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see also recent

conferences

Presentations by

Stéphane Willocq,

Kerstin Tackmann (EPS)

Manuella Vincter (LHCP)
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and listen to future conferences 

Corfou 2021

https://indico.cern.ch/event/905399/contributions/4099244/attachments/2259199/3834217/talk_LHCP21_Vincter.pdf

https://indico.desy.de/event/28202/contributions/102714/attachments/67623/84294/ATLAS-Highlights-2021-07-27-v4.pdf

https://indico.desy.de/event/28202/contributions/102731/attachments/67620/84257/EPS-Higgs.pdf
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I will be selective with only 

few details ! 

Rien n’est cru si fermement  que ce 

que l’on sait le moins 

Nothing is believed more strongly that which we know the least

Montaigne, Essais

I will insist more strongly 

on strategy and results 

than on phenomenological interpretations 

For more results : look at backup 

and references 

Large number of results !

( however  remember that Run-2 ended in 2018 and 

that there is no new data  Some results with

full run 2 dataset were already available and

presented at Corfu 2019 )

Corfou 2021
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Other relevant presentations ( with ATLAS results ) 

this year at Corfu

Higgs studies in ATLAS and CMS ( Paul Asmuss )

SUSY searches in ATLAS and CMS   ( Pablo Matorras Cuevas )

DM in ATLAS and CMS  (Andreas Albert )

Exotics and BSM in ATLAS and CMS (non-DM, non-SUSY 

searches)

( Ann-Kathrin Perrevoort )

Top physics in ATLAS and CMS ( James Michael Keaveney )

SM (EW+QCD) measurements in ATLAS and CMS ( Kostas Kordas ) 
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I thank the organizers, in particular Georges  and I am 

really sorry not being this year at Corfu 
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Spontaneous Symmetry breaking 

The Brout-Englert-Higgs mechanism 

The LHC 

in a   

8Corfou 2021



LOI of ‘large’  LHC experiments         cancellation of SSC in 1993

TP of ATLAS and CMS   approval of LHC (december)  

discovery of top by CDF and D0 (following evidence in 1994 by CDF) 

approval of LHC in one step (december)

approval of the 4 largest LHC experiments  (ATLAS, CMS, LHCb,  ALICE)

ATLAS Physics TDR  CERN/LHCC/99-14    CERN/LHCC/99-15     LEP data ended in 2000  

CMS Physics TDR   J. Phys. G: Nucl. Part. Phys. 34 (2007) 995–1579

ATLAS  Expected Performance arXiv:0901.0512

start-up at 3.5 + 3.5 TeV

1992

1994

1995

1996

1998

1999

2006

2008

2010

2012

2013

2014

1964 Brout, Englert, Higgs, Guralnik, Hagen, Kibble

1967  Weinberg, Salam    Faddeev, Popov

1970 Glashow, Iliopoulos,

Maiani, ‘t Hooft, Veltman, BRST…..

1983    Rubbia, van der Meer, Banner, Darriulat, Di Lella,          discovery of W and Z at CERN   

1984                  Spiro, Repellin, …                                                                                     Lausanne 

1989       construction of the LEP (  e+ e- collider )  tunnel finished

beginning of the R & D  of  LHC  experiments

1950 Ginzburg-Landau  ( Meissner-Ochsenfeld effect → London penetration length  W mass

→ Pippard coherence length ~ H mass  )

related to sort of 

(Anderson) Brout-Englert-Higgs mechanism

1959 Nambu 

1960 Goldstone, Gell-Mann Levy, NJL

1961 Schwinger 

1962  Anderson

4th July discovery of boson ( m  ~ 125 GeV)                                  Tevatron data ended in Sept 2011

boson like properties           Nobel prize to Englert and Higgs
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10th september 2008 :  first beams around

19th september 2008 : incident

20th november 2009 :  first beams around (again)

december 2009 :  collisions at 2.36 TeV cms

14 months of major repairs and consolidation

New Quench Protection system

January 2010 : decided scenario 2010-11    7 TeV cms

30th march 2010 :  first collisions at 7 TeV cms

august 2010 :  luminosity of 1031 cm-2 s-1

instead of 14 TeV

2
0

1
0

may 2011 :  luminosity > 1033 cm-2 s-1

november 2011 :  integrated luminosity  ~  5 fb-1 

13th december 2011 :  first ‘signal’ around 126 GeV

2
0

1
2

march 2012 :  start again at 8 TeV 

( 50 ns  between bunches )

4th July 2012 :  evidence for a new boson  

( 8 TeV integrated luminosity  ~  6 fb-1  )

2
0

1
3

(Standard-Model) boson-like properties

peak luminosity   7 1033 cm-2 s-1   

integrated luminosity ~ 5+ 20 fb-1        end of Run-1 
10
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https://cdn.knightlab.com/libs/timeline3/latest/embed/index.html?source=1fq4odmMyOeDTyGewycfgVwdet8NIixzWI6tMHC30nv8&font=Default&lang=en&initial_zoom=2&height=800)

RUN 1                                                  LS1                                   RUN 2                           LS2
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Inner Detector (||<2.5, B=2T): 
Si Pixels, Si strips, Transition 
Radiation detector (straws) 
Precise tracking and vertexing,
e/ separation
Momentum resolution: 
/pT ~ 3.8x10-4 pT (GeV)  0.015

( chamber resolution  MS )

Length  : ~ 46 m 
Radius  : ~ 12 m 
Weight : ~ 7000 tons
~108 electronic channels
3000 km of cables

Muon Spectrometer (||<2.7) : air-core toroids ( B ~ 0.5 / 1T in barrel/ end-cap) with gas-based 
muon chambers Muon trigger and measurement with momentum resolution < 10% up to E ~ 1 TeV

EM calorimeter: Pb-LAr Accordion
e/ trigger, identification and measurement
E-resolution: /E ~ 10%/E 

HAD calorimetry (||<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing ET

E-resolution: /E ~ 50%/E  0.03 

3-level trigger
reducing the rate
from 40 MHz to
~1200 Hz

Run-1 ATLAS detector

©
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ATLAS 

in Run-2

AFP

IBL
13



transverse and longitudinal 

segmentation of the EM 

ATLAS  ( Liquid Argon ) 

accordion calorimeter

( very stable  - about 

200 000 channels ) 
Corfou 2021 14
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discovery

of H boson
now

Official planning above . It will probably change soon
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♪ Results

 detector

 SM  (including multibosons and VBS)

 BSM

 (B-E)H
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short summary 

1 >  No new physics (yet) outside the

discovery of the H boson  

2 > We are entering an era of precision physics     

Large sample of various particles produced in Run-2

W bosons            27     109

Z bosons             8      109

t t                        1.3    108

bb                      80      1012

BEH bosons       8      106
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Integrated pp luminosity

during Run-2

Also collected Pb-Pb p-Pd Xe-Xe data

High-luminosity comes

with a challenge

22

measured to 1.7% precision

(ATLAS-CONF-2019-021)

low µ data for high precision

W physics

µ =
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All dogmas need to be revisited 

Like the fact that the response of the calorimeter is constant w.r.t time

for instance current in detector  I   
( there are also short time-scale variations due to T change ) 

We have a lot of data in order to make precise calibrations   

But the needs for precision physics are very important ! 

energy mis-calibration defined by i



♪ Results

 detector

 SM  (including multibosons and VBS)

 BSM

 (B-E)H

24



25

Theory agrees so far with the measured cross sections

on 15 orders of magnitude

ATL-PHYS-PUB-2021-032
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ATL-PHYS-PUB-2021-032
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definition of µ  ( signal strength )

 =   ( . BR ) /  ( . BR )SM

called          signal strength
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B-physics

ATLAS-CONF-2021-046

Eur. Phys. J. C 81 (2021) 342

arXiv:2001.07115
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top-quark pair events with a high pT top quark

PT (top)> 355 GeV

Reduce jet energy scale by 

using mass of hadronic top
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Measurement of t t t t production cross section 
Eur.Phys.J.C 80 (2020) 11, 1085
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WWW production 
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Z boson with high pT jets

Measure cross section in more 

extreme phase space

collinear vs back to back 
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EW precision measurements

W mass mW

One wants to have measurements with uncertainties close to the

results of the EW fit mW = 80354 ± 7 MeV
arXiv:1803.01853

7 TeV data
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ATL-PHYS-PUB-2021-032

All EW VVjj observed : most recent one is Z jj



35

CERN-EP-2021-137
Z (→ l l )  j j  EW 
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Z ( → )  j j  EW 
CERN-EP-2021-137

This analysis is also setting limits on H→ inv and H →  +dark- BRs

ATLAS-CONF-2021-004
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SUSY
ATL-PHYS-PUB-2021-019
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SUSY ATL-PHYS-PUB-2021-019
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SUSY Electroweak arXiv:2108.07586



41

Flavour anomalies and vector leptoquarks 

See also ATLAS-CONF-2021-008 h
tt
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Lepton Flavor Violation in Z decays ( e , e ,  )
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these limits are stat-limited, so they will continue to improve with 

more luminosity



Heavy particle searches 
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Heavy Gauge Boson 

with RH couplings

Vector-like top quark

e/ Z/H b  tagged
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The (Brout-Englert-)  Higgs = BEH  boson(s) 

1  Additional BEH bosons   ( and exotic decays ) 

2  The SM BEH boson  

3  Search for a pair of BEH bosons  

see back-up (H→ bb  H → l l 

, H → Z  ..)
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1  Additional BEH bosons  

General recipe : SM Higgs Doublet + Additional Field = Additional H bosons

SM + 1 additional H doublet = 2HDM ( Two Higgs Doublet             

Model )  that corresponds to 5  physical Higgs bosons  

h, H, A, H+, H-

Four variants to couple SM fermions to the 2HDs

MSSM  type II HDM  .. Numerous benchmark models like hMSSM

J
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1  Additional BEH bosons   

ATL-PHYS-PUB-2021-030
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1 Additional BEH bosons    excess at 95 GeV
( same situation than 2 years ago) 

comparison between CMS and ATLAS results (Sven Heinemeyer) 

© Sven Heinemeyer Higgs Hunting 2019 

ATLAS-CONF-2018-025

20 fb-1 (8 TeV) + 36 fb-1 (13 TeV) 80 fb-1 (13 TeV)



1  exotic decays of standard BEH boson 

s

ATLAS-CONF-2021-032



2  The SM BEH boson   executive summary 

9 years after the discovery we have now a much clearer picture

of the BEH boson properties

 It is spin 0 and its interactions with bosons are mainly CP-even

 We know its mass at < 0.2% accuracy

BEH boson couples to mass ➔ couplings to be measured

► Observation of all main production modes (ggF, VBF, VH, ttH)

Increasing precision in all measurements

►bosonic sector  : inclusive measurement at ~10% precision

differential measurements probing extended phase space 

with increasing accuracy

► fermionic sector : 3rd generation ( , t, b )  established

with uncertainties approaching  ~ 20% level . Most

promising channel for 2nd generation is H→ µµ
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A.Djouadi Phys.Rept.457:1-216

GF     H → WW , ZZ , γγ , (bb),

VBF H → WW, ZZ , γγ , bb, 

WH, ZH   H → WW, γγ, bb

ttH H → WW, γγ, , ZZ, bb

Typical uncertainties on cross-section

gg            5 %                   NNNLO

VBF         <5%                 NN(n)LO

WH,ZH   <5%                 NNLO

ttH           10%                 NLO

These production cross sections have to be used

with the decays bb ,  , WW , ZZ , 

2  The SM BEH boson  
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note that   mH = 0.1 GeV   →  (BR(H→ ZZ)) / BR(H→ ZZ)  ~ 1%

Remember ATLAS has an uncertainty on W mass of 19 MeV Eur.Phys.J. C78 (2018) no.2, 110   

At longer term uncertainty will be dominated by 4l

( for H→  :  need to extrapolate from e to  ! ) 
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2  The SM BEH boson The H mass  

uncertainty on mass  < 0.2 %  

note :  new CMS measurements   Phys. Lett. B 805 (2020) 135425
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Phys.Rev.Lett. 125 (2020) 6, 061802

2  The SM BEH boson  t t H    H →  

4.4 expected

contraints on CP admixture
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2  The SM BEH boson  H →  

Willocq EPS 21
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2  The SM BEH boson  H → cc  H → 
ATLAS-CONF-2021-021

Phys. Lett. B 812 (2021) 135980    arXiv:2007.07830 

H → cc  H → 



2  The SM BEH boson    H→ 4l  H→

H→ 4l

H→ 
Full Run-2

ATLAS-CONF-2019-029

constraint on charm coupling

through pT distribution 

( gg→ H   and cc→ H) 

Full Run-2

syst (background modelling 

+ energy resolution + …. = stat  ! 

ATLAS-CONF-2020-026
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2  The SM BEH boson    dileptons (ee, eµ, e, µ )

H→ ee, eµ, e, µ

no evidence for H→ ee 
☺

BR(H→ ee) < 3.6 (3.5) 10-4

obs     exp

arXiv:1907.06131

arXiv:1909.10235



2  The SM BEH boson     H combination
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iconic H plot  

The SM  BEH mechanism predicts

relations between couplings and masses

13 TeV 
up to 140 fb-1

There are other results

( STXS , interpretations)

SEE BACKUP

ATLAS-CONF-2020-053
checked
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2 The SM BEH 

boson    

H combination

ATLAS-CONF-2020-027

with the 

large 

statistics 
we are able to 

compute a 

large number 

of individual

cross sections
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2 The SM BEH 

boson    

H combination

and in some

extreme

kinematic

regions

ATLAS-CONF-2020-027
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2 The SM BEH 

boson    

H combination

ATLAS-CONF-2020-027

allow some simple

physics interpretations

(  coupling modifiers)

and more complicated physics interpretations   

ATLAS-CONF-2020-053

Standard Model Effective Field Theory
(SMEFT) operators and corresponding 
Wilson coefficients

Several MSSM 
benchmark 
scenarios
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2  The SM BEH boson   invisible decays

ATLAS-CONF-2021-029

Z → ll  H inv ATLAS-CONF-2020-052

« Old » Combination

DM interpretation
as limit on WIMP-nucleon scattering in Higgs 

portal model 

Complementary to direct DM 

searches

SM BR(H→ 4 ) ~ 1.2 10-3

assuming SM H production
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3  Search for a pair of BEH bosons  
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3  Search for a pair of BEH bosons  

( )
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3  Search for a pair of BEH bosons ATL-PHYS-PUB-2021-031



3 Search for a pair 

of BEH bosons 

ATLAS-CONF-2021-030

HH → bb 

ATLAS-CONF-2021-016
HH → bb 
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discovery

of H boson
now

Official planning above . Most probably one additional

year for Run 3 and a longer delay for LS3 
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ATLAS Phase-I Upgrade  ( during LS2 )
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ATLAS Phase-II Upgrade (during LS3)

High granularity

timing detector

2.4 < | | < 4

 P.Savard LP 2019
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It is very hard to predict, especially the future.
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will require 

special runs

Sensitivity to hh direct search

self coupling normalized to SM

3000 fb-1

 mW

H

HH
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► Fantastic Run-2 dataset , thanks to the outstanding

performance of the LHC and ATLAS

► During Run-3 emphasis on precision 

► < 5% of the data that will be delivered by HL-LHC 

 a lot to do ! 

Thanks for your attention 
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Thanks to the Corfu organizers In particular to Georges

who I met 40 years ago ..

 Patty McBride

Wait for next year and

George’s fest ! 



♪ Historical introduction , Setting the stage

♪ Results  

♪ Future of ATLAS , Run-3 , HL-LHC 

♪ Conclusions

♪ Backup 

Corfou 2021 77



♪ Historical introduction , Setting the stage

♪ Results   

♪ Future of ATLAS , Run-3 , HL-LHC 

♪ Conclusions

♪ Backup 

Corfou 2021 78



♪ Historical introduction , Setting the stage

♪ Results  

♪ Future of ATLAS , Run-3 , HL-LHC 

♪ Conclusions

♪ Backup 

Corfou 2021 79



♪ Results

 detector

 SM  (including multibosons and VBS)

 BSM

 (B-E)H

80



Corfou 2021 81

 t= 25 ns

 t= 50 ns
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82

Huge efforts over last months to prepare for high lumi and pile-up expected in 2012:
❑ optimized trigger and offline algorithms (tracking, calo noise treatment, physics 

objects) 
→ mitigate impact of pile-up on CPU, rates, efficie

ATLAS

Z→ μμ event from 2012 data with 25 reconstructed vertices

M. Lamont, IPAC’13

Pile up increases at higher energy ( higher luminosity  + higher cross sections )

→

Experiments have requested 25 ns (instead of 50 ns) operation at 13 TeV

But if the time constant is larger than 50 ns (i.e integrating time

of the LAr calorimeter ) then the pile-up is independent of the

bunch spacing ( for a given luminosity ) 

Corfou 2021



Comparison between the energy scale corrections derived from 

Z→ ee events in 2015 and 2016 as a function of η. The difference 

of the energy scales measured in the data are compared with 

predictions taking into account the luminosity-induced high-voltage

reduction and LAr temperature changes as well as the small overall

difference in LAr temperature between 2015 and 2016
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B-physics
ATLAS-CONF-2020-049
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B-physics
Eur. Phys. J. C 81 (2021) 342

arXiv:2001.07115
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top-quark pair events with a high pT top quark
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top-quark pair events with a high pT top quark
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top-quark pair events 
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top-quark pair events 
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Measurement of t t t t production cross section 
Eur.Phys.J.C 80 (2020) 11, 1085

M.Vincter LHCP21
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Measurement of t t t t production cross section 
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Measurement of t t t t production cross section 
Eur.Phys.J.C 80 (2020) 11, 1085
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4 evidence for weak triboson production using 2015-2017 data

( presented already at Corfou 2019 )
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WWW production 
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ATL-PHYS-PUB-2021-032
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ATL-PHYS-PUB-2021-032
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ATL-PHYS-PUB-2021-032



Corfou 2021 107

ATL-PHYS-PUB-2021-032
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Z boson with high pT jets
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Z boson with high pT jets
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EW precision measurements

Weak angle   sin2 l
eff
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EW precision measurements

Weak angle   sin2 l
eff W mass mW

One wants to have measurements with uncertainties close to the

results of the EW fit sin2l
eff = .23153 ± .00006  mW = 80354 ± 7 MeV

arXiv:1803.01853

8 TeV data                       7 TeV data

F-B asymmetry
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EW precision measurements

W mass mW
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EW precision measurements

W mass mW LHCb
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Z  j j  EW 
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Z  j j  EW   (CMS) 
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SUSY Electroweak
arXiv:2108.07586



Corfou 2021 118

Flavour anomalies and vector leptoquarks 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
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1  Additional BEH bosons    excess at 95 GeV 
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1  Additional BEH bosons    excess at 95 GeV 
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Phys.Lett. B565 (2003) 61-75 

Search for the standard model Higgs 

boson at LEP

1  Additional BEH bosons    excess at 95 GeV 
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1  Additional BEH bosons    excess at 95 GeV 
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1  exotic decays of standard BEH boson 
ATLAS-CONF-2021-032
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..  Worse limit 

ATLAS-CONF-2018-025

1  Additional BEH bosons    excess at 95 GeV 
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2  The SM BEH boson  
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uncertainty on mass  < 0.2 %  

note that   mH = 0.1 GeV   →  (BR(H→ ZZ)) / BR(H→ ZZ)  ~ 1%

Remember ATLAS has an uncertainty on W mass of 19 MeV Eur.Phys.J. C78 (2018) no.2, 110   

At longer term uncertainty will be dominated by 4l

( for H→  :  need to extrapolate from e to  ! ) 

2  The SM BEH boson (final Run-1 ATLAS + CMS result)   
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2  The SM BEH boson  H→   ATLAS-CONF-2020-026



start to be sensitive to   subtle effects   like interference 

Martin,   Dixon and Li  Phys.Rev.Lett. 111 (2013) 11180

Interference depends of S/B , therefore is smaller at high pT(H)

where S/B is larger 

2  The SM BEH boson  Interference in  ( between signal and background)

some work can be done at high pT ( H+2j)   see for instance   
Phys.Rev. D92 (2015) no.1, 013004 

( between signal and background) in 



However the effect is larger for 

larger H width

→ could constrain the H width 
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2  The SM BEH boson  Mass shift  

There is also an effect on the

cross-section measurement 

( few % ) to be taken into

account 
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2  The SM BEH boson  H→ l l 
Phys. Lett. B 819 (2021) 136412

C.Tackmann EPS 21
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2  The SM BEH boson  H→ l l 
Phys. Lett. B 819 (2021) 136412

C.Tackmann EPS 21
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2  The SM BEH boson  H→ Z Phys.Lett.B 809 (2020) 135754



New !  MMC = Missing mass Calculator 

139

reconstruction of Higgs mass

with collinear approximation

and  angle between the two 

Elagin Murat Pranko Safonov Nucl.Instrum.Meth. A654 (2011) 481-489

A New Mass Reconstruction Technique for Resonances Decaying to di-tau

Improvement comes from requiring that the relative orientations 

of the neutrinos and other decay products are consistent with the

mass and kinematics of a  lepton decay 

2  The SM BEH boson ( H→)    reconstruction

N
u

cl
.I

n
st

ru
m

.M
et

h
. 
A

6
5
4
 (

2
0

1
1

) 
4

8
1

-4
8
9
 



140

2  The SM BEH boson  H →  
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2  The SM BEH boson  H →  
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2  The SM BEH boson  H →  
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2  The SM BEH boson  H →  
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2  The SM BEH boson  H →   (CMS) 

K.Tackmann EPS 21
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2  The SM BEH boson  H → cc 
ATLAS-CONF-2021-021
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2  The SM BEH boson  H → cc ATLAS-CONF-2021-021
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2  The SM BEH boson  H → cc 
ATLAS-CONF-2021-021
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2  The SM BEH boson  H →  Phys. Lett. B 812 (2021) 135980    arXiv:2007.07830 
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2  The SM BEH boson  H → W W* → e    ATLAS-CONF-2021-014
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2  The SM BEH boson     combined H→ 4l  and H→

A
TL

A
S-

C
O

N
F-

2
0

1
9

-0
3

2

Combined inclusive pp→H cross section 

SM =



2 The SM BEH 

boson   H → bb

( already at 

Corfou 2019) 

H→bb

Main analysis is targetting VH but 

also start to look at ggH and VBF modes 
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H→ bb : 5.4  obs 5.5  exp

µ =

Combination of VH

channels gives      

significance 
obs(exp) of 5.3  (4.8 ) 
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Eur.Phys.J.C 81 (2021) 2, 1782 The SM BEH 

boson WH and ZH    H → bb
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Eur.Phys.J.C 81 (2021) 2, 1782 The SM BEH 

boson WH and ZH    H → bb
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Eur.Phys.J.C 81 (2021) 2, 1782 The SM BEH 

boson WH and ZH    H → bb
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Eur.Phys.J.C 81 (2021) 2, 1782 The SM BEH 

boson WH and ZH    H → bb

cross check WZ and ZZ    Z → bb
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2 The SM BEH 

boson   VBF  H → bb
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2 The SM BEH  boson   

3 VBF ( H → bb )   +   

JHEP 03 (2021) 268
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2 The SM

BEH boson  

H combination
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5,6 September 2017 161

In fact there are

31 STXS , but 

measure 9

(lack of statistics)

arXiv:1802.04146

2 The SM BEH boson STXS   =     simplified template cross sections

( transparency already shown at Corfou  2019 )
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2 The SM

BEH 

boson    

H combination
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2 The SM BEH boson H combination  interpretation ATLAS-CONF-2020-053
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2  The SM BEH boson    Z H invisible ATLAS-CONF-2021-029
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3  Search for a pair of BEH bosons ATL-PHYS-PUB-2021-031
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3  Search for a pair of BEH bosons ATL-PHYS-PUB-2021-031
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3  Search for a pair of BEH bosons ATL-PHYS-PUB-2021-031
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HH → bb  ATLAS-CONF-2021-030
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