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p-LINAC

2:101! stored antiprotons,
1-15GeV/c

http://www.fair-center.

com/

antiprotons

production
(30 GeV p on Cu)

collection and
preparation

acceleration and
preparation

experiments



agigEi A Nnihilations at DArmstadt

High Energy Storage Ring

10! stored antiprotons, momentum range 1.5 to 15 GeV/c

Luminosity at peak intensity: £= 2-10%cm=s? ép/p =104
(stochastic cooling) interaction rate 2-107s!

Luminosity for highest resolution: £ = 2-103tcm?st p/p < 4-10-°

(electron cooling)



PANDA Physics

« Many open questions in strong
(non-perturbative) QCD

distance [m]

- charmonium - hybrids, glueballs and exotics - open charm

- Chiral symmetry in SU(3) and hadron mass modifications

- hadrons in the nuclear medium
« Hypernuclei: “3' dimension“ of the chart of nuclides

 Electromagnetic channels and processes
(generalized parton distributions, e-m formfactor of the proton in the time-
like regime , virtual Compton scattering, Drell-Yan)

baryon spectroscopy, mixing/CP violation in the charm sector,
rare decays, antiproton physics at low energies




nihilations at DArmstadt

target spectrometer forward spectrometer
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PANDA IS a modular multi-purpose dewce.

Excellent forward acceptance and resolution

(Moderate) backward acceptance

Wide dynamic range: particle momenta 0.1 - 8 GeV/c
Momentum measurements in magnetic fields (Ap/p = 1%)
Particle ID in wide momentum range e, u*, n*, K&, p, ...
Electromagnetic calorimeter: vy, % n ... (%)
High-resolution vertex detection: D* D°/ K A, X, Q ...
High interaction rate beyond 2-107 st

Intelligent trigger design for parallel data acquisition at
high rates and small branching fractions



hydrogen pellet or cluster jet target
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Pellet
beam tube

CELSIUS
beam tube

Pump
station

Cryogenic
beam dump

PANDA Targets .

WASA Pellet Target

Pellet generator

pellet target

Differential pumping

N
N
H
Scattering chamber

- beryllium tube
- forward window

Nl 101 atoms/cm?

20-40 uym diameter
mm interspacing

cluster jet target
up to 101 atoms/cm?

a few mm long in interaction region

A. Khoukaz, U Miinster

heavy targets: heavy gases, wires, and foils



The PANDA MVD

Design adopts state-of-the-art silicon sensor techniques

Focus on PANDA specific issues:

* High and asynchronous interaction rate

« Strongly asymmetric angular distributions
* Versatile experimental requirements

* D meson ID (ctBy ~ 500 um typical)
 Minimum mass budget




PANDA Physics = MVD
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Physics with the MVD

Secondary vertices from delayed decays: -
- D meson reconstruction

(56+5)% K™ + anything
(42+5)%K° / K® +anything
(30+4)% K™ +anything
(59+7)% K° / K® + anything

D°: cr=123.7pum

D*: cr=315um

(cT) also have considerable branching ratios involving KK

« Hyperons (e.g. (excited) Q’s) and kaons (Kg)

- Heavy baryons (e.g. A,)
» Slow charged pions and kaons



The PANDA MVD

Design adopts state-of-the-art silicon sensor techniques

Focus on PANDA specific issues:

* High and asynchronous interaction rate

« Strongly asymmetric angular distributions
* Versatile experimental requirements

* D meson ID (ctBy ~ 500 um typical)
 Minimum mass budget

Solutions:
» Heterogeneous design (pixel and strip sensors)
* Very compact design
* Limited number of space points / layers (default 4)
* Novel readout electronics (non-triggered readout)
* Tracklets real-time (fast on-line processing)




The PANDA MVD Projec

- : |
Silicon pixel sensors
n
Small pixel cells — 100 x 100 ym?
|

Specialized custom hybrid = ToPix

Features: - .13 p technology
- ToT to retain (some) energy information

- fast handling for high data rates

- “untriggered” readout of data

- rad hard within “typical” limits g
- minimum material load < sensor technology §

Silicon strip sensors

Less traversed material than pixels, smaller number of channels
Features: - pitch of 50 — 150 ym
- double-sided sensors, 200 ym thick
- specialized solution for front-end




The PANDA MVD Projec

Technical detector layout “v1.0* u
- all components specified




Design

* Simulation of properties and performance

StripPixel-6
x10°
5000 15

um¢maxz5'1012[#lcm2 000

. ¢max:z6-10“[;#./cm2]m

¥

StripPixel-5

15

Perfor-
mance
study by
simulation:
- rad load

15 =

£, 2 ~1.6:10%2 ¢/ cm?] | (max.
1013/cm?
per 15 a)
- rate load

0

5 10 15
X[em] / Cos(teta)



Design

Simulations u

‘W Sensors
[ Electronics ‘ _
1- Cooling Detailed

] Cabling CAD model
[ Support
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Design

Simulations: component thickness
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|__Full MVD - x* of 200 MeV/c__|

160

140

e

4 Pz’

120

A PR

100

VAT PN L
= o0

80
60

40

L

——

150  -100 50 0 50 100 150
¢ [deg]

160

140

120

100

80

60

40

150  -100 50 0 50 100 150
¢ [deg]




Additional forward disks

4 barrels: =
- 2 inner layers: pixels
- 2 outer layers: strips

6 forward disks:

- 4 pixels

- 2 mixed disks
Pixels :
11M channels, 0.13 m?
Strips:

200k channels, 0.5 m?

09/07/11 KTB 20




Design: Pixels

' _
Pixel module $
Q
. S ||
Power cable Data cable  Controller chip 0805 hybrid > /
bias filter hnol -
capacitor technology §_ { )
o
S
—

| |

Sensor Y Y Y X X ]

supply filter
capacitors

ToPiX readout chips  Multilayer bus structure

Carbon fibre support




EPI Sensor Tests

n-epitaxial layers deposited on standard
Czochralski (Cz) substrate

= Epi-50 - High resistivity * Epi-75 - High resistivity

+ Epi-100 - High resistivity = Epi-50 - Middle resistivity
e Epi-75 - Middle resistivity 4 Epi-100 - Middle resistivity
* Epi-75 - Low resistivity

Full depletion voltage
normalized to 50 um thickness [V]

PEHENER
EEmmEB
ENENEB
dRRBWES
R N R
HWEWES

20
Annealing time [day]




Pixel Readout :

ToPix 2.0: - Reducedscale prototype. -
- Designed in CMOS 0.13 ym technology |
33 [ [ [ ]| |} ¢ & ] |0 320 pixel cells in four columns: .
s | || | | || =2 short ¢'s with 32 pixels E
3 ] | ] ] 1™ 2 folded c’s with 128 pixels
32l [ [ | | | | | - Simplified end-of-column logic
o) [ [ | || [ » 16 pixels with wire bonding pads
oo | | [ | || S
!j:‘
i :
i &
&

128 pixel column: 12.8 mm. AL A

Final ToPix: - Matrixof 116x110 cells, pixel size 100x100 pm?
- 1.28 cm? active area.

09/07/11 KTB 23



ToPix 2.0:

ToT performance T | —
B Pixel 16
|/O [ [ | | | | - Pixel 21

0 10 20 30 40 50 60 70 80 90 100
Input charge [fC]

i Pixel 16
% Pixel 21

Non-linearity [%]

0 10 20 30 40 50 60 70 80 90 100
Input charge [fC]




m AT Gaussian Fit  Peak Sigma ToPix_v2 50 MHz
A

50 pum epi sensor

ToT 622 ns 34 ns
28 AmM 60 keV v

Charge 2.67fC | 0.15fC
Electrons 16,700 915

JHLLNG
Y
/;1”1!“!‘“‘

T h

10 20 30 40
Time over threshold (clock cycles)

threshold dispersion for untuned and fine tuned pixels pixel noise for threshold tuned pixels, stacked histogram |

- untuned threshold Data - Data column 0
{\ Mean: 2105.05 £ 1.92

T H Data col 1
th res h 0 I d RMS: 2170+ 136 Y X 1 [ oata column
l:l Data column 2

GauR fit
2

J x2/ndf: 28.9 /41 I pata column 3

Entries: 318

i) 210239+ 428
a 2786570
norm.: 3.3%0.5
- fine tuned threshold Data
Mean: 2108.84 +0.23
RMS: 258+0.16
Gau fit
y2indf 36/ 5
o 2108.80 £ 0.21
a: 2322013
norm.: 425*45

Mean: 296 + 002

RMS:  0.45%0.02

===l = o - 1 1
2160 7
threshold [DAC] noise [DAC]




ToPix v2: TID and SEU

Irradiation Single Event Upset
|

=
%

DICE cell:
2.3 h'l per ToPix

Average noise (mV)

2 ! ndf 366415

Saturation 1.90e-08 = 3.5518-10

-
=
=

DOifset 04688 £ 0.04954

Cross section per bit [cm* 2/bit]
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< next prototype with triple
redundancy SEU protection




Pixel Readout

Pixel cell layout, ToPiX v3

y B S —_—
e SEE | Per cell:
2 T HEEr P
Bl « preamplifier
’;ﬁf ;; » Leakage compensation
il - 5 bit DACs (threshold tuning)
R |+ Comparator
e ==« 12 bit configuration register
£ | R -« One register for leading edge
= === . One register for trailing edge
8 ﬁt ? ; ?ﬁi Pixel size 100 < 100 pnt?
e — G R i
a? ;E Chip active area 1.4 %116 COESSH(S . 110
AR Y dE/dx measurement ToT, 12 bits dynamic range
i . Max input charge 50 fC
et izt RIS G | R e e Noise floor <32 aC (200 &)
i Clock frequency 155.52 MHz
Time resolution 6.45ns( 1.9 nsrm.s. )
\ S Power consumption < 750 mWiem?
S
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Design: Strips
Strip sensors
trapezoidal (disk), 70 ym, 15°

rectangular (barrel), 130 ym, 90°




Design: Strips

Strip super-module r/0 and cooling
Disk part Barrel part

Cooling y

09/07/11

KTB
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Design: Strips

Hybridization: Strip module readout

Disk part Barrel part

/ 2

readout
along

Sensor
sides

90° bend
at top

09/07/11




Towards PANDA MVD Strips '

e Hardware Test Station for sensor tests, readout
and electronics development

sensor “telescope”
20x20 mm B e .4 Board-0TS1 v. APY 2.0 [© ir
50 m itCh "};‘,.;e 3 & IKTP TU Dresden m” = 11 .
Hm P SR i . < : |
' MR V. | JJpa

E i I H\}
I lk.\idt{
1

.iiiiritiesrassiaiirirssess

Sensor |

E Pitch-adapter
Frontend

ﬂ HV connector
HD connector




sensor tests, readout
development DTS-1

%0Gr electrons

1000 2000 3000 4000 5000 6000 70OO

energy deposit top side [keV/cm] ‘ Module #24

o

l

bottom position / cm

o0 02 04 06 08 1 12 14 16 18 2

top position / cm



.....

* Protons @ COSY (Julich) .8 GeV/c and 2.95 GeV/c
* Photons and electrons @ ELSA (Bonn) up to 3.2 GeV/c

» Electrons @ DESY (Hamburg) 1 to 5 GeV/c

» Tracking and scatteringin station and DuT (sensors, frames)
 Fast cluster recognition (next: track recognition)
 Validation of simulations

09/07/11 ﬁ =2 .:l =2 KTB 33




Strip Sensor Tests

e Beam tests: p at COSY: e at DESY, ELSA =

. 2 cm Carbon

;_.,__J 1 cm Carbon

longitudinal position(cm) 144 185

I 10 deg
[ 15 deg
24.6 deg
I 33.6 deg
[]39.7 deg

HTC foam half disk > .
embedded cooling “

pipes Jr—

Integral-normalized count

160 200
Energy loss [keV]




| Energy Loss Vs # Hits |
200

180/
1601
140}
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-| Entries 1
Mean
RMS

8.83e-05
2.948e-05
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| Diffs Sensor 3 (2cm Carbon)
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Entries 3475
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diff

ol v
0,005 0.01 0.015 0.02

Mean -0.0003101
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diff

Development of
a fast readout
chain with data
manipulation
capacity
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Entries 273773

FTTT
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Strip Sensor Readout

PANDA readout schematics

- Several frontends on
one link depending on End-Of-Chain
occupancy

- EoC reads up to 4 (8)
FE chains, reduces
amount of data
(clustering, priority

-
GBT link

m atC h | N g) an d b u ﬂ:e rs N 5 66Bps daisy chainable serial link
. Timg _
- Multiplexed output synchronization

sends data optically



Strip Sensors

PANDA

full-size prototypes
(with CIS, Erfurt)




Strip Sensors

Prototype characterization
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Strip Sensor Readout Options

PANDA specific requirements:

o self triggering
e precise time resolution
e fully digital hit information

=> not many front-ends available that comply with these
requirements

PANDA frontend options:

e adapted ToPix3

e STS-XYTER

e (modified) FSSR2
e channel-wise ADC



STRIP DISKS

\__

BEAM FIFE

PIXEL BARRELS /

TARGET PIPE \PIXEL DISKS




Global frame

3 point fixation

Barrel layer support

S

Pixel layer \

Local support for
detector
modules

I3 Integ ration to
global frame

Strip layer

Disk layer support
.5
Strip layer

Integration to
global frame

Light-carbon support structuress
Overall integration concept _
Tests and prototypes n




: MVDL
Mechanics -—mﬁ

Detector support -

Patran 2010 04-Mar-10 14:35:20 2.28-004

Fringe: Default, A2:Static Subcase, Displacements, Translational, Magnitude, (NONﬁ e

1.99-004
1.85-004
1.68-004
1.53-004
1.38-004

22-004

1.07-004

9.17-005
7.64-005
6.11-005

Simulation of end rings and
cross frame

4.59-005

3.06-005

1.58-005]

0
default_Fringe :
Max 2.29-004 @Nd 5793
Min 0. @Nd 6890

asymmetric displacement :
safety factor of 2 included

09/07/11 KTB 42



Mechanics

Cooling concept
Coolant: water (18°C)

Under-pressure mode
using hydrostatic
pressure

disk

G007 .COOLING FEM - RESULTS -

\
‘ ‘
+’

cutting
09/07/11 ﬁ =2 .:l =2 KTB 43

POCO-HTCK (75, 245, 245) W/mK
1 W/cm?

'l /’ 1 Wim?
il 1 W/
drilling - o
2 foam disks N and T 1 Wiem?

S . 1Wi/c
w/t embedded % baking ~—

i 1 W/cm?2

cooling pipes




Hardware

Low-mass cables

- Al cables on thin
dielectric
-High-bandwidth data

tra NSM | SS I on T -5f:wmopmmopmps ]
- 1m prototypes

under study

1.2 mil Al
5.1 mil PA
0.6 mil Al

Iaterial

SURFACE




Hardware

Low-mass cables
- Al cables on thin
diele

Hi;

Hve Shield Witk Impedanca
| (ML) (nkimy

60 Ei15

aoupling Type Spacing (MIL)

Uba| 4500000
| 4500000 |




Mass (MeV/ic")

Godfrey-
Isgur

I JREE P I R B el RC Tl T e e (o

Observation of states
above DD threshold in DD!




Charmonium States

channel DTD~

g D _I_ D — decay DE . K¥gtgt  D*+ = DOyt
p p — (9.2 %) (67.7 %)

D° — K-t
(3.8 %)
4 % 10719 1 x 1071

Kaidalov, Volkovitsky, Z. Phys. C 63, 517(1994)

p — X cross sections
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Charmonium States

1 . primary vertex
p\nng(: Dt) f

to, =31um fal

y = 35um fi
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Charmonium States

reconstructed D mass

a, = 11.2 MeVic?

o, = 7.38 MeV/c*

0.5 s 84 L 188 19 192
position [cm] m, (Knrm) [GeV/c7]

iny



Charmonium States

reaction cross sectlon [I‘ﬂb] fraction to PP fraction to DT~

. 50-1073
33 5.0-1074 1.25 - 108

e~ 40%

> 5.104 events
per

PANDA year

1.8 1.85 2

mfk m )/ Gevie®

signal / background
D+D- + Irtir— 0 L’ip—__

preselection 0.43 5.4 1C 0.6.10—
4C-fit 0.40 410" 4.2 .10-7

DT momentum 040 <11-107% < 36-1077
K LH = 0.3 0.23 < 102 <1.7.107"



Charmonium States

’ 07818 182 184 186 188 19 1.92 .04
m, [D' 1] [GeV/c}] m,_ [K 7] [GeV/e)]
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Open Charm

- D) (2860)

5J

4 5 6 7 8 9 10
M*(D*n)[GeV?/c?]

PANDA performance:
« >109% acceptance,

« flat coverage

4 5 6 7 8 9 10
M3(D*)[GeV3/cY]
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Summary

The MVD concept

« needs continued R&D.
 has to undergo add’l iterations with simulation.
« has reached a technical level.

« meets the design specifications.

R&D on components ongoing
TDR will go public before the end of 2011
Realisation of the PANDA MVD in sight




