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% SciFi Overview

Fibre [ ” e 12 layers w/ 3 x 5 m?
Module gt 2N — 340 m? active area

12 C-frames

w/ 2 layers (x+u/v)
each w/ 12 (10) mod.
— 128 modules

THE R L iE (EOOTEC)

|paciFic Boatds

Light yield for 6-layer mat:

16-20 photo-electrons
(for particles near mat mirror)

Cluster Boards x D

528k channels
4096 optical links

11,000 km fibre

Modular design (mechanics, modules, electronics) — very successful )



The Project Organisation (Production)

Coordination Meeting

Management Team
Project-Area Coordinators

Simulation, Reconstruction
& Alignment

Production Coordination: Assembly & Commissioning Installation
Planning & Logistics Coordination
e = - - - —-—-—-—-——-—-—-——=—==—==
F S . Module & Services, Piping & |/
rames ervices Coldbox Finishing Cabling :
I
. Mechanical SiPMs, Electronics [' P onon e F g g
Modules SiPMs Frame Assembly & DAQ : Q\\\g\&\ \Q‘\%\‘\\“\‘\*
I
I
. Survey & Controls & I
Coldbox Electronics Alignment Monitoring |
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Cooling Cables &
Blocks Pipes
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% Scintillating Fibre — industrial supplier

Challenges: Measure light yield and attenuation
11000 km per spool (12km) N
Radiation hardness of fibres VYIS photodiode! fixation
Light-yield & attenuation length i= @1,:, i=~‘
Homogenity ' L] '
Claddlng Optical rail, 3.5 m

PrOdUCtion & prlce Supre:-;ses:ﬂ::(?;‘c?rlj:)iﬁ(g5 r(’r?::lrz(;kf?g;tr)reflection

Scan every milimeter. measure diameter, check cladding.

Fibre scanner (1 m/s)

Fast acceptance check of all fibres by one lab (CERN) was important! )



% Biggest Problem: Bumps

Number of Bumps
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CERN bumps = 300 pm
CERN bumps = 350 pm
Kuraray bumps > 300 um
Kuraray bumps > 350 um
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Significant number of ,bumps” >350 um
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CE160115-4
CE160205-2

o

Spool lot number

. destroy winding pattern of mats.

— even w/ optimization of production process producer was unable to
eliminate the “big” bumps (had to accept in average 8 bumps per 12 km)

Even experienced producers cannot always provide flawless products.



Bump Removal
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Automatic bump shrinkage using a “hot
drawing” tool. Applied routinely.

Caveat:
1-2 bumps per spool are larger than
500 mm — shrinking fails.

T™~100°C
Those were manually removed by
oo en cutting & gluing.
=
UV curing glue: t = 10-15s per bump.
>350
250 pm 4 mm — Mm
N




% Production quality was excellent

— also as result of our fast feedback.

Number of bumps > 350 um
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Very good
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% Monitoring revealed another problem

Stored reference samples show a slight decrease of

the attenuation length over time due to oxidation.

E pO
- p1

X2/ n

df 21.92/8
—5.883e-06 + 8.2e-06
4.259e-06 + 7.487e-07

a(t) =a,+

ool b b

: -1.4%]/year
—

ap, (1)

P AR
20 25 30

P I
35 40 45

Time since delivery [months]

Extrapolation to 14 years:

3501

no aging
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Observed already before by producer and others.
Surprising for us. Not critical for the operation of SciFi.

The more you check the more problems you find!
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Fibre Mat Production

About 1100 + spares mats (130 mm x 2.5 m) needed — 4 production centres

Four equal winding machines prodcued in industry:

Threaded wheel to align:

<— 500 fibres/layer—>

7Y - / -I-.!’C
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Optimization of Mat Production

TDR design: Glue casting

120 ium epoxy

1.6 mm

Production: Foil lamination

25 num polyimide
25 [lm epoxy

-——--"-\_“ﬂ,ﬁ\‘_‘.
I

t ?"" NN
ts OOOEOESE

mm
| ;vi:ﬁg/jY»fK

1.45 mm

Be open for optimization steps even if they deviate from TDR design.

10



% Production Organigramm

/ Winding 43_ Onl"?'e _
J’ monitoring
@ Casting
S }
S
Ty Gluing Endpieces
= \
= TeasEEr oo 1. Fibre mat geometry
* ¢ 2. Optical scan
Mirror Gluing .
\ +«<——| 3. Light yield
= Longitudinal Cut
E z 7 < 1. Fibre mat width
& 2. Cut quality
= | Module Assembly
O
g v 3. Light tightness
%mn Module Finishing (=== 4  Response to ionizing
\ 4 particles

—

Aachen
EPFL
Dortmund
Kurchatov

To ensure the same quality
of all production sites we
used excatly the same tools,
procedures and test stands
(we verified test results by
exchanging mats).

This sounds much easier
than it was!

Heidelberg
Nikhef

11




% Quality Assurance: Winding Pattern
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Il"XX' (XX XX ‘1 @Qptical scantto, 1

v B v
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_4900 = SiPM area within tolerances (+ 75 pm)
I layer width (highest - lowest y position):
g —4400 R PR
5 _as0l= ® layer 1: 80 pm “ layer 2: 79 um
2 —
=]
2 | “ layer 3: 83 um “ layer 4: 81um
§ L * layer 5: 82 um ¢ layer 6:81um
@ 5000 .
=) fibres out of tolerance: 0
~5200 | — - fibres out of active area: 0
_5400 &= outlying area in fibre cross sections: 0.00
— 0.00% of all fibre area outlying
5800 ™ g0a0a -40000 ~20000 ] 0 20000 40000 60000
fibre centre x position / pm
€ 50 = 350
R mean + rms 32 [ meanztrms
R layer 1: (274 +3)um || © [ layer 1: (-5278 + 21) um layer 2: (-5065 + 21) um
3 —— layer 2: (274 £ 5) um 300 —— layer 3: (-4855 + 21) um layer 4: (-4644 + 21) um
40 —— layer 3: (274 £ 5) um [l ——— layer 5: (-4434 + 21) um layer 6: (-4221 + 22) um
3 H H Y/ W
- —— layer 4: (274 * 6) um 25 | average layer distance: 211.29 um |
- — layer 5: (274 £ 5) um L
30 —— layer 6: (274 + 6) um 2 -
_ 15[
20 -
3 10 | | |
10[- B
3 51—
[ | I I I | [ [ | . I I I | | | [ [ | | I I I 12
305 220 240 260 280 300 320 340 Beto -5400 5200 -5000 -4800 -4600 -4400 ~4200 -4000

distance between adjacent fibres / um fibre y position / um



Light Yield & Mirror Reflectivity

158 mats with mirror (8 new) ]
u: 19.67 pix (20.23 pix) 1
o: 1.63 pix (0.65 pix)

162 mats w/o mirror (12 neT

Aachen as
an example

u: 11.47 pix (11.75 pix)
o: 0.67 pix (0.29 pix)

pre-series main series

il

For every mat:
light yield
before and after
mirrow glueing

mat D
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
6 2p2S 8 069560 0060690800066 800086000068 0566008006060 0c008608086060006887¢68<c <
2 mean light yield {mirrored) @ posA = 2230mm | . . J E
= =
= ight yield (w/ mirror) vs ma =
1)
2 19— ]
= =
= ]
& . =
B E
E +10% due to fibre

Pre series > | < main series



Production Schedule

Fibre mat winding

1600 -
IUUOP! SUUNUUTS ASUUDUUN AUUUUNS ASURTT! UUTUTOR! SUSTNOT A _1?????E??fﬂfﬂ?ﬂﬂﬂfvl?ﬁ?fff?“__“_“__1514,;"____
1400 - 1403 )
1218 130307
Target production (without spares) . .
P e e R e L e e e M 0 1 8 & s =
1085 | '
1027 o LS,
1000 - 9910
900 ofa()
800 -

# Total (actual)

O Total (planned)
O Total (optimistic)
< Total (pessimistic)

600

14



% Module Production

=N

Frame endplug *\\

== RS
CB flange %Q :
-
LIS endplug

—Support panel

Initial problems:

« Lateral bending of mats
« Shrinkage of fibre mats
« alu endplugs incorrect

— immediate feedback
to winding centres

15



% »<Academic”“ TDR Design: beam-pipe cut-out

round —  polygone - rectangualr
/'/' . | N i
g Co Co
. 261 mm
§ .' = f
ole
g
WV 20
Hiln_X
\wawt«m X)<200 &4 abs{Hitin_Y)<200 8& Sbermat layeras0)
T g e

From round - ideal but unfeasible - to rectangular and identical for all layers

Review the TDR design with a critical eye!

16



% Every step was monitored for every module

Cutting of fibre mats to the correct widths — damage fibres

o8- Light-yield after / before cutting
O.B_— . .
. Requires again
04— two light yield
- measurements
02—
0 e ——
channels
Straightness of the mats after first gluing: i _” o
b5 E RVS 4422
) ** ”\'L\
4850 mm :
066"=750=100 800" 50 J00 150200 17

AX /] um



LECh I Cosmic test of all modules

Another light yield test — complete module

Cosmic Test for FSMO0OQ0O005 anaiyzed 2016_11_14

Side A Mean Cluster Light Yield (thresholds cosmics: 25 15 4 5) 590848 single cluster even_t|§
T T T

-+— Cosmics -+- Sro0

Cosmics
Sr-90

Lightyield [pe.]

g 8 g 0t

878 e
....:ﬁ .......................

FIMO0072

T
mean stddev

269146 213432
18.1533 14287

Sr0/Cosmict
- N

Channel

Lightyield [p.e.]
w
(=]
1

Side B Mean Cluster Light Yield (thresholds cosmics: 25 154 5) 364561 single cluster even_t|§
T T T

18.1827 140214 1

25 g (8 - g T O ST Y SF T SN I v o0 ST E N - - - sl - - - - === == - === oe o e =
B L . T T S T T i T T e R T e A T . T T T T T R p— -
TR e ftheyes Ao O ooyt sgeri s Nl g P s AR, ey . 2y E
T | e T e e -
5 dmmmssssssssssssssssssssssFlecnncsssas s sssssmssmssmssmssmsdaismssmssmssmssmssmsssssssssssEs T S -
FIMOD0E0 FIMD0062
:ﬂ 14 ................................................................................................. ' -
§ : mean stddev
§ 12 U OO RY AT T veesTE
2 1 -
w .
0e : - g b - - - CPOTTTPrgs
06 v L ! F
04 L LLLEEERTTEUOPIREES - FETERRPPL SR EPPREEERRR TS
0.2 :
O 500 1000 1500 2000
Channel
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% Module Production Schedule

Module production parallel to mat winding!

160 160
140 - 140
120 - —
= 100
80 4 20
= 60
40 - ‘0
20 20
i + 0

19



SciFi DB serves four tasks:

Hide fittar

EPB00IE

EPROOI08

FSh00017T
ESMOO0I9

el L et

Stock control

— . " _ Mt Nt o _ ._ . £ _ _i_ .
Date
e eiene | e s | SEFiAl | Bond T L e o .

[Any

| [Any

~]

Tuinghua Liniversity

Tsinghua Linivarsity

Tsinghua Linivarsity

Tsinghua Linivarsity

Pl
Pl

S0cAla0000ad

flcB1alinE:

51cB1a000093

b0 a0 Ocd

2017-04-29 22
2017-05-03

AmAT AE 1E nm

m-

Production Database

Component
- vl [ ~|[-

e |- =
On FB 1
|- '\l’ |- e - '\l’ - e - '\l’ - L
2018-03-18 2015-04-09 On FEB
2018-04-18 2019-04-09 on FEB
2018-04-13 2015-04-08 On FER
2018-09-18 2019-04-09 on FER
23 FIM0ODZ27 FIMDO3LE6 FIMOOLZS FIMDO3 — =
light yield after long. cu
EIMOOZ96 FIMIOZEZ FIMOO2SE FIMOOS e rf plvarias skariren

Broken channels after long. cu

Commer

Wiew FACIFIC

Board

Origin

L]

LU

Tested

Component siglus

Dimensiong [mm x mm x mm]

Wieigha [kg]

Malenal composrion

Comment

Full I

Initiad current fma]

Configured current fmA]

Board Taluss

Numbsr ot untrimmed channets ASICT
Mumber of untrimmed channels ASIC1
Murmber of unirimmed chareds ASIC2
Nurmbsr of unirimmed channes ASIC3
max abs{T-B) ASICD

mix_abalT-B] ASICL

miik_aba(T-B] ASIC2

mix abalT-B] ASICI

idenl ASBCI [chargel DCleuel]
idesl_ASICL [chargel DClevel]

ideal ASICR [chargel DClevel]

idenl ASBC3 [chargel Dleuel]
Number of unifosm chamnels ASIC0
Numker of unifesm channels ASICL
Numbser e unifeem chamnels ASIC2
Humker ot unificem chammels ASIC3
THORF

Cordig |aconl

R clatn [ roa(]

Summany report | edf]

ASIC 0

ASIC 1

REIC 2

ASIC 3

kepl in HD. need by retune;sent back 1o Teinghua o retune Jan
DOOG ReAS118

1617

27

Warking

n

=

[asDeen, BOSIGON (REevELem RS Boayy T3 THILIERBOONIE o

EPATOATE d
EPAROSET

Same database was used for production and assembly of all components:

modules, electronics, coldboxes and final C-frames. This paid off!
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Coldboxes

Vacuum-
insulated
Novec-cooling
(-50C) bellows

Dry gas port

‘ Metal heat
Titanium ‘ . spreader
ICold-bar
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Cluster Signal [p.e.]
] P
(=] (3]
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10

Module Finishing & QA w/ Cosmics

Adsembled mddules

I I I . (64 ch slices) |

F{c:;fercncc datia with gaps

B I’""'Eﬁi‘ﬁum"‘-““‘;ﬁﬂﬂ'rﬂﬁ """
53’} pm . ?‘550 wm

i i
signalicls =:

cluster size vert. tracks [channels]

I I
2.5 3 35 4 4.5 5
Cluster Size _,

34% Results from cosmics data for
3.35 module FAMO00032 — B side

| <= “gap problem”

| PPN IPRPENIN IFTLG PSPRPN CPIFYEN IPTAPSI ISRUIN LPUPSP CPRPR IFSPIPR IR |
-0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
channel
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% Electronics Readout

Y2 module (1024 channels)
SiPM 128 channels >

o 300038038

2 PACIFICs

Pacific

10.24 Gbls > J 3
Clusterization I\IZiF;rGosAemi
FPGA Igloo2
max. 4.48 Gb/>> @ GBTx
Master DC/ DCt
GBT convertier
Optical links

max. 4.48 Gb/S> @
DAQ

SciFi (528k channels) — 4096 GBT links (max. 2.3 TB/s)
Correct modularity important: yield versus number of connections!

23



&SR  PACIFIC Frontend Chip (40 MH2)

PACIFICr5 Threshold Scan with light

PACIFICr5
ELLE

Digital output (a.u.)

Minimal ASIC functionality:

« No ADC - 3 thresholds to access the pulse height
* No digital data-processsing — use FPGA

» 338 registers (8 bits) for chip configuration

History:
May 2013: PACIFICrO (preamp) Jul 2015: PACIFICr3 (full 8 chan, 130nm)

Nov 2013: PACIFICrl (analog FE) Sep 2016: PACIFICr4 (opimization)
Aug 2014: PACIFCr2 (8 chan analog) [Mar 2017: PACIFCr5 (production, different)

Test beams

If possible keep the ASIC simple. Chip designer should be involved in
testing, the development of the carrier boards and in test beam studies!

24




% ASIC Production and Carrier Board

Packaging of preseries:

e
(B

IR
CO m pany m ad e L. DU
< IFICH P PACIFICS P gsia(_)kdeevgll::r? flijrr;i?ue l| I:ll:m:lmuuuuuuumm1
’_:"]* [=] =] batch: all chips are
L] ! : !Il “Ser.No. 1”, human

readable number
missing => laser
etched chip numbers
in Heidelberg instead

e KR 1915 ® KR 1918

Anything than can go wrong will go wrong.

« All chips have been tested and qualified (tuning parameters measured).
« Carrier boards have been developed and produced in parallel
« Carrier boards have undergone again a similar test as the chips.

25



% Cluster Boards using antifuse FPGA

Clustering for noise
supression and data
compression (— x0.5):

J

Use antifuse FPGA (Microsemi IGLOO2)
(expected radiation dose ~100 Gy 10krad)

Remark:

CERN studies showed that these FPGAs
still work at that level. Studies reported ,problems

w/ progammability”

— our owvn test at CERN's irradiation facility:
programmability can be lost after 1krad (~1 year)

ADC value

A cluster

Moise removed by
the sum threshold

A cluster A cluster

4+—p><4+—>  high

.......................... threshold

seeding
threshold

O P T

“enetghboring
..__,ﬂ....xhrest;gld

SIPM channels
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% FPGA Purchase Process (example)

5100 FPGAs needed — international tendering required

Tendering procedure via CERN (VAT):

« ~4 month of preparation with the CERN purchaser officer to
agree on the "best" procedure and produce all the documents.

* 1 month for the publication

« 1.5 month between the opening of the offers and the sending of
the order (price negotiation, etc.) and not smooth at all!

Oder submitted:  25/07/2019
1st batch delivery: 25/10/2019
2nd batch delivery: 21/11/2019

Purchase process of expensive parts can easily take ~1 year.

27



Master Board

ool R m
~Thermal pad Provide connections:

] .,,' _-/Heat spreader LV POWGI‘

HV (SiPM)

___—Low voliage socket Optical transceivers:
Slow/Fast crtl, data links
DC-DC power converter
House-keeping FPGA

High voltage socket
Optu:al

Data GBTx
transceiver 2

FMC connector
Master SCA

Master GBTx

Housekeeping FPGA Many connectors!

Mechanically and electrically very demanding board!
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% Electronics Cooling

Power dissipation of full Readout Box: 120 W — 30 KW SciFi
Water cooling necessary — integrated in the mounting structure.
Cooling structure connected to water cooled cooling-plates.

Cooling must be integral part of the front-end design!

29
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= N

baseline

charge

injection |I {

Testing of finished Readout-Boxes

—— — —
[ e ——.

v e v vy g e e

| Only about 50% of the ~275 tested ROBs passed the tests W/O-

iInterventions: all other ROBs required exchange of boards / optical

components or other interventions (all components have been tested b

before!!). Testing of the ROBs became a bottle neck for the C-frame —+

assembly at the end of 2021.

—

Calib:

SCA current | |

source

Calib:
HV monitor

e, et
—_—

R i e

All Readout Boxes have undergone a very detailed test (incl. bit error tests of all links).

Very time consuming: Required lengthy
cleaning of the optical transceivers and the
optical connectors (delicate operation).

Test developed as result of commissioning.
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% »Slice test — test beam w/ full readout chain
Sl f before launching serial production

(Nearly) final readout electronics: =13
PACIFIC-5q boards .
Master Boards (v3) _ 12
4 xCluster Boards (v2) + 12 (v3) w/ 2 diffefent 12 6 <70 um
clustering algorithms : e > 9904
MiniDAQ2 (PCI40 1%t version) i 2k A @ariom)

32 optical links, O o)

4096 channels 32



Support Mechanics: C-Frames

@ Extruded aluminum I-profiles:

Company (world leader) was a real pain!
Extrusion quality sometimes very bad!

Company unable to machine the profiles.
Delivery schedules completely unreliable.

Don’t rely on a single industrial producer!

33



% Detailed 3D CAD-model of the C-frame

—— ——
- e o8

-
=

L
f
| :

Integration of all services was very difficult! Prototype was vey helpful. 34



% Full C-Frame Prototype (frame #0)

Fullsize prototype including services, electronics and modules etc.
Extremely useful to test mechanics, cabling paths, electronics readout ...
Expensive but extremely valuable investment!




% 1st final C-frame (Jun 2019) — full operation

Dry gas
exhaust pipe
6°C

& Sy .
L W
-

T
\l)'\'_?(‘-f ‘,,.l“";".:_“ e
b e

];‘ RN :-\ save 3
SEATE i“ 330 Ty ——
QR 8 ./‘!il"' ) n e x - .

Sttion:
tation; 13 Cold-box

= Bty er |3

Q'lanﬂ: QZ
Mﬂdu}e: MS Loty g

Novec
feedthroughs
15°C

Condensation on vacuum insulated cooling pipes, cold-box, dry air exhaust.

Full commissioning and operation of the 15t C-frame revealed system
problems which could not have not been before: noise on LV, condensation,,



Mitigation of Condensation

W,
N
o
» Y
% Iy

\
=~
N

i N

208 4l
4 |

=

™
\\\\\\\_mu-«\_\\\\\

m“\\\""{s!/ 2 "“.“f:

WWw“—"
W

i Quarter:
Module

PT100 on Coldbox = | ==

COﬂﬂeCtOI

We launched a detailed study mitigate the problem using active
heating — after review in Oct 2019 we continued with the assembly.

Be prepared for system effects which only show up with final detector



Full Commissioning before Installation

Commissioning of all service systems and of Electronics:

T2L23Q02
1 Pow

_______

— V( E.
10_.
g R ——— 0: . .
o] “ i3 . ‘ N T P}:“'
| “Time consumlng

cannection and cﬁeﬁk of\bptlcal fibres.
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% I C-frame Assembly & Commissioning at CERN

CQVID-19 Crisis:

CF1 CF2 CF3 ‘ CF7

Location Slot 3 Cavern

Mechanics In progress ok

W Water ok
il NOVEC
8 Dry-gas

Modules
Cabling

Heating

Electronics
Optical Fibres

Commissioning I(rélprogress)
ectronics

I

’ T ==
,‘\\f".“—" ‘—-]
[ | s

r"..l?—'\l. )
Y’\‘l\l‘ ‘e §

In February 2020 all components at CERN, work on 4 frames in parallel ...



% Installation - Prototyping
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% Installation of 1st 4 frames in May 2021

“u‘\\‘\\\‘\‘\“\‘\ \1 ;
I

Installation and connection of C-frames went very smooth.
Most time consuming was the connection of the optical links.




% First SciFi Data

mean TAE shift / BX

Number of Entries

mean TAE shift per SiPM (Run 241111)

6 Time alignment data
4
2
0 W | III I I| (I II|| 0 0 I‘I Il
-2
-4
-6
0 500 1000 1500 2000 2500 3000
600 7_"""""""“"“:"“"“""-"“""-" R s S slicejyfsffbxfdigitcluster i
- Entries 9374
L ; Mean 352.1
5007 t-o-d Std Dev 234 .4 ¢

400 éCIusij;erdisztribution

300

200

100
0 I T, I_ [— 1 L | | | | | ‘ 1 1 1 1
0 500 1000 1500 2000 2500 3000

SciFi Clusters

3500 4000
SiPM

Not working links:
0 /1024 control links
~8 /4096 data links

Vs

High functionality a
result of the many tests
that have been done
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%. Conclusion
SCIF

My tips:

Dense QA for all components:

testing, testing, testing (many issues we had
initially overlooked to monitor popped up
during the many tests we were doing).

Early and full-size prototypes of all
components: The knowledge gain easily
balances the additional costs and efforts.

Electronics:

Full chain tests already w/ an early version
of the electronics. Realistic “slice test” of a
larger system before serial production is
launched.

Take Engineering Design and Production
Readiness Review serious.

Purchase of material takes time.
Don't trust quality of industrial suppliers..
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% Scintillating Fibre

Outer cladding (FP)
Inner cladding (PMMA)

Double cladding

/—total intemal reflection

Core:
Polystyrene
+ 2 dyes
3%
I D - 8 char.ged
particle
~300 photons / MIP
CERN-LHCb-PUB-2015-011 (only 2x5% are captured)
E - SCSF-?S,noti‘rradiated | d=10cm
% 0.25 < =—d=50cm
£ 10 cm .
Travel length = _ _ o
n fibre o Light emission peak 460 nm
PP —asoem || Attenuation length ~3.5m
/f’ . ‘::\\ \ e (1=300 €M
lonizing radiation degrades light
transmission property:
~ 50 fb! (35 kGy) — 40 % reduction
000 My for particles near the beam-pipe

wavelength (nm)

Kuraray SCSF-78
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% Fibre Qua”ty Assurance Kuraray SCSF-78

< BTRTT Il )
1L
Fl 3

Fibre scanner, LHCb-PUB-2015-009

L/

LHCb-PUB-2016-010
 All fibre spools scanned for mechanical

defects and irregularities (so far ~6000 T~100°C
km scanned).
F~100 cN
» We observe “bumps” = local increase m)
of diameter.
* Bumps >350 um (typ. ~8 per 12500 m)
produce irregularities in winding pattern
and must be removed.
* Automatic bump shrinkage using a “hot J&“}-
drawing” tool. Applied routinely. . >350
250 pum mm — um
’:\(?]__ }
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Silicon Photomultiplier .. asu. H2016-HRO

Direct x-talk prob.

Lyl 1 die = 64 channels & 16F -] —— H2016_HAQ
[l 1aF y —=— H2015
FHH > @ = éf —=— H2014
l a“u?n?a?-.‘a"'u'u.u.n“‘n“n n"‘n"\u"‘n“‘ 12: /J.
i 10
L. ;i of .
Ligl C
Wi oF
A
SiPM = 2 dies = 32 mm of

5 6 7
Overvoltage AV[V]
dark count rate (DCR) per channel
Performance: U
—.l F— ] A Dose:3’“10”neq/cm2 :
0.250 mm = peak PDE = 48% (at 3.5 V) % | —+— Dose = 610" n Jom? |
. _ 0 8 ______ —e— Dose = 12*10'"n /em?. et I
= direct cross-talk = 3 %, - e
= delayed cross-talk = 2.5% i s moas
= afterpulses < 0.1%. e
eveasiien T
10 ANERBY
Dark count rate per channel E:> T
after neutron irradiation: .
160 50 40 30 =20 10 0 _ 10 .20
Temperature[°C]
Characterisation of the Hamamatsu silicon DCR halved every -10 K:

photomultiplier arrays for the LHCb Scintillating Fibre —f 101 ) )
Tracker Upgrade, Axel KUONEN, TIPP 2017 ©=6-10" ne,/cm* — 14 MHz at -40C



http://indico.ihep.ac.cn/event/6387/session/35/contribution/3

% SiIPM Cooling and Alignment - Coldbox

— Coldbox 3D printed Ti cooling bar, SiPM on
carry/align 16 SiPMs flex print

\

Module end

» Cold box (3D printed nylon) at each end of
fibre module; houses 16 SiPMs at -40°C,
aligned and in optical contact to fibre ends.

» Challenges: thermal insulation, humidity
management inside box (total length 130m)

» Pre-series under production.

Infrared picture of cooled
box: coldest spot at 148C
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% Clusterization

PACIFICr4 ASIC
cluster cluster cluster
large sum NSNS\ R LA

ol : {_ AERNRNNNEEEEERNNEE r

- 2 bit/channel B § '

low, middle,
high threshold
High
- - = passed

Amplitude

~
N
-
>

____Middle <

012345678 910111213
SiPM Channel

ERRERNENRRRNRANANY
Gaeprr 0t L L A A A AR AARAA A A AR AR S E ot

A readout ASIC for the LHCb
Scintillating Fibre (SciFi)

. . . tracker, X. HAN at TIPP 2017
Clustering = key to noise / data reduction: —

Dark count rate w/ 6x10* n,,/ cm?
~14 MHz / channel

>

cluster rate 0.8 MHz / 128 channels
calculate x-position of clusters
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