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Purpose of this visit

Motivation for LARIAT

Scope and goals of the experiment

Where LARIAT fits in the LAr TPC research portfolio
Current status and plans

Who is working on LARIAT? What are they doing?

How involvement in LARIAT advances NSF goals and

NSF groups



Motivation

No CP vio
0.20

o

—

o
1

oscillation probability
o o
& =

o
o
=]

lation

— v,—V, Normal Hierarchy
_— \:Fu—ﬁe Mormal Hierarchy |
..... v,—V, Inverted Hierarchy

----- v, —V, Inverted Hieran:hy_

L=1300km

0.20

o =)

— —

= on
1 1

oscillation probability
o
o
)]

D....1 \ 23

neutrino energy (GeV)

4 5

Mass hierarchy, CP phase
and PMNS unitarity

Maximal CP violation

— v,—v, Normal Hierarchy
— V,—V, Normal Hierarchy |
..... v,—V, Inverted Hierarchy

----- 'ifu—ﬂe Inverted Hieran:hy_

L=1300km

-.‘-.
'\-‘_

T
neutrino energy (GeV)

Must measure: neutrino flavor, energy, flux




MOtivation Your typical neutrino event

Incoming neutrino Outgoing lepton
Flavor: unknown Flavor ID:
Energy: unknown e CCvs NC
A\“\(\ WVs |, evsy, t?
Vertex? .
V ==--- > (E,p): must measure

Mesons
Target nucleus . m FSI!
Nucleon “sandbags” DN Energy?

Sy

|dentity ?

. Outgoing nucleons

atQ?~0
N N correlations

Visible? Energy?
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* Visible energy

calibration of LAr
* Particle identification
* Event reconstruction

* Calorimetric response

and resolution

* hadron + Ar scattering




Particles from v interactions
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Basic concept:
LArTPC + FTBF

MTest

R MCenter

Secondary beam
Pion Mode: 8-66 GeV beam

Pha}segl_/" Low Energy Pion Mode: 1-32 GeV beam

Revamped Argoneut - 2013/14 Muon Mode: Same energy range as above
Motivation: PID, e/y, céﬁﬁ?ation Tertiary beam
Phase-ll Low Energy Pion Mode: 200 MeV - 3 GeV

Larger detector - 2014/15

Motivation: full containment v




Physics Goals



Visible energy calibration

* Need dE/dx for particle ID

and energy

* Relate energy deposited to

charge and light collected

* Study recombination along

stopping tracks

30-

Birks law parameterization from MNIM AS23 (2004) 275

ICARUS

EF=500 V/em

N 1 N N I N (A A | IIIIIIIII|II
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dE/dx (MeV/em)

Stopping proton in Argoneut




Particle identification

electron vs photon discrimination

Simulation

Bremsstrahlung from upstream radiator plate
Tagged with incoming electron PID in beamline

+ deviated track + gap.

Important for oscillations



Particle identification

muon sign determination

timing + pattern recoghnition

T+ — u+ —e+ decay 7t~ 2200 ns

K1) [ICT] 150 E[LT]
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Particle Identification

1 and 2 y reconstruction

* | Important
N* production & decay for oscillations
n° from ©* CEX
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Particle Identification

K* reconstruction
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Hadronic Interactions

20000
o 1.2 GeV/c =
1O
SOH)
{}{} S50 100 150 200
* Oncacrion SEEMS doable. Benchmark MC

Motivation: FSI, reco. syst., calorimetry (study shower beginning)

Naively, poor containment. Can one do better by incorporating

topology? EM fraction?
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Testbeam use
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Positive Pions

+ Positive Pion

0 02 04 06 08 1 1.2 14 1.6 1.8 2

Total Energy 0.600 GeV
Data with Stat. Errors
MC with 10x Statistics

Corrected Visible Energy Fraction

L ]

+
i 1
+

Data from FTBF ‘*\l

MTest beamline Data with Stat. Errors

MC with Syst. Errors

0.6 0.8 1 1.2 1.4 1.6 1.8
Pion Total Energy = Available Energy (GeV)

n+ agreement ~ 5%
n— a bit better
p a bit worse (10%)

Resolution well

modeled 10



LARIAT and the LAr R&D
program



Working toward LBNE

MicroBooNE

gy 7. |
Tt
| “g iz y y o /
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Argoneut

Physics

Electronics, '
readout, HV.cold
cold elec. elec.,purity

purity test &

TPC prototype



Materials Test Stand,
MBooNE, LAPD,

R&D

TPB Coatings, 35-ton pr.ototype prOg ram
Light Guides, WLS Purlty, Bo,3 Iéotr(;g?1 i(r)(;thlgce)NE
e Cryogenics - _
Light ectronics,
Detection < > DAQ,
Tﬂggeﬂng
O
e \\ \\ N
TPC andg S S Test Beam,
=\ Aliz——""1Calibration
lﬁ?]C;NB% Software ArgoNeuT, LArIAT,
35t prototype LArSoft CAPTAIN
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R&D

TPB Coatings,
Light Guides, WLS

LARIAT integrates all

components of the
R&D program

program

D, Long Bo, 1BooNE

Fibers 35 ton prototype
Light =TS [Electronics,
Detection DAQ,
Triggering
LBNE
-2
TPC and Test Beam,
!;I\(E —m==71 Calibration
MBOONE,
Cong B¢ Software LARIAT
35t prototype rso
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R&D
Serves as a test

TPB Coatings. platform for program

o Ger v leration, refinement | . ..
Light and feedback —tlectronics,
Detection DAQ,
A§ Triggering
LBNE¢» 1
TPC and| Test Beam,
!;I\(E < Calibration
MBOONE,
Cong B¢ Software LARIAT
35t prototype rso
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LAr R&D Timeline

35-ton
Phase-1

(purity)

35-ton Phase-2
(TPC)

MicroBooNE construction & installation

MicroBooNE commissioning and operation

LArIAT Phase | Cryo
: : system
installation, delivery &
detectors and commission
: . LAr fill &
bea_ml_me_ purification
commissioning

LArIAT Phase |
operation and
analysis

LArIAT Phase Il design & construction

I I I I I |
Winter Spring Summer Fall

N

LBNE
CD-1
review

Winter Spring Summer Fall
2012 2013 2013 2013 2013 2014

| | | | | —

Winter Spring Summer Fall
2014 2014 2014 2015 2015 2015

LBNE :
CD-2 approval
(Spring 201692

>



LARIAT-I ,-ll and CAPTAIN

* LARIAT-I: 200 MeV - 3 GeV with Argoneut
 PID: e/y, u+/u-
« Low energy calorimetry (protons & electrons)

« Single track charge — energy calibration
* LARIAT-II: 200 MeV - 3 GeV with 2-3 m? detector

» Good containment for calorimetry of higher energy showers
» PID studies of n/K/p via dE/dx.

« Surface operation in high cosmic ray environment é‘

&

 Diffusion studies over long drift distances N
 CAPTAIN (LANL LDRD): Low energy \Q&Q’
* LANL neutron beam studies &

N

« SNS neutrino cross-section studies (’

e [nstall in NuMI?

&
>
S
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Current Status

24
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Capitalize on ArgoNeuT

cryocooLErN _

LAR OUTLET I_fl GAR
= P o
& FII._.Tl:ﬂq | (;' INLET
i 1 I 1

effort and infrastructure

Leverages NSF's
Initial investment

2 readout planes
240 wires each




Cryostat Modifications

DOE/Yale




Fermilab Testbeam Facility

(oow)
|esuan ok uosap

MT4 Tanget: 30cnn Al % §
| MTE Absorbers: 1.5m ——
MT1 Target: 25cm Al S . | _/w,;,] o
Main injector i : : )
vA \\M@ﬁieea n
prOtonS MCenter Beamline E = _
E
s (Bl : [ ]
Secondar§ ! Hh | F [ MTest
B -~ Short - medium term user facility
Main Injector © | Recently: MINERVA, CALICE
: : "§ MCenter
One 4s long spill per minute : -
Long term LAr R&D facility
Secondary beam Generic cryo. plant in MC7/8
max 300k partic|es/spi” Reserved for LARIAT-1 & -II
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MINERVA EXxperience

o . ""“30 L R R e
Tertiary Cu target __% T Il ffpasy s -
collimated at 16° © 254§k A

S 203.
1 : c 4.Y .
Dipole pair + % 3
1.5 _
MWPC for eventby = 7 % ;
1.0k 3
event momentum | B e T ,
0 -. I:;;' .1 ::l-:- IR
. R T K R T
2% aceuracy o F T actdentals -
] . 0.0 20 25 30 35 40 45 50
* Time of ﬂlght Time of flight (ns)

Beamline elements have been moved to MCenter

N N
o o
R w

S
Events per 250ps x 25MeV/c
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Beamline studies d 2L

Bending Dipoles:
% +/-0.35,0.21, 0.14 Tesla

/

Pion Beam: j
8,16, 32 GeV g+
Detector placement:

0 (4] o

Final Beam at 12°, 08 GeV 2™ ary, +0.35 Tesla field 1612 B

o 10 = ' ' ' ' ' = |Final Beam at 12°

E - 7 | —— All species

= - . v:  2.3e+00 /spill

5 TE = p+: 1.9e+00 /spill =

g - . n+:  5.8e+01 /spill

2 - K+:  5.8e-02 /spill

C o107 = e+:  1.3e+01/spill

0 n . p+:  2.3e+01 /spill
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Experiment setup

|
| 1

Magnet
Stands

CARDINAL . o

1000 LBS "1

in progress

Target &

Collimator

—

== —
= T ==
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Beamline instrumentation £

Cosmic Ray Telescope at FTBF Reconstruction

Event No  28.
BO

&0 [

s0 [

w [

20 [

...........
—————
wwwww

TOF 1
* Wire chambersare ‘Fenker Chambers’
128 wires per view, 1 mm spacing: X, Y
Originally Ar-CO, s TOF2

Now - ‘Magic Gas' Ar, C,H,, ( C;HS0, )

* Current Plan 4X, 4y planes 33 33
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PC readout upgrades




Cosmic & Veto Counters 2%

Counters salvaged from CDF

Test stand in
Wideband hall

BSU 115

E00 550 o0 750 8OO 850

PMT Voltage (mV)




Cherenkov Counter

36




Trigger System 1(1[ ﬁ

MWPCs  Dipoles V1
T3
l _ 0
TOF Che.-reenl-u:ﬂmr
M3 M4 Veto PMTs

Basic trigger: (T123 and M1234 and not V1)
Pileup: need for a delayed veto. Vdrift = 1.5 m / msec
Initially NIM electronics. Upgrade to VME FPGA.

TOF in trigger? TAC + discriminator.

Upgrade: device readout and discrimination via VME FADC.
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PMT Readout Y

Hamamatsu
R11065

Setting up to test PMTs and SiPMs in LAr
2" ETL, 3" Hamamatsu + 3 SiPMs
G10 box submerged in LAr

Readout via CAEN digitizer
ETL
D757KFL {2")

DAQ tests w/ LED pulser (not in LAr yet)

« Have recorded and analyzed waveforms =
Goal: observe cosmic rays and LED flashes
in argon. Estimate light yield and determine |

=0.1131+ 0.0033

full setu
- 2297+ 013

987.3+ 5.9

11.38+ 0.74
2.294e-08 + 1.812e-01
4.822e-09 £ 1.200e+00

L L !
180 200 220
channel




DAQ upgrade

Argoneut readout ~ 1Hz is not fast enough
Effort to improve DAQ rate by > x10

* Goal: 5-10 Hz good trigger rate = 20-40 events / spill
Speed increase 1:

* Block transfers for ADF2 readout. Yields ~ x2-x4
Speed increase 2: In progress @ FNAL

 Parallel readout of ADF2 cards. Yields x8.

het
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Cryogenic infrastructure

» TPC cryostat, filter skid and LAr pump are in hand

l

» Basic engineering done at FNAL for rest of system
« RFQ for LAr system now out. Closes 7/26.

« Provides for condenser, phase separator, LAr piping, installation

he

40



Timeline

TIMELINE < 20 = I
New Cryogenics/Purit.System Design (D  © :
New Cryogenics/Purif. System Fabrication
New Cryogenics/Purif. Sys. Commissloning .
Tertiary Beam Configuration Deslgn _ i

Tertiary Beamn Installation (MCT)

Tertiary Beamn Commilssioning

Beam Line Instrum. Procurement & Test

Beam Line Instrum. Installation (MCT)

Beam Trigger (and c.r. trigger)

Cryostat Modifications Deslgn

Cryostat Modifications

TPC Deslgn and Modification

Scint. Light Detector Fabrication & Test

Scint. Light Detector Installation

Cold Electronics Procur/Assembl/Inscall

LArDetector Assemby({Cryostat TPC/ Scintl)

DAQ Upgrade

Detectors Synchronization, Online Monitoring

Commissioning (LAr Flling/Purification)

we are here

41



Mew Cryogenics/Purif. System Design

Task List

Mew Cryogenics/Purif. System Fabrication

funded by FNAL PPD

Mew Cryogenics/Purif. Sys. Commissloning

under FNAL PPD responsibility

Tertiary Beamn Configuration Design

Tertiary Beam Installation (MCT)

under FMAL FTEF

Tertiary Beam Commissioning

under FMAL FTEF

Beam Line Instrum. Procurement & Test

under FMAL FTEF

Beam Line Instrum. Installation (MCT)

under FMAL FTEBF

Beam Trigger and C.R. trigger

funded by DoEMale + FNALPPD

Cryostat Modifications Deslgn

Cryostat Modifications

funded by DoEale

TPC Deslgn and Modiflication

funded by DoEYale

Scint. Light Detector Fabrication & Test

in kind (UAquila U, /LArIAT) +Yale + Uol support

Scint. Light Detector Installation

Yale + UoC support

Cold Blectronics Procur/Assembl/Inscall

not yet funded .

LArDetector Assemby|{Cryostat/ TP/ ScintL)

Support requested from FMAL/PPD + university group contributions O

DAQ Upgrade

FNAL PPD (* university groups?) O

Detectors Synchronization, Online Monitoring

LSU {+ other university groups) O

Commissioning (LAr Filling/Purification)

under FNAL/PPD O

42



Cold Electronics

43



Outline

LArTPC historical perspective
ArgoNeuT w/warm electronics

R&D on cold electronics
Cold electronics for LArIAT



Bo TPC w/ICARUS style electronics (2005)

Feed through & warm 96 channels in the ADF?2 - 32 ch.

preamp card w/dual-jFET RF-shield box Digitizer/FPGA

it

Signal feed-thru carries Bias-V
Vi2s =-350V, zero-V , +400 V

Also, trigger counters & DAQ provided by MSU

7/19/13 LATIAT Cold Electronics, C. Bromberg 3



EVENT #5

Most triggers
look like this:

3 wire
Tonization I
muon Tdnﬂ 55

~.1 ] t|em

- ~~

- ~

~—Cathode ~

+«<25cm ~*

7/19/13

Systen Chane. (scaled 1:20)

ﬁ.

Systom Channel (scaled 1:20)

[

Systom Chanvel (scalod 1:20)

LArIAT Cold Electronics, C. Bromberg

Tracks !

LArTPC Run #073 Event #005 Tine Tue-D5-Aug-2008-13:22:52
T T " T

20 %\W

1 P N 1
° %00 1000 1500 2000
Semple Numoer 198 nsec/sample 405 usec total

Drift
>
»
LAFTPC  Run #073 rﬁiﬂ Tine Tue-D5-Aug 20081322082
..... v L B e
[ T A T

WM

e
| ey
| S —

=

g0 gmm%

40—

—
—_—
A7
VA

K

30 | 1
(] 500 1000 1500 2000
Sample Number 108 nsec/sample 405 usec total

Drift R

LArTPC Rum 2073 ELEEIAEE Tine Tue-05-Avg-2008-13:22:52

N PR |
° 300 1000 1900 2000
Senple Nunoer 108 nsec/somple 405 urec total

’A
___L\—

Plane 1

(Induction,

0°)

Plane 2

(Induction,

+60°)

Plane 3

Collection, —60°)



ArgoNeuT ArgoNeuT (2006-2010)

& First LArTPC neutrino data

480 channels of warm preamp
Bias-V distribution moved onto the TPC

Warm preamp ~_-reamp card file  Also ADF2 digitizer/ DAQ

AN l\lll!l " ulunllA

v“’ Uses
3 ' Double shielded box

AddagIdgal
o oy e s o W : 3

= Feed-thru inside box
~ G

:, Forced air cooling
Mm‘“ # Must disassemble to service.
RN ,
Completely disassembled
when removed from NuMI

Aan

i

:
B
"‘
A
|
ok
"
A
L
[ W
A
)
A
A
C R

e e e e e e e e e e

(MSU) Dan Edmunds

7/19/13 LATIAT Cold Electronics, C. Bromberg 5



ArgoNeuT

Remarkable!

80 100 120
Collection Plane Wire

Three papers published - more on the way

140 160 180 200 220 240

7/19/13 LATIAT Cold Electronics, C. Bromberg 6



Put preamps in the LAr (2010-2011)

First cold CMOS preamps! Warm signal receiver with
drivers for long cables and
CMOS 2ch. preamp hybrids supply preamp power

for the Bo-TPC

Dan Edmunds - MSU

7/19/13 LATIAT Cold Electronics, C. Bromberg



Second cold-electronics run (2011)

Noise was so low in run 1, increased gain x 4 to see it.
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2012 selection of LArTPC technology for LBNE !

7/19/13 LATIAT Cold Electronics, C. Bromberg



2011-2013 Liquid Argon Purity Demonstrator
long-Bo TPC

2m LArTPC w/MSU cold preamps
A TR Modified one MSU 16-channel card

{ A o to use a BNL ASIC. Installed on the
Ui i central induction plane

Long-Bo Tracks

Plane A o
] 3D Reconstruction

ffffﬁf'fff.f’f?f‘ﬁ'f‘fff'fj

¥, BNL ASIC L~ L1 /

‘ PlaneB | -7 ===

Mezz.
from
uBoone (R

§ board g e ASIC S/N > 40
\ Plane C -

Dean Shooltz - MSU

LATIAT Cold Electronics, C. Bromberg
7/19/13
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Cold electronics for LArIAT

ArgoNeuT was an R&D project designed over 6 years ago,
superceded by 2 generations of cold electronics with significantly
better S/N.

Cryostat provides hermetic shielding of cold preamps from
external coherent noise. No need for RF shielding box.

Reassembly of old warm preamp shielding box not
anticipated. Extensive testing required, and replacement
parts difficult or impossible to obtain.

Internal cables/connectors must be replaced to remove
water contamination 1ssues.

7/19/13 LArIAT Cold Electronics, C. Bromberg 11



Cold Electronics Components, Tasks, Personnel

* Components
— TPC mounted preamp motherboards (30) and cables to feed-thru
— Preferred use of 30 BNL ASIC chips - Excess MicroBoone production
— Warm receiver/power for preamps and driving long twisted-pair cables
— ADF2 digitizers w/firmware modifications

e MSU Tasks

— Preamp motherboard design — integrated with new TPC wire planes
— Selection of internal cables, connectors, and design of routing
— Component purchasing and QA prior to assembly
— Assembly and testing of premaps, warm receivers, and cables
— Installation of premaps, cables, warm receivers, twisted-pair cables
— Fimware modifications to ADF2 digitizers for improved readout speed
— Warm checkout of system followed by cold commissioning
* Personnel
— Carl Bromberg, PI

— Dan Edmunds, EE (MSU staff member)
— Dean Shooltz (Ph.D) contract engineer
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LARIAT and NSF

LARIAT will create a new cadre of experimenters with deep

experience in LArTPC technology

Augments the NSF investment in MicroBooNE

» Controlled testbeam conditions buttress MicroBooNE findings

Active program collecting and analyzing LArTPC data years

before LBNE. Tip of the spear.

Data and conclusions available to global LArTPC community

« Already an international collaboration

Long history of test beam exposures prior to major experiments.

We know this is the right thing to do.
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Historical note
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Summary

LARIAT is an important component of the LAr R&D program
FNAL review concluded “a very worthwhile investment”

LBNE R&D Needs Evaluation committee:

« “unique” contribution to the “state of the art” acknowledged as

“crucial component”

Wide support in LAr community

Well aligned with MicroBooNE and LBNE
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Summary

DOE/Yale funding permitted modifications to Argoneut
TPC refurb/modifications underway
Trigger, counters and beamline work underway

Strong support from FNAL.:

« $450k M&S / $460k SWF in 2013

Significant additional effort from lab & university scientists.

Largest remaining item: cold electronics
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Beam Studies

8 GeV pi+ beam, 0.35 Tesla bending field, three detector placements
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