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QOutline

@ Reconstruction & PID

© Geometry Studies

© Track Reconstruction

e Benchmark Channel Analysis

© Testbeam Analysis
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Reconstruction & PID
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Full Simulation Chain

] ${PANDAROOT} /disc/ \ ] ${PANDAROOT}/pnddata/DiscData/ \

PndDiscParticleMCPoint()

Information about charged particles

7

1

PndDisc()
J

PndDiscSensorMCPoint()

Information about sensor hits

Digitization

PhotoSensor()

Sensor Description

PndDiscTaskDigitization()

PndDiscDigitizedHit()

Sensor information (pixel number, TDC time etc.)

Reconstruction

PndDiscReconResult()

Theoretical hit pattern

PndDiscTaskReconstruction() J

PndDiscCherenkovResult()

Reconstructed Cherenkov Angle

PndDiscTaskPID()

PndDiscPID()
Log(Likelihood) values for 7, K, p
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Hitpattern Matching

Input Parameters
Xp: Yp, Op, bp. tp

Mass Hypotheses
mz, mg, mp

Hit Pattern
NFEL, 2, t

|

Photon Propagation
Sph: tph

Theoretical Hitpattern
NFEL, theor Ztheo

I

[

Spatial Cut

1z = Ztheo| < Zthresh
Time Cut

[t — ttheo| < tthresh

Likelihood Value

InL = Z (ln g(zi|zpred,i; 0'2) +1In g(ti|tpred,i; Ut))

i=0
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Event Display with Photon Reflections
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Simulation Parameters

Assumed parameters for event based simulations:
@ Surface roughness: ¢ = 1.0nm
@ Time resolution: 21 ps
@ Pixel dead time: 20 ns
e TDC binning: 50 ps
@ Position resolution: o, = 1.5 mm
e Momentum resolution: o, 5, 5, = 10 MeV/c
@ Spatial cut: 30y, (calculated SPR)
°

Reconstruction time cut: 1.0ns
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Simulated and Reconstructed Hitpattern

Parameters: 6 = 12°, ¢ = 45°, p = 4 GeV/c, 500 Pions and Kaons

Simulated Hitpattern Predicted Hitpattern
100 _ simulation 100, prediction
E A Entries 18424 C F Entries 107340 ¢
901- 48.82 QUi Meanx 50.17
o = 4536 E Meany  45.45 |
= - 16.97 iy RMS x 152
80;’!“5 80; HH RMSy 219}
70PE" 70F- - s
Sy F LA
Sk E e i 30¢
60 Ik i 50 60F- i
] E .f 1 25¢
s0f a1 50F 9 LS
f) E i E 20¢
140 40 i ¥
30 - 1 15¢
20 20F £ i % 100
10F- ioE Eh 50
Bl Lvvilinl [
0 Q 10 20 30 40 50 60 70 0

Blue photon cathode, air gap, no mirror, long-pass filter
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Photon Yield

Photon yield of Monte-Carlo simulations before (left) and after
(right) application of PDE:

Photons Reaching Sensor Photons Reaching Sensor

Sim_photons " digi_photons
e T T T T T T T TEntries 1000 ¢ [ T T T T T[Entries 1000
H Mean 4064 g F Mean  18.42
o RMS 7579 50— RMS 1092

200 3

150~ —

100~ —

sof- 3

%™"100 200 300 400 500 600 700 800 00 1000 R 50 100 150

200 250 300
Photons on Sensosrs Digits Hits on Sensors

Blue photo cathode with 80 % collection efficiency.
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Performance

Likelihood Distribution
70 LA I e

Events

60 Primary Particles

|:| Pions
. Kaons

— Gaussian Fit

Separation Power: 3.48882
50

40
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20

10

30 40
log(L(m)-log(L(K))
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Geometry Studies
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New Detector Geometry

New geometry script with parameterized design including optical
grease and air gap
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Simulated and Reconstructed Hitpattern

MC FEL Calibration

+ Data Points

— Linear Fit
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Analysis Summary

transmission

10

0.8

0.6

0.4

0.2

0.0

I / ! — fused silica
L~ ! epoxy

' —  A-coating
- « edge-filter
optical grease
! — PC blue
- — PC green H
i = efficiency |
: efficiency ||

200 250 300 350 400 450 500 550 600

wawelength [nm]
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Preliminary Studies for TDR

Actual values for different geometries of Disc DIRC:

PR Simulation » i 9 ROMs
digitization v mirror -
Blue-PC 365-460 80% CE 20,61 x 4,08

LPfiter 65% CE 23,01 x 3,75 21,59 x
Green-PC no filter 65% CE 32,40 x 4,04 30,9 x
LP filter ~ 65% CE 29,78 x 4,03 28,27 x
n s.p.
Particle angle 9=16° ¢ = 45°
Generated Wavelengths ~ 300-800 nm
Quantities Number of Photons

Separation Power

Mustafa Schmidt

3,67 18,72
3,99 26,78
4,04 24,57

X
X
X

8 ROMs

air gap

3,77 17,51 x 3,54
4,09 2459 x 3,88

4,2
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Misidentification

Probability for misidentification with separation power n:

0.5%(1-erf(x/2'3/2)))

0.2

0.15

0.1

0.05

p(r|K) = % (1 —erf (2\”@)>
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Track Reconstruction
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Vertex Reconstruction

Position and momenta at last tracking vertex:

StiMvdGemGenTrack MrackParamLast X

aramLastfY fTrackParamLast.Z

[emp ] ] [iemp ]
Enves 220 20| oo Erves 220
sob ean oF 69
s 2179 RMS 5509
o a00f-
sof-
-
°! 250
soF-
sof
200
sof- wf-
wf of 150f-
f
2F 100f
20F
10F soF-
10E
P e T A S I e I | | e, . | "
ED I ) R T R N S ) = 50 00 T50
StMvdGemGenTrack TrackParamLast X StvdGemGenTrack fTrackParamLast iV StvdGemGenTrack MrackParamLast Z.
StiMvdGemGenTrack fTrackParamLasLPx aramLast Py fMrackParamLast Pz
[ he
00 Trres E
s o 1600
m0F £
oof 1400)
o0 ol 1200f-
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a00F- e a0~
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Helix Propagator

Important Helix Parameters:
Helix center: xg, vo, 20
Helix radius: p = Reyny
Impact parameter: ag
Helix phase: A or ¢

4
Xo0:.Yo
A
R curv
r
/ aop
B
¢
Go-T/2
z
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Position Reconstruction

Transverse momentum:

pT =\/PZ+ Py

Calculation of curvature from magnetic field:
_ pr[GeV]
plm] = W
Center of helix:
X0 = x + Qpcos(a — Q) = x + Qpsina
Yo=Yy + Qpsin(a — %Qw) =y — Qpcosa

2 2_ 2
zg = z — 2p cot § arcsin (1 / m>

p . p
cosa = = and sina= -~

PT PT

with
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Position Reconstruction

Transverse impact parameter:

oo (T -)
Initial phase:

1
¢o = arctan (y0> + EQﬂ'

X0

Calculation of phase A:

z(A) =2z + pAcotf = A = ohcotd

Propagating helix with equations of motion:

x'(N) = xo + Qpcos(Q\ — ¢p)
Y'(A) = yo + Qpsin(QA — ¢o)
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Reconstruction Results

Position and polar angle resolution on surface of raudiator disk as
funciton of particle momentum for # = 15° and 0° < ¢ < 360°:

5 o R S A = é T
& o.osE o = < F
o + % { } +*1i —1.5f e
—o,osil_ { -2
-01F E

35 4 3 3.5 4
Momentum [GeV/c] Momentum [GeV/c]

Error bars: Error of mean value
Yellow band: Resolution
Offset calibration of polar angle with polynomal fit of 2nd degree
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Benchmark Channel
Analysis
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EvtGen DEC2010

Decay of f,(1500) in EvtGen decay file:
Decay f_0(1500)

0.019000000 eta eta’

0.051000000 eta eta

0.1410 pi0 pi0 pi0 piO PHSP;
0.3540 pi+ pi- pi+ pi- PHSP;
]o.z330 pi+ pi- PHSP;‘
0.1160 pi0 pi0 PHSP;
[0.0430 K+ K- PHSP;
0.0215 K_SO KX_SO PHSP;
0.0215 K_LO K_LO PHSP;
Enddecay

Benchmark Channel: pp — fon® — 70K+ K_
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Physics Channel Analysis

Glueball candidate f(1500) decay into KTK™:
Beam Momentum: 6.5 GeV/c:

Kaon Distribution p p - f,(1500) ™ Polar Angle Distribution 1.5 GeV/c < p < 4 GeV/c
o 10F PR s
S E £ E £
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Beam Momentum: 15 GeV/c:
Kaon Distribution p p - f,(1500) Polar Angle Distribution 1.5 GeVic < p < 4 GeVic
= 2 4y
H £ E I
o & =l
H El E
£ 3 E El sl
H 3, E E
3 E e
0 : E
1 - T

0 T 30 40

G 7 %0
aon 1 Polar Angle 8 [deg]

Mustafa Schmidt Updates of DISC Software 24 /36

40 160 180
Polar Angle 8 [deg]



Azimuth Angle Distribution

Beam momentum: 6.5 Gev/c, polar angle cut: 5° < 6 < 22°

Azimuth Angle Distribution
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Very few events with pileup problems
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Azimuth Angle Distribution

16 Azimuth Angle @ [deg]

Azimuth angle distribution after

fo T Azimuth Angle Distribution

S50 o %0 0 E} 00150
, Azimuth Angle 9 [deg]

Angular Distribution K" K in f, Rest Frame
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Lorentz boost into rest frame:

Entries

K" K~ Azimuth Angle Difference

I
150 100 50 o 50

K" K Azimuth Angle Distribution in f, Rest Frame

100 150
Azimuth Angle Ao deg]
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150 100 50 0 50
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Invariant Mass

Invariant mass calculated from Monte-Carlo truth data:

f,(1500) Invariant Mass

800

Entries

— Monte-Carlo Data

700 —— Breit-Wigner Fit
600

500
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100

-
-

o

o
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o
-
=
o
N
N
o
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Statistics

o Likelihood value equal to value of PDF:

L(0|x) = f(x;0) (3)
@ Bayesian Approach:
__ L(9]x)7(0)
PUOX) = T2 x)n(0)d0 @

e Following the probability for finding particle k (a-priory
propbability set to 1):

i=0...N for N subdetectors
.j: e7 M77T7 K?p
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Probability Distributions

Probability Distributions including for all detectors:

Probability

[

Probability Distributions

Entries
Mean x
Mean y
RMS x
RMS y

57180
2.174
0.4236
1.193
0.2839

4.5 5
Hypothesis
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Analysis

Reconstructed mass from kinematics of K* /K~ decay channel:

mygy, = \/(EK+ + Ex=)? + (Bk+ + Br-)?

with combined likelihood value and PID cut at 50%:

Without Disc DIRC With Disc DIRC
Invariant fO Mass Invariant fO Mass

= Entries. 116 £ Entries 191
o= an 1.483 25— lean 548
= E
b 2=
oE E
E 15
fry=. C
Y= £
E of
== C
4;7 s
I i L,
E | or .. I oF | dl a . oo

Approx. factor 2 in reconstruction efficiency
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Single Kaon Reconstruction

Mass reconstruction with signle Kaon in Disc DIRC

Invariant fO Mass

hfok_single
Entries 1392
Mean 1.664
RMS 0.381

‘ ﬂﬂﬂﬂmﬂ Wl

24

Higher statistics than events = most likely ghost tracks
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Testbeam Analysis
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Radiator Setup

2016 DISC DIRC PROTOTYPE available setup

miminum distance to FLGs (220)

I

a i

1 i
H height of prism centers
H HB3 3535

b H HB2 336.5 Hamamatsu
H HB1 3195

9 H

PB3 2705
PB2 2535
PB1 236.5

PiLas Laser ¥

PHOTONIS (6 mm)

q
HA3 187.5
1 HA2 1705 Hal atsu
HA1 1535
| H PA3 1045
b H PA2 875 PHOTONIS (2 mm)
| PA1 705
I
P .
l - HH
il | “—U—“ == il il
C i 1]
center of radiator/ axis of rotation
05.10.2016 view downstream
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Time Spectrum

Time spectrum for all 3 FELs during one run

scan
hist
< Enries 52021836707
£ Mean x -239.3
= Meany 167.9
S RMS x 1539
s RMSy 11
s Integral 27640406
& Stenness x 0ds07
< Skewnessy ~0.368
Q Kurtosis x 1163
= Kurosis y 102 DO
0 0 0
48933727 276435 1223742
150 === 3000
e ——
10— = 2000
50— 1000
—%50 -248 -246 —244 —242 -240 -238 -236 -234 0

Time rel to Trigger [ns]

Time cut between 236 and 243 ns
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Pixel Cluster Size

Assumption: 1 photon — approx 1.4 photo electrons
Cluster size cumulated for all events in one FEL with linear (left)
and log scale (right):

Size of Clusters Size of Clusters
his_size_clusters hist_size_clusters
Eniies 442739 Envies 442739
Mear 1023 Mean 1023
RMS 0501 L RS 01541
Underfiow o e Underfiow o
Overflow o E o
Inegral  4.427+05 F Inegral  4.427e+05
Skeuness s054 10 Skewness 054
10° =
100
0
= rrrr I I N P R T T R N
T 3 4 5 6 7 R %o G 7 R
Cluster Size Cluster Size

Status until now: Different result in testbeam analysis because of
background and dark counts — Time cuts necessary
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Photon Yield

Number of hits without (left) and with (right) rejecting

neighbouring pixels:

Number of Photons per Event

ist_number_photons.

Entries

Entries 1000416

Mean 09844
AMS 1225
Underfiow 0
Overflow 80
Integral 1406

Skewness 2712

1
Number of Photons
Number of Photons per Event

Tiphotons

Entries 999

Simulation |mean o737

Std Dev_ 0.8526

5 6 ; i‘i ':‘) 10
Number of Photons

Mustafa Schmidt

Pure Number of Photons per Event

" 10° [st_puro_number_photons
Q — Entries 1000416
‘= C Mean 0.7344
g r RMS 0.8581
C Underfiow o
[ Overflow 6
[ S Integral  1e406
L Skewness _ 3.162

300(—

200(—

100f—

T

Number of Photonsm

Comparison of mean values:

Simulation: 0.7357
Testbeam data: 0.7344
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