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Qutline

® Construction of nuclear currents in chiral EFT

® Symmetries for currents
® Nuclear currents up to N3LO

® Symmetry preserving regularization

® Application to em deuteron form factor



Nuclear currents in chiral EFT

Electroweak probes on nucleons and nuclei can be described by current formalism

Chiral EFT Hamiltonian depends on external sources

Hla,v,s,p|

(AXI8.| vector source) /\ /\ CPseudoscaIar source)

CVector source) CScaIar sou rce)




MuSun experiment at PSI

“Calibrating the Sun’ via Muon Capture on the Deutere

Main goal: measure the doublet capture rate Aq in
u+d—>v,+n+n with the accuracy of ~ 1.5%
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The resulting axial exchange current can be used to make precision calculations for

® triton half life, fT12=1129.6 £ 3.0 s, and the muon capture rate on 3He,
No=1496 4 s — precision tests of the theory

. . . p +p — d + et + Ve
® weak reactions of astrophysical interest such ptpte—dtve

as e.g. the pp chain of the solar burning: p +3He — ‘He + e+ + v,

® L4 governs the leading 3NF 'Be +e —7Li+v,
SB — 8Be” + et + v,



Historical remarks

® Meson-exchange theory, Skyrme model, phenomenology, ...
Brown, Adam, Mosconi, Ricci, Truhlik, Nakamura, Sato, Ando, Kubodera, Riska, Sauer, Friar, Gatri ...

® First derivation within chiral EFT to leading 1-loop order using TOPT

Park, Min, Rho Phys. Rept. 233 (1993) 341; NPA 596 (1996) 515;
Park et al., Phys. Rev. C67 (2003) 055206

— only for the threshold kinematics
— pion-pole diagrams ignored
— box-type diagrams neglected

— renormalization incomplete

® Leading one-loop expressions using TOPT for general kinematics (still incomplete,
e.g. no 1/m corrections)

Pastore, Girlanda, Schiavilla, Goity, Viviani, Wiringa; (— Vector current
PRC78 (2008) 064002; PRCB80 (2009) 034004; PRC84 (2011) 024001

Baroni, Girlanda, Pastore, Schiavilla, Viviani; ¢— Axial vector current
PRC93 (2016) 015501, Erratum: PRC 93 (2016) 049902

Complete derivation to leading one-loop order using the method of UT

Kolling, Epelbaum, HK, MeilBner; &— Vector current
PRCB80 (2009) 045502; PRC84 (2011) 054008

HK, Epelbaum, MeiBner, Ann. Phys. 378 (2017) 317 €— Axial vector current



Diagonalization via Okubo

® Decomposition of the Fock space H

Projector operators: n+ A\ =1

ne =,
Hy — H=Hy ®Hr — Hg

Model-space including | Remainder-space including
only pure nucleon states states with at least one pion

oo = e e (151 452) (85) - (1)

® Block-diagonalization by applying unitary transformation

iU HU (77151?7 0 ) Possible parametrization by Okubo ‘54

~ 0 AHA e (77(1+ATA)—1/2 —AT(1+AAT)—1/2
Vog = n(H — Ho)n A1+ ATA)~Y2 N1+ AAT)L/2
With decoupling eq. A\(H — |[A, H| — AHA)n =0

V.gis E - indep.=s important

for few-nucleon simulations Can be solved perturbatively within ChPTA
Epelbaum, Glockle, MeiBner, "98



Unitary transformations for currents

® Step1: H — Hla,v,s,p| = U H[a,v, s, p|U

Okubo transf. or further strong unitary transf. are not enough to renormalize the currents

® Step 2: additional (time-dependent) unitary transformations

4 N
0 0 ; B 0 . 0 : - :
zat\lf =HV —» ZEU(t)U ()W = U(t)zaU ()W + (zaU(t)) U'(t)Y = HU)U' ()P
0 o : teny (9 /
. %
Explicit time-dependence through source terms
] f ] 0 T
Hla,v,s,p] + U'la, v]Hla, v, 5, p)Ula,0] + (i U'[a,0] ) Ula,v
\_ J
'
=: Hegla, a, v, ]
. A
b ) . . Due to time-derivatives (a,v ) the currents
AM(ZIJ, t) TS H g [a, a,v, v] depend on energy transfer if transformed
0ar (T, t) a=v=0" into momentum space

)




Chiral symmetry constraints

Chiral symmetry transformations on the path integral level

Gasser, Leutwyler Ann. Phys. (1984) 142: v, = % (rp+1u) and a,= % (rp — )

<Oout ‘Oin>a,fu,s,p — €Xp (Z Z[CL, v, 87p]) — €Xp (Z Z[ala UI? 8/7 p/]) — <00Ut ‘Oiﬂ>a/,v’75',Pl

ry — 1, = Rr,Ri +iRO,R o e

T Chiral SU(2); xSU(2) g rotation

l, — U, =LIl,L"+iL§,L", :

, i (e does not change the generating
Hip s 4P = Rstin)l functional —» Ward identities
s—ip — s —ip =L(s—ip)R" . \_ )

Chiral symmetry transformations on the Hamiltonian level

® There exists a unitary transformation U (R, L) such that from Schrddinger eq.

0 s,
ZE\IJ = H.gla,v, s, p|¥ takes the form iaUT(R, L)V = Hegld', V', s, p U (R, L)¥

Transformed Hamiltonian is unitary equivalent to the untransformed one

Hegld',d' 0,0, s, p'] = UN(R, L)Hegla, @, v, 0, s, p|U(R, L)+<7L%UT(R, L)> U(R,L)



Continuity equation

Infinitesimally we have R — 1 + %T cen(z) and L =1+ %T €1 ()
1

Expressed in ey = §(eR+eL) and €4 = 5 (er — €1,) we have
fvu%szvu+vuer—l—aM><eA—|—8Mev Dy = @;:8’uév—|—...
a, — a,=a,+a,xey+v, Xes+0,€ a, — dlb:@MéA—l—...

0
Hegld',d' v, v, s, p'] = UN(R, L)Hegla, a, v, v, s, p|U(R, L)+<z’§UT(R, L)) U(R, L)

® Hegld,d', 0,0, s, p'] is a function of €v,év, €y, €a,€4,€x
—>» U =exp (i/d3flf[R8(f) ey (T,t) + RY(Z) - €y (Z,1) + Ry (Z) - €a(Z,t) + R} (%) - €4(, t)})

Expanding both sides in €y, € 4, comparing the coefficients and transforming to
momentum space we get the continuity equation

C(k,ko) = {Hstronga Ao(E, ko)} — k- Ak, ko) +imgP(k, ko)
} 5 -
C(k,0) + [Hstmng, aTC(k,ko)} _0
N YO y,

new term



o, lub]

Siegert theorem + N4LO

Skibinski et al. PRC93 (2016) no. 6, 064002

Generate longitudinal component of NN current by continuity equation

[Hstmng, p} — k- J < regularized longitudinal current (Siegert theorem)
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Deuteron photo-disintegration
vy+d—=>p+n

® consistent regularization via cont. eq.

® improvement by 1N+Siegert

® implementation of transverse part
& exchange currents work in progress

Nucleon-deuteron radiative capture: p(n) + d —° H(*He) + v
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Vector currents in chiral EFT

Chiral expansion of the electromagnetic current and charge operators

.
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depend on dg, do, dis, d21, d22, parameter-free

no 1/m corrections... depend on Cr

Up to order Q only

single-nucleon current \ g HK, Epelbaum, MeiBner (UT) forthcoming
operator does depend &

on energy-transfer ko S

parameter-free static two-pion exchange

. [} \ .
. NN | eee .
N \ ’ N
: » / :
— o

N .

Needeq fqr verlflca_ltlon \ ,
Of (0{0) ntl nu |ty equatlon : depeng:?og;, c(::;;'r(éi:,ti(c;;n; L1, L depend on Cr

for OPE part

Park, Min, Rho, Kubodera, Song, Lazauskas (earlier works, incomplete, TOPT)
Pastore, Schiavilla et al. (TOPT), Kélling, Epelbaum, HK, MeiBner (UT)




Axial vector operators in chiral EFT

Chiral expansion of the axial vector current and charge operators
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parameter-free

-

depend on d, ds, ds, d15, d1s, d23,
no 1/m corrections..

WH“H

parameter- free static two-pion exchange

X

H_/

1/m corrections

depend on zi, 23, 23, z4;
no loop corrections

Park, Min, Rho (earlier works, incomplete, TOPT)
Baroni et al. (TOPT), HK, Epelbaum, Mei3ner (UT)

B

depend on Cr



Compare with Baroni et al.

Baroni et al. PRC94 (2016) no. 2, 024003; Erratum PRC95 (2017) no. 5, 059902;
PRC93 (2016) no. 1, 015501; Erratum PRC93 (2016) no. 4, 049902

At zero momentum transfer the result of Baroni et al. is

5 . 1
VO (OPE; k) = 2%% Tf;& (1871 k— (11 x 7o), 01 x k] o7y - k 5+ 1=2), (5)
y 1
j§:4LO(MPE; k) = 32971:f4 T2 + [Wl(k) o+ Wz(lﬂ) k o1 - k -+ Zl(k) (21( oo - kw_]% — 0'2)]
5 3
+ 329;_‘ £ s Walk) (02 x k) x ke 329;‘ £ (X ), Zs() o x K
1
M, 4M?2 1
i) = 5 (14 ah (- 0+ ) ) * 5 (L B + 401 202002 ) Ak,
M, 1
Wak) = g2 1 a2 ( (1+3g24) k* +4 (1 +2g3) Mﬁ) - 53 ((—1 + oAk +4(1 + 29,24)M3r)z4(k)
1 4
Ws(k) = - 3 ) = —2A(k), \ .
Zi(k) = 2M, +2(k* +2M2)A(k), Baroni et al. PRC94 (2016) no. 2, 024003;
o1 Erratum PRC95 (2017) no. 5, 059902
Z3(k) = 7” - §(/«2 + 4M?)A(k).

/

The current of Baroni et al. does netexist in the chiral limit!

. . 5] 2 2\ . Aoa 1
FNALO(MPE, 7, ) — Aglé%lr _A@ g gaA (@) (AMz + ¢1)q1 - G where A(q) = —arctan d

2N:1m 1 BZWF#Q% 26] 2M7T
+ rational functioning; + 1 < 2

Contributions of the difference to GT: Baroni et al. ArXiv:180610245




Call for Consistent Regularization

Violation of chiral symmetry due to different regularizations: Dim. reg. vs cutoff reg.

s A
1/m - corrections to pion-pole OPE current
B E B ¢ proportional to ga
\ J
_’aa(Q: ) o a gA E - P — P — .7 — —
A2Nil7fgﬁ/m = i[m x 7] 8F2m (k2 + M2)(¢2 + M2) (k2 (k+q) —ki-qu+ik- (@1 % 02)) +12

Naive local cut-off regularization of the current and potential

2 2 2 o=~ S~ 2 M2
N (Q:ga,N) _ ra,(Q:ga) i + M QA _ _Ya - G1°0191" 92 g+ M7
AN 1w 1 jm = AoN: 1,1/ OXP (_ A2 - & Vi a2 Ve e P A2

First iteration with OPE NN potential

p D
A’a,(Q:gA,A) 1 VOO’A n VOO’A 1 1a,(Q:ga,N) — A g,%x ([7_ ]a o [7_ ]a) L(T .0
2N:17r,1/mE . HO nyy 1w 1w E — HO nyy 2N: 17,1/m 32\/§7T3/2F# 1 2 k2 + Mg 1 1 1o 4
No such counter term in chiral Lagrangian /

To be compensated by two-pion-exchange current A5\?) if calculated via cutoff regularization

In dim. reg. 429 s finite




Higher Derivative Regularization

Based on ideas: Slavnov, NPB31 (1971) 301;
Djukanovic et al. PRD72 (2005) 045002; Long and Mei PRC93 (2016) 044003

® Change leading order pion - Lagrangian (modify free part)

1 : :
S7(r2) _ /d4x§ﬁ-’(x) (_82 B Mg) 7?(33) _ S7(T273\ _ /d4$%7?($) (_82 _ Mg) exp (8 XQMW> 7?(15)

2 pp2
1 6Xp(—qj;27r)

%
¢* + M3 > + M

Lfﬂx has to be invariant under SU(2);, x SU(2)r x U(1)y
® Every derivative should be covariant one

® Lagrangian 5531 should be formulated in terms of U (7(x)) € SU(2)

Gasser, Leutwyler ‘84, '85; Bernard, Kaiser, MeiBner "95

4 _ I
Building blocks x = 2B(s + ip)

v,U=0,U—1v,+a,)U+iU(v, —a,)U
- J




Higher Derivative Lagrangian

® To construct a parity-conserving regulator it is convenient to work with building-blocks

| .
Uy, = iuTVuUuT, D,=0,+1,, T,= 5 [uT,aﬂu] = %uTrﬂu = §ulﬂuT

x+ =ulyxyu uxTu, x=2B(s+ip), u=+VU, adaB=][A,B]

1

Possible ansatz for higher derivative pion Lagrangian

B adDMad u—l—lx 7
) 2 2 1 —exp ( fz 2 +)
L7 = L7+ —Tr |EOM : EOM
’ 4 adDMadDu + §X_|_
L2 = F—2Tr [u,ut 4+ x4 ] — uy o ! G
= u X+ EOM = — [D,,, v"] + g X— — ZTr (x-)

Expand Effzx in Dy —» Lorentz-invariance only perturbatively

Use dimensional regularization on top of higher derivative one
—>» regularization of remaining divergencies in pion sector



Modified Vertices

2
\ ’ ® Enhanced by exp (/122)

2
PN ® Every propagator is suppressed by exp (—512)

Pionic sector becomes unregularized

® Use dimensional on top of higher derivative regularization

® Dimensional regularization will not affect effective potential and
Schrodinger or LS equations but will regularize pionic sector



Regqularization of Vector Current

® Modify pion-propagators in a vector current

® Modify two-pion-photon vertex

é = ceuldh -

J
"‘é‘“ = eeu(q

Y
2

2 2
1 ) exp (—q Xé\/—[ ) B
g2 + M2 g2 + M2 - T
" Modified two-pion-photon vertex
Q]_ )63,0,1,0,2 . .
leads to exponential increase
In momenta \
- qlli)€3,a1,a2 X 2 2 (Q% + M2) Xp ( 1 A2 )
qd7 — 45




Regqularization of Vector Current

Regularization of pion-exchange vector current

— 2 2 2 2
. o . 93t g t+M
= Zegicﬁ - G1 - Falr X Ta]3— (%~ 4) eXP( - eXp( -
4F2 i — ¢ g5 + M? qi + M?
2 M2
- — €0 *02|T T
AF?2 192 * 02(T1 23 @+ M2

Riska prescription: longitudinal part of the current can be derived
from continuity equation

Riska, Prog. Part. Nucl. Phys. 11 (1984) 199

[Hstronga p} — IZ : j

Higher orders —» work in progress




Application to Electromagnetic Charge

Electromagnetic charge operators in chiral EFT

® 1N charge operator is parametrized in terms of em form factors

0 2
VlN:static — eGE<Q )7
re

ViNid m = oL (k1 x 0)Gu(Q%),

€ :
Vikajme = —g 5 (@ +2ik- (k1 x 0)]Gr(Q?)

® Static 2N charge operator does not contribute to deuteron form factors

2 1 _
2N:17,1/m 16F7%m]\] q% + Mg ( 69)

x ([T]3+71-72) 01 -kos - g2 — i(1+2B) [T1 x T2]°

0141
X [0'1 kio2-q2 — 02 kao1-q2 — 2 +M2 " g2 <¥~

7
a1
egA 0149202
-k (2
s 1]} 16F2my (g5 + M2)2 [68
(285 — 1) g2 - ks

X([T2]3+Tl ’T2 qs - k:—l—Z ’T1><’T2
— (285 + )q2°k2)]+1<—>2. (59)

-

.

Apply higher derivative regularization
to relativistic correction of the charge

~

/




Charge Form Factor of Deuteron

Preliminary

’ ’ Semilocal momentum space (SMS)
0.100} regularized NN force

Reinert, HK, Epelbaum ’17

O

S 0.010| ° Abbott et al (JLab, 2000) 1N electromagnetic form factors

1N charge Belushkin, Hammer, MeiBBner ‘07
| 1N + 2N charge regularized -
0.001 1N + 2N charge unregularized Cutoff variation 400 - 550 MeV
| —— 1N charge with CDBonn2000
10—4 — P
1 2 3 4 5
kin fm™!

® Excellent description of the data for regularized charge even at higher
momentum transfer k



Summary on Currents

® Electroweak currents are analyzed up to order Q

® Modified continuity equation

® Differences in long range part between our results and Baroni et al.

® Violation of chiral symmetry at one loop level if different
regularizations for currents and potentials are used

® Higher derivative regularization respects symmetries

® Excelent description of data for charge form factor at higher virtuality

Outlook

® Regularization and PWD of the currents

® Electroweak currents up to order Q2




Quadrupole Form Factor of Deuteron

0.500}

0.100}
_, 0.050|

0.010}
0.005|

I Preliminary

Cutoff variation 400 - 550 MeV

0.001
0

e Abbott et al (JLab, 2000)
— 1N charge

1N + 2N charge regularized

-

1N + 2N charge unregularized

—— 1N charge with CDBonn2000

Semilocal momentum space (SMS)
regularized NN force

Reinert, HK, Epelbaum ’17

1N electromagnetic form factors
Belushkin, Hammer, MeiBner 07

® Excellent description of the data for regularized charge even at higher

momentum transfer k

SMS NN



single-nucleon

two-nucleon

three-nucleon

LO (Q7?) IN: statics — —

NLO (Q™1) {%N: statics o o

N2LO (Q°) — N —
+ A3 cont v

N°LO (Q) _)(iLN:statica gN:lm gN:m

1a
+ AlN: 1/m,UT/>
1a
+ AlN: 1/m27

1a

+ A2N: 17, UT/> ﬁ
Ta

+ AQN: 1w, 1/m>

1Ta
+ A2N: 279

—

8
+ A(2LN: cont, UT/» *
®

—

a
+ A2N: cont,1/m>

1Ta
+ A3N: cont? *

Baroni et al. considered only
irr. diagrams of 3N current

® terms not discussed by Baroni et al. 16

v terms on which we agree with Baroni et al. 16

order single-nucleon two-nucleon three-nucleon
LO (Q ) - _
NLO (Q_l) Acl)i\?; uT’>’ Agi\?: 17 ‘/ o
0,a
+ AN 1/m?
N2LO (Q°) — .
N3LO (Q) A?i\?z static, UT/? Agi\?: 17 o
0,a 0,a
+A1N:1/m’ +A2N:27r’ \/

0,a
+ AQN: cont? ‘/




Pseudoscalar current

order single-nucleon two-nucleon three-nucleon
LO (Q_4) PlaN:statiC,? o o
NLO (Q_2) PlaN:statiC) o -
N2LO (Q_l) - PQQN: 17> o
+ P2aN: cont»
NSLO (QO) PlaN:statica PQCLN: 17> PP?N: T
+ PIN:1/m, U + PoN: 1n, U + P3N cont s

+ PlaNzl/m27

a
+ 2N: 17,1/ m>
a
+ PoN: 2
a
+ 2N: cont, UT/»

a
+ 2N: cont, 1/m>

Continuity equations are verified for all currents



Unitary ambiguities

34 different unitary transformations are possible at the order Q

4 " Vertices without axial source are denoted by F1\")

U.(a) = S — h.c.
(a) = exp (5; c.) Vertices with one axial source are denoted by Aﬁl’f)

g — ozg%AgognHzl/\lES S, n — number of nucleons
) P — number of pions

gaz _ 0 H )\1_14(0 )\1_ 1 .
> 2 1 | B2 g2l a — number of axial sources

3 : : :
N / k=d+ i + p + a — 4 €— inverse mass dimension

Large unitary ambiguity is related to appearance of the axial-vector-one-pion interaction A( %
(30 out of 34 transformations depend on it)

Reasonable constraints come from

® Perturbative renormalizability of the current T3 = Tg
Y4 = 2,
1 Vi M 1 1
= [ = ! . = 283 = — = ——(1+5
L= 1 (p) +vr= o — L+ A+ 63 ln< . ), B2 Bs 2/36 12( +59%) ;
pu— pu— p— p— O
Bi B; B (]\47T ) P15 = P1s = P22 = Da3 :
di = di(p) + =)\ =:d; + A+ In[ — 1
( ) F? F2 16712 F'2 0 Bis = ~ga —|—g§l_

2

After renormalizing LECs 1; from £5” and d; from £( and using well known - and -
functions (Gasser et al. Eur. Phys. J. C26 (2002), 13) we require the current to be finite



Matching to nuclear forces

Dominance of the pion production operator at the pion-pole (axial-vector current)

= Y e Yu
\g/
W = : + Non-pole contributions
7l

Dominance of the pion production operator at the pion-pole (three-nucleon force)

LO pion-nucleon vertex

I 1 + Non-pole contributions

ConS|stent regularization of nuclear forces and currents calls for matching
requwement between pion-production operators in different processes

l l
l « Matching requirement is fulfilled only
- for particular choice of unitary phases

After renormalizability and matching requirement there are no further unitary ambiguities!




Uncertainty Estimate

Epelbaum, HK, MeilBner '15
® Uncertainties in the experimental data
® Uncertainties in the estimation of TN LECs

® Uncertainties in the determination of contact interaction LECs

® Uncertainties of the fits due to the choice of Emax

s

® Systematic uncertainty due to truncation of the chiral expansion at a given order

Estimate the uncertainty via expected size of higher-order corrections
For a N4LO prediction of an observable xN':© we get an uncertainty
AXNOp) = max (Q x [XNO(p) — XN'EO(p)], @ x [ XNHO(p) — XNEO(p)],

P |XNO (p) — X0 ()], Q1 x |X1O(p) — XNO(p)], QF x [ X0 (p)])

. . g p M
with chiral expansion parameter @ = max ( A Ay )

For owt errors —» 68% degree-of-belief intervals(Bayesian analysis): Furnstahl et al. '15

~




Pion-Nucleon Scattering

® Effective chiral Lagrangian:

Lo=LP 4 W4 low-energy constants

v gA 7 A (2 7 A3 A4
LiN = N(w“’DM[W] —m + 7v“’y5uu[7r]>]\f + ZciNOg )[W]N + ZdiNO( )[W]N + ZeiN0§ )[W]N +...

— ~— _ 2 ~ J L ~ J 2 ~ J
£ c? £ £

® Pion-nucleon scattering is calculated up to Q* in heavy-baryon ChPT
Fettes, MeiBner 00; HK, Gasparyan, Epelbaum 12

Karlsruhe-Helsinki PWA, Koch et al. ‘86

? [ T | T | T | I//_ O T | T | T 2 [ T |PI | Qz /‘I’_
. e 10— 11 /:. ) I Sy~ ] B 11 7
Order Q: g 00 PP T I ~~- o Q¢
o, 50 “ | i S31 = %
| | N ¢ | _'
“© 1 | 1 | 1 | 1 ‘10_| | 1 | 1 | |'T _2 1 |q3 T\ 1 | 1
0
0 50 100 150 200 O 50 100 150 200 O 50 100 150 200
Order Q2: . I = I B A e i = G U e s B B
\. Q‘ ... 8 0_ ........ [ ]
C; E” = :
& -lr
. * . Y, I(ZI —2_ AN b
3 \\ ," “‘ TS S [ | ] | ] I\ L _ |
Order Q3: - Y " ceo 0 50 100 150 200 0 50 100 150 200 O 50 100 150 200
d,i ’3‘ i T | T | T | T _‘OOS_I | T | T | /I/ [ T | T | T | T ]
02 - - 102+ —
on | -
. P g0 D13M)///_ 0.04 - Di/ il D, 2
4. \‘ " \“" ~~~~~ . 'o | - . | | | ] . | |
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Dispersive analysis of =N scattering

® Roy-Steiner equations for 7N scattering .
Hoferichter et al., Phys. Rept. 625 (16) 1 YT Tam
Partial Wave Decomposition of subthreshold
c . 5 . expansion
Hyperbolic dispersion relations
TIN — TN & 7t — NN channels ' , :
u:(m+M)2\\\ //S:(m+M)
Input: Y X =
S- and P-waves above sm = (1.38 GeV)? AR N scatiering,

Higher partial waves for all s N

u-channel

Inelasticities for s < s, and scattering lengths

s-channel

N

NN potential

Output:
S- and P-waves with error bands, o-term,
Subthreshold coefficients X = Y #,,., > ", X = {A*, B*}

® c;, d;, e; are fixed from subthreshold coefficients (within Mandelstam triangle where
one expects best convergence of chiral expansion)

® Subthreshold point is closer to kinematical region of NN force than the physical
region of TN scattering

physical region



® From 1950 on around 3000 proton-proton + 5000 neutron-proton scattering data

NN Data Used In the Fits

Reinert, HK, Epelbaum ’1

below 350 MeV have been measured

® Not all of these data are compatible. Rejections are required to get a reasonable fit

® Granada 2013 base used: Navarro Perez et al. 13 rejection by 3o-criterion
=> 31% of np + 11% of pp data have been rejected

0 [deg]

Resulting data base consists of 2697 np + 2158 pp data for Ejab=0-300 MeV
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Call for Consistent Regularization

)
V((:grzt tree — € 1—6 [Tl X 7-2] [(02 + 304 + C’?
— (—Co+Cy 4+ C%) (01-02) q1
+ Cr (02'(]101+01'Q102)] é.,.‘
Cs 1
— 61—56[7'1]3 (o1 + 02) X q1]

-+ Z€L1 [Tl] [(0’1 — 0'2) X k]
+ iels [(01 + 02) X q1] .

® Short-range component of a vector current which is not longitudinal
—> They can not be cured by Riska prescription: [Hstmng, p] =k-J

® Strong dependence on the cut-off is to be compensated by cut-off dependence
of CiLECs from NN at NLO —» [

works out only if current and force
are consistently regularized

Call for consistent symmetry-preserving regularization
of forces and currents!



