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Input to hadron physics observables

=1 RPP estimate 2012
~» RPP estimate 1996-2010
e poles used for estimate in RPP 2012

Very challenging experimental
extraction

What happens for Lattice QCD ??
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Other works

had/Spec
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Light Scalars: the o had/spec

Total error becomes really large when decreasing the pion mass
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Light Scalars: the o had/spec

Total error becomes really large when decreasing the pion mass
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Models are incompatible with one another
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Light Scalars: the o had/spec

Total error becomes really large when decreasing the pion mass

my ~ 239 MeV
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But data is precise !!
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Light Scalars: the o had/spec

Total error becomes really large when decreasing the pion mass

180

my ~ 239 MeV
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o very challenging when reducing the pion mass
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But data is precise !!
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Sometimes

) had/spec
- [ - =
B -'___._:-:.::-.="j:
- - ; g+ ATT g4 1--+ 0
ssssss 1ai :
“Always”
Unitarity t(s) = 11
Analiticity p(s) cot d; (s) — i
Crossing
4 “Never”

Observables
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Crossing

v v
. . ' ' R R Pl\l/l% R | /Pa
Particles and anti-particles are related : ;
s-channel e> <a g/\a g//\e
t- C h anne I s-channel t.channel u-channel
u-channel
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Crossing

0.8 | R R pl\/ps R R
Particles and anti-particles are related >< 5 \/
S-Chaﬂﬂel o R g/\a g// R

't_ C h a n n e I s-channel t-channel u-channel

u-channel
The o from first principles Arkaitz Rodas



Crossing

\ A /
0.8 R B s R & R
Particles and anti-particles are related >< 5 \/
S-Chaﬂﬂel R, R g/\a g// B

't_ C h a n n e I s-channel t-channel u-channel

u-channel
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to(s)

s-channel t-channel u-channel

We need crossing!! Perhaps implemented analytically
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The o from first principles

Dispersion relations

Built using Cauchy’s theorem

They can implement both analyticity AND crossing

Crossing
R R n\/% R
R P e//

s-channel

t-channel
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Partial wave dispersion relations

Amplitudes are decomposed in partial waves

T'(s,t) = 327 Z(Qé + 1) Py(cos 0)t; (s)
/

Fit to the data

.: 7 (8) + Z/ ds' K!F(s' s) ImtL, (')
. . DR — Out 7 am?2
Dispersive’s result ’

The most well-known are the ROY eqs., for example, for / = £ = 0O they look
Roy PLB (1971)

.: ag 12;7% (2&8 — 5a(2)) (3 — 4m727) + Z [LmQ dS’K&[/' (s', s) Imtefl (s)

1’0
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“Model-independent”

Obtain your DRs ————lly Crossing+analyticity

Use all PWs available - Necessary Input

Make 10).&=9l71d compatible E*E ") Unitarity
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V Use all PWs available

Scalar 7 = 0 waves dominate the DRs

But we extracted/fitted several waves

Every band is a different model fit

1 1

te(s) = p(s) cot 6} (s) — i

Large SL spreads at threshold

kcot 6 (s) ~ 1/ag

The o from first principles
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“Model-independent”

Obtain your DRs ————lly Crossing+analyticity

& Use all PWs available +—> Necessary Input

Make 10).&=9l71d compatible E*E ") Unitarity
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Make

180 r

1D) @714 compatible
m, ~ 239 MeV
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Make

1D) e 0)7}4 compatible 2304.03762
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2304.03762
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12;2 (2ag — Bag) (s —4m2) + Z[L 2 ds' KL (s, s)Imth, (s')
T 17,60 =M




2304.03762
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2304.03762
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Outside the physical region

s—plane

d N\ Both sides are good now

; \
Cross-chfléils ‘ IData
m2 — ¢ mc:é\/ What happens everywhere else??
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What happens here??
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Dispersive o

Re /s (MeV)
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2 —100 | "
S —T
‘C'o/ : 2304.03762
3 - Re /s (MeV)
=k I 450 50 560 600 650 700 750 800
: Mg ~ 283 MeV 0 | O— | | | | | |
—300 | My ~ 239 MeV

2 Im+/s (MeV)
A
S S
S S

—600 r

We traded statistical uncertainty increase _800 -
by large systematic reduction
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Dispersive o
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Summary and outlook had/spec

First-principles extraction of a broad resonance directly from QCD

The lighter the 7, the more relevant this approach is

Better constraints over scattering lengths

Future

Include second, larger volume for the lighter pion mass

Extract the f,(980) ?? ?"(

29
Study new observables ?° AW Jackura’s talk

(s
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Thank you!!

*GHP 2023 presentation thanks to financial support from The Gordon and Betty Moore Foundation and the American Physical Society.
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at Fem
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My ~ 283 MeV

Percent error for o(s)
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https://arxiv.org/abs/1507.02599

180 Large derivative at threshold
150 - My ~ 283 MeV
120 |-
so 90 L o(s) = n/2 is far from threshold
)
60 B {1+
30 | 2303.10701 .
O I I I I I I |
0.10 011 012 013 014 015 0.16
atEem 120} m, ~ 239 MeV
1607.95900 L
. O %
Over 20 parameterizations 60 R % oF T

Smaller derivative at threshold 30r

The o from first principles
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https://arxiv.org/abs/1607.05900

00 / , 180 - [ =1 P-wave
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Q Make 10) =974 compatible <P Unitarity
) 2
and data compatible <P  Lattice QCD data description

X%, = NZ (” _-) corr (fi, ;) (” _-)

A, A,

=3 &

1=1
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Tests: good vs bad

m, ~ 239 MeV

Re tY Ret! Re t2
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Good fit combination
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and data compatible <P  Lattice QCD data description

) core i 1) & ‘A-)

dfl Sj 1 —C; Af:&
= Af (. AP, . af!(s:)
dEz C’L 1 éE AEZ
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Sub-threshold

Very “stable” for [ = 2 nr

Adler zero

-0.2

Even “bad” DRs produce Adler zeroes for =2 04

Adler zero
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5.0
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1.0
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-1.0

Sub-threshold

™
x

\\\\\ !
A

No good DR produces an / = 0 7w Adler zero

m, ~ 283 MeV

,’--IJ' -

2.0 F
1.5 +
1.0 F|
05 L

~ |

The o from first principles

0.5 1.0

NO Adler zero

0.0
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2.0 F
1.5
1.0
0.5
0.0
-0.5

All good DRs produce an / = 0 77w Adler zero
for the lighter mass
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Ok but not great

Visually, they describe the data and fit, but they are not perfect

Ret8 S0 Ret%
m, ~ 239 MeV
1.0+ |
—
0.70(10) —IN
0.5 r

P1

2
Reto
T T S/ Mx
0 2%5 3°0 35 Vo
~0.130(16) }\ ‘%
1.26
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1.0 - | 0.5
0.77(17) /ITP\K ~211 +
051 [X } ¢ 0 +| l
I 2.5 3.0
0 2.5 3.0 T %0.95
-0.5
0.5 - 1.69 1.35
|:d 2:| I O' 1 [:7 9 ooooonmnnononoaaocc@@@@@@@@@@§§§§§§§§§§§§§§§§ O' 1 oooooooooooOOOWWooooooODoomoommwa?mmmmggm@@@%m O_ 1
] o | =5 . o1
£ 1.4/ 0.1 0.70
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Ok but not great

Visually, they describe the data and fit, but they are not perfect

m, ~ 239 MeV

Re /s (MeV)
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GKPY vs ROY

GKPY: Minimally subtracted — one less subtraction than ROY

For our analysis, Regge contribution too large for d*

m, ~ 239 MeV

SO P1 S2
Re t8 Re t% Re t(2)

3/0 3’5 Vs/Mx

1.0 |

0.5
0 "‘[‘Eﬁ\\\ -0.5 1
2.5 3.0 \Zw\a
0.5
0.5
3 3 -
> 2 F 3
1 1F 1
0 0 0
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GKPY vs ROY

However, pole extraction is more accurate in most cases, particularly

for the coupling
Re /s (MeV)
450 500 550 600 650

§—300 i GKPY produces ~ 40 % uncertainty in most cases

= —400 e

> _

£ 500 | 3

N /\7 |

—600 =~ 6 L ] ] ]
TEZL i <;§<§%§ ???f%‘é?o%O%%‘%(?C)%()%(%05-5?0%0%(%(%0%%(%0“ c%%

2 -
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Scattering plane Nilmax Noarams ~ 300 — 400

Black ROY
d°/Nymp1 < 1, X°/Niap < 2 ¢ 50 .

~0.081(6)
~0.090(7)
~0.094(7)
~0.121(22)
~0.122(16)
~0.124(20)
~0.126(20)
~0.130(16)
~0.134(16)
~0.163(14)
~0.179(8)

~0.194(4) ‘

—-0.252(9)
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The good

Smeared over a large energy region Vs m,
Complex s
Vs =(2.54+141.0) m,
02F 2x107*F
0 .
\ _ 9% 10—4 _ 8 12 16
0 I e —— / -
25 . 35 4.0 45 5.0 55 Vs /m
An € on the real axis — ¢’in the

0.2
complex plane
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The bad Not happening \

P | > /
1l aves > / ds' KIE (s s) Imtl, ()
\ Extrapolated 4m3

1’0

Smax szt Smax O
Am?2 4m S an 4m S fit

Smaaz

Regge must be extrapolated from phys. m_

Regge is wrong below am_~ 0.22 — 0.25
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The Regge & Regge must be extrapolated from phys. m

O -«
JC JT

P — gluon exchanges — constant over m,_ . . |

v Biswas et al. 1967
A Robertson et al. 1973
u Hanlon et al. 1976

11)2.2183 _» Hamonetalio’e

1 Garcia-Martin et al. 2011

SERSLRDG 20

Illllllll Halzenerar2011
_ — net result of this work

50 —

mb

— = - L — =7

p, f» — resonances, not constant - A ~ ['/M

7160
FReggel T FRegge2 . | . | | | I I
Our F
Regge N 2 3 4 5 6 8 10
Vs (GeV)

Big uncertainty Afy,,,, = 0.3 Fg,.,,
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Regge V Regge must be extrapolated from phys. m_

ols=0 (mb) ols=1 (mb) ols=2 (mb)
40 40 - 40
39 30 30
2 | a0 | My ~ 239 MeV 20 |
20 25 20
20 - 20 20
15 | = 15 15 |
10 | 10 + 10 b —
5 ' 5
O | | | O | | | | | | |
o0 60 70 10 20 30 40 50 60 70
VS / M

FReggel T FReggeZ
2

Our Fp,q0,

Big uncertainty Afy,,,, = 0.3 Fg,.,,
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0.10

0.15

my ~ 330 MeV

Allows us to study the
p resonance m, dependence

0.10
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Similar spectrum to
previous masses

m,. ~ 283 MeV
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x\\
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24

my ~ 330 MeV

011] A,

had/gpec

[111] A,

Similar spectrum to
previous masses

m, ~ 283 MeV
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. Re (v's/mx)
I — 1 JUTT o200 25 80 35 40 45 50 55
’ 6
had/spec .« §
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-0.20(1) +0.29(1) +0.27(1) -0.04(0) +0.13(1) -0.03(0) -0.29(0) +0.10(1) -0.00(0) -0.05(1) -0.15(1) +0.01(1) +0.13(1)

-0.15(0) +0.06(0) +0.10(2) +0.12(1) +0.18(0) +0.47(1) -0.02(0) +0.04(0) -0.11(0) -0.23(1) -0.01(0) +0.02(2) +0.29(1) +0.02(1) -0.31(0)

-0.13(0) -0.87(1) -0.02(0) -0.07(0) +0.00(0) -0.03(0) +0.01(0) +0.03(0) +0.01(0) +0.07(1) -0.03(0) +0.05(0) -0.28(0) -0.29(0) +0.38(0) -0.31(0) -0.03(0) -0.00(0) -0.03(0) -0.01(0) +0.02(0) +0.03(0) +0.00(0) -0.06(0) +0.08(0) -0.00(0) -0.03(0)

-0.13(1) +0.21(0)
+0.12(1) -0.10(0) +0.06(1) +0.26(1) +0.03(0) +0.08(1) -0.02(0) +0.06(0) -0.03(0) -0.04(0) -0.02(0) -0.11(2) +0.04(0) -0.06(1) +0.40(0) +0.18(1) -0.31(1) +0.35(1) +0.04(0) +0.00(0) +0.05(1) -0.00(0) -0.02(0) -0.05(1) +0.01(0) +0.11(0) -0.09(1) -0.00(0) +0.00(1)

-0.13(1) +0.12(1) +0.02(4) +0.14(2) +0.30(1).-0.04(0) +0.08(1) -0.29(1) -0.40(1) -0.01(0) -0.01(4) +0.42(1) +0.06(1) -0.28(1) -0.25(1) +0.51(2) +0.45(1) -0.10(1) +0.25(1) -0.06(1) -0.12(1) +0.08(2) +0.07(1) -0.00(1) -0.01(2) -0.05(1) -0.13(2)

-0.06(1) +0.07(0)
+0.16(0) -0.07(0) +0.04(0) -0.09(2)

+0.02(4) +0.01(1) +0.41(1) -0.09(2)

Many ops. for a good GEVP

+0.21(0) -0.10(0) +0.01(1) -0.15(1) -0.11(0) -0.43(1) +0.01(0) -0.04(0) +0.05(0) +0.17(0) +0.00(0) +0.03(1) -0.24(0) -0.02(0) +0.32(0) +0.28(0) -0.36(1) -0.22(0) +0.02(0) -0.12(0) +0.02(0) +0.15(0) -0.02(1) +0.01(0) +0.05(0) +0.15(1) -0.00(0) -0.10(1)

-0.04(0) +0.04(0) +0.41(1) -0.03(0) -0.20(1) -0.01(0) -0.01(1) +0.01(0) -0.03(0) +0.00(0) +0.01(0) +0.01(0) +0.08(1) -0.01(0) +0.04(0) -0.37(0) -0.11(0) +0.27(0) -0.32(1) -0.01(0) -0.01(0) -0.01(0) -0.01(0) +0.01(0) +0.03(0) +0.00(0) -0.06(0) +0.06(0) +0.00(0) -0.02(0)

-0.13(1) -0.20(0) -0.53(1) +0.02(0) -0.05(0) +0.14(0) +0.26(1) +0.01(0) -0.02(2) -0.32(1) -0.03(1) +0.30(0) +0.20(1) -0.31(1) -0.30(1) +0.05(0) -0.15(1) +0.04(0) +0.28(0) -0.10(1) -0.01(0) +0.05(1) +0.14(1) -0.01(1) -0.10(1)

+0.10(2) +0.10(2) -0.13(4) +0.04(1) +0.02(4) +0.05(0) -0.08(1) +0.01(1) -0.04(1) +0.05(1)+0.17(10)+0.05(2) +0.08(3) -0.19(2) -0.06(2) +0.34(3) -0.24(4) +0.03(1) -0.02(1) -0.05(3) +0.00(2) -0.05(1) +0.01(2) -0.01(1) -0.04(1) -0.02(3) +0.03(2) +0.05(3)

-0.03(0) +0.10(2) +0.12(1) +0.22(1) +0.50(1) -0.02(0) +0.05(0) -0.15(0) -0.27(1) -0.01(0) +0.03(2) +0.34(1) +0.02(1) -0.26(1) -0.13(1) +0.25(1) +0.31(1) -0.06(0) +0.14(1) -0.04(0) -0.34(1) +0.16(1) +0.01(0) -0.03(1) -0.11(1) +0.01(1) +0.10(1),

-0.13(0) +0.06(1)

+0.02(0) +0.08(3) +0.04(1) +0.09(1) +0.08(1) +0.24(1) -0.20(1) +0.14(2) +0.05(1) -0.01(0) +0.00(1) +0.01(1) -0.05(1) +0.02(1) +0.01(1) +0.06(1) -0.02(2) +0.00(1) -0.01(1)

+0.12(1) -0.37(1) +0.26(1) +0.14(2) -0.15(1) -0.20(1) -0.13(1) -0.13(4) +0.12(1) +0.02(1) +0.10(2) +0.03(0) -0.04(0) -0.02(0) -0.04(1)
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+0.18(0) -0.02(0) +0.03(0) +0.30(1) -0.11(0) -0.01(0) -0.20(0) +0.04(1) +0.22(1) +0.02(1)

-0.15(0) +0.06(0) -0.04(0) +0.05(1) +0.09(0) -0.04(0) +0.21(0) -0.03(0) +0.11(1) -0.33(0) +0.19(0) -0.18(0) +0.01(0) -0.05(1) +0.19(0) -0.03(0) -0.06(1) -0.08(0) -0.17(1)

Distillation — 0905.2160
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-0.14(0) +0.13(1) -0.07(0) -0.03(3)

+0.12(1) -0.14(1) -0.10(1) +0.35(2) -0.29(1) +0.42(1) -0.25(1) -0.10(1) +0.08(1) +0.12(1) +0.01(1) +0.03(2) -0.06(1) -0.17(2)

+0.47(1) -0.07(0) +0.08(1). -0.43(1) -0.01(1) [-0.53(1) +0.02(4) +0.50(1) +0.10(2)

TOO0000000000

-0.02(0) +0.00(0) -0.02(0) -0.04(0) +0.01(0) +0.01(0) +0.02(0) +0.05(0) -0.02(0) +0.03(0) -0.15(0) -0.14(0) +0.20(0) +0.16(0) -0.12(0) -0.45(0) -0.00(0) -0.02(0) -0.01(0) -0.02(0) -0.34(0) -0.31(0) -0.32(0) +0.39(0) +0.00(0) +0.00(0) -0.01(0) -0.00(0) +0.00(0) +0.01(0) +0.00(0)
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+0.04(0) -0.03(0) +0.06(0) +0.08(1) -0.04(0) -0.03(0) -0.05(0) -0.08(1) +0.05(0) -0.04(0) +0.06(0) +0.13(1) -0.11(0) -0.07(0)

+0.07(0) +0.38(0) -0.00(0) +0.05(0) -0.01(0) +0.06(0) +0.26(0) +0.40(0) +0.34(0) -0.34(0) -0.01(0) +0.01(0) +0.00(0) +0.01(0) +0.00(0) -0.01(0) +0.01(0)
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-0.11(0) +0.01(0) -0.03(0) -0.29(1) +0.05(0) +0.00(0) +0.14(0) +0.01(1) -0.15(0) -0.02(0) +0.20(0) -0.11(0) +0.07(0) +0.04(1) -0.12(0) +0.02(0) -0.15(0) +0.02(0) -0.11(0) +0.35(0) -0.28(0) +0.26(0) -0.01(0) +0.02(0) -0.13(0) +0.01(0) +0.02(0) +0.05(0) +0.13(0),
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-0.23(1) +0.03(0) -0.04(0) -0.40(1) +0.17(0) +0.01(0) +0.26(1) -0.04(1) -0.27(1) -0.04(1) -0.10(0) +0.06(0) -0.27(1) +0.05(0) -0.15(1) +0.32(0) -0.22(0) +0.18(0) +0.01(0) +0.03(1) -0.19(0) +0.03(0) +0.05(1) +0.08(0) +0.18(1),

+0.16(0) -0.07(0) +0.04(0) -0.04(1)
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-0.01(0) +0.01(0) -0.02(0) -0.01(0) +0.00(0) +0.01(0) +0.01(0) +0.05(1) -0.01(0) +0.02(0) -0.04(0) -0.07(0) +0.07(0) +0.04(0) +0.44(1) -0.04(0) -0.29(0) -0.01(0) -0.01(0) -0.01(0) -0.01(0) -0.16(0) -0.37(0) -0.33(0) +0.31(0) +0.00(0) +0.00(0) +0.00(0) -0.00(0) +0.00(0) +0.01(0) -0.01(0)
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+0.02(2) +0.07(1) -0.11(2) -0.01(4) +0.03(1) +0.08(1) -0.02(2) +0.17(10)+0.03(2) +0.08(3) +0.05(1) -0.03(3) +0.04(1) -0.04(1) +0.44(1) +0.05(2) -0.23(2) -0.00(2) +0.01(2) +0.03(3) -0.08(3) -0.17(1) -0.22(1) -0.27(2) +0.82(2) +0.00(1) -0.02(2) +0.01(1) -0.03(1) -0.03(2) +0.02(1) +0.02(2)

Time src avg. correlations

+0.29(1) -0.03(0) +0.04(0) +0.42(1) -0.24(0) -0.01(0) -0.32(1) +0.05(2) +0.34(1) +0.04(1) -0.12(0) +0.07(0) -0.04(0) +0.05(2) +0.10(1) -0.09(1) +0.33(1) -0.06(1) +0.16(1) -0.23(0) +0.13(1) -0.07(0) +0.00(0) -0.06(1) +0.25(0) -0.04(0) -0.08(1) -0.11(1) -0.25(1)
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+0.02(1) +0.05(0) -0.06(1) +0.06(1) -0.02(0) +0.04(0) -0.03(1) +0.08(3) +0.02(1) +0.09(1) +0.09(0) +0.12(1) -0.45(0) +0.38(0) -0.12(0) -0.10(0) -0.29(0) -0.23(2) +0.10(1) -0.01(1) +0.03(1) +0.02(1) -0.01(1) +0.27(1) +0.11(0) +0.17(1) -0.24(1) -0.01(0) +0.02(1) +0.02(0) -0.00(0) +0.02(1) -0.01(1) -0.02(1)

-0.31(0) -0.28(0) +0.40(0) -0.28(1) +0.32(0) -0.37(0) +0.30(0) -0.19(2) -0.26(1) +0.08(1) -0.04(0) -0.14(1) -0.00(0) -0.00(0) +0.02(0) +0.06(0) -0.01(0) -0.00(2) -0.09(1) -0.01(1)

. -0.29(0) +0.18(1)- -0.11(0) . -0.06(2) .+0.24(1) +0.21(O). -0.02(0) +0.05(0) -0.15(0) -0.27(1) -0.01(0) +0.01(2) +0.33(1) +0.03(1) -0.10(1)

-0.20(1) +0.38(0) -0.31(1) -0.25(1) +0.28(0) +0.27(0) +0.20(1) +0.34(3) -0.13(1) -0.20(1) -0.03(0) -0.10(1) -0.01(0) -0.01(0) +0.02(0) +0.05(0) -0.01(0) +0.03(3) -0.06(1) +0.02(1) +0.38(1) -0.07(1)

-0.10(1) +0.38(1) -0.42(1) -0.08(0) -0.02(0) -0.00(1) -0.02(1) +0.05(0) -0.04(1) -0.00(0) +0.10(0) +0.00(1) +0.01(0) -0.01(1)
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-0.07(1) +0.22(1) +0.32(1) -0.06(0) +0.16(1) -0.04(0) -0.27(0) +0.11(1) +0.02(0) -0.02(1) -0.12(1) -0.00(1) +0.07(1)

-0.05(0) -0.02(0) +0.02(1) -0.05(1) +0.03(0) +0.01(1) +0.00(0) -0.01(0) +0.05(1) +0.00(1) -0.02(1)
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Some highly correlated

+0.29(1) -0.31(0) +0.35(1) +0.51(2) -0.36(1) -0.32(1) -0.31(1) -0.24(4) +0.25(1) +0.14(2) +0.11(1) +0.35(2) -0.02(0) +0.06(0) -0.11(0) -0.15(1) -0.01(0) -0.08(3) +0.16(1) -0.01(1) -0.42(1) +0.22(1)

+0.27(1) -0.03(0) +0.04(0) +0.45(1) -0.22(0) -0.01(0) -0.30(1) +0.03(1) +0.31(1) +o.05(1)--o.34(0) +0.26(0)--0.16(0) -o.17(1).+0.27(1) -0.08(0) +0.82(1) -0.05(0) +0.19(1)
)

-0.33(0) -0.29(1) -0.31(0) +0.40(0) +0.35(0) +0.32(0) -0.37(0) -0.22(1) -0.23(0) +0.11(0) -0.02(0) -0.06(0) -0.02(0) +0.00(0) -0.03(0)

+0.19(1) +0.00(0) +0.10(2) +0.03(1) -0.06(1) +0.03(1) +0.03(0) +0.03(1) -0.02(1) -0.01(1) -0.05(1)
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-0.03(0) +0.07(0) -0.02(0) -0.02(0) -0.01(1) +0.18(0) -0.02(0) -0.04(1) -0.08(0) -0.18(1)
-0.04(0) -0.00(0) +0.00(0) -0.10(1) +0.02(0) -0.01(0) +0.05(0) -0.02(1) -0.06(0) -0.01(0, -0.42(0) +0.39(0) -0.00(0) +0.01(0) -0.06(0) +0.01(0) +0.01(0) +0.02(0) +0.07(0),
+0.13(1) -0.03(0) +0.05(1) +0.25(1) -0.12(0) -0.01(0) -0.15(1) -0.05(3) +0.14(1) +0.00(1) +0.19(0) +0.42(1) -0.32(0) +0.34(0) -0.28(0) -0.22(0) -0.33(0) -0.27(2) +0.13(1) +0.17(1) -0.00(1) +0.16(1) +0.02(1) +0.10(2) +0.07(0) -0.42(0) -0.03(0) +0.03(1) +0.03(0) +0.01(0) +0.02(1) -0.01(1) -0.05(1)

-0.03(0) -0.01(0) -0.00(0) -0.06(1) +0.02(0) -0.01(0) +0.04(0) +0.00(2) -0.04(0) +0.01(1) -0.18(0) -0.25(1) +0.39(0) -0.34(0) +0.26(0) +0.18(0) +0.31(0) +0.32(2) -0.07(0) -0.24(1) -0.02(1) -0.04(0) -0.05(1) +0.03(1) -0.02(0) +0.39(0) +0.00(0) -0.00(1) -0.01(0) +0.00(0) +0.00(1) +0.01(0) +0.01(1)

+0.21(1) +0.07(0) +0.10(0) +0.21(1) -0.05(0) -0.15(1) O . 2

-0.06(0) -0.08(1) -0.14(2) +0.05(1) +0.08(1)|

-0.29(0) +0.02(0) -0.02(0) -0.12(1) +0.15(0) +0.01(0) +0.28(0) -0.05(1) -0.34(1) -0.05(1) +0.01(0) -0.10(1) +0.00(0) -0.01(0) -0.01(0) +0.01(0) +0.00(0) +0.00(1) +0.00(0) -0.01(0) +0.05(0) -0.27(0) +0.03(0) -0.06(1) -0.02(0) -0.00(0) -0.03(0) +0.00(0)

+0.10(1) +0.03(0) -0.05(1) +0.08(2) -0.02(1) +0.03(0) -0.10(1) +0.01(2) +0.16(1) +0.02(1) -0.05(1) +0.08(1) +0.00(0) +0.01(0) +0.02(0) +0.03(1) +0.00(0) -0.02(2) -0.06(1) +0.02(1) -0.04(1) +0.11(1) +0.01(1) +0.03(1) -0.01(1) +0.01(0) +0.03(1) -0.00(1) +0.21(1)
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More than a few relevant ops.

O p30 -0.00(0) +0.00(0) +0.01(0) +0.07(1) +0.01(0) +0.00(0) -0.01(0) -0.01(1) +0.01(0) +0.01(1) +0.19(0) +0.12(1) -0.01(0) +0.00(0) -0.13(0) -0.19(0) +0.00(0) +0.01(1) +0.25(0) +0.02(0) -0.00(0) +0.02(0) +0.00(0) +0.03(0) +0.18(0) -0.06(0) +0.03(0) -0.01(0) +0.07(0) -0.06(0) -0.02(0) -0.03(1) -0.01(0) +0.06(0)

-0.05(1) -0.06(0) +0.11(0) -0.00(1) +0.05(0) -0.06(0) +0.05(1) -0.04(1) -0.03(1) +0.06(1) -0.03(0) +0.01(1) -0.00(0) +0.01(0) +0.01(0) +0.03(0) -0.00(0) -0.03(1) -0.04(0) -0.00(0) +0.10(0) -0.02(1) -0.01(0) +0.03(1) -0.02(0) +0.01(0) +0.01(0) +0.00(0) +0.10(0) -0.08(1) -0.02(0) -0.03(1) +0.02(1) +0.00(1)
-0.15(1) +0.08(0) -0.09(1) -0.01(2) +0.15(1) +0.06(0) +0.14(1) -0.02(3) -0.11(1) -0.02(2) -0.06(1) +0.03(2) +0.00(0) +0.00(0) +0.02(0) +0.05(1) +0.00(0) -0.03(2) -0.08(1) +0.02(1) +0.00(1) -0.12(1) +0.05(1) -0.02(1) -0.04(1) +0.01(0) +0.02(1) +0.00(1) +0.21(1) -0.14(2) -0.03(1) -0.03(1) +0.02(1) -0.02(1)

+0.01(1) -0.00(0) -0.00(0) -0.05(1) -0.00(0) +0.00(0) -0.01(1) +0.03(2) +0.01(1) +0.00(1) -0.08(0) -0.06(1) +0.01(0) -0.01(0) +0.05(0) +0.08(0) +0.01(0) +0.02(1) -0.11(1) -0.01(1) +0.01(0) -0.00(1) +0.00(1) -0.01(1) -0.08(0) +0.02(0) -0.01(1) +0.01(0) -0.05(0) +0.05(1) -0.01(0) +0.02(1) +0.02(1) +0.03(1)

0O
OO0
WWW
wn—

O p34 +0.13(1) -0.03(0) +0.00(1) -0.13(2) -0.10(1) -0.02(0) -0.10(1) +0.05(3) +0.10(1) -0.01(1) -0.17(1) -0.17(2) +0.00(0) +0.01(0) +0.13(0) +0.18(1) -0.01(0) +0.02(2) -0.25(1) -0.02(1) -0.01(1) +0.07(1) -0.02(1) -0.05(1) -0.18(1) +0.07(0) -0.05(1) +0.01(1) -0.15(1) +0.08(1) +0.06(0) +0.00(1) -0.02(1) +0.03(1)

QOO0 0O00O00O0O00OO0O0O0O0OO0O0OO0O0OO0O0OO0O0O0O0OO0OO0O0O0
VOO0 O OOV OO0 OO VOV OOV OOV V VOOV O OO OO0
O-=NWHPOO0O022 2 OO ND

O NWHOIOO~NO

The o from first principles Arkaitz Rodas



Many fits for a
good £,

Many fits for diftf

lo
A A

min’® ‘max

(1-2)

exp

Model averaging
technique

2008.01069

2208.13755

The o from first principles

1.3

1.25

1.2

1.15

1.1

1.05

0.95

0.9

0.85

chisq/Ndof=18.01 / (29 - 3) = 0.69

Arkaitz Rodas

T

T

|

T

0.08707 +/- 0.0009455 .

0.08656 +/- o._loo'9942 :

0.085 -
0.086 [

0.087 |

0.088 [
0.089 [

=
= e

HEH
Z L= I
. % -

0.3414 +/- oo1’7o§f f
- 0.4259 +/- 0.0587

05

0.45 |

i
Y
o

03
0.35 [

025 |

0. 0i46 +/- 0. 009246
0. 07041 +-0 008068 :

0.06 |
0.07 |
0.08 |
0.09




