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The principle: laser cooling of
stored relativistic ions

CS+ |On energy ~ 122 MeV/U U — BC
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In our case, the cooling laser force is counteracted by the
restoring force of the “bucket” when the ion beam is bunched.




transition wavelength A (nm)

Laser cooling of Li-like ions at the SIS100/300

The transition wavelengths strongly depend on the atomic number Z!

The Doppler boost of the SIS300 shifts wavelengths to "normal” lasers!
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needs fast transition: 2S,, = 2P, , Y > Bp

U. Schramm, M. Bussmann et al.



Laser cooling specifications

PALLAS TSR ESR SIS 300
o
Ion species 24Mg+ 9Bet I2e3+ Siait
Circumference (m) 0.36 55 108 1080
Necooling (%) 1 8 8 3
Periodicity 200 2(4) 2 ~60
Tune ~060 2.8 2.3 ~15
¥ (Vmax) 1 1.001 1.13 300 (35)
B ~1073 0.041 0.47 0.9994
hwi, (eV) 4.4 4.02 4.8 4.8 (4.0)
fung (eV) 4.4 3.8 7.9% 280
fwout(© = 0°) (eV) 44 13.3 19 600
Lifetime 7 [ns] AT B £ P 0.06
It o (W/cm?) 0.76 0.4 1.3 4 x 108
S 1-15 1-10 <10 <0.005
Cooling force Fax out (€V/m) 2.0 0.76 15 160¢
il e s I8 0.001 0.002 1
% oiing ont ] 0.01-0.1 0.02-0.2 10-100
Relative width (I'y/eg) [10™58] 4 2 2 4
Ap/p from Iy/ewy [1077] 5 0.4 0.4
Tpoppler.out = R out/(2k) (K) 0.001 0.0005 0.001 1.9
Ecoutomb (10 pm) (K) 15 13 000
Ap/p (N = 108, equilibrium) ecool: <1073 —
laser: <10~ ~5 x 1077




Results of previous beamtimes

Laser cooling of C3+ at 122 MeV/u in the ESR
in 2004 and 2006

2004: "simple" laser system for first tests
on the 2s - 2p transition @ ~155 nm

2006: scanning laser system to improve the
cooling scheme

measurement of 2S5, , 2> 2P, 5 3/

Uncertainty in
absolute jon energy

Schramm, Bussmannetal. | e (2s,, — 2P,,) ] | ® (25,,N\2Ps,) [nm]

ESR C3+ experiment 155.0705 (39) (3) 154.8127 (39) (2)

Theory (I. Tupitsyn, V. Shabaev) 155.0739 (26) 154.8173 (53)




Experiment motivation

 Laser cooling is a great cooling method for heavy ions with
relativistic velocities

* Precision spectroscopy of Li-like ions (Na-like)
« Laser cooling without pre-electron cooling
 Fluorescence detection with PMT and Channeltron

« All-optical detection of the momentum spread
(Ap/p<1077) of the ion beam

« Study ordering of the ions in the beam at very low
momentum spread



Limitations of previous beamtimes
(2004 and 2006)

* initial electron cooling was required

* laser force - small momentum spread

* bucket frequency was scanned, not the laser
» Schottky detection is limited in sensitivity

» fluorescence photons are difficult to detect



What’s nhew?

» fast scanning CW diode laser (TU Darmstadt)
» Schottky resonator
* jonization profile monitor

» fluorescence detection system with UV PMT
and UV channeltron (in vacuo)

» data acquisition and control system



The experimental storage ring at GSI

(Circumference: 108 m
magnetic rigidity: 10 Tm
revolution frequency: 2 MHz

\residual gas pressure: 10" mbarj

ion

sources UNILAC

relativistic ions (typically 400 MeV/u)
deceleration (down to 4 MeV/u)




Experiment improvements

lon species: 12C3+

E,.. = 122 MeV/u

=1.47 GeV
(p=0.47,y=1.13)
f_. =1.295 MHz
~400 s

Tbeam

A = 257 nm

laser

2S,, = 2Py
Arest = 155 Nm
Trest = 9-8 NS

rest =

|Iaser|

UV PMTs and
channeltrons
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In-vacuo UV-sensitive (Csl coated) channeltron

beamline

fluorescence

w ( (in vacuo)

T moveable

channeltron

laser beam lon beam
3&

- BMBF Funding: Gerhard Birkl (TU Darmstadt)



ECDL scanning cw laser system
(20 GHz IR, 3 GHz needed)

ECDL 1 a Fiber Amplifier

111

L A v Cavity 1
—
. LBO
Y-Fiber
ECDL 2
Cavity 2
— —
I €
\ Mirror . Lens h Fiber Coupler to Experiment
‘ Piezo Actuator / Grating ~ g Laser Diode BBO

—->BMBF funding: Thomas Walther, Tobias Beck (TU Darmstadt)



Laser beam transport and stabilization
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Wilfried Nortershauser, Johannes Ullmann (TU Darmstadt)



Preliminary
Results



Two ion species stored: 12C3+ (88%) & 1504+ (12%)
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The laser scans over the whole bucket acceptance
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Very preliminary experimental results:
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Two laser cooling scenarios

fix laser frequency scan laser frequency
scan bunching frequency fix bunching frequency
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Fluorescence from the ions detected by the channeltron
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Conclusions and outlook

At the ESR laser cooling using two scenarios was demonstrated
1) fixed laser freq. & scanning bunching freq.
2) scanning laser freqg. & fixed bunching freq.
3) fixed cw laser + pulsed laser (broadband)
& fixed bunching freq.

Fluorescence was measured by (in vacuo) channeltron
we are looking into other promising systems for the future

We have demonstrated laser cooling with just the scanning laser,
also without initial electron cooling
new pulsed laser system is being desighed (TUDa / HZDR)

Experiments at the CSRe in Lanzhou are being prepared
Test beamtime in 2013 seems feasible, experiment in 2014?

Preparations for laser cooling at FAIR (HESR, SIS100/300)
First beam from SIS100 might be in 2019.

In 2012 we took a lot of data which is currently being analyzed.
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