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ot In Z-boson rest frame
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Process Dynamics

* Non zero partons transverse momentum
e Correlations between spin and parton
transverse momentum
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Process Dynamics
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Process Dynamics

* Non zero partons transverse momentum
e Correlations between spin and parton N
transverse momentum

* Higher orders QCD effects produce
complicated PT distribution of partons

° LO:AO—A2=0
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Process Dynamics

* Non zero partons transverse momentum PT'
e Correlations between spin and parton N
transverse momentum P * A
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—20 Measurements of Drell-Yan Angular Coefficients at the LHC
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unpolarized longitudinally pol.
1t
[Spp = 27 GeV is not really well known region -
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Study of Drell — Yan process at NICA energies is inefficient: S/B= 4.6 x 10~* (before cuts)

The SPD Collaboration made a decision to suspend the study of such reactions (A Skachkovak/jeport
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[Spp = 27 GeV is not really well known region
* QCD sub-processes not well-described at this

energy range
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Study of Drell — Yan process at NICA energies is inefficient: S/B= 4.6 x 10~* (before cuts)
The SPD Collaboration made a decision to suspend the study of such reactions

( A. Skachkova Report
31.08. Minsk)
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Conclusions

Results:

v" Full set o angular polarization coefficients Ay_, was measured in Z-peak by ATLAS and CMS
(Ag—_4) in pp-collisions at 8 TeV

v' Ay_, measurements at 13 TeV with the CMS is almost done. Estimation of higher order
effects is under the process

All measurements (8, 13 TeV) are in a good agreement with a Standard
model predictions!

v" Studying of J /Y production under SPD conditions is started with MC modeling. Possibility
to perform this kind of research at NICA is approved

Prospects:
U Publish 13 TeV A; measurements results
O Studying of J /Y production with simulation of SPD detector response

Thanks for your attention!
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The Drell-Yan Angular Coefficients Measurement at 13 TeV
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Abstract

The polarization of the Z-boson is presented triple differentially, in bins of Z-boson
rapidity, transverse momentum and dilepton invariant mass. A data set of Z-bosons
decaying to muons at a pp collision energy of 13 TeV and with an integrated luminos-
ity of 138.7 b~ is used. The polarization of the Z-boson does affect the acceptance
for precision measurements and is important for the modeling of the kinematics of
leptons, as the polarization governs the Z-boson decay. The seven polarization co-
efficients that are measured in the Collins-Soper frame. Fair agreement is observed
between the data and simulation. 21



A; Measurementat8TeV for |Y| < 1

Comparison of the five angular coefficients A; and Ay — A,
measured in the Collins— Soper frame in bins of py for |Y| < 1

CMS 19.7 b (8TeV)
< f
1
- $
0.6 2=
0.4F &= ¢ Data
r 4 MadGraph
0.2 & + Powheg
of + FEWZ,NNLO
0 50 100 150 200 250 300
q, [GeV]
CMS 19.7 b (8TeV)

<f°0-14;_ ¢ Data
0.12F 4 MadGraph
0 1:_ ¢ Powheg
"' 4 FEWZ,NNLO

0.08F
0.06F
0.04F
0.02f
0 [E

50 100 150 200 250 300
q, [GeV]

CMS?;
I

_ cms 19.7 i’ (8TeV) cMS 19.7 o (8TeV)
< <
0.04 4} T —
0.02F Pt 3 | 0.8F ﬂ
* t 5 e
oS | o6f o
0.02F ¢ Data 04f & 4 Data
4 MadGraph i % 4 MadGraph
-0.04[ ¢ Powheg 0.2 i 4 Powheg
+ FEWZ,NNLO Le + FEWZ,NNLO
0 50 100 150 200 250 300 00 50 100 150 200 250 300
q.[GeV] q, [GeV]
0.06 M8 19.7 i’ (8TeV) cMS 19.7 fo”" (8TeV)
<> ¢ Data < 0 3E_¢ Data
0.05F 4 MadGraph < ___f 4 MadGraph
+ Powheg —0.25F 4 Powheg
0.04F . FEWZNNLO 0.2F ¢+ FEWZNNLO
0.03 0.15
I 5 3 &
0.02@E18] |4 0.1F
Fplth o 0.05F —— [
0-01F 5 o PLB 750 (2015) 154
O == .

0 50 100 150 200 250 300

9, [GeV]

0 50 700 150 200 250 300

g, [GeV]

A; increasing with pr enlargement (except A4)

Ay = A,

as it is predicted

Lum—Tung violation are presented
Well described by theory

But...
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A; Measurement at 8 TeV for1 < |Y| < 2.1 CM;S |

Comparison of the five angular coefficients A; and Ay — A, measured in
the Collins— Soper frame in bins of pr for 1 < |Y| < 2.1

| CMS 197" (8Tev) _  CMS 19.7 b (8TeV) CMS 19.7 i (8TeV)
< — o | To0.14f 0 Data < qF
1F ] 0.12f 4 MadGraph : i
: ———— E ¢+ Powheg 0.8
0.8f == 0-1F . FEWZNNLO i -
: 0.08F — | 06f
0.6 = 0.06F %
04F = ¢ Data 0.04F & 0.4F ¢ Data
. 4 MadGraph 0.02Hf - % 4 MadGraph
0.2F & ¢ Powheg o= 0.2F & + Powheg
oF ¢+ FEWZNNLO -0.02F, . . Le + FEWZNNLO
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0() 50 100 150 200 250 300
g, [GeV] q, [GeV] g, [GeV]
. CMS 19.7 fb' (8TeV) 0.1 2cms 19.7 fo” (8TeV) —0.35 CMS 19.7 fb" (8TeV)
< [ ¢ Data | <" ohL © Data
0.2k 4 MadGraph 0.1F T, < 0.3 4 MadGraph
f ¢ Powheg % 0.08E ] —0.25 ¢ Powheg
0.15F + FEWZNNLO s 006?@@ + 0.2 + FEWZNNLO
: po: i % 0.15 0
: 5 0.04F @F——F %
0.1F Qj : —=— 0.1 A }5
g % 0.02f ¢ Data ¢ ! 0.05 L} i
¥ F 4 MadGraph :
0'05: O ¢ Powheg OFe PLB 750 (2015) 154
0B . -0.02f - FEWZNNLO | -0.05 o
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
q_[GeV] q, [GeV] q, [GeV]

e ...some deviations between data and MC at high p!

A; well described by Standard Model but we should
get more precise information about NLO (NNLO) effects at high n+!
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* AtLOonly A, is non-zero

Angular Coefficients Values

qr -

« Ay =A,atLOQCD (Lum-Tung relation) but it is vz

violated at higher orders

Lum-Tung relation can be violated
for non-zero p; of Z-bosons due to:
e higher orders and twists

* QCD vacuum structure

qB I~

gg scattering
v/Z I+

—

gr q qB -

gr q

qq annihilation v /2

qB I+

Ao — A, related to the Z-boson polarisation

A3 — Ag sensetive V-A structure of the

couplings in parity violation terms

 A;isdependent on PDF

A, related to the forward-backward
asymmetry.

 Ac - A, are expected to become non-
zero only NNLO, but are small for NLO
processes, usually taken to be zero.
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Datasets for Data

Experimental data at Vs = 13 TeV. Results for 2016 data (~ 37.2 fb~1) are presented.
Work with the full Run-2 statistic is ongoing

I E———Eaaa——— Events Selection conditions:
e Tight Muon Selection
* |solation: Rellso < 0.15,

2017 /SingleMuon/Run2017B-31Mar2018-v1/NANOAOD R_O 4
/SingleMuon/Run2017C-31Mar2018-v1/NANOAOD —\Ue.
/SingleMuon/Run2017D-31Mar2018-v1/NANOAOD
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/SingleMuon/Run2018B-14Sep2018_ver2-v1l/NANOAOD B I n n I n g
/SingleMuon/Run2018C-14Sep2018_verl-vl/NANOAOD

/SingleMuon/Run2018D-14Sep2018_ver2-v1/NANOAOD

* Zregion
» pr = 0,10, 20, 35,55, 80,
120,200,400, inf.

N
> |Y |=0,1,2.4
> M =81-— 101
e 50tolnf
» pr = 0,10, 20, 40, 600.
» |Y | =0,0.35,0.9,1.35,2.4
» M =50,81,101,inf 2



CMS :
Angular Coefficients té !

YA / %
The Collins-Soper coordinate system is chosen in such a K
way that the Z-axis bisects the angle between the A |
interacting quarks e /
7 T
(ete) . | s B Y. | Z
- D= 2 _ _ \ SN CS
cost” =~ N — = 2(P1+P-2 — P Py) Tt /
lps | m(Z /) m(Z ]y )+ pr(Z)v*) P, P,
pr— L(E+,
i ﬁ( i £ Pz). Lum-Tung relation (4y = 4;) is
satisfied when ¢, = 0!
2 t17\2
tang* = \/Ml+l_ tr ) ARy
M+~ A_,: h
Where M,+;- is the dilepton invariant mass, A_r) =
[~ — 1*, where ["and [*are the respective four-

momenta of the particle (electron, muon) and
antiparticle (positron, antimuon), h is a transverse

unit vector in the direction of plT+l_ and Ry isa
transverse unit vector in the direction E) X 6 , E)
is a vector pointing along the negative z-axis, P_A) =
(0,0, -1), and 6 is the four-momentum of the
dilepton pair.

But ¢, # 0 at NLO and
higher!
Lum-Tung violated

z
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Template Method

CMS measured only first five coefficients (while ATLAS measured all 8 coefficients):

d’c
do*dg¢*

5
- 1
=Y o' =P5(1+cos’6%) + POE(I — 3cos? 6%) + P, sin(26*) cos ¢*

i=0 1
+P2§ sin? 8* cos(2¢*) + P53 sin 8* cos ¢* + P4 cos 0*

- _ o
P; coefficients relates with A; as: A; = P—‘
5

*  FillcosB%, @™ histogram at gen and reco level
1+cos?0*

Ngen(cos 6*,¢*)’

. Reweight Reco events by

1-3cos? 6*
=2~ to get templates H; for all of the ] 0z
2 Ngen(cos 6%,¢%) : _ [~
coefficients. Here we divide by N, (cos 6%, ¢™) to ‘ "
get rid of polarization R |

*
cos f¢g

* Angular coefficients can be directly obtained by minimizing the objective function:

) . . 2
(datal'k _ (2?:0 PH + Hg;g))

data’¥

X =
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Templates at 13 TeV (Generator Level)
(MADGRAPH+PYTHIA8, CUETP8M1,NLO)
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Templates at 13 TeV (Generator Level)
(MADGRAPH+PYTHIA8, CUETP8M1)
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Templates for the six fit
parameters Py-Ps on
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Templates obtained for eight
pr and two rapidity bir;g!
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