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The forward-backward asymmetry in Drell-Yan production and the effective leptonic weak mixing angle
are measured using a sample of proton-proton collisions at = 13 TeV collected by the CMS experiment
and corresponding to an integrated luminosity of 137 fb-1. The measurement uses both dimuon and
dielectron events, and is performed as a function of the dilepton’s mass and rapidity. The measured
value agrees with the standard model prediction. The total uncertainty using the CT18 PDF is 0.00031.

This is the most precise measurement at a hadron collider, with a precision comparable to the results
obtained at LEP and SLD.

To be submitted to Physics Letters
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Heralding a new era of precision EW measurements

RUNI“VITYD]- at the LHC
OCHESTER  procision Standard Model measurements = indirect search for new physics
Key electroweak parameters: mw and sin® ﬂgﬂ =(1-— m%rr / m%]ﬂf

can be calculated in SM using other precise experimental inputs:

sin® ﬂgﬂ = 0.23155 +0.00004 (SM)
Two most precise sin” ﬂgﬂc results from LEP and SLD differ by ~ 3o

Measurements at hadron colliders are now also competitive
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® Latest CDF myw measurement disagrees with previous results and SM | oy mo&el with
@ Models that describe CDF myy prefer lower (SLD) value of sin? Qgﬁ CDF m,,
> Sinzeeff =
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\ 04 sin?Bes is extracted from the forward backward
RocHEsTER asymmetry (Afb) of Drell-Yan dileptons at the Z pole

Q
+

q Z/y e
The axial and vector neutral currents interfere

Weak neutral current strength related to sin?Bef
sinZBw = sinZBwershell = 1-M 2 / M2

What is actually measured with dilepton events is the
effective lepton EW mixing angle

s.inieeﬁc"f-‘pt = Re[KI{M;,sinzewl]sinEBw

L =1.037
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& Precision EW measurements at LHC are now possible CMS\E

ROCHESTER because of three innovative techniques

1. Precise lepton momentum/energy scale (and modeling resolution)
Reduces contribution to Asin?0est to +0.00008 (A. Bodek, Eur. Phys. J. C72 (2012)
2194,

2. Angular Event weighting method for A;; analyses: Most systematic errors in
acceptance & efficiency cancel:  Asin?0est £0.00008 The method yields the full
acceptance experimental Afb (But with FSR and detector resolution smearing)
A. Bodek. Eur. Phys. J. C67 (2010) 321. Also used as a check on the extraction of
unfolded experimental A4 to Born Level A4.

3. Most important” In situ reduction of PDF errors by PDF rewighting/profling
A.Bodek et al, Eur. Phys. H. (2016) C76 (2016

A.Bodek et al, Eur. Phys. H. (2016) C76 (2016)
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In situ cancellation of experimental CNAS /1
systematic errors by angular weighting

UNIVERSITY of

ROCHESTER f
Event weighted A .; is the same as A ; for full acceptance (i.e. A4 but smeared by

experimental resolution and final state radiation)

Imagine a detector with acceptance
for only one value of cos 6. Each event
has a measured cos 6.

A measurement of Afb with this detector
yields a measurement of A, whichis
independent of acceptance

or efficiency e+ or e-

e+ or e 1+cos?f + A, cosf

Ref. A. Bodek, Euro. Phys. J. Cé7, 321(2010)

cos 6=1 yields best measurement of A,. cos 8=0 yields no measurement of A,

We can combine measurements of A, with different detectors at different

values of by weighting events. Events with cos 6=0 have zero weight.

Events with cos 8=1 have maximum weight. 2 obtain smaller statistical error.
Afb (all cos8) =(3/8) A, 2 No acceptance corrections needed.
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@) In situ reduction of PDF errors by PDF
reweighting/profiling

UNIVERSITY of

ROCHESTER

Reducing PDF uncertainties in the measurement of sin20es

At the Z peak, Afb yields a measurement of sin?0es. Here, Afb is is sensitive to both sinZQes
and PDFs.

Above and below Z peak, axial coupling known. Here Afb is not very sensitive to sin®0es but is
very sensitive to PDFs. In this region, measurements of Afb provide constraints on PDF using
the same Drell Yan sample (but above and below the Z peak).

Note: The constrains on PDF are statistics limited. Therefore, the errors are reduced with
with larger statistical samples (e.g. larger integrated luminosity, and/or by combing data from
the three LHC experiments). With the CMS 13 TeV Drell Yan sample we get a factor of 2
reduction in Asin?0etf from PDF uncertainties.

Reducing PDF errors in the measurements of both sin?Betr and m,,.

In addition, in situ measurements of W boson distributions (e.g. the W boson asymmetry, and
other W boson distribution which are not sensitive to the W mass) yield a further reduction of

the PDF error in the measurements of both sin?Besf and m,,. These additional constraints have
not yet been implemented in this sin?@e analysis.

DPF 2024: Arie Bodek, U. of Rochester 7



ll
& Summary of PDF reweighting/profiling

UNIVERSITY of

RoCHESTER ﬂ?gu—ﬂ_----.----u----u----|----|---_
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{C-OTII ® Four dilepton channels: CMS /1
&Y B up, ee, eqg, eh > \ﬁ
UNIVERSITY o . \
ROCHEST] where: H—
B p— muon (|n| < 2.4)

B e — central electron (|g| < 2.5)
B g — forward ECAL (EF) electron outside tracker (2.5 < |n| < 2.87)
m h — forward HCAL (HF) electron (3.14 < |n| < 4.36)

pixel

BCMIF 3 6 9 12
z(m)
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& Angular-weighted = experimental full acceptance Afb

UNIVERSITY of

ROCHESTER
2 QE'

sin

(But includes FSR and detector resolution smearing)

m) in all runs and channels
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most experimental
systematic level errors
cancel.
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~J Four {f channels: pp, ec, eg, eh

I:EI I ] J._A.__F'_-t-'?'-b-_’_ it % W -*-_‘.._#'F
= T ++—f' - M 1 p - muon: || <240
0.05fF 1 Coost e J e - central electron: || < 2.50
0 20 40 &0 0 10 20 30
h - HF electron: 3.14 < || < 4.36
Here and in next slides, sin’ H:Eff values and its uncertainties are in units of 107>
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A O
e for combined analy5|s with other data (m,, analysis, other experlments)
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A4(y, m) is measured by fitting reconstructed cos fcg distributions in ¥y and m bins

simultaneously in all runs and channels
Total = 14839 for total of 14205 measurement bins and 101 free POls

X LT

A4 unfolding depends on modeling acceptance,
efficiencies and resolutions. If these are properly
accounted for then sin?0es extracted from A4 must
— App = 3/8A4 agree with sin?0.t measured with detector level
angle-weighted Afb.
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Asymmetry in lepton decay angle:
1+ cos? 04+0.5Ap(1—3 cos? @)+ A4 cosf




@ @) CT18Z PDF was chosen before unblinding

‘%ﬁ/‘“‘ (as it describes Z data at the LHC).
ROCHESTER  sin? £, = 0.23157 = 0.00010(stat) == 0.00015(syst) = 0. mmg(theu] +0.00027(PDF), #H—
CMS 137 b (2016- 2018 13 TeV)
cTisx | e
CT18A = = :
CT18Z e — , Ag; CT18Z
CT18 | | No PDF profiling ————, : =~ Apg (no-prof)
MSHT20 > F—— ; :: (PDF unc)
NNPDF40 - S o A,
NNPDF31 = =
0.23 0.231 0.232 0.233
sin°e. .

1. PDF reweighting/profiling reduces PDF error by a factor of 2, and results in better agreement
between different PDF sets.

2. Afb and A4 analysis yield the same value of sin?0er (angular-weighted Afb is a check on unfolded
A4)
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IMELIORA J7 . -5
R PDE nunits 89 A, (63 bins)
DR N S8 xi.  sin” 8

NNPDF31 7247 23121429 585 23120430
NNPDF40 7305 23133424 626 23133425
M5SHT20 7358 23123430 71.0 23120432

CT18Z 7307 23157 +£31 613 23155432
CTI18A 7303 23167 +£28 636 23167 28
CT18X F285 23173430 618 23177 =30

sin? 8., = 0.23157 + 0.00010(stat) 4 0.00015(syst) = 0.00009(theo) + 0.00027(PDF),

Next step: Reduce PDF error by using the values of A4 to extract sin?Qes
with PDF reweighting/profiling that also includes W boson asymmetry
and other W boson distributions at 13 TeV.

DPF 2024: Arie Bodek, U. of Rochester 13




(@)

¥  Comparison of sin20.s with previous experiments and =~ _
REEH RS R with the S\ prediction. =
LEP A — 0.23099 + 000053
PP, | - | 023159+ 0.00041
EPAY | — | 0232214000029
oA | - | 023098 + 0.00026
COF2TeV | I | 0232214 0.00048
0278V | — | 0.28005 + 0.00040
ATLASTTeV | I | 0.23080+ 0.00120
(HCh 748 TeV | 0 | 028142+ 0.00106
cMS8TeV | — o | 0281014000053
CMS13TeV | | |$|| | 023157 +0.00031
0.229 0.23 0.231 0.232 0.233 0.234
sinzeiﬂ
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et Conclusion: Heralding a new era of precision CMS, /!
EW measurements at LHC S

ROCHESTER =
* New CMS measurement of sin?Bes. with PDF reweighting/profiling is now competitive with
LEP/LHC. (Experimental systematic errors cancel, PDF uncertainties remain as the
dominant systematic errors)

Further reduction in PDF errors is still needed to differentiate from the 2Higgs Model

*  Using the values of A4, an updated PDF reweighting/profiling analysis which also includes
W boson asymmetry and W boson distributions will further reduce the PDF errors.
PDF errors can also be reduced in a future combined analysis of A4 measurements for all

three LHC experiments. 0.23110+0.00010
0l ' T ' '
Note: LEP ALY — 0.23009 £ 000053
PDF reweighting/profiling is LEPP;b B —f | 0281504 0.00041
now also used in the CMS Py | — | ozae21: 000029
measurement of m,, SLD A |V 2308+0.00025
CDF 2 TeV — 0.23221+ 000046
D02 TeV e 0.23005 £ 000040
ATLAS 7 TeV ; 0 = 0.23080 £ 000120
LHCb 748 TeV = 0 : 0.23142 £ 000106
CMS 8 TeV — 0.23101 000053
CMS 13 TeV A 0.23157 £ 0.00031

1 ‘ 1 I | 1 | 1
0.229 0.23 0.231 0.232 0.233 0.234
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