®
universite
PARIS-SACLAY

LOQWURGXFWLRQ WR WKH WKHRU\ RI QXFOHDU IL

5HJQLHU
&($ '$0 ') $USDMRQ )UDQFH
S8QLYHUVLWp 3DULV 6DFOD\ &($ /1&( %UX\qUH OH &KKWHO )UDQFH

GDYLG UHJQLHU#FHD 11U


mailto:david.regnier@cea.fr?subject=Question

)LVVLRQ RI DQ DWRPLF QXFOHL

"”@
3ULPDU\
& @ IUDJPHQMV
& .
2 G
- O
@ o

£ L
W
>
(QWUDQFH &RPSRXQGFLVVLRQUDJIJPHQWYV 3URPSW 3URPSW GHFD\
FKDQQHO QXFOHXYV DFFHOHUDWLRHXWURQV ¥y UD\V

g 3K\1X%( 2FWREHU' 5HJQLHU



2.5
—o —t— A.Stamatopoulos+2020 M
@ —_ —}— F.Tovesson+2009 / L)
Q 2.0t f
ks /
3ULPDU\ c 1.5f
IUDJPHQWV o
&URVV VHFWLRQ @ . g
i /S w»n 1.0t
® o
& S :
7 @ o Q 0.5
@ | |
EARY 0o 10° 10° 107
W Energy [eV]
>
(QWUDQFH &RPSRXQGFLVVLRQUDJPHQWV 3URPSW 3URPSW  GHFD\
FKDQQHO QXFOHXV DFFHOHUDWLRMXWURQV Y UD\V 7JRWDO FURVV VHFWLRQ IRU 3%

1 6FKX@WNDB@WRJ 3DUW 1XFO 3K\V

g 3K\1X%( 2FWREHU' 5HJQLHU



g Y 9 9

2EVHUYDEOHY SULPDU\N IUDJPHQWYV

230
—e 220F E,=1-4MeV
@ \\ 210
@ 200 . e
& & 3ULPDU\ 2 190 ] g
@ 1UDJIPHQMV E'180
@ Y ¥ 170
A o X

<LHOGV - @ 160
S8 @ @ Y\ 150
,,,,, -9

140
¢ // s 8 ? .
0 130 .
FN 60 80 100 120 140 160
>
(QWUDQFH &RPSRXQGBFLVVLRQUDJPHQWYV 3URPSW 3URPSW GHFD\ 7TRWDO NLQHWLF HQHUJ\ 7.( DQG P
FKDQQHOQXFOHXV DFFHOHUDWLRHXWURQV Y UD\V GLVWULEXWLRQ IURP 8 Q |

[ "X NHHW DBG &

g 3K\V1 X% ( 2ZFWREHU' 5HJQLHU



2EVHUYDEOHY SURPSW SDUWLFOHYV

. @@
2 ® U

. @/ L
@ D .
/@

B oo

¢ L OXOWLSOLFL)\

6SHFWUD

W

>

(QWUDQFH &RPSRXQGFLVVLRQUDJPHQWYV 3URPSW 3URPSW GHFD\

FKDQQHO QXFOHXYV DFFHOHUDWLRXWURQV Yy UD\V

2FWREHU' 5HJQLHU

5
4.5
o
|> 4
3.5
3
X
a 1
_I_?_
E./QO.S
O

PR
: ¥
[~ e This work | E
- 4 Fréhaut ‘#;i F ;
.+ Walsh &’ﬁ . :
4 Hopkins ﬁgé’t ; :
~ o Johnstone ﬁm{i :
L ¢ Leroy F@* _
- ENDF/B-VIILO o :
- ---JEFF 3.3 ,,-_r.‘xré'15i | | -
: 2l | gl
A i’gé 10 wf‘/ {
B o i o I
i ’ St ,,..«r’w _,i
L @fﬁ : . |
_f ‘ 1 | 1q 102' , ;
| l rad ]
3 2 A A A A AAA A A A A A AAA . .:
; M A : :
s & f-; m oA AR . . :
T“'t + ee® e0®® o o ° . ]
o ‘ ' .3
. 10 1z

$YHUDJH SURPSW QHXWURQ PXOW|

IRU 3X Q |
3 0D UHW LBO%



EH DEOH WRQUHBVYEWQ REVHUYDEO ——m@
IRDQ\ HQWUDQFH FKDQQHO

UHSURGXFH DFFXUDWHO\ RXU FXUURQW H[SHU@Q DO NQRZOHGJH

UHOLDEHGLFW XQNQRZQ DUHDV
OLQN ZLWK DQ XQGHUO\LQJ WKHRU\fl H J 4&'

KA

@

&"
.

o

7
e

UDJP

8

H Q.MU Vv
L
e

o
® o
¢

W

JRUX@GEDPHQWDO QXFOHDU SK\VLFV —oorn
JRU QXFOHDU DVWURSK\VLFV rrPoeneQITor
JRU QXFOHDU WHFKQRORJLHV QXFJHDU GDWD

g 3K\V1 X% ( 2FWREHU' 5HJQLHU

DFFHOHUDWLROXWURQV Y UD\V

>

&RPSRXQGFLVVLRQUDJIJPHQWY 3URPSW 3URPSW GHFD\



KDW DUH WKH WKHRUHWLFDO FKD

@ 3K\1X%( 2FWREHU' 5HJQLHU



KDW DUH WKH WKHRUHWLFDO FKDO

« AXDQWXP PDQ\ ERG\ SUREOHP ZLWK ! SDUWLFOHYV
[ / @ | PRUH WKD@®\WHV WR VWRUH WKH ZDYHIXQFWLRQ

« :KDW LV WKH +DPLOWRQLDQ "
KRZ WR WUHEBW\WKFWRU

« ODULRXV WLPH VFDOHV
JURP VA V XS WR VHYHUDO V

« 8QERXQG V\VWHP

e« SHDFWLRQ ZLWK D ODUJH QXPEHU RI RXWSXW FKDQQHOV !

g 3K\1X%( 2FWREHU' 5HJQLHU



'LITHUHQW DSSOLFDWLRQV GLIIHUH

JLVVLRQ FURVV VHFWLRQ 3ULPDU\ IUDJPHQWV \LHOGV 3URPSW HPLVVLRQ
1 <$ = $0 §

RQ

a RQ < $ =
8 3X

t=19.81zs

$FWLQLGHY
6XSHU KHDY,
HIRWLF QX

20 -15

-10 -5 0 5
z (fm)

+XQGUHGV
KHDY\ QHXW

%XFOHL
— 3UHFLVLRQ UHTXLUH

@ 3K\1X%( 2FWREHU' 5HJQLHU



SHGXFLQJ WKH WKHRUHWLFEFDO GLIIL

BULPDU\

ﬁa@
IUDJPHQWV

&URVYV VHFWLRQ& @
@ L o
<LHOGYV @'/ @ @
. A%

< $ =
f 1 OXOWLSOLFL\
6SHFWUD

W

>

(QWUDQFH &RPSRXQGFLVVLRQUDJPHQWYV 3URPSW 3URPSW GHFD\
FKDQQHOQXFOHXV DFFHOHUDWLRHXWURQV Yy UD\V

2FWREHU' 5HJQLHU

B oo

20H PRGHO SHU W\SH RI REV
« V4 2QH FKDQQHO UHDFWLRQ WKF

6FLVVLRQ SRLQW PRGHO
PDQ\ ERG\ G\QDPLFV

e« PZ FZ p6WDWLVWLFDO GHH[FLW



S RDGPDS RI WKLV OHFWXUH

, ([KH RQH GLPHQVLRQDO ILVVLRQ SLFWXUH
= 6SRQWDQHRXV ILVVLRQ KDOI OLIH

= )LVVLRQ LVRPHUYV

,, ,QGXFHG ILVVLRQ FURVV VHFWLRQ
= 7KH +DXVHU )HVFKEDFK EOHQGHU

vy, *"HQHUDWLRQ RI WKH SULPDU\ IUDJPHQWYV
= 6FLVVLRQ SRLQW PRGHOV

= '"\QDPLFV RI WKH FRPSRXQG QXFOHXYV

,9 3ULPDU\N IUDJPHQWY GHH[FLWDWLRQ

g 3K\1X%( 2FWREHU' 5HJQLHU



*HQHUDO ILVVLRQ WKHRU\ UHIHUHQF

% RRNYV

« & :DJHPDDKRH QXFOHDU ILV\ELFQ3IVHRKHVV
3HGDJRJLFDO GHVFULSWLRQ RI WKH ILVVLRQ SKHQRPHQRORJ\
e + - .UDSSH . 3RRRBUNRI QXFOHBWLQUMURQ
e © <RXQHV : ' /RSHODMMBURGXFWLRQ WR QXFOHDU ILVVLRQ
'HVLJQHG IRU PDVWHU VWXGHQWYV

SHYLHZV

e 1 6FKXQFN / S5(REFOURGRRSLF WKHRU\ RI QXFIOsU BIMRILRBE\D UHYLHZ
(QHUJ\ GHQVLW\ IXQFWLRQDO EDVHG DSSURDFKHYV RQO\
e 0 %WHQBWUPONXUH RI QXFOHDU-ILWAVR® WKHB®USDUW 3K\V

$VVHVVHV WKH UHPDLQLQJ FKDOOHQJHV RI ILVVLRQ WKHRU\
e 1 6FKXQFN " SHKHRBIWR T QXFORBDNRILEDURQ 1XFO 3K\V

@ 3K\1X%( 2FWREHU' 5HJQLHU




S RDGPDS RI WKLV OHFWXUH

,7KH RQH GLPHQVLRQDO ILVVLRQ SLFWXUH
» 6SROQOWDQHRXV ILVVLRQ KDOI OLIH

= )LVVLRQ LVRPHUYV

,, ,QGXFHG ILVVLRQ FURVV VHFWLRQ
= 7KH +DXVHU )HVFKEDFK EOHQGHU

vy, *"HQHUDWLRQ RI WKH SULPDU\ IUDJPHQWYV
= 6FLVVLRQ SRLQW PRGHOV

= '"\QDPLFV RI WKH FRPSRXQG QXFOHXYV

,9 3ULPDU\N IUDJPHQWY GHH[FLWDWLRQ

g 3K\1X%( 2FWREHU' 5HJQLHU



7KH GHIRUPHG OLTXLG GURS SLFWX

W
)

&
QQ@Q

1 % RKW DBCB(\V SHY

« 6XUIDFH VKDSH SDUERPBEW®BUL]JHG E\ b
« $SQDO\WLFDO IRUPXODHEREH WKH HQH

a)

B4

high

- direction of
gol deformation

B
high

Detormation

{along broken
curve inf{a) )

Potential

6

\ -
%YMRUBWRIBAY ORG 3K\V

&RPSHWLWLRQ EHWZHHQ &RXORHE H B
8 )LVVLRQ EDUULHU € 7KH HORQJDWLRQ FRRU

W QXFOHRQ HRIUIDWN RI SDUWLFXODUJRLQWHU'

g 3K\V1 X% ( 2FWREHU' 5HJQLHU

LOQDWH



(QHUJ\ UHTXLUHG WR ILVVLRQ

az

0l

Eil 1°

(Med} | -
WA W MR N S S Ee - -7
S e S

- -

o Qi

B oo

06 08

ik
=&Y &) =
1 L &- | imit
0.2 0.4

; L —— e o

R ;

Loz

| !

0.74 0.76 4
Sy
\"\.\. |
~
-
\'\.
1 l — H‘-.d
1O A

1XFO|¥ >0H:¢

+LJKHVW ILVVLRQ EDUULFE
5 &DSRWHDIXFO 'DW 6KHHW

J)LVVLRQ EDUULHU KHLJKW DV D IXQFWLRQ RI D ILVVLOLW\ SDUDPHWHU

1 %RKW DBX\V 5HY

2FWREHU' 5HJQLHU



OWURGXFLQJ TXDOQWXP PHFKDQLFV W

‘ VN %XLOGLQJ D ' 6FKU|GLQJHU HTXDW
$ O T .« +LOEHUW VSDFHIE E % _
« 7KH ZDYH IXQFWLRQ UHSUHVHQWV WK

e« ,W REH\V
o

&~ .1 A 1

01
e 7TKH +DPLOWRQLDQ LV DVVXPHG WR EH
0 (0] (0]
A H°°
(0] 0

g 3K\V1 X% ( 2FWREHU' 5HJQLHU



A 3

RW ILVVWRQHG

]V

vy

B oo

2FWREHU' 5HJQLHU

Y

%XLOGLQJ D ' 6FKU|GLQJHU HTXDW

. +LOEHUW VSPFHE E % _
« 7KH ZDYH IXQFWLRQ
e ,W REH\V

UHSUHVHQWYV WK

o

&~ .1 A1

01
e 7TKH +DPLOWRQLDQ LV DVVXPHG WR EH
0 (0] (0]
A H°°

(o) (0)

6SROQOWDQHRXV ILVVLRQ KDOI OLIH

povaHkUbkoprcr B . 1EL.

.

e WHKDYHYV DV DQ H[SRQHQWLDO IRU ORQJ W



3UDFWLFDO KDOI OLIH FDOFXODWLR

'HQW]JHO .UDPHUV %ULOORXLQ
$ OHVVLDK OpFDQLTXH TXDQWLTXH

. @

.% DSSUR]

7 — : : : 8 : : :
6
5
4
3
2
1
0
-1
-2 -18 L
05 0 05 1 1.5 37 39 41 43 45
def. E [MeV]
+ - .UDBWHDKHRU\ RI QXFOHDU ILVVLRQ

1 3
=
m
=

T

S <

W TCHS"_ Vv > . A
>

. HQHUJ\ RI WKH LQLWLDO VWDWH

&4 +LIKO\N VHQVLWLYH WR DOO L@JUHGLFE

&KDQJH ( E\ OHO
RUGHUV RI PDJOLWX®WH GLIITHUHQFH

e\ IUHTXHQF\ RI DQ RVFLOODWRU SRWHQWLDO WKDW ILWV WKH ZHOO

B oo

2FWREHU''

5HJQLHU



6\VWHPDWLFV RI 6) KDOI OLYHYV

(b) log 1oTg/s

124 | i
25— 120 1 -
i-go @ ; evan - aven
2of 2 By o il 116 :
dé n %% - N
15~ ” = ] L
o ~ g 5 112
1ok e, T 5 10817 i
98 + :
s ,f } 100 5 124
o
o :

120 1

log T,, (SF)

or | 102 -
I [ -
-5} 1 i e . 108 116 { —\) L
: e Va 106 107 ' f o
-10f - % 3 112 i /.—T/\/ﬂ\/ -
-18 108 - —=- K/\F\/A\ Zan

| 1 1 | Il L L
lllllllllll T T

-2_075 _ glo 9 als ¥ :w .95 = O Asymmetric fission
B Symmetric fission
120 1 0O« decay
FISSILITY PARAMETER [ Observed nuclei
116
OHDVXUHG VSRQWDQHRXV ILVVLRQ K 1127 BUIZA\ AT LA
& DIJHPDORKWH QXFOHDU ILVVLRQ SURFHVYV 108 T oy

148 152 156 160 164 168 172 176 180 184 188
Neutron number N

TKHRUHWLFDO SUHGLFWLRQV
3K\1X%( 2FWREHU' 5HJQLHU $ 6WDV]F]DN 3K\V 5HY &



SRWHQWLDO DQG LQHUWLD "

%DFN WR WKH ' 6FKU|GLQJHU HOURPWALRK) OLTXLG GURS SLFWXUH
o |

A An
&5, 1 1 m m m
ZLWK WKH +DPLOWRQLDQ S

A %0 (0]

(0) (0)

. . LOQHUWLD OQCQ Q
. . SRWHQWLDO
a b C

1 %RKW DBE\V 5HY

e SERRUGLQVKMHSH RI WKH QXFOHDU VXUIDFH
e SRWHQWLDXLG GURS IRUPXOD
e QHUWURP K\GURG\QDPLFYV

g 3K\V1 X% ( 2FWREHU' 5HJQLHU



SRWHQWLDO DQG LQHUWLD "

JURP WKH PLFURVFRSLF PDFURVFRSLF PRGHOV
« &RRUGLQDWHYV
6KDSH Rl WKH QXFOHDU VXUIDFH

1
P/Ry
=)
T

=
T
;/
[
’
=
T

ZI'RO ZI'R(]
9 9 3DVKNHYLFK 1XFO 3K\v ¢$ 0 %UDBRWBKY ORG 3K\V

3 OROHOM DDW X UH
e SRWHQWLDO HQHUJ\

NKSWKFaFT&Ro%")) G- g/.
« ,QHUWLD

'HUQHU :KHHOHU PHWKRG

LQFRPSUHVVLEOH QHDUO\ LUURWDWLRQDO K\GURG\QDP
'‘DYLHW BIO\V 5HY &

g 3K\1X%( 2FWREHU' 5HJQLHU



/DNLQJ LOWR DFFRXQW WKH VKHOO

[e)]
o

55

3 35
=z

Fission barrier
o
wm

o
o
S L T L LA T AL LI T L BB I AU
\“"-—u‘“ L N=14
w2 T z=14

o [&;]
ST
{ “—K_“ .

fedo bt o T g

LI R B S S R

100 150 200 250

(o)
wn
(o]

Mass number

" O\HUW DIXFO 3K\V

BWUXFWXWHY LQ

g 3K\1X%( 2FWREHU' 5HJQLHU

SYMMETRIC DEFORMATION, y

o] Q. 02 03 04
Iu L] Ll T g ' i T T T T | T T T T | T T T T |

240Pu

Liq:.uid-ﬂrop\
contribution “|.

POTENTIAL ENERGY [MeV)
T

L5 20 -a5 o o5 10
ASYMMETRIC DEFORMATION, d;

- 5 1L[ $QQ 5HY 1XFO 6FL

@ RXEOH KXPSHG ILVVLR
@ $V\PPHWULF ILVVLRQ

EDUULHU



/DNLQJ LOWR DFFRXQW WKH VKHOO

PV VWDWH LQ

VKRUWHM: WKDQ

SROLNBWRRKXO

$P WKDW ILVVLRQ
IURP JURXQG VWDWH

Known isomers B o 23 | RS
Bk Bk Bk
1 i H 240 241 242 243 244 245
e 'RXEOH KDPSHG ILVVLRQ Predicted isomers cm s el e | e el e e
237 238 239 240 241 242 243 244
6WUXWLQVN\ A S Am Am  Am Am Am  Am Am  Am
Pu o 235 236 237 238 239 240 241 242 243
Pu Pu Pu Pu Pu Pu Pu Pu Pu
‘ @ )LVVLRQ LVRPI(UV Z oo
NI
v @ 234 236 238 238 240
u U U U U
V(q)
A 232
Inner Th
Outer ) ) e ———
> < barrier Terra incognita
i — 228 230
LE — E Ra 88 Ra o
.(—E E : 140 141 142 146 147 148 145
= =/ | -yt
2 -
o
a A -
o e Scission 6 /HRHQW DU 3K\V 6SHF 7RS
Isomer point
- >
Deformation q
g 3K\1X%( 2FWREHU' 5HJQLHU

—

245
Am

246
Am

244
Pu

245
Pu

Delayed fission

\ N

Competingfission/y




SRWHQWLDO DQG LQHUWLD "

JURP VHOI FRQVLVWHQW PHDQ ILHOG
DND 6LQJOH 5HIHUHQFH (QHUJ\ '"HQVLW\ )XQFWLRQDO 7KHRU\

+DUWUHH )RFN %YRJROLXERY IRRU D JURXQG
e[/ @ | GHVFULEHV WKH ILVVJRQLQJ QXFOH
B %]%QIQNKWDQXaXCEWC

« /RRN IRU

¢ okp LEIE

[ &

RG]
¥
()

”ﬂ

SURWRQ RQH ERG\ GHQVLW\ RI 8
1XPHULFDO FRVW a K FSX

« OHDQ ILHOG SDLULQJ SLFWXUH
e 6HOI FRQVLVWHQVVBRPWBQWLDBOG

| m

g 3K\V1 X% ( 2FWREHU' 5HJQLHU




SRWHQWLDO DQG LQHUWLD "

JURP VHOI FRQVLVWHQW PHDQ ILHOG
DND 6LQJOH 5HIHUHQFH (QHUJ\ '"HQVLW)\ )XQFWLRQDO 7KHRU\

&RQVWUDLQHG +DUWUHH RFN %RJROLXERY
e[/ @ | GHVFULEHV WKH ILVVLRQLQJ QXFOHXV
B %]%QIQNKWDQXaXCEWC _

. (88

« /RRN IRU

.. A [
& o

e SRRUGLQBVSHVFVWDWLRQ YDOXHYV RIAPXOWLSROH PRPHQWYV
e SRWHQWI® B QHUJ\ SOXV FRUUHFWLRQ
e QHUWURP 7'*&0 $7'+)% HWF
1 6FKX@WNBORJ 3DUW 1XFO 3K\V

g 3K\1X%( 2FWREHU' 5HJQLHU



&RPSDULVRQ RI SRWHQWLDOYV

« OLFURVFRSLF PDFURVFRSLF )5/'0
JURP D PHDQ ILHOG SRWHQWLDO

« (QHUJ\ GHQVLW)\ IXQFWLRQDO %&30 +
JURP D QXFOHRQ QXFOHRQ HIIHFWLYH

3K\1X%( 2FWREHU' 5HJQLHU



"UDSSLQJ XS

"ILVVLRQ SLFWXUH 4XHVWLRQV "

3SRWHQWLDO LQHUWLD

e« /LTXLG GURS
e« OLFURVFRSLF PDUFURVFRSLF
e 6HOlI FRQVLVWHQW PHDQ ILHOG

SKHQRPHORJ\
« 2WKHU DSSURDFKHV WR JHW WKH SRWHQWLDO DQ

« 6SRQWDQHRXV ILVVLRQ « +RZ GR ZH MXVWLI\ WKH ' 6KU|GLQJHU HTXDWLRQ
« JLVVLRQ LVRPHUYV

e $VA\APPHWULF ILVVLRQ

3K\1X%( 2FWREHU' 5HJQLHU



6

OHWKRG UDQVIRUP DQG VSOLW

%MRUQQWRBMHY ORG 3K\V

e[/ @ | GHVFULEHV WKH ILVVLRQLQJ QXFOHXV

.GHD
« )LQG D RQH WR RQH PDSSLQJ
/[ o | £ .5 g 54,

o TGHIRUPDWLRQ FRRUGLQDWHYV
o9 B 5 A LQWULQVLF FRRUGLQDWHYV

« 6SOLW WKH +DPLOWRQLDOQ

Op © 0
A . A\S g 5 A A,2-)&+$

3K\1X%( 2FWREHU' 5HJQLHU

7KH ILVVLRQ PLOOH IHXLOOH
) JHXLOBHPW@GHIHXLOGH ISBROW@PpP R\HQ



6

OHWKRG UDQVIRUP DQG VSOLW

MRUKQWRBHY ORG 3K\V

e[/ @ | GHVFULEHV WKH ILVVLRQLQJ QXFOHXV

L GHD
« )LQG D RQH WR RQH PDSSLQJ
/| o | £ .5 g 54,

o TGHIRUPDWLRQ FRRUGLQDWHYV
o5 954 LOWULQVLF FRRUGLQDWHYV

e 6SOLW WKH +DPLOWRQLDQ
Op © 0
A o Aas, A

_0_—

o ,2-)&+$

3K\1X%( 2FWREHU' 5HJQLHU

)

7KH ILVVLRQ PLOOH IHXLOOH
JHXLOBDHPW®WOHIHXLOGH ISBROWQ@pP R\HQ



OHWKRG UDQVIRUP DQG VSOLW

6 %MRUKWRBMY ORG 3K\V

e[/ @ | GHVFULEHV WKH ILVVLRQLQJ QXFOHXV

- A A, | @1

.GHD
« )LQG D RQH WR RQH PDSSLQJ
/| o | £ .5 g 54,

o TGHIRUPDWLRQ FRRUGLQDWHYV
o9 5 A LQWULQVLF FRRUGLQDWHYV

« 6SOLW WKH +DPLOWRQLDOQ
%0 (0]
A . A g5, A

_0_—

(0)

!2')&+$
/KH ILVVLRQ PLOOH IHXLOOH
- ) JHXLOBHPWWOHIHXLOGH ISBROWPPPR\HQ

4AXDOLWDWLYH LGHDYV
1R SUDFWLFDO DSSOLFDWLRQ

3K\1X%( 2FWREHU' 5HJQLHU



OHWKRG $GG DQG LQWHJIJUDWH

/LPH '"HSHQGHQW *HQHUDWRU &RRUGLQDWH OHWKRG 7'*&0

&RUH LGHDYV
« *HQHUDWH DQ LQWHUHVWLQJ VHW RI VWDWHYV

"l e | Ev% _

o TGHIRUPDWLRQ FRRUGLQDWH
o ZLWK VRPH SURSHUWLHV 60( *2$ HWF

« $VVXPH DW DQ\ WLPH

F 1 #.1B 1,
« $ WLPH GHSHQGHQW YDULDWLRQDO SULQFLSOH \LHOGYV
o %O (0] A
dot. 1 —5 o Co#.1

'HOO FRPSDWLEOH ZLWK VHOI FRQVLVWHQOW PHDQ ILHOG =
3RWHQWLDO DQ& LOBUWLD IURP DQG ] HIPB@
$UH DOO WKH DVVXPSWLRQV YHULILHG "

3K\1X%( 2FWREHU' 5HJQLHU



UDSSLQJ XS DJDLQ

"ILVVLRQ SLFWXUH

3K\1X%(

2FWREHU''

5HJQLHU

3RWHQWLDO LQHUWLD
e /LTXLG GURS
e OLFURVFRSLF PDUFURVFRSLF

« 6HOI FRQVLVWHQW PHDQ ILHOG
« HWF

3KHQRPHORJ\

« 6SROQWDQHRXV ILVVLRQ
« )LVVLRQ LVRPHUV
« $V\PPHWULF ILVVLRQ

-XVWLILFDWLRQ

e %\ VSOLWWLQJ WKH GHJUHHV RI IUHHGRP

e JURP WKH 7LPH '"HSHQGHQW *HQHUDWRU &F
e HWF



S RDGPDS RI WKLV OHFWXUH

. 7KH RQH GLPHQVLRQDO ILVVLRQ SLFWXUH
» 6SROQWDQHRXV ILVVLRQ KDOI OLIH

= )LVVLRQ LVRPHUYV

,,,QGXFHG ILVVLRQ FURVV VHFWLRQ
= 7KH +DXVHU )HVFKEDFK EOHQGHU

vy, *"HQHUDWLRQ RI WKH SULPDU\ IUDJPHQWYV
= 6FLVVLRQ SRLQW PRGHOV

= '"\QDPLFV RI WKH FRPSRXQG QXFOHXYV

,9 3ULPDU\N IUDIJPHQWY GHH[FLWDWLRQ

3K\1X%( 2FWREHU' 5HJQLHU



KHUH DUH ZH *

SULPDU\

. IUDJPHQMV
&' °
e O _
iz I’fr
z

LA

W

>
(QWUDQFH &RPSRXQG&GFLVVLRQUDJPHQWY 3URPSW SURPSW GHFD\

FKDQQHOQXFOHXYV DFFHOHUDWLROXWURQV $UD\V

3K\1X%( 2FWREHU' 5HJQLHU



(ZR ILVVLRQ FURVYVY VHFWLRQYV

« JREXV RQ WKH FRQWLQXXP
« 6HH WDBONDRADJQR

IHXWURQ LQGXFHG ILVVLRQ FURVVY VHFWLRQV IRU D IHUWLOH DQG ILVVLOH W
. 6 .UD@MWURGXFWRU\ 1XFOHDU 3K\VLFV

3K\1X%( 2FWREHU' 5HJQLHU
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7UDQVPLVVLRQ FRHIILFLHQW C
., AOsTA A
C
'LGHVSUHDG SUDFWLFHV
« &RQVWDQW LQHUWLD

« $QDO\VWLFDO WFRV\UHH(WW[D.Q#DCAWLFDO
e SERWHQWLDO ILWWHG WR UHSURGXFH FURVV VHFWLRQV

3K\1X%( 2FWREHU' 5HJQLHU



,Q SUDFWLFH VHYHUDO ILVVLRQ FKDQ
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1HHG IRU DOO FKDQQHOV

« TKFRXPSRXQG QXEGWXWH
« $I1HZ ILVVLRQ FKDQQHOV
« 8VH WKHVVLRQ SLFWXUH
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$ 30RPBWQPH$

*) %HUWWFBIO\V 5HY &

$EVRUSWLRQ LQ WKH VHFRQG ZHOO
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= 6FLVVLRQ SRLQW PRGHOV

= '"\QDPLFV RI WKH FRPSRXQG QXFOHXYV
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SHYLHZ SDSHUV
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IDQJHYLQ G\QDPLFV
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([LPH GHSHQGHQW *"HQHUDWRU &RRUGI

4XDQWXP G\QDPLFV LQ D UHVWULFWHG VSDFH
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7LPH GHSHQGHQW PHDQ ILHOG DSSURI
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7LPH GHSHQGHQW PHDQ ILHOG DSSURI
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7RZDUG PDQ\ WLPH GHSHQGHQW PHDOQ
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