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The PANDA Detector

Detector located in the HESR at the future FAIR facility

Fixed-Target experiment with p̄-beam (1.5− 15 GeV
c ) on p

p̄

⇑
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Reminder - The PROTO60

Cooled down to −25 ◦C

Single APD readout with an effective area of ∼ 1 cm2

(quadratic) + Low-Noise low-Power charge preamplifier (LNP)
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The PROTO60 - Back View



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Higher Order
Energy
Correction

PROTO120

Conclusion

Beamtimes with the PROTO60

Facility Beam Energy Range Readout

MAMI 2009 γ 150 - 1500 MeV MSCF16 & PS-ADC (CAEN V785N)
MAMI 2010 γ 50 - 690 MeV MSCF16 & PS-ADC (CAEN V785N)

CERN-SPS 20111 e+ 15 GeV SADC (SIS3302)
ELSA 2013 γ 0.7 - 3.2 GeV SADC (SIS3302)

1With Si-Strip tracker

Mainz
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Beamtimes with the PROTO60

Facility Beam Energy Range Readout

MAMI 2009 γ 150 - 1500 MeV MSCF16 & PS-ADC (CAEN V785N)
MAMI 2010 γ 50 - 690 MeV MSCF16 & PS-ADC (CAEN V785N)

CERN-SPS 20111 e+ 15 GeV SADC (SIS3302)
ELSA 2013 γ 0.7 - 3.2 GeV SADC (SIS3302)

1With Si-Strip tracker

CERN
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The Signal Treatment

Later on:
Implementation to
FPGAs

Sampling rate 50MHz
⇒ 20ns Binning

FADC_raw28

Channel Number
100 110 120 130 140 150

S
ig

n
a
l 
H

e
ig

h
t 
in

 a
.u

.

10000

15000

20000

25000

30000

35000

FADC_raw28

Raw

S
ig

n
a

l
in

a
.u

.

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

Channel Number

100 110 120 130 140 150

S
ig

n
a

l 
H

e
ig

h
t 
in

 a
.u

.

0

5000

10000

15000

20000

25000

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

MWD

SADC Channel number

EMWD +

MA S
ig

n
a

l
in

a
.u

.

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

Channel Number
100 110 120 130 140 150

S
ig

n
a
l 
H

e
ig

h
t 
in

 a
.u

.

­10000

­5000

0

5000

10000

15000

20000

25000

30000

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

t
MWD +

CFT

SADC Channel number



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Higher Order
Energy
Correction

PROTO120

Conclusion

The Signal Treatment

Later on:
Implementation to
FPGAs

Sampling rate 50MHz
⇒ 20ns Binning

FADC_raw28

Channel Number
100 110 120 130 140 150

S
ig

n
a

l 
H

e
ig

h
t 

in
 a

.u
.

10000

15000

20000

25000

30000

35000

FADC_raw28

Raw

S
ig

n
a

l
in

a
.u

.

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

Channel Number

100 110 120 130 140 150

S
ig

n
a

l 
H

e
ig

h
t 

in
 a

.u
.

0

5000

10000

15000

20000

25000

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

MWD

SADC Channel number

EMWD +

MA S
ig

n
a

l
in

a
.u

.

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

Channel Number
100 110 120 130 140 150

S
ig

n
a
l 
H

e
ig

h
t 
in

 a
.u

.

­10000

­5000

0

5000

10000

15000

20000

25000

30000

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

t
MWD +

CFT

SADC Channel number



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Higher Order
Energy
Correction

PROTO120

Conclusion

The Signal Treatment

Later on:
Implementation to
FPGAs

Sampling rate 50MHz
⇒ 20ns Binning

FADC_raw28

Channel Number
100 110 120 130 140 150

S
ig

n
a

l 
H

e
ig

h
t 

in
 a

.u
.

10000

15000

20000

25000

30000

35000

FADC_raw28

Raw

S
ig

n
a

l
in

a
.u

.

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

Channel Number

100 110 120 130 140 150

S
ig

n
a

l 
H

e
ig

h
t 

in
 a

.u
.

0

5000

10000

15000

20000

25000

FADC_mwd28

Entries  250
Mean      128
RMS     5.377

MWD

SADC Channel number

EMWD +

MA S
ig

n
a

l
in

a
.u

.

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

Channel Number
100 110 120 130 140 150

S
ig

n
a
l 
H

e
ig

h
t 
in

 a
.u

.
­10000

­5000

0

5000

10000

15000

20000

25000

30000

FADC_mwd_ma_cft28

Entries  250
Mean    133.7
RMS     6.244

t
MWD +

CFT

SADC Channel number



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Energy
Resolution

Position
Resolution

Time Resolution

Higher Order
Energy
Correction

PROTO120

Conclusion

Energy Resolution

E
n

er
g

y
R

es
o

lu
ti

o
n
σ E

in
%

Beam Energy in MeV

PhD - Thesis of Markus Moritz

”Measurements and improvements of the response of the

PANDA-EMC prototype PROTO60 to high energetic particles and

photons in accelerator experiments”
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Position Resolution @ CERN

Two methods of position reconstruction

xcg =
∑

i wixi∑
i wi

/ ycg =
∑

i wiyi∑
i wi

1 Linear weighting: wi = Ei

→ subsequent S-curve correction
xref = xc + b · arcsinh

(
xlin−xc

∆ sinh ∆
b

)
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Position Resolution @ CERN

Two methods of position reconstruction

xcg =
∑

i wixi∑
i wi

/ ycg =
∑

i wiyi∑
i wi

2 Logarithmic weighting: wi = max
{

0,W0 + ln
(

Ei
ET

)}
with ET =

∑
i Ei
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Time Resolution

Set requirement: E28 > E29 · 0.9 AND E29 > E28 · 0.9
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Higher Order Energy Correction - Motivation

Significant energy loss in the passive material
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Higher Order Energy Correction - Motivation

Significant energy loss in the passive material
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Higher Order Energy Correction - Schema
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Higher Order Energy Correction - Schema
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Higher Order Energy Correction - Results
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PROTO120 - The next prototype
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PROTO120 - Readout

2 LAAPDs per crystal

Implementation of APFEL ASIC 1.4 with 2 different gains per
channel (with adjustable relative factor of 16− 32)

Digitisation via SADCs
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PROTO120 - Assembly

Start of assembly at Giessen in December
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Test setup inside climate chamber

First cosmic event:

APD 1 - low gain

APD 1 - high gain

APD 2 - low gain

APD 2 - high gain



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Higher Order
Energy
Correction

PROTO120

Conclusion

PROTO120 - First Tests

Test setup inside climate chamber

First cosmic event:

APD 1 - low gain

APD 1 - high gain

APD 2 - low gain

APD 2 - high gain



Status on
Prototyping

for the Barrel
EMC of the

PANDA
Detector

Tobias Eißner

Reminder

Latest Results
with
PROTO60

Higher Order
Energy
Correction

PROTO120

Conclusion

The new XY -Table

spatial flexibility

designed for current and future prototypes
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Energy resolution: Satisfying results

Best possible time resolution: (441.1± 14.8) ps

Position resolution:
σx/@CERN ≈ σy/@CERN ≈ 1.1mm < σ@Bonn/Mainz = σDet ⊗ σBeam

⇒ Test program of PROTO60 accomplished

One third of the PROTO120 is assembled

First tests regarding electronics are in progress
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Thank you for listening!
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