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The PANDA Detector @ FAIR

» The existing GSI facility in Darmstadt
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The PANDA Detector @ FAIR

16 Sept 2013, R. Schnell

» The existing GSI facility in Darmstadt

will be extended to FAIR

(Facility for Antiproton and lon Reseach)
* FAIR will deliver

e Protons

* Antiprotons

* lons
« To several experiments

« APPA

« CBM

« NUSTAR

« PANDA

(antiProton Annihilation at Darmstadt)
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The PANDA Detector @ FAIR

» The existing GSI facility in Darmstadt

will be extended to FAIR
(Facility for Antiproton and lon Reseach)

« FAIR will deliver

Protons
* Antiprotons
* lons
« To several experiments
« APPA
« CBM
NUSTAR
« PANDA -
Helix dipole Stqchastic
\O\-‘""- ey j """’f_'kIP hﬂg"."".’ Vi,
L \o' Electron cooler .’Q/
= ‘ - &4 LY
. . ! B Dipole magnet EW ‘/‘
« Antiproton Storage Ring HESR s B Cuckipoiemei z 3
11 . '.— E sextupole or steerer magnet Il -l-
* up to 10" stored antiprotons . 5 oo magn £ -
= Injection equipment 7 y
Momentum range 1.5 to 15 GeV/C "‘ (] R:: cavity?slgchasliccooling device UQ)? ;
» Stochastic cooling — high luminosity mode ‘»‘,‘ Siskniesinin ’\'\0
Electron cooling — high resolution mode e o o
-5 "'-!-w—— Bt ——— -+
dp/ p < 4.10 ffopmbgrénggglgg RF cavities Stochastic
— PANDA pickups
0 50m
slide 1

16 Sept 2013, R. Schnell Vertex 2013



PANDA physics

. i 1.0T
Very broad phySICS program . o, perturbative QCD strong QCD
« Open Questions in strong (non-pertubative) QCD | .
« Charmonium b
« Open charm s g
« Hybrids, glue balls and exotics | PANDA physics book,
* In medium modifications of hadrons 0.4 ZXLV0rg/pdii0903.3905 N E
« Hypernuclear physics / -
 Electromagnetic channels and processes 0.2- i S
» Generalized parton-distributions et c
* Drell-Yan w0 10 w0t 10t
 Rare decays il

Baryon spectroscopy
CP violation in the charm sector
Antiproton physics at low energies
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- Solenoid Supply BOX\F

Upstream Door

Fixed target experiment
» Target spectrometer, 2 T solenoid

* Forward spectrometer, 2 Tm dipole
41T acceptance

Solenoid Sub-Coils

Solenoid Cryostat

Instrumented Flux

Target Production
Return Yoke Barrel

Detector layers for:

» Tracking

» Particle identification
» Calorimetry
High spacial and momentum resolution centratmacker

Micro-Vertex Detector

[
e =

High interaction rate beyond 2:10’s™

@ Barrel DIRC

No hardware trigger

VerL'X 2013
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Target Recovery

Downstream Door

Muon Fllter

Disc DIRC

Drift Detectors

GEMs

ElectroMagnetic
Calorimeter

Muon Range
System
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The Micro-Vertex Detector

2 barrel pixel layers
4 pixel disks

2 barrel strip layers
2 mixed disks

,
[ ]

-135

2 optional forward wheels
(@40 & 60 cm)

- 95

- 55
- 25
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Numbers

« Number of sensors: 176 (pixel) 296 (strip)
 Number of front-ends: 810 (pixel) 1744 (strip)
 Number of channels: 10.3 M (pixel) 200k (strip)

» Active area (m?): 0.106 (pixel) 0.47 (strip)
. Cables off MVD: 1584 (disks) 3592 (barrels) 614 (GBT)
5790 (tOtaI) B Electronics :2UF;F0”
« Cable cross section: 21835 mm? (total) — v
28.5% 37.7%
Total coverage: n*, 1 GeV/c, (0;0;0) MESCTS
— 160— : — — 5.0%
:140: WL 15.2%
120f 41 H _-=' . ihE Fractional radiation length X/Xq
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Pixel Subdetector - Sensors

BREEED
R E RN R
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CREER R
EREEem
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INFN Torino

Epitaxial silicon pixel sensors

 Epitaxial layer on Czochralski substrate
Several thicknesses evaluated,

100 ym epitaxial layer chosen for PANDA
Small pixel size of 100 x 100 pm?

Full qualification of prototypes done

Full size PANDA geometry

NIMA 594 (2008) p.29
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Pixel Subdetector - Modules

2 chip size Readout chip:

------------------------ e l10
] pixe|S

|
| |
' i

100 x 100
[m?

Large Small

pixel

pixel disk
disk |

ﬂ __** ‘._
Frontview
Frontview Along beam axis
///+\\\ Barrel 2
e
VNl
N
\\ \'E‘ // Barrell
N~ N i
~ S Pixel barrel layer
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INFN Torino

MULTILAYER BUS

aluminium =—p
polyimide —»

PIXEL SENSOR

COOLING PIPE—.. CARBON FOAM

Power cable Data cable Controller chip 0805 bias filter
capacitor

—

0603 supply filter
capacitors

Sensor

ToPiX readout chips  \yytilayer bus structure
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ToPix v2

over-Threshold
» Current prototype version ToPix v3
e 2X 128 + 2 x 32 double columns

e Size 4 x4.5 mm?

: ; \w‘nﬁn\\\}h‘ntgumm

architecture, end-of-column logic and buffers
» Triple redundancy-based SEU protection

* Fully tested in lab and beam setups
in November 2013 including GBT e-link

interface SDR and DDR

 Torino Pixel Readout Chip
« Complete pixel cells with full column
* Next prototype ToPix v4: submission planned

. IBM CMOS 0.13 pm

e Time
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Strip Subdetector - Setup

Barrel sensors

Readout chip: 128 strips
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Strip disk beam axis

Top edge:
4 chip
width

Stereo
angle:

» IS
Y

Strip pitch:
dpitCh = 675 lJ.m

Disk sensor

)

Along
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Strip Subdetector — Barrel Stave

 Ultralight carbon foam molded
in carbon fiber form sheet
reinforcements

« High thermally conducting

sensors carbon foam beneath front-ends

MDC « Integrated cooling pipe

front-ends

carbon frame

cooling pipe

Thermal glue Cooling pipe Sensor

Rohacell Carbon fiber

Carbon foam

Front-end chip Kapton flex PCB
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Stave prototypes

ZEA Julich

» Cutouts at sensor position
» Prototype with cooling pipe for tests
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Sensors

1 prototyping run (CiS Erfurt) 2010 Silicon Strip Sensor Prototypes

* Full size PANDA geometry

e 285 um thickness

* 65 and 50 ym strip pitch and 90°
stereo angle (barrel sensors)

* 67.5 um strip pitch and 15° stereo
angle for trapezoidal sensors

* Punch-through biased

2" run using poly-Si biasing (received

July 2013) .
3687 | IKP Julich

JLU GiefRen

Strip pitch: 67.5 um
No. of channels: 512 (both sides,
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Sensors

Strip_Sens_RectL Strip_Sens_RectS Sensor Detail (10 : 1)

0801 (center bias ring)

0,655 (center guard rings)
0265 | 0265 |
! ' I I -
3| o H\'U\'l'“““l' I ”'U““WU“UU““W
( 4 . 1 ) g_ g '!!!!!!!!!!!!!!!!!!!!!!!!!!!
| ek H H \HHHHH
-~ 59997 ~——35037— E_ﬁ |r|||\|| ||| ||||||||||
<758,275 <733,3154’ 'gg LI )
T—
= o 2
o m
A m 0861 0861
l l 0,861 J IR TREERTYERINIRN ||||||||||||
,,,,,,, ] J% ||||||||||||||||\|||\|||\
0,11 (bias ring) —
o o : -— 0,861 (limit
Stereo angle: 90 90 02 {guard rings) ___ o tive area)

Pitch 0,130_(altern. 0,065) 0,130 (altern. 0,065)
No. of channels: / 448 (896) short strips 256 (512) p-side (with Guard Ring)
256 (512) long strips 256 (512) n-side
No. of FE: L 2 (&)
2 (&) 2 (&)
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Sensors

Many sensor characterization
options available

$65_896

“Probecard”: fixed sensor | ' R
assembly with all strips bonded to Wafer test diode fixture

common lines (top and bottom)
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Sensors

» All relevant parameters monitored

— full sensor characterization done

» Analysis of irradiated sensors
(proton and neutron irradiation)
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Flex Pitch-Adapters

Laser-drilled microvias
diam. 50 ym

Varnish 15 uym

p2
Cu12pum duPont Pyralux
Kapton 25 ym Cu-Kapton-Cu
Cu 12 ym laminate 49 um

§——F—F—F+++T1 et
<

-
Ver. 1: varnish 15 um /
Ver. 2: Kapton coverlay 25 um

(e AOOtoRH ]IIIIIIIlIiH IilI\IHHIIIHHIIHlllIIHH
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Flex Pitch-Adapters

Flex pitch-adapter and squared sensor
assembled on a test board and
successfully tested at SPS, CERN
(September 2012)

i) cyepl— P
g 2301 ~:: | Entries 223212 8
; : ". o $ o .. - o = '-
200—
150 | =60
[ o |
1002 7 {40
50—‘_ 20 SRR RS SaaAAR RS R
0 [ i i .:I. -‘ .. ’;‘ ..:" N :l -I- : : L J N l'-l ; I 0
0 50 100 150 200 250
x/pitch
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Flex PCBs

Laser-drilled microvias .
Varnish 15 um

/ diam. 200-650 ym 4/

«  Cui12pm Thinflex A-2003AD
- Kapton 50 ym Cu-Kapton-Cu
Cu12um laminate 74 ym

-
Varnish 15 um /

Bonding pads
for the sensor

Pad for 1 APV High density
readout chip data connector

Pads p-side

slide 18
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Flex PCBs

Possibility for barrel stave flex PCB:
Large flex PCB folded around the stave to permit a connection from
p-side front-ends to n-side where the module controller chip is placed

W W |
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Strip Front-end

Design of new self-triggering front-end based on
TOFPEF chip started in 2012

TOFPET: ASIC for SiPM readout of

ENDO TOFPET US collaboration

Complete redesign of the analog stage for
dynamic range and capacitance of strip detectors
2 TDCs per channel: time and energy branch
ToT from TDCs using analog interpolation
Multiple TDCs for pile-up rejection

» Technology chosen: UMC 0.11um INFN Torino, JLU Giessen, IKP Jilich
U ~ _ -
cho thrr —  4xTDC; —— TDC_CTRLy - o
PreAmp : vali:I:tion HH rec;::er T
thre — ——— TDC_CTRLe -
event signal e 4xTDCe =Sl LK i LVDS clock
front-end analogue TDC TDC Control LVDS con ﬁg
config. | ¢————
ch1 thm — 4xTDCr —= TDC_CTRLr - "
PreAmp : valil::llatltion Hd rec;ai::er u
the — 4xTDCe —— TDC CTRLe -
front-end analogue TDC TDC Control | output LVDS data
buffer
ch2 data |
e T register

Global Controller
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Module Data Concentrator

_ « On-module ASIC
front-end| 4, Module Data Concentrator - internals .
meme  Multiplexes all front-ends
rontend] . | L » of one sensor
S | St « Feature extraction: cluster
P mapping, ermux (optional) ux e-bo . . .
L |ca| Lf170, || s oy oy finding, cluster correlation
x by — '  Manages slow-control +
R calibration of attached front-ends
roncerd g | 114 —| s || S0, o Fast GBT e-link for data out +
e e configuration data in
FH Sudwestfalen Iserlohn
Front-end .
chip co-ppe} Module Data ﬂ(v BT MMB Compute
crontend - Conf;:gator COT GBTX ﬁ Mégg:%);er optical Node
chip copper ﬂ
Double-Sided SODAnet
Silicon Strip
Detector SODA net
Front-end — MMB:
A COPPET I Module Data
Concentrator| MMC

Front_-end — ASIC
chip | copper
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Infrastructure - Readout

Thin Al-cables

« Thin Kapton carrier

Aluminum strips, 18 diff. pairs

For data transmission out of the MVD
Connect FEs/MDC to GBT receiver
Tested to operate beyond 320 Mbit/s

GBT Project

» E-link interface to on-detector node
» Optical link to the off-detector side

GBT GBT
R . 4 0
Versatile Link
@ * D FPGA
Timing and Trigger Q ‘/—> Timing and Trigger
{’M\j TRx) | o
DAQ €—» P WY | S % [z] P~
Slow Control & \—" Slow Control
On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol
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Infrastructure - Powering

DC-DC CONVERTERS
COOLING MANIFOLDS

DC-DC powering concept

« Switching DC-DC converters
close by favored

 Air-coil converters able to
operate inside strong magnetic
fields as developed for sLHC

* Front-end voltages 1.2V

* Placed along the beam-pipe

« Water-cooled

N.B. each line in this schematic has two wires!

Strio sub-detect peod " ey bedny T e e
rip sub-detector
. DC-DC|—, DC-DC|— IC-DC DC-DCI—\ DC-DC—,
powering scheme HV v N HV = HV
FE-n-A I FE-n-A | FE-n-A | FE-n-A | FE-n-A |
FEn ———— | FE-n ———— ‘ FE-n ‘ FE-n — | FEEn —A— ‘
FEen —3 FEn —4— FE-n ——1 FEen ——1— FEen ———A4—
FE-n ———— FE-n ———— FE-n —— FE-n ———— FE-n ———1—
FEn ———>— FEn ————~— FE-n ——= FEn ———— FE-n ————

FE-p FEp FEp FE-p FEp FE-p FE-p| FE-p FE-p| FE-p|FEp|FE-p FEp FE-p| FEp FE-p FE-p|FE-p| FE-p|FE-p|FE-p|FE-p|FE-p|FE-p|FE-p| FE-p|FE-p| FE-p|FE-p| FE-p|FE-p |FE-p]

lIUJIJ\J\JIJ UUJIJ\JIJIJ ULIJ\JJ LIUJIJIJIJ\)JkUJIJIJIJIJ

i L
SM01C DC/DC converter woe| | |
16 Sept 2013, R. Schnell |ococ| pcoc| slide|23




Infrastructure - Cooling

Water cooling system in depression mode

Operated close to room temperature (coolant approx. 16°C)
Carbon foam embedded in staves: high thermal conductivity
Dummy staves with thermal loads built up and scrutinized

NN

PLASTIC FITTING |

=3

FCs i |

16 Sept 2013, R. Schnell Vertex 2013
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* Design and implementation of the PANDA MVD well advanced
* Development and tests for pixel and strip sensors completed

» Methods for large-scale sensor qualification developed

« Radiation hardness studies performed

» Several successful beam tests

 Pixel front-end prototypes together with prototype sensors
 PANDA-size strip detectors
» Time-stamp synchronized DAQ

« Strip front-end development well advanced

* Next step: bring all components together for full-size
detector module test

* And of course: build the full detector
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Backup

Concept of the ASIC J JUL'CH
(Fands

cho ,thm —  axTDGr —— TDC CTRLr - oy data
=3 PreAmp \ validation ~ | register |
thre — 4xTDCg —— TDC_CTRL: - LVDS clock
front-end analogue TDC TDC Control cl ) LVDS config
config. «
ch1 ,thm —  axTDCr —— TDC CTRLr - 5 data
=3 PreAmp N validation ~ | register |
the — 4xTDCe —— TDC CTRLe -
front-end analogue TDC TDC Control . output LVDS data
buffer
ch2 data
— ‘i T register " |
. Four stages: Global Controller

— Front-end (analogue)

— TDC (analogue)
— TDC Control (digital)
— Global Controller (digital)

W
i
2
]
Q
%
=
F
E
2
=
8
o
o
]
'y
=



#) JOLICH

FORSCHUMNGSZENTRUM

(Pands

Analogue Time-to-Digital Converter

time braﬂ ADC
—1 ' ADC
energybranch” ¥ 7 stage 2
analogue TDC
V1ac Vapc 4
Vet Ve —\/_
write TAC transf. conversion
« Two stages: buffer and convert signal ADC: Analogue to Digital Converter

TAC: Time to Analogue Converter

— Buffering: discharge a capacitor (TAC)
« Start: threshold; End: rising edge of clock* *: Dynamic range 1-3 clock cycles

— Transfer to 4x larger capacitor, linearly recharge
with 32/64x smaller current (Wilkinson ADC)

« Increase time resolution by 128/256x (50/25 ps @ 160 MHz)
— Conversion takes ~ 3 ps (@128x) — buffer multiplicity of 4
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