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The report is dedicated to the memory of prof. N. M. Shumeiko, one
of the founders of the CMS project, RDMS collaboration, one of the
CMS constructors and developer of the CMS physics program.

See also seminar dedicated to the memory of prof. N.M. Shumeiko
and his 75th birthday, JINR (Dubna), September 20, 2017  http://rdms.jinr.ru/section.aspx?id=56
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RDMS in CMS Upgrade Program



RDMS in CMS Construction

RDMS full
responsibility
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Weight — 12500 t.
Diameter— 14.6 m,
Length — 21,6 m,
Magnetic field — 3.8 Tecna

Superconducting coil
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LHC/HL-LHC Plan eﬂlﬁt‘amw |

LHC
«<—— CMS Upgrade Phase 1 —> CMS Upgrade Phase 2
ME Upgrade HE Upgrade R&D for calorimetry
LHC
LSt i e s 14 TeV 14 TeV anerg
7oy STV %W :ﬁg&ﬁ’: b, | HtHcistataton | o
\4 mmﬂf
(‘u) ~ 17 {”-} =40 (“-) <60 {H} = 140
Total luminosity in Run-2:
2016 — 39 fh~1
: -1 . ..
LHC dehvered 2017 - 51 fb Opera‘“on efflc|ency:
(1) - mean pile-up CMS Recorded — 90% HE — ~100%
TS - Technical Stop Limax = 2.2-1073* cm™2s71 ME — ~98.5%

LS — Long Shutdown
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RDMS in CMS Upgrade Phase I

~ <% Endcap Muon stations

0 Readout electronics upgrade:
72 chambers were extracted, re-instrumented, tested & reinstalled

= recover trigger up to eta=2.4
» minimize readout dead time and improve rate capabilities
= readout robustness: optical readout instead of 50-pin scewclear cables

O Joint US-RDMS new electronics project

» LV and interfaces (Dubna, Minsk)
» Dubna, Minsk responsibility to re-install CSC with new electronics

dcap Hadron calorimeter

0 Readout electronics upgrade — PDs replacement with SiPMs:
36 sectors were fully reworked, tested & commissioned

RBX (readout boxes) are made in Minsk — for tests of new HCAL electronics in CERN

RM (readout modules) are made in Minsk
increase dynamic range, rate capability, sub-ns timing, muonID: SiPM instead of HPD

Update longitudinal segmentation to increase Particle Flow capability and 1-level HW trigger
with new electronics

Optimize ECAL/HCAL interface

RDMS responsibility to install new phototransducers, front-end and back-end electronics
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Preparation for the Phase II of CMS Upgrade

¢ Endcap Muon stations

Study of the aging of detectors was performed on the GIF++, CERN. ME1/1

station is capable to operate at HL LHC conditions. Only slightly decrease
(by 8%) the spatial resolution of ME1/1.

Radiation hardness of electronics was investigated at CHARM (CERN).

New LVVDBS5 boards designed for MEx/1 (x=2,3,4), 2 prototypes tested

New segment building algorithm for Cathode Strip Chambers was developed

¢ Endcap Hadron calorimeter

Development of a finger-strip plastic scintillator option

Study of the plastic scintillator damage caused by radiation on IREN

Light yield measurements of “finger” structured and unstructured scintillators
after gamma and neutron irradiation.

Experimental study for possibility of using SiPM after hard neutron irradiation
Measurement of absorbed dose by film dosimeters in two layers of the HE
calorimeter.

Determination of safe working conditions with irradiated megatile elements
during its upgrading

Development and construction of HGCAL

S. Shulga, Minsk, 26-28 Feb, 2018
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Preparation of Physics Program for HL-LHC

IINR

¢ Theoretical uncertainties of Drell-YYan muon pair production are examined
ile G
o5l NNPDF :5 I CTI10
© PDF "| orpF Theoretical uncertainty is more than
0.4} e PDF+QCD o4l SroE: QCD statistical ones:
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JINR in CMS Physics Program



Outline
JStandard Model Tests

v" Physics with high-mass dimuons

1] DY study In TeV energy region
2] Forward-backward asymmetry
3] Weinberg angle

v Jet physics
[4] Charged-particle multiplicity in jets
& quark and gluon jet fractions
dSearch for new physics beyond the SM

[5] Physics with dimuons (Z’, KK modes of gravitons)
[6] New physics in multijet channel
(microscopic black holes, string balls)
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The history-steeped JINR group analyses direction for the CMS:
the long way from 2002 to 2018, from physics motivation through Physics TDR 2006 up to
the newest results and papers of the Run Il. The work is updating permanently.

O Study of DY process to verify the SM
v" Cross-sections vs invariant mass (including HO corrections, PDF etc.)
v Angular distributions (helicity structure of processes)
v Forward-backward asymmetry
v" Weak-mixing angle

O New Physics (NP) and new particles in virtual exchange channel — contributions to DY
v" Cross-sections (NP mass limits, energy scale limits, couplings, etc.)
v Angular distributions (NP spin)
v' Asymmetry (NP models)

ﬁYoung participants from JINR and Belarus
I. Gorbunov (PostDoc, JINR)
U. Yevorovskaya (PhD, Minsk)

Y. Dydyshka  (PhD, JINR/Minsk)
V. Yarmoltchik (PhD, Minsk)
V. Shalaev (MSc, JINR)
I. Zhizhin (MSc, JINR)
M. Bugaevskaya (BS, Minsk)

—

Extra gauge Heavy KK-excitations of
bosons Z’ (spin-1 state) gravitons (spin-2 state
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Background:
EWK — from MC

QCD - from MC + estimation from data
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background

2

(K-

factor and PDF) (3.6-10%), unfolding (up
FSR (up to 2%), other (up to
3%), acceptance (up to 2.2 %)

1 young PostDoc+1 MSc + 1 PhD St (from JINR)

to 1.7 %),

[1] Drell-Yan: Cross-Section @ 13 TeV

15 < Mg, <3000 GeV  CMS-PAS-SMP-16-009,

CMS-PAS-SMP-17-001
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Good agreement of the CMS Data and the SM

predictions:

aMC@NLO and NNLO QCD + NNPDF3.0

(FEWZ) + MSTWO08 PDF ->

+ MSTWO08 and NNPDF3.0 PDF

Results for ~ 36 b1 is ready
Collaboration approval is in progress

aMC@NLO and FEWZ (NNLO QCD + NLO EW)
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1HMD

[2] Drell-Yan: Forward-Backward Asymmetry/si=

]
(1+bcos 7 )+ A5 cos6 EPJ. C 76 (2016) 325, CMS AN-2017/155

d(cos 8 b
( ) 2(1 + 5) /f o 19.7 b (8 TeV)
OF = f f—ﬁd(ms‘.ﬂ) { D;;cms
AFB = = 0 df:r D.E:—
or +o0p  8A - _l.t-i-—h

g = L] md(fﬂﬂ&) D-““E—

AFB value is sensitive to contribution both 0 ¢
_ , .-, . 15<|y|<2.4
vector and axial-vector couplings 02 ¥ qe e Data
- I POWHEG

D4k

=> Test of SM / new physics

(Data - MC) / &
i S o SR 1

“Dilution” asymmetry measurements:

* bin-to-bin migration due to finite detector 50 100 200 300 1000 200

resolution M [GeV]

* Final-State-Radiation (FRS)

Data is consistent with SM

Results for ~ 36 fb~! at 13 TeV

* acceptance cuts . .
P IS coming soon

« unknown quark/antiquark direction for the LHC
Special focus on development tools

1 MSc + 1 PhD St (from JINR) and 1 MSc + for EWK corrections (JINR + Minsk)
1 PhD St (from Minsk) See talk V.Zykunov

15/30



[3] Drell-Yan: Extraction of Weak Mixing Anglei =

Drell-Yan yield = F [lepton angular (cosBOcs), dilepton rapidity (Y), dilepton mass (s)]

aYy ds dcos 0rg

2

Geven
P49

(5.C08°H}g, SiN“Hefs) +

D (5 Y))(nr

A7

odd
qq

g=u,d,s,c.b
(5. OS O, SiNPHeg )] % Foz(s.Y)

parton factor

-1
N «10? 18.8 o' (8 TeV) ,
dilution factor v 100E 0 — ———————1 ———— (takes into account flavour-
o —a— [
(reflects the factthat the S . CMS AR dependence)
uark direction is generall —~ Preliminary o Gibesons
q 8 y & XE [¥ | =04 = 3;'?5050”5 1 EMSPI' — 02310 + 000052
unknown and c e B U X
‘ o EMS 19.6 1 023056 # 000048
is taken as the boost = - ptte. _oaEls |
. . . L - e, e . CMS up 1850 \ D 199136 4 {1
direction of the dilepton 30— o T - P
Systgm} I~ . LHCE py 318" —_— 023142 £ 0.00106
- - | AASesmpdsh| —————— 023080 £ 000120
Dhees7 —— 023147 £ 0.00047
u ! : : : TEEL . 0238214 0.00045
CMS-PAS-SMP-16-007 % - SL0:A ot 02098 £ 000028
'E LEP 4 SLD: Ay —o— | nze21+ 00002
fav | i
tﬂ'l:l 0.9F- e e | IS el - WG it @s!,.-é;} . | JEOT LEP 4 5LD -+ . 023153 = 000016
=1 -0.5 0 0.5 1 0 l:.mlept na o 0ms
cosb” Sint

sin” 67" = 0.23101 +0.00036(stat) + 0.00018(syst) = 0.00016 theory) + 0.00030(pd)
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Full interference with Z°
at the amplitude level:

[5] Z’' from Extended Gauge Sector @ 13 TeV

0 Extended Gauge Sector (EGS) models based GUT E6 or SO(10)
O Left-Right Symmetric Models (LRM and ALRM - Alternative LRM)

CMS PAS EXO-16-031

Events / GeV

A= A(ff =TT) = —Q¢é° +3

S

- CZ(f)c?
AT, 0+

cZ(f)cr

o M2 +iMyTy

1. n, w and x EGS models:

Ee — SO(10)xU(1)y — SU(5)xU(1), xU(1),,

9zo

2. LRM and ALRM EGS models:

SO(10) — SU(3) x SU(2) x SU(1)gp x U(1)p-r
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Phys. Lett. B 768 (2017) 57
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QO Z’ with SM-like couplings is excluded below 4.0 TeV
O The superstring-inspired Z’ is excluded below 3.5 TeV

1 MSc (from JINR)
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- Expented 85% CL limit, 1 s.d.”
[ expected 95% CL limit, 2 5.0, 3
_— (LOx1.3) ]

Ll

wen Fgyy [LON1.3)

L1 llIJlIl

PR SR TR S A SR
0 1000 1500 2000

o]

L MR BRI S B P PR W
2500 3000 3500 4000 4500
M [GeV]

17/30



[6] Black Holes: New Limit @ 13 TeV

Phys. Lett. B 774 (2017) 279

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

59.5:

v we exclude minimum semiclassical BHs masses below i
7.0-9.5 TeV §855
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approval is in progress :

1 PhD +1 MSc (from JINR) [
+1PhD+ 1 MSc (fromErevan) " 5 ¢ 7 & 8 1
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Jet physics
in CMS Dubna Group

This analysis was initiated in 2013 together with
Viktor Konoplianikov
(JINR, Dubna & GSU, Gomel, Belarus).

V.F. Konoplianikov
(1.01.1957-7.04.2014)



Observables

% We want to measure the mean jet CPM (Charged-Particle Multiplicity) for jet samples
selected in different channels and selection conditions (kinematical regions)

¢ Mean Jet CPM in jet sample is defined by (in order of importance)

)
v" Gluon Jet fraction (because r = EZ(‘”; ~ 1.6 — 1.8, parton level, pQCD)

v" pQCD evolution of parton shower

v" Factor K associated with the transition from the parton level to the hadron
level T.parton ~ K- rhadron_

% Therefore, two correlated observables should be considered together
for given jet sample:

Gluon Jet Fraction and Mean Jet CPM

LCPM - Charged-Particle Multiplicity 20/30




Ratio én@; at parton (pQCD) and hadron level (e*e

r| 1 r—9/4

* The ratio ris of interest because the main energy
dependence of the mean multiplicity in q/g-jets is

g cancels

* rissensitive to the order of pQCD approximation

—
¢ | = Inregion Ej,; < E]-etmi" = 3 GeV quark and
| gluon jets are unrecognizable at hadron level:
rhadron~1
$ OPAL
® CLEO/ARGUS i

0 CLEO

¢ In pp collisions jets are reconstructed

R efficiently starting from Ej,;~10 GeV and

1 0o 10° we expect that in pp collisions we will have
EjH (GeV) i .

a good recognition of gluon jets...

Fig.: QCD analytic predictions and
et e -experimental results for r-.
Results of HERWIG

at parton and hadron level . Double Logarithmic Approximation (DLA)

From LM. Dremin, ].W. Gary, Phys. Rept. 349 (2001) 2Modified Leading-logarithmic Approximation (MLLA)
3Next-to-Next-to-Leading Oder Approximation (NNLO) 21/30



Ratio ——=

- - Gaffney & Mueller, 1985
— — Catani et al., 1992
—-— Lupia & Ochs, 1998
Capella et al., 2000

CLEO
OPAL

\n’) .
(q))

n
——— CDF collaboration, PRL 94{2005)

CDF, E,,= 41 GeV ]
O CDF, Ej= 53 GeV 4

in pp and pp collisions

r= (n(Q)>
__ = InregionEj,; € [40,50] GeV: very large rhadron ,
g __ rbarton
= K — Thadron ~ 1

[t is not clear how to understand this result:
“parton-hadron duality” is confirmed at Ejo;~45 GeV ?

10 Q, GeV

100

Fig.: CDF measurements of I" as a function of jet

hardness Q = Ej.O,:

pp-collisions, /s = 1.8 TeV.
To find q/g-jet CPM’s

two samples are used:
dijet and y + jet.

Measurement of q/g-jet CPM (P P*"**!’® < 0.5 GeV) in region P;/¢* €

Ejer = 41 and 52.5 GeV,
jet cone sizes ©, = 0.28,0.36,0.47 rad).

\/
0.0

The first task of our analysis is precision \
measurement of jet CPM’s in region P7’¢¢ € [30, 300]
GeV. These region covers the region of CDF

measurements.

[0.1,1.2] TeV (Run-I)

ATLAS collaboration, arXiv:1602.00988v1 [hep-ex], Feb 2016

This analysis is outside of our study due to large PTj ®! bins, large Py

Jet interval and low precision
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Suppression or non-recognition of gluon jets

parton 240" Hadron

et nization Jet In experiment we cannot

distinguish two different pictures:
suppression of g-jets
and non-recognition of g-jets

If pQCD predict a large a,(? then

picture with non-recognition
of g-jets is preferable

a The recognition of gluon jets is good for large ppet,
For small Pp/®t the gluon jet recognition may become difficult.
= \\Me want to observe the boundary (in PTjet) of gluon jet
recognition.
= For this we will measure independently :
(1) the difference An = n, —n,
(2) gluon jet fractions «, 1%

as a function of P/t . 23/30




How to measure g-jet fraction ?

(g) . . . . Nbins 2
To extract o @) we will minimize [ Y; .
V = minimum

value V by MINUIT (ROOT): - LAy

i=1

300

oD
_ “q” includes “u,d,s,c,b,x”
Y,=H,—a@H,9 —(1 - ¢@)H, @ “x” - flavour misidentified jets
where _
H=HYD + g@ 4 gPU)
AY; = \/AHiZ + a@?AH;@? 4 +(1 — q@)2pg, @2 (1)
7o0FF Systematical uncertainty:
so0ls e We repeat the minimization N times
: P AT i with N clones of source triplet of histograms
e - [H, H® and H@)].
- Uncertainty = dispersion of N quantities a(9)
E

=

s We propose the model independent
method to measure g-jet fraction

e B e S e e L
e e

EEEEE]

L=
=
f
=
(]
=
[
=

D is g/g-discriminating variable 24130



Generator Detector MC

5 PU+X jets

PU jets
+
Generator jets
with true
mean jet CPM (n)

Lost (Y) jets

EEES

s We define the several possible sequences of corrections and
propose the methods to find systematical uncertainties.

need to subtract,

Not need to add

Reconstruction (Data and MC)

Signal jets
with measured
mean jet CPM (n)MEAS

LCPM - Charged-Particle Multiplicity

25/30



CMS simulation, Vs = 8 TeV

Jet Energy Scale Correction - ;-
: P s Genjts: R

and Uncertainty R

We are going to measure two averaged | T

observables:
et
(N)rrRUE = f((_PT, Je )), -

for given PT]et_bin - J(‘.JBI ) IO.‘4I ‘ ID.() I IO,S‘ = 1 - Il.EI I Il.4 1.6—‘ ‘l..él I Irl

d(n) Calibration

A]EC ((Tl)) = m . A]EC<PTjet>) coefficient for JEC:
T <PTGENjet>
cet=1-—___1
P PFjet
1f—22 ~ 0 then Ajpe((n)) ~ 0 (Fr")
d<PTJet>

s We propose the method how to estimate the systematical JES
uncertainty of mean jet CPM

S. Shulga, Minsk, 26-28 Feb, 2018 26/30



. Correction for jet flavour “non-universality”

1IND

> Jet CPM’s are decomposed into flavour fractions: (ny) - 1* jet sample
(n,) - 2 jet sample
(1 -, 9D} + ;P (n'9}) = (n,) “q” includes “u,d,s,c,b,x”
‘[ (1-— az(g))(n(q)2> 4 az(g)(n(g)2> = (n,)

» Def.: “Non-universality” of jet flavours < dependence on index “k”.

» Def.: “universal” mean q/g-jet CPM’s < mean values over both jet samples
k=12:

N
0k (qJet)
Zk 1,2 Zq]et 1 n

)]
(n() = Nyi+ Ny,
(n(g))

¢ We define the notions
v' Jet flavour non-universality
v' Correction for jet flavour non-universality
v And universal q/g-jet CPM’s.

¢ In region of q/g-jet non-recognition we expect

n, - jet CPM with
correction for jet flavour

non-universality
27130



Correction of mean Jet CPM for UE

pp = hard parton interaction + [interaction of beam remnants + multiparticle interaction]

J

\

|
Underline E\[/fnt (UE)

Track clusters = jets

Almost homogeneous
distribution of tracks

< We propose to study simultaneously both the mean jet CPM as a function of P,/¢
and UE density as a function of 7.

+» It allows also to subtract the mean UE contribution from mean jet CPM and to
answer the question:

v" does the UE-inhomogeneity inside f — jets represent
Ntire "non-universality” of the f — jet ?

S. Shulga, Minsk, 26-28 Feb, 2018
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What was done
and Plan for Future Data Analysis

ond jet sample  biet[)/

\ q-jet 7 !
/
|15t jet sample
= 00q,,

\Cﬁbﬂ -jet !
\ ;’, g

| |/ P ~
® jet
i . jet
FL gt

Dijets

Semi-leptonic tt-channel.

= Analysis with 8 TeV (Run-1, CMS)
data was finished in 2017
= Collaboration approval is in progress

=  Some issues are considered
in talk of Dmitry Budkovsky

Analysis with 13 TeV

(Run-I1, CMS) data
will begin

in the Summer of 2018

y/ZIW
q er:f g-jet

v/ZI\W + jet

S. Shulga, Minsk, 26-28 Feb, 2018
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= The report outlines the priority tasks for the CMS experiment, which
are performed by the RDMS CMS teams. Lots of described tasks are
carried out with the participation of scientists from Belarus.

= Participation of the Belarus in the CMS project is highly appreciated
and supported in JINR.

Particular mention deserves to be made of successful work
of students and young scientists from Belarus:
Dydyshko Ya.,
Yevorovskaya U.,
Yarmoltchik V.,
Bugaevskaya M.,
Budkovsky D.
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