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Why study single top !

Direct probe of electroweak interactions (in contrary to ttbar
production which Is of strong type)

Wtb vertex is involved in all SM single top production

mechanism — determination of CKM matrix element |V,y| W+
from the measured cross sections

Probe the PDFs b

Test anomalous Wtb couplings in the production rates of top
and antitop quarks

Search for FCNC interactions

More details on single top related results could be found in the
talks already given by Mohsen Naseri, Fabian-Phillipp Tepel,
Matthias Komm and Peter Uwer
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tW-channel

b W
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9
P Predicted cross sections depend on

PDF, 4FS/5FS, scale choice, top quark
mass, etc.

B Common efforts within LHCtopWG

and Tevatron Top WG to harmonize

the comparison to theoretical
predictions with Hathor v2.1 (NLO),
will proceed at NNLO: Phys. Lett. B
/36,58-63 (2014)

P Calculations for Wt are available at
NLO+NNLL


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

Single top at Tevatron

Final single top combination for t and s+t channels from Tevatron '
Does not include already reported s channel results “
Statistically independent combination of I+jets (CDF and D0) and E™ss+jets (CDF) final states

Combined MVA based t and s channel discriminants

Y V V V V

Measured cross sections and |Vtb| are consistent with SM predictions

2 F Single top quark, Tevatron Run ll,L _ <9.7 fb"
I_'3.5_ int > -
2 Single top quark, Tevatron Run Il, L <9.7 fb™' s F O &' | Single top quark, Tevatron Runll, L <9.7 fb”
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s-channel cross section [pb]

[1] 1. Aaltonen et al., CDF Collaboration, DO Collaboration, Phys. Rev. Lett. 115, 152003 (2015)
[2] 1. Aaltonen et al., CDF Collaboration, DO Collaboration, Phys. Rev. Lett. 112, 231803 (2014)
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http://arxiv.org/abs/1503.05027
http://arxiv.org/abs/1402.5126

Summary on single top at Tevatron

Tevatron Run |l single top quark summary

Measurement Cross section [pb]
s-channel: ;
: +0.37
CDF [25] :-.—- 1.36 057
DO [22] +- 1,109
§ +0.26
Tevatron [26] ro- 1.29+926
t-channel: :
: +0.38
CDF [21] ._._.i 1.65%93
DO [22] . —e— 3.07 0%
Tevatron [this Letter] e 2.25"0%
s+t: ' i
CDF [21] —e— 3.02")%
DO [22] - —e— 411798
Tevatron [this Letter] —o—  3.30%%

L f | 1 | ' | 1 |

0o 1 2 3 4
Cross section [pb]

i Theory (NLO+NNLL) [9,12] m, = 172.5 GeV
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[this Letter] Phys. Rev. Lett. 115, 152003 (2015)

[21] Phys. Rev. D 93. 032011 (2016)

[22] Phys. Lett. B 726, 656 (2013)
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t channel at CMS

2 Measurement with full 2015 data (2.3 fb'') / following the first t channel
measurement at 13 TeV (42 pb') 7 at CMS

? Measured in muon+jets channel

)\

Event categorization according to the number of jets and b tagged jets

2 Signal extracted through binned likelihood fit
to a Neural Net discriminant

23" (13 TeV)
IlIIlIlIlllIllllll!Illllllllllllll'lll_
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- CMS Preliminary mtchannel _
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- eglon# mW/Z+jets ]
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£y Post-fit unc.
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2000}

CMS

Preliminary

1500 AN\ -

Y
o
)

1000
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arXiv:1503.05027
A CMS7TeV(L=1.17156fb") _

JHEP 12 (2012) 035 -1 -08-06-04-02 0 02 04 06 08 1

= CMS8TeV(L=19.7f") MVA output
JHEP 06 (2014) 090 .

e CMS13TeV(L=231f")
CMS-TOP-16-003, preliminary
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t-channel total cross section [pb]

| IIIlII|

NLO+NNLL QCD = (scale @ PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503
I | 1 L | 1 L 1 I L 1 1 I | 1 1 I 1 L 1 I L | 1 I

S |1y V| = 1.02 £ 0.07(exp.) & 0.02(theo. ) %

Och. = 227.8 9.1 (stat.) & 14.0 (exp.) 7557 (theo.) £ 6.2 (lumi.) pb = 227.8 7337 pbl @

[1] CMS-PAS-TOP-16-003
[2] CMS-PAS-TOP-15-004
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https://cds.cern.ch/record/2141577
https://cds.cern.ch/record/2052187

t channel at ATLAS

l L L] L] L] l L] L] L] L] i
4000 ATLAS Prellmlnary {s=13 TeV, 3.2 fb '

2 First separate top-quark and top-antiquark SRy

t channel measurement at 13 TeV '

¢ Data
Bl g.tq
I 1t Wi tb
[ W+jets
[ Z+jets,diboson
B Multijet
717/, Post-fit uncertamty

? Measurement is done in muon+jets channel

Events / 10 GeV
w
(@)
(@)
(@)

2 Event categorization according to the number of
jets and b tagged jets

2 Signal extracted through a binned likelihood fit

to a Neural Net discriminant E
§ O 50 100 150 200
- m.(W) [GeV]
‘ o(tg) = 133 +6(stat.) £ 24 (syst.) =7 (lumi.) pb ‘ s /Ry S o POVICE
o [ SRy’ ¢ Data 1
|o(fg) = 96+5(stat.) £23(syst) +5(0umi.)pb| 2 “F =i
g E ﬁ%.tjse,tdlboson
£ L W, cl; I-ituncertai '
(o(tg+7g) = 229+48pb 21% Posumenaiy
fiv-Visl = 1.03+0.02(stat.) + 0.11 (syst.) = 0.02 (theor.) £ 0.03 (lumi.)|
— 8
= 1.03+0.11. 11% £
= § 0 02 04 06 08 |
r1] aras-conezois0ra Vsl > 0.75 @95% CL (fiv = 1, Vi = Vi) NN output
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http://cds.cern.ch/record/2114851

t channel at CMS

2 First t channel differential cross section measurement at 13 TeV
Z  Analysis is done in muon+jets events

Z Signal Is extracted with binned maximum likelihood fit to BDT discriminator (mt(W) > 50 GeV)
and to mT(W) in the signal and background control regions

? Unfolded cross section is measured as a function of the top quark pt and rapidity

CMS Preliminafy 2. 3fb (13 TeV) i CMS Prellmlnary 2 3fb1(13 TeV) " CMS Prellmlnaly 2.3fb (13TeV)
-E .................. A B L B S B B B B L B L B ™ > IIIIIIIIIIIIIII 'c . RARARARES MR ARSI ARSI LARAS AR
5 3000F 3jets 1b-tag « Data ] 9'8 11 . Data 1 & 44 . Data E
& 25005 Mr(W)>50GeV Btchannel 1 ~ — aMC@NLO (4FS) { = "1} —— aMC@NLO (4FS) |
= D iAW | = 10 + Pythia8 : %‘ 1F + Pythia8 .
g2 Buzw | 0 I TS
1500 . [Muttijet 1 g- B e aMC@NLO (5FS) - 3 o8 . aMC@NLO (5FS) A
s | Total syst. ] N7 + Pythia8 X 0.7k + Pythia8 E
10006 ) 1 © --aMC@NLO (4FS) { b '} -- aMC@NLO (4FS) 1
'2 6 + Herwig 1 > 0.6§ + Herwig E
500 5 5 ] 05F I I —
______________________ = 4 0.4} .
Q 3 0.3 ;
E 1 -2 : . _ -----------------------------
8 2 0.2} i -
S osf 1 0.1F :
0.6 |||||||||| | ||||||||| | ||||||||| | |||||||||| T 2 e a2 | PR A [ IR Lo s a ey

1 ~05 0 05 i % 30 % 05 1 45 2
BDT discriminant pr (t+1) (GeV) lyl (t+1) (GeV)

[1] CMS-PAS-TOP-16-004
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http://cds.cern.ch/record/2151074

s channel at ATLAS

«» 1500 T T T l
. = ATLAS e Data i
2 Evidence for s channel at 8 TeV ! g 5=8Tev,203fy! [ schame .
. . _ Signal region — i
2 Previous ATLAS result based on the same dataset using 1000k Swae
BDT gave |.30 observed significance “ | P Postituncertainty -
Z Analysis in lepton+jets channels oo ]
? Matrix element (ME) method to define discriminant
(contributes up to =50% improvement with respect to - — — —
BDT analysis) $ 10 »¢+§¢+4+H++H++¢H+~+++¢
8 09F . 1 . ]
Z Another =50% of improvement comes from the latest 00002 0008 0058 o102 0187 p(sm;
calibrations, optimized event selection and simulated PIX) - ME discriminant
o 150 T T T T
Sam p | eS E : e Data- background A TLAs :
» Signal extracted from simultaneous binned maximum- = | b Eeeumer ggz;:g\i';:oafb E
, , , . , _ Postitbkg. uncertainty
likelihood fit to ME discriminant and lepton charge in { i
signal and control regions 50 2
Observed significance is V| > 0.5 @95% CL
3.20 (3.90 expected) (fv=1,VL= Vu) 50
_0.0002 0.0018 0.058 0.102 0.187 1

P(SIX)

[1] ATLAS Collaboration, Phys. Lett. B (2016) 228-246 18
[2] ATLAS Collaboration, Phys. Lett. B740 (2015) 118 |0' s =4.8+0.8(stat.)”;3(syst.) Pbl @
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http://arxiv.org/abs/1511.05980
https://arxiv.org/abs/1410.0647

s channel at CMS

Muon, 5.1 fb™" (7 TeV), 2-jets 2-tags

? Combined fit of 7 TeV (muon channel)
and 8 TeV (electron and muon channels)
data results '

e Data

[ ]s channel
Bt channel
[tw

Ott

B Z+jets

B W+ijets

B Diboson
[ ]Multijet
[]Syst. unc.
NRate syst.

500

Events / 0.1

400
7 Categorization of events by the number of

b tagged jets

300

2 Signal extracted through a binned 200

maximume-likelihood fit to a signal vs 100
background BDT discriminant

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2-0.1 0 0.1 0.2

BDT Discriminant
0s = 7.1 =8.1(stat + syst)pb, muon channel, 7 TeV; oo Muon, 19.7 fb” (8 TeV), 2-jets 2-tags
0s = 11.7 = 7.5 (stat + syst) pb, muon channel, 8 TeV; 3 2 o Data
0s = 16.8 9.1 (stat + syst) pb, electron channel, 8 TeV; | =< .. E L]s channe
2 1600 ¢ Bt channel
0s = 13.4 7.3 (stat + syst) pb, combined, 8 TeV. 54% L% 1400 - [tw
S 1200 - ot
1000 E- B Z+jets
. BW-+jets
.. . 800 @Diboson
Observed significance is 600 F- [IMultijet
400 - [ ]Syst. unc.
2.50 (l. lo expected) o00F e el NRate syst.

835 03 025 -02 -0.15 01 -0.05 0 0.05

BDT Discriminant
[1] CMS-TOP-13-009 (Submitted to J. High Energy Phys.) IScriminan
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http://arxiv.org/abs/1603.02555

Wt channel at CMS

2 First observation of Wt production channel at 8 TeV '

? Analysis of events with two oppositely charged leptons

2 Signal extracted from a simultaneous binned likelihood fit to BDT
discriminant over the signal and background control regions

CMS, (s =8 TeV, L=12.2 fb", jit CMS, (5 = 8 TeV, L=12.2 ", 11
"""""" L e J CMS, |s =8TeV, L=12.2 b __
Cw 14000 ) -
W it ' E % -:%/v .
M Z/y *+jets ¢ 120002— 8 -i/& r-:-é?ts :
/2] B Other . H - 772 Uncertainty  H
e 2500 Uncertalntyé " 10000 -
I:>J’2000 : § 8000 ) [
Ll 60007 L
4000
2000

9

° 1Nuzrnbcgr of‘}oossejetes, pT7> 2% GeV 8405 02 01 OBD'I(')'(;iscr?rﬁina's ° 1j1t 2j1t 2j2Rtegion
‘IvathI = 1.03 £ +0.12(exp.) + 0.04(th.)‘ 13% F(Wt) =234 +5.4 pf 23%

[Vis| > 0.78 @95% CL (fiv =1, VL. = V) Observed significance is

6.10 (5.40 expected)

[1] CMS Collaboration, Phys. Rev. Lett. 112 (2014) 231802
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Wt channel at ATLAS

§ ATLAS + Data E
= 7= (s=8Tev,203 10" Wt E
? Observation of Wt production channel at 8 TeV ' £ 600 gy Lot Lteg =
@ 500 ‘ 72 Uncertainty =
» Two oppositely charged leptons are considered 400 3
. . 4 . 300 3
2 Signal extracted via profile likelihood fit over the signal 200 3
and background control regions 100 E
2 First fiducial cross section (Wt+ttbar) measured for B e e ek
| s o8t t e
two ;elected leptons with pr > 25 GeV, [n| < 2.5, one b g R R R
jet with pt > 20 GeV, |In| < 2.5 and Ef™ > 20 GeV BDT Response
| L | LI I LI I L | | | L I LI

ATLAS \s=8TeV,20.3 "

‘ o(Wt) = 23.0 &+ 1.3(stat. )+ (syst ) & 1.1(lumi.) pb‘ 17% '\:e::;iiliﬁthross'semn

Stat. uncertainty

Predicted fiducial cross-sections:

POWHEG-BOX+PYTHIA DR CT10

‘ Tfducial = 0.85 £ 0.01(stat.) F-05 (syst.) £ 0.03(lumi. ) pb‘ 9% | | HMOLL o atNLOWIL

POWHEG-BOX+PYTHIA DR CT10
o™ and ot atNLO

POWHEG-BOX+PYTHIA DS CT10
o™ and o atNLO

Observed Sig‘niﬁcance is POWHEG-Box+HERWIG DR CT10'} -

o™ and o't at NLO

7.70 (6.90 expected) MC@NLO+HeRwIG DR CT10

MC@NLO+HeERwIG DR MSTW2008
oW and ot at NLO

[Vis| > 0.80 @95% CL (fiv=1,VL = Va) MC@NLO+HERWIG DR NNPDF 2.3

o™ and ot atNLO
lllllllllllllllllllllll

[1] AILAS Collaboration, JHEP 01 (2016) 064 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Cross-section [pb]
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http://arxiv.org/abs/1510.03752

Wt combination at LHC

. . . ATLAS+CMS Preliminary LHClopWG May 2016
? New LHC combination for Wt production Data 2012, (5 =8 TeV, m = 1725 GeV
cross sections at 8 TeV ' total stat
i NLO+NNLL (PRD82 (2010) 054018)
; ; ; MSTW2008,,,,,
Z Results are combined using the best linear B scalo unceninty
unbiased estimator (BLUE) method scale & PDF uncertainty |
Oy, x(stat) =(syst) =(lumi)
7 Combination results in an improved precision of
167 (ATLAS - 17%, CMS - 23%) ATL_AS’ L= 20317 230+13+35=1.1pb
arXiv:1510.03752
Z The dominant uncertainties are due to theory
modeling (ISR/FSR, Scale, Parton shower; etc.) CMS, L= 122 fb" 23.452.0 £ 46 0.7 pb
PRL 112 (2014) 231802
Source Uncertainty LHC combined (May 2016) 23111233 =08 pb
(%) | (pb) ATLAS-CONF-2016-023, |
Data statistics 47 1.1 CMS-PAS-TOP-15-019 538 pb (ot otuded s fgarey
Simulation StatiStics 0.8 0.2 I 1 1 1 | 11 1 1 I | I | | 11 1 1 I 1 1 1 I 1 1
Luminosity 3.6 0.8 0 10 20 30 40 50
Theory modelling 118 | 27 Oy [PD]
Background normalization 2.2 0.5 16%
Jets 62| 14 N 4
Detector modelling 49 1.1 _ . _
Tt symieraatics o Ty T TLT |53 owe = 23.1 £ 1.1 (stat.) + 3.3 (syst.) = 0.8 (lumi.) pb = 23.1+ 3.6 pb
Total systematics (incl. lumi) | 14.8 3.4
Total uncertainty 15.6 3.6

| fivVi| = 1.02£0.09| 9%

[1] CMS-PAS-TOP-15-019, ATL AS-CONF-2016-023
2016/06/17 Kirill Skovpen - LHCP2016 | 3


https://cds.cern.ch/record/2155015
http://cds.cern.ch/record/2153385

Inclusive cross-section [pb]

Summary on single top production at LHC

—
o
N

ATLAS+CMS PreliminaryLHCtOpWG

Single top-quark production

June 2016

t-channel
i 5 B,
M ‘ Wi
[

s-channel

- scale uncertainty

ATLAS t-channel
PRD90(2014) 112006, ATLAS-CONF-2014-007,

ATLAS-CONF-2015-079

CMS t-channel
JHEP12(2012) 035, JHEP06 (2014) 090,

CMS-PAS-TOP-16-003

ATLAS Wt
PLB716(2012) 142, JHEP01(2016) 064

CMS Wit
PRL110(2013) 022003, PRL112(2014) 231802

LHC combination, Wt
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

ATLAS s-channel
ATLAS-CONF-2011-118 95% C.L.,
PLB756 (2016) 228

CMS s-channel
arXiv:1603.02555 95% C. L.
7+8 TeV combined fit 95% C. L.

NNLO PLB736(2014) 58

scale uncertainty

NLO +NNLL PRD83(2011) 091503,
PRD82 (2010) 054018, PRD81(2010) 054028
W: tt contribution removed

scale ® PDF @ o, uncertainty

NLO NPPS205 (2010) 10, CPC191(2015) 74
U= ue= Migps

CT10nlo, MSTW2008nlo, NNPDF2.3nlo

Wi: p: veto for tt removal=60 GeV

and uF=65 GeV

scale ® PDF @ o, uncertainty

Myp= 172.5 GeV

[e10} 1els

13
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s [TeV]

ATLAS+CMS Preliminary

Omeas

If Vil =

Opeo- NLO+NNLL MSTW2008nnlo

LHCtopWG

oy, from single top quark production
theo

PRD83 (2011) 091503, PRD82 (2010) 054018,

PRD81 (2010) 054028
Aoy, scale ® PDF
My, = 172.5 GeV

June 2016

—t——
total theo

If. Vil = (Meas) = (theo)

t-channel:
ATLAS 7 TeV' —=— 1.02 = 0.06 = 0.02
PRD 90 (2014) 112006 (4.59 fb™")
ATLAS 8 TeV —t— 0.97 = 0.09 = 0.02
ATLAS-CONF-2014-007 (20.3 fb™")
CMS 7 TeV o] 1.020 + 0.046 = 0.017
JHEP 12 (2012) 035 (1.17-1.56b™")
CMS 8 TeV e 0.979 = 0.045 = 0.016
JHEP 06 (2014) 090 (19.7 fb™)
CMS combined 7+8 TeV HéH 0.998 =+ 0.038 = 0.016
JHEP 06 (2014) 090
CMS 13 TeV o 1.02 = 0.07 = 0.02
CMS-PAS-TOP-16-003 (2.3 fb™)
ATLAS 13 TeV —_—— 1.03 = 0.11=0.02
ATLAS-CONF-2015-079 (3.2 o) :

Wit:
ATLAS 7 TeV : — | 1.03 * 315 + 0.03
PLB 716 (2012) 142-159 (2.05fb™") ‘
CMS 7 TeV o | 1.01+ 515 +003
PRL 110 (2013) 022003 (4.9 fb™") ' '
ATLAS 8 TeV'® —_—— 1.01+0.10 = 0.03
JHEP 01 (2016) 064 (20.3 fb™)
CMS 8 TeV' ——ti—t—o 1.03 £ 0.12 = 0.04
PRL 112 (2014) 231802 (12.2b™")
LHC combined 8 TeV '* ——t— 1.02 = 0.08 = 0.04
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019

s-channel:
ATLAS 8 TeV? : — | 0.93 318+ 0.04
PLB 756 (2016) 228 (20.3fb™")

' including top-quark mass uncertainty
including beam energy uncertainty
| | | | | | | | | | | | | | l | | | | | | | | | | | |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
If,, Vil
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Anomalous Wtb couplings

» d 2 Single top production cross section is proportional to
the size of Wtb interaction

2 Provides the direct measurement of [Vi| and allows
one to probe anomalous Wtb couplings: vector (VR)
and tensor (g, gr)

2 Top quarks are polarized in the single top production
(P = 09)

2 Look for differences in kinematical and angular
distributions in the presence of anomalous couplings

eumg
. e

anom. _ —%Ey#ﬂ@ﬁ H{(VRPR)EW ™, — % q" T (@)PL +ERPIW - he.

In SM: VL=Vw= | with VR, gL and gr vanishing at LO
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Top quark polarization at CMS

2jets 1tag, 19.7 fb™" (8 TeV)

- T T LI B 3
2 First measurement of top quark spin £ 1000 7 [l t-channel
asymmetry (sensitive to top quark = 800 E =tsf'°h'/tw
polarization) in high purity t channel ' igg; 1 W/z/diboson
2 Probe the coupling structure via spin 200 | 5 Multet
asymmetry (ED 1 g Total syst.
Z  Analysis In muon+jets events 3 10f FERRERLRED
S 0.8
- A tian | = .
P Spm PrOJectlon IS melaltsured along the 2 0.6, 0% o0 G =0
direction of the recoiling spectator quark 3 cos6);
momen m spectator
omentu quark CMS U +jets, t+1, 19.7 b (8 TeV)
_ ~ . r :l T I T | T T | 1T I T 1T ] T TT I T I T TT l T I T l:
P & 1E __ POWHEG (5FS) + Pythia 6 E
@ I . i
S 09F - aMC@NLO (4FS) + Pythia 8 E
S = CompHEP + Pythia6 E
A = N(1)—-N{) g 8L . Unfolded data T
x = 0.7 T stat. | Total T 3
N(H +N() T3 1
= 05F '?' =
0l # : :
y 0.3F -
0.2) -
‘ Ay (t+1) = 0.26 £ 0.03 (stat) =+ 0.10 (syst) = 0.26 + 0.11 o1F 3
:I 11 I 111 I 111 I 11| I L1 1 I 11| I L1 1 l | - l I 1 1 l 11 I:
01 -08 -06 -04 -02 0 02 04 06 08 1
Results are consistent with SM (A,°M = 0.44), p-value = 4.6% Unfolded cos6y

o [1] CMS Collaboration, JHEP 04 (2016) 073
2016/06/17 Kirill Skovpen - LHCP2016 |6
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Double differential asymmetry at ATLAS

? Perform a normalized double differential angular

measurement in 8% and ¢* in single top events

B The triple differential decay rate of the top quark is

Events /0.1

expressed In the form of parametrized spherical

harmonics

[1] AILAS Collaboration, JHEP 04 (2016) 023
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Re[g /V]

spectator
quark

SR D e e
0.4 ATLAS + BestFit |
- (s=7TeV,461" o SM -
0.2)- M68% CL —
: []95%CL |
o .
:
:
¥ Y T T TN T T TR T
04 -03 -02 -01 O 01 02 03 04
Im[g_/V|]

Two-dimensional limits at 95% CL
correlation = 0.1 |

R
e_VL_

€ [-0.36,0.10]

I
m_VL_

€ [-0.17,0.23]
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http://arxiv.org/abs/1510.03764

FCNC with top quarks

Top +
gluon

? Flavour-changing neutral current Kgqt) L» R
(FCNC) is forbidden in SM at tree L = Z V2 gsCA)fff” "To(fGePL + G Pr) 4G
level by the Glashow-lliopoulos-Maiani q_u; @
- t
(GIM) mechanism t g A" (7Pt f70PR) 4 2w
2 Only possible at higher orders via loops @
induced processes — highly — e ]\qt toh ( ,;—;JPL + f,ZPR) qAu
suppressed N i{@fll p L fR . )qH] ¢ he
2 FCNC decays could be enhanced in V2 HqAJHq" LT JHq" R v

various BSM

Top +
gamma
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Summary on FCNC searches

AILAS Top Combined Summary Plots
ATLAS Preliminary

BR(t— uH) BR(t— uy)
1 10_1E LEP % ﬂ\ 11 CMS Collaboration, JHEP 04 (2016) 035
r =
102 TEVATRON i \ & = 1 e .
; o - =172 GeV 95% CL =
10°8 ) - 4 1 1 ZEUS (q=u) i:.= = GZV excluded region _
- : =10 -
107 E E E m,=175 GeV \ =
L & - DO m=175 GeV -
0% | E
-] E I E
10-3 =_ATLAS |mt=172.5 GeV I —=
E CMS m=172.5 GeV | ;
10 ATLAS - .
— 10 s -
10-3 CMS Preliminary E m=172.5 GeV I H1 (q=u) E
[ (q=u) (q=c)I m=175 GeV] _
810 a 10'5 1 L IIIIIII 1 1 IIIIIII 1 II.IIII 1 IIIIII 1
> > 107 10 10° 102 10 1
;I, 107 :I; Bt ~av)
@ E i o
om o
107 10° 40° 107 107 10° 10™* 10° 10% 10
BR(t— uH) BR(t— uy)

Latest results:
- t—=gq (ATLAS Collaboration, Eur. Phys. J. C (2016) 76:55): the most stringent limit on this decay
- t=yq (CMS Collaboration, JHEP 04 (2016) 035): the only existing analysis to probe this coupling
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http://arxiv.org/abs/1511.03951
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/

Conclusion

2 Single top production provides unique environment to test the SM and to
search for new physics by probing anomalous couplings

2 Several new single top results are avallable from LHC Run 2 experiments:
t channel inclusive and differential cross sections

2 All results show good agreement with SM predictions

2 Looking forward to more data, more results and only good surprises

Top quark public results: ATLAS, CMS, CDF, DO
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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Top quark has special powers

e

N
2

N
U

Top quark is the heaviest elementary particle known

W An excellent candidate to study EW symmetry

breaking mechanism and fermion mass hierarchy
due to Iits large Yukawa coupling (y,= )

Almost exclusively decays to W boson and b quark

25

The short lifetime (7 = 4x10 s) of a top quark
makes 1t decay before any hadronization occurs to
produce bound states

Distinctive experimental signature

W The new physics could manifest itself in observed

2016/06/17

anomalies of the top quark production and decays

Kirill Skovpen - LHCP2016

Single top event candidate in
| 3 TeV data
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Single top quark manufacturing

? Top quark discovered at Fermilab '

2 Observation of inclusive single top
production at Tevatron “

2 Rediscovered t channel at LHC -

L\

(new)

i

2 Observation of s channel at Tevatron -

[1] E_Abe et al.. CDF Collaboration, Phys. Rev. Lett. 74, 2626 (1995);
S. Abachi et al., DO Collaboration, Phys. Rev. Lett. 74, 2632 (1995)

[2] 1. Aaltonen et al.. CDF Collaboration, Phys. Rev. Lett. 103, 092002
(2009); V. M. Abazov et al.. DO Collaboration, Phys. Rev. Lett. 103,
092001 (2009)

[3] ATLAS Collaboration, Phys. Lett. B 717, 330-350 (2012); CMS
Collaboration, JHEP 12 (2012) 035

[4] CMS Collaboration, Phys. Rev. Lett. 112 (2014) 231802; CMS
Collaboration, Phys. Rev. Lett. 110, 022003 (2013)

[5] 1. Aaltonen et al., CDF and DO Collaborations, Phys. Rev. Lett.
112, 231803 (2014)
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QUARK MASSES

Observation of Wt production at LHC * G

bottom (T &
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https://arxiv.org/abs/hep-ex/9503002
http://arxiv.org/abs/hep-ex/9503003
https://arxiv.org/abs/0903.0885
https://arxiv.org/abs/0903.0850
http://arxiv.org/abs/1205.3130
http://arxiv.org/abs/1209.4533
http://arxiv.org/abs/1401.2942
http://arxiv.org/abs/1209.3489
http://arxiv.org/abs/1402.5126

Tools

Central Calorimeter (E H)

Wall Calorimeter (H)

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Quter Tracker
Silicon Vertex Detector

Intermediate Silicon
A Detector characteristics
<«
Muon Detectors Electromagnetic Calorimeters ] “{idth: 44m
ot Diameter: 22m
< Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

EXPERIMENT

Inner Detector Shielding

Barrel Toroid Hadronic Calorimeters

2016/06/17

Central Tracking

5000 tons

Calorimeter

3n, '
’ /50’

CMS DETECTOR

Total weight : 14,000 tonnes
Overall diameter : 15.0m
Overall length ~ :28.7m
Magnetic field  :3.8T

™ MuT Tracking

STEEL RETURN YOKE
12,500 tonnes SILICON TRACKERS
Pixel (100x150 pm) ~16m* ~66M channels

Microstrips (80x180 pm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobjum titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

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

Compact Muon Solenoid

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Top quark mass in single top at CMS

2 Measurement of top quark mass in t channel (purity = 75%)

? Muontjets channel is considered

2 Mass extracted from the reconstructed top quark mass through
an extended unbanned maximum likelihood fit

2 Signal parametrization is done with Crystal Ball function
2 Total uncertainty on the measurement is driven by several

sources (JES, signal modelling, fit calibration, etc.)

19.7 b (8 TeV)

Preliminary

Fit to

data

0 50 100 150 200 250 300 350 400
m,,, (GeV)

[m, = 172.60 £ 0.77 (stat) 7094 (syst) GeV|

[1] CMS-PAS-TOP-15-001
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Simulation Preliminary

events / 10 GeV
=
T

single

saal, ]
100 150

A BT e )
200 250 300 350 400
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w

Simulation Preliminary

events /10 GeV
[\]
o

N

ttbar

AP ENPEPEPY IR EPEPEPEP IPEPRPR bt
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Simulation Preliminary

events /10 GeV

W+jets
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https://cds.cern.ch/record/2138689

Top quark mass in single top at ATLAS

2 Measurement of top quark mass in t channel (purity = 70%) '

2 Neural network to reduce the background (ttbar not included in the training)
2 Invariant mass of charged lepton and b jet as an estimator for top quark mass
2 Template method to determine the mass via likelihood fit

2z Main systematic uncertainties: |ES, signal modelling, background normalization, etc.

%1500 T | T T T | T T T I T T T | T T T | T T T 0 _IIA'TlLA'sllP;‘ell;T{Ir;alrylI'llll'll'llll'll'II"III"IIII'l—
= = o " T - Q
g * (s=8TeVdata ‘g st ~ - 2 Jets SR electrons + muons e DATA Vs=8TeV-
o : Best fit: m,,, =172.2 + 0.7 (stat.) GeV * ; : £ 20000 [— \\\ I t-channel —
g [ Single-top t-channel signal 1::::::::_':::::'_:::::: ] g - B { ), s-channel -
4 tt signal .Y A B ] Z+jets diboson
@ 1000 — Background 70 713 172&7 [Ge\%4_ B = Multijets .
| ATLAS Preliminary +* T - N\N uncertainty -
10000 1= det=2o.3fb"_
f Ldt = 20.3 fbo'~
500
g 040
c 02 NG AN N 3 AN A 8 A L A A # S S S e e e e s 4o e 4 e 4 e eSS e e a e e e et en e et e e nn e en e ea e enn e e —
;as) _02 N N S S e o
60 80 100 120 140 = 04 0707 02 03 04 05 06 07 08 09
m(lb) [GeV] NN output
[1] ATLAS-CONF-2014-055 |muop = 172.2 +0.7(stat.) + 2.0(syst.) GeV|
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http://cds.cern.ch/record/1951323

Summary on top quark mass measurements

CMS Preliminary

March 2016

b hadron lifetime

TOP-12-030 (2013)

Kinematic endpoints

o 173.50 + 1.50 + 2.91 GeV

173.90 £ 0.90 *1-70 , ./ GeV

EPJC 73 (2013) 2494

b-jet energy peak
TOP-15-002 (2015)

Lepton+J/¥

e

172.29 +1.17 £ 2.66 GeV

— |

TOP-15-014 (2016)

Lepton+SecVix
arXiv:1603.06536 (2016)

Single top
TOP-15-001 (2016)

o(tt) 7+8 TeV
arXiv:1603.02303 (2016)

CMS 7+8 TeV (2015)
arXiv:1509.04044

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

-

Dilepton kinematics
TOP-16-002 (2016)

PN - 173.50 + 3.00 + 0.90 GeV

—@—  173.68+0.20*1°8 | o GeV

2.68
171.70 £ 1.10 *268 , 0 GeV

172.44 + 0.13 £ 0.47 GeV

173.34 £ 0.27 £ 0.71 GeV

170

2016/06/17

180
m, [GeV]

ATLAS Preliminary m,,, summary - Mar. 2015, L = 4.6 fb" - 20.3 fo

a" jetS arXiv:1409.0832
| -46fb"

— |+jets aniv:1503.05427
Liy=471"

— dilepton aXiv:1503.05427
Ly =471"

Mg, * tot. (stat. £ JSF £ bJSF + syst.)

1751 £ 1.8 (14 +12)

172.33+ 1.27 (0.23+0.25+0.67+ 1.02)

173.79+1.41 (054 +1.30)

Eur. Phys. J. C74 (2014) 3109

o(tf) dilepton

-1
L, =4.6-20.3 fb

T iat)* CONF-2014-053
o(tt+1-jet) o
int T

2.5
172.9 + 2%

23
173.7 + 23

ATLAS Comb. Mar. 2015 (arxiv:1503.05427)

172.99+ 0.91 —— - World Comb.+ 1o
World Comb. Mar. 2014 ' - stat. uncertainty
(o] . B (arXiv:1403.4427) .
173.34 + 0.76 I—?—l —— stat. ® JSF ® bJSF uncertainty
Tevatron Comb. Jul. 2014 ' —— total uncertainty
evatron omao. ul. (arXiv:1407.2682) ! * imi
174.34 + 0.64 ! —— Preliminary, —Input to ATLAS comb.
| I : I I
165 170 175 180 185
Moo [GeV]
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Summary on top quark mass measurements

2016/06/17

ATLAS+CMS Preliminary LHCIOpWG my,, summary,is = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]
o stat I —r—t |

total uncertainty total stat

Miep = 173.34 £ 0.76 (0.36 + 0.67) GeV Moyt total (statt syst) s Ref
ATLAS, l+jets (%) 172.31+£1.55 (0.75+1.35) 7 TeV [1]
ATLAS, dilepton (%) 173.09+1.63 (0.64+ 1.50) 7 TeV [2]
CMS, I+jets 173.49+ 1.06 (0.43+0.97) 7 TeV [3]
CMS, dilepton 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) 173.34+0.76 (0.36+ 0.67) 1.96-7 TeV [7]
ATLAS, l+jets 172.33+1.27 (0.75+ 1.02) 7 TeV [8]
ATLAS, dilepton 173.79%+1.41 (0.54+ 1.30) 7 TeV [8]
ATLAS, all jets = 175.1£1.8 (1.4+1.2) 7 TeV [9]
ATLAS, single top 172.2+2.1 (0.7£2.0) 8 TeV [10]
ATLAS comb.(:‘f;‘;t:f’;ﬁ_ 172.99+ 0.91 (0.48+0.78) 7 TeV [8]
CMS, l+jets 172.35+0.51 (0.16+£0.48) 8 TeV [11]
CMS, dilepton 172.82+1.23 (0.19£1.22) 8 TeV [11]
CMS, all jets 172.32+0.64 (0.25+0.59) 8 TeV [11]
CMS comb. (Sep 2015) 172.44+ 0.48 (0.13+0.47) 7+8 TeV [11]

[1] ATLAS-CONF-2013-046
[2] ATLAS-CONF-2013-077
[3] JHEP 12 (2012) 105

(*) Superseded by results
shown below the line

[4] Eur.Phys.J.C72 (2012) 2202

[5] Eur.Phys.J.C74 (2014) 2758

[7] arXiv:1403.4427
[8] Eur.Phys.J.C (2015) 75:330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055
[11] CMS PAS TOP-14-022

| |1

| | | .
165 170 175 180
m,,, [GeV]
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Single top event generation

Experiment Generator Order
CDF POWHEG-BOX NLO
DO SINGLETOP NLO

ATLAS POWHEG-BOX| MG5_.aMC@NLO NLO
CMS MG5_aMC@NLO| POWHEG-BOX NLO
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s channel at Tevatron

: — [ schannel single top quark, Tevatron Run Il,L_ 9.7 b
B Observation of s channel at Tevatron ! < + Data it
T 10° 8 SM signal
» Combination of I+jets (CDF and DO) and Ex™ss & — Expected background

+jets ( CDF) channels i} - :: O i B o
1 -

?  WHjets backgrounds normalized to data

)\

Observed with S = 6.30 (expected 5.10) 107

Z Probability to observe an excess in the absence
of signal is 1.8 x 1019

........

ok obn o ...
> -3 -2 T
3 18 - s-channel single top quark, Tevatron Runll, L < 9.7 fb 5 Discriminant output [Iog1 0(s/b)]
§ F —Posterior probability density distribution
> 1.6—
£°r | o.=1.20%25pp
g 14 5_ '+ o5M = 1.05 = 0.06 pb Systematic uncertainty CDF DO Corre-
5 1.2 Norm Dist Norm Dist lated
3 1 Lumi from detector 4.5% 4.5% No
% - Lumi from cross section  4.0% 4.0% Yes
O 08 Signal modeling 2-10% e 3-8% Yes
0.6 Background (simulation) 2-12% e 2-11% e  Yes
- Background (data) 15-40% e 19-50% e No
041 Detector modeling 2-10% e 1-5% e No
0.2F b-jet-tagging 10-30% 540% e No
Ol 1 a . N JES 0-20% e 0-40% e No
0O 02 04 06 08 1 12 14 16 18 2 22
Cross section [pb]
_ [1] 1. _Aaltonen l., CDF Collaboration, D
p(GS) - /L(087 {0}|data)7r(as)ﬂ({9})d{9} Phvs. Rev ettt 112. 231 2014
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http://arxiv.org/abs/1402.5126

t channel measurement (uncertainties)

ATLAS
Source Aoy |01y %] Aoyl oiy [%]

.
uncertainty source

Data statistics i 30 At i+7/ T 00 gt | ATt—cht/ Py | DO i/ 08 ¢
MC statistics +6.3 +6.5 uncertainty of the fit (stat. + prof. unc.) +6.8% +7.4% +11.9%
statistical uncertainty +4.0% +4.7% +7.6%
Multiiet normalisati +0.8 £24 profiled uncertainties £5.5% £5.7% £9.2%
Jetnofmatisation MC statistics +£2.8% +3.4% +4.0%
Other background normalisation =14 05 pileup 0.2/+0.1% -05/+0.4% 0.1/+0.7%
experimental uncertainty -6.2/+6.2% -6.7/+6.7% -10.0/+10.0%
Muon uncertainties + 1.6 + 1.6 Signal modeling £7.9% +10.1% £8.2%
JES +55 +1.6 tfmodeling +4.3% +3.9% +4.6%
. W+jets modeling 2.1/+1.7% -1.6/+1.1% -2.8/+2.3%
Jet energy resolution +4.3 +3.1 Q? scale t-channel 5.7/+7.0% 7.1/+5.1% 6.1/+6.9%
E.'l.mss modelling +4.2 +4.5 (Q? scale tt 2.7/+4.1% -2.5/+4.0% -3.9/+3.4%
b-tagging efficiency +7.1 +75 Q? scale tW -0.3/+0.5% -04/+0.3% -1.1/+0.4%
ine effici 0.5 0.5 Q? scale W+ets 2.7/+3.0% 2.5/+4.2% -5/+2.4%
c-tagging clficiency <Y <Y PDF uncertainty 3.0/+2.6% -31/+3.2% 3.7/+4.2%
Light-jet tagging efficiency <0.5 <0.5 top pr modeling +0.1% +0.1% +0.2%
Pile-up reweighting +1.2 +32 total theory uncertainties -12.1/+12.6 -13.8/+13.6 -13.5/+13.4%
[ Tuminosity | £2.7% [ £27% |  £27% |
W-+jets modelling +23 £ 1.0 [ total uncertainty | -145/+148% | -163/+16.1% | -18.6/+186% |
t1,Wt and s-channel shower generator < 0.5 +2.3
t1,Wt and s-channel NLO matching +2.7 +7.0
17,Wt and s-channel scale +2.6 +0.9 uncertainty source DOt 17/ 0% iip | DO—cn /0% 4 | DO_cn 1/ 0%
t-channel scale +50 +7.7 JES +4.9% +5.6% +3.7%
t-channel generator +11.0 +15.0 JER ) o +£0.7% +0.2% +1.5%
PDF <0.5 £ 1.0 b-tagging efficiency +2.3% +2.1% +1.6%
o ' ' mis-tagging efficiency +0.8% +1.2% +0.4%
Luminosity *35.0 %350 lepton reconstruction/ trigger +2.5% +2.0% +2.9%
Total systematic uncertainty + 184 +244
Total uncertainty +19.0 +25.0
2016/06/17 Kirill Skovpen - LHCP2016 3



s channel measurement (uncertainties)

Source Uncertainty (%) Type +do /o [%]
u,7TeV. u,8TeV e, 8TeV u+e 8TeV 7+8TeV 16

Data statistics
Statistical 34 15 14 10 11 MC statistics 12
tt, single top quark rate 29 15 14 12 14 Jet energy resolution 12
W /Z+jets, diboson rate 23 11 13 12 12 t-channel generator choice 11
Multijet rate 9 3 5 2 2 b-tagging 8
. . s-channel generator scale 7
[I:Ieal);f;lnf Cfﬁ tg;;zry 1451 _1 _2 _1 i’ W+jets normalization 6
Luminosity 10 5 6 4 6 Luminosity o 5
JER & JES 66 39 29 34 18 t-channel normalization 5
b tagging & mistag 34 15 14 14 16 Jet energy scale 5
Pileup 6 11 7 9 7 PDE = >
Unclustered Er 5 8 ) 6 5 Lepton identification 2
UR, Ur scales 54 34 31 30 28 Electron energy scale 1
Matching thresholds 43 11 12 7 17 1 generator choice 1
PDF 12 8 7 7 9 Lepton trigger 1
Top quark pr reweighting 3 5 7 6 6 Charm tagging 1
) Other <1
Total uncertainty 115 64 54 55 47
Total

;
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Wt combination at LHC (uncertainties)

Category ATLAS CMS P
Data statistics Data statistics 5.8% | Fit statistics 8.1% | 0.0
Category subtotal 5.8% 8.1% | 0.0
Simulation statistics Sim. statistics 0.5% | Sim. statistics 24% | 0.0
Category subtotal 0.5% 24% | 0.0
Luminosity 4.6% 3.0% | —
Category subtotal 4.6% 3.0% | 0.31
| Theory modelling ISR/FSR 8.8% | Ren./fact. scale 124% | 1.0
NLO matching method | 2.5% —

Parton shower 1.7% | ME/PS match. thr. | 14.1% | 1.0

PDF 0.6% | PDF 17% | 1.0

Wt/tt overlap 3.5% | DR/DS scheme 21% | 1.0

Top pr reweight. 04% | —
Category subtotal 10.0% 19.0% | 0.75
Background normalization | bkg. mod. 2.8% | tt cross section 1.7% | 0.0
Z+jets 26% | —

" Category subtotal 2.8% 3.1% | 0.0
Jets JES common 5.3% | JES 3.8% | 0.0
JES flavour 1.9% o

Jetid 0.2% —

Jet res. 6.5% | Jet resolution 09% | 0.0

Category subtotal 8.6% 3.9% | 0.0
Detector modelling Lepton modelling 3.0% | Lepton modelling | 1.8% | 0.0
MET scale 5.5% | MET modelling 04% | 0.0

MET resolution 0.2% —

b-tagging 1.0% | b tagging 09% | 0.0

Pileup 2.7% | Pileup 04% | 0.0

Category subtotal 6.9% 2.0% | 0.0
Total 16.8% 21.7% | 0.40
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ttbar production at LHC

o)
2
o
QS
(@)
()
w
wn
wn
@)
-
@)
(-
)
(O]
.21
wn
=
@)
<

Utf(STeV) o

2016/06/17

10

Vv Tevatron combined 1.96 TeV (L = 8.8 f6')
ATLAS ep 7 TeV (L = 4.6 fb')
CMSep7TeV(L=51b"

ATLAS ep 8 TeV (L=20.3 fb’)
CMSeus8TeV (L=19.71b")

LHC combined eu 8 TeV (L = 5.3-20.3 fb')
ATLAS ep 13 TeV (L= 3.2 b’

CMSep 13 TeV (L =43 pb’)

ATLAS ee/up 13 TeV (L =85 pb™)

ATLAS l+jets 13 TeV (L = 85 pb'")
CMS l+jets 13 TeV (L = 42 pb')

oOodrem«oO0onmON

E—— NNLO+NNLL (pp)
——— NNLO+NNLL (pp)
Czakon, Fiedler, M

mto
| | | | 1 ]

o= 172.5 GeV, PDF® O uncertaintieis according to PIDF4LHC

ATLAS+CMS Preliminary Mar 2016
LHCfopWG

1000

800
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13 1s[TeV]
itov, PRL 110 (2013) 252004

6

12 14
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8 10
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W boson helicity

- . . . Negativ Longitudinal Positiv
2 W helicity - projection of W's spin on its ﬂ;gj;; Ii(;;i;; . s
momentum £=0.30 £,=0.70 £,=0
2 Helicity fractions: FLro = MLro / T(E2Wb), 1§ 1 II
ZFi: | t b \%Y% l'
W b b
2 Helicity is sensitive to the real part of Wtb 1 1
anomalous couplings

1
p(cos ;) = =z dcos o —(1 — Cos 93)2@4— — sin 9@-}— —(1 4+ cos 95)2@

Theoretical Cos6* distributions
1

0" helicity angle:

0.9 —— Standard Model

@N N LO 0-82: —— Longitudinal
Fo = 0.687 % 0.005 ~ Letthanded.
FL=0.311 £ 0.005 it
Fr = 00017 = 0.0001 o4

Phys. Rev. D 81 (2010) 111503 o/

e e oA 02 002 04 08 o8 1
cose*
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W boson helicity in t channel at CMS

? First measurement of W boson helicity in single top

quark event topology ,CMS 197 o (8 TeV)
2 Single top statistics accompanied by ttbar events also ! ——r
used to extract helicity fractions 0.5
i Vi =1 R VR=0

2 Fo, FL and WHjets fraction are free parameters in the fit

AI R
o
- D Ol
S CMS 19.7 6 (8 TeV) CMS 19.7 b (8 TeV) c .

8 4500F /+jets o Data § F . Data [ W+jets esiets
M) | gosw Wi Moven < |
535002- E:E(other) :>j » 0003_ i [ Stat. unc. '0-5__ | @68%CL » Best fit
§3ooo§— [ W-ets ! - Jj@9%5%wcCL @ SM pred.
Wa2s00E [ Others 1500} L L o
2000} [laco : -0.4 -0.2 0 0.2 0.4
] 500; . |Stat. unc. 1 000:_ Re(gl_)
1000; 5005
500} N

11l paa |
.2 04 0.

01708060402 0 0

100 150 200 250 300 350 400 450 500

Mg, (GeV) coscz&)1 Best fit gives Re(gL) = -0.017,
Re(gr) = -0.008

F. = 0.298 + 0.028 (stat) £ 0.032 (syst),
Fo = 0.720 £ 0.039 (stat) £ 0.037 (syst),

Fr = —0.018 + 0.019 (stat)  0.011 (syst), Measured helicity fractions are
consistent with S5M

[1] CMS Collaboration, J. High Energy Phys. 01 (2015) 053
2016/06/17 Kirill Skovpen - LHCP2016


http://arxiv.org/abs/1410.1154

Forward-backward asymmetry

? Measure forward-backward asymmetry in the
normal direction (ANgg) in single top events
— probe complex phase of gr

2 |In ttbar:

2 Top quarks are only slightly polarized due
to EW corrections = no Arg asymmetry

2 In single top:
2 Top quark is highly polarized (P = 0.9)
2 Two new reference directions: N and T

2 A presence of FB asymmetry would be a
sign of CP violation in top quark decays

N _

Neyi(cosO > 0) — Noyi(cosfN < 0)

N
T
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Neyi(cosON > 0) + Nyt (cosfN < 0)

top
polarization

St X4
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Ars in single top at ATLAS

10
N
3
<
4
® 160
)
©
2
B
c
@
o

L BN B L BN B BN BRI UL B
ATLAS Preliminary ¢ ATLAScata

W4, MC stat. + multijet unc.

B Asymmetry extracted with unfolding the
cosON distribution

| | 220;- s :

B Measure Arg asymmetry in lepton—+jets events p00f 20 Tbilclectons T,
180 | Ldt=4.661b" S Walghtjets 3

E Vs=7Tev — it E

—
N
o

——

B gr assumed to be purely imaginary

t; = ! e ol
L 1000F T g 8 15F 3
s - ATLAS Prel —— ATLAS dal o E ., 4 — . 3
g - 2jets 1b-jeﬁxl>$lt::r?erz B tchannel ° %, 0 g§_ ’ =
O - Backgrounds © Bl R T T T TP T T A T
% 800 f L dt = 4.66 fb™ Y MC stat. + multijet unc. — = -1 -08 06 -04 -02 0 02 04 06 08 1
E [ Vs=7Tev - cos 6"
S 600 /
Q 1_“"1""1""1 """" T
400 -  ATLAS Preliminary 7
2 jets 1 b-jet combined -
0.95— —_
200 - [Ldt=46610" .
- Vs=7Tev -
0 0.9~ B
-1 -08 -06 04 -02 0 02 04 06 08 1 N _
N —~ o SM prediction (LO) -
cos 6 0.85[. — Observed —
L m =10 (68% CL) i
N +0.02 N *20 (95% CL) ’
AR, = 0.031 + 0.065 (stat.) 79057 (syst.) b 4 Cmsooreate E
First experimental limit on 0.75F- -
Im(gr) of [-0.20, 0.30] at 95% CL : :
0h5 04 03 02 -0 10 304 05
[1] ATLAS-CONF-2013-032 Im(g,)
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http://cds.cern.ch/record/1527128

Summary on FCNC searches

? Flavour-changing neutral current (FCNC) —
process where a fermion changes its flavour with
preserving its charge

? FCNC amplitudes are forbidden at tree level by

the Glashow-lliopoulos-Maiani (GIM) mechanism
[Phys. Rev. D2 (1970) 1285] in SM

2 FCNC s only possible in SM at higher orders via
loops induced processes = highly suppressed

? FCNC decays could be enhanced in various BSM

FCNC in BSM

2HDM | MSSM
108- 104 | 107-10¢| 1010
S EtTaY (0'0- 104 107-10%| 10°
109-107 | 109-108| 107
SNt (05 - 103 10°-105| 104

K Agashe et al, arXiv:1311.2028

FCNC in SM

%4 d;

Sk

+ - LL'LLL c ¢ c
Y Y
BR(t—cg) =5 x 1012
BR(t—=cZ) = | x 101

BR(t—=cy) =5x 10

BR(t—=cH) = 3 x 101 I

Qr
Z

BR(t=uX) = BR(t—=cX) [Vup/Veb|?

J.A. Aguilar-Saavedra, Acta Phys. Polon.
B35 (2004) 2695-2710
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Search for single top FCNC at ATLAS

2 Search for flavor changing neutral 5 18000
: : ~ ATLAS -
currents (FCNC) in single top events ' g 16000 v, 205" chC 0P
. . § 14000} signal region I —;
2 Event topology Is a top quark leptonic u/c W 42000 — e E
[ Z+jets, diboson ]
decay f 10000 Vit 3
> [ Uncertainty _:
? Main background is W+jets E
? Most stringent limits to date on g E
FCNC t—gq BR i
© [ ! T ]
5 t12r ]
g) 1 o * o E
. '5 1|_.—t7-l—o-——0—0—! Z o + i
g fomg—— et o z
- _ -1 o . N -Or ]
é - is=8TeV, 20.3 b . -ATLAS Vs=8TeV, 20.3 - % - 05 0 05 1
14— - = - 4 0o
S.a, i3 Excluded region 1 @ 025 . NN Output
w 125 B L — Observed .
C ] 0.20, — - Expected =
10:— —: C N +1c .
°F E 015K , -
6F 3 - Excluded region ] BR(t—gu) < 0.0040 % (obs)
g ] 0.10}- =
aF . : : 0.0035 % (exp)
2 10 0.05- . BR(t—gc) < 0.017 % (obs)
R R R S S S A s . . 10° 0.015 %
i - : - S . 0 (EX
Kugt /A [TeVT 000 002 004 006 _ 008 (exp)
B(t—ug)
[1] ATLAS Collaboration, Eur. Phys. J. C (2016) 76:55
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http://arxiv.org/abs/1509.00294

Search for toptgamma FCNC at CMS

Wy+jets and Wjets
g b 2 Search for FCNC in single measured from data
w A ut top+y events using cos(WY) template fit
! . :
uic Z Main background is W(Y) 19.8 fb™! (8 TeV)
\Y : S - ¢ Data
w + ~ -Cms ;
Jets 5 F @ g [ Other
2 The only existing g 80L ] Weets
u/c Y . W soob- [ Wy+ets
analysis to search for - Slgnal(tuy)1 pb
t—Yq decays 3 '
-
1.5 xxxxxxx“xxxxxxfgggggggg ................
o —— § ] es—————
1.55_' :#HC(:UY)“ . g -0.3 -02 -01 O 0.1 0.2 g.[s)_r ood:putof'gr ‘ u(;.e
ol | hote) ,) 1 FCNCNLO
: ~<. —-—- Tevatron(tcy .
e corrections are Limit NLO
el sizable (ke 1,375 Limits @
S @ 50GeV) Kuy/A < 0.025 TeV-!
190 <2 Keyd A < 0.091 TeV!
1.25 ) E
BR(t—yw) < 0.01 % (0bs)
50 100 PTM(;s;)v) 200 250 0.02 0/0 ( eXp)
BR(t—yc) < 0.17 % (obs)
[1] CMS Collaboration, JHEP 04 (2016) 035 0.20 % (exp)
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http://arxiv.org/abs/1511.03951

Search for top+Z FCNC at CMS

t 2 Search for FCNC in Single " . 'CMSPrIeIImIna'ry _ ?9fb'at\f§=l7l1-ev -

: A top+Z events in trilepton S ok eeé, [y, efiy, eejr tharinels ]
7 channel ! @
Z Main background is WZ 60;
u/c ¢ +ets, fake leptons of
u/c )
g Z %
0

1 Lo b bww by b b bew i by |l

02 04 06 08 1
BDT output for Zut

17 08 06 04 -02 0
BR(t—2Zu) < 0.51 % (obs)
0.61 % (exp)

5 ?"Sj”;ﬁfji‘ff‘"‘“‘z‘??Y’g:f??::‘:ﬁi::::::;:::::::::::::::::::é::::::::::::::::::::%:::::::1::: BR(t—%c) < 0.11 % (obs) e /A < 045 TeV-!
2l 0.16% (exp) :
E Kzl A < 2.27 TeV
c Kug/A < 0.10 TeV™!
BR(t—>gU) <0.56 % (ObS) K t/A < 0.35 Tev-l
0.56 % (exp) -
BR(t—gc) < 0.71 % (obs)
1.03 % (exp)

[1] CMS-PAS-TOP-12-021
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Summary on FCNC searches (references)
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