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Using New
Technologies to
Exploit
Fundamentally
Simple ldeas
To probe new things



Motivation(s)

SRI's “NABC™ approach

A methodology to develop a quantitative value
proposition — the first step in value creation

IMPORTANT N Compelling,
EEDS

CUSTOMER
APPROACH

B ENEFITS

Approach

C OMPETITION
Quantitative
Customer
Benefits

Apologies if it seems obvious or didactic- it turns out to be powerful

© 2006 SRI Intemational
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Colliders:
Need: 1) identify the quark content of charged particles

2) vertex photons

Theme: extract all
the information in
each event (4a-vectors)

Approach: measure the difference in arrival times of
photons and charged particles which arrive a few psec latet.

Light source is Cherenkov light in the window/radiator.

Benefit: Discoveries in sighatures not possible now
(Note: conventional TOF resolution is 100 psec -factor of 100 worse

than our goal= 1 is 100 psec, so need a small scale-length).



The bizarre structure of basic matter

Nico Berry (nicoberry.com)

Charge +2/3e

Charge -1/3e

Bottom

Distinguishable only by mass (and possibly
lifetime)- hence measure velocity (v) and

momentum (?‘mv) of the ﬁarem particle to find
out m and thus the quark content.
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Major problem coming up at LHC- vertexing
at hlgh Iuminosity (quote Joe Incandela, CMS)

Space-Time Vertexing

| 3 different interactions in one
...................... ............ b - am CfOSSIng ......................................................................... .......
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= iMuItiTverteix event at CDF (Tqvatro‘p)
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Vertex positidfi‘along beam line (cm)

Need, e.g.- Higgs to gamma-gamma at the LHC - tie the photons to the
correct vertex, and more precisely reconstruct the mass of the pair
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Why has 100 psec been the # for 60 yrs?

Typical path lengths for light and electrons are set by
physical dimensions of the light collection and
amplifying device.

These are on the order of an inch. One inch is 100 psec. That’
what we measure- no surprise! (pictures from T. Credo)
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Preview- LAPPD (rel) timing

8" MCPs 12258-543 & 540  Apr 16, 2012
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Time resolution on 2 ends of 8”-anode strip
vs (S/N)1 in psec (pair of 8” MCP’s)
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N/S

N = RMS of the noise; S = signal amplitude
M. Wetstein, B. Adams, A. Elagin, R. Obaid, A. Vostrikov, .
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Neutrino Physics

Need: lower the cost and extend the reach of large
neutrino detectors

Hermetic TOF Water anode
Cherenkov Detector MCP photodetector
photocathode
H. Nicholson
cherenkov cone

*
L - *
. -
charged current -
i 1 *
interaction vertex o "/
»* of ?
*
*
-

ool

measurement of photon
position and time

Approach: measure the arrival times and positions of
photons and reconstruct tracks in water

Benefit: Factor of 5 less volume needed, cost.
Competition- large PMT’s, Liquid Argon
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Can we build a photon TPC?

\ Track Reconstruction Using an “Isochron Transform”

Results of a toy Monte Carlo with perfect resolution

Color scale shows the likelihood that light on the Cherenkov ring came from a particular point
in space. Concentration of red and yellow pixels cluster around likely tracks
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Two tracks displaced from a
common vertex

Single track

Work of Matt Wetstein (Argonne,&Chicago) in his
spare time (sic)
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Daniel Boone

Proposal (LDRD) to build a
little proto-type to test
photon-TPC ideas and as a
simulation testbed

"Book-on-end’ geometry-
long, higher than wide

Close to 100% coverage so
bigger Fid/Tot volume

Ax, Ay << 1 cm
At < 100 psec
Magnetic field in volume

Idea: to reconstruct vertices,
tracks, events as in a TPC (or,
as in LiA). Danie
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Medical Imaging (PET)

Need: 1) much lower dose rate
2) faster through-put
3) real-time feedback (therapy as well as diagnosis)

4-Layer Sampling Calorimeter
WENOTTOSCALE s

Layer2

Legand
| [Ee——,

) MCP Chamelplams.

Approach: precise Time-of-Flight, sampling, real-time
adaptive algorithms in local distributed computing,
use much larger fraction of events and information

Benefit: higher resolution, lower dose to patient, less
tracer production and distribution, new hadron
therapy capabilities

Cogg/zplzetition: Silicon PMT’s
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Sampling Calorimetry in PET?

Alternating
radiator and
cheap 30-50
psec planar
mcp-pmt’s on
each side

b

Layerl Layer 2

N. B.: NOT TO SCALE

4-Layer Sampling Calorimeter
MPC

Transmission Line Anode

Can we solve the

depth-of-
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use cheaper
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Reconstructing the vertex space point:
Simplest case- 2 hits (x,y) at wall

E.g. for KOTO (Prof. Wah's expt at JPARC) | Detector

Plane
Vertex (e.g. t0->
ToXo Yud, e
......................... P
I ...... htor,
One can reconstruct ..
the vertex fromthe "l
1 TuX,Y,

times and positions-
3D reconstruction

6/9/2012 RealTime 2012 Berkeley CA
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Cherenkov-sensitive Sampling Quasi- Digital

Fig. 5.1.1, Cloud-chamber picture of n large cascade shower. The plates across th
chamber &

A picture of an em shower in a
cloud-chamber with 2" Pb

plates (Rossi, p215- from CY
Chao)

6/9/2012

Calorimeters
MCP - based EM Sampling Calorimeter
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A “cartoon’ of a fixed target geometry such as for

JPAIEC’S KL-> pizero nunubar (at UC, Yao Wah) or
LHC
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How Does it Work?

Requires large-area, gain > 107, low noise, low-power, long life,

o(t)<10 psec, o(x) < 1mm, and low large-area system cost

Realized that an MCP-PMT has all these but large-area, low-cost:
(since intrinsic time and space scales are set by the pore sizes- 2-20p)
~_Incoming

— ... charged particle

window —

Radiated Cherenkov
photon

Photo-electron
from cathode

Photocathode on
inside of window

Pair of micro-
channel plates =3

Output pulse of
107 electrons

RF strip- -
line anode *

6/9/2012 16
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Collaboration with SSL/UCB

* Two parallel but intertwined efforts :

— SSL/Hawaii (Siegmund)- ceramic package based on
Planacon experience, NaKSb cathode, higher cost,
smaller area, lower throughput;

— ANL/UC (Wagner, Byrum,Frisch)- glass package, KCsSb
cathode, lower cost, larger area, higher throughput;

— Reduce risk and enhance reward by diversification
onto the 2 paths. Has proved very beneficial to both
efforts (much cross-fertilization, and shared MCP
development). Not a competition, but a shared collegial
effort that has worked, and is working, very well.

6/9/2012 17



So what are the new

technologies?

* @Glass capillary substrates (Incom)

* Atomic Layer Deposition (Arradiance, ANL)
 RF transmission line anodes (Tang, UC..)

e Waveform Sampllng (Hawaii, MPI, Orsay,Saclay, UC)

* Cheap plate glass, frit seals, silk-screened anodes,
home-brew indium seals, ...

However- there are areas where we have only old
technologies and need new ones-
Challenges and opportunities (have some fun while

you’'re mostly typing in deathless C++)

6/9/2012 RealTime 2012 Berkeley CA 18



Simplitying MCP Construction

Conventional Pb-glass MCP , I", '
i

“oLp.

Chemically produced and treated Pb- Separate the three functions:
glass does 3-functions: 1. Hard glass substrate provides
1. Provide pores pores;
2.  Resistive layer supplies electric 2. Tuned Resistive Layer (ALD)
field in the pore rovides current for electric
3.  Pb-oxide layer provides secondary ield (possible NTC?);
electron emission 3. Specific Emitting layer

provides SEE

6/9/2012 RealTime 2012 Berkeley CA 19



Latest Incom Micropore Substrate

6/9/2012 . 20
RealTime 2012 Berkeley CA Incom.lnc, Charlton Mass



New MCP Structure (not to scale)

pore
1KV= | || || || || I
v
resistive coating (ALD)
2) emissive coating (ALD)
3) conductive coating (thermal

evaporation or sputtering)

Jeff Elam
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Atomic Layer Deposition (ALD) Thin
Film Coating Technology

ALD Thin Film Materials

H He
O| F | Ne
S Cl| Ar
7. '50.J'1\'n. Se| Br| R A)
R | & ¥ i & & o nenencnene
Os l?r P.t Po| At| Rn
Hs | Mt
.Ce Pr .Nd Pm .Sm .Eu .Gd Th .Dy .Ho .Er .Tmm
Th| Pa| U | Np| Pu| Am|Cm | Bk |Cf | Es | Fm | Md| No | Lw B)
« Oxide « Element «Carbide _ _
« Nitride _ - Fluoride
- Phosphide/Arsenide Dopant B Atomic level thickness control
Sulphide/Selenide/Telluride « Mixed Oxide ] ]
B Deposit nearly any material
Lots of possible materials => much room B Precise coatings on 3-D objects
for higher performance (JE)

Jeff Elam pictures
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Electron Gain (secondaries/primary)

6/9/2012
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ALD &lIntegration tests at ANL

Argonne Atomic Layer Deposition and Test Facilities

* In situ measurements of R (Anil)
* Femto-second laser time/position

LAPPD Collaboration: Large Area Picosecond Photodetectors

The Test Stand ~ measurements (Matt, Bernhard,
. #g;iﬂéiity(zﬁgteo{gez%oengn;:ulses, few thousand Hz) Ti-Sapphire laser, 80 n, » Andrey’ Razib’ Sasha’ Bob’ Eric)

= Small UV LED

* Modular breadboards with laser/LED optics 2 h it i o i 33 mm development program
s * 8” anode injection measurements

Anil Mani and Bob Wagner
Ra2|b Obaid and Matt Wetstein

RealTime 2012 Berkeley CA 24



SSL (Berkeley) Test/Fab Facilities

Ossy Siegmund, Jason McPhate, Sharon
Jelenski, and Anton Tremsin-

Decades of experience

(some of us have decades of inexperience?)

Double chamber UHV test station
for single/double MCP detectors

Multiple port UHV lifetest station Both have support electronics
Y OF sinvgl“e/double MCP detectors

LAPPD Collaboration Workshop, 6/10/10 11
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Microchannel Plates-4b
Performance:

Ossy Siegmund,
Jason McPhate,
Sharon Jelinsky,
SSL/UCB

6/9/2012

~0.1 events cm2 sec!

Noise (bkgd rate).
<=0.1 counts/cm?/sec;
factors of few >

cosmics (!)

26



Microchannel Plates-4d

Performance: burn-in (aka “scrub’)

Gain drop <5% over 16 hours an

0.01 C cm?, quite stgbleisince th Measured ANL

Measurements by 10 '1 684-163 ALD-MCP
Ossy Siegmund, ' behavior
Jason McPhate, )
Sharon Jelinsky, - (ALD by Anil Mane, Jeff
SSL/UCB '© Elam, ANL)
Q)
o
&
©
(Big deal th)
commercially?)
—e— 613-612 Lifetest \.
ey i A Typical MCP
T a3 Lietest behavior-
Qoor oo o1 3 long scrub-

Extracted Charge (C Cm'z) times
1uA scrub @ 3 x 10° gain, 700v per MC

6/9/2012 O Qiadimiine 1| MaPhata LIOR S8l e cone wirmorty wrt 27



Signal- want large for S/N

We see gains > 107 in a chevron-pair

Ossy Siegmund s
’ 10° : 1000
Jason McP.hate, —=— Gain-prebake
Sharon Jelinsky, — - -Gain-postbake v
SSL/UCB 107
o
ALD by Anil Mane @
and Jeff Elam, ANL 10° 1100 35
-
= i
© 10° =
< 5
10* 110 &
=
10° |
l --8-- Post/Pre ratio I !
10° —— !

12 1400 1600 1800 2000 2200
MCP (V)
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Tile-Tray Integrated Design

Because this is an RF-based readout system, the geometry
and packaging are an integral part of the electronic design

Frugal Tile

Digital Card

Ground Plane

Analog Board

Honeycomb
Support
Panel

Tray and Tiles - The Super Module System

The design is modular, with 8”-square MCP sealed vacuum
tubes ("tiles’) with internal strip-lines capacitively coupled
to a ground plane (tray) that also holds the electronics.

6/9/2012 RealTime 2012 Berkeley CA 29



The Half-Meter-Squared SuperModule

A “tile’ is a sealed vacuum-tube
with cathode, 2 MCP’s, RF-strip
anode, and internal voltage divider
HV string is made with ALD
—

Design Drawing - September 2010 Actual Glass Parts - April 2012

A “tray’ holds 12 tiles in 3 tile-rows
15 waveform sampling ASICS on each
end of the tray digitize 90 strips

2 layers of local processing (Altera)
measure extract charge, time,

position, goodness-of-fit
—




SuperModule Mockup: %-m?of cathode

ll‘f., r

rads
o
R

ks TN ACHSI S5 B 3
% N Sl ‘-.‘-Q_«‘*.
SN

LN
\ \

\\\D

|\

VAN

* Real 8” glass tile package parts- anode, side-wall, window‘(Sic)
* Innards’ stack of 2 MCP’s +3 spacers+anode+window under test
* Have read out through from AC card through full DAQ chain to PC

6/9/2012
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6/9/2012

Extract time, position of pulse
using time from both ends

DAQ system LAPPD Collaboration g

» Backside of Super Module: l

Center Card
-System control
-Clock distribution
-Feature extraction |
-CPU interface

10/11/2011

ctronics

Eric Oberla slide from ANT11

RealTime 2012 Berkeley CA
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Demountable at APS

Dermaunlable posation scan, May 23, 2012
E F :
B ff’f
= - =
BB — -
B Py

Scanning the laser: t Vs X

6/9/2012

15 16 1.7 1.8 1.8 2 21

Time (pecinchy

Average puIse shape S HV

<16 -V curve of the Demountable (Ma y17)

R=28.9 MOhm

0 500 1000 1500 2000 2500
Voltage (V)

IV Curve (expected 32 Megs)
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Developing and Testing the
Eletronics, Anod\ei n DAQ

Eric Oberla (grad student) and Craig Harabedian
(engineer) working on the Tray layout and cabllng

6/9/2012 RealTime 2012 Berkeley CA



Analog Card to Dlgltal Card

Can be direct connectlon (shown) or cable

6/9/2012 RealTime 2012 Berkeley CA
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Digital Cards and Central Card

Present readout to PC and Nvidia GPU is via USB;
Ethernet hardware is on boards- later

6/9/2012 RealTime 2012 Berkeley CA 36



Anode Testing for ABW, Crosstalk,..

Herve’ Grabas, Razib Obaid, Dave McGinnis

Network Analyzer Tile Anode

6/9/2012 RealTime 2012 Berkeley CA 37



[S11]1521] (dB)

Anode Testing for ABW, Crosstalk,..

S-Parameters of Single plate 30-Strip Anode

6/9/2012

100
Freauency fHz\

RealTime 2012 Berkeley CA

Razib Obaid
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Simulation of Resolution vs abw

Jean-Francois Genat (NIM)

2 . LIS
Simuwlation \-\
mimemsn  Singhe Threshold 7 N,
20 i Multiple Threshold N
’ | - Constant Fraction s \,
= ‘, s Wavelorm sampling 40 GS/s
a \ Anolog Bandwideh 1.5 GMz {2
c 15; i\ SignalNoise 80 & 50 PEs .
$ £
° \Mmmt
b
S sk o Wavetorm sampling 10 GS/s 3l .
g e Analog Bandwidth 1.5 GHz
E . \ N SignalNoise 120 & 50 PEs
\ .
5t Ny
o 1 i A = '
0 20 40 &0 80
Number of photoelectrons

This (brown) line

- e
- -
-
| —
- ——

Brown line: 10 Gs/sec (we’ve done >15);
1.5 GHz abw ( we’ve done 1.6); S/N 120 (N=0.75mwv, S is app specific)

6/9/2012

RealTime 2012 Berkeley CA

Number of photoelectrons

This (brown) line

& 70 80 9% 100 110

39



The PSEC4 Waveform Sampling ASIC

PSECA4: Eric Oberla and Herve Grabas; and friends...

PS E C_4 ASI c ~ LAPPD Collaboration ’

—

Designed to sample & digitize
fast pulses (MCPs):

* Sampling rate capability SPECIFICATION
> 10GSa/s Sampling Rate 2.5-15 GSa/s
* Analog bandwidth > 1 # Channels 6 (or 2)
GHz (Cha”enge l) Sampling Depth 256 (or 768) points
? Relatively short buffer Sampling Window Depth*(Sampling Rate)*
size Input Noise <1 mV RMS
* Medium event-rate Analog Bandwidth 1.5 GHz
Capabi“ty (up to 100 ADC conversion Up to 12 bit @ 2GHz
KHZ) Dynamic Range 0.1-1.1V
Latency 2 ps (min) — 16 ps (max)
9 13 0 hm CMOS Internal Trigger yes

10/11/2011 ANT'11 LAPPD electronics

Eric Oberla, ANT11
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LAPPD Collaboration

PSEC-4 ASIC

@@'J'U'J'J'J'l TN

Eric Oberla, ANT11 54

- l

s

||||||||

at:u:l(:ﬂ:s BEBe
10003 3

Wdlaiileiala

ﬁ

falalala marm Al
Il\i\ihl‘ 'lililllinlfi‘hflfli WilalalalaTalala —— ‘ ‘w"ll B B
Copets & | E v i Kﬂ L! ‘?‘
I o ‘

* 6-channel “oscilloscope
on a chip” (1.6 GHz,10-15
GS/s)

e Evaluation board uses
USB 2.0 interface + PC
data acquisition software

yrysouings
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6-channel "'Scope-on-a-chip’

= o |
.

Designed by Eric b ~
Oberla (UCgrad ¥
student)
working in EDG | §
with EDG tools |
and zeitgeist

—

Real digitized traces from anode |

20 GS/scope 17 GS/PSEC-4 chip
4'C|‘6|/9a/2ro‘1|21EIS (142K$) RealTime 2012 Berkge-y%bannels ($130 ?!) 42



PSEC-4 Performance

Voltage [V]

Digitized Waveforms

Input: 800MHz, 300 mV, sine

sampling rate : 10 GS
ampling rate afs Sampling rate : 13.3 GSa/s

0.15 T T T . . 015
0.1 01
005 t i . 005 |
0 r = 0k
@D
[=)]
]
-0.05 S 005 ¢
0.1+ - 01 ¢
-015 & o . -015 F
02 L L L L . 02 L L 1 . .
2 3 4 5 6 7 8 2 3 4 5 6 7
Time [ns] Time [ns]

Only simple pedestal correction to data
As the sampling rate-to-input frequency ratio decreases, the need for time-base
calibration becomes more apparent (depending on necessary timing resolution)

6/9/2012 RealTime 2012 Berkeley CA

Eric Oberla, ANT11

43



Digitization Analog Bandwith
Eric Oberla, ANT11

3"I"'I"'I"'I"'I"'I I I I

Amplitude [dB]

~1.6GHz

|||||||||||§||||||||||||||||

3 db loss

~
IIIIIIIII

AR S T TR TN T AN T TN N TN W T Y TN O T [N T SN T T SN TN T NN TN TN M AR\ WA b
200 400 600 800 1000 1200 1400 1600 1800
Frequency [MHZz]

PSECA4: Eric Oberla and Herve Grabas+ friends...

6/9/2012 RealTime 2012 Berkeley CA 44



Noise (unshielded)

PSECA4: Eric Oberla and Herve Grabas+ friends...

Channel 3
E Entries 51200
8000 :— Mean 0.2038
E RMS 0.7781
7000—
u Integral 5.12e+04
6000 %2 / ndf 276.5 /29
u Constant 8445+ 477
=000 - Mean  0.06695 % 0.00335
40005_ Sigma 0.7547 + 0.0026
3000
: RMS=755 microvolts
2000
1000
D [ 1 I 1 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

-4 -2 0 2
Full-Scale ~1.2 volts (expect
S/N>=100, conservatively)

6/9/2012

4 6 8

10

Readout [mV]

RealTime 2012 Berkeley CA
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Status of PhotoCathodes

Have made >20% 8”PC at SSL; 25% small PC’s at ANL, 18% 4” (larger underway)

Summary of cathodes grown by Burle Equip

PMT13, 18: Dosing

without O, A N L

Pl

PMT 12: Dosing with O,

PMT19: Dosing with O, |

0.001 - | and Thicker Sb layer
350 4 aso 500 ss €0

QE of ANL small SbKCs cathodes

Hot [ —e— 28 Guantum Efcency (% Chalice cathode deposition #3
Hot | —=— 3A Quantum Efficiency (%)
20 e Cold | — &~ - 3A Quantum Efficiency (%)
E \ Cold | - ---3A Quantum Efficiency (%) (5 Days)
— .
32 B \‘q N
A v
§ 15 & e N = V! gth /7
2 ~14% QE at 340 nm at the
g I upper-right area.
w L 100
£ 10 v
S =
O 5 ‘
0 : g ~15% QE at 350 nm at the center area
350 400 450 500 550 00

Wavelength (nm)

4” cathode: Chalice in Burle oven
QE°cf'SSL 8” SbNaK cathode ANL i



Opportunities:Can we go deep sub-
picosec?: the Ritt Parameterization

(agrees with JF MC)

fan Ri T .
St.e 2 t WA iy resolutiontaticcted
Sllde, V N tarmtr

W 1T IIEILN
doctored

U A s e A
~today: 100 my 1mv 2 GSPS 300 MHz ~10 ne
soptimized SHK: - 1my 2 GSPS 300 MHz

snext generation:

«next generation
=optimized SHR:

S/N, f,: DONE e i e
Stefan Ritt slide
UC workshop 4/11

eand aperture jitter

abw: NOT YET e
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What’s the limit? (2009 cartoon)

Funnel pore with reflection cathode, dynode rings, ceramic anode,...

Front Window and Radiator\

N.B.- this is a "cartoon’- working
on workable designs-join us...

N

Photocathode

Pump Gap ——

High Emissivity
Material \

Gold Anode \

Rogers

Capacitive Pickup to Sampling Readout—

+«——— Low Emissivity
Material

"Normal’ MCP
pore material

7 v'v"v\-v"w \y ,-n-v-v- T YT TSI

I M _'_ T '"-'v"'v- ™ v.’_;_{‘n 'y"'-y~w ™ v:_;_q~n -y-"-y~- T -’_._, T .‘"w
——) o 7\ : ?” e e e A A ?” A q
PC Card ‘:"‘ ..h "‘:"‘ ..-..h "‘:"‘ ..-..h "‘:"‘ ..-..h "‘:"‘ ..-..h "‘:"‘ ..h "‘:"‘ ..-..h

50 Ohm
Transmission Line

y"‘v-v"'\u ’-“-v—-w—, v-v,-v\-‘
o "




Opportunities

» Sub psec timing -e.g. Ritt 100 fsec extrp.
 Tight pulse height (high SEY 1s' strike)
* Photocathode- QE's >45%

* Non-vacuum transfer assembly

» Simpler top seal- (incl. metal for
neutrons)

« Commercialization (SBIR/STTR)

6/9/2012 RealTime 2012 Berkeley CA



Truth in Advertising-

Current Problems
(remember we’re only in 3™ yr)

* Uniformity of ALD (parallel efforts at
ANL, Arradiance)- will be solved..

* Vacuum transfer assembly- ceramic in
progress (SSL). several years for glass
package most likely...

* “Frugal’ top seal for glass package (rogress)

 Optimization for specific applications (e.g.
Collider, KOTO, HE and LE neutrinos, PET

* Lack of simulation for applications (help?)

6/9/2012 RealTime 2012 Berkeley CA 50



More Information on LAPPD:

* Main Page: http://psec.uchicago.edu
(has the links to the Library and Blogs)

* Library: Workshops, Godparent Reviews,
Image Library, Document Library, Links to
MCP, Photocathode, Materials Literature,
etc.;

* Blog: Our log-book- open to all (say yes to
certificate Cerberus, etc.)- can keep track
of us (at least several companies do);
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BACKUP SLIDES




Parallel Efforts on Specific Applications

Explicit strategy for staying on task-
Multiple parallel cooperative efforts

LAPD Detector

Muon Development

COOling ANL,Arradiance,Chicago,Fermilab,
Muons,Inc Hawaii,Muons,Inc,SLAC,SSL./UCB,
(SBIR) UIUC, Wash. U

Drawing Not To Scale (!)

I All these need work- naturally
tend to lag the reality of the

6/9/2012 Y) Berkeley cdetector development E4



VICP and Pnotocatnoce Testing

Testing Group: Bernhard Adams, Matthieu Cholet, and Matt Wetstein at the APS, Ossy

Siegmund’s group at SSL

141

N. B.!

Mean # of Electrons Collected on a Single Strip

6/9/2012

Comparison of MCP Amplification

12+

10

«10° Before and After ALD Coating
—— Before ALD Coating
/I — After ALD Coating
/
//
/ /
&
1.4 1.5 1.6 1.7 1.8 1.9 2

Voltage Across the MCP (k\)

RealTime 2012 Berkeley CA

LAPPD
Preliminary

(very)
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The Large-Area Psec Photo-Detector
Collaboration

yersion_2.U
Feh. 89,2010

Organization Chart

R&D Program for the Development of Large-Area Fast Photodetectors

HEP Dlushon Mrechke, ANL

Harry Weerts |

External Reviewy
Committee

-

Henry

Frisch

Spokespersor Co-Pl i

Karen Byrum

Godparent Review

Co-Pl

Committees

Program Physicist

Program Engineers

Bob Wagner.

1

Dean Walters/TBD

I

Fackaging

Hermetic
Group

Micro-Channel Plate

Group Photco;rc;t:;ode Electronics Group Integration Group
Jeff K._Attenkofer/Ossy Siegmund | JF Genat/Gary ‘“Jamer Bob Wagner

Outgassing/Getters
Dean Walters

Material Characterization
Igor Meryoukin

Material Characterization

Waveform Sampling

Simulation

Glass Packaging Design
Rich Northrop o

ALD Functionalization
Jeff BamMeal Sullivan

Ceramic FPckging Dsgn
Ossy Siegmund ™

B.ohv Amplification Structures
Jeff Bam

Assembly Facilties ANL
Dean Walters

A80 Substrates

Dmitry Routkevich/Hau Wang

Assembl Y Facilfies 551
Ossy Siegmund —

6/9, cv v

Igor “eryovkin JF Genat/Gary ‘vamer Y. vanow/Z Insepov
Bialkali Photocathodes i i Testing
: L 9?%2@}82&0&‘}?' e B. AdamsM Wetstein! | ==
Ossy Siegmund 0. Siegmund

Bialkali Photocathodes
ANL
Zkn Yusof

Signal Integrity/Chrctrztion
JF Genat/Gary ‘“amer

System Integration
JF Genat/Gary ‘“amer

- Mano Photocathodes
Klaus Atenkofer

Clock Distribution

JF Genat/Gary “Jamer

Documentation& Publication
Karen Byrum/Henry Frisch

AL IS Ve vliNvIvy (s
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Photocathodes

Subject of next talk by Klaus- touch on here only briefly

LAPPD goal- 20-25% QE, 8”-square
2 paraIIeI effo»rts SSL (knows how), and ANL (learning

4

PMT13, 18: Dosing
without O,

){ j
ti'ﬂ
= = E
[ R .
@ W
m m
"W

PMT 12: Dosing with O,

PMT19: Dosing with O,
and Thicker 5b layer

Wavelength /nm

First cathodes made at ANL
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Hermetic Packaging

* Top Seal and Photocathode- this year’s priority

3 parallel paths

Tile Development Production Facility Commercial RFI

Facility at ANL at SSL/UCB for 100 tiles

(Have had one
proposal for 7K-
21K tiles/yr)

6/9/2012 RealTime 2012 Berkeley CA
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Works on GEANT events too

Reconstructed 750 MeV Muon {(geant)

2
=

g
=

L= IlllllllllllllIIIIIIIIIIIIIII

z position {(mm})
b2,
=

=

3

-1000

-1500
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l 2200
2000

— 1800
— 1600
__ 711400
T S e e el e R 1200
— 1000
— 800
600
400
200
| 0

1 1 1 1 1 l 1 1 1 1 I 1 1 1 1 1
500 1000 1500 2000
x pogition {(mm)}

Matt Wetstein; ANL&UC
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Sampling calorimeters based on thin
cheap photodetectors with correlated
time and space waveform sampling

4-Layer Sampling Calorimeter
N B NOT TO SCALE Laves 1 2

ke . o Layer 2 Lyer3 Loyer 4

woind B B

Elearonics . - Nt o 2 e N
°

Sample _
4

Transmission Line Anode / MPC

[ JEES—.

[ meP Charnel plates

Proposal: Alternating radiator and cheap 30-50 psec thin
planar mcp-pmt’'s on each side (needs simulation work)
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A "Quasi-digital’ MCP-based Calorimeter

Idea: can one saturate pores in the the MCP plate s.t.output is
proportional to number of pores. Transmission line readout
gives a cheap way to sample the whole lane with pulse height
and time- get energy flow.

=) Arradiance ALD/Incom MCP Pair Test
=/ __Image -UV___2200v___Gain Map - UV _

Oswald
Siegmund, Jason Note- at
McPhate, Sharon high gain
Jelinsky, SSL the
(UCB) boundaries
of the
multi's go
|| T away

1y I I
""\',‘\ ' ".": W
| |") U

Space Sciences Laboratory, University of Califomnia, Berkeley

Electron pattern (not a picture of the platel)- SSL test, Incom substrate,
Arradiance ALD. Note you can see the multi's in both plates => ~50
micron resolution
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MCP+Transmission Lines Sampled at
Both Ends Provide Time and 2D Space

Field Programable i
Gate Arrays c
(not as shown- PC |
cards will be
folded behind the
panel- not this

ugly...

Single serial Gbit
connection will
come out of panel
with time and

« | positions from
center of back of
panel

)y s 10-15 GS/sec Waveform
8" Tiles Sampling ASICS
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Applications

LAPPD Markets: Need. Applications. Benefit. and

Competition
Application Market Naad Approach Banefit Competition
MNan-crvogenic Tradking | HEP-Fermilab Very-latge-aren, Bkgd rejechicn, | Liquid Argon
Neutnno Detectars bialkmli-cathode Cost, Readiness
LE Neuttcn Detechion | Neutron Difftaction | B or Gd Glass, no | Time and Position | He3, B tubes
cathode resclution, pulse
shape 7/n differ-
entistion, Large
alen
LE Neuttcn Detechion | Transportatiocn Secu- | B or Gd Glass, no | Large area pulse | He3, B tubes
rity cathode shape 4/n differ-
entiation, Large
aren
LE Anti-Neutrino Reactar Manitonng J Large-aren, Efficiency, Cast PMT’s, S1PMs
Detechion biallmli-cathade
HE Cdlder Vertex CERN Psec TOF Resclution, Silicon Vertex
Sepatation Radiaticn-Hard
HE Collider Particle ID | CERM, Future Lep- | Psec TOF Resclution, Reach | MNone
ton Collider in Py
/7  Reconstruction [Rate I Decavsl| Psec TOF Combinatonc Conventional
and 1D (JPARC), Fermilsh Blked Rejection | TOF
Strange Quark ID RHIC (BNL), Al-J Psec TOF Resclution, Reach | dE/dx
ICE (LHC) Collider in Pr
Positron-Emission Clinical Medical | TOF, Latge 4rea | Lower Dose Rate, | S1PIM

Tomographyv

Imaging

FBaster thraughput
SRI’'s NABC Approach http: //www.itu.dk/~jeppeh/DIKP/NABC.pdf (sic- Denmark?)



http://www.itu.dk/~jeppeh/DIKP/NABC.pdf
http://www.itu.dk/~jeppeh/DIKP/NABC.pdf
http://www.itu.dk/~jeppeh/DIKP/NABC.pdf

The 4 Divisions’ of glass LAPPD

Hermetic Packaging || Electronics/Integration

=

See Bob Wagner’s talk This talk

MicroChannel Plates Photocathodes

See Ossy’s talk See (hear) Klaus Attenkofér’s talk
oo C

~




LAPPD Performance
Fast Preconditioning Low noise

Gain drop <5% over 16 hours an

0.01 C cm?, quite sta%w_-
163

1
c
©
O
(¢)]
>
=
<
©
o
1OOIOI 00 o 3 1
Extracted Charge (C Cm) Post-bake —2000 sec
1pA scrub @ 3 x 10° gain, 700v per MC ~0.1 events cm=2 sec!

ﬂgh in (>1 7 400 micron resolution
Ga ( 0: ) (8” plate, anode, PSEC-4)

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

0-9

Voltage [V]

5.4F

;I [ N R (N [ S R | I, VI ) T O (T VI | |
45 5 10 15 20 25 T T T T
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Application 4-
Cherenkov-sensitive Sampling Calorimeters

MCP - based EM Sampling Calorimeter

T O N TN Y L L
]

_Beam O /:_/_':——*——"___
Target
Magnetic E
Spectrometer r ey = : ]I i
ldea: planes on one side
read both Cherenkov and -
scintillation light- on other |

D Elctronics

Fig. 5.1.1, Cloud-chamber picture of a large cascade shower. The plates across th
chamber

S R & only scintillation.

A "“Egﬁ%ﬂe“‘r’bﬁwg hifaciaudi, A ‘“cartoon’ of a fixed target geometry such as for
pais-irom a0 {IID-I%RbC,S KL-> pizero nunubar (at UC, Yao Wah) or
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Detector Development- 3 Prongs

MCP development- use modern fabrication processes to control
emissivities, resistivities, out-gassing
Use Atomic Layer Deposition for emissive material

(amplification) on cheap inert substrates (glass capillary arrays, AAO).
Scalable to large sizes; economical; pure —i.e. chemically robust and (it
seems- see below) stable

Readout: Use transmission lines and modern chip technologies
for high speed cheap low-power high-density readout.
Anode is a 50-ohm stripline. Scalable up to many feet in length ; readout

2 ends; CMOS sampling onto capacitors- fast, cheap, low-power (New
idea- make MCP-PMT tiles on single PC-card readout- see below)

Modern computing tools allow simulation at level of basic processes-
validate with data. Use for ‘rational design’ (Klaus Attenkofer’s phrase).
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Satisfies small feature size and homogeneity

.,

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

/ \ J /
Window Photocathode MCP Anode

Photon and electron paths are short- few mm to microns=>fast, uniform Planar
geometry=>scalable to large areas
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Conventional MCP’s: Alternative ALD Coatings: (ALD SiO, also)
ALD for Emissive Coating

Conventional MCP's: Alternative ALD Coatings:

5
45
. 54 \— Al O
S 4 =
w >
-‘é_’ 3.5 E§ s
@ & .
e 3 2 / (ALD SiO, also)
2 Q w 4 I
s f g3 —— MgO
>8 =2 2% > T —a q
L] . a3 = e
° ) 2 FadlE] ~—
g 1.5 ) ‘*—h_‘\
o = 2 P T
§ — 3
w
_ / Zn0O
1
o] T T T T T T T // \\\’M
1] 100 200 300 400 500 €00 700 800 900 1000 1100 o
Energy, V 0 02 04 06 08 1 12 14 16 18 2

Electron energy, KeV

B Many material possibilities
B Tune SEE along pore
B Many material possibilities
y P Jeff Elam,

B Tune SEE along pore (HF- possible Zeke Insepoy,
./o20 dISCrete dynode structure (speed!) Slade Jokelaeey ca



Electronics Group: Jean-Francois Genat, Gary Varner, Mircea Bogdan, Michael Baumer, Michael
Cooney, Zhongtian Dai, Herve Grabas, Mary Heintz, James Kennedy, Sam Meehan, Kurtis
Nishimura, Eric Oberla, Larry Ruckman, Fukun Tang

10
T wh 5
| Y k\\][rL")ﬂM(‘ﬁn‘ I‘JHF‘I’J." &Pw ‘]ﬂu'”’lhh% - Jnﬁ&"'\"‘r\'Lr’\'l‘l'lnil“r) f\‘.m':
\ Jl?"'." / 1
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; 10°
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1 =10}
|
: 100 photo-electrons : ':
, ‘ 1ol 40 Gsa's sampling Sore
1.5 GHz analog bandwidth Y :
3
. . KN
A typical MCP signal 3
_4
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(Planacon) ;
I
10° : '
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Frequency (Hz)

Frequency spectra of signal and noise (JF

Genat)
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TOF adds 3" dimension to Positron-Emission Tomography

TOF (Effective Efficiency) Gain
for Whole-Body PET (35 cm)

Hardware At (ps) TOF Gain
BGO Block Detector 3000 0.8
LSO Block (non-TOF) 1400 1.7
LSO Block (TOF) 550 4.2
LaBr; Block 350 6.7
LSO Side Coupled 250 9.3
LSO Small Crystal 210 11.1
Lul; Small Crystal 125 18.7
LaBr; Small Crystal 70 33.3

* Incredible Gains Predicted
- Nothing Else Can Give Us Gains of This 5Size!

Slides from Bill Moses’s talk

(see ol

<l SIX-TILE SFER-MOoboLE

6/9/.

TruFlight™: Enhanced Diagnostic Confidence
Non-TOF

Lymphoma within right
iliopsoas muscle with
central area of necrosis

improved delineation
of lymphoma activity

116 kg: BMI = 31.2
714 mCi; 2 hr post-irj

Data courtesy of . Karp, University of Pennsylvania

at the Clermont Workshop

Clinical flat-bed scanner?

Low-density multi-layer sampling gamma
detectors?

Cheap robust electronics

Real-time imaging?
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What sets the 1 psec goal for HEP?

Senaration with a 1.3=m Radiug Solenoul 1CDF

times with 4 sigmss of == 1.4 nsec [1.4 thousand |:--|-:'--

=K senaraiion Raths .I||.|| mepsire the start thme, &, at the arign

H HH 5E"-3r3-|"1 e L B |'-I"|-'- MIL B B '-'Il' vierTes [ -ll" i
Jim e AL present we do this with the tracking chamber { COT
x'D separacan

wilth a reacdubion on the arder of a e

AL CDF: £ 18 correlated with zoerter! (From the news
TAMU EM timing svstem in CDF (Goncharoy, Kot
iy, Tk

Wiy D ele Em v I

oS

:':-:':-':-':E-'I”_L:pr.-p

jzm)
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Electronics-

Eric Oberla and Craig Harabedian cabling

SuMo digital and central FPGA cards

1511115211 (¢8)

Fs @
=] 8
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&0 I R L A HE I
10* 10° 10° 10’ 10 10°

Analog Bandwidth of strip-line anode
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RealTime 2012

Integration & Performance

Voltage [V]

Time [ns]

PSEC-4 sampling at 13.3 Gsamples/sec

8" MCPs 12258-543 & 540  Apr 16, 2012
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- R R R SR S
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—s=— Data
w 16 . . .
—e— Simple simulation
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Differential (2 ends) resolution,
S [=2] ] 8

N

Th|s is the money pIo
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N = RMS of the noise; S = signal amplitude
Time resolution on 2 ends of anode

Perkelstrip vs (S/N) in psec 76
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