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* Higgs-nucleon coupling.

* [he strength of this coupling Is given by:

A

m i
= —— T N
o = g (N|(@u+ d|V)
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e Cheng and Dashen [cheng and Dashen rL 26 (1971)) sShowed that o (¢ = 2M?2)

can be connected to the D™ TIN scattering amplitude at the

S—U

unphysical point (v = ——=0,¢t=2M2) up 1o O(My) corrections.
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e Chiral EFT extractions
| QCD
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* A chiral representation requires
e Reliable extraction of ¢j.
* Convergent expansion.
* However, the situation for chiral EFT with baryons was not so good
e Analyticity problems (HB) [Bemard Kaiser, and MeiBner; Int. | Mod. Phys. E 4, 193 (1995)]
* Unphysical cuts (IR) Becher and Leutwyter, EPJ €9 (1999)]
e Unable to connect the physical region to the subthreshold region (IR)

"We conclude that dispersive methods are required to obtain a reliable description of the
scattering amplitude at low energies. With this in mind, we propose a system of integral

equations that is analogous to the Roy equations for TIN scattering [...].”
Becher and Leutwyler, [HEP (2001)
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* ... and all starts with a reliable chiral representation of the TTIN

amplrtude.
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e Karlsruhe-Helsinki (KABS) [Koch, NPA 448, (1986); Koch and Pietarinen, NPA 336, (1980)]

* George Washington University (WI08) (workman, et al.. PRC 86 (2012)]
* ZUrich group (EMO6) Matsinos, Woolcock, Oades, Rasche and Gashi, NPA 95 (2006)]
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A-less ChPT == A-ChPT

[Alarcon, Martin Camalich and Oller, Ann. of Phys. 336 (201 3)]
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* [hreshold parameters:

Partial KAS85 WI08 EMO06 KAS85 WI0S8 EMO06
Wave A-ChPT A-ChPT A-ChPT
) ORI (53 023 (20) SRR ). 0220
gt 8.8(5) 8.33(44) 7.70(8) 9.2 8.83(5) 7.742(61)
as, -100(L1)  -8.5(6) -7.47(22) —10.0(4) “BEG)
as, 16.6(1.5) 16.6(9) 15.63(26)  17.5(3) 171 15.71(13)
ap, -4.15(35) -3.89(35) 410(9) —4.4(2) —3.8 —4.176(80)
ap;, -8.4(5) -7.5(1.0) -8.43(18) —7.8(2) —5.8  —=7.99(16)
ap, 22.69(30) 21.4(5) 20.89(9)  21.4(2) 19.4  21.00(20)
ap, -3.00(32) -2.84(31) -3.09(8)  —3.0(2) —2.3 —3.159(67)

* Plon-nucleon coupling (d1g):

KAS5 WI08 EM06  KA85  WIO8  EMO06
A-ChPT A-ChPT A-ChPT
Aer 5108)% 1025% 20@4)% 45M% 21(10)% 0.2(1.00%
gon 13.53(10) 13.00(31) 13.13(5) 13.46(9) 13.15(1) 12.90(12)

e Sigma-term (€1):

KAS5  WIO8  EMO06 KAS5 WI0O8 EMO06
A-ChPT A-ChPT A-ChPT
on (MeV)  43(5) 59(4) 59(2)  45(8) 64(7) 56(9)
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gt e s 33(44) 7.70(8) 9.2 8.83(5) 7.742(61)
L 6 ) Sl “BEG)
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ap,, 8.4(5) -7.5(1.0) -8.43(18) —7.8(2) —5.8  —=7.99(16)
CaEe)); 69(30) 21.4(5) 20.89(9)  21.4(2) 19.4  21.00(20)
ap, -3.00(32) -2.84(31) -3.09(8)  —3.0(2) —2.3 —3.159(67)

* Plon-nucleon coupling (d1g):

KAS5 WI08 EM06  KA85  WIO8  EMO06
A-ChPT A-ChPT A-ChPT
Aer 5108)% 1025% 20@4)% 45M% 21(10)% 0.2(1.00%
gon 13.53(10) 13.00(31) 13.13(5) 13.46(9) 13.15(1) 12.90(12)

e Sigma-term (€1):

KAS5  WIO8  EMO06 KAS5 WI0O8 EMO06
A-ChPT A-ChPT A-ChPT
on (MeV)  43(5) 59(4) 59(2)  45(8) 64(7) 56(9)

Agreement with the PVWA that provides the Iinput.
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1 Dt (v, t) = diy + dit + dlp’ + di? + ... Bt(u,t) —bivt o
T(v,8) = a(D(,t) - —— B[4, 1) oo+ divt + di” + i )= b

mn

D™ (v,t) = dygv + dgyvt + dgv° + . .. BE(v it = e

Cheng-Dasheri point

AM?
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* [he disagreement found In [Becher and Leutwyler, JHEP (2001)] 1S related
to the disagreement In the subthreshold expansion.

DT (v,t) = dty + dht + div° +dht” + ...

1

4mN

B(D.1) = a(p(y, )

B(v,1) 4. 1)

D™, t) = dygv + dyyvt +dpr® +. ..

BT (v,t) =blyv + ...

B5(v;t) b

Cheng-Dasheri point

KA85 WI08 EMO6 KA85 WwI08 EMO06 KA85 wI08
A -ChPT A -ChPT A -ChPT A-ChPT A-ChPT A-ChPT [50] (4]
dfy (M) —2.02(41) —1.65(28) —1.56(5) —1.48(15) —1.20(13) —0.98(4) —1.46 —1.30
dg, (M%) 1.73(19) 1.70(18) 1.64(4) 1.21(10) 1.20(9) 1.09(4) 1.14 1.19
diy (M%) 1.81(16) 1.60(18) 1.532(45) 0.99(14) 0.82(9) 0.631(42) 1.12(2) -
di, (M%) 0.021(6) 0.021(6) 0.021(6) 0.004(6) 0.005(6) 0.004(6) 0.036 0.037
by (M3) —6.5(2.4) —7.4(2.3) —7.01(1.1) —5.1(1.7) —5.1(1.7) —4.5(9) —3.54(6) -
dog (M2) 1.81(24) 1.68(16) 1.495(28) 1.63(9) 1.53(8) 1.379(8) 1.53(2) -
dy, (M%) —0.17(6) —0.20(5) —0.199(7) —0.112(25) —0.115(24) —0.0923(11) —0.134(5) -
dip (M%) —0.35(10) —0.33(10) —0.267(14) —0.18(5) —0.16(5) —0.0892(41) —0.167(5) -
boo (M72) 17(7) 17(7) 16.8(7) 9.63(30) 9.755(42) 8.67(8) 10.36(10) -

[Alarcdn, Martin Camalich and Oller, Ann. of Phys. 336 (2013)]
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Solution A: Fit to data of [PY. Bertin et al., NPB 106 (1976)]
af, = —8 x 1073 M1 =i Ta=48+4+4£4 MeV
Solution B: Fit to data of [].S Frank et al., PRD 28 (1983)]
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Solution B: Fit to data of [].S Frank et al., PRD 28 (1983)]

ag, = —10x 107° M =il %y =50+£3+7+4 MeV
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* However, the scatt. lengths from TT-atoms point to a large Onn!

0137 U l
0136 = ! /
i

O'ﬁNZEd (33i02) MeV

was | :
013L - /
0133 | |

(BR k¥

(R E]] !
0130 |
0129 !
0128

Solution A: Fit to data of [PY. Bertin et al., NPB 106 (1976)]

af, = —8x 1073 M =il Sa=48+4+£4+4MeV

iy

Solution B: Fit to data of [].S Frank et al., PRD 28 (1983)]

ag, = —10x 107° M =il %y =50+£3+7+4 MeV

. _ TT-atoms [Baru, et al. NPA 872 (2011)]
T TRAT e g 1 x 107 M iy Larger 2!
[Gasser, Leutwyler and Sainio, PLB 253 (1991)]

HC2NP 2016




* However, the scatt. lengths from TT-atoms point to a large Onn!

:1‘::' VYA Y 4N Solution A: Fit to data of [PY. Bertin et al., NPB 106 (1976)]
oxN = Bg — (3.340.2) MeV :' [

wep ./ 1 + SM! wliy Ty =48+ 42424 MeV
ol / ii R agy ~ —8x 107" M d
| iy & M A ,

o | Solution B: Fit to data of [J.S. Frank et al., PRD 28 (1983)]

(BR k¥

(R E]] !
0130 |
0129 !
0128

i

ag, = —10x 107° M =il %y =50+£3+7+4 MeV

. _ TT-atoms [Baru, et al. NPA 872 (2011)]
. E;D“DJ:F 0o ooz 0,0+ ol se e 3M ﬁ Lar‘gel” Ed
[Gasser, Leutwyler and Sainio, PLB 253 (1991)]

* [hreshold parameters determine OmN [Olsson, PLB 482 (2000)]

D*(0,2M2) = 14.5a¢, — 5.06(al{?)? — 10.13(a$/?)? — 5.55C) — 0.06aF + 5.70at, — (0.08 = 0.03)
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* However, the scatt. lengths from TT-atoms point to a large Onn!

:1‘::' VYA Y 4N Solution A: Fit to data of [PY. Bertin et al., NPB 106 (1976)]
oxN = Bg — (3.340.2) MeV :' [

:;;:;' /|/ | 1l'l . a8‘+ —8 % 10~ 3M_1 "Zd—48:|:4:|:4:|:4MeV
Djaj-— | I l ot " i, |

amz
01 b
0130 |
0128 |
0126 o

Solution B: Fit to data of [].S Frank et al., PRD 28 (1983)]

i

ag, = —10x 107° M =il %y =50+£3+7+4 MeV

. _ TT-atoms [Baru, et al. NPA 872 (2011)]
| Eﬁ:b oo ooz 0,0+ ol se e 3M Q Lar‘gel” Ed
[Gasser, Leutwyler and Sainio, PLB 253 (1991)]

* [hreshold parameters determine OmN [Olsson, PLB 482 (2000)]

D*(0,2M2) = 14.5a¢, — 5.06(al{?)? — 10.13(a$/?)? — 5.55C) — 0.06aF + 5.70at, — (0.08 = 0.03)

T = SO0 T orN = 56(9) MeV
[Gashi, et al, NPA 778 (2006)]
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* However, the scatt. lengths from TT-atoms point to a large Onn!

:1‘::' VYA Y 4N Solution A: Fit to data of [PY. Bertin et al., NPB 106 (1976)]
oxN = Bg — (3.340.2) MeV :' [

:;;:;' /|/ . 1l'l . a8‘+ —8 % 10~ 3M_1 -‘Zd—48:|:4:|:4:|:4MGV
Djaj-— | I l ot " i, |

amz
01 b
0130 |
0128 |
0126 o

Solution B: Fit to data of [].S Frank et al., PRD 28 (1983)]

i

ag, = —10x 107° M =il %y =50+£3+7+4 MeV

. _ TT-atoms [Baru, et al. NPA 872 (2011)]
| Eﬁ:b oo ooz 0,0+ ol se e 3M Q Lar‘gel” Ed
[Gasser, Leutwyler and Sainio, PLB 253 (1991)]

* [hreshold parameters determine OmN [Olsson, PLB 482 (2000)]

D*(0,2M2) = 14.5a¢, — 5.06(al{?)? — 10.13(a$/?)? — 5.55C) — 0.06aF + 5.70at, — (0.08 = 0.03)

T = SO0 T orN = 56(9) MeV
[Gashi, et al, NPA 778 (2006)]

In order to recover .5 = 45 MeV one needs af, ~ —9 x 107°M "
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85 WI08 EMO06 KAS5 | WIOR | EMO0O6

onv iev)| 43(5) | 59(4) | 592) | 45(8) | 64(7) | 56(9)
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KAS85 WI08 EMO06 KAS5 | WIOR | EMO0O6

onv iev)| 43(5) | 59(4) | 592) | 45(8) | 64(7) | 56(9)

* NN scattering and Tr-atoms can provide valuable external

information to compare with.
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85
A-ChPT

WIO08
A-ChPT

EMO06
A-ChPT

KAS85

WI08

EMO06

0-7'('N (MGV)

258

59(4)

59(2)

45(8)

64(7)

56(9)

* NN scattering and Tr-atoms can provide valuable external

information to compare with.

* Goldberger-Treiman violation:

KARS5 WI0S EMO06 NN | mw-atoms

A-ChPT A-ChPT A-ChPT § scattering [2]
Agr 5.1(8)% 1.02.5)% | 2040)% § 1.9(6)% 1.9(7)%
drN 13.53(10) S QOISR S S S 13.12(8) S F2E)
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85
A-ChPT

WIO08
A-ChPT

EMO06
A-ChPT

KAS85

WI08

EMO06

0-7'('N (MGV)

258

59(4)

59(2)

45(8)

64(7)

56(9)

* NN scattering and Tr-atoms can provide valuable external

information to compare with.

* Goldberger-Treiman violation:

KAS85 NN 1] m-atoms

A-ChPT scattering [2]
N 5.08)% k 1.025% | 204% X 190)% | 197)%
gn N 13.53(10) I 00(31) 13.13 13.12(8) S F2E)
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85
A-ChPT

WIO08
A-ChPT

EMO06
A-ChPT

KAS85

WI08

EMO06

0-7'('N (MGV)

258

59(4)

59(2)

45(8)

64(7)

56(9)

* NN scattering and Tr-atoms can provide valuable external

information to compare with.

* Goldberger-Treiman violation:

KAS85 NN [ m-atoms
A-ChPT scattering [2]
N 518)% | 1025% | 204% B 196)% | 197)%
gr N 13.53(10) I 00(31) ESEA8 13.12(8) S F2E)
[ PA
KAS85 WIOS EMO6
A-ChPT A-ChPT A-ChPT PDG
| Ta (MeV) 128(3) 115(3) 125(2) 117(3)
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85 WI08 EMO06 KAS5 | WIOR | EMO0O6

onv iev)| 43(5) | 59(4) | 592) | 45(8) | 64(7) | 56(9)

* NN scattering and Tr-atoms can provide valuable external

information to compare with.

* Goldberger-Treiman violation:

KAS85 NN [ m-atoms
A-ChPT scattering [2]
N 518)% | 1025% | 204% B 196)% | 197)%
gr N 13.53(10) I 00(31) ESEA8 13.12(8) S F2E)
[ PA
KAS85 ‘/ WIOS \\ EMO6
A-ChPT A-ChPT A-ChPT PDG
| Ta (MeV) 1283) N 1153) ] 1250) 117(3)
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e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85
A-ChPT

WIO08
A-ChPT

EMO06
A-ChPT

KAS85

WI08

EMO06

0-7'('N (MGV)

2i5iee])

59(4)

59(2)

45(8)

64(7)

56(9)

* NN scattering and TT-atoms can provide valuable external
information to compare with.

* Goldberger-Treiman violation:

KAS5 NN [17] m-atoms
A-ChPT scattering [2]
N 518)% L 1025% | 2000% X 1960% | 190%
GrN 1353(10) | 30030 | 1313 13.28) | 13.1209)
o F .
A
KAS85 ‘/ WIO08 \\ EMO06
A-ChPT A-ChPT A-ChPT PDG
| Ta (MeV) 283) N5 A 1250 117(3)
i LAt
nd a’0_|_- KAS85 WIO8 EMO6 m-atoms [7] [1] De Swart, Rentmeester & Timmermans,
A-ChPT A-ChPT A-ChPT e TIN Newsletter 13 (1997).
CL+ [2] Baru, Hanhart, Hoferichter, Kubis, Nogga &
(10_?8\};_1) GNP e B30 -1.0(9) Phillips, NPA 872 (201 1)
HC2NP 2016 @




e From our fits to KA85, WI08 and EMO6, we obtain:

KAS85
A-ChPT

WIO08
A-ChPT

EMO06
A-ChPT

KAS85

WI08

EMO06

OxN (MGV)

2i5iee])

59(4)

59(2)

45(8)

64(7)

56(9)

* NN scattering and TT-atoms can provide valuable external
information to compare with.

* Goldberger-Treiman violation:

KAS85 NN [11] m-atoms
A-ChPT scattering [2]
N 518)% | 1025% | 204% B 196)% | 197)%
grN 1353(10) | N.0031 | 13.13 13.12¢8) | 13.1209)
o F ;
A
KAS5 ‘/ WI0S8 \\ EMO06
A-ChPT A-ChPT A-ChPT PDG
| Ta (MeV) 1283) N 1153) ] 1250) 117(3)
g
> a’0—|—' [1] De Swart, Rentmeester & Timmermans,
TIN Newsletter |3 (1997).
CL+ [2] Baru, Hanhart, Hoferichter, Kubis, Nogga &
0+ Phillips, NPA 872 (201 1)
(10°M )
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e From our fits to KA85,WI08 and
.

EMO6, we obtain:

S [ Y 2 | kA5 | WI0s | EMO6
oon iev)| 43(5) K59 [ 59) | 458) | 64(7) | 5609)

* NN scattering and TT-atoms can provide valuable external
information to compare with.

* Goldberger-Treiman violation:

KAS85 NN | m-atoms
A-ChPT scattering [2]
N 518)% | 1025% | 204% B 196)% | 197)%
grN 1353(10) | N.0031 | 13.13 13.12¢8) | 13.1209)
KAS85 ‘/ WIO0S \\ EMO06
A-ChPT A-ChPT A-ChPT PDG
| Ta (MeV) 1283) N 1153) ] 1250) 117(3)
[1] De Swart, Rentmeester & Timmermans,
TIN Newsletter |3 (1997).
CL+ [2] Baru, Hanhart, Hoferichter, Kubis, Nogga &
0+ Phillips, NPA 872 (201 1)
(10 M)
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e Convergence

orny = 78(4) —19 (6) MeV = 59 + 4(stat.) + 6(sys.) MeV = 59(7) MeV
LO NLO §N210
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e Convergence
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LO NLO §N210
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e Convergence

orN = 78(4) —19 MeV = 59 + 4(stat.) + 6(sys.) MeV = 59(7) MeV
W./ N~~~ \,./

* Summarizing ...
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e Convergence

orny = 78(4) —19 (6) MeV = 59 + 4(stat.) + 6(sys.) MeV = 59(7) MeV
LO NLO §N210

* Summarizing ...
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e Convergence

* Summarizing ...

Todern TN atoms

oxn = 59(7) MeV

[Alarcén, Martin Camalich and Oller, PRD 85 (2012)]
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——i Ren et al. (2014)
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 ——— Alexandrou et al. (2015)
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* Convergence

Rt

00 o) O(p""?) (")

#
.l-.‘ -
r

ra s o -
b BN i BN ’ )
® 0 o —& D— < @
78(4) MeV —19 MeV —6 MeV —3(2) MeV
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Ren et al. (2014)

——i Hoferichter et al. (2015)
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The strangeness content of the nucleon



* [he value of orn has important phenomenological implications.
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* [he value of orn has important phenomenological implications.

* 0xN can be related to the strangeness content of the nucleon
through

oy = iw\au + dd — 25s|N)
2mN
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* [he value of orn has important phenomenological implications.

* 0xN can be related to the strangeness content of the nucleon
through

oy = i<N\fau+ dd — 25s|N )
2mN
since,
B b ™m 2<N|§8‘N>
gr=——N|ss|N e ol — y
oy SN ey 0s =g (0xy —00)  and y (N|au+ dd| N
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* [he value of orn has important phenomenological implications.

* 0xN can be related to the strangeness content of the nucleon
through

oy = i<N\fau+ dd — 25s|N )
2mN
since,
B b ™m 2<N|§8‘N>
USZ—NSSN — i — — —
oy ) — 0 o s oo) and Y=
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* [he value of orn has important phenomenological implications.

* 0xN can be related to the strangeness content of the nucleon
through

oy = i<N\fau+ dd — 25s|N )
2mN
since,
B b ™m 2<N|§8‘N>
USZ—NSSN — 2 e = —
oy ) — 0 o s oo) and Y=

e At LO, ChEFT relates og to baryon masses

og & 4 —(mz + my — 2mpy) = 27 MeV
Me — M
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* [he value of orn has important phenomenological implications.

* 0xN can be related to the strangeness content of the nucleon
through

oy = i<N\fau+ dd — 25s|N )
2mN
since,
B b ™m 2<N|§8‘N>
USZ—NSSN — i — — —
oy ) — 0 o s oo) and Y=

e At LO, ChEFT relates og to baryon masses

og & 4 —(mz + my — 2mpy) = 27 MeV
Me — M

* Higher order calculations point to sizeable corrections

G ,Ann, of Phys. B d MeiBner, Annal
B 35(5) MeV Coiimain 5 — 36(7) MeV BowyaditaEy
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* Relativistic corrections and decuplet are important in SU(3)!
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* We calculate the chiral expansion of baryon masses...

HC2NP 2016



e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

/ \ / \
® ® Q —0 (——
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

— RS - ~~

s ~N ~ ~
N\ / N\

/

* ... and apply the Hellmann-Feynman theorem
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

— RS - ~~

s ~N ~ ~
N\ / N\

/

* ... and apply the Hellmann-Feynman theorem

O = Q(bD o SbF)Mg JE O-(()OCtet'IOOP) oL O_(()decuplet-k)()p)
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

— RS - ~~

7~ ~N 7 N

/

* ... and apply the Hellmann-Feynman theorem

= ZED - SbeMg i O_(()octet-loop) L O_(()decuplet-loop)

Mass breaking
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

— RS - ~~

7~ ~N 7 N

/

. and apply the Hellmann-Feynman theorem

oog = ZE)D — SbFI)M2 "} (octet-loop) e (decuplet 100p)I

Mass breaking Parameter-free
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

— RS - ~~

s ~ s ~
N\ Vi N\

/

. and apply the Hellmann-Feynman theorem

o = QLBD - SbFI)MQ 4} (octet-loop) e (decuplet loop) [
Mass breaking Parameter-free

* Relativistic corrections and decuplet contributions raise O
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e Relativistic corrections and decuplet are important in SU(3)!
* We calculate the chiral expansion of baryon masses...

/

. and apply the Hellmann-Feynman theorem

og = 21bD — BbFI)MZ 4} (()O(Ztet -loop) 1o (decuplet loop) [

Mass breaking Parameter-free

* Relativistic corrections and decuplet contributions raise O

g9 =87 MeV — 22 MeV — 7 MeV = 58(8) MeV
p3-octet p3-decuplet
(rel.) (rel.)

J. M. Alarcén (HISKP Bonn) HC2NP 2016 T
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e [herefore oy = 58(8) MeV
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e [herefore oy = 58(8) MeV
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silitiereiore oo = 58(8) MeV mmip 0 = 16(80) MeV o
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* [herefore o¢p = 58(8) MeV =i o0, = 16 MeV. o hei

S

Enhanced by

2m

400 -
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300 -
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= 200
5
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30 40 50 60 70 80 90
o.n (MeV)

HC2NP 2016



* [herefore op = 58(8) MeV —& 05 = 16 MeV

S

2m

400 1 Gasser et al. (1991)
i 07 Alarcon et al. (2012)
300 - ] AL e Shanahan et al. (2012)
% ’ s Ohki et al. (2013)
= 200 ] Junnarkar et al. (2013)
K I Lutz et al. (2014)
100 - 1 =y Ren et al. (2014)
W(I}OW | : i’“z”:-t Diirr et al. (2015)
%% 40 s0 6 70 80 90 ~ L:tt..AT/er.r. Yangjctalp etz
on (MeV) s Alexandrou et al. (2015)
e 300
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* [herefore o9 = 58(8) MeV —n

e [Alarcén, Geng, Martin Camalich
O = 16 MeV and Qller PLB 730 (2014)]

S

Enhanced by o
400 o 1 Gasser et al. (1991)
| g M | Alarcén et al. (2012)
300 L s | Shanahan et al. (2012)
% ’ 7 s Ohki et al. (2013)
= 200 ¢ ] ——i Junnarkar et al. (2013)
K I o—4— Lutz et al. (2014)
100 M kins! Ren et al. (2014)
W(I}OW | : i’“z”:-t ; : ; Dirr et al. (2015)
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o x (MeV) @ Laco o1 | Alexandrou et al. (2015)
—m— 0
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* Therefore oo =58(8) MeV — 0, = 16 MeV e cosliiins

S

Enhanced by o
400 [+ o 1 Gasser et al. (1991)
: Gria— - . 1 Alarcén et al. (2012)
300 - AL e Shanahan et al. (2012)
% : f—e—i Ohki et al. (2013)
= 200} —— Junnarkar et al. (2013)
K I - Lutz et al. (2014)
100 - | =y Ren et al. (2014)
W(I}OW | : :‘z”: i . ; Dirr et al. (2015)
%% 40 s0 6 70 80 90 b Latt'_Aje}_ G Yangjctalp etz
on (MeV) @ Laco Alexandrou et al. (2015)
— D0 20000 R miE
, gs (MeV)
e A new scenario CMCEIrges.
OrN oy Os Y

Old scenario | 45(8) 590 15 28 QS S E6) S
New scenario | 59(7) 58(8) 16(80) [0.02(13)
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* Therefore op = 58(8) MeV —»

o, = 16 MeV

S

[Alarcén, Geng, Martin Camalich
and TrOLIIer, PLB 730 (2014)]

Enhanced b =
4 2m
400 [+ 1 Gasser et al. (1991)
H (AGMO) :
: 0 - -~ 4 Alarcén et al. (2012)
300 ] Shanahan et al. (2012)
% e AL Ohki et al. (2013)
= 200 ¢ ——i Junnarkar et al. (2013)
5 S Lutz et al. (2014)
100* ——— Ren et al. (2014)
: AMO P Pheno. : Diirr et al. (2015)
oL/ WWOLS A JZGWD | ® Latt. Extr. vang et al. (2015)
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on (MeV) v Alexandrou et al. (2015)
R i i ] 200 300 400
, . gs (MeV)
* A new scenario emerges:
OrN oy Os Y
Old scenario | 45(8) 590 15 28 QS S E6) S

6(80) [0.02(13

New scenario £ 59(7/) 58(8)
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* Therefore op = 58(8) MeV —»

o, = 16 MeV

[Alarcén, Geng, Martin Camalich
and TrOLIIer, PLB 730 (2014)]

S

New scenario

=T T
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e Chiral EFT has made some important progress In the last years.
[t has provided some results, from first principles, required In
searches of physics beyond the standard model.

* Relativistic baryon chiral EFT with explicit A(1232) pointed to a

arger value of 0xN based on modern TIN phase shifts + TT-atoms
scattering lengths:

Alarcon, Martin Camalich
o-n = 59(7) MeV el
LR (7) and Oller, PRD 85 (2012)]

* [his value I1s not at odds with a small strangeness content Iin the
nucleon

[Alarcén, Geng, Martin Camalich
os = 16(80) MeV and Oller, PLB 730 (2014)]

* tffective couplings for DM searches:

7 Jit fq fd i i jje SN
0.021(2) 0.019(2) 0.041(5) 0.045(5) 0.017(85) 0.921(85) 0.28(7)
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