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The International Facility for Antiproton and lon Research
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FLAIR Physics Topics with Antiprotons

Spectroscopy for tests of CPT and QED

- Antiprotonic atoms (pbar-He, pbar-p),
antihydrogen

Atomic collisions

- Sub-femtosecond correlated dynamics:
lonization, energy loss, antimatter-matter
collisions

Antiprotons as hadronic probes

- X-rays of light antiprotonic atoms: low-
energy QCD

- X-rays of neutron-rich nuclei: nuclear
structure (halo)

- pbar-p cross section, nbar interaction
- Strangeness —2 production
Medical applications: tumor therapy

E.Widmann, 2007

Features of FLAIR

e Low-energy, high-
brilliance beams for
effective stopping

e High effective collision
rates with USR: fully
kinematic
measurements

e Continuous beams:
only possible @ FLAIR

e availability of radio-
active ions offers
synergies

e High energies, high
intensities, slow
extraction



Features of a Next-generation Low-
energy Antiproton Facility

Feature Solution
Higher intensity Accumulation scheme
Fast and slow C.O incidence
: experiments (nuclear
extraction .
physics)

Cooled beams down to

< 500 keV/ Storage rings

Availability of pbar and

Ry FAIR

E.Widmann, 2007



FLAIR@ FAIR - Baseline Technical Report 2005

« High brightness low energy beams

— two storage rings with 300 keV
(LSR) and 20 keV (USR)

— electron cooling

e £~ 1N mm mrad
« Ap/p ~ 10-4

« Storage rings with internal targets
for collision studies

« Slow and fast extraction

« Ion traps
— HITRAP facility for HCI & pbar

« Many new experiments possible
« same facilities can be used for HCI

offices and low-energy o

pregaration
| laboratories

lew-energy HCI

W high-energy p

beam from —— 4-100 MeViu HCI 30 - 200 MeV p

Factor 100 more pbar trapped or Nesd
stopped in gas targets than now T <0 MeVUHC 0.005-03MeVp

_— <AMeViubC 03- O NMeVp
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Cooled Heavy lons at GSI/FAIR
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ESR - From 400 to 4 MeV/u

ESR — Experimental Storage Ring at GSI with stochastic and electron cooling

Ni%$* 400 — 30 — 4 MeV/u
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HITRAP: g-factor apparatus

SUPERCONDUCTING MAGNET MICROWAVE INLET
WITH ROOM TEMPERATUR BORE

PRECISION TRAP
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GSI/ FAIR
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CRYRING @ ESR

SIS

400 MeV/y
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I=T= Il
Project status

Beamline from ESR up to the Cave is ready, fast extraction from ESR
works

Assembly of the ring is ongoing, first sections are under vacuum

Local ion source is producing singly charged ions, transmission beyond
RFQ.

Commissioning of ring with beam early 2016

UHV late 2016

ESR beam ~ 2018 (depending on GSI/FAIR)

BMBF Verbundforschung for 2015-2018 funds first set of experimental
installations for AP/SPARC % fBuurnéji?;S:mig e

und Forschung

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



CRYRING: First transfer of ions from ESR to CYRING
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CRYRING@ESR: Highly-Charged lons at spare-
Low Energies S

« Spectroscopy for tests of QED Features@Cryring
— High-precision x-ray spectroscopy
- 1s-Lamb-Shift * Low-energy and
;‘ . Two-Electron-QED electron cooled

. beams
— Recoil ion momentum spectroscopy

« Highly-excited stated
— Laser spectroscopy

— Recombination spectroscopy with high
resolution

e Electron cooling with
adiabatic expansion

e High-luminosity for
In-ring experiments

« Atomic collisions
— Sub-femtosecond correlated dynamics e \VVery fast
— Unexplored regime: strong perturbation Q/v deceleration 7 T/s

+ Nuclear Physics at low-energies e Internal jet and
— exotic nuclear decay modes electron target

— astrophysical reactions :
PRy e Slow extraction




CRYRING / FAIR
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|"Scientific goal:
« atomic and nuclear physics of exotic systems al low energy

L.

/

I'he European Physical Journal

e . ST

@ Recognized by European Physical Society

Special Topics

- e e i — Physics book: CRYRING@ESR
’ N~ Bk M. Lestinsky, Y. Litvinov andT. Stohlker (Eds.)

(RYRINGDESR
A

— circumference: 54 m
— decelerate ions down to 7%o C
- UHV: p < 10" mbar

- gas and electron targets

- e-cooler

- several experiment stations

@ Springer

in print
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= CRYRING@ESR my enable a
& much earlier realization of the
8 physics program of FLAIR with ,
slow anti-protons. 2.2 GeV pbars from CR (10 Tm 3
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Additional Beamline to Exploit the Physics Potential of FAIR

stable and exotic ions and antiprotons
from HESR to ESR (not MSV)

« Early realization of pbar @ FLAIR
« Exotic nuclei in storage rings
* Protons from SIS18 to APPA Cave




The operation scheme to provide the 1 GeV, N =1 x 10°

antiproton beam in the HESR

Operation Scheme of HESR Deceleration Operation Scheme of ESR for CRYRING
for Antiproton Flux to ESR/CRYRING

Kinetic Energy Kinetic Energy

A Injection from HESR (N=8e8
A Accumulation for 100 sec (N:'Ieg) ;c ion from ( )
«

Antiproton Beam Parameters
from HESR to ESR
Energy:1 GeV
Number of Particles: ~ 8e8
Bunch length: 300 nsec, Uniform
distribution

Available Pbar Beam
8e8/200 sec

Stochastic Cooling
for 20 sec

1.0 GeV

3.0 GeV

Electron Cooling
for 6 sec

2.0 GeV / Dp/p (rms): 0.8e-4
Electron Cooling Transverse Emittance (rms): 0.5 Pi
ﬁc 100.0 MeV mm.mrad
Flat Base:
1.0 GeV Beam Bunching with Barrier 30.0 MeV Flat Base:
35 sec Voltage and Electron Cooling Fast Extraction to CRYRING
for 50 sec
Fast Extraction to ESR
> >
< i > Time < Ti
Cycle Time = ~200 sec Deceleration Time = ~10 sec ime

T. Katayama et al., Phys. Scr. T166 (2015) 014073 (9pp)
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Thank you for your attention !




Acknowledgements

Project team: F. Herfurth, Michael Lestinsky, A. Brauning-Demian, R. Bar, H.
Danared, C. Dimopoulou, O. Dolinskyy, W. Enders, M. Engstrom, S. Fedotova,
B. Franzke, M. Frey, W. Geithner, O. Gorda, L. Heyl, P. Hilsmann, A. Kallberg,
Th. Kohler, S. Litvinov, Y. Litvinov, J. Mohr, I. Pschorn, A. Reiter, G. Riefert, J.
RoRRbach, A. Simonsson, T. Sieber, J. Sjoholm, M. Steck, Th. Stohlker, G.
Vorobjev, N. Winckler, ...

GSI + Stockholm University
+ KVI Groningen
+ Hl Jena
+ University Jena
+ Krakow University




FLAIR Layout

ERDGERGESCHOSS

Copyright:
Dr. A. Braeuning-Demian
Arch. M. Zimmer




Ring parameters

Circumference

Rigidity at injection for ions (p, pbar)

Highest possible injection energy for p, pbar
- for 12C6*
_ fOf' 238U92+ (238U89+)

HCI beam lifetimes

Lowest Rigidity

Lowest Energy

Magnet ramping (de- and acceleration)

Vacuum pressure (N, equiv.)

Beam injection

Beam extraction

lon source for stand alone operation

Experimental areas

54.17 m (ESR/2)

1.44 Tm (0.8 Tm)

30 MeV (capped by rad. safety)
24.7 MeV/u

14.8 MeV/u (13.9 MeV/u)

3s (300keV/u) ... 1000s (10 MeV/u)
0.054 Tm

Charge exchange limited
1T/s(4T/s, 7T/s)

1012 - 10! mbar

Multiturn and fast

slow and fast

Yes (300 keV/u, A/q < 2.85)
YRO3, YRO9, YRE

260 e



Status: Summer 2015

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



CRYRING: Stockholm

High Resolution DR Resonances as measured at CRYRING/Stockholm
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— the possibility of the ful
candidates of interest (I

150Nd56+ (182 2p3/2 nlj) 2008)

e The energy-sharp resonant f
tensity of associated beam ac
of different isobars, atomic n
The unique signatures of DR

* Nuclear size effect
* Hyperfine splitting
20 40 60 80 100 120 140 « Lifetimes of excited atomic
Electron-lon Collision Energy (c.m.) [ eV ] states
» Isotope purification
scheme

Rate Coefficient [ arb. units ]




FAIR-MSV: APPA Facilities
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Beam Energy (MeV/u)
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CRYRING

Beam Facilities / Trapping & Storage
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192 Pb81+

_Cooling: The Key for Precision
- = _

uncooled beam
electron cooled beam

Ap/p ~ 10™9

0,88 091 0,94 0,97 100 1,03 1,08 109
fIf

From Single Particles to Highest Intensities

e~ capture
Q. = 3.37MeV 192 Tl 81+
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e
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Physics Case

« Precision tests of QED
— 1S Lamb shift
— Electron binding energies
« Supercritical fields
« Electron spectrometry
« Reaction microscopes
* Dielectronic recombination
« Search for NEEC process
« Astrophysical capture reactions
« Transfer reactions

32 e



Dielectronic Recombination at CRYRING

CRYRING Electron Cooler - About two orders of magnitude higher resolving power

I L L | I
o —_ i i 142 57+ T
10 AE = (AE *+ AE )" . 25 | DR of Li-like ""Nd |
< mg ——DR-ESR electron cooler
® 5] [ —— DR-CRYRING electron cooler 1
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(;; AE = k_T In2 o E I
o @& 3 15} -
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o S
e KT, =1meV = 10 F -
w 10° % o L
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0 "

Electron-ion collision energy (eV) 1.0 15 2.0 25 3.0

Electron-lon Collision Energy [eV]
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The operation scheme to provide the 1 GeV, N =1 x 10°

antiproton beam in the HESR
Operation Scheme of ESR for CRYRING

Kinetic Energy

Injection from HESR (N=898)

e

Antiproton Beam Parameters

from HESR to ESR

Energy:1 GeV

Number of Particles: ~ 8e8

Bunch length: 300 nsec, Uniform

distribution

Dp/p (rms): 0.8e-4

Transverse Emittance (rms): 0.5 Pi

mm.mrad

1.0 GeV

Electron Cooling
for 6 sec

g

100.0 MeV

30.0 MeV Flat Base:

Fast Extraction to CRYRING

< >

Deceleration Time =~10 sec Ll

T. Katayama
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