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—— WHY INTEGRAL TRANSFORMS ? ——

t=Kr

EXPERIMENTAL PHYSICS

% extraction of an ”observable” from the experime:sntful.data:"
the instrument“integrates"r with the shape of its window

and gives 1
THEORETICAL PHYSICS S T
;’__5\.33(_; W YVILS
D(r)e= f <©l(r,7) 6(0,0) > d°z =/ (eTA(wW) dw,
_. iy R

Fucledean Correlation Function | Spectral Function

% Condensed Matter Physics (Electron Gas, Quantum
Liquids, Spin.Systems).- =«
..+ B = Density Operator or'Spin‘ Lowering Operator
- s A(w) = Dynamical Structure Function or Dynamical
Susceptibility - .7 e
« D(7) by Montecarlo Simulations =

* Nuclear Physics |
+ @ = Charge Operator
- A(w) = Longitudinal Response Ry (w)
» D(7) by Montecarlo Simulations

* Lattice QCD, QCD Sum Rules
* © = Quark or Gluon Operator
* A(w) = Hadron Spectral Function
« D(7) Lattice Calculation or Operator Product Expansion
(In QCD Sum Rules also other kernels)



—__ INCLUSIVE RESPONSE FUNCTIONS ——

Rw)=>.|<n|®0> |?6w— E, + Ey)

H|n >= Ey|n >

© "probe” operator

® need knowledge of In >

& o of interest can be in the continuum

@very difficult if not impossible!



INTEGRAL TRANSFORMS

Rw)=3.1<n|60>|26(w — Ex + Eo)

Tle)= fd;;K(cr, w) R(w)

=5 _1<n|0|0 > |?K(0, E, — Ep)

DA% 0|@‘r X (0, H — E)O0 >

=4 Com,o?ef'ewess

l T{#) == 0|@TK(J,H — Ep)010 >

eg K(o,H —iFs) = ¢~o(H-Eo)

QMC to evaluate T'(o)
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THE STIELTJES KERNEL

Ks(o,w) = ;g5 0>0

(T = LR Ts=LLR)

“Tg(a_)- =< 0|0 7=2—0|0 > = < 0|6f|¥ >1

with
— —
| (H — E'0-|—0)|\I!> ®|0> 0>OE]
L — =

Schrodinger like eq. with a source
[mportant properties:

* the solution ez1sts and is unique

T k) <n|0|0>|n>
(o) = T B 2Bt

(H—EO"l-O')(‘IJl ‘112)—0#\1’1—‘1’2——0

* the solution i 1s

00 > Tg(0) = — [ dwr—%5 R(w) =< U|T >

) C’UV]C! S}Ta!‘ﬁ,




Ts(o) and the R(w) moments

Ts(o) = Zn=0 ‘on g PR

For very small ¢ Ts(o) approaches the
©—polarizability of the system

liIIlg_,o TS(O') —m_1 = 2 ae

m

: = Swa Rlw)dw = <016

R

@loD



_ TEST OF THE STIELTJES TRANSFORM —

| —
| I(o) = [ dw G+ Bw)
1
S e )
QTS(CT) —tg 0'()T|Q? >

pm—

"
C(H-Ey+0)¥>=0[0> o¢>0 ()
L - o

Program:

@801\76 (*) with good accuracy

( -é- invert the transform (selection or
regularization methods)

@ compare with exact result

. - — —_— —_——— = o — —_ e — _—

test on RY(q,w) in ?H of (e,e’) cross section
A AAn

g T e

© =0(q) = Zf 1*‘2"’3 elar, clnarcA e o[oera[or

Qi 2q°
dwdY O-M[QTRL(Qaw)Jf_( quuL +t92%)RT(q,UJ)]

/D\-

* measured in many nuclei

ES
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— INVERSION OF TRANSFORMS ——

*ill posed problems - instabilities!

©OF; T1 is a solution and 79 = 7] + Nsin(yw) then
to=1t1+ N [ dw K(w, o) sin(vw)

if v is sufficiently large
Itz — t1]] = [N] || [ dw K (w, o) sin(vw)]|

sufficiently small | even welb N br%

®need supplementary information (qualitative -
quantitative)

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

[11 Posed Problems” in particular the selection method

(quasisolutions) the regularization method

E47



Electron Scattering Response Functions from Their Stieltjes Transforms
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V. D. Efros!, W. Leidemann?, and G. Orlandini?*

Few-Body Systems 14, 151170 (1993)



LAPLACE

LEARNT FROM STIELTJES

© the kernels of Laplace and Stieltjes”smw?}g”the
information '

N
¥ we need a kernel which ”concentrates” informa-
tion:

it K(0,w) = 8% T(c) = R(0)]

LAAANS

@y good” kernel must have a bell shaped form

L

Lorentz Kernel!

2 parameters:
> opg samples region of interest

__ oy decides the "resolution”



— HOW CALCULATE LORENTZ TRANS. —

® - extension of Stieltjes 'ﬁermg to complex o

If o =—0g+i0; or,or >0

“L(O'R,O-'_[_)z [ duw 22 = JG(W—R(M) —~—
| 2

k = (wto)(wto)* (w-GRY"'- ;
\
_ 1 1 .
_< O‘OT H—EU—O‘R—Z'O'I H—Eo—O'R-i-iO'I@IO > L
= —{] \
== lI’|‘IJ | Loreubaian
with

—

(H—-Ey—opR +i01)|lfl >= ©[0 >

| E— . N—— S

i
[ |‘_

|
]

x one cam proove [ faf solution ezists, is

unique and is CLocaPczed

* 107 ensures the "good” asymptotic behaviour

E
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VARIATIONAL  PRINC(P(

TTATEaR
{ L ¢ zczj

( omsider ERB -Qumchoua{)

T(t) = <YILLI¥p =<yl Lha>-<alLiyd

Tly) = ZyiliLly -zl Lyy - 2y Il L9

1) = 4“]’[/%r> <T/‘i’> Al WL
= -ZFIULI¥D

AL =T(y) -1I1() = YLy Y~ UL D -2 UL IS

+FILLIES
- <y=FIL LIy -1
« Z8YILLISY D> =0
AT =0 oo ¥ =% .o
I(t) has o minimum  foo y =¥
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LIT inversion bounds
« Faddeev
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b) A
LIT inversion bounds
« Faddeev
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3-Body total photodisintegration
Role of 3-Nucleon force

Low energy

— AV18+UrblIX
g=174 MeV/c Viviani et al.
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GRC - Photonuclear Reactions, Tilton
August 1-6 2004




-Body total photodisintegration
Appearance ot collective motion
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-Body total photodisintegration
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AVY —
Ahrens et al =

GRC - Photonuclear Reactions, Tilton
August 1-6 2004



