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Status of LHC data taking in Run 2 
Summary of recent results, focusing on Higgs boson physics 

ATLAS upgrade program for LS2/Run 3 and HL-LHC
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ttH, H➝γγ candidate 
with a γγ pair, 1μ, 5 jets (1 b-tag jet) 
mγγ=126.3 GeV
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LHC performance for run 2 (2015-2018)
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Data taking efficiency > 93%

2015-2018 (so far) dataset 
L=136 fb-1 recorded

2015-2018 dataset (expected) 
L=150 fb-1 recorded ???

2015-2017  dataset 
L=80 fb-1  
17 public results

2015-2016  dataset 
L=36 fb-1  
90 publications on arXiv

On Sunday 22nd July, the total integrated luminosity delivered by LHC reached 150 fb-1.

Week 02.09.2018 - 08.08.23018 
5.3/fb delivered

BRAVO LHC

LHC has delivered to ATLAS 50/fb in 2018 
50/fb recorded as of today
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The delivered luminosity is about a factor of 2 above the LHC design luminosity. 
The large number of additional interactions (pile-up) cause some performance degradation. 
Powerful pile-up mitigation techniques have been and are being developed. 
The performance loss is well described by Monte Carlo simulation.

The pile-up challenge
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ATLAS has operated very well so far. 

The fraction of operating channels is remaining  
very high after 10 years of operation: ≳95% 

Redundancy allows to maintain ~100% acceptance 

Data taking efficiency: 95.5% 

Data quality: 96.5% (36/fb) 
fraction of collected data good for physics 

Computing performing extremely well 
Tier0 23k cores 
Sustained production with smooth operations 
with 300-350k cores 
Moving >1PB/day, > 20GB/s, 1.5-2M files/day

ATLAS data taking in 2018
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Direct searches for Physics Beyond  
the Standard Model at the highest energies 

Exploration of the Higgs sector 
Precision measurements of the Higgs boson properties 

Higgs boson couplings 
Self coupling 
New Higgs bosons ? 

Precision measurements

THE MISSION of the LHC
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?

LHC Explore the TeV energy range

SMALL CROSS SECTION 
HIGH LUMINOSITY

oͮ͞͞ϡ ̜ΧϡΧΗ ϑϘΧ̭Ϻ̤ϫͮΧΗ ˺ϫ ϫ̺ͩ �o+

oǩǊǊɻ ŷȴɻȴȣ ßɫȴƌʞƁʉǩȴȣ
• ࠁ ȝŒǩȣ ƁǞŒȣȣƟȋɻ Œʉ ʉǞƟ �o+
• üȴʉŒȋ Ɓɫȴɻɻ࢙ɻƟƁʉǩȴȣ �m = ࠃࠂ ɠŷ Œʉ h2oࠀ߾
) ࠃ⇠ ȝǩȋȋǩȴȣ oǩǊǊɻ ŷȴɻȴȣɻ ɠɫȴƌʞƁƟƌ ǩȣ �ü��ð

• +ɫȴɻɻ࢙ɻƟƁʉǩȴȣ ɻʉƟƟɠȋˈ ǇŒȋȋǩȣǊ ʿǩʉǞ oǩǊǊɻ ŷȴɻȴȣ
ȝŒɻɻ

cȋʞȴȣ Ǉʞɻǩȴȣ ࢎ`ǊǊࢍ
• 5ȴȝǩȣŒȣʉ ȝȴƌƟ ऻࠅࠅࢍ
ȴǇ ʉǞƟ ʉȴʉŒȋࢎ

ĨƟƁʉȴɫ ŷȴɻȴȣ Ǉʞɻǩȴȣ
ࢎ`#Ĩࢍ
• ऻࠄ ȴǇ ʉǞƟ ʉȴʉŒȋ

ğm = Ģm/Ķm
• ऻࠀ ȴǇ ʉǞƟ ʉȴʉŒȋ

ʂ̄ʂm
• ऻ߾ ȴǇ ʉǞƟ ʉȴʉŒȋ

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷࠀ

oͮ͞͞ϡ ̜ΧϡΧΗ ϑϘΧ̭Ϻ̤ϫͮΧΗ ˺ϫ ϫ̺ͩ �o+
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) ࠃ⇠ ȝǩȋȋǩȴȣ oǩǊǊɻ ŷȴɻȴȣɻ ɠɫȴƌʞƁƟƌ ǩȣ �ü��ð

• +ɫȴɻɻ࢙ɻƟƁʉǩȴȣ ɻʉƟƟɠȋˈ ǇŒȋȋǩȣǊ ʿǩʉǞ oǩǊǊɻ ŷȴɻȴȣ
ȝŒɻɻ

cȋʞȴȣ Ǉʞɻǩȴȣ ࢎ`ǊǊࢍ
• 5ȴȝǩȣŒȣʉ ȝȴƌƟ ऻࠅࠅࢍ
ȴǇ ʉǞƟ ʉȴʉŒȋࢎ
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• ऻࠀ ȴǇ ʉǞƟ ʉȴʉŒȋ
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• ऻ߾ ȴǇ ʉǞƟ ʉȴʉŒȋ

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷࠀ
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oͮ͞͞ϡ ̜ΧϡΧΗ ̭̺̤˺Сϡ

oǩǊǊɻ ŷȴɻȴȣ ŷɫŒȣƁǞǩȣǊ ɫŒʉǩȴɻ
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• oˈɠȴʉǞƟɻǩɻ ȴǇ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ ȋȴȴɠɻ Œȣƌ ȣȴ
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´ŷɻƟɫʻƟƌ ƌƟƁŒˈɻࡩ ⇠ %߾ࠀ

5ȴȝǩȣŒȣʉ ŶŶ̄ ƌƟƁŒˈࡩ ⇠ %ࠅࠂ

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷࠁ
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1 fb 1 fb

HIGGS
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Higgs boson discovered in July 2012 at LHC, by the ATLAS and CMS collaborations. 
Is the new particle THE SM Higgs boson ? ➝ Measure its properties

Progress: example of the H➝ZZ➝4l channel
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13 events 120 < m4l < 130 GeV

Phys. Lett. B 716 (2012) 1-29

80 fb-1

ATLAS-CONF-2018-018

L=4.8 fb-1 and 5.8 fb-1 at √s=7 and 8 TeV L=80 fb-1 at √s=13 TeV 

195 events 120 < m4l < 130 GeV
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Standard Model Lagrangian
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The Higgs sector

Gauge boson interaction with 
Higgs boson (new for scalar, but 
known for fermion)

Yukawa couplings with Higgs boson 
(completely new interaction type) 
ttH, H➝bb and H➝ττ are important

Higgs boson measurements at LHC test new part of the Standard Model

Higgs potential (μ2φ2 + λφ4) 
(to be explored at HL-LHC)

Describes  
everything  
experimental 
confirmed  
before 2012.

Inspired by Gavin Salam - LHCP 2018

ü̺ͩ oͮ͞͞ϡ ̜ΧϡΧΗ ͮΗ ϫ̺ͩ ð�

xȣ ʉǞƟ ðࡪ� ʉǞƟ oǩǊǊɻ ȝƟƁǞŒȣǩɻȝ ɠɫȴʻǩƌƟɻ
ȝŒɻɻƟɻ ʉȴ ŷȴɻȴȣɻ Œȣƌ ǇƟɫȝǩȴȣɻ
• oǩǊǊɻ ŷȴɻȴȣ ƌǩɻƁȴʻƟɫˈ ǩȣ ߿߾߽߿ ȴɠƟȣɻ Œ ʿǞȴȋƟ
ȣƟʿ ɻƟƁʉȴɫ ȴǇ ʉǞƟ �ŒǊɫŒȣǊǩŒȣ

• ĳʞȅŒʿŒ ƁȴʞɠȋǩȣǊɻ ȣȴʉ ɫƟɧʞǩɫƟƌ ŷˈ Dīð#
) Œƌ࢙ǞȴƁ ɻȴȋʞʉǩȴȣ ʉȴ ǊƟȣƟɫŒʉƟ ǇƟɫȝǩȴȣ ȝŒɻɻƟɻ

�Œǩȣ ɧʞƟɻʉǩȴȣɻ ʉȴ ŒȣɻʿƟɫ
• xɻ ʉǞƟ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ �ŒǊɫŒȣǊǩŒȣ ƁȴɫɫƟƁʉ ࡲ
• �ɫƟ ʉǞƟ ʻŒȋʞƟɻ ȴǇ ʉǞƟ ƁȴʞɠȋǩȣǊɻ Œɻ ɠɫƟƌǩƁʉƟƌ ǩȣ
ʉǞƟ ð� ࡲ

) #ɫȴŒƌ ɠɫȴǊɫŒȝȝƟ Œʉ ʉǞƟ �o+

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷ߿

ü̺ͩ oͮ͞͞ϡ ̜ΧϡΧΗ ͮΗ ϫ̺ͩ ð�

xȣ ʉǞƟ ðࡪ� ʉǞƟ oǩǊǊɻ ȝƟƁǞŒȣǩɻȝ ɠɫȴʻǩƌƟɻ
ȝŒɻɻƟɻ ʉȴ ŷȴɻȴȣɻ Œȣƌ ǇƟɫȝǩȴȣɻ
• oǩǊǊɻ ŷȴɻȴȣ ƌǩɻƁȴʻƟɫˈ ǩȣ ߿߾߽߿ ȴɠƟȣɻ Œ ʿǞȴȋƟ
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�Œǩȣ ɧʞƟɻʉǩȴȣɻ ʉȴ ŒȣɻʿƟɫ
• xɻ ʉǞƟ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ �ŒǊɫŒȣǊǩŒȣ ƁȴɫɫƟƁʉ ࡲ
• �ɫƟ ʉǞƟ ʻŒȋʞƟɻ ȴǇ ʉǞƟ ƁȴʞɠȋǩȣǊɻ Œɻ ɠɫƟƌǩƁʉƟƌ ǩȣ
ʉǞƟ ð� ࡲ

) #ɫȴŒƌ ɠɫȴǊɫŒȝȝƟ Œʉ ʉǞƟ �o+

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷ߿
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Four main channels at the LHC 
σH = 56 pb at √s=13 TeV 
~6 millions Higgs bosons produced in ATLAS

Higgs boson production and decays 
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Gluon-gluon fusion (ggF)  
dominant  - 88% of the total

VH - WH/ZH 
3% of the total

Vector boson fusion (VBF)  
7% of the total

ttH 
1% of the total

Many decays are accessible at the LHC 
In SM, bb larget BR 

drives the total width 
measurement of absolute couplings 

Measurement of H➝bb limits BSM branching 
fraction allowed

Yukawa coupling λt = √2 . mtop/v ~ 1 
Large top mass ➝ Higgs boson coupling to top  
is strong (it might contain BSM contribution) 
ttH production gives direct constraint on λt.

λt



arXiv:1808.09054

Transverse mass [GeV]10th September 2018

Gauge boson and Yukawa fermion coupling

�11

H➝ττ

Interaction with gauge bosons Yukawa couplings to fermions

Earlier √s = 7 and 8 TeV results 
At √s = 7 and 8 TeV Higgs boson discovered 
Main channels H➝γγ, H➝ZZ, H➝WW

Only glimpse at √s = 7 and 8 TeV (2012) 
ATLAS/CMS combined H➝ττ:  
5.5 σ (5.0σ) obs. (exp.) for 7/8 TeV 
JHEP 08 (2016) 045

ATLAS-CONF-2018-021

ATLAS 7/8/13 TeV 
6.4 σ (5.4 σ) obs(exp)

Example 
1/13  signal cat.

di-tau mass [GeV]
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S 
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H➝WW

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
https://link.springer.com/article/10.1007/JHEP08(2016)045
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Differential fiducial cross-section using gauge boson decays
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Higgs boson decay to gauge bosons used for fiducial differential cross-section measurements

Differential cross-section becoming more and more precise with increasing statistics. 
Data well described by recent SM predictions. 
Simplified template cross-section measurements included in the publication. 

γγ channel

di-photon transverse momentum [GeV]

80 fb-1

4 lepton channel

Four lepton transverse momentum [GeV]

80 fb-1

ATLAS-CONF-2018-018 ATLAS-CONF-2018-028

https://cds.cern.ch/record/2621479
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/


80 fb-1

10th September 2018

Observation of ttH production

�13

arXiv:1806.00425

di-photon mass [GeV]

ttH - H➝γγ All channels combined

December 2017 (36/fb): 4.2 σ (3.8 σ) obs (exp) (*) 
June 2018: update ttH(H➝γγ) and ttH (H➝ZZ➝4l) with 80fb-1

80 fb-1

Direct observation of top Higgs coupling. 
Confirmation of Yukawa coupling to 
fermions.

(*) Phys. Rev. D 97 (2018) 072003 
Phys. Rev. D 97 (2018) 072016 
arXiv:1802.04146

https://arxiv.org/abs/1806.00425
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
https://arxiv.org/abs/1802.04146


10th September 2018 �14

ttH, H➝γγ candidate 
with a γγ pair, 1 electron, 4 jets (1 b-tag jet) 
mγγ=125.3 GeV



10th September 2018

ttH production cross-section
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June 2018: update ttH(H➝γγ) and ttH (H➝ZZ➝4l) with 80fb-1

Inclusive ttH production cross-section
arXiv:1806.00425

 ttH production cross-section

10

June 2018 update: ttH(→gg) and ttH(→ZZ→4l) with 80 fb-1

Already 20% precision !

Inclusive ttH production cross-section

Effective coupling k
gluon

 / k
top

=1.09+-0.14

Consistent with Higgs boson coupling as in SM.
Constrains BSM contributions. 

ATLAS-CONF-2018-031

k
gluon

Gluon-gluon fusion

Associated ttH production

arXiv:1806.00425

k
top

80 fb-1

gluon-gluon fusion

 ttH production cross-section

10

June 2018 update: ttH(→gg) and ttH(→ZZ→4l) with 80 fb-1

Already 20% precision !

Inclusive ttH production cross-section

Effective coupling k
gluon

 / k
top

=1.09+-0.14

Consistent with Higgs boson coupling as in SM.
Constrains BSM contributions. 

ATLAS-CONF-2018-031

k
gluon

Gluon-gluon fusion

Associated ttH production

arXiv:1806.00425

k
top

80 fb-1

ttH production

ATLAS-CONF-2018-031

Already 20% precision

Effective coupling κgluon/κtop=1.09±0.14 
Consistent with Higgs boson couplings as in SM. 
Constrains BSM contributions

Effective Couplings

https://arxiv.org/abs/1806.00425
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/


80 fb-1
80 fb-1

Di-b-jet mass

10th September 2018

Associated VH production and H➝bb

�1611

Di-boson validation analysis VZ(→bb): 

Associated WH or ZH production (VH)H→bb highest branching ratio: Br=58%

→ Br(H→bb) constrains invisible Higgs decays
→ Tests Higgs Yukawa coupling to fermions

Analysis with large background:
→Use high-p

T
 boson region

→Multi-variate analysis in 0, 1 and 2 lepton channels
→Dijet mass analysis as cross-check

Associated VH production and H → bbNew

80 fb-1

80 fb-1

Di-b-jet mass

Example: One input to di-jet mass analysis global fitOne input to di-jet mass analysis global fit di-boson validation analysis VZ (Z➝bb)

H➝bb highest branching ratio Br=58% 
Br(H➝bb) constrains invisible Higgs boson decays 
Tests Higgs boson Yukawa coupling to fermions 

Analysis with large background 
Use high-pT boson region 
Multi-variate analysis in 0,1 and 2 lepton channels 
Di-jet mass analysis as cross-check

Associated production WH and ZH (VH)

arXiv:1808.08238

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/


80 fb-1

10th September 2018

Observation of H➝bb

�17

Combining VBF, ttH and VH results, 
from 7,8 and 13 TeV datasets: 

 5.4σ (5.5σ) obs (exp)

VH alone  
4.9σ (4.3σ) obs (exp) - 13 TeV 
4.9σ (5.1σ) obs (exp) - Runs 1 + 2 

Di-jet mass analysis

arXiv:1808.08238

80 fb-1

Multi-variate analysis

Observation of Higgs boson decay to b-quarks

https://arxiv.org/abs/1808.08238


80 fb-1

10th September 2018

Higgs production mode

�18

Higgs production modes

14

Associated WH or ZH production (VH) Vector-boson fusion (VBF)

Observed all major Higgs production modes ! 
Consistent with SM. 

New

80 fb-1

ATLAS-CONF-2018-031

ATLAS-CONF-2018-036

arXiv:1806.00425

VH    5.3s (4.8s) obs (exp) 

VBF  6.5s (5.3s) obs (exp)

ttH    6.3s (5.1s) obs (exp) 

Associated ttH production (ttH)

Gluon-gluon fusion (ggF) observed since 2012 

and used for precision measurements (~10%).
ATLAS-CONF-2018-031

Associated WH or ZH  
production (VH) Vector boson fusion (VBF) Associated ttH production (ttH)

Gluon-gluon fusion (ggF) observed since 2012  
used for precision measurements  (Δ(σggF/σSM)~10%)

Observed all major Higgs 
boson production modes. 

Consistent with SM

VH   5.3σ (4.8σ) obs (exp) 
VBF 6.5σ (5.3σ) obs (exp) 
ttH   6.3σ (5.1σ) obs (exp) arXiv:1806.00425

arXiv:1808.08238

ATLAS-CONF-2018-031

For the systematic uncertainties reported in the detailed breakdowns of Tables 3 and 5, a simpler procedure
is used: in each case the corresponding nuisance parameters are fixed to their best fit values, while other
nuisance parameters are left free, and the resulting uncertainty is subtracted in quadrature from the total
uncertainty.

The compatibility with the Standard Model is quantified using the test statistic �SM = �2 log⇤(↵ =
↵SM), where ↵SM are the Standard Model values of the parameters of interest. A p-value2 pSM for the
compatibility is computed in the asymptotic approximation as pSM = 1 � F�2

n
(�SM), with n equal to the

number of free parameters of interest.

Expected results in the SM hypothesis are obtained using the Asimov dataset technique [70].

5 Combined measurements

5.1 Global signal strength

The global signal strength µ is determined following the procedures used for the measurements performed
at

p
s = 7 and 8 TeV [3]. The signal yields are expressed in terms of a single parameter defined as the

ratio
µ =

(� ⇥ B)i f
(� ⇥ B)SM

i f

, (3)

of the observed yields to their SM expectations, for all production processes i and decay final states f .
It corresponds to a global scaling of the expected Higgs boson yield in all categories by a single value.
Its definition is dependent on the SM predictions for each production mode cross-section �i and decay
branching ratio Bf , and the uncertainties on these predictions are included as nuisance parameters as
described in Section 4.

It is measured to be

µ = 1.13+0.09
�0.08 = 1.13 ± 0.05 (stat.) ± 0.05 (exp.) +0.05

�0.04 (sig. th.) ± 0.03 (bkg. th.)

where the total uncertainty is decomposed into components for statistical uncertainties, experimental
systematic uncertainties, and theory uncertainties on signal and background modelling, following the
procedure outlined in Section 4. The signal theory component includes uncertainties due to missing
higher-order perturbative QCD and electroweak corrections in the MC simulation, the choice of the PDF
sets, the matching between the hard-scattering process and the underlying event, the parton shower and
hadronization models, and branching ratio uncertainties. The measurement is consistent with the SM
prediction with a p-value of pSM = 13%. The value of �2 log⇤(µ) as a function of µ is shown in Figure 1,
for the full likelihood and the versions with some nuisance parameters fixed to their best-fit values to
obtain the components of the uncertainty as described in Section 4.

Table 3 shows a summary of the leading uncertainties in the combined measurement of the global signal
strength, with uncertainties computed as described in Section 4. The dominant uncertainties arise from the
theory modelling of the signal and background processes in simulation. Further important uncertainties
relate to the luminosity measurement; the selection e�ciencies, energy scale and energy resolution of

2 The p-value is defined as the probability to obtain a value of the test statistic that is at least as high as the observed value,
under the hypothesis that is being tested.

10

ATLAS-CONF-2018-031

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
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Higgs coupling measurements
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Higgs boson coupling = f(particle mass)

All couplings to high mass particles measured. 
Next challenge: μ, charm quark…. 
(Latest VHbb result not included in this plot.)

Interaction with gauge bosons 
H➝ZZ*                             ATLAS-CONF-2018-018 
Well established in run 1 
H➝WW*                           arXiv:1808.09054 
6.3σ (5.2 σ) obs (exp) run 2 only

ATLAS-CONF-2018-031

Yukawa coupling to fermions 

Top-quark ttH                     arXiv:1806.00425 
6.3σ (5.1σ) obs (exp) 

b-quark H➝bb                   arXiv:1808.08238 
5.4σ (5.5σ) obs (exp) 

τ-letpon  H➝ττ                  ATLAS-CONF-2018-021 
6.4σ (5.4σ) obs (exp) 

μ-letpon  H➝μμ                 ATLAS-CONF-2018-026 
σlimit/σSM<2.1 (obs) 

Charm-quark H➝cc           PRL 120 (2018) 211802 
σlimit/σSM<104 (obs) 

80 fb-1

80 fb-1

80 fb-1

arXiv:1808.08238

80 fb-1

https://cds.cern.ch/record/2621479
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/
https://arxiv.org/abs/1808.08238


Di-jet mass10th September 2018

WZ and WZjj production 
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WZ and WZjj production

17

Electroweak production of WZ boson in association with two jets pp → W+- Z jet jet

 5.6s (3.3s) obs (exp)

New

Total fiducial WZ jet jet cross section: 

s
EW

(pp → W+-Z jet jet)= 0.57 +-0.15 fb  

               LO  (Sherpa): 0.32 +-0.03 fb 

Observation of electroweak W/Z jet+jet process.

Di-jet mass

Differential EW cross-section:

Process sensitive to triple and quartic 
gauge couplings and anomalous couplings.

ATLAS-CONF-2018-033
ATLAS-CONF-2018-033

Also new result on inclusive WZ production:

ATLAS-CONF-2018-034

1) Fiducial cross-section in agreement with NNLO QCD
    (inclusive and differential)

2) Evidence of longitudinally W polarization (4.2s)   
3) Measurement of Z polarization

Electroweak production of WZ bosons in association with two jets: pp➝W±Z jet jet 
Process sensitive to triple and quartic gauge couplings and anomalous couplings.

Differential electroweak cross-section

ATLAS-CONF-2018-033

5.6σ (3.3σ) obs (exp) 
Observation of EW W/Z jet jet process

Total fiducial WZ jet jet cross-section 
σEW(pp➝W±Z jet jet)=0.57±0.15 fb 

LO (Sherpa): 0.32±0.03 fb

Also, new result on inclusive WZ production 
Fiducial cross-section in agreement with NNLO 
QCD (inclusive and differential) 
Evidence for longitudinal W polarisation (4.2σ) 
Measurement of Z polarisation

ATLAS-CONF-2018-034

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/
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Measurement of electroweak parameters

�21

ATLAS-CONF-2018-037

Measurement of the electroweak mixing angle

Measurements of electroweak parameters

18

W-mass:         80370 +-   19  MeV  EPJ  C78 (2018) 110         ~0.02%  
Higgs mass: 124970 +-  240 MeV  arXiv:1806.00242                 ~0.2%  
Top-mass:    172510 +-  500 MeV  ATLAS-CONF-2017-071     ~0.3%    

Other recent electroweak measurements: Precision: 

 0.15% precision

Result from likelihood fit:

sin
2θeff

l
=0.23140±0.00036

Measurement of electroweak mixing angle:
Drell-Yan cross-section qq→Z→ll expanded as sum of 9 harmonic polynomials (NNLO QCD).
In LO QCD (Z-boson rest frame):

A
4
 measured using two leptons |h|<2.4 (cc) 

and at least one forward electron 2.5<|h|<4.6 (cf).

Using 8 TeV data (2012).

0.00021(stat )±0.00024 (PDF )±0.00016 (syst)

Uncertainty break-down:

ATLAS-CONF-2018-037

A
4
 (and A

3
) sensitive to weak mixing angle

Main limitation knowledge initial quark direction.

New

A4 (and A3) sensitive to 
the weak rising angle

mW   =    80370 ±   19 MeV         ~0.02% 
mH   =  124970 ± 240 MeV         ~0.2% 
mtop =  172510 ± 500 MeV         ~0.3%

EPJ C78 (2018) 110

arXiv:1806.00242

ATLAS-CONF-2017-071

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
https://link.springer.com/article/10.1140/epjc/s10052-017-5475-4
https://arxiv.org/pdf/1806.00242.pdf
https://cds.cern.ch/record/2285809


Di-jet mass

80 fb-1

New boson mass

High-mass Di-jet event from WW production

21

Boosted W→jet jet candidate

Boosted W → jet jet candidate

Z'

At high p
t
  jets from the W→qq decay are close-by and merge in a large-R jet.

M
jet,jet

 = 5 TeV

Boosted W→jet jet candidate

Many techniques developed
to reconstruct boosted particles.

W-boson tagging based on
large-R jet substructure.

New experimental technique:

Energies from calorimeter clusters,
but angles from tracks.

10th September 2018

Di-boson resonance search
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High-mass Di-jet event from WW production

21

Boosted W→jet jet candidate

Boosted W → jet jet candidate

Z'

At high p
t
  jets from the W→qq decay are close-by and merge in a large-R jet.

M
jet,jet

 = 5 TeV

Boosted W→jet jet candidate

Many techniques developed
to reconstruct boosted particles.

W-boson tagging based on
large-R jet substructure.

New experimental technique:

Energies from calorimeter clusters,
but angles from tracks.

Select large pT and large radius jet with boosted W/Z boson tagging.

Recent improvements 
W/Z boson tagging using 
angles from tracker and 
energy from calorimeter 
Tagge r work ing po in t 
optimisation at high pT.

di-jet mass spectrum cross-section limit

ATLAS-CONF-2018-016

80 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-016/
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Active BSM searches
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1 TeV 10 TeV
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Trigger on ETmiss - Event selection ETmiss > 170 GeV - High pT track with large dE/dx  
Mass determined by the relation between dE/dx and momentum. 
R-hadron in SUSY R-parity violated models

Search for heavy charged long-lived particles using ionisation - √s=13 TeV (36/fb) 

�24

arXiv:1808-04095

Signal region data/background

Cross-section limit and comparison with  
prediction for gluino R-hadron production

Meta-stable selection 
Search for parties which decay inside the detector with lifetimes ~1-10 ns 
Charged particles reaching the muon spectrometer are removed

Stable selection 
No μ-veto applied 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-31/
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Active SUSY search program

�25
1 TeV



!  Charged particle suppression in Pb-Pb and Xe-Xe 
   -- Nuclear modification factor, RAA, vs pT, for different centrality 

24!

Heavy!Ion!Physics!

Charge particle suppression in Pb-Pb and Xe-Xe collisions

⌅ compare suppression in Pb (208 nucleons, r=6.6 fm) and Xe (129 nucleons, r=5.4 fm) collisons
I study the role of collision geometry for hadron energy loss in Quark Gluon Plasma

⌅measure nuclear modification
factor RAA in collisions
with similar < Npart > :

• peripheral collisions :
! less suppression in Xe-Xe

• central collisions :
!more suppression in Xe-Xe

•more similar suppression
at high pT

ATLAS-CONF-2018-007

A. Marzin (CERN) ATLAS status report 30 mai 2018 23 / 37
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Rich harvest of heavy ions results - one example
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ATLAS-CONF-2018-007

Charged particles suppression in Pb-Pb and Xe-Xe collisions with respect to pp collisions

!  Charged particle suppression in Pb-Pb and Xe-Xe 
   -- Nuclear modification factor, RAA, vs pT, for different centrality 

24!

Heavy!Ion!Physics!
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Nuclear modification factor, RAA vs pT for different centralities

Peripheral collisions 
milder suppression in Xe-Xe

Central collisions 
larger suppression in Xe-Xe 
than in Pb-Pb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-007/
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The main proton-proton physics goal
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20262021

Run 1 (7-8 TeV) 

Discovery of Higgs boson 
Searches for additional new physics 
(negative) 
Observation of rare processes, such 
as Bs➝μμ 
P re c i s i o n m e a s u re m e n t s o f 
Standard Model processes 
Study of CP asymmetries in the Bs 
sector

Run 2 & 3 (13-14 TeV) 

Searches for new physics 
Improved measurements of Higgs 
boson coupling in main channels 
Consolidation and observation of 
Higgs boson channels 
Measurements of rare Standard 
Model processes & more precision 
Improved measurements of rare B 
decays and CP asymmetries

HL-LHC (14 TeV) 

Precision measurements of Higgs 
boson couplings 
Observation of very rare Higgs 
boson modes 
Ultimate new physics search reach 
(on mass and forbidden decays, 
e.g. FCNC) 
Ultimate SM & HF physics precision 
for rare processes
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Freddy’s talk + ATLAS picture

The ATLAS detector: Phase-I upgrades
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The tools for HL-LHC: ATLAS upgrade

TDAQ upgrade
ÎIncreased 
latencies and 
rates : 
--L0[10μs,2-4MHz]
--Possibly L0/L1 

14

Trigger  electronics FE & BENSW

TDAQ 
L1 Calorimeter trigger 
L1 Muon trigger 
Topological triggers 
Fast Track trigger 
High Level Trigger 
Readout
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The ATLAS detector: Phase-I upgrades

V. Martin,  Kruger 2016, 5 December 2016

17

New Small Wheel

sTGC

sTGC

 MM

Will replace inner wheel of muon end-cap in Phase-I
Increased hit rate capability

Rejection of fake L1 muon triggers

MicroMegas – precision tracker
Spatial resolution <100μm

Good track separation

Small strip TGC – trigger detector
Bunch ID with good timing resolution

Track vector with <1mrad resolution

Chamber production expected
to start very soon

Muon & Timing Detector

7

13

    High-Granularity Timing Detector

E+ciency for hard-sca-er jets

E+ciency strongly dependent 

on �ming resolu�on

See talk by
Dirk Zerwas

Evaluating option of adding thin, high-granularity timing 
detector in front of end-cap calorimeter (2.5<|η|<4.2)

Multiple layers of silicon and optional tungsten absorber

Pad size: 1x1mm2 – 3x3 mm2

Timing precision: 30-50 ps

Precise timing use to reject pile-up jets

Possibility for use in trigger
also being studied

Minimum bias
scintillators

Pile-up jet rejection power:

High-granularity
timing detector

Investigating potential of a timing detector: 
thin, high-granularity timing detector in 
front of endcap calorimeter (2.5<|η|<4.2)

17

New Small Wheel

sTGC

sTGC

 MM

Will replace inner wheel of muon end-cap in Phase-I
Increased hit rate capability

Rejection of fake L1 muon triggers

MicroMegas – precision tracker
Spatial resolution <100μm

Good track separation

Small strip TGC – trigger detector
Bunch ID with good timing resolution

Track vector with <1mrad resolution

Chamber production expected
to start very soon

Phase I upgrade:  

•  Replace inner wheel of muon 
endcap with New Small Wheel: 
microMegas (MM) and small strip 
thin-gap chambers (sTGC)

•New inner 
RPC layer in 
the barrel

Minimum bias 
scintillators 

High-granularity 
timing detector 

Phase II upgrade:  

8

Barrel Trigger: BI RPC layer

- Solution: introduce a new RPC triplet
  (RPC0) on barrel inner (BI)

- New small-gap RPCs with higher rate
  capability

- Need to replace MDT in small sectors
  with small-MDTs to make room for 
  RPCs

- Pilot Phase-I upgrade project
  BIS78 (1<|eta|<1.2)
  RPC+sMDT chambers 

See talk by H. Kroha

124 LTDB 
320 channels/board 
Digitise signals at 40 MHz  31 LDPS LArC 

124 AMCs LATOME 
320 channels/AMC 
Reconstruct BCID,  

ET at 40 MHz

F I N A L A D J U S T M E N T S f o r 
PRODUCTION - VERY INTENSE 
CONSTRUCTION PERIOD AHEAD of 
US for INSTALLATION DURING LS2

Muon New Small Wheel Liquid Argon Trigger  electronics Frontend & Backend

new Layer Sum Board 

Trigger and Data Acquisition
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The ATLAS detector: Phase-II upgrades
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The tools for HL-LHC: ATLAS upgrade

TDAQ upgrade
ÎIncreased 
latencies and 
rates : 
--L0[10μs,2-4MHz]
--Possibly L0/L1 

14

ITk

FE & BE electronics
FE & BE electronics 
LVPS, mini-drawerssMDT, Electronics

TDAQ 
Detector readout:  

ITk, LAr/Tile, 
Muons 

Trigger 
L0 from Phase-I 
with upgrades 
Global Processor 
Hardware Track 
Trigger 
Event Filter 

Computing & Software

HGTD
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All six TDRs of the ATLAS Phase-II upgrade programme have been presented by 
ATLAS, review and approved by the LHC Committee and the Upgrade Cost 
Group, and finally approved by the CERN research board.

Status of the Phase II upgrade for HL-LHC

�31

Silicon Strip    +  Pixel tracker    Muon system                 Calorimeters                      TDAQ 

In addition, ATLAS is preparing a TDR for the High Granularity timing detector.

Towards update of the European Strategy: preparation of CERN Yellow 
Report with updated projections for HL-LHC.
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ATLAS continues prolific physics production: 
total of 787 papers on collision data 

ATLAS collects high luminosity pp collision data with  
very high efficiency. 

In 2012 a Higgs boson was discovered (ATLAS and CMS) 
In 2018, ATLAS 

observed key production and decay modes of the Higgs boson 
H➝bb, ttH and VH production 

measured more low cross-section SM processes 
pushed the limits of Beyond the SM processes 

In parallel, ATLAS is preparing the installation in 2019 and 2020 
of the phase-I upgrade and getting ready for the construction 
of the phase-II detector upgrade 

Excellent performance of the injectors+LHC: Thank you!               

Conclusions and outlook
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oǩǊǊɻ ŷȴɻȴȣ ßɫȴƌʞƁʉǩȴȣ
• ࠁ ȝŒǩȣ ƁǞŒȣȣƟȋɻ Œʉ ʉǞƟ �o+
• üȴʉŒȋ Ɓɫȴɻɻ࢙ɻƟƁʉǩȴȣ �m = ࠃࠂ ɠŷ Œʉ h2oࠀ߾
) ࠃ⇠ ȝǩȋȋǩȴȣ oǩǊǊɻ ŷȴɻȴȣɻ ɠɫȴƌʞƁƟƌ ǩȣ �ü��ð

• +ɫȴɻɻ࢙ɻƟƁʉǩȴȣ ɻʉƟƟɠȋˈ ǇŒȋȋǩȣǊ ʿǩʉǞ oǩǊǊɻ ŷȴɻȴȣ
ȝŒɻɻ

cȋʞȴȣ Ǉʞɻǩȴȣ ࢎ`ǊǊࢍ
• 5ȴȝǩȣŒȣʉ ȝȴƌƟ ऻࠅࠅࢍ
ȴǇ ʉǞƟ ʉȴʉŒȋࢎ

ĨƟƁʉȴɫ ŷȴɻȴȣ Ǉʞɻǩȴȣ
ࢎ`#Ĩࢍ
• ऻࠄ ȴǇ ʉǞƟ ʉȴʉŒȋ

ğm = Ģm/Ķm
• ऻࠀ ȴǇ ʉǞƟ ʉȴʉŒȋ

ʂ̄ʂm
• ऻ߾ ȴǇ ʉǞƟ ʉȴʉŒȋ
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oͮ͞͞ϡ ̜ΧϡΧΗ ̭̺̤˺Сϡ

oǩǊǊɻ ŷȴɻȴȣ ŷɫŒȣƁǞǩȣǊ ɫŒʉǩȴɻ
üǞƟ oǩǊǊɻ ŷȴɻȴȣ ƁȴʞɠȋƟɻ ʉȴ ȝŒɻɻ

) �Œȣˈ ƌƟƁŒˈ ȝȴƌƟɻ ŒƁƁƟɻɻǩŷȋƟ Œʉ ʉǞƟ �o+
) ŶŶ̄ ȋŒɫǊƟɻʉ #æ ⇠ %ࠅࠂ
) +ȴʞɠȋǩȣǊ ʉȴ �� ȴɫ ǈǈ ʉǞɫȴʞǊǞ ȋȴȴɠɻ

m ! ŶŶ̄ Œȣƌ oǩǊǊɻ ŷȴɻȴȣ ƁȴʞɠȋǩȣǊɻ
• üȴʉŒȋ ʿǩƌʉǞ ȣȴʉ ƌǩɫƟƁʉȋˈ ȝƟŒɻʞɫŒŷȋƟ Œʉ ʉǞƟ �o+
) ´ȣȋˈ ƁȴʞɠȋǩȣǊ ɫŒʉǩȴɻ ʉɫʞȋˈ ȝȴƌƟȋ࢙

ǩȣƌƟɠƟȣƌƟȣʉ
• oˈɠȴʉǞƟɻǩɻ ȴǇ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ ȋȴȴɠɻ Œȣƌ ȣȴ
#ð� ƌƟƁŒˈɻ

) ŶŶ̄ ȋŒɫǊƟɻʉ #æࡩ ƌɫǩʻƟɻ ʉȴʉŒȋ ʿǩƌʉǞࡪ ʉǞʞɻ ȝƟŒ࢙
ɻʞɫƟȝƟȣʉɻ ȴǇ ŒŷɻȴȋʞʉƟ ƁȴʞɠȋǩȣǊɻ

• xǇ #ð� ɠŒɫʉǩƁȋƟɻ ŒȋȋȴʿƟƌ ǩȣ ȋȴȴɠɻ Œȣƌ ƌƟƁŒˈɻ
) �ƟŒɻʞɫǩȣǊ m ! ŶŶ̄ ȋǩȝǩʉɻ #ð� ŷɫŒȣƁǞǩȣǊ

ǇɫŒƁʉǩȴȣ ŒȋȋȴʿƟƌ

´ŷɻƟɫʻƟƌ ƌƟƁŒˈɻࡩ ⇠ %߾ࠀ

5ȴȝǩȣŒȣʉ ŶŶ̄ ƌƟƁŒˈࡩ ⇠ %ࠅࠂ
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