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Top Quark Physics Topics

— top physics collaboration
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Top Quark Physics Topics
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The Top Quark in the SM

top quark is needed as the isospin
partner of the bottom quark

Indeed, in 1995, it was discovered with
a mass of the order of a gold nucleus
(consisting of 79 protons and 118
neutrons). This is a

for an elementary particle
that is assumed to be point-like with
no substructure.

The top quark has a

of ~1, so
it might play an important and exotic
role in electroweak symmetry breaking

largest quantum correction to Higgs
mass involves a top quark loop, it is
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Top Quark Physics Topics

Quantum
chromo-
dynamics
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Top pair production at 13 TeV
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Stop Quark Pair Production
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Differential, unfolded: mg & tt pr
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Top Quark Physics Topics

Electroweak
Physics
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Search for single top production
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— all production modes observed!
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Single channel cross sections
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Direct measurement of |Vip|

ATLAS+CMS Preliminary LHCtopWG
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Search for ttZ and ttW
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Observation of ttV production

ttZ vs. ttW cross sections: anomalous V or A ttZ couplings:
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— in agreement with the SM prediction

— no hint for anomalous contribution
(tty also in agreement with SM prediction)
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Top Quark Physics Topics
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Search for ttH production

multi-leptons
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Search for ttH production

11.4-12.9 " (13 TeV)
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Search for ttH production

H-WW, Z2Z

multi- ||ep,10mls
11.4-12.9 0" (13 TeV)
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Search for ttH production

HoWW, 77

multi-leptons
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7 and 8 TeV
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High Lumi LHC

arXiv:1307.7292

ATLAS Simulation
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Search for tHq production

19.7 fb (8 TeV)
£ ' ' ' ¢+ Data
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Top Quark Physics Topics

Properties
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Top Quark Analyses

anomalous couplings

q 9 rare decays
\f branching ratios
CKM-Matrix-Element |V,,|
b ' new particles

spin correlations

charge asymmetry mass, charge,

width, lifetime

Ars
——— . | ———————
production cross-section e W W helicity
production kinematics q'v
production through resonances b
new particles qr

] . _cross sections, CKM matrix element |Vw|, polarisation,
single top production SM and anomalous couplings, searches, ...

other production modes tt+jets, ttbb, ttzZ, ttW, ttH and their couplings
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The Top Quark Mass

* free parameter in the Standard Model

> check the self-consistency of the Standard Model
in combination with W mass and Higgs mass
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Extraction Techniques: Templates

* use variables strongly correlated with m,.
» compare data to MC with different m, hypotheses

Reco. Top Mass (1-tag(T))

0.14- CDF Run Il Preliminary
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0.1 5
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100 150 200 250 300
m{eco(GeV/c?)
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Extraction Techniques: Templates

* use variables strongly correlated with m,.
» compare data to MC with different m, hypotheses

2501 CDF Il Preliminary
o -1
0200 * Data (8.7 fo')
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O R
2 150 +:/ Bkgd only
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Everltsl
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Extraction Techniques: Templates

* use variables strongly correlated with m_ o

» compare data to MC with different m, hypotheses

250 CDF Il Preliminary
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JES calibration
jet energy scale:

translate jet into parton energy

Calorimeter jet

Particle jet

W mass R
constrains jet
energy scale
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Result in I+jets Channel

Lepton+jets, 19.7 fb ™' (8 TeV) maximum
| s likelihood fit
* Hybrid to data
- @®1D B
translate jetinto . .- E
parton energy BO: z
1.005F -
1.004 -
1.003F =
1.0021 -
1.001F -
1 | -
172 1725
m, [GeV]

myY° = 172.35 + 0.16 (stat+]JSF) & 0.48 (syst) GeV

+0.29%

most precise single measurement
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Top mass at the LHC

3 600 T a0
(\D s=7 TeV. 4.6 fb" 59 Best fit background 5
% 500 T —— Best fit — S —
:>.|J } Uncertainty ATLAS+CMS Preliminary LHCtOpWG m,,, summary, Vs=7-8 TeV Aug 2016
400— e ARTOYTSEY, = e World Comb. Mar 2014, [7]
stat
300 total uncertainty total stat
My, = 173.34 =+ 0.76 (0.36 = 0.67) GeV M, = total (stat = syst) s Ref.
200 ATLAS, l+jets (*) 172.31 = 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
100 d I I e pto n CMS, I+jets 173.49 = 1.06 (0.43 = 0.97) 7TeV [3]
+ 0 4 9 % CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7TeV [4]
L - CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
%0140 150 160 170 180 190 20(;1‘,5[% e\2,]2° LHC comb. (Sep 2013) 173.29 = 0.95 (0.35 = 0.88)  77TeV [5]
o World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1967 TeV [7]
—_ ATLAS, l+jets 172.33 = 1.27 (0.75 = 1.02) 7TeV [8]
mtOP = 172.99 £ 0.41 (Stat) + 0.74 (SYSt) GeV ~LATLAS, dilepton 173.79 = 1.41 (0.54 £ 1.30)  77ev 8]
ATLASljets 175.1+1.8(1.4£1.2) 7 TeV [9]
. r ATLAS, single to 172.2 £ 2.1 (0.7 £ 2.0) 8 TeV [10]
w :CMS — Leptop+1qts, .19? fb. (S.Te. Z ATLAS, dilepton 172.99 = 0.81 (0.34 = 0.74) 8 TeV [11]
Cg 1.0083— +2D t ATLAS, all jets 173.80 = 1.15 (0.55 = 1.01) 8 TeV [12]
g * Hybrid 1 ATLAS comb. J;;:; 208 172.84 = 0.70 (0.34 = 0.61)  7:87Tev [11]
1 -007;_ ®1D E 4 CMS, l+jets ' 172.35 = 0.51 (0.16 = 0.48) 8 Tev [13]
1.006 - CMS, dilepton 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13]
1 _005; _ — CMS, all jets 172.32 = 0.64 (0.25 = 0.59)  8Tev [13]
E ] CMS, single top 172.60 = 1.22 (0.77 = 0.95) 8 TeV [14]
1.004F = -+ O 2 8%' CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47)  7:87eV [13]
1 003 f_ _E — - [1] ATLAS-CONF-2013-046 [6] ATLAS-CONF-2013-102 [11] arXiv:1606.02179
g ] (*) Superseded by results Bl onen 12 o 10e o) oy e 2015 330 1) oy s o1 oy 2004
1.002 E shown below the line (6] Eur Phys.JCT2(2012) 2202 [8] Eur.Phys.J.CTS (2015) 158 [14] CS-PAS-TOP-15.001
- — [5] Eur.Phys.J.C74 (2014) 2758 [10] ATLAS-CONF-2014-055
1.001E = - ' IR R T ' R R S T B
i 1 l+jets 165 170 175 180 185

725 +0.29% Myop [GEV]

m, [GeV]
mY = 17235 + 0.16 (stat+JSF) = 0.48 (syst) GeV — jet energy scale is crucial
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History meop VS.

{ —LEP1 and SLD

t
80.5 - LEP2 and Tevatron (prel.) WW@WW 4
- :... ‘-.'.. t
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History Mop VS. Mw

July 2005
L]

|

{ —LEP1 and SLD
80.5 - LEP2 and Tevatron (prel.)

68% CL

150 175 200
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History Mop VS. Mw

March 2006
L]

{ —LEP1 and SLD
80.5 1 - LEP2 and Tevatron (prel.)

68% CL

150 175 200
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History Mop VS. Mw

July 2006
1 )

|

{ —LEP1 and SLD
80.51 - LEP2 and Tevatron (prel.)

68% CL
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History mop VS. Mw

March 2007
L

|
{ —LEP2 and Tevatron (prel.)

80.54 - LEP1 and SLD

150 175 200
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History meop VS. Mw

March 2008

R
{ — LEP2 and Tevatron (prel.)
80.51 - LEP1 and SLD

68% CL
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History mop VS. Mw

July 2008
L]

' 1
1 —LEP2 and Tevatron (prel.)

80.54 - LEP1 and SLD
68% CL

150 175 200
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History mop VS. Mw

March 2009
L]

1 — LEP2 and Tevatron (prel.)
80.54 - LEP1 and SLD

68% CL
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History mop VS. Mw

80.5 July 2011' . . |
— LEP2 and Tevatron

| -~ LEP1 and SLD
68% CL
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History mop VS. Mw

TR T L L — \
[ 1LHC excluded

| —LEP2 and Tevatron
1 - LEP1 and SLD
68% CL

....
.......

144 300 60001000 y

155 175 195
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History mop VS. Mw

80,5 o
[_]LHC excluded
| —LEP2 and Tevatron

1 - LEP1 and SLD

68% CL /

I

>’

& 80.4-
=

=

80.3 1
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History mop VS. Mw

3
e

80.46 __D Not excluded at 95% C.L. by direct searches

My

C — M,: LEP+Tevatron, m,: Tevatron

80.44 68% C.L. o

80.42
80.40 (a) N
80.38

80.36

80.34

80.32

IIIIIIlllllllllllllTlllllll'

8030l Ly v v 1 Ly ] ...|./

165 170 175 180 185 190
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History mop VS. Mw

July 2012

3

9‘_’. 80.46 —— LHC direct searches
; | My: LEP+Tevatron, m : Tevatron
8044  gswuc.L. S

"“165 170 175 180 185 190
m, [GeV]

— Standard Model is self-consistent
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History mop VS. Mw

July 2012

>

‘.3.30-46‘ ~— LHC direct searches

fu ture: qu :;.::ﬂevam. m,: Tevatron
Almw)=6 MeV SM broken

80.40 \

80.38 |

80.36

80.34.

80.32

80.30

"“165 170 175 180 185 190
m, [GeV]

improved W mass measurement is critical
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HELMHOLTZ

Top pole mass M, in GeV

180 — . . . T BT
_ 107
178 -
L 1010_
- 10!!
176 [ ' 102
- . 1013
1741 _ Lol A
B M@t&;ét;lbility' - | |- |- c - : . ';__ : "/:,:; ’: T
1721 CT) : |
1~~~ Stability
168 W P N B PR I P P PR I S T
120 122 124 126 128 130 132
Higgs pole mass M), in GeV

check the “fate of the Universe”
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What mass do we measure?

Z ..y My (1 + ';;)

'\m

* LO QCD: free parameter top
> NLO QCD: dependent on the renormalisation scale M
\\Ewu..”fwz.amdw JfQCD :

o s W s T, ot (o)

Zmnmq,&se.o( pom_amm/-e/w a;DQCD -
4o-L24 ), My (M), My (1), W (], m (M) (H)
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Different Top Mass Definitions

hep-ph/0001002

v

I\TS scheme
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Different Top Mass Definitions

hep-ph/0001002

v

I\TS scheme

— difference between MS and pole mass is ~10 GeV...

* measurement reconstructing decay products: depends on MC mass details
* how does MC mass relate to pole mass or running mass scheme?

Top Precision and Searches - Christian Schwanenberger - SFB 676 Lectures 49




Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD
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Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD

b
a '.b. t Y
v ¢
D 0O 00 0OC E
q ¢ q
W .u‘.
o

» parton showers simulate higher orders,
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Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD

Q|

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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Which Top Mass Does a LO MC Contain?

> matrix element in LO QCD

* parton showers simulate higher orders,
i.e. not only radiating additional gluons!

= VERY DIFFICULT TO SAY...
> arguments that it should be close to pole mass
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Do NLO MCs Contain Mass information?

* Powheg, MC@NLO have contributions like this, but then the on-
shell top quark decay is simulated by a Breit-Wigner function
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Do NLO MCs Contain Mass information?

* only if they have contributions like this, since top quark
propagator needs to be renormalized

e contributions can be of order ~I't=1.35 GeV (at world average top mass)
— it matters!

* has become available recently (only for dilepton final states...)

Top Precision and Searches - Christian Schwanenberger - SFB 676 Lectures



Important to Know...

July 2012

i | M,: LEP+Tevatron, m: Tevatron
80.44

‘ 68% C.L. &
20 .

pole mass —

185 190

8030"“ 165 170 175 180
m, [GeV]

— Standard Model is self-consistent

- Christian Schwanenberger - SFB 676 Lectures
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Important to Know...

July 2012
3
©8046 — LHC direct searches
; M,: LEP+Tevatron, m: Tevatron
80.44

68% C.L. 2

pole mass —

world
average

165 170 175 180 ‘185"‘;[6‘1’3(13 intﬂ)reted
as MS mass
~10 GeV (3-loop)

— Standard Model is self-consistent??
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What mass do we need?

e we measure the MC mass e we need the pole mass

21

e we need to calculate:
Scheme-dependent

°
<
Top pole mass M, in GeV
E
LB
‘?
g "
LB "
,2 .
.
)

LT
\/ -

—_

~

[
T

—_
=
O

l l _ O ( 1 GeV) Higgs pole mass M, in GeV
MC quark &
my - = my + A
e every MC generator mass can can
e.g. pole mass correspond to a different pole mass

HELMHOLTZ
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Top mass interpretation

MSR(1 GeV)[GeV] A. Hoang

[ ™ 1.4
175: Cahhratlon. (72 e_)

7ol PYTHIA 8.205, tune 7
NNLL, Iy =14 GeV,,/"

173

172

171

170

Scheme-dependent o (MR (1 GoV) — m

l ‘l'/ ~ O(1 GeV) 3:4;

k
mi\/IC =m0 4+ A

1
- 4

=
N
|

e.g. MSR mass
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Top mass interpretation

Butenschoen, Dehnadi, Hoang,

Open questions: et 12016 (3016) 068
_ _ mp o (1GeV)[GeV
® does calibration also work for pp? A R AR AR AR
+ Calibration : (15 ¢ ) A
How related to pole mass? Renormalon? | 725
_ 17aL PYTHIA 8.205,tune 7
® when is off-shell pp > W*W-bb+X L NNLL, T, = 1.4GeV 7 5
MC available with parton showers 173} ]
(also for hadronic W decays) that | ;
contains proper top pole mass? 2 ]
e what about non-perturbative effects 71l
on top mass interpretation? 5
170} .
heme- ndent —_—
Scheme-depende 02k (my"(1GeV) —mp'®)[GeV] 1
l l oo | N S N
-0.2F :
MC __ _quark A/ ~0(1GeV) it | } Bl } lﬂ
ey — Ty T Tt 12 B 1A i7s
mC[GeV]
e.g. MSR mass — still many discussions in future
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Top Quark Pole Mass

350 s
x"u,m’ ATLAS — Mfmmoamw.o pole . +2.5 _
300[. Frn o ano my " = 172.975¢ GeV (/s =7/8 TeV)

250

Cross-section [pb]

O

Sl

3s
Siis.

s=7TeV,4.6Ib"1
\s=8Tev,203

— pole mass
unambiguously!

200
: Y ¢ oLTY e, $ o
. 180F A e +1.4%
(S%jE)T e I =]
b ;L\ C 7 T T T ] T T T T T \1 T T T T T ] T
S 100 vl by b b | IR TR B R BRI B
164 166 168 170 |72 14 176 178 180 182 00 5.3/1b ‘ 167.5 % 5.0 GeV
m tp°'e [GeV] PLB 703 (2011) 422 ® w
19.7 fo'' (8 TeV) CMS 7 TeV o176.752.9 GeV
S \ PLB 738 (2014) 526
g CMS \
—_— P ATLAS 7+8 TeV 172.9+ 2.5 GeV Y
+ 300 ieheliminary EPJ C74 (2014) 3109 )4
© N L
ATLAS 7 TeV tt+1jet 173.7 £ 2.2 GeV s
280 arXiv:1507.01769 ®
DO 9.7/fb Preliminary 169.5 + 3.3 GeV
260 DO 6453-CONF ®
CMS 7+8 TeV Preliminary 173.6 £ 1.8 GeV
240 ' CMS TOP-13-004 \\ ¢
CMS combination 172.44 + 0.48 GeV
220 arXiv:1509.04044
S P e e L e ! | ! | ! ! ! ! | ! | | | l ! l l | l
166 168 170 172 174 176 178 165 170 175 180
pole
m; - [GeV] +1.0% m, [GeV]

MPo€=173.6 + 1.8 GeV

r ol
QA Top Precision and Searches
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Top mass at ILC

B = 3 1 4 B L I B B B B B

L Q -t threshold - 1S mass 174 GeV i

s 1.2 [ - TOPPIKNNLO - ISR only .
| 'SJ_; ’ I CLIC350 LS only — CLIC350 LS+ISR i
s F ¢ E
) ) V. Yy Qs i

%)) : 3 :

S 0.8 s S G 5

O N ; It AT

: my € o :

04 ‘ =

02 N IR .

L ...-.-.'-'.,-‘_,-'.."..".."..:.?-7‘:: “““ = CLIC -

O 1 ! ! I ! ! ! | | I ' | : .

| 345 | 350 | 355
\'s [GeV]

— well-defined top mass with ~O(100 MeV) uncertainty
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Top Pair Spin Correlation

* top quark: discovered in 1995 by CDF&DO
e does the top quark have spin 1/2?

* top quark pair production: top quarks are
not polarised, but spin of top and anti-top

quarks are correlated
I

2\

e top quarks have short lifetime:

Tt = (331_82) X 10_25 S | D@ Collaboration,
. PRL 106, 022001 (2011)

arXiv:1201.4156 [hep-ex]

e decay before spins can flip
e spin information is contained in decay product

* measure tt spin correlation: consistent with SM prediction for a spin 1/2 particle?
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New physics impact on spin correlations

* important test of SM and sensitive search for physics beyond
e analyse the whole chain of top pair production and top decay

Higgs, KK gravitons, Z’, stop pairs, ... charged Higgs, b’, ...

it - Top Precision and Searches - Christian Schwanenberger - SFB 676 Lectures



Spin correlation strength

A= NTT+Nll_ NTL_NlT

NTT+Nll+ NTL+NlT
q t 351 _ Lt g t

"

a1 F g
q Y dn T
t i g t t
Tevatron LHC
e dominated by qq annihilation * dominated by gg fusion
* tt pairs close to the threshold * tt pairs far off the threshold
* beam axis as spin quantisation axis * helicity basis as spin quantisation axis
NLO QCD: A = 0.78 NLO QCD: A = 0.32 (7 TeV)

Bernreuther, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)

* optimised “off-diagonal” basis °* maximal basis

complementary between Tevatron and LHC

HELMHOLTZ
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Spin Correlation at the LHC

e first measurement of spin correlation Phys. Rev. Lett. 108, 212001 (2012)
between top and anti-top quark in dilepton

final states at the LHC £ 900F . Ic;alt; L ' ATLAS
') [ ¢ ]
e azimuthal angle between charged leptons 3 annr. Lt (SM) 13
- ) . ) shargesd 1ep o 800174t (uncorrelated) | Ldt=2.1fb
in laboratory frame: sensitive and simple! - @ single top .
700w Z/y*+jets T
- diboson - .
600 uy fake leptons | Bl

FSM =1.30 + 0.14 (stat) T9 35 (syst)| soo-
(=1inSM) “% —— E

300) [---:---- :

+0.09 200F---- 3

Chelicity = 0.40 _g 08 1005 ]
(=0.32 in NLO QCD) %

— first observation of spin correlation with 5.1c
— correlation agrees with SM spin 1/2 hypothesis
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Spin Correlation at the LHC

ATLAS tt spin correlation measurements
-1 e
_[Ldt=4.6 fo, \s=7TeV (L, (stal) * (sysh
A¢ (dilepton) I - 1.19 £0.09 £0.18
Ao (I+jets) s 1.12 +0.11 £0.22
S-ratio ® 0.87 £0.11 £0.14
cos(®)cos(®) il on
helicity basis ¢ - £0.23
cos(e,)cos(e) T 044 4018
maximal basis ¢ T 0.83 £0.14 +0.18

0 05 1 15 >
Standard model fraction

— correlation agrees with SM spin 1/2 hypothesis
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tt spin correlation at 8 TeV

o
N

195" (8 TeV
T T T | T T T

1/c do/d |A¢1+r|
=

o
w

I T

0.25

o —

¢ Data

—— Fit

-------- NLO+EW (u_=p =m)
— — NLO+EW (u_=p_=2m)
----- NLO+EW (u_=p_=my2)

o T T 7T

HELMHOLTZ

1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 ]
/6 /3 /2 2n/3 5n/6 L%
|

A

e
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Search for anomalous couplings

195" (8 TeV
T T T | T T T

©
N

1+r|

o —

1/c do/d|Ad
=

o
w

¢ Data

— Fit

-------- NLO+EW (u_=p =m)

— — NLO+EW (4 =p=2m)

----- NLO+EW (u_=p=my2)

w6 w3 w2 ow3  swe
|

A

0.25

(/o dofdirg,, 1) (\&
o
j‘ ] L

-0.2_—
I NLO+EW (u=u=m) [4]
'0-4j Parametrization |
R S S = S
1A, -
— no chromomagnetic Re(fit) = —0.006 + 0.024
dipole moments
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Search for anomalous couplings

195" (8 TeV
T T T | T T T

o
N

1+r|

— —

42 pb”' (13 TeV)
CMS euf+>2jets

1/c do/d|Ad
=

. Data \AY;

st o tW
"W NonW/Z W Zly* —» W

o
w

¢ Data

— Fit

-------- NLO+EW (u_=p =m)

— — NLO+EW (4 =p=2m)

----- NLO+EW (u_=p=my2)

w6 w3 w2 ow3  swe
|

A

0.25

Number of events

20

Data/MC

04 05 06 07 08 08 1
Ad(e, )| (rad) /

— only first look: similar to SM,
but keep looking in Run-II

(/o dofdirg,, 1) (\&
o
j ] [
oo
®
<
\
|
|
IR
q
<
Q
S
S
[N

-0.2_—
I NLOYEW (s =p.=m) [4]
'0-4j Parametrization -
0 THE TWE we ms e w no hint for new

A

-

— no chromomagnetic Re(ﬁ ) — 0.006 0024
dipole moments t . .

physics so far
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Stop Quark Pair Production

b ¢ Eur. Phys. J. C74 3109 (2014)
P
v
7
4% do we see
- left or {0
. . v right? v
b ¢ b (
. . N r ] 1 ” - .
Olimit = 4 (o=7TeV, 46 1" ; stel?lth scenario:
o $ 350 \s=8TeV,203 1" 1 - small sneutrino mass
SUSY 2z °7 - - stop mass close to
= Expected limit £1 o, 3 tob Mass
2 "I+ Observed limit + 1o§,ﬁ§’; W P
§ 2'5;— ~1—>tx m(% ) 1GeV E
E Pl o .=
_ - ]
O 15 = =
X C st ]
& 1 :— QIS cessssiannssassssisassiotssrsiussssiass —:
4 A 0.5;_11111llllllllljlllll‘llllll—:
)T 170 180] 190 200 210 220 230
A _ m. [GeV]
S mi >182 GeV '
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Direct searches for light stop

b
b / b 14
P ) 14
1 _ v p ~ W v b ot v
%0 b S A
~\ =< Xl - O
: q t1 W t1 " 14 '
p
Recall: Top loop is the most important b w 9 p q
b q b q

contribution in Higgs virtual corrections:

. -0
__ﬂ__@_fi__ m(¥Y) (Gev] Am = m(f,) — m(X1)
A . - P
"'.“ ‘.' @@ "".6\@

77N @@“ v@q
( t \ L T L
H N /I H . HQ\/ ‘.""V@ S
——————— ~— - — - - N ~0 ‘N
m(t,) < m(X1) $\, ;\ @* TR
| 100 - NERRAD> N NEIPERN O
small stop 7‘ P A D
=, 7 o
mass is natural w ’W W R
0 '0‘ l '0 : i :
0 mWm(b)4 g MO 200 300 m(f,) [GeV]

we check every little corner...
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HELMHOLTZ

Direct stop searches

30

20

10

s=8TeV, [Ldt=1951"

[« )¢, s, 1\N]

Y Total SM

I S AL AL R AR AR RARRANARRL A R L o o R o O oS
S ATLAS . ; ﬁYaa ] 8, e[ ATLAS -e-Data
5 70 Vs=8TeV, [Ldt=201 Wei E o0 3 t
s F CW+jets 4 2 (s=8TeV, | Ldt=201b Ot 15
€ [ tty Preselection Ot ] ~107 i |:]W+'ets
2 eof- DD Total SM 3 2 Preselection . 0dr
s 3 210° - m{t,x:x%)= (550,300,150) GeV (0x100) []Single top :
50 3 iT] ; ! [ Diboson
b E 108 -~~~ m{E;x)= (600,200) GeV (0x100) [ Z+jets
3 itV

Entries/ 30 GeV  Data/MC

2 1.51 ,,,,,,, {,, ;7///;?//;//%%%/ 215
Sos o < 4k
O 0080500550 400 480 500 g
™ = E™ with photon added [GeV] 0.5 ]
i) e
PN R
'.évx@ 76&’
'x;<5 N 0 50
& gQ «"'v@ ".‘
0 Q \ A N
m@) <m®) D X AN
0 \0\ N
100 A CAT A A\ X
P p ) 4 - ) e
W R S
0 a T = T T ~ >
o  MWrmbligg ™0 200 300 m(f,) [GeV]

Top Precision and Searches

we check every little corner...
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~

—
1

{, production, t> b )/t ¢ ¥, A Wb /t—>t%  Status: ICHEP 2014

;‘ 500 :I L I L L | | D | | I | I | I D I | | I | I:
8 - ATLAS Preliminary b ¢ 47M"\s=7TeV -
e 450 — —= I‘_) t g D W U 18.1447] ]
U - SEot 7 18.2590) .
£ - BNttty 1, - ~( 19.4186] -
b - . t,—>'c~%(1 \N\ - )2(1)
¢ 3sof- P 2
p 3 - P W\ ¢ p 3
t1 v - = Observed limits ==== b q 1
- %9 300 Ainlimits at 95% CL -
S - ~0 : : ~\
;T 1 sl b
t1 q - e & & p
p Y <~ —
7 o00F-
b - NN ]
150 VN
100 L2
50F S
A
0 ] .
200 300 400 500 600 700
m; [GeV]

we check every little corner...
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“Stealth” Stop Quarks

tf, production, > bff 7/t cZ A>Wb¥ /1>t  Status: ICHEP 2014
;‘ 500 L I | L | | I I I | I I | I | I | I I
[ - ATLAS Preliminary L, -=20fb"1s=8TeV L, =4.7f"\s=7TeV ]
9) 450— T 450 —
— [ =ty oL [1406.1122) 0L [1208.1447) _
U - =Wttt Xy 1L [1407.0583] 1L [1208.2590) .
E - Etoty 2L [1403.4853) 2L [1209.4186) .
400 - =Et-oW lg i? 1L [1407.0583), 2L [1403.4853] ]
- Eetoc 31 oL [1407.0608] .
- EmDbify , , _
b e 350 = X, 0L [1407.0608], 1L [1407.0583] -
~ = Observed limits === Expected limits ]
p v
e ¥ W 300 — Al limits at 95% CL =]
Koo ;0 - ' -
- - ., 250 -
- X1 ~ b Z
t ; W R NN .
D v 200 . ]
b L 150 R—
100 i
50k =
A
0 .
700
m; [GeV]
1

we check every little corner...
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Spin correlations for “Stealth” Stop

b
—_ 2 T 1 | B — | — P vV

22 foarae : f ,ﬂjﬁ ”

T 1.8 ATLAS - o X1

—|Z B . \-\ {0

1.6 \s =8 TeV, ee+pup+ep o 3, ; S woo

B v
14 — . Y

te -
b ¢ | — -
p : ’
S w Cos tt (A=SM) -
o6l [ : E
o P it (A=0 -
t ~ 0.4 L jTtA=0) -
p : » i
b ¢ 0.2 tt,, 180 GeV
O: | L | [ R :
0 0.2 0.4 0.6 0.8 1
A¢ [rad] / &
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Spin correlations for “Stealth” Stop

D { :f v
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> > e 1
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g 14000 [ Jswm \s=8TeV,203fb" - il 5
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6000 el E
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¥ v 2000F E
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Aq; [rad] / =

nrer-»

— no hint of stop quarks

it - Top Precision and Searches - Christian Schwanenberger - SFB 676 Lectures



Direct stop searches

1,1, production, t, > b ¥} /T, c ¥} /> Wb, /T> t X, Status: Feb 2015
S: 600 L L L [ L L LB B L BN
8 - ATLAS Preliminary  L,=20fb" s=8TeV L, =47fb" s=7TeV
— —= t -t xo oL [1406.1122] 0L [1208.1447] 7]
G~ ] t —t Zy 1L [1407.0583] 1L [1208.2590) T
= 500 __ = t -ty x 2L [1403.4853), 2L [1412.4742) 2L [1209.4186) __
—. t - W b x 1L [1407.0583], 2L [1403.4853]
. t —-c X oL [1407.0608] |
b / B —= [y i 1 0L [1407.0608), 1L [1407.0583) _
= =
400— 3 a0 s
P ; v — = Observed limits ===- Expected limits 2, E
- B imi %
i ‘mf _ All limits at 95% CL
t
t
' >198 GeV

200 300 400 500 600 700

nrpr-p

— using a “standard candle” for complementary exclusion
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Stop searches in Run-li

tf, production, t,> b 1 ¥, /> c X, /> Wb ¥, /1> 1%,  Status: ICHEP 2016

; 600 L I L | L I | L | T T I T T I | I | I [
8 - ATLAS Preliminary Is=13 TeV -
= - i st /i Wb toL 13.2 fb' [CONF-2016-077] -
o — | N1 101 1 |
E*X 500l— — t—ot% t1L 13.2 fo' [CONF-2016-050] —]
- BEEiowoy, t2L 13.3 fo' [CONF-2016-076] -
i —Tﬁcaz‘j MJ 3.2b"[1604.07773] |
- \s=8TeV,20 fb" Run 1 [1506.08616] .
400 —

— = QObserved limits ==== Expected limits All limits at 95% CL N

300 —
W i
200 N
\,\,‘ |
100 R
O_I (| I/ “ I I I v I O | | I | | L1 1 1 | I | | L1 1 1 | AN l/l“ ] I_
200 300 400 500 600 700 800 900

m; [GeV]

1

— extended limits at 13 TeV
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tt production density matrix

U\fl2 x A -+ B+ - S1 + B - So + Oz'jslz'Szj

g t )
W g(p1) + g(p2) = t(k1, 51) + t(ke, s2)
g t-' Bernreuther, Heisler, Si, JHEP 1512, 026 (2015)
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tt production density matrix

U\fl2 x A -+ B+ - S1 + B - So + C'Z-jsh-sgj

g t B
W g(p1) + g(p2) = t(k1, 51) + t(ke, s2)
g Bernreuther, Heisler, Si, JHEP 1512, 026 (2015)

spin
/@ e almost 100%

analysing A charged lepton :
basis analysis power

'
\0
v

)
P ()
b jet
\neutrino

in top quark rest frame
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tt production density matrix

IM|* o< A

\

determines cross section and
distributions independent of top spin
(e.g. p'r distribution etc.)

e test of QCD predictions
e search for new physics
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Top pair production at 13 TeV

B | T T T | T T T | T T | | T T T | T T T | T T |
B Tevatron combined 1.96 TeV (L < 8.8 fb’ ..
2 ‘Z CMS eu* 5.02 TeV (L = 26 pb() ) ATLAS+CMS Preliminary Aug 2016
c T m ATLASeu7TeV(L=46f") @
) e CMSen7TeV(L=5f" LHCIopWG
= 3 m ATLASep 8 TeV (L =203 fo)
O 10°F o CMSeusTev(L=19.71") =
D ~ v LHC combined ep 8 TeV (L = 5.3-20.3 fb™) -
n ~ m ATLASep13TeV(L=321f" -
%), ~ vy CMSep*13TeV(L=2.2fb") -
ép) [~ A ATLAS ee/uu*13TeV (L=85 pb b T T T ]
O — O ATLAS l+jets” 13 TeV (L=85pb™) —
o | A CMSl4jets* 13 TeV (L=231fb") - 1 |
1 O CMS all-jets* 13 TeV (L =2.53 fb ) 900,_ -
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S 102 - =
0 - 8001 1 3
3 — i -
[3) _ ! A 1
< - /700 1 -
o mm NNLO+NNLL (pp) i 1 _
= NNLO+NNLL (pp) S !
10 = Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] _|
= NNPDF3.0, m = 1725 GeV, o, (M) = 0.118 £ 0.001 =
B I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
1

2 4 6 8 10 12 4

= Vs [TeV]
— agreement with SM prediction
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tt production density matrix

M| Bt .s; + B~
B.: — bi:ﬁl —|— bézl%z —|— b::),:nz n — f) X l;

longitudinal polarisation transverse polarisation

/ N\

bi1*, b>* = 0: P-violation b3* + 0: CP-violation,
(=0 in LO QCD) (#0 through absorptive parts)

Spl
ly gb charged lepto

ﬂ/
% Xeutrino
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tt production density matrix

‘M|2OC B+°Sl—|—B_°SQ
B.: — bi:ﬁz+b§:l%z+b§:nz n:f)xlE

longitudinal polarisation transverse polarisation

— would lead to different polarisation
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Data/MC

A f
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Longitudinal and transverse polarisation
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12 1 jL)Z
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(2013) %2500:_ single lepton
S
>
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Fiia
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Longitudinal and transverse polarisation

‘M|2OC B+°Sl—|—B_°SQ
B.: — bfﬁz“"b%:l%z_'_b{:g_nz II:f)Xk

(/
ATLAS Preliminary 's=8TeV-20.2fb"
Observable ¢ POWHEG-hvq+PYTHIA6 result + (stat+det) + (mod)
k SM
B, -—e4~  0.125 + (0.029) + (0.025)
BX —e4  0.119 * (0.031) + (0.021)
B! —a4- -0.025 + (0.031) + (0.027)
B" —— 0.023 + (0.028) + (0.036)
B, - -0.104 + (0.033) + (0.030)
B’ ——— -0.110 + (0.031) + (0.050) N in ag I‘eement
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 l | l 1 l -
—0.4 —0.2 0 0.2 0.4 0.6 Wlth SM
3<C0s0>
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Polarisation and W boson helicity

-1
CMS w+jets, t+1,19.7 b (8 TeV) CMS 19.7 fb” (8 TeV)
G- FT 1T | L | 1T | 1T | LI | 1T | L I 1T | 1T | T \: 0-35_ =
T 1 — POWHEG (5FS) + Pythia6 E - ——
S 09 ---aMC@NLO (4FS) + Pythia8 E i \
S 0 85— —— CompHEP + Pythia6 E |
B "E e Unfolded data 1 0.3
© 075 T stat. | Total T I
X - E o
o 06 _+_ * : |
AN - i L
- 0.5E 1 E 005 ° Data,
0.4 _} = - [ | Stat. unc.
0.3 = . - —— Syst. unc.
= E —1g - u 5 | —— Total unc.
02¢ ] t Y (1_)’ ) thb Wu 0.2 * SM pred. (Prosi1 (2010)
0.1 - 2V2 R O RO SRR SRR
T T T T T 0.65 0.7 0.75 0.8
0 11| | - 111 L1 | - | - | - L1 L1 L1 F
-1 -08 -06 -04 02 0 02 04 06 08 1 0
Unfolded Coseﬁ .__‘l I T L | LI I LI I T T l LI I LI I_
ZI 0.4— ATLAS + Best Fit
. . -1
— top quarks polarised as in SM = s=7TeV,461b e SM
T 02 [ 68% CL
[]95% CL
0

no new
physics 02

ner-p

_|IIIIIIIIIII|IIIIIIII

o_llllllllllllllllllll

0.4
— _lo-llv — -O'6 | T - I 11 1 | I ) | I - 1 1 1 11 1
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Polarisation and W boson helicity

CMS w+jets, t+1,19.7 b (8 TeV) o a5 CMS 19.7 167 (8 TeV)
) L B B I I I R I I I 30~
<<,D,i 1 — POWHEG (5FS) + Pythia 6 E - —— CM% ‘
S 0.9 - aMC@NLO (4FS) + Pythia8 E \
S 085— CompHEP + Pythia6 E | \
B "E e Unfolded data 1 0.3
© 075 T stat. | Total T - I
X C ] N
E 0.65— $ * _E Th
05 R -
N 1 e 005l *+ Data,
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= E —l1g8 - u 5 | —— Total unc.
o [ G L R R
o 065 07 075 0.8
B %1 08060402 0 02 04 06 08 1 Fo
i Unfolded cos6; —, T A I
_ _ Z_ 04 ATLAS + Best Fit ]
— top quarks polarised as in SM = . Vs=7TeV, 4.6fb" « SM i
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i [ ]95% CL ]
n— . n “_ ) __
' . . 1 ]
We V single top properties! -
g — _ g —-iot"g _ Y S T T e
Lww = ——=by" (VLPL + VRPR) W, — ——b ~ (gLPL +grPr)tW, +hc| 04 -03 -02 01 0 01 02 03 04
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tt production density matrix

‘M|2 X C’ijslz-szj

spin correlation

P-even, C-even, but also

CP-odd and P-odd =0
only in BSM
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tt production density matrix

‘M|2 X Cz-jslz-sgj

ATLAS Preliminary ~ Parton level S p i n CO r re I at i 0 n

—e— data
=8TeV,20.2fb" —— POWHEG-hvq+PYTHIAS

wl

\

ATLAS Preliminary 's=8TeV-20.2fb"

Observable ¢ arXiv:1508.05271 result = (stat+det) + (mod)
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Search for CP-violation

— — — — Nevents (Oi > 0) - Nevents (Oi < 0)
— 7). : Acp (0;) =
- 19.7 ib™ (8TeV) o CMS Preliminary 19.7 fo' (8 TeV)
o_ 20 f_ CMS massm |+jetS channel i E + tt events + 1o (stat_+syst_)
~~ 18 Preliminary —+— Data o ol ~4— Before background subtraction
D : B8 SMt < F -~ Estimated background
= 16 ] SM non-tt < - g
x 14F 1177 1o, Stat.+Syst. s
@ 128 |
= 10k 0 e RRRERRRS T ......................... ]
o C N
> 8 1
L 65_ N
4 -2
2 -
o 20.5 0 0.5 S e "
0, 02 02 02
. t
2’6‘ _ — no hint for CP-violation
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Top Quark Physics Topics
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Search for top-philic Dark Matter

darth matter

— particularly interesting for Yukawa-like couplings between DM
mediator and SM particles, e.g. for scalar or pseudoscalar mediators
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Search for top-philic Dark Matter

221" (13 TeV)
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Search for top-philic Dark Matter

2.2fb" (13 TeV)
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Search for top-philic Dark Matter

2.2fb" (13 TeV)
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Search for top-philic Dark Matter
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— no hint for Dark Matter so far search exclusion
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Pushing the TeV scale

Vector-like quark pair production Resonances to heavy quarks Excited quarks
Q- qgW 2'(1.2%) — tt t* — tg S=3/2 801fb I
8 TeV. |
T-tH Z’(10%) — tt t = tgS=1/2 | Do |
T-tZ
gKK — tt b* = tW K=t 70|
T - bW W tb
b* = tW | Kp=1 60 b
- 60 |
B bz W’ = tb Mvg < Mw' b* = tW KuKr=1 d.li" I
R W th Mve > My o 04 08 12 16 2
B W Observed limit 95%CL (TeV)
X5/3 - tW 13 TeV Z(1%) =t
X5/3 = tW Z(10%) ~ tt
T - bW Z'(30%) — tt
0 0.3 on 0.6 y o..s: oo 1CT- ; V1.5 KK — tt Resonances to dibosons
served limi 4CL (TeV) 8 TeV don o b -
Vector-like quark single production W = tb
. o 13 Tev [ PN
T-1tH %_fps - Tt — tZt
=1. 12 Ta\
Tty tlep 13 TeV 0 05 1 15 2 25 3 35 4 Z - ZH 13 fb ISHiey]
e Observed limit 95%CL (TeV) N
T-otH LWh=1a.5 Gbulk - WW /P.I.) |
t = had ¢
Tt cz=2.5 Gouk = 22 30 b |
=1.5
T e W’ = VW HVT(B) 2810 |
T—2tZ cz=15
1 W’ = WH HVT(B 40 b
Bobz omets new physics ®) o)
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®model-independent

— |ots of opportunities for discovery in Run-lIi
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Summary

e the top quark is a very rich field of research
e very interesting candidate for new physics!

e measure properties with highest possible
precision and perform direct searches

- high precision cross
sections and properties

T, production, T, - b f 1 7, /- ¢ 22/ T> Wb T /Tt T Status: Feb 2015
; 600 llllllll I L | T T 17T I L I L | T
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[ Alllimits at 95% CL g r B %+ NLO prediction ] o, 25 Prelimin 1) Eng2n
g C E === tiZ theory uncertainty B =] ary _ psM1Gev,
S 27 B E== ttW theory uncertainty | ; M 1006 v (x20)
N F BT . € 20
= e — ] [
L B 1 i
1.5? | -
1 N
o5 8 T——— -
L B
C [ R e
L =
L | ]
O\I\I|E|||III\| | N | |
0 0.5 1 15 2 2.5 3 3.5 4

W cross section [pb]

200 250 300 350 400 450

— observe more SM processes in Run-Il, many high precision property/cross
section measurements to come, discover new physics (in)directly...
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Charge Asymmetry

» asymmetry in O(c’) NLO QCD

q t
>€6’6'6'6'6'0‘<
q t

interference between:
q —— 666666 >—t

Y A

q ——9099909 »——t¢

interference between:
q t
00600601
q t

BACKWARD FORWARD

/ Asp =

e complementary to the LHC

Tevatron

i
App=

N(Ay>0)—N(Ay<0)
N(Ay>0)+N(Ay<0)

TevatronA top

q t anti-top

I < Ay=Y, - Y;

CEEEG i
q t .

n
LHC
4 =N(Alyl>0)-N(Aly|<0)

F_B © N(Aly|>0)+N(Alyl<0)
F+ B LHC A top

anti-top

Alyl= ly, - w//\
B

led to excitement at Tevatron
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FB vs Charge Asymmetry

Eur.Phys.J. C72, 2039 (2012)

S DC m,; > 450 GeV| @

()-1 1 I I I I 'fl I I 1 ;l 13 I [ I I 1 1 I I I I 1 (),155 LI | Il LI I LI || T I Il LI L I rrsirA II LI

- ; Lo B R

ATLAS - heavy axigluon . - ATLAS PO

i ~ |charge 4/3 ‘g%:ggﬁ-' i L _‘,x‘f'g ]

- i & ala'? : w@fﬁ“’ AN - - Z, -

- |gfeelor- e ¢ - / -

B W/ .s:.'-::':': S xtet;t b rsg’i,g:g:;%‘é’?;; Z i 0'1 B A |

0.05 NGB g -aBRed - I ]
o Q j charge 4/3 scalar |

S color-triplet i 7

o GO, 0 scalar doublet 0.05 -

< 4 : i <C [

Cms, O 7 LDL o —
| | SM O O cMS i

ATLAS

ner-x» I\
T T
1 1
I T T T T I T T T

-0.05 -

T
1

| 1 1 1 I Iél 1 I | 1 1 l | | | 1 I | | | | 11 1 | l L1 | II | Il 1 ;I I A7

0 01 02 03 04 05 0 01 02 03 04 0

Arg Arg

— Tevatron observed a slight excess (half of data set)
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http://www.springerlink.com/content/61x5lq055240w477/

Forward-backward tt asymmetry

BACKWARD FORWARD

' i _N(Ay>0)-N(Ay<0) A top
p ../o p FB_N(A y>0)+N(Ay<O) mant"top
| P
n
SM BS
< t q axigluon t
t g7 . f
vector axial vector

— would lead to asymmetry
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Asymmetry and polarisation

D@, L=9.7 fb™

== N
0 o

tt _g no
Aw=5.2% | Data-Bkg: 480

MC tt: 458

-
(<2}

|||.l_.lll\l\I\J‘\\\lllll\\llllll\ll

AMCH_0,39%

-
N

dN/dcos6” (events/0.03)
= S

8
: PRD 92, 052007 (2015) anproton b
< F L I L L L R B v
A | o D@, L=9.7 fb' ]
01 08060402 0 02040608 1 q - g S, -
coso® ¢ 20: Axigluon models . e, ]
. . - O m2000R O . .
polarisation © O maooa - R
(helicity) 10 m200R oy noh
C ¢ m200L E-
O < m200A AN I
10 - v Standard Model E . i asymmetry
- ® Measurement <7 Eeok DO, L=9.7 fb"
- 68% CLregion - 1S [ Af -11.3%
-20_— _______ o . — € 500 ’a‘”_ | Data-Bkg: 480
- 90% CL region . g - ANCH_4.0% CImc t: 458
- 1 1 1 1 I 1 Il 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 I_ ; 40:_
3% ""20 10 0 10 20 30 g -
A (%) B3
. . 20
e ME integration method to reconstruct events :
10
e background subtraction and calibration give true o
5 -4

parton-level distributions
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tt FB asymmetry

/
—+— Data . Background tt (o = 7.4 pb) // Systematic uncertainty
g]\ T T e | F T T T T T =
O . - . .
~ - 5 // -
> 4 L 4
S 200 1 S100fF % .
3 1 & # 7 :
= i < [ )
~100 - S 50 -
2 A% i =T A 7 ]
q - - - -
g aaas ool - - m _ s s -
= 0*# o - 0
600 800 1000 -2 0 2
my (GeV/c?) Ay
o* arXiv:1602.09015
v i ' T T //'/L/-
0.4 F ]
b i ]
. 0:10'2 ~ ////’ j/
antiproton - *ién i ) / l :
’ 0 -/.:_._.H.‘.L.._..._.u._.{._.._.{._.;._.. s S
. . ] ] C —+- CDF Dilepton NNLO SM ’
* optimised kinematic top pair reconstruction o2F |- L s o Moy o HreymeR
i arXiv:1601.05375 ]
e Bayesian procedure to extract parton-level S
asymmetry Ay
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Summary: tt FB asymmetry

Tevatron AgB
CDF Lepton+jets (9.4 fb™)

PRD 87, 092002 (2013) 1 16.4 £ 4.7
DF Dilept 1 fb

erw:mozl.(%%gn (9-1107) 12+ 13
DF inati 4 fb

gxw:m(é:z(.)ogg)?;na ion (9.4 1b°) 16.0 £ 4.5

DO Lepton+jets (9.7 fb™) .

PRD 90, 072011 (2014) ) 10.6 3.0

DO Dileptons (9.7 fb™) 175+ 6.3

PRD 92, 052007 (2015)

DO Combination (9.7 fb™
PRD 92, 052007 (2015) ( ) - 11.8 + 2.8

NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012) b

. NNLO SM, M. Czakon, P. Fiedler and A. Mitolv, PRL 115, 052001 (21015) 7
-20 0) 20 40 _ —
Asymmetry (%) i b
ArsP? in agreement
. - with SM
— in agreement with SM arXiv:1601.06526

PRD 92, 032006 (2015)

Top Precision and Searches - Christian Schwanenberger - SFB 676 Lectures 110



LHC: tt charge asymmetry

JHEP 1404 (2014) 191

(NLO+EW)
(2012)

ATLAS+CMS Preliminary  LHCtOpWG \s=7TeV Sept 2015
total stat

tt asymmetry A *(stat) £(syst)

ATLAS l+jets f—o—il 0.006 £ 0.010 + 0.005

JHEP 1402 (2014) 107

CMS l+jets H—e—H 0.004 £0.010 £ 0.011

PLB 717 (2012) 129

ATLAS+CMS l+jets H——H 0.005 + 0.007 = 0.006

Preliminary

ATLAS dilepton H - H 0.021+£0.025 £0.017

JHEP 05 (2015) 061

CMS dilepton H——o— -0.010 £0.017 £ 0.008

0.0123 + 0.0005

lepton asymmetry
ATLAS dilepton

JHEP 05 (2015) 061

CMS dilepton

JHEP 1404 (2014) 191
v (NLO+EW)

34026 (2012)

0.024 + 0.015 + 0.009
0.009 + 0.010 + 0.006
0.0070

0.0003

(M_>0.75TeV && |A ly|| < 2)
PLE! 756 (2016) 52
Theory (NLO+EW)

JHEP 1201 (2012) 063

ATLAS+CMS Preliminary LHCtopWG s=8TeV Sept 2016
tt asymmetry ot sl A *(stat) £(syst)
ATLAS I+}'ets H—— 0.009 + 0.004 + 0.005
PJC 76 (2016) 87

ATLAS dilepton A" ——— 0.021+0.011+0.012
PRD 94, 032006 (2016) C

CMS l+jets temGpIate —o—H 0.003 £ 0.003 £ 0.003
PRD 93, 034014 (2016)

CMS I+ziets p——o—ro 0.001£ 0.007 £ 0.004
PLB 757 (2016) 154

CMS dilepton A" H—e—H 0.011+0.011+ 0.007
PLB 760 (2016) 365 C

Theory (N 0.0111 0.0004

PR

ATLAS l+jets boosted I t =

dilepton asymmetry

ATLAS dilepton A"
PRD 94, 032006 (2016) C

CMS dilepton A"
PLB 760 (2016) 365 C

T

0.008 = 0.005 £ 0.003

0.003 + 0.006 + 0.003

0.0( )64 + 0 0003

Uuuo4a T U.UUUO

—-0.1 0

HELMHOLTZ
ASSOCIATIO
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0.1

— in agreement with SM
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Search for W’ production

CMS Preliminary, L=2.2 fb'1 at \s =13 TeV
T T | T T T | T T

aQ (2l T]
CMS Preliminary L =2.21fb", \s =13 TeV a 10°E — Theory M, <<M,, -
-E :I T I T TT | LI | T TT | T 1T I L I T TT I TTT I: : :
S L et 22 it | 2 - Theory M.> My, * -
2 el " moon 2 L —— 95% CL oBserved ’
5 S 05 95% CL expected
W oo, Q +1c expected ]
o e XL . T - +26 expected .
I N : LS = =
L | S EE i
- ] X 10" E
: L ;
107 % " Invariant Mass Analysis
- & 1072 E_e/u+jets Nb tags = 1or2 .
- 3 _| | | 1 | | | 1 | | | | 1 | 1 | | | 1 1 .
N © 1000 1500 2000 2500 3000
500 1000 1500 2000 2500 3000 3500 4000 'Mass [GeV]

M(tb)

— no new physics 2.38 TeV
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Top Quark Pole Mass

Imany alternative measurements |

— 350 “tl UL I L I L ] UL I UL l L l L I L l T
i * —— MSTW 2008 NNLO .
c 2 ", ATLAS —— CT10 NNLO ]
S 300 ... —— NNPDF2.3NNLO —
© s "y O \s=7Tev,46m” -
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(;) - T —
8 250ps—e— & [T —
S E LFT 7
O 0 Iy, TR .
o]

200|-
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mP°'® = 172.9722 GeV (/s = 7/8 TeV)

— pole mass
unambiguously!
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tt+1jet: differential cross section

1 datf+1—jet

- Christian Schwanenberger -

pole pole
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DO Phbiieas Rtapw!ea.rf.besWint@

2.3fb" (13 TeV)
T T

O
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— 8 TeV limits are superseded m; [GeV]
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W Boson Helicity Fractions

V-A spin =1/2

hys. Rev. D83, 032009 (2011 _ig— 5
Phys. Rev. D (2011) ﬁty”(l—y)V,,,bW‘,
t spin =1/2
W+ spin=1

b w w
PN PN PN
gfﬂ ££© gl_iﬂ Suppressed by the
ﬂ ﬂ ﬂ V-A coupling
N N N
w b b
W Left-Handed W, Longitudinal w, Right-Handed
fraction Fi fraction [Fg, fraction Fp,
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