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Application of Schottky analysis in Storage ring
experiments

Design of different Schottky detectors

Data acquisition and processing
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The four pillars of physics at FAIR

1. APPA physics (Atomic, Plasma Physics and
Applications)

SPARC - Stored Particles Atomic Research
Collaboration

2. Nuclear matter physics

3. NUSTAR physics (Nuclear Structure, Astrophysics
and Reactions)

ILIMA - Isomeric Beams, Lifetimes and Masses
4. Physics with high energy antiprotons
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Longitudinal Schottky analysis =51
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Applications (1) === I

Schottky Mass Spectroscopy
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Applications (1) === I

Schottky Mass Spectroscopy
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Applications (1) === I

Schottky Mass Spectroscopy

Af AT 1 A(m/q) |
f T ¢ (m/q)

Q

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI



10
197 pp 81+
195 80+ ——
200 g; 82 190 5,78+ 202gj 83+ 197 T 81+
5 193 79+ 188 pg 77 200 " . 202 5, 83+ T
 eppet Hg 200 py 82+ be5 . 190 g 78 Po e—— o2 gy o
St = TR 193 79+ 188 p 77+ 208 g 84 Pb 185 py 76+ ‘ g9
- (o}
.l i ol . JI
0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
10
|94TI 80+ |96T|8|4 VQ:IT'EG’
190 gj 82+ %pp 91 Hg ™ 198 p 82+
204 Dy B4+ 199 pp, 82+ 201 pg 83+ 191 p 79" 186 | 77+ 193 py, 80+ . -
5 — 187 o 77+ 194 |g80s 189 5 780 201 gj 83+ NOS - . 186 py 77-maBi o 181 Rg 15+ Hg
187 oy 77 82 )p 75 wwors 7as\OPL T 184 |- 76+ 203pg &‘.;5 N 181075+
Hg Au l | 181 | 75+
_.g 0 L Jl A l Al b " | e ol
g 1080.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0
- 04 81+
_e 200 g; 83+ 90 yg 7 197 pp, 82+ 192 pyq 80 187 Ay 78 T
o] 195 81+ — 199 g; 83+
; 195 pp, 81+ - 1921 80+ 87y 78 182 oy 76+ 201 pg 84+
5 | ) 190 A, 79* 182 | 76+
:.5 ‘BﬁAufa’ oe Pt ™ 1 ‘7ER Ta+ 194Pb 81+ Ir
2 83 0g 76+ e 185 | 77+ 182 76
_.G_‘) [ 183 | 76+ i J > )
[ o L A | 4
- 0
160.0 170.0 180.0 190.0 200.0 210.0 220.0 230.0 240.0
10—
189 5,79+
196 py, 82+
A AX%  known masses Number of channels 2'®
g : 82+ 19 80+ " .
5 — 195} #2 104 ) 77+ 'Hg Axe*  unknown masses Recording time 30 sec
184 py 77+ 191 80+ 198 g 83+
177\ T4
. | - " . ,
0
240.0 250.0 260.0 270.0 280.0 290.0 300.0 310.0 320.0

Slide courtesy of Yu. A. Litvinov

Frequency / kHz

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

v

YEARS

M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI



8%
=
41& 8% mass known §§ mass unknown
7_
. &
- I f\m
N e
w -
-
- -
3 +
- 5 S &
O b [}
— i 2 v
() = 2
~
..2" 4 & gg
-(T) i ": — & i
—l =) Py + N
GCJ 3 = R ﬁ’g N = =
— - o
— 3 + O s g "o E - 5 .
C + N + = (@] - >‘ a_ N
= 8 . . T S-S : . -
+ w e 2 o} 82 = - 5 ~ 2 L 3
2- % |t f S I 9
w L w
g | 2 . g B A s %
- ;- o
O
1 I
0 T T T T T T T T T

I l I | I |
50000 60000 70000 80000 90000 100000

Frequency / Hz

I l l
10000 20000 30000 40000

Slide courtesy of Yu. A. Litvinov Ccl

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI



0.70

0.65 -
“ 143m,. 62+ 04 keV Wl . 0%

—>

(1 particle) “ (1 particle)

Intensity / arb. units

© ©o © o o o
w oS EES (&) (&) ()]
()} o ($)] o (&)} (@
| | | | | |

0_30‘ m/Am z7QOOOO |

| | | ! | T T T T T

33800 33900 34000 34100 34200 34300 34400 34500
Frequency / Hz O

Slide courtesy of Yu. A. Litvinov YEARS

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI




Applications (2)

Lifetime measurement

e.g. single ion 2 body 15
decay study

approx. same m/q ratio

13
60 125
142 60 142 +
Pm®t — Nd + v, N
11.5
A 24497 244971 244,972 244.97 244974 244,975 244,976 244977
124" harmonic of the revolution frequency (MHz)
!
A l A Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4-5, p.638
|
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Applications (3) (= [

Absolute current measurement
Calibration needed using e.g. a DCCT (or a CCQC)
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Applications (3) =1

Absolute current measurement
Calibration needed using e.g. a DCCT (or a CCQC)
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Applications (3) =1

Absolute current measurement
Calibration needed using e.g. a DCCT (or a CCQC)
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- Better results by using CCC
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“Non-resonant” structures

Parallel plates

Primary fields
External resonant circuit

GSI| Helmholtzzentrum fur Schwerionenforschung GmbH

ceee)

50

M Shahab Sanjari - 2019-10-16 - MT ARD ST3 Annual meeting, GSI



“Non-resonant” structures I="= 1L

Parallel plates

Primary fields ces o)
External resonant circuit
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Resonant Cavity Pickups

Resonant cavities
Wake fields
Surface current

Shape modes using proper
design

GSI| Helmholtzzentrum fur Schwerionenforschung GmbH
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Resonant Cavity Pickups =51

Resonant cavities
Wake fields
Surface current

Shape modes using proper
design

e

Magnetic
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Resonant Pickups
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Resonant Pickups === I
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Nolden et. al. NIM-A, v. 659 No. 1 pp. 69-77 (2011)
MSS et. al. Phys. Scr. 014088 (2013)
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A similar cavity was
tested and built into
CSRe in Lanzhou

present
time-of-flight
detector

Schott

. e pick-L

possible positions
for new time-of-flight
detectors

interna

electron cooler o

RIBLL2

Br or Br-DE-Br
separation

p

Wu et.al. NIM-B 317 (2013)
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Improved design =1

Symmetric design

Made of 100% stainless steel
Vacuum friendly
Manufacturing friendly
No movable parts in the support

No ceramic gap (hence no reliance on
ceramic spec)

Variable Frequency (ca. 4 MHz at 410 MHz)

Variable Qq value between 1600 - 3100

MSS et. al. under preparation RSI (2019). MSS et.al. TDR 2018. MSS et. al. Detailed Specifications 2019.
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MSS et. al. under preparation RSI (2019). YEARS
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MSS et. al. under preparation RSI (2019). YEARS
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Preliminary short test beam
2018-12 and 2019-04:

107Ag4s+ @ 232 MeV/u
ca. 2.5 x 107 particles
e-cooler on

Single particle setup not available

MSS et. al. under preparation RSI (2019). J
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R/Q map R/Q map
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GSI Helmholtzzentrum fir Schwerionenforschung GmbH

Position determination

Comparison with circular
reference

Same Depth (TTF)
Same fo
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Position determination

Comparison with circular
reference

Same Depth (TTF)
Same fo
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Dmytriiev, PhD Thesis, ongoing. 5
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Position determination

Comparison with circular
reference
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Position determination
Comparison with circular
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Slow wave pickups

Situation: Slow heavy ions

Plate resonators:

Charge redistribution
too fast

Cavity pickups:
Effect of transit time
factor

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Slow wave pickups

Situation: Slow heavy ions

Plate resonators:

Charge redistribution
too fast

Cavity pickups:
Effect of transit time
factor

Solution: ride on the crest of the wave!

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Slow wave pickups

Situation: Slow heavy ions

Plate resonators:

Charge redistribution
too fast

Cavity pickups:
Effect of transit time
factor

Solution: ride on the crest of the wave!
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RF Signal flow

B&Z fO ~ 246 MHz ZKL1R5+
BNZ1035 fc ~ 45 MHz NF =3 dB
Model: BZP102UB1 L~1dB G=40dB

NF = 0.95 dB @ 250 MHz
G=39 dB @ 250 MHz

Plunger control signal

Switch control signal

I .

/\

fO ~ 244 MHz
fc ~ 25 MHz
L~2dB

~ 15 m cable
RG213
L~10dB/100m
@ 250 MHz

o
~ 360 m cable
RSA3303B Spectrum Analyser COFEED 0.5" ZSDR-230+
L~4dB/100 m L=1.3dB ZFL-2500VH+
NF = 5.5 dB
G=20dB

s °C 0|2 |—< |——

o)
O//0<_

ZSDR-230+
L=1.3dB
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Data acquisition === 1L

Spectrum analyzer

Ring / cooler setup and
configuration

Narrowband recording for each
Injection
Old-TCAP system: (90’s - ca. 2010)
New-TCAP system:
broadband recording Local Oscilator /
Continuous N\ EEE
2 to 70 Msps ,4
Local / Network access

Digitizer

C.Trageser, PhD Thesis 2018
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Software defined radio (SDR) =51

Hardware is (relatively) low cost
Usually narrowband
Signal processing in software
VHDL on FPGA
C++ / Python on PC
Open source tools available (i.e. GNU-Radio)

Additional compatibility with FAIR control
system is possible / desirable

50
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Some SDR history @ GSI =1

MSS et. al. GSI Scientific Report GSI-ACCELERATORS-07 (2009)

50
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Commercial variants

Preliminary tests:
Stream recording works fine

Time stamp?
Needed for FAIR-DAQ
FAIR Commissioning & Control Working Group

(FC2WG)
USB-3 bus interrupt polling mode only

GSI| Helmholtzzentrum fur Schwerionenforschung GmbH
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Related activities

Open source tools and libraries for
Schottky data analysis

Nuclidic identification based on deep
neural networks (DNN) on GPU
workstation

Learning on Schottky data
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