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Combined analysis of AIN—aN and

aN—anN In chiral effective field
theory at one-loop level

¢ Formal Aspects
e Combined Fit

e Predictions



V ation and vietnodology

Wey? Fow e

1. Pick Lagrangian

2. Derive Feynman rules

3. Draw all graphs up to specified order
4. Calculate amplitudes in specified
Solution | Effective Field Theory = Chiral Perturbation Theory decomposition

5. Calculate T-matrix and matrix
element squared

6. Calculate observables like cross
sections and phase shifts

Aim  Theoretical description of tN-niN and niN-nnN above threshold

Problem | QCD is non-perturbative for low energies

Problem Il Resonances play an important role

Inclusion of the most dominant resonance A(1232)
as an explicit degree of freedom

Solution Il

€ (hinal A pproaches

xPT HByPT

* EFT of Standard Model * Non-relativistic limit of xPT
* Relies upon chiral symmetry of QCD « Inclusion of 1/my expansion into power counting
* DOF are mesons and baryons instead of quarks « Original motivation: Allows calculations beyond tree

» Breakdown scale of theory: A, ~ 1 GeV level




Formal Aspects
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Meson Sector Axial-coupling constant
M2 = M2 4 5M®@ T
Ze=1+062 ! §

F=F,+0FY SR

--------------- Nucleon Self Energy I | | |
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m=my 4+ 6m® 4+ om® 4 gm® b g=ga+069® + g™
g -
3 4 L& InNNTT o o2 5
In=1+462 +62 N T T 9 2Madis+ O(Q)

Linear Combinations
cl1 — C1 + 2M? €929 — 4638)
e20 + €35)

7 (
(
(2e19 — €22 — €e36)
¢y — c4 — AM?(2e01 — e37)

62—>CQ—8M

(33—>(33—4M
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Loop graphs - Tadpole type
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Combined Fit



+(E = my) (= Afe(s) + (Vs + mn) Bl ) )

Xl(5) = [ a:X!(s.0RE . xeqan

HByPT i Btme [
Si(9) = T | d2 (' P) + @ (Pe(2) = 2P(2))
Isospin basis XIEV2 = xt 4 ox—, X932 =Xt - X~
Unitarization I _ I
04 (s) = arctan(|g|% [ (s))

prescription




Unpolarized Observables

i' Otot
: d2o d3o
'® dwndls’ dwgdodils and W

: do do do
® dM2_ dt dtdM2_




: Unpolarized Observables
|® Otot

:  Unpolarized Matrix Element Squared
d?o d3o
o dwad 297 dwad(29d 23 and W E <:> E ‘M‘Z 1 ZTT T
do do do and do ' 2 o
o dM?2_> dt’ dedM2_ d cos 6 R L P L PP L PR EETRETYRE

HByPT T =ul) (S-qu A +5- g2 B + 5 g3 C* + i€ wap ¢ g5 g5 0" D) ul

;xdw__XN,@ﬂ&“xa-Ffﬂwexz+w£&wx5—%kf“XA)XN

V. 7 p—=alnp Vo X =Xo+ Xy

Physmally Accessnble +  T-matrix Reduction

Channels :
I. T p— O70n L. X =v2X;
. 7 p—ontrn | COTL X =V2(X) + Xa)
III. 7 p—atan <:::> L X = V2(Xs + X3)
IV. 77p —= nta% IV. X =X3+4+ X4
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0 100 200 300 400
Combined Fit
2 2 2 2
X — XT(N _|_ X7T7TN _l_ Xc

exp th2 _
X2 _ Z (dfch 5th) X2 _ Z (Oz — Uy ) XZ _ Z (5’37, — SUz)2
TN Z A62 7 N i AO_ZQ C R,Lz
7
 Adgp=5%  Adp =20% : Ag = Ao i Ry, =3 R, =5
Naturalness Condition
|zi| = ] 9 < o _ 1
t An An An qAn—l
A~ my ~ 770 MV el ~ 1.0 < 3.0 <55 Gev |
SCUS <100 MoV | <TET {di] ~ 15 <40 <70 Gev-? g
WCMS < 980 MeV e ~ 2.0 <5.5<9.0 Gev3 !



Input

938.27 | 139.57 | 924 | 1.27 || —04£0.6 | 4.3£0.1 | 29+24 | 44+0.2

HB Cov
LECs KH GW KH GW
c1 -1.27  + 0.08/ -1.60 + 0.07] -1.12 £ 0.08] -1.43 £ 0.07
Co 355 + 012 335 £ 011 349 £+ 0.11] 338 £+ 0.10
c3 -6.28 + 0.08) -6.42 4+ 007 -594 + 008 -615 + 0.07
c4 359 + 0.04f 364 £ 0.04f 335 £ 0.04 344 £+ 0.04
dy + da 365 £+ 015/ 332 £+ 013 305 £+ 012/ 298 £+ 0.11
ds 418 + 0.29| -314 + 0.28] -247 + 0.18] -1.98 £+ 0.17
dy 0.74 + 212 -0.89 + 211] 441 + 1.70| 440 £ 1.70
ds 069 + 018 001 £ 017/ 001 £+ 015 -049 =+ 0.14
d10 -1.09 + 183 -071 + 185 -1.86 + 1.91| -1.23 £ 193
d11 -2.35 £+ 1.98] -2.01 £+ 199 -227 + 207 -202 <+ 207
d12 361 £+ 195 318 4+ 199 541 4+ 1.80| 472 + 1.82
d13 1.55 + 205 142 + 205 -0.73 + 202 -0.75 £ 2.02
dig —di5| -6.88 + 027 -592 + 025 -502 £ 0.21| -450 £ 0.19
d16 2,73 £+ 076 242 £+ 076/ 18 + 072 174 £+ 0.73
X2 N 171 132 242 98
X2 N 172 169 176 170

lc;| ~1.0<3.0<5.5 di| ~1.5<40<70



Input A

<
my M Fr | ga [ lo l3 Iy IrNA| 91 \‘25&%
938.27 | 139.57 | 924 | 1.27 || —04+06 | 4.3+0.1]129+24|44+0.2 1.3512.29

%\, LECs HEB Cov
KH GW KH GW
c1 -1.29 £ 0.08 -1.61 £ 0.07] -093 £ 0.08 -126 £ 0.07
Co 1.50 4+ 012 134 4+ 011 144 £+ 011} 139 £+  0.10
c3 252 £ 0.08) -270 £ 0.08 -234 £ 0.08 -265 £ 0.08
cy 1.83 + 004 190 + 004 162 £ 004 174 + 004
dy + do 057 4+ 0.5 032 £+ 014/ 042 £+ 013 046 £+ 0.12
ds -1.66 £+ 029 -0.76 £+ 027 -116 £ 0.8 -0.79 £ 0.17
dy 111 £ 237 -1.13 £ 237 004 £ 221 024 £ 212
ds 092 + 018 028 + 017 066 + 015 018 4+ 0.14
d10 058 £+ 193] -031 £ 193] 029 £ 209 062 £ 208
di1 -3.10 £ 200 -287 £ 200/ -020 £ 206/ -009 + 205
d12 1.06 + 205 072 £ 206/ 0.66 £+ 195 044 £ 1.94
d13 249 £+ 205 -259 £ 205 -253 + 199 -256 + 1.98
dig—dis| -1.66 + 028 -0.81 £+ 026/ -089 £+ 0.22] -059 £+  0.20
d16 051 + 070 -063 + 072 097 + 070 082 + 0.70
X2 123 205 126 154
X2 N 180 178 189 186

lc;| ~1.0<3.0<5.5 di| ~1.5<40<70



HB Cov

LECs KH GW KH GW

c1 -0.70 £ 011/ -0.89 + 0.11| -0.90 + 0.14] -1.18 £ 0.13
Ca 320 £ 033] 419 <+ 032 352 <+ 032 373 £ 031
c3 3.99 4+ 010 -490 4+ 0.08) -526 £+ 0.12| -6.00 £ 0.11
c4 291 + 009 342 + 007 348 + 0.08 383 + 0.06
di + do 451 £ 0.14] 429 £ 013] 518 £ 015 494 <+ 0.14
ds 4.03 4+ 021 -3.03 £+ 020 -5.65 £+ 0.28] -513 £ 0.25
dy 1.01  + 210/ 059 £+ 204 -226 £+ 1.88 -2.87 £+ 1.76
ds 018 + 016/ -057 + 015 069 + 018 024 + 0.16
d1g 479 £ 172 280 + 176/ -7.19 +£ 1.79] -5.65 + 1.81
d11 248 4+ 197 -260 4+ 198 -247 4+ 200 -1.34 £+ 1.99
dio 612 + 1.72| 610 £ 1.74| 882 £ 178 728 £+ 1.76
di3 216 4+ 205 -3.41 £+ 205 -1.14 £ 197 -1.32 £ 1.92

di4 — dis -8.09 £ 025 -6.99 +£ 023 -954 + 026 -877 + 0.24
dig 498 + 0.70| 566 + 0.73] -070 £ 0.65| -0.89 £  0.63
€10 3.60 4+ 459 412 4+ 456| -3.73 4+ 442 491 £+ 4.33
e11 036 + 477 038 £ 476 258 £ 410 330 £ 3.92
€12 209 4+ 371 112 4+ 381 1.8 £ 352 227 £ 351
€13 -0.63 + 3.76] -091 + 3.81| -221 £+ 3.36| -3.20 £ 3.27
€14 1.41 4+ 011 142 4+ 010/ 032 4+ 012 109 4+ 0.11
€15 1259 4+ 065 -6.33 4+ 056 -536 + 039 -3.37 £+ 0.36
e16 592 4+ 1.31] -156 4+ 1.26] 092 £+ 060 -1.48 £ 055
e17 049 £ 011 -0.44 £ 011 047 £ 0.09] 0.02 £ 0.09
e1s 497 £ 049 193 £ 039 115 £ 028 008 £ 0.22
€34 018 + 483 031 + 484 08 + 477 122 £+ 475
X2 N 181 + 163 119+ 171 147+ 7 79 + 55

X2 N 233 232 234 238

lc;| ~1.0<3.0<5.5

d;| ~1.5<4.0<7.0

lei| ~2.0<5.5<9.0



HB Cov
LECs KH GW KH GW
c1 149 £+ 020 -1.62 £ 024 -1.02 £ 019 -1.63 £  0.20
Co 010 4+ 059 122 4+ 074 154 4+ 040 115 + 0.39
c3 177+ 011] 263 + 010 -252 + 0.16] -345 + 0.15
cy .79 4+ 0.09] 225 £+ 0.07] 208 £+ 0.08) 241 £+ 0.06
dy + do .27 4+ 015 1.00 £ 014 148 £ 0.16] 126 £ 0.15
ds 195  + 022 -0.82 + 021| -246 + 031] -208 + 027
dy 2.75 4+ 222| 255 4+ 214 -015 4+ 219 -1.70 £+ 2.14
ds 076 + 0.17, -005 + 016/ 083 + 019 043 + 0.17
d10 2,65 £+ 217 -059 £ 239] -1.87 £+ 226/ -1.21 £+ 223
dy1 055 £ 228/ -057 £ 229/ -1.12 £ 221 063 £ 221
d12 206 + 212] -190 + 217 044 + 2.06] -0.78 +  2.05
di3 052 + 248 -252 + 280 -01 + 227 044 + 207
dig —di5| 249 + 027 -129 4+ 025 -311 + 028 -230 £+ 0.26
di6 396 + 078 451 4+ 078 305 £+ 070 193 £+ 0.74
e10 052 + 507 069 + 497 08 + 515/ 015 4+ 500
e11 124+ 522 -162 + 509 -0.08 + 473 124 + 441
€12 190 + 375 -3.17 + 391 -140 + 385 -0.61 + 3.79
e13 -1.57 £ 429 -295 £ 441 -158 £ 358 -1.76 £  3.42
e14 063 + 011 075 + 010/ 037 + 014 128 4+ 0.13
e1s 5.66 &+ 072 036 £ 070 -155 £ 047 114 £ 047
e16 6.81 + 221 -1.04 <+ 269 -055 + 0.80| -1.75 +  0.80
e1r 042 £ 011 -050 £ 0.1 -0.11 £ 0.09] -0.55 £+  0.09
e1s 147 + 050 -1.22 + 040 -023 £+ 028 -1.32 £+ 0.22
€34 069 + 492/ 128 £+ 495 072 £+ 4.82| 089 +  4.78
X2 N 131 + 69 79+ 73 128 + 6 69 + 47
X2 N 176 178 180 181

lc;| ~1.0<3.0<5.5

d;| ~1.5<4.0<7.0

lei| ~2.0<5.5<9.0
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Good description of the phase shifts in tN-niN
» Fits in g® & g* comparable = convergency

e YPT ~ HBYPT = 1/mn contributions not that important
e higher energy predictions for P11 (R) and P33 (A) problematic

Fair description of the cross sections in tiN-ntntN
e g% > g* = bad convergency (too large LECs from ntN-nN)

e« xPT 2 HBYPT = 1/mn conftributions important
e role of A and R underestimated?

Future extensions of the combined fit \\
» deltaless: q° & g* + ANLO + R ®
« deltafull: €3 + RNLO

b RO AN




