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Trigger?

-"Trigger” in particle physics (wikipedia)

-a trigger Is a system that uses criteria to rapidly decide which

events in a particle detector to keep when only a small fraction
of the total can be recorded.

physics signal
recorded

beam background collision w/o interaction
sometimes recorded not recorded



https://en.wikipedia.org/wiki/Trigger_(particle_physics)
https://en.wikipedia.org/wiki/Event_(particle_physics)
https://en.wikipedia.org/wiki/Particle_detector

Example of cosmic trigger with scintillator

-Let’s detect cosmic muon with two scintillators and an oscilloscope

-If we record waveform by hand, we can not see cosmic due to low rate
-Expected #cosmic signal per a record
= (oscilloscope timing window) X (cosmic rate)

-Most of recorded data is garbage

scintillator

PMT

~100ns X ~1Hz= 10"

U ~1Hz

scintillator 38

record

Oscilloscope




Example of cosmic trigger with scintillator

-Add cosmic trigger to take coincidence of two scintillator signals
-Discriminator: convert analogue to digital
-Coincidence: take AND of digital signals
-Delay: delay analog signal for waiting coincidence

-Most of recorded data is cosmic

scintillator PMT Delay
= Discri. ecord
I‘J' ff\\\ ﬂ -
[\ AND f Oscilloscope
o B B
—| Discri.
\< ~50ns .
scintillator PMT |




Example of cosmic trigger with scintillator

-Add cosmic trigger to take coincidence of two scintillator signals

-Most of recorded data is cosmic -

Delay

-Discriminator: convert analogue to digital ——(1Digital conversion
-Coincidence: take AND of digital sighals ————(@)Digital calculation
-Delay: delay analog signal for waiting coincidence «~—3)Buffer

event rate, data size reduction

— record

AND J_ Oscilloscope

»

»

scintillator PMT
L Discri.
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Recent levell trigger system

A

| trigger

small
Detector | ——— digital data @Leve”-
analogue |1Frontend ﬂ readout

signal @buffer

v

j\ detailed digital data

-Basic concept is the same as cosmic example:

-PDigital conversion on detector front end boards
-(2)Digital calculation on Trigger boards /
-3@Buffer on detector front end board to wait a few s until trigger comes

limited by buffer size

-To provide trigger within a few ps latency, FPGA is used for (2

ASICs




FPGA

-"Field Programmable Gate Arrays”(FPGA): programmable integrated circuits
-1/O: PIN for input and output

-Logic cell: combination of LUT(combination circuit)
and Flip flop(synchronous circuit )

-Internal writing: connect Logic cell, 10
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https://toragi.cqpub.co.jp/Portals/0/backnumber/2009/03/p096-097.pdf

Digital calculation on FPGA

-"Field Programmable Gate Arrays”(FPGA): programmable integrated circuits

. . . . input 1 —
-combinational circuit: el b= output :D— ~[>o

take AND, OR, NOT etc. AND NOT
e Lo mm
0 0
0 1 0 0 1 1 1 0
Look up table (LUT) ——
1 0 0 1 0 0
1 1 1 1 1 1
127MHz etc.

-synchronous circuit: o "o ol oLk _1 } | | I | | !
store output of
combinational circuit etc. ~ D | - : 5 L

GLK :lqj : '
. . Q w= !

D-Flip flop register

-Any combinations of above circuits can be implemented on FPGA.

The number of available circuit is limited by size of FPGA and latency
worse accuracy than software in general. major challenge.




FPGA technology

-FPGA performance has been improved in recent ~20years commercially
-~2times circuit size (logic cell) in each 3~4 years !!

-Trigger performance has been improved and accordingly
-advanced, complex algorithm with large resource

Proven AMD Versal™
architecture 2X system-level
drives performance and performance billion gates

efficiency with programmable
logic and hardened 1P such as
Scalar Engines, memory
controllers, and a
programmable NoC

estimated by customers to emulate
compared to previous systems*® tomorrow's designs*




Trigger in various experiments: collider

-Level1(0) Trigger: Hardware (electric circuit)

-High-level Trigger: Software (computer)
-No levell (Streaming DAQ) is modern movement, but not covered in this talk

ATLAS workshop

< 0

DATA FLOW

beam crossing | Levell trigger rate | High level trigger
rate (FPGA) rate (CPU/GPU)

ATLAS
LHCDb

LHCb
upgrade
Belle Il

40MHz
40MHz
30MHz

250MHz

100kHz 1kHz
1MHz 12.5kHz, 0.6GB/s
no Levell ! 2-5 GB/s

30kHz 5~10kHz, 1.8GB/s
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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
https://lhcb.web.cern.ch/speakersbureau/html/TriggerScheme.html
http://www.jahep.org/hepnews/2014/14-3-2-BelleIIDAQ.pdf
https://docs.google.com/presentation/d/1c4LvEc6yMByx2HJs8zUP5oxLtY6ACSizQdKvw5cg5Ck/edit?usp=sharing

Belle Il levell trigger
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Event rate at Belle |l

-Expected event rate at target luminosity Bhabha scattering
e*e” bunch collision ~200MHz
Beam background >~300kHz (2022) | |
iBhabha scattering (ete" - e*e’) >~50kHz i 5
o photon (we > wewe o) Sokz |
i-e_:e“;;; """"""""""" :'-ZT<_H-2- """"" i eam background
EContinuum (e*e” = uubar,...) ~2kHz i
Ee*e‘ > Y(45) ~1KkHz i
ie*e' - Wy ~0.6kHz i
ie*e' > T ~0.6kHz !
i.‘i"i['iP]E‘Et_e_r_/_”_e_"_"_Ei‘Et_'E'_‘i_?_______?_?_?_____________.i
Physics target ~15kHz

—60 —40 0 70 150 z [cm]

-Maximum trigger rate at Belle || DAQ is 30kHz
— trigger system is needed to reject background with S/N = ~1
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Requirement for Belle Il levell trigger
-Belle Il TDR in 2010: https://arxiv.org/abs/1011.0352

-Belle Il: 40times higher luminosity than Belle
-maximum trigger rate is increased accordingly
-latency is increased 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 ~16ns



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

Belle Il levell trigger system

-CDC, ECL: main triggers for charged particles and gamma
-KLM: trigger muon
-TOP: measure event timing

-GRL,GDL: matching of sub-triggers, final trigger decision 0: board

—: cable
detector frontend ~~levellTrigger ~ ~~~~~ DAQ

CDC

2D Tracker 3D Tracker [~

MNeuro Tracker [~

ECL

—|{f luster Findingl L

Energy Sum .

Global Decision Logic (GDL)

Global Reconstruction Logic (GRL)

TOP I| Hiit l[ Pattern Matching -

KLM | e J——fcraster rindime —
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Universal Trigger board (UT)

-Main board used by different sub-triggers commonly

-Large 10 with optical transceiver

-Large FPGA resource

LEMO, clock |

History of UT development

tome v _Juwan ren_nspecal s n

(test)

uT?2
(test)

UT3

UT4

2006 Spartan3 50k(?)

2008 Virtex5 220k
LX220T

2011 Virtex6 380~
HX380T,565T 570k

2018 Virtex 1000~
Ultrascale 2000k

XCVU080/160

LVDS 448ch

GTP 3.1x32Gbps

GTX 6.2x40Gbps
GTH 11x24Gbps

GTH 16x32Gbps
GTY 25x32Gbps

oy F

QSFP optical
| transceiver

RJ45
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Trigger system in Ehut

atch panel (connect different type of optical fibers)

clock UT4 UT3 vmecpu

distributer / / vmecrate
2 a ' ‘
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Trigger system in Ehut

B4




Sub trigger logic
(CDCTRG,ECLTRG)

18



CDC detector
-Central drift chamber (CDC)

-Reconstruct charged particle
-~14000 axial and stereo sense wire

-Precise tracking A
-drift time ¢ drift distance .\
-drift time ~500ns .

- -
A drift distance
7311"']'['
2 d
1m '.'.:::'.'.:::'.'.:::'.'.:::'.'.::::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.'.::'.'.'.::
Bu.u :::'.'..::'.'..::'.'..::'.'.'I::'.'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:::'.'.:: E
:::.'..::::.'..::::.'..::::.'..::t::.'."::.'."::.'."::.'."::.'."::.'."::.'."::.'."::.'.'.':
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Backward oo et Forwand
11- o I
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CDC Trigger
-Role: Trigger charged particles

7 1200

1000

-Three kind of track with different O region: «

-Consists of ~100 boards

CDCFE

CDC [=»
(288)

latency

—full track (fy)
-short track (s)
-inner track (i)

12.5Gpbs
ﬁ

Merger
(72)

full track

N s-hértvtrac,k

GRL
(1)

“t N\ Innertrack /= }
o a;h;b-obo 300 500500800 800 1600 1360 1460 1600 2
(): number of boards
20Gpbst  axial TSF | 25Gpbs >
(5) e 50Gpbs 5Gpbst >
__,| 2D finder J_> 3D trackers |iomo
(4) (4 conventional)
P| (4 neural net)
5Gpbs
[ ETF
(1)
L stereo TSF | 10Gpbs R
(4) 25Gpbs

PP > P P ¢ — P C———P> — P ¢————p ——>

~500ns ~400ns ~600ns ~100ns~500ns ~100ns ~250ns ~100ns ~250ns ~400ns
total: ~3.3us

~32ns
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CDC trigger: CDC front end
-digitize analogue signal on CDCFE

21
https://iopscience.iop.org/article/10.1088/1748-0221/12/06/C06014

signal input
GAE. T
‘h . . .
A 44 AN discriminator
threshold

V ...... X |

! |t$‘_’,’?z“€,fl/}§_|-'§q.

integrated charge s g »
(|f >6 ADC or not) : ] (Mg Belle2Link
TDC

wire hits — CDCTRG
power supply

trigger/clock

| firmware download

-Only part of information is sent to CDCTRG
-wire hit existence (0 or 1): 5 of 6 layers in each super layer

-wire hit timing (2ns precision TDC): 1 of 6 layers in each super layer
-integrated charge (0 or 1 ADC): 5 of 6

@:xial

layers in each su

per la er/\% o

e 2."%e

5560 %:/ “-)'..‘A'-/'. Z/\-M"-

. . /\‘%00 o g e, ot 0 %,

wire hit, ADC ALY seelte *et®e? *teltel

y Q2R 2520, 0o%0, Stelte, °3%e”e

oe's o s%°,% 0% ," % e .%.%

.o.-:o..o..o.... - ......‘ ....... ...... ......

11535550 $2e5%e ®e03%," :’.'0. 0%efe
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CDC trigger: MGR

-merge signal from four CDCFE https://docs.belle2.org/record/439/files/BELLE
-send merged signal to TSF 2-NOTE-TE-2016-013.pdf

Reload button —— 5
Power swittch —m@™@™M8M8 ——>

RJ-45 >

Lemo clk in

recelver for CDCFE
o e |V
AVADO 7934W7 —mm > .
AR
AVADO 7934W7 ——————> £ i~
AVADO 79Q4Z —D>
AVADO 7934W7Z —mm——>

AVADO 7934WZ ——>

Lemo [0 —mm™>

JTag —— 8 >

"~ V3.02 CDC Merger

2.5Gbps X 16lane 5Gbps X 4lane

CDCFE

CDCFE CDCTRG CDCTRG
CDCFE Merger TSF
CDCFE

X 288 boards X 72 boards X 9 boards 22



CDC trigger: Track segment finder (TSF)

-Find bunch of wire hits (Track segment, TS) to reduce noise and data size
{-require 4 of 5 layer hits in each super layer

pt>~0.35 GeV is required: curing track is not reconstructed at this stage

®axil CDC wire structure _ e TSF clustering pattern
%550 s ‘-,‘-.: SLO __ SL1-8
NTS ..... 25505 “s%%a @CDC wire hit o
""."""" e : D ﬂ 43 hit with tdc H
\A $3323 si3es ETS elselels] - "le
© s FECEG g gdgigegian: CTspatter
P super layerO super layerl ..
TSF algorithm
receive wire hit . .
with ADCSE H 500ns buffer ‘# AND (4 of 5 layer hits) q Pack TS info
IO. ljwireuhit ] 1| Look TS found or not  ~1° Position
[ | [ ] — | Up _ -wire hit pattern
o | [ Table -Left/right flag -TDC of central wire
ol | ] ] |— (pre-calculated _Left/right flag
" «—— in table)
~500ns ~500ns
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CDC trigger: 2D tracking 2

-Transform wire hit pattern inside TS to Hough plane (pt, ¢). Only axial layer.
-pt: 34bin in [0.3-10] GeV, ¢: 160 bin in [0-360] degree

1 -#wires>=20 is required (now >=16) in Hough peak https://docs.belle2.org/record/3592/
->98% efficiency at barrel, pt>0.4 GeV files/BELLE2-MTHESIS-2023-012.pdf

Hough plane

event display

phase3 BG MC

True track
=, True track
®axial . A X o..‘.'..-. :'.‘,:'-‘, 2D tracking




CDC trigger: 3D tracking

-3D track fitting to measure z position, by using neural network
-input: 2D track(d,,,, a), central wire hit timing of TSF
1-output: z,0 of 3D track

-Training is done at offline with offline reconstructed track

CDCTRG Z resolution at IP

nnhw2tubMIPdZ0
12000 L Entries 36319
r Mean -1.313
10000 Std Dev 5.037
- w2/ ndf 566.8 /63
L —_ Prob 4.037e-82
soool- 0=5.2Ccm b0 9131+ 1114
L p1 -0.9088 + 0.0207
- p2 2,023 + 0.031
- p3 1841+ 109.2
pd -2.025 + 0.057
4000 r pS 5171+ 0.096
2000 | by
0 PR Jj 1 L NP PP
-100 -50 0 50 100

delta z-position [cm]

Ztrg_zofﬂine(cm)

3D tracking




beam BG rejection
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-beamBG is coming from large Z vertex with low momentum
— ~10times BG rejection by vertex cut of |z|<15cm

'g “E exp8r1976 Track vertex distributions——
= z— (Lumu run) -
R CDC trigger track rate 2024/6
A0kHz.. 2D track
-3D track |z|<15cm
N -3D track |z|<15cm, p>0.7GeV {
1OkHZ“_4 ! ]l‘H “W“ﬁ ,l!IM J! I ‘ IL,!| L b li ‘l" lﬁ ‘ “,n
OkHz it AT A Iii At i~ A A AL i ;:::fﬂh?i L U/ e TR

JJJJJ

June 2nd

nnnnn



CDC trigger: performance
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-Major trigger conditions:

dimuon efficiency of

back-to-back 2track trigger

-f#ttrack>=1, p>0.7GeV (stt)
1-#itrack>=2, opening angle A$>90deg. (fyo)
-#itrack>=3 (ffy)

Trigger Efficiency

-~95% efficiency per track is achieved

0.6

04

0.2

)

1

0.8

{H*Hﬂi ++++++++“+++++*++++++++.++++—¢_,,

|
f

1 1 111 1 J 11 1 I L1 1 I 11 1 I 11 1 I L1 1
20 40 60 80 100 120 140 160 180
Ad(degrees)

-large run dependency due to CDC gas gain, dead channel etc:
At maximum ~10% change of efficiency. (much improved in 2024)

two track efficiency with mumu

ety fo N{tto&{Imljacimumu)N{Imiecimumu) exp26 Niffo&(imilecim N(imi[ecimumu) expa3l flo efficiency, N{ffod(Iml|ecimumu)l/N(Iml|ecimumu)
= 1 E I 1 H B H
b e v | gttt T Sanain s ko od o
= L AR ey Sbeaie b ”i;.n.% - : 3 i
;R 0 E > 1) ' 05: ! e B ., TITR | RO | v m " . — . T i i
‘['_ I 05[ hwﬁ t‘ q}i £ : ;
z ] -
T e e e e e B e e " ] ]
20i 800 00 1000 2000 400 600 800 1000 200 1400
numbs Run number




ECL detector

-Electromagnetic calorimeter
-measure photon and charged particles
! -excellent energy resolution with Csl
-high angular acceptance

Backward Endcap Calonimeter | |Forward Endcap Calormeier

Barrel Calormeler

e+

#3280

unit tmm?

20 m 10m 1.0 m 2.0 m 30m

8736 Crystals

Casing

Preamps

E “‘“’ﬂll!ﬂ]mlll e S

2 PIN-PDs
liL“’ ==
Gore Tex and \
Aluminum-coated
myler wrapping.
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ECL trigger: Shaper DSP

(): number of boards

Detector 52 VME around detector 4 E—hut )

‘ O TPD | SDSP |_> FAM TMM e |
(8736) I (576) (52) (7) E(?;" | coLn) |

[ Hse() |

J

. J\\ J \_

-Shaper DSP:
Take analog sum of 16 crystals (Trigger cell)

-Different shaper is used for ECL and ECLTRG
-200ns faster shaper for ECLTRG
-measured energy can be different from ECL

one Trigger cell (TC)

Outside the Belle detector

Photodiode || Two preamp. Shaper+DSP (16 ch) M

\\: Su
; seper |21
H‘> - 2MHz,18bit

Preamp. (200 ns) FPGA |




ECL trigger: FAM

(): number of boards

~N

Detector 52 VME around detector 4 l E—hut
Celtm):PD | By, | SDSP FAM TMM [ Gru1) |
reAmp
sse || LLts7e) ‘ (52) (7) EM > [Ceoin |
/ —>[ Hse() |
\ VAN VAN J

Degitization, waveform fit

-Waveform fit (only once by using a template) to estimate energy, timing

E 400 ---ee - Expected signal
a - —— Example fit
¢y 300
E n
L 200+
100} S B P
Dﬂ' AT .
0.5 1
8MHz FADC
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ECL trigger: TMM, ETM

(): number of boards

~N

-TMM: merge and send all TC energy and timing to'a UT4

-ETM: Combine next TCs to reconstruct a cluster

|TC

1.0]
=14/ -0k .a 0% 14
xinm

cluster

Bar

el

h-3

2
Forward Endcap

5

Mo Tim

ing Cut

Backward Endcap

Q‘\“

N

-
Z

'

U

S

e |

w:
\ 0.5

N

140 (&)

l ‘ —1.0
[Xi] =05 =14
inm

- >100MeV required to TCs: main reason of energy difference btw. ECL and ECLTRG
-if two TCs are combined, 22cm X 44cm X 30cm size. Big.

TC Event Display - High Beam Background (Example)

hialed Ent-_'lg;‘in Gay' =

Depo

Detector 52 VME around detector 4 E—hut
Celtm):PD | By, | SDSP FAM TMM [ Gru1) |
reAmp
sse || LLts7e) ‘ (52) (7) EM > [Ceoin |
/ —>[ Hse() |
. J \. J J
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ECL trigger: performance

-Major trigger condition:

1-c4: #cluster>=4 in 2<=0,,<=15

-~1% level data/MC agreement

-hie: energy sum>1GeV in 2<=0,<=15

-most stable trigger: small run dependency

ECLTCGO

010 =15

ClZ2CinCio C» C8 7 Ch C5 G4 Gy CkC1
barrel
Endcap FW

oiD=q7 L.
[ L]

| 5
- electron f positron

o =4

F3
Fi

. |n||:|=1|
Fl

L1 trigger efficiency

o
N

-several combination of cluster and energy (Imlxx)

L
(=}

o
(o0}

=
o

=
S

o
o

ECLTRG eff|C|ency with e

U

1 Data ef‘f |- MC eff

y /0.129

Q
o
]

025E 777 99,81 4+ [0.011%

eff ratio Efficienc

Data/MC

-----------------------------------

Belle I 2019
[Ldt=4.6 b1 |
1 GeV cluster trigger

05 10 15 20 25 3.0
E* [GeV]

Data/MC
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GRL

-GRL: Global reconstruction logic

-take ® matching of CDC/ECL/KLM/TOP
-event classification by using neural network I I I

$ mapping
at ECL surface

f / . ECL cluster

/)/’{natched track

unmatched track

> X

Efficiency

GRL :| subtriggers output

mmmmmmmmmmmmmmmmmm

Track/cluster

¢ matching

Efficiency with ppy

-
o
]

£
o i SR e SE e
e . ¥
usal THj'“*h*-;g ot N gt
0.94 — &) # '-H
o.ng—
0.9i— I t
w1 -CDC only |
0.86 .
0.84 'CDC+ECL matChlng
0.32;—
%5 05 04 2z 0 0z 04 06 o8
cosO,,

99.5% matching efficiency ;


https://indico.belle2.org/event/10215/contributions/67991/attachments/24730/36802/CDCECL%20Update.pdf

GDL
-GDL: Global decision logic

-ITD: adjust delay and persistence of input cocarL [ EcL KLV
-FTDL: calculate if trigger conditionis 1 or 0 [ Adjustdelay |
-trigger condition = AND, OR of input bit (output bit) 1
-in total, ~200 trigger conditions .| Logic calculation
f ]
-PSNM: apply prescale in each trigger condition F[Ei‘:—a]ﬂ
-prescale=10: fire a trigger if the trigger condition is — — :
satisfied 10 times i Tlmlngiiifcm?nl ........
-TMDL: combine trigger condition and event timing
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Veto
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Bhabha veto with ECL trigger

-Two back-to-back high energy electrons are produced by Bhabha.
Large cross-section: ~50kHz.

-If following condition satisfied at ECLTRG, “Bhabha veto” is fired:
[E1>4.5GeV, E2>3.0GeV, 160<Ad,,<200deg, 165<30.,,<190deg]
->~80% Bhabha rejection

-This veto is applied to most of trigger bits

TOP VIEW
Forward &

Barrel

Belle ll
- ~E>3GeV ¢ Bhabha

coc
g ; svo PXD(2 layers)
1) ) B "

acs EE - -
i Qcae : N Smel coll chamber =
e —ecuR. T i acme
e e o
T ——— 3 I LT =
= - . s acars
W Chamber

o8 Belle 1l solonod wos
11} ‘ \/(/
= -
cs V3 g e+
=1 @ acm “ 3 = >
v § ! e S e tason) . 1
ECL Jv < ECL
el
€ ¢ '
" E>4.5GeY < [
. e ,
KLM ’
e T el




New Bhabha veto with ECL trigger

-new Bhabha veto for energy sum 1GeV trigger: “90% Bhabha rejection
-additional veto: (#cluster==1 at endcap) OR (#cluster==2, lower energy at endcap)

->Will be activated if trigger rate reaches DAQ limit

1000Hz
OHz
t f ‘ | TOP VIEW "
~ ~E>3Ge
) "’”"-f,_“.','," Hllmm ‘ "
ECL — Lol ToB: skt b+
§ 1 Jl é ; 7\ ‘: Belie |
£ 2 layers) =
o, T=H E X 1_; : acame.
acae Gons . 41 Z acte
r i 'F = f«; ggggg ——— ]
— J > z

ECL energy sum>1Ge\

am : < '
with Bhabha veto
o -

ECL energy sum>1GeV
with new Bhabha veto

TOP VIEW
Forward #




Injection veto

-Huge background appear just after beam injection
-Belle 1l BG level is high every turn(10us), Injection BG
when the injected beam pass through Belle |l NS\ Y I

-trigger is vetoed for a while after beam
is injected to main ring ->~99% BG rejected

-ECLTRG signal
-veto signal

BELLE-I
Detector

SuperKEKB Main Ring

Nikko
Oho

Circumference: 3016 m
HER energy: 7 GeV
LER energy: 4 GeV

\nggier“ RF

-Veto causes large DAQ deadtime of 5~15%
-several efforts were done since 2019

Arc section

»"’ ~ a* Ir + r
s e Injection e*Inje



Belle Il Injection veto

-Injection veto structure
-(1~0.5ms after injection: veto trigger entirely (since Belle)

-(20.5~10ms after injection: veto trigger 3~4us around injected bunch (2019)
'-(3)10~30m:s after injection: veto trigger 1~2us around injected bunch (2020)

A

| Entries 362
Mean x Bt

-

_. #ECL hit - ECLVetoATterinjL

i _ injectionveto [dane; 2

time since injection / 1turn (us)

L Loy ‘|. JI '.:\ :..jr: i \\ I ”\ e e Ty
0 5000 10000 15000 20000 25000 30000
Time since last injection in us

time since injection(us) 39




Belle Il Injection veto

-Active injection veto (2024)
-check occupancy of ECLTRG(#TC hit) and CDCTRG(#wire hit)
-if occupancy is lower than threshold, take data even after beam injection

-~5% dead time reduction, 10~20% trigger rate increase.
Data quality may be affected - please analyze the 2024 data carefully !

do not take data take data
veto
>
°E -no injection
i -after injection

#CDCTRG wire hits
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Trigger rate and condition
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present TRG status

-Status @ 2024/6/10

-We almost achieved initial requirements !

-thanks to many efforts in LS1

new feature turned on:
tighter prescale,
CDCTRG ADC, new 3D,
stt disqbled

m requirement present status

Trigger rate  <30kHz

@ L=6.0 X 103°cm2st

Latency 4.4us

Event timing 10ns

resolution

Efficiency >99% for BB pair

~5.5kHz (~2.5kHz w/ new feature)
@ L=3.8 X 10%*cm2st

=
4.4ps S
~8ns &

>99% for BB pair &
>95% for Tt pair 2
dark search trigger 2
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Levell trigger rate fraction @ 2024

-exp33run250, Total L1 rate=~7kHz, Luminosity="~3.5 X 1034
-injection BG ~1kHz, storageBG,luminosity~6kHz

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

Category Raw rate Excluswe rate
(kHz) (kHz)

ffy: #full track>=3, |z|<20cm 0.60 0.60
standard bits  fyo: #full track>=2, Ap>90deg, |z|<20cm 0.89 0.48
ECL c4: Hcluster>=4 0.40 0.21
standard bits  hie: Energy sum>1GeV 1.36 1.03
KLM t/dark kimb2b, eklmb2b, beklm: Back to back sector hits 0.46 0.40
cdcklm, seklm, ecleklm: #CDC-KLM, ECL-KLM matching>=1  0.45 0.22
CDC t/dark stt:  #full track>=1, |z|<15cm, p>0.7GeV 1.91 0.93
syo: #full track>=1, #short track>=1, A$p>90deg, |z|<20cm 1.21 0.43
fy30: #full track>=2, Ad>30deg, |z|<20cm 1.16 0.07
ECL t/dark Iml: several combination of #cluster and energy 2.92 1.65
eclmumu: back to back low energy hit 0.63 0.01
Calibration PID 0.24 0.09
other (Bhabha, yy, random, trg) 1.87 0.92
Total L1 OR of all bits 7.0 7.0
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List of output bits: B physics

-Traditional condition same as Belle

2021c

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

BB pair

fyo

cl
hie

BitName

CDC #2track>=3, NNtrack>=1 with |z|<20cm >=1
CDC #2track>=2, NNtrack>=1 with |z|<20cm >=1,
Ad>90deg

ECL #cluster>=4, 2<=0id<=15

ECL Energy sum>1GeV, 2<=0id<=15

1.40
1.03
0.13
0.69

Expected efficiency of generic BB (MC)

eff(% eff(%0)
94.11 95.11
00.70
46.41 2804
15.18 28.24
3.88 100
05.03 100
1.34 08
14,04 08.34
05.03 0
0 95.11

1.40
0.47
0.08
0.56
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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) - EELC
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 v e) Iml2, hie (stt, Iml1 barrel)
Single t°/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)
<42


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

Physics analysis
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When you start physics analysis

-If your physics mode has high multiplicity, high efficiency is expected
-we expect no need to take care trigger so much for your analysis

-Nevertheless, it is recommended to check trigger efficiency of data
-In 2022, degradation of CDCTRG was seen by CDC gain drop, dead ch etc.
-In 2024, active injection veto has been turned on.

There might be impact on physics performance.

exp26 fly efficiency, N{ffy&(c4|hie)}/N(c4|hie)

Eosr'vmnﬁm.,w‘m |
' Rl B i o

Y| S SRS SYSCRRE. SURRE QUSYUR TORTONE UESIOR: EVETRNE. RTCE R, S

:- 11 ] I L ‘ 1 11 I 11l | ) M S | | | I .| [ | . | I | . l . | 11 1
00 200 400 600 800 1000 1200 1400 1600 1800 2000
Run number
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When you start physics analysis 4

-If your physics mode has low multiplicity, you should care trigger.

-0.
-1.
-2.

contact trg-performance group to consult with it. Read Sphinx.

choose high efficient trigger bit for your physics mode
estimate trigger efficiency of your signal by using MC:

Nty
Nan

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

€ —

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

-because N_, can not be estimated by data

all

N

signal bit
reference bit

. apply correction and/or estimate systematics


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

When you start physics analysis 49

-Past documents to estimate trigger efficiency:

-mumu efficiency study: https://docs.belle2.org/record/4023/

1-tau efficiency study: https://docs.belle2.org/record/19447?ln=en

-single photon efficiency study: https://docs.belle2.org/record/19727ln=en

-Especially, ppy is a good control sample to estimate trigger efficiency
-y is triggered by ECL, y can be used for study CDC,KLM (vice versa)

Estimation of matching efficiency

trigger event by gamma (hie)

\
i

K?EC LCluster

r A
ra

estimate Eatching effv hpu


https://docs.belle2.org/record/4023/
https://docs.belle2.org/record/1944?ln=en
https://docs.belle2.org/record/1972?ln=en

Trigger informatin on basf2

-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
L1IFTDL (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(
output.param| , tools)
putput.param( ' )
ain.add module(output)

-XWith run-independent MC, prescale configuration and trigger menu
can be different from data. Please be careful. 50


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

Summary

-Introduce trigger
-various importance with various experiments
-hardware(FPGA) and/only software(computer) trigger for collider

-Belle Il trigger

-CDC, ECL, KLM, TOP with ¢ matching

-Unique logics on FPGA

-Many trigger conditions with B, T and low multi physics




backup
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Optical transceiver technology

-Optical transceiver performance has been in improved recent ~20years
-~2times bandwidth in each 3~4 years !!

-Trigger performance has been improved accordingly
-receive detailed data from detector frontend

| trigger 1

v

@Levell
(DFrontend| optical

@buffer transceive

Bit/s

800G
400G

200G
100G

= >
<
Storage IC (ROM) / A 408G QSFP28

25G
Electrical Connector

» ;
PIN + TIAROSA "o "' L= e

Outer Casing Post AMP IC 256G - XFP SFP+

&
Product Teardown Image of an Optical Transceiver 1 > 2 5 G S F P

{{{{{{{{

2000 2005 2009 2010 2012 2016 2019 2020
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-sub board

Universal Trigger board

sub FPGA for VME control
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Universal Trigger board

-main board Main EPGA

LED
power distributer
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Universal Trigger board
-LVDS board

power distributer
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Pipeline processing
-"Pipeline processing” is used for all logic to achieve no deadtime requirement

-All Belle Il trigger logic is implemented by using the pipeline processing
-...except for KLM/TOP Merger

(AR DHHEITY A 7 0]

s+ B
842 . = q

deadtime

BE

(754 75 4 %]

R E DR

F:amSHHL, D:®Bi%. A.:TFLAHA, R: AT FEHL, E: BT
no deadtime
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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

-Example of tau 1x1 study

ECLTRG efficiency with tau 1x1, Systematics of TRG
electron mode ! for tau 1x1 analysis
o 110 e Sttt _
r:l Los b Data eff I MC eff _ Sys e u
o ]
; 1.00 prsrrrssrrssampanssssssennmnss ‘1*1[;1:1..[_' Da-ta_MG 0.05 0.05
g oss - Reftrig | 0.11 0.34
()
£ Expdep | 0.13 0.26
Lo 0.85 ' L @)
S B Lo2sp 99.81 +-[0.01]% | | = Total (%) | 0.124 0.437
= L 1.000 - vttt b bt 1 S
BEOSE 5
oo 1 2 3 4 5 a




CDC trigger: inner track, short track

-Short(inner) track is reconstructed with coincidence of 5(3) TSFs on GRL
-short: Look up table is made to search required ¢ pattern
-inner: just require three TSFs in =4 wire in ¢

-Not initially planned at Belle Il but added since 2020
-large B acceptance for low multi physics and two photon
-no z measurement: high trigger rate

full track
sh¢rttrack
erinnerfrack

- 0050 TR R A
B . .00"
B ° .’.0 0....‘.0. .°.0.°.o
1 ®00e AL 2.%0_" *s.%,
aX|a| ‘ ° o0 % 0.'0.'
) # ...... .... o
...... ......
098’20, %l
o o o
...... short tracking etece,
T ;....5 :.:.:.
..... o20%e%, 0202, °
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KLM Trigger

-Search muon in each sector

-Simply count number of hits:

| if #hit>7, it is judged as muon

-Tracking development is on-going

E-hut \]\]_,

Serial Aurora
pratocol data
from DataCaon

—_—

FEE links
interface

Test pattern
generator

KLM-TRG link proc =16

L
_|+

(procassing of the rigger data per sector)
-

trg_logic

track_find
count numbes af tl‘g_dE‘Lﬂ}"
fired layers

< BFS)—>(BF7

12 superiayers

¥yYYy

trg_cntr

OR for rg signals from all sectors
couri number of fired Sectors

make back-to-back flag

s ~ 4
N ‘ ~N— EF."//;

Oho_

to GDL/GRL
 —a

j
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Dimuon efficiency performance
-High efficiency for Dimuon with wide angle coverage

> £ 1F — I e e B e e s
8 E’ I :
2 0.8 -
i - -
t'G;J DE: ' 99.45% | Several combination of KLM related bits
S F 2020 (data) by Chris
> 0.4 ]
£ | '
S . :
0.2}, ]
! * ALR analysis is equivalent to Biap > ~22° :
o3 a0 s e 70
: theta (deg) e(deg)



Event timing determination
-Trigger timing is determined by ECLTRG, CDCTRG, TOPTRG
-ECLTRG: timing of the highest energy TC

1-CDCTRG: median of the fastest timing of TS associated with 2D track
-priority: (MECLTRG (@ CDCTRG BTOPTRG

-Better timing resolution than requirement of 10ns

Event timing resolution
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Short term upgrade

-advanced trigger logic to reduce background trigger rate
-new FPGA(UT4,UT5) to improve CDCTRG tracking, by using all wire hits

-new tracking algorithm (deep learning, high level Hough transformation)
@®axial

l CDC wire structure

*priority wire T -
R S - e cete +%*%%* | 3D/NN tracking
*additional wires T O
% ... ..'. T .y
L)

e
ooooo
ttttt

Shan
. ‘s
T

s s : - i o : O )
IP LayerO Layer2 Layerd Layer6 Layer8
Deep learning 3D tracking comparison of z resolution
“ g , Means 1 = -0.3966 + 0.014 E . Means 1 = -0,00335 + 0.0036
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Long term upgrade

-Upgrade trigger with Detector upgrade
-new CDC frontend board (~2026): send TDC and ADC of all wires

{-new ECL readout board (long shutdown 2 ??): read Crystal one by one

-new VXD (long shutdown 2 ?): implement VXD trigger functionality

CIEREDFHHAH L(4x4R)
OFHFEAHLAK)

e, E=2000.0MeV,B, =15T

8 15— T T 1 03;‘ Trigger efficiency vs z (pr=0.5GeV/c, 30" =6<120")
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List of output bits: muon
-CDC-KLM, ECL-KLM matching trigger

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

Single cdckim1-2  #CDC-BKLM matching>=1 0.27 0.15
muon ecleklm1 #CDC-EKLM matching>=1 0.42 0.30
Physics Raw rate | Exclusive
target (kHz) rate (kHz)
Muon pair mu_b2b #BKLM cluster>=2, A$>90 deg. 0.35 0.32
eklm2 H#EKLM cluster>=2 0.04 0.04
beklm HEKLM cluster=1, #BKLM cluster=1 0.20 0.18
ImI10 ECL 160 <Ad\,< 200 deg, 160 < 20,, < 200deg, no 0.49 0.36
2GeV(CM) CL in an event
eclmumu ECL 160 <Ad\,< 200 deg, 165 < 20,, < 190deg, E<2GeV 0.30 -
cdcklm1 mu_b2b
i ® B it L . TOPVIEW |
=T . — p

'- ws ol
o .
wix e o 66



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
ecltaub2b3 under commissioning - -
! 204 33 M;.(%’c::i stt m' . ! 20; 33 9..;'&“{31":5’& syo m" : )
N1 eoc ElT St ElT
232 g5 22 T 52
} 83 PXD(2 layers) Hli = |§:§ 29 % §Z%
et i ~ A= TR



List of output bits: lowmulti/dark
-Mainly ECL based photon trigger

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

fy30 CDC #full track>=2, Ap>30deg, #|z|<20cm >=1 1.59
ISR,mMO FF  Iml2 ECL one CL 2 2 GeV(CM) with 6ID =2, 3, 15 or 16 0.18
singley ImI6 ECL only one CL 2 1 GeV(CM) with 81D =4 - 15 and no 0.18
other CL > 300 MeV(Lab) anywhere
singley ImI7 ECL only one CL> 1 GeV(CM) with 6ID=2, 3,or 16 and  0.15
no other CL > 300 MeV(Lab) anywhere
ALP ImI8 ECL 170° < ApCM< 190° , both CL > 250 MeV(Lab), no  0.08
2GeV(CM) CL in an event
ALP ImI9 ECL170° < A$CM< 190° , one CL< 250 MeV(Lab), one 0.34
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
photon other CL > 300 MeV(Lab) anywhere, #CDC full track==
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Change of prescale

List of high-rate physic trigger bits

discarded | alternative Change of logic Raw rate Exclusive rate Physics target
bit name | bit name reduction (kHz) | reduction (kHz)

sttecl apply CDC-ECL 2.0->1.0 1.0->0.4
matching
cdcklm ycdckim require NN track 1.1->0.53 0.83->0.36 single p(barrel)
seklm eclekim single p(endcap)
syo, syoecl, apply CDC-ECL 1.8->0.40 0.46->0.10 tau, PID
syb sybecl matching CDC-ECL matching
yioiecll  -- disable 0.5->0 0.3->0 endcap two track
hie hie3 additional Bhabha veto 2.0->1.2 1.5->0.8 B, T, single photon
to endcap new Bhabha veto with E>1GeV
ImI2 -- prescale by 10 0.61->? 0.34->? y with wide 0 range
ImI7 -- disable 0.38->0 0.25->0 single photon sideband
ImI9 -- disable 0.67->0 0.49->0 ALP
ImI10 eclmumu acceptance affected 1.1->0.63 0.70->0.51 MU
ImI13 disable
ImI16 -- prescale by 10 1.0->0.1 0.66->0.6 single photon with

E>0.5GeV
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GRL

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

CDCTRG,ECLTRG,KLMTRG
track and cluster inputs (~100 nodes)
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TSIM

-TSIM has been developed and can be used for physics analysis

-KLMTRG core logic modified with release06 to be consistent with firmware

-most of trigger bits are implemented with release06
-~5% data/MC agreement for signal efficiency estimation (tau)

-Useful links
-Available and missing trigger bits in TSIM release05

-How to generate signal MC with release06

- example code
- release-06-00-05 or later with global tag of “L1_config_exp 22 run_ 290"

-Available event variables
-L1FTDL(name),L1FTDLBIt(bitnumber) returns if the output bit satisfied w/o prescale.
-L1PSNM(name),L1PSNMBIt(bitnumber) returns if the output bit satisfied w/ prescale.
-L1Input(name),L1InputBit(bitnumber) returns if the input bit satisfied
-source code: analysis/variables/src/TriggerVariables.cc

-Make lJira ticket and notify us if you have any TRG software request © .


https://confluence.desy.de/display/BI/Trigger+Bit+Table+for+exp+12+physics+runs
https://agira.desy.de/secure/attachment/53413/particleGunNtuples.py
https://stash.desy.de/projects/B2/repos/software/browse/analysis/variables/src/TriggerVariables.cc
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