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BBepgeHue: TemHaa maTtepus

‘DARK Dark matter (DM) is
ENERGY

J Not interacting (very weakly interacting) with ordinary matter
3 Electrically neutral
mﬁER 1 Stable in terms of cosmological time (14 bill. years)
4 Initiated in the early stage of the Universe (till the change of the
regimes, from radiation-dominant epoch to epoch of matter
domination)

NORMAL MATTER
Arguments for dark matter existence That’s all we know.

Astrophysical
DM candidates
[ Curved rotation of galaxies, virial theorem “violation”, ultra diffuse galaxies
and satellites of galaxies, spiral structures of galaxies
1 Gravitational lensing, evaluation of potentials and masses of galaxies/clusters
of galaxies (“Bullet” cluster etc.)

1 Baryonic matter (massive astrophysical
compact halo objects - MACHO)

Cosmological 4 Non-ba_ryonlc matter (st.erlle neytrmos,
weakly interacting massive particles — WIMPs,
[ Anisotropy of cosmic microwave background, flatness of the Universe, the axions, supersymmetric particles, etc.)

prevalence of the elements and necessity of DM.
[ Forming of the early Universe structure, the growth of the initial
inhomogeneities
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MoucK TeMHOU MmaTepumn
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The two-Higgs-doublet model (2HDM)

HenTparnbHbln CP-4yeTHble ckansapbl h, H

HenTpanbHbin CP-HeYyeTHbIN ncesgockandap A
" 3apsXeHHbIn HY, H-

2HDM+s arXiv:1612.03475

2HDM + S (HenTpanbHbIA CKanspHbIW CUHITIET)

h (bbar) +S (yy) = bbar + MET
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http://feynrules.irmp.ucl.ac.be/wiki/DMGISMO
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Moaenu 2HDM+a/S

2HDM+a arXiv:1701.07427

2HDM + a (HenTparnbHbIN NceBOOCKaNAPHbIN CUHITIET)

h (bbar) +a (yy) = bbar + MET

https://github.com/LHC-DMWG/model-

repository/tree/master/models/Pseudoscalar 2HDM
06.12.2023
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[eHepaTop: MadGraphSMC@NLO.2.9.2
(PS, frag./hadr. - Pythia 8)

Wy —+
ab]

Moaenu: 2HDM+s or 2ZHDM+a + NNPDF 3.1 NNLO

[Mpouecc: p p > Z x X (16 gnarpamm) ,

CBoboaHble napameTpbl and 2HDM + a: g

= Macchl Taxenbix xurrcos, my,,= my= m,=[600:2000] GeV B
= Macca 4yacTtuubl TeMHOW matepun, my = [1:2000] GeV

= Macchl nerkux ckanspHbix/ncesgockanspHbiX ckanapos, m,= mg=[300:1000] GeV

= OTHOLWEHNe BaKyyMHbIX CPedHUX OBYX XUITCOBCKMX aybneTtos, tan(p) = [0.5:50]

= Yron cmewwmBaHna mexay asyms CP-yeTHbiMKn cocTtoaHuamm (a/A), sin(®©) =[0.15:0.7]

= Yron cmewmsaHna mexay asyms CP-HeyeTHbIMU cocToaHuamun (h/H), sin(BOa) = 1

CBoboaHble napameTpbl ang 2HDM + S: = HOKaBCKMe KOHCTaHTbl CBA3M
= KoHcTaHThbl cBA3n mexay TM n meguatopom (a/S)
H = cos#5) — sin 5, = Macchbl, LUMPWHBI pacnaga v yribl CMELUVBAHUS ...

S = vg + sinfl5] + cos 5.



MopenunpoBaHue curHana

Llenoyka nonHoro mogenupoBaHNA BKMNOYaeT criedytoLme Lwaru:
GEN, SIM, DIGI, L1, DIGI2ZRAW, HLT, RAW2DIGI, L1Reco,
RECO, RECOSIM.

Wy —+
ab]

[eHepaTop: MadGraphSMC@NLO.2.9.2 '
(PS, frag./hadr. - Pythia 8) At ft

Moanenu: 2HDM+s nnn 2HDM+a + NNPDF 3.1 NNLO t~ z

Cumynauma oTknmka getektopa: CMSSW _12 4 5
(Geant4, ¢ ncnosno3osaHnem HTCondor)

AHanns: CERN ROOT

B nanbHenwem nnaHnpyeTcs:
1. OnTummusaumsa LenodKkn nosIHOro MoaennupoBaHnA
2. [lepenTtun Ha BbluMCIUTENbHbIE MOwHOCTY JIAT.



OueHKa ceyeHua npouecca pp->Z 2DM
2HDM+S 2HDM+a
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PacnpegeneHune napbl MIOOHOB NO
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YrnoBsoe pacnpeaeneHue MOHOB
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YrnoBsoe pacnpeaeneHue MOHOB

QPP EKTUBHOCTb PEKOHCTPYKLMN MIOOHOB
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SUMMARY

Pabora nponenanHas 3a IpOIIEIIINAN TOA;

1. JlaHa oljeHKa Ha BEJICYMHEI CEYECHUI aCCOIMUPOBAHHOIO POXKIEHUS KaanOpoBOYHOro 6030Ha Z° 1 yacTuil
TEMHOU MAaTEPUU PU CTOJIKHOBEHUHU IIPOTOHOB C Vs =14 TB.

2. 1IpoBeneHO MOTHOE MOJICIMPOBAHUS OTKJIMKA IETEKTOPHBIX cucTteM skcniepumenta CMS u cpaBHeHUE
OCHOBHBIX KHUHEMaTHYECKUX XapaKTEPUCTUK Ha YPOBHE (PU3UUECKOIO FreHEpPATOpa U PEKOHCTPYUPOBAHHOTO

CUTHAaJA.

3. OmueneHa 3(peKTUBHOCTh IIPOLICAYPHI ITOTHOIO MOASIUPOBAHUS COOBITHS, BKIIFOYAs OTKJIUK JIETEKTOpa U
PEKOHCTPYKITHIO.

IInaner Ha 2024 1. :

1. AkTyanuzamnusg OpOCTPaHCTBA MOAECIBHBIX TAPAMETPOB U MOAECIUPOBAHUE COOTBETCTBYIOIINX MTPOIIECCOB
¢ yerosusiva RUN3 LHC ¢ Vs = 13.6 T3B.

2. IlpoBenenne nomuoro moaenupoBanus (GEANT4) oTkinnka getekropa sxcnepuMmerTa CMS ¢ ycroBusmu
Habopa ganHeix B RUN3 LHC.

3. Oddnaitn 0oTOOP COOBITUI U ONTUMU3AIMS KUHEMAaTHUECKUX TOPOTOB 0TOOpA Maphbl MIOOHOB U 110
3a/IAHHOM BETMYUHBI TOTEPSHHOM dHEprun E MisS,



CMS

SUMMARY

PaboTta npeacraBrieHa Ha HayYHbIX MEPONPUATUSX:

1.

The XXVI International Scientific Conference of Young Scientists and Specialists. 24 —
28 October 2022.

6th International Conference on Particle Physics and Astrophysics. 29.11 - 02.12 2023
23rd JINR-ISU Baikal Summer School on Physics of Elementary Particles and
Astrophysics. July 11 to 18, 2023

The XV-th International School-Conference "The Actual Problems of Microworld
Physics« at Minsk, Belarus, 27 August — 3 September, 2023

Crnucok myOJuKalu:

"Search for dark matter produced in association with a leptonically decaying Z boson with
the CMS Experiment at the LHC", SI® 86 Ne 6, 2023 (IIpuHATO K II€YaTH).



THANK YOU FOR YOUR ATTENTION!
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Summary of the kinematic selections for the signal

region
Quantity Requirement Target backgrounds
N; =2 with additional lepton veto WZ,VVV
ps >25/20GeV for leading/subleading Multijet
Dilepton mass ‘m[‘- — mzl < 15GeV WW, top quark
Number of jets <1jet with p}. > 30GeV DY, top quark, VVV
py >60 GeV DY
b tagging veto 0 b-tagged jet with py > 30GeV Top quark, VVV
T lepton veto 0 7,, cand. with p; > 18 GeV WZ
AP(Py, pmiss) >0.5 radians DY, WZ
Ap(pyt, pmiss) >2.6 radians DY
T — Py |/ Py <04 DY
ARy <1.8 WW, top quark
piss (all but 2HDM+a) >100 GeV DY, WW, top quark
pt o (2HDM+a only) >80 GeV DY, WW, top quark
mt (2ZHDM-+a only) >200 GeV DY, WW, ZZ, top quark

Dark Mater with Z and MET at the LHC 06.12.2023
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