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Outlook

» Current Design

» Reconstruction and Correlation
> Bayes Method

» PID with MVA

» Things to do
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Panda Data Flow ~ Ui R Qi
;Zf\::'a’rion Ev’rIGen DPIM* Py’rhilaé/ 8 Fllfka Ur'Q{V\D **
’rr'agpor"r — GEANT3}/GEANT4

G v v ' k2 7 2 YV
digitization| MVD || STT|[FTS | GEM || TOF || DIRC || MUON|[EMC
| | | | | | I |

racking | Charged Track
I
\ Charged Candidate Neutral Candidate
article —
entification PID Probability

important part

N for PID Analysis
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[PID Data Flow]

PndTrack PndTrack PndTrack PndTrack
(CT) (CT+GENFIT) (FT) (FT+GENFIT)
2 T PndPidCandidate
PndPidCorrelator == (PidChargedCand)
v' extrapolation to PID detectors
v’ retrieval PID information y A PndPidCandidate
l (PidNeutralCand)
PndPidAssociatorTask » Track parameters
v’ probability/pdf > PID raw values

> Detector indexes

PndPidProbability
Bayes, MVA, HardCuts,...

» Probability/pdf for all
the PID hypothesis
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Eﬂgﬂgﬁgﬁf“e PdPidProbability (- Ple), P), PK), .
> idat

PidNeutralCand MVD dE/dx andidate ndex

> iRt PndPidProbability |» p(e), p(r), P(K), ...

> Time-of-flight DIRC 6., > Candidate Index

» EMC energy . Ll

> EMC shower [shape PndPidProbability > P(e), P(x), P(K), ..

» Cherenkov arigle STT dE/dx > Candidate Index

> MVD dE/dx

il 5 PndPidProbability | P(e). P@), P(K), -
Muon HardCuts » Candidate Index

PndPidProbability |> P(e), P(x), P(K), ..
MVA > Candidate Index

[PndAnaPidCombiner —{ Analysis ]
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Flexible way to switch between different algorithms

> # Muon Layers
> ..

PndPidCandidate PndPidProbability
PidChargedCand PidNeutralCand EMC SS || DIRC || MVD || ..
> Momentum > Momentum > P(e) > P(e) || » P(e) || » P(e)
> STT dE/dx > > P(m) » P(n) | | » P(n) || » P(xn)
» EMC energy » EMC energy > P(u) > P(u) || > P(w) || > P(w)
» EMC shower shape || » EMC shower shape
> P(K) > P(K) || » P(K) || » P(K)

» Cherenkov angle > > P p
> MVD dE/dx > (p) > P(p) | | > P(p) || > P(p)

> > ... > ... > ... > ...

> ..

v
[ PndAnaPidCombiner J

analysis->FillList(pip, “PionLoose”,"BEMC;BMVD;BDIRC")
t

algorithms to merge
K. Gotzen, R.Kliemt

4 t
candidate selection
list criterium
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[Correla‘rion: PndPidCorqela’ror]

correlates tracks to PID detectors

finds not correlated EMC clusters

constructs PID informations

PidChargedCand

PidNeutralCand

Track propagation |i>

GEANE
Propagate to PCA
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[ Extrapolation Residuals J

ENDCAP + MF

BARREL

700F |
600
500F
400F
300f

200" ||
100 |

u@36eV/c
n@ 3 GeV/c
u@16eV/c

T R R
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300|-
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100
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3 un@1GeV/c

40 60 . 80 . 100
TRACK - MDT Distance [cm]

0 20

Momentum dependence!
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PndPidCorrelator* corr = new PndPidCorrelator();

/Icorr->SetVerbose();

corr->SetlnputBranch("SttMvdGemGenTrack");
corr->SetinputiDBranch("SttMvdGemGenTrackID");

Barrel tracking

corr->SetinputBranch2("FtsldealGenTrack"); = d Tracki
orward Tracking

corr->SetlnputiDBranch2("FtsldealGenTrackID");
/[corr->SetDebugMode(KTRUE);

[lcorr->SetFast(kTRUE); No propagation, only tracks
fRun->AddTask(corr);

macro/pid/run_pid_stt.C



1

Bool_t PndPidCorrelator::GetDrcInfo(FairTrackParH* helix, PndPidCandidate* pidCand) {
if ((helix->GetMomentum().Theta()*TMath::RadToDeg())<20.) return KFALSE;
FairGeanePro *fProDrc = new FairGeanePro();
if (IfCorrErrorProp) fProDrc->PropagateOnlyParameters();
/---

for (Int_t dd = 0; dd<drcEntries; dd++)
{
drcHit = (PndDrcHit*)fDrcHit->At(dd);
if (fldeal && ( ((PndDrcBarPoint*)fDrcPoint->At(drcHit->GetReflndex()))->GetTrackID() '=pidCand->GetMcIndex()) ) continue;
drcHit->Position(drcPos);

if (fGeanePro) // Overwrites vertex if Geane is used
{

fProDrc->PropagateToVolume("DrcBase"”,0,1);
vertex.SetXYZ(-10000, -10000, -10000); // reset vertex
FairTrackParH *fRes= new FairTrackParH();
Bool_t rc = fProDrc->Propagate(helix, fRes, fPidHyp*pidCand->GetCharge());
if (Irc) continue;
vertex.SetXYZ(fRes->GetX(), fRes->GetY(), 0.);
drcGLength = fProDrc->GetLengthAtPCA();

}

Float_t dphi = vertex.DeltaPhi(drcPos);
Float_t dist = dphi * dphi;

GetDrcInfol

if ( drcQuality > dist)

{
drcindex = dd;
drcQuality = dist;
drcThetaC = drcHit->GetThetaC();
drcThetaCErr = drcHit->GetErrThetaC();
drcPhot = 0; // ** to be filled **

}

}

if ((drcQuality<fCorrPar->GetDrcCut()) || (fldeal && drcindex!=-1))
{
pidCand->SetDrcQuality(drcQuality);
pidCand->SetDrcThetaC(drcThetaC);
pidCand->SetDrcThetaCErr(drcThetaCErr);
pidCand->SetDrcNumberOfPhotons(drcPhot);
pidCand->SetDrcIndex(drcindex);

}
return KTRUE;

}
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[Implemen’ra’rion: Probability and Classifiers]

pid/PidClassifier
[ PndPidXxxAssociatorTask J
pid/PidData pid/PidData
PndPidCandidate | > PndPidProbability
11
> GetElectronPidProb()
: : » GetMuonPidProb()
[ PndPidIdealAssociatorTask J > GetPionPidProb()
1/\r » GetKaonPidProb()
associates candidates > GetProtonPidProb()

with MonteCarlo PID
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PndPidldealAssociatorTask *assMC= new PndPidldealAssociatorTask();
fRun->AddTask(assMCQ);

PndPidMvdAssociatorTask *assMvd= new PndPidMvdAssociatorTask();
fRun->AddTask(assMvd);

PndPidMdtHCAssociatorTask *assMdt= new PndPidMdtHCAssociatorTask();
fRun->AddTask(assMdt);

PndPidDrcAssociatorTask *assDrc= new PndPidDrcAssociatorTask();
fRun->AddTask(assDrc);

PndPidDiscAssociatorTask *assDisc= new PndPidDiscAssociatorTask();
fRun->AddTask(assDisc);

PndPidSttAssociatorTask *assStt= new PndPidSttAssociatorTask();
fRun->AddTask(assStt);

PndPidEmcBayesAssociatorTask *assEMC= new PndPidEmcBayesAssociatorTask();
fRun->AddTask(assEMC);
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[RequiremenTs for Particle Iden‘rifica’rion]

different detectors for PID

covering

different momentum/angle ranges

\_ /

MVD, TPC/STT, Cherenkov, EMC, MDT...

> handling of different PID signals (dE/dx, 6., EMC shower, ...)

» combining several PID detectors to improve identification
> if one detector does not contribute to PID, it should not

decrease the identification perfomances
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‘ Requirements for Particle Identification (II) \

> handling of different PID signals (dE/dx, 6., EMC shower, ...)

» combining several PID detectors to improve identification

> if one detector does not contribute to PID, it should not

decrease the identification perfomances

> PID procedure should be as much as possible automatic

» PID depends also on analysis

» Detector response (i.e. resolution)
we need to separate

» Event/track selection (analysis)
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‘ Particle Identification 77 L%

‘ Probability Density Function \

a function that describes the relative likelihood for a random variable to

occur at a given point in the observation space (Wikipedia)

i.e. Gaussian distribution
N

Probability Density Function

p(x)

| 1 |
Ao -3 20 o 0 1o 20 3o X 4o

probability to find a variable
in a given range [a,b]

| px)dx
Pla,b]=2
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‘ Particle Identification /7 L)

‘ Probability Density Function - IT \

0.035

0.03

0.025

0.02

0.015

0.01

0.005

g——
01 02 03 04 S5 0
X

Fig.1 Probability density functions of velocities for protons and
deuterons at particle momentum 750 MeV/c

HADES

p = 750 MeV/c

p

R —

gaussian
distributions

velocity

6 07 08

For each particle hypothesis
calculation of (normalized) pdf

> from simulation

» from experimental data

x - signal (p, dE/dx, 6,...)
h - particle hyp (e, u, &, K, p)

p()_(” h) depends on

detector response
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‘ The Bayes Theorem \

[If many detectors/algorithms constributing to PID }

Global Likelihood
L(X|h)=] ] pc(XIh)
k

k = MVD dE/dx, DRC ...

Probability that a given track with given params x
corresponds to particle type h

L(X | h)x P(h)
S L(X| h)x P(h)

h=e,u,7,K,p

P(X|h)=
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‘ The Bayes Theorem - IT \
o(x ) — L) <BD
X

P(h) apriori probability to find the
particle kind h in the detector

0.035 5 =750 Mevic 2500 NOVO01 gen3

a.aa_— mm__ p =750 MeV/c

0.025_— pdf P ?jm__ P

oaf & counts P(h) depends only on

. track/event selection
%-1 I 0!-2 I 0-|3 I 0-|4 xoc-s ‘ Oée;oocl.;“:' 0.8 o 0.2 I UI.S I U.I4 B:|5 I_IJI.E I DI.7 I 08 Mg.Q
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| Algorithms: Bayesian Method |
particle flux
.. N v
Global Likelihood P()? | h) L(x | h) X P(h)
L(X|h)= [Tp &I | %, > L(X|h)xP(h)
probability h=e, 7K, p
= algorlthms
A0, :‘BARREL DIRC  P>20% - P|3C DIRC P>20%

Bo.os. % S0.05E-
0.90- K p 0of-
E L X : "eee
0.80F i - ?j%, o 0.8
0-75; : iy, o.75§—
0.700 i 07f-
0.65 - “ 0.65%—

0_685. | _Retter resolution.. .. E
R | I L W
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Particle Identification with EMC

| p-v.EP_elec_pos | | p-v.EP_muon_pos | | p-v.EP_pion_pos |
Entries 180743 Entrles 176827 Entries 163277
Mean x  2.383 2 Meanx  2.574 Mean =  2.567
Mean y 09568 Meany 0.1d491 Meany 02905
RMS x  1.327 1.8 + RMS x 1.334 3 RMS x 1.331
RMSy 02424 RMS ¥ 0.1514

RMSy  0.214
= ]

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 S
| p.v.EP_kaon_pos | | p.v.EP_prot_pos | | selEP_elec_pos | seIEP_pion_pos
Entries 180871 Entrica 188286 Entries 183277
Mean x 2593 Mean x 2.6542 s Mean 0.2874
IJ- L Meany 02506 Meany 0.2013 o RMS. 0.214
- RMS x  1.324 RMS x  1.288
RMS y nmr RMS y n,l.ﬂdr

1 aanlsnnlsnslssslsnilesslosslssslssnlsns

0 02 04 06 0.8 1 12 14 16 1.8 2

R.Kunne
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Particle Identification with EMC

| p-v.EP_elec_neg | | p-v.EP_muon_neg | | p-v.EP_pion_neg |

Entries 178056 Entries 173118

-. Entries 181883
Mean x 2.582

Mean x  2.388 10 Mean x 2572

] Meany D.965% Mesny 01475 Meany 0.2979

RMS = 1.326
RMS y 0.2146

RMS x 1.334
RMS ¥  0.2306

RMS x 1.329
RMS y 815

10

o 0.5 1 15 2 25 3 3.5 4 45 & 0 0.5 i 15 2 25 3 35 4 45 &5

Entries 169105
Mean x 2.604

Entries 164395
Mean x 2657

Meany 02084

Meany 0.4735

RMS = 1.319 RMS x 1.288
RMS y  0.2493 IRMS ¥ 03723
. 1 E / I S

o 05 1 15 2 25 3 35 4 45 S O 05 1 15 2 25 3 35 4 45 5

R.Kunne
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100 MDT: Hard Cuts
£ = .
2 o o Algorithms
g —«| | Bayesian Method/Hard Cuts
£ E —14
E 60§—=_ N>
= jg;_ —10
P(n)=0 - e
20F o o 4
10¢ -7 — (.
80 05 10 15 20 25 é'gmln;aé['g;\;fg]'o 0 STT dE/dX dEidxvep
100
w0 MVD: dE/dx P>20% I T e
§ 35%— %0 . i
] 7
g ::; p Eso‘ ES L 100
8 0. 7 53 i
z % - old plot < 40 60
9 3
105 ‘% 20 AR *
0 0 2 0 4 0 6 0 8 1 1.2 MI)'#\ enlijam [‘!s.gqu p (GeV/c)
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‘ DIRC: PndPidDrcAssociatorTask (myself) \

o1.00—— 2000 e, u, T, K, P
oos .

ot 1 p [0.2,2.0]GeV/c
0.85— --| - 0 [20°, 120°]

0.80 \\7 o o
0.?55_”;-_ ¢ [0°, 360°]

0.70 %ef

0655 pdf: Gaus

060002 04 06 0.8 1.0 12 14 16 18 2.0

Momentum [GeV/c] C en.r er
cos 0. =1/np

c(e) = o(n) = o(x) = 0.006 sigma

o(K) = o(p) = 0.005 parametrization
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| Particle Identification with DIRC |

PndPidProbability::GetXxxProb() XXX

PndPidProbability::GetXxxPdf()

Electron, Muon, Pion, Kaon, Proton

1.00
80.95
0.90
0.85
0.80
0.75
0.70
0.65

0.68

'
{d.
o

|||||||||||||||||||||||||||||||||||||||
¥

. NL + +

+ W +

th “+ +

. :.|+ + 4

%2 . .

. v *
el + + LA
: M
2 F, +

FREE * +F
I & T

- R

+:_.-"..++
i -

P(p)>0.2
P(K)>0.2
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P(n)>0.2

+
o, .
+ - +
+ +
e, :..,
4%
ity e)>
+ - [t o ®
*
d =
n
.
] i
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0 02 04 06 08 10 12 14 16 18 2.0

Momentum [GeVi/c]
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[Combined Particle Identification ]

macro/pid/pid_check.C

PndPidProbability *drc = (PndPidProbability *)drc_array->At(ii);

PndPidProbability *mvd = (PndPidProbability *)mvd_array->At(ii);

electrons muons
2000

combining
different algorithms

600}
so0f 400
200

Dt v

Il L
0 02 04 06 08 1 0 02 04 06 08 1

i — simple multiplication

'-.-v‘("""‘-v-q--t_ N |
0 02 04 06 038

L L L Il L ol Lo o 1 L L
1 0 02 04 06 08 1 0 02 04 06 08 1
P(m) P(K) P(p)
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‘ Particle Flux \
P(h) depends only on

p()—(’ | h) _ L()_( | h) @2\\ track/event selection

ZL(7<|h—

h=e,u,7,K,p

A4
PndPidProbability::GetXxxProb(PndPidProbability™ flux)

PndPidProbability::GetXxxProb() — default
PndPidProbability* flux = new PndPidProbability(1,1,1,1,1))




( I_]E'@da 26/07/2012 ‘ Particle Identification
- Stefano Spataro

[$)
=]

| [P article Flux - DP M}

0.85

0.8

0.75

0.7F = :
R
0.65

T T T[T T ‘HH-‘

2000 events @ 6 GeV/c

no elastic

0.

:: | | | | 1 | | | |
0 02 04 06 08 1 12 14 16 18 2
Momentum [GeV/c]

MVD dE/dx [MeVicm]

particle yields
primary + secondary

239 237
114 101
2282 2375
42 35
b 517 1052

PndPidProbability *flux = new PndPidProbability(239+237,114+101,2282+2375,35+42 ,517+1052)
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: | » EMC shower shape analysis
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implementation of TMVA methods

well promising

BUT

never put inside PandaRoot

photon acceptance (%)

100

80
60
40

20

220 analysis

Z20 & E4 MVA analysis

1 ! 1 |
20

KNN

40 60
pion rejection (%)

Lo
80

1 1
100

y.

(o]

v/ T
separation
in EMC

>

ey
o
T

momentum (GeV/c)
o

a
FT [T T T[T

4 -- fw. end- cap (bumps)
fw. end- cap (shower shape)
2 | - barrel (bumps)
I | =+=smi=e barrel (shower shape)
barrel (KNN 4 parame ters)

_I | N N N N N N N N Y I o 1 L1l L1 L1l
8.5 0.55 0.6 0.65 0.7 075 0.8 085 09 095 1
ROC integral
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[Things to do: Reconstruction ]

> Validate momentum reconstruction for different
particle kinds

> Validate momentum reconstruction for different
particle hypothesis (kalman)

» Study and improve track correlation (momentum-

wise?)
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[Things to do: Recons‘rruc’rion]

» Improve and make faster the correlation

» Proper set of correlation windows, as a function of
momentum?

» Study and improve the anti-correlation for neutrals

» Correlation with forward PID detector is almost
missing

> ..
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[Things to do: Algorithms ]

» Evaluate efficiency and purity for each
algorithm (standard macro)

> Evaluate perfomances by combining different
algorithms (global PID)

» Global MVA analysis

> Influence of Geant3/Geant4

> ...
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AN
(v BN
A= S s X
4 e F
X e WY =
INEN G
A AT o

N .~

sew 1500

[Things to do: Algorithms ]

» Forward PID completely missing

> EMC MVA method for n° identification?
» MDT Muon identification with MVA

» MDT neutral particle identification?

> Use PID for analysis!!!|

> ..
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Particle Identification

[How to validate: Efficiency and PuriTY]

Efficiency

Purity

-
o
th

—t

095

09

0.85

08

09

08

0.7

TOF

L
P,

:!!!!!Il'll"'

-
o
th

Efficiency

0.95

0.9

0.85

08

Purity

09

0.8 [

0.7

_TOFINO+preShower'

0 500 1000

‘1‘111111;1

[~
TILL Aemun m
r [ |
] 3 | |
S - SRR
m

A& [ |
L ToFino | .

p [MeV/c]

HADES: EPJA40(2009)45
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Multi-Hypothesis Particle Fit

60
50
40
30
20

10

8

kaons @ 1 GeV/c kaons @ 500 MeV/c
- 601 :
- o muon
. muon 50 Eion
C . C aon
C pion _ 'I_
C c roton
- kaon 40— E P
C proton -
- 30—
:_ 20 J‘Ii
- 10 i ||
;“-|“-H 1 1 1 1 | 1 1 1 1 1 1 | 1 Ll 1 |I'|_||_|_|'H 1 m 1 1 1 1 1 Lqﬁ_' n_ll-l
9 092 094 096 098 1 1.02 1.04 1.06 1.08 1.1 %.44 0.46 0.48 0.5 0.52 0.54
Momentum (GeV/c) Momentum (GeV/c)
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[Things to do: Design and interface to analysis]

Current Design

PidChargedCand

PndTrack :
PndTrack L | hypothesis -

A m— — > —> | Analysis
prefit Kalman 1 PidProbability [ 14 ]

1

L hypothesis u hypothesis for e
u hypothesis for p
u hypothesis for m
u hypothesis for K
u hypothesis for p

also MC hypothesis
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