Large-area MCPoased Photedetectors,
Ultra-fast timing, and subnm Spatial
Resolution (LAPPD)

Henry Frisch
Enrico Fermi Institute, Univ. of Chicago
and HEPD, Argonne National Laboratory
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Outline

1. The Power of Correlated Time/Space Points
2.alt Qasx ¢N)ryavYAaarzy [AYS
3. The 4 Determinants of Time Resolution
a) Signal/Noise (S/N)
b) Analog Banewidth (ABW)
c) Sampling Rate
d) Signal statistics
4. What Is the ultimate resolution at decent area & cost?

5. Water Cherenkov Counters; PET Cameras; TOF at
Colliders; TOF for Fixed Target; Security; and New Ide
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MCP+Transmissiobines Sampled at
Both Ends Provide Time and 2D Spac

FleIdProgramabIe! | = =3 : Single seriaGbit
Gate Array 1 —— : 3" ¥ connection will
(not as shown P
cards will be e
folded behind the &FisEEs
panel not this :

dz3t e X

come out of panel
with time and

, ~ _10-15 GS/setVaveform
y e C¢At S asampling AsICS
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Time and Space Poin

Pulses from the 2 ends
2+ | Yy -soreéned
cheapglass anode strip

5 nseddiv
50 psecpt

&3» 10.0mV/idiv 500 §,:3.5G ns/div 10.0GS/s IT 50.0ps/pt
#TH 10.0mV/div 500 §,:35G Single Seq

40 OmV/idiv 500 8,356 acqs RL:1.0k

o September 23, 2011




Reconstructing the vertex space point:
Simplest case2 hits ,y) at wall
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the vertex from the
times and positions Ta %, Y
3D reconstruction
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The ALICE TPC
Drift electrons

onto wires that
measurewhere |
and whenfor eaclgg
electron.
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Waveform Sample On Ends of Strig
DAQ system - c,..,b,mi,..g

* Targeted to Super Module readout

« €= Analog Card — 5 PSEC-4 ASICs (30 channels) e——————
system ABW = 1.5 GHz
(4 Analog Cards per module)

—flexibility allows for integration of alternative front-end
ASICs

10/11/2011 ANT'11 LAPPD electronics 18

EricOberlaslide from ANT11
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Extract time, charge, shape each er
DAQ system LAPPD Collaboration gl

» Backside of Super Module:

Digital Card — 4 per module

- PSEC-4 control, trigger handling, &
calibration

i
10/11/2011 ANT'11 LAPPD electronics 19

EricOberlaslide from ANT11
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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

EricOberlashide from ANT11
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The 4 Determinants of

Time Resolution

a) Signal/Noise (S/N—__ &
b) Analog Bandwidth (ABW) §

c) Sampling Rate-

d) Signal statistics

5 nseddiv
50 psecpt

J.FGenat F. Tang, H. Frisch, and G. VarRaspsecond Resolution
Timing Measurement$ucl Instr. Meth A607, 387 (2009),
Workshop onlhe Factors that Limit Time Resolution in Photo
detectors,University of Chicago, April 28, 2011

10/31/2011 Lightl1RingbergCastle 11



Simulation of Resolutiorvsabw

JeanFrancoisGenat

25 - _— 8 L‘\. -
Sitrmwlation \-\
wimimsn  Singhe Threshold Tt "\,
20 ' =====- Multiple Threshok N\
’ | ~eeees Constant Fraction [ sk N,
) ~
= . — Wavelomm sampliing 40 GS/s ‘-\ Zoom for PE > 40
a L Anplog Bandwideh 1.5 GMz {2 \.\
c 15; i\ SignalMoise 80 & 50 PEs o -
~ - b et
3 -~ S r——————
% \Mwﬂnﬂtt 4 = e
s
4 0 o Wavetorm sampling 10 GS/s 3’\_~ ~~~~~~~~
- e Analog Bandwidth 1.5 GHz a ————
E \ \ N SignalNoise 120 & 50 PEs
o , 3 -
sl \
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Anode Testing for ABW, Crosstalk,

HervelXsrabas RazibObaid Dave McGinnis

Network Analyzer Tile Anode
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Anode Testing for ABW, Crosstalk,..

HervelXsrabas RazibObaid Dave McGinnis
- r KAl

Tile row assémbly of 3 tile anodesabw >500 MHz
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[S11]1521] (dB)

Anode Testing for ABW, Crosstalk

S-Parameters of Single plate 30-Strip Anode

10 T

Rttt 1
-60 ! ~

100 10
Freauency fHz\

RazibObalid
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The PSEC4 Waveform Sampling A

PSEC4: Er@berlaand HerveGrabas and¥ NA Sy R & X
LAPPD Collaboration
PSEC-4 ASIC = <

—~ 4

M

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 (challenge!) Sampling Depth 256 (or 768) points
2 Relatively short buffer Sampling Window Depth*(Sampling Rate)*
size Input Noise <1 mV RMS
* Medium event-rate Analog Bandwidth 1.5 GHz
capability (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 nm CM OS Internal Trigger yes

e EricOberlgg ANT11
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EricOberla ANT11
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GS/s)

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

B
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6-channel "'Scope-on-a-chip’

Oberla ¥ |
(grad
student)
Real digitized traces from anode
20 GS/scope 17 GS/PSEC chip

4-channels (142K$)

10/31/2011 ANT11 Drexel

6-channels ($130 ?!) .



EricOberla ANT11
PSE@ Performance — ¢

Digitized Waveforms
Input: B00MHz, 300 my/

Sampling rate : 1E8¥ Sampling rate : 13.&Sds
0.15 T T T T .- 015 T T T T
0.1 \ 01 r
005 t \ . 005
s 0 s ol
g 005 | g 88
01 + - -0.1 -.
015 | A\ . 1 -0.15 ¢
2, 3 4 5 5 . 8 R ) 4 : . 7 8

Time [ns] Time [ns]

A Only simple pedestal correction to data
A As the sampling ratd¢o-input frequency ratio decreases, the need for tirdmase
calibration becomes more apparent (depending on necessary timing resolution)
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Digitization Analod@gandwith
EricOberla ANT11

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

Amplitude [dB]

ABW~1.6GHz
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PSEC4: Er@berlaandHerveGrabap T NA SY R & X
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Noise (unshielded)

PSEC4: Er@berlaandHerveGrabass F NJR &

Channel 3
E Entries 51200
BUDD:— Mean 0.2038
E RMS 0.7781
7000
™ Integral 5.12e+04
6000 %2 / ndf 276.5 / 29
u Constant 8445+ 47.7
5000 :_ Mean 0.06695 + 0.00335
40003_ Sigma 0.7547 + 0.0026
3 RMS=755 mi |
2000
1000
D_I 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

6 8 10

S/N>=100, conservatively) EricOberla ANT11
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Signat want large 1or S/N

We see gaing 107 in a chevronrpair
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Can we go deep supicose@:
the Ritt Parameterizationagrees with JF MC)

EOWHS iminoesolition attected?
Stefan R |tt sAssumes zero

aperture jitter

slide,
doctored

S3ap
«today: 300 MHz

-optimized SHR: 300 MHz

=next generation:

«next generation
«optimized SNR:

S/N,f,: D I

_ _einciudes detector noise
in thZ rrequency region of the rise time

sand 11
abw: NO T T e Stefan Ritt slide
UC workshop 4/11
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Parallel Efforts on Specific Applications

Explicit strategy for staying ontask-
Multiple parallel cooperative effort

LAPD Detector

Muon Development

COO“ng ANL,Arradiance,Chicago,Fermila
Muons,Inc S Hawaii,Muons,Inc,SLAC,SBLCB,
(SBIR) UIUC, Wash. U

Drawing Not To Scale (!)

All these need work naturally
tend to lag the reality of the
detector development
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Neutrino Physics

Herm E{HE\NEQ II:\I iW@IE@ﬁ) anode

Cherenkov Detector MCP photodetector

photocathode

L]
cherenkov cone )
charged current v
interaction vertex Lt

. * L . f-—"'
- i *

.-". ‘/’ -----

measurement of photon
position and time

Spec: signal sin I%ﬁhoton, 1@8time, 1 cm space, low

cost/m2

10K$/m



Daniel Boone

AProposal (LDRD) to build a
little proto -type to test
photon-TPC ideas and as a caps

simulation testbed i /A \
A'BookonSy RQ 382 Y5 i\NE
long, higher than wide A

AC_Iose to 100% coverage so
bigger Fid/Tot volume

ADx, Dy << 1 cm )

ADt < 100 psec v
AI\/Iagnetic field in volume /
|dea: to reconstruct vertices,

tracks, events as in a TPC (or,
as InLIA).
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