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A new Soft Muon Tagger for ATLAS Run 2
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Basic Principles

Selection and Composition

Modelling of Inputs and Output

Implementation in MV2

Input Variables

SMT Output

Data/MC comparisons, not including any systematic uncertainty, are performed on a data set corresponding 
to a total integrated luminosity of 2.5 fb-1 requiring:  

‣ an opposite charge sign e-µ pair 

‣ leading lepton pT >25 (20) GeV for electrons (muons) and subleading lepton pT > 15 GeV 

‣ invariant mass of the dilepton pair > 10 GeV 

‣ between two and seven jets passing the selection 

‣ subleading jet is required to be identified as a b-jet using the MV2 discriminant at a working point with an 
identification efficiency of 77% and the other selected jets are used to study the flavour tagging algorithm 
response 

In this region, enriched with tt ̄and Wt events, an overall good agreement is observed between data and MC 
simulation for SMT input variables, here relative pT and ∆R are shown, as well as for the final BDT 
discriminant. 

The combination of these six 
discriminating variables into a 
gradient BDT results in the SMT 
response; a cut at -0.15 on the 
final discriminant corresponds to 
an expected inclusive b-jet 
tagging efficiency of 10% and an 
expected corresponding light-jet 
mistag efficiency of 0.2% in tt ̄
events.

The MV2 b-tagging algorithm combines 24 input 
variables based on properties of impact parameter, 
secondary vertex and weak decay topology algorithms 
into a BDT. Among the variants of the MV2 taggers a 
new option has been developed, including in addition 
the SMT output (“MV2Mu”), and added for the 2017 
data-taking campaign. The implementation of the SMT 
output itself as an additional input variable leads to a 
20-25% improvement in light-jet rejection in the 
70-85% b-jet efficiency range (relevant for most of the 
physics analyses).

The development of a SMT algorithm in ATLAS has 
been performed using MC simulation samples of 
tt ̄ events produced in proton-proton collisions 
with a centre-of-mass-energy of 13 TeV. The SMT 
tagger is based on calorimetric jets and combined 
muons, i.e. muons candidates with matching 
tracks reconstructed in both the Inner Detector 
and Muon Spectrometer systems.  

Jets are required to satisfy the following 
requirements:  

‣ pT > 20 GeV 

‣ |η| < 2.5 

‣ cut on Jet Vertex Tagger algorithm (JVT) output 
in order to suppress jets originating from pile-
up interactions  

Muons are associated to the closest jet by 
requiring a ∆R < 0.4 match and are required to 
have  

‣ pT > 5 GeV 

‣ |η| < 2.5 

‣ d0 < 4 mm  

The fraction of b-jets in the tt ̄MC sample  with a 
reconstructed muon passing the requirements 
listed above is ~12%. In light jets there are three 
main background sources that give rise to muon 
candidates passing these requirements:  

‣ prompt muons from the W boson decays 
r a n d o m ly a s s o c i a t e d t o t h e j e t ( ~ 1 % 
contamination) 

‣ muons coming from the decay in flight of light 
hadrons , mostly pions and kaons (~1% 
contamination) 

‣ energetic hadrons (“punch-through") travel 
through the calorimeter system and reach the 
Muon Spectrometer (< 0.1% contamination)
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The Soft Muon Tagger (SMT) is an algorithm devoted to the identification of b-jets by exploiting the presence of reconstructed muons 
coming from semileptonic decays of heavy-flavour hadrons. These muons usually have a sizeable transverse momentum, as well as a large 
transverse momentum relative to the jet axis, and their presence is enhanced in b-jets due to the significant semileptonic decay branching 
ratio of b hadrons (BR(b → µ ν X) + BR(b → c → µ ν X) ≈ 21%). The SMT tagging efficiency is limited by the semileptonic branching ratio, but 
the response of this algorithm is independent of impact parameter- and vertex-based taggers; therefore the SMT information can be 
combined with the latter as additional input to high level b-taggers.
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Three variables separating these muons from those from b- or c- hadron decays are used: �R, d0 and prel
T ,361

defined as the orthogonal projection of the momentum on the jet axis. The prel
T value of decay products362

is correlated to the parent particle mass. Therefore, muons from direct b decays tend to have a larger prel
T363

value than those from background. Muons from the cascade b ! c decay are more di�cult to identify364

since they tend to have a softer spectrum. Muons from ⇡ and K decays in flight have tracks that do not365

in general extrapolate back to the primary vertex. Most of these muons do not represent a background366

source. Nevertheless, if the decay occurs at a small angle, the decaying hadron and the muon can be367

reconstructed as a single track and the muon candidate can pass the track selection. Figure 10 shows368

these discriminating variables.369
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Figure 10: �R (a), prel
T (b) and d0 (c) normalised distributions for reconstructed muons associated to b-jets (blue),

c-jets (green) and light-flavour jets (red).

In addition to �R, d0 and prel
T , the SMT algorithm makes use of three observables defining the quality370

of the muon track. The scattering neighbour significance (S) is a variable introduced to quantify the371

significance of a kink along the track, a change in trajectory expected in the presence of a pion or kaon372

decay to a muon. This quantity is computed by considering pairs of adjacent hits along the track (treating373

them as neighbouring scattering centers) and by evaluating the significance of the angular di↵erence ��374

between the two half tracks ending/starting at each of them and summing significances up over the whole375

track times the particle charge (q):376
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This can be considered as a measurement of how many hits in the tracker are not associated to the re-377

constructed track. A higher significance is more likely to correspond to a ⇡ or K decay in flight. The378

momentum imbalance significance (M) is defined as follows:379

M =
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where pID is the muon momentum measured by the Inner Detector, pextr
MS is the momentum measured by380

the MS and extrapolated to the vertex and �Eloss is the uncertainty on the energy loss measured by the381

calorimeters. The momentum imbalance significance is useful to reject K and ⇡ decays in flight. Another382

variable sensitive to muons originating from these decays through the pID to pMS comparison is:383
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‣         : angular distance between the muon and the associated jet 

‣         : orthogonal projection of the muon pT onto the jet axis 

‣         : muon impact parameter measured with respect to the interaction primary vertex
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‣       : ratio between the track momentum measured in the Muon Spectrometer and the momentum measured 

in the Inner Detector       

‣                               : the sum of scattering angle significances over all adjacent hits along the Inner Detector track times the 

muon charge 

‣       : the difference between the momentum measured in the Inner Detector and the momentum measured 

in the Muon Spectrometer plus the energy loss in the calorimeters, divided by the uncertainty on the energy loss in the 

calorimeters

A Boosted Decision Tree (BDT) is used to separate muons from b-decays from all other sources of muon candidates. For this 
purpose three properties of the muon with respect to the b-decay are exploited:

as well as three properties of the muon track:
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