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> AREBIELRAT LSRR S
B 5 ARV BRI SE RS MAITH %, B0 g MRS A AR R 2 I, B P BRI DR 433 2 P

> BEECPURI BT RR, (E5MAFHERR G TS F AR SBOHRB RS
> BRYNEEIHMT ORI R BRSPS, EZRIFTHOTERZ R

> A TR AR RON A SRR LT %R, ROOTHIBAJF R T BRI ) RDataFrame JE
RDataFrameXZ #ffaNZLAE, RESLBUM P EWMIFAT, 0PI RBEAFGEIR, (R R AR
RDataFramesZ ¢/ I X dife, RER KL HT RS
RDataFrameffit 7 — AR 4% 1, FT-20 4 DA ROOT A% Ui H At B it% s A7 ik i B

import ROOT
ROOT.EnablelmplicitMT()
# Proceed with the rest of the analysis

SINEEZ 75 —ITRIS RSB cut, &SRR, mE; HARSZ3

h = df.Define("pt", "muon_pt[abs(muon_eta) < 2]").Histo1D("pt")



el

df = ROOT.RDataFrame(dataset) e Open this dataset

RNTuple
csv
SQLite
Apache Arrow
Numpy/Awkward Arrays

v

> RDataFrameZ} #rfCHYS

@ [ Derived quantities/observables |
df = df.Filter("x > 0")\

e Make a cut

» .Define("r2", "x*x + y*y") e Create a new variable

rHist = df.Histo1D("r2") Make histogram

auto h = df.Define("pt", selectPt, {"muon_pt", "muon_eta"})
.Histo1D< >("pt");

———— > df.Snapshot("newtree", "out.root") e Save datato file
selectPt( &pt, &eta) {
return pt[abs(eta) < 2];
> ¥ F¢C++8&python }
h = df.Define("pt", "muon_pt[abs(muon_eta) < 2]").Histo1D("pt")

> ETAESHIHT o — e

_— — task1 —
k2
o BTSSP —E Fl entries _— [2s

RDF result
Thread 2

* Intel TBBAE AT 55 0 BE 28 FI 2R FE 1 45 2L 8

—> [ask3 —

Ay
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> F:FRDataFrame Lk TAEAEE B R RBRL T LR BRI T ZMH

L/ bR S RE B Ty B 286 b B2 43 & RDataFrame 43 #F  (CMS. ATLAS. ALICEs FCC...)

B 2 3L FRDataFrame T & P B 4 AT HEZE  (bamboos CROWN. FCCAnalyses...)
KRFekeydhepit R FF K 3 T-RDataFrame [ FI4HHE 43 HrHEZE K4 Analyses
> RCEPCIEVHFF & FT RDataFrame i Hy B 73 B HESR =22 B PN B Tk B
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RDAnNalysis

C++ library

ROOT::RDataFrame

T1T111

EDM4hep

PYyROOT

> EREARLGH

JRZHNERIE . S TR

Ct+ library: 3 Mrep B RAY, AMERZESR O, BROZFIESE
Python: RDataFrame}#frill FIARHES, JHRISMBCHEMFE (i
I )

> ERIFEAR

TEREN B 4% 0
SINYEL 4y A T H, 38 3 % #1l & #2 J¥ MarlinKinfit,
jet clustering T. H.FastJet
R SLA3 M P B 28 AL
> BITHIR
. CMake:3.16.9
ROOT:6.26/8

Python:3.10.8
gee:11.2.0
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> Phete- ->H(2jet) mumuy Fil S+ ZHER BT R TAE
+ BURIRBARLCION s HA o AROOT 4L
+ BIBRmuon K RIARL THH A Jet clusteringFL i, A Jet
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ROOT Data
(EDM4hep)

__________________________________________

> WEEBER
FMFHK4LCIOReader, iz \Marlindij= 4 fLCIOEHE I #E# i ROOTE % (EDMd4hep) , fit)5 &40 #rfd H
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LCIO Dat k4LCIOReader
ata -
PodioDataSvc

» JetClustering

o FLFFastlet(3.4.0)8 4, FERDAnalysistt 37 Fykt, Cambridge/Aachen, anti-kt, % eektZE]JetClusteringi&yk:
» Kinematic fit

o FTFMarlindt fyMarlinKinfit#k 4, FERDAnalysist1 37 FOPALFitterfiNewtonFitter fjffiiz Zh 243 & E
> R

o Y% nicmakerp § A\ /M JEFastlet, MarlinKinfit

«  FELinkDef hr 75 By 43 A i Pl Bidi B9 2%, Wiclustering ee kt, clustering antikt, LeptonFitObject, OPALFitterGSL

©  FECHHE o SUfH il etClustering M1IZE 3 2236 Y BIAH 5% 4% 1 % B R A



N 2B ( ete- ->H(2jet)

> TR EpythonfURS
+ HITRDawFramess S BTG, AAHRER RIS B i

ROOT as cepc_ana

0s
cepc_ana.gSystem.Load(
load=cepc_ana.f() - , S T S 1
cepc_ana.ROOT.EnableImplicitMT (1) > H%ﬁ%fﬁ%ﬁqﬁ (122}07&‘)
df = cepc_ana.RDataFrame( ,
dfl=df.Define( , » Cut muon

Ste 1 .Define( ,cepc_ana.get_lep_px(

p . i ,cepc_ana.get_lep_py(
. . . ,cepc_ana.get_lep_pz(
]etClusteI'lng.py . i ,cepc_ana.get_lep_e(

1 PEcluster By FH-Keki 15 A\

Define(

-Snapshot ("« § 4%-C]US‘[€I‘*?§':_ZL‘:UEI(1]'€M%@

df = cepc_ana.RDataFrame( .

dfl=df.Define( ,cepc_ana.sellep(
.Define( ,cepc_ana.get_lep_px(
,cepc_ana.get_lep_py(

Step 2 ,cepc_ana.get_lep_pz(

,cepc_ana.get_lep_e(

Kinfit.py

> i AR ZR2jet2muonfiiis g Al A

.Snapshot(

df2 = dfl.HistolD((

h = cepc_ana.TCanvas()
df2.Draw()

h.SaveAs( )




PEREN A ( ete- -> Z(mumu)H )
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PEREN A ( ete- -> Z(mumu)H )

> Plete- > Z(mumu)HR4], HHFERZ2ZmuonE B higgs I vk B

YRR WA AR 80 DS23%— B RY Bkt
S 20000 ; -
AR 0018G 103G 289G ' gf
M Clusters# | 36 03 7 i
Bt 358G 358G 358G

Threadss IIIII T;lreaclis N
> EETIHHEY S5 (jnws052)
Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz
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UEBEEBRZHCPUZEAENRE S
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> Jet clustering{t:gEXY kb
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PERBIIA, ( ete- ->H(2jet) mumu )

> Phete- ->H(2jet) mumu | 38ERDAnalysisH jet clustering It 32 Zi P ST F
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PERBIIA, ( ete- ->H(2jet) mumu )

CPUF XL EHN T INENRBELEHN T
Data Set o o
iz 51 S
BAASSZAE RN 3.1G % 1 %
B Clusters%h 104 § i1
Bt 156G =

Threads Threads

CPUFI FRFEL R T LE. FEELERES, CPURARMIEEHE .
INERREEEHNTHE . ELERRESN, HTFCPUFARTHRMERCPUZ EERENFEREN,
FInEBR ThE.
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> AR IZ AR BIT LAE, ST RDataFrameJF RIF1T P HrHER

> ACEPCH RFETFRDataFramefF£47 - HiHESR
RIS T HEZR B S5 50
RRERTE R T — RBN M T A BIE R R RN, 5INB 3% E R etClustering®h f: B3k 7 A %0
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TERE
> P RYWSIER, MAESYHSHFREE, MJetTagging, VertexFit
> #) ETFRDataFrame/pATHERAEH N R RELWCEPC, STCF, BESII_E /5
KR!
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Loading C++ libraries with dictionaries

For larger analysis frameworks, one may not want to compile the headers each time the Python
interpreter is started. One may also want to read or write custom C++/C objects in ROCT files, and
use them with RDataFrame or similar tools.

A large analysis framework might further have multiple libraries. In these cases, you generate
ROOQOT dictionaries, and add these to the libraries, which provides ROOT with the necessary
information on how to generate Python bindings on the fly. This is what the large LHC
experiments do to steer their analysis frameworks from Python.

For more information on how to generate ROCT dictionaries, please refer to this section of the
manual.

Once the library with dictionaries is available, load it with high-performance C++ in one step:

import ROOT

ROOT . gSystem.Load( " . /libAnalysislib.so")

https://root.cern/manual/io_custom_classes/#using-cmake
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RDataFrame’s parallelization scheme

Thread 1
5 [task 1 partial ||
k) —— | result

Thread 2

[For esit]]

——» ftask 3 —

Task-based parallelism

each task processes a range of entries (thanks to inherent independence of HEP events)

cannot overcommit, plays well with e.g. experiment frameworks

range granularity is the same as TTree compression’s to avoid redundant decompressions

Intel TBB is currently ROOT's task scheduler and thread pool manager

RDF parallel writing is also task-based, see CHEP 2018

R



Wide adoption from analysts 0 - RDF as a framework building block

L : R ) Some examples of analysis software based on RDataFrame
e Distributed analysis with RDataFrame in TOTEM (Avati et al., 2019)

e Dark matter sensitivity study (Pani & Polesello, 2018) .
e ATLAS: prototype xAOD data source (EEIEE T EETED L
e ALICE: Apache Arrow support contributed by G. Eulisse ¥
e FCCis developing workflows based on RDF o Locollorame AlAS Sy 1)
(C_Helsens, “General status and plans”, FCC week 2019, slide 20) ¢ (‘Latinos’ CMS framework planning transition to RDF)
o Building block in INFN analysis faclity effort e narf(recent (all)
e many users “in the wild”: hundreds of threads tagged #rdataframe on the ROOT forurm, =
about the same as #tree and #hist
ROOT::EnablelmplicitMT(); e Run a multi-thread event loop
ROOT::RDataFrame df(dataset); o on this (ROOT, CSV, ...) dataset
Tree/TChain : auto df2 = df.Filter("x > Q") oo only accept events for which x> 0
Ao o ’ Define("r2", "x*x + yry"); define r2 = x? +y?2
e J auto rHist = df2.Histo1D("r2"); oo plot r2 for events that pass the cut
df2.Snapshot("newtree", "out.root"); - write the skimmed data and r2

to a new ROOT file
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