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Accelerator only
BEAST and partial Belle Il commissionin
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Peak Luminosity Trends (e'e” collider)
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Precision measurements using B Mesons ( + Charm, + Tau)
- Asymmetric energy (4 GeV, 7 GeV) e*e  collider — CKM parameters

at the E ,=m(Y(4S)) — Search for rare decays
- Final luminosity 8-:10% cm™ s, 40 times higher _ Search for physics beyond the standard model
than KEKB — CP Violation
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_muon
detector

— 30 kHz event rate EM calorimeter

- 50 MeV - 4 GeV momentum range beryllium

beam pipe

— Acceptance between 17°-155° vertex detector

2 layers DEPFET
4 layers DSSD

drift chamber

luetticke@physik.uni-bonn.de 4
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PXD: DEPFET Pixels B -
atR=14 mm u
— 4 layer double sided Strips and R = 22 mm

Silicon Vertex Detector (SVD)

weryiiium
beam pipe

DEPFET PiXel Detector (PXD)

%
Occupancy (L1) 0.4 hits/um?/s N
Radiation (L1) 20kGylyear

2-10'2 1 MeV ng, per
year

Material budget 0.2% X, per layer SVD: Double
Resolution (az,) 15 ym (50x75 pm3) Sided Strips

luetticke@physik.uni-bonn.de 5
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Material budget
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DO Impact Paramseter Resolution
—a— Balle Il - PXD+SVD tracking (MC)
| —=— Belle Il - 5VD only tracking (MC) |
wewemes Belle - SWD2 cosmic (Data)

T T

(=]

0.5

a: Geometry, governs at high momentum
b: Multpiple Scattering, dominates at low momentum

2 - 25 3 348 4
P B osinda) T [GeV]

- Modest resolution (15 um), dominated by multiple scattering (Pixel size 50 x 75 pum?)
- Lowest possible material budget (0.2% X,/layer)
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top view of a DEPFET

clear

— FET in saturation: Vg > Vi and Vpg = (Vs — Vip)

Lo = k(s )~ Ver)

— Charge modulates drain current
— Conversion factor:

gate source

_ dlg _ _Ym 1;: source-drain current
9q = E - a? C: gate capacitance
K : device constant
- Internal amplification  V_(: gate voltage
gq 700 % Vthf threshold vo.Itage
e Jm: transistor gain

internal gate  p-channel

p+ backside

luetticke@physik.uni-bonn.de
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— Nondestructive readout
— Charge needs to be cleared

— Clear contact attractive for electrons

. clear
source cate
external .
ate internal - clear
2 gate
L
0_4 )
drain

— Collect charge: low clear potential

— Remove charge: high clear potential

top view of a DEPFET

clear

clear
gate

drain gate source

p-channel

RS SUSCS NS SRR S S S S S S e TR | AT

deep p-well / e e e

internal gate
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— Single transistor
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| | pEpFET V.

Drain Current Digitizer (DCD)
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BEAST and partial Belle Il commissionin
— Phase 1 P &
Full Belle Il detector
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!.'ABB PHASE 2 - BEAST Il VXD

- One segment of VXD, FANGS, CLAWS, PLUME,(+ He3, TPC ,and diamonds outside VXD).
- Radiation monitoring and feedback for accelerator tuning.

- Slow control / DAQ integration See talk of J. Baudot, Tuesday, Session 8

luetticke@physik.uni-bonn.de
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— Narrow Pedestal current distribution
Stable over time

pxd9 Mapping - W37_OF1

Pedestal Distribution - DCDO Gate-On 1/2/3 [mV]: -2740 / 2840 / -2940
ACMC: On/On/On/On VnSubln: 22 /22 /23 /22
Offset: On/On/On/On Masked pixel: 87
spread=185
700
105 4
600
10* max=184 500
(%3
2
o
2 o
S 100 3 40
g1 £
o
o
2 300

1024
200

10*

. 0
250 0 50 100 150 200
ADU channels

0 50 100 150 200

Signal Headroom

DU
250

— Noise ~0.8 LSB (100e ENC)
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Noise Distribution - DCDO Noise of 100 frames - pxd9 Mapping - W37_OF1
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Cluster signal
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MPV for DHE H2011

250000

+lnner
---Forward

Photo peak, inner
6-10keV ---Backward

“+ Outer
---Forward

“+ Outer
». Landau peak —-Backward

200000

150000

8

100000 4

Switcher

50000 A

- SNR > 50 for all sensors, 10% spread
- Sensitivity to low keV Photons

— Threshold ~900e"

- Inner layer absorbs most photons

luetticke@physik.uni-bonn.de
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Inner Forward Module

54
GateOn: GateOn: 0.0
53 4 -110mv -60mV
-0.2
52 A ’ R X . s
| 1y ; < -041
n . ~+ il ‘wc ’\“‘t..r.‘“ . 0!‘."..’ : 0.4
ta %, - £
z . 3 Y ? -:’;_0'6
2 %-0.8
# Small gain drift caused|Gain loss s
a8 by threshold shift due |recovered by 8
. to TID adjusting o
a6 Gate on 141 Phase 2 modules
- k o2 K 26 23 20 o1 ) | ) ' 4 :
10&5‘05 » 10&5‘051 10&5‘060 10X5‘06 ° 1!,0&53‘(3'6‘k 10&8‘061 10&8‘063 1015‘01 ° ’ I;tegrated av:rage diamongd dose[kRadﬁ :
- TID changes transistor threshold - Higher Background than simulated
= MPV~g,~\Ip~Ugs — Ug, — Discrepancy between diamond and radiochromic foil

- PXD at different position than diamond

luetticke@physik.uni-bonn.de 16
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BEAST and partial Belle Il commissionin
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Full Belle Il detector
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Full layer 1 and 2 layer 2 ladders installed

luetticke@physik.uni-bonn.de
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— Largest Problem: Gluing modules to a ladder
- Stopped due to low yield
- PXD2020:

Replace current PXD in 2020 with
completely new PXD

New gluing approach

- More tooling

- Modules face up

Keep working steps

Extensive test program

luetticke@physik.uni-bonn.de 19
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21.08. & 04.09 Half shells arrived at KEK e

g\

05.09 Combining half shells with beam pipe

12.09. Module operation of two half shells. |
All Modules working. ‘

03.10. Mating with SVD half shells

End of October: Cosmic ray test.
All Modules working.

21.11. Installation into Belle Il

07.12. Digital parts working, analog tests
pending

luetticke@physik.uni-bonn.de 20
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— Phase 2:
- Good PXD performance
— Successful integration into global Belle Il DAQ and global slow control
— Background more than 10x higher than expected

- Phase 3:

— Full layer 1 and partial layer 2 installed
- VXD inserted into Belle Il

- Digital tests successful, analog tests this week.

luetticke@physik.uni-bonn.de
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Thank you for listening.
Questions?
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— Estimation for finding/resolution

luetticke@physik.uni-bonn.de
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DAQ BELLE I
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SNR MPV with mean vz

H1011: mean SNR MPV = 53.53

60

[GateOn: [GateOn:
-l10mv -60mV
SNR run 5607 58 4
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MPV = 49.97+0.03
0 =12.32+0.04
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2 —
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e PXD6 matrix 6 pm
0.0 —m— Single PXD6 structures fi pm
® Single PXD6 structures 5 pm
+— Single PXD6 structures 4 pm
-0.2
5 Threshold voltage shift vs. Dose
s -04
[~ =
@ — — -T
é = of =T
2 -06 = %,_,/
= = A ]
0 08 = 1.5 j/ ,._7!—:‘?75&:(-&
o T o . =
g 20 { =
s E ) i
% ! g 1 P,
8 =
-12 Q
= 05 \rradiati |
g rradiation results
“141 Phase 2 modules = 0 with test structures
0 1 2 3 a 5 2 4 6
Integrated average diamond dose [kRad) Dose (kGy)

Estimated TID from threshold voltage shift: ~ 2-5 kGy
Factor 50-100 larger than estimate from diamonds

= diamonds have only little sensitivity to ~10keV photons
= different location on beam pipe in z and ro

- Radio-chromic foils @ diamonds see factor 5-10 higher dose than diamonds and
a soft radiation component (<100keV)

- Ratio of PXD dose rate (sens. Si volume) to diamond dose rate gives factor 10-100
depending on run condition B. Schwenker, Vertex 2018
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-R_=E°B* — dominant contribution expected from HER
- Energy of SR photons expected to be from few keV to tens

- Inner surface of beryllium beam pipe coated with Au layer to

- Ridge structures of incoming pipes to avoid hits from forward
- Direct hits stopped by tappered shape of incoming beam pipes
- PXD (+X) and FANGS (-X) observed soft photon

peaks for both beam around 6-10keV
- “Postdicted” in new MC simulations with more precise

LAB

Silizium Labor Bonn

of keV
absorb SR photons

reflected SR photons in beam pipe

Geantd physics list

SR RADIATION BACKGROUND

IN PHASE 2

La

| . AhIburg, . Dingleldes, €. Marinas

Sersor 1.1.1 clusier charge {al|
F -

- el Madukef

FAMNGS
Stave IT {phi=180")

N

)

- el il
- Moakde? i N \ _
- H :_ /ﬂ X - Layer 1

{ '] Landau fit MPV ~26keV
Fol [run with HER bearm]

it = uip-._n-

i 101

e T

Rate of soft photon
hits in PXD scales just
with current + offset

B. Schwenker,

Vertex 2018 29
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— Layer 1 important for physics parameters
— Layer 2 important to extrapolate the SVD track to the correct layer 1 PXD hit.

- No Background: Negligible performance difference with full PXD.
— Design Background: 2% Efficiency loss, slightly degraded time resolution

— Higher Background: Much worse performance

luetticke@physik.uni-bonn.de

30



Silizium Labor Bonn

Yi)LAB




PAC)LAB
UNIVERSITAT

Silizium Labor Bonn

T Ackermann, E Topper, H.G. Moser:

1) Module on traW

2) Take off and put on glue jig
Glue jig almost identical with test jig, just shorter
Held by vacuum (balcony and EQS)

Similar procedure as after kapton soldering
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v ]
g%lace on alignment stage 7) Place 2" module on stag

6) Add table with ceramic stiffeners

~

H.G. Moser 3
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Ceramic stiffeners placed in slots in a table exactly under the grooves.
Pushed inside grooves by lifting guided lifters.

Stops to prevent over-travel.

Self alignment due to triangular geometry (to be checked).
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9) Place stiffeners, cure for 48h e — e sy

UNIVERSITAT

11) Lift off and place on ladder jig

Same procedure as for ladder mounting

. _“ I— iﬂ.

12) Remove lift off jig

35



