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Towards the Micro Vertex Detector M M" ..... '

MVD requirements

Good spatial resolution in r-phi
Momentum measurement of pions from D* decays

Good spatial resolution especially in z
Vertexing, D-tagging

Good time resolution
better than 50 ns with 2-107 pbar-p annihilations/s

Triggerless readout
No first level hardware trigger, continuous readout

Amplitude measurement
dE/dx measurement to improve particle 1D

Low material budget

low momentum particles (starting from some
hundreds of MeV/c) (<1% X, for each layer)

Radiation hardness: ~4-10" n 0y o /cm? (10 years
(50%) of pbar-p, 15 GeV/c antiproton momentum)

Depends on target material
Different radiation load
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MVD layout

< 40 cm >

Carl;on fiber
cylindrical frame

Target pipe

30 cm

Beam pipe = = o Zi, 1 A

Conical structure
to support pixel barrels Frame to support disks

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




Hybrid pixel detector

Standard hybrid technology Pixel Module

Thinned SiytE”ff‘vi’ifiéﬂoﬂfi'ﬁips / T
silicon Cz substrate tvo controler chis / i Ly N iy
/ o
/ e \
Epitaxial silicon layer | \ \ b ) | / |
® & & er bus structure \ \\ // /
Bump bonding i il /
130 nm CMOS Readout chip | \\\__“// -

Carbon foam Glue

Omega support
Cooling capillary (Carbon fibre reinforced plastic)

Pixel half-disk — one side

Cooling capillary * Disk split in two halves along the mid-plane

Pixel sensor size l * Material for heat dissipation:

. . 2 e foam POCO-HTC
Pixel cell size 100 x 100 um : * Embedded cooling capillary between the two halves
Carbon foam layer

* All elements glued with thermal glue

Carbon fiber
Cooling system

Hybrid pixel Big disk view
module
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Double side silicon strips

Standard technology

Strip sensor shape

= rectangular for the barrel

= trapezoidal for the disk
Readout: pitch /strereo angle
» 130 um / 90° for the barrel

= 70 um /15° for the disk

A

Active: 0,300

66,69 33,41 —=

33,41

—=ft=—1,00

1,00 1,00

100 ——p~—

Barrel strip super-module
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Disk strip super-module

Cooling pipes
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MVD half support frame Upstream cone supporting barrel Strip barrel support

. pixel stave Cylinder over full length
R =137 mm
L =460 mm
S =3.8mm

P

Spacers in between pixel disk

Suspensors for attachment to frame Strip SUpprt_}”hQ

sandwich structure:

1 skin = 4 plies of carbon fibre

M55J/LTM110 (0°, 45°, 90°, 135°)

core - Rohacell 511G

1 skin = 4 plies of carbon fibre

M55J/LTM110 (0°, 45°, 90°, 135°)
Radiation Length X,= 0,4%

Foam POCO — HTC pixel half disk
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* Cooling fluid: water (input temperature ~18°C)
 Cooling system working in depression mode

Cooling test results — IR image

31.0 ¥ Auto Scale
30.2
29.4
28,6
A Redraw
27.0
26.2
25.4 Profile Color
246
238
23.0 Close
Temperature Line Profile
; Fil
- Profile Statistics - : M L1 n
Average 29.0°C oL | ™55 30 §
B . P & T 13
Minimum 27.5°C el T b f 5|
pud | PR 1ol LT
Maximum 3n1c 275 b | -

HTC Foam
Density: 0.9 g/lcm3
Thermal conductivity: 245/70/70 W/ m-K

COOLING FEM - RESULTS

A full half disk is modeled for thermal behavior study.
Thermal flow (with a safety factor >2) 2 1 W/cm?

Disk is made by two halves and three pipes embedded
(MPN35N Ni-Co alloy; 2 mm external diameter, 1.84

-

0.30mMIn —— Y —
internal diameter). olo 16 5 30 o Wiem
The halves and the pipes are glued with thermal epoxy
(EPOTEK H70E)

The surfaces are milling machined to final thickness (4 mm)
Planarity reached < 20 pm/m



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

CAD model
1 0.2GeVic > 1.5GeVic

Em im
III LAl
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Spatial coverage :
2D mapping: Number of MVD points / track :
Design optimization for a minimum of 4 track points
No significant effect for particle-antiparticle

No significant energy dependence

No significant effect for different particle species
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a) Techfab (ltaly)

Technology with aluminum deposition on kapton (or SU8),
presently not completely reliable for bonding

b) CERN

1 m folded differential cable Technology with laminated aluminum on kapton, reliable for
bonding

a) 5-9 um thickness
b) 15 um thickness

l

Receiver 65lvds100, 2Gb/s

« Al
A \
T Kapton

a) 5-9 um thickness

_ _ b) 15 um thickness
Differential

outputs a) 50 pm thickness

b) 65-75 um thickness (glue+kapton)

Differential

Transmitter 65lvds100, 2Gb/s inputs



From CERN Standard protocol

200

100

Eye Diagram: Voltage, m\y/

300

L 250

=
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(b}

c 150
100
50

Vert Cursor

t: -502.3ps

Horiz Cursor

Vo -270.4mV

Data rate
[Gb/s]
Optical Carrier 3x 0.156
o s | Optical carrier 12x 0.622
at: 998ps Fiber Channel 1x 1.060
Giga Bit Ethernet 1.250
Fiber Channel 2x 2.130

Wy 270.4mV

Ops 200ps 400ps E00ps s0ops AV: 340.2mV

Total jitter vs data rate.

.0 .5 1.0 1.5

2.0

data rate [Gb/s]
Max. data flow foreseen from MVD: ~100 Gb/s

From Techfab

Vert Cursor

b 502.3ps

ty 495.7ps

>

E

% al: 998ps

3

2

E

-4

=]

=

2

ET Horiz Cursor
Vy:-221.2mv
V?'. 221.2m\V

soops AV:442.3mV

- INFN, Cu, 0.570mm,
no receiver

=¢-Techfab, Al, 0.15mm,
receiver

V- Techfab, Al, 0.15mm,
no receiver

-4 Cern, Al,0.10mm,
receiver

= Cern, Al, 0.15mm, no
receiver

Error bit rate counting: 0

2.5



Primary vertex resolution

entries

Xy

0005 001 0015 002 0025

uns. d, [cm]

Vertex resolution

pp— ™

15 GeV/c

800f

600F

400F

200p

G, [um]

momentum

GeV/e

O—p?‘im,x O—p?‘im. T

primary

vertex resolution [pm]

O—pr-im 2

6.57 30.7 30.7
7.50 304 30.3
8.50 30.0 29.0

493.6
208.5
157.4

pp — DYD™  (6.57/7.50/8.50) GeVic

- Secondary
vertex resolution:
Oyy < 39 um

c,< 100 um

secondary



Momentum resolution 1 GeV/icn

soof

conk- £ gjner IR p,
E [ full tracker 500 [ full tracker :
soop — M e (p) without MVD = 2.6 %
s00f : o(p) with MVD = 1.4 %
3005 3002
- 200 o(p,) w!thout MVD = 2.9 %
. o(p) with MVD = 1.4 %
- i = Improvement by 50%
(pt pt mc)/pl mc
L e e il
TO0F [ outer tracker i outer tracker i
soof [ full tracker Z 800~ [ full tracker Xy 7
Single track resolution : :

400
300

- No resolution along
z without MVD

200

s o 65 b3 02 @1 08 04 0z 63
z, [em] d, [em]

Energy loss information

(in progress)

R R R A
Momentum [GeW/c]
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49 um (4060 Q-cm, n/P) + 50 um Cz substrate (0.01-0.02 Q-cm, n*/Sb)
74 um (4570 Q-cm, n/P) + 50 um Cz substrate (0.01-0.02 Q-cm, n*/Sb)

with the ALICE layout at FBK

Single chip assembly

v/ pixel obtained with the ALICE masks
(50 um x 425 pum)
v' test performed using ALICE pixel readout chip

Test of radiation damage with neutrons from Pavia nuclear reactor.

Equivalent fluences corresponding to ~ 1, 3 and 10 years of
PANDA lifetime

98 um (4900 Q-cm, n/P) + 50 um Cz substrate (0.01-0.02 Q-cm, n*/Sb)

Full depletion voltage
normalized to Epi-50 [V ]

w H O o N
o O O O o

= N
o O

;

Observed reverse annealing

—o— Epi-50; 1 year

—m— Epi-75,n; 1 year
—A— Epi-100,n, 1 year
——FZ,n; 1 year
—o— Epi-50, 3 years
—A— Epi-75,n; 3 years
—&— Epi-100,n; 3 years
—e— Epi-50; 10 years
—&— Epi-75,n; 10 years
—a— Epi-100,n; 10 years

10 20 30 40 50 60 70

Annealing time [ day ]

0

Total pixel number

*1 inthe assembly: 8192

Dead pixel [#]

Epi50 Epi75 Epi75 Epi100 Epi100
(S15) (S8) (S14) (S5)  (S6)

Leakage current < 50 nA/pixel
(100 umx100um size, 100 um thick),
immediately after the irradiation,
decrease by a factor 2
after 10 days of annealing at 60°C



ToPix specifications ToPix_v2 prototype

130nm CMOS technology Pixel readout cell

N\

Pixel radout size:
100 x 100 um?

Chip active area:
11.4 x 11.6 mm? preamp

116 rows, 4
( baseline
110 columns)

. ANALOG

restorer

A

dE/dx measurement:

ToT, 12 bits dynamic DICE architecture
range

Noise:
<0.032 fC (200 €")

Clock frequency:
155 MHz

Time resolution:
6.4 ns (1.85 ns rms)

~_ End column

18
16 Good linearity
High dynamic range

14 {1 100 C)
121

Time stamp/configuration bus

101
Power consumption: gl *  ®Pixel 16
" + Pixel 21

<< 500 mW/cm? 61
Max. event rate: 41 ¥ [Average gain = 152 nsiic.
! o = 6nsifC

(at 2 107 pbar-p ann/s): 219
D +

0 20 40 60 80 100 120

~ 12- 108 hits/ (cm? s) Input charge [fC]

standard architecture




ToPix_v2 prototype

Total Ionizing Dose 3| Slope variation ~factor 2 .

-12x10 Single event upset
O Baseline variation <3 % | & [Board 00
£ 0.34 P = ~ -10 . & Board (1
2 ard + O Ll & Board H .
§_ o= sl 95 Tl s U ~6: 10 SEU bit ! -sec’! (DICE)
g = oz Y e g o] 88 b ¢ ue"ee|  ~300-10" SEU bit ! -s”! (standard)
S gafhee v lel 22, with SV: 1um?,
> 0 Threshold Energy: ~0.5 MeV (DICE),
< MW w0 % 2w , 5 | Noise variation <20 % 0 MeV (standard))
Doss (Mrad}  Annealing time (hours) =
; H 1.0 jg™¥ et “tpee e
The readout chip needs § o i
enclosed structures @ 05
on particular transistors g ' o
of the constant current < oo & BowdH

discharge circuit O 10 20 30 40 © 100 200
Doas (Mrad) Annsaling time (hours)

ToPix_v3 prototype

The layout is under design: (T

. Cell Type Cell size comments
4.5 x 4 mm? die area yp

4 x 128 cells columns Dice 6x7 um? ToPix_v2
4 x 32 cells columns (for test purposes)

Triple redundancy 7x9.6 um?2 ToPix_v3
CMOS 130 nm DM technology data register
Enclosed structures (analog part) Triple redundancy 9x14.4 pm? ToPix_v3
Triple redundancy-based SEU protection | with self correction control register

End of column logic
320 Mb/s serial output (e-link compatible)
Pads for bump bonding




From lab-scale system to tracking station

Sensor:
2 cm side

300 pum thickness
90° stereo angle
50 um pitch

u Sensor
E Pitch-adapter
B Fronten APV25-S1
B Hv connector
HD connector

T Tracking Station
at COSY beam time
<« Lab setup

nri
H

o8 i F 85§

Entries

Frontend characterization
Channel 94' AL register value
? 10 20 30 40 50 60 70
e S S S SO 3 o =2 : ; et
2 F
P < € ik
] 0 8 &
£ 30 o =
: o
5 -2F
s £ F
0 53 \
= Y
= I
1000 2000 3000 4 0 15 20 25 30 35 40
Pulse height / ADC value Injected charge [ ke
Sensor characterization
120 x10% 14 %= ’ S Entries
100 Entries 4958759 . 12 I =3
Mean 3216 B 1
20 My 2781 = 10 5 10°
. £ 1
601 J" 3 g -
40 f <
20 ), \b & I 10
|
N 3 1 i L =—==1 E T .
0 2 3 4 5 & 7 0 2

Deposited energy £,/ MeV- cm?

]

6 & 10 12 14
Egp [p-side) / MeV - emr?

bottom position / cm
- A AT
a N B D
T —r T

e
oo

2D imaging

TR A

1 12

1 1 1
14 16 18 2
top position f cm



MVD design is in progress
Parallel software development to check physics performance
Prototyping phase is started
Still some challenging tasks have to be studied and optimized...
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antip- proton Ar Au
] Max. average flux [hit/(cm?-s)] 8.24-10% | 3.30-10° 9.47-104
Pixel part
P Disk number Disk 6 Disk 5 Disk 4
Max. average flux [hit/(cm?-s)] 2.55-10° 1.03:10°
Pbar @15 GeVIq garrel 1 stave n. B1,st3 B1, st 13
Proton - 2 1032
Ar - 2.4 103 Max. average flux [hit/(cm?-s)] 2.55-10° 2.54-10*
Au - 2.2 1030 Barrel 2 stave n. B2,st19 | B2, st25

Pixel part

10

0.8

0.6

0.4

Maximum hit rate on frontend / 10°

I|I|'|II|IlII|I|I'|IIiI

- _ 2.. 2 5
{r = 2) - conrdinate/ 10Pmm?

Maximurm hit rate on frontend / 108

1_4:””
12

10f

a5 -0

IIIIIIrIIIIIIIIl

5 0 5 10 15 20
{r= Z) - coordinate/ 10°mm?



Readodt chip

/Wodule controller

_'__4,;:::::;‘;:22' / g to counting room/daq
o :::,:;_,,4 7/

cable
g/ Optical

\/ transceiver

PCB -BUS

1—_
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Detector Frontends

Multiplexer

First Stage
SuperBurst Builder

Second Stage
SupeBurst Builder

Compute
Node
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