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eutrinos

All these need work- naturally
tend to laf the reality of the
detector development



Thnree Cozls

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

2. Large-Area TOF particle/photon detectors
with psec time resolution ( < Ipsec at 100

p.e.)
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*MCP testing setup

Matt Wetstein Slide(EFI/ANL)-fs laser at APS



Frit work by Joe
Gregar (ANL)-
ALD by Anil
Mane, Qing Peng,
and Jetf Elam.
Design by Rich
Northrop (EFI)

Completed Lower Anode Seal

eArgonne National Laboratory Scientific Glassblowing Facility
12



*Gain measurements: |

UV lamp
*Characterization of mock tile MCPs gain
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review meeting
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Elowsisitimnimoerresolutiontaticcteds

eAssumes zero
aperture jitter

l

U AU f. fo At
today: 100 mV 1 mv 2 GSPS 300 MHz ~10 ps
eoptimized SNR: 1 mv 2 GSPS 300 MHz
enext generation: 100 mV 1 mV
enext generation ey
eoptimized SNR: :

|

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

eand aperture jitter : :
Stefan Ritt slide
UC workshop 4/11

April 28th, 2011 Timing Workshop, Chicago
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*130nm IBM 8RF Process
*This chip 4 channels, 256 deep analog ring buffer

*Sampling tested at (almost) 18 GS/sec
eEach channel has its own ADC- 10 bits effective

* Fastest waveform sampling chip by a factor of ~3
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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
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HermefiG, JOG Water anode

Cherenkov Detector MCP photodetector
photocathode

N

wavefront

cherenkov cone
charged current

interaction vertex

- —

" “measurement of photon’

position and time
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(§)-10K$ Dy o E ) U : pass,
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1 Question- can one distinguish a p
from an electron and 2 vertices from
one? (4 tracks vs 1 too)



1 Question: Can we reconstruct the first 3
radiation lengths of an event with resolution

~1/10 of a radiation length?

NN ANdICSIOIIPIZELO=CICCHEONISEPALALOIENZAVS
IV ETHICESS O ACKIVSHNTACKIEWEEH
PEAG AV CHCXIAUNITS PO ORI CONVELST011Y
ZAEACKS (WA CENHENP IO 0TS ) MO TINIIC
CONVETSTIOMWELHICCSS

)
- Know photon angle, lots of photons-fit to
counter dispersion, scattering;

| Book-on-end aspect ratio helps aiainst
dispersion, scattering-have to look at whole
picture.



-LDRD Proposal Prototype of a Large-Area Picosecond
Photosensor-based Detector

Zelimir slide

[ ]
HEP Far Detector : Water Cerenkov
'Pl’Oblem . Super.K ‘ 600MeV muon
. .. . - 13K 20" PMT ity 84 L
--with novel detector applications one has to improye = =y aes i, £
. . - 50 kT total e -\ 1
 performance by increasing the detector coverage, mass S i
- 39 m diameter L
* granularity, timing resolution and quantum LB;ZE frihelaht b
- efficiency and/or reduce the cost of technology. 60K 10" PMT ' s
per 100kT FV
module (25%) 11/ by
. ~55mdiameter || ”’”]”i ’M":"'H" e
- ~60 m heiaht I l' u '
«Approach -
Large Cavity, Water Cerenkov Detector
Water: 53m Dia. x 54m vertlcal
Olu 2. oUm ' d
° GO al Water Level

le———

i. Large Cavny l "Exam N Ie 0 _’!_;”,,_,_ .

50 - 60 m span

Approaches the = =uLrino phyS|CS

__.—'-—"'. :

| technically feasible limit

«future LBNE Experimen



-1st year: characterize and design LAPD-based detector: simulate and quantify
the benefits of a precise position and time resolution, understand particle ID and
background rejection capabilities.

-2"d year: LAPD module available, start building a prototype of LAPD based
detector: understand the LAPD module/liquid interface, design vessel
containment, readout scheme (test wireless).

«-3rd year: application and operation of LAPD in LS, water, or water-based LS
detector: data analysis and comparison with expectation.

«-Short-term: design, build and operate ~1m? detector (~3 years). -
-Intermediate-term: build a 20 ton LAPD-based detector (~4-6 years).

* Application: short-baseline neutrino physics (oscillatio tests and cross-section
measurements), LBNE near detector, low-background counting facilj

underground), etc. ©

--Long-term: large multi-kton detectors.

kt
*Application: long-baseline neutrino physics (LBNE far det.), proton| e

nova detection.

N L



Application 3- Medical Imaging (PET)
*Bill Moses Slide (Lyon)

*c=30 cm/ns
*500 ps timing resolution Can localize source along line
izati of flight.

Time of flight information
reduces in images.

Variance reduction given by
2D/ cAt.

500 ps timing resolution
5x reduction in variance!

Time of Flight Provides a Huge Performance Increase!

Largest Improvement in Large Patients :

5/" /12011 Cormi lnctitiitn CAalla~g
T U L roirrimririolultute \J\Jlluqululll




AddissimcEoi=Elighitto
RECONStHUCHion

EasterGonveroence
*Bill Moses Slide (Lyon)

*Detector
*Tomograph
Ring
*Height represents weight assigned to each voxel by reconstruction algorithm
Detected event projected to all voxels Detected event projected only to voxels
between detector pairs consistent w/ measured time
Lots of coupling between voxels Little coupling between voxels

Many Iterations to Converge Few Iterations to Converge



Hardware At (ps) TOPF Gain

4.2
6.7
111
18.7
33.3

Gain means lower dose rate: additional factor
from whole-body coverage vs scanning camera



el e

vz
A 22224

A

Yz

Pz

7777

Calorimeter

N. B.: NOT TO SCALE

B

2 ZA

4-Layer Sampling

2222

WViEdica

Y2222

7777277277722

3
Electronics

& )
o < 0
Y= 5
S O .
>
ey aINl 9
200 S
& Sxcpodse
= eV ]
A S ) el
ae..mrsaa
Cheji= o= Vis

McP

MCP MCP MCP MCP MCP MCP

Transmission Line Anode

and

B eroocanode

]  MCP Channel plates

I Transmission Lines

g 2 8 =

— —

(sd)souauagp s,

S W W+ N o

—

(25)uonoey g [EnuaagIq

29

hoele

1gfestal byt

nc
difféeten

Depih

Fermi Institute Colloquium

ystaliby.

I1INCT;
CHCTOVAASYIMIM CtLy

Depth

5/2/2011



ANAGICANIE CANIIT
AT ICICTS I ASEE
IASTHPIOIOUCICELOT

Scintillator

Alrzrnating radiator
and cheap™30-50 psec
Tnin planar mep-pint's

on zacn sidz

0 0.2 0.4 0.6 0.8 1
Relative Efficiency

GiverupronsihesoliskeVaenergy cuisior 'm'jgd pejectioni(!2))
L]

Giverupronsinescompionsiraciioniz2)iiandainsieadsuse
cheaperifiasiensiowersdensiiysscintillaiorsadapiive
digorithms)handilarge=areasorbeaisdownibackgrounds

;
QUesiion fior wkshp=scandidaie;s ajorsi(Rensylian
suggestsiBafze=sevenilowerrdensity candidaiies?)

i
R~
|
H—
e
| G



4, 4 o)
e) o) r
1INISOVESCIISIUVE oA
3 < i
2 ) ~ oy e
Calorlinieiar:
MCP - based EM Sampling Calorimeter
a_n D= | N I [= n
1 ]
1
1 |t
| 1k
| |1 ||
i 4 |H
Magnetic 4 | ] E E
Spectrometer iy W [i [E i
EM - TOF Calorimeter
Legend
l Glass
1 Photo Cathode
mce
: Ancde
Electronics
> N ) N . | :
GO OISO 1IN XC Ol U

Hadron

Calorimeter



a1 ohe build a " Ouasi-dioit
Gan gne el 2 Cuagi-clie
l 2 » ; " 3
vased Calprlitneier;
'f'_]y canone sarurarernores it _-r’)_.‘f
SoiFolipUiNISEproporiional Niornimuerioisporess
iransmissionilinesreddolisgivesiascneapiwaysiorsample
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JHoWs

Arradiance ALD/Incom MCP Pair Test
Image - UV 3

Oswald
Siegmund, Jason
McPhate, Sharon
Jelinsky, SSL
(UCB)

Electron pattern (not a picture of the plate!)- SSL test, Incom
substrate, Arradiance ALD. Note you can see the multi's in
both plates => ~50 micron resolution
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Viete Iniormation:

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 274 or 3"9-generation detector.

Fermi Institute Colloquium 33


http://psec.uchicago.edu/

ANL is amazingly deep in talent and resources
LAPPD has met 1% and 24 year milestones

Innovation in lots of areas- detectors, wave-form
sampling, ALD, material science, photocathodes..

Lots of interest from many areas- TOF at STAR (RHIC),
PET, CT (maybe), Reactor Monitoring, HEP neutrino
detectors, Mass-spec in Geophysics, ...

Lots of interest, but no money, from mass producers of
tubes (tho get lots of help from our collaborating
industrial partners)

EFI plays a very big technical role- the EDG, Rich,
machine shop, support staff, space, colleagues...
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Backup
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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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detector development



Putallimoredicnts

tOSCHCTEIANOIASS
casc(thinksdiVEes)s

capillaryyAdelD

zyenip)biEleziloel

transmissioniline g%
ANOJCSIWAVCTOT ,(AAJIALD)
SAmpling .
(Glasspsichcapyand AN AN

they malke vacunn FACER A R LINE ANSDE
tUDCS OUL OIt= Wiy RPN PLace B0 Gaas
notVCPR’s? Y ‘

5/2/2011 Fermi Institute Colloquium 59



GodPatent Review Panels

*Karen Byrum - Bob Wagner - Gary Varner -  Zikri Yusof
*K.Arisaka - K.Attenkofer - J. Buckley - B. Adams

eJ. 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. Wetisteind - I. Veryovkin
S. Ross
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| 'Mock-tile festing:

*New laser setup,
shielding:
Inspection by LSG

L
s
LI
v

L3
T w
Ll Ll
& =
LI o

*High Volta%
shielding: electric:
inspection |

(-11' E"f‘[l" <P %
Mg 80 B.Ll"

*Require ESAF
before testing

-Te.st before DOE kA EE——————
review 44 e



1) 3¢i 30 @k seafs i iin . 8"

hnlder and stack ( < week)
Electrodes designed, need
to make them

Need array of
i mirrors to bring the
laser light down

Design fanout board to fit in

our chamber - \ /
Get production of the fused { .“”" -
silica window, sidewalls, ¥ /=

spacers, etc, started

Possibility to rest 33mm sample-holder
on a spacer just above the 8” anode

Solve mirror mount problem,
possibly welding a mount directly
in the chamber

Start testing ( sometime next
month )
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SUMMARY

However- truth in advertisin

(see Bill Moses’s talk at Clermont.) Itlooks
promising, as it may be possible to produce large
panels with better spatial and time resolution than
possible with photomultipliers, 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.
5/2/2011 Fermi Institute Colloquium oy



