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Accelerator LS2 Upgrades

« 2019-2020: Long Shutdown (LS2) preparing for Run 3 in 2021-
2023.

Key Plans for LS2 Accelerator Upgrades

https://home.cern/news/news/accelerators/key-plans-next-two-years-lhc

* Preparation for HL-LHC, as well as Run
3 and maintenance.

* More intense, concentrated beam, E—_\
with new Linac accelerating H- o

e Upgrade Booster injection.
* New RF system in SPS.

ALICE

instead of proton. PR
* Replace Linac 2 with new Linac 4. = AWAKE™,
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2017205

{IRRAD/CHARM

* Bring beam energy up to 7 TeV. .
* Consolidate the diodes providing
current to dipole magnets
* ~20 magnet replacements, install new .-
lifts, ...




« V)V

o FREFRH EF ATLAS@H:"%% REE 7,000t
. YLIAFHET ’

- BHEAHOY—A—4

Detector characteristics
Muon Detectors Electromagnetic Calorimeters Width: 44m
e /\ pn >jJ A U —)(—9 9 Diameter: 22m
Weight: 7000t

<
° I~ A ’f I~ mE Solenoid CERN AC - ATLAS V1997
S ERN ‘ Forward Calorimeters
* ] T/ﬁl‘i‘l# : = pv End Cap Toroid

e
Mg

ATLAS

'—: L\ -

[ ._ ——— -

| : [ )Y A . I Wi———e= .—Q
[ TSR

D

*?“E% "=i~z :

X /2

— ==\

i Inner Detector ' ieldi
Barvel Torpd Hadronic Calorimeters Shigicing

s BEIRILX—TO,FTFEFZHNFRICOTHE
. “Jgggﬁ? BB MTOF—0 . BAYY BRI, riEIER. EA.
v,



ATLAS LS2 Upgrades

L1 Calo Trigger Upgrade New Muon Small Wheel
For L1 Trigger

Trigger Towers
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10 15 20 25 30 35 40 45 50 55 FTK Upgrade — new track trigger in L2 trigger.
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TDAQ Upgrade
Improvement on Jet and MET triggers, too.
Nucl.Instrum.Meth. 825 (2016) 374-378



Luminosities in Run 2
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Peak lumi Days Recorded integ lumi | Good for Physics [fb!]
E34 cm2s! pp physics [fb1] 2%
0.5 56 3.9 3.2

2015
2016 1.4 122 36.0 36
2017 1.9 150 46.9 80

2018 2.1 152 65.0 139
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Full Run 2 Dilepton Resonance Search
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ATLAS-CONF-2019-007

Full Run 2 Dijet Resonance Search

Dijet mass spectrum

J'.L'J T I T T T ] T T | T T T '| E
g 10" ATLAS Preliminary
W, (s=13 TeV, 139 fb” =
. Data e
10° — Background fit =
5 — BumpHunter interval =
10 g*, m_=40TeV
10 q*, mj, =5.0TeV
3
10 ZZIZ

- ]
10~ g%, 0x0.1 + -
‘l;— J;&Vstl:g;:[}‘ﬂ -8.1TeV T _l*l 2
o 108 B

Significance

SATLAS

EXPERIMENT

Run: 305777
Event: 414422
2016-08-08 08

7629
:51:15 CEST

':I"'._'_' rrryrTrTr T ETTT T T
r ....... The{)[}r

1= —s— Observed 95% CL —
F S e Expected 95% CL 3

....... +1a

| s=13TeV, 139"
F ATLAS Preliminary

i I A Lo ualeri Lol .I."1‘.

2 3 4 5 6 T 8
My [TeV]

Mg > 6.7 TeV




Full Run 2

ATLAS-CONF-2019-008

Chargino and Slepton Searches
* Final states: 2¢ + missing E;
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Supersymmetry Searches

ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Preliminary
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Higgs Peaks - Run 1 vs Run 2
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Figure 6: Leading-order Feynman diagrams of Higgs boson decays to a pair of photons.
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Combined Higgs Boson Coujphigr-201s-0s

Measurement

Analysis Integrated luminosity (fb~1)
H — yy (including t¢tH, H — yy) 79.8
H— ZZ*— 4f (including ttH, H— ZZ*— 4f) 79.8
H— WW*—evuy 36.1
H—T1t 36.1
VH, H — bb 79.8
VBF, H — bb 24.5 - 30.6
H— up 79.8
ttH, H — bb and (tH multilepton 36.1

H — invisible 36.1

Off-shell H = ZZ7 = 4fand H — ZZ* — 2{2v 36.1
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Coambined Higgs Boson Coupg-201s-cos
Measurement
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Coambined Higgs Boson Coupherg-2019-005
Measurement
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Higgs Coupling Measurement
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Heavy Triple Gauge Boson Production

» Test of non-Aberian gauge structure.
* SM predicts small cross sections:
1]
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Vector Boson Scattering Processes

* \ector boson scattering involves
— Triple and Quadratic Gauge Couplings
— Higgs restores unitarity at high energies

42

03 X[ 1

weak-boson self-couplings Higgs contributions

31



JHEP 0811 (2008)

Vector Boson Scattering Processes
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Vector Boson Scattering
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LAr trigger readout: Super Cells

Layer 3
G240 = D 1x0. ]

Super Cells

Hedronic L]
calorimater

T Electromagnatic
calorimatar

Hadronic innar cora o

and isclation rimg

Latyar —
Aeuh® = 0025001 10

(box: minimal readout element)

ty: trigger tower = 10 Super Cells (SCs)

cells in each layer
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Super Cells

2 Trigger tower = 10 Super Cells (SCs)

Trigger towers

Layar 3
AoxAth = 3,780,1

Super Cells

0

Lawer 2
il = 00750,

=)
;[?, chlanmeter ®
ot

/

TriJQer OWENS \dx s Ag = 0.0« 01}

0
[}] Varticsl sums 7] Eactromagretc Bear = 0,02850.1 "
2= Homzomal auma Hadronic Inner cane 0
i Lovs! messmuny &nd lzaiatien ring » A = 0 1nd.s
Elementary Cell Trigger Tower per Ce
Layer (barrel) [An x Ap] [nn X ngl | [AN x AQ] | [ng X ngl | [An x Ag]
Presampler (layer 0) 0.025 x 0.1 ‘ 4x1 4 %1 0.1 x 0.1
Front (layer 1) 0.003125 x 0.1 32x1 01 %01 81 0.025 x 0.1
Middle (layer 2) 0.025 x 0.025 4x4 1x4 0.025 x 0.1
Back (layer 3) 0.05 x 0.025 | 2x4 2x4 0.1 x 0.1
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H — yy Event Categorie$ias conr.201s.028

Category label Selection

ttH lep BOT] Wi 2 1, Np_jeg 2 1, BDTypneg, = 0987

tiH lop BOT2 Micp = L. Nip_jor = 1. 0.942 < BD Ty, < 0.987

tiH lop BOT3 Migp = L. Np_j = 1. 0705 < BDTyjnep < 0.942

ttH had BT Nigp =1, Njgis = 3, Ny jen = 1, BDTippgpaq = 0.5%6

1 hael BIYTZ Miep =1 Njms = 3, Np_ja 2 1, 1,991 < BDTgpypeg < 0.996

#H had BDT3 Micp = 0 Nigas = 3, Npp_jes 2 1, 0.971 < RD Ty < 0.991

ttH had BIT4 Migp =0, Ny =3, Npjea = 1, 0,911 < BD Ty < 0.971

VH dilep Nip = 2, TOGEV < mige < 110GeV

VH bep High Nigg = 1, Mgy — B9 GeV] = 50V, p?"ir:.]muev

VH lep Low Nigp = 1, Iy —89GEV] > 5GeV, pi' ™ < 150GeV, EJ™ significance > 1
VH MET High 150 GeV < Ep™ < 250GeV, Ef™ significance > 9 or Ep™ > 250GV
VH MET Low BOGEV < Ef™ < IS0GeV, EP™ significance > &

gogH BSM Mg = 2, prji = 200 GeV

VH had BT tight GV < my < 1200V, BOTyy = 0.7%

VH had BDT lnose BOGEV < my < 120GV, 0.35 < BDTyy < 078

VBF high-pl'*/ BOT tight  1An;1 > 2, Iy — 0.50p) + mig)l < 5. py > 25GeV, BDTyay > 047

VBF high-py*/ BDT loose 8051 > 2, Ity — 05051 + migl < 5. py > 25GeV, ~0.32 < BDTypL < 0.47
VEF low-pi'// BT tight  |An ) > 2, iy — 0501 + )l <5, pi' 7 225GeV, BDTOW, > 0.57

VBF low-pp 7 BOT b |Aayg] > 2, liige —0S0my +mpadl < 5, i < 250GV, 0.26 < BOTH, < 047

EEF 21 BSM Wi 22, p¥ = 2000V

EgF 21 High Niew 22, py € [120, 200] GeV

£eF 21 Med Ny =2, py’ & [60,120] GV

£eF 27 Low Nogws = 2, p7 € [0.60] GeV

eeF 11 BSM Niew =1, pf7 = HH0GeV

geF 11 High Niews =1, @7 € [120,200] GeV

£pl 17 Med Miews = 1, gl € [60,120] GV

EEF 17 Low Wi = 1, i © [0, 60] G

geF 0 Fwd Mot = 0, onc photon with Jiy| > 0.95
£eF 0 Con Niess =0, two photons with |g) < 0.95
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Normalised cross-section

Top Spin Correlation

16E ATLAS Preliminary Inclusive
[ Vs=13TeV, 36.1 b

12F

'\-._ il MCFM {nlo]
0.6 ¢ Data
- - Fit result

145 No spin correlation [

L e ]
(! el SM pred.
D'S—__,_l—l_ — Powheg

- — Powheg (C=0) -

D4 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

0 010203040506 070809

Parton level Ao(I",[)/x [rad/n]

tt > (Wb)(Wb) — (evb)(uvb)
etu@Faﬂ@ﬁFﬁ*ﬁFﬁo
SM(NLO QCD)DF EELYE
BUVEREN AT,
FUTL—kT4ubk

N = fom  Nspin + (1 — fom) * Npospin

Ty ER:
fsmy = 1.250 + 0.026 £ 0.063

SMMEDT I : 3.20 (systira)
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. TECHMISCHE
Overview of VBS measurements @ the LHC @gggﬁﬂm

Recent update:

Observed (expected) Recent Experimental Challenges

Channel Final state siemificance s ks

vBS Whw - 55(57) o CMS @13 TeV “golden channel™: ﬁrﬁt_ﬂbﬁ:ﬂﬂinn of VBS in this channel,
v NEW ATLAS @13Tev  Very good EW/QCD ratio, mostly experimental backgrounds

CMS @13Tey  Similar cross section as ssWW, but larger QCD backgrounds,

. 19(1.0) o
i ;
VBS W—Z litv 3 NEW ATLAS @13 TeV reasonable reconstruction of final state (my =)
very clean channel, reconstruction of final state, low
VRS ZZ 1 jj 27(16) o CMS @13 TeV background but small cross section
large backgrounds, but promising when looking for BSM
VBS Wty *vij ii only BSM inlerpretation @8 TeV effects in boosted topology
VBS oy i 24008 ATLAS & CMS huoge hm:kgrcmnds: (dileptonic tthar),
W _} Il"v’-l-'l"‘r’— -\r\r_” . ': ol :I T @31&‘; [ [4] mltw‘t! m BSM EWSH
higher statistics due to photon, but no sensitivity to BSM
VBS Wy/Zy vyip/llvyii 27015 c/30@20) o CMS @8 TeV EWSE

Today’s focus:
+ Measurement in fully leptonic final states in VBS W Wjj and W*Zjj with the ATLAS detector @13 TeV
Stefanie Todt - TU Dresden - VBS at ATLAS 3/11

Stefanie Todt at Corfu2018

VBSIE. B&OETOERANERIZZELI-EZA,
hhn, EVTREDFHIZOVWT, BERBREIZ1TO,
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High Luminosity LHC (5{1 £5{C)

ECFA HL-LHC with L=300 fb! (3 ab-!) physics study.
Higgs mass precision AMgu ~100 (50) MeV.
Access to top-Yukawa coupling via ttH, and rare decay H—pyp.
Coupling precision of 10 to 5% reachable (even few% 1n x,/kz).

Detector performances (trigger, lepton-id, fake, 1/b-1d) are crucial.

Theory uncertainty dominates - challenge for theorists!

+ ATL-PHYS-PUB-2014-016

ATLAS Simulation Preliminary
's =14 TeV: [Ldi=300 fb " ; [Ldt=3000 fb
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expected uncertainty
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