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Delivered Luminosity [fb ]

ATLAS experlments @LHC
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Run3 is well underway and Interactions per crossing
is higher as expected
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Run 2
Run 3

ATLAS collected an integrated luminosity good for all physics
of ~139 fb-! (66 fb-') at Vs = 13 (13.6) TeV in Run2 (Run3).

ATLAS has released ~1200 papers, ~260 Full Run 2 and already

few Run 3 results

Will highlight some recent Run2 and Run3 results in this talk.



Muon Spectrometer (|n|<2.7) : Calorimetry (|n|<5) :
- air-core toroids with muon chambers - EM : Pb-LAr Accordion
- HAD: Fe/scintillator Tiles
Muon Detectors Tile Colo\\rimeter Liquid Arg‘on Calorimeter (Central), Cu/W-LAr (fwd)

Toroid Magnets  Solenoid Magnet |SCT Tracker Pixel Detector TRT Tracker

Inner Detector (|n|<2.5, B=2T) :
- Si pixels and strips (precise tracking, vertexing)
ATLAS deteCtOl" - Transition Radiation Detector (e/n separation)

- Innermost pixel layer IBL added in Run2 3




Identification efficiency

Data/MC

Unc. [%]

ID<0.

Excellent detector performance

 Thanks excellent understanding of detector performance, and
development of rec. and ID algorithms

* Precision object performance : el-ID<0.5% (pt~4-250GeV), mu-

1% (pt<450 GeV), JES unc. ~1% (pt~100-1000GeV)
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https://link.springer.com/article/10.1140/epjc/s10052-023-11584-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-033/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://arxiv.org/abs/2303.17312
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EGAM-2021-01/

After higgs discovery in both ATLAS and
CMS in 2012, the main physics purpose
of LHC:

=~ Higgs boson precision measurements
=~ BSM searches

=~ SM precision measurements



Rainer Mankel's talk

Recent physics results

=~ Higgs boson precision measurements
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https://indico.cern.ch/event/1311102/contributions/5521479/

Higgs properties
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Results are consistent with the SM!

Pure CP odd excluded for H-tau and H-top interactions

¢ x B normalized to SM prediction

Nature 607, 52-59 (2022)
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https://arxiv.org/abs/2308.04775
https://www.nature.com/articles/s41586-022-04893-w
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Higgs production and decays
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Decay mode Br.

H — bb 57.7%
H—»WWwW* 21.5%
H — 7t 6.3%
H — cc 2.9%
H—~ ZZ* 2.6%
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H — ~*~ 0.01%
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Ggor = 48.61 pb| |oypr = 3.766 pb Gy =2.238pb Gy = 0.507 pb
Observed
in Runl All observed in Run2

B All main production processes and decay channels
established: move to precision measurement

—> Decays to bosons and third-generation fermions

B Searches for decays to
and other rare decays start sensitive

—> Evidence for and H-> lly

—> First evidence for H> 7y

B Searches for HH production getting closer to SM
predictions = constraints on Higgs potential



ATLAS+CMS: First evidence for H>Zy "ew,
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| Obs. (Exp) | Signal strength
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CMS

Combination

2.26 (1.20)
2.66 (1.10)
3.46 (1.60)

2_0+1 .0_0.9
2_4+1 '0—0.9
22 0.7

Bm H— Zy decay has small
BR; sensitive to many
BSM scenarios with BR to
diff from SM

B Using Z—ee/uyy (mMII>50
GeV) + isolated photon,
b/g from DY+ y , DY+jets

B First evidence for the
H— Zy process is found
with 3.40 significance by
ATLAS and CMS comb.

m Measured BR= (3.4 = 1.1)
X 1073, which is within 1.9
o of the SM.


https://cds.cern.ch/record/2860129

Comprehensive Higgs EFT/BSM study "ew,

EFT and BSM interpretation using 10 year’ s Higgs anniversary Nature 607, 52-59
(2022). In addition uses differential x-sec combined results for H — yy (JHEP 08 (2022)
027) and ZZ decays (EPJC 80 (2020) 942).
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://link.springer.com/article/10.1007/JHEP08(2022)027
https://link.springer.com/article/10.1007/JHEP08(2022)027
https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/

Relative sign of W/Z coupling

New ’

VBF WH process is sensitive to
Mz (FKw/K,) sign

* o(VBF,WH) enhanced by a
factor of ~6 for negative Ay,

Positive Ay, in the SM (custodial
symmetry)

Search BSM through negative Ay,

Negative A, excluded >8¢
- Consistent with SM

VBF WH production
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ATLAS-CONF-2023-057



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-057/

H H p I'Od U Ct i ON st Bs43 003 137745New !

B The potential energy of Higgs field:

1 A 1
V(D) = Em?,(,bz + EmH‘»b3 Z’l¢4 ATLAS —— Observed it
Vs=13TeV, 126—139fb-" . Expected limit
. . BRI Eedimato.
B The H self-coupling determines the shape of £ Expected imit 220
the potential, and has significant impact o o
on the nature of EW symmetry breaking ok P
and the vacuum stability of the Universe ek o s
B It can be measured via Higgs pair prod. or 4 A
Combinedf~ 2.4 29
: 10 tlmes Smaller than Slngle H process 95°/SCL upper limit on HI(-)I signal strength szo

The upper limit of signal
) strength is less than 3
S times the SM prediction
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https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub

H H + H com bi n at i on Phys. Lett. B 843 (2023) 137745New /

B Kk, enters at loop level for H
production affecting o and

kinematics 0.4 <K,<6.3
2] 10
T I L
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HH + H K, generic:
95%: K3 € [-1.4,6.1]

HH + H K, generic

l[ N
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B 68% ___
B The statistical combination of I'I ”
HH and H searches achieves 5 0 2 10 o
Ka

the most stringent constraint
on K,
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https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub

Higgs Mass

New ’

most

measurement from a
0.11%
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Run2 H — 4/ - 124.99 + 0.19 (+ 0.18 + 0.04) GeV
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Run 142 H — 4¢
Run 1 Combined
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i
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B Updated H->yy and
H—->Z7 measurements
with full Run2 data

B Precise photon, e, pn
energy scale and
resolution is critical

precise
single
(improved vy

energy scale measurement)

B New most precise measurement
ie—(0.09%) !
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub
https://arxiv.org/abs/2308.04775
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-036/

Higgs Width arXiv:2304.01532 Ner
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B Standard Model predicts I'y~4 MeV T 20- a114S - Gegoly 2
N 18- . S ]
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by experlmental resolution - Obs-Stat. only: 1.1°%% Exp-Stat. only: 1.0°0% -
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B Assuming equal on-shell and off- 12 L
shell couplings: JHEP 1208 (2012) 116, 10F G
PRDS88 (2013) 054024 1
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° — +3.3 H
B Indirect measurement from the on- [y =4.5"°,;MeV

shell/off-shell Higgs boson production

B Measured in the H-2>ZZ(41+212v)
decay channels

- 3.30 obs (2.20 exp)
exclusion of p g hen=0

.1 +0.7

Hoff.shen= 1 0.6
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https://arxiv.org/abs/2304.01532

Recent physics results

== BSM searches

New Physics beyond the SM

Big Questions

4 <
Q %,
Big
Ideas
SUSY

Compositeness,
Extra dimensions

Extended
Higgs Sector

Top
Partner

wz

Minimal
Dark Matter

Hidden
Sector

Multiverse

Snowmass new physics working group report
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Standard Model Production Cross Section Measurements Status: February 2022

—_

-'é 10! ATLAS Preliminary B e
b 106 Vs=57,8,13 TeV S —
SM fits the experimental data -
very well at EW scale, while | = o
has problem in Planck scale. RN o oo
— Naturalness and “hierarchy” T
problem QL EArE
- . . U i *iu ;uw
— Unification of gauge coupling 1 o P o 1 o o ey e e

— Dark Matter ,
New Physics beyond the SM

Big Questions

SUSY
Need a more fundamental

theory in which SM is only a
low-energy approximation

Minimal

Exotics e
= New Physics.

Multiverse

physics working group report



https://arxiv.org/pdf/1311.0299.pdf

SUSY

SUSY establishes a symmetry
between fermions (matter) and

bosons (forces)
o Unification
o Solve hierarchy problem without
“fine tuning”
o Provide Dark Matter candidate
O
Fermion loop
o £l SusY f
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Otilia Anamaria Ducu's talk

DM

cross section [pb]

OUR WORLD...

NEW WORLD?

Spinl/2 Spin O o Iy
u c t NG \ t
quarks l’ S l’ b | squarks m'rw/cl H'S b
leptons 7| sleptons
V Vi V.

Spin 1/2

7 ~olk ~o "‘0
P

zi’

leutralinos
Spin O . r r——4 ~
oo (DR (D
bosons

pp, VS =13 TeV, NLO+NLL - NNLOpprox+NNLL

104
— —
7~— G5 = 3% (higgsito)
[ — 9da — X1 X1 (wino)
— 4q" N 75 X9 (wine/
102 \ aa" PN 525w
—— tt*, bbj LRl R
< 7/
-~
10-¢ T T T T T T T
250 500 750 1000 1250 1500 1750 2000
particle mass [GeV]
18

o] G 1


https://indico.cern.ch/event/1311102/contributions/5525270/

m()) [GeV]

m(@)) [GeV]

Gluino. squark searches

- Has large xSec

production, § — i+, m(@ >> m(g)

18!
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Sleptons
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Stau search ATLAS-CONF-2023-029

B Final states with taus are challenging but interesting:

-
 Dark matter probe and light sleptons could play , :
role in neutralino coannihilation in Early Universe - Xt
B Improved TaulD based on Recurrent NN \;\fv %
[ [ [ ] [ ] [ p
B BDT based on kinematic variables used to signal signal _
candidates
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First exclusion for stau_R only at LHC (up to 330 GeV)! >3
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ATLAS SUSY Searches* - 95% CL Lower Limits ATL-PHYS-PUB-2023-005 a7y pg Preliminary

March 2023 Vs=13TeV
Model Signature  [Ld:t[b7] Mass limit Reference
3d, G-t Oep  26jets Ep 130 |G 1.85 m(¥})<400 GeV 2010.14293
% mono-jet  1-3jets  EF* 139 G [8x Degen.] 0.9 m(g)-m(X})=5 GeV 2102.10874
S % ot Oep  26jets EP™ 139 |z . mei)=0GeV 2010.14293
& z Forbidd 1.15-1.95 m(¥1)=1000 GeV 2010.14293
B goagWh Teu  26jets . 139 | & m(¥})<600 GeV 2101.01629
o g, (oY, ee, upt 2jets  EP™ 139 |z m(/\:‘,’)qoo GeV 2204.13072
D 33 3oqqWZt Oen  7-11jets EP™ 139 | & 1.97 m(/g\.ﬁ <600 GeV 2008.06032
% SSeu 6 jets 139 |z 5 m(g)-m(¥1)=200 GeV 1909.08457
S gt} Olew  3b EFS 139 |g 5 m(7})<500GeV 221108028
SSeq  6jets 139 |z 1.25 m(@)-m(¥)=300 GeV 1909.08457
biby Oeu 2p  EPS 139 | B .255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
o5 bb, by —b¥y — bhY) Oe,u 6b ERES 139 | B Forbidden 23-1.35 m(i3, ¥1)=130 GeV, m(¥})=100 GeV 1908.03122
S 27 26 ERMs 439 |3, 0.13-0.85 AmEE,2%)=130 GeV, m(T%)=0 GeV 2103.08189
22 IiLh - 0-1e,u >1jet  Epis 139 A 1.25 m(t))=1GeV 2004.14060, 2012.03799
: § iy, Wb Tep  Bjets/to EPS 139 |7 Forbidden  0.65 m(¥})=500 GeV 2012.03799
% w  hi, h—=Tby, T —1G 127 2jets/1 b E'T"fss 139 i Forbidden 1.4 m(71)=800 GeV 2108.07665
s L AR, o)/, ok Oe,u 2c Bt 86t |z 0.85 m())=0 GeV 1805.01649
© T Oepu mono-jet  EF™® 139 i 0.55 m(7,&)-m(¥})=5GeV 2102.10874
171, - t09, ¥a—Z/ Wt} 1-2e,u 14p B 139 |h 0.067-1.18 m(E9)=500 GeV 2006.05880
b, h—i +2Z 3eu 1b EMss 139 |7, Forbidden 0.86 (¥9)=360 GeV, m(i; )-m(¥})= 40 GeV 2006.05880
X viawz Multiple ¢/jets ) EE?SS 139 )gng" . m(¥)=0, wino-bino 2106.01676, 2108.07586
ee, juu >ljet  EPss 139 | i/a, 0.205 m(¥5)-m(¥!)=5 GeV, wino-bino 1911.12606
XiXi viaww 2e,pu EPS 139 |0 0.42 m(¥¥)=0, wino-bino 1908.08215
XiX via Wh Multiple ¢/jets EPS 139 | Xj/¥; Forbidden 1 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
o i vialp/v 2ep EpS 139 |0 1 m(Z,7)=0.5(m(¥} )+m(¥))) 1908.08215
= § #rool) 27 EpS 139 | T 1L TRL] IN0NE03] 0.12-0.39 m(¥Y)=0 1911.06660
W= 7 plig, 00 2ep Ojets  Ex™ 139 |7 0.7 om0 1908.08215
' ee, >ljet EPS 139 |7 0.256 m(f)-m(¥1)=10 GeV 1911.12606
HH, H—hG/2G 0e,p >3b  Epsosed g 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
4ep Ojets Ez‘-‘?sS 139 Vi 0.55 BR(Y} — ZG)=1 2103.11684
Oeu >2large jets EP™ 139 | & 0.45-0.93 BR(Y, — ZG)=1 2108.07586
2eu >2jets EPS 139 | @ 0.77 BR(¥! — ZG)=BR(Y) — 1()=0.5 2204.13072
Direct ¥1X] prod., long-lived ¥ Disapp. trk ~ 1jet ~ EMs 139 b4 0.66 Pure Wino 2201.02472
-8 Xy 0.21 Pure higgsino 2201.02472
1] .
> O Stable g R-hadron pixel dE/dx EP'S 139 (4 2.05) 2205.06013
> % Metastable g R-hadron, g—>qu? pixel dE/dx EP'S 139 g [r(®) =10ns] m(¥))=100 GeV 2205.06013
S8 -6 Displ. lep Emss 439 |ep 2011.07812
a< ) 2011.07812
pixel dE/dx EPsS 139 w(0)=10ns 2205.06013
TR0 X —ze—eee Ben _ 139 Pure Wino 2011.10543
YT 10 — wwyzeetewy 4epu Ojets  EP™ 139 1.55 m(¥})=200 GeV 2103.11684
28, 2—q970), X} > qqq 45 large jets 36.1 1.9 . Large 47, 1804.03568
S T il ) S bs Multiple 36.1 m(¥)=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—bXT,XT — bbs > 4b 139 Forbidden m(¥7)=500 GeV 2010.01015
i, i —bs 2jets +2b 36.7 1710.07171
hi, h—ql 2ep 2ph 36.1 0.4-1.45 B BR(7, —>be/bu)>20% 1710.05544
1u DV 136 1.6 BR(7,—qu)=100%, cos6,=1 2003.11956
X 1R R0, 0, —>tbs, X1 —>bbs 12en  >6jets 139 Pure higgsino 2106.09609
L L L MR N N ) M
*Only a selection of the available mass limits on new states or 107! 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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EXxotics - various extensions of SM

@Il @ | @ 9 3.H |
S| 0 | S L L B ‘'s A common feature in
OO @ [ . @ SL.J.SY m(.)dels.'
| down J strangeJ bottomj:' photon O M|X|ng W|th nggS
T:) 511 MeVic? T:Ob.&ﬁ MeV/c2 :1 7768 GeV/c? :‘ ....... R : :9 L IQGE‘WC’ %
- @I @+ @ |: : | o
cloctron || muon || tau % ¢ | zboson | £ Extended Gauge Sector /
) e ——n — i : ma
Z <2.2 eVic2 <1.7 MeV/c2 <15.5 MeV/c2 : .- =80.39 GeV/c? 8
roll® | ® @ §% New bosons
| seor L omtione I eciine ) SN ¢ | whoson | & o Extra dimension models (V
i : KK,GKK, ...)
: ‘\ o Grand unification theories
Extended Fermion Sector [--"**** : | fll_eprt]oqua}rks, )
: : o Technicolor, composite
o Heavy quarks (T, B ) ; Higgs (W', Z',...) P
o Excited fermion (q*,I*,v* ...) S
Compositeness
o New forces/particles integrate out at low energies (SM)
Exotics: Jun Guo's talk; DM: Bisnupriva Sahu's talk 25

Heavy Higgs: Spyros Argyropoulos's talk
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Extended Higgs sector - BSM Higgs

Many models: MSSM, 2HDM, etc.
- Benchmark models: MSSM-like
- 5 Higgs bosons: h, H, A, HF

- 2 free parameters at tree level:
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Phys. Rev. Lett. 125 (2020) 051801
[ tb)H, H > v, 36.1 b
JHEP 09 (2018) 139
[ b(b) H/A, HIA - bb
2781
Phys. Rev. D 102 (2020) 032004
[ H— 2z - 4w, 139 fb”
Eur. Phys. J. C 81 (2021) 332

A — Zh, h — bb, 139 fo™
arXiv:2207.00230
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126- 139 fb™

ATLAS-CONF-2021-052
=== h couplings [k, K, K]
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Phys. Rev. D 101 (2020) 012002
[ tHA, HA > tt, 139 b
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Extended Higgs sector - BSM Higgs

= 2HDM+Singlet model: Searches for H>aa—>4y e S
a s
Ld L3 L3 Ld [ [ L3 [ H ’,’ SM
v Axion-like particles (ALPs) decaying into yy is sensitive  -———-- <
. ) / B SMm
to various models that could explain (g-2) , discrepancy = SMm
Ney, ,
x10” 2 —
50'08;_""' L " EATLAS Preliminary
S - ATLAS Preliminary _ — observed ] 10' F V5 =13TeV, 140 o™, H» aa - 3
5 0075 Vs =13 TeV, 140 o - expected 1 . B ]
» 0.06E- Cary = 1.0 (prompt decays) B exp. * 1o E 10 E
® U.Uop exp. * 26 a 10" ATLAS LbyL ]
> C ] \\\ E
$ 0'055_ H9 dd 947 _E '; 10°F Beam dump \\\\ — Obs.Coy=10 3
< 0.04F ] E 1072 = ——=- Obs.Cay=0.1 _
© - - 3
2 = . Sg oL SN987a 92k}
T 0.03- = =
m - = 10° -
0.02— —] . 3
- 10 3
0.01F- - '
- 10 E
%020 30 40 B0 B0 iy O
10 10 10

m, [GeV] ma[Gev]

ATLAS-CONF-2023-040
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Light pseudoscalar a—pup is well-motivated

B Select eyy or pupy events with

B Limits set on ¢ (pp—tta) XBr(a—uu)

Enables strong first-order EW phase transition
Two searches: tta or tt with t—-H*b, H*—Wa

é ATLAS —e— Observed Limit g

12<m <77 GeV 7— Vs=13TeV,139fb"" -—-- Expected Limit o
HH 95% CL Limits BN Expected 10 .

Expected +20 _:

=== Theory (NLO) .

B(@a—- pp)=1,9:=0.07

o (tta) x B(a - pu) [fb]
[¢)}
II||]||I|||I||||I|||

0.5-3 fb, local 2.40 excess at 27 GeV
Also set limits on my and m,

120<my. <160 GeV

15 GeV <m_<72 GeV
Statistically limited search - Run3 data

arXiv:2304.14247
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Light Higgs search

B 2HDM and Axion-like particle models predict light Higgs

B Two searches for yy resonance at low mass regions

Search for yy resonances in the
mass range [65 , 110] GeV

Local p-value

107

1072

1078

First search for yy resonances in the
mass range [10, 70] GeV

o) 16 1 T T
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- ATLAS — Observed 3

I | - R -
ATLAS Preliminary _ opserieq ] fs=13TeV, 138 fo T

13 TeV, 14015 . T e it

H-yy ] § E

_||I||||I\\||I\\||\||||\\|: 10—4II|||||||||||||||||||||||||||
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m, [GeV] m, [GeV]

Local 1.70 @ m = 95.4 GeV

Local (global) 3.1 (1.5) 6 @ m = 19.4 GeV
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Heavy resonance X (= HH, SH)
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arXiv:2307.11120
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Extended gauge sector - Resonance

GAUGE BOSONS
ECTOR BOSONS

B Predicted by many BSM models:

© ED (Randall-Sundrum (RS) Graviton), Heavy
Vector Triplet (HVT: W', Z"), DM mediator,

B Search for BSM ¢
from small
couplings of LFV
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Extended gauge sector - Resonance
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Extended gauge sector - Resonance (M

B Predicted by many BSM models:

© ED (Randall-Sundrum (RS) Graviton), Heavy
Vector Triplet (HVT: W', Z"), DM mediator, ...

= -

Spin-2 bulk RS Graviton:

Heavy Vector Triplet{ HVT) i

q 74

!
Vi vy

V/H

Model

ATLAS Diboson Searches - 95% CL Exclusion Limits

Status: March 2023

Channel’

Strategy*

New ’

£=1391b71
Limit
T

ATLAS .Preliminary

V5 =13TeV
Reference

o
2
=
@
2
3
S
S
g
=
i

Buk RS (kar. = 35, Ag = 3TeV)
Buk RS (ke = 35, Ar = 3TeV)
Buk RS (k. = 35, Ag = 3TeV)
RS1 (k/Mp; = 0.01)

RS1 (k/Mp; = 0.05)

RS1 (k/Mp = 0.1)

Bulk RS (k/Mp; = 1.0)

Bulk RS (k/Mp; = 1.0)

Buk RS (k/Mp = 1.0)

R— WW,ZZ - waq, tvaq, ttaq
R— WW - evay
R— WW,ZZ - qqaq
Grax = vy
Grk =7y
Grax = vy
Gu = ZZ = (0t it
Gh = WW — ey
Gik — WW, ZZ — vvqq, tvqq, tlaq

resolved, boosted
resolved
boosted
resolved
resolved
resolved
resolved
resolved

resolved, boosted

T T T T T
. 0332TeV]
-
0.5-3.9 TeV
. 0545TeV]

0.6-1.8 TeV.
| 03-1.3TeV]

0.3-2.0 TeV.

Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2022:066
JHEP 06 (2020) 042
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Eur. Phys. J. C 81(2021)332
ATLAS-CONF-2022-066
Eur. Phys. J. C 80 (2020) 1165

HVT model A: gr = —0.55, gy = —0.56
HVT model B: gr = 0.14, gy = —2.9
HVT model C: gr =0, gn =1
*small-radius (large-radius) jets are used in resolved (boosted) events

fwith € =, e

Excluded mass range [TeV]

ATL-PHYS-PUB-2023-007

Buk RS (k/Mpy = 1.0) Grx — WW, 2Z - qqqq boosted JHEP 06 (2020) 042
HVT model A W = WZ — tv'e resolved arXiv:2207.03925
HVT model A W' - WZ - waaq, tvqq, €taq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A W = WH — tvbb resolved, boosted arXiv:2207.00230
HVT model A W’ > WZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W' — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model A Z' > WW - evuy resolved ATLAS-CONF-2022-066
HVT model A 7' WW - tvgq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A Z' — ZH — vvbb, ttbb resolved, boosted arXiv:2207.00230
« HVT model A Z' > WW - qqqq boosted JHEP 06 (2020) 042
S HVT model A 2" ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
8 HVT model B W — WZ - o't resolved arXiv:2207.03925
§u HVT model B W' - WZ - wag, tvqq, (taq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
5] HVT model B W’ = WH — tvbb resolved, boosted ariv:2207.00230
HVT model B W’ - WZ - qqqq boosted JHEP 06 (2020) 042
HVT model B W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model B Z' 5 WW - ey resolved ATLAS-CONF-2022-066
HVT model B 7' WW - tvgq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model B 2’ ZH = wbb, (b resolved, boosted arXiv:2207.00230
HVT model B 2 WW - qqqq boosted JHEP 06 (2020) 042
HVT model B Z' > ZH - qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model G W WZ -ttt resolved 1 03034 Tev . | | | | | | . ankiv2207.03925
0.5 1 15 2 25 3 35 4 4.5
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Extended gauge sector - Leptoquarks (LQ) Ney, '

B Leptoquarks (LQs) arise in many models, such as grand » / %
unified theories, compositeness models and superstring theories.
B Scale LQs: Could explain p g-2

m(LQ, ;) > 1.2-1.7TeV :

Scalar Ieptoquark palr productlon aII contours at 95% CL March 2023
T
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' 06 17 = T L
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- - F ? ----- expected *; 107 —
as = 3 2306.17642
S /- = bebe 3 ]
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LQ E [JHEP 10 (2020) 112] 3
= tvbe B 107
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-006/
https://arxiv.org/pdf/2305.15962.pdf
https://arxiv.org/pdf/2306.17642.pdf
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Extended fermion sector as

|
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‘OO @

B Heavy Vector-like fermions (T, B, Tau, N ...) %

o New heavy partner of top in loop to solve hierarchy problem
o constraints on Singlet/Doublet BB, TT: 1.2-1.4 TeV

B Excited fermion (q*,I*,v* ...)

q

LEPTONS

i
[
=

q1

Singlet B Heavy neutrino N

Muon channel Vs =13 TeV, 139 fb'1, All limits at 95% CL

II\\lIIIIlIIlIlI | .
! ATLAS ERR T s 7f
s 08 ERS I Ny
. » = r
Vs =13TeV, 139 fb 1 > |Vvs=13Tev, 140 fb! E &b ATLAS Boosted 80 1" GT,’-AS _
; B " C Phys.Lett.B 798 (2019) 134942 Majorana scenario
B Singlet — c pp - uEuEjj e [ CMS Combined (133 fb)" :
3 o Z o JHEP 04 (2022) 047
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https://arxiv.org/pdf/2304.09553.pdf

DM search at colliders

SUSY, simplified models,
2HDM+a, Higgs portal DM,...

B Simplified models:

ATL-PHYS-PUB-2023-018

( ; mediator: resonance)
= 16—
N x © [Am4s Prelimigary
— 1.4[V8 = 13 TeV, 29[3/139 fo
9q Ix = le 23 /
Za ! bb res

1.2

R
las

0.8

0.6

°‘-'L-’~’?’.'4?r/gy

0.4

lIlllIlllllllllllllllllllll

--.L,Irb§£”

—
N
-

All limits

Axial-vector
9,=025,9,
95%

0,gx=1

N

diator, Dirac DM

mediator: resonance of
di-jet, bb, tt

25

35 4
m, [TeV]

— Dijet

Dijet, 139 fb”'
JHEP 03 (2020) 145

Dijet TLA, 29.3 fo™'
PRL 121 (2018) 081801

Dijet+ISR, 79.8 fo™!
PLB 795 (2019) 56

Boosted dijet+ISR, 36.1 fb”’
PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb™!
ATLAS-CONF-2018-052

— ttresonance (1L)

36.1 10"
EPJC 78 (2018) 565

— tt resonance (OL)

139 b
JHEP 10 (2020) 061

— bb resonance

139 fo™!
JHEP 03 (2020) 145

ET'4+X

ET*+jet, 139 1"
PRD 103 (2021) 112006

ET4y, 139 b
JHEP 02 (2021) 226

ET*+V(had), 36.1 b
JHEP 10 (2018) 180

ET™+Z(I), 139 b


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-018/

DM search at colliders

SUSY, simplified models,
2HDM+a, Higgs portal DM,...

B 2HDM+a model:

The results w or w/o MET signatures also used to constrain a 2HDM
with pseudo-scale mediator “a” model

A statistical combination
of the three most
sensitive searches 1s
performed:

e MET+ H — bb

« MET+leptonically
decaying Z bosons

* charged Higgs bosons
with top and b quarks

2HDM+a, Dirac DM, sin6 = 0.35, tanf = 1, m = 10 GeV, g = 1,m =my=my

———
ol I/m > 20%

ATLAS Preliminary ]

Vs=13TeV, 36.1 - 139 fb" Limits at 95% CL
Observed
Expected
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ET®+h(tt), 139 fb™!
HDBS-2018-50
ET**+h(yy), 139 fb
JHEP 10 (2021) 13

— ET™4Z(qq), 36.1 fo'!
JHEP 10 (2018) 180
ET+Wt, 139 fb
arXiv:2211.13138

— ET"4j, 139 fb”
PRD 103 (2021) 112006

— fitf, 139 fb’

arXiv:2211.01136

— h—invisible, 139 fb™

arxiv:2301.10731

e e L LT

H— Cmeination
i ET**+h(bb), ET**+Z(ll), Htb

2306.00641
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https://arxiv.org/pdf/2306.00641.pdf

DM search at colliders

B Higgs portal DM:

Direct coupling H-DM will enhance H

invisible decays (SM ~0.1%)

SUSY, simplified models,
2HDM+a, Higgs portal DM,...

_ DM
H'ggs —"7

iy

*3 pm

Phys. Lett. B 842 (2023) 137963

& — o ol Lo —
g [ ATLAS 1 By <0.093
The combination of '_g' 1087 :_\\\ S- 7Tev 4.7fb'1:: All limits at 90% CL
results (a” H prOd-) § - \\ Vs= 8TeV, 20.3fo" ] Higgs Portal WIMP:
are interpretated in ¢ . o \\ ' S=13TeV, 13916 o ---- Scalar
Higgs portal DM b§ 10 ; ............ e :: Majorana
i e T \T x;~/~ - Vectorge
woes N B B VeClOry moge, - 02
The limits are Pt 3 e exseriments
. m. =65GeV -~ . er experiments:
setting on  the 10749 PSS - S "3 — . XenoniT-Mig
scattering Cross - ' coherent elasic neutrino el ST L pes0-MigNQ
section of WIMP - 1 — - DS50-MigQF
and nucleons 10°° & 1 - - - Pandax-4T
- | | | o == LUX-ZEPLIN



https://arxiv.org/abs/2301.10731

Long-lived particles

Long lifetimes result from a few

simple physical mechanisms:
«  Small couplings (ex. RPV SUSY )

« Limited phase space: small mass

splitting (ex. compressed SUSY, ...)
« Heavy intermediate states

. llllll
stopped\\
particles Muon
spectrometer

; N HCAL

displaced | [ . 4 a

Cleptons / AV A ) | CAL

(meta-)stable

charged
particles

displaced vertex
in association with
MET, jets, ...

disappearing
‘ ‘ tracks
( Higgs-mediated )

_dark sector _~

= = Expected limits

{s=13 TeV, 139 fo

All limits at 95% CL
Slepton Signature

[] Displaced, PRL 127 051802 (2021)
Intermediate, this work
Prompt, EPJC 80 (2020) 123

— Observed limits
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39
mass of 100 (520) GeV


https://arxiv.org/abs/2305.02005

Displaced dark photon Ney, ,

¥
7

Many BSM predict the

. , 7a ‘ Falkowski-Ruderman-
existence of dark sectors e Volansky-Zupan (FRVZ)
that are weakly coupled to fa Ny model
the SM

f
The scenario where the SM o 10 ’, o i
and the dark sector interact 7T F / -
. o - —
through a Higgs portal to & T :
produce BSM states has g 107 E
been studied xr L .
m = _
A search for displaced S XN L 2 0%
. e = _— combination 3

dark photons with masses g | wE R ]
between 0.1 GeV and 15 5 | ~ o Son2uDRy 1
G V 8_-10‘2:— ATLAS Preliminary WH 2cDPJ —

€ 5 E Vs=13TeV, 139 b~ T SSEHVEE como. o) 3
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Upper limits on the Higgs [ ggFWH/VBF combination g o2 _
b to dark photon BR G OIS e

oson 1o dark photon 10501 100 101 102 10° 104

as function of decay length cty, [mm]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-051/

Highly ionizing particles (HIP) ey,

« Dirac’'s theory of magnetic monopoles Targeting heavy, long-lived
offers an explanation for the quantization charged particles ’
of electric charge

, « Using large E depositions in pixel
« Search for magnetic monopoles and

detector by including calorimeter

stable particles with high-electric-charges ToF info

— First ATLAS limits on photon-fusion pair P :T )
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%(L\Lﬂ‘t* é
section limits by ATLAS 36 b : L v
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-044/
https://arxiv.org/pdf/2308.04835.pdf

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

Status: July 2021 £ dt = (3.6 - 139) fo? V5 =8, 13 TeV
Model t,y Jetst ET™ [rdt[ib™] Limit Reference
T T T T T T T r T T T T T T —T
@ | ADD Gkk +g/q Oept,y 1-4] Yes 139 | Mp 11.2TeV! n=2 2102.10874
.S  ADD non-resonant yy 2y - - 36.7 | Ms 8.6 TeV n=3HLZNLO 1707.04147
2  ADD QBH - 2] - 37.0 | Muw 89TeV n=6 1703.09127
@ ADD BH multijet - >3] - 36 | Mu 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
s RS1 Gk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp; =0.1 2102.13405
© Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp = 1.0 1808.02380
g Bulk RS Gy — WV — tvqq leu 2j/1J Yes 139 Gkk mass 2.0TeV k/Mp = 1.0 2004.14636
o Buk RS gkk — tt leu >1b>1J2) Yes  36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP leu >2b, >3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMD - t) =1 1803.09678
SSM Z" — ¢t 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
» SSM Z" - 17 27 - - 36.1 Z’ mass 242 TeV 1709.07242
c Leptophobic Z" — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z' mass 4.1 TeV rm=12% 2005.05138
8 SsMW v Tenu - Yes 139 | W’ mass 6.0 TeV 1906.05609
) SSM W’ — v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
g7 SSM W’ — tb - >1b>1J - 139 W’ mass 4.4 TeV ATLAS-CONF-2021-043
T HVT W — WZ — {vgqg model B 1 e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
S HVT Z’ — ZH model B 0-2eu 1-2b Yes 139 Z’ mass 3.2TeV 8gv = ATLAS-CONF-2020-043
HVT W’ — WH model B Oe,u 21b,2>2J 139 | W’ mass 3.2TeV gv =3 2007.05293
LRSM Wr — uNgr 2pu 1J - 80 | Wg mass 5.0 Tev m(Ng) = 0.5 TeV, g = gg 1904.12679
Cl qqqq - 2j - 37.0 A 21.8TeV 1, 1703.09127
— Cl ttqq 2eu - - 139 A 35.8 TeV m 2006.12946
O Cleebs 2e 1b - 139 | A 1.8 TeV g =1 2105.13847
Cl uubs 2u 1b - 139 | A 2.0 TeV g =1 2105.13847
Cl tttt >1eu >1b,>1] Yes 36.1 A 2.57 TeV |Cael = 4n 1811.02305
Axial-vector med. (Dirac DM) Oe,pu 1,y 1-4j Yes 139 Myed 2.1 TeV 84=0.25, g, =1, m(x)=1 GeV 2102.10874
s Pseudo-scalar med. (Dirac DM) O e, u, 7,y 1-4j Yes 139 Mped 376 GeV 8q=1, g=1, m(y)=1 GeV 2102.10874
) Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mined 3.1 TeV tanp=1, gz=0.8, m(y)=100 GeV | ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mmed 560 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar reson. ¢ — ty (DiracDM) 0-1e,z  1b,0-1J Yes 36.1 my 3.4TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 1%t gen 2e >2j Yes 139 LQ mass 1.8 TeV p=1 2006.05872
Scalar LQ 2" gen 2u >2] Yes 139 | LQ mass 1.7 TeV B=1 2006.05872
O ScalarLQ 3 gen 17 2b Yes 139 | LQymass 1.2 TeV B(LQY — br) =1 ATLAS-CONF-2021-008
= Scalar LQ 3 gen Oepu  >2j,>2b Yes 139 LQ; mass 1.24 TeV BLQy » tv)=1 2004.14060
Scalar LQ 3" gen >2epu,21721j,>1b - 139 LQa mass 1.43 TeV B(LQ — tr) =1 2101.11582
Scalar LQ 3™ gen Oeu, 217 0-2},2b Yes 139 | LQj mass 1.26 TeV B(LQI — bv) =1 2101.12527
VLQTT > Zt + X 2e/2u/>3eu >1b,21) - 139 | Tmass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
§~%’ VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® § VLQ T53Ts/3|Ts3 > W+ X 2(SS)/>3eu>1Db>1) Yes 36.1 Ts/3 mass 1.64 TeV B(Tsj3 > Wt)=1, c(Ts;zsWt)=1 1807.11883
:qta g_ VLQ T — Ht/Zt lepu >1b,>3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
vLQY - Wh leu >1b,>1] Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Whb)=1 1812.07343
VLQ B - Hb Oeu 22b,21j,21J - 139 B mass 2.0 TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
Ee) 'é’ Exc!ted quark g* — qg - 2j - 139 q* mass 6.7 TeV only u” and d*, A = m(q*) 1910.08447
D S Excitedquark ¢* — gy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
g £ Excited quark b* — bg - 1b1]j - 36.1 b* mass 2.6 TeV 1805.09299
1} :q:) Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eput - - 20.3 A=1.6TeV 1411.2921
Type Ill Seesaw 234eu >2] Yes 139 |'N®mass 910 GeV ATLAS-CONF-2021-023
LRSM Majorana v 2u 2j - 36.1 Ngr mass 3.2TeV m(Wg) =4.1TeV, g1 = gr 1809.11105
»  Higgstriplet H** — W*W* 234 e,u(SS) various Yes 139 | H** mass 350 GeV DY production 2101.11961
_“:) Higgs triplet H** — ¢¢ 2,3,4 e, (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
6 Higgs triplet H*= — ¢r 3eut _ _ 20.3 DY production, B(H;* — (1) =1 1411.2921
Multi-charged particles N - - 36.1 multi-charged particle mass 1.22 TeV DY production, || = 5e 1812.03673
Magnetic monopoles - - — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V_=13TeV V’=13Tev raaal - " 1 g a gl L " PR S SR A | 1 1 PR
partial data full data 10 1 10 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. 42

tSmall-radius (large-radius) jets are denoted by the letter j (J).



Recent physics results

= SM precision measurements

Elvira Rossi's talk
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https://indico.cern.ch/event/1311102/contributions/5532575/

B SM precision measurement, Probe new physics
B Overall good agreement with SM
B Just highlight some recent results

Standard Model Production Cross Section Measurements Status: February 2022
| s |
_Q AQ total (x2) R .
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10 fi N LHC pp V5 =13 TeV :
pr 575 Gev BBl Data 32-1391! ]
]_05 diets o) ZSEEZV =
pr>100 GeV A =
LHC pp Vs =8 TeV 3
10* 00 Data 20.2 — 20.3fb-! -
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A Wt wz o total
njz2 no 1(210561\/"’22 AQ ﬁ o Méz A a , :
101 " ves B O | el . o BBl Data 003-03fb J
" nz4 a O o 3
23 A o n>3 o UN Wy 3
=% O 25 TN )l = o) 3
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Vector Boson Scattering Progress

Key test of EW symmetry: ATLAS has observed all relevant VBS

= vector boson self-interactions channels, probing EW symmetry

_wgp breaking and setting constraints on
anomalous couplings

- ———— -

1 e
Lom == F F*“ S iGPy+y,y;v ¢+ e + | Dg|

Some recent results:

q’ q q Q1 qs3
(X ] . . fl
71.7jj differential ",
VA Y v 3 f‘
° ° w 1
differential W VBS same § .
z . .o = Vi
measurement z | sign WWjj 3
q q q q2 q4
; ATLAS . IS . § :""\""I""I“"I""I"“ ""I"“: ; ;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII ||||||| :
8 Preliminary VBS-Enhanced region, { < 0.4 _.;  ATLAS ~+ Data, stat unc. ] 8 1.8: ATLAS Preliminary « Data
a 10 Vs=13 TeV, 140 fo' —e— Data, stat. unc. g’< | s =13 TeV, 140 fo™' Ml Total uncertainty i S 1L Vs=13TeV, 139 fb" N mg:ﬁssmelzw E
=, = S F - ]
= Total . Exten R , N R I} F P PyTHIA-EW
S _E 10 otal une 10 tended S #5 EW-2yj MG + QCD-Z1j SHERPA_| iz 1.4 M ggg:pEﬁEwYTHIAO 3
F 3 4 SHErPA-EW+NLO EW
. 3 12 Total Unc. -
107° _."‘9'_-_.6_ 7 ) ] ° £ 2/, Sys. Unc. ]
1074 T T T — =S - 0 7 0.8F
1= — 0.6F
1075 e—===A=== Strong 4ljj (SHERPA) + EW 4ljj (MG5+PY8) E = F
E=—pye  Strong 4ljj (MG5_NLO+PY8) + EW 4ljj (MG5+PY8) C ] 0.4
EW 4ljj (MG5+PY8) - F
10 8 EW 4ljj (POWHEG+PY8) |+ ZZV(V— jj) (SHERPA) S - 0_2:
81, - ' - c
T 4 0
01' 1 1 P PP R B ] 2
2 - I s 8 1.5 E
2 0 @ =Bls = E PP /
= 0. S|z P = s bl 8555577777 877777777774
o g 80 2 05:_ R Aﬁ =
’ 3 o - Y T P PO PRV SRTTFTTE RN PN PO
2x10 50 100 150 200 250 300 350 400 450 500
mjj [GGV] m, [GeV]

ATLAS-CONF-2023-024 arXiv:2305.19142 ATLAS-CONF-2023-023 45



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-024/
https://arxiv.org/abs/2305.19142
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/

Inclusive WW xSec measurement

Excellent agreement with prediction is observed

ATLAS Preliminary
Vs = 13 TeV, 140 b’
pp — WW-~

MATRIX 2.0 nNNLO ® NLO EW
123 £ 1 (pdf) + 2 (scale) pb

This measurement
127 £ 1 (stat.) £ 4 (syst.) pb

CMS 36 b '[1]

ATLAS 36 fb'[2]
137 + 2 (stat.) £ 10 (syst.) pb

[1] Phys. Rev. D 102 (2020) 092001
[2] Eur. Phys. J. C 79 (2019) 884

| | | | | | ] | I | | | | | | | | |

118 + 1 (stat.) £ 7 (syst.) pb | o

I

l TheorylPrediction
[ PDF Uncertainty

[ ] Total Uncertainty
—e— Measurements

| ] | | | | | I | 1 | |

80 90 100 110

120

130 140 150
Total cross-section [pb]

Total WW cross section: 127 X4 pb (~3%)

ATLAS-CONF-2023-012
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-012/

Events / ( 0.25 GeV )

Data - Bkgd

W rare decays New
None of exclusive hadronic W decays (W— My with M = {1, K, p})
predicted by SM have been observed
May provide novel studies of QCD factorisation.
2 topologies track+y and t+y studied

M
M
10° w w
HELEL L L L L L DL BN B BB B
C e Data ]
7T ATLAS Preliminary e S+B Fit . y y
r Vs=13TeV, 137 fb” = Multijet ] . + +
6 [ Track-photon SR E zoee 85010 ]‘ Expected and observed upper limits on W=—n—y,
a —Ky X
5 0 W:—pty [B=5x10" ] = Wi Kiy and W= — piy at 95% CL.
Expected branching Observed branching
fraction x107° fraction x107°
W = ny 1.2703 1.9
WE 5 Ky 117973 1.7
: + + +2.3
200k |:| Bkgd+ o W= — P 6.0577% 0.2

o

2 WW@WWM M

60 65 70 595700 105 110 * DBest upper limit on B(W+—> n¥y) at 95% CL
mitrack, photor) [GeVI o Rjrst limits on B(W*— p*y) and B(W*— K¥y)
« Still far from SM (10-°,10-19)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-056/

W boson mass with 7 TeV data

Extremely sensitive probe of and constraint on new physics

B Revisited measurement from
2017, using the same data, but
with more modern PDFs, and
new log-likelihood fit to
constrains systematic
uncertainties with data

B Reduce systematics from 18
MeV to 16 MeV

!
______________________ Overview of m, Measurements
RESOTIREY, | ATLAS Preliminary ™ o=
_______________________ Vs=7TeV,46f" - i L
DO (Run 2) - e mm
PRL 108, p151804 (2012)
CDF (Run 2
Scwence(376‘ 858& p170 (2022, 1en
L_Hl-égg .20(3)62 (%022) ® =
ATLAS 2017 i
EPJ-C 78-2, p110 (2018) @ Measurement - @ mm
ESEm ' :
ATLAS 2023 W Total Unc. o]
Hhisivork " I'SM Prediction e —
______________________ i i
80200 80300 80400
my, [MeV]

mw = 80360 * 5 (stat.) £ 15 (syst.) = 80360 * 16 MeV

In agreement with SM !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-004/

Strong coupling constant «a,

« The strong force is still not well known interaction of nature
 Two o, determinations at NNLO or N3LO from ATLAS

as from Z recoil
I I-: dron Collid l |
-@- Hadron Colliders
M ATLAS -@- Category Averages PDG 2022
CONF-2023- Preliminary -@- Lattice Average FLAG 2021
1 -@- World Average PDG 2022

ﬁ -@- ATLAS Z [ 8 TeV
ATLAS ATEEC -— 10— 0.1185 £+ 0.0021
CMS jets —— 0.1170 £ 0.0019
W, Z inclusive T 0.1188 = 0.0016
ttinclusive |\ T I . 0.1177+0.0034
t decays 0.1178 £ 0.0019
QQ bound states 0.1181 + 0.0037
PDF fits —®— 0.1162 + 0.0020
e'e jets and shapes ® 0.1171 4 0.0031
Electroweak fit_ ________ [ _______L |7 _ ¢ o __ 0.1208 +0.0028 _
Latice ____________ | _______ 4% _________ 0.1184 + 0.0008 __
World average _?_ 0.1179 + 0.0009
ATLAS Zp_8 TeV | -10— | 0.1183 £ 0.0009

0.115 0.12 0.125 0.13

(xs(mz)
(0.7% rel.)

Most precise experimental single-
measurement of ag (mz) (~0.7%)

'Vew ’

as from Transverse Energy-Energy

0.16

0.14

0.12

0.10

0.08

0.06

Correlation (TEEC)  juep o7 (2023) 85

I|III|III|III|III|IIII

DO R,q

T T T T |
A TL A S » CMS it m
arXiv:1307.1907 arXiv:1207.4957
, CMsM, , CMSR,,
arXiv:1412.1633 arXiv:1304.7498
.. ATLASR,,

arXiv:1805.04691

NNLO pQCD; MMHT 2014 (NNLO)
ag(m,) =0.1175 _*(;’-(3;385 (TEEC Global)
\\\ o(m,) =0.1179 + 0.0009 (PDG 2022)

g D@incl. jet
arXiv:0911.2710

v CMSincl. jet
arXiv:1609.05331

+ TEEC7Tev
arXiv:1508.01579

o TEEC8TeV

arXiv:1707.02562

TEEC 13 TeV

I|III|IIIIIII|III|III|

102

Good agreement

10°

O
(o)
@
=

with the

renormalisation group equation
and with previous analyses
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https://link.springer.com/article/10.1007/jhep07(2023)085

ATLAS Phase-1 upgrade (Run3)

Muon New Small Wheels New LAr Calorimeter digital trigger
Precision tracking, identification and electronic boards
triggering Improved trigger granularity

Boards installed in all FE crates!

][
] [
[ %i
- rﬁL_s*W —~
m. Bl ." e

BIS78

New Muon chambers
sMDT and new generation
RPC (8 chambers installed)

L

. ‘.
3D siligon pixel detector
/ (S0 pm(x)x 250 pr¢s)

per DIX?
jartz Cerenk? '
ime-of-Flight ol »
elctor (16 bars) |

Trigger and Data Acquisition
Upgraded hardware, firmware and software
for improved trigger and DAQ

TDAQ Upgrade briefing

§T+TAFinaFaSah‘m
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First Run3 results:

Based on ~30 fb' of data recorded by ATLAS in Run 3
(2022):

« Excellent muon, electron, photon and jet performance

« Good luminosity calibration with 31.4x£0.7 fb1 ( 2.2%)

« Simplified analyses w/o categorization

* Preliminary understanding of systematics
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“Rediscover” Higgs at Run3  axwsein

= ATLAS Preliminary +Data E
= Vs=136TeV,31.4f" —g?ta' ng . =
= — Signal p -
e .. Bkg. pdf E
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A ®
) ’ ¢
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4F 1
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New /

100 L L R R B
90E ATLAS — SMo (pp—H, m,, = 125.09 GeV) 3
Y H—yy & H—ZZ*—4l QCD scale uncertainty ]
80F ¢ Combined H—yy + H—41 mm Total uncertainty (scale ® PDF+) 3
70F
60F ;
50F
40F =
30F 1 E
s \s=7TeV, 450" .
20 = Vs =8TeV, 20.31t' =
10E Vs =13 TeV, 139 fo' 3
- Vs = 13.6 TeV, 29.0-31.4 fb' .
I S R R S S N T TS S IS S ST NS S SR S S ST SRS T T
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O =76"14(67.6£37) fo  ony=2.80+0.74(3.67 £0.19) fo
O, = 58.2+8.7(59.9 + 2.6) pb
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Inclusive tt cross section [pb]

New top and ZZ xSec. measurement at 13.6 TeV

Consistent with NNLO theoretical predictions

(ATLAS: ep channel;
CMS: dilepton, lepton+jets)

T T T | T T T I T T T | T T T | T T
Tevatron combined 1.96 TeV (L < 8.8 fb'1)
ATLAS combined dilepton, I+jets* 5.02 TeV (L = 257 pb’1)
CMS combined ey, l+jets 5.02 TeV (L = 27.4-302 pb™)
LHC combined ep 7 TeV (L=5fb")  LHCtopWG
LHC combined ep 8 TeV (L =20 fb™) LHCtopWG
ATLAS en 13 TeV (L = 140 fb™)
CMSen 13 TeV (L=35.91fb")
ATLAS l+jets 13 TeV (L = 139 fb'1)
CMS l+jets 13 TeV (L = 137 b))
ATLAS ep* 13.6 TeV (L = 11 fb'w)

[
o
w

[ =
ATLAS+CMS Preliminary -
LHCtopWG ]

June 2023

e oD Or H « <« + &

CMS dilepton, l+jets 13.6 TeV (L = 1.2 fb™)

1000

* Preliminary

—_—
o
N

900

800F s e

= NNLO+NNLL, PDF4LHC21 (pp)

= NNLO+NNLL, NNPDF3.0 (o)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
Mg, = 172.5 GeV, o (M,) = 0.118 + 0.001

10

I 1 1 L I 1 L 1 I L 1

I 1 | 1
2 4 6 8 10

ATL-PHYS-PUB-2023-014

o2 [pb]

'Vew ’

25
| LHC Data 2022 ys=13.6 TeV
| o ATLAS ZZ-> llil (m, 66-116 GeV) 29 fo o
| LHC Data s = 13 TeV ATLAS Preliminary
- m CMS ZZ— Iill (m 60-120 GeV) 137 fb"

20— e ATLAS ZZ- lill (m 66-116 GeV) 36.1 b’
" LHC Data Vs =8 TeV ‘
[ = CMS ZZ- Iill (m 60-120 GeV) 19.6 fb H
[ e ATLAS ZZ— li(I/vv) (m, 66-116 GeV) 20.3 b’

15|—LHC Data Vs = 7 TeV ‘
| w CMS ZZ- Iill (m 60-120 GeV) 5.0 fo
| o ATLAS ZZ- li(livv) (m, 66-116 GeV) 4.6 b
I Tevatron Data Vs = 1.96 TeV
L w CDF ZZ— li(ll/vv) (on-shell) 9.7 fb™

10— e DO ZZ- li(ll/vv) (m 60-120 GeV) 8.6 fo

5 B MATRIX CT14 NNLO
- —— ZZ (pp)
i / — 2z6m)
O_ 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 Il 1 | 1 1 1 I 1 1 1 | 1
0 2 4 6 8 10 12 14
Vs [TeV]

ATLAS-CONF-2023-062
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Summary and Outlook

B Fruitful results from Run-2, thanks to the outstanding
performance of the LHC and ATLAS

o Higgs behaves as SM Higgs, reaching 5-10% constraints on main H-V
couplings

o Explored rare processes: Zy (3.4c), or HH prod. (o/ogy< 2.4)

o Wide program for BSM search at high-energy or through small
couplings

B Run-3 has started with Vs = 13.6 TeV
o Expect to collect ~double of Run-2 dataset by 2025
o First Run3 results from Higgs, top and ZZ cross section measurements

o BSM searches with Run2+partial Run3 to be coming at next year

Stay tuned! 54



Related talks at Corfu2023

Higgs physics in ATLAS and CMS, Rainer Mankel (Mon. 28/8)

SM (QCD+EW) in ATLAS and CMS, Elvira Rossi (Tue. 29/8)

Constraining EW baryogenesis with searches for decays of heavy Higgs
bosons in ATLAS, Spyros Argyropoulos (Tue. 29/8)

Exotics and BSM (non SUSY, non DM) in ATLAS and CMS, Jun Guo
(Wed. 30/8)

SUSY in ATLAS and CMS, Otilia Anamaria Ducu (Wed. 30/8)

Dark matter in ATLAS and CMS, Bisnupriya Sahu (Wed. 30/8)

Top physics in ATLAS and CMS, Markus Cristinziani (Sun. 03/9)

Thanks for your attention! s
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https://indico.cern.ch/event/1311102/contributions/5525270/
https://indico.cern.ch/event/1311102/contributions/5522985/
https://indico.cern.ch/event/1311102/contributions/5523382/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
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LHC / HL-LHC Plan

HiLum

LARGE HADRON COLLIDER

we are here
LHC HL-LHC
Runi | \ Run 2 ] ] Run 3 | Run4-5...
st 13 TeV [EVETS| BTN v G0 13.6 - 14 TeV
Diodes Consolidation
splice consolidation limi LIU Installati -
TeV 8 TeV_ putton collimators in e?-;g:tcan e inner triplet it
R2E project regnons Civil Eng. P1-P5 pilot beam radlatlon limit installation

2011 2012 2013 2014 | 2015 2016 2018 2019 2020 #
CMS

experiment
beam pipes 2 x nominal Lumi

—_

nominal Lumi

|

nominal Lumi

skttt

 TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES

HL-LHC CIVIL ENGINEERING:
DEFINITION

2022 é 2024 2025 2026 2027 2028 2029 IIIIIII 2040

5 to 7.5 x nominal Lumi

ATLAS -
upgrade phase 1 ATLAS - CMS /
ALICE - LHCb " 2 x nominal Lumi . e Uragece

upgrade ! '

CONSTRUCTION

/

EXCAVATION BUILDINGS

integrated JEALUMRIS
luminosity JEGIVE{ R

INSTALLATION & COMM. H” PHYSICS
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ATLAS Phase-2 upgrade (HL-LHC)

improved muon coverage new and upgraded forward

 |ITK: all silicon tracker up and luminosity detectors
to |n| = 4 with 50x increase ‘
in channels

trigger and DAQ
increased readout rates

« New inner muon systems
for improved trigger
acceptance

 New high-granularity
timing detector for pile-up |
rejection

« Trigger: 1 MHz Level-0 rate
150 kHz full-scan tracking
* LAr/Tile/muons electronics

upgrade
« Additional smaller upgrades

ITk — the new all-Si tracker

new High-Granularity
Timing Detector (HGTD)

This ambitious upgrade program supports our ambitious physics goals.
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Muon Spectrometer ([1/<2.7) : air-core toro

ids ( B~ 0.5/ 1T in barrel/ end-cap) with gas-based

muon chambers Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Run-1 ATLAS detector

Muon Detectors Tile Calorilgeter

3-level trigger
reducing the rate
from 40 MHz to
~1200 Hz

Length : ~46 m

Radius : ~ 12 m

Liquid Argon Calorimeter Welght [PV 7000 tons
~108 electronic channels
| 3000 km of cables

.y 4

© FE Gianotti

(%] Si Pixels, Si stmps Tr'ans:t:on
“@‘ Radiation detector (straws)

N Precise tracking and vertexing,
e/ separation

Momentum resolution:

o/pr ~ 3.8x104 pr(GeV) @ 0.015

Toroid Magnets  Solenoid Magnet  SCT Tragcker P (Chamber' resolution @MS)

EM calorimeter: Pb-LAr Accordion

e/y trigger, identification and measurement
E-resolution: o/E ~ 10%/vE

\

Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing &+
E-resolution: o/E ~ 50%/vE & 0.03

HAD calorimetry ([n/<5): segmentation, hermeticity




ATL-PHYS-PUB-2021-009
ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2021 [L£dt = (18.4-139) fb! V5=8,13TeV
Model Signature  [£dt[fb™] Lifetime limit Reference
RPVt — uq displaced vtx + muon 136 t Iifetirlne s ! e Ol.OOGl-G.IO r'nI | o Im(IE)I:I1I.‘; I‘l'ev S 2003.11956
RPVX‘I’ — eev/euv/upy  displaced lepton pair 32.8 X‘I lifetime 0.003-1.0 m m(§)=1.6TeV, m(x?)= 1.3 TeV 1907.10037
GGM ) — ZG displaced dimuon 32.9 X‘I’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(x3)=1.0 TeV 1808.03057
GMSB non-pointing or delayedy 203 | x? lifetime . o00854m SPS8 with A= 200 TeV 1409.5542
GMSB? — (G displaced lepton 139 7 lifetime 6-750 mm m(f)= 600 GeV 2011.07812
> GMSB % - 7G displaced lepton 139 7 lifetime 9-270 mm m()= 200 GeV 2011.07812
§ AMSB pp — xix} x{x;  disappearing track 136 | x7 lifetime 0.06-3.06 m m(xy)= 650 GeV ATLAS-CONF-2021-015
AMSB pp - v2x0,xix;  large pixel dE/dx 18.4 | x* lifetime . 131:90m m(xs)= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 § lifetime 0.1-519 m B(g — 5g)= 0.1, m(g)= 500 Ge 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(x9)= 100 GeV 1808.04095
Split SUSY displaced vtx + E}“iss 32.8 g lifetime 0.03-13.2 m m(g)= 1.8 TeV, m(x})= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets +E+"‘5S 36.1 g lifetime 0.0-2.1m m(g)=1.8TeV, m(x})= 100 GeV | ATLAS-CONF-2018-003
H->ss ID/MS vtx, low EMF/trk jets 36.1 s lifetime 0.12-116 m m(s)=25GeV 1911.12575
VH with H — ss — bbbb 2( + 2 displaced vertices 139 s lifetime 3.6-62 mm m(s)=25 GeV ATLAS-CONF-2021-005
o
:’g_ FRVZ H — 2y4 + X 2 e~ pu-jets 203  |[FANiEHRE 0-3 mm m(yq)= 400 MeV 1511.05542
EI: FRVZH — 2yq4 + X 2 u-jets 36.1 v4 lifetime 1.5-307 mm m(yq)= 400 MeV 1909.01246
§ FRVZH — 4yq + X 2 u-jets 36.1 4 lifetime 3.7-178 mm m(yq)= 400 MeV 1909.01246
I H— Z4Zy4 displaced dimuon 32.9 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H—- ZZy4 2 e, u + low-EMF trackless jet36.1 Z, lifetime 0.21-52m m(Zy)=10 GeV 1811.02542
$(200 GeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o x B=1pb, m(s)=50 GeV 1902.03094
L‘§ (600 GeV) - 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
@ ®(1TeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV| 1902.03094
N— Wt displaced vix (uu or pe) + pu 36.1 N lifetime 0.44-37 mm m(N)= 5 GeV, LNC 1905.09787
;2:' N - Wt displaced vix (uu or ue) + u 36.1 N Iifetime o ?.IG:II-ZZ mmI o oo h o] o .m(.N.):. ?I(?ev, LNV. L 1905.09787
0.01 0.1 1 10 100 cT [m
- V5=13TeV  5=13TeV
partial data full data el el el il el EE—
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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ATLAS Preliminary ~Total [Jstat. [Jsyst.

Total Stat. Syst.

Run1H-yy ——®——126.02 + 0.51 (+ 0.43 £ 0.27) GeV

ATLAS-CONF-2023-036

ggs mass

New ’

ATLAS + CMS Run 1
Hoyy, H->ZZ*—4]

125.09 £ 0.24 (£ 0.21+ 0.11) GeV

Run 2 H—yy 125.17 + 0.14 (+ 0.1+ 0.09) GeV

=

Run1+Run2 H-yy

b [ ——— -
IIIIII|IIII|I‘II!lIIJIlIlJIlI\IIl\J
123 124 125 126 127 128 129
my [GeV]
arXiv:2308.04775
T | T T L T ‘ T T T | T T ¥ T | T T T | T T T T I T T T T
ATLAS Preliminary re4  Total Stat. [ Syst. |  Combination
Run1:/s=7-8TeV,25fb~!, Run2: /s = 13 TeV, 140 fb~!
Total Stat.  Syst.
Run1 i — F——%— 126.02 +0.51 (+ 0.43 + 0.27) GeV
Runi1 H — 4¢ e 124.51 + 0.52 (+ 0.52 + 0.04) GeV
Run2 H — 4 125.17 + 0.14 (+ 0.11 + 0.09) GeV
Run2 H — 4¢ 124.99 + 0.19 (+ 0.18 + 0.04) GeV
Run 142 H — 7y 125.22 + 0.14 (+ 0.11 + 0.09) GeV

124.94 + 0.18 (+ 0.17 + 0.03) GeV
125.38 + 0.41 (+ 0.37 + 0.18) GeV
125.10 + 0.11 (+ 0.09 + 0.07) GeV

Run 142 H — 4/
Run 1 Combined
Run 2 Combined
Run 1+2 Combined

I T T I T
ATLAS Preliminary
Vs=13TeV, 140 fb™", Hoyy

[T Previous calibration

[TTTT) New calibration, wio linearity

[T New calibration, wi linearity

[

Photon energy scale impact [MeV]
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New H — yy measurement using full Run 2 data:

Y
T

C, Central-barrel, high p.
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* Increased data sample (~4x)
* Improved estimation of photon energy scale
with significantly reduced (~3x) uncertainties
» Optimized event classification strategy

Source

Systematic uncertainty on myg [MeV]

e/v Er-independent Z — ee calibration
e/~ Ep-dependent electron energy scale
H — v+ interference bias

. ¢/v photon lateral shower shape

1 e/v photon conversion reconstruction

]
PR I TR N SN B | PR Y Wk o e v Ao ey el S S e S
123 124 127 128
my [GeV]

e/~ energy resolution

H — 77 background modelling
Muon momentum scale

All other systematic uncertainties

44
28
17
16
15
11
10

8
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https://arxiv.org/abs/2308.04775
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-036/

Weighted Events / 2 GeV

Data - Bkg.

Evidence for H to 2"9 gen. lepton

[ATLAS JHEP 01 (2021) 148 PLB 812 (2021) 135980]

[ATLAS arXiv:2007.07830; CMS: JHEP 03 (2020) 131]

700__ — T T T I T L L | CMS 137 fb (.1 3 TeV)
o ATLAS +Data 3 g
. ; ATLA =13 TeV, 1391 H-
B00E {52 13 TeV, 130 15" —Tolpdf S {s=13TeV, 139 b’ m g RRRA \ \ | ERRRRN RERRE
E —Signalpaf 3 FeiTotal | IStat EISyst | s Total Stat. Syst. o
50()E H - py, In(1 + S/B) weighted .--Bkg. pdf _E Y
4005 = VH and ttH categories —E==— 50 £35 (£33, £1.1) §
o 3 S
300 E ggF 0-jet categories —#— 04 £16 (£15, £03)
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100 —
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2 VBF categories | 18 £1.0 ( £10, £02)
0 ¢ _
Ll T T+ T oo B 1208 (208, 107 | 107 —Combined —VBF-cat.
- T Lo v o by b v by v by e by | B Observed 1l
. . . . . \ . . A r — ggH-cat. ttH-cat.
110 115 120 125 130 135 140 145 150 155 160 =10 -5 0 5 10 15 20 — VH-cat.
mUH[GeV] SlgnaIStrength ~4 L b b b b b By b Pewn s B
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my (GeV)
@ ATLAS: Signal significance: 20 (exp. 1.70)
H — +02 Cryrrrryprrryprrryprrrprrrrrr [ rroTr ]
Signal strength 1 = 1.2 + 0.6(stat) ;] (syst) 05 ATLAS Preiminary’ |+ oata | ]

Assuming SM production rate, B(H — ,u,u) < 4.7 x107* at 95% CL.

@ CMS: Signal significance: 30, (exp. 2.50)
Signal strength: p = 1.1979:3 (stat) 1513 (syst)
0.8 x 107* < B(H — pu) < 4.5 x 1074

H-2>cc (next milestone)
O Limits on VHcc@95%CL:

Events / 1

0.4

0.2

0.1F

0.3

L \s=13Tev, 139"

[ 0+1+2 leptons

[ 1+2c-tags, All SR

[ Weighted by Higgs S/B

- ATLAS- CONF 2021-021

H->cc

Il VH(— cC) (u=-9)
B VZ( ct) (u=1.16)
I VW(= cq) (1=0.83)
B-only uncertainty |
— SM VH(= ¢t) x 26
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https://arxiv.org/pdf/2007.07830.pdf

Higgs rare decays (H->Ily)

X weights/ GeV

Zw—Bkg

[ATLAS: PLB 819 (2021) 136412]

1

B Low invariant mass range: dominated by

- First evidence of H>lly (I=e/p)
O Signal strength u=1.5+0.5

o Fiducial xSecxB ( H=>1ly) =8.7 _
B Complementary result for H>Zy (mll ~ mZ)

o Significance of 2.2 ¢ (1.2 o) obs. (exp.)
O  Obs(Exp)<3.6(2.6) X SM @95%CL.

PLB, 809(2020) 135754
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09749-7.pdf
http://dx.doi.org/10.1007/JHEP04(2022)091

m(x?) [GeV]

Smuon & g-2

pp - [ g [i a0 B - px3, bino LSP

EWKinos / sleptons contribute to muon’s g-2

Aay = o8P — aSM = (2514 59) x 101! (4.20)

600 i '
- ATLAS Preliminary A imis atos cu
- 8-13TeV,20.3-139fb"' ™= e
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ATL-PHYS-PUB-2023-005

Examples of pMSSM parameters compatible with p g-2 anomaly

To-do: Cover gaps at low/compressed mass region

from experiments
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NEW- Search for Highly lonizing Particles [IXScoNZrer

Entries

Data / Pred.

Search for heavy, long-lived, charged particles with large ionization energy loss

Mass from average of pixel dE/dx & calo ToF

1077
105 ATLAS Preliminary ~ /s=13TeV, 14010
4F SR dE/dx > 1.8, B(calo)<B_
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Determine By and the mass m = p/By
using two independent methods

(mToF+de/dX)/2 [GeV]
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Highly ionizing particles Ney, ,

Cross-section upper limits for spin-0 (1/2) magnetic monopoles of
magnetic charge (g) and for high-electric-charge objects of electric
charge |z| (20 — 100), for masses between 0.2-4 TeV

04 7
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LHCTopWG Summary
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. . O Fot. (£ stat. £syst.) Obs. Sig. ATlLAS, dilepton . 65.7+45416+12pb
ATLAS, 1L/2LOS, 139 fb 7 +15 arXiv:2207.01354, L, =257 pb |
JHEP 11 (2021) 118 = 2658y 190
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New W mass measurement from ATLAS

ATLAS-CONF-2023-004

Determine the W boson mass from the dependence of the leptonic transverse momentum
(pt) and the transverse mass (mr)
Mw shift = = 50 MeV

(s=7 TeV, pp—> W'+X  Am,=+50 MeV

A m,,=-50 MeV

2
c
5
o
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e
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2
©
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o
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— ]

Var./Nom.

40 42 44 46 48 50
p!. [GeV]
Revisited measurement from 2017, using the same data, but with more advanced physics
model and profile likelihood fitting:
= Advantage: Reduce systematic uncertainties during the fit
= Disadvantage: Computational expensive, challenging to investigate systematics ..
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W mass: physics modeling and analysis improvements

Physics modeling Analysis improvements
- Baseline: Pythia AZ tune (based on Z boson) - Multijet Background Estimation
- Z Boson Data, Parton Shower Variations - Systematic shape variations using PCA

- New transfer function from CR to SR

- N Verificati -
ew Verifications - Reduction of uncertainty by 2 MeV

- AZ tune describes hadronic recoil spectrum of W’s

in low-pileup data at 5 TeV within - EWK uncertainty evaluated at detector level

agpailrpnel wrenalliles - increase uncertainty by 1-2 MeV

- DYTurbo (resumed calculation) also agrees with AZ

Tune. - Recovering data in the electron channel

- Treatment of angular coefficients unchanged . Increased statistics by 1.5%

- Parton Distribution Functions: . Add W width as NP parameter
- Studied full set of available PDF Sets at
NNLO: CT10, CT14, CT18, MMHT2014, - Improving random generator setup for the
MSHT20, NNPDF3.1, NNPDF4.0 electron energy calibration

- New Baseline CT18

Mean Elec. PDF  Muon EW PS & Bkg. I'w MC stat. Lumi Recoil
[MeV] Unc. Unc. Unc. A; Unc. Unc. Unc.



