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Trigger ?
-Bellell can not record all collision events

-e*e” bunch crossing rate: ~200MHz
-maximum event rate at DAQ: ~30kHz

-Trigger is needed to reduce recorded event rate and data size

-electronic circuit to react interested physics events
-judge if the event is recorded or not

physics signal
triggered

beam background
wouldn’t but triggered

collision w/o interaction
not triggered

1 ~200MHz



Trigger in collider experiments

-Recent collider experiments have several level of triggers
-Level1(0) Trigger: Hardware (electric circuit) with small latency
-High-level Trigger: Software (computer) with high accuracy
ATLAS workshop

DATA FLOW

| |beamcrossing [levell  |Highlevel
ATLAS 40MHz 100kHz, 2.5us latency  1kHz

LHCb 40MHz 1MHz, 4us latency 12.5kHz, 0.6GB/s
LHCb upgrade 30MHz no Levell! 2-5 GB/s
Bellell 250MHz 30kHz, 5.0us latency 5~10kHz, 1.8GB/s

-Today, | will focus on Bellell Levell trigger only


https://docs.google.com/presentation/d/1c4LvEc6yMByx2HJs8zUP5oxLtY6ACSizQdKvw5cg5Ck/edit?usp=sharing
https://atlas.cern/Discover/Detector/Trigger-DAQ
https://lhcb.web.cern.ch/speakersbureau/html/TriggerScheme.html
https://lhcb.web.cern.ch/speakersbureau/html/TriggerScheme.html
http://www.jahep.org/hepnews/2014/14-3-2-BelleIIDAQ.pdf

e*te  collision

-What kind of phenomena happen at Bellell, how often ?

Event rate
@designed Lumi.

e*e  bunch collision ~200MHz

'Bhabha scattering (e'e > e'e) >“50kHz
background iStorage beam BG >~150kHz(ECL 2022)
>~300kHz | >~100kHz(CDC 2022)

i.'f‘l"fft_i_o_”_ Gramse | Cllae lsiandly

I'Two photon (e'e > eteeteetc.)  ~10kHz ~~

ie*e‘ VY ~2kHz
iContinuum (e*e” = uubar,...) ~2kHz
Physics targetie*e- - Y(4S) ~1kHz
~15kHz ie*e -2 W ~0.6kHz
ie*e 2> Tt ~0.6kHz
Edark matter/new particle ? 27?7

-Treasure hunting with large amount of garbage
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Requirement for Bellell levell trigger
-Bellell TDR in 2010: https://arxiv.org/abs/1011.0352

-Bellell: ~40times higher luminosity than Belle
-maximum trigger rate increase accordingly. required Signal/BG="1.
-latency limit increase by upgrade of detector FE with large buffer

requirement for Bellell requirement for Belle

Efficiency ~100% for BB pair ~100% for BB pair
Maximum trigger rate 30kHz ~0.5kHz

Latency 5.0us 2.2us

Deadtime no deadtime no deadtime
Event timing resolution 10ns ~1léns



https://arxiv.org/abs/1011.0352
https://reader.elsevier.com/reader/sd/pii/S0168900299008232?token=99D369EFAC8AD6B4414D46758645DF0D1E15452CE3FC4037044E1BA1985AEA4778DB304E569277497570C1E693ADEFD0&originRegion=us-east-1&originCreation=20221126070139

Bellell levell trigger system
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Universal Trigger board (UT)

-Main board of trigger system
-Large bandwidth with optical transceiver:
send large data to TRG system from detector — UT4

-Large FPGA (Field programmable gate array): LEMO, clock &4
 implement complex logic on electronics circuit o

History of UT development

UT(test) 2006 Spartan3 LV DS
UT2(test) 2008 Virtex5
LX220T
UT3 2011 Virtex6 -l _
HX380T,565T =4 QSFP optical
UT4 2018 Virtex Ultrascale transceiver

XCVU080/160



CDC Trigger

-Purpose: trigger charged particles from IP

UT board
—> optical transceiver
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CDC Trigger

-Covered phase space: .y ; ;

e e full track
--- ZOZZb ] \ VVVVVVV Short traCk

\\ﬂlnner track /

full track >~0.4GeV ~30-125deg ~10kHz - I,
short track >~0.4GeV ~25-130deg ~50kHz 200 | i
inner track  >~0.4GeV ~20-140deg >100kHz O i a0 WP R T ke 2
-Performance
-93~98% tracking efficiency per a track Altrackh
14000 racks
-0=5~10cm z resolution (full track only)
1-0=~0.1 GeV p resolution (full track only)
-run-dependent due to CDC gain |” }‘ |
. . o ! e | . fitne. | ‘
decrease issue, induced by beamBG ST B
) AZ=Ztrigger offllne(cm)



ECL trigger

Detector 52 VME around detector 4 E—hut )
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Analogue sum of 16(4x4) crystals  -Waveform fit to estimate energy,

-Trigger Cell(TC) is minimum unit timing for all TC. Digitization.
1-8736 Csl -> 546TC

-shower shape information is lost 5 400 - Expected signal
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ECL trigger

Detector 92 VME around detector 4 E—hut N
Cel(TI}+PE |_.>‘ SDSP |_> FAM |—H>] T™MM ——>| GRL()
reAmp
(8736) (576) (52) (7) E(?)“ ——>| GDL(1)
/ —>[ Hsie() ]
\. J\\ AN J/
-Send all TC energy and timing to a UT4 ECLTRG energy >0.5GeV

efficiency abe

-Combine neighbor TCs as a cluster, E WWWWWWW ” H| ”HH
-Acceptance mea}
{- >100MeV required to all TC g = £
- full © region covered 0.2 [Ldt=2.6 o
| 0.5 GeV cluster trigger

|II
10 16 20 25

-Performance fﬂ L & V
{- near ~100% efficiency, if energy >> 100MeV oftiine energy (Ge )

~a few % energy difference from offline, depending on energy and angle
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KLM Trigger

-Purpose: Trigger muon

-Simply count number of hits:
if #hit>7 in each sector, it is judged
as muon candidate

-Development of tracking algorithm
IS on-going

Oho
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GRL/GDL

-GRL: Global reconstruction logic
{-take d matching of CDC/ECL/KLM/TOP

y A
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-
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A / @ ECL cluster

GRL
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Track/cluster
¢ matching

Adjust delay

Q l
e _ /;/matched track Logic calculation
~~T—T7—~" unmatched track | |
> X Prescale
-GDL: Global decision logic —— ti _
-calculate if trigger condition is satisfied ming ceclsion
l Level-1
_app|y ”presca'e" .....................................................
-if prescale=10, 1 event is triggered if condition is satisfied 10 times. GDL
-If one of trigger condition is satisfied, provide Levell signal 13




List of trigger condition and rate in 2022b

-List of output bit and prescales are listed in confluence, B2N, basf2, GT
(difficult for beginner due to many many jargons..)

event triggered by upper bits are excluded in lower b|ts in table

Category Bit name and condition Raw rate Echusnve
(kHz) rate (kHz)

CDC B-physies ffy: #full track>=3, |z|<20cm 2.18 2.18
standard bits fyo: #full track>=2, A$p>90deg, |z|<20cm 1.77 0.73
ECL B-physies c4: #cluster>=4 0.47 0.26
standard bits hie: Energy sum>1GeV 2.02 1.54
Subtotal 4.7 4.7
KLM t/dark kimb2b, ekimb2b, beklm: Back to back sector hits 0.51 0.46
cdcklm, seklm, ecleklm: #CDC-KLM, ECL-KLM matching>=1 1.11 0.83
CDC t/dark stt: #full track>=1, |z|<15cm, p>0.7GeV 2.93 1.37
syo: #full track>=1, #short track>=1, Ap>90deg, |z|<20cm 1.93 0.63
fy30: #full track>=2, Ad>30deg, |z]|<20cm 2.59 0.22
ECL t/dark Iml: several combination of #cluster and energy 3.92 2.18
eclmumu: back to back low energy hit 0.63 0.01
Calibration PID (two photon) 0.35 0.16
with prescale>1  Other (Bhabha, yy, random, trg) 1.00 0.60

Total L1 OR of all bits 11.5 11.5


https://confluence.desy.de/display/BI/TriggerBitTable
https://docs.belle2.org/record/3109?ln=en
https://gitlab.desy.de/belle2/software/basf2/-/blob/main/trg/gdl/tools/trggdlWriteLocalDB.cc

List of output bits: B physics

Traditional condition same as Belle 2021c

Physics Raw rate | Exclusive
target (kHz) rate (kHz)

BB pair CDC #2track>=3, NNtrack>=1 with |z|<20cm >=1  1.40 1.40
fyo CDC #2track>=2, NNtrack>=1 with |z|<20cm >=1, 1.03 0.47
Ad>90deg 0.13 0.08
c4 ECL #cluster>=4, 2<0id<15 0.69 0.56
hie ECL Energy sum>1GeV, 2<0id<15
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hadron efficiency

Efficiency

BB efficiency performance
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Bhabha veto with ECL trigger

-Two back-to-back high energy electron is produced by Bhabha.

-If following condition satisfied at ECLTRG, it is judged as Bhabha
[E1>4.5GeV, E2>3.0GeV, 160<Ad,<200deg, 165<20.,,<190deg]

-~80% trigger rate reduction from Bhabha

-Most of trigger conditions has Bhabha veto
-for example, fyo, hie, c4

TOP VIEW

Belle Il
_=fg=aGey_ )M | Bhabha
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B o - \\
I ’T H:‘l N = Baam line axs / 3
Z :I E:L Aot +25 35mead. rotation § > 4
- :Hv ‘ i ( ¢ T
E>4.5GeV )

17



Injection BG rejection with kicker signal
-Huge background appear just after beam injection

Injection BG

-Almost all trigger condition is vetoed
when pre-kicker signal sent from machine

-ECLTRG signal
-veto signal
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Trigger menu for dark/low-multi

-TRG-DAQ workshop 2022, physics-TRG session
-In backup, definition of conditions are shown..

Triggers
Z" invisibile, dark Higgs fy30, cdcklm, stt
2’511, up fff/ffy, cdckim,stt (fy30, fyo) - E[?LC
A’ invisible (single y) hie, Iml6, ImI16 (Iml1, prescaled) — KLM
A’ visible without y stt, fyo, hie
X17/ A’ visible +y dpee (Iml,,hie, c2hie)
ALP-> v v (3y final state) hie (high mass) , ggsel (low mass)
ALP-> vy v fusion (ee - y vy e) ImlI2, hie (stt, Iml1 barrel)
Single °/m/n’ (ee > vy e) hie (stt)
up(y) control sample (for invisible A’ +...)  stt, beklm, cdckim (fyo, syo)
IDM + Dark Higgs hie (Iml12, stt [stt4/5])
ny for HVP hie, (ff, stt)
nrnly for HVP hie, bha3d (Iml1)
Dark showers stt, stt-ecl, hie for electrons (displaced VTX)

Triggers used now or in already planned extensions of analyses to the full dataset (and beyond)
12


https://indico.belle2.org/event/7727/sessions/2638/#20221201

TSIM

-Trigger logic is simulated on basf2 software, in order to estimate
trigger efficiency of signal and background. (Trigger simulation, TSIM.)

-Since MC14, most of trigger logic has been implemented with
good data/MC agreement, level of less than 1%.

-Example of tau 1x1 study
ECLTRG efficiency with tau 1x1,

Systematics of TRG

electron mode

=
'_Iu
o

=TT TR T T

——
t Data eff

for tau 1x1 analysis

m T T T 77 ':
,:l - ' McC ef'f_: Sys o u
o ]
; 1.00 1'M TEsSEELLssASELES SR LA RS D E LS "'1"”.7-1”]'-['_- Data'MC 0.05 0.05
L [
S 0.95 Ref trig 0.11 0.34
-~ 0.90
£ Exp dep 0.13 0.26
oo 08— O
S 3 Lo2sf 99.81 +-[0.011% 11 = Total (%) 0.124 0.437
Swoorst RAIERE
0 a 2 3 4 5 0
tag p CMS

20



TSIM for physics analysis

-On mdst, trigger information is stored on TRGSummary class.
Event variables are available for user. (Sphinx)

-Sbasf2 variables.py will show list of the available variables
-ex. if LIPSNM(hie)==1, event is triggered by hie. if ==0, not triggered.

L1 Trigger
L1FTDL (name) [Eventbased] Returns the FTDL (Final Trigger Decision
Logic, before prescale) status of the trigger bit with
the given name.

L1Input(name) [Eventbased] Returns the input bit status of the trigger

bit with the given name.

LIPSNM({name) [Eventbased] Returns the PSNM (Prescale And Mask, after
prescale) status of the trigger bit with the given name.

L1Prescale(name) [Eventbased] Returns the PSNM (prescale and mask)
prescale of the trigger bit with the given name.

-Example of implementation on your steering file

output = register module(
putput.param( , tools)
oputput.param( ' )
ain.add module(output)

-XWith run-independent MC, prescale configuration and trigger menu
can be different from data. Please be careful. 21


https://software.belle2.org/development/sphinx/trg/doc/index.html?highlight=trg

When you start physics analysis: high multiplicity

-If your physics mode has high multiplicity, like hadronic B decay,
high efficiency is expected. Effect from trigger expected to be small.

-Example of simple test to check the trigger efficiency:

-1. check ECLTRG energy 1GeV(hie) and ECLTRG #cluster>=4 (c4) efficiency
by MC, after all event selection

efficiency(hie) = (#events with FTDL(hie)==1)/(#events)

efficiency(c4) = (#events with FTDL(c4)==1)/(#events)

| -2. If efficiency is almost 100%, effect from trigger is small.

-3. If efficiency is not 100%, effect from trigger may not be negligible.
Please consult with trg-performance group (Chris).
-If you measure absolute signal yield (like Branching ratio), higher effect.
-If you measure ratio of signal yield (like A.), smaller effect.

22


https://confluence.desy.de/display/BI/Trigger+performance

When you start physics analysis: low multiplicity =

-If your physics mode has low multiplicity, you should care trigger
0. contact trg-performance group (Chris) to consult with it. Read Sphinx.
-1. choose high efficient trigger bit for your physics mode

-2. estimate trigger efficiency of your signal with MC:

Ny

Nan

where Ny is the number of all generated events, and fo}, is the number of ffy Santisnead events

€ —

-3. check data/MC agreement with reference bit, independent from signal bit:

J.ﬂllrj-f f lEl-Il.'j. ﬂrlﬂc Or J.i‘lﬁir.:::']
Cexp = Nhje OT 1

Estimation of matching efficiency

trigger event by gamma (hie)

z :\f ECLCluster

signal bit
reference bit
-4. if you are using CDC-ECL matching etc.,
control sample (like ppy) is needed to ensure
independence of reference bit and signal bit.

estimate matching eff. with p


https://confluence.desy.de/display/BI/Trigger+performance
https://software.belle2.org/development/sphinx/trg/doc/index.html?highlight=trg

Summary

-Try to introduce Bellell trigger

-Hardware trigger is used to reduce event rate and file size
-CDC, ECL, KLM, TOP are used for TRG with ¢ matching on GRL
-Many trigger conditions with B, Tt and low multi physics
_-Simulation with good data/MC agreement in general

-When you start physics analysis, you should consider effect from trigger.
-Higher effect for low-multiplicity physics channel
-consult with trg-performance group

24


https://confluence.desy.de/display/BI/Trigger+performance

backup

25



List of output bits: T
-CDC-KLM, ECL-KLM matching trigger 2021c

Physics Exclusive

target rate (kHz)

T stt CDC #full track>=1, |z|<15cm, p>0.7GeV 1.74 0.96
Syo CDC #full track>=1, |z|<15cm, #short track>=1, Ap>90deg. 0.74 0.38
yioiecll CDC #full track>=1, |z|<15cm, #inner track>=1, Ap>90deg. 0.37 0.08
Iml12 NCL > 3, at least 1 CL > 500 MeV(Lab)) (with@ID=2-16) 0.17 0.03
ecltaub2b  under optimization - -
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-ECL: ~90% eff. with hie, Imlx

-Data/MC check is on-going with tau experts

{—ECLTRG Data/MC agreement is ~1% level with MC14

T efficiency performance

>~90% efficiency for tau 1x1 with good data/MC agreement
{—CDC:"‘90% eff. with stt

-Trigger systematic is ~0.5%

e
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https://indico.belle2.org/event/7804/#3-physics-tau-datamc-compariso

List of output bits: lowmulti/dark

-Mainly ECL based photon trigger 2021c
Physics Raw rate | Exclusive
target (kHz) rate (kHz)

fy30 CDC #full track>=2, Ap>30deg, #|z|<20cm >=1 1.59 0.14
ISR,mMO FF  Iml2 ECL one CL 2 2 GeV(CM) with 6ID =2, 3, 15 or 16 0.18 0.01
singley ImI6 ECL only one CL 2 1 GeV(CM) with 81D =4 - 15 and no 0.18 0.03
other CL > 300 MeV(Lab) anywhere
singley ImI7 ECL only one CL> 1 GeV(CM) with 6ID=2, 3,or 16 and  0.15 0.04
no other CL > 300 MeV(Lab) anywhere
ALP ImI8 ECL 170° < A@CM< 190° , both CL > 250 MeV(Lab), no  0.08 0.05
2GeV(CM) CL in an event
ALP ImI9 ECL170° < A@CM< 190° , one CL< 250 MeV(Lab), one 0.34 0.28
CL > 250 MeV(Lab), no 2GeV(CM) CL in an event
dark ImI16 ECL only one CL 2 0.5 GeV(CM) with 61D = 6-11 and no 0.32 0.23
photon other CL > 300 MeV(Lab) anywhere, #CDC full track==
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-Mainly ECL based photon trigger
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List of output bits: lowmulti/dark

f 1020
204 1000(COC) I m | 7
! S40(ECL flange)

735(CDC)

-"‘
*

I A\

*e ! : 7 e e L e
I "bm = el : == :dr“‘E‘CL. \s E'-T TOP- - C ...... 5 ,l:} :
. EN =iy < g £ \ E>5‘QOMeV no CD track {2
v <& T b B ¥ 11} 2 8
. N E 1GeV, no other >300Mev/+” | @] ..o [T [ e By
] (%} . £ % a i
R i T2 ol gts 2= n - tige€
Yy 2 OQ,i o g‘ OIZ S €2 o | . 115529
g3l ] B S S oo |l =) s - [12-28
‘53“. gT«,“ SVD Pxn(zlayenr Lofo*HEz® &9 =it = S
=) 2 Iy ! a -~
28 1l 280 | EiE o 1 .
3 é 01'7‘? . ! 3,‘4" : x = i )f"ifi- S smalw"&‘lmuf
=13 i 3 2 | b R i
1020
000iCOC g VRGN L g {5 ¢ 5 S e 3 ¢ X
Ibﬂ)lll.‘i"::)! EC L 4 ; " ' ’5':;;:.‘ N
BCL ==, - TOP Deses | 1 BCL A3 Leses | %
" a0 pa— 2 F ¥
i =5 s + T Hs
» 13 3 X = L =
£ T —31 \ cbC - -1 ¥ Q9 - - - -
| s giE8 B is giigk
= ° 7.3 E = 8 7 el
E o ) < - ; -
gj 2 '.m PXD(2 layers) § 'iag ‘:ji PXD(2 layers) 8 ",Eg
28 =g 30 s 3 o a3 y
=B =3 i B Z B E 0
EE Ay T Smell call chamber = =i =
S —QouR e QCTRE et | . 1RE -
ey l?lf;l“ i Lol — b e = — f1
et SRt e R S | e it — — Bt [
ME e 5 s T L : ] MLE e T aciRp Y g2
5~ a0 25 S MI:— 'ac = ’ =3 omf_ "lac
i | [ 2HY P Chamber 2 3 H 2
“—‘f‘f": 627 2Crpoeayy 658 SI0yoml) ?, .""—"‘f"' 627 2HCrpoaY) B8 SICy o 3
| i wn 1544 ! @ | i o a“ 8
=/ ¥ 3 1 4 &
Y < ECL ¥ <
ECL :*i{” ECL ! N
| yommn® &
s o L R, SR AT A R o A3 SIS 3 S B s S A A R e A3 SANATARS, 1
! L o ) ] Y L ) ]

2870ECL harge)

ECL

back to back, both E>250MeV,

no other >2GeV, all © region
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List of output bits: muon pair

-KLM and ECL stand alone trigger

Exclusive

Physics Raw rate
target (kHz)
Muon pair mu_b2b #BKLM cluster>=2, A$>90 deg. 0.35
eklm?2 HEKLM cluster>=2 0.04
beklm HEKLM cluster=1, #BKLM cluster=1 0.20
ImI10 ECL 160 <Ag\,< 200 deg, 160 < 26, < 200deg, no 0.49
2GeV(CM) CL in an event
eclmumu ECL 160 <A@\< 200 deg, 165 < 26, < 190deg, E<2GeV 0.30
mu_b2b eklm?2

TOP VIEW

Forward

Barrel
Belle ll

Super conducting coll

Boam line axs
(After +25 85mead. rotabon )

Barrel
Belle ll

Super conducting coll

rate (kHz)

0.32
0.04
0.18
0.36

TOP VIEW




List of output bits: single muon

-CDC-KLM, ECL-KLM matching trigger

Physics
target

Single cdckim1-2  #CDC-BKLM matching>=1
muon ecleklm1 #CDC-EKLM matching>=1

cdckim1

. 3 . 7 1 " " ) " 2

TOP VIEW
Backward Barrel Forward
‘ Belle |l an
. .
> .
Kim Pe o Super conducting coll o “‘ i
., € s LR o
o 1 et o
o ol Tadnci e .
.
ECL ¢
£: ‘
$:
5
4
& L
acs Z: §
gl -e
—— = ¥ > £ r
Y — g e+
Beam line axs
{(After +25 95mrad. rotabon )
' el
*
»
*
»
KM o
¥
Q
.
»
G
.

Exclusive

rate (kHz)

0.27 0.15
0.42 0.30

ecleklm1

. 1 s [ 7 1 . 0 ) " 2

TOP VIEW
Backward /0‘ Barrel o Forward
. -
. Belle ll o o
. R
.
K P Super conducting coll o* KLM
* 2 T o
. £
eSS m )
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Dimuon efficiency performance
-High efficiency for Dimuon with wide angle coverage

dimuon efficiency

trig eff

1

0.8

J

Several combination of KLM related bits

0.6} .
2020 (data) by Chris
0.4 |
0.2 .
- ! ALR analysis is equivalent to Bap > ~22°
| N T T T S B
% ; 30 40 50 60

theta [d?eng} 6 ( de g)
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List of output bits: muon pair

-KLM and ECL stand alone trigger
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High trigger rate issue

-L1 rate reached ~11kHz at maximum. It is almost DAQ limit before LS1.
-Reduction of L1 rate and reinforcement of HLT are needed during LS1.

~ -L1rate(Hz)
10k | .

rrtml i

o 1034
-Luminosity,

Al

LER current
-HER current

i

1 ol
IdlL LD

|;.m




High trigger rate issue

-Trigger rate in 2022b was very high
-Total L1 rate=~11.5kHz, Luminosity="4.5 X 10734
-Trigger rate will exceed DAQ limit of 30kHz in future

-We can not keep high B physics efficiency with present system.

CDCTRG rate no change CDCTRG rate 50%

'§ fﬂ_ @ Total L1 rate oo
2 oF N @B physics bit rate|  *F
‘G-J’ mg_reach 20kHz at L=~10X 1 o —HLT limit "= reach 20kHz at L=~20 X 1034
g oo reach 20kHz at 1=720710 “E  reach 20kHz at L=~40 X 103

302 /"/ / 30[=

e At i

Goz‘ - ‘1‘0' o ‘2‘0' o ‘3|0' - '4|0' - IS!:]‘ 60 LuminOSity( x 1034) GE

-Major Upgrade is on-going during LS1:
-aim to reduce ~50% CDCTRG rate (challenge!)
-optimization and priority of trigger bits for low muliti phycis



Prescale discussion

-We are now discussing trigger menu and prescale after LS1

-If you are using specified trigger bits for your analysis, please let us know
-Otherwise the trigger bits can be discarded or CDC-ECL matching applied
-Jira
-physics-TRG session at Dec.15t on TRG-DAQ workshop

MNara Women's University 15:30 - 1550
Trigger bit for tau physics Alberto Martini
16:00 MNara Women's University 15:50 - 16:10
Trigger bit for PID {two photon) Kenta Lino
Nara Women's University 16:10 - 16:30
Bhabha veto Jurthao Yin
Mara Women's University 16:30 - 16:50
Physics performance vs time since injection Petar Kevin R'adaos
17:00

Trigger bit for lowmulti physics

Nara Women's University

Trigger menu discussion after LS1 and beyond

Mara Women's University

Enrico Graziani

16:50 - 17:10

Taichiro Koga

17:10- 17:30
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https://agira.desy.de/browse/BIITRG-41
https://indico.belle2.org/event/7727/sessions/2638/#20221201

Dead time issue 37

-Injection veto causes the DAQ dead time: ~°length of injection veto
Dead time = (dead time per injection‘j X (averaged injection rate)

-Injection veto causes the largest DAQ deadtime (2022ab: 5~15%)

" _LER BG duration (ms)
25 -HER BG duration (ms)

¥

" -LERinjection rate (Hz)
20 -HER injection rate (Hz)

danag
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15 -DAQ deadtime (%)
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Recent levell trigger system

Detector

>

analogue

)

Frontend

A

trigger

fast Levell

buffer

small datal FPGA

detailed large data

»
»

readout

-Digitize detector signal on front end board. Multiple detectors provide trigger.

-Send the signal to the trigger system with pipeline(no dead time, every clock)
-due to limited bandwidth of optical transceiver, detailed data not sent

-Decide to record the event with fixed latency of a few ps with FPGA.

Levell

ASICs
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FPGA

-"Field Programmable Gate Arrays” are programmable integrated circuits
-flexible modification of trigger logic, depends on operation condition or any issue

-Satisfy latency requirement for Levell trigger
-one digital calculation takes a few ~ a few tens ns
-optical transmission takes ~a few hundread ns

-Programmed by hardware description language
-VHDL, Verilog etc.

INA| INB L OUT
o | o [ o | programmable
0 1 0 p
1 0 0 TT T T T T T T T T T T TTT] 1/O00B @ AHHh70w4)
1 1 1 o )
0 O :I—[> PIN
B ) B N LIas e
. - - - 27
_Loglc cell - 0 -
_[I— ] | IWE n -
L | | LN A
LUT , = u
o || - (
Py . L] N e i — programmable
o)=L - B ' — | ’/ _
—{ — T e Wi
- ) ] B [ 1_Aswitch)
[TTTTTTTTTITTTITIT]

L

ing

w25
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https://toragi.cqpub.co.jp/Portals/0/backnumber/2009/03/p096-097.pdf

storage beam BG rejection with CDC trigger 2

-beamBG is coming from large Z vertex with low momentum

—> ~50times BG rejection by vertex and momentum cut
exp8 r1976 ; : = Track vertex distributions

(Lumi run)

l |”l‘|ll‘lll‘lllllll’l m T

CDCTRG Z resolution at IP

nnhwHecolMatchlPdZ0

12000 N Entne=s 78628
» ﬁ Mean 03176
- Sl Draw 6.543
10000 ¢ 2/ ndr 5275/ 57
B Prob ]
8000~ p BTG5 + 1B7 8
B P 06855 + 00506
- pz2 4 500 + 0082
6000 pa 2636 + 222 1
2 p4 -1.762 £ 0121 -3D
B ps B EAd + 016D
4000~ 4k
2000{- J} K
B o
G B 1 1 1 1 I 1 1 I 1 1 1 I 1 1 1 1 (J . U
—-100 -850 0 50 100
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CDC trigger: Track segment finder (TSF)

-Find bunch of wire hits (Track segment, TS) in each super layer

-TS is @ minimum unit of CDC Trigger

-pt>~0.35 is required (low pt with large curvature does not form TS)

Unpack data from Merger TSF clustering pattern
.
Combine edge between mergers @ CDC wire hit LayerQ Layer2-8
: TSF Sels
Persist signals _ _ E. L1 ols
! @hit with tdc ®
Clustering
Arrange cluster order CDC wire structure
Pack data to tracker i . RE Tl
@axial 0% 00558 022300585 ".'i'-'.i'-
SR edit o Hratl e AR
fissett KT 00 0:::': | ':‘:':‘ *e®s%e *e%e’e
232302 R0R020%e0000 3050 :o:o:o :o:o:o‘ :o:o:o
Super LayerO



CDC trigger: CDCFE->CDCTRG -

-digitize analogue signal on CDCFE

CR T

—————————— discriminator threshold

|
|
|
|
i
i B — LA
|

_ TDC on
‘ FPGA

-Only part of information is sent to CDCTRG with every 32MHz
-wire hit information (0 or 1): 80% of all wires
1-TDC (2ns precision): 15% of all wires

-no ADC

- 2.5Gbps X 16lane 5Gbps X 4lane
CDCFE
CDCFE CDCTRG CDCTRG
CDCFE Merger TSF
CDCFE

~300 boards ~70 boards ~10 UT4 boards



CDC trigger: 2D tracking

-Transform TS in axial layer to Hough plane (pt, ¢) with curcle
-Find a peak to reconstruct 2D track

w
Persist cluster input 30
¢ 25

43

Hough voting G-
v

] ] 15—

Coincidence c

. IO'_—

v e

. gl—

Hough clustering =
v st e e e W

Track findin
; e CDC wire structure

Link cluster to track

° 0" N
. . 00n 009 LT 2D tracking
@axial 102 00558 02330088855 ¢ setsel B+
Q. QL 422 U ... 4% ‘_'.0 ) - e
et} *e o | o
,. ) .:...
soesel
oo,
© sesels

Layer8



CDC trigger: 3D tracking

-Neural net with 2D track and TS in stereo layers to measure z position
-Training is done at offline with offline reconstructed track as teacher

-Result of training is implemented to FPGA with LUT

-1z|<15cm track selected

Persist cluster and track input

!

Search stereo cluster

v

Prepare Neural net input

v

Calculate NN nodes with LUT

\ 4

Pack NN output

@axial & W

-input: event timing, wire TDC, a, ¢rel

)
el B 7
> A
& _ 'l- '\Z‘ - ;' i.-':;' a.
:n.';Il J... i 3
R
. ¢ ReElERd
Q' r D Y
; T::E A
e
T "‘1.__;;.
--"io -.-:. "I"-'
J DE
i

-output: track z, 0

CDC wire structure

- 3D tracking




CDC trigger: inner track, short track

-Short/inner track is reconstructed with coincidence of 5/3 TSFs

-short: Look up table is made to search required ¢ pattern
-inner: just require three TSFs in =4 wire in ¢

-Not planned at Bellell but added since 2020

-large 6 acceptance for low multi physics and two photon
-no z measurement: high trigger rate

"’°"£ full track
““E __short track
°°°§ \\ inner track |
WOE vard ~ 1 1'““_.;“ J‘:
0™ 860 7508 400 300 i 0 1600 1760 1400 1600 Z
®axial , °.°'-# — seisel seetse
short tracking o - .: ~ - .
IP LayerO Layer2 Layerd

Layer6 Layer8as
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