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Electromagnetic response of nuclei Electromagnetic response of nuclei 
with the with the LITLIT method method

  

Lorentz integral transform (LIT) methodLorentz integral transform (LIT) method

Simple Example: deuteron photodisintegrationSimple Example: deuteron photodisintegration

Comparison to Lanczos ResponseComparison to Lanczos Response

Applications: Applications: 3/43/4He(e,e'), He(e,e'), 77Li(Li())

Outline
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LIT method: V. Efros, W.L., G. Orlandini, PLB 338, 130 (1994),
review: V. Efros, W.L., G. Orlandini, N. Barnea, J. of Phys. G 34, R459 (2007)



W. Leidemann – INT Seattle April 2010



W. Leidemann – INT Seattle April 2010



W. Leidemann – INT Seattle April 2010



W. Leidemann – INT Seattle April 2010

LIT for Exclusive ReactionsLIT for Exclusive Reactions
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main point of the LITmain point of the LIT : :

Schrödingerlike equation with a source

one can apply bound state methods

The         solution is unique and has bound state like 
asymptotic behavior
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EIHH: N. Barnea, W.L., G.Orlandini, PRC 61, 054001 (2000)EIHH: N. Barnea, W.L., G.Orlandini, PRC 61, 054001 (2000)
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from H.Kamada et al. (18 authors 7 groups) PRC 64 (2001) 044001 

   AB INITIO BOUND STATE CALCULATIONS            
                     
            BE of 4He  (exp. 28.296 MeV)
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() from inversion with various Mmax = 25

and result from conventional calculation with explicit   
                 np continuum wave functions

x    conventional

LIT 
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(ii) JISP-6  potential

Potential is defined via matrix elements for harmonic oscillator (HO) 
basis: <n'| V | n>  up  n=n'=4  (n=0,1,2,...; HO quantum number)

Also deuteron wave function and  are expanded on HO basis
~

Slow convergence for Ed

Nmax in expansion of 
deuteron wave function

Ed [MeV]

10                                             2.057

20                                             2.195

50                                             2.2236

100                                           2.224555
150                                           2.224574

Potential is interesting because HO and hyperspherical harmonic expansions 
are used for A>2; one can also consider the so-called Lanczos response
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() from inversion and Lanczos response

     = 1 MeV

“true”

Nho=150

Nho=2400
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() from inversion and Lanczos response

HO  basis:
fixed 
Ν HO= 2400 

“true”

Γ = 1 MeV

Γ = 0.25  MeV

Γ =  0.5 MeV
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LIT Application

Inclusive Electrodisintegration of Three-Body Nuclei 

Nuclear Interaction: AV18 NN potential + Urbana-IX NN force

Various kinematical regions:

• Quasielastic peak region (relativistic effects)
• Breakup threshold region at q≤500 MeV/c (MEC)

• Breakup threshold region at q=860 MeV/c (rel. effects, MEC, ∆)
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RT(,q) at various q 

Potential: BonnRA +TM'

one-body current: dashed
one+two-body current: full

  (S. Della Monaca et al., 
   PRC 77, 044007 (2008))

Bad agreement between 
theory and experiment 
because of non considered 
relativistic effects

Motivation
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RT(,q) at various q 

Potential: BonnRA +TM'

one-body current: dashed
one+two-body current: full

Bad agreement between 
theory and experiment 
because of non considered 
relativistic effects

Motivation

Quasi-elastic kinematics (q=500 MeV/c),

Kinetic energy of outgoing nucleon:

non-rel. : T = q2/2m =  133 MeV
rel.: T= (m2+q2)1/2 – m = 125 MeV
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RT(,q) at various q 

Potential: BonnRA +TM'

one-body current: dashed
one+two-body current: full

Motivation

Quasi-elastic kinematics (q=500 MeV/c),

Kinetic energy of outgoing nucleon:

non-rel. : T = q2/2m =  133 MeV
rel.: T= (m2+q2)1/2 – m = 125 MeV

Active Nucleon Breit (ANB) frame
(nucleus moves with Aq/2)
is better
 Efros et al., PRC 72, 011002 (2005)
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The current operatorThe current operator J J

J J == J J(1)(1)  ++ J J(2)(2)

JJ(1)  (1)  = =  J J(1)(1)(q,(q,,P,P
TT
) = ) = JJ

spinspin
  + + JJ

pp
  ++  JJ

qq
 + ( + (/M) /M) JJ



              

                                                  for instance spin currentfor instance spin current

JJ
spinspin

 = exp( = exp(iiqq⋅⋅rr) ) ii   qq/2M [G/2M [G
MM
(1-q(1-q22/8M/8M22) – G) – G

EE
  22qq22/8M/8M22]]

                                                                                                                                    with  with  =1+2P=1+2P
TT
/Aq/Aq

Transformation from ANB frame to LAB frameTransformation from ANB frame to LAB frame

RRTT
LABLAB((LABLAB,q,qLABLAB) =  R) =  R

TT
ANBANB((ANBANB,q,qANBANB)  E)  E

TT
ANBANB/M/M

TT

Efros et al., PRC 81, 034001 (2010)
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ResultsResults

            

  Comparison ofComparison of

ANB and LAB calculation:ANB and LAB calculation:

strong shift of peakstrong shift of peak

to lower energies!to lower energies!

(8.7, 16.7, 29.3 MeV at (8.7, 16.7, 29.3 MeV at 

q=500, 600, 700 MeV/c)q=500, 600, 700 MeV/c)
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ResultsResults

            

  Rel. contribution:Rel. contribution:

reduction of peakreduction of peak

heightheight

(6.2%, 8.5%, 11.3 % at (6.2%, 8.5%, 11.3 % at 

q=500, 600, 700 MeV/c)q=500, 600, 700 MeV/c)
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ResultsResults

Comparison with Comparison with 

experimentexperiment
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NR:           dashedNR:           dashed

NR+MEC:  dottedNR+MEC:  dotted

Rel.+MEC: fullRel.+MEC: full

RT close to break-up threshold
        (Few-Body Syst., online first; arXiv:0906.0663)

q = 174 MeV/c     q = 324 MeV/c    q = 487 MeV/c 

Exp.: Retzlaff et al.
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Golak et al.:  dash-dottedGolak et al.:  dash-dotted

our NR+MEC calc.: fullour NR+MEC calc.: full

NR+MEC:  dotted
Rel.+MEC: full

Faddeev calculation
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Incorporation of  Incorporation of  ∆Resonance∆Resonance

                                                  LIT coupled channel calculation LIT coupled channel calculation                                         
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      

                                                                                                              

V
NN,N∆

 and V
N∆,NN

 transition potentials between NNN and NN∆ spaces

O
k
 various diagonal (NN, ∆∆) and transition (N∆, ∆N)  current operators
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Incorporation of  Incorporation of  ∆Resonance∆Resonance

                                                  LIT coupled channel calculation LIT coupled channel calculation                                         
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      

                                                                                                              

V
NN,N∆

 and V
N∆,NN

 transition potentials between NNN and NN∆ spaces

O
k
 various diagonal (NN, ∆∆) and transition (N∆, ∆N)  current operators

 

Solve for ∆
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Incorporation of  Incorporation of  ∆Resonance∆Resonance

                                                  LIT coupled channel calculation LIT coupled channel calculation                                         
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      
                                                                                                                                                                                                                      

                                                                                                              

V
NN,N∆

 and V
N∆,NN

 transition potentials between NNN and NN∆ spaces

O
k
 various diagonal (NN, ∆∆) and transition (N∆, ∆N)  current operators

 
New first equation:
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q=862 MeV/c at threshold

with 

without 

Calculation with CDBonn and CDBonn∆
 A. Deltuva, L.P. Yuan, J. Adam, P.U.Sauer
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q=862 MeV/c at threshold

with 

without 

q=862 MeV/c

q=862 MeV/c

L.P. Yuan, V. Efros, WL, G. Orlandini, E. Tomusiak



W. Leidemann – INT Seattle April 2010

Inclusive Electrodisintegration of Inclusive Electrodisintegration of 44HeHe

Nuclear Interaction: AV18 NN potential + Urbana-IX NNN force
                                AV18 NN potential + TM' NNN force

S. Bacca, N. Barnea, W.L., G.Orlandini, PRL 102, 162501 (2009); 
                                                              PRC 80, 064001 (2009)
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44HeHe (e,e') Longitudinal Response(e,e') Longitudinal Response

SMALL EFFECT OF 
3-BODY FORCE AT HIGH q

Exp.: Saclay 
         Bates
         world data

PWIA
AV18

AV18+UIX
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SURPRISE:
LARGE EFFECT OF 

3-BODY FORCE 
AT LOW q

NO DATA
AT LOWER q !!!

(wait for Mainz results)

44HeHe

S.Bacca et al., PRL 102 (2009) 162501

(e,e') Longitudinal Response(e,e') Longitudinal Response
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Dependence on different 3nucleon forces
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77-Body total photodisintegration-Body total photodisintegration

'75

'75

S.Bacca et al. 
PLB 603(2004) 159 
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ConclusionConclusion

LIT approach opens up the possibility toLIT approach opens up the possibility to

calculate continuum observables with bound-state methodscalculate continuum observables with bound-state methods

  Method is benchmarked with conventional calculations for        Method is benchmarked with conventional calculations for        
   two- and three-body systems   two- and three-body systems

Various applications for nuclei with A=3-7Various applications for nuclei with A=3-7

Outlook: Search for other integral transform which can be used Outlook: Search for other integral transform which can be used 
in GFMC calculations in GFMC calculations (G. Orlandini, W.L., V.Efros, N.Barnea, J. of Phys. G in print)(G. Orlandini, W.L., V.Efros, N.Barnea, J. of Phys. G in print)
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