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SuperKEKB Accelerator and Belle |l Detector

SuperKEKB ete- Collider:

* Asymmetric beam energies
et: 4 GeV, e: 7 GeV

*  Y(4S) resonance (10.58 GeV)
* Target lumi.: 6.3x1035 cm—2s-1

* 4 years with operation (2019-2022)

Belle || Detector:

* Vertex detector (VXD)
* Tracking system (CDC)

* lIdentification of charged particles
(TOP + ARICH)

* Electromagnetic calorimeter (ECL)
* Kt and Muon detector (KLM)
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The Pixel Vertex Detector (PXD) Module

Properties: 4 module types, depending on position 68 mim - 85

\

-«

* Self-supporting “all-silicon” structure
* Support frame ~500 pm thick

15.4 mm

* Monolithic active area 75 pm thick

* Low material budget (~0.21% X,)

Elongate.d .hoIe for DH'P DICD Slwitcher ASICS
*  Pixel sizes 50 x 55-85 pm2 sensor gliding

(250 x 768 pixels)

Rolling Shutter Readout:

* Switcher: consecutive row selection for

signal digitization of columns (10 MHz)
* DCD: 8-bit AD conversion of signal
* DHP: zero suppression, data formatting

* 20 ps integrated readout time

(2x beam revolution)

Thinned backside at active sensor area



The Pixel Vertex Detector (PXD)

2 Modules = 1 Ladder: Kapton cable OHY ” CD oiteher
* Glued together |
* In total 20 ladders

10 Ladders = 1 Half-Shell:

* Ladders screwed on cooling block

*  Radii: ru=14mm, r2=22mm

* Half-Shell mounted on beam pipe
Power Consumption:
* ~9 W per module
— ~360 W (full detector)
* Cooling
* 2 phase CO2: DHP/DCD (8W) "\
* N2gas: sw.+sensor area (1W)
PXD1:

* PXD1 incomplete (effectively 1 layer)



DEPFET Pixel Cell

Schematic of a DEPFET cell

DEPFET Working Principle

FET
: : : Gat i
* DEpleted P-channel Field Effective Transistor Source 2 [ Drain Clear
; . . . SIiO, \ \P\\\I ® o~ f\\\l 14 L-—
* Field Effective Transistor (FET) on depleted Si bulk [ /D
* Internal gate charge modulates source-drain current depleted | \_deep n-doping
n-Spi bulk internal gate
° Clear—meChanism tO em pty intel’na| gate Transconductance: gq = 8_2 ~ 500 Ie)—/j
ISNSSISASN ATLTLLTLTLL L1 ELLLLAL AL AR R
. P* back contact
Charge Collection charged
particle Source: https://doi.org/10.1016/50168-9002(03)01802-3
* Relevant voltages:
VHV1 Vdriftr and Vclear—ofF " clear
Typical values: ‘
Characteristics Viv: -50V - -70V ot
. . . . ; .. Varige: -3V - -6V
* High signal/noise ratio (low internal capacities) Voo 2V - 4V
. . internal gate
* Internal charge integration

* Low power consumption
Thin sensor (75 pm)

Low material budget




PXD1 Efficiency

. Efficiency map: rolled out inner layer (L1) .
D|—M uon Hlt EfFICIenCy dead gates, 1 unstable switch region% e oy ‘CineszaWItCher

-y

* ~99 % in fiducial regions

L1 high p efficiency

* ~96 % in physics region
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Sudden Beam Losses:

* Cause: unknown

Lost beam hitting collimator

—
N
-
>
o)
©
(]
s
[
>
o
O
—

dead .m.oc‘iul.e

* High instantaneous radiation 0 — high inst. radiation
eg

doses (O(10) Gy in 40 ps) dead gates  glue gap May 2021 beam loss

Exp 18 buckets 20-22
1

[} Can damage switchers -gog;_ Entries  1.11401e+09
* Verified at MAMI electron beam 5
3 097 96.0% .
. =5 95.6%
* Improve detection and PXD power shutdown 2, _
g, = 10.5.2021 . |
* Power off: switchers safe 1 rpel
0.92 ::I;:\er
* During LS1: focused by machine group 091/ ,
- 1000 2000 3000 4000 5000 6000 7000

bin [160k]



PXD1 Performance

Impact Parameter Resolution: g o, di-muons to
= _F 0 'beam spot
L] 35? ﬂ-“. ’
* Di-muon events (pt > 2 GeV) S 0] 3 (PE>2GeV
* 7,20 - 40 pm Traik-” g 1 = ~_.,_ o Y
* d, 10 -22 PocA Lo T I s
o B Hm £ ol ‘5*2 data e24
. z* Pv':f ‘ X 105 :MaCi:’d
*  MC describes data 6,=0(10um) K
*  MC slightly too optimistic W w o A e
(zo: ~3 pm, dg: ~1.5 pm) DY Lifetime
: I i F;relillninéryl
* ~1.5 -2 times better than Belle 10° ¢ Bellell
Do Lifetime Resolution: 2
Belle ¢
* Impact of better vertex detector )
BABAR

* Belle Il Do lifetime resolution

~2 times better

7 [ps]

MAD(dcap) [um]

8 .

6 - data e24 di-muons to

o1 Mesd T heam spot,

2 pt > 2 GeV

01y T T ; . - —
-150 -100 -50 0 50 100 150

muon ¢ [deg]

Belle Il lifetime measurements
with high PXD impact:

D.*: arXiv:2306.00365 — PRL
B°: PRD 107, L091102 (2023)
Q. PRD 107, L031103 (2023)
A PRL 130, 071802 (2023)
D°/D*: PRL 127, 211801 (2021)


http://arxiv.org/abs/2306.00365
https://link.aps.org/doi/10.1103/PhysRevD.107.L091102
https://link.aps.org/doi/10.1103/PhysRevD.107.L031103
https://link.aps.org/abstract/PRL/v130/e071802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Beam Background

PXD Layer1 Exp14 Run2102-2104

Continuous Injection (25 Hz): POL2\ 2 [ "1 LER mboton !
. . PO seryiom_ T = = —&— run 2102 (Poisson 10kH2)
* Synchrotron radiation: g4 o i 2103 (Poisson ~100Hz)
| limit —e— run 2104 (Physics ~100Hz)
betatron oscillations (HER) ST W § T e bk kg
Physics acceptance 2 -
— full and gated vetoes — [ | | _
P ! 3 ) design occupancy |
Beam Storage: # LB nl ¢% # b
0 > - A > A

* Beam-gas:

time after injection in ps

/ charged particles’

beam interaction with residual Chargeof chers 1 ADU 12 [beam collision (storage T lam) ]
—— Data EEm Beam-Gas LER base
gas molecules b2f R e e
0.025 Mean Opxp component distribution (LER) 0.10 Touschek HER i Lumi BG
: . . ﬂ—,‘ t;a | e‘asur‘e T . = Synchotron HER ]
® Touschek. SIngle beam -_— :etarlnt:ias Dyndamic E
' uschel : Z 0.08 4
. 0.020 _(it_orage) :’eam!‘G:s Base [ § beam decay
intra-bunch coulomb scat. i = noise €« L1l 0.06 ¢
- —_ | . ™ ‘: 1 0.04 |
Luminosity (Beam Collisions at IP): g oo e T | | o :
g ] ' E
- - 2 n 1 1 1
* Two-photon interaction © oo - | 000 === A
[ 2000 — ::Z (ma1
° Radlatlve Bhabha 0.0051 TTT1T E_._ * - £ [x10em~%s71]
.I 1 & 1000 | 1
0.000 [P r—
Measured and projected beam backgrounds in the Belle Il E E E E E E E E E E E E E E E E:: §aa 0 + T#—S TJ‘rlO

experiment at the SuperKEKB collider: arXiv:2302.01566 sensor time in s


https://arxiv.org/abs/2302.01566

Radiation and Aging

Estimation Based on Module Occupancy: Integrated dose of L1 fwd modules

=— Module 1.1.1
* Module dependent TID 00| — woae 121 6.5 kGy
Module 1.4.1

— ~2.5-6.5 kGy (2019-2022) G e
* Expected lifetime exposure ,,3
of PXD is ~200 kGy (10 years) -

1000

* Radiation tolerance limited by
DCD and switcher ) oww otn suncr

Detector Aging:

. Module L1.1 bwd
* Trapped oxide charges : ‘

— DEPFET gate threshold shifts

« 1o =

* Steadily increasing backside currents 3 | ! SRTLTERE v § . L\
. ) ! oL 2‘&' _q - 111 i
* Leakage in guard ring structures | 107 @ 8 - 102 . .

HV Current [mA]

1w 1072
1081

-12 1082 '\\J
10° < 2042

* Performance not affected ool

* Broadening of pedestal distribution

2022

2021

time —

50 200
* DCD irradiation: slight noise increase dose [krad]



Fully Populated 2 Layer Pixel Detector (PXD2)

S o

PXD1
PXD1 Was Good, PXD2 Will Be Better:

* Modest improvement of impact

parameters (L1 highest impact)

- g > a- _
* Higher probability to select correct O o M B e
5 et asn, Sou Skt L B S S = _
. . . (S R e Sl ! : E o T .
PXD hits in 1st PXD layer at higher e g "= 2dayer PXD
o [ =+ 1-layer PXD o, ; ey —— No Bkg
EER e Py ~20 F o ..
08—t . e NI 1./0. = 0.6/— "
background levels < s - = S PREYO0A%
— - occupancy : 0.43% - occupancy : 1.0%
QAT occupancy : 1.0% 0.4—; O e R occupancy : 2.0%
*  Fraction of MC hits found in the reconstructed track o :+ mc"p"mv 20% o _T. ; i
it efficioncy — Nmehitsin.reco.track 0 DUUR IO DO O O O . Increased hit efficiency
1t efficlency = No: ‘o 0.2 04 0.6 08 1 12 14 % 02 0.4 06 08 1 12, 1.
hits,mc_track Pt in GeV Pt in GeV
*  Fraction of MC hits in the reconstructed track hits (how muct o 4R ! e s S = B U E 4T d T TR
. 2 r a8 e e = - B it it ] +
background was picked up?) ‘g-_ o o iy - B o g 2-layer PXD
[ bl e CR —— No Bk
_ 2 [ - —— No Bkg ~20% I .
. . mec_hits_in_reco_track P A e . - g —— occupancy : 0.43%
hit pllI'lt.V = 08 — occupancy : 0.43% 06—
v Nh' ) . — P occupancy : 1.0%
its,reco_track - - occupancy : 1.0% = occupancy : 2.0%
L] —— occupancy : 2.0% 0.4 + e
. 02) o2l
° . - . :
Importa nt: phy5|ca| redundancy Increased hit purity
S PR PR L PR /A L
(] 0.2 0.4 0.6 0.8 1 12 ) 14 == '2' . '4' . IO.GI : ‘0.8‘ — = .2' — .4'
Pt in GeV S AT " Ptin GeV



Commissioning of PXD2 (DESY)

Half-Shell Test Setup at DESY:
* Power Supply + DAQ
* CO2 and N2 cooling
* Movable %Sr source holder
* Aluminum dummy beam pipe

* 1st half-shell damaged during
long-term operation

Problems Found After Investigations:

* No optimal PXD ladder gliding

* Elevated air temperatures
— expansion Al beam pipe

Half-Shell Test Setup at DESY

L2
Carbon N2 tube
L1

Al beam pipe

view

— 2 kinked L1 ladders



Commissioning of PXD2

\ | PXD2 comm|55|on|ng setup at KEK
\ ‘

Repair and Improvements of PXD2: Cameras R

* Fully reassembled 1st half-shell

* Improved gliding mechanics

Monitor Ladder Bending:

* Improved monitoring setup

* Careful cooling operation

* Step by step module operation

SSurcoo
Ssurijcoo

outer dry volume

1
ul

no

* Successive full detector operation

* Observed significant bending paraffin

. active bearp pipe cooling
in 2 L2 ladders

PXD2: Higher Power Consumption: _
inner dry volume

* PXD2 2x more modules than PXD1

BWD Final commissioning setup at KEK with paraffin cooled Be beam pipe FWD

* Needed adjustment of cooling



Commissioning of The New Vertex Detector (VXD)

PXD1 Extraction:
*  Old VXD extracted from Belle Il

* Strip Vertex Detector (SVD)
reused in new VXD

* PXDL1 inspection (mechanical state)

— No visible damage after 4 years of

operation
NeW VXD 7 ] D Central ft Chamber
* Extracted SVD halves installed —OEL —L“‘—#aﬁ!’mﬂ :
around PXD2 By = — = =, ,/2/ ==

* Combined standalone VXD test
* Installation in Belle Il

* First data: cosmic particles




First PXD2 Cosmic Data in September 23 (B-Field Off)

Al |gn ment: w Scale x5 xy-projection of spacial cosmic hits after alignment
i E : Entries 120183 2
* Extrapolate CDC tracks 2 _:)y/,{; = — e er: I 1203
y 2 through gap E
* Per module: vl | / _,__\ 100 &
X
* 6 rigid body alignment param. " // a0
* 7 deformation parameters 0-
2.7 60
* Ladder bowing visible ] \ //
b 40
°* Upto~1mm | L238 —
-2 \\ / 20
EfflCienCyi s 1 thickness indicates ladder bowing 0
_3 -2 —1 0 1 2 3
* Extrapolate SVD tracks x [em]
° Efﬁciency drops PXD?2 layer 1 efficiency S PXD2 layer 2 efficiency S
Vg o ey T v e S e, 1 R e e
° . g & H+ i t i "‘¢+++1#|-+ 1 g -F"—.':i ¥ + +++ + + . i 1
Gaps for external cosmics 2 ; i sy | 8 Pt
o 08 + LD 5 08 noisy
* Masked noisy pixels 3 | j 2 }
= 0.6 forierd cosmic tracks going through gaps o 0.6 R
(esp L212 de) é backward § backward
& o4 & 4
* Reaching >98 % in most regions | "
° Further module tuning ongoing o e
SVD track ¢ at PXD [deg] = - - - - SVD track ¢ at PXD [deg]



Summary and Outlook

PXD1 (2019 - 2022):
*  Single layer
* 4 years successful operation
*  Overall efficiency ~96 %
* Do lifetime resolution 2x better than
previous experiments

*  Challenges: beam backgrounds and beam losses

PXD2 (Since 2023):
*  Successful commissioning after some throwbacks
*  All 40 modules operable
* 4 modules need further tuning
*  First cosmic data — mostly efficiency >98%
* 2 ladders show significant bending

— optimize cooling
* PXD2 operation expected at least until LS2

Outlook: Thank Youl

* Belle Il experiment under commissioning

*  Resume beam operation this winter
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Backup: Background Extrapolation

Based on single beam Data/MC @ Dec 20 2021

Parameters @ Original LER HER
Design Optics
Beam current [A] 3.6 2.6
N. of bunches 2500 2500
Vertical beam size [um] 24 10
By /By at IP [mm] 32/0.27 | 25/0.30
Pressure [nTorr] 1 1

| Luminosity BG19c(HER)a(LER,Lumi):

4.0

3.5

3.0

2.5

Oexp [%]
]
(=]

=
tn

1.0

0.5

0.0

Data/MC Corrected

— ™~
PXD Layer

P ——

BHWide
BHWideLargeAngle

Brems HER L1 (x0.5)
Brems HER L2 (x0.3)
Brems LER L1 (x2.3) 1
Brems LER L2 {x1.4) |
Coulomb HER L1 (x0.5)1
Coulomb HER L2 (x0.3)!
Coulomb LER L1 (x2.3) !
Coulomb LER L2 {x1.4) |

Touschek HER L1 (xD.2)!
Touschek HER L2 (x0.1)!
Touschek LER L1 (x3.0) |
Touschek LER L2 txz.d)_:

twoPhoton

Use data/MC 27.06.2020 bugfix2 ratios to correct the BG19c sample
[taken from Sally's talk @ PxD Background Workshop, 17.08.2021]

Updated LER & HER components using
current Data/MC factors
Small changes expected for the total

extrapolation — dominanted by

two-photon background

Full Luminosity BG19c(HER)a(LER,Lumi):

4.0

3.5

3.0

Opxp [%]

1.0

0.5

0.0

Data/MC Corrected

2.5

2.0

15}

Zoom-in view

PXD Layer

- ™~
PXD Layer

BHWide
BHWideLargeAngle
Brems HER L1 (x2.1)
Brems HER L2 (x0.8B)
Brems LER L1 (x2.7)
Brems LER L2 (x2.0)
Coulomb HER L1 (x2.1)
Coulomb HER L2 (x0.8)
Coulomb LER L1 (x2.7)
Coulomb LER L2 (x2.0)
RBB

Touschek HER L1 (x0.4)
Touschek HER L2 (x0.2)
Touschek LER L1 (x2.1)
Touschek LER L2 (x1.7)
twoaPhoton



Backup: Aging

Operational Challenges

radiation effects and “aging”

threshold shift
e radiation damages oxide layer
o causes shift of MOSFET threshold voltage
o can be compensated by continuous adjustment of
gate voltage
e investigated / expected already from X-ray radiation
campaign @ 200 krad/h:

: e SR EETPRRY

10000 5&,,,91@?@?9

é¢¢¢¢é¢

4000

ééééé%ééé

Threshold Shift [mv]

=
2000 -
--,"
‘J
i
0.125 3.5 95 15.5
63 93 123 153 183 213 243
Dose [kGy]
ge (25% - 75%)

[ interquartile [ 5%-95% median gn. G

e integrated dose in PXD g",._--—_-_.-— o

increasing HV currents

T

e observed increased HV currents
o0 some modules reached power supply limits
o can not reach set voltage — worse SNR and efficiency
e interpretation: charge-up effect at handle wafer bond oxide
and avalanches at bulk
O some annealing during beam off times
O currents saturate at certain dose
e could be mitigated by modifying power supplies

negative
HV current development for selected modules &

March

e S n+ at Vbulk

o rough estimate < 20 kGy until end of 2020 =~

DESY.

high electric Si0:

handle_wafer at Vbulk

O more precise measurements in progress m::: fde
! inqeaslng
- v ox Cross section of sensor 26




Backup: PXD Calibration

Characterized modules before
installation

spread=263

spread=258

(2)]
(o)}

- Further optimization during operation

- Improved/automated operation,
monitoring and calibration
procedures

DCD calibration

counts

= -
5 5
4 4

= =
Biasing optimization 3 -3
Pedestal optimization on DCD E E oW 10 20 50
- Pedestal compression via 2-bit DAC 2 2 rpenon
- Analog Common Mode Correction ' ! = Tt
(ACMC) for noise reduction I .
- Low noise <1 ADU =200 ENC |
Stress tests LD
- Power cycling 32 I;’i":
- Thermal cycling o AT £ A

a) b)



Backup: PXD Performance

— Homogeneous noise and signal response across the oo

module matrix s
— Stable throughout 2019-2022 :u:
— Slight increase in noise with DCD irradiation § oo

SWITCHER

- Maybe more extensive DCD calibration is needed

- Under investigation

cluster charge MPV

SWITCHER

SNR MPV EE

cluster charge distribution

H1011 Landau fit-
MPY = 46.40:0.02
~=7 o=1178:0.01
X = 3654.61
—— H1021 Data
H1021 Landau fit-
MPY = 5238:0.04
- o=1399:002
¥ = 303488
—— H1031 Data
H1031 Landau fit-
MY = 70.00=0.00
~TT o= 24212002
X = 64000.02
>.—— H1081 Data
H1081 Landau it
MPV = 46.63:0.02
=== o= 11652002
X =31928
—— H2041 Data
H2041 Landau i __

7T o=12052002 —————
¥ = 45249

MOV = SOS1=004 g

SNR MPV for DHE H1021 half ladder

vy
a

35
ha

Noise median (ADU)

4
=

multi pixel cluster ADU

Total Dose |




Backup: PXD2 Optimization of Charge Collection

Source Scan: cluster charge depending on applied HV in V

* Modules individually optimized 50000 f}% v . ey By fit: LanGau + const. background
40000 l’.: ) 48V b8V 68V 30000 MPV == fit
H b s, "':f o - B extrapolated
(MaSS_TeStlng) " ; "?; _zgx _ggz ,;gx 25000 | data
. . :IC-; 30000 1 3 ‘& 20000

* Different test sites ' “

* Large time span (4 years) area

* Best parameters not always found 0 50 100 150 200 T uster charge in ADU

cluster charge in ADU

* Repeat source scan for each half-shell
figure of merit for cluster charge distribution

Figure of Merit: 14007 B
: : 1200 { 6000887 ”
* Based on signal to nose ratio (SNR) §=98 {_,., & F ¢ optimal parameter
10001 s v_-_-‘-j:';:_'-."'j;,’ y > region
MPV area $8-8 VAR A
o | SNR=— : « 800 - Faly S S
noiSepedestal 1000 z o A ;
600 - O @ A --@- drift: -3.0V, clear-off: 2.0V . -
Opt| mal Parameters: "'_:,_ > . J:-- drift: -4.0V, clear-off: 2.0V Color intensity:
400 | -8 o g% . drift: -5.0V, clear-off: 2.0V clear-off value
° . 2004 . @ - drift: -6.0V, clear-off: 2.0V
Stable plateau region ¢ iﬁ’ mass testing: drift: -5, clear-off: 3
* Large HV variation between modules T P Best Parameters
g ~72-70 —68 —66 —64 —62 —60 —58 —56 —54 —52 —50 —48 —46 —44
over depletion hv in V under depletion (Mass-Testing)

* 50V--710V



Backup: Camera Monitoring Setup

Understanding the Mechanical Behavior

y Improved environmental /BP monitoring
. Installed dial gauges to measure BP deformation
. Installed cameras

. Observed large length change of the Al BP
. 1-2 um/K

. Reached extension up to 60 um

Using BP Length Change to Study PXD Mechanics

Sagitta vs length change

* SCB gliding o e

f Source: C. Niebuhr

. Ladder gliding £

L2

20

Results 2 ] 15 |
° Ladders gllde 0 02 04 06 08 1 12 14 Stgmg.a[mm]z :EL 11£££??++
* Good at room temperature . i

. Worse at -10 °C

# meter (10 ym)
& meter (1 pm)

o . -
Gave up on SCB gliding e
time in min

w
o4
o

250 300

temperature In ¢

temperatures In setup

— setup
— reffwd
— retbwd

(probably contra productive) T *

*  Some L2 ladders bent strong




Thermal Torque Measurements

From the Thermal Mock-up

* Dummy Si ladder with resistors for heating
* 8.9 W the design power consumption

- 8 W DHP/DCD

Thermal Impact of the Screw Torque

* Screwed Ladder to cooling block

* 0.2cNm — 1.4 cNm — 0.2 cNm =

_______

* IR camera:Temperature of DHP/DCD area
* 4 ROIs: 3 DHP/DCD, 1 glue joint

* Kapton: emission 0.9

°C

25 1

20

AT(ROI, cooling) in

b
o
<]
w

* Impact observed: < 2 °C ' -

T T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 14




Backup: Air Temperatures Inner Dry Volume

. . ¢ CO02:-20 °C
PXD1 Cooling Parameters: & N2: 28 |/min|

EElVY [4e3)
SSuri|zoo

. Inner dry volume exceeded 30 °C
outer dry volume

ul

mno

. No saturation observed — stop -
paraffin

active beam pipe cooling
\

. Elevated temperatures and mechanical stress

can be problematic for ladder glue joint

= e
PXD2 Cooling Parameters: * CO02:-25°C I e SAL s I
° N2: 32 I/min temperature sensors
. air
*  ~20 h permanent operation BWD FWD

*  Air temperature saturated
at 29 °C

PXD1 cooling parameters PXD2 cooling parameters

| 30°C

35 40

N I
[ .
35 40
Ay

N -

*  Paraffin (beam pipe)

23 4 fed &
gndbe P
sod22 ie4=22 30°C
a™ {3 a™ -3
temperature stable at 21 °C PN _ I air f
UN-:tg' alr UN:ES—
%0_: E-QE %c_:gc
. Verify during VXD combined % 12?3 . N ESE ,
. 77 ;;- paraffin el paraffin
test operation gaie R L - Vo (T o Vg | o W
c =7 s 787
S b — T — T — T S0 T | I B B | S R B B T
22:00 00:00 02:00 00:00 12:00 00:00 12:00 00:00 12:00

2023-04-19 2023-04-26 04-28 04-27 04-27 04-28 04-28



PXD2 Module Status

General:

* All 40 modules operable

Unstable Switcher States in L1.4: Good state i | fwd
* TWO mOdU|e States “gOOd” Or ”bad” : F“pt mo YV S wYam S " ame owm Y m " N m
— S ‘1,
* Problematic gate(s) or broken Bad state
switcher? :
Mean Pedestal [ADU]: 0 50 100 150 200 250
* Temporary solution:
reducing gate-on voltage
12.12
Pedestal Glitches: bwd
* 2 modules with regions of significant
pedestal shifts within individual frames
*  Dominant structures in L2.4 bwd, o4

L2.12 bwd — mask these pixels bwd




Ladder Bending Studies at DESY

Thermal dummy L2 ladder bent with gradually
increasing sagitta

@ ~ 4500 cycles at A 0.9 mm

e ~ 2500 CYCIGS at A 1.1 mm Thermal duww
@ >100 cycles at 1.8 mm
-> ladder developed two kinks

— Thermal dummy ladder mechanically different
— Both kinks at resistor lines

Repeat with recently glued L2 dummy ladder
L2 glue joint endurance test

[

Sagitta [mm)]
- ek —
B0 00w

=
- N

e oo
- -]

L B e s e ey e e

o
N

8r
s_

60 B0 100 120
Number of cycles [x1 D’]

After more than two months with more than 90k
cycles with sagitta >1mm — Ladder still intact




Backup: Tracking at Belle 1l

)
N o
= PXD . Exp14 Hur:1 959 Uny ané §
% LER injectior 1 l_!v(_\\ull ion 4 & é ©
e cycle . 5
Cha”enges % in SKB ring E E E
. . . . @ injected
e increased backgrounds with instantaneous lumi : bunches ——+——
] passes Belle Il '« o
O beam lifetime only few minutes i SR -4 full veto me sinc iecton

= continuous “top up” injection (for 2400 bunches)

— gated veto 2

10000 20000 JOVOUT
time since injection [ps]

(50 Hz @ 4 ms cooldown = 4 ms damping time with particle losses)
n a

o “Synchrotron”, “Touschek intra-bunch scattering”,
“Bhabha”, “2 photon”...

Belle Il DAQ System

Trigger

O challenge for detector/tracking overall ==
(challenges for PXD discussed explicitly later) |PXD E
® smaller Lorentz boost (for better beam lifetime at 4 GeV > 3.5 GeV ) ~250 CopERs | ==

o critical for time dependent measurements svD

HLT
(~5000 cores) |

I —a PXD L1 event display

. i J (]
Track reconstruction and PXD role P daiaciony

T 19p|ing JuaA3

‘\ " Uopd

e (HLT) track finding seeded in CDC (pT > 100 MeV) or else SVD
e PXD hits used in offline track fit — improved vertex resolution
e Regions of Interest (ROI) filtering:

7 AT
7 'r'l ':i\li %

] s
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global row
E

pixel signal [ADC]

O HLT: extrapolates tracks to ROIs on PXD for readout to reduce data rate 3
not needed yet 2 5
e PXD layer one crucial for impact parameter resolution -
e PXD layer two (will be) important to retain performance at higher backgrounds 1805 :
200! 0 . o
50 00 1;0 ZII)O 2."-0 360
@ [pixel idx]
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