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The Operations and Analysis Team

The data you are about to see would not exist without the efforts of a small, but
dedicated group of people.

Alan Hahn, Michelle Stancari, Mark Convery — co-coordinators.

Tingjun Yang — can do anything!

Tom Junk — computin%vczar, data transfer, slicer, all things computing
Wallbank, Blackburn, Warburton, Barros, Yang, Insler, Himmel, Convery — deputy
run coordinators

Nuno Barros, Matt Graham — triggers and DAQ.

Michael Baird, Jonathan Davies — Nearline.

Brian Kirby — FEMBs.

Gabriel Santucci — Mr. Pedestal,

Mike Wallbank — online monitoring and event display, operations

Karl Warburton — slicer (offline input module), operations

Gleb Sinev, Alex Himmel, Jonathan Insler, Zelimir Djurcic — Photon detectors
David Adams — the first one to look at yesterday’s data and find problems

Jon Paley — database,;

Erik Blaufuss — run control;

John Freeman, Kurt Biery — DAQ support

Amazing cryo team, Fantastic SCD support team

The people | forgot . . . . sigh.

SHIFTERS! - Over 55 collaborators came to Fermilab over 6 months with large
quantities of both enthusiasm and patience!

slide from K. Warburton & M. Stancari
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Faces to go with
some of the names

3 May 15, 2017 T. Junk | 35-ton Measurements 2% Fermilab



The 35-ton Prototype

» Tested many of the design features of the DUNE far
detector.

- Membrane Cryostat — the first one with a LArTPC!
- Modular Anode Planes

- Double-Sided Anode Plane Assemblies with Wrapped Induction-
Plane Wires

- Photon detectors inside the wire planes

- Cold Electronics

* Analyses target performance aspects specific to these
unique features.

- Due to the high noise levels, innovative analysis
techniques had to be developed. These may be of use
even when noise is less of a problem.
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Two Operations Phases

Phase | (~December 2013—February 2014):

- Test cryostat concept and purification system.
- Purity monitors but no TPC or photon detectors.

- Electron lifetime of 3 ms.

Phase 2 (January — March 2016) — This Talk!

- Data run with detector (TPC, photon detectors, external muon
counters).

- 3 ms electron lifetime sustained with detector equpment installed
and running

- Data analysis nearly finished.

- Two papers in preparation: Photon Detectors, and TPC
Performance/Analysis. Target Journals: JINST and/or NIM A
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Cosmic Ray Counters (CRCs)

20 cm short drift region

I

2m drift re gion

Photon Detectors /4

8 total) in 4 APAs
Cathodé Plan(e )i

Cathode Plane

Field Cage not show
wlv J. Fowler
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Photon Detection System
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Work in Progress
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A waveform with a signal
corresponding to about 4 PE
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Photon Detector Calibration System

Calibration Module

] | LAr
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CPA \ APA
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Double-Pulse Timing Measurements
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Work in Progress
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Timing Resolution vs. Signal Strength
« Determined with double pulses on the calibration system

'a' 003 I_ I I I I I I I I I I I I I I I I I I I I I I I I I_
= - N
> n Work in Progress N
< 0.025— —
0.02— -
0.015— -
0.01— —
0.005 | — —
— J}'I?< 1T T ]
n ] ] | |'—|—EI—":||‘—II ] ] ] L
0 50 100 150 200
NPE
Resolution is better than 30 ns at 1 PE. Just detector: does not include physics effects , .
such as selecting a late photon instead of a prompt one Z. Djurcic
J. Insler
G. Sinev

12 May 15,2017 T. Junk | 35-ton Measurements 2% Fermilab (\



Timing Resolution: PD/Counter Time Differences

L T 1 T 1 LI L L T 1 L L LI
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Run: e Lifetime

Long PrM 283 RAW electron Lifetimes over Phase 2 Run

A. Hahn
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35-0 Da
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Collection wire Wire Number
Mike Wallbank's online event display — Electron Shower seen in three views
collection view in the LArSoft event display.

Stuck codes and noise filtering applied.
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High-Noise State(s)

Tick

Oscillatory noise Transients
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Power (arbitrary units)

Noise Frequency Spectrum

As quiet as it got: ~30 counts of noise on most channels

Just one channel
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Preparing 35-ton Data

Stuck code mitigation: Low six bits would stick at

Brian Kirby
David Adams
Jonathan Insler

0x00 or Ox3F. Interpolate nearby samples
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regulator. Subtract the median of all channels.

lIIIlllllllllIl

-------------------------------------------

800

550 f— -
‘F 450 [— =
= 400
||||||||||||||||||||||||||||||||||||||||||||||||| : - PURTUN SRS ST ST U U (N SN WO U U SN ST ST SN U U U U N U U ST SN AU N AU SN U N NN S SN U NN T N
1900 2000 2100 2200 2300 2400 2500 1500 1600 1700 1800 1800 2000 2100 2200 2300 2400 2500
Time (tick) Time (tick)

18

May 15, 2017 T. Junk | 35-ton Measurements

$& Fermilab SUVE



TPC Signal and Noise Performance

Tingjun Yang
Before Noise Filter After Noise Filter

TPC | Plane | Signal | Noise | S/N | Signal | Noise | S/N
O (uy 584 | 27.0| 2.2 36.7 | 124 | 3.0
TPCO| 1 (v 415| 215 19| 371 736 | 5.0
2(Coll) 114 | 20.2 | 5.6 73.5 | 7.50 | 9.8

Units: ADC counts Work in Progress

Results are for MIPs at the anode
Other TPC's similar — short APA has a bit less noise in this run

Track angle helps, but you cannot have a favorable angle in both
induction views.

19  May 15,2017 T. Junk | 35-ton Measurements 2% Fermilab (\



Muon Counter Locations

M. Stancari 57--66

. 44--56

38--43
2837
0--5
s B

N +Z
6--15 16--21 N -
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East-West and North-South Counters

K. Warburton

21 May 15,2017 T. Junk | 35-ton Measurements £& Fermilab



Slide from K. Warburton

Selecting Hits on E-W Counter Triggers

e A lot of data taken using the Reconstructed Hits in counter
. Gaus hits shadow
EW counter trigger. ST TR e
» This provides a subsetofthe "= /I i X i
data which is used in many of 4 =T a4 e
the analyses shown. SRR R S
- Can select tracks with e e
known track anglesand ~ * ] X ]
interaction times. et P
- ”The 35 ton selection.” o+ 1
e Can select: s 6:,. s .,so z.(iom; e .,.;c. = ,’(‘;‘3,.:
- Hits with them being fitted v htonwie G S et per

B o et ¢ Dominic Brailsford, Lancaster
- Fully reconstructed tracks.
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Work in Progress

East-West Counter Alignment

Number of Hits for a Given Opposite EW Counter Trigger.

A. Booth

D. Braisford
M. Stancari

250
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E-W Counter Position Fits

Extrapolate tracks to the Z location
of the counter.

Count how many tracks intersect
the counter location as a function
of hypothesized counter position

Update detector geometry for
downstream analyses.

Y positions not measured (requires
3D tracking)

No. track intersections (no units)

140
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20

Work in Progress
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Cross-check of N-S Counter Alignment

Matt Thiesse

For N-S triggered events, look at the Z of the collection wire with the largest hit,
for each tick.
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‘M Wallbank \

APA-Crossing Muons: {, Measurement

* Only planned LArTPC experiment before the final DUNE far detector
utilising APAs reading out multiple drift regions simultaneously.

« Can give unique handle on the event {, directly from TPC data.

* Determined by minimising the residuals of
a linear fit across the gap, as a function of
various t, hypotheses.

« Found timing offset between the counters
and TPC data of ~64 TPC ticks (32 us).

- CorrectedTO

- | Entries 361
| Mean 364.6
- | RMS 19.5

Residual
fitting method

" Ca e el I
* T e 0 50 100 150 200 250 300 350 400

01 421unod uonipn

8 8 g s Ilsllllsll lal s 8

T ] 1 1 T

(=]

5
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M Wallbank

APA-Crossing Muons: t, Measurement

10° = iffTimestamps
« Compare the timestamps of the " [Envies sa7rio [
trigger as recorded by the counters U s o
(PTB) and the TPC (RCE) (top plot): 10
e 1705 NOVA ticks ~ 26.6 us (~ 55 103; Difference between timestamps
. = recorded by counter and TPC DAQ
TPC ticks). ol systems,
« Agrees with the leading edge of the :
L : e 0 Work in Progress
distribution of all hit times on the APA- E HH
. v o ey by by by by by by Pl by
crossing track (bottom plot). R - L
« Difference of ~ 6 us between the two sl T——
measurements: | Mean® 7037
. 400~_RMS 23.61
 |f this were a geometry error, there -

would be a 6 mm offset in the APA

300
Wldth . Distribution of all hit times for hits W

. on APA-crossing track. ‘}
* Measurements from PSL checked F l A
agams’F software geometry with ol | Work in Progress [
much tighter tolerances - |
P IO P _*rmww‘[“‘!ﬂ):l...l‘..

20 0 20 40 60 80 100
_ Hit Time (tick)
58

s
100 80 60 40
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M Wallbank

APA-Crossing Muons: Deposited Charge

» Electric field changes direction on other side of the
collection plane.

« Drift times are positive but distance is negative.
» Hits pile up at the minimum drift time.
 "Hooks" seen in event display

* Not yet simulated in the Monte Carlo
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Ol
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« Effect not seen in APA 3 collection wires over regions > o &
with no mesh. We still like the mesh, though. + + o+ o+
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A Chatterjee

z-Gap-Crossing Muons

« Want to measure the gap in

between the APA planes using

crossing tracks. :
« Similar analysis to Wire-Plane

crossers

 Would expect delta z of zero if

hTrackdelZ

the gap is as assumed — looks - : Entries 541
. -0 - Mean -0.2602
like it's very close. g0~ TPC1/TPC5 RMS  1.342
« Can measure each gap 160 Gap

separately. 140

120

100 Work in Progress

80—

60—

40

20— J

:llllllllllllll[llllll Ill I.lIIlIIIIIIlIIIlIIlIII
950 -40 30 -20 -10 0 10 20 30 40 50

Delta z (cm)

29 3& Fermilab SUNVE



APA Gap Crossing Muons

* Noticed a strange ‘double peak’ effect, with
the measured z-offset dependent on the
angle the track makes wrt the APAs.

* Could be due to an x-offset (or equivalently
a timing offset) between the APAs.

* Need tracks at several angles, but both
offsets can be constrained

M Wallbank

Work in Progress

70—
eof—
sof—
aof-
30—
20—

10—

—— Positive angle wrt +z

———— Negative angle wrt +z

hPos

Entries 289
Mean 0.5043
RMS 0.579

hNeg
Entries 369
Mean -0.653
RMS 0.7022

A8 Ad e boia

2 3 4 5
TPCS5/TPC7 Gap (cm)

Positive
track angle:
measure
negative z-
offset

30

Negative
track angle:
measure
positive z-
offset




Measured x and z offsets

Geometry
had a mistake

(1 wire). Animesh
Chatterjee found it,
and we sought to

measure it.

Work in Progress

M. Wallbank

Assumed (cm)  Offset (cm)  Corrected (cm)
TPC1/TPC3 z-gap 0 —0.377+£0.006 —0.377 4 0.006
TPC1/TPC5 z-gap 0 —0.252 £0.002 —0.252 £ 0.002
TPC3/TPC7 z-gap 0 —0.16 £ 0.01 —0.16 £0.01
TPC5/TPC7 z-gap 0 —0.286 = 0.002 —0.286 £ 0.002
TPC1/(3)/TPCT z-gap 0 —0.538 +0.003 —0.538 & 0.003
TPC1/(5)/TPCT z-gap 0 —0.537£0.010 —0.537 % 0.010
TPC1/TPC3Z=gap~ = 2.53 —0.63 = 0.02 1.90 £ 0.02
TPC1/TPC5 z-gap 2.08 0.131 £ 0.007 2.211 £0.007
TPC3/TPCT7 z-gap — 1.63 0.55 £ 0.03 2.184+0.03
TPC5/TPCT7 z-gap 2.08 0.103 £ 0.004 2.183 £ 0.004
TPC1/(3)/TPCT z-gap 4.16 —0.084+0.04  4.080.04
TPC1/(5)/TPCT z-gap 4.16 0.23 + 0.01 4.39 + 0.01

Uncertainties are statistical only

31
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Measuring Lifetime from Tracks

Work in Progress

Matt Thiesse

dQ/dx Distributions from a Robust Hit Finder, corrected for track angle

o.o1eF
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T

[!!
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0.0
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[!!![!!![!!![!!

0.008
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I

0.002/-

Drift Bin: 91.0<t<182.0 us
=—— 35-ton Data
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dQ/dx [ADC/cm]

Short Drift lengths

0.016 -
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0.012-

0.008-

0.006 -

0.002];

0.01-

0.004-

Drift Bin: 910.0<t<1001.0us
[ = 35-tonData
| 35-ton Simulation
‘ MCTruth
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dQ/dx [ADC/cm]

Medium Drift lengths

0.02— Drift Bin: 1820.0<t<1911.0 s
0.01 Bi l‘ - 35-ton Data
C 35-ton Simulation
0.016— MCTruth

1000 2000 3000 4000 5000 6000 7000
dQdx [ADC/cm]

Long Drift lengths
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Measuring the Lifetime with Tracks

Most Probable dQ/dx [ADC/cm]

Matt Thiesse

v? / ndf 37.33/7
° dQdx0 2746 + 4.907
eLifetime 4472+ 72.07
. ®
® o
®
o ©®
20001~ | \Work in Progress *
o
L J
0 - I2(I)0I | I4(|)0I | I6(|)0I | I8(|)0I | I10|00I | I12|00I | I14|00I | I16|00I | I18|00I | I20|00I II

Drift Time [ us]
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Biases due to Hit-Finding Thesholdds

Landau
distribution
(solid blue)
is sculpted
by the
hit-finder
efficiency d@/dx
threshold
(orange curve)

dQ/dx

\
Tends to make

'
’
]
/
lifetime look !
too long at :

small signal H

sizes. dQ/dx

dQ/dx

Worse with

. . Two effects of noise — need higher threshold, and noise adds randomness
higher noise.

to the hits.
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Correcting for the Bias Miatt Thiesse

« Data events overlaid on MC to simulate noise.
- MC signal scales are varied and tuned to the data

- Analysis is repeated in MC with data overlay at different lifetimes to
see what the measured lifetime is as a function of input lifetime.

- Used as a calibration curve for the analysis.
- Check to see of dQ/dx modeling is good for entire drift time.
Measured Lifetime = 3683715 (stat.) £789 (syst.) us

w
N
o
o

E‘ + 35-ton
_ + 3
.% L 2 3000 —— Expon
ESSOOT -é —————  Simulation 1.1)
% 00k S 2800; . T —
% : § il \
Ke) o [
O 4500/ o
7 2400
i 33 2400
r = C N
4000/ 22001
i - MC lifetime "= .
, e = 3500 ps for this
3000? quadratic = 6.98e-04 +/- 3.44e-04 .
Work in Progress plot
[ B L L | L |

1 | | | | | | (I [ | T L 1 1 - 1 ! | 1 L
2400 2600 2800 3000 3200 3400 3600 3800 4000 0 500 1000 1500 2000
True lifetime [ us] Drift Time [ us]
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Measuring Event Time from Diffusion

Diffusion broadens the signal both in K. Warburton
M. Stancari

- arrival time: "longitudinal diffusion”
- wire on which signal appears "transverse diffusion”

Diffusion scales with the square root of the drift time, differently
for longitudinal and transverse cases.

Can measure diffusion coefficients if the detector is quiet and
the signals are large

An idea from Michelle, 2015, when devising the analysis plan for
35t. Alternatively, you can use the width of the signal pulses to
compute the drift time, assuming diffusion coefficients measured
elsewhere

The drift time analysis is possible even when the noise is high

36
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Lookup Tables For Distance

Transverse diffusion is difficult to
measure — tracks naturally share
charge among neighboring wires.

MPV of hit RMS (ticks)

Use longitudinal diffusion —
hit width in time (RMS) increases
with drift distance.

Transpose plot for the lookup table

2.8

26

24

22

2

Apply lookup to each hit on a track.

Average the inferred interaction time.

K. Warburton

A l - l I l '

M. Stancari
| I 1] 1] ] T I 1 I ] ] 'I T ]' L I T 0 I'I
i T
n ,_Q_J_.L,_.‘;""‘L‘._‘;._:—o—- N
i A e~ ._";.0-4 H
i M e’ ]
| Y oL o’ _
e o —
"o . )
i Rod .
L .—S-v’ -
— . -
- .:’_.' —
i e i
B ;41: i
EE —+— 35t data .
_'J.'b_‘ a—
S 4
: —4— 35t CRY MC ]

| BRI SRR SRR

97720 40 60 80 100 120 140 160 180 200

Drift Distance (cm)
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Number of tracks

Distance Resolutions

K. Warburton

. . M. Stancari
Using hit RMS/Q,
Using hit RMS as the metric Advantage: less sensitive to track angle.
Better resolution in time.

140 B | | | 1 LN L L N L B B BN LA B _ ,i? 120 B T T T T T T T T T T T T T T T T T T ]
- - Q

1200 35t data - £ T 35t data :

= - 5 100 —

N i ° B ]

- — 5} - -

100~ 35t CRY MC £ 35t CRY MC -
- — =

L 4 Z. B 1

80 ] . ’

- ] 60— 7]

60— —] B ]

C ] 40— -

40 - - | ]

20[- E 20 ?:W 'z e =

B a — _l‘:'l' : . ..’n.. n

0 ) ] o ekl 0 m#—'—i g A e

-400 -200 0 200 400 600 800 1000 —400 =200 0 200 400 600
Difference in predicted and reconstructed interaction time (Us) Difference in predicted and reconstructed interaction time (us)

Offsets and larger widths also seen in the MC when noise is increased.
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Extra Slides

39 May 15,2017 T. Junk | 35-ton Measurements 3& Fermilab SUNVE



Before Noise Filter

After Noise Filter

40

May 15, 201

TPC | Plane | Signal | Noise | S/N | Signal | Noise | S/N
0 o84 | 27.0| 2.2 36.7 | 124 | 3.0
TPCO 1 415 | 21.5| 1.9 371 736 | 5.0
2 114 | 20.2 | 5.6 73.5 | 7.50| 9.8
0 316 | 266 | 1.2 28.1 | 123 | 23
TPC1 1 989 | 240 | 24 413 | 823 | 5.0
2 98.1 | 174 | 5.7 68.6 | 6.76 | 10.1
0 050.2 | 21.0| 24 324 | 10.5| 3.1
TPC2 1 49.1 | 20.0| 2.5 452 | 113 | 4.0
2 122 | 10.7 | 114 74.5 | 4.46 | 16.7
0 328 | 196 | 1.7 2094 | 9.78 | 3.0
TPC3 1 98.0 | 20.2 | 2.9 40.1 | 103 | 3.9
2 113 | 14.1| 8.0 86.3 | 6.26 | 13.8
0 45.7 | 182 | 2.5 206 | 796 | 3.7
TPC4 1 47.0 | 174 | 2.7 443 | 696 | 6.4
2 118 | 14.0| 8.5 794 | 4.58 | 17.3
0 283 | 189 | 1.5 25,5 | 9.14| 28
TPC5 1 98.7 | 17.0| 3.5 424 | 691 | 6.1
2 117 | 148 | 7.9 87.2 | 548 | 15.9
0 995 | 306 | 1.9 35.0 | 123 | 2.9
TPC6 1 436 | 264 | 1.7 413 | 10.0| 4.1
2 913 | 194 | 4.7 55.8 | 851 | 6.6
0 324 | 315 | 1.0 276 | 13.0| 2.1
TPC7 1 61.3 | 28,6 | 2.1 42.1 | 938 | 4.5
2 115 | 322 | 3.6 75.3 | 12.7| 5.9
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M Wallbank

APA Gap Crossing Muons

* In simulation, try introducing offsets between the APAs, in x and z.

25000— 1000

h r h

Entries 36965 r Entries 36965

- Mean -2.351 r Mean -1.855

20000— StdDev  3.966 800[— StdDev  4.435
15000— 600—
10000— 400—
5000— 200—

oTllmlllllllllllllﬂyJ’lLlllIll|l|l|l|l|ll.LIll G—I L
-20 -15 -10 -5 0 5 15 10 5 0

10 15 20 10 15
TPCS5/TPC7 Gap (cm) TPC5/TPC7 Offset (cm)

z-offset: 2 cm z-offset: 2 cm, x-offset: 0.5 cm

« Can measure z-offset from the minimum of the full distribution, then
measure x-offset by aligning the tracks across the gap.

- h 200 TPC5TPC7Offset
- Entries 3051 - Entries 2976
600— Mean  -0.2184 180— Mean  -0.4982
- Std Dev 0.75 E Std Dev 1.36
- 160—
500{— e
C 140—
— 120
C 100—
00{— E
C 80—
200~ 60—
E 40—
100— e
C 20—
obiile iyl Lol b oF Ll
5 -4 -3 2 3 4 5 — 5 -4 -3 -2 -1 0 1 2 3 4 [J—
TPCS/TPC x Offset (cm) TPCS5/TPC7 Gap Offset (cm)
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Geometry of 35 Ton Cryostat

(from E.Voirin 35 Ton FEA calculations
Dune DocDb 1156)

Pump outflow

) 4pur|ty
[ > T monitors in

NS AU J / this corner
lSes (Geometry
PCaAN .~ &l l Not in CFD
RN~ ~ P model)
G | NG | \ PrM1

L Pump intake

A
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50 100 150 200 250 300
Collection wire

A Big Shower

250
200
150

100

-10(¢

Early Online EVD with wrong gaps shown

5000 1 20(
4000 £ 15(
3000 == | 100
2000 ' = 50

1000 , — _ 0

50 100 150 200 250 300 350
Collection wire

-1000
0
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2

ADC RMS (counts)

10

Noise vs. Wire Length — Normal Running

I

lllllllll|llll'|llll|llll|llllllllllll

100 150 200 250 300 350 400
Wire Length (cm)



RCE DNoise APAO: Run 16993, SubRun 1

A

2% Fermilab
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Pedestal subtracted raw signal

47

—
(=
o

T e s
= 100 i it i m 80 3
E !"[Eh" *‘ 1’“,1?’ : l ': !’q i !r lnwlt s h ,}.J 11&‘““‘ ? } ||£%J“L’F#!r"”f 60 :D:
© 1",:1| ‘.l ul Wik g in‘a‘q' ! .nu Hﬁ 4 e il
T y%‘ e
i "ﬁl" + ?ra:"‘.el!:’w\.:‘?{ *,}:} ; .!j“ M! b gl
01 | 'k ;

20F

(& T PR G L BT
“”l‘”f 54;"1)‘#" .' }l”y,,vk

i " PR

FERET i A d

.", ' ey ".'j '....- :.'ﬂ
lAt: :'i' -.I . ,|1‘t-:, .ﬁ. l.:l"l"l':.‘..;:l-' -.:: "'.‘ 1 4

b 4 4 e e gl

&00 6000 6200 6400 6600 6800 7000 7200 7400 7600 77800

May 15, 2017 T. Junk | 35-ton Measurements

-100

TDC tick
2& Fermilab SUVE



Remove bad channels
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Remove stuck ADCs
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Remove coherent noise

Subtract off median
of channels sharing
a power regulator
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Deconvolution

Includes Noise Filtering
in frequency space
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Select region of interest
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North-South Alignment Offset Measurements

Matt Thiesse

Extrapolate 2D tracks (collection view) to counter positions. Minimize joint
x? as a function of X and Z offsets of the counters.

Work in Progress

Biggest offset seen in X positions

N
o

€
€ 20 1800 =
g > 2000
2 2 15
2 15 1700 2
% ©
@ © 10 1800
S 1600 3
8 S
o 1 N
N 500 5 1600
1400
0
1300 1400
-5 1200 5 1200
10 1100 -10
1000
15 1000 15
900
—20 -20 500
40 20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140
X offset applied (cm) X offset applied (cm)
South Counters (combined) North Counters (combined)
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ProtoDUNE-SP Electron Diverter

Wreaming Dactrg feld Sartece Blaitne el rorm (vim) Contowr Flectrg potentie O Misavire (eitrd N Sutece [eitrg Aol noewm V) (etor Dectre patertis 1V

Figure 2.11: Left: field map of the region near the inactive gap of an APA without the electron diverter;
Right: field map with the electron diverter in place. Electric field lines are shown in black, equipotential
contours are in white, and electric field strength is represented in color gradient.
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Adjacent APA's in ProtoDUNE-SP

il [
¢ O\ / 0\
\ ) \ )
! L'
| |ty

Figure 2.14: The pin/slot constraint. The pin screws into an insert in the outside frame member of
one APA and engages a slot in the outside frame member of the adjacent APA. An insulating sleeve
surrounds the guiding pin to ensure electrical isolation between the APAs.
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