
ATLAS 
DETECTOR STATUS AND PHYSICS HIGHLIGHTS

Stephanie Majewski, 
University of Oregon

HEPAP Meeting,  
Mar 31 - Apr 1, 2016



2015 DATA-TAKING

➤ Compared to 2012… 
 √s: 8 → 13 TeV  
 bunch spacing: 50 → 25 ns 

➤ 3.2 fb-1 of 25 ns data good for  
physics (including new innermost  
pixel layer) 

➤ Data-taking efficiency: 92% 
Data good for physics: 87% 

➤ Excellent trigger performance 
and stability 

➤ Successful heavy ion run as well! 
0.67 nb-1 @ √sNN = 5.02 TeV
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proton-proton run

<μ>~13.5  
collisions per  

bunch crossing

switch to  
25 ns  
bunch  

spacing

Peak luminosity:  
5.0 x 1033 cm-2 s-1



NEW ATLAS RESULTS FOR WINTER CONFERENCES

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/Winter2016-13TeV
3S. Majewski, Univ. of Oregon

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/Winter2016-13TeV


PHYSICS HIGHLIGHTS: INCLUSIVE CROSS-SECTIONS
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Inclusive cross-sectionsInclusive cross-sections

December 2015
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PHYSICS HIGHLIGHTS: SEARCHES

➤ 13 TeV proton-proton CM energy → large cross-section 
increase for high-mass states! 

highest-mass central dijet event
mjj = 6.9 TeV

5S. Majewski, Univ. of Oregon

jet pTs: 3.2, 3.2 TeV; MET: 46 GeV



➤ Presented in December, event selection 
similar to SM Higgs: 

➤ 2 photons, ET/mγγ > 0.4, 0.3 

➤ pT-dependent isolation, purity ~90% 

➤ Bkg fit: simplest functional form chosen 
that minimizes spurious signal in  
bkg-only simulation 

➤ Excess found in diphoton mass spectrum 
(search optimized for scalar resonance) 

➤ local significance 3.6σ (3.9σ) for narrow 
4 MeV (45 GeV) width 

➤ Global significance 2.0σ (2.3σ)

PHYSICS HIGHLIGHTS: DIPHOTON RESONANCE SEARCH

6S. Majewski, Univ. of Oregon

ATLAS-CONF-2015-081



PHYSICS HIGHLIGHTS: DIPHOTON RESONANCE SEARCH
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ATLAS-CONF-2015-081

➤ Presented in December, event selection 
similar to SM Higgs: 

➤ 2 photons, ET/mγγ > 0.4, 0.3 

➤ pT-dependent isolation, purity ~90% 

➤ Bkg fit: simplest functional form chosen 
that minimizes spurious signal in  
bkg-only simulation 

➤ Excess found in diphoton mass spectrum 
(search optimized for scalar resonance) 

➤ local significance 3.6σ (3.9σ) for narrow 
4 MeV (45 GeV) width 

➤ Global significance 2.0σ (2.3σ)



➤ (new!) spin-2 analysis w/ looser selection: 

➤ 2 photons, each with ET > 55 GeV 

➤ uses Randall-Sundrum graviton as 
kinematic benchmark 

➤ dimensionless coupling k/Mpl: 0.01-0.3  
k = curvature scale of extra dimension 

➤ Most significant excess in diphoton mass 
spectrum at k/Mpl = 0.2, Γ = 48 GeV 

➤ local significance 3.6σ 

➤ Global significance 1.8σ

PHYSICS HIGHLIGHTS: DIPHOTON RESONANCE SEARCH
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Results

Marco Delmastro Diphoton searches in ATLAS 10

2878 events (mγγ > 200 GeV)

SPIN-0 ANALYSIS SPIN-2 ANALYSIS

5066 events (mγγ > 200 GeV)

background-only fit background-only fit
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Figure 10: Upper limits on the production cross section of a RS graviton as a function of the assumed mass, for
di�erent values of k/MPl .
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PHYSICS HIGHLIGHTS: A ROADMAP…

➤ If the bump is a resonance, what can other channels tell us?  
 
 
 
 
 
(also an outline for the flurry of searches I will present next)

More decay channels

1. S ! ZZ, �Z: a must implied by S ! ��.
2. S ! W+W� (or correlations of 1) would tell that SU(2)L is involved.
3. S ! hh (or correlations of 1,2) would tell that H is involved.
4. S ! tt̄, b̄b, . . .DM, ? would point to di↵erent directions.

A. Strumia, Moriond EW 2016
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➤ 2 same-flavor, opposite sign 
electrons or muons 
consistent with Z (±15 GeV) 

➤ ε(pp → X → Zγ): 1.9-2.9%

PHYSICS HIGHLIGHTS: Z    RESONANCE SEARCH

10S. Majewski, Univ. of Oregon

𝛄
ℓℓ+γ R=1.0 jet + γ

➤ 1 trimmed, large-R jet with 
pT > 200 GeV and within 
±15 GeV of Z boson mass 

➤ ε(pp → X → Zγ): 7.7-11%

ATLAS-CONF-2016-010



➤ largest deviation from background: 2σ @ 350 GeV 

➤ observed limits range from 295 fb @ mX = 340 GeV to 10 fb 
@ mX = 2.15 TeV

PHYSICS HIGHLIGHTS: Z    RESONANCE SEARCH

11S. Majewski, Univ. of Oregon

𝛄
ATLAS-CONF-2016-010



➤ searches for heavy Higgs-like boson (or RS graviton, or 
heavy vector triplet) in ZZ → ℓℓℓℓ, ℓℓqq, ℓℓνν final states 

➤ high-mass signal regions include merged jets 

➤ (new!): intermediate mass range analysis includes  
merged and resolved signal regions

PHYSICS HIGHLIGHTS: ZZ RESONANCE SEARCHES

12S. Majewski, Univ. of Oregon
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Figure 3: Comparison of the observed and expected distributions of the final discriminants of the ZZ ! ``qq search
for events passing all selections: (a) the invariant mass m``J of the merged analysis, and the invariant mass m`` j j of
(b) the untagged and (c) the tagged categories of the resolved analysis. As illustration, expected gg ! H ! ZZ
signal distributions for a SM-like Higgs boson with mH = 750 GeV, a narrow decay width, and � ⇥ BR(H !
ZZ) = 212 fb are overlaid. The Z+jets backgrounds in (a-c) and the top-quark background in (c) are normalised
to the data using control regions as discussed in the text. The dashed magenta lines show the total background
contributions expected purely from MC simulations. The bottom panes show the ratio of the observed data to the
predicted background. The uncertainty on the total background prediction, shown as bands, combines statistical
and systematic contributions. The blue triangle in the bottom pane of (a) indicates that the ratio for this bin is
outside the vertical range of the plot.
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ZZ → ℓℓJ
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Figure 3: Comparison of the observed and expected distributions of the final discriminants of the ZZ ! ``qq search
for events passing all selections: (a) the invariant mass m``J of the merged analysis, and the invariant mass m`` j j of
(b) the untagged and (c) the tagged categories of the resolved analysis. As illustration, expected gg ! H ! ZZ
signal distributions for a SM-like Higgs boson with mH = 750 GeV, a narrow decay width, and � ⇥ BR(H !
ZZ) = 212 fb are overlaid. The Z+jets backgrounds in (a-c) and the top-quark background in (c) are normalised
to the data using control regions as discussed in the text. The dashed magenta lines show the total background
contributions expected purely from MC simulations. The bottom panes show the ratio of the observed data to the
predicted background. The uncertainty on the total background prediction, shown as bands, combines statistical
and systematic contributions. The blue triangle in the bottom pane of (a) indicates that the ratio for this bin is
outside the vertical range of the plot.
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➤ WZ/WW → ℓℓqq, ℓνqq, ννqq, qqqq 

➤ Results interpreted in terms of heavy vector triplet model 
(8 TeV signal: extended gauge model, excluded 1.3-1.5 TeV) 

➤ Data excesses (2-2.5σ) at ~ 2 TeV in Run 1 not confirmed, more data 
needed to (dis-)prove them 

PHYSICS HIGHLIGHTS: WZ/WW RESONANCE SEARCHES
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S������ �� VV ��������

? Summary of searches with 13 TeV data from ATLAS and 8 TeV data from CMS

? Data interpreted in the HVT model (using di�erent couplings)
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➤ decay channel: hh → bbbb, data interpreted in RS Graviton model  
→ already similar sensitivity to Run 1 (excluded 500-720 GeV) 

➤ Events selected with 3 or 4 b-tagged track-jets matched to R=1.0 
jets; Higgs-tagging based on mJ ~ mh

PHYSICS HIGHLIGHTS: HH RESONANCE SEARCHES

14S. Majewski, Univ. of Oregon

S����� ��� ���������� �������� �� hh ! bb̄bb̄
? Two signal regions, 3 and 4 b-tags

? Main uncertainties from b-tagging and jet
energy/mass scale
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? Main uncertainties due to b-tagging and jet
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S����� ��� ���������� �������� �� hh ! bb̄bb̄

? Data interpreted in RS Graviton
(k/MPl = 1.0, 2.0) model

? 95% CL exclusions:
475 < mG⇤ < 785 GeV (k/MPl = 1.0)
mG⇤ < 980 GeV (k/MPl = 2.0)
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➤ e/μ+jets, dedicated isolation variables,  
large-R jet for top tagging 

➤ narrow-width top-color Z’, Γ/m=1.2% 

➤ not yet stronger than full combination of  
0L, 1L, 2L channels from 8 TeV 

PHYSICS HIGHLIGHTS: TTBAR RESONANCE SEARCHES

15S. Majewski, Univ. of Oregon
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➤ For mg ~ 1.5 TeV, the production cross-
section increase from 8 to 13 TeV is 35! 

➤ Many signal regions depending on jet 
multiplicity (2-10) and #b-tagged jets 

➤ sensitivity also to squark production

PHYSICS HIGHLIGHTS: GLUINO SEARCHES

16S. Majewski, Univ. of Oregon

≥3 b-jets, 0L

ATLAS-CONF-2016-018

~



➤ Year-end technical stop: ATLAS subsystems performed repairs and 
upgrades, both sides of the detector were opened 

➤ U.S. groups integral to all subsystems

DETECTOR PREPARATIONS FOR 2016 RUN

17S. Majewski, Univ. of Oregon

Muon chambers

Toroid magnets

Semiconductor tracker
Solenoid magnet

Pixel detector

Transition radiation tracker

LAr electromagnetic 
calorimeters

LAr hadronic endcap and 
forward calorimeters

Tile calorimeters

z

y
x

θ

η = -ln(tan θ/2)



YEAR-END TECHNICAL STOP ACTIVITIES

➤ Inner Detector 

➤ successful first year for IBL,  
new innermost pixel layer installed  
at R=3.3 cm from beam 

➤ low-voltage current increase due  
to irradiation, close to safety limit; 
will run at 15°C at start of 2016 
run 

➤ transition radiation tracker (TRT) gas 
leaks require calibration and tuning 
of gas system, configuration of xenon 
+ argon finalized

18S. Majewski, Univ. of Oregon

6

ATLAS Upgrades During LS1

Infrastructure:

New beam pipe, improvement to magnet & 
cryogenic system


Detector consolidation:

Completion (|�|=1.1-1.3) and repairs of muon 
chambers. Repair of pixel modules and calorimeter 
electronics. New pixel services. New luminosity 
detector (LUCID). New MBTS detector.


Insertable 4th pixel layer (IBL):

New innermost pixel layer at R=3.3cm from beam.


Various trigger upgrades:

To improve triggering capabilities and trigger 
purity (eg topological trigger)


Software:

Many improvements to simulation, reconstruction, 
grid and analysis software.

TGC final layer

L1 Topo board

IBL insertion May 2014

D Charlton (Birmingham) – JOG 30 March 2016 15

Insertable B-layer IBLInsertable B-layer IBL

During October, observed that IBL 
warming more than expected, due to 
higher FE LV currents

● Related to irradiation (two different damage 
mechanisms involved)

● Known effect, but larger than expected 

Concerns
● Will current rise be safely sustainable by 

power supply system?
● OK in 2015, not yet known in 2016
● Work done to make tracking/object ID robust 

against partial (or full) switch-off of IBL
● T change causes changes to mechanical 

twisting of IBL
● Avoid by close following of alignment, even 

during fill, in time for full reco at Tier-0

Task-force launched to study, reproduce in lab, 
and understand – much work in many labs
Decision taken recently to run IBL at 15C 
during 2016 (at least initially)



YEAR-END TECHNICAL STOP ACTIVITIES

➤ Calorimeters 

➤ Tile (hadronic) fixed 2 dead modules, 
now 100% operational 

➤ Liquid Argon: fixes for smoother running 

➤ completed installation of  
current-controlled high voltage  
modules in hadronic end cap 

➤ LAr purity monitoring found to  
be correlated with “noise bursts”  
in the detector; plan to only run  
purity monitoring outside of  
physics data-taking

19S. Majewski, Univ. of Oregon

LAr “noise burst”



YEAR-END TECHNICAL STOP ACTIVITIES

➤ Muon systems: mostly standard maintenance 

➤ Thin-gap chamber replacement 

➤ improvements to cathode strip chamber readout 
system firmware 

➤ fixes of gas leaks, front-end electronics, and 
alignment sensors for monitored drift tubes 

➤ repairs of leaks in resistive-plate chamber gas 
inlets 

➤ Forward detectors 

➤ New ATLAS Forward Proton detector  
(1 arm) installed @ 220 m from interaction 
point to study diffractive processes

20S. Majewski, Univ. of Oregon



YEAR-END TECHNICAL STOP ACTIVITIES

➤ C-side opening: endcap toroid magnet 
bellows for current feedthrough 

➤ likely happened in 2013 

➤ current leads not damaged 

➤ original bellows covered to mitigate 
failure risk

21S. Majewski, Univ. of Oregon

New bellows in place

Location at top of ECT-C



YEAR-END TECHNICAL STOP ACTIVITIES

➤ A-side opening (unplanned):  
Tile calorimeter cooling system leak  
started Feb 8th, impacting 12 sectors 

➤ system runs at negative pressure;  
leak caused air to enter circuit and 
increase pressure to 1 Bar 

➤ problem (wrong connector) quickly found and fixed after 
opening on Feb 15th 

➤ parasitically, other Tile channels fixed and LAr front-end 
board replaced (optical transmitter) 

➤ crane error (by 19 mm) caused some cable damage upon 
opening; repaired within one day

22S. Majewski, Univ. of Oregon

Should be here



YEAR-END TECHNICAL STOP ACTIVITIES

➤ After A-side opening issue, CERN vacuum 
group inspected both A & C sides 

➤ Discovered small dimple and scratches on 
C-side beam pipe bellows; suspect 
incorrect tooling used to compress bellows 

➤ initial tests found no leak, but to be safe, 
collar/clamp installed

23S. Majewski, Univ. of Oregon



PREPARING FOR 2016…

24S. Majewski, Univ. of Oregon

reconstruction improvements: 
➤ lumiblock IBL/pixel alignment  
➤ local occupancy measurement 

using TRT 
➤ improved tau ID & flavor-

tagging

➤ Trigger/DAQ:  

➤ trigger menu optimized for 
2016 high pileup running 
conditions 

➤ FTK (full-scan tracking at  
100 kHz) to be commissioned 
for the barrel in 2016; 65nm 
CMOS chip delivered to CERN 

➤ Reprocessed 2015 data (2 billion 
events) w/ same reconstruction 
as 2016 data within 2 weeks

2016-01-02 2016-02-27



PREPARING FOR 2016…

25S. Majewski, Univ. of Oregon

Beam 
splashes!

Milestone  
Week 
M10

integrated system readiness test  
high rate tests successful @ 100 kHz

Milestone  
Week 
M11

24-hour  
shifts begin



PREPARING FOR 2016…

26S. Majewski, Univ. of Oregon

beam splashes on March 25, 2016



SUMMARY & OUTLOOK

➤ Impressive suite of searches and measurements based on 
2015 dataset 

➤ ATLAS has submitted >500 papers on collision data to 
peer-reviewed journals 

➤ Year-end technical stop activities complete, ATLAS data-
taking restarted, switched to 24-hour operation  
(beam splashes on 25 March!) 

➤ Stable beams expected end of April 

➤ LHC outlook for 2016:  
peak luminosity 1x1034 cm-2 s-1, 25 fb-1 delivered

27S. Majewski, Univ. of Oregon



ADDITIONAL SLIDES

S. Majewski, Univ. of Oregon
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PHYSICS HIGHLIGHTS: TOP CROSS SECTIONS

30S. Majewski, Univ. of Oregon



➤ γγ mass resolution for narrow resonance:  2 GeV - 13 GeV for 
masses from 200 GeV to 2 TeV

PHYSICS HIGHLIGHTS: DIPHOTON RESONANCE SEARCH

31S. Majewski, Univ. of Oregon

ATLAS-CONF-2016-018

are determined from RS graviton signal samples of various masses with k/MPl = 0.01, corresponding to a
width of 0.014% times the mass, which is negligible compared to the detector resolution. The convolution
approach takes into account the high-mass tail predicted for the benchmark RS graviton model for large
coupling values. It is validated by comparing the predicted mass distribution to the one derived in fully
simulated samples with di�erent k/MPl values and a good agreement is found.

When considering spin-0 resonances with larger natural widths, simulated as discussed in Section 2,
the reconstructed line-shapes for a spin-0 signal are well described by DSCB functions. The function
e�ectively parametrizes the combined e�ects of the theoretical line-shape and the detector response. The
parameters of the DSCB fit function are then expressed as analytical functions of the mass and width of
the hypothesized spin-0 resonance. This approach provides an adequate modelling of the signal invariant
mass distribution for width values up to 10% of the resonance mass.
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Figure 3: The m�� distributions for di�erent signal hypotheses: RS graviton with mass of 1000 GeV and (a) k/MPl =
0.01, (b) k/MPl = 0.2, as well as for a scalar resonance with (c) a narrow decay width and with (d) �/m = 0.06. A fit
is superimposed using the convolution of the graviton mass line shape with the detector resolution for the graviton
signal case and using a double-sided Crystal Ball function for the scalar resonance case.
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➤ 8 TeV data re-analyzed with 13 TeV-style photon energy calibration,  
same selection 

➤ in spin-0 analysis: 1.9σ local @ 750 GeV for Γ/m = 6% 
(no excess in spin-2 analysis) 

➤ for s-channel resonance, σgg (σqq) increases by a factor of 4.7 (2.7)  
@ 13 TeV

PHYSICS HIGHLIGHTS: DIPHOTON RESONANCE SEARCH

32S. Majewski, Univ. of Oregon
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Figure 13: Distribution of the invariant mass of the two photons in the 8 TeV data: (a) for the selection optimized
for the search of a spin-0 particle, (b) for the selection optimized for the search of spin-2 particle. The data are
compared to the best background-only fit.
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consistency 
between 8 and 

13 TeV for:  
spin-0 =1.2σ  
spin-2 = 2.7σ  

(gg production)

ATLAS-CONF-2016-018



➤ 13 TeV data analyzed in two discovery channels: 

➤ fully inclusive channels, still statistics-limited 

➤ combined observed significance: 1.4σ (expected: 3.4σ) 
compatibility with SM: 1.3σ

PHYSICS HIGHLIGHTS: HIGGS DISCOVERY CHANNELS

33S. Majewski, Univ. of Oregon
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DETECTOR STATUS
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Detector statusDetector status

Detector operational fractions stayed good during 2015
● Improvements relative to Run-1, thanks to LS1 work (Pixels, Tile, LAr, CSC, TGC)
● Further improvements in 2015/6 shutdown (YETS) on Tile, TGC

Oct 2015 (Oct 2012)

(95.0%)

(99.9%)

(98.3%)  now 100%→

(96.0%)

(98.2%)

34S. Majewski, Univ. of Oregon



DATA QUALITY

➤ Some DQ issues will be recovered with reprocessing for 
2015+2016 analyses (e.g., use of IBL-off data, LAr noise bursts)
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Data qualityData quality

Data quality in 2015 met several challenges
● Pixel and IBL problems

● Inventive and reactive support from very stretched operations team  IBL slide→
● A range of other problems and special runs also lost us data for physics

Start to see effects of loss of expertise and effort in operations – sometimes 
slower turn-arounds

Some DQ problems will be recovered with reprocessing (e.g. use of IBL-off 
data for most analyses, LAr noise bursts) – relevant for 2015+2016 analyses

95.5% in 2012

35S. Majewski, Univ. of Oregon



INSERTABLE B-LAYER (IBL)
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Insertable B-layer IBLInsertable B-layer IBL

During October, observed that IBL 
warming more than expected, due to 
higher FE LV currents

● Related to irradiation (two different damage 
mechanisms involved)

● Known effect, but larger than expected 

Concerns
● Will current rise be safely sustainable by 

power supply system?
● OK in 2015, not yet known in 2016
● Work done to make tracking/object ID robust 

against partial (or full) switch-off of IBL
● T change causes changes to mechanical 

twisting of IBL
● Avoid by close following of alignment, even 

during fill, in time for full reco at Tier-0

Task-force launched to study, reproduce in lab, 
and understand – much work in many labs
Decision taken recently to run IBL at 15C 
during 2016 (at least initially)
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and understand – much work in many labs
Decision taken recently to run IBL at 15C 
during 2016 (at least initially)

➤ During October 2015, observed higher 
than expected front-end low voltage 
currents 

➤ depends on temperature and 
dose rate 

➤ origin: NMOS transistor trap defects 
that are built up at the Si-SiO2 interface, 
inducing leakage current 

➤ known effect, but larger than expected 

➤ Task force launched to study, reproduce in 
lab 

➤ Work done to make tracking/object ID 
robust against partial (or full) switch-off

36S. Majewski, Univ. of Oregon



TRANSITION RADIATION TRACKER

➤ Xenon vs. Argon configuration for 2016

37S. Majewski, Univ. of Oregon
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Transition radiation tracker TRTTransition radiation tracker TRT

Known for some years that cracks develop in output pipes of TRT under 
irradiation (O

3
 attacks stressed PEEK tubes)

Remediation possible for some parts of endcap during LS1 – also used Ar 
rather than Xe in parts of TRT (e.g. inner barrel)

Leaks continued to worsen during 
autumn 2015, as lumi increased

Considering the high (and volatile) 
cost of Xe, decided to reduce Xe 
further  stable configuration for →

as long as possible in rest of Run-2

Measurable but manageable effect on electron, photon and tau ID 
following extensive work during LS1 and 2015 to optimise ID with less use 
of TR



YEAR-END TECHNICAL STOP ACTIVITIES

38S. Majewski, Univ. of Oregon

➤ Additional details of forward detector work: 

➤ ALFA: new electronics, firmware, software for 
movement system; noisy LVDT (distance 
measuring device exchanged) 

➤ LUCID: replaced photo multiplier tubes with 
207Bi calibrated ones 

➤ ZDC: taken out of the pit for refurbishments; 
will be back for heavy ions



LHC EXPECTATIONS FOR 2016

➤ Plan to run proton-proton through 
Oct 2016 

➤ Reasonable lumi expectation: 
25 fb-1 

➤ Heavy ion run Nov/Dec 

➤ Mid-Dec: start extended year-end 
technical stop

39
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Great expectations for 2016Great expectations for 2016

S. Majewski, Univ. of Oregon


