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main reasons behind
• compelling cosmological evidence of dark matter existence through its 

gravitational interaction

Roma 11 Giugno 2015 Luciano MAIANI. FermiLectures 28_2015

Composizione dell’Universo secondo WMAP (cont.)

• Componenti principali dell’Universo, 
oggi: materia oscura, materia barionica 
(densita’ circa 1/5 della DM), costante 
comologica

• Universo euclideo ΩΛ + Ωm ≈1

• ricordiamo che:

• andando indietro nel tempo a(t) 
diminuisce, quindi il contributo relativo 
della radiazione aumenta e quello della 
costante cosmologica diminuisce.

• la seconda figura mostra la situazione al 
momento della ricombinazione degli 
atomi: la radiazione e i neutrini 
fornivano una componente importante

• per tempi ancora inferiori, e’ la 
radiazione a dominare.

18

⇢rad /
1

a(t)4
, ⇢m / 1

a(t)3
, ⇢⇤ /

1
a(t)0

2

Roma 12 Feb. 2015 Luciano MAIANI. FermiLectures 16_2015

3. Curve di Rotazione

• la 3a Legge di Keplero afferma che i quadrati dei tempi di rivoluzione dei pianeti stanno 
tra loro come i cubi dei valori medi della distanza dal Sole

• per orbite circolari, T= 2πR/v, quindi
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• la previsione vale, con buona 
approssimazione, anche se la massa che 
attrae il corpo non e’ puntiforme, purche’ 
sia sfericamente simmetrica e contenuta 
all’interno dell’orbita

E’ la conferma  della dark matter (ripetuta ormai in moltissimi casi), se 
manteniamo l’ipotesi che le leggi di Newton siano valide su scala galattica 

• Negli anni ’70, Vera C. Rubin, studiando 
le curve di rotazione delle galassie 
scopri’ che la velocita’ delle nubi di gas 
che orbitano attorno alla galassia non 
decresce quando la nube e’ fuori della 
parte luminosa, ma si mantiene circa 
costante fino a distanze di diverse volte il 
raggio della parte luminosa
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dark matter searches at LHC
• nothing found so far
• model-dependent studies 
• large  expectations from the the energy jump from 8 TeV to 13 TeV

3
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• Higgs mass is unstable to large radiative corrections from much higher 
energy scales - fine-tuning needed to keep the Higgs light: severe 
naturalness problem  

• the standard model alone exhibits a Higgs potential which is meta-
stable, given the measured values of its parameters

vacuum stability

4

Vacuum decay

If our vacuum is only a local mini-
mum of the potential, at some point
quantum tunnelling towards the true

minimum will happen.
The process was studied by Coleman
and is ‘similar’ to boiling of water
(quantum field theory is formally similar
to thermal field theory for matter...).
A bubble of negative-energy true vac-
uum can appear anywhere and anytime
and start expanding at the speed of
light.
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The probability density of vacuum decay is dp/dV dt = e
�S

/R
4, suppressed by

the action S of the classical field configuration h(r) that interpolates vacua

h(1) = unstable vacuum h(0) ⇡ other side of the potential barrier
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SUSY searches
• nothing found so far, mostly with simplified models, even in the 3rd 

generation and EWK production cases 
• cross-sections fall at high mass

5

Signal Phenomenology in a Nutshell
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EW sector mass parameters : 
M1 (bino), M2 (wino), μ (higgsino)

a) |M1| << |M2,μ|
χ̃10 is bino-like
and accessible

b) |M1,M2| << |μ|
χ̃10 is bino-like

χ̃1± and χ̃20 wino-like
m(χ̃10) < m(χ̃1±/χ̃20)

c) |M1,M2| >> |μ|
χ̃10, χ̃1±, χ̃20

 higgsino-like
and degenerate

d) |M1,μ| << |M2|
χ̃10 is bino-like
χ̃1±, χ̃20, χ̃30

 higgsino-like
and degenerate

Composition dependent cross-sections
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high-mass BSM resonances

6
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the Large Hadron Collider
• proton-proton collider at CERN 
• current centre-of-mass energy of the pp system: 13 TeV 
• planned to take data until year 2035
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the LHC operations plan

8

41             Roberto Salerno (LLR) - CMS-HH workshop - Université catholique de Louvain - 8/12/2016

LHC and HL-LHC plans

39
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the LHC energy reach

9
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the proton collisions
• LHC delivered about 50/fb of data in 2017 at 13 TeV of centre-of-mass 

energy, on top of about 40/fb in 2016 
• the number of pile-up increases with the instantaneous luminosity 
• on-line selection of events needed, and more difficult with high 

instantaneous luminosity and pileup

10



P. Govoni  -  Precision measurements at the LHC in the Electroweak sector  -  15/03/18 Montpellier   

the LHC detectors

11

LHC
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compact muon solenoid, CMS

12
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the detector components

13
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the detector components

14

silicon tracker

lead-tungstate electromagnetic  
calorimeter (ECAL)

brass/scintillators 
hadronic 

calorimeter (ECAL)

superconducting  
solenoid

redundant muon 
detectors system
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• identify and reconstruct each individual particle in the detector: 
charged hadrons, neutral hadrons, photons, muons, electrons 

• identify and remove charged particles from pile-up from vertex 
information 

• jets clustered with anti-kT algorithm of radius 0.4 
• MET is the negative sum of transverse momenta of all particles 
• very close to the Monte Carlo event simulation

the event reconstruction

15
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the Higgs boson discovery
• discovered with LHC Run1, and did not disappear in Run2 
• SM-like behaviour within (not small) uncertainties

16
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the uncertainty on the XS
• there is still plenty of room for physics beyond the standard model 

(BSM)

17

electro-weak singlet extension of the SM

allowed 
region
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impact of several BSM models
• generic size of coupling modifications when the scale of new physics is 

consistently taken to be M ∼ 1 TeV

18

arXiv:1310.8631
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latest news from Moriond EWK

19
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the vector boson scattering
• six fermions final state 
• input partons radiate the interacting vector bosons, that scatter 
• the outgoing jets enter the detector volume 
• EWK process: at leading order it’s proportional to 𝛂6

20
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the actual VBS contributions

21

Higgs →

← top-top (EW)

← VV-fusion

TGC & QGC →

And α2sα4EW →

← VV and non resonant
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the VBS unitarity in the SM

22



P. Govoni  -  Precision measurements at the LHC in the Electroweak sector  -  15/03/18 Montpellier   

in case of anomalies
• if the delicate equilibrium is perturbed: 

• any deviations signal new physics in a model-independent way and 
hints on the scale of NP

23

parton level including pdf

(𝛅)
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effective field theory
• add to the SM Lagrangian additional BSM terms 
• generic low-energy parameterisation of an unknown model that 

would become apparent at (too) high energies 

• simplistic realisation: choose a basis and associate operators to vertices 
in form of anomalous couplings:

24

Dim 6 Dim 8

Pure 
Higgs 
field

Pure Field-
strength 
tensor

Mixed Higgs-
field-strength

QGC TGC HVV
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the VBS signature

25

colorless V  
exchange• Two highly energetic jets (tag jets)   

•  Large invariant mass of di-jet system  
• Large pseudo rapidity gap between jets  

• No hadronic activity in the rapidity gap of  the two tagging jets 
• Decay products of the vector bosons lying between the tagging jets 
• high-pT isolated leptons (or MET) in the event from the V decays
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the statistics challenge

26
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same-sign W±W± scattering
• Low cross-section and very low backgrounds 
• First observation at 5.5𝜎 (5.7 exp.) by the CMS experiment 
• Fiducial XS: σfid(W±W±jj) = 3.83±0.66(stat) ±0.35(syst) fb  

in agreement with the SM expectation 4.25±0.21 fb (MG5 LO)

27

jets misidentified as 
charged leptons and 
charged leptons from 
hadron decays

WZ +2 jets with 
a missed 
charged lepton
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semi-leptonic WW scattering
• larger expected statistics, much more background 
• large sensitivity to BSM deviations 
• jet assignment ambiguity to be solved as well 
• access to (almost) the full kinematics of the event

28
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ZZ scattering
• four charged leptons final state 
• very clean, very low statistics

29

multivariate 
classifier fit to 
extract the signal

QCD irreducible 
bkg: from 
simulation, 
validated in 
control regions

reducible bkg 
measured in 
data

Background-only hypothesis excluded with  1.6 σ expect., 2.7 σ observed
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existing measurements
• several channels already studied at the LHC, in both CMS and ATLAS 
• very few reach interesting sensitivity already

30

arXiv:1801.04203
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anomalous couplings
• VBS studies start to impact in anomalous coupling measurements

31

]-4aQGC Limits @95% C.L. [TeV
2000− 0 2000 4000

July 2017
4Λ /M,0f γWV [-1.3e+02, 1.3e+02] -120.2 fb 8 TeV

γWV [-7.7e+01, 8.1e+01] -119.3 fb 8 TeV
γZ [-7.1e+01, 7.5e+01] -119.7 fb 8 TeV
γZ [-7.6e+01, 6.9e+01] -120.2 fb 8 TeV
γW [-7.7e+01, 7.4e+01] -119.7 fb 8 TeV

ss WW [-3.3e+01, 3.2e+01] -119.4 fb 8 TeV
ss WW [-6.0e+00, 5.9e+00] -135.9 fb 13 TeV

WW→γγ [-2.8e+01, 2.8e+01] -120.2 fb 8 TeV
WW→γγ [-4.2e+00, 4.2e+00] -124.7 fb 7,8 TeV

4Λ /M,1f γWV [-2.1e+02, 2.1e+02] -120.2 fb 8 TeV
γWV [-1.3e+02, 1.2e+02] -119.3 fb 8 TeV

γZ [-1.9e+02, 1.8e+02] -119.7 fb 8 TeV
γZ [-1.5e+02, 1.5e+02] -120.2 fb 8 TeV
γW [-1.2e+02, 1.3e+02] -119.7 fb 8 TeV

ss WW [-4.4e+01, 4.7e+01] -119.4 fb 8 TeV
ss WW [-8.7e+00, 9.1e+00] -135.9 fb 13 TeV

WW→γγ [-1.1e+02, 1.0e+02] -120.2 fb 8 TeV
WW→γγ [-1.6e+01, 1.6e+01] -124.7 fb 7,8 TeV

4Λ /M,2f γγZ [-5.1e+02, 5.1e+02] -120.3 fb 8 TeV
γγW [-7.0e+02, 6.8e+02] -119.4 fb 8 TeV
γγW [-2.5e+02, 2.5e+02] -120.3 fb 8 TeV
γWV [-5.7e+01, 5.7e+01] -120.2 fb 8 TeV

γZ [-3.2e+01, 3.1e+01] -119.7 fb 8 TeV
γZ [-2.7e+01, 2.7e+01] -120.2 fb 8 TeV
γW [-2.6e+01, 2.6e+01] -119.7 fb 8 TeV

4Λ /M,3f γγZ [-8.5e+02, 9.2e+02] -120.3 fb 8 TeV
γγW [-1.2e+03, 1.2e+03] -119.4 fb 8 TeV
γγW [-4.4e+02, 4.7e+02] -120.3 fb 8 TeV
γWV [-9.5e+01, 9.8e+01] -120.2 fb 8 TeV

γZ [-5.8e+01, 5.9e+01] -119.7 fb 8 TeV
γZ [-5.2e+01, 5.2e+01] -120.2 fb 8 TeV
γW [-4.3e+01, 4.4e+01] -119.7 fb 8 TeV

4Λ /M,4f γWV [-1.3e+02, 1.3e+02] -120.2 fb 8 TeV
γW [-4.0e+01, 4.0e+01] -119.7 fb 8 TeV

4Λ /M,5f γWV [-2.0e+02, 2.0e+02] -120.2 fb 8 TeV
γW [-6.5e+01, 6.5e+01] -119.7 fb 8 TeV

4Λ /M,6f γWV [-2.5e+02, 2.5e+02] -120.2 fb 8 TeV
γW [-1.3e+02, 1.3e+02] -119.7 fb 8 TeV

ss WW [-6.5e+01, 6.3e+01] -119.4 fb 8 TeV
ss WW [-1.2e+01, 1.2e+01] -135.9 fb 13 TeV

4Λ /M,7f γWV [-4.7e+02, 4.7e+02] -120.2 fb 8 TeV
γW [-1.6e+02, 1.6e+02] -119.7 fb 8 TeV

ss WW [-7.0e+01, 6.6e+01] -119.4 fb 8 TeV
ss WW [-1.3e+01, 1.3e+01] -135.9 fb 13 TeV

Channel Limits ∫ dtL s
CMS
ATLAS

]-4aQGC Limits @95% C.L. [TeV
100− 0 100 200 300

July 2017
4Λ /T,0f γγW [-3.4e+01, 3.4e+01] -119.4 fb 8 TeV

γγW [-1.6e+01, 1.6e+01] -120.3 fb 8 TeV
γγZ [-1.6e+01, 1.9e+01] -120.3 fb 8 TeV
γWV [-1.8e+01, 1.8e+01] -120.2 fb 8 TeV
γWV [-2.5e+01, 2.4e+01] -119.3 fb 8 TeV

γZ [-3.8e+00, 3.4e+00] -119.7 fb 8 TeV
γZ [-3.4e+00, 2.9e+00] -129.2 fb 8 TeV
γW [-5.4e+00, 5.6e+00] -119.7 fb 8 TeV

ss WW [-4.2e+00, 4.6e+00] -119.4 fb 8 TeV
ss WW [-6.2e-01, 6.5e-01] -135.9 fb 13 TeV
ZZ [-4.6e-01, 4.4e-01] -135.9 fb 13 TeV

4Λ /T,1f γWV [-3.6e+01, 3.6e+01] -120.2 fb 8 TeV
γZ [-4.4e+00, 4.4e+00] -119.7 fb 8 TeV
γW [-3.7e+00, 4.0e+00] -119.7 fb 8 TeV

ss WW [-2.1e+00, 2.4e+00] -119.4 fb 8 TeV
ss WW [-2.8e-01, 3.1e-01] -135.9 fb 13 TeV
ZZ [-6.1e-01, 6.1e-01] -135.9 fb 13 TeV

4Λ /T,2f γWV [-7.2e+01, 7.2e+01] -120.2 fb 8 TeV
γZ [-9.9e+00, 9.0e+00] -119.7 fb 8 TeV
γW [-1.1e+01, 1.2e+01] -119.7 fb 8 TeV

ss WW [-5.9e+00, 7.1e+00] -119.4 fb 8 TeV
ss WW [-8.9e-01, 1.0e+00] -135.9 fb 13 TeV
ZZ [-1.2e+00, 1.2e+00] -135.9 fb 13 TeV

4Λ /T,5f γγZ [-9.3e+00, 9.1e+00] -120.3 fb 8 TeV
γWV [-2.0e+01, 2.1e+01] -120.2 fb 8 TeV

γW [-3.8e+00, 3.8e+00] -119.7 fb 8 TeV
4Λ /T,6f γWV [-2.5e+01, 2.5e+01] -120.2 fb 8 TeV

γW [-2.8e+00, 3.0e+00] -119.7 fb 8 TeV
4Λ /T,7f γWV [-5.8e+01, 5.8e+01] -120.2 fb 8 TeV

γW [-7.3e+00, 7.7e+00] -119.7 fb 8 TeV
4Λ /T,8f γZ [-1.8e+00, 1.8e+00] -119.7 fb 8 TeV

γZ [-1.8e+00, 1.8e+00] -120.2 fb 8 TeV
ZZ [-8.4e-01, 8.4e-01] -135.9 fb 13 TeV

4Λ /T,9f γγZ [-7.4e+00, 7.4e+00] -120.3 fb 8 TeV
γZ [-4.0e+00, 4.0e+00] -119.7 fb 8 TeV
γZ [-3.9e+00, 3.9e+00] -120.2 fb 8 TeV

ZZ [-1.8e+00, 1.8e+00] -135.9 fb 13 TeV

Channel Limits ∫ dtL s
CMS
ATLAS
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the longitudinal component
• VLVL is where the EWSB plays its role 
• At large M(VV) the VLVL cross-section is of the same order as the VTVT 

one (in the no-Higgs case)  
• If there is a new resonance at a scale Λ, the VLVL cross-section will be 

anomalous until Λ

32

Accomando et al: hep-ph/0512219 

TOTAL XS HIGH MASS LIMIT

TT XS MAXIMUM

Higgs no Higgs
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projections for HL-LHC
• simplified detector performance, including the pile-up 
• reducible backgrounds considered as well

33

partial unitarisation VLVL component

room for im
provement!
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the di-Higgs measurement
• other crucial aspect of the SM: the potential of the field 
• V(φ) ~ –μ2(φφ†) + λ(φφ†)2  
• The non-resonant HH production is the principal way to extract the 

Higgs boson trilinear coupling (λHHH) to probe EWSB and measure 
shape of the Higgs potential 

34
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the Higgs trilinear coupling
• Precision measurements of Higgs boson physics give us insights into 

the nature of electroweak symmetry breaking. 
• new Physics might affect the trilinear Higgs coupling: 

• new resonances, new particles in loops, modified couplings 
• trilinear coupling could be measured at LHC from Higgs pair 

production

35

SM production: very low cross-
section because of large 

interference

BSM production:  new 
couplings (hhtt, ggh, 
gghh) or resonances
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models for new resonances

• MSSM/2HDM: additional Higgs doublet gives CP-even scalar H 
• probe the low mH - low tanβ region of the MSSM plane where BR 

(H→hh) is sizeable  
• Singlet model: additional Higgs singlet gives an extra scalar H 

• sizeable BR beyond 2 x mt, non negligible width at high mH  
• Warped Extra Dimensions: spin-2 (KK-graviton) and spin-0 (radion) 

resonances  
• different phenomenology if SM particles are allowed (bulk RS) or not 

(RS1 model) to propagate in the extra-dimensional bulk 
36
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BSM in non resonant production
• SM cross-section at 13 TeV is at the order of 33.4 fb  

• (gluon fusion Higgs production is ~44 pb) 
• BSM effects modify existing vertices and add new diagrams 
• large enhancements in the cross-section can happen

37

• effective parameterisation 
(EFT) of BSM effects: 

• five independent parameters: 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGHH

�hhh c2 c2g cg yt

�
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the statistics challenge

38
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the analysis final states at LHC
• given the low expected cross-sections, search for at least one Higgs 

boson decaying into bb pairs 
• the second one is searched for in several final states

39

bb bb large branching ratio, large 
QCD and tt bkg

bb WW large branching ratio, 
large tt contamination

bb 𝜏𝜏 tradeoff between purity and 
branching ratio

bb 𝛾𝛾 high purity,  
low branching ratio

(the SM branching ratios are assumed)
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HH → bb 𝛕𝛕 
• three final states studied: bb e𝜏h, bb μ𝜏h, bb 𝜏h𝜏h  
• trigger selections based on electrons, muons and hadronic taus 
• leptons should have a minimal pT (~20 GeV) and be isolated 
• BDT trained against ttbar for the non-resonant analysis

40

MC with 
kinematic pT 
reweighing to 
data

QCD from 
same-sign 
anti-isolated 
𝜏h region MC corrected for 

b-tagging eff.
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resonant searches results

41

Observed and expected 95% 
confidence level upper limits 
on the production for a spin-2 
resonance

exclusion limit in the hMSSM model 
(the CP-even lighter scalar is 

assumed to be the 125 GeV Higgs)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
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the non-resonant case

42

Non-Resonant Summary

• SM production limits reach ~20xsSM

• Best channel limits on anomalous 
trilinear coupling: 

$
$%&

∈[-8, 15]

• Assuming H� improvements
L=120 fb-1 in Run II will bring single 
channel limits at or below 10xsSM!
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VBF production mode
• cross-section is even lower 
• the presence of the VBS-like tag-jets helps suppressing some bkg 
• sensitive to different terms in the EFT expansion

43
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future expectations
• HL-LHC projections show a challenging future: limits on the SM cross 

section 
• improvements in the analysis techniques bring in a better evolution 

curve than the one expected by statistics only already with existing 
data

44

ATLAS II → JJKJJK Meta-Analysis: A Case For Optimism? 15

• What is driving this improvements?

0 5 10 15 20 25 30
]-1Integrated Luminosity [fb

0

20

40

60

80

100

120

hh
, S

M
σ

 / 
hh

, E
xp

ec
te

d
σ

-1Phys. Rev. D 94 (2016) 052002, 3.2 fb

-1ATLAS-CONF-2016-049, 13.3 fb

-1ATLAS-EXOT-2016-031, 27.5 fb

 searchesb bb b→hh 
 = 13 TeVsATLAS results at 

 Improvement
 -0.5L

 Improvement
 -0.8Fit Result: L



P. Govoni  -  Precision measurements at the LHC in the Electroweak sector  -  15/03/18 Montpellier   

next steps
• VBS and HH studies face the problem of very low cross-sections 
• they share the use of tools which deserve deep understanding, like 

boosted object decay reconstruction, EFT fits, high-energy lepton 
reconstruction, exploiting machine learning capabilities 

• in particular in the future, they will be dealing with harsh PU conditions 
and not necessarily a clear peak to look for 

• to get the largest statistics is possible, they will have to trigger as many 
final states as possible  

• high-multiplicity final states, or loop-induced processes, are difficult to 
calculate and simulate with good precision

45
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• tau leptons and b quarks in HH are not reconstructed with good 
resolution 

• use kinematic constraints to improve the invariant mass resolution of the 
single Higgs resonances

challenges: invariant masses

46

CMS HIG 13 004
effect on the CMS 

likelihood fit in the di-
tau invariant mass 

reconstruction

effect of mh/mbb rescaling on 
the high-mass resonance 

resolution in ATLAS
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challenges: the boosted regime
• highly boosted bosons produce collimated pairs of objects 
• for new resonances of very large invariant mass they are reconstructed 

as single large jets 
• for b pairs or tau pairs from H boson decays 
• for W or Z boson hadronic decays 
• b-tagging and tau-identification need to be 

performed within the large jet

47

resolved jets merged jets

R <
2 ·mh

p(h)T
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challenges: the V polarisation
• polarisation of vector bosons affects decay products angular distribution 
• not yet fully exploited in LHC analyses

48

arXiv:1710.09339 
decay angle wrt V direction, 

in the V reference frame
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• jets beyond the tree level collision need to be understood better 
• to be published soon

challenges: higher precision

49

V B S C A N M I D - T E R M M E E T I N G
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• Much larger discrepancies appear for the third jet. In particular
Pythia8 tends to enhance the rate in the central region (still to be
understood)

zj3 =
|yj3 - (yj1 + yj2)/2|

|�yjj|

Slide 15/16 — Alexander Karlberg (UZH) — W+W+(VBS)
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VBSCan
• COST Action targeting VBS studies 
• involves more than 20 EU countries and a few extra-EU partners

50

http://govoni.web.cern.ch/govoni/VBSCan/

Investigate the Vector Boson Scattering 
(VBS) process and its implications for the 
Standard Model, by coordinating existing 
theoretical and experimental efforts in the 

area and by best exploiting hadron 
colliders data, thereby laying the 

groundwork for long-term studies of the 
subject and creating a solidly 

interconnected community of VBS experts
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the VBSCan participants
• Theory: experts of Effective Field Theory, members from the 

communities of the major multi-purpose generators, authors of 
generators dedicated to VBS, VBF, vector bosons (Phantom, VBFNLO) 

• CMS Experiment: authors of VBS analyses, authors of VBF analyses 
• ATLAS Experiment: authors of VBS analyses, authors of VBF analyses 
• data mining: experts from Politecnico di Milano 

• Main guideline: collect all the relevant knowhow to perform the best 
VBS analysis. Some will be actual VBS analysts and will profit of all the 
pieces of info available, some will be experts of some parts of it, and will 
profit of the discussions on a subject of interest for them

51
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N(N)LO QCD and 
EWK predictions

EFT fits

machine 
learning

polarised-V 
tagging

high-energy leptons 
reconstruction

EFT 
unitarisation

signal definition

quark-gluon 
discrimination

PU mitigation

boosted jets 
reconstruction

background 
estimates

signal isolation

results 
combination

BSM models
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the VBSCan structure

53

WG1: theoretical 
understanding

M. Pellen, 
M. Zaro

WG2: analysis techniques J. Manjarres, 
M. Mozer

WG3: experimental 
measurements

L. S. Bruni, 
S. Duric

WG4: knowledge exchange 
and cross-activities

K. Lohwasser, 
I. Puljak

WG5: Inclusiveness Policies M. Slawinska, 
C. Petridou

management committee
P. Govoni, M. Mozer

QCD
EWK

ATLAS
CMS
ATLAS
CMS



P. Govoni  -  Precision measurements at the LHC in the Electroweak sector  -  15/03/18 Montpellier   

ongoing work on EFT
• define a sound minimal basis for the measurements 
• define publication guidelines to allow for the best exploitation from the 

theory community 
• starting with codes comparison

54

Code Comparison

several implementations available

SMEFTsim [Brivio, Jiang, Trott]

VBFNLO [MR, Zeppenfeld et al. ]

Whizard [Reuter, Song; Sekulla et al. ]

! document codes and their features

! compare codes and their features

! Agreement?

! Differences understood?

M. Rauch – EFT Issues and Plans VBSCAN year 1 mid-term meeting, 07 Feb 2018 6/18

Code Comparison

pick one VBS process as example

suggestion: pp ! e+⌫eµ+⌫µ jj (same-sign W+W+ production via VBS)
existing SM setup (! MC comparison)
fewer Feynman diagrams ! less CPU time needed
largest experimental sensitivity

restrict to a small subset of operators
O(3 � 4)
representative of different features: longitudinal, transverse, CP-odd

compare the codes numerically and understand any differences showing up

M. Rauch – EFT Issues and Plans VBSCAN year 1 mid-term meeting, 07 Feb 2018 12/18
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the Thessaloniki meeting

55

• the next general meeting will happen on June, 21st and 22nd in 
Thessaloniki 

• you are very welcome to join us there, if interested in our activities! 
• https://indico.cern.ch/event/706178/
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when the play gets tough

56

• HH and VBS searches still at their infancy 
• first measurements started appearing since about two years ago 
• basically statistically-limited, will profit a lot of the future LHC dataset 
• open complementary paths to test the solidity of EWSB 
• challenging processes both theoretically and experimentally  
• significant interest in both the experimental the theory community 
• new territories and lots to be done 
• exciting time ahead of us


