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Some Statistics from CMS

This talk are summarized the selected (by me) the recent CMS
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LHC Timeline and Data That We Have
HiLumi Y

b LARGE HADRON COLLIDER

CMS Luminosity Information
https://twiki.cern.ch/twiki/bin/view/CMSPubl
— ic/LumiPublicResults
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CMS Dataset RUN2
v’ ~163 fb! of proton-proton collisions @ 13 TeV is delivered
v' 151.78 fb! is recorded by CMS (data-taking efficiency ~93% )

CMS Dataset RUN3
v’ ~73.4fblis already delivered @ 13.6 TeV during the RUN3
v' 63.7 fbl is recorded by CMS (data-taking efficiency ~92% )
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v' ~93% of collected data “good for physics” in 2023 (91% in 2022) Al

v" number of pp interactions per beam crossing (PU): (u) = 52 for 2023 (46 for 2022) .
~260 fblit is expected @ 13.6 TeV for the end of the RUN3 (450 fb}, in total ’

N [N N RN
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for RUN1/2/3)

pPb and PbPb Runs (see talk by Serguei Petrushanko)
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CMS Data Quality Information
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CMS Detectors in RUN3

mﬂTTTT”TTTTTrmn

BEAMP"-_’E PIXEL TRACKER .
Compatle with e s et In skt to maindenarce s repet Completion of the Phase 1 upgrades

upgrade for HL-LHC, improving the work and other upgrades.

vacuum and reducing activation,

and start of the Phase 2 upgrades.

Phase 1: HCAL barrel readout, new

/ barrel inner pixel (layer 1)
g Phase 2: First of GEM chambers
—. installed, upgraded CSC electronics
e for HL-LHC, new beam pipe.
_‘1 , added GPUs to the HLT nodes.
; = CATHODE STRIP

4 ‘ CHAMBERS (CSC) Demonstrator for Phase 2 muon drift
\ Read-out electronics upgraded
) coEn INCNE tube electronics and Beam Radiation,

' ole Auiimo i UG Instrumentation and Luminosity (BRIL)

demonstrators installed.

SOLENOID MAGNET GAS ELECTRON

New powering system to 2.  MULTIPLIER (GEM) . .
prevent full power cycles ) DETECTORS L. Silvestris LHCP 2023
in the event of powering An entire new station of detectors
tmeﬂorph’y:avt‘::g;rmg oo
y system to provide precise muon
collisions and extending b ; - CMS~Preliminary (2022) 13.6 TeV
the magnet ifetime. mmm . CMS Prefiminary 2022 13.6 Tev N :
s : = N e en ety
From tests in 2022, we gained an = |t 1; o S
understanding of the impact on tracker i "’"‘M - ﬁéﬁ T ~
. . . . . 0.991- . L i
efficiencies at high instantaneous 7 . & | o Pixel Detector
luminosity : $* I |
- Strip Tracker shows linear continuation at [ 004k J[ Ldt = 1381b"
higher luminosities, | r +Layert -+ Diskt
—Pixel Layer 1 well behaved up to design OB [+ e Layer _ I +layerz +Disi
luminosity of 2 x 10%. | +::: t::::: Strip Detector 082 +Layer3 " Disk3
. TIB Layer Inner Barrel i +Layer4
- \IIIHHI\IIIH'HI‘JIIIH'HI
; v e T ey e 052 6 8 10 12 14
Sergei Shmatov, Lomonosov 2023 2 foooo - Ts000 Lumizr?ggg (10 Céiog_% Instantaneous luminosity [><10”cm 14



Physics of the Standard Model

High rate at the LHC
v Provides statistic to study inclusive and differential distributions

v Good understanding of the detectors allow for precision
measurements

v' Test p-QCD and PDF in different regimes, deviations may indicate
presence of new physics, EFT interpretations

v" Developments and testing of new MC generators and techniques

Sergei Shmatov, Lomonosov 2023 25.08.2023




Summaries of CMS cross section measurements
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

Overview of CMS5 cross section results

plots are updated for Summer
2023 conferences

CHE preliminary Bub~ - VB fo-! (276,500 F.813, 156 Tev)

wleda T WY e L B 733 IR B el = e 0y 3 b
weliatic LIy palF S0 ChiLE mD | corsmiic) = dses10m (4] gt
[ ek D e L T C I R L 5l
¥ s D B PBLL (31 L R LR pbt
W L LB S L i W Rt 231 nb!
L] Aaab B | oW e e BT 98 pb?
W k) R B LY B2 . . = B3l Mp&':
w L s, 333 ChaLE EREEEY § = b derbE 18 pby
o e Single Bosons pfrirtrie ol o
z P B 01822 B oD = e % il
F fre e § el deedl i % pb
3 135 R BB L § AT = Teed? T gt
¥ ey L 333 R EREREY 4 5 = RaaD R 1% pb!
b 0T U R i ol = BT 101 pbt
Wy Fiew LR Ta TR R ol o = B R B Y
Wy L FAENE (T e LA 137 -t
F13 Ty Pl P B AT = L 1
3 [ o) pF L B # @F = Lslife Pl -
i L 37 LY EN Dim ol TN = A Tae LR B3 ph!
W R B (390 5 e i W = e R BTt
W W P (0 B 3L B T = el 9t
o D B RO (Y [ R Lt 36 b
WE e, 337 kL) ERERES L Rl W03 pht
W £k W 77 CHATH 2 W oreE = Jeand 5 s
wi L W 79 (390 T2 B ST = Ddeeiid 0 et
WE N § COATH = 3 Leadd i 1N et
I T R L] B3 ph
F (1) W SEE = dlesdl R EY N
= [ 0] i oID = Tres0dm Ei-g-md
r g i LU PRF b T § HID =) Peeda W 137 b
L 2 LR W S = el 137 -t
ey 56 LA LD (000 [ R R 137 b
W P 3 1 L [ AT = B 157 b
WL 2 1R [T 2ea1d By 137 i
o L BRTE F &1 o . PR -

! wey D (0 (014 T Y Tnpb Boscrﬁ 19 -t
Wi AR g oa L ] 138 b
W P 5B CHOLE AT mllls - 488 1% et
Wy PP R L B mills v = 137 !
E Pl 55 ChaL RSy SiZyyi = LI 19 it
frr R BB L) B i Alie=tam 137 et
o Pl 53 Chil BdY i oW W = T 19 Rt
W W WP 80 I 3 [ BT L BE M-t
Wb § P 35 R B89 il S 5= § et BT R
w2 W P (0 % 8 mlis oV T 1 TesililE Ei--nd
WD WA P (0 8 W AR D= D 36 =l
oW P il A = LBl 1At
T W L O Tl o et
e el B4 O T B4 [ e T Y el B
W ey —— ] il AW arE = T 198 e :
W W ¢ LN GO I FITW 5 WW) = 108 138 M-
A e e, 354 ol LBak (3854 T —— Ewuml-in UBF aﬂ UBS 19
TH WS LIy PLI B 00 15708 ] EWL R =i 137 -t
TWady 8w LY RESTF 8F - [ SRR R Fick
TWaondy LI Ty ) BB TSGR (FETI) ‘ il gyl = 31 & 1wt
T gl LB S GG L FUW prT e W pb nb LLb mb :Iillb'!
W T LB ES e B [ G HELEE 137 m*

L.0e01 LD+l L.0es03 L.0ee05 1 Oe-a 07 14 0 Libe+11
s fb ol cuber namow ban sististicsl+ i rosrtainty e Augush T}

e Pl B0 £Terih SR

Sergei Shmatov, Lomonosov 2023

usrEd CITRA oS, snd eachuion ety ot BE% LA
SRRy PO

b4 ]

tigtical unsartmnty,
s skatiskical pmcnr ity

PR
1 DL ersinsed Bae 206 SBE TR LR 308 %0 Blerk bavs: thbary predten

25.08.2023


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

W and Z Production Cross Sections

The first measurement of the Z boson production cross section in proton-proton collisions at 13.6 TeV
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http://cds.cern.ch/record/2868001?ln=en
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Multi-boson Recent Results

*  CMS Briefings
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ummary of HLO Strinjent Tests

Summary of the cross sections standard model particles produced in association with jets
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

V+jets VV+jets
tt + jets
h + jets

up to 4 jets

plots are updated
for Summer 2023
conferences

Agrees with the
standard model
prediction!
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QCD lJets

tests of theory

Compared to Powheg + Pythia8, Herwig++
Agreement with NLO is in general better than LO

- non-perturbative regime CMS Preliminary
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CMS Incl.Jet, Vs = 8TeV, ay(M) = 0.116470°%°
—e— CMS Incl.Jet, s =8TeV
—=— CMSR,,, Is=7TeV
CMS Incl.Jet , Vs = 7TeV
—»— CMSti, Ys=7TeV
CMS 3-Jet Mass , s =7TeV
—o— DO Incl.Jet
DO Angular Correlation

o(Q)

Fract. uncert.

ZIy*(— Il) + atleast 1 b jet
| anti-k; (R=0.5) jets
pr' > 30 GeV, | < 24
L L

2 F MadGraph 5FS + Pythia6,

T T = = = World Avg ag(M) =0.1181 = 0.0011
£ MadGraph 4FS + Pythia6, normalized to o, stat. uncertainty only
- 1 / . 1 !

cC—p—

EPJC 78 (2018) 287

A~~~ Y

Theory / Data

T T T
E MadGraph-aMC@NLO + Pythia8, normalized to O'NLO. stat. + syst. uncertainties only
. 1 I h L

b L |

Powheg MINLO + Pe/thias, normalized toc ,, stat. +syst. uncertai
A e N i i
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Leading b jet P (GeV)

see talk by Olga Kodolova for details
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https://link.springer.com/article/10.1140/epjc/s10052-019-6752-1
https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5752/10052_2018_Article_5752.html
https://link.springer.com/article/10.1007/JHEP04(2021)109

Top Quark Production Cross Section

Summary of production cross sections involving top First meas'ure.ment of the top quar!( .palr production
quarks cross section in proton-proton collisions at 13.6 TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsR T

. | e
esultsCombined

Aug 2023 CMS Preliminary

502 TeV CMS measurement (L < 302 pb™)

10°F B 7TeV CMS measurement (L <5.01b") -
E 8 8TeV CMS measurement (L <19.6 fb) 3
SR R T T T R B 13TeV CMS measurement (L < 138 1)
2 . Lo : : : : : : : @ 13.6 TeV CMS measurement (L< 11b) :
10°F . -nl.:ﬂ . 'II' = Theory prediction D3
S B " T R ) Lo Lo L. CMS9S%CLImtsat7,8and 13TV & 3

it

% 1 ol(tt)= 882+ 23 (stat+syst) + 20 (lumi) pb
. 5 n 1.21 fb-1, dilepton and lepton + jets channels

ﬁﬁﬁl?ﬁﬁﬁ

T T | T T T | T T T | T T T ‘ T T
upleelep/+jets 13.6 TeV (L =1.21 Tb")

I+jets 13 TeV (L = 137b™) S
en13TeV (L=359f0" CM
e/ 13 TeV(L=35.91b")

eu8TeV(L=19.7f"

Production Cross Section, < [pb]

l+jets 8 TeV (L= 19.6 ™)

alljets 8 TeV (L = 18.4 b ™)
en7TeV(L=5f"

l+jets 7 TeV (L=2.3fb™)

all-jets 7 TeV (L = 3.54 1b™)

ewl+ets 5.02 TeV (L = 27.4-302 pb™)
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CMS-PAS-TOP-22-012

Good agreement 0 /arxiv.org/abs/2303.10680 0
with SM prediction s Briefings

[ NNLO+NNLL
PRL 110 (2013) 252004
NNPDF3.0, m, = 172.5 GeV, a (m,) = 0.118
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html
https://arxiv.org/abs/2303.10680
https://cms.cern/news/top-quarks-fast-arrive-new-energy-frontier

Top Quark: The Recent Results

Observation of 4 top quarks production First evidence of tWZ production

— -t CMS Experiment at the LHC, CERN
‘t Data recorded: 2018-May-22 07:59:22.893099 GMT
g g ‘ Run / Event / LS: 316720 / 146566444 / 112
Z/y*

= two same-sign, three, or four
charged leptons (electrons and
muons)

Oy = 17.7737_5 ¢ (stat)
*24_ o (syst) fb

CMS-PAS-TOP-22-008
CMS Briefings

= additional jets 138 fb" (13 TeV) A0° 138 fb" (13 TeV)
o) (A R L A - - -
2 | ot = “CMS [ o [—
S 40l CMS ;t?\i}a o ] g 0-3 Preliminary tZV;Z " -Elinprompt-vtz\l;b
Lo - SR-2¢4, pp M tH Nonprompt | c C WZ+j VV(V) t(HX
AN tttt class V() Xy O 0'25:_ . Xy ¢+ Data 777777 Une.
O- [ Prefit Other t ttt ';; »
= 30- refi Total unc. i < 0.2:_ 3|’ > 3], 1b . . +
n | 4 F '
S 1 } 49 c ot 35¢g y
> -
LU 20- 0.1 M “
!
: O 14F
9 0 S 120
GLJ 2 E 1 z_—/fr’f/ff’:’,‘r‘+/%/f,‘/f/f'//f/f/+h‘f/>fff*fﬁ/—f—ﬁ/—/;%ﬂff4v‘+f#v’#f4%‘4HN Sadd #/;’H FEEEFA
o = 0.8F
Soeb .o
5 0 01 02 03 0.4 05 06 07 0.8 09 1
CMS-PAS-TOP-22-013, ® o0 R R tW2Z output score
arXiv:2305.13439, CMS Briefings = ° %% %% 02 08 _ 0.37 +0.05(stat) + 0.10(svst) fb
’ BDT score titt ~ Opwz = 0.37 + 0.05(stat) + 0.10(syst)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-013/index.html
https://arxiv.org/abs/2305.13439
https://cms.cern/news/cms-observes-four-top-quark-production
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-008/index.html
https://cms.cern/news/unveiling-twz-process-where-no-one-has-ever-looked

Rare Decays and LFUV Tests

Measurement of the dependence of the hadron Observation of the Ag —J/ P KT decay
production fraction ratio f./f, on B meson kinematic

CMS-PAS-BPH-22-002
variables in proton-proton collisions at \/E =13 TeV https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-002/index.html

CMS-BPH-21-001, arXiv:2212.02309, Observatlon Of a new eXCIted beaUty
accepted by Phys. Rev. Lett. Strange baryon decaying tO El;][+72'_

.

CMS 140 fb™' (13 TeV)
> 500 CMS-BPH-20-004, Phys. Rev. Lett. 126 (2021) 252003
[0} m = 5800.1 £ 1.2 MeV
= 6,7 = 14.9 MeV (from MC)
<
¥ 400 . _
o Observation of B — ¢ (2S)K27* 71~ and B! — 1 (2S)K2
Q C N S s S
S 300F L e decavs
© L
G r - " 22) 499
O 200 . i Data
i — Fit — B(BS — lP(ZS)KS) —
C ; —Gj S 0
100 5 /\ f,'gngl- B(B? — ¢ (25)Kg)
: | - IyEK
C ‘ 820158 |/ \| .. C b. bk
b omp- 1S — (3.33 £ 0.69 (stat) = 0.1 (syst) £ 0.34 (£, /f4)) x 1072
5.60 565 570 575 5.80 585 590 595 0 101 fb (13 TeV)
e MUy AK) [GeV] g - cms " Signal 1 4 ]
~ 50:_ ----- Background 3
. % 50E- —Eultlﬂt E
Observation of the rare decay of the 7 meson to four muons g 405_ b edt=s8 /60 '
arXiv:2305.04904 20 =
o .. 105 \ 3
see talks by Nikita Petrov, Kirill Ivanov, Ruslan s E
Chistov, Maksim Sergeev 55 b E
a 0%””“;“ }h]‘;{{;E}H%ﬁil;}“{fﬁI%T}“N}} }I!{“llt}llﬁ
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Higgs Physics

4 July 2012
Higgs announcement at CERN

Observed
[st. dev.]

Int. Luminosity mH

Expected

at7,8TeV [GeV] [st. dev.]

ATLAS 10.7 fb-1 126.0+ 0.6 4.6 5.0

CMS 10.4 fb! 125.3+0.6 5.9 4.9

14



Higgs Story at the LHC
F

ggH vB tt/bbH
t,b
Kt,b
t.b ~> -H
t.b
g otroooo,
pp— H
7‘ ggH, VBF ttH VH a
YY, ZZ, WW 19 bb L
10 b1 | 25 fb'lﬁ 36 fb-‘T 80 ﬂ,qT 14J fb-1
b
! .
STXS stage0,1 ) X
B T |g Main production: ggH, VBF, VH, ttH IZ)Y "
TR o e Main decay: vy, ZZ, WW, 1T, bb alitz
mass, Spin CP, anomalous couplings b
~,Z NN v f
W t,b .
Hfffw W Ho - e t,b H-——— - " H----- .
W b VIV v f
N
| ) (| )
T Y
h — Gauge Bosons h — Fermions
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Rare Higgs Decay h = uu

Firsf evidence of the coupling of the Higgs boson with fermions of the second generation

H - uu candidate in gluon fusion channel, m, = 125.46 + 1.13 GeV

> /
8 i CMS * Data ] CMS Experiment at the Li#FCER!
@ 7001 All categories — S+B(u=1.19) 1 %
§600:— S/(S+B) weighted ... Bkg. component 1 |
L e m, =125.38 GeV -i10 ]
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< o ]
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) 200f
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@ 1T e ey 137 i (13 TeV)
2 C ] T T 10
g i >
1 w
C Obs. (exp.) g
S = 35
3" significance is
3.00 (2.50). s
10°%F
15
0t _Combined —VBFcat, ‘ -
r : ’ — +0.40 +0.15 2
- Observed  —ggH.car  —tiH-cat. u = 119,39 (stat)yiz (syst)
— VH-cat. ' .- 1
) SNV FEUTETUT FYUUY NN PYRTY S PERTE R 0
120 121 122 123 124 125 126 127 128 129 130 15 0
ma(CeV) 5y 2023 Foonin

Ratio to SM

targets
ggH, VBF , VH, ttH

best sensitivity

Drell-Yan background
considerably reduced
by VBF topology
requirement (two
forward jets)

35.9-137 fb' (13 TeV)

- CMS

| e
[ m. = 125.38 GeV Leptons and neutrinos Quarks
1_ p-r\lralue = 44% D n
: - [o@ Don
e Force carriers Higgs boson
: ot (/1)
# Vector bosons
3 g % 3" generation fermions
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https://link.springer.com/article/10.1007/JHEP01(2021)148

Rare Higgs Decays h - Zy//VBF h - bb/h - eu/h - cc

Evidence of H— Zy decays CMS-PAS-HIG-23-002 Measure VBF and ggF production simultaneously with H>bb
Florencia Canelli

CMS + ATLAS combined evidence: observed 3.40 (expected 1.60) Using boosted Higgs decays since the relative contribution to Higgs
cross-section from ggF decreases with p;

Search for lepton flavor violating H— ep decays

CMS Preliminary 138 b7 (13 TeV)
In 110 - 160 GeV mass region of a ey pair 5 2 s =
Observed (expected) upper limit on BR is 4.4 (4.7) x 10° at 95% CL . = R - ﬁ
Most stringent Limit from direct searches CMS-PAS-HIG-22-002
EPS-HEP Conference

138 fb' (13 TeV)

cms' T Observed

1072 HlPreliminary 7/ gg-H (POWHEG) + XH
SN gg—H (NNLOPS) + XH

XH = VBF + VH + ttH (POWHEG)

Au gu st 22 . 2023 Measure highly Lorentz-

boosted H->tt events
Using dedicated
algorithms to resolve

do/dp_(H) (fb/GeV)

overlapping 1, the signal 104 300(090) b
with ptH> 250 GeV is - S 3
observed (expected) 3.5 The observed signal <= o 2 4 & 5,
22) 0o strengths and _ 5aE : "
® . Mggr= 2.1%%° 45
S corresponding R g
CMS-PAS-HIG-21-017 % observed (expected) 1.206(090)
s 5 _ significances ’
] 500 1000 1500 2000
Pt (GeV) CMS-PAS-HIG-21-020
Probes and searches seen today: Higgs decays and high pr are particularly sensitive to BSM = these results provide an

= H — cc: most stringent limits on k¢ to date important step forward in the exploration of the Higgs boson and its interactions

m H — pp: 3.0 std dev evidence of the decay

u H = ZJ/W and H = J/WJ/W, TT: clean 4¢ final H decay to cc [Phys. Rev. Lett. 131 (2023) 061801, 041801]

state and upper limits on B Upper limits on B set at 95% CL:
m H— Zv: CMS+ATLAS combination showing P) — 14 +3.4Y the SM _—
evidence of 3.4 std dev p " HVH(H—c) (7.6753) the SM prediction
m H~ production: limits on all ky, Ky, Ks, Kc 2 m 1.1 < [re| <55 (|re| < 3.4)
m In general, no significant discrepancy w.r.t. the AWV \p--moooo- = Most stringent constraint on k. to date

SM prediction until now /' H
p

¢ RGN EPS-HEP 2023
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Higgs Inclusive and Differential Cross Sections  Ca-

Differential cross sections

Unfold signal yields to cross sections
CMS l 138 ftl).q (13 TeV) 5.1 b7 (7 TeV), 19.7 fb™ (8 TeV), 138 fb' (13 TeV) CMS 138 fb” (13 TeV)
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https://link.springer.com/article/10.1007/JHEP03(2021)003
https://link.springer.com/article/10.1007/JHEP07(2023)091

Search for pair-production of Higgs

X e . A CMS Preliminary 138 b (13 TeV)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Higgs Portrait after 10 Years

'Durlng Run 2 of the LHC the experimental collaborations started to employ the combined data
for preC|S|on measurements of Higgs propertles (mass width, couplings, CP, rare decays)

= Mass of Higgs boson m,, is measured with an accuracy of 0.1% (!)

CcMmS CMS
Run 1:5.1 b (7 TeV) + 19.7 1" (8 TeV) — Total Stat. Only -9 S P A O
2016:35.9 1b™ (13 TeV) | | * Discovery # LHC Run1 #+ This paper |
Total (Stat. Only) o e oro .
Run 1 Hoyy = 124.7010.34(10.31)éev 15? —68%CL 95%CL ¢ SMHiggs |
Run 1 H— ZZ— 4| ———  125.59 +0.46 ( +0.42) GeV [ . sz — [TI,/{J;‘SM
Run 1 Combined — 125.07 + 0.28 ( + 0.26) GeV 1 .0‘_ _’
2016 H—-yy —— 125.78 £ 0.26 ( £ 0.18) GeV i
2016 H— ZZ— 4l —_— 125.26 £ 0.21 (£ 0.19) GeV
| F 1 CMS 138 b (13 TeV)
2016 Combined T—- 125.46 + 0.16 (+ 0.13) GeV 0.5+ — . Obsorved B <1 D (stat
Run 1 + 2016 -T- 125.38 £ 0.14 (£ 0.11) GeV S ) 9 = +1 SD (stat @ syst) l:lﬂ SD (syst)
RSN BN B RTRTENEN BPSTRTETE PSRRI RN AR A [ i — 42 SDs (stat @ syst)
122 123 124 125 126 127 128 129 NI B : Stat Syst
mGv) 0070808 10 12 14 Mogr & 0975% one 31
\' o :
= Precisions of cross section and branching ratio measurements in bl @ 0B00n 9
combined channel are down to 8.5% level - |
L "__E.—__ 144702 w0 300
= We have ~6-30% accuracy for measurements of couplings i ;
, 2.4 : : M — 12w 0
= The absolute value of a width T'u = 3.275"; MeV is getting closer to the i 5 e
SM expectations (4.1 MeV). We still need to improve an accuracy. nol e 0945 s 00
| 0;
= Spin, parity, differential distributions do not contradict the SM 1= {U}‘ g s
tH i JSM — 242 199 -1.38
o Nature 607 (2022) 60-68 | 20 ] =
No SM violations are observed 25.08.2023 - - Barameior value” 20
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BSM Analyses in the CMS Collaboratlon

L Dlrect Searches for the Physics Beyond the SM Direct ~ EFT

v' Conventional Signals, such as new resonances in dileptons/diphotons/ PO
dijets spectra or non-resonant signals, combinations of physics objects

(leptons/photons/jets) and MET/ b/t-jets tags, high-multiplicity events, etc

E < ELuc E > Etnc

SUSY Extra Dimensions

Extended Gauge Sector LQ/Cl/Excited Fermions/B3G

v'on-conventional Signals, for example displaced vertices/leptons/lepton-jets/dileptons from Long-Lived
Particles or emerging jets/leptons from boosted heavy objects, m < pr (i.e. high-p; Z/W/h,s bosons)

Long-Lived Particles (Dark Matter/Non-standard SUSY/Neutrino Masses/etc)  Extended Higgs and

_ . Dark Matter Sectors
= BSM-Higgs Physics
v' Searches for the new Higgs states (from extended Higgs sector including SUSY)
v" Probes for the New Physics with h,,: (Higgs as a tool for new discovery)

Extra Higgses, Dark Matter, Flavour Universality Violation

=  Check for discrepancies with data and search for new physics via Effective FieId Theory

(5} (6)

(4
=  Precision Tests of SM L=+ 3, 707+ X, =5 A2 o

v' Measurements of the W/Z, Drell-Yan (+ n jets) x-sections and angular characteristics

v Search for rare decays of B-mesons

v" Observations of other rare process in top sector within SM (Wtb couplings, CP violating top quark
couplings, flavor-changing neutral current interactions of the t-quark and h,,) 22



=0.0140 0031
=0.0310.00)

ti4 6, peevdoscatar, g, x BR($-TTI> = 02
th+ ¢, scalar. g, % BRIg=TT = =02

guark compositeness (#}. muss.
compositeness {1}, -1

Excited Lepton Contact Interaction

Excited Lepton Contact Interaction

vector mediator (qd). ga= 0.25.gou= Ly =1 GeV
vector mediator (#}. g, = =0.0Lm, >1 TeW
{axial-Ivector mediator 1ad). gu —0.25. go
(@i al-hec tor medistor {xr). g =025. gom = Lmy = 1 GeW

{axial bvector medistor ). 9o =0 L.gow= 1.0 = 0.1.m; = M2
scalar mediator {+£/tH), gq = L.gow=1.my =1 GeV.

L Gow =1,m; = 1 G2V
pseudoscalar mediator {+4/t}, 9o = Lo = L.m; =1 GeV
pseudoscalar mediator [+, gq=1. oo =L m; =1 GeV

2 mediator (ark QCO), Moy — 20 GEV. ruy = 0.3, Gy — af0k
Z'— 2HDM. gz = 0 8.gom= L.tanf =1, m; = 100 GeV
1,800 <Moo < 1500 GeV.

inelastic dark matter model, ¥ =10, a5 =0.1
inelastic dark matter model. y= 10~ .ag = 0.1
dark Higgs, gq = 025, gom = 1, 6= 0.01,m, = 200 GV, mz = 700 GeW

RPV stop to 4 quarks
RPW squark to 4 quarks,

RPV gluine to 4 quarks

RPV stop scouting boostad

RPV mass degeneratsd higgsines ta trijet boosted scouting

ADD {ji} HLZ. o =3
ADD Ger emi
a

RS Gadyyh, kiMa = 0.1
RS Gexlqd. ggl. ki =0.1
RS OBH (). men
RS QEH Ly 5
non-rotating BH. Mo = 4 TeV. meo = 6

Split-UED, pp =2 TV

excited light quark laglh. A=m,

VMEM, Vol = 10, |Vl = 1O

WMSM, [Venl? = 10, [Vul®= 10

VMEM, (Vo FAIVenl? + Vi 1 =10

Frpelll seesaw heavy fermions. Flaverdemocratic

wector like taus, Doublet
Wector like taus. Singlet

Zo. narrow resonance, £7 = 3x 19-9 (90% CL}
ssm 'y
SSM Z'lqal
Ziaqr
Superstring Z,,
e
PV 7 BRler)
[EES )
SSM WiEv

0%
10%

Leptophobic 2
SSM Wiiqd)

LRSM Wn(pihink, Mr = 0.5Mue,

SsMOwiTe)

LRSM Waishn L, Mre = 0.5Mu

8:— 13 7', |gz| x[1 TeVimZ1 =0 08 . 623 =0
LRSM Wei{Tha} Mee = 0.5 Mo

Axighson, Caloron, cot6 = 1

3
Selection of observed exclusion limits at 95% C.L (theory uncertainties are nb? included)

ct Search for BSM: Conventional Signals

T223: 3ETILTILIXIXIXIXIXIXIXILITLXZ ll?? IEEEERERERE]

sPaaeznazznannas

R R R

IR EEEE]

IEEEEEREEEREEEEEEERE]

Overview of CMS EXO results

cMs iminary August 2023

191103947 (25
171203143 (2 + Ly; Ze + Lys 2j + Ty}

210610509 (L + 1y}
OIS 150801257 (14 1y}
1911.03247 (2§}

[ 0ELE 230304596 (BR -+ PR+ VI
I GUASOTS | M PAS £XO-21.018 (3¢, =k}
CMS PAS EXO21.018 138, = ar)

I ASE0ES | QM PAS-EXC-21-018 (3L, =Ak)
B2, CMS-PAS-EXO-21-018 (3¢, =)

1911 63947 (2}

2103 02708 (201
210302708 201
I OZESG 2001 04521 2 + 25) Cl

OE0T 191103761 (= 3))
210302708 (20201

OS2 191103947 (241
210713021 i= 1j +pP=)
2103 02708 (2e,24a}
180101553 (0, 1£ + = 2j+ pI=}

210713021 {= 1j + pP=}
reormns o Dark

130101553 {0, 14+ =2j+ pP=]
S D0S0E2 21071089210, L+ =254 pE
181010069 (4}
it S Matter
[ LSS 211211123 3 4 e
190801713 {h +pF=}

eSS 181110151 (1 1j+ ppt)
..}
230511649 (2 displaced j + pP==)

CO 003008 230511649 (2 displaced i + R
O BIEEIEE2 CMS-PAS-EXC-21-012 (124 2 + PP, 20 4 pPS)

CHS-PAS-EXO-21-007 Ipp + vy}

N S RPV SUSY

G002 CMS-PAS-EXO-21-004 {scouting boosted dusth
£.07-0.075 & 0095-0.108 CMS-RAS-EXO-21-004 {scouting boosted trijet)

180308030 12j}
1812.10443 12y, 22}
216713021 1= 1 + Rt
180308030 12j}
220506705 fepr)

s Extra

e arwrr i D“ nens
1803 08030 {25}
RO 230307998 (y +j}

180506013 (= n S
220102140 12}

L 2043
U HZE 220206075 It + o

G S 191103547 (2])
2308

L @ il .
e EXCited Fermions

O ESE3E 181103052 (y +

0001124 1802 02965; 1806 10005 (3p; = 1 + Zp) .
0001147 10702065, 1806 10905 (36 = 11+ 20} H F
IRoasts e o (a3 L1 La) eavy rermions
01098 220208676 (32, = 4b. 1x -+ 3. Bx-4 2. B+ 12, Tr +28. 25 4 16)

©1-1045 220208676 (32, = 42, 1T+ 3, 27 + 20, 3T + L1, IT + 24,27 + 18}
0125015 2702 08676 (30, = AL, Tx+ 3, Fr 4+ 20, v + 14, It + 26,27 + 14}

' eoeiisaozs M pas £X0-21.-00% (231
| 000a2-0.0079

RIS 00TS 1912 04776 1 2u)
191204776 {2}

OMS-PAS-EXO-21-005 (2}
tamozrve e s
B2 191103947 (25)
———— e Heavy Gauge

2205.06709 {ep}
220506708 leth

woseeen e BOSONS

1911 03347 (2§}
2112.03949 (2 +2i)

221212604 (v + B§=}

211203949 126 + 2j}

2307 0BTOS (Z'=pp + =1b}

181100806 127 +2j)

GOS0 1909 0114 (25)

181103947 (2}

1072 10t 10!

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

R XY 10 TeV 70 TeV


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

New Phy5|cs (2'/Z,,/Gy) contributions to SM processes

Dileptons, full RUN2 data
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https://link.springer.com/article/10.1007/JHEP07(2021)208

We consider a model that assumes the existence of a single DM particle that ¢
interacts with the SM particles through a spin-1 mediator, which can be either
a vector or axial-vector boson.

= vector mediator with small couplings to leptons, gp,, =
= axial-vector mediator with equal couplings to quark and leptons: gy, = 1.0, g,=g=10.1
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Higgs Invisible Decays

The expected in SM h,,: the branching fraction hj,c > inv. B(hi;5>ZZ"—>4v) = 0.12%

Several BSM scenarios predict anomalous and sizeable values, B is significantly enhanced
= asimple extension of the SM to provide a Dark Matter (DM) candidate and are able to predict the

observed relic DM density vis s-channel yy — ff

Strategy
VBF : : . o
2 jets with large angular separation An; and large invariant mass m;
Veto on other objects (leptons/photons)
High missing transverse momentum (trigger constraint) = reject QCD
Low |Ag;| — reject QCD

PRD 105 (2022) 092007

= Main remaining backgrounds: Z(zv) + jets and W(lv) + jets (strong and VBF productions)
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Lepton Flavour Violation Higgs Decays (1)

The decays H— eu/ut/et trough the LFV Yukawa couplings arising in two Higgs doublet models, extra
dimensions, models with flavor symmetries, models of compositeness, etc

= to verify h;,; hypothesis, m;; = my__ (type 1)

" to search for new higgs states, m;; # my_,. = broad invariant mass region (type 2)

type 1, ggH, VBF

my
F(H — E&E’B} — S—H(‘Yfﬁfalz + ‘anfﬁlz)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013

Lepton Flavour Violation Higgs Decays (2)

The first direct search for LFV H — ut/et decays for an Extra Higgs mass in the range
200 GeV < my< 900 GeV (neutral heavy Higgs boson)

type 2, ggH, T lepton decay products are highly boosted

«
p // C
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: : oY
Searches for Low-Mass BSM Higgses/DM in h,,. Decays =)
& 125 (DR
If m, >2m,, some BSM scenarios allow Higgs bosons decays via one or two ¢
hypothetical on-shell new (pseudo)scalar(s) decaying to a pair of SM particles. z ¢
H\ . Ais a low-mass (my < 1 GeV), boosted scalar h125 - ZZD/ZDZD /SS/aa H--—----
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Direct Search for BSM: LLP Non-conventional Signals
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distance +yravelled

a proper lifetime ct, is greater than or
comparable to the characteristic size of
the (sub)detectors

small ct, that comparable to the inner
tracker size, no displaced tracks =
“standard” prompt decay

intermediate ct, = LLP

very large/infinite large ct, = stable
particles, “standard” MET signatures
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Overview of CMS Exotica LLP Searches

Overview of CMS long-lived particle searches

CMS Preliminary March 2023
DD, §-tbs, my = 2500 GeV § 2104.13474 (Jets with displaced vertices) [ GG006=008 M 140 fb
UDD, §-tbs, my = 2500 GeV § 2012.01581 (Displaced jets) [ aG0s=1m 132
UDD, t+dd, m: = 1600 GeV 3 2104.13474 (Jets with displaced vertices) [ OIG0055 =008 1407~
UDD, tdd, mi = 1600 GeV t 2012.01581 (Displaced jets) [ GG0E=TEam 132 fb?
LD, t-+bi, mi = 600 GeV t 3G
LQD, £=bl, mi = 460 GeV t RPV SUSY 118 fbt
LD, t-+bl, m: = 1600 GeV t \ 13207
GMSE, §—gG, my= 2450 GeV g 2012.01581 (Displaced jets) 0.006—0,55 m 132 fb !
GMSE, §—+gG, mg= 2100 GeV g 1906.06441 |Delayed jet + MET) 032-34m 137 bt
Split SUSY, §—agx7, m; = 2500 GeV ] 2012.01581 (Displaced jets) 0.007-0.36 m 132 fbt
Split SUSY, §—qax?, m; = 1300 GeV i 1802.02110 (Jets + MET) <lm 36t
Split SUSY [HSCP), fip=0.1, mg = 1600 GeV § CMS-PAS-EX0-16-\36 (dE/dx) =0.7m |13t
mGMSE (HSCP) tanf = 10, u =0, m: = 247 GeV i S-PAS-EX0-16-036 (dE/dx + TOF) =75m »|13fb
E Stopped £, t=tx?, mi = 700 GeV i 1801.00359 ( B0-15e+13m [3afd?
e Stopped &, §—gdx?, fi, =0.1, my=1300 GeV i 1801.00359 (Dela¥ed jet) 50-3e+13m ~|39fbt
> Stopped g, GadxSiuux), f="0.1, m; =940 GeV g 1.00359 (Delayed pu) 600-3.3e+l2m |39fb?
g AMSE, y = —=yin®, my- = 700 GeV ¥t 200405153 (Disappearing track) 140t
W Goadyd or g, 4,05 X5 X my = 1600GeVimy; = 1575GeV yx RPC SUSY 1909.03460 (Disappearing tracks + jets with Mr2) 0.11-10 m 137 b
Goaxi or xE L xE—xin®, my= 2000 GeV, m g = 1000 GeV xi 1909.03460 | Disappearing tracks + jets with M) 026-2m 137 fe—?
-r—rrﬂ or by;*, xl‘—u@n‘ L mi= 1100 GeV, mys = 1000 GeV X 1909.03460 |Disappearing tracks + jets with Mz) 025-9m 137
GMSB, yI=+HG(50%)/ZG(50%), my = 600 GeV x 2212.06695 (Trackless jets + MET) 0.04-12 m 138 fb !
GMSB, 3 =+HG(50%)/ZG(50%), my = 300 GeV ¥ 2212.06695 (Trackless jets + MET) 0.05 138 fb—*
GMSE SPSB, y7=yG, mys = 400 GeV v 1909.06166 (Delayed yiy)) 02-6m 77 ot
GMSE, co-NLSP, I+IG, mi= 270 GeV i 2110.04809 (Displaced leptons) 5e-05-2.65m 118 fp~?
A}
H=ZoZpl0.1%), Zo—pipt, my =125 GeV, my = 20 GeV X 2205.08582 (Displaced dimuon) ; 5e-05-5m 98 fb !
. H=ZoZpl0.1%), Zo—up(15.7%), my= 125 GeV, mx =5 GeV  x J[2112.13765 (Displaced dimuon using scouting) 5 0.0001-025 m 101t
g H-XX{10%), X—+ee, my = 125 GeV, my = 20 GeV X 1411.6977 (Displaced dielectron) i 0.0001] -Tz;,t be rese nted 20fb7" (B TeV)
E HXX(0.03%), X=ll, my =125 GeV, my=30 GeV X 2110.04809 (Displaced leptons) | 0.001-0.12 m p 118 fb*
+ H-XX(10%), X—+bb, mx =125 GeV, mx = 40 GeV X 2012.01581 (Displaced jets) | 0.001-0.53 m 132 fbt
8 HoXX(10%), X—bb, m = 125 GeV, my =40 GeV X [ PasUBEZELL) j ; tOd ay ! 117 o™
B Hoxox10%), X—sbb, my = 125 GeV, my = 40 GeV X i ieindenicdectiyasinlsbi i 0.12-450 m 137 fb?
S H-XX(10%), X-TT, my =125 GeV, mx=7 GeV X 2107.04838 (LLP decays in CSCs) i 002-23m 137 bt
dark QCD, Mg, = 5 GeV, my,, = 1200 GeV Ko 1810.10069 (Emerging jet + jet) 0.0022-03m Other 16 fb~*
1 1 1 1 1
1077 103 1073 1071 10t 10°

cr [m] 33

Selection of observed exclusion limits at 953% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

More results:
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/LLP.html
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Searching for long-live§particles bgfond the Standard
h - SS - 4l or 4_q Model at the Large Hadrwcaéer, arXiv:1003.04497
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https://doi.org/10.1103/PhysRevLett.127.261804
https://cms.cern/news/new-window-shadow-world-exotic-particle-decays-muon-detectors

Dark photon and Scalar BSM Higgs

Displaced Dimuons

arXiv:2205.08582

61.3fb" (13 TeV)
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Muon detectors

No significant excess of events above the standard model
background is observed. The results are interpreted as limits on

the parameters of a these two models
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The CMS Phase 2 Upgrade

P r—— T
DAQ & High-Level Trigger Barrel Calorimeters CMS
. https://cds.cern.ch/record/2759072" https://cds.cern.ch/record /2283187 B =
- Tracks in "”"99‘" SEA0 Mt - Full optical readout - ECAL crystal granularity readout at OMH
* Particle Flow selection . Heterogenous architecture with precise timing for e/y at 30 GeV A\ 7
© 730KHzld output - 60 TB/s event network - ECAL and HCAL new Back-End boards | S
* 40 MHz data scouting . 7.5 kHz HLT output O

Muon systems
https://cds.cern.ch/record/2283189
+ DT & CSC new FE/BE readout

- RPC back-end electronics

+ New GEM/RPC1.6<n<24

+ Extended coverage ton =3

. Calorimeter Endcap

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

Beam Radiation Instr. and Luminosity
http://cds.cern.ch/record/2759074
- Beam abort & timing

Tracker
h : .cern.ch/recor 722
« Si-Strip and Pixels increased granularity

- Design for tracking in L1-Trigger
- Extended coverage ton = 3.8

MIP Timing Detector
h;: ecr;;io:ti::;;n;rh.record 2667167 Beam-induced background
3 + Bunch-by-bunch luminosity:
- Barrel layer: Crystals + SiPMs 1% offline, 2% online
+ Endcap layer:
Low Gain Avalanche Diodes

« Neutron and mixed-field radiation
monitors
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Summary

Extensive searches for the New Physics are performed with CMS experiment on RUN1 and RUN2 data
= 582 papers with RUN1 data and 627 papers with RUN2 data

= 1 paper with RUN3 CMS titles
. , % 599 “Search”
The tricks of the RUN2/RUN3 are (procedure was updated during LS2 .

s 48 “Observation”
s 21 “Evidence”
&

+%* 333 “Measurement”
¢ 42 “Study”

and will be improved further)
= Higgs boson is intensively involved in searches
= Non-conventional signals

Many new analyses made public
=  for Summer Conferences, http://cms-results.web.cern.ch/cms-results/public-
results/preliminary-results/CMS/index.html
= Physics Briefings at: https://cms.cern/tags/physics-briefing

Phase 2 Upgrades i CERN
Pg . _ we are looking forward to e e
= excellent progress in all projects GIFT SHOP

= all Technical Design Reports prepared
= more physics projections for HL-LHC
starting to appear

CHRIS MADDEN
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THANK YOU FOR YOUR ATTENTION!
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RUN3 is a perfect judge for these challenges!
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