Determination of SU(2) ChPT LECs
from 241 flavor staggered lattice simulations

Enno E. Scholz

Institut fiir Theoretische Physik

-

Universitat Regensburg

In collaboration with
S. Borsanyi, S. Diirr, Z. Fodor,
S. Krieg, A. Schifer, K.K. Szabo

7™ International Workshop on Chiral Dynamics
06-10 August 2012
Jefferson Lab, Newport News, VA, USA



e SU(2)-ChPT: effective meson-lagrangian for pion-interactions
e LECs /3, £, describe quark-mass dependence of f, Mﬁ; decay constant in chiral limit: f

e used in phenomenological models, FV-corrections of lattice data, . . .

value from lattice-QCD simulations

e ChPT often used to extrapolate lattice results at (slightly) too high My, down to physical masses

systematic error?
e compare fits including and excluding the physical point

e 2+1 flavor staggered QCD-simulation with meson-masses: =~ 135 MeV — = 435 MeV

S. BORSANYI, S. DURR, Z. FODOR, S. KRIEG, A. SCHAFER, EES, K. K. SZABO
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2+1 flavour staggered simulations

tree-level Symanzik improved gauge action
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finite volume corrections: resummed Liischer-formula
(2-, 3-loop) COLANGELO, DURR, HAEFELI (2005)
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3 . 3 3 M;O = (1—Ry) M:V
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w — —
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green points excluded from fit
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NLO-SU(2) ChPT fits

1\? X X
]\42 = — alM . 2 1 —— log —
foo= S(afs) = f|1— -2 log X
" a " 82 f2 A?
_ _ phys anm _ phys AT
X = 2Bm = (2Bm )amphys = X s

e combined (M2, f,) global (different lattice spacings) fits
e using 1/a, amP™ from scale-setting
e unconstrained fit: 4 fit parameters: f, x"™°, As, Ay

e parameter-reduced fit: 2 fit parameters: f, "™
and 2 constraints: M> = (MP™)?  fu

= fo (— As, A4)

m=mPhys m=mPhys
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unconstr. NLO fit, all 3, 135 MeV < M, < 390 MeV
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green points are excluded from fit

X2/d.o.f. ~ 4.1 — reduce fit ranges in M, 1/a
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unconstr. NLO fit, 1/a > 1.6 GeV, 135MeV < M, < 240 MeV
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green points are excluded from fit

x> /d.of. ~ 1.4
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unconstrained NLO fits: different M .-ranges

p=3.85 O
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unconstrained NLO fits: different 1/a-ranges
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parameter-reduced NLO-fits

physical point constraints

M2 — (Mphys)Q le’ — fphys

m=mPhys

repeated same analysis (only 2 fit-parameters left). . .

combined results from 1/a > 1.6 GeV, 135MeV < M, < 240 MeV

unconstrained parameter-reduced final
xPS/(1072GeV?)  1.8578(17)(39)  1.8639(18)(44) 1.8609(18)(74)
f/MeV 122.70(08)(41)  122.73(06)(28) 122.72(07)(35)
As/MeV 628(23)(57) 678(40)(119)  653(32)(101)
Ay /MeV 1,012(16)(83) 1,006(15)(71)  1,009(16)(77)
3 3.08(07)(19) 3.23(12)(30) 3.16(10)(29)
4 4.03(03)(17) 4.02(03)(14) 4.03(03)(16)
frs / f 1.0627(05)(30)  1.0626(06)(24) 1.0627(06)(27)
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unconstrained NLO fit, 1/a > 1.6 GeV, 195MeV < M, < 275 MeV
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green points are excluded from fit
fit range now omits light pion masses. . .
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NLO-ChPT extrapolation to physical point

M, range [MeV] | (MPMS)2 1/a>1.6GeV - M, range [MeV] I S Mev]  1/a>1.6GeV
135:160] [ % | 135:160] | |
135:195] | Y | 135:195] | |
138 2401 | [10" MeV7] v ] 135:2407 | ]
135:275] | X | 135:275] | |
135:340] | ) | 135:340] | |
135:390] | X | 135:390] | |
135:435] | ¥ | 135:435] | ¥ |
160:195] | S . 160-195] | R .
160 :240] | k! | 160 :240] | ¥ |
160:275] | K | 160:275] | ¥ |
160:340] | ™) | 160-3401] | ¥ |
160:3907 | X | 160:3907 | ¥ |
160:435] | 9} | 160-435] | ¥ |
195:240] | S . 195:2407 | i .
195:275] | - | 195:275] | S |
195:340] | 5 | 195:3401] | V3 |
195:3901] | Sl | 195:3901] | K |
195:435] | o) | 195:435] | K |
2302751 | X 1 2302751 | S 1
2303401 | v | 2303401 | K |
2303901 | ARPS | 2303901 | e |
2304351 | NS | 230:435] | =% |
250 :3401 | R . 250 :3401 | S
250 -390 | e | 250 -390 | — |
250 - 4351 | - | 250 435 ] |—¥%— |

176 178 180 182 184 128 129 130 131 132 133

(blue lines indicate values quoted by PDG/FLAG)
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Mg range [MeV] |, 1/a>1.6GeV - M, range [MeV] |, 1/a>1.6GeV -
135:160] X 135:160] [ ———— 1
135:195 * . 135:195] | —K— 1
135:240] | —k— . 135:240] | £8 .
135:275] | K 1 135:275] ¢ * 1
135:340] + =k ] 135:340] ¢ * .
135:390] + K 1 135:390] ¢ ¥ 1
135:435] | —k— ] 135:435] | bk .
160:195] ——— ] 160:195] | —k— ]
160:240] | AN . 160:240] | K .
160:275] | : . 160:275] | *: 1
160:340] + K 1 160:340] ¢ * ]
160:390] + K~ 1 160:390] r * 1
160:435] —K— ] 160:435] | X .
195:240] | —% 195:240] | —K—
195:275] | ok — . 195:275] ¢ K 1
195:340] + —HK—- . 195:340] | K 1
195:390] + —K 1 195:390] ¢ Ko 1
195:435] —K— ] 195:435] | ¥
230:275] ¢ X ] 230:275] f K ]
230:340] ¢ —K— . 230:340] t =K 1
230:390] | X 1 230:390] t K 1
230:435] | —K ] 230:435] f *
250 :340] Fk—— ] 250:340] f — K ]
250:390] | * 1 250:390] K 1
250:435] | * ] 250:435] K 1

250 275 300 325 350 350 375 400 425 450

(blue lines indicate central value, stat., and total error from our analysis incl. light masses)
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SU(2)-ChPT to NNLO

X X
Mi =" [1 + log — + NNLOMQ]
1672 f2 A2
Xl X1
S P log XL+ NNLO
_ _ physy _ 4TV phys AT
X = 2Bm = (2Bm )amphys = X
NNLOyp2 p v Avo, kppo kpoxs f 5 As, A
2 7 2 8 2
log A}, = 1—510g A + Elog A5 (NLO — LEGs)
k2, kf : NNLO — LEGCs

3 additional fit parameters
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NNLO-fit, 1/a > 1.6 GeV, 135 MeV < M, < 390 MeV
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NNLO-fits with priors: /7 = 2.1 4+ 0.3
2" from m-scattering: £ = —0.4 £ 0.6, f5 = 4.3 + 0.1

M, range [MeV]
5:240]
1275
:340]
1390 |
1435 ]

135
135
135

no ‘prior‘s
1/a>

——
K

b
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160
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M, range [MeV] +
5:195
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1435]
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135
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1/a>1 6 GeV
i —K—

160
160
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160
160

1240 1
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1435]

FxXgk XEXX

-8.0 60 40 20 00 20 4.0 60 8.0

M, range [MeV] +

135:195] +
135 : 240
135:275
135 :340
135:390
135:435

priers Aqo, RMZ, ‘f
1/a> 1 6 GeV

160 : 240
160:275] r
160:340] r
160:390] +
160:435]

xu 4
D X x X PSR &

-8.0 60 40 20 00 2.0 40 6.0 8.0

KPS = 0% 10

k;”” = 0410

COLANGELO et al. (2001)

Iy no priors lio no priors
Mrmwmmwf 1/a>1.6 GeV 1 M, range [MeV] 1/a>1.6GeV 1
[135:240] + XK [135:240] + X
[135:275] t e E [135:275] —%—— E
[135:340] ¢ —K— 1 [135:340] ¢ —K— 1
[135:390] | - g [135:390] | K g
[135:435] | o 1 [135:435] | P 1
[160:340] —K— 1 [160:340] —k— 1
[160:390] ¢ —K— 1 [160:390] > 1
[160:435] S 1 [160:435] ¥ 1
00 10 20 30 40 50 6.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0
Iy lo prior: Ay
M, range [MeV] + — M, range [MeV] + 1/a>1.6GeV -
5:195] 1 5:195] X 1
135 124017 1 135 124017 * 1
135:275] b 135:275] * 1
135:340] 1 135:340] X 1
135:390 1 135:390 % 1
135:435] 1 135:435] x 1
160:240] r b 160:240] r * b
160:275] + B 160:275] + X 1
160:340] r * 1 160:340] r X 1
160:390] D 1 160:390] * 1
160:435] x 1 160:435] X 1
00 10 20 30 40 50 6.0 -156.0 -10.0 -5.0 0.0 5.0 10.0 15.0
) priors: Aqo, K2, Ky ) priors: Aqo, Ky2, Ky
M, range [MeV] | 1/a>1.6GeV | M, range [MeV] | ' 1/a>1.6GeV |
135:195] + 1 135:195] + * 1
135 : 240 b 135 : 240 * b
135:275] + B 135:275] + X 1
135:340] r 1 135:340] r X 1
135:390] 1 135:390] * 1
135:435] 1 135:435] o 1
160 : 240 1 160 : 240 * 1
160:275] r b 160:275] * b
160:340] 1 160:340] X 1
160:390] 1 160:390] X 1
160:435] 1 160:435] * 1
00 10 20 30 40 50 6.0 -156.0 -10.0 -5.0 0.0 5.0 10.0 15.0

&
>
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NLO-SU(2) chPT fits to staggered data, 135 MeV < M, < 240MeV (< ..., 390, 435 MeV)

LECs, decay constant ratio

2BmM”" = 1.8609(18)4tat(74)syst 10~ 7 GeV? I = 122.72(07)sat(35)syst MeV

_ 3 f7prhys
£3 — 3-16(]—0)stat(29)syst £4 — 4°03(03)stat(]—6)syst T — 1°O627(06)stat(27)syst

A3 — 653(32)Stat(101)syst |\/|eV A4 — 1,009(16)stat(77)5y5t |\/|eV

using average light quark mass from DURR et al. (2011)

o o 3
BTN = 2.682(36)0t(39)gst GeV  XVIHTEEY — (272'3(1'2)Stat(1'4)5yst Mev)

NNLO-SU(2) chPT -
stable/reasonable results only obtained with external input (priors £1,¢2)

for more details:
S. BORSANYI, S. DURR, Z. FODOR, S. KRIEG, A. SCHAFER, EES, K. K. SzZABO
arXiv:1205.0788 [hep-lat]
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unconstrained NLO fits, 1/a > 1.6 GeV 1

My range [MeV] |  PVYS[GeV?] 1/a>1.6GeV A My range [MeV] | f[MeV] 1/a>1.6GeV -
135:160] B EEY A 1 135:1601] e 1
135:195] | K 1 135:195] K 1
135:2401] i 1 135:2401] | 3 1
135:275] Sk 1 135:275] s 1
135:3401] ¥ 1 135:3401] ¥ 1
135:3901] K 1 135:3901] % 1
135:435] ) 1 135:435] * 1
160 :195] —— 1 160 :195] HSK— 1
160:240] A 1 160:2401] | K 1
160 :275] i 1 160 :275] ¥ 1
160 :340] 3 1 160 :340] S 1
160:3901] ji 1 160:3901] ¥ 1
160 :435] ¥ 1 160 :435] | ¥ 1
195:2401] — % 195:2401] — K 1
195:275] H K 1 195:275] K 1
195:3401] b 1 195:3401] K 1
195:3901] %‘:q 1 195:390] ¥ 1
195:435] | S 1 195:435] ¥ 1
230:275] F X 1 230:275] | —K— 1
230:3401] | — 1 230:340] | K 1
230:390] | — k- 1 230:3901] | K 1
230:435] | — B 1 230:435] | K 1
250:340] Pk——m—— | 1 250:3401] | X
250:390] X : 250:390] —K— :
250:435] | 0 1 250:435] | —¥— 1

0.0182 0.0184 0.0186 0.0188 120 122 124
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unconstrained NLO fits, 1/a > 1.6 GeV II

M, range [MeV] -  Ag[MeV] 1/a> 1.6 GeV M, range [MeV] | 4 [MeV] 1/a> 1.6 GeV
135:160] 1 X 135:160 X 1
135:195] —_— 8 135:195]  —%— 8
135:240] I 8 135:240] r K 1
135:275] 8 135:275] ¢ K 8
135:340] 1 K- 8 135:340] 1 K 8
135:390] r e 1 135:390] r ok 1
135:435] = 1 135:435] ¢ K 1
160:195 | —— 8 160:195] | —H— 8
160:240] i—' 1 160:240] K .
160:275] 8 160 :275] r =K 8
160:340] =K 8 160:340] r e 1
160:390] r K 1 160:390] r K 1
160:435] r —K— 1 160:435] K 1
195:240] —K—] 195:240] ¢ —— 8
195:275] H—K— 8 195:275] ¢ —¥— 8
195:3407] | K . 195:340] | s .
195:390] r K] 1 195:390] ¢ =¥ 1
195:435] ¢ —K N 195:435] ¢ SN
230:2751] ¢ =K 8 230:2751 + —— 8
230:3401] —— 1 230:340] —— 1
230:390] K 1 230:390] —K— 1
230:435] ¢ —XK— 1 230:435] + K
250 : 340 X 1 250:340] ? 3 1
250:3901] X 1 250:390] —K— 1
250:435] | PO | : 250:435] | |

400 450 500 550 600 650 700 750 800 900 1000 1100 1200
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unconstrained NLO fits, 1/a > 1.6 GeV III

M, range [MeV] - y2/d.0f. 1/a>1.6GeV - M, range [MeV] | fRMst 1/a>1.6 GeV -
135:160] Px 1 135:160] r —K— 1
135:195] %+ 1 135:195] ¢ K 1
135:240] r +¥— 1 135:240] ¢ S 1
135:275] ¢ —k— 1 135:275] ¢ ¥ 1
135:340] r —K— 1 135:340] r ¥ 1
135:390] r —k— 1 135:390] r d 1
135:435] - —K 1 135:435] 1 H 1
160 :195] r—HK— 1 160:195] r —k— 1
160:240] r +——X%— 1 160:240] r oK 1
160:275] r —K— 1 160:275] r b 1
160:340] r —kK— 1 160:340] r N 1
160:390] r —X— 1 160:390] r X 1
160:435] r —X— 1 160:435] * 1
195:240] r ——%— 1 195:240] r —K— 1
195:275] r  H+—K— 1 195:275] ¢ K 1
195:340] r —— 1 195:340] ¢ ks 1
195:390] r —K— 1 195:390] r K 1
195:435] r —k— 1 195:435] ¢ b 1
230:275] r @ H—Hk— 1 230:275] ¢ K- 1
230:340] f t+—k— 1 230:340] K- 1
230:390] —K— 1 230:390] K 1
230:435] —k— 1 230:435] ¢ K 1
250:340] X 1 250:340] —K—H 1
250:390] X 1 250:390] —K— 1
250:435] Xk 1 250:435] K- 1

0.0 1.0 2.0 3.0 40 50 6.0 7.0 1.05 1.06 1.07 1.08
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unconstrained NLO fits, 1/a > 1.6 GeV IV

M, range [MeV] | |, 1/a>1.6GeV - M, range [MeV] |, 1/a>1.6GeV -
135:160] | * 135:160] [ ——K—— .
135:195 X . 135:195] | —K— ]
135:240] | —k— . 135:240] | 8 .
135:275] | K . 135:275] | * .
135:340] | =k . 135:340] | ¥ .
135:390] | K . 135:390] | ¥ ]
135:435] | —k— . 135:435] | X .
160:195] F—— ] 160:195] | —k— ]
160:240] —pK—— 1 160:240] r =K 1
160:275] | 4K . 160:275] | * ]
160:340] | K . 160:340] | * ]
160:390] | 3K~ . 160:390] | * .
160:435] | —— ] 160:435] | X ]
195:240] | —k 195:240] | —K—
195:275] | —k— ] 195:275] | K .
195:340] | —K— . 195:340] | K .
195:390] | —K— . 195:390] | K .
195:435] | —K— ] 195:435] | ¥
230:275] r * ] 230:275] t K ]
230:340] ¢ —K— . 230:340] f =K ]
230:390] r * . 230:390] f K .
230:435] ¢ —K— ] 230:435] * A
250 :340] P ] 250 :340] f —K— ]
250:390] r X . 250:390] f K .
250:435] r * ] 250:435] | K 1

250 275 300 325 350 350 375 400 425 450
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parameter-reduced NLO fits: different M .-ranges

Mgrange [MeV]  PYS[Gev?] 1/a>1.6GeV My range [MeV] +  f[MeV] 1/a>1.6 GeV
[135:160] P e 1 [135:160] e
[135:195] : [135:195]
[135:240] S 1 [135:240]
[135:275] i 1 [135:275]
[135:340] P 1 [135:340]
[135:390] 1 [135:890] ; ; ; ; ; ; ; ;
[135:435] ¢ ‘ B ‘ 1 [135:435] ‘ . EE M range [MeV] - 2/d.o_f_ 1/a>1.6 GeV
[135:160] =% .
0.0184 0.0186 0.0188  0.0190 118 120 122 124 [135:195] | 1
[135:240] ¢ .
[185:275] ¢ —¥— .
[135:340] ¢ —K— .
‘ e [135:390] ¢ —— 1
M, range [MeV] TS 1/a>1.6 GeV M, range [MeV] T4 ) [135:435] ‘ ‘ —K— ]
[135:160] —— [135:160] ——
[135:195] | [135:195] | e 0.0 1.0 20 3.0 40 50 6.0 7.0
[135:240] [135:240] 5
[135:275] [135:275] !
[135:340] [135:340] :
[135:390] . 1 [135:390] ; ‘ ‘
[185:435] (. ., i %[ & .\ ] [135:435] ¢ ‘ M, range [MeV] {  fPNYSyt 1/a>1.6GeV A
[135:160] t i .
2.502.753.003.253.503.754.004.254.50 3.50 3.75 [135195] | S il 1
[135:240] ¢ - 8
[135:275] ¢ [ 8
[135:340] ¢ : : .
: : : : : : e [135:390] 1 % .
M, range [MeV] | Az [MeV] 1/a>1.6GeV M, range [MeV] +  A4[MeV] ~ 1/a>1.6GeV [135:435] ¢ I L S ]
[1385:160] F i || | * 1 [135:160] [ —¢+— ||} ; 1
[135:195] | [185:195] | —K— ; i 1.05 1.0 1.07 1.08
[185:240] [135:240] 5 i 5
[185:275] | ! [135:275] | ! LK
[135:340] ! [135:340] : P
[135:390] | ! [135:890] PlE ek
[135:435] i ok |.i | ‘ ‘ ‘ [135:435] ¢ ., ., hli R
500 600 700 800 900 100011001200 850 900 950100010501100115012001250

Zen
&
S
S

<00
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parameter-reduced NLO fits: different 1/a-ranges

! ' 0.0188 " ; ; ; ; ; ; 900 : . . . : : y
E:g-gg , 9 5 [GeV?] M, range [MeV] Ag [MeV] M_ range [MeV]
B=375 v [135:240] —HK— 850 | [135:240] —K— |
B2er A [135:275] —— [135:275] ——
-3. o)
4382 | B=345 O 800 f I
A
0.0187 ¢
802 [ © & ] 750 | >L l
‘\% A ey %( ¥ *( I...] I
S ©} 700
N§34o2 o o R L —)ﬁ(—jﬁﬁl* H t H [ 1: bl( T )gﬁ ]
o 3ﬁ< """ 650 | >|§
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o 0.0186 ¢
2752
2505 600 | H<
230
195 550 r
188 ¢
0 ‘ ‘ ‘ ‘ ‘ 0.0185 all 3.45- 355 45-355 3(;7 3.75-3.792- 5005 all 3.45- 355 3.67 3;5-355 3:% 7- 3.75-3.792-
0 0.05 01 0[': 5] 02 025 03 3792 3.85 .67 3.753.792 3.85 3.85 3792 3.85 3.85 3.67 3.753.792 3.85 3.85
a|im
123.5 . . . . ; 1250 . . . ; : . '
4.0 . . f[MeV] M, range [MeV] Aq [MeV] M_ range [MeV]
id.of. My range [MeV] [135:240] —¥— 1200 | [135:240] —¥K— |
a5 | [135:240] —¥— | [135:275] —%— [135:275] —%—
: [135:275] —>¢—
123.0 - 1150 [
30 ] %( *
B SO < Sva— 1100 |
25 | 1 ¥ ¥ * 3
1225 | XXX x X %(*X ] 1050 X X x 3#(**
20| ] X X X ¢ % k &
1000 [ 35*—*—“**% G .
15+ 1
J( P’( 122.0 1 950 | *
1.0
[ | [ T
I I [ | 900 |
05 ]
1215 L— 850 L
0.0 v R S B all 3.45-3.55 3.45- 3.55- 3.67- 3.45- 3.55- 3.67- 3.75-3.792- B all 3.45 3.55-3.45- 3.55- 3.67- 3.45- 3.55- 3.67- 3.75-3.792-
b all 345 355 345 3.55- 367- 345 3,55 3.67- 3.75-3.792- 3.792'3.85 3.75 3.792 3.85 3.67 3.75 3.792 3.85 3.85 3.792'3.85 3.753.792 3.85 3.67 3.75 3.792 3.85 3.85
3.792'3.85 3.75 3.792 3.85 3.67 3.75 3.792 3.85 3.85
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NNLO fits w/o priors: different M -ranges

M, range [MeV]
[135:240]
[135:275]
[135:340]
[135:390 ]
[135:435]

1P [GeVA]

no priors

1/a>1.6 GeV

[160 :340]
[160:390]
[160:435]

T T T T T T T T

T ST S S R R

0.0180 0.0184

0.0188 0.0192

M, range [MeV]
[135:240]

Ag MeV]

nd priors‘
1/a>1.6 GeV

[135:275]
[135:340]

[135:435]

[160 :340]
[160:390 ]
[160:435]

T S S T

*
L

[135:390] |
K-
0

800 1200 1600 2000

M, range [MeV] -
[135:240]

‘no pﬁoré
1/a>1.6 GeV

2390 ]
1435]

T T T T T T

TR S R

-160

-120 -80

o rxx x¥

-40

M, range [MeV]
[135:240]
[135:275]
[135:340]
[135:390 ]
[135:435]
[160:340 |
[160:390 ]
[160:435]

120

M, range [MeV]
[135:240]
[135:275]
[135:340]
[135:390 ]
[135:435]
[160:340]
[ 160 :390 ]
[160:435]

f [MeV]

no pﬁo?s
1/a> 1.6 GeV

T T T T T T T T

X i
—S— HH

T ST S S R R

122

124 126

n6 pﬂo}s
1/a>1.6 G)SV 1

T R S S R T

200 400 600 800 1000 1200 1400 1600

M, range [MeV]
[135:240]

no priors

ks
r 1/a>1.6 GeV |
: . ]
| * 4
L * 4
L x 4
L * 4
L x 4
0 20 40 60 80 100

M, range [MeV]
[135:240]
[135:275]
[135:340]
[135:390 ]
[135:435]
[160:340 ]
[160:390 ]
[160:435]

0.0

M, range [MeV]
[135:240]
[135:275]
[135:340]
[135:390 ]
[135:435]
[ 160 :340]
[ 160 :390 ]
[160:435]

M, range [MeV]
[135:240]

1.03 1.04 1.05 1.06

xz/d.o.f.

‘no pﬁérs
1/a>1.6 GeV

T T T T T T T T

T R ST R S B

Az [MeV]

‘no pHoré
1/a>1.6 GeV

T TR S R R T

no priors

1/a>1.6 GeV

T T T T T T T T

T R ST R S B
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NNLO-fit with prior £15, 1/a > 1.6 GeV, 135 MeV < M, < 340 MeV

f_[MeV]

M, range [MeV] -

135:
135:
135
135
135
135
160 :

160 :
160
160 :
160

160 ‘ ‘ : ‘ ‘ 188
LO+NLO+NNLO——
only LO+NLO 186 .
155 | B=3.77 —
B=3.792 S 184
150 7[3:33.85 | > 182
| =
180 r
145 | ] ‘©
= 178
140 | ] £ 176 ¢
132 E 174 |
135 ] IS
@ 131 s 172 ¢
130 130 : 170 LO+NLO+NNLO— -
168 fonly LO+NLO :
| 08 10 12 166 [ B=3.792 e
120 e —— 1oq LB=285, . O e
o 1 2 3 4 5 6 8 9 10 o 1 2 3 4 5 6 7 9 10
am/amPs am/amP"s
Aé [Me\/] ‘prior:‘A12 | Ay fMeV] | | prior:‘A12 A12[MeV] pridr: Aqo
_ 1/a>1.6 GeV M; range [MeV] | 1/a>1.6 GeV M; range [MeV] | 1/a>1.6 GeV
195] | ! 135:195] t e 135:195] t
240+ —KiH 135 : 240 —%— 135 : 240
1275] ¢ K= 135:275 —K 135:275 b
1340 t e 135 : 340 e 135 : 340 e
:390] | * 135 : 390 e 135 :390 i
1435] t e 135 : 435 s 135 : 435 e
240] f—¥— 160:240] | ——%—— 160 : 240
275] t —K— 160 : 275 HK— 160 : 275
340 N 160 : 340 e 160 : 340 e
390 s 160 : 390 ¥ 160 : 390 S
435 - 160 : 435 e 160 : 435 e
0 400 800 1200 1600 2000 2400 400 600 800 1000 1200 1400 300 350 400 450

500
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M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

NNLO fits

1PV [GeV?)

prior: Aqo

1/a>1.6 GeV

T T T T T T T T T T T

T T S S R R R

0.0180

0.0184

0.0188

Ag [MeV]

‘prior:‘A12
1/a>1.6GeV 1
Se——]

T T T T T T T T T T T

**%% *¥ gk

I R NI SR N MR

400 800 12

00 1600 2000 2400

Km2

pridr: Ao
1/a>1.6 GeV
—_————

XK gk KKy X

T S Y SR S N Nt

o

25 50

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

12

40

with prior

f [MeV] prior: Aqo
r 1/a>1.6GeV
- —S— B
- —_——
= + ™ B
- S B
- = B

122 123 124 125 126

Ay [‘MeV] prior:‘A12
r 1/a>1.6GeV
- ‘x B
L —_—— i 4
- .*I_. 4
L .*.. 4
. Bl 4
Fo—— B
. S 4
- —— B
- S B
- S B

600 800 1000 1200 1400

ka prior‘: Aqo
r 1/a>1.6GeV
- —— B
- L3 B
- M B
- * B
- —_——
- S B
- S B
- * 4
- ¥ B

-10 0 10 20 30

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

M, range [MeV]
135:
135:
135:
135:
135:
135:
160 :
160 :
160 :
160 :
160 :

¢12: different M .-ranges

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

195
240
275
340
390
435
240
275
340
390
435

30

x2/d.o.f.

prior: Ay

1/a>1.6 GeV

T T T T T T T T T T T

T T R Y T SR SO N N1

.0

05 1.0 15

20 25

3.0

Agp [MeV]

prior: A4

1/a>1.6 GeV

T T T T T T T T T T T

T T S Y S B

500

prior: Ay

. 1/a>1.6 GeV

T T T T T T T T T T T

T R Y T SR SO R N1

1.03 1.04 1.05 1.06

1.07 1.08 1.09
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NNLO-fit, priors £15, kps2, kf, 1/a > 1.6 GeV, 135MeV < M, < 340 MeV

160 ‘ ‘ ‘ ‘ ‘ 186
LO+NLO+NNLO——
only LO+NLO - 184 |°
155 | B=3.77 —7—
=3.792 —— 182
150 *B=3§'85 ] ‘\% 180 |
= 178 |
145 t 1 o
() n
= 140y ] £ 174 ¢
= 132 g 172 |
135 ] =
@ 131 < 170 _
30 130 68 I LO+NLOSNNLO—— qg1 | o
166 [ only LO+NLO ,
125 PV AN B p=3.77 —— AN
o 0.8 1.0 1.2 164 1 B=8.792 —Q— 180 ]
120 i | | | | | | | | 162 B_ L | L L | I 0'8 I 1'0 ‘\1'2
0o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
am/amP"Ys am/amP"Ys
A [M‘eV] pribrs:A k 2, k A [M‘eV] pribrs:A k 2, k A [MeV] pribrs:A k 2, k
Merange[MeVl I © 1jas31.6GeV | M, range MeV] | tas3.6GeV M, range Mev] | 2 " as3.6'Gev
135:195] | —k— ] 135:195] | Hep— ] 135:195] | ¥
135:240] | % 1 135:240] |  —%— 1 135:240] | %
135:275] | —— 1 135:275] | i ; 1 135:275] | *
135:340] | —— 1 135:340] | e 1 135:340] [ %=
135:390] | e 1 135 :390 - 135:390] | b
135:435] | —k— ] 135:435] | e 135:435] | ———
160:240] | R R ] 160:240] | e 160:240] | *
160:275] | —_— 160:275] | X ] 160 : 275 *
160:340] | — ] 160:340] | S 160:340] | X
160:390] | —— 1 160:390] | e ] 160:390] | K
160:435] | —%— 160:435] | e 1 160:435] | ——
400 600 800 1000 1200 600 800 1000 1200 1400 300 350 400 450 500
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NNLO fits with priors £15, k2, ks: different M ,-ranges

xPYS [GeVAIpriors: Ay, Ky, Ky f[MeV]  priors: Aqp, Ky, Ky xHd.of.  priors: Aqp, ky2, ke
M, range [MeV] _ 1/a>1.6GeV 1 M, range [MeV] - 1/a>1.6GeV 1 M, range [MeV] - 1/a>16GeV -
135:195] ¢ —K— i 1 135:195] ¢ —K— 1 135:195] ¢ 1
135:240] + —XK— : 1 135:240] + —k— 1 135:240] + 1
135:275] K 1 135:275] —K— 1 135:275] —_ K 1
135:340] + K 1 135:340] 4 1 135:340] —_ 1
135:390] —K 1 135:390] r —%c‘ 1 135:390] r  — 1
135:435] ki ] 135:435] ] 135:435] . S— 1
160:240]  —k— ! 1 160:240] X 1 160:240] X 1
160:275] * 1 160:275] —K 1 160:275] X 1
160:340] H——K—— 1 160:340] —k— 1 160:340] X 1
160:390] —k— 1 160:390] —K— 1 160:390] _—k
160:435] K — 1 160:435] | —K 1 160:435] —_ 1
0.0184 0.0185 0.0186 0.0187 0.0188 121 122 123 124 00 05 10 15 20 25 3.0
Ag [MeV]  priors: Aqo, K2, K A4 [MeV]  priors: Aqp, Kyg2, K Aqo [MeV]  priors: Aqp, Ky2, K
M range [MeV] 1/a>1.6GeV 1 M range [MeV] . 1/a>16GeV - M, range [MeV] 1/a>1.6GeV -
135:195] : 1 135:195] e 1 135:195] * 1
135:240] 3 1 135:240] —k— i 1 135:240] S 1
135:275] + —k— 1 135:275] + —K— ; 1 135:275] + b 1
135:340] —K— 1 135:340] —H— 1 135:340] —K— 1
135:390] + —K— 1 135:390] + K- 1 135:390] —K— 1
135:435] | —K— ] 135:435] | K ] 135:435] | o — 1
160:240] . 1 160:240] —Xk 1 160:240] X 1
160:275] —k 1 160:275] | Tk 1 160:275] x 1
160:340] —K— 1 160:340] —K— 1 160:340] K- 1
160:390] —k— 1 160:390] =K 1 160:390] —k— 1
160:435] —X— 1 160:435] K= 1 160:435] —k— 1
400 600 800 1000 1200 600 800 1000 1200 1400 300 350 400 450 500
kn2 priors: Aqo, Ky2, k¢ ks priors: Aqp, K2, k¢ Physg priors: Aqp, K2, k¢
M, range [MeV] - 1/a>1.6GeV 1 M, range [MeV] - 1/a>16GeV M, range [MeV] - 1/a>16GeV -
135:195] —K— 1 135:195] 1 135:195] = 1
135:240] | . 1 135:240] | 1 135:240] t > 1
135:275] —K— 1 135:275] 1 135:275] ke i 1
135:340] + —k— 1 135:340] 1 135:340] % 1
135:390] K 1 135:390] 1 135:390] i 1
135:435] Pl ] 135:435] ] 135:435] ; 1
160:240] —K— 1 160:240] 1 160:240] —K il 1
160:275] —k— 1 160:275] 1 160:275] 1
160:340] —K— 1 160:340] 1 160:340] i ik 1
160:390] Sl 1 160:390] 1 160:390] il 1
160:435] K 1 160:435] | 1 160:435] i[>k 1
12 -8 -4 0 4 8 12 -16 1.03 1.04 1.05 1.06 1.07 1.08 1.09
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