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CMS Overview

The CMS experiment has members from 255 institutes coming from 57 countries

1118 283

The CMS collaboration has around 6385 active people (physicists, engineers, technical, administrative, students, etc
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Some Statistics from CMS

This talk are summarized the selected (by me) the recent CMS s T I s s [ Wi

results on Physics beyond the SM (Exotica/B2G/Higgs WG) e ———
LHCP2023, 22-27 May, Belgrad, _‘ e
EPS-HEP2023, 21-25 Aug 2023, Hamburg .. 1211 papers based on

Recent CMS Briefings « collision data
(+25 on cosmic data)

CMS Publications Page
https://cms-results.web.cern.ch/cms-results/public-
results/publications/

CMS Public Results (newest)
https://cms-results-search.web.cern.ch/

http://cern.ch/cms-results/public-

35% of Standard Model results/publications-vs-time/
BPH (SMP/FSQ/BPH/TOP)
| = Higgs—175

0 .
?IEGX/E)Z;ZBS/'\Q[T;Z)SICS = Standard Model/Top/B and Quarkonia - 383
v = Forward and Soft QCD — 49
11% of Heavy lon = Heavy lon — 129

swp sus = Detector Performance — 42
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CHEP-Yerevan-2023 talks with the CMS Results

17 more talks with the CMS Results

Beyond the Standard Model
= Alexander Lanyov, Physics of Dimuons at the LHC
= Maria Savina, Dark Matter Search at the LHC
= Artur Apresyan, Searches for LLPs at CMS, and LLP-optimized detectors for future colliders

Precise Tests of the Standard Model
= Armen Tumasyan, Study of the Higgs boson decay to bottom quark pairs with CMS
= Aliaksei Raspiareza, Study of the CP structure of the Yukawa coupling between the Higgs boson and taus
= Seddigheh Tizchang, Rare Single Top-Quark production at CMS
= Vlad Shalaev, Polarization Effects in Processes of Dimuon Production
= |lya Zhizhin, Photon induced background for DiMuon studies
= Vladimir Zykunov, Radiative corrections to dilepton production at LHC..
=  Maxim Perfilov, Separation between top pair and single top contributions with tWb final state using NN
=  Gholamhossein Haghighat, Latest FCNC results from the CMS experiment

QCD and Heavy lons
= Qlga Kodolova, QCD Physics with CMS
= Sergei Shulha, Methodology of measurement of quark and gluon jet macro parameters at hadron collider
= Sergey Petrushanko, Recent heavy-ion results by CMS experiment

Detector Performance, Upgrade and Future Physics
= Vladimir Karjavine, JINR participation in the CMS upgrade for the High Luminosity LHC
= Vadim Alexakhin, CMS HGCAL cosmic test stand
= Milos Dordevic, Physics at HL-LHC and beyond
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LHC / HL-LHC Plan

~Hilumi ¥

. LARGE HADRON COLLIDER

LHC Timeline and Data That We Have

CMS Luminosity Information
https://twiki.cern.ch/twiki/bin/view/CMSPubl

ic/LumiPublicResults
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v' ~163 fb! of proton-proton collisions @ 13 TeV is delivered
v' 151.78 fb'l is recorded by CMS (data-taking efficiency ~93% )

v’ ~73.4fblis already delivered @ 13.6 TeV during the RUN3
v' 63.7 fbl is recorded by CMS (data-taking efficiency ~92% )

nisyt

PHYSICS

=7.5x1034 cm=2s71 .

~93% of collected data “good for physics” in 2023 (91% in 2022)

v number of pp interactions per beam crossing (PU): (u) = 52 for 2023

I'inst
= CMS Dataset RUN2
= CMS Dataset RUN3
v
for RUN1/2/3)

pPb and PbPb Runs (see talk by Serguei Petrushanko)

~260 fblitis expected @ 13.6 TeV for the end of the RUN3 (450 fbl, in total ¢
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality

CMS Experiment at the LHC, CERN
' Data recorded: 2018-Sep-07 02:1@337408 GMT
,"/’é Run / Event/ LS: 322356 / 1531590

=2l

What do we know today about
the Standard Model from LHC?

o LHC  Vs=14TeV L=10*cm?s™ e
barn g1 T T 1 T T T o 10
E @it i 1 i : P ! ! E . 1
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] 10 15 m SM processes:
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Summary of Standard Model Tests with EWK Bosons

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

plots are updated for Summer
2023 Conferences

LS preliminary Fub? - LB Mot (276500 L1116 Tev)

B e = e ia i |3 bl

mD | cinsimiich = dbee1t i |41 o™

B FHE = A el Y. R

D) B4 ML (3000} o e B piat
LU T T o W e L0t I3 nb~?
ki Bl i o e s O 98 pb?
FRF IR EOLL B2 . 'O = T Mpﬂ-':

g 37 i EaEsd B(m (BRI 1 18 phy
ps ] Smb 4 o= Ll 00 gt

PP RGN B §oAD = paeea 5 pb!

fr § e deedd 5 pb
PP BB 0L R § P = 2007 B pls
LR EELE T ] 4 AD = Raesdd 1% pb-!
A T0E i o = et 100 pb~t

D R S5 o = B R 1.3
L 26 FL00E (3001 . R = LAnad 137 mt

D P RS B ATy = s 5 mpei
P 24 15 B # oFF = LS 30 Rt
137 L) BN Dim ol o = BTeenE ¥ pb!

R B 3603 DAL W e = e 5w
R ™ (30 8 &L § TR = sl & 19 e
D) 553 RN 30T B E e et 36 Ml
i, 3T EFL BB T s el B W7 ph?

UL 77 AT 2N B o= deanam H1
e P M B D = Dl 0 b
P 20 (0T 813 B OOATH = Leeld B 1Tt
L 137 GROEL) KRN [ AR L 332 pbt

HF 3 chal i 8d) B A =hbesdl R v . el
FLE PR L 5 i oED =TTl B Fi-d-a
U B R § AID =] Peeoa 137 it
L 123 11T 300 W o = Laeal 137 it
i, 29 1AL (3605 il v = e 137 =t
L 25 LS LR (300 E NT) = Bee il B 157 et
LR ELRETE T [ ELCAEERELS 137 it
i, 09 L LD (3808 HEETy < Te+ER . 17t
D (LN (4 W w1180 Tnpb Bmﬁ 19 et
ek 37004 wlls S = 138 et
PP BB LT 87 . B R 1% et
[ LR LT HiREET il N = 137 el
P 58 ChLFI83) W ol LI 19
PP BB L B il AN =t 137 et
paF 83 L BdD wis oW = el 19 et
i W e Tl T -l

[ R BT

ORC 7 30 oe o Ti= 1 Tesi 8 Fied-a
U 7 R0 L F TR 36 Mot
LB EREE ol =W = L 1At

PP 08 L W= 1 Fi-d)

P O 3L T e -l S = 1 T
Accupoed by D il oUW aTE = 108 :
LB B0 GORE 112495 T ps WD = 108 138 -
R i VBF and VBES =y
LB B2 RO L15TEE - oW =i 137 -t
B T3 COLT 188 o R T Fil
D 554 GTBE (01 ) W= ilm 17t
FLB 59 CHOG00 L1500 #TW SR = LW pb nb }.Lb mb 137 et
LB ST ChdE BTN [ G EE 137 =t

L.0e01 LiDe+0l L.0esD3 L.Oe#D% 1 Oa-w}7 104 05 Lbe+1l
o [T]
fb e coiared Bany tatitioal usceraingy, SuSer nATm Dar, Hatatical+yyisematic prosrtainty August My
i e H X 1.

& Dk Bars 2P6 S0F TUE 1E, 13967V, Buck bais: thesty presaon

Sergei Shmatov, The Conferene on High Energy Physics, Yerevan

12.09.2023



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

Summary 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

CMS X+)ets cross section results
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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% (!)

CMs CMS
Run 1:5.1 b (7 TeV) + 19.7 o™ (8 TeV) — Total Stat. Only vy [ P . N N i
2016: 35.91b7 (13 TeV) | | + Discovery #+ LHC Run1 4 This paper | |
Total (Stat. Only) 15 |—e8%cL ---95%CL ¢ SMHiggs |
Run 1 H-yy [ 124,70 +0.34 (+0.31) GeV | |
Run 1 H— ZZ— 4 —_— 125.59 +0.46 (+ 0.42) GeV | . K? — J;/G"SM
Run 1 Combined — 125.07 £ 0.28 ( + 0.26) GeV 10; - B
2016 Hoyy —_— 125.78 +0.26 (+ 0.18) GeV 1
2016 H— ZZ— 4l —— 125.26 £ 0.21 ( + 0.19) GeV
2016 Combined -L 125.46 £ 0.16 (£ 0.13) GeV 0.5 - CMS 138 10 (13 TeV)
| [ ® Observed [ 215D (stat)
Run 1 + 2016 — 125.38 £ 0.14 (£ 0.11) GeV = B
| | | | I ‘ ‘ | | \ ) = +1 SD (stat @ syst) ) £1 SD (syst)
I122I - I123l - 1124| - ‘125| - ‘1261 - L127I - |128‘ - 1125 J 00“ L .\h L r’/\“. Ll 1 | — 12 SDs (stat @ syst) Stat Syst
m,, (GeV) . } al s
06 08 10 12 14 . & 0979 or 0
= Precisions of cross section and branching ratio measurements in - |
: " = 00 B0 0
combined channel are down to 8.5% level il *E” e
= We have ~6-30% accuracy for measurements of couplings M = 144558 om0
= The absolute value of a width 'y = 3. 2+24 Mey IS getting closer to the v, - 12992 w0z 0
SM expectations (4.1 MeV). We sun rneed’ w nprove an accuracy. T
w| = 09453 015 033
= Spin, parity, differential distributions do not contradict the SM = i
. bl T (o —e0siE A% %
see talks by A. Tumasyan and A. Raspiareza | {U’}SM e
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What do we have as a result?

o

THE STANDARD MoOEL ¢ IT HAS To BREAK DowN '
AT SOME POINT JUT JusT KEEPS CHUEGING AloNG |

MK , CottR2oM
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Why we are still expecting
the New Physics?

wl

e ——
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A room in Higgs Sector

. but the current accuracy of Higgs coupling measurements is still insufficient to reject

BSM Higgs hypothesis EPIC 79 (2019) 421
Summary of Higgs Couplings Measurements Model Ky 5 e
CMS 136 fs " (13 TaV)
CMS . . .
* Observed [7]+1 8D (stay) ?100 E; W z El Smg]et Mlxmg ~ 6% ~ 6% ~ 6%
= +1 5D (stat @ syst) I +1 SD (syst) 3;10 c 2HDM ~ 1% ~ 10% ~ 1%
—_— 5 (5tat @ 5 ; :g E M
HE e - || g ecoupling MSSM  ~—0.0018%  ~16%  ~—d%
Ky - 101910 o7 ioar . ,
'CW_ + "":'Uﬂ-:-m Q04 -0 ’5‘1001% | I ‘ I g ' é_ CﬂmpUSite ~ _3% i _(3 - g)% ~ —9%
kg i 10000 wer oo f?f’m FJII Im |]‘ 1 Top Partner ~ =2% ~ —2% ~ +1%
N - oot %o e | 5 F |[|
K:_ —.— 001007 sie gi 1001:_ Im T b T |[[|_€ |,'| dcfdel‘lH} [pbfﬁew
K —e— L e e | & F 1 [ ogH@LHC {3 TeV NLL+NLO™ ™~ —sm """ "3
S LR R W | e e SR
Kq - 093w wts ‘000 1_ M]; 0y=2.0,6p=-0.083
o * wrss 2 as | I ]
'Elm-_‘l“ 007008 0o 04 ; ' 3
Huru:lm;'” || IIIIIIIIIII 0gpt® @m wm |3 W ”] o ' ]
0 05 1 15 2 25 3 35 4 i h H E E
Parameter value ’%v C R isPa e |ISlat®syst Ot Msvst|
The 95% CL upper limit on By, get. 1S found to be <0.16 10 3 I[S;’IT?EI;'ZIHII; 2017)] o
‘ 1ﬂ;ﬁ3;_::‘:1}:-.-.:{ r..t.-lr:k::l::’::_l:::-. - ,l_
= Measurements precision continuous increasing 1er et
: 1.2 O et Tl =
= Search for new higgs states and other BSM 3 b 0L e
. . . . . . BE \ FPrrweT
v' BSM effects on in the differential distributions 50 100 150 zuu 550 300 350 4un
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Another Hint from the Higgs: Flavour Universality

The properties of the Higgs h,,: agree fully with SM in decay into
= gauge bosons
= 3/d generation fermions (t/b/T)
= and do not conflict with results for the 2"d generation (no deviations in cc/uy decays after RUN2)

cms 138®(13Tey) 3000 fb”* (14 TeV)
E>|;’ 17 m,=125.38 GeV wZ_.»l-‘"" BSM(H — €+€_) ~ ,E. L B L R -
E [ P, =375% 2 = o JoeM -~ 9 > CMS
= I 910~ & 1L Projection _1"?
gTD /\f ~ hf??lf/f/ BSM(H — M 2 )% "'? f vf-;
b F b ‘_.-" ~ 9. 4 O = -I_..-'r =
" 00 AT GV RV 2mi, /v 22-107% 3 5l |=68%cCL o .
z ] - ll : b
10°% w7 .. E 102 I T o
L _.§‘" jers Higgs boson = - 3
. [ g -
4| - . B
s ATt e e Hp: 30 I )
@D 42k 1.05F 3 oL - —
g 10_‘} ....................... }+ .................... ‘m'ﬂf' 119i8§g (Stat)tg:}i (syst) 10 ?":‘r' . _ 3
e R === R - CMS HL-LHC Projection -
107 1 10 102 JHEP 01 (2021) 148 T pl Y U EETY! BT R
Particle mass (GeV) 0.1 1 10 100
CMS-TDR-15-02 mass (GeV)

We do not know and will not know until the end of the LHC whether the coupling of the Higgs
h,,s to 15t generation fermions is in a “standard” way or not.

If we have no Extra Higgses! (rare decays are enhanced within Extended Higgs Sectors)

Sergei Shmatov, The Conferene on High Energy Physics, Yerevan 12.09.2023 13
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— X . o 200 f — Data9 ') c — Data 9 fo"
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§ 4 ER:
op B O 100
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,G,L miK ) (MeV ¢2)
0
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- ' o : ' 0.1<g”<B12GeV* c*
' HE'.15
u u Belle
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b—— 5 ; Ref ¥
\ \ arXiv:2103.11769 11 <gf 60 GevEc
i Ref. "
A Nature 18, 277 (2022) '
i LHCb 9 fb™
310 ——i i 1.1<g?<6.0GeVic™
' This work
» LHCb searches in B decays (90% CL limits): | . N T
05 1.0 15
B (BE — ep:.) <54x107° [3 fb— ' JHEP03(2018)078]) R
2 2 —4y +0.0424-0.013
BBt = Kepu=) <7 x 1077 (3 hepex/1909.01010] Ri(1.1 <q” <6.0GeV7c™") = 0.846 530 01>
B (BO s TH) ~34x%x10-5 [3 o1 hep-ex/1905.06614] Control uncertainties by measuring double ratios:
. | : .
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XTBBoXJ (= pp) BB—oXee) M
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https://arxiv.org/abs/2103.11769

W boson mass with the CDF Il detector

W — prand W — er decays.

80-50||||||l||||\||||\||| llllllllllll
SM - Experimental unc. 68% CL T
DO | 80478 + 83 O - - - - - LEP2/Tevatron Lightsupfzrsymmetry i
[ == This measurement
CDF | 80432 + 79 &
80.45 — —
DELPHI 80336 + 67 o s O
S L
L3 80270 £+ 55 —e— EE i
OPAL 80415 + 52 ———— soaol- 1
J ! me-“\;
ALEPH 80440 + 51 —
DO Il 80376 *+ 23 ——
80.35 Heinemeyer, Hollik, Weiglein, Zeune '20 |
ATLAS 80370 + 19 —o— N R 7 N | T AT
m, [GeV]
CDF II 80433 + 9 & 70,88fb?

llllIlllllllllllllllllllllllllllll 1 -
79900 80000 80100 80200 80300 80400 80500 Science Vol 376, 170-176 (2022)

W boson mass (MeV/c?)

Mw = 80,433.5 + 6.45a¢ + 6.95y5s¢ = 80,433.5+9.4 MeV /c?
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L Fermilab Muon g - 2 Experiment

e s y
Vg S forJ=1/2
_° i et
V, < u g =gl =2
*----
a, = (g—2)/2
_ OED Had Weak New Physics
2021 a,=ap  tay +a,  +ay )
BML -2 4 .
7 *- 1,000,000 : 60 1.3 (my, Jmy |
FNAL g-2 ¢ MUON g-2 RESULTS August 10, 2023
BROOKHAVEN
[}
< 420’ ,,-> FERMILAB 2018 DATA
I FERMILAB 2019 + 2020 DATA
Standard Model Experiment EERMILAE AVERAGE
Average
175 180 185 190 195 200 205 210 215 WORLD AVERAGE

a,x 10" - 1165900

21.0 21.5

1165900

a x 10° -
u

a’" [2020] = 116591 810(43) x 107" (0.37 ppm)
ﬁﬁ_r’” [2021] = 116592 061(41) x 107" (0.35 ppm)
—a)" = (251 £59) x 107" (4.20)

The new experimental result is:

Ex
a r

; 0.00000000019 (syst.), 0.2 ppm

g-2=0.00233184110 +/- 0.00000000043 (stat.) +/-
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Analyses in the LHC Collaborations

= Direct 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

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 Field Theory

(5) (6)
_1(4) Ci A5) Ci H6)
=  Precision Tests of SM L=la+2, A 2 A o e
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,,) 17



CMS . .
Conventional Signals

= Heavy Resonances (extended gauge models, extra
dimensions, technicolor) = dileptons, dijets,

diphotons, ttbar, WZ

= Non-Resonant Signals

= Mono-particle + Missing ET (extended gauge models,
extra dimensions, technicolor, SUSY) = mono-jet +
MET, mono-photon + MET, mono-lepton + MET

= Microscopic Black Holes (extra dimensions) = high-
multiplicity events

electron

e " Leptoquarks = lepton + jet

" electron 4th Generation = leptons/jets,
dilepton

Events / (0.1 TeV)
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Direct Search for BSM: Conventional Signals

plots are updated for Summer 2023 Conferences

Overview of CMS EXO results
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New Physics (2'/Z,,/G) contributions to SM processes

Dileptons, full RUN2 data
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olpp > Z'+ X = 171" + X)
olpp = 2+ X = 1Tl + X)
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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, g, = 1.0, g, = 0.1, g, =0.01
= axial-vector mediator with equal couplings to quark and leptons: g, = 1.0, g,=g=10.1

CMS Prellmmary
2500 T

Moriond 2022

2000

1500

1000

Dark matter mass M, [GeV]

a
o
o

Axial-vector mediator
Dirac DM

S Mg = 2xmpy

—— . =012

.
0 500

1000 1500 2000 2500 3000 3500 4000 4500 5000

Mediator mass M, [GeV]

CMS Preliminary
2000, e

Moriond 2022

1800 [+ /
1600 BH
1400 BH

1200 BH

1000 B

800 -

600 B

Dark matter mass M, [GeV]

400

I L A LN B
://Veclor mediator
. Dirac DM
: gDM;—d'O
g =01

//q_
3 g‘_0.01

o My =2xmp,

B P — Q. N >012

200 -7 =

O: Sl B P N I S PR I I
500 1000 1500 2000 2500 3000 3500 4000 4500

Mediator mass M|__, [GeV]

Exclusion at 95% CL
=— Observed

- = - - Expacted

Dilepton {137 fb)
[arXivi2103.02708]
Dijet (35.9-137 15
larXiv:1806.00843]
farXiv:1911.03947]
____ Boosteddlet (77 Ib Y
[EUXN 1909.04174]

SD 2
GDM-prmon [Cm ]

Exclusion at 85% CL
= Observed

- = - - Expected

Dilepton {137 fb™)
[arXiv.2103.02708]
Dijet (35.5-137 o™y
{arXiv:1806.00843]
[arkiv:1911.05047]
____ Boosted dljet (77T 'y
T fankivi1909.04114]

CMS Preliminary

ICHEP 2018

1 10 10

Dark matter mass M ou

see talk by M. Savina
for other scenarios

10
[GeV]

CMS Preliminary

q

CMS observed exclusion 90% CL
Axial-vector med., Dirac DM; gq =0.

Boosted dijet (35.9 ™)
[arXiv:1710.00159]

Dijet (35.9 1)
[arXiv:1806.00843]

DM + /V(qq) (35.9 fb'')
[arXiv:1712.02345]

DM + 7y (359f0™)
[EXO-16-053]

DM + Z(Il) (35.9 fb™)
[arXiv:1711.00431]

DD/ID observed exclusion 90% CL

PICASSO

[arXiv:1611.01499]
PICO-60
[arXiv:1702.07666]
Super-K (bb)
[arXiv:1503.04858]
IceCube (bb)
[arXiv:1612.05949]
IceCube (tf)
[arXiv:1601.00653]

section

ICHEP 2018

S|
OSh-nucieon [CMTF]

Sergei Shmatov, The Conferene on High Energy Physics, Yerevan

| |

L nuﬂ vl 110

SN
=

IIII.IJ yd 11

vound vood Vool 3o 14

10 10°
Dark matter mass m ,, [GeV]

CMS observed exclusion 90% CL

S parameters:

Mpms Myed» 9om: 91 Ygq

DM-nucleon upper
limits on the cross

Vector med., Dirac DM; g | =0.25,9, =10

Boosted dijet (35.9 ™)
[arXiv:1710.00159]

Dijet (35.9 o™

[arXiv:1806.00843]

DM + j/V(qq) (35.9 fo")

[arXiv:1712.02345]

DM + v (35.9 o)

[EXO-16-053]

DM + 2(Il) (35.9 ™)
[arXiv:1711.00431]

DD observed exclusion 90% CL.

CRESST-II

SST-II
[arXiv:1509.01515]

CDMSlite
[arXiv:1509.02448]

PandaX-Il
[arXiv:1708.06917]

Lux
[arXiv:1608.07648]
XENON1T

[arXiv:1805.12562]

CDEX-10
[arXiv:1802.09016]

21



Vector-like quarks

Search for a pair of bottom-type vector-like quarks

= VLQ—>b+H/Z t+W

= both fully hadronic final states and those containing a
lepton pair from a Z boson decay

= hadronic decays can be resolved as two distinct jets or
merged into a single jet
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Some Selected Recent Excitements from LHC
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RUN3 is a perfect judge for these challenges! VIS PAS-EXO-21.005
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Higgs Boson as a Tool to Search for
the New Physics

His invisible
and undetected decays

invisible decay

Hi2s flavour violating
decays
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Higgs Invisible Decays

The expected in SM h_,c the branching fraction h;,c > inv B(hq;5—>ZZ*—>4v) = 0.12%

Several BSM scenario anomalous and sizeable values, B is significantly enhanced

a simple 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 CMS-HIG-21-007 arXiv:2303.01214
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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

= toverify hy,s hypothesis, m;; = my,_,_ (type 1)

" tosearch for new higgs states, my; # my,_,. = broad invariant mass

region (type 2)
type 1, ggH, VBF
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200 GeV < myz< 900 GeV (neutral heavy Higgs boson)

type 2, ggH, 1 lepton decay products are highly boosted
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Lepton Flavour Violation Higgs Decays (2)

The first direct search for LFV H — ut/et decays for an Extra Higgs mass in the range

3597 (13 TeV)
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The observed (expected) upper
limits (95% CL) is
ut: 51.9 (57.4) fbto 1.6 (2.1) fb
et: 94.1 (91.6) fb to 2.3 (2.3) fb
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Searches for Low-Mass BSM Higgses/DM in h,,. Decays ‘f‘_@

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. V4 ¢
H""‘\_,_ Ais a low-mass (my < 1 GeV), boosted scalar h125 - ZZD/ZDZD /SS/aa H--—----
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BSM Higgs/X in Decays into BSM Particles

X - aa — 4b CMS-PAS-B2G-20-003 A— a(= y{)hiyx > MET + hy,c
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VBF tag, Charged Higgs boson
mass explored: 200 — 3000 GeV

EPJC 81 (2021) 723

T e 1 T l T T T T

0
=
\““m

T

olioe X B(H™ — W*WF) [pb]

—
<
N

T IT!IIII

137 fb' (13 TeV)
] T T T T

BSM Higgs/X in Decays into SM Particles

Events / GeV

137 o (13 TeV)
— — —
| CMS + Data 3% Bkg. unc, i
4 - HUE00) S WIWY s =1 W
L —H 00wz, 5 -1 EEWE
B Iz
L 0 Nonprompt
3 B x |
| B Other bkg.
2 I E
S
1 Fidisnisy
= =2
% 15
W™
D (117
o
500 1000
my'™ [GeV]

1 o - I
— Observed ] =" . CMS
——
B 68% expected . N
==: 95% expected . = 1 3
Ol 8, =1 T C v
= + .
: T +-
] =]
T 4
i Lo b
: & :
B -
| 1 1 | 1 D_F —

137 b’ (13 TeV)
" 1
— Observed .
. 68% expected
---- 95%, expected

ol s, = 1

“73000

3000

1000 2000 1000
Sergei Shmatov, The Conferene on High Energy Physics, Yerevan 12.09.2023 31


https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3

Direct Search for BSM: LLP Non-conventional Signals

""" neutral displaced W BSM
— charged HSCP dilepton M lepton
- any charge W quark
photon
W anything
disappearing displaced
track lepton
(i LA LR T
3 .: ‘.. : '....
displaced —_— displaced
dijet ¥ ‘., photon
covered in : v
this talk di ‘ Not pictured:
splaced \ 4 -
q displaced stopped particles

| vertex conversion

LLPs may have decay lengths up to several meters, hence

traveling through the inner detector layers without
leaving any trace

e.g.forct=5cm, <By>~ 30

60% in 13% in
calorimeters muon system

P(decay)

10)0818p 8L} 8pISIN0 % |~

Jdwoid, %]
18)oRI} Ul %62

distance +yravelled

= 3 proper lifetime ct, is greater than or
comparable to the characteristic size of
the (sub)detectors

= small cty 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

see talks by A. Apresyan
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Inelastic Dark Matter at the LHC/LLP

= inelastic dark matter: relic particles - Colliders
that cannot scatter elastically off of .8 A -
nuclei the dark sector S X . SM
= particles continue traveling for a long O
. "U | ._f
time and traverse several meters = / \
(Long-Lived Particles) before tunneling & X SM
back into our visible universe (quarks H >
or leptons) A Indirect detection
Motivation | Top-down Theory IR LLP Scenario
ROV SUSY Visible Sector Portal Dark Sector
mini-split SUSY
Stealth SUSY
Naturalness g;‘;‘l‘;;inos [ ) [ )
InessESmmms=s o | R - Multiparticle Spectrum
Neutrsl Natusless 222223 - dden Valley —. TIwie b @ H - . o
g(:layf.icont e i ;;'_'!;;;"""‘ _"_:D _’:'_'m _.:n . b ’,"-- . -~~~‘.. @ ( ? w
‘ Asymmetric DM ALPzzzzzsa7 ‘9O @ "-' “'*, 4 %
Freeze-In DM ! down || srange | botom sheson ——. A& ... M @ ? ‘
SIMP/ELDER SHFiee—— ' | i o = A L T '? ------- K 4 4
Dark Mt | 2 i I 2 9.2 ' T -
Dynamical DM SM+V (+$)==H E exotic Z g [F h..v. - .,u' _vl el h . -.‘— %.
WIMP Baryogenesis decays a ."‘.“..‘.:% ”nm,:.u “n.!ﬁﬁu 'wmm v
Baryogenesis Exotic Bary'on Oscillations _|
| Leptogenesis =y ;m'licl Higgs L SU.(3) x SUL(2) x Uy (1) ) L New Gauge Symmetries =
Minimal RH Neutrino- HNI J e
with Ull)s 27
Neutrino mg_f’ieﬁ):cg;m L :lttl ic Hadron
Masses with Higgs portal } e
from ERS--tovsioiini:
Discrete Symmetries:

https://arxiv.org/abs/1901.04040
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SUSY RPC

Higgs+0ther

UDD, §-tbs, my =2500 GeV
UDD, §-tbs, my =2500 GeV
UDD, t=ad, m: = 1600 GeV
DD, f-+dd, m: = 1600 GeV
LD, £-+bi, m = 500 GeV
LQD, f-bl, mi = 460 GeV
LD, £-+bi, mi = 1600 GeV

GMSB, §~gG, my = 2450 GeV

GMSB, §~gG, my = 2100 GeV

Split SUSY, g—gdy;, my=2500 GeV

Split SUSY, g-agxf, m;= 1300 GeV

Split SUSY (HSCP), fi = 0.1, ms = 1600 GeV

MGMSE [HSCP) tanfi= 10, u>0 , m; = 247 GeV

Stopped f, ttx?, mi = 700 GeV

Stopped §, §-gdx?, fi,=0.1, m;= 1300 GeV

Stopped §, §+qax2iuxd), fi, = 0.1, m; = 940 GeV
AMSB, y *—y3m* , my= = 700 GeV

G-aax? or q,.4,5 X ~xin*, m; = 1600GeV,m e = 1575GeV
Gaxy or gy, xS -xin®, my = 2000 GeV, m,; = 1000 GeV
oty or by, xF =xn*, mi= 1100 GaV, my = 1000 GeV
GMSB, x-+HG (5 0%)/ZG(50%), myz = 600 GeV

GMSB, y2=HG (5 0%)/ZG(50%), my = 300 GeV

GMSE SPS8, y =G, my = 400 GeV

GMSB, co-NLSP, [—IG, mj= 270 GeV

Split SUSY, =g, m; = 1400 GeV, my, = 1300 GeV
Split SUSY, =g, m; = 1400 GeV, my, = 1200 GeV
Split SUSY, §-gg#, m; = 1800 GeV, my, = 1700 GeV
Split SUSY, §-gg#, m; = 1800 GeV, my, = 1600 GeV

SM H=ZnZo(0.1%), Zo—sips, my = 20 GeV
SM H=ZnZpl(0.1%), Zo—u{157%), mx=5 GeV

SM H=XX|10%), X—ee, myx = 20 GeV

SM H-XX[0.03%), X1, my = 30 GeV

SM H=XX{10%), X=bb, myx = 40 GeV

SM H=XX{10%), X=bb, myx = 40 GeV

SM H=XX[10%), X-bb, myx = 40 GaV

SM H-XX[10%), X=Tr, myx =7 GeV

SM H-+XX|10%), Xsee, mx = 0.4 GeV

SM H-WW(1%), Gluen portal, my =5 GeV, (X, Xin) = 2.5,1)
SM H-WW(1%), Photon portal, my =5 GeV, (Xq Xa) = (2.5,1)
SM H-WW(1%), Vector portal, ma=5 GeV, (Xo X =(11)
dark QCD, My, =5 GeV, my,, = 1200 GeV

Overview of CMS Exotica LLP Searches

plots are updated for Summer 2023 Conferences

Overview of CMS long-lived particle searches

CMS Preliminary August 2023
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXQO/LLP.html
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LLP with Displaced Dimuons

Dark photon and Iong-lived neutralinos decays RUN3 data @ 13.6 TeV with 36.7 fb™*
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g LLP neutralinos decays
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1 _
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sector Higgs boson q d (1 )~ y i il Run 3 (2022, L2)
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No significant excess of events above the standard model background is
observed. The results are interpreted in the frameworks of the hidden
Abelian Higgs model, in which the Higgs boson decays to a pair of long-
lived dark photons; and of an R- parity violating supersymmetry model

Muon detectors
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= the scalar particle (a twin version of the Higgs boson)
is likely to be one of the candidates for a messenger
role between SM fields (“visible sector”) and DM
sector (invisible “hidden sector”)

h —- SS - 4lor 4q

they decay into SM particles only when they reach the
outermost part of the CMS detector (the muon system)
a signal is a shower of secondary particles that ionize
the gas in the muon detectors (large multiplicity of hits
that cluster together)

disappearing or

displaced kinked tracks

multitrack vertices 4 .
non-pointing

..-=*"" (converted) photons
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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

Summary

Extensive searches for the New Physics are performed with CMS experiment on RUN1 and RUN2 data
= 219 of EXO analyses, 175 of Higgs analyses, 79 of B2G, 137 of SUSY

The tricks of the RUN2/3 are (procedure was updated during LS2 and will be improved further)
= higgs boson is intensively involved in searches
= non-conventional signals (displaced vertices, highly-boosted objects produced emerging
jets/leptons)

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

The first RUN3 results are already available
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What does Brazilian Flag mean?
olpp—= Z2'+ X = 171" + X)

Dimuon example R,

Extended gauge models

alpp = 2+ X = 1"l + X)

Models of low-energy gravity (RS1-type scenario of ED)
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Model-independent limits on cross section (in narrow width approximation, NWA)

Zhos z!
Channel — (y  [Tev] Exp. [TeV] Obs. [TeV] ' Exp. [TeV]
ce 172 17 111 113
wruo 4.89 4.90 429 4.30
eet+uty~ 515 5.14 456 455

Channel k/mpl — 001 k/mpl = 005 k/ﬁm — 01
Obs. [TeV] Exp. [TeV] Obs. [TeV] Exp. [TeV] Obs. [TeV] Exp. [TeV]
ee 2.16 2.29 3.70 3.83 4.42 4.43
utu 2.34 2.32 3.96 3.96 4.59 459
ee+utu 247 2.53 4.16 4.19 4.78 4.81

Sergei Shmatov, The Conferene on High Energy Physics, Yerevan 12.09.2023 39



Production of SM Higgs boson
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Higgs Width

=  On-shell measurements in yy and ZZ (4l)

-k
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Summary of 2HDM+S searches at 13 TeV

CMS Preliminary
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Displaced Leptons + Jets ..z 2022 153
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LPP + Z bosons
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LLP Lifetime
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MAssive Timing Hodoscope for Ultra-Stable
neutralpArticles

leptonic decay A hadronic decay

o 2

Multi-layer tracker

-

-
LLP Decay Volume

wpe~

Surface Floor detector

- e -
£ 2™ S -
& . A0
- ATLAS T RARL neutral LLP
v or CMS - -
—~

. ] LHC baam pipe

L ' L

L] L) L]

=100m ~100m

The full-scale detector could then become
operational by 2025-26.

CMS

https://arxiv.org/abs/1901.04040
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