
  

Ways to collect    twice the   statistics
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S494-meeting, Dec 2020

almost(?
)

… or reduce beamtime by half …

S494
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Electronics ME Deadtime (μs) Limit (main) S455 S515 S494

S2 VFTX N 15 X  X X ?

S8 VFTX N 31 Readout (RIO3?) X ?

Sofia START VFTX, (MADC32) N,Y 9 X  X

Sofia Triple MUSIC MDPP16 Y 25 X  X

Sofia Twin MUSIC MDPP16 Y 40 X  X

Sofia TOF wall VFTX N 31 (est. 20-25) X  X

CALIFA FEBEX3 Y free-running 35 μ dead/pile-up per ch. ? X X

AMS SIDEREM+SAM N 100 ; 300 Readout X X

- INFN AMS DAQ X

Sofia MWPC VMMR8 Y 27 X  X X

NeuLAND (12 DP) FQT+TAMEX3 50 CPU↔PEXOR X (X) X

LOS VFTX 9 X

LOS TAMEX 3 ; 15 X

X5 PSP FEBEX3 3 ; 43 ? CPU↔PEXOR X

R3B MUSIC MDPP16 Y 20 X

SiPM fiber vacuum PaDi+Clock-TDC X

Fiber vacuum PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fiber end PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

ROLU / SEETRAM / ionis. Scalers X X

R3B TOF wall FQT+TAMEX3 3 ; 21 CPU↔PEXOR X X

XY Fiber PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fibers PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

MASTER (trig) VULOM Y 13 Readout X X X

Limiting

Limiting next readout
(early DT release)

Second value is until
f_user return

(early DT release)

Excluding AMS

VME

Values from previous year(s)
(need update)
Estimates
Values needed

Multi-event capable? Values are for full create readout.
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Electronics ME Deadtime (μs) Limit (main) S455 S515 S494

S2 VFTX N 15 X  X X ?

S8 VFTX N 31 Readout (RIO3?) X ?

Sofia START VFTX, (MADC32) N,Y 9 X  X

Sofia Triple MUSIC MDPP16 Y 25 X  X

Sofia Twin MUSIC MDPP16 Y 40 X  X

Sofia TOF wall VFTX N 31 (est. 20-25) X  X

CALIFA FEBEX3 Y free-running 35 μ dead/pile-up per ch. ? X X

AMS SIDEREM+SAM N 100 ; 300 Readout X X

- INFN AMS DAQ X

Sofia MWPC VMMR8 Y 27 X  X X

NeuLAND (12 DP) FQT+TAMEX3 50 CPU↔PEXOR X (X) X

LOS VFTX 9 X

LOS TAMEX 3 ; 15 X

X5 PSP FEBEX3 3 ; 43 ? CPU↔PEXOR X

R3B MUSIC MDPP16 Y 20 X

SiPM fiber vacuum PaDi+Clock-TDC X

Fiber vacuum PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fiber end PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

ROLU / SEETRAM / ionis. Scalers X X

R3B TOF wall FQT+TAMEX3 3 ; 21 CPU↔PEXOR X X

XY Fiber PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fibers PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

MASTER (trig) VULOM Y 13 Readout X X X

Limiting

Limiting next readout
(early DT release)

Second value is until
f_user return

(early DT release)

Excluding AMS

VME

Values from previous year(s)
(need update)
Estimates
Values needed

Multi-event capable? Values are for full create readout.

Live dead-time measurements (S454)



  

Readout style Taxonomy



  

Single-event, time-sorted

A

A

B

B

CBA

C

C

A A B B CBA CC

A AA B BB CCC

LMD file

Time-stitched events (combined by time, within merge window)

Single-event

’Just’ combine events by timestamps.

Then unpack...

This is how we have made time-sorted data
look (to unpack & analysis) like

it comes from just one dead-time domain 
–

one LMD event per physical event.



  

Multi-event, time-sorted

A

A

B

B

C

D

D

DBA

C

C

E

E

E

F

F

F

G

G

G

H

H

I

I

I

J

J

J

K

K

K

L

L

L

A A B B CBA CC

A AA B BB CCC

LMD file

Time-stitched events (combined by time, within merge window)

Single-event

’Just’ combine events by timestamps, then unpack.

Multi-event, generic - with different readout-points

This is how we have made time-sorted data
look (to unpack & analysis) like

it comes from just one dead-time domain 
–

one LMD event per physical event.

Now we want multi-event time-sorted data
look (to analysis) like

it comes from just one dead-time domain 
–

one event per physical event.



  

Multi-event...

A B DC E F G H I J K L

D E F G H I J K L

D E F G H I J K L Unpack

LMD file

Single-event Multi-event

Multi-event from one dead-time domain
UCESB handles since … 2006.



  

Multi-event, time-sorted

A

A

B

B

C

D

D

DBA

C

C

E

E

E

F

F

F

G

G

G

H

H

I

I

I

J

J

J

K

K

K

L

L

L

A A B B CBA CC

A AA B BB CCC

LMD file

Time-stitched events (combined by time, within merge window)

Single-event

’Just’ combine events by timestamps, then unpack.

Multi-event, generic - with different readout-points

This is how we have made time-sorted data
look (to unpack & analysis) like

it comes from just one dead-time domain 
–

one LMD event per physical event.

Now we want multi-event time-sorted data
look (to analysis) like

it comes from just one dead-time domain 
–

one event per physical event.

D DD E E EF F F GG G HH I I I JJ J K KKL L L

D DD E E EF F F GG G HH I I I JJ J K KL L L Unpack

LMD file

K

(Multi-)events in LMD sorted
by first time...

1) Unpack LMD events.
2) ...
3) …
    ...



  

Multi-event unpack

A
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D DD E E EF F F GG G HH I I I JJ J K KKL L L

LMD file

Time-stitched events (combined by time, within merge window)

D DD E E EF F F GG G HH I I I JJ J K KL L L Unpack

LMD file

D DD

E E

F

K

Single-event

’Just’ combine events by timestamps, then unpack.

Multi-event, generic - with different readout-points
(Multi-)events in LMD sorted

by first time...

1) Unpack LMD events.
2) Put in queues (per source)
3) …
    ...

D DD

E

F

What is in the queues...

… before next event
is inserted.



  
Group (time-stitch)
anything before the
to-be inserted time.

Multi-event unpack, into queues
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D DD E E EF F F GG G HH I I I JJ J K KKL L L

LMD file

Time-stitched events (combined by time, within merge window)

D DD E E EF F F GG G HH I I I JJ J K KL L L Unpack

LMD file

D DD

E E

F

D DD

<
E

K

Single-event

’Just’ combine events by timestamps, then unpack.

Multi-event, generic - with different readout-points
(Multi-)events in LMD sorted

by first time...

D DDCombined

D DD

E

F

What is in the queues...

… before next event
is inserted.

Group (time-stitch)
anything before the
to-be inserted time.

1) Unpack LMD events.
2) Put in queues (per source)
3) Emit from queues
    (on new ’first’ multi-event)



  

Multi-event time-stitch after unpack
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Time-stitched events (combined by time, within merge window)

D DD E E EF F F GG G HH I I I JJ J K K

K

L L L Unpack

LMD file
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remaining

Single-event

’Just’ combine events by timestamps, then unpack.

Multi-event, generic - with different readout-points
(Multi-)events in LMD sorted

by first time...

1) Unpack LMD events.
2) Put in queues (per source)
3) Emit from queues
    (on new ’first’ multi-event)

D DD E E E FF F GGG HH I II JJ J K K K L LLCombined

D DD

E

F
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Electronics ME Deadtime (μs) Limit (main) S455 S515 S494

S2 VFTX N 15 X  X X ?

S8 VFTX N 31 Readout (RIO3?) X ?

Sofia START VFTX, (MADC32) N,Y 9 X  X

Sofia Triple MUSIC MDPP16 Y 25 X  X

Sofia Twin MUSIC MDPP16 Y 40 X  X

Sofia TOF wall VFTX N 31 (est. 20-25) X  X

CALIFA FEBEX3 Y free-running 35 μ dead/pile-up per ch. ? X X

AMS SIDEREM+SAM N 100 ; 300 Readout X X

- INFN AMS DAQ X

Sofia MWPC VMMR8 Y 27 X  X X

NeuLAND (12 DP) FQT+TAMEX3 50 CPU↔PEXOR X (X) X

LOS VFTX 9 X

LOS TAMEX 3 ; 15 X

X5 PSP FEBEX3 3 ; 43 ? CPU↔PEXOR X

R3B MUSIC MDPP16 Y 20 X

SiPM fiber vacuum PaDi+Clock-TDC X

Fiber vacuum PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fiber end PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

ROLU / SEETRAM / ionis. Scalers X X

R3B TOF wall FQT+TAMEX3 3 ; 21 CPU↔PEXOR X X

XY Fiber PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fibers PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

MASTER (trig) VULOM Y 13 Readout X X X

Limiting

Limiting next readout
(early DT release)

Second value is until
f_user return

(early DT release)

Excluding AMS

VME

Values from previous year(s)
(need update)
Estimates
Values needed

Multi-event capable? Values are for full create readout.



  

Electronics ME Deadtime (μs) Limit (main) S455 S515 S494

S2 VFTX N 15 X  X X ?

S8 VFTX N 31 Readout (RIO3?) X ?

Sofia START VFTX, (MADC32) N,Y 9 X  X

Sofia Triple MUSIC MDPP16 Y 25 X  X

Sofia Twin MUSIC MDPP16 Y 40 X  X

Sofia TOF wall VFTX N 31 (est. 20-25) X  X

CALIFA FEBEX3 Y free-running 35 μ dead/pile-up per ch. ? X X

AMS SIDEREM+SAM N 100 ; 300 Readout X X

- INFN AMS DAQ X

Sofia MWPC VMMR8 Y 27 X  X X

NeuLAND (12 DP) FQT+TAMEX3 50 CPU↔PEXOR X (X) X

LOS VFTX 9 X

LOS TAMEX 3 ; 15 X

X5 PSP FEBEX3 3 ; 43 ? CPU↔PEXOR X

R3B MUSIC MDPP16 Y 20 X

SiPM fiber vacuum PaDi+Clock-TDC X

Fiber vacuum PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fiber end PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

ROLU / SEETRAM / ionis. Scalers X X

R3B TOF wall FQT+TAMEX3 3 ; 21 CPU↔PEXOR X X

XY Fiber PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

Fibers PaDi+KILOM/cTDC 3 ; 21 CPU↔PEXOR X

MASTER (trig) VULOM Y 13 Readout X X X

Limiting

Limiting next readout
(early DT release)

Second value is until
f_user return

(early DT release)

Excluding AMS

VME

Values from previous year(s)
(need update)
Estimates
Values needed

Multi-event capable? Values are for full create readout.
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; ~ 15
PEXOR
firmware

10?
VME CPU

Deadtime is not like bad weather!
It can be addressed!

3; 50
early DT
release

Needs
debug

(with beam??)

Also affects

EE dev.



  

Needed:

S494 - 16O breakup

● High-rate experiment:  100 kHz

● Only two kinds of systems: KILOM TAMEX

● Assume early DT-release after 2 μs, readout 20 μs.

● Multi-event (10 events):

● Bonus: Good for evil spill structure.

M. Heil; even a few 100 kHz...

= third event not before 20 μs

+ 80 % Readout
buffer

2

n

100 kHz → 46 kHz

100 kHz → 84 kHz



  

Spill burst: flat   Busy: 2.0 us

Multi: 1     ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        58.8  45.4  37.0  31.2        80.4  68.8  56.4  46.2      
 200k        41.7  29.4  22.8  18.5        64.5  45.5  32.5  24.8      
 300k        32.2  21.7  16.4  13.2        52.5  32.4  22.1  16.7      

Multi: 10    ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        69.8  67.4  65.2  63.2        83.2  83.2  83.2  83.2      
 200k        53.6  51.0  48.6  46.2        71.4  71.4  71.4  71.4      
 300k        43.6  41.0  38.6  36.5        62.5  62.5  62.5  62.3      

Multi: 100   ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        71.2  70.9  70.6  70.4        83.2  83.2  83.2  83.2      
 200k        55.5  55.1  54.7  54.3        71.4  71.4  71.4  71.4      
 300k        45.3  45.0  44.7  44.2        62.5  62.5  62.5  62.5      
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Spill burst: flat   Busy: 2.0 us

Multi: 1     ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        58.8  45.4  37.0  31.2        80.4  68.8  56.4  46.2      
 200k        41.7  29.4  22.8  18.5        64.5  45.5  32.5  24.8      
 300k        32.2  21.7  16.4  13.2        52.5  32.4  22.1  16.7      

Multi: 10    ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        69.8  67.4  65.2  63.2        83.2  83.2  83.2  83.2      
 200k        53.6  51.0  48.6  46.2        71.4  71.4  71.4  71.4      
 300k        43.6  41.0  38.6  36.5        62.5  62.5  62.5  62.3      

Multi: 100   ___no early DT-rel.___        ____early DT-rel._____

rate \ tDT    5.0  10.0  15.0  20.0         5.0  10.0  15.0  20.0      
(Hz) \ (us)  ----  ----  ----  ----        ----  ----  ----  ----      
 100k        71.2  70.9  70.6  70.4        83.2  83.2  83.2  83.2      
 200k        55.5  55.1  54.7  54.3        71.4  71.4  71.4  71.4      
 300k        45.3  45.0  44.7  44.2        62.5  62.5  62.5  62.5      
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Going
multi-ev.

PEXOR
improvement



  

Needed:

S494 - 16O breakup

● High-rate experiment:  100 kHz

● Only two kinds of systems: KILOM TAMEX

● Assume early DT-release after 2 μs, readout 20 μs.

● Multi-event (10 events):

● Bonus: Good for evil spill structure.

M. Heil; even a few 100 kHz...

= third event not before 20 μs

+ 80 % Readout
buffer

2

n

100 kHz → 46 kHz

100 kHz → 84 kHz



  

Data flow / Buffer topology

Digitise
(only when

gate/common)

Readout
buffer

Sample
buffer

Digitise
(always)

Readout
buffer

Pick
(ROI: region-
of-interest)

Gate / common (start)

Gate / common (start)

CPU/network

CPU/network

Digitise
(always)

Readout
buffer

ROI

CPU/network

GateFree-runningFree-running

Triggered, free-running front-end

Triggered (”classic”)



  

Data flow / Buffer topology

Digitise
(only when

gate/common)

Readout
buffer

Sample
buffer

Digitise
(always)

Readout
buffer

Pick
(region-of-
interest)

Gate / common (start)

Gate / common (start)

Digitise
(always)

Readout
buffer

Free-runningFree-running

Triggered, free-running front-end

Triggered (”classic”)

1

n

2

n

1

n

2

Single-event

Single-event, early DT-release

Multi-event (e.DT-rel,shadow)

Single-event

Single-event, early DT-release

Multi-event (e.DT-rel,shadow)

Free-running
(pick ROI by CPU if wanted)

Readout strategy:Readout strategy:

Readout strategy:

Readout strategy:



  

Data flow / Buffer topology

Behaves like it is 1??

Digitise
(always)

Readout
buffer

Free-runningFree-running

Triggered (”classic”)

1

n

2

n

1

n

2

Most CAMAC

CAEN V7x5 (ADC,TDC,QDC)

VFTX

FEBEX
TAMEX
KILOM/cTDC

MDPP16

SIDEREM

CALIFA
MTDC32

MTDC32

MADC32

firm
w

are
firm

w
areSample

buffer
Digitise

(always)

Readout
buffer

Pick
(region-of-
interest)

Gate / common (start)

Triggered, free-running front-end

Digitise
(only when

gate/common)

Readout
buffer

Gate / common (start)

SOFIA TOF

PSPs
NeuLAND,
TOF
Fibers

MUSICs

AMS

Examples:Examples:
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