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THE SUN AS A LABORATORY

» The interior of the Sun is an extreme environment, not found in terrestrial
laboratories, and thus a natural scenario to search for new physics signatures.

> i.e., building a Solar Model and comparing with experiment allows viewing the
Sun as a laboratory.

Helioseismology - “"sun-quakes” on the surface
which can tell us about the structure to the core.

Neutrinos- probe the temperature of the core.
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THE SUN AS A LABORATORY

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Nobel prize 2002: the solar neutrino problem B

Predicted Solar neutrino flux can not match measured solar neutrino flux
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Solution - neutrino masses and oscillations

Hinted from solar measurements, proven terrestrially
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STANDARD SOLAR MODELS

Equations and Output verified vs.

input :
P data bases Helioseismology & neutrinos

Mass, Luminocity, Age, ‘ Standard Solar -- Rcz — convection zone

Composition Model (SSM) * YCZ — Helium abundance
* Rad-hyd e Sound vel. profile
* 1d mixing. * Neutrino fluxes
* QOpacities

* Egs. of state (EOS)

differential probing of solar structur
e Nuclear rates probing

Density (kg/m3)

Neutrinos
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ASPLUND ET AL. (2009) SOLAR COMPOSITION REEVALUATION

» A downward revision in the abundance of some of the elements in the
solar mixture, due to better solar atmosphere simulations, as well as
meteorite data.

8.52 = 0.06
7.92 = 0.06

8.83 = 0.06
8.08 = 0.06

7.58 =0.01
7.56 = 0.01
7.20 =0.06
7.50 =0.01

[I/H] = log (N1 /Nu) + 12
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THE SOLAR COMPOSITION PROBLEM

0.015

input

Equations and
data bases

Mass, Luminocity, Age,

0010

0.005

(€ 5un (1) =T(r))/T(r)

0.000¢

Output verified vs.

Helioseismology & neutrinos

‘ Standard Solar -’ RCz — convection zone

* YCZ — Helium abundance

e Sound vel. profile
* Neutrino fluxes

GS98

Obs.

Y, 0.2319(1 £ 0.013) 0.2429 (1 £ 0.013) | 0.2485 £ 0.0035

0.713 £ 0.001

. Ry /R; | 0.7231(14+0.0033) 0.7124 (1 £ 0.0033)

Composition Model (SSM)
* Rad-hyd
e 1d mixing.
* Opacities
* Egs. of state (EOS)
* Nuclear rates
Basu et al, 2009
AGSS09
AGSS09
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~3 — 40 discrepancy!

Serenelli et al 2013
Bailey, J. E., et al. 2009
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THE SOLAR COMPOSITION PROBLEM

: Equations and Output verified vs.
Input : : :
data bases Helioseismology & neutrinos
Mass, Luminocity, Age, ‘ Standard Solar -- Rcz — convection zone
Composition Model (SSM) * YCZ — Helium abundance
* Rad-hyd * Sound vel. profile
© ldmixing. * Neutrino fluxes
* QOpacities
* Egs. of state (EOS)
* Nuclear rates
bors Basu et al, 2009
AGSS09 GS98 Obs.
AGSS09 Y, 0.2319 (1 £0.013)  0.2429 (1 £0.013) [ 0.2485 + 0.0035
4  Ry/R. | 0.7231(140.0033) 0.7124 (14 0.0033) | 0.713 % 0.001

0.005 ~ !
el _ ~3 — 40 discrepancy!

e | Note: 40 deviation is just 1.5%...

0.000¢ . . ‘/

. G598

(€5un (r)=T(r))/E(r)
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W

A precision type of problem demands
Serenelli et al 2013

~0.0055 02 0 R, 06 08 aSSGSSing unceﬂ'ainﬁes Bailey, J. E., et al. 2009




WE TRY TO ANSWER THE FOLLOWING QUESTIONS

HOW WELL DO WE UNDERSTAND MICROSCOPIC
PHENOMENA IN THE SUN?

WHAT IS THE ORIGIN OF CURRENT UNCERTAINTY

ESTIMATES?
CAN WE IMPROVE ON THESE?
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THE SOLAR COMPOSITION PROBLEM
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Output verified vs.
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input
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THE SOLAR ABUNDANCE PROBLEM

“IN THE NEWS”

Krief, Feigel, DG, ApJ (2016a,b).

Krief, Feigel, Kurzweil, DG, ApJ (2017).
Segev, DG, Physica A (2018).

Krief, Segev, DG, in preparation.

MAJOR UNNOTICED UNCERTAINTIES IN
SOLAR OPACITIES

SPECIAL REPORT
GRAVITATIONAL WAVES
All the fallout from the

neutron star smash-up

Scientist %

SWIPE LEFT! How online dating is making society more liberal

SOMETHING
STRANES GOING

Science and techno Igy news
www.newscientist.com
US jobs i

_=——-
PLUS LONG-LOST SPECIES /CANCER AND NERVES /SEX ADDICTION /MOON VS MARS /
FEMALE ORGASM /EPIGENETIC EVOLUTION /SOVIET SCIENCE / MATHS BEATS THE BOOKIES

11
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THE SOLAR COMPOSITION PROBLEM
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PROTON-PROTON FUSION IN THE SUN

Deleon, Platter, DG (2016, 2019).
Deleon, DG (2019,2020a,b)



PROTON-PROTON FUSION IN THE SUN )

MOTIVATION: WEAK PROTON-PROTON FUSION IN THE SUN

Cannot be measured terrestrially — depends on
theory

Very low proton-proton relative momentum (E,,~6

kel).

Needed accuracy: ~1%.

expl —27n(E)]

S(E) =5(0)+ S'(0)E + S"(0)E?/2 + - -

Theory challenge: accuracy and precision
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WEAK PROTON-PROTON FUSION IN THE SUN — THEORY STANDARDS

SFIl — Adelberger et al., Rev. Mod. Phys. 83, 195 (2011)

4.01(1 = 0.009) X 107%> MeVb potential models,
4.01(1 £0.009) X 107% MeVb EFT",
3.99(1 = 0.030) X 107> MeV b pionless EFT.

2011

SFIl recommended value (2011): §,,(0) 1 +0.009) X 102 MeV b.

Marcucci et al. y EFT: S(0) :@b@t 0.006) x 107 MeV fm’

2013

Archaya etal (1603.01593) x£7: [T IR LN D RS A,

2016




PROTON-PROTON FUSION: THEORY STANDARDS

WEAK PROTON-PROTON FUSION IN THE SUN — THEORY STANDARDS

SFIl — Adelberger et al., Rev. Mod. Phys. 83, 195 (2011)

4.01(1 = 0.009) X 107%> MeVb potential models,
4.01(1 £0.009) X 107% MeVb EFT",
3.99(1 = 0.030) X 107> MeV b pionless EFT.

2011

SFIl recommended value (2011): §,,(0) 1 +0.009) X 102 MeV b.

Marcucci et al, y EFT: $(0) =((4.001 0.006) x 10~2MeV - fm’

2013/19

Corrected down by 0.034, due to erroneous p-wave contribution assessment. (Acharya, Platter, Rupak, 2019)

LI ERTZ AN S (0) = (@0478.924) x 102 MeV - fm’

Plagued by my mistake, though... ;-)

2016/19




MODERN NUCLEAR THEORIES - EFFECTI

QCD scales Probe momentum

500

250

[ana

Weinberg (1991), van-Kolck (1992),
Kaplan (1996)...



PROTON-PROTON FUSION — MAKING THEORY RELIABLE AGAIN k 18

CAN WE VALIDATE AND VERIFY THESE RESULTS?
CAN WE ESTIMATE “SYSTEMATIC™ UNCERTAINTIES?

Use pion-less EFT



MODERN NUCLEAR THEORIES - EFFECTIVE FIELD THEORIES OF QCD % 19

QCD scales Probe momentum

MeV

1250
..

1000

75

500

250

Use 3H decay to fix 2-body strength L,
and predict pp fusion

[ana

prp—od+v, +e ‘H—'He+e +V, n—op+e +V,

Weinberg (1991), van-Kolck (1992),
Kaplan (1996)...



PIONLESS EFT @ NLO

AZO

A FULLY PERTURBATIVE PIONLESS EFT A=2, 3 CALCULATION @NLO

> 5 Leading Order Parameters
> nn and 2-np Scattering lengths: 3S,, 'S,
> pp scattering length.
> Three body force strength to prevent Thomas collapse.

> 5 Next-to Leading Order para
ER PARAMETERlZTlUN

» effective ranges: ps = U_+p.7 z a
’ ~ 0 +
t LO ;1’5 Pi —~— Ve

> Renormalizations of pp scattering length and 3NF.

> isospin dependent 3NF to prevent logarithmic divergence in the binding
energy of 3He.

> Only 3H and 3He binding energies are “many-body” parameters. All the rest-
very well experimentally known scattering parameters.




PIONLESS EFT @ NLO

ADDING THE WEAK INTERACTION

» 54+1 LO Parameters
One body

-+

e
Ve

9ga

> 5+1 NLO parameters:

Two body

=l

GTy = (n|GTp) = V3 ()

axial coupling constant, “known” from neutron g decay.

GTemp <3HHGT( )H3H6> \/_ 1. 213 002)

2-body analogue of g4, we fix it from *H decay rate.



&

PIONLESS EFT @ NLO N 22

ADDING THE WEAK INTERACTION % R @ \l/

Use 3H decay to fix 2-body strength L,
and predict pp fusion

> 5+1 LO Parameters ptp—d+v +e 'Ho He+e +V, n—pte +v,
One body B
GT, = (n|GTC)p) = V3 (L)
e+
| V, axial coupling constant, “known” from neutron g decay.
ga oo
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> 541 NLO parameters: i )f

Two body

2
DO

[y 4 |arb. units]

o
-
|

H—’He+e +V,

=l

llllll 1 1 lllllll 1 1 llllul L 1 lllllll L L L lill
L 10° 10% 10° 10° 10’
14 A [MeV]

Pt + Ps Lll A 1 ( 1 )
L = — - 2 — -
LAl = = o T amga v MW \F TG,
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A FULLY PERTURBATIVE PIONLESS EFT A=2, 3 CALCULATION @NLO

e 7 \e .
’ . @ / Weak observables
ve

Use 3H decay to fix 2-body strength L,
and predict pp fusion

ptp—od+v,+e 'H—’He+e +V, n—op+e +V

theoretical
uncertainty

T1o

v" However, we find small NLO contribution =~ 4%...

use to
T L 1
For both observables: T = T;,X| 1 + NLO( 1A) +0 (52) estimate

v" How do we know if ¢ is unnaturally small or §? Is this unique for GT?
v" How do assess expansion parameter and uncertainty?

v" How do we know if this is valid?



THE ELECTROMAGNETIC WORLD N 24

ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

E‘f )/Ve \e f v
Y "Ho Het+e +V,  n—opte +7,
Weak observables

ptp—d+v +e

%@@@; :

n+p—->d+y

WHAT CAN WE SAY
ABOUT THIS

ANALOGY?

M1 observables — ALL VERY WELL MEASURED
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

M1 observables — ALL VERY WELL MEASURED

lawd..

n+p—d+y

/l — _5697 X j(@‘q:g

LO interaction Lagrangian L}nfgnet o = mNT (ko + K173) 0 - BN
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

M1 observables — ALL VERY WELL MEASURED

%@@@; :

n+p—d+y
. i 5
M = _ivq X j(@‘q:g

£2B

magnetic —

NLO interaction Lagranglan e ik L
— /ﬁllLl tTS—|-STt B 1€% /ﬁ)oLg(( Z)Tt]) Bk}

pp 7 ptP (1 — ) M——
4 /4:1 Qs
M L’
= 2 +ﬂ ‘ Tt (1 — )
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

RG invariant results - take same cutoffin LS eq. and in L, L,

I IIIIII] LI IIIIIII LI IIIIIII LI IIIIII[ T TTTTT 0.4—| |||||||._.|—I.:.I:II-_-I_I-I_I-I:IJ_.I_:_II.ILII-_-I_-I_I::-l-.i-
0.15 é‘;:—' - - __-__Z __é s i
= Ty iy iy iy 3 ¥ i
: : 0.2 __\’ __
01 - - \\ i
‘[,[3 § l i ) 0 5‘_:—:..‘_..:_..:_'.'-.ZF-_'F-_'.=:.=;.=:—:—:-;:.::.::.::.::.::.::.::.::.::.::.:;::.::.::.::.n
H eI 11 S ——— % ’
5 IS et 7 g _oof :
gy D = ERE, fixed simultaneously i 0.21 — ERE, fixed simultaneously[
Of i --- ERE, fixed separately i - i --- ERE, fixed separately |
Eii - - Z,fixed simultaneously E —04r P - - Z,fixed simultaneously [
-0.05 — Z,fixed separately ] 0.6 ;’/ — 7, fixed separately i
B ||||||| | |||||||| ERTIT Ll Ll 11l —J. _IIIIIIII | IIIIIIII L1l 111l | N
10°  10* 10°  10° 10’ 10° 10* 10°  10° 10’
M A [MeV] A [MeV]
2-B _
ﬁmagnetlc _
NLO interaction Lagranglan e T T o it
— /ﬁ)lLl t's+ s t —26‘7 lﬁ:oLg((t) tj)-Bk}

— (k=) (u — ai)

_ pt+ps
\/ptps ’Yt PP
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take two M1 observables as input, and predict the other two

07/1072 | 157°/1072 | (fisy) [NM] | [{fispe) [[INM] | (i) [NM Y,
LO ' S

NLO

Mean
std

Exp
data

“L"-PARAMETERIZTION




¢
THE ELECTROMAGNETIC WORLD N 27

ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take two M1 observables as input, and predict the other two

My O([1) NLO
strong
inter.
(om)
<M§He>
(fia)
Yoo

v' What do we see here?

“L"-PARAMETERIZTION (ER —PARAMETERIZTION)

v" The NLO contribution is about € ~ 5 — 10% - We “expected” € = .

v ER parameterization seems more precise; However, fluctuations within
contributions are significantly bigger than total one.

¥ We focus on Z paramterization only!
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take two M1 observables as input, and predict the other two

5</:\L>total

0(f1) NLO
strong
inter.

‘ic

opert.

v' What do we see here?

v The deuteron magneticmoment i is unnaturally small contribution

(fd) = Ko {223° +

= 2/630

“L"-PARAMETERIZTION

1+

-

NLO storng inter.

7% (1%)
13% (4%)
1% (1%)
6% (9%)

(ER —PARAMETERIZTION)

/
lo (1)
——
NLO magnetic opert. |

3% (11%)
3% (25%)
0% (0%)
2% (2%)

5% (10%)
10% (29%)
1% (1%)
4% (12%)
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take two M1 observables as input, and predict the other two

11°°/1072 | 15°° /1072
= 4.7(2)2(1)21.2) _1%(((31).1) M 5<ﬂ>t0ta1 5<:&> NLO .
4.66 (9.0) | -2.6 (-2.6) strong tic
= || 466 (60) | 013 (31 nter. oDt
o e (asw) | 7% (1%) 13% (11%) | 5% (107%)
Sl Ty (Bsme) | 13% (47) 137 (25%) | 107% (297)
B (a) | 1% (1%) | 0% (0%) | 1% (1%)
Y., | 6% (9%) | 2% (2%) | 4% (12%)

v' What do we see here?

v The deuteron magnetic moment receives unnaturally small contribution

v’ The statistical analysis shows that [}~ is consistent with 0.

AL /14>

~ T7T0%

Al ~ 3%

“L"-PARAMETERIZTION (ER —PARAMETERIZTION)
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take two M1 observables as input, and predict the other two

11°° /1072

1,°° /1072

LO

0 (0)

0 (0)

NLO

1.72 (14.2)
4.66 (9.0)
4.66 (9.0)
4.66 (9.0)
4.92 (15.2)
4.60 (13.4)

1.6 (4.1)
-2.6 (-2.6)
-2.4 (29)
-0.13 (-31)
2.6 (-2.6)
2.6 (-2.6)

Mean

4.73 (13.0)

“1.7 (-0.04)

std

0.2 (2.8)

1.1 (25)

Exp
data

v" What do we see here?

My | 6{ft)total | O{f1) NLO .
strong tic
inter. opert.

(zgp) | T% (1%) |3% (11%)| 5% (10%)
(fisge) | 13% (4%) 3% (25%) | 10% (29%)
(ia) | 1% (1%) | 0% (0%) | 1% (1%)
Yo, | 6% (9%) | 2% (2%) | 4% (12%)

v The deuteron magnetic moment receives unnaturally small contribution

v' The statistical analysis shows that [}~ is consistent with 0.

Al ~ 3%

v' Surprising! (different physics than pion-less expansion?)

AL 1,0

~ T0%
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

Conjecture [;° = 0,i.e., 2-body isoscalar interaction is at least N?LO

— lﬁllLl th—I—sTt B — i IioLQ th
_ PH‘P
\/W ”Yt PtPs

=-2 +
LO ’Ytpt




THE ELECTROMAGNETIC WORLD

Conjecture [;° = 0,i.e., 2-body isoscalar interaction is at least N?LO

[17° /1077 | (1) NM] | (faape) [NM] | Vi1,
4.36 * -2.10 1.250
4.97 3.00 * 1.256

4.66 2.99 -2.11 *
Mean 4.7 2.99 -2.11 1.253
std 0.6 0.01 0.01 0.006
%NLO/LO 8% 13% 6%
Exp. data 2.979 -2.128 1.253

v' What do we see here?

v' Everything still works even if 15° = 0:

v" natural convergence,

v' same order of magnitude of expansion parameter e ~ 6 — 13%

v" Small STD on predictions and

Al’OO
T N €% =~ 10%

¢
A34

ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

For each row, take one M1 observables as input, and predict the other two
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

"Our theory”: pion-less EFT at NLO based on Z-parameterization

Operators:

Still need to assess theoretical uncertainty:

b | (upp) 0,07° ® RG invariant - no cutoff dependence as a guide

2b | LyisTd, d | EYNEINE] convergence: order by order
N2LO

laws

n+p—>d+y
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

“Our theory”: pion-less EFT at NLO based on Z-parameterization

Assessing theoretical uncertainties:

Take a generic observable: <M1> = <M1>LQ : (1 + CNMI;O -0 + 0(52))

v ey should be natural.

v "Usually", we would take § from a Naive estimate of the theory:

v In pionless EFT The Naive estimate is § = n’;—t ~ %

v Wegotd ~6—13%
v" Surprising! (different physics than pion-less expansion?)

v' Let us estimate & from the results!
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

“Our theory”: pion-less EFT at NLO based on Z-parameterization

Take a generic observable: (M7) = (M1)10 - (1 +

v’ Let us estimate & from the results!

v

v

Assessing theoretical uncertainties:

O(6%))

We take 3 measurements of al\’\ﬁO ~ 6,8,13% from the NLO observables
1

From <pg >% (N’LO/LO) ~ (NLO/LO)? ~ 42
Thus (NLO/LO) ~ 0.1

And fluctuations in 15° 9 (N*LO/NLO) ~ 0.04 — 0.1

We use information theory to show that ratios of orders should be
distributed log-normally to maximize information entropy.

NLO
M¥
deviations. The finite number of measurements = t-student

We use the "measurements” ofa’'; to assess the size of § and its standard
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

"Our theory”: pion-less EFT at NLO based on Z-parameterization

Assessing theoretical uncertainties:

Take a generic observable: <M1> = <M1>LQ : (1 + CNMI;O -0 + 0(52))

v’ Let us estimate 6 from the results!

1 I I I

0.8 | _

] 0.05 < 9 < 0.13 ]
06 ata 95% degre¢ of belief ~
D B - - ~ . —_
~ 0.4+ — n = 7 constrains | _|

= — n = 4 constrains

0.2 _
0 {/ | | | |

0.04 0.06 0.086 0.1 0.12 0.14
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ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

"Our theory”: pion-less EFT at NLO based on Z-parameterization

Assessing theoretical uncertainties:

Take a generic observable: (M7) = (M1)1,0 - (1 + NLO |

(Ao}, )

[aser (al{&toY" o) -or (ol {adi} )

This is the CDF of the truncation error A

The theoretical uncertainty of

M, observables in our theory
is about 1% at 70% DOB

2
a0+ 0(6%))
17 T
0.8 -
E 0.6 : (Aan),n=éi _
HiHe)H N =
O '/ A
0.4H1] — (fy)hn=4 _
| = Yppn=7
0.2 o (ﬁ:“He):n =7 ]
o (:a3H>rn =7
O | 1 | 1 | L |
0.02 0.04 0.06 0.08

Truncation error (relative to leading order)
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ELECTROMAGENTIC OBSERVABLES OF A=2, 3 NUCLEI

Perfect post-diction,

within 1% theoretical uncertainty! 3
> Amazing precision and accuracy. 21
> Surprising: S 1+
S
> Changes in Naive pion-less EFT E 0
counting, by I3 = 0. s
_’I -
> |s this a result of the flow to very
low energies of chiral EFT, where -2

iso-vector pion leads to [;* at NLO,
while 15 comes at N3LO?

: 1
> Unnaturally small expansion parameter, § * 5 — 10% << — = .

> Hinting different physics than pionless? Unitary expansion (van Kolck,
Konig)? Wigner symmetry (Phillips, Vanasse)?

> This is the origin of the “shell model” like behavior of these magnetic

moments, while the wave functions are very far from shell model - Can this

be extended to heavier nuclei?



THE ELECTROMAGNETIC WORLD N 4
“Our theory”: pion-less EFT at NLO based on Z-parameterization

ELECTROMAGNETIC ANALOGUES TO THE WEAK OBSERVABLES

3H and 3He have almost

\ the same wave function :
e ‘ 0 (I
e = I
V 3 _1”," —_ a—0
H—’He+e +V, n—>pte +V,  ioone,
5 107 - ‘ 5 105 - 3107

prp—d+v +e' Weak observables

Operators:
M1 Weak

1-b | (Unp) 0,07° |gaoT™™
6 ‘ 2-b LlsTd,L),dJ@ Lisstd
NZLO

n+p— d +y Take expansion parameter

M1 observables — ALL VERY WELL MEASURED CDF from M1 analysis!
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A PREDICTIVE AND VERIFIED THEORY, A CHECKLIST:

S11(gs = 1.275) = 4.16 1043MeV - fm?

3 hallife

A predicted increase of 2-6% over SFll




EFFECT OF NEW S,, ON SSM

NEUTRINO FLUXES WITH PREVIQUS S, VALUE

43

FIU_X Old composition SSM New composition SSM Solara
O (pp) [5.98(1 & 0.006) 6.03(1 £ 0.005) 5.97%&3:83%
P (pep)| 1.44(1 £ 0.01) 1.46(1 £ 0.009) 1.45, 0o
CID(hep) 7.98(:_ m 0.30) 8.25(1 + 0.30) 19E(1__F8?1:;§ )
_ 140.050
<I>(7Be) 4.93(._ m 0.06) 4.50(1 + 0.06) 480818833
(I)(SB) 5.46(:_ T D.:_Q) 4.50(1 T D.:_Q) 5.16(1_0:017)
(13(13N) 2.78(:_ + 3.2_5) 2.04(1_ -+ 3.2_4) < 13.7
(13(150) 2.05(:_ T O.:_7) 1.44(:_ m C.:_G) < 2.8
CID(NF) 5.29(:_ i 0.20) 3.26(:_ T C.:_S) < 8D




EFFECT OF NEW S, ON SSM N 4b

EFFECT OF NEW S, ON NEUTRINO FLUXES

Flux | Old composition SSM  New composition SSM Solar?®
& (pp) [5.98(1 £ 0.006) 6.03(1 £ 0.005) 5.97§}f8188§§
P (pep)| 1.44(1 £ 0.01) 1.46(1 £0.009) 1.45,, " oo
P (hep)| 7.98(1 £ 0.30)  8.25(1 4+0.30) 197, 7
®("Be)| 4.72(1 + 0.08) 4.31(1 + 0.08) 4.80§}jg;gjg§
®(*B) |4.91(1 + 0.15) 4.05(1 +0.15) 5.16;, o1
("N " BETTER AGREEMENT USING OLD 3.7
D(°C 8
q)(l? .




EFFECT OF NEW S;; ON NEUTRINO FLUXES

5.5¢

b
=

B
n

®p. [10°cm™2s7!]
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SUMMARY

> SOLAR PP-FUSION:

> Controlled, perturbative calculations, with reliable order by order convergence, indicate an
increase of 2-6% over the current standard!

» Predicted neutrino fluxes dis-favor new solar composition assessments.
> A new perspective on the solar composition problem, or a new solar neutrino problem?

> Disagreement with yEFT calculations (at the 90% level), though they are still plagued by my
mistake ©

» Perfect post-diction of A=2, 3 magnetic M1 observables, within 1% theoretical uncertainty!
> Surprises hint that something is weird in the pionless EFT description of these reactions:

> Deviation from the naive pion-less EFT counting of the magnetic interaction, by [5° = 0.

: 1.
> Unnaturally small expansion parameter, § = 5 —10% << n);—t ~ 2 s the source of shell model
T

behavior of M1 observables in A=2, 3 systems!



