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why a precise measurement of the W mass?
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A measurement of My at 10 level could shed new light to our knowledge of the SM




the “traditional way”
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our first milestone - the Z W-like mass measurement

crucial for understanding in depth the experimental calibrations

more details in
backup

M ;Y-.kc + ,I;Vlilu. -
Sources of uncertainty pr | mr | Er || pr | mr | Et
Lepton efficiencies 1 1| 1 11 1) 1
= Lepton calibration 14| 13|14 | 12| 15| 14
=P Recoil calibration 0 9113 0| 9|14
Total experimental syst. uncertainties | 14 | 17 | 19 || 12 | 18 | 19

NB: Z W-like mass measurement has been performed with muons only

Now electrons are included in the analysis thanks to the efforts of the Roma group
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group Pisa Roma CERN Saclay ETH UCLA FTE
manpower 749 941 3 2 1 1 ~5
students

profiting of the huge amount of statistics and the outstanding control of our detector,
we are currently developing new tools and strategies to face:

e PDF uncertainty
« Wprmodelling

e recoil modelling




the Power of Simplicity
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the W decay has a strong spin analysing power
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boost to lab frame:
Nas=Nem + Y
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this simple observation opens the possibility of measuring
the W rapidity spectrum for each helicity

arXiv:1707.09344

About the rapidity and helicity distributions of the W bosons produced at LHC
E.M., O.Cerri, N.Foppiani, G.Rolandi
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https://arxiv.org/abs/1707.09344

such a measurement

e is interesting per se since it has never been done

 Will constrain the bulk of the PDF uncertainty in the W mass measurement

effort started in CMS since this summer using muons and electrons

we are analysing 13 TeV data (technically much easier)

» evaluating the QCD background in muon and electron samples

» producing the templates for the fit (solving some subtle theoretical
problems)

« implementing the fit
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PDF vs systematics in W pT

PDF variations
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measuring the W pr from recoil information

W pt: 3.36 GeV
mu pt: 27.2 GeV 1 v,
nu pt: 26.4 GeV \

recoil equals W pt event by event

//(——‘W
/ /‘ but mismeasured due to: haro
' N « particles out of acceptance
: > e pileup
h: sum of all other
particles pT
Pythia8(MPI1)+Papas simulaton: pp2W2munu (8TeV), noPU
/‘ _{ _ setuparegression in order to get the PDF of the true recoil on an event by
: .C ol event basis
X : .
*%;'f ~  topic deeply studied in: »
’
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CERN-THESIS-2017-125 Nicolo’ Foppiani | ~owua
SUPERIORE
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(U ) [GeV]

measuring the W pr from recoil information

we start from what we know

CMS Preliminary (s=7 TeV (4.7 fb ™)
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closure test

reobtain the original spectrum by summing up all the PDFs
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systematics on the W mass measurement

W mass error comparison for different var, 25M W+ events used
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how do we calibrate the detector for this measurement?

$ \
Jacobian of M2 ~ lepton péf given recoil pdf given
W kinematics W Kinematics Kinematics

f(Mr) = J x / 1w, Advwl2) fr®F, Adnwlz) fw(2)dz

4-vectors
this is a crucial formula: given the W kinematics, recoil and lepton are uncorrelated
y={p." A® },z={p ", p"} ——> let’sconcentrate on the recoil

problem:

implies a systematic uncertainty on the fit

f(v|z = f(ylz)
(v )cATA \/ )MU that we have to calibrate out

ndf Of’(N W kinematics:
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morphing MC to data

The correct procedure should be to equalise all the variables given as input in data and MC
in a correlated way

this is not straightforward in such a high number of dimensions (typically 10-12)

let’s calibrate f(y|z) instead of f(x|z)

this way we have reduced the problem to 2 dimensions only
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quantile morphing 2D on Z events

a tool to perform 2D quantile morphing is in place

limited by MC
statistics
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check the residual bias:

track recoil

regression
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still biased!
work in
progress
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conclusions

we are working on many fronts and we have new ideas to attack the main
systematics

as usual, manpower is our main problem

... the top is still far, but we’ll get there!
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where does “PDF uncertainty” come from?

pr

boost to lab frame: uncertainty on 22;
Ntas=Nem+ Y Y shape due to PDFs o
T I
;r]CM \\‘\_10 _|:5eglecting I/(|)/5pT )
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in addition, W polarisation...
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status of the muon momentum scale calibration
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