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Outline	
  

Preliminary	
  studies	
  of	
  the	
  first	
  data	
  collected	
  by	
  ATLAS	
  
at	
  √s	
  =	
  13	
  TeV	
  in	
  June-­‐July	
  2015	
  allow	
  to	
  test	
  

•  Jet	
  reconstruc,on	
  and	
  calibra,on	
  (6.4	
  pb-­‐1)	
  
•  Large	
  distance	
  parameter	
  jet	
  substructure	
  and	
  jet	
  
tagging	
  (≈	
  50	
  pb-­‐1)	
  

•  Missing	
  transverse	
  energy	
  reconstruc,on	
  (6.4	
  pb-­‐1)	
  
	
  
Experimental	
  results	
  were	
  compared	
  with	
  the	
  
simulated	
  ones	
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Inputs	
  to	
  jet	
  reconstruc,on	
  and	
  the	
  
proper,es	
  of	
  the	
  jets	
  	
  

(ATL-­‐PHYS-­‐PUB-­‐2015-­‐036)	
  
	
  
	
  

	
  
•  The	
  produc,on	
  of	
  energe,c	
  jets	
  of	
  par,cles	
  in	
  
p-­‐p	
  collisions	
  is	
  one	
  of	
  the	
  most	
  numerous	
  
processes	
  observed	
  at	
  LHC	
  

•  In	
  the	
  analysis	
  event,	
  jet	
  and	
  track	
  selec,on	
  
criteria	
  were	
  applied	
  to	
  both	
  the	
  MC	
  simula,on	
  
and	
  to	
  the	
  data	
  

•  Jets	
  with	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  were	
  considered	
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T
jetp > 25GeV



Jet	
  reconstruc,on	
  and	
  calibra,on	
  steps	
  
	
  

1.  Finding	
  and	
  calibra,on	
  of	
  group	
  of	
  	
  calorimeter	
  
cells	
  	
  topologically	
  connected	
  (topo-­‐clusters)	
  	
  

2.  Jet	
  clustering	
  of	
  topo-­‐clusters	
  (an,-­‐kt	
  algorithm,	
  
R	
  =	
  0.4	
  )	
  and	
  correc,on	
  for	
  pile-­‐up	
  	
  

3.  MC	
  calibra,on	
  of	
  the	
  jet	
  vs.	
  pseudo-­‐rapidity	
  
4.  Residual	
  calibra,on	
  using	
  in	
  situ	
  measurements.	
  

26/08/15	
   C.	
  Santoni,	
  ICNFP	
  2015	
   4	
  



Inclusive	
  jet	
  kinema,c	
  distribu,ons	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  distribu*on	
  	
   	
  	
  	
  	
  	
  	
  	
  distribu*on	
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•  Also	
  the	
  jet	
  azimuth	
  angle	
  distribu,on	
  is	
  well	
  modeled	
  
•  In	
  general	
  the	
  MC	
  simula,on	
  describes	
  the	
  data	
  distribu,ons	
  to	
  within	
  about	
  10%.	
  	
  
•  The	
  disagreement	
  in	
  the	
  gap	
  region	
  is	
  due	
  to	
  the	
  miss-­‐calibra,on	
  of	
  the	
  special	
  

scin,lla,on	
  counters	
  	
  	
  	
  	
  

T
jetp det

jet!

is readout by special scintillation counters of the Tile calorimeter that have had front-end electronics
adjustments since Run 1. It is therefore expected that in this region effects that impact the inclusive jet
kinematic distributions presented here will not be well-reproduced by the MC simulations until additional
tuning is performed. The φ distribution in Figure 1(c) is well-modelled by the MC simulation, exhibiting
maximum deviations between the data and MC of approximately 10%.
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Figure 1: Jet kinematic distributions for (a) pjet
T , (b) ηdet, and (c) φ, for jets above pjet

T > 25 GeV. The MC prediction
is normalized to the data and the errors only reflect the statistical uncertainty.

In addition to the kinematic distributions above, Figure 2 shows the spatial distribution of jets with
pjet

T > 25 GeV and within |ηdet | < 4.5. The Tile gap region has been removed to better see other
features.
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is readout by special scintillation counters of the Tile calorimeter that have had front-end electronics
adjustments since Run 1. It is therefore expected that in this region effects that impact the inclusive jet
kinematic distributions presented here will not be well-reproduced by the MC simulations until additional
tuning is performed. The φ distribution in Figure 1(c) is well-modelled by the MC simulation, exhibiting
maximum deviations between the data and MC of approximately 10%.
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Figure 1: Jet kinematic distributions for (a) pjet
T , (b) ηdet, and (c) φ, for jets above pjet

T > 25 GeV. The MC prediction
is normalized to the data and the errors only reflect the statistical uncertainty.

In addition to the kinematic distributions above, Figure 2 shows the spatial distribution of jets with
pjet

T > 25 GeV and within |ηdet | < 4.5. The Tile gap region has been removed to better see other
features.
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Inclusive	
  jet	
  kinema,c	
  distribu,ons	
  	
  	
  	
  	
  	
  
Cluster	
  mul*plicity	
  vs.	
  	
  	
  

Frac*on	
  of	
  the	
  energy	
  carried	
  by	
  
the	
  leading	
  cluster	
  	
  vs.	
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•  The	
  differences	
  on	
  the	
  mul,plicity	
  is	
  <	
  20%	
  
•  <	
  fclus	
  >	
  is	
  well	
  modeled	
  in	
  MC.	
  About	
  25	
  of	
  the	
  jet	
  momentum	
  is	
  contained	
  within	
  

a	
  single	
  cluster	
  
•  The	
  mul,plicity	
  and	
  the	
  kinema,c	
  distribu,ons	
  of	
  the	
  charged	
  par,cles	
  associated	
  

to	
  jets	
  are	
  well	
  described	
  in	
  MC.	
  	
  	
  	
  

	
  

T
jetp

The multiplicity and properties of the calorimeter topo-clusters that form a jet determine its internal
structure. Figure 3 presents the topo-cluster multiplicity in jets with pjet

T > 25 GeV and |y | < 2.1. The
dependence of the mean topo-cluster multiplicity on pjet

T , η, and φ are also shown. No minimum energy
or pT selection is placed on these topo-clusters. The MC is shifted with respect to the data when looking
at the number of constituents, as seen in Figure 3(a). The MC simulation also overestimates the number
of constituents in each jet across the full range of pjet

T considered here, as well as across η and φ, as seen in
Figure 3(b), Figure 3(c) and Figure 3(d), respectively. It should be pointed out that because no transverse
momentum criteria are imposed prior to counting the clusters, this observable is sensitive to several effects
that are difficult to model such as soft particle production spectra and rates, low pT energy response and
resolution, as well as pile-up and calorimeter noise. The differences observed in the total topo-cluster
multiplicity within a jet are likely due to differences in low energy constituents, while the studies of the
hard structure such as the leading cluster energy fraction in Figure 4 exhibit better agreement. Thus, the
primary impact of these differences will be on the description provided by MC simulation for jet internal
structure that is sensitive to the soft components of the jet.
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Figure 3: (a) Topo-cluster multiplicity for jets within |y | < 2.1 in three pjet
T ranges, 25 < pjet

T < 50 GeV, 60 < pjet
T <

100 GeV, and 160 < pjet
T < 300 GeV. All distributions are scaled to 6.4 pb−1. The MC prediction is normalized to

the data for these distributions. Dependence of the mean topo-cluster multiplicity on (b) pjet
T , (c) η, and (d) φ. The

error bars only reflect the statistical uncertainty.
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T
jetp

In addition to the spatial distribution and multiplicity of topo-clusters, the kinematics of the individual
clusters are important for understanding the jet structure; in particular, as they relate to the total pjet

T .
Figure 4 shows the distribution and dependence on pjet

T of the fraction of the jet pT carried by the most
energetic cluster in the jet, referred to as fclus. Since jets are characterised by dense energetic cores, a
significant fraction of a jet’s momentum can easily be carried by a single cluster. The observed distribution
of fclus, as well as that expected from MC simulation, indicates that between 20% and 30% of the jet
momentum is typically contained within a single cluster. The spectrum from data generally has more jets
in the large fclus tail than that from the MC simulation. But against pjet

T the mean fclus is well modelled in
MC.
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Figure 4: Fraction of energy carried by the leading cluster in each jet, fclus. (a) Distribution of fclus for jets in three
pjet

T ranges, 25 < pjet
T < 50 GeV, 60 < pjet

T < 100 GeV, and 160 < pjet
T < 300 GeV, where all distributions are scaled

to 6.4 pb−1and the MC prediction is normalized to the data. (b) Dependence of the mean fclus on pjet
T . The error

bars only reflect the statistical uncertainty.

Charged hadrons constitute a significant fraction of the constituents of a jet, and therefore it is useful to
consider the multiplicity and properties of charged particle tracks that are associated to a jet as described
in Section 3.3 . Figure 5 presents the multiplicity of tracks with ptrack

T > 500 MeV matched to jets with
pjet

T > 25 GeV and |y | < 2.1. Moreover, the dependence of the mean of the matched track multiplicity
on pjet

T is also shown. The bulk of the multiplicity distribution exhibit good agreement between data
and MC, despite of some discrepancies in the tails. The mean value of that distribution as a function
of pjet

T is well-modelled. The rise of the mean number of matched tracks as pjet
T increases is also well

described by the MC simulation; an improvement over the situation seen in Run 1. The implications of
these observations are that the details of the charged particle multiplicity and charged energy fraction (see
Figure 6) can be incorporated into the jet energy calibration sequence [26], either directly or indirectly, as
well as used in selection and identification criteria, for example for quark/gluon separation [29].

Figure 6 shows both the charged track pT fraction, f track, defined as the ratio of the sum pT of all matched
tracks (ptrack

T > 500 MeV) to pjet
T , as well as the dependence of the mean track pT fraction on pjet

T for jets
with pjet

T > 25 GeV and |y | < 0.8. The bulk of the distribution is reproduced by the MC simulation to with
10% of that observed in data. This indicates that the MC is able to provide a good description of the track
transverse momentum contained within these jets. In particular, the mean of the distribution is modelled
well by the MC simulation. At large values of f track ( f track ∼ 1.1) the observed disagreements between

8



	
  Longitudinal	
  and	
  transversal	
  profiles	
  
Energy	
  deposited	
  in	
  Tilebar0	
  
vs	
  	
  

Jets	
  width	
  vs	
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•  Reasonable	
  understanding	
  of	
  the	
  longitudinal	
  jet	
  energy	
  profile	
  
including	
  the	
  leakages	
  into	
  the	
  muon	
  system	
  

•  The	
  average	
  values	
  of	
  the	
  calorimeter	
  clusters	
  and	
  associated	
  
tracks	
  width	
  distribu,ons	
  are	
  generally	
  well	
  modeled	
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Studies of the longitudinal energy deposition by layer are performed because of the critical role this jet197

property plays in both calibration and jet energy resolution. Figure 9 presents both the distribution and198

its dependence on pjet
T of the energy deposited in the first layer of hadronic calorimeter, for R = 0.4 jets199

with pjet
T > 25 GeV and |y | < 0.8. Since this is the first layer of the calorimeter outside of the cryostat,200

a good description of this jet property implies both a decent understanding of the longitudinal jet energy201

profile as well as an appropriate dead material description of the magnet system. As shown in Figure 9,202

the energy distribution agrees very well with data besides the low tail region for the highest pjet
T slice.203

This excellent agreement can be seen in the mean energy deposited distribution in this layer as a function204

of pjet
T , as it is accurately modelled across the range of pjet

T accessible to this measurement. The small205

differences between the measurements and the MC simulation in the region near 100 < pjet
T < 150 GeV206

are due to low statistics in the data.207
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T

Figure 9: (a) Energy deposited in the first layer of hadronic calorimeter (TileBar0), for R = 0.4 jets in three pjet
T

ranges, 25 < pjet
T < 50 GeV, 60 < pjet

T < 100 GeV, and 160 < pjet
T < 300 GeV and |y | < 0.8, where the MC

prediction is normalized to the data. (b) Dependence of the mean fraction of jet energy deposited in TileBar0 on
the the pjet

T .

Figure 10 extends the study of the longitudinal energy deposition of a jet to the ratio of the measured en-208

ergy at the EM scale deposited in different calorimeter layers. The mean value of the energy deposited in209

each layer is presented as a function of the full calibrated jet energy for four layers of the central calorime-210

ter region: the first two layers of the EM calorimeter and the first two layers for the tile calorimeter. The211

MC simulation provides a good description of the data.212

The transverse profile of a jet can be studied by the observable known as jet width, which is the weighted213

average distance between the jet constituents and the jet axis,214

width ≡

�

i

Ei
T∆R(i, jet)

�

i

Ei
T

(1)

with Ei
T being the transverse energy of the jet constituent (calorimeter cluster or associated track) in215

the jet, and ∆R(i, jet) =
��
ηjet − ηconstituent, i �2 +

�
φjet − φconstituent, i �2. Both jet width definitions using216
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Figure 11: (a) Jet width for R = 0.4 jets in three pjet

T
ranges, 25 < pjet

T
< 50 GeV, 60 < pjet

T
< 100 GeV, and

160 < pjet

T
< 300 GeV and |y | < 0.8, where the MC prediction is normalized to the data. (b) Dependence of the

mean jet width on pjet

T
.

as a measure to determine pile-up jets. Due to its dependence on the number of primary vertices however,231

alternate strategies have been created for Run 2 [28]. corrJVF (Figure 14(a)) is defined in a similar way232

as JVF but with the sum track pT of all tracks from pile-up vertices normalised by a constant k=0.01 and233

the total number of pile-up tracks per event (nPU

track
),234

corrJVF =

�

i

ptrack,i
T

(PV0)

�

i

ptrack,i
T

(PV0) +
�

n≥1

�
i ptrack,i

T
(PVn )

k · nPU

track

(2)

where PV0 is the hard-scattering vertex, and PVi are primary vertices due to pile-up interactions. The235

jet-vertex-tagger (JVT) is a new discriminant constructed from a 2D likelihood of the jet charged fraction236

( f track) and corrJVF, and can be seen in Figure 14(b). For both corrJVF and JVT, a value of −0.1 is237

assigned to jets with no associated tracks. Such jets are typically low pT and container a high π0
fraction.238

JVT is only applied to jets with pjet

T
< 50 GeV, so only the first pjet

T
slice is shown in Figure 14(b).239

Overall, we get good agreement between data and MC simulation is observed, besides those jets that have240

no associated tracks.241
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Jet	
  substructure	
  performance	
  	
  
(ATLAS-­‐CONF-­‐2015-­‐035)	
  

	
  
	
  •  Iden,fica,on	
  of	
  hadronically	
  decaying	
  boosted	
  

objects	
  (W,	
  Z,	
  H,	
  top)	
  	
  
•  The	
  studies	
  focused	
  on	
  jets	
  with	
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T
jetp > 200GeV



Reconstruc,on	
  of	
  large	
  Radius	
  Jets	
  

•  Energy	
  deposi,ons	
  in	
  the	
  calorimeters	
  are	
  grouped	
  into	
  topological	
  
calorimeter-­‐cell	
  clusters	
  (cons,tuent)	
  and	
  then	
  calibrated	
  

•  Trimmed	
  Jets	
  are	
  built	
  with	
  the	
  an,-­‐kt	
  algorithm	
  with	
  R	
  =	
  1.0	
  and	
  
trimmed	
  	
  using	
  Rsub	
  =	
  0.2	
  kt	
  sub-­‐jets	
  

•  Sub-­‐jets	
  whose	
  pT	
  frac,on	
  is	
  less	
  than	
  fcut	
  =	
  5%	
  of	
  the	
  jet	
  pT	
  are	
  
removed	
  (pile-­‐up	
  suppression)	
  

•  The	
  trimmed	
  jet	
  pT	
  is	
  further	
  calibrated	
  to	
  account	
  for	
  the	
  residual	
  
detector	
  response"
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  Cons,tuents	
  and	
  Sub-­‐jets	
  
Jet	
  Cons*tuent	
   Jet	
  Sub-­‐jets	
  

There	
  are	
  on	
  average	
  fewer	
  clusters	
  in	
  data	
  than	
  
in	
  MC,	
  but	
  the	
  level	
  of	
  disagreement	
  is	
  <	
  15%	
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Figure 7: The number of kT subjets (top), the number of constituents (left) and the number associated tracks (right)
for leading anti-kt R = 1.0 trimmed with fcut = 0.05 and Rsub = 0.2 jets. The last bin includes overflow events.
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Figure 7: The number of kT subjets (top), the number of constituents (left) and the number associated tracks (right)
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The	
  agreement	
  degrades	
  for	
  sub-­‐jet	
  
mul,plicity	
  >	
  3	
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  Large	
  radius	
  jets	
  kinema,cs	
  
Jet	
  pT	
  (GeV)	
   <Jet	
  mass>	
  vs	
  pT	
  

The	
  average	
  jet	
  mass	
  vs.	
  pT	
  is	
  modeled	
  in	
  MC	
  within	
  5-­‐10%	
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Figure 1: Leading large-radius jet pT for anti-kt R = 1.0 trimmed with fcut = 0.05 and Rsub = 0.2 jets (top), C/A
R = 1.2 filtered with BDRS µfrac = 1, ycut = 0.15, and Rsub = 0.3 jets (bottom left), and re-clustered anti-kt R = 1.0
jets (bottom right). The last bin includes overflow events.
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  Substructure	
  variables	
  
τ21	
  N-­‐subjeSnes	
  ra*os	
  
	
  	
  	
  

Typical	
  	
  differences	
  of	
  about	
  10-­‐15%	
  
are	
  observed	
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Figure 3: The τ21 (left) and τ32 (right) N-subjettiness ratios for leading anti-kt R = 1.0 trimmed with fcut = 0.05
and Rsub = 0.2 jets. The winner-take-all axis is used in the calculation. Note that τN is zero if there are fewer than
N clusters in the jet, giving rise to bumps at zero for both τ21 and τ32. Jets where τ2 is zero are not included in the
right plot. The last bin includes overflow events.

the calorimeter jet pT divided by the pT of the set of associated tracks and the dependence of the average189

calorimeter / track ratio as a function of jet pT are shown in Fig. 8. Differences in the mean value between190

data and MC are � 5% for pT < 400 GeV and are statistically consistent with unity for pT > 400 GeV.191

There are hints that the difference between data and MC might primarily come from a shift in the horizontal192

direction, suggesting that further jet calibration may significantly reduce the observed differences. The193

analogous distributions for the jet mass are in Fig. 9 and the level of agreement is very similar to the level194

of agreement observed for the jet pT.195
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Figure 1: Left: Schematic of the fully hadronic decay sequences in (a) W+W− and (c) dijet QCD
events. Whereas a W jet is typically composed of two distinct lobes of energy, a QCD jet acquires
invariant mass through multiple splittings. Right: Typical event displays for (b) W jets and (d)
QCD jets with invariant mass near mW . The jets are clustered with the anti-kT jet algorithm [31]
using R = 0.6, with the dashed line giving the approximate boundary of the jet. The marker size
for each calorimeter cell is proportional to the logarithm of the particle energies in the cell. The
cells are colored according to how the exclusive kT algorithm divides the cells into two candidate
subjets. The open square indicates the total jet direction and the open circles indicate the two
subjet directions. The discriminating variable τ2/τ1 measures the relative alignment of the jet
energy along the open circles compared to the open square.

with τN ≈ 0 have all their radiation aligned with the candidate subjet directions and

therefore have N (or fewer) subjets. Jets with τN " 0 have a large fraction of their energy

distributed away from the candidate subjet directions and therefore have at least N + 1

subjets. Plots of τ1 and τ2 comparing W jets and QCD jets are shown in Fig. 2.

Less obvious is how best to use τN for identifying boosted W bosons. While one might

naively expect that an event with small τ2 would be more likely to be a W jet, observe that

QCD jet can also have small τ2, as shown in Fig. 2(b). Similarly, though W jets are likely

– 4 –
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Figure 1: Left: Schematic of the fully hadronic decay sequences in (a) W+W− and (c) dijet QCD
events. Whereas a W jet is typically composed of two distinct lobes of energy, a QCD jet acquires
invariant mass through multiple splittings. Right: Typical event displays for (b) W jets and (d)
QCD jets with invariant mass near mW . The jets are clustered with the anti-kT jet algorithm [31]
using R = 0.6, with the dashed line giving the approximate boundary of the jet. The marker size
for each calorimeter cell is proportional to the logarithm of the particle energies in the cell. The
cells are colored according to how the exclusive kT algorithm divides the cells into two candidate
subjets. The open square indicates the total jet direction and the open circles indicate the two
subjet directions. The discriminating variable τ2/τ1 measures the relative alignment of the jet
energy along the open circles compared to the open square.

with τN ≈ 0 have all their radiation aligned with the candidate subjet directions and

therefore have N (or fewer) subjets. Jets with τN " 0 have a large fraction of their energy

distributed away from the candidate subjet directions and therefore have at least N + 1

subjets. Plots of τ1 and τ2 comparing W jets and QCD jets are shown in Fig. 2.

Less obvious is how best to use τN for identifying boosted W bosons. While one might

naively expect that an event with small τ2 would be more likely to be a W jet, observe that

QCD jet can also have small τ2, as shown in Fig. 2(b). Similarly, though W jets are likely
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events. Whereas a W jet is typically composed of two distinct lobes of energy, a QCD jet acquires
invariant mass through multiple splittings. Right: Typical event displays for (b) W jets and (d)
QCD jets with invariant mass near mW . The jets are clustered with the anti-kT jet algorithm [31]
using R = 0.6, with the dashed line giving the approximate boundary of the jet. The marker size
for each calorimeter cell is proportional to the logarithm of the particle energies in the cell. The
cells are colored according to how the exclusive kT algorithm divides the cells into two candidate
subjets. The open square indicates the total jet direction and the open circles indicate the two
subjet directions. The discriminating variable τ2/τ1 measures the relative alignment of the jet
energy along the open circles compared to the open square.

with τN ≈ 0 have all their radiation aligned with the candidate subjet directions and

therefore have N (or fewer) subjets. Jets with τN " 0 have a large fraction of their energy

distributed away from the candidate subjet directions and therefore have at least N + 1

subjets. Plots of τ1 and τ2 comparing W jets and QCD jets are shown in Fig. 2.

Less obvious is how best to use τN for identifying boosted W bosons. While one might

naively expect that an event with small τ2 would be more likely to be a W jet, observe that

QCD jet can also have small τ2, as shown in Fig. 2(b). Similarly, though W jets are likely
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Figure 1: Left: Schematic of the fully hadronic decay sequences in (a) W+W− and (c) dijet QCD
events. Whereas a W jet is typically composed of two distinct lobes of energy, a QCD jet acquires
invariant mass through multiple splittings. Right: Typical event displays for (b) W jets and (d)
QCD jets with invariant mass near mW . The jets are clustered with the anti-kT jet algorithm [31]
using R = 0.6, with the dashed line giving the approximate boundary of the jet. The marker size
for each calorimeter cell is proportional to the logarithm of the particle energies in the cell. The
cells are colored according to how the exclusive kT algorithm divides the cells into two candidate
subjets. The open square indicates the total jet direction and the open circles indicate the two
subjet directions. The discriminating variable τ2/τ1 measures the relative alignment of the jet
energy along the open circles compared to the open square.

with τN ≈ 0 have all their radiation aligned with the candidate subjet directions and

therefore have N (or fewer) subjets. Jets with τN " 0 have a large fraction of their energy

distributed away from the candidate subjet directions and therefore have at least N + 1

subjets. Plots of τ1 and τ2 comparing W jets and QCD jets are shown in Fig. 2.

Less obvious is how best to use τN for identifying boosted W bosons. While one might

naively expect that an event with small τ2 would be more likely to be a W jet, observe that

QCD jet can also have small τ2, as shown in Fig. 2(b). Similarly, though W jets are likely
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Missing	
  transverse	
  momentum	
  
reconstruc,on	
  	
  

(ATLAS-­‐CONF-­‐2015-­‐027)	
  
	
  	
  
	
  

	
  
•  Indica,ve	
  of	
  weakly	
  interac,ng	
  stable	
  par,cles	
  
in	
  the	
  final	
  state	
  	
  

•  Results	
  obtained	
  analyzing	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  decay	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
events	
  are	
  presented	
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Z! µµ



Missing	
  ET	
  reconstruc,on	
  
	
  Event	
  quan,ty	
  based	
  on	
  momentum	
  conserva,on	
  in	
  the	
  transverse	
  

plane:	
  
	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  sum	
  of	
  x(y)	
  component	
  of	
  the	
  momentum	
  
of	
  all	
  jets,	
  electrons,	
  photons,	
  taus	
  and	
  muons,	
  respec,vely	
  

	
  	
  	
  	
  (Hard	
  Term’s)	
  	
  	
  	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  sum	
  of	
  x(y)	
  component	
  of	
  the	
  momentum	
  of	
  all	
  tracks	
  	
  
	
  	
  	
  	
  	
  associated	
  with	
  the	
  primary	
  vertex	
  but	
  not	
  matching	
  to	
  any	
  HT	
  
	
  	
  	
  	
  	
  object	
  (Track-­‐based	
  Sol	
  Term)	
  
•  The	
  TST	
  is	
  rela,vely	
  insensi,ve	
  to	
  pile-­‐up	
  effects	
  but	
  does	
  not	
  

include	
  contribu,ons	
  from	
  neutral	
  par,cles	
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  distribu,ons	
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The	
  agreement	
  in	
  the	
  bulk	
  of	
  the	
  distribu,ons	
  is	
  within	
  20%	
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Figure 1: Distributions of TST Emiss
T , ΣET, Emiss

x , Emiss
y in Z→ µµ events. The expectation from MC simulation is

superimposed and normalized to data, after each MC sample is weighted with its corresponding cross-section.

Z→ µµ events in the low Emiss
T region; this is likely due to the multi-jet background which is not included

in the MC simulation. Diboson and W → τν background samples are also not included in these studies
due to the small number of expected events given the limited luminosity [30].

6.2 Emiss
T resolution

The Emiss
T resolution is evaluated in Z→ µµ data and MC events in which no genuine Emiss

T is expected.
The resolution is plotted as a function of the ΣET in the event, calculated using the calorimeter-based soft
term, and as a function of the number of primary vertices. The choice of the calorimeter-based soft term
allows comparisons with other studies [30] 3. The value of the resolution in each bin is estimated from the

3 Direct comparisons with past studies [30] are not straightforward. Previous studies defined each bin of the resolution as the
standard deviation of a fit to a Gaussian distribution. To allow comparisons with versions of Emiss

T based on tracking, with
non-Gaussian tails, the root-mean square is used instead. The resolution defined using the root-mean square is thus strictly
larger than the resolution used in past studies. In addition, the algorithms used in Emiss

T reconstruction have changed. For
comparisons between Run 1 and Run 2 algorithms using the same performance definitions refer to Ref. [1].
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T , ΣET, Emiss

x , Emiss
y in Z→ µµ events. The expectation from MC simulation is

superimposed and normalized to data, after each MC sample is weighted with its corresponding cross-section.

Z→ µµ events in the low Emiss
T region; this is likely due to the multi-jet background which is not included

in the MC simulation. Diboson and W → τν background samples are also not included in these studies
due to the small number of expected events given the limited luminosity [30].

6.2 Emiss
T resolution

The Emiss
T resolution is evaluated in Z→ µµ data and MC events in which no genuine Emiss

T is expected.
The resolution is plotted as a function of the ΣET in the event, calculated using the calorimeter-based soft
term, and as a function of the number of primary vertices. The choice of the calorimeter-based soft term
allows comparisons with other studies [30] 3. The value of the resolution in each bin is estimated from the

3 Direct comparisons with past studies [30] are not straightforward. Previous studies defined each bin of the resolution as the
standard deviation of a fit to a Gaussian distribution. To allow comparisons with versions of Emiss

T based on tracking, with
non-Gaussian tails, the root-mean square is used instead. The resolution defined using the root-mean square is thus strictly
larger than the resolution used in past studies. In addition, the algorithms used in Emiss

T reconstruction have changed. For
comparisons between Run 1 and Run 2 algorithms using the same performance definitions refer to Ref. [1].
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bin is required to have a minimum of 200 events to be considered for the resolution curve. Reasonable
agreement is found between data and MC simulation, considering the low statistics available in data.
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Figure 4: Distributions of TST Emiss
x , Emiss

y resolution as a function of ΣET and of the number of primary vertices
in Z→ µµ events. The data (black circles) and MC simulation (red squares) are overlaid.
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6.3 Emiss
T scale

In events with Z→ µµ decays, the pT of the Z boson defines an axis in the transverse plane of the ATLAS
detector. The component of the Emiss

T along the pZ
T axis is sensitive to biases in detector responses. The

unit vector of pZ
T is labeled as AZ , and it is defined as:
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Summary	
  
•  ATLAS	
  performance	
  concerning	
  Jet	
  reconstruc,on,	
  
jet	
  substructure	
  and	
  missing	
  transverse	
  energy	
  has	
  
been	
  studied	
  and	
  compared	
  to	
  MC	
  results	
  using	
  
first	
  13	
  TeV	
  collision	
  data	
  	
  

•  Reasonable	
  agreement	
  between	
  data	
  and	
  MC	
  
simula,on	
  is	
  observed	
  

•  Few items require more investigations"
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Figure 12: Final jet energy resolution uncertainties estimated for 2015 data with 25 ns bunch spacing as a function
of jet pT for jets of η = 0 (a) and as a function of η for jet pT of 40 GeV (b).
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Figure 13: Final jet energy scale uncertainties estimated for 2015 data as a function of jet pT for jets of η = 0.
Uncertainties are shown under the assumption of no knowledge of flavor. The total uncertainty is shown for the
nominal data taking period with 25 ns bunch spacing (a) and the early data taking period with 50 ns bunch spacing
(b).
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Figure 12: Final jet energy resolution uncertainties estimated for 2015 data with 25 ns bunch spacing as a function
of jet pT for jets of η = 0 (a) and as a function of η for jet pT of 40 GeV (b).
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Figure 13: Final jet energy scale uncertainties estimated for 2015 data as a function of jet pT for jets of η = 0.
Uncertainties are shown under the assumption of no knowledge of flavor. The total uncertainty is shown for the
nominal data taking period with 25 ns bunch spacing (a) and the early data taking period with 50 ns bunch spacing
(b).
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(c) Y15 jets.
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Figure 1: The uncalibrated jet mass distributions for W -jets (blue circles), Z-jets (black triangles) and background
(red squares) with four different grooming configurations for leading reconstructed jets. Events are categorised
by the leading ungroomed C/A truth jet with |η |Truth < 2.0 and 200 < pTruth

T < 350 GeV (filled markers) and
1500 < pTruth

T < 2000 GeV (open markers). The distributions are truncated at 200 GeV to focus on the peaks of
the signal distributions; for background jets in the range 1500 < pTruth

T < 2000 GeV there is a high mass tail that
extends beyond 1 TeV.
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Figure 5: W -jet signal efficiency versus multijet background rejection curves for the leading reconstructed jet for
each of the four different grooming algorithms. Events are categorised in the leading ungroomed C/A truth jet with
200 < pTruth

T < 350 GeV. The ‘Medium’ (50%) and ‘Tight’ (25%) signal efficiency working points are indicated.

before and after the calibrations are applied, along with the 1σ and 2σ ranges. Apart from the expected
differences in the nominal �M�, the W - and Z-jets exhibit the same behaviour: rising linearly with R2 pT
before calibration, and flat afterwards.

After calibration, the �M� 1σ standard deviation ranges from 8 – 25 GeV. The calibrated mass window
is chosen as �M� ± 15 GeV across the pT range, resulting in �GW /Z = 55 – 80% as opposed to the
optimisation studies where a flat signal efficiency of 68% was used based on the uncalibrated jet mass.
A �M� ± 15 GeVmass window was chosen as a good compromise of the changing mass resolution over
the considered pT range. It is these calibrated mass windows that are used in combination with D2 for
deriving the efficiencies and uncertainties in the following studies.

The D2 selection requirement is one-sided, with a lower boundary of zero and a maximum determined as
a function of the calibrated R2 jet pT, as shown in Fig. 8. For each range of R2 pT (ranges are 100 GeV
wide for pT < 1100 GeV, and then wider to account for the relative low number of available simulated
events) the D2 requirements that yield the ‘Medium’ and ‘Tight’ signal efficiencies are calculated. These
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