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Upgrading PID Performance

- PID (n/K) detectors
- Inside current calorimeter
- Use less material and allow more tracking volume
—> Available geometry defines form factor

Barrel PID Aerogel RICH
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imaging TOP (iTOP)

Concept: use best of both TOP (timing) NIM A623 (2010) 297-299.
and DIRC while fit in Belle PID envelope

Side view of crystal _
charged particle

GC cherenkovangle
crystal /
&m&
backward-going - >
L

———= z-component of unit velocity

BaBar DIRC
s
J f:":"k““’ \ e Use new, high-performance MCP-PMTs
T8 - = — for sub-50ps single p.e. TTS
I R e Use simultaneous T, Oc [measured-
B e oo predicted] for maximum K/m separation
Use wide bars like proposed TOP counter e Optimize pixel size
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ITOP relativistic velocity

* Space-time correlations; |

Channel Vs. time for 3GeV pions/kaons with beam test setup
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Actual PID is event-by-event
e Test most probable distribution

Beamtest Experiment 2 Run 568 Event 1

time (ns)

0 100 200 300 400 500
Channel number



Performance Requirements (TOP)
e Single photon timing for MCP-PMTs

e o G Timig | e

Entries 2245 e00r e goteen
500 Mean 16.22 L M;"" m*“i":mﬁ?;
RMS 0.1382 5001 E——
400 %2 / ndf 375.8/42 4DD:_
Constant 485.9+ 15.0 r
Mean 16.18 + 0.00 c O < 10pS
5t Sigma _ 0.03837 + 0.00078 300L
soob (ideal waveform
- sampling)
100~ k
:J 1 | L L L | 1 L 1 L | L ‘ L L A L
fes 469 a7 i r:é-,(l . 472 4.73 i
NIM A602 (2009) 438
L FL—O——-lH_rI_-J L =1 L L | 1 L
0 17 175
time (ns)
~ % ¢ < <~ r
R, 20 o 50ps target
9 - Cr1o = 25ps “
92 ¢ -
91 [ + 0 ¢
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89 8 . . .
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Mechanical constraints
e A highly constrained space
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Quartz: procurement, verification

» Bars:
1250 x 450 x 20 mm?3
two bars per module

» Mirrors:
100 x 450 x 20 mm3
» Prisms;:

100 mm long, 456 x 20 mm?2
at bar face expanding to
456 x 50 cm?2at MCPPMTs

» Material: Corning 7980

DIN58927 class 0 material has no
inclusions (inclusions <0.1 mm diameter
are disregarded)

. Grade F (or superior) material having
index homogeneity of <5 ppm over the . T -
clear aperture of the blank; verified at - - - A . AD
6328 .\ S2014/11/02 09:42

. Birefringence / Residual strain <1 nm/cm

DOE Review of Belle Il Operations



Quartz gluing, Module Assembly

= e e
RS
ok .

Optics: alignment, gluing, Enclosure: gluing CCDs and QBB: strong back flattening,
curing and aging (~2 weeks). LEDs, integrating fiber mounts. button & enclosure gluing.

Put on a cart. PMT and front- QBB assembly and gas sealing. Move optics to QBB using the
end integration, performance “lifting jig”.

check.
DOE Review of Belle Il Operations 0



ITOP Readout

Waveform 64 DAQ fiber COPPER
sampling ASIC transceivers Giga-bit Fiber

Transceiver Links

FINESSE

Subdetector Readout Module
ASICs

i FPGA

Input

5002 P
term,

and L
Sampling

=)

Global Decision Logic 64 FIN ESSE
16 COPPER

T~ 2xUT3

2) Triggegature extract (subdet. specific) \-”gge r

8k channels Clock/Event Timing Distribution
3) Unifyf DAQ transport protocol

- dul
1k %bch. gSICs 3 Low-jitter \ E modules
64 oar stacks clock N\

or ADCs
On or in Detgflor

FPGA firmware gfnsists ol 3 parts:

1) ASIC/ADGdriver (common)

, 8
Clock, trlgger, ETSW
programming
module
(FTSW)

TIPP 2017 Beijing
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Readout Verification (pre-install, in-situ)

Laser timing: laser_pixel3_0_gaind_HV3201_18may2015

Direct difference .
:_ Entries 92580 S011 C001 A0 ChO -- Sllp 7, FB=111 _
- Mean 0.001008 _ Ch: 0 Leading Edge timing
— ¥2/ ndf 55.51/ 12 600 "R";"’S" 7‘4;“;2;‘;3:
- photon Constant 7050+ 35.9 - 2/ ndf 3838127
~  timing Mean  -0.05767 + 0.00028 woF  Event Constant 65094 122
- Sigma 0.05758 + 0.00030 C Tlme Mean  -0.0001985 + 0.0003319
- 400 - Sigma 0.02236 + 0.00026
- <100 ps - zero
— ~31ps TDC+phase 300 -
- Belle Il TOP - <
— SL-10 TTS ~35ps (TTS+IRSX) 200 - >0 ps
- Time res. = 47.9 [ps] C
—  IRSX electronics: u
— 100—
C ~33ps J n
_llllllllllllllll IJ[IJl lllljlllll :||\||||\|J_| ||||||||||||\ P K T T N T
2 -1.5 -0.5 0 0.5 1 1.5 2 -%.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
Residual Time [ns] Time [ns]
C Entriesv 8193
L Mean 8.222
600 — Trigger Hl'f"las 1.001 “saved_ch2'u 4 ———
00— time
w - (single <10 ns g o
E timing
= photon) Pulser :
sooF- testing
C e A
100(— ¥4
: 1160 1180 1200 1220 1240 12‘50 1280
00 Ll I_é - 4 6 8 10 1 | 111 | Ll 1|6 L1 '._| L1 20 samp‘e number ["0.368n5/53mp|e]
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Installation (very tight fit)







After installation — continued development

time projection over all the channels, with quality cuts

tirming_qual

r Eniiles 2201503
10000 — Mean 1019

: Sid Dav 8912
I Slot 04

_ Ref-dir = 73 bin
BO00—
4DEIGIh—
Emﬂ-—

?2@ 115&, 11[":','I;;;E;J.'I“Iw::llI*{‘;IIIQHI.'HL&IIIHW
hit tima [idc bin]
time projection over all the channels, with quality cuts
timing_qual

- Entries 1885858
?Dﬂﬂ_— Mean ~ 1004

= Sud Dev B6.44
6000 — Slot 12
s000F- Ref-dir = 73 bin
4000f-
300':]5—
2000
IMGIE‘—

?&l 1150 ||llm?| 1 Ilnlslalllié:lﬂll Ig'lﬂ;l 11 | 11 III 11 1 1

800 #50 800
hit time [idc bin]

viewed from the !
forward (Oho) side

z~0+10cm

(\‘l\*
" 20cm
I
]
]
1
]
]
136 cm !
” slider
These studies used !
“raw waveform” I guide pipe
readout; need ./
Feature Extracted
version (subsequent
effort) 43 cm
'?\\_'L\\_’
\ 4
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0, B-field Cosmic Ray Analysis
data/MC nhit distribution

nHit distribution for slot05 (slot0s5 - slotl3)

e Gaussian fit mean is

used for nhit evaluatio |
(in tight-cut condition) ~ _E

150 |

1 pe.]

e

=

s

Efficiency correction, artifact
removal is tricky/difficult

250

100

200~ |

1.5 T data
(no eff. correction)

black : loose cut
red : tight cut

?il{]'ﬂ E_ hits in the pair module .
% : — +veto for other medules 0 1 LIF‘IL.—I A |1 | 1 [l == i
;:-r 80 :_ ] 1] 20 30 40 1] al n}m'.-'[l; o]
gl 1.5 T MC
i Artifact contribution
s0/- (Need improved FW)
I Further studies were defered for a
ol 00 o couple months by PMT motion
0 20 40 [il1]

discovery (outcome of these studies)
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PMT Rotation Update (2 rotation issues)

* The PMT tube is made of Kovar and suffers ~1 kgf/PMT in 1.5T

(maximum ~1.4 kgf/PMT in ~1.1T). StUdy Of phySICS ImpaCt
Rotation of PMT module Rotation of PMT of deCOUpled PMTs
— Large effect on photon transmittance — Effect only for photons of larger ( )
due to bubbles of the optical cil on incident angles than ~43° if the peel- MOdeSt eﬁeCt
the Si cookie off surface is clear.
— Has been fixed in situ by shimming — Wil be fixed if necessary after phase 2
Good PMT Prism
Gap 5lot07 PMTmodule07
J, Readout boards

: \

w 088 -

5 (| .

Year 2017 2018 2019 2020 £ 087F (I R =

= c L] I

Month 1 4 7 10|1 |4 7 101 4 |7 |10|1 |4 |7 2 0865 :*g. =

Q — -

E ! 4

Global schedule Phase 2 Physics run | Physics run é 0.85§ * 0.1mm E H i

Current production E 084 = 2mm ' =

PMT production Another small production 083 .+ 5mm 3

Mass production if necessary 0.822— 1cm —f

PMT test D.81f— —f

PMT installation Assy Ir- 08F L
0 0.2 04 0.6 0.8 1

fraction of PMTs decoupled

Plan in place to replace ~50% of PMTs 16



Start-up Schedule/Commissioning

Integrate DAQ  Global Cosmic Ray Phase Il startup
(now) Run (with B-field) (early 2018)

\ 4 \ 4 \ 4

Configuration /
Command/Acquistion
Timing Global
alignment Commissioning

Trigger Development (refine)
30kHz L1 Buffer Mgmt (tuning)

Low amplitude Feature Extraction FE Tuning

17



Timebase Calibration

» Took a while to get new FW release, SW work continued

/group/belle2/users/wangxl/iTOP/TBC/DB201612b/xval/. The data of run3523 and run3524 are also pro-
cessed and skimed, and finally saved at /ghi/fs01/belle2/bdata/group/detector/TOP /Skim-wangxl/2016-

12/.
[SamaleTime 11 liaration 98 |
24 - 24 - . . —
: =t ¢ E : D L . Bl chz_itz[0]
V0 A : i (o) Ep (D
: i1 SEEEEEEEEEY | BRREEEEE R -~ =
@ TR : is 2ol : £ 10
l"_c'-gg SUN | TR TNY oisi S T i E [ ' -~ :
> : , . E i ; 5
’ : , 100 ] b ]
21_ ............................ A [ : [ -
[ L : =1
: : : r : L : : “
i I 2 i 1 1 N 1 Bensaliyial R T TR T T |
2% 100 200 20 0 200 U35 22 225 o b
Sample Num. Sample Num. ATins i-th Iteration

FICG. 1: Example of calculation on Slot_01 ASIC_00. (a) is the shape of time difference (AT') of the double pulses in channel 7
from the raw data, (b) is the dime dilference alter correction, (¢) is the project of AT aller correction and a [it. performed Lo the
distribution to show the mean and the resolution of AT, (d) shows how the x¥* values change in the iterations of caleulation.

[ 501_r3524_ch7_meanins] | '501_r3524_ch7_cal_reso [ps] SAmpleTImeFiti |
2ip ! — T —_— el e -
E B 9 E . . 3
2?:55_.. veednnaen . Emmms i amee _: 93'_ —:
P S peserndeanen indh 4 & E
E H TE =
=E H E
5 200 resrecatannan frovee :___p_‘”:*nﬁo Leagaetisny e I S - S =
ST PP R TR A LI - | | ]
- 2155Pﬂmhﬂmp dﬁwﬂa d"‘? oc q{? ﬂ?‘b‘:d: m'ﬂ';h:: “‘t—}'" 4:'-_"'""':'""'""?"é"""’_'""""E"";""f""'d"":'_-

E 1 1 : r B s : : : P s :
3 ) R N
e e = I T TN N S SO S I

- | 1 | L i .
217k L . -~ L — — S DS S S
ASIC# ASIC

FIG. 2: Summary of calculation results of the 64 ASICs of Slot_01. Plot (a) is means of the time difference of double pulses,
and (b) is the time resolution.
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Channel-by-channel Timing alignment

. Global timing alignment — laser studies

Scales

Ime

Different T

NOTE

DATA slot12-r3512: Laser time as a function of pixel (after TB correction, before time ahgn ment)
s12_r3512_ch7_laser_dat.text tbﬁBEDd- root: Cal_Laser Time [ns] vs piltel
QQ“ - - - o

o 5|

iefns

gl

2100
_Foo.5

— 101

La

—101.5
—10=§
—10z2.5F
—103

—103.5

—104

P | S a7 | CEE T i PR L | =E5 |
100 200 3200 400 500

B

' DATA slot12-r3512: Laser time as a function of plxel (after TB correction, after time allgnment}
s12_r3524 czﬂc#17‘hasen’hrne:[hsﬂ'vs-pnxeﬂ

=00
=50
= E=l=1=1
150

100

Fixel



Reglon Of Interest & Feature Extraction

H Reference |

: «g ChnO

E z:ug— pUIse

8 F % s T s ——F

. =EChn 1 Poised to take

T \ large data sets

: - N a p—
/ Single p.e. laser pulses

. *=Chn2 /

: o o = b

sample numbear

Standard CFD algorithm works well, though performance
degrades at low PMT (mandated to mitigate aging effects)
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Low PMT Gain Operation

@ using laser data from Hawali test setup
o TProfile to get waveform template
e fit with central Gaussian and exponential tail

@ current feature extraction uses constant fraction
discrimination to extract signal timing

@ resolution deteriorates at small signal amplitudes

Rising Edge Resclution CFD vs. Amplitude

1

£ £ [ng]

L 1 L L L L
200 230
Amplitude [ADC counts]

@ use template fitter to improve resolution at small
amplitudes/high noise

Wave

form Histogram Morm

Necessary to maximize MCP lifetime

Studying how best to implement
(Zyng: PS is too slow(?), PL option)

Timing Resolution [ns]

0200

Data

Timing Hesolution Comparison - With systematic Uncertainties

»  Template Fitter fiom:
#» Constant Fraction

Significant

LR e——

Improvement at
low pulse heights

50

100 150 200
Amplitude [ADC counts]
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Summary
Belle 11 TOP Detector coming online

e Present:
» Production Firmware debugging
» DAQ integration and initial timing alignment

e Global Cosmic Ray Campaign:
» Detector alignment
» Magnetic field tracking

 First collisions (early 2018):
» \erify detector alignment
» Initial PID release

22



Back-up slides
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30kHz L1, high occupancy emulation

—
(=]
~

—
(=]
)

Hit Queue Depth: 10 MHz PMT Hit, 30 kHz L1, 1600 SSTin Cycles Readout

10 seconds runtime
Entries 2.121839e+008
= s | 1 30kHz L1 tri 10 MH
RMS 13.62

Underflow 0 Z r I g g e r’ Z
Qverflow

10 seconds of realtime: 481 Buffer overflows B b aC kg rO u n d p h Oto n S/ P M T,

Hit queue Depth/SSTin Period

10*

—_
(=]
t

multi-hit, multi-event
buffering

20 30 40 50 60 70 80 90 100
Hit queue FIFO depth

Hit queue Depth/SSTin Period

Hit Queue Depth: 10 MHz PMT Hit, 50 kHz L1, 400 SSTin Cycles Readout

10 seconds runtime
Entries 9.927941e+007

= | At 400 SSTin Cycles
107 Underflow ]

. (~19us per single

10 seconds of realtime: 2 Buffer overflows phOton hit), canrun
at 50kHz, so plenty
of margin

10°

10°

104

10°

30 40 50 60 70 80 90 100 24
Hit queue FIFO depth




Gain and Efficiency <

laser efficiency ASIC 3, ch 6

. Belle I
— Laser on -- no trigger
= Entries 187863 laser efficiency ASIC 3, ch 3 (gain = 4x), HV3051
I A Mean 0.03772 Lasor on ~ tiggered
10 = RMS 0.475 u :
= 180[ -
E 52 / ndf 234.8/13 - Entries 4338
C Constant 3.632e+004 + 1.219e+002 160[— Mean 2645
10° = Mean -0.01024 +0.00044 - oo 1.556
= Sigma 0.1631+ 0.0003 140 o Trig. Efficiency = 100.0 %
- 120(—
2 C Extr. Mean Gain = 2.6 x 10A5
10°E 100
- 80
10 = 60—
- 40
1 = H H 20
: 1 1 1 | 1 1 1 1 0 : B 10
15 20 2 ‘
Gain [x10"5] Gain [x10"5]
laser efficiency ASIC 3, ch 3 (gain = 4x), HV2901
- Laser on - viggered Trigger Efficiency vs. Extr. Gain
- Entries 2727
250 — Mean 1.36 100
C RMS  0.6429 95 /I
200— X 9 x
- g & / o7
C g 80 7/
150 - £ 75 4+—Ch.5
r Trig. Efficiency = 70.6 % E 70 / -/
- Extr. Mean Gain = 1.1 x 1045 En; 65 —m—Ch.6
100— =0
C = 60 —e=Ch.7
- 55
50— =
- 0 05 1 1.5 2 25 3
03 — Elv — tll 0 Fit Extracted Gain [10/5]
Gain [x10"5]
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PMT Replacement

N

Viewed from the forwarw%

to the backwarV
Y
j? &
X
z

Higher background

E-hut Lower background
B Conventional .
o ALD

\ Life-extended ALD /

\’

1.4

Module 01
R T

1.3

1.2

1.1

0.9

(1-¢)/(1-¢,) or QE/QE,

0.8

0.7

0.6
2018

The 224 conventional MCP-
PMTs in the 7 slots have to
be replaced due to the QE
degradation by the beam
background.

In 2015 the time of the
replacement was estimated
as the 2020 summer
shutdown.

—> Revisit the estimation.

Need additional mass
production of the MCP-
PMTs for the replacement.

—> Discuss the production plan.

1-¢,_(slot16)
1-¢_(slot10)

u ~

o
m

v
Qo
—
=
a
.

2019 2020 2021 2022 2023
Summer shutdown year

2024

“1Ix BG”
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PERFORMANCE SUMMARIES Pl

Belle I
Laser Efficiency
hEff

. Entries 8193
?00 __ Laser Gain Mean 8?31

— hGain RMS 651 5

: 500j Entries 8193
600— | RMS 05103

: 400:—
500 — |

800
400 — 200:—
300 :— 100] -

- e
200 :_ 0 ° Gain [)(1()5]6
100 —

0 l: | L 1 -
0 20 40 60 80 100
Efficiency
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D

Single photon timing O

Belle I
hLaser
Entries 8192
. Mean 70.8
300 * Allinstalled channels RMS 6.376
* 1 entry per channel
Note: CAMAC TDC and

phototube TTS
contributions included:
actual resolution is better

250

Limited statistics

200

150

100

50

40 50 60 70 80 90 100
Tres [PS]
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Verification: Event Time Zero

D

O

—Entries [channels/ps]
] = (3]
o o o
- - -

-]
o
-]

800

600

400

200

Hawaii
Tested

o

Obj

!

30

Belle I

70 Assembled Boardstacks [68 installed]
Entries 8960
Mean 27.58
RMS 3.088
x? / ndf 2431/ 25
Constant 1436 + 27.6
Mean 29+ 0.0
Sigma 1.813 + 0.027

U. South Carolina

Tested (higher noise)

Thresh
| | | | | | | | | | | |
40 50 60

Leading Edge Timing [ps]
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Verification: Event Trigger Time </

Belle I
hTrigLabel

— Entries 8193

B Mean 8.222
600 RMS 1.001
500 — Note: Using coarser AXI

L clock during production

: testing.
400

u 4x faster clock (expect 4x
300— improved resolution) in

- final trigger firmware

u not yet read
200 [noty yl
100

0 B 11 1 | L1 1 |_—I ] | L1 1 | L 1 1 | I | 1L 1 |
0 2 4 6 8 10 12 14 16 18 20

Trigger time resolution [ns]
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Direct hitmap

S04 .

1wt

Cold PMT? Yes — voltage turned down

S05 |

S12 |

S13 |




RSX ASIC Overview

D

O

S8Tin . ; o . TST_out
Z Sample Timing Generator Write/Read ADDR Decode Wilkinson Clock Monitor }% Beﬂe ﬂ
MonTime
Gain/ W bt
ain
Sampling Array Buffer Amps Storage Array zztta bus
Channel 1 J 64 sample |64 sample | . : | Wilkinsan ADC —/—)
window [ window | > Window 0 | Window 1 | 2
WRITE Window 2 | Window 3
=
/]
T ° : ¢ ¢ \
- [ : ol L4 Tri-state
L : : €—— Output
T Enable

L1

Sampling Array

Lo

Storage Array

Gain/
Buffer Amps

Channel 8 =3

64 sample

64 sample
window

1

8 channels per chip @ 2.8 GSa/s

e Samples stored, 12-bit digitized in groups of 64

» 32k samples per channel (11.6us at 2.8GSa/s)

* Compact ASICs implementation:
= Trigger comparator and thresholding on chip
= On chip ADC
= Multi-hit buffering

Window 0 | Window 1 |

window

Window 2 | Window 3

Window 510 Window 511

Serial Config/DAC

| 1

Wilkinson ADC

Die Photograph

Serial readout Sequencer

el Timing
i generator

= |

8 |

AL 1

Input Wilkinson
5002 ADC
term. Registers
and | B

. | Sampling |

~8mm

32



D

Laser Calibration steps o

Belle IT

Pedestal subtract

Correct Amplitude dependence

Run dT Minimizer, obtain results

Apply dT values

All binned, so easily implemented at Look-up tables

on the SCROD FPGA

vV B wNEe

e Both gain/efficiency and timing data taken at same time
 About 8 hours per 128 channel board stack

33



1. Ped subtract & 50% CFD =

200 1800 ‘cceT' U 4
BD . 1700 | _ "coeD" U4 ——se— )
Measure 10 - | Before pedestal
kt .
70{ peak to 150 | | subtraction
determine
5[:' o 1400 L+
50%
1300
threshold
20 1200
400 1100 T
1000 r‘ B
300 ! '
200 2560
100
D .
-100 Determine timing

from interpolation Default samples are ~ 0.37ns/point
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1. After 50% CFD algorithm s

Belle IT

Laser timing: laser_pixel3_0_gain4_HV3201_18may2015

Direct difference
4500— Entries 92585
- Mean 0.0001569
4000 = RMS 0.2093
- . x2 I ndf 9191/ 191
3500F- No corrections Constant 3577 1 10.4
20001 applied Mean -0.02746 + 0.00043
— Sigma 0.1236 £ 0.0005
2500
- TDC assumed
2000 exactly 25ps/Isb
1500—
- TDC INL not Kinematic
10005_ considered p.e. recoil tail
500 /
0:| R B R A B A L1 1 | [ N B R
-2 1.5 -1 -0.5 0 0.5 1 1.5 2

Pre-Vpeak, dT correction Residual Time [ns]
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2. Voltage dependence

IRSX Timing: laser_pixel3_0_gaind_HV3201_18may2015

2 Initial vPeak Dependence
. _ . Entries 92585
; B ) « .« == | Meanx 914 .2
1.5 T tam el _: :“: L . . ] ] Meany 0.0001569
ot Lon Bl T Lo T LT RMS 507.9
1 ; " . T T RMS y 0.2093

A TR
Ar, I--.J-. Y el Ll ..::E_ ""i""
it .i'.F"i:__li:'-':-.- iy fer
- :r._l_ o El._"

- |-_-.-'I:. T 'I'I- r"l.‘{

o
o

IIII|IIII-|IIII|IIII

:'I

Pre-Vpeallc, dT correction Residual Time [ns]
o
N o o

'
=
n

IIII|IIII|IIII1IIII

L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 |
20 200 400 600 800 1000 1200 1400 1600 1800 2000
vPeak [ADC]

90

80

70

60

D

O

Belle IT
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2. Improved Residual <

Belle IT

Laser timing: laser_pixel3_0_gaind_HV3201_18may2015

— Direct difference
- ﬂ Entries 92585
5000 - Mean 0.05014
— RMS 0.1887
B 12 / ndf 2.807/8
— Constant 5418 + 34.2
4000 L Mean -0.005163 + 0.000681
B Sigma 0.0754 + 0.0013
3000|—
2000 B pre dT Minimization Timing
— (TTS+IRSX) resolution = 68.3 [ps]
1000 —
D B I I | | | I | L 1 1 1 | ] [ | L 1 1 1 L1 1 | | L1 1 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Pre-Vpeak, dT correction Residual Time [ns]
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Residual Time [ns]

2. TDC resolution residual

Laser timing: laser_pixel3_0_gain4_HV3201_18may2015

2 position dependence

2: o ¥ . » Entries 92585
- e 'I' L Meanx  44.65
1.5— " ! > f 3 Meany 0.05014
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'1‘5;_ types of Switched Capacitor Array ASICs)
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Residual Time [ns]

3. After Autocalibration

Laser timing: laser_pixel3_0_gaind_HV3201_18may2015

Q position dependence

2: | I Entries 92580
n I N Mean x  44.68
1.5— Coa T g Meany 0.08096
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Output After “dT minimizer” algorith

nJime [ns]

20

19.5

—
w

18.5

—
oo

S011 C001 A0 ChO -- Slip 7, FB=111

Leading Edge Sample Number

Timing Diff

— Entries 4612
B Mean x 128.1
- Mean y 19.32
- RMS x 73.56
B RMSy 0.03593
- Time between pulses in agreement, —7
B No matter where look in the window 15
— . —E
B Absolute timebase cross-calibrated 3
~ With respect to SSTin clock period 5
: 1
B ] | ] ] | ] ] | ] | | ] ] | | ] | ] ] | ] ] | ] | D
0 50 100 150 200 250
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Production single photon testing {B

Belle IT

Laser timing: laser_pixel3_0_gain4_ HV3201_18may2015

_ Direct difference
— Entries 92580
7000 —
— n Mean 0.001008
— RMS 0.1819
6000 — ¥2 / ndf 55.51 /12
— Constant 7050 + 35.9
5000 ~31ps TDC+phase Mean  -0.05767 + 0.00028
E Sigma 0.05758 + 0.00030
4000 :_ SL-10 TTS ~35ps
3000 —  IRSX electronics:
- 33ps Belle Il TOP
2000 (TTS+IRSX)
~ Time res. = 47.9 [ps]
1000 —
D :I L1 1 | | . | | | I . | | | ljjll | | L1 1 I- L 1 1 1 | L1 1 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Residual Time [ns]
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