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* Nuclear Masses
* Fragment Separator (FRS) and FRS lon Catcher
* Tagging with the FRS lon Catcher: Mass Tagging
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Information Behind Mass Measurement

Z Protons (Proton number)

N Neutrons (Neutron number)
A =N+Z (Mass number)

B = Binding energy

Nuclear mass €= nuclear binding energy:
M(N,Z)=Z -my, +N-m, — B(N,Z)/c*

Several masses €<= Binding energy derivatives, such as S, | 0Vpn | Onp -

Also serves as identification for known masses!
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The FRS and the FRS lon Catcher at GSI

300-1000 MeV/u ~ MeV/u eV keV
-...SAA I
Fragment separator FRS Variaty FRS lon Catcher
ariaole
Primary beam degrader CSC RFQ beamline  MR-TOF-MS

Slits PID detectors
1";/ \
- ***Th source Si detector
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target Fragment - _ 2\
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fragments Achromatic -
degrader
Mass range selector -1 TFS
CSC (He) areal reflector
density = 5 mg/cm? TOF detector
< 76 m »| < 4m >

W.R. PlaR et al., Nucl. Intr. Meth. B 317 (2013) 457
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Low energy
(~eV)
beamline

8 Cryogenic
stopping cell

-

DESPEC

S. Purushothaman et al., Int. J. Mass

Spectrometry 421 (2017) 245 W. R. PlaR et al., Phys. Scr. T166 (2015) 014069

W.R. Plalk et al, Hypefine Inter. 241 (2020) 1  E. Haettner et al., NIM A 880(2018) 138

[. Miskun et al., UMS 459 (2021) 116450 W.R. Plalk et al., Int. J. Mass Spectrometry 394 (2013)

M. Ranjan et al., Europhys. Lett. 96 (2011) 52001
S. Purushothaman et al., EPL 104 (2013) 42001
M. Ranjan et al., NIM A 770 (2015) 87
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Standard FRS
detectors for

M.P. Reiter et al., NIM B 376 (2016) 240
F. Greiner et al., NIM B 463 (2020) 324
W.R. Plal et al., NIM B 266 (2008)




Measurements with the FRS lon Catcher
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FRS Particle Identification (PID) Tagging?

68

B | Counting: one step at a time from primary beam.

66

Beta: tagging by beta decay lifetime or endpoint energy.

63

Alpha: tagging by alpha decay lifetime and energy.

62~

61k

Mass: tagging by mass.

60/

16k
12k
8k
4k

Isomer: tagging by gamma rays.
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Mass Tagging — FRS + FRS lon Catcher

* Mass Tagging: mass measurement of stopped fragments as PID calibration.

FRS PID

68
67"
66

65F- - o

63
62~
61k

60

16k
12k
8k
4k

0 . x
212 214 216 218

2.2

222 224

226 2128
AoQ

MR-TOF-MS Mass Tagging for FRS PID Calibration
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FRS

Primary beam range: ionization or mass measurement.
Range Scan @ CSC + MR-TOF-MS @ N=50 isotones:

* High (enough) rate.
* Close (as much as possible) to target nuclei.
* Fast scan (about 5 min per point).
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Explanation for ,,unexpected” isotopes?

LISE++ simulations * Height of SCI43 at Final Focal plane in S4 FAIR
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Mean Range and Range Straggling

. number-distance curve
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Angle at the 84 focus [*]
| 2
r r [ (%) w
o o O o o ©

L'u
=)
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Unexpected Isotopes

TPC data gated on events in Scintillator43
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