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LHC highlights and prospects
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Content

® The summary and highlights of the recent and most interesting
measurements are shown in following categories:

® Higgs boson physics;
® TJop quark physics;
® Precise SM measurements;
® BSM searches;
® Heavy lon physics.
® Prospects for the HL-LHC physics reach;
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LHC operation & data recorded
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LHC operation & data recorded
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LHC operation & data recorded

® 40 times more collisions recorded
than previously (2010-2018);
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Higgs boson measurements
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L

® Over a decade after the discovery of the Higgs boson, ATLAS and CMS have
been performing extensive set of measurements to characterise its nature;

Higgs boson measurements

® |ndirect probe of the BSM physics;
® We explore all accessible Higgs boson production and decay modes;

® bbH and tH are not yet dlscovered
® ggH b VBF(qu) ¢ d ttH/bbH

Y 5500
t/b/c
t/b/c > ----- E ..... >—/ ::: E .....
b/
20000 ¢

® ccand UM are st|II under searchlng.

ww) zz) W/Zv

Wz 7 b/c T/

/4 Y vz b/c T/

® Nature papers from ATLAS (Nature 607, 52 (2022)) and CMS (Nature 607
(2022) 60-68) give an overview of the Higgs boson ten years after discovery..
ATLAS Higgs Run 2 report contains updated summary.
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2023-11/

L

® Combination of measurements in all production and decay modes @13 TeV:

Higgs boson production and decays

® Consider signal strengths per-production and per-decay mode.
CMS 138 o' (13 TeV)
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H - Zy evidence
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The observed signal strength is 2.2 £ 0.7 within 1.90 of
the deviations from the SM prediction.
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https://link.aps.org/doi/10.1103/PhysRevLett.132.021803

Search for very rare decays

CMS-PAS-SMP-22-012
95% CL upper limit (obs.)
on branching fraction
H— J/vy | 2.6 x10~*
H— (2S)~y | 9.9 x 10~*
Z—J/Y~y | 0.6 x 107°
Z —(2S)y | 1.3 x 107°

L

H-D-y & Z-D0/KO0y

”,{i D o : d  Non SM diagram
p FCNC Hcu
y , interaction

® Observation at LHC would
indicate new physics;

arXiv:2402.18731

95% CL upper limits
Branching Fraction o X B [{b]
Channel Observed Expected Observed Expected
H— D%y | 1.0x1077 1.2%93 x 107 58 68+3%
0 -6 1.4 -6 82
Z — D" | 4.0x10 3470 X 10 235 2007%
Z— Kly [ 31x107° 3.0t x107° | 185 17617

~~2x improvement w.r.t. previous result. |

' Hec interpretation in combination with

H—YY:— 157 < Kc /Ky < 199 GeV
comparable with ATLAS result.
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First limits on
H— D+yand Z = Ks0y!
~500x on existing Z = D0y
limit from LHCD.



https://arxiv.org/abs/2402.18731
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-012/index.html

Higgs boson couplings

L

® Sensitivity estimated using combined coupling "modifiers” @13 TeV:

® Consider model(s) with the most important physics message: Kt, Kb, K+, Ky, Kw, Kz, (+ Kg, Ky)'

® Present results assuming SM dependance between particle mass and its coupling to Higgs boson

CMS 138 fb™" (13 TeV)
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L

® Previously Awz measured consistent with | (6% precision) using VBF +VH with
H = WW?*and H = ZZ* assuming Kw and Kz positive;

® New measurement:YBFWH,W — | v , H — bb;

Relative sigh of coupling to W and Z

d arXiv:2402.00426
d
u 2 L L L L L UL UL P |
u « T .
W W | -‘ '~'~
~~~~~~ 7-: S - H i S, e
u [ 1
__\ u _ 3¢ SM pred. A1)
u B VBF WH Higgs comb.
Uy ® Best Fit ®BestFit |
2 s 2 - Bicobs. --1cexp. --1cobs. -
~ K Interference ~ Ky Ky ~ Ky R oo oo, -
-05 ~ Boobs. 5cexp. -5 o0bs. ]
2 2
overwn & Kz | Mz |" + — 2Ky KWER[./%;./%W] K
= 32 2 I i
= K5 | M,|" + 2 17 {(Ag RIA, M ) 1 B . _
 TeV, 36.1-139 b
1 AI“‘“I I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I L 1 1
-1 -0.5 0 0.5 1

Awz < 0 is excluded with significance much greater than 50.
Awz >0: g = 0.9+2.3(stat.)+3.3(syst.)
Dominant ung; stat, tt and VW+jets modelling.
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https://arxiv.org/abs/2402.00426

L

Higgs boson mass and width

Higgs boson mass ATLAS-CONF-2023-037 Higgs boson width
| [ [ [ [ | [ [ | | | | | | | | [ [ [ [ | [ | | | | | |
ATLAS e Total Stat. [ |Syst. | Combination ZOEMS Profminary 138107 (13 76V
Run 1: /5 = 7-8 TeV, 25 fo~!, Run 2: /5 = 13 TeV, 140 fb~" - — Observed
Total Stat.  Syst. -
Run1H — 7y : o—— 126.02+0.51 (+ 0.43 + 0.27) GeV I . Expected .
Run1H —4¢ | . | 124.51 + 0.52 (+ 0.52 + 0.04) GeV g’ i ]
Run 2 H — vy I-Fj-l 125.17 + 0.14 (+ 0.1 + 0.09) GeV cﬁ o 4
Run2 H —» 4/ |—th 124.99 + 0.19 (+ 0.18 + 0.04) GeV 1
Run 142 H — vy IPm-l 125.22 + 0.14 (+ 0.11 + 0.09) GeV | __75;"'_"»__::
Run 1+2 H — 4/ I—QT 124.94 + 0.18 (+ 0.17 + 0.03) GeV AN 7 eewcL |
Run 1 Combined HT—— 125.38 + 0.41 (+ 0.37 + 0.18) GeV % 5 ﬂlrl(l\]/lel \;;’ s
Run 2 Combined 125.10 + 0.11 (+ 0.09 + 0.07) GeV CMS'PAS'HIG'2 I 'O I 9
fun 1+2 Combined ;: 12511011 (+0.09.£006) GeV Width I'(H) extracted assuming identical
| | | | | | | | | | I | | | | | | | | | | | | | | [ | | | | . .
123 124 125 126 127 128 coupling in on-shell and off-shell
mu [GeV] productions.
ATLAS combination : Most precise
P r(H) = (Il ofl‘-shelllll on-shell)rSM(H)

measurement of my (0.09%) up to date!

GVNNTHIRICIN  Measurement | I(H)[MeV]

Run 1 + Run 2 o 125,082 (") GeV ‘ ATLAS 4l+livv : 4,642
. CMS 4l+livv 3 )+2.4

H—2ZZ*—4| channel (CMS) : Most precise “-17
single-channel measurement ! Updated CMS 41 2.9+4
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https://cds.cern.ch/record/2871702?ln=en
https://cds.cern.ch/record/2865480/files/ATLAS-CONF-2023-037.pdf
https://cds.cern.ch/record/2871702?ln=en

And many more results...
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Vs =13 TeV, 139 fb~1, my, = 125.09 GeV

Di-Higgs resonant and non-resonant searches;

arXiv:2402.05742

SMEFT A =1TeV
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https://arxiv.org/abs/2402.05742
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/

And many more results...

ATLAS

Vs =13 TeV, 139 fb~1, my, = 125.09 GeV

arXiv:2402.05742

SMEFT A =1TeV

Di-Higgs resonant and non-resonant searches;
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https://arxiv.org/abs/2402.05742
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/

Top quark measurements

® Showing a selection of recent results

® Vast number of measurements from ATLAS and CMS could
be found on the ATLAS and CMS public results.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

Top quark mass

® |mportant SM parameter (loop corrections, Yukawa coupling, EWSM,...);

ATLAS+CMS Preliminary Miep SUMMary, Vs = 1.96-13 TeV November 2023
LHCtopWG

-------- LHC comb. (Sep 2023*), 7+8 TeV LHctopwa [1][16]
—— statistical uncertainty
total uncertainty

1 ]
1 1

total stat

m,, * total (stat + syst * recoil) [GeV] [L dt Ref.

|| LHC comb. (Sep 2023*), 7+8 TeV 172.52 £ 0.33 (0.14 £ 0.30) <0m'mel || | m =172.52 ¥ 0.33 GeV
World comb. (Mar 2014), 1.9+7 TeV 173.34 £ 0.76 (0.36 £ 0.67) 871", 2] t
ATLAS, l+jets, 7 TeV 172.33 £1.27 (0.75 £ 1.02) 461", (3] = :
ATLAS, dilepton, 7 TeV 173.79 £ 1.42 (0.54 + 1.31) 461" [3] / o o o
ATLAS, all jets, 7 TeV — 1751418(1.4%12) 461, [4 g” Precision below 2 permll!
ATLAS, dilepton, 8 TeV 172.99 + 0.84 (0.41+ 0.74) 20.3 o™, [5] " .
ATLAS, all jets, 8 TeV 173.72 £1.15 (0.55 + 1.02) 20.3 o™, [6] LH C top Program Ml Iestone!
ATLAS, l+jets, 8 TeV 172.08 + 0.91 (0.39 + 0.82) 20.2 b, [7] i -
ATLAS comb. (Sep 2023*) 7+8 TeV 172.71 + 0.48 (0.25 + 0.41) <203 1] .

ATLAS, leptonic inv. mass, 13 TeV
[[ ATLAS, dilepton (*), 13 TeV
CMS, I+jets, 7 TeV

174.41+£0.81 (0.39+0.66 £0.25) 36.1 b, [8] T

[

172.21+£0.80 (0.20 + 0.67+0.39) 13910 [9] | — 72 2 O 80
173.49 + 1.07 (0.43 + 0.98) 491, [10] ﬁ mt - I . I i . TeV

CMS, dilepton, 7 TeV k 1725+ 1.6 (0.4 £ 1.5) 49107 [11] § 1, . .
CMS, all_ jets, 7 TeV 173.49 +1.39 (0.69 + 1.21) 35712 | 2 PreC|Se Run 2 S|ng|e
CMS, l+jets, 8 TeV 172.35 + 0.51 (0.16 + 0.48) 19717, [18] | ¢
CMS, dilepton, 8 TeV 172.22 ‘g5 (0.18 'gg) 10717, 114] | = im lts with w i
CMS, all jets, 8 TeV 172.32 + 0.64 (0.25 + 0.59) 19.7107,[13] | & eXPerI ent resu tS It ne
CMS, single top, 8 TeV 17295422 (077 (o 7) 10717 [15] | F5 .
CMS comb. (Sep 2023*), 7+8 TeV 17252 £0.42 (014 + 0.39) <1971 (16| | | an alys is methods.
CMS, all jets, 13 TeV 172.34 +0.73 (0.20 ) 3591 (17] | =
CMS, dilepton, 13 TeV 172.33 +0.70 (0.14 + 0.69) 35.9 fb™, [18] mt — I 72 77 + O 3 7 Tev
[T CMS, I+jets, 13 TeV 171.77 £ 0.37 919 || | ’ -
CMS, single top, 13 TeV 172.13 72 (0.32 ) 35.9 b, [20] '
[| CMS, boosted, 13 TeV 173.06 + 0.84 (0.24) 138107, 21] ||
[1] ATLAS-CONF-2023-066 [8] JHEP 06 (2023) 019 [15] EPJC 77 (2017) 354
[2] arXiv:1403.4427 [9] ATLAS-CONF-2022-058 [16] CMS-PAS-TOP-22-001
[3] EPJC 75 (2015) 330 [10] JHEP 12 (2012) 105 [17] EPJC 79 (2019) 313
[4] EPJC 75 (2015) 158 [11] EPJC 72 (2012) 2202 [18] EPJC 79 (2019) 368
* Preliminary (5] PLB 761 (2016) 350 [12] EPJC 74 (2014) 2758 [19] EPJC 83 (2023) 963
[6] JHEP 09 (2017) 118 [13] PRD 93 (2016) 072004 [20] JHEP 12 (2021) 161
[7) EPJC 79 (2019) 290 [14] PRD 93 (2016) 072004 [21] EPJC 83 (2023) 560

I165 170 I175 180 185
my,, [GeV]
arXiv:2402.08713
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https://arxiv.org/abs/2402.08713

tt cross-section

3 T | T T T | T T T | T T T T T T T T T T
2 103 — ATLAS+CMS Preliminary
c —  LHCtopWG November 2023
Re) = | NNLO+NNLL, PDF4LHC21 (pp)
= B ,

8 — B NNLO+NNLL, PDF4LHC21 (pP) —
a — Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 ]
% Myp = 172.5 GeV, 0, (M,) = 0.118 + 0.001 ;

e k VY Tevatron comb. (1.96 TeV, <8.8 fb™) [1]

O @. ATLAS comb., ee, up, ey, l+jets (5.02 TeV, 257 fb™) [2]

1 == 2 | — 1 R
= 10° 4 CMS comb., ey, l+jets (5.02 TeV, 27.4-302 fb™) [3] -
(<)) [ ¥ LHC comb., LHCtopWG, ep (7 TeV, 5 fb™) [4] _
= — A LHC comb., LHCtopWG, ep (8 TeV, 20 o) [4] —
g — B ATLAS, ep (13 TeV, 140 fb™) [5] -
— — A CMS, en (13 TeV, 35.9 fo') [6] .
8 — [] ATLAS, I+ets (13 TeV, 139 fo) [7] -
— /\ CMS, l+jets (13 TeV, 137 fb™) [8]

— @ ATLAS, en (13.6 TeV, 29 fo'') [9] -
® CMS, ee, pp, ey, l+jets (13.6 TeV, 1.2 fb™) [10]
[1] PRD 89 (2014) 072001  [6] EPJC 79 (2019) 368
1 O L [2] JHEP 06 (2023) 138 [7] PLB 810 (2020) 135797 —
— [38] JHEP 04 (2022) 144 [8] PRD 104 (2021) 092013 ]
— [4] JHEP 07 (2023) 213 [9] arxiv:2308.09529 ]
[ [5] JHEP 07 (2023) 141 [10] JHEP 08 (2023) 204 ]
1 1 1 I 1 1 1 | 1 1 1 I 1 1 | I 1 1 1 I 1 | 1 I
: I T T T I T T 1 | 1 T | I 1 1 1 I T T T I 1 1 T I :

2§ 1IE E
o l3) = ) =
T3 15— Y /s .glli B

s a 0.9 =2 ' =

' 1- I L 1 1 I 1 1 I 1 L 1 I & | 1 1 I L 1 L I 1 | | 1 I :

oo
—
o
—h
N
—t
N

<|
3
)

=

S

To be updated with new CMS result

| : No significant deviation from the SM
m predjction at all measured CME.
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L

13.6 TeV results @ |
3.2% using 29 fb-! (ATLAS)
3.5% using 1.21 fb-I(CMS)

|

‘\
|

13 TeV ATLAS 1.8% unc. !

CMS Preliminary
o summary,{s = 5.02 TeV ~ March 2024

NNLO+NNLL PRL 110 (2013) 252004
"""" My, = 172.5 GeV, a,(M,) = 0.1180.001

scale uncertainty
scale® PDF® o uncertainty

total stat

ot (stat)+ (syst)+ (lumi)

CMS, e+jets H-eoH 61.0+2.7+3.3+1.2pb
CMS-PAS-TOP-23-005, Linl =302 pb'1 : p
CMS, p+ets o | 4514584
CMS-PAS-TOP-23-005, L =302 pb’ 61.9+2.1£28+1.2pb
CMS, l+jets HeH 61.4+1.6+27+1.2pb
CMS-PAS-TOP-23-005, Lim =302 pb'1 i P
CMS, e h—e—y i 60.7+ 5.0+ 2.8+ 1.1 pb

JHEP 04 (2022) 144, L =302 pb’!
CMS, combined
CMS-PAS-TOP-23-005, L, =302 pb’”

HeH 61.2+1.6+2.5: 1.2 pb
ATLAS, (ee, iy, en) u_._|| 65.7+ 4.5+ 1.6 1.2pb

JHEP 06 (2023) 138, L= 257 pb'

ATLAS, I+jets

+0.9+ 29+
JHEP 06 (2023) 138, L =257 pb’! 68.2+0.9+2.9+1.1pb

ATLAS combined

67.5+0.9+23+ 1.1 pb
JHEP 06 (2023) 138, L =257 pb’ P

PDF4LHC21 J.Phys.G 49 (2022) 080501
: NNPDF4.0 EPJC 82 (2022) 428
I I MSHT20 EPJC 81 (2021) 341

C"'1 8I PRID 1(|)3 (2P21)|014|013 | |

100 120

- | L1 1 I I — | 1 F 1

20 40 6

Low intensitycgmi'eV run in 2017
(<U> = 2) using I+jets events;

CMS-PAS-TOP-23-005



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-005/index.html

tt cross-section in heavy lon collisions

2

® First observed by CMS;
® Used both |+jets and dilept

® Observation: with 9% precision:
58.1 + 2.0 (stat.)**8.44(syst.) nb;

® Dominant uncertainties from JES, tt .

modelling and misidentified leptons.

ATLAS

MCFM TUJU21
MCFM nNNPDF30
MCFM nCTEQ15HQ
MCFM EPPS21
CMS 8.16TeV p+Pb

ATLAS+CMS 8TeV pp (extrap.)
I 1 1 L l

® Constraint nPDFs in the high-x region o

20 40

arXiv:2405.05078
T L

T 1 I T 1

p+Pb |s,, =8.16 TeV
165 nb™
7" Data total unc.
| Data stat. unc.

PRL 119 (2017) 242001

45* 8 nb

JHEP 07 (2023) 213
l 1 1 1 I

60

l 80 100 .
o [nb]

® Evidence for top quark production in Pb-Pb collisions (CMS) - PRL. 125, 22200
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https://arxiv.org/abs/2405.05078
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.222001

Lepton flavour universality in W decays

arXiv:2403.02133 .

W

® Exploiting leptons from W decays
in tt dilepton events;

® SM predicts R =1; R = BRW=wv)
BR(W—ev)

o 7 T N - L e B B I
- Ruleyy=0.9995 + 0.0022 stat. = 0.0036 syst. ATLAS i
U :
i LEP2 . :
‘J 0.0014 extern.= 0.9995 + 0.0046 ete >WW, Vs=183-207 GeV .
' E — ATLAS e
pp—W, Vs=7 TeV, 4.6 fo ;
LHCVB‘/_ Tev, 2" ' *
® No evidence of LFU violation; e :
Y
. . stt, Vs=13 TeV, 36 fb” :
® Measurement dominated by systematic v ;
. . . PDG average e
uncertainties (PDFs. tt * Z modelling, lepton [ o
. ATLAS (this result) —Ct
ID and I"GSO'UtIOﬂ) Fpl—>ttl,\/§|=1lsTlevl,14|10f|b‘11 R
0.92 0.94 0.96 0.98 1 1.02
B(W—-uv)/B(W—ev)

Most precise e/ u universality test, improving on the previous PDG average
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https://arxiv.org/abs/2403.02133

L

® Entanglement explored the first time between a pair of quarks at relativistic
energies. In tt spin information is correlated and transferred to decay products.

® Spin correlations at low m(tt) used as a proxy to estimate the entanglement.

® Study two-qubit states at tt production threshold (system is spin-singlet,

rotationally invariant), with well-specified fiducial phase-space. (ATLAS: particle
level, CMS: parton level)

Observation of quantum entanglement

® Observable dependent on the angle between the leptons in rest frame of their parents.

CMS Preliminary 35.9 fb~! (13 TeV)
T T T T I T T T U I T T T T | T T T T | U T T T l T T T T i
— Entanglement Threshold " ATLAS
re4 Data 0.1 i y é..
‘e POWHEGV2+PYTHIAS - /s=13TeV, 140 1b
o4 MG5_aMC@NLO+PYTHIA8 [FxFx] i
e1  POWHEGv2+HERWIG —0.2¢ *
0000 (tt only) 345 < m(tt) < 400 GeV i N
0.0<3<0.9 % SR i ®
. & 03 arXiv:2311.07288
- b e
0
° S
-0.489:38%8 4 o 4, o g4 ]
' [ | —.— Limit (Powheg + Herwig7) .
[ 8 ---- Limit (Powheg + Pythia8) ]
° B i o B Theory Uncertainty
L 0 -0.5} Data 7
-0.478+3928 R 3 f : Po i ’
- é wheg + Pythia8 (hvq) |
L L L | I il L L L l L L il L I L il L il I L il L L I L I L L —0_6
060 -055 -050 -0.45 -0.40 -0.35  -0.3C 340 <mg <380 380 < my < 500 my > 500
. . D Particle-level Invariant Mass Range [GeV]
Jelena Jovicevic - Corfu 2024


https://cds.cern.ch/record/2893854/files/TOP-23-001-pas.pdf
https://arxiv.org/abs/2311.07288

Observation of quantum entanglement

L

Entanglement explored the first time between a pair of quarks at relativistic
energies. In tt spin information is correlated and transferred to decay products.

Spin correlations at low m(tt) used as a proxy to estimate the entanglement.

Study two-qubit states at tt production threshold (system is spin-singlet,

rotationally invariant), with well-specified fiducial phase-space. (ATLAS: particle
level, CMS: parton level)

® Observable dependent on the angle between the leptons in rest frame of their parents.

CMS Preliminary 35.9 fo-! (13 TeV)
L e [
— Entanglement Threshold i
o4 Data 0.1} ATLAS . é..
&1 POWHEGV2+PYTHIA8 . /s=13TeV, 140 b
4 MG5_aMC@NLO+PYTHIAS [FxFx] ﬁ
-e¢ POWHEGV2+HERWIG -0.2f *
0000 (tt only) 345 < m(tf) < 400 GeV : O
0.0<B<0.9 % SR _ ®
: §oa arXiv:2311.07288
o § :
| oasege ] g L
Entanglement observed >50 in both ATLAS and CMS experiments;

Degree of entanglement depends on tt kinematics
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https://cds.cern.ch/record/2893854/files/TOP-23-001-pas.pdf
https://arxiv.org/abs/2311.07288

L

SM precision measurements (EW and QCD)

® Test the consistency of the SM and probe beyond SM contributions
® Tests of the:state-of-the-art perturbative QCD calculations

® Constraints on Parton Distribution Functions (PDFs)
® Probe the mechanism of EW symmetry breaking

Only few very recent measurements will be shown in this talk. the others can be
found on ATLAS and CMS pyblic pages.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP

L

W and Z cross-sections at 13.6 TeV

® Data collected in 2022 with an integrated luminosity of 29 fb-;
® |ntegrated luminosity uncertainty of 2.2%
® Ratios of tt to W boson cross sections are measured as well;

® Compared to various PDF predictions arXiv:2403.12902
IIIIIII|IIII|IIII|IIII
. 10 ATLAS
g "~ ATLAS ] Vs=13.6 TeV, 29 fb
© — - - Total uncertainty (w/o luminosity) ]
Ny [ Vs=13.6 TeV, 29 b y y ]
-08 1-15__ Total uncertainty " .Dalta (stat.® syst)
q:bo. | -
~ ] e CT18
1.1_— ] m CT18A
~ ® cTs ] A MSHT20
1.05— W CTisA . ——O—— ¥ NNPDF4.0
T A MSHT20 . oPDF4LHC21(mt=171.SGeV)
¥ NNPDF4.0 - o PDF4LHC21(m=172.5 GeV)
| o rorwce ore e 75 oo
A ABMPi6 : EIATLASpdf21
0.95 N (Inner uncert.: PDF only) ] A ABMP16
W W Z _ (Inner uncert.: PDF only)
] II|IIII|IIII|IIII|IIII
0.9 | 0.1 0.11 0.12 0.13 0.14 0.15 0.16

_ fid fid
RtT/Wi - Gﬁ / Gwi

In agreement with Standard-Model predictions calculated at NNLO in as, NNLL
(ge-resummation) accuracy and NLO electroweak accuracy.

Jelena Jovicevic - Corfu 2024 24


https://arxiv.org/pdf/2403.12902

L

® New CMS Run 2 measurement of the leptonic effective weak mixing angle;

Effective weak mixing angle

® Measurements of both the forward-backward asymmetry and unfolded A4;

® The measurement includes central-central U and ee channels as central-
forward ee using forward calorimeters (sensitivity to Ars);

167t do 4
=1+cos’0+Y A fi(6,9), Apg = (0 —03)/(0p + 0p
30 dcosfd¢ l.;:) 1 fi6,9) ( )/ )
fo = 0.5(1 —3cos*8), f; = sin 26 cos ¢, CMS PAS SMP-22-010
fz = 0.5 Si]fl2 0 cos 2§b, f3 — sin 6 cos ¢, f4 — COS 9, LEP + SLD: A% B 0.23221 + 0.00029
f5 = Sin2 0 sin ZCP, f6 = sin 20 sin (P, SO R R _| 0200982000026
CDF 2 TeV — 0.23221 = 0.00046
f7 — SIn 9 sSin ¢ DO 2 TeV B P | 0.23005 = 0.00040
gy [ S
S, LHCb7+8Tev | . | 028142000106
sin? 0/, = 0.23157 = 0.00010(stat) == 0.00015(syst) Tk = D
+ 000009(’(1’160) + 000027(PDF> ATLAS 8 TeV B — | 0.23140 + 0.00036
e 17 P S DU
0.229 0.23 O.Z:in2610.232 0.233 0.234

eff

Most precise hadron collider measurement!
Precision comparable to LEP and SLD results. (PDF uncertainties dominate)
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https://cds.cern.ch/record/2893842/files/SMP-22-010-pas.pdf

L

Extremely challenging at hadron colliders - prone to biases due to QCD effects;

W boson width and mass

Use the lepton pT and the transverse mass mTt to extract mw;
15% reduction in the uncertainty on mw w.r.t. 7/ TeV data sample

First measurement of ['w at the LHC and most precise from the single exp.

mw =80366.5+9.8 (stat) +12.5 (syst) MeV 80366 5+ 15 9 MeV.

> C AITII_Als —ImW 803665| 159MeV | ] > ! ! ) |
(05) 80 5 B - 172.52 + 0.33 GeV ] § ATLAS A Bestfit p=-0.30
— - R - My, =125.112 0.11 GeV ] l_gl Vs=7TeV, 4.6 X SM prediction
E§ - === 68/95% CL of m,, and m, [
80.45— ] 2300 _|
80.4F -
SR — B / .................... - 2200~ —
80.35[ £ ]
- s W 68/95% CL of Electroweak 95% CL
80.3 L. Fit w/o mWC;nden(;,ro > - 2100 |
- (Eur. Phys. J. C 74 (2014) 3046) ] x (80355, 2088)
8025 B e b L ' ' ' ' '
165 170 175 180 185 80320 80340 80360 80380 80400
m; [GeV] m,, [MeV]

® Central value of mw shifts down by 12 MeV;
arXiv:2403.15085

® ~30% correlation between mVWV and ['w.
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https://arxiv.org/pdf/2403.15085

L

Observation of YY—TT

Previously observed by ATLAS and CMS in PbPb

collisions;

CMS using |38 fb-! data at 13 TeV;

Events with small number of tracks are close to the di-tau
vertex are selected to isolate photon induced processes;

® Correct the number of tracks in simulation

o 10.0016 /...+1+0.0028
a; = 0.0009 45015 (syst) g 0027

(stat).

® Constrain the

anomalous
electromagnetic

moments of

lepton using the
visible mass
distribution

Jelena Jovicevic - Corfu 2024

CMS Preliminary 138 fo™ (13 TeV)
® Observed —68% CL —95%C

OPAL

PLB 431 (1998) 188

L3

PLB 434 (1998) 169

DELPHI

EPJC 35 (2004) 159

ATLAS Pb+Pb

PRL 131 (2023) 151802

CMS Pb+Pb

PRL 131 (2023) 151803

. SM

This result

-0.1

ar

L

CMS PAS SMP-23-005

OPAL

PLB 431 (1998) 188

L3

PLB 434 (1998) 169

ARGUS

PLB 485 (2000) 37

Belle

JHEP 04 (2022) 110

This result

plﬂw
v < Tt

Y

Y
b2 >

CMS Preliminary 138 fo™ (13 TeV)

e Observed —68% CL —95% CL
H\l\\\\‘\H\‘HH‘\\H,HH‘\H\‘HH‘\\H‘HH
'SM

.-

\\\l\\\\‘\\\\‘\\\\‘\\\\i\\\\‘\\\\‘\\\\‘\\\\‘\\\\
-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 04 0.5

d. (e cm)

5.3 (6.5) observed (expected) significance
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https://cds.cern.ch/record/2891376/files/SMP-23-005-pas.pdf

Summary of the measurements

Standard Model Total Production Cross Section Measurements Status: October 2023
13 1011 -ﬂ-500#b*1
A——OQ- . .
o 340 bt B0 ub”! ATLAS Preliminary Theory
e
B 106 \/_ =5,7,8,13,13.6 TeV LHC pp Vs =13.6 TeV
o Data 29.0 — 31.4fb?
- o LHC pp Vs =13 TeV
10° F g PO Bl 0o 32-140f0
- Ao LHC pp Vs =8 TeV -
104 E BB Data 202-2031b
: LHC pp Vs=7 TeV
BBl Datc 25-4610°
103 F -0
LHC pp Vs =5 TeV
- Yo o BB Data 0255-03fb
102 P - e
E v (o} 7°,ﬂ e o O
, VN
1 a -fn— totalfn’ o 09
10 E 2ot A I
ik VBF I
Vl‘é‘—l A
1 I o www
VH .
- o A
10—1 E ttH -
: (x0.3) I Wwz
- (x02) g
1072
pp wW y4 tt t Wt H WwWWwW Wz 7z t ttw  ttZz tttt
wwv
t-chan s-chan

tot.
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L

resonances heavy neutrinos
dark sector

Leptoquarks _
Axions

Highly ionising particles compositeness

BSM searches
Selected recent results with accent on searches that
results in tension with SM predictions

WIMPS Supersymmetry vector like quarks

Extra dimensions _ _
Dark Matter contact interactions

Long Lived Particles Invisible decays
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Exclusion limits so far....

ATLAS Preliminary

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

Status: March 2023 fL dt = (3.6 —139) fo! Vs=13TeV
Model Cy  Jetst ET™ [rde[ib'] Limit Reference
. ADD Gkk +g/q Oe 7y 1-4j Yes 139 Mp 11.2TeV n=2 2102.10874
% ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV HLZ NLO 1707.04147
1S ADD QBH - 2j - 139 M 9.4 TeV 1910.08447
3 ADD BH multijet - >3] - 3.6 Mg 9.55 TeV 1512.02586
© RS1 Gkk — vy 2y - - 139 Gkk mass 4.5TeV 2102.13405
¥ BukRS Gyx - WW/ZZ multi-channel 36.1 Gy mass 23TeV 1808.02380
w Bulk RS gk — tt 1e,u 21b,>1J/2 Yes 36.1 gkk Mass 3.8 TeV 1804.10823
2UED/ RPP le,u  >2b>3] Yes 361 |KKmass 1.8 TeV Tier (1,1), B(AM) - tt) =1 1803.09678
SSM Z' — ¢t 2epu - - 139 |2’ mass 5.1 TeV 1903.06248
@ SSM Z' — 1t 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,pu 21b,22J Yes 139 Z’ mass 4.1 TeV r/m=12% 2005.05138
8 ssMwW ey leu - Yes 139 | W’ mass 6.0 TeV 1906.05609
© SSMW’ -7y 1T - Yes 189 | W’ mass 5.0 TeV ATLAS-CONF-2021-025
S SsMwW’' -t - >1b >1J - 139 | W’ mass 44TeV ATLAS-CONF-2021-043
® | HVT W’ — WZ model B 02epu  2j/1J  Yes 139 | W’ mass 4.3 TeV g =3 2004.14636
S HVT W' — WZ — ¢v £'¢’ model C 3 e,u 2j(VBF) Yes 139 W’ mass 340 GeV gven=1,g =0 2207.03925
HVT Z” » WW model B Tleu 2j/1Jd  Yes 139 | 2’ mass 3.9 TeV gv=3 2004.14636
LRSM Wg — uNg 2p 1J - 80 Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 A 21.8TeV 71, 1703.09127
— Clttqq 2eu - - 139 A 358TeV. ., 2006.12946
O Cleebs 2e 1b - 139 |A 1.8 TeV g=1 2105.13847
Cl pubs 2p 1b - 139 A 2.0 TeV g =1 2105.13847
Cl tttt >leu >1b>1] Yes 361 |A 2.57 TeV |Cael = 41 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 Mimed 3.8TeV 84=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
= Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4]j Yes 139 Mined 376 GeV g=1, m(x)=1GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 mz; 3.0 Tev 82=0.8, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 ms 800 GeV tan =1, g,=1, m(x)=10 GeV ATEAS AANE AAnt Ao
Scalar LQ 1% gen 2e >2j Yes 139 | LQmass 1.8 TeV B=1 =li i * O, i A
Soar L0 2% o B3 e in |lome WEX -1 ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
Scalar LQ 3" gen 17 2b Yes 139 | LQ; mass 1.49 TeV B(LQY — br) =1 . _1
Q| ScalarLQ 3 gen Oeu  >2,22b Yes 139 |LGEmass 1.24 TeV BLQY > tv) =1 Status: March 2023 fL dt =(32.8-139) b Vs=13TeV
Scalar LQ 3 gen >2epu, 217 21j,21b  — 139 LQS mass 1.43 TeV BLQY - tr) =1 - 1 . . o
Scalar LQ 3" gen Oeu,>170-2),2b Yes 139 [LQdmass 1.26 TeV B(LQE - by Model Signature  [Ldt [b7] Lifetime limit Reference
Vector LQ mix gen multi-channel >1j, >1b  Yes 139 LQY mass 2.0 TeV B(0h - tu) = 1, Y-M coupl. T T Ty T T Ty T T T T T Ty T TTT
Vector LQ 3™ gen 2eu1 >1b Yes 139 LQJ mass 1.96 TeV B(LQY - br) =1, V-Mcoy| RPVF - puq displaced vtx + muon 136 1 lifetime 0.003-6.0 m m(t)=1.4TeV 2003.11956
VLIQTT - Zt + X 2e/2u/>3eu 21b,21] - 139 T mass 1.46 TeV SU(2) doublet -0 . . S0 s . o
_§ @ VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet RPV i§ — eev/euv/upv  displaced lepton pair  32.8 [ ] lifetime 0.003-1.0 m m(g)=1.6TeV, m(¢3)=1.3 TeV 1907.10037
TS VLQTs53Ts;3lTs3 > We+ X 2(SS)>3eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Tep3 —» W)= 1, c(Ts)sW o : . - -
g £ VLQT - Ht/Zt Teu >1b,>3] Yes 139 |Tmass 1.8 TeV SUD) singlet, 7= 05 RPV i — qqq displaced vix +jets 139 | ¥{ lfetime 0.00135-9.0 m m(P)=10Tev 2301.13866
o VLQY - Wb leu 21b>1] Yes 361 [Ymass 1.85 TeV B(Y - Wh)=1, cg(Wh)=1 = ) " <0 fitoti
L0 VLG B o Hb Oep 326 >1],>10 - 139 o 2.0 TeV. SU(2) doublet, Kg:RO.3 GGM {2 - ZG displaced dimuon 329 X‘l’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(¥?)= 1.0 TeV 1808.03057
VLL 7' — Zt/H: Iti-ch: | =1 Ye 1 ’ V SU(2) doublet 0 e .
v o 2o/t multichannel 1] Yes 199 }rmess 898e (2)dou0le GMSB non-pointing o delayed y 139 [ 29 lfetime 0.2424m m(#%, )= 60, 20 GoV, Byi= 2% 2200.01029
- Excited quark ¢* — qg - 2] - 139 | @ mass 6.7 TeV only u* and d*, A = m(q")
§ € Excited quark g° - qy 1y 1j - 36.7 | q* mass 5.3 TeV only u* and d*, A = m(q") GMSB 7 — ¢C displaced lepton 139 | 7 lifetime 6-750 mm m(f)= 600 GeV 2011.07812
Iy & Excited quark b* — bg - 1b, 1 j - 139 b* mass. 3.2TeV >
Excited lepton 7* 27 >2j - 139 7* mass. 4.6 TeV A=46TeV fg GMSB 7 — G displaced lepton 139 7 lifetime 9-270 mm m(f)= 200 GeV 2011.07812
Type lll Seesaw 234eu  22)  Yes 139 | INOmass 910 GeV ® cE0 shom i ; 7 lifeti )=
LRSM Majorana v 24 2] — 361 | Ngmass 3.2Tev m(We) = 4.1 TeV, g, — gr AMSB pp — {11}, ¥ 7  disappearing track 136 | ¥y lifetime 0.06-3.06 m m(7%)= 650 GeV 2201.02472
S Higgs triplet H** — W*W#* 2,34 e,1 (SS) various Yes 139 H** mass 350 GeV DY production ) " J—— .
[ + _
£ Higgs triplet H** — ¢¢ 234 eu(SS) - z 139 | H* mass 1.08 TeV DY production AMSB pp — 0. 1 ¥1 large pixel dE/dx 139 | iy lifetime 0.3-30.0m m(¥)= 600 GeV 2205.06013
o Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ) . —— »
Magnetic monopoles - — - 34.4 | monopole mass 2.37 TeV DY production, |g| = 1gp, sp Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g — Sg)= 0.1, m(g)= 500 GeV| 1811.07370
- 13 TeV - 13 TeV R | R M | el . P ' ! I = .
;/a_ =13 TV ‘/; ST o ] n Split SUSY large pixel dE/dx 139 | & lifetime >045m m(g)=18TeV, m(i3)= 100 GeV 2205.06013
. . . B . Mass scale [-‘ Split SUSY displaced vtx + E+“"55 32.8 g lifetime 0.03-13.2m m(g)=1.8TeV, m(¥3)= 100 GeV 1710.04901
Only a selection of the available mass limits on new states or phenomena is shown.
Small-radius (large-radius) jets are denoted by the letter j (J). Split SUSY 06,2-6jets +E7™ 361 | glifetime 0.0-21m m(g)=1.8TeV, m(i)= 100 GeV | ATLAS-CONF-2018-003
H-oss 2 MS vertices 139 | slifetime 0.31-72.4m m(s)= 35 GeV 2203.00587
L]
Link to the summary plots g 1 o19s84m no1=s5501
S
v 4 f v°- VH with H — ss — bbbb 2 + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
[}
% FRVZH - 2y4+ X 2 u—jets 139 4 lifetime: 0.654-939 mm m(yq)= 400 MeV 2206.12181
é FRVZH — 4yg + X 2 pu-jets 139 74 lifetime 2.7-534 mm m(yq)=400 MeV 2206.12181
T H— Z4Z,4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)=40 GeV 1808.03057
L] L]
® No observation of BSM processes in T R b i
(200 GeV) — ss low-EMF trk-less jets, MS vix36.1 | s lifetime 0.41-51.5m o x B=1pb, m(s)=50 GeV 1902.03094
L
(]
o § $(600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o x 8= 1pb, m(s)=50 GeV 1902.03094
I re Ct S e a rc e S yet. @ (1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
W — N¢,N — bty displaced vix (uu,ue, ee) +u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢,N — bty displaced vix (uu,ue, ee) +u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
=
JZ; W — N¢,N - ety displaced vix (uu.ue, ee) +e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — NE,N — tty displaced vix (uu,ue, ee) + e 139 N lifetime. 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
Ll 1l 1l 1l PR
0.1 1 10 100
ct [m]
Vs =13 TeV Vs=13TeV
partial data full data 1 L sl L1 gl a1l Ll L1
*Only a selection of the available lifetime limits is shown. 0.001 0.1 1 10 100
7 [ns]
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Exclusion limits so far....

Diboson search plots

ATLAS Diboson Searches - 95% CL Exclusion Limits

ATLAS Preliminary

Status: March 2023 £ =139 fb! V5=13TeV
Model Channel Strategy* Limit Reference
T T T T T T T T T
Bulk RS (krr. = 35, Ag = 3TeV) R — WW, ZZ — wqq, £vqq, £Lqq resolved, boosted 0.3-3.2 TeV Eur. Phys. J. C 80 (2020) 1165
Bulk RS (knre = 35, Ag = 3TeV) R —> WW - evuy resolved 0.2-1.0 TeV ATLAS-CONF-2022-066
» Bulk RS (krre = 35, Agp = 3TeV) R— WW, ZZ - qqqq boosted 1.3-3.0 TeV JHEP 06 (2020) 042
»g RSt (k/Mp; = 0.01) Gkk = vy resolved 0.5-2.2 TeV U 2.4-2.6 TeV [ | Phys. Lett. B 822 (2021) 136651
;§ RS1 (k/Mp; = 0.05) Gk = vy resolved 0.5-3.9 TeV Phys. Lett. B 822 (2021) 136651
= _
o RS1 (k/Mp; =0.1) Gkk = vy resolved 0.5-4.5 TeV Phys. Lett. B 822 (2021) 136651
o —
‘;‘: Bulk RS (k/Mp; = 1.0) Gy — ZZ — L't vt resolved 0.6-1.8 TeV. Eur. Phys. J. C 81(2021) 332
w —
Bulk RS (k/Mp; = 1.0) Gk —» WW — evuv resolved [ERERC ATLAS-CONF-2022-066
Buk RS (k/ﬁp, =1.0) Gk = WW, ZZ — vvqq, tvqq, tlqq resolved, boosted 0.3-2.0 TeV. Eur. Phys. J. C 80 (2020) 1165
Buk RS (k/Mp; = 1.0) Gkk = WW,ZZ — qqq9q boosted 1.3-1.8 TeV JHEP 06 (2020) 042
HVT model A W - WZ - o't resolved 0.3-2.4 TeV arXivi2207.03925
HVT model A W’ - WZ - vvqq, tvqq, tlqq resolved, boosted 0.3-3.9 TeV. Eur. Phys. J. C 80 (2020) 1165
HVT model A W’ — WH — tvbb resolved, boosted 0.4-3.0 TeV arXiv:2207.00230
HVT model A W' - WZ - qqqq boosted 1.3-3.4 TeV. JHEP 06 (2020) 042
HVT model A W’ — WH — qqbb boosted 1.5-2.9 TeV Phys. Rev. D 102 (2020) 112008
HVT model A Z' > WW — evuv resolved 0.3-2.1 TeV ATLAS-CONF-2022-066
HVT model A Z' - WW — tvqq resolved, boosted 0.3-3.5 TeV Eur. Phys. J. C 80 (2020) 1165
1 e T ern s Supersymmetry search summar lots
HVT model A Z' - WW - qqqq boosted 1.3-2.9 TeV. JHEP 06 (2020) 042 D y y y D
2 T 7 7 7 ]
S HVT model A 7' — ZH — qqbb boosted 1.5-2.2 TeV. Phys. Rev. D 102 (2020) 112008
BB HVT model B W - WZ > vt resolved 0.8-2.6 TeV arXiv:2207.03025
jo)
g1 HVT model B W’ - WZ - vvqq, tvqq, tLqq resolved, boosted 0.8-4.3 TeV. ..
T * () imi
B HVT model B W’ — WH — tvbb resolved, boosted 0.8-3.3 TeV ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
HVT model B W - WZ - qqqq boosted 1.3.3.6 TeV. August 2023 ! . Vs=13TeV
HVT model B W’ - WH - qqbb boosted 1.5-3.2 TeV Model Signature  [Ldr (™ Mass limit Reference
HVT model B Z' > WW — evuy resolved 0.8-2.4 TeV Oepr — 26jets  Epe 140 — 1.85 m(F¥})<400 GeV 2010.14293
o mono-jet 1-3jets  EMmiss 140 g [8x Degen.] 0.9 3)-m(¥1)=5GeV 2102.10874
HVT model B 7' WW > tvgq resolved, boosted 0.8-3.9 TeV 2 . 1 l T mia)mii)=5 Ge
S gt Oep 26jets  EP™ 140 |2 23 m(7%)=0GeV 2010.14293
HVT model B Z' — ZH — yvbb, ttbb resolved, boosted 0.8-3.2 TeV s & Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
O U R = =
HVT model B 7' - WW > qqqq boosted 1.3-3.1 TeV @ 38 FoqqW 1ep 26 jets 140 |z 2.2 m(¥))<600 GeV 2101.01629
. o 2-qq(tOX, e, ppt 2jets  EP™ 140 | & 2.2 m(¥})<700 GeV 2204.13072
HVT model B 2’ — ZH — qqbb boosted 1.5-2.7 TeV T gz goagWZK| Oep  7-Mjets EPS 140 |z 1.97 m(F)) <600 GeV 2008.06032
= SSe, 6 jets 4 B Z)-m(k})=: 2307.01094
HVT model G W - WZ > et resolved I 03-034Tev S i ap ) 40| & 115 mEHm(E1)=200 GeV
1 1 1 1 1 1 1 1 = 2z g Osé eu Sal; EPs 130 & 4 245 m(¥})<500 GeV 2211.08028
ep jets 140 |& E m(z)-m(¥})=300 GeV 1909.08457
0.5 1 1.5 2 25 3 35 4 4 !
o _ biby Oeu 2 EMS 140 | By 1.255 m(¥})<400 GeV 2101.12527
HVT model A: gr = ~0.55, g = ~0.56 Excluded mass range 5 068 10GeV<am(h <20 GeY 210112527
HVT model B: gr = 0.14, gy = -2.9 95 by, bW - bhi} Oep 66 Ef 140 | Forbidden 0.23-1.35 Am(E.74)=180 GV, m(¥})=100 GeV 1908.03122
HVT model C: gr =0, g =1 s 27 26 Ep™ 140 By 0.13-0.85 Am(E2,¥)=130 GeV, m(¥})=0 GeV 2103.08189
el e . Bl ) . p miss : o0,
*small-radius (large-radius) jets are used in resolved (boosted) events g3 00l Odew >ljet  ER™ 140 |7y ED m(¥r)=1GeV 2004.14060, 2012.03799
- o 0y, [ —» Wby Tep 3jets/1 b E;‘f“ 140 i Forbidden 1.05 m(¥!)=500 GeV 2012.03799, ATLAS-CONF-2023-043
witht = p, e S5 i, ii—=Tiby, 7116 127 2etshb EPS 140 |& Forbidden 14 m(71)=800 GeV 2108.07665
v L i, o) /e et Oe,p 2¢ 361 |z mE)=0GeV 1805.01649
L] Oe.p mono-jet 140 |4 0.55 m(i},&)-m(¥)=5 GeV 210210874
i1, -k, ¥9—Z/hi) 12en 1-4b 140 | @ 0.067-1.18 m(¥2)=500 GeV 2006.05880
hi, hof +7Z 3epu 1b 140 | & Forbidden 0.86 m(¥)=360 GeV, m(7; )-m(¥})= 40 GeV 2006.05880
R via Wz Multiple ¢/jets  Ep 40 | /R 0.96 . m@)=0, wino-bino 2106.01676, 2108.07586
° . ee, = ljet  EP™ 140 | Xy /x‘z 0.205 m(F?)-m(¥)=5 GeV, wino-bino 1911.12606
® No observation o rocesses in
)2?)"(‘2' via Wh Multiple ¢/jets EP 140 ¥y Forbidden 1.06 m(¥!)=70 GeV, wino-bino 2004.10894, 2108.07586
. KX vialL/y 2ep EP™ 140 1.0 m(E,5)=0.5(m(E; ysm(E)) 1908.08215
= 8 o] 27 g 140 [ENFRFRDNI0sa o048 m(i)=0 ATLAS-CONF-2023-029
M h WS friig, (-8 2ep Ojts  Ep 140 |7 07 7 1908.08215
ee. >1jet  EP™ 140 7 0.26 1911.12606
Irect searches yet. S A
4epn 0 jets ,': 140 i 0.55 2103.11684
Oep > 2large jets EF™ 140 i 0.45-0.93 2108.07586
2epu >2jets  EPS 140 i 0.77 220413072
Direct ¥1¥] prod., long-lived ¥7 Disapp. trk  Tjet — EP™ 140 [¥} 0.66 Pure Wino 2201.02472
Xy 0.21 Pure higgsino 2201.02472
2 é Stable g R-hadron pixel dE/dx EP™ 140 |2 2,05 2205.06013
SE  Metastable 7 R-hadron, g—ggt! pixel dE/dx EP 140 | g [x(@ =10ns] 2.2 m)=100 GeV 2205.06013
S 8 w6 Displ. lep EMs 140 |am 0.7 H=0.1ns 2011.07812
~ 5 7 0.3 0.1ns 2011.07812
pixel dE/dx EFS 140 |7 0.36 w0)=10ns 2205.06013
TR X ze—eee 3epu 140 Pure Wino 2011.10543
TERTIRS — wwzeettvy dep Ojets  EP™ 140 m(7)=200 GeV 2103.11684
28 jets 140 2.25 Large 1/, To appear
> Multiple 36.1 m(F})=200 GeV, bino-like ATLAS-CONF-2018-003
& b AT bbs > 4b 140 Forbidden m(¥})=500 GeV 201001015
i, [ —bs 2jets +2b 36.7 1710.07171
0y, ii—qt 2epu 2b 36.1 0.4-1.45 BR(f,—be/bu)>20% 1710.05544
Tu DV 136 16 BR(f; —qu)=100%, cosf,=1 2003.11956
TR R —tbs, ¥} —bbs 12eu  26jets 140 |0 02:0.32 Pure higgsino 2106.00609
. . . 1
‘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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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/fig_09.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-025/

Low mass di-photon search

Motivation:

® Small excess of events (~20) at my = 98 GeV in H(bb) at LEP @ /s = 189 GeV;

® Previous CMS search @ /s = 8 and 13 TeV data from 201242016 that observed
local (global) significance of 2.8 (1.3) o (PLB 793 (2019) 320) at 95.3 GeV;

CMS search: CMS-PAS-HIG-20-002
® Analysis strategy: kinematic di-photon o 1SMS Proliminary 182, 2fb (13 TeV)
BDT used to select the signal; R :
>
® Main background is continuum Yy Q
production, with additional contribution §
-

from Drell-Yan — e+e- with electrons 10—2;
faking photons;

® Excess previously seen in 2016 data 10°
persists, 2.9 (1.3) 0 local (global) - T Obeenved 13TeV (2076) i
. . . 1 0_4 _ Observed 13 TeV (2017) .
Slgnlﬁcance at 95.4 GeV, - Observed 13 TeV (2018) g
N Observed 13TeV (Run2) 140
10_5? I I I | I I I E
70 75 80 85 90 95 100 105 110
m,, (GeV)
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https://www.sciencedirect.com/science/article/pii/S0370269319302904
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/

Low mass diphoton search

Motivation:

L

® Small excess of events (~20) at my = 98 GeV in H(bb) at LEP @ /s = 189 GeV;

® Previous CMS search @ /s = 8 and 13 TeV data from 201242016 that observed
local (global) significance of 2.8 (1.3) o (PLB 793 (2019) 320) at 95.3 GeV;

CMS search:

® Analysis strategy: kinematic diphoton
BDT used to select the signal;

® Main background is continuum Yy
production, with additional contribution

from Drell-Yan — e+e- with electrons
faking photons;

® Excess previously seen in 2016 data
persists, 2.9 (1.3) 0 local (global)
significance at 95.4 GeV,;

® |imits set on OH X B(H—YY) for
additional SM-like Higgs boson.
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CMS-PAS-HIG-20-002

CMS Preliminary 132.2 b7 (13 TeV)
Q il [ | LI | L | LI | LI | LI | LI | [ I_
Qo 0-2: H— vy — Observed -
QO 18 B Expected + 16
A@ 0.16 - Expected + 26 7
< o, xB .
0.14 R
T B N S N
T— 012 < N —
m . F h .
< 0.1: E
G 0.08F -
0.06
0.04
0.02

70 75 80 85 90 95 100 105 110
m, (GeV)


https://www.sciencedirect.com/science/article/pii/S0370269319302904
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/

L

Low mass diphoton search

ATLAS search:

® Search performed in range 66 < myy < | 10 GeV
® (Categorisation of events based on whether photon converts to electron pair;
® Model-dependent search uses BDT for additional event categorisation;

® At 95.4 GeV,observe 1.7 0 (local) deviation;
ATLAS-CONF-2023-035

% E 1 80 I_ LI I LU | LI | LU I IIIIIIII I LU | LI | LI J
= 1 = P sof- ATLAS Preliminary — Observed CL_ limit 1
> = 0o . © - Vs=13TeV, 140 fo’' - ]
Q u N S - My Expected CL, limit -
= : o 140 "—YY =
3 - 1o ] < L [ Expected + 16 .
4 gl | r 120 —
§ § T - EXpeCted +t20 7
- , ] E 100 _:
— <O 7] _
- 1% 80 =
102 = ° -
S ATLAS Preliminary __ opserved = 60 =
N Vs=13 TeV, 140 fb™ ] 4 2 -
i H-yy : OF |
K1y —

10_3 | TrErTrmImmmrmrmrm R mm R mnnmnmmm | 20 — 2l
:I I | | 1 | I I: O I_ 111 I 11 1 I 111 | 111 I 11 1 I 11 1 1 I 111 I 111 | L1 11 —I

70 80 90 100 110 70 75 80 8 90 95 100 105 110
m, [GeV] m, [GeV]
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High mass di-photon search

L

® ATLAS and CMS search for high mass di-photon resonance considering spin-0

and spin-2 particles;

® The analysis strategy is based on fitting di-photon invariant mass spectrum;
CMS-PAS-EXO-22-024

138 fb' (13 TeV)
1 1 | 1 1 1 1

1 | I
CMS Preliminary

107"

95% CL limit 6(pp—S—syy) (fb)

- == Expected limit

- * 1 std dev

--=- +2std dev

—o— Observed limit

I R T
1000

P R
2000

T R S
3000

R R T T
4000

5000

mg (GeV)

CMS: most significant excess at 1.3
TeV:2.6 (0.8) o local (global).
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PLB 882 (2021) 136551

T T I T T T T | T T T T I T T T T I T T T T
ATLAS

L —— Observed CL, limit
1 2 — = %
0 = Expected CL, limit ‘E_ 13 Jev, 193 1
- Spin-0 Model
N - Expected+ 1o NWA
10

Expected £ 2 ¢

107

| IIIllII | IIIIIII| | IlllIIll | lIIIIII| L1

2 L1 1 T R R R R
10 2500 3000

m, [GeV]

| I 1 1 | 1 | 1 1 | 1 | | | | | I 1 |
500 1000 1500 2000

ATLAS: most significant excess at 684
GeV:3.3 (1.3) 0 local (global).


https://www.sciencedirect.com/science/article/pii/S0370269321005918#se0080
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-024/index.html

Low mass di-T search

L

® CMS searched for additional Higgs bosons in TT final state;

® C(Categorisation of events based on b-tagged jets and p1(TT).

T.7T., No b tag, p_trr> 200 GeV 138 fb™ (13 TeV)

- L
> I —¢— Observed ]
O . CM
(¢ 250} C S [ ] ttBkg.
- i [ Jetor,
N— L tf

200k (I
ES i [ Others
Q [ - Bkg. unc. 1
= 150 —— 990 @ 5.8 pb (m¢= 100 GeV)]
© I - Bkg. only fit ]

100 .

50 .
o L L B B B
x | . ‘
< ol L o
8 &

——

o \ R: hL

| I
0 50 100 150 200
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250 300
m,. (GeV)

JHEP 07 (2023) 073

CMS 138 fb™ (13 TeV) 138 b (13 TeV)
bt S 1 1e —_— o le

10°

—e— QObserved —e— QObserved

-------- Expected
I 68% expected
[ ] 95% expected

-------- Expected

I 68% expected
[ ] 95% expected

95% CL limit on 6(ggo)B(d—tt) (pb)
95% CL limit on o(bbo)B(0—17) (pb)

1072F 1072F
10°F 10°F
- Low-mass High-mass " Low-mass High-mass
—4 M| L L L M R | L L —4 M| L L L MR SR | L L
10 70 100 200 300 1000 2000 10 70 100 200 300 1000 2000

' m, (GeV) m, (GeV)

Largest deviation for gg® production at
mo = 100 GeV with local (global) sighificance
of 3.1 (2.7) 0 2.6 (2.3) 0 at 95 GeV.
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https://link.springer.com/article/10.1007/JHEP07(2023)073

L

® Extensions of the SM such as 2HDM, MSSM predicts additional Higgs bosons;

® In the tt decay mode - dominant for small tang * values; >A/H<
® | ooked into both boosted and resolved; ’ ;

Heavy neutral Higgs bosons A/H—tt

® |arge interference with SM tt background; arXiv:2404.18986
® Reconstructed mass used as a final discriminant;
m_5.0 I I I I I I I I I &5.0 | I I I I I I
S ATLAS S ATLAS
~ 4.5 - = 45 .
Vs=13TeV, 140 fb! Vs=13TeV, 140 fb!
4.0 hMSSM, A/H — . 4.0 SHDM, A/H — f, cos(B—a) =0

3.5 Observed 95% CL exclusion 7 3.5 . Observed 95% CL exclusion |
30k " Expected 95% CL exclusion | 3.0 Expected 95% CL exclusion -
X (z10 and t20) b (x10 and t20)
2.5 . 251" ]
20 ] 20 B NN\N B
1.5 . 157
1.0 N - 1.01
L L L L - I- ----- I~o ! 05k !
400 500 600 700 800 900 1000 1100 1200 1300 1400 400 50
ma [GeV] ma=my [GeV]

| No deviation from SM observed. Largest at 800 GeV at 2.30 local significance.
- 2HDM (hMSSM) exclusion: tanf < 3.49 (3.16) at 95% CL, for mA = mH = 400GeV,:

mH < 1240 GeV for tanf = 0.4 (mn < 950 GeV for tanf = 1.0);

* ratio of the vacuum expectation values of the two Higgs doublets,

Jelena Jovicevic - Corfu 2024 37


https://arxiv.org/abs/2404.18986

Light LLP with displaced vertices (DV)

® Per-jet BDTs to select B(H—ss—4q)
displaced jets, H—ss—4b for ms = 16,40,55 GeV:
BDTjox BDTj as main H—ss—4c for ms = 5 GeV/
discriminant;

® Displaced vertex

reconstruction, search
regions based on npy;

- No deviation from SM observed.

| |0 times improvement in

B( H—ss—4q) w.r.t. previous
result!

® Two more interpretations for ALPs
(first of their kind):

® ALP in association with W or Z;
® Decay of top to ALP: t—aq.

Jelena Jovicevic - Corfu 2024

95% CL Limit on BR(H — ss — 4q)
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arXiv:2403.15332

Vs =13 TeV, 37.5 - 140 fb™

] ATLAS
T

T T T, 7 T
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— Observed
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P | L] ] L

—_
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https://arxiv.org/abs/2403.15332

Search for heavy resonance X—YH

L

® Searches targeting resonance decaying to H and additional scalarY;
® Motivated by NMSSM, TRSM (SM extended by two real singlet fields) .

arXiv:2310.0164
CMS 138 fb (13 TeV)
A “fm =300 GevV my = 350 GeV my = 400 GeV
ol S—
9 —_— :
Q| fm=450GeV my = 500 GeV my 550 GeV g
)
E my =700 GeV
t o h-/
X
2 km éso 'Gev' S
3 w g
([ SN SN S
o my = 1600'Ge'v o
o v
mY Gov™
(Spin-0) X = HY — yybb
I Expected limit +1 0 Expected limit 2 o
----- Expected 95% upper limit —— Observed 95% upper limil

Most significant excess at
mx = 650 GeV, my = 90 GeV:
3.8 (2.8) 0 local (global)
significance for Y(bb)H(YY)
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CMS-PAS-HIG-22-012

CMS Preliminary 132th ! (18 TeV)
- — —
—— QObserved B 68% expected
107} ---- Median expected 95% expected -

,
109 \m
\ mhe = 192 GaV (= 104

10° My =93 GeV(«10") |
my =00 GeY (= 10%)

o ym v

‘mﬁm GoY (x10%)

101 )

95% CL limit on a(pp = X = YH)B(Y = yY) [fo]

I 1 A '} A I l 1 1 1 I '}
400 600 800 1000 1200

myx [GeV]

Mild excess seen in Y(YY)H(TT) at

mx =650 GeV, my = 95 GeV

with 2.3 O local significance
(but large LEE)


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://arxiv.org/abs/2310.01643

Search for heavy resonance X—YH

® Searches targeting resonance decaying to H and additional scalarY;
® Motivated by NMSSM, TRSM (SM extended by two real singlet fields) .

g ,
H/Y
X -
_____<\
g
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ms [GeV]

5001 aTLAS
Vs =13 TeV, 140 fb-!
X — SH — bbyy

95% CL expected upper limit
4001

300

2001

100

BR(X — SH — bbvr) [fb]

o(pp — X) x

3001

200}

100

L

arXiv:2404.12915

| ATLAS

Vs =13 TeV, 140 o’
X — SH — bbyy
95% CL observed upper limit

200 200 600 800 1000
my [GeV]

ATLAS X—Y(bb)H(YY) search: largest
deviation at mx = 575 GeV, my= 200 GeV

with 3.5 (2.0) o local (global) significance.
No excess seen at same masses as CMS.
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BR(X — SH — bbvr) [fb]

o(pp — X) x


https://arxiv.org/abs/2404.12915

High mass WW and ZZ search Im

® Search for heavy resonance decaying @ Search for heavy resonance decaying
to W*W-in |15 < mww < 5000 GeV to ZZ in 200 < mzz < 2000 GeV in 4l

EPJC 81 (2021) 332

1073 3

in 212V final states from CMS. and 212V final states from ATLAS. (in
- .

= e [T NWA, LWA and spin-2 resonance)

O

o 105 CMS -»-Observed E

~ Preliminary ----Expected ] 10 I I I -

& [ 68% expected = o =

% 1 [195% expected F ATLAS —— Observed CL; limit 3

= — Exp. for SM-like nggsz L (s=13TeV, 139fb" Expected CLS limit -
1011 Scenario: SM f | L H—>2Z I+ vy ) Expected £16 _

% - eenario VEF : 1§ VWA, VBF production (] Expected i2§ -

T i _ e - Expected CL_limit (/"1 """ ]

© 10°%F CMS-PAS-HIG-20-016 3 T Expected CL_limit (/"1 v¥)

s 5 107"

E

i

O

2

O

(o)}

95% CL limits on o,,,. X B(H— ZZ) [pb]

10°F 10—25_ _________________________________________
10-5:—....|....|....|..,.|,,,,__ B
1000 2000 3000 4000 5000 ; B I | | ,
My [GeV] 10° 500 1000 1500 2000
Largest local (global) significance of 3.8 (2.6) m, [GeV]
O found for fyvgr = | scenario at 650 GeV Largest local (global) significance
No significant excess seen by ATLAS in its of 2.4 (0.9) o found for VBF
eM2V search (ATLAS-CONF-2022-066). mode scenario at 620 GeV
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-066/
https://link.springer.com/article/10.1140/epjc/s10052-021-09013-y

Heavy resonant combination |$

® Many combinations available: 2HDM+a, Heavy Resonance. 3rd Gen Leptoquark;
Heavy resonance combination:
® Combine searches for di-boson, di-quark, di-lepton resonances;

® Set limits on couplings of HVT model (gq, gl, gH...);
® Consider benchmark coupling points, e.g. HVT model C (gH = I, gf = 0),VBF production;

Local p

o AL L L L L L L I L LI I IR T T — Bosonic — tt+tb+bb — tt4tb+bb+VV+VH — Obs . ---EXp .
- ATLAS VBF WZ — qqll _ 5 I''m=5% =+T/m=10%
10 Vs=13TeV, 139 fb” VBF WZ > vag = =R UL e
= VBF WZ — qqvv = (@) . --ATLAS 5 P VW <
: VBF WZ — Wl m . - s = 13 TeV, 139 fb_h‘—,
B Combined HVT Model C ] i 2 Y T
1 — T -\ fF e e
: ] 0.5
NI N L lo.. - - m(V') =4TeV
-1 E - 0 — = =
10 = 5 - 9=9.,, 0.55
S | B VAT A . 2 -0.5 F
2 B 7] / llllllll
10° g E e
- - 15F
3'_ """" Ty [0 [ [T iy i I3TG_ E """""""
—o Lo v b vy b b b b b g by - -I”'-[...I_ ,,,,,,,,,, _L:: L
10505 1 15 2 25 3 35 4 25 L
m(V’) [TeV]

Full combination of all channels yields stringent limits, improving on previous
result by up to 60% depending on resonance mass & spec. coupling parameters;

Jelena Jovicevic - Corfu 2024 4)


https://arxiv.org/abs/2306.00641
https://arxiv.org/abs/2402.10607
https://arxiv.org/abs/2401.11928

L

BSM searches summary

® Rich program of experimental searches for new physics at ATLAS and CMS;
® No observation of BSM physics yet
® Some excesses seen at the 2-3 O level worth following up:

® |n extended Higgs sector: (low-mass YY, TT (90-95 GeV), high-mass dibosons
(~650 GeV);

® Some excesses exist in one, but not another experiment (see also backup);
® More results with Run 2 and Run 3 data soon.
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Heavy lon physics

® Showing only most recent results;
® All results can be found on the ALICE public results page.
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https://twiki.cern.ch/twiki/bin/view/ALICEpublic/ALICEPublicResults

Incoherent J/y t-dependence

cross section

Mandelstam Itl

® Gluonic subnucleon fluctuations needed to
describe the data

® First measurement of this kind ever!
® Yet models fail to predict the normalisation

Jelena Jovicevic - Corfu 2024 45

do,p,/d[t| (Mb GeV?)

Model / Data

102f

PRL 132, 162302 (2024)

L

) ALICE, Pb-Pb UPC \[SNN =5.02 TeV
% ALICE incoherent J/y, |y| < 0.8

b 79 —4— Uncorrelated stat. + syst.

Correlated syst.
\ Y
: \\ S e el
| N e,
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.162302

Antimatter/matter imbalance at the LHC |$

® New measurement of the antimatter/matter imbalance at the LHC;

® Statistical Hadronisation Model fits the measurements

X e_Z(B"'%)MTB_ZQuTQ

> S

MB - baryon chemical potential, the
net-baryon density of the system

Hq - electric charge potential,

positive-negative charge imbalance
of the gas

T =155%2MeV from LQCD
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CERN-EP-2023-268

[ 0-5%

antimatter / matter

_3+++?{

1 %2/NDF =4.34/4

| ,2/NDF = 0.85/4

5l #_=0.73 = 0.16(unc.) = 0.49(corr.) MeV _

| “2 =0.38 = 0.12(unc.) = 0.96(corr.) MeV |

1 5-10%

‘“B 0.73 + 0.15(unc.) + 0.48(corr.) MeV _|
L g =0.30 = 0.11(unc.) = 0.97(corr.) MeV |

pull

Pb-Pb |5, = 5.02 TeV

| — Thermal-FIST
T, =155 =2 MeV

antimatter / matter

pull

%2/NDF = 2.93/4

5 Mg =0.83 = 0.09(unc.) = 0.50(corr.) MeV

| u =0.14 = 0.07(unc.) = 0.93(corr.) MeV |
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::::::::f::::::f:::f:fﬁf::@::}: IO )
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%?/NDF = 3.41/4
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MB =-0.24 = 0.12(unc.) = 0.90(corr.) MeV |

- - -o-

T

S+ u = 0.71+ 0.19(unc.) = 0.48(corr.) MeV _]
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https://arxiv.org/pdf/2311.13332

Antimatter/matter imbalance at the LHC Im

® New measurement of the antimatter/

CERN-EP-2023-268
matter imbalance at the LHC;

® Statistical Hadronisation Model fits the < _ [T 77 Ll Rk
§ 800 A 5 Nucl. Phys. A 772, 167-199 (2006)
measurements = 700* {  Phys. Lett. B 738, 305-310 (2014)
et Phys. Rev. C 96, 044904 (2017)
T S U 600 » ¢+ Nature 561, 321-330 (2018)
h —2|B+5 M—B—ZQ—Q [ ¢ ALICE, Pb-Pb, |5,y =5.02TeV -
— X e 3)T T 2 = -
h 500¢ —— Param., Nature 561, 321-330 (2018) -
L PR e 2
. . 300 ol <>\Vf
® From the fits : new determination of gak L | 3
the baryochemical potential at | 225 33544556556 |
hadronization with unprecedent : - (Sun (TeV) 1
precision: oF AT LT
10 10° 10°
g =0.71+£0.45MeV Sy (GeV)

® (D Net-baryon free system at the LHC
for|y|< 0.5. up close to 0 at LHC
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https://arxiv.org/pdf/2311.13332

HL-LHC prospects
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HL-LHC prospects

® High. luminosity + PU conditions| particularly challenging for data-taking:
detector irradiatien, higher occupancy, higher trigger rates

'/// ,’t

oY :‘
— - /

B}
LIS

gequn’e improvementsgg eriments in-all areas: detectors, trigger menu

hardwa.nc Darticle \‘{ﬂp softwarez %computmg physics

nd ysl

)

-
o

— i — -

~
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Upgraded detectors at HL-

“ATLAS

|
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Upgraded detectors at HL-LHC

t‘

g

l ngh granularlty Tlmlng Detector

 ALICE

LS3 plan: Forward caloremeters

= AIP Timing Layer

,” Inner Tracking System 3. b Muons up to |l1|<4 0 I

| (Barrel and Endcap)
LS4: New apparatus: compact and Improved triggering f T,
lightweight all-silicon tracker, retractable || Reduced egelng effects Trackmg up to |n|<4 0 |

vertex detector, large acceptance,

=]

'superconducting magnet system,

1
|
continuous read-out and online "
processing.
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Physics prospects for HL-LHC

HL-LHC projection results:

® Documented in 2018 Yellow Report [CERN-2019-007] with
substantial update in the Snowmass2021| report [ATL-PHYS-
PUB-2022-018];

® Based on extrapolations of (partial/full) Run-2 results to HL- Perpocives o oo HELHO
LHC luminosity using parametric simulations of upgraded _
detectors; =
Extremely rich and exciting physics program ahead: @

e Higgs physics: precise determination of Higgs properties,

probing of small Higgs couplings;

e Standard Model: ultimate precision measurement of Qe ‘mmee @
fundamental SM parameters, constraints on o
new physics through EFT interpretations;

¢ Beyond Standard Model: direct improvement in mass reach
for many models, new analysis techniques can help close gaps in
unexplored regions of phase space;

e HI physics: low-mass di-electrons (= QGP temperature),

gluon nPDF at low Bjorken-x, exotic charm nuclei;
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https://cds.cern.ch/record/2703572
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/

Physics prospects for HL-LHC

HL-LHC projection results:

® Documented in 2018 Yellow Report [CERN-2019-007] with o
substantial update in the Snowmass2021| report [ATL-PHYS-
PUB-2022-018];

® Based on extrapolations of (partial/full) Run-2 results to HL- Parsbadies o e HE LHG
LHC luminosity using parametric simulations of upgraded _
detectors; e
Extremely rich and exciting physics program ahead: @

e Higgs physics: precise determination of Higgs properties,
probing of small Higgs couplings;

e Standard Model: ultimate precision measurement of Qo e o
fundamental SM parameters, constraints on e
new physics through EFT interpretations;

¢ Beyond Standard Model: direct improvement in mass reach
for many models, new analysis techniques can help close gaps in
unexplored regions of phase space;

Hl P Only selected results will be shown, with main accent on Higgs boson

luo| : :
&iie production and properties.
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https://cds.cern.ch/record/2703572
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/

Higgs boson cross-section and couplings Im

Production cross-sections Coupling modifiers
CERN-2019-007 CERN-2019-007

(s = 14 TeV, 3000 fb™' per experiment s =14 TeV, 3000 fb™' per experiment

. | Total ATLAS and CMS .| Total ATLAS and CMS
— Statistical HL-LHC Projection — Statistical HL-LHC Projection
—— Experimental —— Experimental
—— Theory Uncertainty [%] —— Theory Uncertainty [%]
12% 4% Tot Stat Exp Th
2 14% Tot Stat Exp Th K,Y — 1.8 08 10 1.3
OggH — 1.6 0.7 0.8 1.2 Ky = 17 08 07 13
K; = 1.5 07 0.6 1.2
GVBF i 3.1 18 13 21
———— Kg — 25 09 08 2.1
OwyF—— 5.7 33 24 40 Kt = | 34 09 11 3
Ky B k 3.7 13 13 32
Ozn — 42 26 13 31 K = 1.9 09 08 15
uw B= 4.3 38 10 17
GttH I 43 13 18 37
1 i IIIII KZY — 1 1 9.8 7 2 1 7 6 4
0 002 004 006 008 01 012 014 0O 0.02 0.04 006 008 01 012 0.14
Expected relative uncertainty Expected uncertainty

® Expected precision reaching 2 - 5% at the end of HL-LHC (CMS+ATLAS)
® |arge impact of theory uncertainty in many cases (despite being halved).
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https://cds.cern.ch/record/2703572
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Higgs mass, width, differential & STXS

Mass in Hoyy

9CMS Phase-2 Projection Preliminary 3000 b
- H—=yy - -- Stat. Only
gl my =125.38 = 0.07 (+ 0.02 stat.) GeV — Stat. + Syst.
7=

6

50

| SR VA S S
3

2

1:________ _“ _"'_ — e e O]
Cooov b b NS L

125.1 125.2 125.3 125.4 125.5 125.6

my, (GeV)

CMS-PAS-FTR-21-008

Mass vs width in
H—oZZ-A4l

CMS Phase-2 Projection Preliminary 3000 fb™ (14 TeV)

H->2ZzzZ -4l

-------
''''''
. ~
R -
.
.

0.15

0.1

0.05

111 I E.I a 1 - I TR T I T — * TR I T — I beomle I o .IE 1 I 11 1
12528 1253 125.32 125.34 125.36 125.38 1254 125.42 125.44 125.46 125.48
m,, [GeV]

CMS-PAS-FTR-21-00

- —YY:Total uncertainty on mp: 70 MeV
_Limited by photon energy scale (~0.05%)

H—/ZZ: Total uncertainty on mu: ~30 MeV

comparable stat. and syst. uncertainties
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Direct constraint on width: [H < 177 MeV

55

L

Differential and STXS
CERN-2019-007

|
|

= 1 Feo e
-> = e —e—
[0} — e e
(O] I e —e—
X B e =@
8107
I:;'- =+~ £ ATLAS Preliminary o
3|® [ Projection from Run 2 data
107 £~ {s=14TeV, 3000 fb"
- H—=yy+H—=2Z -4l
10°2 __ ) HL-LHC No Sys
= [ HL-LHC Sys. + Stat.
— [ HL-LHC Scaled Sys. + Stat.
c b b b e b b by ey, SO
o 1.1
© 1
“ 09
"0 10 20 30 45 60 80 120 200 350 1000
Pl [GeV]
%
® Expected to reach ~5%

except in the highest

pt(H) bin. Powerful to
constraint light quark
Yukawa couplings

STXS

® Expected precision

reaching 5 - 20% in most
current STXS bins


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-008/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-007/index.html
https://cds.cern.ch/record/2703572

Couplings to second generation

H-up

® FEvidence already at Run 2;

CMS-PAS-FTR-21-006

3000 fb~'(14 TeV)

1 0.30 B I I I I | I I I I | I I | I I I I | I I | |
< - CMS §
g 0.25}- Phase-2 Projection Preliminary -
b .
with Run 2 syst. uncert. (S1):  with HL-LHC syst. uncert. (S2):
0.20 B A Snowmass 2013 A Snowmass 2013 ]

B < Yellow Report 2018 ¢ Yellow Report 2018

B -6~ Snowmass 2021 -®- Snowmass 2021
0.15} -
0.10| .
0.05|- .
0.00 : L L | L L | L | | | L | | | L | | | L | | | | | ]
0 500 1000 1500 2000 2500 3000

L [fb~"]

® 3 -4% uncertainty on Ky at HL-LHC
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ATLAS Preliminary
Projection from Run 2 data Exam Ple from

Vs = 14 TeV, 3000 fb” ATLAS

VH(— bk ~™

ATL-PHYS-PUB-2021-039

- - Expected 68% CL
— Expected 95% CL
+ SM

\V)

® small branching fraction (~3%) vs
enormous hadronic backgrounds —
charm tagging is the key;

® Simultaneous constraint of H — bb
and H — cc;

® Expected sensitivity approaches the
SM value for the Higgs-charm
coupling.


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-039/

HH production and Higgs self coupling

® one of the top priorities at the HL-LHC
- crucial to probe the Higgs potential;

ATLAS and CMS HL-LHC prospects 3 ab1 (14 TeV) .
12 - =
T F . g i <
= | SM HH significance: 40 — Combination 3 20
Z 10 | 01 <K< 23 [95% CL] i I
Yr 0.5 < k1 < 1.5 [68% CL] "~ bbyy 6
994%cL 8 b /N y bbre
i “* bbbb 12
6} _
-, bbZZ*(4l)
8
S “= bbVV(Iviv)
e YR 2022 «
68%CL [ 'n n_3\__fer el ATLAS
0_ Sy O /d -'I—I-I:I:l:l- '''''' |77 [==gadagiudyaqat]
2 14 0 1 2 3 4 5 6 8
CERN-2019-007 K2

® 4.00 w/ baseline systematics

(4.50 w/o syst.);

e 0.5<Kx< I.5[68% CL]J.
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ATL-PHYS-PUB-2022-053

ATLAS Preliminary

Vs =14 TeV, 3000 fb-!

HH - bbyy + bbt* T~ + bbbb
Projection from Run 2 data
Asimov data (k) = 1)

—+— No syst. unc.
—e— Baseline

Theoretical unc. halved
—+— Run 2 syst. unc.

o 1 2 3 4 5 6 7 8

3.40 with baseline
systematics (4.90 w/o syst.)

0.5 < kx < 1.6 [68% CLJ;

CMS updated bbyy result -
similar improvement.


https://cds.cern.ch/record/2703572
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/

HH production and Higgs self coupling

Further improvements:
¢ More channels: HH -WWyy + TT1YY, ttHH

® Tools:significant performance improvement in
H—bb/cc tagging (GNN/Transformers standard in
ATLAS & CMS), mass regression, state-of-the-art
taggers deployed at HLT for online event selection;

+HH observation may arrive sooner than expected!

AL L DL L L S o I b
70; ATLAS Simulation Preliminary ~2500
60'_\/_§= 13 TeV GN2 ]
ttjets, Ep=710% N 5000
B i =
c 08 ATIASFTAG-2023-01 | ]2
S a0f Run 3 reco 1500 2,
o ) ¢
o S0 DL1d 11000 =
© o F ] =2
20 i —

1500

2017 2018 2019 2020 2021 2022 2023
Year
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G(N)Lo[fb]

Ratio to Run 2

Trigger efficiency

T T T T T E
HH production at 14 TeV LHC at (N)LO in QCD 1
M,=125 GeV, MSTW2008 (N)LO pdf (68%cl) |

PLB 732 (2014) 142

MadGraph5 aMC@NLO

c o o o = =
M R O ®©® o N

o
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n
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f
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?

Run 3 main + delayed streams: e(HH—4b) =59%
< Run 3 main stream: e(HH—4b) =53%
<> Run 2 main stream: e(HH—4b) =41%

?

7
¢
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¢

i
i

7
7

|

1

ATLAS

Preliminary Simulation
Vs=13,13.6 TeV

ATLAS
Twiki

%

~20-80% more signal
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W and top mass measurements

. = 20r N T .

® Top,W and Higgs masses connected through loop & 51 4TLAS Smulation Preliminary E
. . = [T ’ - Il stat. ® PDF 200 pb™' 7
corrections: accurate measurements one of the € 16 my fomm &5 <4 I s opor 11!
most important tests of the SM; 141 B FoF =

12 5 —

W mass: ioF Latest CDF result 3
® Measured at low M and will benefit from: 8l E
extended tracking coverage: -25% uncertainty, °F E

] . . 4 —]
improved PDF precision: -50% on PDF systematic, f E
arger dataset: 200 pb-| per week at <p>=2. ok ]

CT10 CT14 MMHT2014 HL-LHC LHeC

® With 200 pb-!: precision of 8.6 (stat) + 3.7 (PDF
syst) = 9.3 MeV / 5 MeV with | fb-!

Top mass:

® Most precise from tt |+jets production -
0.17 GeV uncertainty;

............... ,__ CMS

Preliminary Projection

w

t

o
&)

- o (tt), JHEP 08(2016) 029
--------------- sec. vtx, PRD 93(2016)2006
----- single t, arXiv:1703.02530
[+jets, PRD 93(2016)2004

: —=re= J/W, JHEP 12(2016)123
1

® (O(tt) less precise but gives access to mt in a well-
defined renormalisation scheme;

—_
)]
T

Total uncertainty on m [GeV]
N

—
TTT T[]
-
=
1
i
0
Y
1
1
1
=

® additional methods expected to improve further
precision in a combination.

---------------

o

o )
J
'l

Runl 0.3ab’ 14TeV 3ab’ 14 TeV
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HL-LHC will increase reach of searches to weaker couplings and higher masses;

BSM searches

SUSY: EWK production: larger benefit from HL dataset due to smaller cross-sections;
LLP will benefit from improved trigger capabilities;

Heavy resonances - up to 8 TeV (table with projections):

— T—

Excited lepton ¢ty [1] 3.8-3.9 TeV 5.8 TeV

Heavy Majorana 4.6-4.7 TeV 8 TeV

neutrino ££qq [2] [1] CMS-PAS-FTR-18-029
RS gluon tt [3] 4.5 TeV 6.6 TeV [2] CMS-PAS-FTR-18-006

W’r tb [4] 3.15 TeV 4.9 TeV [3] CMS-PAS-FTR-18-009
[4] ATL-PHYS-PUB-2018-044

[5] CMS-PAS-FTR-18-030

[6] CMS-PAS-FTR-18-006
SSM Z’¢¢ [4-7] 5.1 TeV 6.8 TeV [7] CMS-PAS-FTR-21-005

SSM W’ t+MET [5] 4.6 TeV 6.0 TeV

SSM W’ ¢+MET [4] 5.6 TeV 7.9 TeV
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-029/index.html
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ALICE programme beyond Run 3 and 4

Precision measurements of dileptons:

® evolution of the quark gluon plasma temperature; v
® mechanisms of chiral symmetry restoration in the quark-gluon plasma

Systematic measurementsof (multi-)heavy-flavoured had: u::s.
transport properties in QGP;

® mechanisms of hadronisation from the QGP; ’N‘

Hadron correlations: A
. : : N .
® hadron-hadron interaction potentials, net-baryon and net-charm fluctuations,..

c)
o o °
Multi-charm baryons:
. . . —_— e SHM (Andronic et al, JHEP 2021, 35)
® New technique: strangeness tracking with = baryon ... $OCD SPS (Chen ot a, JHEP 2011, 144
. . . - - pQCD SPS (Phys. Rev. D 57, 4385)
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And many more....

Significance
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And many more....
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History thought us that we can always do better than expected.
Requwes combined effort from theory, instrumentation, analysis techniques...
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L

Conclusions

® Measurements @ 7,8,and |3 TeV confirmed the immense potential of LHC
® ‘Measurements compatible with the SM predictions within uncertainties;
® Many open questions remain;

® Near-term future measurements @ |3.6TeV might provides us-with some
hints...

® HL-LHC: a unique opportunity to explore many of the open questions
® Vast amount of data: ~20x more'than what we have analysed;

® Next-generation accelerators & experiments are key to our understanding of
the Nature!
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Backup
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Heavy neutral Higgs bosons A—Z(lI)H(tt) Im

® Search for CP-odd Higgs decaying to heavy CP-even Higgs and Z

® Motivated by 2HDM, ma > mn favoured by EVV baryogenesis models.
A—ZH dominates if mA - mH > 250 GeV.

® H—tt becomes dominant when my > 2 m..
® ATLAS search targets semi-leptonic tt decays, while CMS uses fullhad tt decay;

® Mass difference Am = MAcandidate = MHcandidate as signal discriminant

JHEP 02 (2024) 197
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