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lop quark

. ! . >

* Jop quark is the heaviest elementary particle ever 3 KSR AR

discovered 200
e An excellent candidate to study EW symmetry 150

breaking mechanism and fermion mass hierarchy due 100

to its large Yukawa coupling (y.~|) 50

| e v B

* Almost exclusively decays to VW-boson and b-quark S § $EE S

* The lifetime of a top-quark is much shorter than

hadronisation and spin decorrelation time scales 1977: b-quark discovered at

which results in a rather clean experimental signature Fermilab (E288), the sixth quark

* Properties of the top quarks could be studied directly BEREuIEHe o
with the decay objects 1995: discovery of top-quark at
, Fermilab
* The new physics could appear in observed
anomalies of the top-quark properties 2010: LHC is a top factory
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Single top production at the LHC

Three production mechanisms

2 F CcMS Preliminary ! E
b .. . —
— Single top-quark production .
10% = . _
S . 3
: . _
O-t-ch(8—|_e\/) = 87.2 i 28 B {, T s-channel ]
10 _
(scale) £ 2.2 (PDF) pb - 1
1 = =
- Approx. NNLO Kidonakis, PRD 83, 091503 (2011) 5
- CMS, JHEP12(2012) 035 -
B 4 CMS, JHEP06(2014) 090 ]
t- and S-Chaﬂﬂe|5 were P Approx. NNLO Kidonakis, PRD 82, 054018 (2010)
107 & o CMS, Phys.Rev.Lett 110, 022003 (2013) =
observed for the first - 4 CMS, Phys.Rev.Lett.112, 231802 (2014) .
— Approx. NNLO Kidonakis, PRD 81, 054028 (2010) —
time at Tevatron 0 I | | | | vl ClMS, PAIS-TOP-I13-009|(FC intelrval) | |
2 3 4 5 6 7 8 9 10 11 12 13 14
Vs [TeV]
N. Kidonakis, “Differential and total cross sections for
O-S_ch(8‘|'e\/) = 5.55 + 0.08 top pair and single top production”, arXiv:1205.3453.

(scale) £ 0.21 (PDF) pb

* Direct probe of electroweak interactions (as
opposed to ttbar production which is of strong-type)

® Search for new physics

Oew(8TeV) = 22.2 +£ 0.6 e Wib vertex is involved in all SM single top
(scale) + 1.4 (PDF) pb production mechanism - determination of CKM

matrix element [V, | from the measured cross-
tW production first sections

observed by CMS * [est anomalous Wtb couplings
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arXiv:1205.3453

JHEP 06 (2014) 090
8 TeV, 20 fb!

Single top In t-channel

* Exactly one isolated lepton and at least two jets

* Missing E; > 45 GeV (electron channel), m (W) > 50 GeV (muon channel)

e Categorisation on the number of b-tagged jets: 2-jet |-tag (enriched In
signal); 3-jet |-tag, 3-jet 2-tag, 2-jet O-tag (control samples)

Main backgrounds: ttbar, W/Z+jets and QCD multijet production

-1
d,S u,c <103 CMS, (5 =8 TeV, L = 19.7 fb™!, muon, 2-jet 1-tag a 3x;0".°!"'s (s=8TeV, L =19.7 fiy, electron, 2-et 1 tag_
To I ULl I I I I I I I IR IR | 9. ¢ Data
N ¢ Data ] $ -channel
% 5 [ t-channel - % 3 Etti, thw, s-clhannel E
§ £t tw, s-channel . D o5 B W/Z+jets, dibosons_7
W o 4 B W/Z+jets, _tlilbosons_— (CJQCD multijet 3
B %gce multl]:t. y 2 [Jsyst. uncertainty ]
t 3 yst. uncertain ] s E
b . 2 1
Fit o
results: oL T
g b 0 : 05 1 15 2 25 3 35 4 45 5
05 1 15 2 25 3 35 4 45 5 I, |
In |
POWHEG ' «10° CMS \s =8 TeV, L =19.7 fb", electron, 2-jet 1 tag
xmsCMS\E 8 TeV, L = 19.7 fb", muon, 2-jet 1-tag > prrtrrTTa U L L
+PYTHIA 3 L e 8 gef Beome
. . Uy Il t-channel 15 r [t tw, s-channel -
QCD is estimated from data from a S B4, w,schannel | & 04F MWz+jets, dibosons ]
. o S 08f [ W/Z+jets, dibosons— a - [EQcCD multijet ]
template fit with missing Et (electrons) i o o ey 1 030 [JSyst-uncertainty
- 02f
and mt(W) (muons) o :
C 0.1F
Data/MC correction factors are measured 2 e
l 150 200 250 300 350 400
. 0
150 200 250 300 350 400 m, , (GeV)
for ttbar and W/Z+jets backgrounds (GO e

2015/03/05

Kirill Skovpen - La Thuile 2015

Reconstructed top
mass after || > 2.5

5


http://arxiv.org/abs/1403.7366

Single top In t-channel

JHEP 06 (2014) 090

8TeV, 20 fb!

t-channel single-top-quark production

CMS, (s=8TeV,L=19.7 fb"

-
o
N

-
o

| IIIIIIII

t-channel total cross section [pb]

Y DO,L=9.7 fb"
4 CDF,L=3.2fb"

IlllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIII— IIIIII'IIII
| CMS
¢ CMS, L=1.17/1.56 fb” E ABM11
2 ] CT10
S i
z CTiow
é —
LSP 1 3 HERAPDF
o _
0.8 % i MSTW2008
Vs[TeV]
Campbaletal SHEETS (Bobs) oaa° © 7oF) - NNPDF 2.3
NLO+NNLL QCD = (scale @ PDF; -
Kidonakis, Phys. Rev. D 83 (2011) 091503 . T T
llllllllllllllllllllllllllllllllllllllllllll— 1 1.2 1-4 1-6

—
N —-—r—

Rtheo.

8/7 —

1.32+2% (scale) T 00z (PDF).

Rg/7 = 01.ch. (8 TeV) /01.cn. (7 TeV) = 1.24 £ 0.08 (stat) + 0.12 (syst.)

1.8 2

2.2
I:‘t-ch. = ot-ch.(t)/ot-ch.(t)

Rich. = Opch (t)/0pcn (f) = 1.95 £ 0.10 (stat) =+ 0.19 (syst)

Ot-ch. = 83.6 £ 2.3 (stat) == 7.4 (syst) pb
Measured: Opan (t) = 53.8 £ 1.5 (stat) £ 4.4 (syst) pb
Orch. (t) = 27.6 = 1.3 (stat) £ 3.7 (syst) pb

Predicted:

theo. __
Ot ch. =

FfLVthl = V0icn. /O

2015/03/05

anomalous form factor

87.2128 (scale) "5 (PDF) pb
oo (t) = 56.4121 (scale) + 1.1 (PDF) pb
oo (1) = 30.7 + 0.7 (scale) 7 (PDF) pb

| fiv Vio| = 0.998 = 0.038 (exp.) % 0.016 (theo.)
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7+8 TeV combination

IVeo| > 0.92 at 95% C.L. (fiy = |)

6



http://arxiv.org/abs/1403.7366

PAS TOP-13-009

Single top In s-channel 3Tev, 20 o

POWHEG
q FPTTHIA L ® Exactly one isolated lepton
* Jets with E; > 30 GeV (40 GeV for the most two energetic
jets) and |n| < 4.5
W+ ® Several categories: 2-jet 2-tag, 3-jet 2-tag (signal regions &
ttbar-enriched), 2-jet O-tag (enriched in W+jets)
7 ;

Main backgrounds: ttbar, W/Z+jets and QCD multijet production

Top mass reconstruction is done with a b-jet which gives closest mass to the nominal top
quark mass used

Multijet QCD background is estimated from template fit to mt(W) (muon channel)

and missing Et (electron channel) in QCD-enriched data with lepton inverted isolation

BDT is used to suppress the background and extract the signal cross-
section with binned maximum-likelihood fit in 2-jet 2-tag and 3-jet 2-tag:

2015/03/05 Kirill Skovpen - La Thuile 2015 7


https://cds.cern.ch/record/1633190?ln=en

Single top In s-channel

PAS TOP-13-009
8 TeV, 20 fb!

Events / 0.06

68% C.L. intervals:

Us-ch.
Os-ch.

Os-ch.

2015/03/05

CMS PreI|m|nary 193fb . Electrons Vs =8 TeV

1000

800

600

400

200

Events / 0.015

CMS Preliminary, 19.3 fb 1 Muons, Vs = 8 TeV

III|III|III|III|III|III_

2500
2000
1500
1000

500

81

T T T

2-jet 2-tag

007 06 -05 -04 -03 -02 0.1 O

L L B L B L

+data

[ Is-channel
B t-channel
Cltw

it

B Z+jets

B W+jets

B Diboson
[jQco
[7]Syst. unc.
Rate syst.

Hllllllllllllllllllllll

0.1 0.2
BDT Discriminant

CMS Preliminary, 19.3 fbo ™', Muons, Vs = 8 TeV

3-jet 2-tag

15 -0.1 005 0 005 0.1 0.15 02 0.25 0.3

LI L L L L L B L L L L L L L IO LB BB

+data

[ ]s-channel
Bt-channel
Ctw

Ot

B Z+ets

B W+jets

B Diboson
[jQco
[7]Syst. unc.
Rate syst.

lIlI|II1IIlllIIIIIIII[IIIII]I-

BDT Discriminant

Observed significance is 0./0

900 _—l T I | T T I—_ ©
- 1 +data g
800 = E [ls-channel >
700 . — Wt-channel €
- - [
wof.  2-jet 2-tag 2 Ow 2
5 | Ot
500 — W Z+jets
400 3 WW+iets
300 = 3 WDiboson
- 1 [Jacb
200 — []Syst. unc.
100 E- .». | NRate syst.
0 E e L L -
0.8 0.6 0.4 -0.2 0 0.2
BDT Discriminant
CMS Preliminary, 19.3 fb 7 Electrons, Vs =8 TeV
w000 & T T edata
- — [Js-channel
— — [t-channel
3 20w
= =N
- J P Z+jets
= 1 @W+jets
- — M Diboson
— — [Jaco
= S [ISyst. unc.
- 3 NRate syst.
0 - . ie. -
04 -0.2 0 0.2 0.4 0.6 0.8
BDT Discriminant
+ _
5.91%% pb muon channel Ooch, =
6. 9+ 7 pb electron channel |0, 4, =
S-Ch.
+8 0 _
6.27:7 pb combined Os-ch. =

5.9+ 7.1(exp.) £5.0(th.) pb = 59+8.7 pb muon channel
6.9+ 5.6(exp.) £ 6.5(th.) pb = 6.9 +8.7 pb electron channel
6.2+ 5.4(exp.) £5.9(th.) pb = 6.2+8.0 pb combined
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https://cds.cern.ch/record/1633190?ln=en

PRL [ 12 (2014) 231802

Single top In tW production T 1

* Exactly two isolated opposite-sign leptons g %Q/ t
e m(ll) > 20 GeV,veto 81 <m(ll) < [0l GeV
* Missing £, > 50 GeV (dielectron and dimuon channels) pe
» Several categories: |-jet |-tag (signal region), 2-jet |-tag, 2-jet 2-tag /\\\\
(enriched in ttbar events) b W=
9 t
Main backgrounds: ttbar, W/Z+jets and QCD multijet
production > POWHEG
b
BDT is trained with ttbar and tW events aadl
. in |-jet |-tag selection b -
. DY +jets background is semi-data driven: data/MC EtMiss
— W— . ]
: corrections factors are measured in 81 < m(ll) < 101 GeV
I b Cross-section is extracted from the fit to BDT discriminant
@NLO there is an interference
with ttbar: diagram removal Additional checks are performed in |-jet O-tag and 2-jet O-tag regions

(DR) scheme is used
2015/03/05 Kirill Skovpen - La Thuile 2015 9


http://arxiv.org/abs/1401.2942

Single top In tW production

PRL [ 12 (2014) 231802

8TeV, |12 fb!

Binned Likelihood fit for BDT distribution in three regions:

CMS, /s =8 TeV, L=12.2 fb”, 1j1t
LI B B B B

|||||||||||

Uncertainty

B it
B Z/y *+ets
I Other

IIIIIIIl[lIIIIIIIIIIIIIIIIIIIIIIII

0.1 0.2

BDT discriminant

Cut-based analysis

CMS, |s = 8T|eV, L=12.2 fb‘l1

result fit;

AN

\

1j1t

2j1t

2015/03/05

® Data
Cw
I
Bl Z/y *+jets
& Other 1
Uncertainty

2j2t
Region

0.3

CMS, (s=8TeV, L=12.2 fo, 2j1t
1400 _—I LI I L | L l L I LI
12001 .
- 2-let I -tag -Z/y *+jetS
1000 [ Other I
N Uncertainty |]
»__ .Y :
*qé; 800 [ ‘ﬁﬁ v ]
> C ]
L1 600 i
400 .
2001 —
9% 03 02 01 0 01 02 0

Two cross-check analyses

have been performed: cut-
based analysis and fit to

the distribution of pT of
the system

BDT discriminantﬂ

First observation of this process

CMS, /s=8TeV, L=12.2 b, 2j2t
900 _—I LI 1 I | I L | 1 I LI I lllllllllllll i
- ® Data '
- . Cltw i
800 2.jet 2-tag =1 ;
700F- Bl Z/y *+jets
- I Other '
600 Uncertainty
(/)] - 7
‘T 500F .
2 ot |
T 400 E_ _E
300F =
200} =
100 =

%3 -02 -0 01 0.2

0.3

BDT discriminant

Main analysis: 23.4 +5.5 -5.4 pb
Cut-based analysis: 33.9 +8.6 -8.6 pb
p I-fit analysis: 24.3 +8.6 -8.8 pb

Result cross-sections:

[Vio| = 1/0tw/0th = 1.03 £ 0.12 (exp) % 0.04 (th.)
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IVeo| > 0.78 at 95% C.L.


http://arxiv.org/abs/1401.2942

Summary of |Vip| measurements by CMS

2015/03/05

CMS Preliminary IthI Summary

August 2014

CMS tW, 7 TeV, 4.9 fb”", PRL110 (2013) 02203

1.010 25130(6%P) 2 0 0a0(th)

CMS tW, 8 TeV, 12.2 fb™", PRL 112 (2014) 231802

1.030 = 0.120(exp) + 0.040(th)

CMS t-ch., 7 TeV, 1.17/1.56 fb™!, JHEP12 (2012) 035
1.029 = 0.046(exp) = 0.017(th)

CMS t-ch., 8 TeV, 19.7 fb™!, JHEPO6 (2014) 090
0.979 = 0.045(exp) = 0.016(th)

CMS t-ch., 7 and 8 TeV combined, JHEPO6 (2014) 090
0.998 + 0.038(exp) = 0.016(th)

CMStiR,, 8 TeV, 19.7 fb”, PLB 736 (2014) 33
1.007 = 0.016(stat+syst)
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e Helicity is a projection of particle’s spin onto its momentum

® The W-boson helicity fractions, F_ ro=I" ro/l (t=WDb), with
2F=1, could be extracted from angular distributions of the

top-quark decay products:

1 drI
I'd cos 0;

p(cosb;) =

3

® Helicity fractions are sensitive to Wtb anomalous couplings:

anom

anom. _ _ & b'y"(VLPL + VRPR)tw—

-5

Vi=Vp=1 in SM

za o

Theoretical predictions on W-boson helicity:

Theoretical Cos6* distributions

Negative Zero Positive
Helicity Helicity Helicity
f_=0i f,=0.70 f,=3.6x10+
t b W tu
lb b

= g(l — oS 9’5)"{ FL+ 1 sin’ 9}‘1—“0—}- g(l + cos 6}‘)213R

1 -
09
0.8
0.7
0.6f

%

00.5
o
T

=
T

0.4 ;—
0.3 ;—
0.2 ;—
0.1 ;-

MU
o’
N
--"
esr

— Standard Model
—— Longitudinal
— Left-handed
——— Right-handed

oJ sl s e | I | P PSR B B

-1 -08 -0.6 0.4 02 0

2015/03/05

coso*
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02 04 06 038

1

Helicity angle 6*:
angle between W
momentum In the

t-rest frame and
lepton In the rest

\/— Mw (gLPL ""gRPR)tW H +h.c. frame of W

@NNLO:
F0=0.687+0.005
FL=0.311+£0.005
Fr=0.0017+0.0001



W b h ; _t ; ; ‘ _t JHEP O] (2015) 053
-boson helicity In single top 3Te, 20 1
CMS 19.7 fb” (8 TeV) - . @)
_— : e Exactly one isolated electron (muon) and exactly two jets ‘
o -« Data [ | W+jets ots
~ 30001 -chan. Oth p+je . .
g o) R aes e Exactly one of two jets is b-tagged
O 25001 it [ Stat. unc. t-channel events are used
L - . .
2000 M * M (W) > 50 GeV (QCD background rejection) |
- CMS 19.7 fb” (8 TeV)
0.35[-
,CMS 19.7 fb™' (8 TeV) i >
\
i i \
i ««—»r
0 i 0.3f
"1 -0.8-0.6-04-02 0 0.2 0.4 0608 1 - . Limits on I
cos(6,") 0.5 ~ anomalous e
_  Ccwms 19.7 fi (8 TeV) : ~ Wib couplings i
o [« Data |:|W+jets . Am - (\/ :| \/ :O) 0.25 b Data,
2500F MMt (tchan) [Others ©¥ets | O | L 'R | [ | Stat. unc.
‘qc'; - [t(other)  []QCD EOEJ Oj“ """"""""""""""""""""""""""""""""""""" - —— Syst. unc.
|ﬁ2000:— B it [ |Stat. unc. - : ' — — Total unc.
i 5 02 * SM pred. pros1 (2010)
1500F ] T e
: -0.5_— " @ 68% CL e Best fit 0.65 0.7 . 0.75 0.8
i i % ,,,,,,,,,, 0
1000} _ Il @ 95% CL SM pred. CMS 19.7 fb™! (8 TeV)
- —— = SM pred. (PRD 81 (2010))
500} -0.4 -0.2 0 0.2 0.4
’ Re(g ) — Stat. unc. - Combination
0 = swarn SRR T IR L . |Syst. unc. .
-1-0.8-0.6-0.4-02 0 0.2 0.4 06 0.8 1 Total unc. == p+jets
os(0) Combination: —===— eiets
Extract cos@* from the fit ™ oM (HERTO (079)
FL — 0.298 :I: 0.028 (Stat) :i: 0.032 (Syst), - ATLAS (JHEP 06 (2012))
(F_Fy and WHets fraction Fo = 0.720 + 0.039 (stat) & 0.037 (syst), e GOF (PRD® (013)
are free parameters) Fr = —0.018 £ 0.019 (stat) = 0.011 (syst ——s— 0 (PRO8@011)
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http://arxiv.org/abs/1410.1154

In the SM top-quarks are produced with a small amount of polarisation arising from EVW

corrections (for QCD production dominated processes), while in single top production quarks
are = [00% polarised, but some new models can alter the spin

Top-quark polarisation (P=2Ap) in helicity basis is given by asymmmetry variable:

N [cos(8}) > 0] — N [cos(6) < O]

Ar=y [cos(67) > 0] + N [cos(6;) < 0]

Discriminating kinematic variable to separate correlated
and uncorrelated top and anti-top quark spins:

_ N(App+p- > 11/2) — N(Apyp+y- < 71/2)
N(A¢g+g— > /2) + N(A¢g+g— < 1/2)

Apgp

Spin correlation coefficient (Chel= - 4Acic2) Is given by:

A N(cica > 0) — N(c1c2 < 0) ¢ = cos(B1)
%27 N(cicp > 0) + N(cieo < 0)

c» = cos(B).)

2015/03/05 Kirill Skovpen - La Thuile 2015 |4



T | larisat d : lati Phys.Revlett. | [2 [8200]
Op-gudrk polarisation and spin correiations 7TeV. 5 fb-!

Unfolding is applied to correct for fmte resolu’uon and detector acceptance

b SAX‘ <«— underlying parton-

level distribution uncertainties

are estimated
cms 50fb at Vs=7TeV

-~ - LR B L N T bac| g . byrederiving
g't 0.5E— g:e;nr::)ther&z -G.Si +(Data bkg )unfolded : acKground- resolution and A
> F W.Bernreuther & z-G.si  yovuncertainty 4 subtracted measured acceptance
g 0.45] (ncorelatedu=m)  ——MCENLO panonlevel_; distribution matrices CMS, 5.0 fb” at Vs =7 TeV
- | ] = e L R
\D 04:_ Sp|ns are _: CMS 50(b ot Vo =7 ToV ab_ - —!—(Data-bkg.)unfolded:
v L correlated grommenees | §_ 1.8} E W.Bernreuther & Z-G.SI - +(Data blkg )u;lfolded 8 0'65:_ SyskUncerisinty
0.35} ' N T (SM,p=m) Systuncertainty | & - —— MC@NLO parton level
B 8 1 -6 [~ W.Bernreuther & Z-G.Si y ] :6’ 0.6 —
0 3: ----------- (&} ; 4: (uncorrelated, s =m,) —— MC@NLO parton level ]| g N ]
3F 1 o= 14F E 5 ]
: S 12 F B 1 po55F .
025 e = § 1.2 1 = ; ]
EE N 17 o5ttt
“r | 8 08f = i '
Covv b b b binnn e 1d ; 0.45- =
0 05 1 15 2 2'5d' 3 = 06 — o - ; .
Ay, (radians) ™ 't 1 oal :
025 4 o035t | L1 | e
Extracted parton-level asymmetry 0O %05 o 8*5 o e ° 05cos((%);")1
after unfolding procedure: cos(6f) cos( )
Asymmetry Data (unfolded) MC@NLO NLO (SM, correlated) NLO (uncorrelated)
Apg 0.113 £0.010 +0.006 £0.012  0.110 = 0.001 0.115901% 0.210750%
Acicy —0.021 £0.023 £0.025 £ 0.010 —0.078 & 0.001 —0.078 + 0.006 0
Ap 0.005 4 0.013 + 0.014 £ 0.008 0.000 £ 0.001 N/A N/A
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http://arxiv.org/abs/1311.3924

TOP PAS-14-005
7/ TeV,5 fo!

Search for ttbarg anomalous couplings in the framework of Chromo-Magnetic Dipole

O O o o %
‘

Moments effective model (CMDM) which could significantly modify ttbar spin correlations

ﬁ LT form factors in time-like
P UL L L At - - '
‘Ceff - _/a._z_ctg-VVTatG;v _ ?\ZO-HV,YSTatG;V kinematic dor;am
—~ T —_ S A
7 \ i (ds) = —tlf‘t (dt) . e
CMDM (CP-conserving) CEDM (CP-violating) i
........................................... Contr‘ibutiOﬂ Of‘ NR
Experimental results and 1 d_O' — ld_O' +=f{e(ﬁt) ld_O' _ CE?,P; ?Ois rzai
unfolding matrices are taken o d|Ady| ocd|Apul) sy o d|A¢y| Npl éi:ri?)ulfifn © Al
from PhysRevlett. [ 12 182001 lb—m0H— o e
042
N = . CMS Preliminary, 5.0 fb” at (s =7 TeV
== | W.Bernreuther & Z.-G.Si = F -
Q 0.455— = 02 E 0.38f—
T 04 : e -8 0.36F-
) C = : *c.. 00T
T 035 ) es @] o
T oo et 3 ° - o
= 0,25;: ....... ;a i 0.32:—
0.22: ~ -0'2:_ 0.3:_
0-15— NLOW SM 0.35— CMDM 028 * Data
F § oz Result of the fit
o L L ) '°'4:_ ey o — Hesultor the
Y b e L *#Fafter unfolding
" 0 05 1 15 2 25 3 0.22F- — — SM NLOW
IA¢“I E....I....I....I....I....I..:.I.
0'20 0.5 1 1.5 2 2.5 3
Excluded at 95% C.L. outside the range:  |-0.043 < Re(f1;) < 0.117 1A |
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NLOW: Next-to-Leading |
order QCD and weak


http://cds.cern.ch/record/1745175?ln=en
http://arxiv.org/abs/1311.3924

: : : : TOP PAS-13-00]
lop-quark polarisation in single top 3TeV, 20 b

n LI BN IR 11t 1 Binned likelihood fit is performed on L
800 gy 9@ | -chanici)~CMS preliminary /=8 TeV, L =2015"{  400[ g Sty (t-chanisiy CMS preliminary \& = 8 TeV, L = 20 fo” .
i -tsvﬁha"ne' Muon channel, 2J1T BDT > 0.06 - el Electron channel, 2J1T BDT > 0.13 BDT, unfolding Is done to extract cos@*
" ot | i - mmt — :
600-— =evy 300-_ =‘[’)VY BT . g,,,,, . B _- x1 03
| @l diboson - -8g%son o . 5 R I e e e e e
400 i - thgtD+syst ..... : ) | 200 -_ CQ.S.tat‘ v+vsys}" e, __: - . _- (U. 200 __ OMS preiminary (5=8TeV, L =20 " _—
L ] . A=0.31=0.11 (stat.) = 0.23 (syst.) -
R ] [« unfolded d ]
200 100t 7 I -ggnoer:ted?lt’aoWHEG) 1
. 150 %/ generated (CompHEP) e
1 0.5 0 0.5 1 4 05 o 05 1 ! ]
* cos 6* - -
& 1 T T T T = 9 a8 1_ i i H 100 __ ]
s R NS . e Sy s S W e SR O TR O et O I e S i ]
R e BN e s e B -
§ s ] & N ]
= 4 A A . A -1 -0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
-1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 : E|ec‘t|”on Channel :
* _ * 0- 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i
A N(c0s 0, o144 > 0) — N(cos 0, c1q0a < 0) 1 05 0 05 o
| — * *
N(COS gunfolded > 0) + N(COS gunfolded < 0) . x10° —
g N CMS preliminary Vs =8 TeV, L =20 fb”' i
After unfo|ding; - A =0.42 = 0.07 (stat.) + 0.15 (syst.) 1
" O apmlded S ey )
pum— . i . L generate |
Al _ 042 :I: 007(Stat) :t 015(Sy5t) Comb”’]a'UQn IS i 7generated (CompHEP) -
e __ :
Af = 0.31£0.11(stat.) £ 0.23(syst.) Ao Y T ! _
Measured polarisation: P; = 0.82 &+ 0.12(stat.) £ 0.32(syst.) [ i '

........... Muon channel

A, = 041+0.06(stat.) £0.16(syst.) = 0.41 £ 0.17 - -

1 1 1 1 I 1 1 1 1 I | 1 1 1 l 1 1 1 1

0-1 -0.5 0 0.5 1
CcoS OT
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https://cds.cern.ch/record/1601800

* Occurs only in quark-antiquark or quark-gluon initial states (the dominant gluon-gluon production is
charge symmetric)

* At the LHC, initial quarks are mainly valence quarks, antiquarks are always sea quarks
* This leads to an excess of top quarks produced in the forward directions

* Important to measure differential asymmetry in addition to inclusive measurement as this charge
asymmetry is enhanced in specific kinematic regions (e.g. wrt ttbar system kinematic variables)

*|In the SM charge asymmetry is explained by interference between LO and box, and FSR and ISR, and
EWV corrections enhance the asymmetry by about 20%

qy Y4 Charge asymmetry:
_ g _
Ac — NUyel > lyel) = N(Jye| < Jye])
N t g t N(lyel > [yzl) + N(lye| < lyel)
- TE - STENS
q t 4 t

2015/03/05 Kirill Skovpen - La Thuile 2015 |8



TOP PAS-12-033
8TeV, 20 fb!

* Exactly one isolated lepton and at least four jets TR ey r— gﬁ
o Bo [ fo7folat s=8Tev 0@ -
e At least one jet is b-tagged = ol et PONEG simuston -
e m[ > 50 GeV i i
0.01- S
QCD multijet background is estimated from a simultaneous fit of R .
0 —]
M(W) (m (W) <50 GeV) and M3 (m(W) > 50 GeV) : :
-0.01F ~
Background subtracted non-unfolded results L i
'g 0.03 . \ T | ! ! ! ' I ! ! ! ' a 0.03 — — — — 400 600 mregooG V/CZ]
g, [ GMS Preliminary —— Data 13 [ CMSPrelminary . pu. : i [Ge
< B 19'7 folat s=8TeV ___ POWHEG simulation | 8o [ 19.7fb'at 's=8TeV N i o ] , , ,
0.02| 1Hets 1< 0.0zl et POWHEG simulatin 1} The matrix-inversion with regularization method
i ] - 1 is used to perform an unfolding procedure
"t NN i < %"°"CMs Preliminary '
& X . D M RN _ - —— D t —
NN ER | N F197t7at 5=8TeV pagroTev
- N _ i MR - - |+jets —— EAG 1.5 TeV -
B S ] i ] 0.1~ —— NLO prediction 1
001 = -0.011 - ! —— NLO prediction2  _
. B . o | . i . B - L o ] i \\\\E\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ N \\\\j
0 0.5 1 0 50 100 150 200 0.05— S
ly | Py " [GeV/c] - A
: | _
Asymmetry Ac o] | N
Reconstructed 0.003 & 0.002 (stat.) i i
BG-subtracted 0.002 == 0.002 (stat.) - Unfolded results ]
Unfolded 0.005 4 0.007 (stat.) & 0.006 (syst.) 005 00 800
Theory prediction [Kiihn, Rodrigo] [9, 33] 0.0102 + 0.0005 m. [GeV/c?]
Theory prediction [Bernreuther, Zi] [34, 35] 0.0111 + 0.0004 EAG: model with axial-vector gluon coupling

2015/03/05 Kirill Skovpen - La Thuile 2015 (E_Gabrielli, M. Raidal. and A. Racioppi) 9


https://cds.cern.ch/record/1600839
http://arxiv.org/abs/1112.5885

Search for FCNC Interactions

u/c

® Flavour-changing neutral current (FCNC) transition is
an interaction process where a fermion undergoes
the change of flavour without alteration of the

charge

® FCNC amplitudes at tree level are forbidden by the

Glashow-lliopoulos-Maiani (GIM) mechanism in the
Standard Model (SM)

9

Fourth-generation models

® However, highly GIM-suppressed FCNC transitions
are possible in the SM In the higher orders via penguin
and box diagrams

Extended technicolor models
Leptoquark models
Extra dimensions

, , Extra quark models
® Some extensions of the SM could introduce FCNC .

. . ) Supersymmetr
decays at tree level including new particles PErSY Y

Two-Higgs-Doublet models

- v
10D

_ g
ALg=ce t A

2 cos Oy,

Ky u AF + ty, vz uZ* + h.c.

GIM mechanism: S. L. Glashow, |. lliopoulos and L. Maiani, Phys. Rev. D 2 (1970) 1285
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Search for

-CNC tZ events SV

TOP PAS-12-02|

95% CL Limit on o (fb)

u/c
t
g gqt
u/c
u/c
g Zqt

BDT Is used to suppress

leptons

e m-(W) > 20 GeV

e At |least three isolated

e Restrict two leptons to
be consistent with Z-peak

e Up to one b-tagged et

CMS Preliminary 49fb"at\s=7TeV ﬁ
m T TT LI I 1T 17T LI T T LI I T TT I 1T T_]
?, - eee, Uy, el eeu channels ]
4 100 ]
L - e Data -
B . vv B
80 B [ non-prompt Lept. |
[ 1, single top
B [ tZq SM
60
40F
201
3
2 ——
1 i‘ N . +‘—0—'
0
_1 111 I 111 | 11 I L1 1 I 111 | 11 I 111 l 111 | 111 I 111
-1 08 -06 04 02 0 02 04 06 038 1

BDT output for Zut

Main backgrounds:
WZ///+ets, t/q, £

+jets
background
€M preliminary at 7 TeV; 4:9 b B R e —
[ — Prodicied K © [ = Predetes K ......
| === Observed th .8 i Observed Zut ------
. - Expected + 10 § e - Expoctod < 1o
= Exp‘ected 1.20 d 102 -+ == Expected + 26
2
1021 e
s
111 2 11 |2-2| 1 l2‘4l 1 |2-6| 1 |2‘8| 11 3 11 |3‘2| 1 |3.4| 1 13‘6| 1 |3‘8| 0'<3| 11 |0'4| 11 |0'5I 11 |0'6I 11 |0'7I 11 I0'8| L1 I0'9| 1
Kzel/ A Kzu/ A
2015/03/05 Kirill Skovpen -

couplings | Expected | Observed | B(t — gq/7Zq)
Kout / A 0.096 0.096 0.56 %
Kgct/ A 0.427 0.354 7.12 %
Kzut/ I\ 0.492 0.451 0.51 %
Kzet/ A 2.701 2.267 11.40 %

€ |CMS preliminary at 7 TeV, 49 is? gmz CVIS preliminary at 7 TV, 49 5

E R —

Clz (—l_) [ E)I(pectediIQO

10~

I I0.3I - I0.4I - I0.5I - I0.6I - I0.7I - ICI.8I I bOSI I I0.1I ‘ I012I I 614‘ I I016I I '018I I I0.2I I 622I I 6.24
Koot/ A Kgut/ A
La Thuile 2015 2|


https://cds.cern.ch/record/1563579

Search for FCNC t—Z/q In ttbar events

PRL |12 (2014) 171802
8 TeV, 20 fbo!

S
o At least three isolated leptons Main backgrounds: 3
and at least two jets WLZIZZAjets, S
| ttbarW/Z, ttbar P
* Restrict two leptons to be S
: : >
consistent with Z-peak 60, L
S L
e Exactly one jet is b-tagged 3 EM?1‘§7 fg Tev .
2300~ .
e [37.5 <m(Wb) <2075 GeV e | )
1475 <m(Zq) < 197.5 GeV 2500 - ' -
200~ YT . -
LR :
imi 0956766200 250 300360
Result limits: m, (GeV)
B(t — Zq) 8 TeV 7 TeV + 8 TeV
Expected upper limit <0.10% <0.09%
Observed upper limit  <0.06% <0.05%
10 boundary 0.06-0.13%  0.06-0.13%
20 boundary 0.05-0.20%  0.05-0.18%
2015/03/05 Kirill Skovpen - La Thuile 2015

-t
O

Events / 20 (GeV)

(02)

lllllllll

" CMS, Vs = 8T
L _197fb1

[ Jww,wz, zz

lllllllll

10_CMS \/g 8 ;reV —e— Data |
i Ly =19.7 fb | |tozg (B—01/)

8- -
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http://arxiv.org/abs/1312.4194

Search for FCNC ty events S VAT

I@i
2 * Exactly one isolated photon, exactly one muon
e Up to one b-tagged jet In event
u/c o
L * Missing E+ > 30 GeV
e |30 < m(top) < 220 GeV
u/c
The main backgrounds are estimated from data template
fit iIn W+jets control region (looser photon requirement
Main backgrounds: and no b-tagging) using cos(VWY)
Wjets, WY +iets
CMS Preliminary, 19.1 fb™, /s =8 TeV
BDT is used as a final discriminant 2 . F T T T
&0.14 __ ........... . Predicted ...................... ...................... . ...... __
CMS Preliminary, 19.1 fb", Vs =8 TeV S oF  — 95%CLObserved Limit : w.
g S = T 012 ... 95% CL Expected Limit =~~~ _
900 —— Data — " [ +1o Exp.Limit 5 § /]
é 800;— =(v)vt:1er _; % 01:_ AAAAAAAAAA |:]1-20Exp.L1mlt | AAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA AAAAAA __:
L 700 B W+jets = " B : s : : : E
R so0E —— Signal(tuy) 1 pb 3 0.08— .
= [77] Uncertainties (Syst® Stat) E F L =
S00F- = S0.06 =
400E- E
300E- = 0.04
200E- =
100;_ _; 0.0 e e e
05 = | z 5
e 2r ' T ' 0 Y ¥ v e S
§ 1 _‘ m+nv ................ — 0 0.01 0.02 0.03 0.04 0.05 0.06
= %6 02___04 06 08 Ktuy
8 BDT output for tuy
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https://cds.cern.ch/record/1700519?ln=en

Search for FCNC events

2015/03/05

BR(t — q2)

1% I || llllll | | |||||I | | |||||I | | |||||I | | ||||§

= ZEUS (g=u) 9% G-t =

i EXCLUDED REGION ]

10" E=DELPHI =

E_CDF =

L DO B
ATLAS

—

. <
N

T TTT

— CMS =

— Preliminary H1 5

5 (Q=u)  (g=c) (q=u) ]

10-5 I 1 1 lllllll | 1 IlllllI 1 1 | - | IIII | ||l|ll|l| 1 1 L1 1111
10° 10 103 102 10 1
BR(t — qy)
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Conclusion

e [he latest results on top-quark properties and single top production cross-
sections at CMS using Run | data were presented

e Several analyses with the search for FCNC interactions involving top-quarks
were presented as well

e All obtained results are in a good agreement with the SM predictions

e More new top-analyses based on 8 leV data are expected to be released
soon from the CMS collaboration

e Run Il data should allow to improve the precision of these results and
hopefully to lead to unexpected observations

2015/03/05 Kirill Skovpen - La Thuile 2015
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The CMS experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

I
om m

Key:

Muon
Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

through CMS

Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

2015/03/05

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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TOP PAS-13-00]

8TeV, 20 fb!

* Exactly one isolated lepton and at least two jets ‘
* Missing £+ > 45 GeV (QCD suppression in electron channel)
* m(W) > 50 GeV (muon channel)

* Events are classified by the number of b-tagged jets: 2-jet |-tag (signal region), 2-jet O-tag (Wjets), 3-jet
| -tag and 3-jet 2-tag (ttbar)

Angular distribution of decay products in the  Additional background suppression is done by BD T
top-quark rest frame:

Muon, 2-jet |-tag Electron, 2-jet |-tag
dr r .:."“:::u.“‘- 1 —— T T T L (S A S S B S S S S R S S
—d oS 6 == E (1 +:P .ﬁ_-“X:COS BX) = r(i + AX COS GX) 1o F)MS preliminary i§=8TeV,L=201b"m‘giztEa| t "Tha"'.'fp - FMS preliminary Ys =8 TeV, L = 20 fb-lm 6 (s’iagtaal ("‘iha“_fl?!)
X f‘.": “.._f\ Muo? channel, 2J1T: -fwc anne Electron channel, 2J1T -ts“‘,’ anne
Top-quark  Degree of correlation of angular
polarisation

distributions wrt top-quark spin

QCD multijet background is estimated from

g 1 @ [
template fit in data by reversing lepton isolation e oo mames oo £ osf
8 Ot g8 o
requirement f.;-o-s_' """ | : 55 : : BB
B e S S R S ¥ S YT T RO 0d 0T 007 04 06 05
2015/03/05
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https://cds.cern.ch/record/1601800

Charge asymmetry In dilepton+jets

TOP PAS-12-010

7 TeV. 5 b
L B
:l : L I L I LR I rrrT I rrrT l T : 2 [ T | T TT | T TT | | L I T | TTT | | L | L L T |_ ﬂ w
£ 0.6~ CMs Preliminary, 5.0 tb” at \'5=7 TeV _' Q L CMS Preliminary, 5.0 f5” at VB=7 TeV 1 Unfolded results
— - i =30 N o B
<_:i - —¥— (Data- BG) Unfolded . Tg 1'2: —v— (Data - BG ) Unfolded - - CMS Proliminary | T T =
5 05:_ Syst. Uncertainty A _: S 1+ Syst. Uncertainty A N 0'4__5..0 fo'at Vs =7 TeV Rt __
'8 B —— Powheg parton level IepC : % B —— Powheg parton level tOPFB i | dilepton O prediction 7
) 0.41 i © i - .
< - i B 0.8 1 o2l |
v Z 2 x. ] 0= e 4
d E [ 1 oF | a
0.2¢ - 0.4+ et ccc | == — - ]
. . i — 1L A |
B - I i lepC
0.1+ — B N - 1
- - . 0.2: i 0.2~ | | | | ]
0 [ ' l L1 I l Lo | ' i 0 _1 v b b b b bvv s bvn b a by |_ 300 400 | 500 600 700 800
8 2 4 0 1 2 03 1-08-06:04-02 0 02040608 m; [GeV/c?]
- COS
m -m (mp)Eo_s_lll_ulm_ulm
3 [ CMS Preliminary, 5.0 fb" at \s=7 TeV
Charge Ape — N7+ > |m-1) = N7 | < |mi-1) C 02" v (ons.50) umoues :
e - B
asymmetry P~ N(lm+| > |m-1) + Nl | < |mi-1) g

forward-backward
asymmetry

N(cos(6;) > 0) — N(cos(6;) < 0)

topFB — N(COS(Gt) > 0) + N(COS(Qt) < 0)

Unfolded asymmetries

Data POWHEG

AlepC

0.010 £ 0.015 = 0.006  0.004 =+ 0.0004

AtopPB

-0.011 £ 0.034 = 0.026  0.005 =+ 0.0004

Asoprs(Mys < 450 GeV)
Asoprs (450 < Mz < 550 GeV)
AtopFB(Mtf > 550 GeV)

0.015 £ 0.033 £ 0.034  0.003 = 0.001
-0.009 £ 0.050 = 0.055 0.005 =+ 0.001
-0.063 £ 0.071 = 0.081 0.007 = 0.001

2015/03/05
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EFT: model with axial-vector gluon
coupling with effective scale | TeV (E

Gabriell, M. Raid

-0.11

021 Atop FB B

_0 : [ | T B | T | L1 1 | 1 :
'QOO 400 600 800 1000 1200 1400

M (GeV/c?)
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http://cds.cern.ch/record/1493476
http://arxiv.org/abs/1112.5885

W-boson helicity in ttbar |

F

* Analysis is done in muon+jets channel (top-quark semi-leptonic and hadronic decays)

¢ |solated muon

Top-quark reconstruction uses kinematic fit:

e m (W) > 30 GeV (QCD background rejection) PSVassawa pase pvvb. ey 0 e
5000 reliminary, 8 Te B W+ iots
* m(W) <200 GeV (suppression of dileptonic modes in ttbar) souok- =§Y"fj'§t;°p
* At least two jets are b-tagged (suppression of Wtjets and QCD) §3000§_
E20005—

1000
ref \ 2 ref lep had 2 o
My —m My —m My 80 4 M — 80.4 » — \
Xcomb - o O, ..“('7_ 1 'S, O rhad }g i “v“"u‘”v-:\e"e‘;e;‘x; ';"“ : :u;ae" ¥
m ms; : ep - a 5 0.9Be
..... (IR SRR D My My € "1 08 06 0402 0 02 04 06 08 1
..... "‘0 Tamns "" COS(O*)
2In p;(disc|f), ™ | e
,-514 expemmental ........................ — L
e , . CMS preliminary, 8 TeV, 19.6 fb" 0 4 big
""""""" mass resolution neutrino momentum B Vjets
- i =
&8 is constrained by W o
uon+jets
requirement Wby

p' = (P, py)

Entries/bin
W
o
o
o

Fp = 0.659 £ 0.015(stat.) = 0.023(syst.) | total systematic
F; = 0.350&+ 0.0lO(stat.) + 0.024(syst.) uncertainties are

reduced if compare
Fr = —0.009 & 0.006(stat.) = 0.020(syst.)| to 7 TeV result

09 l|1|l|ll|llll|ll|[|l|IIIIIIIIIIll ll \ -::
0 01 02 03 04 05 06 07 08 09 1
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https://cds.cern.ch/record/1601030?ln=en

Phys.Revlett. | [2 [8200]
7/ TeV,5 fo!

Fy

* For same-flavour lepton final state veto events with 76 < m(ll) < 106 GeV (DY+jets suppression)

e Exactly two isolated opposite-sign leptons and at least two jets

o At least one jet Is b-tagged

* Missing £ > 40 GeV in events with same-flavour leptons (DY +ets suppression)

Top-quark reconstruction is done with matrix weighting technique: perform
a scan of top-quark mass in the region from 100 to 300 GeV and calculate the

welight per event (the max value Is chosen for reconstructed mtop)

DY+jets background is corrected from data Fake lepton background is

by scaling to MC Z-window/Z-sideband yield estimated from data via p;/n-
parametrised misidentification rates
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http://arxiv.org/abs/1311.3924

Charge asymmetry in dileptont+jets |

L B

e At least one pair of opposite-sign isolated leptons (the highest-P+ pair is used)
o At least two AntiKtS jets
e m(ll) > 12 GeV and 76 < m(ll) < 106 GeV (for dielectron and dimuon channels)

e Missing £+ > 30 GeV (for dielectron and dimuon channels)

Top-quark reconstruction is done with matrix weighting technique Fake Matrix Method is used to

. o . . . estimate QCD multilepton
(as In top quark polarisation and spin correlations analysis) s :
ackgroun

migration matrices

o
w
tf, rec

The matrix-inversion , ,
™ inclusive

method (as in lepton+jets
0.2

in 6 bins of m_

analysis) Is used to perform

rec

an unfolding procedure

bin of reconstructed IytI-I {I

- D W s 00N

O
bins of Alyl

12345678123456781234561738

4 5 6 7 8 . . .
bin of generated ly |-ly| bins of Alyl __in 3 bins of m;
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http://cds.cern.ch/record/1493476

PAS TOP-12-015
7 TeV,5 fo!

>
Fe

* Analysis is done in dileption channel

. . .1 -
e Two isolated leptons —CMS Preliminary, 4.6 fo_at /s =7TeV.

g E | I 1 1 1 I L L 'E

* Veto events with 76 < m(ll) < 106 GeV (to 525005_ E

reject DY background, applied only for ee and . E

up channels) 15001~ e

e At least one jet is b-tagged (suppression of W 1000 E
+jets and QCD) 500

* Missing E+ > 30 GeV (ee, py) and > 20 GeV — — — :

(e IJ) , + 4 $ + ______ P s 3 ...... ¢ ...... o ...... 4 _

* [he same reweighting method to extract the

helicity of W-boson as in muon+jets analysis at
8 TeV

Results for W-boson helicity fractions:

F; = 0.288 + 0.035(stat) = 0.040(syst)

Fy = 0.698 + 0.057(stat) = 0.063(syst)
Fr = 0.014 & 0.027(stat) + 0.042(syst)
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https://cds.cern.ch/record/1523682

Search for anomalous couplings in t-channel 7TeV 5 o

TOP PAS-14-00/

* Exactly one isolated muon with P> 20 GeV and |n| < 2.1
e Events with loose electrons are vetoed

* Two or three AntiKtS jets with P> 30 GeV and |n| < 4./
e At least one b-tagged jet and one non-b-tagged jet

CMS preliminary, Vs=7 TeV, L=5.0fb" g
H ' ' ' . ' ' ' H ' ' ' H ' ' I H ' ' I H . Dat'

— K/ A =004
— Ko/ A =0.06
B t-chan

[ )s-chan

) tW-chan
ot

B W+light

mm We
WQQ

[ W(other)

BNN s used as a
final discriminant

8 7 L R -
fop— V( 2 PR)tW _
\/E Y fV fV U
T TTO——t
BT ————
qq — tc gg — tc
o~ . t
cq — tq cg — tg
2015/03/05

Main backgrounds: W QCD background is
+/ets, ttbar; single top, suppressed by a

QCD, DY +jets

Il Diboson
B Drell-Yan

[JQCD

dedicated BNN

tug FCNC BNN

_ioc*o, W]

8 p
V2  Mw

4 L R QCD background normalisation is
PL+ frPr) t+h.c. &
(fT L1 R) extracted from template fit to QCD

BNN discriminator

CMS preliminary,\s = 7 TeV, L = 5.0 fb"! CMS preliminary,\'s = 7 TeV, L = 5.0 fb!

0.05— 1.4
Sb = [ 95% CL observed =< Tk [ 8% L observed
=20.045 — [ 68% CL observed 13 = [ 68% CL observed
o - 30
0.04 ~ 95% CL expected = e 95% CL expected
. E —— 68% CL expected 120 ...---—"""'M""m— ~.\ —— 68% CL expected
0.035 — - Z_”"— ,I
0.03F 3 //
0.025 — e
0.02—
0.015 ;_'__________.-..._........_.--...._‘___\
= ™~
0.01E S - e
0.005 0.7="
1 1 1 I 1 l 1 0 6 [ 1 1 1 1 ‘ 1 1 1 Il | 1 1 1 1 ‘ Il 1 1 1 | 1 1 1 1 | 1 1 Il 1 | 1 Il 1 1
X . 0.06 0.08 0.1 o 0.1 0.2 0.3 0.4 0.5 0.6 g?
Kicgl A fy
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https://cds.cern.ch/record/1702400?ln=en

Search f | inoe i toch | TOP PAS-14-007
earch for anomalous couplings in t-channe 7TeV 5 o

— B>
nomal lings limits: ‘
/ Wtb anomalous couplings limits . ((f{;)zAp—l— (f5)zBp) Br(t — 1, b)
Observed (expected) 95% C.L. limits: ' .
£5| > 0.90 (0.88) | fL| > 0.92 (0.88) Br(t = Lv,b) = ((fy)*Aa+ (fy)*Ba) /Wt
IR <034 (0.39) |fE| < 0.09 (0.16) o(fL, f8) = m(1000) + n(artificial) + k(0100)
CMS preliminary,\s = 7 TeV, L = 5.0 fb” CMS preliminary,\s = 7 TeV, L = 5.0 fb™
TN et e T go% ot expered
/.' -------------
S P
k ~o 0.1 0.2 0.3 0.4 0.5 0.6 f%-" 08 005 01 o015 02 o0z E.s /
/ FCNC limits: CMS preliminary,\'s = 7 TeV, L = 5.0 fb’ \
° < 0.05:
“Bo.oas- [ oo i obaenved
Kxg <18-107 (12-107) TeV™", o R
Kxg <56-1072 (3.1-1072) TeV~L. o
Br(t - u+g) < 355x 1074 (1.58 x 10_4), 0:(1: e
Br(t — c+g) < 3.44x107°(1.05x 107°) _ W

X ) 0.06 0.08 0.1
K KicglA /
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https://cds.cern.ch/record/1702400?ln=en

