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SBS DAQ subsystems and manpower

* BigBite
* Shower : Mark, Arun

* Hodoscope : Rachel, Ralph

* GEM
* INFN : Evaristo, Ezekiel
 UVA : Kondo, Anruda, Thir
* BigBite : Holly, Xinzhan

HCal : Scott, Juan Carlos

Gen RP
e Scintillators : Brad
* UVA GEMs : Kondo, Anruda, Thir

LHRS : Bob, Maria

Helicity : Paul, Bob

Beamline : David, Bob, Paul

DAQ : Alexandre Camsonne, Bryan Moffit, Ben Raydo



SBS configuration GMn/Gen/Gen RP

Channels Modules Nb modules On-hand Ordered Installed Needed
BigBite Shower 189 FADC 12 1 2 0
Preshower 54 FADC 4 0 4 0
Scintillator 180 V1190 2 2 2
64 V792 4 2 2
Cerenkov 550 VETROC 6 6 6
V792 4 4 4
GEM INFN 14000 MPD 23 23 7
GEM UVA 113000 MPD 77 77 0
BigBen
HCAL 288 FADC 19 18 18
F1 5 5 5
CDet 2520 VETROC 13 13
HRS
S2m 32 FADC 2 2 2
S0/Cerenkov 12 FADC 1 1 1
PRL 68 FADC 4 4 0
Al 22 FADC 2 2 2
VDC 1536 1877 16 16 16
BPM/Raster 12 FADC 1 1 1
RP

Proton Large Angle 96 FADC 6

Active analyzer 32 FADC 2

TDC 1



New trigger rates GMn

Gen/RP

)~ b, Opp/dpp E! Thrsh. | Eff. Trig. Rate. (kHz) Total
(GeV?) | (GeV) | (deg)/(m) | (GeV) | (GeV) | % El. Inel. | 77 | A\ | 7 | (kHz)
3.0 4.4 32.5/1.80 2.18 1.81 96.9 0.8 5.3 0.04 /35\ 0.1 9.7
15 14 | 41.9/155 | 170 | 135 [ 940 | 02 | 23 | 02 |[73 | 02 | 102
5.7 4.4 H8.4/1.55 1.14 0.89 94.8 0.02 0.6 0.4 12.9 0.6 14.5
6.1 6.6 30.3/1.55 2.90 2.38 95.9 0.08 1.7 1 0.006 | 1.0 0.02 2.8
8.1 6.6 43.0/1.55 1.94 1.56 95.5 | 0.007 0.4 0.06 1.6 0.03 2.1
10.2 8.8 34.0/1.75 2.92 2.37 96.8 | 0.003 0.3 | 0.003 || 0.3 | 0.002 0.6
12 8.8 44.2 /1.55 2.05 1.62 95.4 | 0.0008 | 0.1 | 0.005 \ 1.2 0.02 1.3
13.5 11 33.0/1.55 3.30 2.60 94.0 | 0.0008 | 0.2 | 0.003 \0.2/ 0.002 0.4

N




HCAL rates

Expt. Q)* BeamE | SBS ang./dst. | SBS | HCAL dst. | Thrsh. | HCAL Trigger Rates
(GeV?) | (GeV) (deg)/(m) Bdl (m) (GeV) (MHz)
GMn 3.5 4.4 31.1/2.00 1.71 7.2 0.08 3.83 &£ 0.07
GMn 4.5 4.4 24.7/2.25 1.71 8.5 0.10 3.65 4+ 0.04
GEn-RP 4.5 4.4 24.7/2.25 1.71 8.5 0.08 1.25 + 0.04
GMn 5.7 4.4 17.5/2.25 1.71 11.0 0.14 5.09 &+ 0.05
GMn 6.1 6.6 24.7/2.25 1.71 8.5 0.13 4.39 &+ 0.07
GMn 8.1 6.6 17.5/2.25 1.65 11.0 0.20 5.31 & 0.08
GMn 10.2 8.8 17.5/2.25 1.60 11.0 0.23 5.91 & 0.08
GMn 12 8.8 13.3/2.25 1.50 14.0 0.28 8.08 &+ 0.10
GMn 13.5 11 14.8/3.10 0.97 17.0 0.26 4.46 &+ 0.01

GEN-RP coincidence : 1.25 MHz x 10 KHz x 50 ns = 625 Hz
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GMn data rates

Trigger rate : 5000
Columnl Column2 Column3 Column4 Column5 Column6 Column7 Column8 Column9 Column10 Column11 Column12 Column13
Rate per cm2 Rate per plane hits in 325 ns occupancy strip hits XY 6 samples bytes Rate MB/s Rate Rate MB/s
1 65 390 126.75 20% 443.625 887.25 5323.5 21298 106.49 1.06E+08  106.49
2 80 480 156 24% 546 1092 6552 26208 131.04 1.31E+08  131.04
3 85 1020 3315 34% 1160.25 2320.5 13923 55692 278.46 2.78E+08  278.46
4 85 1020 3315 34% 1160.25 2320.5 13923 55692 278.46 2.78E+08  278.46
> 85 1020 331.5 34% 1160.25 2320.5 13923 55692 278.46 2.78E+08  278.46
1,072.91
Samples 20
FADC Event size
288 13968 69.84
Total 1142.75

5 KHz single arm gives 1.1 GB/s if SSP give factor 3 reduction around 300 MB/s but need to be checked



Data rates Gen RP BigBite

Columns Comnz Comumns Columna Cokumn Consmin
Rate percm2 Rate per plane hits in 325 ns oCcupancy strip hits

1 B6 516 167.7 26% 586.95

2 L 564 183.3 28% 641.55
3 33 558 181.35 28% 634.725

4 92 552 179.4 28% 527.9

5 >4 324 105.3 16% 368.55

Coincidence trigger rate expected 625 Hz

Column?
XY
1173.9
12831
1265.45
1255.8
737.1

ColumnB

& samples

7043.4
76986
7616.7
75348
4422 6

Bigbite rate : about 311 MB/s expect factor of 3 reduction from SSP about 100 MB/s

1 VXS crate with VTP readout 1.25 GB/s

02/17/2021 SBS meeting

Column&

bytes
28178
30794
30467
30139
17620

Total

Colamindd

Rate MB/s
95.81
104.70
103.59
102.47
60.15
466.71
311.14263



Data rates Gen RP polarimeter GEMS

Rate percm2 Rate per plane hits in 325 ns OCCUpancy strip hits XY & samples bytes Rate MB/s
1 = 372 120.9 19% 42315 8453 5077.8 20316 69.07
z = 378 122 85 19% 429.975 859.95 5159.7 20639 70.17
3 52 372 120.9 19% 42315 8453 5077.8 20311 69.06
4 1 66 21.45 3% 75.075 150.15 900.9 3604 12.25
3 1 66 21.45 3% 75.075 150.15 900.9 3604 12.25
& 14 84 27.3 4% 95.55 191.1 1146.6 4586 15.59
B 9 54 17.55 3% 702 140.4 4212 1685 5.73
: 27 162 52.65 9% 210.6 4212 12636 5054 17.18
3 5 30 9.75 2% 39 78 234 936 3.18
10 19 114 37.05 7% 148.2 296.4 889.2 3557 12.09
286.59

* About 300 MB/s so 100 MB/s after online reduction
* Total GEM data rate about 200 MB/s, 2 VXS crates total bandwidth 2.5 GB/s, computer wth 40gigE adapter
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Requirement summary

 Max 5 KHz trigger rate for GMn

* Max 2 KHz trigger rate for Gen-RP at 30 % GEM occupancy
* 1 GB/s data rate



Shower

* 243 channels lead glass

 FADC readout : 10 FADC from electronics group + 6 Glasgow FADC ordered
* VXS received

* SoLID crate for testing with 4 FADC and VTP

* Need add TDC for sums : F1

* Fastbus testing with cosmics

* CODA3 setup complete

* Started looking at FADC preshower on FADC

* Todo:
* Install other FADC
e Setup with TS
e Setup FADC trigger ( optional )



Bigbite DAQ ( non GEM) Full inventory

Type
BigBite Shower VXS
CPU
Tl
SD
VTP
FADC
Scintillator VMEG64X
CPU
Tl
TDC
ADC
Clock dist
GRINCH VXS
CPU
Tl
SD
TDC
ADC

Channels Model
243 FADC
180 V1190
64 V792
550 VETROC
64 V792

Number

L S = =

=
N

B O R R R R R B NR R R

On-hand
1

A O P P P P ONDNP P P P P P R P

Ordered

Installed
1

N N B B R O R R P

2 O R R R R

Needed



Sigbite trigger and timing

At = Sddns BB Electromagnetic Calorimeter BB Timing Hodoscope
Trigger signal <25 m  A¢ ~ 100ns !
=
. Timing
: A from BB v: 4ns/m VMEG4 crate
: % PSISH
sums
Discr trigger, Trigger
Interface
706 K ready
& fastbus crate
Discr G =
706 . 5 — || oc
TRIGGER: 2 i Trgger A [vitson
Ampli Splitter _i_TDC "PSOIT" ! ‘shower S (96 ch) Supenvisor | (128.ch)
PS776 0505 sppar bbb +| subtriggers | ]
Ampli Splitter (él‘a‘c‘tmmc DT-} _______________ i lriggerJ | TDC
PS776 0505 ; t | T V%A
— B A i H i ready (128 ch)
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,,,,,,,,,,,, H >
E] aoc || Gate b X
] 5 ] 1881M = :
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Splitter 5 Il ADC !
05RSs Sha-2 H 1881M = 300ns
2 Il (64 ch) N .
Splitter Sha-4 I ty3) — fsaz) ~ 10ns? TH32R
05105 Sh3-5 . -
Shas . toq13) — Te(10) ~ 330ns
. sma7 . . Gate
: : x6 Aryo13y = (tor3) — feigy) 1 (14 — teri0)
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fy — 1> = 65ns (assuming i ~ I ~ i} ©
- q = - & o
. Atj_3 =130ns 3 ts — 1y = At = Sd4ns © BB frame
L 2 E w -
ty — 13 < 100ns & s
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4 - >
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inclduing tri imi = 380ns ' Trigger :
mcldylng trigger retiming = < 340ns (for fastbus) Intertace GC18
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. . - e — acis
VETROC S
(e, (1
128 ch)
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(TDC.
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(TDC, H <— Go2se
128 ch) | .
acere
VETROG Ge273
(TDC, Gcara
128 ch] .
GC288
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Quantity of delay to add to the GRINCH and Hodoscope
1 Tl




L1 logic for non pipelined electronics

* Scheme for GEp5, replace ECAL by BB

shower
* FastL1A
%
\ * Fastclearifno L2, he L2 is accepted trigger

CDet by TS
] - | * For Fastbus ADC/TDC, V792
L ECALT:TZ;O KHz )

HCAL T2 J"

FI | |*'\
[ AR
IAWAY!
| | | ¥V 500 ns delayed

Analog signal



FADC inventory

FADC list

1
1
1
1
1
1
1
1
1
1
2
LHRS 1
2
2
2
2
2
2
2
2
SBS 2

1ACDI-814 HALLA

2B21595 25R ACC

3ACDI-807 HALLA

4ACDI-412 PHY
5ACDI-407 PHY
6ACDI-806 HALLA
7ACDI-823 HALLA
8ACDI-809 HALLA
9ACDI-812 HALLA

0ACDI-420 PHY

1ACDI-818 HALLA

2ACDI-820 HALLA

3ACDI-821 HALLA

CDI-813 HALLA

5ACDI-822 HALLA

6ACDI-824 HALLA

7ACDI-864 HALLA

8ACDI-863 HALLA

9ACDI-811-HALL-A

OACDI-817-HALL-A
9ACDI-762 PHY
OACDI-786 PHY
1ACDI-201 HALL A
2ACDI-783 PHY
3ACDI-748 PHY
4ACDI-794 PHY

5ACDI-819-HALL-A

6/ACDI-807-HALL-A

7ACDI-862-HALL-A

8ACDI-237-HALL-A

02/17/2021 SBS78AED19211-HALLA

Compton
HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL

HCAL sum
S2ML
S2MR

Gas Cerenkov SO
Al
Raster/BPM
PRL

PRL

PRL

PRL

Raster BPM
Hall C 16



Grinch

550 channels with NINO

e VXS crate, Tl and SD
e 6 VETROC readout

* CODA3 upgrade complete



Hodoscope

* 180 channels scintillator readout with NINO
« CAENTDCV1190

* 1 VME64X crate with TI

e 2V792 ADC for calibration

 CODA3 upgrade complete
* Data taking on going

* Todo:
* Fast clear with TS
 Add FADCs if available

* V792 in high background : either use Fastbus or FADC



HCAL

e 288 channels
e FADC readout : 16 + 2 FADC
e 5F1TDCs

* CODA3 setup

e Taking cosmics and LED

* Need setup DAC
 Digital trigger ( optional )



Recoil polarimeter

e 96 + 32 channels
e FADC readout

* Crate will be installed in Bigbite weldment



CDet

e 2520 channels
* MAPMT readout and NINO readout

 Fastbus for testing

e VETROC ordered
e VXS ordered

 Starting CODA3 setup and testing VETROC



GEM

* UVA clean room
e Taking cosmics using VME readout
* CODA3 setup
e Optical readout set up but not in use
* Issue of low efficiency in some module being investigated

* INFN clean room
* Taking cosmics using VME readout
* Optical readout set up but not in use
* Instabilities issues solved with hardware replacement and increase of low voltage
* Starting using CODA3



GEM continued

All 3 back planes are connected to a single MPD

(crateOMPD14)

1
0.9
0.8
0.7
0.6
10.5
0.4
0.3
0.2
0.1
0

3" Layer 2™ module

300

X (mm)

200
100

-100
-200
-300

Left 5 slot Right 5 slot
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02/17/2021

continued

Mean ADC

ADC vs time

Samples M/A/S 91/ 0- 127
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GEM continued

* BB GEM setup
* 1 VME crate
1 VXS crate with SSP Tl and SD

GEM readout being setup on tedbbdaq

Space in TEDF being cleaned up for GEM layer installation in BigBite in December

3 VXS crate on site

Optical to VXS adapter ordered : 80 MPDs per VXS crate
Need 3 VTPs

16 Optical to VXS adapter : 400 S x 16 = 6400 S



GEM

MPD optical output

For each trigger an MPD sends:
128ch x 6samples x 15APV25 = 11520 32bit words => 11520 x 32b x 10b/8b = 460800bit

At 2.50Gbps => 185us per event => 5.4kHz limit
At 1.25Gbps => 370ps per event => 2.7kHz limit

*  We had to lower from 2.5Gbps -> 1.25Gbps after realizing large jitter on MPD data transmission.
* At 1.25Gbps link is reliable, but we need to pack 2 samples per 32bit on MPD data to go back to 5.4kHz limit

442kB per event from SSP (32 MPD, 100% occupancy)
On the SSP, common-mode/zero suppression is processed on all 32 fibers from MPD in parallel, but was event building result in serial: 132kB per event from SSP (32 MPD, 30% occupancy)

SSP

CM Subtract |[Serial Event Building
Zero Suppress

Input fromMPD 0 | =—F—+r—= —

T— VME VME CPU
—— Interface 1GbE

Input from MPD 31| =—F—1— -

Trig rate limit MPD Limit
(30% occupancy, (30% occupancy,
32MPD, 15APV) 4.5kHz, 15APV)

Previous (w/2.5Ghps links): 125MB/s throughput 200MB/s 2eSST ~100MB/s throughput 754Hz 5

Previous (w/1.25Gbps links): 62.5MB/s throughput 200MB/s 2eSST ~100MB/s throughput 471Hz Not possible
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To achieve 4.5kHz trigger rate capacity, so changes are necessary:
1) Partial parallelize event building
2) Pack 2 samples per 32bit word on MPD
3) Increase VME readout bus speed
4) Switch to 10GbE network on CPU

CM Subtract
Zero Suppress

Input from MPD 0

Input from MPD 31

Serial + Parallel Event Building

VME

Interface

VME CPU
10GbE

Trig rate limit MPD Limit
(30% occupancy, (30% occupancy,
32MPD, 15APV) 4.5kHz, 15APV)

1.25Gbps links 1 sample per word:

500MB/s throughput

320MB/s 2eSST*

~1000MB/s throughput 1.8kHz Not possible

1.25Gbps links 2 sample per word:

1000MB/s throughput

320MB/s 2eSST*

~1000MB/s throughput 1.8kHz

To pack more MPD per crate/module:

1) Use VTP instead of SSP (abandons VME bus)

CM Subtract
Zero Suppress

Input from MPD 0

Input from MPD 79

Up to 80MPD per VTP/crate

Serial + Parallel Event Building

Almost ready for testing

* 250MB/s expected due to VME overhead

Nov. - Dec. testin
Will follow shortly after parallelized event builder workin& &

. Feb. testing

|1.25Gbps links 1sample per word:

5GB/s throughput

~1000MB/s throughput

Trig rate limit Trig rate limit MPD Limit

(30% occupancy,  (30% occupancy, (30% occupancy,

32MPD, 15APV) 80MPD, 15APV) 4.5kHz, 15APV)
kH 2.7kHz Not possib

02/17/{21‘22&!:;:5 links 2 sample per word:

10GB/s throughput

SRS moeting ~1000MB/s throughput
B>-eeting
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GEM timeline

e Zero-suppression and common mode suppression ongoing
* Debugging INFN, UVA chambers

* VTP readout testing : end of April

* GEM move and cabling in Hall A

* High rate test around May



MPD

* Issue of noise on optical link
* Need (small redesign of board)
* Nilanga ordering 5 MPDs, will order 3 for SOLID



LHRS

* SO 2PMTs : FADC

* S2m 16 PMTs : FADC

* PRL 68 channels : FADC

e 768 VDC channels : 3 Fastbus

* Upgrading to CODAS3, intel CPU and new Tl

 Need fiber trunk for Tl fiber installed



Cable list

* https://docs.google.com/spreadsheets/d/1gPhDCgyxigeVbjGXxMINCIUUzg42777)y8PBZF-
zLAc/edit?usp=sharing



Cable and rack layout from Eric

IllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIF‘IIIIIIIIIIIIIlIIIIIIIIIEE-“--.--.----Illlllllllllll
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Bighite weldment cable travs

120" (10 ft)
A

[ ]
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=%| (Hodoscope HV+DAQ) | .- (PS:SHDAQ) [ . (patchpanels) | .. . (Computer) . .-
| L e e e e s e EEEEN, .
g = s: 4(Hodoscope)
w . PS/SH coax cables: 295ADC+52TDC
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+Hodo/GRINCH coax cables (x64)

............. -

o fiat ribbon cables+Hodo/GRINCH coax cables , . "
: - . .
I R ..".. : .
IIIII‘IIIIIIIIIIIII: ;Illll IIITED-Ca-ble-trEylltS-#l)ll WwEm u ]
_ : Ascending L -
e g . cable tray u -
1] m i [ (13 #2) " .
- o= [ ] -
1] [ PTETOTRRR = - .
Cgpax: 16BNC-ECL (x23) GRINCH flat ribbon cables (x32) = .
: - g UEEEEEEEEEE
e
- e Cables from
5 = " »
p E " e detector package
§u4 ;_..‘I ™ n SugEeEEEEEEEER
e 3 " u -
. ] [ ] -
X = - n
I . TRIGGER" .
- LI n
: = [] -
I : : n
! rl: Ascending n
I\ % %ﬂ-l__l - Y \d v '% cable tray : n
- Tl it3 #4 L]
TER R R R RN RN N R R R R R R R LI (RN R RN RN LRI IIIIIIIIIIIII(IIII)I . n
Top cable tray (it3 #2) ] g | ] -
[ . .
L IR n -
Tl mmmm - L]
’ GRINCH flat ribbon cables (x32)
Flellay rack Fle_lay rack F\ellay rack F\‘e_lay rack J ------------ b EEM opticalii,bers (x23)
- (it2 #8) (it2 #7) (it2 #8) (it2 #5) § HV cables: 243(PS/SH)+4(GRINCH)
= e e ; LR R B
Sg :
Tg 3 T R SRR LS R RS RS SRR SRR SRR s
£E RR-8 . RR-7 RR-6 RR-5 R
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Network upgrade

* Install new router and fibers in March
* 10 gigE available in Hall A, 40 gigk to DAQ computer
* Need buy install fibers to SBS weldment



Timeline

* TS setup End of February

* Network upgrade March

* Move to Hall A April

* Cabling SBS helicity crates / BPM / scalers
e Stand alone DAQSs running May

* Test high rate data May



Purchases

* Required
* Tl fibers installation for HRS
e 3 VTP for GEMs = 3 x 10KS
* FADCs

» Useful / practical
* Router SBS weldment 10 KS

 GEM VME readout / firmware update
* 6TI=6x3KS=18KS
* 6 VME CPU = 6 x 3KS$ = 18 K$



Documentation

* No special safety documentation, included in other detectors

 Wiki documentation for test stands
* https://hallaweb.jlab.org/wiki/index.php/SBS DAQ meetings

* https://hallaweb.jlab.org/wiki/index.php/SBS DAQ: GEM EEL Cleanroom s
etup

* https://hallaweb.jlab.org/wiki/index.php/SBS DAQ: GEM TEDF BigBite setu
P

* Need to finalize documentation of Hall data taking after move in Hall
A in May
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https://hallaweb.jlab.org/wiki/index.php/SBS_DAQ_meetings
https://hallaweb.jlab.org/wiki/index.php/SBS_DAQ:_GEM_EEL_Cleanroom_setup
https://hallaweb.jlab.org/wiki/index.php/SBS_DAQ:_GEM_TEDF_BigBite_setup

Conclusion

e Most hardware on hand

* FADC for hodoscope and Grinch would be nice but shower has
priority ( Shortage of Hall A FADCs )

 All systems taking data now
* Network upgrade and VTP readout gives headroom for rate

« Some items to be ordered
e 3VTP =30KS
 Optical to VXS adapter = 6.4 KS
Tl fiber installation ~ 10 KS
* GEM VME readout : 36 KS



