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Motivation

 Beam backgrounds are limiting Belle 2 already

* We need to reach a clear, comprehensive
understanding of beam backgrounds by October
B2GM (also for BPAC!)

* Each subdetector is required to give a talk at
B2GM

- Benjamin has done most of the work for
PXD already

- Any help Is appreciated
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PXD Data for Beast tuples

 Compute PXD variables at 1Hz from Belle Il offline raw data files using
basf2

- Use global timestamps of Belle Il events

- Access to reconstructed data and offline calibrations (— energy
calibrations)

- MC can be handled in almost the same way
- Done for all BG studies and most lumi runs copied to KEKCC

» [ntegration of PXD tuples into global Beast tuples (many thanks to Luka
Santeli)

- Adding accelerator conditions and other Beast/Belle |l detectors
- Adding scaled MC data
- Done for BG study on June 12

Belle Il PXD Workshop 3/24
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* Average PXD occupancy (red) vs. LER current (black)
* 1Hz timestamps derived from Belle Il events seem consistent
 Availability of PXD tuples restricted to runs where PXD joined DAQ
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June 12 study, looking at digits

8_ - + June 12 with LER beam only
I o8 « Mean occupancy from all events
g per 1s window
:1: « After filtering hot pixels
'01 « Factors out dead/masked pixels

1 1 I 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
158877 1528.772 1528.774 1528.776 1528.778 1528.78 1528.762 1528.784 1528,786
Sensor 1.1.1 occupancy vs. LER current

5 o.:ss’;"r1 —{140
e . * Occcupancy vs. LER current
nzsf- _» * Data shows two components
3 oo ~» + Need to check which conditions
g changed
I 0 — 50 — |100| = |150| — .200. — |250| = LIESFOKE'::Jrr;ntI[n;i]SO
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June 12 study, Data vs. MC

Data

Sensor 1.1.1 occupancy vs. LER current
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June 12 study, looking at clusters

grow =¥ « June 12 with LER beam only

3ol o * Photon candidate clusters:

I N - 1 pixel

E N - 6 keV < Energy < 10 keV

3  Normalized to ‘total integration
time’ and ‘active area’

L L L L L | L L L L L L L L L L L
15%8.?? 1528.772  1528.774 1528.776  1528.778 1528.78 1528.782  1528.784 1528.786
ts [s]

Sensor 1.1.1 photon flux vs. LER current

i3 - |, * Fluxvs. LER current
S . Data shows one component
Souk = Currently Yuri's SR samples not
FomoE available at KEKCC and not
oo iIncluded into tuples
mlmi_.|....|... o N T 0
0 50 100 150 200 250 LE[JRU rrrrrr X [mi]50
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June 12 study, looking at clusters

_ =10°
2" .  June 12 with LER beam only
S sl —OF * Charged particle candidates:
gt —O0B - > 1 pixel
§ 60—
3 - 10 keV < Energy
g"  Normalized to ‘total integration
" time’ and ‘active area’
160677 ‘1528772 1828.774 1528.776 1528778 152678 1528.762 1526 784 15123'{7];2 !
; " Sensor 1.1.1 charged particle flux vs. LER current o FIUX VS, LER Current
 Data shows two components
H * Linear and Quadratic scaling
| & accelerator current

- 80
40—

charged particle cal

40

20— 20

C L1 | | I I | | - | | I I | | I I | 1 | | L1 L1 | L1 L1
0 50 100 150 200 250 300 350
LER current [mA]

0
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Summary

 PXD data integrated into Data/MC tuples
* SR samples from Yuri are still missing
- Can be processed using same code, fast

* Analysis of Data/MC tuples has just started

- Tuples confirm that soft photons component scales linear
with LER current

- Analysis of occupancy and flux data is ongoing

- Data is available also with segmentation of ASIC/Switcher
regions

- Any help with the analysis is appreciated!

08/10/18
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PXD efficiencies

« Efficiency calculation done by Uwe Gebauer
e Calculation:

- Reconstruct tracks with ,standard’ settings and extrapolate to
the PXD

- Look for PXD clusters within 500um
- Efficiency = #Tracks with cluster/# All tracks

 Track cuts
— Successful track fit

- Within a radius of 10 pixel no noisy/dead pixel or sensor border
- Atleast one SVD hit (no CDC only tracks)
- Momentum > 4 GeV

—- P-value > 1020

Belle Il PXD Workshop 10/24
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Hit Efficiency on Module 1.1.1
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PXD efficiencies

Hit Efficiency on Module 1.1.2
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PXD efficiencies

* Overall PXD efficiency ~96%
 Work in progress, more at B2GM

Integrated Efficiency of each layer 1 module Integrated Efficiency of each layer 2 module
1P 1
= | = |

0.9 0.9F
0.8 08F
0.7F- 07E-
0.6 061
[],55— 0.52—
04F- 045
03 0.3F-
0.2F- 02f-
0.1%— f“i—

0: = I T 05 212 I 214

PXD Module PXD Module
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PXD radiation effects

« PXD DEPFETs sensitive to radiation effects
* Through radiation the 'threshold voltage' U 71,.no14

« of the DEPFETs is shifted, which leads to a different drain current I,
and a different self amplification g, in the transistor

MPVNgqN\/I;N(UGate_UThreshold) (1)

« The change in the self amplification is visible in the MPV of the Landau
distribution

e During phase 2 the Gate-On voltage U

qae WAS adjusted to compensate

for this effect
* Following analysis based on BonnDAQ data

08/10/18
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Analysis of PXD Phase 2 data

MPV

« Langau distribution fitted to cluster charge histogram for each module
and each run from which the MPV is extracted

« Using pyRoot instead of pyplot (better error estimation)

Cluster charge of all clusters (run 5607)
250000

—}— H1011 Data
j! H1011 Landau fit:
, MPV = 50.81+0.05
\ —-—- @ =12.52+0.04

Photon Peak ¥ = 146.47

200000 1 —}— H1012 Data
H1012 Landau fit:
MPV = 49.72+0.04
——- g=12.31+0.04

x2=9435

—}— H2011 Data
H2011 Landau fit:

Landau Peak MPV = 52.63+0.05

-—- £ =11.85+0.03
¥2=101.06

—}— H2012 Data
H2012 Landau fit:

150000 + j

Count

100000 + MPV = 50.12+0.05

-—- 0=11.62+0.04
¥2=115.30

50000 4

——
R
——

g T
- =
- =
- -
-

——— -
e e m—-——
= - -

T T T T
0 50 100 150 200 250
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MPV per Switcher/ASIC region

Cluster charge distribution for DHE H2011 (run 5613)

ASIC 1, Switcher 1 ASIC 2, Switcher 1 ASIC 3, Switcher 1 ASIC 4, Switcher 1
H2011 Landau fit: H2011 Landau fit: H2011 Landau fit: H2011 Landau fit:
MPV = 48.03+0.11 MPV = 51.22+0.13 MPV = 51.86+0.14 MPV = 54.47+0.17
5000 - 0 = 10.86+0.09 5000 4 ——- 0=11.45+0.09 5000 A ——- 0=11.45+0.09 5000 A ——- 0=12.25+0.10
X% =40.25 x!=38.28 X% =35.00 X2 =40.47
T ‘_-::ﬁ‘_——__—-——.__,_ h ::?‘-“:‘:-:-__—-—-E,_. e o= :\-—:"’-’:‘..—_Tw—--
0 —ASICJ, SWICHer Zo0g o 0= CASICZ, SWIer 2,00 o 0= —ASIC 3 SWiteRer 25— . : 0= “ASICJf, SWCher 2005 o
0 Gdo [ 200 250 0 Qdo TR 250 0 50 Gob teh 200 250 0 Q& TR 250
H2011 Landau fit: H2011 Landau fit: H2011 Landau fit: H2011 Landau fit:
MPV = 50.57+0.13 MPV = 52.97+0.15 MPV = 53.77+0.15 MPV = 56.77+0.20
5000 A 0=11.21+0.09 5000 0=11.64+0.10 5000 - ——- 0=11.67+0.09 5000 A -—- 0=12.60+0.11
X2 =34.49 X2 =46.52 x2 = 4460 x2=38.53
:::‘:‘:1—_—:—-'-.-__.__ - ‘}::r—m - ::"*"-.‘:-_—.—_—-—— h ‘-::‘:*:‘_‘::-‘_—_—-—-
0= ASICY, SWICRer 3,00 . 0= ~ASIC 7, SWIEREr 3,0, ; 0= —ASICS, SWICRer 3,00 1 0= T ASICH, SWICRer 3,00 .
0 GQdo 550 200 250 0 Qdo ch 250 0 Gob ESB 200 250 0 o8 el 250
H2011 Landau fit: H2011 Landau fit: H2011 Landau fit: H2011 Landau fit:
MPV = 51.26+0.15 MPV = 53.73+0.17 MPV = 54.07+0.17 MPV = 56.88+0.21
| | ] 5000 -
S000 0= 11.49£0.10 5000 0=12.06+0.11 5000 ——- 0=11.87%0.10 ——- 0=12.76£0.12
x2=7112 x‘* =37.13 x2=32.92 x2=54.31
e T -?Z‘:::—-—-—._ e TTee——— - -——ﬁ-"‘_“:‘:w-—w—
0= CASIC Y, SWIEeT A0 . 0= ARSI, SWIReT A0, ! 0= ASIC, SWIRReT A0 0= CASIC g, SWIRET A0y 1
0 Gdo 558 200 250 0 Gdo 5‘318 250 0 Gob 5‘3]8 200 250 0 Q& Hl3 250

H2011 Landau fit:
MPV = 49.54+0.14
o=11.26+0.11

H2011 Landau fit:
MPV = 52.39+0.16 5000 -
—== g=11.69%0.11

H2011 Landau fit:
MPV = 52.57+0.16 5000 A
-=- 0=11.70+£0.11

H2011 Landau fit:
MPV = 55.04+0.19
-=- 0= 12.37%£0.12

X2 =46.21 ¥ =50.83 x2=2158 X‘* = 44.38
T T T e ST
______________ 0l e 04 fp—
50 ASIGdy SWITERerS,50 550 so PTG SWIEERer 5500 550 s0 ASIGGh SWItGRer 5,50 550 0 so ASIG & SW"'B'BH 9200 250
H2011 Landau fit: H2011 Landau fit: 5000 4 H2011 Landau fit: H2011 Landau fit:
MPV = 49.42+0.15 MPV = 51.74+0.17 MPV = 51.92+0.17 MPV = 54.38+0.21
0=11.11+0.12 ——- 0=11.46£0.11 ——- 0=11.56£0.12 ——- 0=12.31+0.13
¥2 =49.22 ¥? =41.38 2500 + ¥? =31.85 ¥ = 4051
e Te——— ST e T ST
_________________ 0l N —— e
T T T T T T T T T T
50 AS1Gdy SWITERer 6,50 550 s0 PTG G SWIEERer 6,00 550 50 ASIGah SWItGRer 6,50 550 0 s0 ASIG & SW"'BIBE" 6200 250
H2011 Landau fit: 5000 4 H2011 Landau fit: 5000 A H2011 Landau fit: H2011 Landau fit:
MPV = 49.54+0.16 MPV = 52.15+0.18 MPV = 52.30+0.18 MPV = 55.00+0.23
0=11.31+0.12 ——— 0=1183£0.12 ——- 0=11.75+0.12 ——— 0=12.59+0.14
x?=47.43 25001 x? =33.34 2500 ~ x?=34.19 x? =38.13
T ey eI eI Tt I
T T T T 0_ T T T T T T 0 E T T T T T T T T T T
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
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MPV per Switcher/ASIC region

MPW for DHE H2011

Switcher

1 2 3 <}
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S Iy 3
Cluster charge
MPV of runs 2009 to 5613, only runs with more than 400000 events shown.
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MPV Evolution (2)

Multi pixel cluster charge
MPV of runs 2009 to 5613, only runs with more than 400000 events shown.

H1011 H1012
61 61
GateOn: GateOn: ~ New IB GateOn: GateOn:
60 4 -110mv -60my 60 Working paint -50mvV -40mv
59 ‘ 59
_ t facmc J ACMC]
R CHE TR e Y
: 'y ety o :
57 1 4 L L i 57 1
¢ ’ ; ’ J ‘ ] ; L]
56 *h.t’ 56 o 'J p‘inu‘,t’n‘ . ot
’ yioe RN
55 4 55 4
Wi ' :l ¢ ;'. » 4
LI 4
54 T T T T 54 T T T T T
A9 26 6,0’}. 02 16 6,13 6'30 o1 19 16 6,01 02 R 6'13 6_30 o1
L% e e 00T e 08T e 08 e T e 00T e 0! L8P s ®T 80T e 08T e 08T 1800 e 0T e
H 1 H 2
61 . AL 61 Al
CxteOn- GateOn: GateOn: GateOn:
60{ 4 ﬁ [’f% gop ‘ -9omv 60 4 -100mv -40mv
: s b Wiyt g? . A . \ ;
59 - s h b ) y ’I' 59 - }
N X b
10 by AN + bl oY
55 | ACMC 55 | wb!l Wy 4 pome PP 4 ‘
2 z | # v 4t Yoy
= S g ‘ s
57 1 57 1 ¥ b+
e [fYheny s
56 56 L bt
. [—
Second jump I =y
55 . . 55 A
not visible
54 T T T 54 T T T T
A9 !’3—?'6 5—01 6'0‘; 6—'\6 6’?’3 6'30 1 o1 A2 5—?.6 6'01 6-0‘3 6—\6 6—13 6—30 7 ol
101%‘05 1038‘{) 103‘6‘0 101‘6‘0 10&8‘0 1038‘0 101“5‘0 101‘6‘0 103.8‘05 103‘6‘0 101‘6‘0 103.%‘0 1016‘0 1(“'6‘0 1018‘0 1038‘{)
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Signal to Noise calculation

* From run 3698 to 6379 we have automatically
recorded pedestals --> Can be used to calculate
noise of the modules

* For each cluster we define a local signal to noise

ratio as: B Clustercharge
SNR =
\Clustersize * Seednoise

 The SNR values of all clusters are filled into a
histogram, which gives a Landau shape from
which the MPV is extracted using a Langau fit

DEPFET Lab Meeting 20/24
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Analysis of PXD Phase 2 data
SNR

« Langau distribution fitted to cluster charge histogram for each module
and each run from which the MPV is extracted

SNR run 5613

250000
—}— H1011 Data

e""&' H1011 Landau fit:

f MPV = 52.67+0.03

——- 0=13.34+0.03

x?=152.78

\ —}— H1012 Data
H1012 Landau fit:
Landau Peak MPV = 50.16:£0.02
——- 0=12.46+0.03
x2=1278.43

—}— H2011 Data
H2011 Landau fit:
MPV = 55.44+0.04

-== g=13.68+0.03

¥?=141.68

—}— H2012 Data
H2012 Landau fit:

200000 Fi

Count

150000 4 [
|
f
f

100000 4 MPV = 51.57+0.03

-—- 0=12.65+0.03
X2 = 68.64

50000 A

- -
- ¥
-
-
-

T ——

Photon Peak —= e —— =

T T T T
0 50 100 150 200 250
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SNR per Switcher/ASIC region

Cluster charge distribution for DHE H1011 (run 5613)

ASIC 1, Switcher 1 ASIC 2, Switcher 1 ASIC 3, Switcher 1 ASIC 4, Switcher 1
H1011 Landau fit: 10000 H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
MPV = 47,19+0.11 MPV = 46.72+0.10 MPV = 47,97£0.12 MPV = 51.47+0.16
5000 0 =11.79+0.12 5000 | 0 =11.63%0.11 5000 - 0 =11.93+0.12 5000 1 0 =12.35+0.12
X2 =40.72 x?=68.13 x¥2=61.13 x2 =58.30
Tt T —— o ———— Tre—a o
0 : mm o : o 0 : L : 0 : — .
s0 ASIGd, Switeher 2,5, 550 50 ASIG G SWItERer 2,00 550 50 ASIGh SWiteher 2,50 550 s0 ASIGdh Switcher 2,5, 550
H1011 Landau fit: H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
MPV = 49.80+0.14 MPV = 49.00+0.13 MPV = 49.21+0.14 5000 - MPV = 52.01+0.17
5000 -+ o=11.95+0.12 5000 - o=1173+0.11 5000 4 o=11.82+0.12 o=12.20+0.12
X2 =40.22 X2 =43.64 X2 =58.67 X% =40.70
S I T T I ———— T
0 : SReRLLL : e ol T ewieREr 0l CTeREr S :
0 so ASTGdy SWIther 3,5 550 0 s0 AS1G SW'ESBE" 3200 250 0 s0 ASTGgh SWItERer 3,00 550 0 s0 A5G4 Swﬁgaer 3200 250
H1011 Landau fit: H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
MPV = 52.09+0.18 MPV = 51.48+0.17 MPV = 51.73%0.18 MPV = 54,16+0.21
10000 1 ——- 0=12.40£0.13 10000 ——- 0=12.34%0.13 10000 A ——- 0=1253+0.13 ——- 0=13.03+0.14
X% =22.66 X2 =25.40 x:=44.17 X% = 36.36
_________ e
01 T e T 04 T e T 01 — T T e — — T . T o T
0 s0 ASIGd, Switcher 4,50 550 0 s0 ASIG G SWIRERer 4,00 550 0 50 ASIGh SWiteRer 4,00 550 0 s0 ASIG L Switcher 4,50 550
H1011 Landau fit: H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
10000 4 MPV = 51.25%0.21 | 19000 4 MPV = 50.91+0.21 | 10000 MPV = 50.65+0.19 MPV = 54.08+0.27
——- 0=12.74£0.16 ——- 0=13.04%0.17 ——- 0=12.49+0.16 ——- 0=13.66+0.19
x2=13535 x?=35.94 5000 - X% =20.95 xi=42.64
_______ "'—‘::-:-""_‘:‘_ﬁv—_
04 = & T 01 . = . 04 . oL mnm—o=s . — e TR e T T
0 ASIQJ{) 5WIE§B€I’ So00 250 0 so ASTGd SWIRERer S50 250 0 s0 ASIGah SWIRERer S50 250 0 so ASIGH, SWIRERErS 00 250
H1011 Landau fit: H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
MPV = 51.23%0.18 MPV = 50.50£0.17 MPV = 51.00+0.18 MPV = 53.70£0.22
10000 A —=- g=12.42+0.14 10000 A ——- g=12.25+0.13 10000 —=- g=1257+0.15 o=13.01+0.15
x?=27.55 x?=30.21 x?=67.97 x2=27.76
—_—_—_——— | .y T~ )Y Te=Tm— - ::::‘:‘_:—-————.__
0 —_— T e 0 — T e 0 — T TR T
0 ASICM;B SWIteherb,5, 550 0 ASIC“;O SWItherb,55 550 0 AS'Q:?D SWItherb,55 550 0 s0 ASTG4h SWItERer 6,5, 550
H1011 Landau fit: H1011 Landau fit: H1011 Landau fit: H1011 Landau fit:
MPV = 51.55+0.19 MPV = 51.68+0.19 MPV = 50.73+0.18 | 10000 - MPV = 54.66+0.26
10000 ——- 0=12.75+0.15 10000 ——- 0=13.07£0.15 10000 + ——- 0=1256+0.15 ——- 0=13.92+0.18
X2 =47.90 x2=31.70 X2 = 40.04 5000 -
01 T — s T 045 T T = : 01 T e T 01 T T T T T
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
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SNR per Switcher/ASIC region

SNR MPW for DHE H1011

Switcher
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SNR Evolution

SNR MPV with mean value and +-5% interval.

H1011: mean SNR MPV = 53.53 H1012: mean SNR MPV = 50.91
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Analysis of PXD Phase 2 data

Summary

« Gate-On variations and radiation damge can be clearly seen
in the MPV of the Landau

- Multi pixel cluster show a different not yet understood
behaviour

e The four Phase 2 modules show a SNR of ~52

- The SNR seems to slowly decrease over time, has to
be investigated further
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