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® Different A, different short-distance physics. Different predictions?



Results: S waves at leading order

Yang, Kister, Phillips, PRC 77, 014002 (2007)
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® 21 exchange needed,

especially in 'Sg



¥ET deuteron wave functions at leading order

Pavon Valderrama, Nogga, Ruiz Arriola, DP, EEPJA 36, 315 (2008)
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Two-pion exchange, additional contact terms at NLO
(Ordonez, Ray, van Kolck; Kaiser, Brockmann, Weise; Epelbaum, Meissner, Gloeckle; Eintem, Machleidt)

3NF at NNLO, free parameters fit in A=3: BE, and

Two-nucleon force Three-nucleon force Four-nucleon force

e X (K - = ' Consistent
. T 3NFs, 4NFs

ll -3 ) | e ; .
o KA -

2 nucleon force > 3 nucleonforce = 4 nucleon force ...

Courtesy
E. Epelbaum
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Epelbaum, Meissner, Gloeckle, Nucl. Phys. A747, 362-424 (2005)
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Triplet channel at NNLO

Yang, Elster, Phillips, PRC 80, 044002 (2009)
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Triplet channel at NNLO

Yang, Kister, Phillips, PRC 80, 044002 (2009)
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® Increasingly singular potentials as chiral order increases

® Momentum-dependent short-distance part has limited effect as A—«
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Timmermans, van Kolck (2005)
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Problems in P waves for large A

Yang, Klster, Phillips, PRC 80, 034002 (2009)
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Problems in P waves for large A

Yang, Klster, Phillips, PRC 80, 034002 (2009)
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Successes in A=2-4

N3LO potential,
x?/dof good c.f.
AV18.

Entem, Machleidt (2003)

® ¥PT TPE in pp
PSA gives ci’s,
Mx=128(9) MeV

Rentmeester et al. (1999)

® Reproduce A=3

e and 4 binding
NLO NNLO Exp. energies
e E7.55..-8.54 -8.68 -8.68 Epelbaum, Nogga, et al.(2002)

iHe |-23.87..-29.57|-29.51..-29.98 | -29.6
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Testing NN forces in elastic
electron-deuteron scattering

® LO QED: electron couples to Jy
® |O ChiPT: Jy(r) = |e|6® (r — rp)
® Deuteron form factor: G¢(|q|) = / dr jo (%) [uf(r) + w(z)]

® Change Q“=-g°=change spatial resolution

® Prediction of QED and NN force model



Predicting A(Q)

3 2

A(Q) = GE(Q) + 5772G2Q(Q) i 577@?\4(62); n =

Q2
DM

® JLab Experiment in Hall A
® 2-3% precision for 0.2<|q|< 0.8 GeV/c
® (Goal: resolve discrepancy between Mainz and Saclay data

® Here: 0.2<|q|<0.5 GeV/c=n=1.6%, so A-Gc

® We will compute G¢ to O(eP?), estimate uncertainties
Kaiser, Park, DP (2010)
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Higher orders in Jo
® Use O(P°) [NNLO] xET NN potential, so need Jo to O(eP?)

B O(eP?): 1/M? effects
® O(eP®: 2B mechanism enters, but no free parameters

B O(eP%): Two-pion exchange pieces of Jo, and corrections to
one-pion exchange piece from Ln® Vanishes!

Kolling et al. (2009)
Kaiser, Park, DP (2010)
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® More data: only some
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1 ® Role of nucleon ffs;
i here Mergell et al.
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DP, JPG 34, 365 (2007); Kaiser, Park, DP (2010)
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® Successes for elastic electron-deuteron scattering
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® Magnetic moments of light nuclel, plus capture, e.g. nd—ty,
n3He~*Hey. Hierarchy of mechanisms there not necessarily in
accord with counting a la Weinberg.

Pastore et al., PRC 80, 034004 (2009); Lazauskas, Song, Park, arXiv:0905.3119



Electron-deuteron observables
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Electron-deuteron observables
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Electron-deuteron observables
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Gc/Gg at NNLO and beyond
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GC/GQ at NNLO and beyond
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® Adjust O(eP>)

contact term to
reproduce Qq:
predict ratio



Gc/Gg at NNLO and beyond
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Gc/Gg at NNLO and beyond
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BLAST data on too
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Results for Gc and Ggat LO

10 E A = Pavon Valderrama, Ruiz Arriola,
- = - Nogga, DP, arXiv:0711.4785
10™ 3 3
G. |
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Successes in A=2



Successes in A=2
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Example at Ejap=50 MeV

Epelbaum, Meissner, Gloeckle, Nucl. Phys. A747, 362-424 (2005)
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Example at Ejap=50 MeV

Entem/Machleidt: N3LO
potential, y?/dof
comparable to AV18.

Epelbaum, Meissner, Gloeckle, Nucl. Phys. A747, 362-424 (2005)



Successes in A=2
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® Example at Ejap=50 MeV

® Entem/Machleidt: N3LO

potential, y?/dof
comparable to AV18.

® Nijmegen phase-shift

analysis + NN data gives:
2.nN=0.0750(9),
Mn+=139.6(1.3) MeV

® yPT TPE in pp PSA gives

Ci'S, Myz=128(9) MeV

Rentmeester et al., 1999



