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LHC: Detectors & Physics

* LHC experiments capable to explore

all SM particles & interactions
= Precision SM measurements

* and probe for new particles & interactions
= Searches (direct & indirect) for new phenomena
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The LHC schedule
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We’re in the 10th data-taking year.

Accumulate large datasets Enhance apparatuses

>

(accelerator) increase luminosity
(detectors) increase performance

precision measurements
probe for rarer processes




The upgraded CMS detector for HL-LHC

7 Corrpet Muon Sukered

L1-Trigger DAQ & High-Level Trigger

https://cds.cern.ch/record/2714892 https://cds.cern.ch/record/2759072 e

+ Tracks in L1-Trigger at 40 MHz - Full optical readout Barrel Calorimeters CMS

« Particle Flow selection « Heterogenous architecture _~ https://cds.cern.ch/record/2283187 =" |

* 750kHzL1 output « 60 TB/s event network - ECALcrystal granularity readout at 40 MHz
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The Fhase-2 Upgrade of the
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Tracker
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(HL-LHC upgrade example: Timing Detector)
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Motivations
Pileup mitigation

Delayed particles
Time-of-flight of heavy stable charged particles (HSCPs)

Particle identification

. Simulaled Vertices
3D Reconstructed Vertices
—a—— 4D Reconstruction Vertices

————— 4D Tracks
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Measure the production time of minimum ionizing particles

Longitudinal spread of bunches
Interactions in a bunch crossing spread with rms ~ 200 ps

Searches for beyond the standard model

Impact on physics

J 10 -12% improvement

in py™ss resolution

= H — tt, BSM searches
. HH production: +20% signal yield
[ PID for heavy ion physics
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Efficiently collecting large, rich data sets
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Probing different kinematics, m & Vs
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Probing multiple final states

Rarer

CMS Preliminary
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Exploring different collision systems

Total integrated luminosity (ub™)
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Beyond luminosity: Trigger strategies in Run3
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* Additional data taking streams: Parking & Scouting
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Novel data-taking paradigms

3.1 fo" (13.6 TeV, 2024)

CMS Preliminary
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Example: “B parking”

unbiased
other side B
tagged B

w Access to hadronic channels
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https://cds.cern.ch/record/2704495/files/DP2019_043.pdf

2 MeV

Candidates /

Observation of rare n decay

* observation of the double-Dalitz n—=4J decay

» first positive observation employing scouting data in CMS
* studies allow precision tests of SM and sensitive to BSM

» test low-energy QCD, hadronic contribution to (g-2),, search new light particles
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http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-003

Observation of rare J/ decay

* large production rate at LHC w» allows to probe very rare leptonic decays
* J/Y robustly reconstructed to dileptons (J/U—Il, Z—1l:“standard candles™)
* recently J/y—4e and 2|u2e found at BESIII

* CMS delivers first observation of J/U—4 decay, exploring parking data stream
* new testing ground for QED predictions (+BSM)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-006/index.html

Observation of n-J/y production and MPI

* facilitates study multi-parton interactions (MPI)
> probe proton partonic structure, tune MC generators

/v 0
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Entries / 0.05 GeV

Measurement of rare B decay

* FCNC and helicity-suppressed B decays, highly sensitive to NP

Bs— UM, observed, entering precision regime

BO— UM, simultaneous search is pursued, first evidence might emerge

* effective lifetime: only heavy eigenstate decays to dimuons in SM
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CMS-PAS-SMP-22-012 (2023)

CMS-PAS-HIG-23-005 (2024)

Search for rare Higgs (and Z) decays
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Probing further mass spectra

* final states with standard candles (Z, onia) provide clean and robust canvases for searches
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Observation of structures in J/@J/P mass spectrum

CMS

135" (13 TeV)

Prelimina

s " CMS explored extended di-J/y mass spectrum B

35b7 (13T

e several structures revealed near threshold

» X(6900) confirmed, compatible with LHCb
» plus two new structures detected: X(6600), X(7100)

ATyl BTy |
=T

—Fit

CMS Preliminary

» observation of all-heavy tetraquarl candidates

sieppue Miwon- [GeV]

* signals described by three interfering BW functions

180 ——— - - I . 135 fb (13 TeV .
% E I7.9O- | | | CMS E f;nc- ¢ Data ' |
=S e0f ) 80 = )
& 140 E . ¢ Data —Fit = (i),
S RN —BW, BW, S J/WI/Y —
;{j 120 o Ivs * 4,70 BW, - Background
g 100 : \ ‘ ? --=|nterfering BWs = (u u)-l (u u)z
— d * & —
g 80 ‘, , =
M AN .
40 SR T e 1 PRL 132 (2024), 111901
A : E BW,
| o : : T
BE h{? m [MeV] 6638 3110
T
Lz 5 +230+110
| [ [MeV] 44075301210
My [GEV

X(6600) X(6900) X(7100) o .

Candidates


https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-21-003/index.html

New states, conventional and exotic
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Any new (-physics) particles yet?



Any new (-physics) particles yet?

S vt e

L nstare

Ty wite oy

Pras F NS ke

oo o3 lavw ) 16

de dvaar

1 fuzeaenba sl g, s ol Ll 2 eUSS RIS
P PRPISFT AR Rt RO "I RS Do
MmO s

AN YO RN  Ard oga] dghdan oe

BY Taccrarce e

SEFATee T 16N @TAN R nnw "8
LA TR, BT s dh e deE e Gya ]
RS pdxt 20 I e vt o Bt
Doudpchurgee a7, 1507 =St Pt ra, OV 2ocosdan

quvtzmezsaeean B na o
qavtomezcamean B ne -1

Foion voew Tan wihe e

Foiny vom Tan wlbiin. am

chened e @i T30 L ek
worrnnd ey Mg el a el Lalll re»" T
Qenddmon ks o =Uds U=t oy
Qenddmion nadubs (gl e =023 gm = Loy = oW
Pt ey YLy e Lo e et rgane 0
crlrrrdme| W g e’ goml re el ded

anelet adebs d=l g = Lyga=la.= .0

walsr rodive Prion patal gl gl CaY

Fratwvy armatar o) o' e el el FaY
Pwedrd ¢ mede 20U g ~Lypa=la =Ly
Pl ¢ el e 3 0L G L Yo =l LW
anvay v et e Ty, LA 0a e, LT
Cayeee2' & 25,90 Lov DO

&R TR R gr, R N, U pr
2= g Ly Loty LNGEY

Lyboraur i Fo_teQ OGrwe LB LAT XN
T RTLE IO IR ] SO R
Foaucdwemanac s pu I 3 l0 0
FeaatcdwcTame rade,r LT3, 0L

debHyr v o) paml Palill o e TOEN r e SN

i igat

s ndcara

T yaredquniz

R T L O B

FIW v deg v dedlipr oo age bwed D ading

ARET med
E ] (T B T )

P TR

FOER L et

SR epm L

FOER A dped

AOCERI epe il

AL o0 »

RV AT et

3 ixdag st W =L

P UzHglum=.

"2 UzH A |

DI galeg M =1 LA =y

T AT e =a= on =L e = r T rporipe - 21
el vald lw

Al e

# b a1

) b e 0 Ay,
ot b gun g (e e ] e
i bgea Ll =l e] Sy
widd b Tl -
wziedimmest € 7 F L4 wy

W, [l 10 [ i€
W, [l 10 [ i€
WL [V F vl = FaY 12
!
[USY Y R A
[ONRT TR

R L 1
Sk
Seghl

T v icmnan TN
T rewen rvavoes rra Y Iim TS T
T rewen rvavoes el e [WRSL)
PO P

P P FER

28

Speenig?,

UL She - ITR

LD N L

LLL a2 FTHE (0

L VAT

IrpvchakeY”

e V(]

PR dvalel.Me =0 0y

har Vg 1

L WAL N =

rm -1

L0 Ay A M =M

AP, Cokirze 2007 |

o I TR Ll T T TR B R

https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/

%J‘\\4tt!t!tttt

> »
vkl

AR IR IR B T N 3 T T LT T T T T T 3

TYY Y Y

\Q!gtttt\!\\\\\\\

TY Y e

T LAY

FrrrrrrrLE L L LY L L LYY

CMS preliminary

Overview of CMS EXO results

March 2024

e sy s | vy 2y 2 0 b
e

NRUE
RN s A M - d D D R 2y
D SR e AR S U
e s o L e Ly
R L
R L
PR E s Y, » 8

PR 1 5 W, » 4
RN 1 £ L Iy e 1y
TWSRBNPTIN2000 It
IR BN Y0 e gl
DU BRI D000 ) S I
TN LI00 A

198wl 2w dsuy

TR
N 221 741 1 1 351

DT S %
R 17 7T e I

17 I o

s
o AR e s U b

FATATNG [39, 2]

T SAT30R E Li ek
I R A - 23 Y
O P R TS
AN T VT [ W e
s 1 1IN e e
e e B R T

LI e

pESES beb Fi RSt

I L TT N TSR] PRV
e oy 9e-r0 100" i =yl

O RO Ve AU R VL R e e

IR 4+ ' =<1 73 10142 e qhavent e 1 iy =
I - S el S R R D e T ]

R < 0315 25 4

e e a2z g
1:cen1028 2]
CURARFAN D VL barndiamloncioddibpes
ST YV WEOUT AR FAN D VL bandamglenr ol s
“AAT IR
ACETENTEYE NETH
L g dE
1F2A2F%
3NN )
J2I8T80T el
AV
ANIDL
[RTEFNT 2
S
ST
IR W s-aae-ta Ll Ty 4y

i SU SR ¥ 1 AN
F S R
A 7 1 e R
L ERNY SIAP S L T

[ et o g It ' 1N}

I 311 15 (2
A 7T 01 e
R (WO vy = )

N 11 0255 fy # 2

SR 105 803 e g

EXL-L3Y 10005988, L LOW S 0 2 3] =2
FHLIAS AL, 2 S e eyl &
' BRI INes v,y lp e
PRIV, A3, A MR WL I
ETAASOMIARENI (W, A0 A MR VL. 3. B

AVTAIIINDTAMN AL . ALl

et o o 035Iror Cazhiz on I at 235 CL 1haeny inzema mes e MNm

I I RprraEw
IEINER Y 20T g
AL PSS 28
UGN O A0S A
A 2 e Tt

R LA s 2
I 1 . 2]
i e A
1 282, v 2 b
0 23S o]
e 3,14 e ]
= X

INGANVM .#ﬂ
DO e s o
s L R e
PEEANY =P
[ L R PR e
TIANY Jeed)
POTEAAS TV I T = > Thy
NImee v=J)
R A L1 02 T
S W2 ERD L R lein

uulw RO H P U RN
Mass Scale [Te¥)

b
-~
]

.
-
.

02
It
120 27
E
PR
T
(RERS

o
m=
m =

I, G ims =2 600 T
INFy 4 e mg = 2 B0 72
J00, 1=33 m - 1300 Gay
J00, 1=3a m - 1300 Gey
AN e, = AW S
G, = Al G
2D AL M- 1500 GaYy

AMIR iyt ny = M0 G-
GMID g3 me-2100 Gav

SERLULY Gm=eaytiohs UL LeY

SERLULY Gm=eat.ory  1JUU e

SPMSUSY HECP], f = 31, 0y = 1602 Cov
WSS ISLHTBN0 - LU poel M- 240 Ll
Sgns 4 m-‘._‘. LN R rR

Stozpes £ g=et %o 2y LJUL Eed
stocpes § =emllaih by AL my Y LeV
ANER kT, m =T Ty

F=0707 07 QT 2T LT=NT My UM
F=ax’ oragy” yT=atn ey
Tt b o T, i TITNCRY, ape w I0AN £
GMIR gl PRI ER, i, = RO

M X GBUHIES bEl i - M) el

GMID 3PS, Yi=yT Mg - 400 Gev

GMID 0. MLSF, J0G, n - 270 GV

U Gey M, LUUL G

JmEngs U L% Zemtyt Sv- L0 ek m - 20 ey
A2 TR, Ty g1 TR mem 126 R, 0w E O
AYNIIAED X o gy 125 N ey @ DY e
eRE LIS = e Lol e my JULeY
AR Xbis iy = 136 G, gy, = 43 Gl
I L0, X=0C T = 125 GaVL 1, - 40 GaY

JKL0E, X060 M = 125 GaVL 1, - 40 GaY
eRXLUA A=Trorw L2 e m, 4 Lay

e 0D v, =180 50y, - TN, el
PEILRUN PR ER b5 RCC I Bt e SRCR ) |

I L0, X=06 2 = 125 GaVL 1, - 4 GaY
JKL0, X=gd gy - 125 GaY, 1y - 40 GaY
eRXLUA A=TRorw L2 LeY m. ) Le

laliesd 0

Overview of CMS long-lived particle searches
CMS Preliminary

March 2024

g LU4 1202 ats with dispinced vartices: AR e
i 77 1331 Dialaced jets) T i
i 10413474 e b with dinplaced vertices, [ S 005G =000 SO
i L2010 ispinc ed jots) I e
T RN
' 21000 Diwleced deptam)  0.001-10m uom !
i M2 NEART D loced i) OG0 i
g 202001501 Desphaced Jetsi [ ANESA RN A
; 1902.02431 iDelayed Jet+MET) | na—sim n
i TV MR iwalacend et [ B037=0 36 im !
< | weevoyetsswen o adw WwD '
¢ I
i I
t 1801 0359 (Delaped jet! LR
é 1300 70550 Delayed jot) RER
¢ UL U8 Delmysd wal ELREE
a° 208 510 Dissppearmg track) | AT=E 0 e
a 105 12250 Misappenrimg tnech djebswith M, msag ey v’
ar 1709 7%50 Misappeanring tacky djeb with Mo | S86=3 m im !
¥ TN (A4E N Disappearing bracks ety with My [ pas=E T3 M
9 sel: OWLL (Trackiessjets # LTV a= 133
P 8L Ul (Trackiess Jets+ MLT) [0 A= TR
2 1907 0165 iDelayed wivd! [0 05=Em T
) 2UNEA Piplaced leplen)  SelS-iEim e
¥ (Zeds Mb.2 Dusplaced diwuon, Gkl 98 1
y 217213720 Biapl aced dimuoan seading [0 000s=0En s wir !
s AENT Dileced didectean  goomz-im 20 17 A T
y 211104800 Divploced toptam) [T nEn
x ULe VLU IDIspinced Jats) [ s T
'S 211010210 Displaced s+ 21 | M= s in
. 2177 04838 Hadronic decars in €5C [ g e bhrd
’ 7107 04333 ILLP decay in €SC I Wi
¥ 2aL_ULsb 5 ILmerging pet #jet) [ st e 133
Y= T3
P OWEPAS5 0201 ) Db e st Muam 30 [0 eas= e Wb LI6TeN,
y O PAS- 502 %00 il el b Mo 3 [0 002 W AT
x UH BN A0S 20 UL Bspine od Jots Rumd) [0 BT TRTe]
1 L L
il ) bt 10 13-t 10t b

et [m]

sractarof camsmend sycheion limats ab 0=h 11 Ity areemairtics cee aokineuded] 1hs g o bick laboliciears the atadied larg liacd particls

_ o - =
-

Overview of CMS HNL results

s Prwlimenury Murch 2034
Lot B S EF v T R R s el e an
Tor Zwasihes Twriier e Ceesawe - [ T D AT A N R I PR E I SR T il o
“eze leana has Tereeds LA 3- 00 v B L R U LD U B U B B TR L A 1 l:':-
“eze L Zeana has Tereed. LAS - 00 v e S LA S SR U 2 U B U P KN TR0 CR U 150 k=
Trellinc el e Pomn? el AR e Qe v T R R AR, S L AL R T e L
Lo M S B v P it
LZHA AV WM 2Pl 20N v sy A Ay 15T
DA WM T0a v e el L E
IS N M My D AN - e LY e X Pk
1PN A g My W - e AR YRS 1t e
LIHI AV L N0 IS v PSSR o3 T 3¢ o
DIHI AV N 0o v D e ez Ay 3 Lt
L LA R v FO AT, T e e |
T R T N v D e s N T e LLEN
Hamedr nawamr by Uy 00 - D s o el e
Homwir nvnamr b, 2y 00 v D et sy Lt
IPNUA M, My mE Ry, v J A MR -t ane
IS A, My T Ny v ] O IR -2 e
Decbiedbazora Bl Py LICNEY - DS 2D A A Lt
Decmieiiacwalil Py LIcl v P s ST T e 2 mx
Ivcda rilins 4%, o f mliie 12 ¢ v A %I Jeedil 150 kT
Tvada rnilime 4% P Patisiz: - aneames iz aopnm 190 BT
Decebacora bl Py LIC1Y v P S e Al Lt
Decwiedbacora bl Py LICII - P RS DO0GT Je a gt Lt
Techerafiertl Fop ol e 12 v P eReRR ATl 2 1% -
Ivqde nilime 49 p Patiisiz? - CMSRARIN T g, sl 190 B
tvqde niVaesubdl Poie Zeizd v [ LA D221 o= VOB L
Decbeibasora Bl Py LIc1I - N LR MGIALT - MIS Lt
DecleiMasowalbl Py LI - IR ETY RS TOT I e NDEL Pk
Tvede niline 4%, pof e izt . ] T DA RSN RIIA e NN Pl o
Tvada nilime 4%, P P tis iz d . B ¥ T L IEN VR RIIIA s e MBI L't
LessiesUnz ML PoF Lue 1! - LERS EAY HARRAUMIIL s Vs 1% -
DecaiedVacra bl Py LICIEY v PSR w0t 0 e 3R 160 kT
Desliesbacoralbl Py LIIE - P ey crnpeoolatl ma kg Ll
Tvade nitins 4%, pof aliie 12 2 v PSRN S AN D b L:x
Tvida nilins 4w, p P : “ T T~ T D TR TT P T T L:ix
Tvade nIMS BiimKimeamiin op PyPm bin 12 2 o | AU Dby e
200 Lean VI NN WL LY . ey WLt
. . . . . .o . . . . . CEECE | . . . . .
w? we - w o

M Scde [RV)

Solnctivn clebearansd s adar L rem st WAL T (rhecrp aweralvier v e rr e

https://cms-results.web.cern.ch/cms-results/public-results/publications/EX0/

21

hitps://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEX013TeV



https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/

Direct Evidence for NP

-

P

New Particles
From the collision?

» searching for the decay products of NP
particles produced in collision

SM

Resonance

a la Higgs
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Indirect: Quantum Imprints of NP

New Physics
hiding here?

» searching for effects of NP particles
running in quantum loops (virtual)
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Indirect NP searches: precision measurements
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CP violation: beauty

0
CPV in interference between mixing and decay of Bs— /Y ® % CPVaear

A
Measure the weak phase O = -2[3; + O NP CPV i J /¥ $(1020)
w
New physics can change @ sizeably [Bs mixing] 50 7 CPVaecay
Core ingredients (S — A b | -
= —0
. —0 0
» time-dependent angular analysis  BY VA B, F(Bs (B f) () # lﬂ(Bs(wBé’) - f) (t)
» time-dependent flavour analysis b — TS
» flavour tagging
DO 8 fb~! » 202
0.13 68% Lcontours
(Alog £ = 1.15)
T 011 CMS 116.1 fb~?
© By, CDF 9.6 fb™
L' 0.09 A
LHCb 9 fb~1
0.07 \l
ATLAS 99.7 fb 2 /
JAyp rest frame 20 s 0.3 0.1 0.1 Vs

¢S[rad]
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CP violation: beauty

19.7 fo~' + 96.5 fb~" (8+13 TeV)

'.T:o.12 oM
o o . . . . £011 Preliminary
* First evidence of CP violation in this decay (Ps#0) o
0.101 SM no penguins
« . o . o 0.09 S, ¢
* Decisive analysis improvement: flavour tagging
0.08 |
» opposite-side algorithms: muon, electron, jet charge - |
» same-side algorithm developed and deployed first time 008| 12 3etandarg s
: deviations contours 2
» use state-of-the-art ML techniques 0.05- 5
» reached best performance at hadron colliders (~Tevatron) e o 150
CMS-PAS-BPH-23-004 (2024) ¢ K [mrad]

PV

SV
SS charge BE
sensistivity o v
__>
—3»
> > statistics + O¢ + flavour tagging
-
Category Ctag (0] 7 o Prag [ %]
came side Only OS5 muon 6.07£0.05 0212 1.29+0.07
____________________________________________________ Only OSelectron  2.72+0.02 0.079 0.214 +0.004
opposite side AR om0 0,042, 0230 L0003
T } Only SS 3312+£0.07 0.080 264+0.01 3}
6 | e oo SIS 20053 111 (07 074 < A 3 R VA V9 s 3 L U
SS+ OSelectron  2.77+£0.02 0.150 0.416 £ 0.005
b—pu X SS + 0S jet 5404+ 0.03 0124 0.671+0.006
Total 559401 0100 5594002

OS jet charge
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004/index.html

CP violation: charm

CPV in up-quark sector not as studied as in down sector

> observed by LHCb in 2019 in D02 K*K- / TT'TT
amount of CPV in D sector suppressed by GIM, CKM

explore fully hadronic channels collected in parked stream

> DO mesons from D+*—DOrtt, where Tt charge tags DO flavour

CMS-BPH-23-005, arXiv:2405.11606

- CMS 41.6 b (13 TeV)
§200; ¢ Data
= [ ——— Fit
9 : — D°x D*
150} — — D°x bk
% [ eeeeene bkgxbgg ’ + H H
s | D: x bkg , | ‘_{ W
£ 100 | T
S | ++% ......... AL
ol "

measure the CP asymmetry in DY KK decay

>

> consistent with no CPV (20), and LHCb (2.70), Belle (1.80) oL
first direct CPV measurement by CMS in the charm sector

>

I(D° — K2K?) — T(DY — K2K?)

N
o)
o

Acp(KgKg) = —
cp(KsKs) [(D° — KZK2) + (DY — KIK2)

DO0— K 1T used to cancel production/detection efficiencies
Acp(KsKs) = 6.2 3.0£0.2£0.8 (Ap(TT'TT)) %

N
-
o

4
oL
o

Candidates / 2 MeV
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-23-005/
http://arxiv.org/abs/2405.11606

Weak mixing angle

CMS-PAS-SMP-22-010

 precision measurement of EWK key parameter epesoa® [ " T e | ozaeer+00002s
sinZ gf ‘= (1— m%N /m% ) SLD: A, B —e— | 0.23098 + 0.00026
e TR - —
. . CDF 2 TeV — 0.23221+ 0.00046
* effective mixing angle extracted from Arg(ee,[1|1) = —
D02 TeV T 0.23095 + 0.00040
- of Z/y— Il measured in bins of y(ll) and m(ll R R e = D
* different PDF sets are profiled (nominal: CT18Z) LHCb 748 TeV | | . | || 8142000100
CMS 8 TeV : o . 0.23101+ 0.00053
szgf = 0.23157 % 0. 00010(Stat) +0. 00015(Sysl‘) Al hd A I D || OETe0=0000%
.U CMS 13 TeV —— 0.23157 + 0.00031
- £0.00009(theo) £ 0.00027(PDF) ooy e M e
sin“e,
CMS Prefimina 59 fo™' (2018, 13 TeV) .
£ o[e 1 onx oms ——  best hadron collider measurement
o Fit (CT182) . CT18A e K R ..
o2f* ous "B origg ey . ... | ¢ matches LEP/SLD precision
_ J48 T CT18 v B A oo : : oo
R e g e .o e 1o compatible with SM prediction
(] B : i
it .t . f : — —5= A, - .
W e A ’ * helps resolve longstanding tension
" . 0.23 0.231 0.232 0.233 b .
0 n PR sirfol. etween previous measurements
ly|-m bin
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/

Top entanglement

* entanglement present in top quark pairs can be measured using spin correlation variables

CMS 35.9 fb" (13 TeV
s o7F . .. T T T T T ]
‘8 8 L ¢ Unfolded data ----NLO, SM |
— 8 [ —POWHEGV2 + PYTHIA8 -- NLO, uncorrelated | S
p— ~ - - —— F J o~
- \,\/\ © o6 MG5_aMC@NLO + PYTHIAS [FxFx] 4 = 1 d G 1
~ _ . | = = —(1 — D cos go)
osf o TET | 2 cdcosp 2
! KX =
........... 3 D=-——
1.05 | : T mSat . Sat@syst | & 3
S =
S |2 =
3x 1 e
-

0.95 |- . /05(0=f1-f2 tI'[C]>1
-1 -0.5 0 0.5 1
COoSQ /

* sufficient condition for entanglement given by condition on entanglement proxy D:
* select low-mass region (345 <m< 400 GeV): dominated by gg production, higher statistics

CMS Freliminary 35.9 tb~! (13 TeV)
{CMs___ 138 fb™ (13 TeV) BRSO
— : Di'Iepton. partoIn level o [T)a,a.dohs ' . E:::nglement Threshold l.é
Q) o > ' 2= ° ° ° ° )
= S8 10 S T 7 < modelling improved including toponium o POWHEGH24PYTHIAS &
S € 5 POW+HER, X" = 4 -+ MG5_aMC@NLO+PYTHIAS [FxFx)] o
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>< _8 3 ™ Total unc. o . e o
S o 10 0.0 <309 iy
= =
O
e e ———— T T e Without —
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. With g ;
a . )
. 047840 02 | toponium o <C
= >50 observation of tt entanglement » il Bnmana o
500 1000 1500 2000 T =
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072002
https://arxiv.org/abs/2402.08486

A step further

* measure polarisation (P) and spin correlation matrix (C) = explore single-lepton tt events
» from fit to angles of the two decay products (I, jetqd) o/ NS PASTOP23-007
* maximally entangled states ,

» at threshold: singlet » higher sensitivity via dilepton channel

» at high m(tt): triplet » higher sensitivity via | + jets channel
@
* entanglement observed at 6.70, from full matrix and at high mass  Yq
do = A(1+ Dki cos ) do DKK COS ¥ do D =D5.0 0O
r X — = A(l+ Dxx cos x) — =0 (l+kP-Q+KkP - Q-xkkQ-C-Q)
mx{ dcosxg deQ nerm
C +C +C, =Tr(C)=-3D — D<—% C -C -C,=3D — l~)>% A, =C +|C +C, P>l  |Ae>T
P _ CMS  Prelimina 138 b ' (13 TeV)
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. e  E— o F  ---MNNLO+P8 ¢ T
+ i O
S o O n14E
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A 051 MG5+P8 0.3 l Separable states | | Separable states <o

i - MINNLO+P8 m(tf) > 800 GeV m(tf) > 1000 GeV 5 (1) <50 GeV m(t}) > 800 GeV

pT(t) < 50 GeV m(tt) < 400 GeV lcos(8)| < 0.4 lcos(0)| < 0.4 T lcos(0)l < 0.4


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-007

Search for symmetry violations: top (BNV, LFV)

* Baryon number violation (BNV) * Charged lepton flavour violation (CLFV)

> >
-1 e
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Search for symmetry violations: tau (CLFV)

Evenls / 10 MeV
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charged lepton flavour violating (CLFV) decay, T— 3

inaccessible BF in SM, may be sizeably enhanced by NP

explore complementary T sources

" Heavy flavour decay: dominant (~| ol /i~ ), low prt, forward

"~ W-boson decay: much less (~IO7T/fb_|), but higher pr, central

event categories based on mass resolution, year, channel

no signal hint observed, obtain combined Run2 UL results

2018, 59.8 b (13 TeV)

2018, 59.7 {b™ (13 TeV)
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Search for symmetry violations: Higgs (LFV)

* Searched for the LFV decay H— e

" no excess, obtained exclusion BF < 4.4 10> @95% CL
* scanned m(ell) mass range (110 - 160GeV) for BSM Higgs

» excess detected at about 146 GeV
> significance: 3.80 (local), 2.8 (global)

CMS

138 fb~! (13 TeV _ _
— Y (13 Tev) CMS 138 b (13 TeV) CMS 138 b (13 TeV)
-;c_":fne;or.- ' 3‘ \lllllllllllll ll“llllllll Illlwlll[llll g 1Elrll|llll| lllll'll l"l"”l"”f
Cbhoscn  mm QCD mulije: —+= F-ep 0-0.2%) - — = = )
- W Vets HoTWW e Lala = 95% CL limits g : ;
Sirgl:lop 272 Gress sec. ¢ stat unc = a8 S e ‘.
@ . —— Observed - §10 L ' =
T Y . R *
- Expected * 1o N
> | - 20
T 6  E. Expected + 2 :p"n\ -
o ; ' 1072 -
s T [ E f
O L ' o
S %k s =
£
- 4
O 10
P
- - A'< A - 3 - — 7 m lllllxllll 1 1 1 lv'lllllll[ 1 l Ll lilll[llll 105 lxlllllxll 1 1 llv'lllllll l 1 l Ll lillllllll
120 110 Teu 1306 1410 120 160 170 10 115 120 125 130 135 140 145 150 155 1860 110 115 120 125 130 135 140 145 150 155 180

ou (561 m, [GeV]
X

m, [GeV]

S/(S+B) weighted events / GeV

H \
u+/e+

CMS PRD 108 (2023) 072004 138 1 (13 TeV
701 ] B L B ELLELELN BRI BRI
600:— ¢ Data

- — S4B fit
200 ;ﬂ ----- B component

I P +1o

400 +2 5

300

200

lllllllllllllllllll‘llll

100

IIIIIIIIIIIIIIIIIIII

—
J—
—
-
-
—

| IR SR SRR

| I 1 L | — l | 1 I I

-

O | I |

LI LI | I

100 LI
80
60
40 T‘+ |
0F G
-20*
—40 A
-60 F
100

L I ) | I

+

I I I ) |

B component subtracted

TENTTE.
f

| I | l

160

me, [GeV]

| | I L

mmi

i mr

| I l

150

| I — l

140

| I I l L

| I

110

..
=
»
L

|

wr{ FEITTI PO
=

Remark: 20 - 30 excesses aren’t statistically exceptional; e.g. diphoton excesses at 750 GeV (wikipedia) and at 95 GeV (https://indico.cern.ch/event/1297350/)
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https://en.wikipedia.org/wiki/750_GeV_diphoton_excess
https://indico.cern.ch/event/1297350/
http://dx.doi.org/10.1103/PhysRevD.108.072004

Search for symmetry violations: B (LFUV)

. . o o . u
* Violation of lepton flavour universality (LFU) probed in B decays B
> history of hints from both FCNC b—sll and tree-level b—clv decays
* B—KIl decays use B parking data
B+— K+ |l Bc—J/plv
S CMS Preliminary 41.6 b’ (13 TeV) _ CMS pomeary 597" (13Tew)
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() C e —Ah ee _.(2 = ' H, baryons comb. dimuon — i~ fakes
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-005/index.html
https://arxiv.org/abs/2401.07090

Flavour anomalies? b—sup angular analysis

the FCNC b—sll transitions offer high sensitivity to NP

> long history of searches for hints of NP (flavour anomalies)

longstanding discrepancy, reported by LHCDb, in angular
observables in the BO—=K*UU decay

measurement of complete set of CP averaged variables
> angular parameters extracted from fit to mg and 3 angles

performed in bins of dilepton invariant mass squared, g2
> different ranges are sensitive to different NP (EFT operators)
> exclude resonant regions (charmonia)

results among most precise measurements of this decay
> compatible with previous measurements (incl. LHCDb)

> tension (2.7-3.20) with available prediction for 2>q%>6 GeV?
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https://cds.cern.ch/record/2899589?ln=en

Summary

* CMS is accumulating increasingly sensitive datasets, with novel data-taking paradigms

* Upgrade for Hi-Lumi phase, with detector projects transitioning into production
* Carrying out a comprehensive physics program
* Exploring rare (and forbidden) processes as sensitive NP probes

* Entering era of precision measurements (and EFT towards NP)

* Ongoing Run3 shall facilitate more precise measurements and new observations

Stay tuned,  [hawk you for listening!






Searches for new particles (SUSY

CMS FPraliminary Juna 2023
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Searches for new particles (Exotica)
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Overview of CMS EXO results

CMS preliminary March 2024
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Overview of CMS long-lived particle searches
CMS Preliminary

March 2024
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Overview of CMS HNL results
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Precision measurements: electroweak & top

Aug 2023 CMS Preliminary
CMS measurements 5.02, 7, 8, 13 TeV CMS measurements (stat,stat+sys)
vs. NNLO (nLo) theory e e e e
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Precision measurements: Higgs
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Precision measurements: flavour
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LQ and Z



gamma gamma -> tau tau






