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The single-top #-channel process Topology and backgrounds
Single-top: electroweak top quark production mechanism Signal: t-channel leptonic decays Background processes:
. i - tWb vertex in the production: unbiased measurement of the Cabibbo Kobayashi - 1 lepton from the W-boson decay top - antito;? pair (tt_) :
Maskawa Matrix element |V, | t-channel Cross sections 1 neutrino manifesting as - Cross section ~ 3 times greater than t-channel
. : - Leptonic top cascades as the t-channel
- . . . pp @1.96 TeV missing energy in the detector Welets:
W - Sensitive to physics beyond the standard model affecting the coupling. (N, idonakisphys.rev.0z2, | 2-08%0.12 pb ‘ ets:
L e b 1 b-jet from top decay, - Cross section ~ 500 times greater than the t-channel
- Asymmetry in the production of top-antitop quark, consequence of the proton R,Bidfszalﬁfim, 64.612.1 pb BR (t — bW) ~ 100% - Contribution of jets from heavy and light quarks:
bl parton distribution functions. (pP @8 T?V | 87.1+2.8 pb In association with: IVIdlﬁ.‘e'rent topc?logles
N. Kidonakis, arKiv:1205.3453 ulti-jet QCD:
QQQDDDD- - Polarisation of the top quark : reflected in angular properties of the final state _1jet in the forward region from the recoil light parton - Cross section several orders of magnitude greater
\\b objects (leptons, jets) than t-channel
J - 2nd b-jet from the b quark due to gluon splitting -Reduced to extreme corners of phase space by
topological cuts.

Shared analysis procedures (7,8 TeV)

Event selection: general criteria
Top quark 4-momentum reconstruction QCD treatment
Leptons Reconstructed taking the 4 momenta of . 1 o y
- Trigger with 1 isolated lepton the lepton, a b-tagged jet and the Eq i CMS Preliminary, 5.0fb Vs =8 TeV CMS Preliminary, 12.2 fo', Muons, Vs = 8 TeV  Yield of the QCD contribution in all samples is
-7TeV, electron only: trigger-level b-tagged jet with the following procedure: S L B B R %3500—_" AR AR RN RN 'II:)I TTTTTTTTTITTT] extracted from a fit to the distribu.tion of
- Select exactly 1 muon with p; > 20(7TeV) or 26 GeV(8TeV) within - . It - o L — F_ata | 1 m;(muons) or E; .. (electrons) prior to any cut
the trigger acceptance, or exactly 1 electron with E; ,>30 GeV. 1) take (py /Py, )= (Eqmiss,c +Ermiss,y) 160 — —| Whenanne o It result ] o
Isolation requirements to remove QCD n 7 [ |s-channel 2000 — S, ] - Distributions of the QCD my and Eyy, are
G _ , o 2) constrain the mass of the |v pairIntothe 140 — — = Z —— QCDh 1 extracted from control samples obtained
; Veto other leptons with loose selection criteria PDG value of m,,: get 2"order equation in .. - - |_|tW-channel 2500 —] inverting the lepton isolation cuts
ets " 120 — — .- - ’
- . B CMS-PAS-TOP-12-038m
- Use AntiK; jets, in the pseudorapidity range |n|< 4.5, with a p; cut 3) two real solutions: take the one with = E it 1 p000l- 4 - Fitextrapolated to the region above the
of 30 (7 TeV) or 40 (8TeV). lowest |p, | 100 1 1 Wzsiets ] myand Eqyycuts
Require 2-4 jets depending on the analysis 80 — __‘ IW+jets -
CMS-PAS-TOP-12-011 _ . T .
b-tagging 4) two imaginary solutions: put discriminantto 0. [ - oo 1500 -] - QCD distributions of discriminating variables
; ; : B ] 10050N N i i
- Use algorithm based on significance of the jet tracks’ impact !n this ce;se thet.1”) : r?ot vallddanymore, but 60 = e - ;sce[c)i Z?,::;ﬁzglixgifﬁtlon are taken from the
parameter to discriminate the jets stemming from a B meson decay. IMPOSE < can Sl be IMposed. 40 — ] DQCD 1000 B '
B} R.eq.uwe 1-2 b-tagged jets depending on the analysis. 5) Choose p, ., , with minimum distance - . - : | - |
Missing energy/Transverse mass from the Ey . in the p,/p, lane 2l E | Letploc Fittothe m disrution o e eion
- Use cut on the missing energy E; ;s for the electron channel or o b o | e i, N e pmcess-e&g
the transverse mass m; for the muon channel. Right plot: reconstructed top mass 100 150 200 250 300 350 0 ~"20 20 80 80 100 7120 140 160 180 200
at 8 TeV in a t-channel enriched sample m [GEWEE] m. [GeV]
with 2 jets and 1 b-tag, muon channel low

|m;» | analysis (7,8 TeV) Neural Network and Boosted Decision Tree analyses (7 TeV)

Two multivariate analyses: Analyses performed in 6 samples: Bayesian inference:
Based on a maximum likelihood fit to the pseudorapidity of the light o _ _ _ _ _ _
quark jet - !Bas.ed.on a Neural Network and a Boosted Decision Trees -2 sngr_mal enrlched.reglons with 2 jets, one of which b-tagged, - Background yields and most of the systematics
discriminant and 3 jets, 2 of which b-tagged treated as nuisance parameters
- Fit performed in a region with 2-jets, 1 of which b-tagged - Complementary approach to the |n; |analysis: exploit the full - 4 signal depleted samples with 2 jets and 2 b-tags, 3 jets and
- Extra cut on m,,,, restricting to in the central top mass window topology of the t-channel in several regions simultaneously 1 b-tag, and 4 jets fand | 1 or 2 b-tags, enriched with different - Marginalisation performed using Markov Chain
- Analysis performed at 7 and 8 TeV 1 backgrounds contributions. 1 Monte Carlo to integrate over the nuisance
- QCD distribution for |, | extracted from the QCD enriched sample ” CMSiam7leV Lul Nl 1 @ _CMSys=7TeV L=tt78® parameters, taking the central 68% quantile as
- 200 & Electron, "2-jets 1-btag" —+— Data = c 500 — Muon, "2-jets 1-btag" 7 measurement.
W _|(|:h|ﬂ|$| I|!I|$|=||7|T|le|"'“’| T |L|=| 1|.|1|7|ﬂ|3-|1| LI L I Y Y B g".) 180 :_ -t-channel _: g'J - —e— Data -
c - Muon 3 L - + + i, s-channel,tw L : B t-channel . -Theoretical, and signal and background modelin
S 350 : te0f- LI e 2 400F _ - tical, and signal and backg :
= eD m 140 QCD multiiet = N tf, s-channel, tW ] uncertainties are not marginalize
L 300F — ar:a | g= - — | U ] - B W/Z + jets, Diboson ]
[ -Channe ] 12 :_ _: - .. — .
250 F schannel tW — 103 - * | ] -+- ; 300 - QCD multjet 1 - Simultaneous use of several samples allows to
C B W/Z + jets, Diboson J = ] N e ] precisely constrain the backgrounds and
= 5 60 — N ]
150 = 40 i - 100 - — Left plots: Neural Network and Boossted Decision
E = [ | Trees discriminants in the region with 2-jets and 1
100 — 20 & = -~ b-tag for electrons and muons respectively.
7] 0 I el B O B L1 1 il L1 1 L1 0 K | Normalizations are taken from the best fit result
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Upper plot: n;| in the with 2-jets and 1-tag sample at 7TeV, mI'

normalizations taken from the best fit

8TeV analysis extra features:
- additional pileup rejection cuts are applied to the two leading jets
- tt distribution remodeled after data in the region with 3-jets, 2 of which b-

tagged Combined results and |V, | extraction

- analysis extended to measure top/antitop ratio

7 TeV results of the three analyses combined with the BLUE method ] ]
t-channel single top quark production
- statistical correlation between analyses evaluated reproducint the signal [r— , , , i , , , i , , , | , , , , , ,
- extraction on pseudo-experiments .g- - AMS orel s -
: : prefiminary, . CMS-PAS-TOP-12-011
Sideband extraction method — — — .
easured Cross sections : b ) CMS, 1.17/1.86 fb IJHEP 12(2012)035
Cut on the top mass window defines two o 1 5= 1 02 . e -
regions: T 1 EZMlS Plrelllmllnlal:y,l 50| flbl : |sl _I 8| -Il-e}ll LI 6(t-channel,7 TeV)= 672 i37(Stat) iSO(SySt) i35(‘“‘1) i 17 (Iuml) T Dﬂ.' 54 fb _— | ul
- Signal Region : 130 < mlbn < 220 GeV 1000 = Signal region Sideband region | *data " CDE.75fb iy
- Sideband Region : outside the signal region L - [lt-channel O t.channel g Tev)= 80-4 £5.7(stat) +£11.0(syst+th.) £4.0 (lumi) -
window 800 | [Js-channel /
i | | [tw-channel . . . . . .
- i Dt_ enanne Ratio of 8/7 cross sections was obtained comparing the hj’ at the two energies: ,-""HH
Wi+jets shape extracted from the 600 |— | B 1 D !..r"'f
sideband: i ] Wz tiets Rig/7= Oech.s Tev)/cs(t_ch_’7 tey) = 1.14 £ 0.12 (stat) £ 0.14 (syst) S - NLO QCD {5 flavour scheme)
- Perform the QCD extraction in the sideband - - [wHiets
- Perform the tt shape extrapolation in the ~ “%° [ | Poiboson Cabibbo Kobayashi Maskawa matrix element V,, extraction: m—— theory uncertainty (scale @ PDF)
sideband - 1 [aco Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042
-Subtract the data-driven QCD and tt from the ,, [ ] - tWb vertex in production — cross section depends on V.
sideband data distribution i ] -assuming [V, V| << V| = [V, | =V(o, /0, )
- Subtract all other processes that are not 1 NLO+NNLL QCD
W+jets taking them from the standard model 0 7TeV: |V, | =1.020 £0.046 (meas.) £ 0.017 (theor.)
prediction 100 150 200 250 300 n?:if)[Gech(]m theory uncertainty (scale & PDF)
o _ _ _ 8TeV: |V, | =0.96 £0.08 (meas.) £ 0.02 (theor.) Kidonakis, Phys. Rev.D 83 (2011} 081503
The distribution so obtained the data-driven W+jets U ot ructed ¢ ) ol | | | |
) for |hi’| fit in the signal regi pper plot: reconstructed top mass in a contro . T . ) | | | | | | | | | | | | | | |
Used for |hj’| fit in the signal region sample with 3-jets and 1-tag at 8TeV. displaying In the assumption of [V, | < 1 the following limits are extracted at 95% confidence level: D 2 4 6 8
the signal and sideband regions
7TeV: 0.92 < |V, | < =1 at 95% confidence level. Upper plot: measured and predicted t-channel cross section as a function of the \IIS I__I-EV]
centre-of-mass energy in proton-proton and protion-antiproton collisions
8TeV:0.86 < |V, | < =1 at 95% confidence level.

Charge ratio measurement (8 TeV)

CMS Preliminary, 12.2 fb '1, Muons -, {s = 8 TeV
| | CMS Preliminary, 12.2 fb",\'s = 8 TeV
Cross section of top and antitop: D 00 _‘;dﬂtﬂ rrr|[rrrJjrrrJyjrrrJyrrrJrrrJyrrygJyrrrJ|rri
n t-channel
g CMS—PAS—TOP—12—038 :th,m—,s—channels . :
- sensitive to valence u and d quarks parton 2500 & | iz, dibosons Separate charge cross section mearsurement: CMS Preliminary,
distribution functions respectively oo B J[Jaco TOP-12-038 1.76+ 0.15 (stat) + 0.22 (syst) +
- ratio can be used to check different pdf models - syt une !
- lepton in the final state inherits the sign of the top 1500 = - CTEQSM :
quark - ] O t.ch., sTev, top)= 49-9 £1.9(stat) £8.9(syst.+th.+lumi.) I
1000 [— i — |
................. ] . |
In;| analysis performed on datasets separated by - = O (t.ch. 8 Tev, antitop)~ 25-8 £2.4(stat) +4.9(syst.+th.+lumi) CT10 |
lepton charge, measuring the charge ratio: =~ ERREEEEE ] G ] .
DD 0.5 1 15 2 25 3 3.5 4 4.5 i ? R(t-ch.) = cy(t-channel, 8TeV, top)/G(t-channeI, 6TeV, antitop) = :
' . MRST06 e
R _ oftops) =1.76 + 0.15 (stat) + 0.22(syst) |
t-channel — G(anti-tops) CMS Preliminary, 12.2 fb '1, Muons +, ys =8 TeV I
2 I B R L I L UL LN I LR
S . MSTW08 NLO 90CL N.=4 | -
30 —:.t-channel |
L . . :th, tW-, s-channels . . 1
The fit is performed simultaneously on positive and 500 [ CMS—PAS—TOP-12-03c Right plots: R(t-channel, 8 TeV) compared with the HERAPDE 1.5 NLO '
negative muons and electrons deriving R,_.;,annel @5 - J0aco predictions of several parton distribution functions ' :
one of the parameters. el Syt |
1500 — — . NNPDF 2.1 NF=4 : e
Right plots: n;| in the with 2-jets and 1-tag sample 1000 2 —f CMS-PAS-TOP-12-038 :
at 8TeV, for muons (top plot) and anti-muons . T R T [ NN WO W U TN U AT TN N AN TN T NN WY N N RN TN NN TN NN AN NN AN A
(bottom plot), normalizations taken from the best fit 500 _E 0.4 U-G 0-8 1 1.2 1.4 1 -6 1 -8 2 29
% 0.5 1 15 2 25 3 35 4 45 h",-_? Hatio — G(t)!fﬁﬁ)
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