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— JINR Participation in CMS Physics

Analyses, | (Standard Model Tests)
v physics with high-mass dimuons
= DY study in TeV energy region
= Forward-backward asymmetry
= Weinberg angle measurement
v' physics with jets (calibrations,
charge multiplicity studies etc.)

O JINR Participation in CMS Physics
Analyses, Il (Search for New Physics
Beyond the SM)

v physics with dimuons (Z’, KK modes of
gravitons)

v" new physics in a multijet channel (BH, SB)

1 Computing and Data Processing

0 Summary

> Outline

/—\ ——

CMS Integrated Luminosity, pp, 2017, vs = 13 TeV

Data included from 2017-05-30 08:43 to 2017-11-10 14:09 UTC
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46.02 fb! recorded by the CMS with
90% data taking efficiency

94% of recorded data was used for the
physics analysis

Operation efficiency of

Endcap Hadron Calorimeter -~100%
Forward Muon Stations — 98.5%

Participation in CMS Upgrade
Program is reviewed by A. Zarubin
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The Standard Model:
Drell-Yan Process, Higgs Boson,
Charged Multiplicity
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M Drell-Yan Study: Standard Model and Beyond

The history-steeped JINR group analyses direction for the CMS:
the long way from 2002 to 2018, from physics motivations
through Physics TDR 2006 up to the newest results and papers
of the Run ll. The work is updating permanently.

Model
Drell-Yan L . . . . .
pocess "\ v cross-sections vs invariant mass (including HO

beam

P corrections, PDF etc.)
v angular distributions (helicity structure of processes)
v’ forward-backward asymmetry and weak-mixing

angle

' - = - . .
PP —> GopsZyw 2 —€€ U U LVY, jet+ jef  HeavyKK-excitations of
gravitons (spin-2 state)

(1 New physics and new particlesin a virtual exchange
channel: contributionsto Drell-Yan
v’ cross-sections (NP mass limits, energy scale limits,

couplings etc.)
v’ angular distributions (NP spin) and an asymmetry (NP

model)

Extra gauge bosons Z' (spin-1state)
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Drell-Yan: Cross-Section @ 13 TeV
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1 young PostDoc+1 MSc + 1 PhD St (from JINR)
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Good agreement of the CMS Data and the SM

predictions: aMC@NLO and NNLO QCD + NNPDF3.0

(FEWZ) + MSTWO0S PDF
Results for ~30 fblis ready,

collaboration approval is in progress
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Drell-Yan: Forward-Backward Asymmetry

o 1 . .
el (1 +bcos’ f )+ A cosb EPJ. C 76 (2016) 325, CMS AN-2017/155

d(cos@’ b
(cos &) 2(1"'3) / o 19.7 fb™ (8 TeV)
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AFB value ist sensitive to _contribution both o " 15yl <24
vector and axial-vector couplings 02 ¥y e Data
0.4F | o | o I-I‘PIO\{VHEG
=> Test of SM / new physics o o ‘ E
* pi—
“Dilution” asymmetry measurements: g o E
* bin-to-bin migration due to finite detector 50 100 200 300 1000 2000

resolution M [GeV]

* Final-State-Radiation (FRS)

Data is consistent with SM

Results ~¥30 fb-1 at 13 TeV is coming
soon
Special focus on development and
comparison tools (FEWZ, SANC, READY,

1 MSc +1 PhD St (from JINR) and 1 MSc + LPPG etc) for EWK corrections accounting
1 PhD St (from Minsk) (JINR + Minsk)
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* acceptance cuts

* unknown quark/antiquark direction for the LHC



M Drell-Yan: Extractio
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Higgs Boson @ 13 TeV PN
2012 — 2017: From first discovery with gauge bosons, to confirming fermion couplings

Evidence for the H — bbar
+ Combination of 7/8/13 TeV — 3.8¢

arXiv:1709.07497

H — 1T observation
+ Combination of 7/8/13 TeV — 5.9¢

arXiv:1708.00373
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SM Higgs is alive again (signal strength is agreed with SM)

Rare Higgs decays and searching extra Higgs bosons is progress
v in particular JINR involved in u+p- decays with b-jets (CMS AN-2016/360,

updated January 2018)

Since Run2 started Higgs bosons is used for
v optimization of new calorimetry segmentation (11 decays) of the CMS detector
v' to looks for new physics by A. Zarubin
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*+ Observables:
v quark/gluon jet fractions;

v" distributions of jets vs. charged-particle multiplicity (CPM) in jet;

v correlation moments of jet CPM distributions;
v density of underline event (UE).

“* Methodology:

= /Cha_Lngd-Particle Multiplicities in Jets

v Extraction of q/g-jet fraction by q/g-discriminators;
v Correction of measured mean jet CPM (pile up jets, lost jets, low energy tracks,

jet energy scale, UE density in jets);

v Unfolding of jet CPM distribution (correction for lost/fake tracks);

v Jet flavour identification, jet flavour non-universality;

v" Statistical methods.
+* Channels:

v semi-leptonic tt-channel (Run-I, finished in 2017);

v dijets, gamma/Z/W+jet (Run-II, plan).

v" pQCD order,

v" color correlations,

v’ sub-structure of jets,

v" models of hadronization.

+ 1 MSc (from Minsk)

+*+ Measured observables are sensitive to:

Data analysis

—_

Physics
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New physics beyond the Standard model:
TeV-scale gravity models and
Extended gauge sector

M = 2.2 TeV Muons: pr =1, 0.7 TeV, 5= —1.36, 0.49

0 CMS Experiment at the LHC, CERN
SN Data recorded: 2015-Oct-30 19:23:54.631552 GMT
L | RundfEve hdo4 / 211873064 / 115
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/
KK-modes of graviton

RS1, resonant signals, one warped extra dimension
Nep=1

Two control parameters of
the model: curvature k
(~M) and

compactification radius r.
A coupling constant of an
effective theory: c = k/M,
gravity scale : A,.=Me*™

1072 |— —

104

o Nk
e M ]
o b b b b e Y

1000 2000 3000 4000 6000 8000
My (GeV)

do/dM (pb/GeV)

Not only TeV-scale gravity signals, also Z’models etc.!

ADD likes contact interactions (non-resonant signals),
numberof ED nop, =2 — 7 The only control parameter
4 in the model: scale Mg,

a Derivative
compactification radius r:

.+ Pb/30GeV

Mpy = MGT/? R/

do/dM,,

A coupling constant of
o0 —ac0——soo0 000 g0 @N effective theory ~1/Mp,

GeVic

iy

Experimental observables:
Dilepton (dijet, diphoton) spectra; jet/l/y + missing E+
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TeV-scale Gravity at Accelerators

| /\Twotypes ofsignals ——

Microscopic black holes

Very specific signature:

Production without suppression from small
coupling constant, Hawking evaporation,
corrected black body decay spectrum, large
multiplicity in a final state, ellipsoid shape of
multiplicity distribution.

Huge number of variables in analyses (in
dependence on model parameters).

Number of ED
QTY//

Ngp=2-—+7
.
XS — €

Entangled M, M™ng,,
Observation of BH-type ., "/ji Y\
W

N

signals doesn’t allow

to get a fundamental
multidimensional scale
directly from an experiment!

y

Experimental observables:

Multijets/dijets,

scalar sum of the transverse energies of jets
(S7) — for BHs; flavor violating FS and

an asymmetry in dijet production (like CI) - for

Quantum Blackol]lgles & String Balls. »
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__————

__Effective field theory description, exchange by

graviton KK-modes

2
K4

Mys(h) = —=D(3) (k1 + ko) - (@1 + @) fo* fo Fiufi

16

_ _ 8 _
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Effective description has a validity range of the model: /8mw S Ms ~ Mp

The contribution to Drell-Yan process,
full interference at the amplitude level

2

DY differential cross section with graviton exchange

included:
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RS1 Kaluza—Klein gravitons are excluded
below 1.46 (3.11) TeV for couplings of

0.01 (0.10) 1 MSc (from JINR)
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Z’ from Extended Gauge Sector

}te ed gauge models based on GUT E6 or
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Z' with standard-model-like couplings can be excluded below 4.0
TeV, the superstring-inspired Z' below 3.5 TeV
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M Black Hole Formation in TeV-scale Gravity

_Inlarge extra dimension models

* Mpis not a Planckian but it is about of a few TeV — reachible at the LHC

» Gravity stronger at small distances (in a full multidimensional space)

 Horizon radius of multi-D BH is larger, for M ~ TeV it increases from 10-3 fm (4-D black holes)
to 104 fm (multi-D black holes) — can be observed

Multidimensional microscopic black hole formation

b < 2ry(n, M, J)

For BHs with R,<< R they are pure multidimensional objects
which have approximately higher dimensional spherical

2R
H symmetry 0t
—_— 2" F
S0t e BlackMax, BHS, n=6
p > AT
Ib ,§ © ér r‘nlz.l‘::“
< R S
N P § 10 "Z— - "‘:{:" e
. . . . 2 oL Ly R
Differential cross section of BH production opg = 7rg™. Wt 023 D
.4% 3 ':u".,
i 07w b
do(pp — BH + X)) dL . .. — W o )Y
Vi = UM o(ij — BH)|§=M§H vt .s  TheDubnagroup W
- BH - BH 't calculations 1
0’ .es forthe CMS analyses 1
dL 2M dz M? wf o7 %
IM - Z ()i ﬂB‘H ::'";1'5‘“'5“"z's“"é“‘s's‘“'k“':s‘“‘é"'s‘s‘“‘é“'s's‘":é
a: BH M3y /s L 5L . . " minimum of BH mass (TeV)
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ys. Lett. B 774 (2017) 279 e ———

Black Holes: Multiparticle Production @ 13 TeV

_BH production The discriminating variable between a signaland a
8 physically different scenarios used, dominant QCD multijet background is the scalar sum
more then 750 signal samples to scan  of the transverse energies of all reconstructed
the parameter space objects in the event, Sy

N je Jets, photons and leptons,
S, = E E, ™% £ 50Gev
i=I missing E1 > 50 GeV

231" (13 TeV

-

>1055"'|""\vlllllvv|v|v||-II-|»5
2  ECMS ¢  Data: multiplicity = 3 3 .. o
%104; Background from data —; Upper IImItS at 95/0 CL on
5 F o M=TeV, M =6TeV,n=6 ] the multijet production
tote WETTeV, My 7 TeV,n =6 cross section: N = 2—11
i 1 2310 (13 TeV)
105_ _é/\ H I|III\\\\Illllll\\\\llllll;
E 3 o] - 7
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10 4 5 Multiplicity, N > 7
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_ 2 — w10k &« 000000 == Expected + 2 std. deviation—|
E E FTT] ~ 3
& i ©
t;x 0 + e |
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The JINR group participatesin this %0 30 40 50 60 70 Ss(ig ) ] ]
- (Te L ]
CMS analyses (and initiates this The sh fthe S-in | o] _ 1
: : the S;in low-multiplicity ¢ :
work in part) since 2009. e shape o T
part) datais used to predict the QCD
| | | | | |

multijet background in high-multiplicityt0™ 5573

1 PhD St +1 MSc (from JINR) signal regions. ST (Tev)
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M Black Holes: New Limits @ 13 TeV

' i
. :
/Bh . Lett. B 774 (2017) 279 231" (13 TeV)

v we exclude minimum semiclassical BHs masses below
7.0-9.5 TeV

v lower limits on the minimum quantum BH mass span
the 7.3-9.0 TeV range for the ADD (n >2) and 5.1-6.2
TeV range for the RS1 (n=1)

v' for the case of the string balls, the mass exclusion
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2 6 7
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to realize the different - [ CMs D79 TEN o5 CMS
theoretical scenarios 3 T MR 2 o
I S L —6— M,=6.80 TeV, Ms=1 5TeV, gs=0.4 'g C
N —e— My=8.57 TeV, M=20TeV, 9 =05 = 85:%
E w
Results (Black Holes and - 8?\
. ol 75
Sphaleron) for 35.9fblis "t :
. L =
ready, collaboration oL - QBH
L. 65 ——RS1
approval is in progress - oL 02
z i
F 55 - =
1 PhD + 1 MSc (from JINR) i N s
I YT 5 55 6 65 7 75 8
+1 PhD + 1 MSc (from Erevan) 56 7 8 9 0 e

Mgy (TeV)
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Reconstruction and Computing

_Fhe development of the CMS experiments data processing systemis developed in
parallel with the Physics and Upgrade Programs.

It is necessary to provide the experiments with the long-term storage petabytes
of data and the facility to process and analyze the data.

The JINR are actively involved in study, utilization, and developmentof both the
Tier-1 and Tier-2 sites to ensure full-scale participationin CMS data processing
and analysis for the JINR physicists, INR Member States, and whole RDMS CMS

Collaboration. @dashoe

Completed é’gbs (Sum: 3,231,123)

fgidashbe
i) Ads T2_RU_JINR - 53.56

Completed jobs (Sum: 61,515,261)
T1_US_FNAL - 46.68%

JINR Tier-1/Tier-2
are stable and relevant

T1_IT_CNAF -12.10%

T2_RU_IHEP - 28.21%

T1_RU_JINR - 11.09%

JINR Tier-1 provides ~11% of Tier-1 CMS JINR Tier-2 provides above 53% of RDMS Tier-2

performance (completed jobs) Computing facilities (completed jobs)
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CMS The JINR Group Results of 2017

~2015-2017 data @ 13TeV (up to ~ 2-13 fb-1)

— Search for High-Mass Resonances Decaying to Dilepton Pairs in pp

Collisions at 13 TeV (Phys. Lett. B 768 (2017) 57, CMS AN-2016/391, Oct.
2017)

— Search for Microscopic Black Holes at 13 TeV (Phys. Lett. B 774 (2017) 279)
— Drell-Yan pair production: x-sections, AFB etc. (CMS AN-2017/155)
— Higgs u+u- decays with b-jets (CMS AN-2016/360, updated January 2018)

18 authors from JINR (4 PhDs) + 11 from DMS
Above 163 papers were published in J.

High Energy Phys, Phys. Rev. Lett., = pUb_“C SEIEIS BTl 2 S [Fne
Phys. Lett. B, Eur. Phys. J. based on 0 review papers
data of Runi-Run2 18 talks for the CMS (5 talks by the PhD stud.)

1 PhD thesis

2012 data @ 8TeV analyses were fully completed (up to ~ 20 fb-1)

— except for charged-particle multiplicities in quark and gluon jets at 8 TeV
(not approved yet)
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CMS
Summary

—The CMS analysesbased on 2015-2017 data are almost completed
~ 167 papers are published or submittedto publish, many analyses are going

to be public

JINR participationinthe CMS is very successful:
JINR physicists are involvedin whole CMS chain
from data taking (shifts) and to final data analysis
v" we contributedin six CMS physics analyses

— 5 CMS publicpapers

— b review papers

— 18 talks for CMS
v" young physicists are involved actively

The first-priority JINR physics tasks include long-
term campaignsto lookfor new physics with

v Di-muons (since 2002)

v Multijet studies (since 2009)

In 2018 (and beyond) we expect plenty of results on
13 TeV beams with above 100 fb-!
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Thank you for
your attention!
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____Evolution Stagesfor BH

e or PN
I.
Asymmetric production, but “"No hair” theorem: BH sheds
its high multipole moments for fields (

), as electric charge and color.

Result: BH are classically stable objects

a

II-I1I.

Quantum-mechanical , transition
from Kerr spinning BH to stationary Schwarzschild one.
angular momentum shedding.
After this — to all SM particles with black
body energy spectra.
. No flavor dependence, only nhumber

of D.o.f— “democratic” decay
Correction with

4

IV. (subj for QGr)
(non-detectable energy losses),
decay, Q, B, color are conserved or not conserved 24



