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Large Area Picosecond Photo Detectors
(LAPPD)

of Chicago

Goals:

e Large area

» Picosecond timing
* Cheap

Applications:
 Picoseconds on

large area
* Neutrinos
e Kaons
e Collider
 Muon cooling
« PET scan
o X-ray
* Neutrons

=:
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Super Module )

of Chicago

e Thin planar glass body detector

 MCPs share single delay
line anode
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Non-Cryogenic Liquid £
Detector

Hermetjq TOL Yater anode

Cherenkov Detector MCP photodetector

Can We bUiId a photon TPC? photocathode
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%o Ask Matt Wetstein (UChicago) for details.
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Particle Identification

Al o s
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of Chicago

Can we start talking about particles instead of jets?
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LAPPD components
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Photocathodes
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MCP fundamentals

of Chicago

POTENTIAL
ELECTRODE .77 77"14 72 _h\'*df}"*:i—t* ‘r':‘?:'-’:
D\ N\ YRR =
Many electron multipliers per unit area
* Glass substrate with micron pores
 Each pore acts as an electron multiplier
- secondary electron emission (SEE)
- high voltage applied
» Usually very expensive
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Commercial MCP vs
LAPPD MCP

Conventional Pb-glass MCP Incom glass substrate
D~20micron, 65% open area

of Chicago

;-

Three functions in one glass plate Separate the three functions

e Pores  Pores (L/D~60)

* Resistive layer to provide * Resistive layer applied using
electric field in the pore Atomic layer deposition (ALD)

« Pb-oxide layer serves as SEE layer  * SEE layer applied using ALD
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MCP by Atomic Layer
Deposition (ALD)

Beneq reactor for ALD

Argonne National Laboratory
A.Mane, J.Elam

Wide parameter space:

- relative composition
of materials

- temperature

- different materials and
thickness

Porous glass

esistive coating ~100nm (ALD)

m

missive coating ~ 20nm (ALD)

Conductive coating
(thermal evaporation or sputtering

September 21, 2012
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LAPPD vertical slice

of Chicago
incoming photon
fop window-._ - * Enclosed in vacuum (107 — 107 torr)
shotocathode (pc) [ pgamT * Photocathode (aluminum at the moment;

low quantum efficiency is compensated
by high UV light intensity)
« Stack of MCP plates
- Chevron geometry (8° bias angle)
- ~1kV across each MCP
- ~200V acros gaps
Window * Anode (delay line 1.6 GHz bandwidth)
 Readout with high bandwitdth scope
or LAPPD made DAQ

T . \&\&\X

inter-mcp gap

mcp 2o fomn /7/7

anode gap

anode readout-..

Design Drawing - Septamiser 2010 Actual Glass Parts - April 2012

The Frugal Tile

In the tile, voltages are set by adjusting \ N3
resistanses of MCPs and grid spacers. ¥ Ns
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Laser Testing Setup

@ Advanced Photon Source Division (APS) :
Argonne National Laboratory of Chicago

Sub-picosecond laser

e Ti:Sapph 800nm; power ~800 mW

* Pulse duaration O(100) femtoseconds
 1KHz repetion rate

* Non-linear optics to produce
266nm UV light
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pair of 40 MOhm 33mm MqgO plates

Fraction of events

Vxns

Average pulse height,

Gain with the MCP stack

| Photocathode gap |

» ~2x107 electrons out
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20 nm MgO SEY data

200

0O Slade: tilt=0 == Qur fit: tilt=0

= Fit: tilt=10 = Fit: tilt=20

== Fit: tilt=30 = Fit: tilt=40

= Fit: tilt=50 = Fit: tilt=60
Fit: tilt=70 = Fit: tilt=80
400 600 800

Primary electron energy, eV
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MCP pulses and timing

ime ~05 ns| mV
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Time resolution determinants:
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Timing analysis approach
* Fitrising edge

Use constant fraction
discriminant

Questions

Time resolution

Position resolution

_NIM A607 (2009) 387 .

1) Signal to noise My Ao
2) Analog Bandwidth L I o t0d e
3) Sampling rate fal N e o
4) Signal statistics " AN T
0! : . , S
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Tests with 8" setup

of Chicago
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Slope 10ps/mm corresponds to 2/3 c signal propagation speed along the anode stripline

AT = 15ps »AX =1/2 AT 2/3c =1.5mm
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Differential time resolution

AR AR
of Chicago

Simulation 8" MCPs 12258-543 & 540  Apr 16, 2012

*
—
q|=
d
- -
5%

 Generated pulses with fixed shape. 18
100 ps spacing between points to
simulate 10Gs/s scope sampling

—s=— Data

—
o

—e— Simple simulation

-
£

 Simulate noise: each point smeared
with RMS = Amplitude*X%

- -
o M

oo

 Noise is independent at each point

Differential (2 ends) resolution, s

6
Data )
 Pulses comes from MCP plates 2

L1l | L1 | | L1 | | | I | | | I | | I | L1 | | I I | 11
0.005 0.01 0015 002 0.025 003 0.035 0.04
N/S

 Noise is dominated by laser pockel-
cell (deterministic noise)

6 psin AT — 0.6 mm in AX

2 ps in AT — 200 microns (consistent with laser beam)
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Time-of-flight resolution

of Chicago
S | n g Ie P E T| m e Re S OI Utl 0 n Al,0, single plate with amp. 33mm MCP #150. One end readout. Feb 3, 2011
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Transit time, s
Prospects for improvements:
« MCPs with high L/D pores
* optimized anode
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Limitations

of -.:':-111:-;1@:-
Can we achieve sub-picoseconds?
HowiSitiminsircsolbtion attfccteds

sAssumes zero
aperture jitter

!

VEZN At
stoday: 300 Mz

~optimized SNR: 300 MHz

next generation:

next generation
=optimized SHR:

|

: sincludes detector noise
in the frequency region of the rise time

«and aperture jitter : :
Stefan Ritt slide

UC workshop 4/11

Tirmng VWorkahog, Chogo

A.Elagin September 21, 2012




University
SR

Hermetic packaging

of Chicago

1) Glass sidewall over the anode plane: solved by frit sealing
2) Top window over the full vertical slice: work in progress

Primary path for the top seal: indium seal
ANL & UChicago effort Production Facility at SSL/UCB
lass bod ceramic body
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Photocathode

of Chicago

Photocathode Development — Argonne

Sb beads

K, Cs
dispensers

Quantum Efficiency
o
}\(
»
*
4
»
*
»

0.01 T T T T —4 T 1
300 350 400 450 500 550 600

Wavelength / nm

21-pin
connector for
beads,
dispenser,
signal wiring

Large glass vacuum vessel
(Chalice) replaced small PMT
manifold to produce 4” & 7”
photocathodes

Learned photocathode fabrication techniques on

hototube process system purchased from Burle Developing techniques to scale
P P y P to 8” transfer cathode for Tile

Facility at Argonne

~>Bob 'Wagner's-stide
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Photocathode

Gk
of Chicago

Position Y (inch)

Chalice Photocathode #9 e transfer techniques from Chalice to 8” tube processing

Scale-up to 7” Photocathodes at Argonne

KCs-Sb Photocathode

13 Photocathode shoots on

“erasable” glass window: ]

e Tune process parameters 6]

e Optimal # and placement
of Sb, K, Cs dispensers

e Improve QE and uniformity

0.00
0.02
0.04
0.06 2

| B o]
0.12 T " graphic: Jungi Xie, Argonne
gragh 9§55 Ao

Quantum Efficiency %

. R
e 100 90 80 70
0.18

0.20 Percent Transmission

0.22

Optimization of QE w.r.t SB thickness
% transmission of Sb = thickness

e Photocathode fabrication established at Argonne
e Ongoing study for uniformity and QE>20%

Position X (inch)

e Future:

system at Argonne
e Collaboration with SSL, BNL, UChicago, WashU, ... on
understanding and improving photocathode QE

DOE B@ub Wﬁgﬁ&ﬁ:&ﬁ”dﬁme HEPD
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Electronics

« Analog card (PSEC4 chip) for every 6 channels:
- waveform sampling

* Digital card (FPGA) for every 5 chips (30 channels):
- charge, time, shape

* Central card (FPGA) 1 per supermodule:
- time and position; system control, CPU interface

A.Elagin September 21, 2012 21



Scope-on-a-chip

- W

Oberla (UC grad

student)

Real digitized traces from anoe |
20 GS/scope 17 GS/PSEC-4 chip
4-channels (142K$) 6-channels,($130 ?!)
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EJ\A il Demountable 1.0

yoealed tube* prototype

- full vertical slice

- capable of data taking using
LAPPD made electronics

What's different from final design
- active pumping
- aluminun photo-cathode

Demountable position scan, May 23, 2012
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Conclusions and Outlook

of Chicago

 Approaching picosecond domain on large area
 Demountable prototype shows very promissing performance
 Major challenges: photo-cathode & top seal
* Next steps:

- many... photo-cathode and top seal are crucial

- testing of the super-module with fully integrated DAQ

- see our plans and progress here

http://psec.uchicago.edu/ and http://psec.uchicago.edu/blogs/lappd/

i \ i A
7

Demountable 2.0

M
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Back-up

of Chicago
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Position scan

of Chicago

automated translation stage
capable of micron precision

8 inch MCP x-position scan. Two ends readout.

5.4

5.35

III|IIII|IIII|IIII|)(
—
o
L=}

5.2—

| L L L | L 1 L | L L L | L L L | L L 1 | L L L | L 1 L | L
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Slope 10ps/mm corresponds to 2/3 ¢ signal propagation speed along the anode stripline

AT = 15ps >AX =1/2 AT 2/3¢c =1.5mm
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Gain

MCP Development & Testing

MCP Llifetest:
350°C bakeout then 1-3pA “burn-in” to 7C/cm?

107 /.,/ L 107
i gaméhrou_ghout "; Chem. 2 + MgO SEE
urn-in j ™
10° | _ 2 ]
ke
pre-bake &
S S
10 = Commercial MCP &
o ALD with Al,03 SEE
| A
104 : U B
[ |
—=— Pre Bake ,g %wwm .
—e— Post Bake (W] ® 25um pair 40:1b
10%- -e--002Cem2 | & e 25um Pair 40:1a
--&--09Ccm-2 ‘>_<'l Hum pair 80:1
-+n--24Ccm-2 wl 4 164-163 Lifetest
( 613-612 Lifetest
10 : - 10’ :
1200 1400 1600 1800 2000 2200 2400 0 1 2 3 4 5 6 7

Extracted Charge (C Cm-2)

UV illumination of ALD MCP pair

MCP Pair Voltage

Gain curves of 33mm ALD
MCP pair during conditioning.

Desirable MCP properties with MgO SEE:

* No precipitous initial gain decrease as seen in
commercial MCPs.

e Little or no aging up to 7C/cm?.

e MgO SEE produces low-noise MCP

DOE Site Visit, 04 Sept 2012, Bob Wagner, Argonne HEPD

compared with conventional MCPs.

Background Noise
Measurement
(separate from lifetest)

0.0845 events/cm?-s
7 x 10° gain

Rate comparable
to cosmic bkgd

graphics: Ossy Siegmund & Jason McPhate, SSL
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