Drell-Yan Measurements with the CMS experiment

ICHEP2020: 40th International Conference on High Energy
Physics, 28 Jul-6 Aug 2020,

|. Gorbunov on behalf of the CMS Collaboration

JINR, Dubna

July 30, 2020

I. Gorbunov llya.Gorbunov@cern.ch Drell-Yan at CMS



q g9 g9 q
X

7 q

q g9 g9 q
§WA V % Ve

a d

pT(P,L’) ~0 pT(EB) »0

Testing Standard model (SM)

Constraining parton distribution functions (PDFs)

Extracting parameters (sin’fy, Arg, angular coefficients etc.)
Background evaluation for BSM models

Testing different Monte Carlo models

Testing production mechanism dynamics

Precision measurements with a hadron collider!
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The Drell-Yan process

@ The production of lepton
pairs in pp-collisions is
described by the s-channel
exchange of v*Z

@ Theoretical calculations are
well established up to NNLO
order

o Comparison of Data and MC

. . Drell-Yan
provide stringent tests of ~ process
beam

QCD and Signiﬁcant proton

constraints on the evaluated
PDFs

e DY is a major background
for tt and diboson
measurements as well as for
searches for new physics
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Drell-Yan differential cross section at 13 TeV
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https://link.springer.com/article/10.1007/JHEP12(2019)059

ion cross section at 13 TeV
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https://link.springer.com/article/10.1007/JHEP12(2019)061

Angular Coefficients

v It
The lepton angular distribution of T
the Drell-Yan process in the v/Z / 91 i
rest frame (Collins-Soper frame) %{5 ~ Y(‘S/] Z
can be expressed as follows: : T,
ﬁfd@ o (14 cos?0*) + Ao3(1 — 3cos?6*) + Aysin(20*)cos¢™ +
Ao S sin0* cos(2¢*) + Assinb* cos¢* + Ascost* +
Assin®0*sin(2¢*) + Agsin(20*)sing* + Azsind*sing*,
where 0* and ¢* are the polar and azimuthal angles of = in the
Collins-Soper frame.
If integrate over ¢*:
dciZO* x %(1 + cos?0*) + Argcost*,
where Afg is the Forward-Backward Asymmetry.
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Angular Coefficients at 8 TeV
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Measured at 8 TeV for the invariant mass range from 60 to 120
GeV using 19.7 fb~! of data as a function of p7 and rapidity.
Phys. Lett. B Vol. 750, 2015, pp. 154-175
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https://www.sciencedirect.com/science/article/pii/S0370269315006620

Angular Coefficients

At LO only Ay is non-zero (proportional to the Agg)

Ao ~ Az — Lam-Tung relation (Ag = Az; C. S. Lam, W. K.
Tung, Phys. Lett. B 80, 228 (1979) and/or Phys. Rev. D 21
(1980) 2712) violated at high pr

Ao — A» related to the Z-boson polarisation
A3z — Ag sensitive to V-A contributions
A strong rapidity dependence observed

Can extend the measurement by:

measuring coefficients outside of the Z peak

introducing additional coefficients (A;cos49 will be sensitive to
graviton contributions)

measuring coefficients for gg and g production mechanisms
separately
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https://www.sciencedirect.com/science/article/abs/pii/0370269379902041
https://www.sciencedirect.com/science/article/abs/pii/0370269379902041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.21.2712
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.21.2712

The cos©F distribution
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The cos©% distribution for ™ (top) and ete™ (bottom)
events. The left (right) plots correspond to the events in
50 < M < 60 GeV (133 < M < 150 GeV
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The combined Agg distribution at 8 TeV

CMS Preliminary L=19.7fb'at (s=8TeV - CMS Preliminary L=19.7fb"at (s=8TeV
< <t <& 1;*|v25<|yl<|5
E Data osf ® Data
POWHEG E POWHEG
0.6/
'I‘ 0.4 .t * {
E .
.« 0.2 o*

fo e o® 0 S
0.2
E ) 0.4
o Q
= 4 3 —F S 151 + Bl
g =t = £ 1 Serdhpit—e— ol
= —rhaidig i g = = - %
B 05 + B
100 200 300 1000 2000 50 100 200 300 1000 2000
M(I°T) [GeV] M(I*T) [GeV]
CMS Preliminary L=19.7f"at (s=8 TeV . CMS Preliminary L=19.7 fb"at (s =8 TeV
< 1 1<lyl<1.25 <
08 ® Data
E POWHEG POWHEG
0.6
£ § { R
0.4~ . o
o ¥
o
> o ®
o o
S 15 - =151 -
§ 1 W@"%* + —F § 1¥M*mwm~m_ﬁ : { |
0.5 + Bl 051 Bl
50 100 200 300 1000 2000 50 100 200 300 1000 2000
M(I*T) [GeV] M(1*7) [GeV]

Gorbunov llya.Gorbunov@cern

10/14




The unfolded Arg distribution for 2.4 < |Y| < 5 at 8 TeV
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@ Measured at 7 and 8 TeV.
e At 8 TeV (EPJC 76 (2016) 325):
e mass range from 40 to 2000 GeV,
e rapidity range of up to 5,
e increased acceptance improves measurement,
e measurements are in agreement with SM predictions.
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https://link.springer.com/article/10.1140/epjc/s10052-016-4156-z

Weak mixing angle using Arg at 8 TeV
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@ The statistical and systematic
uncertainties are significantly reduced

with respect to 7 TeV analysis

o Fit of experimental Agg with theory (at
NLO) o n—
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Eur. Phys. J. C 78 (2018) 701
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6148-7

Weak mixing angle using Arg at 8 TeV (II)

@ One of the most precise
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http://cds.cern.ch/record/2294888

Conclusion

High precision measurements (including weak mixing angle)
available

(]

@ Some channels are analyzed at 13 TeV (Z cross sections, DY
differential invariant mass cross section)

SM predictions tested (weak mixing angle, Agg, DY Angular
Coefficients, Lam-Tung relation)

These measurements provide invaluable constraining power on
PDFs
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