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WHY INTEGRAL TRA'NSFORMS?

It = Kr\

EXPERIMENTAL PHYSICS

* extraction of an "observable" from the experimental data:
the instrument "integrates,t r with the s1?-apeof its twindO"~'

and gives t

,,- - LiI~~ate KeYVlte
(

j . .(CO ,. -~ -

, ,.s~I(T)'t=" <et(T,X}~(O':0»'d3X'~'Jo~;~~W);duJ'

Eucledean Cor';:{,zation Function ~ f..Spectral Function ..
- -' - -~ '- ""'--""'"'--"""'" - - o - - -"'.;

THEORETICAL PHYSICS

o'.~ Condensed Matter PhysicSo"(EJlec.trori"Gas, ,Quantu1!l1

Liquids, Sp,in:.Systems), ,/;'i:"'., ',:

",." .:e 0'00: Density Opératoror.' Spinf Lowedng Operator' 1;-

: . o ,o' ; , o. A(w} .~. DynQ.niical. Struatl1re' Function .of".Dynamical.
Susceptibility.' :.: ..1< ~ '.

. D (T) by MontecarlO Simulationso:

* N uclear Physics
. e == Charge' Operator o .
. A(w) = Longitudinal Response RL(W)
. D(r) by Montecarlo Simulations

* Lattice QCD, QCD Sum Rules
. e = Quark or Gluon Operator
. A(w) = Radron Spectral Function
. D(T) Lattice Calculation or Operator Product Expansion

(In QCD Sum Rules also other kernels)

---'--



INCL USIVE RESPONSE FUNCTIONS

R(w) = 2::n I < nlelO> 12 8(w - En + Eo)

Hln >= Enln >

e "probe" operator

@)need knowledge of In >

@ w of interest can be in the continuum

G>very difficult if not impossible!
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INTEGRAL TRANSFORMS

R(w) = 2:n I < nlelO> 12 8(w - E'n + Eo)

[T(a) = JdwK(a,w)R(w) I

==2:n I < nlelO> 12 K(u, En -Eo)

[T(a-)u~-~~letk(;,H=BO)el~ > f .

e.g. K(u, H - Eo) = e-u(H-Eo)

.QMC to evaluate T(u)

E~
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THE STIELT JES KERNEL
(: - I

I

Ks (o-,w) ==.. ~ I - o- > o

(T£ = £R Ts = ££R)

~Ts(a) = < olet H-io+<1 elo > = < oletl\Ì1 >1

with
-

(H - Eo + 0-)1\Ì1 >= elo > 0->0
-

Schrodinger like eq. with a source

Important properties:

* the solution exists and is unique
\Ì1 (0- ) = '" <nI810>ln>

6n (En -Eo+a)

(H - Eo + 0-)(\Ì11 - \Ì12) = O ~ 'Ì11 - \Ì12 == O

*, the solution is@calizeèD
, - R(w) - --

00 > Ts(o-) - - JdW(w4-rTì2-< \l11\l1>

b O u nd std~~
techV1i9ues ~

~€1,
--



Ts(a) and the R(w) moments

Ts(a) = En=Q (_)n ~(nl+I) mn

Ts(a) = En=Q (_)n (in m-n-l

For very small a Ts ((i) approaches the
9-polarizability of the system

lima~QTs(a) = m-l = 2ae

m~
=: ) wR R(w) clw = <::O le+H~eIO)

E~



= TEST OF THE STIELT JES TRANSFORM =
~ ., .

T.s((J) == J dw (fTltd~ R( w)

TS((J) == < oletl\Ì1>
~

_r-
(H - Eo + (J)lw>== elo > (J>O (*)

Program:

@solve (*) with good accuracy

@ invert the transform (selection or
regularization methods)

@ compare with exact result
--o - - -

test on RL(q,w) in 2H of (e,e') cross section~ ~ ~~

e == e(q) = Et 1~T3 eiq.rt, chdr~ e of.er,;)/0 r

q4 2q2
da == O"M[q~RL(q,W)+(-2a2~+tg2~)RT(q,W)]

l'
* measured in many nuclei

-- ~ 'e~" .,...j."
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INVERSION OF TRANSFORMS

~ill posed problems - instabilities!

@if TI is a solution and T2 == TI + N sin(vw) then

t2 == tI + N Jdw K(w, (j) sin(vw)

if v is sufficiently large

IIt2 -tI Il == INIIIJdwK(w,(j)sin(vw)11
sufficiently small.l elleVi ù.ìèJe\ N br~

§need supplementary information (qualitative -
quantitative)

see A.N.Tikhonov and V.Y.Arsenin "The Solutions to

111 Posed Problems" in particular the selection method

(quasisolutions) the regularization method

£11



Electron Scattering Response Functions from Their Stieltjes Transforms
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LEARNT FROM STIELT JES

Q the kernels of Laplace and Stieltjes"spread' the~
information

@ we need a kernel which "concentrates" informa-
~~~

tion:

l'G') ~ T

if K(a,w) ==,~~=}~(~) - ~(~~~

@a "good" kernel must have a bell shaped form
~

Lorentz Kernel!

u

I

r--- R(w). '

L(aR, al) = J dw r"'-UR)2+u; ,.

2 parameters:
~ G'R samples region of interest

--.'" a I decides the "resol ution"

6~
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= HOW GALGULAT.E LORENTZ TRA NS. =

@
. extension of Stieltjes ~~er~~eto complex (J"

lf (J"= - er R + ierI (J"R, (J"I > O

r- -= R(w) =
Jc(~... RCw-)

L( (j R, (j I) = J dw ("'+0")("'+0")* - l'W'-°R. \c. G'
0 = ~ } l~

1 1 elo > I '

=< olet H-Eo-O"R-iO"I H-Eo-O"R+iO"I J,
~\Ì!ì\Ì!J] L OY.e.CA.t~l_~

with

- ~I

j (H - Eo - (jR + i(jI )I\Ì! >= elo > ~

* o~~_e.- c CtVI P ~oDlfe . L- ~ d e-

unique and is eOCétec.:2ed
solution exists, is

* ierI ensures the "good" asymptotic behaviour

I I f" (- f .
, t) ( ) ~ -; S ~a ,'e -'~~ I!n ~Cf U~ S

,. ., IIn t. I ~

Jt. (., r p.,a , r. 01;1 ~6 ,'"( I" r. ...~f,( .-Il' { ,C. -:

--r1'
l; T~~;

- -

1 -, Il



, ,
.......,
:>

(),)
:J::

( J

----

....
o-'--'

...J
0L

",t

?fl.

0.015

3 0.010

Loreu tz TrclUS{2orm
deUrevoV1

lesr °t

0.005

0.000
O

"r
::

on

",,"-,,- ." ,,""" "'---'-"" -".._,,-,, .",, ,,'''._''- "",- " ""-,, - . -_n"...

20
(a)

,\ 1\
\" I \( "

(, "
I , " I \
I .', ,

I,,'

,,",-" ","
'l-"''' 11 "~

10"

'\vf"j'
\ I
, I
, (

\ ,
\

o

~,,10 "-,,:.~. .(1, = lOMcV
- - - (1,= 5 MeV "

-20

o 50" 100
(1R (McV]

"

...

50 100 150

l.tr L~~V]

V.E?rosI W. LeLdeIMClV\LA.2l1td G.O.

Phys. LIlJf. B (,38 (l ~ ~ 4) 130

Il

1\
I \
I I
I I
( ,
( -,.\'
(...y.I

I\~,,,'i
, I
\ ,
, ,
, I
\1
i

150

(b)

200

200

.-"".;","< '

£~



VA \~ \ \A T IO ('I~ L P R I (\( C ( P l E

(H -~E6 - CS-R + ~C)I) r =-& t
~

L

L Q

~ Lt = Q l
(li

) cOVI 51 cler l-~ Q -fu.. VIc.h.. o L{a -e

re'/') ::. «tILtLlr)-.{t'ILf-IQ>~.(allllf')
..

r lt) := L: t \ L+L \f ) - L.f \ Lt Lr» - ! f J Lt L I ~)

Icf) ::: I.fl~>-<fl~t) -~f\L+llr)
"V + --

= -ztILLlt)

à 1. :. I C'f)-I Cf):
'"'\.. l'\ j. !.

-:: ~tl L+LI't)-~*ILtLlt) -Lt ILL/t>
"V + ""-

-I-ztILLlt>
""V + ~

= <: t -'t I L L I t - t >

-:: !. cl t l L+ L I cf t) ~ o
"V

61 ==0 ~cJl, f=i è.Q,

:r (t) hev:) CI. IML°It\;iMMJ1M fu<- t ~ r

E~~-- L- ~I]



~

~,
~
à
~
;;
~
~
lf:.'
.~

2

1.5
r--'I

~
~

\:) 1

0.5

o

2

1.5
r--'I

~I.-'
\:) 1

0.5

o
O

Fig. 1

3H

30 60

Er [MeV]

LlTinVérsion bQunds
. Faddeev

...

3H

LlT inversion bounds
. Faddeev

90 120

a)

b)

150

Nuc.l. :Pl,y~. A101 (200;')36.5



Potf,~\(,\f :

"'o 8T"""
oIC
....-.

'I 6>
(])

6 4
...J

ex:

(')o,.-
~ 6..-
I>
(])

~ 4 ~b
~

...J

ex: 2

(') 6o
T"""
oIC
....-.

"->4
(])

~
~

ex:...J2

( /de')

t I)vw e,(- b ~. (~~t

A\/it .,. UIX Fig. 6

12

10

2

o -

10 20 30 40 50 60 70 80 90

10

8 3H

q=300 MeV/c

o
20 40 60 80 100 120 140

8

3H

q=350 MeV/c

.{ t.1C\rckawJ 4,(--aP

( 9e 5-

'3-boA

~
q=250 MeV/c

10

= 5 ~

o ~

20 40 60 80 100 120 140

20 'o

10

@

3He

15 ~ q=300 MeV/c,

5 "i

.e

o
20 80 110 140 17050

15
3He

q=350 MeV/c

10

5

DI e

o
20 50

o
80 110 140 170 20 50 80 110 140 170 200

(ù [MeV] (ù [MeV]



3-Body tota! photodisintegration
Role of 3-N ucleon force

Low energy
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Lo relAt;~. T.T. ti foV" ExCLU<; IV£ cross secf.{".9lA

Tfi (Ej) = (iJ1f 6/ iJ1o) =Tlarn (Ef)+ T{;SI (Ef)

J
(if!Born é5 Wo)

\
B ~ 1 -

)cI> ~ orn V . O 'ilo
Ej + ~c - H

~ lH.e CeOSLlY€ )

J dE (if!BOrn V iJ1 (E))/ iJ1 (E). ~ ~ é5 iJ1o)\ Ef + ~e - H
~t/

J dE F i E
Ej+ie-E'

-

cE; (~ (if!Barn V W (E)) (iJ1 (E) é5 iJ1o),

~ !OO (J;~. .
I~ dE ,~. ..\ I TC> . - \,. . O"R > O. <:)=' -() /I. * L.GJ:Eo-

(me. ceosu(e)= (~2 (O") \h (O")) .

-

(fi - O"R+ ÙJ"I) ~1 (Q")) = 01%),<4- (.d~W\.II4CeUS( ((~1)

Z) I( il - O"R + i 0"1 ) ~2 (0")) = V Iif!Barn),

r _1 IL.
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