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Large-Area Low-Cost Photodetectors with
good correlated time and space resolution
(target 10 $/sg-in incremental areal cost)

Large-Area TOF particle/photon detectors
with psec time resolution ( < 1psec at 100 p.e.)

: Understandin% photocathodes so that we can

reliably make high QE, tailor the spectral
response, and develop new materials and
geometries (QE > 50%?, public formula)
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DetectorDevelopments5 Prongs

WIC R deyelopneni- uge modarn ziprlerilon procesgges io
CONLEOICINTSSIVAN CSICSTSTVANICS RO U= ASEITD,

Usc Atomicliayerideposition o emissive matetial

(amplitication)ontchicapiuncrt substratcsi(glass capillaty arraysy
AAO). Scalable tollarge sizesy cconomicalipute e chemically
robust and (it secms=Isec below) stable

AnodeusasViohmisitipline. Scalableuptoimanyscetanicngthis
readonut 2iendsiCVIOS sampling onto Capacitors-ast, cheapy
low=powert (New 1idea-make M%P PiVidStiles on smgle PC-card
readout= sec below)

Modemicomputing toolsiallowssimulation atievel 'otibasic

tocessesEvalidate withidata. Use for rationalid esign?
KlausiAttenkotcr’s phtase).
10/29/2010 IEEE Workshop



Atomiciayerid eposition (AUCID) it
Erlm  Coating I'cchnology

ALD Thin Film Materials
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materials => much room (JE)

for higher performance

Jeft Elam pictures
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Hlish(multi=GElZ) AW cad ot

INew ideal(Herve Grabas)=Puirboifionm
iraced on'PC-card (noi on ihe glass):

Note signal is differential between ground
(inside, top), and PC traces (ou’rade?
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Simulation (ctesses alll groups)
Valentnivanovs Zekeldnsepovs Zeke Yusof; Sergey Antipov.

Trajectories

TTS simulation, Esec=2 eV, direct channel, Gain = 14

Spoiled end. Color: field angle

Max: 8877
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Switching to hopping mode
200 400 600 800

o jiiit

TTS simulation, Esec=2 eV, tilted 10° channel, Gain = 3730
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Sealed Ifube (Tile) Construction

10/29/2010

*All (cheap) glass
Anode is silk-screened
*No pins, penetrations
*No internal connections

*Anode determines locations
(i.e. no mech tolerancing for
position resolution)

*Fastens with double-sticky to
readout Tray: so can tile
different length strings, areas

*Tile Factory in works (ANL)

IEEE Workshop



8” Glass Package Component Costs

Rich Northrop
Fabricated per unit cost estimates

————————— Quotations--------- Cost estimates

30 1000 3000 10,000 100,000
Window (1@) $18 13 11 10 8
Side wall (1@) $78 55 52 48 40
Base plate (1@) $20 K 11 10 8
Rod Spacers (75@)  $7 3 2 1.20 .80

Total $641 $306 $224 $158 $116

The above prices are for water jet cut B33 glass, tol. +- 0.010, except rod spacers +000 -0.004

To this add 2 8” plates (@2507), ALD (Bulk), PC, assembly

10/29/2010 IEEE Workshop

10



PSEC-2 ASIC

Chicago- Hawaii

/%’ [

*130nm IBM 8RF Process

*This chip 4 channels, 256 deep analog ring buffer
*Sampling tested at 11 GS/sec

*Each channel has its own ADC- 9 bits eff (?)

*The ADCs on this chip didn’t work due to leakage (silly,
didn’t simulate slow easy things) - resubmitted, and test
card out for fab with external ADC - will use 1 of 4 chnls

*We’re learning from Breton, Delagnes, Ritt and Varner

(Gary is of course a collaborator)
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ANIC=UE Glasst Elermetic Packaging Group

2 Proceed inisisiiens: 1) hermeiic box; 2)

Add MCP s} readolits (Aurcathode); s)
Add pheliocatiode

BoX

Box+ 8 MCPs

Possible Au anode

BoxX+MCP*PE
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Application Z=iNCuttinoe IPhysics

y _
Hermetic, Lo Waker anode

Cherenkov Detector MCP photodetector
photocathode

wavefront

cherenkov cone
charged current

interaction vertex

" "measurement of photon’ "
position and time ’

8 Spec: sicnalsingle photon, 100/ps time; 1 cin Space, 10w, COSt/an2
(£10K$ 01 et £ £
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New Ideazili=res PO

mSpatial Resfoti<icm plus =505

covetagerwould allow: working closeito
thetwallsi=> orcatct Fidy/ diotitatios

2 Alse would malke cutve ofi Eid /1ot
tlatterwit to) symmetty- could make a
highHongs natrow: (book=en-end)
detector at smallerloss of B/ 4

B Cavermnheightcheaper than widthis
tobust tubes can stand more pressute
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New 1dea: Eli-ives Bl ()-continued
B0 pSEC time fESOLUION S| SCmISpace

1 Question- can one distinguish a pizero
from an electron and 2 vertices from
one? (4 tracks vs 1 too)



New idea: Hi-Res H,0-continued

B Qucstion: €an we reconstruct the lirstS
radiationiengthsiotianevent with resolution
~1y40 ot aradiationtcrgtliz

B EandlcsionipiZero=cl CCtron SEPALAtION: 24V
Iverticesy nortrack vsHtracki between
primary vertexs and st photon Conyversion;
2itracksSi(Bwice i CIPHOTONIS) oIt Cr
CONVEESION VErtiCess

B Know: photontangle;lots ot photens-1it to
counter diSpersiony SCAtC NG

B Book-on-cndaspect ratio helpsiagaimst
dispetrsiony scattering=havertorlookatwhole
piCtute:
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Application 3- Medical Imaging (PET)
*Bill Moses Slide (Lyon)

Can localize source along line
of flight.

Time of flight information
reduces in images.

Variance reduction given by
2D/ cAt.

500 ps timing resolution
5x reduction in variance!

lL Time of Flight Provides a Huge Performance Increase!

Largest Improvement in Large Patients .
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Al fadlcal 1de% drncrlen by samplin
faa orllylnet%fs ase onhthm ea
Stiphefodcetectorsiwith correlat
time;and Spacewavetorm Sampling

*Both Photons Deposit >350 keV

P Crarncples

Give upron fine 51 KeVaenergy: cuis for blégd rejection (12),

Give upron e Compion firaction(122)/andrinstead use
cheaper faster lower=density scintillator, “adapiive
algorithms, andilarge-area tor beat: down background.

@uestion_ fior: wkshp=' candidatie scintillators (Ren-yuan
stiggesis; BaF2="even'lower. densifty candidates?)
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Medical Imagino (PEAY)=cont.

Specsicaal NI 0N ROLOMSISINSFHCHESOITHOAN
(eeieel geziee tegoltitlon, 90K a2 il
commecrelializA CHOECIRICAINISE:

SUMMARY

However- truth in advertisin

(see Bill Moses’s talk at Clermont.) It looks
promising, as it may be possible to produce large
panels with better spatial and time resolution than
possible with photomultipliets, and our initial
estimates are that MCP-PMT’s may be as much as a
factor of 10 cheaper. However, the development will
take a collaborative effort on measurements and
simulation (see papers by Heejong Kim et al on web
and in this conference). Talks are also underway

among Clermont, Strasbourg, Lyon, and Chicago.
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Application 4= Cherenkov-sensitive Sampling:
Quasi-Digital Calorimetets

MCP - based EM Sampling Calorimeter

Magnetic

Spectrometer

EM - TOF Calorimeter Hadron

Idea: planes on one side -
read both Cherenkov and
scintillation light- on other
only scintillation.

Fig. 5.1.1. Cloud-chamber picture of n large cascade shower. The plates across th
chamber are lead, 1.27 em thick. From C. Y, Chao.

Alpicture offan'em showert A cartoon” ot afixed target gecometty suchas 1or
1n' a cloud=chamberwith PAREC s KIL-> pizeto nunubat (at UE; Yao: Wah) oxt:
vz Phiplates (Ross1 EHECb
p2i5=trom € Chaos
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(EANONCI NI RARQ IIASTEU 1 Al VIE) =

ozgecd Calorlnneied?
Iidea: can'one saturatelporesiinsthestheSMCP plate
st i outputiist proportional tornumberof: pores:
iransmissioniline’ readou: ﬁl\(es dcheapiway forsample
Inerwholerlanerwitnipulsesheighis andifime=geienergy

flow,

rradiance ALD/Incom MCP Pair Test
Image - UV 2200v Gain Map - UV

e e

Note- at
high gain
the
boundaries
of the
multi's go
away

Space Sciences Laboratory, University of California, els
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Miote Information:

Main Page:

Library: Image Library, Document Library,
Year-1 Summary Report, 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);

Wish us well- goal is in 3 years (2 from now)
to have commercializable modules- too late

for the 1% round of LBNE, but maybe not
too late for a 279 or 3"9-generation detector.

IEEE Workshop 2>


http://psec.uchicago.edu/
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Backup
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dihelfarse-Area Psec Photordetcctor Collabotation

The Development of Large-Area Fast Photo-detectors
April 15, 209

John Anderson, Karen Byrum, Gary Drake. Edward May, Alexander Paramouon, Mayly
Sanchez, Robert Stanek, Hendrik Weerts, Matthew Wetstein', Zikri Yusof
High Pnergy Physics Division
Aygonne National Laboraiory. Amonne, Hllmoiy 6039
Bernhard Adams, Klaus Attenkoler
Advanced Photon Source Division
Argonne National Laboraiory. Argonne. Hlinois 60439

Zeke Insepov
Mathemalics and Compuler Sciences Division
Argonne Nafional Laboraiory. Argonne, [llinois 60439

Jeffrey Elan, Joseph Libera
Poergy Systems Division
Argonne National Lahoratory. Argonne. linois 60439

Michael Pellin, lgor Vervovkin, Hau Wang, Alexander Zinowvey
Malerials Science Division

Asgonne National Laboratory, Asgonne. lmaois 60439

David Beaulien, Neal Sullivan, Ken Stenton
Armadianas Inc.. Sudbusy. MA 01776

Miresa Bogdan, Henry Frisch!, Jean-Francois Genat, Mary Heintz, Richard Nerthrop, Fukun
Tang
Inrien Fesms Instituie. Unwersily of Chimgo, Chicago. lilinoss 60637

Erik Ramberg, Anatoly Ronzhin, Greg Sellberg
Fermi National Acceleraior Laloratory. Batavia. llimois 60510

James Kennedy, Kurtis Nishimura, Mare Resen, Larry Ruckman, Gary Varner
Universily of Hawas, 2505 Coryea Road. Honolulu. HI. 96822

Robert Abrams, Valentin lwanov, Thomas Roberts
Muons.Inc 552 N. Balavia Avenue. Balavia, IL 60510

Jerry Va'vra
SLAC Naiional Acceleralor Laboraiory. Menlo Park. €A 94025

Oswald Siegmund. Anton Tremsin
Space Sciences Laboralory, Universily of California, Berkeley. CA 2720

Dmitri Roatkevitch
Synkesa Technologies Inc.. Longmont, €0 80501

David Forbush, Tianchi Zhao
Depariment of Physics. Universily of Washmglon, Seattle. WA 95195

! Joint appomtment Argonne National Labeeatory and Forico Fermi Institute, University of Chicago

10/29/2010
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3 National Labs, 6 Divisions at
Argonne, 3 US small
companies; electronics
expertise at UC Berkely, and
the Universities of Chicago
and Hawaii

Goal of 3-year R&D-
commercializable modules.

DOE Funded (a little NSF)
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Organization Chart ”

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

HEP Dlushon Mrecke, ANL

External Review
Committee

Henry Frisch
Spokespersor Co-Pl

Harry Weerts I

Karen Byrum Godparent Review
Co-Pl

Committees

Program Physicist Program Engineers
Boh Wagner. Dean Walters/TBD

ermetic Packaging 1 Ticro-Channel Plate Photocathode Electronics Group
Group Group Group
' Jeff Ham i

Integration Group
JF Genat/Gary “amer Bob Wagner

Outgassing/Getters Material Characterization Material Characterization Waveform Sampling
Dean Watters Igor “eryoukin Igor “eryoukin JF Genat/Gary vamer

Simulation
V. vanoviZ. InsepoviZ Yusof

viass 'acliaglng esign ALD Functionalization
B Jeff BamMeal Sullvan

Bialkali Photocathodes - Calibration/Control Testing
0ssy Siegmund JF Genat/Gary “amer Matt Wietstein/Ossy Siegmund

. ge . i i . o .
Ceramic Fpﬁglng Dsgn v Amplification Structureg Bialkali Pr.kogl?_cathodes Signal Integrity/Chretrztion
Ossy Siegmund Jeff Bam T8O JF Genat/Gary “amer

System Integration
JF Genat/Gary “amer

Assembly Facilties ANL
Dean Wialters

ALO Substrates - Mano Photocathodes Clock Distribution Documentation& Publication
Dmitry Routkevich/Hau Wiang Klaus Atenkofer John Anderson Karen Byrum/Henry Frisch

sembly Faciies 5.
Ossy Siegmund

4 Groups: Hlintegration andii

10/29/2010
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Pawvillel Biitgris o ypectile e\ppliciiioes

Explicit strategy for staying on task

UC/BSD,
CB, Lyon)

UG,
ANL,Saclay.

LAPD Detector

Development

ANL,Arradiance,Chicago,Fermilab,
Hawaii,Muons,Inc,SLAC,SSI./UCB,
Synkera, U. Wash.

Drawing Not To Scale (!)

Muons,Inc

(SBIR)

Matt, Mayly,
%ob ]ohny 3

10/29/2010 sNop
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GLASS - BODY MAP-PMT

' 'f,/’”\\\\ L GIASS

Putalliimgredients W INDS W

together=sat olass o
case (think diVes)y i
capillaryy/AltlD

amplification)

transmissionline

anodcs; waveiorm

sampling

Glassiisicheapy and SN RN

they make vacuumn FACER A RN ™S Y E ANSTE
tubes|out ofiit="why R R %Sgﬁs‘%as‘
not MCP’s? NG

o cass

TR ALY
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GodParent Review Panels

*Karen Byrum - Bob Wagner - Gary Varner . ikri
*K.Arisaka - K.Attenkofer - J. Buckley . zBlfrAZ;‘rsnzf
*J. Elam A. Bross - K. Harkay - M.

*D. Ferenc - Z. Insepov - V. Ivanov Demarteau
*J.F. Genat A. Tremsin A. Lyashenko * 6. Drake
*P. Hink - J. Va'vra * T. Prolier - T. Liu

*A. Ronzhin - A. Zinovev * M. Wetstein| - I. Veryovkin
- S. Ross

10/29/2010 IEEE Workshop e



Advanced Photocathode Group
Moving to understanding the physics

Cryostatwith manipulator
Klaus Attenkofer, Sasha Paramonov, Zikri Yusof, (4K-900K)
Jungi Xi, Seon Wu Lee, UTUC, WashU, ... \

* G Uleve e petenigdon g
;gm% Tnessiiesiiey agewellyign= oucielfplecion. gl

" GpaauePCs oy puch gher OF R,
Inergeomeiiy
u Many small faciors To 02 ﬁgined in S =g

absor: TIOY\TGHTI-Fef ec‘go 5%3 & Cleaning —

B ame on Db e oK
Big payoff if we can get >50% QE robust
Photocathodes, and/or more robust (assembly). Also want to

= gntium Effic, @f 6075 have been
achievediin bialkalis

get away from ' cooking recipes to rational design.

10/29/2010 IEEE Workshop
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Some INeuttino=specitic Ithoughts

B Simulation

Pizero)/electron vertex: recon
ditiie tracki teConsStrction
Protontdecay;

B Protostype Iiestinganisitu: Canwe add
someSupetViodulesTtoran existing water)/scint
detector(apologicsHormyasnotance)s

aPAThiew smallfcat dCtector Proto-typey/ teSt=
bed o Ectmilalye

m Othet?
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