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Highly-Charged lons

Test of quantum electrodynamics in extreme
fields

« g-factor of the bound electron

 Electron correlations and relativistic effects

Determination of fundamental constants
* Mass of the electron m,
* Future: fine-structure constant a

Ultra-precise mass measurements
* Determination of atomic and nuclear binding
energies

precision

Fundamental
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Spectroscopy, Reactions and A Juge
Surface Studies with HCI W? - L5

Laser spectroscopy of H-like ions: 5t AENZS _ 2400

e Nuclear properties (Bohr-Weisskopf effect)

e Atomic and nuclear polarization by optical

pumping

AE [eV]

X-ray spectroscopy with HCI:

. T . 1102030405060708090
e Precision measurements of binding energies (7]

¢ Isotope shift: nuclear charge radii _
“trampoline effect”

Reaction microscope:

e Studies of reaction kinematics of slow HCI

e WPUW iy bmarv colllsmn
Interaction of slow HCI up to U%* with surfaces: L Cenehation

. ' ' If
e Strongly inverted systems (‘hollow atoms') e
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HITRAP - Linear Decelerator

Beam that will be available to users:

type Alq < 3 (U%* )
ions/pulse 10°

energy keV/q ... meV/q
energy spread =0.3 meV
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ESR - From 400 to 4 MeV/u &ﬂ;f? R

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

® ESR cycle during
& recent experiment

signal:

|
|
!
'i
i
i

..20 injection, stoch. cooling

..10 deceleration 400 — 30 MeV/u

§

5

9

2.6 e cooling, rebunching
2.5 deceleration 30 — 4 MeV/u
2

5 e” cooling, ejection
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HITRAP — Linear Decelerator "i!}%?‘

Beam that will be available to users:

type Alq < 3 (U%* )
ions/pulse 10°

energy keV/q ... meV/q
energy spread
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Bunched 5|gnal on diamond detector |
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HITRAP — Linear Decelerator "i!}%?‘

Beam that will be available to users:

type Alq < 3 (U%* )
ions/pulse 10°

energy keV/q ... meV/q
energy spread




The




spuowelp uo ajljoid weaq
°

= o
nU. D wa
m >

> o
[}

=

!

-10

A\

12%

SjuUNo?d

—
w.

HITRAP - IH Structure

- o +
el piuss uEE
s
puowelp uo |eubis uol a|buis wmw 0 e




0 - R
MCP/Phosphor
_screen

._ Mirror to
CCD
1 camera

_i
0.5T perm.
Magnet

— @ ) | .



November?OOQ,mMeirch 201

HITRAP — IH Structure w? '

Energy spectrum IH fz P s e S
+ Fraction of N ' '
decelerated particles 14
close to theory (55%) -

intensity (a.u.)
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IH Structure — Energy Spectru[n? g

20000

15000

— Beam dynamics calculations —

Incoming energy is important!

B +6 nominal case
m15
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M 30
H/5
W 135

G. Clemente
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HITRAP - Linear Decelerator “]‘}%9 20

Beam that will be available to users:

type Alg < 3 (U%2+ )
ions/pulse 10°

energy keV/q ... meV/q
energy spread




 deceleration from 0.5 MeV/u
to 6 keV/u

 |nstalled

6keViu | |
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HITRAP — ReBuncher & RFQ ﬁ

March 2010
electric deflector
RFQ electric Einzellenses l
oL A e L O I L I e I I O
|
86K 33+
FC . MCP
debuncher slit

« two simultaneous spots for
A some settings of RFQ phase
X\ and amplitude

@Q)
™ M * no visible effect when changing

electrostatic elements —i.e. no

6 keV/u ion
- eVv/u 1ons
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Commissioning Summary to %alé L

Two weeks/year; Beam intensity ~10° ions, once/minute
2007: ESR Extraction tests / Double Drift buncher comm.
2008: DDB / IH test, first deceleration in IH seen

2009: IH retuning, RFQ mounted, Emittance measurements

2010: ESR rebunching at 4 MeV/u, 30 MeV/u mode installed,
~40% decelerated to 500 keV/u

2010: RFQ commissioning run in November

— AQ IS5 —

HITRAP!
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HITRAP — LEBT & Cooler Trapg,_;'ﬁ AN
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catch the ions in flight

cool them with combined
electron and resistive
cooling to ~ 4 Kelvin
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HITRAP — LEBT & Cooler Traan {?

« trap installed in magnet —
offline injection tests ongoing

« Extensive calculations done
— resistive cooling possible
but slower than expected
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HITRAP Experimental Area W?

2

\\\\\\ CRAP
\ \experlm’ent ?
| syl 7

<
%% Mass Measurements;
2

Reaction Microscope
(Gas jet target)

HITRAP 5

HF-platform
—

vy %
g

NN ‘\Q

NN\
=
o
=




< e
o £ M
-+ To)
o o E
=S5 C
“— O ._m
© @©
— (D)
O & —
Q S5 N
e C o &
[
._Ql.un\./nc
£S5
Om?_CO
C o5 32
Y o Al

..‘ - .u.-_ |.___ ‘“
hl JII-E.I.J | e

A small EBIT as Test lon Sour



Double Penning Trap for Bound-Electron g-Factor NE
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The lab team
(before spinflip)

Birgit Sven Anke
Schabinger Sturm Wagner
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The lab team (after spinflip)
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Quantum Jump Spectroscopy:
First observation of spinflips
with a single 28Sit3* jon, 10 June 2010,

0.6,
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Quantenspriinge eines wasserstoffahnlichen Silizi
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Quantensprung-Resonanz eines wasserstoffahnlichen Slllk
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Proton/Antiproton g-Factor: A iim
Double Penning trap "

spin-state detection in analysis trap

modIfled cyclotron motlon

axlal and magnetrnn
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center of magnetic field
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Proton/Antiproton g-Factor:
Single trapped proton at T = 4 K w

single proton in equilibrium with axial detectlon system

u.i

L

electronic detection signal /| dBm

-100 | W 1.1553 +0.03545
i & F o § o ¥ & o Fow ¥ & ¥ o f oz f s 4§

y = yO + (2*A/P1)*(W/(4*(x-xC)"2 + WA2)) -

-100 -80 60 -40 -20 O 20 40 60 80 100

axial frequency v, - 688157 / Hz
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