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An asymmetric electron-positron collider
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Nano-Beam Scheme
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Belle 11 Detector
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Awaiting for the First Collision

Live broadcast of SuperKEKB/Belle Il first collision started on 12:00,
April 20, 2018 on Niconico

http://live.nicovideo.jp/gate/1v312372695
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First collision will happen in the next few days!
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http://live.nicovideo.jp/gate/lv312372695

Trigger and DAQ Challenges

« High Luminosity, High background
« Peaking luminosity at SuperKEKB : 8x103% cm-?s-1 (40 x KEKB)
« Total physics trigger rate ~15SkHz@8x1035 cm-2s-!
« Large beam-related, QED backgrounds
- Huge data flow from pixel detector (~1 MB/event)

* Physics processes triggers
*  Y(4S)+continuum: almost 100% efficiency

Dark photon
- Low multiplicity processes challenge trigger «'(e)
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Belle 11 Beam Background

@ Due to the low final state particle multiplicity of 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
*  Suppressed with movable collimators

/@
—4 ® @ ®
®6 %5 o %

@ Beam gas

*  Coulomb and bremsstrahlung scattering by the
residual gas atoms

« Rate « the vacuum level and the beam current

® Synchrotron radiation
« Rate x the beam energy squared and magnetic field squared

) Bhabha
@ Physical backgrounds SR
« Bhabha ee—=(y)ee .
+  Two photon: ee—>eeee < Dominant when .
.. : ST : L
« Rate x luminosity luminosity is high =
et et
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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 Triggers + Global Decision Logic (GDL)

CDC TSF ]——[ r-#(2D) Track { 3D Track } >
—| Track Count l—.

——| Opening Angle [————

——| Back-to-back [———

—__ Tmimg [

{neuralnet | >

ECL 4x4 Trigger Cell Cluster >
Cluster Count L

Timing | =

—{ EnergySum [~—T—{High Threshold| -

I Low Threshold | -

—{ Bhabha | >

BPID Hit | >
Multiplicity >

Topology L

Fine Timing >

KLN[ w hit '—_i Forward >
— Backward | »

—  Barrel | >

| 3D Muon Track| >

| Hadron Cruster | »

— NEw in Belle Il

Global reconstruction Logic(GRL)

Global Decision Logic(GDL)

—»
L1 trigger

Trigger Rate < 30 kHz
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CDC Trigger

* Track segment finder (TSF)

* Realized using one universal trigger board (UT3) cocLayero T5FLayer

* 9 UT3 boards in total i ocTmager o

) 2D TraCk Finder 3D Track Finder
* Aiming at charged track with Pt>0.3 GeV l 20 ks

CDC Layer 1 TSF Layer 1

* Using conformal transformation to detect circle

3D Track y

* Measurement of the axial coordinate of a track

CDC Layer 8 TSF Layer 8

* Neuro network
3D finder

Event
Display

ad hoc event display
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Study based on TSIM

Tracking Efficiency
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Y(3S) = nTx~Y(15), Y (1S) — Invisible
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Y(3S5) — 77~ Y(15),Y(1S) — Invisible
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Study based on TSIM

Nirk>=3
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ECL Trigger

- Upgrade Bhabha logic at Belle 11
« 3D Bhabha Veto Logic
*  Use r-0—¢ (3-D) information

« Keep efficiencies of Tt and low multiplicity

Procedure of 3-D Bhabha veto

Barrgl
[culcn ‘ c1ol 9 1 cs 1 c7 I ce ||cs l ca [ c3 l c2 ‘ a1 ] 1. Find clusters in whole ECL
‘r——— based on ICN logic.

F3

81 Cluster2 part Clusterl part 2. Divide ECL 2 parts.
F2

2 3. Find the most energetic
& Clusters in each part.

Backward ¢ o ring Foviard . Now we have two clusters.

&

4. Check two clusters(clusterl,
cluster2) satisfy the back to back

™ AE 8 topology (saved as table).
ooo
.

X / cluster 1
ooog H l
g .’0/”’/‘ 5
ooo ’ - .
&ster 1./ *» Tagging Bhabha or not using the
= topology satisfaction and two

’ clusters information
Bhabha in CM frame
* Energy of clusters

Position of clusters
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GRL

* CDC track and ECL cluster matching (new at Belle I])

expected hit S
e Match in r-¢ and Z directions posttion on 2= gptGrany cluster — -
e Ar, Az: the deviations between e TN
cluster position and expected hit arc length £ . ) N
position in r-f and Z directions, oie helkis R 2 helix cendr
respectively. A7 \ f
S _ \l IP.
, 7. Matching
I

2D ECL surface

" emmmmas 2D (r-p) Matching ~ ~
Pl S
\\\_—_;f \\‘
\ 1
?Lr Z 20 czl(l) \ |‘ @ :I * Ar, Az selections
_ .
Az Cﬁ\\ / |+ Match track t0 to the cluster ¢l with
N ot the smallest Ar 1n its (Ar, Az ) region
~ -
Scmmm—”  The rest are neutral clusters
e Electron ID with E/P
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Study based on TSIM

Proposed L1 Trigger Menu (Phase ll)

L=4 x 1034 cm2/s = 40 nb-1/s = 5% of nominal

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 K 7@\
N—
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Study based on TSIM

Proposed L1 Trigger Menu (Phase ll)

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

» 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) =

19



Study based on

TSIM

Proposed L1 Trigger Menu (Phase ll)

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 perfo

rmance study

e Trigger efficiency

e (Calibration

e |uminosity measurement

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

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

Tighten some trigger lines once the trigger and

DAQ system can

not undertake the rate.

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

10 |2 GeV E*in 2,3,15 or 16, trkBhabha or ecIBhabha § 171
11 |2 GeVE*in1or17, nota trkBhabha or eclBhabha M : 0040 236
12 |2 GeVE*in1or17, trkBhabha or eclBhabha - 10 N
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 Back-to-back clusters

< TT, yr, dark photon

20

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

Proposed L1 Trigger Menu (2020)

L =2 x 103 cm2/s = 200 nb-1/s = 25% nominal

e+e-|0.5 deg
122760|nb

Bit |Description Prescale|% Selected| exclusive Rate
0 |3 or more 3D tracks 1 0.0047 0.0040 1142
1 |2 3D tracks, 21 within 10 cm, not a trkBhabha 1 0.0057 0.0040 1387
2 2 3D tracks nnt a trkRhahha 20 0.0022 0.0020 528
__Similar to Phase Il .0044|  0.0010 1068
e Tighten some logics 0012]  0.0000 295
) .0042 0.0030 1019
e Further pre-scale some lines 0152 00110 3720
7 |2GeV E*in [4,14], not a trkBhabha 1 0.0041 0.0010 994
8 |[2GeVE*in [4,14], trkBhabha 2 0.0042 0.0010 1031
9 |[2GeVE*in2,3,150r 16, not a trkBhabha or eclB 1 0.0067 0.0030 1633
10 |2GeV E*in 2,3,15 or 16, trkBhabha or eclIBhabha 1 0.0239 0.0220 5856
11 [2GeV E*in1lor 17, nota trkBhabha or eclBhabha 20 0.0024 0.0020 589
12 [(2GeV E*in1or 17, trkBhabha or eclBhabha 20 0.0012 0.0000 282
13 [exactly 1 E*>1 GeV and 1 E>300 MeV, in [4,15] 1 0.0042 0.0030 1019
14 |exactly 1 E*>1 GeV and 1 E>300 MeV, in 2,3 or 16 5 0.0014 0.0010 331
15 [clusters back-to-back in phi, both >250 MeV, no 2 1 0.0034 0.0030 835
16 |clust back-to-back in phi, <250 MeV, no 2 GeV, no 3 0.0062 0.0050 1522
17 |clusters back-to-back in 3D, no 2 GeV 5 0.0052 0.0040 1264
Percentage selected by at least 1 trigger 0.0842 0.0700 20661

Cross section (nb) __103| 86

Rate, phase2 backgrounds, luminosity (nb-1/s) = 200 ( 20661 )
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Study based on TSIM

Efficiency

L =2 x 103 cm2/s = 200 nb-1/s = 25% nominal

Generated| Percentage| Accepted|Rate Hz 200 Fiducial Barrel

Sample Note sigma nb selected sigma nb nb-1/sec| efficiency %| efficiency %
Bhabha 0.5 & 5deg 122760 0.080 97.6 19519 86.9 80.7
gamma gamma 25.2 12.3 3.1 619 97.0 100.0
eeee 1693 0.15 2.5 498
eemumu 67.8 1.8 1.2 238
tau tau 0.919 85.5 0.8 157 88.9 96.1
mu mu 1.115 63.4 0.7 141 84.5 99.5
BB 1.05 100.0 1.0 210
u u-bar 1.61 88.4 1.4 285
d d-bar 0.4 88.1 0.4 70
s s-bar 0.38 93.8 0.4 71
c c-bar 1.3 99.5 1.3 259
2gamma production of ALP  [0.2 GeV 6.3

0.5 GeV 46.0

2 GeV 97.3

10 GeV 99.1 100.0
2gamma production of pi0 no tag 1.1 0.0

1tag
ALP--> invisible 9.3 GeV 72.1 92.9
ALP --> gamma gamma 0.2 GeV 99.1 100.0

0.5 GeV 99.3

3 GeV 99.6

9.3 GeV 99.6
a'->ee 0.5 GeV 98.0 99.9
a' --> invisible 0.5 GeV 83.5 99.9

9.3 GeV 58.9 94.0
gamma pi+pi- 0.5 GeV 91.6 99.9
tau --> e gamma 99.1 99.7
tau --> mu gamma 96.2 99.0
Y3S --> pi pi Y1S 29.1 40.1
TOTAL 22068
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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

23



HLT in Belle 11 DAQ

 Parallel processing: Multi-core, Multi-node

* ~10 HLT unaits, 20 nodes x 16 cores per unit
* Input: 100kB/event, 3kHz/unit, Output: 200kB/event, 1kHz/unit

Pxoil
—

30kHz :(
o

PXD readout box 1

10kHz

reco -~
rder —

-

reco

rderﬁ

|

reco
rder

10kHz
300kB/ev
= 3GB/s

reco

-
rder

. RAID
~10 units

.......... DATCON reduction ™
~0.5M chan. ~300 COPPERSs (Feed back to
. ~30 R/O PCs PXD R/O
SVD% tx m
- —» R/O S
<+ pcl—» 3
— os|
> <.
— | §
R/O 1/3 rate s
. - 30kHz :
> Belle2link reduction W04z FA
—— :E-Tv ! x| i 100kB/ev e~ | 200kB/ev
] —
Developed by Prof. Z.A. Liu’s group — % :@[ I
Important contribution by IHEP, China!!! @ HL% P
. -— —> —
' S ‘ ~ | = PC ~O(10) units of
e ~400 cores/unit
—
| RIO—>»
x| | & PC
Near detector E-hut DAQ server room
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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

25
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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

20
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HLT Commissioning

Realistic strategy of HLT commissioning in Phase 2

1. At the beginning of Phase 2, HLT is operated without
any processing. All the events are pass-through to Storage
* An intensive debugginig of “FastReco(=CDC+ECL recon)”
and “Level3” is supposed to be done offline.
* Also Rol generation is supposed to be debugged.

2. After FastReco(Level3) is proven to be stable, we will implement
FastReco(Level3) in HLT.
* The software trigger by FastReco only may be turned on
In case the trigger rate is too high.
* Debugging of full HLT script is done offline.

3. Then the full HLT script is implemented.

* FastReco trigger is turned on.
* But final software trigger is not turned on during Phase 2.

27



Software performance on HLT

Processin
Time/event (ms)

Test
e 20 cores (node 1, hlt03)
e ~2000 BB events

Processing time per event as a founction of Number of cores

s)

en

500

~550 ms/event/core

S
o
o

Processing tim

300

200

100

OC)
N
'S
D
©
o
—
N
—
N

Number of cores

1 ]
20

1
18
Number of cores

The times of procssing time of single core to that of N cores
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T(1)/T(N)
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T(1)/T(N)

OO
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Trigger Rate

Event Rate (kHz)
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# HistoManager for real HLT . o

histoman = basf2.register module('DgmHistoManager') C R D t I I I k

histoman.param("Port", int(argvs[3])) Osmlc ay a a a lng

histoman.param("Port", 9991)

histoman.param("DumpInterval", 180)
(

histoman.param("WriteInterval", 180) DQM of sub-detectors and HLT
-8 dogm_e0001r003653 root

main path.add module(histoman) icoc;t
(JECL;
# Raw data unpackers energy of ECL cluster CATOP;1

add unpackers(crashsafe path, components=compone e_ecluster IBKLM;T
_ — 5000 Entries 455820 (ATRG;1

Mean 0.2107 — - '
StdDev  0.1044 =24 C|A03mlc Ray_HLT;1
r0;1

IAZD;I

| & phio;1
|Ancdchits;1
lkp\;‘alue;l
|_kntrk;1

g pi;1
Lkpﬂf;‘

| pz;1

4 pi1

| pt;1

i T IAchargen
R A Lkneclcluster;]

pat E (GeV)
T . T , |_k e_ecluster;1
ootOutput ', outputFileName= crashing event ,
— [A phi_eclcluster ;1

_path, basf2.AfterConditionPath.CONTINUE) A theta_eclcluster:1

# cosmic reconstruction

POR0000

15000

h) foooo

IIII|1III|\III|]III|

WARNING) IA elv9_eclcluster;i
number of charged tracks |da Time_eclcluster; 1
x10° ntrk | &4 neclshower; 1
E ;’:2:3 4381‘?152 |4 time_eclshoer;1
S) 2501 Std Dev 06086 |ia &_eshower;1
B |44 nbkimhit;1
L | &a taverld_bkimhit;1
200 |4 sectorld_bkimhit;1
L |4 nekimhit;1
L | &a taverld_ekimhit; 1
150 n |A sectorld_eklmhit;1
L =23 StatisticsTiming_HLT1
100 '
main pat ~module(output) 50~
# Other utilities Nirk
HAHBHAHSHH

30

progress = basf2.register module( 'Progress')
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Physics Prospects

« There is still space for new physics contributions
* Open questions, €.g.

« New CPV phases?

« Sources of LFV beyond the SM?

«  Multiple Higgs bosons, dark sectors?

« Discrepancies between experimental results and SM predictions (e.g enhancements in semi-tauonic
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Penguin b—s decays

« Precision measurements of sin(2p) 1s important for the search of new sources

of CPV b ;“:“72

+ b—s transition via penguin diagram %{
+ sensitive to possible new heavy particle contributions . .
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EWP: B2K® vy

SM: penguin + box digram
Bsm(B*— K+vv) = (4.0+0.5)x10-
Bsm(BO = K*0vv)=(9.2+1.0)x10-6
arXiv: 1409.4557

Belle:

B(B™™ K*wv) <5.5x10-5,
Nsig=13.3+7.4-6.6, 2.0c

B(BY = K*0vv)<5.5x10-5

400
- SM signal

Q

(‘2350 assumed B+—) K+ vV
c300

@50 Ny = 91.5+322

c
200
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100
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8002 0.4 05 0.8 1.0 1.2 0.0 0.2 0.4 0.6 08 1.0 1.2
Eec, [GeV] Ecc, [GeV]

Belle, PRD 87, 111103(R) (2013)

Belle II:
Nsig~91.5£32.2@50 ab-!
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Semi-leptonic B decays

Semi-tauonic decay modes are highly sensitive to new physics
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LFV Tt

decays

« Lepton Flavour Violation is highly suppressed in the SM (e.g. Br(t—y) ~10-40),
LFV 7t decays are clean probes for New Physics effects

« Belle II : Sensitivity for LFV decay rates 1s at least one order higher than Belle
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Dark Sector

« Dark photon A’, motivated be in MeV-GeV mass Radiative decays of Y(2S), Y(3S)
=

« Probe leptonicaly decaying dark photons through mixing

« probe sub-GeV dark matter in invisible decays | \

2 2
. my—my,

)

2m,

A’ —1nvisible

w 1072 3

E787, E949

107 107 .

Expected sensitivity Belle Il 20 fb™' (simulation)

104 s 10‘4 =) ) PP N
107 107" 1 10
my (GeV)
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Search for dark matter in Y(1S) invisible decays

® Y(1S) invisible decay
+ In SM, B(Y(1S) — vv) = 10-5(PLB 441(1998) 419-424)
 If low mass dark matter less than b quark mass exist, Y(1S) —invisible is enhanced

« B<3x104at 90% C.L. by Babar: PRL 103(2009) 251801, other measurements by Belle: PRL
98(2007) 132001, CLEO: (PRD 75(2007) 031104)

® Production at Belle I
« eteT™ = Y(2,35) — i Y(1S), Y(1S)—invisible

« Two slow charged 7 in the final state
@ Dedicated trigger

* Trigger with low threshold of transverse momentum is needed

* Study i1s 1n progress
® Main backgrounds
- Two photon process ete- — ete- X, where e*e- are out of detector, and X= Tr*11/u*y-,

37



Charmonium(-like) states

* B decay, two photons collision, double charmonium production,
initial state radiation

3000 p

2500 F

2000 F

/10 MeV)

1500 f

(Pb

1000 |

Lum

500 |

- i Belle, 1/ab, 2010 ;
O e o o e e S S PSRN rSFETECE SN STFINIE BTSSP PSR PP R P [

3 3.5 4 4.5 6?
Ecm (GeV)
From Prof. C.Z.Yuan, 2018 FERBEKEREZMIEHITS 3 8

https://indico.ihep.ac.cn/event/7627/session/1/contribution/0/material/slides/0.pdf



Summary

» The trigger system have been improved significantly
compared to Belle
« 3D tracking.
« 3D ecl Bhabha logics.
« GRL, match between CDC-Track and ECL-Cluster.

- Abundant trigger menu.
. DAQ
« Large readout bandwidth, 3GB/s.

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

« HLT operation 1s smooth during cosmic ray test.

* First collision of Belle II 1s coming, many puzzles are expected to be
solved at Belle II.
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LNNU experimental particle physics group

* Location e

* LNNU is located in DALIAN, Liaoning province

« Job opportunity

« There is a strong theoretical particle physics group
in LNNU with 6 faculties. KR

*  We are building the experimental group. 2 faculty
positions for BESIII/Belle II projects are opening, am
please contact to me if you are interested in.
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