Pi(b-jet) = 216.5 GeV C S 3
~. 7 \

\
¢ o0 T

/ P.(e)=95.8 GeV

CMS Experiment at LHC, CERN

Data recorded: Sun Aug 20 13:16:45 2017 CDT
Run/Event: 301472 / 634226645

Lumi section: 664

at LHC, CE P(e*) = 224.1 GeV

RN
un Aug 20 13:16:45 2017 CDT
72 /634226645
b
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MNAD: dunsnka @CMS

NMUA® @CMS

A.A. Bopo6beB

B.T. Kum

E.B. KysHeuoBa
B.A. Myp3uH
B.A. OpelwkuH
U.b. CmnpHoB
A.1O. EropoB
1.E. CocHOB

B.J1. lonoBuoOB
J1.H. YBaposB
H.A. lpy3anHCKuUn
B.U. Autopa

F0.M. UBaHOB
B.B. CynumoB
N.M. JleByeHKoO
JLA. lunyHoB
C.C. Bonkos
C.A. BaBunos
M.1O. UBaHOB

IE. MaBpunos
C.A. HacbibynuH

T
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MUA®: dusuka @CMs NG

NMNAD: ocHoBHbIe HanpasrneHnsa B CMS

Pun3nyecknuun aHanus gaHHbIX

- acumntoTudeckune bOKJI-acphekTbl B CTPYUHbIX npoueccax
- AudpakumMoHHble npouecchbl pA

- anekTpocnaboe obpasoBaHue pesaoHaHcoB (VBF): Z, H, BSM
- 0030H Xurrca npuv oonblwux pT

MiwooHHasa cuctema: CSC
- noadepkKka

- MoAepHu3auma

- yyacTue B CMeHax

Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021 B. T. Kum nMUAP @CMS 3
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CMS @LHC: LS2 u Pilot Beam Test @

- Long Shutdown (LS2): Bce 0CHOBHbIe NMPOEKTbl 3aBepPLUEHbI

- Pilot Beam Test: 18 okTta0psi — 1 HOAOPA

CMS: obin nonHocTbio rotoB K Pilot Beam Test
nosnyYeHbl BeCbMa 6naronpusaTHble pe3ynbTaTthbl

Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021 B. T. Kum nMUAP @CMS 5



CMS: nyonukauumm

1.01.2010 - 01.12.2021

Ony6nunkoBaHo:
2021 > 60 ctaTemn

Show all Exotica Standard Model Supersymmetry Higgs Top Heavy lons

B and Quarkonia Forward and Soft QCD Beyond 2 tions Detector Performance

RUN1 & 2 >1000 ctaTeu
1086 paper published or submitted

1086 collider data papers submitted as of 2021-12-10 to aja,l" nal

CMS (10 nekabps 2021):
1086 cTtaTten no conusuke

1,0004
900

800

700

600

500

400+

300

200

100+

20y
20z,
2o
2o
2o,
2o,
0.
<20,
2o,
2o,
?aea
2027
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cms:RUN2 NG

Run 2 ended in 2018 and CMS collected an integrated
luminosity good for all physics of almost 140 fb™* at 13TeV CMenergy  Heavy lon data, mainly PbPb and pPh

CMS Integrated Luminosity, pp, vs = 13 TeV CMS Average Pileup (pp, vs=13 TeV)
Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC 6000 T T T - 6000 CMS Integrated Luminosity Delivered, PbPb, s = 5.02 TeV/nucleon
I |l /ol
. . e . — 180 . -
ar ! k& l! ’ =~ a . Runllz =ies 38 Data included from 2015-11-25 09:59 to 2018-12-02 16:09 UTC
| i H . . = 3500 ——— — — 350
& 160 BN LHC Delivered: 162.85 fb l 160 : S I 2018: <u> = 37 5000 = —— 2015, 594.6 b :l
g [777] €MS Recorded: 150.26 i = [ 2017: <u> =38 ;Exsooo — 2018, 1802.7 b 200
& {140 2 [0 2016: <u> = 27 >
— 4000 . i 14000 =
.§ 120 .20 = Em 2015: <u> = 13 % 2500 -~
£ = £
3 100} {100 8 E 2000 200
- c 3000 13000 3
T -
5 80 180 E ) 3 1500 1501
= =2 /P (13 TeV) =80.0 mb "
- 60 leo - 2000 2000 a
o 9 & 1000 1001
- E -
£ 40 40 E
= S 1000 11000 3 s00 500
S 20} {20 2 o
|9 F oy 0
) . — oy B T S Y R I S P . 0 atactactacutiotacactnotactuotd oo etaetoe getoeloe”
R R R R LT T % 2 s® «® 2° 1o° Bt e e Rl R Rt
LRGN 3 o . . N
Woe® o el Wpod ot (fpedeetyet |yt yWee? Mean number of interactions per crossing RBLWLARRC)

Date
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CMS Experiment at the #HC, CERN

Data recorded: 2016- 8 2B _'Q

Run / Event / LS: 2765280 26853

........................................

MC smear 7
& data

Data/MC

Extremely well calibrated\\

231" (13 TeV)
> T T
(‘15’ 108 E CMS Freliminary — data
o Z—pp
= o muons - I
w i -]
2 10°¢ S L EmEWK
» ] & »
- & ~

detector.

Excellent agreementin

Silmlaﬁon and daia. . M) [GeV]

%0 80 100 120

Ceccusna YueHoro Coseta O®BI HUL KU - MUAD, 23 gekabpsa 2021 B. T. Kum NMUAP @CMS 8



CMS data vs standard model NG

June 2021 CMS Preliminary
o F . i ]
105" £ 8TV OMS measurement (L< 186" B
= C n i) }EJ;B; e 1  Measurement of
c 10" o el ML A S e T Ty 4 total cross section in
2 C 3 : . different production
o 10°F ! Electrowegk - Top Higgs 4 * Cchannels
@ FlE s L z
o ins Y E& # - 1 Alsoperforming
2108 - - S 1 measurement of
= - 4 B & = .
S N 1 d Zfﬁ:{iﬁﬁ 1 differential cross
-.g § _T T i i : ;i §l ,?n T 3 § as
B0 L " | P % 41 -l 4l .
6.9 . N .1 Deviation fromSM
102k e -i,;i i | predictionmay
- $ | ¥ " 'fa . 1 indicatenew
103E $ g 4 physics
E VV AVAVAY VBF/VBS & |
4
10 'w'z Wy zy wWwwz' 2z o ez

| R T g | T [Eme e | R e | B P e e = ey R R e
waz zz Wy Wy 2y S BV m;%;gwgrmz;g ot Wi, ty Zg tZ ty nwnnggl-fggf VHWH ZH ttH tH HH
i EWY 2y Wy fickucsial with W—shy, Z—, l=e. Th. Ao, in exp. Ao

All results at: htto://cern.ch/ao/oNi7 ¥ o
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5 CMS @LHC: VVV (V=W,2)

—~\
q q
Vi Vi
MepBoe HabnogeHMe TPOUHOro poXXaeHUs Va Vs
aneKkTpocnadbix BeKTOPHbIX 6030HOB (2020) v
3 q
q Vi
TGC
q Vl q V]
Measured ¢ / SM Vs
CMS / 137 o™ (13 TeV) %ZLf V2
i ' e BDT total stat q q Vi
Combined | —— ¢+ Sequential-cut 4 o, +0.26 40,21 L VVH Vs QGC >
| — o -
www | _me— 115 345 63
wwz | | —ee 0.86 '3 3%
wzz | — 204 H BT
27 I I Allowed =5 |
lllllllilllllllllllIII|!II\IIIII
0 1 2 3 4 5 6
PRL 125 (2020) 151802 Signal strength 11
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lNepBoe HabnoaeHne paccesaHUs

aneKkTpocnadbbix BEKTOPHbIX 6030HOB VV -> VV:

e-Print: 2112.05259 [hep-ex]
5.60 (5.20) Habn. (oxunAa.)

- RUN 2-2016: lNepBoe HabnoaeHue
C OQMHAKOBbIMU 3apsi4aMu JNIeNTOHOB

- RUN 2: lNepBoe HabnogeHue

CO BCEMU KOMOMHaUuaAMuU 3apsagamMmm nenTtoHoB

ONHaKOBbLIN apomMmart fenToHoB

L =138 f0” (13 TeV)

pa3J1M‘IHbIﬁ apomMart JienToHOB
L=138 " (13 TeV)

= 107 o —
2 WwW CMS 5 10° [ Higgs f nonprompt CMS
2 10° 771 DY 1 PU jet LI>J Multibosan oY _
o e \/BS wWw W and tt
= 10°
== >
g 10°Fs 3 Ay 3 39 GV
c v,V - i 3
e o T s o | m, [Gery =750 1000 1500 2000 10°E
-3 E P Oc] Houk S e
3 \E' ::! . \'E' N.—; :‘] a & 102
10 §n § g Eﬁn eeeee
10
10? i
10 1
N 10~
3 14 g i 3 14
g 12 E. Nuncerainties ko
g 1 ) g 1
® 08 E e 2 = g 08 [
3 06 E i i 3 S 06 E
1] 2 4 (] 8 1]
bins DMNNoutput
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CMS @LHC: 6030on Xurrca @

» Higgs boson can be produced via several
s processes and decay into several final states.

1

9 t q
gq fusion : t g WW, ZZ fusion :
t
g

q

W,Z
q '
HO W'Z {
= HO

q W, Z bremsstrahlung cc, 2.9 63 * SM H|ggS

* Observed mass 125 GeV presents a particular
diversity of decay channels.
—> multiple probes for studying the Higgs!

9
tt fusion :

g

branching
4 ratios
SM Higgs process 13 TeV \ 77,26
production ggF  gluon-gluon fusion 49 pb 7v. 0.2
channels : L
VBF  vector-boson fusion 3.8 pb
and cross = 0.2
sections: VH  associated production 2.3 pb T v

ttH associated production 0.51 pb

Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021 B. T. Kum nMnUA® @CMS 12



CMS @LHC: H->uu

137 fo™ (13 TeV)
30,_IIII|III\|IIIIII\Ill\lllll\ll\lllll\ll__
MNepBoe ykaszaHue H->uu 30 - CMS ; Data EH—’W
- = -4 " Post-it Zj-EW DY ]
JHEP 01 (2021) 148 SM Br(H->uu )=2.18 x 10 5t V;‘: c;tegory B Top quark []Diboson
pof. My=125.38 GeV — VBF —ggH

Hanbonee To4yHOE U3MepeHune
cBA3u 6030Ha Xurrca c
nenToHamMu BTOPOro nokoseHus!

S/(S+B) Weighted Events / GeV

CMS 137 o' (13 TeV) 187 fb” (13 TeV)
g 1_|||||\|\||\||| R N RN RN RN R RN R LA L ! I [
a CMS comblne’d“ 119042 c‘) _||||||Il\llIII‘II\Ill\lllll\ll\lllll\ll:
= X 2
o 1 - —— Combined bestfity — @ 0+‘H‘ r : M T:.Lx &‘Nn + x.l:
T et A Nt N -1 . ) &8 Vi I+ 1 b S
Sio1k VBF-cat. “=1‘36_;.:]s SM expectation 8 ok + 4 .
a E ' -GSQ/OCL ’IlllllII\lllll‘II\Illll]lll\ll\lllll\ll-
- ] - — 110 115 120 125 130 135 140 145 150
S S SR S SO S 126 H-cat - 0.63706° [ o5 L My (GeV)
- ] ggh-cal. | n=063,, m,, = 125.38 GeV
10 3 B 7
E ] - +2.27
- ] fiH-cat. | H=2327C
-3 | ~ _ +3.10
B —Combined —VBFcat | Ureal | u=548, .
- Observed  __ggh.cat  — tiH-cat. B 7
— VH-cat.
g0 b o b Lo b Lo b Lo ool a T BRI BTSN B
120 121 122 123 124 125 126 127 128 129 130 4 _2 0 ) 4 6 8
my (GeV)

Best-fit
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% CMS @LHC: off-shell Higgs boson->41 223 li@

CMS Prellmmary <14O fb (13 TeV) 4 CMSﬁre”mma?/ n— <138 o' (13 TeV)
= | T T T T | B
| —1,=0 (SM-like) ]
ykasaHue H->4l, H->2I12v 2 —teuoonst 5
- — f,zunconst.
| —f,,unconst.
. i Observed 5
n3MepeHue WNPUHbI: S e i
- - =
I'y =32%22 MeV . :
oY

10

Moff sheII

3 0 2 4 6 8 10 12 14 16 18

2AInL

T, (MeV)

UcknioveHbl Yoff-shell =0 n Ty =0 MeV
Ha ypoBHe 3.60 CMS PAS HIG-21-013 (2021)

HanpaBrieHo B Nature
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c¢m3uka cTpym B nepegHem obnactn: nybnukauum Hml_

Dijets with large rapidity separation:

-LHC 7 TaB:

CMS: Eur. Phys. J. C 72 (2012) 2216 - nepBoe u3MepeHUe OTHOLEeHUEe CeYeHUU CTPYyM npum
6onbwmMx nHTepsanax 6oicTporbl > 9.4

-LHC 7 TaB:
CMS: JHEP 08 (2016) 139 - nepBoe u3amMepeHMe a3vMyTalibHbIX AEKOPpensuMm CTpyu npm
6onbwmnx nHTepsanax 6oicTporbl > 9.4 ykazaHusa Ha npoasneHue BOKI-acdcdekros

- LHC 2.76 T>B:
CMS: - ykasaHusa Ha nposasneHue BOKIJI-achcdexkros

Electroweak Z boson production with two forward jets:

-LHC 7 TaB:

CMS: JHEP 1310 (2013) 062 - nepsoe HabnrwopgeHue B afpoOHHbIX coyaapeHMsaX npouecca
anekrTpocnaboro o6pasosanua Z-6o030Ha

KOHe4YHoe COCTOfIHMe: iBa NenToHa u ABe afpoHHble CTPpyMu Bnepep

- LHC 8 TaB:

CMS: Eur. Phys. J. C 72 (2012) 2216 - uamepeHU e B aApOHHbIX COyAapeHUsiX cevyeHue npouecca
anekrpocnaboro obpasosaHusa Z-6o3oHa npu 8 TaB

o(llJJ) =174 £ 15 (crar.) £ 40 (cmucT.) D6, mJJ > 120 'sB, 8 TaB

-LHC 13 TaB:
CMS: Eur. Phys. J. C 78 (2018) 589 uamepeHue B agpOoHHbIX coyAapeHMsaX ce4YyeHue npouecca
anekrpocnaboro obpasosaHua Z-6o3oHa npu 13 TaB

o(llJJ) =534 £ 20 (cTaTr.) £ 57 (cucT.) P6, mJIJ > 1201 3B, 1
Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021
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o CMS + TOTEM: pA-audpakuus

P

OndpakumoHHble npouecchbl Ha sapax npu aHepruax LHC

CMS+TOTEM pAdata2016 8 TaB NN c.m.s.

NepBoe uamepeHne Ha BAK CMS PAS-18-019 (2020)

Mpeabiaywme namepeHns npm aHeprusix meHee 4yem 300 pa3 ( 400 NB fixed target)

Ceccusna YueHoro Coseta O®BI HUL KU - MUAD, 23 gekabpsa 2021 B. T. Kum NMUAP @CMS 17
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- --
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Fﬁ;’ AHanun3 paHHbIX: CTaTtycC mlllll-

NMUAP® @CMS physics

- Dijets:
K-cdbakTop 7 TaB: EPJ C 72 (2012) 22
K-cdbakTop ¢ BeTo 2.76 TaB: HanpaBneHo B nevyaTtb

8 Ta3B: 3aBepweHue aHanusa
13 TaB: npogomnxaerca aHanus

asnmyTanbHble aekoppenauun 7 TaB: JHEP 08 (2016) 139
13 TaB: npogonmxaerca aHanus

- EWK Z 7 T2B: JHEP 10 (2013) 062
8 TaB: EPJ C 75 (2015) 066
13 TaB: EPJ C 78 (2018) 589

nonHblie AaHHble Run2: npogonmkaerca aHanus

- CMS+TOTEM/PPS
Andpakuma B pA 8 TaB: 3aBeplieHue aHanusa

- 6030H Xurrca npu 6onbwunux pT Ha HL-LHC: npopgonxaetcs

Ceccusna YueHoro Coseta O®BI HUL KU - MUAD, 23 gekabpsa 2021 B. T. Kum NMUAP @CMS 19



CMS @LHC: Phase-2 Upgrade NG

Bce CMS Phase-2 Upgrade TDR 3aBepLueHbl

NMNAD:

1) Cuctema BbicokoBosLTHOro nutaHusa (BB) CSC - B.J1. FonoBuoB, J1.H. YBapoB

ME1/1

Cucrtembl BbicokoBonbTHOro nutaHusa (BB) CSC
ME2345/1

2) UccnepoBaHne pagnaLuMoOHHON CTOMKOCTU U

M ontTuMmusauma rasosbix cmecen CSC Ha GIF+ - E.B. Ky3HeuoBa u ap.

3) UccnepoBaHusa rasoBbix cmecen ans CSC

¢mHaHcnpoBaHue MOH?

—I.E. FaBpunoB u ap.

Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021

B. T. Kum

NMUA® @CMS
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. CMS @LHC: long-lived particles (LLPs) NG

Some BSM models predict Metastable LLP Decay Detection
I i : eavy charge :

long-lived particles decaying S:lable Ic}eavy‘ | particie | _

away from the interaction point. EHMgEPATEE ~ ID Displaced

\ Vertex + X .
\ 5

 Leads to unique and Monopole/HIP C:)?\
challenging signatures.

Disappearing

e Measure timing or ek o
displacement information for e |
an object.

Emerging jets

Displaced leptons ™=

Many searches at Runs 182.

Non-prompt ‘ ' -
At HL-LHC, new Phase?2 photons/jets .‘ \l{)‘;lre:ep;on displaced
tracking and timing detectors, A / aan 9% \
along with extended detector P I " | \
coverage and sensitivity will particles i X\
allow a wider diversity and (Calo-ratio)  Dispiagad

reach. vertex in MS

I‘. ‘I‘"-‘.
Lepton-jets |
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3aKknr4yeHue
NMA® @CMS

RUN 2: aHanu3 gaHHbIX
RUN 3: nogroroBka
HL-LHC: mogepHusaumsa v chusuka

RUN 3 n HL-LHC: HoBble yHUKanbHble BO3MOXHOCTU!

i
aavno.ru

Ceccusa YueHoro Coseta OPBI HUL KU - MNAD, 23 pnekabpsa 2021 B. T. Kum

NMUA® @CMS
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