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Z Az Measurement

Giulio Cormnelio Grossi - giulio.cornelio.grossi@cern.ch



/A

FB

* Differential cross section for pp = Z[y* = I"I” process

do

T 7 = A(1 + cos®6) + Bcos#

, 3
A= QFQ% + 2QiQ,97 gy Re( \(s)) + (gi *fH][fh +ffi}|r{%}|2 B = =¢% g4 (QiQqRe(x(s)) + 2979y Ix(s)]?)

7>
* The cos# exhibits a forward-backward asymmetry e
* cosB > 0: Forward event 9>\
8 y I —— 5
. cosf < 0 : Backward event \
_|_
! dcosf — [° d cos 0 7 T ;
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2
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/A

FB

* At hadron colliders can't tell the direction of the incoming quark

* Af detector level this reflects in a Dilution, i.e. a reduction of the measured
asymmerfry

* Assuming boost of the lepton pair is the same of the incoming quark

* motivated by the PDFs, where valence quarks carry a larger momentum fracfion on
the profon momentum compared to the sea quarks, and the anfi-quark must be a

sea quark

* This assumption is most likely fo be correct at large rapidities

A directly related with a fundamental parameter of the electroweak theory , the sinZ@,,

This parameter has already been measured by the experiments at LEP and
Tevatron with a precision of 10-4 and 10-3 respectvely

* A precise measurement of A, allows to give a confribution to the world

average measurement of sin@,,
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Dafta samples

* / AsMeasurement

* Both ATLAS and CMS measurements presenfed with an infegrated luminosity of 5 fb-lon / TeV dafa
* Affer Event selection a yield of aboutr 1.4M Z bosons
[1] arXiv:1503.03709 [hep-ex] (ATLAS A.; measurement)
[2] Phys. Lett. B 718 (2013) 752 (CMS A.; measurement)
[3] Phys. Rev. D 84, 112002 (2011) (CMS weak angle measurement)
* / polarization measurement
* CMS Measurement with 19 fb-! 8TeV dafa sample
[4] arxiv:1504.03512v1 [hep-ex] (CMS Measurement)
* W polarization measurement

* Both ATLAS and CMS measurements done with 35 pb-! 7 TeV dafa sample
e ATLAS measurement done in two ranges of p/¥: 3b< p<b0 GeV , p;»>50 GeV

[5] Phys.Rev.Lett.107:021802,2011 (CMS W polarization measurement)
[6] Eur. Phys. J. C72 (2012) 2001 (ATLAS W polarization measurement)
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Raw AFB measurement

In bins of mass
Count the number of forward and backward events

Subfract the number of forward and backward events due to the
background

Compute the raw A value using the relafion

Ncns HES >0 — Nms HES«'-:(}

AFB = T —"— N '
cos 9{25 >0 COSs 9(:5 <()

Measured by ATLAS in the electron CC, CF and muon channel
* CC:Inl<247,CF: 25 <Inl <49

Measured by CMS in muon and electron channel in four rapidity
bins
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Raw A__ specfrum
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Unfolding the A_ specfrum

* Raw A measured af defector level

* Effects to be corrected

. Detector resolution & QED radiative corrections

. Finite resolution, reconstruction efficiencies, pileup, Final State

Radiafion (FSR)
* Dilution
. Misassigned quark direcfion

* Acceptance

. Measurement from the fiducial (measured) phase space fo the full phase-space.

* Response matrix base unfolding
*  Construction of a matrix from the MC sample with reco vs fruth information
* Next slide shows A, distributions corrected for Detector resolution & QED

. ALTAS resulfs are for electron CC, CF, muons

*  CMS results are for electron/muon combined in different rapidity regions
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Unfolded A_. spectrum
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Weak mixing angle measurement

* A directly related with weak

mixing angle sin<6,,

* ATLAS measures the weak
mixing angle using a template

fit method
22.4/16 CC electron

lem;f - 21.9/16 CF electron
22.6/16 muon

* CMS measurement done using
an unbinned maximum

Scheme of the template fit method
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Weak mixing angle measurement

* ATLAS final measurement has been obfained ATLAS combined result
with ATLAS-epW.Z 12 PDF set sin“@, "' = 0.2308 + 0.0005(sfat) + 0.0011(syst)
* Muon, electron CC, electron CF and CMS result
combined result sin“@, "' = 0.2287 + 0.0020(sfat.) + 0.0025(syst )
* Dominated by systematic uncerfainty on the PDEG fit
PDF sef sin’® *' = 0.23146 + 0.00012
* 0.10 with fthe most precise leptonic
asymmefry measurement (from SLD) —
Y ) ATLAS,eCC [ A po i
* 1o with the LEP measurement ATLAS, e OF | o [1]
ATLAS, i
* 0.30 with PDG Fir ATLAS combined | —
CMS o —
* CMS measurement done in the muon Do | i
channel with 1.1 fb' and with CT10 PDF set o F IR
el i
* Otafistical and  syfemafic  uncertainties ;EE:iFE - _:
comparable LEPsSLC | go7Tev, 4807 | P
PDGFit | | BE |
0.225 0.23 0.235

. lept
sin‘
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* W//Z polarization measurements
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W/ / polarization

d2o

S — 1 1
Jcos b dgr o [(1 + cos? 8" + A(]E(]. —3cos”0*) + Aj sin(26*) cos ¢* + Agi sin® 8* cos(2¢*)

4+ Az sin@* cos ¢* + Agcos B + Assin® 67 sin(2¢7) + Agsin(20%) sing* + Ay sin* sin cp*} :

EE Y

* / boson polarization measurement uses Collins-Soper reference frame
* W polarization measurement relies on “helicity” rest frame
* W from ev and pv decay channels
* In this case cosB "is the angle between lepton and the flight direction of the W boson
* Measure of f,, f,, fr : longitudinal, leff-handed, right-handed fractions of produced W bosons
Ag < fy A= F(UL — fR)
* Unknown neutrino momentum on the beam axis gives an ambiguity in the W momentum

deftermination

* Use a variable that is strongly correlated with cos® ”

* Lepton fransverse momenftum projection onto the W transverse momentum

_ pr(€) - pr(W)
|pr(W)l?

Lp
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/ polarization measurement

* High stafistics allows to perform a measurement of the cos® ™ vs. @ plane, in
eight bins of Z franverse momentum and two bins of rapidity

* Binned maximum likelihood fit on cos® ™ vs. @ ™ distributions produced by MC

* Result is compared with MadGraph, PowHeg and FEWZ NNLO predictions

q, [GeV]

q, [GeV]

CMS 19.7 b7 (BTeV) CMS 19.7 b7 (8TeV) CMS 19.7 b {8TeV)
< ] <
G.E:— ._.;\_._ D,E:— £ _1"_.
I ! o _
0.6F 2= D.E:— =
0.4F == ¢ Data 0.4F Eo ¢ Data
r + MadGraph 4 MadGraph ﬁ 4 MadGraph
0.2¢ ww + Powheg 4 Powheg 0.2 + Powheg
‘ ‘ < l okt + FEWZ NNLO 4 FEWZ NNLO P 4+ FEWZ NNLO
y 0 50 100 150 200 250 300 0 50 100 150 200 250 300 50 100 150 200 250 300
q, [GeV] q, [GeV] q, [GeV]
cms 19.7 th" (BTeV) CcMS 19.71b" (BTeV) CMS 19.7 i (BTeV)
<'0.14F 4 Dala < 0.08 <' gaf ¢ Data
0.12F 4 MadGraph q? ““F 4 MadGraph
0.4f + Powheg ~ 0.25F 4 Powheg
I & FEWZ NNLD 0.2k + FEWZ,NNLO
0.08 018
0.06 -D ) |
E‘M 0.05 '
.02 : a
EI ! ﬂ'....|....|....il....l....l.... _nﬂ PP ETETET AT BP ST ST AT AT B AT AT B
0 50 100 150 200 250 300 0O 50 100 150 200 250 300 ’ 50 50 100 150 200 250 300

q, [GeV]

Giulio Cormnelio Grossi - giulio.cornelio.grossi@cern.ch



W polarization measurement

— T T ]
— Fit result - Longitudinal

250[ -+ DatafB=7TeV) o

* ATLAS: Fit on MC remplates with : [La-s7ew? We ey
. . 2000 7 AmLas[6]  pwssocev
different helicity staftes : i

150
electron  35<p' <50 GeV p¥ =50 GeV [

fo (%) 20.146.9412.0+5.0 17.74+4.349.046.0 1001
fu—fr (%) 26.0+£2.843.44+2.0 25.5+2.6+2.04+2.0 [

Events /0.1

50f
muon :
fo (%) 23.6+3.8412.04+7.2 7.64+4.849.045.2 0
fL — fr (%) 21.7+3.043.64£2.0 25.0+2.5+2.342.5

dou - T I I I I I E
: : UUNT E ot - ]
* CMS: binned maximum likelihood fif w00 - g [5] SMS:;:;;I;T“ E
o L aso - o ot 3
on the Lp disfribution giving - maco E
300 - EWK =
(fL = fr)~ =0.240 +0.036(stat) + 280 £ Horosul E

fo = 0.183 + 0.087(stat) = 0.123(syst) (syst)

(f, — fr)t = 0.310 =+ 0.036(stat) + 0.017(syst)

fo = 0.171 = 0.085(stat) = 0.099(syst)
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Possible W mass measurement

Very challenging measurement at hadron colliders

* Impossibility of knowing fthe inifial parton momentum in the collision

* Impossibility of knowing the neutrino longitudinal momentum

Already measured af Tevatron with a sample of about TM W candidates
* Combined DO and CDF measurement more precise than LEP2

Stafistical uncerfainty already smaller than systematic with just 2011 dafa at LHC

Can be measured used MC template fit on fransverse kinematical disfribufions

my — -.Vflz E.;“. Eq (1l —cosAdy,) Affected by detector resolution
Py Affected by p, modelling
pp = Er Affected by both

Some imporfant differences af LHC

* Higher pile-up enviroment — affect hadronic recoil calibrafion
* Different theorefical uncertfainties : pp instead of ppbar

* Differenf energy regime : /, 8 ;13 TeV

* W charge asymmetry

Detailed study on the experimental an theorefical needs for this measurement ca be found af
https://indico.cern.ch/event/340393/confribution/8/material/slides/4.pdf
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Conclusions

Presented EW measurements from ATLAS and CMS
Z Arz Measurement

* Measured at / TeV with O fb-! luminosity by both experiments
* Measured in electron and muon channel, in different rapidity regions.

* Measured both ar defector level and corrected for detector resolution & QED effects
Z polarization measurement

* Fresh result on 19 fb-! dafa

* Angular coefficients measured in eight p/ bins and in two rapidity bins
W polarization measurement

* Measured by ATLAS and CMS on a 30 pb-! sample

* ATLAS measurement also performed two p¥ regions

All measurements show a good agreement with the Standard Model predictions.

Precision on the measurements is still defermined by systematic uncertfainties, in particular
by PDF uncertainty.
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