Hawall (synergistic) Activities

e Experience from the fDIRC prototype
« A sample system — fiber optic based _

_ Juaquin Anderson
e DSP Feature extraction Matt Andrew
e Test facilities/ alternative ASICs/ readout Tom Browder
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Larry Ruckman
Gary Varner
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In addition to ASIC designs/ evaluation:

e System Issues

* How to readout a large number of channels

* Timing and flow control

e Fast feature extraction (T,Q)

o Self-calibration (timing alignment) & overall
calibration issues

e ps Xray source at UH
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fDIRC: SLAC Cosmic Muon Telescope

 Nice cosmic stand
e 1 mrad resolution

 Precision timing and further studies w/ new electronics
 Installed BLAB2-based readout in Jan. 2009

¢ A year of experlence operatlng

Hdoscpne (0 %470, ~3m: Dlu:tion) :

~1.5 GeV
E min
through
range
stack



Readout System Components
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Giga-bit
Fiber

" A
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=P  cPCI

Crate

(Linux)

» Up to 8x64 channels per cPCI card
* Very portable DAQ

* Up to 3,584 channels/cPCI crate

Cheap, commodity backend
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Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7
Burle 85011-501 Hamamatsu H-8500 Hamamatsu H-9500 Burle 85011-501 Burle 85011-501 Burle 85011-501 Burle 85011-501

©))

Originally: (Just amps [custom CFD]+CAMAC ADC/TDC)



NEW: Integrated photodetector electronics with waveform sampling



Huge Reduction in Cable Management

A
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“Is that i1t?!?”
-Matt McCulloch (in surprise of

how few cables were used in the
electronic upgrade)







Data Cosmic Muon Telescope:
taking

sinceJan. - Number of Photo-electrons
2009

Measured: G4 Simulation:
Mean = 2.75 Mean = 2.77
| NUM_PHOTONS | Measured | NUM_PHOTONS | Monte Carlo
104f Entries 17257 F Entries 17257
Mean 2.748 L Mean 2.774
RMS 2.143 RMS 2.126
10°E
10%E
10E
1 1 | | 1 | 1 | | | | 1 | | | | | 1 1 | | 1 1 | | | 1 1 :I | | 1 | 1 | | | | 1 | | | | ’_‘ ‘ | | 1 1 | | | 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

# of photon hits # of photon hits



Cosmic Muon Telescope:
Cherenkov Angular Resolution

e Shift in mean due to systematic error in PMT holder survey
* Distribution shapes agree well with each

e Chromatic correction next (T0) Larry Ruckman thesis

Measured Simulation
|_CRT Resolution | — Measured o | CRT Resolution | Monte Carlo
— <1 03 Entries 631487
900F Mean 0.8114 C Mean 0.8228
= RMS 0.02569 100— RMS 0.02668
800 X2/ ndf 49.54/39 2/ ndf 6849/ 37
- Constant_Narrow 807+ 17.6 Constant_Narrow 9.576e+04 + 205
700 — Mean_Narrow 0.8121+ 0.0002 Mean_Narrow 0.823 £ 0.000
E Sigma_Narrow 0.01142 + 0.00022 80— Sigma_Narrow  0.01006 + 0.00002
600— Constant_Wide 60.23 + 4.91 Constant_Wide 6424 + 35.0
E Mean_Wide 0.8076 + 0.0018 - Mean_Wide 0.8248 + 0.0001
500— Sigma_Wide  0.04886 + 0.00200 60— Sigma_Wide  0.04809 : 0.00011
— T — T
SLEE Mean: 811.4 mrad : Mean: 822.8 mrad
- 40 |
300 . A\ - .
- O: 11.42 mrad 0:10.06 mrad
200 20—
1001
L il L ‘ IIIIIII | : ‘ . .

= 1 [ T B R R B e . .
B.? 0.75 0.8 0.85 0.9 0.95 1 8-7 0.75 0.8 0.85 0.9 0.95 1
cherenkov angle (rad) cherenkov angle (rad)



Summary of lessons learned

e Synchronize sampling (BLAB2 - BLAB3)

 Better timing distribution

 Better amplifier

e Need fast feature extraction

e Self-calibration (in situ) useful, individual
channel offset timing calibration essential!
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Belle |1 Barrel-PID DAQ Overview

8k channels
1k BLAB3
128 SRM

128 DAQ fiber
transcelvers

Subdetector Readout Module

Giga—bit Fiber
Transceiver Links

ASICs
FPGA
or ADCs
On or in Detector

FPGA firmware consists of 3 parts:
1) ASIC/ADC driver (common)
2) Trigger/feature extract (subdet. specific)

3) Unified DAQ transport protocol

Asych?

COPPER

|FINESSE

Global Decision Logic

Clock/Event Timing Distribution

£

32 FINESSE
8 COPPER

13



Very similar to SLAC deployment

NN,

4 FINESSE

Slots
PMC

Trigger

RN

Generic
PMC slot

* FINESSE = Front-end Instrumentation Entity for
Subdetector Specific Electronics

« COPPER = Common Pipelined Platform for
Electronic Readout

FINESSE | <4 coPPER

CARD FIFO

BLABS is 8 channels, each 32k _ _
samples deep xTOP baseline has ~ 8k channels

o ~1us + 20ns/sample to read out 14

(zero suppressed) 14




)
>
o

=

LD
D
(-
c
(qo]

<
o

=
al

QN

Q)

75.1806 mm by 51.18055 mm
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Bias, sampling rate,

4x 8-channel BLAB3 ASICS  Triguer threshold DACs



BLAB3 Specifications

32768 samples/chan (>5us trig latency)
8 channels/BLAB3 ASIC
8 Trigger channels
~9 bits resolution (12[10]-bits logging)
64 samples convert window (~16ns)
4 GSals
1 word (RAM) chan, sample readout
1+n*0.02 us to read n samples (of same 64)
30 kHz sustained readout (multibuffer)

 Time alignment critical
— Synchronize sampling to accelerator RF clock

— >bus a must for trigger

e Gain ~ 60 (target 50:1 SNR)

16



XTOP: DSP_FIN

« each DSP core can process 60k waveforms/sec (measured)
o 30kHz L1 trigger rate and 2% occupancy:

o each fiber brings in data from 96 PMT channels

« each DSP_FIN board can handle 384 PMT channels




Almost ready for B-PID 1/16 test

COPPER

Giga—bit Fiber
Transceiver Links

FINESSE

Subdetector Readout Module

ASICs
1".1?(i/\
B LA83 rece |Ved || Global Decision Logic
Jan' 12 or ADCs
On or in Detect

FPGA firmware consists
1) ASIC/ADC driver (corfjimon)
2) Trigger/feature extract fubdet. specific)
3) Unified DAQ transport protocol

"3 parts:




HPK SL10 & “Pluggable” Base board

T ——

e Socketed connector from SL10 to
base board

« Standard 2mm pitched connectors
from base board to readout
electronics

e Only use SMD capacitors and
resistors




Gain

Frequency (MHz)

Pilas ps pulsed laser
(405nm)

Additional gain from
Minicircuit Vam-6 (~15 dB
gain)

Waveforms recorded with

TDS6804B (20 GSals, 8
GHz)

|_aser Scan




Laser test stand — cross-talk testing
Pilas Laser Setup

11AUG09
JWK Insertable
Delay coil
Orhere

EMI EMI
enclosure enclosure

Confrolled Siding
Aftenuator

Attenuator ThorLabs v

50/50 splitter  COuPler “l"""'
EO enad PMT SL10

Unknown head
i stage

value adapters  adapters
Pilas Laser
405nm wave |— I I E [ ' E+O )—D—

Splitter

m
o
@
=

L
Y
A

L 4
'
L

length
A4
O ThorLabs

-
. ) ’
Coupler with

ThorLabs manual S0mm X 50mm

O Coupler v\;ith A stage Controlled Travel fiber
I'ztﬁ;l-l: delivery stage
FIO g > With Collimators
adapters Y A
FC type 300mm travel with

controlled delay,
Mirrors are 100% @

H5783 series 405nm
Hamamatsu
Leg end Insertable
Delay coil
—_— Fiber cable | | Movable stage QOr here

» Free space beam
I:l Component
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Recorded Waveform example

File Edit Vert HorzfAcq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button
Tek Stopped Single Seq 1 Acgs

Single
Photon
Signal

100mV Q & Max 122.0mV/iti 122.00001m/m: 122.0mM: 122.0m/&? 0.0 5.0ns/div

100mV Q [[C2 BRlVER 13.38mV i 13.377156m|m: 13.38m M: 13.38ma: 0.0 20.0GS/s 50.0ps/pt
100mV Q - 900mVv
100mV Q




Cross-Talk

File Edit Vert HorzfAcq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button
Tek Stopped Single Seq 1 Acgs

larger
coupled
cross-talk

100mV Q A Max 314.0mV|ii 314.00001m[mi 314.0mM: 314.0m/a: 0.0 5.0ns/div

100mV Q I#E BMS* 45.28mV i 45.277672m m: 45.28m M: 45.28m/g: 0.0 20.0GS/s 50.0ps/pt
100mV Q - 900mV
100mV Q




ADC Distributions

Nagoya Hawai’i
mcp1_runi351_ch2_adc i ?z,ln," ,_mf:
g o aane -
- 0822, =

charge
@ [
G 250
*
200 10°E
150:_
- 100
100 -
B peak 2114.316621 = 0.987493394
50— .
gain = 7109263.286 1L
B0 90 100 110 120 130 140 150 160 170 180 5

ADC(0.25pC/count)

Nagoya: larger gain for the external amplifier
Hawal’l: recorded every waveform (even if no signal)

25
25



ADC vs TDC Distributions

run1351_ch2_tdc_vs_adc |

| charge versus time |
1000 Entriess00000 | 5 =
gganz o LJ E?.sz— E__ __ !60
& 960 |- - = [ —/50
5. F = —130 17
o 2401 - L
: 920 - |25 - - —40
900 - 20 - — - —30
880| e 16 =
860[ - - —120
- 10 155
840 F -
- L == 10
3202— i5 15:_ =
o0 %0 f00 110 120 130 140 4s0 160 170 180 - S | R
ADC(0.25pC/count) charge (-pC)
* Nagoya: time-walk correction performed
— time i1s measured by CFD
e Hawai’i: no time-walk correction performed
— time is measured by interpolating the leading edge threshold crossing using
waveform data 2

— Threshold set to 50% of the peak voltage for each event 26



TDC Distributions

I Hawal’i I

run1351_ch2_projection Entries 15600 timing Laser Scan
- 500 Entries 2245
E C Kz / ndf 76.96/6 B Mean 16.22
; 600~ B m RMS 0.1382
by ! Constant 656.6= 17.0 oo 2 / ndf 375.8 /42
500 B Constant 485.9+ 15.0
C Mean -0.65 = 0.04 B Mean 16.18+ 0.00
200 Sigma  0.03837 + 0.00078
09— | Sigma  1.554 = 0.028 -
300 B
C 200—
200 B
- | 100 —
100/ | B
l -
o 0.=|38-.8}&8. 7+ .697468517 ps s i
40 20 0 20 40 0 155 16 16.5 17 ﬁ:ﬂzs(ns)

25ps/count

 Nagoya & Hawal’I measurement agree with each other

Hawai’il has less of a tail in distribution

— Less overall TDC RMS

27
27



T8 versus- hour on 27 June 20809
0-06 I T 1 I I T ] T T T T
i | | | e |
s |
005%3 P
I VL
i E 176 1
0.04 t
2 . E E i 1273 =
= I $ % |
0.03}— n $ .
L 1765 § o
i : 5 % ¢ we i
uiid § § 5 1392 =4
: 137 L 5
0'01 1 | L L 1 1 | 1 1 1 1 | 1 1 1 1 | i
e 15 20 25

hours since 0000 on 27 June

W

Estimate of timing error to use for MC 8-Apr-09 GSV
Item Est. param unit conv. unit Time [ps] Item

1 Intrinsic bunch length (worst case) 5 mm 0.3 mm/ps 16.7 recent machine parameters
2 Jitter on RF clock @ electronics hut 10 Kichimi-san (from Tobiyama-san?,
3 Possible longitudinal osc @ higher | 0 if feedback does work?
4 Residual error after beam loading correction 2 W.A.G. currently
5 Error on predicted time (integral path length) 10 Karim estimate
6 Error on track impact position projection 1 mm 0.3 mm/ps 3.3 needs study

7 Jitter in clock system distribution
8 Residual error in time encoding

TOTAL

5 to be measured
10 to be measured

24.9 best case?

>10 years
experience at
KEKB

Based on TOF
experience...

25 s “worst case
or best case?”

(e.g. “80ps” TOF)

28



o(ToF) vs. Zhit
I I

O<BO [ I I | I I I | I | I | I | [ I I
i
ToF(A): Time resolution VS Z W_ =00 s beragad
20— R7886-R7927 (May 221996) - W Barekwerrd-End
[ | | | ! | i 0.2, A Forward Fnd
100 - 2Gev/c m~ beam
& 0.20
o *
o |
125 B n
B 7 g =
X:gimﬁ=lgg;:“f 1 s 0.15 - L ‘
©: Diseri = - s e ~¥—
O: Discri = 20mV E
40 — — _'_=*=
0.10 - .—.——.—. &
20 [ . = ==
: I | 1 1 1 I | 1 1 1 I I 1 1 1 1 I 1 1 1 1 I 1 :
D OOS | | | | | | | | | | | | | | | | | | | | | | |
-50 0 50 100 150 B =3 10 50 90 130 170
Z (em) Zhit (em)
Very detailed MC study; Difference?
| |
J.W.Nam et. al

hep-ex/0204030

NIM A491 (2002) 54-68 G%n > 100ps — “known” ~ “physics” > 40ps

Summarized for BESIII meeting, June 2002
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Care and Feeding: Manpower

e Karim Trabelsi
— Backward Kalman

— “EXT”,Z path
— Tracking group

« Jorge Rodriguez
— CLEO Cal. Expertise
— Original Ty

e Mike Peters Mike Jones
— RecTOF — Daily monitoring
— Combining — Always flndlng

problems

statistics (1-4 dof)

. H. Kichimi e And many others!!

— TOF leader  In particular many students
who are based at KEK
— Constant continually monitoring

attention laser/Cal data
30



Lessons?
Be humble, design conservatively

-
=
(=

e Intrinsic Performance:
— Tough to get

— Beam tests don’t require
sustained operation

— Hadronic Calibration!

* Very important — details omitted I / \

e Much work, no fundamental
understanding

» Velocity dependent (dE/dx?)
fudge [
e Systematic, so no SQRT(2) 50 / |
« May be TWC technique i 3 G mt TOF
dependent -

— Sad history of 0 prt oS FOF
underperformance:

Beam | negative 2.0 [GfeV;"c]

=
=]
——

Time resolution [psec]

60 il b

« CLEO, CPLEAR, BESII, ... 30 b
=100 =50 1] S0 100

— Error Budget!! Z [cm]



UH FEL as High intensity, pulsed x-ray source

collimator
y 2-mirror optical
microwave storage cavity
gun 45 MeV linac
- f AVAVAV. RAVAVAV: o N UVAVAV. 2
R
beam
4 intensity
monitor

IR laser

x=ray generation —~.\

x-ray phantom

YAVAV. R VAVAV.

WATAY. o

fast time
resolved
detector

data
acquisition

32



Readout for FEL x-ray beamline

e 1-2 days running/week (1 floor down)

e 160 Channels

— 16 detectors or detector channels/layer

— 10 layers

 Modular system (expandable)

e 100 GSa/s during 10us spill (10Hz rep rate)

ASICs

Detectors
—_—

X-rays

— 10us/10ps = 10° samples/channel
— Fiber: 12 Gb/s (4x 3.0Ghb/s)

Front-end
Module

Master
Module

cPCI crate (control room)

Fiber links

- XMC
- CPU




Sampler of Transients for Uniformly Redundant array Mask (STURM)

]
]
a .
o Only input shown
i ~100 bond pads/ASIC
]
]
=]
Detector Array STURM ASIC High—densit:
| ]
o =
o =
— | [ Only input shown
o =f ~100 bond pads/ASIC
|
o o
— |
{ | - =]
| STURM ASIC
—
D D
] ]
o =
— | [ Only input shown
o =f ~100 bond pads/ASIC
|
= S
— |
{ | - =]
| = STURM ASIC
(32—elements shown) : ngnne;c
nector
]
o Only input shown
i ~100 bond pads/ASIC
]
]
(optional) o
STURM ASIC
X—ray
flux
Side View
Solder or
Ceramic hybrid (bump—bond) In b““}l"‘*
[ |/
| A [ |
| N\ |
Detector Array Thermal substrate \ e
HEMT Amps STURM ASICs Counnector

to FPGA/
Readout
board

Analog Bandwidth [-3dB frequency]
— — n o w
o o o o (=]

o

Relative amplitude [dB]

Push envelope on Bandwidth

Input Coupling versus total input Capacitance

——R_S = 500hm

0 100 200 300 400 500 6500
Total input Capacitance [fF]

Input coupling versus frequency

=——Bond-wire
-=- Bump-bond

0.1 1 10 100
Frequency [GHz]
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STURM
ASIC

~3.3 X 3.3 mm

8Xx channels

4x 8 flash
samples/chan
- 200 GSals
i1 Onchip ADC
-l conversion
C (~5us/256
:_ samples)
=l TSMC 0.25um

CMOS process 35
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LABRADOR Family

TARGET

STRAW1

e
.....

3
.
.
.
*
.
3
.
.
.
.
.
.
3
.
.
3
.
.
.
*
.
3
.
.
.
.
*
.
3
.
.
o
.

GLUE

................. { SHORT?2

LABRADOR

ree RSNRESEE o)

ALICE, I'VE NOTICED A
DISTURBING PATTERN.
YOUR SOLUTIONS TO
PROBLEMS ARE ALWAYS
THE THINGS YOU TRY LAST.

e

Comb.

Sampling

LABRADORS

LABRADOR2 |

Q)



What's next?

» Experience with chromatic correction in fDIRC
prototype (upgrade to BLAB3 + DSP feature
extraction)

 1/16™ test system iTOP (25ps system timing?)

e Evaluation of IRS/BLAB3/STURM2 ASICs

* Prepare readout boards for psTDC2, system
architecture prototypes

37



Back-up slides
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NIM A591 (2008) 534 Photo-detector ReadOut
\’L\‘\\\\\\W [T

BLAB1 Die floorplan: 128 x 512 samples
Single channel

3mm x 2.8mm, TSMC 0.25um

PMT pulse comparison

0.2
0 vy
'
s -0.2 * ﬁ .
p S - commercial ‘scope
2 04 . ;'
o | ]
£ . s _UH (LABx) ASIC |
st
0.8 ?-
_1 1 I 1 1
0 20 40 60 80

Time [ns]

—->Use large bandwidth capability
developed for ANITA to improve timing
- Advanced Detector Research award

“Oscilloscope on chip”

39
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Buffered LABRADOR (BLAB1) ASIC

Measured Noise

LLAB1 RF attenuation with R6=1kohm

_ B 1| 3dB ~300MHZ
1.8V dynamic range 600 | 150MH21:::Y\/(::}e -- Pre-calibration
. - - RIS TEIRTEEELY
10 real bits of dynamic e =
range, single-shot IRV AR RVRRATRTATRIATAINT.
* Target few $$/channel 6GSa/s | éj U U g \&f{ U g U g \Uj \ﬁiz u g E
e Low power o P



BLAB Density and Cost

Storage Depth Capacity

e For large-scale systems,
cost very competetive

100

10

Storage Depthin [us] at 10GSa/s
Sampling

| —#—4 Chan |
——g Chan
=—r—16 Chan
32 Chan |

Array Linear Dimension [mm]

Cost per Channel [2007 $]

1000

100 +

=
o

[EEN

0.1

BLAB ASIC cost estimate

~

N

Based on actual fabrications
or quotations from
foundaries FY2007

T

>

10

100

1000 10000
Total Number of System Channels

100000 1000000
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Buffered LABRADOR (BLAB3)
Design Review

Gary S. Varner 4 NOV 09

Review held with
University of Chicago engineers

All 1ssues addressed — in fabrication
Due back 20-JAN-2010

Details:

BLAB3 ASIC Design Reference homepage

Tittp:/fwww, phys, hawaii. edu'~vamer/BLAB3  homepage, himl

Buffered LABRADOR v3 (BLAB3) ASIC

Design Reference Page

All information tentative and provided for informational
reasons.

Note that the BLAB3 design has significant overlap with the IRS ASIC, and many
details regarding the sampling, storage array performance simulations, and readout
simulations were addressed previously and reviewed here.

A design Design Review is scheduled for Wednesday, Nov. 4th at 11:00
in the ID Lab.

Tentative MOSIS submission date: 26-OCT-09

Reference Documents:

o Full set of BI AB3 schematics 3-NOV-09 version [G5V]
= Specification Review Slides 21-SEP-09
» Design Review Slides -- 4-NOV-09

To be posted:
# Final schematics
Review team:
» Jean-Francois Genat, Herve Grabas, Eric Oberla -- psTDC basis comparison

# Larry Ruckman -- logic interface and overall functionality

11/16/2009 8:03 PM

http://www.phys.hawaii.edu/~varner/BLAB3 homepage.html| 42




Hit Processing latency Assume:

100kHz charged track hits on each bar

~32 p.e./track (1% of 100ns windows)

30kHz trigger rate

BLAB3 ASIC Each PMT pair sees <8> hits

240K hits/s
Each BLAB3 has an average occupancy

<1 hit (assume 1)

800ns to convert 512 samples

16ns/sample to transfer

Trans-lmp Amps 16 x 1k samples

Per channel

5 SHAsssameine At least 16 deep buffering
— (Markov overflow probability
G est. < 10-38)
Mt ey Each hit = 64samples * 8bits = 512bits
=>~125Mbits/s
Improvements based upon (link is 1.2Gb/s ~ x10 margin)

Lessons learned from BLAB?2

Plan to model in standard queuing simulator, but looks like no problem
Goals: prove system timing, full “at speed” T,Q extraction %



L inks are a cruclal element

N

Giga—bit Fiber
ransceiver Links

Subdetector Readout Module
ASICs

FPGA

FYYY

[

[

/

FYYY

COPPER

jFINESSE

il

Global Decision Logic

[

or ADCs

On or 1in Detector

FPGA firmware consists of 3 parts:

1) ASIC/ADC driver (common)
2) Trigger/feature extract (subdet. specific)
3) Unified DAQ transport protocol
Asych?

gt

Clock/Event Timing Distributio

n

s
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Continued Rad hard testing

Significant cost and performance benefit if can use commercially
available components. One option is to qualify them.

In tunnel /

(rad area simulating
expected CDC/PID
dose)

2 ~25m

Spring run

- ~11kRad

—> 1 soft Reg error
- no RAM bit errors

Monitor
continuously BER
remotely (loopback
of pseudo-random
pattern) 45



757 V@KCG
2009.10.9

Autumn Test Location

e Belle®VarnerEEHMES 1= » much higher
Belle |l M85 X ED rate
R—R, BlCr7drvFTy e 4x RAM bit
IN—fNTWZR, IBE errors
QC2RPO LiRAIMDERFEIC * 5x 8/16 Reg

ADTUET, bit persistent
« MOBEHIETETIRMHATIE  errors

FOSBBIIXITI/N—IC o 1x data link

[EMTFTLIZS LY, hang

RADTEST board * Power cycle
clear

Fiber link still runs
Through existing
Cable tray
Infrastructure and to
loss monitor rack In
room below

46



Update

Operation continued until almost end of fall run
Dec. 14 reprogram (to clear reg error)

...... LQC2REME) |
48.5Krad (#1128

2 aminograys
located nearest
N to test module:
22 aKrad(#1/124) | 86kRad

= f ~ 48kRad

em—— e — | | N e Average:
| J _.. __..::_“ ,_ _I,_ [ T --“ _: __.. | ;. '!"P 68kRad

(minus 5-10%)

QCSRAH =
a ; ?I{rad( "._,.Z'. f e ..\r 4 .__.. | o= . N s i J :
75.3Krad (#5888 G . = B Sl

47



Problem debug

Board sent back

Vreg OK, initial EEPROM verify OK, but failed when
try to clear or reprogram -- replaced and link works fine
Not needed for final system

!!!!!!!!!!

naa

ST EIELEIE LR PPTETRITYIR RS I e o gt R R

................

Continue the abuse in the Spring? (from ~70kRad dose)

48



Next run — hotter spot?
Use production boards — including BLAB3 ASICs

QC2LE(E)$a#t
2.4Krad(#1120) |

‘i__. QC2LE(E)$8A "’5*
75Krad(#1130) A,
._ S A | | ]
VAN ad (#5504 | ] QC2LEP) | |
i N &Jlakrad(#112&)| =l

uuuuuu

With 100m cables, can reach 49



XTOP: DSP_FIN / COPPER

. each COPPER Continuing studies of optimal signal

module can ﬂ gxtractlon — requires real signals

handle 1024 PMT
channels (with4
DSP_FIN boards
per COPPER)

. need just 8
COPPER
modules to do all
SL-10 xTOP
waveform
processing in real
time (8192 PMT
channels)

\:' | !!' !g

t I
kg b,
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