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- Single-top production

di Fisica Nucleare

» Single top EWK production happens via three main contributions

q' q b W
Kidonakis, NLO+NNLL q t
t-channel: PRD 83 (2011) 091503 W w+ i
s-channel: PRD 81 (2010) 054028 ;
tW-channel: PRD 82 (2010) 054018 b i
t-channel s-channel tW-channel

t channel s channel tW channel

Phys. Rev. D 83, 091503(R) Phys. Rev. D 81, 054028 (2010), Phys. Rev. D 82, 054018 (2010),

(2011), N. Kidonakis N. Kidonakis N. Kidonakis
LHC: pp @7 TeV 64.57 pb 4.59 pb 15.6 pb
Tevatron: pp @1.96 TeV' 2.3 pb 1.04 pb 0.22 pb

(arxiv.org/pdf/0909.0037)

LHC: pp @8 TeV 87.8 pb 5.6 pb 22.4 pb

" Cross section proportional to | Vtb |, test of unitarity of CKM
Importance of " 4th generation?
Single top " Test of b-quark structure function

" Heavy W’, charged H+
@ LHCP 2013 " Anomalous couplings or FCNC in single top production 17-05-2013
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CMS Iayout and detectors
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Micro Strip Gas Chambers (MSGC)
Silicon Microstrips
Pixels

V==

Drift Tube
Chambers (DT)

Resistive Plate

Chambers (RPC) :
=inps

MUON ENDCAPS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

Total weight : 12,500t

Overall diameter : 15 m
Overall length :21.6 m
Magnetic field :4 Tesla

Physics ob]ects for smgle top Analysis

Electrons and Muons
v High identification efficiency with low fake
rate
v Precise measurement of momentum
v'Isolation to discriminate leptons coming
from QCD background
v Trigger (efficiency + steep turn-on curves)

v'Measure the energy with low uncertainty of

Jet Energy Scale

'; Missing Transverse Energy (MET)

v Important to reconstruct neutrino

transverse momentum

{ b-jet identification

v'High efficiency in tagging Jets from b quarks

v'Low failure rate in discriminating b jets
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JHEP12(2012)035

proton

q

proton

t-channel @ 7 TeV

Main Features
* Single isolated lepton (muon or electron)
e Pt>20 GeV/c | N |<2.1 (muon)
e Pt>30GeV/c | N |<2.5 (electron)
® One central b-jet from top decay

* Additional light-quark jet often in forward
region
* Additional b-jet can be present (softer pt)
¢ Momentum imbalance due to neutrino
® m;>40 GeV/c2 (muon)

° l}./T> 35 GeV/c2 (electron)

@ LHCP 2013

Data sample:
1.17 /1.56 fb’! (muon/electrons)

Trigger:
® Isolated Single muon: p;>17 GeV/c
* single electron: : p;>27 GeV/c
® Cross-Trigger electrontb-Jet:
pr=25 GeV/c (e) ; pr=30 GeV/c (jet)
Backgrounds
* W+jets
e t-tbar
® Z+tjets,VV, QCD, tW, s-channel

Three analyses combined with BLUE

® | 7 ;] analysis (robust and little model dependence)

(precise measurement,

* Neural Network } optimized selection of

® Boosted Decision Tree

signal Vs background)

17-05-2013
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Camne -Channel @ 7 TeV: [, [analysis

di Fisica Nucleare
JHEP12(2012)035
CMS preliminary, 1.14 fb" Muons,\s = 7 TeV

Maximum-likelihood fit to | 1} i | distribution:
n j,angle of recoil jet

@ LHCP 2013

0-1 -08 -06-04-02 0 02 04 06 08 1
cosé

% E --data
u>1350 1 [Wt-channel
300 3 Deistwes
proton 1 Ewk
' q 250 3 Daco
, 200 -
M .
150 -
Vv ]
100 3
b 1
proton 50 i
E 0 1 7
0 05 1 15 2 25 3 35 4 45 m?
)
Signal: / Signal-enriched region \
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g _: ;:i:thaannel E _E ;::':annel
. _: [tw-channel é [tw-channel
Backgrounds models from side  Dectame 3 Bctam
[W-light 3 gwelight
band and extracted from fit: s s
W+cc E (W+ce
v W Jets from 2jets Otag vl {Bowern
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JHEP12(2012)035

CMS (s=7TeV L =1.56fb"
_ﬁ_r_l T T LI [T T

t-channel @ 7 TeV: NN and BDT

200

100

_.9 F T o i T L I B B | E
Neural Network S ogf, oo et 10 ]
= :_ —e— Data —:
® 6 regions: t 550 c B t-channel E
. . u f, s-channel, tW .
® 2/3/4jets — 1/2 b-tagged jets sook- — :/tV/;iert]:,eDi:)oson E
® 37 (38) variables in two separate NN for mu (e) - ACD multjet .
150 — -
CMS (s=7TeV L=1.171b" C ]
ﬂ N T T T I T "l l‘ l T T T I |" T T I L I T T T I T T T I LI I T T _] 100 .—_ _—'
S 600 [— Muon, "2-jets 1-btag —e— Data . . ]
= E B t-channel : o :
W 500 ;L tt, s-channel, tW  —] 50 - E
E I W/Z + jets, Diboson ] o ep : — ]

400 + QCD multijet 4 % o8 06 -04 -02 0 02 04
3008 . BDT output

Boosted Decision Tree

® same 6 regions as NN:

® Separate training for mu and e and for 2jets 1tag

0.8 -0.6

and 3jets 1tag categories

-04 -02 0 02 04 06 08 1

NN output ® 11 variables

MYVA Cross section determined with marginalized Bayesian posteriors

—y

pluldata) o [ p'(datalu, ) - (u)r(6)a0
Uniform prior for signal strength u / /'

Prior for systematic nuisance parameter

theoretical uncertainties

LHCP 2013
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C e t-Channel @ 7 TeV: combination

JHEP12(2012)035

Muon

e combination of 3 analyses with
BLUE

e 60 %-75% statistical correlation between

® Assuming |V | =>> | V]|, | V4l

analysis

* 20 % correlation assumed for jet/E ™ -

lated syst ti tainty bet — vy
relate sys cmatic uncertain y ctween |th| — \/ ( Ut-ch/ O-th t—ch)
MVA and | 77j,|

e Others systematic assumed as 100 %

correlated
/0 67.2 £ 3.7 (stat.) £ 3.0 (syst.) \

0= 67.2 + 3.7 (stat.) + 3.0 (syst.)t 3.5 +3.5 (theo.) £ 1.5 (lum.) pb

(theo.) 1.5 (lum.) pb Vil = 1.02 £ 0.05 + 0.02 (theo.)

5% precision

V| > 0.92@95%CL for V, in [0,1] y

@ LHCP 2013 17-05-2013 /
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- t-channel @ 8 TeV

CMS PASTOP-12-011

Main Features: ¢ Data sample:

* 5.0fb" (only muon)

® Analysis similar to the one at 7TeV

® Jet p~60 GeV/c to reduce pile-up effects ° Tl"lgg er:

° Signal regions and control regions are defined as a

® JIsolated Single muon: p;=>26 GeV/c

function of Njets Mtags and Reconstructed top mass.
| 1 | <2.1, higher isolation cut

° Signal Region: 2jets 1tag and
130 < RecoTopMass < 220 GeV/c? L Background determination:

Maximum-likelihood fiton | 77 i’ | distribution ® Multijet fit in signal and sideband region separately
in signal region

® ttbar shape from 3 jets, 2 b-tagged events
CMS Preliminary, 5.0 fb ', s = 8 TeV °

LU L I I L L N I N L L

W tjets shape from sideband

-*-data ® other shapes taken from MC

t-channel

1000
f, (W, &-channels ® Z-jets use same scale as for W+jets

Wi{Z+jets, dibosons

800

Qco

600

(" o= 80.1 £ 5.7 (stat.) £ 11.0 (syst.) A
+ 4.0 (lum.) pb
|Vip|= 0.96 £ 0.08 £ 0.02 (theo.)
Vil > 0.81@95%CL for V,, in [0,1]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 \ J

@ LHCP 2013 17-05-2013
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Phys. Rev. Lett. 110, 022003 (2013)

Wt-channel @ 7 TeV

g ¢ g LO tW diagrams ¢

b W=b W=

lilllIIIIIIIIIIIIIIIIIIII' 1
. ¢ Data
350 = 1 .
CMS,Ns=7TeV,4.91fb Cliw
i it
B Z/y*+jets
[ Other
Systematic-

Events / 6.67 GeV

- Data sample: 4.9 {b™! (@ 7TeV

. Signal generated with NLO properties and described with
“diagram removal” method.

* Diagram subtraction method used as systematic effect

* selection:

*2 leptons with opposite charge (p>20 GeV/c)
*At least one jet with p;>30GeV/c and exactly one jet b-
tagged in the event

*Additional cuts on invariant mass two leptons (ee and

u u ) and ETmiss\

* BDT analysis with 4 variables

* H, P, of the system, P, of most energetic jet,
® (E,™ - closest lepton)

LHCP 2013

9

100 120 140 160 180 200
P, of the system [GeV]

60 80

. Signal and Background:
* Signal region: 1jet 1tag
* ttbar extracted from fit in regions
2jets 1tag, 2jets 2tag
°7/Y* E. distributions corrected for
observed data (in high pile up periods,
not well modelled by MC)
* Other background negligible (<1%) and

extracted by simulation

17-05-2013
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S — Wt-channel @ 7 TeV

di Fisica Nucleare

Phys. Rev. Lett. 110, 022003 (2013) 700 CMS,\s =7 TeV, 4.9 fb”
Binned likelihood fit to BDT output eonf-
simultaneously in all channels (ee, e tt, 4 1) :

and in signal/ control regions (1jet 1tag/ 2jets 1tag, 2jets 2tags)

/

o =16"_pb R
40 level (exp. 3.60)
Vg =1.017%16 . +0.04(theo.)
N V4,>0.79 @95%CL for in [0,1] y

Analysis cross checked with counting method:
g =15 5pb
3.50 level (expected 3.20)

0
1.0t0-0.99 -0.991t0-0.7 -0.7t00.7 0710099 0.99to1.0
BDT discriminant

CMS, Vs = 7 TeV, 4.9 fb"

Systematic:

* statistical uncertainty dominates (20%)

* Jet Energy scale main systematic (15%)
@ LHCP 2013
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/mf,? & Single top t-channel

e :
< charge ratio @ 8 TeV

@ CMS PASTOP-12-038

* Asymmetry related to amount of u vs d quarks in proton
Brotoh * constrain different PDF models and sensitive to NP

* t-tbar Charge ratio deduced by lepton charge
SM expectations: N. Kidonakis, arXiv:1205.3453

th _ +2.1 +1.1
;. Oy-ch,top = 56.4" 55 (scale) ;7 (PDF)pb
t th _ +0.7 +0.9
proton 5 Of-ch anti-top = 30-7 g7 (scale) 7 (PDF)pb
SM predictions
* Data sample: 12.2 {b! @ 8 TeV Ri-ch. = Ot-ch,top/ Ot-chanti-top = 1.84
CMS Preliminary, 12.2 fb™", Electrons +, Vs = 8 TeV
* selection Ssame as t-channel): £ 2o | SI | j 1d fl o
*Single isolated lepton (muon: p;>24 GeV/c, 180 1ghal yleld lrom B cname!
electron p;>27 GeV/c) 1600 fitto | N ! | dist. E"W,tzv:e:c;::::fs
* One central b-jet from top decay 1400 |88 T -
* Additional light-quark jet often in forward region 1200 = in signal region
* Additional b-jet can be present (softer pt) 1000 =
* Momentum imbalance due to neutrino 00 B
*m;> 50 GeV/c? (muon) s00 =
* E> 45 GeV/c? (electron) 400

200 ..........
@ LHCP 2013 PRSP e !
K lnlf




/mf,? @ Single top t-channel

(- isttuto wezionaie .
< charge ratio @ 8 TeV
g CMS PAS TOP-12-038

Extended likelihood function:

—(Ns, , New -+ Niop, ;, +N ‘
LC,f(NSc,UNbc,t||'7|1c,f/"°f |’7|nc,z) =ée (Nt ot T opes QCDC’I)'
Meg
- I (NSC,f P o (11lk,) + Newk, * Pewk., (71lk.,) + Neopes * Prope (|%]k.,) + Nocp,, - PQCDC,[(lﬂlkc,f))
k.p=1
CMS Preliminary, 12.2 fb",\'s = 8 TeV
Fit performed simultaneously for leptons L B L DA B B B B
(I=muon/electrons) and charge (c=+/-) TOP-12-088 176 0.15 (stat) = 022 (sys) 5
in the signal region: S E
Ng, Pg: Signal yield and binned prob. dist. function !
Np, Pg: Background yield and binned prob. dist. - E
function (B = ewk, top, QCD) . MRSTO -
MSTWO8 NLO 90CL N.=4 | —
Ci-ch.top = 49.9 = 1.9(stat.) = 8.9(syst.) pb.\ . :
Oi-ch,anti-top = 28.3 = 2.4(stat.) +4.9(syst.) pb. Il verror 5o -
. NNPDF 2.1 N.=4 E |
Rich, = 176 £0.15(stat.) £0.22(syst.) | [ ooro it
\_ " Joa 06 08 1 12 14 16 18 2 2.2

Ratio = o(t)/o()

@ LHCP 2013 17-05-2013 /
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@éé W-helicity in single top

@ CMS PAS TOP-12-020

First Measurement of W—helicity in single top events topology

CMS preliminary, 1.14 fb™ at {5 =7 TeV CMS preliminary, 5.3 fb” at /s =8 TeV

2 800 —— data 2 L -e- data
g I t-channel g B t-channel
o *" tW-channel ) 600-— * tW-channel
s} © 8 - s-channel
N = i
-é é " Di-boson
2 00 S 500+ B W+Jets

z BN Z+Jets

c!1 -08 -06 04 -02 0 02 04 06 08 %,
x>

cos(6,")

q1 -08 -06 04 -02 0 02 04 06 08
cos

1
6

F; = 0.293 4 0.069(stat.) & 0.030(syst.), <
Fo = 0.713 4 0.114(stat.) # 0.023(syst.), o
Fr = —0.006 =+ 0.057(stat.) £ 0.027(syst.). 3

@ LHCP 2013 17-05-2013 /
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" CMS is exploring the large realm of single-top physics
" t-channel cross sections measured at 7 and 8 TeV

® tW-channel cross section, evidence at 4 O level

" constraints on | Vtb |

" t-channel charge ratio measured at 8 TeV

" First measurement of W—helicity in single top events topology
mSec A. ]afari talk in this session

t-channel single top quark production

— T

| CMS preliminary, 5.0 fb !
CMS, 1.17/1.56fb

i =
102 3 Y D0.54fb"

4 CDF,7.5fb

o [pb]

1 O E_ -------- NLO QCD (5 flavour scheme)
- we theory uncertainty (scale ® PDF)

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

1 | NLO+NNLL QCD
theory uncertainty (scale ® PDF)

LHCP 201 3 : I ‘ ‘ | ‘ . ‘ Il(idona‘kis. P:wsz:av,DBIJ (201]1}0‘3:503 ‘ | l I I 1 1 7_05_201 3
@ 0 2 4 6 8 10
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t-channel (@ 7TeV
Sources of systematics

@ LHCP 2013

|| Statistical | —6.1/+5.5%

Uncertainty source

—4.7/4+5.4%

+8.5%

‘g Limited MC data -1.7/+2.3% +3.1% +0.9%
£ | Jet energy scale —0.3/+1.9% +0.6% -3.9/+4.1%
= | Jet energy resolution —0.3/40.6% +0.1% —0.7/+1.2%
15 ‘5 b tagging —2.7/+3.1% +1.6% +3.1%
@ E | Muon trigger + reco. -2.2/+2.3% +1.9% -1.5/+1.7%
% é, Electron trigger + reco. —0.6/+0.7% +1.2% —0.8/+0.9%
~ [ | Hadronic trigger -1.3/+1.2% +1.5% +3.0%
Z Pileup ~1.0/+0.9%  +04%  —0.3/+0.2%
E . —0.0/-+(0 0.2% 0.5%
= % —0.2/+0.3% U.47% n/a
i heavy flavour (b, ¢) -1.9/+2.9% -3.5/+2.5% n/a
% | ~0.9/4+0.8%  +1.0% +3.3%
% | QCD, muon +0.8% +1.7% +0.9%
2 | QCD, electron +0.4% +0.8% —0.4/+0.3%
s-, tW ch., dibosons, Z+jets 4+0.3% 4+0.6% 4+0.5%
Total marginalised uncertainty -7.7/+79% -7.7/4+7.8% n/a
Luminosity +2.2%
'§ Scale, tt -3.3/+1.0% +0.9% -4.0/+2.1%
= £ | Scale, W-jets ~2.8/4+0.3%  —0.0/+3.4% n/a
§ & |Scale, t-, 5, tW chamnels | —0.4/+1.0% £0.2%  —2.2/+2.3%
£ . | Matching, ti +1.3% +0.4% +0.4%
-
Z =1TPD 370 370 D70
Total theor. uncertainty —6.3/+4.8% —-4.9/+5.9% —5.6/+4.9%
Syst. + theor. + luminosity uncert. —8.1/+78% —8.1/48.4% +10.8%
Total (stat. + syst. + theor. + lum.) | —10.1/4+9.5% —9.4/4+10.0% +13.8%

Table 2. Sources of uncertainty on the cross section measurement.

CMS ;\
4
Powheg VS
CompHEP
17-05-2013
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t-channel (@ 8TeV
Sources of systematics

L/ Istituto Nazionale
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@ LHCP 2013

Uncertam source

—62 47| 78/ +58%

Powheg VS

]ER -08/+4+03|—-10/+04%

Unclustered E 1 —08/+07| —-10/+09%

Pileup —05/+03| —-06/+04%

Muon trigger + reconstruction | —4.1/+4+4.0 | —=51/+4+51%
Q? +2.5 +3.1 %

tt, rate —-15/+17 | -19/+21%
QCD, rate +0.7 +0.9 %

f—channel generator | F44__ | F55% ) Complirp

Other backgrounds, rate +0.5 +0.6 %
b-tagging +3.7 +4.6 %
PDF + 3.7 +4.6 %
Simulation statistics +1.8 +2.2 %
Total systematics +11.0 +13.7 %
Luminosity uncertainty +4.0 +5.0 %
Total +13.0 +16.3%

Table 2: Sources of uncertainty on the signal yield.

17-05-2013
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tW-channel (@7TeV

Sources of systematics

@ LHCP 2013

Systematic Uncertainty Ao (pb) ¢
Luminosity 0.69 0.04
Pileup modeling 024  0.02
Electron trigger efficiency 035  0.02
Muon trigger efficiency 038  0.02
Electron identification 070  0.04
Muon identification 045 0.03
b-tagging 030  0.02
et Ener ale : 0.15
Jet Energy Resolution 0.58  0.04
EXsS modeling 040 0.05
tW Q? 034  0.02
tt Q? 029  0.02
ME /PS Matching Thresholds  1.62  0.10
tW DR/DS scheme 094  0.06
PDF uncertainties 034  0.02
tt cross section 096  0.06
Z/v* modeling 067 0.04
Statistical 333  0.21
Total 495 031

17-05-2013
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©

CMS %\
:

Uncertainty source 0} iton (%) | 03 %) | R;_ %
stat. uncertain + 8.6 + 3.9 + 8.8
JES,JER, and MET + 49 T+ 4.2 T 26
b-tagging and mis-tag +43 + 3.7 +09
backgrounds ratio + 0.6 + 0.5 +1.1
lepton reconstruction/trig. +1.9 + 1.8 + 3.6

gcd extraction
W+]Jets, tt extraction

luminosity

+ 4.4

+ 0.9

total systematics +17.4 +17.8 + 12.6

total relative uncertainty +19.4 + 18.3 +15.3
Scale factor w.r.t. SM + uncertainty 0.92+0.18 0.88+0.16 0.96+0.15
17-05-2013
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t-channel MVA analysis variables

Highest ranking variables in NN 11 variables used in BDT

° n ° Pseudo—rapidity of most forward jet and
| i’ | hishest pT
J g P
® m; ® Inv. Mass of all reco jets

. * Angula sepration between two leading jets
® [nvariant mass of two
e Sum of hadronic energy and hadronic

leading ]ets transverse energy

® reco top quark mass
e Total transverse energy of P4 o
® Using hlghest b—tag discriminator

the cvent ® Using the colser mass to 172 GeV/c?

e (Cosine of angle between reco W and

1eading jet
® Sum of 4-vectors of W abd leading jet
* Event sphericity

@ LHCP 2013 17-05-2013 /




