Towards Single Atom (fixed) Targets which will open
New roads in experimental Forward Physics (Jets)

Luebbo von Lindern retired, MPG

1. Angular distribution of high multiplicity jets in cosmic rays.

2. Their Asymptotic behavior favors forward emission in CMS and
allows high precision angular resolution for fixed target experiments.

3. Recent advances of laser-optics make it highly desirable to test how a
Single atom target could be made and a new range of precision achieved.

Any party interested to give or take more information, please let me know
as long as no other means of communication are established: Ivlold@aol.com
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1. Angular distribution of high multiplicity jets in cosmic rays.
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»Star” 0+20p, ca. 40 GeV
(Faksimile Drawing of projection)
Von Koaus Gorrstery und MARTINS TEUCHER*

Aus dem Max-Planck-1nstitut fiie Physik, Giottingen

(7. Naturforsehyr, 8o, 129126 F1055 ) einzegangen ai 15 Oktaber 0,2

(Z. Naturforschg. 8a 120-126 (1953): eingegangen am 15. Oktober 1952.)
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Fig. 1. - Differential angular distribution Fig. 2. — Differential angular distribution
for jets in the energy interval 10'° eV to for jets in the energy interval 10" eV to
10'1 eV. The continous curve represents 10*?* eV. The continous curve represents
the best fit of a Gaussian curve to the the best fit of a Gaussian curve to the
experimental data with ¢ = 0.46. experimental data with ¢ = 0.55.
-
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Fig. 3. - Differential angular distribution Fig. 4. — Differential angular distribution
for jets in the energy interval 102 eV to for jets with energy higher than 10!® eV,
102 eV. The continous curve represents The continous curve represents the best
the best fit of a Gaussian'curve to the ex- fit of a Gaussian curve to the experimental
perimental data with o = 0.66. data with o = 0.96.

Nuclear Interactions in the Energy Region (10*-10") eV.
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2. Their Asymptotic behavior favors forward emission in CMS and allows high
precision angular resolution for fixed target experiments.

figure 1: Asymptotic kinematics in common CMS

at about 300 GeV lab.
nucl. emulsion track numbers indicated CMS variables see fig. 2
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Thick lines in plot correspond to observed tracks:
X : energy from multiple scattering
At lower limit of energy from multiple scatt.
cross hatched :  area, where tracks would appear
with higher than minimum ionisation
hatched :  noise limit for multiple scattering

Poster ISVHECRY 2002 A tribute to the memory of Kurt Symanzik (1923-1983)
Thesis L. von Lindern, LMU Munich 1961, p. 103, p. 138.
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figure 2: Asymptotic behaviour of angular CMS distributions
in terms of the jet variable vy, tg ®; and the
ratio v, /ys for ultra high primary energy y, >>> 1.
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Ys = Lorentzfactor of center-of-mass-system (CMS)
Yos = Lorentzfactor of secondary particle in CMS

®s = polar angle of secondary particle in CMS
YoL = Lorentzfactor of secondary particle in lab-system

®;, = polar angle of secondary particle in lab-system
velocities f and momenta p correspondingly, mc? =

Poster ISVHECRY 2002 A tribute to the memory of Kurt Symanzik (1923-1983)
Thesis L. von Lindern, LMU Munich 1961, p. 130.
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3. Recent advances of laser-optics make it highly desirable to test how a Single
atom target could be made and a new range of precision achieved.
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Stylus ion trap for enhanced access and sensing

Robert Maiwald?*, Dietrich Leibfried?, Joe Britton®, James C. Bergquist®, Gerd Leuchs?
and David J. Wineland?®

Table 1] Typical operating parameters. a

Electrode configuration Trap1 Trap2 Trap3  Unit Y
Protrusion height Ah 0 250 500 pm

rf drive voltage U* 290 460 400 v

rf drive frequency 2+ /(2x) 8015 31.94 .85 MHz
Trap frequencies:

—axial 18 ALz 21 MHz
—radial AD 0551  1.268 1064  MHz f
—radial BC 0507 1233 1007  MHz
Trap depth* N 178 195 me\/

Observed distance h 168 244 290 pim
Accessible solid angle 2/(4x)  71% 91% 96%

b Sample holder on translation stage
The parameters were derived from measurements on single trapped 2"!\«‘\3*’ ions. The main
difference between the three traps is the protrusion height Ah of the centre electrode beyond |

o 2 T

the radiofrequency electrode (Fig.1b). Owing to this variation, different trap frequencies and
accessible solid angles are obtained. Radial AD (BC) indicates a normal mode direction along
the line connecting compensation elecrodes A and D (B and C), see also Fig. 1h. The observed Differently treated surface samplns
distances b were 10-20% smaller than predicted by simulstions. This seems reasonable because
the simulations neglected the radi | y grounded n tion electrodes, which i
induded, would reduce the predicted values of h.

*These parameters are difficult to measure directly and were inferred from the measured trap
frequencies and the numerical simulation of the trapping potentials

Small, controllable, highly accessible quantum systems can
serve as probes at the single-quantum level to study a
number of physical effects, for example in quantum optics
or for electric- and magnetic-field sensing. The applicability
of trapped atomic ions as probes is highly dependent on the
measurement situation at hand and thus calls for specialized
traps. Previous approaches for ion traps with enhanced optical

access included traps consisting of a single ring electrode™? Figure 3 | Potential applications of the trap geometry. a, Placement of the
or two opposing endcap electrodes®?. Other possibilities are ion in the focus f of a parabolic mirror with depth z to maximize photon-ion
planar trap geometries, which have been investigated for coupling. b, Scanning of different surfaces with the ion as a sensitive probe.

Penning traps®® and radiofrequency trap arrays®%. By not
having the electrodes lie in a common plane, the optical access
can be substantially increased. Here, we report the fabrication
and experimental characterization of a novel radiofrequency
ion trap geometry. It has a relatively simple structure and
provides largely unrestricted optical and physical access to the
ion, of up to 96% of the total 4x solid angle in one of the three
traps tested. The trap might find applications in quantum optics
and field sensing. As aforce sensor, we estimate sensitivity to
forces smaller than1yN Hz~ /2,

'Institute of Optics, Information and Photonics, University of Erlangen-Muremberg, Staudtstr. 7| B2, 91058 Erdangen, Germany, 2 Max Planck Institute for
the Science of Light, Glinther-Scharowsky-Str. 1, Bldg. 24, 91058 Erlangen, Germany, *Time and Frequency Division, National Institute of Standards and
Technology, 325 Broadway, Boulder, Colorado 80305, USA. *e-mail: robert.maiwal di@physik uni-edangen.de.
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Superposition, Entanglement,
and Raising Schrodinger’s Cat

Nobel Lecture, December 8, 2012

by David J. Wineland

National Institute of Standards and Technology, Boulder, €O,
USA; University of Colorado, Boulder, CO, USA.

| thank John Bollinger, Wayne Itano, Didi Leibfried, and Till Rosenband for
helpful suggestions on the manuscript. This is a contribution of NIST and is not
subject to US. copyright.
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FIGURE 1. Schematic of the trap for single Hg* ion studies. An RF potential is applied
between the ring electrode and endcap electrodes (which are in commen), forming an
RF “pseudopotentialfor the ion. The relevant Hg* energy levels are indicated, includ-
ing the narrow 25, — D, "optical clock” transition. The data in the upper right-hand
part of the figure show the number of 194 nm fluorescence photons detected in 10 ms
detection bins vs. time when both transitions are excited simultaneously (Bergquist et
al. 1986). Absence of detected counts indicates that the ion is in the 2D, state.
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