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https://www.youtube.com/watch?v=7BA21a3vk_Y [2001]



https://www.youtube.com/watch?v=7BA21a3vk_Y
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® make-believe: it's 2040, what's going on?
predict the future, with all caveats

® we'll focus on today vs tomorrow

whenever possible

® for a selection of topics

for the many more see here and here,
and the Snowmass 2022 white paper
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cds.cern.ch/record/2805993/

LHC

—HILuM

LARGE HADRON COLLIDER

HL-LHC
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES

HL-LHC CIVIL ENGINEERING:

DEFINITION
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2019 2020 2021

ATLAS - CMS
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‘ INSTALLATION & COMM. HH PHYSICS


https://hilumilhc.web.cern.ch/sites/default/files/HL-LHC_Janvier2022.pdf
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun3Collisions#Spring_2023_beam_splashes_and_45
https://cds.cern.ch/collection/ATLAS%20Reports?ln=en

DAQ/HLT
® 7.5 kHz output
® 40 MHz data scouting

Barrel calorimeters

® ECAL granularty readout @40MHz
® precise timing for 30 GeV e/gamma
® new ECAL/HCAL electronics

Endcap calorimeter

® 3D showers, precise timing
® Si, Scint+S1PM in Pb/W-SS
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Tracker
® |ess Xo
® increased granularity
in Si-strip & pixels MIP timing detectqr (MTD)
® ton|<3.8 ® barrel: crystal+SiPM
® endcap: LGAD

Luminosity 9

L1 trigger ® 1% offline measurement, as ATLAS (2% online)
® tracks@40 MHz
® PFlow 750 kHz output Muon system

® 12.5us latency ® DT & CSC: new electronics
p = : ® new GEM/RPC 1.6 < In| < 2.4
=/ .® extended to |n| <3
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THE W BOSON MASS
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® constrain systematic uncertainties on data

® my = 80360 + 5 (stat.)

+ 15(syst.)

= 80360 + 16 MeV

Shitt m,, [MeV]
-5 0 5

ATLAS Preliminary

\s=7TeV, 4.6/4.1fb"", e-/u-channel, combmedp fit

ju

.- _

|

6-6,)/A8

e
.
(

Pull =

2



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004
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what does this tell us?

egood agreement with electroweak fit

etension

I LEP Combination

hep-ex/0605011

DO (Run 2)
arXiv:1203.0293

CDF (Run 2)

FERMILAB-PUB-22-254-PPD

LHCb 2022

arXiv:2109.01113

ATLAS 2017

arXiv:1701.07240

ATLAS 2023

this work

with recent CDF measurement

Overview of m,, Measurements

ATLAS Preliminary = ew=

______________________________________________________________________

10

@® Measurement - 0 mm
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B Total Unc. 1k
SM Prediction - . -

j L
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B m,=172.84 + 0.70 GeV
----- m, = 125.09 = 0.24 GeV
mes 68/95% CL of m, and m,

|1||11|\||1||1|||

wsn 68/95% CL of Electroweak

Fit w/o m,,, and
(Eur. Phys. J. ¥ 74 (2014) 3046)
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where can this go?

elarger Bjorken's x
acceptance from

enhanced [n| coverage
of LHC Phase-2
detectors
erequires dedicated low-
luminosity run
econstrain PDF
uncertainties

\_ son

et
b1

11ng we've been doing

ning HERA and 7, 8, 13

TeV LHC data (e.g. ATLASpdf21)

=
)
Run-Z

20
18

14

- | |
C ATLAS Simulation Preliminary Z
s=14TeV, <qu>=2 B Stat. ® PDF 200 pb™' -

My oM M 8D M 24 = "I stat @ PDF 1 o' -

[ PDF

CT10 CT14 MMHT2014 | HL-LHC LHeG
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026
https://doi.org/10.1140/epjc/s10052-022-10217-z

PDFs
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ereduce uncertainties on valence quarks and gluon
PDFs

-V+jets: constrain high-x light-quark sea

-ttbar: reduce uncertainty 1in high-x gluon

-jets: reduce uncertainty in medium-high-x gluon
enot big change when excluding >500 GeV "BSM"
region
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https://doi.org/10.1140/epjc/s10052-022-10217-z

Valerio Ippolito
INFN Sezione di Roma

a subset of "PDF estimation tools

what

notably for

high-mass Drell-Yan

ttbar differential
distributions

Inclusive jets

large-x sea quarks

gluon and anti-
quarks, mid-range x

s, ¢ for large and
small x

large-x gluon, valence
quarks

PDFs at the HL-LHC (Q =10 GeV)
[ =% PDF4LHC15
-------- + HL-LHC (scen C)

N WSS + HL-LHC (scen A)
= 1.1

[e

X1.05

(@)

O

C

3

~0.95

(@)

L1l I

llll |
1071

lllll |
1072

1 | 1 llll
107° 1074

1078

X

ekey message: HL-LHC data should reduce by a
factor 2-4 uncertainties on e.g. Higgs boson or

SUSY production
ecareful programme ongoing with precision
measurements at ATLAS and CMS
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https://doi.org/10.23731/CYRM-2019-007

THE STRONG COUPLING CONSTANT
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LI

' e % F ppz 6Tev
.““ g (\D B PP J e
s 8 o
\ — 60—
Z/v" g [
@)
'o —
. 40—
0; i
Qo i
%, et ut 20
/) measures recoil
pr(Z) 2 1.20<

recoil depends on ISR, hence on Qs

emeasure at Q2=mz2
olow pr(Z) regime not included in PDF fits:

less correlation with 0s measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-015
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~15M Z(ee/pp) decays (8% with one forward e-)
o from Y|, template fits to Collins-Soper

angles (extrapolate to full phase space)

¢

llllllllllllll'llllllllIlll

£ 0.122[ ATLAS Preliminary op —> 7
i - 8 TeV, 20.2 fb
0.120—
0.118 ¢
0.116— $ ¢
0.114F
01121 MSHT20 PDF
0.110[ Rt
B Scale variations
0.108L | 5
NLL NNLL N°LL

N*LLa

good agreement of theory with

double-differential Z pr/y xsec

Ratio to theory

0.9

(normalization effects within 1.7% luminosity uncertainty)

Ratio to theory

1.1 .

- :

L e

5

0.9 -
1.2<lyl<1.6

0.4 <lyl <0.8 ATLAS Preliminary

pp = Z
8 TeV, 20.2 fb

—e— Data
----- Post-fit

1 [ PDF unc.

PDF ®@ Theory unc.

1 -~ -os(m)=+0.002
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N4LL approx
QED ISR

Flavour

Experimental

Non-pert
v
Matching
/ PDF
[1llustrative chart with uncertainties
Sca l.e before sum-in-quadrature]

Valerio Ippolito
INFN Sezione di Roma

ATLAS ATEEC
CMS jets
W, Z inclusive

tt inclusive

t decays

QQ bound states
PDF fits

e'e jets and shapes
Electroweak fit

ATLAS Zp_8 TeV_

| |
—@- Hadron Colliders

ATLAS -@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
-@- World Average PDG 2022
@~ ATLAS Zp_8 TeV
® 0.1185 + 0.0021
—@1— 0.1170 = 0.0019
—1— 0.1188 = 0.0016
—& 0.1177 = 0.0034
T —— 0.1178 = 0.0019
0.1181 + 0.0037
@ 0.1162 = 0.0020
O 0.1171 = 0.0031
O 0.1208 = 0.0028
- e 0.1184 = 0.0008
- = 0.1179 = 0.0009
I — [ 0.1183 = 0.0009
0.115 0.12 0.125 0.13

most precise result -
Opens new precision era

as(mz)

18



THE WEAK MIXING ANGLE

0.2%

Valerio Ippolito
INFN Sezione di Roma

N\

LEP-1 and SLD: Z-pole average
LEP-1 and SLD: A’y

SLD: A

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS:7 TeV

ATLAS Preliminary: 8 TeV
HL-LHC ATLAS CT14: 14 TeV

HL-LHC ATLAS PDF4LHC15, |, .: 14 TeV
HL-LHC ATLAS PDFLHeC: 14 TeV

extended inner tracker and muon
system coverage (30% more events,
20% more precise PDFs)

0(10%) improvement from HGTD

0.23142 + 0.00106

' 0.23101+ 0.00053

| 0.23080+0.00120 |
|_0.23140 + 0.00036__ :,,A"

e e = ——

| 0.23153+0.00018  {f
| 0.23153.£0.00015 |

P g e

0.23153 + 0.00008

023

precision with ee & p
oH|-LHC results dominated by
PDF uncertainties
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/
https://cds.cern.ch/record/2294888
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~to'the place where the possible
and the impossible meet

™
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https://www.youtube.com/watch?v=yBue0vt4Qrk

FOUR TOP-QUARK PRODUCTION

esensitive to new physics
ehest with 2+ lepton channels

orelies on measurement of
irreducible ttW background
(ATLAS) / simultaneous fit of

o(ttW), o(ttZ),

o(tttt) (CMS)

*reached =50 with optimised
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selection and b-tagging
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http://arxiv.org/abs/arXiv:2303.15061
https://cds.cern.ch/record/2853304?ln=en
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Cy,[GeV?]

Significance [s.d.]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-004/
https://cds.cern.ch/record/2650211
https://arxiv.org/abs/2212.03259

THE TOP-QUARK MASS

CMS

Preliminary Projection
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0.3ab’ 14 TeV 3ab’ 14 TeV

today:
otop-quark mass measured to

less than 0.3%
ettbar cross-section to 1.8%

tomorrow

®can go to ~0.1%

erequires same detector
performance as pre-HL phase

eMC modelling 1s crucial!
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https://cds.cern.ch/record/2650211
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Higgs-solved?
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VECTOR-BOSON SCATTERING
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This measurement
127 + 1 (stat.) = 4 (syst.) pb

CMS 36 fb'[1]
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PDF Uncertainty
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ediboson physics reached few % precision already (teft: ww)

®\/BS: confirmed all major channels with Run-2 data

oc/u final states: from >20% (Run-2) to 3% (WW)-10%
(ZZ) precision at HL-LHC thanks to increased statistics

and |n| coverage
®also semi-leptonic with ML substructure
¢ ongitudinally-polarised-V scattering puts BEH

mechanism at a test (e.g. Run-2 W\ Z, at 70)

CMS Phase-2 Simulation Preliminary (14 TeV)
— T 1T 1T 1 I T T 1 I T T 1 I T T 1 I T T 1 I T T 1 I |
3.5 —
B with YR18 syst uncert
e :
2.5 __ —
ol i
1= Ll | | | | | 1T

0 1000 2000 3000 4000 5000 6000
Luminosity(fb™)


https://arxiv.org/abs/2211.09435
https://cds.cern.ch/record/2854866
https://arxiv.org/abs/2211.09435
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-052/
https://cds.cern.ch/record/2646870
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‘— 4| projections for 30 fb-1
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https://cds.cern.ch/record/391177

HIGGS BOSON: THE MASS

ATLAS —e— Total
O. 1 10/0 0.0240/0 100/0 H 77* 4] Stat. Only
- 513 TeV,1_I)39 fo! = Sys Only
4e : —o- | 124.51+0.73 (+ 0.73 Stat.)
2p2e : » 1 125.33 £ 0.50 (* 0.49 Stat.)
mH electron energy muon energy m4l _262p. | | 125,014 0.29 (£ 0.29 Stat.;
B CMS, today Bl HL-LHC _ _
4 : : 124.93 +0.29 (+ 0.28 Stat.)
oHL-LHC: ~30 MeV uncertainty (4.5x better) | Gombined — 12499019 (£0.18 Stat)
-improved by beam-spot information (+5%) . 12494 + 018 (+0.17 Stat)
-Z mass constraint and per-event errors (+10%) PUTTT.
: C e o 123 124 125 126 127
-ZZ/H(ZZ) matrix-element discriminant (+4%) m. [GeV]
-assuming same e/p energy scale/resolution as in Run-2 HL-LHC from Run-2 Monte Carlo
Mass uncertainty (MeV)
. . Combined | 4u 4e 2e2u 2ule
‘1mpr0veS further W]th Phase-2 deteCtorS Stat. uncertainty 27 ‘” ' w 83 51 59
-new tracker: my, resolution +25% Syst. uncertainty 20 S I1HS e - D
-larger muon acceptance: 4p rate accuracy +7% lotal 30 { 206 107 112

-both would reduce stat uncertainty from 28 to 20 MeV
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https://arxiv.org/abs/2207.00320
https://cds.cern.ch/record/2804004
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HIGGS BOSON: THE SPIN-PARITY STATE
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*might be more complex than JP=0+
(0+/0- admixture with CP violation?)

*ten years of measurements, from H—Z7 to

VBF H—Yyy and ttH/H—1t production
oHL-LHC stat limited...
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-013
https://arxiv.org/abs/2303.05974
https://cds.cern.ch/record/2647699
https://arxiv.org/abs/2110.04836
https://arxiv.org/abs/2208.02338

HIGGS BOSON: PRODUCTION

oHL-LHC precision
from 1.6% (ggF) to
5.7% (WH)
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OvBE
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Vs =14 TeV, 3000 fb' per experiment
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https://cds.cern.ch/record/2703572
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[1965, just after BEH]
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https://www.youtube.com/watch?v=qN5zw04WxCc
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/

HIGGS BOSON: THIRD GENERATION
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®12% precision on y: from ttH(bb)
eopposite-sign 2-lepton final state could reach observation with 1000 fb-1

fH,H—»bb, dilepton expected significance [standard deviations]
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today HL-LHC
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CMS Experiment at the LHC
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representation - f
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§ § predictions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-047

HIGGS BOSON: SECOND GENERATION

*H—cc (SM: BR=3%)

-VH search, multiple regions

-simultaneous H—bb and H—cc fit
-dedicated ML for c-tagging
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§_ anti-k. R =1.5 jets
. p_ > 300 GeV, nl <2.4

S S e H—cc vs. H—bb

H — H—cc vs. V+jets

P | ] / I | | | l ] ] | I | | | I | | |
0 0.2 0.4 0.6 0.8 1

(13 TeV)
E CMS DeepAK15
- Simulation —+— ParticleNet

Signal efficiency

I | | | I | | | I I I | I | | | I
ATLAS +10
s=13 TeV, 139 fb’ £ 20
N Expected
VH,H—cC —— Observed
0 lepton :
Exp.= 40 x SM :
Obs.= 35 x SM E
1 lepton
Exp.= 60 x SM
Obs.= 50 x SM
2 lepton E
Exp.= 51x SM :
Obs.= 49 x SM .
....................... DPPPPPPPP < « < «c c ccccccccccnnaaeens-
Combination
Exp.= 31x SM '
Obs.=26x SM | | L | | |
0 20 40 60 80 100

95% CL limit on

®current reach ~14x osw, 1.1 < |k¢| < 5.5
-VW and VZ used to validate method

(evidence/observation)

-also: DNN techniques to target boosted

decays

VH(cg)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3
https://arxiv.org/abs/2205.05550.pdf
https://arxiv.org/abs/2211.14181
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assume 3% and 5%
uncertainty on bb and cc
tagging (CMS),
constrained on data

bb misidentified as cc 1s
the worry, 20%
uncertainty assumed on
the rate

limited Monte Carlo
statistics can be an issue,
neglected in projections
HL-LHC reach 6.4x SM,
H-charm coupling modifier
[ke|<3

bb
VH

§ 1.5— I zC) 4_! 1 1 1 I 1 | 1 1 I 1 1 | II llllllllllll Illlllllll_
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~_ Projection from Run 2 data

- Ys=14TeV, 3000 fb"
~ VH(— bb,cg)

Projection from Run 2 data
Vs = 14 TeV, 3000 fb’’
VH(— bb,ct)

- - Expected 68% CL
— Expected 95% CL
+ SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-039/
https://cds.cern.ch/record/2802742

Valerio Ippolito
INFN Sezione di Roma

*H—-J/WZ/y, H—= Y Y (c) , e
with pp quarkonium decays . A
-current limits 102-103 times the SM BR
-might observe them at HL-LHC (a handful of : :
events)
-overall, may reach k~1 with ATLAS+CMS+LHCb ey 00T oSV 4500 OSMD
H— ZJ/u 29%x 1077 (126) 27x107%  (117)

H—-YmS)Y(nS) 13x10° (02) 85x10° (0.14)

H—=YY

CMS Il’hasle-Z Pro!ecn;on Il’rehl'minmj\‘ | 3090 fp'1 (] 4 TeV) CMS, P{mse-ZI P'rojel.’cn'lonIPrleIillninlar)l‘ C?OOIO fP" '(1 4l T<?V)
(?3140:— " ppo Zdiy - 4y - % 8 I pp—>YY = 4p :
- B —+4— Pseudodata < B —+— Pseudodata
2120 Sig + bkg fit praiil o Sig + bkg fit
G e R H— ZJ\y 126xBsy < 102 H— Y(nS)Y(mS) 02xBsy A
w100 2 .

= I

lllIlllI'l_*-l_'lllIlllnl
S
Illllllll

60 =

40 :_ # ]

e - 1 *"\* =

0 B 1 il | L L 1 : 1 I 1 1 1 I | 1 l 1 | | I {: 1 ': 1 1 :
120 130 140 40 60 80 100 120 140

my, (GeV) m,, (GeV)


https://cds.cern.ch/record/2803919
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] LI LI I 1

ATLAS
e Total

VH and ttH categories
ggF O-jet categories —&—
ggF 1-jet categories —o—

ggF 2-jet categories |——

I LI I I I | I I I 1 I I | 1 I L L I

Vs=13TeV, 139 fb" H — uu

Stat. [ Syst. |SM Total Stat. Syst.

—so=——4 50 +£35 ( £33, +1.1)
04 +16 ( +15, +0.3)
24 +12 ( £1.2, +0.3)

06 £12 ( +1.2, £0.3)

VBF categories —— 1.8 £+10 ( £1.0, £0.2)
. +0.2
Combined ".H 12 +06 ( £06, _51 )
l 1 1 1 | I 1 1 l | I 1 1 | | l 1 1 | 1 l 1 | | 1 I 1 | l 1 I
-10 -5 0 5 10 15 20
Signal strength
137 b (13 TeV)
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
CMS Combined {1 = 1.197>:}
— —— Combined best fit p  —
VBF-cat. U= 1'361?6619 - - == SM expectation
| I 68% CL
95% CL
+0.65
ggh-cat. | n=063,, m,, = 125.38 GeV
. : +2.27
ttH-cat. | K=2.3277C =
_ +3.10 .
VH-cat. | u=548]_ . =
1 1 1 l 1 1 1 I l 1 1 1 l 1 1 1 l 1 1 1 l 1
—4 —2 0 2 4 6 8

Best-fit

Weighted Events / 2 GeV

Data - Bkg.

T00E™ " ATLAS + Data
600 V{s=13TeV, 139 fb" —'éqtal Fd; f
. . — Signal p
500 H — uu, In(1 + S/B) weighted .. Bkg. pdf
I
400 where's Waldo?
300
200
100
2
0
-2
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

®H—pp: SM BR 1s 2x10-4, and S/B~10-3

*Run-2 H—=pup: first evidence at CMS, 36%
xsec uncertainty (stat limited)
ecategorisation based on production
process
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
http://dx.doi.org/10.1007/JHEP01(2021)148
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eggF(mass)+VBF(DNN) extrapolate to HL-LHC
enew tracker provides 30% better my, resolution

eextended muon system provides 10% more signal
(15-18% more background)

3000 fb~'(14 TeV)

0_40 | | 1 I | | 1 | | | 1 | | 1 1 | | 1 | I 1 1 1 I | 1
. =1 - I | [ [ ]
eshould reach 4% uncertainty on k, X | CMS
< 0.35 - Phase-2 Projection Preliminary -
3000 fb~1(14 TeV) - :
10.30_llll|llllllllllllll llllllllllll_ B ]
e - CMS ; .
=i — Phase-2 Projection Prelimin i ]
g/ 0.25 B / ol g ggH channel, HL-LHC syst. uncert. (S2) i
B with Run 2 syst. uncert. (S1):  with HL-LHC syst. uncert. (S2): | =~ Phase-1 dimuon mass resolution B
0.20 5 A Snowmass 2013 P ey Ve — —— Phase-2 dimuon mass resolution ]
- ¢ Yellow Report 2018 ¢ Yellow Report 2018 - . . -
0.15 o -©- Snowmass 2021 -®- Snowmass 2021 = - m HH YESOLUJUOH p 1] proved -
010k better and better projections{ o5 @800 60 ———TTTmooo- -
: \ 3 0 OO | 1| | | | 1 1 | | | 1 1 | | | 1 | | | I | | 1 1 | | | |
0055 & 0 500 1000 1500 2000 2500 3000
: _ L [fo"]
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https://cds.cern.ch/record/2804002

HIGGS BOSON: TOWARDS FIRST GENERATION

*H—p Z/y (u/d), H= Z/Y (5)...
-very challenging (BR~10-5/10-6)

*not to mention H—ee...

- ATLAS 's =13 TeV, 139 fb™
CMS 138 fb™' (13 TeV)

® Data

o
—

Rackaround model —— Observed - - = Median expected

Entries / GeV
(@)
o

o

— Signal B(H— ee)=2%

SM value:
BR(Hee) = 5x10-9

. 68% expected 95% expected

o
Q
®

o
o
N

|||||?

95% CL limit onB(H — e*e) (%)
o
>

B I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I I I | I L1 1 1
120 121 122 123 124 125 126 127 128 129 130

Data - fit
@)
(@)
(@) o
T el T 8]

10 115 120 125 130 135 140 145 150 155 160
Mee [GEV]
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https://arxiv.org/abs/2208.00265
https://www.sciencedirect.com/science/article/pii/S0370269319308706

LEPTON-FLAVOUR-VIOLATING DECAYS

0 0.1

ATLAS Preliminary B HL-LHC

\s =14 TeV, 3000 fb HL-LHC, Alternative

Projection from Run 2 data B Run 2, {s=13 TeV, 138 b
Symmetry method

_—
-
—

_-—

Illll|lll[|llllllllllllllllllllll

Run2/HL-LHC =4.9

Run2/HL-LHC = 3.1

Run2/HL-LHC = 3.7

Run2/HL-LHC = 4.8

Run2/HL-LHC = 3.2

0.2 0.3 0.4 0.5 0.6

Expected 95% CL upper limit on B [%)]

*H—1e/Tu
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et,, VBF
0.070 (exp)
et,, non-VBF
0. 073 (exp)
0 051 (exp)
ut,, VBF
0. 084 (exp)
ut, non-VBF
. 0.066 (exp)
)] — IJ:['e
4 0.052 (exp)
Vyr
Uncertainties Extrapolation SF | MC template method | Symmetry method
Thad-vis 1D, stat.-related 0.00 vV -
Thad-vis, Others 1.00 vV -
Electron and muon 1.00 vV v
Flavour tagging c- and b-jets 0.50 v vV
Jet, others 1.00 v v
Emiss 0.50 v v
Fake bkg., stat.-related 0.21 v/ v/
Fake bkg., others 1.00 vV v
Lepton eff. corr., stat.-related 0.21 - vV
Lepton eff. corr., others 1.00 - vV
Z bkg. modelling, PDF 0.40 vV -
Z bkg. modelling, others 0.50 v -
Top-quark bkg. modelling, PDF 0.40 vV -
Top-quark bkg. modelling, others 0.50 vV -
Higgs modelling, PDF, ggF 0.41 vV vV
Higgs modelling, PDF, VBF H 0.46 vV vV
Higgs modelling, PDF, VH 0.46 vV vV
Higgs modelling, others 0.50 vV vV
Luminosity 0.59 vV vV

et,, VBF
2.6 (exp)

et,, non-VBF
2.6 (exp)

et,
3.6 (exp)

wt_, VBF
2.2 (exp)

ut, non-VBF
3.0 (exp)

ut,
3.7 (exp)
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ATLAS Preliminary B HL-LHC

\s =14 TeV, 3000 fb™ HL-LHC, Alternative

Projection from Run 2 data g Run 2, {s=13 TeV, 138 fb
Symmetry method

HL-LHC/Run2 = 4.7

HL-LHC/Run2 = 3.1

HL-LHC/Run2 = 3.6

HL-LHC/Run2 = 4.7

HL-LHC/Run2 = 3.3

\'wrn

HL-LHC/Run2 = 3.7

H 1 | | | I | | | 1 | | 1 | | I | | | | | | 1 | |

0 1 2 3 4 5 6

Expected significance for B = 0.1%

otwo complementary methods
-data-driven (tiep, best for VBF)
-MC-based (Tiep+Tthad, best for ggF)
®3-4x improvement w.r.t Run-2 from luminosity

and improved systematics


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-054

HIGGS BOSON: DECAY

Vs =14 TeV, 3000 fb™' per experiment

Total ATLAS and CMS
®*HL-LHC theory dominated BRs: yy (2.6%), ZZ i Eia;'esrti'r‘;ae'mal HL-LHC Projection
(2.90/0), WW (2.80/0), TT (2.90/0), bb (4.40/0) —— Theory Uncertainty [%]
. Tot Stat Exp Th
*HL-LHC stat dominated BRs: pp (8.2%), 2y (19.1%) «, = 1.8 08 10 13
*x framework uncertainties at the % level Ky TN 17 08 07 13
-except 2y K, = 15 07 06 1.2
*ki, kp, kg dominated by theory uncertainties Ky = oA
®?2.5% uncertainty on BRpsm
: : : K =l 34 09 1.1 3.1
-assuming |ky|<1 to avoid degeneracies
Ny— 37 13 13 32
K = 1.9 09 08 15
Ky =——"1 4.3 38 1.0 17
Kzy BV 98 72 1.7 64

0 002 004 006 008 01 012 0.14
Expected uncertainty
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https://cds.cern.ch/record/2703572

HIGGS BOSON: WIDTH

emodel-independent: limited by detector resolution
(SM value 1s 4 MeV!)

ecan be derived in the x framework assuming |ky|<1
-HL-LHC: CMS can reach 4% uncertainty

®but also comparing the on-shell vs off-shell H—=ZZ

production

-Run-2: 3.2 (4.6) MeV at CMS (ATLAS) with ~50% uncertainty

- ATLAS+CMS combination may reach 20% uncertainty,
dominated by theory

Stat. uncertainty
Syst. uncertainty

Total

Ippolito
di Roma
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(NO ONE HAS | [ AND IN SOME |
ALL THE WAYS THAT'S
| ANSWERS. | | KIND OF

COMFORTING.
_ 3

@V &V

AT R
(| DUNNO. |
{”\' ‘*)H’f‘:] SOME OF
WQ“’S- | THEM? |

L -
— -
. Z .
POORLY DRALIN LINES

Width upper limit at 95 % CL (MeV)

Combined

94
150

177
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-024
https://cds.cern.ch/record/2647699
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V(¢)

Higgs field value
iIn our Universe

An alternative
potential

Standard Model
potential

Current
experimental
knowledge
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https://cds.cern.ch/record/1638469
https://www.nature.com/articles/s41586-022-04899-4

THE BEH POTENTIAL: NON-RESONANT HH

® most sensitive to AnnH (can also be done with e.g. ttH+tH, H—yy...)

® 1/1000 wrt single Higgs production, ggF-dominated ' " HH production at 14 Te\l LHC at (N)LO i QCD :
® use one H decaying to large-BR channel B My=125 GeV, METW2008 (N)LO pdf (68%ol) -
® currently stat dominated : =

HH production at pp colliders at NLO in QCD

My=125 GeV, MSTW2008 NLO pdf (68%cl)

MadGraph5_aMC@NLO

MadGraph5_aMC@NLO

bbbb

8 1314 25 33 50 75 100
\s[TeV]

bbtt

1 1
V((I)) X — I%,q)z + /IV(D3 + —/1@4 bbyy HH branching ratios
2 4 0% 10% 20% 30% 40%
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I IR D B I RN N N N N R RN N BN N R R N N NN N R E—

|

I

ATLAS —— Observed limit - ATLAS — :bservedll_im_it (95% CC;LL)
VS=13TeV, 126—139 b~ . Expected limit - Vs =13 TeV, 126—139 fb- —— e otron )

(Uny =0 hypothesis)
[ Expected limit +10
[ Expected limit +20

oM., ver(HH) =32.7 fb HH-bbt* T~ +bbyy+bbbb =3 Expected limit +10
Expected limit +20
E== Theory prediction

Y SM prediction

I

Lo

OggF + ver(HH) [fo]
o

Obs. Exp. 1 03
bbyy| { 4.2 s7 | 0 FE———§g=~~. @ =
bbt* Tt~ * 4.7 3.9
5 : 10°F =
bbbb}- * 5.4 8.1 - — bbT*T" .
= | i —— bbbb 7
Combined| ¢ 2.4 2.9 i —— Combined
L1 | (I I T T TN N A T T A N T AN N AN S MR TN N AN N N NN 1 01 ' | | | I | ' | | | | | I | | L ]
0 5 10 15 20 25 30 -10 -5 0 5 10 15
95% CL upper limit on HH signal strength uyy K,\
B |
cns N cms 138 fo-! (13 ToV) getting closer...
—T | T T T T — T ] I T T T T | i 1 I I L] L] I I 1 1 ' L] L] 1 I 1 1 I ] L] 1 I l 1 L] 1 l 1 1 1 l L L] L] I L] i
Ky =K =1 —e— Observed ~ ----- Median expected - K =Ky =ky=1 — Observed @ ----- Median expected -
v B 68% oxpected - ~— Theory prediction BB 68% CL expected
----- 95% ted
B TPeEe N . 95% CL expected 7
bb 2Z L2
Expected: 40 —~ 1 03
Observed: 32 L
- - I
Multilepton T
Expected: 19 o
Observed: 21 g
— ] S
bb yy c
Expected: 5.5 _8
Observed: 8.4 B a E
bb 11 3 102 —
Expected: 5.2 (@) C ]
Observed: 3.3 B B o\o : :
bb bb & - .
Obsarved: 6.4 " Excluded " Excluded -
Combined i .. -
gi()pectzz g i \
served: 3. NN\ |
: 1 1 1 l : 1 1 1 1 S l 1 0 'I-_ [ | ] I | I 1 [ 1 l\\\\] |1 [l I 1 1 1 I |1 [ 1 I 1 1 1 l [ \ l 1 1 | I | _-l
1 19 100 -6 -4 -2 0 2 4 6 8 10

95% CL limit on a(pp — HH)/aTheory
K
A


https://arxiv.org/abs/2211.01216
https://www.nature.com/articles/s41586-022-04892-x
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current Limiks

14

n
[
-1
ATLAS and CMS HL-LHC prospects " 3 ab1 (14 TeV, ATLASandCMS _ 3000fb” (14 TeV)
_12 : = : — — 1 HL-LHC prospects
= [ 1. | SM HH significance: 40 | i e bbyy _— i RTERS
- ; ; — Combinatio | CMS
<10 L. | 0.1<x<2.3[95% CL] . . . — N L EER A
' L. 0.5 < k1< 1.5[68% CL] -1 bbyy bbtt e F—— Stat. uncertainty
1 1 . |
8 ; ” bbtrt
c)o I i ; I R — i
99-4 / CI-— —— _].L _________________ I . bbbb '|—_ : -l
""" bbbb |
6 0 & O N L A
' I bbZZ*(4) bbVV(lviv) - | —
BOW L gl = el e g _: -=== pbVV(lviv) . I | ....................................................
:_ K bbZZ(4l) - | e
o . . | -
68% CL combined . +
1 I | | 1 I 1 l | | | 1 1 l | | | I 1 1 | I 1 1 1 l | | | l 1 | |
05 8 ~2 0 2 4 6 8 10 12
K2 2

® 40 from combination, 4.50 without systematics

® and these were preliminary (combined) projections...
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Events/(1.6 GeV)

CMS Phase-2 3000 fb™' (14 TeV)
:l LI l LI I | L I LI I LI I LI I | L | LI l:
- Simulation Preliminary * Pseudo-data 5
60 pp—>HH—-yybb ~  ........ Nonresonant backgr. —
B HH CAT 4 i
- 99 Full backgr. -
50| | -
i — Sig. + Full backagr. :
40 :_ — Signal _:
[ e i
30 -
20| -
: T
10— -
MM

-
OO
&)

110 115 120 125

130

135

140 145
m,. [GeV]

—2AIn(L)

N
o

17.5

15

12.5

10

7.5

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary
VS =14 TeV, 3000 fo~’

Non-resonant HH
Baseline

Asimov data (k) = 1)
—— bbTt T~

— b5yy
—<«— bbbb
—e— (Combined

® bbyy: ML discriminants, to reduce ttH(yy) bkg and y(y)+jets, ~20

95%

68%
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https://cds.cern.ch/record/2803918
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053
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Discovery Significance [0]
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ATLAS Preliminary

v's =14 TeV, 3000 fb™T
rojections from Run 2 data

P
HH — bbbb (ggF+VBF)

K;\=1,K
| [

Il
——
—O»

2
[ | | | i
==t===_No syst unc.
——o===_Baseline

Theoretical unc. halved

===¢==="Run 2 syst unc.

0.80 0.85
b-tagging effiency [%]

eimpact of b-tagging on
discovery significance for
HH 1n bbbb final state
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053

Source Scale factor bbyy bbr*t~ bbbb
Experimental Uncertainties
Luminosity 0.6 * * *
b-jet tagging efficiency 0.5 * * *
c-jet tagging efficiency 0.5 * * *
Light-jet tagging efficiency 1.0 * * *
Jet energy scale and resolution, E%‘iss 1.0 * * *
k2 reweighting 0.0 * *
Photon efficiency (ID, trigger, isolation efficiency) 0.8 *
Photon energy scale and resolution 1.0 *
Spurious signal 0.0 *
Value of my 0.08 *
Thaq €fficiency (statistical) 0.0 *
Thad €fficiency (systematic) 1.0 *
Thad €NEIgy scale 1.0 %
Fake-Ty,,4 estimation 1.0 o
MC statistical uncertainties 0.0 *
Background bootstrap uncertainty 0.5 *
Background shape uncertainty 1.0 *
Theoretical Uncertainties 0.5 * * *

bbbb

bbtt
bbVV (llvv)
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bbZZ (4l)
(WW/tt)Yy

B ATLAS

20

_2AIn(L)

12
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16}

P I I

I I I I I I I I I I I HEEE BB I by

ATLAS Preliminary {7

I VS =14 TeV, 3000 fbo- g -
- HH - bbyy + bbt* T~ + bbbb [ -
i Projection from Run 2 data |/ [ _
Asimov data (k; = 1) /[ -

- —— No syst. unc. N -
i —e— Baseline | { ]
u Theoretical unc. halved _
- | —— Run2syst.unc e, F / -
I RN S £ i A 95%
I A v Loy aattAAA W 68%

| | | | I | 1 1 | I | f;ifﬁ ”Tﬁnhﬂﬁh | I | |\ | I | | | | I | | | | | | ] | I I I

2 -1 0 5 6 / 8
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e
bbyy e
e

syst as 1n Run-2
stat only

CMS effect of improved
syst
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o (pp = X = HH) [fb]
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T T 1] T | T T T [ T T T T TTTTT] T | CMS Preliminary 138 fb-1 (13 TeV)
5 . _1 — I I 1 1 I | | I | | 1
- T Combined 27.5—36.1 fb — Q - -
105 ATLAS Preliminary — pprys. Lett B 800 (2020) 135103] ~ .| Spin0 o Multilepton - Sub. to JHEP (2206.10268)
- Vs =13 TeV, 27.5—-139 b1 bbbb 126—139 fb~?! - @ 10 : - bb yy - CMS-PAS-HIG-21-011 =
" Spin-0 ~ [ATLAS-CONF-2021-035] i I i | ]
4l ~ bbt*t (resolved) 139 fb1 | c@ , * bb WW merged-jet - JHEP 05 (2022) 005 i
10 E IATLAS-CONF-2021-030] E < I bb bb merged-jet - Sub. to PLB (2204.12413) ]|
- bbt* 1~ (boosted) 139 fb? . T 103 el —
- [JHEP 11 (2020) 163] - T - Expected -
3 bbyy 139 fb~1 i — Observed ]
10°E [ATLAS-CONF-2021-016] - !
= - o - Assumes SM H BR 7
n _ Q. o | Narrow Width appr. |
- : B 10 5
N ] = i i
10°F E = :
- . £
- i ] 10 3 E
- 7 O : -
10'F < R :
5 5 S T :
| —— Observed | 1 = E
0 --=-- Expected - .
10 E | | | ‘ I = I _
i I I I | ] ] ] ] | L1 1 1 1 1 111 : : i |
200 300 500 1000 20D0 300} —
Ix [GeV] M, (GeV)

® complemented by search for heavy resonances decaying into HH

- a client for improved b-tagging (e.g. X=HH—bbbb)
® HL-LHC improves reach in > ~3 TeV region


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-031
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
https://cds.cern.ch/record/2628598
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-019
https://cds.cern.ch/record/2777006
https://cds.cern.ch/record/2803723
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HIGGS PORTAL

VBF 1s the driver
/
1

2 = | | | | | | = o S S L B S A AL
= — - | By_. .., <0.093
T 0 9 — ATLAS — Observed ] % B ATLAS B ) . m-V
+ 09F = = - = All limits at 90% CL
@ = \s=7TeV, 4.7 {6’ 3 5 10 F - \s= 7TeV, 47" =
c O 8 — S = e ) Iy mmmm Expected — 8 1 O [~ ) - ! ' _-
o T E (s=8TeV, 20.3 b’ I = 1o 3 S B N \s= 8TeV, 20.3f" ] Higgs Portal WIMP:
€ 07F s = 13 TeV, 139 5" + 20 - B o1 b | =13TeV, 139" 5 ~---- Scalar
s 0.6 - DB ST N | —{ -~ Majorana
o - - — T UTeeel - —
g. 0.5 = ag Eorr T T, : — Vectorgpy
- _45 [ B N Y J
— - 10 ~ P} = g Vector, odel, a =02
o 0.4 : IR SR 7 SR 5
2 0.3 = L |  Other experiments:
Lor)3 . - ] 1 0_49 T T AT et _- o .
0.2 = - PR ett  outrino-nucleus scattering_: Xenon1T-Mig
= - —| —— - DarkSide-50
0.1 - B PandaX-4T
- 103 = 2
o— 1| ' ' ' - | | | = --' LUX-ZEPLIN
© 3\ ® N &“96 O O- 0" L1 L L PR B
¢ «® < ¢ < 7 ¢ ¢ N _
R I I R 10~ 1 10 10° 10°
N & & & My [GEV]

not crossed by direct
® today: BR(H—inv) < 9.3% @ 90% CL detection before ~10 years

® HL-LHC: improve by a factor ~3
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https://arxiv.org/pdf/2301.10731.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014
https://cds.cern.ch/record/2647700
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SUPERSYMMETRY

\s =13 TeV, 36.1 - 139 ﬂo‘1 March 2023
; I | o I o 1 o o ol | I -
O [ G, Olep. [2010.14293] ATLAS Prellmlnary_
(2 3500 - g— be > 3 b-jets [2211.08028] ]
g - >3 b-jets + =2 lep. SS [2211.08028, 1706.03731] -
DS SN qux 0 lep. + 1 lep. [2010.14293, 2101.01629] .
E3000—g—> @z 'z 2 lep. OS SF [2204.13072] —
- g—>quZx >7-12 jets + 1 lep. + =22 lep. SS —
B [2008.06032, 1708.08232, to appear] _
2500 [ g— qq(ll/vv)x via IV 2 lep. OS SF + > 2 lep. SS [2204.13072, to appear]
B > 11[1808.06358] i
2000 [ > 17y [2206.06012] _
- Colours indicate different models —
— Observed limits at 95% CL 7
1500 / _— \ -
1000 \) -
500 —
B L 1 1 | L1 1 I L 1 1 | L1 1 | L1 ) l I | )\\ | ]

100012001400 1600 180020002200 2400
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March 2023

ATLAS Prellmlnary

8 -13 TeV,20.3-139 fb™!

arXiv:1403.5294, Run 1 2¢
arXiv:1911.12606, Run 2 soft 2¢

l 1 1 I 1 I 1 I 1

All limits at 95% CL
== = Expected
B Observed

arXiv:1908.08215, Run 2 2£0J

aSUSY +10=(2.5+0.6) x 10

(tanB, p [TeV], Mz [TeV])
1 (60, 0.5, 0.5)
— = (60, 3.0, 1.0)
E= (60, 1.0, 1.0)
( 5, 3.0, 1.0)
( 5, 1.0, 1.0)

@Q’\ |
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&
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400 500
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today:
® ~1 TeV neutralino bounds
® ~2 TeV gluino bounds


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary
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March 2023 \Vs=13TeV
- _l - -
Model Signature  [Ldt[fb7'] Mass limit Reference
' | | | | | 1 1 L | | L] I 1 L] | | | L]
43, §—4%1 Oepn — 26jets  Ef™ 139 1.85 m(¥})<400 GeV 2010.14293
@ mono-jet  1-3jets  ET™ 139 g [8x Degen.] 0.9 m(@)-m(X})=5 GeV 2102.10874
S 22 8—qa O p 2-6jets EP™ 139 |2 2.3 m(¥})=0 GeV 2010.14293
& g Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
8 23, g—>qz]W)?? 1eu 2-6 jets ' 139 g 2.2 m(¥})<600 GeV 2101.01629
Q gz gﬁqQ(ff)/\?:])) ee, i 2 jer Ep™ 139 | 2 2.2 m(¥})<700 GeV 2204.13072
B 33, goqqWZX, Oep  7-11jets EP™ 139 |2 1.97 m(¥}) <600 GeV 2008.06032
3 SSe,u 6 jets 139 |z 1.15 m(z)-m(¥")=200 GeV 1909.08457
= g, g0l 0-1e,u 3b EXss 139 |z 2.45 m(k})<500 GeV 2211.08028
SSe,u 6 jets 139 g 1.25 m(z)-m(X;)=300 GeV 1909.08457
bib; Oep 2b EPSs 139 | By 1.255 m(¥1)<400 GeV 2101.12527
b, 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
w ©  biby, by—b¥y — bhi) 0e,u 6b  Ef™ 139 B, Forbidden 0.23-1.35 Am(¥3.1)=130 GeV, m(¥)=100 GeV 1908.03122
§ '% 27 2b EPS 139 | By 0.13-0.85 Am(¥5,X])=130 GeV, m(¥})=0 GeV 2103.08189
2 i, i Oleu  >1ljet  EMS 139 |7 1.25 m(t’)=1GeV 2004.14060, 2012.03799
2 g_ i1, [ —WbE Teu  3jetsAb EPS 139 |7 Forbidden ~ 0.65 m(t))=500 GeV 2012.03799
Qg nh,h-Tiby, T —1G 1-27  2jets1b EP™ 139 | & Forbidden 1.4 m(¥;)=800 GeV 2108.07665
= £ if, hiock) /e, ek 0e,u 2c  Ep 361 |z 0.85 mgzg)=o GeV 1805.01649
el ] Oe,u mono-jet  E7M™® 139 i 0.55 m(f,¢)-m(¥])=5 GeV 2102.10874
1, i =0, Xo—Z/ht) 1-2e,p 1-4 b E?f“ 139 f 0.067-1.18 m(¥3)=500 GeV 2006.05880
iy, h—i +Z 3eu 1b  EPS 139 | i Forbidden 0.86 m(¥1)=360 GeV, m(f;)-m(¥})= 40 GeV 2006.05880
XX via Wz Multiple ¢/jets Ei%“ 139 sz /,\?g 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
e >1jet  EPS 139 | gi/pd 0.205 m(¥5)-m(¥})=5 GeV, wino-bino 1911.12606
XX viaww 2e,u EPS 139 i 0.42 m(2)=0, wino-bino 1908.08215
XX via Wh Multiple ¢/jets Ep™ 139 | X{/X2 Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
o XX vialp /v 2ep EPS 139 | 1.0 m(Z,7)=0.5(m(¥})+m(¥})) 1908.08215
= 8 o0l 27 EPS 139 |7 L TRUTN0A6:0:31 0.12-0.39 m(¥))=0 1911.06660
W= 7 ol I 2 e, Ojets ~ Ep™ 139 |7 0.7 m(t%)=0 1908.08215
ee, U >1ljet EPS 139 Iz 0.256 m(f)-m(¥1)=10 GeV 1911.12606
HH, H—hG|ZG 0epu >3b EE?SS 36.1 H 0.13-0.23 0.29-0.88 BR(X/((}) — hG)=1 1806.04030
4e,pu 0jets ER}SS 139 H 0.55 BR(X’(I) — ZG)=1 2103.11684
Oeu >2largejets E™ 139 | i 0.45-0.93 BR(Y — ZG)=1 2108.07586
2e,pu >2jets EPS 139 | @& 0.77 BR(Y] — ZG)=BR(¥| — hG)=0.5 2204.13072
Direct Y1 X] prod., long-lived X7 Disapp. trk 1 jet Efmiss 139 x; 0.66 Pure Wino 2201.02472
S X 0.21 Pure higgsino 2201.02472
1) .
g % Stable g R-hadron pixel dE/dx ET'SS 139 g 2.05 2205.06013
ot Metastable g R-hadron, g—>qq/\~’(1) pixel dE/dx E7™ 139 g [r(® =10ns] 2.2 m(t})=100 GeV 2205.06013
S S 776G Displ. lep E™ss 139 |éq 0.7 (%) =0.1ns 2011.07812
C q T o/
— _ T 0.34 7(?) =0.1 ns 2011.07812
pixel dE/dx ET"™S 139 F 0.36 7(f) =10 ns 2205.06013
~E~F S0 ~+ .
XTXT X, X1 —Ze—tet 3e,u ‘ 139 1.05 Pure Wino 2011.10543
XX WS — Wwzeeetvy 4ep Ojets  EF™ 139 1.55 m(¥})=200 GeV 2103.11684
g2, §—q9%1, X\ - qqq 4-5 large jets 36.1 1.9 Large A7), 1804.03568
S 7, =0, X = ths Multiple 36.1 1.05 m(¥}))=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—>bX71,XT — bbs > 4b 139 Forbidden 0.95 m(tT)=500 GeV 2010.01015
11y, [y—bs 2jets +2b 36.7 0.61 1710.07171
iy, 1—ql 2e,pu 2b 36.1 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f; —qu)=100%, cosf,=1 2003.11956
X 103 /7Y, 10y —tbs, X1 —bbs 1-2e,u  >6jets 139 | X} 0.2-0.32 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new states or 10! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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HL/HE-LHC SUSY Searches

HLAHG, fds = 3ab1: o discovery. (95% L excusion)

HE-LHC, [£Ldt = 15ab™": 50 discovery (95% CL exclusion)

Simulation Preliminary
\s=14,27 TeV

60
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Model eHT,Y Jets Mass limit Section
28, —rqa% 4 jets z 5.2 (5.7) TeV| m(¥})=0 2.1.1
§ 2z, g1 0 Multiple 2.3 (2.5) TeV m(¥1)=0 213
o 28, goteX, 0 Multiple 2.4 (2.6) TeV, m(¥})=500 GeV 2.1.3
NUHM2, g—tf 0 Multiple/2b g 5.5 (5.9) TeV| 24.2
A Bt Multiple/2b 1.4 (1.7) TeV] m@E=0 212,213
8 ik il Multiple/2b 0.6 (0.85) TeV, Am(fy, X1)~ m(t) 21.2 o o ] . Section
@ R, FL—bT 0 0 Multiple/2b i 3.16 (3.65) TeV] 242 Model Spin 95 /O CL le1t (SO"d), 5 (o) Dlscovel’y (daSh) HL/HE-LHC
| | | 1 I | 1 I | | I I | I I I 1 I | I 1 I |
XX oW 2e,u 0-1 jets 0.66 (0.84) TeV] m(t})=0 2.2.1 KK — 4b 2 | I I | | | I 6.1.1
.o : : : : : ;
é% XiX; via WZ 3eu 0-1 jets 0.92 (1.15) TeV| m(i?):O 222 HVT_) VV 1 :|||||||||||||||||||||||||||_ 6.4.4 6.4.4
§§ TR0 via Wh, Whetvbb 1ep 2-3 jets/2b 1.08 (1.28) TeV] m(E%)=0 223 Goc s W*W - 1 'J'.".".".".".".'!."."."."."."..........«..... 646
,?;,?g_gwi,\"/?wiff 2e,pu X://?: 0.9 TeV m(/\-’?)=150,250GeV 2.2.4 RS -------1-------&------Ih---. q o
|||||||n|||||||||||||||||||||t|||||||||||||_-:.'----' EEERE
o XX +XaX1, X ZX ) Xt > WX, 2e,pu 1 jet 0.25 (0.36) TeV| m(t1)=15GeV 2251 GRS - tt 1 .l.tl-u-.l.tl-Ltl-q;.l.tl-|-.|-|-.l.tl-m-.l-l-l-.l-ul-:i-p--------p L 622 6.2.2
-é BB+ Bzl Wl 2en 1jet 0.42 (0.55) TeV m(¥))=15 GeV 2.25.1 ZTCZ - tt 1 ; H L : 6.2.3 6.4.6
.°’ EEEEEEw. EEEEEE. "FEEEEEw -------:
T v aran 2u 1jet 0.21 (0.35) TeV Am(P3, ¥1)=5 GeV 2.25.2 ZSSM_’ tt > R bt et e 6.4.6
-------------------------. - .
§ 57 via same-sign WW 2eu 0 0.86 (1.08) TeV| 24.2 Z - f a 1 l““"“"““““““““““““““““L-E.-..-..-.----..-..-.-: 625 625
y D W W W W MWW W OW W W W W ONW W W W - -
‘?LR‘?LR,'?—)T/\-’? 21 0.53 (0.73) TeV] m(,\”?):O 231 Z"SSM_) f*‘f— 1 |||||||||||||||||||||||||||||n|||||||||||||||||'|="-"'_"""-'_"-.".-.--: 6.2.5 6.2.4
3 2r, e 047089 TV mE)0,miremy 282 S . A ik s b .
® 21, 7(e, p) 0.81 (1.15) TeV|  m(¥})=0, m(#,)=m(7z) 234 ssmy—~>TT e L L L L -
W' - TV 1 L G g nnnnning 6.2.7
X7, X, long-lived ¥; Disapp. trk. 1jet 0.8 (1.1) TeV] Wino-like ¥+ 411 SSM S T :
. , L ||||||||||||||||||||||||||||||t|||||||||||||||I|||||||||||||_:
XiXi, XiXi, long-lived Xi Disapp. trk. 1jet 0.6 (0.75) TeV Higgsino-like X1 4.1.1 WSSM - fV 1 IIIlllllIIIIIIIIlIIIIIIlllllIllllllIlllllIllllI:IllIIlllllIll' 6.2.6
MSSM, Electroweak DM Disapp. trk. 1jet 0.88 (0.9) TeV| Wino-like DM 413 W - tb - bbfv 1 Jrondnnnn e : 6.2.6
L G e
MSSM, Electroweak DM Disapp. trk. 1 jet 2.0 (2.1) TeV Wino-like DM 4.1.3 NN NN NS NN NN EEEEEEEEEEEEEEEEEEMEEEEEEESEEEEEEE]
B - 1 : : : : : ' 6.4.6
$§ MSSM, Electroweak DM Disapp. trk. 1 jet 0.28 (0.3) TeV Higgsino-like DM 41.3 QM ) ﬂ _ 2 IIIIIIIFIIIIIII'IIIIIIII-IIII-I-:IIl.--IqI-III:-’
O T ajorana ! 1 |||||||||||||||||||||||||u|||;||||||||||||||||||||||||||"'---------.-.-
§ 8 MSSM, Electroweak DM Disapp. trk. 1 jet DM mass 0.55 (0.6) TeV Higgsino-like DM 413 4 - qu 2 |-|-|-unlum:-l-l-ul-l-llltlnlomlnltlmmq-ul-l-m-- " --------------: 513 5.1.3
& R-hadron, g—qq¥, 0 Mulple | [r(2) =0.1-3ns] 3.4 TeV m(¥)=100 GeV 42.1 vieaw (my = mg) 1 .I.I..I.:.I.I.I.'..l.:.l.-l'.'.....: 5.1.1 5.1.1
 R-hadron, g—qg¥; 0 Multiple F 2.8 TeV 4.2.1 f* N fY ]2_ |||||||||||||||||||||||||||||n.||||||||l- 6.3.1
GMSB ji—uG displ. u 0.2 TeV cr =1000 mm 422 , LT LT S S
LO(paIr prOd) - bT 0 tmn-muul'--.---' e mmm. HE LHC 523 524
1 I e arXiv:1812.07831 LQ - tu 0 ::::::::::::: : r =27 TeV L=15 ab" 5.2.1
10 1 Mass scale [TeV] LQ - tT 0t L LHC : o2
H*H™™ = 1,¢*¢T¢¥ (NH)0 {7 ": . : L L |51 511
P g ::".'.. : : : : 5-14 TeV L 3ab
H™H st (IH) O o8 10 v o v Ty v iy v iy v iy 1y | 51151

what

HL-LHC

gluinos

leptoquarks

O(2-3 TeV)

<2 TeV

O(1.5-2 TeV)

(£ = e, )

O

2 4 6 8 10 12 14

Mass scale [TeV]

key message: lots of searches,
HL-LHC opportunity for clever ideas...

arXiv:1812.07831


https://arxiv.org/abs/1812.07831

LONG-LIVED PARTICLES

1074 -
] BR(H= inv) = 1% HL-LHC (3000/fb)
| FRVZ Model - muonic channel only W88 Run-3 (300/fb)
10"53
1077 4
ATLAS Simulation Preliminary
10 ®

10°
Dark Photon Mass [GeV]

®long-lived signatures need dedicated trigger to
exploit higher luminosity

2 ®c.g. displaced muons jets from dark photon decays
using LO ATLAS trigger algorithms
)= ®c.g. large-radius tracking at HLT for hadronic decays

Track matching efficiency

ATLAS Simulation Internal, Vs=14 TeV, g(1 600)—» qqx (50) '[()( )=0.1 ns

1 2 _I.I L I LI I L I L I LI ] LI T lllllllllllllll .I_.
s LLP decay products —— Fast tracking
B p_>5 GeV, |n|<2.4
i Tk Layout: 22-02-00 ~ —~ FastLRT
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O L1l | Mnelatileisiisioleistoaiolosisiielseisioe
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prod. R [mm]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-002
https://cds.cern.ch/record/2802799
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®long-lived signatures need dedicated reconstruction

to exploit higher luminosity
ec.g. displaced muons from dark photon decays with/
without primary vertex constraints
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impact of
dedicated reco
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https://cds.cern.ch/record/2644533
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MR 108 CMS Phase-2 Simulation Preliminary 14 TeV
= GMSB SPS8 E ? | | | | | | | | | | | | | | | | | §
108 T CMS ex O, 10° . GMSB W — v +G MTD - TDR (1000 ') _
E CMS ob 8 E 1 E
- ATLAS observed 20.3 fb™ (8 TeV), vy _ 4l N
- CMS observed 4.9 b (7 TeV), v 7 10 3 MTD w/ BTL 70ps (1000 f6) =
; - 10" £ E
10 = 102 §_ E
- - 10 E
1E E 1 =
i ] 107" 5 =
10_1 —t=1 1 1 I L 11 I L 11 I L 1.l : Ll | l‘rl l’1’l L1l I L 1.1 I L 1.1 I | R E E

100 150 200 250 300 350 400 450 500 550 600 1072 L— T T I T T N AN SR S SO R S R

M., (GeV) 200 400 600 800 1000
X1

IllIIIIlIIIIIIlIIIIIIIlIIllIIlIIlIIIIIIIIIIIIlIIIIlIIIIIIllIIIIIlIIII A[TeV]

100 150 200 250 300 350 400
A (TeV) *y t.o.f. from ECAL, MTD gives primary vertex time

esignificant improve 1n reach for small ct
(assuming no bkg)


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.112003
https://cds.cern.ch/record/2815409
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WEAKLY-INTERACTING MASSIVE PARTICLES
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HEAVY AND LONG-LIVED PARTICLES

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2022 fL dt = (3.6 — 139) oL \/_ =8, 13 TeV Status: July 2022 f’L dt = (32.8 — 139) oL \/E =13 TeV
miss -1 .. . -1 . . .
Model (,y Jetst ET™ [Ldt[fb™] Limit Reference Model Signature  [£dt[b™] Lifetime limit Reference
T T lll L] L] T T T T Ill T L] L] T T T III T T T T l L] L] llllIl' L] L} lllllll L] L] lllllll L] T llllllI L] T llIlIlI T T LI
& ADD Gk +g/q Oeu1,y 1-4j Yes 139 Mp 11.2TeV n=2 2102.10874 RPV T — ugq displaced vix + muon 136 t lifetime 0.003-6.0 m m(H)=1.4TeV 2003.11956
9 ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
'é’ ADDQBH - 2 i_ - 139 Mn 94TeV n==6 1910.08447 RPV ,\7‘1’ — eev/euv/uuy displaced lepton pair 32.8 )?‘1’ lifetime 0.003-1.0 m m(g)=1.6TeV, m({9)=1.3 TeV 1907.10037
QEJ ADD BH multijet - >3] - 3.6 Mqn 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
= RS1Gkk =y 2y - - 139 | Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405 o) G displaced dimuon 70 lifetime : §)=1.1TeV, m(9)= 1.0 TeV
2 Bulk RS Gk — WW/ZZ multi-channel 36.1 G mass 23 TeV KMo — 1.0 1808.02380 GGM ¢] = ZG p 32.9 X1 0.029-18.0 m m(g) eV, m(t}) e 1808.03057
S Bulk RS Gk — WV — fvqq 1eu 2j/1J Yes 139 Gk mass 2.0 TeV k/Mp; = 1.0 2004.14636 [ =0 pieoti ~0 Yo _ oo
o | BukRSexk — 1t Teu >1b>102 Yes 361 | ek mass 3.8 TeV r/m=15% 1804.10823 GMSB non-pointing or delayed y 139 | ¥, lifetime i m(i3, 6)= 60,20 GeV, By=2% | CERN-EP-2022-096
2UED/ RPP 1e, >2b, >3] Ve 1 KK 1.8 TeV Tier (1,1), B(ALD =1 1803.09678 - - ' . -
UED/ M ] Yes 36 mass 8 Te ier (1,1), B( - tt) GMSB 7 — ¢& displaced lepton 139 7 lifetime 6-750 mm m(£)= 600 GeV 2011.07812
SSM Z’ — (¢ 2epu - - 139 Z’ mass 5.1 TeV 1903.06248
SSM Z' — 1t 27 - - 36.1 |z’ mass 2.42 TeV 1709.07242 S GMSB% o G displaced lepton 139 | # lifetime 9-270 mm m(%)= 200 GeV 2011.07812
‘g Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299 %
o Leptophobic Z" — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV M/m=1.2% 2005.05138 AMSB pan0 ot disappearing track 1 v lifetime m({E)= 650 GeV 2901.02472
§ SSM W’ — ¢y 1eu - Yes 139 | wW’mass 6.0 TeV 1906.05609 0 PP XiXp ity ppearing % M 0.06:3.06m @) 01.0
SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025 U S ) o lifeti o~
S SSMW’' b - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043 AMSB pp — 1i#1 Y14 large pixel dE/dx 189 [ Xy lifetime 0.3-30.0m m(i%)= 600 GeV 2205.06013
S HVT W’ —» WZ — tvggmodel B 1 e, u 2j/1J  Yes 139 | W’ mass 4.3 TeV gv =3 2004.14636 ) A .z -
8 HVT W — WZ — v ¢’ modelC 3 e u J (VBF) Yes 139 W’ mass 340 GeV gven=1,g=0 ATLAS-CONF-2022-005 Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g d 5g)= 0.1, m(g)= 500 GeV| 1811.07370
HVT W’ — WH — tvbbmodelB 1e,u 1-2b,1-0j Yes 139 W’ mass 3.3 TeV gv =3 2207.00230 . ) U 2 -
HVT Z’ —» ZH — ¢¢/vvbbmodel B 0,2 e, 1-2b,1-0] Yes 139 Z’mass 3.2 TeV gy =3 2207.00230 Split SUSY large pixel dE/dx 139 g lifetime >0.45m m(g)=1.8 TeV, m(?)= 100 GeV 2205.06013
LRSM WR — NNR 2}1 1J - 80 Wg mass 5.0 TeV m(NR) =0.5TeV, gL = 8R 1904.12679 X
- — Split SUSY displaced vtx + Ef'ss 32.8 g lifetime 0.03-13.2 m m(g)=1.8 TeV, m(?)= 100 GeV 1710.04901
Cl qqqq - 2] - 37.0 |A 21.8TeV 7, 1703.09127
—  Clétqq 2e,u - - 139 | A 358TeV. 1, 2006.12946 : G miss & litati N S0y
O  Cleebs 2e 1b - 139 |a 1.8 TeV g =1 2105.13847 Split SUSY 0¢,2-6jets +ET 36.1 g lifetime 0.0-21m m(g)= 1.8 TeV, m({°)= 100 GeV | ATLAS-CONF-2018-003
Cl pubs 2u 1b - 139 [A 2.0 TeV g =1 2105.13847
Cl tett >Teu 21b>1j Yes 361 [A 2.57 Tev |Carl = 4n 1811.02305 Hoss 2 MS vertices 139 | slifetime 0.31-72.4m m(s)= 35 GeV 2203.00587
Axial-vector med. (Dirac DM) Oep, 1,y 1-4j Yes 139 Mpned 2.1 TeV 84=0.25, g,=1, m(y)=1 GeV 2102.10874 . o
=  Pseudo-scalarmed. (DiracDM) Oeu,7,y 1-4]  Yes 139 | Mmed 376 GeV gq=1, gy=1, m(y)=1 GeV 2102.10874 o H—ss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mped 3.1 TeV tanpB=1, gz=0.8, m(y)=100 GeV 2108.13391 % ) )
Pseudo-scalar med. 2HDM+a  multi-channel 139 Myed 560 GeV tanB=1, gy=1, m(y)=10 GeV ATLAS-CONF-2021-036 — VH with H — ss — bbbb 2 + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
. ]
Scalar LQ 1t gen 2e >2] Yes 139 [ LQmass 1.8 TeV B=1 2006.05872 2 i ot p — 400 MeV
Scalar LQ 2" gen 2 >2]  Yes 139 [LQmass 1.7 Tev p=1 2006.05872 B FRVZH = 2yra+ X p-jets 139 | 74 lifetime 0.654-939 mm m(ya)= 400 Me 2206.12181
Scalar LQ 3™ gen 17 2b Yes 139 ; mass 1.2 TeV B(LQ§ — br) =1 2108.07665 » ) . B
g Scalar LQ 3™ gen Oen  22j,22b Yes 139 [LQ; mass 1.24 TeV BLQY > tv)=1 2004.14060 2 FRVZH — 4y4 + X 2 p-jets 139 | 74 lifetime 2.7-534 mm m(ya)= 400 MeV 2206.12181
Scalar LQ 3" gen >2epu,217>1j,>1b - 139 LQZ| mass 1.43 TeV BLQY - tr) =1 2101.11582 T ) . .
Scalar LQ 3™ gen Oe,u,217 0-2j,2b Yes 139 | LQS mass 1.26 TeV B(LQY - by) =1 2101.12527 H— 2424 displaced dimuon 329 | Z4 lifetime 0.009-24.0 m m(Zq)=40 GeV 1808.03057
Vector LQ 3" gen 17 2b Yes 139 | LQY mass 1.77 TeV B(LQY — br) = 0.5, Y-M coupl. 2108.07665
- H— ZZy4 2 e, u + low-EMF trackless jet36.1 Z4 lifetime 0.21-5.2 m m(Zy)=10 GeV 1811.02542
) VIQTT - Zt+ X 2e/2u/>3e,u >1 b, >1]j - 139 T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
= @ VLQBB - Wt/Zb+ X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet 1808.02343
+ © VLQ T5/3Ts53|Ts;3 > Wt+ X 2(SS)/>3 e,u 21 b, >1 ] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 > Wt)=1, c(Ts;3Wt)=1 1807.11883 (200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x B=1pb, m(s)=50 GeV 1902.03094
S E VLQT - Ht/Zt Teu 21b>3] Yes 139 | T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 o
8 § VLQ Y — Wh lep 21b>1) Yes  36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Wb)=1 1812.07343 T  P(600GeV) > ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o X B=1pb, m(s)=50 GeV 1902.03094
= VLQ B — Hb Oeu 22b>1j,21J - 139 | Bmass 2.0 Tev SU(2) doublet, k5= 0.3 ATLAS-CONF-2021-018 8
VLL 7' - Z7/Ht multi-channel ~ >1] Yes 139 | 7'mass 898 GeV SU(2) doublet ATLAS-CONF-2022-044 d(1TeV) - ss low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.06-52.4 m @ x B=1pb, m(s)= 150 GeV 1902.03094
B e Excited quark g7 — ag . 21 - 139 |@"mass 6.7 TeV only u” and d*, A = méq*; 1910.08447
=29 xcited quark ¢* — qy b% j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q* 1709.10440 ) e _ )
9 € Excited quark b* — bg - 1b,1] B 139 b* mass 3.2 TeV 1910.0447 W — Nt,N — ¢ty displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
I ¢ Excited lepton ¢ 3e,pu - - 20.3 A=3.0TeV 1411.2921 ) o )
"= Excited lepton v* Seut - - 203 A=16TeV 1411.2921 W — Nt N -ty displaced viX (u.pe, ee) +p 139 | N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988
- =
Type Il Seesaw 234epu  22] Yes 139 | N®mass 910 GeV 2202.02039 £ W Ne,N ety displaced vix (uuue, ee) + e 139 | N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
LRSM Majorana v 2u 2] - 36.1 | Ng mass 3.2 TeV m(Wg) = 4.1TeV, g, = gr 1809.11105 I
«  Higgstriplet H** - W*W* 234 e,u(SS) various Yes 139 | H* mass 350 GeV DY production 2101.11961 i ifeti V)= 6 GeV, Maj
_ﬂ:> Higgs triplet H** — ¢¢ 2,3,4 e, u (SS) - — 139 H* mass 1.08 TeV DY production ATLAS-CONF-2022-010 W — NE,N — by displaced vix (uu,ue, ee) + e 139 N lifetime | | 0.39-51 mm | | | m(N) el. ajorana 2204.11988
6 nggs trlplet ++ ‘r 3 el T _ _ 20.3 _ DY production, B(Hfi - [T) =1 1411.2921 1 Ll L L1111 1 Ll L L1111 1 Ll L L1ll 1 Ll 1 1111 1 Ll 1 1111 1 Ll 11
Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034 0.001 0.01 0.1 1 10 100
Magnetic monopoles - - — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130 CT [m]
v-=13Tev v_=13Tev 1ol - 1 1 L 1 o aal 1 1 1 1 Lo aal L L 1 1 v_=13Tev v-=13Tev
ar"aldata fu"data - ril | 1 r 13l 1 r 1 gl 1 r 1 aaanl 1 Lol 1 Lol 1 L1 111
) . ' p - 1 0 1 10 MaSS Scale [TeV] partial data full data 0.001 0.01 0.1 1 10 100
Only a selection of the available mass limits on new states or phenomena is shown. *Only a selection of the available lifetime limits is shown. ™+ : :
+Small-radius (large-radius) jets are denoted by the letter j (J). T [nS]
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Selection of observed exclusion limits at 95% C.L. {theory uncertainties are not included).

String resonance

Zyresonance

Wy resonance

Higgs y resonance

Color Octect Scalar, k7 =1/2

S_calar Diquark

tt+ ¢, pseudoscalar{scalar), g7 x BR{§-2!) > =0.03{0.004}
tt+ ¢, pseudoscalarscalar), g7 x BR{§-2!) > =0.03{0.04}
pp+Ziy+X

quark compositeness (¢}, fuga =1
quark compositeness (1), uma = -1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

vector mediator (qq), go =025, goe =1, m, =1 GeV

vector mediator (), g, = 0.1, g = 1.g,=0.0L,m, >1 TeV
{axial-vector mediator (qq). gq =025, gowe =1, m, =1 GeV
{axial-}vector mediator {xx). g, = 025,gow =1,m, =1 GeV

{axial}-vector mediator (11}, g, = 0.1, g = 1.g =0.1,m, >m,, 2

scalar mediator (+tf}, g, =1 gou=1.m, =1 GeV

scalar mediator (tH), g, =1, goee =1.m, = 1GeV

scalar mediator (fermion portal), A,=1,m, =1 GeV
pseudoscalar mediator {+jV), gq = 1. gow =1.m, =1 GeV
pseudoscalar mediator (+4), g, =1, g =1.m, =1 GeV
pseudoscalar mediator (), g, = 1 gou=1. m = 1 GeV
complex sc. med. {dark QCD), ma, =5 GeV, cTx, =25 mm
Baryonic Z/, g, =025, gone =1,m, =1 GeV

2 mediator (dark QCD), My, =20 GeV, 1, =0.3, @y, =afre
Z —2HDM, g =0.8,gow =1, tan =1, m, = 100 GeV

Leptoquark mediator, =1, B=0.1, Av.ow =0.1, 800 <M <1500 GeV

axion-like particle, f~* = 12TeV™*
inelastic dark matter model, y =107%, @, =0.1
inelastic dark matter model, y =107, @, =0.1

dark Higgs model, g, = 025, goee = 1,6 =0.01, m, = 200 GeV, mz. =700 GeV

RPV stop to 4 quarks
RPV squark to 4 quarks
RPV gluino to 4 quarks
RPV gluinos to 3 quarks

ADD {jj} HLZ, Peo =3
ADD {yy.tl HLZ, no =3

ADD Gyx emission, Nen = 2

ADD QBH {jj}. ne =6

ADD QBH {ep), neo =4

ADD QBH (eT), neo =4

ADD QBH {ut), neo =4

ADD QBH {yj}, neo =6

RS Gucltt), kiMa=01

RS Goxlyy), kiMa =01

RS Guxlaq. gg). kit =01

RS QBH (j). fo=1

RS QBH ()} Mo =1
non-rotating BH, Mo =4 TeV, neo =6

3-brane WED gerl$ + g 999). Gorer =6, Gou =3, £=0.5, m{gNm{gee) =0.1

spiit-UED, =2 TeV

excited light quark {qg), A=m,
excited light quark (qy), fs=f=f'=1,A=m,
excited b quark, fr=f=f=1LA=m,
excited electron, fs=f=f'=1LA=m_
excited muon, fs=f=f'= 1,A=m;

WMSM, [V =1.0, V=10

WMSM, Vi =1.0, Via|*=1.0

VMSM, Ve VoA Vers | + Vel *} = 1.0

Type-lll seesaw heavy fermions, Flavor-demacratic
Vector like taus, Doublet

Vector like taus, Singlet

Zo, narrow resonance, £ =8 x 107 (90% C.L)
Zo,, narrow resonance, £ =4 x 1077 (0% CL)
Zo,, narrow resonance, £ =7 x 1077 (90% C.L)
Z,,, narrow resonance, £ =3 x107° (90% CL)
SSMZ'(t)

SSM Z'(qg)

Ziqq)

Superstring Z,,

LFV Z, BRiep) = 10%

LFV Z' BRleT) = 10%

LFV Z', BRiut) = 10%

SSMW(tv)

Leptophobic Z

SSM Wqq)

LRSM W), My, = 0.5My,

SSMW(Tv)

LRSM WaleNx), My, = 0.5My,

LRSM Waltha), Moy, =0.5My,

Axigluon, Coloron, coté=1

mi;

Overview of CMS EXO results

CMS preliminary March 2023
M 0570 TeV 191103947 (2j) 137 b~}
M PO 035-aTeV 171203143 (2p 4 Ty; 2e 4 1y 2+ 1y) 36 fb~?
M [ 158 TeN 2106.10509 (1 + 1y} 137 fo-!
M [ 072325 TeV 180801257 (1) + 1y} 36 fb~?
M P 0537 eV 1911.03947 (2j) 137 fo~!
M 0575 TeV 191103947 (2j) 137 fo~!
o G GIS 0075 e 191104968 (31, =41) 137 o1
W [ GBI e 1911 04968 (31, =41) 137 o~}
N [ 06216 Tel| CMS-PAS-EXO-19-009 (pp +LL,pp +} 37 b1
- 210302708 {21} 140 fo-!
i =210302708 21 (140 !
M L 02516 Te 200104521 (2e + 2} 77 fb-!
M S 025 e 2001.04521 {20+ 2j) 77 fb!
" [ 035-07TeV/ 191103761 { =3j) 18 fb~!
M 2103.02708 (2e, 24 140 fb~!
M 0 05-28TeV 191103947 (2j) 137 o~}
M 2107.13021{ 2 1j+ pP=) 101 fb!
" 210302708 (2e, 2p) 140 fb-!
M 1901015530, 1 + =2j+pJ™) 36 fb~!
M 0 005-0.4TeV 2107108920, 1 + 22 +p7) 137 o~}
" 210713021 = 1j+ p™=} 101 fb-!
N 2107130212 1j+ py™) 101 fb~!
N 190101553 (0, 1f + =2j+py™) 36 fb~!
" 050043 T 210710852 0, 1t + 22 +p™) 137 0!
" 181010069 (4j) 16 fb~!
W 190801713 (h +p™} 36 fb~!
M L IS SE I TEV 211211125 (2 + pY) 138 fb-!
W 190801713 (h +py™) 36 fb~!
" [ 03206 TeV 181110151 (1p+ 1j +p3*™) 77 ot
M [ 0522 Tel CMS-PAS-EXO-21-007 (pp + YY) 103 fb~!
M D 0003-0.08TeV| CMS-PAS-EXO-20-010 (2 displaced p+ By 137 o~}
" [ 002-008TeV CMS-PAS-EX0-20-010 (2 displaced p+ pp™) 137 !
" [ 01620/352 Tel CMS-PAS-EX0-21-012 (1 +2j 4+ pJ™, 20 4 pJ™) 137 fo-!
M O 008=0152 Teu! 1808.03 124 (2j; 4j) 36 fb~!
M 01 =0/72 TeV] 1806 01058 (2j) 38 fb~!
M o= TA T TeV 1806 01058 (2j) 38 fb~!
M —mow )
M
M
M
N
M
M
N -
M 1 UDD, g-tbs, my = 2500 GeV
v UDD, §-stbs, my = 2500 GeV
s gy
: UDD, t=dd, m: = 1600 GeV
u 1 UDD, t=dd, m: = 1600 GeV
2ol I LQD, t-bl, m; = 600 GeV
A H
i LQD, t-bl, mi = 460 GeV
] : .
: | LQD, t=bl, m: = 1600 GeV
M [ 1227
M I . o=
M | GMSB, g—»gG, my= 2450 GeV
M i i 0001124 TeV 1802.02965; | GMSB, g—gG, mg= 2100 GeV
" i i 0001-1.43 TeV 1802.029¢ : S ad =
. ‘ e Split SUSY, §-»gdx3, m; = 2500 GeV
" i 01-098TeV 220208676 (31, 24 Split SUSY, §-gdx3, m; = 1300 GeV
M : 01-1045TeV 220208676 (31, = )
M 0.125-0.15TeV 220208676 (31, 248,17 +34, 274 21, 3t + 1, It + 20,27 + 1t} Split SUSY (HSCP), f50=10.1, my = 1600 GeV
. OIS0 RY 191204776 250 MGMSB (HSCP) tang =10, >0, my =247 GeV
191204776 {2p1) £ F a0 e
: | 0.0011-0.0026 TeV CMS-PAS-EXO-21-005 (20} I " Stopped E' t:’txv mi=700 GeV
N 0.008ZZ0007OTTEY]  CMS-PAS-EXO-21-005 (230) Stopped §, §-q4x?, fz =0.1, m;=1300 GeV
. [
. s Stopped §, §-gdx;(uux;). fao = 0.1, m; = 940 GeV
» O 001-0125 eV 190510331 {1, 1y AMSB, x =-=x°n*, m,- = 700 GeV
M I ) o
M 1 §—qdx; or g, 4.,x5.X: =xin*, m; = 1600GeV,m = 1575GeV
M I .
" 1 G-ax] or @ X =i, mg = 2000 GeV, my = 1000 GeV
| -
p OO S0 TV 1909 04114 (2j) ttx] or by;", x;"=xim *, mi=1100 GeV, my; = 1000 GeV
: [ENE GMSB, x;=HG(50%)/ZG(50%), my: = 600 GeV
; I GMSB, x2-HG(50%)/ZG(50%), m,e = 300 GeV
,., GMSB SPS8, x{=yG, myp =400 GeV
M |

GMSB, co-NLSP, I»IG, mj= 270 GeV

PR P
0.001 0.010 0.100 1.000

Mass Scale [TeV]

H=ZpZp(0.1%), Zp—uu, my =125 GeV, my =20 GeV

H=ZpZp(0.1%), Zo-pu(15.7%), my =125 GeV, mx =5 GeV

H-XX(10%), X—ee, my =125 GeV, mx = 20 GeV
H-XX(0.03%), X-II, my =125 GeV, myx=30 GeV
H-XX(10%), X-bb, my = 125 GeV, mx = 40 GeV
H-XX(10%), X=bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X=bb, my = 125 GeV, my = 40 GeV
H=XX(10%), X=7T, my = 125 GeV, mx=7 GeV

dark QCD, ms, =5 GeV, my,, = 1200 GeV

Overview of CMS long-lived particle searches

CMS Preliminary

March 2023

x: 1909.03460 (Disappearing tracks + jets withMrz) | 011-10m
Xi 1909.03460 (Disappearing tracks + jets with Mrz) | 026-2m
xi 1909.03460 (Disappearing tracks + jets with Mrz) | 095-a m
2212.06695 (Trackless jets + MET) [ 0 04=12'm|
2212.06695 (Trackless jets + MET) [0 005=241]
1909.06166 (Delayed y(y)) [0 02=6/m
211004809 (Displaced leptons) | 5e05-265m

NN

g 2104.13474 (Jets with displaced vertices) [0 G006=005m

P 201201581 (Displaced jets) G031

t 2104.13474 (Jets with displaced vertices) [ 000055=008
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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® Phase-2 upgrade work ongoing
fight pile-up and improve reconstruction and identification

® few % precision on many key processes

"300/0" eXtended new phySiCS reaCh [depends on how you compute it]

® detector work goes along with new techniques

machine learning 1s not only an high-level-analysis tool

® get ready to take the baton on stat-limited measurements
and remember it's not been unusual for ATLAS & CMS to outperform predictions...
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® 3 balance between (P)ID
performance and lepton
trigger thresholds

® here: Bs—J/py



https://cds.cern.ch/record/1744869
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CMS Phase 2 Simulation, 3 ab™ (14 TeV)
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PID scenario

Gains in Py,

MC truth +66%
PID with ogtL = 40 pPS +24%
PID with ogr. = 70 pPSs +14%

e
&, 0.14 DO 8 fb~!
r_.% 68% CL contours
B 012 (A log £ =1.15)
CMS 19.7 fb™!
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N . CDF 9.6 fb™!
ATLAS HL o i

ATLAS 19.2 fb™!

LHCb 3 fb™!

0.06-

L 04c s 0 02 s 00 0 00 s 04
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® tracker will improve proper time resolution
(ATLAS: ~30% assuming same pT thresholds; CMS: 3x)

® MTD will help B-Physics and heavy 1ons on PID!
® .1 trigger thresholds influence ATLAS Results



https://cds.cern.ch/record/2650772
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-041
https://cds.cern.ch/record/2815409
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-005
https://cds.cern.ch/record/2650545
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® fast reconstruction on FPGA N IO 15 DU PO sk biinld
. 2 4 6 8 10 12 14 16 18 20
® fast reconstruction on GPU p_ [GeV]

® anomaly detection for new discoveries


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsUpgrade#Phase_II_Upgrade_Plots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L0MuonTriggerPublicResults

Valerio Ippolito
INFN Sezione di Roma

ATLAS Run?2 (99> H]

b .| i

L

10

= = ! ' o) o a .3 | '
S . = 2 15F) _ =107 ¢ E
© 20 b [ ] o s _ o - - © - ;
: : i L E : Lk 10 -Hel- - -
10 ] i i 0 - . C ] 102 = -
. B i ] __ B 0.5 - - ‘ ;
N iy : ok = : - : : : ; :
oL l ] i | | | ) i | | 0.0C ] 1 l 1
0 10 200 0 60 120 200 0 120 200 10200 300 450 (0e)
pt [GeV] pt [GeV] pt [GeV] pt [GeV]
@ Data (Total uncertainty)
Syst. uncertainty
— 4 r— 3 B i — | | | Ly n | _
3 [ 2 | 1 & | E100f :
: : 00T ] 50 |- -
IS I EI S S S T 1 B :
. - - ’ 0 _
-2 i | 0 ] . 0= ] I ] — _ I ]
VH-enriched VBF-enriched 350 700 1000 1500 oo 350 1000 o)
mj; [GeV] mj; [GeV]
ttH tH
= 103E T = | | I = f I | = 1000 :
= * = 102 4 =200 41 =
o — o o o 750 - =
10% - -

3
o
o
|-|.|.l
o}
|—o5—|
H%
|_._|
|-o-|
r
[

] ] ]
0 75 150 250 400 00 150 250 400 0o 0 120 200 300 450 00
p¥[GeV] p% [GeV] pH [GeV]



Valerio Ippolito
INFN Sezione di Roma

ATLAS Preliminary Total Stat, Syst
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053
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LIGHT-BY-LIGHT SCATTERING
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CMS Phase 2 Projection Preliminary PbPb - 13 nb™ (\sy, = 5.02 TeV)
| | | | | | | | |

Pb +Pb (yy) — Pb"’ + Pb"’ t*t" at |/s, = 5.02 TeV

----- L. Beresford and J. Liu, Phys. Rev. D102 (2020) 113008
---------- M. Dyndal et al, Phys. Lett. B 809 (2020) 135682

® /4x precision on tau
anomalous magnetic
moment w.r.t today
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