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Sheet structure
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Three bosons

The Efimov effect
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The three-boson system - Faddeev equation

m Starting point: Faddeev equation for amplitude T
= Set three-body force D to zero and vary cutoff A
m Arbitrary coupling gs; has to be fitted to (experimental) data

ITY(E; p) = igap' + / dq ¢°Z,,(E: .p)7 (E: q)iTY(E; q)
0
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The 3b system - Symmetrization

® |nterested in 3b final state; not 2b + b

iT, (E;p, —g —I—k)
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The 3b system - Symmetrization

® |nterested in 3b final state; not 2b + b = Symmetrization due to bosonic nature

iT, (E;p, —g —I—k)
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The 3b system - Production amplitude

= Experimentally measurable: Production amplitude R(E)

R(E):/ﬂ/ﬁ f‘(E7p,—g+k>‘227r5 [E-Ep—E g —E_p ]

3 3
(2m) (2m)
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10* T T T T
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E MeV] — See influence of resonance!
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The 3n system - Antisymmetrization

m Antisymmetrization due to fermionic nature

Ty (E:p, —g +k)
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The 3n system - Antisymmetrization

m Antisymmetrization due to fermionic nature

ity (E:p, —g +k)
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The 3n system - Conformal scaling

= Nonrelativistic conformal symmetry: H.-W. Hammer and D. T. Son, Proc. Natl. Acad. Sci. 118, 2108716118 (2021)
— Spectrum is determined (up to overall normalization)
by scaling dimension A for energies

1 1
—— ~0.1MeV < E < — ~ 5 MeV
ma mr2

HN S L A H

3 05 0 466622
3 05 1 427272
3 05 2 5.60498

Y. Nishida and D. T. Son, Phys. Rev. D 76, 086004 (2007)
H. W. GrieBhammer, Nucl. Phys. A 760 (2005)

6. Oktober 2022 | Fachbereich Physik | Institut fiir Kernphysik - Theoriezentrum | AG Hammer | S. Dietz | 11 @
=



The 3n system - Conformal scaling
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The 3n system - Conformal scaling

= Nonrelativistic conformal symmetry: H.-W. Hammer and D. T. Son, Proc. Natl. Acad. Sci. 118, 2108716118 (2021)
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1 1
—— ~0.1MeV < E < —5 ~5MeV
ma mr?
= Cross section/ amplitude scale as

HN S L A H

do NI 2 A-T A-3
GE - MERF~EAE, R~E 3 05 0 466622
' ) ] 3 05 1 427272
® Noninteracting particles 3 05 2 560498
j_g N ESERHEY O TYE, )2 ~ ERETHEY R BRSO W Gt v s A7600009

6. Oktober 2022 | Fachbereich Physik | Institut fiir Kernphysik - Theoriezentrum | AG Hammer | S. Dietz | 11 @
=



The 3n system - Results
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The 3n system - Results

= P-wave

R(E) ~ |T4|°

R [au]
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The 3n system - Results

= D-wave

R(E) ~ |Ts|”
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The 3n system - Results
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— No evidence of resonance!
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The four-neutron system
Predictions by nonrelativistic conformal field theory (NR-CFT)

m 4n: Predictions for point
production amplitude by
nonrelativistic conformal field _

theory

R [a.u

= No peak structure
— No evidence of resonance
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Finite volume
Avoided Level Crossing

m Resonance in finite volume:

TR

Avoided level crossing
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with resonances at: Q]
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Finite volume

Three-neutron system

= LO pionless EFT potential for
an, = —18.9fm

® nn interaction in Sy-channel

= Third neutron in relative
P-wave

m Apply discrete variable
representation (DVR)

= N: Mesh points for DVR basis

m Super-Gaussian regulator
~ exp (—k*/A%)

= No sign of three-neutron
resonance
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Finite volume

Four-neutron system

m LO pionless EFT potential for 10
an, = —18.9fm
® nn interaction in 1Sy-channel 81
ES=0 .
mAF 5 L=0,4 T ‘0
m N=10 2]
® Super-Gaussian regulator 6 \—
~ exp (—k*/A?) 5
® DVR + Finite volume eigenvector
continuation (FYVEC) N
= Numerical convergence needs to be L{fm]  Courtesy of Sebastian Knig
analyzed in more detail = No sign of four-neutron resonance
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Summary & Outlook

= Summary:
® Point production ® Finite volume
o Derived point production amplitude R for 3b/3n o Discussed resonances in FV
system o 3n: Presented spectrum calculated using
o 3b: Showed influence of resonance on R DVR & showed that no resonance exists
o Presented NR-CFT & predictions for spectrum o 4n: Presented spectrum calculated using
o 3n: Compared to predictions by NR-CFT & DVR + FVEC & showed that no structure of
showed that no resonance exists resonance is present
o 4n: Resonance unlikely by NR-CFT
= Qutlook:
® Point production ® Finite volume
o Calculate R using Faddeev-Yakubovsky o Calculate spectrum for Gaussian regulator
equations — 4n ~ exp (—k*/A?)

o Check convergence for higher N
Thank you for your attention!
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