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Overview
● Diboson searches in ATLAS:

○ VV→qqqq, WV→ℓνqq, ZV→ℓℓqq, ννqq, 
WZ→ℓνℓℓ, ZZ→ℓℓℓℓ;

○ VH→qqbb, VH→ℓνbb, ℓℓbb, ννbb;
○ HH→bbbb, bbγγ, γγWW∗(→ℓνjj);
○ Zγ→ℓℓγ, qqγ;
○ γγ;

● V = W or Z boson, H = Higgs boson, ℓ = e, μ;   
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Overview
● Diboson searches in this talk:

○ VV→qqqq;
○ VH→qqbb;
○ HH→bbbb;
○ Zγ→ℓℓγ;
○ γγ;

● V = W or Z boson, H = Higgs boson, ℓ = e, μ;   
●  NOT all detailed in this talk! 
● I have chosen one per channel (with the latest results).

● Reference for all analyses in back-up.
● See also today’s talks by: Imma Riu  and Yanlin Liu!
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● Based on 2015+2016 data at 13 TeV:
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● Reconstruct decay product of 
resonance X. Look for a peak on a 
smooth background.

● Based on 2015+2016 data at 13 TeV:



Overview
● Diboson searches in this talk:

○ VV→qqqq;
○ VH→qqbb;
○ HH→bbbb;
○ Zγ→ℓℓγ;
○ γγ;

● V = W or Z boson, H = Higgs boson, ℓ = e, μ;   
●  NOT all detailed in this talk! 
● I have chosen one per channel (with the latest results).

● Reference for all analyses in back-up.
● See also today’s talks by: Imma Riu  and Yanlin Liu!

ATLAS Searches for VH, HH, VV, V+γ/γγ Resonances - Nicolò Vladi Biesuz - DIS 2017                                                                                            6

● Reconstruct decay product of 
resonance X. Look for a peak on a 
smooth background.

● Based on 2015+2016 data at 13 TeV:
● Benchmark models;

○ Spin-0: extended Higgs sector;
○ Spin-1: Heavy Vector Triplets (HVT);

■ Model A: gv=1;
■ Model B: gv=3;

○ Spin-2: Randall-Sundrum Gravitons (RSG*).

● Reference in back-up.

http://www.sciencedirect.com/science/article/pii/0550321385902214
https://arxiv.org/abs/1402.4431
https://arxiv.org/abs/1402.4431
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● Reconstruct decay product of 
resonance X. Look for a peak on a 
smooth background.

● Boson decay topology:
○ Resolved: low cross-section, low mass resonances.
○ Merged: optimization for high mass resonances;

● Based on 2015+2016 data at 13 TeV:
● Benchmark models;

○ Spin-0: extended Higgs sector;
○ Spin-1: Heavy Vector Triplets (HVT);

■ Model A: gv=1;
■ Model B: gv=3;

○ Spin-2: Randall-Sundrum Gravitons (RSG*).

● Reference in back-up.

http://www.sciencedirect.com/science/article/pii/0550321385902214
https://arxiv.org/abs/1402.4431
https://arxiv.org/abs/1402.4431


Special Ingredients: V,H➝qq
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● Rule of thumb for angular separation of decay products: 

● Resolved analysis: 
reconstruct two small jets (anti-kt R= 0.4), j:

● Merged analysis: 
decay products are detected as one object, a large-R jet (anti-kt  R=1.0), J:

W, Z and H

 Hadronic decays:

 At high P
T 
 Decay 

products will merge 

in a unique object!

Boson PT: Increasing transverse momentum



Boson Identification in the boosted regime
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● W/Z tagger: [Mass] + [D2] 
○ Based on jet substructure;

● H tagger: [Mass] + [b-tagging]
○ B-tagging on R=0.2 track based jets;

ATL-PHYS-PUB-2015-033

ATL-PHYS-PUB-2015-035

JETM-2017-002

Mass cut:
● Previous: use only calo information;
● New: combination of calo & track information:

○ by now used only VH->qqbb;
● W, Z & H mass cuts are not exclusive;

D2 cut:
● two working points:

○ ε = 50%;
○ ε = 80%;

● e.g: ε = 50%, QCD rejection factor of 40-70 per jet;

Different 

techniques to 

tag different 

bosons… how 

clever is that?

QCD background
jet substructure

V➝qq
jet substructure

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-033/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-033/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-002/


Need for additional QCD rejection;
● Single jet:

○ Number of tracks 
ghost-associated to the jet: 
Ntrk<30;

● Topology selection:
○ |ΔyJJ|<1.2;
○ (PT,1-PT,2)/(PT,1+PT,2)<0.15

VV searches in fully hadronic final state (15.5 fb-1)
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Merged regime only: V→qq identified as 1 large-R jet:
● PT> 450 and 200 GeV;
● W/Z boson tagged:

 

ATLAS-CONF-2016-055
- Additional

cuts to reduce QCD 

background;

- background with 

data-driven 

techniques

Main background QCD:
● Data-driven estimation;
● Double polimomial fit to data:
● Validated in jet mass sidebands.

http://cds.cern.ch/record/2206137
http://cds.cern.ch/record/2206137
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VV searches in fully hadronic final state (15.5 fb-1)

95% CL 
exclusion 

HVT W’
gV=1 (gV=3)
MW’ 
[TEV]

HVT Z’ 
gV=1 (gV=3)
MW’ 
[GEV]

RSG*:
MRSG* 
[GEV]

llqq 1.2-1.9
(1.2-3.0)

1.2-1.8
(1.2-1.9)

tested:
not sensitive 
enough for 
exclusion

Sensitivity mainly limited by high PT jets systematics.

ATLAS-CONF-2016-055

The most extreme p0:
1.9 σ: HVT W’→W Z hypothesis, mW’ 1.9TeV.

http://cds.cern.ch/record/2206137
http://cds.cern.ch/record/2206137


Merged regime: 
H→bb identified as 1 large-R jets:

Resolved regime (300<MX<1200 GeV): 
H→bb identified as 2 small jets:

● jets coupled minimizing distance w.r.t. expected H mass 
in Mjj

1-Mjj
2 plane;

Categorized on number of B-tags:
● 2, 3, 4-btag categories;

HH searches in fully hadronic final state (13.3 fb-1)

                                                                                         12

Main Backgrounds:
● QCD multijet (~ 85%);

○ Shape: Control region with exactly 0 b-tags;
● tt (~ 15%);
● Z + jets (< 1%);

Background normalization:
● extracted with a fit to the jet mass in sideband region;

ATLAS-CONF-2016-049

Signal Region

Control Region

Sideband Region

Multi-jet is 

not well 

modeled so we 

use data-driven 

techniques

http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf
http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf


HH searches in fully hadronic final state (13.3 fb-1)
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No significant excess  with respect to 
background only hypothesis is found.

● non-resonant production (resolved analysis), 
the upper limit is 330 fb (at 95% CL): 29 times 
the Standard Model prediction 11.3+0.9

−1.0 fb. 

ATLAS-CONF-2016-049

95% CL exclusion RS G*
MG* 
[GEV]

observed 360-860

expected 380-910

http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf
http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf


VH searches in fully hadronic final state (36.1 fb-1)
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Merged regime only: 
Uses combined mass algorithm for boson tagging.
V→qq (H→bb) identified as 1 large-R jet:

● Highest mass jet:   H tagged;
● Second highest mass jet: W/Z boson tagged;

Main background QCD:
● Data-driven estimation:

○ 0 b-tag sample;
○ reweighted to account for kinematic 

differences; 
● Normalization using H-jet sideband.

Other background sources from MC:
● tt;
● V+jets;

 

ATLAS-CONF-2017-018

Multi-jet is 

not well 

modeled so we 

use data-driven 

techniques

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf


VH searches in fully hadronic final state (36.1 fb-1)
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Largest excess is observed in the WH channel:
● MZH∼3.0 TeV;
● local (global) significance: 3.3σ (2.2σ).

95% CL exclusion MWH 
[GeV]

MZH [GeV]

HVT Model A (gV=1) 1100-2400 1100-1480;
1700-2350

HVT Model B (gV=3) 1100-2500 1100-2600

ATLAS-CONF-2017-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf


VH searches in fully hadronic final state:
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Largest excess is observed in the WH channel:
● MZH∼3.0 TeV;
● local (global) significance: 3.3σ (2.2σ).

95% CL exclusion MWH 
[GeV]

MZH [GeV]

HVT Model A (gV=1) 1100-2400 1100-1480;1
700-2350

HVT Model B (gV=3) 1100-2500 1100-2600

ATLAS-CONF-2017-018

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-018/ATLAS-CONF-2017-018.pdf


e+e- γ:
● σ(MX) = 2 GeV for MX = 200 GeV (1%);
● σ(MX) = 15 GeV for MX = 2.5TeV  (0.6%).

μ+μ- γ:
● σ(MX) = 2 GeV for MX = 200 GeV (1%);
● σ(MX) = 35 GeV for MX = 2.5 TeV (1.4%).

Searches in the Zγ channel

17

ATLAS-CONF-2016-044

2 final states:

-enhance sensitivity;

-different mass 

resolution and 

systematics.

Background parameterization: double polinomial.Signal parameterization: double sided Crystal Ball:
● Gaussian peak with power-law tails.

• Z→ℓ+ℓ-: mℓℓ ∊ {mZ±15 GeV}; • Keep Z candidate with highest PT.

http://cds.cern.ch/record/2206125
http://cds.cern.ch/record/2206125


Searches in Zγ channel
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No significant excess found:
● largest deviation: MX  ~268 GeV 

local significance of 2.2σ

Model independent 95% CL limit on σ 
x BRZγ:

● observed:
○ 215 fb for MX = 270 GeV;
○ 5     fb for MX = 2.4 TeV.

● expected:
○ 103 fb for MX = 250 GeV;
○ 5     fb for MX = 2.4 TeV.

ATLAS-CONF-2016-044

http://cds.cern.ch/record/2206125
http://cds.cern.ch/record/2206125


Searches in the γγ channel  (15.4 fb-1)
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Signal parameterization:
● Double sided Crystal Ball function:

○ Gaussian function with power-law tails on both sides.

Background parameterization: 

ATLAS-CONF-2016-059

● x=Mγγ/√s;
● aK : free parameters
● N: normalization

Spin-0 selection:
● 2 High ET isolated photons (ET>0.4 (0.3) mγγ);

-This is the spin 0 

analysis.

-Both background 

and signal are 

parametrized

http://cds.cern.ch/record/2206154/files/ATLAS-CONF-2016-059.pdf
http://cds.cern.ch/record/2206154/files/ATLAS-CONF-2016-059.pdf
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Searches in the γγ channel  (15.4 fb-1)
● Local significance is given as function of mX  and ΓX;

● 2015 data: reanalyzed with improved γ reconstruction;
○ Largest excess: mX = 730 GeV, 3.4 σ local, width 8%;

● Largest excess (2015+2016 dataset): 
○ mX = 1600 GeV, 2.4 σ local, narrow width;

● In 700–800 GeV mass range:
○ mX = 710 GeV, 2.3 σ local, relative width 10%;
○ Compatibility: 2015 - 2016: 2.7σ @ 730 GeV.

ATLAS-CONF-2016-059

http://cds.cern.ch/record/2206154
http://cds.cern.ch/record/2206154
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Conclusion

● Results with 2015+2016 dataset have been presented;
● High mass tensions are present;
● More results on diboson resonance searches with 2016 full dataset 

will arrive in the coming months. Stay tuned!
● Can’t wait for 100 fb-1 dataset!

Thank you!
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BaCk-Up
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Trimming:
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Grooming for pile-up suppression;
● Example: Trimming (Rsub= 0.2, fcut= 5%);
● Build Kt jets with R=0.2 using Anti-Kt 1.0 jet clusters;
● Drop sub-jets carrying less than 5% of large-R jet total momentum;



Mass definition:

27



VV searches in fully hadronic final state (15.5 fb-1)
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Merged regime only: V→qq identified as 1 large-R jet:
● PT> 450 and 200 GeV;
● W/Z boson tagged:

○ D2 cut:
■  50% efficiency WP; 
■ QCD rejection factor of 40-70 per jet;

○  MW,Z mass cut: 
■ 68% efficiency WP;
■ W and Z mass window overlap;

● Additional QCD rejection by requiring: Ntrk>30;
○ Ntrk: number of tracks ghost-associated to the jet.

Topology selection:
● |ΔyJJ|<1.2;
● (PT,1-PT,2)/(PT,1+PT,2)<0.15

Main background QCD:
● Data-driven estimation;
● Functional form fit to data:

 

ATLAS-CONF-2016-055

- Additional

cuts to reduce 

QCD background;

- background 

with data-driven 

techniques

http://cds.cern.ch/record/2206137
http://cds.cern.ch/record/2206137


Merged regime: 
H→bb identified as 1 large-R jets: PT> 450 (250) GeV;

Resolved regime (300<MX<1200 GeV): 
H→bb identified as 2 small jets:

● jets coupled minimizing DHH 
● cut on ΔRjj and Δηjj

Signal region definition:

●

● Xhh<1.6;

Control region definition (top):

●

● Xhh>1.6   &   Rhh<35.8 GeV

Sideband region:
● Xhh>1.6   &   35.8 < Rhh< 63 GeV

 

HH searches in fully hadronic final state:
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}
ATLAS-CONF-2016-049

http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf
http://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf


VH searches in fully hadronic final state:
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ATLAS-CONF-2016-083

http://cds.cern.ch/record/2206276/files/ATLAS-CONF-2016-083.pdf
http://cds.cern.ch/record/2206276/files/ATLAS-CONF-2016-083.pdf


VH searches in fully hadronic final state:
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ATLAS-CONF-2016-083

http://cds.cern.ch/record/2206276/files/ATLAS-CONF-2016-083.pdf
http://cds.cern.ch/record/2206276/files/ATLAS-CONF-2016-083.pdf


VH searches in fully hadronic final state:
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e+e- γ:
● σ(MX) = 2 GeV for MX = 200 GeV (1%);
● σ(MX) = 15 GeV for MX = 2.5TeV  (0.6%).

μ+μ- γ:
● σ(MX) = 2 GeV for MX = 200 GeV (1%);
● σ(MX) = 35 GeV for MX = 2.5 TeV (1.4%).

Searches in the Zγ channel

36

ATLAS-CONF-2016-044

2 final states:

-enhance sensitivity;

-different mass 

resolution and 

systematics.

Background parameterization: fbkg(x) = N(1-xk)
p1xp2;

● x= mZγ/√s
Signal parameterization: double sided Crystal Ball:

● Gaussian peak with power-law tails.

• Z→ℓ+ℓ-: mℓℓ ∊ {mZ±15 GeV}; • Keep Z candidate with highest PT.

http://cds.cern.ch/record/2206125
http://cds.cern.ch/record/2206125
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