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The Belle Il Vertex Detector (VXD)

Vertex reconstruction is crucial for time-dependent CP violation and lifetime

measurements, enabling precise decay-time resolution for B meson. Belle 102k

Pixel detector PXD

VXD features: Row e
» Excellent Vertexing and Tracking

down to low p,; (<100 MeV/c) -
* Closetotheinteraction point : ~ gy 4 cevet

(inner layer radius 14 mm)
* Highresolution on impact parameters
* Operate in high background environment
* Triggerrate 30 kHz

Silicon Ve
Detector SVD

Two sub-systems:

Pixel Vertex Detector (PXD)
— DEPFET sensors
- 2 Llayers: 14,22 mm radii
— PXD 1:2019-2022 - incomplete 2-layer
— PXD 2: from 2024 (installed in LS1)
Silicon Vertex Detector (SVD)
— Fourlayers double-sided silicon strips
- 39-135mm radii
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The Pixel Vertex Detector (PXD)

Depleted P-channel Field Effect Transistor (DEPFET)
Developed at MPG HLL

* Fastcharge collection (~ns) into internal gate ~0.21% X,/ layer material budget

« Lower power consumption and heat dissipation in < =T -
the active area

* Modules: Self - supporting “all - silicon” structure

> Supportframe ~ 525 pm/450 pm thick

> Monolithic active area 75 pm thick

 Readout Scheme
> Rolling shutter readout > low power
> 192 gates, ~100 ns per gate > full frame (integration time) = 20 ys

* Design pep Ny, R
> 10 Desin Cuceent Diit Rolling shutter
1% occupancy (Layer 1) ButAL 32 ch. gate/clear

1 gate = 4 rows

> system limit = 3% (DHP/DAQ/tracking)

 Sensor Scale
> 40 sensors, each 250 x 768 pixels > ~8 Mpixel total

ASICs on module

DHP

> Switcher: consecutive row selection for data readout iyl skt
. ... .. . . Pedestal and common
> DCD (Drain Current Digitizer): Analog to digital conversion of signal mode correction NP S ierenial doa
Trigger and timing o transmission (= 1.6 Gb/s)

> DHP (Data Handling Processor): Digital Processing, data formatting

(AIAVCu)



PXD Design: Modules, Ladders, and Cooling

Module
* 2 modulesglued to one ladder
* 20 ladders in total (2 modules per ladder)

Ladders

* 10 ladders -1 half-shell
* Screwed on support colling block (SCB)
* Half-shell (HS) mounted on beam pipe

Cooling

e ~9W per module =~ 360 W for full detector
» 2-phase CO,: DHP + DCD (8 W)
* N, gas: Switcher + sensor (1 W)

N, channels

. N, carbon tube
CO, inlet
CO, outlet

SCB




PXD 2: Installed in 2023 with fully equipped 2"9 layer

RUN1 PERFORMANCE
Di - muon hit efficiency

>  ~99 % infiducial region

> ~96 % intracking acceptance

> Noise performance <1 ADU (~200¢e")
Impact parameter resolution:

~1.5 -2 times better than Belle

PXD 1: 2019 - 2022




Commissioning of PXD 2 - From DESY to KEK Installation

Commissioning at DESY HalfShell Test Setup at DESY
* Conducted source scans and system tests on half-shell setups

* Tested power supply, DAQ, CO,, and N, cooling with Aluminium
dummy beam pipe

* Two ladders were damaged by glue joint failure, highlighting
sensitivity to heating and bending

* The half-shell was repaired with ladder replacements and
improved mounting, with careful monitoring of temperature and

bending

Commissioning at KEK

* First operation of full PXD 2

* Issue:
> 2 ladders with significant bowing
> One module with high noise

Installation in Belle ll

* Attached SVD and installed in Belle Il
* Perform cosmic runs to study bending
more precisely



PXD 2 Cosmic Study and Operation Performance

Al PArameters n T I [ nirigs 1201 .
PXD 2 cosmic data taking ke by 1. Sonsor 30 Srace oned Pt by L e BB m%
«  Study ladder behaviour with cosmic data “ //__\ \ .-
> Test with different cooling setups ‘ // o
* Bendingin 2 ladders (4 Modules): o

> ~1 mm sagitta observed, smaller than the 2 mm, safe
limit from endurance studies
v Decided to keep both ladders off during operation start

Operation Performance from €30 runs 2843-2007
. :E; 6 o e 2 A 1
- S o b= 1 , 5
Ma rCh Ap rll 2024 § LE % E 2.:: _.*\' s iy ﬂ‘-,/,.-:‘h‘ '-,i'q\,l.-\‘wl_uw-l..:t.l_l’i'.".b.-'lﬂ'9.-
Running with 35/40 modules: i, : Q 097 '
o 2 2 096 -
> 4 Modules off because of bowing 3’ 5095
! & 0.94 -
> 1 Module off because of noise 0 0931
.. . . . . N 0.92 -
L1 and L2 efficiency > 98 % in the fiducial region 2 0.91-
. . . . . . -3 ” > . e ) - ) 0.9 T T T
Operation temperature high but within limits P A TR, SR - ? s % - -180 -90 0 90 180
SVD track ¢ at PXD [deg] 0 [deg]
Noise <1 ADU Efficiency map forthe PXD Layer 1 modules Efficiency as a function of the azimuth

Smooth operation with minor down times angle ®



Sudden Beam Loss (SBL) and Damages

Two beam loses with high dose in PXD SBL effects on a collimator PXD 2 L1 hitmap after second beam loss

Possible Reason for SBL:
* Vacsealresidue in the vacuum system
* Doesother sources of SBL exist ?

SBLeffectonPXD = NSRS S s 00 00

* In May 2024: two major SBLs i
damaged Switcher ASICs, causing ~2% PXD readout loss and increased currents
» After the 2"d SBL PXD 2 was powered down

PXD 2 remains functionalwith good performance

* Additional SBL events may cause further damage

Therefore, PXD 2 will be turned off during beam operations to prevent further damage until
stable beam conditions are restored!
During this summer shutdown we cleaned from vacseal residual the areas of the beam pipes.

Future Plans

* |Improving faster detection of beam instabilities earlier beam abort
* Decided to turn off PXD 2 for now to investigate:

> To optimize beam operation

> To solve origin of SBL event

Under development a fast-shutdown PS board to rump down the Switcher ASICs rapidly
(<30 us) inthe event of on SBL “precursor” to minimize the risk of SBL-induced damage



More information on SVD: P-side: u =ro@ Readout strip

K. Adamczyk et al 2022 JINST 17 P11042 SVD Sensor Design , 5 s,
Double Sided Silicon Strip Sensors (DSSD) ' '

172 DSSD with area coverage 1.2 m?

* Biasvoltage: 100V

* Perpendicular strips to provide 2D spatial info

* Depletion voltage: 20-60V

e Strip pitch: 50/75 pm (r-¢) and 160/240 um (z)

* Front-end electronics: APV25 chip, 50 ns shaping time
* Originally developed for the harsh radiation environment at the LHC
* 192-cell analog pipeline/ 128 channels
* >100 Mrad tolerance, 0.4 W power

* Cooling: two-phase CO, system

(-20° C with PXD1 and -25° C with PXD2)
* Materialbudget: 0.7 % X, /layer

Floating strip

Readout strip

Analog signal

APV25 Operation mode TR i%\')"s";fnp.;sz
> Operated in multipeak mode @32 MHz wor- in ring buffer |

* read-out
APV samples
in 6-sample

& read-out ]

APV samples -

in 3-sample

8

(Ve of SuperKEKB bunch crossing frequency of 254 MHz)

Signal (ADC)

&
Q
T

> (By default) 6 samples of analog output are recorded to reconstruct output waveform
> Alternative 3/6 mixed mode tested for high-luminosity to reduce dead-time
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https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11042/pdf

SVD Operation during Run 1
Performance in Run 1 (March 2019 - June 2022)

Cluster charge
- Stable throughout and matching the expectation;
24ke" for a MIP passing through a ~320 pm thick silicon sensor

Cluster SNR
- Very good cluster SNRin all 172 sensors
- Small reduction in 2022 due to radiation damage

Position resolution
- Stable position resolution within 10-25 ym observed, as expected
from strip pitches

Excellent SVD hit-time performance
- resolution <3 ns for signals
(time range of beam-induced background ~100 ns)

Hit efficiency
- Hit efficiency > 99% for most of the sensors

Masked strips
- Total masked strips < 1%

L3 u/P
w Belle Il - SVD
% - ene i - —2020
S 0.25 L, 3.x.2 sensors — 2022
g Iz data: exp10 hadronic events
= E data: exp24 mu mu events m;%un‘qm,
0.2
- StaDev 1511
L | Constant 0.6536
- | MPV 211
0.15 — | Sigma 3.07
- [Entries 489588 |
1’ Mean 26.45
0.1 Std Dev 11.57
ok I8 3:?;!:"! 0.:02"63
N _Sigma 2328
0.05
0 - N : . ! .
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SVD During long shutdown 1

Feb. 2023 Openmg the VXD SVD Half PXD msertlon

4 xi

J l

Augu st 2023



SVD Operation during Run 2

SVD was extracted and reinserted during PXD 2 installation (LS1), making Run 2 performance crucial

0.3

° - + - ° [
Run 2: Feb-July+Oct-Dec 2024: P Belle ll-SVD  ZRun1 R BeleI-SVD % med
. S 025 3.x.1 sensors = Early Run 2 3 ok =
Smooth and stable operations! & ¢ i ’ 8 °F 3x.1 sensors = Early Run 2
T L Expected generated — 7 — § E
w go2l— Entries 815632 20.25— Ch'(ll' o ax1
2: : SRR :5:51:3::“ 03513 E - Cluster SNR = —"Z'" ; e
Cluster charge and SNR 0151 uv " nm 0.2 | T NP |
- . . 17 ol 0151 o i |
* Nosignificant changes in cluster 0.1 fiz SDev 1143 : il cas
C E p - an 27.44
. ?’/“3; M L2 - Std Dev 10.19
charge and SNR 0.05— 1;% - :
E z 3 0.05—
Hpe E '!j%/(//////'ll' g
Sensor efficiency T w0 e 80 100 120 % 20 40 80 80 100 120 140
Cluster Charge Norm(ke-) Cluster SNR

» Sensor efficiency is very high (>99%) for most of the sensors

Occupancy during this run ~1%

Future Plan

* New algorithms based on time resolution to
suppress background and preserve tracking k&
performance at high rates

* Maintain SVD performance with higher
occupancy anticipated with increased
SuperKEKB luminosity




Radiation and Beam Background Effects on SVD

Beam Background Effects

* Sudden beam loss are arisk, but no pinhole defects observed in DSSDs during Run 2
* Integrated radiation dose can stilldegrade sensor performance: increase leakage
current, strip noise, decrease charge collection (SVD limit from S/N ratio: 6 Mrad).

Radiation Dose Measurements

 Totalintegrated dose on Layer 3 mid-plane: ~100 krad, equivalent to ~2.5x10"* n/cm?
(measured via diamond detectors) with no observed performance degradation

* Sensor noiseincreased 10-35% in Run 1 (due to radiation)

* Partially recovered (10%) after LS1 (annealing + lower cooling temperature)
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SVD Performance Resilience:

No significant degradation in SVD performance was observed
Current SVD hit occupancy <1%, increased during Run 2 due

to machine conditions

Sensors still collect charge effectively after 10 Mrad from test

campaign



Upgrade Proposal VXD = VTX

To achieve the target L=6 x 103°cm s 'and [£Ldt=50 ab~" a major
re-design of the I.R. (i.e. QCS upgrade) is needed.

* The VXD provides excellent performance at occupancy < 1%.
* Performance degradation expected in high BKG scenario at target
luminosity, where (with large uncertainties in the extrapolation):
* PXD layer 1: 32 Mhz/cm? = 2% occupancy
 SVD layer 3: 9 Mhz/cm? > 9% “

A new fully pixelated CMOS detector
proposed to replace the VXD. Requirements:

Peak luminosity [x10*cm2s1]

~

I Peak luminosity ]
[ [ —_— w&cémpgrade Mz;CSupgrade ] /"'_:
I Integrated luminosity (delivered) / ]
r [ Yv/jiCzSupgrade E’?;CSUPQWO‘B / .
Projected by SuperKEKB/Belle 11 E

7 ]
i /__/ ]
- We are here ,“ =
Ld lﬂ !ﬂ ﬂﬂ ﬂ‘ ......... L]

Jan 2024 Jan 2029 Jan 2034 Jan 2039

* |mproved tracking resolution and space-time granularity to cope with increased backgrounds at target luminosity:
* Hitrate up to 120 Mhz/cm?/ resolution < 15 um/ Integration time 50-100 ns
* Improved radiation tolerance to ensure long-term detector performance:

 TID: 100 Mrad
* NIEL:510'% n,,/cm?

* Reduced material budget about 3.0% X, (sum of all layers)

* Adapt to the new interaction region re-design

* VTXlInstallation planned during the long shutdown 2,
starting in 2032, TDR preparation in 2027.

Belle 1l Upgrade CDR htips-/doi.org/10.48550/arXiv.2406.19421

3
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The Vertex detector upgrade: VTX
QO Concept: 6 straight layers with DMAPS

* Higher space-time granularity & lower material budget
* More robust in high background & better tracking & vertex resolution

at low momentum NS

* Lighter services & “easy” geometry
* adaptable to potential changes of Interaction Region

A Technical choices

* |dentical pixel sensor on all layers:
Optimized BELLle Il pIXel (OBELIX) chip

* Thin DMAPS sensor, derived from TJ-Monopix2:
33 um pitch & 50 ns timestamping

* Operated at room temperature:
power 200 - 300 mW/cm?

* iVTX:innermost 2 layers, all-silicon, self-supported,
different cooling options under evaluation 2 0.3 % X,

Baseline VTX layout with 6 layers

R:1.4-14cm
max length 70 cm

\ as

Most conservative BKG extrapolation

1.T'her.m§l cond.uct!on by thermal pyrolytic graphite 11 L2 13 L4 L5 L6 Unit
2. Liquid in Althin pipes
Radius (mm) 141 221 (62.5/69.0 B82.5/89.0 108/1145 133.5/140 mm
* oVTX: 4 outer layers, carbon fiber frame, #Ladders 6 10 30 36 48 60
water cooled: 0.620.8 % X, #Sensors perladder 4 4 12 16 20 24  perladder
Mat budget (% X0) 0.3 0.3 0.6 0.6 0.6 0.6 % X0
Expected Ilitlate*il"ll"lﬂcn'liﬂ 34 16 1.13 0.76 0.41 0.27 MHz/cm2




Performance Simulation Results

el nominal Belle 11
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=== 6layer-staggered-L3mod-2xL12
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Slow mt: all the VTX geometry
versions perform better than the
nominal Belle 11

1 = —@— nominal Belle Il
g - —f— Glayer-staggered-L3mod
E g~ Glayer-staggered-L3mod-2xL12
8 = —%— 6layer-staggered-L3mod-3xL12
E b Glayer-staggered-L3mod-3xL12-1_5xL3456
7 :— ——f——— Glayer-staggered-L3mod-3xL12-2xL.3456
61
5
- on
T e
3 -l -
- - e
E -a-
2F -
0 :I 11 I 1 1 1 I - - J 1 1 1 I - l 11 1 I - I 1 1 |-
0 20 40 60 80 100 120 140 160 180
ft
6(n*"") [deq]
N T T T T I T T T T I T T T T ] T T T T I T T T T l T T T T
Bh

=———— Nominal Belle II

------- Nominal VTX

[ Alternative VTX
Slayer-staggered-L3mod
------- 6layer-staggered-L3mod
e OGlayer-staggered-L3mod-2xL12
------- 6layer-staggered-L3mod-3xL12

——— Olayer-staggered-L3mod-3xL12-1_5x1.3456 ]
------- 6layer-staggered-L3mod-3xL.12-2xL.3456 —

KO%:

The higher material budget

on L1&2 has negligible impact
on the efficiency, but worsens
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the B vertex resolution
significantly

(though 0.3% X, is still better
than nominal Belle Il).
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VTX Sensors: TIMP2 & OBELIX Overview

TJ-Monopix2 (TJMP2): the OBELIX forerunner | ==——==—"1

Developed for the ATLAS ITK as a DMAPS using Tower 180 nm CMOS, :

modified for rad-hardness & faster readout (good at high fluence at low ; S

temps), FE derived from ALPIDE o I—q H Iﬂk ‘

* Pixel & Matrix Specs: = - ﬁ
512x512 pixels (2x2 cm?), pitch 33.04%x33.04 pm?, 7-bit ToT,
3-bit threshold tuning, thicknesses ~30 um (epi/CZ-bulk)

* Readout Architecture:

R e S | y
Column-drain R/O for >120 MHz/cm?, triggerless in TIMP2, o S TIM2 sensor bonded on a test
. N LayoutofTIMP2 sensor: divided in board
25 ns integration. 4 regions with different FE
* Front-End Flavors:

4 variants in amplifier & coupling (AC/DC) for rad environments

OBELIX-1

atrix: 896x464
OBELIX :'vuwsszeao.z(p:’::mz

Optimized Belle Il pIXel sensor

Based on Tower Semiconductor 180 nm CMOS & TIMP2 design + new digital periphery
Designed to stand high hit rates (120 MHz/cm2) with strong radiation tolerance (TID
100 MRad, NIEL 5x10™* n./cm?)

High performance with <15 pym spatial resolution, <200 - 300 mW/cm? power
consumption, for hit rate from few to 120 MHz/cm? and <50 ns time stamping

First full-scale prototype (OBELIX-1) targeted for submission in Winter 2025



Efficiency on irradiated TIMP2: TB March 2025 @ DESY

Efficiency vs Threshold - Max bias Efficiency vs Tyyc - Max bias
100.5 100.5
100.0 100.0 & ®
. 3 m » OC . O ‘ P & s Oi ﬁo & (o] @
99.5 R N 99.5 ° .
— 8 .‘ © ® p— '
2 o : =9 O
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97.0 © AC e-irrad 5e14 neg/cm2 o o ® DC e-irrad 5e14 neg/cm2 S S
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0 100 200 300 400 500 600 700 800 5 10 15 20

Threshold [¢7]

Defined the operation temperature based on 99% efficiency
measured on test-beams after chip irradiation@5 x 104 n,,/cm?:
IVTX sensor should stay <40 °C (less strict for oVTX)

DC front-end (OBELIX1 choice forthe whole matrix) provides higher
operation range than AC.




IVTX (L1&2) Ladders

ROL metal (Cu) Polymer } R
* All-silicon module 4 contiguous OBELIX sensors diced as occats  Passr conponats (e of o) bt s &E
a block from the wafer, thinned to 50 um \, / / / s |
. . . \/_\l_mﬁ_ v v v
* Post-process redistribution layer (RDL) for i N L]
interconnection - - _

* Prototypes:

* First real-size ladder at IZM-Berlin with dummy Si &
resistive heater to test cooling too

IR -

owerl N [ OB

~ 120 mm

Modelling prggrggsing on iVTX mechanics

* Ladder re-modelled with active region / periphery shown
* FWD and BWD side mounting in place on beampipe assembly

FWD Side with roller support

|

Multi-reticle ladder

Size: 12x2 cm? (4x chips interconnected)
To be updated to the new I.R. geometry

Full front and backside processing

Impedance, continuity of the RDL, integrity data Imes

Selective etching




* Thermal Pyrolytic Graphite (TPG): high crystalline graphite manufactured
from thermal decomposition of hydrocarbon gas at an extremely high temp.

» iVTX ladder supported by a TPG plate, acting as:

vity [W/m.K)

onducti

iIVTX Cooling by Thermal Contact

(This solution already adopted in the MVD of the CBM experiment)

* Thermal heat sink

the high alignment of the graphene layers causes superior thermal conductivity which makes it an excellent
thermal management material with thermal conductivity around 1500W/(m K) for 380 um thickness

(i.e. 4x higher thermal conductivity than Cu
but with 1/4 of copper’s weight

 Mechanical stiffener ‘ iVTX prototype ladder

30°C '
TPG Young's modulus 20 GPa, 1/4 of Al U rcanstnictian)
tensile strength is 80 MPa, 1/5 of Al B o?

Graphite sheet thermal conductivity i <\ Parylene Coating (10 ym) 9
\"(,: —— = Glue and any thermal interface material used (50-100 pm)?

. 23 3
' T TPG (+100 m)

20°C
(Beampipe cooling system)

>
sired
) + 0,4C .
1000 - x0 (
+ 0,20
500
0 L 0,00
0,0 ( 08 2 6 (



IVTX ladder developments

iVTX: Two Ladder cooling solutions > critical study now Thermal simulations: we are below 40 C

even with the lowest TPG conductivity.

* Plan A:
Solid thermal conductor (TPG)

A: Thermique stationnaire 20

Température

Type: Température

Max temperature depending on configuration

With TPG : 1500 W/m.K

BP//P I

Max temp depending TPG conduction

-easier for mechanics but still many question “#< g : : ,
(gluing, coating, ...) [ ;;,";';;‘0;522% =_4W_mm Alu/sifTep/si/alu | For Alu/TPG/Si configuration
’ s oo %G 4w
-requires water cooling at the end-piece F;’;j;‘; e Max temp depending TPG conduction
-low radiation impact on heat conductivity, " = 2w W | 33.3C CEUAEL . .
. . 8 2894 Thermal simulations
according to ATLAS SCT experience(*) 2412 ) A "
. ; 25,929 4W 3118 \ Alu/TGP/Si
-first IVIX TPG prototype ladders expected xar 20c | Naeud 4877 | o
1 22,965 £
in December 2142 i 3
20 Min -
0,00 20,00 40,00 (mm) é i
10,00 30,00 e
A: Thermique stationnaire 2D ) | 20
?’“F’i’a‘“"? t With TPG : 600 W/m.K ‘ 300 500 700 900 1100 1300 1500 1700
ype: Température L J
Unité: *C TPG thermal conduction [W/m.K]
. N/ Temps: 15 °
(*): Measurement of the t.h ermal conductivity s b SO AN m— T -
of PG substrates for use in SCT modules sosorma 207 AW Nowd23sss |
(by G.A. Beck et al.) H 37,606
35405 f g
s o iy °°-5C B
{ 31,004
zzggz AW msm ) Y Alu/TGP/Si Half model : Vertical symetrie
« Plan B: o2 o | Newdese I And
X ¢
22,201 X Perfect wafer/TPG bond
Al water tubes ol il

-relatively more complex
-greater material budget




Structures FWD Side:
1. Ladder Support Arm
2. Linear Guide

3. FWD Support Flange

Solution for iVTX
with TPG

heatsink cooling
FWD side

Structures BWD Side:
1. Ladder Support Arm
2. BWD Support Flange

Assumes paraffin
manifold provides the
cooling; if not, we need to
add an additional cooling
block or manifold to this
list on both sides

Paraffin manifold

Red arrows show thermal

pathway via conduction
Note it is unlikely that the support
will be able to cover the entire
width of ladder

23



oVTX

and liquid cooling
* Chip and Flex circuit for power & signal

* Prototypes:

* Mechanical & thermal characterization done for the

longer ladder ~70 cm (outermost layer)

* Mechanical designh & prototypes already
advanced

Ladder structure (ALICE ITS2-inspired):
* CF support structure () beam), cold-plate with 1 pipe

Obelix
Chips

FWD end mount

Cold Plate

Q beam

BWD end mount with
sliding mechanism

Kapton Pipe




<G Design of the hydraulic services

Tl Bl b T Bacheiei
et i Pl

(in the old I.R.: to be re-done for the new QCS)

All the manifolds (except for Layer 6) integrated into the end rings. * Working to find a solution w/o modifying the FWD end flange

The scheme: Layer “X" with manifo/d on the Layer “X+1"end r/ng * FEach /ayer has the man/fOId located on its own end rlng preventing the plplng

The pipes are grouped into manifolds (sets of 5 for the L3, of 6 for the other layers).  and flex cables from crossing

The end rings are hollow to allow space for cables routing. » A mock-up is needed to evaluate the tube’s flexibility and its minimum bending

Legenda:
L6 - ladders to manifolds
L5 - ladders to manifolds
L4 - ladders to manifolds
L3 - ladders to manifolds

radius.

- Manifold Inlet (or Outlet) ‘ 25




. e . Contributions to the material budget
Al Flex for minimal material budget (OVTX L6 ladden)

0200

IpGBT/VTRX+ integration

ok Plane; 0,07 1%

Design of the
Dummy Al-Flex

Pipes & Coolant; 0.060%
Chips! 005.3%

I I I . 2
((((( " ——

BADPCET SIFL e Tl Plain e Flex W+ BYY Chigrs Panyhiang

* Remove data connector (top side)

* Integration of the IpGBT/VTRX+ on the top layer

» Keep bottom connector for: chip power supply and bias voltage,
VTRX+/IpGBT power supply

* Replace 40-pin connector with Molex FD19 — 30 pin — 1mm pitch

* Flex head widened to = 39 mm

» Simplified flex with 4 chips (1 master - 3 slaves)

* 6 layer stack-up, compliant with CERN fabrication requirements

~39 mm

Design to be adapted to the new OBELIX-1 gds file (already validated by CERN!)




The old vs NEW (preliminary) QCS layout

NEW QCS
DESIGN

300 300
New IR - LP.- QCS - BWD New IR - IP.- QCS - FWD
—— —— —

628 634
Current IR — Distance from LP. to QCS BWD Current IR — Distance from ILP. to QCS FWD

— — g —

CURRENT
Belle ll




Specific issues under study (waiting for the new/conservative QCS design)

L3A and L3B FWD Side Clamping Sliding mechanism (BACKW)

Screws to fix the upper interface to the end piece

—

I SR
il -!_._(( 1eeldtE

o

'l

C e | k
4,

T [—
= Wy
kil ‘ Ll ?

e

Lmeargwde Interface plate Track rail
housing/ ;
' . between Track rail
interface with dend ri
ladder and end ring

-

Ao 74l Neceded engineering developments to translate
' conceptualideas into a CAD model and prototypes, by

; defining the (hydraulic/electrical) services in the new
vl constrained space, still ensuring that the old/tested
ladder-mount procedures work.

.....



Conclusions

* After months of preparation (Vacseal cleaning, new RF gun, ...) SUPERKEKB is going to restart collisions in November.
Belle Il will restart data taking with SVD efficient as ever and PXD OFF, waiting for stable beam conditions, i.e. hopefully
w/o observing SBL any longer, in case implementing enhanced fast-shutdown systems to safeguard the PXD.

 Theplan (A)is to collect upto 1 ab’in 2026ab runs reaching 103> cm= s of inst. luminosity.
Such achievements are the crucial steps for the final goal of the project!

* Toreach the target luminosity 6 103°cm= s and 50 ab™ by 2042 a major redesign of the I.R. is needed.

* The mechanical design of the new vertex detector depends critically on the confirmed position and design of the QCS
and other constraints from the machine around the interaction point.

* The Obelix chipis going to be submitted to foundry.

 Continue R&D and engineering activities on VTX ladder prototypes.

* Needed MEXT Review (under discussion)

* Pathforthe Belle Il upgrade to LS2 (2032):

Finalize baseline
upgrade configuration

TDR review

Define upgrade baseline
— BPAC/ARC review

[ ]
2025 | 2026 | 2027 | 2028 | 2029 @ 2030 @ 2031 | 2032 2033

| |
Prepare TDR

Construction Installation
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DEPFET sensor principle

How i K insulator oxide
ow it works gate  p-channel

 AField Effect Transistor (FET) is built directly into a fully depleted silicon p*source p* drain

bulk.
* Theinternal gate (a deep n-implant beneath the channel) collects signal v

electrons, which in turn modify the source—drain current. ’
* After readout, the stored charge is removed through an n+ implant using /7 interhal gate

a punch-through reset mechanism. n- bulk ’e_,h’

h "
-l p* backside
’i'i A\e % z
. z\(\a(%e
Why it’s Important
FET gate amplifier

* Fastresponse

> charges are collected within nanoseconds
* ensuring excellent signal-to-noise performance
* Low powerand low mass
> with only ~75 pm active thickness, the sensor adds
minimal material to the tracker
* Non-destructive readout

depleteq
N-Si bulk




SVD Data Reconstruction

Charged particles passing through fully depleted sensors creates e-h pairs, lonizing particle
which produces hits in the strips
* Cluster: Collection of strips with signal-to-noise ratio (SNR) above certain
threshold
* Acluster has
> Charge: Sum of the charges of each strip belonging to the cluster,
depends on incident angle of the particle
> Time: Charge-weighted average of strip times relative to trigger
> Position: reconstructed from strip charges
> Noise: Quadrature sum of noise of each strips Charged particle passing DSSD

Aluminium

Oxide

‘| Cluster charge | Tracking '
Digitized Processing SVD Cluster i E » _
APV25 | Raw data reconstruction '|  Cluster time —>| Belle Il data »| Particle d =300 - 320 ym
data : t identification
| Cluster position I




- Hit time selection PoS ICHEP2024 (2025) 855

Excellent SVD hit-time performance: resolution < 3 ns for signals, while time range of beam-induced backgroundis ~ SVD occupancy limit
SV D around 100 ns for Layer 3 can be set
O  Efficient to remove 50% off-time hit background, keeping signal efficiency above 99% at 4.7%
O  Background rejection based on SVD hit-time selections already tested but not yet deployed on real data
Owa r S reconstruction
- E wrong collimator settings data
background physics 00E-
u u re § e I8y, - 7| <20 s 3
oF ‘\Re;ec!ed Bkg-

Signal

High Py

-_— s
o -

bunch Triggered collision o

[ ] [ ] - r

I I I l I l -150 -100  -50 0 50 100 150

u I O S I Cluster Time [ns]
‘ Clust PoS ICHEP2024 (2025) 855

er grouping 1aE - .
- Other hits from L Hits from target
Grouping the clusters on event by event basis using the cluster times 12Egn0ther beam- “" collision

10-bunch Sy

O Selection based on Grouping further reduces the fake rate

by 15% on high-background data exp=24 run=1726 evt=660650

Trrr T

(alghoritms to L[] e
maintain high == track time it ﬂ l\ ( D

Average time of clusters belonging to the outgoing arm of the track, 150 100 50 0 50 100 150
p e rfO rl I l a n C e) relative to time of collision Cluster Time (ns)

Q  Remove off-time track, further reducing fake rate by a factor 1.5 for the high background scenario

oON & O ®

IARE RARE LR

=

PR

SVD hit time: all clusters SVD hit time: cluster on track

|wrong collimator settings dataJ

iw'nng collimator settings data ||

Exp 26 x Exp 26
“F e clusterson-tracks | Fyrther increase SVD
M Cluster - | = occupancy limit for Layer 3
‘ grouping ik s from 4.7% to 6%

100 150
Cluster Time [ns]

Not implemented vet

100 150
Cluster Time [ns]



Vertex Detector Alighment

What is detector alignment?

* Calibration of the true spatial positions and orientations of detector sensors
(PXD, SVD)

* Track reconstruction is matched with actual hit measurements using global
track-based fits

* Minimizes track-to-hit residuals across thousands of events

What do we align? -

= =
« VXD includes: 2 PXD half-shells, 4 SVD layers (~ 65 ladders) 27
* Each has6rigid-body DOFs (translations and rotations) 5*”

Includes surface parameters (Legendre polynomials up to 4th order)
In total >4000 parameters are solved using Millepede Il

Rotations

2
g
_§
Why is alignhment needed? &
* Unaligned detectors show up to hundreds of pm shifts § o
h -—

> Essential for maintaining vertex and tracking resolution =58

R0 |

required for Belle Il physics
* Detector positions change due to vibrations, temperature
fluctuations, and mechanical shifts

Quartic



Alignhment Monitoring and Results

Challenges é — e | o
Radial expansion Curl Telescope
« Misalignments . “’_%rc’;" e P P i
¢ Weak Modes - \\" I
* Deformations Elllptical expansion Clamshell Skew
o acai - 005 (200) - L0 = Cacal -C0s(0) | 4 cos(a)
Track-based alignment method é :ﬁ) ' b ’ i
* Performed using Millepede Il and GBL track model !
. . L. . Bowing Twist Z expansion
* Simultaneous global fit of rigid-body DOFs, surface shapes, and time-dependent parameters Ar = Coene - 171 raé AZ = Cocn - Z

.
Alignhment data | -
* Cosmic-ray muons with B-field off/on

* Collision events: dimuons, hadronic events

Z Position

du dv
value
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40 ; :
30 S ;
3 3
v Run: 30,2983 30 e
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< 1000 10 5 25 !
3 ® VXD: 947.61823 o = o7 64322 N
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Beam pipe cleaning

* Internal inspections have been completed, where Va C Se a l C le a n i n g

- All MO-type flange connections where VACSEAL was likely used.
- IR (HER, LER), LER wiggler sections (D04, D10, D11), others
* Black stains were found on many flange connections and removed.

™

*During D9V 3 collimator replacement work
- Black stains were found on HELICOFLEX flange connections.
- VACSEAL had been used.
- This is the first time such stains have been found on HELICOFLEX flange.
- Three HELICOFLEX flange connections will be inspected before operation.

After removing the vacseal we observed S )
decreasing the SBL happening from the '
Clea ned area. E 1, Beam-pipe cleaning

2. DO9V3 replacement




Layer 1 Layer 2

Cooling Manifold
Cooling Loop

Solution for
iVTX with

Linear Guide

Ladder Support Arm

% Structures FWD Side: - -
4 2 UnosrGuge coollngplpes
\ 2. Linear Guide
V- 3. FWD Support Flange
4. FWD Cooling Loop
5. FWD Cooling Manifold FW D i I
Structures BWD Side:
1. Ladder Support Arm . . .
: 2. BWD Support Flange Cooling pipes with In the model, periphery is this side
3. BWD Cooling Loop Thermal interface to ladder * Is this optimal?
i i depicted by chamfer * Is this the latest design?
FWD Support Flange 4. BWD Cooling Manifold p Yy i e sign

View on FWD Side

Layer 1 only shown

Consider thermal performance

with pipe in this position and 37
how it changes when modifying

A&B




VTX Collaboration

s

'y v@ »f Pavia ”f su f _

Umvers:ty of Dortmund Queen Mary University of London INFN & Umvers:ty of Pisa IFIC (CSIC-UV), Valencia
University of Géttingen CPPM, Marseille IFCA (CSIC-UC), Santander HEPHY, Vienna
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