DAQ in practice...
during summer 2017 beam tests



T9 control room

-

Remote

desktop ?*

connection

R -

Remote\\ |
desktop

N

connection

-

Remote\

desktop \‘l'

connection

T9 beam area

Scripting C#
Scripting C#
Scripting C#

Scripting C#

Scripting C#
Scripting C#
Scripting C#
Scripting C#

Scripting C#

AFF
AFF
AFF

AFE

Host appli.
V1.0.0.476

AEF
Ay =
AFEF

AFE

Host appli.

V1.0.0.476

AFE

Host appli.
V1.0.0.476

USB3 hub

= 1k

y
X6
y
X6
v
p X6
%6

Clock fanout
board

USB3 hub

y
X6
y
X6
y
p X6
%6
|

Clock fanout

board

Clock fanout
board

x1




Signal paths from SiPM affecting signal levels (assume L1Hold does not...)

CITIROC

FEB

FPGA
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Gain and baseline changes

i Histogram Plot
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Some parameters that are set

SiPM Device Operating V (f(T))

Cable bundle ? ?
CITIROC HV input DAC Yes Yes Yes ??
CITIROC Pre-amp HG Yes Yes Yes ?7?
CITIROC Shaper time constant Yes No Yes? (TBM)  ??
Threshold

CITIROC DiscriDAC10b Yes No ?? ??
CITIROC DiscriDAC10b_t Yes no ?? ?7?
CITIROC DiscriDAC4b_Trigger Yes Yes ?? ??
CITIROC DiscriDAC4b_Trigger t Yes Yes ?? ??
FPGA/ADC Sampling point Yes No ? ?



Stages possibly affecting 1/V levels for signals from SiPM to FPGA

Component Parameter Control? Gain Baseline Control? Gain Baseline
shift shift
SiPM Operating V (f(T)) No - -
Cable bundle ?? No ?? ?? ?? ?
CITIROC Pre-amp No ?? ?? No ?? ??
Analogue data path
CITIROC Slow Shaper (HG) No ?? ?? No ?7? ??
CITIROC Peak Detector (HG) No ?? ?? No ?? ?7?
CITIROC Multiplexer (HG) No ?? ?? No ?7? ??
ADC ADC No ?? ?? no ?? ??
FPGA - No ?? ?? No ?? ??
Trigger/Digital path No ?? ?? No ?? ??
CITIROC Fast Shaper No ?? ?? No ?? ?7?
CITIROC Discriminator_t No ?? ?? No ?? ?7?
CITIROC Discriminator No ?? ?? No ?? ??
CITIROC OR32 No ?? ?? No ?? ??



Host application run from Windows 7

File Uil App Help

Baby-Mind Front End Interface

UNIVERSITE

DE GENEVE

Config File:

Version: 1.0.0476(476)

H:\Data\magnet_reversed\runl00 Configurations\MCR4\PDdiscri-allchannels-extclk_with_spill_gtrig_only_on_spill_slotd xml

Board | Asico | asic1 | asic2 | FpGa | Hvon |

Device Connected

|0: (0:2068 - 0:0C00) Unige FX3 USE Readout Gateway

Get Firmware Version | 7

C4at

Status

-Direct Parameters

[ Get

[ Set

HvOn
GlobalTrigEn
AsicEventEn
InternalGenEn
IntClkSellocked
ExtClkSellocked
GtrigSynchronized
GtxRxSynchronized
LOFifoErr

L1Fifokrr

L2Fifokrr
DouthMuxErr
L1AdcErr
ValidWordAsics

ValidWordFPGA

HvOn

[] GlobalTrigEn
AsicEventEn

[ InternalGenEn
ExtClkSel

[7] ReadoutSigStartReset
[] SpillCntReset
[T] TriggerCntReset
[7] LOFifoReset

[7] L1FifoReset

[7] L2FifoReset

] L1AdcReset
FifeDataClear

Board ID: Bus Association
-Configuration
Start @ Send, Verify & Apply Devices:
) Send Only ASICO HvOn
©) Valid World Only ASICL
©) Apply Only ASIC2
FPGA

-DAQ

DAQ File:
Select File
DAQ File Auto-Increment

(st ] [ RAM Check Only
[T] Timeout Errors Check

] Meonitoring Queue

Total Transfered (KBytes): |

Transfer Rate (KBytes/s): |

Error Count: |

-Readout Start Parameters
MCBGreset

MCBReadoutEn
GlobalTrigkn
AsicEventEn

[ InternalGenEn

-USB Parameters

1000000 Timeout (ms)

] StopOnTimeout

] AutoResetOnTimeout

PacketSize (Bytes)
Packets

FileLirnit (KB)
Queues

[] StartRequestOnly

[ PlotHG |
[ Plot LG |
[ Plot TDff |

Reset Fifos before Start
Reset Counters before Start

Reset 'Readout Signal Start’ before Start

[ HG Menitoring Plot




Host appli ASIC settings

File Util App Help

Baby-Mind Front End Interface Version: 1.0.0 476(476)
Config File:

-
U N IV E R SI T E H:\Data\magnet_reversedirunl 00 Cenfigurations\MCR4\PDdiscri-allchannels-extclk_with_spill_gtrig_only_on_spill_slot4 xml
IS

| Board | AsICO | asict | asic2 | FPGA | Hvon |

|Copg,r| [Pastel [Copyhﬁ]@to otht:lsl [Conﬁgurel
l._._mnﬂ’-._._._._._._._._._._._._._._._._._._._._._._._II
. ’Cop_t,r Channell to crthers] Abszolute Indexes (#) .
| Channel #0 #1 #2 #3 #4 #5 #6 37 23 20 310 211 #12 313 #14 215 216 £17 #18 #19 220 #21 222 #23 24 215 216 #27 28 #19 #30 231 I
. DAC4bTriggert |17 112 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 f12 |12 |12 f12 |12 |12 |12 |12 |12 .
| DAC4bTrigger |15 112 |12 |12 |12 [12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |
- inputDA( 135 135135135 |135[135 135 135 1235135 |135 |135 |135 135 |135 |135 |135 |135 [135 |135 [135 |135 [135 |135 |135 |135 135 135 |135 |135 |135 .
| [LTaLE o, e 7 v v 2 2 2 2 v 2 2 2 2 2 O O 2 2 O 2 B 2 v 2 O = i 2 3 R 1 R |
i HG_Gain 35 |55 |55 |55 |55 |55 |55 |55 |55 |55 |55 [s5 55 |55 |55 |55 |55 (55 (55 |55 [s5 (55 (55 |55 |55 [ss [ss (55 (55 [ss (s |-
. HRCTe T D 00000 OODODODOOODOOOOOODODODODOOOOOODOO 1
I LG_Gain 62 |62 |62 |62 |62 |62 |62 |62 |62 |62 [62 |62 |62 |62 |62 62 |62 |62 |62 [62 |62 |62 |62 |62 62 |62 |62 [62 |62 |62 |62 |62 | | °
. K¢ DD ODO0ODO0ODOODO0DODODODODODODODODODODODoODooDooooooao |
I s 00D O0ODCDO0B0C0C0O000C00E000E00E00000680680 |
. DsciMask [0 O 0 0 0 D O D 000 0 0 000 O0ODEDDODEDDDEODDDODG@ OO0 O
r;lllénmhl,ﬂ-:l—l_l—l_l—l_l_l_l_l_l_l__l.__l.__l._l_l_l_l_l_l_l_l-.
| HG_5CAorPeakD DAC10b_t EnMOR32_t [] PeakSensingBypass |
" m HG_SH_TimeConstant [T TrggerPolanty InputDAC_WSref [ | SelTrigExtP5C "
| LG SCAorPeakD En32Trigger InputDAC_En I Per Channel
. LG_SH_TimeConstant EnHitMuxOut FastShaperOnLG .
| [ 115 PA WrakBias EnQR32 RSorDiscri |
. ‘ DAC10b EnNOR32 [] SCAweakBias .
I | «— Per ASIC
U |




Host appli FPGA settings

File Util App Help

Baby-Mind Front End Interface Version: 1.0.0.476(476)

Config File:

»
U N I V E R S l T E H:\Data\magnet_reversed\runl00%Cenfigurations\MCR4\PDdiscri-allchannels-extclk_with_spill_gtrig_only_on_spill_slotd.xml
-

|
e e et mm s mm s mm t mm st mm s mm s s mm s mm st mm t mm s mmt ==y ]
Absolute Indexes (#) - .
Channel 0 #£1 22 #3 24 #5 #5 £ 28 20 #1) 211 # #15 #16 £17 218 #10 #20 21 222 #23 £4 5 £6 27 8 29 230 £ 11
L 2 O v O e R 2 R | "
L CL2 I v v e I v R A R A | 11
e v v v O R 2 v R R i
ORSGtAdetn [ W W Wl W W @ W ¥ F B & M 11
obal®ehtrel - EEE B EES O EES O EEE § EES § S N EEs 8 Emm N " e s o " i
TempEn | 200 | LiThresholdHG  |350 | L1ThresholdLG Changed In script: HG=200, LG=20 )
T o | o ¥ e S S e 44 o S 8 e 44 R o 2 13 o 8 3 18 8 o 2 £ —
] LOHitLimit 20 IntGenPeriod (Sus) 5 | IndivTriggerDelay (2.5ns) MCBCIkEn -
L1H0|d WaS 2.5 HS I LlH‘-'Erﬂ . HoldLow SyncRdEn j ReadoutEnableOnStartSignal MCBSyncEn I Per ASIC
- 1] LiHaLimit [] HoldDis ReadoutEnableOnSpill Gate [C] MCBFSyncEn .
l1000 L1HeldHG_Delay (2.5ns) ResetPaDis ReadoutStopOnSyncRdEn [C] MCBExtGresetEn | Per Cha nnel
Should be 9-10 us 1000 | L1HeldLG_Delay (2.5ns) ResetPscDis 0| ReadoutSID ] MCBEHRE_adoutEn .
b LadcDelay o9 [] RazChnDis GbTDMER MCBESpillGateEn |
at T2K s j L ThresholdMode HoldOnRazChn [C] GbMuxRxEn [[] MCBExtSpillGatelnv |,
L1lthmFast BaselineReset SyncSpillResetEn 0| Debugl 1
7] L1OR9G_Fast [T] ComputeOutEn SyncTrigResetEn 0| Debugl B
= tadecaisyne BaselineOutEn ] SynclnExtSpillNbSel I
7] LLAnalogLimitlo CompareQutEn SyncInGtrigOnlyOnSpill e
k7 wTriggertimitio 7] AdcComputeEn SynclnGresetEn I
ExtGlobalTrig [T or32taDC SyncInReadoutEn B
Io ExtTriggerDelay 3 | AdcPhase | AII ASICS

Tm o s r B R S P B B EEN F EEE O BN N EEE F NN B EEN F EEE § BN 5 ENE § EEE B BN N EEm N B R Em W

L1Hold start:

~ Mostly from OR32 x3 during beam test
A few runs from OR96 9



How the settings were chosen (without the benefit of hindsight!)

 Many issues with unpacking of data during beam tests:
with untested unpacking software and
without adequate diagnostic tools

e Settings for discriminator DAQ and FPGA thresholds where
chosen based on balancing:

— Reduction in readout errors experienced during tests (function
of data acquisition rate)

— Efficiency in collecting “beam” data (as opposed to dark

counts)
_ Run1000 Run1100 Run1200

(similar to all runs taken) (special run) (special run)

Or32tADC False (OR32 x3) True (OR96) True (OR96)

HG_SH _TimeConstant (12.5 1 4 1

ns steps)

LG_SH TimeConstant (12.5 1 4 1

ns steps)

L1 HoldHG_Delay (2.5 ns) 1000 3000 1000

L1_HoldLG_Delay (2.5 ns) 1000 3000 1000

10



Few notes for DAQ at J-PARC



DAQ hardware implementation proposal Baby MIND control PC
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Beam time structures

2.6s
T2K <€
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T2K Beam bunch structure

2.6s

T2K beam

_)l |<__ 80 ns _)l |<__ 580 ns

1

Event rates per spill @ Baby MIND

(~ 7 m?, 61t Fe) for 750 kW:

* WAGASCI events: <0.01

* vinteractions in Baby MIND: <3

* beam induced events (non-WAGASCI): < 4
on average 1 muon track per bunch

NIM A 694 (2012) 211-223:
PhysRev D90, 052010 (2014) ( a little more... x1.36 TBC )

e.g. event rates @ INGRID (~ 22 m?2, 99.4 t Fe):
* vevents:1.5/10% POT
*  beam induced events cavern walls: 4 / 1014 POT

for runs I and Il: max. 145 kW (3 x 10% POT --> 750 kw) f*




Baby MIND data taking at WAGASCI T59

2.6s
T2K beam
— 7/
D>
in spill after spill
beam delayed | MPPC calibration cosmics
signal

_— ]\

v interactions in:
. Baby MIND

interactions in:
. WAGASCI
. sMRD

... & beam induced muons from v

o~

evaluate MPPC & electronics
periodically:

* all 4000 channels

* afew channels per spill
* everyfew hours

cosmics:

* mean light yield

*  timing resolution

* hit efficiency as a
function of track angle

< 100 Hz cosmics

. INGRID, cavern walls etc...

< 100 kHz dark cnts/ch

< 10 muon tracks per spill
< 100 hits per FEB per spill

. but depending on DAC Need functionality to change ASIC configuration!

threshold level, will also
get dark counts

15



Optimising the readout of analogue
signals from CITIROC



Readout with peak detector window set to 500 ns

2.6s

T2K beam

_>| |<__ 80 ns _)l

|<_ 580 ns

Proton beam bunches

L through sci.

|
1

— -

FSB shaper

Digi hits ||| | typ. < 100 digital hits per charge hit ||| | typ. < 100 hits
SSH shaper I& I&

Peak detector

Ilgatell _ N d t .bl
Charge I o readout possible

readout FEBi,Ch#:i_n FEBi, Ch #:i_m



Readout with peak detector window set to 5-10 us

Charge readout from two separate channels is possible
Use digital trigger hits to reconstruct event time

2.6s

T2K beam

_>| |<__ 80 ns _)l

|<_ 580 ns

Proton beam bunches

L through sci. I |

FSB shaper V\ J\

Digi hits ||| | typ. < 100 digital hits per charge hit ||| | typ. < 100 hits

SSH shaper Iz 5 If :

Peak detector (#}
“gate”

Charge I |

readout FEBi,Ch#:i_n FEBi, Ch #:i_m



Readout with peak detector window set to 5-10 us: Channel occupancy >1 within spill

For a given channel “Peak detector” will only retain highest
amplitude hit occuring in its 10 us window

2.6s

T2K beam

_>| |<__ 80 ns _)l

|<_ 580 ns

Proton beam bunches

L through sci.

|
1

Digi hits ||| | typ. < 100 digital hits per charge hit ||| | typ. < 100 hits

SSH shaper ﬂ \&

Peak detector
(Igatell

I
Il

FSB shaper

Charge I
readout

No readout possible

FEBi,Ch#:i_n FEBi,Ch#:i_n



Readout with peak detector window set to 5-10 us: Channel occupancy >1 within spill

For a given channel “Peak detector” will only retain highest
amplitude hit occuring in its 10 us window

2.6s

T2K beam

_>| |<__ 80 ns _)l

|<_ 580 ns

Proton beam bunches

L through sci.

I
FSB shaper V\ j\

Digi hits ||| | typ. < 100 digital hits per charge hit ||| | typ. < 100 hits

SSH shaper \Q ﬁ

Peak detector
(Igatell

Charge

No readout possible I
readout

FEBi,Ch#:i_n FEBi,Ch#:i_n



Readout with peak detector window set to 5-10 us: Channel occupancy >1 within spill

2.6s

T2K beam

Proton beam bunches

L through sci. I I
FSB shaper U
Digi hits ||| | ||| | ToT must resolve the two hits

SSH shaper \C&

Peak detector
(Igatell

Charge
readout

FEBi, Ch#:i_n



For summer 2017 beam test: L1Hold starts independently for all 44 FEBs
.... Consequence of this for operation with T2K beam

“Free hold” mode, all CITIROCs are “self-starting”

80ns 580ns
sl Sl e
T2K v-beam I I I I I I I I
i ~30ps : ~5us i
100ns é)ns
Slle ol

. _ Beam trigger
Beam tri r Pre-beam
ea t gge 100ms

trigger

_)i I(EOOns

L1_Hold: FEB_00

L1_Hold: FEB_44

Loss of analogue data

h-___

I Deadtime for

]
| :
1
1
I
1~2.48s I
1
1
1
1

Loss of analogue data

| Deadtime for
E I analogue data 9 s

v

Variqgle to defined as a function of
FPGA tunable parameters (typ. 100ns)

w s _

S
rd

I analogue data

9 pus

Deadtime for R
| analogue data 9ps
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New CITIROC “L1_Hold” Mask and Hold Scheme for WAGASCI T59 - T2K beam operation

T2K v-beam

Beam trigger

L1_Hold: FEB_00
1

1
L1_Hold: FEB_44

“Forced hold” mode

22 November 2017

80ns 580ns

Sl o e

o’

~30us ~5us
100ns Ons
Pre-beam Beam trigger ~2.48s
trigger 100ms
800ns
—>| |<— No Hold allowed
in this period
L1_Hold_MASK

Tunable in FPGA

with res. 10ns
Max. 32 ps

Tunable in FPGA

> ADC read duration (~9 ps)

9us

with res. 10ns
Max. 64 ps

Variable to defined as a function of
FPGA tunable parameters (typ. 100ns)

L1_Hold_MASK

| Foedudolsan |

> ADC read duration (~9 ps)

9 us

All FEBs have

synchronised L1 _Hold
start and end
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