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larger molecules retain the dissociative electron attachment of the pre-
cursor molecules. This inheritance of characters points to a way of inter-
preting dissociative electron attachment data from bigger biological mol-
ecules. An accompanying article in the news letter explores this phe-
nomena in detail. An abstract in this issue is on work related to clusters,
the photoexitation of Buckminster fullerene. The work is a culmination
of combined efforts of experimental and theoretical physicists, as it is
apparent from the authors list. The work is an endeavour of groups geo-
graphically separated, on different continents, belonging to different coun-
tries. A footprint of a globalized world, universality of science. Another
abstract is on ultracold fermionic atoms. One of the research area in
atomic physics that has experienced path breaking work in recent years.
The mentioned work studies the superfluid state arising from pairing in
two species ultracold fermionic cloud.

This month witnessed the announcement of the most coveted
prize in natural sciences, Nobel prizes. The prize in physics has been
awarded to Glauber, for his work on coherent light, and Hansch and Hall
for their work on optical frequency comb. Their works have pushed the
frontiers of physics and uncovered new puzzles in their wake. An article
in this edition of the news letter apprises the remarkable contributions of
the awardees. The article traces the genesis of their work to the contri-
butions of Maxwell and Einstein. Masters of eras, past, whose works
continue to influence contemporary research. Coincidentally, this year
marks a century of Einstein’s revolutionary papers on photoelectric ef-
fect, Brownian motion and special theory of relativity. The coherence of
blight is perhaps a descendent of Einstein's work on photoelectric effect,
which showed the quantum nature of light. The Nobel prize is a befitting
closing of the centennial celebration of the year that shook the world of
physics.

K.P. Subramanian
EDITOR, ISAMP Newsletter

October 21, 2005

Dilip Angom
Guest Editor




ABSTRACTS OF RECENTLY PUBLISHED PAPERS

Abstract#l

Photoexcitation of a volume plasmonin C  _ ions

S.W. J. Scully, E. D. Emmons, M. F. Gharaibeh, and R. A. Phaneuf

Department of Physics, MS 220, University of Nevada, Reno, Nevada
89557-0058, USA

A. L.D. Kilcoyne and A. S. Schlachter

Advanced Light Source, Lawrence Berkeley National Laboratory, MS 7-100,
Berkeley, California 94720, USA

S. Schippers and A. Mller

Institut fr Atom- und Moleklphysik, Justus-Liebig-Universitt, 35392
Giessen, Germany

H. S. Chakraborty, M. E. Madjet, and J. M. Rost

Max Planck Institute for the Physics of Complex Systems, 01187 Dresden,
Germany

Abstract: Neutral (5 is well known to exhibit a giant resonance in its photon absorption spectrum near 20
eV. This is associated with a surface plasmon, where delocalized electrons oscillate as a whole relative to
the ionic cage. Absolute photoionization cross-section measurementg'fa€ (2*, and G ** ions in the
1775 eV energy range show an additional resonance near 40 eV. Time-dependent density functional calcu-
lations confirm the collective nature of this feature, which is characterized as a dipole-excited volume
plasmon made possible by the special fullerene geometry.
Phys. Rev. Letts 94, 065503 (2005)

URL: http://link.aps.org/abstract/PRL/v94/e065503

Abstract#2
On the effect of localized image states in resonant neutralization

of hydrogen anions near Pd surfaces.

Himadri Chakraborty, Thomas Niederhausen, and Uwe Thumm

James R. Macdonald Laboratory, Department of Physics, Kansas State
University, Manhattan, Kansas 66506-2604

Email: himadri@phys.ksu.edu

By comparing the resonant charge transfer dynamics of hydrogen anions in front of the Pd(111) and Pd(100)
surfaces with Ag(111) we directly asses the role of localized image states to influence the process. The
eolution of the populated Rydberg series of image states on the vacuum side dominates the dynamics of
Pd(111) by causing strong neutralization of the ion over the most part of incidence-angular range. For

Pd(100), in addition to this effect, direct decay through the metal conduction band enhances the neutraliza-
tion process.

To appear in Nuclear Instrumentation and Methods in Physics Research B




Abstract#3

Particle-induced x-ray emission investigation of eastern Indian
ferromanganese oxide ores
PK Nayak !,V Vijayan 2

Department of Basic Sciences, A.K. College of Engineering, Krishnankoil-626190, INDIA
?|nstitute of Physics, Bhubaneswar-751 005, INDIA

E-mail: pranaba@hotmail.com

Ferromanganese oxide ore samples were studied from four different mines by Proton Induced X-ray Emis-

sion (PIXE) technique using 3 MeV proton beam obtained from a 3 MV pelletron accelerator at Inst

tute of

Physics, Bhubaneswar, India. After irradiation, the spectral data were analysed by using GUPIX-2000.

Large number of major, minor and trace elements have been estimated in these samples. It has

been ob-

served that there is a positive correlation among manganese with several elements like Ca, Co, Pb, Zn and

Se, whereas V and Mo well correlates with iron.
Submitted to: Journal of Radioanalytical & Nuclear Chemistry, Springer-Verlag

Abstract#4
Interior gap superfluidity in a two-component Fermi gas of atoms

B. Deb, A. Mishra, H. Mishra, and P. K. Panigrahi

Physical Research Laboratory, Navrangpura, Ahmedabad - 380009, INDIA
Email: bimal@prl.res.in

A new superfluid phase in Fermi matter, termed as "interior gap" (IG) or "breached pair", has been
predicted by Liu and Wilczek. This results from pairing between fermions of two species having
tially different Fermi surfaces. Using a nonperturbative variational approach, we analyze the featur
as energy gap, momentum distributions, and elementary excitations, associated with the predicte
We discuss possible realization of this phase in two-component Fermi gases in an optical trap.

Phys. Rev. A 70, 011604-1-4(R) (2004)

Abstract#5
Electron impact total and ionization cross-sections for some
hydrocarbon molecules and radicals

M. Vinodkumar 2, K.N. Joshipura 2, C.G. Limbachiya *, and B.K. Antony °

! Department of Physics and Astronomy, Open University, Milton Keynes MK7 6AA, UK
2VP & RPTP Science College, Vallabh Vidyanagar, 388120 Gujarat, India
% Department of Physics, Sardar Patel University, Vallabh Vidyanagar, 388120 Guijarat, India
4 PS Science College, Kadi (N.G.), 382715 Gujarat, India
®Department of Environmental, Earth & Atmospheric Sciences, University of Massachusetts Lowell, 265 Riverside Street,
Lowell, MA 01854-5045, USA

Email: knjoshipura@yahoo.com

Electron impact total (50 to 2000 eV) and ionization (threshold to 2000 eV)s&ossns are calculate
using the SCOP and CSP-ic methods [Phys.AR@9022705 (2004)] for the hydrocarbon molecules (C
CH, CH, CH, CH, CH, and (;HB) and radicals (CHx=1-3). Present method has already been te
successfully to many other aeronomic [Int. J. Mass Spec88207 (2004)] and plasma molecules a
radicals. Our results exhibited in this paper show good agreement with experimental results whe
able. For the radicals species, we have presently done a first estimate of the total cross-sections.
In press: Eur. J. Phys.-D

available online, http://dx.doi.org/10.1140/epjd/e2005-00257-7

PACS.34.80.Bm Elastic scattering of electrons by atoms and molecules — 34.80.Gs
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Abstract#6

Functional group dependent site specific fragmentation of molecules
by low energy electrons
Vaibhav S. Prabhudesai, Aditya H. Kelkar, Dhananjay Nandi and E. Krishnakumar

Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai - 40005, INDIA
Email: ekkumar@tifr.res.in

Functional group dependence is observed in the dissociative electron attachment (DEA) to various
molecules in which DEA features seen in the precursor molecules of the groups are retained in th
molecules. This functional group dependence is seen to lead in the site-selective fragmentation of
ecules at the hydrogen sites. The results are explained in terms of core-excited Fastback resona
results point to a simple way of controlling chemical reactions as well as interpreting DEA data from
biological molecules.

Physical Review Letters, 95, 143202 (2005)

DOI: 10.1103/PhysRevLett.95.143202
PACS numbers: 34.80.Ht, 82.30.Lp

Abstract#7
Mean kinetic energy of molecular fragment ions:
time-of-flight vs. momentum analysis

B Bapat and V Sharma

Physical Research Laboratory,Navrangpura, Ahmedabad 380009, INDIA
bapat@prl.res.in

The mean kinetic energy of molecular ion fragments derived from the variance of their time-of-flight
bution is found to be in agreement with the values based on their momentum spectra, measured

neously. Electron impact on C@ taken as a test case. The problem of estimation of mean kinetic ene

ions of a given species arising from differing precursor states is also addressed. This analysis ve
proposition of von Busch [J Phys3 431 (2001)], that the variance of the time-of-flight distribution i
robust estimate of the mean kinetic energy, as opposed to the commonly used estimate based on

of the FWHM, which is an under-estimate. We also suggest a reliable method for determining the

and the extent of the time-of-flight peaks.
Submitted to: J. Phys. B
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Nobel Prizes in Physics for year 2005
Reported by: K.P. Subramanian
Physical Research Laboratory, Navrangpura, Ahmedabad — 380009, INDIA

Email: subba@prl.res.in

This year’s Nobel Prize in Physics has been awarded to two US scientists Roy J.
Glauber and John L. Hall and a German physicist Theodor W. Hansch. Half of the prize
money is won by Glauber for his contributions in the development of the field, now known
as Quantum Optics, whereas Hall and Hansch share equally the other half for developing
spectroscopic techniques with unprecedented accuracy. The quantum nature of electro-
magnetic radiation was hypothesized by Einstein exactly a century before, and thus rec-
ognition of quantum optics for award of Nobel Prize is befitting to the Centenary Year of
Physics Celebrations.

In October 1900, Planck obtained the correct empirical relation for the frequency
distribution of light emitted by a black body. By applying Boltzmann’s probabilistic ap-
proach to entropy to particle-like energy packets, he could solve the problem of “ultraviolet
catastrophe” in the energy distribution of black body radiation. Though Planck himself did
not believe in “quantized energy packets”, he explained his results in terms of quantized
"Hertzian oscillators” of the black body exchanging fixed quanta of energy with the radia-
tion field. Einstein soon realized that the algebraic expression used by Planck allowed
interpretation of quantized nature of the radiation field itself. He extended this proposition
to explain the photoelectric effect (1905) which was verified in Millikan’s experiment. These
radical changes in concepts about the nature of light came face to face with the most
celebrated theory of previous century, viz. Maxwell's theory of electromagnetic radiation.
Soon both the “lumpy” and “classical field” nature of light was accommodated together
under the term now known as “complementarity in quantum theory”. However, quantiza-
tion of electromagnetic field, an extension of quantum theory to classical fields introduced
a series of problems in the form of a number of singularities in theory, first realized by Igor
Tamm. The success of the renormalization procedure introduced by S. Tomonaga, J.
Schwinger and R.P. Feynman formed the basis of quantum electro dynamics (QED). Ow-
ing its heavy lenience to relativistic theory, QED was largely applied to the then new areas
of high energy physics. It was still naively assumed that the conflict between Maxwell’s
and Planck’s treatments would be of no significance in optical observations. However, an
unexpected observation in astrophysics suggested that this blissful indifference is not to
last.

In 1954-56, Hanbury Brown and R.Q. Twiss investigated an interferometric method
to determine the angular extension of distant stellar objects, and also made field mea-
surements. They found that the intensity-intensity correlation between photocurrents re-
corded in two separated detectors displayed a bump when the difference in optical path
lengths between the signals was zero. This is clearly far away from the regime of interfer-
ence effects of electromagnetic waves. The individual photon had entered the realm of
observational optics, where effects due to coherence is manifested.

In the early 1960s, Harvard University’s Roy Glauber tackled a fundamental prob-
lem with the quantum theory of light: A randomly produced bunch of photons behaves
more like a shower of bullets than a graceful carpet of classical light wave. Electromag-
netic energy is transmitted in patterns determined by classical optics. Energy distributions
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of this kind form the landscape into which the photons can be distributed. These are
separate individuals, but they have to follow the paths prescribed by optics. This explains
the term Quantum Optics. To appear more wavelike, the individual photons must be coor-
dinated or synchronized to create a so-called “coherent state”, in somewhat the same way
that a painter organizes colored dots into a complete image. That much was already
known. Glauber studied in detail the properties of such coherent states and their interac-
tions with detectors. His work explained surprising phenomena that occur only in experi-
ments that probe the quantum nature of light, such as the tendency for individual photons
to clump together or avoid each other depending on the circumstances.

In the 1963 publication, Glauber made the following points: Detection in photon
correlation experiments must be based on a consistent application of quantum electrody-
namics. Thus all multi-photon experiments must be based on the fact that, once a photon
has been absorbed, the state of the field has been changed so that the next absorption
event occurs against a different initial state than the previous one. In particular, a state
with only n photons, can only have correlations up to n:th order. This implies the use of
normally ordered expectation values for the optical detection processes. As the consecu-
tive absorption processes are based on different states of the field, its state ought to be
characterized by correlations to all possible orders, and the description in terms of classi-
cal noise is not sufficient. In particular, experiments like those by Hanbury Brown andTwiss
are described by a consistent calculation of two-photon interference effects.

The mathematical formalism of quantized fields was developed in parallel with
Glauber’s work on their applications. E.C.G. Sudarshan drew attention to the use of co-
herent state representations for the approach to classical physics; at this point he refers to
Glauber’s work. Together with J.R. Klauder he proceeded to develop the mathematical
formalism of Quantum Optics; their approach is presented in their textbook. After the
initial contributions, many authors applied Glauber’s results to the rapidly evolving experi-
mental situation in optical physics, thus creating the field today called “Quantum Optics”.
The present status of Quantum Optics developed into a multifarious and challenging field
of research. The experiments brought measurements down to the level of single photons
in the field and a few atoms, also allowing devices of ultimate stability. Thus the special
guantum features of the theory are of the utmost importance.

The second part of the Nobel Prize in awarded to J.L. Hall and T.W. Hénsch in
equal share for their experimental work on high precision spectroscopy.

The quest for more precise information of fundamental constants often has re-
sulted in new discoveries that have led to revolutions in Physics. This is particularly true
in atomic spectroscopy, where increasing spectral resolution led to the observation of
atomic fine structure (due to the electronic spin), hyperfine structure (due to the nuclear
spin), and volume isotopic shifts (due to the different charge distributions of the nuclei of
isotopic species of an element). External magnetic and electric fields give rise to Zeeman
and Stark energy level structures. More subtle, quantum electrodynamic effects give rise
to the Lamb shift. A number of Nobel Prizes in physics have been awarded for the study of
atomic structures and their interpretations. By pushing to ever higher precision and reso-
lution, we are likely to detect new phenomena. Ultimately, a precision approaching 1 part
in 10 might be achievable. At very high precision, questions about the constancy of
optical transition frequencies over time can be asked, an aspect related to the constancy
of the fundamental constants themselves. Possible asymmetries between matter and
antimatter may also be revealed. The possibility to determine optical transition frequen-
cies very accurately is also closely related to obtaining better atomic clocks. This in turn
will allow better GPS systems, better space navigation and improved control of
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astronomical telescope arrays. The Nobel Prize to J.L. Hall and T.W. Hansch this year is
based on these developments.

The problem of determining the exact length of a metre illustrates one of the chal-
lenges offered by laser spectroscopy. By use of measurements of spectra, an atom-based
definition was introduced: a metre was defined as a certain number of wavelengths of a
certain spectral line in the inert gas krypton. Some years later also an atom-based defini-
tion of a second was introduced: the time for a certain number of oscillations of the reso-
nance frequency of a particular transition in cesium, which could be read off the cesium-
based atomic clocks. These definitions made it possible to determine the speed of light as
the product of wavelength and frequency. John Hall was a leading figure in the efforts to
measure the speed of light, using lasers with extremely high frequency stability. However,
its accuracy was limited by the definition of the metre that was chosen. In 1983, therefore,
the speed of light was defined as exactly 299,792,458 m/s, in agreement with the best
measurements, but now with zero error! In consequence, a metre was the distance trav-
eled by light in 1/299,792,458 s.

The main technical features that limit the achievable resolution in spectroscopy
manifests in many forms. The frequencies of visible light lie in between 104 to 10%° Hz. In
this region of electromagnetic spectrum, under normal conditions, the observed frequency
resolution is limited to 1 GHz owing to the so-called Doppler broadening. Even if we limit
“extrinsic” (also termed as imhomogenous) Doppler broadening, still it is difficult to im-
prove resolutions better than 1 MHz due to ™intrinsic” limitation in the form of natural
linewidth. The resolution achievable at microwave or radio regions is many orders larger
than that in the visible region. It could be viewed as if light leaves its corpuscular nature
more or less completely at larger wavelengths, and this way it manifests its dual nature at
the extreme ends of the spectrum.

Hansch and his collaborators developed a technique, known as ‘optical frequency
combs’ to improve resolutions as high as 1:10®. The new measurement methods are
based on fundamental relations between cavity modes in a continuously operating laser
and their interference, which leads to a repetitive train of short pulses. However, a prereg-
uisite is that the cavity modes, spaced by Av = c/2L, (c is the velocity of light, L the length
of the resonator) have a constant internal phase relation, since otherwise the interference
becomes random. The more modes are locked together, the shorter the pulses become.
This reflects the properties of the Fourier transform; a 5 fs pulse requires the locking of
about 10° modes, covering a large fraction of the visible region. Thus, only laser media
with a broad gain profile (dyes, titanium doped sapphire, etc.) can be used for femtosecond
pulse generation. At mode-locking, a small “ball” of light bouncing between the mirrors is
created by interference inside the cavity, and part of the light is coupled out as an external
beam with the pulse separation equaling the cavity round trip time T = 2L/c. For a 1 metre
long resonator the pulse separation is about 7 ns. The early development was related to a
description of an improved frequency resolution through repeated interaction with an elec-
tromagnetic field, as is the case for the Ramsey fringe technique. M.M. Salour in a paper
together with C. Cohen-Tannoudji demonstrated the effect for double pulse excitation.
Hansch simultaneously demonstrated the case of multiple pulse interaction and a corre-
sponding increased resolution. Hansch soon extended the concept to an infinite pulse
train from a mode-locked laser in studies of the 3s-4d transition in sodium. He realized
that it was more fruitful to consider the phenomena observed as the atomic interaction
with the continuous sharp laser modes in the frequency domain rather than using the
multiple Ramsey fringe language. Hansch’s paper with Eckstein and Ferguson was thus
the starting point in the development of frequency comb techniques. In published confer-

7




ence presentations, Hansch developed these concepts as early as 1976 and 1977.

Hansch and his co-workers has further extended this techniques to VUV and X-ray
regions. Ultimately, atomic clocks in the X-ray region may emerge. Attosecond pulses can
be formed if the equidistantly spaced high harmonics are phase-locked together, in a way
analogous with the case of a mode-locked laser in the visible region. In the generation
process of single attosecond pulse, as well as for the study of many ultra-high intensity
interaction phenomena, it is advantageous if the optical phase is stabilized.
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Velocity Map Imaging in Dissociative
Electron Attachment
Vaibhav S. Prabhudesai and E. Krishnakumar

Tata Institute of Fundamental Research, Homi Bhabha Road,
Colaba, Mumbai 400005, India

Email: ekkumar@tifr.res.in

Introduction
Recent developments in charged particlenergy projectile or a short pulse laser. This al-
imaging have provided unprecedented details ddws the use of appropriate electric/magnetic
the dynamics of the processes in photoionizdields for the necessary imaging configuration,
tion, photodissociation, intense field ionizationwithout worrying about their effect on the ion-
electron and ion impact ionization and neutralizing agent or the collision process. In contrast
neutral collisions. By combining the use of ap+o this, the area of low energy electron collisions
propriate magnetic and electric fields with a twdhas missed out on the advantages of these de-
dimensional (2-D) position sensitive detectovelopments in charged particle imaging tech-
(PSD), a host of new imaging techniques haveiques. The major obstacle in this respect has
been developed, depending on the collision prddeen in providing an appropriate electric field
cess and the physics under consideration. Ingonfiguration which does not affect the incom-
tially developed for ion-atom collision experi- ing low energy projectiles, and the necessary
ments, Recoil lon Momentum Spectroscopyime resolution to measure the velocity compo-
(RIMS) (Ullrich et al., 1991) and its variation nents accurately. In this context, we have devel-
using a cold target (COLTRIMS) (Dérner et al.,oped at TIFR a technique to carry out VMI of
1997) have provided detailed dynamics othe ionic fragments produced in electron-mol-
atomic and molecular ionization under the in-ecule collisions (Nandi et al. 2005). This report
fluence of swift ion projectiles (Schulz et al.,is intended to give an introduction to the VMI
2003), photoionization (Weber et al., 2004) andiollowed by a short description of how we have
intense field ionization (Rottke et al., 2002). Inmplemented it for electron collision studies.
these as well as in similar multi-particle coinci- )
dence experiments (Amitay and Zajfman, 1997Vhat is VMI?
Helm et al., 1993), all the three momentum com-  |n order to understand the details of any col-
ponents of one or more particles are measurgidion process, one needs to measure the initial
simultaneously to obtain the kinematic detailsnomentum vectors of the colliding particles and
of the collisions and to derive the correspondthe final momentum vectors of the products. The
ing physics. Velocity Map Imaging (VMI) is initial momenta are generally known from the
another charged particle imaging techniqueuay one prepares an experiment. For example,
which had its origin in laser photodissociationif one studies an ion-atom collision, one could
experiments (Chandler and Houston, 1987gecide the energy of the ion beam and its direc-
Eppink and Parker, 1997). Since then, this techion. The gaseous target atoms may be consid-
nique has been used extensively in many of itsred to be standstill at room temperatures. How-
variations in reactive collisions, photodissociaever, one does not have any control over the
tion, photodetachment and photoionization exproducts as they could emerge in any direction
periments (Whitaker, 2003) and improvementsyith a wide distribution of energies. Thus, in
and modifications of this technique are continuorder to understand the collision process, the
ing to appear (Gebhardt et al., 2001; Townsengroducts have to be detected as a function of
etal., 2003; Dinu et al., 2002; and Beguenard @eir energies and the angle of ejection. VMI is
al., 2004). All these techniques have been useshe of the charged particle imaging techniques

in experiments where the charged particleshat fulfills the above requirement.
which are imaged, are created by either a high
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As the name suggests, the VMI technique basiewards the PSD (In the case of neutral disso-
cally images the three dimensional (3-D) veloceiation, another laser is used to ionize a selected
ity information of the charge cloud on 2-D PSD fragment, so that it could be imaged). At the de-
Every event in such experiment produces the ioector, the 3-D Newton sphere is projected on to
with some momentum. Considering many sucR-D plane.

events occurring, these ions build up spherical But in the practical situation, the ions
distribution in the velocity space called Newtongenerated in a region consisting of some finite
(velocity) sphere. This Newton sphere carriesolume instead of a point. The important aspect
the information about the velocity distribution of the VMI technique is related to mapping each
and in turn provides the momentum informa-of the velocity vectors of the fragments onta a
tion of the ions. The projection of such Newtonspecific point on the 2-D detector for such an
sphere on the 2-D PSD is obtained by forcingxtended source of ions using certain combina-
all the ejected particles to move in a specifition of electric fields as shown in Fig. 2. The
direction using a combination of electric fieldfirst two electrodes define the interaction region.
as shown in Fig.1. This image retains the inforThe ions formed in this region are extracted to-
mation of the kinetic energy of the fragmentsvards the detector. The electrostatic lens formed
along with the angle of ejection of the ions andbetween the second and third electrodes focuses
thus provide complete picture of the reaction. their trajectories at the focal plane. The focus-
ing is such that irrespective of the point of ori-
gin, the ions of a given velocity get focused at a
given point in the focal plane. A 2-D PSD kept
in this plane thus provides the velocity map i

. age. In the case of an experiment giving rise to
— ‘ more than one type of species, the velocity map
b " , { for each one of them is achieved by making the

detector operate only for a certain time window
R corresponding to the arrival of that particular
a species. This is done by pulsing the detector bias
voltage. Usually the 2-D PSD is made up of a
set of two or three micro channel plates (MGP)
stacked one behind the other to have high enqugh
Figure 1. Schematic diagram of the VMI technique in again to detect single ion event at the front plate.
typical photodissociation / ionization e nosition information of the ions striking the

experiment. (a) Photodissociation / ionization . . . .
of molecules using linearly polarized light detector is recorded either optically or electroni-

making up the Newton sphere. (b) Electric fieldcally. In optical method a fiber optic windo
for the ion imaging. (c) Projection of ion with a phosphor layer is often used along with a
fphe;es O”tFO 2'%2“2%0_“ (d) MbatthagCSCCD camera to detect the signal. The output of
ranstormation o e Z-D Image back 10 o- H : :
data of step (affrom Whitakergzoos) the MCPs, which is nothing but a bunch of sec-
ondary electrons, is accelerated further and made
For example, consider a plane polarized lato hit the phosphor window. This produces the
ser beam propagating in the Y-direction is interlight flashes on the phosphor layer and they are
acting with a molecular beam directed in the X +ecorded using the CCD camera. In electronic
direction (Fig.1). The electric field of the lasermethod of position recording, the output pulse
beam is marked as E and is in the Z-direc- of electrons from the MCPs is allowed to fall
tion. This axis defines the direction of the phospecially patterned anodes. The electric signals
todissociation or photoionization process. Thérom this anode configuration are recorded us-
Newton sphere of particles ejected from this prong the appropriate electronics and stored inithe
cess will have certain angular distribution withdata acquisition system in the form of the (y, z)
respect to this direction as shown in the figurecoordinates of the position hit and the time of
The particles are extracted using an electric fieldrrival of the ion. Using this information, the
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entire 3-D Newton sphere for a given ion span another method used for the ion imaging called
cies can be generated using appropriate matelocity Slice Imaging (VSI) where no math-
ematical transformations. ematical transformation methods are used to re-
When collision process under scrutiny has tieve the momentum distribution of the ion.
symmetry axis, all the relevant information aboubasic principle behind VSI is very simple.

However the ions are made to arrive at the detec-

1LARIY

T

=g

tor at different time corresponding to their angle
of emergence with respect to the axis of the flight

tube / detector. This is achieved either by delayed
extraction of the ions from the interaction region
in the case of pulsed extraction (Fig. 3) or by
1 | modifying the field conditions in the case of DC
’ extraction field. Now one can obtain any slice of
- the Newton sphere that is parallel to the detector
i ' plane by either pulsing the detector bias voltage
3 ] for a small interval around the time of arrival of

P . i
S . L -
Far - ———
I '\'5 A ':__

(. l:,.q_; 7 the ions from the slice of interest or by using the

‘-*__?.f'_ "5.% o . | =T time of arrival information that is stored with the

” ;{f___”_# || — position information of the ions detected (x, y, t).
J e _t| . d The main advantage of the VMI over the con-

. . . . ventional turn table technique is the simplicity
Figure 2: lon trajectory simulation of VMI set up (a) 4 e f dat [ Th
using ‘Simion’ trajectory program. Three a_‘n Sy a_a collizeden. & @k n_'
different starting positions 1mm apart (c) tional method of making the measurements of dif-
simulate the interaction volume. Trajectoriesferential cross sections using energy analyzers and

of all the ions begin to bend in the field turn tables for energy and angular distributions is
direction (b) are focused in the velocity

mapping focal plane where the detector is N R N direct extraction () 10

placed.(from Whitaker 2003) am b e —s ‘
the Newton sphere is achieved using some spe-
cial mathematical transformations of the re-

2

. ;
L e 16T

corded data. Usually the inversion method is I ﬂ\ diroct extaction () [0
used to retrieve the information of the initial . e
velocity distribution. The techniques like Abel I L/ ‘-\\L-«' —

inversion, onion pealing algorithm are used for
such reconstruction of the 3-D Newton sphererigure 3: Spatial evolution of ion cloud with direct an
In the absence of a symmetry axis, forward con- delayed extractior(from Whitaker 2003)
volution method is used. In this method the exvery tedious and it has to be carried out in se-
periment is simulated in a computer model thaguence. The charged particle imaging techniques
produces 2-D data that are then compared wiimed at making these measurements in one go
the experimental data. By optimizing the paramby detecting the particles with simultaneous
eters in the computer model the best reconstrugieasurements of their angle of ejection and their
tion of the experimental data is obtained. energies, that is, all their three momentum com-
One of the disadvantages of using mathponents. Most importantly, these imaging tech-
ematical transformations is that the reconstruagiiques provide the information of the relative
tion of the 3-D data is prone to some artificialdifferential cross section of the process for the
noise in the form of distortion of the image orentire ZTangle which is not possible in the con-
the presence of some false distribution towardgentional technique due to mechanical con-
the axis of symmetry. This problem is overcometraints.
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VMI for Dissociative Electron Attachment Gauss of magnetic field is used for the electron
(DEA) process beam collimation and energy resolution of the
electron beam is 0.5 eV. The experiments
The dynamics of dissociative ionization andcarried out at 1®Torr background pressure un-
dissociative attachment in electron-molecule colder gas load.
lisions have been studied using kinetic energy The ion optics for VMI along with the rest
spectrometry for several molecules. Howevemwf the experimental arrangement is shown in
the angular distribution measurements have beég. 4. It consists of three electrodes and a rela-
rather limited. Anisotropy in angular distribu- tively short flight tube. The ion extraction is pro-
tion of fragment negative ions is characteristizvided by the electric field between the ‘pusher’
of the dissociative attachment process (Dunrgnd the ‘puller’. The lens electrode between the
1962). The angular distribution measurementpuller and the flight tube provides the appropri-

angular distributions have been carried out uslong with the Wedge and Strip anode. The ti
ing the conventional turn-table arrangement andelayed extraction in the experiment allows
subsequently limited to finite angular range. OuNewton sphere to expand both in the direction
motivation for the development of the VMI tech-of flight as well as perpendicular to it. We em-
nique for electron-molecule collisions has beeployed electron pulses of width 200 ns and
to measure the angular distribution in the entirextracted the ions after a delay of additional 200
2Tt angle as well as to improve the sensitivity1s using a negative pulse of 22 V applied to the
(and thus the data acquisition time) for experiPusher plate. The rest of the electrodes were bi-
ments involving low cross sections or small tarased appropriately for velocity mapping condi-
get densities as in the case of electron collisior¥n.
on excited molecules (Krishnakumar et al., 1997,
Rangwala et al., 2001). The VMI also provides
the information on the kinetic energy of the frag-
ment ions. The simultaneous detection of the
presence of more than one dissociation limit
within a given resonance is achievable using this
technique.

The major limitation on any low energy elec-
tron molecule collision experiment is the effect
of the electric fields that are used for the ion

. o / \,  Flight tube
extraction on the electron beam. This is over- Pusher | Lans Detector
come by using the pulsed electron beam and tht Puller
synchronized pulsed ion extraction field. The exg; o 4. scaled schematic of ion optics used for velocity
traction field is delayed with respect to the elec- map imaging.
tron beam so that the interaction takes place in The jons were detected using three

the field free environment. This small but finite microchannel plates of 50 mm diametein Z-
delay in the extraction makes the VSI a naturastack assembly. The position information was
choice for the study of the angular distributiongptained using a Wedge and Strip anode. The
of the negative ion ejection in the DEA processwedge-and-strip anode is mounted behind the

The experiment uses a magnetically colli-mMCP at a distance of 3 mm. One side of the
mated and pulsed electron gun, an effusive MGnode, which is facing the MCP assembly, is
lecular beam target generated using a capillanyoated with semiconductor germanium layer (as
array, and the VMI arrangement. Typically 50shown in the panel (a) of the Fig. 5). The other
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side of the anode contains three different struc- The time of flight distribution shows two

tures, where the position information is obtainegeaks about a central minimum. The asymme-

by charge division. These anode structures atgy in the heights of the peaks is believed to
‘wedge’ with increasing width from bottom to due to differing field conditions that the ion

be
S

top, rectangular arrays called ‘strips’ with in-ejected towards the flight tube and away from

creasing width from left to right. The space bethe flight tube experienced. This difference dc

es

tween these two structures is called ‘meanderhot hamper our measurements, since we are in-

The basic structure of the wedge-and-strip arterested only in the central part of the time

of

ode with a typical periodicity of 1.5 mm is shownflight spectrum. This central section corresponds
in the panel (c) of the Fig. 5. The pulse height ofo ions ejected in the plane perpendicular to the

the signals obtained from strip and wedge eledime of flight axis and contains all the velocity
trodes are proportional to the X and Y co-ordiinformation that we seek to obtain. The VMI

nate of the centroid of the charge cloud, as long

as the charge cloud covers an area larger that R
the period of the anode structure. o ."'r’-
For each ion detected, its position and time ~ s0#- -
; Yo %
i = inoh By - aaev
| .
3 i Il \‘
o
- -+ h"-.
i N —
3 3 4 & &8 T E % w1

1 5

Elesivan Epsrgy e

Figure 5: Structural representation of the Wedge-and-

Strip anode. (a) the anode coated with Ge_Flgure 6: lon yield curve for the formation of Grom

Layer and facing the MCP, (b) the side view O2 by DEA. The arrows represent the electron
of the detector and (c) the main structural form energies where the velocity map images are
of the Wedge-and-Strip anode. taken.

of arrival were recorded separately using the list
mode data acquisition using the LAMPS program
(Chatterjee) running on Linux operating system.  zgg0.]
The offline data analysis is also carried out us- =

ing this program.

Measurements on Q
To begin with, the angular distribution of O
from O, by DEA was measured. The DEA from

Counts (arb. u

O, is known to occur as a broad peak centered & 5001
6.5 eV. The dissociation limit for the observed 0 . . : .
resonance is known to correspond to both the C 0.0 93 0.6 0.9 12 18

: . Ti
and O fragments in their ground states. The an- me (v2)

gular distribution of ©from this process has beenfigure 7: Typical time of flight spectrum of Gfrom
measured earlier using the turn table technique DEAt0 O,.

in the range of 20 to 160 degrees. data obtained from the central part of the time

The ion yield curve for Ofrom O, obtained of flight spectra at three different electron ener-
by us is shown in Fig. 6. The arrows indicate thgies are shown in Fig. 8. The direction of the
energies at which the VMI measurements werglectron beam is vertically down in all the cases.

made. A typical time of flight spectrum of the O The figure also shows the distributions of inte
ions is shown in Fig. 7. sity as a function of the position on the detec
at these energies.
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image are limited by the energy resolution
the electron beam. It can also be seen that

m Hm Im TE | m

by

('
O 8 0 e W D
u, fr

P formed in various processes. The VMI devel-
'o-

duced by electron impact has opened up a new

hapter in the study of the dynamics of the vari-

Figure 8: Time sliced velocity map image " @om 0, Sjpisie] o WS gl @1 Wnle e @ 2

at three different electron energies. The left
panel shows the 2-D pattern we obtain aftel®

These velocity map images show that ions
are produced with a specific energy, but wijth
anisotropic angular distribution. In Fig. 9 we prpo-
vide a comparison with the existing data. The
energy and the angular resolution of the VMI

of
the

- magnetic field used for the electron beam colli-

; mation has no effect on the VMI in the form of

' ( . distortion. We also found this imaging technique
i \ tion. As one can use this technique to image|the
positive as well as negative ions, it has opened

up an opportunity to obtain the complete infor-

: CEERY mation of the dynamics of various electron im-
- L, pact ionization processes.

g To conclude the VMI technique is an easy,
. fast and efficient tool to determine the angular
;5 distribution and the kinetic energies of the i

applicable for electron impact dipolar dissocia-

ns

time slicing. Red color shows increasingOUS processes in the electron impact phenom-

intensity and blue shows least intensity. Theena.
electron beam direction is vertically down. The
right panel shows the corresponding 3-D
distribution with intensity as the z-axis. References
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SERC SCHOOL ON BIOPHOTONICS
6" February 2006 to 24 " February 2006
Centre for Advanced Technology, Indore, Madhya Pradesh, India-452013

Applications are invited from research scholars, post-doctoral fellows and young faculty with rel-
evant research interests, for participation in this Department of Science and Technology sponsored
SERC School. Although the School is primarily aimed at research scholars and postdoctoral fel-
lows, final year students of M.Sc / M.Tech with interest in pursuing research in biophotonics may
also apply.

The topics to be covered in the School will include basics of tissue optics; optical imaging of weakly
scattering objects with particular attention to current developments in optical microscopy like confo-
cal, multiphoton, nonlinear and near-field optical microscopy, fluorescence correlation spectroscopy,
etc; optical coherence tomography, diffuse optical tomography and other approaches for optical

imaging through turbid medium, optical diagnosis using elastic scattering, fluorescence and Raman

spectroscopy, optical manipulation of microscopic objects and its applications to biological research;

nanobiophotonics etc. Apart from lectures by the experts in the field that includes members of the
national organizing committee, the participants will also be encouraged to do hands-on experiments
designed to facilitate understanding of the topics discussed during the School.

The number of participants is restricted to about forty. All the selected participants will be provided
to and fro train fare and local hospitality. Interested persons should send to the school director, via
e-mail (preferred) or by post, (i) CV (including full postal address and e-mail), (ii) a brief write-up of
the current research activities, (iii) list of publications (if any), (iv) letter of recommendation form
guide or Head of Department, and (v) a short write-up indicating how the school is expected to
benefit the research activities of the candidate.

Important Dates:
Last date for the receipt of applications : 7" November 2005
Intimation to selected candidates : 6" December 2005

Address for correspondence:
Dr P. K. Gupta,
Director — SERC School on Biophotonics
Biomedical Applications Section,
Centre for Advanced Technology,
Indore, Madhya Pradesh, India-452013.
Ph: 0091-731-2488432; Fax: 0091-731-2488430;
E-mail: biophotonics2006@cat.ernet.in

We are movim !!!

BESSIN-—me | aser Science Services (1) Pvt Ltd.
- : New Address:
_l.lp!]”,” R A-454, TTC Industrial Area, MIDC, Mahape, Navi Mumbai - 4007(
: Email: Sales@ laserscience.in Ph: 91-22-27781672-7
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XXV International Conference xxy
on Photonic, Electronic and ICPEAC
Atomic Collosions L

Freiburg, Germany, 25 - 31 July, 2007 ?@i

Conference topics
Collisions involving photons, electrons, ions, atoms, molecules, clusters, surfaces and exotic particles

Scientific scope
This continuing series of biennial international conferences promotes the growth and exch

scientific information on photonic, electronic and atomic collisions and such related areas of
and molecular physics that the governing bodies of the conference shall from time to time

Venue

The Concert House (Konzerthaus) is a modern congress center right in the heart of Freiburg

equipped with the very latest conference technology. It is just a short walk to the pedestria
the cathedral and other scenic spots are not far away. Many hotels are within walking diste

ange of
atomic
select.

N zone;
Ance,

there is direct access from the underground parking garages and from the main train station to the

Congress center.
Contact Address

Joachim Ullrich
Max-Planck-Institut fur Kernphysik
Saupfercheckweg 1

69117 Heidelberg, Germany
e-mail: J.Ullrich@mpi-hd.mpg.de
phone: +49 (0) 6221 / 516 270
fax: +49 (0) 6221 / 516 604

Traditional Satellite Meetings connected to ICPEAC:

International Symposium on lon-Atom Collisions

International Symposium on (e,2e), Double Photoionization and Related Topics
International Symposium on Polarization and Correlation in Electronic and Atomic
Collisions

International Workshop on Low-Energy Positron and Positronium Physics
International Symposium on Electron-Molecule Collisions and Swarms

International Conference on Atomic Collisions in Solids (ICACS)
Further suggestions for 2007:

International Workshop on Atoms and Molecules in Ultra-Short, Intense Laser Field
International Workshop on the Dynamics of Complex Systems

Proposed date for the Satellites in 2007:
July 31 - August 3, 2007
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