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Measurement of the 7 lepton polarizaion
in Z boson decays using CMS detector
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Electroweak mixing angle, sin%0,,, is related to
the effective vector and axial-vector couplings of
the fermions to the Z boson
» Such a mixing angle leads to different
couplings for right- and left-handed fermions
In weak neutral currents . .
The polarization measures the ratio of vector to . i "L/R
axial-vector neutral current couplings of the T —i39z7" vy = as7’]
lepton
Alm Of thlS anaIySiS: Leading-Order MADGRAPHS
» Measure average polarisation of leptons in
Zly events:

TR/L

20/7*

Events

——Z/y' i
—Zly -1 T

poy = Np = Z/y > mpml) = Now > Z)y = 7 7)
N (pp — Z/7—>T§T£r) + N(pp — Z/7—>TL_T$)
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» Convert polarisation into effective weak
mixing angle sin?0,, §
» Any deviation from SM reveals a new physics _¥ ]
beyond SM! O P e daaese o
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au reconstruction at CMS

7 CMS reconstruction More in

Valeria’s talk

D . :
CeAy oS Resonancy (/) Many decay modes — different signatures
Leptonic decays 35.2 h
= B 178 to be captured by the same algorithm
T  — W Uulr 17.4
Hadronic decays 64.8
™ — - 15
T — [l 7 vy p(770) 259 .
7~ — B rrl v, a1(1260) 9.5
7 — [ hths v, a1(1260) 9.8
™ = TR 7° v, 4.8 Jet anti-kp (AK4)
Other 23 [Seed for the 73, ]
reconstruction

Y

® 1 or3 Charged hadrons (mainly Decay-mode Hadron-Plus-Strips (HPS) algo
7Ti, Ki, CMS does not distinguish reconstruction Reconstruct #* and 7°
them)

Tr, appear in the detector with :

Decay-mode

® 1 or more neutral pions that

[MVA T, decay-mode j
g 0
undergo the decay 7 — vy

: : ; =
® intermediate resonances in the decay (EYSEEtERyI [DeepTau Neural Network \%

identification
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https://indico.cern.ch/event/1303630/contributions/5644231/
https://indico.cern.ch/event/1303630/contributions/5644231/

ven SEECIOH

Event Selection - Summary

Tw7Th channel

Trigger : DoubleMediumlIsoPFTau35 ee
Hadronic taus : pr(m) > 40 GeV and |n(m)| < 2.1 3% e Jyyv
67% 3%
TuTh channel TeTh Channel TeT, channel
Trigger : Trigger : Trigger :
® [soMu?22 ® FEle25 ® Mu8 Ele23
® JsoMul9 LooselsoPFTau20 ® Mu23 FElel2
Muon : Electron : Electron :
® pr(p) > 20 GeV ® pr(e) > 26 GeV ®* pr(e) > 15 GeV
(> 23 GeV if IsoMu22) o |n(e)| < 2.1 (> 24 GeV if Mu8_Ele23)
* |n(p)] <21 * [n(e)] <24
Hadronic tau : Hadronic tau : Muon :
® pr(m) > 30 GeV ® pr(mh) >30GeV @ pr(u) > 15 GeV
° In(Th)| <23 ° |"7(7'h)| <23 (> 24 GeV if MUQB_Eleé\i)j
* In(w)| <24
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» The angle 8. is the scattering angle of the t —lepton with respect to the
quark momentum in the rest frame of the Z boson

do

dcosf, Fy(8)(1 + cos” 6, ) + 2F; (8) cos 6, — A, [F,(8)(1 + cos® 8.) + 2F;(8) cos 8. ].
T

» The helicity of T leptons from Z boson decays can be measured from
energy and angular distributions of the T lepton decay products.
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Intermediate spin-1 resonances (p~, a,~ ) = angle 6 depends on the
polarisation of the resonance. Not sensitive enough to analyse by itself the T
— polarisation. Need more discrminative variables
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(b) B(p > m*n°)

—

1,, — 1, plane

n-f—

(©) By~ n7m'm) @) v(a, > w¥n7)

Angular kinematics of 7 decays are full described by 1-4 a,nlgles :

o = s gty 0

° Ti—>ait1/—>37riV:9, B, a, v
e r* s oy s 70 . 6 « can be reconstructed from
p 2 9

four-momenta of pions)
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Discriminant Observables (optimal variables)

Definition : ratio of matrix elements (number of considered angles depends
on decay mode)

_ M0, 8, a,917R)[* — [M(9, 8, 0,7|71) [’
M (8, 8, 7|mR)|” + M (0, B, 0, v|7L)|”
0, 3, o, : angles approximately estimated from the decay data

W(T — 971870577)

Combination : helicity information from both taus is 100% anti-correlated
on generator level
(on g ) Q-7 = ) Fw()

’ l+w(r ) w(rt)

Pythia8+Tauola

Pythia8+Tauola
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Final Choice of Discriminators

Channel Category Discriminator

e 2k el E ) visible mass
T e+ aq w(ay) optimal observable with SVfit
e+ p cosB(p) visible optimal observable
e+ w(m) optimal observable with SVfit
G 1+ aq w(a) optimal observable with SVfit
b= 2 cosfB(p) visible optimal observable
o+ w(m) optimal observable with SVfit
ThTh a1 + aq Myis(a1,a1) visible mass
ap +m Q(ay,m) combined optimal observable with SVfit
e cosB(p) visible optimal observable (for leading p)
G5 i Myis(m,7)  visible mass
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‘Signal and background definition

c

Right-helicity 2
Signal split at 2
generator level o
L

o

x
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36.3 b (13 TeV)
Do 19 1€

70 f— ”’p ‘:thiets .W+jets

.Z -

‘ Diboson

|III]IIIII|IIII|IIII|III

60 i— QCD multijet D Exp.unc. -4~ Observed
50 & *o
() o i = J
- g -
0T Teesev o0t *
- .
20 g
10 & E
X . .
144
1.2
1.0
0.8
0.6

QCD multijet events
estimated from data using
jet to tau fake rate

Left-helicity
Signal split at
generator level

W+jet background
normalization estimated

from data from high MT
control region
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Events / bin

Obs. / Exp.

Events / bin
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‘Extraction of Polarisation by Template Fit

Fitting data distributions of optimal observables with templates

for Z — 77 signal and background : )
10° 1P 36.3 b (2016, 13 TeV)
fit E b i i
T (data) = T (sig, (Pr),r) + T (bkg) g e B,
W 60F E
. 50;_ -ete _;
Two parameters of interest : 40fee, i
30F  Teesetesetecs * 3
st = TR -
® average tau polarisation (P, ) 108 LS
g 1.4: ]
® signal strength r S Tohen ettt e e

8 os

10 205 0.0 05 1.0
cos B(p)

- T(Z > 157f) + - T(Z = 1, 73)
templates for right- and left-handéd 7
(splitting is done with MADGRAPHS5 spin flag)

Signal templates : 1+ (P,)

T (sig, (P.),r) = 1 1= {Pr)

Background processes :
Z°/y* — e et /u ut , tt + jets, di-boson, W + jets (normalisation from
data) and QCD (normalisation and shape from data)

Closure test : The average polarisation of MC MADGRAPHS is
found back by extracting polarisation with templates

CMS /|
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‘Wiajor source of systematics

Systematic Source - 7 DM Migrations

® Does MC simulation describes
decay-mode reconstruction in data

Well 2 CMS Simulation Supplementary TuTh
. . . . other{ 3803 '362=08 291+£07 134+05 175=x06 @
® Variations of migrations have strong
impact on po]arisation measurement : (MVAD3I\}/ILi1171r())- 13401 23402 07+01 18304 [ReARuW) &
. _
. . . . 3 60
® Problem of normalisation inside 2 5
. % (M\/ADM:31}2)) 1 02+00 06+£00 02+0.0 pEiENENPME 9.3 + 0.2 “ E
categories g g
©
® Discriminant variables are 'q'l; ( h*27r‘;_ 2401 282+03 EEREK 02£00 '401
. . . '] MVADM=2 D
optimised for a given 7 5 “
decay—mode & (MVAD};/T:{()) | ENAENPN 106401 01£00 02400 "
® Define 3 most important migrations : " e i 1o
(MVADM=0) T o
) mBeco - xreCO(h:l: AN hiﬂ'o) y, - - - — B
A\ % o W
° xlieco = xreco(h:I:ﬂ_O RN h:i:,n_Oﬂ_O) & \i’ﬁ\ .\\yﬂ/\
° xli%co — wreco(gh:i: o 3h:|:ﬂ_0) Generated T decay modes N
Parameters z;°“° quantify the fraction of all events in a given
. . . o CMS /|
reconstructed DM ¢ that migrate differently in data compared to MC. 5
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Results of the Average T Polarisation

CMS 36.3 fb' (13 TeV) CMS 36.3 b (13 Tev) Combined Fit in all channels
— — — — ~ oo ‘ |
eu g — eu — —_———— — E—/ -
en |- s i 005
al 7 et - ———— i B :
ep ot _ L
@ -o.10[
a, | -~ - |
a | _ T L _ L
Hd, e HT -0.15 1 l %
e b — E
nn - C
am L i Thlhi- . —0.20:
a.a L
ot . —0.25]
h[ T Combined [~ —e— - r
Combined [~ ! ! ! | | I L .\ I | ! ! H L1 L1 Lo L1 L L ‘ L |
= 05 0 05 03 02 01 0 01 el <13 Te<hi<ez > 22
Average polarization < P, > Average polarization < P, >

(P:)75_120Gev = —0.140 £ 0.006 (stat) + 0.014 (syst) = —0.140 £ 0.015.

P. (Z) = -0.144 +0.015

20,4, (/. . D off

sin? O = 0.2319 4 0.0008 (stat) &= 0.0018 (syst) = 0.2319 = 0.0019.

» Sensitivity is mostly driven by ut channel following by et, ey, and tt.
» No dependence on the pseudo-rapidity of the Z, boson
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» Polarization of T~ leptons in the decay of
Z bosons produced in pp collisions using
CMS detector is presented to an
integrated luminosity of 36.3 fb™1.

» The measured T° |ept0n polarization, OMS (13TeV) | | I
’Pt (Z) =-0.144 1'0.015, IS in good Qﬁﬁ\ijec;ew B . |
agreement with the SLD, LEP and ATLAS “'PEEE’;LQEDE(PD;) ] ]
results. SLD<>

» The measured polarization constrains f;y(’s“iew%
the effective couplings of T leptons to (DECPH' i i}
the Z boson and determines the Ei i
effective weak mixing angle to be & beion - .
sin2 @¢ff , =0.2319 + 0.0019 . 0 X

» No deviation from SM! Improving the o °-15Asymmetry ZZ

sensitivity requires both more data and
more importantly, better
understanding/reducing the systematics.
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Backup
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Polarisation curve

c -0.1
.(% MGS5 2.7.2, lhapdf = 325300 Run 2016: <Pol>=-0.147 + 0.015
-% _0.12 Run 2016: sin®0,, = 0:2308 + 0.0019
D_o. % mass range 75-120 GeV Hl] +ets
o -0.14
© T PDG 2020 SM: :
Cl>> | Pol=-0.1469 + 0.0003
< -0.16 Tominalvalie -
— MGS sin’6,, = 0.22224
[ Asimov: <Pol> = - 0.213| + 0.015 . g
~0.18 —asimov: sin%,, = 0.222l4 + 0.0019 2
N
_02 _— a o
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-0.24 —
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sin®6,,
20..4 v
T T . 2 eff
P.=—A =— ~ —2— = —2(1 —4sin” 655).
v2 + a2 a
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