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¢ single top production




@ The Top Quark is special (D e

@ Top quark is unusually massive QUARK MASSES

¢ Decays before it hadronizes (Gevrc?)

175

¢ Yukawa coupling to Higgs field J2m

suspiciously close to unity  y = ~1
\ %
" " " ] R

¢ Large impact on radiative corrections of

SM observables B
(_ - - ows o0 0n & |
@ NeW phySICS may preferentla”y g up down strange charm bottom top

couple/decay to top quarks Giarks

Is it the Standard Model top quark ?
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Top Quark Pair
Production Cross Section



 Top Pair Production P s

¢ tt production dominated by gluon fusion at
the LHC (~ 90%)

H1 and ZEUS HERA I+II PDF Fit
Q*=10000 GeV?

March 2011

\xg (x 0.05)
—— HERAPDF1.5 NNLO (prel.)
\ B exp. uncert.
model uncert.

E parametrization uncert.

- xS (x0.05)

q t 0.47
_: :{ |

0.2

HERAPDF Structure Function Working Group

State of the art theory approx. NNLO
¢ uncertainties down to ~5%
¥ missing calculations (gg—tt) forthcoming

oaIpb] | Tevatron | LHC (7 TeV) | LHC (8 TeV) LAC (7rev)  Tevatron
NNLO 7.00_8:%_8:%8 160.9_161:75_76:37 229.8_196:67_99é0

+0.21+0. +06.7+7. +5.6+5.
NNLL | 7.1570217030 [ 1624707773 | 2318796708

Feb 2013

Beneke et al (TOPIXS), arXiv:1208.5578 [hep-ph], 29 Aug 2012
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tt Event Signatures OF

W o
Vio

¢ In SM, B(t— Wb)~100% :
- presence of b-quark
- final states with complementary

y
I~ jet b-jet :
§%/ S/B ratio
t /%

tautjets

p p
2
b-jet z  BR~15% _%J, % @
Lo S|E |5
E e (- +
1 et 5|5 =
J 32|18
jet £
I v _ _
\/ b-jet tau+jets
dieptons (e): % muon+ijets

electron+jets

All experiments have measured tt in all decay channels (except t1)
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ﬂl — ee/ v |J/ eu P s

JHEP 11 (2012) 067

¢ Require two opposite sign lepton (ee,uu,eu) o cwsaamlans=7Tev _
¢ mi>20 GeV suppresses QCD %%Eg; °e ““‘;, Data _

¢ mg[76,106 GeV] to suppress Z (same fl.) Lutjggé G

: 1200 - 3

¢ Two jets onof = e epton
¢ E>40 GeV in same flavor i -
@ consider events with 0,1,22 b-tagged jets ;0; __________________________________________________________________________________________________ ____________ ___________________________________ _;
% background: gt b
¢ single-top & diboson from MC S Y

¢ DY and non-prompt Ieptons data based 2 B 'dMS' ey 3410 oo ".'éa't;"" """

[ Non W/Z leptons -
M tt signal

7 TeV: profile likelihood ratio (#jets, #b-tags) _ -

16}
o = 227 + 3 (stat.) & 11 (syst.) = 10 (lumi.) pb | T
579 st ‘ ‘ o
¢ most precise channel at the LHC P CMS PAS TOP-12-007  iet mutiiciy
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http://cdsweb.cern.ch/record/1462235?ln=en
http://cdsweb.cern.ch/record/1462235?ln=en
http://dx.doi.org/10.1007/JHEP11%282012%29067
http://dx.doi.org/10.1007/JHEP11%282012%29067

tt = e/y +jets (D i

. e data | [ Bl single Top ~ [[] W-+b-jets
¢ RGQUIFG [ Wic-jets [ |W+LF-jets [ Z+jets [ Jacp
¢ single highly isolated e or o 7Tev oo Ne=7TeV 2815 of Muon Data
¢ 21jet, 1/2 b-jets T
8 10° — V ™ < Yol
¢ 7 TeV: Fit secondary vertex mass in s ¢
bins of #jets and #tags 5 <l
L
¢ Constrain background rates :
¢ determine major systematics (JES, ha: 1 . 1 I 5
WjetS QZ) from fit arXiv:1212.6682 (accepted PLB) Secondary Vertex Mass (GeV)

CMS Preliminary 2.7fb"at (s =8 TeV

o7 = 158.1 £ 2.1 (stat.) + 10.2 (syst.) & 3.5 (lumi.) pb

> T RN R R L L R
8 5001~ —e— Data B
— B«
¢ 8 TeV: Fit M(Ib) @ 400 i
. . CICJ -Background
@ >=4 jetS and >=1 bjet 1l 300] Fit 2/ndf = 0.25
¢ QCD background determined from :
non-isolated side band data (with =
tt, W-jets, Z-jets leakage removed) 100
L +29.0 : E ;
Ott = 228.4+9.0 (Stat') —26.0 (SySt’) + 10.0 (luml') pb % 50 100 150 200 250 300 350 400 450 500
13.4% CMS PAS TOP-12-006 M, (GeV)
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https://cdsweb.cern.ch/record/1461939?ln=en
https://cdsweb.cern.ch/record/1461939?ln=en
http://arxiv.org/abs/1212.6682
http://arxiv.org/abs/1212.6682
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04 = 114 % 15 (stat.) = 27 (syst.) + 3 (lumi.) pb

2 <
s - g t e CMS data
5 0.04 % 450F B
2 . ° 400; ——- {t component
£0.035 s b [L e multijet background
< B 5 350 . - .
0.03 % F — fit to tt and multijet
F = 300
0.025F g I
E -g 250/
0.02 F
: 8 200F
0.015 1s0E |
J' - ~a Eoo — signal tt (MC) F I
1 [ H H C H
1 27% [ 0'005: N background (MJ data) 50; - T M
l ! 0:.": P I N NS SR N NN SRR | \l"T'--J I Y'{HHHMHHHHI-TTT'PH!H Bl
...... ’ o 0.2 0.4 0.6 0.8 1 f00 150 200 250 300 350 400 450 500 550
NN, m, (GeV/c?)
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it — all-jets

Require 6 jets (2 b-tagged)

ETH Institute for
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D

CMS, 3.54 b at \s=7TeV

. . . . . NQ E e CMS data: 3136 events
kinematic fit to choose best combination 3 220 _
O B — — tt component

S/ . (=) -
¢ constrain mw :300:_ --------- multijet QCD background
¢ keep miop unconstrained (but equal) £ 250" .

. o . m F fg= 0.351x 0.025
Unbinned max likelihood fit to 200
reconstructed m -

| top 150" 7 TeV
¢ signal from MC ook
¢ multijet background from data using :

jet-tag rate 0 N
. > I/I | 1 111 | 1 111 | 1 1 IWI\IIT""I-FI—-I—A_I.

Largest systematic: JES f00 150 200 250 300 350 400 450 500 550

arXiv:1302.0508 (submitted to JHEP)

m,, (GeV/c?)

CMS, 3.54fb'at (s=7TeV

CMS, 3.54fb'at Vs=7TeV



http://arxiv.org/abs/1302.0508
http://arxiv.org/abs/1302.0508

tt = t+jets and t+e/p D muemms

10t T T L L
¢ final state with taus sensitive t->H*(t,v)b g [oenTTMen - ets
. : : . : 2 10° = 7 TeV . =ngle top ]
¢ ttjets: 4 jets + hadronic t-candidate + 1 b-jet E e B beogrund
2:_ - _ o multijet _;
¢ Dedicated BDT to separate t from e/ "E e
10 é—f —é
¢ largest background: multi-jet QCD é - . . . .
¥ estimated from untagged side-band 1'?%ﬁﬁf}ﬁiﬁﬁ;ﬁﬁﬁ;ﬁﬁf;ﬁéﬁ;ﬁﬁﬁ;ﬁiﬁﬁ;ﬁfﬁ;ﬁﬁf;féﬁ;ﬁﬁiﬁiﬁ;ﬁﬁﬁ;ﬁf;éZ;IZ;Iﬁiﬁﬁﬁfﬁifﬁﬁﬁ;ﬁﬁéﬁﬁ;ﬁﬁ;jﬁiﬁﬁﬁﬁ;ﬁfﬁﬁ;ﬁéﬁ;ﬁﬁfﬁiﬁﬁ}ﬁﬁﬁfﬁ]ﬁfé
. EWK background from MC . AR SRR SR S S A |
¢ Fit NN output to to determine cross section arXiv:1501.5755 (submitied to ERJG) Py
TR P L L B I
o, = 152 + 12 (stat.) £ 32 (syst.) & 3 (lumi.) pb S [CMSis=7Tev,20f" — data :
S | Bl tt— et +X
53/ 25%— rTev E\?\;Egtf —;
@ r [ Single t !
¢ t+elp: isolated e/p + hadronic t-candidate + g [_JDY+Diboson 7
1 b-jet 15f
¢ largest background: misreconstructed thad 10; R
estimated from data o
Ot — 143 + 14 (Stat) + 22 (SYSt) + 3 (hlml) pb o 200 300 400 500 600

2
Phys. Rev. D 85 (2012) 112007 ™Mop [GEV/C’]
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http://prd.aps.org/abstract/PRD/v85/i11/e112007
http://prd.aps.org/abstract/PRD/v85/i11/e112007
http://arxiv.org/abs/1301.5755
http://arxiv.org/abs/1301.5755

Theory Comparison at 7&8TeV P =

CMS Preliminary, \s=7 TeV CMS Preliminary, \s=8 TeV

7 TeV

158+ 2+10+ 4

(val. = stat. = syst. + lumi.)

CMS e/u+jets+btag

arXiv:1212.6682 (L=2.2-2.3/fb) CMS I+jets (e/usiets)
+jets (e/u+jets
TOP-12-006 (L=2.8/fb)

29
228 + 9 x5 +10pb
(val. = stat. = syst. = lumi.)

162+ 2+ 5+ 4

(val. = stat. = syst. + lumi.)

CMS dilepton (ee,uu,en)

JHEP 11 (2012) 067 (L=2.3/fb)
—@- CMS dilepton (ee,uu,en)

TOP-12-007 (L=2.4/fb)

227+ 31110 pb

(val. = stat. + syst. + lumi.)

CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

139 +10+26+ 3

(val. = stat. = syst. + lumi.)

CMS dilepton (et,ut)
Phys. Rev. D 85 (2012) 112007

143 +14+22 + 3

(val. = stat. = syst. = lumi) CMS combined 227+ 311+ 10 pb

(L=2.2/fb)
(val. = stat. = syst. = lumi.)
CMS t+jets 152+ 12+ 32+ 3
arXiv:1301.5755 (L=3.9/fb) (val. = stat. = syst. + lumi.)
Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 ﬁggiﬁi R‘,k‘.tg 8%%, ’82232‘:.‘23;.’“23%351?14? 3;,{&231(22)011)
E Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030 [ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097 [ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
1 NLOQCD
| | | | | | | | |
0 50 100 150 200 250 300 0 100 200 300 400
o(tt) (pb) o(tt) (pb)
2 Inclusive cross section measurements at 7 and 8 TeV consistent across all
channels

¢ Experimental uncertainties <5-15% — approaching/challenging theory precision

La Thuile
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- Theory Comparison at 7&8TeV =iz

CMS Preliminary

@) -
£ L e CMS combined 7 TeV (1.1 b)
=) = CMS combined 8 TeV (2.8 fb")
© | oCDF
o0 DO
10%
— Approx. NNLO QCD (pp)
Scale uncertainty
10 — Scale ® PDF uncertainty
. A LR Approx. NNLO QCD (pp)
| Scale uncertainty
B B Scale ® PDF uncertainty
Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
— MSTW 2008 NNLO PDF, 90% C.L. uncertainty
I'IIIllllllllllllllIlllllllllllllllllll

1 2 3 4 5 6 7 8 9
\s (TeV)

2 Inclusive cross section measurements at 7 and 8 TeV consistent across all
channels

¢ Experimental uncertainties <5-15% — approaching/challenging theory precision

La Thuile
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L

Differential tt cross sections (1) e

¢ Test pQCD in differential distributions in lepton + jets and dilepton channel
¢ check dependence on QCD scales, ME-PS matching, ~_idonaks ani {09435 neooni

pp->ff at LHC S°=7TeV m=173GeV

generators
e . — /,;:\\ —_ NLOp:m“ B
¥ enhance sensitivity to new physics FoE~N [ Ncommma | ]
- [ 5/ % — ——- NNLO approx u=m/2, 2m
¥ sensitive to pdf Sost M7 N\
) .. . < osk ‘..J, \"\\'\\ .
¢ Analysis ingredients: g [
= 04 W R
¥ cross section measurement ]f :
¢ kinematic reconstruction O ;o R
¢ unfolding (Singular Value Decomposition, NIM A 372 (1996) 469).
3 CMS, 5.0 fo' at\'s =7 TeV CMS, 5.0 fo''at\'s = 7 TeV
— 10?'1'q'|""|""|""|""|""|""|"": B[ 0.7 prer T T e T T T
> 91_ e Data e 'o| %’ B . e Data ]
8 - ee/e“/“ “ — MadGraph 1 TI® o6 e/IJ"' JetS —— MadGraph ]
— 8 = MC@NLO - - ~== MC@NLO ]
-8|%— £ - POWHEG - 0.5 - POWHEG ]
—|b 2 U Approx. NNLO 1 - e Approx. NNLO |
6 :_ - = (arXiv:1009.4935) _: L (arXiv:1105.5167) _
u: \ 7TeV 7 F : 1
3f R E
arXiv:1211.2220 of i\ E
accepted by EPJC 15 \ _______ _
|||||%-|+m==
0 50 100 150 200 250 300 350 400 -%.5 2 -15 -1 05 0 05 1 15 2 25
p. [GeV] %
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http://arxiv.org/abs/1211.2220
http://arxiv.org/abs/1211.2220

Differential tt cross sections (2) =

¢ Test pQCD in differential distributions in lepton + jets and dilepton channel
¢ check dependence on QCD scales, ME-PS matching, ~_idonaks ani {09435 neooni

pp->tt at LHC S _7Te'\/ m=173 GeV

generators
e . 12? /}n\ —NLOp:m“ 7
¥ enhance sensitivity to new physics VI N\ = e I
¢ sensitive to pdf Sosk 47 )
¢ Analysis ingredients: £
= 0411
¥ cross section measurement
¢ kinematic reconstruction %5 T e e e e %0
¢ unfolding (Singular Value Decomposition, NIM A 372 (1996) 469).
, CMS Preliminary, 12.2 f5" at {s = 8 TeV CMS Preliminary, 12.1 fo'at {s = 8 TeV
= 10?'1'0'%""|""|""|'"'|""|""|"": o[ 0.7 T T T T T T T T T T
3 o e Data E 8z F , e Data ;
S % eeled/Ud  —mMaderaph 1 —lo g €/U+ jetS = —MadGraph -
e & i MC@NLO ] === MC@NLO -
ek -- POWHEG ] 055 ----POWHEG
Approx. NNLO 7 R Approx. NNLO ]

(arXiv:1210.7813) ] C (arXiv:1205.3453)

0 50 100 150 200 250 300 350 400 2. ) - . ) ] )
Pl [GeV] yt
CMS PAS TOP-12-028 CMS PAS TOP-12-027

La Thuile
Feb 2013 R. Wallny: Top Production at CMS 13



g
2
]
35

Differential tt cross sections (3) =

¢ Differential distributions determined in lepton + jets and dilepton channel

¢ unfolded and extrapolated to full phase space

¢ kinematic properties (pt, y, m) of leading (and sub-leading) leptons, lepton pair,
b-jets, top quarks, top quark pairs

. CMS Preliminary, 12.1 fb'at (s = 8 TeV CMS Preliminary, 12.2 fb'at s = 8 TeV CMS Preliminary, 12.1 fb'at (s = 8 TeV
— 25><|||| L T T T T Ty rTTTT L o':>0.8_ |||||||||||||||||||||||||||||||||||||||| ] [? L L T T L T T T T
‘T> - I - I I . IData I ] :C_’!O'O E I I I I I I. Dlata I I E > EI I . I I . ||3ata I :
3 - e/J+ jets — MadGraph | o7 €8/€U/UY  —Magerpn § & | o[ €/U+ jets — MadGraph |
= o[ 522 MC@NLO - - MC@NLO  § '—_ === MC@NLO  :
~---POWHEG 1 061 - POWHEG | 8l E | ----POWHEG 1
N _ e
50" "0 1m0 200 250 300 200 600 800 1000 1200 1400 1600
p$ (GeV] mt [GeV]
¢ Good description between data and theory
¢ NNLO approx describes softer pt(t) spectrum in the data better
La Thuile .
1
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¢ tt + Bt :Verification of models of top CMS PASTOP-12:019 |
production in e/u+ jets final state T 002 .‘?M.Sﬁ’re."”?'”?riijf;.;ff’ e
. © 0.018F ) =
¢ important background for BSM = ot6E LHiets E
physics searches 3| Wo g14E E
o V. L . _
—I0 n Fﬁ * combined ]
0.012F £3 =
0_012_ — MADGRAPH _
0.008- =
0.006;—:+-—': E
= - : : : 0.004F 7 TeV =
¢ tt+ V: tt+W (same-sign dileption) & 0.000F M
tt+Z (trilepton) established (4.70) T D
) 0O 20 40 60 80 100 120 140
¢ access to top-vector-boson ET"* [GeV]
Coupllng CMS PAS TOP-12-014
. CMS Preliminary L=4.98fb"at /s=7 TeV CMS Preliminary L=4.98 " at Vs =7 TeV
¢ important background to g2 . on | | L
SUSY and BSM searches Yol Dz 7 Tev : : eV
i Ct+w
- I Fakes |-
0.15 0.05 15 I Charge MisID —
owry = 0.51 T3 (stat.) Loy (syst.) pb e : - |
i -Rare SM A Trilepton Channel
10 ~ (scaled from o)
- [ Dilepton Channel
7 + (direct measurement)
—— @® Combination
— NLO Calculation
I | | | | | | |

I 111 111 111 111 111 111 111 1
ee uu eu Total 0O 020406 08 1 12 14 16 1.8
: tt+V Cross Section [pb]
La Thuile
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https://cds.cern.ch/record/1478671?ln=en
https://cds.cern.ch/record/1478671?ln=en
http://cdsweb.cern.ch/record/1460101?ln=en
http://cdsweb.cern.ch/record/1460101?ln=en

+ ETH Institute for
Particle Physics

¢ tt+jets: jet multiplicity in tt dilepton final state CMS PAS TOP-12-023
CMS Preliminary, 5.0 fbo™' at\'s=7 TeV
¢ QCD radiation

-8% Dilepton Combined
¢ Test of event generator, final state el riev 3
model and QCD scales S S :
10" == v =
- T Q_ ______ i
102k © Data —
F  — MadGraph+Pythia :
I MC @NLO+Herwig _
102 — POWHEG+Pythia -

@ ti+bb: Ratio of light flavor to b-flavored jets | e

(dilepton final state) 2

¢ important background to ttH search B
Jet
CMS PAS TOP-12-024 o
O'(tt_bb) [ A L D S
— = c - CMS Preliminary Jata ]
o(ttjij) 3.6 + Llstar & 0.95ys 75 L%’ el 50T at\s =7 Tev =::I§E/LF_
7 TeV | E

[ up - . ee

10°F E

o1 23 01 23

3
b-Jet Multiplicity (CSVT)
Feb 2013 R. Wallny: Top Production at CMS 16

La Thuile
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Top Production Charge
Asymmetry



To D pro duction Arg/Ac P e

free-level and box diagrams: positive asymmetry
t q— g — [

¢ Contribution from qq only

¢ LO: nocharge asymmetry expected 9
¢ NLO: Interference between qq diagrams q>?<t N q <q gt f
* correlates (anti-)top quark direction with ISR/FSR: negative asymmetry

incoming (anti-) quark direction
q g t q t
q i 4 t
top LHC 4 top

Tevatron _
anti-top anti-top

Ar

n n
4 = N(Ay>0)-N(Ay<0) 4 N(Alyl>0)-N(A]y|<0)
B N(Ay>0)+N(Ay<0) © N(Aly|>0)+N(Aly|<0)

¢ Tevatron: Forward/backward asymmetry ¢ LHC: Charge asymmetry

¢ asymmetric initial state correlates ¢ top is correlated to valence quark

top quark to proton direction ¢ Ac diluted due to large gg component

La Thuile
R. Wallny: Top Production at CMS 18
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T T T T T T T T T T T T T

. CMS

Charge Asymmetry (e/u+jets)

Phys. Lett. B717 (2012) 129

ETH Institute for
Particle Physics

23 - 5.0fb"at Vs =7 TeV *zi'; - < 0.1}-CMS | I N &
= A = 0.004 + 0.010 = 5.0 fo" at \'s = 7 TeV EAG
'g 0'6__|+Jet5 : H :I+jets —— NLO prediction i
; I ﬁ + T Green: ; ;
D ] effective axial-vector 7 TeV
s s coupling of gluon (EAG) 1
0.2__ | Blue: i ] i
NLO QCD 0 | l
R i ] i
Alyl 2
¢ Inclusive and differential measurement g = o ; i
C e : ly |
¢ careful treatment of intrinsic asymmetries .
. . - CMS —e— Data |
in backgrounds (W+ jets, QCD) 50 atE=7Tev Dai ’
' - l+jets — NLO prediction |
Ac = 0.004 £ 0.010 (stat.) £ 0.011 (syst.) - X
¢ Theory prediction: o o :
AYY = 0.015 + 0.0006  Kimn, Rodigo aXiv12006830
~ . . . . e 7TeV
¢ Comparison with NLO and effective axial-vector | ]
gluon BSM model  E Gabrielietal. PRD 85 (2012) 074021 300 400 500 600 700 800
o m,. [GeV/c]
¢ No large deviations from SM - more data needed !
La Thuile
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http://www.sciencedirect.com/science/article/pii/S0370269312009756
http://www.sciencedirect.com/science/article/pii/S0370269312009756

¢ Inclusive analysis in the dilepton channel:

Ac = 0.050 % 0.043 (stat.) 79030 (syst.)

¢ Alternative approach using lepton charge
asymmetry: Krohn etal. PRD D84 (2011) 074034

N (|| > |m-1) — N(|lm+| < [mi-)
N (|| > |m-1) + N(|lm+| < [mi-|)

AlepC’ —

Ajepe = 0.010 + 0.015 (stat.) + 0.006 (syst.)

¢ Compatible with SM - more data needed.

La Thuile
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<

Charge Asymmetry (ee/pu/ep) O s

L CMS Prélimlinall'y | | Data

0.4 _
| 5.0fb'at \s=7TeV |
 dilepton — EFT .

—— NLO prediction
I 7 TeV i
0.2— ]
o _
i | | -
0 0.5 1 1.5
ly |
: I | I LI I | I I I I | I L | T LI :

0.6 CMS Preliminary, 5.0 fb” at \'s=7 TeV ]
E —»— ( Data - BG ) Unfolded 7 TeV E

0.5 N Syst. Uncertainty ]
B —— Powheg parton level i

0.4 —
- MENNS. A—— L 2 ]

0.3 —

0.2 -
- v :

0.1 —
- L
B | | I | I | | | | I | I | | | I I | | | I |

0-3 -2 -1 0 1 2 3
|n|+|-|r||_|
CMS PAS TOP-12-010
20
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4 ETH Institute for
Particle Physics

Single Top Cross Section
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Single Top Production P mumme

CDF: 2009 CMS: 2011

Test of EW interactions
Probe for new physics

[}

¢ measure Vi

~€c

4th generation

0
0 0.2 0.4 0.6 0.8 1 -1 -08 -06 04 02 0 02 04 06 08 1
V *
* I CNC Super Discriminant cosf

sensitivity to b-PDF and u/d-PDF
¢ tand Wt channel

40

Main backgrounds

q' q
¢ W+jets background q t d
¢ top pair production w w ’ i
¥ QCD multi-jet b ‘N t
production g ; q b

. t
Predictions t-channel (Otgp) s-channel (Ot) tW-channel
Tevatron 2.26 pb 1.04 pb 0.28 pb
LHC (7 TeV) 64.6 pb 4.6 pb 15.7 pb

N. Kidonakis, Phys. Rev. D 83, 091503(R) (2011); Phys. Rev. D 81, 054028 (2010); Phys. Rev. D 82, 054018 (2010)
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Single Top t-channel (7 TeV) s

Signature: (b,l,v)+1 forward jet q q
Analysis performed in #jet (2-4)/#b-tag (0-2) bins
Three analysis approaches:

In/’| : maximum likelihood fit to the

- . JHEP 12 (2012) 035
pseudorapidity of forward jet U 527Tey__Lata78

¢ multivariate discriminants (NN, BDT) JEJ) ZZZ .y "
- r]iet‘ +5:rt12nnel _E

Dominant backgrounds: 250 :wa =
¢ suppress EWK background o F oo
M1(W)> 40 GeV for W—pv 00 7 TeV 1

Er > 35 GeV for W—ev o :

¢ Determine W+ jets from M(lvb) sideband L s Uy s T
¥ QCD from fits to Mr(W)[u] and E+[e] !
o pCMSNSETTV Lewazel

"GC'J' 70f_Muon _:

Combination of three analyses with BLUE: G g MMOIOred>28 o E

I t-channel 3

tt, s-channel, tW
B W/Z + jets, Diboson 7
QCD multijet

O1_ch. = 67.24 6.1 pb i3

: 9% s
Extraction of Vip: vy O
0

Vin| = 1.020 + 0.046 (meas.) £ 0.017 (theor.) 10f

0.99 < ‘V ‘ < 1. ol OB% eoitdenes ol 90 120 140 160 180 200 220 240 260 280 300
: tb] > 1, m,, (GeV/c?)
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ETH Institute for
Particle Physics

Single Top tW (7 TeV)

¢ significant production mode at the LHC 9 ; g t
¢ dilepton ee/pp/ep t
¢ opposite charge from 2 Ws ’
¢ signal: exactly one b-tagged jet b w- b we
background (tt): 2 jets, 1 or 2 b-tags S
f , “lems, ls=7Tev,a9ty? |+ Dala | 90F CMS,is=7TeV 49T | 50"
¢ major background ti mi i
. ] E 7 TeV * =(Z)/;{h;:ets 7 TeV Other _
¢ estimated from background side bands; = @&k Nsystematic ) 3 =0} S Systematic |
o | Ny 1jet, 1tag | S 200] | IR 1 jet, 1 tag
¢ simultaneous fit of BDT discriminantin " o -
signal region for 3 flavor combinations * | E
and event yields of control regions e B
H, [GeV p, of the system [GeV]
Phys. Rev. Lett. 110 (2013) 022003
ssooé_cms,\g =7TeV, 49" S ]
C I i I 30005— 7 Tev E%:;:ets
¢ signal firmly established (40): § Ny e

1500_ \\\\\\\\\\\\ \\\\\\\\\

1000

compatible with Standard Model

500
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Single Top t-channel (8 TeV) (D

¢ single top/anti-top t-channel production depends on u/d pdf

u(d) d(u)

\

¥ lepton charge (+/-) correlated with u(d) pdf N. Kidonakis, arXiv:1205.3453
¢ Theoretical prediction: ot—cn, theory = 56.4 pb (top) + 30.7 pb (anti-top) = 87.1 pb

b(b)
0t_cn = 80.1 £ 5.7 (stat.) + 11.0 (syst.) £+ 4.0 (lumi.) pb

CMS PAS TOP-12-011 16%
¢ perform |n;’| analysis separately by lepton charge
CMS PAS TOP-12-038

CMS Preliminary, 12.2 fb”, Electrons +, Vs = 8 TeV CMS Preliminary, 12.2 fb", Electrons -, Vs = 8 TeV

T T T T T IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII___._data

|.t-channel

[ -
||:|tt, tW-, s-channels
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{. W/Z+jets, dibosons

[ Jaco

CMS Preliminary, 12.2 fb”,\'s = 8 TeV
IIIIIIIIIIIIIIIIIIIIIIIIIII||III|III

1200

1000

800

600

400 CMS Preliminary,

TOP-12-038 1.76+ 0.15 (stat) = 0.22 (syst)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl[IIlIIIIII
|I II| 111 |II I|I II| 111 |II l|| II| 111 |II

CTEQ6M

i AN

1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 ? 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
! CT10

1
1
1
1
1

. MRSTO06 1 .
1
1

28% .
Ot—ch, = 28.2 £ 2.2 (stat.) £ 4.8 (syst.) pb | g, =NF =
.NNPDF2.1 N, =4 i -
Rt_Ch = 1.76 £0.14 (Stat) + 0.21 (SYSt) 19% 04 06 o8 T Tz Ta e ':1.Ia' SERY
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j

' Theory Comparison P e

t-channel single top quark production

CMS preliminary, 5.0 fb’
CMS, 1.17/1.56 fb™

DO, 5.4 fb

CDF, 7.5 fb

NLO QCD (5 flavour scheme)

=mmmmmm  theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042

NLO+NNLL QCD
theory uncertainty (scale ® PDF)
Kidonakis, Phys.Rev.D 83 (2011) 091503

0 2 4 6 8 10
\'s [TeV]

¢ Good agreement with NNLO (approx) theory
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¢ Precision era of top physics at the LHC in full swing

¢ Inclusive cross section measurements (CMS dilepton 5%) compete
with theory precision

“€c

Differential cross section measurements probe pQCD further
« new results at Vs= 8 TeV

€

Measurements of tt+X ( jets, b-jets, Er W/Z ) at 7 TeV

« important SM backgrounds, access to couplings, SM test

~€c

Top charge asymmetry Ac complementary to Arg at Tevatron
* no large deviation from SM observed

“€c

Single top production measurements enter precision regime
- new charge dependent t-channel result at Vs= 8 TeV

¢ Many more measurements to come @ Vs= 8 TeV!
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