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Sensors: photon detection

 According to the larger and larger target volume,
smart/intelligent/digital PMT or module
showing more advantages: digitize
signal/control with front end electronics directly
considering cost, signal quality, reliability etc.

— e Fast timing (<100ps), large area -
ZIF 5\ and vertex sensitive LAPPD is
IceCube- : under developing and testing
Gen2 =SF 0 e
LAPPD
anold eeeeeeee
LV power 48V (?) Communication lines Cloc
4x1Gb/s +C
Network interfaces
(data flow controller)
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Ronald Bruijn (Nikhef)

KM3NeT

e Cherenkov light ARCA and ORCA

e Large area, good efficiency, photon counting

* Hold of >400bars: Sea-bed: ~3.5 km deep 5.7 Mton to ~ Gton
* Full directional detection

* Monitoring and calibration

* Reliability, lower power consumption
e Cost effective

Z .

KMINeT

Pressure water
Un-changeable with reliability

KM3NeT Phase-1
Infrastucture (Sept. 2016):
3 Installation sites
@ 2 PMT preparation sites
KM3NeT-HQ @® s4p0M integration sites

@ 3 DOM integration sites
planned / in preparation

Amsterdam @

Erlangen Y ) () 3 base module integration sites
Strasbourg @ 3 DU integration sites

3 DU test and preparation
oy to deployment.sites
Genova

() Bologna 1 DU integration site planned
Marseille .( )
KM3NeT-Fr
Naples @@ ©
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Digital Optical Module (DOM)

Multi-PMT Concept

Segmented photocathode : 31 3” PMTs in a 17” sphere
(equivalent to 3 10” PMTs)

+ All front-end and digitization electronics, slow control sensors
and supporting mechanics

Advantages

KM3NeT > Large photocathode area
Digital Optical Module > Directional Sensitivity
(DO \") » Photon Counting

(1 vs 2 vs ... photons,
background suppression)

» Less overhead
» Cost effective
» Minimal glass penetrations -




PMT bases and light
concentration

Negative HV on photo-cathode
Gain: 3 *10°

HV tuned to set ToT to a
specific value at fixed threshold




Mechanics

‘Penetrator’ (KM3NeT design) .

Se | e Cte d » Feedthrough for power and optical fibre :
. * Holds of 400 bar -
Mechanics

Cooling structure
(mechanical support
and passive cooling)

Titanium coltar—
to mount on ropes

>

3D printed support structure (SLS)
* Defines PMT, piezo, led, ... positions Glass sphere (comes in 2 halves)
B Barrier for optical gel withstands up to 670 bar



Timing and
efficiency

DOMID

Along detection
unit
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Juan-Pablo Yanez (University of Alberta)

ceCube-Gen2

A wide band neutrino observatorv

IceCube Digital Optical Module

» Optical, radio & surface veto
» MeV to EeV v detection range — supernovae ... astrm.,_

» Requires additional 13k to 15k optical modules




lceCube-Gen2 DOM

Penetrator

PMT Base
HV Supply

LED Flashers
Main Board

Delay Board

Waist Band
Pressure Sphere

Mu-metal cage

— Silicone Gel
PMT Photocathode
IceCube p—y Gen2
DO M Component identical DO M

Component eliminated
Component redesigned

1lU



Gen2 DOM other candidates

D-Egg

36 cm 30 cm

* Directional
information

* More sensitive
area per module

* Smaller geometry

PoS(ICRC2015)1137

* Directional
information

* More sensitive
area per module

* Precise timing

PoS(ICRC2015)1147

- ~26Ccm 13 cm

* Small diameter

* Directional info.

* More area per
module

More sensitive
area per $

Small diameter
Lower noise rate
Lower UV
threshold

PoS(ICRC2015)1134

11



lceCube Digital Optical Module

» IceCube DOM | =
ﬁ Single, large (10”) PMT per\

Keep
module _
_ orm diaitivat ﬁPhoton counting
» Uil wavetorm digitization capabilities to high charge
» Glass transmissivity of 0.5 at (1-thousands pe)
=350 nm » Withstand > 550 bar
» Calibration LEDs on-board freeze-in pressure
\& Power consumption —-SW/ » Survive shock vibration
(" » Discriminator \ | » Gel cushioning for optical
» Local coincidence logic for VOUP"“% electronics
readout

» Delay line: 75ns
\» Redundant digitizers ) et rid of




Pressure water Zhonghua Qin (IHEP)
Un-changeable with

rliabilty JUNO PMT system

e 20 kton Liquid scintillator

* ~75% photon cathode coverage , g ADU GCU L | 100m cable out-of-water
: . PMT nsiogto [P Giabatcontrol [TTaata Tcrock
* High efficiency, energy response
* Double calorimetry LCU
Link Control
e waveform measurement

* Implosion protection

Requirement on PMT performance

* The main Parameters for each PMT:

typical value ( lower limit)

Parameter list [V{o=R= V15 Dynade PMT 3 inch PMT

PDE (QE*CE) 27% (>24%) 27% (>24%) 25% (QE)

@420nm

Non-uniformity of | 8% (< 10%) 5% (<15%): within £70°; /

PDE 20%(<30%): within £80°;

Gain 107 107 108

HV 2500 V (<2800V) |2000V (<2500V) 1000vV@108
@Gain=107 {@Gain=107

PN 35(>28) 3(>25) =2

TTS(FWHM) 12ns (<15ns ) 2.7ns (<3.5ns) <35

Rise/Fall time 1.7ns/12ns 5ns / 9ns !

Dark rate 20kHz (<30kHz) |10kHz (<50kHz) <1.5KHz

Ratio of Pre- 0.5% (<1%)/ 1% |0.8% (1.5%)/ 10% !

pulse/After pulse |(<2%) (<15% )

Non-linearity @ |< 10% < 10% !

Gain=107, 0-

1000pe

Radioactivity 2381J:50, 232Th:50, |2%U:400, 232Th:400, !

level (ppb) 40K:-20 A0K-40

Pressure Up to 0.8MPa Up to 0.8MPa Up to 0.8MPa

tolerance B

3inch-PMT



PMT mass testing /characterization (1)

* Four test facilities will be equipped in standard commercial container
- each container can test 36 PMTs in parallel;
- LED located in each testing drawer box;
- homogeneous light field produced by the light shaping tube;
- earth magnetic field shielded to less than 10%;
- commercial electronics used for the first two containers and JUNO electronics for the rest;
- the first test facilitv will be available by end of 2016;

Distanca PMT to end of aght 0
shaping tube: 51 cm

light spurce” ===

e 3
- 1%
=2 —g WX

EMF shielding
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Waterproof Potting (2)

* preliminary design of the potting scheme

-with multiple waterproof layers: putty + glue + pouring PMT ~ Putty + heat shrink tube
sealant;

adhesive
- a stainless-steel shell will be the encloser for heat

conducting; pouring sealant

SS Shel

- HDPE as the cable jacket for easier surface treatment; e e aNp

* Potting for JUNO prototype

- only HV divider was there;

- totally 40 PMTs with different
types potted;

* work on going: many samples
for heat conducting test, puttty
test, thermal cycle test , and
connector study.

ey

Toct nf nirtdu thermal cvcle test connector nrototvpe

WHoat randiictine toct



Acrylic cover

PICSIONIBrOtECtionl -~ e 4
design and test >

SSSSSS

test
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PC or PETG not working with thickness <5 mm, and loss light
significantly with thickness >5 mm




Marcin Ziembicki (W)

Giant underground
water Cherenkov
Detector

— Two tanks

— 520 kt of
ultrapure water

— 93,400 photo-
sensors (80,000
ID + 13,400 OD)

Measure charge
and timing of
pulses coming from
Cherenkov photons.
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Front end electronics under water
(current baseline design)

. - —_ e - -
— S
e e
)

ADVANTAGES: |

. Shﬂrter CEblES ~—y readout | | readout | | readout ‘ B

v

— Better signal qualit L3 (NI W S
c A ! E fmﬁ '!!!' - M |2
* Smaller number of cables L4 A I = i
— Savings on weight and structure costs o 2;—.3 E-E
3| [l i s e s m il | OF
DISADVANTAGES: 7 | [lh= > @ > e . B i
 Hydrostatic pressure at the bottom _i%!l!lli = |
of the tank (~6 atm) ] S s
— o e -'T J":ll
* Poor to none serviceability | e o | el

— Extreme reliability is a must! Box&Line PMT || with &20mm AD |11 (specs. for 3" PMTs)

* Limits for power consumpti

— Heat dissipation affects wate
circulation t=6

.8 ns

t,=~2.5ns
: : BW =52 MHz BW =22 MHz BW = 140 MHz
Baseline option 115 p.e.(c)=17ns | | TTS1p.e.(c)=1.6ns TTS1p.e. (5)<1ns(?)

.....

(*) Rise time and TTS are limited by a pre-amplifier. Intrinsic TTS is ~1ns.



Andrey Elagin (U) LAPPD  icro-channel piates ces)

20x20 cm? Large-Area Picosecond Photo-Detectors \ T

top window -

photocathode (pc)- -1

' pcgap |

o - [T \\\\‘ (A

inter-mcp gap

oz U

anode gap

anode readout

Atomic Layer Deposition (ALD)
- J.Elam and A.Mane at Argonne
(process is now licensed to Incom Inc.)
- Arradiance Inc. (independently)
|

Porous glass

—Resistive coating ~100nm (ALD)

—Emissive coating ~ 20nm (ALD)

Conductive coating
(thermal evaporation)




LAPPD Prototype Testing Results ~ Argonne 6x6 cm? Photo-Detectors

Single PE resolution

« Argonne routinely producing 6X6 cm? functional detectors

500 (- Template ‘ with K-CsSb photocathode
E T as biasing
400 — .
E 107 galn laser testing
300 - ‘h ongoing.
o | /<50 ps timing resolution
F -0~ 35 -
C wf / <1 mm posmon resolutlon i A —
Reconstruction of f_h¢ E — 1 —_ e sy ‘o Ciit ror sungeo photoelectrons custom readout board
Taser beam [footprint _yqo— o e e 20— 300
fitted time (psec)
3 Demonstrated characteristics: Pouliion eackatin
H single PE timing ~50ps £ . £ £ -
g multi PE timing ~35 ps 8 f 8 | 8 /\ e
< differential timing ~5 ps }’ \
3 position resolution < 1 mm o |
i gain >107 ; |
{: 100 [ |
RSI 84, 061301 (2013), L. I A 1] |
NIMA 732, (2013) 392 ‘ == o 2 e : " Xpeation o]
—130 R v i | NIMA 795 (2015) 1 Gain > 107 g)f SPEp,SincIudmg o<imm
¢ J N it % 3 See arXiv:1603.01843 Laser jitter forspg " [EEmemereewlr

(0"‘ a complete LAPPD bibliography { de courtesy of R. Darmapalan and R. Wagner N

Some examples of early adopters:

« ANNIE - Accelerator Neutrino Neutron Interactions Experiment
+ Cherenkov/Scintillation light separation for particle ID
+ Optical Time Projection Chamber NuDot
ANNIE . TOF measurements at Fermilab Test Beam
 — [ = A ZlEEEnore (lots of interest shown at the "Early Ad
8| by Incom Inc. in 2013)




Electronics

* Front end electronics for photon detection
— Hit: photon counting 1

— Timing: leading edge P (VN

— Time over threshold (ToT): Width of pulse | IceCube-Gen?

— Multi Discriminators

— Amplitude

— Charge } Hyper-K
. Under investigation
— Waveform sampling } JUNO

Considering physics requirements, partial or full information
recording, reliability, power consumption, cost, ...



KM3NeT

DAQ/Electronics

PMTs+base s, Compass/tiltmeter
(digitization) 1% '

Led flasher _

Signal collection boards

(addressing)

Central Logic Board (CLB)
FPGA :
* DAQ pipeline

‘ 0 . N * Nanosecond timestamping
&) asiiataces b : * Ethernet packet generation
J Each DOM has a defined : T
o I h * White-Rabbit timing
, O gomp wawtengt - Slow control CPU (LM32)
Acoustic sensor Multiplexed outside DOM
* Under-water reprogrammable

(Piezo, digitization in device) Incoming is a broadcast




~140mW@31 PMTs

KM3NET

IP/UDP (ethernet) packet creation

Multiple streams
High-Speed TDCs

DAQ/E l e Ct ro n |CS : F P G A (PMTs, acoustic, monitoring) o iy

Hit time and ToT. 800ps/v/12

resolution
StartTimaSlica UTC & IP/UDP Packet Buffer & e
White Rabbit PTP core Offset councar sncs Stream Selett/o (IPMUX) _; é
. . . | Fapscke |2fC ¥
for time synchronization and ? reenen N LEL e B £ = 1
N Cora S - s L S 1\
Ethernet over optical fibres. [#ofi i wew " g [ B0——72" b =l
! = é Flags RePort m | <
s S i’z‘ I \ _é pre—
= 3 - @
oY A~ ~3"‘; i 15 L Pouse Frame g 1 E : i s
e 4_”:!.”&‘»»-:\1 3 Ml G >
L V’e,‘,(; " / ‘ g .-gl
8 &_’vru S N u TwPacksr |5 g ero(:i. <y l):n;gem:‘t T E .
._E e m IS G E t:'w»m 1 l: ] [ =1 | IMultiboot systen
flocerdl s s ;n-cwﬁh ofs Puspent | -§ 32k8 = l‘: o / Tl
A 8 | o / ultiboot il-s:
Lstes o P =% I 1L omm P | bl (fall-Safe
| Mo 37 Wie— A N oy Managemant .
S o s ;o I & Control | reprogramming)
~\ _— —— e Debug
) e NS e -«l’ GPIO I- LEDs
LYot T > = Sy =
2 x 2" CpU 3 L4 ]
xiline | mEN s e o EJ 3 IEE I EA EE
Kintex-7 T i

= Dota UTC time & Clodk (PPS, 125 MHz|
- Control Point to Point interconnection SP Debug Temp Tilt & Nano
we  Wishbone bus Flash || RS232 Compass || Beacon

12C communication

LM32 CPU

Control from shore UART HV and thrgsholds
(Slow control, DAQ pipeline, White Rabbit, other sensors) Serialterinal Compass/tiltmeter
Implements software state machine R — Led Flasher

Telnperature/HLImid;iAty
23



~1W/module

lceCube-Gen2

-

ADC

» Measure amplitude at fixed times

amplitude

» Conventional approach, used in lceCube

>

» Power consumption too high for multiple
PMTs

amplitude

Leading edge time and time-over-threshold*

124x PMT Base | '

Time-stamping of

» Measure at a fixed amplitude
» Low power, no current flow below threshold
» Need multiple thresholds/discriminators

leading and trailing edge time | FPGA
in FPGA

Mainboard :

Discriminators

7 N IE

b {

~ J ——— e
6 bit [ i >
:ulp‘:: t-{ mDOM base
gl A Erlangen

word

';» . | = =
{ i
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Erlangen

im 63 Comparators From T.Karg

Barl © Jurgen Rober (LTE)
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Christian Grewing
(Forschungszentrum Juelich: Central Institute of Engineering, Electronics and Analytics)

ADC Chip Vulcan for JUNO PMT waveform

DAQ
BEC
@
£
18
3 L |7
[
(@)
—
O
D PCU
L
g
= GCU
(@]
2
ADU
HV
BIAS
|_
P
(a T
Liquid

Scintilator

sampling
* The receiver electronics are attached to the PMT underwater for:
* Lower data bandwidth on the cable
* Programmable signal threshold modes
* Local data storage (RAM) for supernova events
* Programmable digital signal pre-processing to further reduce data
bandwidth
* Intelligent PMT developed together with several groups in Asia and
Europe

General Control Unit (GCU): Instituto Nazionale di Fisica Nucleare, Universita di Padova
* Connection to the BEC and control of the HV and ADU

e LVDS signal interface to the ADU

* Dedicated fast memory (2GB) for local signal storage (supernova)

* Configurable digital processing of the signal and signal over threshold generation
Analog to Digital conversion Unit (ADU), Vulcan System on Chip: Forschungszentrum Jilich, ZEA-2
e Highly linear, low noise receiver

* 3-8bit, 1Gb/s Flash ADC with programmable characteristics

* Programmable data reduction and low jitter clock generation

* Configurable trigger schemes, overshoot compensation

» Allintegrated regulators w/o external capacitors for all internal supplies



Signal Mode

N

VULCAN

A7 T1

[l

FLg— 10| |
e

ADCout A

1 n ADC High Gain ADC Medium Gain ADC Low Gain
o~

1b=0.06p.e. 1b=0.4p.e. 1b=8 p.e.

64

(0]

16

-

1 2 4 8 16 31 64 128 256 512 1024 2048 Charge

] — [photo electron; p.e.]

IH

1. Two signal chains with programmable gains and parallel TIA inputs, combined input

resistance R = 5()

2. With larger input currents >20mA the TIA inputs saturate, the ESD diodes open with a
combined resistance R = 5(), The voltage over the diodes is measured with the third signal

chain
Signal over Threshold

Input signal and ADC output

-0.01

-

-0.014 integral
trigger

-0.014

analog trigger
oy |Fr—————"==—--"—-—-————

voltage [V]

-0.02

-0.022

0000

4 ooo1
{ o010
4 oo11
4 0100 =
{ o101
1 o110

4 o111

- 1000

7
x10

3 LVDS trigger lines are available one for each of the 3 ADC
Configurable trigger modes:
* Analog voltage comparator for fastest trigger
e Digital threshold value
* Integrating the last 8/16/32 values and compare
with digital threshold



Front-end board

Front-end board

verview of the System

e I L

Front-end board Front-end board

Ethernet

| | | | I
, Ethernet | ,
Readout system Synchronization & GPS Readout system
| Sort PMT hits !
I + I + aa 1
Hits sorter + Merger| [Hits sorter + Merger I "in the order of timing. :

Option 2 — water (current baseline design)

software trigger system F»

Offline system
(analysis & storage)

Frontends — Module

LV power 48V (? Communication lines Clock
ADVANTAGES: B P ) Yy + Counter
* Shorter cables —?V| r:adout | | readout ‘ ‘ reald;t f' g 4x1 Gb/S I h
_ ) . e I ) | 3 AR All'in water-tight
Better signal quality Network interfaces chassis
* Smaller number of cables (data flow controller)
— Savings on weight and structure costs e I 3 t Entire chassis
L bably filled
. probably fille
DISADVANTAGES: X Slow control and . ith sili
. . — Data transmitter with stlicon or
* Hydrostatic pressure at the bottom monitoring other material
of the tank (~6 atm) i |21 I
. iceabili e o - — Estimated weight
Poor to none serviceability Mesh-type connection HV/LV power Signal digitizer of chassis + filler +

— Extreme reliability is a must!
+ Limits for power consumption

— Heat dissipation affects water
circulation

Avoid single point of failure
Lower module transmits data to

upper module; if unable, then to its
On-going R&D on protocol and

neighbors

expected data rates

for photosensors (charge + timing)

board (size ~9U

NEED EXTREME RELIABILITY!
=~ 24 photosensors / module  Ng access once the detector 27

is filled with water!




Hyper-K Digitization Options

Option 2

- Option 1 Signal from PMT
Super-K used = Waveform sampling

QTC + TDC

EIEEIENI NI NI IS IS NN I I NN NN NI N NN N

Discriminate to get a trigger.
Start the output pulse

Shape the pulse.

Optional

Sample the pulse.

Integrate the pulse.

s

Digitally filter the pulse.

Start discharging. Stop the

) Optional
output pulse once discharged.

Use digital signal
processing for triggering
Use TDC to record beginning and and estimation of time of

end of the square pulse. arrival & pulse charge.

TDC = Time to Digital Converter Time Char ~
me & ge .5 W/channel
QTC = Charge to Time Converter 0.5 /C anne

sy e me = mmsimimms mismmrams mp e —y mamgemam—.

« Frontend board

QTC Output Width vs Input Charge — First Range

‘ Voltage ("
>%0 ] PMT base multiplier\)
EMI pickup || tvsuppiy 7 || EMI pickup | |Other FE

| - modules
‘ . \ Shaper @" . Anti- @“" “
o | e ~— 1| (Low Pass Filter) o Aliasing e
400 [ ‘ .| PMT Voltage () 7 {Low Pass Filter) g Power
| W . multiplier— || 'Mtereonnects |- W) interconnects | supplies
TGS
350 i ~ (HV supply) ? WA
\
|

QTC Output Width [ns]

Cherenkov
photons
s

: ) N
300/ (M) = noise source FPGAQ‘L@@ DAQ
0 10 26 30 40 50 60 70 slo 96 ~ {eleral processing) 3
2 N
Charge [pC] ) EMI (deterministic source)



Cold Electronics for LAr and LXe

= Readout electronics developed for low tem(feratures (77K-300K)

First step: ICARUS

Next generation: MicroBooNE, ArgoNeuT, LArIAT, others...

is an enabling technology for noble liquid

experiments

etectors for neutrino

= Front end ASICs are integrated with the TPC electrodes in noble liquid

to minimize the capacitance and noise

= On chip digitization to convert to digital signals inside detector cryostat
= Multiplexing to h1gh s%eed serial link, to reduce cable plants, minimize

outgassing, make possi

Cold FE with warm digitization

Overall achieved excellent S/N (slides from Asaadi, Bishai, Mooney)

Beginning to produce physics results

Future development: large LArTPCs

ProtoDUNE-SP/SBND toward DUNE
Cold FE to achieve low S/N
Cold digitization for simplicity of large cryostat design

Dual-phase unique amplification and “warm” CE (Shuoxing’s slides)

nEXO readout in LXe

Cold FE, option to use either warm or cold digitization
Which option achieves necessary S/N? (Wenhuan'’s slides)

le the scalability to larger detector volumes

The first neutrino event! . VERTEX DETAILL

Cold LArTPC with warm FE and digitization 0.6 mm spatial resolution
in 8m image size.

— Achieved excellent S/N (G. Meng’s slides) —— Excerenaly gl ouelivy i

Planned warm electronics upgrade for SBN thanks to the very high S/N
of electronics (not forgetting

purity, mechanical precision
and stability...).

i
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» On-going R&D at IHEP = 200 300 w9

* Critical spec.: <200 e-/ch Wire Length (cm)




Cold electronics
Advantages of CE

Having front-end electronics in the
cryostat close to the wire
electrodes

— Yields the best SNR

Highly multiplexed circuits with
fewer digital output

— Greatly reduce the number of
cryostat penetrations

— Give the designers of both the TPC
and the cryostat the freedom to
choose the optimum configurations

CMOS in LAr has less than half the
noise as that at room temperature,
higher mobility and higher
transconductance /current ratio

ENC [& mms]

Shanshan Gao (bnl)

Warm readout to cold readout

EMC ws. T (Cd=100pF, 0.5ps peaking time) |

e m T 'KJ

Test result of ASICin 0.25 pm



ICARUS T600 TPC ICARUS front-end electronics

ICARUS T600 is the unigue example of very large mass liquid
argon (LAr) Time Projection Chamber (TPC). It provides 3D

imaging of any ionizing event (like an electronic bubble

chamber). A major feature is the continuous sensitivity, self

triggering capability, and calorimetric measurement.

2 identical T300 modules adjacent (3.6m x 3.9m x

B

3
o

o

.

3
oo

19.6m each)

2 chambers per module, 1.5 m drift length each

3 readout wire planes per chamber wires at 0, =60°

(ind1, ind2, coll view)
53248 wires, 3 mm pitch and plane spacing

guang meng (infn)

ARUS

T300 Module

m.i.p. ionization
~ 6000 e-/mm

Edrift ~ 500 V/cm

— =

Drift direction

Electrons drift velocity = 15 mm/us

Collection view

G ;

<

I

2

® 4

3 <

g =

£

&

5

Wire coordinate (8 m)

The first neutrino event! g
0.6 mm spatial resolution e

in 8m image size.
Extremely high quality image
thanks to the very high S/N
of electronics (not forgetting
purity, mechanical precision
and stability...).

CNGS neutrino beam direction
—

K3

The ICARUS T600 read-out electronics was designed to provide continuous digitization and
waveform recording of the signals from each wire of the TPC.

Decoupling Board: it receives 32 analogue signals from the chamber and passes them to the
analegue board via decoupling capacitors; it also provides wire biasing voltage and distribution of
the test signals.

Analog Board: it hosts 32 front-end low noise charge sensitive pre-amplifiers, performs data
multiplexing and data conversion ADC (10 bit). The sampling period for each channel is 400 ns.
Digital Board: it provides multi event buffer memory for 32 channels, data compression, and
trigger logic.

UHV H. (<500 V) Analog Board Digital Board
Feed-through

Twisted pair cables
(~5m, 50pFim)

T

\ T
{18x32ch.) ‘ i Multi-event
Liquid argon  Gas 10 | ’ Circular buffer
Sense wires i — %
(4-8m, 20pFim) — —o— 2
- —
%# 4 Multiplexers ; S .\/
| {400ns x 8ch.) : : e
WVIADC

Boards (32 ch)l

Signal to noise ratio (S/N) better than 10 and a ~ 0.6 mm single point resolution were obtained
during the LNGS run, resulting in precise spatial reconstruction of events, allowing for measuring
muon momentum by multiple scattering (MS) with Ap/p ~16% in the 0.4-4 GeV/c range.

New simplified/compact design

% A new, compact design, has been conceived to host both analogue and digital electronics on a single

board directly connected to the proprietary flanges.

One mini-crate, mounted on the flange, can host 9 boards for 576 channels, 64 channels each.
The backplane of the crate distributes the power supply and local control signals.

A single boards hosts 64 front-end low noise charge sensitive pre-amplifiers, 64 serial 12 bit ADC
(2.5 MHz), FPGA, memory, optical link interface...

From 595
to 10 liters

(raxs2on)



Shanshan Gao (bnl)
Overview of ProtoDUNE-SP ProtoDUNE-SP TPC Readout Electronics

* Deep Underground Neutrino Detector (DUNE) * Front End Electronics System
— DUNE will take neutrino beam data from Fermilab in the Long Baseline - 222 EE Ai'gsffﬂo ‘:‘hDC :SICZ;‘HO Cot:(I:! FPGAs TobAQ Toss
N ata . . - ron n other coara assemablies o T
Neutrino Facility (LBNF) starting in 2026 _ 6 sets of cold cable bundles ol T

Wideband v, and v, beam from the
Main Injector 1300 km to SURF

>20 year detector — 6 sets of signal feed-throughs oCin —f
operation

— 6 warm interface electronics crates - 2
* 30 WIBs, 6 PTCs, 6 PTBs : Faraday Cage |-
w w w w v o o w 1
LAr Copper Cold Cables

DUNE single phase far detector module
10 kton fiducial volume LArTPC at 4850L

* ProtoDUNE-SP
e 700 ton LAr TPC

¢ Full scale components of DUNE far detector module P TEh EASCLE JEshADCAsc g
¢ Will sitin H4 beam line @CERN l L Analeg Mother Based
¢ Goals

* Measure detector response to known particles 5
¢ Confirm modeling and simulation | NitE i

. . . . . 1 -
* Validate mechanical and electrical design and interfaces b CLzit GG i )

o o I 0 A A o n

o
Membrane Cryostat

ProtoDUNE-SP

q

Signal Feed-through and Warm Interface Boards

8x SHV Power & Timing
Connectors Backplane (PTB)

Compression
Plate

FEMB Noise Measurement

20160605
25mV/fC, Cd = 150pF
Average ENC(e-)
1360 1129 1081 1111
po 647 562 523 521
: 1 \ \+——’—+ H;G#-EPCB Card (PTC)
3 {DUNE version) SBND WIB + ProtoDUNE FEMB
2 Purging Port
Indium wire seal olatform can be set up without signal feed-through
K’\V
500 *_\f_ +

\

LN2 Dewar ‘ P 29 95 05 10 15 20 25 30 35 40

Peaking time / (s

1129e- at RT and 562e- at LN2 @ 1us peaking time

wig [
e ————

ProtoDUNE FEMB | Adapter Board
* Utilize engineering development tools used at BNL
— Can be used simultaneously with DAQ system
~  Will simplify debugging of entire system



Wenhuan Wu (IHEP)
Lower noise with CE

Lower radioactivity n EXO

OvBB Search at EXO-200/nEXO

EXO-200: 200kg liquid-Xe TPC

1.3 m

<

nEXO
Detector

10°

EXO0-200 Nature 2014

EX0-200 Phase-ll

10"

<mg; > [eV]

~ 5tonne LXe TPC, 4.7 tonnes

of active *""Xe (90% or higher)

. <1.0% (o/E) energy resolution
107 107! 107 10" >

m,,, [eV] m,, [eV]

Energy resolution from 1.2% (EXO) to 1% (nEXO) at Q value 33
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Adapting LAr ASIC readout similar to BNL

Cold ASICs for Charge readout(IHEP)

Warm

On-going R&D at IHEP Cold

Haper

preamp

+ Two chips have
already designed
and tested

Critical spec.: <200 e-/ch

Two schemes:

+ Need more tests
(ADC’s cold, noise,
etc.)

— Digital multiplexing—>

. Individual ASICs designs
done (pre-Amp, ADC)

+ Integration need be done

* Need to be merged

+ Tested with tile

— Analog multiplexing=> D
+ Based on analog

sampling technique

+ v2 has been tested

(integrated with charge tile) CId Warm

Measurement results(IHEP)

- Specification Value Note

E VDD AVDD=1.8/DVDD=3.3| Analog power/Digital power
E Peaking time Ius M4ps Tune switch to change

E Sampling frequency <132M 2M sampling rate/channel
ENC ~265e @160K

INL <0.4% @160K

E Input signal rate =1kHz High rate performance

E Linear range -64fC—0.32fC Negative polarity

E Power dissipation | <3mA@1.8V/channel NOT include output buffer

Radioactive Source: %Sr

e

r/'

The energy spectrum fit well

with ?°Sr’s spectrum

%0Sr energy spectrum

¥ 2B EEE

w w0 e M0 ma e M0
temp.K)

ENC decreases as T goes down

Scheme 1 Scheme 2 9

Critical spec.: <200e-/ch; tested ~265e-/ch

Digital multiplexing vs. Analog multiplexing

: + Advantage
: - No ADCs

» Advantage
- All digital processing

. * make chip’s architecture as simple as
- Simple system possible, also the DAQ

. Challenges + Low crosstalk between analog and digital
— Share one buffer on chip and one
- More power
ADC external, power reduced greatly
- Analog & digital crosstalk
: — Off chip ADC could be high sampling
- Too much data processing :
. frequency to improve SNR
on chip
- Minimize number of cables between
- High-speed serial data
cold and warm (2clk+2power+1output)
transmission, may bhe a :
: * Challenges

challenge
- Shielding(P+G) become important

- Noise performance a little worse

From single channels to large tiles

SiPM Ladder

SiPM module
Barrel (e.g, 24 ladders)

» In the next few months, they should be able to demonstrate a
single channel readout.

+ Perform an intermediate demonstration with 10 x 10 cm? tile?

» For analog SiPMs, approximately 20~30 channels, about the size
for an ASIC based readout, also the size of proposed Si

interposer. =



Jo1e|uins

pinbiT

DAQ

From the view of intelligent/digital PMT or modules, fiber or net
cables are used for digital data transferring in tens to thousands

meters distance directly to PC for further analysis, even no global
triggering.
The issues are the event builder, bandwidth, data volume.

PMT

KM3NeT

DAQ — Datastream from DOM

JUNO

Receiver Electronics

Svid

AH

nav

nJoS

NJd

ovda

IceCube-Gen2
Readout chain

nnnnnnn

Hyper-K

[ Front-end board | [Frontendboard |  [Frontend board | [Front-end board |

Ethernet
Readout system Readout system
Ethernet | | T T ——
S rt PMT hits !
|H|ts sorterl+ MergerJ ‘Hlts sortelr+ Mergerk 1 the order of timi

,_A_‘_.-._._..'A-‘_‘_.-‘.V., fware trig t Offline system
i used to be “event-builder” | software trigger system P (analysis & storage)

35



ICARUS

ICARUS T600 DAQ event builder Upgrading DAQ

CONET (SOMB/s pes k)

<+ The system provisionally uses the CONET
transfer protocol.

<+ Each mini-crate (flange) will require two

. o = ll M CONET loops.
n! [- <+ Each A3818 can handle 4 loops (2 flanges).
o ven q
.[Dooo
mi

lodoo %+ On each PC can host 2 A3818, a total of 24
i

o = readout PC will be needed for the whole
. Reaaut rack 1 —= Readout Rack 24 @ detector
righer crate chamer ¢ »  The readout DAQ could keep the
Event Wjpager o Bt Do e @ existing DAQ architecture, simply
o s replacing the VME CPU in each readout
e wa - unit with a PC equipped with a CONET

5 ) P Switch ge/oe interface. Expected building rate ~16Hz
% The 96 front-end electronics I S without data compression.

crates have their local CPU

connected to the event builder SAN DIk Aravish

PC through an Ethernet link.
< Throughput: 80 MB/s per

chcmber‘, building rate ~3Hz Processing Head | Processing Head N
g — (] —
]

+ The whole DAQ
can be hosted ina
54U rack

+ 4 X 24 fiber
bundles (+ spares)
from control room
to mini crate
(~50/100m)

for a 1.6ms full drift image
using 4 parallel builders and
data compression factor of 4.

]
Processing Farms ]

ernal Labs

Extemal Lats

From 3Hz to 15Hz
Lossless data compression

Online lossless data compression

++ Indata collected with T600 LAr-TPC, the lefe re ntlal va I ue

difference between one sample and the 15|14 1312/ 11 |10] 98 |7]6]5]4 3[2]1 ., . .

. . . . . 4-bit 4-bit 4-bit 4-hit
previous one is within £ 7 ADC counts in more  |biteenceor | Difleenceor | Diflerenceor | Difference of stori ng W|th 4b|ts
Than ObOUT 9870 Of The cases. channel N channel N+1 channel N+2 channel N+3

% This allows for storing the differences m instead Of total
instead of the full 10 bit data, using fewer |‘5 141312 1t m‘ ejefrjsjs|4fsj2|t °|
bITS. 1000 10-bit full difference . . ~
10bits, with ~4

Assuming to handle data in 2-Byte format, the choice is to pack four 4 bit .
difference (¢ 7 ADC counts) obtaining a ~4 compression factor. com p ression

When the difference is larger than |7, the full difference is stored in 2-Byte with

a 4 bit flag (1000). factor

The compression efficiency is affected by the large energy deposition from e.m
showers or high dE/dx tracks. 36

During LNGS run the real measured compression factor was 3.92.
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Words for summary

Huge detector target volume asking for more intelligent
detecting sensors

— Directional

— High efficiency

— Cost effective

— High Reliability

More photon sensors come true or under developing

— 20" MCP PMT

— LAPPD

Front end electronics and DAQ also updating our mind and
design

— Cold electronics for better SNR and sensitive measurement



Thanks for your attention!

Thanks all the speakers and attendance
of Parallel session 2.



