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�-less ChPT �-ChPT

[Alarcón, Martin Camalich and Oller, Ann. of Phys. 336 (2013)]
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Partial KA85 WI08 EM06 KA85 WI08 EM06
Wave �-ChPT �-ChPT �-ChPT
a+0+ -1.1(1.0) -0.12(33) 0.23(20) �0.8 �0.10(12) 0.22(12)
a�0+ 8.8(5) 8.33(44) 7.70(8) 9.2 8.83(5) 7.742(61)
aS31 -10.0(1.1) -8.5(6) -7.47(22) �10.0(4) �8.4 �7.52(16)
aS11 16.6(1.5) 16.6(9) 15.63(26) 17.5(3) 17.1 15.71(13)
aP31 -4.15(35) -3.89(35) -4.10(9) �4.4(2) �3.8 �4.176(80)
aP11 -8.4(5) -7.5(1.0) -8.43(18) �7.8(2) �5.8 �7.99(16)
aP33 22.69(30) 21.4(5) 20.89(9) 21.4(2) 19.4 21.00(20)
aP13 -3.00(32) -2.84(31) -3.09(8) �3.0(2) �2.3 �3.159(67)

KA85 WI08 EM06 KA85 WI08 EM06
�-ChPT �-ChPT �-ChPT

�GT 5.1(8)% 1.0(2.5)% 2.0(4)% 4.5(7)% 2.1(1)% 0.2(1.0)%
g⇡N 13.53(10) 13.00(31) 13.13(5) 13.46(9) 13.15(1) 12.90(12)

KA85 WI08 EM06 KA85 WI08 EM06
�-ChPT �-ChPT �-ChPT
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•Threshold parameters:

•Recover dispersive results in the subthreshold region 
(subthreshold expansion)!! [Alarcón, Martin Camalich and Oller, Ann. of Phys. 336 (2013)]
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•The sigma-term is a crucial quantity in hadron and nuclear physics.

The pion-nucleon    -term
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•It has an special interest for studies of direct detection of DM [Bottino, 

Donato, Fornengo and Scopel, Astropart. Phys. 13, (2000); Astropart. Phys. 18, (2002)] [J. R. Ellis, K. A. Olive and C. Savage, Phys. Rev. 
D 77, (2008)]
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•Traditionally, has been extracted using the Cheng-Dashen Theorem:
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•Both give, in relativistic chiral EFT (up to          ):

•Numerically

•We checked that they are consistent with the extraction by means of the 
Cheng-Dashed Theorem.
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•Traditionally, has been extracted using the Cheng-Dashen Theorem:

•In Chiral EFT we have more possibilities:
•Scalar form factor of the nucleon.
•Using the Hellmann-Feynman Theorem:
•Both give, in relativistic chiral EFT (up to          ):

•Numerically

•We checked that they are consistent with the extraction by means of the 
Cheng-Dashed Theorem.
•…but what input is reliable?
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•NN scattering and π-atoms can provide valuable external 
information to compare with. 

J. M. Alarcón (HISKP Bonn)
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The strangeness content of the nucleon



•        can be related to the strangeness content of the nucleon 
through                                           , since  
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hN |ūu+ d̄d|Niand�s =

ms

2m̂
(�⇡N � �0)

EuNPC 2015 16/21

•We updated this result with SU(3) relativistic BChPT + decuplet 
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•Compatible with LQCD.

[Ohki et al. (2008)]

y = 0.135(46) [Alexandrou et al. (2015)]

y = 0.03(2)
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•After these results:
•Polarizabilities of the nucleon (VVCS) [Lensky,  Alarcón and Pascalutsa, PRC 90 (2014)]

       
•Polarizability corrections to the μH Lamb shift (Proton Radius Puzzle)

•     -photoproduction [A.N. Hiller Blin, T. Ledwig, M.J. Vicente Vacas, PLB 747 (2015)]

•                       [Siemens, Bernard, Epelbaum, Krebs, Meißner, PRC 89 (2014)]

J. M. Alarcón (HISKP Bonn)

Heavy Baryon
[1]

Relativistic chiral EFT
[2]

Dispersive
[3]

-18.5        -8.2               -8.5(1.1)�E(pol)

2S
+2.0
 -2.5

[1] Nevado and Pineda, PRC 77 (2008).
[2] Alarcón, Lensky, Pascalutsa, EPJ C 74 (2014).
[3] Birse and McGovern, EPJ A 48, (2012); 
Carlson and Vanderhaeghen, PRA 84, (2011).

⇡0

⇡N ! ⇡⇡N
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Summary and Conclusions
•Chiral EFT with baryons has made important progress in the last 
years.
•Relativistic formulation + Δ(1232) is crucial to achieve a good 
convergence in the low energy region.
•Agreement with dispersive analyses in low-energy        scattering  
            For first time in the literature!
•Extraction of         from scattering and spectroscopy data.

•Extraction of the strangeness content of the nucleon.

•New picture of   -terms compatible with LQCD and experiments.  
•New    LECs are expected to improve the convergence of 
nuclear forces in the chiral EFT formalism       Improved 2N forces.

                Many-body nuclear interactions with NLEFT
J. M. Alarcón (HISKP Bonn)

⇡N

�⇡N

�⇡N = 59(7) MeV

y = 0.02(13)

�
⇡N
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Fig. 12. Fits to the KA85 PWA [50] with 1-ChPT (red solid lines) compared with the -ChPT result (green dashed lines) and
1-HBChPT (orange dot-dashed lines) of Ref. [45] (Fig. 4). The 1-ChPT fits are performed up to

p
smax = 1.20 GeV. The error

bands show the 1� region for both fits. In some partial waves for the 1-ChPT case, the statistical error bands are of the size of
the thickness of the lines. In the -ChPT case the curves are those shown in Fig. 8.

Table 2

Values of the LECs in 1-ChPT. The errors are obtained adding in quadrature the statistical uncertainties at
p
smax = 1.20 GeV

and the spread of values produced using different values of
p
smax , from 1.14 to 1.20 GeV, in intervals of 10 MeV. The �2

d.o.f. is
obtained at the maximum energies considered,

p
smax = 1.20 GeV.

LEC KA85 WI08 EM06
1-ChPT 1-ChPT 1-ChPT

c1 �0.80(6) �1.00(4) �1.00(1)
c2 1.12(13) 1.01(4) 0.58(3)
c3 �2.96(15) �3.04(2) �2.51(4)
c4 2.00(7) 2.02(1) 1.77(2)

d1 + d2 �0.15(21) 0.15(20) �0.36(6)
d3 �0.21(26) �0.23(27) 0.28(4)
d5 0.82(14) 0.47(7) 0.20(3)
d14 � d15 �0.11(44) �0.5(5) 0.35(9)
d18 �1.53(27) �0.2(8) �0.53(12)

hA 3.02(4) 2.87(4) 2.99(2)

�2
d.o.f. 0.77 0.24 0.11

the one calculated using RSH [54]. An example of this comparison is given in Table 3 for theWI08 fits.
We observe that there is a good agreement between our results and the RSH approach, except for c1,
where we obtain that its value is shifted by an amount of ⇡0.5 GeV�1. This can be interpreted as an
indication of the fact that the LECs are stabilized once the tree-level 1(1232) exchange contributions
are taken into account (see also Section 4.2.1).
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Table 12

Results for different subthreshold coefficients obtained from the LECs shown in Tables 1 and 2 obtained from fits to the PWA
phase shifts in - and 1-ChPT, respectively.

KA85 WI08 EM06 KA85 WI08 EM06
-ChPT -ChPT -ChPT 1-ChPT 1-ChPT 1-ChPT

d+
00 (M�1

⇡ ) �2.02(41) �1.65(28) �1.56(5) �1.48(15) �1.20(13) �0.98(4)
d+
01 (M�3

⇡ ) 1.73(19) 1.70(18) 1.64(4) 1.21(10) 1.20(9) 1.09(4)
d+
10 (M�3

⇡ ) 1.81(16) 1.60(18) 1.532(45) 0.99(14) 0.82(9) 0.631(42)
d+
02 (M�5

⇡ ) 0.021(6) 0.021(6) 0.021(6) 0.004(6) 0.005(6) 0.004(6)
b+
00 (M�3

⇡ ) �6.5(2.4) �7.4(2.3) �7.01(1.1) �5.1(1.7) �5.1(1.7) �4.5(9)
d�
00 (M�2

⇡ ) 1.81(24) 1.68(16) 1.495(28) 1.63(9) 1.53(8) 1.379(8)
d�
01 (M�4

⇡ ) �0.17(6) �0.20(5) �0.199(7) �0.112(25) �0.115(24) �0.0923(11)
d�
10 (M�4

⇡ ) �0.35(10) �0.33(10) �0.267(14) �0.18(5) �0.16(5) �0.0892(41)
b�
00 (M�2

⇡ ) 17(7) 17(7) 16.8(7) 9.63(30) 9.755(42) 8.67(8)

Table 13

Results on subthreshold coefficients from the Karlsruhe and George Washington groups.

KA85 WI08
[50] [4]

d+
00 (M�1

⇡ ) �1.46 �1.30
d+
01 (M�3

⇡ ) 1.14 1.19
d+
10 (M�3

⇡ ) 1.12(2) –
d+
02 (M�5

⇡ ) 0.036 0.037
b+
00 (M�3

⇡ ) �3.54(6) –
d�
00 (M�2

⇡ ) 1.53(2) –
d�
01 (M�4

⇡ ) �0.134(5) –
d�
10 (M�4

⇡ ) �0.167(5) –
b�
00 (M�2

⇡ ) 10.36(10) –

on the determination of �⇡N using the value of the scattering amplitude at the CD point, as we
will see in the next section.) We conclude, then, that the explicit 1-exchange contribution is a
fundamental ingredient to bridge the gap between the physical and subthreshold regions. This is an
important result as it paves the road for studying all the phenomenology related to ⇡N scattering in a
systematic manner within 1-ChPT, using directly scattering data and without any other dispersive
input. This contrasts with the conclusions derived in 1-HBChPT [45]. On the other hand, further
studies at higher orders in the chiral expansion and including the 1(1232) degrees of freedom in a
coherent way should corroborate this particular finding of the present work. Such a self-consistent
framework to study the ⇡N scattering amplitude, based exclusively on BChPT, is complementary
to other model-independent approaches based on a pure dispersive treatment of the amplitude,
e.g. [94].

Finally, it is also interesting to compare the results obtained for the subthreshold coefficients from
thedifferent analyses and in1-ChPT. TheKA85 andWI08 results closely agreewith eachother, besides
an important discrepancy in d+

00 which is related to the different pion–nucleon sigma terms reported
by the two solutions. However, comparing those with the novel results obtained for EM06 solution,
we see that the latter gives a physical picture of the subthreshold region around the point (⌫ = 0,
t = 0) that is quite different to the former ones. In fact, the values of most of the subthreshold
coefficients obtained from the fits to the EM06 phase shifts are not compatiblewith the ones extracted
from the KA85 or the WI08 solutions. The fact that the two latter PWAs grossly agree gives support
to their solution in the subthreshold region. This discussion could also take place at the level of the
values of the LECs (as shown in Table 2), which the subthreshold coefficients ultimately depend on.
Nevertheless, it is worth remarking that meaningful comparisons among different PWAs can only be
done based on observable quantities.
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The Cheng-Dashen Theorem



•Traditionally, the sigma-term has been extracted using the Cheng-
Dashen Theorem:

•Smart way to suppress “contamination” from the t-channel.

J. M. Alarcón (HISKP Bonn)
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253 (1991)]
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We recover the dispersive result !
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