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Outline

The HADES experiment
-> Motivation for a fast QDC and TDC for diamond detectors
- TO determination, beam diagnostic, pile-up rejection, radiation damage

The charge-to-width and time measurement principle with:
- PaDiWa-AMPS frontend board

Proof of principle:

—> Tests in the laboratory

—> Tests with y-beam (HADES ECAL)

—> Production n-beam (HADES Hodoscope)

Summary and outlook
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= Acceptance: 2nin ¢; 18° <6 < 85°

= e'e pair acceptance: ~35%, mass resolution: oy,(®) = 2%

= Hadron and Lepton identification:

- Tracking: low-mass MDC and Magnet

- Time of flight measurement: TOF and RPC

- Lepton identification: RICH and Pre- Shower
- Energy loss: MDC and TOF
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HADES Diamond Start-Veto System

Diamond Detector requirements (driven by
physics program):

= Low interaction probability, low Z
->Located directly in front of the target in  rtadou
order to reduce load on the RICH elextronics
(limited space)
s | I\]/eto Det. R
» Good time resolution (<50 ps) Start Det, [==———————— * Beam

Fragment

= High rate capability, up to 10%/s per channel
—> Ms for analogue elec. settling time
—> peak trigger rate 50 kHz
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Start-Veto System

Overview of Detector and Read-out Requirements
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Start det.: beam spot below 1 mm in diameter

= TO determination - good time resolution
» Radiation damage monitoring - fast QDC
= Beam diagnostic (position, beam halo, time structure, stability) 2 segmentation

Veto det.: much larger beam spot = coverage of lager area

= Pile-up event rejection = good time resolution and fast QDC (determine dE/dx and

reject unwanted events with no reaction in target)

= Beam diagnostic (direction, beam halo, time structure, stability) > segmentation
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HADES pion beam 2014 (p,~ 700 MeV/c):
= Online hit-rate on Start detector
- Segmentation and live monitoring needed

See talk of Lukas Chlad
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Particle Identification in HADES TECHNISCHE
Precise TO Determination DARMSTADT

o).,
= Time of Flight measurement to 1 .
identify particles i N
= Start detector used as TO for 0.8 :
RPC (and TOF) detector : 0
= RPC resolution ~75 ps 0'65 N -
0.4|
—> Precise TO determination with =
Start detector needed (< 50 ps) 0-21 A
1

-2000 ‘?'1000 0 100 2000 3000
p [MeV/c]
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¢ Reconstruction in HADES
With Veto Detector
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= Au+Au at 1.23 AGeV /(I)
» Subthreshold productionof¢ —~
- rare process g - * phi selection cuts
= Cuton Veto detector (£10 ns) 2 °*°1°
—~Increases signal/background <« | N
ratio by factor of 2 B 400~ g
s £
8 300: g
-4
-
> Aprecise time measurement oo T
by Veto detector allows to
decrease number of pile-up o0l
events -
- Do not Veto fragments 80_0' 50 '1'0|0c'>' '1'0|56' '1'1|0c'1' |1|1|5E|]| |1I2|U[|l| '1'2|5c'>' 1300
> QDC for dE/dx needed M., [MeV/c?]
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Radiation Damage Monitoring
Motivation for a fast QDC

= Au beam: 1.23 GeV/u
» Radiation: 87 MGy
» Pulse height scan with 4.5 MeV p-beam of protons

= Amplitude reduction by factor of about 5

-> signal amplitude (~charge) monitoring needed

408 Pulse height
Region (1)

Mean: 2.35 MeV
FWHM: 0.17 MeV

<
; < 0 0.6 14 2 2.8 3.6
@I %\ dE/dx [MeV]
T a0
i 0.5 Pulse height
X "5‘1? : I @0 % Region (2)
o EEETEAEIE . £ 1 Mean: 0.46 Mev
1.4 3,k FWHM: 0.11 MeV
X[mm] *
3-dim 10b
pulse height
spectrum oks (A .
J.Pietraszko et al. NIM A 763 (2014) 1-5 0 0.6 14 2.1 2.8 3.6

dE/dx [MeV]
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The COME & KISS Charge and Time
Measurement Principle
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-------------------------------------------------------------------------------------------------------------------------------------------

ﬁ

: Linear Amplifier ; o
' > variable Impedance : . : ) Discriminator )' e
Detector signal any peaking time ; Fastsignal i time, width
wide range i : I~ E
Y Integrator - »{ Discriminator TDC
Integrated signal width ~ charge
' 4 L Switch & - [€—
: ; : Delay 1
Large R i Constant discharge :
N EmsEEE SR I NN EEEEEEEEE NN NS ESEEEEEE RS EEEEEEEES NN N N NSNS NN EEE NN EEEEEEEEEEE
FFE FPGA
Y J [ 1 Y J
KISS-Part COME-Part
PaDiWa AMPS TRBV3

» FAST signal: leading edge (fast_LE), trailing edge (fast TE) = timing
= SLOW signal: slow LE, slow _TE -> charge-to-width (Q2W) ~ charge
» TRBvV3 used as FPGA-TDC (time precision < 20 ps) and DAQ

(developed at GSI see: http://trb.gsi.de/)
E=u 2%
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The PaDiWa-AMPS Front-end Board

Key Facts

attenuator & FPGA with threshold circuit

signal7
A A

8x input mmhd -
(MMCX) i -

v

= 8 MMCX input channels - a least 24 TDC channels on TRBv3 needed

= Power supply: 5V

= Time Precision: ~ 50 ps (optimization ongoing!!!)

= Relative charge resolution: < 0.5 % (for pulser signals >1 V, PadiWa-AMPSv1)
= Dynamic range: 250

= Max. rate capability: ~ 2 MHz (optimization ongoing!!!)

= Max. data amount: 50 MB/s

= Universal applications: read-out for: PMT, MAPD, diamond...
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Charge Resolution for Pulser Measurements

(without walk correction)

» Charge-to-width (Q2W) measurement
for different signal widths (~ charges)
generated by pulser

= Absolute charge resolution ~ 4.5 pC

» Relative charge resolution depends on
attenuation resistor, for signals >1 V it is
below 0.5%

PaD|Wa AMPS: charge resolution
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hCharge_m1

Entries 1933767

Mean 109.3
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PaDiWa-AMPS under Beam Conditions:

Calorimeter PMT read-out

HADES ECAL Module
= Cherenkov light produced in Lead-glass
» Read out by 3 inch Hamamatsu R6091 PMT

Beam-time at MAMI in Mainz (Jan. 2014) oo
= ECAL modules with PMTs 22 | 1]
= Secondary gamma beam: E, ~ (100 — 1400) MeV |

Key facts: . Gomaneary V|
= Signal amplitude: ~ 1.5V

= Signal rise time: ~2 ns, width: ~ 50 ns J !
= Rate: ~ 5 kHz (100 Hz trigger) ﬂ5ons —>

E=u 2%
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= PaDiWa-AMPS Q2W
= “Cracow’” ADC measurement
= Reference: CAEN DT5742

5 GS/s Waveform digitizer with
GSI MA800O0 shaper

- Measurements are in line to
reference CAEN system
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PaDiWa-AMPS under Beam Conditions: ot
Fast Plastic Scintillator PMT read-out DARMSTADT

HADES Hodoscope
= 16 plastic scintillator rods (horizontal aligned)
= 0.75 inch Hamamatsu R3478 PMT (on each side)

| |
¥

Alixl‘. -
¢ A

1_'; i ‘3\'\{“ :
= TR

Beam-time at SIS18 in Darmstadt (Jul., Aug. 2014)
» HADES Hodoscope with PMTs
Hodoscope TR

= Secondary pion beam: p_~ 700 MeV/c o *(cosmic muon)

1

Key facts:
Signal amplitude: ~ 200 mV
Signal rise time: ~2 ns, width: ~ 20 ns

20ns

- modification needed e ;
Rate - 200 kHZ I 100mV S Ch2 - 100my < 'Mzo‘nns A Chi \ -188my.

I 50 00% .
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Simple Modification = PaDiWa-AMPSv2
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= Exchange attenuation resistor

>QUTP_SLOW

- Adapt to smaller Hodoscope PMT pulses
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» Decrease integration time by 15 ns by an FPGA design update

- Get higher rate capability
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FAST and SLOW signals: Versionl vs. Version?2
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= V1 shows 20%
losses of the
SLOW signals

= Peak structures in
V1 due to noise

= V2 shows almost
the same number
of entries in FAST
and SLOW signals

FAST data: V1 vs. V2

HStartzCal.Data AVidth1 {HStart2Cal fData fModule==4 && HStart2Cal. fData fStrip==23}

L hhisto

HStan2Cal.Mata MWidth1 {HS1art2Cal Data Module==4 && HStarzCal. Mata. iStrip==24}
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Summary and Outlook

v' PaDiWa-AMPS: Fast and precise QDC and TDC
v Successfully tested and used in beam with PMT signals

v' Uncomplicated adjustment to different signal shapes

O Optimize integrator to very small pulse width (~5 ns) and high rates of
diamond detector signals - faster FPGA needed

O Further test with beam: p-beam at COSY (Julich) and e beam at S-DALINAC
(TU Darmstadt)

Thank you for your attention!!!
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Backup
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Walk correction via leading edges

= Q2W measured for different MRS
signal widths (~ charges) 21eF e |
> 11 — Meanx 2145 |
i iscrimi B o o
= Jitter of the slow discriminator = 10F RMSy osaea|| 21
width (charge) can be corrected of | :
offline using jitter between N | »
. - = 10
leading edges of fast & slow : | L4 I ' ;'
signal (walk) e \:\ [ | - '.0 | .
RURRRRRRREI ¢
5F
[ | |
- Q2W resolution still can be TN TR
improved 0 50 100 150 200 2350 BSGarSEED ng 0
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