
APPA SPARC: 
The SPARC experimental program

Yuri A Litvinov
GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt

Journées FAIR-France
17-18 May 2017

Institut de Physique Nucléaire Orsay (IPNO), France



2

SPARC in FAIR MSV

 

 

 

 

 

 

 

HESR

CR

SIS-100

Super-FRS

ESR

CRYRING

UNILAC

SIS-18



Ion Beam Facilities / Trapping & Storage

Stored and Cooled
Highly-Charged Ions (e.g. U92+) and Exotic Nuclei 

From Rest to Relativistic Energies (up to 4.9 GeV/u)

Cooling: The Key for Precision

Worldwide
Unique !
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From Single Ions to Highest Intensities



FAIR Green Paper



Experimental Storage Ring ESR

ESR: B. Franzke, NIM B 24/25 (1987) 18 Stochastic cooling: F. Nolden et al., NIM B 532 (2004) 329

Electron cooling: M. Steck et al., NIM B 532 (2004) 357



CRYRING@ESR 

Cryring

Circumference: 51.63 m

Rigidity at injection 0.88 Tm (1.44 Tm)

Lowest rigidity 0.054 Tm

Lowest energy Charge exchange 

limited

Magnet ramping 7 T/s; 1 T/s

Vacuum system 10-11 -10-12 bar

Slow extraction

Electron cooling

Coolinear laser spectroscopy

Internal target

Working group report: http://www.gsi.de/en/start/fair/fair_experimente_und_kollaborationen/sparc/news.htm

ESR

HITRAP

Project coordination: 
F. Herfurth & M. Lestinsky 

http://www.gsi.de/en/start/fair/fair_experimente_und_kollaborationen/sparc/news.htm


CRYRING Physics Book

Presently:
63 Scientists from
24 Institutions in
10 Countries



CRYRING@ESR: Highly-Charged Ions 

at Low Energies

Circumference: 51.63 m

Rigidity at 
injection

0.88 (1.44) Tm 

Vacuum system 10-11 -10-12 mbar

Features@Cryring

• Low-energy and 
electron cooled 
beams

• Electron cooling with 
adiabatic expansion

•High-luminosity for 
in-ring experiments

• Very fast 
deceleration 7 T/s

• Internal jet and 
electron target

• Slow extraction

• Spectroscopy for tests of QED

– High-precision x-ray spectroscopy

• 1s-Lamb-Shift

• Two-Electron-QED

– Recoil ion momentum spectroscopy

• Highly-excited stated

– Laser spectroscopy

– Recombination spectroscopy with high 
resolution

• Atomic collisions

– Sub-femtosecond correlated dynamics

– Unexplored regime: strong perturbation Q/v

• Nuclear Physics at low-energies
– exotic nuclear decay modes

– astrophysical reactions

– Transfer reactions at Coulomb barrier



Research with CRYRING@ESR Workshop



SPARC@HESR Feasibility Study
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10 April 2014 

 

 

Dear colleagues, 

 

Approva l of  Feasibilit y  Study  

 

We are happy to inform you that FAIR approves the Feasibility 

Study: SPARC Exper im ents at  the HESR for APPA-SPARC, following 

the recommendation by the Expert Committee Experiments (ECE) 

on 10 April 2014. Please find attached comments by the ECE. We 

expect that you consider these seriously and take appropriate steps. 

In addition, please accept the offer of the expert panel and the ECE 

to continue working together to follow up the process. 

 

Yours sincerely 

 

Facility for Antiproton and Ion Research 

in Europe GmbH   

 

 
 

G. Rosner  
Research & Admin. 

Managing Director  

 

 

Proposers of the 

Feasibility Study for FAIR: 

SPARC Experiments at the HESR 

for APPA-SPARC 

 

FA CIL I T Y FOR A N T I PROT ON A N D I ON RESEA RCH

SPA RC Exper iment s at t he H ESR:

A Feasibi l i t y St udy

Thomas St öhlker1,2,3, Reinhold Schuch4, Siegbert Hagmann1,5, Yuri A. Litvinov1,2

for the SPARC Collaborat ion⇤

Christ ina Dimopoulou1, Alexei Dolinskii1, & Markus Steck1

1 GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany
2 Ruprecht-Karls-Universität Heidelberg, 69120 Heidelberg, Germany
3 Helmholtz Institute Jena, 07743 Jena, Gemany
4 Stockholm University, AlbaNova, S-10691 Stockholm, Sweden
5 Goethe-Universität Frankfurt, 60438 Frankfurt, Germany
⇤See Section 8

U PDAT ED on January 26, 2012

A bst ract

Thephysicsprogram of theSPARC collaborat ion at FAIR focuseson thestudy of collision

phenomena in strong and even extreme electromagnet ic fields and on the fundamental

interact ions between electrons and heavy nuclei up to bare uranium. The current report

documents the feasibility of the HESR storage ring operat ing with heavy-ion beams with

part icular emphasis given to the requirements of theexperimental program of theSPARC

collaborat ion.
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2. SPARC experiments in the HESR  

2.1. Location of the SPARC experimental setup in the HESR  

2.1.1. Optimization of the HESR ion optics for operation with heavy ions  

The schematic illustration of the HESR is given in Figure 3 (see section 2.2). 

 

The ion optical layout was optimized specifically for the HESR operating with 

heavy ions. In this operation mode the ions, which range up to bare uranium U92+, will be 

stored, cooled, and accelerated. The optimization was conducted to achieve the following: 

- Enhance the transverse acceptance; 

- Maximize the dynamic aperture in order to have minimal beam loss during the beam 

storage; 

- Satisfy the requirements of the physics experiments with heavy beams up to U92+. 

Two locations for an internal target have been examined in terms of the charge state 

separation in planned atomic physics experiments. The obtained optical functions are 

plotted in Figure 4. The calculated transition energy is γ tr = 5.1. The frequency slip factor 

for the injection energy 740 MeV equals η = 0.27. That means that the stochastic cooling 

studies which were carried out earlier for an optics with γ tr = 6.2 and the corresponding 

slip factor η = 0.28 [36] can still be applied for the current lattice. 

The tune working point was found close to the linear difference resonance with a 

tune difference |Qx −Qy|≈0.01. The tunes (Qx,Qy) = (5.81, 5.82) allow to significantly 

enhance the dynamic aperture. The maximum β-amplitudes values are around 90 m in 

both planes, which results in an increased by a factor of 4 transverse acceptance 

(comparing to the antiproton optics [8]). Table 1 summarizes the main parameters of the 

ion optical layout. 

HESR
L = 575 m

B = 50 Tm max

ions or
antiprotons

possible locations of
SPARC equipment

electron cooler

PANDA detector

injection from CR (13 Tm)
antiprotons @ 3 GeV
heavy ions @ 740 MeV/u

SPARC setup as installed in the ESR

possible injection from SIS-18
heavy ions @ 10-13 Tm

Figure!3.!The!High?Energy!Storage!Ring!HESR![8].!The!main!parameters!of!the!HESR!are!indicated!as!
well!as!the!locations!of!the!PANDA!and!SPARC!experiments.!A!scheme!of!the!SPARC!setup!as!it!is!
presently!constructed!in!the!ESR!is!shown!the!insert![12–14]. 

SPARC@HESR



HESR

Precision Experiments at High Energies (HESR)

pair-production phenomena

• non-perturbative regime (Z1Z21)

• multiple pairs  

• negative continuum dielectronic recombination

radiative processes

• recombination (polarization phenomena etc.)

• photon-photon angular correlation

target ionization

• correlated electron motion – ultrafast pulses 

extremely strong transient fields of relativistic ions

bound state QED and nuclear parameters

• laser excitation in Li-like ions (n = 0)

laser interaction at high g

• test of special relativity

• laser cooling

• laser assisted pair creation

fundamental physics

• PNC effects in high-Z ions



U92+

Extreme Dynamic Fields
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Explore correlated electron dynamics  

- on sub-attosecond time-scale

- not accessible by other means

Relativistic quantum dynamics 

- particle production

- non-perturbative regime

- coupling to the radiation field 



TDR Approved by ECE 

10/04/2014

SPARC Internal Target Station

• Target area densities of the 

order of 1014 cm2 (from 

hydrogen to xenon) can be 

expected.

• Will enable a small interaction 

length of about 1 mm. 

Prototype target in operation at ESR

Operation modes: supersonic cluster-jet; liquid droplet beam

Synergies: SPARC prototype target enabled the 

first successful EXL experiment at ESR



Extensions of the MSV of FAIR

LINE-2

- Push for an early construction of HESR building

- Early commissioning of HESR with protons

- Possibly some PANDA commissioning with protons

- Enable parallel operation of HESR and SIS100 

- Enable parallel operation of HESR and CR

- Realization of SPARC program at the HESR

- Realization of a part of ILIMA with ESR-HESR

LINE-3

- Enable heavy ions from the Super-FRS

in the ESR for EXL/ELISE (ILIMA?)

- Enable antiprotons in the ESR/CRYRING, 

thus enabling FLAIR program as well as

hadron physics with slow antiprotons



Sophisticated & Versatile Instrumentation

Observables: Photons, electrons, positrons, ion

Targets Position sensitive solid state detectors High resolution spectrometers

Traps X-ray optics, channel cut crystalls Laser systems

Particle detectors Particle spectrometers Recoil Ion Spectr.

Equipment available/in preparation for HESR


