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Quo vadis GSI?

Address questions connected to strong interactions in many-body
systems:

* structure and properties of rare, short lived nuclei. How were the elements created?
- quark-gluon structure of hadronic matter: Where from is the mass coming?

* ultra-strong electromagnetic field in atoms
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Cooled beams / (,
= Radioactive bean\,
= ¢-— A (or Antiproton-A) collider

= 10 stored and cooled 0.8 - 14.5 GeV
antiprotons

= Decelerated HCI (4 MeV/u) and antiprotons
( 30 MeV/c)

Primary beams (SIS 100)

m 238 J28+ : 101%/s; 0.4-2.7 GeV/u;

= Intensity: 100-1000 over the present one
= protons: 2.5x10%3/in5s at 29 GeV

m 2x109/s 238U73* up to 35 GeV/u

= 34 GeV/u U2, 100 s spill

= Up to 90 GeV protons

Secondary beams
= broad range of radioactive beams up to
1.5-2 GeV/u;
= up to factor 10 000 in intensity over
present
= Antiprotons 0.03 - 30 GeV




Two synchrotrons in one tunnel

, Booster and compressor (50 ns)  Stretcher (slow extraction)
(1080 m circumference)

and high energy ring (34 GeV/

Transfer to SIS200

(" Re-systems

Rf-systems '

SI1S100

lon extraction
pbar reinjection

Rf-systems

SIS 300

lon extraction

lon injection

R&D program in rapidly cycling
superconducting magnets

Thermal shield
Cold mass
Cold mass clamp

Nuclotron dipole magnet:
B=2T, dB/dt=4T/s
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FAIR’s
International Workmg Groups

Signing of MoU AF D

MoU Phase | — Governed by MoU

Phase Il
Contract(s) Development ' Governed
Contract(s) Negotlatlons by
. Contracts
Closing Il

2004 | 2005

@ D 14-17 March, TP / TR Evaluation

until end of July: cost review by CORE

;eei’k‘]’.rgoposam | September: project definition
T / T *  TDR: planning quality

PAC's TAC X | TDR's
! BMBF :




Next Steps

2005: Determination of the Legal Structure of FAIR
GmbH, draft of FAIR contract

Summer of 2006: Contract on FAIR signed by
Member States, followed by FAIR construction

2006 to 2010 Technical Design Reports
the sub systems |

2011 - 2014: Commissioning of

Dieter-Ackerm



Next Generation

The high energy compensates lower intensity

» thick target
kmemahc focusing in forward direction
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@ peaksat A ~ 90 and 130
@ fission? neutrinos?

neutronrich nuclei

Karlheinz Langanke { GS| & TU Darmstadt) Shell Model and Supermnova May 23rd, 2005 20/24 |



Astrophysics @ GSI

O
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Neutrino induced fission for r-process

Heabring azergy (e}

@ Competition between neutron decay and fission.
@ Fission relatively enhanced with increasing neutrino energy.

Karlheinz Langanke { GSI & TU Darmstadt) Shell Model and Supermova May 23rd, 2005 21124



Astrophysics @ GSI

R-process fission fragment distributions.

A. Keli¢, K.-H. Schmidt, N. Zinner

.r 2896
245 Am, decay to stability Cf, on r-process path
Mass Distribution for 08,

Mass Distribution for *** Amys ) 2,4 104
R : T T T T T T T T T T T T T T
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Fission fragment distribution Fission fragment distribution

Karlheinz Langanke ( GSI & TU Darmstadt) Shell Model and Supernova May 23rd, 2005 22124



In- -flight Separation at low En
‘and ldentification with SHIP
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7OZn 208Pb

complete fusion

Beam Target
Wheel

kinematic separation
in flight

known

257NO

253Em

8.34 MeV
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/
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4.7s
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Energy versus time-of-flight plots ' ,

an

E / MeV

48Ca + 206PhS

48Ca + 238UF,

'53-:|: 1360 1270 1380 1330 1400 1410 1420 1430
TOF / channel
Dieter-Ackermann_GSI/Uni._Mainz_— Dubna 2005 - July 26th 2005




A,

A\
ESCa ~+ 238JU — 286-X7112 + XN aifﬂ’y
ﬁﬁ‘ DGFRS and SHIP

ld—" -'-Il .

E*/MeV  dose/10"° events T,,(parent) X

31.4 0.58 1 (ER-[o]-sf)* (3.4s) 3 0.5 +1

32.0 0.7 0 --

2 (ER-[a]-sf) (1.4s)
35.0 071 <3 (ER-a-sf) 27s
1 (ER-40-sf) 6.1s
34.5 1.0 1 (ER - sf)
39.8 052 1 (ER-
37.0 1.2 0

* Dubna work: T,,(?°Ds
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SHE Synthesis
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Radioactive Beams from the FRS

other experiments
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’fadloactﬁle Beams from Flssmﬁ
, f relat|V|st|c 238U

Ea=
-

SE——
"

238U at 1 A GeV on Be target

A A2
400+ o

gy loss (arb. units)

\

- Access to n-rich nuclei
* high energy

M. Bernas et al. Phys




Preservation of reaction kinematics
Fast Separation time 100 ns
Sensitive Single-atoms

Reaction kinematics is

» Access to the limits of the Nuclear landscape used for separation

¢ o
e

Coulomb barrier energies:
» super heavy elements
Identification by decay-spectroscopy

Relativistic energies
» drip line nuclei
A, Z identification in-flight with:
magnetic spectrometer, time-of-flight, and energy loss




In-flight Separation at l |
relativistic Energies with the FRS K{il

It

L*

TARGET

Transmutation of the
projectile beam by

= Fragmentation
= Fission in fligh

DIPOLE DIPOLE
Aluminum
block

Kinematics A/Z Energy loss ~Z:

Beam cocktail Isotopic

H. Geissel et al., Nucl. Instr. Meth. 161(1979) 65




iscovery of the QA
Doubly Magic Nucleus 1008n"’c |

Be target degrader 3

Ge detector

implantation
detector

Detectors for Particle ID Tio= (0.94 *93%) s
100 Q= 3.4 *%7) MeV
@ el d‘B’ 11 pb |
TIC scintilator  fastIC 12's |100 P
pos.x TOF start position y, AE In (7 atoms)
scintillator Single_atom 133 s | 100
dmdd” B chain Cd| Rschneider
AR 4 %s  JFriese, 1995
tracking IC tracking IC
position x, y position x', y'

A. Stolz (TUM)
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INn-Beam y~Spectroscopy with
R ISING J.90lie
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beam from FRS
on secondary target

Cate E dF Pad & Hosolaw 2 1 Caitiwel_Gipeireow]
. Gated on Co
200 SO0T (5400 24 -» 14) g
180 + il
18
140
14
189
kol
L |
&
|
“m 800 S0 50 100 1200 1400 18 1E0 Ol
Gl mans- o'y e duagy DOpPied COTMEIT finy]
IH&H"“‘W HmhorOeluer Bre 0 | t-ﬂ'--r---w-- II._.I-'F' Ctrvied CoppiarComacied HidrGeCuter T % 1 +=
0 Gated on Fe - - = Gated on Cr -
= LT TEE (S00r 2+ -» 04) sy
F=r] B30 (527Fa 24 -5 D4 a0
9 b b
=
by
L
= 104
-] [

200 &0 00 MO0 1000 OO A 1800 W00 2000
G Y R Y DOPPN COMEC D ik




Inverse Kinematics

Nucleus of interest is the Projectile
complete kinematics ==> look into the nucleus

»>reaction studies with 1 - 10000 projectiles s+
Inverse kinematics

New insights into nuclear structure
» matter distributions = neutron halo

» Nuclear response =» giant resonances

Dieter-
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Improving Beam Quality

Beam cooling in a Storage Ring

Stochastic cooling: drive "bubbles" out of phasespace

A == pickup
f I j
Density fluctuations ——

. kicker
in phasespace Van der Meer 72

Electron cooling: mix hot ion beam
with cold electron beam (heat exchange)

= = Vo=V
—_— e Vion
=N t
Heat exchange :
cold electrons - hot ions cold e beam

Budker 66




Stellar Processes observed in ESR { qI
Bound-State Beta Decay of 207TI81+ | =

Intensity (arb.u.)

Intensity (arb.u.)

838 MeV/u *"*Pb- beam from SIS

production target

207 PbXI t
[ 207781+

[ 207T]81+
[207pp81:
-4 1

G
X position (cm)

2“7"'“181 +
ZUTPbXI t

particle detec-

[ISchottky-noise
pickups

'.‘1'3‘"\'.\
X position (cm)

tor for 207Pps2

2(J7T]§<I +

bound state
B-decay

2(}7Pb?<l +

2(17Pb82 +

ecay

FRS

wedge-shaped
degrader

el it

ol

ESR

electron
cooler

Pecularities:

- New decay mode

*  Mono-isotopic separation of bare 207T|81+

+  Stochastic cooling and electron cooling

20.00 _SEC_AFTER_IN,

1':'5 ;_ T I T T T T T I T 2(I-_)7TI|81+I T 4:
E: z
L L 207 81+ -
o 207mT 81+ ]
o 107 b 5
| ;
% i
o0 g E
-5
= | ;

10 5

OO0 GO0 700 8O0 900 1000 100 1200 1300 1400
Frequency - B1240000 [Hzl

Dieter-Ackermann_GSI/Uni._Main
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Direct Mass Measurements In the

Storage Ring
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Beam production
by fission of relativistic projectiles

+ Separation in-flight
* Reactions with radicactive beams in
+ Storage and cooling of radioactive

These techniques use si
ideally suited for nuclei

stability (low produc




126

DJ QU ah i,
“@ " = Proton-neutron

asymmetric matter
= |Loosely bound nu
= Correlations

N @ —— Proton number, Z —»

.2 8 =—— Neutron number, N — NeW

- Decay studies
* Reactions in reversed kinematics
- Precision experiments in a storage-ring

GSI Proposal 2002




Wlth SuperFRS

Low-Energy
Branch
ol ?g Intern?l target
Olsd =7 eA-
% I Collider
. A
: - | Energy
Super-FRS NESR
p A/Bunc <Y
%@ xo¢ Main High-Energy
( ) R (] h
539 Separator S ranc
..:.?\f:_--l
Focusing "~ Production Ring Branch
System Target N

/

Driver
Accelerator




High-Power Production Target ’!TIJ'QIJ#
' il |

(Concept for a Rotating Target Wheel) L

L*

Target E at PSI
Total Beam Graphite Target Deposited Speeliis
. Power
Facility Beam Power Thlckngss Power APIM
P [kW] [g cm?] AP [kW] [KW/g]
Super-FRS all ions <38 4-8 <12 <0.15
PSI P 1000 10.8 54 0.18
RIKEN/BigRIPS all ions <100 1 <20 0.81
SPIRAL-II D 200 ~0.8 200 ~0.25

Key parameters:

e radiation cooled
» continuous reliable operation (= 1 year)

» safe handling concepts needed (plug sys
Milestones:

* M6-1: Concept for rotating tar

Dieter-Acker
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-fComparison of FRS with Supe_j_f—FiR
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Improved Transmission
for fission fragments
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. gain factor

BPmax | AP/p | Ady ADy reps(?\}\}’el?g e 1325
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Super-FRS' 20Tm  25% 40, t20mrad = 1500 5 10
a9 250 20 000
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Pre-Separator Optical Design,,c:,dl
[ \

-l
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Previous

Previously Presently
1x 28°

New design for high radiatiod™ .
Splitted-Dipole Design




Radiation — Resistent _
,Large Aperture Quadrupole Magn

E E ][ E| Eu - L L @ é&i‘%&?ﬁﬁ BABCOCHK NOELL HIII:I.E:hﬁ
ey R
Energy deposition distribution
Geometry atiaiceiEies (calculated with PHITS)
T T T 1
200 + ' g 5
200 I
100 T Concrete ] _
i E:—shie!d ik ‘ ol P - : ¥ % %
£ L9 . Fe = ¥ E-. g
>k targeit)loc% Qi Q2 = e é 3 i
BB C-arget 0 o
—100 1
—200 I L ~100
0 100 200 300
z [ecm]
Milestones:

* M7-1: Decision on insulating materi
» M7-2: Delivery of model coil, 9/20
* M7-3: Design and test for Su
 M7-4: Prototype Magnet d
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Experimental Opportunities and

e

Instrumentation
Monoenergetic
|] degrader ,  Slow beams @ % in-beam y-ray
y (500..10 MeV/u) | AGATA = Ya spectroscopy

Monoenergetic + variable

degrader , Stopped beams
(~ 25meV)

He-filled
ion catcher

, 1ISOL-type beams
(~10...100 keV)

EBIS + analyzer _
Highly- . [g&) .| n-trap ex-

T,

Cooler- and
pracision trap

S

Unique feature: RIBs and pbar at (almost) the same place



Experimental opportunities and

lnstru mentation
Monoenergetlc
[] degrader  clowibeTee s R in-beam y-ray
| " (500..10Mevi) | acata 4|  spectroscopy

Monoenergetic + variable

degrader , Stopped beams
(~ 25meV)

He-filled
ion catcher

, 1ISOL-type beams
(~10...100 keV)

EBIS + analyzer
charged ions

Unique feature:




The Low-Energy Branch ,

Energy bunching stage

Layout of the experimental area

Office

LASER Lab Lab

(Quests)
1 35 meter 1 Control
L] 1
LASER Neutron-cap- room
spectroscopy | fure experimen’rs TONSERpie: [0 Deony e mowner
Power -.i-l_.-, ! - —-‘
i . _A‘_ "ﬁ - ﬁg:‘; : ﬂﬁg e —Jl"'
> rza-;-'-,:g,'?-_, il s specrrosoopy I oty
% e Partice-iD for -k
cm?m?;mg HYDE teaction ploducts
\ y-elec=
. | fronics
Setup for "complete”
- r-i decay spectroscopy Gnd
v‘ﬁ (c, B, ¥, Neutrons) data
acg.
RIB+antiprotons -
fiap system s LA Soltd—s’ro?e physics,
medicine, efc.
Beamline for p
Workshop from FLAIR Storage Storage Lab




ol Ll N /
| j'xperlmental Area at the Low—sd
Lnergy Branch of the Super-F‘f{ .

Energy bunching stage

Moncrenergatic beam

[ rom energy buncher
of Super-FRS

Office
LASER Lab lab
(guests)
35 meter
LASER Neutron-cap-
specticscopy| | ture experiments Fower supples fof beam e mogne

h‘:-,.t:-r,-

"":_—-‘"" ""f-i-'/' :-

Q% 1ecycing

l{emp for *complete”
decay speciroscopy
(c, B, v, NSUTTONS)

EBIS and
frap systermn

RIB+antiprotons
exoeriments

Solid-state physics,

—

medicine, etc,

Control
room

y-elec=
fronics
and
data
aca.

Workshop

Connecting
linefrom and tp FLAIR

Storage

Lab




Physics with Radioactive lon Bea

The high-energy branch

Reactions with high-energy radioactive beams:

Knockout reaction: shell structure, valence-nucleon wave
function in light nuclei

Quasi-free scattering

Total absorption measurement: nuclear radii, for heavy
(one ion/s)

Spallation reactions: neutron sources, productio
beams, astrophysics

Projectile fragmentation

Kinematically complete measuremen
and particle detectors and a high
spectrometer

Dieter-Ackermann_G




NZ

Projectile fragmentation

23 o -

25 [

Large-acceptance measurement

acceptance
dipole

/ / Target

Tracking detectors:
AE, x, v, ToF, Bp

\IIIHIIIN

High-resolution measurement




Reactions with Relativistic 3B
Radioactive Beams KR |

Large-acceptance measurement

Protons

/-rays Large-
Exotic beam from Neutrons  ,cceptance
Sup el‘—FRS Protons di po le

\ / / V4

Tracking detectors:
AE, x, v, ToF, Bp

Heavy fragments

Neutrons ‘

Neutrons

\H\

High-resolution measurement

Ty

- identification and beam "cooling" (tracking and momentum measurement, Dp/p ~10-4)
- exclusive measurement of the final state:
- identification and momentum analysis of fragments
(large acceptance mode: Dp/p~10-3, high-resolution mode: Dp/p~10-4)
- coincident measurement of neutrons, protons, gamma-rays, light recoil
particles
- applicable to a wide class of reactions

Dieter-Ackermann_




New Methods and Concepts

Storage Rings
*Precision experiments
New access fo structure o |

= Light hadron (p,d,He..)

scatterl ng ‘Standard probes’
=> internal-target experiments | notavailable for
RI so far

= Electron scattering

= Electron-lon Collider | First generation:
idea born at Dubna charge radii

= Rapid transfer + fast cooling
=» Shortest-lived isotopes gas target &k

Dieter-Ackermann_G



The Storage Rings ’a i ‘
ﬁ "ﬂ”

), e i J =
from Super- FRS (up to 10° fragments
per cycle at 740 MeV/u)

Collector Ring
bunch rotation,
adiabatic de-bunching,
fast stochastic cooling,
Isochronous mode

electron ring
collider mode

NESR
electron cooling,
deceleration to
4 Mev/u

RESR
deceleration (1T/s) to 100 - 400 MeV/u |

— H. Weick,



The Ring Branch: CR and

NESR

* mapping of large area of
unknown masses

- life time of HCI

* pure isomeric beams

Method: precise measurements

xtraction — I

of the revolution time in ring » :tlsfg:f:l:l septum
— L -
df/f = -y~ d(m/q) / (m/q) + | et genottky :Ealg:;:on{
+ (1- v¥ y2)dviv pickups
e Injection Extraction >
Aviv= il Z(Ap/ p) = kicker kicker ,

* Schottky Mass Spectr. RF-cavities (0.8 - 5 MHz)
\ \

» Isochronous Mass Spectr.

Dieter-Ackermann




Ve recision Experiments in
té:ig_ and Golllderﬁigs

Example:
Elastic scattering of bare '°2Sn nuclei ......

* )

...Off protons in NESR ...Off electrons in e-A-Mini-collider

_.. = i
= = <
S, B — "

counts per week

—
<
T

Hem Mo destydstriuiors
—=4E5im
- r=48m

L= 6*10®%cm?s

\ L= 1*102%cm?2s?!

—
=
T
!

counts/week/Ap=10 MeV/c

g

Lylelds  * nuclear matter distributions

005 0,10 015 020 0.00 ‘ 0.05 ' 0.10 0.15 ' 0.20
t(GevZ/ic?) -t (GeV2/c?)

* charge distributions




at hlgh resolution

Elastlc (p P) ..

Inelastic (p,p’ ), (a,a’) ...
Charge exchange: (p,n), ((Het) ..

Quasifree (p,pn), (P,2p), (p pa) ..
Reversed kinematics:

Fragment

7" Spectrometer Heavy
ions 4

Form factors from
low energy/momentum
recoils

%ﬁ%%ﬁ%ﬁﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁwﬁu
Thin (gaseous) targets,
new detector concepts,
e.g. UHV in-ring det.

Neutrons /
Charged Ejectiles

Recaoil
I Detector

neutron
gamma

complete klnematlcs decay |
product coincibdences
suppression of phys. bgr.

TR




lectron Scattering =X | H P
« Pointlike particle Physics goals
* Pure electromagnetic probe » Charge distribution of exotic nu
— formfactors F(q) (radius, diffuseness, higher

req. luminosity: > 10%4

* F(q) transition formfactors o elect -

= high selectivity to certain
multipolarities

 Large recoil velocities

= full identification (Z,A)
complete kinematics

» Bare ions (no atomic




i J Neg
| I';he Electron lon (eA) Collldedrc»{;

T e 8 _H a :‘L..__
.-u-d‘ - . —— LT \

Electrons anew probe for structure
Investigations of unstable nuclel

R O e R R S S

second position detector ———,

 umer T

ldea and flrst common studies
from JINR (Oganessian, Meshkov,
TerAkoplan)

FaTEa

H. Simon




‘Future of SHE

UNILAC
intensity upgrade = &

I I I Quadrupole Quadrupole :
o

Magnet Triplet '

==

Magnel  uacrusos TASCA separator
3 | for chemistry

Magnet

Spectro-
meter

/ .
—— 1"
Vi
IH Accelerator RFQ Accelerator Solenoid Switching
108 MHz 108 MHz Magnet Magnet

; B Cs1 KRYO 10-489
; 3
Calorinmeter

mass detemination

Dieter-A






In Summary

- FAIR -

- versatile facility for nuclear structure,
astrophysics (hadron-, atomic, plasma phsyics

)

GSI today - a few examples
- Superheavy Elements
* Nuclear structure and Astrophysics at the FRS

- NUSTAR @ FAIR

* NUclear STructure, Astrophysics and Reactions |
- will provide new oprtunities and insights exploiting |
new concepts and methods

Helmholtz International Summer School
"NUCLEAR THEORY AND ASTROPHYSICAL APPLICATIONS"
Dieter Ackermann, GSI Darmstadt and University of Mainz




B 240 'o; % >
SO , :
‘New Technlques‘,é\le
i --,‘_‘“ i - ’ ] . ‘:'L i /

Y - AR —J-':.hﬁ:l-ar—a ;

second position detector

first position detectdr
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Low Energy Branch C. Scheidenberger (GSI)
HISPEC High-resolution in-flight gamma-ray spectroscopy Z. Podolyak (U.Surrey)
DESPEC Decay spectroscopy with Implanted lon Beams B. Rubio (CSIC Valencia)
MATS Precision measurements of very short-lived nuclei using K. Blaum (U.Mainz)

an advanced trapping system for highly-charged ions
LASPEC LASER spectroscopy for the study of nuclear properties P. Campbell
NCAP Neutron capture measurements M. Heil
Exo+pbar Antiprotonic radioactive nuclides M. Wada

(U.Manc

High-Energy Branch
R3B A universal setup for kinematically complete measurements
of reactions with relativistic radioactive beams T.

Ring Branch

ILIMA Study of isomeric beams, lifetimes and masses

EXL Exotic nuclei studied in light-ion induced reacti
at the NESR storage ring

ELISE Electron-ion scattering in a storage rin

pbar-A Antiproton-ion collider: measureme
proton rms radii of stable and radi
PIONIC  Spectroscopy of pionic atom




