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INTRODUCTION

@ Precision Standard Model measurements = indirect search for new physics

@ Key electroweak parameters: my and sin? 0% = (1 — m¥, /m2)k

l

can be calculated in SM using other precise experimental inputs:
sin? 6% = 0.23155 £0.00004 (SM)
@ Two most precise sin? Gﬁff results from LEP and SLD differ by ~ 3o

@ Measurements at hadron colliders are now also competitive
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@ Latest CDF myy measurement disagrees with previous results and SM
@ Models that describe CDF myy prefer lower (SLD) value of sin? 9§ff

— New CMS measurement of sin? Gﬁff at 13 TeV is the main topic of this talk


https://cds.cern.ch/record/2630340?ln=en
https://doi.org/10.1140/epjc/s10052-023-11635-3

HOW WE MEASURE sin® 0’z AT THE LHC

@ Use Z/~ — ¢ events

@ Asymmetry in lepton decay angle:

1+ cos? 9+0.5A0(1—3(:os2 0)+ Ay cosO

— App = 3/844

@ myy dependence from v-Z interference

@ Colins-Sopper frame — reduced

theoretical and experimental unc.
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Eur. Phys. J. C 78, 701 (2018)

Near my, Apg depends on sin? 9£ﬂ”

In pp, definition of positive z direction
relies on ¢¢ boost (sign of yg)

— only valence quarks contribute

— significant yyp-dependent dilution
Strong dependence on PDF's

Fit App floating sin? €£H and PDFs


https://doi.org/10.1140/epjc/s10052-018-6148-7

JREMENT DE

@ What we measure:
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— Unfolded A4(y, m) e

(can be used in future reinterpretation)

@ Four ¢/ channels: pu, ee, eg, eh

Events /0.1

p — muon: |n| < 2.40

e — central electron: |n| < 2.50
g — EF electron: 2.50 < |n| < 2.87
h — HF electron: 3.14 < |n| < 4.36

@ Backgrounds:

Data/MC

Multijet from data sidebands

cross-checked in same-sign samples
x10° 59 fb! (2018, 13 TeV)

— W+jets from simulation
in eg & eh corrected by fake-lepton SFs
— Other EW and top bkg from simulation
top and 77 checked in pe samples

Preliminary

Events /0.1

@ Signal sample:

Powheg MiNNLO + Pythia8 + Photos
(with various corrections)

Data/MC

=3 [ z



SYSTEMATIC UNCERTAI

x10° 59 fb* (2‘018, 13 TeV)
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= 1.0.EMS Simulation Preliminary 13 Tev
£ : -,
@ Default EW configuration: X T MGt
— NLO weak 4 universal HO corrections 0.0
— input scheme: (sin2 Oﬁff, myz, Gp) o5
— width: complex-mass scheme (CMS) E 0.0003
2 6.0002
g B 0.0001
@ Systematic variations: "% X~ /e
. 90 0.0000
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CMSpPreliminary
T

59 fb™l (2018, 13 TeV)
: .

is extracted by simultaneous x?2 fit of Agp (y,m) in all runs and channels

CMSPreliminary
T

59 fb™ (2018, 13 TeV)
. :

H i L pp H i L eh 4
< | -o Fit(cT182) < L e Fit(cT182) |
2P 0.2
0
L L L L ] L L L L 1
= 0.05F ' ' " = 0.05[ ' ' ' B
(e 5 4 1 (s l 1
RN e reemstttt, " PRSI { I ST VORR e SUR I SR SR U G-
S o o4+ witee BT ] r TW# \Bhad +5T f‘ T4
8 [ 1 8 [ ]
-0.051 , . . ~0.051 . , , 3
0 20 40 60 0 10 20 30
ly]-m bin ly]-m bin
@ Here and in next slides, sin? Oﬁff values and its uncertainties are in units of 10~ °
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MEASUREMENT OF Ay4(y, m)

@ A4(y,m) is measured by fitting reconstructed cosfcg distributions in y and m bins

simultaneously in all runs and channels

x10° 59 b (2018, 13 TeV) x10° 59 b (2018, 13 TeV)
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@ Total Xgn'in = 14839 for total of 14205 measurement bins and 101 free POIs
@ Minimized with L-BFGS method using analytic gradient input

@ Resulting covariance matrix also evaluated analytically with inverse Hessian



INTERPRETATION FIT RESULT

@ Fit measured A4 (y, m) with sin? 9£H (s) and PDF-nuisance templates

CMSPreliminary 137 tb™ (2016-2018, 13 TeV)
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COMPARISON BETWEEN CHANNELS AND PDF's

Compared results for:

— App, A4, & cosfcg fits eh CMS é A comb
— Different channels % | Preinnay J AEE (Stasys)
ee == -5 cosf
— Different runs (backup) iy == oA
.22, .2 2 232 2 .2.
_ Different PDFs 0229 023 0231 Sinzg 3. 0.233 0.234
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@ Results in good agreement within corresponding uncertainties



COMPARISON WITH PREVIOUS MEASUREMENTS

sin? 6 = 0.23157 & 0.00010(stat) = 0.00015(syst) = 0.00009(theo) & 0.00027(pdf)

sin? 04 = 0.23157 & 0.00031

LEP + SLD: Ajy —— 0.23221+ 0.00029
SLD: A —e— 0.23098 + 0.00026
CDF 2 TeV ——t 0.23221+ 0.00046
D0 2 TeV —— 0.23095 + 0.00040
ATLAS 7 TeV —_———————— 0.23080 + 0.00120
LHCb 7+8 TeV —_———— 0.23142 + 0.00106
CMS 8 TeV ——— 0.23101+ 0.00053
ATLAS 8 TeV ——— 0.23140 + 0.00036
Preliminary

CMS 13 TeV —— 0.23157 +0.00031
Preliminary 1 1 1 1
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@ Good agreement with previous measurements and SM

@ PDF uncertainties (which are correlated with others) dominate



CONCLUSIONS

@ Most precise hadron-collider measurement: sin? 0% = 0.23157 + 0.00031

— precision also comparable with LEP and SLD results

@ PDF is already the dominant uncertainty in Run-2

— main challenge for future sin? 0% measurements at the LHC

@ Also measured unfolded A4(y,m)

— simple reinterpretation and combination with other measurements
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EVENT SAMPLES, CORRECTIONS

Event selections
u,ee: single- & double-{ triggers
standard ID, opposite charges
eg,eh: single-e triggers

CMSpPreliminary 59 fb* (2018, 13 TeV)
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— Dilepton pr weighting



DILEPTON MASS AND RAPIDIT

Events / GeV

Data / MC

Events /0.1

Data/MC

59 fb*
T

(2018, 13 TeV)
T

cms

10° Preliminary
10°
10*
10°
10?
N OSE stat et
’ N ot b 4, Q*
1 e i P et S O h #
o QSE [
60 80 100 120 140
my, (GeV)
x10° 59 fb! (2018, 13 TeV)
& T T : 4
r CMs
15 } Preliminary ,:
L - Muitijet ]
0.5 E
o ]
LoskE stat et E
1 El
0.95- 3

Events /0.5 GeV

Data/MC

Events /0.1

Data/MC

x10% 59 fb™ (2018, 13 TeV)
T T T T T
cMmS 25 e
Preliminary Iy T

[
120 S et
¥
PR SRR b
“"w ’.... 3 (KLY
0.8f
70 80 90 100 110
m,, (GeV)
x10° 59 fb* (2018, 13 TeV)
T :
L CMS ]
150F Preliminary E
E = Mt ]
100 b
sof E
0 C ol L Lot |
L stat syst |




BACKGROUNDS

59 fb™* (2018, 13 TeV)
T T

@ Small multijet bkg estimated
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PRE vs POST-FI LENCE QUARK DISTRIBUTIONS

@ Comparison of pre and post-fit valence quark distributions

(only post-fit error bands are shown)

CMS Preliminary 1371b! (2016-2018, 13TeV) CMS Preliminary 137fb~! (2016-2018, 13TeV)
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@ Moderate changes in

individual distributions




BINNING

@ Rapidity and mass bins in different fits:

channel bin boundaries # of bins

|yee| 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.7 3.0 3.4 9

L, ee i I I I I I I 6

eg I I 1 I I 4

eh I I I I I 4

mee (GeV) 54.0 66.0 76.0 820 86.0 895 927 96.0 100.0 106.0 116.0 150.0 11

Observed Afp(y, m) fit

L, ee 1 I I 1 I I 1 I I I I I 11 x 6

eg, eh I 1 I I 1 I 1 1 1 I 9x4
A4(Y, M) unfolding and interpretation

0L0<y<12 1 I 1 I I 1 I 1 1 I I 1 11x3

12<y<24 I 1 I I I I I I 7Tx3

24<y<34 I I 1 I 3x3

@ Combined Run-2 fit configuration:

runs (7) 2016a, 2016b, 2017, 2018 4
channels (c) pp, ee, eg, eh 4
¢ X y X m bins 6X11+6xXx114+4Xx9+4x%x9 204
cos fcg bins 20
X ecXyXmXcosblcosg with nypeq > 10 14205
as(y, m) 3x11+3x7+3x3 63
p(y, m) 6X5+4x1+4x1 38

nuisances all systematic uncertainties 3361



