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*Astrophysics: solar neutrino flux; solar models;...
*Neutrino mixing parameters
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Li7 capture is used to constrain models of Be7 capture.
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Motivations

*Astrophysics: solar neutrino flux; solar models;...
*Neutrino mixing parameters

*EFT: a simple picture; systematic expansion
(Lagrangian); uncertainty estimate
eParameters: ab initio bound state information
*Ab initio reaction calculation
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Gross features: p-wave
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Gross features: s-wave
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Gross features: s-wave

Parameter| Channel Value Assigned scaling
@ S-wave, S = 2| —3.63(5) fm 1/
ais,y |S-wave, S =1| 0.87(7) fm 1/A
A ~100 MeV
y =57.8 MeV

Large s-wave scattering length

L. Koester, K. Knopf, and W. Waschkowski, Z. Phys. A 312,81 (1983)
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S-wave in EFT
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S-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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P-wave in EFT
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Radiative capture: LO
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Radiative capture: LO
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Radiative capture: LO
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Scales, spins, core excitations
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Scales, spins, core excitations
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Scales, spins, core excitations
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Scales, spins, core excitations

A =100-300 MeV

Momentum scale Definition Value
¥ V2MpBs; 57.8 MeV
v v/ 2Mp(Bsy; + E*) |65.1 MeV
YA V2MrE* 30.0 MeV
5 V2Mp Bsy ;. 41.6 MeV
™ v/2Mpg(Bsy;- + E*)|51.3 MeV
Parameter Channel Value Assigned scaling
aiss,) |S-wave, S =2| —3.63(5) fm 1/
acg,y |S-wave, § =1 0.87(7) fim 1/A
r P-wave, J = 2|—1.43(2) fm ™! A
r P-wave, J = 1|—1.86(6) fm ™! A

L. Koester, K. Knopf, and W. Waschkowski, Z. Phys. A 312,81 (1983)
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4 parameters: 3 h + 1 Delltaq,
or 3 C+gamma l

C(ﬂpﬂ C[‘G PEJ CES PE:H’

Nollett |—0.283(12)| —0.591(12)| —0.384(6)

| —0.284(23) | —0.593(23)
\ K. M. Nollett and R. B. Wiringa, PRC 83, 041001 (2011)
L. Trache,et.al., Phys. Rev. C67, 062801(R) (2003)
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| —0.284(23)|—0.593(23) 0.187(16)[0.217(13)
\ K. M. Nollett and R. B. Wiringa, PRC 83, 041001 (2011)

L. Trache,et.al., Phys. Rev. C67, 062801(R) (2003)
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Radiative captures: LO
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Radiative captures: LO
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LO results on Li7(n, gamma)L|8(L|8*)

LAY DL NS DL R BELRNL AL BELENLELL] BELENLELL] BELANLILE) BN
ca| —

1.4 cal
O6cal --------
Heil ——+—
Blackmon - -e-- -

1 ||i'

Nagai

2 i Imhof(a) :--%---
= Imhof(b) &g
5 OF Lynn

o

2

£ 1 IIII L IIII L IIII L IIII 1 IIII

-3 PRI T [N T T TR 1 N T TN I AN TN T % AN T A O ¥ N M A N 1 B NN AN N 1 B B I Y B B I

-6 -5 -4 -3 -2 -1 0 1 2 3
log,o[EL(KeV)]
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D. Gul’ko et.al., SINP 6, 477 (1968); E. Lynn et.al., PRC 44, 764 (1991);

Y. Nagai et. al., PRC 71, 055803 (2005); J. C. Blackmon et. al., PRC 54, 383 (1996); J. E. Lynn et. al., PRC
44,764 (1991); M. Heil et.al., Astro. J. 507,997 (1998); W. L. Imhof et.al., PR 114, 1037 (1959).



LO results on Li7(n,gamma)Li8(Li8*)

LO .
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A. D. Gul’ko, S. S. Trostin, and A. Hudoklin, Sov. J. Nucl. Phys. 6, 477 (1968);
J.E. Lynn, E. T. Jurney, and S. Raman, Phys. Rev. C 44, 764 (1991);
4/22/2014 Y. Nagai et. al., Phys. Rev. C 71, 055803 (2005). 67



LO results on Li7(n,gamma)Li8(Li8*)

LO .
ol(Si=1) — 2+ (CB%)
al(Si=2) — 2] [0 \2 2
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o[(Si =2) — 27]

= o(— 2%)

= 0.93(2) [> 0.86]
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= 0.65(6) or 0.75(7).

A. D. Gul’ko, S. S. Trostin, and A. Hudoklin, Sov. J. Nucl. Phys. 6, 477 (1968);
J.E. Lynn, E. T. Jurney, and S. Raman, Phys. Rev. C 44, 764 (1991);
4/22/2014 Y. Nagai et. al., Phys. Rev. C 71, 055803 (2005). 68



LO results on Li7(n,gamma)Li8(Li8*)

LO .
ol(Si=1) — 2+ (CB%)
al(Si=2) — 2] [0 \2 2
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o[(Si =2) — 27]

- s Tl 0.86]
ol(S$;i=2)—17] =
ST~ 065(6) or 0.75(7)
~ 2 - 2
o(—1*) 3 (C(L:‘EDI}) + (C{I;?jl}) 1 2a(5,)7)2
. 9+y T 5 2 5
o 5(0(15*?”23') N (C{L%}) 1 - Fa@s))?
— 2"'
- p ) 0.88(4)  [0.89(1)]

A. D. Gul’ko, S. S. Trostin, and A. Hudoklin, Sov. J. Nucl. Phys. 6, 477 (1968);
J.E. Lynn, E. T. Jurney, and S. Raman, Phys. Rev. C 44, 764 (1991);
4/22/2014 Y. Nagai et. al., Phys. Rev. C 71, 055803 (2005). 69
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* [t is considered as isospin mirror of Li7
capture on the nucleon level

* From EFT/core+proton picture, they are
quite different due to strong Coulomb

effect
E. Ryberg, C. Forssén, H.-W. Haommer and L. Platter,

PRC89, 014325 (2014)
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Nonperturbative Coulomb effect

Ko
K

1 a 1 1 1
V. + ...
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Nonperturbative Coulomb effect

K
kg = Q:.0napm Mg n = ?C ~1 Sommerfeld para.
1 N 1 1 1

= V.
E—Hy—-V,.—V, E—HD—I/;+E—HD—1/; SE—HD—EJr

XE::)(T‘) — e 2R (1 + in) M (=in. 1; £ikr — ikr)

Kummer function

21
+
=P r=0) = 57 = 2,

. + i Coulomb barrier, and phase
=000 r=0) = et g

e FIT(I+ 1+ in)] g — LA 1+m)
nl = (20 +2) L(l+1—1in)




Effective range expansion in EFT

o Xy " (0)xp~(0)
My —a " — 2ko H(n)
2]7"1' Ciﬂezigﬂ

Mg —ag' — 2kcH(n)

NS TL(BE)XSY) = (-)

~ ()

1 1 e L
C; ok(cot 8y — i) = . + .- —2kcH(n) H(n) = ¥(in) +1/(2in) — In(in)



Effective range expansion in EFT

X. Kong and F. Ravndal,
or X577 (0)xs"(0)  NPA 665, 137 (2000).

, — R. Higa, H. -W.Hammer
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R 0 ) 2(‘ (ﬂ) and U. van Kolck, NPA
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809, 171 (2008).
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Effective range expansion in EFT

NS TL(BE)XSY) = (-)

) X. Kong and F. Ravndal,
_I_

or X577 (0)xs"(0)  NPA 665, 137 (2000).

Mg _aal — 2kcH(n) R. Higa, H. -W.Hammer

and U. van Kolck, NPA

(=) 2r e 809, 171 (2008).
Mg —ag" — 2kcH(n)
Crok(cot dy — i) = gy v T2k () H(n) = v (in) +1/(2in) — In(in)

Xy [T (B)XSY) = (-)
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ax. " (0)8xy” (0)
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My —L + 2 k2 — k2(1 + n2)2kc H (n)
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Effective range expansion in EFT

KSTLBIE) = ()2 OO
Vo He(E)XG My —a;" — 2k H(n)

2 2iaq
2T CT? o€

Mr—a' - 2kcH(y 9 (0ra0)

One parameter:
— (-)

Cgﬁnk(cm dp — 1) = + .-+ — 2kcH(n) H(n) = v¥(in) + 1/(2in) — In(in)

1

6 Ay (0)xg” (0)

My —L + 2 k2 — k2(1 + n2)2kc H (n)
67 k?c‘*z 22{?1

S VA Yy ST g Yo 10

Xy [T (B)XSY) = (-)

C,ﬁ,lkg(cc-tél—z = —— —I—GQc + o= KA1+ n*)2kcH(n)

Two parameters: Delta and h (or al and r1)



Scales, spins, core excitations

.7695

T

"1

[16.36]

0.1375

1.5866,.7

F=X'T=1  'Be+p

: [jl‘e“%:q“‘H C

04291 T, 8
= ]_ £ Shallow bound state
412 3,
[-U.24] J'= F I'= -alr Momentum scale Definition Value
JEC.:'_: ~ Y QEQ”CEH_.”;"L{R 24.02 MeV
7 g vV2MpBsg 15.04 MeV
Be A \/2M [, Bry,. 70 MeV
. T~ w-fgﬂf;{(BSE + E"] 30.53 MeV
Pe 7 7 TA ~ Vv2MgpE* 26.57 MeV
_‘l _1 _1 ~0.2 Asg,, Gsg, ~ 1/7| scattering lengths Varies
i ) i ro ~ 1/A [ = 0 effective ranges Varies
kC 1 aq ~ “,-‘2;"1‘L scattering volume |1054.1 fm?
n=-" ry o~ A [ =1 effective “range” [-0.34 fm !

4/22/2014
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P-wave
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Radiative captures: LO

Pc\a \ .
Wh N 7
\ \
(b p o
pI?(j—



Radiative captures: LO
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Radiative captures: LO
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Radiative captures: LO
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LO results on Be7(p,gamma)B8

Ciapy Cispy)  |9381)|0(58s)
Nollett | —0.315(19)[—0.662(19)
Navratil | —0.294 —0.650 | =5.2 |—=15.3
Tabacaru| 0.204(45) | 0.615(45) | T~
Angulo (55{:9) —T(fﬁ\

N—

Csps) = —0.3485(51)

P. Navratil, R. Roth and S. Quaglioni, Phys. Lett. B 704, 379 (2011);

C.Anguloet. al., Nucl. Phys. A 716, 211 (2003);
G. Tabacaru, et. al., Phys. Rev. C 73, 025808 (2006)




S (eV b)

LO results on Be7(p gamma)B8

35 i 1 T T ] —r 1 1 [ 1T Cl'qul (_ 5 Py) ar']\_)lhl (1r:,52]
Baby —e— Nollett |—0.315(19)|—0. 662/ 19)
Hammache —o— Navratil | —0.204 | —0.650 | —5.2|-15.3
30 — . Tabacaru| 0.294(45) | 0.615(45)
C Strleder A Angulo {ﬁS{LQ) —T(fﬁ‘
[ Filippone
o5 [ Junghans +—e—

C?,:::‘lj.r_iej — —[]3—185{51]

!_I*‘i}}% One standard
] » deviation in S-wave

scattering lengths

10:....I....I....

E (MeV)

P. Navratil, R. Roth and S. Quaglioni, Phys. Lett. B 704, 379 (2011)
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LO results on Be7(p gamma)B8

35 L LA B Cepy) Cep)  |a3s)) |55
Baby —e——| Nollett |—0.315(19)|—0.662(19)
HammaChe I ] | Navratil —0.294 —0.650 —5.2 |—15.3
30 F Strieder —a—i Tabacaru| 0.204(45) | 0.615(45) | _—t~_
C F|||pp0ne Angulo (ﬁS(G) —T(é‘
o5 | Junghans +—e— o
20 One standard
- deviation in S-wave
151 scattering lengths
0 0.1 0.2 0.3 0.4 0.5
E (MeV)
Need better measurement of S-wave scattering lengths
and/or effective ranges to extrapolate data to zero energy
4/22/2014

P. Navratil, R. Roth and S. Quaglioni, Phys. Lett. B 704, 379 (2011) .
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LO results on Be7(p gamma)B8

35 L LA B Cepy) Cep)  |a3s)) |55
Baby —e——| Nollett |—0.315(19)|—0.662(19)
HammaChe —{1— Navratil —0.294 —0.650 —5.2 |—15.3
30 F Strieder | | | Tabacaru| 0.294(45) | 0.615(45) | _—1~_
C . Angulo (ﬁS(G) —T(é‘
[ Filippone ,
o5 | Junghans +—e— o
g,.i"iﬂ One standard
] o deviation in S-wave
B scattering lengths
L —— TRIUMF:
0 0.1 0.2 0.3 . 0.5\ Ecm=120keV
E (MeV)
Need better measurement of S-wave scattering lengths
and/or effective ranges to extrapolate data to zero energy
4/22/2014

P. Navratil, R. Roth and S. Quaglioni, Phys. Lett. B 704, 379 (2011) ”



LO results on Be7(p,gamma)B8

—

S(E) = S(0)(1+di E +daE?) Fit to 0<E<50 keV

L. T. Baby, et. al., [ISOLDE Collaboration], Phys. Rev.Lett. 90, 022501 (2003);
F. Hammache, et. al., Phys. Rev. Lett. 86, 3985 (2001);

F. Strieder, et. al., Nucl. Phys. A 696, 219 (2001);

B. W. Filippone, et. al., Phys. Rev. C 28, 2222 (1983);

A. R. Junghans, et. al., Phys. Rev. C 68, 065803 (2003);

A. R. Junghans, et. al., Phys. Rev. C 81, 012801 (2010).



LO results on Be7(p,gamma)B8

S(E) = S(0)(1+di E +daE?) Fit to 0<E<50 keV

—

S(0) (eV b)|Ses,,(0)]|di(MeV™)|da (MeV~2)
No+A | 182412 [3.1+£04] —1.62 10.3
Na 17.8 3.0 —1.26 10.8
T+A | 157+£27 [27+08] —1.62 10.3
20.8 + 1.6 —1.5+0.1| 6.5+2.0

\_

E.G. Adelberger, et al., Rev. Mod. Phys. 83, 195 (2011)

L. T. Baby, et. al., [ISOLDE Collaboration], Phys. Rev.Lett. 90, 022501 (2003);
F. Hammache, et. al., Phys. Rev. Lett. 86, 3985 (2001);
F. Strieder, et. al., Nucl. Phys. A 696, 219 (2001);

B. W. Filippone, et. al., Phys. Rev. C 28, 2222 (1983);
A. R. Junghans, et. al., Phys. Rev. C 68, 065803 (2003);
A. R. Junghans, et. al., Phys. Rev. C 81, 012801 (2010).




Summary

EFT + ab initio works as expected at LO

LO needs s-wave scattering length, p-wave
ANCs, and binding momentum

The p-wave is a coupled-channel problem

For Be7 capture, improving s-wave
measurement is important for extrapolating

data to stellar energies.
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Outlook: NLO

Existence of
threshold

Improve the initial
state multiple
scattering

Improve the final
state interaction

Improve the short
distance contribution
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Outlook: NLO

* Need to fix higher order
couplings, i.e., need more
“observables”.

\ e Extract from direct ab initio
calculations (short distance)?
e Change the boundary

LIPS conditions and the

background fields?
*Use data directly?



backup

e Capture cross section

 S(E) |
og(E) = (E exp| —27n(E)]

e 20keV ~ fb
e 1MeV ~“mb



S-wave in EFT
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S-wave in EFT
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S-wave in EFT
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P T _ 2T 1
/\ Mg —kcotdy + ik
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Radiative captures: LO
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Radiative captures: LO
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Radiative captures: LO
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