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... or road from via

to and

Ina Carli (Charles University/CERN) Data analysis in HEP 14.8.2017 2 / 30



Complex detector systems
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Signal processing on detector

Each detector element (pixel/strip/crystal/wire)
measure voltage or Σ charge
pedestal suppression
analog, binary or Time-over-threshold

Each structure (module/chamber)
format and send data
compression - clustering
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Tracking

Try to reconstruct a path of charged particles in inner detector:
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Zoom on interaction point:



Zoom on interaction point:



Zoom on the primary vertex:



Physics objects
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Physics objects

Simple objects:

track
calorimeter cluster
muon segment

→ Combined objects:

electron = calo cluster + track
photon = ECAL cluster + no track or e−e+ pair - conversion
proton = HCAL cluster + track

→ Complicated objects:

jets = big calo cluster + tracks
b-jets - often contain muon or electron
τ leptons - decay to hadrons (jets), muons or electrons
ν - computed from missing energy and momentum
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Data format after reconstruction

Event = all physics objects reconstructed in 1 LHC bunch crossing:

run 332720
event 651168245

track0 px py pz xPV yPV zPV nPIX nSCT nTRT . . .
track1 px py pz xPV yPV zPV nPIX nSCT nTRT
...
mu0 px py pz xPV yPV zPV nPIX nSCT nTRT MS nMS

mu1 px py pz xPV yPV zPV nPIX nSCT nTRT MS nMS

...
gamma0 px py pz E
jet0 px py pz xPV yPV zPV ntracks
jet1 px py pz xPV yPV zPV ntracks
pmiss
T px py pz

PV0 x y z ntracks
PV1 x y z ntracks
...
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Physics analysis

Example: strategy for H → γγ

run simulations of H signal and background from SM
think about how to select candidates with high purity - e.g. cuts
- 2 γ’s in central region with Eγ > 20 GeV, no tracks close to them
- from simulation: should have at least 15% of real H bosons

ATLAS detector and physics performance Volume II
Technical Design Report 25 May 1999

680 19   Higgs Bosons

For an integrated luminosity of 100 fb−1, a Standard Model Higgs boson in the mass range be-
tween 105 GeV and 145 GeV can be observed with a significance of more than 5σ by using the
H → γγ channel alone. Table 19-2 also contains the estimated significances of the H → γγ channel
for an integrated luminosity of 30 fb-1, corresponding to the first three years of LHC operation.
The significances at low luminosity have been evaluated by taking the resulting improvements
in mass resolution and background rejection into account. A signal in the γγ channel can only be
seen in this case with a significance of ∼ 4σ over a narrow mass range between 120 and 130 GeV.

The significances quoted in Table 19-2 are slightly higher than the ones given in the Technical
Proposal. The main reason for this is the removal of the so called pT-balance cut, which was ap-
plied in order to suppress bremsstrahlung background. Although without this cut the back-
ground increases, there is a net gain in the significance. Another reason is the slightly improved
mass resolution which is mainly due to a more sophisticated photon energy reconstruction, sep-
arating converted and non-converted photons. These gains are somewhat offset by the higher
reducible background.

As an example of signal reconstruction above background, Figure 19-4 shows the expected sig-
nal from a Higgs boson with mH = 120 GeV for an integrated luminosity of 100 fb-1. The H → γγ
signal is clearly visible above the smooth γγ background, which is dominated by the irreducible
continuum of real photon pairs.

19.2.2.2 Associated production: WH, ZH and ttH

The production of the Higgs boson in association with a W or a Z boson or with a tt pair can also
be used to search for a low-mass Higgs boson. The production cross-section for the associated
production is almost a factor 50 lower than for the direct production, leading to much smaller
signal rates. If the associated W/Z boson or one of the top quarks is required to decay leptoni-
cally, thereby leading to final states containing one isolated lepton and two isolated photons, the
signal-to-background ratio can nevertheless be substantially improved with respect to the direct
production. In addition, the vertex position can be unambiguously determined by the lepton
charged track, resulting in better mass resolution at high luminosity than for the case of direct
H → γγ production.

Figure 19-4 Expected H → γγ signal for mH = 120 GeV and for an integrated luminosity of 100 fb-1. The signal
is shown on top of the irreducible background (left) and after subtraction of this background (right).
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Example: strategy for H → γγ

take data
remove events with bad quality (subdetectors OFF, unstable conditions)
select events containing particles in final state you want
wait and plot what you find...

... summer 2011
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Example: strategy for H → γγ

take data
remove events with bad quality (subdetectors OFF, unstable conditions)
select events containing particles in final state you want
wait and plot what you find...
... end of 2011 - is there an excess?
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Example: strategy for H → γγ

take data
remove events with bad quality (subdetectors OFF, unstable conditions)
select events containing particles in final state you want
wait and plot what you find...
... end of 2011 - ask CMS as well
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Example: strategy for H → γγ

take data
remove events with bad quality (subdetectors OFF, unstable conditions)
select events containing particles in final state you want
wait and plot what you find...
... summer 2012 - add more data
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Example: strategy for H → γγ

take data
remove events with bad quality (subdetectors OFF, unstable conditions)
select events containing particles in final state you want
wait and plot what you find...
... summer 2012 - combine with ZZ∗ → 4` and WW ∗ → 2`2ν channel
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Example: strategy for H → γγ

announce discovery!
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Other analyses

Example: my analysis of B0 → K∗(Kπ)µ+µ− decay

very rare decay (1 of 107 B particles)
can indirectly observe new particles/interactions in loops
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B0 → K∗(Kπ)µ+µ− selection, fitting, checks...

ATLAS analysis of Bd → K ∗µ+µ−

ATLAS-CONF-2017-023Dataset:

20.3 fb−1, taken at
√
s = 8 TeV in 2012

Reconstruction and selection:

preselection: track pT, ID hits, min. 1 combined muon

baseline: |η| < 2.5, m(K∗) = [846, 946] MeV, m(B) = [5150, 5700] MeV
pT(µ) > 3.5 GeV, pT(π,K ) > 0.5 GeV

final cuts: στ/τ > 12.75, pointing cos θ > 0.999, χ2/ndf (B) < 2,
pT(K∗) > 3 GeV, |(m(B)−mPDG (B))− (m(µµ)−mPDG (J/ψ))| < 130 MeV

trigger - 15 most frequent triggers

control regions: J/ψ (q2= [8,11] GeV2), ψ(2S) (q2= [12,15] GeV2)

signal q2= [0.04,6] GeV2 except of φ region q2= [0.98,1.1] GeV2

if > 1 candidate/event: candidate with higher σm(K∗)/m(K∗)
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Monte Carlo datasets

Signal:

Process Generator Dataset Events
Bd → K∗µ+µ− EvtGen, flat 208445 50M
Bd → K∗µ+µ− EvtGen, SM 208446 5M
Bd → K∗µ+µ− EvtGen 208447 5M

Bd → K+π−µ+µ− EvtGen 208451 50M

Inclusive backgrounds:

Process Generator Dataset Events

bb → µ+µ−X Pythia 208301 20M
bb → µ+µ−X EvtGen 208303 1M

bb → µ+µ−X AA Pythia 208308 40M
bb → µ+µ−X AB Pythia 208309 48M
bb → µ+µ−X BA Pythia 208310 48M
bb → µ+µ−X BB Pythia 208311 130M
cc → µ+µ−X Pythia 208312 50M
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Bd → K ∗µ+µ− decay in SM

Differential decay rate (optimized):

1
dΓ/dq2

d4Γ

d cos θ`d cos θK dφdq2 =
9

32π

[
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4
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]
.
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, P3 = − S9
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,

P ′4,5,6 =
S4,5,6√

FL(1− FL)
, P ′6 =

S7√
FL(1− FL)
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Bd → K ∗µ+µ− decay in SM
small number of events → folding of angular distributions

P
′
4,S4 :


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Background: partially reconstructed decays B → D → X
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Fig: Example for M(Kππ), dáta vs. MC

D0 → Kπ: m (Kπ πK )

D± → Kππ: m (K π µπ), m (πK Kπ µπ), m (Kπ π µK )

D±s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

D∗+s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

B+ → K+µ+µ−, B+ → π+µ+µ−

Ina Carli (Charles University) 19.4.2017 14 / 22

Background

Result:

D veto 30 MeV and B veto 50 MeV around mD/B

acceptance maps, e.g. q2= [0.04,6] GeV2
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B0 → K∗(Kπ)µ+µ− selection, fitting, checks...

ATLAS analysis of Bd → K ∗µ+µ−

ATLAS-CONF-2017-023Dataset:

20.3 fb−1, taken at
√
s = 8 TeV in 2012

Reconstruction and selection:

preselection: track pT, ID hits, min. 1 combined muon
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pT(K∗) > 3 GeV, |(m(B)−mPDG (B))− (m(µµ)−mPDG (J/ψ))| < 130 MeV

trigger - 15 most frequent triggers
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[
3(1− FL)

4
sin2 θK + FL cos2 θK

+
1− FL

4
sin2 θK cos 2θ` − FL cos2 θK cos 2θ`

+ S3 sin2 θK sin2 θ` cos 2φ+ S4 sin 2θK sin 2θ` cosφ

]

loss of sensitivity to S6, S8 a AFB
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Background: partially reconstructed decays B → D → X
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Fig: Example for M(Kππ), dáta vs. MC

D0 → Kπ: m (Kπ πK )

D± → Kππ: m (K π µπ), m (πK Kπ µπ), m (Kπ π µK )

D±s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

D∗+s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

B+ → K+µ+µ−, B+ → π+µ+µ−
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Background

Result:

D veto 30 MeV and B veto 50 MeV around mD/B

acceptance maps, e.g. q2= [0.04,6] GeV2
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Fitting

acceptance maps from MC sample generated with flat angular distributions

extract nuisance parameters from control regions - mB , σmB (Gauss),

fold distributions → 4 sets of fits

mass prefit - number of signal a bkg evens

angular fits

Fitted yields:

q2[(GeV2)] nsignal nbackground

[0.04, 2.0] 128± 22 122± 22
[2.0, 4.0] 106± 23 113± 23
[4.0, 6.0] 114± 24 204± 26
[0.04, 4.0] 236± 31 233± 32
[1.1, 6.0] 275± 35 363± 36
[0.04, 6.0] 342± 39 445± 40
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Fit results: S4, bin q2= [0.04,2] GeV2
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Background

Result:

D veto 30 MeV and B veto 50 MeV around mD/B

acceptance maps, e.g. q2= [0.04,6] GeV2
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B0 → K∗(Kπ)µ+µ− results

]2 [GeV2q

0 2 4 6 8 10

L
F

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Data

CFFMPSV fit

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

]2 [GeV2q

0 2 4 6 8 10

1
P

2−

1.5−

1−

0.5−

0

0.5

1

1.5

2

Data

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

]2 [GeV2q

0 2 4 6 8 10

4
P

'

2−

1.5−

1−

0.5−

0

0.5

1

1.5

2

Data

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

]2 [GeV2q

0 2 4 6 8 10

5
P

'

1−

0.5−

0

0.5

1

1.5

2

Data

CFFMPSV fit

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

]2 [GeV2q

0 2 4 6 8 10

6
P

'

1−

0.5−

0

0.5

1

1.5

2

Data

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

]2 [GeV2q

0 2 4 6 8 10

8
P

'

1−

0.5−

0

0.5

1

1.5

2

Data

theory DHMV

theory JC

ATLAS 
Preliminary

-1= 8 TeV, 20.3 fbs

... 3 bins with ∼ 3σ from SM prediction
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Other ATLAS analyses

some 3000 members of collaboration
working in 100 sub-groups
any decay and measurement we can think about



Thank you for your attention!
Questions?

... or write me on ina@cern.ch and we can chat about it over coffee


