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PANDA: Physics Goal Ll

Charm spectroscopy

e charmonium: Positronium of QCD
e charm hybrids
e |c>-states narrow, understood
e mass 4-4.5 GeV
- |c ¢ g> narrow
- little interference between |ccg>
and |cc>-states

Charm in the Medium

e mesons in nuclear matter
e masses change in nuclei
e J/p absorption in nuclei

s

Hypernuclei

e 3rd dimension in nuclear chart
e study interactions of nucleons
in the nuclear potential
e Double Hypernuclei
- production via =- capture
- \ N\ interaction in nucleus

Electromagnetic formfactors

e Measure pp — e*e

- discrepancy between timelike and

spacelike region

Generalized Parton Distributions
e wide angle Compton scattering
¢ hard exclusive meson production
Transverse nucleon spin
e Drell Yan Process
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hidden charm physics

e concurrent detection of lepton pairs
e good K-identification

e low energy photon detection

e muon detection

hypernuclei

e good detection of antihyperons
e low momenta K+ in forward region

open charm physics

e rather high p;
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PI D Particle Identification

PANDA PID Requirements:

e particle identification essential for PANDA
e momentum range 200 MeV/c - 10 GeV/c
e Extreme high rates 2:107
e concurrent lepton pairs
e good kaon-pion (K-1) separation
between 0.6 and = 4.5 GeV/c
-> different processes for PID needed

PID Processes:

e Cherenkov radiation: above 1 GeV/c
- radiators: quartz, aerogel, C,F,,

e energy loss: below 1 GeV/c
- best accuracy with TPC
e Time of Flight
- problem: no start detector
o electromagnetic showers: EMC for e and y
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distance to the target

List of PID Detectors

particle momentum
0 2 4 6 GeV/c

Micro Vertex Detector

Central Tracker

.2.1 Time Projection Chamber dE/dx

.2.2 Straw Tube Tracker
Barrel Time of Flight

.3.1 Resistive Plate Chamber ToF

.3.2 Scintillation Counter
Barrel DIRC
Endcap Cherenkov

.5.1 Focussing Light Guide Disc DIRC

.5.2 Time of Propagation Disc DIRC

.5.3 Proximity RICH
ElectroMagnetic Calorimeter shower
Muon Counter absorption/range
Forward RICH c
Forward ToF ToF

0 Forward Calorimeters shower

(@]
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distance to the target

List of PID Detectors

particle momentum
0 2 4 6 GeV/c

Micro Vertex Detector

Central Tracker

.2.1 Time Projection Chamber dE/dx

.2.2 Straw Tube Tracker
Barrel Time of Flight

.3.1 Resistive Plate Chamber ToF

.3.2 Scintillation Counter
Barrel DIRC
Endcap Cherenkov

.5.1 Focussing Light Guide Disc DIRC

.5.2 Time of Propagation Disc DIRC

.5.3 Proximity RICH
ElectroMagnetic Calorimeter shower
Muon Counter absorption/range
Forward RICH c
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distance to the target
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photon detector '

o, - “
Ny i serogel | M
o sorogel| N

n/K gas

Kip gas

==

T

I effective threshold [ average angle

K: lower threshold for Cherenkov light

Forward RICH complementary to Forward ToF
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distance to the target
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Tools

e separation power
- definition of performance

* parametrizations of PID processes

e fast simulation
- input: - parametrizations
- performance and dimensions
- out put: - map of separation power
- each 6-p bin has a N(o)

e phase space plots
- signals and background
-> regions where PID needed
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G(x;p,0)dr = 0.9772

N, | mis-id (1s) [%] | mis-id (2s) [%] || mis-id [%] | N, (1s) | N, (2s)
1.0 30.854 61.708 10.000 2.6 3.3
2.0 15.769 31.538 5.000 3.3 3.9
3.0 6.681 13.361 1.000 4.6 5.1
4.0 2.254 4.507 0.500 5.1 5.6
5.0 0.621 1.242 0.100 0.2 6.6
6.0 0.133 0.266 0.050 6.6 7.0
7.0 0.023 0.047 0.010 7.4 7.8
8.0 0.003 0.006 0.005 7.8 8.1
9.0 0.000 0.001 0.001 8.5 8.8

Table 7: Relation between separation power and mis-id level
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1/2

defined as: Ng,tot L= E Nf,?;
1

corresponse to:

Pmis,tot — Pmis(Ncr,l) X X Pmis(Ncr,n)

Georg Schepers - PID meeting, PANDA week INFN Ferrara, Sept. 11, 2008



[+ T :
- Separation Power

~ Ma
)

| l‘“tm"m m
il " ey

Georg Schepers - PID meeting, PANDA week INFN Ferrara, Sept. 11, 2008



Signal Background pp [GeV/c] Fig.
J [27° =270 5.600 / 6.232 /8.682
10.295 / 12.349 51
Jjjpmto— I+ - 5609 /6232 / 6.088
8.682 / 10.295 / 12.349 -
o7+ 2m— 0 6.090 / 8.7 -
S 2r+om - 6.080 / 6.990 / 8.7 -
33~ 6.080 / 6.990 / 8.7 -
b 2 +om- 1.5 /6.0 /120 /15.0 52
3m+3m- 1.5 /6.0 /120 /15.0 -
AUAY 3030 1.914 / 3.101 / 6.0 53
DPM 1.460 / 8.0 / 10.0 -
ete- T 1.7/33/79/109 /150 54
DFDr(2317)- DPM 8.847 55
3rt3nr 0 8.847 -
DD v 33w 8.847 -
DPM 7.361 / 7.746 /8.0 /12,0 / 150 | -
DDy DPM 7746 /8.0 /12,0 / 15.0 -
DD DPM 7746 / 80/ 12.0 / 15.0 -
DD DPM 6.488 / 8.0 / 12.0 / 15.0 -
DD~ DPM 6.488 / 8.0 / 12.0 / 15.0 -

Table 9: Table of Phase Space Channels
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for the region where PID is needed

e definition of parameters
f = fraction of bins with N(o) < 8

N(o)_avg = Average N(0)

e four cases:

1) with STT with ToF
2) with TPC with ToF
3) with STT w/o ToF
4) with TPC  w/o ToF
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acceptance filtering
effective parametrization

® N0 mMicroscopic simulation
e N0 exact geometry
> accuracy is limited

but computation time
100 - 1000 x faster
> high statistics possible
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Meaning | Cuantifier | Walue

[ Global |
Magnetic Field Strength B=5: aT
Relative Momentum Resolution 7P 1%
[ Micro Vertex Detector (MY
Angular Acceptance [ — 007 1RO
Relative dF jdx Resolution T 22 %
[ Straw Tube Tracker (STT)
Angular Acceptance [P P | [7.FERY 155,447
Relative dF fdz Resolution TiE dr 20 %
Inner Radius Iy 15 em
[ Time Prajection Chamber (TPC)
Angular Aeceptance [Bmir; Bnese| | [7.7HET 155,447
Relative dE fdz Resolution T e 8%
Tnner Radius Iy 15 em
| Barrel DIRC |
Angular Acceptance [ [22.07; 14007
Inner RHadius Iy AR cm
Single Photon Resalution Ty 10 mrad
Thickness ol Slab ds 1.7 em
Refractive Index of Cluarz i 1.472
Total Phaton Detector Efficiency EPD T5 %
[ Disc DIRC |
Angular Acceptance [ [3.07, 22,07
Single Photon Resclution Tl 10 mrad
Thickness ol Dise dp 1.7 em
Relractive Index al Quars g 1.472
Total Phaton Detector Efficiency EPD 75 %
[ Ring Image Cherenkov Detector (RICH) |
Angular Acceptance Bmin .0
Oy (vert.) a.0°
Cimae (o) 10.0¢
Single Photon Resalution Ty 10 mrad
Thickness of Radatar dp 1m
Relractive Index of Radhator Ty 1.05
Total Phaton Detector Efficiency Epn Th5 %
[ Time of Flight system (TOF) |
Angular Aeceptance [Brmir; Bnese| | [22.07 140,07
Inner Radius Iy AR em
Total Time Resalution -0 141 p=

Table 10: Parameter Settings used for the Fast Simulation
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f = fraction of bins with N(o) < 8

N(o)_avg = Average N(0)

f = 0...300740 ...50 ...60 ...70 [ 80 [NNG0! N0 v
e = [IN20...25 ...30 ...35 ...40...45 ...500
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5 EVALUATION

R R e
5 _EVALUATTON 80
pp [GeV /el Signal PID A% o | fo[% oo | f3|%] fi %] o4
R.700 T/ B 6| BN 55 5. 5.5
R.847 DD 5 44 ] 9 5.0 [ 11 5 20 45
53 34 | 53 28] 59 3 61 24
10.000 AIAD 17 40 | 20 31| 28 28 34
mep | 32 35| 43 34| 41 71 43
p-x | 1T 56| 19 54| 19 23 5.0
[K-p | 22 51| 24 20 53| 20 |43
DD | w-K | |81 44| (a2 B 45 | B a
T-p 20 (a4 | (a7 27 48 | 45
o |k E ole o8BS
12.340 T /a0 = —l 5-5 l l 5.-6 l
Jipete | EEEm | B8 56 | 8 BE ss |
15.000 DD~ H_ g E’ g 7] g E g
h T-p v 85| 22 - S
L K-p 24 E 26 30 E N
) Db | l 36 l l Y l
15.000 | DDy | K-p | 19 51| 20 48| 25 25 |3
—_— O K-7e| 51 48| 52 47| 54 53 46
DD v T - 23 34| 22 33| 22 23 34
o wop | 17 89| = 22 44 | (36
K-p | (30 33| (30 34 a7 | (34
i E-w 5l 48 | 52 53 49 | 53
DRy K- 24 G.4 24 25 5.4 26
K-p 18 50| 20 24 52| 24

Table 12: Table of projection results (2). Marked channels (o) appear in figs. 58 — G0.
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the PID TAG report
based on Fast Simulations

e provides
- informations
- methods of evaluation
- humbers

e is a tool
available to the
PANDA collaboration
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a common microscopic simulation
for all subdetectors could answer
more detailed questions
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Thanks for a very good collaboration
within the PID TAG and the contributions
to the report:

List of the PID TAG

Carsten Schwarz, Ralf Kaiser, Guenther Rosner, Klaus Foehl, Jerzy Smyrski, Klaus Peters, Bertram Kopf,
Aleksandra Wronska, Sebastian Neubert, Peter Vlasov, Oleg Denisov, Inti Lehmann, Bernhard Ketzer,

Bjoern Seitz, Rainer Novotny, Lars Schmitt, Quirin Weitzel, Maria Pia Bussa, Marco Maggiora, Piotr Hawranek,
Galoyan Aida, Martin Kotulla, George Serbanut, Markus Ehrenfried, Stefano Spataro, Michael Dueren,
Matthias Hoek, Klaus Goetzen, Rene Jaekel, Alberto Rotondi, Alicia Sanchez, Avetik Hayrapetyan....
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Back up slides
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List of Detectors

ElectroMagnetic Calorimeter

Background to the Disc DIRC
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eEndcap Cherenkov
- Focussing Light Guide Disc DIRC
- Time of Propagation Disc DIRC
- Proximity RICH
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List of Detectors A

eBarrel Time of Flight
Dubna-Prodvino group

- Resistive Plate Counter ITEP-TOF group Alexander Akindinov
- Scintillation Counter

particle tof identification |

separation of pr*, K*, Praith smearing of Time of Fllght and momen tum I 1=
= 90p 08—
[&] - -
i E
= Iy 8 08 —
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List of Detectors | P g

eBarrel Time of Flight

- Resistive Plate Counter
- Scintillation Counter
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PID Example:

Layout of MVD

e General structure: —
- 4 barrels & 8 disks I
- inner layers pixels -
- outer layers strips
- (forward mixed)

e Pixel part: ___J.ﬁ A
- hybrid pixels 100 x100 pm? L ,‘J:
- 140 modules - = -3
- 13 M channels _ == =

- 0.15 m? _ = = T
o Strip part: :

- double sided silicon

- 400 modules

- 70k channels

- 0.5 m2
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Figure 43: (a) Parameterized distribution of E,./p for electrons and pions and (b) the resulting
separation power N, as function of the track momentum p.
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