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Introduction: What If?

Large Water-Cherenkov Detectors will likely be a part of future long-
baseline neutrino experiments. . ‘ :

What if we could build cheap,
large-area MCP-PMTs:

» ~ 100 psec time resolution.

* ~ mijllimeter-level spatial
resolution.

 With close to 100% coverage.

* Cost per unit area comparable to
conventional PMTs.

How could that change the next-gen WC Detectors?

» Could these features improve background rejection?
* |In particular, could more precision in timing information combined with better coverage

improve analysis?

10/9/09
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Timing in Water Cherenkov

| Photon time of flight s

300!

50

A simple parametric model:

* Cherenkov cone with reasonable photon statistics
« Emanating from the center of a spherical WC detectors with different radii
* Includes models for absorption, scattering, chromatic dispersion

~2ns rise time
600

5)25 226 227 21%8 (22? 230 231 232 P >00
ime (ns g

¥ 400
* Fit the leading edge of the arriving light with a E

Gaussian. £ 300
]

* The uncertainty on the position of the Gaussian g 200
approximates the uncertainty on the arrival 5

time of the Cherenkov cone.

 This uncertainty depends on:

100

* The rise time (chromatic dispersion)
« Statistics (scattering, absorption, coverage,

4 =—30% Coverage

Uncertainty on Mean Arrival Time

100% Coverage

10% Coverage

/

—

20 50 80
Distance from Detector (meters)

distance)

J. Felde, B. Svoboda: UC-Davis

R

At large distances, the uncertainty on arrival time
depends strongly on coverage.
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Timing in Water Cherenkov

Comparison with nominal angle at 0°

Full GEANT MC StUdy Likelihood Vs Angle for Different Binnings in Time

o -
. . Q - EREm 40 psec binnin
- Cylindrical Geometry 2L —
: — 10 binni /
- Tracks from 500 MeV Gammas =R000F — Pttt
- Fit for tracks based on arrival time information |
* How does this scale with time resolution? -
B /
[ l:;i;:l‘rime'or()hevenkov Light from 500 GeV Gammas at r=15m in a 25m Cylinder l 1000_— ///
160:_ —— 0 degrees B S g
s soo]-
1200 / 20 degrees B -
1ooi ‘ - -
0t——= ! — —— P | SR
0 2 4 6 8 10

80 angle (degrees)

60 « Potential for improved m° background suppression in

TT T T T[T [rrr[rT

40 two ways:

20 \¥ « When 10 decays to 2 back-to-back gammas:

o e more coverage, could make it less likely to lose
arrival time (nsec) the Second gamma

* When both decay gammas are very forward:
with TOF information, could be more likely to
distinguish two separate tracks.

M. Wetstein(ANL/UofC), M. Sanchez (lowa State/ANL), * Much more work to be done. Official LBNE WCh MC

B. Svoboda (UC Davis) now available.
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Preliminary results show that useful information
is contained in arrival time distributions.
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Anatomy of an MCP-PMT
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Photocathode
Multichannel Plates
Anode (stripline) structure
Vacuum Assembly
Front-End Electronics

a0~

Conversion of photons to electrons.
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Anatomy of an MCP-PMT
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Photocathode
Microchannel Plates
Anode (stripline) structure
Vacuum Assembly
Front-End Electronics

ko=

Amplification of signal. Consists of two
plates with tiny pores, held at high potential
difference. Initial electron collides with pore-
walls producing an avalanche of secondary
electrons. Key to our effort.
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Anatomy of an MCP-PMT

Photocathode
Microchannel Plates
Anode (stripline) structure
Vacuum Assembly
Front-End Electronics

bk~

Charge collection. Brings signal out of
vacuum.
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% 1.  Photocathode

> S 2. Microchannel Plates

) i i 3. Anode (stripline) structure
D 4. Vacuum Assembly
g 5. Front-End Electronics
'-\...‘_._.
‘-‘_‘.‘
:::“‘..; Maintenance of vacuum. Provides
:-'“..._"" mechanical structure and stability to the
‘-\.,__‘ } .
complete device.
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% 1. Photocathode
S 2. Microchannel Plates
) i i 3. Anode (stripline) structure
it 4.  Vacuum Assembly
—— 5. Front-end electronics
'-\...‘_._.
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:::“‘...; Acquisition and digitization of the signal.
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Channel Plate Fabrication

ELECTRICAL
POTENTIAL

SEMICONDUCTING
LAYER

ELECTRODE _ N T a—
7/

PRIMARY
RADIATION SECONDARY

GLASS ELECTRONS
ELECTRONS

CHANNEL

Conventional MCP Fabrication Proposed Approach

 Pore structure formed by drawing and « Separate out the three functions
slicing lead-glass fiber bundles. The glass . , _
also serves as the resistive material * Hand-pick materials to optimize

performance.
» Chemical etching and heating in hydrogen

to improve secondary emissive properties. * Use Atomic Layer Deposition (ALD):
a cheap industrial batch method.

« Expensive, requires long conditioning, and
uses the same material for resistive and

secondary emissive properties. (Problems
with thermal run-away).

=l £
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Atomic Layer Deposition

» A conformal, self-limiting process.
+ Allows atomic level thickness control. | %)

» Applicable for a large variety of
materials.

ALD Thin Film Materials

H He
Li | Be "B C | N|O|F|Ne
® o 3 L)
Na | Mg AlLPS | P | 5| Cl| Ar
i oo o J ® Cl ® o o o
K | Ca® Sc [®Ti [ V | Cr [Mn | Fe | Co| Ni | Cu[ Zn Ge | As| S Br| Kr
° o
i °. o Ld i td
Rb | Sc% Y | Zr *Nb[Mo| Te | Ru | Rh| Pd | Ag | Cd[SIn | Sn | Sb| Te| I | Xe
°
® g ® e (oo o J ® g
Cs [ B La®| Hf [*Ta [*W | R Os|Ir | Pt | &u| Hg| Tl | Pb| B P At| Rn
o
F Ra | Lr | Rf [ Db | Sg | Bh | Hs | Mt
o cd o J o
Ce| Pr | Nd| Pm| Sm| E Gd| Tb| Dy| Ho| Er | Tm L
Th| Pa| U | Np| Pu|Am| Cm | Bk |Cf | Es | Fm | Md| No | Lw

« Oxide « Element «Carbide

« Nitride ) Fluoride

- Phosphide/Arsenide Dopant
Sulphide/Selenide/Telluride - Mixed Oxide

J. Elam, A. Mane, Q. Peng, T. Prolier (ANL:ESD/HEP%,
N. Sullivan (Arradiance), A. Tremsin (Arradiance, SSL

10/9/09 | B 10



LAPPD Collaboration: Large Area Picosecond Photodetectors

Channel Plate Fabrication w/ ALD

pore

1. Start with a porous, insulating
substrate that has appropriate
channel structure.

'

‘Y ¥ Y X ¥ 1
borosilicate glass filters Anodic Aluminum Oxide (AAO)
(default)
H. Wang (ANL),
I
neom D. Routkevitch (Synkera)

’ 10/9/09 | | (K
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Channel Plate Fabrication w/ ALLC

pore

1. Start with a porous, insulating
substrate that has appropriate
channel structure.
¢ ."’ Y Y
500 nm- 0 :‘ 7_.‘_- .:3 e' " :‘ » d
Mmi 2 ’; .'. . n,.. s> - /

borosilicate glass filters Anodic Aluminum Oxide (AAO)
(default)

2.  Apply aresistive coating (ALD)

10/9/09 14
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Channel Plate Fabrication w/ ALLC

pore

1. Start with a porous, insulating
substrate that has appropriate
channel structure.
¢ ."’ Y Y
500 nm-, %% :‘7:.‘—- .:3 e. .. ‘.,. ¢ v

Alternative ALD Coatings:

7
borosilicate glass filters Anodic Aluminum Oxide (AAO) N P
(default) Conventional MCP’s: /; N
. N -
.y . . i : / ALD SiO,\also
2.  Apply aresistive coating (ALD) g ¢ Si0; f / ( 22150)
50— ,—~—__ MgO
3.  Apply an emissive coating (ALD) —» 7/% e, SN .
%g : 1% KEE\GRN g 2 / ‘ Z o
3 8 / n
/ /N
g J— / \\\,\‘_\
0

9 0 02 04 06 08 1 12 14 16 18 2
Energy, V Electron energy, KeV
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Channel Plate Fabrication w/ ALLC

pore

1. Start with a porous, insulating =
substrate that has appropriate
channel structure.
500 nm- %3 ..‘7_.‘_- ...e' - :‘ » )
0.0nﬂvi - - d : n,.. ,V » /

Alternative ALD Coatings:

7
borosilicate glass filters Anodic Aluminum Oxide (AAO) N P
(default) Conventional MCP’s: /; N
5 g 5 // ¥
. . e i ' [ (ALD SiO,\also
2. Apply a resistive coating (ALD) § ¢ Si0, / ( 2 " ())
£V ,——__ Mg
Apply an emissive coating (ALD) —» §:.. /;pr '*Z\s\ SN :
;g 2 e g 2
4.  Apply a conductive coating to the LIRS / N s //\ Zn0
] 1 1 /]
top and bottom (thermal i pr——— | .
evaporation Or Sputtering) OD 100 200 300 400 500 600 700 800 900 1000 1100 0(] 02 04 06 08 1 12 14 16 18 2
Energy, V Electron energy, KeV
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Photocathode Fabrication

/

Default Position

~

» Scale traditional bi-alkalai

photocathodes to large area
detectors.

* Necessary resources and

expertise for prototypes

K available at Berkeley SSL. /

Photon absorption

(from the back)

Photo—electron Photo—elegtron
L = ¢ E-Field

electron source [ 11

Cross section of pillar:

In parallel with conventional photo-cathode
techniques, pursue more novel photocathode
technologies.

« Nano-structured photocathodes:
+ Reduction of reflection losses (light trap)

Heterogeneous structure permits multi-

functionality (electrically, optically, electron-

emission, “ion-etching resistant”)

Increased band-gap engineering capabilities

s i « Pure-gas fabrication

:// « Could possibly streamline

manufacturing process and reduce
costs

S K. Attenkofer(APS), Z. Yusof(HEP)
Glass -~ S. Jelinsky, J. McPhate, O. Siegmund (SSL)

10/9/09

M. Pellin, T. Proslier(MSD)

17



LAPPD Collaboration: Large Area Picosecond Photodetectors

Device Assembly
/ Default Position \ |

* Use ceramic assemblies,
similar to those used by
conventional MCPs.

» Well developed technology,

k know-how available at SSL /

| )
Looking into sealed glass-panel technologies. | § S ——
Device construction must: . . . e
« Maintain 50Q impedance through vacuum seal
* Avoid damage to photocathode during assembly

» Maintain integrity of channel plates, spacers
» Allow for vacuum tight sealing of outer “envelope” across uneven

surfaces of varying composition
« Be able to handle high pressure and mechanical stress. _—

Working with various glass vendors and experts on these.

R. Northrop, H. Frisch, S. Asare (UC), M. Minot (Minotech Eng.), G. Sellberg (Fermilab), O. Siegmund (SSL), A. Tremsin (SSL/Arradiance),
R. Barwhani (UCB) , D. Walters (NE/ANL), R. Wagner (HEP/ANL),

=l £ * '
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Front End Electronics

» Collaboration between U of Chicago and Hawaii.

» Resolution depends on # photoelectrons, analog bandwidth,
and signal-to-noise.

* Transmission Line: readout both ends — position and time
» Cover large areas with much reduced channel count.

 Simulations indicate that these transmission lines could be
scalable to large detectors without severe degradation of

#

Tube Outline 58x58mm

resolution. !
Differential time resolution between Wa_ve'form Samp,“ng 1S beSt’ an_d can
- ; ; ; ; available CMOS processes (e.g. IBM
8RF). Low cost per channel.
20+ 4
ettt - Single Threshold . ) .
— . . [uttiple Thresholds First chip submitted to
2 ! Cnetant fraction MOSIS -- IBM 8RF (0.13
c 15+ | ——  Pulse sampling . A .
£ i micron CMOS)- 4-channel
E N prototype. Next chip will
5 1ot NN Sampling: 40 GS/s - have self-triggering and
£ N ‘ Analog bandwidth: 1.5 GHz phase-lock Ioop
5 ’ -
J-F. Genat, G. Varner, M. Bogdan, M. Baumer, M. Cooney, Z.
0 1

: ' : ' Dai, H. Grabas, M. Heintz, J. Kennedy, S. Meehan, K. Nishimura,
0 20 40 60 80 100 120
Number of photoelectrons E. Oberla, L.Ruckman, F. Tang

7 10/9/09 - _ 19
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Testing and Characterization

Microscopic/Materials-Level

/Material Science Division, ANL \

Constructing dedicated setup for low-
energy SEE and PE measurements of ALD
materials/photocathodes.

parts-per-trillion capability for characterizing

!naterial composition. /
\
/ Berkeley SSL \

Decades of experience.

Wide array of equipment for testing
individual and pairs of channel plates.

Infrastructure to produce and characterize

Qvariety of conventional photocathodes. /

Macroscopic/Device-Level

/ HEP Laser Test Stand, ANL \
Fast, low-power laser, with fast scope.

Built to characterize sealed tube detectors,
and front-end electronics.

Highly Automated
\_ /

A

/ Advanced Photon Source, ANL \

Fast femto-second laser, variety of optical
resources, and fast-electronics expertise.

Study MCP-photocathode-stripline systems
close to device-level. Timing characteristics

Kamplification etc. /

B. Adams, M. Cholet (APS/ANL), M. Wetstein (UC,HEP/ANL), I. Veryovkin, T. Prolier A. Zinovev (MSD/ANL),
0. Siegmund, S. Jelinsky, J. McPhate (SSL)

10/9/09
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Simulation

« Working to develop a first-
principles model to predict MCP Transit Time Spread (TTS)
behaVior, at deVice'level, based Comparison of TTS for direct and titlted channels

on microscopic parameters.
%)
* Will use these models to s 8
understand and optimize our 83
. [ LF]
MCP designs. 23
QO =
Trajectories =B
TTS simulation, Eserc=r? eV, direct channel, Gain = 14‘ 3 %
—— - —e o S
V_,r'/".,:/Cr’6s'§irr:f§;;;;lie e 7
TTS ‘Silr‘I:ILlrlalriDn; VEEiec=2 e\/,rtil_te(‘l/.?.S\cﬂ Gain =( 14.3 — 40 80 120 160 200 240 280
5 - transmission time, ps
Switching to hopping mode
e TTS simulation, Esec=2 eV, tilted 10° channel, Gain = 3730
I R e e S DS Z. Yusov, S. Antipov, Z. Insepov (ANL),
- i s secren Well-defined hopping mode V. Ivanov (Muons,Inc), A. Tremsin (SSL/Arradiance),
# — - = s i N. Sullivan (Arradiance)

ZMI ’ E
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Status After Several Months

Comparison of MCP Amplification

w10° Before and After ALD Coating
' ' ' l ' Before‘ALD Coat'ing
o 14r I —— After ALD Coating
* Using our electronic front-end and p- "
striplines with a commercial Photonis £ % |
MCP-PMT, were able to achieve 1.95 Z ! 7
psec differential resolution, 97 pm z 0 &
i " 5]
position resolution (158 photoelectrons). 2 ; /‘X
QO 8¢ 4
. /
» Demonstrated ability produce 33 mm £ 2
ALD coated channel-plate samples. 8 4l £ / |
w
q °
» Development of advanced testing * /
capabilities underway. g 4k g o i
< i B. Adams, M. Chollet (ANL/APS),
. . _‘_4-'—"- H
 Preliminary results at APS show L . . . M. Watsteln (UC, ANLIHEP)
amplification in a commercial MCP after 1.4 e 18 17 e 19 2
ALD t Voltage Across the MCP (kW)
coating.
G . lab f bet + After characterizing the Photonis MCP, we coat the
. rowing collaboration between plates with 10 nm AL,O,.
simulation and teSting groups. * The “after-ALD” measurements have been taken

without scrubbing.

+ These measurements are ongoing.

=l £ i
10/9/09 ] ' 22
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Summary of Potential Payoffs

ﬂmproved %electron separation. \

* Better vertex resolution.

« Additional forward ring separation.

Lowered threshold for lower energy gamma detection.
* Reduced magnetic field susceptibility compared to PMTs.
* Increased fiducial volume by designing flat photodetectors.

» Lessened constraints on cavern height, thanks to
eometric design.

g
k Effort is under way to study each of these possibilities. /
L |

10/9/09
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Conclusions

» Funding arrived in August and we’re on a 3 year time table. Lots of work\
ahead. Preliminary achievements are encouraging.

» May make photo-detection significantly cheaper.
» Reduce bottom-line manufacturing costs.
« Economic impacts of new vendor/alternative in the market.

* If successful, this project presents potential opportunities for future Water
Cherenkov Detectors.

* New set of optimizations for analysis using better spatial and timing
resolution.

* Variations in overall detector design.
» Direct analysis-driven feedback to guide photodetector design.

 Lessen the neutrino-community’s dependence on a single vendor.
k * Will require detailed simulations. /
=V, g ]
) 10/9/09 , . - 24
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Thanks

NNNOQ9 for hosting.
LAPPD collaboration for their help and hard work.

Mayly Sanchez, Henry Frisch, Bob Svoboda for their feedback
and guidance.

=l £
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Backup Slides
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How Would This Affect the LBNE
Time-Table?

 This project is on a 3 year time-table. We have no intention or expectation for
LBNE waiting for us.

« We’re not likely to be ready for the first detector.

» Could be ready for upgrades or a second detector.

« LBNE is not the only application we're interested in:

N. B.: NOT TO SCALE

 Collider physics: time-of-flight to determine S
flavor.

* Medical PET imaging

* Homeland security

Transmission Line Anode
(2mm pitch: 1 Hand 1V)

Photocathodes Sampling Electronics

=l £
10/9/09
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How Much Would These Cost?

Too soon to tell...

But, keeping cost down is a major \
objective:

* Made from inexpensive materials. m addition to the bottom-line cost\
* Use industrial batch processes. of the detectors are secondary

* Inexpensive electronics, trying to effects.

reduce number of necessary readout _
* Possible savings on civil
construction. Detector can be

K built closer to walls. /

Cost/unit area is not the only relevant factor. Physics gains could be
worth a little more.

=y, b |
10/9/09 , . - 28
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What About Chromatic

» Better coverage (more photon statistics) could recover
some of the precision loss due to dispersion.
» Even if chromatic dispersion is prohibitive at large

distances, timing might be useful for events closer to the

detector wall.

» With close to 100% coverage, we could perhaps afford to

sacrifice statistics
*To look at a narrower range of wavelengths

Dispersion?

600

500 ——— =30% Coverage

Uncertainty on Mean Arrival Time

100% Coverage

10% Coverage

Uncertainty (psec)
w
S
S

—

20 50 80
Distance from Detector (meters)

*To look in a region with less wavelength dependence.
» There are many new degrees of freedom to think about.

Detector Rise Times

Coverage
« 10%
= 30%
- 100%

Wavefront rise time (ns)
N w »
N (0] w w » w

=
w

50 60 70 80
Detector size (meters)

Group Velocity (cm/ns)
- - - N N N
~ @ © (=) pry N

-
(=)

=l £
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What About Chromatic Dispersion?

* We haven't had to think about timing on the sub-nanosecond scale.

 This is a new opportunity. There is room for creative analysis.

Problems with how GEANT approximates dn/dlogE

I Time of Flight in 100m Water (GEANT with chromatic dispersion only) I

 Photon time of flight vs wavelength | TOF_scat_zoom

= - Entries 34210 |
E 650 — 700 {Meanx 232
~ = ] Mean y 396
gGOO:— ‘ 650 RMS x  4.076
c = 3 ([RMSy 67.34 |
S s 600
8 - 550
% 500
= 500
450 — B
= £450
400 <
= 400
3505_ 350
300 300
250— 250
b1 1 o ] TN N A S O 0 S o L A 0 Y A S o T ol ., M AR 20920 225 230 235 240 245 250 255 260
458 459 460 461 462 463 Time (ns)
arrival time (ns)
GEANT John Felde’s model
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