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Synchrotron with a 27km circumference at CERN

pp collisions at \/Js=13 TeV (Run2) and 13.6 TeV (Run3)
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SM measurements at very high energy. £ search for new physics b
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ATLAS Online Luminosity s = 13.6 TeV ATLAS Online Luminosity /s = 13.6 TeV
- LHC Delivered ¢ LHC Stable Beams

ATLAS Online 2011-12: <u>=18.5
{s=7,8TeV,2641b"
2015-18: <u>=33.7
{s=13TeV, 147 fb"
2022: <u>=409
{s=13.6TeV,38fb"

[ ] ATLAS Recorded A Peak Lumi: 25.3 x 10* cm? s°!

Total Delivered: 40.7 fb™
Total Recorded: 37.8 fb™

Total Integrated Luminosity [fb
Recorded Luminosity [pb "70.1]
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Inclusive tt cross section [pb]

First 13.6 TeV results
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 Many other results will be published in early next year! A



Long term schedule for HL-LHC

e Peak luminosity  =—Integrated luminosity

* gluino mass <2TeV  * gluino mass <2.5TeV
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Surprisingly good agreements of the SM with data

Standard Model Total Production Cross Section Measurements Status: February 2022
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750GeV excess?

CMS Preliminary 2.7 fb™' (13 TeV, 3.8T)
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December 2015 >250 pheno papers related to that were submitted to arXiv... v



...disappeared by 4x more data
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* | essons learned (7?)
* |f hundreds of SRs are used for the search, there could be at least one SR with 3sigma
 The power of statistics is great

* Understanding of models with scalar(+VLQ) progressed



* Data is not increased quickly. 3-4 years to double.

1. Follow up on 2-30 level excesses, particularly with the ATLAS and CMS
coincidence

2. Focus on new techniques that can improve the sensitivity dramatically,
exceeding the increase in data

3. Also important to look at the regions not explored in Run2 analysis.



(1) ATLAS/CMS coincidence




EW SUSY@dM~30GeV

* Analysis requiring low-pt multilepton

 Dark Matter motivated wino/bino “well-tempered” and pure higgsino scenarios
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https://arxiv.org/pdf/2111.06296.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/

EW SUSY@dM~30GeV

CMS 129-137 fb™' (13 TeV)
~+~0 ~0~0

PP = XX, XKy Me=(My+my2)/2 (Higgsino simplified) =
mx X m~° < 0, NLO-NLL exclusion =

-~ Expected t1c — Observed + 1 Ciheory D

~ Ol
o1 O

experiment

AM(T,,7,) [GeV]
N
o

—h
<

95% CL upper limit on the cross section [pb]

180 200 220 240

ng [GeV]

100 120 140 160

-+

I+

0

- %% —~WZ % % higgsino m(% )= (m(;z ) m(x ))/2
> -
) = ;
O, F
= 50 [
S L
sk ATLAS
2 40 - Vs=13 TeV, 139 fb
— C All limits at 95% CL
S B - - Expected Limit (£ 1o,,,)
30 | — Observed Limit (+ 15,,,.)
» — QObs. Limit off-shell
L — QObs. Limit compressed
20 LEP excluded
10 —

0
100 120 140 160 180 200 220 240 260 280 300

m(x ) [GeV]

12



HNL in LRSM

» JeV-scale left-right seesaw model for tiny neutrino mass {

 Heavy Wg, Zr and Ngr are introduced
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-002/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-15/
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HNL in LRSM
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Only ATLAS or CMS

* Will follow them up In
Run3 too
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/

(2) Analysis tool improvements

16



Boosted object tagging

* At very high-pt range, due to the Lorentz boost, 2
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CMS boosted H—cc taggi
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https://arxiv.org/abs/2205.05550

ATLAS constituent-based top tagger
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» ParticleNet (graph NN) shows the best result

* The input dataset will be published for the open access
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Trigger improvement

* At the hadron collider, a huge online rate reduction (40 MHz—1 kHz) is needed to collect the data

* We basically record the data with high-pT lepton, jet, etc., but many interesting lower-pT physics!

* The data not triggered cannot be analyzed forever
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LHCb TURBO + trigger-less DAQ

« TURBO online calibration almost equivalent
as the offline

» Calorimeter calibration for every fills
(compare LED monitoring system to a
reference and update HV)

* Tracker alignment calibration for every fills

e “Trigger-less data taking”
— software trigger only,

Trigger efficiency will be improved by factor
2--4
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https://inspirehep.net/files/f298171be85e44b358a4800332f8f4b3
https://cds.cern.ch/record/1670992/files/LHCb-PUB-2014-031.pdf

(3) Searches motivated by anomalies

22



Smuon search current limit
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(Idea is to improve the low-pT lepton reconstruction more) e lap 23



LHC as photon-photon

I I\ | .
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Challenges:

 QOperation/calibration of the forward proton detector

* \ery large bkg due to diffracted proton

* Precise timing detector to identify the
interaction point to reduce bkg

collider

Known proton beam E

PRL123(2019)141801
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.141801
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t-channel exchange of LQ

_ Excess in the tail of M« b Excess in the tail of mtw
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https://arxiv.org/pdf/2103.16558.pdf https://arxiv.org/pdf/2111.04748.pdf
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https://arxiv.org/pdf/2103.16558.pdf
https://arxiv.org/pdf/2111.04748.pdf

» | et’s say something like this:
 |f there is new physics hidden at the TeV scale, we've got it cornered
 We must not miss it!
o Strategy in Run3 analysis
 Keep an eye on 2-30 excess in Run?
 Develop new tools to improve the analysis
» Search for phase spaces/signatures not explored yet

* Of course, increasing the precision of the SM measurements sensitive to NP,
e.g. W-boson mass, vector-boson scattering, Higgs couplings, etc.
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What are the main improvements?

Particles

features

connected

ﬁ (I layer)

lS-Vs, ordered by Sip2p

features
<4+—>

x,{ = Xj ~+ NN(xl, Xi—1,Xj4+1 ) x,*ﬁ?@ﬁiﬂg

 Old “DeepAK” used 1D CNN
* |Learn the features of pT-ordered constituents sequentially. Similar to RNN

* |n the final step of 1D CNN, substructure and SV info are combined

 Mass decorrelation: tagging results should not depend on the jet mass observable, so that we can validate

the performance by using Z—cc
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What are the main improvements?

* Looks input variables are not changed (p-flow objects and SVs). No description about

how to combine these Info

ParticleNet (DGCNN)

'Ed : eConv.

EdgeConv Block

4 ¥

EdgeConv Block J
16, C = (128, 128, 128)

¥ ¥ .
EdgeConv Block

¥

~ BatchNorm
R:LU Global Average Pooling
! ¥
Linear

Fully Connected
| 256, RelL U, Dropout = 0.1

L 4
Fully Connected

.
BatchNorm

 Mass decorrelation method is also updated.

O O
x!,s x'l’»"
eij
| ]
x{ = NN (xi + Z NN(xl-, Xj))
JEKNN
2MFRIDEEZFE

 Constituents = node

e Correlation between constituents are

DeepAK15 learned as the edge info

'
X =Xi+ NN (X, i1, Xi41)

 c.f. DeepAk can learn the correlation
between two with closer pT only
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AFP (ATLAS Forward Proton) detector

* Near station: Silicon tracker, track efficiency~100%

* Far station: Silicon tracker(+ ToF from run3), ~96%

* ToF is used to measure the vertex position from the timing difference between A/C
sides. Aiming for dt ~ O(10)ps

I 1
‘ € ~ - Y-~
: - - I'
F 4 o

Near station
205 m

e ———

Far station

HELSBEFOIRILF—EBRZE
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LHC as photon-photon collider

LHC dipoles 1) Measure spatial coordinate
® A x [mm]

|
|
| E =6.3 eV proton
: reco
Eb = 6.5 TeV //,/y'/' ErecO = 6.4 TeV proton
eam |

E =6.5TeV proton
reco

AC _
cf AFP — 1 — Eeconstructed / Eveam 2) Infer energy lost by proton

p p

3) Know initial photon energy

Novelty: reconstruct yy system
without central ATLAS detectors
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