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The Belle Il Experiment

Belle Il is a multi-purpose detector installed at the IP of the high-luminosity B-Factory SuperKEKB
(design luminosity 8x10°°cm=%s~'), located at the KEK Laboratory - Tsukuba, Japan

gL &p DFﬁtectgr — R 10 years operation will allow to
(barrel outer yers), B collect 50/ab (x50 the Belle
| dataset) providing the analysts with

Scintillator + WLSF + MPPC
(end-caps, inner 2 barrel layers a statistical-error-breaking dataset.

e/ectmns 5 . .
(L Ge * Physics measurements will benefit

from the increase of statistics if:

.. the resolution is comparable with
Belle, or better

EM calorimeter
Csl(Tl), waveform sampling
electronics (barrel)

2. the systematic error is reduced too

Vertex Detector
PXD: 2 layers DEPFET pixels
SVD: 4 layers double sided Si
strips detector (DSSD)

Central Drift Chamber
He(50%):C2Hs(50%), smaller

« the Belle Il sub-detectors, in
particular the vertex detector, have
been designed to achieve these
goals

cell size,
long lever arm, Particle Identification
fast electronics Time-of-Propagation counter (barrel),

Proximity focusing Aerogel Cherenkov
Ring Imaging detector (forward)

Giulia Casarosa Belle Il SVD
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= The Belle Il Experiment

Belle Il is a multi-purpose detector installed at the IP of the high-luminosity B-Factory SuperKEKB
~3 i N
ilicon ‘ertex | ‘etector |

(design luminosity 8x10°°cm=%s~'), located at the KEK Laboratory - Tsukuba, Japan
X
" '
4 outer layers of the Belle Il Vertex Detector LA

’ : ; X 2

_____________________________ /

KL & g Detector ' ;

Resistive Plate Coum'_ﬂ
(barrel outer layers),

Scintillator + WLSF + MPPC
(end-caps, inner 2 barrel layers)

e/ect,. ons

—{Z Ge

EM calorimeter
Csl(TI), waveform sampling
electronics (barrel)

» Tow material budget (~0.7% Xo)
Vertex Detector » excellent timing (O~ 3 ns)

PXD:2 layers DEPFET pixels ' » excellent hit:position resolution e
SVD: 4 layers double sided Si ' «

strips detector (DSSD)

Central Drift Chamber
He(50%):C2Hs(50%), smaller

~ been designed to achieve these
goals

cell size,
long lever arm, Particle Identification
fast electronics Time-of-Propagation counter (barrel),

Proximity focusing Aerogel Cherenkov
Ring Imaging detector (forward)
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The SVD Silicon Sensors

= 4 layers of DSSD on N-type silicon with AC coupled readout

= individual readout on each silicon sensor:

>

»

straightforward for sensors facing the non-tracking region
origami concept for all the other sensors (see backup)

= |amp-shade geometry for layers 4,5,and 6

>

»

optimize track incident angle

reduced material budget in the forward region (0<0.7)

Double Sided Strip Detectors
DSSD

P* strip

floating strips

E radiation length VS polar angle
20 e e B :
[cm]layers SR
i~ z; : O
10 57 : : E NN
O 11 1 I 1 1 | I 1 1 | I 1 11 1 I 1 1 1 I 11 1 I 1 1 | 001_:—._ -’
-30 -20 -10 o) 10 20 30 [cri(]) 055 ; e g 5

= three sensor layouts, to reduce the design and production cost:

readout

4,5,6 large 75 um 240 pym 120+18 122.90x57.72 = 7029.88
fo4r;/\5/£ d trapezoidal 768 512 50-75 ym 240 pm 38+6 122.76x(57.59+38.42)/2 = 5893.09
3 small 768 768 50 um 160 pm 14+4 122.90x38.55 = 4737.80

Giulia Casarosa

strip(p/r-¢)

Belle Il SVD

readout | strip pitch | strip pitch | sensors # active area
strip(n/z) (p/r-0) (n/z) (+ spares) (mm?2)
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Qﬁ?g SV D Read O Ut SySte m more details in Poster 67-B:

“Series Production Testing, Commissioning and Initial Operation of the
Belle Il Silicon Vertex Detector Readout System™ by R. Thalmaier

The readout cﬁif: APV25

the trigger arrives with a fixed latency of 5 ps

= originally developed for CMS
= shaping time of 50 ns APV25 (x1748 for 223744 channels)

— low occupancy  provides the 6 samples (corresponding to triggered

= thinned to 100 pm event time!), of each of the 128 readout strips
— low material budget ‘

%

= operated in multi-peak mode @ ~32 MHz, /ﬂ@z(/‘/éoé};% %
equipped with a 192 deep analog pipeline S @
= APV clock synchronised with bunch ‘
crossing frequency of ~ 8x32 MHz FACD (x52) FTB (x52)
A/D Converter board i Finesse Transmitter board
APV25 Response Curve - digitizes the signal — |+ electrical-to-optical interface
5 T T ‘
1 | * subtracts pedestal and
& ol # APV sampled- common mode
[ response 1 * applies zero suppression on s clock
oo ok SNR basis trigger
L = reset
. Clock
40 tl"lggelﬂ Y
- et FTSW
T FACD-controller clock Front-end Timing SWitch
L _ trigger
0_*;\1; : * controls the 52 FADC boards [ reset |« distributes clock to all sub-
W T P PP PP A e
0 W0 20 30 40 b0 e * generates APV trigger detectors
* also provides trigger and reset

Giulia Casarosa Belle 1l SVD 6



SVD Timeline

more details on background in Poster 39-B:
“Measurements of Beam Background at SuperKEKB”

by L. Santelj
~ Phase2 experiment Phase2 main goals
. - : focus of this talk
Q a * data from e*e™ collisions @ Y(4S) energy * understand machine background < on detect
% ~  with an incomplete Belle Il detector  understand detector performance —» ’S:r;corfnz;g
N (no final-version VXD) * detector subsystems P
N * with a reduced-scale vertex detector and commissioning
* dedicated beam-background detectors * detector calibration, ...
Phase2 collisions dataset

beginning of
+X half shelf
ladder mount

SVD

project
started

L =500/pb
A

february

SVD standalone

commissioning
of the two half shells

beginning of
—X half shelf
ladder mount

SVD

Giulia Casarosa
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March 2019

collisions

)
mid ~ ,
november Q . a4 @high |
¢y january < luminosit/gs

october

Belle Il
PXD+SVD global cosmics
integration run

PXD+SVD
insertion

PXD+SVD VXD

commissioning
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[V] SVD Commissioning

O highlights from small-scale SVD
operations in global data taking

7
v 4
X
’

CLAWS x2 ""
PLUME xz’ ¢
Phase2 data taking &

L =500/pb of collisions data \
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=)  SVD in Phase2 Global Data Taking

[M Phase2 SVD detector was operated since the beginning of Phase2, taking data in all runs

1. important experience gained in operating a small-scale SYD (14 vs 172 sensors) for what concerns

detector calibrations stability

& subsystems commissioning very stable calibration constants (gain, noise)

of all sensors, over Phase2 running
P-side Sensor Noise Average in Phase2 Calibration Runs

g8 | Noise
g 4 u/P side .
2 | SVD sees bunch crossings |6 ns apart
g
£ 35
2 It 3 : 3 - i . | . ' ; luster Related to Tracks, Hit Time, Large Rectangular senosors V/IN
3l ‘ '
oel 600/ run with two PHASE2 SVD
: _ bunch crossings PRELIMINARY
. 26-Apr 6-Jun 17-Jul 5 in the SVD
500~ integration window ,',__..sj;
sl aYa o o | NP N B AN PP B P, L. 7
0 1000 2000 3000 4000 5000 6000 -
#Frun 400
2. test of sensor response to MIPs from IP 300
— - trigger jitter
 sensor efficiencies above 97% for all-except-one sensor, 7 effects EXPERIMENT 3
good considering class B sensors have been used 200[— RUN 783
3. confirmed impact of SVD reconstruction on tracking, 100}
even if with only one ladder per layer .
%0 70 60  -50 40 30 20 10 o0

_ _ , _ . cluster time (ns)
note: SVD hit time is not calibrated in this plot

Giulia Casarosa Belle 11 SVD
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SVD Impact on Tracking in Phase2

Bhabha candidate event
Exp 3

Run 126

Evt 73

= Phase2 SVD covers a small azimuthal, nonetheless
measurements of tracks with SVD hits confirmed

that:
 svd-only tracking is working

e outward extrapolation from SVD is working

Phase2 VXD

= track do resolution ~ 20 pm (w/o PXD hits)

= |P not in the nominal position, correlation e innermost SVD layer at 3.9 cm from IP

between track parameters do and o . 0.040 pp—r——r———— — R
= 4 CDC+SVD+PXD Belle I 2018 (preliminary) 3
 evident improvement of the resolution S 0035 F + CDC+sVD -
in the VXD direction o : + :
— 0.030 |- -
A=(-4BL£6)pum, B=(-53L6)pum, C=(28 £ 4) um q E ¢ E
1000 : I = 0.025 — O] = 12.1 J410 _+_ -
‘:E' g ‘ A-cosldy) + B-sin(og)+ C Z [~ +_+_ ]
2')‘ 750 _ ;‘3%4_',.-‘-"_'*{,_\ _. Run 2417 \‘_L 0.020 :__ Opg = -2()_,) /llll __:'
© 500 B s I "4 i —+ )
£ ' A Ry ¢ a —— :
= : e o 0.015 | -
o 250 o e ! ]
- A { i .
= 0 o g 0.010 |- - -+ 7]
_ a —— —— : ]
0 0 0.005 - —e— /L(lt ~22pb~!
500 bl e —— . —o-
% T ——— === I 1 S PSP &
750 ~100 -50 0 50 100
1000 L , : . (10 corrected for offset [/,ll’l’l]

-3 =g 1 0 1 2 3

¢y estimate
Giulia Casarosa
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The SVD Hit Time Determination

= Precise determination of the SVD hit time is crucial for the tracking performances at nominal luminosity

e most of the beam background hits come from particles generated at past bunch-crossings with respect
to the triggered event

e rejection of off-time hits significantly reduces the beam background occupancy

6 samples provided by the APV25, after = SVD time before the calibration:

main ingr edient: digitisation, pedestal and CM subtraction

e (traw — to) resolution ~ 6 ns

8 sodl- . = SVD time dfter calibration (with event time to)
< ""V/N side ~ 5 GeV e beam |—as" lut 5
} - 436 —_ ~
| : | to sensor s e (tsvD — to) resolution ns
{ . — 443
| pon SVD Hit Time — EventTO provided by the drift chamber
| A ws ’
60: 20— A before calib.
o Entries 174
40 18— Mean -59.17
- Std Dev 7.52
16f- 2 I ndf 26.85 / 26
- Prob 0.4171
14— Constant  11.12+1.30
- Mean -57.48 +0.58
05 20 40 60 80 100 120 140 160 12 :_ Sigma 3.953 1 0.683
Sample time [ns] 1ol — after calib. —
- niries
8l Mean 4.782
: Std Dev 8.785
L : 6l ¥ ndf 42.96 /29
[ Strong indication of excellent time : Tl iyl
resolution of hits from tracks coming = } Constant _11.36:1.96
] . ) - Mean 6.544 +0.485
from the interaction point 2F- Sigma __ 4.807 +0.454
l L A ' 1 ' A ' L l
-100 0 50 100

EventTO estimation error included in the (tsvp - EventTO0) width SVD hit time - EventT0 (n8)

e ———————————————
Giulia Casarosa Belle Il SVD 1
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[ SVYD Commissioning

O final detector commissioning

Belle Il SVD
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SVD Standalone Commissioning

[M The Final SVD detector has been successfully commissioned summer last year

= Only minor problems observed, related to cooling, very few sensors showed some issues, not serious

1. detector calibrations stability confirmed as observed with small-scale SVD in Phase2

Noise Average L6.4 in Commissioning Calibration Runs

a5 one v/N side ' one u/P side
— o0 '
5 Entries 112 Entries 12
- SVD COMMISSIONING Mea 417.3 ;-:ca“ X 417.3
- - Meany 2.206 Mean y 3.3
g 4 PRELIMINARY S1d Dev 112.8 | | Std Dev x 112.8
= SidDevy 005477 | | StdDevy 0.04068
3
5 35 .
< ‘ ‘ “ ‘ . ‘ P-side
3 V4
25
v ’
Vg It i ! } N
2
| 16 Aug 27 Aug 20 Sep
1‘500 250 300 350 400 450 S00 550 600 650
#frun

note: one point represents a sensor of layer 6 ladder 4

2. useful dataset to test the final detector sensors
response to MIPs (not from |P!)

e reconstruction versus track incident angle

o sensor efficiencies above 99% for most of the
sensors, details later

Giulia Casarosa

TOP scintillator #1

"l

Belle Il SVD

very stable calibration constants (gain, noise) of
all sensors, over 2 months of running

SVD commissioning setup

triggers provided by scintillators coincidence:
* ~jitterless
* asynchronous with respect to SVD readout clock

TOP scintillator #2

+X T oBfeld _X
~__shell

shell .. | o7

BOTTOM scintillator #1 1 3



Cluster Energy VS Azimuthal Angle

= Cosmic rays cross vertical layers with a larger incident angle with respect to horizontal layers

&

1200_ 1 ' ] | | | I | | ] ] 1 ] | ] 1 | | I 1 | ] I ] | )
— - W — 513 v/N side -
[ 1000t JLL — 52.3 v/N side ]

— [ 4l —— 5.3.3 v/N side
L] ——— 5.4.3 v/N side -
—— 5.11.3 v/N side .
H L[ SVD COMMISSIONING B
. 'H PRELIMINARY N

. 0 Eﬂwf ig'_”"h- ns=toLs

- - e o e s == = S R et
0 50 100 150 200 250 300 350

energy (keV)

Concentrate on horizontal sensor to study the L track incident angle use-case

Giulia Casarosa Belle 11 SVD



=4 Final SVD Sensor Efficiency with Cosmics

= Sensor efficiency estimated using cosmic tracks in ~10M events

= Tracking reconstruction excluding the sensors belonging to the layer under study, and applying quality
cuts on clusters used in the pattern recognition and on the track

o fiducial region for the extrapolation of the track to the sensor plane
U Cluster Residuals (layer 5, ladder 4, sensor 3, sideU/P)

= efficiency defined as the ratio between the background-subtracted

. . . . 4 IsMinResidU_LS_L5L4S3U
clusters in the signal window (Imm wide) and the number of 10°F B
- Entries 26440
tracks extrapolated to the sensor plane i
: Mean  -0.0007728
e background clusters in the signal window estimated rescaling the - StdDev  0.008297
number of clusters counted in the sidebands 10k
V Cluster Residuals (layer 3, ladder 3, sensor 2, sideV/N) E
- cisMinResidV_SS_L3L3S2V !
- . Entries 13826 i H
2500 f— v/IN side Mean 0.001298 Slgnal
: Std Dev . 5 i
- €=(99.87 £ 0.07)% £ I nd 110.2/55 100 / window
2000 p— Prob 1.462e-05 -
- N1 2457+ 39.5 -
- mean1 -0.00134 £ 0.00004 i 75
1800 I— sigmai 0.00339 £ 0.00006 i L 1
- N2 308.2+33.2 - '_ !
- mean2 -0.001371 £ 0.000174 .
- sigma2 0.008484 + 0.000281 10
1000:_— -
e | . SVD COMMISSIONING - sidebands sidebands
- L e PRELIMINARY
P S A L AU B U 1
0.04 0.02 0 0.02 0.04 0.06 0.08
residual (cm) 1
= Cluster residuals distribution width does not provide a measurement 05 -04 03 02 01 0 01 02 03 04 05
of the cluster position resolution: the intercept extrapolation error residual (cm)

contributes to the residuals but can’t be determined without B-field

Giulia Casarosa Belle Il SVD 15



» SVD Efficiency, u/P side

M efficiencies around/above 99% for
sensors of the three innermost layers

[ slightly lower efficiencies on layeré, but
still around 98%, above 97.4%

-
* all sensors are expected to have efficiencies compatible
with the one estimated estimated with horizontal sensors

o statistical-only error < 0.1 % lower since no tracking

device placed outside L6
A

u/P side sensor efficiency (%)

§ SVD COMMISSIONING PRELIMINARY
[ R — — 99.5
top left 99.5 99.9 99.2 99.8 99.0 99.2 99.7
I , — 90
top right ﬂ- 99.5 99.8 99.2 99.2 99.7
— 98.5
bottom left 99.7 99.8 99.2 99.8 98.9 99.0 99.6 98
bottom right 99.7 99.8 99.3 99.9 99.0 99.1 99.7 97.5
layer 3 layer 4 layer 5
l 3.x.1 l 3.x.2 l 1 4.x.2 l 4.x.3 l l 5x.2 1 5x.3 l 5x.4 l ¥

Giulia Casarosa Belle 1l SVD 16
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» SVD Efficiency, v/N side

|
'} [ efficiencies around/above 99% for

7y ' sensors of the three innermost layers
= = 6.8
=L [ slightly lower efficiencies on layeré, but
5 | es l\ still around 98%, above 97.4%
.1 \ 58/ 10 o all sensors are expected to have efficiencies compatible

¢ with the one estimated estimated with horizontal sensors

e statistical-only error < 0.1 % lower since no tracking
device placed outside L6
A

v/N side sensor efficiency (%) -

S |SVD COMMISSIONING PRELIMINARY &
10 N S -t 99.5
top left 99.2 99.9 99.6 - 99.0 995 99.8 - 98.9
e : — 99
top right 99.6 99.8 99.8 99.7 99.3 995 99.2 . 99.0 99.1
- : 98.5
bottom left 99.6 99.7 99.7 99.9 99.4 99.4 99.6 98
bottom right 99.8 99.8 99.6 99.9 99.1 99.4 995 975
layer 3 layer 4 layer 5 :
l 3.x.1 l 3.x.2 l 4.x.2 l 4.x.3 l l 5x.2 l 5x.3 l 5x.4 l 6.x.3 6.x.4 7

Giulia Casarosa Belle Il SVD 17
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[A First Results from Global Cosmic Runs

Belle Il SVD
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<o SVD Final Destination

M The Belle Il vertex detector has been successfully installed and integrated in the Belle Il DAQ

= Since mid January SVD is included in Belle Il global runs:
e random triggers with variable trigger rate, | - 30 kHz
e cosmics triggers, ~ 150 Hz (actually 5 Hz for tracks in SVD acceptance)

e cosmic + random triggers, variable trigger rate, 2 - 20 kHz

more details on SVD operations in Poster 66-A:

= Successful operations up to now: “Run and Slow Control of the Bellell Silicon Vertex Detector”
. . by C. Irmler
 all sensors are working, with cluster energy and SNR expected from MIPs /
all-clusters charge for v/N side all-clusters charge for u/P side
3 1;— cosmics trg (100Hz) 3 1;— cosmics trg (100Hz)
- random trg (100HzZ) = random trg (100Hz)
1077 | e, 107" =
- : MIP bump
1072 = 1072 ==
10°° g_ 107° ;—
: MIP bump :
10 =g 107 =
k., ol “H iy
E 11 1 1 | 1 11 ||_| | |_| 1 1 1 | |_|| 1 1 | I I | L1 |_|| | 1 1 ||_| E 1 11 | 1 1 | | 11 1 1 | L1 |_| ml | | |_|| 1 11 | ||_| 1 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
charge of v clusters [ke-] charge of u clusters [ke-]

Giulia Casarosa Belle 1l SVD 19



N — V side

rack-related Cluster Energy

P|=— U side

most probable cluster energy as expected from MIPs, around 80 keV

CDC

Erangy of Chwstors on Track 253 UV sides b L6 S S Energy of Chustors 00 Tiack Z53 UV sides for L8 5.4 Enengy of Chusters on Teack 253 UV saes 4or LES. Enongy of Chusters on Track 253 UV ses v LES 2 Energy of Clusters on Track Z53 LWV sides for LAS.Y
o . - ' % \ " 1 ¢
SYD PRELIMINARY - - i SVD PRELIMINARY Vo 1 SVD PRELIMINARY S e 1 SVD PRELIMINARY — - i SVD PRELIMINARY SV e
et 1 - » © U 1 Lot 3 — 1 Lt 3 — i~ . - -
oo PR Tgre—— e p—— "’ [ SR — - | 1 P ML e p—— 1 P L S Pa——— s 1. 41 S 0 ——te e
1 w— | — [y wes : ﬁ e - Gatras . Commn s | s Creres 1544t 1 Commms Lo Po— Y : Commnn € rotn [ rovey YRS
(TS ey ! | [ro e | [FOS, " | —an e } [TSN o
e Sat Do Mo by | Mlw % 1 | ¢ a0 (e ) { S0w W
{ ) : ! - » : ! - ~0 ' - »
o Vow " '»" [T™ 1 [ g™ [T e
I ‘\\\\ ’: )
s P W SRS O et - L J L L ..-}b)}h—__--—A-&/
o o o © 0 oo 1 L) = o) o 3 ) T o b ™ = 1.0 - - o o
Sy het) gy BV oy NV -
Energy of Clusters on Teack 253 UV sidos for L5 4.4 Enorgy of Cluntors on Track 2853 UV sides for L5493 Enorgy of Clantors on Track 2853 UV sides for L5.4.2 Enoegy of Chustors on Track 253 UV sices or LS 41
2900~ 2500 : 2500 2900
t SVD PRELIMINARY |~ v [ SVD PRELIMINARY v wde [ SVD PRELIMINARY v oo [ SVD PRELIMINARY V e
: e v 3 — + Loy 3 |== Ve L {apm & D '. Capmernnnd & —)
m: A M1 B4 e P——— m_ Are 31 M0 44 40 e s | oas m_ Pt D01 A0 S8 00 e s | 00N m_ Frw A4 41 A 0 P -
' Cosmay (vwrm [~ 12082 r Camms L vwren [ Coates wxar | t Cam s | vwren [ Coates e | t Cammars £ wmtn T Ereses s
’ Vs 1"Her Vs w Vs 1223 b Ve an 40
B0 406 vsoer 20w 20 - 0w 8222 -— S Dev 4402
[ reres 1% : trdres oer
Ve an ' T Ve ™
M Ow arw [ 3 2 D - v
t . N
0 20 )
n0 *0 0
gy eV gy eV,
Energy of Clusters on Track U/V sides for L4.3.3 Energy of Clusters on Track U/ sides for L4.3.2 Energy of Clusters on Track LWV sides for L4.3.1
2500 2500 - 2500— .
C SVD PRELIMINARY — V side SVD PRELIMINARY -V side i SVD PRELIMINARY -V side
L Experiment 5 ~— Uside Crperrene & U e : Goowent § — ) sude
2000[— Runs 591, 641, 646, 649 FEE———— 20001 Foans S0, 641, 646 649 P————r— 2000 s 501, 841, 448, 449 po—p————
r Casmics Events Enties 17192 N Counics Everts [ Commes Lverts [Envies 12811
- Mean 96.31 | Wean s Maran 9 22
1500— StdDev  48.87 1500 S0 5214 180 [Sed Dev  40.64
[ clusterTrk energy Lat3sav || F P b ™ML Lt ey ———— P
~ Entries 16656 + Tates 1972 + Creres 14029
10001 Mean 99.39 1600 Vean 8724 000 Mean .5
r Std Dev 49.58 - Sxd Deov 4407 - S3 Dev 4709
500(— %0 %00
ol R B B e oY ey . 1 ) ok SPR RN SRR R .
0 50 100 150 200 250 300 350 % () 100 150 w0 250 YO 30 0 0 "0 150 %0 *0
I P energy (keV) erongy V) oningy V)

>
backward forward

Giulia Casarosa note: layer 3 in slide 23
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[rack-related Cluster Energy
inllo -
Belle II P|=— U side
[M most probable cluster energy as expected from MIPs, around 80 keV
CDC
A Energy of Clusters on Track ZS3 U/V sides for L5.4.3
Erorgy of Oustors on Track 253 UV soes kv LS S 852 Energy of Clusters on Traos Z53 WV sioes v LA S Y
“[ SYD PRELININARY " rse " 25m - W e SVD PRELIMINARY -V e
: Sputume — B SVD PRELIMINARY - V side Do Sommant -~
| B == B : Experiment 5 — Usside - e S
”", S0 Dev "o L L - Dev a9 Cwy O
| ——— (| 2000 Runs 501, 641, 646, 649 rp————
' - Cosmics Events Entries 18837 o
- Mean 120 gt
ez | Std Dev  52.43 e
B custer Tric_energy LSLAS3Y . o
- Entries 18585 X
Energy of Clusters on Track 253 UV sices kr L5 44 1000— Enoegy of Chuntors on Track 253 UW sicles lor LS. 41
00— _— " Mean 91.4 2500
i SVD PRELIMINARY w— Y [ SVD PRELIMINARY V e
; B— - = Std Dev 4423 t R S U
m’: LT LRI ——— - m_ P 000, 041, B 0 r————
{ ad ey [Pre—— - [ Coome bos Freses *
ool ok A R A TSI R et
! 0 100 150 200 250 300 350
1 energy (keV) |

= Cluster energy similar for u/P and v/N sides —-l __l

= 20% charge loss on N side due to coupling between Z& ]-C‘ Z& J—C‘
floating and readout strip and large capacitance to U . I =
the back side: xmplam\p T clmphlm e . T mplam T

~
* fraction of signal from floating strip to readout: | -rl l a
] 25~ 0.75(0/N),0.9(1/P) Nare
2CG;+C, — a ]-
bW
: S— Belle Il SVD 21
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nominal online zero suppression, SNR cut = 3:

Energy of Clusters on Track ZS3 U/V sides for L3.3.1

2500
[ SVD PRELIMINARY — V sido
! Experment 5 === U side
20001— Runs 591, 641, 646, 649 [T enengy LILISIV
- Cosmics Evenrts Entrigs 13771
n Mean 1135
1500 SidDev  50.52
. Entrios 13312
1000 '~— Mean 107.3
- | Sid Dev 49.81 |
500 }—
0 AAAAA
0 50 100 150 200 300 350
enorgy (keV)
Energy of Clusters on Track U/V sides for L3.3.1
2500
| SVD PRELIMINARY — \/ side
: < Experiment 3 w— U sido
2000— Rurs 501, 641, 648, 649 pr—p———r—
: Coamics Events ’-Enms |4610-<
- Moan 02N
15001 SidDev 5288
! Entnas 12948
1000 n Mean 103.7
= L Sid Dev 4042 |
soch—
% 0 100 150 200 250 300 350

Giulia Casarosa

energy (keV)

Energy of Clusters on Track ZS3 U/V sides for L3.3.2

2500
N SVD PRELIMINARY =\ gice
- Experiment 5 - U side
2000 [~ Runs 501, 641, 648, 640 e P_enargy LIS
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higher online zero suppression, SNR cut = 5:

g

Cluster Energy, Zero Suppression Effect

correct estimation of
the cluster energy

online zero suppression:

SNR cut
from 3to5

Energy of Clusters on Track U/V sides for L3.3.2
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SVD PRELIMINARY ~— V side
< Experiment 5 = Us«e
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Belle Il SVD

underestimation of the cluster
energy of the u/P side:

* MPV cluster energy shifted to
lower energy
- loose strip(s) at the edge of the
cluster

* appearance peak at low energy
- cluster split effect

note: effect observed in all players
note: higher SNR minimizes the effect
on v/N side 22



— V side

Track-related Cluster SNR

"'"" U side

good SNR for all sensors, as expected
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N| — V/ side

Track-related Cluster SNR

P|=— U side

KZ good SNR for all sensors, as expected
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BVD PRELIMINARY
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Logem mem

S = SNR depends on collected charge, strip noise ad cluster size
2. S * Noise u/P side (~900 e”) > Noise v/N side (~600 &7

SNR l p— strips * Signal u/P side > Signal v/N side
CL5 Z N2 * cluster size effect to be investigated
1

strips = The noise difference between the two sides is dominant with
respect to cluster energy difference — higher SNR on v/N side
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<o Conclusions

/] The Silicon Vertex Detector has been successfully installed in Bellell

O SVD is included in global cosmics run, smooth operations so far
O all sensors are dlive, detecting MIPs

O cluster energy and SNR distributions look as expected for MIPs

[ Phase2 data taking allowed to test a small-scale SVD on collisions data

O excellent time resolution
O excellent feedbacks from tracking

IZ Promising indications from the SVD standalone Commissioning, to be
checked in the next weeks

O excellent sensor efficiency

O excellent detector stability

. . o 201901 27
[ Looking forward to first collisions expected end of March cosmic track candidate
Exp 5
Run 690
Giulia Casarosa Evit 14110 25
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D
a4 Vertexing at a B-Factory Experiment

= The Vertex Detector (VXD) provides the precise measurement Tﬂwa[ Y(4"S) Event

of the primary and secondary vertices of short-lived particles = Y(4S) center of mass is boosted

» 7GeV e on4 GeVe'—pBy=0.28

Bep decay point at the K9, beam-line intersection » reduced boost w.r.t. Belle

= average multiplicities
» || charged tracks

1'(45) — BB Bc » 5 neutral pions
—-—-—»{1;_—4:—:—:—:-:-;-\‘_—‘-_—‘--‘-Z;':f-'-—'»:_—f—f——. 4444 P S S » | neutral kaon
Bt T i
N P = soft charged tracks momentum
¥ ‘ undred of microns spectrum
courtesy by E. Paoloni
_ Tracks Transverse Momentum
e ——— e e
1200. !
= The most important factors affecting the precision of the vertex [ Entios 110201 1
position determination are: 1000 '
. . : Mean 0.3468 |
» the distance of the first measured hit 800/ RMS 02947 ||
» the effect of multiple scattering oot} |
, . , , ] Bellell MC
= Other important factors taken into account in the design are: s00f PRELIMINARY -

» single hit resolution

200

» impact of the machine background in terms of occupancy and i .
e e I e
I"adlatlon damage 0 02 04 06 08 1 12 14 160‘ (1089V!c2)

T
Giulia Casarosa Belle 11 SVD




The Origami Concept

= SVD will operate at a high-
luminosity machine (8x10%*cm2s) APV?25 Z strips

= need short strips & short pitch
adapters

» reduce the occupancy

» reduce the noise (lower
capacitance at the charge
preamplifier input)

= readout chips inside the tracking
volume =)
= the “chip-on-sensor” Origami Silicon Sensor

concept allows to minimise g . r-¢ vView facing the IP |
the analog path length |

S dfter folding

i1 1] g

pitch adapter !!

(Polymér foam)

Giulia Casarosa Belle 11 SVD



Results on SVYD Hit Time in Phase2

Time for sensor 3.1.2, V side, trigger bin = 1

: y / Eorrs = event time (to) determined by the drift chamber
25— dtraw S V_D Entries 174 .
5 / Mean -6.83 e estimated to error ~ 2-3 ns
- I Nl Std Dev  12.08
T N7 7 CoG hit time - BEFORE = SVD time before the calibration:
- Z to 7 Entries 174
15~ 7 Mean 6586 * (traw — to) resolution ~ 6 ns
N ' 7 Std Dev 7.18
- 7/ T . . . . .
o B CoG hit time - AFTER = SVD time after calibration (with event time to)
. 7 Entries 174
. N Mean -2.052 _ A~
£ 7 S Doy 8303 e (tsvp — to) resolution ~ 5 ns
- ’/2 s /
- 7
- i SVD hit time - EventTO for sensor 3.1.2, V side, trigger bin = 1

900 80 60 40 20 o0 20 a0 60 80 100
time (ns)

20— _ before calib.
Sensor, trigger-bin 1sF- r\E/Ir;tz;Ir? ’ -591.;/;
- Std Dev 7.52
b b B 16— x? I ndf 26.85/ 26
— : . Prob 0.4171
tSVD “(S/t ) traw T IB(S’t ) T 14— Constant  11.12+1.30
. . . . - Mean -57.48 +0.58
* & and B determined using to estimation, 12— Sigma___ 5.953 +0.683
depend on sensor side and trigger bin 1oF- after calib.
. . L . . - Entries 174
* B single shift to center tsvp distribution in 0 sl Mean 4.782
- Std Dev 8.785
N ¥/ ndf 42.96 /29
g e . - Prob 0.04595
i Strong indication of excellent time afF- Constant  11.36+1.36
resolution of hits from tracks - | Soma 4507 10454
coming from the interaction point by A L,
-100 50 100

SVD hit time - EventTO (ns)
Giulia Casarosa Belle 1l SVD 30



SVD Phase2? Detector Efficiency

= Sensor efficiency estimated using Bhabha skimmed events with the complete Phase2 dataset.

= Tracking reconstruction excluding the sensors belonging to the layer under study, and applying two
additional requirements on the tracks:

e at least one hit in PXD and one hit in SYD

o extrapolation to the DUT within 20 strips from sensor edge
U Cluster Residuals (layer 5, ladder 4, sensor 3, sideU/P)

= efficiency defined as the ratio between the background-

. . . . IsMinResidU_LS_L5L4S3U
subtracted clusters in the signal window (Imm wide) and the  10°f S
- Entries 26440
number of tracks extrapolated to the sensor plane g
: Mean  -0.0007728
e background clusters in the signal window estimated rescaling the - StdDev  0.008297
number of clusters counted in the sidebands 10°k
Sensor Efficiency
2
@ =™ signal
— " window
wP 99.1 99.1 98.4 99.5 99.1 98.5 99.8 99.5 98.7 H | /
— 98
97.5 - 1/
o7 | L:
VN 99.4 99.1 . 99.2 98.7 % L
- % Nds : sidebands
955
1 L L 1 1 1 ] 1 1 1 1 1 ] 1 95
311 312 412 413 512 513 514 6.1.2 6.1.3 614
layer.ladder.sensor . - I
sENENENI N : .
v efficiencies above 97% for all-except-one sensor despite class -0.5 0.4 03 0201 0 01 02 03 04 05
residual (cm)

B sensors have been used for the Phase2 SVD detector
Giulia Casarosa Belle Il SVYD 31
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The Alignment Effect

U Cluster Residuals (layer 5, ladder 4, sensor 3, sideU/P)

B4

o
¥ /

after alighment

clsMinResidU LS L5L4S3U

Entries 26440
Mean -0.0008424
Std Dev 0.006311
x? I ndf 343.6 / 53
Prob 3.503e-44
N1 1.445e+04 + 1.314e+02
mean1 -0.0008956 + 0.0000236
sigmat 0.00307 +0.00004
N2 769.9 +78.3
mean2 —-0.0003197 £ 0.0001808
sigma2 0.01003 £ 0.00042

- before alighment

B clsMinResidU_LS L5L4S3U
- Entries 12572
— Mean -0.02772
— Std Dev 0.01906
| x2/ndf 874.4 | 52
- Prob 0
— N1 3726 + 56.7
| meant -0.03074 + 0.00006
- sigma1 0.005195 + 0.000066
= N2 109.4 £ 5.0
— | mean2 ~0.02684 + 0.00106
B sigma2 0.03638 + 0.00092
] 1 ,

-0

Belle Il SVD

| 1 1

|

0.1

residual (cm)
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