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o = = Outline

» PSI high-magnetic field project
» AMPDs - properties
» Scintillating fiber module

» Muon beam profile monitor (UBPM)
— measurements in high magnetic fields

» Commercially available fast timing detectors tested

> Thin scintillators
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e J» PSIHMFUSR - Design Specifications

Maximum magnetic field (TF): H..,~10 T
Field homogeneity / stability: AHIH< 10
(over sample volume 10x10x2 mm3 for typ. 4 hrs.)

compact, max. length: frax <30 Cm ?
= split coil (warm bore, & ~ 100 mm)

solenoid ?
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PSI HMFUSR - Time Resolution

U, E., = 4.2 MeV
TF: 90° spin rotation

time resolution:
6¢< 300 ps (FWHM)

compact detector
system: AMPDs ?

(Avalanche Microchannel
Photodiodes)
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RSl Problems / Challenges

Magnet design: length, field homogeneity & long-term stability
Stray field minimization (spin phase coherence)

Muon phase space / momentum bite

Muon beam collimation

Detector system (fast & compact)

Sample environment (incl. scintillators)
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e ==  The ‘real’ advantages of APDs:

» ‘cheap’ (multi-segment detectors)
» ‘compact’
» Insensitive to magnetic fields

—> photodetector close to sample with best time resolution
(High Magnetic Field Spectrometer)

commercially available APDs: expensive, magnetic housing, OEM, ...

» new development necessary for ‘dedicated’ devices:
Protocol PSI - JINR Dubna (24/11/2004): Joint Research in the field
of “Development of scintillation detectors on the base of new
microchannel avalanche photodiodes” (Z. Sadygov)

NMI3/JRA8, SR35, 26.-29.09.2005



PAUL SCHERRER INSTITUT

o = APD operation principle
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AMPD =n x APD ‘channels’ (micro-pixels)

Gelger mode (saturation, U>U, ...404n): F€AUCtION Of excess noise factor at high gain
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a) RMD S1315 (13 x 13 mm?); b) Hamamatsu S8148 (5 x 5 mm?);
¢) Dubna R8 AMPDs (2.75 x 2.75 mm? and 0.75 x 0.75 mm?).
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o j» AMPD type Dubna R8

(Z. Sadygov, JINR Dubna)
An AMPD with deep micro-wells. Version # 3.
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This version of AMPDs demonstrates the unique parameters:

- Geometrical transparency/active area ---------- 100%:;

* Quantum efficiency --—=-———mmmmmmmmmmmme e 80%:;

* Max. gain (today)---==-=======mmmmmm e 20 000

* Equivalent density of pixels -——----=-mmemmmemmeee 10 000 per mm sq.
 Excess noise factor ---———-————mmmmmmmmmmmeeee e 1

Publication: A patent application # 2005108324 dated 24.03.2005

NMI3/JRA8, SR35, 26.-29.09.2005




PAUL SCHERRER INSTITUT

o

Dubna R8 APD \ oL — PMT- XP2020
. +«++ APD- Dubna

: £ VAN s
Active area: 0.75 x 0.75 mm?2 . RN 2 |
Operating voltage: 96 - 100 V Q150 \\ [eae
Gain: 20 000 - 30 000. o \ ™
Dark Current: 20 - 30 nA (M=20 000) \ s
Capacitance: 9 pF 5 1 8
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courtesy of Yu. Musienko (CERN)
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Type Dubna ZS-2 |
- a S
e e

e
Photosensitive area 0.75 x 0.75 mm? 1 x 1 mm?
Density of microchannels ~ 10% mm~? ~ 10° mm?
Photon detection efficiency ~ 19% at 440 nm ~ 3-5% at 380 nm
Maximum gain (M,.. ) ~ 3x104 ~ 2x108
Dark currentat M__, <200 nA ~ 1000 nA
Operating voltage ~ 100V ~ 0V

NMI3/JRA8, SR35, 26.-29.09.2005



PAUL SCHERRER INSTITUT

o= Readout from thin scintillators

(200 um; M-counter: start signal)

EJ- 230 (Pilot U), 1 x1 mm?,
coupled to ZS-2 Lo

0 o '1(|)O - '2(|)0' o '3(|)O' o '4(|)0'
Amplitude (mV)
signals from p*and e* well separated
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Timing properties (Z£S-2)

EJ-230 specs:

Tie = 0.9 NS, Ty = 1.5NS
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o

APD Hamamatsu S8148 on NE102A
scintillator as positron detector:

EBn 7704 APD in "Bi° in 'Backward’ -histogram, all other p-detectors off
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no problem to achieve ‘standard’ time resolution <1 ns
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e I Scintillating Fiber Detector Module

220 +12V 560 +12 %
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Rate capability:
~ 3x10° u*/ s /channel
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—{jm Scintillating F

S Ry perre

~

A e T

X dns
b Y: 5mV
f
1-electron (dark) signals Signals from 29 MeV/c muons

in 1x1 mm?2 BCF-10 fiber
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= Scintillating Fiber Detector Module ﬂ
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In magnetic fields of zero and 4.8 T.

The decrease (~10 %) of the signal amplitude at H = 4.8 T is due to the change of the
amplifier performance in the magnetic field (confirmed by measurements using a
pulser signal to feed the amplifier input)
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w(-={J= Scintillating Fiber Detector Module gS&
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Muon pulse amplitude A as a function of
muon rate n (A, = amplitude at dark count
rate n =5-10% s1)

Dashed line: prediction of A(n) at higher
rates, calculated based on egs. (1) and (2).
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o= e Detector Development

Aluminum Mother Board

Muon beam profile monitor: Frame

(100 x 100 mm)
A. Stoykov et al.
[NIM A 550 (2005) 212]

Scint. fibers
(POLIFI 0244-10)

"

Preamplifier
bandwidth ~250 MHz
gain ~250

Muon beam profile measurement
in center of ALC solenoid:

AMPD Dubna R8

active area:
0.75 x 0.75 mm

AMPDs and preamps
work fine in 5 T!
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a{m» Beam Profile Measurements

2.0+

Variation of muon spot size on sample

1.5+

= different trajectories of decay e*

In high magnetic fields (spiraling), S 10-

this affects the F-B asymmetry! ¥

= Simulations (T. Lancaster, WP2)
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e [-{m Fast-Timing Detector Development

Hybrid Avalanche Photodetector
Hamamatsu R7110U-07:

combination PMT+APD

electrostatic focussing lost above 1 kG // axis:

decrease of signal amplitude

excellent timing properties (rise time): no change !

140
i H=0T
120- H=48T M
1004 % f” ! \'l
1 |
80 4 ;! \
2 ] ? ! M Ikﬁl
(_:o; 60 - . | l'|l
'|
15 5 "E Jﬁ'ﬁ 1"
1 : i J||
o N
204 A Wq ’ i h
. [' HI "M W\, '\”“””ﬂ*u’\l'w‘” fﬁ'“ff'“,»WMH '!M
0 ! ?Ih.n ; . : : . . ' .WJM
0.0 0.2 0.4 0.6 0.8 1.0

Amplitude, Volts

SIS,

g EFROTON
'\\\ L
agcmos]]
ﬂ Elgctron
Bpmibsrdmaend
1200
timas
Avalanche
Multiplication
50 limes
g U U
1.0 I
08}
0.6 |
04|
0.2 |
----------------------------------------- E':‘.:’:.D:ﬂﬂ-mﬂ
0.0 ] e
0.01 0.1 1
H (Tesla)

Compact HPD Operating Principle

PHOTOCATHODE

NMI3/JRA8, SR35, 26.-29.09.2005




PAUL SCHERRER INSTITUT

o [-{m» Fast-Timing Detector Development

Multianode-MCP PMTs

BURLE PLANACON™ 85001-501

4 channels

good timing properties, but severe cross-talk, bulky, not user-friendly
quantum efficiency x collection efficiency ~ 10% (PMT XP2020: 28%)...
insufficient gain: only 5x10°
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o [-{m» Fast-Timing Detector Development

Multipixel HPD
Hamamatsu R9503U-04-M064

8x8 pixels, 16x16 mm? eff. area
— (25 kSFr...)

Tests planned 12/2005
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o 1= Thin scintillators

Study the light collection from thin plastic scintillators

Motivation
One of the most important issues in fast timing experiments is efficient

collection of light from the scintillator to the photosensor (significant light
losses might occur in the scintillator itself and in the light guides).

Muon counters of uSR spectrometers are based on ~200 um thick plastic
scintillators. The number of reflections each photon undergo in a thin
scintillator is very large and the quality of the scintillator strongly effects the
light collection.

Goal
Find out the upper limit for the light collection from a thin 10 x 10 x 0.2 mm?3

scintillator via one of 10 x 0.2 mm? faces.
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_} Monte-Carlo simulations

based on the code: V.A.Baranov et.al., NIM A 374 (1996) 335

1000
N Scintillator: n=1.58, L (1/e)=1400 mm
Medium: n =1.00028 (air)
o 800- Light source:  t=0, center of scintillator
c N
-g Light collection: 45%
< 4
ol 600
Y
@
E 400 N
@) N
= N
-]
200 -
Z S = : Photosensor
S S Scintillator
N AN NS (10x10x0.2mm)
0 mﬁm S
0.0 0.1 0.2 0.3 0.4 0.5

Time (ns)
Time histogram for the photons collected from a 10 x 10 x 0.2 mm? plastic

scintillator via one of the 10 x 0.2 mm? faces (absorbs all incident photons).
About 45% of photons are collected within 0.2 ns.
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CEsl Experimental setup

C1 Cu- filter (0.3mm)
f LeCroy

WavePro 960
Sra0 C2
7| c———

DSO
* Support (BC-600) -
PMT 1

01, QE, . =29%

PMT 2

C1: test scintillator 10 x 10 x d mm3, d ~ 0.2 mm:;
C2: BCF-10 scint. fiber (1 x 1 mm?);
Cu-filter: cuts off electrons with energies < 0.7 MeV.
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1.04 ,Tphe mip | A A =22

0.8 |
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0.04 S el .- , —
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Amplitude distributions for one-photoelectron PMT signals (1phe) and signals from
relativistic electrons (mip) passing through scintillator C1
(sample no.10: 230 um BC-400).
Aiphe - the mean amplitude of 1phe-signals,

measured by shining weak continuous light onto C1 (n ~10°s">>n__, );
A_.  -- the most probable amplitude from relativistic electrons emitted by 20Sr.

mip
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Response of BC-400 (light output: 65% anthracene)
Scintillation Light Produced vs. Particle Energy
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Particle Energy (MeV) ¢oven from: SGC-Brochure: Organic Scintillators)

NMI3/JRA8, SR35, 26.-29.09.2005




PAUL SCHERRER I

o=

NSTITUT

i Scintillators studied
LE’ QE’ I\lphe,max
Scintillator
ph/MeV % (200 pum)
EJ-204 | BC-404 10400 26 108
EJ-230 9700 28 108
EJ-232 8400 27 90
EJ-212 /| BC-400 10000 25 100
EJ-232Q / BC-
4220 (0.5%) 2900 27 31
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|\Iphe = Amip /A

1phe X 200/ d — measured number of photoelectrons per
mip scaled to 200 pm

CE=Nye/N — efficiency for the light collection

phe,max

N = (dE/dX);, X p x 200 um x LE x QE

phe,max mip

(dE/dX)i, = 2 MeV x (cm?/g), p=1g/cm’,

LE: light yield of the scintillator

QE: quantum efficiency of the PMT averaged over the emission
spectrum of the scintillator

The quality of the samples was estimated visually with marks from 1 (poor) to 5 (excellent)
-- the table gives the group characteristic quality estimates.

*

The samples were obtained from Eljen cut to the specified dimensions. No microcracks are seen in the
scintillator bulk but the larger faces look wavy. Smaller faces were not polished and look rugged.

** The samples were cut from scintillator sheets using a diamond saw. Microcracks appeared due to
pressing the scintillator when cutting.

*** The samples were cut from scintillator sheets. The smaller faces were hand-polished. Microcracks
appeared due to pressing the scintillator when polishing.
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o]

Sample Sample quality
0
Nn | Scint tvoe | dum faces 10x10mm | faces Nohe CE, %
RS G M bk 10xd mm
1 | EJ-204 190 15.2 14.1
2 | EJ-230 200 12.3 114
4.5% 1
3 | EJ-232 160 12.5 13.9
4 | EJ-232Q 180 4.4 14.2
5 | BC-400 230 12.3 12.3
6 |BC-422 210 g 2.5 3.7 4.1
7 | BC-422Q 250 3.2 10.3
8 |BC-422 210 9.3 10.3
9 | BC-422Q 250 4.0 12.9
g5 4.5
10 | BC-400 230 18.9 18.9
11 | EJ-212 300 18.9 18.9
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o 1= Thin scintillators

Summary

1) Very high values (up to 20% ) for the light collection efficiency (CE) were
obtained with thin 10 x 10 x d mm? (d ~ 0.2 mm) plastic scintillators. The

maximum possible efficiency of 45% predicted in Monte-Carlo
simulations is proven to be realistic.

2) The quality of a scintillator has a strong effect on the light collection.
Fine polishing of the smaller 10 x 0.2 mm? faces is important (simulations
show that full absorption on the three 10 x 0.2 mm? faces leads to a
decrease by a factor of 4 in CE ).

3) With CE > 20% the development of a prototype of a magnetic field
Insensitive detector based on a fast plastic scintillator and today
available AMPDs (area 1 x 1 mm?, PDE = 3 — 5% at 380 nm)
becomes feasible.
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o

Towards fast timing in high magnetic fields:
a concept of an AMPD based scintillation detector

AMPDs (1...5)
1x1mm on 2x2mm wafer

Light Guide
(0 -- 100mm)

PCB (AMPDs)

PCB (Amplifier)

Scintillator 10x10xd mm
muon counter: d ~ 0.2mm
pos. counter: d=1mm

Expected performance (with ZS-2mp)

LC ~ 20% (200 um), 20 —40% (1 mm)
K, = 0.5 (geometry factor)
PDE (ZS-2mp) = 3 - 5% for EJ-230

EJ-230 (200 um): 12 phe / u* (29 MeV/c)
EJ-230 (1Tmm): 6 — 12 phe /e* (mip)

Sufficient for feasibility tests !!!
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o= = Summary

Fast-timing detectors available on the market: tested ( & rejected...)
»fast-timing spectrometer requires special development: AMPDs

next generation of AMPDs:

larger area, larger gain,

Increased sensitivity below 400 nm,

AMPD array for readout of thin scintillators

»can be used in future muSR spectrometers

Collaboration PSI-JINR (Z. Sadygov, V. Zhuk):
AMPD development/ light guides & fibers

Full spectrometer simulation (detector arrangements, secondary beam, ...): WP2

PSI electronics development (?):
fast preamps (matching AMPD impedance, # 50 Q)
with on-board discriminators
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