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* Run2 total recorded luminosity: 138 fb™* (Run3: 38.48 fb!) >«

* Unless otherwise noted, the presented analyses are Run2 with total
recorded luminosity
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2 Outline of this talk

)

* When we say “recent” we mean recent
 All result presented were released last month !

* Actually is not possible to present them all. We will concentrate on
* First observations of new channels
e Searches for Dark Matter
e Search for Heavy Neutral Leptons
e Search for Higgs pairs
e Search for SM-like extra Higgs
* First result from Run3
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First observation of tttt

e 13 TeV, 138 fb! t

* Final states with leptons+jets t

* (e/w, tight (BDT), isolated, p%>25,20,10,10 GeV) ¢
g g

* Three signal regions: SS dileptons, 3lep, 4lep .

)

t
. . jet .
e With AK4 jets, plr >25 GeV, b-tagged (Deeplet) — additional lepton veto
same-sign 2{ channel 3{ channel 4¢ channel
¥ ¥ ¥
>2§, >1b, Hy>200GeV >2§, >1b, Hy>200 GeV >2y, >1b
| | | | | | | |
>4j, 22b, Hy>280 GeV one of =0 {¢ OSSF on-Z =1 =0 ¢ =1 &
I I <4), <2b, I I OSSF on-Z OSSF on-Z OSSF on-Z
Hy <280 GeV
>6] or 23b <6j, <3b >3, 22b <3J or <2b l
4 - l . - A J . L “ A J
SR-2¢ CR-2{-45)2b CR-2{-23j1b SR-3¢ CR-3{-211b CR-3(-Z [ SR-4( ] [ CR-4(-Z ]
Control Regions: ttW Non-prompt and ttW Non-prompt ttZ ttZ
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First observation of tttt (2)

Va

* A BDT classifies the events as tttt or ttX (X:vector boson) or tt (includes photon conversions and
non-prompt)

* These BDT scores in signal regions as well as control-regions scores/properties are fitted in
simultaneous log-likelihood fit

Y Y Y _13810"(13TeV) 138 o (13 TeV) ” . : 18817 (13 TeV) Obs’ (exp’) TLir
£ oms w2 %cus i me | £ [ows i om Channel . . o(pp — tttt)
L er er imil
g Preliminary ) .szpmmp\ 9 Preliminary I Chargo misiD -X;\:I(V) & Preliminary =C::rgrg misD -:{wv; ] S]_gn]_f]_c ance
s SR-2¢ Wz pe SR-2¢ SR miw ° iz "
E w [ otalunc. | = ee Total unc. g otalune. +4 7 +2 8
8 § 2 2/ 4.1 (4.1)sd. 17.6 ;5 (stat) 5~ (syst) fb

3¢ 3.5(3.0)s.d. 19.4177 (stat) T2 (syst) fb
40 0.0 (0.8) s.d. —

§ ! g 0s § . 3.7 2.4

3 S R e N : Combined 5.5(4.9)s.d. 17.9 737 (stat) 757 (syst) fb
BDT score fitt BDT score tit BDT score titt
138 fo”" (13 TeV) 138 b (13 TeV.
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é sol- SR3s =|tw Towlue. | U A SR-47 ‘g Total unc. ] SM (NLO In QCD): 12.0 _2522 fb

"o wl PPP 4 (R. Frederix, D. Pagani, and M. Zaro, JHEP 02 (2018) 031)
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0 jets
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CMS ] CMS Premimnary 138 fo! (13 TeV)
c T T
\ Irst opservation o e el
| / : ‘g : —e— Data [414+27] VV [15.1+1.4] Nonprompt [ [45.7+4.0] :
¥ i} L m
) | % Pred. [420+20] . Top [56.6+6.5] Nonprompt y [109.1:9.0] a
100|— : : —
0 20<m,, < 150 150<m,,<250 ,,,,, >250 ]
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1 S 05k ! =
® WW)/ and Hy Sea rCheS, flnal StatEZ euv ° 70‘4040.7070.,,0770_(,070.404(17070.,,0770_%704040‘7070‘,,0770‘0c

miW [GeV]
e p¢>25 GeV, p%>20 GeV, pX>20 GeV (>25,20 for >1 jets
T T r CMS Preliminary 138 tb' (13 TeV)
Hy)’ AR'BY > 0'5 é E }////fStat@Syst .vY[94.7¢9.3] -wwH132.5¢27.2] I E
 Additional-lepton >10 GeV veto, b-tag veto (reduce e D — R
top and WZy bkg), exclude low dilepton pT and T T S
mass and low WW transverse mass CMS-SMP-22-006 S ﬁ ]
* For Hy exclude large lepton separation : é
e Signal regions with 0 and >1 jet, control regions of 56470 WW+W++W_/¢W
SS dileptons and b tag to validate non-prompt and 2 O 000 7071003 0.3 853,02 055 P07,

mW [GeV]

top backgrounds 0=6.0+ 1.0 (stat) + 1.0 (syst) + 0.9 (theo) fb
* The final fit includes both signal and control regions

(2D in m¥™ and myy,) 0y (NLO) = 4.61 + 0.34 (scale) + 0.05 (PDF) fb
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 Utilization of high-rate
low-pr muon triggers (dow

101 fb" (13 TeV)

to 3 GeV) $ems e -
= 50{—Preliminary gackground —

* Branching fraction of  § .t | Pharearco

. . & E N,=496+8.1

N—>UUUU is given by o \ H £
I N Pt 0OIN n L Alf f xR N L T D -
jnnbin | B oA g M g, g ;
ij 2p AIZ'L i oI hi H}m%{ t{}} }{H%t{tt i HH}H{{}H%
05 055 06 065 07 075 08 o.z'35[G 3_].9

 Measured BF: [5.0 + 0.8(stat)
+ 0.7 (syst) £ 0.7 (B)] x 10~

* SM: (3.98 + 0.15) x 10°¢
R. Escribano and S. Gonzalez-Solis Chinese Phys. C 42 (2018) 023109
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Va

isplaced,
and a jet

 Signature : two muons (sofl’%_d
collimated), aligned with p7'>°

recoil

* Trigger: pisS > 120 GeV, HI'SS > 120 GeV

 Muons are reconstructed with displaced
stand-alone (dSA) algorithm based on muon
chambers only. 2 muons with AR;;,<0.9 and

Ay r'<0.5

e Exactly one jet for reduction of QCD multijet
background

* Matching with PF muons creates 0 (strongly
displaced), 1, 2 matched categories

e Background: QCD multijet and W/Z+jets,
estimated with ABCD method (lso vs imE;%act

parameter (1, 2 match) and Iso vs A(Pﬁl\{[li
(0 match)

p

CMS Preliminary

138 b (13 TeV)

Search for inelastic Dark Matter in displaced muons

A=0.1m,
Exclusion boundary (o, = a,,)

Exclusion boundary (o, = 0.1)

CMS Preliminary
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m, [GeV] m, [GeV]
Observation consistent with expectation - CMS-EXO-20-010
set limits
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avs| Search for inelastic Dark Matter in WW+MET

A

< \ CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 b (13 TeV)
F \\ \“ § : =0_\herl;ackgmund ‘ =Dvle"-Van 5 10 =0(herl;ackground ' =Dr'e||-Van 5 10 =Olherl;ackground ! =Dr:aII-Yan
) ‘ 2 rop . e wangt 2 g0 - weat 2 - priievis
. - 4 :>_" 5[ [ m=160,m, =100, m, = 500 [] Total uncertainty 5 s 1, =160, m, =100, m, = 500 [ Total uncertainty :>.|) [ m = 160, m, = 100, m, = 500 [1] Total uncertainty
* Final state : WW (decay of dark Higgs) + pT">° v .
* Dilepton and lepton+jets channels v R
* Single-lepton and dilepton triggers "
o [SR<03<6% and I}R<04<15% § i § it e § e
+ Dilepton: ey (tq reduce Drell Yan), py >25, 20 GeV, i o1 i o
m{ >20 GEV pT >30 GeV p'I'I‘I'IlSS>20 GeV b_tag VetO CMSPl.'elimlinary | 35.9f?“(13TeV)
é 4 , . 4 . ® ig0s "Z"f‘::*"w CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 fo (13 TeV)
and extra leptons veto — 3 boost signal-regions pr e

Dark Higgs, Z' — DM + s (WW)
ana DM, m =100

Dark Higgs, Z' — DM + s (WW)|
Major: Majorana DM, m = 150 GeV

Events / bin width

based on AR,

trailingLepton—-MET . .
* Observable: m ghep , used in bins of m,,

. Lepton+Jet§,:_one lepton and ZZ{jetsf 65 < m;; <
105 GeV, p7’ p*>60 GeV, m5"E">80 GeV, ,2 ;
object-separation cuts, b-tag veto — ] 00000 2000 000002000

BDT discriminator CMS Preliminary 137 o™ (13 TeV) CMS Preliminary 137 fo™ (13 TeV)
¢ Observable from BDT :

e Background: Non-prompt from looser selection and
ae{plyin -Ft to lepton fake rates — Prompt: WW and
DY for dilepton, W+jets for lepton+Jets, tW and t-
tbar for both (MC, validated in data control regions)

* Fits of the above observables with systematics as
nuisance

Data/Pred

Dark Higgs, Z' — DM + s (WW)| Dark Higgs, Z — DM + s (WW)|

Majorana DM, m = 300 GeV

CMS Preliminary 101.2 o™ (13 TeV)
T T

m, [GeV]

Woevyrvw 3
B Non-prompt 9
tW and tt B W-iets o
7 - m, = 160, m, = 100, m, = 500 [ Total uncenain(y-i

Events / bin width

500 1000 1500 2000 2500
m, [GeV]

500 1000 1500 2000 _ 2500
m, [GeV]

Data/Pred

. . . . NV By =S e CMS-EXO-21-012
* Observation consistent with expectation = set limits
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They can explain the small masses of

neutrinos via the seesaw mechanism
* Also provide Dark Matter candidate

CMS-EXO-21-013

Signature: tight lepton, loose lepton
f\ul\lsplaced), jet (displaced, determined with a

* OS dileptons for study of Dirac HNL and SS for study of
Majorana

Signal region: 20< m,,<80 GeV, pMSS <60
GeV, 1-4 jets.

Displaced H‘et within AR within 1.3 from
displaced lepton
* If AR(displacedJet,displacedLepton)<0.4 then Boosted
event. Otherwise Resolved
Z+jets control region : m,, >80 GeV

Signal region is divided based on lepton flavor
combinations (4), OS/SS (2), resolved/boosted
(2), impact parameter significance of loose
lepton (3)

Main background: Z+jets for OS dileptons
and W(Vy)+jets for SS

e Determined from data with the ABCD method

CMS Preliminary

138 fb™' (13 TeV)

PPN o T s s e e s B e e e e e
=10
S resolved - Data
9 —e— my = 4.5 GeV, ct, = 100 mm M Background
8 1 Unc.
~
© 3 ss
2
U §
[
T
w
—
v
o .
2 3 4 T3
o 2 4
E 1 TR | + _._H'*' 3 3
8 Cogrsepiillis i
[ox) DO > o0} DD D
3887383738373 837=83733837F
v my = 4.5 GeV, ¢ty = 100 mm Il Background
m Unc.
47 .

Long-lived Heavy Neutral Lepto

1VeN:V“N:VTN=1:O:O

[ Dirac HNL production

1381 (13 Te\

T
= + = CMS, displaced, 3|
JHEP 07 (2022) 081

T

CMS Preliminary

Dirac HNL production

95% CL upper limits

Observed

- - - . Expected (median)

B Expected (68% quantile)
Expected (95% quantile) N

PTITT Yco

|

Ven:Vyn:Vin=0:1:0
E CMIS Preliminary |

138fb" (13 TeV)
T T

— - - CMS, displaced, 31
JHEP 07 (2022) 081

E 95% CL upper limits
F Observed
[ ---. Expected (median)

E mmmm Expected (68% quantile)
F Expected (95% quantile) N

T~
~7
~

1
14 20
mn (GeV)

NS

j”* displaced

CMS  Preliminary 138 fb™ (13 TeV)

Majorana HNL 1 0
ct=0.1mm

5
95% CL lower limit my (GeV)

f T T Towwnt T T T T T T
1 09 08 07 06 05 04 03 02 01 0
fe

CMS Preliminary 138 fb'' (13 TeV)

Majorana HNL 1 0
ct=1.0mm

95% CL lower limit my (GeV)

f T T T T T T T T T T
1 09 08 07 06 05 04 03 02 01 0
fe

4/5/23

John Strologas, HEP2023,

loannina

11



% Long-lived Heavy Neutral Leptons

= -
CMS Preliminary 138 b1 (13 TeV) CMS Preliminary 138 fb' (13 Tev) CMS Preliminary 138 fo' (13 TeV) CMS Preliminary 138 fo' (13 TeV'
Majorana HNL 1 0 Majorana HNL 1 0 Majorana HNL 1 0 —~ Majorana HNL 1 0 _
ct=0.1mm % ct=1.0mm % my = 4.5GeV 102 g my = 8.0 GeV 102 E
g g (=) (
£ £ 5 ¢
£ E 10 f
5 5 5 R
3 8 1 3 E
— -
: < :
(g;’ 8 10—1 $o LB{'
D O
) 0 1
Lt Mt g e Mt e et St b
1 09 08 07 06 ‘1‘5 04 03 02 01 0 1 090807 06 (;'5 04 03 02 01 0 1 09 0.8 0.7 06 05 0.4 03 02 01 0 1 09 08 0.7 0.6 05 0.4 03 02 01 0
a e
CMS Preliminary 138 fbo (13 TeV) CMS Preliminary 138 fb" (13 Tev) CMS Preliminary fe 138 o (13 TeV) CMS Preliminary fe 138 fb" (13 TeV)
Dirac HNL Dirac HNL Dirac HNL — Dirac HNL —
; 0 1 0 0
ct=04mm s ct=1.0mm ! 0 S mu-45GeV 102 E my = 8.0 GeV ! 102 &
] c S E
5] 5] o} a
8 8 1 3 1 E
- - | :
i\i 8 © C
8 8 10" & 107 3
(o)} [e)
) 0 1 1
e b g e e et e ey
1 090807 06 (;'5 04 03 02 01 0 1 09 08 07 06 ‘;'5 04 03 02 01 0 1 09 08 0.7 06 05 04 03 02 01 0 1 09 0.8 0.7 06 05 04 03 02 01 0
e e
fP fn
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| GeV-scale resonance to pair of muons

* High-rate dimuon scouting triggers, 96.6 fb! _CuS proiniay WOBOIT oGNS Py o6’ (13 Tev

* SM processes simulated: low-mass DY and J/, Y(1S) £ & ptsaGev zewws | £ | pE>5Gev  bpe
resonances : = : o =

BSM: 1) Dark photon Z, produced by DY and decaying & | M) W ﬂ
to dimuons (couplin to SM suppressed by parameter w
€) and 2) Higgs doublet, light pseudoscalar decays to ; ;
dimuons (coupling is determined by the mixing angle ™ e 3 4 56738 O 2 5 4 5 6 7

B and ratio of the v.e.v of the Higgs’s e ;
A local 3.2-0 (global 1.3-0) excess at 2.41 GeV (high-py

. U
Selection: 2 OS muons, p>4 GeV, I |_<1-_9; BDT | selection) interestingly consistent with a 3.1-0 excess at
muon ID (quality of muon tracks, relative isolation,| 5 45 gev of LHCb

U .
vertex) --- for pseudoscalar search, p;>5 GeV

—_
o

o(pp— X)x BR(X— pu) x Acc.[pb]
= <)

o(pp— X)x

] _ _ _ CMS Preliminar 96.6 fb-' (13 TeV)
Simultaneous signal+background fits to dimuon o '
Invariant mass f
* Assume the width of resonance is much smaller than the mass 10 A
resolution (1.3%) ol
Systematics: mass resolution, luminosity, muon ID 10 BaBar
efficiency, trigger efficiency cms
. . . . 10—8 AR R R T (S T T M A T S ST S ST SN NS AN ST S S S NS ST ST (T S S|
Observation consistent with continuum = Set ? ° : ° ° 2. [GeV]
modeled-independent limits CMS-EXO-21-005
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CMS

Compact Muon Solenoid

Nature Higgs publication

Theinternational journal of science / 7 July 2022

nature

Article

A portrait of the Higgs boson by the CMS
experiment ten years after the discovery

https://doi.org/10.1038/s41586-022-04892-x  The CMS Collaboration'®

Received: 21 March 2022
Accepted: 23 May 2022 Injuly 2012, the ATLAS and CMS collaborationsat the CERN Large Hadron Collider
Published online: 4 July 2022 announced the observation of a Higgs boson at amass of around 125 gigaelectronvolts.
Open access Ten yearslater, and with the data corresponding to the production of a30-times larger
. number of Higgs bosons, we have learntmuch more about the properties of the Higgs
V.t ) ! [®|check forupdates boson. The CMS experiment hasobserved the Higgs boson in numerous fermionic and
: i bosonic decay channels, established itsspin-parity quantum numbers, determined its
. massand measured its production cross-sectionsin various modes. Here the CMS
® X X Collaboration reports the most up-to-date combination of resultson the properties of
{ the Higgs boson, including the most stringent limit on the cross-section for the
: . ' ! " production of a pair of Higgs bosons, on the basis of data from proton-proton
Pl’Obl n = t h | ¥ collisions ata centre-of-mass energy of 13 teraelectronvolts. Within the uncertainties,
g ¢ all these observationsare compatible with the predictions of the standard model of
elementary particle physics. Much evidence pointsto the fact that the standard model

properties
ofthemost « '\
elusive particle *

in physics

Coronavirus Clean p Seaofplenty

Didvaccinemandates  How to pulithe plug Ocean microbiome

help or hinder the fight  on coal-fired power reveals wealth of
against COVID? plants

biosynthetic pathways

isalow-energy approximation of a more comprehensive theory. Several of the
standard model issues originate in the sector of Higgs boson physics. An order of
magnitude larger number of Higgs bosons, expected to be examined over the next
15years, will help deepen our understanding of this crucial sector.

The established theory of elementary particle physics, commonly
referred toas thestandard model (SM), provides acomplete descrip-
tion of the electromagnetic, weak and strong interactions of matter
particles, which arespin-1/2 fermions, through three different sets of
mediators, which are spin-1bosons. (In quantum mechanics, spinis
anintrinsic form of angular momentum carried by elementary parti-
cles). These vector bosons are the massless photons (gluons) for the
electromagnetic (strong) interaction, and the heavy Wand Z bosons
for the weakinteraction. The SM has been very successful in providing
accurate predictions for essentially all particle physics experiments
carried outsofar.In 2012, thefinal missing particle of the SM, the Higgs
boson, was observed by the ATLAS*and CMS** collaborations at CERN.

TheHiggs boson isaprediction ofamechanism thattook place inthe
early Universe, lessthan a picosecondafter the Big Bang, which ledto the
electromagnetic and the weak interactions becoming distinct in their
actions.Inthe SM, thismechanism,labelled as the Brout-Englert-Higgs
(BEH) ism, introduc calar (spin-0) fieldthatperme-
ates the entire Universe. tsquantum manifestationis knownastheSM
Higgs boson.Scalar fields are described only byanumber at every point
in spacethatisinvariant under Lorentz transformations. An analogy
canbedrawnofamapof anarea where temperature is shownat various
positions mimicking a scalar field. The same map, where instead the
windspeed and directionareshown,would correspondto avector field.

The longroad to the Higgsboson
The BEH mechanism wasfirst proposedin1964 in theworks of Broutand
Englert*, Higgs*®,and Guralnik, Hagen andKibble’. Further details of the

mechanism were presented in1966 by Higgs® and in1967 byKibble®.In
1967, Weinberg'®andSalam™, extendingthe 1961 work of Glashow", pro-
posedthe use of the BEH mechanism for atheory of the unification of
theelectromagnetic and weak interactions, labelled as the electroweak
interaction. The key elementin this work was theconjecturethatnature
possesses an electroweak symmetry, mathematically described by
the Lagrangian of the theory, which is spontaneously broken, grant-
ing mass tothe Wand Zbosons. An additional feature of this model is
thatit provides amechanism for granting masses to fermions as well,
through the so-called Yukawa interactions'®”. Thus, the elementary
particles interacting with the BEH field acquire mass. The impactis
far reaching:for example, electrons become massive, allowing atoms
to form, and endowing our Universe with the observed complexity.
Salam and Weinberghad further conjectured that the model they put
forward might be renormalizable (that is, give finiteanswers). In 1971,
‘tHooftand Veltman™***showed how indeed this theory could berenor-
malized. This development put the Glashow-Salam-Weinberg model
on afirm basis deserving serious experimental scrutiny.

After the Wand Z bosons were discovered bythe UAland UA2 experi-
mentsat CERNin 1983, the search for the Higgs boson became acen
tralthrustin particle physics and animportantmotivation for the CERN
Large Hadron Collider (LHC)*°, and the ATLAS and CMS experiments.
Finding the Higgs boson has been demanding. This is a consequence
of itslarge mass, whichputsitbeyond the reachof previous electron—
positroncolliders, suchasthe Large Electron-Positron (LEP) collider?
at CERN, and low cross-section modes coupledwith unfavourable decay
channelsinthe range of mass in which it was eventually found, which
made it challenging to obser ve at previous hadron colliders, such as

'CERN, Genevs, Switzerland, Pa-mail; bl h h

60 | Nature | Vol 607 | 7 July 2022
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s | Nature (production and decay strengths

cMs 138 fb™' (13 TeV) cMs 138 fb' (13 TeV)
e Observed [] #1s.d. (stat) @ Observed [] +1s.d. (stat)
e +1 5.0, (stat & syst) [ #1s.d. (syst) m +1 5.d. (stat @ syst) [ #1 s.d. (syst)
— 12 5.d. (stat & syst) — 12 s.d. (stat & syst)
B 5 Stat Syst B | Stat  Syst
" ! . o5 007
“ggH -E._ 0.97+008 1004 +007 i -E—E 1132000 008 *go0
i 77 0. 9?+0'1 2 :0 .08 :U .09
. . o 008 i —E— 011 -007 008
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i — |
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i L WW —E— D.07+0.08  +0.05 20.08
1 I
I .,_E_' 0.26 0.16 !
HwH ! 14475 =021 T2 - i
— : u'e —E—i— 0.B5:0.10 006 0.08
i |
i i - 1
Uz —E-E— 1294022 1020 009 :
| i ub® ——— 10513 w018 138
i i
— 1
Higgy _E_ 0.94+020 45 +0.13 !
! o e H A —— 121085 D@
1 I
— i B |
i i
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" i —> 60529 #E 4% u?t e — 2.50%00 1093 028
1 I
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0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Parameter value Parameter value
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s, Nature (couplings

CMS 138 fb' (12 TeV) cmMs . . | . .
N w z 3
® Observed [ ] #1s.d. (stat) 12E :Lm :m 3
mmm 1 5.d. (stat @ syst) |:| +1 s.d. (syst) LS Sl || ity {[l '''' 1-- '1'°°“I1}'" Y | m] _____ - tiao I]]"_:
— 12 s.d. (stat @ syst) 0.8 :u.ac- :o:an E
0.6 - L 3
— ! Stat Syst 0.4 E | | . | | . E
Ty '?‘ 1.02+008 005 005 = : : : : : : =
B i 1.5 E H.os H.o8 3
*z ';E‘ 1.04 007 2005 $0.05 TE | I ]
L] R R
- 110s008 w008 005 os | g I]] Sl
i B : D E L 1 1 L 1 1
hg -g_ 0.92 .08 H.05 HL.0E 20F T :‘: T T B T =
B E 1.5 - {]] 1.00 .08 _
o —a—— 1.01910  s0p7 008 - |
— i e 2 1 D :_ ______________ 'h]—— 1.00- =il - —————— - m—-hjn -4
Ky —?— Oggtg:]l; .12 i’gjlg 0.5 ;_ 0.55 m] Fo.ss -
B i D E L L 1 1 1 L
R 'i— 0.92+0.08 006  +0.06 1.4 ' T ' . I~Il T 3
| : 1.2 :1.05 {h :UJE _:
ks : 1.1 Etg:gg ﬁ:;_g +0.09 ;g ________ ﬂ] _____ [ :1'°°'I]]' o ol Entututainitiatataiadtted |k [100- ID—-E
| : i« D 5 :U.m :0.’95 _E
i | +0.34 4031 +0.14 0.4 0.0 Las0 E
o - ————— | 16543 03 W 0.2 i : 3
L1 1 1 | 11 1 1 I 11 1 1 I L1 1 1 | 11 1 - ]
0 1 1 1 1 L | 3
0 0.5 10 15 20 25 3.0 35 4.0 & > & \?‘o § Observed (stat @ syst) | Stat

o
Parameter value P & . \f_.,‘?@ & [l Projected (stat & syst) [ Syst
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CMS,

bb ZZ
Expected: 40
Observed: 32

Multilepton
Expected: 19
Obzarved: 21

bb vy
Expected: 5.5
Observed: 8.4

bb 1t
Expected: 5.2
Observed: 3.3

bb bb
Expected: 4.0
Observed: 6.4

CGombined
Expected: 2.5

Observed: 3.4

Nature (HH limits)

CMsS 138 fb~' (13 TeV)
T T I T T T T T 1T I T T T T T T T T I
Ky =K = 1 —— Observed @ ----- Median expected
Ky = Hgy =1 B 68% expected
————— 95% expected
11 1 1 11 1 l 1 1 1 1 1 L1 1 I
1 10 100

95% CL limit en o(pp — HH)/op, .,

CMs
T T T T
10% = bb bb bb Tt =
10 = =
g -
oﬁ B
T OE
T E | | | | E
& | | | |
o = bb yy Combined =
o = =
E L .
s . === -
> 1ol B §
Te) = =
I :
1E
- | | | |
é\‘b Qé \g@ —e— Observed
0Q~ @G’Qﬁ & ---- Median expected
{‘?\& s [ 68% expected
<& |:| 95% expected
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CMS
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CMs,

t i

bbWW (DL)
Expected: 27
Observed: 19

bbWW (SL)
Expected: 27
Observed: 28

Combined
Expected: 18
Observed: 14

HH >bbWW

CMS Preliminary 138 fb ' (13 TeV)

1 1 1 1 | 1 1 1 1 | I 1 1 1 I I I 1 1 | 1 T T I
K =K =1

1 1 T T | 1 1 1 1 | T T 1 1 I T 1
—e— Observed  ----- Median expected
B 682% expected

----- 95% expected

0 10 20 30 40 50 60 70 80

95% CL upper limit on o(pp — HH) / GTheory

bbWW (SL)
Expected: 434
Observed: 468

bbWW (DL)
Expected: 424
Observed: 385

Combined
Expected: 301
Observed: 277

Only VBF
CMS Preliminary 138 fb' (13 TeV)
T 1 1 | 1 1 T | T 1 1 I 1 I T | T 1 1 | 1 T 1
K=K =1 —e— Observed ~ ----- Median expected
Ky = Kpy =1 B 682% expected
----- 95% expected
1 1 1 I 1 1 1 I 1 L 1 I L 1 1
0 200 400 600 800 1000

95% CL upper limit on o(pp — qgHH) / oTheory

CMS-HIG-21-005
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W/Z
---- H
\
q H
138 fb' (13 TeV)
—T T T "~ T T T T T T T T T
CMS » Observed
Prelimin ary — 1+1c (stat @ syst)
= 116 (SYst)
Inclusive —— 145 +5559 (stat) +§;s (syst)
FH ——— 190 720 (stat) *f: (syst)
MET ; —_—— 283 311263 (stat) :__’1504 (syst)
1L | —— 1238 (stat) _*:32 (syst)
| CMS-HIG-22-006
oL —. — 10147 (stat) *47: (syst)
L i L M| L L L | L L L | Lo

0 200 400 600 _800 1000
Signal strength
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&7 Search for an SM-like H->yy in range 70 - 110 GeV

F— CMS roiminay 415" (13TeV)

Events / GeV

* Asymmetric diphoton triggers
* Background: SM vy, dijet, jet+y
* BDT photon ID

* y1:p;>30GeV, p;/m,, >0.47
y2 : pr > 18 GeV, p;/m,, > 0.28

Data - best-fit model

° Eve nt C|aSSES W|th extra Jet 1:‘:MS Preliminary 132.2 fo! (13TeV_) = 0.2;:'%5';53;71;737'“”lln1{3{2_{2|({:fs;(v1lleﬁ\{_)
activity to target VBF g NN

N .

\% Gy X B ]

- =
R

* An excess at 95.4 GeV with
a local (global) significance
of 2.9(1.3) o

CMS-HIG-20-022

70 75 80 85 90 95 100 105 110 70 75 80 85 90 95 100 105 110
my (GeV) my (GeV)
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CMS

Compact Muon Solenoid

CMS-PAS-SUS-21-008

CMS-PAS-SUS-21-009

collisions at /s = 13 TeV

ecent Supersymmetry Results

Combined search for electroweak production of winos, binos, higgsinos, and sleptons in proton-proton

Search for new physics in multijet events with at least one photon and large missing transverse
momentum in proton-proton collisions at 13 TeV

CMS-PAS-SUS-19-001 Search for stealth SUSY in final states with two photons, jets, and low missing transverse momentum

Will be covered by Costas Vellidis o o st s

Results using data from proton-proton collisions at the L...

Friday at 4 pm

tha Loukas Gouskos
Main Auditorium, Conference Centre “Karolos Papoulias” 15:00 - 15:30
Higher-order corrections at the LHC: current status and prospects Konstantinos Papadopoulos
Main Auditorium, Conference Centre “Karolos Papoulias™ 15:30 - 16:00
Recent results of searches for Supersymmetry with the full CMS Run Il data set Konstantinos Vellidis
Main Auditorium, Conference Centre “Karolos Papoulias” 16:00 - 16:30
Coffee break
Conference Centre “Karolos Papoulias”, University of loannina (GR) 16:30 - 17:00
17:00 itati ing effects on ing dark matter a...  T-Model Higgs Inflation In Supergravity Constantinos Pallis

Abaz Kryemadhi

Kosmas Adamidis

and axial Z' to g-2 @
Dr Pascal Anastasopoulos
Aspects of Relativistic and Carrollian fluids
Konstantinos Siampos

18:00 An ATCA Processor for Level-1 Trigger Primiti
loannis Bestintzanos

Multi-differential measurement of the dijet cross section i...

Polidamas Georgios Kosmogl...

Multijet cross sections and ratios in pp collisions at 13 Te...

Fotis Farakos

Compact objects in gravity theories
Dr Athanasios Bakopoulos

Universal Relations for rapidly rotating neutron stars usi...

Argyro Ziaka Mr Grigorios Papigkiotis
19:00 END
Conference Centre “Karolos Papoulias”, University of loannina (GR) 19:00 - 19:30

24 March
2023

18 March
2023

13 March
2023
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And some SMP jet results

Paris Gianneios: Measurement of azimuthal correlations of jets and determination
of the strong coupling in pp collisions at 13 TeV with CMS

Polidamas Kioseoglou: Multi-differential measurement of the dijet cross section in proton-proton
collisions at sqrt(s) = 13 TeV with CMS

Argiro Ziaka: Multi-differential measurement of the dijet cross section in proton-proton
collisions at sqrt(s) = 13 TeV with CMS

15:00 tba Loukas Gouskos
Main Auditorium, Conference Centre “Karolos Papoulias” 15:00 - 15:30
Higher-order corrections at the LHC: current status and prospects Konstantinos Papadopoulos
Main Auditorium, Conference Centre “Karolos Papoulias” 15:30 - 16:00

16:00 Recent results of searches for Supersymmetry with the full CMS Run Il data set Konstantinos Vellidis
Main Auditorium, Conference Centre “Karolos Papoulias” 16:00 - 16:30
Coffee break

. (] .
F r I a y e V e n I n g p a r a e S e S S I O n Conference Centre “Karolos Papoulias”, University of loannina (GR) 16:30 - 17:00

17:00 itati ing effects on ing dark matter a...  T-Model Higgs Inflation In Supergravity Constantinos Pallis

Abaz Kryemadhi
and axial Z' to g-2 @
Dr Pascal Anastasopoulos

Results using data from proton-proton collisions at the L... Aspects of Relativistic and Carrollian fluids
Kosmas Adamidis Konstantinos Siampos

18:00 An ATCA Processor for Level-1 Trigger Primiti .. i i Fotis Farakos
loannis Bestintzanos

Multi-differential measurement of the dijet cross section i... § Compact objects in gravity theories
Polidamas Georgios Kosmogl... Dr Athanasios Bakopoulos

Multijet cross sections and ratios in pp collisions at 13 Te... | Universal Relations for rapidly rotating neutron stars usi...

Argyro Ziaka Mr Grigorios Papigkiotis
19:00 END
Conference Centre “Karolos Papoulias”, University of loannina (GR) 19:00 - 19:30
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CMS

N

-_g 10° Postfit
CMS-TOP-ZZ-Olz % 10* ! (D)aCtS =§+jets -giiggls%tn \LlJVrTthr?ainty

e 13.6TeV, 1.21 fb 3 g

* Single-lepton (e,u) and dilepton triggers (ee, °
MU 1

PY Lepton+ ets pT>35 GeV and >3 JetS (>3O z ::;__eeﬁb) e(2b{) 1 (1b) | mp (2b) ] ew (0b)| en (1b) | en (2b) |e+jets (1b) | e+jets (2b) | pjets (1b)] pejets (2b)
GeV, |n(<2.4) 8 1W++.,L*m+f”m{*” Vrowa Mo bfonny

o D||ept0ns: pT>35 GEV, OS O'GilwlmlvN‘mlq'-.NI«:‘QN‘m‘q'-‘N‘mv-‘mlmlqN‘mlqm‘v‘m‘wn‘v‘mwm‘vmlémlwmlw

. Number of jets
¢ Deepjet b_tagglng 3 = L l‘ L — I, T I =
* ee, py, L+jets — 0, 1 b-jet categories = ek eie S CMS -
. . < — % eu13TeV(L=359fb" —
°* euy— O 1 2 b'jet Categorles % L +e/u13TeV(L-359fb'1) _
o O eu8TeV(L= 197fb)

e Backgrounds: Z+jets (ee, (}jp. W+ ets 2 LS i =
f+jets), single top (ep), QCD mu tuets S S :
f+jets), diboson (mlnor w2 [ s oz Tev (Lo 27asuze 2 i

2 s00f — :

* Major Systematics: luminosity, lepton and g 107 SOO;w i3
b-tagging efficiencies, single top background 2 [ 1 IE

e Measured: 882 * 23(stat+syst) + 20 (lumi) pb ] 250006 BRI L

10 = NNPDF3.0, m = 172.5 GeV, a (m_) = 0.118 3

e SM(NNLO, NNLL): 921 37pb - L T S N E

2 4 6 8 10 12 14
Vs (TeV)

| First measurement of o in Run3

CMS 1.211b" (13.6 TeV)
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CMS,

Conclusions

tj

* We presented some of the most recent CMS Physics Results
* All of them became public within about a month

* All results, including the recent publications can be found at the

public physics results web page
* https://cms.cern/news/physics-results

 We are excited about Run3 of the LHC !!!
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Compact Muon Solenoid

First observation of tttt
(tight lepton ID BDT)

Symbol  Definition
PT Lepton pt
1] Absolute value of the lepton 7
[fixed Relative isolation using a fixed distance AR < 0.4
Ih Relative isolation using a pp-dependent distance and including
only charged particles
et Relative isolation using a pp-dependent distance and including
only neutral particles
N (pear) Number of charged particles associated with the jet
pratio Ratio of the lepton pr to the nearest jet pr, pr(£)/pr(pear)s OF
1/(1 + Ied) if no nearest jet is found
prel Component of the lepton momentum in direction transverse to the
nearest jet, p(€) sin 6(7(€), Fjnear))
DJ(j,ear) DEEPJET score of the nearest jet
log|d,,| Distance of closest approach of the lepton track to the PV in the
transverse plane
log|d,|  Distance of closest approach of the lepton track to the PV in the
longitudinal plane
d/od Significance of the distance of closest approach of the lepton track
to the PV
Py Electron ID discriminant
Pfeg Muon segment compatibility
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— First observation of tttt

Compact Muon Solenoid

(event classification BDT

Symbol Definition

max, DJ Second-highest DEEPJET score of any jet
AR(ly,¢5) AR between leading and subleading lepton
minAR(b,b)  Smallest AR between any two b jets
min, AR(¢,b)  Second smallest AR between any lepton and b jet
Ap(ly,,) 1t A¢between leading and subleading lepton
min; AR(¢,b)t Smallest AR between any lepton and b jet

m(ty) Invariant mass of any three jets, of which one is a b jet, that is closest to the top
quark mass
maxz DJ Third-highest DEEPJET score of any jet
DJ(j;) DEEPJET score of the leading jet
m(Wy) Invariant mass of any two jets used for m(t,) that is closest to the W boson mass

Pr(js) 1t Fourth-highest pr of any jet
DJ(j,) DEEPJET score of the subleading jet
pr(is) Fifth-highest pr of any jet
Hr Scalar sum of pr of all jets -'- not used for 3'£ + 4‘8
pr(¢;)  t Second-highest py of any lepton
DJ(j,) t DEEPJET score of the jet with the third-highest py

mr(ly) Transverse mass of the leading lepton and pifiss i u S e d O n Iy fo r 3 ‘B + 4{

(
rr(q) Highest py of any jet
pr(¢y) Highest py of any lepton
pipiss Missing transverse momentum
mr(€y) t Transverse mass of the subleading lepton and piiss
pr(j,) 1t Second-highest py of any jet
m(ty) t Invariant mass of any three jets, of which one is a b jet and none of which is used

for m(t;), that is closest to the top quark mass
N, Number of jets
myy(b) 1 mp, variable constructed from the leading and subleading b jet

mry(0+b) t my, variable constructed from two lepton+jet systems built with the leading two
leptons and the leading two b jets

N:gm Number of jets passing the “tight” DEEPJET working point (tighter than in the
event selection)

m(W,) 1 Invariant mass of any two jets used for m(t,) that is closest to the W boson mass
max,; D] 1+ Fourth-highest DEEPJET score of any jet

Nl‘;“edi“"‘ t  Number of jets passing the “medium” DEEPJET working point (tighter than in
the event selection, but looser than “tight”)

pr(¢3) 1 Third-highest py of any lepton

pr(is)  f Third-highest py of any jet

mpy(¢) f mqy variable constructed from the leading and subleading lepton
DJ(j;) 1 DEEPJET score of the jet with the fourth-highest py
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@s|  Dark Matter in displaced muons
Bin 0-match 1-match 2-match
AcpﬁET min-dxy [cm] Events Ill;eFl min-dxy [cm] Events IlrjeFl min-d xy [cm] Events
Obs. A 0-0.1 3-15 68 > 0.25 0.02-0.75 716 > 0.25 0.02-0.15 424
Obs. B | 0.1-0.5 3-15 9 < 0.25 0.02-0.75 33 < 0.25 0.02-0.15 22
Obs. C 0-0.1 > 15 9 > 0.25 > 0.75 12 > 0.25 > 0.15 10
Pred. D 1.2+0.6 0.5+0.3 05+0.3
OIE o | 01-05 > 15 2 <025  >075 <025  >015
S.
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CMS

Compact Muon Solenoid

Dark Matter in displaced muons

(dSA) P

— Simulation Preliminary u
= —+— Standard reconstruction -

-
IS

.y
N
|
]

= —+— Displaced reconstruction -

—

—o——o—3¢ %o oo ——eo—0—_o —0— *Q—+_+_ —
——

o -~ . _+_ _

Muon reconstruction efficiency
o
o
|
|

T
;

_+_

L1

A" = x (x, = %, utw)
04— m, =50GeV ]

A=0.4 m,

0.2 | ct=1-1000 mm . -

——

N T R SR IS A

1 10 102 10°
Muon transverse production distance ny [cm]

[ &
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CMS

Compact Muon Solenoid

Dark Matter in WW+MET

4/5/23

John Strologas, HEP2023, loannina

32




CMS

Compact Muon Solenoid

Dark Matter in WW+MET

Quantity Selection Quantity Selection
E“mbe?f leptons 2 Number of leptons 1 Lepton+Jets BDT

epton flavors e e o

p Hpe Additional leptons 0 P
Lepton charges Opposite Numb fiot >0 Variable Definition
Additional leptons 0 umbper o ]e S - p];]gl pr 0: t:e vectoriai sum o: t:e w Cslndidateljets
1 1 of the vectorial sum of the visible particles
pimax > 25 Gev Non W_Candldate b_tagged ]ets O pl.‘?r’ﬁss g;rze of the missing transverse momexl:tum vector
. At and Ay A d A¢ between the lept d the di-jet syst

pé min > 20GeV m]] > 65 GeV, < 105 GeV AU;;I’: :Id Aif, }" AZ ::d Ai bthZ:: thz ve;/pc(;:daixcliate jeets1 e
mT > 12 GeV p%\iss > 60 GeV Ay, pmiss and Ay s Ay and A¢ between the lepton and pfmiss )

Y44 . Ay pmis A¢ between the vectorial sum of the visible particles and pf"*®

174 g]] min(p4, piz)/p‘“iSS Minimum of the lepton pr and the trailing jet pr, divided by piiss
pT . > 30 Gev pT ) > 60 Gev max(p}T-, p]-Tf)/pTT“iSS Maximum of the lepton p:- and the leading jet pTT, divided by p—g'r"iss
pITI‘IISS > 20 Gev E/P?ISS max(p, p’ll)/m[jmm.,, Maximum of the lepton pr and the leading jet py, divided by .

. miss,PF Proj miss,track proj mT > 80 Gev the invariant mass of the vectorial sum of the visible particles and the pf'**
min ( pT , pT ) > 20 Gev A R < 3 where the missing energy is considered to be massless

00, piiss j
m > 50 GeV "

L Ay <138
ARy, <25 € ’
Number of b-tagged jets 0 A‘Péjj, pimiss >2
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CMS /|

Compact Muor

Summary of SM cross sections

May2o2r CMS Preliminary

| | .
Q0 - . . . . . . : : : fi 7 TeV CMS measurement (L <5.0 fb™) .
O 113
—=10°F @ =~ ¢ . i i i i i 0§ 8TeVCMS measurement (L <19.6 fo’) =
o) o i 13 TeV CMS measurement (L < 137 fo™) ]
R [ - : : : : . X ' —— Theory prediction i
: =n jet(s) : : : : : Z . . CMS 95%CL limits at 7, 8 and 13 TeV

2
AR
y
o
R

.
ﬂ -
.

3
Y
|._=H
S
i

Production Cross Section

—
<
N

—
S
w
R
|

P T Vo T T4 Tae Tap Tt Ttw Tt Tty Ttzg! tz T oty Taw Tttt TottH T otH !
ch 's-ch
All results at: http://cern.ch/go/pNj7
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CMS

Summary of SM cross sections

May 2021 CMS Preliminary

CMS measurements 7 TeV CMS measurement (stat,stat+sys)  +——o—+
vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys)  +—+e—

13 TeV CMS measurement (stat,stat+sys) ++eo—+
VY = = | 1.06 +0.01+0.12 5.0fb"
Wy, (NLO th.) | o . 1.16 £0.03+0.13 5.0fb™
Wy, (NLO th.) —e—i 1.01£0.00+0.05 137 b
Zy, (NLO th.) o 0.98 £+0.01+0.05 5.0fb"
Zy, (NLOth.) — — 0.98 £0.01+£0.05 19.5fb
WW+WZ = 1.01£0.13+0.14 4.91b"
WW ot 1.07 £+0.04 +0.09 4.91b
WW — e 1.00 +0.02 +0.08 19.4 fb™
WwW o 1.00 +0.01+0.06 35.9 fb™
Wz H——o——H 1.05+0.07 +0.06 4.9fb"
Wz ————i 1.02 +0.04 +0.07 19.6 fb™
Wz o 1.00 +0.02 +0.03 137 fb™
zZ 0.97 +0.13+0.07 4.91b™
zZ ————— 0.97 +0.06 +0.08 19.6 fb
77 o 1.04 £0.02 +0.04 137 fb"

05 4 5
All results at: Production Cross Section Ratio: o,/ Gy,
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CMS

May 2022
—

CMS Preliminary

Summary of SM cross sections

qqW
qqW
qqZ
qqZ
qqZ
WV

ry—>WW

qqWy
qqWy
os WW

ss WW +

ss WW
qaZy
qqZy

CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys)
Theory 8 TeV CMS measurement (stat,stat+sys)
13 TeV CMS measurement (stat,stat+sys)

ot 0.84 £0.08 £0.18
A~ 0.91+0.02 £ 0.09
——+—o—+——i 0.93+0.14 £ 0.32
—+o——i 0.84 £0.07 £0.19
- 0.98 £ 0.04 £ 0.10

e 0.85+0.12+0.18

= . 1.74 £ 0.00 £ 0.74

— . + 1.77 £ 0.67 £ 0.56
P 0.88 £0.11+0.15
o 1.12+£0.15 £ 0.17

. H 0.69 +0.38 £ 0.18
1.20 £0.11+£0.08

. — 1.48 £0.65 £0.48

H—e— 1.20 £0.12 £0.13
h———e—— 1.46 £0.31£0.11

qqWZ
qqZZ

1.19+£0.38 £0.13

——0—+—
——e—+—

——eo——

19.3 fb™
35.9 fb’
5.0 fb™’

19.7 fb”
35.9 fb
138 fb™
19.7 b
19.7 fb™’
138 fb™
138 fb™
19.4 fb™
137 fb™
19.7 fb’
137 fb™
137 fb™

137 b

0
All results at:

2 3 4
Production Cross Section Ratio: o,/ o

5
theo
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