hep-ph].

Phys. Rev. D 82 (2010) 054018, arXiv:1005.4451 [hep-ph].
Phys. Rev. D 81 (2010) 054028, arXiv:1001.5034 [hep-ph].

t

(f" (f‘

Wt-ch W q s-ch

t-ch W b W

b t g t q' b
o(v/s=T7TeV)= 646+£24pb 15.7+1.1pb 4.6+0.2 pb
O‘(\/g — STGV) = 87.81x34 pb 224+ 1.5 pb 5.0 0.2 pb

@NLO+NNLL (mt=172.5GeV)

— ~3M single tops in LHC Run 1



