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Introduction

1.

W branching fractions [CMS-PAS-SMP-18-011]

Precision measurement of W branching fractions to leptons and hadrons
Test lepton universality
Comparison to LEP results

. Drell-Yan p_ over a wide mass range [CMS-PAS-SMP-20-003]

Precision measurement of the transverse momentum of lepton pairs in Drell-Yan events,
for different masses

Test scale evolution of parton showers and NNLO, NNLL, ... predictions

Probe transverse momentum-dependent parton distributions (TMD)

. Drell-Yan p_and rapidity in Z + 1 jet events [CMS-PAS-SMP-19-009]

Test bench for NNLO Monte-Carlos


https://cds.cern.ch/record/2758905
https://cds.cern.ch/record/2764470
https://cds.cern.ch/record/2767703

1. W branching fractions — Analysis overview

Use top quark production as a W factory:

b b g b One b jet
z # % o L :
>mw,<tmw Wrmw t w At least one decay to e / p (trigger)
=4 g

ta

q % g tqu wti\mw e/ p/ 1/ hardons decay

b b 4 b Additional jets

35.9 fb?! (2016 data) || WW, tW, WH+jets also considered || T efficiency constrained from data

[CMS-PAS-SMP-18-011]
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1. W branching fractions — Analysis overview

Use top quark production as a W factory

Split in 30 categories based on decay mode and number of (b-tagged) jets:

N, — 0 etT, UT | etT, uT, eT, UT |-t Drell-Yan enriched (1 efficiency)
b —
e ey ee, ;/1] ep _ v
e T IeT, UT gL T
N, =1 ep ee, UL, el << Main regions: tt, tw
eh, uh :
Additional tt, tW
Ie'r, UT etT, UT ||
N, > 2 ee, L, e
eh, uh Here 1 = reconstructed hadronic t




1. W branching fractions — Analysis overview

Use top quark production as a W factory

Split in 30 categories based on decay mode and number of (b-tagged) jets

Further refine as a function of p_ to separate W - gv from W - 1(— £v)v:

CMS Preliminary 359 ' (13TeV)

- & »
CMS Preiiminary 35.9fb (13TeV) CMS Preliminary 3591 ' (13TeV) CMS Preliminary 3591 ' (13TeV)
=+ Expected (prefit) L__IRmM 0 Opcstat, -+ Expected (prefit) B Ztjets 0 Opcstat. 1 04 =+« Expected (prefit) W other et 5| =+-+ Expected (prefit) W other WM ep
104 D'?OSO” (non-Ww) M, L5 Ot postit 105 _— QPD [ other 77 Oy postit Diboson (non-WW) 0 1T, Oiass: 10 Diboson (non-WW) Bl 7T, N oy
- Z+jets - ¢ Data Dll'wson (non-WW) e, ¢ Data N QCD Th EZ Ogppoat EEE QCD T, T2 G pontie
3 I other e y+ets HN ch 1 03 N Z+tjets B eh ¢ Data 4 W Ztjets er ¢ Data
W
10 b N;22,N, 22, Zveto | 10 e+jets: N;24,N, =1 er:N,;=1,N, =1 10 eu: N;=0,N, =0
2 3
10 10

Events / GeV
Events / GeV
Events / GeV
Events / GeV

j v V-V e i,
. 249990 0~Y = e e s

| 0.5 :
50 100 150 200 : 100 200 300 400 25 50 75 100 125 150 175 0.5

...................

20 40 60 80 100 120
pr., [GeV] Pro [GeV] Pr,; [GeV]

P, trailing [G€V]
[CMS-PAS-SMP-18-011]

b
2
2
3
§
S
=
g
s
3



https://cds.cern.ch/record/2758905

1. W branching fractions — Analysis overview

Use top quark production as a W factory
Split in 30 categories based on decay mode and number of (b-tagged) jets

Further refine as a function of p_ to separate W - £v from W - 1(-~ 2v)v

Fit the branching fractions in all categories simultaneously:

Signals Backgrounds
v v
fi(B) = ) sijk(B,0) + ) bij(0)
kesignal T lebckgd

Branching fractions

LBO)= Y X |—vynfy(B,0)+f;(B0)] + ¥ 7(6)

i€channel jebins A 0co

Observed yields

[CMS-PAS-SMP-18-011]
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1. W branching fractions — Main results

Assuming lepton universality

No LU assumption

[CMS-PAS-SMP-18-011]

* Br(W - ev) and B(W - pv)
measured to O(1%)
* Br(W - tv) measured to O(2%)

* Br(W - h) measured to O(0.4%)

* More precise than LEP combination
* Consistent with lepton universality
and the Standard Model

More results:
Rye 1.009(9)
Rye 0.994(21)
Ry, 0.985(20)
Ry, 1.002(19)

5ilVijlz 1.989(21)
IVes|  0.969(11)
as(my) 0.094(33)
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2. Drell-Yan p_ over a wide mass range

Predicting QCD Initial-state radiation requires advanced theoretical tools:

p
Resum?
ete” or -
*
74! p.(2) > 25, 20 GeV
TMD? NNLO?
n(®)| < 2.4
‘ g‘“;::: I 50 <m(2€) <1000 GeV
: 36.1 fbtat 13 TeV
p.(£2) is sensitive to ISR through momentum conservation 2016 data

How does it depend on the mass of the Z/y* ?

[CMS-PAS-SMP-20-003]

See |. Bubanja’s poster for details


https://cds.cern.ch/record/2764470
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2. Drell-Yan p_ over a wide mass range

36.3fb" (13 TeV)
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[CMS-PAS-SMP-20-003]
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2. Drell-Yan p_ over a wide mass range

76-106 GeV.
Z peak region
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2. Drell-Yan p_ over a wic

50-76 GeV

CMS Preliminary 36.3 tb' (13 TeV)
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2. Drell-Yan p_ over a wide mass range

Precision measurement:
50-76 GeV 76-106 GeV 106-170 GeV
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Also provided:

* Ratios with respect to Z peak region: probe evolution directly
e @* distributions and ratios

* p,(£2) distributions and ratios for at least one jet (next slide) [CMS-PAS-SMP-20-003]
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3. Drell-Yanp_inZ + (= 1) jet events

50-76 GeV

76-106 GeV
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3.Z rapidity InZ + (= 1) jet events
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See Q. Wang’s presentation for more V + jets
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Summary

The W and Z bosons are used for precision tests of the SM

In the electroweak sector: W branching fractions

* Measurement using top as a W factory
* Results support lepton flavor universality
* Precision competitive with LEP results

In QCD: Drell-Yan p_ over a wide mass range

* Dilepton invariant mass from 50 to 1000 GeV
» Predictions using TMD PDF describe the data better at low p_(£€)

Z kinematics with at least one jet

* Single and double-differential measurements available
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W branching fractions — More resu

Br(W — pv)

CMS Preliminary

359 ' (13TeV)

0.120

ts

+ CMS
0.115 SM SM SM x ;fnp
0.110 *./ \% / é *
0.105
0.105 0.110 0.115 0.120 0.105 0.110 0.115 0.120 0.105 0.110 0.115 0.120
Br(W — ev) Br(W — pv) Br(W — 1v)
CMS LEP p
B(W = ev,) | (10.83+0.01 £0.10)% (10.71 + 0.14 £ 0.07) % .
B(W — yVﬂ) (10.94 +£0.01 +£0.08)% (10.63 +0.13 + 0.07) %
BW — t7v;) | (10.77£0.05+0.21)% (11.38£0.17£0.11) %
B(W — h) (67.46 + 0.04 + 0.28)% -
with LU
B(W — (v) (10.89 £0.01 £0.08)%  (10.86 4+ 0.06 - 0.09)%
B(W — h) (67.324+0.02+0.23)% (67.41+0.18+0.20)%
CMS LEP ATLAS
Ry/e =B(W — ]JUH)/B(W — ev,) | 1.009 +0.009 0.993 £ 0.019 -
R;/e = B(W — 11, )/B(W —e?,) | 0.994+0.021 1.063 + 0.027 -
RT/V =BW — tv,.)/B(W — y%) 0.985+0.020 1.07040.026 0.992 +0.013
Ry 1.002 £ 0.019 1.066 £ 0.025 -
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