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Outline

A Brief survey of recombination theory
A LAr §ideal liquid vs real liquid

A Application of Birks and Box model equations
o Introduce a modification to the Box model

A Recombination simulation
o Focus on angular dependence

A ArgoNeuT LAr TPC in the NuMI neutrino beam

o track and calorimetric reconstruction

A A novel(?) stopping particle ID scheme for selecting
protons and deuterons

A Angular dependence 8 protons
A Extend to higher stopping power - deuterons
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Columnar

Angular Dependence
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9. Zur Theorie der Ionisation in Kolonnen;
von George Jajffeé.

Leipzig, im Mai 1913.
_ [Eingegangeh 30. Mai 1913.)
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This analysis

Assumptions
Recombination ~ charge density

No Coulomb interactions

s(z')

lon mobility = electron mobility

e “ds
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Electrons & ions have the same

Gaussian distribution
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Liquid'Argon
A Special' Medium

A High electron mobility Box Model
A Electron MFP = 20 nm Ignore electron diffusion and
A Onsager radius = 130 ion mobility in LAr
nm (ECoqumb - Ethermal) |
A No vibration levels HBox = Ef’ﬂ(ﬂf+§)-

available A ~1 nsec

2 i g
thermalization time § = kpoxNo/4a"p&  E=Efield
A Electrons in Coulomb Thomas &mel, PhysRev A 36 (1987) 614
field or strong external
field, £ are notin a =1 in the canonical model.
thermal equilibrium A We allow it to vary in the

diffusion equations recombination fits

not fully applicable We setx = b (dE/dx) and fit b in the

recombination fits
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Liquid'Argon

As a Real Detector Medium

Measurement Birks form Measurement

, Apg

HICARUS = Theory RA OasEA O
| +kp- (dE/dx)/& Heavy ions: R=0.003

Ap = 0.800 %+ 0.003 1 Electrons:R=0.35

Doke et al Chem. Physett 115 (1985) 3434

kp = 0.0486 & 0.0006 kV/cm (g/cr112fMeV)
Amorusq et al NIM A 523 (2004) 275 d-rayS ©

Impurities

lons can attach to water molecules,
screening the Coulomb field. ©
Debye length | ;= distance at which
screened potential E =E; 4

| 5= 4001 600 nm in ArgoNeut data
Not negligible?
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Applicationof Birks and Box
forms to reconstruction

Inverse Birks equation is dQ/dx

lE /dx =
<0 at largedQ/dx m=p JE/dx Ag/Wion —kp-(dQ/dx) /&
Inverse Box equation is
well behaved ’ =) JE/dx = (exp(BWion- (dQ/dx)) — )/

0.80

But Box model fails to 0.70
match data at low dE/dx 0.60
Solution: Leta <1 & D:m
?, OEDPI Bl Ew! OR w,
alalICARUS A;=0.8 |

0.20

0.10

Example with a =0.93 .
b=0.32 0.00

dEfdx (MeV/cm)
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Recombination Simulation

E field

‘U'

Initial conditions:
r,=0.5nmJE_,=5eV

After thermalization:
<r,>~ 2500hm, <E, >~ 0.01eV

Simulation includes motion due to

(periodic) Coulomb field, external E

field and atomic collisions, escape
and recombination criteria

e ANT 2013 Baller JaskolskiWojcik J. Phys.

Stopping proton: dE/dx =
24 MeV/icm A r, =10 nm

MIP: dE/dx = 1.7MeV/cm
A r,=50nm

’.’!___.___.;.!—-l.'_“‘ &

—+— =018

Simwith d-rays _, .-,
ICARUS @ ® exp

| L 1 i 1 L ]

i i 1 i 1
20 40 60 80 100 120

Chem. A 115 (2011) 4317, nm




Recombination Simulation
Angular Dependence

Modify simulation to allow non -
perpendicular £ field

Simulation runs for r, = 10, 20, f"é:’o_%:_
30, 40, 50 nm and = 40, 50, g I
60°, 8C° -
0.9_—
Ratios of escape probability, R. -
vs dE/dx A oL |
Simulation (data points) 08 Koo | A3
R carus With EA Esin f (curves) :
0.751
Significant angular dependence S T T e R
expected from theory and dE/dx (MeVicm)
simulation M. Wojcik
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ArgoNeu T

Collection Induction #2

+60° wires

v beam

500 Liters
175 Liters
480

JFET (293 K)
4 mm (4 mm)

481 Vicm
0.5 m (330 ps)
0.15mm diameter BeCu C. Anderson, 2012 JINST 7 P10019
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Stopping Particle
Stopping Power

Bethe-Bloch egn has power
law dependence with
residual range (R) nearthe
stopping point

(dE/dx)py, = AR

A
Ti'miﬁf — m Rb :

Particle A b
pion 19 | 037
kaon 13.5 | -0.41

proton 17 | -042

Trange(MeV)’ R (Cm)
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Pion Param

Kaon Param

Proton Param

Pion

Kaon

Proton

i
g
N

dE/dx (MeV/cm)

0.1 . 1
Residual Range (cm)

deuteron | 25 | -0.43 \ Note the weak dependence on b
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Select nghly Ionlzmg Particles

l[H] 151]

2000 LCoHecuon N 1) Reconstruct 3D tracks= cluster
S SR e ;-__:-j of 3D space points each with a
e '\""%. A measurement of charge Q
I L T S deposited using the area of a
E l[H][b—_-—'. & -';“_é - [ 0 . . .
= e _ Gaussian fit (collection plane)
AR, T ' 2) Find dQ/dx using angle
S — - %—i = . g g
R S corrected distance between
| A 2 space points
~ £ Induction 3) Correct for electron lifetime
ol 4) Find (dE/dX) .4, USINg Birks or
- e Box equation
& oo [ 5) Sum up to find kinetic energy
- : deposited =T,
00 :—x\\ 6) Find Tr_ange using track Iength.
- N assuming a proton hypothesis
N E— 7) Eliminate lightly ionizing ptcls
by requiring Tz > 0.5T 546
ADC E
R 40 E-
S OB
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Particle Identification
with minimal bias

Algorithm "
=
B _ ) ArgoNeut 30x more protons
Set b = constant = 0.42 b data than expected
_ 042 from NC n
Find A, = (dE/dX) .4, X R*44for interactions A
each space pointi on a track neutrons
Define PIDA = <A, > = average
value for the track
Histogram PIDA and look for
bumps A
Requirements
Protons: 14 < PIDA< 21 058
Deuterons: 25 < PIDA < 33 PIDA (MeV cm ©59
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