BROOKHIUEN Measurement of Longitudinal Electron Diffusion in Liquid Argon
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Abstract Experimental Setup Results: Au Photocathode Quantum Efficiency
*The quantum effeciency (QE) is defined as the number of electrons leaving the photocathode
We report the measurement of longitudinal electron diffusion coefficients in liquid argon for electric| *The Au photocathode is vacuum evaporated on a sapphire substrate, the Au film thickness is 22nm. per number of UV photons irradiating the back surface of the photocathode. It is measured

fields between 100 and 2000 V/cm with a gold photocathode as a bright electron source. The|*266nm UV pulsed laser is guided into the chamber with fiber. for vacuum, GAr and LAr.
measurement principle, apparatus, and data analysis are described. Our results, which are consistent | *The drift stack is built to create uniform electric field. :
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with previous measurements in the region between 100 to 350 V/cm reported by ICARUS, are|°*Electrons are collected by a copper anode fed into a preamp in ambient and readout by a oscilloscope. 310 //./,. e
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systematically higher than the theoretical prediction of Atrazhev-Timoshkin, and represent the world's|*A grid mesh is installed 300 um from the anode to screen the slow rise signal. |+ LAr
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best measurement in the region between 350 to 2000 V/cm. A paper on the results were submitted to
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*LArTPCs are now the preferred technology for many accelerator neutrino and dark matter £ T Au Photocathode e 1?'6”
experiments. At present, two LArTPCs have been constructed and operated for neutrino physics o< T L «— Copper field ring 01 0_1' +LAr, T . /
measurements: the ICARUS and ArgoNeut detector. Meanwhile, two other LArTPCs have been o= . O 2 4 6 8 10 00 1 2 3
constructed for dark matter searches: Darkside and WArP detectors. Recently, the MicroBooNE o 5 £ d . E (kV/cm) VE (kV/cm)
experiment, with a 170 ton LArTPC has begun operation in the US. In the future, a set of LArTPCs will be —f g L Results: Drift Velocity and Mobility in GAr and LAr ]
installed at Sanford Underground Research Facility (SURF) for the Deep Underground Neutrino Z | = % *The mobility is compared to a global fit of world data found in references. ,, — Z — 1B
Experiment (DUNE) to search for CP violation in the lepton sector and to determine the neutrino mass E | . v *Our results agree with the global fit of previous measurements. t
hierarchy. For the near-term neutrino program, a three-LArTPCs configuration will be implemented at - ! Ground —shoeeeeooeeeeen e Grid mesh *The discrepancy on mobility at low field is caused by the field leakage effect, so we only report
i ' i ' ' ino- i ' = 4 — pode the diffusion > 0.1 kV/cm.
FerrTmllab to search for a light sterile neutrino and to precisely measure neutrino-argon interaction cross E_ +300V TA od / £ (KV/em)@ 300K, 1.5bar £ (KV/om)
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LArTPC§ are attractive detectors .or neutrlnc? experlments: As the most.a. undant noble gas (1.3@ Yy Drift Stack schematic of experimental setup S Gas Argon $ 0.3 Liquid Argon wé
weight) in the atmosphere, argon is commercially available in large quantities. The low cost and relative | peasurements Mapped Parameter Space < 0.5 i §i
high density ( 1.4 g/mL at 87 K) make LAr an ideal material for the massive TPCs needed for neutrino- — ) 45 ; . 2: Ié
induced rare processes. *The test chamber is purged and baked (~90C). E 60; . ooeo o o eoe * LAr T 30 H T ,\‘é’gié
- o | . | *The system is pumped down to vacuum first for =7 5 « GAr 0.3 J#t, * _ o8
*Knowing electron diffusion after long drift distance of meters is crucial for understanding track quantum efficiency measurement. § i O 25 p g7 0.1 ng
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resolution. *GAr data is filled at room temperature with 1.5bar (@ 40_” v o ° o0 e L l i 0
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Electron Diffusion in Liquid Argon _ _ 0 - O
. o *LAr is then formed by cooling down the chamber = - ®© o0 o0 0 o o e o e o b e 5mm B ® 50mm
The develgpmgnt of a |.oom.t sogrce.of char.ge at the orlgln.wrch a ; o with liquid nitrogen and dry ice bath at 87K. 5 20; o ) o E \ o 10 I . 75
Cc_msjcant_ﬁeld in the drift direction is described by a Gaussian v /N ; *The anode charge sighals measured at multiple i . o o c o o o = 4\ 15 mm 103k ) v lsomm
distribution drift distances with all achievable HVs until 5 © © o o0 000 00 = 000 2107 S\@\ v 20mm I H, \é’ 0 300 mm
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breakdown for both GAr and LAr. > | h . : w =R St
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. T _ T A | Theraw signalis fitted by a convolution of a Gaussian function containing the information of the electron
longitudinal transverse swarm and a step response function with damping representing the response of the pre-amplifier. I
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The.dn°fu5|o.n of electrons in sjcron.g electric fields is ger.\eral.ly f(t.o.mp.a)=a-e b - (1+Exf D T T B o """4 T ,,,,,|_2 ,
not isotropic. Therefore, longitudinal and transverse diffusion =y -¢ NI 1072 10~ 1 10 10 10 10
require separate measurements. 20 mm Drift Distance in LAr Example Fit: 20 mm, E = 0.1 KV/cm o o E/N (Td) E/N (Td)
< 8 ——— 9 Results: Longitudinal Diffusion in Gar and LAr
B — E =1.40 kV/cm -  E=U el N o . . . . . .
Measurements have been reported previously of longitudinal \_E, - o e E = 0.40 kV/om E - After Sut?trﬂcnhﬁgr;‘het'g‘s’fr;:netr:a| eft:ectls, Oudr.I‘;”g'thd"A‘rJ‘cal df:ﬁu,smn measurement results are
diffusion at electric fields 0.1-0.35 kV/cm and of transverse S 6  E = 1.00 KV/om = = Deem —1.5C >ystematically higher than ’e coretical prediction Ot Alraznev:s.
e - D r —— E=0.10kV/em @190 *We also agree with ICARUS’ previous results.
diffusion at electric fields above 1.5 kV/cm. o F E=080kViem || —— E=0.08 kViem c L e . .
. r 008 ki 5_7)) - *We are limited by systematic uncertainties. e, =eDr/u
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No direct measurement so far for both longitudinal and - \ o 1: 22 e 462413195 Diffusion coefficient at 0.5 kV/cmis 6.0 cm?/s. ‘
transverse diffusion at 0.5 kV/cm which is the operating field - S oot - ) 1Ora £ DAY > | [—— This work (Long)
— — y]- - - T 86.58 + 0.24 D LAr 7
of most LArTPCs. B ———— 0.5_ t 35 563 + 0.001 UJ_I 1 _ — Long. Cal. 3
Drift/Diffusion process - S i 5 0.5360 + 0.0018 o — Tran. Cal
The drift velocity is measured by the time-of-flight and drift distance from the original to the anode 1] I— 0 | baseline -1.725e-02 = 4.609¢-04 - 0 - ';‘_\bRUS
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Raw signal shape for 20mm data Fi ingle tr O
Where d the drift distance, tp is the drift time. Systematic Uncertainties tto asingle trace ..3
*Additional drifting distance between the grid mesh. D
The diffusion is the standard deviation in the time of this charge distribution after the swarm has drifted |+Electronics response time(measured). LLJ
*The tightly focused bundle of trajectories lead to a spreading of the drift times. Bl s work (tong)
*Field leakage through the grid mesh. — == Global Fi -
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The diffusion coefficient is given by Einstein-Smoluchowski relation {1 : .’ | Summary E/N (Td) E field (kV/CmB
D kT I E o ‘ JdWe reported the world’s best measurement on longitudinal diffusion in LAr 0.35 -2 kV/cm.
— e | i | > ‘ ! . . .
e H = | = 0.5 < Postionfum] JA new setup with improved design has been constructed. Improved measurements are
. . L i expected soon.
lity. | | : e . .
where kT the electron temperature, |1 is the mobility Prift Region 5 O Transverse diffusion will also be measured with the new setup.
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