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LHC physics program

e Physics@LHC is most ambitious and farthest reaching HEP program ever

* Huge dataset with well understood detector performance allows
o Precision measurements Lom = —%FWF”” +igPy+ Wy +he+ D, |2 — V()
» Determine fundamental parameters, probe higher-order QCD and EW effects
o Access to rare processes (e.g. production of WWW or titi) ) A AS

EXPERIMENT
» Probe poorly or untested corners of SM

o Broad search program at TeV scale and beyond (high energy frontier) @ @ @ ‘
& feeble interactions (low coupling frontier)

» Directly address compelling issues: naturalness, dark matter, flavor puzzles, etc.

o Study of new states of matter —> quark-gluon plasma
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CMS

Compact Muon Solenoid

ATLAS

EXPERIMENT

LHC data

e Extremely successful Run 2 139 fb-1 @ /s = 13 TeV
—> dataset is a goldmine for physics
Run 2

CMS Integrated Luminosity, pp, Vs = 13 TeV
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CMS

Run 2 Breakthroughs | SATLAS

EXPERIMENT

. Higgs ggF VH
. . . , " VBF ttH
— Observation of all main production mechanisms

— Observation of Yukawa interactions w/ 3" generation fermions \
— Constraints on Higgs self-interaction via HH cross section ( t ) ( V)

: b/ \t
— Evidence for H- uu and H- lly

« Rare processes

— Observation of weak boson scattering modes (incl. WiWi)
— Observation of ttW, ttZ and tZq
— Evidence for tttt production

e Searches

— Excluded a wide range of BSM parameter space with a broad search program

« SUSY and resonances: gluino, squark, stop and Z’ exclusions” up to m= 2.3, 2.0, 1.3
and 5.0 TeV respectively

« Dark matter constraints, incl. H — invisible <~10%

« Experimentally challenging signatures such as compressed spectra, displaced vertices,
long-lived particles and unconventional signatures
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Detector performance

ATLAS

EXPERIMENT

Results from Run 2 only possible thanks to excellent understanding of detector
performance, and development of reconstruction and identification algorithms

—— RNN (1-prong)

ATLAS Simulation Preliminary
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- ATLAS Preliminary
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Very highly efficient object reconstruction.
Percent-level (or better) understanding of this performance in data.
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Detector performance ATLAS

EXPERIMENT

e Charm-hadron tagg|ng ATLAS-CONF-2021-021
TR N R L B B R — T v "
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E/y reconstruction and muon trigger

CMS,|

JINST 16 (2021) P05014

Comparison of Z mas

s resolution

Before and after final calibration
Included in Legacy Run 2 rereco
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Performance of the CMS muon trigger system
in proton-proton collisions Vs = 13 TeV

Extensive measurements of Run 2 L1 and HLT trigger performance

CMS 36 fb' (2016), 38 fb ' (2017), 60 fb' (2018) (13 TeV)
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Very highly efficient object reconstruction.
Percent-level (or better) understanding of this performance in data.
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Z-boson + jets production

ATLAS

EXPERIMENT

¢ Run 2: ~8 x 10° Z bosons produced

Ssi= ——F F””thfﬂt//'+y/,yuylj¢+hc+ |D, d1* - V()

e Test SM in events w/ Z( — ee, uu) and 2> 1 jet with py > 100 GeV

o SM predictions w/ event generators up to NLO QCD + NLO EW
o Measure cross section in more extreme phase space:

collinear vs. back-to-back jet emission,
high jet p; or high sum py
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e Latest SHERPA 2.2.11 and
MG5_aMC + Py8 (FxFx) provide
improved modeling esp. in
collinear region and at high p;
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-033/

Z invisible width

CMS

Ratio of I, /I}; from a simultaneous fit of Z = vv,Z — uu, Z — ee enriched categories

CMS Preliminary

36.3 b ! (13 TeV)
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Z/y (= 1) +j OPAL
CMS
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[, = 523 £ 3 (stat) £ 16 (syst) MeV
* Single most precise direct measurement of the Z invisible width I3,,,,, competitive with the
combined direct LEP result
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SMP-18-014

CMS Preliminary ~ 36.3 fb ! (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-014/index.html

~ Vector-boson Scattering

ATLAS

EXPERIMENT

* Key test of EW symmetry
—> vector boson self-interactions

—> cubic and quartic couplings; previously observed - V Vjj,

* Events characterized by jets with large mass and rapidity gap

 Signal strength for Zy jj EW production (rel. to LO prediction)

o Z—>wvv: pgw = 1.03£0.16(stat) £ 0.19 (syst)
o 7= pgyw = 0.95%0.08 (stat) =+ 0.11 (syst)
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Fake-e CR W, CR wvCR Zpg cen CR SR -my

CERN-EP-2021-137
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/
CERN-EP-2021-137

WWW Production

Rare process providing access to W/Z self-interactions
—> cubic and quartic couplings

Channels: W*W*W™* — ¢*v ¢*v qq’
o 2 A

Main bkg: WZ — ¢v ¢ estimated w/ control regions

with £ =e, u

Signal extracted w/ BDTs for 2¢ and 37 channels

First WWW observation with
significance of 8.2 6 (5.4 0) obs (exp)

o(pp = WEW*W¥) = 850 £ 100 (stat) = 80 (syst) fb
signal strength : 1.66 * (.28

SM for WWW + WH : 511 £42fb atNLO QCD

ATLAS CONF 2021-039
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-039/
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WWW roduction ATLAS

- \\ candidate event
\ ./ e WH(€7V) W) W)
\ - e

/ & -
Val L . -
R\ § 4
, N :
-~ - \ 1 <
- Ve
4 NS S A
N \t
e 5\
- \'k\
i oy
. &
/
- |
-
& \
” |
~ \
" \
¥ \

EXPERIMENT

Run: 349169
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Triple J/i production

CMS,/

psq‘f
/s
SPS: aglfs m{ I/ %
{an E
psdg o
3 prompt J/Y
CMS-PAS-BPH-21-004
* Fiducial cross section:
alpp > /Y I/ )/ X) = 2721151 (stat) + 27 (syst) fb

Contributions to the production from single (SPS), double- (DPS), and triple- (TPS) parton scattering:

Three J/U candidates in each event ordered by p;

CMS Preliminar Vs=13 TeV, L = 133 fb" {5=13 TeV, L = 133 fb"

10, > 10 5 10CMS Preliminay 5=13TeV, L =133 fb"
oF { Data § 9| § oF 4 Data

8F — Total v g 13 — Total

7k N\ Uty Jhy dty signal 2 4 N Uty dhy dty signal 2 4 N\ Wiy Iy Ity signal
of & 8 g e
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2F 2 2k

1= 1 1

95773 a1 32 3s AT IR T T V3 R TR T IR

miu*p] [1][GeV] mu*p] [2] [GeV] mu*u] [3] [GeV]

First observation of triple J/¢ production with >5 & significance

‘¢(exp)*13(theo) mb

where Gy pps is an effectlve interaction area:

pp—=1+X pp—=r+X
_ <_) Isps Isps

2 Toff DPS
Candidate channel for first observation of TPS

+
Ogspps = 2-72

pp— o +X (T

UDps
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Production is expected to be dominated by DPS and TPS contributions,
the DPS associated effective cross section parameter is:

BPH-21-004

CMS Preliminary 133 b (13 TeV)
,_._,I I I l I CMmS, (I_ 13TIeV J/w]+J/w+Jhu
—— cMmS, Vs=8 T Tov, Jhu+ily
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Measured o pps . Y iy g
compared to the e TS
same measurement i
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-004/index.html
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top-quark production ATLAS

EXPERIMENT

e Run 2: ~1.2 x 108 ¢ produced Fom = —1FuF" S TB Y vy + he + D1 — V()

« Test SM at high p“’p where deviations expected from BSM, measure both 7 system and radiation

;‘ E' T ' ! T ¥ ! T =
i~ ol C ATLAS Prellmlnary = Deta ]
o SM predictions at NNLO QCD + NLO EW g (il 8= 13Tev, 130 g1 — e - Pweremon) ]
. _ u& ; Boosted — PWG+H7 - == PWG+H7 (nnlo rw.) ;
L4 |+jetS Chan neI: it — Wb Wb — f I/b C]C] /b 3‘; 2: Fiducial phase-space _:CEINWPYS "'Mcam:mm(nmw') .
S 107 = tat. unc. Stat.+Syst. unc. ?E
o Reconstruct hadronic top as reclustered R=1.0 anti-kt jet & [ plop E
° oL spectrum too hard 4
w/ p; > 355 GeV, |n|<2.0, and mass € 120-220 GeV : for i
L but improves with _
o 107 E
Reduce jet energy scale uncertainties by using mass : NNLO calculation S
of reconstructed hadronic top #2w0F" araspreliminary < paa = o ]
F2o00- (s=13Tev, 139f0"  OIF backgmund E 10°E 5
— T F B d (JSF=1 =y 1 | ] -
> jet energy scale factor Broo Normaieon todgia  Saron e 5 e : =
i ~30% I’edu Ctl on |n GtOt ) 40(); N %% 1 "-:-:-:-:-:-:-:-:-'_-:-:-:-:-:-:-:-:-:-'.-'.-:-:-:-:-:-:-'.-:-:-'.-:-:-:-:-'.-:-:-:-:-:-:-:-:-:-:-:-:-‘-;;
SYSU ot O =
1000F e 7 ~
o Differential cross sections s0of 500 1000 19500 ] Gef/"]o"
provided for 16 variables o o Difficult for NLO evt generators
(8 for the first time for boosted top quarks) 200 to model additional radiation
'8142
%0,;4*"“””“*'”“*/"*‘*”/4‘7%%//»/?/// /% o Constraints placed on EFT
g 120 140 160 180 200

Reconstructed-level m* [GeV] (0] peratO rs @ G an d @ ( 8)
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~ Compact Muon Solenoid

CP violation in semileptonic ttbar

* Measure asymmetry of 4 T-odd observables which if CPT is conserved are also odd under CP transformation

— — — . ! . .
O; = Qee(PbrPBerle) < Qup'y - (P!, % p/h) Measured asymmetries A.Cp ar-e affected by dilution effe.cts
Due for example to the mis-assignment of the quark/antiquark

1lep, >4 jets (2D jets )
T T

Og = Qre(P, pp — Po, Pe Pj,) & Qu(Po — Pp) - (Pe < ;)

Ccms
15 Simulation Preliminary

” CMS-PAS-TOP-20-005

O1a =q-(po — Pp)e(P.q, Po, Pp) < (Po — Pp)z - (Po X Pp)-

Output asymmetry A _ [%]
o

Oy = €(P, py + 5, Pe Pj,) & (Po + Pp) - (Pe X Pj,)-

Nevents(oi > O) — Nevents(oi < O) ,i — 3, 6, 12, 14 ::
NeventS(Oi > O) + Nevents(oi < O) 72926"‘7' R |

. TS ETTE T P
-5 0 5 10 15 °2
Input asymmetry AcP in O, [%]

Raw asymmetries

¢ Ace
. A
—Fitto Ac, E
- Fitto Ay

Acp(O;) =

« > 4jets (2bjets) 137fb™ (13 TeV!
LA LA NN N T T

1o > 4jets (2bjets ) 137fb™ (13 TeV.
LR B B B T T T

< F = ST
S 0% - i - S 10 ; i E
S E [ DY+jets |l Single t | \A% g S I DY+jets il Single t mvv E . ) o
B “inz E cme W-+jets [t dileptonic [ tf semileptonic - 107 CMs W+jets [t dileptonic [ tf semileptonic ] _ 11 lep, >4 jets (2 b jets ) 137fb™ (13 TeV)
2 10°= Preliminary —+Data  JjStat. ® Syst.  Syst. 7 £ Preliminary —+Data [jiStat. ® Syst. ~ Syst. E S ! el e
g s: mty g = g . P B g 08 CMS ) A A inetjets ¥ Agpinpets
w10 © E @ 10 © E b F Preliminary Agp inleptonsjets (8TeV) 4 Algp in leptonsjets
F 3 E 06— :
10° = 10° = E g 45
10¢ 4 E g of

_.
(=]
>
3
)
N o
AL
——
:
‘
——
"—4—‘1 @
‘
s
——
Wt |
——
el bbb

Q 15 Q 15 =
s F 3 2 F 3 —04f-
a E B [a] = - - hIRE 06—
05E = 05 3 -08F
> b= T e E I I
® 1.2:— 0 1.2 o 3 = -1 o, o, 0l; 0,
= 1 - = F e
] £ @ =-3)1(d,=0) a 1 Ay =-3)/(,=0)
0.8 Ay =431, =0) 3 0.8 @, =4/, =0) 3

All measures asymmetries consistent with 0
indicating no CPV

-1 -08 -06 -04 -02 0 02 04 06 8.8 -1 -08 -06 -04 -02 0 02 04 06 g.S
0,,/m; [GeV] 0,,/m; [GeV]
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Single top-quark polarization ATLAS

O "dcos 0,,

1

Pred./Data

o t-channel dominates single top-quark production Loy = —LF,, F* -|-|:-i;7-ﬂ-y/-:+ ViYW + he + 1D, > — V(g
u > > d d m QL
O O spectator quark g’ coord. system in
w W y  brarestframe
b > > t b > > t y!

e High polarization expected from V-A structure of CC #* o top-quark spin direction

. . . b »< q
weak interaction + test BSM impact on tWb vertex
. . . . P, 1.5 ]
e First measurement of polarization vector in 3-D - ATLAS Preliminary ]
I {s=13TeV, 139 fb" A
. . . . 1_ -
via angular distributions of lepton (e or u) from ¢t — bZv decay : —= ]
L polarization in
0.5 top-quark frame -
RN IS I LIS LS LI IR L UL R > [T T T o [T I s e e e o A Rana L top quark ]
[ ATLAS Preliminary i g:(a e ] 82 1.2-A1AS Preliminary i g:_i‘fU"c. T 82 1'4: ATLAS Preliminary $ [S)f;fU"c_ ] 0; e +¥ ]
0.9 5-13Tev, 139 1" Stat.+Sys. Unc. - S [ s=13Tev, 139" Stat.+Sys. Unc. S I ¥s=13Tev,1391b" Stat.+Sys. Unc. L
E Powheg-Box+Pythiag . L Powheg-Box+Pythiag 22 1.2 Powheg-Box+Pythia8 | -
0.8 <-seeaee Protos+Pythia8 = o 1 <= Protos+Pythia8 ] ~lo r Protos+Pythia8 ] top antiquark =
i MG5_aMC@NLO+Pythia8 - F MG5_aMC@NLO+Pythia8 | L MG5_aMC@NLO+Pythia8 -{
07 - Powheg-Box+Herwig7 - - Powheg-Box+Herwig7 4 1j -wimime Powheg-Box+Herwig7 — _0_5_ _—
E ] O.Bb“-'g rreeme . 8: ] F -
r B E o — 8- — [ +bestFit ]
0.65 f == o = r [ ; 5 F 5 —1— [ 68% CL stat. only —
os5E | == g 0.6 === e 0.6 ] [ 68% CL stat.+syst. ]
S | [ F ; I . [ 1 I 2 Powheg-Box+Pythia8 g
0.4 s~ L { | ] L b qgloo v b b b b by
: ] S e, s ] ! ] 85 5 0 o5 1 1s
0.3 4 L g - F 4
: cos G, S COS Oy, 02 cost, | P,
SN PPN VPO BTN PPN B IO IPUPOPR IR RO S U IO U I U PO B R TR Liedieideilond
© .
12 ga2f LR 7Y 7« Constraints placed on Re and Im
1 e 5 1 5 1 PR——
0.8 £ £ o8 E £ 0.8 prm E
4 08060402 0 02 04 06 08 1 4 08060402 0 0204 0608 1 860402 0 02 040608 1 partS Of E FT Ope rator @Z‘W
cos 0, C0s Oy, cos 6,

.:..

EE
~
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Higgs Couplings to 7 leptons

e Run 2: ~8 x 108 Higgs bosons produced
e B(H — 17) = 6.3 % —> test Yukawa interactions with leptons

* Expt. challenge: 2-4 neutrinos in final state, poor mass resolution

(all had.) ttH
e Multiple BDTs used to suppress Z — t7 and tf background, and "
categorize event purity for each production mechanism woF
e Dominant Z — 77 background from MC, factor of 2.5 improvement
. ] . . over 36 fb-1 analysis in both
controlled with Z — #¢ data via kinematic stat and syst uncert. Comb.
embedding procedure
x10° 70
R B0 R A A IR R < R SRR R RS RN LR RN B
I S e G LA - W T S w0y iaTov 1oy /Y Dy
540 E_AIISS=Rs 5 - H—>TT(0.9y2XSM)—: ° ggF S|gn|flcance E F H_S,;h_m“ ' . H- 77 (0.92 x SM)
‘g B = gt;efrrbackgmunds ] g 50 ;_VBFJ S = gt_i;;fbackgrcunds_;
i o F [ Misidentified r

[ Misidentified 7 —

3.906 (4.6 6) obs (exp)

Data — Bkg
Data — Bkg

50 75 100 125 150 175 200
mMMC [GeV]

.:..
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ATLAS

EXPERIMENT

e e o ST
ATLAS Preliminary H - 1t (s =13 TeV, 139 b
—Total — Stat. Theo. 1Y l<25
Tot. (Stat., Syst.)
1.56 106 +1.14
° 1.53 1 (Coss Zos)
0.59 050 +0.32
r Q@ 4 0.95 to§7 (fofs t0.32 )
034 4015 +0.31
LX ] 0.95 ro_27 (—0.15 -0.23 )
0.19 013 +0.15
194 0.89 fo_17 (t0.12 t0.12 )
A 013 Y 0,07 s012°\
-+ 0.92 312 (%567 ‘oo )
PR TR R v b by v v b Iy
0 1 2 4 5 6 7

(oxB)™% / (oxB)*™

* VBF significance

5.306(6.20) obs (exp)

q
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/

Evidence for H » u*u~

CMS

35.9-137 fb' (13 TeV)

> ||| T T T T TTTT T T T T IIII| T T T IIIIII T
. 2 . > o
H - uu candidate in gluon fusion channel E& F cMs 7 &
= F X .4
Mass = 125.46 + 1.13 GeV - = 125.38 GeV
y N -1 .’ _
ER £1>19 F p-value = 44% |
< .
102F te-t =
Sl /—" ¢ Vector bosons ]
10 %,«" ¢ 3" generation fermions :
‘ ¢ Muons 1
4L SM Higgs boson _
:III L L lllllll 1 1 lllllll 1 1 lllllll 1
% 1.5:II| T T IIIIII| T T IIIIIII T T IIIIIII T :
o [ ]
R A —— S —
g 0.5:111 1 1 Illllll 1 1 llIlllI 1 1 lIlllII 1 ]
107" 1 10 10?
Particle mass (GeV)
* Signal strength, relative to the SM prediction u = 1.1979:35 (stat) 151> (syst)

Obs. (exp.) significance 3.00 (2.50)

CMS-HIG-19-006
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/

Higgs to 2nd generation quarks Y} AILAS

EXPERIMENT

o Test of Yukawa interactions w/ 2nd generation fermions: g = —+F,F* + i:T/By/-H:t/:: X',_T,/;i J_: _ﬁc_' JE- |_' D_'AZ_P:— V(g)
evidence for leptons only . u

e Search for H—> cc in associated V(¢7¢, v, vv) H production

e Dedicated charm tagging

e Results:

15000

| k.| < 8.5(12.4) obs (exp)

first direct constraint

: W)z
VW( — cq) with 3.8 6 (4.6 6) obs (exp) /

- 5 0oof Wiad protanwoma T ¥ T Ty ]

VZ( - CC) Wlth 26 (o} (22 O') ObS (eXp) g et ;V:(: Simgy o =, 45/ ATLASPreliminary .- (o) 3

. == 8500L 4, 1.2 teptons B VZ(— c0) (u=1.16) = 45 s=13TeV, 1391 (.lepton (obs.) :

2 E  1c-tag, All SR I VW(- cq) (1=0.83) 4 = F VH, H—ct 1-lepton (obs. E

3000F - o i pton (obs.) ]

o ee) <2 CllioosieaD | £ ¢ S I L
- @ 8 E
e Charm Yukawa modifier 3 2000E =
« |
£ =

1 [ 11 | ‘ l—:
180 200
m. [GeV] K,

P I |

| ] 11 |
60 80 100

1 1 1 I I
120

140 160

ATLAS-CONF-2021-021
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Higgs to 2"d generation ATLAS

EXPERIMENT

Z(up) H(ee)
candidate event

ATLAS

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



Di-Higgs production ATLAS

EXPERIMENT

 Direct access to Higgs potential Lo = —%F P+ ig By + y vy b+ he + [ D> 2 V() |
o Last part of SM needing direct test 9 H
o Small HH XS (ggF 31 fo @NNLO) | SN o
H LN
e HH —> bbbb (33%), bbtt (7.3%), bbyy (0.3%)
g
e HH —> bbtt channel .
s 10 GRLARBASAML AR NEAL ARSI R0 SR R A
o Trigger: single lepton, lepton+Thad, Single Thad, di-Thad z - ?gzl]?fe\jrz'g"l?aw _gr;:t::kexp_ limit
o MVAs (BDT and NN) used for signal vs. bkg - oo S i i
B Jet — 1, fakes (t1)
o Z(£¢)+heavy flavor CR 1o¢ —poepeli
. Unce'rlainty
o multiple fake-tau CRs 10° ..., 7 Frodiheckgroumd
o most sensitive channel to non-resonant HH 10°
10
GHH/GHH < 4.7 (3.9) obs (exp) - . |
g VST e —— 1‘
factor of 4 improvement over 36 fo-' analysis % 1?' e g titganhakang + + 13
8 05508 060402002 04 06 08 1 18
BDT score
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Di-Higgs production ATLAS

EXPERIMENT

H(bb) H(TT)

- “p ¥ candidate event ATL AS

’ Y A EXPERIMENT

| Run: 351223
) | Event: 1338580001
5 2018-05-26 17:36:20 CEST
v , /
~ - ul
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id

CMS,

SUSY HH - 4b

» Search carried out for boosted (AR, < 0.8) and resolved (AR}, > 0.4) Higgs to bb CMS-PAS-SUS-20-004
(exclusive search enforced by giving priority to the resolved search)

~ Compact Muon Solenol

TChiHH-G TChiHH
GMSB model model

* Search results are interpreted using simplified SUSY models

. ar b-jet Event categories: _Boosted
b-jet - < o 3
et == | bRy Resolved [ Mu=0 CsB
"""""""" .. s
AR, e )
- / b-jetn,=4| SB SB 2[Ma=1] SanNsB
/ iS g - LoR Several intermediate gluinos, charginos and neutralinos may contribute
e - s | 0= SB to the final state
b= S
ool csB o ;! et Exclusion limit in the GMSB model
! . i 1 s 6w Gt 137107 (13TeY)
(my) (Gev] 2 2 EF CMS s 02707 _y, 50750 - E
CMS Prelimi Pre-fit {Postfit ¢Data P (6095] [95:145] [145,260] < 107 Preliminary PP K % K+ Kooy HHGG+XS"“ I
Preliminary 4 137 fb™ (13 TeV) . B m(i" )~ (% ==m(‘§ m@) =1GeV =
Resolved, High ARy : Resolved, Low ARumax é Boosted s [GeV] g 1o E
3 b 3b P H @ 10'H o con B
i = [GoV] = [GeV] :  (GeV] [GeV] g 2 95% CL Upper Limit E
%8, ébo D N, G, W A, ‘% a) % "00 %, ’ ‘ €0 10° —Ohssived 5
"ba B "0 % B "” " % R oo Excluded at gs%c L.: <} S Expected 3
.L.: 5 .F g E
£10? . 107 = “~.... =2 Oexperiment =
] * TChiHH-G: g B =1 Ooypriment E
2 10 =
i 175 < m~0 < 1025 GeV 2 :
] X1 iC. =
1 ° T5 H H : - z Theory (i‘?i‘z’ﬂ?iﬁiﬁﬁiﬁf) ....... _:
\ mg < 2330 GeV ) [==Theory B8 1 |
10—1  — I ) ) ) ) I I I 3 10—2 Il 1 1 1 L 1 L 1 1 1 1 1 1 1 L 1
; 1IO 1‘1 12 13 14 15 16 17 18 19 20 21 22 200 400 600 800 1000 — 1200
Bin number m(Xx9 [GeV]
Small excess in one single bin (1.90 global)
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SUSY Electroweak

e Electroweakinos with mass ~0.1—1 TeV well motivated:

o Neutralino LSP as dark matter, naturalness problem,

muon g-2 anomaly

o Target mass splitting between NLSP and LSP > 400 GeV
e First SUSY EW search with fully hadronic final state using

large-R jets tagged as W/Z or H jets

e Strongest limits at high electroweakino mass

wino NLSP to bino LSP

(W, B)-SIM (C1N2-WZ) x“;z"—»wz;z x°
. 800:..,.]|..,]mw....,....,,,..]....,,.,,I.,.,E
; E ATLAS Preliminary ys=13 TeV, 139 o™ All limits at 95% CL
. 700 = q
3 E -~ Expected Limit (+1 6y, E
600 e susy 3P g
‘ F — Observed Limit (+1 Gtheory) .
500 F Observed 95% CL B X/light
00 ATLAS-CONF-2020-015 (3L, 139fb™) 3
= E = Xlight
B . Xheavy =
300 - Tp Z/h b
200F = b
100 =
E L

il il AT
800 400 500 600 700 800 900 1000 1300 1200
m(z,/%,) [GeV]

.:..
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w 12_ T T T T T T T T T
c E  ATLAS Preliminary Ys=13 TeV, 139fb™ SR Post-fit
© 0 gpaa =TotalSM | Waiets = C1N2-WZ, (500,100) GeV
Lﬁ E - G1N2-Wh, (900,100) GeV
8— M Z+jets HVV Other = = = (H,G) m(H)=800 GeV, Br(N1—> h(G)=50 %
6
4—_ \\\\\ =
re====9 NN
2 '
0 T
g 2 z
S 0 e
9
Z‘é - ‘ Sajiens i
s & N % N SN N v v N >
() ¢ o > o o o O
oo P R A
i, 728 or b (775 higgsino NLSP to gravitino LSP
10017 g
90E- /| ATLAS Preliminary =
E | Vs=13TeV, 139 fb" E
80F [ All limits at 95% CL =
702— g =~~~ Expected Limit (£16,,p) _;
60 /| == Observed Limit (+1op0') 3
50 Observed 95% CL =
E arXiv:2103.11684 (4L, 139fb™)
40 | Observed 95% CL 5
: | arXiv:1806.04030 (multi-b, 36.1fb )]
30 3
20 =
10F
O200 400 600 800 1000 1200 1400 1600 18(%0 2000
) [GeV]
arXiV:2108.07586
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https://arxiv.org/abs/2108.07586
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-41/

Heavy Particle Search ATLAS

EXPERIMENT

* Motivated by hierarchy problem —> new physics at TeV scale & = ,‘Z’SM-i-.:ZBSM

 Heavy gauge boson with right-handed couplings
o Top-tagged large-R jet + b-tagged small-R jet

o Deep NN top tagger using jet substructure

: ot b
o Discriminant: m,, 7

W/

LA B B L
ATLAS Preliminary
(s=13TeV, 139 fb"
SR1, post-fit ¢ Data
- W' (m =4 TeV)
[ Data-driven
[JAll-had tt
[ Non-all-had tt
72 Uncertainty
----Pre-fit bkg.

Events / 100 GeV

obs (exp)

lower limit improves upon
best previous limit by 1 TeV

oot —
‘“Fﬁ‘f y

0.5
000 2000 3000 4000 5000 6000 7000
m,, [GeV]

Ratio to bkg.

ATLAS-CONF-2021-043
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m(Wg) > 4.4TeV (4.1TeV) |

e Vector-like top quark (single production)

Events

Data / Bkg.

o e/u + Z/H-tagged large-R jet + small-R jets
(some b-tagged) g

o Discr.: mes= ZpTi+E}“iSS
i

| UL NE L LB L L LR

[ ATLAS Preliminary -4 Data ] g
[ {s=13TeV, 139 fo" [tt+light-jets 1 ;
301 Hy, 2b, >1f], 22(t +1), Mtie1c 7
[ OH, >1V " Wii>1h
25/~ Post-Fit [JSingle-top 4
F [ V+jets ]
20F Others ]

77 Uncertainty g m(T) > 1_8 TeV (1.5 TeV)
: obs (exp)

for coupling k > 0.5

777

ik, ’ i
R A
0.5F —— T E

1500 2000 2500 3000 3500
m, [GeV]

ATLAS-CONF-2021-040
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Triboson resonance

» Search for decays via a scalar radion R
— X>WR->WWW,

* The radion can decay into 1 or 2 reconstructed
large radius jets

* Results are combined with the complementary

search in the | + jets finals state [ cws-pas-826-20-001

Resonance mass spectrum in the 6 categories

137 16" (13 Tev) 137" (13 TeV) 137 16"(13 Tev)
2 T = T 000 T 3 3 SGRRARARS T T
ok e q v EF " iC
= CMS Proiminary o 0 ol ¢ CMS  Proliminary g oo b CMS Frotminary o (00
S b SR N 4 S Fsm h 1 St i
= - v = - v = - e
Bk SptomatcUncetainy | E L Systematic Uncertainy Eamf | Systematc Uncerainty ]
@ Vo, =25 ToV, M=02 Tov s f W25 ToY, Mz02 Tov @ | My =25 TeV. 02 Tev
wooE W 25Tov Me125Tev | L 600 My 25Tov MetzsTv ] W My =25ToV. =125 Tov 3
o E o ] 3
wf E 4
F 200
- 1 [

il

_ _ e S
g ] 2% | EIS E
bl e (1 S I TTI ST N VT I IO I TU S PRI NORTU PR TR
R T L 1 L L A L A ST e s B AV AR EAMMPY R ERARE
i b s ] 3 I D R 3E |1 (npmsimrpingc o E
[ R TR B R B ) TSTZ Z5 3 35 4 45§ [ B T R B H [E)
m, (TeV) m, (TeV) m, (TeV)
137 " (13 Te 37 " (13 T 137 15"(13 TeV)
i~ (I Py igaradianiess: (I 1ot g
B L CMS Priminay gy 0 3 B oMS ey iy O 5 CMS Protiminary i *
5 SR4 i 5. sms i 3 SR6 i
2s0F- 1 of- E
> % - e g f=en - > - e
2 ‘Systomatc Uncerainty. £ F Systematic Uncerainy £ ‘Systomatc Uncarainty
2 o My =25ToV., M=02Tov ] S 2001 My_=25ToV, M=02TeV QS wf- Ny,_=25TeV. M=02TeV —|
w Ny, =25TaV, M=1.25 ToV L My_=25 ToV, =125 ToV o My =25TeV, M=1.25 ToV
of E £
150}

3 ERNES i .
e RIIRIITIE B tRU e E TR
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Y
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et q Jet q
: = T CMS-PAS-B2G-21-002
q
w
Wik Wik Jet
o w q
~ w R »
" q
q
w =1
; q
A0 N -
Nj= I
m]"“" (GeV) mjmin (Gev)
100 - 100
deepW>0.6{ il
N eep-W> { <8R SR2 SR3
F e co— 60
~ deep-W>0.6 deep-WH>0.8
40 H i
i SR6 §
: : i . {100
40 70 100 200 mma (GeV) mymax (GeV)
CMS Preliminary 137 b (13 TeV) . CMS Preliminary 1371b™ (13 TeV)
3 pp — W, — WR — WWW = pp — W, — WR — WWW
£ 8 1 2 38l = Expected =1
s 3.5p #F Expected £ 10,00 nen Bl pected = 10,,,qinen:
>3 — Observed Limit = — Observed Limit

.
o

2.5 3 35 4 4.5 5
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~

95% C.L. upper limit on cross section (pb)

95% C.L. upper limit on cross section (pb)
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Flavour Anomalies ATLAS

EXPERIMENT

* Recent results from B decays indicate deviations from lepton-flavor universality
B — KOutu~ o, BB - DY

60 = ik ) and R(DY) = il - @)

BB - KMete™) BB — D)

o Vector leptoquarks a potential explanation

o R(K®Y) = (with Z =e,u) both disagree w/ SM at ~3¢

u u

ATLAS-CONF-2021-008

LQ;LQ; production (Yang-Mills scenario), LQ;—bt / tv,
T

= 1 T T T T T L T T T
« Search for LQ pair production™ (other relevant searches not covered here) &, F amaspeimmay ¢ 3
o F Vs=18TeV, 139", Alllimits at 95% CL .
; : 2 08F -
o Trigger on E7"* + require offline Ef™° > 280 GeV, T b TR Beecedimigto,) -
. E Observed limit (+15, ., ) ]
1 Thad, = 2 b-tagged jets () osE- -
g v "F vector LQ 3
: - : LQ £ Vveclor .
o . 3 v 04F i -
Main bkg: #f and single top from CRs e Q) “F itersieration a3
: v T o oF m 3
o m(LQ3) > 1.8 TeV p> LQY T v, e E
AV ‘ E E
) for Q%(LQ3 —2 bT) G 0'5 t b 200I I IG(SOI I IB(I)OI I I10|00I I |12|00. -1400‘ I I16|00I I l18|00I I I2000

m(LQY) [GeV]

k
o Addresses R(D™) anomaly at ~expected scale
* search also targeting SUSY stop to stau production

LQ Summary plots SUSY-2019-18
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/

Lepton Flavour Violation ATLAS

EXPERIMENT

e Run 2: ~8 x 10° Z bosons produced L =Ly ""‘*?BSM

« Lepton flavor violation only observed in neutrino oscillations, ~negligible for #* in SM
o Z —> e p search based on m,, w/ reduced uncert. normalizing to Z—>ee, pu

e Z—>erT,putsearch w/ NNs to suppress Z — 77, tf, VV & W — £u + jets bkg

> 8 20 aras e 4
2000:_ """" T T"_: =) C ® Data -
3 800 ATLAS Prellmlnary E ? S S — = rac e
Ny 16005 /s=13 TeV, 139 fi" ;'Er)a:als . g 3 Neutrino mixing / *2 2000}Low-p SR, ut, -i;;luark
L 14005 % Z::T SRR E BSM-induced vertex L%’ : bt Dinoson ]
§ 1200;— m """"""" Zoun —% \ 1500 HT final state -..;Ig_?:z (B=3><10‘4):'E:
e L Remaining Background - - H
- 1000:_ LXCTERN Signal at ﬁmltx 290 _: Z p L
800 = S
600" ey final state —i ; 1000F
400 ' - / :
200:_ = T Z — ¢tsignal 500
- 0 I i 1 P i L id
T 1.2F ) i
s £ IR + +++ ++ ; 1.23.
E ot H’#ﬂ ++ b # #é Upper limits at B 1125
'8 3 ATLAS LEP S ;
% t + 95% CL S
70 75 80 85 90 95 100 105 110 26 1 g E
me, [GeV] B(Z —>ep) 0.34x10°6 1.7 %10 O 075 02703 04 05 06 07 08 09
. (OFAD) Combined NN output
e LEP limits surpassed by factors BZ —>e1) 50x10° 9.8 x 106
of 5(Z — eu)and 2 (Z — ez, ur) 12‘°PA1L)0 =
’ X 10
B(Z —>uT) B.5 % 106 DELPH)
ATLAS-CONF-2021-042
EXOT-2020-28
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-042/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/

Low Mass Long-Lived Particles

CMS

CMS Displaced Di-Muons w/ Data Scouting

HLT
« Lower trigger thresholds by recording Low PT DECISION
reduced information bttt ol
* Record O(kHz), low threshold, unprescaled, s
by throwing away information STREAMS

* Gives low muon pT sensitivity (>3 GeV @HLT)
* Gives sensitivity to m,,~300 MeV
* Veto regions of SM resonances

CMS Preliminary 101 fb~' (13 TeV)
CMS rreiminary 101 b (13 TeV) le € [0'2’ 1] cm 1 B-¢(2GeV,ct=1 mm), o=1 pb
10° - pp B > 0 X I—>2]:LXI(C‘E:;=1I mm) | ' B 107 - PT(HH) <25 GeV [ B-¢ (4 GeV,ct=10 mm), o=1 pb
2is0. U . 1 Data

B(B — ¢ X) B(¢ — pp)

M 10°4 = N
W o \ - \

Observed limit (95% CL)

......... Median expected limit ...
- 68% expected 1 01 i \"
101 95% expected t 1,
0705 05 07 0809 5 R e+t
— T T T L e L T T T—T

5
m, [GeV]

Example exclusion plot for one value of ct Dimuon mass [GeV]
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https://cds.cern.ch/record/2767659?ln=en

~ Standard Model Summary

ATLAS

EXPERIMENT

Standard Model Production Cross Section Measurements

o)
o
b
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1011
10°
10°
10*
103
102

101

Status: July 2021

AQ total (x2) R R

- ATLAS Preliminary

inelastic Theory

o V5 =5,7,8,13 TeV
= 'Xo LHC pp V5 =13 TeV 3
. BBl Data 32139 ]

dijets pr>
__F O 25 GeV |
E LHC pp V5 =8 TeV 3
E O no A Data 20.2 —20.3fb7! 3
3 Oy ]
- B LHC pp V5=7 TeV ]
E lzgrgv 1ooc>v nj>1 Onso O PP - +
E i &V Ao A o) E
: O o O% wu o Bl Data 45-490" :
i % 022 30 Gev o ww .
0 o ais -chan -~}
_F nj=1 7 dA w ww 3
E o} v O WZ o4 E
F 2 nz3  pr> we o wz oo O Slotal 3
r et AOIOOE:V"JZZ AQiZ:Z} A Vg A ]
lj = = \v
E o njz4 o ZAZ g = o |
E nj>3 AQ 72n123 "1204 A A Wy 3
C nj>5 T o "16-’ s-chan H—’(K\QQ,N 7\ u Ao ]
A njz4 n26 A O D WWW tot.
E_ : >n6 - o] le} e o~ O no¥ z g o E:
F KR B oes | v i vty BEOR wwre v :
B i 0 "’6 (x0.25) n g aw: A A ﬁo.m Bg A
E nz8 0. e " o] 5 K|
E Al n=4nz6 g | 7 o 3
C o O Hoyy Zij u] N
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/ES u A "
EF njg? =3 n H-» O aBg W‘W-E
E m] L. A H-yy Zyy 0 o -
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~ Standard Model Summary

, O [pb]

Production Cross Section
S o o o
N w SN [6)]

—h
<
\o}

June 2021

CMS

CMS Preliminary

= B\
D
—

=)
T

v

>
T

)

(o)

—h
<

o
AR DURJLALLL INURALLL NLLRAML BUAAL IRURRALL SRR

1073

RN

# 7 TeV CMS measurement (L < 5.0 fb'™

i 8 TeV CMS measurement (L < 19.6 fb™)

i 13 TeV CMS measurement (L < 137 fb™
Theory prediction

% 4 Z CMS 95%CL limits at 7, 8 and 13 TeV

‘e g
= ):
=n jet(s):
8w 5
oY EE
- o

¥

ey om

N

a -l -l- -l-l-"-"-l- ] -I- -I-I-I-I-IM N ; ] ; -I-I-Il-d- i -I- -I-I-I-I-M N -I- ; -I-I-I;ﬂ- ] -I- -I- ; ;I‘IM a -I- -I-I-I-Iﬂ- ] -I- -I- I ;I-I-d- ] -I- -I-I-I-I;J i -I- -I- ;;

1 O I ] 1 ] ] ] 1 ] | ] | 1 ] ] ] I,y 1 1 I ] ] ] 1 ] ] ] ] 1 ] 1 | ] I 1 ] ] 1
W' Z Wy Zy ‘NW'WZ ZZ v wwwwwz Wzz zzz \WVy Wyy Zyy EA’Q’N E‘\Jg uw ngwvasi\\;vagc\:\éyE:\\;vzgﬁz tt ot Wi, tty tZg HZ ty HW titt ggngBl_f VHWH ZH ttH tH HH
EW,Zyy,Wyy: fiducial with W—lv, Z—ll, I=e,u

All results at: http://cern.ch/go/pNi7
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LS2 Activities

" Compact Muon Solenoid

* Run 2 endedin 2018 and Run 3 will take place from 2022 to 2024 at CM energy between 13 and 14 TeV
— Pilot Beam Test Oct. 21, start of Run-3 2022 (stable beams expected in May)
— expected to more than double the integrated luminosity of Run 2

« 2019-2021, long shutdown between Run and Run 3 (LS2) HCAL readout upgrade

Highlights of activities during LS2
Mostly done, detector ready to close

HCAL HB
Run3, Phase-lI

GEM detector first station (GE1/1) (first Phase Il upgrade)
installed during the COVID pandemic New beam pipe installed

- N 1 1D 12 19 1) —
8 RBIA0D £ WD — D0
3 5

* Cosmic Running started 2 weeks ago with the complete detector to get ready for the Pilot Test beam in
October
Lg Lomonosov 2021 35
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CMS

Ready for Run3

° B-pa rk|ng ' : M ) Collected billions of unbiased B decays

. . billi [
o Low pT displaced triggers save a 12 Pion events fote
) Mode Noo1s [ B
sample of unbiased B-hadrons T2 0o P
BY 40%x10° 04 1.0
o Enables several LFV analyses B* 10100 04 10
Signal-side: By 1.2 10? 0.1 1.0
o Studying how to further optimise o | bbuons Losa®, @
trigger for Run3 Toul L0x100 10 10
+ Scouting o e
. . . B — Kite- 1800 04 45x10°7
o Aim to run particle flow at higher =~ “———/
rate’ pOSSiny With additional L1 ahis S filt?:.stggirng;aralle\ in 2018 and
triggers (on GPUs or pixel tracks) — SR
 Long-lived particle improvements P
o L1 trigger to improve displaced T
signature efficiency o ey
o HLT developments also ongoing T B W
\ Lomonosov 2021 36
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Run 3 Preparation

ATLAS

EXPERIMENT

* Preparations ongoing w/ maintenance and multiple improvements
to trigger, detector, and computing systems, as well as software

e New for Run 3:
o L1Calo, L1Muon, and L1Topo trigger
o Increased availability of tracking at HLT
o New Small Wheel (NSW) for the muon spectrometer
o AFP with time-of-flight
o Increased performance of software algorithms

ATL-SOFT-PUB-2021-002

ATL-PHYS-PUB-2021-012

T TI[TI T T[T T[T [TTTTI [T NoSon_‘GhL]

Fr T T T T T
- ATLAS Preliminary 1 |LH

5100—'"5-"_;4'" Hl‘-‘-lll" — E Fill 7358
= - A S Pre iminary i B '_S: 5‘_ Run 2 vs 3 data reconstruction ] 5
g - —®— Rel. 22 MP: 3.7 GB + 3.4 GB/Worker g - I Speedup vs (W) CPU . . k i
b 80; —&— Rel. 22 MT: 5.4 GB + 0.3 GB/Thread ] g [ EHC FINeZ91 galnS in trac ] /
g Co Rel. 22 Serial: 5.9 GB/Job %‘i ns - ?g?iguity resolution reconstruction _: I
o - E r —=— Track findi 7
g 60— Memory Usag/e,.-" — € I Mriigellgn;g%s ] X
= | with multi-threading ~
40 -4 & N
20— o Y 5, i ———— S e N U I SNNNRNNNNNY 4
L N S B B R S I o Lo b Lo b Lo Lo Lo Lo L3 b 10
00 2 4 6 8 10 12 14 16 18 95202530 35 40 45 50 55 60 80 85 90
Number of worker threads/processes (W

f Lomonosov 2021
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electron trigger feature extraction
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CMS

Summary | QATLAS

EXPERIMENT

An enormous body of work in recent times from ATLAS and CMS
Results presented herein include final states with all SM particles!
Preparations for Run 3 are ramping up as we prepare > 13 TeV!

All ATLAS Physics Analysis Public Results appear at
— https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ResultswithData2018

All CMS Physics Analysis Summaries appear at:

— http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html

ATLAS Physics Briefings at
— https://atlas.cern/updates/briefing

CMS Physics Briefings at:

— https://cms.cern/tags/physics-briefing

Lomonosov 2021 38
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~ Compact Muon Solenoid

CMS: Upgrade plans

L1-Trigger HLT/DAQ

https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
* Tracks in L1-Trigger at 40 MHz

* PFlow selection 750 kHz L1 output
* HLT output 7.5 kHz

* 40 MHz data scouting

Barrel Calorimeters

https://cds.cern.ch/record /2283187

* ECAL crystal granularity readout at 40 MHz with precise
timing for e/y at 30 GeV

* ECAL and HCAL new Back-End boards

Muon systems
https://cds.cern.ch/record/2283189"
* DT & CSC new FE/BE readout
"+ * RPC back-end electronics
'+ NewGEM/RPC1.6<n<2.4
* Extended coverage ton =3

Calorimeter Endcap

https://cds.cern.ch/record/2293646
* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

The Phase 2 Upgrade of the
CMS Endcap Calorimeter
k2 Design Report

Tracker https://cds.cern.ch/record/2272264
* Si-Strip and Pixels increased granularity

* Design for tracking in L1-Trigger

* Extended coverage ton = 3.8

THE UNIVERSITY
o ADELAIDE

MIP Timing Detector
https://cds.cern.ch/record/2667167

Lomonosov 2021

Precision timing with:
* Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

The Phase2 Upgrade of the
'CIS Whion Detectors

‘TECHNICAL DESIGN REPORT

All shown Technical Design

Reports approved by the LHC
Committee.

Two currently under scrutiny:
DAQ/HLT BRIL
P

40



Ready for Run3

* B-parking

— in 2018 we used low p; displaced triggers to save a sample of

unbiased B hadron decays recoiling wrt the triggered muon
* Parked trigger rate ~2kHz was reconstructed after the end of the run

— Enables several analyses on LFU violation currently in progress

* Expect first approved results soon

— Studying how to further optimize the trigger in Run 3

* Scouting

Analysis based on a reduced data format and on the online

reconstruction in the HLT farm (do not save the full event data)

scouting)

In Run 2 all analyses based about 5 kHz (~1 kHz of Particle Flow

— For Run 3 aim at running PF on higher rate, possible adding
additional L1 triggers (use GPUs and pixel tracks )

J

* LLP improvements

— Ongoing developments in the L1 trigger area with the aim to increase ~ °7}

efficiency for displaced signatures
* Increase efficiency for displaced muons
* Extend muon triggers to hadronic showers
* Out of time ECAL and HCAL at L1
* Using HCAL depth information

— HLT developments also ongoing

Lomonosov 2021
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Tag-side:
b—pX

Signal-side:
unbiased

b hadron
decays

—

Collected billions of unbiased B decays

12 billion events total
Mode Noo1s fB B
Generic b hadrons
BY 40x10° 04 1.0
B* 40x10° 04 1.0
B, 1.2 x 10° 0.1 1.0
b baryons 1.2 x 10° 0.1 1.0
B, 1.0 x 107 0.001 1.0
Total 1.0x101° 1.0 1.0
Events for Rx and Rk~ analyses
BY - K*tg~ 2600 04 6.6x1077
BE  K*ity- 1800 04 45x1077

Kalman filter at L1
tested in parallel in 2018 and

CMS 2018 Cosmic Data

09 ;‘I;WH :
il

Efficiency

commissioned with cosmic rays

0.8 g

0.6
0.5

0.4

Track P, > 20 GeV

© L1 Muon P, > 10 GeV

= BMTF
-+ Displaced KBMTF

E — Prompt KBMTF

[ - Displaced KBMTF

Lid,, =750m) 4

4

£ BIRWE Of g .
[octiaomaie-gra-p” | | L

20

40 60 80

Track dy, [cm]
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CMS

5]

150

100F

415" (13 TeV)

- CMS Preliminary % bestfit  Powheg

=== 95% CL

200’_ Fiducial phase space — ggo, CL ¢ MG5_aMC@NLO

AT I
200

50
[fb]

Otch

SR
250

CMS /!

tt+bb production now exceeding theoretical knowledge! — Important
background in study of top-Higgs Yukawa coupling

Also tt+cc with 19% precision — key role of c-tagging for current

and future analyses

FCNC top decays: t->Hu and :
t->Hc are expected
to be O(10-17) and O(10-1%)in SM. R l{;%
Clear NP if we observe them. '

S/(S+B) Weighted Events / GeV

CMS Preliminary
prorrrrrrrrrrrrp T

120

100

FH=vy
[ m,=125.38 GeV
F BF(t — Hu) = 0.031%

137 b (13 TeV)
IR RS
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E=+1o ]
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|
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2 R—
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Signal Efficiency

Search for Long-lived Particles Decaying in the

CMS Endcap Muon System

Displaced decay in muon
endcap produces hadronic
shower (w/ ~1k CSC hits!) in
low BG environment

137 b (13 TeV)
e

T
| CMS

*
>

£ Preliminary

Signal Region

—mg =7 GeV
— mg =15 GeV
mg=40GeV
—mg=55GeV
—e— Data 1

S—>dd
ct=1m |
BR(h" - SS)=1%

o ] S
200

200

I R I
600 800 1000
hits

95% CL Limit on BR
o

CMS-PAS-EXO-20-015

137 b (13 TeV,
e 7

CMS Preliminary
3 T f T

1072 E
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[ ... Median Expected — M =40 GeV [ ] 10 Expected
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https://cds.cern.ch/record/2767484?ln=en

Di-Higgs production ATLAS

EXPERIMENT

1 L
e HH —> bbyy Loy = — 2 Fw F" +igPy+y,y;w ¢ +hc + | Db’ —|V(¢)'
—_— 105 . - r r - r r r r T T LA T
Xo) - Hee — Observed
= ATLAS Preliminary =~ — Observed limit (95% CL) ATLAS Pfe"m'"afxl _________ e
T Js=13TeV, 139 f)l;_1 ---- Expected limit (95% CL) O-HH/O-HH < 4 1 (5 5) ObS (exp) Vs =13TeV, 27.5-139 fb Exg:c:e: o
=y | HH—bbyy ’ [0 Expected limit +1c B Expected + 10
y 10% e 1 factor of 5 improvement over 36 fbo-! analysis
?r ? Theory prediction Obs.  Exp.
S SM prediction . W
S self-coupling modifier «; Combined _ 69 10 |

27.5-36.1fb~ Phys. Lett. B 800 (2020) 135103

—_
(@]
w

R ../ e [-1.5.6.7] gt

40 29
Nommalised 10 oor ~
Phys. Lett, B 801 (2020) 135145

4.1 55

......
S

2L e bbyy Noriminos ;]
10 Observed: K}\E [_]'5‘6_7] (eXp [ 2.4’7.7]) 139 fb Amsconszouma
bbttt- 4.7 3.9
Expected: «; € [-2.4,7.7] Strongest Constralnt 139 fo-1[ N | L Ii‘ﬁl;"l‘;'.‘?édﬁ.‘éo;ﬁ(;%; 7]
10! . ‘ Fr e s R o g 2 5 10 20 5 100 200
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o Search for HH resonances VS Dbt (eootec) 30
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g | M — D
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-035/
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Effective Field Theory

ATLAS

EXPERIMENT

EFT: allows to systematically study impact of wide
range of measts. on BSM physms at higher E

Lt = Lsm +§2 _@(6)' z @(8)

Study here is a step toward global EFT fits

Input: 1 differential cross-section meast. for each of
WW, WZ, 4-lepton (Z/2Z2*/ZZ), and VBF Z analyses

Output: constrain operators affecting W/Z self-couplings,

W/Z couplings to fermions, 4-fermion couplings

ATLAS Preliminary  Vs=13TeV, 36-139 fb

TP T A R e /I ee T TIT
—8.25—02—0.15—01—0.05 0 0.05 0.1 0.15 0.2 0.25
c
w

.:..
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R fiinZFz ' 1 e« 15 eigenvectors constrained
[ i — Combination i ﬁ . T .
£ w0/ Individually orin
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En ol
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\
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ol = - 0.22¢{) + 0.52¢f7 - 0.39c,,, + 0.44c]’ - 0.22¢{,) + 0.52c,, 5y = ~0.27¢;) + 0.79¢,, - 0.396,, + 0.26C,, ~ .22, ~ 0.16¢,,
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EXPERIMENT

Topic Reference ‘ Topic Reference
Bc —> J/psi Ds(¥) ATLAS-CONF-2021-046 LFVZ —> ey ATLAS-CONF-2021-042
b-quark fragment. in B+ —> J/ K+ CERN-EP-2021-123 , ep charge asymmetry ATLAS-CONF-2021-045
collinear Z + jets ATLAS-CONF-2021-033 dark matter in Z(ll) + ETmiss ATLAS-CONF-2021-029
diphoton cross section arXiv:2107.09330 “’;, dark matter combination 2HDM+a ATLAS-CONF-2021-036
EFT analysis of WW, WZ, ZZ, VBF Z ATL-PHYS-PUB-2021-022 SUSY in photon + jets + ETmiss ATLAS-CONF-2021-028
VBS Z(ll) +y ATLAS-CONF-2021-038 W’ —> tb (all hadronic) ATLAS-CONF-2021-043
VBS Z(w) +y CERN-EP-2021-137 W/Z y resonances ATLAS-CONF-2021-041
WWW ATLAS-CONF-2021-039 VLQ single production in Ht/Zt ATLAS-CONF-2021-040
H —> 1T couplings ATLAS-CONF-2021-044 HH —>bb tT ATLAS-CONF-2021-030
boosted top cross section ATLAS-CONF-2021-031 HH —> bb bb ATLAS-CONF-2021-035
top mass w/ boosted top ATL-PHYS-PUB-2021-034 H —> XX/XZ —> 4l ATLAS-CONF-2021-034
E/p from W—>tv CERN-EP-2021-147 t —> bH+(cb) ATLAS-CONF-2021-037
ETmiss performance with NN ATL-PHYS-PUB-2021-025 § LLP in muon spectrometer ATLAS-CONF-2021-032
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