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Why the top quark?

e |nthe Standard Model (SM) it’'s the only quark:

1. With a natural mass: PARTICLEZ 0

Miop = ytv/\/§ ~ 173 GeV = y; = 1

2
. . 2
* Hence, large correction to the Higgs mass: Amb, " ~ —8y—’52A2
T

 Jop quark could be place to see new physics!

2. That decays before hadronizing:

Thag & 2 X 107245

* Chance to study a ‘bare’ quark.
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Why top properties?

e Jop quark mass is a fundamental parameter of the Standard
Model:
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e Other properties of the top quark (electroweak coupling,
production asymmetries) are predicted by SM.

* Precise measurements could reveal the SM breaking down.
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Top production & decay

e Top production dominated by QCD production. EW
production provides direct access to Wtb vertex:

q' q

g t

g “BYOOO" t t

* [n SM top decays to Wb:
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Focus today on selection t Y

of most recent results / X

2016 13 TeV (1 2.9 fb-1) branching ratios (Wtb, rare decays)
201513 TeV (3.2 fb'1) associated production (H, W, Z, y)
2012 8 TeV (20 fb)
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W boson polarisation

« W bosons can be produced with left-handed, right-handed or longitudinal
polarisation.

 The top decay vertex in the SM, Wib, is characterised by the (V - A) structure —
fractions of polarisation states are well predicted.

e (Can probe this by measuring the angular distributions of the W boson decay

products:
1
Z _I_ 0.9F - Standard Model
0 8§_ —— Longitudinal
' E — Left-handed
O * i Right-handed
0.6}
Z §o.s -
b < t 't:8 s

0.4

0.3
0.2p
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0y o8 -06 -04 02 0 02 04 06 08 1

coso*

 New physics could be present in the vertex & change the produced polarisation.
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W boson polarisation

o Use top-quark pair events & reconstruct fuII svstem
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Largest Systematlc uncertainties: W boson helicity fractions
arXiv:1605.09047 jet energy scale (JES), Monte Carlo (MC) modelling. arXiv:1612.02577
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https://arxiv.org/abs/1612.02577
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W boson polarisation

-

total stat

ATLAS+CMS Preliminary LHCIOpPWG Sept 2016

Theory (NNLO QCD) F
PRD 81 (2010) 111503 (R) R

~e—®—— Data (F_/F /F))

ATLAS 2010 single lepton, Ys=7 TeV, L =35 pb™’ —c—
ATLAS-CONF-2011-037

ATLAS 2011 single lepton and dilepton, {s=7 TeV, L =1.04 fo! e
JHEP 1206 (2012) 088

CMS 2011 single lepton, Ys=7 TeV, L_=2.2fo™" *
CMS-PAS-TOP-11-020

o
LHC combination, Ys=7 TeV e Ha
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025
1]
o

ATLAS 2012 single lepton, Ys=8 TeV, L _=20.2 fbo™

Paper in preparation

CMS 2011 single lepton, Ys=7 TeV, L_ _50fb
JHEP 10 (2013) 167

CMS 2012 single top, (s=8 TeV, L _=19.7 fo lof
JHEP 01 (2015) 053

CMS 2012 single lepton, s=8 TeV, L _=19.8 fo’ I
arXiv:1605.09047

CMS 2012 dilepton, Ys=8 TeV, L =19.7 fbo Fad

CMS-PAS-TOP-14-017
* superseded by published result

0 0.5
W boson polarisation fractions
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Polarisation in single top

e Single-top t-channel production sensitive to in both
production and decay.

« SM predicts non-zero polarisation of single-top quark
oroduction. Full system can be parameterised in terms of
polarisation & 6 independent W-boson spin observables.

/ Asymmetry Angular observable  Polarisation observable = SM prediction
q q Afy cos 6, 1P 0.45
W i l_ A{!g cos By cos 6, %P (Fr + F1) 0.10
Ars cos 6 2(S3) = 3 (Fr — FL) -0.23
= f'( UV Agc cos 6 KT =5 -3F) 020
wpfb/ A N AT cos 67 3(51) 0.34
b AN, cos ) —2(S2) 0
S E— ALY cos 7 cos ¢ ~2(Ay) ~0.14
g b Ag}’f cos 6, cos ¢y, %(Az) 0
arXiv:1702.08309 arXiv:1508.04592

arXiv:1005.5382
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Polarisation in single top

e Single-top t-channel production sensitive to in both

production and decay.

« SM predicts non-zero polarisation of single-top quark
oroduction. Full system can be parameterised in terms of
polarisation & 6 independent W-boson spin observables.

/ Asymmetry Angular observable  Polarisation observable = SM prediction
q q @ cos &; 1P 0.45
W n l_ ALY cos By cosd, SP(Fr + FL) 0.10
Ars cos 6 2(S3) = 3 (Fr — FL) -0.23
- f'( V  Agc cos 6 KT =5 -3F) 020
Wp’b/ {5 \ AT, cos 6 3(S1) 0.34
b AN cos &Y —2(S2) D
g ——— ALY cos 7, cos & —Z{A7) ~0.14
b Ag}’f cos 6, cos ¢y, %(Az) 0

arXiv:1702.08309
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arXiv:1508.04592
arXiv:1005.5382
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Polarisation in single top

* Kinematic cuts used to separate single-top from W and top-pair
backgrounds.

* Angular asymmetries sensitive to top polarization and W boson
spin observable <So>:

72 A L L B e B B B B L B 7 1 v o B B L L L L
© 15000 e pata2o12 ATLAS = ®_Data2012 ATLAS
0 T 5o 4] 2 = - 4
T S s=8TeV,20.2fb" | L 10000 B wiiB \s=8TeV,20.2fo" |
- 7 Signal region ] . Signal region
- [ W+jets ] [ W+jets
10000+ [ vV, Z+ets i [ [ WV, Z+ets
- [l Multijet ] - [l Multijet
- Stat.+Multijet unc. . I Stat.+Multijet unc.
I * : 5000 E » g ¢
5000 -
0 0
e S, 8B S
1 08 06 04 02 0 02 04 06 08 1 1 08 06 04 02 0 02 04 06 08 1
cosh, cosol
SM: P =0.9 <S2> =0
ATLAS Data: P =0.97 £0.12 (S2) = 0.06 + 0.05
CMS Data: P =0.52=+0.22
arXiv:1702.08309  arXiv:1511.02138 Largest systematic uncertainties: JER, JES, MC modelling.
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Wib vertex constraints

* [nterpret these measurements by considering general
expression for the Wtb vertex:

Ly = ——b/y”(vVLPL+VRf<> t W - %bi"w"" (&PLMQ +he.
SM: Vi =V Ve =0 gr, = 0 gr =0
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Wib vertex constraints

* [nterpret these measurements by considering general
expression for the Wtb vertex:

_ Y Toxaid
Ly = ——by“ (WP +VRPR) W, f@b ¥ (g.PL +grPR)t W +h.c.
SM: Vi =V Ve =0 gr, = 0 gr =0
ATLAS W polarization:
= 1.0
S [ ATLAS M 99.7% CL
o - 95.5% CL
0.8 / Ldt=20.2fb" <==> 68.3% CL
: O sM
0.6 vs=8TeV
I EFTfitter
0.4~ V=1
0.2 9. =0
00 TN
0.2
B Y B YA N
Re(VR)
arXiv:1612.02577 arxiv:1702.08309 arxiv:1610.03545
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Wib vertex constraints

* [nterpret these measurements by considering general
expression for the Wtb vertex:

ot
Lwip = ——by“ (VLPL + VePr)t W, — 225 =2 (g P| + gz Pr) 1 W +h.c.
SM: Vi =V Ve =0 gr = dr =
ATLAS W polarization: ATLAS single-top: Im(ggr) € [—0.18, 0.06]
;'ml 1'0; ATLAS I 99.7% CL
o - 95.5% CL
0.8 / Ldt=20.2fb" <==> 68.3% CL
C O SMm
0.6 s =8TeV
a EFTfitter
0.4 V=1
o.2f— 9.=0
00 PN
ot
A 05 0 R(\;?
arXiv:1612.02577 i arXiv:1702.08309 arXiv:1610.03545
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Wib vertex constraints

* [nterpret these measurements by considering general
expression for the Wtb vertex:

N P xnid
LWtb = ——b’)’” (VLPL + VRPR)t W— 5 b g CIV (gLPL + gRPR)t W + h.c.

vz \ N

SM: Vi, = Vi gr =0 gr =0

ATLAS W polarization: ATLAS single-top: Im(ggr) € [—0.18, 0.06]
Z 1.07 5.0 (7 TeV) + 19.7 fb (8 TeV)
$ [ ATLAS M 99.7% CL s> 14p
o - ] 95.5% CL Wl " CMS [_195% CL observed
0-8: / L dt = 20.2 fb"' <= ng:v.ls% cL CMS | 13F [ 68% CL observed
0.6 /5 =8TeV : o 95% CL expected
g EFTfitter SINg le-to P. b 6% CL oxpacted
04 V| =1 1:'
021 920 0.93
00 = r
- 0.7
-0.2[- n
04:..1.“1..1..,1|H.1|....|H.. 06—~ 008 04 015 02 025 03
-0 1. 5 00 05 10 15
1.0 05 R Vr| = If#l
arXiv:1612.02577 arXiv:1702.08309 arXiv:1610.03545
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Wib vertex constraints

* [nterpret these measurements by considering general
expression for the Wtb vertex:

y7 — g 1 ia-ﬂqu
Lwwp = ——bY (WLPL + RPR)E W, \,/ib (gLPL +grPr)t W, +h.c.
SM: Vi, = Vi VR =0 gr. =0 gr =0
ATLAS W polarization: ATLAS single-top: Im(ggr) € [—0.18, 0.06]
S 10 : 5.0 fb! (7 TeV) + 19.7 fo (8 TeV)
E - .gg;c;: g:: <z 1'45 CMS [_195% CL observed
080 / L dt=20.2fo'<==> nglsv.ls% cL CMS | 13F [ 68% CL observed
6/s=8TeV . N 1'2; ---------- % CL expecte
06; ° EFTitter Slngle—’[Op: = n 1;_ ______________________________________________________ —22; gtexgecte;j
04 V=1 P — 5
02/ In all interpretations to date all other
00- C couplings are set to SM.
02 Would prefer less assumptions: L
oab—emre= Aim for combined fit with the run 2 data? " \VO'T— A
TSy v R) R| —
arXiv:1612.02577 arxiv:1702.08309 m
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ttV Production

* |Large datasets give access to rare tt+W and tt+Z processes.
e ttZ: Direct probe of top-Z coupling (new physics?).

e {tW: Important background to new physics searches.

* Use multi-lepton final states to reduce background:

e 2 same-sign charge leptons, 3 or 4 lepton final states.
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ttV Production

e 2 same-sign charge leptons, 3 or 4 lepton final states.
* Split selected events according to number of jets & b-jets.

e (Control regions used to check WZ and ZZ backgrounds.

_ 1 i
CMSPreliminary  12.9 fb”'(13 TeV) CMS Preliminary 12.9 b (13 TeV)
7 | | 3 | | » S50F | | | E
e - nonprompt W2z  ttZ/H rare . GC) 45F 3L, = 4jets - Data E
g‘ 500 X B ttW  uncertainties 4-data | Lﬁ i ttZ .
L . 1 40p B X E
: 1 351 . vz 3
1000 - 30/ E
0 T - B nonprompt 3
_///////////// | 25:_ i _:
: : 20? //////////////// Y ///////////”/////////////////';E
500 | - 15 E
I T 1 .
L f////////////////,/,/,/,///i/ /////// _ 10 —
| (S _ ]

LSS //////////////,/e,/,/// /////// 5
N e — | |

=0b =1Ib,=0mb =0lb,=1mb =1lb,=1mb

Total “uw uue uee  eee

CMS-PAS-TOP-16-017
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ttV Production

* Fit to the many signal-regions to simultaneously extract ttW and ttZ
cross-sections:

_ 3_I T TT | LI | LI T T TT LI | LI | LI | T T TT T TT I_
i— - ATLAS *  ATLAS best fit — _ CMS Preliminary 12.9 fb" (13 TeV)
-5 : ; - ATLAS 68% CL : é 2200 :_I T T | T T 1 | T T 122%?% T T T T 1 T T 1 | T T | T T 1 | T . T T E
*8‘ 2.5 \s = 13 TeV, 3.2 ... ATLAS 95% CL — N - 2%2 : zéfj/besttflt E
o r +  NLO prediction . © 20001 7 — o5% contour
08) _ $5%% tZ theory uncertainty i 1800 ééz — 1-Dbestfit —
G 2= SKEXX ttW theory uncertainty | 1600 = fgé% =1-DtiZs1o 3
N - LB - - % =1-DtW=10
. It S . 1400} 7 wefiZtheory
15" & - 1200F- 7 ofWiheory
S . 1000 7 -
- £ - o K R
e (& | ] 800 %“““%\?& \\\\\y\&\gg R SRR
RSy 600 ¥ B
F 8 - 400F- 77 =
05— g oT— - - 7% E
B T T ] 200 75 —
: K T : - 1 1 1 | 1 1 1 | 11 £§ ;g]? 1 | | | | | | | | S | | 1 1 1 | 1 1 1 |:
O _I 111 | X1 | 1 | 1111 | L 111 | 1111 | 1111 | L 111 | L 111 | 111 I_ OO 200 400 600 800 1 OOO 1 200 1 400 1 600 1 800
o 05 1 15 2 25 3 35 4 o, [fb]
tiw
ttW cross section [pb]
ttW : 2.20 (expected : 1.00) ttW : 3.90 (expected : 2.60)
ttZ : 3.90 (expected : 3.40) ttZ : 4.60 (expected : 5.80)
Measurements still statistics limited - looking forward to
results with higher statistics.
arxiv:1609.01599 CMS-PAS-TOP-16-017
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The top quark mass

* Dilepton channel: two neutrinos in the final state, system is under-constrained.
* Optimised selection on pT(lb) to reduce uncertainties.

* Use m(Ib) as top mass sensitive variable.

> . I . . . . I . . r > B I I I I I | I I I I 1 I I I I I | I I 1 I I ]
[ - | o - ATLAS =
ATLAS Miop 5 - e Data N
E‘D) : Simulation - :gzg gex : (a\] 500: ...... 1% background \/§=8 TeV, 20.2 fb-1 .
- i —172.5 Ge i ~ B ) ]
2 oL —1775GeV | 2 a00f — Best fit _ ]
S al i O n Uncertainty ]
S > o _
> - i T B ]
k5 i i 300~ -
k% L N
‘S 0.05— — B ]
E - — | _
o - . 200 —
Z - R - ]
.g 1.4F ' ' ' = 100 - ]
© 12— E B .
T 06
0.6 . ) ) ) ) ) , —
40 60 80 100 120 140 160 40 60 860 100 120 140 160
mie° [GeV] mi:*° [GeV]

Largest systematic uncertainties:
JES (0.54 GeV), MC modelling (0.35 GeV), bJES (0.3 GeV).

mep = 17299 +0.41 (stat) +0.74 (syst) GeV 'V'Ojitlggfsgsshrgﬁ?;utrs@jg in
arXiv:1606.02179
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The top quark mass

* First measurement at 13 TeV - following 8 TeV lepton+jets measurement:

* Full reconstruction of top-pair system and 2D fit for m: and jet energy scale-
factor (JSF):

QMS Preliminary 2.2 (13 TeV) CMS Preliminary 2.21b" (13 TeV)

% gggg_l itfcolrréctl - islin_gljlelt | E (Llf_) 1.008 Il 22 'og(L) = 1
O) - [ ttwrong I W+jets ] = 1.006 _
s 2000 -~ [ Jttunmatched [ Z+jets E ' [ 28 log(L) = 4
- 1800F o Data , []QCD multijet - 1.004 []-2alog(L)=9
0 1600- Y E
S 1400- ; 1.002
= 1200: /i E
© : ] 1
= 1000% E
g 8002— _ 0.998
© 600- , E 0.996
o 4000 " : 0.994
o 2000 Zie.. £ -
S 150 ) LSS 0.992
-'c_“' 05 Ll /I I OSSO O NS WSS MO OL Ao J// I 1| I 0 988
O 100 200 300 400 :
- 172 173 174
mit [GeV]
m, [GeV]
my = 172.62 £ 0.38 (stat.+JSF) = 0.70 (syst.) GeV
arxiv:1509.04044 CMS-PAS-TOP-16-022
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The top quark mass

* First measurement at 13 TeV - following 8 TeV lepton+jets measurement:
* Full reconstruction of top-pair system and 2D fit for m: and jet energy scale-

factor (JSF):
> 24009 I\ﬁ /?rellin?in:ar}l/ _ |22| ﬂ?-1.(1.3 Te.v) " CMS  Ppreliminary 2.2b" (13 TeV)
: tt correct I Single t ; 1.008 24 loa(L) =
8 2200;_ [ tt wrong I W+jets E C_D: Il -2 togL) =1
o) 2000;‘ [ Jttunmatched [l Z+jets E 1.006 [ -24 log(L) = 4
~ 1288— » Data [1QCD multijet - 1.004 []-22 1000 =9
e 3 7 E
S 1400- % : 1.002
+= 1200F i -
m C | Ny E 1
S 1000 : =
£ 800 £ 0.998
© 600- , E 0.996
- ¢ ; 0.994
o 2000 ZEee. E -
s 1.5 ) ; B 0.992
-'c_“' 05 Ll /I I OSSO O NS WSS MO OL Ao J// st I I 0 988
O 100 200 300 400 :
m{it [GeV] 172 173 174

m, [GeV]
my = 172.62 £ 0.38 (stat.+JSF) = 0.70 (syst.) GeV

* Largest systematic uncertainties: JES (0.51 GeV) & MC modelling (0.40 GeV).

* Not yet at run 1 precision, but excellent agreement with CMS run 1 combination:

My = 172.44 4+ 0.13 £ 0.47 GeV

arXiv:1509.04044 CMS-PAS-TOP-16-022
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The top quark mass

ATLAS+CMS Preliminary LHC top WG m,,, summary, Is = 7-8 TeV Aug 2016
"""" World Comb. Mar 2014, [7]

stat I —r— i

total uncertainty total stat

My, = 173.34 = 0.76 (0.36 = 0.67) GeV Mgy = total (stat = sys) 5 Ret
ATLAS, I+jets (*) —t—a—] 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) I l l i i 173.09 = 1.63 (0.64 = 1.50) 7 TeV [2]
CMS, l+jets I—|-0—|—I 173.49 + 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton p—t———— 172.50 = 1.52 (0.43 = 1.46) 7 TeV [4]
CMS, all jets —————] 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) = 173.29 =+ 0.95 (0.35 = 0.88) 7 TeV [6]
World comb. (Mar 2014) H+H 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, l+jets H—e— 172.33 =+ 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton I—I—I—l—l 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets = o — 1751+ 1.8 (1.4 1.2) 7 TeV [9]
ATLAS, single top I ——t=— 172.2 + 2.1 (0.7 = 2.0) 8 TeV [10]
ATLAS, dilepton = 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets I—I—l—l—l 173.80 = 1.15 (0.55 = 1.01) 8 TeV [12]
ATLAS comb. ~(June 2016 H=+ 172.84 = 0.70 (0.34 = 0.61) 748 TeV [11]
CMS, I+jets HetH 172.35 = 0.51 (0.16 = 0.48) 8 TeV [13]
CMS, dilepton F——tet—+— 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13]
CMS, all jets He 172.32 £ 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top H——H 172.60 = 1.22 (0.77 + 0.95) 8 TeV [14]
CMS comb. (Sep 2015) v 172.44 = 0.48 (0.13 = 0.47) 748 TeV [13]

: [1] ATLAS-CONF-2013-046 [6] ATLAS-CONF-2013-102 [11] arXiv:1606.02179
(*) Superseded by results o aree 12 G012 105 ) o e oo 2018) 350 1191 Phyoror 093 (2016) 072004
shown below the line [4] Eur.Phys...C72 (2012) 2202 [9] Eur.Phys. .C75 (2015) 158 [14] CIS-PAS-TOP-15-001
- [5] Eur.Phys.J.C74 (2014) 2758 [10] ATLAS-CONF-2014-055
L1 L . I R l l

| | | | | | |
165 170 175

180

| | |
185

my,, [GeV]

« Nearing completion of run 1 results: combination needed to exploit
measurements.
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Summary

* Jop quark is still the heaviest particle we know about.
 Provides a potential window to new physics.

 Well understood run 1 LHC dataset continues to yield
precise measurements.

e First run 2 measurements available: no sign for deviations
beyond the SM.

 Run 2 offers unprecedented statistics & opportunities:
must exploit statistics to reduce systematics.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP/index.html

Top properties at the LHC 21


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP/index.html

[l THE ROYAL
@] SOCIETY

A Universit
of GlasgowY

||||||||||||

Backup

Top properties at the LHC



ATLAS ttV

e 2 same-sign charge leptons, 3 or 4 lepton final states.
* Split selected events according to lepton-pairings & number of b-jets.

* Use control regions to constrain WZ & ZZ backgrounds.
arxiv:1609.01599

| | | | | | | | |
ATLAS ® Data2015 [tz
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e Statistics limited - big scope improvements with 2016 dataset.
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CMS ttV

e Signal regions in CMS ttV:

CMS Preliminary 12.9 fb™ (13 TeV)

CMSPreliminary 12.9 fb'(13 TeV) @ | | | ]
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CMS-PAS-TOP-16-017
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Top quark mass difference

e Test CPT invariance by measuring: Ams = my — mg

* Use charge of lepton in e/u+jets events to tag charge of top-
quark:

CMS 19.6 o (8 Tev) [IM CMS 19. 6 o (8 TeV) B
2 25000F A = LRy 3 25000 | . = Zir e
g Z +jetS B Single t g Z +jetS B Single t
& 20000F QCD multijet & 20000(- QCD multijet
3 - 7 t Data
2 15000} < 15000} .
S - 3 -
LI 10000} LLI 10000 -
5000} 5000F .
: : ’ Mm------____________,_,__ pelalelalalelelelel :
O 14F O 14
= 1.21- = 2
r ©
5 88
. 0 100 200 300 400 500 600 700 800 900 1000 . 0 100 200 300 400 500 600 700 800 900 1000

Fitted top quark mass (GeV) Fitted top quark mass (GeV)

Am; = —0.15 £ 0.19 (stat) &= 0.09 (syst) GeV

Statistics limited (largest systematic: b vs b response)

arXiv:1610.09551
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The top quark mass

e Jop quark mass critical to understanding it SM is valid to
high scales:
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CMS single top mass

 Measurement in single-top t-channel events:

* Require presence of forward jet to enhance t-channel signal.:

e 19.7 fb' (8 TeV)

oV 8 I : I I = ¢ data
S 7% ECMS | . t channel
_,UE) 6 B 2 E 7 schannel
g B 7 " | tW channel
w 5 tt

4 I | . Z +jets

3 i ] . W + jets

- . diboson
2 Qco
1

o

e Then reconstruct top from b, lepton & neutrino.

o Largest systematic uncertainties: JES, MC modelling, fit calibration.

arXiv:1703.02530
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CMS single top mass

 Measurement in single-top t-channel events:

* Require presence of forward jet to enhance t-channel signal.:
19.7 b (8 TeV)

> : |||||||||||||||||||| | T T T 1 | T T T 1 | T T T 1 :
(56001 CMS -
o r -
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0 < [ B AT B! |||..|| 'l'.'rf"ff"'r"'r T -_
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 Then reconstruct top from b, lepton & neutrino.

o Largest systematic uncertainties: JES, MC modelling, fit calibration.

my = 172.95 4+ 0.77 (stat) 7005 (syst) GeV

arXiv:1703.02530
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CMS top mass 13 TeV

* 13 TeV lepton+jets measurement: requirement on goodness of
kinematic fit used to select well reconstructed events:

CMS Prellmlnary 2.2 " (13 TeV) _CMS Prellmlnary 2.2 b (13 TeV)
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* Reconstructed W boson mass (from 2 light jets) then used to fit
the et energy scale factor.

CMS-PAS-TOP-16-022
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ATLAS dilepton top mass

« New measurement in the dilepton channel at 8 TeV.

 Apply cut on pT(lb) - increases fraction of events where
correct pairing of lepton & b are selected & reduces total
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CMS mass combination

e Using all ‘alternative’ measurements not included Iin the
standard combination:

b-jet energy peak

TOP-15-002 (2015)

Lepton+SecVix k%
PRD 93 (2016) 092006

Dilepton kinematics
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1
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Good agreement with standard measurements.

However, very small gain relative to standard combination
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Search for anomalous Wtb couplings

* [rain multivariate boosted-decision trees to separate
between SM single-top and single-top with non-SM Wtb

couplings:
%x10° 19.7 fb™ (8 TeV)
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+ others

arXiv:1610.03545
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Search for anomalous Wtb couplings

o Limits then extracted by fitting to the BNN distributions:
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o §1O ( ) + Data 5.0fb" (7 TeV) + 19.7 b (8 TeV)
Q' fL <= 1'45 CMS [ ]95% CL observed
-(é) . K channel 1.3;— [ 68% CL observed
L%) % fv\c;hannel 1 '2;_ ---------- 95% CL expected
\:I '[f 1.1 :_ — 68% CL expected
B W+light =
B W+c =
H W+QQ -
@) —117 | W+QX (UE) 08¢
=\ 1/ Dibosons 0.7
%E'- 1t L . . 3|l Drell-Yan T
' 0.0 0.2 0 4 O 6 0 8 1.0 [ Multijet 0 0.05 0.1 0.15 0.2 0.25 0.3
fufs Wb BNN 1=
%103 19.7 fb™ (8 TeV)
g{ } %ata . 5.0fb7 (7 TeV) + 19.7 b (8 TeV)
Q <= 95% CL observed
"(éJ L [ | tVChannel 13;—CMS % 68% CL observed
o i [ ]s channel § - _— o
L o [ ] tyv = N — 68°/: cL Zigzzt:d
- [ tt :
N B W-+light =
L B W+c =
- || mmW+QQ =
O OQJ_W' ..... — 1 [l W+QX (UE)
=05 0.0 W A AT TP °,......'.¢++_+§+ ................... 1|l Dibosons 0.7
% 2-0-1;—"";"";"‘;""j """ e e | ) Drell-Yan N S P A B I IR
A 0.0 0.2 0.4 0.6 08 1 0 \:I MU'thet 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
fo % Wib BNN If

arXiv:1610.03545

Top properties at the LHC


https://arxiv.org/abs/1610.03545

Polarisation in single top

 Angular variables in single top polarisation:

The W-boson momentum g in the top-quark rest
7(2) frame defines the z-axis; the top-quark spin direction
| s;, taken along the spectator-quark momentum in the
top-quark rest frame, defines the x—z plane. The polar
and azimuthal angles of the charged-lepton
momentum p, in the W-boson rest frame are labelled
B," and ¢,*, respectively. The normal and transverse
axes are defined relatively to g and st according to
N=s;x g and T=qg x N; they are along the -y and x
axes of the coordinate system, respectively. The
azimuthal angles ¢n* and ¢1* of the charged lepton
in the W-boson rest frame are defined relatively to the
N and T axes, respectively (dr*=¢,*), while GQN and
GQT (not shown in the figure) are the relative angles
between py and the N and T axes, respectively.

arXiv:1702.08309
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Polarisation in single top

e Sensitivity to anomalous couplings:
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* When extracting limits on Im(gr), correlation between observables is
accounted for (-0.05).

arXiv:1702.08309
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Polarisation in single top

 All measured asymmetries:

Angular asymmetry

arXiv:1702.08309
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W-boson spin observable
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W boson polarisation

e Fitted distributions for the ATLAS measurement:
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