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Project Introduction

e In the Standard Model (SM), the W* boson couples
to left-handed fermions via the weak force, with the
most common decay modes being W — #v.

» That being said, additional decay modes exist, such
as the exotic decay W — ¢¢¢v. Our goal is to
observe and measure the branching ratio for this
decay, and possibly explore related phenomena
R%ng the Standard Model (BSM) using data from

« ATLAS has never explicitly measured the branching
ratio of this decay, hence a welcome addition to the
checklist of precision measurements by the
experiment.

Figure: PRD 10, L111302
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111302

Why study this decay?
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The SM Answer:

« ATLAS during Run 3 has taken a significant amount of data:
« L =140, 0(pp - W) =~ 0(10) nb = 0(10%) W* bosons (even
more with HL-LHC)
« Past and current accelerator experiments have already taken
measurements of other rare W decays:
e WE > 1 (CDF and CMS)
e Wt 5 gt t (CMS)
» ATLAS combined search for Wt - nty, Wt - K*y, WE - pty

 Final-state #¢¢v has been used as a signature of vector boson
production; why not look further?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/index.html#ATLAS_a_SMSummary_TotalXsect
https://doi.org/10.1103/PhysRevD.85.032001
https://doi.org/10.1016/j.physletb.2021.136409
https://doi.org/10.1103/PhysRevLett.122.151802
https://doi.org/10.1103/PhysRevLett.133.161804
https://link.springer.com/article/10.1140/epjc/s10052-019-7027-6

The BSM Answer:

« Many possible BSM searches could
also be performed by looking more
closely at this decay:

« Heavy neutral lepton (HNL) AKA o
sterile/Majorana neutrino
« Dark photon HNL production (Source: ATLAS)

« Axion-like particle (ALP)

e All of these require more
thought/pheno work before we
commit to them, main priority for
now is the decay itself!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061803

Team

 Prof. Junjie Zhu: main supervisor, leading “aerial view” of analysis so far
e Tairan Xu: postdoc, supervising details & framework of the analysis

« Runxuan “Max"” Wang: graduate student, assisting me with reco-level
analysis and framework setup

...& more to come!
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Work so far...

non-OR

« To understand expected yield for this — OR

decay, simulated truth-level Monte Carlo
(MC) events in MADGRAPH/POWHEG + PYTHIA,
then generated cutflow/plots in Rivet.

* Final cutflow efficiency of 3%, leading
to 0(10% - 10%) expected events.

 Able to extract signal events from our
leading background, WZ, by imposing
series of kinematic cuts, most importantly
an “on-shell region” (OR) cut at the W
mass:
my — ZFW < Mypppy < myy + ZFW
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Next Steps...

« Now, focusing on
reconstruction-level

(including detector effects)
MC plots focusing on most

prominent backgrounds
(WZ,ZZ,Vj,Wy). Involves

adapting/repairing software

framework from a prior

analysis for this project, as
well as parsing MC data for

this analysis.
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MC Production

Ntuple
(basic kinematic
vars.)

AnaSkim

(generate higher-

level data)

DAOD
(Derived Access
Object Data)

MasterShef
(converts to
readable Ntuples)

Ntuple
(now has my,y,
Mypppy, €XC.)




Next Steps...

*: normalised to total prediction

ATLAS Internal --- 7.4 x Signal *
fs =136 TeV, 166 mwz
MC : : mzz
o Preliminary : U .
* Now, focusing on Preiminar | ~ Uncertainy

reconstruction-level
(including detector effects)
MC plots focusing on most
prominent backgrounds
(WZ,ZZ,Vj,Wy). Involves
adapting/repairing software
framework from a prior
analysis for this project, as
well as parsing MC data for TR
this analysis. ™ (G
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Issues/Difficulties so far...

« Many steps/lots of time to convert MC files on the grid to
usable/plottable Ntuple files; helped by parallelizing or outsourcing
jobs via HTCondor/PanDA.

« A few irreducible backgrounds such as WZ or Wy that we hope to
suppress during the analysis.
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Goals

 Successfully kick off analysis under Standard Model Working Group at
ATLAS

« Advance progress in analysis as far as possible, including but not
limited to object definition/event selection, as well as background
modelling/suppression through both data-driven and machine
learning approaches

 Using machine learning (DNN) for classifying signal vs. background wiill
be new territory, should be exciting if our work gets that far!

 Overall, learn more about what goes into an analysis for ATLAS (or
more broadly for HEP): using ROOT, fitting/plotting, statistics, etc.

EXPERIMENT M

ATLAS




(-
D O
Y
O O
> 2w o
9 O
)
< 3 %
= 2 C o C o
v - = 5
U o o o o o o

T
.-m_r_;_.ﬁ.."umza_, .__;@. ,




Backup
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Cut O Cut 1 “Parton Level” Cut 2
n(f) =3 pr(f) > 3 GeV pr(f1) > 20 GeV Cut 3 Cut 4
n(v) =1 n(¥) < 2.5 pr(f2) > 10 GeV | my > 4 GeV | mype < 80 GeV
myee,, check for OR AR(f) > 0.2 pT{( ) > 5 GeV

WZ — llv, mye, € OR 23643 (100%) 3829 (16.2%) 57 (1.93 '7 ) 332 (1.40%)
WZ — v, mew, ¢ OR 21913 (100%) 6191 (28.3%) 4166 (19.0%) --1[_]2[_] ( lc_‘:s..3 Z;:- ) 339 (1.55%)
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*Br 937 :FourLeptonVerticesAuxDyn.x : vector<float>

*Entries 120000 : Total Size= 1749492 bytes File Size = 352727
*Baskets 477 : Basket Size= 10240 bytes Compression=  4.93
3060000080000 050800606000008600000608000000086000008008600000660006080000600000008
*Br 938 :FourlLeptonVerticesAuxDyn.y : vector<float>

*Entries 120000 : Total Size= 1749492 bytes File Size = 352636
*Baskets 477 : Basket Size= 10240 bytes Compression=  4.93
3000000000000 050800060000080000060800000006000800008600000080008000000080000¢
*Br 939 :FourLeptonVerticesAuxDyn.z : vector<float>

*Entries 120000 : Total Size= 1749492 bytes File Size = 353606
*Baskets 477 : Basket Size= 10240 bytes Compression=  4.92

*

.

*Br 940 :FourlLeptonVerticesAuxDyn.vertexType : vector<short>
*Entries : 120000 : Total Size= 1750515 bytes File Size 347723
*Baskets : 477 : Basket Size= 10240 bytes Compression= 5.01
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L 3
*Br 121 :truth_nu_pT : truth_nu_pT/F *
*xEntries : 1216186 : Total Size= 4868507 bytes File Size = 4351847 *
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.12 *
s 2
*Br 122 :truth_nu_eta : truth_nu_eta/F *
*xEntries : 1216186 : Total Size= 4868545 bytes File Size = 4533237 *
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.07 *
AP
*Br 123 :truth_nu_phi : truth_nu_phi/F *
*xEntries : 1216186 : Total Size= 4868545 bytes File Size = 4511758 *
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.08 *
P
*Br 124 :truth_mll : truth_mll/F

*Entries : 1216186 : Total Size= 4868332 bytes File Size =

*Baskets : 33 : Basket Size= 382976 bytes Compression=
*--o--oo--o--o--oo--o--o--oo-oo--o--oo-oo--o--o--oo--o--o--oo--o--o--oo-oo--
*Br 125 :truth_mlll : truth_ml1l/F

*xEntries : 1216186 : Total Size= 4868469 bytes File Size = 4319943
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.13

K e e e e e e e e et e e e e
*Br 126 :truth_mlll_t : truth_mlll_t/F

*Entries : 1216186 : Total Size= 4868545 bytes File Size = 4284604
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.14

K e 4 et e e e e e et e e e e e e e e e e e e e e e e e e
*Br 127 :truth_mlllv : truth_mlllv/F

*Entries : 1216186 : Total Size= 4868507 bytes File Size = 3855433
*Baskets : 34 : Basket Size= 382976 bytes Compression= 1.26
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