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Capture Reactions with Halo EFT

motivation

n-"Li system:
— low-energy structure
— low-energy approaches

halo EFT for n 4 “Li — 8Li + ~

— FE; capture
— M, capture

Summary and outlook
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e mirror symmetry: "Li(n,~v)®%Li

non-homogeneous BBN: bridge the A =8 gap

'H(n, 7)H(n, v)*H(d, n)*He(t, v)"Li(n, )*Li
"Li(n, 7)*Li(a, n)"'B(n, v)*B(87)'2C ...

p+ 'Be — 3B+~
5 8Be+ et + 1,
= major uncertainty on v, flux
= S17(0): low-energy extrapolation
= matter/vacuum oscillations
= direct/inverse hierarchy
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the n-"Li system

\3;2I

2.255

Bound states:
e 27 (—2.03 MeV): %[5P2 + 3Py (p3/2)

Scattering states:
9808] § . o 55, al?) = —3.63+0.05 fm
e 35 a(()l) = 0.87 £ 0.07 fm

267 \h = Radiative capture:
o 755,755 — 2+ (E1, 89.4%)
0.47761 | st
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potential models vs EFT

Vs EFT
_ Cy
VWS(T) - 1+exp‘(2?lR) ><

bound state

scatt. states
EM

Sch. Eq. for V%, SF/ANC
Sch. Eq. for V"

Op1 = Zoyier Yin(P)

Feynman graphs, resum., Z

Feynman graphs (resum.), a,r
QED
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EFT: basic ideas

1 — 10 GeV
e QCD/SM:

o YEFT,

< 50 MeV

e #EFT, Halo/cluster EFT,
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EFT: basic ideas
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halo/cluster EFT for n-"Li (scatt. states)
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halo/cluster EFT for n-"Li (bound state)

p-wave: Bertulani, Hammer, van Kolck; Bedaque, Hammer, van Kolck

e two operators at LO!

Lintp = (b(p)T 8 (b(p) [qb(p)TNTP(p)C’JrH C]+ |
no
ol T g —@?Bu—Atic M
t 0 —27
D, = = Z'=_—[D,'] =
P qo—q?/8u—A—6g>L 3%[ p }pole 3(vg+71)

pole: ¢ = 0;q0 = —5/2p
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FE radiative capture

N S0
(b)

S o0
(d)

e gauge invariance: cancellation of divergences (Phillips and Hammer)

O

5, Z k, <ZCMN

2
— (1) (2)
capture — 327TM2 D Qem M ) F(p,’YB,Mc,MN,aO y» A )
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Wigner bound

For short-range, S-wave, E-independent V,

3.3 (Wigner 55")
a a

2 3
T0§2<R—R —|—R>

equivalent to

diE {\/Z,uiE cot5(E)} <0

(Philips et al. 1998, Lee and Hammer 2010)
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Wigner bound

For short-range, S-wave, F-independent V/,

2 3
T0§2<R—R —|—R>

3.3 (Wigner 55")
a a

equivalent to

diE {\/Q,uiE cot5(E)} <0

(Philips et al. 1998, Lee and Hammer 2010)

Constraints from divergences of loop integrals

infinities are good!!!
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E4 radiative capture
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Davids-Typel: 71 =~ —0.30 fm~!
Tombrello: 71 &~ —0.46 fm~—!

Wigner bound: r; < —1 fm™!
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E4 radiative capture
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107*F v Nagai '05
® Blackmon '96

Davids-Typel: r; =~ —0.30 fm~—!
Tombrello: r; &~ —0.46 fm~—!
EFT: r; = —1.47 fm~!

(G. Rupak, RH, PRL 106, 222501, 2011)
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E4 radiative capture

100
o)
= 10
>
=
@) .
- Wang et al. (2009) m Heil et al. (1998)
— - Huang et al. (2010) A Nagaietal. (1991)
— = Rupak and Higa (2011) o Nagai et al. (2005)
1 — Best fit (see text) ® Present work
1 100 1000

Ecm(kev)

(Izsak et al., arXiv:1312.3498 [nucl-ex|, to appear @ PRC)
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the n-"Li system

\3;2I

2.255

Bound states:
e 27 (—2.03 MeV): %[5P2 + 3Py (p3/2)

Scattering states:
9808] § . o 55, al?) = —3.63+0.05 fm
e 35 a(()l) = 0.87 £ 0.07 fm

267 \h = Radiative capture:
o 755,755 — 2+ (E1, 89.4%)
0.47761 | st

ERHRAFITE ?6% _usr_ [



the n-"Li system

= Bound states:
b2 1 1\\ ° 27 (=2.03 MeV): —=[PP2 +*P3] (p3/2)
5988 . )J“H o 17 (—1.05 MeV): =[P, — 3P3] (p1/2)
h__ ‘Litn 2.03229 = Scattering states:
osos| [ o 55, a'¥ = —3.63+0.05 fm
e 35 agl) = 0.87 4+ 0.07 fm
oL \ e 3Py Ep =0.222 MeV, ' = 0.031 MeV

= Radiative capture:
® °55,°55 — 2+ (E1, 89.4%)
® °55,°S, — 1+ (E1, 10.6%)
o °Py — 2+ (M1)
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FE radiative capture
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Davids-Typel: 1 &~ —0.30 fm™*
Tombrello: r; &~ —0.46 fm~!
+ +
EFT: +* ) = —1.47 fm™L, ' ) = —1.93 fim™!

(L. Fernando, RH, G. Rupak, EPJA 48, 24, 2012)
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E4 radiative capture
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EFT: r* ) = —1.47 fm !, ') = —1.93 fm™!
(L. Fernando, RH, G. Rupak, EPJA 48, 24, 2012)
EFT+ab-initio: °P, - > P, weights, 'Li*

(X. Zhang et al., PRC 89, 024613, 2014)
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M radiative capture
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M radiative capture

40 -

i B=170 MeV
35 n B=83 MeV ——~—
30 B=-44 MeV —-—-
Huang '10
__ 25 Tombrello 65
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=2 20
O
15
10
5
0

Tewp & 30 keV; Tpor &2 110 keV

(L. Fernando, RH, G. Rupak, EPJA 48, 24, 2012)
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M radiative capture

70}
50 1y Imhof A 59 o
- Imhof B’59 a

Nagai '05 v

Tewp & 30 keV; Tpor &2 110 keV

(L. Fernando, RH, G. Rupak, EPJA 48, 24, 2012)
see also Bennaceur et al., NPA 651, 289, 1999
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Summary

halo/cluster EFT: systematic way of implementing EM currents

gauge invariance: cancellation of power divergences
"Li(n,v)8Li:
— two operators at LO

— “normalization” is very sensitive to 71 (not well-known from elastic scatt.)

— ry = —1.47 fm~!: excellent description of previous data, respect the Wigner
bound

— potential models: not so reliable extrapolations at low energies, uncontrolled
theoretical uncertainties

— excellent agreement with most recent MSU data (CD)

— M, capture: missing some structure (degrees of freedom)
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E radiative capture (theory: °P; only)
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Davids-Typel: 71 =~ —0.30 fm—!
Tombrello: r; ~ —0.46 fm~—!

Wigner bound: r; < —1 fm™! (Lee and Hammer)
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