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Secondary Nuclear Beam Fac&I@

FRS: In-flight Separator & High-Resolution Spectrometer
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o 2. Masses, Lifetimes, Direct Reactions,
- Isomeric Beams
3. Reactions Studies (Complete Kinematics)
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Cross-Section Measurement \1“4? oS

N; : number of fragments reaching the final focaal plane
Np : total number of primary beam particles
N : number of atoms in the target (cm-)

f.orr @accounts for:
* limited transmission of the FRS,
* losses due to secondary reactions in the matter,

» dead-time of the detectors and data acquisition.



Reaction Mechanism

= Fragmentation
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Precision Experiments with

the combination of the FRS and the ESR
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Schottky Frequency Spectrd‘
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Velocity Profile of the Electron B?@
Influence on the Mass Measure‘mleﬂ‘
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Comparison with AMEO3 1\ ? ' s
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Comparison with ISOLTRA ,.
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Comparison with Mass Models!
L. Chen et al., Nucl. Phys. A 882 (2012) 7'{_‘” -
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.j_; Applying Stochastic and Electronic, ’_;
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Measured Nuclear EIectron-Captuﬂ% f"w;
H-like & He-like "4°Pr and '42Pmlo Lt~
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Half-life of Neutral a-En]%BIrg;{%

Primary beam: 238U73*
Intensity: up to 5-107 /spill
Target: Be 2.5 g/cm?
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Half-life of H-like and Neutral 2 |

neutral 213Fr

Decay events Ty, &+ op (s) X2
FRS (GSI) 36885 34.03 = 0.27  1.18
LNS (ITALY) ~ 620000 34.160 = 0.058 0.98

H-like 23 Fr

Decay events Ty, + o7 (3) X2

ESR (GSI) ~ 500 344+16 17

many-particle method

ESR (GSI) 36 34 + 6 3.5

single-particle method

The results of the pilot experiment at the ESR are a strong evidence against

the predictions of the theoretical paper from Erma (AN / A ~ 34 %).
(A. Erma, Phys. Rev. 105, 1957).




FRS lon Catcher

~ GeV/u ~ MeV/u ~ eV

~ keV

RFQ Beam Line
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isotope separation,
diagnosis, beam distribution
introduction of reference ions

Cryogenic Stopping Cell
Stopping, thermalization,
extraction

Fragment Separator FRS
Production, separation and
range-bunching

Multiple-reflection TOF-MS
lon identification,
isobar separation

direct mass measurements

Beam from
Super-FRS Eﬁfgfﬁriz
— \ \ \ \ \ 1 W ;
— H\Hu\\mu\ m
. \ / Experimental
‘ / / Channeltron / Station
DC Cage RF Carpet ; /
Degrader | . Exté?:cgon Diagnosis RFQ Beam
System | StC rngenéc I Unit Switchyard
Scintillators opping L€

(Helium, 250 mbar, ~ 70 K)

Multiple-Reflection
Time-of-Flight
Mass Spectrometer

I
W.R. PlaR et al., GSI Scientific Report 2010, p. 137 (2011) £
Nucl. Instrum.Methods B, 266 (2008) 4560.

Isobarically
Clean Beam

[
>

N

Detector and
lon Gate System




MR-TOF-M&PeFfeFmaneeH\AaSS—R?so
R (N — ©) = 320.000

1

w
X
RN
o
o1
|

N
X
—
o
o
|
=
=
S

| 1
=
=
L
| -
O
=
O : TN :
o | m/Amgyuy = 200,000
‘®)) :30 ns :
§ m/Am # 10° g : ;
o 5 /Am, 4y, = 100,000
% 1x10° @ 100 o0 el
oY S |
© 0 miAm,., = 55000 |
1% ’
= 0 — < 10 e e o
0 10 ; : .
Ti M Wmumom: 20,000
12078.1 12078.3 12078.5
T. Dickel Time-of-Flight / /s

W.R. Plass = Sk



MR-TOF-MS Performance: Mass Resolvmﬂ?
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First 1 GeV/u 233U Run with Cryogenic StoH Eg Gg
& MR-TOF-MS with FRS October ZE]%

First Results:

Short-lived projectile
fragments (?23Th,?2'Ac)
from 1 GeV/u 238U
have been accepted
and transmitted with
high efficiency.

The combination of

the two devices open

B a novel field for studies
with exotic nuclei.

CSC and MR- ToF MS onllne at the flnal focal plane at the FRS



Summary Wh

Mass-, Lifetime Measurements of stored exotic nuclei
have contributed significantly to the basic knowledge of
matter.

The discovery of 60 new neutron-rich isotopes have
opened up a new field for nuclear structure physics and
astrophysics.

The lon Catcher consisting of a cryogenic gas stopping
cell and the MR-Tof open a new field for spectroscopy
with low-energy cooled reaction products at in-flight
separators like FRS, Super-FRS. SHIP and LEB.
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