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Why Four-Body Forces?
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m Consistent ab-initio descriptions
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Framework

Chiral 4N at N3LO

PWD J«— i
{ : Interactlon] m PWD for 5 classes
4N, |NN,3N m 11 different operator structures
m Crosschecks: Monte-Carlo integration

m Limit on E'® ~ 4 (E]™ ~ 14)

m Local regulator = speedup
oxp [_ ( (F]—T11)2+ (1) —Tip)2 + (T4 —Ti3)2 )"}
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transformation "% THTHH. v 4 XX
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: Orderlng : v gﬁCT }*X }{X Vil all contributions vanish
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Framework

~(PWD }<—{Interaction

4N| |NN,3N

m Single-particle basis

m NCSM & HF handle 4N forces
explicitely

m Normal-ordering for other many-body
methods

Basis
transformation

' Normal- |
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Ground State of *He
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m Cancellation between different E, I ]
classes = 51 N
m Not completely converged kit oo NN o]
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m Differs from previous estimate @ H :
A. Nogga et al., EP] Web of Conferences 3, 05006 (2010). TJ.]O sl N
B Sensitive to NN+3N interaction L |
m Different regulator, model space, ... 10l B
m Weak overall effect | |
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Nmax = 20, iw = 24 MeV, azg = a3 = 0.08fm*

NN interaction at N3LO with A =500 MeV/c D. R. Entem et al., PRC 68, 041001 (2003)

3N interaction at N2LO with A = 400 MeV/c R. Roth et al., PRL 109, 052501 (2012)

4N interaction with Agg = 400MeV/c, n =2, and Ct = 0.21fm* E. Epelbaum, The EPJ A 34, 2, 197 (2007).
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Channel Contributions
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m Weak overall effect

®m /4 = 2 channels are
important

m No convergence in E}@%

Nmax = 20, iw = 24 MeV, azg = a3 = 0.08fm*

NN interaction at N3LO with A =500 MeV/c D. R. Entem et al., PRC 68, 041001 (2003)

3N interaction at N2LO with A = 400 MeV/c R. Roth et al., PRL 109, 052501 (2012)

4N interaction with Agg = 400MeV/c, n =4, and Ct = 0.21fm* E. Epelbaum, The EPJ A 34, 2, 197 (2007).
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Channel Structure
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Nmax = 20, iw = 24 MeV, azg = a3 = 0.08fm*
NN interaction at N3LO with A = 500 MeV/c D. R. Entem et al., PRC 68, 041001 (2003)
3N interaction at N2LO with A = 400 MeV/c R. Roth et al., PRL 109, 052501 (2012)
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Channel Structure
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Nmax = 20, iw = 24 MeV, azg = a3 = 0.08fm*
NN interaction at N3LO with A = 500 MeV/c D. R. Entem et al., PRC 68, 041001 (2003)
3N interaction at N2LO with A = 400 MeV/c R. Roth et al., PRL 109, 052501 (2012)
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Heavier Nuclei

L 100 S { m Contribution increases with
-5 |- | number of nucleons
> I | m Not converged w.r.t. EMaX
2 _10| : 4
~ m Weak overall effect
"L’u°_15 | a = More reliable for lighter nuclei
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emax = 10, fiw = 24 MeV, oz = a3 = 0.08 fm*

NN interaction at N3LO with A =500 MeV/c D. R. Entem et al., PRC 68, 041001 (2003)

3N interaction at N2LO with A = 400 MeV/c R. Roth et al., PRL 109, 052501 (2012)

4N interaction with Agg = 400MeV/c, n =4, and Ct = 0.21fm* E. Epelbaum, The EPJ A 34, 2, 197 (2007).
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Take-Home Message

® 4N interaction computationally expensive = low E}'
m Chiral 4N interactions negligible for light nuclei

m Potentially more important for heavier nuclei
No indication found so far!

S. Schulz - IKP - 10/2017 - 8

e




Epilogue

m Thanks to my group
m S. Alexa, E. Gebrerufael, T. Hluther, R. Roth,

g
& *
C. Stumpf, A. Tichai, K. Vobig, R. Wirth SFB sz

Institut flr Kernphysik, TU Darmstadt

UFG

m Thank you for your attention! %, LOEWE

Exzellente Forschung fiir
Hessens Zukunft

ﬁ HELMHOLTZ

‘ GEMEINSCHAFT

Bundesministerium
LOEWE-CSC LICHTENBERG N fiir Bildung
und Forschung

S. Schulz - IKP - 10/2017 - 9




