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Outline

® Decay chain and reconstruction strategy
® EMC correlator in PID

® Neutral candidate multiplicity in Geant 3/4
® Reconstruction results with Geant 3/4

® Summary & outlook
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Decay Chain and Reconstruction Strategy

Ppogm = 8.0 GeV /c

2
M*(v,) = (Epp — Eps- — Ey — Ect)

— — — - 2
L
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Decay Chain and Reconstruction Strategy

Ppogm = 8.0 GeV /c

« vertex fit for (K*K @)
« Ds mass constraint fit

2
Mz(ve) = (Epﬁ — Eps- — En - Ee"')

- - 2
_lpm_a_PDS‘_Pn_Pe*l
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Decay Chain and Reconstruction Strategy

Ppogm = 8.0 GeV /c

« vertex fit for (K*K @)
« Ds mass constraint fit

photon pre-selection
pi0 mass constraint fit

2
Mz(ve) = (Epﬁ — Eps- — En - Ee"')

- - 2
_lpm_a_PDS‘_Pn_Pe*l

08/09/14 L.Cao: Simulation of Ds Semileptonic Decay and Neutral Candidate Construction 5



A jOLICH

FORSCHUNGSZENTRUM

Decay Chain and Reconstruction Strategy

Ppogm = 8.0 GeV /c

« vertex fit for (K*K @)
« Ds mass constraint fit

photon pre-selection
pi0 mass constraint fit

« vertex fit for (mtm™)

e eta mass constraint fit

2
Mz(ve) - (Epﬁ — Eps- — En - Ee"')

- - 2
_|Ppﬁ_PDS‘_Pn_Pe+|
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Neutral Candidate Multiplicity

FullSim 2k evt #25800

Invariant mass spectrum of two-photon m w
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Neutral Candidate Multiplicity

Invariant mass spectrum of two-photon m w
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Photon multiplici

ty (E>20MeV)
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FullSim 2k evt #25800

Photon multiplicity (all)
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Neutral Candidate Multiplicity

Invariant mass spectrum of two-photon m
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Photon multiplicity (E>20MeV)
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FullSim 2k evt #25800

Photon multiplicity (all)
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MC Truth Matched Photon

Photon energy Emc vs E
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Opening angle vs energy (all)
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EMC Correlator in PID: EMC Quality

PndPidCorrelator.cxx

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away

Forum
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EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away

Forum
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EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away

0\(\‘3‘(36 : e e ——
x
3\ ‘!"‘!- I

Forum
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EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away
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EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away
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EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away

X
2C ]
¥ PidChargedCandi.
J

PidNeutralCandi.

08/09/14 L.Cao: Simulation of Ds Semileptonic Decay and Neutral Candidate Construction 17


https://forum.gsi.de/index.php?t=tree&th=4382&start=0&

A jOLICH

FORSCHUNGSZENTRUM

EMC Quality

« Distance squared of the cluster position from the closest track (in cm?)

« fEmcQuality > 2500
—> consider neutral candidates only when the closest track is 50 cm away

e
2C .
o -+

PidNeutralCandi.

e return-1:

no MC or no MCindex found when ideal PID is used
cluster energy below EMC barrel threshold 20 MeV
hit not come from EMC or FSC

no propagation at module when Geane is used

0O O O O

o momenta too low (<0.1) or too high (> 15)
o poor tracking quality
o no track info
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EMC Quality vs MC Index
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Single Event of K+

peE(1,4) GeV/c

Neutral candi. multiplicity (K * Box)
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« K+ 10k evtin BoxGenerator + p€(1,4) GeV/c O J[]L|CH
« PandaRoot #25800 « 6 €(0,180) degree FORSCHUNGSZENTRUM
« Geant 3/Geant 4 ¢ €(-180, 180) degree

counts

Neutral candi. multiplicity (K * Box) PidChargedCand.fEmcQuality
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K+ in BoxGen 10k evt #25800

Photon Theta vs Phi (K " Box)

hthtphi

Opening angle vs energy (K * Box)
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Reconstruction Results with G3/G4
Full sim: 10k evt (#25800) E, = 30 MeV

7340 73% 7216 12%
all 3431 all 3465
D; ViX 2428 D; ViX 2450
mcf 1682 17% mcf 1673 17%
¥~ all 9727 nrn~ all 9893
T vtx 7231 T vitx 7441
L eta all 2191 1 eta all 2150
eta mcf 1104 11% eta mcf 1122 11%
all 55906 all 43822
° mcf 25120 ° mcf 21263
mass window 10423 mass window 9204
w/o cut 209 2% w/o cut 201 2%
(etv,) Ww.cut 80 0.8% (efv,) Ww.cut 83 0.8%
sig : bkg 0.62:1 sig : bkg 0.70: 1
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Reconstruction Results with G3/G4

Full sim: 10k evt (#25800) E, = 30 MeV

Momentum
resolution
[ %

Mass Vertex resolution
resolution [ UM ]

Ds™ ct
[ M ]

]
(vtx) [ MeVic?] Pt PDG: 150
Ds 16 73 72 169 2.8 1.3
GS n 11.2 335 327 938 1.9 15 188 + 4
v, 11.4
Ds- 15.5 67 63 144 2.9 1.3
G4 n 10.9 204 273 790 2.0 15 LUEsE
Ve 9.3

* Similar entries amount, but better resolutions of mass and vertex with G4
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Summary and Outlook

® EMC PID checked with event display

® Neutral candidates multiplicity compared in G3 / G4
® Full simulation result updated

% Improve EMC cluster correlator in PID

“* Modify present simulation if possible

% Investigate background channels
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Backup Slides
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#25009(before) vs #25628(now)
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10k evt

* |deal PID

 Mass window
width [MeV/c?]
Ds: 500
pi0: 67
eta: 300

Select Criteria
E, > 20 MeV

6,, > 0.1 rad

pi0 mcf p>0.01

eta vtx p>0.01

eta mcf p>0.01

Ds vitx p>0.01

Ds mcf p>0.01
select “best” candi.
IM?(v,)|< 0.1 Gey/c?
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Check with BoxGen

Avg. Photon Multiplicity
K+ 3.7
K- 5.6
pi- 5.1
e+ 2.2
pi+ 4.6
pi-(eta) 4.8

gamma sum = 26 in 10k evt
pi0 3.6

Photon multiplicity (all
plicity (all Photon multiplicity (MC macthed)

4502 rrrrr T T entries 10000 2 Fgeve e
E Mean ( 25.17 >3 : Entries I
400 |— a2
= RMS 9.107 WEAE A Mean 2.865 )
350/ ; i E E RMS 1.641
300; é EN I U (U
c I 2 1 -
250;— —; 10 § [ S N S N i Y e s N it e ni.li 1 in- S roughly ConSIStent
200; % 1 W
150f- ER! * Eu..c Needs to be 35~40 MeV
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Cutting 1: photon energy > 0.02 GeV

pi0Compgle
htemp

120 f Entries 2000

L Mean 0.3229

L RMS 0.2926
100
" MC
60
40—
20—

Di\l\‘\l\‘l\\ll\\l\\ll\ 1 L"HH‘J_‘-HI"TLill—h“Hl“
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 2
pi0Compgie

Cutting 2: opening angle > 0.1 rad

pi0Compoang
htemp
F Entries 2000
80— Mean  0.8355
E RMS 0.5778
0
60—
50—
40—
30—
20—
10
0 £ e A T
0 0.5 1 15 3
pi0Compoang
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Energy distribution of scaled photon
2000 = hgame_rec
€ L Entries 71892
I Mean 0.4598
I RMS 0.6819
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pandaroot/pid/PidCorr/PndPidCorrelator.cxx O J ULICH
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reset: clusterQ[i] = -1
clusterList[i] = kFalse

e —

emcQ = 10° cm? : 10 m in length
ate distance? between emcHit and track vertex: dist

cluster|  if (emcQ > dist) emcQ = dist
track loop,  loop

if ( clusterQ <0 || dist < clusterQ ) clusterQ = dist

S

if (emcQ < 2500)
SetChargedCandi.emcQuality (emcQ), clusterList (kKTrue), etc.

—

o

if (IclusterList (kTrue) )
cluster/bump loop

SetNeutralCandi.emcQuality (clusterQ), etc.

——
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Single event K+

G3

i o 12 3 14 5

clusterQ
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counts
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Neutral candi. multiplicity (K * Box)
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Neutral candi. multiplicity (K * Box)

LIC

NTRUM

16 18 20
number of candidates

Number of tracks for pid 1 — Number of Clusters for pid: EMC: 0 FSC: 1

Photon Theta vs Phi (K * Box) PidNeutralCand.fEmcQuality PidChargedCand.fEmcQuality

05 0 ) -05 "0
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Neutral candi. multiplicity (K * Box)
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Number of tracks for pid 1 — Number of Clusters for pid: EMC: 0 FSC: 1

Photon Theta vs Phi (K * Box) - PidNeutralCand.fEmcQuality
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Reconstruction Results with G3/G4

Setting & Cut:

« 10k evt /s = 4.108 GeV (#25800)
 ldeal hypothesis in Kalman track finder
« Ideal PID

« photon energy threshold: 30 MeV

 yy mass window: 135+ 5 MeV/c?

« D; mass window: 1968 + 100 MeV/c?
« 1 mass window: 548 + 50 MeV/c?

« pi0 mcf p>0.01

« etavtx p>0.01

« eta mcf p>0.01

 Dsvtx p>0.01

* Ds mcf p>0.01

» select “best” candi. for each event
« |M?(v,)|< 0.1 GeV/c?
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Main requirements for EMC

Required performance value

Common properties

. . R <2%
energy resolution op /FE <1%® 5 GeV
energy threshold (photons) Eipres 10 MeV (20 MeV tolerable)
energy threshold (single crystal) E.y 3 MeV
rms noise (energy equiv.) 0g noeise 1 MeV
angular coverage % 4w 99 %
mean-time-between-failures 2000y

(for individual channel)

Subdetector specific properties backward barrel forward
(1) (>22) (>5)
energy range from Eippee to 0.7 GeV 7.3GeV 14.6 GeV
angular equivalent of crystal size 6 4° 1°
spatial resolution oy 0.5° 0.3° 0.1°
maximum signal load f, (E, > E.y) 60 kHz 500 kHz
(pP-events) maximum signal load f, (E, > E4) 100 kHz 500kHz
(all events) shaping time £, 400 ns 100 ns
radiation hardness 0.15 Gy 7Gy 125 Gy
(maximum annual dose pp-events)
radiation hardness 10 Gy 125 Gy

(maximum annual dose from all events)

08/09/14
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Barrel and forward end-cap EMC

Reconstruction thresholds
o .y = 3MeV
e E, = 10MeV
® Epar = 20MeV

Dynamical Energy Range

e backward endcap EMC: 10(20) MeV- 0.7 GeV

e barrel EMC: 10(20) MeV- 7.3 GeV, and
e forward endcap EMC: 10(20) MeV- 14.6 GeV.
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K+
pbarpSystem K-

-> Ds- Ds+ BRppe
| |->etaetnu_e 267% T~ -
| |->pi+ pi- pi0  22.74%
-> K- K+ pi- 5.49% it
T[O

Production Rate of Ds pair

with high luminosity mode in 35 days

R=L-g--t-BR c=Anb=Ax10""b e=B%

=2x10%(cm™2s 1) - A(nb) x 107%*(cm?/b) - B x 1072 -3 x 10°(s) - 2.67% X 5.49% X 22.74%
~2AB =2 Xx20x3.7 =148
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