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Belle 11 Detector
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Belle 11 Physics
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Belle 11 Beam Background

@ Due to the low final state particle multiplicity for dark matter processes, background from
beams become a major challenge.

@ Total background is significantly higher than Belle

® Touschek effect
* Intra bunch scattering

®
@@/@@

« Rate x the inverse beam size, number of bunches et.al 7@ ® ,@ ® @ ®
*  Suppressed with movable collimators @/

® Beam gas () r{(’i’
*  Coulomb and bremsstrahlung scattering by the Bremsstrahlung °

residual gas atoms

e*(p)
« Rate « the vacuum level and the beam current

L. Coulomb ° Brem
® Synchrotron radiation
« Rate x the beam energy squared and magnetic field squared

Bhabha
@ Physical backgrounds SR
« Bhabha ee—=(y)ee _
.« Two photon: ee—eece — Dominant when
 Rate « luminosity luminosity is high
et et



Trigger

Scheme: Hardware trigger + Software trigger

* Level 1 (L1): hardware based

 High Level Trigger (HLT): software based, a
component of DAQ




L1 Trigger Scheme

Sub-Detector ]

riggers + Global Decision Logic (GDL)

— NEW in Belle Il

3D Muon Track

CDC TSF r-6(2D) Track 3D Track >
Track Count [
Opening Angle [~
Back-to-back [
Timing [ ™
neural net >
ECL 4x4 Trigger Cell Cluster >
Cluster Count >
Timing >
Energy Sum High Threshold -
Low Threshold >
Bhabha b
BPID Hit >
Multiplicity >
Topology >
Fine Timing >
KLM w hit Forward
Backward
Barrel

Hadron Cluster

Y v v vvy

Global reconstruction Logic(GRL)

Global Decision Logic(GDL)

—
L1 trigger

Max. Rate

: 30kHz



L1 Trigger Menu

e+e-|0.5 deg
122760|nb
Bit |Description Prescale|% Selected| exclusive Rate
0 |3 or more 3D tracks 1 0.0047 0.0040 228
1 |2 3D tracks, 21 within 25 cm, not a trkBhabha 1 0.0213 0.0170 1046
2 |2 3D tracks, not a trkBhabha 20 0.0022 0.0010 106
3 |2 3D tracks, trkBhabha 1 0.0087 0.0000 425
4 |1 track, <25cm, clust same hemi, no 2 GeV clust 1 0.0037 0.0030 182
5 |1 track, <25cm, clust opp hemi, no 2 GeV clust 1 0.0120 0.0090 587
6 |23 clustersinc. 21 300 MeV, not an eclBhabha 1 0.0271 0.0140 1331
7 |2 GeV E*in [4,14], not a trkBhabha 1 0.0041 0.0010 199
8 |2 GeVE*in[4,14], trkBhabha 1 0.0084 0.0000 412
9 |2GeVE*in2,3,15 or 16, not a trkBhabha or eclBhabha 1 0.0067 0.0030 327
10 |2 GeVE*in 2,3,15 or 16, trkBhabha or eclBhabha 1 0.0239 0.0210 1171
11 |2GeVE*in1or17, nota trkBhabha or eclBhabha 10 0.0048 0.0040 236
12 |2 GeVE*in1or17, trkBhabha or eclBhabha 10 0.0023 0.0010 110
13 |exactly 1 E*>1 GeV and 1 E>300 MeV, in [4,15] 1 0.0042 0.0030 204
14 |exactly 1 E*>1 GeV and 1 E>300 MeV, in 2,3 or 16 1 0.0068 0.0050 331
15 |clusters back-to-back in phi, both >250 MeV, no 2 GeV 1 0.0034 0.0020 167
16 |clusters back-to-back in phi, 1 <250 MeV, no 2 GeV 1 0.0281 0.0110 1380
17 |clusters back-to-back in 3D, no 2 GeV 1 0.0257 0.0110 1260
Percentage selected by at least 1 trigger 0.1499 0.1090 7358
Cross section (nb) 184 134
Rate, phase2 backgrounds, luminosity (nb-1/s) = 40 f 7@\
N—




L1 Trigger Menu

@onic e®

» e+e-|0.5 deg

-

Bit |Description <~ // Two-track \Q/e Rate
0 |3 or more 3D tracks 4 events, TT, ymm, Y 228
1 |2 3D tracks, 21 within 25 cm, not a trkBhabha \ Y(1 S) inv decay }J 1046
2 |2 3D tracks, not a trkBhabha ] /fO 106
3 |2 3D tracks, trkBhabha \ et.al /c./OOOO 425
4 |1 track, <25cm, clust same hemi, no 2 GeV clust m 182
5 < i 587
6 |23 clustersinc. 21 300 MeV, not an ecIlBhabha /

72 Gev E* I {4, 147, not a trkehabha w/ a large cluster events
8 |2 GeVE*in[4,14], trkBhabha T v-l-u-[ dark photon et.al
9 |2GeVE*in2,3,15 or 16, not a trkBhabha or eclBhabha \ ’ ’ ’

10 |2 GeVE*in 2,3,15 or 16, trkBhabha or ec|Bhabha § 171
11 |2 GeVE*in1or17, nota trkBhabha or eclBhabha M 0 236
12 [2 GeVE*in1or17, trkBhabha or eclBhabha - 10 110f
13 |exactly 1 E*>1 GeV and 1 E>300 MeV, in [4,15]

14 |exactly 1 E*>1 GeV and 1 E>300 MeV, in 2,3 or 16
15 |clusters back-to-back in phi, both >250 MeV, no 2 GeV Back-to-back clusters
16 |clusters back-to-back in phi, 1 <250 MeV, no 2 GeV 1T, Y1, dark phOtOﬂ
17 |clusters back-to-back in 3D, no 2 GeV &

Percentage selected by at least 1 trigger \ 358
Cross section (nb) 184 134
Rate, phase2 backgrounds, luminosity (nb-1/s) = 40 7@\

N—
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L1 Trigger Menu

L =4 x 1034 Cm'2/f/ | % of nominal
Hadronic events

—

Bit |Description <~

0 |3 or more 3D tracks

1 2 AN trarke >1 within 28 rmm nnt 2 trkRhahha

Some trigger lines are designed for
e Detector performance study

e Trigger efficiency

e Calibration

e Luminosity measurement

9 |2GeVE*in2,3,15or 16, not a trkBhabha or eclBhai:g

e+e-|0.5 deg
7 Two-track e Rate
events, TT, yrirg, 9 228
Y(1S) inv. decay /fg 104
etal oo 425
182
587

10 |2 GeVE*in 2,3,15 or 16, trkBhabha or ec|Bhabha

11 |2 GeVE*in1or17, notatrkBhabha or eclBhabha

0] 0040

w/ a large cluster events
TT, ynit, dark photon, et.al

171

236

12 |2 GeVE*in1or17, trkBhabha or eclBhabha

13 |exactly 1 E*>1 GeV and 1 E>300 MeV, in [4,15]

14 |exactly 1 E*>1 GeV and 1 E>300 MeV, in 2,3 or 16

Tighten some trigger lines once the trigger and
DAQ system can not undertake the rate.

Back-to-back clusters

< TT, yr, dark photon

11

Percentage selected by at least 1 trigger \ 358
Cross section (nb) 184 134
Rate, phase2 backgrounds, luminosity (nb-1/s) = 40 f7ﬁ\

N—




L1 Trigger Rate
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DAQ

Components:

* Unified data link (Belle2Link)

« Common pipeline platform for electronics readout (COPPER)
« Merge data pieces from all detectors (Event builder I)

* High level trigger (HLT): software based

13



HLT in Belle 11 DAQ

 Parallel processing: Multi-core, Multi-node
 ~13 HLT units, ~6200 cores
* Input: 100kB/event, 30kHz, Output: 200kB/event, 10kHz

)

PXD > ONSEN — >
~1 MB ~100 kB

/ event AAAAA / event

PXD
Regions-Of-
Interest

~100 kB| \ ~100 kB
" ]

—
SVD COPPER ROPC

—>
CDC COPPERZQ ROPC >
>
TOP COPPERZQ ROPC >
—>
e COPPERZE ROPC >
) U J Samples from full
data stream
\ [/ to online storage
ECL 3
COPPER ROPC > 1

KLM COPPER ROPC DQM Express Reco Event Display
J
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Storage
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HLT in Belle 11 DAQ

Parallel processing: Multi-core, Multi-node
~13 HLT units, ~6200 cores

Input: 100kB/event, 30kHz/unit, Output: 200kB/event, 10kHz/unit

PXD
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CDC
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ARICH
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COPPER
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MB

/ event

—
ROPC
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Zg ROPC

COPPER

Zg ROPC

1737

COPPER

ZE ROPC

A\

)

COPPER

vv

Zg ROPC

COPPER

%

ROPC

~ 3 0O < M
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AL

PXD
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Interest

Y

> ONSEN
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DQM

~100 kB
/ event

1 ~100 kB
g / event
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Online reconstruction and filter
same software as offline
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HLT

Physics Trigger: suppress event rates
from 30 kHz to 10 kHz

PXD Rol: provide HLT trigger result
and tracking information of SVD and

CDC to calculate Region of Interest of
PXD.

Calibration: Flag samples for the
calibration of detectors

DQM: Information from
Reconstruction for data quality
monitoring

16
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HLT Menu (example)

Filter name

Cut Condition

Cut

Prescaling

0.3ltEstar_max_clustlt2_GeV_plus_2_others_gt_0.

2 GeV [[nElow >= 3] and [nEmedium >= 1] and [nEhigh == 0]] 100
;_CE;set\a/rgH_GeV_cIuster_no_other_cluster_EstargtO. [NEsingleClust == 1] and [NEmedium == 1]] 200
l;ef‘?cffff[‘;'is_t?_r?}l—? e,‘! :cilust_ln_32130_and_no_ [[nEsingleElectronExtendedBarrel == 1] and [nVetoClust <= 1]] 100
Abundant trigger menu for [nEsingleElectronBarrel == 1] and [nVetoClust <= 1]] 10
hysics and systematics

p y y [nNReducedEsinglePhotonReducedBarrel == 1] and [nVetoClust <= 1]] 1
’glw_eF)rh(é}SQt_EEsstg%ttl)_g %/e_\clzlust_ln_32130_and_no_o [[nEsinglePhotonExtendedBarrel == 1] and [nVetoClust <= 1]] 1
t1h_eprh(c):}32t_EEsst; rr%tt10_.f(33 2/6—\(;'”3t—'n—451 15_and_no_o [[nEsinglePhotonBarrel == 1] and [nVetoClust <= 1]] 1
1_photon_Estargt1_GeV_clust_not_low_not_45115 [[nEsinglePhotonEndcap == 1] and [nVetoClust <= 1]] 50

_no_other_clust_Estargt0.3_GeV

2_looseB_tracks_0.8ltpstarmaxl|t4.
5_GeVc_not_ee2leg_eelleg1trk_eexx

[[nTrkLooseB == 2] and [maximumPCMSB > 0.8] and [maximumPCMSB < 4.5]
and [ee2leg == 0] and [ee1leg1trk == 0] and [eexx == 0]]

2_looseB_tracks_inc_1_tightB_qg==0_pstarmaxItO.
8_GeVc_not_eexx

[[nTrkLooseB == 2] and [nTrkTightB >= 1] and [netChargelLooseB == 0] and
[maximumPCMSB < 0.8] and [eexx == 0]]

2_looseB_tracks_pstarmaxgt4.
5_GeVc_not_ee2leg_eellegitrk_eellegle_eeBrem
B_muonPairVB

[[nTrkLooseB == 2] and [maximumPCMSB > 4.5] and [ee2leg == 0] and
[ee1leg1trk == 0] and [ee1leg1e == 0] and [eeBremB == 0] and [muonPairVB == 0]]

8_GeVc_not_eexx

[maximumPCMS < 0.8] and [eexx == 0]]

2 loose_tracks_0.8ltpstarmaxit4.5 GeVc [[nTrkLoose == 2] and [maximumPCMS > 0.8] and [maximumPCMS < 4.5]] 100
2 _loose_tracks_0.8ltpstarmaxit4. [[nTrkLoose == 2] and [maximumPCMS > 0.8] and [maximumPCMS < 4.5] and 9999
5_GeVc_not_ee2leg_eellegitrk_eexx [ee2leg == 0] and [ee1leg1trk == 0] and [eexx == 0]]
2_loose_tracks_inc_1_tight_q==0_pstarmaxIt0. [[nTrkLoose == 2] and [nTrkTight >= 1] and [netChargeLoose == 0] and 9999

17




HLT Limits

500 -
—— Exp 30: Run < 3324

—— Exp >= 31 + Exp 30: Run > 3324

400 -

100 -

HLT mean processing time per event [ms]

1.0 1.5 2.0 2.5 3.0 3.5
Avg luminosity, recorded [103*cm~?s~!]

HLT had to process 5-30% extra events,
depending on the background conditions.

Mean processing time per event increases
by ~33% (+large spread) at 3 x 10°* cm2s™!

18
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HLT Limits

HLT Max Throughput (w/o hyperthreading)

—— EXp 30: Run < 3324

—— Exp >= 31 + Exp 30: Run > 3324
1 +20% contingency on trigger rate
0 11/12 units active

W
9]

w
o
1

¥ HLT limit becomes more (injection)
= background dependant now.

5

— 20 A

©

(@)

2

E 15

O

=
(@)
1

0 2 4 6 8 10
Avg luminosity, recorded [103*cm~—2s~1]

Based on early exp 30 — can operate up to 9 x 1034/cm?/s
Based on late exp 30 and exp 31, 32, 33 — can operate up to 6.5 x 103*/cm?/s

 Optimization on HLT software is needed to handle higher luminosity!
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Summary

« The trigger system have been improved significantly compared to
Belle

- L1 trigger
- 3D tracking, 3D ecl Bhabha logics.

* Abundant trigger menu.
« HLT
« Large readout bandwidth, 3GB/s.

« New scheme of software trigger at Belle II, powerful trigger
capability.

20



HLT in Belle 11 DAQ

 Parallel processing: Multi-core, Multi-node
* ~13 HLT units, ~6000 cpu
* Input: 100kB/event, 30kHz/unit, Output: 200kB/event, 10kHz/unit

Pxoil
—

— 30kHz :(

- PXD readout box 1 10kHz
T 1MB/ev

ML '00kB/ev

~~~~~~~~~~ DATCON reduction ™ “’:?j:?-f—f
~0.5M chan. ~300 COPPERSs (Feed back to -
' ~30 R/O PCs PXD R/O s
svo% tx S S ulle" 0 g
% I := PC —» < . = |
CDC l B w | reco —
— = % *rder%
» , - :A N Q
PID%E—E_I;: R/O 1/3 rate | - | 10kHz
Belle2l|nk | po [ 39kHz reduction NEIZLLL: 300kB/ev
% ,x 100kB/ev | ~ 200kB/ev | = 3GB/s
et = . reco
7 5 @[J = rder
RO || 2 HLT farms
~ & PC ~O(10) units of ~10'?1¢]‘|'t2
e ~400 cores/unit
Y
e =
|| PC
Near detector E-hut DAQ server room
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HLT Software

Standard Offline Reconstruction

CDC VXD
Track Track ;.rt?f]k ECL %her
Finding Finding ting cC ec

HLT Standard Reconstruction and Trigger

CDC Fast VXD
Track E%(ezlc_ Reco Track ;ﬁﬁk %tgir
Finding Trigger Finding d

22
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L1 Trigger

Requirements

* High efliciency for physics process (physics event rate
20kHz@8x10%> cm?s™)

* Max. trigger rate 30kHz
— Limit from DAQ

* Fixed latency ~5us
— Limit from SVD front-end

* Timing precision <10ns
— Request from SVD front-end

* Two-event separation =200ns
— Request from DAQ
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