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Hoooobgn

Negative ions are of fundamental interest in atomic physics due to the enhanced
importance of the electron correlation. In this thesis new spectroscopic methods
have been developed and then applied to study the nature of atomic negative ions.
The demand of experimental development in this field is pronounced due to lack
of resonant excitations within the atomic negative ion, which makes conventional
spectroscopy methods insufficient. Instead, laser photodetachent spectroscopy has
been applied in which an ion absorbs a photon resulting in a break up in a neutral
atom and an electron. The research has been performed at the Gothenburg Uni-
versity Negative Ion and Laser LAboratory (GUNILLA) and at ISOLDE, CERN.

The work has widened the utilization of spectroscopy techniques to include ra-
dioactive elements. For such studies the Gothenburg ANion Detector for Affin-
ity measurements by Laser Photodetachment (GANDALPH) was developed. Of
particular interest here is an experimental determination of the electron affinity
of astatine of D00 OJ 2041578070 eV. This work opens for future work on the
spectroscopy of transuranium elements and other artificial elements.

Second, a new type of spectrometer for Photoelectron Angular Distribution (PAD)
spectroscopy has been developed. In this spectrometer, called PEARLS (Photo-
Electron Angular Resolved Linear Spectrometer), the laser and ion beams are
collinearly aligned, which considerably increases the interaction volume. The spec-
trometer was then used to study the energy dependence of the asymmetry param-
eter [, for photodetachment of negative phosphorous.

Third, a neutral particle detector for collinear spectroscopy is presented. The
target material was graphene coated quartz with transparent properties that out-
performs the previously used Indium Tin Oxide (ITO). With graphene coating, the
accessible energy range is extended to at least 5I3 eV compared to the earlier limit
of 3[7eV.

Finally, an experimental set-up for state selected detection of the residual atom
in the photodetachment process has been developed and commissioned. The set-
up has been used to measure the EA of cesium to be O O0O00 O 00471 612090 eV.
This work sets the groundwork for investigation of the validity of Wannier’s law
for three body particle breakups.



0000000 Atomic Physics, Photodetachment, Negative Ions, Anions, Laser Pho-
todetachment Spectroscopy, Electron Affinity, ISOLDE, CERN, Radioisotopes,
Photo Angular Distributions, Graphene, Electron correlation, Neutral Particle
Detection, Wannier’s Threshold Law.
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With this thesis I want to give a glimpse of the world of quantum mechanics from
the perspective of atomic physics and more specifically through the research field
of laser spectroscopy of atomic negative ions. The text approaches the subject from
an experimentalist’s point of view, although it starts with a brief introduction to the
field and its applications in Chapter 1. Chapter 2 is a short introduction to the the-
oretical foundation of negative ions, and also contains a discussion of the concept
of Laser Photodetachment Threshold spectroscopy, which works as a bridge over
to the experimental overview in Chapter 3. In Chapter 4 the experimental results,
which are presented in detail in the appended papers, are summarized. Chapter 5,
finally, gives a conclusion and presents future plans.
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Hinboubiiot

Atomic physics was born with the idea of an indivisible particle that builds up mat-
ter and runs back to ancient Greece [7].The word atom originates form the greek
word atomon, that could be translated to indivisible [8]. The true breakthrough
of the research of atomic physics came with understanding the construction of the
atom from the results of Rutherford’s [9], [10] famous scattering experiment of al-
pha particles off a thin gold foil. The results were used to create an atomic model
with a dense nucleus of positive charge surrounded by a cloud of electrons. With
this in hand Niels Bohr created his famous atomic model which successfully was
used to explain the quantized energy levels of single electron atomic systems [11].
This was a major step in the creation of quantum physics which successfully has
been applied to describe the properties of matter on the atomic scale [12].

In 1913 [13] Thomson! identified and listed various charge states of matter as
negatively charged electron and positively and negatively charged atoms and
molecules. Since this early research negative ions, or anions, have proven to be
of fundamental importance. In many examples from daily life or in nature, nega-
tive ions appear just as common as positive ions. As an example, sodium chloride
(O 00O10), the composition of ordinary table salt, when dissolved in water, creates
salt water with equal amounts of positive [J0" ions as negative 00" ions. Equal
amount of charges may also be found in the flame of a candlelight, in a lightning, in
the ionosphere or in the magnetosphere [15]-[17]. These are all examples of plas-
mas, a state of matter defined as a compound of particles of different polarities.
However, in atomic physics the situation is quite different. Positive ions can easily
be created by supplying sufficient energy to an atom in order to remove one or
more electrons. The required energy can be supplied by a projectile particle or a

Most known from discovering the electron in 1897 [14] which granted him the Nobel prize in
1906.
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photon. A negative ion, on the other hand, is created by binding an extra electron
to a neutral atom, but there is no long range force attracting the negatively charged
electron to the neutral atom. However, negative ions can exist if the electrons in
the ion move in such a way that they can share the attractive force of the nucleus.
This makes atomic anions an interesting construction and a field of its own in atom
physics physics. Simply by measuring the binding energy of an anion, the electron
affinity (EA), one reveals fundamental quantum principles of the system.

Atomic systems are usually treated theoretically by first assuming that each elec-
tron is moving in the average potential created by all other electrons. This is called
the Hartee-Fock model [18], and can usually give an accurate basic description of
the system. The electron-correlation, i.e. the direct interaction between the elec-
trons, is thereafter added as a perturbation. This procedure, however, is usually
not applicable for a negative ion since the Hartee-Fock model many times is un-
able to predict a stable negative ion. The electron correlation therefore have to be
built in to the basic model used to describe a negative ion. Hence, negative ions
are suitable systems to benchmark theoretical models ability to incorporate elec-
tron correlation. On the other hand, a very simple theoretical description of the
anion can be obtained using the “particle in a box model” This model can be used
to understand some basic features of anions such as their lack of bound excited
states [19].

Negative ions play an important role in many areas of applied research. The
discrepancy between the apparent and actual temperature of our sun, has been
explained by negative hydrogen ions [20], [21] absorbing and reradiating light in
the outer atmosphere of the sun. An equivalent effect is responsible for the opac-
ity of the atmosphere of the earth as well as in the interstellar medium [22]-[24].
However, it’s difficult to determine the concentration of anions in these media.
This stems from the fact that interaction with light exclusively separates the extra
electron from anions due to its lack of bound excited states. Subsequently, anions
don’t leave any sharp spectral lines as when light interacts with atoms or positive
ions. Nevertheless it is of great importance in modeling astrophysical environ-
ments to know the basic properties of negative ions and how they interact with
other particles. Therefore, negative ions have evolved to be an important topic in
the field of laboratory astrophysics [24].

A very important step in atomic physics was the development of laser cool-
ing, for which Steven Chu, Claude Cohen-Tannoudji and William D. Phillips were
awarded the 1998 Nobel prize [25]-[27]. This allows detailed studies of atomic
systems as the thermal motion which gives a Doppler broadening of atomic lines,
is reduced to a negligible level. This opened up the research field, allowing new
effects to be investigated. Most striking is the creation of a Bose-Einstein conden-
sate, for which Eric Cornell, Wolfgang Ketterle and Carl Wieman were awarded
the Nobel Prize in 2001 [28], [29]. In order to laser cool a system a suitable atomic

2 12th August, 2020



transition needs to be found. For positive ions, efficient laser cooling has been
achieved for some ions, such as strontium [30]. Here the interesting technique
of sympathetic cooling has been developed. By trapping laser cooled 00" ions
and with for instance (" ions in a trap, the 0" ions are also cooled through the
Coulomb interaction between the cold 00" ions and the hot O" ions. In this way
any atomic or molecular positive ion can be cooled [31].

Ever since the demonstration of sympathetic cooling of positive ions, the re-
search community has searched for a suitable negative ion to achieve the same
effect. For negative ions the situation is not so favorable, since lanthanum [32],
cerium [33], osmium [34], and latest discovered thorium [35], are the only species
of atomic negative ions where both odd and even parity states have been observed.
An alternative would be to use a molecule, where OF is a candidate [36] for laser
cooling of negative ions. Research is currently ongoing with the aim to identify
a laser transition in one of these elements that can be used for cooling. Finding
such a transition would be of great importance since it would open up for cooling
of any negative ion. This would, for instance be used to study molecular nega-
tive ions that are expected to exist in the cold interstellar medium [37], [38]. The
most important application would be to cool anti-protons. Sympathetic cooling of
anti-protons requires negative ions as a buffer gas since the anti-protons would im-
mediately merge and annihilate if positive ions were used. By cooling anti-protons
it will be possible to more efficiently produce anti-hydrogen. Spectroscopic stud-
ies of anti-hydrogen is of great interest since it will reveal information about the
symmetry of matter [39].

Spectroscopy, in general, is the experimental tool for atomic physic research.
The very first spectroscopic investigations of negative ions were performed using
electron impact spectroscopy and polar dissociation spectroscopy [40]. The stan-
dard today is to utilize photodetachment where lasers are used as monochromatic
light sources giving a method with a high resolution. However, the first known
photodetachment experiments were performed with a mercury discharge lamp by
Branscomb [41], [42]. Later, the same technique was refined with lasers and there-
fore came to be known as Laser Photodetachment Electron Spectroscopy [43].
The setup utilizes the narrow linewidth and high intensity of lasers. However, it
suffers from a limited resolution of the electron energy analyzing spectrometer.
Laser photodetachment threshold spectroscopy (LPT) [44], circumvents this limi-
tation by instead detecting the neutralized atom. Observing the onset of detected
atoms while tuning the laser photon energy correlates directly to the EA of the an-
ion. Another method is called Laser Photodetachment Threshold Microscopy [45]
where again the detached electron is captured in a conservative field that guides
the electron onto an imaging detector which records an interference pattern yield-
ing information about the kinetic energy of the electron. Followed by a rather
straightforward subtraction of the kinetic energy from the photon energy one re-

3
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trieves the threshold energy for the photodetachment process. This has proven to
be an effective technique, which to date has given the most precise measurements
of the electron affinity [46]-[48].

Increasing the photon energy way above the first threshold will eventually open
new thresholds or channels of photodetachment. The channel openings corre-
sponds to excitation levels of the residual atom of the photodetachment process.
At these energies the photodetachment process is strongly influenced by polariz-
ing effects and resonant behaviours caused by electron-electron interactions, or
in other words electron correlation. Many experimental investigations have given
new insight of the complexity of the seemingly simple system of the anion [49],
[S0]. Increasing the energy further will ultimately reach the ionization limit with a
double escape of electrons, usually described as double detachment. Many obser-
vations of double detachment has been reported, using high energy photon sources
[51], [52] or intense laser fields utilizing multi photon absorption [53], [54]. Studies
of double detachment has for more than half a century caught attention of theoreti-
cians [55]-[57] since the initial prediction of the threshold behaviour by Wannier
in 1953 [58]. Several experiments has been performed [59], [60], although non, to
my knowledge, has been able to conclusively distinguish the different theories.

An important method in chemistry [61] is Photoelectron Angular Distributions
[62], [63], in which one map out the angular dependence of the escaping elec-
tronic wave in the photodetachment or photoionization processes. The PAD of
molecules [64] involves rather complicated modelling for the complex composi-
tion of molecular orbitals. PAD spectroscopy by photodetachment of atomic neg-
ative ions includes, on the other hand, only one electronic orbital. This reduces
the possible contributions to the outgoing photoelectron wave and works perfect
as a test-bench system for PAD. The most adopted technique for PAD is Velocity
Map Imaging (VMI) [65], [66] where the photoelectrons are guided by an electric
field on to a position sensitive detector. The geometry of the VMI setup may vary
[67], [68] but all have in common that the relative velocity of the emitted electrons
creates an image on the detector. The image can therefore be translated back to
the original outgoing electron wave.

DESIREE [69], [70] at Stockholm University and CSR [71], [72] at the Max
Planck Institute in Heidelberg have recently developed electrostatic storage rings
for ions. Both have vacuum conditions of <10”'* mbar which reduces collisional
detachment allowing storage of ions up to hours. Lifetime measurements of ex-
cited states [73], [74] of anions may be performed by probing the population of
excited anions using photodetachment while they are decaying to the ground state
by spontaneous emission. Further, the long storage time allows for depletion of
the population in excited states using a high intensity laser. This can be used to pre-
pare an ensemble of anions that are solely in the ground state. The purified beam
of ground state anions combined with continuous wave lasers with bandwidths of
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the order of MHz opens up for EA measurements of unrivaled precision [75].

Since Thomson [13] and colleagues of his time initiated mass spectrometry, the
field has gone through large developments. One offspring is radiochronometry,
maybe most known for its carbon dating method for age determination of an-
thropological objects. In carbon dating the ratio of "C and ""C in a sample is
determined for which accelerator mass spectroscopy (AMS) is the most sensi-
tive method. In most cases of radiochronometry there is a stable isotope with
the same mass as the radiochronometer that gives an experimental background.
A method for suppressing such isobaric backgrounds using photodetachment has
recently been developed [76], [77]. The ion beam is passed through a radio fre-
quency slower prior to the injection into a tandem accelerator. Here the ion beam
is illuminated with laser light that photodetach the interference while leaving the
radioisotope unaffected. This is for instance the case when detecting "“Cl in the
presence of "”S [78]. In cases where the EA of the interference is larger than the
radioisotope, a molecule could be used, as in the case of detecting """Hf in the
presence of "W, where the """HfF is used [79].

Another application of anions is fusion reactors at facilities such as ITER [80].
The current model of fusion reactors rely on a large flux of a neutral beam of deu-
terium in order to heat the plasma. One promising realization [81] of the high flux
neutral beam is by photodetachment of a negative deuterium ion beam.

To conclude, there is a general scientific interest in negative ions. There is now
a basic understanding of their properties, but still there are many things to learn.
Their unique properties make them ideal systems to test atomic theories that fully
include electron correlation. Further, their relative simple structures, where many
negative ions only have a single bound state, makes them suitable model systems
for investigations of atomic and molecular processes. Further, there are many ap-
plications of negative ions where detailed knowledge about the properties of neg-
ative ions are required. Hence, there is a demand both to conduct new detailed
ivestigations of negative ions and to develop methods that are more sensitive and
yield an improved resolution.

The work presented in this thesis has its focus on improving the experimental
techniques. The new experimental techniques include an angular photoelectron
spectrometer, a set-up for using resonances ionization spectroscopy for measuring
partial photodetachment cross sections and detector for fast neutral atoms that
can be combined with UV laser light. The technical development is accompanied
with proof-of-principle experiments where the results are of interest both within
the field of atomic physics and for applications in other research areas.

The thesis starts with a theoretical background of atomic physics and light-matter
interaction and proceeds with an exposition of experimental implementations in
the experimental approach chapter. The result chapter is a summary of the experi-
mental findings that are described in detail in the appended papers. The conclusion

5
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and outlook aims to summarize the work and make a projection to the future.

6 12th August, 2020
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JOQIZTIDT XIFSFUIFDMBTTJDBM QJDUVSF PG NFDIBOJDT P!
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UIF'SFODIQIZTIDJTU -PVIJT EF #SPHMJF XIP JOUSPEVDFE UIF
QSPQFSUZ PG NB/UU-§:§ XIDEFERKHT UIF XBWFMFOHUI PG B QBSU
NBUURST NPNFOUVINVNBB@OEDL TDPOTUBOU "MUIPVHI XJEFMZ E
FBSMZEBZTPGRVBOUVNNFDIBOJDT UIJTIJTUPEBZUIFUIFP S
AFMET PG QIZTJDTBOEUIFJOEJTQVUBCMF NPEFM BQQMJFE .
5/F aOEJOHT PG RVBOUVN NFDIBOJDT DPOUSBEJDUT UIF Q!
UIBUJUJTQPTTIJCMFUPTIJNVMUBOFPVTMZFYBDUMZEFUFSN
PGBQBSUJDMF S51JTJTBDPOTFRVFODFPGUIFNPTU GVOEBN
UIFPSZ )FJTFOCFSH T QSJODXQMFIPG VIODBBOBFBVERDF PG
XBWF QSPQFSUZ PG RVB®RIBVR B8BREVMDMWFAO PG UIF XBWF GVO
TPMVUJPO UP UIF 4DISOE3CHRE® ARBBNUIPIPE UP QSFEJDU BO
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QPTTIJCMF UP TINVMUBOFPVTMZ EFUFSNJOF UIF QPTJUJPO BOE NPNFOU
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4JOHMF FMFDUSPO NPEFMT

OOFPGUIFaAaSTUDPODFQUT QSFTFOUFEJOBO JOUSPEVDUPS
JTUIFQBSUJDMFJOBCPY XIJDIJTBTINQMF NPEFM UP EFTL
BOBUPN 6TJOHUIF4DISOEJOHFS FRVBUJPO XFDBO GPSNVM
GPSUIFFMFDUSPOJOBCPYBT
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TQFDJaD MPDBUJPO "OJNQPSUBOU GFBUVSFUP OPUJDFJT UIF OP
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GPSNVMBUJPO XJUI XBWF GVODUJPOT XJUI TFQBSBCMF QBSL
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JFSF UIF SBEJBM,GVIODPOMD EFQFOEFOU PO UIF SBEJBM DPP ¢
TQIFSIJDBM IBSNqubDEGWDB\UJOPDUIF BOHVMBS EFQFOEFODF
QSPQFSUZ JTYyHIWFORQ CF TFFO GSPN UIF IZESPHFOJD FJHF
&RVBUJPOFZ SF POMZ EFQFOEFOU PO UIF QSJODJ®IEM RVBO
CFFJOH EFHFOFSBBXFERWHIST JT B VOJRVF QSPQFSUZ GPS UIF
TZNNFUSZ PG UIF IZESPHFO BUPN 'PS BMM PUIFS FMFNFOU

5|lF FMFDUSPO RVBOUVN OVNCFST BSF UIF % %J6 PBELEM RN RYBON ON N
OVNCHOE JUT QSPKEOB,JPOF MBUUFS SFGFSTUP UIF TQJO RVBOUVN OVN
UIF FMFDUSPQ JTEAS FEXFWFS JUT QSPKBEOWBA® CPUI QPTJUJWF PS OFHI
WBMVFT
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S5IF TI[F PG UIE FCGRIJEFQFOET PO UIF BUPNJD TZTUFN VOEF
HBUJPO 5IF DPOUSJCVUJPOT GSPNUIFTF UXP BSF OPSNBMN\
#Z BEEJOH UIFTF UXPRGEBERTUBJOT B HPPE BQQSPYJNBUJPO
)BNJMUPOJBO

IFHBUJWF *POT

/IFHBUJWF JPOT FYJTU EFTQJUF UIF GBDU UIBU B OFVUSBM B
IBWFBOZ MPOH SBOHF BUUSBDUJPO )PXFWFS XIFO BO FYU:
BOBUPNJU XJMM TUBSU UP QFSDFIWF UIF DPOTUJUVFOUT P
SFQFMT UIF PUIFS FMFDUSPOT PG UIF BUPN XIJMF JU JT BUU
PG UIFOVDMFVT #Z TMJHIUMZ QVTIJOH UIF PUIFS FMFDUSP(
BUUSBDUJWF GPSDF TVGaDJFOUMZ TUSPOHUP DSFBUF B OFF
TUBCMFOFHBUIJWFJPODBOCFGPSNFEGPSBNBKPSJUZPGU
DBO KVTUBT GPSBUPNT CFEFTDSJCFCZB XBWF GVODUJPO
DBOCFBTTJHOFE S5IFMBDLPGBMPOHSBOHFBUUSBDUJPO P(
UPUIFDBTFPGBUPNTBOEQPTJUIJWFJPOTMFBET UP B GVOE
PGBOFHBUJWFJPO S5IFNPTUTUSJLIJOHEJGGFSFODFTBSF UI
BOPSEFSPGNBHOJUVEFTNBMMFS BOE UIBUUIFSFBSFPOMZ
TUBUFT *O QBSUJDVMBS UIFSFBSFOP3ZECFSHTUBUFT JO ¢
UIFFOFSHZ MFWFM EJBHSBNPGBOBUPNBOEJUT OFHBUJWF
*UUVSOTPVUUIBUJU TWFSZDPNQMJDBUFEUPDSFBUFB)B
UIBUEFTDSJCFT B OFHBUJWF JPO DPSSFDUMZ " EJTUJOD
ESPHFO XIFSFBTPMVUJPO HRWRVYBWIPOTUBCMF TZTUFN )P
y’" EPFT FYJTU BO&SFWF BO F7 0OOMZ CZVTJOH NFUI
PET JODMVEJOH FMFDUSPO DPSSFMBUJPO SFTPMWFT UIJT E
DBO GPSJOTUBODFCFBDIJFWFECZBQQMZJOHUIF.VMUJ $P
.$)' < > <>NFUPEPSCZVTJOH3 NBUSIW<DBMDVMBUJPOT <
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MJHIU NBUUFS JOUFSBDUJPOJTUSFBUFE EJGGFSFOU EFQFC
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PG QBSUJDVMBS JOUFSFTUJTUIF QIPUPEFUBBONPGICQSPDF"
BQIPUWDSFBUJOH BBBUPBSFF FMFDUSPO
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FMFDUSPO CFJOH  PEXBWHE BT B

*OUIFWJDJOJUZ PG UIFBUPN UIF WBMFODF FMFDUSPO TU
UFSN EFTDSJCFE JO &RWVWBBSMGS EJTUBODFT UIF FMFDUSPO
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JFSF JT UIF SBEJVT PG UIF SFRIJEVBMBUFPNIB@EP MBSJ[BCIMJ!
QPMBSJ[BCIMJUZDBO EJGGFSTFWFSBMPSEFST PG NBHOJU\
'VSUIFS JUJODSFBTFT ESBR BUWPIDBSAMZI ENDBWBOPNBWMFGU JO E
TUBUFJOUIFQIPUPEFUBDINFOUQSPDFTT 5IFFGGFDUJWF Q
BOHVMBS NPNROFUMNUIF DFOUSJGVHBM GPSDF HIWJOH B QP U

5IF FGGFDUJWF QPUFOUJBM JODMVEJOH UIF TP DBMMFE DI
SFQSFTFOUFE JGPIIHVSF ~"TBSFGFSFODF B $PVMPNC QPU
JT QMPUUFE JO UIF aHVSF OOF T{RVVBORPIOB PYVFUCBOEJO

'JHVSF"SFQSFTFOUBUJPOPGUIFFGGFDUIJWFQPUFOUJBMPGUIFQ
BOEDFOUSJGVHBM CBSSJFS 5IFaHVSFBMTP TIPXTUIF MPOH SBO'

NFDIBOJTNPGUIFBOJPO CVUBTJIJNQMJaAaFENPEFMUIBUDBO
QIPUPEFUBDINFOU QSPIOPXT GPSVEIPUPEFUBPB MHDOUBP® B O

EFUBDINFOUDBO PDDVSBTTPPOBTUIFFOFSHZQSPWJEFE C.
CSIJOHVQUPI[FSPJOFOFSHZ "MTPBDEPEMEBUB B ONTFEDBJOPRD D V
CVUGPS MPXFS QPTJUIJWF FOFSHJFTUIF FMFDUSPO IBT UP U

"MUIPVHIHFOFSBMMZ QPTJUJWF JOUFSFTUJOHDBTFTPG OFHBUJWF
GSPNTQFDJAD PSCJUBMT IB¥ GFFGRPNTDIFWFEBPEXOHT JU T QPTTJCMF UP
UIFTUSFOHUI BOE TJHO PFP&UIB QFPBIB/SHPGIPIGF EFHSFF PG DPSSFMBUJF
FMFDUSPOTJOUIFBOJPO
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CBSSJFS *OUIFEFUBDRREOUBRBIMBP BOUVIJUIJWF QJDUVSFDBO
DPNQBSJOH XJUIUIFCPY QPUFOJUJIBM PNQARNABBIPIPDFTT IB’
HSBQIJDBM SFQSFTFOUBXIP®FIODIFJEMSF DVSWF SFQSFTFOU
GVODUJPO PG UIFFMFDUSPO 3§89 ({{ BFOEFSBEIMWH DROUB B KB W F
GVODUJPOT PG UIFFNJUUFEFMFDUSPO BUUISFFEJGGFSFOL
FSHZDSPTT TFDUJPO PG UIF QIPUPEFUBDINFOU QSPDFTT IBT
CZ"NVTIBXIPTIPXFEUIBUJUDBOCFFYQSFTTFEBT

-
‘JHVSFCTIPXTUIFTBNFNPEFMPGBDPOUJOVPVTMZOPO[FSP
BCPWF UISFTIPME *O PSEFS BBPOEPOUPMWF UHSSBEIF SFTU PG U|
TFDUJPO XJMM EJTDVTTUIF SFTFNCMBODF CFUXFFO UIF UXP
&RVBUJPOT HSBQIJDBMMZ TIPXOIBOFIH¥IHP OUSICVUIPO PG
EJUJPOBM DIBOOFM PQFOJOHT UIBUNPEVMBUFT UIFUPUBM I
BEEJUJPOTBOE SFTPOBOU TUSVDUVSFT IBT CEFO BFFHIMFDUF
JUDPOTJEFS UIF FGGFDU PG UIF DFOUSJGVHBM CBSSJFS XI.
UIFTNBMMFOFSHZSFHIJPOOFBSUIFQIPUPEFUBDINFOU UISF
DBORVBMJUBUJWFMZ VOEFSTUBOE UIFDSPTOCZAPMFPO DV S\
TINQMFBSHVNFOUT CBTHSSPBOQIPIWB® FOFSHZ MPXEFES UIBO Ul
JOH FOFRHQ@P QIPUPEFUBDINFOU PDDVST 8IFOUIF QIPUPO F
MBSHFS UIBO UIF CJ&XE JWHCHFOPHNHFZ QPTTIJCMF UP EFUBDI Ul
JPXFWFS UIFPWFSMBQ CFUXFFO UIF XBWF G¥.QBUOPO PG UIF
UIFUBIJIM PG UIF XBWF PG UIFRNJIUAJEBFMBDBINBMM BOE IFC
DSPTT TFDUJPOJT TNBMM "T UIF QP UPRXBONFSMEU B DISHFB URH
PVUHPJOHFMFDUSPOEFDSFBTFT XIJDIMFBETUP B MBSHFS P
aOBM XBWF GVODUJPO 5IFSFGPSF UIFDSPTTTFDUJPO JODS
X1JDI BT B SVMF PG UIVH& BDIDIVEITBAQJIJDBMMZ XIFO UIF XBW
PG UIFPVUHPJOH FMFDUSPO DPSSFTQPOET UP UIF TJ[F PG U
QIPUPEFUBDINFOU FOFSHJFT UIF GSFF HUBGBWI AP XBIWB NEM B
XIJDIMFBETUPBEFDSFBTJOHPWFSMBQ CFUYXEFEOEF JOJUJE
UIFaOBM XBWF GVODUJPO MFBEJOHUPBDSPTT TFDUJPO UI|

5IF 8JHOFS 5ISFTIPME -BX

&VHFOF 1BVM 8JHOFS B UIFPSFUJDJBO HSBOUFE XJUI B /PC
DPOUSJCVUIJPOTUPFMFNFOUBSZQBSUJDMFBOE OVDMFBS C
AOEJOHTGPSUIFUIFPSZPG QIPUPEFUBDINFOU )JTEFSJWBL
HIPOPGUXP QBSUIJDMHBGERBALB/PIHIMZBQQMIDBCMF BOE WB
FYQFSINFOUBM BOBMZTJT PG UIF QIPUPEFUBDINFOU QSPDF
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1IPUPEFUBDINFOU GSPNB QPUFOUJBM XFMM
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'JHVSF'JHVSF B TIPXTUIFQIPUPEFUBDINFOUQSPDFTTPG GPVS TI
QIPUPO FORGHYFX BOK., S5IFCPY QPUFOUJBMJTBOBQQSPYJNBUJI
CFFVTFEUPRVBMJUBUJWFMZ EFTDSJCFUIFPWFSBMMCFIBWJPVS
TIPXOJO'JHVSF C 1BSUJDVMBSMZJOUFSFTUJOHJTUIFQFBL WBI
MBSHFTU PWFSMBQ CFRUXEBOEI&EPMBIBMGVODUJPOT

UIFEFSIJWBUJPO IF SFHBSETBDSPTTTFDUJPO UIBU POMZ EF
UJPO QPUFOUJBMT PG UIF QBSUJDMF CSFBL VQ JSSFHBSEMF
JOUFSBDUJPO *OUIFDBTF PG QIPUPEFUBDINFOU UIF TIPSU
UJBM; JO &RVBUJPIOOFHMFDUFE *OTUFBE POMZ UIFDFOUSJG
UIFDSPTT TFDUJPO 51JTMFBETUP 8IJHOFS TMBXGPSDSPTT
CZUIFFYQSFTTJPO
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SIFFYQPOFORPFIHIOBUFTGSPNUIFEFOTIJUZPGTUBUFTJO UI
JTBDPOTFRVFODFPGUIFDFOUSJGVHKBMAJIEBRFIFITNE GFF EJG(
UIFUPUBM LIOFUTIDBBCESIIHFAUXFFO UIF QSPEVDUT PG UIF QIPL
QSPDFTT *O 'JH¥BFOHAF UISFTIPME MBXJT TIPXO GPS UIF aST
XBWET OOF DBO DMFBSMZ TEGBEPOBWIFT BSF TVQQSFTTF|
BUUIFJSUISFTIPMETXBWSEBUBDANFOU HIWFT BO POTFU UIB
TRVBSF SPPUGVODUJPO

SIFSFDBOCFTFWFSBM TUBUFTJOWPMWFE JOB QIPUPEFUB
UIPTFTUBUFDBOCFTQMJUEVF UP aOF BOE PSIZQFSaOF TUS
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'JHVSF 5ISFTIPME CFIBWJPS PG UIF QIPUPEFUBDINFOU DSPTT TFD
XBWFSFTQFDUJWFMZ "MM BDDPSEJOHUP UIF 8JHOFS UISFTIPME N

DSPTTTFDUJPOJTUIFOFYQSFTTFECZBO TVNNBUJPO PG BM
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SIF TVNNBUJP@DOPWEFBSTQPOET UP BMM BMMPXFE USBOTJUJPC
TUBUFTUPaOBMBUPNHBaAaWBEBTFOFSHZEJGGFSFODF CFUXF
TUBUFTPGUIFOFHBUIJWRWP®FBWOE USBEURNIPOBM FOFSHZ TI
UIFMJGUFEEFHFBBEEBPOBOBOUT 5IF )FBWIJTBEGFVEFTD GVOL
UIFEJTDPOUJOVIJUZ GSPWRRVBDUBOBOOFM PQFOJOH PG QB
TFDUJP@OF TIPYME OPUF UIBU FYDJUFE CPVOE TUBUFT DMPT
EJGGFSFOU PSCJUBM BOHVMBS NPNFOUBTBGF SS\BEBEMM ZFRODIB F |
TBNFGPSBMMUISFTIPMET UIBUPQFOTJO B MIJNJUFE FOFSH:

"SFTJEVBM BUPN MFGU JOBO FYDJUFE TUBUF NBZ FYQFSJF
EVSJOH QIPUPEFUBDINFOU BOE FGGFDUJWFMZ TFSWF BT B N
EFUBDIJOH FMFDUSPO 5IJTBGGFDUT UIF WBMJEJUZ PG UIF ¢
BOBMUFSOBUJWFGPSNVMBUJPOPGUIFUISFTIPMEMBXJODMW
BUPNIBT CFFO EFWFMPQFE OPBEBMB FERS FOFSHJFT GBS BC
UISFTIPME SFHIJPO B EJWFSTJUZ PG QIPUPEFUBDINFOU DIBO
PDDVS
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%YPVCMZ FYDJUFE TUBUFT

S5IF DPODFQU PG SFTPOBODFT PDDVST JO FTTFOUJBMMZ BMI
BOJPOT BSF OP FYDFQUJPO O0G QBSUJDVMBS JOUFSFTU JO
EPVCMZ FYDJUFE TUBUFT %&4 XIJDI XBT aSTU PCTFSWFE J!
USPTDPQJD TUVEJFT P& OPTCHIFIFBABHUHFOFSBUJPO PG TZOCLC
TPVSDFT

5|F aSTU PCTFSWBUJPO PG %&4T JO OFHBUJWF JPOT XBT N
XPSLFST XIP JUVEJPH B SFMBUJWJPUSDFTFFOTOBRIF 8SF GPSNF
CZBQIPUPOBCTPSCJOHTVGabDJFOUMZBNPVOUPGFOFSHZU
TUBUFTDBOCFEFTDSIJCFECZBTTVNJOHUIBUBO FYDJUFE TL
FMFDUSPO 5IFCJOEJOH FOFSHZ PG TVDI B TUBUF XJUI SFTC
TUBUFJTVTVBMMZ WFSZTNBMM "SFTPOBODFPCTFSWFE BU
'FTICBDI SFTPOBODF 4VDIBTUBUFDBO EFDBZCZPOF FMFD
TUBUFJOUIFBUPNXIJMFUIFPUIFSJIT FNJUUFE S5IFTUBUFDF
UIFQBSFOUTUBUFCVU TUIJMM CFJOHUSBQQFE EVFUP UIF DF
HIWFT SJTF UP XIBUJT DBMMFE B TIBQF SFTPOBODF *O UIJT
UP UIFQBSFOU TUBUFCZUVOOFMJOH UISPVHIUIF DFOUSJG)
%&4 BQQFBSTBT NPEVMBUJPOTJO UIFUPUBM DSPTT TFDUJP
QIBTFTIJGUCFUXFFO EJSFDU QIPUPEFUBDINFOU BOE EFUBD
FIUIFSDPOTUSVDUIJWFPSEFTUSVDUJWF 5IFHFOFSBMFYQS
CFEFTDSIJCFEVTIJOHUIFFYQSFTTIPO EFSIWFE CZ 4I1PSF <

|eft | oS &

)FSF.s.JT DSPTT TEFDUJPO GPS UIF EJSFDU QIPUPEFUBDINFO
UJPO JOTJEF UIF QBSFOUIFTJT JT UIF UFSN DBVTJOH B NPEV
DMVEFT QIBTF QEBSBEBFOEBTF BDUVBM %&4 EFQFOEFOU QBSB

X 7 G XIFSE;,, BOEBSF UIF FOFSHZ BOE XJEUI PG UIF
SFTQFDUJWFMZ 5IF FYQSFTTUPB PEGPBWB/WBPWIPO PG UIF F
TJPO EFEVDFE C2 ' B®PPKVDI SFTPOBODFT BOE UIFSFGPSF SFG
QSPAaMFT

5/F BNQMJUVEF PG UIF SFTPOBODFT BSF OPSNBMMZ WFSZ
BOE NBZ CF IBSE UP EJTDSJNJOBUF GSPN UIF CBDLHSPVOE J
UJWF FYQFSJNFOUWMXJOH QBSUJB KBS BBWPRBBIPNZICF VTFE
PCTFSWFUIFTF SFTPOBODFT

1IPUPFMFDUSPO "OHVMBS %JTUSJCVUJPOT

&JUIFS UIF OFVUSBM BUPN PS UIF FMFDUSPO DBO CF VTFE U
NFOU QSPDFTT 5IFUPUBM QIPUPEFYBPBIONEG WBBPYSFEHOD JF

UI'VHVTU



-JHIU .BUUFS JOUFSBDL

EFUFDUJOHUIFUPUBM ZJFME PG OFVUSBM BUPNTPS BMM FN.
UBDINFOUDSPTTTFDUJPOTCFEFUFDUFE FJUIFSCZNFBTVS]
FMFDUSPO PS XJUI B TUBUF TQFDJAaD EFUFDUJPO PG UIF SFT
EJSFDUJPO PG UIF FNJUUFE FMFDUSPO aOBMWDB®OFEJGGFS
EFUFSNJOFE 5IF SFTFBSDI aFME JO UIF MBUUFS DBTF JT SF
"OHVMBS %JTUSJCVUJPOT PS 1"% JO TIPSU XIFSF QIPUPFMF
VDU PG QIPUPEFUBDINFOUPS GSPNQIPUPJPOJ[BUJPO 5IF B
FMFDUSPO XBWF GSPNBO VOQPMBSJ[FE UBSHFUJPO DBO CF

l.s. l.5. DPT 7

- | —————® GHAS <7 >

Ux

)FSESFGFST UP UIF BOHMF CFUXFFO UIF FNJUUFE FMFDUSPC
UIF MJHIU XI1JDI JOEVDFT U IFBIEFEDHFTBTZNNFUSZ QBSBNFUF
QSPQPSUJPOBMJUZODTVGFUBQOBU UIF UPUBM D PEUBTIBBEJIP O
VOEFS JOUFHSBUJPO PWFS UIF TPMJE BBHMB B VD VQIBSM:
JOUFSFTUJOH'JAYSMXFDBO TFE UBADPNFT JTPUSPQJD
'JHVSFCHIJWFT B EFQFOEFODF XIJDI IBTRS$SEGPBM PBOE
'JHVSFDSFTFNCMF$S®JUBM 5IF NPTU JOUFSFDUFGH DBTF JT
UIF BOHVMBS EFQFOERF@IFTIPXB TOOJHEVEFT EJTUSICVUJIPO
DBOOPUCF SFQSFTFOUFE XJUIBTQIFSJDBMIBSNPOJD *OTU
PCUBJOFE GSPN B TVQFSXBAVE BIPEMWFGIBOMVEJOH B TVNNBU
PWFSBMM NBHOFUJD RVBOUVN OVNCFST <

B C D E

'JHVSF "TFUPGBOHVMBS EJTUSJCVUJPOT JOB &H NDPPOITIN? U INOTH O H
UIFB[JNVUIBM TZNNFUBBF/BMVEMBEPZEF-E GPS BMM 'JHVSFT B E

SFTPMWJIOH UIF QIZTJDBM DPOUSJCVUJPOT PG 1"%TJT OPU
GPS NPMFDVMBS TZTUFNT XIFSF UIF NBOZ EJGGFSFOU FNJTT
DPNQMFY EJTUSJCVUJPO 5IF $PPQFS ;BSF GPSN¥MB XBT QS
XJUIUIFGVMM GPSNVMBUJPO PG UIPFOGRHEEGQFN BHSGODH PU



$IBQUFS SIFPSZ

NBUSJY FMIEN.PGWIIHIU JPO JOUFSBDUJPO

| 7 1iE |ng7 LE?/E;t PR gl N7

Efh e | § A&
)FSFI“&;;EBSFUIFQIBTFTPGUlFPVUHPJOHQBSUJBMXBWFTXIJ[
EFQFOEFOU #SFBLJOH VQ UIFQSPCMFN JO QBSUT BOJPOT
EVFUPJUT QVSFPVUHPIJOHFMFDUSPO XBWFT GPMMPXJOH Q
PGBOJPOJDTWB/WEEFUBDINFOUUIFUXPNJYJOHDPOUSJCVU.

FMFDUSPOBI@BBEMABSBDUFS " NPEFM EFWFMAPWRBEM €Z )BOTUP.
TVDDFTTGVMMZ SFDSFBUFTUIFFYQFSIJNFOUBM EBUB CFIBW

03
*OUIJTNRBPMBSFUIFNPEFM QBSBNFBEBPEFEBOBCPWFUIFUISF®
PME 5I1JT NPEFM XIJDIJTBOBQQSPYIJNBUJPO PG UIF GVMM

JO &RVBUJPIBT CFFO TIPXO UP CF BWFSZ QPXFSGVM FYQFSJ
NPEFMBOEJUTJOUFSQSFUBUJPO XJMMCF GVSUIFSEJTDVTT

&" WT *&

"TEJTDVTTFE FBSMJFS JO UIJTDIBQUFS UIFSF T B GVOEBNF(
GPSDF LFFQJOH B OFHBUJWF JPO UPHFUIFS DPNQBSFE UIPTI
SIFEJGGFSFODFDPVMECFGPVOENPSFQSPNJOFOUCZWJTVI
UIF XIPMF QFSJPEJD UBCMF BT Q8BTHEWDLBH F® GHVEF&T PG U
FMFNFOUT *EP OPU QSPWJEF B WJTVBM SFQSFTFOUBUJPO *
NBZBT XFMMCF TVNNBSJ[FEJOBGFXTUBUFNFOUT 5IFDPM
GPVOE GPS UIFBMLBMJOF HSPVQ UPUIFGBS MFGU JO UIF QF
UIFGBDUUIBUUIFSF TPOMZBTJOHMFWBMFODFFMFDUSPO X
UIFBUUSBDUJPO PG UIFOVDMFVT CZUIFDPSFFMFDUSPOT

UIF SIJHIUDPSSFTQPOET UP JODSFBTJOH OVNCFS PG FMFDU ¢
TDSFFOJOH GSPNUIFWBMFODF TIFMM FMFDUSPO BSF OPU B1l
DPOTFRVFOUMZUIFFGGFDUJWFDIBSHFGFMUCZUIFWBMFOI
SFTVMUT JO JODSFBTFE FGGFDUJWF DIBSHF HIWJOH BO JOD
IBTUIFTNBMMFTU*&PGBMMFMFNFOU XIJDIJTBDPOTFRVFO
WBMVFPGUIFSBEJBMEJTUBODF GSPNUIFDPSF 5IFBSHVNF(
DPMVNOTPGUIFQFSJPEJDUBCMF )FODF XFaOEUIFMPXFTL
CPUUPNPGUIFQFSJPEJD UBCMF 5IFSFBSFGFXFYDFQUJPO
JOTUBODF OJUSPHFO / IBT B MBSHFS *& UIBOOYZHFO 0 [/F

UI'VHVTU
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'JHVSF 51IF QFSJPEJD UBCMF XJUIUIFIFJHIUT PG UIFCMVFCBSTDP
PGUIFFMFNFOUT -JHIUHSFZFMFNFOUTIBWFCFFOEFUFSNJOFUP
EP OPUGPSN OFHBUJWF JPOT (SFFO FMFNFOUT BSF UIFPSFUJDBN
JPOTCVUIBTOPUZFUCFFOVOEFSFYQFSINFOUBM JOWFTUJHBUJF
FYQFSINFOUBMMZJOWFTUJHBUFE OPSUIFPSFUIJDBMMZ QSFEJDUF
FMFNFOUT VOEFS JOWFTUJHBUJPO JO UIJT XPSL

NPEFMHSBTQTUIFPWFSBMMUSFOET RVJUF XFMM 5IF QFSJI
DPNQMFUFEJGGFSFOU TUSVDUVSF 5IFSFBSFOPPWFSBMM |
POFHFOFSBM NPEFM *OTUFBEJU TUIFEFUBIJMTUIBUOFFET
PSEFSUP FYQMBJO UIFJOUFSSFMBUFE WBMVFT PG &" CFUXF
TPNFGBTUDPODMVTIJPOTDBO CFNBEF GSPRMJITMBMFIOW F
FMFNFOUT XIFSFUIFQBSFOUJOHBUPNIBWFFMFDUSPODPOa
TIFMMTPS TVCTIFMMT BSFHFOFSBMMZ OPUGPSNJOH OFHBU
BOEUIFMBTUDPMVNOPGUIFUSBOTJUJPO NFUBMT DBO TFSV






&YQFSIJNFOUBM BQQ

*OUIFJOUSPEVDUJPOPGUIJTUIFTIJTIJUXBTEFTDSJCFEIPXP
OFHBUJWF JPOT JO TUPSBHF SJOHT JPO USBQT PS JO B TJO
*OUIJTUIFTIT * WF VTFE UXP EJGGFSFOU TIOHMF QBTT JPO
QIPUPEFUBDINFOU TUVEJFT OOF XBTVTFEGPSJOWFTUJHBU
BOEBOPUIFSPOFGPSTUVEJFTPGSBEJPBDUIJWFJTPUPQFT
XBT BUUBDIFEUP BOBDDFMFSBUPS JO PSEFS UP GPSN BO JP
BNBTT TFMFDUJWF FMFNFOU UP QVSJGZ UIF CFBN UP B TQEFD
JUUPBOJOUFSBDUJPO SFHJPO *OUIFJOUFSBDUJPO SFHJP
7BSJPVT EFUFDUPST BSF VTFE UP NPOJUPS QBSUJDMF aVYFT
PG UIF QIPUPEFUBDINFOU QSPDFTT *O UIF GPMMPXJOH TFD
UIFFYQFSINFOUBM GBDJIJMJUJFT XJMM CF EFTDSJCFE

&YQFSIJNFOUBM DPOEJUJPOT

"OFHBUJWFJPOTPVSDFDBOUZQJDBMMZCFVTFE®UPDSFBUF
UPO PGBTQFDJaDFMFENFOU *OUFOTFQIPUPOCFBNTBSFPCU
XJUIOBOPTFDPOEQVMTF XJEUIT "DSVDJBM QBSUJO QIPUPE
QFSGPSNJU VOEFS HPPE WBDVVN DPOEJUJPOT TJODF BOZ F
CFUXFFO XBOUFE BOE VOXBOUFE FGGFDUT /FHBUJWF JPOT
DBOCFEFTUSPZFECZDPMMJTIPOT XJUISFTJEVBMHBT 5IFE
FMT XJUIPVU CFJOH EFTUSPZFE JT FYQSFTTFE BT UIF NFBO
UIFSFTJEVBMHBTBMTP HFOFSBUFTCBDLHSPVOE FWFOUT XI
FWFOUT 5IF USBOTQPSU PG BO JPO CFBN SFRWISEFS B QSFT"
BOETJHOBMUP OPJTF MFWFMTJT SFBTPORCBIS VOEFS UIF DF

OGGDPVSTFIJHIMZ EFQFOEFOU PO UIFJPOBOE QIPUPO &VYFT



$IBQUFS &YQFSINFOUBM BQQSPBDI

(FPNFUSJDBM DPOTJEFSBUJPOT

+VTUBT GPSBOPQUJDBMTPVSDF BOJPOTPVSDFDSFBUFTB
UIFHFPNFUSJDBMEJNFOTIJPOTPGUIFTPVSDF 'VSUIFSNPSF
JPOT SFTFNCMFTBO PQUJDBM TFUVQ XJUINJSSPSTBOE MFO
JUT QBUIPS TIBQF 5IFQPTTJCIMIJUZUP NBOJQVMBUF B CFBI
UIFPSFN><<>XIJDIJOTIPSUTFUTB MINJUBUJPOPGJUTTJI[F
JOUFSBDUJPO SFHIJPO GPS UIFCFBNT PG JPOT BOE MBTFS NE
SFBTPOT CVUDBO JO QSJODJQMF CF DPOTWRVDWHE XJUI BO.
UPSJDBMMZ NPTUFYQFSJIJNFOUT IBWF CFF®®DPbPGIRNMIDFBETJ
-~ HFPNFUSJFT $PNQBSJOHUIFUXP UIFDPMMJOFBSHFP
PSEFSTPGNBHOJUVEF MBSHFSJOUFSBDUJPO WPMVNF )PXF
PG DSPTTFE CFPRAGUWQQTGPS QSFDJTJPO BCTPMVUF DSPTT
NFOUT XIJMF UIF DPMMJOFBS TFUVQ UZQJDBMMZ BSF VTFE L
UJPOT *OBDSPTT CFBNT HFPNFUSZHBWZF E BWJBQQPRIT & § PING
J)FODF UIFBOHVMBS TQSFBEPG UIFJPOBOE MBTFS CFBN FW
%WPQQMFS CSPBEFOOOHKDPOUSBSZ UIF EIWFSHFODF PG UI|
CFBNTJODPMMJOFBS HFPNFUSZ HIWFT BWFSZ TNBMM %PQC
WPQQMFS DPNQSFTTJPO SFEVDFTUIFSFMBUIJWFWFMPDJUZ"
FYQFSINFOU)PXFWFS BMBSHF %PQQMFSTIJGU XJMMPDDVS
DPNQFOTBUFEGPSUPBMMPSEFSTCZNFBTVSJOH XJUICPUITI
JPOTBOEMBTFSCFBNTBOEDBMDVMBUJOH UIFBFPNFUSJDB

(6/%--"

(6/*--"JT BO BDSPOZN GPS (PUIFOCVSH 60JWFSTJUZ /FHBU.
-"CPSBUPSZ *UJT EFTJHOFE GPS UPUBM DSPTT TFDUJPO NI
BOHVMBS EJTUSJCVUJPO TUVEJFTBOEGPSEFUFDUJPO PG 37
SFTFOUBUJPOPGUIFTFUVQ JBHTWROTIODVUH¥FSHPVSDF XI1JDI
BUFTUIFOFHBUJWFIJPOTJT QMBDFE PO UIFUPQ "ESJGU SF#t
XJUIBNBTTTFMFDUJWF FMFDUSPNBHOFU "OJPOPQUJDBM &
BMIJHOFEPOF EJNFOTJPOBM MFOT OPUTIPXOJOaHVSF GPD
UVSF 5IFBQFSUVSF EFaOFT UIF PCKFDU QPTJUJPO PG UIF N
BQFSUVSFBGUFSBTJOHMZGPDVTJOHNBHOFU "WFSUJDBMI
OPU TIPXO JO aHVSF QPTJUJPOFE CFUXFFO UIF NBHOFU BC
UVSF GPDVTFTUIFWFSUJDBM QBSUPGUIFCFBNPOUPUIF BQ
UIF NBHOFU IPVTFT B RVBESVQPMF USJQMFU OPU TIPXO JO .
UP UIF EFTJSFE TIBQF GPS UIF TQFDUSPNFUFST QMBDFE EP.

$SPTTFECFBNHFPNFUSZBMMPXT UIF UFDI®UR\FSFG BTORNNAB B FE -CFNBINO:
UIFJOUFSBDUJPO WPMVNF PG UIF MBTFSBOEJPO CFBNT

UI'VHVTU
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QVNQ QSPEVDFT UIF TPVSDF DIBNCFS WBNDO/B/N¥XIGMHRPBSEFS
QPTU NBHOFU ESJGU SFHIJPONZQEFS BMUBTBBUVISEP QVNQ JO DP
OBUJPO XJUI EVBM TFU PG JPO QVNQT 'BSBEBZDVQT DBO CI
UP NFBTVSF UIFJPO DVSSFOU CFGPSFBOEBGUFS CFJOH NB™
CFBNJT EJSFDUFE JOUP POF PG UISFFEJGGFSFOU JOUFSBD
UIF % PQQMFS TQFDUSPNFUFS XIJDI DBOCFVTFE UP NFBTVS
DSPTTTFDUJPOJTEFTDSJCFE 1&"BFAEFHODBNFBHYSGF QIPUI
FMFDUSPOBOHVMBSEJTUSJCVUJPOT BOE aOBMMEG"%"3 QS
CFVTFEGPS EFUFDUJPO PG 3ZECFSHBUPNT

'JHVSFS5IF (6/*--"TFUVQ TUBSUJOH XJUIUIF*PO 4PVSDF BOE B .BTT
OFU 5IFJPOCFBNDBOCFEJSFDUFEJOUPUISFFEJGGFSFOUTQFDI
BOE 1&"3-4 -BTFSMJHIUJT QSPWJEFECZIJHIJOUFOTJUZ MBTFST
&JO[FM MFOT &- 2VBESVQPMF %FaFDUPST 2% BOEBQFSUVSFT
DPOUSPMUIFJPOCFBN 5IF/FVUSBM1BSUJDMF%FUFDUPS /1% 'B:
.FUFST 8 BSFCFBN EJBHOPTUJD UPPMTJOBEEJUJPO UP UIFJOUF
TQFDUSPNFUFST -BTFSTBSFHVJEFECZPQUJDBM NJSSPSTBOE B
3PNC '3 JTVTFEUP SPUBUF UIF QPMBSJ[BUJPO UPBOZDIPTFO BC
VTIJOH 1&"3-4



$IBQUFS &YQFSINFOUBM BQQSPBDI

$FTIJIVN 4QVUUFS *PO 4PVSDF

5|lF*POTPVSDFPG (6/*--"JTB14 OFHBUJWFTQVUUFSJPO T
4DJFOUJaDCBTFEPOUIFEFT)HOWPGUIHMEMAWRP KMFEFNFOU PG ¢
X1JDI'IBTBWFSZMPX *& CPUIBTBOFMFDUSPO EPOPS BOE B
QBSUJDMF PO UIF UBSHFU NBUFSJBM GPS BOJPO DSFBUJPO
DSZTUBMMJOF CV¥ NHFRDFBWN JT WBQPSJ[FE CZIFBUJOH U
UVSFT PSUP $ QSPWJEJOH BDFTJVN SJDI FOWJSPONFOU JO
DIBNCFS " TQIFSJDBIWSGBDBMFOJI[FS XIIJDIJT LFQU BU UFN
PWFS X JPOJ[FT UIF DFTJVN BUPNT CZ TVSGBDF JPOJ[BUJPC
BDDFMFSBUFE CZ L7 UPXBSET UIF DBUIPEF 5IF DBUIPEF DI
UFSJBM XIJDIJT TQVUUFSFE CZ UIF QSPKFDUJMF DFTJVN QF
XBUFS DPPMFE JO PSEFS UP DPOEFOTBUF UIF OFVUSBM DFTJ
BUPNT BOE NPMFDVMFT XJMM XJUI B MBSHF QSPCBCJMJUZ
DPOEFOTFEDFTJVNJOBDIBSHFUSBOTGFS QSPDFTT IFODF ¢
JPOT 5IFOFHBUJWFJPOTBSFBDDFMFSBUFE UPXBSET UIF JF
CZBOBEEJUJPOBM FMFDUSPEF QMBDFE PO HSPVOE QPUFOU
JPOCFBNJT EJSFDUFEUPXBSET UIF TFDUPS NBHOFU 5IF UZ
14 BU (6/*--"DSFBUFTB LF7JPOCFBNPGBGFX+*"CFGPSF
S5IF TIOHMF NBTT CFBNBGUFS UIFFMFDUSPNBHOFUJT PG UI
UPUFOTPGO" IJHIMZ EFQFOEFOU PO UIFUBSHFU NBUFSJBWM
"MM FMFNFOUT DBO CF QSPEVDFE JO UIFTQVUUFS TPVSDF CI
BT OJUSPHFOBOE UIFOPCMFHBTFT CFDBVTF PG UIFJS JOBC
JPOT /P SBEJPBDUIJWFJTPUPQFTBSFIBOEMFEBU (6/*--"EVF
SIFTPVSDFEFTDSJQUJPO QSPWJEFEBCPWFJTIJHIMZ TINQ
BOZDSVDJBM NFDIBOJTNT PDDVSSJOHJOTJEFPSPOUIFTVS
DPOEJUJPOTBSFPCTFSWFE XIROFMPBEPTMIWPHEIIHI JPO ZJFME
JTBTVCKFDUPG POHPJOH SFTFBSDI XJUIJOUIFaAaFME PG NBT

SIF % PQQMFS 4QFDUSPNFUFS

SPUBM QIPUPEFUBDINFOUDSPTT TFDUJPO NFBTVSFNFOUT B«
WPQQMFS 4QFDUSPNFUFS "O PWFSWIJFX PG UIJT TQFDUSPN

5|lFOFHBUJWFJPOCFBNJTEFAFDUFEJOUPUIFTQFDUSPN
USPTUBUJD RVBESVQPMF EFAFDUPS 5XP BQFSUVSFT PG NV
JOUFSBDUJPO SFHIJPO XIFSFUIFJPO CFBNJT PWFSMBQQFE
QFSINFOUT NBZCFQFSGPSNFEVTJOH MJHIUGSPNBUVOBCNM

51F 5B TVSGBDF PO UIFJPOJ[FS IB® BFXRS: GVOOUDPOTPMGBSHFS UIBO
UIFJPOJ[BUJPO FOFRSHZ PGC)BDDF BO FYPUIFSNJD SFBDUJPO DSFBUFT Q/
JPOT XJUIBMINPGWDJFODZ

UI'VHVTU
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'JHVSF 4DIFNBUJD MBZPVU PG UIF %PQQMFS TQFDUSPNFUFS " CF
PWFSMBQQFE XJUIBMBTFS CFBN BSSBOHFE JO FJUIFS BDP PS DF
USBM BUPNT QSPEVDFE JO UIF QIPUPEFUBDINFOU QSPDFTT JNQJO
XIFSFTFDPOEBSZFMFDUSPOTBSFDSFBUFEBOEEFUFDUFE CZ B DI
NBJOJOH VOEFUBDIFEJPOTBSFEFAFDUFE UPXBSETB 'BSBEBZ DVC

QBSBMMFM HFPNFUSZ "QBJS PG EFaFDUPST QMBUFT TFQBS|
JOUPB'BSBEBZDVQ GSPNUIFOFVUSBMJ[FEBUPNTUIBUBSF
DMFEFUFDUPS "OBEEJUJPOBMPQUJPO GPSFOFSHZTDBOO.
FMFDUSPEF QMBDFE CFUXFFO UIF UXP BQFSUVSFT 1PTJUJW
FMFDUSPEF QSPWJEFT BO BEEJUJPO TVCUSBDUJPO UP UIF
RVFOUMZ JODSFBTFTPS EFDSFBTFTUIF %PQQMFS TIJGU EFC
PSBOUJ QBSBMMFM HFPNFUSZ JT VTFE S5I1JT PEEBEFGFBUVS
TQFDUSPNFUFS 5IF BEWBOUBHF PG UIF %PQQMFS UVOJOH .
UVOFUIF MBTFS XBWFMFOHUIJOBUISFTIPMENFBTVSFNFOU
51F/FVUSBM 1BSUJDMF %FUFDUPS /1% PGUIF %PQQMFSTQ
UJPOCZUIFEFTJHO PS )BIG DFROUFEBM QBSUT PG UIF/1%JTBU
BOEDPOEVDUJWF QMBUF BOE B $IBOOFM &MFDUSPO .VMUJQI
QMBUF BMMPXT MBTFS MJHIU UP QBTT TUSBJHIU UISPVHI BO
HFUGPS OFVUSBM JNQJOHJOH QBSUJDMFT GSPN UIF QIPUPE
'JHVSF 0O JNQBDU UIFOFVUSBM QBSUJDMFT DSFBUFT TFDPO
DPMMFDUFE XJUIUIF $&. 5IF NVMUJQMJDBUJPO GBDUPS PG
“UIJNFTBOEHJWFTBOBOBMPHVFWPMUBHFQVMTF PGB GFX
USPO EFUFDUJPO 5IFDPNCJOBUJPOPGUIFDPMMFDUJPO FG
FNJTTJPO PG TFDPOEBSZFMFDUSPO QFSOFVUSBM HIWFT
OFBSMZ< > %FTQJUFUIFUSBOTQBSFODZPGUIFHMBTT QME

$ISITUIBO %PQQMFS XBTB NBUIFNBUJDJBO BOE QIZTJDJTU PCTFSWJC
JOHDPMPSUPXIBUJTLOPXOBTUIF%PQQMFSTIJGUEVFUPOPOI[FSP SFME
BOEPCTFSWEFS



$IBQUFS &YQFSINFOUBM BQQSPBDI

'JHVSF'SPNUIFDPMMJOFBSJOUFSBDUJPO SFHIJPOJPOT BUPNTBO!
5|lFJPOTBSFEFaFDUFECZB FMFDUSJD aFME EFAFDUPS )FODF PO
UIFUBSHFUHMBTT QMBUF 4FDPOEBSZ FMFDUSPOT TDBUUFS PGG
UIF$IBOOFM &MFDUSPO .VMUJQMJFS $&.

QVMTFT DSFBUF FMFDUSPOT UISPVHIUIF QIPUPFMFDUSJD F(
MPX UIF XPSLGVODUJPO PG UIFUBSHFU NBUFSJBM UIF FGGF
NVMUJQIPUPO QSPDFTT 'PS QIPUPO FOFSHJFT BCPWF UIF N
UIFPUIFSIBOE UIFFGGFDUTDBOCFWFSZMBSHFBOETBUVS]
QSFTTIJOUFSGFSJOHQIPUPFMFDUSPOT B TXJUDIBCMF NFTI
SIF NBUFSJBM PG UIF QMBUF JT DSVDJBM TJODF JU OFFET UF
FOUBOEDPOEVDUJOH *OUIFPSIJIHJOBMEFTJHO *50 UJOEP
TUBOEBSEHMBTT XFSFVTFE *OUIF XPSLQSFTFOUFE JO QE

1&"3-4

5IF1IPUP &MFDUSPO "OHVMBS 3FTPMWFE -JOFBS 4QFDUSPNI
DPMMJOFBS TQFDUSPNFUFS GPS 1"% TQFDUSPTDPQZ PG BUP
MBTFSTPSTZODISPUSPOT PVDEBTIHO*WIFX PG 1&"3-4JT TIP X
JO'JHVSKIF DPMMJOFBS HFPNFUSZ JT EFaOFE CZ UXP BQFSL
UBODF "O '$ BOEBO /1% QMBDFE BGUFS B EFAFDUPS TFQB!
FYJUJOHUIFJOUFSBDUJPO SFHJPO BSFJODMVEFE GPS OPS

UI'VHVTU
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"HSBQIJUFUVCFTVSSPVOETUIFJOUFSBDUJPO SFHJPO XIFS
ESIMMFE BMPOH UIF UVCF $&.T BSF QPTJUJPOFE TVDI UII
UIBU IBWF QBTTFE UISPVHI UIF IPMFT 5IF TFUVQ PG $&. EFL
UP TINVMUBOFPVTDPMMFDU QIPUPEFUBDIFE FMFDUSPOT JO
5I1JT NBLFT JU QPTTJCMF UPzNBIQ UIR BOFPCPUBMPVUHPJOH FM
XBWFCZEFUFSNJOJOHUIF SBUJP PG UXP QFSQFOEJDVMBS Q

|c L)
”

|o oo
”

"TEFTDSJCFE/WIBOFANNFUSZ QBB®ENFIFOSCF EFEVDFE CZ U
FYQSFTTJPO

(%}

72
2

“"1"% TUVEZ NBZ WBSZ JO DPNQMFYJUZ EFQFOEJOH PO UIF Tz
UJPO "OJPOT XJUIQIPUPO FOFSHZEFQFOEFOUBOHVMBS EJ°
JOUFSFTU "DPNQMJDBUJPO PDDVSTJG UIF QIPUPO FOFSHJ
SFTJEVBMBUPNJOBOFYDJUFETUBUF PSJGBOFYDJUFE TUB
ulJT bDBTF UIF FMFDUSPOT PG EJGGFSFOU EFUBDINFOU DIBO
HIFT 'PSUIJT SFBTPO FMFDUSPEFTBSFQMBDFEBU UIF FYJL
BTBOFOFSHZIJHIQBTT aMUFS UPTVQQSFTT MPX FOFSHFUJL

3"%"3

1IPUPEFUBDINFOU DBO PDDVS BT TPPO BT UIF QIPUPO FOFSH
PG UIFOFHBUJWF JPO VOEFS JOWFTUJHBUJPO #Z UIF QSJO
DPOTFSWBUJPO UIFJOJUJBM BOE aOBM TUBUF PG UIF QIPU
QPTTICMFBOHVMBS NPNFOUBPGUIFPVUHPJOHFMFDUSPOJ
UBDINFOU FWFOUT BCPWF UISFTIPME EFQFOET PO UIF BOHYV
UP 8JHOFS TUISFTIEMEIMSBIXCEE JO AFDUFIFO GSPN &RVBUJPO

BOE'JHVSBO PVUHPJOH FMFDUSPO XJUI BOBOHVMBS NPN
HIWFT BO POTFU XIJDIJT MFTT QSPOPVODFE BOE UIFSFGP S
QFSINFOUBMMZ 51JT GBDU NBLFT GPS JOTUBODF UIF IBMPH
-155 NFBTVSFNFOUT OO UIFPUIFSIBOE QIPUPEFUBDINFOU G
JOTUFBE HIWFT B TMPX POTFU ©5XP QIPUPO FOFSHZ FYQFSJ
BU (6/*--"JO FBSMIJFS X&SL*© UIFTF TUVEJFT QIPUPEFUBDIN|
QIPUPO FOFSHJFTTVGaAabDJFOUMZIJHIUPPQFOUIFQPTTJCJIM
JOBO FYDJUFE TUBUF S5IFTF DIBOOFM PQFOJOHT BEET FYUS
DSPTTTFDUJPO S5IFQPTTJCIMIJUZUP TFMFDUPOF TJOHMEF D
DIJSDVNWFOUUIFJTTVFPGBTMPXPOTFUBUUIFUISFTIPME



$IBQUFS &YQFSINFOUBM BQQSPBDI

'JHVSF1&"3-43J0B EJNFOTJPOBM WJFX XJUIUIFDFOUSBM HSBQIJ!
PGUIFQJDUVSF &MFDUSPOT FYJUJOHUIFUVCFQBTT UISPVHI UIF
CPYFTUIBUIPTUTUIF $IBOOFM &MFDUSPO .VMUJQMJFST

'PSUIJT QVSQPTFB OFXEFUFDUPS DBMMFE 3ZECFSH "UPN ¢
TFBSDI 3"%"3 IBTCFFOEFTJHOFE 5IFCBTJD MBZPVU PG UIF
'JHVSF/FHBUJWFJPOTBSFJOUFSBDUJOH XJUIPOFPSUXP ME
MPOHJOUFSBDUJPO SFHJPO 5IFSFBGUFS UIFZFOUFS B TFR
JOB'JFME *POJ[FS '* 3ZECFSH TUBUF FYDJUFE BUPNT PS
BSF DSFBUFE CZ QIPUPEFUBDINFOU XJUI B QIPUPO FOFSHZ T
UIFBOJPOBOE FYDJUF UIF BUPN 5IFOVNCFS PG QMBUFTPG
aHVSBUJPOT GPS TQBUJBMMZ TFEMFDUJWF JPOJ[BUJPO PG VI
3ZECFSH TUBUFT $BUJPOT DSFBUFE GSPN EJGGFSFOU TUBLU
QPTIJUJPOTBOE IFODFBUEJGGFSFOU QPUFOUJBMT 5IFZ XJ|
UBHHFE DPSSFTQPOEJOH UP UIFJS BUPNJD TUBUF 5IF FOFS
EJWJEVBM USBKFDUPSJFTJOBO FMFDUSPTUBUJD BOBMZI[FS
PO B .JDSP $IBOOFM 1MBUF .$1 UPHFUIFS XJUI BOBTTPDJB
DJBM QPTJUJPO TFOTJUIJWF EFUFDUPS QSPEVDFE CZ 3PFOUC
QSPEVDFE JO UIF JOUFSBDUJPO SFHJPO EVF UP TIOHMF QIP
UPOJT MBSHFS UIBOUIF &"BOE*& PG UIFFMFNFOU UISPVHI
PSUISPVHIDPMMJTIJPOT XJUI SFTJEVBM HBT 5IFFOFSHZ PG

UI'VHVTU
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