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DUNE dual-phase TPC

Arode deck

Sigral FT chimreys with
DAQ crates

Field cage suspefsion
chimreys

Cryostat inner dimensions: 15.1(w) x 15.1(h) x 62(I) m3
Active TPC dimensions: 12(w) x 12(drift) x 60 (I) m3
CRP unit = CRM (Charge Readout Module): 3 x 3 m? with 960 channels

per view and pitch of 3.125 mm, border size for each CRM <5 mm 2



Geometry Implemenation
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Inner cryostat dimensions: 15.1 x 15.1 x 62 m3
* Active volume dimensions: 12.0 x 12.04 x 60.2 m3
| * GAr layer is on +x side (e drift to +x)
- * Origin of coordinate system is the center of the
TPC active volume at the upstream end 3



Charge readout modules (CRM)

* Active volume consists of copy of identical
rectangular prisms to be read out by 960 ch in
“Y” and 960 ch in Z collection views

* The dimensions of each module are 3x3 m?

* There is a dead space between each module
of 1 cm associated with a border size is 0.5 cm



Wire planes

Z

15t Vplane (assigned geo::kU 24 Zplane (assigned geo::kV
in larsoft) in larsoft)



Including geometry

dunedphasellkt geo:

{

Mame : "dunedphasellkt 2" geometry_d u ne.fCI

GDML : "dunedphasellkt 2. gdml"

ROOT: "dunedphasellkt 2. gdml"

Surface¥: 147328 # Underground option. 4850 feet to cm. from DocDb-3333

DisahleWiresInGd: true

dune geometry helper:

{service_prnvider : DUNEGeometryHelper Keep the same SerVice
i

=2 if (( detectorMName,find("dune
|| { detectorMame,find" lbhnel0k

{
_ fChannelMap = std:imake_share
L

Note: in this scheme should
elze if { detectorMame,find('dunedphazelldkt") I= stdiistring:inpos )

f " not use geometry names
.- fChannelMap = =std:imake_shared<geo: :ChanneMapCRMAlz “tingParaneters); like “dune10ktd p hase”

a

Channel mapping algorithm



Channel map & geo sorter

ChannelMapCRMAIg Essentially a copy of larsoft ChannelMapStandardAlg
with some minor modification & the geo sorter GeoObjectSorterCRM

1. Ensure that only 2 planes are detected in ChannelMapCRMAIg

for{unzsigned int PlaneCount = 03 PlaneCount != PlanesThisTPC; ++PlaneCount) |

throw cet tion {"Geametry") A :

if (P laneCour ')
] ;-IJI:IT HAVE more than two readout planes for dual-phase’
W'

2. Sort wires GeoObjectSorterCRM

bool sortllirel i ok wl, WireGeox w2){

3 wZ-rGetCenter(

Y: down =2 up

. Z: upstream > downstream

13 return true;

thirow cet i texception("TPCGe") << "Uknown sorting situation for the wires in a planeyn";

returt false;
1
|



CRMs (TPCs) sorting

The sorting order in y-z is the same as for DUNE single-phase

static bool EGFtTPEEHH{CDHEt TPCGao® tl, coret TEIEEE tE}

I

L double »yz1[3] = {0.1;
doub Le = fn,1:

]
cal[3

if Ceyz1[2 ] <eyz2[2]) return true;

if gzl [2] == wyz2[2] &% syzl[1] < =uz2[1]) return true;

_ return false;




Checking geometry

* Basic check of the dual-phase GDML file interpretation in
larsoft using “CheckGeometry_module” from Tingjun

e Simply print information from geo::Geometry to stdout

Trotal rumber of TEC 80

TPC 0 has found 2 planes
Drift direction : geo::kPosH
Drift distance : 1200

View type geo::kU

View is geo::kInduction
Mumber of wires : 960
Wire pitch : 0.3125
Theta Z : 0

View type geo::kV

View is geo::kCollection
Mumber of wires : 960
Wire pitch ;003125
Theta & : 1.5708

TPC 79 has found 2 planes
Drift direction : geo::kPosX
Drift distance : 1200
View type geo::kU
View is geo::kInduction
Number of wires : 960
Wire pitch ;03125
Theta 2 : 0

View type geo: k¥

View is geo::kCollection
Mumber of wires : 960
Wire pitch : 003125
Theta E : 1.5708

Total number of channel wires = 153600

v Total number of CRM (4 x 20 = 80)

v" Drift direction & length

v" Number of readout planes per TPC

v" Number of wires & pitch

v Angle of the wire with respect to Z axis in each plane

v Total number of wires/channels ( 2 x 960 x 80 = 153600)

The first two plane are labelled U and V. The last plane is
tagged as collection while other(s) are induction. Set within
geo:: TPCGeo::SortSubVolumes() function

For dual-phase will need to ignore these signal type
assignments at the level of SimWire



http://nusoft.fnal.gov/larsoft/doxsvn/html/classgeo_1_1TPCGeo.html

DUNE services

dunefd_secvices:

{

ExptGecHelperInterface: Blocal:
Geometry: Blocal:
TimeService: Blocal:
DetectorProperties: EBlocal:
LarPropecties: Blocal:
LACFFT: Blocal:
DatabaselUtil: @local:
BackTracker: Blocal:
SeedService: EBlocal:

SignalShapingServiceDUMELODkL: &local:

#

# for dual-phase implementation

#

dunefddphasze services:
dunefddphase services. Geometry:
dunefddphase services. TimeService:

Blocal:
@local:
Blocal:
dunefddphase services. DetectorProperties: @local:

dunefddphase serwvices. LArProperties: @local:

:dune geometry helper
:dunellkt geo

;dunefd timeservice
cdunefd_detpropecties
cdunefd properties

cdunefd larfft

:dunefd datzbase

:dunefd backtracker

cdune seedservice

cdunefd signalshapingservice

cdunefd services
cdunedphasel0kt geo
cdunefddphase timeservice
cdunefddphase detproperties
:dunefddphase properties



Time & detector properties

dunefddphase timeservice:

Alocal:

# dunefddphase timeserwice. TrigModuleName :
dunefddphase timeserwvice. InheritClockConfig:
dunefddphasze timeserwvice. G4RefTime:
dunefddphase timeservice. Trigger0ffsetTPC:
dunefddphase timeservice. FramePeriod:
dunefddphase timeservice. ClockSpeedTPC:
dunefddphase timeservice. ClockSpeedOptical:
dunefddphase timeserwice. ClockSpeedTrigger:
dunefddphase timeservice. DefaultTrigTime:
dunefddphase timeservice. DefaultBezmTime

dunefd_detproperties:

# dunefd detproperties. SamplingRate:
dunefd_detproperties. ElectronsToADC:

cstandard_timeservice

false
# 04 time [vus] where electronics clock counting start
D. # Time [us] for TPC readout start wor.t. trigger time
quo. # Frame period [us]
2.5 # TPC clock speed in MH=
65. # Optical clock speed in MH=z
16. # Trigger clock speed in MH=
0. # Default trigger time [us].
0. # Default beam time [us].
Blocal: :standard detproperties

dunefd detproperties. MumberTimeSamples: 4492
dunefd detproperties. ReadlutWindowSize: 4492

dunefd_detproperties. TimeOffsetl: 0.
dunefd detproperties. TimeOffsetV: 0.
dunefd detproperties. TimeOffsety: 0.

-

dunefddphase detproperties:

# dunefddphase detproperties. SamplingRate:

dunefddphase detproperties.
dunefddphase detproperties.
dunefddphase detproperties.
dunefddphase detpropecties.
dunefddphase detproperties.
dunefddphase_detpropecties.

ElectronsToalc :

NumberTimeSamples
ReadiutWindowsize

Timelffsetl:
Timelffsety:
Timelffsets:

Lton.
6. 8906513e-3 & 1fC = 43.008 ADC counts for DUME fd

#in ns

(3594 cm) (0. 16 cmAus)* (2 MH=z)
(359 4 em) (0. 16 cmius)* (2 MH=)

# drift length/drift welocity*sampling rate
# drift length/drift welocity*sampling rate

Blocal: :stand=srd detpropectd
400, 1
5.1267e-04
20000 # drift length/drift welocity*sampling rate
20000 # drift length/drift welocity*sampling rate
0.
0.
0.

Dual-phase gain factor will be put in detsimmodules_dune.fcl



Question of Efield in view planes

LAr properties

dunefd properties: Blocal: :standard properties
dunefd_properties. Temperature: a7

dunefd properties Electronlifetime: 3. 0e3

dunefd properties Efield: [0.5,0.666,0.8] #(predicted for microBooNE)
dunefddphase properties: Blocal: :standard properties
dunefddphase properties. Temperature: a7

dunefddphase properties. Electronlifetime: 3. 0e3 # us

dunefddphase properties. Efield: [0.5,10.0,0.0] &%

How do the last two field values affect electron
propagation in view planes?

12



Current status & future plans

Dual-phase geometry description appears to be ok

* Working on completing SimWire for dual-phase detector

* Once done try to generate through-going muons to check
e Signal normalization
e Wire / TPC assignment

From there move on to including light detectors (PMTs)
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