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M.I.P. looses 2.1 MeV/cm
lonization

- Electron-ion pairs

- Mostly exited molecules a)
- Excitation Hectron
- Light — see talk Ben Jones
. lon
- Ratio is given by Photon
Platzman equation* ¥\ ParticleTrack
L Impurity
Ner
Wi=E;+ N Eex + Ege M. Luthi, master thesis LHEP Bern
i Ar+P — e + Art 4+ P Ionization
N,../N; =0.26 e +Ar — e + Art + e Successive ionization
W; = 23.452eV Art + Ar — Ar," Formation of excimer molecules
- Measured**  23.6*03eV Ar+P — Ar +P Excitation
*% . .
pe . FWHM 235W~/_ 235‘/_325% M.._’A“” Deexcltation
Statistical = —p ™ = - Ar —= Ar Non—radiative relaxation

*The International Journal of Applied Radiation and Isotopes, 10(2{3):116{127, 1961; **Phys. Rev. A,9:1438{1443, Mar 1974;
***Nuclearlnstruments and Methods, 134(2):353 { 357, 1976
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- Electron drift speed depends on on

applied drift field E and Temperature
g = u(E4,T) - By

Image: ATL-LARG-99-008, CERN, Geneva, Jul 1999
Phys. Rev., 166:871-878, Feb 1968
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Converting the charge to a signal

induction plane

- Initial charge cloud
disperse:
Diffusion®

LT = v/ 2tDL,T

- Charge loss due to

impurities™™
N(t) = Noe—tl‘Tc M. Lithi, master thesis LHEP Bern
300

First we need to control;

Te[ps] = .
Posequi [PPY] drift field E, purity and temperature T

- Signal on wires

- Induction
. *Journal of Instrumentation, 8(04), 2013.
¢ COI IeCt|0n **Noble Gas Detectors. Wiley, 2006
**Nuclear Instruments and Methods, A275(2):364{372, 1989

Only after this electronic readout gets involved



- Specification:
- Oxygen, water < 100ppt
- Nitrogen level <2ppm
- Temperature AT<0.1K
- Insulation <15W/m?2

- 3 purity monitors for LAr
- 2 near the TPC volume
- 1 after the filters

- 1 volume exchange per day

- Gas Purge before fill to remove
impurities with 1vol. exch. per 4h

- Temperature probes: 1
- GIC THERMODYNAMIC
- RTD, Platinum 100 <,
- 0.00385 Q/K
- AT<0.1%

VlicroBooNE Document 2744, 2832, 2932
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Purity — Gas analyzer

Servomex DF-310E (O2 sensor).
- Range: 0 - 500 ppm.

- Accuracy: greater of +-0.02% range or +-3%
reading.

Servomex DF-560E (O2 sensor).
- Range: 0 - 20 ppm.
- Lowest Detection Level: 75 ppt.

Tlger Optics Halo+ (H20 sensor)
- Range: 0 - 20 ppm.
- Lowest Detection Level: 2 ppb.
- Sensitivity: +-1 ppb.
- Accuracy: greater of 4% reading or +-1 ppb.

LDetek LD8000 (N2 analyzer)
- 0—-10 ppm, resolution to .1 ppm
- Accuracy: better than +-1% full scale.

Actual physics data will allow to measure
purity too much better accuracy, but “blind” to
source of impurity

MicroBooNE Document 255, 869, 1565,2202, 2250, 2471
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Temperature

- Extended ANSYS simulation for technical design review
- Temperature stable <0.1K,

- Heaters on vessel to ensure uniformity

- Spread in drift speed from 0.04-0.002%

Velocity
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MicroBooNE technical design review
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x — Readout x — Readout
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Field inhomogeneity's
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» Track distortion in a controlled way
demonstrates the effect of ‘bend’

M. Lathi, master thesis LHEP Bern
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Electric Field — High voltage divider

Slim-Mox Ohmite 104E 1%

1085 P T L L o b LT T T T T T T T

1080 )

- Precise study of the resistor chain
and its components

R MQ] @ 87K

- 2 resistor types, one for high, one v
for low absolute field areas [

AR

1070 ==

-

1065 O Ei+
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1060 /}Tf I
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Gl b b b b b b By Do B Py 1
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arXiv:1406.5216 + 2" paper in preparation
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Space charge - Drift field calibration with

an UV laser

- Space charge will be present

- A 266nm UV laser can be
used to ionize liquid argon

- Send laser along different
paths to map the drift field
from both detector ends

4 gaseous liquid
AE=1.9eV

15.7
S 13,8 s iONiZation
L1115
>
= 9.6 mf - eXCited state
C
Ll

A
Ey=4.6eV
0 0 ground state

Optics to reflect laser into cryostat

arXiv:1406.6400 UV laser

External optical bench

-{l-. Feed through for UV laser

Liquid argon level

'
e ———— " - - -
'

possible UV laser paths

Steerable
mirror

Drift volume

X2

Cryostat
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UV laser calibration system

- Automatic system, remote control adjustment for position
and UV laser energy, provides trigger to the DAQ

/ Mirror M3
dn
Quartz glass tube || | ‘411
Tube vacuum seal: L ¥} Moveable rod
r(- ----- ] -'11 Rotating Vacuum seal
P = ;]Q. : :
' TIT : {303
Liquid argon levell [[[ T M2
i - | Aperture
Support . . ——UV Laser Beam | |
structure | | BD2

Possible UV laset

___Alignment Laser /
Beam Attenuator
Photodiode

e i
e —— |

paths .
Cog | &X
/
b wheel I M1 2 .
Mirror M4 1 UV Laser I V BD1
Crvostat AlignmentH
osta
k) arXiv:1406.6400 + 2" LHEP paper in preparation Laser




UV calibration system

Ready for mstallatlon one operating for DAQ tests at DAB

_ ’ " & 4
AN t
F I

LABORATORAM FUR MOCHENERGIEPHYSIK

UNIVERSITAT BERN



Results from the UV laser system

Posmo Measurement and Laser Energy for Run 2042
T 100
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1 . Automatic position
and DAQ readout
tested in LHEP Bern

- Modulation of beam
iIntensity depending
on mirror position




Cosmic Rays

a tool for calibration

- Many different studies 3
. Rate RS N 72000 T O 1 W L T I
- Energy distribution — Landau shape;
- Stopping muons
- Michel electrons

Detector Simulation
Rate Rate
(sh) (sh) ; ; ;
Total 1021 £0.01 9.63+£0.04 700 [ weoeveeeereees oo
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| —— Land ian fit
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Errors are statistical only

Cosmic-muon rate from Monte Carlo:
3.72 + 0.01 kHz (stat. error only)

: : . : ! ! : :

7 8
dE/dx [MeV/cm]

~6 per 1.6-ms readout frame
(~18 muons/event)

MicroBooNE Document 2374, 2570, 2805, 2806, 2591,3130, 3341, 3474, 3413, 3484, *LHEP paper in preparation
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Moving to the readout

- Charge arriving on the sensing readout wires creates

either a induction or a collection signal | oY

- 3 planes, 2400 + 2400 induction, 3456 collection | e |

- 150um thick copper/gold plated stainless steel e T

- Wire distances determines resolution: A 57 }g
- 3mm, <1mm error for 2m drift B

£
g Collection signal
U (unipolar)
a 4
<
time
Induction signal
(bipolar)

M. Schenk, master thesis, LHEP Bern, MicroBooNE Technical design review
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Readout Electronics calibrations

- What we want to measure: | | /\ . ]
non-col ng mode
- Baseline
- Noise
Electronics crosstalk

o I _ \éakhme[us]
- Gain and linearity A A Eég

- Signal shape/rising time collecting mode

galn [mVI/AC]

Amplitude [a.u]

Time [us]

- Ideally, have these values on full vertical slice of readout

- Wire—>cold electronics—>cold cable>feedthrough->warm
electronics—>digitization

Physics Procedia 37 (2012 ) 1295 - 130
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Cold Electronics ASIC - Front-End Detail and Calibration Scheme

MLy MepJ mxN ' |
1XN; | M
2 M,xN
= | F = JL Xz
C, C,xN,
| I |
1l ll_"
from
. . M
input N
wire sh;(:aer
v
dual-stage charge amplifier
N,=20 N,=3,5,9,16
M, M,
dis en —l:
cal. 1l
1l

pulse
O = 15017 184 300K
Integrated injection capacitance (10 x 18 pm?) ~ ¥ at
ith hi isi - ™M183 fF ar 77K
Measured with high-precision external capacitance a

Charge sensitivity calibration of TPC
during assembly, cooling and operation

From H. Chen (BNL) - March 2013, LArTPC workshop
Physics Procedia 37 (2012 ) 1295 - 130
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‘ Cold Electronics ASIC - Front-End Detail and Calibration Scheme

Wire PR . MP|‘|_' M‘XN1|‘I: Mz‘r‘T ;LerxN2
input ¢ N e T e Caxh,

path ( -fromt ‘_‘J-’:‘MNII—%
\ wire /l

\ , dual-stage charge amplifier
- - N,=20 N,=3,5,9,16

11

O = 15017 184 fF at 300K
Integrated injection capacitance (10 x 18 pm?) ~ at

ith hi isi - ™M183 fF ar 77K
Measured with high-precision external capacitance a

Charge sensitivity calibration of TPC
during assembly, cooling and operation

From H. Chen (BNL)
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Cold Electronics ASIC - Front-End Detail and Calibration Scheme

M, Mo 1 myxN '
s M S 2T
C, C,xN,
————
fi
ron —-}lgmn _
wire shaper
Ca I i b rati O n — dual-stage charge amplifier
. _N\ N,=20 N,=3,5,9,16
path ¢ w71 w| '\
l dis en —l: ‘
\ cal. 1l
Qe 7 -
N =
O = 1507 184 300K
Integrated injection capacitance (10 x 18 pm?) ' { ¥ at
Measured with high-precision external capacitance 183 fF at TTK

Charge sensitivity calibration of TPC
during assembly, cooling and operation

From H. Chen (BNL)
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MicroBooNE Cold Electronics Design

Cold Electronics ASIC - Front-End Detail and Calibration Scheme

Can use injected calibration pulse to
characterize the cold ASIC behavior,
and all downstream readout
components!

I M1H MPH M, xN, H M, TT M,xN, :
: ('i‘l1 CI1IxN1 le C,xN, I
! il
z Ll L l
p to
wire I shaper I
dual-stage charge amplifier
I N, =20 N,=3,5,9,16 I

Signal processing
 Amplification

« Shaping

...and all the way
down the readout

chain!

g and operation ‘

From H.

Chen (BNL)



Sample pulse

Input 20 ys square wave (very sharp rise & fall)

€ 3200
° 3000
8 2800
< 2600
2400
2200
2000
1800
1600
1400

Image of a 50 microsecond waveform recorded during a calibration test
of the MicroBooNE Time Projection Chamber electronics.

End of input pulse

Beginning of input pulse

llllllllllllllllllllllllllllllllllllllllllllllll

10 20 30 40 50 60 70 80 90
Sample waveform from an Induction channel recorded with an ASIC gain setting of 4.7 mV/fC Time-Ticks [2MHz Sampling]

2]

£2062 Noise

omwi

<2056 |
2054 §
2052 |
2050 [
2048
2046

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time-Ticks [2MHz Sampling]

o IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIlI
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RMS Noise for all Channels in one Feedthrough

Preliminary results ; s, |
: ™, |

- One of the ten feedtroughs °

H
IllIIIIIIIIIIIlIIIIlIIII|IIII|IIII|IIII

G/J/*
after detector move to LArTF i
- We expect to gain a factor '
2-3 In noise reduction by J Commm—
COOIing down o é R R T N T * Y\ﬁf-es:o;loecm PPPPP -

ASIC Gain Setting [mV/fC]

10 15
32 induction, 32 collection channels, (1us shaping)
RMS Noise for all Channels in one Feedthrough
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2 - Bo0.18— ’
2 st : G///;7 :
© — L0.16— /
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- . . * Gain: 4.7 mV/fC o
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20 25
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x [mm]

x [mm]

Parameter /o LARASIC4 Hybrid pre-amp.

(at 87 K) (at 290 K)
Charge gain "//)) © [mV/C] 25 2.1
Transimpedance /7 [mV/nA] 117 13
Average MIP signal (oscilloscope) J{'ﬁV] 33.0£7.9 2.8+0.6
Noise (RMS) [mV] 2.1+0.1 1.1£+0.1
S/N ratio 15.7£3.8 2.6+0.6

14y

120

100

80

60

Performance
cold vs. warm

Argontube Events, LHEP paper in preparation

drift time t, [us]
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signal strength [ADC]
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. . *JINST 8 (2013) T07005
MicroBooNE Optlcal System INST (013) Praots
32 PMTs and 4 light-guide detector installed Aug-Sept 2013.

All units were characterized in warm+cold before installation*

A few units selected for more detailed characterizations in the Bo test stand at Fermilab.
(stability, linearity and absolute collection efficiency)

Some techniques for MicroBooNE calibration are explored in liquid argon scintillation R&D
papers using the MicroBooNE PMT assembly**:

Example of late-light SPE calibration

600F
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- 500
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e ARl gt ok p
1 ] It Y -
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400
C i L
- ; 300f
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— 4 L ol
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Fiber Calibration System

Each PMT has an calibration fiber coupled
to an 450 nm LED outside the cryostat for
gain and timing characterizations

This system will be used for both routine
calibrations and commissioning tests.

Fiber system installed during
Sept - Oct 2013, paper in preparation

Pulser ‘l-J
LEDs

.
I

Feed
through

Fiber

One fiber per P




PMT pre-commissioning run

- Successful run of all PMTs, high voltage, fiber calibration system, MicroBooNE DAQ and
offline software with installed PMTs

- Some PMT base problems were found and fixed using the LED calibration system. All
PMTs verified working before closing detector.

- First version of automatic gain calibration software used to set nominal HV for each
channel

Instrumented PMT feedthrough

,»// - - - - - -
== Before gain calibration After gain calibration
. PMT cables ____

Underflow

4 0

10 __ Underflow 0

Channel count
Channel count

, RMS 20.54 RMS 2.599
LA Fiber
h 8

6

a-

SPEDistribution SPEDistribution
!' L = o SV =~ [T [rrrrTTTT [T TTTT [TTTT T TTTT T| Entries 30 Fr T [T T T T T T T T T [ TT T TT T TTIT | Entries 32
5 - L
L Y = [ 19.
LED pU|Ser L Mean 26.06 121~ lean 9.39
lII 11

LI sl

Colialin 0 L
10 20 30 40 50 60 70 80 90 100 0 10 30
SPE scale

I|l||!llllllIllllllllllllllllll_
40 50 60 70 80 90 100
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Targeted value
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Conclusions

- Calibration is not easy
- We know how to do it
- We have great tools that help us to do our job

- Stay tuned for first results



