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LHC : 27 km long,
upto175m
underground

* p-p collider *Can also collide heavy ion particles

*Design parameters: *Pb, Xe
*Vs=14TeV, L_.=10* cm? s
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The ATLAS Experiment

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

N IS RGN -one of two genera
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ATLAS 7000 purpose experiments
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*LHC ran at Vs=13 TeV from 2015-2018 § "Fanas oiem 1atev  frmason | 3
* 147 b of pp data recorded : = ol
* 139 fb'! good for physics analysis, data taking g ok = Toar g7
efficiency ~95% 2 E
oL ~2x10cms : 100% _
* Ave. #of interactions per crossing ~34 LA 80

Mean Number of Interactions per Crossing

*Also heavy-ion collisions (Pb+Pb, p+Pb, Xe+Xe)

*Precision object performance. Uncertainties :
Electron identification <1% [p~30-250 GeV],

muon<1% [p~10-150 GeV], b-tagging ~1-1.5% [p~40-

250 GeV @70% working point]

*Energy scale for central jets ~1% for p.~250-2000 GeV
*Luminosity uncertainty of 1.7%
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https://arxiv.org/abs/2007.02645

Broad Range of Physics Topics

*Can only present short summary of recent results on a few topics and show the future
perspectives on some of them.
* Apologies if some topics are highlighted more than others




Higgs Boson Measurements

Run-1, 2012 Run-2
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*Higgs-like boson was discovered at LHC in Run-1
*At Run-2, focus on measuring its properties:

*Major production channels (ggF, VBF, W/ZH, ttH) and decays modes (H—=WW, ZZ, vy,
and 3" generation fermions bb/tt) have been observed

*Now looking for decays to 2" generation fermions cc/pp and other rare decays
*Improving the coupling measurement precision

*Perform fiducial/differential and simplified template cross section (STXS) measurements
*Search for signs of New Physics with the Higgs boson



Up dates on H=WW~ ATLAS-CONF-2021-014

*High statistics of H=WW"—evuv are used to study different Higgs production modes

* goF : jets from ISR Gluon-gluon fusion Vector-boson fusion (VBF)
. 8
*VBF : 2 forward jets, large m and large An, (ggF)
*Dominant background from continuum
WW* and ttbar ¢
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

Updates on H—>t1
*Relative high BR H—11 decay (~6.3%) provides large statistics
to study the Yukawa mechanism and the Higgs properties

*Analyzed full Run-2 data to measure:
* pp—~H—717 inclusively in the 4 dominant production modes
» as function of key production properties (e.g. p(H), Njets,...

*Measured in di-tau decay modes : T, T4 > TiepThag » CH

*Categorize selected events in the dominant production modes

*Main background from Z(%rr)ﬂ ets productlon
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*Inclusive cross section (|y,|<2.5)
* 6=2.90 £0.21 (stat) 737 ., (syst) pb (c°¥=3.14 + 0.08 pb)
*Significance : ggF : 3.96 obs (4.66 exp), VBF: 5.3c obs (6.2c exp)
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http://cdsweb.cern.ch/record/2779179

Search for Higgs Couplings to Charm Quarks ATLAS-CONF-2021-021
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*Large BG, challenging c-jet identification
*Developed a charm jet tagger, to select “intermediate”
lifetime charm hadrons between longer lifetime b and
prompt uds/g
*27% efficiency for charm, 8% for b, 1.6% light
*Searched in WH—lvce, ZH—vV/1l cc 50 80 100 120 140 160 180 200
Select events with large E™* or 1,2 leptons AT Rt SSREERLERRL uatd

wgﬁﬂﬁ_ S, ++“r+'i

osELL i

Data/Pred.
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*Validate analysis strategy by measuring VW(—cq), 3
VZ(—>cc) (V=W or Z) o

oxBR / oxBR(SM) value stat syst E
w (VW(cq) ) 0.83 0.1 0.21 R T o
u (VZ(eo)) 116 | 032 | 036 | *Set95% CL limit on o(VH(cc))<26xSM
W (VH(cc) ) -9 10 12 (31xSM expected)

*Set limit on H-charm coupling modifier
* [k <8.5 (12.4 exp) at 95%CL (assuming modifier

only affect H—cc, not Higgs production) 9

* VW(cq) and VZ(cc) are observed with 3.8c and
2.60, consistent with expectation


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/

Search for Higgs Couplings to Charm Quarks

EXPERIMENT

Run: 303892
Event: 4866214607
2016-07-16 06:20:19 CEST

«ZH—ppcc candidate event. m(up)=92 GeV, p (up)=150 GeV

* p(c1)=123 GeV, p(c2)=71 GeV, m(cc)=123 GeV



HiggS Combination ATLAS-CONF-2021-53
*Combined all major production/decay mode measurements (13 TeV, L~36-139 {b)

*Global signal strength ;¢ =1.06£0.06 =1.06+0.03(stat.) = 0.03(exp.) + 0.04(sig. th.) £0.02(bkg. th.)

_ o(exp)

M obar = o(SM) Signal theory uncertainty becoming the dominant uncertainty source
Production Couplings
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*Extract coupling strength modifiers (in k¥ framework) as function of particle mass

*Assume no BSM contribution to Higgs decay

*Good agreement of couplings through three orders of magnitude of particle mass |,
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Combined STXS
Measurements

ATLAS-CONF-2021-53

*Extracted best-fit values for cross
sections (c,xB,,) of different

production processes and in several
STXS regions, and the ratios of the
branching fractions (B,/B,,)

*Good compatibility with the SM
predictions
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Di-Higgs Production

*HH measurement provides a direct probe of the Higgs boson self-coupling A,
*Searched in ggF + VBF production, and in several different decay modes

NEW

*HH—bbyy :

ATLAS-CONF-2021-016

*One of the most sensitive channels

*Combining high-BR bb and clean low-BR yy

*B(HH—bbyy)=0.26%

*Main background from yy+jets continuum
*Selected events are categorized by m,, and a

multivariant discriminant
*Search signal in m  distribution
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*Set Limit at 95% CL

*‘c(HH)/c>M(HH)<4.1 (5.5) obs (exp)

* factor of 5 improvement over 36 fb-! analysis

o -1.5<x,<6.7 (exp. -2.4<x,<7.7)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

NEW

.HH_>bbTT : ATLAS-CONF-2021-030

*Moderate background and branching fraction

*B(HH—bb11)=7.3%

*Select events in 1, 7, , and 7, T, , channels,

with improved 7, identification efficiency

*Background mainly from Top, VHjets, VV,
single Higgs and fake 1

*Estimate from simulation and data

*Extract signal from fits to multivariate
discriminants

*Set Limit at 95% CL
*c(HH)/c>M(HH)<4.7 (3.9) obs (exp)

* factor of 4 improvement over 36 fb-! analysis

Events /0.14

Data/Pred.
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Di-Higgs Production
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*Most sensitive single channel to non-resonant HH search at ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/
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NEW

bbttt~

bbyy

Combined

Di-Higgs Production : Combination

ATLAS-CONF-2021-052
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/

Di-Higgs Production

‘, “p \ ATLAS

T Al EXPERIMENT

| Run: 351223
\ ! Event: 1338580001
p 2018-05-26 17:36:20 CEST
¥ ’ /
~ bl 2

HH—bb11, ptrt, , channel ° m(bb)=120 GeV, m(tr)"=120 GeV, m(HH)=680 GeVl()



New Heavy Resonances: W’ ATLAS-CONF-2021.025
*Multiple theories beyond SM predict existence of new heavy particles. Example from:
*Extended Gauge Symmetry for new gauge bosons (e.g. W’, Z”)

*Heavy W bosons : W’ —tv
*W’—lv, flavour symmetric in Sequential SM (SSM)

*Coupling to t could be enhanced for Non-Universal Gauge Interaction Model

(NUGIM), if cotO,>1
* 1 7,,, candidate and large E ms

* Main background from W—1tv, Top, Diboson and jets faking t, ,

*Transverse mass M, of 7, and E,™ used as discriminant
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Limits on W’ at 95% CL :

*SSM: exclude mass
below 5 TeV obs (4.9
TeV exp)

*'NUGIM: exclude mass

up to 3.5-5 TeV (depend
on 0,)
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Lepton Flavour Violation
*Lepton Flavour is conserved in SM, but not protected by any fundamental principle
*Violation only observed in neutrino oscillations, negligible for charged leptons in SM

* ~8 billion Z’s produced in ATLAS in Run-2 => update LFV search in Z decays :

°Z—It (I=e,p)

arXiv:2105.12491

°/Z—epn

ATLAS-CONF-2021-042

* 1—e/u+2v

Signature: e,p + E mss

*Background : Z—tt—ept4v, ttbar,

diboson, fake leptons

*NN classifiers trained to discriminate

Signature: e,u + low E ™

*Background : Z—tt—=cutdv, Z—puu,
ttbar, diboson
*Search for peak around m, in m_, distr.

> N P T T T T RT R T T AT | SR L u
: : ® 2000 e i
against different background sources por 188" Prelimihery ;
s A AR E Vs=13TeV,139fc' @ Daia E
Y 2500 " ATLAS o Daia = = Total Background E
SO Upper | ATLAS | LEP oo E
@ A PP 2= -
g) 2000:_LOW-p_|_ SR, u T, gﬁfquam |ImItS @ (x10-6) (xlo-G) ----- :_emalini:llg_; B:acl;%mund_f
Lu N : 0:On o 0 . 1 1 1 CCE e  mmm |gna at himit= E
1500 pt ..-;iin(3=3x10"‘]:':__ 95% CL e E
Cfi . 2 . 3
- final state 2 8 B(Z—ep) | 0.34 1.7 400 Jee 71, final state]
1000~ (OPAL) - SR ) i, . P -
i ===\ - O B T S i e Aacasacaacnannsa
il & B(z—et) || 5.0 | 9.8 £
::::- : : (OPAL) % -1 .Q“.‘.ﬂ¢.¢?+”+**++ ++i++++ ++++*§
5, Lo elma I I a 09 * * * + E
3 i T IRNEPURE S B(Z—puT1) |, 6.5 | 12 0.8 - + 3
'8 - EI"'I"'I""I""I"'I""I"'I""|_I \ , (DELPHl) 0? , , I I , I I =
il == 70 75 80 85 90 95 100 105 110
; 1: : Mgy, [GEV]
= 0-875F E H H
TR PRIl O SO i P U ) DTS S BTN WA ES | Z% +
Q 075 0.1 02 03 04 05 06 07 08 09 Comblned Wlth e/IJ. T’

Combined NN output

T decays hadronically

*Surpasses LEP limits ! .


https://arxiv.org/abs/2105.12491
http://cdsweb.cern.ch/record/2779177

recoiling against it. Signature : Large E ™ + X
Mono-jet (E ™ + jet) : Golden channel for DM search
*Can interpret results in several models

*Selection :
« >] jet pT>150 GeV, E,™>200 GeV, no lepton/photon
*Background : Z(vv)+jets, W(lv)+jets, ttbar + single top,
diboson, multi-jet, non-collision background
*Discriminating variable : E mis

——
ATLAS ¢ Data

Vs =13 TeV, 139 ol S35 Standard Model w. une.
= Signal Region B z(— vv) + jets

Events / GeV
3,

] VBF Z(— 11/ vv) + jats
sE P, l0)>150 GeV P Wi Iv) + Jets

107 E VBF Wi I} « jets
4 _ 1 + single top

10 = | Diboson

*Results:

[ Multijet + NCB
== mfi,F) = (600, 580) GeV
- - m(t, Z,) = (1,2000) GeV

m, [GeV]

PRD 103 (2021) 112006 Dark Matter Seal‘CheS

*At LHC dark matter (DM) can be produced via decay of a mediator (med) \\,f/
to the dark sector, and indirectly detected by measuring the SM particles

1500

1000

X=g,Z,W,y,...

DM

500

I I '
- ATLAS Expected limitt 2o 1l
L {5-13Tev, 139 fb" [0 Expected limitt 1o, )l
¥ 2 - = = - Expected limit
Axial-vector mediator ...
- e R e Observed limit (+ Toj0, " ™) 7|

Dirac fermion DM
gq= 0.25, gx =1.0
—95% CL limits

==—= Relic density,(,n" > 0.12
Perturbativity limit
——— ATLAS(5=13TeV,36.1 10" |

I | L
1000

2000
mg, [GeV]

*Model-independent 95% CL limit on visible

102 mmam DE.M7I=1486 GeV =
1o PR, ' | cross sections range between 736 fb and 0.3fb.
1E = *Simplified model with axial-vector mediator
12F (Z,) and Dirac WIMPs ()
L
i

Data/SM

E § DatwSMatter CRit ¢ Data/SM afier SRACR it | 1 To

——— *Exclude m,, up to 2.1 TeV for m =1 GeV
200 400 600 800 T000 1200 (g,=0.25, g =1)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006

H—Invisible Decay

*In SM BR(H—1nv) ~0.1% (H—=ZZ—4v)
*Can be enhanced in some BSM where H couples to dark matter

ATLAS-CONF-2020-052

*ATLAS recently updated the H—inv search with full Run-2 data sample and in several different

channels

Channel (Run-2)

Limit on
BR(H—1nv)

Reference

VBF + H

0.13 (0.13*005 )

ATLAS-CONF-2020-008

tt + H (tt2L + ttoL)

0.40 (0.36%%5 )

ATLAS-CONF-2020-052

Z(Il) + H

0.18 (0.18)

ATLAS-CONF-2021-029

VBF + H + photon

0.37 (0.34*015 )

arXiv:2019.00925

z 1: I T =
Soss WUSTETEY o
- 08F (s=8Tev,203fp! -~ Ppected 3
S o7E Vs =13 TeV, 139 fb" C+26 E
€ E 3
= 0.6 3
8 o5E £
S 05 3
3 —
Te} -
® 0.2 E

o
—

—

o

ttH VBF Comblned Combined Combined

Run 2 Run2 Run2 Run 1 Run 1+2
°Run-2 VBF+H and ttH arc Combined With Run—l (‘E B r n IB;_; rll < {:i 09. o ‘ATLAS Prehmmary T
] =) 104 10y ’ Vs=7TeV, 4.7 b —
BR(H—1nv): <0.11 117004 X 0 L s " _Alllimits at90% CL  ys=8TeV, 203 b 7
( v): <0.11(0 003 €XP) @ 95%C 3 - - 13TeV. 13017
*BR limit interpreted as limit on WIMP-nucleon 21070 E
: . - 5 L |
elastic scattering cross section in Higgs portal model - ;
. . . . W% RN T e e =

(assuming DM particles are either scalar or Majorana B T
. [ ST Rt - : =
fermlOIlS) 10747 — iggjsspcoa?;l‘.'\rIMP Other ?;(;ﬁe‘girgeegtl;s__

masss Majorana WIMP o LUX

- == PandaX-ll __]
*A preliminary combination. Final Run-2 combination ..[ . . ..., . .0 777 ]

will include Z(I1)+H and VBF+H-photon 1 10 .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-029/
https://arxiv.org/abs/2109.00925

*Focus on pair production of heavy “Electroweakinos”

SUSY : All Hadronic Search arXiv:2108.07586

*Electroweakinos : bino B, wino W,

decaying into SM bosons (W/Z/H) and LSP

*Exploit the large BR of hadronic decays of W/Z/H to p

improve the search sensitivity

*Large radius jet: to capture collimated energetic jets
*Jet substructure : to identify hadronic decays of

W/Z/H
*Orthogonal signal regions : 4Q, 2B2Q

Final state : large E ™ | 2 large-R jets, no lepton
*Dominant background : Z(vv)+jets, W(lv)+jets

and di-boson

m(%;) [GeV]

(W, B)-SIM (C1N2-W2) %X, WZ3
800:..,.|.|..|....|,...|....,.|..|....,...,|....£
TOOS—ATLAS Vs =13 TeV, 139 fo!, All limits at 95% CL _E
6002— -~~~ Expected limit (+1 ce:SlY _%

F — Observed limit (1 Ciheory) =
500 E Observed 95% CL E

E arXiv:2106.01676 (3L, 139fb™) ]
400 —
300F =
200F- =
100F =

:I o CAE |5. | Al T R |. L e b e TR F

800 400 500 600 700 800 900 1000+ 1300 1200

m(x,/x,) [GeV]

higgssino H a

W/z q

.}Eh(—’-‘ﬂ vy o~
Xlight
i’] ight

Xheavy

w 12_ T T T T T T T —]
‘E’ - ATLAS Vvs=13TeV,1391b" SR Postit =
o 10— $ Data —Total SM Wiets C1N2-WZ, (900,100) GaV g
La E : C1N2-Wh, (900,100) GeV } =
8— M Z+ets WV Other = = =« (A8 m(z)) = 800 GeV. B, - 28) = 50%
6 =
4= i |
I- - - ! o .'5
] =
0
8 | P e L I e T S e O S I e =]
& 0
=)
:E Dt ; S | ; | -
= B . I O 2 R
n g ¢ ¢

*Many different signal models are considered

*Example: exclusion limits wino pair
decaying into bino LSP (CIN2-WZ)

*Limits extending into TeV region, beyond
reach of the leptonic analyses
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https://arxiv.org/abs/2108.07586

St“dy of the Bc+_>J / \|IDS(*)+ ATLAS-CONF-2021-046

B ‘—=J/yD " can occur through b decay with c S 200f—e0ma  ATLAS Preiminay-
as a spectator, or through annihilation diagram 8 % _El[jzlg ) . ;Sa::‘t:ag g

*These decays were first observed by LHCb and g 140 _ E%i’iﬁﬁ%mmmmd
ATLAS using Run-1 data sample - :ih

*ATLAS has analyzed full Run-2 data to achieve oy
more precise measurements of the branching : g :

fraction and the polarization S T s i W s

. + + 2 B

*Reference channel : B,*—=J/yn 2 |: d 1 ok I'"'II"""I"" o
*Use 1t for branching fraction ratio measurements L E

5800 6000 6200 6400 6600 6800
m(waD;) [MeV]

|||||||||||||||||

| | | K
ATLAS Prelini

I|||||l||||1||||||II|III|IIIIIII|I

5 =
D
\2 .

pQCD

Az:fj, (;j: :121} - -:- ":;_ Rp+ -+ = 2.76 £ 0.33(stat.) £ 0.29(syst.) & 0.16(br.f.)
ATLAS (Run 1) . . Rps+ /e = 5.33 £ 0.61(stat.) = 0.67(syst.) & 0.32(br.f.)
ggr; Z:: : Rps+ pt = 1.93 £ 0.24(stat.) = 0.10(syst.)
RCOM = ++ /I =0.70 & 0.10(stat.) &= 0.04(syst.)
ccam »-cj--
oy *New measurements are consistent

with earlier measurements of

RIQM . i )
FNCM ||||||||f§?|.:-‘| il é] N A | 11 Iliil (| ] 1111 | oo Lo Lo s PR ATLAS and LHCb’ and Wlth better
1 2 3 4 10 2 8 4 02040608 M
Sal Mol o precision
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http://cdsweb.cern.ch/record/2779181

Run 3, HL-LHC

HL-LHC

LS1 LS2 | 13- 14 TeV 14 TeV
13 TeV pes——
- Diodes Consolidation | I l
TeV splice conaolidation eryolimit LIU tnstallation - HL-LHC
&Be_ bm:;;:::f:::m’ :E:rfswn Civil Eng. P1-P5 I :ngarnlén m—.." Installation l
5 to 7.5 x nominal Lumi
ATLAS - CMS l/,(l—i l
experiment upgrade phase 1 F " ATLAS - CMS
i HL e
e i i Betcbiinmi o ALICE-LHCb I Zxremneiom [ s |
75% nominal Lumi /_ upgrade '
hek@-----i-------------
luminosity BEGTUE
Run 3 . Simulated HL-LHC event, with 200 reconstructed vertices (u=200)
°

*Will start in 2022, Vs=13.6 TeV
[[~150 fb"! , will increase the total

data sample by factor of 2
oL ~2x10%cm?s’!

* Ave. pileup ~60

HL-LHC: *A lot of data for

“Vs=14 TeV *QCD and EWK precision measurements
* [L~3000-4000 fb'! : will be ~15-20 *Deep understanding of Higgs properties
times more data than Run-2 *Probe BSM in both direct searches and

* L~ 5-7.5%10%cm?s™! In precision measurements
* Ave. pileup ~200

23



ATLAS Upgrades

(ITK new inner tracklng detector for HL LHC)

1400[

r [mm]

1200

1000

800

600

400

200"

[ I ! I
ATLAS Slmulatlon Prellmmary
” ITk Layout: 23-00-03
n=1.0

=
n
g
=)

? \

NSW-A lowered on July 12 0

: ! I‘ 1 : : II III | 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 | 1
500 1000 1500 2000 2500 3000 3500
z [mm]

ATLAS Upgrade

Phase-1 (Run-3)

Phase-2 (HL-LHC)

DAQ & Trigger Trigger hardware : Level-1 (L1) rate increase: 1 MHz,
- Higher purity e/y triggers High Level Trigger (HLT) increase : ~10 kHz
- Lower forward muon fake rate
Inner Tracker New, up to |n|<4 (ITK)
Calorimeter L1 trigger electronics for Liquid Argon Electronics upgrade for LAr & Tile
(LAr)
Muon New Small Wheel (NSW) Electronics upgrade +

new muon chamber

Timing detector

New High Granularity Timing Detector in
endcap




Detector Performance (Phase-2)

ATL-PHYS-PUB-2021-024

Tag b-Jets

E T | UL L I T T 77T | | T T I T I:
5 ‘ATLAS Simulation F’rehmmaryr _ : ]
o 10°gfs=14TeV; (|.1)-—200---tt ------------ Ot 5
= S i — 1<|<2 =
2 C = —— 2<[n<3 i3
£ 10tk JTcLayouti 23-00- 93 S S 3 [ 0 ER S
= E_ . - = Inl<2.5 3
= N <= = Run 2 .

1_ i i i i RTTT \
ﬁ B | T T ! T | L T | T T I T I‘
§ b ]
— . ; b ! ‘ - £
= F 0 b A Y
c - N
= y | —— e AR R s e =
o 5 : i
= [ ]
- 05’5"66“0'6'5“{')7‘“67'5”68 68505 0.95

b-jet efficiency

*Performance at HL-LHC improved by

up to 50% in |n|<2.5, and enlarged

geometrical coverage

1

1/N dN/m,,, [1/GeV]

0.12

0.1

0.08

0.06

0.04

0.02

CERN-LHCC-2017-018
Di-Photon Mass
_\ I T T T | T T T I T 1T I LI | T T T | T T T | L I T T T T T T I T
C o
[ : : !
- ATLAS Simulation 5 goF H >y
B NN vertex selection
- 5 O HL-LHC, =0
- Q0 O =
B P HL-LHC, 1=200,
iy ot B optimistic
. 5% jo *. @ HLLHC, p=200,
- 3 'E: _ pessimistic
B o¥ % ¢ Run2
= .-% o Yo
- o2 s
._'_' ..ﬁig DD 8';..
- .5)‘}5&} 0 LrQ ®
- = - s

116 113120 122 1

24 126 128 130 135
M,y [GeV]

* di-photon mass resolution at HL-LHC,
with <pu>~200, 1s comparable to Run2 for
the optimistic scenario
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http://cdsweb.cern.ch/record/2776651
https://cds.cern.ch/record/2285582?ln=en

Higgs : Projections for Production / Coupling Measurements

*Combined all major production/decay mode measurements ATL-PHYS-PUB-2019-006
Production Couplings

rrr [ rr o rrrprr [t r ol E}l‘} | "'IATL;qS‘" |':)re'I‘I'n'1llnar'y LT T T 2LE ]
. Z 1 75
ATI.-AS. Preliminary Total(S1) F—- % = Projection from Run 2 data Z,,* 3
Projection from Run 2 data S - /s = 14 TeV. 3000 fbo- &t O
/s = 14 TeV, 3000 fb” Total(S2)b— | £F . © 27T SM'Higgs boson o
00 : E
102 e —
VBF L S o0 =
WH 0% - =
i = e Scenario S1 3

ZH L 10'4;” o H'L—;ILHC:
S 2 b 8% ~4% 6% ~2% ~4%
ttH } | 5 1 SRR SO + ------------------------- -ﬁt-:
w - =

1 1 1 | 1 L1 | 11 | | 1 1 | | | 1 | 1 1| | 11 1 | | ! 095 = U‘n_z:
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 ool ~30% ~8% ~13% ~59% ~79% ]
Expected uncertainty 0.85 L . . . ]

107" 1 10 1
Run-2 : HL-LHC :
* ggF measured at ~7% * ggF can be measured at ~2.4% Particle mass [GeV]
*WH measured at ~20% *WH can be measured at ~“8%

*Scenario S1: Keep Run2 systematic uncertainties (pessimistic)

*Scenario S2 (baseline): Reduction of syst. uncertainties defined in CERN Yellow Report
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-006/

Higgs : Projections for VH(—>bb), VH(—>cc) aneuyseus201.00

*Both projections based on recent analyses with full Run-2 data and using assumption
similar to Scenario S2

VH(->bb) VH(—co)
*Run-2 : measured signal strengths *Run-2 :
u =0.95 15 (stat) 1 (syst) *6(VH(cc))<31xSM @ 95% CL (exp.)

bb +0.17 +0.18 |K |<12 4 at 95% CL (exp )
u, =1.08 "' “(stat) "' (syst) | |

-0.17 -0.15
ATLAS PreI|m|nary Di 16
T | T T T | |- T ) T | T T T | T T T | T T T T T T ProeCton frOmR n2data
ATLAS Preliminary ‘/5:14 ITeV 3000 l;b.1 O+ 2
Projection from Run 2 data VH, H — o ----Expected

VH,H —bb Vs=14 TeV, 3000 fb™

® Exp. =—=Tot. unc. — Stat. unc. 0 lepton
Exp.=8.1x SM
Tot. ( Stat., Syst.) ! lepton
- ; : 1.00 33; (ﬁgg, ;?gg) Exp.= 11.2 x SM
2 lepton
Exp.=10.5 x SM
+0.08 +0.04 +0.07 P
wi| w100 90 (98 90) | combimatio
| I R L L
08 1 12 14 16 18 2 0 5 10 15 20
bb o .
*Total uncertainty below 10%, v *HL-LHC : 95% C.L. limit on gy
systematic dominant. Single largest *c(VH(cc))<6.4xSM @ 95% CL (exp.)

source is signal uncertainty * |k [<3.0 at 95% CL (exp.) 27


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-039/

ATL-PHYS-PUB-2018-053

Projection for Di-Higgs Search ™ axvasoz.o0ss
*Extrapolation based on Run-2 36 fb-! analyses and with the estimate of upgrade

detectorperformance %% ||||||||||:|.||||||||||||||||||||
5 ATLAS Preliminary
T * Projection from Run 2 data, Vs = 14 TeV, HH— bbt*t |
. . . . b 10 —
'EXtraPOIated sensitivities S = Current systematic uncertainties ]
are sensitive to the E = N T TTT MC statistical uncertainty neglected -
. £ . i B "f,‘ - Baseline 7
Scenarios o syStematlc _g = ll'/r,—. - — No systematic uncertainties
uncertainties = e .
(>_2 llllllllllllllllll
)
9 |
&)
N
o)
o 1"'1"'1 """""""""""""""""" 7T o ==
Run-2, bbtt, | | — ]
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
139fb 0 500 1000 1500 2000 2500 3000
Significance at HL-LHC Integrated luminosity [fb™]
glﬁnneébbb Statistlic;l—only Stafcistic::do—l;3 ;Systematic *Combine ATLAS + CMS : 4.0 o (stat.
— : .
. + . .
HH — b5t o 51 syst.). .(4 5 o (stat onl}f) ) |
HH — bbyy 21 20 *Precision of self-coupling modifier
Combined 3.5 3.0 K, can reach ~50%

*Recent full Run-2 HH results improved significantly over the previous 36 fb-! results

*May reach the discovery level of di-Higgs production at the end of HL-LHC ! -,


https://cds.cern.ch/record/2652727
https://cds.cern.ch/record/2652727
https://arxiv.org/abs/1902.00134

Projection for // and /v Resonance Searches

di-lepton
£1011" T T T T T T T T
S 10'° ATLAS Simulation Preliminary
>
W q0° Z' —ee, \s=14TeV, 3000 fb”

| L1 |

7O1I02 ><I102I - 10° 2><I103I 104
Expected Dielectron invariant mass [GeV]
(eetpp) HL-LHC Run2

(139 fb!)
Model Exclusion | Discovery Exclusion
[TeV] [TeV] [TeV]
Z’(SSM) 6.5 6.4 5.1
Z’(y) 5.8 5.7 4.5

*Extend Z’ ,, exclusion limit by ~1.4 TeV
*Overall uncertainty ~6.5%>m, [TeV]

* expt. (rec. Id, resolution) : ~2.9%>m, [TeV]

e theory (dominated by PDF) : ~5.6%>m, [TeV]

lepton+E, ™

ﬂ 109 T T L ‘ T T T T T T |
§ 108 ATLAS Simulation Preliminary
o W' — ev, Is = 14 TeV, 3000 fb’

10 —— Wigey (6.5 TeV)

10° Cw

10° B

4 I:I Zly*
10 |:| Di-boson

10 2><I102 o ;OS 2><I103 o 10*
Expected Transverse mass [GeV]
HL-LHC Run2
(139 fb)
AWA Exclusion | Discovery Exclusion
SSM [TeV] | [TeV] [TeV]
ATLAS (ev, wv) | 7.9 7.7 5.8
ATLAS (t,v) 4.9

*Extend exclusion W’,, mass by ~2 TeV

ATL-PHYS-PUB-2018-044
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https://cds.cern.ch/record/2650549

Projection for Dark Matter Searches
*Extrapolate from the Mono-jet (E, ™ + jet) Run-2 analysis with 36 fb! data

ATL-PHYS-PUB-2018-043

Mono-jet (E ™ + jet)

(Exclusion)

>l— B LI | 1 T 1 | 1 T 1 | T T T 1 | T 1 1 1 T 1 .Searches are Sensitive tO

[0} | . . . . . .

5 1400 ATHAS Simulation Preliminary systematic uncertainties
= _ Vs=13TeV, 3 ab™ exp. sys. x1, th. sys. x1

S " Axial-Vector Mediat
1 200_ xiai-vector Mediator exp. sys. x1/2, th. sys. x1/2

. Dirac Fermion DM

1000—_ gq=0.25, gx=1

- 95% CL limits

*Expected exclusion limit on
mediator mass can be extended
by several hundreds of GeV

exp. sys. x1/4, th. sys. x1/4

Projection from Run-2 data

800

*Discovery could be reached for a
600 signal with DM mass of 1 GeV
400 and mediator mass of 2.25 TeV

Large improvement compared to

200} - 7
_| l||||ll|||||||||||| l||l|| '
% / 500 1000 1500 2000"2500 3000 current LHC results !

ATLAS, 139 fb? m, [GeV]
PRD 103 (2021) 112006 A

30


http://cdsweb.cern.ch/record/2650050

Exotics/SUSY Search Reach at HL-LHC

Model qin  95% CL Limit (solid), 5 o Discovery (dash) mmux  TZHE-LHC SUSY Searches ... Simiaion oy
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*Many more projection studies on Exotic/SUSY searches can be found at :
arXiv:1812.07831
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https://arxiv.org/abs/1812.07831

Summary
*Many new results from ATLAS have improved upon not just with more data but also
with improvement in the analysis methods

*Tremendous work has been performed by the collaboration to determine the physics
potential at the HL-LHC

*Higgs productions and decays can be measured to a precision of a few percent and
we may reach the discovery level of di-Higgs production at the end of HL-LHC

*Large extensions can be made for Beyond SM searches with more data and with
improve detector performance

*However reduction of systematic uncertainties, improvement of theoretical
understanding and innovation of advanced techniques will be important for the success
of the HL-LHC program.

*Run-3 data taking will start in a few months. More exciting new results will be coming
soon.

ATLAS public physics results :
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Data c-tagging efficiency + total uncertainty
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Mono-jet

Table 9: Observed and expected 95% CL upper limits on the number of signal events, Sggs and ngp, and on the visible

cross section, defined as the product of cross section, acceptance and efficiency, (O‘)ESS, for the IMO-IM 12 selections.

Selection (o )ggs [fb] S?,ﬁs Sg??p
precoil 5 200 Gev 736 102274 8300022000
preceil 5 250 Gev 296 41158 338008200
preil > 300 GeV 150 20893 154001330
pieoil > 350 GeV 86 11937 83003100
precoil 5 400 GeV 52 7214 4700* 1300
precoil 5 500 Gev 21 2918 1930+ 20
pieoil > 600 GeV 10 1391 940360
precoil > 700 Gev 4.1 574 49019
precell s 800 Gev 2.1 298 2757
preell > 900 GeV 1.2 164 168+63
peeil > 1000 GeV 1.3 186 119443
peoil > 1100 Gev 0.5 73 s
pEeeil > 1200 Gev 0.3 40 49%1%
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Physics Projection at HL-LHC

*Assume center of mass energy at 14 TeV and total integrated luminosity 1s 3000 fb-!

*Methods for projection:

*Detailed simulations are used to access performance of upgraded detector and HL-
LHC condition

*Existing results are extrapolated and take into account of increase in energy and
performance of upgraded detector, or parametric simulations are used to allow full
re-optimization of the analyses

*Systematic uncertainties :

*Baseline scenario (“YR18” or “S2”) : *Conservative scenario (“S17) :
*Theory uncertainties 2 of Run-2 *Use uncertainties of Run-2
*No simulation statistical uncertainty measurements, assuming the
*luminosity uncertainty ~1% higher pile-up effects will be
*Statistical uncertainty reduced by 1/VL compensated by detector

upgrades.

*Uncertainties due to detector limitations
remain unchanged or revised according to
simulation studies of upgraded detector.

ATL-PHYS-PUB-2018-054

CMS-PAS-FTR-18-011
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VBF Higgs—Invisible Decay Candidate Event

305723 % ATL A S
804673740 ¥

Aug. 6.2016 4L EXPERIMENT
16:18:50 CET  http://atlas.ch




LeptOQuarkS ATLAS-PHYS-PUB-2021-017

arXiv:2018.07665
*Leptoquark (LQ), an BSM particle, predicted in g i ;
GUTs and Composite Higgs models Yo /
*At LHC, LQ can be : °
*pair produced : via gg fusion and qq annihilation LQ
*singly produced : in association with a lepton 4 g LQ

*L.Q decay : into a quark and a lepton

*Search for pair-produced 3™ generation scalar LQs
*Assume LQ decays to 3" generation quark, and to 3™ generation or 15/2¢ generation lepton

*Also searched for pair-produced 3™ generation vector LQs

*Set 95% CL exclusion region in m(LQ) vs B(LQ decays to a quark and a charged lepton)

34 gen. scalar down-type LQs 3rd gen. vector LQs
122 LQ3LQ}, all contours at 95 % confidence level June 2021 LQ;LQ; production (Yang-Mills scenario), LQ —br /v,
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http://cdsweb.cern.ch/record/2771726
https://arxiv.org/abs/2108.07665

Possible HL-LHC Triggers

ATL-PHYS-PUB-2019-005

Table 2: Representative trigger menu for ATLAS operations at the HL-LHC. The offline pr thresholds indicate the
momentum above which a typical analysis would use the data. Where multiple object triggers are described only
one threshold is given if both objects are required to be at the same pr: otherwise, each threshold is given with
the two values separated by a comma. In the case of the e — u trigger in Run 2, two sets of thresholds were used
depending on running period, and both are listed. This table is a subset of Table 6.4 from the TDAQ TDR [10].

Run 1 Run 2 (2017) Planned
Trigger Offline pr Offline pr HL-LHC
Selection Threshold | Threshold Offline pt
[GeV] [GeV] Threshold [GeV]
isolated single ¢ 25 27 22
isolated single u 25 27 20
single y 120 145 120
forward e 33
di-y 25 23 25
di-e 15 18 10
di-p 15 15 10
e— 17,6 8,25/ 18,15 10
single T 100 170 150
di-t 40,30 40,30 40,30
single b-jet 200 235 180
single jet 370 460 400
large-R jet 470 500 300
four-jet (w/ b-tags) 45(1-tag) 65(2-tags)
four-jet 85 125 100
Hry 700 700 375
ETe 150 200 210
VBF inclusive 2x75 wl/ (An > 2.5
(di-jets) & Ap < 2.5)
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New Heavy Resonances ATLAS-CONF-2021-040

*Vector-Like Top quark

*Search in single production channel
*Probe the universal coupling constant k

*Controls the production cross section and resonance width of VLQ

*Search in T—=Zt, T—Ht
*Select events with:

*eor,

* large-R jettotag Z / H

* small-R jets (some b-tagged)

*Main background from ttbar, single top, W+jets

ﬂ _I T | T T T T | T T T T |
= 35 L
o E A_TLAS Prelimina -#-Data ]
w F Vs=13TeV, 139 fb™ [ tt+light-jets bl
30?’HJ,2b,21ﬁ,220Hno, Mtl+=1c -
C OH, =1V Wti+=1b N
25— Post-Fit [[]Single-top —
= [CV+jets s
o0l i:iOthers . 5
- = Uncertainty ]
15— —
10 7
- 7
2} OE == - = ey by ey rv"';
o 1.5F =
- 2% R A
o  0.5F +
0:

1500 2000 2500 3000 3500
me[f [GEV]

H/Z

*Discriminating variable:

_ (lepton, jets) miss
My = P +E
i

T T

*Exclude «>0.5 for all masses below
1.8 TeV

40


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040/

Efficiency

ITk / Run-2

Run-2 ID vs ITK

ATL-PHYS-PUB-2021-024
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http://cdsweb.cern.ch/record/2776651

Run-2 ID vs ITK
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Detector Performance (Phase-2)

CERN-LHCC-2017-018

Di-Photon Mass

< RIR33353335333853AR323R 23 EE AR EAEEEAE
@ - o
. i - o
g 0.12—ATLAS Simulation " goF H— vy
L B NN vertex selection
e 01 g © o HL-LHC, p=0
> - 00 o HL-LHC, p=200,
o = Cotr_
— 0.08— o* B, optimistic
- I %% jo . ® HLLHC, u=200,
0.06— (_}3-" 'Df' | pessimistic
¥ g¥ % o Run2
0.04— o o %
- oD ¥
i '@@ o @...o
0.02~ o200 PO
;.;,,gg@agﬁﬁggﬁgﬂ| | | ”Tjig;%ﬁéggegg!?g..
Y 116 118 120 122 124 126 128 130 132 4
m,, [GeV]

* di-photon mass resolution at HL-LHC, with <u>~200, is
comparable to Run2 for the optimistic scenario

* pessimistic : same resolution constant term as Run-2,
pile-up noise extracted from the full simulation using the
Run-2 reconstruction alg.

* optimistic : reduce the resolution constant term to its
design value, pile-up noise reduce to level equivalent to
<u>=735
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https://cds.cern.ch/record/2285582?ln=en

ATLAS-TDR-031

PU rejection
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http://cdsweb.cern.ch/record/2719855

Higgs : Projections for Differential Distributions Measurements

*Important to measure the differential distributions of Higgs production

*Provide a probe of the SM

ATL-PHYS-PUB-2018-040

*Constraint effects from beyond the SM
*HL-LHC projections based on Run 2 analyses
*Most precisely measured by H—=yy , H—=Z7"—4l channels

> = iy =
8§ F e 5730
(3 i e e é 5,
210 A sI° L
fH & = A . —e— 25—
o I_g. i ATLA.S Preliminary - ATLAS Preliminary
3 " Projection from R“”12 data ~  Projection from Run 2 data _
107" 1s=14TeV, 3000 b e - (5=14 TV, 3000 fb"
= Hoyy+H-ZZ -4 20— Hoyy+H->ZZ -4
L ¥ HLLHCNoSys -3 HLLHCNoSys
= [ HL-LHC Sys. + Stat. (5[ I HL-LHC Sys. + Stat.
— [ HL-LHC Scaled Sys. + Stat. ~ [ HL-LHC Scaled Sys. + Stat.
e b b by by g by e g by o by e by H C L L l 1 1 L L L L L L L L L | 1 ! L ] 1 1 1
5] ©
E 0; | r0.95
0 10 20 30 45 60 80 120 200 350 1000 0 0% 060 080 120 160 280
p!! [GeV] y

*Expect to probe with precision of ~10% at p, ~350-600 GeV (HL-LHC)
*Run-2 : About ~20% precision at pT(H)~200-350 GeV
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