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{ Positron Facility J

Accelerator [ 22Na Sources J
Linc, Reactor

Pulsed Mono Energy Pulsed Mono Energy
Slow Beam Slow Beam Slow Beam Slow Beam

PEAS Mirco beam Polarity beam Cold positron
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Methods - overview
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ASAXS — anomalous small angle X-ray scattering  APFIM — atom probe field ion microscopy EC — Eddy current
MS — Mésshauer spectroscopy PAS - positron annihilation spectroscopy  SANS — small angle neutron scattering
TEM — transmission electron microscopy US — ultrasonic waves
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Time resolution

I CF-timing technique in digital measurement
I Triple coincidence improves time resolution
I Repetition time for long lifetimes

Cut art in off-line
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CF-timing technique In digital
measurement
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Digital Systems

First important fact

No need to have dedicated start- and stop-tubes.

Simple coincidence for pulses to reduce background-noise is
enough.

Second important fact

Moore’s Law also applies to ideas.

m Current testing includes two tubes either in 90°- or
180°-Setup.

m Tubes are directly connected to digitizers,
no external amplification is applied.

m For better S/N-Ratio an external coincidence (logical AND)
Is used to trigger data acquisition only on good pulse-pairs.
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I Time resolution

Extracting the time-information is the crucial part of the system.

0.5
o) Re— A ]
1 I M Y AV
- 02 \ f
o 0.1 [[
0 L
E Rl i o ﬂf“*””%w ]
5 -0.1
E o Y
-0.3 \ f
-0.4 \/ Channel 0 (moved +0.4V) ——
05 . . Channel 1 ——
1e-08  -56-09 0 5e-09 1e-08 1.5e-08 2e-08
Time [s]

Lets look at different ways to extract the timing-information:
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Constant Fraction: Polynom-Fit

Bl Finding the minimum and interpolating it.
Interpolate constant fraction of minimum - baseline

Resolution

Several groups have resolution of 200ps to 250ps.
Own measurements (see Demo) are around 170ps with ®°Co.
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Constant Fraction: Gauss-Fit

1

V2o

Bl Apply fit of Gauss-Function: y =

Resolution

[Aavikko, 2004 NIM A]: 200ps - 220ps
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Constant Fraction: Spline

Bl Smoothing the wave-form
Cubic spline interpolation

Resolution

[Saito, 2001] with a 4GS/s digitizer on °°Co: 118ps
[Aavikko, 2004 ACTA] with a 2GS/s digitizer on SIiC: 146.7ps

PDF Ui “pdfFactory” iR HAASEIE dww. Fineprint.cn


http://www.fineprint.cn

Constant Fraction: integrals (iCF)

Kl Search for minimum
Integrate around minimum

Constant fraction with simple polynom-interpolation on
Integrated pulse

Resolution

A resolution of ~100ps Is reached
with ®“Co and 4GS/s digitizers.
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Fig. 1. Block scheme ol the setup based on the exploitation ol the Acqiris DC-241 digitizers.
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Fig. 3. An example ol parabolic approximations of critical sections ol a wavelorm. The right-hand side of this ligure eluaidates the
method for extracting the detection time fcp by the method of constant fraction.

PDF SC{HA#i ] "pdfFactory" iR A Gz dww. Fineprint.cn



http://www.fineprint.cn

(8) If the above-outlined conditions are fulfilled,
the constant-fraction (CF) method 1s applied
for the determination of the detection time, as
lustrated in Fig. 3. Expressing the offset-
corrected leading-edge parabola as

Ulty=V(t)— Vo=qgg+ gt qgfj (1)

the detection time fcp 1s determuned as a root
of the quadratic equation:
U(r) = —aRcF,

where Rep 18 a prefixed

explanation see the right-hand

[% In Ul }]

I=IcF

q, + 2q>tcr
aRcp

d :
[E In Ul }]

I=IcF

> 1.175 ns™ ',

further analysis.
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(9) Knowing the co-ordinates of the CF point, a
logarithmic derivative of the offset-corrected
leading edge at this point 1s determined

(3)

If its value 1s higher than a pre-fixed minimum
allowed value, in our case

(4)

the deduced detection time rcp 1s accepted for
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Digitally filtered detector waveforms
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A three-detector setup
the DC-241 digitizers
FWMH, =105 ps has to be reached.

The magic resolution barrier of 100 ps will
be broken very soon!
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Comparing the results

Method

Resolution

Analog measurements

Polynom-Fit

Gauss-Fit
Smoothing Spline

integral CF
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Table 1
Summary of the results from the benchmark testing measurements with two setups lor positron-lifetime measurements

Quanitity Setup with DC-241 digitizers Fast-Tast setup
Scan No. 55 Scan No. 57
Duration of measurement (h) 13.75 13.75 29.0
Number of coincidences 5688 % 108 1.667 %100 13.05% 105
Energy ranges:
AERYP) (keV) 233 132
AEB™Y (keV) 510 318
Lifetimes and intensities:
" (ps) 107.840.3 108.7+0.5 107.9+£0.2
T2 (ps) 3941409 402.94+4 .8 368.0°
T3 (ps) 2235+66 2398136 161619
1% (%) 91.57+0.12 91.6940.21 90.99+0.04
1> (") 7.33£0.11 7.25+0.19 7.62+0.05
Iy (") 1.10+0.02 1.0640.04 1.394+0.01
Parameters ol response Tunction:
FWHM " (ps) 125.3 121.4 155.3
FWHM-® (ps) 151.6 143.3 184.2
Oy 2 (ps) 13.1 13.4 36.2
FWHM; (ps) 666.6 651.3 522.7
Gy (%) 0.0454+0.011 0.05740.020 0.6324+0.033
| FWHM, (ps) 136.1 131.5 173.0
Quality of it
7 4739.9 4502.7 3063.0
v 4483 4483 2084
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Triple coincidence iImproves
time resolution
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Advanced positron lifetime spectroscopy
for pulsed positron beams

R. Krause-Rehberg®, S. Eichler, F. Borner, F. Redmann

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG
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The analog way
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Triple coincidence improves time resolution

1,28 MeV
« When measuring also the lifetime by using the second 511 keV vy
quantum ( llI'ﬂE"-ll and t,, Fig. 2), the hma resolution can be im-

proved by av alues
« By substracting t-1,, the resolution function itself could be
measured. The background should be strongly suppressed.

« Monte-Carlo simulations show the improvement for the
resolution function and for the lifetime spectrum (Fig. 3).

« Both improvements are only possible for the fraction of the
resolution function which originates from the stop channel.

« Hence, best application is expected for pulsed beams with small
time spread of incoming positron beam.

511 keV
Sample

Fig. 2

]

g e i (P IR g
" :::WH' TR & 0 SY-250p)
i
Y Irr:;‘hl 1xc xx
Fig. 3
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Realization using a “Na source

e For testing the principle, the advanced positron lifetime was realized by
using an ~ Na source and detectors for all three y quanta (Fig. 4)..

e Data collection was done using a FAST-ComTec two-dimensional
coincidence system 1n list mode (t, and t, are stored together as a pair).

e The calculation of (t,+t,)/2 and t,-t, was performed after completing the

measurement.
Start
224 N o SCA
Source 1.27 MeV ¥ stant I: ) 1.27 MeV
5 Sample
e
Stop 1 = Stop 2
e
— Pm []| ¥ > Vsl [| PM ——
511 keV 511 keV
SCA SCA
511 keV 511 keV
S & Dela:
top = . top
d
TAC 14 bit =t 5 ;D:;E:'m?:;ﬁz E th == 14 bit | TAC
—* abc E85%° .« EBE2= Apc [*
+ Start Start *
t] -ty +9 f+tp+4
A 4 A 4 2 g ... time offset
resolution lifetime
nction spectrum
= =
JHEIN
1 t :
memory Flg‘ 4
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Results of experiments

e Fig.5 shows the result of the above described test measurements
as a 3D-plot. As expected, the coincident spectrum showed only a
slight improvement of the time resolution from 240 to 220 ps
(FWHM) due to the non-neglectable contribution of the start
detector to the resolution function.

e The background was low in the complete t,-t,-plane, but
surprisingly high in the diagonal. This is due to backscattered
1.27 MeV v quanta which start the time measurement and still
causes a stop pulse. This can be avoided 1n a beam system where
no such high-energy quanta are present at the sample position.
Then, a strong background suppression is possible even for a
high-brigthness positron source.

\\ 2
For example, pulsed beam
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Application at a high-brightness pulsed beam

e The 1deal application i1s a pulsed positron beam at a strong source.
Here, one can make use of all advantages of the triple-coincidence
technique. Fig. 6 shows a possible setup.

« A multidetector system is necessary for a high counting rate.

100 ns .
T sample & hold
[ ” | | input
electron bunches start. — \. 14 bit dual port
[ stoI:;_ ) - : ADC RAM
1 ’—. 60 Ms
l bus
\ "y coincidence
l‘
> 14 bit dual port
5 .| TAC | ADC RAM
CF > ;
analog output
for energy window
i setting
|
I
DAC | lower/upper discrimination level

Fig. 6
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Conclusions

« The detection of both anmhilation v quanta allows the improvement of the time resolution of & positron
[ifetime measurement. This 1s espectally useful when a pulsed positron beam with a small time spread of the
positron bunches 15 used.

» The fraction of the resolution function originating from the stop pulse can be measured directly,

o The background can be suppressed strongly by the additional comncidence circuit when the 1.27 MeV
quanta are not present at the sample posttion (at a postiron beam).

» The advanced positron lifetime technique is not suiatable for a laboratory system using a ~Na source (low
counting rate and only partially realization of improvements)

« The application of this technmique 15 strongly recommended for the positron lifetime spectroscopy at a high-
brightness positron source. Then, also the source contribution to the spectrum 18 avorded
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Both buncher RF-voltage amplitudes and the drift path energy must be
adjusted for each beam energy for optimum time resolution

Accelerator voltage [kV]
5 10 15 20

Time standard deviation at sample
with different voltages at 1. buncher
and adjusted 2. Buncher
1. Buncher:
—a— 50V
—e— 100V
140 V

m
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9
=
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m
o
-
o
4
u
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E
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Second timing mode needed for long lifetimes

* we MC-simulated a 3-component spectrum with 1,=150 ps, 1, = 2 ns, 73 = 140 ns

T | T | T | T | T | T .. .
WUUDU‘H , Repetition time
; - @
. , i . Simulation parameters -
* we simulated different _ statistic: 107 616 ns
o , 100000 o \ - — 308 ns
repetition times from 77 . ] | FWHM: 0.2ns 154 ns
1 background: 0,04%
616 ns i ' canalwidth:  0.1ns 77 ns
u
* spectra were analyzedand € 100004
compared to the original one 3
1000 5
100 MC-simulated spectrum
lifetimes: 0,15 ns 2ns 140 ns
intensity: 40 % 55 % 5 %
| " 1 " | ! | ! | ! | ! 1 " 1
0 10 20 30 40 50 60 70
Time (ns)
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Second timing mode needed for long lifetimes

s ————F——— -

Result:

50 B
* repeftition time must be at least

8-ftimes longer than longest
lifetime to be measured

45 | -
4.0 |- .
35 I’% -

30 - i

* 77ns-system: up to 10 ns only

* Thus: EPOS needs a 616ns-
timing mode (616 = 8 x 77)

251 i

20 .

Intensity of long compoent (%)

* ELBE electron beam allows such
a mode already: 7 of 8 electron
bunches are suppressed
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Time resolution can be improved
by I7V/2 by sum the t, and t,,

Background can be reduced.
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Simulation of Positron Energy Distribution
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* digital detection system:

- lifetime: almost nothing to adjust; time scale exactly the same for all detectors;
easy realization of coincidence

- Doppler: better energy resolution and pile-up rejection expected

- pulse-shape discrimination improves spectra quality

8 x BaF- Detectors for lifetime

Top view to sample plane 2 x Ge detector for CDBS and AMOC
200mm ®
=3 ==

L o < Ge Detector

Ge Detector &y & @
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Lifetime detector system

machine pulse

Gate

Trigger In

ADC1
Gammi C PC1 Control PC
ADC 2

ADC 1 Internet
PC2
ADC 2

coincidence
AND / OR

ADC 1
ADC 2

PC3

ADC1
—~ ADC2

PC 4

+ Linux cluster (10 CPUs) Remote PC

+ calculating power can be increased by
adding more PCs to the Control PC
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Construction of the Helsinki University of Technology (HUT)
pulsed positron beam

K. Fallstrom *. T. Laine

Laborarory of Physics, Helsinki University of Technalogy, P.O. Box 1100, FIN-02015 Espoo HUT, Finland
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Fig. 1. A schematic view of the pulsed positron beam.
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NIST@nist.go.jp
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Fig. 1. Schematic diagmm of the pulsed slow-positron beam system.
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Table 1
Performance of the positron lifetime apparatus at ETL

Maximum time resolution < 200 ps (at 600 cps)
Maximum count-rate 6 x 10%cps

Maximum peak/backeground ratio > 10

Pulse interval variable: 23 ns to infinity
Positron energy variable: 0.2 — 30 keV
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Development of pulsed MeV positron beam line

JAERI, Takasakil Establishment
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I Nano porous films
I Nano-in-surface

I Polymer films
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Closed pores <

Open pores -<
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Ps in nanoporous films:

» Positrons (50 eV-13keV):

« scatters of atoms and
electrons

« slows down to atomic
scale energy(several
eV) in pico-seconds

> Typically 10%-
90%:

PDF LR "pdfFactory™ i HiRAG 4 dww.fineprint.cn

> Capture bound molecular
electron (Ore-model)

> Recombines with ,spur’
e from e* ionizing
collisions (Spur-model)

> Forming Ps
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Available online at www.sciencedirect.com
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»~ ScienceDirect Physics

i
ELSEVIER Chemical Physics 331 (2007) 213-218

www.elsevier.com/locate/chemphys

Study of mesoporous silica films by positron annihilation based on
a slow positron beam: Effects of preparation conditions
on pore size and open porosity

Chunqing He *, Ryoichi Suzuki, Toshiyuki Ohdaira, Nagayasu Oshima, Atsushi Kinomura,
Makoto Muramatsu, Yoshinori Kobayashi *

National Institute of Advanced Industrial Science and Technology { AIST), Tsuluba, Iharaki 305-8563 and 8368, Japan
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. The mesoporous stlica films were deposited by dip-coating
on a polished silicon (100) wafer.

'll' rlqlziz}E;:131:}1[jﬁ]}{:}j{j13(:}1[jﬁ:]E?l(jﬁfi:TF{;ﬂ:}:}%[(:]

1:0.006:30:8:0.003

. Film preparation conditions

Film  Aging ime (davy)

Treatment Heating rate (°C/min)

A
B
C
D

|5
~90°C 3 h L.
~90°C 3 h L.
With VI, ~90°C 3 h L.
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t,=125ps(p-Ps, fixing), t, about 0.4ns(depending),

Positronium hifetimes and their mtensities.

diameters/side lengths of microvoids and micro/mesopores for different films

Film 13 (ns) Iy (%)  14(ns) 14 (%)  ts(ns)Is (%) Microvoid Micropore Mesopore®
2R* (nm) 2R (nm) D,/D. (nm)
A 2.124+0.03 8.68 + 0.07 68.2 + 0.1 0.59 1.24 3.89/5.26
7.21 £ 0.03 5.25 4+ 0.04 22.05 + 0.04
B .86 + 0.02 7.02 +0.04 63.7 + 0.1 0.57 [.12 3.56/4.76
7.15 +0.07 4.94 4 0.03 23.35 4+ 0.04
C 2.09 +0.02 8.57 4+ 0.07 69.8 + 0.1 0.59 1.23 4.02/5.44
8.28 + 0.05 4.06 4 0.03 23.32 £ 0.05
D 2.10 4+ 0.02 8.95 + 0.06 73.6 + 0.1 0.59 1.26 4.34/5.93

7.13 4+ 0.03

429 + 0.03

26.54 4 0.04

R

l

2nR

—1
R+ R | 2n “”R+afe>

Tao and Eldrup model
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Fig. 4. Normalized positron annihilation y-ray spectra for (a) capped and
(b) uncapped films in the annihilation time region from 28.8 to 340 ns

obtained by lifetime-energy correlation measurements. The incident
positron energy is 2.0 keV.
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applied
surface science

S

ELSEVIER Applied Surface Science 194 (2002) 89-96

www.elsevier.com/locate/apsusc

Positron annihilation in S10,-S1 studied by a pulsed
slow positron beam
R. Suzuki®’, T. Ohdaira®, A. Uedono”, Y. Kobayashi®

“National Institute of Advanced Industrial Science and Technology, Umezono 1-1-1, Tsukuba-shi, Ibaraki 305-8568, Japan
PInstitute of Applied Physics, University of Tsukuba, Tsukuba, Iharaki 305-8573, Japan
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Peak Normalized Counts

Time (ns)

Fig. 1. Positron lifetime spectra of 500 nm thick 510, on Si(1 0 0).
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out-diffusion of o-Ps|

100% annihilation in SIO,
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Fig. 2. The longest-lived component intensity /3 as a function of
the incident positron energy for 100 nm thick Si0, (@) and

500 nm thick 510, () on Si(1 0 0).
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| T T " T _* T * T T ]
10° The present result suggests the
- !\ j di-vacancies at the interfaces, and larger

#*

[ o vacancy clusters or microvoids.
+
2 ]
1] .
£ 107 E
Thus, the subtracted A
lifetime spectrum of could
reflect the lifetime of the 3 '“m%f
interfacial layer. i &@M
21510 ps(62%) 478 +20 ps (38%) 5 '“*%3% ]
: . oy,
If we assume that the positron lifetime of | 4%, 1-#=¢ k
SiO, in the 100 nm sample is the same as Wy e E
:‘ L 2 »t 7
that of the 500 nm sample, we can .
remove the SiO, component from the M. .,
spectrum of the 100 nm sample. o Y e * o
107! I 1 | ] I ) | f | I S 2T
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Time {ns)

Fig. 3. Positron lifetime spectra at 3.5 keV for 100 nm thick 5105
(@), 300 nm thick 510, (@), and the spectrum of the 100 nm
sample (4) alter the S10> component subtraction.
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At 15 keV, about 90% of positrons are
implanted in the Si substrate. In the young
age region, annihilation in the Si substrate
IS dominant.

SiO, (500 nm) on Si 7|
@ 2Z2keV T
¢ 15keV 4

S-parameter

0.06 0.07 O-UM 0.11 0.12

A r
The contribution of annihilation in
O-Ps and free e+ annihilation with SiO, can be clearly seen in 15 keV

SRl sle-URER R Rl InE Ol even if the fraction of positrons
distribution. annihilating in SiO2 is only 10%.
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