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Hadronic Resonances

SM D QCD: hadrons, most resonances

Phenomenological description:
e cross-section “enhancements”
e process dependent
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Hadronic Resonances
eg, Breit-Wigner
1

(s=mt ) +1% mz

SM D QCD: hadrons, most resonances
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Phenomenological description:
e Cross-section “enhancements”
process dependent
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Phase Shift

unitarity & symmetry
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\ partial waves

scattering amplitude

Poles
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arb. units

resonance pole: typically above
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Quantisation Condition (QC)

. . =0, |x[>R
Confined barrier V(x) R<L
>0, |x|<R

.......

Phase shift in . y(x) = out : w(x — o)

Periodicity — wi(x) = w(x + L) ;
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Quantisation Condition (QC)

.......

Phase shift in . y(x) = out : w(x — o)
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Quantisation Condition (QC)
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Scattering from lattice QCD

[Green et al, PRL, 2021]
[Bulava et al, PRD, 2024]

baryons
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Physical 1 determination: p and K*

Main decay products (J/ = £ = 1)

[PDG, 2024]

K*(892) - Kn
p(770) - nr
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90 X

RBC-UKQCD lattice
volume 483 x 96
a ~ 0.114 fm
L ~ 5.5 fm
ma L ~ 3.8
m, ~ 139 MeV
my ~ 499 MeV

/ [Blum et al, PRD, 2016]
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. QCD: {z

[physics.adelaide.edu.au/theory/staff/
leinweber/Visual QCD/Nobel]

90 X

“raw” observables

RBC-UKQCD lattice .
volume 483 x 96 s
a ~ 0.114 fm
/|1 \ / [Peardon et al, PRD, 2009]
| ~ 5 5 i | [Morningstar et al, PRD, 2011]
max L ~ 3.8 o |
m- | ~ 139 MoV Distillation: sources built
mk | ~ 499 MeV from covariant Laplacian

/ [Blum et al, PRD, 2016]
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00 X correlators (Oi(t)OjT(O))

“raw” observables

RBC-UKQCD lattice

V(ZI/) =
volume 483 x 96 (O
—
a ~ 0.114 fm ] | ;i
f l ‘“*Q /! ’““*xx% [Peardon et al, PRD, 2009]
L ~ 5.5 fm / 92 ) [Morningstar et al, PRD, 2011]
\ ; \\’*& >
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Implementation

Open-source and free software P
\

* Grid: data parallel C++ lattice library H!\.;ﬂ

* Hadrons: workflow management for o
lattice simulations Hadrons
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Implementation

Open-source and free software s
* (3rid:. data parallel C++ lattice library Ln
* Hadrons: workflow management for

lattice simulations Hadrons

/
Y

o/ /
TR\ \

Distillation within Grid and Hadrons
* agnostic to action
e stochastic/diluted sources

gauge_stout

Perambulator <ﬁ/ timeSources, ...

/

ExactDistillation ExactDi stillat‘ion/
\ Y
A

e

/

gamma, momenta,
deltaT=0, ...

/;» DistilMesonFieldRelative

Y
Meson field file " {gamma}_p{mom}.h5"
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Implementation

workflow example

|

nVec v
Open-source and free software [ .. /\/
* Grid: data parallel C++ lattice library @ YA RN
* Hadrons: workflow management for o | B

lattice simulations Hadrons \ /ame/
[ e pomente: [ bistilnesonFieldRelative

Distillation within Grid and Hadrons Mesonfeld e (gsma) (ace) 15

* agnostic to action
e stochastic/diluted sources

Running

[dirac.ac.uk/extreme-scaling-edinburgh]

2 DIRAC machines, same high-level code
 'raw' correlators publicly shared

[repository.cern/records/vy9x7-bzn92] Tesseract (CPU) Tursa (GPU)
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Generalised Eigenvalue Problem (GEVP)
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Generalised Eigenvalue Problem (GEVP)
{O;} = {Q.} suchthat (0|Q.|n) =5, ?
Solve C(H)u"(r) = A"(t)C(ty)u" (1)
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Generalised Eigenvalue Problem (GEVP)

{O;} = {Q.} suchthat (0|Q.|n) =5, ?

Solve C(H)u"(r) = A"(t)C(ty)u" (1)
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Generalised Eigenvalue Problem (GEVP)

{O;} = {Q.} suchthat (0|Q.|n) =5, ?

Solve C(H)u"(r) = A"(t)C(ty)u" (1)

AR
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<Oi(f)0;(0)>

\
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m = lo >
eff g G+ 1)
AT eff
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Phase-shift model |/

QC reminder:
5, (E (L)) = nm— ™ E,(L),L), n€Z

Allows computation of 51(E§2]), but poles inaccessible
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Phase-shift model |/ ;

QC reminder:
5, (E (L)) = nm— ™ E,(L),L), n€Z

Allows computation of 51(E§2]), but poles inaccessible

5mod

Instead, find with parameters a™°° through a fit

Resonance Pole | -

II-sheet

find T{”Od complex pole

Substitute and T™9(/s) = : t
analytically-continue cot 5mod(\/§) g

5mod o

find root cot l
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Uncertainties?

distillation+GEVP

E>(L)
E,(L)

—al’

aM
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Uncertainties?

AT B W WO O

statistical errors

N

distilla_tion+GEVP,w

propagate through

E>(L)
E,(L)

—al’

aM
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. QCD: |
/\/\/ 5

Uncertainties?

statistical errors

N

model average: w,(choice) x e

distillation+GEVP

propagate through

N

systematical errors

E>(L)
E,(L)

Eo(L)

—AIC, . (choice)/2

—al’
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Result prescription

Breit-Wigner
« data-driven systematic: weighted 95 % confidence 02
interval of (central) weighted mean 0.1} 8K*—Kr
» statistical: fluctuation of above over replicas 50% 607
O

50000 fit-ranges x 2000 replicas
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Result prescription 0.2

» data-driven systematic: weighted 95 % confidence -

interval of (central) weighted mean

e statistical: fluctuation of above over replicas

50000 fit-ranges x 2000 replicas

X 4 'runs'

5.075

\ Breit-Wigner
B X 4 'runs'
! gK*—)K]Z’

6.025

14



Result prescription 0.2}

Breit-Wigner
' " . . - ! !
» data-driven systematic: weighted 95 % confidence Y i X 4 'runs
interval of (central) weighted mean f 8K*>Kr

5.075 6.025

Led” )
o \J 1
'Y

b n,
T N 1

LNl
T\

e statistical: fluctuation of above over replicas

hed™ Sl
T\ 7"

|
model avg. (BW)

50000 fit-ranges x 2000 replicas

X 4 'runs'

«  6°" Breit-Wigner,
S=RE effective range

extended
model

average: .
J mod cuts fit ranges
14



Result prescription 0.2

» data-driven systematic: weighted 95 % confidence -

interval of (central) weighted mean

e statistical: fluctuation of above over replicas

Breit-Wigner
X 4 'runs'

‘ gK*—)K]Z’

5.075 6.025

1
model avg. (BW)

. . VA
50000 fit-ranges x 2000 replicas ™| wm xr (1—1/2
rr (I =1) f
X 4 'runs' 1351
. 6°" Breit-Wigner, o0}
5°RE effective range
45
extended
LD ID IS
AVerage: mod cuts fit ranges O - - - Eem /MeV
480 660 840 1020 14




Result prescription
Breit-Wigner

: : : : 0.1 X 4" !
» data-driven systematic: weighted 95 % confidence runs
interval of (central) weighted mean = 8Kk
« statistical: fluctuation of above over replicas o
model avg'. (BW)
50000 fit-ranges x 2000 replicas
o 4 runs 051 053 an od 0.44 048 M -
BW —0.02 ~102 g
« 0~ Breit-Wigner, —oork Lo 3
5°RE effective range . I I
Rt I _0.18} S

extended K™ (892) 103 p(770) 10—10
 NEDIDIED)

average: .
J mod cuts fit ranges
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Physical units

775 825 875  M/MeV
OF—— SIS e e
—50f e
—100
—150F Q] K™ (this work)
p (this work)
_900t K™ (PDG estimate)
p (PDG estimate)

—I'/MeV

Statistical and data-driven systematic (quadrature in plot)

K* (892

p(770) {

M
It

M
I

— 893(2)(8) MeV
— 51(2)(11) MeV

796(5)(15) MeV
192(10)(28) MeV
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Physical units
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—100r
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p (this work)
_900t K™ (PDG estimate)
p (PDG estimate)
—I'/MeV

Statistical and data-driven systematic (quadrature in plot)

K*(892) M = 893(2)(8)(54) MeV
' =51(2)(11)(3) MeV

Other: single lattice spacing and naive power counting :

e assume (aAQCD) ~ 5 % conservative discretisation
uncertainty + other estimated extra systematics
~ 6 % total
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Physical units

775 825 875  M/MeV
OF—— Frmmmmm s T e
50} - -3
—100r
_150 B '¢' K* (thiS work)
p (this work)
_900t K™ (PDG estimate)
p (PDG estimate)
—I'/MeV

Statistical and data-driven systematic (quadrature in plot)

next frontier:

continuum limit

[Green et al, PRL, 2021]

[Peterken & Hansen,

2408.07062, 2024]

K*(892) M = 893(2)(8)(54) MeV
' =51(2)(11)(3) MeV

Other: single lattice spacing and naive power counting :

e assume (aAQCD) ~ 5 % conservative discretisation
uncertainty + other estimated extra systematics
~ 6 % total

0O« a

[Blum et al, PRD, 2016]

0.08

a (fm) 15
0.11



Conclusions

PhysRevlLett.134.111901

PhysRevD.111.054510 { K*(892) and p(770) at m_ ~ 139 MeV from Lattice QCD

Data-driven systematic via sampling method of lattice energies

Important towards precision
e continuum limit

1: 1 a (fm)

lattice analysis systematics

e reliable errors {
operators, higher waves, IB/QED, > 3-body, ...
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Conclusions

PhysRevlLett.134.111901

PhysRevD.111.054510 { K*(892) and p(770) at m_ ~ 139 MeV from Lattice QCD

Data-driven systematic via sampling method of lattice energies

Important towards precision
e continuum limit
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e scalars
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Conclusions

PhysRevD.111.054510 K*(892) and p(770) at m_ ~ 139 MeV from Lattice QCD

PhysRevlett.134.111901 _ _ _ _ _ _
Data-driven systematic via sampling method of lattice energies

Important towards precision
e continuum limit

$ . a (fm)

lattice analysis systematics

e reliable errors {
operators, higher waves, IB/QED, > 3-body, ...

Outlook: Thanks for the attention!
* hadronic decays

* heavy flavour weak decays
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2020 research and innovation programme under the Marie Sktodowska-

e scalars

Curie grant agreement No. 813942
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Outlook

[Joswig et al, Lattice2022 & MIT Collogquium]

Hadronic D — Kz decays at SU(3),point

A(D = hihy) =Cy [ lim 25 (n, L|Hw |D, L)]
7 a—

taken from [Hansen, talk at Lattice 2023]
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Outlook

0.0 \,ii |'§'| al2m400
[Joswig et al, Lattice2022 & MIT Colloquium] 0.1 1 \\\\“::;:\ 9 a094m400
' 1 a064m400
Hadronic D — Kx decays at SU (B)f point N
= —0.3 1
%—().1 ‘i
: MS T 054 T
A(D = hihy) = C-- lim Z™° (n, L|Hw|D, L) LI
’I’L,L,hlhz ) ) “nad T
al_>0 0.6 . ey
®
taken from [Hansen, talk at Lattice 2023] —0.7 1 ‘
0.00 0.25 0.50 0.75 1.00 1.25 1.50 .75 2.00
p/my

“Heavy-flavour weak decays into resonant scattering states” [Erben et al]
B(S) — K*f_l_f_
(n,P|J*0,q) | B, pg) B — ptv

e.g. see [Erben, Lattice2024 plenary]
[Leskovec et al, Lattice2022]

e 232 MeV pion mass, DWF
e Allocated DIRAC project
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Phase Shift

o S-matrix
element

2 — 2 scattering

asymptotic states

~ 0ut<ﬂ(p1)ﬂ(p2) ‘ \) ‘ ﬂ(p3)ﬂ(p4)>m
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Phase Shift

2 — 2 scattering

A \/])\
3 3 /\

asymptotic states

~ 0ut<ﬂ(p1)ﬂ(p2) ‘ \) ‘ ﬂ(p3)ﬂ(p4)>m

o S-matrix
element

unitarity & symmetry A
5
. phase _ ,2i5,(E,,) J
shift SEen) = €77

\ partial waves




Phase Shift

2 — 2 scattering

asymptotic states

+ o matrix ~ oul{m(PNA(P) | S | 7(P) (DY) )i
unitarity & symmetry A
e phase _ 2iS/E,, ’
Shif S Eep) = € l< | -
partial waves o

e scattering
amplitude




Poles

T(E..) — T(\/s), /s complex

(a) first Riemann sheet (b) second Riemann sheet

[Asner & Hanhart, 50.Resonances, PDG, 2022]
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Poles

T(E..) — T(\/s), /s complex

 bound state: below L . on sheet-I (or virtual on sheet-Il)

(a) first Riemann sheet (b) second Riemann sheet

[Asner & Hanhart, 50.Resonances, PDG, 2022]
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Poles

T(E..) — T(\/s), /s complex

 bound state: below L . on sheet-I (or virtual on sheet-Il)
» resonance: above L, pushed into Im \/E # 0 (unitarity) on sheet-ll (causality)

(a) first Riemann sheet (b) second Riemann sheet

[Asner & Hanhart, 50.Resonances, PDG, 2022]
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Poles

T(E..) — T(\/s), /s complex

 bound state: below L . on sheet-I (or virtual on sheet-Il)
» resonance: above L, pushed into Im \/E # 0 (unitarity) on sheet-ll (causality)

Arh. s
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What about scattering?

L SZ: HJ' e PN ([, + m*) (0,0,0504)  ~  {piP>|S|p3pa)

{ l

7 on-shell

can compute nonperturbatively, but...

....................

Euclidean

analytical continuation of statistical data

>
(Periodic) Finite volume

discrete spectrum, L-dependent
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Two particles in a box
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Two particles in a box

Generic effective dofs: scalar fields, mass m 0.65 .
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Two particles in a box

Generic effective dofs: scalar fields, mass m

No interactions: E(L) = 24/ m* + p*

Interacting levels: weak repulsive, attractive
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Two particles in a box

Generic effective dofs: scalar fields, mass m

No interactions: E(L) = 24/ m* + p*

Interacting levels: weak repulsive, attractive

Introducing m, > 2m — avoided levels

Quantisation Condition (QC)

S(Eg(L)) = nw— p(E (L), L), neZz
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Two particles in a box

Generic effective dofs: scalar fields, mass m

No interactions: E(L) = 24/ m* + p*

Interacting levels: weak repulsive, attractive

Introducing m, > 2m — avoided levels

Quantisation Condition (QC)

S(Eg(L)) = nw— p(E (L), L), neZz

0.65

0.60

0.955

0.50

0.45

generalised to multiple channels, spin,...
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Two-point functions

(OO0 =Z! JDU (0(X)0(H)7)

ncfg

[U] e~V x " (0(x)0()) [UY]
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Two-point functions

ncfg

(0(0)0()) = Z’-IJDU Y (00 )ilU] el % YN (0w0m)! )il U]

1eWick I 1€EWick
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Two-point functions

ncfg

(0(0)0()) = Z’-IJDU Y (00 )ilU] el % YN (0w0m)! )il U]

icWick I 1EWick
Example: bilinear Oy, = gy 'q’

((@r'a")@) (@'7'q) ") r = tr|y' Dy (v x)y' Dy (x; )
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Two-point functions

ncfg

(0(0)0()) = Z’-IJDU Y (00 )ilU] el % YN (0w0m)! )il U]

Example: bilinear Oy, = gy'q’

(gr'q" )P, (G7'q)P,0)") = Z e~™P tr[y'D71(0; x,1) y¥'D7(x,1;0)] °

X

R

o

~_ .
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Two-point functions

ncfg

(0(0)0()) = Z’-IJDU Y (00 )ilU] el % YN (0w0m)! )il U]

1eWick I 1€EWick

Example: bilinear Oy, = gy'q’ o

(@r'q)®.0 (37'q) 0 )= ), e™F u[y'DT(0;x, 1) y'D7'(x,1;0)

| X

Y (010 In)n| 0310y~ = Y 7,67 2L 7,01

n

o

O\»t /.
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Two-point functions

ncfg

(OO =Z'|DU ), (000 )Ul e %l % )} (0O ) {U®)
1€EWick I 1EWick

Example: bilinear Oy, = gy'q’

: . . : . [
ar'q)®,0 (g7'q) PO e =) e™F tr|y'D7'(0;x,1) y'D7'(x,1,0)| o

1 X

(010y|n)(n| O} 0ye™E = Y’ Z,e™E: 25 Zye™tEo

n n

. D! expensive — compute columns (D~!¢ )g(x)

e large freedom to choose source ¢ and

— more interpolators? hadronic dimension?
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Multi-hadron operators

Non-local
- 5 - 5
Oy (%, ¥,0) ~ (317°q1) (X, 1) (G27°95) (¥, 1)

Z e~ XP=iy-q—iz-K 5
X,Y,Z <OMM’ (X, Y, t) OMM' (Z, 090)T>F

—l-

— N
o o
(o (o)
[ [
(o) (o)
~ -

—Pp—
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Multi-hadron operators

Non-local
- 5 - 5
Oy (%, ¥,0) ~ (317°q1) (X, 1) (G27°95) (¥, 1)

Information from D_l(x; y)Zf IS needed (all-to-all)

 dimension 4 X 3NtN3 ~ 0(10°) : unfeasible

Z e~ XP=iy-q—iz-K 5
X,Y,Z <OMM’ (X, Y, t) OMM' (Z, 090)T>F

—l-

— N

o o

(o (o)

o ®
—Pp—
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Multi-hadron operators

Non-local
Oy (X, ¥, 0 ~ (§17°q1) (X, 1) (G27°¢5) (¥, D)

Information from D~ !(x; y)gb is needed (all-to-all

 dimension 4 X 3NtN3 ~ 0(10°) : unfeasible

X,V.Z

e—zx-p—zy-q—zz-k %

(Oyay (X, ¥, 1) Oy (, OaO)T>F

o o

o o

o o

O\ /O
—P—
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e—zx-p—zy-q—zz-k %

hadron operators

Multi-

(Oyay (X, ¥, 1) Oy (, OaO)T>F

X,V.Z

Non-local

0

@0

(327°35) (y, 1)

)

b

OMM’ (X9 Y, t) ~ (glySQi)(X

P

®0

®0

y)gg is needed (all-to-all)
. dimension 4 X 3 N.N° ~ 0(10°)

.

Information from D~ 1(x

unfeasible
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D i Sti I Iati O n [Peardon et al, PRD, 2009] [Morningstar et al, PRD, 2011]

Low-lying NV, .. eigenvectors of 3D- covariant Laplacian — ng(t)

full propagator D= 200 perambulator
D~ (x: y)gg emm—— (1) = v TD N, ()

projectiong — [ | g
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LJ/7

D i Sti I Iati O n [Peardon et al, PRD, 2009] [Morningstar et al, PRD, 2011]

Low-lying NV, .. eigenvectors of 3D- covariant Laplacian — V2, (f)

d
full propagator 0= 2nonon perambulator
_ . TN RSP PP ————". N —1 , ,
Lx: y)g wojection g — [1q (¢, ) = v(O)' D¢, t)v(t)

Source is built from N, . inversions D™ "v, for each ¢’

* their superposition gives source with smeared
spatial profile
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LJ/7

D i Sti I Iati O n [Peardon et al, PRD, 2009] [Morningstar et al, PRD, 2011]

Low-lying NV, .. eigenvectors of 3D- covariant Laplacian — V2, (f)

d
full propagator 0= 2nonon perambulator
Clp NAB e ——em— N — oA=L Vo
(X5 y) oiectiong - g~ T =v@®'DT (1, 1)w(1)

Source is built from N, . inversions D™ "v, for each ¢’

* their superposition gives source with smeared
spatial profile

o o/+\. O/+\o
Reusable s K . ——_, ,various p;, 7, ...
o o\ /o 0\ +/°
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Hidden until now

Finite-volume breaks rotational into cubic subgroup
e SO3) — O : 24 symmetries of a cube (Z spin)
o parity — O, : 48 elements

8C7

— - ————— {

Y

- - - o>
-™ wu ”
~ \n ’ Y
| > 4 662
| N
~
| ~
~
| ~
~

Condensed Matter. 2008" ]

~
~
>~

[M. S. Dresselhaus, et al. “Group Theory: Application to the Physics of
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Hidden until now

Finite-volume breaks rotational into cubic subgroup
e SO3) — O : 24 symmetries of a cube (Z spin)
o parity — O, : 48 elements

Rest and moving frames (MF) mapped into O,
subgroups

- all states/operators labelled by irreps A[P] of O,

o parity in MF is not always a good quantum number

A 4
8Cs 3C, = 3C2,

Y

- - - o>
N~ -
~ \~ s Y
! > 4 6(/2
| ~
~
| ~
~
| ~
~

~
~
>

[M. S. Dresselhaus, et al. “Group Theory: Applica

Condensed Matter. 2008"]

“Subduction”;

tion to the Physics of

J=172,..—- 100

11E
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Finite-volume breaks rotational into cubic subgroup
e SO3) — O : 24 symmetries of a cube (Z spin)
o parity — O, : 48 elements

Rest and moving frames (MF) mapped into O,
subgroups

- all states/operators labelled by irreps A[P] of O,

o parity in MF is not always a good quantum number

A 4
8Cs 3C, = 3C2,

Y

- - - o>
N~ -
~ \~ s Y
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[M. S. Dresselhaus, et al. “Group Theory: Applica

Condensed Matter. 2008"]

“Subduction”;
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Phase-shift model |/

QC reminder:
S(Egn(L)) = nw— p™MEgn(L),L), ne€Z

Allows computation of 51(E§2]), but poles inaccessible
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Phase-shift model |/

QC reminder:
5m°d(%cm(L)) = Nmw — gbA(%Cm(L),L), ne/’z

Allows computation of 51(E§2]), but poles inaccessible

Invert QC: given model 6™°¢ with parameters ™9, find %ggn
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Phase-shift model

QC reminder:

5m°d(%cm(L)) = Nmw — gbA(%Cm(L),L), ne/’z

Allows computation of 51(E§2]), but poles inaccessible

Invert QC: given model

Minimise correlated

)(F%S(am"d) — Z [Eém — %f:m(am"d)] (Cov_l)ij [E{:m — %{:m(am"d)]
L,J

to constrain &™M°¢

N
5 J
>
Ecm

5mod

. d ¢ .
with parameters a™°9, find &)
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Eigenvalue fits

(Q,(HQ1(0)) = Z Z e~ Model: 1md(7) = Zmode —tEne

Remember n ,

>1 _ LN I I
(0 n 7 e E Correlated y~ to constrain it
101 = -
e < 0.60|
i/ 1077 - *+*+*+*+¢¢¢%I ::; 0-551 *IIMIIIIIIZ{EEIPD_
1075 - IT E 0.50 t

t/a t/a
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Eigenvalue fits

(Q,(HQ1(0)) = Z Z e~ Model: 1md(7) = Zmode —tEne

Remember n ,

>1 _n . .
(0 n 7 e E Correlated y~ to constrain it
101 = -
e S 0.60
Z 07 %”**mtﬂﬁl > 0o *’“tﬂxﬂﬂﬁj{ﬂﬂi——“’ 1
1075 IT go 0.50 b

t/a t/a

Statistical errors in A"(¢) from MC: few samples : bootstrap N, replicas

o fit on every replica: modp > O R Var(EmOd’b)
boost 5,

n
° Emod,b > Lem.b



Eigenvalue fits
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Model-averaging

Akaike information criterion (AlC) ATC

1

* probabilities for different models w o exp — [ v+ znpaF]

* hybrid: “Bayesian” model comparison, but frequentist weights

* uncertainty prescription: spread of final weighted distribution
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Model-averaging

Akaike information criterion (AlC) ALC

1 - - ﬂ
e probabilities for different models w o« exp — > [ ¥2 + 2nPar — ndata]

* hybrid: “Bayesian” model comparison, but frequentist weights

* uncertainty prescription: spread of final weighted distribution
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static data

n'eV fits |
Aty = EC,

static data

one fit
{Ecm} _)5mod

>

aEqm
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First, imagine

N\

global minimisation unfeasible

n'eV fits |
Aty = EC,

one fit
{Ecm} _)5mod

>

aEqan

...reliable systematic propagation to scattering?

one fit {1, f} — §m°d

w

aEcm

%Od) X e—AICIdea|(f,5mOd)/2
ideai\ " ?
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procedure o
Wt(f9 5mod) o e—AICPS(f,é )2 I I e—AICCOW(f(i))/Z
Wps \ l )
WCOFF

39



\ n'eY fits | one fit
A, f.—> E. (Eqp} — 6m
~‘~~~ "" E
pack to blocked ~“**seeeo . et W|deal(f’ 5m0d) ~
procedure 1od
Still, too many fit range combinations Wes _ § ,
. dim {f} ~ 6(102™ ~ 6(10%) . *
Teeell v
~~s~~ ----------------------------- S 4

AL Af} ) = {Egy) — 6™



\\ n'e fits | one fit
A, f.—> E. (Ep} — 6™
~‘~~~ "" E
pack to blocked ~“**seeeo . et W|deal(f9 5m0d) ~
procedure 1od
Still, too many fit range combinations Wes _ ,
\ ________________________ Weorr
. dim {f} ~ 6102 ~ 6(10°°) . "
Teeell v
~~s~~ --------------------------- S 4

AL Af} ) = {Egy) — 6™



Importance Sample

Proposal
Weor ) = [ | W (FO)

weighte
aFem

d

40



Importance Sample "

Proposal
Weor ) = [ | W (FO)

- Sample & fit () QC fit

> 1 2
= : » {Ecm}s,{Ecm}s,...

Hapfay ot =8

vy




Importance Sample -

Proposal
Weor ) = [ | W (FO)
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