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STCF(Super Tau Charm Facility)

PIEEE: BEIETRT. KSEXYIETE.
- BLSE: BEEEREE 2 - 7 GeV, IFERERIA0.5%
iEHkE . BELHIRELNTE, BFFRIRSIEEXHFPBA.
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OSCAR(Offline Software for Super Tau-Charm Facility)

~ ™)
OSCAR Framework
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CME (GeV) | Lumi (ab™") Samples cr(nb) | _No of Events | Remarks
3.097 1 Jiw 3400 3.4 x 107
OSCAR . 3.670 1 T 2.4 24 % 10°
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ROOT

ROOT::RDataFrame: FE T JRfE . RS e—

Def; histograms,
/”_—%&e : - " profiles
e sl  new ROOT files
ROOT ;
csv T '3 cut-flow reports
Apache Arrow :
[ ATLAS’ XAOD ]  data reductions
[ LHCb’s MDF ] x - ' ~ (mean, sum,..)
. - " any user-defined
| operation
. FIHRGIEER: BRRESASESTER (M4 ) , FERUE " fRg=ile ROOT Sua
EHURRERD. BEREHEERTI ( "RAM ) . v P&

-+ [RRRERIE v ETERRK

import ROOT

import ROOT df=ROOT.RDataFrame("myTree", "myroot.root™)
ROOT.gSystem.Load(path/to/myLibrary.so) newdf=df.Define("p","p_x*p_x+p_y*p_y+p_z*p_z").Filter("p>10").HistolD("p")
ROOT.gInterpreter.Declare('#include "myLibrary.h"") newdf.Draw()

df=ROOT.RDataFrame("myTree", "myroot.root")
newdf=df.Define("p", "IComplexcalculation(p_x,p_Vy,p_z)|).Filter("p>18").HistolD("p")
newdf.Draw() 8




ROOT::RDataFrame:FH47=CI) i At Fromewark

Thread 1

> Intel TBB PIGIRRE: MERERIntel TBBH/TE, SIMESMESITN SELRE.
> SBEMBTL: TSEIDEECPUSROIVT, ROREEEEREF teEmx, — V5T
> BHFREAES: BARLESEHTHE, NERBEIREH TR

ROOT: :EnableImplicitMT(); // Enable ROOT's implicit multi-threading



RDFAnalysis (RDataFrame analysis framework)

- WESXIS: RRHEMEESILE C++ REEOSHESM0 Python LEED, FEMTESERSHRREM®.
o BO¥IBT EEER): 93 Vertex Fit, Kinematic Fit. GlobalPID #i()EaSESHT T E.
- RAFREERRD: Lo taRSRFRSIAERIRERNG, ERARAFREHFEER,

- RDFAnalysis N

C++ (OSCAR) Python (User Analysis code)

C++ (OSCAR ) Link.h

ROOT::RDataFrame s

QOOT ] [PyROOT } [Vertex Fit J [Kinematic Fit ] [Global PI[)
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RDFAnalysis #1511

RDFAnalysis

ROOT RDataFrame

RDataFrame

H%HHH use
HH""'"\\
VertexFitUtil interface inematicFit interface \
e | - GlobalPID : R e o
VertexFitUtil SelectUtil 5 TrackParamHelper KalmanKinematicFitObject KinematicFitObject
| ® xgboost_pid_classify(...)
use use use use use use use
VertexFit package ata Layer KinematiXtFit package
\ 4

.SecondVertexFit' VertexFit‘ DataModel

KalmanKinematicFiti iKinematicFit
| |

> TrackParamHelper: 32080 EN, IREEENSTSE0E, BCIBEEERRE.
> VertexFitUtil: S IimlEz0&Ex, BEEAEPEO,
> KinematicFit: SCHEIZFARINSTINEE, BEAFEO.

> GlobalPID: HIEEN, FMASFHRNEES, HMETNTLEIINE, )



RDFAnalysis #[11%11: KinematicFit VertexFit

» OSCAR Jacobian
matrix
Track: Track:
STCF LP.OS and mom of first re% ‘ Helix parameters }

RecData | hit and its cov matrix and its cov matrix l [Ve rtex fit an d]

Obj layer i Kinematic fit
Photon:
Position and energy | . Poca:Point of Closest Approach

in calorimeter

> RDFAnalysis

/Track :
o | data transformation S Track: — > Get Fit Object—> Fit
e il same as OSCAR WTrackParameter
STCF —> Parameter _ - ] ] o
RecData Eae 4 Photon: Brorar Vertex Fit and Kinematic Fit
e Position and energy > AddTrac(I)( ?nr;érface
- \_in calorimeter 12




RDFAnalysis #[iz1T: GlobalPID

> ERNEREUET, SRFDDEE—ME—HY TracklD’

1 event
> GlobalPID J&1d "TrackID" HEARERNZFAIEHEREE K |
> FRENE S Track3IMAYdEdX, BTOF, DTOF, MUD, ECAL, Track{S& S
> REUSHEE N ST |
> SRIPIDERIER: SRIFHEER F L j

y
BTOF ECAL

> ENEEHPIDLERIHYRIE
> EM&??%@%1¢ xgboost.model
> NSRRI |

Vector probs

df2= build _pid chain("Tracks",dfl)

GooTrk=df2.Define("GoodTrackCondition","pi_prob > k_prob && pi_prob > mu_prob")\
.Define("GoodTrack", "Tracks[GoodTrackCondition]")

13
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IEETA:

ROV RE A B

# 1. WELESVIHN

config = {"input_file": "...", "model path": "...", "thread":4}

set_model path(config["model_path"])

ROOT.EnableImplicitMT(config["thread"]) >

# 2. HdEuEL (RDataFrame)

df = ROOT.RDataFrame( , config["input_file"])

# 3. ikt & PIDHT

dfl = build track chain(df, 2)

df2 = build_pid_chain( , dfl)

# 4. WFRIANTRE (i)

df3 = df2[Define( ; N /
Define( s )\
.Define( , N >
.Define( , )\
.Filter( )

# 5. R 5iEsia s

df4 = df3|Define( , get wtrack( , 2D\ | —
Define( , get wtrack( , 2))

df6 = df4.Define( , get vfit( , N\
.Filter( )

df7 = df6.Define( , )\
.Filter( )

# 6. 454

df7.Snapshot( , > [ s eee])

Global PID

> IRE TR

> RIFRFRSRIAR
> spuss

WTrackParamter

YIRS TiAEE]

PID,cutd0,cutdz,charge

RDataFrame
input.root

energy,position,angle

Define Define
Good Good gamma
chargetrk ¢
= F:I':]e_r 1 Filter
RIS ngammas =2
mpip=1
¢ kinematic fit match
Define
Vertex Fit Define
l goodgamma
Filter Filter
fit success ng=2
Define
Kinematic
Fit
Filter
fit success
Define
mass,chi2
Snapshot
outputroot

https://qgit.ustc.edu.cn/oscari/rdfanalysis



https://git.ustc.edu.cn/oscar1/rdfanalysis

Events
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Statistical Summary
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2R A E”

# 1. HHEEEEUSHEYIIRtE

df =ROOT.RDataFrame( s )
# 2. RIBZHGE XL (JRER)
df = df.Define( ,
.Define( ,
.Define( s
# 3. K70k SR A
df = df.Define( ,
.Define( ,
# 4. MEE
df = df.Define( ,
.Filter( )
# 5. BIFEAE
df = df.Define( ,
.Define( ,
# 6. 4iRfih
df.Snapshot( s [ ,

-1)

https://qgit.ustc.edu.cn/oscar1/rdfanalysis

RDataFrame
input.oroot

cutd0,cutz0,cutcostheta,Pmax,Pmin

Define
candidatetrk

A

Filter
ngt>=4

I
vertex fit match

\
Define
AWtrk

pim,pp pip,pm
\J \i

Define Define
Vertex Fit Vertex Fit

e Filter Filter Lfine

o fit success fit success il
VertexFit VertexFit
+ Define I Define +

Filter mass Define mass Filter
fit success KalmanKinematic fit success

! i '
Define Define

decaylength i decaylength

fit success

\

Define
mass,chi2

My Snapshot YW
gl outputroot J

YIRS HTAEE
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https://git.ustc.edu.cn/oscar1/rdfanalysis
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Statistical Summary
RDAnalysis Entries: 4505481
Mean: 1.115254
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Statistical Summary
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« 20k events

250

200 192.2
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—
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=
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50
Q ] ]
0 g H
OSCAR RDFAnalysis 1 thread 2threads dthreads Bthreads Bthreads

thread

> AGfE T, EERERETT251%
> ZIRTHIREEIREMES ARSI THITIES, 8542 NERRRAAHE
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- HESRREINAE: ETRDataFrameSCINSTCFHATIIRSHTIESE, SERkIumING. Eai=lE. GlobalPIDITE

« YMBIEFRMISE: /7 - °, / - M OITERSIMBOSCARKE—E, R TS e SEeaERmE
- BEMEIRA: AZEENE TN EEEREUES TR

- ARPRFBEORT: XFEEPEUREE, IRKER TIEERERSTH A Ik

- BEBLREISER: FANEYIESHERSIEER, HASIEEESIEEE, H—CRBRBIEZRMREE
- THAESW R 158 D-taggingE BB TR, THEIELRNEEHRIE, BERSRnE

21
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IEETA:

F e # 6. MRS (EAEKED)

df = ROOT.RDataFrame("events", config["input_file"]) df6 = df5.Define("vertexfit”, get vfit("pipwtrk”, "pimatrk”))\

¢ TSR] (MeFFrEiE) .Filter("vertexfit.Fit(@)", "vfitec")\
df_with_index = df.Define("event_index", "rdfentry_ ")\ -Define("chi2v", "vertexfit.chisq(@)")\
.Define("n_reconstructed_particles", "ReconstructedParticleCol.size()")\ -Redefine("vertexfit”, "VertexFitUtil::update_vfitData(vertexfit)")\
.Define("n_tracks"”, "TrackerRecTrackCol.size()") .Define("kwtrk", "VertexFitUtil::get_forkfit(vertexfit)")\
.Define("goodnwtrk", "VertexFitUtil::SelectUtil::select_Neuwtrk_forkfit(nwtrk, kwtrk[8], kwtrk[1])"

# 1. kiR (FERERED) .Filter("goodnwtrk.size() == 2", "gn")
dfl = build track_chain(df_with_index, config["hypo_index"])

e

# 7. BEIFEIUE

df7 = df6.Define("kfit",
"KinematicFitObject(3.097, kwtrk, goodnwtrk)(2, 2)")\
CFilter("kfit->Fit()", "kfit")\

# 2. PID o (EAEHEO)
df2= build pid_chain("TrackerRecTrackCol",df1)

# 3. WRIEEE

df3 = df2.Define("GoodPimtrk”, .Define("m_mrho_beforefit", "VertexFitUtil::get_massbeforekfit(kfit, @, 1)")\
frabs(trk_de) <= {config['vrCut']} && " .Define("m_mrho_afterfit", "VertexFitUtil::get_massafterkfit(kfit, e, 1)")\
f"abs(trk_z8) <= {config['vzCut']} && " .Define("m_mpi®_ beforefit", "VertexFitUtil::get_massbeforekfit(kfit, 2, 3)")\
f"trk_charge <= @ & pi_prob > k_prob && pi_prob > mu_prob")\ .Define("m_mpie_afterfit", "VertexFitUtil::get_massafterkfit(kfit, 2, 3)")
.Define("GoodPiptrk",
f"abs(trk_de) <= {config['vrCut']} && " ¥ WHER (B&5FM4Es)
f"abs(trk_z@8) <= {config['vzCut']} && " df7.Snapshot("events”, config["output_file"], [

f"trk_charge > © && pi_prob > k_prob && pi_prob > mu_prob")\
.Define("probpim_pi", "pi_prob[GoodPimtrk]")\
.Define("probpim_k","k_prob[GoodPimtrk]" )\

.Define("Pim", "TrackerRecTrackCol[GoodPimtrk]")\

"event_index",
"n_reconstructed_particles"”,
"n_ tracks",

.Define("Pip", "TrackerRecTrackCol[GoodPiptrk]")\ "pi_prob”,
.Filter("Pim.size() == 1 && Pip.size() == 1", "goodtrk")\ "k_prob”,
.Redefine("probpim_pi","probpim_pi[@]")\ "mu_prob”,
.Redefine("probpim_k","probpim_k[&]") “Erk der
“trik . ze",
# 4. FREY WTrackParameter "trk_pt",
df4 = df3.Define("pimwtrk", get_wtrack("Pim[8]", config["hypo_index"]))\ "m_mpi@_afterfit",
.Define("pipwtrk", get_wtrack("Pip[@]", config["hypo_index"])) "m_mrho_afterfit",
¢ 5. PHEDEE e
' el "probpim_pi",
df5 = df4.Define("nwtrk", .
"probpim_k"

f"VertexFitUtil: :SelectUtil: :select_Neutral_Tracks("
f"RecECALShowerCol, RecExtTrackCol_4, RecExtTrackCol, 2, {config['dangCut']})")\ D
.Filter(f"nwtrk.size() >= 2", "neutral tracks")

23



Analysis Codes and Python scripts for /

dfl = df.Define("event_index", "rdfentry_")\

.Define("trk_de", "TrackParamHelper::getD@ForHypoPivotIP(TrackerRecTrackCol, TrackerHypoTrackCol, 2)")\
.Define("trk_ze", "TrackParamHelper::getZ@ForHypoPivotIP(TrackerRecTrackCol, TrackerHypoTrackCol, 2)")\
.Define("trk_theta", "TrackParamHelper::getThetaForTrack(TrackerRecTrackCol, TrackerRecTrackCol_ 1, 2)")\
.Define("trk_mom", "TrackParamHelper::getMomForTrack(TrackerRecTrackCol, TrackerRecTrackCol_1, 2)")\
.Define("GoodPtrk",f"abs(trk_de)<1e8&abs(trk_z0)<30&&abs(cos(trk_theta))<@.93 &8&abs(trk_mom)>@.5")\
.Define("GoodPitrk",f"abs(trk_de)<10&8&abs(trk_ze)<3e&&abs(cos(trk_theta))<@.93 &&abs(trk_mom)<@.5")\
.Define("TrackerP","TrackerRecTrackCol[GoodPtrk]™)\
.Define("TrackerPi","TrackerRecTrackCol[GoodPitrk]")\

.Filter(f"TrackerP.size() >= 2 && TrackerPi.size() >= 2","goodtrk")\

w o

.Define("Pcharge”,"TrackParamHelper::getCharge(TrackerP)")\
.Define("Picharge","TrackParamHelper: :getCharge(TrackerPi)")\
.Define("TrackPm","TrackerP[Pcharge<@]")\
.Define("TrackPp","TrackerP[Pcharge>@]")\
.Define("TrackPip","TrackerPi[Picharge>e]")\
.Define("TrackPim","TrackerPi[Picharge<e]")\

.Filter("TrackPm.size()>=1 &&TrackPp.size()>=1&&TrackPip.size()>=1&&TrackPim.size()>=1","track")

df_wtrk=dfl.Define("wtrks","VertexFitUtil::SelectUtil::select_WTP(TrackPp,TrackPim,TrackerHypoTrackCol,4,2,5,2,8,true)")\

.Filter("wtrks[®].size()==1&8wtrks[1].size()==1")\
.Define("Pp","wtrks[@][@]")\
.Define("Pim","wtrks[1][0]")\

.Define("Pmpipwtrks","VertexFitUtil::SelectUtil::select_WTP(TrackPm,TrackPip,TrackerHypoTrackCol,4,2,5,2,8,true)")\

.Filter("Pmpipwtrks[@].size()==18&Pmpipwtrks[1].size()==1")\
.Define("Pm", "Pmpipwtrks[@][@]")\
.Define("Pip", "Pmpipwtrks[1][@]")

df2=df_wtrk.Define("Vertexfit_p pi", "VertexFitutil::get_vfitObject(Pp,Pim)")\

.Filter("Vertexfit_p_pi.Fit(e)","lamdvfit")\
.Redefine("Vertexfit_p_pi","VertexFitUtil::update_vfitData(Vertexfit_p_pi)")\
.Define("wtrkppi"”, "VertexFitUtil::get_forkfit(Vertexfit_p_pi)")\
.Define("RDFAm_lambeforefit", "VertexFitUtil::getvfit_Massbefore(Vertexfit_p_pi)")\
.Define("RDFAm_lamaftervfit", "VertexFitUtil::getvfit_Massafter(Vertexfit_p pi)")\
.Define("secondvfit", "VertexFitUtil::get_svfitObject(Vertexfit_p_pi, 5, 2, 8)")\
.Filter("secondvfit.Fit()","lamdsvfit")\

.Define("RDFAlam_decaylength", "VertexFitUtil::getsvfit_Decaylength(secondvfit)")\
.Define("lam_svchi2","secondvfit.chisq()")

#vertex fit for anti-Lambda
df3=df2.Define("Vertexfit_pbar_pip",

"VertexFitUtil::get_vfitObject(Pm, Pip)")\
.Filter("Vertexfit_pbar_pip.Fit(e)","antilamd-vfit")\
.Redefine("Vertexfit_pbar_pip","VertexFitUtil: :update_vfitData(Vertexfit_pbar_pip)")\
.Define("wtrkpbarpip”,

"VertexFitUtil::get_forkfit(Vertexfit_pbar_pip)")\
.Define("RDFAm_antilambeforefit",
"VertexFitUtil::getvfit_Massbefore(Vertexfit_pbar_pip)")\
.Define("RDFAm_antilamaftervfit",
"VertexFitUtil::getvfit_Massafter(Vertexfit_pbar_pip)")\
.Define("secondvfite”,
"VertexFitUtil::get_svfitObject(Vertexfit_pbar_pip,5, 2, 8)")\
.Filter("secondvfite.Fit()","antilamd-svfit")\
.Define("RDFAantilam_decaylength",
"VertexFitUtil::getsvfit_Decaylength(secondvfite)")\
.Define("antilam_svchi2","secondvfit@.chisq()")
#kinematic fit
df4=df3.Define("kfit",f"KalmanKinematicFitObject(3.097,wtrkppi,wtrkpbarpip)(4,0)")\
.Filter("kfit->Fit()","kfit")\
.Define("RDFAm_lamafterkfit","VertexFitUtil::get_massafterkfit(kfit,e,1)")\
.Define("RDFAm_antilamafterkfit", "VertexFitUtil::get massafterkfit(kfit,2,3)")\
.Define("chi2","VertexFitUtil::get_Chi2afterkfit(kfit)")
df4.Snapshot("events", f"2thread/RDFA_{i}.root",["lam_svchi2","antilam_svchi2","event_index","RDFAm_lamaftervfit"

24



[ ##r=tROOT | | EEBEROOTdata |-

iR BEcPUIGPU——| StiTEME |

{ o

EREER - EgotTF
dlarrame
Ul 2 B ks v Z\ 1= .
%ﬁgﬁ;@%’*ﬁ;ﬁiﬁ } {?%EI@?%&%EHEIEJ
(AT %SZTEMEX#EF‘EEEE}
R YRR . ]

25



»
O
©
)
| S
i
r—
=)
e
Q.
©
| .
O
)
&
©
LL
D
al
@)
Y
)
| -
al

proportion:34.3% 323e9

30



