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* Weak intermediate bosons
* Massive Gauge bosons




WZ production W

WZ is a process of interest for SMP and BSMP @
* Sensitive to charge asymmetries W
* Direct access to Trilinear Gauge Couplings and anomalies z
* Boson polarization (final state leptons)
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Polarization

* Studied in terms of the polarization angle — 6 between

W (Z) boson and 1) Previous measurements of WZ polarization
e Full Run 2 data JHEPO7 (2022) 032
p’ X N (SMP-20-014) - WZ inclusive and
1 = | differential cross section, single
Proton 1 , ~ polarization, charge asymmetry and
P, EFT interpretation
Y < Proton 2
» | © Full Run 2 data (Phys. Lett. B 843
S| (2023) 137895 ) — WZ differential
Z = cross section, single and double
polarization
* Single polarization — Measure W and Z polarization

independently

* Double polarization — Measure W and Z polarization at
the same time
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Single polarization

* Following relation hold for O:
#:sez = %[(1 + c0s?2 0, + 2ccos0,)ff + (1 + cos? 0, — 2ccos 8,) fZ + 2sin? 8, f#]

od C:SO-GWi = % [(1 + cos HWi)szW + (1 + cos HWi)zf}gV + 2 sin? HWi fOW]

* Where f;, fr, fo are the polarization fractions

> f1 (left), fz (right) — Transversal polarizations fitfrtf=1
» fo — Longitudinal polarization
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Due to Z coupling to fermions
of different chiralities

ct — c§
Cc =
¢t + ch
1,
c =5+ sin® O,

* cg =sin® 0O,

Estimation of f7, fr, fo
value according to the

SM — Fit to a quadratic
function of cos(0)




Double polarization

* The i1dea 1s to measure both the W and Z polarization at the same time — Can be longitudinal (0) or
transversal (L, R) polarized too

* But equations become more complicated ...

d’o

d cos(0z)d cos(Ow)

= 4 foo sin®(y ) sin®(0z) + 2for sin’ (B ) (1 — 2ccos(fz) + cos*(0z)) + 2for sin®(Ow ) (1 + 2ccos(fz) + cos?(0))+

4f10(1 F cos?(Bw)) sin®(8z) + 2frL(1 F cos*(Bw)) (1 — 2ccos(0z) + cos*(02)) + 2fr(1 F cos®(Bw)) (1 + 2ccos(fz) + cos*(07))
4fro(1 £ cos®(Bw)) sin*(0z) + 2frr(1 £ cos*(0yw)) (1 — 2ccos(fz) + cos?(02)) + 2frr(1 £ cos® (B )) (1 + 2ccos(fz) + cos*(07))
* Where the polarization fractions are f;;,i € {0, L, R},j € {0, L, R}, verifying

LJj

* To simplify, we consider 4 polarization modes — 00, 0T, TO, TT
Grouping L and R into a single category T




What comes next?

* Estimation of polarization fractions according to the SM — Compare with Run 2 results
* Generation of dedicated polarized MC samples — Simulate different polarization modes:
* Single: W, Z, W Z, WZ,, WZ,,
* Double: W, Z,, W, Z, WiZ,, 7.7+
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What comes next?

* Estimation of polarization fractions according to the SM — Compare with Run 2 results

* Generation of dedicated polarized MC samples — Simulate different polarization modes:
* Single: W, Z, W.Z, WZ,, WZ,
* Double: W,Z,, W, Z, W.Z,, 7.7+

* Plot the distributions comparing data and MC simulations
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What comes next?

* Estimation of polarization fractions according to the SM — Compare with Run 2 results

* Generation of dedicated polarized MC samples — Simulate different polarization modes:
* Single: W, Z, W Z, WZ,, WZ,,
* Double: W, Z,, W, Z, WiZ,, 7.7+

* Plot the distributions at detector level comparing data and MC

* Perform a likelihood fit of the polarized MC samples to data — Obtain measurement of the polarization
fractions

Results from Run 2 analysis

Category Observable Result
N f 0322438
fir 0.183%5:035
, fo 0.245%5634
fir —0.038%0075
fir=1L—1r
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Event simulation

Three stages: L TR /
R R WA C s

1. Generation: 3'\*. 3 --,';ﬁ 5. // -

Matrix element of QFT and hard & \:\\f’\; Parton sh

scattering e
2. Simulation: —_— Scane""*"‘t"*54 f 

Hadronization and detector

simulation

. Reconstruction: Same way as data




Event selection

 Baseline selection

= Strategy inherited from previous WZ analysis — SMP-20-014 and SMP-24-005
* Based on W/Z tagging algorithm — Selects the OSSF pair whose mass 1s nearer m,

*  We define
= One signal region (SR)
= Three control regions (CRs) based on the main
backgrounds — 77, ttX and Conversion
= Four channels (one per flavour bin): eee, eeu, pue, pup

Region Ny  pr{ly, 07, tw} Nossg [m(ly, 65) —mz|  pF'* Ny min(m((, L)) m(ly, 05, by)
GeV GeV) GeV) GeV GeV)

SR _ =3 _>i2515250 _ >l _ _ _ <Lb___2>3%_ =0 _ __>4__ _ _z210_,
ZZCR (=4 >{25152515} >1 <15 : =0 >4 >100
ttZCR =3  >{25,15,25} >1 <15 >35 >0 >4 >100
X+yCR =3 >{251525}  >1 - (<351 =0 >4 <100
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Single polarization

 Studied in terms of the polarization angle — 8 between W (Z) boson and 1©)
* For single polarization — At LO in EW the following relation hold for 0

Due to Z coupling to fermions
of different chiralities

d -
od coas 0, g[(l + cos? 0, + 2ccos0,)ff + (1 + cos? 0, — 2c cos 8,) fZ + 2sin? 8, f#] . Clz - Cé
c; +cg
d — 2 2 .
od Co:(,wi = % [(1 + cos Hwi) i+ (1 + cos GWi) ¥ + 2 sin? 60yt fOW] . ¢ = _% +sin 6,

* cg =sin® 0O,

* Where f;, [z, fo are the polarization fractions = f; + fr + fo = 1

Region Fiducial Total
Lepton definition Dressed (e, p)| Dressed (e, p, 7) A really important fact is that these
N =3 v v quadratic expressions for cos(6)
pr{lL, 02,0, } > {25,15,25} GeV v — N L
(0L 02,0} < {25,25,25) v o distributions are only valid in the Total
Ttz 'Z’NL - 1' T / p region. Once we impose fiducial
= .
60 < m(fL, (2) < 120 GeV v v (phase-space) req.ulremen.ts we lose the
min(m(€, ¢')) > 4GeV v Y parabolic behaviour
m(eL,62,0,,) > 100GeV v -
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