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irements -

-> I G | [Target |
| X l | 1 |

Hl beam BC1 BC2 VC BD SiD

Scintillation Photodetector Scintillator Operation in magnetic
Detector field

XP2020 Plastic scintillator Di50x3 mm
BC2(To) MCP-PMT Plastic scintillator D20x0.8 mm Yes
PP2365E Angle 45°
VC XP2020 Plastic scintillator Dioox10 mm Yes

hole D27 mm

BD SiPMs (Sensl) BC-418 plast. scintillator 150x7x7 Yes
6 x 6 mm mm 40 units
SiD Silicon D86x0.3 mm hole D32 mm Yes

64 radial strips



/ To detector (BCZ)\

Photodetector  TYPE
18mm MCP-PMT PPo0365G

/ Barrel detector \

40 scintillation strips
with SiPM readout

-

Si detector \

64 radial strips

Active area







Requirements [

We have to use short cables

The trigger units should be installed in the restricted
access area

Adjustments and control should be done remotely

Trigger system should generate a trigger signal based
on particle multiplicity in the Barrel Detector and Si
detector

We should use two trigger units - ToU and SiDU
connected by LVDS

The rack contains NIM crate with extra equipment

The control PC is a rack-mount industrial PC located
in the trigger system rack



Requirements [T

All input signals should be sent to TDC to get event
timing
Trigger unit should generate gate and trigger signals to
subsystems

 Spill gate

e LED calibration gate

e LED flash signal

e GEM Heating signal

Trigger unit should generate beam/calibration event
flag signal to DAQ

Trigger system contains PMT HV power supply (by
HVSys, Dubna) and SiPMT BV power supply (self-
maid)
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_ Requirements->realization &&=

* Trigger system rack
located near the
magnet

* No magnetic field
influence observed
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® No radiation
damage or SEU
observed

‘\ \\\ oW W W \
Al \\\\\\ \\\\\ \\\\
LW



PHardwarel — —

Trigger unit consists of

e Mother board containing
« FPGA Altera Cyclong

-« Low jitter signal splitters
» USB, Ethernet and Optical link interfaces

e Mezzanine boards

4 Input boards with discriminators, 4 channels each

4 Output boards - NIM signal, 4 channels or

4 Output boards - 50 Ohm TTL , 4 channels

12 LV power supplies, +8V adjustable ,+8V adjustable, -7.2V
fixed

« LVDS output buffer
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[SLVDS ch. via HDM con. jg{Fanout 1:2 *51¢ |
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LSLE'DS ch. via HDM con. |3 Fanout 1:2 * 5IC I= I I PSH.
[SL\-'DS ch. via HDM con. |g Fanout 1:2 * sIC = I PSB u

n n H I .
lsL\-‘DS ch. via HDM con. Fanout 1:2 * 5 I¢ S I PSB|-

< FOH e 1o (PSBL
[5L'ms ch. via HDM com. Fanout 1:2 * § I .

[5L'ms ch. via HDM con. Fanout 1:2 * 5I¢ [ I PSB ‘ """"""

OULput

Furmwl LeZ Ik ch.
= b I c




Output NIM module

o
LI )

2 B8 D bY s 08

T 9T o

Output LVDS module Output 50 Ohm TTL module



Hardware IV ->features

ToU Logics contains up to 12 adjustable delay lines and
shapers

Delay and shaper settings could be adjusted with ~o0.7
ns step

ToU contains 4 multiplexers providing connection to
the logics key points for simple trigger adjustment

GWINSTEK I ‘

E—_— ons 37.60n3 )
VVVVVVV

( oony EJ[ L [@ 1
Loy | "o | oo J| 2 o | e )]
BC1, BC2 and Beam_Trigger BC1, SiD and DAQ_Trigger




"Hardware -> Summary

Developed in 2015

Used in experiments BM@N and SRC

No electronics failures observed

Mechanically damaged Molex connectors -> replaced



Software -> requirements

Software should allow to the shifters to select a trigger
type in a simple way

ToU hardware has > 100 controls => software should
have extended GUI

The spill data information should be presented to the
BM@N shifters and to the accelerator shifters =>
client/server architecture

The actual trigger system state should be sent to the
MN@N DCS



ToU SpillVieW [

server S SpillView Hmm Windows PCs only
clients L
TMGR WD HTTP clients

Trigger

server

(web-browsers)

system state
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(text files)
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A BMEN Trigger system w.2.28, March 2018

LO Trigger type

BT = Splll ¥ BCL *BC2 * NC

LOT =BT IT =LOT *si

BM@M Trigger = IT

Spill start source

Spill Ner 3627 @00#0EZ5$07000605
spill BC1 BC2 VC BC3 . Mutiplcty2 [ Moritoring | Configuration [ Muliplexers
B'_D| (40¢h.) i'—_(|64 ch.) Beam | Trggerlogics | Protecion | Bamel |  Slicondetector |  mutiplicityl
1 \||7 I # {} l Name: oOn | DiscrlevelfPerind Delay Shaperflength | Count
Barrel Detector Unit Si Detector Unit Spill Gate 621 {&-30Imv | 650 @& ms |[3000 & ims | 3627
. 4100 &) ms
N(BD N(SID d,
( ) (““““) Calibrator p:;nnz LED->Trgr delay | [1000 (&) ms
= 25 & z50.0n5
3 3
Heater Gate 5200 & ms |50 S| ms
BD_Muk Sk
' BCL e (&) -25im¥ | |0 | T.dns 32 @&[4l0ns | 101876
© |nteract|0n Trlgger BCz sz &somy |12 4rans |0 Z1sens | esmer
" s 545 (& 190my | |5 & 12.0ns |67 (& 70.5ns | 25526
BM@N Trigger 11886 ’
BC3 On ||2041 &|2812my| 0 & 116ns |0 & L1508 0
59707 DAQ Busy Trge AP JBC3 on
Lodivh AND
DAQ_Trigger
BT *éusy
Lo 24(8| 24905 | |15 @&|27.6ns | S9707

=]

==

Spill Nor 3613 @O0#DEZ5$07000605 Exit
Futiplicity2 | Monikaring Configuration | Multiplexers |
Beam Triggerlogics | pratection | Bawel | Slicondetector [ mutiplicityl

Hame on Discr Delay Shaper
B0_Mult on 23 28.7ns | 74 (& 75705
Si_Mult on 0 & +.0ns 72 & es.ens
AR
DAQBusy | [ClEnable ||1023 (3| 580mY
L0 Trigger Type

Beam trigger (ET)
Ho Interaction (NI)
MinBias trigger (MB)

Interaction trigger Type

B only =] £
@) siorly
B+ 51

BMEN Trigger
L0 trigger 1

(00}

@ Interaction trigger

L0 Enable 7] Ineraction trigger Enable

Count

15961

20780

I

3 Uise HLLY 20 B TC Enableld
) ) . =
Beam trigger (BT) BM@N Trigger = Spill * BC1 * BC2 * AIC * Si, N(Si)>3 o w3
4 LV Control
P— Sl e
LO div M
Settings Read Back Settings Actusl Values '0574 a0 Trisger
5,000 5.200 5,000 5.200 o 5021 4,067 5.131 121.300 2,613 Busy
R R T | ¥ 1706 4262
5.000 5.300 5.000 5.300 W (5007 7.533 5252 127.400  2.547
5.000 5.200 5,000 5.200 o 4,990 4,533 144 120,100 1.893
5.000 5.200 5.000 5.200 L 4936 5.467 5135 122.900  2.240
5,000 5.300 5,000 5,300 o L4994 2,600 5.239 121.300 2.120
5.000 5,200 £.000 5,200 S 006 £.733 5150 124.700  2.480
5.000 5.200 5.000 5.200 W 5023 6133 5.160 121.900  2.093
40 40 470 e SFS a0 e ate wsm 026 BT = Spill ¥ BC1 % BC2 % MO LOT =BT IT =LOT *Si BM@M Trigger = 1T
5.000 5.000 5.000 5.000 S s5013 27.200 4,959 91.400 1.253
500 500 S0 s0m S 5019 520 S0 7w 29 BM@N Trigger = Spill ¥ BC1 * BC2 * /VC * Si, N(Si)>3
4.000 5.000 4,000 £.000 S a8z 4,267 5.015 3.733 0.573
—— ———————




@004 0EZ5$07000605

Configuration

Barrel Silicon detector

Barrel counts

Spill Nbr 3624

Mutiplicity2 Monikaring
Beam Trigger logics Prokection
3806 4355 4118 3738
4956 3965 5575 5639
6664 9285 12852 6068
15272 42327 39325 32317
30188 19320 35950 17142

Channel &  EXXKERKK

BE35
6347
20247
34702
16903

4907 4263
6053 4652
28362 34664
41251 28744
9739 7962

Multiplexers
Mutiplicity 1

4569
6392
29942
25493
22368

Spill Mor 3634
Beam Trigaer logics Prokection
Mutiplicity2 Monitaring
Ack. all Take last 20
Beam

BC1
BC1_in
BT

Beam

BT/BC1

@O0#DE25$07000605
Barrel Silicon detector Mutiplicity 1
Configuration Multiplexers

& spils as aveforancs | Take as Ref

intensity

166585
167816
98432

focusing

0.5908

Beam background

VC/BC1

0.2417

Trigger monitoring

MinBias

No interaction
Trgr
MinBias/BT
nolnteract/BT
Trgr/BT
Trgr_Bsy/Trgr
BT_Bsy/BT

98433
0
19643
1
0
0.1995
1
0.8647

m

Spill Nbr 3631
Beam Trigger logics
Mutiplicity2
UKL
0 BC1_inDel0s
BC2_inDel0s

2 WC_inDelos
3 BC3_inDelOs
4 BC1

@5 BCZ
B YC
7 BC3

MUKZ
0 BC1_inDel0s
BCZ_inDel0s
WC_inDelos
BC3_inDel0s

BCL

2
3
4
5 BCZ
6 VC
7 BC3
@0 BT
1 LO_inDelos
Lo

Min_Bias

2
3

4 No_Inter
S BD_Mult
6 SiD_Mult
7

Pull _zdc_led

0BT
1 L0_inDelos
Lo

Min_Bias

BD_Mult

H

3

4 No_Intsr
5

& SiD_Mult
7

BT_Fusy

Pratection
Manitaring

@O0#DE2S$07000605 ‘ Exit
Barrel Silicon detector Mukiplicity 1
Configuration Multiplescers

3 BT

9 L0_nDel0s

10 BD_Mult_inDelos
11 SD_Mult_inDelos
12 Min_Fias

D130

14 BD_Mulk
15 5ID_Mule

8 BT

9 LO_nDelos

10 BD_Mulk_inDelds
11 SiD_Mult_inDelos
12 Mo_Inter

130

14 BD_Mult

15 SiD_Mult

& oubQS_Pull

9 DAQ_Busy

10 Busy

11 DAQ_Trigger
12 Trigger_jnProt
13Prat

14 Trigger _Abort
15 Evnt_Good

8 outos_Pull

9 DAD_Busy

10 Busy

11 DAQ_Triager
12 Trigger_inProk
13 Prat

14 Trigger_abort
15 Evnt_Good

m




Software -> SiDU manager

@ BRA@M Silicon detector rmanager w161 E@
Comport 16 % Open || Close V] Auto Open  Port opened Channel Config Debugging | | ﬁgose |
Spill nbr 20112 Multiplicity 2 Data received 02.04.2018 14:42:08 Last command @10#0606
Counts Tulkiplicity
Channel 22 Count 66 Channel 0 Count &4 B
Z@ Channel configuration EI@
1.0 M
All enabled o @i Fz @3 @+ Fs s 7
Al disabled Vs (W9 (W10 [¥[11 [¥]12 [¥[13 [¥[14 V|15
0.9
—_— Mie [W[17 (V18 [¥[19 [¥]z0 [¥]21 [V[z2 )23
Resend
Vza |¥l2s Mz V|27 (V|28 [V]29 (V]30 (V)31
043 Self-Triggering 7z @i Fa @as @as @7 e @
V40 [F]41 V42 V43 P44 D45 P46 V)47
0.7 V48 [V]49 [W]s0 []51 [V]sz [V]s3 [F]s4 [(]55
104 0EQ2$FFFFFFFF
© 024 56 (V57 |58 (V59 [Ve0 (Va1 [Vez2 V|63
0.6 @104#0E03$FETFFFFF
0.5
0.4
0.3
0.2
0.1
0o~ v——/_J L
1] g 16 24 32 40 45 S6 &




@ HY_Systerms Sh32_220 Control w13

Owerheating= 0 Temperature, C =30 Low voltage, Y= 10.4

|W| Fvon 1| nvor

Cantral |C0nfigurati0n manager | Service|

Configuration file name  Config2. hvConfig

Base voltage, W= 242

1 BC1 Uset, ¥ 1600
2 BC2 Uset, ¥ 1575
3 VC Lsek, ¥ 1450
4 Uset, ¥ 325
) Uset, ¥ 327
5] Uset, ¥ 326
7 Uset, ¥ -1
8 Uset, ¥ -1
9 Uset, ¥ -1
10 Uset, ¥ -1
11 Uset, ¥ -1
12 BCX Uset, ¥ -1

==
=)

ey
=2

[0 | @0 | @B @B | @) | @) (B | @) | @) | (B

Skakus On Uout, ¥ 1601 Tout, ud 1079 | Ustby, ¥ 328 % RampUp 100 %
Skatus On Uout, ¥ 1575 Tout, uf 85 Ustby, ¥ 326 % RampUp 100 %
Status On Uouk, ¥ 1449 Iout, ud 252 Usthy, ¥ 324 % Ramplp 100 %
status|  Off Uout, ¥ & Tout, ud 0 Usthy, ¥ 325 % Ramplp 100 %
status|  OFf Uaut, ¥ 0 Tout, ug 0 Usthy, ¥ 327 % Ramplp 100 %
status | OFf Uout, ¥ 0 Tout, ui 0 Ustby, ¥ 326 % RampUp 10000 %
Status Rpg D Uouk, ¥ -1 Touk, ud -1 Usthy, ¥ -1 % Ramplp 65535 %
Skatus Rpg D | oot v -1 Tout, ud -1 Ustby, ¥ -1 % Ramplp 65535 %
Status Rpg Dn | vout, v -1 Tout, ud -1 Usthy, ¥ -1 % Ramplp 65535 %
Status Rpg D | ook, v -1 Tout, ud -1 Usthy, ¥ -1 % Ramplp 65535 %
Skatus Rpg D | ook, v -1 Touk, ud -1 Ustby, ¥ -1 % RampUp 65535 %
Status Rpg Dn | vout, v -1 Tout, ud -1 Usthy, ¥ -1 % Ramplp 65535 %

RampDn 100 % Prot.delavims) 0.0

()
(=)

Imnax, uh 2993 %

? SiPM_LV_PE x16_Manager, +8.11 Bogoslowski Dmitrij, 12052015 10:32

U control [0.. 30,18 v]

i

v ON

57671 4 I e T T 000G

57671 4| | e ey 2652 ODDE

57671 4| I R s P T T D1

57671 4 I s T P T NCFF

57671 4 I T T e N Y

57671 4 I s T T T T 0CFs

57671 4| I s P TV R T 0CF7

5771 4| D St ‘26.558\: v IO |28.532v “DDDF
57671 4 I T T e N R CF9
cn1ofs7e71 4| I s T T I Y 11
ch11fs7e71 4 m D 26,558 wIoN [26627 v T U
chizfszer 4 D Set ‘26.558\: o o)1 |28.849v | e mE
chi3fseee1 +| | 2o jmessey vy TRy 0%
cn14f57e71 4| I s T T LT D04
cn15[57e71 4| | 2Ty Ciow BTV o 002
ch16[57a71 4| | ofo sy Dom B9V s 0008
Broadoast U[1.16] set Fun State —

an

LR 2t jegsga  |RUN. EvN[GS TeckBms Ld

COM_Port cfi
Part_Status— Por BPS— ~COM_Port N RUN | _END
COMBTIS200n 61 | 1 . -

e 2 F hSGye (115200 | H nwcome GetADC val| | Get D
Transceive Receive
Lengthfq 2 CRC*32| ‘ CRC-32 (20 Length Load Cfo| Sawe Cfo
T> 1WDA BxE147 « [P Ix01>WDA STA TET47 ~ | | Dislog Load Cfe
T> 1WDE 0xE147 P 001 »WDE 508 [<E147 Dislog Save Ci|
T> 1'WDC 0xE147 R 001 $WDC $0C [6E 147
T> 1WDD €147 > 001 WDD $0D 0xE147 —tolo | | Greoh. |
T> 1WDE (€147 _||F> -0x01»WOE $0E tE147 3 Clear
T> 1 WOF 0:E147 = | |P> 0x01>WDF $0F 0<E1 47 3

Service

5> Comm32dirm Bits=8

3¥ Comrn3zdirm. StopBits=1

S» Comm32dim CommPor=\COM3
5> Comm32dirn Readintersal=50

5S> Unit_1 detected

" T><|—.‘ e
Clear Send_String
Hex|$30 Send_Byte |




_ Software -> Spi

B Spill Structure EI@

Signal Spill Spill 1 Data published at 24.03.2018 10:00:07
Timne, ms 4520 calib EEEEEEEER]
leoes) iz Heater I
Contral |4 | *
Spill Mbr EC1 %
3674

B G L
BCZ

BC3

inBC1 %
D) _Bsy WWMMWW

Trar %

test1

Spill waiting
time &

1401

test2




JUOUTS

VUUUVUUUUVE;
frenvnnnn un ] 00 0 0nnind

[l

5 1093182468060 x

< C | @ 1092118246080 Qwr i

2019

Beam intensity

BCl1 || 352513 v Spill nbr. 4273 24.03.2018 12:16:16
BC2 | 221542
VC | 88102 Spill 1 24.03.2018 12:16:16

. Calb S o LI 8 W
Beam focusing and background Hoser —]

BC2/BC1 | 0.62846

VC/BCI | 0.24992 WMW\
BT/BCI | 0.58255 oct

Trigger monitoring WM\
BC2

Tr/BT || 0.14092

Tr Busy/Tr || 1 W

Bd/Tr | 8.16144 ve

SUTr | 6.90804

Triﬂer 8939 DAQ_Bsy 1

- WWW

BC1 | 352513
BC2 || 221542
VC | 88102 |

BT | 205357
BD_Mult | 236184 test2
Si_Mult | 199912 0 1 2 3 4 S 6
DAQ Busy | 6519




Conclusion —

Trigger system works since 2015. It provides
comfortable and user-friendly GUI

Five modules have been manufactured
Used in two experiments - BM@N and SRC

No electronics failure observed. We met only
“external” problems - bad 220V power and
mechanical damage of a Molex TDC cable connector

The system has been interfaced to the DCS system (no
DCS commands accepted, the Trigger State transfer
only)

Almost all FPGA recourses have been used. Further
ToU extension requires a motherboard redevelopment



are ->

5"%-‘ SRC Trigger

Spill  BC1 BC2 VC BC3 BC4 X1 Y1 X2 Y2

{ b

| Disc-1 " Disc-2 || Disc-1 || Disc-1 || Disc-2 || Disc-1 I I Disc-1 I Disc-1 II Disc-1 I Disc-1 I

1 [ 1 [

M

o a

17

Beam Trigger | piy ratlo i1 ]

105 281 113 269

[ Interaction Trigger [j]

"

sRCTrigger( 0 |

(X1%Y1) * (X2%Y2)

| - |> I

Protection

0
Trigger type
o)

Trigger to DAQ

BT = Spill * BC1_H * BC2 * NC
IT = BT * /BC3 H

SRC = (X1#Y1) * (X2*Y2)

TRG = IT * /DAQ Busy

Disc-1
DAQ Busy

m

e
>

TDC?7

= /o=

Spill Mor 14700 | @00#0E25$06090400

Eigam Lrigger |Intaractmn trigger | SR trigger | Trigger | Courits IMLIXES o [

Detrisignal | Enbl Discr Ivl Delay ‘Width

spill 580 [= -333my| 700 & ms 2700 (& ms
LED calib /00 F oms | 1000 & ms
Heater 400 & ms 000 & ms
BCLH 655 (& -7Oomv| 0 &) 65ns | 9 & 205ns
BCLL 685 (&) -105mY

BC2 92 & 129mv| 47 & 406ns 0 (& 13.6ns
YC mode S & etmv 0 & &5ns 35 & 405ns
@ Anti
() Direct

BC4 O] | 754 = 46mv| 0 & 65ns | 9 & 205ns

Out 40 & 4z4ns
Spill start source Last spill time 05:53:36
Spill start source

@ Use HUY TimeOut, s 20 2 []1oEnableld

() duko Petiod, s & 3

Emulate Spill




ttp://10.93.118.246:8080/

pL~-c 1093118246

% | & Mycran crpanmua

STC Trgr MGR

Counts
BCIL | 222925 v Spill nbr. 48516 14.03.2018 10:31:37
BCIH | 200475 ot | ,  14.03.2018 10:31:37
BC1H_Pr | 20499 e — |
BC2 | 158250 Heater Esanapasil
VC || 28647
BC3L | 232335 M
BC3H || 136706 Btk
BC4 | 174925 W
X1 | 104307 ~= |1}
Y1 || 20104
X2 || 83651 M
Y2 | 15475 =
X1*Y1*X2*Y2 | 2295
- M
Beam focusing and
background DAQ_trgr f \
BCIH_Pr/BCIH | 0.10225 W
BC2/BC1H | 0.78937 x1*¥1
VC/BC1 || 0.14289
BC3L/BCIH | 1.15892 W
x2*y2
BT/BC1 || 0.68732
IT/BT || 0.99996 WM
SRC/BT | 0.00405 K1*Y1HRR2*Y2
Trigger monitoring Int_trgr M
Trigger || 648
Trigger(Bsy) | 584 SRC_Tror
Trgr/BT | 0.00470 o 5 > Y L 3 3
Trgr(Bsy)/Trgr | 0.90123




