Vector Boson Scattering and
forward Pileup Jets in ATLAS

Louis Portales
LLR, CNRS

Monday March 29, 2021

A Laboratoire
i\ Leprince-Ringuet




Vector Boson Scattering and
forward Pileup Jets in ATLAS

Louis Portales
LLR, CNRS

A few months back:

SATLAS CUAPP s ey



The Standard Model - Experimental status

> SM extensively tested 5. [=]|PP7PP [amas priminay
- C.

> Current physics goals

- Higgs boson properties
- Search for new physics

- Accessible through rare SM |

processes

- Seen as resonance or excess

in high energy tails

A Cut-off

Events

SM
NP scenario
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Standard Model Production Cross Section Measurements

Status: May 2020
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Vector Boson Scattering

> VVjj-EW production

- O(a®) processes (V=W,Z) VVjj-EW
- Includes Vector Boson Scattering VBS | “
> Important process to constrain (B)SM }it :
- (Anomalous) quartic gauge coupling WY
- Higgs sector: VV- VLVL unitarity O Zﬁg{: éwé g %%
VVVVV\
f{\]ipenner, T.{-Iahn. I— Nuc/.IIDhys.B 5?5(1?28) V%
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Experimental considerations

i 2? WZ 3% 6« %
> Which boson decay modes g
H qqqq /% B qqqq
- (Semi)hadronic decays T i
- Large backgrounds Lo = llw
— Low reconstruction efficiency  smv -
9%

- Fully leptonic decays:

- High efficiency WW
— Best candidates for observation :z?

H Iviv

> Which boson pair?

First observation (CMS, 36 fb=*): PLB 120 (2018) Observation (ATLAS, 36 fb=1): PLB 793 (2019) Observation (ATLAS, 139 tb~1) arXiv:2004.10612
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- 2 neutrinos _ — Very large QCD background _ _
— Large misid. leptons impact — Tiny cross-section
—/+ “Medium” cross-section _

+ Low QCD (O(a®)) background + Fully reconstructed final state
+ Largest cross-section + Low impact from misid. leptons

Process ] jkI/V_:':T/V:':;,*'j — E’it’?:‘:uﬁugf\Wij S 0TV Fy | ZZ55 — 546‘""@"

a(pp — X) [fb] (EW) 3.97 2.34 0.098

o(pp — X) [fb] (QCD) 0.35 4.38 0.1

EW/QCD ~ 10 ~ 0.5 ~1



QCD background and VBS signhature

> QCD background mitigation is
challenging

| f
fO0000000
4

/ %

> WZjj-EW has specific signature
> Vector bosons centrally emitted

> Forward quark-jets

— Large angular separation
- High invariant mass

- Used to mitigate WZjj-QCD
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Theoretical considerations - Modelling

> Rely on MC simulation to study EW/QCD separation

> LO generators still used in
most cases X10 e ATLPHYS-PUB-2019-004

§ 1 .4_ ATLAS Slmulatlon Prellmlnary 1
Wij-EW Interference WZjj-QCD = S v S B il .
£ 12— (NLO) MG5_aMC_NLO+H7 T  —
LO oy, < T A (e
3 = . —
/ \ / \ / \% i F sSWWij-EW -
NLO :o’ atal T f -
b‘:g 0.6_— ]
> Large difference between =~ o« E
generators 02l -
- Mostly QCD-related e PP T N TR W veveurveves
- NLO-QCD & approximations 2 "°L 5 ¢ 40%
disagree oo e
- Concerns Jet klnematICS & 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
TR m. [GeV]
multiplicity :
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Theoretical considerations - Higher order

corrections

2x 1074

> Large NLO-EW corrections

Wij-EW Interference WZjj-QCD

L (XO(‘S¢

/\/\/\

NLO :o a'a;  6x107

- Only recently computed 2%
- WW (2017): B.Biedermann et al. - JHEP, 124(2017)
- WZ (2019): A.Denner et al. - JHEP, 67(2019)

— Z7 (2020): A.Denner et al. - arXiv:2099.00411 0

—20F
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do /d M ;,[fo GeV™!]

A.Denner et al. - JHEP, 67(2019)

— LO

—— NLO QCD
—— NLO EW
—— NLO QCD+EW

WZjj-EW
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The Large Hadron Collider

> Proton collisions, up-to Vs=13 TeV

- High collision frequency ~ 40 MHz
T - 25 ns between each bunch crossing
- ~ 10 protons per bunch

LHC

> Four large-scale experiments

- 2 “specialised”: ALICE, LHCb
- 2 “general purpose”: ATLAS, CMS

0]
o

ATLAS Online | uminasit
2011pp {s=7TeV yRun 1-20.3fb?

——2012 pp ﬁ =8 TeV

—— 2015pp {s=13TeV
—— 2016 pp Ys=13TeV
—— 2017 pp {s=13TeV

= 2018 pp is =13 TeV
Run 2 - 139 fb?

~J
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The ATLAS detector

Y | > Electromagnets
.......................... fiiiy s By R - Solenoid: B=2T
Y L e 7= - il [ -Toroids: B=4T

> Inner Detector
- Charged particles tracks

Opr_ -5 )
—=5X10 "p,/GeV®1%

25m
Pr

> Calorimeters
Tile calorimeters - EMCal: e/y energy
LAr hadronic end-cap and

forward calorimeters o) E 10%

Pixel detector

LAr electromagnetic calorimeters E A/ E [GeV ]

®©0.7%

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker - HCal: hadrons energy

, O:_ 53%

A =
@® Interaction point E \/ E [GBV ]

® Signal

- Coordinates expressed as (1, @) > Mlvlljon tSp(—;_;ctrometer
b - - Muon tracks
6) ' 6 o

n:—ln(tanz -—z< e o
proton } P \—izl%—B%

®3 %

DPr

) X (LHC center) 10
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Particle detection and reconstruction

Muon

Spectrometer

> Electrons
- ID track + EMCal clusters

> Muons
- Track in all subdetectors

Hadronic

> Hadl"Ons (JetS) Calorimeter
- EMCal/HCal clusters y:: ﬁlm?/??ieb?et:?ks
(+ ID tracks) the detector
> Neutrinos
- From missing momentum I(E:lelctromagnefic
alorimeter

Solenoid magnet

Transition
) Radiation
Traclqng TI'GCkeI'

Pixel/SCT detector

miss __
E;. "=

-Xp
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Jet reconstruction & performance

ATLAS simulation 2010
EMTopo jets: “historical” approach £ [ Pythiabazs ™ o b l E [MeV]
’ 5 dljet"evc:ent : H . 10°
Build Topoclusters from § 0.5 {18
o neighbouring calorimeter cells [ e
> i {3
( |Ecell|>20noise ) i E
Identify most energetic cluster, 43
e combine neighbouring clusters o
using Anti-kt (R=0.4): ' 102
AR
min(k;’, ke ) —L<ky’ s
( T,i T,]) R2 T,i Itg;’?gl cos b
3008' ! AN ' 1 F T 30-08"“"'I'"'I'"'I'"'I""I""I""I""I"
£ - ATLAS [ Total uncertainty £ - ATLAS 1 Total uncertainty 7
g ~ Data 2015-2017, Vs =13 TeV == Absolute in situ JES | g ~ Data 2015-2017, Vs = 13 TeV == Absolute in situ JES |
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c VY =00 - Flav. composition | s 0L pf =60 GeV s Flav. composition |
o | Inclusivejets s Flav. response i » | Inclusive jets s Flav. response i
LU <= Pile-up i % L « Pile-up i
T_U’ 0.04 == Punch-through —~ = 0.04F == Punch-through —
S s | ]
3] 3] L }
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Content

Observation of the WZjj-EW production

— 80— | | T T ]
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VBS selection

Charged W-lepton Neutrino

> Leptons & Bosons

- Single-lepton triggers Jet1
- Exactly 3 isolated leptons
- Z boson: p

] . )
- 2 same-flavor, opposite-charge leptons
- |mil - mz|<10 GeV
- W boson: e

- 3 |epton: pT > 20 GeV + tight isolation
- matChed tO ETmiss (V)r ﬁxing mw = 804 GeV Charged Z-lepton (+)
Charged Z-lepton (-)

> Jets

- At least two (EMTopo) jets e AAYAAYAVAVAVAVAYAVAYAY
- pT>40 GeV
- Jet uncertainties impact reduction
- In opposite hemispheres ( njinj2 < 0 )
- “Tagging jets”
- mjj > 150 GeV
- Triboson background suppression
- “VBS selection”

\AAY
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VBS selection

m WZjj-EW
m WZjj-QCD

® Misid.
> WZjj-EW signal W ZZ-QCD <1%
tZj 5% 12%
- Subdominant J 0
.. ttV
> WZjj-QCD background 27.EW

0,
- Largely dominant VVV 8%

> “Irreducible” background 4%

- Same final-state particle content as signal
- Or Additional particles not reconstructed

- tZj, ttV, ZZ
> “Reducible” background 62%

- Misidentified leptons
- tt, Z+jets, Zy
- Data-driven estimate VBS selection

9%
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Analysis challenges

> Signal extraction strategy designed to deal with low signal purity
> Necessity to control backgrounds

- High-m, Signal Region (SR) + addititional regions for background control
> WZjj-EW and WZjj-QCD separation

- Multivariate discriminant in SR
> Low statistics in signal-pure regimes

- Combined likelihood fit (SR + CR)
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VBS selection splitting

0,
15% 1% 12% 4%

> VBS selection split in three regions

- Signal Region

o 4 Nb-jet == 0, mjj > 500 GeV 19%
- QCD-CR
- = o
Nb-jet 0, mjj < 500 GeV _g m WZjj-EW
) Z ) m WZji-QCD
b-CR (tt + V) = Misid.
- N,,.>0 Np-jet > 0 W ZZ-QCD
tZj
SR (WZj-EW) ttv
> Additional region for ZZ background i > 500 OV ZZ-EW
b-jet = VvV
ZZ-CR n
_— - m
J]
- Inverted 4t lepton veto o0 300 \3%

> Still low SR purity
— Multivariate discriminant

77%
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Discriminative variables

Vs =13 TeV, 36.1 b
WZjj-EW Signal Region

WZji-EW

Irred. background
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Charged W-lepton Neutrino

An

Jet 1

Charged Z-lepton (+)
Charged Z-lepton (-)

> Jet-related variables
m, , p/*2, N, An(j1,j2) , Ad(j1,j2) , n,
> Bosons kinematics

pTZ, pTW! nz’ nW, mTWZ 1 IyW—Iep - yzl
> "Global” variables
¢, » BR(1,2) , R "

- Low discrimination power with
single variables

18
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> 23% improvement seen in MC

> Using Boosted Dec

> Multivar




Likelihood fit setup

corrections (SR + CRs) 1

..2 I T 1 I ™ ll:)ata T ] -‘2140 :_ T T I 1 T _.I_ Datal 1 —:
(] Vs=13TeV,36.1 " MC stat. unc. ] (&) o fs=13TeV,36.1 10" MC stat. unc. ]
Lﬁ QCD Control Region CJWZj-EW . Lﬁ 120F- b Control Region [ WZj-EW =
B WZj-QCD = C B WZj-QCD ]
[ ZZ (QCD+EW) 100 I ZZ (QCD+EW)
TV ] s Ry E
Others { 80— Others _:
> Combined likelihood fit = sof- R
4o~ =
- L] 20:_ _:
> Using the four regions o o o ohe e —
S 15F 3 S 15F 3
i 3 i - - = S 3 — —t— pod
- mjj in ZZ-CR and QCD-CR S+ T T+t + |  Es ]
- Nb-jets in b-CR f50 200 250 300 850 400 450 500 Q5 0 05 1 15 2 25 3 35 4 45
- BDT score in SR my; [(GeV] Ny jers
W F T y T T T T T 3 w LR L L L L L LA BRI BN
T 30 ~-Daa = ‘ac: sof e Data ]
- = 1 stat. unc. . [ = 1 ]
> 4 free para meters |_(|]>j 25f- oot CIWZREW 3 2k A hete MC stat. une. 7
n B WZji-QCD ] N [Jwzj-ew ]
. ) ” 3 -2 (aCD.EW) 3 a0~ Ewziaco
- Signal cross-section (SR) g + Oters 3 b a2 ccorew) ]
r T - i o + b
- WZjj-QCD, tt+V and ZZ-QCD ; v

o 2 o 2
%1?_ <+ : %151_—*‘— P | _+_ ;
§0-5§j_ ST 3 Sosf L voT ;
OO- 560 1OIOO 15IOO 2OIOO 2500 cl1 -08 06 04 02 0 02 04 06 08 1
m; [GeV] BDT score

March 29, 2021 L.Portales (LLR, CNRS)



Fit results - Parameters constraints

. . > Background correction factors

% 50:— ?TJ’:AS | é\?\?:zaew _: % 140:— ?ITLAS éﬁ";ew _i
L s=13Tev,36.1 " Z 4 F Vs=13Tev, 36.11b" 'z N .
2t WZj}-aCD CR wzaco 1 Di20E  ber wzoo 3 Correction factor Value
] 40 - B Misid. leptons 7 C I Misid. leptons ]
Lﬁ -?ij‘;rd W ] 100} / -E:ndwu —i ,U’WZJJ—QCD 056 j: 016
B sritrt Tot. unc A L i Tot. unc .
30: —: 80 3 Hit+v 1.07 +0.28
N . SOE— _ Uz Z-QCD 1.34 4+ 0.44
ok 4“0 7 > Uncertainties
S . ¥ E — Statistically dominated
g ' ' i 7 g °F t - Non-negligible systematics impact:
2 14__»%”;1;@% g of : - Theory and Modelling
g + ] 1: WR——— 7 . - Jet reconstruction and calibration
0=—%60 300 400 50 0 2 . _
m; [GeV] Ny jets Source Uncertainty [%]
£ o ATLas Dm AR I SE as ' '.'D‘;?a' T W& 5i—EW theory modelling 4.8
L%’ [ f5=13Tev,36.1 1 Cwzew 1 5 40F B-sTevssin Cwzew E WZii—QCD theory modelling Fd
20F £4:CR -E”Z‘fj" o 4§ 3 Wai SR -Eﬂ%u lopons WZ35i—EW and WZ;j-QCD interference 1.9
B -T.Z+jandWV ] LE 30 -t2+jand\.i\.l'\.l' ] =
sk d, o Tot.urc E o5 Jets .0
o ] Pile-up 2.2
;& ] 20
/1) Wi A 7 15 Electrons 1.4
il ey 7 o Muons 0.4
°F E i b-tagging 0.1
o 2:_ s— & o MC statistics 1.9
= f 1 = Misid. lepton background 0.9
§ 1%’ 4} - g Other backgrounds 0.8
05 , , , , ] , , , ] Luminosity 2.1
0 500 1000 1500 2000 2500 —1 05 0 0.5 1 -
m; [GeV] BDT Score Tatal E‘_‘:I'l.':'i' cmatics 10.7
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Fit results - Cross section measurement

ropt ]
a [ fs=[13TeV,36.1fb" — 68% i
> Background-only hypothesis rejected at 5.3 0 § | *""™ {\zqGrapn]— ES:Z,% 1
Ebg - ’Ll' . | Sherpa22.2 E
- - -m - .. v |=Madgraph+Pythia8 |
- First observation of WZjj-EW production 15k herl?? 2R S
Physics Letters B 793 (2019), 469-492 i f
L e :
. . . ] i [ >+{Best fit] :
> WZjj-EW cross-section derived from fit result FEN G S B T ]
i i tervab i
i ‘€ terval| | » ]
— Extracted in fiducial phase-space close to SR definition %oz ea 08 08 T iz 14
Olzjew [
ol pw = 0.57 013 (stat. ) TG (syst. ) fb = 0.571015 fb SO/
ATLAS 7
ﬁd , EW th. +0.005 +0.027 nee | 0874010 'E=I13“TeV,36.1 t
Oghorpa = 0-321 £0.002 (stat.) g g0s (PDF) "¢ 023 (scale) fb WEZj
emn | 0.73+0.17 ®Data
- EW b — 0,366 + 0.004 (stat.) fb " #40 Sherpa
HUH | 0.79 +0.16
- Measurement within 2 o of MC predictions | % % ffffff
combined | 0.78 +0.12
11 ‘ 111 | 111 I 111 I I I

| | 1
0 02 04 06 08 1 12 14 16 18 2

fid. theory
Swizi! Owezi

> Inclusive WZjj measurement within uncertainties

22

March 29, 2021 L.Portales (LLR, CNRS)




VBS prospects

> WZjj-EW observed with partial Run 2 dataset

- “Only” 36 fb~! of data
- 140 fb~* now available: ongoing analysis effort

> Looking further: Run 3, HL-LHC & beyond
— Potential for in-depth studies: V.V, scattering, QGC (+SM-EFT)

i (6)
CMS 137 fb™ (13 TeV) . -
B N S z=z,43 0 7
c | --- Expected bkg. only stat B SM . A2 l
E 6 | " Expected bkg. only stat+syst | i
aV Expected signal+bkg. A
' | = Observed
_ Run 2 CMS (WZ+WW) HL-LHC
4 *QS%CL._ ............................. . Observed Expected 14 TeV
812 (éOZ ) 136018 o . 02 | W:I:W:tjj
PLB 81 1) 13601 fro/A* [-11, 16] [-16,2.0] T
WxW, evidence fn/Aj [-0.69, 0.97] [-0.94, 1.3] fSO/A4 [-8.8] [-6,6]
2 fra/A [-16.31] [-23, 3.8] fs. /A [-18,18] [-16,16]
- WLWL~10 level fao/A AL 12] [-15, 15] Al
| 88%CL & ] fan/ A [-15, 14] [-18, 20] ng/ A [-0.76,0.76] [-0.6,0.6]
_ fus/A® [22.25) [31.30] fr /A" | [-0.50,0.50] | [-0.4,0.4]
et wr/ A -16, mhd 4
ol = ioff‘* el o an/A4 [-3.8,3.8] | [-4.0,4.0]
' Gy o [10] fas/A® 186, 99] [-91,97] far /A [-5.0,5.0] [-12,12]
W PLB 809 (2020), 135710 Arxiv:1902.04070
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Content

(Forward) pileup jet tagging
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Luminosity and Pileup

6007—LIII|IIII|\III‘IIl\l\lll‘l\l\l\l\l‘lll-J—

- ATLAS Online, 13TeV  |Ldt=146.9 b
500-WZjj-EW observatio

—_—

s
g %0
D =s
> Physics over ~14 orders of magnitude E 3005_ Total <u>=337
- Possible thanks to high luminosity: % 2003 .
S so0k ]
2 o - .
m f y o 13z
b)*b 1l rev 34 -2 -1 00 -
L=< F=~10"cm "s 1
* ]
4dre, § % 10 20 30 40 50 60 70 80

M : Mean Number of Interactions per Crossing

e _-..-:"-"'.--':.

n

N N |

N, =~ 10" - Number of protons in a “bunch

e Ij'-" B -

> Downside: Pileup

- Up-to ~70 simultaneous collision in an event
- Can impact reconstruction performance
- Yields additional jets from pileup

ons 25 inters

38 intersg
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Pileup jets

Stochastic PU jet
> HS jet (signal jets)

- Originates from the main interaction vertex
- HS vertex
- Nature depends on the targeted interaction

- Independent of n

> QCD-PU

- Well defined hadronic jet
- Originates from a PU vertex

- Linear increase with p

> Stochastic PU

- Jet composed of uncorrelated components
- Typically not associable to a single vertex

- Faster than linear

<Jets/events>

Hard-scatter jets

_

H

26
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The Jet-Vertex-Taggers - JVT

> Pileup-jet suppression strategy

- Match jets to the interaction vertices
- Remove jets originating from PU vertices

> Within tracker acceptance (|n|<2.5) iner detecter
—

- JVT: Highly efficient track-based discriminant

Beam

2 2ATLAss [ Prel ' 2ATl.Ass [ Prel 1 @ 10°F —1 7+ 1 e
o i imulation Preliminary hs i imulation Preliminary ) = 5 2 B 3
 pythias dies 10 [ pythias diets - = - ATLAS Simulation Preliminary ]
| Anti-k, LOW+JES R=0.4 | Anti-k, LOW+JES R=0.4 = | Pythia8 dijets [ PUjets ]
1.5 Ao cpresneest B B T 102 L oLAnt-k LOW-JES R-0.4 HS jets _
. . _8 Enl<2.4,20 <p_ <30 GeV E

- L]
10° 10° N 0 < Ny, <30 : .

= B ~92% HS efficienc
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E pthkk(PV ) Z Pr PVO sl B et
k 1 0‘ i 55 I Rk
i 0 corrJVF = = 0 0.5 1
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27
March 29, 2021 L.Portales (LLR, CNRS)




The Jet-Vertex-Taggers - fjVT

I |
> Outside tracker acceptance (|n|>2.5) (not to scale)

- fJVT: Match forward jets to vertices using
full-event information

o Match central jets to PU vertices (JVT, Ryr) n=25
iss 1 track jet
miss __ rac Jje
© ror cach PU vertex:|-pir=3(k X o X o) N
tracks€ PV, jetsEPV,
Beam
miss jet
; . _ —Pr,i-Pr
e For each forward jet & PU vertex: |vr,=——2"— e fIVT =max(fIVT))
T Pt
— 7 e pr" - ; max(fIVT,) T 03[ -
Large fJVT - PU Lb] - . 7
D osf f5=13TeV, motbasdre —HSjets  J
— C_U B Z(—pw/ee) + jets, Powheg+Pythia8 .
L S C Anti-k, R=0.4, EMTopo+JES . ]
. : . § 02of- P>20Gev, 25 —PUjets -
s r ; 2 : Tight fing point] -
ertex ertex ¥ 2 ertex ‘ertex ertex S— - ¢ ‘ Ig ) Opera Ing pOIn .
Vertex 1 Vertex 29 Vertex 3 Vertex 4 Vertex 5 ” 0.15F . 77% HS efficiency ]
o) B - 66% PU rejection ]
max(fJVT),) = o4k (integrated over p.) -
Small fJVT — HS T r .
L C ]
o~ 4 0.05[7 _ 7
T o) : . ]
< ’. ‘a et 0 \\\\\\\\\\‘X\\\\\\\\\\\\ SRR nsaos v I RN
o V- » 02 04 06 08 1 12 14 16 18 2
Vertex 1 Vertex 2“ . Vertex 3 Vertex 4 Vertex 5 Vertex 6 .I:JVT
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Improving the fJVT

> fJVT not adapted for stochastic PU

- Other jet properties can help

> Jet shape and structure

B | |||

- QCD:

— Stochastic:

Sparse & “Wide”

0 0.2

> Jet timing

- Already used with fJVT,

|t|]<10 ns cut

cluster

Z tcell ceII
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% Z tcl uster cluster

Z E cluster
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MultiVariate fJVT

> Multivariate combination of 8 variables

- Using Boosted Decision Trees VT, [t|, w, ISOsum .
- Selected for optimal PU discrimination — Provides most of the separation

- Trained for HS/PU separation

— No QCD/stochastic PU distinction P(EM)sum, Esum (Sum over all clusters, AR<0.6)

<A2>lead, On'®@9 (Leading cluster properties)

> Trained using Z+jets MC - Performance fine-tuning

- High statistics

- Flattened p distribution, pT,|n|, categories
- Reduced dependence

- Significant performance gain w.r.t. fJVT

1

efficiency
gain

0.7

i
)
\

Pileup Rejection (1 - eff)

0.1 fs=13TeV, mci6a+d+e — HS jets
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Efficiency correction

> Potential data/MC performance discrepancy

- Requires MC tagging efficiency correction

> Improved efficiency with MVfJVT
- Overall smaller corrections
- Comparable uncertainties
fJVT, Tight operating point, 25<u<50
pr bin [GeV] [20,30] | [30,40] | [40,50] | [50,60] | [60,70] | [70,120]
Relative unc. [%] 4.5 2.3 1.5 0.9 1.0 0.8
Statistical [%] 0.5 0.5 0.5 0.7 0.9 0.7
PU estimate [%] 0.2 0.0 0.0 0.0 0.0 0.0
|n|-dependence [%] 1.9 0.8 0.1 0.2 0.0 0.1
Year dependence [%)] 4.1 2.2 1.3 0.5 0.5 0.3
MVTfJVT, Tight operating point, 25<u<50
pr bin [GeV] [20,30] | [30,40] | [40,50] | [50,60] | [60,70] | [70,120]
Relative unc. [%] 6.4 2.7 1.4 1.1 1.2 0.9
Statistical [%] 0.5 0.5 0.6 0.7 0.9 0.7
PU estimate [%] 0.2 0.0 0.0 0.0 0.0 0.0
|n|-dependence [%)] 2.5 1.0 0.3 0.6 0.3 0.2
Year dependence [%] 5.4 2.3 1.2 0.6 0.7 0.3
Modelling [%] 2.4 1.0 0.2 0.1 0.2 0.5

March 29, 2021

Hard-scatter Efficiency

Data/MC
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Future improvements

Eur.Phys.J.C 77 (2017) 9, 580

ATLAS Simulation
Powheg+Pythiab tt

\s =13 TeV, (=22
Anti-k, EM+JES R=0.4

> More pileup expected in future LHC runs 2 5ei<4.5, 204p, <50 G
- Up to <p> ~ 200 at HL-LHC

- Developments ongoing to dampen the impact %
> Run 3: Calorimeter towers ? £
- Fixed-grid (AnxAd) cell projection
- Improves granularity for |n|>3.2
(non-projective towers)
7] n H H > 1:' RN EE R L
- “Proof of concept” in original fJVT paper £ o.gr ATLAS Simulation
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. s h120 o S 0.6f 3
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=‘507 46 {100 E ,3 E 055_ _E
A0 : ] 48 + 80 o 0'4:_ _:
: : i ] L [e]e]e) [e]e) E =
. | p—  FCal1: FCal2| FCal3) 50 { & 0000400000« 0.3 ™ .
N ERETE 00ac 000000 02 _Z\;\Ltjﬁldz ns 3
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Future improvements

0 ET F S &a [ 64 F [ %¢ ¢ 68 L b5 ta o
-‘é’ L {s=14 TeV, < p > =200 ATLAS Simulation i
3 104 £ Tk Inclined Duals -+-In<1.5 =
> More pileup expected in future LHC runs = [ Predes oeahias :
S 10°F E
- Up to <p> ~ 200 at HL-LHC g :
- Developments ongoing to dampen the impact ) 102 -
. - Rpr performance :
> HL-LHC: New detectors 1oL > A BV, é
E R ] - -
- ITk (Extended tracker), and HGTD C - pl ]
L] L] L] [l 1 1 1 1 I 1 1 1 1 J 1 1 1 Il ‘ L L Il L { L L Il 1 E 1 1 1 1 I
- Track-based identification up-to |n|=4 57 075 08 085 09 095 1
- Improved out-of-time (/stochastic) pileup suppression Efficlency Jor hard=scaties jets
- Great R&D potential for further improvements
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_ o o 1002 Timing scenario "Initial" =
IS L \""‘\‘_“‘I"““"“‘"“ n -
S Simulation — . o
- B e z B0, Rpr performance 3
1200 n=10 E 60— =
1000~ _20§ } 402— —i
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Conclusion

Vector Boson Scattering
- Observation of WZjj-EW production presented

- lllustrates typical challenges of VBS analyses
- Low signal yield, large & poorly characterised backgrounds
- Efficiently handled through use of MV method and clever fitting

- Rapidly evolving topic
- 3 leptonic channels now observed, many more being studied
— Active implication from theorists (NLO computations, SM-EFT)

- Bright future ahead
- Possible evidence of V.V, scattering at HL-LHC
- Tremendous QGC & SM-EFT constraints improvement expected
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Conclusion

Forward pileup jets suppression

- Current main tools in ATLAS described

- Recent inclusion of shape-based pileup-jet taggers
- Allows discrimination potential for stochastic pileup jets
- Overall performance improved w.r.t. “topology-only” tagger

- Several developments to come
— Near future: calorimeter towers for higher granularity
- HL-LHC: extended tracking and potential timing detector
- Active R&D about how to best use these new tools
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