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• mass measurements 
• laser spectroscopy
• ion chemical reaction studies
• in-trap decay experiments
• trap assisted spectroscopy

N=Z nuclei

SH E

SHIP

SHIPTRAP physics program:

precision measurements 
with heavy ions produced at SHIP:



SHE region:
• masses only known with low 
precision 

• most masses extrapolated

• linked to only few a decay 
chains

• relatively long half-lives

• SHE so far exclusively 
available at SHIPTRAP

challenge

low production rates

solution for long-lived 
nuclides

non destructive FT-ICR 
detection

half-lives

mass precision
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The SHIPTRAP set-up
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Perform ance of the RFQ  Buncher

•efficiency:
in transmission mode:  95 %
in bunched mode:         40 %

•cooling time:             ~3 ms
•emittance (2.5 keV):

longitudinal:          5 eV µs
transversal:   20 p mm mrad
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Storage time  =  5.6 ms
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TOF Eff. = 21%

Penning trap performance

m/Dm > 80,000 for 133Cs (400ms cycle)

purification trap m easurem enttrap

m/Dm > 850,000 for 133Cs 
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4.8% efficiency
~ 10 ms extraction time

2.7% efficiency
~ 3 ms cooling time
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First on-line mass measurement at SHIPTRAP

HIVAP calculation

fusion reaction at SHIP
92Mo(58Ni,xpyn)147Ho 

primary beam energy
4.36 MeV/u

target thickness
500mg/cm2
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4.8% efficiency
~ 10 ms extraction time

2.7% efficiency
~ 3 ms cooling time

First on-line mass measurement at SHIPTRAP
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• production method not chemically selective

• no mass separator but velocity filter

• currently only stable beams available and (almost) no radioactive targets

• restricted to neutron deficient nuclides 

• limited 'energy acceptance' of the gas cell (min. window thickness)

• SHIP transmission efficiency depends on reaction

• lack of beam time and flexibility e.g. long SHIP runs, TASCA, cancer 
therapy

Generalissues for m ass m easurem ents at SHIPTRAP:



other mass regions
• N=Z nuclei

• rp process

• superallowed b emitter

• nuclei close to the p dripline

• region of p emitter

• comparably high production 
rates



Som e exam ples

Projectile Target Nuclide Dm / keV
AME 03

92Mo

122Te

146Ho
147Ho
148Ho

58Ni

32S

92Mo

122Te

146Er
147Er
148Er

4.1 s
2.5 s
4.6 s

300 #
300 #
200 #

10
18
74

58Ni 92Mo

147Tm
148Tm
149Tm

0.58 s
0.7 s
0.9 s

300 #
400 #
300 #

10
1
22

58Ni 96Ru 151Lu
152Lu
153Lu
154Lu

0.08 s
0.65 s
0.9 s
1 s #

400 #
200 #
210

200 #

200 #
28
130

58Ni

32S

T1/2 cross section 
(PACE/HIVAP) mb

14
100
93

3.6 s
5.8 s
2.2 s



O utlook -FT-ICR detection
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FT-ICR AT SHIPTRAP

7 T - Magnet 

Measurement TrapPurification Trap

4K Electronics

77K Filter Bank

FFT AnalyserBroad Band
FFT Analyser

narrow-band FT-ICR detection:

• highly sensitive mass spectrometry       

on rare nuclei

broad-band FT-ICR detection:

• identification of the trap‘s contents

• study of ion chemical reaction kinetics

77 K

off-line tests in collaboration w ith K. Blaum , C. W eber, S. Stahl



New RFQ-structure:
• gain of the duty factor
• higher injection energy
• increased acceptance

Additional 28 GHz-ion-source:
• intensity gain of factor four
• higher charge states for increased duty factor

LEBT – Laminated magnets:
• redundancy for ion sources
• preparation for future pulse to pulse operation with different ion-species

50% duty factor � intensity-gain factor x2

28 GHz ECRIS � intensity-gain factor x4

New  Front-end for the High Charge State Injector



SHIPTRAP collaborators
GSI / SHIPTRAP

M. Block

D. Beck

S. Elisseev

F. Herfurth

H.-J. Kluge

C. Kozhuharov

M. Mukherjee

W. Quint

S. Rahaman

C. Rauth

A. Chaudhuri

GSI / SH IP

D. Ackermann

F. P. Heßberger

S. Hofmann

G. Münzenberg

Greifsw ald

M. Breitenfeld

G. Marx

L. Schweikhard

M ainz

K. Blaum

C. Weber

R. Ferrer

H. Backe

A. Dretzke

T. Kolb

P. Kunz

W. Lauth
Giessen

H. Geissel

C. Scheidenberger

M. Petrick

W. Plaß

Z. Wang

M unich

D. Habs

S. Heinz

V. Kolhinen

J. Neumayr

J. Szerypo

P. Thirolf

Form er PhD students and guests:

J. Dilling, G. Sikler, D. Rodríguez, M. Suhonen, A.Doemer



Thank you foryourattention!



Som e exam ples

Projectile Target Nuclide Dm / keV
AME 03

54Fe
54Fe
54Fe

80Zr
81Zr
82Zr

32S 54Fe 83Nb 4.1 s 310 10

32S 58Ni 88Tc 5.8 s 200 # 21

36Ar
32S

54Fe
58Ni

85Mo
86Mo
87Mo

3.2 s
19.6 s
14.1 s

280 #
440
220

5
25
24

32S
40Ca

64Zn
54Fe

90Ru
91Ru
92Ru

11 s
9 s

1.38 s

300 #
580 #
300 #

5.5
17

149 ?
92Rh
93Rh

1490
170

230 #

400 #
400 #

64Zn

32S

32S

32S

T1/2 cross section 
(PACE/HIVAP) mb

3
10
30

1, 2
3,14 ?

4.6 s
5.5 s
3.2 s

4.3 s
13.9 s
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12C+194Pt (4n)

14C+249Cf (3n)

22Ne+208Pb (3n)

22Ne+248Cf (4n)

26Mg+238U (4n)

40Ar+208Pb (3n)

40Ar+162Dy (4n)

58Fe+208Pb (1n)

64Ni+138Ba (4n)

86Kr+124Sn (3n)

136Xe+136Xe (1n)

SHIP transm ission efficiency

courtesy of D. Ackermann
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