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— innerVTX: short full silicon ladders

— outerVIX: long multi-element staves
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D

Motivation for an upgraded Belle Il vertex detector a

Belle I

See Alice Gabrielli's talk on Thursday morning

(. Higher space-time granularity

Robust tracking & vertexing for any beam-background

J Lighter material budget
* Adapt to possible new Interaction region ViX * Higher radiation tolerance
* Possibly increase performance for physics _ ° Simplified services

= VTIX/OBELIX collaboration: 12 institutes over 8 countries

University of Bergamo INFN & University of Pavia

University of Bonn INFN & University of Pisa

University of Dortmund IFCA (CSIC-UC), Santander

University of Gottingen IGFAE, Santiago de Compostela

Jilin University IPHC, Strasbourg

IPMU, Kashiwa University of Tokyo

Queen Mary University of London KEK, Tsukuba : 2

CPPM, Marseille IFIC (CSIC-UV), Valencia « OVTX: L3~»L6
IJCLab, Orsay HEPHY, Vienna * Max length ~70 ¢
RAL, Oxford * Radii: 1.41to 14 cm

Framework Conceptual Design Report
arXiv:2406.19421 [hep-eX]
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https://indico.in2p3.fr/event/32425/contributions/142776/
http://arxiv.org/abs/2406.19421

D

Upgrading the current VXD <

Belle II

= Requirements

Acceptance r-¢ 14-135 mm / 17-150 deg -1 42
Spatial resolution <15um
Time-stamping 50-100 ns
m <= Goal for the system {3 ';Zelgyé ;sokzs%.go% ‘
Triggered read-out 30 kHz, latency 10 ps
(Average hitrate  up fo 120 MHz/cm? )
Total lonizing Dose (inner) 1 MGy => Constraints to sensor
Q\“EL fluence (inner) 5x10™ ngq/Ccm? y 15t Belle 1| monolithic sensor in development

+ Strong interest for

« Time stamping < 5 ns " Powering
* Inputs to L1 trigger

* On-sensor LDO regulator => facilitate voltage distribution

* Dissipation: 200 to 300 mW/cm?2depending on hit-rate
— Including power drop along ladder
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IVTX: iInner layer design — 5

Belle II

= Self-supported all siicon module

* 4 configuous sensors diced out of wafer => 12 cm long
— Insensitive distance from adjacent pixel matrices ~ 500 um

* Interconnected with redistribution layer
- 2 metal layers
— Single connexion at ladder end

Fxclusion Edge

* Possible heterogenous thinning

RDL metal (Cu) Polymer ] _
— thick edges versus thin matrix - %}mmm
— Smallest material budget ~0.1 % X, —

metal pads (Al) bulk silicon
Flex cable Passive components
Support structure ~1 mm

'
[ \| | \ i v \ L]
700 pum wafer Thinned to 400 ym Thinned to ~40 pm DN R A Support structure ~1 mi
H later: DMAPS sensors
® Bond pad
Dummy |adder des|gn. ond pads 20 mm ~100 pm gap RDL metal (Cu) / Mounting hole &

~22mm

A

Y

~ 140 mm
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Belle I

IVTX: Inner layer prototyping

= Dummy ladders

* Full silicon wafers with resistive heaters
* RDL processed at IZM-Berlin
* Uniform thickness 700 um

=> |nitial tests: Temp ~53°C for 1.5 W dissipated/sensor

* Mechanical, electrical test on-going ...
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IVTX: options for cooling <5

Belle I

= Full air cooling

e Simulations (1 ladder):
— Tmax ~50°C, AT(1 sensor)~10 °C
* Wind funnel on dummy beam-pipe & 2 full-layers

— Early tests with 70 W load & air speed 10 m/s
=>T~50"C

* Bringing air to the iVTX volume
— Solutions under study

= Cooling alternatives

« Water tube in contact with sensor periphery ! ey Max
=> Tmax ~29°C, AT(1 sensor)~5 °C 24,46
* Additional flat heat sink for smaller AT s . C
21784 Simulation with 1 water tube
* Material budget cost: 0.2 to 0.3 X, o
=> Physics performance simulation on-going 0% 3500 70,00 (mm) ¢ I

—
17,50 52,50
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oVTX: outer layer design % <

Belle I

= Recipe forlong and light staves
(Inherited from ALICE-ITS2)

e Carbon fiber support frame
* Cold-plate with T coolant tube

* Long-flex for power & data
— Longest flex: 1x12 sensors => 1-side output
— Longest stave: 2x12 sensors => 2-side outputs

= Cooling studies

B: Steady-State Thermal

Overal Temperature Simulation to optimize

Type: Temperature

Unit *C tube position

Time: 15

 Early prototype tested with 200 mW/cm?
=>Tmax < 30°C, AT(1 sensor)~4 °C

15/03/2024 19:33

9,934 Min

®= Flex development

Specific power : 200 W/emq Flow: 0,22 Kg/min

* 410 6 aluminium layers
* Investigating CERN workshop & Japanese Co.
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oVTX: outer layer design B

Belle I

= New Omega shape support
* Carbon fiber skin with rohacell core

— way more compact / truss structure

— Allow 3 to 4 layers at ~large radi
=> excellent for track-seeding & K

_

Truss structure + cold plate

=> material budget ~0.45% X, from L3 to L5

= Bending over 70 cm?

* Simulations: sagitta < 100 um
* Measurement with prototype on-going

[ o TP Y

3 layers over 58
82 - 140 mm

. Baudot -
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Conclusion

= Upagrade Belle |l vertex detector

* Challenging requirements:
high hit rate / low material budget / low inner radius / 5-6 layers over small radial range

* Geometrical constraints: 5 to é layers within ~13 cm radius range

* Operational conditions: Room temperature & Radiation tolerance

= Status of R&D

* Early prototypes for iVTX & oVIX => measurements of key quantities

* Optimising solutions for: cooling iVTX, supporting oVTX

* Global integration concept starting...




Belle I

Thank you for your attention...

£1_th

J. Baudot
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Belle Il @ SuperKEKB <D

Belle I

Luminosity driven program to search for physics beyond
Standard Model with cc, bb, Tz pairs

» SuperKEKB: e+e- collider at Vs = My

* High-lumireach: nano-beams + high-current

* Challenging beam-background conditions
worsening with £ but predictions suffer very large uncertainty

= Run | 20192-2022
e Worldrecord £=4.7 x1034 cm2s-!
* 428 fb! integrated with full SVD + 80% PXD

= Run |l 2024-
ﬁ:(’;to';; CDﬂf?Sf)t;?mber ] * LS1: accelerator improvements, 100% PXD+SVD
0).L2R6 0),
* Push toward 2 x103* cm-2 s-!

NI

,
O

Further planning
N e Target 6 x103 cm2 5!
] * Requires interaction region improvements

5-Vertex Detector (VXD = PXD+SVD)
2 layers DEPFET pixels + 4 layers DSSD

< 4
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Current vertex detector: VXD D

Belle I

= 2innerlayers: PXD

e DEPFET sensors

* Pitch 50-75 pm, Integration time 20 us N (r2) plane
— Not triggered -

* full silicon layer (sensor 75 um thick)
— material budget: 0.25 % X, / layer

e Occupancy limit 3%

See F. Becherer’s talk on Monday morning

physics acceptance: 6 = 17-150 deg

PXD radii
14, 22 mm

i

$310 mm
! |

= 4 outer layers: SVD

* DSSD sensors

Time resolution 3 ns, Strip length 6 cm

* Origami-concept, CO2 cooling

— material budget: 0.75 % X, / layer

Triggered read-out, latency limited to 5 us
* Occupancy limit 6%

See L. Corona’s talk at ICHEP 2024
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https://indico.in2p3.fr/event/32425/contributions/142754/
https://indico.cern.ch/event/1291157/contributions/5876938/

VTX geometries

D

<o

Belle II

= FEstablished layout

® |nvestigated layout

Radius
# ladders

# sensors/ladder
Material budget

Average radius

# ladders

# sensors/ladder
Material budget

mm

% Xo

mm

% Xo

L1
14.1

~0.2

14.1
6
4

~0.2

L2
22.1
10

~0.2

22.1
10
4
~0.2

L3
39.1 or 69.0
17 or 30
7or12
0.30r0.4

(L3)

39.1 or 69.0
17 or 30
/or12

~0.5

L4
89.5
40
16
0.5

85.8
36
16

~0.5

L5

140.0

31

2x24

0.8

L5
109.3
48
20
~0.5

L6
136.8
60
24
~0.5

J. Baudot
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Expected VIX performance

D

<O

Belle I

Finding Efficiency for Different Background Scenarios

" Full simulation n ° m VXD
. . .o 94 ® VIX
* Pixel response modeled + Simplified 5 layer geometry S
* Belle Il Reconstruction SW (BASF2) = o3 a
* 3 Beam-induced background scenarios g
V1: optimistic, v2 intermediate, v3: conservative 2. Track finding
w
=> occupancy reduced /200 with VTX g 3 VXD layers included
T
: : & 5 VTX layers included
N Resolutions studies . Y
Kr - Efficiency vs true P, o
- ; : o * B” - J/h(u)Ks(mrm) .
Q - H : MC d BO K. i
5 1__ ............. —— VXD an - KTy ‘ ' ;
= - : : —4— VTX default .
52&:, L s ... . * +toCDCgKF * B vertexresolution 20 to 50% ' Backgrounzd Scenario ’
w 0.8 : : —— + toCDCCKF + noBk
. _'_I#.:ﬂ:_._*_,__‘_f T O * Flavour tagger ~ performance
(1) I— __._,—n— ........................
: - - +-'—*-+5-l-—-T l
- : _._—OH—.— :
0.4.—_ ........... =t=. ....... —.-x ...................... .
- Improvement at
0.2:.‘_ .......... ¢ .................................................. |OW momenfum > strong resilience 1.0 chkground
- I T T I———— - Soft 1 reconstruction > Improved performances
3 0.6 E_ _______ et e . N in B® > D"~ 'y,
e HORTRRE—— T e 0r— . . . .
r 82_+—'—"‘ e L DO => Geometry optimisation on-going
: : : : : . 6 layers
: A A 2 :
% 0.05 0 0.15 Trueopm oV
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Thermal test of long oVTX stave <

Belle II

Specific power : 200 W/cmq Flow: 0,22 Kg/min
Temp. Profile chart
30
Specific power : 200 W/emq Flow: 0,22 Kg/min
25+
- L9
20 ~
IOI Avg ' Man ' Max ' Span
L1 24,55 21,79 26,43 4,64
15
r v v T v v Y v v Y v v v T v
0 200 600 800
Pixel
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Interaction region for higher lumi

Belle I

. . .q"_g—ﬂ
CurrenT mOChlne Curren-l- |R |Oyou-|- %;Lrgyebrzgg/ﬁ}on so/fno:dv i s

* World luminosity record 4.7x1034 cm™2.s' (2022)

* Expected max lumi ~2x103> cm2.s! e I —
— Main limit from dynamic aperture at Interaction Region (IR) = s : — e

2l
” L
2

QC1P in the OCS- /-?1‘—‘1

L0200,
QCS =
“

®» Potential road toward é6x103° cm—2.s"

Compensation solenoid o

Potential new IR layout  @woe” ™" ==

300

* New final focusing magnet (QCS) required
— To increase dynamic aperture at IR
— On-going R&D for feasibility

* Foreseen new QCS conflicts with current VXD volume
=> new VTX length & support

| \/XD

-I'O be reploced 0F7P n fhe 0F§R '—'-,-_.'l g S

X
IRON or Magneti Component ™ ==
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VTX sensor requirements & strategy

D

<O

Belle I

Belle-ll . - 2 . .
depleted MAPS TJ-Monopix2 \Z> Large proto ~4 cm<“ chosen as pixel matrix '

Sensitive 017 e 17 * TJ 180 nm CIS process TJ-MONOPIX2. .
area * Bonn, CERN, CPPM, CEA-IRFU
Sensitive DOI: 10.1016/].nima.2020.164403
thickness e 2o luy i o :

* Modified process for depletion
Pitch 30 10 40 um 33 um => rodlohon.’roleronce

* Column-drain read-out
Signal digits 1 to few bits /7 bits ToT inherited from ATLAS FE-I3
:i"':‘eegmmn 50 to 100 ns 25 ns IZ> Steps toward Optimised BELle Il pIXel sensor (OBELIX)
Hit rate * Characterisation of TJ-Monopix2 pixel matrices
(average) 120 MHz/cm? > 100 MHz/cm?

* Start design of 15* complete sensor OBELIX-1
:gggi;i? 30 kHz, lat. 10 s — Extension of TJ-Monopix-2 pixel matrix

— Completed with new digital logic + LDO regulator

Power ~200 mW/cm? 200 mW/cm? o <===== now

* Characterisation of OBELIX-1
TID ~1 MGy 1 MGy

— corrections & option choice driven by tests
Oper. Temp. room+ 20 °C — Addition of SEU protection
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D

DAQ system concept D

Belle I

e-links, clk & power | h'gt_h SIpI?elg | Belle Il
W optical opticallinks " DAQ
front-end transceiver | | g |
---------- electronics | pc/DC : 5 S B_elle |
oVTXonly | converters | S = | trigger &
\ ? lock
2 2 -
' S (TTD)
| » §e)
. 3] C
*é_ f.: L:‘
BW optical O trigger
frontend transceiver 8
9Iectronics DC/DC Run
IVTX converters T
control
—> data uplink optical Slow
. S ~-_5 Bw _ _
— = => track trigger data uplink "~ frontiond transceiver control &
"TT===- electronics [pc/DC . Power B config
I —— power oVTXonly | converters I supplies
Mo 1 FE serves n ladders / modules radiation hard components <«— | — commercial components
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Be"e “ de.rec.ror Upgraded or new / Belle <2

Belle I

KLong and muon detector (KLM) upgraded
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2 barrel layers)

EM Calorimeter (ECL) Upgraded
Csl(Tl), waveform sampling (barrel+ endcap)

AL \
Particle Identification
e/eCtr TOP detector system (barrel)
Onhs (7 Ge Prox. focusing Aerogel RICH (fwd)
] ] new /
Final focusing magnets
Beryllium beam pipe :
2cm diameter new e
B
SuperCond. Solenoid ev)
1.5 T magnetic field
Central Drift Chamber Nnew
Vertex Detector (VXD = PXD+SVD) new He(50%):C2Hs(50%), small cells,
2 layers DEPFET pixels + 4 layers DSSD long lever arm, fast electronics
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