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incredible machine

rate of interesting signals:

4000 W=*s / sec
1200 Z0s / sec
17 tt s / sec

1 hOs / sec

*Run IT (20 Hz / nb)



https://cmslumi.web.cern.ch/cmslumi/publicplots/peak_lumi_per_day_pp_2018NormtagLumi.png

Higgs, so far

observation of all main:
production modes ggF, qgH, VH, ttH
& decay modes vy, ZZ, WW, 1T, bb and evidence for pp

35.9-137 fb™' (13 TeV)
ATLAS and CMS —4~ Total [ ] Stat. == Syst. E>|> T T T T T T T T T L B B . T
>

— 2]
7 TeV, 8 TeV and 13 TeV Tot. Stat. Syst. J 1 E CMS Supp/ementary WZ "" 3

[ r

ATLAS H —yy Run1 126.02 = 0.51 (= 0.43 = 0.27) GeV 5 L my = 125.38 GeV .’

. . 031« -1 e i
| CMS HowRumt ™ 124.70 = 034 (- 0.31 » 015) GeV | g]>10"F p-value =44% 3
ATLAS H — 4lRun 1 124.51 = 0.52 (= 0.52 = 0.04) GeV W C .7 ]
! B e’ ‘ T
CMS H — 4l Run 1 125.59 = 0.45 (= 0.42 = 0.17) GeV - b Pl i
oo L T o2k « 4" CMS HIG-19-006 |
- vy Run 1 125.07 = 0.29 (= 0.25 = 0.14) GeV 3 . E

o L ’ Leptons and neutrinos Quarks ]

ATLAS-CMS 4l Run 1 125.15 + 0.40 (+ 0.37 = 0.15) GeV r .’ ]

--------------------------------------------------------------------------- L e o] §
ATLAS-CMS Comb. Run 1 125.09 = 0.24 (= 0.21 = 0.15) GeV 3 ¢¢'

----------------------------------------------------------- 1 0_ E w . < U 17 S =

ATLAS H —yy Run2 124.93 =+ 0.40 (= 0.21 = 0.34) GeV E é/« 2 T E

ATLAS H — 4l Run 2 124.79 = 0.37 (+ 0.36 = 0.05) GeV b Force carriers Higgs boson 1
ATLAS Comb. Run 2 124.86 = 0.27 (= 0.18 = 0.20) GeV 1 0_4 | n e |
--------------------------------------------------------------------------- E 1 1 L1 1111 I 1 1 11 1111 I 1 E
T T T T TTTT T T T ]

CMS H —4lRun2 125.26 = 0.21 (= 0.20 = 0.08) GeV Eul Ll

(% 1.5_||| T T T IIIII I T T IIIII
CMS H — yyRun2 125.78 + 0.26 (= 0.18 + 0.19) GeV I
--------------------------------------------------------------------------- e b 3
CMS Comb. Run 2 125.46 + 0.17 (+ 0.13 = 0.11) GeV o 1:' """""""" % """""""""" 'ﬁ"' =
I ‘ I ‘ I ‘ 11| ‘ I ‘ I ‘ I | 1| g 05:”| \ | ) Ll ) |
118 120 122 124 126 128 130 132 oc U 10- 1 10 102

m,, GeV particle mass (GeV)

from all what we know, H appears to be a (light) CP-even
fundamental scalar, just like SUSY predicted (MSSM)


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html

beyond the £ ‘M
There is no doubt that SM is not the final word
it has too many parameters

However, and so far, we haven’t found new physic
ATLAS and CMS routinely experiencing 3-40 that; ~om: ;'_—';

/-

and go, expected given the plethora of SRs (mult| i
analyses)

LHCb and g-2 experiments report interesting fi
indirectly point to BSM ?



lepton flavor
universality




[nature]

LFU

et, y* and T have the same interaction strengths in SM,
but effects arising from their masses me < my < M+

no charged-lepton-flavor-violating decays have been
observed

or have they ?

qz = m(l+,1)?
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R(K) tests e-M universality.

Other LHCb analyses testing,
T-M and T-e universality also
see 2-30 tensions


https://www.nature.com/articles/s41567-021-01478-8.pdf
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https://www.nature.com/articles/s41567-021-01478-8.pdf
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ATLAS + CMS try to provide
independent measurements
of R(K) but are facing the

challenge to trigger low-pt e

Special B-physics triggers
deployed in 2018 and improved
for Run 3

can’t do a competitive
measurement with
Run-2 data alone


https://www.nature.com/articles/s41567-021-01478-8.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAQ-PUB-2019-001/

B2G-21-004

2.80

4321 model accommodates
LHCDb flavor anomalies

L = vector-like lepton
U = leptoquark

g3, I3= 3rd generation q & |

3b + NT + MET
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2 DNNs trained to discriminate signal against QCD and ttbar

none of the mass ranges tested here for VLL (500-1050 GeV) is excluded


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004/index.html
https://arxiv.org/abs/1808.00942

||
ATLAS-CONF-2022-009  see Patrick’s talk 1' I 4] I MET

vLQ aiming to explain LFU hadronically
tension in B-hadron decays decaying top
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Several NNs trained for the various signal hypothesis with
15 inputs (M1, mesr, Pt(l) ...)

No excess observed in any of the signhal models
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/
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BR(Z—ep) < 2.62 x 10-7 [LHC ATLAS] will enter the PDG

booklet next year!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-35/
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2mf
measurement with a precision of

% /é\ % % 0.46 parts per million, in 4.20
i tension wrt the SM
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

resonances




EXO-21-010

Dijet Pair 1:
pt = 3.49 TeV
Mass = 1.88 TeV

PF Jet 3,
pt=1.733 TeV
eta=0.21
phi = 2.45

PF Jet 2,
pt=2.042 TeV
eta =0.29
phi=-1.27

3.90 (local)

PF Jet 4,
pt = 1.408 TeV
eta=-0.74

phi = -1.17

Dijet Pair 2:
pt = 3.45 TeV
Mass = 1.86 TeV

pp — Y — XX = (jj) (/)
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first paired dijet mass
search at the LHC
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-010/index.html
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fit of mj;, Mj1, Mj2 templates and places limits to masses below 4.8

TeV (1.4 TeV) for W//Z' (RS—-gravitons) -


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-009/index.html

SUSY



SUSY-2018-05  see Yi-Lin's talk 2' jets + M ET

1 search targeting 2 searches targeting EW SUSY, one using
QCD SUSY (mi recursive jigsaw reconstruction technique to
endpoints, mz) follow up on excesses seen at 36 fb-1

19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
https://arxiv.org/abs/1705.10733
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/

SUSY-2018-05

signal regions and
uncertainties on the
background estimation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/

Sus-2016:05 2|l + jets + MET
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excess gone with more data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/

Sus-2016:05 2|l + jets + MET
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0.9 TeV for electroweakinos, 1.6 TeV for

squarks, and 2.2 TeV for gluinos.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/

SUSY-2018-10

||
SUS-21-007 see Andrea-Trapote’s talk 1 I I Jets I M ET

ATLAS CMS
NLeptons =1 =1
PTLepton >6-7 GeV >25 GeV
Njets >2 >5
MET >300 GeV >250 GeV
compressed \Y4 no
top/W/Z-tag no vV
Nsrs 26 44 4+ 50

preselections
23


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-10/

SUSY-2018-10

e 1l + jets + MET
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The two analyses use different CRs to estimate the background and define also very
different SRs, as a result (also) of assuming different simplified models as signal 24


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-10/

SUSY-2018-10

e 1l + jets + MET

ATLAS + CMS (common)

maximum exclusion reach
mass ATLAS CMS

gluino 2.2 TeV | 2.3 TeV
LSP 1.2 TeV | 1.2 TeV

similar results — confidence

ATLAS only , CMS only
q ;
+
D ) ; W
q ~0 up to
-7 xT X 0.6 Tev
- ~+
N\ ~ Xl ~ (0
q pr X1
v , different models "o f
q can’t be compared!

25

1All other sparticles, which do not explicitly appear in the decay chains, are set to be kinematically inaccessibf and decoupled


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-10/

SUS-21-003 see Diego’s talk more 1' + jets + MET

compressed scenario
cosmologically favored 4b0dy decay of StOp

soft particles

Am =m(t1) —m(%) < m(W)
Pr (u)> 3.5 GeV
b
f Pr (e) > 5 GeV
p t e T Signature:
- %(1) . +
p SRR S T simulated signal grid
@Q 250 < m(~t1) < 800
10 < Am < 80

in steps of 25 or 10, units in GeV

multiple BDTs trained for different
signal points and data taking
years to maximize sensitivity 2



https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=SUS-21-003
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future prospects
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Nj = 2 with W,Z, h tagging (AK08) pr(j2) > 200 GeV && MET > 200 GeV

exploring top corridor via spin correlatiohs 32
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Summary

Tension in the lepton flavors ?
need to wait a bit more to have
ATLAS & CMS results

SM stands all experimental
tests, despite ATLAS + CMS
have many 30 channels

~routine for large experiments

Exciting days ahead, Run 3 and
LHC & detector upgrades

SUSY possibly still waits for
us, we should not over-interpret
the present exclusion limits
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