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◦

ATLAS/CMS Comparisons Discussion

ATLAS/CMS comparison: channels and integrated luminosity

Channel Final state ATLAS CMS

ssWW ``+2j 36 fb−1 137 fb−1

VV+2j ZZ→ 4` 139 fb−1 137 fb−1

WZ→ 3` 36 fb−1 137 fb−1

ZZ→ ``νν 139 fb−1 -
ZV→ ννqq 35 fb−1 -
WV→ `νqq 35 fb−1 137 fb−1

ZV→ ``qq 35 fb−1 -
Zγ ``γ+2j 139 fb−1 137 fb−1

ννγ+2j 139 fb−1 -
Wγ ``γ+2j - 35.9 fb−1
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ATLAS/CMS comparison: fiducial requirements

Channel FS ATLAS CMS
ssWW ``+2j p`T > 27 GeV, mll > 40 GeV p`T > 25, 20 GeV, mll > 20 GeV

pj
T > 65, 35 GeV, Mjj > 500 GeV, ∆yjj > 2 pj

T > 50 GeV, Mjj > 500 GeV, ∆ηjj > 2.5,
z∗` < 0.75

VV+2j WZ→ 3` p`T > 15, 15(Z ), 20(W ) GeV, |mll−mZ | <
10 GeV, mW

T > 30 GeV

p`T > 25, 10(Z ), 20(W ) GeV, |mll−mZ | <
15 GeV, m``` > 100 GeV, MET> 30 GeV,
max(z∗` ) < 1

pj
T > 40 GeV, ηj1.ηj2 < 0, Mjj > 500 GeV pj

T > 50 GeV, Mjj > 500 GeV, ∆ηjj > 2.5
ZZ→ 4` p`T > 20, 20, 10, 7 GeV, 66 < mll < 116

GeV, ∆Rll > 0.2
p`T > 20, 10, 5, 5 GeV, 60 < mll < 120
GeV, M4` > 180 GeV

pj
T > 30(40 if 2.4 < |η| < 4.5) GeV,

ηj1.ηj2 < 0, Mjj > 300 GeV, ∆yjj > 2

pj
T > 30 GeV, Mjj > 100, 400, 1k GeV,

∆ηjj > 2.4

WV→ `νqq Boosted (J ∆R = 0.8) and Resolved (jj ∆R = 0.4) V(qq) topologies.
p`T > 27(veto 7) GeV, MET> 80 GeV p`T > 30(µ), 35(e)(veto 10) GeV, MET> 30

GeV, mT (W)< 185 GeV
V-tag pj

T > 20(30 if 2.4 < |η| < 4.5) GeV,

pJ
T > 200 GeV, |ηJ | < 2

V-tag pj
T > 30 GeV, pJ

T > 200 GeV

pj
T > 30 GeV, ηj1.ηj2 < 0, Mjj > 400 GeV pj

T > 30 GeV, Mjj > 500 GeV, ∆ηjj > 2.5
Zγ ``γ+2j p`T > 30, 20 GeV, mll > 40 GeV, EγT > 25

GeV, ∆R(l,γ)> 0.4
p`T > 25(ee), 20(µµ) GeV, 70 < mll < 110
GeV, EγT > 20 GeV, ∆R(l,γ)> 0.7

Mll + Mllγ > 182 GeV, ζllγ < 0.4 Mllγ > 100 GeV, η∗ < 2.4
pj

T > 50 GeV, Mjj > 150 GeV, ∆yjj >

1, ∆R(γ, j) > 0.4, ∆R(`, j) > 0.3,
NjetsGap = 0

pj
T > 30 GeV, Mjj > 500 GeV, ∆ηjj >

2.5, ∆R(γ, j) > 0.5, ∆R(`, j) > 0.5,
∆Φ(Zγ, jj) > 1.9

A.-M. Magnan VBS@HH21 21/09/2021 3 / 11



◦

ATLAS/CMS Comparisons Discussion

ATLAS/CMS comparison: experimental methods

Channel FS ATLAS CMS
ssWW ``+2j 36 fb−1 137 fb−1

fit with 30 bins (5 Mjj× 6 lep-lep) + WZ CR 2D fit Mjj -M``, diff. in Mjj , Mll ,p
`1
T

polarisation meas. with 2 BDTs
VV+2j WZ→ 3` 36 fb−1 137 fb−1

BDT (15 vars) in SR, combined fit SR+b-
CR+QCD-CR+ZZ-CR, diff xs in mT (WZ),Σp`T ,
∆Φ(W,Z), Njets , Mjj , ∆Φjj , ∆yjj

BDT (13 vars), diff xs in Mjj

ZZ→ 4` 139 fb−1 137 fb−1

Multivariate discriminant, CR+SR combined fit Matrix Element analysis
WV→ `νqq 35 fb−1 137 fb−1

Fit of BDT in 9 SR, Mjj in 12 CR DNN
Zγ ``γ+2j 139 fb−1 137 fb−1

Fit of Mjj CR+SR 2D fit Mjj -M``, diff. in Mjj , p`T , pγT , pj1
T
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ATLAS/CMS comparison: systematics

Channel FS ATLAS CMS
ssWW ``+2j 36 fb−1 137 fb−1

Bkg non-prompt l ' 50%, e charge misid '
15%, bkg theo model' 25%

Bkg non-prompt l ' 3.5%, lep id ' 2%, bkg
theo model' 2%, MC stat 2.6%

VV+2j WZ→ 3` 36 fb−1 137 fb−1

Jets 6.6%, QCD model 5.2%, EWK model
4.8%

Jets 4.3%, theo model 3.8%, MC stat 3.7%,
lep 2.9%

ZZ→ 4` 139 fb−1 137 fb−1

Exp 10%, Bkg CR 15%, EWK theo model 10%,
QCD theo model 30%

Jets-Bkg 5-15%, trig+lep 2-9%, MC stat 2-4%,
Bkg theo model 12-20%, EWK theo model 10-
18%

WV→ `νqq 35 fb−1 137 fb−1

jets 20%, Bkg norm. 30%, EWK model 10%,
discri modeling 5-30%

jets 4%, Bkg norm. 12%, EWK model 9%, btag
5%, MC syst 10%

Zγ ``γ+2j 139 fb−1 137 fb−1

EWK model 6%, QCD model 5%, Jets 5% theo model 5%, Jets 8%, MC stat 5%, PU 5%,
eγ 4.5%
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ATLAS/CMS comparison: significance
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ATLAS/CMS comparison: MC modeling and systematics
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ATLAS/CMS comparison: HL-LHC projections

Prospects for High-Luminosity LHC 

1

• Cross sections at LO and NLO EW for W+W- scattering at √s=14,27,100 TeV
• 𝛔 increase with √s while EW corrections become negatively larger
• typical scale in the Sudakov logarithms is increasing 

• Simulations of upgraded detectors at √s=14 and total luminosity 3000 fb-1

• VBS W±W±   - expected total uncertainty on cross section is 4.5 (5-6)% for CMS(ATLAS) 
• VBS WL

±WL
± - CMS+ATLAS combination should yield 3𝛔 discovery 

• VBS W±Z      - overall expected uncertainty 5.5 (5)% for CMS(ATLAS)
• VBS W±ZL     - expect evidence of 1.3-1.4𝛔  for CMS and 1.5-2.5𝛔  for ATLAS   

arXiv:2102.10991

A.-M. Magnan VBS@HH21 21/09/2021 8 / 11



◦

ATLAS/CMS Comparisons Discussion

Remember...

G. Altarelli, EPS-HEP 2011
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VBS is back on the front line...
...towards the end goal of a more complete theory

VBS as a test of the exact nature of
EWSB and of the Higgs potential

Right now: "Bottom-Up" approach
with EFT.

Still iterating on the "correct" EFT ...

Full theoretical model probably still a
long way...

"

"

https://xkcd.com/731/
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A few open items...

Ruiz et al. arXiv:2106.01393

Theory side

VBS approx vs full NLO (EW+QCD)
corrections: Pellen et al
arXiv:1803.07943

EFT definition

NLO EFT ?

For future colliders: behaviour in the
massless limit, EW PDF ?

Experimental side

More stat.

Add final states with tau leptons,
hadronic decays.

Improve acceptance: triggering on
VBF jets, quark-gluon discrimination.

Reduce systs: MC modeling, JES.

Common to both

Data to publish to allow for theoretical re-interpretation in several years time.

Central jet activity (MC modeling).

Polarisation: theoretical definitions and measurements.
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Backups

BACKUPS
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