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- Introduction

. PANDA at FAIR facility

= Injection
P
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Introduction MV/.P

- (_ panmda - Physics program

> Study of charmonium systems: gq potential models
> Precision measurements below and above DD threshold
—> Discovery potential for new states

> Search for exotic QCD states (glueballs, hybrids)

> Charmed and multi-strange spectroscopy

» Electromagnetic processes (pp — e*e / yy, Drell Yan)
> Properties of single and double hypernuclel

> Properties of hadrons in nuclear matter
- M. Fritsch HK 13.2
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Introduction l_‘\v“!/tP

- (_ panda - Experiment

> Fixed target experiment

» Frozen hydrogen and heavier nuclear targets (e.g. Gold)

> Pellet target / Cluster-jet target

> Design parameters
a) High luminosity: L= 2-10% cm?s?t! < Ap/p <104
b) High resolution: L= 103 cm?s! < Ap/p<4-10°

Beam momentum: (1.5 ... 15) GeV /c

> Interaction rate: 2 - 107 events / s
-> Non-ordered time structure
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Introduction MVD

- (_ pannda - Spectrometer
Solenoid

_ Central tracker
Dipole

<L WY/

it | [N
Target W’mg -

spectrometer Forward spectrometer
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Introduction M;

- ( panmda - Experiment: Particle distribution

» Enhanced emission in forward direction
> Low-energetic particles (< 1 GeV/c) in full polar angle
Poearm=15GeV / ¢

Antiproton- Gold Antiproton- Proton
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Introduction

Mvep

s

- (_ panda - Experiment: Particle distribution

> Enhanced emission in forward direction (light targets)
> Low energetic partlcles (<1 GeV/c) over full polar angle
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General description

- 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 T
and delayed decays é
(2) Improvement of momentum resolution

. : _ D* . > KOx+ KOy
(3) Additional input for particle-ID  p., gox+koy ¢t = 147 pm
ct =312 um
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Requirements MVD

- Good spatial resolution and high spatial coverage

> r-phi <> Momentum measurement (e.g. soft pions D* decay)
> Z <> Vertexing, D-tagging

- Good time resolution (< 10 ns) «<» Quasi continuous beam

- Amplitude measurements <> Improvement of spatial
resolution and PID

- Radiation tolerance (=10 ng 1 yeyy M2/ 10 years)

- Triggerless readout <> No first level hardware trigger

- Low material budget
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I General layout MVD

- Micro-Vertex-Detector (MVD)

> Central part: rge ,. r/mmf
Four barrel layers B |
» Forward part: T 95
Six disk layers S
» Detector types: i\—T_ZS
v Pixel sensors
v Double-sided
microstrip sensors
z/ mm
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Implementation MVD

- Micro-Vertex-Detector (MVD)
> Central part:
Four barrel layer

» Forward part:
Six disk layer

» Detector types:
v Pixel sensors

v Double sided
microstrip sensors

Readout channels:
~ 12 million (pixel)

Low power dissipation ‘
~ 200.000 (strip) for frontend electronics required
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Implementation

Pixel sensor

» Shape: Rectangular
= -_n,uu:E-_U'w T > 4 types Of diﬁerent |ength3
22,40 _ 0,20 > PIX6| CE” SIZG

100 x 100 pm?
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Implementation MVD

- Hybridization: Pixel module

Power cable Datacable  Controller chip 0805
bias filter Standard

capacitor hybrid
technology

Thinned

silicon Cz substrate

0603 . Epitaxial silicon layer

supply filter ©O © O

capacitors Bump bonding

ToPiX readout chips  Multilayer bus structure Readout chip

Carbon foam Glue

Carbon fiber
Cooling system
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Hardware development

- Pixel sensor
> Specifications
v Epi-Silicon layer: (50 ... 100) um
v Thinned substrate: ~ 50 um
v Alt.: Thinned oxygen enriched silicon

> Measurements -
v Sensor characterization o
o = 13 Epi 75/ Epi 50
v Radiation damage test (neutrons) = 10
100 - ) . , I=
Epi-50 mEpi-75 A Epi-100 )
- o | | E5H0 BERTS AE — A % - s J——
E ° 60 T o - M‘
28 « A ; @
= 0O
g= 2 7‘/ ¥ 3 k>
o F—4 i & 10
0 ] 10 I 20 30 40 50] 60 — 0 100 200
13 -2
Before Neutron flux @, [10%° cm™] - Bias voltage [V]
irradiation 1 year 3 year 10 year PANDA lifetime
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Hardware development MVD

- ToPix readout chip 1
f . b

> Specifications q/
<«

—

v Time over threshold technique

for untriggered readout

preamp
v CMOS 130 nm technology
v 116 x 110 pixel matrix bascline
(100 x 100 um? cell size) restorer AT
v Low power consumption & .
(< 500 mW/CmZ) 16 High dynamic range
141 (1..100fC)
> Measurements 12
101

v Testing procedures

& Pixel 16
- Pixel 21

ToT [usl

Average gain = 152 ns/fC
o = 6nsifC

0 20 40 60 80 100 120
Input charge [fC]
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Hardware development

Mvep

- ToPix readout chip

— T

> Specifications /
v Time over threshold technique __ q

for untriggered readout
v CMOS 130 nm technology <

v 100 x 100 pixel matrix baseline
(100 x 100 um? cell size) restorer

preamp

12,

|ofg_reg|| te_reg ||| le_reg |

—? >

. — DAC
v Low power CONSumption  -1zxg®Sleee varaton ~fator 2 - o 6| Amplitude: No significant change |
—_— ® Boar < ';‘ .
(< 500 mW/CmZ) 8 % 10 . oo : Sg::g?_ﬂ g,é 05 /g0 o pe GeBg®e g 00
03 b e ¢ ® o 04
= 6| o * © O
) ® AN o 3 0.3
> Measurements 58 e o] T2, R
< -2 Q £ o1 e BEoard 01
. 0 I G 0.0 ® BoardH
v Testing procedures © 24 | Baselie variation <3% Noise variation < 20 %
. .. ﬁ ® Board 00 g 15
® Board 01 —
v Total ionizing dose g i Somn]| Tl €% aepee, e,
& |y .
; © = 032 °%e o >
test with X-rays S " Cleed e *e | BE
= 0.31[0® e ® o 05 ® Eoard 00
g > ® Board 01
b3 030 < ® BoardH
0 10 20 30 40 O 100 200 000 10 20 30 40 0 100 200
Dose (Mrad) Annealing time (hours) Dose (Mrad) Annealing time (hours)
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Hardware development MVD

. ToPix readout chip N
> Specifications 1/ gl
v Time over threshold technique q B %
for untriggered readout ] e %ﬁ
v CMOS 130 nm technology P ;'_?
v 100 x 100 pixel matrix baseline __Eg
(100 x 100 pm? cell size) restorer S
v Low power consumption
(< 500 mW/cm?) 501 St o e Bhe

40 -

> Measurements

v Testing procedures
v Total ionizing dose test

v ToPIx prototype

0 10 20 30 40 50
Time over threshold (clock cycles)

connected to epi—sensor ToPix + epitaxial sensor TOT calibration

(| i
“ {| T Q <
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Implementation

- Strip sensor

> Shape:
Trapezoidal (disk)
Rectangular (barrel)

Readout: Pitch / stereo angle:

130 um / 90° (barrel)
70 um / 15° (disk)

e—— 36,8 f ——=

34,59

0,30

a: 0,300

1,00

e

chiv

15°

—= ]IIJI]

1,00

33,

1,00

1,00 —=fl—

19,94

21,69
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Implementation MVD

- Hybridization: Strip module
Disk part Barrel part

Readout .
along IRIRIRiapimininl
=€ensor Readoutshort strips
sides Y R N R N B R
N E-EnE-E
Bending Pitch adapter
at top Frontend gmq =
—— (N =
Readout long strips
———S N >

|
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Implementation MVD

- Hybridization: Strip super-module
Disk part Barrel part

Support ‘ ‘

Cooling |
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Hardware development MV

panda
« TJest system for strlp Sensors
Sensor n-side Sensor p-side
i
differential
Supply Board
i} Sensor |
D [T T T T T oeersa
Frontend ADC Board
EHVconnector L == parallel data
ey HD t o= —L
— Bl ln . - l : Digital Readout System
s F | F FPGA
7 "'*" Virtex-4 LX60

-

PCI-CMC

S1$1100 Interface Card
Remote

T Tracking Station
at COSY beam time optical link

— Lab Setup S1S1100 Ill.lltertfaoe Card
From lab-scale test system to tracking station PC
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Hardware development

panda

- Test system for strip sensors

0'1‘11 o Lo T T Ty o Ty
06 08 1 12 14 16 18 2

| Sensor characterization
Soc_:ha""e'94 . o e 1|O i 2|0 30 4|0 =E§Lr=eggsléer=va‘$§ 120 x10° l4: Entries
i i : 3 | i _ 10
] s, = 3 i Entries 4958759 - E
5 30 s 1 E cof s
E 2 om “ E % 6F 102
2 20 £ 1 40p A
} 5 : T Zof_ s 10
e+ Frontend characterization NN AL
el B 0 : 3 4 5 6 7 0 2 4 10 14
1000 2000 3000 10 15 20 25 30 35 40 45 Deposited energy Eq/ MeV- cm Fgep (P-side) / MeV - cmt
Pulse height / ADC value Injected charge / ke
st m 2D Imagingm| 1*¢
s1.8F & |
DPG contributions: |
! , §1a-
- R. Schnell HK 10.5 " = o
- M. Becker HK 21.3 ’ Lol e
> K.Koop  HK 36.61 i i
,:° LR R Y R 0'2;
From lab-scale test system to tracking station

top position / cm
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- Digital Readout system voraware DG

Firmware Digital Readout
Modules Board (FPGA)

ASIC

Functionality

T
—
|

=
e

SIS 1100 Generic

Device Driver Access Layer

Transport
Access Layer
Chip
Access Layer

Fd

Noise distribution
Threshold: 324 =] [
Noise: 8.8

P B A I L cfau) clau) ]
20 00 2 M0 Injec?tSSChargat:?a.u.] 40 MHZ 60 MHZ 80 MHZ

Gﬁ’
(=]
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Mechanics aspects MVD

- Overall detector integration

Global frame | —

=

4 Cross Frame

| oSl | 3 point fixation to central
Carbon fibre M /&_ - support frame
i ') End-RiurT‘g 1

structure 2 half frames

| /‘;\'\x} v 8 - Integration of all MVD parts
\s K H v Prototype commissioned
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Mechanics aspects MVD

* Support concept Barrel layer

v Staves hosting detector modules
v Pixel barrel layer: Upstream cone

v Strip barrel layer: Cylinder over full
length, sawtooth structure

L1 Pixel layer
AT I

8

& Carbon fibre /

Carbon foam
structure

1 Iy Strip layer
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Mechanics aspects MVD

« Support concept Forward part

> Pixel disks
v Half-disks hosting detector modules
v Spacers in between disk layers
v Suspensors for attachment to frame

> Strip disks

55 v Dedicated
support for 25
super-module |

v Support ring with

N :
Carbon fibre / A fixed super-
Carbon f modules
arbon foam attached to frame
structure
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> Sandwich structure:
(Carbon — Rohacell® — Carbon)

> Stiffening structure:
2 layers of carbon fibre (400 um)
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hanics aspects

- Routing concept

X r;::7‘1‘:;;__‘___ Circular or bundled
Circular occupancy | @top/bottom |

l e

A1 1

Panels

' |
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- Routing concept
> “Packets” for individual modules

> Upstream routing along beam pipe ===
> Dedicated routing for pixel disks o — —-

\\

NN

Strip disk \‘tg,@

s S
v
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Mechanics aspects

- Routing concept

i

e
IR
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- Cooling concept
> Coolant: Water (18°C)

Barrel
layer

Micro fittings:
Thermoplastic

» Active part:
& 2 mm pipe
(steel alloy)

> Upstream routing: &
& 4 mm flexible

plastic pipes  Test

setup
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Mechanics

- Cooling concept
> Coolant: Water (18°C)

> Under-pressure
mode using
hydrostatic
pressure

L .COOLING FEM - RESULTS -
Carbon foam

cutting SO

Glueing: Drilling
2 foam disks and
embedding baking

cooling pipes

' DPG Fruhjahrstagung, HK 21, Bonn, March 16, 2010 34 -
universitatbonn Thomas Wiurschig, The Micro-Vertex-Detector (MVD) of the PANDA experiment



Simulation

CAD model

CAD Converter

translates CAD drawings
(STEP-files) into ROOT
geometries = access to full
pandaROOT simulation with
realistic detector design
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mulation

- Count rate studies

~Pixel part Strip part
15 GeV

llllllllllll

14

12

P
o

IIIIIIIIIII'IIIIIIIIII

10

0.8

o
)]

0.6

o
>

04

0.2

o
N

IllllllIlllllllllllllllllllll_

Maximum hit rate on frontend / 108

Maximum hit rate on frontend / 108 @
o
(0]

(]

,,,, r TN S ' I R 1 i L

20 15 10 5 0 5 10 15 20 2 0 2 4 6
(rx z) - coordinate/ 10 mm2

(o0}

(rx 2) - coordinate/ 108 mm-2

> Maximum count rates / frontend: ~ 10°Evts /s
> Anisotropic distribution
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ulation

- Count rate studies

1800

¥ 1600

E 1400 -

-

® 1200

o

m -

£ 1000 == Pixel Part (G3)

i |

T 800 =#=Pixel Part (G4)

=

F o 600 - —s=Strip Part (G3)
== Strip Part (G4)

4DD 1 T T T T T T 1 T T T T T 1
2 3456 7 8 9 10111213141° =& New Strip Part (G3)

=== New Strip Part (G4)

Beam Momentum [GeV/c]

> Integrated rate over all frontends: ~ 3 Gevts /s
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Simulation

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

| Full MVD - 1* of 200 MeV/c |
= 160

6[ rad

140§

120

100

80

60—

v Design
optimization for
a minimum of
4 trackpoints

40 el

20 r\

olllllIllllllllll‘llil‘lllivll.ll'lll.llllll _0
-150 -100 -50 0 50 100 150

¢ [deg]
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Simulation

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

TC 0.2 GeVl/c - 15GeV/c

= 160 160
BME TR : T B

- S e L 2
5 1o :

v No significat effect
for particle <> antiparticle

al Fi=
160 = 160
T OF : SR i

140

v No significant energy
dependence

: v No significant effect for
different particle species

0.2 GeV/c P 0.2 GeV/c - S. Bianco HK 43.6

DPG Frihjahrstagung, HK 21, Bonn, March 16, 2010 239
universititbonn Thomas Wiurschig, The Micro-Vertex-Detector (MVD) of the PANDA experiment



Simulation

- Radiation length studies (Geantino) _—
> 2D mapping of overall material budget & ... = ¥

v More isotropic
In barrel part

v Anisotropic
101 routing of
pixel disks

v Hotspots in
upstream region

II|II\I|I\\\‘\\II‘IIII‘III\‘\\\\'I\
0 -150 -100 -50 0 50 100 150

¢ (deg)
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Simulation

- Radiation length studies (Geantino)

> 2D mapping of main components
Sensor

s. _......i...Hl

| il i
OF 0

T '}'.1__

TN

150
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Simulation MVD

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

-
~

I Support
[ ] Cabling
I Cooling MVD
[ |Electronics
I Sensors

# Rad Lengths
=
o

ot
tn

RAARARAAAT LML M

0.4 < 1%/ layer (£ < 10%)
0.3
C )
0.2
0.1
L
iin i
o' 20 40 60 80 100 120 Y40 160 180

0 [deg]
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Performance

MV

« Momentum resolution

600

600F only outer
C NN tracker

5002_ [ fun tracker
a00F
300F
200F

100F

- Single track
resolution

- No resolution

along z without

300 [ full tracker

100

700

600

500F
400k
300

200F

=

400F
300F

200F

00F

1 GeV/c pions (0;0;0)

C 7 only outer
- tracker

] o(p) without MVD = 2.6 %
o(p) with MVD

=1.4%

o(py) without MVD = 2.9 %

=1.4%

- Improvement
by 50%

] o(py) with MVD

Xl 0.05 0 005 0.1
(p-p b

"""""""""""" 1000 T T T Tl
;— outer tracker Z —; - outer tracker
E_ [ full tracker _E 800 - [ full tracker
3 E 00|
3 3 400f

3 200f
N ; : -
1 0.5 0 05 1 50}

Z, [cm]

...............

MVD
universitétm
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Performance
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Performance 5"‘!4?

&
o

w
(3}
IR

- Energy loss

Information
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Summary MVD

- Advanced stage of MVD detector
development

- Start of prototyping

- Parallel software development to
check physics performance

- Still some challenging tasks ahead ...

' DPG Fruhjahrstagung, HK 21, Bonn, March 16, 2010 47 -
universitatbonn Thomas Wiurschig, The Micro-Vertex-Detector (MVD) of the PANDA experiment



Institutes and members MVD

K.-Th. Brinkmann, M. Becker, S. Bianco,
R. Jakel, R. Kliemt, K. Koop, R. Schnell,
T. Warschig, H.-G. Zaunick

D. Calvo, P. De Remigis, B. Giraudo, S. Cali,

“ /lv T. Kugathasan, G. Mazza, A. Rivetti,
(INFN-Torino) R. Wheadon, L. Zotti

" JU |_|CH T. Stockmanns, L. Atar, D. Grunwald,

FORSCHUNGSZENTRUM H. Kleines, D. Pohl, M. Mertens, J. Ritman

' DPG Fruhjahrstagung, HK 21, Bonn, March 16, 2010 - 48 -
universitatbonn Thomas Wiurschig, The Micro-Vertex-Detector (MVD) of the PANDA experiment



MVD: Detailed CAD model

MVD: Active detector volumes only
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