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Ultraperipheral LHC — Large pHoton Collider

Rare decays and B-physics

« ATLAS and CMS observed yy— t+1-
in PbPb at the LHC as probe of T’s g-2

« CMS studied J/Psi production in ¥N

. ATLAS studied yPb —dijet + X
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https://cds.cern.ch/record/2854667

Sanjay K Swain

B-Physics in ATLAS and CMS

: + *) 4 :
Observation of # — 4 narrow resonance Mass of B, J/yD,"* decay with ATLAS data
548 MeV (using high rate low threshold triggers) > PR e e e e
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The decay of B,—J/yD.*is reported and

B(n — 4u) = (5.0 £ 0.8 (stat) £ 0.7 (syst) = 0.7 (B)) x 10~ S _
compared with different theoretical calculations.

In agreement with SM: (3.498 + 0.15) x 10™
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https://indico.in2p3.fr/event/29681/contributions/122505/attachments/76501/111030/02-SKumarSwain-v1.pdf

Weighted candidates / (28 MeV/¢?)

Sanjay K Swain

Di-charmonium State studies at ATLAS and CMS

Complex states studies 33005 yriaspeimnay  f pma
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New Phenomena
Searches




Searches (SUSY) for new physics (ATLAS/CMS)

Large variety of topologies and models for searches

HL/HE-LHC SUSY Searches

AN =3 oy (35 Lo

mm-m‘:u.hmn (95% CLexdusion)

Simulation Preliminary
Vs = 14,27 TeV
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;.g Oepr 2¢ 5™ 31 |& 085 mii})=0Gev 1805.01643
Ocu monojet E-= 139 |& 055 ' mil, 2)-miE))=5 GeV 2102.10874
i 12ep 146 E> 139 |§ 0.067-1. ' m{i2)=500GeV 200605880
Sep 15 5> 139 |& Fortidden b n(i2)=360 GeV. mif, -mii)= 40 GeV 2006.05880
Multiple (/jets. B~ 139 |EE 0.96 ' m{)=0, wino-bino 2106.01676,210807586
e 2l B 139 |Ebad 0205 | mE)mi}1=5 GeV, wino-bino 1911.12606
2ep B= 1% [ 042 ' m()=0, wino-bino 1908.08215
2 Multiple (/jets. E™ 139 |EE} Forbidden 1.06 m{i)=70 GeV, wino-bino 2004.10894,2108.0758¢
57 vial, /v 2ep B~ 1 |& 10 ' 751405 o) 1908.08215
Eg ekl 2: = e [+ mL ) IS 01203 ' )0 191106880
PR AN 2ep Ojes £~ 139 |7 07 ' miE)=0 1908.08215
e >ljet B 139 |7 0256 ' m(@)m(E)=10 Gov 1911.12606
AR, A—hG2G Ocpr 236 = 3% |& 01303 029088 ] R} — h)a1 180604030
4ep  Opts = 139 | 055 M BR(E] — 20t 210311684
Ocy 22lamgejessEe= 130 i 0.450.93 i BRI, — 2G)ut 210807586
Direct i} ¥; prod., long-ived ¥; Disapp. vk tjet E7™ 139 |&F 066 ' Pure Wino 2201.02472
ﬂ 021 1] Pure higgsino 220102472
Stale § R-hadron pixel dE/dx R N 208 CERN-EP 2022029
Metastable § R-hadron, —gef;  poel dEidx g 139 & F@=10ms] 22 m(E)=100 Gev CERN-EP2022029
o116 Drspl. lep g~ 139 |&k 07 ' ) =0.1ns 2011.07812
2 034 ) =0.1ns 2011.07812
pixel dEdx 5= 19 |r 036 ' =10ns CERN-EP.2022.029
[}
B AL Kzttt 3en 139 1.05 1 Pure Wiro 2011.10543
RV} 72 — Wizttt dep Ojets E™ 139 155 (] m(F{)=200 GeV. 2103.1684
B, i—qet). T — opq 45large jets. 361 19 1 Large 1, 1804.03568
a Mutiple 6.1 1.05 ' m(E)=200 GeV. bino-Ske ATLAS-CONF-2018-003
i B 139 |i Forbidden ' mE})=500 GeV 201001015
i 2jets+ 25 367 061 ' 171007471
iy it 2ep 26 %1 |i 04145 BA,—sbe/Iy)>20% 171005544
i ov 136 16 L BA(i~+qu)=100%, Cosfhat 2003.11956
B3 IR, 0 ot 7 —bbs 12ep  26js e & 02032 2 Puro hoggsino 2106.09609
]
L T
“Only a selection of the available mass limits on new states or 10! 1 scal
phenomena is shown. Many of the limits are based on : Mass le [TeV]
simplified models, c.1. refs. for the assumptions made. M

Example from ATLAS (similar

2TeV
for CMS)
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Searches (EXO) for new physics (ATLAS/CMS)

Large variety of topologies and models for searches

Overview of CMS EXO results

CMS = 36 fb~! (13 Tev)
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non-rotating BH, Mp = 4 TeV, ngo = 6
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(axial-)vector mediator (xx), gq = 0.25,gom=1,m, =1 GeV
(axial-)vector mediator (qq), gq = 0.25, gou =1, m, =1 GeV

'
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'
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Example from CMS (similar for ATLAS) - latest plot in the backup! 1812.07831
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Searches for new physics (ATLAS/CMS)

SUSY searches potential for HL-LHC

o Discovery potential of gluinos up to O(2-3 TeV)
o Discovery potential of stops up to O(1.5 TeV)

o Discovery potential of EW SUSY up to O(1 TeV)

CMS Preliminary 132.2 b (13 TeV)
g 1 : 1T T TTT T T LLELI LI L E
©
? oo RS WS T 1o
2107
(] E
(&) ]
3 Rl | 1 O e e e 420
1072 g
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— vy ]
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108 430
E —— Observed 13 TeV (2016)
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| —— obseved 13Tev (Run2) 140
107 3 | | | L | | 3
70 75 80 85 90 95 100 105 110
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95% CL limit on o(pp — X — ep) [fb]

EXO searches potential for HL-LHC
o Z’and W’ up to 6 TeV and 8 TeV
o Leptoquarks (1.5-2 TeV)

CMS Pre//m/nary 138 DISTY) o  Filprrrrrrvreerirre R
p L - - ATLAS /s =13 TeV, 139 o 3
95% CL limits . S 600 A
7 —e— observed E 2 - ¢ Data e
] b= 500 - Background model —
6 B orpocted < 10 E 2 —— Signal B(H-> e)=0.05% 1
........... : 400F
: 300F
4 =
200F
3 -
1 OOTJ\ 3
2 -
0 ,wifll PR PR 1
GO T
10 115 120 125 130 135 140 145 150 155 160 é§ _ogE {++++ t ++*+++ **+¥+ ++* H 7 : ++++{i
L I T
3.80 local (2.80 global) 110 115 120125 150 135 140 145 150 155 T60
m,, [GeV]

excess at mx = 146 GeV

Low energy anomalies can be immediately checked at the energy frontier at the LHC
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Searches for new physics (ATLAS/CMS) Gonzalo

What to do next ? Should we continue searches model by model ?

New tool using ML in development for global searches

GAMBIT: The Global And Modular BSM Inference Tool
gambit.nepforge.org.  github.com/GambitBSM EPJC 77 (2017) 784 arXiv:1705.07908

= Extensive model database, beyond SUSY

» Fast definition of new datasets, theories

= Extensive observable/data libraries

» Plug&play scanning/physics/likelihood 200
packages

= Various statistical options

Photons + EMS® searches

oo, N, L .

o Tl T_:"‘h-L.--__ ]

G-EWMSSM. GAMBIT 2.4.0

Measurements of SM signatures

Impact of searches and measurements

— Photon searches exclude low mass binos

— Lepton searches exclude low mass winos

— Boosted boson searches exclude high mass winos _
— Measurements exclude low mass Higgsino and winos 0 200 400 G0 00 100 200 400 600 800 1000

mgo (GeV) mgo (GeV)

(@7 ur— (9 +s)gu
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Searches for new physics (ATLAS/CMS)

What to do next ? Should we continue searches model by model ?

EFT instead of going model by model

100 b (13TeV)
II I‘I'-"'I L

d|m6SMEFT fit ] C’Combmed
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Precise determination of «a;

Most precise determination in hadron colliders

e \ery precise measurement of ag in ATLAS

Derived from Z boson p T in 8 TeV data

ly] <0.4

04<ly|<0.8

ATLAS Preliminary

5 5 Pp 2
g £ 8 TeV, 20.2 "
= « -e- Data
----- Post-fit
[ PDF unc.
[7) PDF @ Theory unc.
- -0, (M) £0.002
Experimental uncertainty +0.00044  -0.00044
PDF uncertainty -+0.00051  -0.00051
Scale variations uncertainties +0.00042 -0.00042
Matching to fixed order 0 -0.00008
Non-perturbative model +0.00012  -0.00020
Flavour model +0.00021  -0.00029
QED ISR +0.00014 -0.00014
N4LL approximation +0.00004 -0.00004
Total +0.00084  -0.00088
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as(m,) = 0.1183 + 0.0009

Kivernyk

EW 2023

New for Moriond

ATLAS ATEEC
CMS jets
W, Z inclusive

tt inclusive

t decays

QQ bound states
PDF fits

e'e jets and shapes
Electroweak fit

ATLAS Zp_8TeV

|

T T T
-@- Hadron Colliders

ATLAS -@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-®- ATLAS Z P, 8 TeV
@ 0.1185 + 0.0021
& 0.1170 £ 0.0019
—— 0.1188 £ 0.0016
0.1177 £ 0.0034
0.1178 £ 0.0019
0.1181 + 0.0037
& 0.1162 + 0.0020

0.1171 £ 0.0031

0.1208 + 0.0028

e e - - - - - - - - = - = - - - — -

I().1 183 * 0.00PQ

0:125 0.13
as(mz)
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W mass measurement from ATLAS

Most precise determination in hadron colliders

DESY. Global PB TMD fits| Moriond QCD 2023 | Luis I. Estevez Banos

Crucial parameter for testing self-consistency of the SM

« 2017 ATLAS result at 7 TeV (80370 = 19 MeV)
- Measurement is based on the Template-Fit to pk., and m¥ distributions
by x? minimization

Improvement of W mass measurement at 7 TeV

80360 + 5(stat) + 15(syst) = 80360 + 16 MeV

Normalised to unity

Var./Nom.

_ ATLAS Simulaton
(s=7 TeV, pp— W +X

—_——
.Nominal

— A my=-50 MeV

- A my,=+50 MeV:

1.01 ...........
e e e e
0.99
30 32 34 36 38 46 48 50
P, [GeV]

Normalised to unity

Var./Nom.

Kivernyk
,,,,,,,,,,,,,,,,,,,,,, Overview of m,,, Measureme_ms : .
I LEP Sombnation | ATLAS Preliminary T e
,,,,,,,,,,,,,,,,,,,,,,, Vs=7Tev,46f0” .
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Lund jet plane density measurement Negro

Precision measurement . arXiv:1807.04758
E Primary Lund-plane regions
> 1
¥ kT4

e Study the emission of radiation in jets
e Jet pT > 700 GeV
e Measured for AK4 and AK8 jets
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Top physics



Four tops finally observed Fabri

Extremely rare process in SM

e Both CMS and ATLAS reported observation (>5 &) of tttt production
DNN/BDT score fit to di¢ ——4—++—+—+++1—1+++1+r+r7

e ATLAS tested correla (ATLAS Preliminary —®— ATLAS- this result
Same shape, expected |/s=13TeV, 140fb" —= CMS (2208.08485) | 5o
Highly correlated (the fr Stat.+Syst. — Stat.only | mjld constraints on ttt would

anyhow be sufficient to clea |
| == NLO+NNLL { foos @ oo
" ‘ - o 1138‘fb"' (13 Tev) — FrFx ‘
= |
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10} . | 4 —45
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+1.0 JE=q
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O e O O W ST 1
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ttW process is a hot topic
Still not totally in agreement with SM

o a background in many channels (e.g. 4tops)

o both inclusive and differential measurements show

some disagreement with theory predictions

ttW — el o(ttw*)-o(ttw ™)

O(ttw*)+0o(ttw™)

ATLAS-CONF-2023-019

s, [T——T—T—T—T—TT—TT1 =
29 08l e Data,stat.unc e 1 39
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Top mass measurements Pinamonti
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To p m ass m e as u re m e n ts ATLAS+CMS Preliminary Miop SUMMary, ¥s=7-13 TeV  Oct 2022

LHCtopWG
ATLAS and CMS measurements summary v World comb. (Mar 2014) (2]
B sat total stat
total uncertainty m,,,+ total (stat + syst) Vs Ref
LHC comb. (Sep 2013) LHCtopwG 173.20 = 0.95 (0.35 = 0.88) 7 TeV [1]
ATLAS+CMS Preliminary Miep from cross-section measurements World comb. (Mar 2014) W =006 0N & 06T) 1.96.7 ToV [2)
LHCtopWG June 2022 ATLAS, I+jets 172.33 % 127 (0.76 +1.02) 7 TeV [9]
ATLAS, dilepton 173.79 £ 1.41 {0.54 +1.30) 7 TeV [3)
ot m,,, = tot (stat £ syst = theo) Ret. ATLAS, all jets 17514 1.8(1.4 £1.2) 7 Tev (4]

= ATLAS, single top 172.2 £2.1(0.7 £2.0) 8 TeV [5]
o(tt) inclusive, NNLO+NNLL ATLAS, dilepton 172.99 = 0.85 (0.41 +0.74) 8 TeV [6]
ATLAS, 7+8 TeV 172.9 .’2"’;-,5 (1] ATLAS, all jets 173.72 £ 1.15(0.55 +1.01) 8 TeV [7]
CMS. 7+8 TeV 173.8 ~‘11.87 2] ATLAS, l+jets 172.08 = 0.91{0.39 + 0.82) 8 TeV [8)

' 160.9 19 (0.1+ 1.5 12 , | ATLAScomb. (Oct2018)  Hs 17269 £ 048(0.25 = 041) 7.eTel [g]
CMS, 13 TeV P : ‘2210 (01+1.5 45) 3] i | ATLAS, leptonic invariant mass 174.41+ 0.81(0.30 +0.66 = 0.25) | 13 TeV [9]
ATLAS, 13 TeV 173.1 23 ) | | ATLAS. diepton () _________FSE. ______ 172,63 £ 079{0.20 + 067 £ 037) | 13TeV [10]
LHC comb., 7+8 TeV LHClopwa 173.4 32 5] CMS. T+jets 173.49 < 1.06 (0.43 % 0.37) 7TeV (1)

— ' CMS, dilepton 17250 = 152 (0.43 + 1.46) .
o(tt+1]) differential, NLO i i CMS, a:| jgts 17340 + 1.41 (069 +1.23) :;: :1:;
ATLAS, 7 TeV 173.7 57 (1.5 £ 1.4 %5) (6] CMS, lijets 172.35 = 0.51 (0.16 + 0.48) 8 ToV [14)
CMS, 8 TeV (*) 169.9 57 (1.1 57 5%) m o o 17282 £1.23 (0.9 + 1.22) BTV [14]

+1.2 +0.7 : , all jets 172.32 = 0.64 (0.25 + 0.59) 8 TeV [14]

,..._AIEA_S_‘_B_T_ey_---__--________ .._-__-_121_'1__':'(3‘_(9'5‘1 0.9 43) 8] CMS, single top 172.95 £ 1.22 {0.77 + 0.95) 8TeV [15)
' | CMS, 13 TeV (%) 172.9 *y4 v 9] CMS comb. (Sep 2015) 172.44 = 048 (0.13 = 0.47) 7+8TeV [14]

o(tf) n-differential, NLO CMS, l+jets el i G

4 = CMS, dilepton 172.33 = 0.70 (0.14 + 0.69) 13 TeV [17)

ATLAS, n=1,8 TeV 173.2+16(0.9+0.8 +£1.2) [10] CMS. all jets 172.34 = 0.73(0.20 + 0.70) 13 TeV (18]

CMS, n=3, 13 TeV 1705+0.8 [11]  CMS,singletop  HeHE 172.13 £ 0.7 (032 + 0.70) _ 13 TeV [19]

m,,,, from top quark decay 100 [3]JHEP 10 (2015) 121 111 EPJC 80 (2020) 658 | CMS, l+jets (%) 171.77 £ 0.38 : 13 TeV [20)

CMS, 7+8 TeV comb. [10] i . . DB '|.CMS, boosted () ___________H 17276 £ 051 {022 3 0.78) ¢ 13TeV [21]

ATLAS, 7+8 TeV comb. [11] 5 r¥iv2205.128 [10)1 * preliminary * Preliminary 4 1 :
lLllllllJlllllll llllllllllllllllllll
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Higgs physics



Higgs width measurement

ATLAS and CMS measurements summary

Marchiori

e Evidence of off-shell production from CMS and ATLAS experiments
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Higgs couplings to charm
ATLAS and CMS measurements

e Update on 2.4 Obs (2.9 Exp)

o ATLAS

bb ZZ
Expected: 40
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Observed: 8.4

bb 1t
Expected: 5.2
Observed: 3.3

bb bb
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3.4 Obs (2.5 Exp)

Marchiori
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Higgs self coupling Marchiori
ATLAS and CMS measurements
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New triple vector boson

ATLAS and CMS measurements
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Run3 results are already among us
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. Points from ATLAS
tt cross-section summary and CMS being
updated
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Summary and Conclusions
Moriond QCD 2023

RENCONTRES DE MORIOND
QCD + MESOSCOPIC PHYSICS 2023

Thank you !!!
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