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for FCNCs: see talk by Boris Lemmer
for mass: see talk by Nathan Mirman
for single top + Higgs: see my poster :p

fiducial cross
sections

inclusive and
differential cross sections

—> Perfect place to probe SM parameters and modelling! 5
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Typical 2jlt selection (i.e. two jets, one of which isb HEROBLR0IEI 090
tagged)

e resion s 0m_a20 K099 SECTLON AT

GeV) and sideband (SB) outside this range

Background estimation: & IE\[
o (orrect tthar shape/normalization using 3j2t events
o Validate shape of Wjets in 2j0t

m Extrapolate shape from SB to SR

«10° CMS \s =8 TeV, L = 19.7 fb"!, muon, 3-jet 2-tag
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http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
http://link.springer.com/article/10.1007%2FJHEP06%282014%29090

«10° CMS, \s =8 TeV, L = 19.7 fb”, muon, 2-jet 1-tag
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«10° CMS, \s = 8 TeV, L = 19.7 fb”, electron, 2-jet 1-tag ',
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g ) ¢ Data
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e 3 electron B, w, s.channel post fit distributions
b o5 [ W/Z+jets, dibosons
[]QCD multijet

[7]Syst. uncertainty
% Fitto |77 | shape in SR, simultaneously
done in muon + electron channels
o Background normalization constrained
using data
5 o Signal left free to float



http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
http://link.springer.com/article/10.1007%2FJHEP06%282014%29090

JHEP 06 (2014) 090

T CROSSSECTION AT

b TEV: RESULTS
o, =83.6+2.3(stat.)+7.4(syst.) pb =

Theories say:

83.9 *03pb

NNLO QCD, arXiv:1404.7116, Bruchseifer, Caola, Melnikov
+3.8

84.7 32 pb

NLO QCD, Hathor 2.1, reference x-sec of the TopLHCWG

Main uncertainties: signal modelling & JES/JER/MET


http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
http://link.springer.com/article/10.1007%2FJHEP06%282014%29090

CMS, \s=8TeV,L=19.7fb"’
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JHEP 06 (2014) 090
CMS

1.95 + 0.10 (stat.) + 0.19 (syst.)
ABM11
CT10
PROBING PDIS
HERAPDF
MSTW2008

NNPDF 2.3

b B 52 . 0,=53.821.5(stat.) £ 4.4(syst.)
Rieh = Opgn /0,4, ()
Oy =27-621.3(stat.)+3.7(syst.)

% Separation by lepton charge allows
drawing conclusionsonc, /o,

® ThisratioRis dependent on PDFs Main unce»rt;ntles: PO

R=0,/0,, =1.95+0.10(stat.)+0.(9(syst.)



http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
http://link.springer.com/article/10.1007%2FJHEP06%282014%29090

JHEP 06 (2014) 090

o MEASURTNG V.,

Assuming BR(t— Wb)~land [V,.| > [V, LIV,,I.

£, V,1=0.979.£0.045(exp.) +0.016(th.)

Combination of data:

[f,,V,,|=0.998£0.038 (exp.) £0.016(th.)


http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
http://link.springer.com/article/10.1007%2FJHEP06%282014%29090
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c 7/ JES®MC stat. | . ° .
o)
g Typical 2jlt selection

XX

NN to separate between signal and background

I . - — o In, rec. top mass, mass of jet pair most important
T, % Background shape taken from M(, normalized to (N)

NLO calculations
o Data-driven QCD
% Validate shape of backgrounds in 2j0t and 2j2t
regions
o Nice agreement found 10



http://cds.cern.ch/record/1668960
http://cds.cern.ch/record/1668960

How: Define a fiducial volume with selections cuts on truth ATLAS-CONF-2014-007
objects in simulation close to cuts reconstructed ones

o (utson stable particles, clustered jets — again a

typical 2jlt selection, but on MC truth
o B hadron matching to identify b jets W H Y FID U (IA l.?

N

Main uncertainties: signal modelling, JES 7 calibration

Why:
o Reducing dependence of measurement on extrapolation
o Differences connected with event generation can be reduced to
differences within fiducial volume
o Laterre-interpretation w/ better MC generators possible


http://cds.cern.ch/record/1668960
http://cds.cern.ch/record/1668960

ATLAS result
[Jstat. @ sys. []stat.

Predicted fiducial cross-section:
aMC@NLO(2—3)+Herwig
Powheg(2—3)+Pythia6
Powheg(2—3)+Pythia8
Powheg(2—2)+Pythia6
AcerMC+Pythiaé n=172.5 GeV

AcerMC-+Pythiaé n=60 GeV
A
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ATLAS preliminary | Ldt=20.3fb" (s=8 TeV
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ATLAS Preliminary | Ldt=20310" 1s=8TeV

Data corrected with
acceptance correction from:

NLO+NNLL (MSTW2008)
aMC@NLO(2—3)+Herwig —
Powheg(2—3)+Pythia6 — e
Powheg(2—3)+Pythia8 —_—
Powheg(2—2)+Pythia6 e el
AcerMC+Pythiaé u=172.5 GeV i PN
AcerMC+Pythia6 n=60 GeV =~——e——-
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Uncert.’s Generator PDF Total
Fiducial 8% [% (4%
Inclusive (3% 4% (7%
+0.09
-0.10

0, =82.61.2(stat.)+1.k(syst.)+3.1(PDF)+2.3(lumi) pb

12



http://cds.cern.ch/record/1668960
http://cds.cern.ch/record/1668960
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| Single top-quark production

80

~ ATLAS + CMS Preliminary TOPLHCW

Jan 2015

— t-channel

Total inclusive cross-section [pb]

40

20

n .*i_ Wt prod. v

— s-channel
1 | 1 1 1 1

T T | T T T
ATLAS t-channel
PRDY0(2014) 112006, ATLAS-CONF-2014-007

B CMS t-channel
JHEP12(2012) 035, JHEPO6 (2014) 090

@® ATLAS Wt production

PLB716(2012) 142, ATLAS-CONF-2013-100
@® CMS Wt production

PRL110(2013) 022003, PRL112(2014) 231802
Y LHC combination, Wt production
\%
\4

ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 — |

ATLAS s-channel, 95%C.L.
ATLAS-CONF-2011-118, arXiv:1410.0647

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

=== NNLO arXiv:1404.7116
M= 173.2GeV, MSTW2008nnlo

scale uncertainty

=== NLO+NNLL PRD83(2011)091503,
PRD 82 (2010)054018, PRD 81(2010) 054028
m,= 1725 GeV, MSTW2008nnlo
Wt production: tt contribution removed
scale ® PDF @ a, uncertainty,

= NLO arXiv:1007.3492, 1406.4403
my,= 172.5GeV, b= g = my,,

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

Wt production: p® veto for tf removal= 60 GeV
and p =65 GeV

- scale uncertainty K

scale ® PDF @ a, uncertainty

All exp. results are w.r.t. m,_ = 172.5GeV o)

HCTOPWG
ARY PLOT

13



ATLAS+CMS Preliminary  TOPLHCWG May 2015
|V | = % from single top quark production

° e — — theoretical uncertainty
Gypeo: NLO+NNLL MSTW2008nnlo

PRD83 (2011) 091503, PRD82 (2010) 054018 — — — total uncertainty
Aoy, scale ® PDF
Myp = 172.5 GeV |V |+ (meas.) + (theo.)
t-channel:
ATLAS 7 TeV' —e— 1.02 £0.06 +0.02
PRD 90 (2014) 112006 (4.59 fb™")
ATLAS 8 TeV — e — 0.97 £ 0.09 £ 0.02
ATLAS-CONF-2014-007 (20.3fb™")
CMS 7 TeV —eo— 1.020 £ 0.046 £ 0.017
JHEP 12 (2012) 035 (1.17-1.56 fb™")
CMS 8 TeV —e— 0.979 £ 0.045 £ 0.016
JHEP 06 (2014) 090 (19.7 fb™")
CMS combined 7+8 TeV o 0.998 +0.038 +0.016
JHEP 06 (2014) 090
Wt production:
ATLAS 7 TeV : . . 1.03%015+0.03

PLB 716 (2012) 142-159 (2.05fb™")

+0.16 +0.03
CMS 7 TeV —o—— 101754 To0s

PRL 110 (2013) 022003 (4.9 fb™")

ATLAS 8 TeV o +—— 1.10+0.12 £ 0.03
ATLAS-CONF-2013-100 (20.3 fb™")
CMS 8 TeV' —_— e — 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 " including top-quark mass uncertainty
2 including beam energy uncertainty
| 1 | | 1 |
0.4 0.6 0.8 1 1.2 1.4 1.6
IVl
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CMS Preliminary 19.7 fb (8 TeV) CMS Preliminary 19.7 fb™ (8 TeV)
(MS-PAS-TOP-14-004 - TP i
@ 2 » Data E E . Data ]
Phys. Rev. D90, 112006 (2014) - - Mt-channel 7 R 6000 Ml t-channel 3
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NN-Discriminator top P, [GeV]

% Typical 2jlt selection

® Train neural network with
P 4
&

variables uncorrelated to top p,

z T T T T — e s B B B E e
%|oz ATLAS J Ldt=4591b" Vs=7 TeV] ‘—|% 107 arias | Ldt=4591b" \s=7 Tev
M M M M S 40000} 2472 [ ] o) h )
Cut on NN-Discriminator to obtain 2jet* SR 22 ] 2 e e e KR
. . ' E%wr, b 1 z[£ -7, i, i
a signal-enriched sample *° g = 55

I W*+bb,ctlight jets ] Phevadi
[ Z+jets, dibosgon 1818 1 E‘ r\zlltllﬁ}:t diboson
I Multijet ] 1

24/, Uncertainty band |

222 Uncertainty band

Perform background subtraction

0
g oz, - . B -8{. —t
Y . S Y- S i .
8 0 02 04 06 08 1 € 0 100 200 300 400 500
Onn pT(Ivb) [GeV]

15



http://cds.cern.ch/record/1956681?ln=en
http://cds.cern.ch/record/1956681?ln=en
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112006
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112006

(MS-PAS-TOP-14-004

. _1 r 1
Phys. Rev. D 90, 112006 (2014) '8_% 1L ATLAS JLdt ff)gtfb‘ 5<7 TeV. '8_% 1F ATLAS det jggtfb1 (527 TeV 3
ata ata 1
= ~+ stat @ sys unc. = 10k ~+ stat ® sys unc.
—

pT
do
dp

[KO SS S E(IIO N S -8 +Stalunc. +Statunc. -%
- 107'F —NLO (MSTW2008) —NLO (MSTW2008)

%/, PDF @ scale unc. 102k %PDF @ scaleunc. o

ABSOLUTE CROSS SECTION :

oo A :
2L | 3
D I F f E R [ N IIA [ I N P 10 IT.OPI I I I .‘. I I — I I;ll - I — IABIS(.)I-IUTEI[EKO.SS. SE(IT¥0.N. lI. - I — ?
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Y,
CMS Preliminary 19.7 b (8 TeV) P(t) [GeV] p.(@ [GeV]
!?-I— E'"|"‘|"‘|"'|."'|D'att'a|"'|'"|"'|"'|"'|"'E
S 050 —— POWHEG (5FS) + Pythia6 ]
X F e aMC@NLO (4FS) + Pythia8 1
S CompHEP + Pythia6
0.4F .
. : NORMALLZED CROSS SECTION 3 |
°3% ] % Unfolded data distributions comparedto ™ ptLAS

02 == - different M( predlctlons‘
: %  ATLAS: good agreement with absolute
MCFM prediction and t/tbar rates

o A 8 (MS: aMC@NLO 4FS + Pythia8 gives better
055 2'0'“4b'"e'o'"sb"1'6(')'iéé'iib'iéb'iééégép'égs]m description in tail of pT



http://cds.cern.ch/record/1956681?ln=en
http://cds.cern.ch/record/1956681?ln=en
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112006
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112006
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WB0SON RELLCITY

\ / obtained from 2+

to be extracted from the fit (Powheg simulation for
SM: F=0.3, F=0.], I-'R=0)

Can be used to set limits on anomalous vector &
tensor couplings in tWb vertex



CMS 19.7 fb™' (8 TeV)

0.351- CMS 19.7 fb™' (8 TeV)
' = S ndf. g2 EMWeets JHEP 01 (2015) 035
(\ ;3000:— Bt (tchan) [ Others H*/ets
L \ < - [Jt(other) []QCD
2000\
|« Data r o S e
0.25 g
L [ ] Stat. unc. 1500;
- — Syst. unc. C
| —— Total unc. 1000;
|+ SM pred. (PRD 81 (2010)) C
0'2‘“1H..|....|.,H1H 500[-
0.65 0.7 0.75 0.8 =
FO [ R 1 L

)1 -08-0.6-04-02 0 0.2 0.4 0.6 0.8
cos(6,")

1

F, = 0.298 £ 0.028 (stat) == 0.032 (syst),

Fy = 0.720 £ 0.039 (stat) £ 0.037 (syst),
Fr = —0.018 + 0.019 (stat) + 0.011 (syst),(_\
Main uncertainties: signal modelling
Typical 2jlt selection
Each process with t— Wb considered as signal, i.e. also ttbar
Fitto0;": F, f and Buiets treated as free parameters

normalization of all other processes (including signal) fixed
to values from t-channel xsec. measurement

xARXX



http://link.springer.com/article/10.1007%2FJHEP01%282015%29053
http://link.springer.com/article/10.1007%2FJHEP01%282015%29053

CMS

19.7 o™ (8 TeV)

-0.5" @ 68% CL

e Best fit
- l@9%5%cL SM pred
‘— L L L ‘ L Il L Il | 1 1 1
-0.4 -0.2 0.2 04

0
Re(g))

- SM pred. (PRD 81 (2010)) JHEP O (20|5) 035
— Stat. unc. e Combination
|| Syst. unc. _ single
Totalunc. =% H+jets top
— e+jets
\—fl CMS (JHEP 10 (2013))
b . ATLAS (JHEP 06 (2012) ® This first single top measurement can compete
e S with ttbar, despite smaller statistics
D0 (PRD 83 2011) ®  (ombination with ttbar possible because of
o — ; g orthogonal datasets
FR
1CMS 19.7 b (8 TeV)
[
05- VL V0 ® Interpreting results in terms of anomalous,
= | L TR real tensor couplings
S o R Bestfitvalues: g,=-0.017,9,=-0.008



http://link.springer.com/article/10.1007%2FJHEP01%282015%29053
http://link.springer.com/article/10.1007%2FJHEP01%282015%29053

107 POLARTZATION '
[N THE -CRANNEL

9*{ A- N(cos6*>0)-N(cos6*<0) I_p ‘a
N(cos6*>0)+N(cos6*>0) 2 t’z\

0*: £ (¢, light quark)
a,=| for SM (at L0)
Anom. couplings can change value



T CMS preliminary 1s = 8 TeV, L4 20 fo" _g,g'na. * Cha,me”

10° “ s-channel
3 Muon channel, 2J1T -tW
[ by ]
10° g — 1 o
3 I diboson E
QCD

[oistat +syst. ]

! T T ]
e data L “ :
800 [ mmsignal (tchanrigly~CMS preliminary Vs =8 TeV, L =20 fo!

s-channel
-tW Muon channel, 2J1T BDT > 0.06

(MS-PAS-TOP-13-001
ool mmbv signal e nched

(:é CMS preliminary \s = 8 TeV, L = 20 fb"
A =0.42 £ 0.07 (stat.) £ 0.15 (syst.) 1
200 « unfolded data N
| W generated (POWHEG)

v/ generated (CompHEP)  —oomeee
100 -

b v v 1 L
-1 -0.5 0 0.5 1
cos 6*

Compatible with SM (P,=1)!

A
af,Cy P,=0.82+0.12(stat.) +0.32(syst.)

Z " TOP POLARIZATION

200

Typical 2jlt selection
Background validation:
o datadriven QCD from MET and M
(inverting € isolation)
o Validate Wjets in 2j0t, correct
MadGraph with Sherpa

...............................

-08 -06 -04 02 0.2 0.4 0.6 0.8

unfolding %  Train BDT & fit discriminant to
determine signal & background yields
% CutonBDT toenrich signal process
% Unfold to correct for detector effects

Main uncertainty: JES \

=0.41£0.06(stat.)+0.16(syst.)

cWM>


https://cds.cern.ch/record/1601800
https://cds.cern.ch/record/1601800

CMS Experiment at LHC, CERN
i| Data recorded: Tue Jul 14 11:47:11 2015 CEST
O Run/Event: 251721 / 22303466

Lumi section: 21

| I3 TEVSINGLE TOP

EVENTS

b-tagged jet

ATLAS Run: 267073
Event: 279124678

EXPERIMENT 2015-06-05 02:24:03 CEST

How cool the t-channel looks at [3 TeV!




The t-channel has the largest cross section of single top
production at the LHC.

This makes it a unique place to , study
and look beyond for

ATLAS and (MS have so far found no deviations from
SM when analysing:

® : & cross sections
%  Properties of the and the

All the more, so far we have learned a lot about the

SM, its and (via the
TopLHCWG and taIks like this) the collaboration

between ATLAS and (MS ... we are looking forward to
|
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THANK YOU.



