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Primary beams: SIS100/300 | Secondary beams

ep: 2-1083/supto 29 GeV |-+ RIBsupto2 GeV/u

« U28*: 101%/sup to 2.7 GeV/u | * Antiprotons up to 15 GeV/c
U92+ 1010/3 up to 35 GeV/u « Storage and cooler rings

Atomic
physics




* the ongoing activities ...

Ry i A o B e g e YOS B s o e
. i*:,:,!. ! \\:jbf‘ \-_ %(:F"\?‘-- SRS e 'v =

= T s —— e A

P

Synchrotrons: 1.1 km
== HESR: 0.6 km
"‘“) With beamlines: 3.2 km

N
R

N,
0
b

Total area > 200 000 m?
Area buildings ~ 98 000 m?2
Usable area ~ 135 000 m?
Volume of buildings ~ 1 049 000 m?3
Substructure:~ 1500 pillars, up to 65 m deep




 the delivery of anti-protons (1)

 Antiprotons
Production -
Target

»\& B e
*&f\{'xa yﬂﬁ ""'
' __" ;".‘ e k"#’!ﬁ
o ’4*-' “ .'1 s e s R
AR S 3 P :
¥ "?g B LV Ry
- ARSI TS
AR D
e !

-
i‘! 2

: ‘;". 4.: : R s 1.‘\‘$ l“"?
" aBWY G
FoRY &



High intensity mode

 the delivery of anti-protons (2)

@ Stochastic cooling, p> 3.8 GeV/c
@ 10" antiprotons stored

@ Luminosity upto 2 -10¥* cm?s™
® Ap/p=2-10*

- T _ High resolution mode
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 the PANDA detector at FAIR

e photon detection with high reso
over
10MeV<E, <]

* high count-rate capability (2:107

PWO-II
200mm (23X,)

Sampling Calorimete

endcaps
~4.000
crystals

.

47 detector for spectroscopy and reaction dynamics with antiprotons



additional components (1)

Target System and Tracking Devices (panda detector

G.Boca , U. Pavia, Italy
larget System

R
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Straw Chambers

Dipole Magnet (1T)

Straw Central Tracker
Solenoid Magnet (27)
Micro Vertex Detector



additional components (2)

Particle ID detectors panda detector

G.Boca, U. Pavia, Italy

Forward ToF

Muon Detection

Barrel DIRC Disc DIRC Forward RICH



 the physics program

* Nucleon structure p Momentum [GEV/C]
* E.M. processes 0O 2 4 6 8 10 12 15
| | | T T T 1
* Meson spectroscopy /z\é\ QQ DD /z\é\ 0.0,
- light mesons == O:D: ==
— charmonium
— exotic states 4999 ccaq
» glueballs
» hybrids
» molecules/multiquarks
- open charm

nng,ssg ccg

nng,ssg ccg

* Baryon/antibaryon production

g8g

e Charmin nuclei

light qqQ cC
* Strangeness physics ,0,W,f, KK b, e Xe
— Hyperatoms

— S =-2 nuclear system ' ' | | | |

> =7 nuclei 1 2 3 4 > > 6
> AA hypernuclei Mass [GeV/c?]




the Target Spectrometer:

based on high-quality PWO-II

m physical goals of PANDA require further development

PWO-1 (CMS)  PWO-II (PANDA)

luminescence maxi-

420 420
mum, nm
La, Y concentration 100 40
level, ppm
expected energy range  jpopiay 1TeV  10MeV - 10GeV
of EMC
light yield, phe/MeV at 812 17-22
room temperature
EMC Dpiratlng tem- 118 25
perature, °C
energy resolution of 34 20

EMC at 1GeV, % ’




» quality control and performance

§ BTCP
' (Russia)
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adiation hardness

signal loss
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* light yield measurement

LY, phe/MeV

temperature dependence
of luminescence
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* overall quality of the available BTCP crystals

4800

I Barrel
(4236 crystals)
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* remaining PWO manufacturer

SICCAS - Shanghal, China

R&D continued in parallel
Bridgeman technology (not comparable to BTCP)
fully acceptable crystals delivered in the past
presently search for appropriate raw material

and optimization of technology

CRYTUR - Turnov, Czech Republic

R&D phase just started (June 2014)
Czochralsky technology (identical to BTCP)
know-how and raw material still available




» former production @ SICCAS
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* recent delivery from SICCAS (2014 - 2015)

SICCAS ID| T(360 T(420 T(620 LY(T=+18 C, =100 LY (100 dk(420 nm)

% % % phe/MeV at T=18C, % m’
limits | =35 | =60 | =70 > 16 > 90 <1.1

|
1466 31,2 56,9 72,0 234 20,1 0,86
1467 20,6 55.8 71,1 214 90,4 0,71
1468 215 56,5 69.7 19.9 89.9 0,65
1469 26,9 56,9 69.0 21,2 90,7 0,44
1470 25,5 56,2 70,3 22.8 90,0 1,33
1471 24,7 57.8 70.8 20,6 90,5 0,80
1472 33,6 59.1 72,1 20,7 20,1 0,16
1473 22,2 60,3 72,2 20.8 90,7 0,71
1474 23.2 60.5 72,2 20,3 89.9 0,59
1475 35.0 65,2 78,0 22,0 91,4 0,84




recent delivery from SICCAS
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o start results @ CRYTUR (2)

test crystal:
20 x 20 x 200 mm?

* longitudinal
Inhomogeneity

scattering centers ~

« sufficient light yield
e radiation hard

Longitudinal induced absorption coefficientof CRYTUR PWO
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. consequences of cooling

» fast decay Kinetics even at T=-25°C.: LY (100ns)/LY (1ps) > 0.9
* constant temperature gradient: LY (-25°C)/LY(+18°C) ~ 3.9

.,,n0* statistical recovery of radiation damage at T=-25°C
asymptotic light loss correlated with Ak (@RT)
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* light collection in tapered crystals

n
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» the Target Spectrometer:

Barrel

* 16 slices
* pointing off-target

» 11 360 crystals

« 200mm long (22X,)

» 2 x 11 tapered shapes

71 crystals - 11 types of crystals — 6 modules
N




* the Target Spectrometer:
Forward Endcap

comprising *

3864 csals
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* the Target Spectrometer:
Forward Endcap
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* photosensors  Large Area Avalanche Photo Diodes (LAAPD)

in collaboration with Hamamatsu Photonics

« excellent performance

@ RT and T =-25°C
« radiation resistent

up to 103 protons

final concept: 2 LAAPDs/crystal | 10x10mm?  Sx5Smm?

Individually readout
200 . -25°C -10°C
dimensions 0 = o
) o 080 o> 7004
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8 500 -
L] 8 400 - ) 0°C
E 300 . N . M
E. 200 L o, ., +10°C
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- screening of mass production LAAPD
e e - v after irradiation:

Breakdown Voltage

" S25preimad |

525 irrad+anneal C——

- breakdown voltage

420 430 440 450 260
ViV

Leakage Current

7 ‘ ‘ ! " s25preimad |
825 irrad+anneal ——

- dark current
5
4 -
3 -
2l
1
D il

0 5 0 15 20 25 30 35 40 45 50

I /A




A. Wilms

* APD screening at APD-Lab @ GSI

data provided by Hamamatsu @ 20°C .
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Bias Values for M = 100, T = -25degC
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Vacuum photo tetrodes (VPTT)

e photosensors (2):

» to adapt to higher countrates ( >>500kHz ) in forward direction

» faster response — better timing options

v'new development of Hamamatsu: higher gain, better rate capability
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* development of low noise/power preamplifiers

» design of descrete components
for forward endcap (APD,VPTT)

* ASIC (APFEL) large dynamic range

2 channels/ 2 ranges
» overall range 1 —10.000
* noise level (cooled)

<< 2 MeV




* the required and achieved performances
- based on prototypes

relative resolution for different ADC's
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prototype performance PROTO 60
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readout via SADC: mmmp further improvement
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* prototype performance PROTO 60 15 GeV positrons
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EMC Front-End Electronics

Intelligent front-end electronics Time
Distribution On-line
EMC volume Data >
Sampling ADC | Concentrator SODANET computing
Digitizer Clock
Sync. signals El;/g?(}_ CN | CN CN -
Sampling ADC slow control | Pré-buiiding N g
FPGA Pile-up CN CN CN ‘g
On-line pulse-data correction i T
Processing: CN l CN CN (o)
Feature Extraction Hits-data Data
calibration Event builder

EMC digitizer:
« 64 ADC channels (32 dual-gain readout channels)
14 bit resolution

« 80-125 MHz sampling rate
« On-line detection of hits, extraction of hit information,

pulse pile-up recovery by two Xilinx Kintex-7 FPGAs

Digitizers are located in radiation area -
precautions have to be taken against
configuration changes and SEU in FPGAs

Daweael Marcinieweletr 11 1 lnneala
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* the Backward Endcap

Temperature Readout
\ Mounting Plat

Mounting Plate 2,/

\

A
\

Coﬁper Box

Rt

> Alveole

I Insert

Sender PCB

0.15 T T T
without APD ——— 0.85
with APD (no bias)
0.10 - ceeeire gt e e e e - "\/"‘/’" 0.80 hthw/\Aw\f /VAVAW.- VWVA\W/VAWL
0.05 %075 / %0‘75 /
T 000 PPV MO‘BE f Subtraggicn {
! 0.05 060 I U{
0.10 ' 1] 5 . [t[;] 15 20 ' ) 5 . &105] 15 20
0.15 L ! ' . .
o s o = o Relative energy resolution:
0.16 ; ; ; ! ; 3 » 2-windows filter used
o1 7 » good linearity (ASIC high/low
O . . .
<o gain ratio to be improved)
]
S I 4 N R S Lowgain """"" » relative energy resolution at
o : : : i : !
B 0.08 - s A o . I D 1 GeV: 4.5%
0.06L. 5 S S
I R e > Eyq used: 11 MeV
9900 200 300 400 500 600 700 800 (conservative!)

Energy in MeV



* the Barrel

Aluminum Support Beam

Foam

Super-Modules

— Cooling System

Side Covers
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* the Barre PROTO120

71 crystals = 11 types ?l crystals - 6§ modules

Radivs §70 mm \. -

Angle 22 and 140"

Torget 4 T ot 4" downshream
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* the Barrel PROTO120

electron ‘

photon beam

Radlator
2.5m

3- 7| T T T T 71 T T T T T T T T T T T ‘ T 17T ‘ T :L 115_\\ T T T T LI T T T 71 LI T ‘ T 17T | UL ‘ 1 T 7T \_E
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% 1600: L 160 Mev _: 912? ............ \ ........ - 3 x 3 depolished E
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8 1400: — 238 MeV _: Bgé :;
N — 406 MeV - i =

= — 600 MeV | - o 75E =
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800 = E
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600 — . 5t E

- ] 45 =

400 - 4= - —

- ] 351 '\\M =

200 — ] 3f e E

% 5000 10000 15000 20000 25000 30000 35000 0 100 200 300 400 500 600 700 800
channl /a.u. incident photon energy / MeV




e Status and timelines

* major components of Forward Endcap
delivered, assembly has been started
* final design of Backward Endcap in 2015
« Barrel:
* design completed end of 2015
* missing crystals / LAAPDs
* mechanics being manufactured
« completion possible until end of 2018/19
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