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The Top Quark

* needed as isospin partner of
bottom quark

» discovered in 1995 by CDF and D@:
ﬂ m_ -~ gold nucleus

-
—

Ve

* large coupling to Higgs boson ~ 1.:
important role in electroweak
symmetry breaking?

> short lifetime: T ~ 5 -107°s <A™ _:

decays before fragmenting
— observe “naked” quark

Is the top quark the particle as predicted by the SM?
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Search for New Phenomena

Dark
Energy
68.3%

TODAY

Dark matter inferred from star
motion and gravitational lensing
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Physics Groups: DO Collaboration
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Top Quark Physics Topics

— top physics collaboration
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Top Quark Physics Topics

Top Precision and Searches - Christian Schwanenberger - DESY Physics Seminar



The Tevatron pp Collider at Fermilab

‘hs}\

Main Injectof
& Recycler

| o nhi

p lT"b’ e ?-‘TA' ;
Vs =1.96 TeV

At = 396 ns

Run | 1987 (92)-95
Run Il 2001-11: 100x larger dataset
at increased energy
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The Top Quark

PRL 74, 2632 (1995)
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The Top Quark

PRL 74, 2632 (1995)

discoveryl PRL 74, 2626 (1995)
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The Top Quark
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The Top Quark
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The LHC pp Collider at CERN

2010-11 5.1 fb-1

op 8 2012 21.3 fb-1
Pb+Pb 2.76 2010-11 160 pb-1
Pb+p 5 2013 30 nb-1
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June 3rd, 2015: First Collisions @ 13 TeV
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Cross Sections: 13 TeV/8 TeV
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— excellent prospects for top physics
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Top Quark Physics Topics

Quantum
chromo-
dynamics
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Top Quark Pair Production

Tevatron
(~85%)

LHC
(~87%)
(8 TeV)
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Top Quark Pair Signatures

e high pr leptons, missing Et
® jets
e b-jets

electron+jets

muon-+jets
tau+jets

alljets

Top Pair Decay Channels| 46%

tau+jets

muon+jets
electron+jets

dilepton (e/p)
6%

e/p+jets
34%
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Dilepton Signature

CMS Experiment at LHC, CERN

Data recorded: Wed Jul 8 19:26:24 2015 CEST
Run/Event: 251244 / 83494441

Lumi section: 151

Orbit/Crossing: 39572626 / 358

MET:
164 GeV

electron:
p; = 58 GeV

muon:
p, = 54 GeV
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Dilepton Events at 13 TeV

. Data

Bl it

B Nonw/z (13 TeV
VvV

m tW

m 2t ett

IR ol B

100 150 200 250 300 350 400 450 500

sum of scalar pr of all jets Hr (GeV)
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Dilepton Events at 13 TeV

ATLAS Freliminary © Data
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0 1 2 3 powerful!
b-tagged jet multiplicity
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Dilepton Events at 13 TeV

ATLAS Freliminary © Data
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Top pair production at hadron colliders
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— experiments challenge theory again
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Stop Quark Pair Production

b ¢ Eur. Phys. J. C74 3109 (2014)
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Top pair production at hadron colliders

eager to put

points here \
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— experiments challenge theory again
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Top pair production at hadron colliders
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E‘ 1 03 :l fl( | | | | | | | | | | | | | ) | | | | | | | | | | | | | | | | | | | | | -
— Tevatron combined* 1.96 TeV (L=8.8 fb") .. —
2 ~ m ATLAS dilepton 7 TeV (L=4.6 it ATLAS+CMS Preliminary May 2015
c | e CMS dilepton 7 TeV (L=2.3 fb’) -
o | O ATLAS ljets* 7 TeV (L=0.7 fb™) TOPLHCWG =
O | O CMS l+jets 7 TeV (L=2.3 f") |
O B ATLAS dilepton 8 TeV (L=20.3 fb’)
% ® CMS dilepton 8 TeV (L=5.3 fo')
) {2 =* LHC combined eu* 8 TeV (L=5.3-20.3 ft') —
8 = O ATLAS I+jets 8 TeV (L=20.3 fb') [ .
5 — O CMS I+jets* 8 TeV (L=2.8 fb’) i 1 7
4 — * Preliminary 250_ T 7
H — B T -
(O]
= - [ 1 7
> i ]
> 200 -
o 10g [ 1 1
£ - I .
g NNLO+NNLL (pp) 150 7
——— NNLO+NNLL (pp) 7 8 |
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 m
m, . =172.5 GeV, PDF @ ag uncertainties according to PDF4LHC
1 | | | | | | | | | | | II) | | | | | | | | | | | | | | | | | | | | | |
2 3 4 5 6 7 8 9
Vs [TeV]

— experiments challenge theory again

sy Top Precision and Searches - Christian Schwanenberger - DESY Physics Seminar



Top pair production at 13 TeV
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Differential Cross Sections

important tests of higher order QCD calculations:
requires “unfolding” to parton level

tt production in full NNLO:
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Differential, unfolded: top pr
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Differential, unfolded: top pr
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Top Quark Physics Topics

Electroweak
Physics

Nl
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Single Top Quark Production

direct measurement of |V |
) q q b w
( \ { t
Vud Vus Vub w~ W b
VCKM = Vcd Vcs Vcb b t
\th Vts th ) q’ b g 7 g t
Tevatron LHC (7 TeV)
B t—channel B t—channel
B s—channel B s—channel

= important to measure all channels separately to search for new physics
BUT: do not separate Wt in higher orders - an unphysical question!
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Multivariate Analyses

Boosted Decision Neural Networks

Matrix Elements

Trees
-
2, ey
, \ Z 0 “
> W 20 e
F/Np  E/NP Q»;(*
~ -
|| o0 @m=
Udeédm ¢

background signal

0 1

= s+t channel observed by CDF and DO in 2009

= important step to establish MVA techniques
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Output Discriminant t-channel

L. v " 1 v v T T 1 T T T
L ATLAS Preliminary \s=13 TeV
g t 0.3 Simulation - SR pn* — tdq
% i — {t,Wttb
) J : W+jets

— Multijet

0.2F1
B P
of |

0 02 04 06 08 1
NN output

NN Discriminant @

Fraction of events / 0.10

:
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Output Discriminant t-channel

UL L L
& " ATLAS Preliminary \s=13 TeV, 3.2 b’
7 J o 1000 i cr u ¢ Data u
% ° ol
7 f 2 I it Wttb
[= ] Wajets
) ¢ [ ] Z+jets,diboson
Lﬁ [ Il Multijet
500 7/, Stat. + Multijet unc.
5
o
- 2
& 0 02 04 06 08 1
()]

NN output

nrer-»
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Single top t-channel cross section

S‘ | | T T T I T T T 1 T T T T T T 1 T T T T _

& - —

c

5 . CMS |

§ Preliminary ]

@ 10°E E

o - ] A
o n Tevatron 1.96 TeV (L < 9.7 fb™") ] T
-g B arXiv:1503.05027 | L
% B A CMS7TeV(L=117156") | g
s JHEP 12 (2012) 035

-(C(: 10 B CMS8TeV(L=19.7fb™") T T L I e LI B B

L JHEP 06 (2014) 090 - ATLAS Preliminary December 2015

! ||||I||
| IIIIIII

® CMS13TeV(L=42pb™) t-channel single top-quark production

NLO+NNLL QCD = (scale ® PDF) CMS-TOP-15-004, preliminary
Kidonakis, Phys. Rev. D 83 (2011) 091503

2 4 6 8 10 12 14

s [TeV] 1070

top+antitop

Inclusive cross-section [pb]

+ 4.59 fb™' PRD 20 112006 (2014)

—t—e——
[e10} 1els
!

¥ 20.3 b ATLAS-CONF-2014-007
§ 3.2fb" ATLAS-CONF-2015-079

— NLO NPPS205(2010) 10, CPC191(2015) 74
Mgp=172.5GeV, p_=p_=m,,

antitop CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)

0=, | ¢ o T T
5 e 7 8 9 10 11 12 13 14

Vs [TeV]

— agreement with SM predictions!
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s-channel Production

Phys. Rev. Lett. 112, 231803 (2014)

e Tevatron: combine individual discriminants including all correlations

- s-channel single top quark, Tevatron Run Il L <9.7 fb"
¢ Data — Expected background
B SM signal Background uncertainty

el s g [ IW/Z+X
S T, ™ " Jt-channel
Multijets

=l Higgs

10*

Events/0.1

TET T IIIII|

135d IHIH[

102

Tl I]IIH[
N
o

o

T llllfl

-1
Discriminant output [Iogm(s/b)]

1

w
1

N

— observation: 6.3 s.d.
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Single channel cross sections

Tevatron single top quark summary

Measurement

s-channel:
CDF

PRL 112, 231805 (2014)

DO

PLB 726, 656 (2013)

Tevatron

PRL 112, 231803 (2014)
t-channel:

CDF

CDF-CONF-11033 (2014)

DO

PLB 726, 656 (2013)
Tevatron

S+t:
CDF

CDF-CONF-11033 (2014)

DO

PLB 726, 656 (2013)
Tevatron

iv Theory (NLO+NNLL)
" PRD81 054028 (2010), PRD83 091503 (2011)

_E_._ 225 +0.29

Cross section [pb]

0.37
1.367, 5,

+0.33
1.107.75;

+0.26
1.2975,

0.38
1.65 -':0.36

0.54
— 3.07" 54

-0.31

: +0.49
+ 3.027 g

+0.60
-0.55

S 83043

—eo—4.11

1 3
Cross section [pb]

4

m, = 172.5 GeV

this is the final word

from the Tevatron!

Vud Vus Vub
VCKM = Vcd Vcs Vcb
th Vts th

I ] ,f\

IVin| =0.998+0.041 +4.1%
IVin|>0.92 @ 95%CL

— no hint for anomalous contribution

— observation

q’ q
w
b t
g ;

b 13 TeV
- ATLAS+CMS Preliminary LHCTOPWG = ATLAS tohannel e~
- R R PRD90(2014) 112006, ATLAS-CONF-2014-007 -
| Single top-quark production ® CMS t-channel i
JHEP12(2012) 035, JHEP06(2014) 090,
. | Nov 202015 N PR b 8308 ) _
O ATLAS Wt
L . ‘ PLB716(2012) 142, arXiv:1510.03752 4
O CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802
t-channel *  LHC combination, Wi

t
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

10
ATLAS s-channel

----------- ATLAS-CONF-2011-118 95% C.L.,
arXiv:1511.05980

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

*
i

Inclusive cross-section [pb]
T T T I.TTT

q q
w
b t
I b
b w
b
g

Wit === NNLO PLB736(2014)58
E § m,= 172.5GeV, MSTW2008nnio
I L |- = 'i‘ ==Y scale uncertainty
Ty [ === NLO+NNLL PRD83(2011) 091503,
= PRD82(2010) 054018, PRD81(2010)054028
t 10 TS m,,= 1725 GeV, MSTW2008nnio

W: f contribution removed
scale ® PDF ® a, uncertainty

— observation

s-channel

NLO NPPS205(2010) 10, CPC191(2015) 74

M= 172.5GeV, = W= Mg,

CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)
Wt: p” veto for ff removal=60 GeV
and "F:GE GeV

- scale uncertainty

scale @ PDF & a, uncertainty
All exp. results are w.r.t. m.= 172.5GeV

X

——C—
1848 1818
1

! ® 18 Vs [TeV]

— all production modes observed!

Z C
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Search for ttZ and ttwW

" ISR FSR
q w d
- sm9wc059 (Ts - Sm29W Qo)y*
10° ﬁ?fi\/, 203 b CR 50::_ 2LSS;20 3L 4L :

@ Data N\ Total unc.

¥ Top [T Charge misID
Vv [ Fake leptons

I Rare SM [_]ttZ

Bz

40} ] [ ]

Events / channel
—
o
[6)]

30}

o N B O

ee

noZ Z V4 Y4 Z noZ noZ Z
12b 2b 2b Ob 1-2b 1-2b 2b 2b+ 2b+ 2b+ 1b  2b+ 2b+ 2b+ ob ib  2b+ 1b  2b+

>, 08 3 4 3 4 5+ 5j+ 4+ 3 4+ 2-3
A T

L

A ttW <
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ttZ cross section [fb]

HELMHOLTZ

Observation of ttV production

600

500

400
300|-
200

100

Top Precision and Searches

ttZ vs. ttW cross sections:

4+ NLO prediction*

ph5_aMC@NLO calculati
1 | I

* Madgra
[ 1

U L B L B
"ATLAS %  ATLAS Best Fit -
C —— ATLAS 68% CL

s=8Tev, 20310888 ATLAS 95% CL -

B Z Theory uncertainty |
I W Theory uncertainty |

on
[

500 600

400

200 300

ttW cross section [fo]

3.2 0 (exp) 5.0 o (obs)
4.5 0 (exp) 4.2 ¢ (obs)

<
@)
<

CMS;;
!

anomalous V or A ttZ couplings:

tEW:

ttZ:

1.0
% SM
L__1 Bestfit 56
0.5
48
0.0
40
-0.5
|
) £
-1.0 32<1
(o]
|
-15 24
-2.0 16
-2.5 8
_ 5
3'0—8 -6 -4 -2 0 2 4 6 0
ACI,V

3.8 0 (exp) 4.8 o (obs)
5.7 o (exp) 6.4 c (obs)

— in agreement with the SM prediction
(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

H-WW, Z2Z

multi-leptons

- ATLAS —eo— Data

Yo}
o =
oS 500[ \s-8Tev,2031b" m t1H (125)
- F Qi [ tt+lig
i) B Snngle lepton = ttrce
q:,) 400__ 26j, 3b I tt+bb
i - Post-fit Cott+V
L C—Jnon-tt
- +/, Total unc.
300 n ooottH (125) norm.
200
100
8 125
a
s 075
A N A B WA A I W WA NI W
[a] -1 -08-06-04-02 0 02 04 06 08 1

NN output

HELMHOLTZ
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500

400

Events / 0.05

300

Search for ttH production

- ATLAS

[ Single lepton
>6j, 3b
Post-fit

L L O L L Y L L

T 1s=8TeV,20.3fb"

C 773 ttH (125) norm.

P

Pl

Pl

[

O
]
[

LIS

o=
N
o
=

ffa= e offam S}

+bb
t+V _

omaoms

+/, Total unc.

Data / Pred

HELMHOLTZ
ASSOCIATIO

Top Precision and Searches

1 -08-06-04-02 0 02 04 06 08 1

NN output

Events /5 GeV

T T T

|

S L 3]
[ —4— Data ATLAS -
" - - -1 ]
- —— Background fit V_E =8TeV fLdt=203 -
o ttH, H - yy, m,;=125.4 GeV ]
ST =14 g
C " 8 TeV leptonic category 7
:. P IR SR SR SR BN TR ST ST T PRI T TR S S T S ' .
110 120 130 140 150 160
m,, [GeV]

- Christian Schwanenberger -

H-WW, Z2Z

multi-leptons
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Search for ttH production

8 [ ATLAS _e—Data
o 500 \s_8Tev,203 1" Egl—lruhzts)
~ L . Sl
2 :Elgej)leefebpton E%Vﬁ% > ——————— )
=9 + = -
,_%’ 400 pogtit Cti+V Eg 5_—_+— Data ATLAS 1 -
L [ non-tt L _ - - ]
- 2, Total unc. > - —— Background fit V_E—BTerLdt 2030 ]
300 -7 ttH (125) norm. € 4-_ ttH,H — yy, m,;=125.4 GeV _]
---- o - =14 ]
. @ C . 8 TeV leptonic category ]
200~ - ]
- af- E
100 23 1
0 B am et - ]
B 125 } ,} T 1 P R ]
o i % by %% s - ! 1
075 = .
%05//I T A AN AN AN AN AN I Lo b v by v b b b
8 %1 05060402 0 02 04 ON?\j Ofi ] 110 120 130 140 150 160
outpu m, [GeV]
Y
A A
T T
L L
A A
S s

HELMHOLTZ

Events

Data/Pred.

HoWW, 77

multi-leptons

CMStlH,SlchanneI s= sTeVL 195!b‘

3 Ieptonls

s Data
B ttH
- ttW

- HY
m wz
3 Others
] Fakes
--- {tHx 5

»

g 3

< |
— _+_

1 -08 -06 -04 02 0 02 04 06

BDT Output

Events

Data/Pred.

w

CMS ttH, 4l channel
: -

. \‘s=I8TeV,L= 19'.51b"

lept

cL.nls. E

[N FEEEE N

25 3
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ATLAS ATLAS

Individual analysis

EXPERIMENT

m,, (GeV)

Input measurements
+loonu

ey — +1.1 125
bb: = 1.5_1.1

O/ Osm

l....1..1 HighlumiLHC: @

3.20 (1.40 exp)

ne»r-p»

arXiv:1307.7292

Events/GeV / 3 ab-1

tH :
Multilepton: u = 2.1°1% 1125 ; ) ) : :
L 4 at262 : . . .
W= oo | ] T ] I
1 | L L L 1 | L L L
2| CMS Is=7TeV,5.05.1fb" {s=8TeV, 19.319.7 fb"
B {88 Expected + 16 4'50
--- Expected + 2¢
) Terameem| (1.70 @Xp)
bb [~ -& Observed
T7T

3l
Same-Sign 2l

Combination

HELMHOLTZ

limiton =
O/Osm

— observation in Run-ll

CttH
COWH
CJzH
CJVBF
99
£z

Cw
diphoton
ttbar

diphoton mass [GeV]

95% CL limit on /o, at m, = 1256 Gev — Measurement of top-Yukawa coupling
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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

sy Top Precision and Searches - Christian Schwanenberger - DESY Physics Seminar



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
Mmp:
0.1 5
[] 145 Gev/c
0.1 165 GeV/c?
' 185 GeV/c?
. 205 GeV/c?

Ill[]

—

0.04

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')
D | Signal+Bkgd
O R
2 150 +:/ Bkgd only

Tagged

Everltsl
o
T

‘/4199{/%,{///# IR T ///””Jl"’ e e:
‘POO 150 200 250 300 350
reco (GeV/c?)
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Extraction Techniques: Templates

* use variables strongly correlated with L

» compare data to MC with different m, hypotheses

250 CDF Il Preliminary

e Data (8.7 fb")
’_| Signal+Bkgd
7| Bkgd only

Tagged

N
o
T

-
0
T

(5 GeV/c?)

10—

A-log(L)

CDF Il Preliminary 4.8 fb”

Everltsl
o
T

Y

L

> ¢
'-f"féf/)WM&ﬂxm%%kﬁg-uuu Rl
‘P 00 150 200 250 30
miee® (GeV/c’)

N L =] -]

Top Precision and Searches - Christian Schwanenberger -



JES calibration
jet energy scale:

translate jet into parton energy

HAD

Calorimeter jet

Particle jet

ol

W mass
constrains jet
energy scale

HELMHOLTZ
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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

E 600F yriae e data, |:+}e't's' S i ATLAS+CMS Preliminary LHCIOPWG  m,, summary, /s = 7-8 TeV Sep 2015
> Vs=7 TeV, 4.6 fb" S Best fit background O World Comb. Mar 2014, 7]
£ 500 — Best fit — stat
|.T>.|J } Uncertainty total uncertainty total stat
400 Myp = 173.34 £ 0.76 (0.36 + 0.67) GeV ey +total (statt syst) 5 Ret
ATLAS, l+jets (*) 172.31+£1.55 (0.75+1.35) 7TeV [1]
300 ATLAS, dilepton (*) 173.09+1.63 (0.64+ 1.50) 7TeV 2]
200 CMS, l+jets 173.49+1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton 172.50+1.52 (0.43+ 1.46) 7TeV [4]
100 CMS, all jets 173.49+1.41 (0.69+ 1.23) 7TeV [5]
+ 0 7 3 (y LHC comb. (Sep 2013) 173.29+0.95 (0.35+ 0.88) 7 TeV [6] .
030 140 150 160 170 180 190 200 210 220 —_ U (o) World comb. (Mar 2014) 173.34+0.76 (0.36+ 0.67) 1.96-7 TeV [7]
m‘rggo [GeV] ATLAS, l+jets 172.33+1.27 (0.75+1.02) 7 TeV [8]
+jets ATLAS, dilepton 173.79+1.41 (0.54+ 1.30) 7TeV [8]
top 172.33 £ 0.75 (stat + JSF + bJSF) +1.02 (Syst) GeV ATLAS, all jets 175.1+1.8 (1.4+1.2) 77Tev 9]
ATLAS, single top 172.2+2.1 (0.7£2.0) 8 TeV [10]
ATLAS comb. (ar 20t 172.99+0.91 (0.48+ 0.78) 77eV i8]
CMS Lepton+jets, 19.7 o™ (8 TeV) CMS, l+jets ’ 172.35+0.51 (0.16+0.48) 8TeV [11]
& - — T Teap / CMS, dilepton 172.82+1.23 (0.19¢ 1.22) 8TeV [11]
- 1.008 3 *Hybrid 7 CMS, all jets 172.32+0.64 (0.25+ 0.59) 8TeV [11]
1.007 - ®1D E CMS comb. (Sep 2015) 172.44+0.48 (0.13+0.47) 748 TeV [11]
~ — 1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
1 006 i g i O = 2 8 % Ezj ATLAS-CONF-2013-077 [8] Eur.Phys.J.C (2015) 75:330
1 005 = = [3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
1.004 f— —f (") Superseded by_ results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
: ] shown below the line [5] Eur.Phys.J.C74 (2014) 2758 [11]arXiv:1509.04044
1.0031 E ' I S N SR I T N T AN N MR N MO B B
1.002 B 165 170 175 180 185
1.001} = My, [GeV]
[ T Ty o _New results waiting for combination!
' i O_ 2 9 A) (in addition to latest results from Tevatron)
m, [GeV]

— jet energy scale is crucial
57

miY® = 172.35 =+ 0.16 (stat+JSF) + 0.48 (syst) GeV
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History Mop VS. Mw

March 2005
1

{ —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 meop VS. Mw

80.5 July 2011' . . |
— LEP2 and Tevatron

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

80.5 Lt
[_]LHC excluded
| —LEP2 and Tevatron
1 - LEP1 and SLD

68% CL

|

>’

& 80.4-
=

=

.
-
-
-
.
-
¢®
-
.
.-..
-
-
.-
.
-
-
.

80.3 1 m,, [GeV]
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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
©80.46 — 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 T B
_ 107
178 -
L 1010_
- 10!!
176 1012
- . 1013
1741 _ Lol A
 Mewiabiiy - |\BR] -1
1721 CT) : |
1~~~ Stability
168 ¥ L P B PR (R P P PR L
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?

L o= .-F My (1+ 2)...

'\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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What mass do we need?

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

Fraction/(5 GeV/c?)
o o o

150 200 250
mieee(GeV/c®)

e we need to calculate:
Scheme-dependent

Top pole mass M, in GeV
]
.b
LB
§. "
E“- "
,2 .
/’ —— AN
Ay AN
.
)

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
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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]

Mtp°'e=173.6 + 1.8 GeV

r ol
QA Top Precision and Searches

ASSOCIATIO

- Christian Schwanenberger -

DESY Physics Seminar



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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Polarisation and Spin Correlation

19.5 15" (8 TeV 13 TeV
_L0'4""'""""""""' 42pb" (13 TeV)
+ . CM - - M W22
: CMS 4 . Daia W CMS e"uf+>2jets

4o M it o tw

"W NonW/Z W Ziy* - e'w

1/c do/d|Ad
o
&

0.3

n
o
T T

¢ Data

1 1 | 1 1 1 1 | 1 1 1 1 | 1

Data/MC m Number of events
O

—— Fit
———————— NLO+EW (i _=p_=m)
— — NLO+EW (u_=p_=2m) [ l . x
————— NLO+EW (i = =my2) g B gt
P AT N T N S N MR R L L L ! I L L L L
/2 2n/3  5n/6 T 001 02 03 04 05 06 07 08 09 1
A Ad(e. )] (rad) /m
‘ - — spins correlated as in SM
— no chromomagnetic dipole moments CMS P ' 197 1 (8 Te)
) e
CMS W+ jets, t+1,19.7 fo' (8 TeV) 0.35-
G_ 1T ‘ 1T | T T | LI ‘ L ‘ T T | T T ‘ 1T ‘ 1T ‘ 17149 [ /\\
= - — POWHEG (5FS) + Pythia6 E i (
S 09F - aMC@NLO (4FS) + Pythia 8 E i \
S 4. — CompHEP + Pythia6 E i \
S .. Unfolded data { 0.3~
© 0.7F T stat. | Total T - -
X E ] L
o 06C * * E T
> 05F = .
A E i ] 005 * Data,
0.4F 3 .
E 'T' ] - || Stat. unc.
0.3F E - — Syst. unc.
0.2 E | —— Total unc.
0.1;— —; 02 * S|M pred. (Fl’RD 81 (2010)) | |
co e b b b b b b b b d 1 L1 | L 1 1 — 1 1 1 1 1 I 1 1
077208 06 04 02 0 02 04 06 08 1 0.65 0.7 0.75 0.8
Unfolded cos6} Fo

_ ) Ei v =y v, ew, | :
— top quarks polarised as in SM 2v2 — no anomalous couplings
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Polarisation and Spin Correlation

19.5 15" (8 TeV 13 TeV
-1 04— : : R 42pb" (13 TeV)
+ . CM - - M W22
: CMS 4 . Daia W CMS e"uf+>2jets
4o M it o tw
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20

¢ Data
— Fit
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O

———————— NLO+EW (1 = =m)
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— no chromomagnetic dipole moments spins correlated as in SM

. . , CMS 19.7 fb™ (8 TeV)
CMS W+ jets, t+1,19.7 fo' (8 TeV) no new 0.35-

G_ 1._I T ‘ 1T | T T | LI ‘ L ‘ T T | T T ‘ 1T ‘ 1T ‘ T \_: L /\\
?f,’ r — POWHEG (5FS) + Pythia 6 ] L (
8 0.9F - aMC@NLO (4FS) + Pythia 8 - | \
D sl CompHEP + Pythia6 E . \
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© 0.7¢ T stat. | Total T 3 -
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0.4 — .
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Unfolded cos6} Fo

_ ) Ei v =y v, ew, | :
— top quarks polarised as in SM 2v2 — no anomalous couplings
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Top Quark Physics Topics

Phenomena

= "Largest quantum correction to the Higgs boson
mass involves a top quark loop, it is natural to
suppose that BSM mechanisms involve top
quarks”
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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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Pushing the TeV scale

CMS Searches for New Physics Beyond Two Generations (B2G)

95% CL Exclusions (TeV)

| [ N N N N N N N N

Q'-qW(semilep+M) g, (combined)
KK

T/(5/3)(dilep,ss)

T'—>tZ(semilep+ep) 2Z'(1.2%)(combined)

T'—tH(semilep+ep)

Vector-like T g, (dilep)

T'sbW(semilep+iep)

Z'(1.2%)(dilep) . . . .
HEERE {t Resonances
g, (semilep) - - - -

Z/(1.2%)(semilep)

T'—sbW(semilep+M)
T'—bW(hadronic)

T'>tH(H-Yyy)

T'—tH(hadronic)
B'—>bZ(multilep)

B'sbH(multilep)

' g, (@l-had)
B tW(multiep) Vector-like B'
B'—>tW(ss-dilep) Z(1.29%)(all-had)
B'->bZ(dilep)
B'-sbZ(semilep) W(lep)
B'_sbH(semilep) tb Resonances
W'(had)
B'>tW(semilep)
B'-sbH(hadronic) ¥ (dilep)
t+MET,vectorial(had) EXCIted tops
t+MET,scalar(had) Dark matter tr(semilep)
ttbar+MET,scalar(dil)
ttbar+MET,scalar(semilep) i i i i i i i 7 or)=2 om(e+)
1 L1 L1l L1l L1l 111 111 1
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Excluded Mass (TeV) Excluded Mass (TeV)
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~—

{, production, t> b )/t ¢ ¥, A Wb /t—>t%  Status: ICHEP 2014
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e 450 — —= I‘_) t g D W U 18.1447] ]
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;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]
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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 —
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1

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

bt
_ 2 I I I I 1 I I I I I T I I p V
22 F oA ae ] A
T 1.8 ATLAS - o X1
T . i s X
1.6F \s =8 TeV, ee+upu+epn o 34, t S W
B v
14 — . Y
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b ¢ | — -
p C ’
S w Cos tt (A=SM) -
o6l [ : E
W e P it (A=0) :
p t v 04:_ """"" —:
b ¢ 02F tt,, 180 GeV ]
O: | L | [ S R 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
F. T T T I T T L} I T T T I T T T I T T T & t
> > e 1
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¥ v 2000F E
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Aq; [rad] / =

nrer-»

— no hint of stop quarks
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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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Summary

e very rich and diverse field of research!

e new energy frontier: first results at 13
TeV!

e many high precision measurements:
cross sections, mass, couplings, ...

e high precision tools: NNLO
calculations...

e new SM processes: s-channel single
top, Wt, tty, ttZ, ttWw, ttH, ...

® sensitive direct searches and sensitive
searches through precision
measurements

— observe more SM processes in Run-Il, many high precision property/cross
section measurements to come, many mass discussions, new physics?!?
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WE NEED YOU

gz\ let’s smash the SM /:,
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Backup
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Dilepton Event

umber: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

- &f;ATLAS

A EXPERIMENT
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Top Pair Production Cross Section

DO Run I July 2011

lepton+jets + dileptons (pLB) +019 +057
5.4 5! 7.40 %545 o5 PP
lepton+jets (topo + b-tagged, PRD) He— 7.65+0.25 +0.75 pb [ . CDF Run Il Preliminary, 9.0 fb™ - —
5.3 b 025 m0s7 Top Pair Production Cross Section at CDF
dileptons (topo + b-tagged, PLB) +0.45 +0.76 777] Cacciari et al., arXiv:0804.2800 (2008 = 2
P 4 H&H 1.27 545 —0e3 Pb LY Kidonakis and Vl;)g: aerv:OBOS?M’(ZM) Assume M=172.5 GeVic
54 fb M Moch and Uwer, arXiv:0807.2794 (2008) + (stat.) + (syst.) + (lum.)
lepton+track (b-tagged)* 16 +0.9 . T
PonTHack (brnsged 5.0 1§ Iog =03 pb Dilepton T 7.40 + 0.58 + 0.63 + 0.45
tautlepton (b-tagged)* 7.32 +1_gz 1_%2 <045 pb L:?I?;\,'r jets (topolog.) ) 7.82+0.38+0.37+-0.15
-1 -1.24 1. 5
2 Lepton + jets (b-tagged)’ 7.32+0.36 + 0.59 + 0.14
tautjets (b-tagged, PRD) r 6.30 *1-15+0.72 .0 40 pb ‘ b :
10" ~1.00-067 All hadronic 7.21+0.50 + 1.10 + 0.42
alljets (>taggea, PRO) —— 69 13 14 w04 pb MET + 23 jets 7.99+ 0.55+ 0.76 + 0.46
1.0fb™" -1. : (Ls22m")
(stat) (syst) (lumi) MET + 213 jots 7.11+0.49 + 0.96 - 0.43
. = 175 GeV B owm C'acciari'e ., JHEP 0809, 127 (2008) Tftt',zb?m" : 8181 2.27 *13 +0.47
OpCTEQB 6M I N. Kidonakis and R! Vogt, PRD 78, 074005 (2008) N T A A et T T
' S. Moch and P. Uwer, PRD 78, 034003 (2008) 4 6 8 10 12 14
l Ll_l [ Ll l Ll L ] Ll I Ll I o(pp I tt) [pb]

0 2 4 6 8 10 12

* = preliminary

blue = 2010 results G (pp — tf + X) [pb]
all channels measured except fort__. T

had " had

— good agreement with each other
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Top pair production cross section

ATLAS+CMS Preliminary LHCIOpWG G summary, Ys=8TeV Sep 2015
ATLAS+CMS Preliminary LHClOpWG a_summary, \s =7 TeV Sep205 | NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
_ NNLO<NNLL PRL 110 (2013) 262004, PDF4LHC m,,, =172.5 GeV total stat
. My = 172.5 GeV [ — scale uncertainty (stat) =(syst) =(umi)
P n 1 1at umi
S ecele uncertainty 7 I ev : scale ® PDF @ a uncertainty 8 I ev Oy =S =SYSY =
scale ® PDF @ a, uncertainty o, +(stat) *(syst) + (ki)
. 179+ i 22
ATLAS, l+jets D-m‘o—i 79+44947pb ATLAS, lepton+jets 1 |___“_| 260 = 1 «:23 +8pb
ATLAS, dilepton () P—O-Oh—! 173:6' "Ipb PRD 91 (2015) 112013, L;,=20.3 fb’
ATLAS, all jets (*) F 1 1 167218+ 78+ 6pb .
CMS prel., lepton+jets H +29
ATLAS combined t-L 177:3' 3+ 7pb prel, feptont | ) o — 228+ 9, =10pb
CMS-PAS TOP-12-008, L,,=2.8 fb’ g
CMS, I+jets (*) o2 1643112+ 7pb
CMS, ddepton (°) —rote— 170241162 8pb CMS, lepton+t, —o—— 257 +3+24+7 pb
CMS, t,_+p () k 1492241262 9pb PLB 739 (2014) 23, L;,=19.6fb"
CMS, all jots (*) F + 136+ 20+ 40+ 8pb .
ATLAS, dilepton e
385 combined 106 24 114 8pb pton ew et 242417 +£55+7.5pb
) EPJ C74 (2014) 3109, L,,=20.3 o™ g
LHC combined (Sep 2012) 173 2+ 8+6pb H
‘ CMS, dilepton (ee eu) :
i [ uy, eu —o—f
ATLAS, lejots, b—+Xpy ——— 165+24 17+ 3pb ’ T 1 E 239.0+21+11.3£6.2pb
JHEP 02 (2014) 024, L;,=5.3 b’ g
ATLAS, dilepton ey, b-lag 1829+3.1+42:36pd
ATLAS, dikepton ey, N_-E} | 1812+28° 2 +33pb LHC combined eu (Sep 2014) |—H—| 2415 +1.4 5.7 +6.2pb
ATLAS, 1, +jeots b —* 1 194218+ 46pb ATLAS-CONF-2014-053, CMS-PAS TOP-14-016, :
ATLAS, all jets ' :t 4 168212° 5+ 7pb L=5.3-20.3 b
ATLAS t,_ 4l 18329423+ 3pb
ad i g +66
CMS, I+jets = ‘ 158221 10£ 4 pb CMS prel., dilepton eu = 2456 +1.3 /;+6.5pb
. CMS-PAS TOP-13-004, L;,=19.7 fb™
CMS, diepton ey e 1745+21°,,+38pb
CMS, o+l bt ‘ 143:1422223pb CMS, all jets } o} |
- e e N " + -
CMS, 7, sjets " 52:12£3243pb CMS TOP-14-018, L, =18.4 o' 2756 £ 6.1+ 37.8 £ 7.2 pb
CMS, all jets e 139210+ 26+ 3pb g
Suporseded by results shown below | Eflect of LHG beam energy uncertalinty: 3.3 pb Effect of LHC beam energy uncertainty: 4.2 pb
SMAsheena Ataandainy - {mot incheded in the figure (not included in the figure)

w w the lne :
pv v b Lol P b b a b |||||||||||||||§| e T

0 100 150 200 250 300 350 100 150 200 250 300 350 400
o, [pb] . [pb]
it

— (all) channels measured to look for the unexpected
— no new physics
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Differential Cross Sections

important tests of higher order QCD calculations:
requires “unfolding” to particle level
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“Revolution” in Phenomenology

® LO QCD+parton shower generators
Pythia, Herwig, ...
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“Revolution” in Phenomenology

® LO QCD+parton shower generators
Pythia, Herwig, ...

® LO multileg generators matched
with parton shower
Alpgen+Pythia, Alpgen+Herwig, ...
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“Revolution” in Phenomenology

® LO QCD+parton shower generators
Pythia, Herwig, ...

® LO multileg generators matched
with parton shower
Alpgen+Pythia, Alpgen+Herwig, ...

® NLO+parton shower generators
Powheg+Pythia, MC@NLO+Herwig, ...
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“Revolution” in Phenomenology

® LO QCD+parton shower generators
Pythia, Herwig, ...

® LO multileg generators matched
with parton shower
Alpgen+Pythia, Alpgen+Herwig, ...

® NLO+parton shower generators
Powheg+Pythia, MC@NLO+Herwig, ...

® NLO+LO multileg generators | " "o v 0 70y
matched with parton showers
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“Revolution” in Phenomenology

® LO QCD+parton shower generators
Pythia, Herwig, ...

® LO multileg generators matched

with parton shower T e

Alpgen+Pythia, Alpgen+Herwig, ... R | o B |
E 1.25 §th;\

® NLO+parton shower generators | B |HH o tEex
Powheg+Pythia, MC@NLO+Herwig, ... ® ,.|gd R r.a/me (0-5,1,2)

® NLO+LO multileg generators E _

matched with parton showers S -

. NNLO QCD caICUIationS z O‘é 0 — 5.0 \1‘0; 1‘50 2‘00 2I50 3I00 3‘5;\ 4\1100

Dp,: [GeV]
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Output Discriminant for s+t

CDF-CONF 10793

b
q g
E W + 2 Jets, 1 b-Tag CDF Il Preliminary 7.5 fb™
n — Single Top
1 . tt
- ~W+HF
i — W+LF
g W v 0.1F — Z+Jets
— Diboson

0.05}

Normalized Event Fraction

-ol

1 ILO.SHHOI - 1015” 1
NN Discriminant
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Output Discriminant for s+t channel

Phys. Rev. Lett. 113, 261804 (2014) q {

q g b ¢ \Y
b - A b
; 800 I +CDFdata _ w 5
o [ |Single top , 7
[ ]W +HF

LW +LF

§

NN discriminant

= s+t channel observed by CDF and DO in 2009
— important step to establish MVA techniques
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s-channel Production

Phys. Rev. Lett. 112, 231803 (2014)

e Tevatron: combine individual e ATLAS: matrix element method
discriminants including all
correlations
- : S @ 1500 | | |
S - s-channel single top quark, Tevatron Run Il, Lint <9.71b £ ATLAS e Data 4
3 10t ¢ Data — Expected background i \s=8TeV,20.3f0" g nctanmel i
§ - [ SMsignal Background uncertainty Signal region = a i
w . . P e S I:IW/Z+X 1000 [ W+jets ]
- =g LB LWl — [ Z+jets, diboson ]
ot I Multi-jet : -
103 = 7 AR S A . t-channel Post-fit uncertainty |
E Multijets B
& EHiggs |
/‘i
100
- 20
- 0
243 W 7 - N ::\\; : b 8 1 12_ T T + T T _;
10 g_ 0 T ) %E 10%%%&%}%/%//%////%%%/“/%%//%
= N £ oo | | | | ;
3 P _ 0.0002 0.0018 0.058  0.102 0.187 1
Discriminant output [log, (s/b)] P(S|X)

. — observation: 6.3 s.d. — evidence: 3.2 s.d.
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xtraction of |Vl

ATLAS+CMS Preliminary LHCtopWG Nov 20 2015
O, . .
[fy Vil = v G’:::: from single top quark production Vud VUS Vub
Gineo: IL\IIJ{_DOHZINLL) MSTWZ%%SSnI()( )
83 (2011) 091503, PRD82 (2010) 054018, — vy V — V V V
PRD81 (2010) 054028 —
L o total theo CKM cd cs cb
Oheo- SCAlE ® PDF
My, = 172.5 GeV V v V
P [V,  (Meas) + (theo) td ts tb
t-channel:
ATLAS 7 TeV' ki 1.02 £ 0.06 + 0.02 q' q
PRD 90 (2014) 112006 (4.59 fb™")
ATLAS 8 TeV — 0.97 £0.09 £ 0.02
ATLAS-CONF-2014-007 (20.3 fo™")
CMS 7 TeV e 1.020 + 0.046 + 0.017 w
JHEP 12 (2012) 035 (1.17-1.56 fb™") t
CMS 8 TeV e 0.979 +0.045 +0.016 b
JHEP 06 (2014) 090 (19.7 fb™")
CMS combined 7+8 TeV HeH 0.998 +0.038 +0.016 g -
JHEP 06 (2014) 090 b
CMS 13 TeV [ : Fot | 1.12£0.24 £0.02
CMS-PAS-TOP-15-004 (42 pb™') :
Wt: :
i h w
ATLAS 7 TeV —f——— 1.03*515+0.03
PLB 716 (2012) 142-159 (2.05 fo™') b
B 0.16 +0.03 .
CMS 7 TeV A 1.0175353 Toos
PRL 110 (2013) 022003 (4.9 fb™")
ATLAS 8 TeV (*) [ S E— 1.10 £0.12 £ 0.03
ATLAS-CONF-2013-100 (20.3fo™") g t
CMS 8 TeV' —tio————1 1.03+0.12+0.04
PRL 112 (2014) 231802 (12.2fb")
LHC combined 8 TeV'* ——— 1.06 +0.11+0.03
ATLAS-CONF-2014-052, :
CMS-PAS-TOP-14-009
s-channel: :
ATLAS 8 TeV* b —a— | 0.93 025 +0.04
arXiv:1511.05980 (20.3 fb™") :
Wit: :
ATLAS 8 TeV —t 1.01+0.10 +0.03
arXiv:1510.03752 (20.3fo™") " including top-quark mass uncertainty =
(*) Superseeded by results shown below the line 2 including beam energy uncertainty —» h t f I
L L 1 1 1 1 | 1 1 1 | 1 1 1 ' 1 1 1 | 1 1 1 ] 1 1 1 | 1 1 1 | no l n 0 r a n 0 ma o u S

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

v contributions!
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Single Top s- vs. t-channel

' q ‘lIII'

arXiv:1503.05027 [hep-ex]

7%
L . L -1
b t 35 Single top quark, Tevatron Run Il Preliminary, Lint <9.71fb
I b 3
2.5

t-channel cross section [pb]

[\)
|IIII|IIII|IIII|IIII|IIII|IIII|I
—i—
®

1.5
@® Measurement q t
1 1s.d.
2s.d. w+
0.5F 3s.d.
- = SM
o IR A IR A B W S _, :
0O 05 1 15 2 25 3 35 q b

s-channel cross section [pb]

— observed!
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http://arxiv.org/abs/1503.05027

Single Top s- vs. t-channel

' q .

u,c

w
t 2 | Single top quark, Tevatr T <9.7fb" g FCNC
b — 3.5 int
c N O
O N —_ —
g 5 S aF q q
g
52.5:— o
E -
£ of 100 :
8 T
1.5
1+ ] FCNC [6,52] I t
~ @ Measurement 1s.d. ¢ Four gen. [51] w+
0.5 % SM[9,12] 2s.d. O Top-flavor [6]
: | | | 3|s.d. /\ Top pion [6]
% 05 1 15 2 25 3 35 g’ Py

s-channel cross section [pb]

— observed!
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Single Top s- vs. t-channel

' q .
w
b t - Single top quark, Tevatr L <971 !
s O

g
=35
Q N
J b 2 3F
o
8 _
5 2.5:— o
Ko B
€ oF 0o =
8 T
S |

] FCNC [6,52]
¢ Four gen. [51]

C t : .d. O Top-flavor [6]
+ N .d. A Top pion [6
" A_lIlI|I[IIIIIlI|IlII|IIIIIIIIIpIIplII[|]II
— 0 0.5 1 15 2 25 3 35
s-channel cross section [pb]
b

b

u,c

g FCNC

Q|
QI

W+

q’ b

— observed!

= important to study production channels separately
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Single Top s- vs. t—-channel: Run-li

q' q u,c
w
¢ P 63 (2000) 014018 g FCNC
b = 0 FCNC .| :
380 |- 4 - —
g b CA4th : 1 9 q
30 4™ generation |v,|=0.55,|V,,|=0.835]
“(extreme values allowed w/o CKM unitarity)]
340 |- =
* ]
o 320 |- -
c - .
G- 30 | -
230 [ Top-flavor e
M, =1 TeV sen2$=0.05 ] 9 t
260 - E W+
Cc t 240 [ + E
mt 0 | Top-pion 1
——— - 7=450 GeV, t;-c; mixing~20% 1 q' b
200 —Illl | llIIIIIllllllllllllllllllllllllllIIIIII—
10 15 20 25 30 35 40 45 50
5 ; o, (pb) — observed!

= important to study production channels separately
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Extraction Techniques: Matrix

» probability densities for every event as function of m

signal signal signal background experiment

Psig /\ IPsig IPsid /\ bk Pevt
x| A % % =/ "\

, " 7N WA ~_
m m m m m
top top top top top
1 ¢ oon

Ps,-g(x;mm,,,JES)=Acc(x)><;f d"o (y;m,,) dq, dq, f(q,) f(q,) W(x,y;JES)

Jet
Lepton

Jet

transfer functions
(probability to measure x
when y was produced)

PDF's LO-Matrix element
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ttZ and ttW Production

g ¢ 7 ‘
t
ISR !
q z q W
4 g t g t g £ )
, Z
FSR ‘
\ £ ' s t 7 ! J
—1 _ 2 1]
| sm9w cos3w (T3 Sin“Jw Qt)Y

e measure 3rd component of weak isospin
e search for anomalous couplings in ttZ vertex (basically unexplored)

— both processes are important backgrounds to searches
(e.g. ttH in multilepton events)
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Top mass at the Tevatron

250 : Mass of the Top Quark
. * Data (8.7 fb”) July 2014 (" preliminary)
§200— Signal+Bkgd CDF-I dilepton ¢ 167.40 +11.41 (1030 490)
] 220095 ®
81 50 1 Bkgd only DO-I dilepton 168.40+12.82 (:12.30 3.60)
2100— Tagged CDF-Ii dilepton * 170.80+3.25 (+183+269)
:>: DO-II dilepton 174.00+2.76 (£2.36+ 1.44)
50— e (—
CDF-I lepton+jets 176.10+7.36 (#5.10+5.30)
__ 1 0 200 ......... 9 3 ) 350 + O 6 3(y DO-| lepton+jets __._123-(.).10i5.31 (+3.90+ 3.60)
reco (GeV/ — [ ] o : X e
CDF-Il lepton+jets 172.85+1.11 (:052+0.98)
m = 172.85 £ 0.71 (stat.) &= 0.85 (syst) GeV L
DO-Il lepton+jets 174.94+0.76 (:0.41+ 0.64)
0)1 .05_‘ ER R T AL AERA RERT CDF-I alljets 186.00+11 51 (#10.00+ 5.70
"l (a) D@ 9.7 fb™ 001151 10002570
= 1-04:_ : . I+|ets_: CDF-Il alljets * -1 172.47+2.07 (+1.43+149)
E CDF-Il track ¢ 166.90 +9.46 (£9.00+ 2.90)
1'03:_ : CDF-Il MET+Jets |} 173.95+1.85 (:135:1.26)
C 1SD N
1 _02:_ 2SD - Tevatron combination * 174.34 +0.64 ﬁ‘iﬁff (S)y_ij)
- 3SD -+ O_ 3 7% Yldof = 10.8/11 (46%)
: 01_ = 174.98 + 0.58 GeV : TLO 1é0 170 1g0 190 200
kJEs — 1 025 + 0 005 | M, (GeV/cg)
172 173 174 175 176 177

+ (o)
S oy 7 £0.43%
m, = 174.98 & 0.58 (stat.) £ 0.49 (syst) GeV

A HELMHOLTZ
ASSOCIATIO

good agreement
between all channels...

100 [
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Polarisation and Spin Correlation

19.5 b (8 TeV
T T T I T T T

__'lp 0.4_ 'C'MS] T T 1 T m 42 pb'1(13 TeV)
z i *GEJ . Dat W CMS ey +>2jets
% 0.35 ".<1>_340—.tf oW
o a SO WNonWZ WZy-ew
= 0 ( 5 |
0.3 -g I
i 4 Data 3 20
T —— Fit i =
025+~ NLO+EW (uR=pF=mt) |
i — — NLO+EW (=p.~2m) ] i _ i
- conoeweenew2| > Spins of tt pairs: T e
L L L1 L1l L L - . E E
0 =6 =8 w2 23 5"’|6 o | correlated as inSM = ¢ bt b by
) o O oG 0Z 08 0405 08 07 08 09 1
— no chromomagnetic dipole moments o(e, ) (rad) /
CMS w+jets, t+1,19.7 o (8 TeV) - N ——
€ 1 POWHEG(5FS)+Pytias _, 1@ 06F ATLAS + BestFit
8 09 - aMC@NLO (4FS) + Pythias = no new - \s=7TeV, 4.6 fb" © SM .
S g ~ COmpHEP + Pythiaé E h . 050 [68% CL A
™~ "TE e Unfolded data 1 3 | ~r [[]95% CL 1
8 075 T stat. | Total T E pl ys IICS - .
o 065 | * = 0.4 =
> 055 ! 1 - g q 035 ]
0'45— - i: \_/ . i_ _:
0.3+ # E
0.2 ' ]
g We ¥V single to roperties! :
g 1 (I) I15
01 08 06 04 02 0 02 04 06 08 1 g 5.
Unfolded cos6}
— top quarks polarised as in SM — no anomalous couplings

etyelld  Top Precision and Searches - Christian Schwanenberger - DESY Physics Seminar 110



Search for dark matter

b.1 2 o o =

g ’ 2 C p* > 60, 60, 40 GeV [ Z+ets .

e L AL A B AL AL | ID‘ tl L L B e 40— ET>3SOGeV | |:|W+jets -

C ATLAS —+— Data ] - . — — .

= (s=8Tev, [Ldt=20310" S = [ 1btag vy .
= [ Single top = . Sinale To

~ (d) SR4 [ V+ets ] 30 veto e, u 2 i []Sing P

— - —4- | — Vector DM

E @ Other = - - =700 GeV)

= — 0 Syst = - | A I (m= © ;) 7

- e DM+ (10 GeV), D1 | 20 = - _I -

3 g - ’ W ) | E

. A ol e Bl L7 g

7% - A

. , :

“ R i b

g £ 7 7% A

W///f//ﬁ%// 27 ‘ osb X0 44 KN E

150 200 250 300 350 400 450 E E

ET*® [GeV] % 200 400 600 800 ___ 1000

m> e (GeV)

— no hint for dark matter
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Summary

——

EUREKA.N —

"It is much too early to expect any
discovery, we will have to be patient”
CERN DG
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Top Pair Production Cross Section

NNLO+NNLL
Tevatron Run II,\/s=1.96 TeV
CDF dilepton i 7.09 = 0.83
8.8 fb™" + 0.49 + 0.67
CDF ANN lepton+jets p—eo—q4 7.82+ 0.56
4.6 b + 0.38 = 0.41
CDF SVX lepton+jets pj—e—i— 7.32 = 0.71
4.6 fb™ + 0.36 = 0.61
CDF all-jets oy 7.21+1.28
2.9 fb" J +0.50+1.18
CDF combined H=e—H 7.63 = 0.50
<8.8fb" + 0.31+ 0.39
DO d;lloqpton ————i 7.36 = 0.85
5.4 fb
DO Iefp:ton+jets ——q 7.90+0.74
5.3 fb
D0 Combined —+o—i 7.56 = 0.59
<5.4 fb" + 0.20 = 0.56
Teva;chn Cgmgi\l?ed o 7.60 = %% 036
= 8.8 fb m=172.5 Ge + (0. + (.
~ Phys. Rev. Lett. 109 (2012) 132001 i 5 . 4%
6 7 8 9

o(pp — tt) [pb]
— good agreement with NNLO+NNLL
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Differential (I+jets): jet pr

= T | T T < T T T T T
S 1 ATLAS E > 1e ATLAS E
(O] F —@— Data ] 0] F —e— Data
>3 r POWHEG+PYTHIA ] 3 r POWHEG+PYTHIA
B g e o | — NLO MCs R T
E =y ... MC@NLO+HERWIG E E seseeem MC@NLO+HERWIG
— E 2t ] — F Ee 3
a F s ALPGEN+PYTHIA , Down) 1 d d' _8_ F R ALPGEN+PYTHIA (, Down) ]
k]
L " ] L
% 10.2 J‘Ldt=4A6fb-' are nee e - g 10_2 = J‘thmfb‘
E- == 3 E- =
; - 1s=7TeV ; E = \s=7TeV ;
3 | antik, R=0.4 ] 3 | antik, R=0.4 I
107 = 107 =
E mi<25 E £ mi<25 E
= I+jets e s — ~ I+jets —
m10-4f_:::;::i f . 2 m10-4f_ 1 f e
g ; Alpgen+Pythia and g | ;
Q 1.5 — . Q 1.5 3
O r ] O E ]
s ; Powheg+Pythia 8 i
8_ [ ] - g [ ]
g 05 ] disfavoured & 0t ;
E ] . R B | . I R
102 10° 10 10°
. . nd .
leading jet P, [GeV] 27 jetp, [GeV]
> 1F ATLAS i > AF ATLAS = > C ATLAS E
8 E —&— Data E 8 E —@— Data ] 8 —&— Data b
) - s POWHEG+PYTHIA 1 > T~ POWHEG+PYTHIA ) 1071 y ——— POWHEG+PYTHIA i
a ™ — — POWHEG(h, )+PYTHIA ] o r f — — POWHEG(h, )+PYTHIA o E — — POWHEG(h, )+PYTHIA 3
10 L MC@NLO+HERWIG E 2 [0 = MC@NLO+HERWIG E F == MC@NLO+HERWIG ]
o E BN L. ALPGEN+PYTHIA («, Down) ] o F e SR ALPGEN+PYTHIA (@, Down) 7 o r R ALPGEN4+PYTHIA (@, Down) |
Q B -1 i Q [ Bl Q —— -1
© o J-Ldt=446fb B © - J.Ldt=4.6fb - © 10-2_— = det:A,sfb —
© 2 ] © © E 3
10 é_ \1s=7TeV _§ 10-25_ = 1s=7TeV E 1s=7TeV E
[ anti k, R=0.4 ] - anti k, R=0.4 N [ antik R=0.4 1
3| Mi<25 7 hi<25 10%E mi<25 =
107°E E 108 g g E
oo miimiimiimme [ - = Eoo S E O —_——t= ]
C l+jets e 1 F l+jets ™ 3 rolHets e .
_ : — . . M B . M | e L . A ]
_‘g : T T T T T ] T T T T L B | : S : T T T L B | T T T T T 1 1 I : E : T T T T L ‘ T T T T LI ] :
© o ] ] r ] @ r ]
o 1.5 = a 1.5 = Q 1.5 E
O C ] O r ] O C ]
P C ] [} [ o TIC TIPS ] [0 [ ]
S 1 = S | S T e, = 5 1 == -
8 r ] 8_ r AiRRaansssansasasnsas ] 8 L ]
X 0.5F = 5 0.5 = X 0.5 =
E R | L R E R . sl d E R | . MR
10 10° 10 10° 10 10°
rd . th . th .
3" jet P, [GeV] 47 jet P, [GeV] 5" jet P, [GeV]

HELMHOLTZ
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[pb/GeV]

T

do/dp

Expected/Data

[pb/GeV]

T

do/dp

HELMHOLTZ
ASSOCIATIO

Expected/Data

Differential (I+jets

T T T
1= ATLAS E
= —e— Data ]
r POWHEG+PYTHIA ]
N - — — POWHEG(h, )+PYTHIA |
10 E —— TR MC@NLO+HE:§WIG 3
F . ALPGEN+PYTHIA (, Down) 7
L g 1

2 J Ldt=46f"
10 E 3
E \1s=7TeV =
r - 3]
| antik R=0.4 ]
108 | 2 5 =
E hi<25 e
= I+jets T O =
10-4 E . . I
F————++ t 7]
1.5 =
= =
0.5 =
E v vl . R .

10 10°
leading jet P, [GeV]
= : -
E ATLAS 3
C —@— Data ]
B —pm POWHEG+PYTHIA 1
e - — — POWHEG(h, )+PYTHIA |
10 L MC@NLO+HERWIG E
E BOE L. ALPGEN+PYTHIA (o, Down) |
B - J-Ldt=4‘6 '
-2 ]
10 E 1s=7TeV 3
[ antik, R=0.4 ]
103L <25 _
C l+jets S iy ]
- e
-+ f —t+—t—+—+—++

1.5F =
1 =
0.5 =
E ] . a1 d

Top Precision and Searches

—_
o
w

3" jet p, [Gev]

— multileg MEs

are needed!

MC@NLO+Herwig
too soft

— — . .
= 1E ATLAS E
o C —@— Dat:
> - POVBHEG+PYTHIA
o r — — POVHEG(h, )+PYTHIA
1 0‘1 E 4 e MC@NLO+HERWIG
o F [e— i ALP@EN+PYTHIA (@, Down) 3
Q 1
_8 J.Ldt=4.6fb' -
1 E = I1s=7TeV =
- anti k, R=0.4 N
3 | <25 |
107 =
= . L —— — =
F l+jets L o o .
© F—t—t+—t+—++++ f 1
= F f
] r ]
Q 1 .5__ .
O E ]
[0} r v vy 3
+ b = umatins ]
3] F .
o £ bt rrsfer ety :
< 0.5 =
L F ]
E v . R

- Christian Schwanenberger -

4" jet p, [Gev]

= T T T T
> 1e ATLAS E
O] E —@— Data
o) C POWHEG+PYTHIA
Qo 1 - — — POWHEG(h, _)+PYTHIA
10 E MC@NLO+HERWIG
— E g ]
a F e ALPGEN+PYTHIA («, Down) 7
o L
B o i J' Ldt=46f"
© 10 E
E o 1s=7TeV 3
| anti k, R=0.4 I
103 | 25 E
E <25 E
. [ l+jets 7
107 1 . L1
m F T T 11 I T T T T 1 1 I =
-— F -
@ r ]
Q 1 .5__ =
8 r ]
B 1 -
g o :
$ 05k 1
L 0 5: 1
| . I R
102 10°
nd :
27 jetp, [GeV]
— = . ——y
S ATLAS .
o —@— Data b
Re) 101 ——— POWHEG+PYTHIA ]
Q. E — — POWHEG(h _ )+PYTHIA ]
— = —_— damp ]
C MC@NLO+HERWIG ]
o i e ALPGEN+PYTHIA (o, Down) |
o
S~~~ R -1
_8 1025— = der:mfb -
E 1s=7TeV E
[ antik R=0.4 ]
E-l<25 =
= — e E
= JetS  eeersesssemesenns -
L ‘ . A
E : T T T T L ‘ T T T T LI ] :
© r ]
o 1.5p =
8 r ]
5 1 =" E—— =
8 . ]
< 050 =
b © 55 ]
S | . M B
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Differential (I+jets): jet pr

% 1= ATLAS 3 % 1= ATLAS 4
10} E —e— Data 0] E —e— Data
o) r POWHEG+PYTHIA ] - - o) C —— POWHEG+PYTHIA
€ b = coieeee | Powheg+Pythia in S ok
o F g ALPGEN+PYTHIA (o, Down) | Q E v ALPGEN-+PYTHIA (o, Down)
g ¢ S e reasonable agreement & | - [
T 102 - R T 102 T
E \1s=7TeV 3 - - E o 1s=7TeV =
C - 3] o J
10_3_ anti k, R=0.4 ] POWheg + Pythla Wlth 10_3_ anti k, R=0.4 ]
E Inl<25 E 1 E Inl<25 3
- i< | damping softer, due to :
M l+jets ] = I l+jets .
L104E , .. s damping of hardest 10k , | 3
‘Ej‘ C | - - E L ]
S 150 dommiminisiminin emission S 150 E
% 1:— w"_:_i————.—— 3 % 1:— i SO rrerra— e .
o £ aQ g ]
g o5 i — matter of tuning \ os :
E L . R . E L . R B
102 o 10° (hdamp=mtop works best) 102 ; 10°
leading jet p,  [GeV] 2" jet p, [GeV]
> 1F l : S > 1F ' : = > " oamas ]
8 g ﬂlf f)ata ] 8 E i.’.-L—A f)ata ] 8 —&— Data b
) o —pm POWHEG+PYTHIA o) F g POWHEG+PYTHIA o) ——— POWHEG+PYTHIA
o [ — — — — POWHEG(h,, )+PYTHIA o I o — — POWHEG(h,, )+PYTHIA o — — POWHEG(h, )+PYTHIA
10 L MC@NLO+HERWIG E 10" MC@NLO+HERWIG E == MC@NLO+HERWIG
_8_'_ E BOE o ALPGEN-+PYTHIA (&, Down) 3 _8_'_ § [e— R ALPGEN+PYTHIA (@, Down) 3 %'_ B R ALPGEN+PYTHIA (o, Down) |
g e L — J-Ldt= ast % , i - J.Ldt —46f" % 102 = = det: 46" =
é_ \1s=7TeV _§ 10_ E_ 1s=7TeV —§ E 1s=7TeV E
E anti k, R=0.4 E ; anti k, R=0.4 ; [ anti k§g=0.4 T
103 <29 - jgoL <2 _E 10° = i<z 3
C ljets b il ] E ljets e E E I+ets B .
© - — H © : — © — ] —
o E S 150 ; S 15- N 5
3 ] ? g R 3 15 1
S E S CT el Tl E S S iy S —— =
é 1 § 15 T § E e
x = X 0.5F 3 < 0.5F E
“ Ll R B . E C 1 . E AR B
10? 10° 10° 10° 10° ) 10°
3 jet p, [Gev] 4" jet p, [Gev] 5" jetp, [GeV]
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Fiducial Kinematic Phase Space

® exactly one isolated e

® no additional e or p with -
pt>15 GeV & [n|<2.5 or u with [n|<2.5, py>25
GeV (including clustering
e m_(W)>35 GeV with y in cone AR=0.1)

e = 3 Jets with pt>25

GeV & |n|<2.5
incl. 21 b-tagged jet

® jets: anti-k R=0.4,
clusters all but prompt
particles (i.e. e, pu, v from
hadronic decays are

® no jet-e or jet-p pair inside jets)
with dR<0.4

® no jet-jet pair ® background subtraction
with dR<0.5 @ corrections to particle level

— reduced dependence on MC model
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Jet Multiplicities

e uncertainties dominated by JES and MC modeling of QCD radiation

I T I

10?

,3. = T T —E — T T I T I I
- —e— Data — —@— Data
P B POWHEG+PYTHIA @ 1 ) POWHEG+PYTHIA
e 10 — — POWHEG(h,, )+PYTHIA o [ — — POWHEG(h,, )+PYTHIA
Ke] E MC@NLO+HERWIG ] ke C MC@NLO+HERWIG ]
_8 R - ALPGEN+PYTHIA (, Down) O L —vmim ALPGEN+PYTHIA (o, Down) -
~ swETgEay N ©
1 - I Ldt=461f" —] B g J. Ldt=46fb"
; \1s=7TeV ; 10'1:— \s=7TeV =
" antik R=0.4 ——— i - ]
10_1 - f=UE e - | anti kt R=0.4 _
= |T]|<25 w T1] 40, 60 Gev, T1] - |n|<25 % 1
F P22V i ~ p,>80Gev T l
, I+jets ets
10 | | | | |5 1 0-2 — —
© F | ! ! ! ] © E— | ' ' —
= g 1 g 1 1 I I | —
Q ) - ] C ]
S 15 T Q 15F s
(0] C o — O C r— ]
SR - T = o) Einm —— I -
T e ] - 1 — e — —]
o) C ] 3 ¥ TR T T ]
S 0.5 E 8 f .
= 5F ] F g5E 00 e =
E | | | | [ L o | | .
> g - ]
3 4 5 6 7 _ns t 3 4 >5
jets .
J Nigts

JHEP 1501, 020 (2015)

— high sensitivity on higher order QCD modeling of MC generators
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Jet Multiplicities

e Uncertainties dominated by JES and MC modeling of QCD radiation
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" p,>80GeV I .
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> . ]
. 0 55 .
|
>5
njets

MC@NLO+Herwig
disfavoured (since those come
mostly from parton showers)
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Jet Multiplicities

e Uncertainties dominated by JES and MC modeling of QCD radiation

I T I

10?

,3. = T T —E — T T I T I I
= : ATLAS ] e - ATLAS il
- —e— Data — —@— Data
2 L POWHEG+PYTHIA @ | = R POWHEG+PYTHIA
& 10k — — POWHEG(h, )+PYTHIA C‘Q i — — POWHEG(h,  )+PYTHIA
Q E  assssss MC@NLO+HERWIG ] Q - e MC@NLO+HERWIG
_8 R - ALPGEN+PYTHIA (, Down) O L —vmim ALPGEN+PYTHIA (o, Down) -
~ swETgEay N ©
= I Ldt=4.6fb" —] B g J. Ldt=46fb"
; \1s=7TeV ; 10'1:— \s=7TeV =
" antik R=0.4 e i - .
10_1 - g =YE e, - _ antik, R=0.4 -
= ml<2.5 m— amm 40, 60 Gev, amm - Il <25 % n
F P22V . [ P >80Gev T |
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© 10 = = 107°F | | | | | E
= - . S - | | [ [ [ [ ]
a © N ]
% g 1 5 — ~
Qo 5 E—— N SEETEE .
e £ EEE .
Q. ') m N |
x [ R . .
n x .
| | | | | | L | 1
3 4 5 6 7 =8 >5
n, B
ets .
J njets

Powheg+Pythia with damping of the hardest
emissions is best (high njets still get large
contributions from the matrix element)
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Strong Coupling and Parton Showers

do/dn..; [pb]

Expected/Data

T T
ATLAS

- —e— Data t
B ALPGEN+PYTHIA

L — — ALPGEN+PYTHIA (o _Up)
= ALPGEN+PYTHIA (o, Down) 7
Sy | ALPGEN+HERWIG

- —_—— L
a o _[Ldt=4.6fb _
E \1s=7TeV E
| antik, R=0.4 B
E_ |T]| <25 Bl '.'.'._;
- p,>25GeV I
T l+jets |
S | | | | | S

do/dn,, [pb]

10

... 40, 60 GeV, ...

Expected/Data

—_
9]

o
o

— high sensitivity on s and parton showers
— very valuable for improving models and reduce uncertainties
— used for MC tuning: ATL-PHYS-PUB-2015-007

— improves our understanding of higher order QCD calculations
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r]jets
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Differential: jet multiplicities

Q 10% T T ATLASI T — . -
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Z : o bata : CMS Preliminary, 19.6 fo' at s = 8 TeV
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— large differences between generators: helps to improve
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Differential single top: top pr

19.7 fb™ (8 TeV)

CMS Preliminary

T

¢ Data
POWHEG (5FS) + Pythia6

- aMC@NLO (4FS) + Pythia8
CompHEP + Pythia6

8 TeV

1/6 x do/dp
o
wn
I

HELMHOLTZ
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Top decay products: pseudo-top

Fiducial phase space:

>=]1 b-jet, 1 lepton, >=3 jets,

jet p.>50 GeV, 2"¢ jet p.>35 GeV

l

T T T LA AL B B B |

Fiducial phase space:

2 b-jets,

1 lepton, >=4 jets

] T T T 3
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T

— reconstruct tops on particle level
— very valuable for theorists today and in future
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Differential: top pair pr

2 = ' ' ' ' ] 42 pb™ (13 TeV)
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— good agreement with new MC tools so far, but low
statistics still
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Search for ttH production

H—bb
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Events /5 GeV

Top Precision and Searches
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Tools from and for tops

b-tagging from top pairs (ey) t-tagging in boosted topologies

0 = ' ' ' ' ' ' - CMS simuiation Preliminary (8 TeV)
(] —ATLASPrellmlnary o Data2015 — —_ 1tnr]uuunl;lnln||||||||1|1|1|n|1|1|1nt] 7
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= cle = ' i
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10? — = " --FatJetCSV () -~ ]
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Nricav(SV) Tagging efficiency (high mass tf)

— great importance for all

types of physics — huge improvements
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Search for tHq production

. _— CMS Preliminary, L=19.7 fb™ at (s =8 TeV
S IR LRSS IR IALLAN IARAE LLRLE RN
, & osb ]
VY o [ JtHa©t=-) ]
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acticy b hdb o o5 1
section can be enhance Y MVA output

factor 13 — fun in Run-li
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Fiducial t-channel cross section

Ll Ll l Ll L) L) L] l Ll L) L] L ' Ll L] Ll Ll l L] L L] L] ' Ll L L] L] l L] L l LA B B [ LI B B l LA B B | " LI B B ) [ T rnrd .l1 L B B B i l L.
ATLAS Preliminary I Ldt=2031" 1s=8 TeV ATLAS Preliminary J Ldt=203fb" 1s=8 TeV
ATLAS result : Data corrected with
[stat. ® sys. [Jstat. acceptance correction from:
Predicted fiducial cross-section: MC@NLO2-3)+Herwi NLO+NNLL (MSTW2008)
. a —3)+Herwig
aMC@NLO(2-3)+Herwig T | Powheg(2-53)+Pythias o
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NNLO J q
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b t
— good agreement with SM predictions d b
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Search for dark matter

b.1 2 o o =
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— no hint for dark matter
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New physics impact on spin

* 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’, ...
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Single Top Quark Selection

ogs = 1.05+0.06 pb

s—-channel: NLO+NNLL, m - 172.5 Gev

Kidonakis, PRD 81, 054028 (2010)

{ ¢ lepton
V' e missing E;
b

missing
Er

q

* b-jets

q tb b et

t-channel: ° - 2.12+0.16 pb
missing Energy

NLO+NNLL, m: = 172.5 Gev

Kidonakis, PRD 83, 091503 (2011)
’
q q °Jets
;¢ ® lepton Muon |

vV @ missing E;

b
g > b-jets

b Jet
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Single Top Wt Cross Section

ATLAS+CMS Internal TOPLHCWG September 2014
Data 2012, s =8 TeV, m = 172.5 GeV
----- NLO+NNLL (arXiv:1210.7813) A. Ja farl
MSTW2008,,, o — stat. uncertainty
0 scale uncertainty — total uncertainty
scale ® PDF uncertainty
o,y t(stat) t(syst) x(lumi)
ATLAS, L =20.3fb" Uncertainty
int 27.2+19+43+0.
ATLAS-CONF-2013-100 9£43:08pb Source (%) | (pb)
Data statistics 55% | 14
- Simulation statistics 1.8% | 0.5
CMS, L _=12.21b"
’ Tint + + + . .
PRL 112 (2014) 231802 23.4£1.9£46+06pb Lumimnosity 2.7% | 0.7
Theory modeling 15.8% | 4.0
Background normalization 23% | 0.6
LHC combined (Sep. 2014) 250+ 1.4+44+07pb Jets 53% | 1.3
ATLAS-CONF-2014-XXX, - Detector modeling 49% | 1.2
CMS-PAS-TOP-14-009 oot of LHC be ity 0.38 ob Total systematics (excl. lumi) | 17.5% | 4.4
| | | eT ° lam energ){ unee amtr' =P Total systematics (incl. lumi) | 17.7% | 4.4
0 10 20 30 40 50 60 70 Total uncertainty 18.6% ) 4.7
O,y [Pb] —

— observed!
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Single Top Quark Cross Section

ATLAS+CMS Internal TOPLHCWG September 2014
Data 2012, s =8 TeV, m = 172.5 GeV

------ NLO+NNLL (arXiv:1210.7813)
MSTW2008,,, o — stat. uncertainty

| I Effect of LHC beam energy uncertainty: 0.38 pb et o .- | 177% | 4.4
= measure WWb cross section %""6%7 >t

(single resonant enriched)
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CMS top mass combination

top mass crisis

19.7 o' (8 TeV) + 5.1 o™ (7 TeV)

CMS Preliminary

l I I I ! I I I

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

® 175.5 = 4.6 = 4.6 GeV

(value = stat + syst)

T = 1
CMS 2010, lepton+jets ® 173.1 =+ 2.1 = 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat + syst)
CMS 2011, dilepton . 1725 + 0.4 + 1.4 GeV
EPJC 72 (2012) 2202, 5.0 b (value = stat + syst)
CMS 2011, lepton+jets . 173.5 =+ 0.4 = 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb™' (value = stat + syst)
CMS 2011, all-hadronic . 173.5 £ 0.7 = 1.2 GeV
EPJ C74 (2014) 2758, 3.5 fb™ (value = stat = syst)
CMS 2012, lepton+jets © 172.0 = 0.1 = 0.7 GeV
PAS TOP-14-001, 19.7 o™ (value = stat =+ syst)
CMS 2012, all-hadronic - 172.1 =+ 0.3 = 0.8 GeV
PAS TOP-14-002, 18.2 b (value = stat + syst)
CMS 2012, dilepton . 1725 + 0.2 + 1.4 GeV
PAS TOP-14-010, 19.7 fb™ (value = stat + syst)
CMS combination 172.38 = 0.10 = 0.65 GeV
September2014 =~ NN\ __________(value :stat +syst)

n-.-u

Tevatron combination
July 2014 arXiv:1407.2682

174.34 = 0.37 = 0.52 GeV
.‘_ (value = stat =+ syst)

World combination March 2014 —— 173.34 = 0.27 = 0.71 GeV
ATLAS, CDF, CMS, DO (value = stat =+ syst)

| [ I | I R | | L1 1 1 L1
165 170 175 180

m, [GeV]

e discussions about JES, b-]JES, other systematics
e differences between CMS and DO to be understood during combination

HELMHOLTZ
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| am just speculating...

top mass crisis

19.7fb" (8 TeV) + 5.1 fo™' (7 TeV)

CMS Preliminary

I I I I ! I I I

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

® 175.5 = 4.6 = 4.6 GeV

(value = stat = syst)

-
CMS 2010, lepton+jets . 173.1 =+ 2.1 = 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat + syst)
CMS 2011, dilepton - 1725 = 0.4 = 1.4 GeV
EPJC 72 (2012) 2202, 5.0 b (value = stat = syst)
CMS 2011, lepton+jets . 173.5 = 0.4 = 1.0 GeV
JHEP 12 (2012) 105, 5.0 b (value = stat = syst)
CMS 2011, all-hadronic . 173.5 + 0.7 = 1.2 GeV
EPJ C74 (2014) 2758, 3.5 fb™ (value = stat = syst)
CMS 2012, lepton+jets o 172.0 = 0.1 = 0.7 GeV
PAS TOP-14-001, 19.7 o™ (value = stat = syst)
CMS 2012, all-hadronic . 172.1 + 0.3 = 0.8 GeV
PAS TOP-14-002, 18.2 b (value = stat = syst)
CMS 2012, dilepton . 1725 = 0.2 = 1.4 GeV
PAS TOP-14-010, 19.7 fb™ (value = stat = syst)
CMS combination 172.38 = 0.10 = 0.65 GeV
September2014 = = NN _ENNEN(value = stat = syst)

i-.-c

Tevatron combination
July 2014 arXiv:1407.2682

World combination March 2014
ATLAS, CDF, CMS, DO

| | | | | I |

B =

| |

174.34 = 0.37 = 0.52 GeV
_._ (value = stat = syst)

173.34 = 0.27 + 0.71 GeV
(value = stat + syst)

| | | | | |

165 170

175 180
m, [GeV]

DJ l+jets, 9.7 fb!

e each MC mass can shift by up to A=O(1 GeV) to QFT mass

e WbWb off-shell effects: can move <mip,> by O(1 GeV}

HELMHOLTZ
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| am just thinking...

19.7fb" (8 TeV) + 5.1 fo™' (7 TeV)

[
.. N L N L I N N AN A L B B N LB EoSChlleCkau
top mass crisis? CMS Preliminary
CMS 2010, dilepton ® 175.5 + 4.6 = 4.6 GeV
JHEP 07 (2011) 049, 36 pb™ (value = stat =+ syst)
CMS 2010, lepton+jets o 173.1 + 2.1 + 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat + syst)
CMS 2011, dilepton ® 1725 + 0.4 + 1.4 GeV s“‘
EPJC 72 (2012) 2202, 5.0 b (value = stat = syst) ‘ “
CMS 2011, lepton+jets ! . X o

JHEP 12 (2012) 105, 5.0 fb™

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™'

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™

(value =+ stat + syst)

1725 + 0.2 = 1.4 GeV
(value = stat =+ syst)

172.38 = 0.10 = 0.65 GeV
(value = stat + syst)

174.34 = 0.37 = 0.52 GeV

July 2014 arXiv:1407.2682 =@~ (value = stat = syst) DQ I +j et S 9 7 fb -1
n

World combination March 2014 @ 173.34 + 0.27 = 0.71 GeV ’

ATLAS, CDF, CMS, DO (value = stat = syst)

165 170 175 180
A. Hoang m, [GeV]

e each MC mass can shift by up to A=O(1 GeV) to QFT mass
e WbWb off-shell effects: can move <mip,> by O(1 GeV}

. Winter
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Top Quark Pole Mass

Imany alternative measurements |

= 350;"4{:"]"'I"'l"'l"'l"'l"'l"'l' ]
% : tt"‘z,‘ ATLAS : AclfmvatiogNNLo E
L 300 .. —— NNPDF2.3NNLO ]
k3] L ST O \s=7Tev, 46 -
o - o8Tev T N \s=8Tev, 203" ]
2 250 D E
°c e .
200} S
150
100:.I..nl...ln..l..ll...l...I..nl...l.n.:
164 166 168 170 172 174 176 178 180 182
m:mIe [GeV]
1 .
mP® = 172.9752 GeV (y/s = 7/8 TeV)
— pole mass
unambiguously!

HELMHOLTZ
ASSOCIATIO

Top Precision and Searches

tt+1jet: differential cross section

1 datf+1—jet

- Christian Schwanenberger -

pole pole
R(m = m
( t ’ps) Tti+1—jet Ps ( ) 7)05)
2mo
= mo = 170 GeV
Ps = o 0
A‘n 4.5_ T T l T T T I T T T ] T T T I T T T

Q - -
§ 4 ATLASInternal ¢ Data 3
< = — fis1-jet, m°=170 GeV
S 95F \s=7TeV, 4.6 b’ O E
- tt+1-jet, m =180 GeV I
3 —
25~ - =
= T e pee =
1.5 —
i - E
o.sf— —
i [

0'_ 1 hd 1 1 1 1 | 1 1 1 | 1 1 1 | 1
0 0.2 0.4 0.6 0.8 1
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Polarisation and Spin Correlation

o2 19.5 b (8 TeV) . x10°
— F P! ATLAS — Mroouk
o5 04 gMS_ ) ° ’fLm=4.sfb" \s=7Tev - (oo tore
2 sk reliminary > e
T ST 5 et Mosckaroune
s ' dilepton A B
O e
— o032 |+]etS .
0.3 )
o ot o o~
0-26 ;_ NLO4EW (Ma=He=Migp) _—
0-241~ — —  NLO+EW (pa=e=2myy) - - ‘
o2 noEwmenme2 |~ SPiNS of tt pairs: oﬂ
Co o b v by b b 1 =
Mo s s correlated as in SM g rosp *
IA¢[+[- c 0 951 . { . ]
— no chromomagnetic dipole moments C T
.[]'r‘l vvvvvvvvvvvvvvvvvvvvvvvvvvv [111Tr1r.
- —.-— - - - - Nrr~r~rTrrrrrprrTrTr T T T T T T T
[ D.ata ah=0 ] " 05 F\_ATLAS and CMS preliminary
—Fit aP=+403 : L=35pb"-22fb" ]
8 //1Bkgd. aP=-03 - 045 - ls=7TeV
0.4 [ R
0.35 [ ¢ ]
0.3 :_ &> Data _:
: 1 - mE NNLO QCD .
i 0.25 [ — Unitarity boundary ]
A -LI|IlAlllllllllllllltllllllll
1 -08-06-04-02 0 02 04 0.6 0.8 1 05 055 0.6 065 0.7 0.75
cosf(¢7) F,
— top quarks unpolarised — W polarisation as in SM
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ATLAS Preliminary

Dilepton

Lepton+jets

Combination

/s=8 TeV, f L dt=20.3 fb”

H—bb

[S558 Expected = 1o
------ Expected + 20

—— Observed

...... Expected (p=1)
P IR

Hadronic

Leptonic

Combined

Fitted signal 0/0sm =

HELMHOLTZ

ASSOCIATIO

8 10 12
95% CL limit on o/og,, at m, =125 GeV

Fltted O'/O'SM =2.9+2. 3

I T I T

\!§_7 TeV ﬁ_ dt_4 5 fb 1
(s=8 TeV, JLdt=203 fo! |

ATLAS
2011-2012

H—-Yyy

58 Expected (0=0) = 1o —
------- Expected (0'"=0) + 20
— Observed

------- SM signal injected
A I I P

20 25 30 35
95% CL limit on 0“”/0SM atm, =125.4 GeV

Top Precision and Searches

| .4 *22 | 4

CMS Vs=7TeV,505.1f" {s=8TeV, 19.3-19.7 ft"
YY — l—.—
bb [~ ——
‘Eh‘th - .
4| - b—.—
3l L
3ame-Sign 2| — ——
Combination — ——
PP PRI EPRPEPIS EPRTES BN AP APETE AP EPEPET IR
-10 6 4 2 0 2 4 6 8 10
Best fit o/cg,, at m, = 125.6 GeV
CMS Is=7TeV,50-5.1fb" (s=8TeV, 19.319.7 fo"
- §88 Expected + 1o
-- Expected + 20
- -- Expected (sig. inj.)
bb [~ - Observed
ThTh
4
3l
Same-Sign 2|
Combination (_

- Christian Schwanenberger -

10
95% CL limit on o/cg,, at m, = 125.6 GeV

— observation in Run-Il
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Direct searches

b
p ) /
”’ ~0 t
-~ X1 I _ -
- -0 - X1
o “§

for light stop

b4
p
i tajw
> nSOw
D t

X1
q \,v\ ~ W )2(1)
3]
q
p
Recall: Top loop is the most i b w 1
contribution in Higgs virtual corrections: b q
. 0
H@H m(e)) [Gev Am = m(h) —mix1)
Pl R
- r §x 7
(/ t \\ 7@ V@
H \ ,l H HQ\/ /"'v@ ’
""" T @) < m@) L
m(t,) < m(Xq
1 *” VT
| 100 - NANUAND N
small stop 7‘ P A D
=, 7 o
mass is natural w ’W W R
0 4 mW)+m(b )‘ m(';)' ' ' ~
0 100 200 300 m(f,) [GeV]

T. Eifert

we check every little corner...
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Direct stop searches

10

] S AN IS IR L UL IS I B
8 F Amas ~s-Data 3 2 \ atas Y o paa cMs \s=8TeV, fLdt=19.51b"
B 70F s=gTev, [Lat=201" @t S0 | - o 2
3 F CWejets 3 = (s=8TeV, | Ldt=201b Ot 1.5 =
€ [ tty Preselection Ot E ~107 : W+j % .
2 80 DATotal SM 3 2 Preselectior | /+jets g, g_—O—*—O—m—O—t—O—_
£ 3 2108 k-~ m{T,xx%)= (550,300,150) GeV (ox100) []Single top s
50 = iT] T [ Diboson 0
= 5 107"~ m{i,x)= (500,200) GeV (0x100) W Z+jets > e
= _
. WtV 8 Preselection —®— Data
80 = 7 Total SM P [ 11top
] 10°E NS 3 ti>u
2 = B == e ; Wijets
E 2 [ rare
E €
. w

........ T 1%, (650/50) x1000

2 el GPSIIISS 152 1
s _ Y
O s w i %;// sisp T By
Eos o S 1k ot e
[ Lovs o by o by o by gy o 1y 3 T E %
150 200 250 309,"‘iss 350 400 450 500 g 0.5

E; =ET* with photon added [GeV] 850 400

i oo e
. 9 PR
y ,/'%“Xé\ 76\\
RN RSN 0 50 100 150 200 250 300
S A M, [GeV]
4 p R ~
- -0 S O HQ\/ g
m(t;) < m(X1) 'H\\w\' ;\ ’ @ N
AN g N
100 - A AN X
H\)\f g ’ / 7‘ 7(
A% SO O
0 - a T _ T T >
o  MWrmbligg ™0 200 300 m(f,) [GeV]

T. Eifert we check every little corner...
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Events/ 0.13

Data/Expected

— no hint for new physics

25000
20000}

15000F

HELMHOLTZ

Search for FCNC

Illllll]lllllllllIIIIIIIIIIIIIIIIIIIIII_

.[ Ldt=1421" \s=8TeV ATLAS Preliminary

e data 1
= FCNC (5=20 pb) ]
B single top
i
R W+HF+jets

Wijets

signal region

[ Z4jets, diboson

B multijets
77/, multijets norm. +
MC stat. uncert.

1 -08-06-04-02 0 02 04 06 0.8 1
NN output

u,c

t
g9
t
0,z
.
S
~
3
=
L
>
=

DATA/MC

u,c

Q|

QI

R. Goldouzian

i IR divergent?

u.c

CMS Preliminary, 19.1 fb™, Vs = 8 TeV

T

[8)]

o

o
Illlllllllllll|lIIlIIIIIIIIIIIIIIIIIIIIIIIIIlllll

T L I A B
—e— Data

[ Other

 wy

B W+jets

—— Signal(tuy) 1 pb

[777] Uncertainties (Syst® Stat)

IlllllllIIIIII|lIIIIllIIIIIIIIIIIIIIIIIIIIIIlllll

L L 1 1 " 4
25 * i R
L g > > :

Ill

0.4

0.2 0 02 ___04 06 08
BDT output for tuy
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FCNC Top Couplings at

P. Silva
lllllll | llllll] | llIIHl 1 llllllll 1 llllllll LB 8
ATL-PHYS-PUB-2013-007 95% C.L. -
- EXCLUDED A
4L LEP REGIONS _
E_CDF e :
L DO -
= =
- ATLAS (2fb™) 3
- CMS (4.6 fb”) g
. 5 H1 | i
E_ ATLASSmulation . . [ | @Y _Sems
extra olated to 14 TeV: = .
______ P! st I" Ih‘ (19.1 fb")
= R o d . ZEUS
\ . 300 fb' (g=u only)
""" ; ' I (sequenturl)
S 3ab’
| v : (sequentlrl)
'_v__) 3ab’
: : : (discrimingnt)
llllllllx lll lllllll I 1 1 lllllll 1 11 J,Illl | lllllll L1 i
10° 10 10° 1072 10 1
BSM BR(t— qy)
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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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Multivariate Analyses

Boosted Decision Neural Networks Matrix Elements
Trees

®
®® ¢i=

“ AN A Y
LJleém oo

@}

background signal

0 1

- Christian Schwanenberger -
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses
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Boosted Decision Trees

* |DEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

* IDEA: recover events
that fail criteria in
cut-based analyses

> result:
weight for every event

background signal

F

ry
-

—
=
- »

s/b s/bs/b s/lb s/b s/b 0 1

PF

—
o
»

R
» »*
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses

boosting:

strain tree: T
-derive weight: of,
- retrain tree: T

to minimize error
-average: T =2« T
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Boosted Decision Trees

* |DEA: recover events
that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

D

s/b s/bs/b s/b s/b s/b 0 1

i Top Precision Measurements - Christian Schwanenberger - Freiburg Graduiertenkolleg 151



Boosted Decision Trees

* IDEA: recover events
that fail criteria in
cut-based analyses

> result:
weight for every event

background signal

D

s/b s/bs/ s/b s/b s/b 0 1
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

D

s/b s/bs/b s/b s/b s/b 0 1
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Boosted Decision Trees

* |DEA: recover events

that fail criteria in
cut-based analyses

> result:

weight for every event
ckground signal
s/b s/bs/b s/b s/b s/b 0 1
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s-channel Production

Phys. Rev. Lett. 112, 231803 (2014)

e Tevatron: combine individual
discriminants including all
correlations

= [ s-channelsingle top quark, Tevatron Runll,L <9.7 fb"
2 q0¢ ¢ Data — Expected background
§ - [ SMsignal Background uncertainty
w e B B 6 PO [ IW/Z+X
10 o S - " Jt-channel
- Multijets
Z E Higgs
100
- 20
10;0”;“ Ll ¥f ¥w””m
-3 -2

Discriminar;t output [Iogw(s/b)]

. — observation: 6.3 s.d.
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s-channel Production

Phys. Rev. Lett. 112, 231803 (2014)

e Tevatron: combine individual o ATLAS: matrix element method
discriminants including all
correlations 2-jet 2-tag (~ 4.3% of s-channel)
o 1500 T T T T
5 - s-channel single top quark, Tevatron Run Il, L <9.7 fo™ g Ldt = 20.3 b ATLAS D:eliminaly
% 10 ¢ Data — Expected background - = g Tev = schannel
§ - [ SMsignal Background uncertainty “ Bl ¢channt
- - [ IW/Z+X 1000 t

o A D - . [t-channel
Multijets
= Higgs

10°

S T N T TR WO A A N NN NN |

TT IIIIH!

102

Tk IIIHII
n
o

0
7 g - N : .............. b b 'T 01 ;— ;
et w0 M B ooksppp -
& == 8 -0 | 1 | 1 +E
-3 -2 -1 0 0.0002 0.0018 0.058 0.102 0.187 1
Discriminant output [Iogm(s/b)] P(SIX)

. — observation: 6.3 s.d. — evidence: 3.2 s.d.
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