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Introduction

Why do we study the properties of the top quark?

e Strong coupling to the Higgs — special role in the Standard Model?

o Possibility to study a quark before hadronization.

o High statistics — precision measurements are possible
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Tevatron vs LHC

Tevatron LHC
pp collisions, 1.96 TeV, ~9.7 fb™ pp collisions, 7 TeV, ~5 fb™
- L 8 TeV, ~20 fb”’

qq annihilation dominates  gg fusion dominates
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e Asymmetry measurements
@ Introduction
o Tevatron results
o Results from the LHC

© Polarisation and spin correlation measurements

© W polarisation

@ Conclusion
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Asymmetry - introduction

e Top/antitop emitted preferentially in one direction with respect to the
direction of the interacting partons.

Preferred t t
q G q G
7 — —_— ), —
t /

Suppressed

Effect predicted by the Standard Model at NLO in QCD.
Only from gq and gg initial states.

Small effect in the SM, could be increased in new physics models.
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Asymmetry - top asymmetries

Tevatron LHC
o direction of the quark = direction of e quark more boosted than antiquark
the proton beam (from the sea)
e “forward-backward asymmetry” e “charge asymmetry”
® SM predictions between 5 and 9% ® SM predictions of ~ 1%
do
dy;
do do
Vi dve
do
dy;
2 1 1 2 y 2 1 1 2 y

~ N(Ay > 0) — N(Ay < 0) Ac = N(Aly| > 0) — N(Aly| < 0)

Arg = = )
57 N(Ay > 0) + N(Ay < 0)’ N(Aly| > 0) + N(Aly| < 0)

where: Ay =y — ¥ where:  Aly| = |y:| — |ys]
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Asymmetry - lepton asymmetries

e Lepton asymmetries are complementary observables:

o sensitive to new physics in the top decay
e don't need the kinematic reconstruction of the events

o At the Tevatron, can be measured both in the dilepton and lepton+jets
channels.

o At the LHC, only measured for the dilepton channel so far.

Tevatron LHC
¢ Lepton pair asymmetry: ¢ Lepton pair asymmetry:
ac _ N(Bn>0) — Ny < 0) it _ N(AIn| > 0) — N(AJ| < 0)
N(An > 0) + N(An < 0) ¢ 7 N(Aln[ > 0) + N(AJy| < 0)’
where:  An =n; — - where:  Aln| = |n+| — |1~ |

¢ Single-lepton asymmetry:

e N(gn > 0) — N(qn < 0)
N(gn > 0) + N(qn < 0)
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A word about unfolding

e Unfolding used in most asymmetry measurements (and other property
studies).

e Goal is to account for detector effects, and compare corrected data with
predictions at production level.

o For the asymmetry, there can be up to a factor of 2 between the
asymmetries at the reco and production level.

_ CMS Simulation

= &

Method 2 223

. ) . T 1

Several methods available (SVD, FBU, iterative g 2

. 16

Bayesian...). § &

. . 13

Common ingredients: % i2

e response matrix (migrations between the £ ‘g

bins); :

:

« efficiency correction (selection and :
reconstruction efficiency). 78 9 o0 1o

bin of generated Aly|
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@ Asymmetry measurements

o Tevatron results

© Polarisation and spin correlation measurements

© W polarisation

@ Conclusion
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Tevatron results - lepton asymmetries

SEY.) L—97fb“
= 15-e Dat +
< m MC@NLO 3¢
[+ Model 17
[ ¢ Model 2
* SM NLO
10,
Single-lepton Asymmetry A‘
5 DO Dilepton (9.7 fb™) 73835 %
DO L+jet (9.7 fb™) ly|<1.5 5T0%
~ -1
A PR —
CDF Dilepton (9. 1‘fb )  PREATEA
L L CDF L+jet (9.4 fb” ——
O "5 F0 15 20, oAy 93 232%
. . R g
Spileriye it 0 Combination O710)  j7:477.,
[arXiv:1212.4003] = : o
CDF Combination (9.1 & 9;‘4 fb”) o Ts %
ol T NLOQED 4 fdets data —— Fit Alqy) Lepton-pair Asymmetry A
Uncertainties: [ 4lo(stat. + sys.) BEE +lo(stat.) " _1,
DO Dilepton (9.7 fb )‘ TRRIRAA
0.2 " of
CDF Dilepton (9.1 fb™) TR TR
?;b 01 Bernreuther & Si, Phys.Rev., D86 (2012) 034026

5
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00 + Asymmetry (%)

‘

DO arXiv:1403.1294, subm. to PRD
CDF Conf. Note 11035
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lawel
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Tevatron results - tt asymmetries at CDF

[PRD 87 092002] [PRL 111 182002

o £+ jets inclusive measurement: Arpg = 16.4 +4.7%

o Differential measurement as a function of M,; and [Ay|.

o Dominant systematic uncertainty: background shape and normalization.

f —— CDF Data, 9.4 fb"
oy, = (15.5+ 4.8)<10" (GeV/c?)"

[ — tt Prediction

oy = (3.4 1.2)x10° (GeV/c?)'

Additional study: angular cross section (cos 6;)
shows that source of Agg is s-channel-like dynamics.

CDF Run II [ £ =9.4fb7" = (v+jets

3
2
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Tevatron results - tt asymmetries at D0

[Conf. Note 6425]

o £+ jets inclusive measurement: Agg = 10.6 + 3.0% w
o Differential measurement as a function of M,;.

o Dominant systematics: background modelling.

. . i) D@ preliminary
°'6I;_ D@ preliminary CDF deta § 200 () 071"
oab 97107 @ 150-
e ] 100-
o 0.2 1 l 50F
<“' S, o D T —L—=""W_Bernreuther and f.-G.Si Y
OF MC@NLO v3.4 PRD 86, 034026 (2(12) e l R
: IRttty
-0.2— 5
L a -2 0 2
L Ay
-0.4—
A I P I DU I I DU U T 2 D@ preliminary
300 350 400 450 500 550 600 650 700 750 --- 5 9.71b"
my, [GeV] &
Channel Predicted Measured
3 jets, 1 b tag 4.7 544 6.07%3
3 jets, >2 b tags 5.6 10.7+ 4.2+ 0.8
>4 jets, 1 b tag 1.9 11.0+4.4+0.8

)ata/Exp

. seogeeetii
>4 jets, >2 b tags 3.3 5.9+ 3.3+0.1 J‘* et
— N , Tn o -2 9
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@ Asymmetry measurements

o Results from the LHC

© Polarisation and spin correlation measurements

© W polarisation

@ Conclusion
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CMS measurements

o £+ jets [PLB 717 (2012) 129, CMS-PAS-TOP-12-033]

o 7 TeV: Ac =0.4+1.0 (stat.) £ 1.1 (syst.)%
o 8 TeV Ac = 0.5+ 0.7 (stat.) = 0.6 (syst.)%

o (0 -7 TeV [arXiv:1402.3803, subm. to JHEP]

o Ac = —1.0 £ 1.7 (stat.) £ 0.8 (syst.)%
o A% =0.9+1.0 (stat.) = 0.6 (syst.)%

. CMS, {s = 7 TeV, 5.0 fb”

o 0.15 T —_ T T
<< r ?y?fz_‘;e;'tmga;}’s Tov —— Data . ] = 05 7/{- ~ (‘Da(a-ba'ckgr‘ound'), unfolded
i lﬂ_l-ets i E:g:g I:x* ] S [ 7 Systematic uncertainty
0.1— —— NLO p;edicliun 1% § Meeno pan,o,n fevel
—— NLO prediction 2%+
L
—
0.05

Lo dbv v bvv i b i 1

M - =
3

0
0.1F ]

| 5 | [ :
0.05 0.5 [ ‘ ‘ | ]

* models with effective axial-vector ly| Qz' T T
coupling of the gluon [PRD 85 (2012) 074021] AMI

|

** JHEP 1201 (2012) 063] *** [PRD 86 (2012) 034026]
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ATLAS measurements

o £+ jets [JHEP 02 (2014) 107]
« Ac=0.6+1.0%
e (¢ [ATLAS-CONF-2012-057]
o Ac =5.7+2.4 (stat.) £ 1.5 (syst.)%
o A% =23+1.2 (stat.) £ 0.8 (syst.)%

Models from:

<uo.‘,7.‘..‘.‘..,...‘,‘..‘,‘..‘,‘..., .......... . PRD 84 115013,

= + b ATLAS 3 arXiv:1107.0841
£ ta ]
0.2 a -
C sm \s=7TeV ]
0.5 ’ Ldt=4.71b" E
r — Axigluon m=300 GeV !
ot Axigluon m=7000 GeV E
0.05— —_— =
o E
-0.05 -
T P T T B T T | .:

. |
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con b b

m, [GeV] 0 0.1 0.2 0.3 0.4 0.5

AFB
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LHC combination

e Combination of ATLAS and CMS 7 TeV / + jets results.
e Ac =0.5+0.7 (stat.) £ 0.6 (syst.)%

e Work on harmonizing systematic uncertainties and
understanding correlations.

e

ATLAS+CMS Preliminary /s = 7 TeV/ ATLAS  CMS _ Comb.  Cor.

TOPLHCWG  March 2014 Ac 0.006 0.004 0.005 0.058

e Statistical 0010 0010  0.007 0

Detector response model 0.004 0.007  0.004 0

M o |~  0004£0010+0011 . Signal model <0001 0002 0.001 1

-2 Wijets model 0.002 0.004  0.003 0.5

ATLAS —a—rtu 0.006 + 0.010 + 0.005 £ QCD model <0001 0001 0.000 0

[JHEP 1402 (2014) 107) § Pileup+MET 0.002 <0.001 0.001 0

5 PDF 0.001 0.002  0.001 1

ATLAS+CMS b o 0.005 £ 0.007 + 0.006 MC statistics 0002 0002  0.001 0

Model dependence

Theory (NLO+EW) 0.0115 + 0.0006 Specific physics models < 0.001 * 0.000 0

[3HEP 1201 (2012) 063] General simplified models * 0.007  0.002 0
| | | Systematic uncertainty 0.005 0.011  0.006
-0.05 0 0.05 Total uncertainty 0.011 0.015  0.009

AC

[ATLAS-CONF-2014-012] [CMS PAS TOP-14-006]
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© Polarisation and spin correlation measurements
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Polarisation and spin correlation

e Top quarks produced in pairs are almost unpolarised in the SM,
but the spins of the top and antitop are correlated.

e The study of these properties through the decay particles can be affected
by BSM models either in top production or decay.

e Study the angles of the top decay products.

o

A
hY
<

Need to define quantization axis

Depends on the tt production mechanism
— Tevatron and LHC measurements are complementary

e For spin correlation, first evidence at the Tevatron (30 obtained at DO).
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Polarisation and spin correlation

Double differential cross section:

1 do 1

S deostideost = Z(l + a1 Py cos 01 + ax P, cos @, — C cos b1 cos 6)
1 P

where:

0 is the polar angle of the decay particles

e « is the spin analyzing power (= 1 for charged leptons)

C is the spin correlation: C = —Aaya_, with

A Nike = Nunike - N(11) + N(I4) = N(1)) = N())

a Nlike T Nunlike - N(TT) = N(*L*Ir) + N(/N,) + N(*l’)

P the polarisation term:

_ Ap _ 1 N(cost > 0) — N(cos6 <0)
"2 2 N(cos > 0)+ N(cosf < 0)
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ATLAS polarisation measurement - ¢/ + (¢ + jets

e Produce templates with positive and negative polarisation from MC tt sample.
o Fit data distribution to templates under 2 scenarios:

e CP conserving: same aP for top and antitop
o CP violating: opposite aP for top and antitop

¢ Results obtained:

o CP conserving: aP = —0.035 + 0.014 (stat.) & 0.037 (syst.)
o CP violating: P = 0.020 + 0.016 (stat.) £ 0.015 (syst.)

e Dominant syst: jet reconstruction and MC modeling.

- AR e AR aansa: Baaseay
IS L - --aP = 1
a0l ATLAS  [odt- 47 107" | Data ap=0

2 single lepton 1 —Fit aP=+0.3
Eeooo Ve=7Tev i PBkgd.  --aP=-03 A

1500

1000

T 08060402 0 02040608 11 08 0604 02 o 02 0406 08 1
cos (%) cosf(¢7)

500

DRI 111 229002 (HN12\1
10/
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ATLAS spin correlation measurement - ¢/

2 £ 20000
g 2000 a7y A4S Preliminary e H 2500; ATLAS Preliminary £ 16000] ATLAS Preliminary Tt
di 18001 I Ldt=46t' 5=7TeV - ti(A0) o FlLdt-asm’ w=7Tev E160000 |Ldt=a6t’ S=7Tev --H(A0)
1600 ~+ data £ data ~ £ + data
1 400; B background 2000 M@background | 4, 14000~ - [ background
E £ © 12000[
1500 “ 10000
£ 8000
1000~ 6000]
500:— 4000F
£ 20001
% 0.5 1 1.5 2 25 3 % 02 04 06 08 1 1.2 1.4 1.6 1.8 D—i -08 -06 -04 -02 0 0.2 04 06 08 1
0 [rad] S-Ratio €05(0.)00s(0), .\,
ATLAS Preliminary tf spin correlation measurements
Observables _[ Ldt=461", V5= 7 Tev fou * (sta) * (syst)
® A between the 2 leptons (lab frame) A ——e——t 1,19 £009 £0.15
® cos 6 cosBy in the helicity and maximal bases Seratio 087 +041 £ 042
® S-ratio defined as: cos(6.) cos(@) o
helicity basis * 0.75 £0.19 £0.25
(|MRR| + |MLL|)corr/(|MRR| 4+ |MLL|))uncorr
cos(8,) cos(6.)
i i i ) oo —— 0.83 £0.14 £0.17
® Dominant syst: signal modeling.
0 0.5 1

15 2
Standard model fraction
[ATLAS-CONF-2013-101]
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CMS measurement (¢/ channel)

A P N(cos6, > 0) — N(cos 6, < 0)
. p=— =
e Define 3 asymmetry observables. 2 N(cos® > 0) + N(cos 6, < 0)
o Unfold all distributions to parton level. Apo = NAS, - > 7/2) — N(AD,y,— < 7/2)
q . . NA®,,,— > 7/2)+ NAP,, ,— < 7/2
e Dominant syst: unfolding and signal (AP, /2) (AP, /2)
modeling. Ao — N(cos 61 cos @2 > 0) — N(cos 61 cos 6 < 0)
ez N(cos 1 cos @, > 0) + N(cos 6y cosfr < 0
CMS 501" at r‘ 7TeV. cus sn(b'zl‘ VE=7TeV cllls,invb‘:l"5=7hv :
TE B Woemeunirazias o (baa-bhguntotdod ] 2 185 Woemeutnerazcsl - (data-bhaumtoled™ - [ | e (bata-bke.)untolded
g 05 T Emeem N - ) v oy 3065 Sy uncrainty
50 Zcomormmn] 8 Zvomopmmima] S Z cona ]
g v = R 2T os B
< == 5
8 1 vo0ss E
g ERE
g ER
L
- 3 0.45 |
0.4 3
NS FER S R S il L T 0.35 T TR T =
0.5 1 15 25 3 0.5 1 -1 -0.5 0 0.5
A9, (radians) cos(6,,)cos(6,) cos(6)
Asymmetry Data (unfolded) MC@NLO __ NLO (M, correlated) NLO (uncorrelated) |
Ang 0.11340.010 +0.007 £0.012  0.110 % 0.001 0.1155001 021070913 §
Ay —0.021 0,023 %0027 £0.010  —0.078 £ 0.001 —0.078 0,006 0 U
Ar 0.005+0.013£0.020£0.008  0.000 = 0.001 N/A N/A
[arXiv:1311.3924, subm. to PRL]
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© W polarisation
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W polarisation

e 3 polarisations possible for the W: longitudinal, left- or right-handed.

e V-A coupling, small b mass and conservation of angular momentum

— almost no right-handed W.
o Look at the decay angle of the lepton from the W

longitudinal W
f,= 0.687

left-handed W
f =f=0.311

right-handed W
f, = f, = 0.0017

TWf .
i b-1/2

[PRD81 111503 (2010)]

w0 w1

C. Deterre DESY

Top properties

I*

v N€g. direc-
* tion of top
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W polarisation - Tevatron results

2012 Tevatron combination

fy = 0.722 £ 0.062 (stat) & 0.052 (syst)
f, = —0.033 +0.034 (stat) 4 0.031 (syst)

- bt

C 0.2
F o ——
E CDF + D@ combination r Data fit: full CDF Run Il data set
r L=27-541b" L = Bestfitand 1 o uncertainty
L. " Joint 16 coverage in 2-dimensions
0.9 [ ]
L * g’?/ln‘]g;:lzd result 01 [ A Standard model Prediction 7
F O CDF l+jets L
0.8~ ['] CDF dilepton b
r A DD < oL R ]
0.7~ L
0.6/~ 68% and 95% ol i
C C.L. contours ’
0.5 [ 1
S R RN AR AP RPRTIN AP R PRI T S SR S RS
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.6 07 0.8
f, fo

CDF full dataset result

fo = 0.726 + 0.066 (stat) £ 0.067 (syst)
fr = —0.045 £ 0.043 (stat) £ 0.058 (syst)
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W polarisation - LHC results
: CMS-ATLAS combination
"‘ ‘ % fo = 0.626 4 0.034 (stat) 4 0.048 (syst)
e f. = 0.015 = 0.034 (stat + syst)

< W~
[ATLAS-CONF-2013-033] [CMS-PAS-TOP-12-025]

—— T
ATLAS and CMS preliminary

[

CMS prefiminary, 8 Tev, 196 fi' | ! =i""f \s=7TeV, L,=35 pb'-22f0"| Fy F Fo
vits
(B single Top I NNLO QCD
?;:o’:‘fevs Combination

-e=+ Data (F/F,/Fy)
ATLAS 2010 (single lepton) e

- i
ATLAS 2011 (single lepton) e~ - ki
ATLAS 2011 (dilepton) e - e
CMS 2011 (single muon) o B e =
LHC combination » - k]
P R BT - A L
HFs B A e 0 0.5 1

W boson helicity fractions

CMS 8 TeV

fo = 0.659 £ 0.015 (stat) & 0.023 (syst)
fy = —0.009+0.006 (stat)+0.020 (syst)
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Conclusion

Top quark properties studied in detail at the LHC and Tevatron
(more results in the backups: R, Wtb anomalous couplings, ...).

Tension between Arg predictions and measurements reduced.

All other results are in good agreement with the SM.
8 TeV data being analyzed at the LHC

— plenty of new interesting results to come!

["Piled Higher and Deeper" by Jorge Cham,

www.phdcomics.com]
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Back-up slides

C. Deterre DESY Top properties 10/04/14 29 /28



Top quark production

Production modes

o Weak interaction: single top

e Strong interaction : top-antitop pairs
— leading production mode, studied here

g t 9 vooooT ¢ q t
f g vooo——— £ : :t'

g q
Approximate NNLO cross sec-
Production tion oz (m: = 173 GeV)
[Kidonakis, PRD 82, 2010]
Tevatron (pp, 1.96 TeV) | ~ 15% gg, 85% qq 7.1+ 0.4 pb
LHC (pp, 7 TeV) ~ 80% gg, 20% qq 163 &+ 11 pb
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Top decays

e All hadronic channel

e 6 jets in the final state;
e large branching ratio but high level of background
(multijets events).

¢ Semileptonic channel

e 4 jets, 1 charged lepton and 1 neutrino in the final state;
o high branching ratio and reasonable background (W+jets
events).

¢ Dilepton channel

e 2 jets, 2 charged leptons in the final state;
o small branching ratio but very low background.

“alljets" 46%

e
w v
THels 15% proton
b
1% 5
T+
2%
w2 ,
Y j1+ets 15% antiproton ¢
AR W
LU H ’ " U+jets 15% "l 2 "
dileptons lepton+jets v
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Tevatron results - lepton asymmetries at CDF

[CDF Conf. Note 11035]
o A% combined £(-¢ + jets:
Alg = 0.0907%92
AL 00 only: A% = 0.072 £ 0.060

B NLO QCD (POWHEG) 4= £+ Jets (Data - backzrounds)

AL from CDF

20001\ fesrcd AT = 10.070 4 0.022
Predicted Al = ~0.022 _+_

CDF Combination o8
—e— 9.0°2¢
GDF Cont. Note 11035

CDF L+J (9.4 1)
—— 941241+ %2

Phys. Rev. D 88, 072003 (2013) +stat. * sys

0.0
ay:

sl T NLOQED 4 ¢t dota — i Al

| Uncertainties: T =lo(stat. + sys.) B la(stat.)
CDF DIL (9.1 1b)
—e—— 72+52+3.0

02
_ CDF Cont. Note 11035
e +stat. +sys.
EN —

=
o= NLO SM Calculation
W. Bernreuther and Z.-G. Si
Phys. Rev. D 86, 034026 (2012)

0.0
o | | | |
20 30

-20 -10 0 10
lep

Acr (%)
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Tevatron results - lepton asymmetries at D0

[arXiv:1403.1294, subm. to PRD]

o A% combined £0-¢ + jets: A%g = 0.042 + 0.024
o AL 00 only: Afg =12.3+5.4 (stat.) + 1.5 (syst.) %

For Lepton Asy Y, %
- D@, 9.7fb"
3jets, 1 btag Production Level
3jets, 22 btags ¥ -D@, L=9.7 fb”!
o 15-e Data 3 ~+~
>4 jets, 1 b tag -m MC@NLO °
[+ Model 1
>4 jets, >2 b tags ,; gl'sldﬁ:_zo
Combined: (4.235
MC@NLO 3.4 ;/’;‘"ng E‘(1 130)% 10—
L
-20 -10 0 10 20
1UE
12| D@, 9.7 fb
10 |- Production Level, |yl|<1.5 5-
8
R sF
adL
= 20 MC@NLO 3.4 ) ) )
43 0 5 10 15 20,
2 A (%)
af
o L | L |
2030 a0 50 60 70 @ 90 -

Lepton p, [GeV]
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Models that could explain the top charge asymmetry

e Production of tt pairs via new particles could explain the asymmetry.

o Large asymmetry measured at the Tevatron — models favored by theorists
have new particles exchanged at tree-level.

e Strong constraints from other measurements:

o the total cross-section should not be strongly modified;
o the process should not create a sharp resonance in the invariant mass

spectrum.

> EATLAS Prol T T T 120 CMS, 4.4-5.0 o™, Vs = 7 TeV
> o F reliminary I Data |:] > r T T T T T T T o
': 10°F j L=466f" Vs=7Tev [ESingle top \:|W+Jet5 2 r et N, g =0 —*—Data 1
o 1 0°F WMulti-jets [@Z+ets g 100~ - i E
5 104 > I [ other backgrounds ]
I'I>'I 3 < 80 E Z'1TeV (1 pb) 3
10 3 [ o 1

10? W W e z2Tev(ipn) ]

10 E —zaTevipn

a0 3

1 E 1

g 2 201 .
3 1 £ ]
] ok ]
8 0 05 1 15 2 25 35 4
M [Tev]

Figure: Left: ATLAS measurement [ATLAS-CONF-2012-136]. Right: CMS
[arXiv:1209.4397]
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Models that could explain the top charge asymmetry

Several models have been developed to satisfy these constraints and explain the
Tevatron asymmmetry. [Aguilar, arXiv:1107.0841]

New particles are exchanged via:

e s-channel: color-octet vector (axigluons)
o appear in models like chiral color or extra-dimensions.
e no peak in the tt invariant mass — heavy axigluon with large coupling or

light with broad width.

e t-channel: color-singlet vector (Z', W')
o appears in models like topcolor assisted technicolor;
e constrained by non-observation of like-sign pair production.

e u-channel: color-triplet/-sextet scalars

o appear in models with extended Higgs sector;
e strong constraints from dijet production.
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Asymmetry predictions

e The asymmetry appears at NLO in QCD — non-trivial calculations.
e Can distinguish different contributions [Pecjak, Top2011]:

op _ o 2No + 2Ny + o2ally + o Ny + ..
os  a2Dy+ a2Dg + a2D; + o2aDy + ...

Arg =
2
= os[AD + ;AL 4 o AEYHOLAO) +%A§,‘Q”(°)+...

e The leading order QCD contribution A B is known.
e The EW contributions could lead to an enhancement of 20%.

¢ No exact calculation for the higher order QCD contribution. Estimated by
soft gluon resummation.

(e
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Kuhn, Rodrigo, 2011; Hollik, Pagani 2010; Bernreuther, Si 2010

Pecjak, Top2011 AL [%] ARE [%]
NLO 7.322555%1% | 4.81045% 1
NLO+NNLL [Ahrens et. al."11] 7.2475%5%% | 488755
o NNLO,pprox [Kidonakis '11] 5.21%°
bb - ttincluded |'EWW’ /NLQ" (= m.) [Bernreuther, Si '10] 0.05 0.04
Extra photonic
corrections EW/NLO (u = m.) [Hollik, Pagani '10] C 022> 0.22
Nt [NLO(QCD+EW) [Bernreuther, 5i,"12] _ 8.80.6
mixed QCD and EW corrections
10/04/14
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DO study

o First study of the top polarisation, both in the dilepton and lepton-+jets
channels. [PRD 87, 011103(R)]

o Analysis performed simultaneously with the asymmetry measurement in
the dilepton channel:

e same selection;
e kinematic reconstruction of the tt system is necessary (neutrino weighting).

o Plots at the reconstructed level.

dilepton channel lepton+jets channel

D@ L=5.4 fo' —— Data D@ L=5.4fo"' —— Data

t

[l Background

Events

cos 0 cos 6
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ATLAS spin correlation measurement

Definition of the S-ratio

Ratio of leading order matrix elements from the fusion of like-helicity gluons
(grgr + gLl — tt — (bITv)(bI~ 7)) with and without SM spin correlation:

(IMZe + M) corr
(|M|%R + |M|%L)UHCOH‘
_om (e (e )+ () (E D) = mE( 1)) (1)
(e-1F)(E-17)(t- 1)
where t, T, IT and /= are the 4-momenta of the top quarks and the charged
leptons.

)

Bases

o Helicity basis: the quantization axis is the top direction in the tt rest
frame.

e Maximal basis: basis optimised for top quarks produced by gg fusion.
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DO spin correlation measurement

Method and results

e Measurement in ¢ + jets channel using the matrix element method:

e compute for each event the probability in the hypothesis of correlated or
uncorrelated spins;

Psgn(x;H=c)

e build discriminant R = Pegn( =)} Pagn (i FI=0)

o Combined with measurement in £/
e Result: f =0.8540.29 (stat.+syst.)

o Evidence at 30.

1

140

_ -1
Data D@, L=5.3 fb

— tt SM spin corr.
------ tt no spin corr.
BN measured tt
I Other

m Wijets
B Multijet

£
]
]
§
3
4

68.0% C.L.
95.0% C.L.
99.7% C.L.

oy L s e
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W polarisation from single top - CMS

o First measurement of W polarisation in single-top events.

e Template fit of the cos 8™ distribution.

CMS preliminary, 5.3 fb™ at s = 8 TeV.

Number of events

@
=}
S

C. Deterre

DESY

0.6
; ﬂi‘:anne' —e— CMS preliminary, 7 TeV [ 8 TeV.
tW-channel M : o Statistical Unc.

Systematic Unc.
— — Total Unc.
—+— SM @ NNLO in QCD
By 2 ets Phys.Rev.D81(2010)111503
Qcp

Stat. Unc.

L B B

v Lo b b e Lo Lo a
0. 0.6 0.7 0.8 0.!

Fo

[CMS PAS TOP-12-020]
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Limit on anomalous couplings - CMS

o Set limits on anomalous couplings:

L:—%Ev (ViPL+ViPR) W —E-B7 9 (0 b 1. PR)tW +h.c.

V2 My
e inthe SM: V, =1, Vg =0, gt =0and 2- =0

CMS preliminary, 7 TeV 0 8 TeV.

L ~ QAT
L g [ CMSis=7TeV,5.0fb" |
; « 0-3;* Muon and electron channels, combined .68% cL *;
05 02 [Jes%cL 3
L 01f * SM E
20 E B
5:% i o Vi=1,V,=0 E
-0.5:— Y= E
; Bl @9s%clL. -025— E
- il @ss%cL. E E
[ e Bestfi 03 E
B U TR N U U S P SR o :..Hh.”\.H.\H.‘m.uw.u.xu.‘l‘u.:
08 06 04 02_0 02 04 06 08 403 02 od 01 02 O 0.4
Re(g)

[CMS PAS TOP-12-020] [JHEP 10 (2013) 167]
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R, measurements and extraction of V;,

In tt decays

B(t—Wb) _ |Vip|?

Provide a direct measurement of Rp: Ry = =
b b = B=Wa) = Ve P+ Vis [P+ Vo |2

(9=d,s,b).

Extract |Vi|, assuming the CKM matrix unitarity: R, = |Vi|?.

Indirect constraint from measurement of other CKM elements, and under the
unitarity assumption: R, € [0.9982,0.9984].

3000

I L !
_ .1 —— Data
DO, L=5.3 107 2% - p)) Method
2500 -o tt R=0.5

w00l TR g;ig-mun ’ o |dentify b-jets in the events.
2,,5 1500 }— o Construct templates from b-tagging
1000 distributions and samples with modified top
w] branching fractions.
I — o o Fit data to background and different signal
0 1 22 templates.
NM
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R, measurements

X Lepton+Jets Data
12 4 NLO PRD80, 054009 (2009)
- 68% coverage
95% coverage
5 10 S
] B
[Conf. Note 11048] [PRD 87 111101] = N
[ . .,
o L+ jets: R, = 0.94 & 0.09 (stat.+syst.) o 8 LN X
o 00, Ry, = 0.87 4 0.07 (stat.+syst.) .
06 038 1 1.2 1.4
B(t— Wb)
“B(i— Wq)
s | DO, L=5.4 ft =~ D@ [
1wy iR © [PRL 107 121802]
------ tt R=0
102 4 Background | o Simultaneous measurement in £ + jets and /¢/.
3 o] o Result: R, = 0.90 & 0.04 (stat.+syst.)

[CMS PAS TOP 12-035]

101 L ‘ : o Ry =1.02379%% (stat.+syst.)

o 5 10
— +0.018
NN output o Vi =1.0117, 57 (stat.+syst.)
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