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AE 1, s ® 500 eV

Za~0.67 -/ Challenge
for Bound-State QED

AE=a/n (aZ)* F(aZ) mc?
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Quantum
Electro-
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Dirac Equation



light ions heavy ions
(singly charged, free electrons ...) (highly charged)
Tests of QED to lowest orders in o ~ 3= and in 0.Z < 1
(Z is the nuclear charge number) Tests of QED to lowest orders in a and to all orders in aZ
) 4
D aS_
! U aZ % 0.67
a’t- o’
a’ o '
Light Light
a* a*] atoms
atoms Heavy
- “7 Tons
(aZ)? (aZ)* (aZ) (aZ)® " (aZ)? (aZ)* (a2) (aZ)®

Courtesy of V. Shabaev
Bound state QED:
g-factor (Penning Traps)

Helium fine structure
—> Tests on < ppb level [—ia-V+ B8+ V()] y() = Ev(r)
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2p A1 =243 nm _ +.s | Nuclear Surface:
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= 107 :
= » | Hyperfine
’;‘_;, 104 151/2. V| Structure
;.E‘ 103 v probes
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magnetic fields
very close to
the nuclear
surface.

But there is
no conclusive
test of QED in

HFS: 10 o\‘o 20 30 40 50 60 70 80 90 the magentic
Pr‘obing magne’ric nuclear charge Z domain yet |

field regime |_|$+ oo req |2=21cm

9 o, |t=11MaA
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Electron capture
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U . AE b accuracy 10-2
10p (QED'T@ST 20/0)

o~ | A. Gumberidze et al., PRL 94, 223001 (2005)

Status 2012 FOCAL
Transmission crystal spectrometer

< Proof of Principle Experiment

Future: Targets or e -Cooler at
Cryring, ESR or HESR

Using also Micro-Calorimeters
- Poster by Saskia Kraft-Bermuth

& Talk of Tobias Gassner, Thursday 18:00
(SPARC Workshop 1)
= Ll J“ _ 5 197 A 78
- 3. sl |
- N ) 2

20 40 60 80 100 N 50 100 120 130 160
Strip Number

Nuclear Charge, Z H.F. Beyer et al., to be published
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L|-|-h|um_L|ke Tons ;n‘rer'es’r. also in elec’rr'or.\—elec‘rr'on'
interaction and correlation dynamics
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Frequencies of virtual field oscillations

Etrans = h V= h}/(g.V)

reciprocal lattice vector grim = kA" +IB" +mC~,

Vk,!,m(ga ¢’) = T8kim"V
= ’Z—U (v/2k cos ¢ + v/2m sin ¢) cos 0 + Isin 0},

Crystal lattice: d=10-19 m, Velocity v # 3x108 m/s, Frequency: v=yv/d =108 Hz
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2p3/,—2S1/, transition in Li-like uranium
Experiment at SIS with U8 @ 192 MeV/u

E, [eV]

(100) Silicon Dipole magnet Feb

Li-like uranium

1522 -
4.5 keV o " S e

=
~
=

\/\/\/\/\/\hm 07 LA 4leV Aii_i_ d

Transition energy:

1s22py, | 44609+ 22eV

15225y, 0,0 ++—————+———————
-5,6 -5,4 -5,2 -5,0 -4.8 -4.6

0 from <110> axis [degree]

Largest contribution to the width of 4.1 eV: Ap/p ~ 10-3 of the SIS beam

=> use cooled ion beams from/in ion storage rings Ap/p < 10

Y. Nakano et al., PRA 86, 060501 (R) (2013)
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Beam Energy (eV/u) > See talk by Toshiyuki AZUMA

Y. Nakano et al., PRA 86, 060501 (R) (2013) Wednesday at 4:30 PM
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The ion energy range at SIS100 will permit
state-selective RCE of atomic and nuclear levels

.. but beams with low emittance/small divergence required !l
Challenge: ion cooling at relativistic energies

Laser Cooling @ ESR, SIS
-> D.WINTERS, Wed at 2:35 PM (Parallel Tier 1)
Michael BUSSMANN (Tuesday, Poster Session)
Electron Cooling @ HESR
- atomic transitions with extracted beams,
nuclear transitions in ring !l

Applications: Absolute determination of ion velocity
Determination of beam quality (Ap/p)
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Lithium-Like Ions

hom N‘A .......

Is Laser Spectroscopy possible
at such transitions ?

1sy, —o0-0—



.. for Dummies |

The lights of the cars
approaching you are bluish,
while the lights of the ones

moving away from you are
red
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Ives & Stilwell, JOSA 28, 215 (1938)

Vv,V
Yo Ya oy (op?)=1ee(s?)
0
Laser Laboratory
e 6

Spectrosco 4
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B. Botermann et al.,
PRL 113, 120405
Published 16 September 2014
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y spotlighting exceptional research nature Rrtersuathanal weebly joarnal of sebnce

Comment | Research | Careers & Jobs | Curmrent issue |

Nenlt:urmu-t“"“ News archive  Specias  Toolbox  Comment  Fes

Home About Browse APS Journals NEWS & COMMENT

Nature Special: Diversity

Embracing dversiy — in 3l lls foms ~ I3 key to good science. o ths
specis, Nadure and s sister pubfication Sclentfic Amanican explore

= - - - - - = the experiances of gay, esbian, Blzevua ane ranspanderad
Synopsis: Relativity|is Right on Time, Aga [Eirrhat -
al athnicties In Cinical tria’s can endanger populations. We diso
cover how confroniing economic regualles ainin coliaborations
) can strengthen gicbal research, and how a more ethnicaly dhverse

Vs / Test of Time Dilation Using Stored Ll? {oIE Rz ISl 1= can have 3 postive imoact on chisbicn rte. Ress mare >
! = Benjamin Botermann, Dennis Bing, Christophe
t e = ‘ Theodor W. Hansch, Gerhard Huber, Sergei Ki
{ Thomas Kihl, Wilfried Nértershauser, Christian
1 y Rodolfo Sanchez, Dirk Schwalm, Thomas Stdh
\ I 4 Saathoff

Phys. Rev. Lett. 113, 120405 (2014)

Published September 16, 2014

OpenStax

http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.113.120405 B ERY

Special relativity aces time trial

Time cliaton’ praciciec by Einsisin confirmed Dy #hium kon
sxperimeant




Relativistic factor y
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_ HESR:
D)on :a)Lab'y°(1+IB) (Dlon _ Z'V(Dlab vy&6,3~0,98

Laser wavelength fix at Aj,, = 226.87 nm, Eppoton = 5.465 eV

SlBr32+ 4OCa1 7+
SIEA03 1s? 2p 2P3;2
IS1
152 2p 2P1;2 4
2Ss > 2p3,2
56F623+
N ~36 eV
~41 eV

e HESR

[ 1o 1s% 2s 2S1Jf2
I 1 1 1 1 1 ESR
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Developed at University of Miinster

VvV V. Hannen et al. J. Instr. 8, P09018 (2013)
I ) :
S £
I s
B @
L tor ne
E 5508 5912 5916 6410 6412 64la Detec Lig ”“‘”mr@ Refiecti™d
laser wavelength [nm]
= M Lochmann et af, PRA 90,030501 (2014) 1S-QED in the magnetic regime |
> to be improved at HITRAP by 3 orders of magnitude (ions at rest) -
'IP1
X e MCP detector
) \ ' 'q :
U SR ﬂ= linear feedthrough
v 3P, \"\\ ..
ke 3p0 = \“, 'ﬁ l mumlm\_
o . PSR,
1s?2s So AE=73eV AE=105eV

A=17 nm A=118 nm

% BUL:ndies:"linisterium Supported by BMBE . ..
fir Bildung 05P12PMFAE (Manster) Development: Miinster > Test HI Jena

und Forschun
" 08P12RDFA4 (TU Darmstadt) - Commissionning ESR > Application HESR

pressured air motor
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By using existing laser equipment and detection scheme,
fine structure spectroscopy up to Z=20is possible,
exploiting a frequency shift of up to a factor of 10 !!!

00g 1T
Electron cooler 152 EI} 2F"5a
Unax = 2 MeV 15° 2p *Pyg
L=27m
Stochastic cooling system
800 MeV/u- 8 GeV/u
ible locati f 3B eV
ossible locations o
gas and electron targets 255?7% m ~41 eV
P16 m, D,0.5m, f,=9m max. Bp =50 Tm
Yy =6.2,Q,=Q,=7.62
15" 25 7S, ,
PANDA detector IDH frame
Iniection from CR i :
« Novel tests of atomic structure theory
(correlation, relativity and QED) w=2- YO,
* Model-independent determination of
HUCIQGI" PGf'Gme*er'S Collaboration: HI-Jena, GSI, Paris-Sud,

e Laser cooling LOA, Lisbon, Bucuresti, Lanzhou
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High harmonic generation - a table-top source of coherent XUV radiation

Gas

S

Ser pulse
+
\3&\'\
F d fiber | =10°
emtosecon Iper lasers n

high average power (up to 1 kW) table-top source of high photon flux

flexible repetition rate (up to 1 MHz) fs and attosecond pulses
g 7] xenor wer VW 130w / X-RGY laser: \
= Krypton 105 W 9:4%
3 150+ GSI, HIJ (Spielmann), Paris-Sud, LOA, Lisbon, Bucuresti, Lanzhou
% H31 4°“W
§ 100 3*142%\/ ol Close-up of the target
£ s0-
2
2 |

30 50
Wavelength (nm)

XRL Output /
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Explore correlated electron dynamics
- on sub-attosecond time-scale
- not accessible by other means

/ /—1—,32 ‘

U92+

Relativistic quantum dynamics
- particle production _’5 t<0.1as
- hon-perturbative regime ~ 1021 >
- coupling to the radiation field 98 I ~10% W/cm ‘

Percent of Speed of Light




«  kinematically complete (i.e. full momentum and
energy information)
* 4w acceptance

charge-changed

pulsed projectiles
beam

S -

target electron

recoil ion
robing many-electr, mic L
FOm The 1mes- fo?l hia ‘{né hu‘r’n positions:
on an su f)
- vector mO{nen elecTro .~ meV
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f?yl tense S ER c ueV
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no POs



D. Fischer et al.

fn?t;?nbgrﬁl‘r?gggg)/ RF cavities | Stochastic
PANDA pickups

« uUtracold target (T ~ 0.5 mK)
(conventional gas-jet: T > 50 mK)
«  State preparation and polarized targets
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SIS 100:
Laser Cooling of relativistic beams

S1S100/300

% CBM

___ Rare Isotope N

Production Target A
' J _.J Super-FRS
CRYRING: ~ <Y 4 /

Laser spectroscopy of singly v /4

and highly charged ions Exotic Isotopes: LASPEC @ LEB

Optical pumping and ion beam Collinear laser spectroscopy
polarization, Laser & DR -

/
/

_ AVV / ‘ ' J / |
HITRAP: HESR: B '/ L
M1-Transitions in Laser spectroscopy on »

HCT in Traps f“?h'Y '”"—"}r“";s“fc beams 4 NUSTAR: Nasser Kalantar Today, 4:30 PM
or e.g. 1esis 0 ~ D.Rodriguez Friday, 10:40 AM

fundamental interactions
2 Posters (Ch. Gorges and S. Kaufmann)
R—
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Scientific Goal:
Precision Studies of the Quantum Dynamics of Atomic Systems in
Critical and Super-Critical Fields

Observables: photons, electrons, positrons,
ions (projectiles, recoils)

Discovery Potential.

» New concepts for QED in extreme fields

» Insight into the correlated many-body
dynamics via ultrashort and super intense
field pulses (<10-185s)

» Precision determination of fundamental
constantes (a, m,)

» Proof of fundamental symmetries

» Discovery and understanding of new decay
modes of nuclei

» Determination of fundamental nuclear
properties via atomic data
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| SPARC-Instrumentation:
. ¥  Uwe Spillmann Tuesday, 2:00 PM

Testing Quantum Electrodynamics at critical background electromagnetic fields,
Antonino Di Piazza, Wednesday, 9:45 AM:

Ring Activities : Yuri Litvinov Friday, 10:20 AM

g Structure Of HCI (Theory)

U9+ Aleksei Malyshev (Be-like Ions)
° Oleg Andreev (HFS, Li-like Bi)
. Vladimir Shabaev (IS g-factor, Li-like)
‘ Arseniy Shchepetnov (g-factor, B-like)
92+ Natalia Zubova (IS, Li-like)

Valentina Akishina (IS, Li-like)

Low-energy heavy-ion . . .
collisions, supercritical Polarimetrie: Stanislav Tashenov

fields: PNC: Vladimir Zaytsev
Tlia Maltsev, Strong Laser Fields: Irina Ivanova
Darya Mironova Radiative Recombination: Anna Maiorova 33
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SPARC WORKSH O P Thomas Stohlker.
Alex. Gumberidze,
WORMS, GERMANY Zga| Rodolfo Sanchez,

16-17 OCTOBER 2014 IRWRNBIIN i | Reinhold Schuch,

Volker Hannen

for providing Material,
and all colleagues who

might have spotted
their migrating slides.
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