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The SuperKEKB Accelerator

I Accelerator commissioning

Belle 1l BEAST and partial Belle [l commissioning
-

| o« g Full Belle Il detector
)
1 '1. / ....... . = e - . :

2016 2018 2020 2022 2024

* SuperKEKB: Asymmetric energy e*e collider

E.,= m(Y(4S)) = 10.58 GeV

* Peak luminosity: £ = 8-:103> cm=2 s (x40 than KEKB)
Beam size reduction. Higher current.
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The Belle Il Detector

" Detector requirements
* Light material
* Vertexing capability

e Particle identification

2 layers DEPFET ¢

* E.M. calorimetry A1ayers DSSD

central
drift chamber

* K% and muon ID

* Data handling capabilities = New detector: Belle Il
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The Belle Il Pixel Detector

Y - 2 Layers of DEPFET-
cmarinas@uni-bonn.de = based silicon pixels




Belle Il Vertex Detector Requirements

Bel |e II PXD ° \ I:HEInIrnpacl F':uumaufl.!malutlm
L —@—— Balle Il - PXD+5VD tracking (MC)
0.4 hits/pum?/s

——i—— Balle I - VD only tracking (MC]
2 Mrad/year

Occupancy

esemene: Balle - 5VD2 cosmic (Data)

&

Radiation

2-102 1 MeV ng, per year

Duty cycle

Frame time 20 us

(<1 GeV)

Momentum range

010
Acceptance 17°-155°
. o 008 -
Material budget 0.21% X, per layer g
Resolution 15 pm (50x75 pm?2) 'g;‘”-“ﬁ '
=
e Modest resolution (15 um), dominated by multiple g o
scattering - Pixel size (50 x 75 um?) 2 000
e Lowest possible material budget (0.2% X,/layer) : . |
— Ultra-transparent detectors 000 i oI 0
— Lightweight mechanics and minimal services polar angle, cosid
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The DEPFET Ladder

DCDB (Drain Current Digitizer)
Analog frontend

drain

SwitcherB
Row control

p* drift
implant

source

cleargate

n' clear implant
drain

UMC 180 nm

Size 5.0 x 3.2 mm?

TIA and ADC

Pedestal compensation
Rad. Hard proved (20 Mrad)

AMS/IBM HVCMOS 180 nm
Size 3.6 x 1.5 mm?

Gate and Clear signal

Fast HV ramp for Clear

Rad. Hard proved (36 Mrad)

DHP (Data Handling Processor)
First data compressmn

PXD
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PXD9: Belle Il DEPFET Sensors

* Small matrices
80x32 pixels
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Hybrid 5 — Full System Demonstrator

e PXD9 small Belle Il type matrix

Pixel pitch: 50x55 pum?
Thinned to 75 um
Gate length: 5 um
Thin gate oxide

32x64 pixels readout

¢ Final readout chain
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DHH

DEPFET
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ASICs Performance

e DCDBA4.2

All channels show good linearity (INLpp < 8 ADU)
All channels show low noise < 0.55 ADU
Homogeneous gain map

[ —
Current DAC

INL_pp (dcd-refin=690) noise_median in ADU (dacifbpbias=75) LSB current in nA/ADU (dacifbpbias=75)
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DCD half-column

16,0}

7 7 6 5 44 22 1 5 0
6 5 2 20 1 I @0 > "pep half-column

4 4 3 3
DCD half-column

INLpp < 8 ADU Noise < 0.55 ADU Homogeneous gain
Median =4.5 Spread < 0.08 ADU Min to max variation ~10%
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ASICs Performance

 DHPT1.2: Proper data transmission after 10 m Infiniband cable

-600ps -400ps -200ps 0s 200ps 400ps 600ps
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ASICs Performance

Error free DCDB4.2-DHPT1.1 communication

ALIAT I
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Belle Il DEPFET Sensors

seed signal

29.20

e Optimization of DEPFET voltages 48
— Source measurements Y &

£
— Laser measurements S 20 3
g 30
3000 . Clulster Che,rge | | é 29.05 »

= MPV: 31.75 E
Bl cluster :%29-00 18
2500 . 12
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Belle Il PXD Residuals

0° tilt: perp. incidence 30° tilt: many 2 pixel clusters
'E' j Simulation 12.0um-€ i . _
= 0.025- —|-Beam Test 11.7um 5 0.05 Simulation 8.7um
- i ' - ] —}— Beam Test 9.1um
2 0.02F 2 0.04
¥ : F :
3 0.015F 0=11.7 um 8 0.03F 0=9.1 um
o4 K o i
% o0.01 % 0.02f
0.005[- 0.01-
:I PR T N WY N TP T N (NN T T P Sl N SN N T M | :L_L__,_. P L1 L1 PR R P A
%0 50 o0 50 100 %050 o0 50 100
residual u [um] residual u [um]

e Matrix tilted along column: multi-column clusters

e Expectation for single pixel readout: RMS = 50 um/v12 =~ 14.5um

13
cmarinas@uni-bonn.de



PXD9: Belle Il DEPFET Sensors
* ALL results are satisfactory, as expected by design énd also according to simulations:

ASICs performance: Noise, speed, ...
Sensor: Charge collection, signal-to-noise, gain, residuals, ...

—> Not mentioned here: Irradiation campaigns, stability tests, other test vehicles...
[ T S /) SR

* Final size modules
768x250 pixels
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DESY TB

* VXD common test beam in April 2016

* Small sector of the final sensors and ASICs*
2 PXD + 4 SVD layers

* Complete VXD readout chain: HLT, monitoring, event building, PocketDAQ
* CO, cooling, slow control, environmental sensors

* [[lumination with (up to) 6 GeV e  under solenoid magnetic field (PCMAG)

8000

& Cu target, 5Smm

Rate/Hz

* Alignment, tracking algorithms, ROI

C ¥ Cu target, 4mm
7000 —
= m  Cu target, 3mm

6000 ;— Al target, 3mm

5000 } Al target, 2mm
C Al target, 1mm

4000F

= @Goal: System integration and

Phase 2 Commissioning
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Belle Il Vertex Detector

* Silicon Vertex Detector (SVD)

4 layers of DSSD
r=3.8cm,80cm, 11.5cm, 14 cm
L=60cm

~ 1 m?

* Pixel Detector (PXD)

2 layers of DEPFET pixels
r=1.4cm, 2.2 cm
L=12cm

~0.027 m?
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VXD Phase 2 Hardware

- Two PXD and four SVD layers
- +Xdirection, horizontal plane (highest background sensitivity)

Test Beam set up to mimic Phase 2 arrangement

17
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Test Beam Set Up

18
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256 x 250 pixels 512 x 250 pixels
55 x50 um (L1)

60 x 50 pm (L1)
= 70 x50 pm (L2)

85 x50 pm (L2)
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KD Assembly 4
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VXD Test Beam DAQ Structure

SVD |
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PXD Hit Maps

* Threshold =5 (~ 1200 electrons)
« MIP ~ 6000 electrons

1.01E4 5

R SNR ~ 32 for

m b .

EE.DDEE—: perpendicular

L E . .

5 : incident MIPs

5 4.00E3

=] 4

E ]

;2.DDE3—:
U-UUEU:---|----|----|----|----|

0.5 20 40 60 B0 98.5

Cluster charge

Trigger on 4 scintillators
Collimated beam
No magnetic field
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PXD Signals

Signal - inner module, DCD 4 ; Landau MPV - inner module

DCD 4, SW 6 |- ' '

DCD 4, SW 5 4+ 21.8 23.0

DCD 4, SW 4

DCD 4, SW 3 3L 18.3 19.3 20.3 %’ﬂ 22.6 219 -

DCcD4,sw2|1 O . «\‘\(\

pco 4, swi|l ¥ e\
2+ 176 18.3 1&! 20.6 21.0 20.7 -
1 19.2 20.5 21.6 22.9 22.8 22.7 A

10 20 30 0 %0 60 6 5 4 3 2 1
Signal [LSB] Switcher

* The response from the matrix is rather uniform even without tuning. Modules just worked using
operating parameters from Hybrid 5
* There is lot of room for improvements with better optimization of voltages and ASICs
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PXD Efficiency

o 1
; 700
. 1
= 600 095 5 g e it
c 09 o 08fF
$ 500 £ 0.7E
= 400 0.85 e
2300 0 0.4fF
. 0.35
200 02k
100 0.75 0.15
% " ""50 100 150 200 250
%I | 50 | I1|0{|]| |1|5t]| 200 |2|50 0.7 uCell Sensor 2.1.2
uCell Sensor 2.1.2
Efficiency >95%
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Conclusion

Full scale detector demonstrator: Sensor and ASICs OK

2 PXD layers fully operational with SVD: ‘Final’ Phase 2 hardware
* High SNR and efficiency, residuals according to specs
* Only possible with an operational DAQ system
* Slow control and monitoring system ready

* Preparations for the BEAST commissioning phase started

* Mass detector production will follow
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Schedule

N Task Name 3.0t 2016 4.04, 2016 1.Qtl, 2017 2. qtl, 2017 3.qt, 2017 4.0t, 2017
Jun Jul Aug Sep Okt Nov Dez Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt
1 PXD components
2 PXD9
3 & PXD 9.7 production
4 Phase Il
5 Phase Il
[ =S PXD 9.8 production o
7 Phase Il
8 Phase Il pd
RN PXD 9.9 production
10 Phase Il
1 Phase IlI # i
12 |& PXD 9.10 production L. L
13 Phase Il _
14 Phase Ill
15 ASICs
16 SwitcherB18 V2.1
17 first chips available 01.06.
18 bumping and test e
19 chips bumped available {29.07.
20 DCDBA.1 Testing v
21 first chips available #-29.07. .
Bl oens * BEAST data taking: fall of 2017
23 TSMC production e —————
24 Chip testing —— . . .
i * First physics data with full VXD: End of 2018
26 Kapton Flex pre-prod, 5 sets o
27 pre-production 5 sets available < 15.07.
28 Kapton Flex main prod v g
29 [E all kaptons available ¢ 23.09.
30 Module Assembly pre-production E————————=
31 3 L11-FWD, 3 L1-BWD —
32 Flip Chip EL
33 SMD
34 Test
35 3 L2-FWD, 3 L2-BWD —
36 Flip Chip
37 SMD
38 Test
39 Main Module Assembly v v
40 L1-FWD, L1-BWD v
41 Flip Chip e ——
42 = SMD ——
43 |E Test EE—
44 L2-FWD, L2-BWD
45 Flip Chip e —
46 = SMD
47 |E Test
48 Kapton attachment pre-production v
43 3 L1-FWD, 3 11-8WD T—
50 3 L2-FWD, 3 L2-BWD 1
51 Kapton attachment main prod |
52 L1-FWD, L1-BWD | —
53 L2-FWD, L2-BWD | A —
54 Module testing pre-production P
55 3L1-FWD, 3 L1-8WD '—L
56 3 12-FWD, 3 L2-BWD
57 Module testing main production |
58 Ladder Assembly pre-production -
50 @ 3 L1 ladders =
60 |mE 32 ladders
61 [E  Ladders for Phase 2 ready & 2L.10.
62 Ladder Assembly main production
63 Ladder testing and Half Shell Assembly N
64 PXD commissioning
65 PXD half shells at KEK %1210







