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Nucleon- Nucleon Scattering Up to
NSLO in Chiral Effective Field Theory

David Rodriguez Entem "**, Ruprecht Machleidt’ and Yevgen Nosyk?

' Department of Fundamental Physics, Faculty of Science, University of Salamanca, Salamanca, Spain, ? institute on
Fundamental Physics and Mathematics (IUFFyM), University of Salamanca, Salamanca, Spain, ? Department of Physics,
Unwersity of idaho, Moscow, ID, United States
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FIGURE 1 | Hierarchy of nuclear forces up to N°LO or sixth order of the chiral expansion. Only some representative diagrams are included. Smalll dots, large solid
dots, solid squares, triangles, damonds, and stars denote vertexes of index A; = 0, 1,2, 3,4, and 6, respectively. Reprinted figure with permission from Entem et al.
[37], copynght (2017) by lheA{r)encm Physical Society.
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FIGURE 15 | Chiral expansion of neutron-profon scattenng as represented by the phase shifts in S, P, and D waves and modng parameters «; and «3. Five orders
ranging from LO to N*LO are shown as dencted. A cutof A = 500 MeV is appled in all cases. The filed and open circles represent the results from the Ngmegen
multi-energy np phase-shit analysis (53] and the GWU single-energy np analysis SPO7 [95], respectively. Reprinted figure with permission from Entem et al. [27),
copynight (2017) by the Amencan Physical Socety.

TABLE 4 | x° /datum for the & of the 2016 NIV data base by NIV potentials at various orders of chiral EFT (A = 500 MeV in ofl cases)

Tiw bin (MeV) No. of data Lo NLO NNLO N'Lo N'Lo
Proton-proton

0-100 796 520 189 228 1.18 1.00

0190 1208 430 436 464 160 1.12

0-200 2132 360 708 7.60 200 121
Neutron-proton

0-100 1180 14 72 138 0ss 054

0-190 1607 o6 231 22 1.10 1.06

0-290 a2 o 367 528 127 1.10

Pp ks wp
0-100 1975 83 "o 1.74 106 1.00

0-190 2008 2 316 327 135
0-200 4853 @ 515 @ 163

From Entemn et ol 1371
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TABLE § | Two- and three-nuckeon bound-state properties as precicted by NIV potentials at vawious orders of chird EFT (A = 500 MeV n ol cases)

Lo NLO NNLO NLO N'LO Empincal®
Deuteron
By MeV) 2224575 2224575 2.224575 2.224575 2224575 222457509 f—
Ag (im='73) 0.8526 0.8828 0.8844 0.8853 0.8852 0.884600)
n 0.0602 0.0262 0.0257 0.0257 0.0258 0.025644) ——
e M) 1o 197 1.068 1.970 1973 1.97507(78)
Q ) 0310 0273 0273 0271 0273 0.285003) —
Po (%) 729 340 449 415 4.10 -
Tri —
B MoV) ! 83 82 “T sas
Ouuteror: Bnding energy B, asympiotc S state Ag, asympiotic D/S state g, SSUCKIe radkus (y, Quadrupole moment Q. D-state probability e and Qare

MOSON-OxchanQe Current Contrbutions and resthvistic comections. Trton: Binding energy B,.) By & Sted, o 0ther Quavittios are precicions.
“See Tabie XV of Machiscs [15] for references; the empeical vk K 1 & Fom Jentschurs of ol [50)

TABLE 6 | 1% /datum for the i of the pp plus np data up 10 180 MoV and two- and three-nuckeon bound state proporties as produced by NIV potentials at NNLO and
NLO applying dflerent values for the cutolf parameter A,

- T @

1’ /datum pp & np

0-180 MeV 290G data) 412 327 33 1.17 108 126
Deuteron

By MaV) 2.224575 2224575 2224575 2224575 2224575 2224575
Ag (im~173) 0.8847 065844 08843 0.8852 0.8852 0.8851

n 0.0255 0.0257 0.0258 0.0254 0.0258 0.0257
re (B 1.967 1.088 1.068 1.966 1973 1971

Q () 0.260 0273 0275 0260 0273 0271
Pp (%) 305 440 487 438 410 413

Triton
B, MeV) 8.35 8.21 8.10 @ 8.08 8.12

For some of the notation, o0 Table 5, where also empincal information on the deuteron and iton can be found.
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Figure 1.6 The running coupling constant a5(Q?) as a.function of
momentum transfer Q2 determined from a variety of processes. The
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Physicists Finally Know How the Strong Force Gets
Its Strength

New discoveries demystify the bizarre force that binds atomic nuclei together

Experimental determination of the QCD effective charge o, (Q)

\. Deur.'? V. Burkert.,! J.P. Chen

'Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA
2 University of Virgiia, Charlottesville, VA 22004 ['SA

*University of Kentucky, Lerington, KY 40506, USA

Abstract
Ihe D effective charge g, (Q) is an observable that characterizes the magnitude of the strong
interaction. At high momentum Q, it coincides with the QCD running coupling o,(Q). At Jow
Q, it offers a nonperturbative definition of the running coupling. We have extracted ag, (Q) from

measurements carried out at Jefferson Lab that span the very low to moderately high Q domain

[hep-ph] 30 M:

014 € Q < 218 GeV. The precision of the new results is much improved over the previous

extractions and the reach in Q at the lower end is significantly expanded. The data show that

L |

-

o 04, (Q) becomes Q-independent at very low Q. They compare well with two recent predictions of
O . .

— the QCD effective charge based on Dyson-Schwinger equations and on the AdS/CFT duality
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FIG. 1: Effective charge ag,(Q)/= obtained from JLab experiments EO03006/E97110 _ZL'S: (solid stars).

E03006/E05111 [33] (solid circles) and EGldves [32] (solid triangles) and from CONPASS [31] (solid square).

Inner error bars represent the statistical uncertainties and outer ones the systematic and statistical uncer-
o

tainties added quadratically. The open symbols show the older world data [27-30] with the error bars the

quadratic sum of the systematic and statistical uncertainties. Also shown are the HLFQCD [24] (red line,
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Constraints on the Decay of "™ Ta

1.J. Amquist.' F. T. Avignone 111" A. S. Barabash.” C. J. Barton,” K. H. Bhimani,* !.. Blalock."” B. Bos.*” M. Busch.”
M. Buuck.” T.S. Caldwell,*” C. D. Christofferson." P-H. Chu.”” M. L. Clark® (. (‘uc\l.n.' J. A. Detwiler,”
Yu. Efremenko,'’ H. Ejin,"”* S. R. Elliot.” G. K. Giovanetti, ). Goett.'” M. P. (mn ™). Gruszko,*” 1.S. Guinn*’
V.E. Guiseppe.’ C.R. murc."n. Henning.” D. Hervas Aguilar,* r.w lluppc ' A. Hostive," L Kim," " R.T. Kuulc\.'
n. Lannen V.. ALY M Lopez-Castato. 'R. Massarczyk®,'*' §.J, w.,a W Muycf T.K.OLML.S. mn
W. Pettus.” A. W. P. Poon.”” D.C. Radford,’ A. L. Reine."” K. Riclage.” A. Rouyer,” N.W. Run{'" D.C. Sd\apa
S.J. Schicich.'" T. A. Smith-Gandy," D. Tedcuhn J. D. Thompson."' RL Vamer.' S. Vasilyev.” S. L. Watkins,"”
J.F. Wilkerson,™"™ C. Wiseman,"” W. Xu." and C.-H. Yu'

(MAJORANA COLLABORATION)
® (Received 2 June 2023; revised 15 August 2023; accepted 12 September 2023; published 11 October 2023)

"%Ta is a rare nuclear isomer whose decay has never been observed. Its remarkably long lifetime
surpasses the half-lives of all other known ff and electron capture decays due 10 the large K-spin differences
and small energy differences between the isomeric and lower-energy states. Detecting its decay presents a
significant experimental challenge but could shed light on neutrino-induced nucleosynthesis mechanisms,
the nature of dark matter, and K-spin violation. For this study, we repurposed the Majorana Demonstrator,
an experimental search for the neutrinoless double-beta decay of ™Ge using an amay of high-purity
germanium detectors, 1o search for the decay of " Ta. More than 17 kg, the largest amount of tantalum
metal ever used for such a search, was installed within the ultralow-background detector array. In this
Letter, we present results from the first year of Ta data taking and provide an updated limit for the "*™Ta
half-life on the different decay channels. With new limits up to 1.5 x 10" yr, we improved existing limits
by 1-2 orders of magnitude which are the most sensitive searches for a single f and electron capture decay
ever achieved. Over all channels, the decay can be excluded for 7', , < 0.29 x 10" yr

DO 10.110MPhysRevien. 131.152501
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