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SuperKEKB accelerator and Belle |l detector

SuperKEKB

Add / modify RF systems
for higher beam current

Inject low emittance Positron source:

positrons / electrons new target/capture
section New
o gt TiN-coated beam pipe
u ’ ‘ % with antechambers
Damping ring

« Asymmetric e*e collider operating at Y(4S) resonance

energy in the CM frame

~. clean source of B mesons from Y(4S) - BB process

* instantaneous luminosity achieved: 4.7 x 103 cm?s™

(world record!)

Goal: 6 x 10% cm2s1

Belle |

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— h {end-cags , inner 2 barrel layers)

EM Calorimeter i

Csl(TT), waveform sampling elecironics

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) + L
4 layers Si double sided strip DSSD

“y

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

* Excellent vertexing and good hermeticity

* Integrated luminosity achieved so far: 424 fb*
Goal: 50 ab*



Vertex Detector (VXD) of Belle |l

Belle 1l

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

end-caps , inner 2 barrel layers)
L

e

|
M Calorimeter s
Csl{Th) wageform sampling elecironics

—— : Particle Identification
electrons (7 GeV) — e _" Time-of-Propagation counter (barrel)

Prox. focusing Aerogel RICH (forward)

/
PXD (layers 1,2)
[/

v . .
Innermost part consists of DEPFET pixel
sensors |/
- Preci /e determination of decay vertices

i/

y
SVD — 4 layer structure (layers 3-6)

Extrapolation of the tracks to PXD

> Low momentum tracking
> Help with particle identification using dE/dx

2 layers Si Pixels (DEPFET) + L \ [ T gy )
4 layers Si double sided strip DSSD . . ‘i
I —
Uy :

positrons (4 GeV)

Central Drift Chamber
Smaller cell size, long lever arm

* Excellent vertexing and good hermeticity

* Integrated luminosity achieved so far: 424 fb*
Goal: 50 ab*



SVD structure

. 125 mm
3 different DSSD shapes £
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Windmill geometry



8
i

3
i L I

Signal (ADC)

20

Analog signal

* read-out

in 6-sample
@read-out

- A32MHz
APV samples -
in ring buffer -

APV samples -

, APV samples 1
\ in3-sample 1

Aded bl in-‘ AJLILI IIIJLJ_J_ILL

N

500
4' Time (ns)

trigger arrival

600

Front-end electronics

By default:

>

Alternative for high luminosity runs:

>

6 subsequent samples readout

3/6 mixed acquisition mode

- allows to reduce data size due to
enhanced background occupancy

— 3 or 6 sample mode depends on
the timing precision of the trigger
for particular event

APV25 chips in ladder

Central DSSD sensors
connected to front-end
APV25 ASICs via

flex circuits
’ ‘ ldd _ _
APV25 APVZS APV25 N
| % !H ,,orlgaml
~ scheme
Frontend ASIC APV25:

*

*

*

128 channels per chip

50 ns shaping time

Radiation hardness > 100 Mrad
Power consumption: 0.4 W/chip
Multi-peak mode at 32 MHz



SVD operation & status Beleonne umiosty s 726 - Al ans

17.5 Integrated luminosity H N
Ti i o @ Recorded Weekly i i
Imeline 8 15.0 J e [ LRacorgeqdt = 42779 [fy L) rmpmsmn S / ------ o
z ! ! :
. n ! I | i
March 2019: Start of data taking... £ = ! j : .
. > 10,0 E ' - (1111 .
* Very smooth performance of the SVD without 3 : ! |
major problems = s ! - :. .} 200
7] ! i i
* Total number of masked strips < 1% S 5o o | o N
e Stable environment, calibration constants - ! ; i 100
evolution consistent with expectation e 25 j ; .
« Radiation damage effects are well under control - ; ’ ’ P
2019 2020 2021 2022

* Excellent detector performance:
- efficiency, signal-to-noise ratio (next slides)

July 2022:
Long Shutdown 1 (LS1): maintenance & improvement
of the SuperKEKB and the detector
- VXD upgrade - new PXD, the same SVD

Plans for resuming the accelerator operation in December 2023

Total integrated luminosity [fb~1]



SVD efficiency

Summary of SVD efficiencies (%), V/N Side

L6x5 997918 99.8126 99.7991 998708 098382 098439 996827 09.7682 998155 998177 09.8016 098489 998115 99.7628 098069 998366

o Sensor eﬁiCiency iS Very high (>99%) for a” the Sensors |_6)(4 998754 099405 008621 998720 ©9.8913 900477 998449 09.4972 098830 994305 099000 098993 999017 999515 096002 99.1995
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efficiency > 94%
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Cluster charge & Signal-to-Noise Ratio (SNR)

Collected charge depends on the incident angle of a

track
d =320 — 300um

£ d e~
" cosd um

* Cluster charge similar in all sensors
(if normalised to the track’s length)

* 10-30% signal loss for v/N side due to larger pitch
and floating strip

L3 u/P
0.3 g
S 0.25 = 3.x.2 sensors =2022
2 r data: exp10 hadronic events
I.II:.I dab. data: exp24 mu mu events ﬁ
.2 Mean 29.15
- Std Dev 15.11
C Constant  0.6536
- MPV 21.11
0.15}— Sigma 3.07
- Entries 489588
B Mean 26.45
0.1— Std Dev 11.57
= Constant 0.8265
N MPV 20.59
E Sigma 2.328
0.05| -
- ] L
0IJ 80 100 120

Cluster Charge Norm(ke-)

Entries / 50 bins

ClusterSNR =

Zstrips Charge

\/Zstrips Noise?2

Satisfying ratio in
all 172 sensors!

Larger noise for u/P side due to longer strip length

and larger inter-strip capaci

Small changes in SNR due to radiation

tance

damage
L3 u/P
0.35-
03— 3.x.2 sensors 22022
- data: exp10 hadronic events
0.25 :— data: exp24 mu mu events 3.x.2 data
B Entries 158397
02— Mean 19.84
= Std Dev 8.859
0.15—
L Entries 489588
1 F Mean 16.16
o = Std Dev 5.41
0.05 :—J:
0 . Pl IR VA IS A
0 80 100 120 140
Cluster SNR

Good stability of both cluster charge and SNR during 2020 — 2022 data taking period



Position resolution

Based on the residual of the cluster position with respect to the
intercept of the unbiased track extrapolation

- utilization of di-muon (e*e™ - p* y~) sample

Good and stable resolution during whole operation period

(comparing data samples taken in 2020 and 2022)

resolution [um]

- = ) N w
o w o ul o

wu

layer-3 u/P

i 4 2022
s - 2020

P side resolution: 7~12 um

23 20  -10

0

.10. g

20

30

projected track incident angle [deq]

resolution [um]

a, = J((Axi)z - (cr;,rik 2)

trk

o,; = unbiased track position error

50 layer-3 v/N
: + 2022
40f -+ 2020
30 N side resolution: 15~25 um
: s y
I 1"‘*--#..:9:...,-" *'--*,_4;..#--*'"‘
10 F
0 [ | 1 | 1 | | 1
-40 -30 -20 -10 0 10 20 30

40

projected track incident angle [deqg]
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Hit time resolution

Hit time resolution: measured w.r.t. event time of the

collision, provided by Central Drift Chamber (CDC)

—. excelent result of < 3 ns

Entries / 0.5 ns

SVD hit time resolution (clusters on track)

x10°

" BelleII- SVD
o Layer3, P side

N

120 D

1.184e+05 = 1.331e+02
0.9386 + 0.0008
-0.1393 £ 0.0027
2.548 £ 0.003

1.344 £0.018

6.622 +0.029

background

physics

s

“~" bunch

7(—\ background
/] \ \

—_———

Triggered collision

_+ time

Data: exp10
run3869

- L L A R

. ol S IR R BRI R R
-15 -10 -5 0 5

SVD hit time - event time [ns]

!

Track time: computed

using all the hits on a track

Event-time: computed using all the clusters
associated to selected tracks in the event

900

800

700

600
500

400

300
200

100

SVD Event TO residuals to CDC

Preliminary

h_svdEventTOResCDC

Entries 9729
Mean 0.1621
Std Dev 1.334

Data:
exp22
run566

6 8 10

SVD event time — CDC event time [ns]

Similar resolution (~ 1 ns) but
2000 times faster computation time
w.r.t. the one computed with CDC!!!

This feature speeds-up

the High Level Trigger (HLT)
reconstruction

- important in the higher luminosity




Radiation effects

* Dose on SVD is constantly monitored using diamond sensors and hit occupancy
* Integrated radiation damage can deteriorate sensor performance:

N

»

increasing leakage current

L3.1.2

35
= s fit to each run period

302 ===" totalfit
20

E %
15— : 7
10[-

N-side current @ 50 V [uA]

= _..55’
- el
5_/
y| v by Ty Ty Ty Ty M B
0 10 20 30 40 50 60 70 80

Dose [krad]

> Linear dependence on the dose
(equivalent neutron fluence)

> Negligible contribution to the noise due to short
APV25 shaping time & still small current

> Deterioration in SNR (<10) after 6 Mrad - leakage
current increases strip noise

> Behaviour consistent with other experiments (BaBar)
with similar detector/conditions

Noise average |e]

increasing strip noise

3 P-side
oo o ik s N-side
o.sg—'i--- i
0_52_5 ..................... La-yera
e wan by mme i mn anp
Dose [krad]
> Noise increase <20% (30%) for N (P) side
> Dominated by the inter-strip capacitance

Expected to be saturated
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Radiation effects:
effect on depletion voltage

Large radiation damage can cause a change in V__

Irradiation campaign of SVD sensors with 90 MeV electron beam (ELPH, Tohoku University, July 2022)

- Checking effects of high radiation on the sensors - up to 10 Mrad

(egivalent neutron fluence: 3 x 10** n_/cm?* ) = O e | o O
a ; ¢ mini206 O minil95 < large845 Aoo
_. Type inversion confirmed at ~ 2 Mrad ~ 10 3
(eqivalent neutron fluence ~ 6 x 10*? neq/cmz) 2 - - - £
= i ., Typeinversion %
> Bea
- SVD sensors still expected to work well after type inversion g e ®
5 K a
| - o &\ o6
No change of depletion voltage observed so far % g ;0%0
We estimate radiation levels of 0.35 Mrad/yr (8 x 10% n,_ /cm? /yr) 105 s
extrapolating background to the nominal luminosity Dose [Mrad]
101 102

Equivalent neutron fluence [10'' n.,/cm?]

- Wide safety margin for SVD even after 10 years of operation at target luminosity!



Beam Background & SVD Hit Occupancy

SVD occupancy increases with beam background
— may lead to the deterioration of tracking performance

So far, average hit occupancy is ~0.5% for Layer 3 and well under
control! 5.00
4.50
Background extrapolation at nominal luminosity of 40
L =6 x10% cm2 s based on detailed simulation including
various sources of background (applying data/MC scale factors)

— expected L3 occupancy very close to the limit of 4.7%
(that ensures good tracking performance)

W W
o
© o

& i
(=]

Occupancy (%)
N N
(%)
o

Lol
n
o

1.00

However: large uncertainty due to future machine evolution 0.50
with possible interaction region re-design 0.00
— conservative scenario increases L3 occupancy prediction
up to 8.7%

This motivates us to:

SVD BG scenario nominal - Lumi 6e35 cm2s1

Layer3

7

Layerd

Luminosity
& HER Touschek
= HER Beam-Gas
7 LER Touschek
LER Beam-Gas

2

Layer5 Layer6

- constant development in SVD reconstruction software to account for future higher occupancy
- vertex detector upgrade as our safety factor might still be small & matching possible new interaction region

14



SVD hit-time selections

Signal hits come from triggered collision background physics
T -
~ SVD acquisition window (~100 ns) is wide with respect to the o \’/\ L T—
SuperKEKB bunch spacing (~6 ns). /A g
F g e aEe e —
p= ] - B ===+ time
Selection based on SVD hit-time rejects off-time —— i e
background hits - beam-induced background,
background from the other bunches SVD hit-time : clusters-on-tracks
E |Wrong collimator settings data |
Hit-time-based selection to remove off-time clusters: :
— time difference between u and v cluster: [t —t | <20 ns 3
- cut on absolute cluster time value: [t | <50 ns s
i —
> This rejects the majority of the background, o £
keeping above 99% of signal! o

3 50 -100 -50 0 50 100 150

Cluster Time [ns]

Based on SVD time selection the SVD occupancy limit for Layer 3 can be set at 4.7%

15



Further background rejection methods
1) SVD Grouping

Event-by-event classification of clusters into groups

|wrong collimator settings data‘

based on their time: - _ : soof-
, . £ Other hits from  Hits from target so00-
+  Clusters belonging to tracks from the same collisions 12Eanother beam- “ collision oo clusters-on-tracks
— collected in the same group! 10-hunch ~ soof | Bhe + Bke

ol 5000 - Rejected
exp=24 run=1726 evt=660650 E gecte
4000 — W grouping

+  Other clusters are probably from the different
collisions or beam background

Total Clusters: 114

3 Signal
anHnN’L‘ N n,. o 3

350 100 50 0 50 100 {50  “i50i00 =50 O S0 10050
Cluster Time (ns) Cluster Time [ns]

- reduces the fake rate by 16%
for the high-background scenario

o N B O
T T TTTTT

2) Selection on track-time to remove off-time tracks
- further fake rate reduction by factor of 1.5 for the high-background scenario

These features (1 & 2) allow to increase SVD occupancy limit for L3 from 4.7% to ~6%

3) Possible re-design of the interaction region + small safety margin (due to large uncertainty on expected background)
— motivation for the vertex detector upgrade

- technology assessment ongoing
- see Wednesday's talk ,, The DMAPS Upgrade of the Belle Il Vertex Detector” by Danwei Xu

16



VXD re-installation during LS1

* Upgrade VXD with a new PXD (with the same SVD)

— 2nd layer of PXD now covers the full azimuthal angle
(only 1/6 for the old PXD)

7 4 Z

16th-17th May

17



VXD Re-installation in LS1

L T W
attachment

20-21 June
SVD detachment & reattachment successfully done!

* VXD commissioning (12 September - 1 October)

Noise - 3.1.1.u: abs values SVD U-Cluster-on-Track SNR for layer 3 sensors
8 L1 2021-09-30 14:19:14 JST “—=—— 2023-09-13 15:49:43 JST ] 0.355 — i
< | —— eoea.09-20 19:05:58 usT ———— 2023-09-20 20:01:56 JST é o 2022 cosmic
5 T - 7 s F = F — 2023 cosmic
. 03[ _
» To confirm the PXD and SVD performance : Estroriade
] S;R er-on-irac

~ To check impact of possible temperature increase
on the sensor current (increased PXD power consumption )

L3U

7
Mean 44
|spev 535

. . . e g relim'inar. § preliminary
. cosmic run with no magnetic field (from 21 Sept.) 0 R T
700", 200 R - R uuﬁ: ; slu‘n”

+ still excellent efficiency for all sensors! 18



Summary

SVD has successfully operated since March 2019

* Very smooth performance without major problems

« Good vertexing quality confirmed by the physics measurment (e.g. liftime analysis — D%, D_, B°, Q°, A )
https://confluence.desy.de/display/Bl/Journal+Publications

* Some radiation damage effects observed — no impact on the performance so far

Performance expectation at the target luminosity

* Radiation dose is still within safety margin
» Extrapolated background level indicate that the occupancy in the SVD can exceed the current limit !
* Several SVD software improvements for a better performance in high background conditions

— importance of the SVD hit time exploit

* VXD upgrade under discussion = to be more robust against high background and
matching possible new interaction region

VXD reinstallation at Belle Il with complete PXD2 and current SVD during LS1

e Successfull commissioning with cosmic data
* Plan to resume beam operation in December 2023

SVD technical paper: K. Adamczyk et al 2022 JINST 17 P11042



	Slajd 1
	Slajd 2
	Slajd 3
	Slajd 4
	Slajd 5
	Slajd 6
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10
	Slajd 11
	Slajd 12
	Slajd 13
	Slajd 14
	Slajd 15
	Slajd 16
	Slajd 17
	Slajd 18
	Slajd 19

