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Introduction

Mvep

- High Energy Storage Ring
> High luminosity antiproton beam
> Phase space cooling

- PANDA experiment

> AntiProton Annihilations Eéigtlfefﬂ
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Introduction 5-"‘!4?

- ( panda - Experiment
> Fixed target experiment

> Frozen hydrogen and heavier nuclear targets (Ar...N, Cu...Aqg)
- Pellet target / Cluster-jet target / Wire or foil targets

> Operation modes

a) High luminosity: L = 2 - 10%2 cm2s? < Aplp ~ 10
b) Highresolution: L= 103 cm?s! < Ap/lp~4-10°
Beam momentum: (1.5 ... 15) GeV/c

> Beam-target interaction arxiv:0710.5664v1 [hep-ex]

> 2 - 107 annihilations/s: No time structure | arxiv:0711.1598v1 [nucl-ex]
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. (_panda - Apparatus
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Introduction MVD

- (_ panda - Detection concept

> Hermetic detector with modular sub-systems
> Measurement of charged and neutral particles
> Good particle identification and momentum resolution

. Particle Four-momentum
Tracking . e :
Identification reconstruction
—> Central trackers —> Muon system —> Tracking system:
- Forward trackers - Electromagnetic Particle momentum

calorimeter (EMC)

- Muon system+EMC:
Particle energy

> Cerenkov detectors
> (DIRC, RICH)
- TOF systems
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Introduction

- (_ panda - Detection concept
> Hermetic detector with modular sub-systems
> Measurement of charged and neutral particles

> Good particle ide

Tracking

Event topology

Vertex reconstruction

Particle
identification

ntification and momentum resolution

Four-momentum
reconstruction

Particle species

Muon identification
Separation: n/K/p
vieln

Full dynamics

Particle momentum
Particle energy

Vs

Fully exclusive measurements
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Introduction

panda - \ass Range
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Introduction

panda - Mass Range
' p Momentum [GeV/c]
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Charm spectroscopy ~ MVD

~panda - Key aspects

Charmonium System

Below
Open Charm Threshold

> High precision
measurement of
masses and widths

> Detalled analysis of
decay branches

http://images.iop.org/objects/ccr/cern/46/5/31/CCEclel_06-06.gif
mass (GeV/ c?)

2.8
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Charm spectroscopy ~ MVD

- (_ panda - Key aspects Above
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Charm spectroscopy MV

panda

- (_ panda - Key aspects

Charmonium System > Masses and widths
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Charm spectroscopy MV

panda

- (_ panda - Key aspects

~ D —meson spectrum
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Charm spectroscopy ~ MVD

Non conventional QCD

- ( panda - Key aspects
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Charm spectroscopy MV

panda

o ol Non conventional QCD
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l PANDA MVD detector

Target

- Micro-Vertex-Detector (MVD)

> Tracking detector for charged particles

> Innermost detector in PANDA

> Main tasks:

(1) High vertex resolution for primary
Interaction vertex and secondary
vertices of short lived particles n
and delayed decays

(2) Improvement of momentum resolution s
D"

(3) Additional input for particle-1D
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PANDA MVD detector

Target

- Micro-Vertex-Detector (MVD)

> Tracking detector for charged particles

Low material budget
Radiation tolerance

> Innermost detector

> Main tasks:

(1) High vertex resolution
High granularity

Optimized spatial coverage T
Detection close to interaction point T K
(2) Improvement of momentum resolution D,

Good time resolution |c7=312um
Energy loss information

(3) Additional input

c7=120 um
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MVD layout MVD

- Micro-Vertex-Detector (MVD)

> Central part: gl larget™ ermm|
Four barrel layers N |
> Forward part: T 95
Six disk layers | 155
> Detector types: T *
v Pixel sensors
v Double-sided
microstrip sensors
z/mm
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Implementation MVD

- Micro-Vertex-Detector (MVD)
» Central part:
Four barrel layers

> Forward part:
Six disk layers

> Detector types:
v Pixel sensors

v Double sided
microstrip sensors

Readout channels:
~ 11 million (pixel)
~ 200.000 (strip)
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Simulation

« CAD Converter

» Translation of technical CAD
drawings to ROOT geometry

» Access to full detector
simulation with realistic model
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Simulation MVD

- Spatial coverage
> 2D mapping: Number of MVD points / track

# MVD
Track points
o]

" # of MVD Points - PiPlus 500 MeV/c |

3160
§140 1
120
1005
g Optimized desi
- v Imized design:
) 4 ?rack pointsg
O i SR 4 6= (10°...140°)
20 T =t e g )
i: ;’}"“}' 'sob ' 5|0_ x 5|0 - o'_i':';;;t'i é in v I-gg: h( g (())Vel If.é} oe)
¢ [deg] i
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Simulation

- Radiation length studies (Geantino)
> 1D profile scan for polar angle

;:f 0.7 [HH sensors

=y — | Electronics
3 0.6 Il Cooling

- - [ ]Cabling

&“ - I Support

# 0.5

v Minimized
material load
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< 1% / layer (X < 10%)

0.3

10% < > < 14%

0.2 .
B v Hot spots In
0.1 upstream region
jE due to backward
0

80 100 120 140 160 180 '
0 [deg] routing
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Simulation

- Radiation length studies (Geantino)
> 2D mapping of overall material budget &
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Performance 5'“! -----

« Momentum resolution |1 GeVic pions (0;0;0)

600 - only outer
[ NN/ tracker

5005_ [ full tracker

400F
300F
200F

100F

- Single track
resolution

- No resolution
along beam axis
without MVD

600
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200F
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Performance Mng

I] —= H 1|
_|_ _
° Prlmary vertex resolutlon pp — T T |15GeVic
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D —mesons: D*

- Physics analysis pp — DTD~

> Reconstruction: D+ % 1-&*\\\3“3%0

Conservative estimate [

—

3n*3n

o(pp —» D*D~)  2.83nb- (0.092)* Bn T okopor |
R = — = —(4.0-10 1024 6] [ 10 12 14 1618
o(pp — X) 60mb s 014/ 1d8vid

6 orders of magnitude lower
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D —mesons: D*

op — DYD~
> Reconstruction: D¥ — K¥r*r* oo
Conservative estimate 1| 3n*3n

- Physics analysis p

|
\
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D —mesons: D™ M";P

7 orders of

. Physics analysis pp — D*tD*~ magnitade
below main

> Reconstruction: D*t — D@ DY ﬁ@ background
channels

( p — D*TD*~ ) 0.90nb - 0 677 0 038
R = Ty — X) GO = Conservative

estimate
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D —mesons: D™ MV/,P

. . _ _ 7 ord f
- Physics analysis pp — D*TD* magnitude
below main

> Reconstruction: D*t — DY+, D0 — K—xt background

channels

a(g_jp — D*+D*_) 0.90nb - (0.677)2 : (0.038)2
R = (pp . X) — 60mb — Conservative

- . , approach
16001 + 1 e———————— e
- 01=0.30MeVIc | S/N 9 L o T T
14007 5 =0.75MeVic? M} o 4 2 1035 DO q | i =
1200 /ﬁ \ 24% efficiency - ecay leng
1000;— |:>{+ K:l —; 102? 5
800|— ;{ ﬂk —
600 f *\ - 10}
/e -
200 P / \%% - 1k
:‘ = ‘MFMHT: I R NN N R S \%.TN%"WM- e |_~; E , . ,
2%07" " 2008 2.009 2.01 2011 2012 2013 0 G 07 K 5 25 9.3
m[D° n] / GeVic® | arXiv:0903.3905v1 [hep-ex] "z posiiion [om!
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D — mesons: Dg 5'“!4?

. Physics analysis pp — DD, (2317)$

> Reconstruction: D — ¢r*, ¢—> KK~

> D:O (23 17)$ identification via missing mass
~ 40 events / day
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D —mesons: D,

. Physics analysis pp — DD. (2317

> Reconstruction: D~ —>@ ¢~>.

> DS (2317) identification via missing mass
~ 40 events / day

1801
160"
140}

1201

1003—
sof
su:—
40—
zo:
ok

4265 4270 4275 4280 4285 4290
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D —mesons: D,

. Physics analysis pp — DD. (2317

~ 40 events / day

> Energy scan around threshold

—> Excitation function: Determination of
D, (23 17)+ Width and Mass

ols) 11 J g | e L

Ml 4%*«/_ ?
| | (m_ m[)2317)2 +@J

180[
160"
140

> Reconstruction: D* —>@ ¢' w

> DS (2317) identification via missing mass

[=2
o
T

“- s =4287.6 MeV | |

200

vl L b Ly
4265 4270 4275 4280

i [
4885 4290

4284 4285 4286 4287

4288
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D — mesons: Dg 5'“!4?

. Physics analysis pp — D:D/,(2317)" = | ==

1201

> Reconstruction: D> > ¢r*, ¢>K'K~

80"

> D:O (23 17)$ identification via missing mass =«

40

Vs=4287.6 Mev ||
~ 40 events / day 20 Vs ¢

T R . (N S
4265 4270 4275 4280 4p85 4290

> Energy scan around threshold

[
[=]
(=]

— D, ,*(2317) world average (PDG)
= Mass: 2317.8 £ 0.6 MeV/c?

# reco‘d signals
Iy (5
3 2

= Width: < 3.8 MeV/c? vo0
Achievable PANDA performance 200
= Mass resolution: ~100keV/c?

= Width resolution: ~ 0.1 MeV/c?2 °

4284 4285 4286 4287 4288

' BEACH 2010, 21-26 June, Perugia, Italy _34.-
universititbonn Thomas Wirschig, Contribution of the MVD to the charm spectroscopy at PANDA



Outlook: X(3872) MV

panda

80

. Physics analysis X (3872) — nta—J/¢
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| Outlook: X(3872) ~ MVD

» Physics analysis X (3872) H@J/w
p — 7T+7T_: J/
> Two pion invariant

mass spectrum

L T . Angular > J /1 reconstruction

distribution ~High precision

> X (3872) reconstruction
»Mass and width (resonance scan)

v Line shape
I Targetpipe v Quantum numbers
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Outlook: X(3872) MVD

panda

. Physics analysis X (3872) — nta—J/¢

s Feasibility studies for PANDA started; 15t preliminary
2ol results
1505— @ :
- Non Y S TR Resonance Scan
W resonant Production < Q) A W)
- &gt e BN Reconstruction
- background o
S § TH s e S ; < ;\_\ efﬂCIenCy ~72%

Y4 ?—j\ = i ".. m'“’D:’
1200:— (:\l,:@z%t_\‘ Sigma n.1zs--0051.3.11_73:uoa
b Signal N - ~ 81 keV

- + DPM O ok
® background 3 o
400;— [ s ClE e
mn:_ 8.8715 3.8717 3.871 X (3872) 3.8722 3.8723 3.8724
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Summary MVD

- MVD facilitates optimized measurement
close to interaction point

> Small radiation length
- Low scattering, low impact on outer systems

> High granularity

- Detailed detector model implemented
In physics simulation

- MVD plays key role for charmonium

spectroscopy at PANDA
> Vertex reconstruction (Tagging of D-mesons)
> Momentum resolution
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MVD: Detailed CAD model

MVD: Active detector volumes only

' BEACH 2010, 21-26 June, Perugia, Italy 239
universititbonn Thomas Wirschig, Contribution of the MVD to the charm spectroscopy at PANDA



Introduction M;

- (_ panda - Experiment: Particle distribution

> Enhanced emission in forward direction

> Low-momentum particles (< 1 GeV/c) in full polar angle
Poearm=15GeV / ¢

Antiproton- Gold Antiproton- Proton
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D —mesons: D,

. Physics analysis pp — DD. (2317 "

140}

> Reconstruction: D* —>@ ¢’ o

> DS (2317) identification via missing mass  «
: “ \s=4287.6 MeV |
~ 40 Signals / day 20
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> Energy scan around threshold o/ au.

—> Excitation function: Determination of

D:O (23 17)$ Width and Mass !

excitation
function
without
smearing
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