lon cooling simulations
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H* sympathetic cooling challenges

First step Second step
/ Laser cooled Beions\ / Be''H* ion pair\
20 eV, T=240 000 K 100 neV, T ~ mK few neV, T=10 pK
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Why °Be* ? H" is light and needs the lighter laser cooled ion mass ratio 9/1

Which cooling laser ? A = 313 nm, ~ mVlimn?

What about UVH+ photodetachment?  Coolingtime<1s



Objectives of the simulations

» Estimate the sympathetic cooling time
and final temperature

* Design the ion pair trap and estimate the cooling time



lon cloud dynamics simulations

N, - Be"ions and N.H* ions
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Radial de-confinement

. . B, q F—F
» Coulomb interaction F,, => 4% [ (N c +Ng? terms

3
j#i 47E0 rij

 Leap frog (velocity Vernet) integration algorithm ot =210's

Absorption,
e Laser cooling process{ Spontaneous emission Evaluated each time step
Stimulated emission

* No heating process

N
Implementation FORTRAN F90 e _ 181 T (o)
parallel computing with openmp = N 2m< -

sc i=1



Computer requirements

* RAM Position, velocity, acceleration, mass, charge 1 double precision / ion
LC/SC, internal state, dead/alive, ... 4 integers and 2 boolean / ion

< cache memory size

 Disk storage 1000 trajectories (t,r,v) ~ 56 ko / saved step

e CPU Coulomb force dominates CPU time
(54, 6%, 1+, 1 power) (N, c+Ngc)?
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with 2.7 GHz CPU : 50 000 000 term/s



Performances

1 thread N, c+Ngc step/s Tgimy for 1 ms
520 205 7 hours
1020 53.5 26 hours
3020 6.1 9 days 1/2
10020 0.5 3-4 months

OMP parallel library
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State of the art

 S. Schiller group, Be/ HD*

S. Schiller, C. Lammerzahl, Phys. Rev. A 68, 053@TH3)
C.B. Zhang, D. Offenberg, B. Roth, M.A. Wilson,&hiller, Phys. Rev. A 76, 012719 (2007)

~ 1000 Betions, ~100 SC ions

Steady state, ion cloud image, heating and cooling,r&tedeating

e M. Bussmann, U. Schramm, D. Habs, V.S. Kolhinelgzérypo, IIM215, 179 (2006)
« 100 000 2“Mg*ions, 1 100X40+ jon ml/ql
* no RF (effective potential) < B —==06
*Ot=10°s mz/Qz

400 meV190X40%+ion is stopped within 0.1 —1 ms

But what about RF heating ?

« J. B. Wibbena, S. Amairi, O. Mandel, P.O. Schniwthys. Rev. /85, 043412 (2012)

lon pair sympathetic cooling



FirSt results Let’s start with B& and HD", 9/3 mass ratio

Potential depth ~1-10 ev]1
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Let’s try more energetic HDions and more Beons

e+ SHD 200V 133 MHz 300kHz 2 5mm
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Let’s try more energetic HDions and more Beons

5000 Be" SHD 200V 133 MHz 3 mm
Macro motion kinetic energy E. . =116 meV
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Let’s try less energetic HDons ...

5000 Be SHD 200V 13.3MHz 300kHz 1.5 mm
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Be"/ H* now, 9/1 mass ratio ...

kinetic energy (K)

Kinetic energy per degree of freedom
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H* ion trajectories
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lon pair Doppler cooling

I X,y / Two coupled oscillators in an external potential
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H+ Be* normal modes

A A

< L) =5, 2, SNyt + ) b, 2 COSlit + ) b +b5 =1

a,(t) =b, Jﬁsin(w.nt+¢in)—qﬁcos@mt+¢m)

In phase mode
out of phase mode

individual ion modes
X, Y, Z

Mg/ M, - ? D= sympathetic cooling efficiency

T. Hasegawa, Phys. Rev. A 83, 053407 (2011) 1D
J. B. Wibbena, S. Amairi, O. Mandel, P.O. Schnittitys. Rev. A85, 043412 (2012)
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Design a ion pair trap with simil@p, sy

Q)X >

dual RF trap

planar microtrap




Conclusion

Doppler sympathetic cooling

capture seems realistic
needs intense simulations
captureddH* with K range final temperatures

lon pair trap design

dual frequency RF planar microtrap

N H +
313 nm cooling laser : on the way { Hél
Gbar



