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The VXD roles within the Belle Il setup i

Belle IT

= Physics program @ SuperKEKB with Belle |l
* Thorough test of Std Model .

. o - with billions of BB, cc, T pairs — The Belle Il physics book
Dlrect/indirect search for New Physics :
+ Hadronic Physics In “clean” environment of B-factory PTEP 12 (2019) 123C01

* Based on accumulation of 50 ab™! of e*+e- at Vs = My 4 => SuperKEKB collider implementing
- within ~10 years — instantaneous luminosity close to 103 cm=2.cm! the nano-beam scheme @ high currents

~

[High collisionrate  High beam-induced bkg]
= The Belle Il experiment /

» “classical” B-factory detector + enhanced features

l 6 T e LHC
= The vertexdetector (VXD) 5 [ eV eBelell
= _ -~
) * Befter vertexing < lower boost o) e Hiaas factor
Smarter tracking < higher hit rate 9 o 99 Y
S vefrex
+ Harsher radiation environment Granularity & Material

+ Belle Il frigger rate ~ 30 KHz
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The current VXD B

Belle IT

= Two technoloqgy system

.Ri VD ' talk Mond
« SVD = Double-Sided Strip Detector = G.Rizzo VD overview fak on Monday

Read-out ted - Ori _ + Y.Uematsu Hit-time reconstruction poster
) -eo- oY sensgr connecied on sehsor =Lrgamt | + S.Hazra Particle identification Poster
- Hit time-stamping o;~ 2-3 ns

- Spatial resolution o , ~ 20 um

65 cmlong — 30 cm in diameter

20

fem b layers
Strips RN
12m2 4 10F -
| : 3
Pixels 4—0

2 PR T TR N N TR TN TN TN [N TR TR TR WO [N TN TN TN TN NN TN TR TN TN Y NN T TN N N N NN

0.3m -30 -2 -10 0 10 20 30 40

* PXD = DEPFET sensors

Very low material budget 0.2 % X, / layer | = Q.Liu PXD overview talk on MondoyJ
Small first layer radius = 1.4 cm
Long integration time 20 us / trigger rate & injection bkg

[The plan is successful so far!l = C.Praz Tracking performance and interaction point properties talk on Tuesdoy}
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A decade of operation — Upgrades?

DD

<O

Belle IT

10 Current SuperKEKB-Belle Il projection (June 2020)

«CShort term ~ 2026

— N * Long shutdown for QCS upgrade
LF_EHH Before IR upgrade | — Int. Luminosity - Needed before next jump in luminosity
- 8 —L __ After IR upgrade 60 * Inner region needs to be opened up
Nh - Target L - Current VXD moved anyway
E int 50 E 3
2 6 - — * Opportunity for Belle Il sub-det. upgrades
— o 3 Let’s investigate possibilifies...
_— [partial] S - short fime — with currently ~available techno.
Py IR (QCS*) 30 o
= 4 =l
o <
= 20 M
£ 2026 L, o
3, —+———-4—| = = |ongerterm> 2030
- . .
o 10 » Further increase of peak luminosity
o - Possibly beam polarization?
0 0 - Enhanced physics program with 250 ab-!
20191 20211 2023/1 202511 20271 2029/1 2031/ 4
* Arenewed detector is needed
- New set of requirements — not this talk!
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Current VXD & nominal luminosity <o

Belle IT

. 5 Belle |l VXD ksh [y 201
» Beam-induced backaround extrapolations =22 Qoen workshop July 20 9J

* Along way to reach Data/MC ratio ~ O(1)

" Tracking / vertexing

Current prediction @ nominal L.

7 * Track pattern recognition with SVD hits only
6 required in // to tracking in Central Drift Chamber
@5 with-hit-fime roJ°C+'O"- * Then extrapolation to match PXD hits
Sa YD DAG limit - Also used for reduction of PXD output bandwidth
8, | TXPDAQIMI SR TrOCk'ng imit » Final pointing resolution somewhat limited
5, by beam-pipe thickness
1 I I - 0.8 % X, < partially required against synchrofron rad.
. ]
PXD1 PXD2 SVD3 SVD4 SVD5 SVD6
layers ﬁ 2 bunches, 25 Hz
« Still with large uncertainties \ Injected
- Drastic change of beam optics for max L e
, peak  LER aoart Performances within limits
- B.* today 800 pm N nominal 300 um 25 Hz P revolution . .
4 YRR . time = 10 s BUT without much margin
- Continuous injection effect not predicted 9%
- currently too small for good estimate 3 km

circumf. Belle Il
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Requirements for short-term VXD upgrade o

Belle IT

= Vertexing & Tracking performances at least as good as current VXD
« Radius range 14 — 135 mm * Total material budget < (2x 0.2 + 4x 0.7) % X,
- total power budget < 1000 W

* Single point resolution £10-15 um

= Robust against environment for inner layer (r=1.4 cm)
* Hit-rate ~ 120 MHz.cm-2
* Total lonizing Dose ~ 10 Mrad / year
* NIEL fluence ~ 50x10'2 n,.cm™ / year

& Based on current extrapolation with safety factor (x5)
bear In mind large uncertainties (previous slide)

Hit rate [MHz.cm?]

. POSSIblv Improve Derformqnces 10—1 e b e b b e o b b
, 0 2 4 6 8 10 12 14
* Impact parameter resolution .

: . radius [cm]
* Tracking efficiency (p; < 100 MeV) & Fake rate
* Faster High Level Trigger

- Simplified track pattern recognition

= Timing if pixelated tracker 2
rough estimate — T;,; <100 ns
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Current strategy <o

Belle IT

Full simulation
— performances

General concepts
discussed

R&D efforts

standard Belle |l Thin & fine-pitch strips

geometry

I
I
I
with upgraded performances :

I
I
I
Keep Strips+Pixels |
~ current Belle Il concept :

DEPFET pixel sensors

_______________ _
: I I :
All pixel layers | SOI pixel sensors + Inte :
: New geometry | 9ration conee
vﬁiz\ﬁg%rﬁg; gc!ﬁgg?)?. | implemented | CMOS pixel sensors forlayer ~ g 1-0.3 %K;JO
(various flavours)
g ~ v, %
within Belle Il Upgrade group (ou’rsideRg(gllng?\l/Jvzslcomel)
4 )
Effort built Up t = Which concepts bring best performancese
Orwi’;)hlinuf)l ;/)ec;l:swer = Which technology fit requirements? E>« CDR
L = Which technology can allow install in ~2026%¢ y
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Thin and fine-pitch DSSD @ KEK <>

Belle I
" Main R&D targets = R&D paths = R&D challenges
* Handling higher hit-rate / SVD * Shorter strips * Heat dissipation (larger #chan.)
- 10 MHz/cm? (radii>3 cm) ¢ * Finer pitch ¢ * Noise reduction (lower signal)
* Improved resolution o, * Thinner sensor

& decrease material budget

» Longer trigger latency & rate = Solutions

* Double-Sided Sensors prototyped by Micron
* Front-End ASIC = SNAP128A under dvpmt

Sensor dim. Thickness Pitch P-side | Pitch N-side - Based on SIiT chip for g-2 (J-PARC experiment)
- 180 nm CMOS process

40x125 mm?
300-320 ym | 50-75 pm | 160-240 um
Current | 60x125 mm? * ENC = 650 e-
@ (with intermediate strip) *g * Total power 2.8 mW/chan.
Q * 127 MHz output
Upgrade | 51.2x57.6 mm2 | 140 um 50 um 75 pum = .« G,~8ns
AN

2k-depth memory
— latency ~16 us

= K.Nakamura Development of thin and fine-pitch DSSD pos’rerJ

|
.

[:> First Sensor+FEE in 2021 1
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DEPFET pixel sensors

Belle IT

Belle || DEPFET collaboration

= Current Belle Il - PXD

* First use of the technology in HEP experiment
* Many lessons learned

= R&D directions

* Gain increase with shorter FET length L

dl jyai t
— thinner oxide g= glglln o /%
— higher signal — improved rad. folerance

* Rotating read-out direction + switcher intergration
- Speed x3
- Pixel size along beam x1/2

* Faster driving & read-out circuits
- Require advanced processed
- Speed x2

 All-silicon module improvements
- Microchannel cooling
- Thinner drivers

switcher
45/62 mm along beam ————

a

DCD

= Within reach

* T..: 20 N 3 us
* Improved g,
* Mat. budget 0.21 N 0.15 % X,

J. Baudot Upgrade of the vertex detector of the Belle Il experiment
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DUTIP - SOI pixel sensors <>

= Main R&D targets @ KEK : : -
s = Dual Timer Pixel concept = SOl Implementation
* Low material budget + 16 MHz clock for TIMER - 0.2 um LAPIS
- Monolothic technolgy s T )
, _ e 2x 60 ns “integration” window * Full depletion
* Handling high-rafe . Triaqer latency 8 Us , : 9
- Time-stamping < 100 ns ole you Plxel.|c.>|’rch 45x45 um
- Global-shutter style * OCCUpOﬂCy <<0.1% * Sensitive thickness 50-75 MM
I t
Tri i I
rigser sigha Peripheral
In pixel
v £
3
m ¢ 2:next <
A.r\algg ] 17 CUITENT ——l Readout Block
circuit ] O:previous
Binary IDown Time Counter
~ ALPIDE signal
FEE 2x timers Comparison with counter
= Initial prototype DUTIP 1
{ = M.Yamada R&D status of monoalithic SOI pixel sensor for vertex detector talk on Wed.J submission in Nov.2020

10
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CMOQOS pixel sensor optionS W

Belle IT

= Monolithic sessions on Wednesday

= Various R&D on-going outside Belle |l

\
Sensor available 2020 MIMOSIS-1 Belle Il requirements MONOPIX-2 ATLASPix3
(CBM-MVD) “First guess” (ATLAS-ITK) (ATLAS-ITK)
25 25

Time precision (ns) 5000 50 fo 100
Pixel pitch (um?) 30x27 30x30 to 40x40 33x33 150x50
TID (Mrad) 5 10 100
Power (mW/cm?) ~50 < 100 to 200 ~150 ?
Trigger delay (us) No trigger 5— 10 long
In test Submitted Tested
IPHC Bonn, CERN, CPPM Barcelona, CPPM, Geneva,
Heidelberg, KIT, Liverpool
\ J\ J
Y , Y
180 nm HR-CMOQOS process =—+  ~full depletion = 180 nm HV-CMOS process
In pixel Periphery
/ = Demonstrated \
comp Timing / Trigger * Monolithic & low power — low material budget granted
sensing logic * Excellent granularity — o, ~ 5-10 pm
Node=—t— (+ToT) l » Short integration — occupancy = O(1039)
\ = 15t dedicated version in 2021 ~ realistic
J.Baudot - Upgrade of the vertex detector of the Belle Il experiment - \\/ERTEX 2020 '1/
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Integration concept <>

Belle IT

Context = new geometry with all VXD fully pixelated

@ IFIC, Valencia

" |nner layers = full silicon module
e 2to 3 layers, radius <4 cm
* Target 0.1 % X, / layer

— Inner layers:
- Lowest material budget
- Forced air flow

Single piece of silicon
6 sensors per ladder
100 um gap between sensors

C.Marinas
G.Vidal

®= Quterlayers ~ ALICE-ITS concept
* 3to 4 layers, radius 4-14 cm
* Target 0.3 % X, / layer

C.Gargiulo
CERN - ALICE

G. Vidal
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Integration concept <>

Belle IT

Context = new geometry with all VXD fully pixelated

" |nner layers = full silicon module = Forward disks
e 2to 3 layers, radius <4 cm e 2disksatz=16.5 & 25.6 cm
* Target 0.1 % X, / layer * Target 0.3 % X, / layer
@ INFN-Pisa
F.Bosi
M.Massa

= Quterlayers ~ ALICE-ITS ladder concept
* 3to 4 layers, radius 4-14 cm
* Target 0.3 % X, / layer

— . = —

—I)\isTIZ(Ring 2)

C.Gargiulo
CERN - ALICE
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Simulated tracking performances o

Belle IT
Context = new geometry with all VXD fully pixelated = VTX Cluster Charge -
2 = —VTX E
= Redlistic pixel sensor model SO ) —Monopixt || ¢
« Digitizer assuming s e 0=60
0.035—
- fully depleted thin layer 30 um mg
- Pixel 33x33 um? with 7bits Time over Threshold Ok
0025 —
* Tuned with Monopix-1 beam data mg
- JINST 14 (2019) C06006 E
- Pitch 40x40 um? : —=Tte O E
- ToT 6 bits “g ) — Monopix1 gltj [].D'I;—
: 07 B6=0° 0.005E
06 ol L T R RS
o3 ’ 10 b dﬁgger charge ['I%}E:I%

0.4

0.3

Monopix-1 data from Bonn group
Test-beam at DESY with 5 GeV e-

0.2

0.

-

U||||||||||||| Lo o v e v b v by v v b a
2 3 4 5 6 7 8 9 10

cluster size [pixels]

[=]

Results by T.Fillinger (Strasbourg), B.Schwenker (Gottingen), C.Wessel (Bonn)
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Simulated tracking performances B

Belle IT

Context = new geometry with all VXD fully pixelated = VTX

® Realistic pixel sensor model
* Digitizer assuming
- fully depleted thin layer 30 um
- Pixel 33x33 um?2 with 7bits Time over Threshold
* Tuned with Monopix-1 beam data

= Geometry
* Taken from fast simulation
* 5 or 7 barrel layers with/without 2 forward disks CDC hits

* Crude layer description but with targeted material budget
— per layer: 0.1 % X, for radii <4 cm then 0.3 % X,

.~ CDC hits | ﬁ VTX hits

. . ~Combined track set |
= Full tracking chain beneficial +
All VTX layers included in pattern-reco. eneficial 10
* VX standalone . .
. CDC standalone } then combined — other possible simpler/faster scheme =~ High Level Trigger

Results by T.Fillinger (Strasbourg), B.Schwenker (Gottingen), C.Wessel (Bonn)
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Simulated tracking performances B

Belle IT

Context = new geometry with all VXD fully pixelated = VTX

® Redlistic pixel sensor model
* Digitizer assuming
- fully depleted thin layer 30 um
- Pixel 33x33 um?2 with 7bits Time over Threshold
* Tuned with Monopix-1 beam data

E% sl ; * b 3$|)|(e52L

. Geometiry © o025 = S —— ayer

» Taken from fast simulation e . VX7 Layer

* 5 or 7 barrel layers with/without 2 forward disks OE

« Crude layer description but with targeted material budget %[, N -

— per layer: 0.1 % X, for radii <4 cm then 0.3 % X, 0.015]- B D
0.01f o s e e e ‘S-S‘Pt‘iane‘Wg

= Full fracking chain oosf— -« |

* VIX standalone _ o I ' J

e CDC standalone } then combined o 05 1 15 2 25 3 's.gt'iric;e\‘ﬁz

Results by T.Fillinger (Strasbourg), B.Schwenker (Gottingen), C.Wessel (Bonn)
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Simulated tracking performances B

Belle IT

Context = new geometry with all VXD fully pixelated = VTX

® Redlistic pixel sensor model
* Digitizer assuming
- fully depleted thin layer 30 um
- Pixel 33x33 um?2 with 7bits Time over Threshold
* Tuned with Monopix-1 beam data

= Geometry
 Taken from fast simulation

1 : o .ﬁ%_w'#rﬂ#w,wwwwwwﬂmw
P Tyt

08

firding efficiancy

* 5 or 7 barrel layers with/without 2 forward disks o+
* Crude layer description but with targeted material budget  °4: Current Belle [I; 92.46%
— per layer: 0.1 % X, for radii <4 cm then 0.3 % X, 0; 5 layer VTX: 94.75%
| 7 layer VTX: 95.79%
= Full fracking chain 0z o
* VIX standalone P o S IPrlellrnmIOryl |
« CDC standalone } fhen combinea 0 e T

Results by T.Fillinger (Strasbourg), B.Schwenker (Giessen), C.Wessel (Bonn)
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Summary & Outlook O

Belle IT

" There is an opportunity for an upgraded vertex detector (VXD) in Belle |l
e Shor-term target ~ 2026
* Main requirement = additional robustness / hit-rate & radiation environment
* Also opportunity to enhance vertexing & tracking performances
= Will benefit to physics with > 30 ab-' still to accumulate over expected 50 ab!

" |nitial work status
* R&D concepts on various strip / pixel & integration technologies on-going
* Full simulation for fully pixelated VXD option — first evaluation of expected performances

= Still a lot to do in a short time
 Letfters of Intent describing draft proposals @ end of 2020

* First dedicated prototypesin 2021 — CDR 2021 — It is time to join,
* Physics benchmarking with full simulation R&D contributors outside
* Then 5 years rush to development & installl Belle Il welcomed!

J.Baudot - Upgrade of the vertex detector of the Belle Il experiment -  VERTEX 2020 18
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Related talks at VERTEX 2020 <o

Belle IT

= Belle ll related talk
« PXD

- Q.Liu Operational Experience and Performance of the Belle Il Pixel Detector Talk on Monday 5th
 SVD

- G.Rizzo The Belle Il SVD performance and operational experience in the first data taking Talk on Monday 5™
- Y.Uematsu A Study for Hit-time Reconstruction of Belle |l Silicon Vertex Detector Poster on Monday 51
- S.Hazra Particle identification in Belle |l silicon vertex detector Poster on Monday 5™

* Tracking

- C.Praz Tracking performance and interaction point properties at the Belle Il experiment Talk on Tuesday 6th
 R&D

- K.Nakamura Development of the thin and fine-pitch silicon strip detector aiming for the Belle Il upgrade Poster on Monday 5™

= Generic R&D on pixel

 Sessions on Wednesday 7™ morning: Monolithic | Monolithic |l
- M.Yamada R&D status of monolithic SOI pixel sensor for vertex detector Wednesday falk

- M.Barbero Depleted Monolithic Active Pixel Sensors in LFoundry 150 nm and TowerJazz 180 nm CMOS technologies: The
Monopix developments talk

- H-C.Augustin MuPix10: First Results from the Final Design talk

J.Baudot - Upgrade of the vertex detector of the Belle Il experiment -  VERTEX 2020 20
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SuperKEKB collider /O

Belle IT

ollision point | B€lle Il detector . . . .
[Positronring | e 4Gey epnPor = Recipe to high luminosity

. 1 o ¥ —- \';. Gev beam beam-beam
Electron‘rmg P \‘ Lorentz current parameter

High currents:

vy

T factor 2 1A
' *\7 &’ ~ geometrical
— / L= Vs | O'.‘. )Iz‘:‘t 'Rl. 4 reduction
o «ﬂ"’ 2(),‘ o. ) ﬁ.‘ .R: faCtOl‘S

Electron-Positron
linear accelerator beam aspect vertical beta-function !L

ratio at the IP at the IP

Nano-scale beam size;
0,x0, ~ 10um x 60 nm
B,/ << 1T mm

& specific beam crossing features
Crossing angle (83 mrad) + crab waist (80%)

Positron damping ring

Energy (GeV) LER/HER 3.5/8 _
Current (A) LER/HER 1.6/1.2 0.7/0.6 2.8/2.0 ,& Cost = severe beam T -
B,* (mm) 59 08 03 induced background .

Instant. Lumi. (cm2.s1) 2.1x1034 2.4x10% ~6x10%

J. Baudot - The Belle Il Experiment: status and prospects - ICNFP 2020 21
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Belle | detector <o

Belle IT

® Planned for better performances / Belle under: KLong and muon detector (KLM) upgraded

. Resistive Plate Chambers (barrel outer layers)
* Higher beam-background rate

Scintillator + WLSF + SiPM’s (end-caps , inner 2 barrel layers)

« Higher trigger rate (30 kHz)

Csl(Tl), waveform sampling (barrel+ endcap)

i Particle Identification

~N

{ EM Calorimeter (CDC) Upgraded

%IOP detector system (barrel)
Prox. focusing Aerogel RICH

e/ectl"Ons e TR
(7 Gey) WX 5 (fwd) new
. ] new — Ve 0, )
Final focusing magnets ' -
Beryllium beam pipe '
2cm diameter new
- A 9 Y i '
an i ' e
ﬁf" AN n. -5 S SuperCond. Solenoi V)
R o ’E.j:g" - ¥ 1.5 T magnetic field
SRR L0 S o .
R oo S S W N . new
Bellelicollab =~ . L Central Drift Chamber
~1000 researches / 26 countries - | Vertex Detector (VXD = PXD+SVD) He(50%):C2Hs(50%), small cells,
- e vt | = & 2 layers DEPFET pixels + 4 layers DSSD long lever arm, fast electronics
J.Baudot - The Belle Il Experiment: status and prospects - [ICNFP 2020 22
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Details on beam-induced background D>

Belle IT

Extrapolations still under progress
SVD BG estimation @ design luminosity e Prog

'
L3

B two-photon

mmm RBB

BHWide

BHWide LA

HER Brems x22

HER Coulomb x22
HER Touschek x0.24
LER Brems x23

LER Coulomb x23
LER Touschek x2

wn

N s

SVD occupancy [%)
w

v

Full Luminosity BG 18:
Data/MC Corrected PXD

g1
-l
11

s 1

0 4.0 ¢
Layer 35 _ BHWide Coulomb LER L1 (x2.8)
' B BHWidelLargeAngle Coulomb LER L2 (x2.0)
3.0 o — - Brems HER L1 (x4.8) BN RBB
E 25 _ Brems HER L2 (x2.3) Touschek HER L1 (x0.6)
o~ T B Brems LER L1 (x2.6) Touschek HER L2 (x0.4)
o 2.0F B Brems LER L2 (x2.0) B Touschek LER L1 (x2.5)
x : Coulomb HER L1 (x4.8) EEE Touschek LER L2 (x2.1)
Q 1o} Coulomb HER L2 (x2.3) twoPhaton
1O —
0.5 F
— ™
PXD Layer
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CMOS pixel sensor <L

Typical application-ready sensor (180 nm techno)

31.1 mm
< >
A A
MIMOSIS-1
1024 x 504 pixels

Pixel pitch: ~30 x 27 pm @

200 kframes/s &

£ 3

£ 3
N
=

25
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Full pixelated VXD: Geometry details

DD

<O

Belle IT

VTX with 5 pixelated layers

5 layers 1 2 3 4 5
Radius (cm) 1.4 2.2 3.9 8.9 14.0
# |adders 6 10 8 18 26
Sensor type A A A A A
# Sensor rows along z 1 1 2 4 6
direction

VTX with 7 pixelated layers

7 layers 1 2 3 4 5 6 7 £

Radius (cm) 14 22 35 60 9.0 115 135 :E::T:H
# ladders 6 10 14 12 18 22 26
Sensor type A A A A A’ A A’
# Sensor rows along 1 1 2 3 4 5 6
z direction

5 layers + 2 disks

J.Baudot - Upgrade of the vertex detector of the Belle Il experiment -  VERTEX 2020
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Material budget full pixelated VXD <o

Belle IT

W eeamPipe |
B PXD+SVD . BoamPipe

B vTx 5 Layer |

- 92 2 ®# 92 o & o P
2 g 8 E R % 5 § B
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About timeline: the ALPIDE-ITS case <o

Belle IT

C hi De\/elo ment E ¥ ~4vyears from tech-proto to final
p p SeNsSor
Design team from CERN, INFN, CCNU, YONSEI, NIKHEF, IRFU, IPHC
f ) 20 um x 20 um and 30 x 30 pm pixels (analogue readout) " Few remarks
20I12 L Explorer ) 1.8 x 1.8 mm2, study of pixel geometry, starting material, radiation \ e« TJ180 nm exploro’rion started in 2011
( | Matrix with 64 columns x 512 rows, 22 um x 22 um pixels, 11 x * This is not a small feam
2013 L pALF’lDESS-O ) 1.8 mmZ, in-pixel discrimination and buffering, zero suppression
[
First full scale prototype! 28 um x 28 um pixels, 15 x 30 mm?Z,
2014 pALPlDE—'l four sectors with variants, 1 register/pixel, no final interface
[
8/2015 ALPIDE-2 Full scale prototype, four sectors with variants, optimisation of
P circuits, integration in modules, no high speed serial output
[
Full scale prototype, eight sectors with variants, all
10/2015 pALPIDE—S communincation features, no ADC, no temperature sensor)
I +3 years for assembly
- ~ 2
8/2016 ALPIDE Final chip (ALICE IS ~10m )
@ * February 22, 2018
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Tower Jazz 180 nm time response simulations

DD

<O

Belle IT

‘% Occur every 20 ms

Amplitude

‘ M |njection Bunch mNormal Bunch Expon. (Injection Bunch)

bias
" Front-end structure current > ® » ogic —p
IN-PIXEl xel sensing 2 “-_I_-__.
T

node N e
N s L —
o0 e e
. . ’ Sc.uu.u H’
= Simulated behavior ;:: |/ HER 2 bunches, 25 Hz

(MALTA CCISG) 5533_ Q=300 e

. . mourLpme) }7\ pulse duration clipping
From |. Berdalovich, w4 /OUT1 (3000 83 0 N\ \(7\ Injected N
JINST 13 (2018) C01023 R 3 bunches

® =N LER 100 ns
] 300,0: ‘.‘ === apart

* Short recovery time 2000 55 Hy revolution
for node requires |,;,~500 NA 1000 time = 10 ps
= 07 pW/pixel el T A EHEP SEES :::k/

1.25 E \ ‘\ | ;
o103 === 3 km

« ALPIDE with ps timing ® . T sireumf. Belle Ii

reaches 0.040 uW/pixel 2 BEVay
0.0 i _L_ dead time
= Suggest gating injection for ~100-200 ns doable after comparator
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