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Pseudoexperiments
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0121

cMs 197 1TV + 51140 Tev)
T T
012 - x) ~ 22 1
— Observed
ol 1
o.08f 1
0.06]- 1
.04 1
002 1
10 20 30 40
-2 In(LJP/ Ly)
cms 197 0@ Tev) + 51 07 (7 Tev)
014 : 7 T
90~ X@)- 22
ol 1

10 %D 30
-2 % In(LJP ILy)

Various Higgs J%¢
models were tested

Phys. Rev. D 92 (2015) 012004

Page 2


https://doi.org/10.1016/j.physletb.2020.135425
https://www.nature.com/articles/s41567-022-01682-0
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Recap: C and P transformations

C—parity P—inversion

® O

= Replaces wave function of a particle

to a wave function of the = Performs "mirror reflection” of
antiparticle particle’s coordinates

> Ciler) = (") > P ap(e[]) = (e [-7])

> Conserved by strong and > Also conserved by strong and

electromagnetic interactions electromagnetic interactions
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Standard model Higgs boson CP parity

CMs 13 TeV
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> SM Higgs boson is

How to measure CP parity???

> Take a look at Lagrangian:

NP 607,60-68 (2022)

> Let us define: arctan [%] as o' 0 ﬁ;‘:“*ﬁo s 30: J
9 T ¢”,(degrees)
dl’ s
——~1— —b(ENb(E~ — 2aM™
> d¢cp 16 ( ) ( )COS[¢CP «@ ]

> By examining distribution of ¢, one can determine
Higgs CP parity
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https://www.nature.com/articles/s41586-022-04892-x#citeas
https://link.springer.com/article/10.1007/JHEP06(2022)012

H— 77 : current status

CMS Run2 result is: """ = —14+19(stat.) + 1(syst.) 4 2(bin-by-bin) + 1(theo.)* @ 68.3% CL

> This result has a Current result
statistically-dominated uncertainty CMS
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> Run3 campaign will double the
statistics
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> We expect statistical uncertainty for
Run2 4+ Run3 to reduce by 40%

o o
> o
AR A AR

AS/(S+B) weighted events / bin

o
N

R —

=)

L L -
60 120 180

L 11,
240

L L
300 360

9, (degrees)

o

DESY. | H — 77 CP measurement | Stepan Zakharov | DPG Spring Meeting, 7th March, 2024 Page 5


https://link.springer.com/article/10.1007/JHEP06(2022)012

Run2 H— 77 CP analysis pipeline
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Higgs boson decay channels
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Tau lepton decay modes

Object reconstruction

e Particles

e Event properties

e Polarimetric
variables

— Applying corrections* |—p»|

Selection & reconstruction

e Selecting e, Y, T

e Reconstructing Higgs
candidates

e Applying vetoes

Some of the corrections are applied on the
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Measurement itself

Background estimation
Introducing systematic
uncertainties
Performing a fit of ¢ce
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Columnar analysis approach

Inside event loop...

—

Get event from the array

~
)
v
Produce variables ]
J
)
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Check the selection
reqguirements

\

o Explicit ‘for’ loops e Implicit loops
e Loads all variables e Loads variables needed
e High Memory load e Resource-Friendly Code

Save the event
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DESY. | H — 77 CP measurement | Stepan Zakharov | DPG Spring Meeting, 7th March, 2024 Page 7



Using Columnflow for analysis orchestration

O git
é /Analysis version control

Coffea — an analysis code based ‘ o u I I . n

on big data technologies. f
Awkward
QW Array TT—
[ / Iuigl analysis workflow e o3

reating non-square

| ' 2 gt luigi abstractions for data structures N:’ NumPy

t code interpretability .
Array operations

Workflow management

Columnflow task graph
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 https://github.com/columnflow/columnflow/wiki#default-task-graph

Object selection

DESY.

‘ _CMS Experiment at the LHC, CERN
gd: 2018-Jul-17 03:21:01.157638 GMT
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Trigger selection

b-jet veto

M and T candidates
selection

Higgs cand. selection

Extra lepton veto

Di-muon veto

Trigger matching
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-006/index.html

Muon kinematics: data to data comparison
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https://bib-pubdb1.desy.de/record/462769/files/AndreaCardini-CP_measurement_in_Higgs_to_tau_decays-full.pdf
https://bib-pubdb1.desy.de/record/462769/files/AndreaCardini-CP_measurement_in_Higgs_to_tau_decays-full.pdf

Tau kinematics: data to data comparison
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> It took a few hours to process 4
data-taking periods within a year

> For Run2 analysis it required a
few weeks!
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https://bib-pubdb1.desy.de/record/462769/files/AndreaCardini-CP_measurement_in_Higgs_to_tau_decays-full.pdf
https://bib-pubdb1.desy.de/record/462769/files/AndreaCardini-CP_measurement_in_Higgs_to_tau_decays-full.pdf

Summary

> CMS analysis of Higgs CP properties is ongoing

> It targets H — 77 decays

> A new columnar approach keeps proving its efficiency

> The first results of Data to data comparison for UL2018 and 2022 postEE show a stable situation
with the CMS detector
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Requirements for the new Run3 H— 77 CP analysis

> Clear and comprehensive workflow

> Possibility of combination with Run2 data
> Fast reprocessing of the analysis pipeline
> Long-term support of the code
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Theoretical and experimental constraints on Hrr
couplings

Eur. Phys. J. C 82, 604
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Exploring the CP-violating NMSSM:

EDM constraints and phenomenology
Hy SM-like
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The phase ¢,, which measures the CP vi-
olation in the H,77 coupling, as a func-
tion of the mass of the Higgs boson H,.
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https://link.springer.com/article/10.1140/epjc/s10052-022-10528-1
https://link.springer.com/article/10.1007/JHEP06(2022)012

Spin-one and spin-two JP models tested against the SM
Higgs boson hypothesis
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