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Detector Performance

‣ detect and split pixel 
clusters created by 
multiple particles using a 
set of neural networks

- reduces number of shared 

hits in dense jet cores by 
factor 3

!2

Neural network-based pixel cluster splitting

b-tagging calibration
‣ using di-leptonic tt events


- requiring both b quarks to decay semi-leptonically  
- event-based b-tagging calibration using a PDF 

combining flavour correlations 
- reduces uncertainties on data/MC scale factors to  

2% at around 100 GeV jet pT

Reference

ATLAS-CONF-2014-004

Preliminary

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-004/
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‣ shower deconstruction (SD) of large R=1 anti-kt jets, applied to top tagging

!3

Jet substructure analysis

Lepton & photon reconstruction 
‣ tag & probe electron 

reconstruction eff.


‣ tau energy scale 
estimation


LPCC Simulation WS

Reference

ATLAS-CONF-2014-003

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

2"

Visible mass distribution (inclusive, full sim.) 

27/02/2014" F.Nu@"–"LPCC"plots"
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‣ high precision of EM scale and tracker momentum 
scale almost final


https://indico.cern.ch/event/279530/?ovw=True
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-003/
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Observation of W with a prompt J/Ψ
‣ analysis of 2011 p-p dataset using 3 muons in final state 

- new test of quarkonium production with contributions from colour singlet and octet 
- background-only hypothesis excluded with 5.1 σ

!4

Short title Journal √s (TeV) Run (yr) Lumi

Associated production of prompt J/Ψ and W arXiv:1401.2831 8 TeV 2011 4.6 fb
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Figure 3. (a) Unit-normalized templates for W boson transverse mass mT(W ) for multi-jet background
and W± boson signal. (b) sPlot-weighted W boson transverse mass distribution for W± + prompt J/ψ
candidate events with a fit to the W± boson and multi-jet components. The fit is performed in the region
40–140 GeV in mT(W ).

the beam conditions of the dataset, the mean number of extra collisions within 10 mm of the
primary vertex is calculated to be Nextra = 0.81± 0.08; this value is computed from the mean
number of collisions per proton–proton bunch crossing µ and the geometric parameters of the
interaction region. Here µ is defined as µ = L σinel/nb fr, with L being the luminosity, nb the
number of colliding bunch pairs, fr the accelerator revolution frequency, and σinel the pp inelastic
cross section, assumed to be equal to 71.5 mb [37]. For a (|yJ/ψ |, p

J/ψ
T )-bin, the probability for a

J/ψ to be produced in a pp collision in that kinematic bin is determined as

PJ/ψ =
σ binJ/ψ
σinel

=
1

σinel

∫

bin

d2σ(pp→ J/ψ X)
dy dpT

dy dpT

using the double-differential J/ψ production cross sections as measured [23] at
√
s= 7 TeV.

SinceL is determined independently from σinel using van der Meer scan calibration [25], σinel
is a proportionality factor between µ andL , and therefore Nextra ∝σinel. As a result the dependence
on σinel cancels in the overlap probability NextraPJ/ψ . Multiplying the overlap probability by the
number of W± candidates in the fiducial region, Npileup = NextraPJ/ψL σW± , yields an estimated
total of 1.8±0.2 for such pileup overlap events in the sample. This background is subtracted when
the cross-section ratios are calculated.

6 Double parton scattering

It is possible for the W± and J/ψ to originate from two different parton interactions in the same
proton–proton collision, in a double parton scattering process. The standard ansatz [18] is adopted
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Figure 5. TheW±+ prompt J/ψ : W production cross-section ratio in the J/ψ fiducial region (Fiducial),
after correction for J/ψ acceptance (Inclusive), and after subtraction of the double parton scattering com-
ponent (DPS-subtracted). The shaded band represents the envelope of variation due to different possible
spin-alignment configurations. Inner error bars represent statistical uncertainties, outer error bars represent
statistical and systematic uncertainties added in quadrature. The LO colour-singlet (CS) and NLO colour-
octet (CO) predictions for SPS production are shown in comparison.

The values of the three measured ratios are shown in figure 5 and are:

RfidJ/ψ = (51±13±4)×10−8

RinclJ/ψ = (126±32±9+41−25)×10
−8

RDPS subJ/ψ = (78±32±22+41−25)×10
−8,

where the first uncertainty is statistical, the second is systematic and the third (where applicable)
is the uncertainty due to spin-alignment. The systematic uncertainty on the DPS-subtracted ratio
includes the uncertainty on the estimated DPS contribution, which itself includes a separate spin-
alignment uncertainty.

Comparisons with theoretical expectations

For comparison of the DPS-subtracted ratio to theory, the LO colour-singlet and NLO colour-octet
predictions forW±+prompt J/ψ [9] are normalized to NNLO calculations of theW± production
cross section (5.08 nb), derived from FEWZ 3.1.B2 [46, 47]. The expected SPS cross-section ratio
RDPS subJ/ψ from normalized next-to-leading-order colour-octet calculations is (4.6–6.2)×10−8, with
the range corresponding to different scales as explained below. These predictions assume that pure

– 13 –

-1

http://arxiv.org/abs/1401.2831
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‣ probes strange quark distribution function in proton


‣ c-jet tag using decay to µ and D(*) decay chain reconstruction

- measured by subtracting opposite  

sign (OS) to same sign (SS) final state 
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W production in association with a single charm
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‣ ratio of the strange-to-down sea-quark distributions

ATLAS measurement prefers symmetric light quark sea 

Short title Journal √s (TeV) Run (yr) Lumi

W + c-quark production arXiv:1402.6263 7 TeV 2011 4.6 fb-1

http://arxiv.org/abs/1402.6263
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More Standard Model highlights
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Figure 6. Unfolded 1
� · d�

dmjj
distribution in the (a) baseline and (b) search regions. The data

are shown as filled (black) circles. The vertical error bars show the size of the total uncertainty
on the measurement, with tick marks used to reflect the size of the statistical uncertainty only.
Particle-level predictions from Sherpa and Powheg are shown for combined strong and electroweak
Zjj production (labelled as QCD+EW) by hatched bands, denoting the model uncertainty, around
the central prediction, which is shown as a solid line. The predictions from Sherpa and Powheg for
strong Zjj production (labelled QCD) are shown as dashed lines.

in electroweak Zjj production.

In the baseline region, the Powheg prediction is accurate to NLO in perturbative QCD

and better describes the data at the highest values of m
jj

and |�y| than Sherpa, which is

accurate to LO. In particular, Sherpa predicts too large a fraction of events at large m
jj

and |�y|, a feature also seen in previous measurements at the LHC and Tevatron [53, 54].

In the search region, the veto on additional jet activity means that both Sherpa and Powheg

are accurate only to LO. Despite this, both predictions give a satisfactory description of

the data if both strong and electroweak Zjj production are included. The contribution

from electroweak Zjj production is evident at high m
jj

and high |�y| in the search region

for both event generators.

The unfolded 1

�

· d�

dN

gap
jet

, 1

�

· d�

dp

balance
T

and 1

�

· d�

d|��(j,j)| distributions are shown in the

high-mass region in figure 8. Quark/gluon radiation from the electroweak Zjj process is

much less likely than in the strong Zjj process because there is no colour flow between the

two jets. The contribution from electroweak Zjj production is clear in the low-multiplicity

region of the 1

�

· d�

dN

gap
jet

distribution for both Powheg and Sherpa, demonstrating the ef-
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Electroweak Zjj production

Short title Journal √s (TeV) Run (yr) Lumi

Electroweak production of Z bosons arXiv:1402.6263 8 TeV 2012 20.3 fb

- rare production mode w.r.t. Drell Yan + jets 
- probes vector boson fusion process 

σEW = 54.7 ± 11.5 fb   
(Powheg 46.1 ± 1.0 fb)

- limits set for anomalous triple gauge couplings 

W�

W+
Z

q

q

q0

µ+, e+

µ�, e�

q0

fiducial 

-1

- background-only hypothesis excluded above 5 σ

http://arxiv.org/abs/1402.6263
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Di-jet cross section in 7 TeV data 
‣ double differential di-jet cross section


- measured as functions of di-jet mass m12  
and rapidity gap y* 

- for both R = 0.4 and R = 0.6 anti-kt jets 
- unfolded to particle level

Short title Journal/Reference √s (TeV) Run (yr) Lumi

Di-jet cross sections in pp collisions arXiv:1312.3524 7 TeV 2011 4.6 fb

Production of Phi mesons arXiv:1402.6162 7 TeV 2010 383 µb

Sensitivity to the proton parton distributions of the inclusive photon 
production cross section ATL-PHYS-PUB-2013-018 7 TeV 2011 4.6 fb

check for any remaining effects, the integrated luminosity delivered for several ranges of µ is
determined separately for each trigger used in this analysis. This information is then used
to compute the luminosity-normalized dijet yields in different ranges of µ. A comparison of
the yields for two ranges of µ is shown in figure 3. While statistical fluctuations are present,
the residual bias is covered by the uncertainties on the jet energy calibration due to hµi
and N

PV

(see section 10) [9].
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Figure 3. Luminosity-normalized dijet yields as a function of dijet mass for two ranges of µ, in
the range (a) y⇤ < 0.5 and (b) 1.0  y⇤ < 1.5. The measurements are shown as ratios with respect
to the full luminosity-normalized dijet yields. The gray bands represent the uncertainty on the jet
energy calibration that accounts for the hµi and NPV dependence, propagated to the luminosity-
normalized dijet yields. The statistical uncertainty shown by the error bars is propagated assuming
no correlations between the samples. This approximation has a small impact, and does not reduce
the agreement observed within the pileup uncertainties.

The dependence of the luminosity-normalized dijet yields on the position in the accel-
erator bunch train is also studied. Because the first bunches in a train do not fully benefit
from the compensation of previous bunches due to the long LAr calorimeter pulses, a bias is
observed in the jet energy calibration. This bias can be studied by defining a control region
using only events collected from the middle of the bunch train, where full closure in the jet
energy calibration is obtained. By comparing the luminosity-normalized dijet yields using
the full sample to that from the subsample of events collected from the middle of the bunch
train, any remaining effects on the measurement due to pileup are estimated. An increase
in the luminosity-normalized dijet yields using the full sample compared to the subsample
from the middle of the bunch train is observed, up to 5% at low dijet mass. This increase
is well described in the MC simulation, so that the effect is corrected for during the un-
folding step. All remaining differences are covered by the jet energy calibration uncertainty
components arising from pileup.

The stability of the luminosity-normalized dijet yields in the lowest dijet-mass bins
is studied as a function of the date on which the data were collected. Since portions of
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http://arxiv.org/abs/1312.3524
http://arxiv.org/abs/1402.6162
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-018/
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Higgs status
‣ H→ττ preliminary results released 

end of November 2013

- 4.1 (3.2) σ observed (exp.) @125 GeV  
- presented in detail at the  

116th Open LHCC (5/12/2013)  

!

!

‣ Re-analysis of full 2011/2012  
dataset well on the way

- including new mass measurements in 

H→γγ, H→ZZ(*)→4l channels 
- highly reduced systematic uncertainties 

for photon energy and lepton 
momentum scale

!8

Reference

ATLAS-CONF-2013-108

https://indico.cern.ch/event/283670/session/1/contribution/18/material/slides/0.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-108/
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More recent Higgs results

!9

Title Reference √s (TeV) Run (yr) Lumi

Search for the Standard Model Higgs boson decay to a photon and a 
Z boson in pp collisions at √s = 7 and 8 TeV with the ATLAS detector arXiv:1402.3051 7/8 TeV Run-1 24.8 fb

tic [60]. Higgs boson decays to final states other than ℓℓγ are
expected to contribute negligibly to the background in the se-
lected sample. For each fixed value of the Higgs bosonmass be-
tween 120 and 150 GeV fits are performed in steps of 0.5 GeV
to determine the best value of µ (µ̂) or to maximise the likeli-
hood with respect to all the nuisance parameters for alternative
values of µ, including µ = 0 (background-only hypothesis) and
µ = 1 (background plus Higgs boson of that mass, with SM-like
production cross section times branching ratio). The compati-
bility between the data and the background-only hypothesis is
quantified by the p-value of the µ = 0 hypothesis, p0, which
provides an estimate of the significance of a possible observa-
tion. Upper limits on the signal strength at 95% CL are set
using a modified frequentist (CLs) method [61], by identifying
the value µup for which the CLs is equal to 0.05. Closed-form
asymptotic formulae [62] are used to derive the results. Fits to
the data are performed to obtain observed results. Fits to Asi-
mov pseudo-data [62], generated either according to the µ = 1
or µ = 0 hypotheses, are performed to compute expected p0 and
CLs upper limits, respectively.
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signal expectation for a Higgs boson mass of 125 GeV decaying to Zγ
at 50 times the SM-predicted rate.

Figure 2 shows the mℓℓγ distribution of all events selected
in data, compared to the sum of the background-only fits to
the data in each of the ten event categories. No significant
excess with respect to the background is visible, and the ob-
served p0 is compatible with the data being composed of back-
ground only. The smallest p0 (0.05), corresponding to a signif-
icance of 1.6 σ, occurs for a mass of 141 GeV. The expected
p0 ranges between 0.34 and 0.44 for a Higgs boson with a mass
120 < mH < 150 GeV and SM-like cross section and branch-
ing ratio, corresponding to significances around 0.2 σ. The ex-
pected p0 at mH = 125.5 GeV is 0.42, corresponding to a sig-
nificance of 0.2 σ, while the observed p0 at the same mass is
0.27 (0.6 σ).

Observed and expected 95% CL upper limits on the value of
the signal strength µ are derived and shown in Fig. 3. The ex-
pected limit ranges between 5 and 15 and the observed limit
varies between 3.5 and 18 for a Higgs boson mass between
120 and 150 GeV. In particular, for a mass of 125.5 GeV, the
observed and expected limits are equal to 11 and 9 times the
Standard Model prediction, respectively. At the same mass the
expected limit on µ assuming the existence of a SM (µ = 1)
Higgs boson with mH = 125.5 GeV is 10. The results are dom-
inated by the statistical uncertainties: neglecting all systematic
uncertainties, the observed and expected 95% CL limits on the
cross section at 125.5 GeV decrease by about 5%.
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Upper limits on the pp → H → Zγ cross section times
branching ratio are also derived at 95% CL, for

√
s = 7 and

8 TeV. For
√
s = 8 TeV, the limit ranges between 0.13 and 0.5

pb; for
√
s = 7 TeV, it ranges between 0.20 and 0.8 pb.

7. Conclusions

A search for a Higgs boson in the decay channel H → Zγ,
Z → ℓℓ (ℓ = e, µ), in the mass range 120-150 GeV, was per-
formed using 4.5 fb−1 of proton–proton collisions at

√
s =

7 TeV and 20.3 fb−1 of proton–proton collisions at
√
s = 8 TeV

recorded with the ATLAS detector at the LHC. No excess with
respect to the background is found in the ℓℓγ invariant-mass
distribution and 95%CL upper limits on the cross section times
branching ratio are derived. For

√
s = 8 TeV, the limit ranges

between 0.13 and 0.5 pb. Combining
√
s = 7 and 8 TeV data

and dividing the cross section by the Standard Model expec-
tation, for a mass of 125.5 GeV, the observed 95% confidence
limit is 11 times the SM prediction.
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120 < mH < 150 GeV and SM-like cross section and branch-
ing ratio, corresponding to significances around 0.2 σ. The ex-
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0.27 (0.6 σ).
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the signal strength µ are derived and shown in Fig. 3. The ex-
pected limit ranges between 5 and 15 and the observed limit
varies between 3.5 and 18 for a Higgs boson mass between
120 and 150 GeV. In particular, for a mass of 125.5 GeV, the
observed and expected limits are equal to 11 and 9 times the
Standard Model prediction, respectively. At the same mass the
expected limit on µ assuming the existence of a SM (µ = 1)
Higgs boson with mH = 125.5 GeV is 10. The results are dom-
inated by the statistical uncertainties: neglecting all systematic
uncertainties, the observed and expected 95% CL limits on the
cross section at 125.5 GeV decrease by about 5%.
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7. Conclusions

A search for a Higgs boson in the decay channel H → Zγ,
Z → ℓℓ (ℓ = e, µ), in the mass range 120-150 GeV, was per-
formed using 4.5 fb−1 of proton–proton collisions at

√
s =

7 TeV and 20.3 fb−1 of proton–proton collisions at
√
s = 8 TeV

recorded with the ATLAS detector at the LHC. No excess with
respect to the background is found in the ℓℓγ invariant-mass
distribution and 95%CL upper limits on the cross section times
branching ratio are derived. For

√
s = 8 TeV, the limit ranges

between 0.13 and 0.5 pb. Combining
√
s = 7 and 8 TeV data

and dividing the cross section by the Standard Model expec-
tation, for a mass of 125.5 GeV, the observed 95% confidence
limit is 11 times the SM prediction.
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H→Zγ search in full Run-1 dataset
‣ testing SM character of Higgs 


- via leptonic (muon, electron) decay of Z

Observed (expected) limit @ 125 GeV : 11 (9) x Standard Model

-1

http://arxiv.org/abs/1402.3051
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Data Period 2011 (7 TeV) 2012 (8 TeV)
ZZ ! ``⌫⌫ 20.0± 0.7± 1.6 91± 1± 7
WZ ! `⌫`` 4.8± 0.3± 0.5 26± 1± 3
Dileptonic tt̄, Wt, WW , Z ! ⌧⌧ 0.5± 0.4± 0.1 20± 3± 5
Z ! ee, Z ! µµ 0.13± 0.12± 0.07 0.9± 0.3± 0.5
W + jets, multijet, semileptonic top 0.020± 0.005± 0.008 0.29± 0.02± 0.06
Total background 25.4± 0.8± 1.7 138± 4± 9
Signal (mH = 125.5 GeV, �SM(ZH), BR(H ! inv.) = 1) 8.9± 0.1± 0.5 44± 1± 3
Observed 28 152

TABLE I. Number of events observed in data and expected from the signal and from each background source for the 7 and 8
TeV data-taking periods. Uncertainties on the signal and background expectations are presented with statistical uncertainties
first and systematic uncertainties second.
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FIG. 2. Distribution of Emiss
T after the full selection in the 8

TeV data (dots). The filled stacked histograms represent the
background expectations. The signal expectation for a Higgs
boson with mH = 125.5 GeV, a SM ZH production rate
and BR(H ! inv.) = 1 is stacked on top of the background
expectations. The inset at the bottom of the figure shows the
ratio of the data to the combined background expectations.
The hashed area shows the systematic uncertainty on the
combined background expectation.

the WZ background it is 10% (13%) for the 7 (8) TeV
data-taking periods.

Event reconstruction and theoretical uncertainties are
considered as correlated between the 7 and 8 TeV data,
and between the signals and backgrounds estimated
from simulation. The systematic uncertainties in meth-
ods that determine backgrounds from data using control
regions are also assumed to be correlated between the
two datasets. The luminosity uncertainty is considered
as uncorrelated between the 7 and 8 TeV data.

The numbers of observed and expected events for the
7 and 8 TeV data-taking periods are shown in Table I.
Figure 2 shows the Emiss

T distribution after the full event
selection for the 8 TeV data and the expected back-
grounds. The normalization of the backgrounds is ex-
tracted from a maximum likelihood fit to the Emiss

T dis-
tribution. The signal expectation shown corresponds to
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FIG. 3. Upper limits on �ZH ⇥ BR(H ! inv.) at 95%
CL for a Higgs boson with 110 < mH < 400 GeV, for the
combined 7 and 8 TeV data. The full and dashed lines show
the observed and expected limits, respectively.

a Higgs boson with mH = 125.5 GeV, a SM ZH pro-
duction rate and BR(H ! inv.) = 1. No significant
excess is observed over the SM expectation.

Limits are set on the cross section times branching
ratio for a Higgs boson decaying to invisible particles
anywhere in the mass range 110 < mH < 400 GeV.
The possibility of more than one Higgs boson with a
significant branching ratio for decays to invisible par-
ticles is not considered. The limits are computed us-
ing a maximum likelihood fit to the Emiss

T distribu-
tion following the CLs (signal confidence level) modi-
fied frequentist formalism [57] with a profile likelihood
test statistic [58]. Figure 3 shows the 95% CL up-
per limits on �ZH ⇥ BR(H ! inv.) in the mass range
110 < mH < 400 GeV for the combined 7 and 8 TeV
data. The expectation for a Higgs boson with a produc-
tion cross section equal to that expected for a SM Higgs
boson and BR(H ! inv.) = 1 is also shown.

For the discovered Higgs boson an upper limit of 75%
at 95% CL (63% at 90% CL) is set on the branching
ratio to invisible particles. For this the predicted SM

ZH→ ll + invisible
‣ search for invisible products of the Higgs boson


- in association with a Z decaying to leptons and large missing transverse energy 

signal shown assuming SM rate ZH 
production and 100 % BR to invisible

4
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ZZ ! ``⌫⌫ 20.0± 0.7± 1.6 91± 1± 7
WZ ! `⌫`` 4.8± 0.3± 0.5 26± 1± 3
Dileptonic tt̄, Wt, WW , Z ! ⌧⌧ 0.5± 0.4± 0.1 20± 3± 5
Z ! ee, Z ! µµ 0.13± 0.12± 0.07 0.9± 0.3± 0.5
W + jets, multijet, semileptonic top 0.020± 0.005± 0.008 0.29± 0.02± 0.06
Total background 25.4± 0.8± 1.7 138± 4± 9
Signal (mH = 125.5 GeV, �SM(ZH), BR(H ! inv.) = 1) 8.9± 0.1± 0.5 44± 1± 3
Observed 28 152

TABLE I. Number of events observed in data and expected from the signal and from each background source for the 7 and 8
TeV data-taking periods. Uncertainties on the signal and background expectations are presented with statistical uncertainties
first and systematic uncertainties second.
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TeV data (dots). The filled stacked histograms represent the
background expectations. The signal expectation for a Higgs
boson with mH = 125.5 GeV, a SM ZH production rate
and BR(H ! inv.) = 1 is stacked on top of the background
expectations. The inset at the bottom of the figure shows the
ratio of the data to the combined background expectations.
The hashed area shows the systematic uncertainty on the
combined background expectation.

the WZ background it is 10% (13%) for the 7 (8) TeV
data-taking periods.

Event reconstruction and theoretical uncertainties are
considered as correlated between the 7 and 8 TeV data,
and between the signals and backgrounds estimated
from simulation. The systematic uncertainties in meth-
ods that determine backgrounds from data using control
regions are also assumed to be correlated between the
two datasets. The luminosity uncertainty is considered
as uncorrelated between the 7 and 8 TeV data.

The numbers of observed and expected events for the
7 and 8 TeV data-taking periods are shown in Table I.
Figure 2 shows the Emiss

T distribution after the full event
selection for the 8 TeV data and the expected back-
grounds. The normalization of the backgrounds is ex-
tracted from a maximum likelihood fit to the Emiss

T dis-
tribution. The signal expectation shown corresponds to

 [GeV]Hm
150 200 250 300 350 400

in
v.

) [
fb

]
→

H
 B

R
(

× 
ZH
σ 

0

100

200

300

400

500

600
,SMZHσ

Observed 95% CL limit

Expected 95% CL limit

σ1±

σ2±

ATLAS

ZH → ℓℓ + inv.

-1 L dt = 4.5 fb∫ = 7 TeV, s
-1 L dt = 20.3 fb∫ = 8 TeV, s

FIG. 3. Upper limits on �ZH ⇥ BR(H ! inv.) at 95%
CL for a Higgs boson with 110 < mH < 400 GeV, for the
combined 7 and 8 TeV data. The full and dashed lines show
the observed and expected limits, respectively.

a Higgs boson with mH = 125.5 GeV, a SM ZH pro-
duction rate and BR(H ! inv.) = 1. No significant
excess is observed over the SM expectation.

Limits are set on the cross section times branching
ratio for a Higgs boson decaying to invisible particles
anywhere in the mass range 110 < mH < 400 GeV.
The possibility of more than one Higgs boson with a
significant branching ratio for decays to invisible par-
ticles is not considered. The limits are computed us-
ing a maximum likelihood fit to the Emiss

T distribu-
tion following the CLs (signal confidence level) modi-
fied frequentist formalism [57] with a profile likelihood
test statistic [58]. Figure 3 shows the 95% CL up-
per limits on �ZH ⇥ BR(H ! inv.) in the mass range
110 < mH < 400 GeV for the combined 7 and 8 TeV
data. The expectation for a Higgs boson with a produc-
tion cross section equal to that expected for a SM Higgs
boson and BR(H ! inv.) = 1 is also shown.

For the discovered Higgs boson an upper limit of 75%
at 95% CL (63% at 90% CL) is set on the branching
ratio to invisible particles. For this the predicted SM

Obs. (exp.) upper limit at 95 % CL on  
the allowed invisible BR: 75 (62)% 

Title Journal √s (TeV) Run (yr) Lumi

Search for Invisible Decays of a Higgs Boson Produced in 
Association with a Z Boson in ATLAS	 arXiv:1402.3244 7/8 TeV Run-1 24.8 fb

Search for a Multi-Higgs Boson Cascade in W+W- bbar events with 
the ATLAS detector in pp collisions at √s = 8 TeV PhysRevD.89.032002 8 TeV 2012 20.3 fb

-1

-1

http://arxiv.org/abs/1402.3244
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.032002
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(a) ℓ̃L-mediated simplified model
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(b) WZ-mediated simplified model
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(d) Wh-mediated simplified model

Figure 7. Observed and expected 95% CL exclusion contours for chargino and neutralino produc-
tion in the (a) ℓ̃L-mediated, (b) WZ-mediated, (c) τ̃L-mediated and (d) Wh-mediated simplified
models. The band around the expected limit shows the ±1σ variations on the expected limit,
including all uncertainties except theoretical uncertainties on the signal cross-section. The dotted
lines around the observed limit indicate the sensitivity to ±1σ variations on these theoretical uncer-
tainties. The blue lines correspond to the 7 TeV limits from the ATLAS three lepton analysis [17].
The limits are calculated using the statistical combination of all disjoint signal regions for each of
the model points and using pseudo experiments. Linear interpolation is used to account for the
discrete nature of the signal grids.
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SUSY

!12

Title Reference √s (TeV) Run (yr) Lumi

Search for direct production of charginos and neutralinos in events with three 
leptons and missing transverse momentum in √s = 8 TeV pp collisions with the 
ATLAS detector

arXiv:1402.7029 8 2012 20.3 fb

A general search for new phenomena with the ATLAS detector in pp collisions  
at √s = 8 TeV

ATLAS-
CONF-2014-006 8 2012 20.3 fb
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(b) WZ-mediated simplified model
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(d) Wh-mediated simplified model

Figure 7. Observed and expected 95% CL exclusion contours for chargino and neutralino produc-
tion in the (a) ℓ̃L-mediated, (b) WZ-mediated, (c) τ̃L-mediated and (d) Wh-mediated simplified
models. The band around the expected limit shows the ±1σ variations on the expected limit,
including all uncertainties except theoretical uncertainties on the signal cross-section. The dotted
lines around the observed limit indicate the sensitivity to ±1σ variations on these theoretical uncer-
tainties. The blue lines correspond to the 7 TeV limits from the ATLAS three lepton analysis [17].
The limits are calculated using the statistical combination of all disjoint signal regions for each of
the model points and using pseudo experiments. Linear interpolation is used to account for the
discrete nature of the signal grids.
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direct production of charginos and neutralinos 
with three lepton final state
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(a) ℓ̃L-mediated (b) τ̃L-mediated

(c) WZ-mediated (d) Wh-mediated

Figure 1. The Feynman diagrams for the four simplified models of the direct production of χ̃
±
1 χ̃

0
2

studied in this paper. The different decay modes are discussed in the text. The dots in (d) depict
possible additional decay products of the lightest Higgs boson decaying via intermediate ττ , WW
or ZZ states.

Higgs boson [30, 31]. The mass hierarchy, composition and production cross-sections of53

the electroweakinos are governed by the ratio of the expectation values of the two Higgs54

doublets tanβ, the gaugino mass parameters M1 and M2, and the higgsino mass parameter55

µ. In case of the hierarchy M1<M2<µ (M1<µ<M2), the χ̃
0
1 is bino-like, the χ̃

±
1 and χ̃0

256

are wino-like (higgsino-like) and the dominant electroweakino production process leading57

to a final state with three leptons is pp → χ̃±
1 χ̃

0
2 (pp → χ̃±

1 χ̃
0
2, pp → χ̃±

1 χ̃
0
3). If M2<M1<µ58

(µ<M1<M2), the χ̃
0
1 (χ̃

0
1, χ̃

0
2) and the χ̃

±
1 are wino-like (higgsino-like) with similar masses59

and the dominant process leading to a final state with three high transverse momentum60

leptons is the pair-production of the higgsino-like (wino-like) χ̃
±
2 and the bino-like χ̃

0
2 (χ̃

0
3).61

Finally, the pMSSM scenarios under study are parametrized in the µ-M2 plane and62

are classified based on the masses of the right handed sleptons into three groups:63

pMSSM ℓ̃R: the right-handed sleptons are mass degenerate with mass mℓ̃R
=(mχ̃0

1
+64

mχ̃0
2
)/2. The parameter tanβ is set to 6 yielding comparable χ̃

0
2 branching ratios into65

each slepton generation. The χ̃±
1 decays predominantly via W when kinematically66

allowed and to τ̃ otherwise because the sleptons are right-handed. To probe the67

sensitivity for different χ̃
0
1 compositions, three values of M1 are considered: 100, 14068

and 250 GeV.69
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slepton mediated

Wh mediated

‣ Search performed in slepton, stau, WZ & Wh mediated categories

- full 2012 dataset used for this analysis

-1

-1

http://arxiv.org/abs/1402.7029
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-006/


A. Salzburger - ATLAS Status Report - 117th Open LHCC Session - 05/03/2014

SUSY
‣ Search for Gauge mediated SUSY in 2 photons + MET final states

!13

Title Journal √s (TeV) Run (yr) Lumi

Search for Supersymmetry in Diphoton Events with Large Missing 
Transverse Momentum in 8 TeV pp Collision Data

ATLAS-CONF-

2014-001 8 TeV 2012 20.3 fb

strong  
production

weak  
production

-1



A. Salzburger - ATLAS Status Report - 117th Open LHCC Session - 05/03/2014

Heavy Ion collision: event plane correlations

!14

Title Journal √s (TeV) Run (yr) Lumi

Measurement of event-plane correlations in sNN = 2.76 TeV lead–lead 
collisions with the ATLAS detector arXiv:1403.0489 2.76 2011 7 µb

Aside : nuclear geometry

�8

y

b = impact 
parameter

z

‣ In CM frame, nuclei appear as Lorentz contracted “pancakes” 
‣ In transverse plane, overlap region is anisotropic 

- Higher density gradients in direction of “reaction plane” angle 
(!2) defined by impact parameter vector 

‣ Per collision flux of nucleons increases with collision “centrality”

!2
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Measurement of event-plane correlations in

p
sNN = 2.76 TeV lead–lead collisions

with the ATLAS detector

The ATLAS Collaboration

A measurement of event-plane correlations involving two or three event planes of di↵erent order is1

presented as a function of centrality for 7 µb�1 Pb+Pb collisions data at
p
sNN = 2.76 TeV, recorded2

by the ATLAS experiment at the LHC. Fourteen correlators are measured using a standard event-3

plane method and a scalar product method, and the latter method is found to give a systematically4

larger correlation signal. Several di↵erent trends in the centrality dependence of these correlators5

are observed. These trends are not reproduced by predictions based on the Glauber model, which6

includes only the correlations from the collision geometry in the initial state. Calculations that7

include the final-state collective dynamics are able to describe qualitatively, and in some cases even8

quantitatively, the centrality dependence of the measured correlators. These observations suggest9

that both the fluctuations in the initial geometry and non-linear mixing between di↵erent harmonics10

in the final state are important for creating these correlations in momentum space.11

PACS numbers: 25.75.Dw

I. INTRODUCTION12

Heavy ion collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC) create hot13

and dense matter that is thought to be composed of strongly interacting quarks and gluons. One striking observation14

that supports this picture is the large momentum anisotropy of particle emission in the transverse plane. This15

anisotropy is believed to be the result of anisotropic expansion of the created matter driven by the pressure gradients,16

with more particles emitted in the direction of the largest gradients [1]. The collective expansion of the matter can17

be modeled by relativistic viscous hydrodynamic theory [2]. The magnitude of the azimuthal anisotropy is sensitive18

to transport properties of the matter, such as the ratio of the shear viscosity to the entropy density and the equation19

of state [3].20

The anisotropy of the particle distribution in azimuthal angle � is customarily characterized by a Fourier series:

dN

d�
/ 1 + 2

1X

n=1

v
n

cosn(�� �
n

) , (1)

where v
n

and �
n

represent the magnitude and phase (referred to as the event plane) of the nth-order azimuthal
anisotropy (or flow) at corresponding angular scale. These quantities can also be conveniently represented in a
2-dimensional vector format or in the standard complex form [4, 5]:

*v
n

= (v
n

cosn�
n

, v
n

sinn�
n

) or v
n

ein�n . (2)

In non-central collisions, the overlap region of the initial geometry has an almost elliptic shape, and hence the21

anisotropy is dominated by the second harmonic term, v
2

. However, significant first-order (n = 1) and higher-order22

(n > 2) v
n

have also been observed [6–8]. These coe�cients have been related to additional shape components23

arising from the fluctuations of the positions of nucleons in the overlap region. The amplitude and the directions of24

these shape components can be estimated via a simple Glauber model [9] from the transverse positions (r,�) of the25

participating nucleons relative to their center-of-mass [10]:26

✏
n

=

p
hrn cosn�i2 + hrn sinn�i2

hrni , (3)

n�⇤
n

= arctan

✓
hrn sinn�i
hrn cosn�i

◆
+ ⇡ , (4)

where ✏
n

is the eccentricity and angle �⇤
n

is commonly referred to as the participant plane (PP) angle. These shape27

components are transferred via hydrodynamic evolution into higher-order azimuthal anisotropy in momentum space.28

For small ✏
n

values, one expects v
n

/ ✏
n

, and the �
n

to be correlated with the minor-axis direction given by �⇤
n

.29

However, model calculations show that the values of ✏
n

are large, and the alignment between �
n

and �⇤
n

is strongly30

violated for n > 3 due to non-linear e↵ects in the hydrodynamic evolution [11].31

‣ Non-central Pb-Pb collisions create elliptical nucleus 
interaction region

- creates pressure gradients resulting into flow directions 
- can be described in a Fourier series 
$
$

- 2nd order dominant (elliptical), but higher orders exist 
- precise measurement of correlations in 2D and 3D
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7

Subevents used for two-plane correlations and their η coverages

Calorimeter-based ECalFCalP η ∈(0.5,4.8) ECalFCalN η ∈(−4.8,−0.5)

ID-based IDP η ∈(0.5,2.5) IDN η ∈(−2.5,−0.5)

Subevents used for three-plane correlations and their η coverages

Calorimeter-based ECalP η ∈(0.5,2.7) FCal |η| ∈(3.3,4.8) ECalN η ∈(−2.7,−0.5)

ID-based IDP η ∈(1.5,2.5) ID η ∈(−1.0,1.0) IDN η ∈(−2.5,−1.5)

TABLE IV: Combinations of subevents used in two-plane and three-plane correlation analysis. The calorimter-based analysis
is the default, while the ID-based result provides an important cross-check.

distributions are calculated from mixed events by combining the event-plane angles obtained from different events206

with similar centrality (matched within 5%) and zvtx (matched within 3 cm). Ten mixed events are constructed for207

each foreground event. Both distributions are normalized so that the average of the entries is one. The background208

distributions provide an estimate of detector effects, while the foreground distributions contain both the detector209

effects and physics. The background distributions are almost flat, but do indicate some small variations at a level of210

about 10−3. To cancel these non-physical structures, the correlation functions are obtained by dividing the foreground211

(S) by the background distributions (B):212

C(k(Ψn −Ψm)) =
S(k(Ψn −Ψm))

B(k(Ψn −Ψm))
. (18)

The correlation functions show significant positive signals for 4(Ψ2 − Ψ4), 6(Ψ2 − Ψ3), 6(Ψ2 − Ψ6) and 6(Ψ3 − Ψ6).213

The observed correlation signals (not corrected by resolution) in terms of the cosine average are calculated directly214

from these correlation functions.
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FIG. 1: Relative angle distributions between two raw event planes from ECalFCalN and ECalFCalP defined in Table IV for
the 20%–30% centrality interval for the foreground (open circles), background (open squares) and correlation function (filled
circles) based on the EP method. The correlation functions give (via Eq. (12)) the two-plane correlators defined in Table II.
The y-axis scales are not the same for all panels.
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FIG. 1: Relative angle distributions between two raw event planes from ECalFCalN and ECalFCalP defined in Table IV for
the 20%–30% centrality interval for the foreground (open circles), background (open squares) and correlation function (filled
circles) based on the EP method. The correlation functions give (via Eq. (12)) the two-plane correlators defined in Table II.
The y-axis scales are not the same for all panels.

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

16

of the Glauber model and final-state interactions through a parton and hadron transport model. The AMPT model391

generates collective flow by elastic scatterings in the partonic and hadronic phase and was shown to reproduce the vn392

values [47] and the particle multiplicity [48] reasonably well. As a full event generator, the AMPT model allows the393

generated events to be analyzed with the same procedures as in the data. Figures 10 and 11 compare some selected394

correlators (six two-plane correlators and four three-plane correlators) with a prediction [37] from the AMPT model.395

Good agreement is observed between the data and the calculation, and in particular the model predicts correctly the396

stronger signal observed with the SP method.397

〉
part

N〈
0 100 200 300 400

〉) 4
Φ- 2

Φ
co

s4
(

〈

0

0.5

1

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

〉
part

N〈
0 100 200 300 400

〉) 4
Φ- 2

Φ
co

s8
(

〈

0

0.5

1

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

〉
part

N〈
0 100 200 300 400

〉) 4
Φ- 2

Φ
co

s1
2(

〈

0

0.5

1

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

〉
part

N〈
0 100 200 300 400

〉) 3
Φ- 2

Φ
co

s6
(

〈

0

0.02

0.04

0.06

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

〉
part

N〈
0 100 200 300 400

〉) 6
Φ- 2

Φ
co

s6
(

〈

0

0.5

1

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

〉
part

N〈
0 100 200 300 400

〉) 6
Φ- 3

Φ
co

s6
(

〈

0

0.5

1

 

ATLAS Pb+Pb
=2.76 TeVNNs

-1bµ = 7 intL

 dataw〉)ΦΣcos(〈  

   data〉)ΦΣcos(〈  
 AMPTw〉)ΦΣcos(〈  

   AMPT〉)ΦΣcos(〈  

FIG. 10: Comparison of six two-plane correlators, ⟨cos(ΣΦ)⟩ with ΣΦ = jk(Φn − Φm), with results from the AMPT model
calculated via the SP method (solid lines) and the EP method (dashed lines) from Ref. [37]. The error bars on the lines
represent the statistical uncertainties in the calculation.
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Run-2 Preparation
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4Thermosiphon system

- no moving parts in primary (detector) cooling circuit

- removes concerns about compressor 

  reliability, leaks (no vibration), 

  dust (compressor wear)

- decreased vulnerability to short power cuts

Status:

- all 3 circuits installed

- found corrosion of internal welds 

  of the condenser

- repair plan worked out with company 

- 24th of March foreseen for condenser 

  delivery, will need to be commissioned

  outside the detector then

---> makes it unlikely that commissioning 

with detector can happen before the end of 2014

---> schedule to be reviewed with SCT and Pixel

communities soon

Recent Inner Detector activities

!16

‣ Pixel detector has been extracted,  
repaired and reinserted (12/2013)

- recovery of operational detector readout  

fraction to 98.8% (from 95%)  
- cabling started last month,  

also for newly-installed diamond beam monitors 
$

‣ Dual output for Fast Track Trigger (FTK)  
installed for Pixel and SCT

$

‣ Cooling system

- new evaporative cooling system replacing the  

compressor system, corrosion found on internal 
welds, repair plan with company fixed, 
compressor system as back-up in the meantime 

- CO2 cooling units for IBL installed 
$

‣ DAQ: detectors prepare for 100kHz rate
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Insertable B-layer (IBL)
‣ Corrosion on wire bonds 


- staves have been reworked, replacing affected wire bonds 

‣ No conclusive evidence for origin found

- no sign of corrosion in dry environment 
- 2 initially affected staves kept for tests  

and further analyses 

‣ 20 staves are completed

- 12 are ready for installation (14 needed) 

‣ First fours staves mounted onto  
Inner Pixel Tube (IPT) 


‣ Installation (exp. 05/2014) is being   
exercised in 1-to-1 scale mock-up to train experts and optimise procedures

!17

before

after

33 mm

first IBL stave mounted on IPT in 02/2014
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Liquid Argon Calorimeter
‣ Installation and rework of Wiener low voltage power supplies (LVPS) finished


‣ Weekly calibration runs during LS1, 
regular checks ramping HV to 200 V


‣ DAQ: new 4-sample readout mode to  
cope with 100 kHz L1 acceptance

- exercised in test run 12/2012 
- optimal choice of readout schema,  

small performance and DQ impact being  
evaluated

!18

Tile Calorimeter
‣ General repairs for all modules well underway


- replace LVPS, check of HV boards 
- 212/256 drawers reworked 

‣ New Minimum Bias Trigger Scintillators (MBTS) installation 

- 24 instead of 32 PMTs, channels used for completed Tile  
- slightly less light yield in outer, more yield in inner cells 

compared to extracted MBTS (irradiated) ���307V�IRU�2/'

0%76�SUHYLRXVO\�XVHG�UHDG�RXW�FKDQQHOV�IURP����
�SDLUV�LQ�H[WHQGHG�EDUUHOV

��FRXQWHUV�XVLQJ�UDG��UHVLVW��PDWHULDO�LQVWDOOHG

6OLGH���

1HZ�0%76�LQVWDOODWLRQ�

���307V�IRU�1(:

Ɣ 0%76�SUHYLRXVO\�XVHG�UHDG�RXW�FKDQQHOV�IURP����
XQLQVWUXPHQWHG�(��(��SDLUV�LQ�H[WHQGHG�EDUUHOV

Ɣ 7KHVH�(��(��FHOOV�DUH�QRZ�LQVWDOOHG�IRU�5XQ�,,
ż ��FRXQWHUV�XVLQJ�UDG��UHVLVW��PDWHULDO�LQVWDOOHG

Ɣ *UDQXODULW\�RI���(��FHOOV�UHGXFHG�WR�ǻĳ ����WR�
DFFRPPRGDWH�WKH�RXWHU�0%76�UHDG�RXW

Ɣ 8VH����IUHH�UHDG�RXW�FKDQQHOV�IRU�LQQHU�0%76

old MBTS new MBTS
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Recent Muon Spectrometer work
‣ Maintenance work on RPC ongoing  

with increased pace


‣ Repair of 2 CSC sectors 


‣ MDT/RPC chambers (BME) installation

- arriving in March, installation in April 
- increase of trigger coverage 

‣ Installation of additional alignment  
sensors ongoing


‣ CSC, MDT and TGC successfully 
included in first milestone week M1


‣ Combining Tile-Cal and TGC small  
wheel coincidence triggers

- reduction of about 30% of  

L1 muon fake rates 
- new Small Wheel will solve this in  

the entire end-cap region (2018)

!19
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Trigger preparation for Run-2
‣ Rates will increase by factor of 5 (energy & luminosity increase),  

maximum L1 rate during Run-1 was 70kHz

- full effort on the way to run at 100kHz, needed for L = 2 x 1034 cm2s-1  

- Run-1 single lepton thresholds will exceed HLT output rate:  
update from 400 Hz to 500/1000Hz -> pressure on offline software components 

‣ Rising thresholds as one possibility, compromise in physics (low mass H)


‣ Introduction of combined & topological triggers


‣ Level-1 Central Trigger processing and output

- upgrade from 160 (Run-1) inputs to 320 + 192 (topological) 

!20

2013% 2014%
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Trigger/DAQ - Hardware updates

!21

FTK$input$
mezzanine$

FTK$Data$
Forma1er$

ROS$

SCT$ROD$

‣ 3rd generation ReadOut System (ROS)

- sustains L1 rate up to 120 kHz, including new PCIe boards,  

factor 10 bandwidth, about 270 additional ReadoutLinks 

‣ FTK demonstrated data flow chain

- from Quest emulator and SC ROD through FTK boards to ROS 
$

L1Calo'progress:"CMX"prototype"board"

Quest emulator
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Life is back in the ATLAS Control Room ! 

25 Feb 2014 S. Zimmermann, ATLAS Weekly 3 

Milestone weeks
‣ get all sub detectors up and running 

for Run-2


‣ 6 milestone weeks foreseen 
until October 2014 

- some detectors in two steps, generally  

(1) TDAQ integration  
(2) test with detector front-end,  
     detector cold, with operation gas 

‣ First week completed (two weeks ago) 
- all 4 detectors were successfully 

integrated in ATLAS, cycled through 
TDAQ and were running 

‣ Detectors taking part in M1 will 
also continue in MX weeks with 
extended tests


$

‣ SLIMOS: “ … all the peace is gone.”

!22

M-Weeks 

25 Feb 2014 S. Zimmermann, ATLAS Weekly 2 

Last week was the first of the Milestone runs weeks in preparation of Run-2 ... 

Next for integration (M2): TRT, 
RPC and BCM, TRT FastOR and 
RPC trigger 

Systems integrated in M1 will participate in 
future M-weeks, test of advanced features, 
DQ, ... 



A. Salzburger - ATLAS Status Report - 117th Open LHCC Session - 05/03/2014

Offline computing - preparation for Run-2

!23

MC/group production and 
user analyses averaged over all ATLAS  
grid sites (T0/T1/T2/T3)

new simulation framework 
(ISF)

so
ftw

are
 up

grad
es

  

(e.
g. 

ED
M)

new analysis EDM: 
(xAOD)

new infrastructure 

to be exercised in data challenge 2014 (DC14)

Athena/AthenaMP

‣ Resource projections for Run-2 
follows expectation of  “flat budget”

- update to 1kHz HLT rate 
- expected pile-up increase to 40 
- increased demands of 

MC statistics 

‣ Need to optimise all across 
software and computing

- CPU, disk size, workflow 

‣ New GRID infrastructure

- new data management system  

(Rucio) which scales beyond  
expected Run-2 data volumes  

- new workflow definition and 
job management system (Deft/JEDI) 

- exploring opportunistic resources 
(cloud/high performance computing)
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Opportunistic Resources: 
Clouds

• Cloud Computing Integration & Operations task force 
• Purpose: Integrate cloud resources as any other 

computational and storage resources in ATLAS, 
e.g., “Cloud” infrastructure allows to demand 
resources through an established interface 

• “Free” opportunistic cloud resources 
• Academic facilities offering access to their 

infrastructure through a cloud interface 
• The ATLAS HLT farm is accessible through cloud 

interface during the Long Shutdown 1 (70% for 
grid processing in 2014) 

• “Cheap” opportunistic cloud resources 
• Commercial Infrastructures (Amazon EC2, 

Google) offering good deals under restrictive 
conditions

S. Panitkin, A. Di Girolamo, L. Field, R. Taylor! !10

ATLAS%HLT%farm%

Google&cloud&

15k running 
jobs

15k running jobs
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Optimising resources
‣ Opportunistic Resources (OR) through  

cloud computing integration

- “Free” OR: academic facilities offer free 

resources, HLT farm used for MC production 
- Commercial OR: amazon/google 

‣ High performance computing - using free 
cycles

- working group for interfacing systems with  

ATLAS software 

‣ Volunteer computing - ATLAS@Home

- outreach project turning private PCs into MC 

simulation stations 

‣ Disk resources are a major concern

- new dataset replication and deletion policy for 

Run-2 
- effort to decrease persistent data size (xAOD) 

in reconstruction and analysis format

!24

search 
catalog

user content 
upload/year

98

182

130

30
ATLAS/ 

year

$
managed 

data

2012 data in PByte - www.wired.com/magazine/2013/04/bigdata

http://www.wired.com/magazine/2013/04/bigdata
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New analysis data model: xAOD
‣ xAOD is a completely new analysis data format (replaces AOD format)


- ROOT-browsable format that supports partial read (also ATHENA-readable) 
- comes with a reduction framework based on train model (one input, many outputs) 
- new analysis release model based on ROOT, including an analysis framework 
- dual-use combined performance (CP) tools for scale factors, efficiencies, systematics

!25

New Analysis ModelNew Analysis Model

Luca Fiorini         13

TF1
TF4

Task Forces created by the OAB to implement critical aspects of the new Analysis 
Model:
● TF1,TF4: definition of new EDM (xAOD) and its implementation, Eigen migration  has to be →

ready by 19.0.1 at the latest.
● TF2: Definition and implementation of the Reduction framework and train model   has to be →

ready by April, expected by 19.0.2.
● TF3: new Analysis release including the generic tools for CP recommendations and Physics 
Analysis framework  release expected to be available for CP tools implementation by 19.0.2.→

  → see more in M. Nowak talk

TF2
TF3

‣ Four ATLAS-wide task forces  work on the realisation

- TF1 (xAOD object definition, alongside with object harmonisation effort) 
- TF2 (reduction framework), TF3 (analysis framework) 
- since december 2013: TF4 for reconstruction code migration
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LS1 software and computing campaign

!26

‣ Data challenge 2014

- reference: part of Run-1 data reprocessed (~5 fb-1), and 300 M new 8 TeV MC  
- 13 TeV MC being produced as first test for simulation for Run-2  
- large scale test of the new analysis EDM, Run-1 and Run-2 analyses exercised 
- test of new simulation framework

today: M1 week successfully passed, 
           first xAOD release built with mainly conversion from AOD  
           reconstruction software migrated to new EDM/Eigen 

13 TeV MC

8 TeV MC
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Simulation
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Fast Track 
Simulation

ID

Calorimeter

Parametric shower 
simulation

Muon Spectrometer (MS)

Fast Track 
Simulation/

Geant4

Geant4 (cone)

‣ ATLAS Integrated Simulation Framework (ISF) 
in development since 2011, baseline for 2014 MC

- centrally managed simulation framework combining full  

and fast simulation engines even within one event  
(e.g. based on event topology)  

R
un

-1
 M

C

*relative CPU gain to ATLAS Geant4 application

Flavor Description Status CPU*

ISF_Geant4 Geant4 in full detector, frozen 
showers in forward Calorimter

validated 1.02

ISF_AF2 G4 in ID & MS, parametric shower 
simulation in Calorimeter

validated 0.1

ISF_AF2F like ISF_AF2, but Geant4 in ID 
replaced by Fast Track Simulation

validation 
ongoing 0.01

ISF_cone like AF2F, but Gean4 in cone 
around e/g (sample H->gg)

validation 
ongoing 0.05

‣ Geant4 9.6 default (FTFP_BERT physics list)


‣ MC/data overlay being currently validated


‣ Ongoing developments on fast simulation engines

- G4 hadronic interactions in fast track simulation, new parameterisation for fast calorimeter
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Very fast Monte Carlo production

!28

‣ speed improvements through fast simulation 

- digitisation and reconstruction main consumers 

‣ Very fast MC prototype in development

- pile-up on event generator level  

(emulation of out-of-time by in-time) 
- fast/mixed simulation using ISF 
- fast digitisation modules for Inner Detector 
- truth assisted reconstruction for Inner Detector 

‣ Current prototype

- full simulation, digitisation, reconstruction 

for hard-scatter event 
- fast simulation, fast digitisation and truth assisted 

reconstruction for pile-up particles 

‣ Ambitious target: few seconds/event 
- while keeping it useful for physics !

Detector 
Simulation

Digitisation Reconstruction xAODEvent 
Generation

4
C O N C E P T S & I M P L E M E N TAT I O N

As discussed earlier in this document, a huge effort has been put
by the ATLAS collaboration in improving the CPU time of the sim-
ulation, by implementing the new Integrated Simulation Framework
(ISF). Table 3 presents the speedup gained by the ISFs new treatment of
simulation for some example setups. This will help to reduce the re-
source shortages mentioned in Section 3.2. However, Figure 7 shows
that when the MC chain has undergone some significant speedup,
minimizing the time spent in simulation, a new bottleneck arises:
the reconstruction. The changed picture looks roughly like the ex-
ample in Figure 8. In order to get a really fast MC chain there is no
way around speeding up the digitization and the reconstruction as
well. Some ideas and concepts for fast digitization approaches can be
found elsewhere[16]. As for the second part: a concept, implementa-
tion and the successful result will be shown in the following, focusing
only on the track reconstruction in the ID.

Figure 8: Estimate AFII-F CPU time. The now ’slow’ digitization and recon-
struction should be noticeable.

4.1 track reconstruction & truth-bypassing

Reconstruction starts by receiving huge data collections either from
the digitization step in the MC production, or from converting bytestream
when reconstructing data taken with the detector. Using pattern recog-
nition algorithms the reconstruction searches for compatible hit col-
lections stemming from single particles. Once these hit collections are
found a track fit is performed per collection. This task seems easy at
first for a few tracks but in in fact is a highly combinatorial problem
which explodes for high numbers. Some example values: for an event
including a pair production of a top and anti-top quark (in the follow-
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Optimising CPU needs
‣ Large-scale software cleanup and  

optimisation program on the way

- `flat EDM` structure to remove overhead 
- replacement of algebra/geometry library,  

many alternatives to CLHEP tested,  
finally Eigen library chosen 

‣ Main single CPU consumer reduced  
by factor 2 compared to Run-1 release

- accumulating changes from 32bit->64bit,  

new magnetic field service with enhanced  
caching, Eigen integration 

‣ Replacement standard math library 

- candidates are (VDT, Intel) 

‣ First release with new EDM (19.0.0)  
built late january  
> 1000 packages reworked
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Lines of code in Tracking repository

Run-1

CPU time per event

Release
17.2.7.9, 32bit 17.2.7.9, 64bit 18.9.50 19.0.1
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Upgrade Projects

Delivered parts to CERN for the Lego™ challenge 02/2014 
http://build-your-own-particle-detector.org/

http://build-your-own-particle-detector.org/
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Phase 1 Upgrade: TDRs released in 2013
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‣ New Small Wheel

- improved muon tracking 

above η > 1.3 
- reduction 

of L1 muon 
fakes

‣ Fast Track Trigger

- hardware base tracking 

system with performance 
close to offline at  
L1 rates

‣ Liquid Argon Electronics

- high granularity information 

at L1 for low threshold EM 
trigger significantly above 
LHC design luminosity

‣ TDAQ System

- many new components for 

operation well beyond                                                             
design luminosity 

Memoranda of understanding being finalised for all 4 projects

and endorsed by LHCC
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Phase 2 Upgrade
‣ Preparing for a very different environment 


- levelled luminosity of 5×1034 cm2s-1, 

pile-up of 140 (as high as 200) 
- R&D projects in several areas ongoing
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Quad-Pixel module with 4 FE-I4 
chips (IBL) with 4x4 cm2 
and 50x250 µm2

14.02.2014 H. Kroha, MPI Munich 2

Upgrade in Sectors 12 and 14

12 new BMG sMDT chambers (in detector feet between BMF chambers)

additional pair of chambers at K
 

= 0 excluded from the upgrade proposal 
because of difficulty of installation

Barrel middle layer

BMF

BMF

BMF

BMF

BMF
BMF

Sector 14

Sector 12

BMF BMF

View from sector 13

BME

BME

Sec
to

r 1
3

‣ Collaboration approved project to  
installation 12 new small MDT chambers

- schedule foresees install in winter 

shutdown 2016/2017 
- significant improvement of the barrel  

acceptance by 2.6 %

new BMG chambers

Plans of using new L0/L1 trigger to allow for refined  
tracking, calorimeter and muon information at L1
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Conclusion
‣ ATLAS is making strides towards completing high-quality Run-1 analyses


- detector performance understanding substantially improved and being documented 
- many papers being completed and in approval 
$

‣ Detector and data-taking preparation for Run-2 is on schedule

- detector maintenance/consolidation proceeding well 

(IBL installation planned for 05/2014) 
- ATLAS schedule foresees completion of cavern work by November 
$

‣ Software, Computing and analysis preparation for Run-2

- big overhaul of computing/software infrastructure to cope with 

Run-2 data in progress 
- large reduction in CPU time for simulation and  

reconstruction achieved 
- data challenge 14 project will shake down new analysis  

model and prepare analyses for the new data
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Bonus slides

http://build-your-own-particle-detector.org/

http://build-your-own-particle-detector.org/
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Forward detectors
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new carbon support cylinder 

‣ LUCID

- possible problem at high luminosity:  

saturation of algorithm, PMT ageing 
- solution: reduction of acceptance,  

smaller PMT: 10 instead of 15 mm, lower PMT gain 
- PMTs passed radiation hardness test (200 kGy),  

all ordered, all 40 expected until 06/2014 
$
$
$

‣ ALFA: detector heating up above 40 degrees in Run-1 with RF impact ~20 W

- can increase during Run-2 to critical temperature and RF impact 
- new Roman-pot fillers to reduce RF loss 
- new heat distribution system, carbon coating 
- all stations are on surface for rework, tight  

schedule until end of 03/2014 
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Liquid Argon calorimeter
‣ Instalation and rework of Wiener low voltage power 

supplies (LVPS) finished

- one LVPS failed due to a burned connector, identified 

as single point of failure 
- LVPS have been brought to surface and refurbished with 

soldered connection  (jan/feb 2014) 
- all LVPS are now re-installed and in operation 

‣ One optical read-out fibre got damaged during 
move of end cap C cryostat

- replacement and spare fibre cables ordered 
- installation foreseen 03/2014 

‣ Extraction and repair of max 20 out of 1524 front 
end boards foreseen for 03/2014 


‣ DAQ: new 4-sample readout mode to cope with 
100 kHz L1 acceptance (test run in 12/2012)

- small performance and DQ impact being evaluated
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$V�RI�)HEUXDU\����������PRGXOHV�KDYH�EHHQ�FRQVROLGDWHG�

6OLGH��

&RQVROLGDWLRQV�YV��WLPH

0DUFK����� 0D\�����

Tile calorimeter
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03/2013 05/2014

‣ General repairs for all modules

- replace LVPS, check of HV boards 
- fix inactive/noisy/non-stable channels 
- 212/256 drawers reworked 
- removed noise levels and non-gaussian tails 

‣ Calibration system updates


$

$

$
- upgrade Cs garage with new gaskets, water drains  

and leak sensors 
- consolidation of the laser system

���307V�IRU�2/'
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‣ New Minimum Bias Trigger Scintillators (MBTS) instalation 

- 24 instead of 32 PMTs, channels used for completed Tile  
- slightly less light yield in outer, more yield in inner cells 

compared to extracted MBTS (irradiated)
old MBTS new MBTS
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