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Events / bin / 3.0x10%' POT (34 kt LArTPC)

Motivation and Method

LArTPC in the Fermilab Test Beam Facility

LArIAT

StUdy Charged partlcles In the 32 GeV =n* on Target, +100 A Magnet Current
energy range relevant for uB, o F l | . | . | =
SBND, ICARUS, and DUNE : —
T 1E W =
x10° DUNE i_i ; 5: E
— FTBl: McCenter Particle Momenta “’\:’- i —F= Normalized Data ]
14— | 16w énergy tune _; :
— ’_l_'_\_’ ——— e (beam) =107 E
— —— e (oscC.) B ]
B | E — s(osc) L 7
10— -
B L - 7;; 10'25—
8- L - z 0 1000 1500
= H Reconstructed Momentum (MeV/c)
: /
4 FTBF MCenter
= high energy tune
2 1 g gy
:=, i P N L T r———
8.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
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True Momentum [GeV/c]
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LArIAT Goals

Program for comprehensive characterization of LArTPC performance in
the range of energies relevant to upcoming neutrino experiments.

O Physics goals

Hadron-Ar interaction cross sections (m,K)
Study of nuclear effects

Geant4 validation

Develop criteria for determining particle
charge based on topology (decay vs.
capture), without magnetic field

O Electron/photon shower ID

O R&D goals
O lonization and light production properties

O Establish relationship between energy §
deposited to charge and light collected, g
for stopping tracks of known energy /

O Optimization of particle ID methods
O 2D & 3D event reconstruction

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 3



Pion-Argon Cross Sections

D. Ashery et al.
Phys. Rev. C23, 2173 (1981)

*E i + Predictions for 4°Ar come
: // | from interpolation between
2t %, 1 heavier/lighter nuclei
0’ // - E
o I » :
™ /’/ 1 LArlIAT measurements:
2t / scx ‘ Total interaction cross section
/ - | Exclusive interaction channels

i // Absorption
°F ¥ : Charge exchange
2} 40pAr ) Inelastic & elastic scattering
00 200
A

FIG, 9. Decomposition of the total r*-nucleus cross
section at 165 MeV. The lines are least squares fits to
power laws,

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 4



Charged Pions in LAr

AIP Conf.Proc. 1405 (2011) 223-228

O In the intermediate energy = KAV 14053973 [mucl-ex]
range (~100-500 MeV), pion E 4o ¢ T Reactie (Timed S
interactions are dominated ° : st
by A resonance \ Single CX

n Production

O Four main components to o X :
pion-nucleus interactions: R T

O Elastic Scattering: nucleus
remains in ground state

O Inelastic Scattering: nucleus
excited/nucleon knock-out T T Oxn o
800 1000 1200 1400 1600

O Absorption: no pion in the x* Initial Momentum (MeV/c)
final state . NEUT pion final state interaction
O Charge exchange: n* — x model, tuned to data from pion

: scattering on various nuclei.
O Above 500 MeV, pion J
production

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 5



LArlIAT simulations

Pion production

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 6



Nuclear Effects & Final State Interactions

O Tune hadron-nucleus

LArAT Data | | interaction models in

Geant4 and neutrino

generators

S SN DR | O Study reconstruction
B systematics and

calorimetry

Candidate n*— =° charge exchange

Important for oscillation

LArlAT Data -
experiments:

Study and constrain features of
backgrounds to v oscillation

Candidate n* absorption with ejected protons Cross section systematics begin

to dominate for precision
oscillation measurements

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 7



500

500

Kaon ID and reconstruction

J160

LArIAT Data Induction

K- — m n° candidate

/_J
-

40

32

IIIIIlIIIIlIIIII—O

Y,

Collection

LArlAT MC Simulation

AM=r A 7 4

O K*reconstruction

O Study recombination
O Kaon-argon interaction cross section measurement
O Understand kaon/pion and kaon/proton discrimination

Important for baryon-number-violation searches: Relevant to proton
decay searches in DUNE
June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 8



Muon Sign Determination (w/o magnetic field)

LArIAT Data LArIAT Data

M — e’ decay
candidate

- capture candidate

O Explore a LArTPC feature never before (systematically) studied
O Decay vs. capture in LAr
O u only decay, with e* emission of known energy spectrum
O u capture on nuclei followed by y/n emission (76%) or decay (24%)
O Capture rate higher in Ar than in lighter elements

O Statistical analysis of fully-contained muons, via timing & pattern
recognition

Important for oscillation experiments: Constrain capability to charge-ID
primary lepton in v, CC interactions of particular interest for CP violation w/

DUNE

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab



Electron/Gamma Discrimination

LArIAT data

Photon-initiated shower candidate

Electron-initiated shower candidate

O First few cm of show used to separate electron-initiated showers from
photon-initiated showers (single vs. double ionization)

O Direct experimental measurement of the (MC-estimated) separation
efficiencies and purities

O Enable development of reliable separation criteria/algorithms in the
LArSoft offline reconstruction code

Important for oscillation experiments: support measurement of the low-
energy e-like excess from MiniBooNE (primary goal of MicroBooNE), and for
DUNE separation of v, CC signal from NC =° background

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 10



THE EXPERIMENT



Primary beam
Protons: 120 GeV
Secondary beams available at FTBF
o | Pion Mode: 8-66 GeV beam
=+ | LowEnergy Pion Mode: 1-32 GeV beam
Do Muon Mode: Same energy range as above
| &= == Tertiary beam @ MCenter

Tunable: ~200 MeV —1.5G

3 777" Unacand
Tost Ared _ - Booster

. NS -
e MOon -
~ —Mjhgs ~ ~OVA - Cl‘mw,\\\‘i’.;'b \; -

il * o - -
To Minno dots b
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MCenter Tertiary Beam

Multi-wire
-l- TS Cu target proportional Cosmic Tagger
chambers
(8-66 GeV) _J Muon
o (MWPCs) I Halo veto I Range
| )
| ]

-
--____-.

--_____-

Dipole
Magnets Aerogel
j Cerenkov
Counters
\/I Time of Flight |\ P””CC;T:)O”gh
(TOF)
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MCenter Tertiary Beam

/ [ 3 ~ .
| | g—— k- t P-4 d:'*“.,__ -

bl
]
]
]
]
]
]

i l " NB: Beam direction reversed from prei/i0u> stide
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Tracks/Spill per 20 MeV/c

Beamline Detectors

32 GeV n* on Target, +100 A Magnet Current

i 5 - i
[ | p’
1 — —
- [ | K* ]
B e ]
— —}— Normalized Data -
10" —
10%
0

1000 1500
Reconstructed Momentum (MeV/c)

0 MWPCs + bending
magnet for momentum
reconstruction

Downstream

MWPCs \
Upstream
MWPCs %

1 Excellent agreement
with simulation

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 15



500 — — —— v I

‘ Preliminary 1
i / |..l/ e | q
400 ' -
E A, = 457.94 entries/ns )
F, = 27.40 ns ]
o, = 0.96 ns .
=z 300 A o, = 439.65 entries -
0 i
= A, = 39.18 entries/ns §
E L T.. = 41.20 ns 7
w 200 @, = 5.65 ns ]

Ay, = 221.35 entries

100}

1 TOF vs. reconstructed —
momentum

Beamline Detectors

At between DSTOF and USTOF V1751 hits

June 28, 2016

Run: 4294; Total number of spills: 25

Ao fAo, = 1.99

80

At [ns)

100

<— 1 Time of flight (TOF) for

Time of flight [ns]

separation of w/u/e’s
from heavier species

« 2:1 ratio of w:p

90

LArIAT
80 - . ' Preliminary 35

Events per 1.0 ns x 10.0 MeV /e

20
200 400 600 800 1000 1200 1400 1600 0

Reconstructed z-momentum [MeV /c]
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Beamline Detectors

Aerogel Cherenkov
counters for further PID

7 VS. M discrimination

Effective for TPC-contained
/i range: 230-400 MeV/c

FET I n=1.11 n=1.057
. ‘-. Aerogel Aerogel
Neroghl 4| |
BN L 200-300 {E}n .
PMT T3 PMT MeV/c
300-400 %} {E}n
MeV/c
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Beamline Detectors

o

going pions from muons

Not in use in analyses yet,
but coming soon. { gt -

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 18



LArIAT TPC

7] O The time projection chamber
0 Repurposed from ArgoNeuT

0 New wireplanes & cold readout
electronics

225 vertical wires

+/-60°, 4mm pitch
1 Drift field ~500 V/cm (nominal)

0 Currently doing drift field scan at
request of MicroBooNE for PID
studies.

»
>

) o <

-
-

0 2 readout planes: 240 wires each,

0 1 (non-instrumented) shield plane:

v/

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 19



Cold Electronics

* LArlIAT uses the MicroBooNE preamplifying ASIC
on a similar custom-designed motherboard
 Signal-to-Noise (MIP pulse height compared with pedestal RMS)

— Run-I: ~50:1 (ArgoNeuT warm electronics value 15:1)
— Run-ll: ~70:1

W
o
S

D

80

60

40

20

0
6 200 400 600 800 1000 1200 1400 1600 1800 20‘0_0 2200 2400 2600 2800 3000
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LArIAT Data-Taking Periods
* LArIAT Run-I (Apr. 30 — Jul. 4, 2015)

— 9 weeks beam data (~3 weeks LE + ~5 weeks HE tune)
» 28k negative polarity spills + 31k positive polarity spills

» ~10-20 events/spill including cosmics & other non-beam
triggers

— mix of w/u/K/p/e in beam triggers
— Collected ~5000 clean © (conservatively), ~100 kaons

* LArlAT Run-ll (Feb. 18 — Aug. 1, 2016)

— Expect 21 weeks beam data

« So far, 51k negative polarity + 56k positive polarity spills
— Beam tune chosen to increase kaon fraction
— Estimate 21000 K+* collected in this run + many =, p, etc.



Purity Measurement with Muons

Cosmic tagger paddie Cosmic tagger paddles for
"""""" triggering on diagonal cosmic-ray
muons (cathode < anode)

= April 30, 2015 - First cosmic-
triggered track within minutes
of turning on TPC

__________

Cosmic tagger paddle

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 22



Purity Measurement with Muons

Electronegative contaminants in the liquid argon (e.g., O, and H,O)
guench the charge produced by interacting particles

« Amount of charge per unit length
(dQ/dx) collected at wire planes
depends on distance it drifted

« For a given charge deposited in the
LAr, the amount of charge collected
at the wire planes exhibits
exponential decay trend as a
function of drift time (“electron

I|fet|me”) Drift Time (usT
— Charge deposited near the wire
planes will be collected with little or
no quenching due to contaminants

— Charge deposited near the cathode = 9Qdx0-33us  dQidx 66-99us  dQ/dx 132-165us
will be maximally quenched as it
drifts over to the wire planes

A 20

Wire

Crossing u /

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 23




Purity Measurement with Muons

197<Drift Time<229 us _ [ % /nat 3.066 /8
| X’/ ndl 236.7 /44 K Prob 0.9301
sonip Prob 3.245¢ 28 8403 Constant 6.744 + 0.007353
Norm2G 1 0440405 I‘I 0240+04 as Slooc 0.000629 + 4.081e-05
) Wtth 21 65 4+ 1 @89
1200 Supv 7393 3% 2t
- Area 8710405 1 6.6270+03 -
1000 / | GSigma 1685224
L)
E C \

dQ/dx (ADC/em)

"y

400 '
70
200} . = o e
- - S T T VT VT — - Lo oo Lo o b oo L oo oo Lo ol
0 s ety 1 J 0 50 100 150 200 250 300 as0
D

0 500 1000 15090 dgg@gi_cﬂgsoo 3000 3500 4000

g 3 8 8 g8 &
RGES RILA |

Each bin in right histogram comes from result
of a fit like that on left

« Exponential fit to right plot gives electron
lifetime
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Run-| Electron Lifetime via Cosmic Muons

Electron Lifetime

& 3000
E [
- B
E B
g 2500 R PR FE U RTREREREEE, FURURURVRERLOEPERURERERTRREE  SRTRURVOREEEREERURERERRLREERY, RERTVOROEEEEERURTOVERTOEEL SREURURETRLRERERURERVLRTELEEL IRERVOUOULEREEREREOVOROEN RESER
- -

- O, concentration

o 0.16 ppb
1000_—

500 1 1 1 1 l 1 1 . 1 i l. I 1 1 1 l. I ‘l . 1 . 1 . 1 l . 1 ‘“l ) 1 ) l. | l“ l“ l. 1
05/07/2015  05/17/2015  05/26/2015  06/05/2015 06/14/2015  06/24/2015  07/04/2015
16:38 05:53 19:07 08:22 21:36 10:51 00:06
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Light Collection System

Hamamatsu PMT R-11065 (3” diameter)

ETL PMT D757KFL (2” diameter)

SenslL MicroFB-60035 SiPM w/preamp
Hmm. S11828-3344M 4x4 SiPM array (Run )
Hmm. VUV-sensitive SiPM (Run Ila)

>N~

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 26



Light Collection System

Standard LArTPC approach Reflector-based solution
(e.g., ICARUS, MicroBooNE) (LArIAT)

TPB-coated plate

- /
TPB N\ 7

reflector
wall

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 27



Visibility Map (Simulation)

> 2x light and more
uniform response
compared to a scenario
w/ no reflector foil and
TPB-coating on both
PMTs

June 28, 2016

X [m]

Fractional photon visibility for LArlAT Run |
vs. a traditional setup

Run |

.-q'1r-----§

 LAdAT
Toy photon MC

gufﬂwmmww

0.1

0
—0.2 :
E _ LArIAT
> Toy photon MC
0.1
0
-0.1
0401 02 03 04 05 06 07 08 090
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Michel electron trlgger

U+ (at rest) > e + v, + v,

Useful for...
—Energy calibration
—PID of stopping ut"

—Training ground for e*~ shower
reco, dE/dx measurements, etc

Time tick (128 ns/pixel)

T
Wire Number

T(LARSCINT logic)

w2 | Deemert | T | | |
1 ecay e Real-time triggering

on Michel e’s from
Michel trigger g stopping cosmic |’s
using light signals

Comodence gate e R i

VM IV ey =1 T IMLTES Y YN I 1 W 1 Al ' oAy 29



Muon decay time

Stopping p*"- can decay to
electron with T, = 2.2ls

Muon decay time spectrum in LAr

... but p-can also be captured
by Ar nucleus with competing
time constant T,

LArIAT Preliminary

Counts / 50ns

—_
o
w

1 o\

650 + 52 ns\ !

(from fit result,

preliminary) 918 + 109 ns i

Early results agree w/ recent
measurement’ and theory i

Entries 68421
¥ I ndf 107.5/134
Prob 0.9554
Constant BG 77.87 £3.23
C.. 1345+ 32.2
- 953.1+£48.8
u* lifetime [ns] (fixed) 2197 +0.0
W lifetime [ns] 650.2+51.8
Data
—— Overall fit
------ Background
-t (free)

0
—llllllll.‘;lllllllllllllllllllllll;.‘Lllll

------ W (muonic Ar)

prediction? (851ns)

1(Klinskih et al., 2008)
2(Suzuki & Measday, 1987)
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Next Steps with Light Collection System

 Michel energy Spectra from ~ Data-driven energy calibration
— Scintillation light (from PMTs) ;‘;:r;f;gr detector
— Charge (from TPC wires) > Improvéd 3D p*- track and

. . e+~ shower reconstruction
o Charge t “ght combined <> Accurate photon visibility map

~ from full-scale MC

* Light/charge-based selection Non-magnetic sign
of stopping M from beam > determination of u+-

o : dE/dx, low-energy shower
Other studies enabled by reconstruction, scintillation-yield

abundant sample of low-E e*" as function of E-field, etc...



TPC “Thin-Slice” Cross Section Measurement

« Survival probability of a pion traveling through a thin slab
of argon is given by:

P _ e—onz

survival ~—

* Interaction probability is 1-P,,. .

« Measure interaction probability directly as ratio of
number of interacting pions to number of incident pions:

N interacting P _ 1 _e

N interaction

—-0nzg

incident



“Thin-Slice”

Fxed E . pion incident

lknetic energy Nscattered

(Interacting particles)

It

Thin Target

LAr Thin Slice (set by the wire pitch)

N
£
2
o\
&

- O

Beam Direction

Cross Section

})interaction = 1 - (1 - Gnéz +.. )
1 1 N interactin
o~ — 8
O(E ) -~ Pinteraction - N
ng ng incident

We can treat TPC wire-to-wire spacing as
a series of “thin slab” targets, as long as
we know the energy of the pion as it is
incident on each target.
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Total m-Ar Cross Section

o,=0,...+0, +0, +0 +0

elastic inelastic chgx absorption 7T—prod

Pion - Elastic Scattering Candidate
Pion - Absorption (»3p) Candidate
LArIAT data

Pion - Inelastic Scattering Candidate
LArIAT data

LArIAT data

Pion - Charge Exchange Candidate s LArIAT data
LArIAT data Pion Production Candidate
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Total m-Ar Cross Section

« Some backgrounds still included in this
preliminary analysis. Work is underway to
remove them

Pion Decay Candidate Pion Capture Candidate

LArIAT data LArIAT data

Pion Decay in Flight Topology

LArlAT data

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab



Event Selection

Event Sample

Number of Events

7~ Data Candidate Sample 32.064
m/p/e 1D 15,448
Requiring an upstream TPC Track within z < 2cm 14,330
< 4 tracks in the first z < 14cm 9.281
Wire Chamber / TPC Track Matching 2.864
Shower Rejection Filter 2.290
e G et m e v 7 K~ P
iti t
SEm LOmpoSTIonBERE S 17484 1 40.9 [ 85 [ 2.2 [ 0.035 | 0.007
0y C [ 9 K~
Selection Efficiency | 74.5% | 3.6% | 90.0% | 0.9% | 70.6 %

June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab
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Pion Analysis
« We have a wire chamber track (with an initial kinetic
energy) matched to a TPC track, we follow that TPC track
In slices

- The slice represents the distance between each 3D point in the track

- For each slice we ask: “Is this the end of the track?”

« NO: Calculate the kinetic energy at this point and put that in our “non-
interacting” histogram
Interacting

nSpts
=KE,— ), dE/dX X Pitch,

i=0

KE

Interaction

Kinetic Energy (MeV)

Incident

Kinetic Energy (MeV)
June 28, 2016 ProtoDUNE Workshop | J.L. Raaf | Fermilab 37




Pion Analysis
 We have a wire chamber track (with an initial kinetic
energy) matched to a TPC track, we follow that TPC track
In slices

- The slice represents the distance between each 3D point in the track

- For each slice we ask: “Is this the end of the track?”

« NO: Calculate the kinetic energy at this point and put that in our “non-
interacting” histogram
Interacting

nSpts

KE 1ioraciion = KE;— Y, dE dX ;X Pitch,
i=0

Kinetic Energy (MeV)

Incident

Kinetic Energy (MeV)
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Pion Analysis

 Now that we have a wire chamber track (with an initial
kinetic energy measured from the wire chambers)
matched to a TPC track, we follow that TPC track in slices

- Yes: Calculate the kinetic energy at this point and put that in our
“Interacting” histogram

* This is kinetic energy in put in both the interacting and incident histograms

Interacting

nSpts
=KE,— Y dE/dX X Pitch,

i=0

KE

Interaction

Kinetic Energy (MeV)

Incident

Kinetic Energy (MeV)
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Pion Analysis

 We repeat this process event-by-

LB B TTT T T T TTT

event until we have gone through u+,“..,

- 220 'I":I""l‘ __:
our entire sample - il £
. 180 —— Run-1 Data E

Interacting . 3

£ o -

8 120 =

£ 100 3

- -

i e E

I i E

Kinetic Energy (MeV) 2 E

Ll At Sl ot
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Reconstructed Kinatic Energy (MeV)

Incident

LAMAT Preliminary
R B B BLELELE BN B LR BLELEL BB R
: Wi = MC .
25000:— —e— Run-1 Data ;
~ e 2 .
- Kinetic Energy (MeV) R 15000/ E
L E
We ignore other tracks in the event not oot E
matched to the Wire Chamber Track i .

0 UL J
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Reconstructed Kinatic Energy (MeV)
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Total Pion Cross Section in Argon

LArIAT Preliminary

- MC syst + stat

MC stat only

+ Run-1 data, stat

t

|llllIllllllllllllllllllllllll

|

[N T TR NN TN TR S NN SR SR SUN NN A SN S NN A S

5 SO
E -
g —
= S
o ~
o I
§ 25/~
G -
& —
)] 21—
@ —
o —
(& -
' 15%——
s Hafm
O —
R e T
0.5
0—1 [ |
0 200

Systematics considered
dE/dx calibration: 5%

|
400 600 800 10 1200
Reconstructed Kinetic Energy (MeV)

Energy loss prior to entering TPC: 3.5%
Through-going muon contamination: 3%
Wire chamber momentum uncertainty: 3%

June 28, 2016
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Kaons

* Analysis of K-Ar interaction cross section
currently underway

» Starting from positive polarity Run-Il data

— Select on MWPC tracks matched with TPC
track + TOF cut + mass cut

— Remaining sample contains both decaying
and interacting kaons, some proton
contamination

— Estimate =1000 K+

« (Expect we have similar number of K-, but analysis
not yet started)



Cleaning up the Kaon Sample

Remove stopping particles (K+ decays and stopping protons)
— “PIDA” module developed by ArgoNeuT (arXiV:1306.1712)

Uses expected power-law dependence of dE/dx for stopping particles as
described by the Bethe-Bloch equation. Can be approximated using:

(dE/dx)py, = AR®

where R is residual range, and A and b are parameterization variables.

Setting b = -0.42, the module finds A by taking the average of all

spacepoints in the track using:
This number A is unique for a stopped particle:

Error from fixed b is negligible compared to
ionization fluctuations.

Particle A b
MeV/cm!~®
pion 8 -0.37
kaon 14 -041
proton 17 -0.42
deuteron 25 -0.43




PIDA in LArIAT

Potential to tag stopping K+, Potential to remove proton contamination
eliminating most decays since most protons stop in LAr.
100[— —— All Events - —— Kaons -
B J —— Decay 0sf —— Protons
80— ‘L — Throughgoing ~ Normalized to show shape differences
L Inelastic Scatter 0.05
B Elastic Scatter . F
60— Other 0.2—
- 0.155— B
40— -
- 0.1
20— E
- 0.05[—
% T s R N T 5 R N 25
PIDA (MeVicm*1.42) PIDA (MeV/cm"1.42)
Particle A b
MeV/cm!
pion 8 -0.37
kaon 14 -0.41
proton 17 -0.42
deuteron 25 -0.43
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First Look at K+ Data (Work In Progress)

s0p- LArIATRIan-II EYQ:a PIDA <15
E First peak should represent tracks that did not
o stop (interacted or exited TPC)

1 11 1111 L1 11 111 - 11 L L
0 5 10 15 20 25 30 35 40 45 50
PIDA (MeV/cm*1.42)

PIDA: 11.5 PIDA: 12.7

LArlAT data LArIAT data




First Look at K+ Data (Work In Progress)

o LArAT Run-il Data 15 < PIDA < 21

A3 These should be kaons that stopped in the TPC,
ok depositing all of their energy on the way

of- and fitting perfectly to the parameterized

E o Bethe-Bloch equation

1 11 1111 L1 11 111 - 11 L L
0 5 10 15 20 25 30 35 40 45 50
PIDA (MeV/cm*1.42)

PIDA: 16.2 PIDA: 16.2
LArlAT data LArIAT data

—

\:I_;i:




First Look at K+ Data (Work In Progress)

50— PIDA1

L Entries 1239

Mean 14.28

L RMS 6.769
“F LArIAT Run-1l Data PIDA > 21

3 These values are unlikely for kaons
20 and represent contamination from protons
o that enter and stop inside the TPC

0: Mool oyl olbn

1 11 1111 L1 11 111 - 11 L L
0 5 10 15 20 25 30 35 40 45 50
PIDA (MeV/cm*1.42)

PIDA: 23.8 PIDA: 25.0
LArlAT data LArIAT data




What’s Next

- Analyses in progress/starting:
— Exclusive pion-Ar cross section channels
— Kaon-Ar cross section
— Michel e analysis with light + charge
— Charge-sign ID
— Electron/gamma separation
— Particle ID and reconstruction studies
« LArIAT Current Data-taking
— E-field scan <500 V/cm for PID studies
 LArIAT Future

— Short-run R&D tests

« Various light-collection ideas
« 3mm vs. 5mm wire plane spacing



LArlAT Collaboration
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Motivation: Needs of Neutrino Experiments

Typical neutrino event

Outgoing lepton:
Flavor: CC vs. NC, u*vs. u, e vs. y
Energy: measure

Incoming neutrino:
Flavor unknown
Energy unknown

Mesons:
FSI!
Energy? ldentity?

Target nucleus:
Nucleon “sandbags” at Q2
N-N correlations

Outgoing nucleons:
Visible?
Energy?
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Run-1 Summary

Secondary Tertiary Number of
beam energy beam spills
- Total: 9 weeks beam data + 1 magnet recorded
week special runs setting
— Data from first 3 weeks not
entirely good physics quality, ~ *°©¢V +100A 7950
mostly beam tuning 16 GeV -100A 10843
spills with good 2"9ay beam
recorded to tape 32 GeV -60A 91
— ~20 events/spill, of which 32 GeV -100A 2252
~25% are “good” events
(WithOUt p”eup) 32 GeV +100A 3287
—> average ~5 good events/spill 64 GeV +100A 1315
with a mix of particle types 64 GeV ~100A 5205
64 GeV -40A 3149
64 GeV -20A 497
64 GeV +40A 2189




Light Collection System

SensL MicroFB-60035
SiPM channel w/preamp

ETL PMT
D757KFL
(2” radius)

2 Hamamatsu S11828-3344M
4x4 SiPM arrays, w/preamp

Hamamatsu PMT
R-11065 (3” radius)
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Light Collection System

Reflector-based solution

(LAFIAT)

Experimented with a TPB-coated

PMT as well during Run |l

UV lamp (just prior to Run 2)
TPB S

reflector

wall
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Visibility Map (Simulation)

Fractional photon visibility for LArlAT Run |
vs. a traditional setup

Run llb Run |
= [ ) [ H ) :
£ ; LAFIAT  LAnAT
X Toy photon MC : Toy photon MC
0.4 LY 2 15.1 pe/MeV CULYE 1401 peiMeV
0.3
0.2
0.1

—0. : -
g- LArIAT LArIAT
> Toy photon MC Toy photon MC
0.1
0
-0.1
-0.2

0 01 02 03 04

0.5

0.6

07 08 09
Z[m]

Z[m]

June 28, 2016

b 01 02 03 04 05 08 07 08 090

No foils, TPB-coated PMTs

~ LAWAT
: Toy photon MC
B =6.2pe/MeV

 LAdAT
To;y photop MC

o
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Calibration with Michel electrons

~ LArIAT data

 Light-based trigger
— Source of stopping muons
and low energy electrons

« Energy calibration source for
TPC and photodetectors

 Measurement of U nuclear
capture probability in LAr

* Muon sign determination
studies
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Supercycle

t=0 0.27 5.65 end of SS

T mm \

| | Beam Spill

* readout devices for the
last time

* close file

* open new file

V1495 reset
WUT EOS (reset)
Digitizers reset

Crate
controller
readout
register
set

Spill supercycle = 4s beam + 26s cosmics & light-based Michel triggers

* ~5-20 beam triggers per supercycle (depending on beam intensity)
* ~0-2 cosmic muon paddle triggers per supercycle

* ~20 Michel events per supercycle
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Background Contamination

500 - B rPion MC sample
700 E— - Pion MC - only Pi Decay
E == Pion MC - only Pi Capture
600—
500F- Interacting
E (Numerator)

i R
400 600 800 1000 1200 1400

Reconstructed Kinetic Energy (MeV)

 Interacting sample contains ~9% capture and 2% decay
« 34% crossing particles (pi/mu) and 66% interacting

« ~10% muon contamination uniformly distributed (not
shown here)
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Energy Corrections

\ Halo veto

: || Time of Flight
(TOF)

Muon
Range
Stack

Events / MeV

KEi:\/p2+mi_mn_§_EFlat E-\

: T I T T T T I T T T I T T T I T T T I T T ﬂ
4000~ x2 / ndf 319.3/17
Constant 3962 +22.3 ,g
3500 Mean 43.1+0.1 7]
3000 Sigma 763510068 -
2500F— Gaussian Fit from ]
= 35 - 55 MeV -
2000— —
1500— _E
1000 f— —E
500[
0 TR L TN T T N S B 1 PRSI R
0 20 40 60 80 100 120

Energy Loss Prior to Entering the TPC (MeV)

« Adding up all the energy which a pion loses In
the region before it enters the TPC (TOF, Halo,

Cryostat, Argon) gives us the “energy loss” by
the pion in the upstream region 63



