A simple prescription for
Covariant chiral effective theory
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OUTLINE

e Covariance and chiral power counting: a simple strategy
* One-loop examples in SU(2) examples (nucleons)
* One-loop examples in SU(3) situation (octet baryons)

e Summary and prospects



Covariance and chiral power counting: a
simple strategy

* Chiral power counting (yPC) obeyed by the pseudo-scalar meson (Goldstone) sector:
Q~mg, Ay »> my(e K1) : loop diagrams = O (%Z) = 0(e™)

X

 ¥PCviolated by the baryonic sector:
Q~Mg~A,:loop diagrams = O (%Z) = 0(1)!
X

* Observation: the yPC-violating pieces are actually LOCAL(!)

 Strategy: simply remove these local yPC-violating pieces via counter-terms (in any
conventional scheme, say MS), yPC is restored in the terms leftover

0 (f—g),@fv(lQl _ My)~0(m.,)
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Lagrangian

e SU(2):
LW)=Y [iy“@u — My + égTj‘TySy“r £ 0T — ét - X yHo,m + 0(113)] p
Lugine = Py [—Q%S“t- 0,1 — ér - X vH0, T + 0(113)] ¥,
SH = %yf’aﬁ“’vv = —%y5(y“y“va —ph), oV = %[y”,yv],v2 =1,5%y, =0,¥, = eiMN”'x%(l + ¥y, )W
* SU(3):

L(B,T) = iTr[By - DB] — MyTr[BB] + DTr[By*y5{A,, B}] + FTr [EyﬂyS[Aw B]]
+iT,y*"*D,T, — m;T,y*™ T, + HTHy - AysT, + ¢(T,0#YA,B + h.c.)
+b, Tr[B(ETmét + Emé)B| + b, Tr[BB(§Tmét + Emé)]
—cTuy”"(E*me + Emé)T, + oTr|mU + mUT|Tr[BB] — 6Tr[mU + mUT]T”TM

—1 —1 — : — — 0] =
yrve =Sy My Ly R = glyh vl o = gt —y Ry yRT, = 0,0,T, = 0;U = &7



* One-loop examples in SU(2) situation (Z. Liu, L.-H. Wen, JFY,
NuclPhysB963(21)115288)

» One external nucleon: (N|O./IN) @
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> Two external nucleon: (NN|T|N'N") >.<
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(N|O:IIN), primary

* Fully covariant formalism: '™ = A(l)ﬁrayuu; £, = ln‘*r’:l—‘gz,f,v In %42 ‘“”‘ 2P = —2 ;R = o(p_%)

[ TL'

Fi = [tr _gi—m% —T — — ¢
ig a EETAE [-T'(e) —€; —2Inp + 3 + R{,]

Fig b =r“”{gjt‘m” [20(T(e) + €y +1) +T(e) + £y —3Inp + 7 + RE ]}

(47 fr)?
Fig ¢ = chiral
Fig d = chiral

2.2
Fige = I't" {_%[—F(e) -, —2Inp+3+ Rﬁa]}

Fig f = Ftr{ (gAf7)Tz o) +4y+ 1) +T(e) + oy +2+ R f]}

Figg =TIt {(*Z;:f ; lpCE) +4y+ 1) +T(e)+ oy +2+ R f]}
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(N|O:!IN), decomposed

* Fully covariant formalism: {Inp =T'(e) + £, — (['(e) + £y))

2.2
Fig a= I = 22405 [2(1() + £y +3/2) = 3(T(€) + £) + RS}

Fig b = 7 {ZA2E [2p(I(€) + £y + 1) + 4(T() + €y + 7/4) = 3(T(E) + £) + RS}
Fig ¢ = chiral
Fig d = chiral

Fige = r“’{ % [2p(T(€) + €5 +3/2) — 3(T(e) + ¢,,) + RS ]}

ig f = rtr{ (gAf E [p(T() + &y + 1) +T(O) + &y + 2+ R f]}
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(N|O::IN), subtracted

* Fully covariant formalism:

Fig a= I {— 27 [ 3¢, + o(p™?)]]

Fig b = 7 {248 [ 30, + o(p~4/2)] |

(47 fr)?
Fig ¢ = chiral
Fig d = chiral
: 3g mn
flge = rtr{ sanpz |3 T o(p” 1/2)]}
- g 71
fgt= Ftr{ gz 0+ 007 1/2)]}

Figg=Trt" {(fAf z0+0(p” 1/2)]}
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(N|O:/|N), primary

* Mixed formalism=covariant propagators + HB vertices:

Figazr“‘{ M[ p(Te) + ¢ty +3) +3(T(e) + ¢y + )—31np+6+:RHB”]}

4(anfr)? L2
Figh =" {% 2p(T(e) + ¢y +2) = LT (e) + €+ 1) —Zlnp + 6 + R”B”]}
Fig ¢ = chiral
Fig d = chiral
. 3 T
Fige=1T1 ’”{ 4(;1’2}")2 2o(T(e) + £y +2) —3(T(e) + £ + 1) —Zlnp + 6 + RHB”]}
Figf=20

Figg=20
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(N|O:!IN), decomposed

* Mixed formalism=covariant propagators + HB vertices:

Fig a= 1““"{ _gami_ [20(T(e) + ¢y +2) + 2(T(e) + £y +2) — 3(T(e) + £,) + RHBV]}

4(4mfr)? L2
Figh = I't {(i“f ’)TZ 20(T(e) + 2y +2) + 3(T(e) + £y +2) — 3(T(e) + £,) + ‘RHB”]}
Fig ¢ = chiral
Fig d = chiral
. 3gim>
Fig e = r”{ 4(‘22;")2 2p(T(e) + &y + 1) + (T (e) + £y + 1) — 3(T(€) + £,) + RHB”]}
Figf=20

Figg=0
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(N|O::IN), subtracted

* Mixed formalism=covariant propagators + HB vertices:

Fig a= I {— 7[5, + o(p™)]]

Fig b = ' {248 30, + o(p1/2)] |

(47 fr)?
Fig ¢ = chiral
Fig d = chiral
: 3g mn
flge = Ftr{ sanpmz |3+ o(p” 1/2)]}
Figf=20

Figg=0
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(NN|T|N'N"), primary

* Fully covariant formalism: (3 + 2(t; - 7,)) = 3(Uuq) (Upuy) + 2(u T Uq) - (UpTLU,)
Fig A = chiral

Fig B 1= (14 'T2>{8g¥A)27;n 20(T(e) + ¢y +1)+T(e)+ ¢y —3Inp+7+ RBl]} =Fig B2

FigC=—(3 — 2(1q - 13)) {Sg}“‘)z’; [p([‘(e) + 4y +3)—3T(e)+ 4 +1)+4Inp -3 -
12p tan~1 /4p—-1 n Rg]}

Jap-1
Fig D = —(3 + 2(1; - 7)) {8éA’;’2’;4 [3o(T(e) + &y +3) +2(T(e) + ¢, + 1) —4lnp+ 4+
R5]}
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(NN|T|N'N'), decomposed

* Fully covariant formalism:
Fig A = chiral

2

8(4 )an

Fig B 1= (1, - rz>{ [2p(T(€) + £y + 1) + 4(T(E) + £y + 7/4) — 3(T(€) + £,) + RBl]} —Fig

B2

Fig C = —(3 — 2(1, - rz>){ [p(F(E) oy +3) — 4(E) + £y + 13/16) — E(T(€) + £,,) —

12p tan~1 . /4p—
e ]

8(4n)2fﬁ

Jap-1
Fig D = —(3 + 2(7; - 72)) {SaA)2§4 [3p(T(e) + ¢y +3) +4(T(e) + £y + 17/16) — 2(T(e) + £,) +
R5]}
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(NN|T|N'N"), subtracted

* Fully covariant formalism:

Fig A = chiral

2.2
Fig B 1= (7, -rz>{gé’}jt’;’;;# -3¢, + o(p—l/z)]} =Fig B2

4.2 n-1 /2=
Fig C = —(3 — 2(7 - 15)) {—gAmn [Een _epmEn VRl o(p-l/z)]}

8(4m)2fa | 4 4p—1

4.2
Fig D = =3 + 2(r, - 1)) (2405 [-52,, + o (p™/2))
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(NN|T|N'N'), primary

* Mixed formalism:

Fig A = chiral
2.2
Fig B 1= (1y - 7)) =22 [2p(T(e) + €y + ) — X(T(e) + £, + 1) — Zlnp + 6 + REFV| =Fig B2
8(41)2 f;2
Fig C= - — 2ty - 72)) {Sé“@’}; [64p(1“(6) + Oy + 8 —LB3(P(e) + £y) + Blnp — 25—

12p tan~1 /4p-1 + RHBY
Jap—1 ¢

Fig D = —(3 + 2(t, - rz)){
ngBv]}

2021/8/18
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(NN|T|N'N'), decomposed

* Mixed formalism:
Fig A = chiral

2.2
Fig B 1= (14 'Tz){ JATn [gp(l“(e) + £y +

8(4m)?fr
B2

Fig C = —(3 — 2(, - m){ gim

8(4m)? fr
12p tan~1 [4p—1 n fRHBvB
Jap—1 ¢

4,2
Fig D = —(3 + 2(1; - 7)) {247

8(4m)2 ff
£+ RHBv]}

2021/8/18

[64P(F(€) + &y +

417,0(F(e) + £y +

D) +2(T(e) + 4y +2) = 3(T(e) + £,) + RHB”]} =Fig

+28) — 53(T(e) + ¥y + 222) + 2(T(e) + £,) —

270 2388

587)+6 (F(E)+fN+1399 175(1_'(6)+

834 874
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(NN|T|N'N"), subtracted

* Mixed formalism:

Fig A = chiral

2.2
Fig B 1= (7, -rz>{gé’}jt’;’;;# -3¢, + o(p—l/z)]} =Fig B2

4.2 n=1 [ap—1
FigC=—(3—2(tq - TZ)){ JAT [1—5{’ﬂ _ e Py o(p"l/z)n

8(4m)2fa | 4 4p—1

4.2
Fig D = =3 + 2(r, - 1)) (2405 [-52,, + o (p™/2))
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NN scattering: pionful to pionless mapping

 Dominant contribution to Co(y1)? from one-loop diagram (JFY, ModPhysLettA29(13)1450043):

The anomalous piece comes from the two-particle reducible (2PR) component in Fig C

~+ _

12p tan 1/4‘,0 3(3 — 2<T1 Tz))g MNmn-
128nf2

(3 — 2(1y - Tz))gAmn
8(4m)? fr

With parametrization

Co = T = A(Fig C) = s—— X My, a =1<0.88,g4 = 1.29
N 9gAMNm7T 0.80,g4 = 1.32

» Higher order such ‘anomalous’ contributions need to be computed and summed up

2021/8/18
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* One-loop examples in SU(3) situation (H.-F. Zhou, Z. Liu, J.-F. Yang):
(B|Mp|B)

> Octet to octet

A / \
e =% ] | ! |
’ ~ # 3 - ~ - ~ \
’ N ’ \ ’ \ ’ \ \\ H 3 1
I 1 I3 A / /

a b C d e f g

» Decuplet to octet

b - ~
,) \\ ,I \\ ’ \ // \‘ // \\
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(B|Mg|B), decomposed

* Oto O: €¢:ln‘“”‘ {’len‘“”z‘ ,Pp = Z,R —o(p_l/z)

Figa=4

¢’ Mpg (p
—{2MB[T(€) + €5 + 1] + 2MpmG [T (€) + £5 + 2] + R}

{6pB [F(E) + {5 + %] - 4[F(e) + {5 + %] — 3(F(6) + f(p) + R,C,}

2, T (6 T0(E) + €5 + 1 + 4[r(e) + 25 +2] = 3(T(e) + £4) + RE)

—2|T(e) + 25 + 3| + 3(T(e) + £4) + RS}

—2[T(e) + €5 + 2] +3(T () + £4) + R)

S
Fig b = Abzs’;z
Figc = —4, (@nF)?
Figd =24 (j’;‘;g
Fig e= ’132;:)(2
Fig f= chiral

Figg=—c¢

2021/8/18
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(B|M%|B), subtracted

*0to0: R-=o0 (p;/z) (useful for extrapolation in meson masses!)

Figbh = A, qub{ 304 + RS}

(4mF)2
Fig ¢ = —Ac F)Z{ 304 + R}
Fig d = A S’;‘g{%(p + RS}
Fig e= Aezsf)z{%ﬁ + RS}
Fig f= chiral

Fig g= chiral

2021/8/18
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(B|Mg|B), decomposed

M M%E-MZ-m3 1- 1 -
Mg o = Me-Mi-m§ _ pp(1-mp’)-1 R =0 (pB1/z)
2m¢MB Zm

* DtoO: ng =

Fig A = dagrrrt M 3[(—n53 —2n5% + 205" + 6 + 6nf + 203 — 2np — 13 )(T(€) + €5) + (=2n5" + 44 + 51np — 4n§ — 1003 — 4n3)] + 2Mrm§ [(3nF + 2n3 +
2n5% +3n52)(T(e) + £5) + (305" + 28 + 14713 =205 + 7] + [ME(ng® + 2ng® — 2ng" — 6 + 60 + 203 — 2ng —ng) + 2MpmG (=205 — 30 + 3nf +
ZnB)](F(e) + €¢) + 4[MTm¢(nB + 2052 —ngl—4—ng+ 20k +n3) — m¢(3773 +4ng% + 2ngt + 4 + 3713)] 1—02%2cos™1(—-Q) + Rfl}

FigB = —ZBJT;)Z{M%[3(377§3 +5n5% —4ng' — 9 =305 —np —n3)(T(e) + £5) + (—3n5" + 269 + 4410y — 2605 — 17403 — 12n3)] + m3[3(=8n3 — 9Inj +
305> + 4n5*)(T(€) + £5) + 6(3n5" + 50 + 5005 — ng + 2n3)] + 3[M7(—3nz® — 5nz% + 4nz™ + 9 — 30§ — ng — n3) + m§(8ng> + 9Ing? + 3ng + 4nP)|(T(e) +
24) + 12[Mrmy (=302 — 5ng% + 15 + 4 + 1 + 1% +n3)|V1 — Q% cos 1 (—Q) + RE}

FigC = —ZC%&”—;F)Z{M%[S(?W_E’ +5n5% —4ng' — 9 —3nj —xnp —n3)(T(e) + £5) + (—3nz" + 269 + 441y — 2605 — 17403 — 12n3)] + m§ [3(—8nj — Inj +
315> + 4n52) (T (€) + £5) + 6(3nz" + 50 + 50m5 — ng + 2n3)] + 3[MF(=3n5® — 5ng® + 4ng" + 9 — 30} —ng —n3) +mg(8nz° + 9Nz + 3nf + 4n3)|(I'(e) +
24) + 12[Mpmy (=305 — 5ng2 + ngt + 4+ np + 1k +n3)|V1 — Q2 cos 1(—Q) + RE}

Fig D = Apsoisms{ MFI (305" + 4np° — 205 + 12np + 6nF — 813 — 5nE)(T(e) + £5) + (2nz% + 81" — 5 — 81 + 2nf + 8nj + 4nB)] + 2mg[-Inz? — 8np' — 2 +
12np + 15n3] + [M7(=3ng* — 4n® + 2ng* + 12np + 60 — 803 — 5np) + 24m (1 + 13)|(T(€) + £4) + 4Mpmy(=3nz* — 4ng> +np* — 1+ 4np +
3n2)V1 — 0% cos H(—Q) + RS}

Fig E = Apsiea MF[Bng* + 4n5° — 2n5% + 1205 + 6nf — 813 — Sng)(T(€) + £5) + (2n5° + 8nz" — 5 — 8np + 2ng + 813 + 4ng)] + 2mg[—9Ing” — 8np' — 2 +
1205 + 15n3] + [M7(=3ng* — 4n5° + 2n5* + 12ng + 60 — 803 — 5np) + 24mf (s + 13)|(T(€) + £4) + 4Mpmy (=3nz* — 4ng® +np* — 1+ 4np +
3n3)V1 — Q% cos H(—Q) + RS}
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(B|M%|B), subtracted

* D10 0: &ra(s) = 0(p5Y), Ear1g () = 0 (p5"%) s Ears(ms) = 0 (p5>"?)  ar16(18) = 0 (5 ™"2)  Euar2p (18) = 0(p5"); Epr2 (1) = 0(p5"), épr19(15) =

(pB 1/2), . =b..=0in HB formulation

FigA = AA ( {[MTfAT3(nB) + 2MT"”¢EAT1¢>(UB)]{)¢ + 4[MTm¢fAT¢2(773) mfi,(Bn,}g +4nz° + 2ng' + 4+ 3773)] 1—-0%cos™1(—Q) + R.fl}
= ZAW{—En +agly + by + 4R }

Fig B = —4p (4 f) {3[ 7€pr2(p) + m¢(8773 +9n5° + 3n5 + 47]3)]({)¢>) + 12Mrmgéprip(Mp)V1 — Q2 cos™1(—Q) + RB}
= —ZB( {(2 +ag)ly + bp + =R}

FigC = —J¢ (4 f) {3[MTfBT2(773) + m¢(8n +9n5% + 305 + 47)1‘3)]({)(1)) + 12Mrmpéprip (Mp)V1 — 02 cos 1 (—Q) + Rlcs}
_ _*CZ;’;;g{(z +ag)ly + by + 2R}

FigD = /1D24( {[MTEDTZ(nB) + 24m¢(n3 + UB)]({)q;) + 4[MTm¢fDT1¢(UB)] 1—-Q?cos™1(—) + RD} szsm(t){(Z +ap)ty + bp + 24RD}

Figk = /15 {[ 7pr2(mp) + 24mj (np + n8)|(¢4) + 4[Mrm¢fDT1¢(773)]m cosH(—Q) + RE} = ZEmS ¢{(2 +ap)ly + bp + =RH}

2021/8/18
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(B|M%|B), comparison to HB calculation

* GMO relations:
%(JV[A +3My5—2My —2M3) =0
» Jenkins(NuclPhysB368(92)190):
%(MA +3My —2My — 2M=)
— (1 - %) E (D* — 3F?) — %CZ 125}2 - 13—6b,)D2 + (; bp + ng + gc>62] Z;’;l;"z In 41;152
> Cov EFT: f%?=2f%, by=bp+bg, by =bp —bg

1
7(Ma + 3M — 2My — 205)

2\ 14 2 ms 32 4 10 10 m.ms m2
—(1-= l— D2 — 3F2 ——62] K ([ ZZp D2+ (=-bp+—br+—c|C?|——En—K_ A
pam,, AP) =0
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summary and prospects

Prescription: Covariant Chiral EFT--@each divergent loop with baryonic lines

 ¥PC is restored after the large (non-chiral) and local pieces are isolated and
subtracted, the residuals are characterized by the chiral scale Q~m,.

* But, there may be nonlocal/definite ‘anomalous’ terms associated with threshold
effects/IR enhancement, which must be kept and summed up somehow via
relativistic propagators.

»To be examined and applied to more topics in hadronic and nucleonic systems.
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