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Laufende Aktivitäten

Run 1 
Datenanalyse

Run 2 
Vorbereitung

Phase-I 
Upgrade

Phase-II 
Planungen

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).

Scott Snyder (BNL) Status of ATLAS LHCDays Sep 29, 2014 9 / 32
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ATLAS & CMS – Run 1 Historie
Search for New Physics in Dijet Distributions with the ATLAS Detector 9
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Figure 2. The observed (D) dijet mass distribution (filled points) fitted using a binned
QCD background (B) distribution described by Eqn. 4 (histogram). The predicted q∗

signals normalised to 36 pb−1 for excited-quark masses of 1000, 1700, and 2500 GeV
are overlaid. The bin-by-bin significance of the data-background difference is shown in
the lower panel.

where x ≡ mjj/
√
s and the pi are fit parameters, is fit to the dijet mass spectrum.

Although not inspired by a theory, this functional form has been empirically shown

to model the steeply falling QCD dijet mass spectrum [3, 5, 7]. Figure 2 shows the
resulting mass spectrum and fitted background, indicating that the observed spectrum is

consistent with a rapidly falling, smooth distribution. The bin widths have been chosen

to be consistent with the dijet mass resolution, increasing from ∼ 50 to ∼ 200 GeV for

dijet masses from 600 to 3500 GeV, respectively. The p-value of the fit to the data,

calculated using the chi-squared determined from pseudo-experiments as a goodness-

of-fit statistic, is 0.88. Although this p-value suggests that there is no significant
overall disagreement, we use a more sensitive statistical test, the BumpHunter

algorithm [42, 43], to establish the presence or absence of a resonance.

In its implementation for this analysis, the BumpHunter algorithm searches for

the signal window with the most significant excess of events above the background,

requiring insignificant discrepancy (Poisson counting p-value > 10−3) in both adjacent

sidebands. Starting with a two-bin window, the algorithm increases the signal window
and shifts its location until all possible bin ranges, up to half the mass range spanned by

the data, have been tested. The most significant departure from the smooth spectrum,

defined by the set of bins that have the smallest probability of arising from a background

fluctuation assuming Poisson statistics, is therefore identified. The algorithm naturally

5.2 H ! ZZ 11
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B-Physics
✦ New combined Bs(μμ) result with LHCb

✦ Based on 2013 publications:


๏ CMS: Phys. Rev. Lett 111 (2013) 101804 (4.3σ obs/4.8σ exp.)

๏ LHCb: Phys. Rev. Lett 111 (2013) 101805 (4.0σ obs/5.0σ exp.)


✦ New result: 6.2σ obs/7.4σ exp.

✦ Also, a 3.0σ excess over background is  

observed in the Bd
0 search, compatible with the SM prediction at 2.2σ

28
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Figure 2 | Weighted distribution of the dimuon invariant mass for all categories.

Superimposed on the data points in black are the combined fit (blue) and its components: the
B0

s (red) and B0 (green) signal components; the combinatorial background (light blue); the sum
of the semileptonic backgrounds (black); and the peaking backgrounds (violet).

category, weighted according to values of S/S + B, where S and B are the numbers of163

signal events expected assuming the SM rates, and background events under the B0

s peak164

in that category, are added together and shown in Fig. 2. The result of the simultaneous165

fit, separated into the signal and background components and combined, is overlaid. An166

alternative representation of the fit to the dimuon mass distribution, for the six categories167

with the highest S/S + B value for CMS and LHCb, as well as displays for events with168

high probability to be genuine signal decays, are shown in the Extended Data Figs. 2-4.169

The combined fit leads to the measurements:170

B(B0

s ! µ+µ�) =
�
2.8 +0.7

�0.6

�
⇥ 10�9

B(B0 ! µ+µ�) =
�
3.9 +1.6

�1.4

�
⇥ 10�10.

where the uncertainties include both statistical and systematic sources, the latter con-171

tributing for 35% and 18% of the total uncertainty for the B0

s and B0 signal, respectively.172

Using Wilks’ theorem [25], the statistical significance is computed to be 6.2 standard173

deviations, �, and 3.2 � for the B0

s ! µ+µ� and B0 ! µ+µ� modes, respectively. For174

each signal the null hypothesis that is used to compute the significance includes the back-175

ground predicted by the SM as well as the other other signal, whose branching fraction176

is allowed to vary freely. The median expected significance assuming the SM branching177

fraction is 7.4 � and 0.8 � for the B0

s and B0 modes, respectively. Likelihood contours for178

B(B0

s ! µ+µ�) against B(B0 ! µ+µ�) are shown in Fig. 3. One-dimensional likelihood179

scans for both decay modes are shown in the same figure. In addition to the likelihood180

profile, the statistical significance and confidence intervals for the B0 signal are deter-181

mined using Monte Carlo simulated experiments. This yields a significance of 3.0 � for a182

B0 signal with respect to the same null hypothesis described above, and ±1 � and ±2 �183

confidence intervals, based on the Feldman–Cousins [26] procedure, of [2.5, 5.6] ⇥ 10�10

184

and [1.4, 7.4]⇥ 10�10 (see Extended Data Fig. 5).185

5

Figure 3 | Likelihood contours in the B(B0 ! µ+µ�
) versus B(B0

s ! µ+µ�
) plane.

The (black) cross marks the result of the fit. The SM expectation and its uncertainty is shown
as the (red) marker. Each contour encloses a region corresponding to the reported confidence
level. Likelihood ratio scans (2�NLL) for each of the branching fractions are shown in the right-
hand side. The dark and light (cyan) areas define the ±1� and ±2� confidence intervals for
the branching fraction, respectively. The SM prediction and its uncertainty for each branching
fraction is denoted with the vertical (red) band.

The fit for the ratios of the branching fractions relative to their SM predictions, SB0
s

SM

186

and SB0

SM

, yields SB0
s

SM

= 0.76 +0.20
�0.18 and SB0

SM

= 3.7 +1.6
�1.4. Associated likelihood contours and187

one-dimensional likelihood scans are shown in the Extended Data Figs. 6 and 7. The188

measurements are compatible with the SM branching fraction of the B0

s ! µ+µ� and189

B0 ! µ+µ� decays at the 1.2 � and 2.2 � level, respectively. Finally, the fit for the ratio190

of branching fractions R yields R = 0.14 +0.08
�0.06, which is compatible with the SM at the191

2.3 � level. The likelihood profile for this parameter is shown in Fig. 4.192

The combined analysis of data from CMS and LHCb, taking advantage of their full193

statistical power, establishes conclusively the existence of the B0

s ! µ+µ� decay and194

provides an improved measurement of its branching fraction. This concludes a search that195

started more than three decades ago [27], and initiates a phase of precision measurement196

of this decay’s properties. It also produces 3� evidence for an excess of events in the197

search for the B0 ! µ+µ� decay. The measured branching fractions of both decays are198

compatible with the predictions of the SM. In 2015, the LHC will start a long run of199

several years delivering proton-proton collisions at a increased centre-of-mass energy of200

13TeV; owing to the increased cross-sections at this energy, these additional data will201

allow CMS and LHCb to improve greatly the precision of these measurements.202

Methods summary Both CMS and LHCb use boosted decision trees (BDT) [28–30],203

a multivariate analysis (MVA) technique, that combines several variables, each having204

some ability to discriminate between known signal and background events, into a single205

6

CMS & LHCb Collaborations: to be submitted to Nature
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Superimposed on the data points in black are the combined fit (blue) and its components: the
B0

s (red) and B0 (green) signal components; the combinatorial background (light blue); the sum
of the semileptonic backgrounds (black); and the peaking backgrounds (violet).

category, weighted according to values of S/S + B, where S and B are the numbers of163

signal events expected assuming the SM rates, and background events under the B0

s peak164

in that category, are added together and shown in Fig. 2. The result of the simultaneous165

fit, separated into the signal and background components and combined, is overlaid. An166

alternative representation of the fit to the dimuon mass distribution, for the six categories167

with the highest S/S + B value for CMS and LHCb, as well as displays for events with168

high probability to be genuine signal decays, are shown in the Extended Data Figs. 2-4.169

The combined fit leads to the measurements:170
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where the uncertainties include both statistical and systematic sources, the latter con-171

tributing for 35% and 18% of the total uncertainty for the B0

s and B0 signal, respectively.172

Using Wilks’ theorem [25], the statistical significance is computed to be 6.2 standard173

deviations, �, and 3.2 � for the B0

s ! µ+µ� and B0 ! µ+µ� modes, respectively. For174

each signal the null hypothesis that is used to compute the significance includes the back-175

ground predicted by the SM as well as the other other signal, whose branching fraction176

is allowed to vary freely. The median expected significance assuming the SM branching177

fraction is 7.4 � and 0.8 � for the B0

s and B0 modes, respectively. Likelihood contours for178

B(B0

s ! µ+µ�) against B(B0 ! µ+µ�) are shown in Fig. 3. One-dimensional likelihood179

scans for both decay modes are shown in the same figure. In addition to the likelihood180

profile, the statistical significance and confidence intervals for the B0 signal are deter-181

mined using Monte Carlo simulated experiments. This yields a significance of 3.0 � for a182

B0 signal with respect to the same null hypothesis described above, and ±1 � and ±2 �183

confidence intervals, based on the Feldman–Cousins [26] procedure, of [2.5, 5.6] ⇥ 10�10
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ATLAS & CMS – Higgs-Eigenschaftenfundamental insight in SM – 1 : Higgs 

!   SM Higgs or something else?  

1)  quantum numbers: spin/parity (JP) 
2)  couplings 
3)  mass 

1)   JP properties from angular distribution of 4l events 
!   SM prediction: Higgs is a scalar JP = 0+ 

!   LHC run1 data clearly favour the SM hypothesis ! 

J. Haller Standard Model 4 
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Figure 26: (left) Distribution of a test-statistic q = �2ln(L0�/L0+) of the pseudoscalar boson
hypothesis tested against the SM Higgs boson hypothesis. Distributions for the SM Higgs
boson are represented by the yellow histogram and for the alternative JP hypotheses by the blue
histogram. The arrow indicates the observed value. (right) Average expected and observed
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represent the 68% and 95% CL, respectively.
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The production and decay properties of the observed new boson in the four-lepton final state
are consistent, within their uncertainties, with the expectations for the SM Higgs boson.
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The production and decay properties of the observed new boson in the four-lepton final state
are consistent, within their uncertainties, with the expectations for the SM Higgs boson.
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20 10 Kinematic discriminants

mZ2, fully describe the kinematic configuration of a four-lepton system in its center-of-mass
frame, up to an arbitrary rotation around the beam axis. These observables provide significant
discriminating power between signal and background, as well as between alternative signal
models. A matrix element likelihood approach is used to construct kinematic discriminants
related to the decay observables [20, 32].

Figure 8: Illustration of the production and decay of a particle H, gg(qq) ! H ! ZZ ! 4`,
with the two production angles q⇤ and F1 shown in the H rest frame and three decay angles
q1, q2, and F shown in the Z1, Z2, and H rest frames, respectively.

In addition to the four-lepton center-of-mass frame observables, the four-lepton transverse mo-
mentum and pseudorapidity are needed to completely define the system in the lab frame. The
transverse momentum of the four-lepton system is used in the analysis as an independent ob-
servable because it is sensitive to the production mechanism of the Higgs boson, but it is not
used in the spin-parity analysis. The four-lepton rapidity is not used because the discrimina-
tion power of this observable for events within the experimental acceptance is limited.

Kinematic discriminants are defined based on the event probabilities depending on the back-
ground (Pbkg) or signal spin-parity (JP) hypotheses under consideration (PJP ):

Pbkg = Pkin
bkg(mZ1, mZ2, ~W|m4`)⇥ Pmass

bkg (m4`), (4)

PJP = Pkin
JP (mZ1, mZ2, ~W|m4`)⇥ Pmass

sig (m4`|mH), (5)

where Pkin is the probability distribution of angular and mass observables (~W, mZ1, mZ2) com-
puted from the LO matrix element squared, and Pmass is the probability distribution of m4` and
is calculated using the parameterization described in Section 12.1. Matrix elements for signal
are calculated with the assumption that mH = m4`. The probability distributions for spin-
zero resonances are independent of an assumed production mechanism. Only the dominant
qq ! ZZ background is considered in the probability parameterization.

For the alternative signal hypotheses, nine models have been tested, following the notations
from Refs. [42, 43]. The most general decay amplitude for a spin-zero boson decaying to two
vector bosons can be defined as:

A(H ! ZZ) = v�1
⇣

a1m2
Ze⇤1e⇤2 + a2 f ⇤(1)µn f ⇤(2),µn + a3 f ⇤(1)µn f̃ ⇤(2),µn

⌘
, (6)

pseudo- 
scalar scalar  

as in SM 
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Figure 8: Illustration of the production and decay of a particle H, gg(qq) ! H ! ZZ ! 4`,
with the two production angles q⇤ and F1 shown in the H rest frame and three decay angles
q1, q2, and F shown in the Z1, Z2, and H rest frames, respectively.

anism. Only the dominant qq ! ZZ background is considered in the probability parame-
terization. For the reducible backgrounds, empirical templates derived from the data control
samples defined in Sec. 9.2 are used to model the probability density functions of the kinematic
discriminants, as described in Sec. 12.

For the alternative signal hypotheses, nine models have been tested, following the notations
from Refs. [41, 42]. The most general decay amplitude for a spin-0 boson decaying to two
vector bosons can be defined as:

A(H ! ZZ) = v�1
⇣

a1m2
Ze⇤1e⇤2 + a2 f ⇤(1)µn f ⇤(2),µn + a3 f ⇤(1)µn f̃ ⇤(2),µn

⌘
, (6)

where f (i),µn = e
µ
i qn

i � en
i qµ

i is the field-strength tensor of a gauge boson with momentum qi

and polarization vector ei, f̃ (i)µn = 1/2eµnab f (i),ab = eµnabea
i qb

i is the conjugate field strength
tensor, f ⇤ denotes the complex conjugate field strength tensor, and v is the vacuum expectation
value of the SM Higgs field. eµnab is the Levi-Civita completely antisymmetric tensor. The ai
coefficients generally depend on q2

i . In this analysis, we consider the lowest-dimension opera-
tors in the effective Lagrangian corresponding to each of the three unique Lorentz structures,
therefore taking ai to be constant for the relevant range q2

i = m2
Zi

< m2
H. The SM Higgs boson

decay is dominated by the tree-level coupling a1. The 0� model corresponds to a pseudoscalar
(dominated by the a3 coupling), while 0+h is a scalar (dominated by the a2 coupling) not partic-
ipating in the electroweak symmetry breaking, where h refers to higher-dimensional operators
in Eq. (6) with respect to the SM Higgs boson. The spin-0 signal models are simulated for the
gluon fusion production process, and their kinematics in the boson center-of-mass frame is
independent of the production mechanism.

The 1� and 1+ hypotheses represent a vector and a pseudovector decaying to two Z bosons.
The spin-1 resonance models are simulated via the quark-antiquark production mechanism,
as the gluon fusion production of such resonances is expected to be strongly suppressed. The
spin-1 hypotheses are considered under the assumption that the resonance decaying into 4` is
not necessarily the same resonance observed in the H ! gg channel [19, 20], as J = 1 in the
latter case is prohibited by the Landau-Yang theorem [124, 125]. This also provides a test of the
spin-1 hypothesis in an independent way.

Spin/Parität: JP = 0+ ?

CM
S Phys. Rev. D 89 (2014) 092007.

Vermessung der Winkelverteilung 
von Higgs-Zerfällen e.g. H ➛ ZZ ➛ 4 Leptonen …

Pseudo- 
Skalar

Skalar 
[SM]

Hypothesenvergleich anhand von  
MC-generierten Pseudodatenverteilungen …
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s

mass of 5.32 – 5.55 GeV/c2.

The information provided by the opposite-side and same-side taggers for the signal is
combined to a single tagging decision q and a single mistag probability !(⌘OST, ⌘SST) using
their respective calibration parameters p0OST/SST

and p1OST/SST
. The individual background

components show di↵erent tagging characteristics for candidates tagged by the OST or
SST. The b hadron backgrounds show the same opposite-side tagging behaviour (q and
!) as the signal, while the combinatorial background shows random tagging behaviour.
For same-side tagged events, we assume random tagging behaviour for all background
components. We introduce tagging asymmetry parameters to allow for di↵erent numbers
of candidates being tagged as mixed or unmixed, and other parameters to describe the
tagging e�ciencies for these backgrounds. As expected, the fitted values of these asymmetry
parameters are consistent with zero within uncertainties.

All tagging parameters, as well as the value for �m
s

, are constrained to be the same
for the five decay modes. The result is �m

s

= 17.768 ± 0.023 ps�1 (statistical uncertainty
only). The likelihood profile was examined and found to have a Gaussian shape up to
nine standard deviations. The decay time distributions for candidates tagged as mixed
or unmixed are shown in Fig. 2, together with the decay time projections of the PDF
distributions resulting from the fit.
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Figure 23: The minimum cross section times branching ratio for discovery as function of dielec-
tron (left) and dimuon (right) mass for various luminosity scenarios. For the dielectron search,
various luminosity and detector scenarios are considered, where the “EB-EB only” lines repre-
sent the reduced acceptance scenario in which electrons are reconstructed in the ECAL barrel
only.

including 90% geometrical acceptance. The primary source of background is the off-peak, high
transverse mass tail of the Standard Model W ! `n decays. Other backgrounds are negligible
at high MT, which is the dominant region to set the upper limits on the model parameters.
The background predictions are based on simulations up to very high transverse masses. Both
signal and background are generated using MADGRAPH 4.5.1.

The signal parameter in case of a discovery is determined using the profile likelihood method
by generating toy experiments. To assume a discovery, the median likelihood is required to be
less than 5s. The electron and muon channel are treated separately and their likelihoods are
combined.
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Figure 24: Projection of the 5s discovery reach for
p

s = 14 TeV for the sequential standard
model W0 .

The resulting discovery sensitivity on the W0 mass as a function of integrated luminosity is
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Figure 1: Projected 5� discovery reach for stop to top, LSP (left) and sbottom to
top, chargino (right) simplified models.

this section, we consider two such gluino decays where the squarks are o↵shell and
represented by the three body gluino decays into q, q, LSP, where q represents either
a top quark or a bottom quark.

For the gluino-mediated stop production scenario, an 8 TeV CMS analysis search-
ing for final states with a single isolated electron or muon [9] is used to project
sensitivity to gluino discovery at 14 TeV and 300 fb�1. The numbers of signal and
background events are scaled from the 8 TeV analysis as for the squark results. In this
analysis the dominant uncertainty on the background yield is due to the statistical
uncertainty of the number of events in relevant data control regions. This uncertainty
will scale with the increase in statistics due do the higher luminosity and higher cross
section, and therefore is expected to go down as the square root of the ratio of lumi-
nosity and cross section for the two scenarios. Other systematic contributions to the
background yield are of minimal importance, and thus only one scenario is presented
for this study. The 5� discovery sensitivity reach for the projections are shown in the
left plot of Fig. 2.

The CMS sensitivity for gluino-mediated sbottom production is studied by ex-
trapolating from an all hadronic search performed at 8 TeV [10]. As for the other
projections, the expected signal and background yields are estimated by scaling the 8
TeV results by the increased luminosity and cross sections. As for the gluino-mediated
stop search, the uncertainty on the background yield is dominated by statistical un-
certainties in data control regions, and thus is expected to scale as the square root
of the ratio of the increased luminosity and cross sections between 8 and 14 TeV.
The expected 5� discovery reach is shown in the right plot of Fig. 2. For both of the
gluino decays studied, the sensitivity is greatly extended for 300 fb�1 at 14 TeV with
the discovery reach in each case extending beyond gluinos with mass of 1.9 TeV.
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Aussichten @ 14 TeV – Run 2, 3, …

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).
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3 Übersicht über die erzielten Physikergebnisse des ATLAS-Experiments

3.1 Datennahme und Publikationsleistung

Die vom LHC gelieferte Datenmenge konnte vom ATLAS-Experiment mit hoher Effizienz aufgezeichnet wer-
den. Von der während des Betriebs von 2010 – 2012 gelieferte Luminosität wurde ein hoher Anteil von 93.5%
vom ATLAS-Experiment aufgezeichnet. Der entsprechende zeitliche Verlauf der integrierten Luminosität und
der vom ATLAS-Experiment aufgezeichnete Anteil ist in Abb. 1 (links) dargestellt. Alle Komponenten des
ATLAS-Detektors waren während der gesamten Datennahmezeit betriebsbereit und die Anzahl der funktio-
nierenden Detektorkanäle lag im Bereich von 99%.
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Abbildung 1: Links: Die vom LHC gelieferte (grün), vom ATLAS-Experiment aufgezeichnete (gelb) und in
Physikanalysen benutzte integrierte Luminosität für die Datennahme 2011 (

p
s = 7 TeV) und

2012 (
p
s = 8 TeV). Rechts: Verteilung der mittleren Anzahl von inelastischen Proton-Proton-

Wechselwirkungen pro Strahlkreuzung.

Aufgrund der hohen Luminosität kam es bereits während der Run-1 Datennahme zu einer Überlagerung ei-
ner großen Zahl von gleichzeitig während einer Strahlkreuzung stattfindenden Wechselwirkungen (pile-up).
So wurden während des Jahres 2012 im Mittel etwa 20 Proton-Proton-Wechselwirkungen gleichzeitig statt
(s. Abb. 1 (rechts)). Die damit verbundenen hohen Anforderungen an die Trigger- und Datennahmesysteme
sowie an die Rekonstruktion der Ereignisse und wichtiger Detektorsignaturen (e, �, µ, ⌧ , Jets, b-tagging, und
die Rekonstruktion der fehlenden transversalen Energie) wurden von der ATLAS-Kollaboration erfolgreich ge-
meistert.

Die ATLAS-Kollaboration hat die aufgezeichneten Daten sehr zeitnah und mit hoher Effizienz ausgewertet. Er-
gebnisse, insbesondere zu Studien der Higgs-Boson-Physk und zur Suche nach neuen Teilchen, wurden auch
zeitnah auf wichtigen Konferenzen vorgestellt und anschließend publiziert. Bislang (Stand Oktober 2014) hat
die ATLAS-Kollaboration insgesamt 364 wissenschaftliche Publikationen in Fachzeitschriften publiziert. Die
Liste der bislang publizierten ATLAS-Artikel findet sich unter https://twiki.cern.ch/twiki/bin/view/AtlasPublic,
ebenso wie die Liste der 604 Konferenzbeiträge der ATLAS-Kollaboration.

Die deutschen Gruppen sind an nahezu allen Physikthemen sehr aktiv beteiligt und haben zu dieser Publi-
kationsleistung erheblich beigetragen. Auch bei der Entwicklung von Rekonstruktionsalgorithmen und bei der
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⟨μ⟩ = 9.1
2011: ⟨μ⟩ = 20.7

2012:

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).
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	 10/09:	 DAQ-Integration		 	 ✔ 
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CMS – HCAL, DT-System & Pixel Reparatur

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).
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ATLAS & CMS – Upgrade Trigger-Systeme

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).
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Upgrade Trigger-Systeme

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).
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Fig. 7. Opening angle �R between Level-1 central jets with pT < 20GeV
and |⌘| < 2.5 in dijet events in simulation of minimum bias events (filled
histogram) and ZH events with invisible decay of the Z boson (open red
histogram) [3].

Fig. 8. Picture of the Level-1 Topological Trigger blade, with additional
information as an overlay.

the signal latency. The system can be equipped with additional
processor blades to accomodate more algorithms if necessary.
A blade hosts two Xilinx Virtex-7 FPGAs with 80 MGTs,
which operate in parallel on the same input. Each FPGA
can perform different trigger algorithms independently of each
other, but an additional real-time communication between the
two is available as well. The input to the L1Topo are so-
called trigger objects (TOBs) from the L1Calo and L1Muon
systems. They are provided by the new extended CMMs (see
below) and transmitted via four 48-way fibre ribbon bundles
into the blade. The opto-electrical conversion is performed by
14 Avago MiniPOD optical receivers. This results in a baseline
payload of about 5.1Gb/s for each of the 160 inputs to the
two main FPGAs. The read-out of the L1Topo blades is based
on two 2GB/s HOLA S-LINKs.

The L1Topo sub-system is currently under commissioning
and the final production blades are under assembly.

C. The Common Merger module extended (CMX)

The Common Merger eXtended (CMX) module replaces the
CMM module of the Run 1 system. It is designed to provide
the same functionality as the CMM, but additionally transmits
the TOBs from the various processors to the topological
processor. Hence, it is a key interface which enables the
operation of L1Topo.

Fig. 9. Picture of the CMX module with additional information about the
used hardware and data transmission as an overlay.

While the CMM combined the information about trigger
multiplicities from the CP and JEP systems, the CMX receives
the TOBs information. The CMXs are common modules which
are hosted in each of the processor crates. To cope with the
larger amount of data, the transmission frequency from the
processors to the CMX is increased with respect to the CMM
from 40Mb/s to 160Mb/s. The CMX is equipped with two
Virtex-6 FPGAs, and the installed firmware varies depending
on the . The Base-CMX FPGA is sustaining the functionality
of the CMM, counting the number of TOBs over threshold
and providing this multiplicity to the CTP. The processing of
TOBs also includes threshold-dependent isolation criteria for
the CP objects and different jet sizes for the JEP objects, which
for Run 1 had been evaluated directly on the CP and JEP,
respectively. A benefit from the large size of the FPGA logic
is that the number of available thresholds can be increased
easily for Run 2.

In addition to the evaluation of the multiplicity information,
the Base-CMX FPGA also prepared the TOB information
for transmission to the L1Copo processor. This includes zero
suppression and grouping of the TOBs. Two copies of the
data are transmitted from the Base-CMX FPGA via twelve
6.4Gb/s output fibres each, hence supporting two L1Topo
modules. For further upgrades of the system, CMX can be
equipped with another FPGA (TP-CMX FPGA) to perform
additional computations for certain TOBs.

Figure 9 shows a picture of the CMX module with addi-
tional information about the used hardware and data transmis-
sion as an overlay. The production of the CMX is completed,
and the installation at CERN is almost finished.

V. PHASE 1 UPGRADE

During the Phase 1 upgrade, the read-out of the LAr
based calorimeter system will be replaced by optical data
transmission. In the course of this replacement, the Level-1
Calorimeter Trigger system undergoes a substantial redesign,
switching to optical inputs and new processor hardware. An
optical plant provides a uniform distribution of the input to
three new processors: the electron feature extractor (eFEX),
the jet feature extractor (jFEX) and the global feature extractor
(gFEX). The employed techniques to select trigger candidates
are mostly the same as in the previous system, e.g. sliding
windows and energy sums, but at higher granularity, better
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Upgrade Trigger-Systeme

Insertable B Layer

Improve impact resolution with
additional point closer to origin;

Improve light-jet rejection for
b-tagging;

Redundancy against ine�ciency
due to radiation damage.

30 Apr: Assembly complete.

7 May: Installed in ATLAS.

27 Jun: Cabling complete.

10 Sep: One stave integrated into
ATLAS readout.

No dead modules.
Dead pixels < 0.1% (goal: < 1%).

Scott Snyder (BNL) Status of ATLAS LHCDays Sep 29, 2014 9 / 32
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CMS TECHNICAL
DESIGN REPORT

FOR THE
PHASE 1 UPGRADE

OF THE
HADRON CALORIMETER

This report describes the technical design and outlines the expected performance of
the Phase 1 Upgrade of the CMS Hadron Calorimeters. The upgrade is designed to
improve the performance of the calorimeters at high luminosity with large numbers of
pileup events by increasing the depth-segmentation of the calorimeter and providing
new capabilities for anomalous background rejection. The photodetectors of the CMS
Barrel and Endcap Hadron Calorimeters, currently hybrid photodiodes (HPDs), will
be replaced by silicon photomultiplier (SiPM) devices. The single-channel phototubes
of the Forward Hadron Calorimeter will be replaced by multi-anode phototubes oper-
ated in a dual-anode configuration. The readout electronics for all three calorimeter
systems will also be replaced. A new charge-integrating ADC, the QIE10, with an
integrated TDC will be used along with a 4.8 Gbps data-link. The off-detector elec-
tronics will also be substantially upgraded to handle higher data volumes and improve
the information sent to the calorimeter trigger system. The expected performance of
these upgrades is discussed, including a detailed study of several Higgs and SUSY
analyses. The planning for the implementation of this upgrade is presented, including
construction, testing, and installation.

ATLAS

CMSLHCb

ATLAS: LAr-Kalorimeter [r/o] 
Fast Tracker 
New Small Wheel 
Trigger & DAQ

CMS: Pixel-Detektor 
Level-1 Trigger 
Hadron-Kalorimeter 
Myon-System [GE1/1]

LHCb: LHCb Tracker 
Particle ID 
Trigger & DAQ



LHCb – Scintillating Fibre Tracker

Figure 3.20: Top: Package with two 64 channel silicon dies. Electrical contacts are on the
bottom side of the FR4 like base material. There are alignment holes on the package to ensure
precise positioning. Bottom left: the gap between two silicon dies is shown under the microscope.
Bottom right: a pixel with optical trenches is shown.

one photon). The detectors with the best performance should be chosen for the inner
region of the detector. Since the detectors have very similar dimensions and electrical
characteristics, a mixture of the detectors from both manufacturers could be used.

3.5.3 Photon Detection E�ciency, Cross-talk, Gain, Tempera-
ture Uniformity and Signal Timing

The PDE is the key parameter for the detector. It directly influences the overall light
yield of the module (cf. Sec. 3.6.4) and has to be maximised. It is limited by two factors:
the geometrical fill factor (FF) which is the ratio between the active area compared to
the total area; and the avalanche probability which is the probability that an avalanche is
produced once a photon arrives on the active area. The PDE also depends strongly on
the wavelength with peak sensitivity in the blue wavelength region. A monochromator
based set-up was used to characterise and compare the various devices as a function of the

95
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CMS – Pixel-Detektor

Verbesserung Grund
Neue Auslese 
[Digitaler Auslesechip] 

Zusätzliche Lagen 
[BPIX: 3 ➛ 4; FPIX: 2 ➛ 3] 
Kleinerer Radius 
[innerste Lage] 
Mechanik etc. 
[Material, Kühlung, Powering] 

Hochratenfähigkeit 
[Max. Rate: 100 ➛ 250 MHz/cm] 

extra 3D-Spurpunkte  
[d.h. mehr Redundanz] 
B-Tagging 
[bessere IP-Auflösung] 
Weniger totes Material  
[weniger Vielfachstreuung …]
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Institut für Experimentelle Kernphysik (IEKP)

New Detector Geometry

Changes to detector geometry: 
Barrel pixel detector: 3 → 4 sensor layers, first layer closer to collision point 

Forward pixel detector: 2 → 3 disks
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16 Chapter 2. Expected Performance & Physics Capabilities

used non-template pixel positions and errors for the simulation studies of both detectors. Note
that this causes the pixel hit position resolutions in this simulation study to be slightly worse
for the current detector than what is currently achievable with the 2011/2012 data. Details for
the configuration of the track reconstruction used is given in Section 2.1.2.

2.1.1 Pixel Detector Geometry

Figure 2.1 shows a conceptual layout for the Phase 1 upgrade pixel detector. The current 3-layer
barrel (BPIX), 2-disk endcap (FPIX) system is replaced with a 4-layer barrel, 3-disk endcap
system for four hit coverage. Moreover the addition of the fourth barrel layer at a radius of
16 cm provides a safety margin in case the first silicon strip layer of the Tracker Inner Barrel
(TIB) degrades more rapidly than expected, but its main role is in providing redundancy in
pattern recognition and reducing fake rates with high pile-up.

=0 =1.0=0.5 =1.5
=2.0

=2.5

=2.5

=2.0
=1.5=1.0=0.5=0

50.0 cm

Upgrade

Current

Outer 

Inne

Figure 2.1: Left: Conceptual layout comparing the different layers and disks in the current and
upgrade pixel detectors. Right: Transverse-oblique view comparing the pixel barrel layers in
the two detectors.

Since the extra pixel layer could easily increase the material of the pixel detector, the upgrade
detector, support, and services are redesigned to be lighter than the present system, using an
ultra-lightweight support with CO2 cooling, and by relocating much of the passive material,
like the electronic boards and connections, out of the tracking volume.

Table 2.2 shows a comparison of the total material mass in the simulation of the present pixel
detector and of the Phase 1 upgrade pixel detector. Since significant mass reduction was
achieved by moving material further out in z from the interaction point, the masses are given
for a limited range in h that covers most of the tracking region.

Also shown in Table 2.2 is the mass of the carbon fiber tube that sits outside of the pixel de-
tector and is needed by the Tracker Inner Barrel (TIB) and for bakeout of the beampipe. By
convention, the material for this tube is usually included as part of the pixel system “material
budget”; this tube is expected to remain unchanged for the Phase 1 upgrade.

Another comparison of the “material budget” for the current and Phase 1 pixel detectors was
done using the standard CMS procedure of simulating neutrinos in the detector and summing
the radiation length and nuclear interaction length along a straight line at fixed values of h
originating from the origin. Figure 2.2 shows a comparison of the radiation length and nuclear
interaction length of the present and upgrade pixel detectors as a function of h. The green
histogram are for the current pixel detector while the Phase 1 upgrade detector is given by the
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CMS – Pixel-Detektor
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Verbesserung Grund
Neue Auslese 
[Digitaler Auslesechip] 

Zusätzliche Lagen 
[BPIX: 3 ➛ 4; FPIX: 2 ➛ 6] 
Kleinerer Radius 
[innerste Lage] 
Mechanik etc. 
[Material, Kühlung, Powering] 

Hochratenfähigkeit 
[Max. Rate: 100 ➛ 250 MHz/cm] 

extra 3D-Spurpunkte  
[d.h. mehr Redundanz] 
B-Tagging 
[bessere IP-Auflösung] 
Weniger totes Material  
[weniger Vielfachstreuung …]

Klebestation für Pixel-Module

Teststand für Einzelmodule



ATLAS – New Small Wheels
Run 3 [up to L = 5 × 1034 cm-2s-1]: 
Hohe Trefferquoten im Vorwärtsbereich 
Hohe Triggerraten durch ‘Fakes’

➛ 	 Neue ‘Small Wheels’  
   	 Ratenfeste Myon-Detektoren [Mircromegas] 
	 Extra Triggerkammern [sTGC]
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ATLAS – New Small Wheels
Run 3 [up to L = 5 × 1034 cm-2s-1]: 
Hohe Trefferquoten im Vorwärtsbereich 
Hohe Triggerraten durch ‘Fakes’

➛ 	 Neue ‘Small Wheels’  
   	 Ratenfeste Myon-Detektoren [Mircromegas] 
	 Extra Triggerkammern [sTGC]

SM2
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Mechanischer Prototyp



Phase-II Upgrade

ATLAS: Pixel-Detektor  
Silizium-Streifen-Detektor 
Trigger & DAQ  
Myon-System (Elektronik) 
LAr- und Tile (Elektronik) 
…

CMS: Spurdetektor-Upgrade 
Kalorimeter-Upgrade 
Myon-Upgrade 
CMS Spurtrigger  
Vorwärtsdetektoren 
…

z [m]

0.0 1.5 2.50.5 1.5 2.0
z [m]

ATLAS Post-LS3 Spurdetektor

CMS Post-LS3 Spurdetektor



Phase-II Upgrade – Spurdetektoren

GRK-Workshop Bad Liebenzell 13 
8.10. – 10.10.2012 

Robert Eber 
Institut für Experimentelle Kernphysik, KIT 

Sensor Qualification 

Measure Characteristics 

Strip measurements 

Rbias, RStrip, Ccouple, IStrip, Idiel 

Interstrip Capacitance (electronics 
noise for chip) 

Karlsruhe Probe Station 

Before irradiation 

After irradiation 

Depletion Voltage 

Current-Voltage 

Capacitance 
-Voltage 

ATLAS Event-Simulation  
[H ➛ tt ;⟨μ⟩ = 140]

CMS PS-Sensor Probe-Station 
[@ ΚΙΤ]

Streifenzähler 
ATLAS

ATLAS 
Streifenzähler

HV2FEI4_v2  
[Strahlungshart]

Beispiel 1:



Phase-II Upgrade – CMS GEM Myon-Kammern

!

M.R. Jäkel  / 5.6.2014

TIPP 2014

GIF++ - Irradiation Fields + beam pipe

Beam pipe 159 mm

CMS ECAL requires e- beam for ≈ 3 weeks per year. 
Installation of beam pipe necessary
No local shutters available

Irradiator can be moved by 1.5 m
Access limitations
Beam pipe can block installations
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Mechanischer Prototyp

GEM 
Struktur GIF++

Beispiel 2:



Ready for Run 2


