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S Motivation

Standard model problems:

e Particles mass hierarchy

 CP Violation

e Fundamental interactions and
Gravity association

* Dark Matter and
Dark Energy
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Compact Muon Solenoid

* Length —22 meters
* Diameter — 15 meters
 Weight — 14000 tons !

CMS DETECTOR

STEEL RETURN YOKE
nne:

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels

Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
Niobit i A

obium titanium coil carrying ~18,000,

MUON CHAMBERS

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

-1

e L(pp)>103*cm=?s
* Ecm (pp) = 13(14) TeV
/59 * Number of electronic read
ooy cusmarm e ¢ \" “ </ channels ~ 10°

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, cryst als
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AT,

CMS accomplishments

e Good momentum resolution

0.16
(1.5% , pr < 100 GeV) and
reconstruction efficiency (< 1%) 0.14 +— Tracker-only
. —+— Tune P
e Mass resolution when N
0.12 * New Tune P

measuring pairs of muons ~ 1%
( near by 2)

e High-precision measurement of
muon charges

e Trigger rate of ~ 100Hz

* Wide acceptance |n| < 2.4,
(-m< <) 0.04

0.1

dilepton relative mass resolution
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e Effective use of the criterion for 1000 1500 2000 2500 3000
. . . dilepton mass (GeV)
the leptons isolation at high
luminosity Mass resolution of lepton pairs as a function of
the invariant mass for different reconstruction
algorithms
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...for checking the predictions of the Standard
Model and searching for a new physics

* Differential cross
section
measurement

* The forward-
backward
asymmetry
measurement

 The exploration of
the spin structure
of these processes
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The Drell-Yan process
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The Forward-Backward Asymmetry

The structure of weak currents in the Drell - Yan process causes the dependence of the cross
section on the cos@, which leads to asymmetry in the emission angle of the lepton (antilepton)
with respect to the quark (antiquark) in a leptons center of mass system.

This asymmetry can be defined as:

O — Op

A —
FB |
Of Op

o - the lepton cross section in Drell
—Yan process to «Forward»
direction (cos@ =0).

op - the lepton cross section in Drell
—Yan process to «Backward»
direction (cos@ <0).

' do
Jp—fo d(cos@)d(cose)

O do
op = /1 dcos Q)d(cos 6),
25.04.2018
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/X

The coordinate system of Collins-Soper is chosen in such
a way that the Z axis divides the angle between the
interacting quarks in half
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App for DY process (dd).

Solid line — Standard Model.

Dashed line — with Z, gauge boson.

Dotted line— with Z, gauge boson.

(Phys.Rev.D. — 1987 — Vol.35, No 7. Pp. 2244-2247)
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Why should we measure Agp?

Dependence Argp on the decay
width and mass of the new gauge
bosons causes the sensitivity of
App tothe «new» physics.

Dependence Arg on rapidity of
new hypothetical gauge bosons
allow us to discriminate between
different theoretical assumptions.

Measurement Arp allows us to
constrain parton distribution
functions.
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Dimuon invariant mass and cosO.¢ at Vs =8TeV

Events distribution by cosO.s with background

Dimuon invariant mass distribution with
estimate from data at Vs =8TeV.

background estimate from data at Vs=8TeV.

19.7 b (8 TeV) - 19.7 0™ (8 TeV)

10°.CMS Iyl < 2.4 ] o LCMs ¢ Data 3
U N g = 3 [ 50 <M(up) <60 GeV, |y < 2.4 ZIy*~>p POWHEG ]
210° - Ziy*—>pup 4 5 — o W Total background ~ —
€ F mwwwzzz 3 2 f S ~ ]
200 . MWW o 100001 _ -, .
w - E . I 2y -t : - . §
10° & I Dijets = — o -
= I Inclusive W 7 - o ]

10°g E ~ -

1 5000 -

1 1 = s

J b | ) ] :.-++ ++_.;
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CMS
The Asymmetry measurement at Vs=8TeV. %

Used method of independent counting of the number of dilepton events.

N F N B Ny - Number of “Forward” events;

A m— CMS Preliminary L=19.7fb"at {s=8 TeV
FB = Np+ Ng  Ns-Number of “Backward” events; 00 ETaRT
o ETh
= #’:O < M(u'n ) <60 GeV, |y| < 2.4 B POWHEG
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Appg distribution of invariant mass and rapidity at Events distribution of cosO.s and rapidity at

\'s = 8 TeV. (Eur. Phys. J. C 76 (2016) 325) Vs=8TeV. (Eur. Phys. J. C 76 (2016) 325)
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The Asymmetry Measurement at Vs =13 TeV

* Experimental data at Vs =13 TeV not published yet!

- B Vs=13Tev.
&1 Software:
210°
« CMSSW 8.2
y | * Root 5
" | e Grid
1 Not Found ]
50 100 200 300 1000 20:00 ¢ CRAB 3
M(up) [GeV]

* MC-Modeling
MC Signal Samples (PYTHIYA 8): Mass binned sample 10<M<2000[GeV]

MC (aMCG@NLO) Dataset

DYMuMu (M10-50) /DYJetsToLL M-10to50 TuneCUETP8M1_13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAODv2-
PUMoriond17 80X mcRun2 asymptotic 2016 TranchelV v6 extl-vl/MINIAODSIM

DYMuMu (M50) /DYlJetsToLL _M-50_ TuneCUETP8M1 _13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD  v2-

PUMoriond17 80X _mcRun2_asymptotic_ 2016 _TranchelV_v6 ext2-vl/MINIAODSIM

DYMuMu (M200-400) /DYJetsToLL _M-200to400 TuneCUETP8M1_ 13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD
v2-PUMoriond17 80X _ mcRun2_asymptotic 2016 TranchelV _v6 ext2-v2/MINIAODSIM

DYMuMu (M400-500) /DYJetsToLL _M-400to500 TuneCUETP8M1_ 13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD
v2-PUMoriond17 80X _mcRun2_asymptotic_2016_ TranchelV _v6 ext2-v2/MINIAODSIM
DYMuMu (M500-700) /DYJetsToLL M-500to700 TuneCUETP8M1 _13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD
v2-PUMoriond17 80X _mcRun2_asymptotic_2016_TranchelV _v6 ext2-v2/MINIAODSIM
DYMuMu (M700-800) /DYJetsToLL _M-700to800_TuneCUETP8M1 _13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD
v2-PUMoriond17 80X _mcRun2_asymptotic_ 2016 _TranchelV _v6 ext2-v2/MINIAODSIM
DYMuMu (M800-1000) /DYJetsToLL M-800to1000 TuneCUETP8M1 13TeV-amcatnloFXFX-pythia8/RunlISummer16MiniAOD
v2-PUMoriond17 80X _mcRun2_asymptotic_ 2016 _TranchelV _v6 ext2-v2/MINIAODSIM
DYMuMu (M1000-1500) | /DYJetsToLL M-1000to1500 TuneCUETP8M1 _13TeV-amcatnloFXFX-pythia8/RunlISummerl6Mini
AODv2-PUMoriond17 80X _mcRun2 asymptotic 2016 TranchelV _v6 ext2-v2/MINIAODSIM
DYMuMu (M1500-2000) | /DYJetsToLL M-1500t02000 TuneCUETP8M1 _13TeV-amcatnloFXFX-pythia8/RunlISummer16Mini
AODv2-PUMoriond17 80X _mcRun2_asymptotic_ 2016 _TranchelV _v6 _ext2-v2/MINIAODSIM
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Events Distribution By P, and cos@zs,\/s =13 TeV.
(MC)

Events distribution by P, for a dimuon The distribution of the number of events

(with a background) by the cos0O
Events Distribution by p*p” Transverse Momentum . . . *
Events Distribution by cos6¢
*2 =1 MC Signal ®»10°
ttb [=
|::>JJ 108 i = WJae:ts 4
: [ Single top (t*W) 8]
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10
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Event Distribution By M, , Vs =13 TeV. (MC)

Forward Events Distribution by p Invariant Mass

=1 MC Signal
I ttbar

I \WJets

[ Single top (t'W)

[ diBoson

102 10°
Invariant Mass (GeV)

Events Distribution by u*u” Invariant Mass

25.04.2013

[ MC Signal
I ttbar

I Wlets

[ Single top (£'W)

[ diBoson

10? 10°
Dimuon Invariant Mass (GeV)

Backward Events Distribution by p Invariant Mass

102

10

[ MC Signal
I ttbar

I Wlets

[ Single top (t*W)

diBoson

10°
Invariant Mass (GeV)

Forward (left) and Backward (right) events
distribution by invariant mass with a

background

Events distribution by invariant mass
(Forward + Backward) with a background
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Forward-Backwar Asymmetry (0<Y<1)

Forward-Backwar Asymmetry (1<Y<1.25)
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Forward-Backward Asymmetry, Vs =13 TeV. (MC)

 —

O Agg
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0.05

Arpr - depending on the
invariant mass and rapidity
with statistical errors

Forward-Backwar Asymmetry (0<Y<2.40)
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Arpr - depending on the
invariant mass and rapidity
with statistical errors

(0<Y<2.4)
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Conclusions and perspectives

Results

* Apg was measured with CMS at Vs =7and 8 TeV.

* Modeling for data at Vs = 13 TeV. for Py, My,,, cosf;s and Agg
distributions were obtained

* The background was estimated
e CMSSW experimental software framework was studied.

Perspective

e Correction applying
* Obtain distributions for data at /s = 13 TeV
* Use the distributions obtained in modeling to correct the

experimental data
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Tight Muon Selection

° x2/ndof of the global-muon track fit < 10 e To suppress hadronic punch-through and
muons from decays in flight

. At least one muon-chamber hit included in the global-muon track fit «  Tosuppress hadronic punch-through and

muons from decays in flight.

. Muon segments in at least two muon stations »  Tosuppress punch-through and accidental
track-to-segment matches.
. Its tracker track has transverse impact parameter dxy < 2 mm w.r.t.
the primary vertex e To suppress cosmic muons and further
suppress muons from decays in flight
. The longitudinal distance of the tracker track wrt. the primary vertex *  loose cut to further suppress cosmic muons,
isdz<5 mm muons from decays in flight
e To further suppress muons from decays in
. Number of pixel hits > 0 flight.

*  Toguarantee a good pT measurement, for which
some minimal number of measurement points in
the tracker is needed. Also suppresses muons
P,>20GeV, |n| <24 nee pp
from decays in flight.

Cut on number of tracker layers with hits >5

Muon channel

Systematic uncertainty ly| bins

0-1 1-125 1.25-1.5 1524 The maximum value of the systematic
Background 0.062 0.080 0.209 0.051 uncertainty in AFBAFB
Momentum correction 0.006 0.015 0.020 0.022 — as a function of MM from
Unfolding 0.001 - 0.003 0.004 0.003 each source for different regions of |y|
Pileup reweighting 0.002 0.004 0.003 0.004 '
Efficiency scale factors <0.001  0.002 0.003 0.005
PDFs 0.001  0.004 0.008 0.047
FSR <0.001 0.001 0.001 0.002
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