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Integrated LArTPC Readout

In’regrol Each APA is isolated inside

APA+CE the cryostat and only
connected to the detector

ConcepT ground through the CE at
its own CE flange.

Warm Interface Electronics:
interface from CE to DAQ
with shielding and local
real-time diagnostics.

_’“T . . \)
v \Vwire attachment to the APA frame

X wire
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protoDUNE-SP Cold Electronics

Warm electronics \ ToSlow Control A AToDAQ JTossP CE flange
Warm Interface Electronics Crate Local =] e ' ”““”j Flange assembly with cable
|agnos IC Int: e | OIRX olX — . .
- Warm Interface Board - o }&m/ strain relief and flange PCB
n istribution Timing — Fe ughs .
- Power and Timing Card ’ Sowcen . G . - for cable/WIB connection
- Power and Timing Backplane Biasin ——|Fe Ni
g p (Fee | Faraday Cagkjj
- - - - - - - - | Signal feed-through
C Cold Cabl . .
LAr e Tee pipe with 14” Conflat
> _;1-':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':'5555555555_-'_-'_-'_-'_-'_-'_-'_-':'_-':'_-':'_-'_-':':'_-'_-'_-'_-'_-'-':'[j/\ : flanges and crossing tube
‘IL T e e | cable (CTC) support
] 16 . e - :-I ' A N
T L > Ao E )E% N/ ™ Cold cable to FEMB
S 16-ch FE ASIC (x 8) 16-ch ADC ASIC (x 8) E:E : E E g LV and data cable
Analog Mother Board FPGA Mezzanine ::E E : and APA ere_blas SHV
= 128-ch Front End Mother Board Assembly (x 20) 'v\ ot E Cable
o -:::::::::::::::::::::::::::::'r-‘-_li_-::_-::_: \:&::\ 9
TPB Coated Light Guide {x 10) @: E_E . i_i \\
S SiPM (4x3) [T Anode Plane Assembly (x 6) .E- d \ Front End Motherboard
2 N A N n n n n n (FEMB) 128 channels of
Membrane Cryostat

digitized wire readout

enclosed in CE Box
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CE Box to APA Frame Connection

Omega bracket makes low impedance connection from APA fin to CE Box
N Ground braid (white wire) ensures low impedance connection
M ' Verified with DVM during installation (procedure: docdb 4019)

4 Standoffs in CE Box make low impedance connection to ground plane of FEMB
i e e, e, Wi —

9/26/17 Matthew Worcester (BNL) 5




BROOKHIVEN

NATIONAL LABORATORY

(\ NEUTRINO

APA Wire to FE Connections

1 ‘ 2 ‘ 3 ‘ 4
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e
8/29/16 PHYSICAL SCIENCES LABORATORY
SRAWN
D AAH 'gf UNIVERSITY OF WISCONSIN D
CHKD . & ’L (608-877-2200)
Fromdocdb 1436 [~ - [ ™
e, FEE Connections A
1 ‘ 2 ‘ 3 ‘ 4
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Cold LV Cable
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Power return
at FEMB FM

9x 20 AWG twisted pair

From docdb 1755
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at FEMB AM

NEUTRINO

Mezzanine
schematics:
docdb 1419
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Power Return at the Flange

Return from WIB LV output connected to ground at flange

O
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9/26/17
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Power return for 4 FEMB (1 WIB)
Power return connects to ground at flange
Flange PCB schematics in docdb 2777
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Cold Data Cable

docdb 1419

. . "c_m‘_v"_.%: AR :_\ __El :z_“ TX_P[0]
12 twin-axial 26 AWG cables SO e S Rt
High-speed data, clock, control, programming gjﬂq e
Cable drawings in docdb 1755 [y R o
= = =
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(CABLE LENGTH) 0.0lup2s 33 6 -
ﬂ Q s:::x:ul—“’w e (1] 3gP8 ——-u-n::_u:sl
f oo \\ — © 1 e
. N . N . _- = —
1.025;!;6.34,’ % e [\ ] engm % Data connections = -
= X £ at FPGA mezzanine and flange PCB
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\\ X = 40
.800[20.32] __| L (SEENOTE ¢) L K= E_.
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= = =
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o< == =
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©o
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CE Flange

Ground connection made physically between
exposed Cu border of flange PCB and flange

Power & Timing

Card (PTC
Purging Port

Compression Plate

Lo

\\

Flange PCB

' 8x SHV Connectors

. CE flange drawings
Indium seal in docdb 2771
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LV Power to the WIB

48V in from Weiner PL506: docdb 1959 R X6

2x10 AWG power and 2x20 AWG sense lines " = O
Sense lines fused on Power & Timing Card 3 — e Vo =
8 1 2z 'IP” & 1 s 1 a E : :' . ::.:D: ‘: .
B asy-to-i2y mes0 1PBT-108H1TORAG 3: wias) o e
e SR : T T e 5000,
0 PYCSEURG SeN - 32 \:,* 15 -4 _ 3 ————
40v-to=12v Regp.1 K oy EN o ) T TER A—
O I BACKPLANE = B
S POWER PLUG . e

43V-10-12V Ege

—PUINZ vouTz o) -

NABLEZ a - CT -

POWER INPUT PICENIRE-So . .

48VDC / 3S0OW 49v-to-12V Rep.3 B - ..( )~
b PUINT VOUT I

NABLEZ

L e o o

TCIBURS.SCH

v e
ul 33 . . . s
a— ¢
LY N -
ceo | ces . !
Sl u Sraz “-
4gV-10-12V Fge.d CS4 S 10K
ur .
+—PVING vouT4 v VNV N ~ O
NABLE i .

YUEEURAUSIH

)

||}

48V-to-12V Reg.G

Il}

% S, =
OR INDIVIDUAL \ T -
9% GUTPUT b BUING vouTs VOLTARC

ENRBLES

NABLES for or
TCEBURS . SCH

48Y-t0-12V Fee.6 ve
- et -+
L PuIne vouTél 12y & . — e .

& — V NABLEG u B3T A ;l 3
= P-g TTZEVRS . 5CH £33~ EN .
S 3 2., S BAOP T8l PTC grou nd connection ]
- N cas | ces
48V—to—12V FIFZI:

REGULATORS ST LF made to flange via power
connector on Power & Timing Backplane.

PTC V2 schematics G o g g Full PTB schematics in docdb 3327

in docdb 2988 )

T € T €
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Flange Heaters

m— NEUTRINO EXPERIMENT

r\l I:\ : DEEP UNDERGROUND

1 [ 2 T s ] a [T s e 7 8 [ o [ 1o [ o T w2 [ a3 T e [ s ] e [ w7 T s [ e [ 20
[ +2LVCC-DIS ~2¢V[(<0[S>
[ OVEC-DCS T . i . i o OVEC-DCS -
Each PD and CE flange will need variable 24V for 4 o8 ;Q_' 082 &_' o83 &_'
adheS|Ve heaters Wlth RTD sensors. PHOENIX CONTACT ™ I PHCENIX CONTACT ™ ! PHOENIX CONTACT I
REF. 3014030 REF. 3014030 REF 3004030
MINCO ASI5900R71.4PDB (DataS)
24V provided by CERN DCS slow control: ] ] ]
- isolate 24V with optical switches at DCS rack k2 EA EZY
- isolate shield of db25 connector at signal FT — — ]
| o Y
[ ; :
‘ 5 -
‘ d
ASISWDPH.’ZIggg ) ) ) : i;
)DD) o 1
} —
D) 5
omzomp
REF 170-009-273L000
-RAL
MINCD —
ASIS300RT1.4PDE 4
o~ s A= NP-04DETECTOR uBoone Heater Control mﬁmgm@
6 Pomiweyritaeronrem Jq Vi protoDUNESP [ L
A Py SLOW CONTROLS [ Tk Ty BT l,,..‘.,.,.,..
1 | Back Fil Moo WG | Virsion rsy o
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WIEC Fans

e
A > reamed 3
o :
: =
TIC ranNapwr Ls abl o
3 5 5 Lol -
Sy DCSTANRD & o=
O ranapwr Ls E
1 oo 7] ol - 1
O T MMON I Ll -
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oTs 24vEODes e
S
B =
B O panipwr el - B
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=
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GNDIDES GND/DCS
£
g 24 i
1 e E
c o N & c
b DCSFAN2RD DCSFAN3/RD DCSFAN4RD
1610 A4 16320 1050
© o < L
DCS FANI COMMON 3 o DCS FAN2 COMMON 3 DCS FAN3 COMMON
AQY212GH
. .
N4 N4
hd Each WIEC is cooled by 4 brushless fans SUpp|IEd by DCS
— Aavid PEAD26025BH (data sheet) e .
Docament Do X Pons oo
. . . protoDUNE SP heck b Worcere ovae0i7
Isolate 24V with optical switches at DCS WIEC FAN Control V10 75 e L0
TFuropean Organtzation for Nuclear Research S
I I h | f DBZ H I FT CH-1211 Genéve 23 - Switzerland. ‘ EDA- ‘AJ -
— Isolate shield o connector at signa . ‘ :
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pwrotoDUNE Mapping
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T e ] 8 s B
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>
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CR board from DUNE
Docdb 1482
CR adapter from DUNE
Docdb 2060 Analog Mother Brd (I0-1637-1C)
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Wire to FE Channel Matrix

Pin number
Plane Wire (m) CR.P1 |CR_Adpt.J1 [CRAdpt.P1| AMIJ1
X2 1 1 3 3
X4 3 3 6 6
X6 5 5 9 9
X8 7 7 12 12
X10 9 9 15 15
X12 11 11 18 18
V2 13 13 21 21
V4 15 15 24 24
V6 17 17 27 27
V8 19 19 30 30
V10 21 21 33 33
U2 23 23 36 36
U4 25 25 39 39
V)3 27 27 42 42
us 29 29 45 45
ulo 31 31 48 48
X14 33 33 51 51
X16 35 35 54 54
X18 37 37 57 57
X20 39 39 60 60
X22 41 41 63 63
X24 43 43 66 66
V12 45 45 69 69
Vi4 47 47 72 72
V16 49 49 75 75
V18 51 51 78 78
V20 53 53 81 81
uUi12 55 55 84 84
ui4 57 57 87 87
Ul6 59 59 90 90
u18 61 61 93 93
u20 63 63 96 96

NEUTRINO
Pin number
Plane Wire (m) CR.P1  |CR_Adpt.J1 [CRAdpt.P1| AMIJ1
X1 2 2 1 1
X3 4 4 4 4
X5 6 6 7 7
X7 8 8 10 10
X9 10 10 13 13
X11 12 12 16 16
Vi 14 14 19 19
V3 16 16 22 22
V5 18 18 25 25
V7 20 20 28 28
V9 22 22 31 31
Ul 24 24 34 34
u3 26 26 37 37
us 28 28 40 40
u7 30 30 43 43
U9 32 32 46 46
X13 34 34 49 49
X15 36 36 52 52
X17 38 38 55 55
X19 40 40 58 58
X21 42 42 61 61
X23 44 44 64 64
V11 46 46 67 67
V13 48 48 70 70
V15 50 50 73 73
V17 52 52 76 76
V19 54 54 79 79
Ul11 56 56 82 82
ui3 58 58 85 85
uU15 60 60 88 88
u1l7 62 62 91 91
u19 64 64 94 94

9/26/17
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Wire to FE Channel Matrix Il

NEUTRINO
Pin number
Plane Wire (m) CR.P2  [CR_Adpt.J2 | CRAdpt. P2 AM J2
X25 10 10 1 1
X27 12 12 4 4
X29 14 14 7 7
X31 16 16 10 10
X33 18 18 13 13
X35 20 20 16 16
V21 22 22 19 19
V23 24 24 22 22
V25 26 26 25 25
V27 28 28 28 28
V29 30 30 31 31
u21 32 32 34 34
u23 34 34 37 37
u25 36 36 40 40
u27 38 38 43 43
u29 40 40 46 46
X37 42 42 49 49
X39 44 44 52 52
X41 46 46 55 55
X43 48 48 58 58
X45 50 50 61 61
X47 52 52 64 64
V31 54 54 67 67
V33 56 56 70 70
V35 58 58 73 73
V37 60 60 76 76
V39 62 62 79 79
u31 64 64 82 82
u33 66 66 85 85
u3s 68 68 88 88
u37 70 70 91 91
U39 72 72 94 94

Pin number
Plane Wire (m) CR.P2  [CR_Adpt.J2 | CRAdpt. P2 AM J2
X26 9 9 3 3
X28 11 11 6 6
X30 13 13 9 9
X32 15 15 12 12
X34 17 17 15 15
X36 19 19 18 18
V22 21 21 21 21
V24 23 23 24 24
V26 25 25 27 27
V28 27 27 30 30
V30 29 29 33 33
u22 31 31 36 36
u24 33 33 39 39
u26 35 35 42 42
u28 37 37 45 45
u30 39 39 48 48
X38 41 41 51 51
X40 43 43 54 54
X42 45 45 57 57
X44 47 47 60 60
X46 49 49 63 63
X48 51 51 66 66
V32 53 53 69 69
V34 55 55 72 72
V36 57 57 75 75
V38 59 59 78 78
V40 61 61 81 81
u32 63 63 84 84
u34 65 65 87 87
u36 67 67 90 90
u38 69 69 93 93
u40 71 71 96 96
9/26/17

Matthew Worcester (BNL)

16



"y DEEP UNDERGROUND
BROOKHFAEN M E NEUTRINO EXPERIMENT

Pedestals

Pedestal Measurement o Gain Measurement
4000
. Al wire,0.5us . Al wire,0.5us,mean=145 e-/bin, std=7
1500
400
3000
£ -
B 500 <€ 100
- =
3 )
£ 1000 2
3 :
3 200
g 1500 o

©@ L 100 120 o 0 40 ©0 20 100

FE Channel no. FE Channel no.
Noise Measurement (RMS ADC)
1000 1.0
Al wires=128, 0.5us,mean=260 bin, std=168

5o U | Data collected with FEMB
f on APA1: check U, V, and X
g V "l wire mapping with channel

X | RMS

0.0
80 100 120 0.0 0.2 0.4 06 08 1.0

o 20 &0 ©
Channels of All wire

Channel pedestals applied with AC coupling between FE and ADC ASICs
U/V wires have high baseline and X wires have low baseline

9/26/17 Matthew Worcester (BNL) 17
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FEMB to WIB Map

e TPC readout channel mapping document developed by B. Viren
— Work in progress: docdb 4064

* Proposal for FEMB to WIB cable map:

Cryostat wall

WIB 5 ] WIB 4 | WIB 3 | WIB 2 [ WIB1 | WIB 5 ] WIB 4 | WIB 3 | WIB 2 [ WIB 1

WIB connector 4 WIB connector 3
APA Fame
WIB connector 1 WIB connector 2
WIB 1 l WIB 2 | WIB 3 l WIB 4 [ WIBS5 | WIB 1 ] WIB 2 I WIB 3 | WIB 4 | WIB 5
TPC

Table 10: FEMB-WIB connectivity proposal #1. The table shows mapping from the 2 x 10 physical
FEMB location on the top of the APA to WIB addresses following a 1 X 5 X 4 layout.

9/26/17 Matthew Worcester (BNL) 18
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,,,,,,,,,,, * Proposal will be
S implemented for cold box
testing

* Preliminary APA slot to
flange connector map

| developed
— APA slot number scheme

( A used for both CR board and
AR RERERBREEREBRRE CE Box installation
R
i e e e e e e * CE Box ID matches label on
; w2 | | wes wies | [wiss | || wen | | e | | wis | | waes &‘.’35’ CE data and LV cable

. bundles
I | — CE Box ID mapped to APA slot
4T PPk ox in protoDUNE hardware DB
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WIB Data Format to DAQ

Link B

Link A

notes

bits

5 [14[13][12[11[10] 9] 8
K285

7\(;\.',\]” 3[2[1]0
5

1 K28. Start of frame
2 Checksum B[7..0] Checksum A[7..0]

3 Checksum B[15..8] Checksum A[15..8]

1 Time Stamp

5 Err

6 Reserved

7 S4 S3 S2 | S1 Header bits
8 S8 S7 S6 | S5

9 CH2 [3:0] CHI [11:§] CHL1 [7:0] Stream 1
10) CH3 [7:0] CH2 [11:4] [99:04)
11 CH4 [11:4] CHA4 [3:0] | CH3[11:g]

121 CHG [3:0] [ CH5 [11:8] CHB5 [7:0]

13 CHT [7:0] CHG [11:4]

14 CHS [11:4] CHS8 [3:0] |  CH7 [11§]

15 CH2 [3:0] | CHI [11:§] CHI [7:0] Stream 2
16; CH3 [7:0] CH2 [11:4] [99:04]
17 CH4 [11:4] CH4 [30] | CH3[11:8]

18 CHG6 [3:0] | CH5[11:8] CH5 [7:0]

19 CHT [7:0] CHG [11:4]

20 CHS [11:4] CH8 [30] | CH7 [11:8]

21 CH2 [3:0] [ CHI[113] CHI1 [7:0] Stream 3
22 CH3 [7:0] CH2 [11:4] [99:04]
23 CH4 [11:4] CH4 [3:0] | CH3[1L8§]

24 CHG [3:0] [ CH5 [11:8] CHB5 [7:0]

25 CHT [7:0] CHG [11:4]

26 CHS [11:4] CHS [3:0] |  CH7 [1L:§]

27 CH2 [3:0] [ CHI[11:] CHI [7:0] Stream 4
28 CH3 [7:0] CH2 [11:4] [99:04)
29 CH4 [11:4] CH4 [30] | CH3[11:8]

30 CHG6 [3:0] [ CH5 [11:§] CH5 [7:0]

31 CH7 [7:0] CHG [11:4]

32 CHS [11:4] CHS8 [30] | CH7 [11:8]

33 CH2 [3:0] | CHI[1L3] CHL1 [7:0] Stream 5
34 CH3 [7:0] CH2 [11:4] [99:04]
35 CH4 [11:4] CH4 [3:0] | CH3[1L§]

36 CHG6 [3:0] | CH5[113] CH5 [7:0]

37 CHT [7:0] CHG [11:4]

38 CHS [11:4] CHS [3:0] | CH7 [11:g]

39 CH2 [3:0] [ CHI1[11:g] CHL1 [7:0] Stream 6
10! CH3 [7:0] CH2 [11:4] [99:04]
11 CH4 [11:4] CHA4 [3:0] | CH3[11:8]

12 CHG [3:0] | CH5 [11:§] CH5 [7:0]

13 CH7 [7:0] CHG [11:4]

11 CHS [11:4] CH8 [3:0] | CH7 [11:8]

15 CH2 [3:0] [ CHI[11:] CHI [7:0] Stream 7
16 CH3 [7:0] CH2 [11:4] [99:04]
17 CH4 [11:4] CH4 [3:0] | CH3[11:8]

18 CHG [3:0] [ CH5 113 CHB5 [7:0]

19 CHT [7:0] CHG [11:4]

50 CHS [11:4] CHS [3:0] | CH7 [11:]

51 CH2 [3:0] | CHI [11:g] CHI [7:0] Stream 8
52 CH3 [7:0] CH2 [11:4] [99:04)
53 CH4 [11:4] CH4 [30] | CH3[1L§]

54 CHG [3:0] CH5 [11:8] CH5 [7:0)

55 CHT [7:0] CHG [11:4]

56 CHS [11:4] CH8 [3:0] |  CH7 [118]

57 K28.1 K28.1 idle
58 K28.1 K28.1

59!
[60]

61
[62]

63

64

Matthew Worcester (BNL)

NEUTRINO

Data format developed by BU,
SLAC, and BNL

— 2 links per FEMB
Format docs in BU repository

http://gauss.bu.edu/redmine/projects/dune-wib/repository/docs

Successful preliminary WIB
integration with timing system
and RCE/FELIX on CERN VST
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APA1 Installation

Installation procedures for CE Boxes on APA1 posted to docdb 4019

temperature
Procedures for hardware installation on the cold box also developed

ESD and safe handling
QC and reception testing

From APA1 installation, all electronics channels are expected to work at LAr

feed-through Tee pipe and PD and CE flange installation on cold box
Current status of CE Boxes on APA1:

Date APA # [1-6] APASide [A,B] [APASlot#[1-10] [WIBSlot#[0-3] [FEMB # [1-25] Channel # [0-127] [ASIC # [1-8] Note Entered in Hardware DB
9/1/17 1|B 1 0 10 All channels OK Y
9/5/17 1|B 2 3 25 replace FEMB24 with FEMB25,. All channels OK Y
9/1/17 1|B 3 2 9 65 5(1 bad ch Is at RT, which is known to be good at LN2 Y
9/4/17 1|B 4 1 11 All channels OK Y
9/4/17 1|B 5 0 3 All channels OK Y
9/4/17 1|B 6 2 12 All channels OK Y
9/4/17 1|B 7 3 16 All channels OK Y
9/4/17 1|B 8 1 21 All channels OK Y
9/4/17 1|B 9 3 7 All channels OK Y
9/4/17 1|B 10 2 4 All channels OK Y
9/5/17 1A 11 2 1 123 8|bad channel: the connection between FE input and wire is open  |Y
9/4/17 1A 12 1 17 All channels OK Y
9/4/17 1A 13 2 20 All channels OK Y
9/4/17 1A 14 3 13 All channels OK Y
9/5/17 1A 15 0 8 All channels OK Y
9/5/17 1A 16 1 2 All channels OK Y
9/5/17 1A 17 2 15 All channels OK Y
9/5/17 1A 18 3 23 All channels OK Y
9/5/17 1A 19 0 5 All channels OK Y
9/5/17 1A 20 1 14 All channels OK Y
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Summary

 protoDUNE-SP requires ~10x more channels than previous
LArTPC prototypes

— Follows integrated APA+CE+warm interface readout plan
 TPC readout power and data connections mapped

— from APA to FE

— from FE to flange

 CE to Warm Interface mapping will be tested with cold box
readout
— Preliminary drawings based on DAQ input have been developed
* CE successfully installed on APA1
— 2,560 channels with no dead channels in CE
— Used APA slot numbering scheme from APA experts



