
• Template fit	


• signal template (real) from MC	



• background template (fake) from data sideband	



• Systematic uncertainty	


• largest contribution from background shape: 

estimated using comparison from signal region to 
sideband (in simulation)	



!
!

• Result

4 3 Object reconstruction and event selection

Table 1: Selection criteria for good photon candidates.

Criterion max. value
Electron veto Yes
H/E 5%
Transverse shower width in h 0.012
Charged hadron isolation (no requirement)
Neutral hadron isolation 3.5 GeV + 0.04 ⇥ ET(g)
Photon isolation 1.3 GeV + 0.005 ⇥ ET(g)
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Figure 1: Distributions of relevant observables used in the photon selection: The top left and
top right plots show the photon ET and h, respectively. The bottom left (right) plot shows the
sum of pT of all neutral (charged) particles in a cone of DR < 0.4 around the reconstructed
photon candidate. For each distribution all other selection requirements are applied.
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Figure 2: Binned template fit to charged hadron isolation: The real and fake photon templates,
normalized to the integral of the distribution, are depicted in the left plot. The right plot shows
the fit result, where the templates are scaled to the fit parameters, Nreal and Nfake, respectively.

3.3 Estimation of the photon mis-identification rate

The quantity of correctly identified prompt photons is estimated using a binned maximum
likelihood template fit, see Fig. 2. Since the main source of misidentified photons is hadronic,
charged hadron isolation discriminates well between correctly identified and misidentified
photon candidates. The fit template for signal photons is obtained from simulation, where
photon candidates are categorized into real and fake classes. The former class is assigned if
a generator photon without hadronic predecessor can be found within a cone of DR < 0.2
around the candidate, and the latter otherwise. Photons in the real class are used for the signal
template. The background shape is obtained from a combined sideband of three photon selec-
tion requirements in the data: photon candidates are selected for the background template if
at least one of the variables ‘ECAL shower width’, ‘neutral hadron isolation’, or ‘photon isola-
tion’ takes a value outside of the nominal signal region for photon identification. In simulation,
significant differences are found between the combined sideband and fake distributions. These
differences are corrected by reweighting the sideband distribution in the data bin by bin, with
correction factors obtained from the top-quark pair sample. The statistical uncertainty of the
templates is included with the ‘Barlow-Beeston light’ method [24], using a Gaussian approxi-
mation of the uncertainty in each bin.

The photon candidate counts Nreal (Nfake) in data are identified as the integral of the real (fake)
template distributions, scaled to the fit parameters. In order to calculate the background-
subtracted number of tt + g signal events, Nsig

tt+g
, the number of correctly identified real photons

Nreal is multiplied with the purity preal
tt+g

= Nsel
sig/Nsel = 66.7 % of tt + g signal events found in

the collection of correctly identified photon candidates in simulation. Nsig
tt+g

= 1175 ± 80 (fit)
signal events are observed in the tt muon+jets decay channel with a real photon of ET(g) >
25 GeV and |h(g)| < 1.444.
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• First measurement of top pair + photon process at 8 TeV	



• Direct measurement of top quark couplings	


• towards new standard model tests	



• interesting for new physics searches	



• Analysis outline:	


• µ+jets channel of top quark pair decay	



• main background from mis-identification of jets as photons	



• dataset:   19.7 fb-1  @  8 TeV
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energy spectrum 
of selected 

photons

template fit	


(max. likelihood)

• Preselection (tt)	


• 1 isolated muon	



• 4 jets (at least one jet b-tagged)	



• veto electrons	



• Selection (+ ɣ)	


• pT > 25 GeV and |η| < 1.4 (CMS ECAL barrel)	



• Particle Flow isolations	



• Template fit to estimate yield of real photons	


• isolation-distribution of charged hadron candidates

pp ! (W+b) (W�b̄) �
ET(�) > 20GeV

�R(�, b) > 0.1

signal region:	


(incl. 𝛾 from W, b, ISR)

�NLO
tt̄+� = 1.8± 0.5 pb
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