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SuperKEKB Accelerator

* New facility to search for new physics by studying B, D and 1 decays
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« Electron-positron collisions at Vs = 10.6 GeV

Super-KEKB

" New beam pipe SuperKE KB

& bellows

ok it (% o B (cm) g A AT Add / modify RF systems
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER for higher beam current
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2,100
o < > W 34
SuperKEKB 4.0/7.0 €_0.27/0.30 3.2/2.5 41.5 3.6/2.6 60x 10 Low emittance positrons
factor 20 factor 2-3 to inject Positron source

Damping ring ’\\
» Unprecedented design luminosity of ~6x103% cm-2s-1, W/

Broke the world record last month!

New positron target /
capture section

Low emittance gun

@KE K Low emittance electrons

* First beams/commissioning in 2016, Belle Il rolled Tsukuba, Japan to inject

in 2017, first collisions in April 2018
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Belle || Detector

» Phase 3 of data taking began in March 2019 = ~74 fb-1 collected so far

* Results shown today are with the 2019 dataset = 8.8 fb-1

Belle Il Online luminosity

Exp: 7-8-10-12 - All runs

74 Integrated luminosity
mmm Recorded Weekly

1= IERecordeddt = 74.10[fb_1]

Total integrated Weekly luminosity [fb~1]

Plot on 2020/07/28 23:02 JST

Total integrated luminosity [fb=!]

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

)—“ (end-caps , inner 2 barrel layers)

EM Calorimeter /

Csl(TI), waveform sampling electronics

i
|
Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

« Aiming for 50 ab-! over the next ~10 years (50 times Belle dataset)
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L1 Trigger System

« Total phy3|_cs event rate at SuperKEKB design luminosity is ~20 kHz, Physics process Cross section (nb) _ Rate (Hz)
~3% of which comes from ee—t Belle | Y(4S) — BB 12 960
je«x ete™ — continuum 2.8 2200
* Sizeable beam background N phpT 0.8 640
- Touschek and beam-gas scattering A T 0.8 640
iati " A Bhabha (6. > 17°) 44 350 @
- synchrotron radiation ! B i ¥y Orap, > 17°) 24 19 @
- radiative Bhabha, injection + more S e 2+ processes b ~ 80 ~ 15000
NG T Total ~ 130 ~ 20000

« L1 trigger must reduce physics + bkg
rate to a maximum of 30 kHz

chDC H TSF —— 2D Tracker (—— 3D Tracker (| .
« Requirements — Neuro Tracker [~ §’ 2
- high efficiency for physics processes > é E 1 triaqer
- trigger latency ~5us, timing precision < 10 ns ECL  |—{4x4 Trigger Cell|——| Cluster Finding] SR :§ )
- two event separation > 200 ns —[: TR R § é
TOP |— Hit t—— Pattern Matching | b % g
« Two primary components: CDC and ECL triggers N
- CDC 2D (r-¢ space) track finding KLM | — Hit — Cluster Finding——{  Tracker
- ECL total energy and cluster finding, Bhabha veto ~5ys after beam crossing
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Tau reconstruction

* ee—tt events are an ideal testbed of L1 performance for low multiplicity physics @ 1800 Fr—r T
C r . . 1
- large cross section: o(zt) = 6(BB), at \s=mvas) 2 e Be"e; I;i'rr;:;at'on
r Tr—1X
- wide variety of signatures involving tracks (e,p,T) and clusters (e,,T,TT0) 1400 £ 7
1200 |- — ub+dd+ss
3% + na’ _ 1000 | :ggy
* Reconstruct 1-prong, 3-prong T decays in 6 channels: goo [ other
- e-3m, J-3m, mW-3m, ed, MM, UM 600 £
400
* E/p + likelihood based electron, muon and pion ID 200 3 . ] ]
%6 065 07 075 08 085 09 095 1
« Tracks required to be 1x3 or 1x1 wrt thrust axis Thrust value
%) 1400 r- -~ -~ 1.+~~~ 1.~ 1 T T
1x3 selection 1x1 selection & o0 [ Belle Il Simulation « _:
L —1x3 ]
+ thrust value >0.9 * 0.89 < thrust < 0.99 oo | TP 1
. Eyoms < 9.7 GeV * 2.35 <Eyiso™s < 9.5 GeV 200 [ TS ]
« 110 multiplicity: * 0.59 < Bymiss < 2.8 E aher
- leptonic decay: 0 - 0 multiplicity: 600 | E
- hadronic decay: <2 - leptonic decay: 0 400 .
- <1 additional good y - hadronic decay: <2 200 -
in each hemisphere - <1 additional good y : /‘_iﬁi«.
in each hemisphere 0 x5 s 10 10
£t Visible energy in CMS [GeV]
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Efficiency for 1x3 prong

L1 trigger efficiency

DESY.

BELLE2-NOTE-PL-2020-015
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» Main trigger types for tau and other low-
multiplicity physics

CDC number of 2D full tracks

CDC number of 2D short tracks

ECL total energy threshold

ECL number of isolated clusters

ECL low multiplicity
ECL di-muon

 Trigger decision is made independently
using only CDC or ECL information. Allows
measurement of L1 efficiency in data.

» Efficiency of a CDC/ECL trigger:
(OR of ECL/CDC bits) AND CDC/ECL bit

(OR of ECL/CDC bits)



https://docs.belle2.org/record/2037?ln=en

Efficiency for 1x1 prong

L1 trigger efficiency
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» Main trigger types for tau and other low-
multiplicity physics

CDC number of 2D full tracks

CDC number of 2D short tracks

ECL total energy threshold

ECL number of isolated clusters

ECL low multiplicity
ECL di-muon

 Trigger decision is made independently
using only CDC or ECL information. Allows
measurement of L1 efficiency in data.

» Efficiency of a CDC/ECL trigger:
(OR of ECL/CDC bits) AND CDC/ECL bit

(OR of ECL/CDC bits)
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Full and short track triggers

« “full tracks” pass through all axial CDC superlayers and reach the barrel

axial wires stereo wires

» Full track triggers have low efficiency in endcaps, putting limitations on
tau and other low multi physics

» To help compensate, the CDC trigger also searches for “short tracks” that
pass through inner most 5 axial + stereo SLs. Operational since Oct 2019.

$1200—
1000:—
800/ - » Short track triggers
6m:_ provide a significant
C gain in efficiency for
a0/ 0 endcaps / low pr!
200/ i
u Backward . ‘/, . Forward
- g < 17°
o_

-800 -600 -400 -200 .0 200 400 600 800 1000 1200 1400 1600

(mm)
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L1 trigger efficiency

L1 trigger efficiency
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—4— =2 full track trigger (A¢ > 90°)

" Belle Il (Preliminary) f Ldt=3.7fb" : ,
r —— with short track triggers

—#4— = 3 full track trigger
—#— with short track triggers

20 40 60 80 100 120 140
track 6 [deg]
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Full and short track triggers

ee—11t—1X1 prong

ee—17t—1X3 prong

: . —f— = 2 full track trigger (A¢ > 90°
Belle Il (Preliminary) f Ldt=3.7 fo" ! gger (40> 907
N ——= with short track triggers

|
S
0.2 [ ++ -----------------------------------------------------------------------------------------------------------------------------
I e e e e e e e e e e

DESY.

—4$— = 3 full track trigger

" Belle Il (Preliminar f Ldt =37 fo!
- ( ) ~— with short track triggers

0 0.2 0.4 0.6 0.8 1

tréck P, [GeV)c]
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Energy threshold trigger

. Belle Il (Preliminary) f Ldt=8.8fb" 1 GeV total energy trigger

« ECL trigger provides energy deposit and cluster information, as 1 >
well as the identification of Bhabhaevents ¢ o
> [ ]
C 08 L 2SSOSR
» Unprescaled total energy trigger has 1 GeV threshold. § ________________ o
Sum over L1 Trigger Cells = 4x4 tower of Csl(TI) crystals. “:3) 08 [ rt—1x1 prong |
R S I B
e Performs well for ee—T1T events that have hlgh EM energy S 0.4 b L
-

deposition (e.g. T — evv, 3oy, TITIOV)

I/

SR v v s e g g g

.

DO E B T T T T T T “REZ AN
S G
& T—evv = i
N — Y
SErc > 1 GeV g
I S S Drop in efficiency due
T-TT0V S [ e to Bhabhaveto @ L1
- By 9 ‘
g Z =i e
A any N L ¥
1 s o L | €O A PIONNY |
2' _________ | I W N B ; 02 [y 17— 1x3 prong
=7 /II”” ‘I“l\\\m M. ~ _-: ....................................................................................................................................
- 0 . ' . ' ' . '
0 1 2 3 4 5 6 7 8 9

ECL total cluster energy [GeV]
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DESY.

Searches for charged LFV

LFV has been established for the neutrinos, but what about their charged partners (e, p and 1)?

In the SM, charged LFV decays via neutrino oscillation Standard Model New Physics

are highly suppressed and immeasurably small: ,44\?“ 4
om?\ 2 T
Br(£, = £57)gy (—> ~ 10754107 : \
m¥, T —@-nmmmnnn- — U
NP
Observation of charged LFV would be a clear signature 1
for New Physics! EiE %o
103 o
- Brenhanced in many new physics models (10-10-10-7) osE v g - m’;ﬁ‘
- p-—e: stringent bounds exist from MEG 10—7; g . A
109 :_ ‘ CLEO/BaBar / Belle Be"e "
- t—ple: weaker bounds (Belle, BaBar and CLEO) -y Lo ey VYo, . . \4
10‘“2 e 1L — 3e :: o ) . w MEG
10-13 :— " uN —eN eeMe
As heaviest lepton, NP can have preferential T LFV couplings o $ T g]\é(E)E/llllle
- T — 3 u3e
] 10-17 - Muze[g]OMET [
Belle Il will push the current T LFV bounds forward by at PP A T TUU TP TN T TOTN R TR
Ieast one order Of magnitude! 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year
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Trigger efficiency for ¢ LFV

« One of the golden channels for LFV discovery in the tau sector is T—3p (see K. Inami’s talk on Friday)

Most challenging T LFV signatures to trigger on @ LA1.
BELLE2-NOTE-PL-2020-015

Strategy: E | Belle I (preliminary) f L dt=8.8 fb!
study trigger efficiency using SM 1 decay mode that — | =3cluster trigger
best mimics LFV signal o e N .
= SM 11—1x3 prong (31T instead of 3u) % ..........-“Mw.o’ Tﬁ
5 0.8 - ..o. H
+ Selections follow those of the SM decay study, but with § 06 _ .
cuts that make the SM process mimic the signal o = : .
- Ppmiss > 0.2 GeV, thrust <0.97 i 0.4 *
- Mg <1.15 GeV, AEtyg <-0.7 GeV [ .
0.2
« ECL low multiplicity triggers are new at Belle |I. O- | |...... T e
Most performant for LFV-like events around AEsignai ~0 -5 4 -3 -2 -1 0 1
is the >3 ECL cluster trigger AE [GeV]
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https://indico.cern.ch/event/868940/contributions/3815674/
https://docs.belle2.org/record/2037?ln=en

Trigger efficiency for ¢ LFV

=31, LFV-like event e-31, LFV-like event =31, LFV-like event
§1.4_ §1.4_ /;1.4_
®  Belle Il (preliminary) | L dt=8.8 fb™ ®  Belle Il (preliminary) [ Ldt=8.8 fb™ ®  Belle Il (preliminary) | L dt=28.8 fb™
(2 1.2 = 3 cluster trigger 9 1.2 = 3 cluster trigger (2 1.2 = 3 cluster trigger
=) [ tag side track=u =} [ tag side track=e o tag side track=n
% 1 _ 0es® ¢ I % 1 : +’¢".“'.““~.-’w’"‘”¢+ % 1 ! M””?ﬂ‘
i o0 070 %¢s" L) i i o
qC_) 0.8 ++¢¢¢“ we T “’#* il QCJ 0.8 +++++ qC) 0.8 ..'..
S W S t Hit S N
D 0.6] N D 0.6] # D 0.6] ;
i S : o | i
0.4 * 0.4 0.4f
I L L .
02p H 02 MH 021 ' BELLE2-NOTE-PL-2020-015
O-Illl}lII|IIII|IIII|IIII|IIII|IIII|I O-IlllIII|IIII|IIII|IIII|IIII|IIII|II O-IlllIII|IIII|IIII|IIII|IIII|IIII|II
5 -4 -3 -2 -1 0 1 5 4 -3 -2 -1 0 1 5 4 -3 -2 -1 0 1
AE [GeV] AE [GeV] AE [GeV]
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Conclusion

« L1 trigger system plays a critical role in enabling tau and other low-multiplicity physics at Belle II.

« L1 efficiency has been measured for ee—17r— 1x3, 1x1 prong events.

BELLE2-NOTE-PL-2020-015
Overall good performance in the early Phase 3 data.

* Drop in CDC full track trigger efficiency when at least one of the tracks are in the endcaps.
Largest impact on 1x1 prong events. New short track triggers show great promise.

« New ECL low multiplicity triggers will play an important role in future = LFV results.

« Upcoming L1 developments:

- reduction of background with 3D tracking and noise reduction
- neural-z triggers: compute and cut on zo within L1 latency, significantly reducing bkg rate

DESY. Belle I P. Rados ICHEP 2020, 29/7/2020
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Full track triggers

L1 trigger efficiency
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" Belle Il (Preliminary) f Ldt=881" =2 full track trigger (A¢ > 90%)

" Belle Il (Preliminary) f Ldt=881" =2 full track trigger (A¢ > 90%)

= 3 full track trigger

- Belle Il (Preliminary) f Ldt = 8.8 fb”

- Belle Il (Preliminary) f Ldt=88f" =3 full track trigger

track 6 [deg]

P. Rados

tréck P, [GeV)c]
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* L1 requirement
- >2 full tracks
- track pair with A$p>90°
- ECL Bhabha veto

= low efficiency in endcaps,
puts limitations on tau + other
low multi physics

* L1 requirement
- >3 full tracks

= less sever drop in endcaps
and at low pr

(due to one track redundancy)



Trigger definitions

e ffo : > 2 full tracks, track pair with A¢ > 90° and not an ECL Bhabha.
o fIf : > 3 full tracks.

e fso : > 1 full tracks, > 1 short tracks, track pair with A¢ > 90° and not an ECL
Bhabha.

e sso : > 2 short tracks, track pair with A¢ > 90° and not an ECL Bhabha.

o ffs : > 2 full tracks and > 1 short tracks.

e fss : > 1 full tracks and > 2 short tracks.

e sss : > 3 short tracks.

e hie : total energy above 1 GeV and not an ECL Bhabha.

e c4 : > 4 isolated clusters with energy above 100 MeV and not an ECL Bhabha.

e eclmumu : cluster pair each with E* < 2 GeV, 165° < ) 6 < 190° and 160° <
Agp < 200°.

DESY. Belle I P. Rados ICHEP 2020, 29/7/2020




Trigger definitions

e Iml0 : > 3 clusters with at least one having E* > 300 MeV, 1 < 0;p < 17
(corresponding to 18.5° < # < 139.3°, full ECL) and not an ECL Bhabha.

e Imll : exactly 1 cluster with £* > 2 GeV and 4 < 0;p < 14 (32.2° < 0 < 124.6°)

e Iml2 : > 1 cluster with E* > 2 GeV, 0;p = 2, 3, 15, or 16 (18.5° < § < 32.2° or
124.6° < 6 < 139.3°) and not an ECL Bhabha.

e Iml4 : > 1 cluster with E* > 2 GeV, 0;p = 1 or 17 (# < 18.5° or 6 > 139.3°) and
not an ECL Bhabha.

e Iml6 : exactly 1 cluster with E* > 1 GeV, 4 < 0;p < 15 (32.2° < 0 < 128.7°, full
ECL barrel) and no other cluster with £ > 300 MeV anywhere.

e Iml7 : exactly 1 cluster with E* > 1 GeV, 6;p = 2, 3 or 16 (18.5° < 6 < 31.9° or
128.7° < 6 > 139.3°) and no other cluster with £ > 300 MeV anywhere.

e ImlI8 : cluster pair with 170° < A¢ < 190°, both clusters with E* > 250 MeV and
no 2 GeV cluster in the event.

e Iml9 : cluster pair with 170° < A¢ < 190°, one cluster with E* < 250 MeV with
the other having E* > 250 MeV, and no 2 GeV cluster in the event.

e Iml10 : cluster pair with 160° < A¢ < 200°, 160° < > 6 < 200° and no 2 GeV
cluster in the event.

e Imll12 : > 3 clusters with at least one having E* > 500 MeV, 2 < 0;p < 16
(corresponding to 18.5° < § < 139.3°, full ECL) and not an ECL Bhabha.
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