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GMn

e Superbigbite used as neutron detector
* Bigbite : electron detector
* Add polarimeters on SBS side

e Start in October 4th 2021



GMn

Shower

GEM
/ GRINCH

Hodoscope

GEM

2/11/2022 Hall A collaboration meeting



Experimental setup GMn

m

* BigBite
Shower
Preshower
Scintillator
GRINCH
GEM

* Neutron detector
e HCAL

* LHRS

2/11/2022

7x27 = 189
Shower
27 sums
Preshower B
2 sums
Scintillator 200 x 2 X
GRINCH 550 X
GEM 5 planes
m
HCAL 288
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MPD
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SBS configuration GMn/Gen/Gen RP

Channels Modules Nb modules
BigBite Shower 189 1881 3
Preshower 54 1881 1
Scintillator 180 V1190 1
Cerenkov 550 VETROC 6
GEM INFN 14000 MPD 24
GEM UVA 113000 MPD 77
BigBen
HCAL 288 FADC 18
HRS
S2m 32 FADC 2
SO 2 FADC 1
Cerenkov 10 FADC 1
PRL 68 FADC 4
VDC 1536 1877 16
Raster 4 FADC
BPM 8 FADC 1
RP
Proton Large Angle 96 FADC 6
Active analyzer 32 FADC 2

TDC 1



Triggers

Ecal

Hcal

HRS
Coincidence
Grinch LED
HCAL LED

o A WwWhPE



Bigbite

 Shower
1 VXS crate, 16 FADCs + 2 FADCs for sums + TDC

* Hodoscope
* 1 VME 64X crate
« 2 CAEN V1190
e 4 FADC for calibration

* GRINCH
* 1 VXS crate
* 6 VETROCs
* 4 FADC



HCal

e 288 channels

* 2 VXS crates

« 18 + 1 FADC

* 4 F1 TDC (1 spare )



LHRS

* S0, S2, Pion rejector, A1 on FADC
* Beamline and helicity

e All detectors cables

* CODA3 setup



Updated trigger rates from Andrew (Pythia)

Q- E. Opp/dBR E’ Thrsh. | Eff. Trig. Rate. (kHz) Total

(GeV?) | (GeV) | (deg)/(m) | (GeV) | (GeV) | % El. Inel. | 77 | /7" \| 7 (kHz)
3.9 4.4 32.5/1.80 2.18 1.81 96.9 0.8 0.3 0.04 / 3.9 0.1 9.7
4.5 4.4 41.9/1.55 1.70 1.35 94.0 0.2 2.3 0.2 ) 0.2 10.2
5.7 4.4 58.4/1.55 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 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 2.0 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 \ 12 0.02 1.9
13.5 11 33.0/1.55 3.30 2.60 94.0 | 0.0008 0.2 0.003 ‘).2/ 0.002 0.4

NS
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GEM readout

* 3 VXS crates with VTP readout
e Optical to VXS adapter on hand
* 3 crates : 1 BigBite 2 for SBS

* VTP firmware done

* CODA VTP readout on going

e 22 MPDs = 6 fibers



Expected trigger rates GMn

Preferably single electron trigger to avoid biased in neutron detector

Proposal

n+p QE xsec L(per atom) Beamtime Total Updated rates
b 10'\38/c.m’\2/s Hz
design

3.5 6700 0.35 235 12 2100 9700

4.5 1015 0.7 70 12 1400 10200

5.7 97.9 1.4 13.5 18 140 14500

8.1 47.4 1.4 6.6 18 390 2100
10.2 31.6 0.7 1.5 24 210 600

12 5.04 1.4 0.7 36 200 1300
13.5 6.25 1.4 0.87 96 100 400

Maximum trigger rate 2.1 KHz, assume factor 2 safety margin for 4.2 KHz for low
Q2
less than 500 Hz at high Q?
Single electron trigger is a good option
( possibility to add Cerenkov in the trigger if needed )

High trigger rate capabilities: rates high for 2 low Q2 points
rates are modest for other points

2/11/2022 Hall A collaboration meeting 12



M hit rate per layer (Hz/cm?
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GMn data rates

Trigger rate : 5000
Column1 Column2 Column3 Column4 Column5 Column6é Column?7 Column8 Column9 Column10 Columnil Column12 Column13
Rate per cm2 Rate per plane hitsin 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 331.5 34% 1160.25 2320.5 13923 55692 278.46 2.78E+08  278.46
4 85 1020 331.5 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 Eventsize
288 13968 69.84
Total 1142.75

5 KHz single arm gives 1.1 GB/s



CODA3

Full SBS DAQ Configuration

* TS/T| Fiber based
[ RrROC ] ’ ‘:
b "
e Support for VTP e/ b\ \,‘ )
' 5018 ) | MSS
ROC . SEB 7/ET\T ER .
— — — L] = ,’ 40 Gbps
° Support for mU|tip|e ROC .', -------------------------------------------- \: uplmk
stream = — s 7/\T . ‘ﬁ:’

\

ROC

ROC
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Hall A

» Upgrade fibers for 10gigE to LHRS,
Labyrinth, Rack , SBS weldment

* Each connection 24 fibers x10 gigE
upgradable to 40 gigE

* SBS weldment
e 3VTPs: each use 1 fiber

. . . —\ |
» 48 1gigE router to 4 x 10 gigE fibers U

2/11/2022 Hall A collaboration meeting



Counting house

* Router
* 4x24 10 gigE port

* 40 gigE uplink to DAQ
computer and SILO

2/11/2022 Hall A collaboration meeting 17



2/11/2022

GEM — Readout Electronics

T

Front Tracker

= 128 analog ch / APV25 ASIC

* 3.4 ps trigger latency (analog pipeline)
R T 7

= Capable of sampling signal at 40 MHz EnE s el .

= Multiplexed analog output (100 kHz readout rate)

MW e M .

MPD Main Block
“Arriga GX FPGA
128 MB DDR2-

RAM MPD-SSP SSP- Aurora
Firmware V4.0 Interface Protocol Protocol
{74% resources):
# FIR Filter {16
param)

# Zero 1
Suppression
# Common mode MPD-
and pedestal VME s Pr‘;th:tet;ls
subtraction Interface
# Remote config, » 3
= . /N o’ II""R VME Master

time resolution

All major firmware issues fixed so far

Electronics is up and running (or going to run)
on:

(Intel SBC)

Front-GEM cosmic test in VME mode

SSP mode in Rear GEM cosmic test
PREX UVa GEM

05/Aug/2019
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SBS GEM Electronics for Gen-RP

GEM Electronics Hutin SBS Arm

|_| [] HDMI cables from SBS
GEMs: 10 UVa Layers
10 UVa MPD 20 UVa MPD and 2 INFN layers

8 INFN MPD

Also need to

VME crate with old (?) CPU

VME crate with old (?) CP

squeeze the HV
crate

I 20 UVa MPD

MPD Trigger +
clock

VME crate with old (?) CPU

e ——————————————

Optical fiber
From MPD

VIP +SD +TI(?)
What else (?)

computer | mmm e s o
1250MB/s

L———————————————

2/11/2022

VME crate with old (?) CPU |

- Rt u
I VXS crate L VME-64x crate
|

VIP +SD + TI(?)
What else (?)

computer
1250MB/s

Weldment
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HDMII cables fron| BB
GEMs: 1 UVa Laygr and
4 INFN layers

Main Electronics Hut in DAQ

GEM Electronics Hutin BB Arm

7 UVa MPD

VME crate with old (?) CPU

PD Trigger +
clock s g L —

l
l
l
M
l

Optical fiber
From MPD

vip +SD +TI(?)
What else (?)

s

DAQ computer
1250MB/s

- 1

|

]

]

i

16 INFN MPD |
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VTP MPD readout

2/11/2022

New Optical to VXS adapter developped
VTP readout implemented
One fiber per board =4 MPD

Up to 32 MPDs per crate right now

Hall A collaboration meeting
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DAQ weldment

2/11/2022 Hall A collaboration meeting 21



DAQ weldment

<
e

2
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Beamline crate
weldment

e VME 64X crate in SBS weldment +
LHRS for redundancy

1 FADC in scaler crate for
BPM/Raster

»
- | S
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GRINCH VETROC

. T|me over threshold GRINCH PMTs
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Bigbite Hodoscope

* Hodoscope

Summary Plots(Run #13795) 2: BBHodo TDC bar hits (L/R coincidence) _ _
BBHodo Bar mean time vs bar 3 BBHodo Bar time diff vs bar

=10
Entries 1451946 il | Entries 1451946
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GEM VTP readout perfomance

Control Sessions Configurations Options Expert User Help

GEM pedestal configuration
1.9 KHz trigger rate

0% livetime

953 MB/s from BigBite GEM

100 MB/s HCAL, shower FADCs
1045 MB/s to disk

2/11/2022

) i ) alp i Start Time End Time
(M (44 (M) 10/09/21 20:41:00 0
Run Parameters LI SIS
- - s . Run Number Run State Event Limit
Expid Session Configuration
SBSDAQ shsts AHEy
Output File
/adagebl/datal/e1209019_10850.evio.0.0 [~] W:;fh Component Data Limit
User RTV %(config)
EsE Total Events
22,132 Time Limit (min.)
User RTV %(dir)
unset
Name State EviRate | DataRate InlEviRale|IniDalaR...| [ Event Rate | Data Rate | Client Data | Live Time [ LDRs | InB | OutB |
ER1 active 1911.0 1045041.4 [1231.7 6734482
SEBL active 19155 1047504.8 [1318.1 720844.1 Event Rate
DC1 active 1919.5 1049680.9 [1411.6 7719739 2,000
vipROC20 active 1948.0 952824.3 1517.3 740827.5 1750 | — T
bbhodoROCS active 1924.0 1013.6 1650.0 868.9 ! |
sbsvme29R0OC1 active 1940.5 507.4 1748.3 459.8 1,500 f
IhrsROCLO active 1920.0 1170.6 1636.0 996.0 1250 |
hcalROC16 active 1915.5 52147.7 1582.0 42742.0 0 ||
hcalRoC17 active 1917.0 5937.9 17813 9217.5 T 1000 w
grinchROC7 active 1920.0 19304.2 1681.0 16935.3 750 _.I
bbgemROCLY active 1512.0 61.9 1582.1 51.0 s00 |
bbshowerROCS active 19435 274781 1706.8 23606.7 |
sbsTS21 active 1920.0 59.6 1959.5 70.8 o0 |
. |
O ER1
Name Message Time Severity
frs oL susatar STy Ut VLT . FULT LU T =
sms_GMN1_Pedestal waiting for... vipROCZ20, 20:40:24 10/09 [WARM —
sms_GMN1_Pedestal waiting for... vtpROC20, 20:40:29 10/09 (WARM
sms_GMN1_Pedestal waiting for... vipROCZ20, 20:40:34 10/09 [WARM
sms_GMN1_Pedestal waiting for... vipROC20, 20:40:39 10/09 IWARN
sms_GMN1_Pedestal waiting for... bbhadoROCS, 20:40:45 10/09 (WARM
ER1 Emu ER1 go: waiting for PRESTART event in module ErModule (client msg) 20:40:52 10/09
SEB1 Emu SEB1 go: waiting for PRESTART event in module EbModule (client msg) 20:40:53 10/09
DC1 Emu DC1 go: waiting for PRESTART event in module EbModule (client msg) 20:40:54 10/09
sms_GMN1_Pedestal Starting process = SBS_Start_of Run 20:41:00 10/09 INFO
sms_GMN1_Pedestal Script (fadagfs/home/sbs-onl/logentry scriptsfhalla/start_run_SBS) 20:41:00 10/09 INFO
sms_GMN1_Pedestal Done process = SBS_Start_of Run 00 10/09 INFO
sms_GMN1 _Pedestal StartRun succeeded. 00 10/09 INFO
sbsvme29R0C1 fADC250 Data available (1) after readout in SYNC event (10000) (client msg) :05 10/09 ERROR
hcalROC17 f1TDC (slot 4) Data available (9) after SYNC event (client msqg) :05 10/09 ERROR
sbsvme29R0C1 fADC250 Data available (1) after readout in SYNC event (20000) (client msg) :1210/09 ERROR =
hcalROC17 f1TDC (slot 4) Data available (5) after SYNC event (client msq) 112 10/09 ERROR -
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Beam rates SUA

4.4 KHz trigger rate
75% livetime
566 MB/s from BigBite GEM

240 MB/s HCAL, shower FADCs
800 MB/s to disk

2/11/2022

Control Sessions Configurations Options Expert User Help
— ——] - Start Time End Time
] 10/16/21 14:48:08 o]
Run Parameters AU EHTT
. 2 z A Run Number Run State Event Limit
Expid Session Configuration
SBSDAQ shsts LIz
Output File
/adaqebl/datalfe1209019 11228.evio.0.24 |v‘ Watch Component Data Limit
ER1
User RTV %l(config)
Lo Total Events
Time Limit (min.)
2,729,174
User RTV %(dir)
unset
Name State EviRate | DataRate | IntEvtRate| IntDataR...| | Event Rate | Data Rate | Client Data | Live Time | LDRs | InB | OutB |
ER1 active 43494.5 800983.2 2568.6 459541.9 . .
SEBL active 4388.0 799552.4 2569.3 470105.5 Live Time
DC1 active 4416.0 8046557 2570.1 470262.5 100
vipROC20 active 43485.0 566034.4 2573.3 332867.7
bbhodoROCS active 4380.0 8833.0 2576.6 5205.1 S O ] S R, SRR e B
sbsvme29ROCL active 4396.5 1610.6 2578.6 947.4 75
hrsROC10 active 4387.5 2631.9 2579.7 1586.6
hcalROC16 active 4388.0 97329.9 2580.0 8059.2
hcalROC17 active 4386.5 20289.6 2576.7 12001.4 ® 50
jgrinchROC7 active 4387.5 44552.4 2579.3 9763.0
bbgemROC19 active 4402.5 140.4 2578.5 83.2 25
bbshowerROCE active 43480.5 50258.8 2578.0 3186.2
5bsTS21 active 4380.0 157.8 2585.0 93.7
0
O sbsTS21
Name Severity ‘
SIS _CvITIL WAL TUT.., VPRI 20, THH UG LU0 WA =
sms_GMN1 waiting for... vipROC20, 14:47:13 10716 WARN —1
lsms_GMN1 waiting for... vipROCZ20, 14:47:18 10116 WARN
sms_GMN1 waiting for... vtpROC20, 14:47:2310/16 WARN
sms_GMN1 waiting for... vipROC2Z0, 14:47:28 10116 'WARN
sms_GMN1 waiting for... vipROC20, 14:47:33 10116 WARN
sms_GMN1 waiting for... vtpROC20, 14:47:38 10/16 WARN
sms_GMN1 waiting for... vipROC20, 14:47:43 10716 WARN
lsms_GMN1 waiting for... vipROCZ20, 14:47:48 10116 WARN
sms_GMNL waiting for... bbhodoROCS, 14:47:54 10/16 WARN
ER1 Emu ER1 go: waiting for PRESTART event in module ErModule (client msg) 14:47:59 10/16
SEB1 Emu SEB1 go: waiting for PRESTART event in module EbModule (client msg) 14:48:01 10/16
DC1 Emu DC1 go: waiting for PRESTART event in module EbModule (client msg) 14:48:01 10/16
sms_GMN1 Starting process = SBS Start_of Run 14:48:07 10/16 INFO
sms_GMNL Script (fadagfs/home/sbs-onl/logentry scripts/halla/start_run_SBS) 14:48:07 10/16 INFO
sms_GMN1 Done process = SBS_Start_of Run 14:48:08 10716 INFO =
lsms GMN1 StartRun succeeded. 14:48:08 10/16 INFO -
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Production data

Typicalrate around 3 kHz

90% livetime

600 MB/s from BigBite GEM
240 MB/s HCAL, shower FADCs
800 MB/s to disk

2/11/2022

Control Sessions Configurations Options Expert User Help

Start Time End Time
(44| (M) 120521 0206007 o
Run Parameters v BN
c . - - Run Number Run State Event Limit
Expid Session Configuration
sesDAQ sbsts e 12904
Output File
/adagebl/datal/e1209019 12904.evio.0.64 ‘-| Watch Component Data Limit
ER1
User RTV %f(config)
e Total Events
Time Limit (min.)
4,867,512
User RTV %(dir)
unset
Name state EviRate | DataRate | IntEviRate IntDataR...| Event Rate | Data Rate | Client Data | Live Time | LDRs | InB | OutB |
ERL active 2776.0 741884.3 IT93.3 314882.4
SEBL active 2799.5 748094.8  [1193.1 314920.9 Event Rate
DCl active 2816.0 751898.6 1193.8 315115.4 3,000
VipROC20 active 2751.5 601751.6 1194.1 257748.1 e
bbhodoROCS active 28185 11537.9 1194.2 641.5 2,500 B
sbsvme28R0OC1 active 27440 1008.7 1194.8 448.2
IhrsROC10 active 2748.0 1671.3 1194.5 734.9 2,004
hcalROC16 active 27945 62065.5 1194.4 10241 o
hcalROC17 active 2756.5 137674 [1194.6 17508 T 1500
grinchROC7 active 27705 6078.5 1194.7 25949 1.000
bbgemROC19 active 2788.0 88.8 1194.9 38.5 :
bbshowerROCE active 2790.5 38111.7 1194.8 3903.5 500
sbsTS21 active 27440 99.8 1195.6 43.3
@ __
O ER1
Name Time Severity
STTs O STty o v : c exres e
sms_GMN1 waiting fer... bbhodoROCS, 02:05:44 1215 WARN =
sms_GMN1 Prestart succeeded. INFO
sms_GMN1 Go is started. INFO
ER1 Emu ER1 go: waiting for PRESTART event in module ErModule (client msg) 02:05:56 12/15
SEB1 Emu SEB1 go: waiting for PRESTART event in module EbModule (client msg) 02:05:58 1215
DC1 Emu DC1 go: waiting for PRESTART event in module EbModule (client msg) 02:05:59 12/15
sms_GMN1 Starting process = EnableEPICS INFO
sms_GMN1 Script (fadagfs/home/sbs-onlflogentry scripts/enablel1AEPICS) INFO
sms_GMN1 Done process = EnableEPICS 02:06:06 1215 INFO
sms_GMMN1 Starting process = SBS_Start_of Run 02:06:06 12/15 INFO
sms_GMN1 script (fadagfs/home/sbs-onllagentry scripts/halla/start_run_SBS) 02:06:06 12/15 INFO
sms_GMMN1 Done process = SBS_Start_of_Run INFO
sms_GMN1 Starting process = InsertRunList INFO
sms_GMN1 Script (fadagfs/home/sbs-onl/logentry_scripts/insertRun) 02:06:07 12/15 INFO
sms_GMM1 Done process = InsertRunList 02:06:07 12/13 INFO
sms GMN1 Go succeeded. 02:06:07 12/15 INFO -
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GMn data rates

Trigger rate : 5000
Column1 Column2 Column3 Column4 Column5 Column6é Column?7 Column8 Column9 Column10 Columnil Column12 Column13
Rate per cm2 Rate per plane hitsin 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 331.5 34% 1160.25 2320.5 13923 55692 278.46 2.78E+08  278.46
4 85 1020 331.5 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 Eventsize
288 13968 69.84
Total 1142.75

5 KHz single arm gives 1.1 GB/s
Typical rate 3 KHz and data rates from 700 MB/s to 200 MB/s
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performance

[«
I

scicomp.jlab.org/scicomp/moverStatus o

=¢ Scientific Computing f{ Getting Started Support  Staff Members

Data Mover Status

Cluster Info =
Maover LTO Activity User Volume Volume Set Seek % util % MB/s State
Node
scdm1801-1 8 802336 halld-prod 32 34 4
Slurm Jobs scdm1801 P
Swif2 Jobs scdm1802-1 8
Usages scdm1802 8 Write 802326 rawdup 10 22
scdm1803-1 8 Write 802327 rawdup 15 46
. .
CI | Ck to d d d teXt File System = scdm1803 8
scdm1804-1 8
Lustre
scdm1804 8 802311 lattice-p
Cache
scdm1901-1 8
e scdm1901
Work scdm1902-1 802324 halla-raw 99 404
scdm1902
Tape Library ~ scdm1903-1 8
scdm1903 8
Jobs
scdm1904-1 8 802335 halld-prod
Usage
scdm1904 8 Write 802307 lattice-p 98 351
Data Mover
scdm2001 8 802328 rawdup
scdm2003 8 802302 hallb-raw
System v
scdm2004 Write 802330 halla-raw 99 415
Documentation v scdm2005 Verify 802331 halla-raw 99 428
scdm2001-1 7
Administration v
scdm2003-1 7
scdm2004-1 7
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DAQ team

* Bryan Moffit ( GEM /CODA/ everything ! )
 Ben Raydo ( GEM /almost everything )

* William Gu (TI/TS/clock distribution)
 David Abbott(CODA support)
 EdJastrzemski(F1)

e Carl Timer (ET support)

 Bob Michaels ( HRS, scripts, data to silom scalers )
 David Flay (Beamline,helicity)

* Paul King (Beamline,helicity)

 Steve Wood (scaler, HV )

+all detector subsystems



Future developments

* Shower digital trigger

 HCAL digital trigger

* FADC VTP fast readout for HCAL and Shower
 VETROC for HCAL TDC to complement F1

e 2 or 3 computers stream scheme



Conclusion

* Major upgrade to DAQ
* MPD VTP readout
* Network upgrade
 CODA3

* DAQ performance up to 1.1 GB/s single computer expect 3 GB/s with 3
computers

VTP GEM readout implement
* First experiment GMn successful

» Expect to be able to handle up to 3 GB/s in counting house ( limited by silo
cost )

* More developments for GEn/RP and GEp



