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R°B 2021 deadtime

S2
S8
Sofia START

Sofia Triple MUSIC

Sofia Twin MUSIC
Sofia TOF wall
CALIFA

AMS

Sofia MWPC
NeuLAND (12 DP)
LOS

LOS

X5 PSP

R3B MUSIC

SiPM fiber vacuum
Fiber vacuum
Fiber end

ROLU / SEETRAM / ionis.

R3B TOF wall
XY Fiber
Fibers
MASTER (trig)

VME

Electronics

VFTX

VFTX

VFTX, (MADC32)
MDPP16

MDPP16

VFTX

FEBEX3
SIDEREM+SAM
INFN AMS DAQ
VMMRS8
FQT+TAMEX3
VFTX

TAMEX

FEBEX3

MDPP16
PaDi+Clock-TDC
PaDi+KILOM/cTDC
PaDi+KILOM/cTDC
Scalers
FQT+TAMEX3
PaDi+KILOM/cTDC
PaDi+KILOM/cTDC
VULOM

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

ME
N
N

Deadtime (us)
15
31

9

25

40

31 (est. 20-25)

free-running

- 100 ; 300

N

50

S
3;15
3,437

¥ 20

321

3:21

f_user return
(early DT release)

Second value is until

Limit (main)

Readout (RIO37?)

35 p dead/pile-up per ch. ?

Readout

CPU -~ PEXOR

CPU -~ PEXOR

CPU < PEXOR

CPU - PEXOR

CPU -~ PEXOR

CPU <~ PEXOR

CPU - PEXOR

Readout

[ Values are for full create readout. }

___=

S455 S515 S494

X X X2
X ?

X X

X X

X X

X X

X X

Xoxo
X

X X X

X(X) X
X
X
X
X
X
X
X
X x*
X

X X

BiMiting Excluding AMS




R°B 2021 deadtime

e

Electronics ME Deadtime (us)

2 METX

[ Values are for full create readout. J

Limit (main)

Live dead-time measurements (S454)

(N

(N

1G+TRI

I
[mm)
++

k]

Readout (RIO37?)

S EE2E- 13: 9.0k 0 39337k 5.8¢ —

[ — —->¢(— xBR1-41 #FIBT 4: 6059.5% 1 2199.% 5,67 —
g — — —-»{—— xBA1-29 #FI3 5: 1199.8 0 12168k 1,37 —

[ — —->¢(—— ¥B6]-99F110C 3: 865 0k 2 106364k 0.6% —
q B E B s ol (i | 35udeadleup perch?

[ — ——3(—— ¥B6]-91#F 113 3: 86260k 2 897 8k 0.0% —
A | - —¢- xBs1-10¥T0FI EAN B554.6k 7 10091.6k 7.67 — Readout

— — ——»{— xBa1-108TOFT2 3: 85461k 2 8958.7k 7.6% —
= [ — ——3(— ¥B61-108TOFDZ 3 86374k 2 96138k 8,17 —
i — — ——»{—— xBa1-108TOFM EI 8546 1k 2 5200 4k 8,17 -
1 L-=e= e I\ 7L.5H 22.7% — -7 -
N -— 5

e 76.9H 0,0
1 -1,295s
0400
L EXD 6.3¢ ——- 1 -
- - Slxirl?3,

X 02:00  991,4H  /lustreshebes/r3b/ 201904 _ l CPU -~ PEXOR
F
SiPM fiber vacuum PaDi+Clock-TDC _
Fiber vacuum PaDi+KILOM/cTDC 3:21 CPU - PEXOR
Fiber end PaDi+KILOM/cTDC CPU -~ PEXOR
ROLU / SEETRAM /ionis. Scalers
R3B TOF wall FQT+TAMEX3 CPU -~ PEXOR
XY Fiber PaDi+KILOM/cTDC 3:21 CPU -~ PEXOR
Fibers PaDi+KILOM/cTDC 3:21 CPU -~ PEXOR
MASTER (trig) VULOM Readout

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

f_user return
VME

Second value is until

(early DT release)

S455 S515 S494
XX X2
X ?
X X
X X
X K
X X

X

X
><><><><I><

X
<4

X X X X X X X

X X

BiMiting Excluding AMS




Readout style Taxonomy

Trigger requests

Single—event read—out

V22
== AN\ I
Single—event read—out, early DT—releasee

Multi—event read—out

Wik 4 ks s s @i Vs %2

Multi—event read—out, early DT-release

i zh s i vzs iz V2 Vi izi %

RN ]

Shadowed multi—event read—out

Wi A W Th b 742 W RN
E . T == 3 e

7% DAM conversion / busy
DAQ overhead E=E (after dead—time release)
NN DAQ read—out (shadowed, background, non—DT)




Single-event, time-sorted

..

A B C

Al [B [c

A B e
 Srgeoent |

[A] B [C] LMD file {ust combine events by timestamp;:
Time-stitched events (combined by time, within merge window)

{ Then unpack... l

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

| T

Bl BEN el = H B E B [N o [k [
A] [B] c] [b NEY B [fer [ 3 KL
BN BEN el B N H E B
{ Single-event J ’ : Multi-event, generic - with different readout-points :‘
. . . LMD file ’Jgst combine events by timestamps, then unpa{:[(‘
Time-stitched events (combined by time, within merge window)
e . - - - . o
This is how we have made time-sorted data Now we want multi-event time-sorted data
look (to unpack & analysis) like look (to analysis) like
it comes from just one dead-time domain it comes from just one dead-time domain
one LMD event per physical event. one event per physical event.

N = @




Multl-event...

[ |
|
L 1 | I | 11 L 1 11 | | [,
Bl BB E EE E B =N = BN
:
‘ Single-event ‘ : ‘ Multi-event ‘
:
|
|

DEE GEN SKE  unpack




Multi-event, time-sorted
| 1 1,

| 1 | I I | 11 L1 11

can el e e H B B B L Ikl
A B C D E|l Fl & [ Rt
call el e (o [ B .

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

by first time...

|

{ Single-event J

s N

. . . LMD file ]qust combine events by timestamps, then unpaglf\ 1) T EakI LD Geis
2) ...
Time-stitched events (combined by time, within merge window) 33

This is how we have made time-sorted data Now we want multi-event time-sorted data
look (to unpack & analysis) like look (to analysis) like
it comes from just one dead-time domain it comes from just one dead-time domain
one LMD event per physical event. one event per physical event.
@ o

O HENE OE B EEH BEEE W5 Wy HEE K K5 o LMD file
D BERE BEE FEEH EERE Wy By INE K K& Unpack




Multi-event unpack

Lt

‘ Single-event ‘

. . . . . . . . . LMD file @St’ combine events by timestamps, then unpa@

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

What is in the queues...

... before next event
is inserted.

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

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

. . . LMD file

O EEE SE B EEH Ef SN Ny W S SEE W WHE = Unpack




Multi-event unpack, into queues

‘ Single-event ‘

Lt

H

g g (Multi-)events in LMD sorted

by first time...
. . . . . . . . . LMD file @st’ combine events by timestamps, then unpa@ 0 Wireak LD e

1
1
1
. . . _ o _ ' | 2) Putin queues (per source)
- - - Time-stitched events (combined by time, within merge window) : 3) Emit from queues
. (on new ‘first’ multi-event)

EER EE HENE I iy BElE @0 = LMD file
EEH e EHE Wy Wy e W Mo = Unpack

What is in the queues...

... before next event
is inserted.

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

Combined




Multi-event time-stitch after unpack

‘ Single-event ‘

Lt

H B [T 3 KL
. [ ] G0 T
1]

|

-------------------------------;-l (Mu|tl-)eventSInLMDSOTtEd

by first time...
. . . . . . . . . LMD file @St’ combine events by timestamps, then unpa@ 1) Unpack LMD events.

1
1
1
. . . _ o _ ' | 2) Putin queues (per source)
- - - Time-stitched events (combined by time, within merge window) : 3) Emit from queues
. (on new ‘first’ multi-event)

§ i
§
é
§
5
i
§
§

e
5| ofl ol e

U om TerEle

LMD file

Unpack

\ remaining

Combined




R°B 2021 deadtime

S2
S8
Sofia START

Sofia Triple MUSIC

Sofia Twin MUSIC
Sofia TOF wall
CALIFA

AMS

Sofia MWPC
NeuLAND (12 DP)
LOS

LOS

X5 PSP

R3B MUSIC

SiPM fiber vacuum
Fiber vacuum
Fiber end

ROLU / SEETRAM / ionis.

R3B TOF wall
XY Fiber
Fibers
MASTER (trig)

VME

Electronics

VFTX

VFTX

VFTX, (MADC32)
MDPP16

MDPP16

VFTX

FEBEX3
SIDEREM+SAM
INFN AMS DAQ
VMMRS8
FQT+TAMEX3
VFTX

TAMEX

FEBEX3

MDPP16
PaDi+Clock-TDC
PaDi+KILOM/cTDC
PaDi+KILOM/cTDC
Scalers
FQT+TAMEX3
PaDi+KILOM/cTDC
PaDi+KILOM/cTDC
VULOM

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

ME
N
N

Deadtime (us)
15
31

9

25

40

31 (est. 20-25)

free-running

- 100 ; 300

N

50

S
3;15
3,437

¥ 20

321

3:21

f_user return

Second value is until

(early DT release)

Limit (main)

Readout (RIO37?)

35 p dead/pile-up per ch. ?

Readout

CPU -~ PEXOR

CPU -~ PEXOR

CPU < PEXOR

CPU - PEXOR

CPU -~ PEXOR

CPU <~ PEXOR

CPU - PEXOR

Readout

{ Values are for full create readout. 1

>

S455 S515 S494

X X X2
X ?

X X

X X

X X

X X

X X

Xoxo
X

X X X

X(X) X
X
X
X
X
X
X
X
X
X

X X

BiMiting Excluding AMS




Deadtime is not like bad weather!

Deadtime (us)
It can be addressed!

15
31

ME
N

[ Values are for full create readout. J

Limit (main)

S8 VFTX Readout (RIO3?)
Sofia START VFTX, (MADC32) 9
G) Sofia Triple MUSIC MDPP16 25
Sofia Twin MUSIC MDPP16 40 2007
| WiI
E _ DSP code?
. Sofia TOF wall VETX 31 (est. 20-25)
) CALIFA FEBEX3 free-running -up per ch. ?
b AMS SIDEREM+SAM Readout
(ts - INFN AMS DAQ
Q) sofiamwec VMMRS
b NeuLAND (12 DP) FQT+TAMEX3 CPU -~ PEXOR
LOS s
— K
LOS 3; 50 3;15 .
O\l xspsp early DT 3, :71@0 CPU - PEXOR
+ @
O ReemusIC release Y 20 8
N SiPM fiber : : ock-TDC &
: Needs :
Fiber vacu debug PaDi+KILOM/cTDC
. (with beam??) .
m Fiberend '~ PaD+KILOM/CTDC
o™ ROLU / SEETRAM / ionis.
D: R3B TOF wall
XY Fiber
Fibers

MASTER (trig) VULGV

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

Second value is until
f_user return

VME (early DT release)

Readout

S455 S515 S494

XX X?
X ?

X X

X X

X X

X X

X X

Xoxo
X

XX X

X(X) X
X
X
X
X
X
X
X
X
X

X X

BiMiting Excluding AMS




S494 - *°0O breakup

High-rate experiment: 100 kHz ﬂHeil; even a few 100 kHz...
Only tWO kindS Of SyStemS: KILOM TAM EX \::thlrd event not before 20 LES‘

Assume early DT-release after 2 ys, readout 20 us

Spill: flat Multi: 1 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0%ev us

100 kHz - 46 kHz

P 2 XX X B X X Ry L L) SR
0 50 100 150 Tme 2[:;0 250
Multi-event (10 events): B Readout

buffer

Spill: flat Multi: 10 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0*ev us

100 kHz — 84 kHz

Bonus: Good for evil spill structure.



Spill: flat Multi: 1 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0*ev us

X X Trig request

+—— Busy
— DT
ML 2C B2 XX Xy W B X AR X R M B H-B_24 ___ Fo Readout® 3
‘;“ q)\‘ 0 50 100 150 . 200 250 300 350
' ime [us]
©
4(7') Spill burst: flat Busy: 2.0 us
QO
) Multi: 1 no early DT-rel. early DT-rel. . )
U - - - - //// N
o -
= { rate \ tDT 5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0 /} Read out
E \\\ (Hz) \ (us) =-=---= =—-=== -—=o- ———- ———= === mmm= === L time )
o . 100k 58.8 45.4 37.0 31.2 80.4 68.8 56.4 o -
C:D[/) 200k 41.7 29.4 22.8 18.5 64.5 45.5 32.5
= 300k 32.2 21.7 16.4 13.2 52.5 32.4 22.1 - N
~ Accepted
— Multi: 10 no early DT-rel. early DT-rel. w trigger
Qo .

. - 0)
C|>) % //'ifate \ tDT 5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0 \traCthn (/0)/
Lo (HZ) \ (US) —mm= —mmm —mmm oo e
% @ 100k 69.8 67.4 65.2 63.2 83.2 83.2 83.2 83.2
Eu—_:'t 200k 53.6 51.0 48.6 46.2 71.4 71.4 71.4 71.4

\\ o 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) -=--- =—=== —=—o ———o ———— ———— ———m e
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




Spill: flat Multi: 1 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0*ev us

X X Trig request
+— Busy
+— DT
B T T TR 1. B N, SR W B 3. S B— Moo Moy My ¥4 __. ko Readout = ]
‘\‘ \\\‘ 0 5I0 lCIFO lSIO 2 [I)(] 2 éO 360 35IO
‘ qq_a) ‘ Time [us]
©
| - e
4(7') Spill burst: flat Busy: 2.0 us PEXOR
e} improvement
g Multi: 1 no early DT-rel. ._early DT-rel.
) _ i
ES rate \ tDT 5.0 10.0 15.0 20.0 10.0 15.0 20.04-—— Read OUt
o (Hz) \ (us) =--== =—-== ——oc ———c = moo oo l time
®)) 100k 58.8 45.4 37.0 31.2 68.8 | 56.4/146.2 | —
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 & — —— ™
'_ ~— Accepted
/—q)\ Multi: 10 no early DT-rel. early DT-rel. w trigger
[ . | — — = 0
5> ¢DT 5.0 10.0 15.0 20.0 5.0 10.0 15.0 20.0 fraction (%) .
1 (us) =—=-=-= === === ———- ———— e e e
% (D) 69.8 67.4 65.2 63.2 83.2 83.2 83.2 . N
2% 53.6 51.0 48.6 46.2 71.4 71.4 71.4 . Gomg
\ o)y 43.6 41.0 38.6 36.5 62.5 62.5 62.5 62.3 mU“:i-eV./
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) =—=== ———0 oo oo U
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

Spill: flat Multi: 10 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0*ev us

X X Trig request
+— Busy
— DT
e SR T b ¥ A K __ K ___ KK RE W X x L T HO¥H X ~= Readout 1
0 50 100 150 200 250 300 350

Time [us]




S494 - *°0O breakup

High-rate experiment: 100 kHz ﬂHeil; even a few 100 kHz...
Only tWO kindS Of SyStemS: KILOM TAM EX \::thlrd event not before 20 LES‘

Assume early DT-release after 2 ys, readout 20 us

Spill: flat Multi: 1 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0%ev us

100 kHz - 46 kHz

P 2 XX X B X X Ry L L) SR
0 50 100 150 Tme 2[:;0 250
Multi-event (10 events): B Readout

buffer

Spill: flat Multi: 10 Early-DT-rel.: yes
Rate: 100 kHz Busy: 2.0 us DT: 18.0+2.0*ev us

100 kHz — 84 kHz

Bonus: Good for evil spill structure.



Data flow / Buffer topology

Gate / common (start) Triggered (“classic”
> Digitise Readout
ga(toer}&vn\ilr:r?gn)

Triggered, free-running front-end

Gate / common (start)

\

=g Digitise Sample Pick Readout

(ROI: region-

CPU/network

(always) of-interest)
Free-running Gate RO
= Digitise Readout CPU/network
(always) buffer




Data flow / Buffer topology

Gate / common (start) Triggered (“classic” Readout strategy:
o Single-event
= %L%Ivtvﬁ? Rgﬁfcflé)rut Single-event, early DT-release
gate/common)

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

Triggered, free-running front-end

Gate / con;mon (start) Readout strategy:
el Single-event
it ic .
= Digitise ] Readout |-, Single-event, early DT-release
(always) interest) buffer
Multi-event (e.DT-rel,shadow)

Free-running Readout strategy:
SR Readout :
=g Digitise i8 Free-running
(always) buffer (pick ROI by CPU if wanted)




Data flow / Buffer topology

Gate / common (start) Triggered (classic” Examples: Examples:
v Most CAMAC 4 Behaves like itis 1
Digitise Readout SIDEREM 7 AMS
* (only when buﬂ:er
S EEnT CAEN V7Xx5 (apc,toc,opc)
__________________________________________________________________________________________________ MADC32
Triggered, free-running front-end
Gate / common (start) VFTX L SOFIATOR
\ FEBEX % {EISPEAND
. B TAMEX -
. LWL | TOF
* D|g|t|se (r!:;locn_léf_ Readout KILOM/cTDC ..\ ® Fibers
(always) interest) b u ﬁe r W
MDPP16 MUSICs

MTDC32

Free-running
> Oiice Era
MTDC32
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