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WHAT MAKES TOP QUARK INTERESTING?

/e Heaviest fundamental particle in thh

Standard Model

Larger mass =* Larger coupling to SM Higgs + m
fundamental parameter in SM

top 15 @

Allows for Self-Consistency Checks of SM Post

k Higgs Discovery /
/e Processes including top are \

backgrounds for new physics

€9 H — bb

H-> WW
+ Exotics and SUSY

K Good Understanding => Improvements in Searches /

\_

/e Short Lifetime(~102° s)

~

Decays before hadronization — Unique among the

quarks!
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Access to Polarization and Spih Correlations

/o Hints of new BSM/physics?
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Exotic Particles Could Decay Preferentially to Top
Quarks
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WHAT CAN WE MEASURE?
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TOP QUARK PRODUCTION

single top™* : production via EW interaction

top pair production
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TOP QUARK PRODUCTION

single top™* : production via EW interaction top pair production

4 N ™

s-Channel t-Channel Wit-Channel 9 2 : t 9 vwovo ¢

g i oo

}—{ At LHC gg fusion « t
t ¢ dominant >QQQQO-<
t

J /

Backgrounds ‘L

Single top channel with highest statistics: ZHjets \
Used in top quark properties measurements

\_ /
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TOP QUARK BACKGROUNDS

single top : production via EW interaction top pair production
s N
LHC gg fusic
ominant
N )\ - Y
Backgrounds
/ Wjets QCD multijet top pair production Ztjets

For single top processes
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BASICSELECTION (LEPTONIC DECAY)

Example:
* t-channel single top
W decaying leptonically

b-tagged jet

\V/

-

Neutrino:
Missing transverse energy

Slngle isolated lepton

q

Specific techniques to further
suppress background:

 Boosted Decision Trees
* Neuronal Networks
* Cut based techniques

Spectator quark

\\ non b-tagged jet
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TOP QUARK POLARIZATION

V-A nature of the SM predicts large top polarization, P, along the direction
of momentum of the spectator quark in the top rest-frame.

Direction of a top decay product with respect to this direction follows

1 do 1 «
;dcosﬁ} B (5 T Ax COSOX)

1
Where Ax = §Pt Qx

For t—= Wb, W=1v, a=1

: W

Top quark spin tends to be aligned with the
direction of the spectator quark momentum

By measuring the cos 8*, distribution, one can
potentially determine the top polarization.

It can be extracted through fits to the
distributions or through asymmetries.

_N() - N()
N+ N()

1
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TOP QUARK POLARIZATION

2012 data: Vs =8 TeV, L =19.7 fb!

Check poster by Andres Tiko

* The top quark spin asymmetry is measured in t-channel single top production.
* Two consecutive BDT are used to reject background events and to enrich the sample.

2jets 1tag, 19.7 fo™! (8 TeV)
L B L L R B B

3jets 2tags, 19.7 o' (8 TeV)
o e s P e

§16000;—'CMS" 1 « Data s\% 3000F- CMS _ . Data Only muon decay
£ 12000 1Ml t-channsl 2 2500 5 Il t-channel Multijet events are
2 10000 1Ml sch/W & 2000 | Il s-ch. W )
Ef D500 EINLE suppressed with the
3 [l W/Z/diboson 3 I W/Z/diboson .
{ [ Multjet 1223 3 I Muttiet first BDT.
(EJ _ Y Total syst. LED . g- ' ﬁ_ A Total syst. Second BDT fU rther
I 1 : 5 1ZOWJ§ suppress W+jets and
@ B8E @© 0.8k =
) B Ll PP R R [m) T B P
0'531 0 -0.5 0.0 0.5 1.0 0'-61 0 -0.5 0.0 0.5 1.0 ttbar events'
BDTmulti'e‘[ BDTmulti'et
c _____ 2jets1tag, 19.7 b (.8'Il'ef\/_) E— 3jets 2tags, 19.7 fb" (gT%v) None of the BDT
S 500F cms S« Data S lso0f CMS 3 + Data uses the cos 6%
@ S t-channel @ £ = [ t-channel . .
g o moaw B 1o moamw A3 jet 2btags region
W 4000 3t T = I ..
3000 = [ W/Z/diboson 3 3 Il W/Z/diboson 1S mcIuc%ed to
2000 | B Multiet - 3 [ Multiet constrain the ttbar
o i Totalsyst. Q " ) Total syst contribution.
E 3 :
3 o8 ] 8 :
0.6- PR R S S NN SO T SR T NN SR T SR S N ST S S s =
-1.0 -0.5 0.0 O.SBDTW/L_.O 1.0 JHEP 04 (2016) 073
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TOP QUARK POLARIZATION

2012 data: Vs =8 TeV, L =19.7 fb!

2jets 1tag, 19.7 fb™' (8 TeV)

c T T E =
5 8000 3 « Data e
~ 7000 = ~
2 6000 2 [ t-channel @
c = C
@ 5000 3 M s-ch./tW o
W 4000 3 [t w
3000 3 [l W/Z/diboson
2000 1 [ Multijet
1000 ;
0F =
g 12k EDTotaI syst. L})
8 1.0 ®
(DU 0.85 ey, ey, g g
0'§1 .0 -0.5 0.0 0.5 1.0
BDT,, ;> 0.45 DD 1w
Data is unfolded at parton level to correct °§
for efficiency and resolution. 2
©
. . . . -O
Largest systematics associated with W+jets. X
. ~
A smaller slope than expected is observed -
(SM predicts A = 0.44)

A =0.26 + 0.03 (stat) + 0.10 (syst)
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The BDT is not biasing the

cos 6%,
2jets 1tag, 19.7 fb™ (8 TeV)

distribution

1
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Il s-ch./twW
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Unfolding

12

T

LA L [T [TTTT T
— POWHEG (5FS) + Pythia 6
------ aMC@NLO (4FS) + Pythia 8

T

I 3

—— CompHEP + Pythia6
¢ Unfolded data

T stat. | Total #

— fe—
et

| | | | | | |

-1

Compatible with a p-value of 4.6% (equiv. to 2 sigma)

-0.8 -06 -04 -02 0 0.2 0.

06 0
Unfolded ¢

8 1
*
0s6};

JHEP 04 (2016) 073
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ANOMALOUS COUPLINGS

The most general form of the Wtb vertex is
> v
L = —Lby* (VLPL + VePr) W, — 25T 1
V2 V2 my
Anomalous couplings inthe SM: V, =V, ; Vg=g =8;=0
Deviations would provide hints of BSM physics.
Complex values could imply top quark decay has a CP-violating component.

4 —_
(gLPL + grPRr) tW# + h.c..

By utilizing the polarization of the top in t-channel
production and measuring multi-differential decay

rates, complex couplings can be search.

The increased statistics for single-top at LHC allows
measurement of double differential decay rates of

the top quark.
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W BOSON HELICITY

2012 data: Vs =8 TeV, L=19.7 fb!

The probability distribution function of cos 8,* can be expressed as:

. 1 dr 3 . 3 . 9, 3 .
p(cosb;) = T dcosd = §(1 —cos0;)? R+ Zsmzﬂe Fy+ §(1 +cos b))’ R
Where F; | denote the W boson right- and left-handed helicity fractions, and F, the

longitudinal one.

: W
F,, Fr and F, can be extracted through a fit to this distribution 7
Spectator
CMS 19.7 fb" (8 TeV) CMS 19.7 fb’' (8 TeV) K
- Data ] W+jets , o « Data ] Wi+jets _ - \q uar
53000 Wt (r-chan) [MOthers H+/EIS | =50, Et(t-chan) [MlOthers ©+ets Ps
c - [ It(othery []QCD T - [Jt(other) [1QCD
92500:_ I it Stat. unc. |_%)2000; ki Stat. unc.
20001 i
- 1500[
1500. - =

1000

500F

______ ro i T I . o ST AP AR R g
0—1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 -1 -0.8-0.6-04-02 0 0.2 04 0.6 0.8 1

cos(8,") cos(6,") JHEP 01 (2015) 053
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W BOSON HELICITY

2012 data: Vs =8 TeV, L =19.7 fb! Assumptions: V;=0,V, =1

o . . - CMS 19.7 o' (8 TeV)
» Afitis performed to signal plus background with S [ .paa  [IWsets
. 53000 EMt(t-chan.) [l Others u+jets
MC-reweighted samples. £ | [Jt(other []QCD
52500:— it Y Stat. unc.

* F_and F,are used as free parameters, together so00k

with the W+jets normalization. -
* Fgis extracted from the condition F + F + F; =1 1000F
* Limits in Re(gg) and Re(g,) from the helicity fraction 500"

value.s. _ 01708-06-04-02 0 0.2 0.4 0608 1
* Dominant sources of uncertainty: ous s cos(8;’) R
. . . 19.7 fb™ (8 TeV 19.7fb" (8 Te
data statistics and MC modeling. 0351 S
; T ; | S——
L \
F, =0.298 + 0.028 (stat) + 0.032 (syst) ol 0 051
F, = 0.720 * 0.039 (stat) £ 0.037 (syst) | ~ |
Fr=-0.018 £ 0.019 (stat) + 0.011 (syst) |~ = g o
p(FL’ FO) =-0.80 0'25;:Stat. unc. I
I ii’;’:\l o 0.5 @ 68% CL « Best fit
0_2; + S|M pred. (Tﬂom (2010))‘ | i .@9|5% CL . S:VI pred. |
065 07 075 08 04 02 _0 _ 02 04
F, Re(g,)

JHEP 01 (2015) 053
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Events /0.1

Data/Pred.

ANOMALOUS Wtb COUPLINGS

ATLAS| 2011 data: Vs =7 TeV, L = 4.59 fb?

t-channel cross section can be written as a ﬁnite series of Spherical Harmonics:

p6',6%d,P) = Z Z aim(@ P)Y]'(6",¢")
1=0 m=-1 A
Angles are defined by lepton direction in the W helicity frame: ;W
» BO* defined relative to W direction in top rest frame
e Same as used to measure W helicity fractions
* ¢* defined relative to plane containing W and spectator quark.

Spectator
Ps quark

Perform a normalized double differential angular
measurement in 9* and $*in smgle top events

L L e B o T T T S ESLAL I i o o S | ERE

705_ ATLAS . E:;aan | S 400 arLas . Ect:annel J
E \s=7 TeV 4.6 fb"l B 1, Wt, s-channel ’2 : \s=7 TeV 4.6 f.br‘ I tt, Wt, s-channel ]
[ Electron signal region Wijets 4 [ Muon signal region Wijets |
60— Z+jets, Dib w  gol— Z+jets, Diboson —
E I Multijet N Multijet q
50:_ Wi, MC stat. + multijet unc. r W, MC stat. + multijet unc.
E 60— . —
40 C - it M
E 1 /////////////// ////,{/// y C w & //// i e
30 o iy / / / 40— wu |, 77 W —
20 7////( [ » . o Y/
g //‘7// 20 “ i ’ )
Yy
0
5 E T T T T T T T T T E
o 1.5 3
[on} 1* . . .
g o5t " Signal region enriched through
a S I I B B B B S T =
-1 08 -06 -04 -02 0 02 04 06 08 1 0 0.12 0!4 0.16 0.18 % 1.]2 1.]4 1!6 1!8 2 Cuts
cos(6* */ .
@ o JHEP 04 (2016) 023
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O = phase betw

ANOMALOUS Wtb COUPLINGS
2011 data: Vs =7 TeV, L = 4.59 fb'1

Assumptions: V=g, =0

= fraction of W’s with transverse polarization. ( f; = F+F)

een amplitudes for long. and trans. W, produced with

left-handed b’s

A RN BN B R
i -08 -06 -04 -02 0

T I AR A
02 04 06 08 {1
cos(6*)

PN IR I IS EATANN IV ANINN IININEN AN AP I
0 02 04 06 08 1 12 14 16 18 2
*/m

V) - T T T T T T T T T T T T T T T L DL L R B ]

o 80 arLas + Data

w L \s=7Tev,46f" —§=9-3,2-0.0 (SM)

£ =03 S0

s oo cos(6*)e[-1.0,-0.5] -fr0.1,8.500 ]
a0f
F- cos(6%)e[0.5,1.0] } ]
0 N IO.ISI I1HH1!5HH O.I5IH|1 1!5HH O|5;1|5
o*/m o*/n o*/n o*/m

=)o < A A

2] - —f=0.3,8.=0.0 (SM) \s=7TeV,46f" - £ 140 —1=0.3,3 =0.0 (SM) \s=7TeV,46f" —

B Y e J E Rt i e 7 ] . .

. I N Systematics are dominated
by MC event generators
and JES.

: : Statistics are also
of o

dominating the total error.

f, =0.37 £ 0.05 (stat) + 0.05 (syst)

6.=-0.014m £ 0.023m (stat) £ 0.028m (syst)

JHEP 04 (2016) 023
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ANOMALOUS Wtb COUPLINGS

ATLAS| 2011 data: Vs =7 TeV, L = 4.59 fb-? Assumptions: V. = g, = 0
Since only shapes are measured, it is only sensitive to coupling ratios.
Re[i—R] = —0.13 £0.07 (stat.) £ 0.10 (syst.) Im[ ] 0.03 +0.06 (stat.) + 0.07 (syst.)
L
i — e —
0.6F- ATLAS + BestFit 1 =, 0-4— ATLAS + BestFit ]
T fs=7TeV, 461" « SM ] = {s=7TeV,4.6fb" « SM
05k JeswcL | < o.2l [J68% CL
~t [195%CL - i [195%CL |
0.4f- E of- o b
; * 1 : + _
0.3 B - 0.2 .
0.2:_ j -0.4:— —:
0_1: NPT B ST S B S ] -O.G:r“.‘l““l.L.Alu.ll,“‘l AAAAAAAAAAAA |
015 -01 005 0 005 01 0.5 04 03 02 07 0 01 02 03 04
o Im[g NL]

Re[g./V ]€[0.36,0.12] | Im[g,/V,]E[-0.17,0.23] || p(Re[gz/V ], Im[g:/V,]) = 0.11

A three angle analysis is needed to fully describe the top production (polarization) and decay.
This analysis is close to be published. Stay tuned! JHEP 04 (2016) 023
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Top and W polarization observables can be extracted from asymmetries in varlous
angular distributions of the decay products. New angles and asymmetries. :

2012 data: Vs =8 TeV, L = 20.2 fb'1

ANOMALOUS Wtb COUPLINGS INIEEWWA

Asymmetry  Angular observable

Polarisation observable

SM prediction

A%B cos by
ALY cos Oy cos 0}
App cos 0
Apc cos 0
AT, cos 0T
A{;VB cos Hév
Aggﬁ cos 0 cos ¢k
AJF\[]’f5 cos 0 cos ¢y

TP 0.45
SP(Fr + Fy) 0.10
3(S3) =3 (Fr — F1) —0.23
53Ty =2 (1-3F) —0.20
3(51) 0.34

—2(S2) 0
—2(Ay) —0.14

2(Az) 0

-
<

T (2)
Asymmetries:
N(cosé > ()

— N(cost <)
N(cos8 > 0)+ N(cos# <0)’

A =

W boson rest frame:
dr 3 {2 1

1
I d(cos6)dg; 8

3 Ve

<Tp> (1 - 3 cos’ 9() + < 81> cos6;

+ <8)>cos¢;sinfl; + <85> sing; sinf;

- <A;>cosd;sin26; — <Ay> sing; sin26;} .

N(|cos6| > 1) — N(|cos6| < 1)
"~ N(lcos8] > 1) + N(lcos ] < 1)

Top quark rest frame:

1 dr 1
——— = — (1 +axPcosh
I' d(cosfy) 2( =K x)

ATLAS-CONF-2016-097
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ANOMALOUS Wtb COUPLINGS INEEWYA

ATLAS| 2012 data: Vs =8 TeV, L = 20.2 b

In order to enrich the signal region, four selection cuts are use to discriminate signal
from backgrounds (S/B=1.2): Same cuts than in previous analysis.

(qV] T T T T T T T T o T T T T T
S ATLAS Preliminary \s=8TeV,20.2fb" S ATLAS Preliminary \s=8TeV,20.21b"
0 ® Data 2012 i) ® Data 2012
S Hu S [
> B wi.ib > 20000 B wi.ib N
w B 7 L B 7
[ W+ets [ W+ets
[ WV Z+jets [ WV Z+jets
B Multijet I Multijet

7 Stat.+Multijet unc. % Stat.+Multijet unc.

5000

apg 1.2 ' " ' ) ' og 12F ' ' '
o [ > MWW/M/%’A?/% FE VWW/’%%
0.8 0.8f
0 05 1 15 2 25 3 385 4 45 0 1 2 3 4 5 6
uli)l An(j,b)
> 20000F T T T T T T T > 20000F T N T T T
R ATLAS Preliminary \s =8 TeV, 20.2 fb’ 8 ATLAS Preliminary \s=8TeV, 20.2 b
o ® Data 2012 0 ® Data 2012
Ay L O - g
+, 15000 B w5 % 15000F B w5 b
2 = = i
Q [ Wets o [ Weiets
YV, Zijet YV, Zijet
10000 E Multij;{e * ] % 10000 E Mullij;:e ) 1
% Stat.+Multijet unc. 24 Stat.+Multijet unc.
5000 5000
0 0
ol 1.2 as 1.2F / T T T . r
8 0.81 e VI Peseeteve M > Elg 04; é%” et e L S Pl T
50 100 150 200 250 300 350 400 450 100 200 300 400 500 600
H miss
m(lvb) [GeV] H(1,ET™) [GeV]

ATLAS-CONF-2016-097

JAVIER JIMENEZ PENA 20



ANOMALOUS Wtb COUPLINGS INEEWYA

ATLAS| 2012 data: Vs =8 TeV, L = 20.2 b

 Measured angular distributions are unfolded at parton level after subtracting the
background contributions (iterative Bayesian unfolding for AN and SM bayesian
unfolding for the other observables).

* Angular asymmetries extracted from the unfolded distributions.

o LA L L L B BN L L BRLL I B B I o L L B L B L B LA B B B
— ® Data2012 ATLAS Preliminary — 150001 e Data2012 ATLAS Preliminary |
z g | R I =l | G
£ 10000 B w: \s=8TeV,20.2fb" | %) - I weh \s=8TeV, 20.2 fb -
GC) L Signal region GCJ r 7 Signal region
> [ W+jets > 0 W+jets 1
W " O W.Zsets 1 W 10000} @3 vv.zsets .
L [ Multijet ] L [ Multijet .
| % Stat.+Multijet unc. ] b % Stat.+Multijet unc.
5000 I
5000
0
glo 1 05 dlo 1 05
g|& %W//// /%/ ///W//// WWW/%/% g)& 008 %7// WWWM
-1 -0.8 -0.6 04 02 0 02 04 06 08 1 -1 -0.8 06 04 02 0 02 04 06 08 1
cose}' cos6

* Dominant sources of uncertainty: data statistics, t-channel and ttbar modeling and jet
energy scale.
ATLAS-CONF-2016-097
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ANOMALOUS Wtb COUPLINGS INIEEWWA

2012 data: Vs =8 TeV, L = 20.2 fb'1

* Results in agreement with the Standard Model predictions. No tension seen in A'
* Limits on Im g; extracted by combining two particular asymmetries: A;N is only sensitive
to Im g and A;;' to constrain the top polarization entering in the measurement of A_;N.

\‘I\Ill\l T T T T T Illl\ll\l\lll\l\\llllI\II\I\
ATLAS Preliminary ATLAS Preliminary

\s =8 TeV, 20.2 fb™ \s=8TeV,20.2fb"

e A IFB
A Ay @ <S>
— @0 Arg ——e—4¢ <T>
o+ Agc e <S>
H@H) A ',}‘B —o+— <S>
—ho— Al e <A,>

o 4 SM prediction AE’B‘D ¢ SM prediction re <A

— Stat. uncertainty o
— Total uncertainty Ars

— Stat. uncertainty
— Total uncertainty

0.2 0.4 0.6
Angular asymmetry

1 111 L1 11 11 111 ‘ | - | 111 Il
-06 -04 -02 0 02 04 06 08
W boson spin observable

Im g, € [-0.17,0.06]

Assumptions:
V,=1;V.=g,=0;Re[g]=0

ATLAS-CONF-2016-097
JAVIER JIMENEZ PENA 22

o,P=0.96 + 0.05 (stat) + 0.10 (syst)
P(F;+F,) = 0.26 + 0.08 (stat) + 0.14 (syst)




ANOMALOUS Wtb COUPLINGS INI2AVA
2011 data: Vs=7TeV, L=5.0fb1; 2012 data: Vs =8 TeV, L = 19.7 fb!

Focused on a singly produced top quark with leptonic decay of the W boson:
* Request exactly one isolated muon (rejection is applied on extra leptons
passing quality criteria).
* Either 2 or 3 jets with at least one tagged as b-jet.
A neural network is also used to diminish QCD background contamination.
After preselection, 3 neural networks are defined for anomalous Wtb couplings.

Also sets stringent limits on anomalous tug and tcg couplings. (see J.P. Araque
Espinosa talk)

_o*o W,
€ b “ (fEPL+ fRPR) t+ e,
V2 My

_ & pan(fL R - L
&= 5y (fVPL + fVPR) tW,,

TOP-14-007
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ANOMALOUS Wtb COUPLINGS INEEWYA

— 2011 data: Vs=7TeV, L=5.0fb1; 2012 data: Vs =8 TeV, L = 19.7 fb!

* Multijet events are rejected with a dedicated Bayesian Neural Network (BNN).

* Other backgrounds are normalized to their theoretical predictions.

10° 19.7 b (8 TeV)

%10° 19.7 fb' (8 TeV)
* Only muonsused g fous " Data > I Data
%' B t channel (6] B t channel
£ 201 [Jschannel % [Jschannel
g Otw - COtwW
m mt 3 ot
10 [ W+light w By | [ W+light
B W+c B W+c
£ mmw+QQ = mmw+QQ
8 [IW+QX (UE) B | I W+QX (UE)
o 9 = B Dibosons ) - I Dibosons
0. femmi . - . [ | S T Ty e e 4 .
QUG P et | BROT sttt o Vet
3 00 05 1.0 S 0 20 60 80 100
Multijet BNN m(W) (GeV)
19.7 fb”' (8 TeV) o 10° 19.7 o' (8 TeV) - N «10° 19.7 tb” (8 TeV) _—
) 1 ala V7 ' a
i ?g,tfanne. % CMS @ f channel § / CMS @ ¢t channel
[ s channel £ [ s channel £ [Js channel
Ctw g Ctw o ; tw
Ot it @t v ot
3 W-+ight : [ W-+light 0 W+light
B W+c B W+c EmW+c
. | W+QQ - wW+QQ B wW+QQ
Smal| (| T W+QX (UE) [ W+QX (UE) I W+QX (UE)
@l Dibosons 4 Bl Dibosons | Il Dibosons
{ W Drell-Yan o]/ W Orell-van | = g @ Orell-Yan
P , £ Multijet " A Omuttiet | & s " £ Muttijet
0.4 0.6 0.8 1.0 .2 . X . 1.0 a 0.0 0.6 0.8 1.0
SMBNN in 2 jets, 1 tag SM BNN in tt CR (4 jets, 2 tags) SM BNN in W+jets CR (no b-tagged jets)
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ANOMALOUS Wtb COUPLINGS INIEEWWA

V2 2011 data: Vs=7TeV, L=5.0fb1; 2012 data: Vs =8 TeV, L = 19.7 fb!

Two and three of four anomalous couplings are considered simultaneously in
two- and three- dimensional scenarios.

Dedicated anomalous Wtb BNNs are used in each scenario.

Limits are extracted from a simultaneous fit to the SM
BNN and anomalous Wtb BNNs outputs. Only real part.

N 10° 500" (7 TeV) . o el 0? 19.7 fb” (8 TeV) 5
t Data 6 ¢ Data
S [cms 2 LR E LR
8 1.5 » B ¢ channel £ B { channe
@ I % (] s channel @ [1s channt
w 1.0 . Ctw w Ctw
I mt ot
0.5 [0 W-+iight R W+ligh
B W+c _ EW+c
B W+QQ B W+QQ
9 %2 A manm (3 W+QX (UE) HE@wsax
=[5 0.0 — 4/l Dibosons = B Diboso
‘g 2_0.2 ........ LI, e e 9 - Drell-Yan | 8|S-0-g- st - T -Dfe"’Y‘
a 0.0 0.2 04 0.6 0.8 1.0{ ] Multijet 0.8 1.0{) Muttijet
ff7 Wtb BNN fL.f7 Wtb BNN

f,t>0.98, |f,R| <0.16, |f;'| <0.57
-0.049 < |f,R| < 0.048

- |

>

5.0 fo (7 TeVv) + 19.7 o™ (8 TeV)
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TOP QUARK MASS

Most measurements of the top quark mass are obtained from samples of ttbar events.
However, measuring the top-quark mass in single top quark events implies:

An enrichment of the available measurements.

Less ambiguities in the jet-parton assignment, as there is only one b-jet in the final
state, and thereby, less combinatorial background.

Different production mechanism, featuring a very different color flow. Useful to
check that there are no large systematic biases in ttbar measurements due to the
modelling of non-perturvative QCD effects.

The typical energy scale Q? of single-top production is much smaller than the ttbar
one.

Mass is obtained from an statistically independent sample.
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TOP QUARK MASS

ATLAS| 2012 data: Vs =8 TeV, L = 20.3 fb!

* Top quark mass is measured in topologies enhanced with single-top quarks
produced in the t-channel.

* The top quark processes are further enhanced using a neural network-based

discriminant.
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mieb) 18 | cos &£, j) in the top quark rest frame T i ﬁ]’lﬁ; diboson
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TOP QUARK MASS

ATLAS| 2012 data: Vs =8 TeV, L = 20.3 fb!

 Template method used for mass extraction: Based on the distribution of the
invariant mass of the lepton and the b-tagged jet as estimator.

* Using pseudo-experiments, a good linearity is found between the input top quark
mass and the mean value derived from the distributions of the reconstructed top
guark masses.
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TOP QUARK MASS

2012 data: Vs =8 TeV, L =19.7 fb!

Cut-based analysis to enrich the signal region:

* The accompanied light jet appears in forward region: cut at |n;|> 2.5.

* Insingle-top production more tops than anti-top are created. Only retain positively
charged muons for the mass measurement.
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After the cuts, about 75% of the top quark sample are from single-top quark events.

CMS-PAS-TOP-15-001
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TOP QUARK MASS

2012 data: Vs =8 TeV, L =19.7 fb!

The reconstructed top invariant mass distribution is fitted to extract the top mass.

Fitting function: composed of multiple fitting functions

for single-top, ttbar and background processes.

Calibration curve obtained from a set of simulated
samples with different top masses .

The correction to be applied to the fitted value is
extracted, resulting in a linear function.
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SUMMARY

The ATLAS and CMS experiments have deeply studied the top quark
properties in single-top production:

Unique features of the electroweak top quark production are exploited in
order to set limits to the Wtb anomalous couplings

The Top-quark polarization has been measured by both experiments.
CMS measurement of A, shows a slight tension with SM prediction.
ATLAS measurement is compatible with the SM value.

Tighter limits has been set to the imaginary part of g,

The mass of the top-quark has been measured both in ATLAS and CMS
using single-top events, achieving a comparable precision with
measurements obtained in ttbar

There are still some analysis at 8 TeV to be published.

The large data sample at 13 TeV may reveal something new!
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54,(1)/10°2

8ALT)/1072 A (L +1)/102

Statistical 3.2 4.6 2.6

ML fit uncertainty 0.7 1.2 0.6

Diboson bkg. fraction <0.1 <0.1 <0.1

Z [y*+jets bkg. fraction <0.1 <0.1 <0.1
s-channel bkg. fraction 0.3 0.2 0.2

tW bkg. fraction 0.1 0.7 0.2

Multijet events shape 0.5 0.7 0.5
Multijet events yield 1.9 1.2 1.7

b tagging 0.7 1.2 0.9

Mistagging <0.1 0.1 <0.1

Jet energy resolution 2.7 1.8 2.0

Jet energy scale 1.3 2.6 1.1

Unclustered By 1.1 3.3 1.3

Pileup 0.3 0.2 0.2

Lepton identification <0.1 <0.1 <0.1

Lepton isolation <0.1 <0.1 <0.1

Muon trigger efficiency <0.1 <0.1 <0.1

Top quark py reweighting 0.3 0.3 0.3
W-jets W boson pr reweighting 0.1 0.1 0.1
Wjets heavy-flavour fraction 4.7 6.2 5.3
W-jets light-flavour fraction <0.1 <0.1 0.1
W+jets cos 6 reweighting 2.9 3.4 3.1
Unfolding bias 2.5 4.2 3.1

Generator model 1.6 3.5 0.3

Top quark mass 1.9 2.9 1.8

PDF 0.9 1.6 1.2

t-channel renorm. /fact. scales 0.2 0.2 0.2
tt renorm. /fact. scales 2.2 3.4 2.7

tt ME/PS matching 2.2 0.5 1.6

W-jets renorm. /fact. scales 3.7 4.6 4.0
Wjets ME/PS matching 3.8 3.0 3.4
Limited MC events 2.1 3.2 1.8

Total uncertainty 10.5 13.8 10.5

SYSTEMATICS BREAKDOWN

CMS TOP POLARIZATION
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SYSTEMATICS BREAKDOWN

CMS W BOSON HELICITY

Muon channel Electron channel Combination

AF, AF AF, AR AF, AR
Experimental | 0.010 0.009 | 0.008 0.005 0.010 0.010
Modeling 0.025 0.017 | 0.025 0.022 0.025 0.020
Normalization | 0.002 0.008 | 0.012 0.014 0.011 0.012
SM W helicities | 0.007 0.004 | 0.005 0.003 0.007 0.004
MC sample size | 0.026 0.012 | 0.025 0.015 0.020 0.012
tWbinprod. | 0.014 0.016 | 0.010 0.018 0.011 0.014
Total 0.041 0.030 | 0.040 0.036 0.037 0.032
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SYSTEMATICS BREAKDOWN

Source o(f1) | o6-)/n | p(f1,6-)
Data statistics 0.05 0.023 0.01
Jets 0.03 0.015 0.39
b-tagging < 0.01 | <0.001 -0.70
Leptons 0.02 0.007 0.39
E;'}iss 0.01 0.004 -0.27
Generator 0.02 0.017 0.40
Parton shower 0.02 0.001 0.98
PDF variations 0.01 0.009 0.23
Cross-sections <0.01 | <0.001 1.00
W+jets shape < 0.01 0.001 -0.59
Multijet normalisation | < 0.01 0.002 -1.00
Luminosity <0.01 | <0.001 -1.00
Model Imax variation 0.01 0.001 -0.70
MC statistics 0.02 0.011 0.14
Combined systematic 0.05 0.028 0.27
Total 0.07 0.036 0.15

ATLAS Wtb ANOMALOUS
COUPLINGS AT 7TEV

JAVIER JIMENEZ PENA
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SYSTEMATICS BREAKDOWN

Uncertainty source AAN, 102 AAT %102 AAN? %102 AALY +102

Statistical uncertainty 2.2 +3.2 +3.0 +4.7 ATLAS PROBING
Simulation statistics +1.3 +2.0 +1.8 +2.9 THE Wtb VERTEX
Luminosity <0.1 <0.1 <0.1 <0.1 STRUCTURE AT
Background normalisation +0.4 +1.1 +0.6 +0.9 STEV

EX'ss reconstruction iy +0.9 e 'y

Lepton reconstruction g - by o

Jet reconstruction +0.3 2 +1.3 +1.8

Jet energy scale +0.5 +5.1 +0.8 +5.5

Jet flavour tagging +0.2 +0.6 +0.2 +0.7

PDF +0.1 <0.1 +0.1 +0.4

tf generator +0.6 +4.1 +0.1 +1.2

tt parton shower +0.9 +1.7 +0.4 +1.5

tt scales +0.3 +0.7 +0.3 +1.2

Wt,s-channel generator +0.3 +0.6 +0.4 +1.3

Wt,s-channel scales +0.6 +0.5 +0.4 +0.9

t-channel NLO generator +0.4 +3.8 +2.6 +5.4

t-channel LO-NLO generator +0.4 +2.0 +1.6 +3.2

t-channel parton shower +0.2 +0.9 +1.4 +1.2

t-channel scales +0.9 +1.9 +1.4 +2.3

W +jets, multijet modelling +0.7 +1.3 +0.6 +2.6

Systematic uncertainty Y iy +4.6 Ty
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SYSTEMATICS BREAKDOWN

Uncertainty source AAL, * 10 AALY 10 AAgs * 10> AAgc = 107

Statistical uncertainty +2.6 +3.1 +2.3 +2.8 ATLAS PROBING
Simulation statistics +1.8 +1.9 +1.4 +1.7 THE Wtb VERTEX
Luminosity <0.1 <0.1 <0.1 <0.1 STRUCTURE AT
Background normalisation +0.5 +0.5 +0.9 +0.6 8TEV

ETS reconstruction 1 +0.8 +0.9 +0.6

Lepton reconstruction e by s iy

Jet reconstruction +0.9 +1.6 +1.2 +1.9

Jet energy scale +1.8 +2.1 +3.4 +1.4

Jet flavour tagging +0.9 +0.4 +0.6 +0.4

PDF +0.1 <0.1 <0.1 +0.1

tf generator +2.5 +1.4 +0.3 +1.1

tf parton shower +0.1 +1.0 +2.5 +0.3

tf scales +0.4 +0.3 +1.2 +0.2

Wt,s-channel generator +0.8 +0.9 +0.4 +0.3

Wt,s-channel scales +0.9 +0.3 +0.3 +0.3

t-channel NLO generator +1.5 +1.1 +0.7 +2.7

t-channel LO-NLO generator +1.3 +2.0 +2.8 +1.8

t-channel parton shower +0.4 +0.5 +1.2 +0.4

t-channel scales +1.0 +2.1 +0.5 +1.7

W +jets, multijet modelling +1.9 +0.9 +2.2 +1.4

Systematic uncertainty ) 3l 84 +5.1
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SYSTEMATICS BREAKDOWN

Value [GeV]
Measured value 172.2
Statistical uncertainty 0.7
Jet energy scale 1.5
Jet energy resolution <0.1
Jet vertex fraction <0.1
Flavour tagging efficiency 0.3
Electron uncertainties 0.3
Muon uncertainties 0.1
Missing transverse momentum 0.2
W+jets normalisation 0.4
W+jets shape 0.3
Z+jets/diboson normalisation 0.2
Multijet normalisation 0.2
Multijet shape 0.3
Top normalisation 0.2
t-channel generator <0.1
t-channel hadronisation 0.7
t-channel colour reconnection 0.3
t-channel underlying event <0.1
tf,Wt, and s-channel generator 0.2
tf hadronisation <0.1
tf colour reconnection 0.2
tf underlying event 0.1
1t ISR/FSR 0.2
Proton PDF <0.1
Simulation sample statistics 0.3
Total systematic uncertainty 20
Total uncertainty 2.1
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SYSTEMATICS BREAKDOWN

Source Subcategory Uncertainty
In-situ correlation group T CMS TOP MASS
Flavour correlation group by
Inter-calibration group by
Uncorrelated group by
Pile-up pr uncertainty o
Total JES k21
b-quark JES and Hadronization Modeling +0.15
JER < 0.05
Lepton energy scale < 0.05
ETVss +0.15
Pile-up +0.10
b-tagging efficiency +0.10
Fit Calibration +0.38
Background PDFs +0.10
Background normalization +0.14
Background Q? scale +0.18
Background matching scale +0.30
Total Background Calculations +0.39
Generator modeling +0.10
Signal Q* scale +0.23
Underlying Event +0.20
Color Reconnection < 0.05
PDF < 0.05
Total 097
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