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« CKM Physics with Single Top

- Single top measurements at CMS & ATLAS
* Cross section
« CKM matrix element V,,

« Ratio of cross section in t-channel (R, )

« CKM Physics with Top pairs

- Top pair production at CMS

 Br(t - Wb)/Br(t - Wq) where q=d, s, b & indirect
determination of CKM matrix element V

« Summary



CKM Physics with Single Top

Single top quarks are produced via electroweak interaction:

q q
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Interesting features of single top

The production of single top quarks provides a unique testing ground
for the study of electroweak processes:

Single top production cross section is proportional to the strength of
Wtb interaction

- Probe anomalous Wtb couplings

Direct measurement of the Cabibbo-Kobayashi-Maskawa (CKM) matrix
element |Vtb|

Provide additional handle to constrain PDFs

- The cross-section ratio top-quark/top-antiquark production is
sensitive to the u/d-quark ratio in the PDF sets.

Polarized sample:

- Allows study of top quark polarization
Sensitive to FCNC with top quarks

Looking for signs of new physics:

- sensitive to new physics via s-channel (new resonances like H* ; W')



t-channel Single top

Final state signature
q' Light jet in forward region

Missing Energy

Isolated lepton

Signal Region:
2 jets & 1 b-tagged jet (2jet 1tag)
b-tagged jet

Out of acceptance

Control/Validation Regions:
- CMS: ttbar (3jet 2tag, 3jet 1tag), QCD & W+jets (2jet Otag)
- ATLAS: tthar (3jet 2tag), W+jets (2jet 1lloose-tag)
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Cross section @ 13 TeV

23" (13 TeV)
c\'! 6000_—+ = 6 N 5 Y O ER R R 5 S 6 L S O O 4—_
S [ CMS ¢ Data :
(9p)] — . e
£ 5000 2-jets-1-tag Et_cf:/e\llnnel 3
) B tt, t 5
> - i
L 4000 W B W/iz+jets  —
B ) [ ]acD g
3000 D \\ < Post-fit unc. —
N A N i
20001 N —
1000 = —
el e e (RS

-1 -0.8-06-04-02 0 02 04 06 0.8
MVA output
1 .2 __ ............... e e —
S D () ° LA
08 RO DS LS AR O B 5 R G DI G SRR S IR R0 e PR SIS AR IUR NS T ROGL851 BN SRR kil

Signal discrimination:
artificial neural network is
trained in 2jet 1tag
Important inputs:

light jet |n|,

reconstructed top mass

Events with non-isolated lepton
and low mT(W) are used in QCD
estimation

Analysis Strategy:
simultaneous fit in 3 regions
2jet 1tag, 3jet 1tag, 3jet 2tag

arXiv:1610.00678,
Submitted to Phys.Lett.B

o (t+t") =232+ 13 ( stat) + 12( exp) * 26 (theo) = 6( lumi) = 232 + 31 pb
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CMS Cross section ratio @ 13 TeV

CMS 2.3 (13 TeV)
1 1 1 | 1 1 1 | 1 1 1 | I I I || I I I | 1
The charge of the top quark CMS !
the incoming light-flavour CT14 )
quark :
_ ABM11 ot
— top-quark/top-antiquark :
production is sensitive to AR R
d/u-quark ratio MMHT14 )
All PDF predictions are in HERAPDF 2.0 =
agreement with the N i !
measurement '
R BT ]
arXiv:1610.00678, 1 i 1 L 1 2
Submitted to Phys.Lett.B Rich. = Sront/ Open

o . =150 * 8 (stat) + 9 (exp) * 18 (theo) * 4(lumi) pb = 150 + 22 pb

o, . . =82x10 (stat) 4 (exp) * 11 (theo) + 2 (lumi) pb = 82 + 16 pb
R . =1.81%0.18(stat) £ 0.15 (syst)

CKM matrix elementVtb (|[Vth|>>|Vts|>>|Vtd|): 7
If, V., |=1.03x0.07(exp) + 0.02(theo)



@) Cross section @ 13 TeV

- | ATLAS \s=13 TeV, 3.2 fb™_
S OOOO_ I+ SR ¢ Data

%) B 1q

= - I tt,Wttb

) I W+jets

> [0 Z,VV+jets
LLI Bl Multijet

7/// Post-fit unc.

5000

Signal discrimination
Neural Network is trained in
2jet 1tag

Important inputs:
reconstructed top mass,
jet pair mass m(jb),
transverse W boson mass
light jet |n|

Analysis regions are separated
into + and - lepton charge

tf normalisation is controlled by
using 3jet 2tag events

W+jets normalisation is
estimated using 2jet 1loose-tag

arXiv:1609.03920
Submitted to JHEP

o(tg + £ q) = 247 * 6 (stat) = 45 (syst) £ 5 (lumi) pb= 247 * 46 pb o
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EXPERIMENT

The charge of the top quark
IS connected to the type of
the incoming light-flavour
quark

— top-quark/top-antiquark

production is sensitive to
d/u-quark ratio

All PDF predictions are in
agreement with the
measurement

arXiv:1609.03920
Submitted to JHEP

Cross section ratio @ 13 TeV

| | | | | | | | I | | | | | |
ATLAS
Measurement result

stat. @ syst. stat.

ABM (5 flav.)
ATLAS epWZz12
CT14
HERAPDF 2.0
JR14 (VF)
MMHT2014
NNPDF 3.0

| | | | | | I | |
\s=13 T

| | | | | I | | | | | | |
eV, 3.2 b’

'] [l ] '] I [l 1 ']
1.2 1.3 1.4

1.5 1.6 1.7

o(t q) = 156 = 5 (stat) £ 27 (syst) £ 3 (lumi) pb = 156 * 28 pb
o(tq) =91 4 (stat) = 18 (syst) = 2 (lumi) pb =91 * 19 pb
R =1.72 +0.09 stat £ 0.18 syst

CKM matrix elementVtb (|[Vth|>>|Vts|>>|Vtd|):
|f, V., [=1.07+0.01 (stat.) + 0.09 (syst.) + 0.02 (theor.) + 0.01 (lumi.)

l1.8l T
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ATLAS

EXPERIMENT

Dilepton (ee, ep, y4) Channel %2000
>
Signal Regions: 10000
ljet 1tag, 2jet 1ta B
J 9, <) 9 8000}
Two BDTs are trained tW and  ,f
ttbar for the two signal regions: B
4000
ljet 1tag (1j1b) region:
= pTsys(€1 €2 ETmiss 1), 2000
= ApT(€1 €2 ETmiss j1) :
8 |4
2jet 1tag (2j1b) region: 0\«-5 1
= pTsys(€1, €2) g 8'8

= A R(€1 €2, ETmiss j1)2)

ATLAS-CONF-2016-065

tW-channel Single top @ 13TeV

F [ [ [ [

[ ATLAS Preliminary

" s=13TeV, 3.2 B Wi

i
Z+jets
Others

¢ Data 2015 1

7, Total syst

2 | | 7 / 3
If/% 2 /_/ %
NS T SETE R s R
1j1b 2j1b 2j2b 1j0b 2j0b

Regions
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@) tW-channel Single top @ 13TeV
ATLAS

EXPERIMENT

Signal extraction: Profile maximum likelihood fit

D gk ATLAS Preliminary —— \?v?ta 2015 ] 9
= — ] -
2700 Vs=13TeV,3.21b" —} 110000 g
o Z+jets :8000 o

mmm Fakes . >
L ¢ Diboson L

sy Total unc.

_g 1.2:' )
% 1 %’ﬂ*f»ﬂﬁ(#{?ﬂ%%ﬂ%%/%/ WM/}MK{/WIW/M//*/%’/ /// e e
© L
D0-8;.|...|...|...|...|. I S !
0.6 0.8 1 12 14 05 1 1.5
BDT (1j1b) response BDT (2j1b) response 2j2b yield

ATLAS-CONF-2016-065
Measured cross section: o(Wt) = 94 + 10 stat ** _ syst pb
SM: o (Wt) =71.1 + 3.9 pb
11
Significance: 4.5 ¢
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= Dilepton (ee, ey, pu) Channel

= Signal Region: 1jet 1tag

= BDT is trained tW and ttbar for the
sighal region

CMS,\s=8

700

Nt

N

(@)

o
III|IIII|]III|IIII|IIII|IIII|IIII|

Bl 2y “+jets
Il Other
Uncertainty

|IIII|IIII|IIII|II

EEE .
BDT discriminant

-0.1 0

tW-channel Single top observation @ 8TeV

CMS, \s = 8TeV, L=12.2 fo"

14000 ® Data
o Z Cw
N // =ﬁ
e ' ' o
o e |
77 Uncertainty -
10000 —
(7))
=
S 8000 / :
> 5555555
LU 6000

1j1t

2j1t 2j2t

Region

6 =23.4+54pb

meas

6.10 significance, First observation

IV tb | = 1.03 + 0.12 (exp.) + 0.04 (th.)

Phys. Rev. Lett. 112 (2014) 231802
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@ tW-channel Single top @ 8TeV

ATLAS S = AmAs 5 Db
EXPERIMENT S 2y, \s =8TeV, 20.3fb™ Wt =
£ 600 : i =t(t)thers =

» Dilepton (ee, ep, up) Channel T ot ' 77 Uncertainty -
400 =

= Signal Region: 1jet 1tag 300 =
200 —

= BDT used to discriminate signal 100 =

and background N

= Profile likelihood fit to BDT £ ///////%V/%V AAAAAAAAAAA W AAAAAAA //%// //V
discriminant simultaneously § 53 =
in 1jet 1tag, 2jet 1tag and 2jet 2tag BDT Response
regions S 1600 ATLAS B ¢ Data -

g 1400 ;;?Iaegv ’ 2,,0'3 :b —d =

o 1200 Il Others o

] e ¢ 2 Uncertainty —f

o, =23.0+13 (stat) ™* _(syst)* 1.1 (lumi.) pb s =
) 600 —=

o 400 =

7.70 observed significance 200 =

S 1.2f /

If Vtb|=1.01%0.1 S s ; _

Lv < oo 0 ONIT wooieo S
BDT Response
13

JHEP01(2016)064



CMS Combination of tW cross-section measurements
: @ 8TeV

Data 2012, s=8TeV, m, = 172.5 GeV

NLO+NNLL (PRD82 (2010) 054018)
MSTW2008,,,

scale uncertainty

scale ® PDF uncertainty

ATLAS, L =203 fo
arXiv:1510.03752

CMS, L =122 fo!

ATLAS+CMS Preliminary LHCtopWG

PRL 112 (2014) 231802

LHC combined (May 2016)

May 2016

total stat

Oy T(stat) x(syst) (lumi)

23.0+1.3+3.5%+1.1pb

23.4+2.0+46 0.7 pb

£

ATLAS

EXPERIMENT

23.1+1.1+3.3 +0.8 pb
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019 Effect of LHC beam energy uncertainty:
0.38 pb (not included in the figure)
| | | | | | 1 1 1 ] | | | | | | 11 1 | | |
0 10 20 30 40 50

Gy [PD] y

CMS-PAS-TOP-15-019



@ s-channel Single top evidence @ 8TeV

ATLAS

EXPERIMENT

= Signal Region: 2jet 2tag

= Matrix element method to separate
signal and background

= Profile likelihood fit of the signal

and background templates of
signhal probability P(S|X)

o(th) = 4.8 £ 0.8 (stat) *°__ (syst) pb

SM: 0 =5.2 + 0.2 pb

Significance: 3.2 ¢

« 1500 I |
S ATLAS o Data i
h |
& e — pov g
: : - Wit ol
Signal region 1 _
1000 [0 W+ijets —
[ Z+jets, diboson il
B Multi-jet
77777 Postit uncertainty |
/‘i
0
5 1R
< 10 %%WW}WWWWW
S 0.9F
00002 00018 0058 0102 0187 1
P(SIX)
2 150 T T I I
% : e Data - background ATLAS :
i - [ s<hannel \s=8TeV,20.310" 1

-50

Signal region

100 [~ 7/ Post-it bkg. uncertainty

RRNEE e ]

i Y
50— 7%
[ 77’7
— / 2 1///’/// & —
Y % | 4 ///,’ //7///7/ ¢ ]
f/ 7 22 ./ v 7.

o
LIPS
R\&
e k&\ R
N
R )

—

0.0002: +:0:0018: 550,058 L 0402 0.187
P(SIX)

Phys. Lett. B 756 (2016) 228-246



Civas, !
s-channel Single top @ 7 & 8TeV

Signal extraction Strategy
= For electron & muonat7 & ©s = 7.1+8.1(stat + syst)pb, muon channel, 7 TeV;

8TeV, BDTs trained in 2jet os = 11.7 + 7.5 (stat + syst) pb, muon channel, 8 TeV;
1tag (2J2T), 2jet 1tag (2J1T)

and 3jet 2tag (3J2T) ogs = 16.8 + 9.1 (stat + syst) pb, electron channel, 8 TeV;
= In 2J2T: schannel vs rest o; = 13.4+ 7.3 (stat + syst) pb, combined, 8 TeV.
= In 3J2T: ttbar vs rest
. _In 2J1T: W+jeFS_VS |_rest JHEP 09 (2016) 027
= Simultaneous fit in sighal and
control regions

i i ¥ Muon, 5.1 fb" (7 TeV), 2-jets 2-t Electmn 19.7 b (8 TeV), 2- ets2ta S
. RSN RN 22 L MSIE O 2Ee2 KES28 | s channel
= r S B ~ i
@ 500 2 500f g - [t channel
c B c B
RE=y E h z 2 OtW
W 400F W 400f . mtt
3001 300[ - B Z+jets
200F 200f : =\E.)V'glets
r E ] IDOSON
100F 100F - [JMultijet
] - = 0 T Syst. unc.
008 -0.7-06-05-04-03-02-0.1 0 010 %B 07-0605-04-030201 0 01 0. 08 06 -04 -02 0 02 04 4

BOT Discriminan BDT Discriminant BDT Discriminant Rate syst.
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Summary of single top cross section measurements

E E T . T T T T T . | | | E
2 £ Single top-quark production =
o — . . -
_Inclusive cross sections ¥ |
102 = , tW (pp or f:lﬁ)—E
_ s-channel (pp) |
10 = -
— s-channel (pp) =
. _
1= —
— v = NLO+NNLL, PRD 82, 054018 (2010) 3
- NLO+NNLL, PRD 83, 091503 (2011) + CMS, PRL 110, 022003 (2013) -
; B ¥  Tewvatron, arXiv:1503.05027 [hep-ex] ® CMS, PRL 112, 231802 (2014) |
10 = 4+ CMS, JHEP 12, 035 (2012) " NLO+NNLL, PRD 81, 054028 (2010} 3
B ® CMS, JHEP 06, 090 (2014) ¥ Tevatron, PRL 112, 231803 (2014) —
— *  CMS, TOP-16-003 (prel.} " CMS, arXiv:1603.02555 [hep-ex]
-2 I | | | | | | | | | | | |

0" ™% "3 4 5 6 7 8 9 10 11 12 13 14

s [TeV]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures

&%\()) Summary of single top cross section measurements
ATLAS

EXPERIMENT

ro) - | ] | | | | =
o ~— ATLAS Preliminary September 2016 J
S - single top-quark production -
B n t-channel
e
3
2
n 10°E
()] [
m |
e —
&) B - NLO+NNLL at m = 172.5 GeV
x B "~ MSTW2008 NNLO PDF B
©
o = s-channel —
Q. B ’
O / ® t-channel 4.59 fb™" PRD 90 112006 (2014) 7
~ Q t-channel 20.2 fb-1 paper in preparation 7
L) B I t-channel 3.2 fb™" arxiv:1609.03920 1
CC» B Wt 2.05 fb! LB 716 (2012) 142
D 1 = L Wt 20.3 fb™" unHEPO1 (2016) 064 =
- % Wt 3.2 fb " ATLAS-CONF-2016-065 3
- Y s-channel 95% CL limit 0.7 fb™" ATLAS-CONF-2011-118
— | | | § S-(Thannel 20|.3 fb arxiv:1511.05980 | —
6 / 8 9 10 11 12 13

s [TeV]
From ATLAS CombinedSummaryPlotsTOP 18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/

CMS

Compact Muon Solenoid

Summary of cross-section measurements
ATLAS

EXPERIMENT

" ATLAS+CMS Preliminary LHCIOPWG = a1AS tchannel | | ]
. . PRD90(2014) 1120086, paper in preparation,

~ Single top-quark production arXiv:1609.03920 .

" September 2016 ¢ S:Hhé%tz'((:zhoalrz'?gsls, JHEPOB(2014) 090, ]

paper in preparation -
— PLB716(2012) 142, JHEPO1(2016) 064, —

ATLAS-CONF-2016-065

o CMS Wt
PRL110(2013)022003, PRL112(2014) 231802

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

;
i

ATLAS s-channel
ATLAS-CONF-2011-118 95% CL,
PLB756(2016) 228

Inclusive cross-section [pb]

- ¥ CMS s-channel —
arXiv:1603.02555 95% CL
L Y v X 748 TeV combined fit 95% CL _
F 3
L Y %’; - == NNLO PLB736(2014)58 _|
‘- %_ T scale uncertainty
1 s
tmmm e === NLO+NNLL PRD83(2011)091503,

10

- PRD82(2010) 054018, PRD81(2010) 054028 ]
= Wit: tf contribution removed =]
B scale @ PDF @ o, uncertainty 1

—— NLO NPPS205(2010) 10, CPC191(2015) 74
o= =My, -
CT10nlo, MSTW2008nlo, NNPDF2.3nlo

= Wit: p: veto for tf removal =60 GeV -1

and = 65 GeV
- scale uncertainty -

scale @ PDF & o, uncertainty
Mmy,= 172.5 GeV

Vs [TeV]
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From LHCTopWGSummaryPlots


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

CMS

Compact Muon Solenoid

= Cross section is proportional to
[Vtb|?
> In the Standard Model with 3
quark generation
> one expects Vth ~ 1
(unitarity):

o obs

bs| _
V'l =

O-theo
= Assumptions for the extraction:
> Independence of 3 quark
generations
> Left-handed weak interaction
> Top quark decays only into b
quarks: (Vtd,Vts <K Vth)

= Can be done with all three single
top processes

From
LHCTopWGSummaryPlots

Summary of CKM matrix element Vtb

ATLAS+CMS Preliminary LHCIopWG

[o]
If Vil = GT:ES from single top quark production
e0

Oeo- NLO+NNLL MSTW2008nnio
PRD83 (2011) 091503, PRD82 (2010) 054018,
PRD81 (2010) 054028

Aoy scale @ PDF

My, = 172.5 GeV

ATLAS

September 200lE XPERIMENT

-+
total theo

[f V] £ (meas) £ (theo)

t-channel:
ATLAS 7 TeV' ——] 1.02 +£0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fb") :
ATLAS 8 TeV " o 1.028 +0.042 + 0.024
Paper in preparation (20.2 fb™") :
CMS 7 TeV e 1.020 £ 0.046 £ 0.017
JHEP 12 (2012) 035 (1.17 -1.56fb ") :
CMS 8 TeV —ef 0.979 +0.045 +£0.016
JHEP 06 (2014) 090 (19.7 fb™")
CMS combined 7+8 TeV 4 0.998 +0.038 +0.016
JHEP 06 (2014) 090 :
CMS 13 TeV? —to—i 1.03 + 0.07 +0.02
paper in preparation (2.3 fb 1) :
ATLAS 13 TeV? e 1.07 £ 0.09 + 0.02
arXiv:1609.03920 (3.2 ") :
Wit:
ATLAS 7 TeV : - i 1.03 1012 £0.03
PLB 716 (2012) 142-159 (2.05fb ") : :
CMS 7 TeV [T S — 1.017016 ~003
PRL 110 (2013) 022003 (4.9 ') -0.13 -004
ATLAS 8 TeV" —t—— 1.01£0.10 £ 0.03
JHEP 01 (2016) 064 (20.3fb™") :
CMS 8 TeV' 1 oo 1.03+0.12+0.04
PRL 112 (2014) 231802 (12.2f7") i
LHC combined 8 TeV'™* 1 1.02 + 0.08 + 0.04
ATLAS-CONF-2016-023, :
CMS-PAS-TOP-15-019
ATLAS 13 TeV? I —o— { 1.14%£0.24 £0.04
ATLAS-CONF-2016-065 (3.2fb")
s-channel: :
ATLAS 8 TeV* : —— : 0.93*720+0.04
PLB 756 (2016) 228 (20.3fb") : :
! including top-quark mass uncertainty
% 6400 NLO PDFALHC11
NPPS205 (2010) 10, CPC191 (2015) 74
3 including beam energy uncertainty
| 1 1 I | | | | | 1 1 | | | | I 1 | | ‘ | | 1 I | | | | | 1 1 |
0.4 0.6 0.8 1 1.2 14 1.6 1.8
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

CMS
CKM Physics with Top Pairs @8TeV

 Measure the flavor content of quarksl/jets in é .
top pairs i B(t — Wb)

 Indirect measurement of |Vtb|: Under the Y. B(t = Wgq)
assumption of the unitarity of the 3 x 3 CKM \ y

matrix, R = |Vtb|2
* Long history of measurements:

g whereq =d, s, b 7

Ilglllglllélllélllglll |]:],[|23:E;]“33:'CMS_PhyS.Lett.B
T 736 (2014) 33

I+j: 0.94::';)": CDF Note 10887 (2012)

I: 0.981°) ! CMS-PAS-TOP-11-029 (2012)

lj: 0.95°"
! 007 D@ PRL 107, 121802 (2011}

+0.05
: 0.86 )

1j: 0.97Y D@ PRL 106, 192003 (2008)

008

—-— 1j: 103" D@ PLB 639, 616 (2006)
Ij: 1.02°%!
L A4 CDF PRL 95, 102002 (2003)
: : ; ® : .41,
G e 1j+110.94°*2' CDF PRL 86, 3233 (2001)
i Ll L I Ll L | Ll L I Ll L I Ll L | Ll | Ll I Ll L
0 02 04 06 08 1 12 14 16 1.8 2 22 21

R=B(t— Wb)/B(t— WQq) 95% CL




4 Strategy

 Top pairs: We select dilepton events in data
- Lower branching ratio (=0.065) but cleaner signature (S/IS+B=70-90%)

- 2 2 isolated prompt leptons with op. sigh + = 2 jets + ETmiss >40
GeV for ee/lyy channels

« Count N(t -~ Wb) and compare to the total N(t - Wq)

Estimate the purity How many t — lvj .
of the sample decays were actually H;: fToa;ybj't;t?s
Ny/ Neyeris reconstructed? f
-~ Estimate main background (DY) - Estimate using M, kinematics -+ Measure b-tag efficiency
£ the aional st h - Count number of b-tags
't the sighat streng - Categorize accordingto 0, 1 or | + Compare with data-driven
-+ assume tW/tt ratio from simulation 2 selected jets from top decay probability functions

« R=B(t -~ Wh)/B (t - Wq) is extracted from a fit to 36 event categories

- Corresponding to dilepton channel x number of jets x number of b-

tagged jets
22



CMS

1

Events

1

Obs./Exp.

2000

0000

8000

6000

4000

2000

1.2

0.8

b-tagged jet multiplicity in dilepton channels

CMS, \s=8TeV, [Ldt=19.7 fb"

:_ il : Hu events : 2 jets eu events

- e Data : |

__ i ! | o=

is ﬂ. | |

— [ Single top quark . |

— []Z- i (data) : :

E |:| i I ' 3 jets

— W, muttijets, other {t : _ :

— 2jets | ?{ets |

g | <

\ 3jets 4 jets
!:IJ | 4 jets :I—
] I =

6By 20 T 186 W 3 B SR e Y G B B SR B T S B 5 B e . 0 il iR O e R0 e A e S 08 S A0 S s O i s i L0 B el i
b-tagged jet multiplicity

[ |

%\, ............. SR \ .............................. OGN e B R
\ < i%ﬁ‘i\* *\»\ﬁ{;}\.\%\\*\é& ....... *ﬁé\b\\ %\_*_\ *x K\M ....... \&Q\\t * \*

0123401234012340123401234012340123401234012314
b-tagged jet multiplicity
Phys. Lett. B 736 (2014) 33 2



CMS

By counting the number of b jets per
event, an unconstrained value of

R =1.014 + 0.003 (stat) £ 0.032 (syst) is
measured.

« Measured R is in good agreement with
the standard model prediction.

« A lower limit R > 0.955 at the 95%
confidence level is obtained after
requiring R lower than one, and a lower
limit on the Cabibbo-Kobayashi-
Maskawa matrix element

|Vth|>0.975is set at 95% confidence
level when assuming the unitarity of the
three-generation CKM matrix.

Phys. Lett. B 736 (2014) 33

<
)
©

3

2.5

2

9

0.5

0 094 096 0198 1

Extraction of R & th

CMS, \s =8 TeV, | L dt=19.7 fb"
| B | IR | A L i =il

B | | | R T T
E - i : [ ' 3 /_
3 /§
- \ 5000F £ //

\ Sl ‘_;_'7—: /i

\ b-tagged jet multiplicity /

= combined

IIII|IIII|IIII|III

| | [ e | | | I ‘ xl ““o" { R i | | S | I ) S I_
1.02 1.04 1.06 1.08

R=B(t— Wb)/B(t— WQq)
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CMS

Summary of Vtb from single top and top pairs

@ 7 & 8TeV
CMS Preliminary August 2014
] ] ] | | ] ] ] | ] ] ] ] | ] ] | ] ] ] | ] ] ] | ] | ] ] ] ]
CMS tW, 7 TeV, 4.9 b, PRL110 (2013) 02203 " .
1.010 + 0169 (gyp) + 0930 (i)
CMS tW, 8 TeV, 12.2 fb", PRL 112 (2014) 231802 . y
1.030 + 0.120(exp) + 0.040{th) - -
|
CMS tch., 7 TeV, 1.17/1.56 fb", JHEP12 {2012) 035 :
1.029 + 0.046{exp) + 0.017(th) ' | .
|
|
CMS tch., 8 TeV, 19.7 ib", JHEPO6 (2014) 090 '
L] [ F l_._l_.
0.979 + 0.045(exp) + 0.016(th) .
|
CMS tch., 7 and 8 TeV combined, JHEPOS (2014) 090 :
0.998 + 0.038(exp) + 0.016(th) " T i
CMS TR, 8 TeV, 19.7 b, PLB 736 (2014) 33 .
1.007 £+ 0.016(stat+syst)
1 1 1 | ] 1 1 1 | 1 1 1 1 | 1 1 ] 1 | 1 1 ] 1 1 1 ] 1 I 1 1 1 1
0.6 0.7 0.8 0.9 1 11 1.2
V|
b

From CMS PhysicsResultsTOPSummaryFigures
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures

Summary

« Direct measurement of CKM matrix element V, using

single top production channels with CMS and ATLAS is
presented.

 Indirect measurement of V,, by measuring the ratio of top

quark branching fractions in top pairs dilepton final state
at CMS is presented.

« Stay tuned to more results from already collected 13TeV
data!
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