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Overview of the Electroweak Sector

» Electroweak (EW) precision observables
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* Not independent but related through Standard Model (SM)
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* Precision EW measurements

* SM is over constrained with mp

* Testing the consistency of the SM
* Non-abelian Gauge structure

* Are there anomalous couplings?

* Focus of this talk:

. sin? Oy

>

* EW production of same sign WW
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Dilepton production at the LHC

« Neutral current process: 44 — Z/7" — (T~ CMS-PAS-SMP-16-007

» Z boson couplings are different for left and right-handed fermions

» Forward-backward asymmetry (Ars) in the polar angle distribution
of negatively charged lepton in the rest frame of di-lepton system
* Defined with respect to the incoming quark
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« Ars defined in Collin-Soper (CS) frame Arp =
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Effective weak mixing angle

mm Global EW fit

- Ars is sensitive to sin? Ay near Z peak

. . MLl T,
* Product of vector and axial couplings , +
. m, =
* Electroweak corrections: W —
* Tree level couplings are replaced by o = v
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Forward-backward Asymmetry

» Ars measured as function of di-lepton mass in muon and electron final
states (mass dependence from the Z/gamma® interference)

* Proton-proton collisions: where is the quark?

* Direction of longitudinal boost of the di-lepton system in the
laboratory frame chosen as the positive axis

* Quark direction is not always along the positive axis
» Dependence on PDF from large-x antiquarks
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Ars and sin” 0%

+ Dilution strongly depends on rapidity->maximal at Y=0->Ars=0

* Ars is measured in 6 bins of rapidity and 12 bins of dilepton mass

« Extract sin® Hﬁﬁ by fitting the measured Ars with different templates
» Angular event weighting->less sensitive to cos6 acceptance modeling

* Precise lepton momentum calibration ~ Eur- Phys. J. C67, 321-334 (2010)
CMS Preliminary 18.8fb" (8 TeV)
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Statistical and systematic uncertainties

« Statistical uncertainties dominate [ channel | statistical uncertainty
muon 0.00044
electron 0.00060
combined 0.00036

* Experimental uncertainties are small (dominated by limited number of
simulated events)

Source muons_|_electron:
MC statistics 0.00015 | 0.00033 I

Lepton momentum calibration | 0.00008 | 0.00019

Lepton selection efficiency 0.00005 | 0.00004
Background subtraction 0.00003 | 0.00005
Pileup modeling 0.00003 | 0.00002
Total 0.00018 | 0.00039

* Modeling uncertainties small compared to the statistical uncertainties
* Dominated by QCD scale

model variation Muons | Electrons

Dl r‘ Pt iahdi 0.00003. 0.00003.

QCD pig/p scale 0.00011 | 0.00013 I
POWHEG MIiNLO Z+j vs NLO Z model | 0.00009 | 0.00009

FSR model (PHOTOS vs PYTHIA) 0.00003 | 0.00005

UE tune 0.00003 | 0.00004

Electroweak (sin® /%" — sin® 0% ) 0.00001 | 0.00001

03/12/17 Total 0.00015 | 0.00017 7




PDF uncertainties

* Measured Ars is sensitive to the PDFs
» Different couplings of u and d-type quarks to Z boson
* Size of the dilution effect (large-x antiquarks)
* PDF dependence is large at small and large masses, small near the peak
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PDF uncertainties

» Bayesian y2 reweighing method used to constrain the PDFs
« Perform the sin? 6 fit for each NNPDF3.0 replica

« Weight each replica by: o 220 OIS Freliminary 188196173 TeV)
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Nominal NNPDF3.0 Weighted NNPDF3.0 ]

* PDF uncertainties reduced by x2 @ 30 Enties 100 Entries 100
2 [ Mean  0.23102 Mean  0.23101 ]

Channel without constraining PDFs | with constraining PDFs % 20[- StdDev  0.00057 Std Dev  0.00030 J

Muon 0.23125 £ 0.00054 0.23125+0.00032 ¢ r

Electron 0.23054 = 0.00064 0.23056 +£0.00045 . 1oL

Combined 0.23102 £ 0.00057 0.23101 £ 0.00030 nO F

+ Similar picture with Hessian PDF sets
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Results

* Results are consistent with the mean value of LEP and SLD and
other available measurements
* Comparable to precision at the Tevatron!
* Statistical uncertainties dominate

sin? 61" = 0.23101 + 0.00036(stat) -+ 0.00018(syst) + 0.00016(theory) + 0.00030(pdf)

sin? 6% = 0.23101 £ 0.00052.

CMS o+ e 0.23101 + 0.00052
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Future

« What can we expect at the high-luminosity LHC CMS-PAS-FTR-17-001
* Negligible statistical uncertainties
* PDF uncertainties further constrained with profiling
* Extended lepton acceptance with the upgraded CMS detector

* Smaller Ars at 14 TeV
(less valence quark
contribution)

CMS Phase-2 Simulation Preliminary
T T T T T T

« Larger lepton |nl acceptance

LI L L I L

E L , CMS Phase-2 Simulation Preliminary 14 TeV. ®
Foociv_i<os [ oasiv <08 | osei <tz | 1261 <16 | 16siv <20 | 20ey, <24 |2aciv<ze] @10 [ ! : 3’
02— 4 4 2
E 4 N i &5
o - . i . i 4 ¢
£ b 4 @
N RN :

E o o] . % oo - 3 o C
A AP 3 "F LEP+SLD ER
st A G E N T
5 lexs? %, ‘gﬂ. ogs o{ - E r Il <2.4 Inl <2.8 - o
05 - [ s % s3 L = L —e— Statistical —e— Statistical 1
f—o— 8Tev. tomimezs @ N e 3 L —e— NNPDF3.0 nominal —o~ NNPDF3.0 nominal 4

orf T 14TeV, 30001, nl <24 - —~e~ NNPDF3.0 constrained  —o— NNPDF3.0 constrained
E —e— 14TeV, 3000 10", | < 2.8 | L L
E ¥ 1

[ Ll [ [ [
7 9 10 7 9 10 70 9 10 70 % 10 70 % 10 70 9 110 70 9 1

My, (GeV)
03/12/17 11

10 107 10°



Gauge boson couplings

« Shift from precision observables to first measurements

* Probe the non-Abelian gauge structure of the EW inteqractionsq,

* Vector boson scattering processes
* What mechanism ensures the unitarity is respected
* Is the 125 GeV Higgs boson the only solution
 Characterized by VV and 2 jet final state
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Vector boson scattering

* Events are selected by requiring 2 same-sign leptons and 2 jets with large
pseudorapidity separation and large mass

* First observation of EW production of same-sign W boson pairs
» Observed (expected) significance is 5.5 (5.7) standard deviations

* Observed signal is consistent with SM predictions

* Evidence by ATLAS and CMS in Run 1
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Electroweak Z+2jet production

* Pure EW production of dileptons in association with two jets

* Measured cross section is in agreement with the leading order SM
. . oo W, d u

predictions  oew (£4jj) = 552 + 19 (stat) £ 55 (syst) b
myy > 50GeV, my > 120GeV, and transverse momenta pp; > 25GeV.

* Best limits of anomalous triple gauge couplings
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Summary

* Electroweak precision measurements with the CMS detector
* Precise measurement of the effective weak mixing angle
* Comparable to precision at the Tevatron!
* PDF and statistical uncertainties dominate
 Experimental uncertainties are under control

* First observation of electroweak production of same sign W boson
pairs
» Observed (expected) significance is 5.5 (5.7) standard deviations

. Many more results to come oS gori B 023101 = 000052

MS 6 > 3 0.23056 + 0.00086

cusyiesn’ [ 7 o312 000080

LHCb pp 31b" B ] 0.23142  0.00106

ATLAS sonun 481 | 023080+ 0.00120

DO ee 9.7 fb' B - ] 0.23147 £ 0.00047

COF somm o4’ | 1 023021+ 000046

SLD:A, B —— | 023098+ 0.00026

LEpasioA? | —o— | ozszer+ 000020
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ADDITIONAL MATERIAL



Angular coefficients

3 doUtt

* Accurate modeling of QCD effects 3752 dmzdmgdd) “torgzaf e CS frame
is crucial to perform the EW

precision measurements

* Factorizing the Drell-Yan
production cross section from the

{(1 + cos? 0) + EAO(I —300326)+A| sin 26 cos ¢
1
+§ A sin?@ cos2¢ + Az sin@ cos$ + Ay cosf

+As sin20 sin2¢ + Ag sin20 sing + Ay sin@ sin¢}

decay kinematics Ao-A; is non-zero for QCD cal;ula’qons
beyond NLO: Lam-Tung relation violated
CMS 19.7 b (8TeV)
<0 ! <L ¢ Data
E <
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019117 JHEP 08 (2016) 159 Phys. Lett. B 750 (2015) 154 _,



Angular event weighting

e Observable: weighted Agp (Eur. Phys. J. C67, (2010) 321) (also used by CDF measurement)

1 c?
* For each event with cosf=c, define two weights: D= At LR I = 0540(1 - 3¢2)
1 |c]
DEZZUWDrDB:ZUwD A 3NP - NB wN:E(lJrchrh)z
>4 < FB -_———
Ne=Y on Np= Yooy 8 Dr + Dp
=0 <0

° In 4mt, Raw Arp = Weighted Arp= Weighted Arg within lepton acceptance
=>less sensitive to cosO acceptance modeling
e Also, weighted Agp yield smaller stat. uncertainty of extracted sin20.¢

The slide is from:
https://indico.cern.ch/event/661916/contributions/2702568/attachments/
1536039/2406301/171005_WmW. pdf
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