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Introduction

m The interplay between top quark measurements and searches is
essential to fully explore avenues for new physics

1. “Classic” SM top cross-section measurements have played a key
role to understanding tt backgrounds

. The top Yukawa coupling can be
measured at tree-level in ttH —
important for understanding EW
symmetry breaking & sensitive to
new physics

. Strong motivation (naturalness) for
top partner searches:
vector-like quarks, SUSY stop
(including “stealth” stop)
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Measurements — Searches
Rapidity Gap in tt events
m Study the fraction of oX b-jets

— leptons
dilepton tt events that do additional jet
not contain an additional

central rapidity jet
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Rapidity Gap in tt events  tt differential cross sections

m Study the fraction of m Jet multiplicity dependence
dilepton tt events that do JHEP 01 (2015) 020

not contain an additional
central rapidity jet
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Rapidity Gap in tt events

m Study the fraction of
dilepton tt events that do
not contain an additional
central rapidity jet
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tt differential cross sections

m Jet multiplicity dependence
JHEP 01 (2015) 020

m Dependence on pr(tt)

Phys. Rev. D90 (2014) 072004
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Measurements — Searches

Rapidity Gap in tt events  tt differential cross sections

m Study the fraction of m Jet multiplicity dependence
dilepton tt events that do JHEP 01 (2015) 020

not contain an additional m Dependence on pr(tt)
central rapidity jet Phys. Rev. D90 (2014) 072004
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Boosted tt differential cross section

ATLAS-CONF-2014-057
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Measurements — Searches

Boosted tt differential cross section tt resonance search
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Top Yukawa Couplmg

m SM Higgs predicted to have a large
Yukawa coupling to tops

m can be probed through Higgs
production in association with top
quark(s): tH and ttH

m Three channels explored:

(H —

-

H — bb
\tf — £ + jets, dilepton tt — £ + jets, dilepton,

HIGG-2013-27, L all-had

~N

q\dulti—lepton final states

\(mcludmg TS) )

J

submitted to EPJC Physics Letters B 740 (2015) 222-242

o (v/s = 8TeV) = 129.31 57 (scale)
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* Top Yukawa Coupling

(H — bb

\tt — £ + jets, dilepton)

m EBvents categorized according
to jet and b-jet multiplicities into
signal-rich & bkg-rich regions

m Most sensitive regions:

Single lepton ATLAS
>6j,3b >6j,>4b Simulation

@ % my = 125 GeV
\s =8 TeV

Dilepton tE”'ght
>4j,3b >4j,>4b tt+cc

I tt+bb
tt+V
non-tt
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* Top Yukawa Coupling

(H — bb

\tf — 0 + jets, dilepton
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* Top Yukawa Coupling
(H — bb
\tf — 0 + jets, dilepton
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(H — Yy

® m,, mass spectrum provides discrimination |7
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(8 TeV) data
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* Top Yukawa Coupling

(including 7 s)

m Five different multi-lepton final

q\dulti—lepton final states

. J

states (2¢ are same-sign):
Higgs decay mode fraction
Category WW 171 Z7Z  other

[ I

same-sign

2¢0Thaq 80%) 15% 3% 2%
3¢ 74%) 15% T% 4%

2017 35% 2% 1%

\s=8TeV,20.3fb" ATLAS Preliminary ~4- Data 20

2l0r, ., category

ee/ep/up

4¢ 14% 14% 4%

1627hag 4% (93%) 0% 3%

m Main backgrounds:
ttZ, ttW (all categories)

diboson (3 ¢)
tt+jets, Z+jets (e charge mis-id)
tt with non-prompt leptons
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* Top Yukawa Coupling

q\dulti—lepton final states

\(mcludmg TS) )

m Five different multi-lepton final
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* Top Yukawa Coupling

Combined Results

ATLAS-CONF-2015-007

ATLAS Preliminary Input measurements
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Vector-Like Quarks

m color-triplet spin-1/2 fermions; L & R components transform the same
way under weak isospin

® flavor-changing neutral current decays allowed: T > Wb, Z t, Ht

Four search channels: ATLAS-CONF-2015-012
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Status: March 2015
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Vector-Like Quarks

m color-triplet spin-1/2 fermions; L & R components transform the same
way under weak isospin

® flavor-changing neutral current decays allowed: T > Wb, Z t, Ht

Four search channels:
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Status: March 2015 J ' J ! '
atus arc Data

s=stev.  [La=203m" ATLAS Preliminary ] tE+X (X=Z,W,WW,H)

—  95% CL exp. excl. —— 95% CL obs. excl. - Q MlS'ld

1
= B Fake/non-prompt leptons
] Heex [ATLAS-CONF-2015-012] \s=8TeV,2031b @ Dibosons PIORPESP

|:| Same-Sign Il [Preliminary] : Other
/2] Uncertainties

Same-Sign Dilepton/Trilepton (+b-jets)

| |

VML MMM o o

% SU(2) (T,B) doub. @® SU(2) singlet

N
“llél |

Y m; = 600 GeV
s
s,

<

Significance

SRVLQ0 SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQY
SR4t0  SR4ti SR4t2  SR4t3  SRdtd

0.2 0.4 0.6 . 220 240

BR(T — Wb)

S. Majewski, University of Oregon Moriond EW 2015

o




Vector-Like Quarks

m color-triplet spin-1/2 fermions; L & R components transform the same
way under weak isospin

® flavor-changing neutral current decays allowed: T > Wb, Z t, Ht

Four search channels: JHEP 11 (2014) 104
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Vector-Like Quarks

m color-triplet spin-1/2 fermions; L & R components transform the same
way under weak isospin

® flavor-changing neutral current decays allowed: T > Wb, Z t, Ht

Four search channels:

ATLAS Preliminary
Status: March 2015
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Vector-Like Quarks

New results also available for
vector-like B searches!

ATLAS Preliminary

Vs =8 TeV, 20.3 fb> Summary results:
Same-Sign |I

Preliminary

Zb/t + X
JHEP11(2014)104

Ht+X,Wb+X comb.
ATLAS-CONF-2015-012
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JHEP11(2014)104
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Preliminary
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ATLAS-CONF-2015-012
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Status: March 2015
Status: March 2015

BN . . -
0 010203040506 0.70809 1 0 0102030405060.70809 1

BR(T — Wh) BR(B — Wt)
(submitted to arxiv yesterday)

See the full set of summary plots: ExoticsPublicResults
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Status: ICHEP 2014
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As of ICHEP 2014,
direct stop searches
provided impressive
phase space
coverage

But detailed tt
measurements were
needed to
investigate the

region 71y ~ My
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Precise tt Cross Sections

m 7 TeV and 8 TeV ¢ cross sections measured in e™ T events

m Reduced systematic uncertainties due to simultaneous fit and
extraction of b-tagging efficiency EPJC 74 (2014) 3109

® Data 2011 ATLAS ® Data 2012
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stat syst lumi beam energy
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Precise tt Cross Sections

m 7 TeV and 8 TeV ¢ cross sections measured in e™ T events

m Reduced systematic uncertainties due to simultaneous fit and
extraction of b-tagging efficiency EPJC 74 (2014) 3109
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- ATLAS

T T T I

ee, uu, ey, 0.7 fb™
en N_/ET", 4.6 fb”
eu b-tag, 4.6 fb™
eu b-tag, 20.3 fb™

NNLO+NNLL
m, = 172.5 GeV |
PDF @ o4 uncertainties following PDF4LHC -
1 1 1 I 1 1 1 1 I 1 1

- 4.2 4

- 1.7 =

stat
S. Majewski, University of Oregon

— 75 8

smeyy total uncertainties:
3.6 +£3.3pb (v/s=T7TeV) 7.1 pb (3.9%)

= 9.0

syst

-7.54+4.2pb (/s = 8TeV) 10.3 pb (4.3%)

lumi beam energy
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Precise tt Cross Sections

m 7 TeV and 8 TeV ¢ cross sections measured in e™ T events

m Reduced systematic uncertainties due to simultaneous fit and

extraction of b-tagging efficiency

Also constrains
“stealth” stop pair
production

for my = 175 GeV,

7. (8 TeV) = 40 pb

results sensitive to top

95% CL limit on signal strength p
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EPJC 74 (2014) 3109
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tt Spin Correlation
e

m Top—antitop spin correlation 0+
extracted from dilepton tt events
using AD(L+,£7) %@

Illl

——
ATLAS
\s =8 TeV, ee+uu+eu

—
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—h
(®))

Analysis sensitive to changes in

—t
~

yield and shape — can detect
admixture of tf + tt*
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arxiv:1412.4742, accepted by PRL
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http://arxiv.org/abs/1412.4742

tt Spin Correlation

m Top—antitop spin correlation 0+
extracted from dilepton ¢t events _

. S 16000

using AD(L+,£7) 2 14000

o
i 12000
Analysis sensitive to changes in 10000

yield and shape — can detect 8000

admixture of tt + tt* 6000
4000

—— —— so00E"  consistent with S

tt 54000 * 3500 0

Z [y +jets 2800 £ 300 1 OF
tV (single top) 2600 £ 180 -
(v 80 + 11 1.1k
WW.,WZ,ZZ 180 + 65 : 1E
Fake leptons 780 4+ 780 C
Total non-tt 6400 =+ 860 0.9 - a
Expected 60000 * 3200 0.8t =
Observed 60424 1

iy 7100 4 1100 Ao [rad] / w

(mj, = 180 GeV, myg = 1 GeV) arxiv:1412.4742, accepted by PRL
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tt Spin Correlation

m Top—antitop spin correlation
extracted from dilepton ¢t events

using AD(L+,£7)

\s =8TeV,20.3 ™
. o o . M. =1 GeV ]

Analysis sensitive to changes in %

yield and shape — can detect

admixture of tf + tt*

limits set on
Process Yield =
5 34000 - 3% “stealth” stops

Z [y +jets 2800 £ 300
tV (single top) 2600 £ 180
ttV 80 £ 11
WW . WZ,ZZ 180 £ 65
Fake leptons 780 £ 780
Total non-tt 6400 + 860

Expected 60000 * 3200 180 190 200 210 220 230
Observed 60424 m ~t' [ GeV]

i1t 7100 + 1100
(mj, = 180 GeV. mygy = 1 GeV) arxiv:1412.4742, accepted by PRL
S. Majewski, University of Oregon Moriond EW 2015 28
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tt, production, t, > b f P %, /> c X, /t> Wb X, /t>tF,
IIII|IIII|IIII|IIII|III

- ATLAS Preliminary L ,=20f"/s=8TeV L, =4.71" s=7 TeV -

—B 5—> t 2; 0L [1406.1122] 0L [1208.1447] :

Bttty 4 1L [1407.0583] 1L [1208.2590]

oty 2L [1403.4853], 2L [1412.4742] 2L [1209.4186]
o~ =0

==ti-oWw kg X 1L [1407.0583], 2L [1403.4853]

E=lock | oL [1407.0608]

=S t->bffy 0L [1407.0608], 1L [1407.0583]

— Observed limits ==== Expected limits
All limits at 95% CL

m Stealth stop
region (Mg ~ M)
nearly closed by
precision tt
measurements!

-——-

e

e e

7| E—
o

400 500 600 7
SupersymmetryPublicResults m; [GeV] eee aleo talk by
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http://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

@ Summary & Outlook

: . ADfrerrrrrir e T T :
m On the 20th anniversary of its "~ ATLAS Preliminary (s s xss) :

L \s=7TeV, 45471 SM expected

— Vs=8TeV,20.3 " —— Observed

discovery, the massive top quark
plays a central role in searching for
new physics at the LHC

20F

15F

10F N\
- negative solution

- 5F
Measurements have improved our disfavored at 3.10 \ 7

background estimates and increased
our sensitivity to new physics in
challenging regions of phase space

m [ooking forward to continued
synergy between measurements and
searches in Run 2!
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* Top Yukawa Coupling
(H — bb
\tf — 0 + jets, dilepton

m impact of reweighting Powheg+Pythia based on pr(tt):

- ATLAS —— Data
\s=8TeV,20.3 fo! B tiH (125)
Single lepton [ tt+light
[ 4j, 2b B tt+cC
B tt+bb
tt+V
non-tt
7, Total unc.

- ATLAS —¢— Data
=— \s=8TeV,20.3 fb" | tTH (125)
Single lepton tt+light
4ij, 2b tt+cc
B tt+bb
tt+V
non-tt
7, Total unc.
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* Top Yukawa Coupling

(H — bb
\tf — 0 + jets, dilepton

m full set of signal-rich and background-rich regions:

ATLAS Simulation
\'s =8 TeV, 20.3 fb'

Single lepton
my = 125 GeV

ATLAS Simulation
\'s =8 TeV, 20.3 fb'

Dilepton
my = 125 GeV

4i,2b
1 S/B <0.1%

5.2
+ S/B=0.1%

>26],2b
 S/B =0.2%

4i,3b
| S/B = 0.2%

5j,3b
r S/B = 0.4%

>26j,3b
r S/B =1.0%

S. Majewski, University of Oregon

4j,4b
[ S/B= 1.4%

| S/B<0.1%

5i,>4b
' S/B = 2.5%

>26j,24Db
 S/B =4.0%

| S/B=0.1%

| S/B=0.3%

(2], 2D

1 3),2Db

1 S/B=0.6%

L >4),2b
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1 3),3b

L >4,3b
S/B =1.5%

>4j,>4D
S/B =5.9%




~N

(H%vv

tt — ¢ + jets, dilepton,
. all-had )

Table 2

Expected numbers of H — Yy events (Ny) from an SM Higgs boson with my = 125.4 GeV after the event selection. These combined yields are normalized to 4.5 fb~! for
the 7 TeV data and to 20.3 fb~! for the 8 TeV data, and are listed in the table along with the percent contribution of each Higgs boson production process with respect to
the sum of all Higgs boson production processes. The numbers of fitted continuum background events (Np) for the 7 TeV and 8 TeV data are also shown, where Np is the
integral of the continuum background in the m,, range 120-130 GeV, which is determined by an unbinned signal-plus-background fit to all categories with one common
scale factor for the H — yy normalization. The uncertainty on Np is the statistical uncertainty calculated from §Np = 6NotNp/Niot, Where Nio is the total number of
background events in the full my, range 105-160 GeV estimated from an unbinned signal-plus-background likelihood fit, and SN denotes the Poisson uncertainty on N.

Category Ny ggF VBF WH ZH ttH tHgb WtH N

7 TeV leptonic selection 0.10 0.6 0.1 14.9 4.0 72.6 5.3 2.5 0.5103
7 TeV hadronic selection 0.07 10.5 1.3 1.3 14 80.9 2.6 19
8 TeV leptonic selection 0.58 1.0 0.2 8.1 2.3 80.3 5.6 2.6
8 TeV hadronic selection 0.49 7.3 1.0 0.7 1.3 84.2 34 21

5 candidate events observed in 120 < my, < 130 GeV,
consistent with 1.3 expected from ttH + 4.6 from bkg

S. Majewski, University of Oregon Moriond EW 2015




* Top Yukawa Coupling

q\dulti—lepton final states

\(mcludmg TS) )

m Expected and observed yields in each channel

Category q mis-id Non-prompt 1w 1z Diboson Expected Bkg. ttH (u=1) Observed

ee +>35j
eu+=>35j
M+ =35]
ee+4j
eu+4j
p+ 4
3¢
2517had
lszhad
4¢ Z-enr.

1.1 £0.5
0.85 + 0.35

1.8+0.7
1.4 +£0.6

23+1.2
6.7+24
29+14
34+1.7
12+ 4
6.3+2.6
32 +0.7
04 %3
15+5
<1073

1.4+04
48 +14
3.8+1.1
20+£04
6.2+0.9
47 +09
23+09
0.38 £0.15
0.17 £ 0.07
<3x1073

0.98 +£0.32
2.1+£0.7
0.95 £ 0.31
0.75 £ 0.25
1.5+0.2
0.80 £ 0.26
39+0.9
0.37 £ 0.09
0.37 £ 0.10
0.43 £0.13

0.47 £ 0.42
0.38 £ 0.32
0.69 + 0.63
0.74 £ 0.58
1.9+1.2
0.53 £ 0.30
0.86 + 0.59
0.12 £ 0.15
0.41 +0.42
0.05 £0.02

6.5+2.0
15+4
8.6 +25
9.1+23
240+ 4.5
12.7+ 3.0
114 £ 3.1
1.4+ 0.6
16 + 6
0.55 +£0.17

0.73 £0.11
2.13 +£0.31
1.41 £0.21
0.44 + 0.06
1.16 £ 0.14
0.74 £ 0.10
2.34 +£0.32
0.47 £ 0.02
0.68 + 0.07
0.17 £ 0.01

10
22
11

9
26
20
18

1
10

1

4¢ Z-dep. < 1074 <1073 0.002 +0.002 <2x107 0.007 +0.005 0.03 + 0.00 0

Source Au
2£07haq non-prompt muon transfer factor
ttW acceptance

ttH inclusive cross section

Jet energy scale

2£07haq non-prompt electron transfer factor
ttH acceptance

1tZ inclusive cross section

ttW inclusive cross section

Muon isolation efficiency

Luminosity

m Systematic uncertainties:

S. Majewski, University of Oregon Moriond EW 2015




Top Yukawa Coupling

Combined Results

ATLAS-CONF-2015-007

- ATLAS Preliminary  [xy.x.6 Kook,
\s=7TeV, 4.5-4.7 " SM expected
\s=8TeV, 20.3fb" — Observed

!

|IIII|IIII|IIIIIIIII[II

LI | IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT

—
—

T

negative solution
disfavored at 3.10  \

|
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295 -2 -15 -1 -05 0 05 1

only SM particles in loops, no

1.5 2 25

invisible or undetected Higgs decays
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-007/

Vector-Like Quarks

TT — Ht+X

Common preselection:
leorly, =4jets
Ermiss > 20 GeV
Ermiss + mtW > 60 GeV

>6j,3b >6j,3b >6j,>4b >6j,>4b
5i,2b 5i,3b 5j,>4b >67,2b low Mg‘l;“AR high Ml’;‘;“AR low Ml‘)“li“AR high M;“;“AR

TT (my = 600 GeV) TT (mr = 600 GeV)
Singlet 525+42  19.0+23 58=+1.2 123.3+6.2 Singlet 205+2.0 440+3.6 17.7+19  241+3.7
Doublet 258+20 140+14 50+1.0 154.1 + 6.4 Doublet 502+25 689+4.1  41.0+39  53.8x73
oo — titt (my = 800 GeV) 2.0+0.3 1.4+03 0.3+0.1 64.8 + 4.6 oo — titt (mg = 800 GeV) 225+1.6 50.7£3.5 93+1.0 16.2+2.6
17t7+X (Tier (1,1), mxx = 800 GeV) 1.0+0.4 0.6+0.3 0.06+0.05 180 + 29 titi+X (Tier (1,1), mgx =800 GeV)  33.6+2.8  132.5+59  27.7+23 75+13

tf+light jets 32400 £ 5300 2930+520  48+12 16200 + 4000 tt+light jets 1280 +350 440110 38+ 14 93+39
tt+cC 3800 +£2100 730 +410 42 + 24 3300 + 1800 tt+cc 550 + 320 220 +120 53+£31 14.7+9.0
tf + bb 1530 £ 800 800 =420 108 + 58 1300 + 700 1t + bb 620 + 330 250 + 140 178 + 95 46 + 25

1tV 140 + 46 249+ 8.1 29+1.0 172 £ 56 1tV 28.7+9.2 12.5+4.2 6.2+2.0 1.5+0.5
ttH 392+ 1.7 208+1.6 5.6+0.7 60.2 +4.5 ttH 249+1.9 11.6+1.3 10.6 + 1.2 4.1+0.6
W+jets 1600 + 1000 111 +£71 50+3.4 770 + 530 W+jets 68 £ 46 16 = 10 6.6+4.8 0.6+0.4
Z+jets 360 + 120 24.8 +8.4 1.2+0.5 185 + 67 Z+jets 15.7+6.3 33+1.3 1.6 £ 0.6 0.3+0.1
Single top 1630 + 320 169 + 36 7.0+ 1.0 730 + 200 Single top 74 £22 32+12 7.8+2.2 21+1.3
Diboson 85 +27 73+25 0.4+02 45 + 15 Diboson 42+1.6 1.2+0.5 0.4+0.1 0.2+0.1
Multijet 133 + 48 33+ 12 6.9+2.6 56 + 20 Multijet 1.9+0.8 4.8+2.1 < 0.01 28+1.0

Total background 41700 £ 6400 4840+900 228 +69 22800 + 5200 Total background 2670 + 680 990 + 260 300+ 110 81 + 30
Data 43319 5309 244 23001 Data 3015 1085 362 84

S. Majewski, University of Oregon Moriond EW 2015




Vector-Like Quarks

TT —» Wb+X

Selection

Requirements

Preselection

One electron or muon
EXSS > 20 GeV, EXSS + mp > 60 GeV
>4 jets, >1 b-tagged jets

Loose selection  Tight selection

TT (m7 = 600 GeV)
Chiral fourth-generation

Loose selection

Preselection

Vector-like singlet

115+10

60.3+5.1

589+5.9
245+2.3

>1 Whaq candidate (type I or type II) tt
Hr > 800 GeV 1tV

pr(b1) > 160 GeV, pr(by) > 110 GeV (type I) or pr(by) > 80 GeV (type II)
AR(€,v) < 0.8 (type I) or AR(£,v) < 1.2 (type 1)

W+jets
Z+jets

Tight selection

Loose selection

min(AR(¢,b1.2)) > 1.4, min(AR(Whag, b1,2)) > 1.4
AR(by,by) > 1.0 (type I) or AR(by,by) > 0.8 (type 1)
Am < 250 GeV (type I)

Single top
Diboson
Multijet

390+ 110
6.5+2.5
38+ 19
1.5+1.2
36 +17
5614
0.3+1.6

10.7+4.3
04+0.2
11.4+6.2
04+04
22+1.5
1.5+0.6
0.8+0.7

S. Majewski, University of Oregon

Total background

480 £ 120

27.5+8.6

Data

478

34
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Vector-Like Quarks

Same-sign dilepton/trilepton

! | | |

T
o —e— Data
ATLAS Preliminary [ X (X=Z,W,WW,H)

@ Q Mis-id
\s=8TeV, 20.3 fo™ B Fake/non-prompt leptons
I Dibosons

[ Other
17777 Uncertainties

llIlllI.Il lllllllll llllllll.l L1l

SR4t3: Hr > 700 GeV, Nbjets = 2,
Ermiss > 100 GeV

SR4t4: Hr > 700 GeV, Npjets >= 3,
Ermiss > 40 GeV

Significance

SRVLQO SRVLQ! SRVLQ2 SRVLQY” SRVLQ4 SRVLQ5 SRVLQ6 SRVLQ7
SR4t0  SR4ti SR4t2  SR4t3  SR4td

220 240

6/18 events in common with ttH
multilepton analysis

S. Majewski, University of Oregon Moriond EW 2015




| SMGtttt~lfb@8TeV

m Same channels as vector-like quark
searches: Ht+X, ss dilepton/trilepton

m Ht+Xlimit: 23 fb (obs), 32 tb (exp)

m ss dilepton/trilepton limit:
27 fb (exp)
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