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Truncation artifacts

) = "foc e e Expansions in oscillator eigenstates are
- nYn b - -
n=0 convenient. .. but necessarily truncated!

@ Both IR and UV physics are cut off, balance determined by scale b
@ Oscillator length b~ (/1/(mQ) , Q = frequency
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ground-state energy [MeV]

Jurgenson et al.
Phys. Rev. C 87 054312 (2013)
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Truncation artifacts

M max H H H H
e Expansions in oscillator eigenstates are
u(r) = > cpun(b;r) } P g
n=0

convenient. .. but necessarily truncated!

@ Both IR and UV physics are cut off, balance determined by scale b

@ Oscillator length b~ (/1/(mQ) , Q = frequency
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Universality of corrections

There’s no universal universality. . .

IR

uv

v independent of the
interaction

universal
v/ determined by ?
observables
hon X depends on A
atl no. of particles
universal ( P ) ?

Furnstahl et al., J. Phys. G 42 034032
1408.0252 [nucl-th]
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UV cutoff from oscillator duality

Naive estimate for UV cutoff

Consider largest included energy level. . .
— Ao = V20uFmax = V2N +3/b (N =2n+/Y)
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UV cutoff from oscillator duality

Naive estimate for UV cutoff

Consider largest included energy level. . .
— Ao = V2uFmax = V2N +3/b (N =2n+¢)

But recall from IR correction: basis truncation <+ finite box

HO Hamiltonian Duality!
R-space
—
~—
(-space
@ p? and 72 have same spectrum
@ ...and wavefunctions
@ same analysis in momentum space! Az(N,b) = /2(N +3/2+2)/b
@ UV physics <> short distance scales ~ 1/\/5”13”35t eigenvalue of 7
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Deuteron calculations
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Deuteron calculations
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Deuteron calculations
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Deuteron — Ay vs. Ay

Ao =+/2(N +3/2)/b, Ay = \/2(N +3/2+2)/b
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Deuteron — Ay vs. Ay
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Deuteron — Ay vs. Ay
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Deuteron — Ay vs. Ay

Ao =+/2(N +3/2)/b, Ay = \/2(N +3/2+2)/b
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Deuteron — Ay vs. Ay
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Deuteron — Ay vs. Ay
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Separable two-body extrapolations
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Regularized contact interaction

Simple toy model: V(k, k') ~a (k) fa(k) o fP(k) = (})’

Exact cutoff dependence

A
—1:47ra/ dkk2 f’\( )kQ ~ KA
0

@ interaction motivated by non-rel. EFT

@ regulator motivated by SRG evolution
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Regularized contact interaction

Simple toy model

V(k, ') ~ a fx(K') fx(k)

@ interaction motivated by non-rel. EFT

@ regulator motivated by SRG evolution

regularized contact a = —0.1 fm
0.641- quartic regulator with A = 2.0 fm™t
0.63-

G 00
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Regularized contact interaction

Simple toy model: V(k, k') ~a () fa(k) o fP (k) = (5)

@ interaction motivated by non-rel. EFT 065 T
) ) regularized contact a = —0.1 fm
@ regulator motivated by SRG evolution 064l quartic regulator with A = 2.0 ™’ i
JSTRRR TERRL« TRRRYc SRR o SERNC RPN}
o6t . © 4
Simple fit formula el o o direct cale 1
<
0.61F =
KA = Koo — A X [ dk fr(K)
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Regularized contact interaction

Simple toy model: V(k, k') ~ a fA(K") fr(k)

Exact cutoff dependence

—1:47ra/Adk;k2 Sa(k)”
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Universality of corrections

There’s no universal universality. . .
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v independent of the
interaction

universal
v/ determined by ?
observables
hon X depends on A
atl no. of particles
universal ( P ) ?
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Universality of corrections

There’s no universal universality. . .

IR

uv

universal

v independent of the
interaction

v/ determined by
observables

v might be
independent of A

(based on universality of
high-momentum tails in
density distributions)

see, e.g., Wiringa et al. (2014)
Alvioli et al. (2013)
Amado (1976)

non-
universal

X depends on A
(no. of particles)

Furnstahl et al., J. Phys. G 42 034032
1408.0252 [nucl-th]

X depends on the
interaction!
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What now if the interaction is
not separable?!
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Separate and conquer

o take a given Hamiltonian H=Hy+V...
e ...and a (bound) state |¢), | H|¢)) = E|t)

o set Viep = g|n)(n| with |n) = V[v), g~ = (¥|V[y))

see, e.g., Ernst, Shakin, Thaler (1973); Lovelace (1964)

< This reproduces the same state |¢)) !

A Vi) 4|V ~ L
Veep|[t)) = —F——1¢) = V¢ uite simple. ..
( pl¥) Wl ) =VIY) (g ple...) )

Cutoff dependence

Just replace. ..

A 2
o fa(k) — n(k) ° —1:47rg></ dk k? 127(k) E
ea—yg v = 5 48

...in previous relations! @ KA = Koo — A X / dkn(k)?

A

This incorporates properties of the potential and the state! )

UV extrapolations in finite oscillator bases — p. 11



Separable extrapolations

But typically we don’t know the exact state!
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Separable extrapolations

But typically we don’t know the exact state!

Just take [¢)) from the most-converged oscillator

calculation!
n(k) = (k[Viun|tosc) Fits
@ use information about full potential! ® Kpexp = hoo —a X e A
@ performance can be tested with —bA?

. @ KA,Gauss = Koo — @ X €
analytically solvable models

o0
@ compare to phenomenological fits @ KAsep = Koo — a/A dk n(k)2

@ < can perform just as well. ..
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Separable extrapolations

But typically we don’t know the exact state!

Just take [¢)) from the most-converged oscillator
calculation!

n(k) = (k| Veun|tosc) Fits
@ use information about full potential! ® Kpexp = hoo —a X e A
@ performance can be tested with —bA?

. @ KA,Gauss = Koo — @ X €
analytically solvable models

o0
N _ 2
@ compare to phenomenological fits @ KAsep = Koo — a/ dkn(k)
A
@ < can perform just as well. .. NI
@ ...with only two fit parameters! only two parameters!
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Back to the deuteron

Finally, consider realistic nucleon—nucleon interactions!

S—D coupled channels

< Deuteron © (Voo Voo _( %) )
o= (g o) o wa=( [
. B In0) ) ( (nol )T [10) = Vaoltho) + Vozltz)
V sep — A A
SDysep = 9 ( |772) (2] 1n2) = Vaoltho) + Vazl|th2)

10 (ol (k2 + K2) ™" o) 0 o)) _
l(o 1>—|—g><< 0 <772(/;2+’€2)_1|772>> (772>) !

(k)
t

Quantization condition

_1:4ﬂgx/Adkk2M
0 H?\+k2

< fit formulas, as before!
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Deuteron results
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Deuteron results
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Deuteron results
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Deuteron results
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Interlude: Gaussian dependence
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Gaussian dependence

Observation

Fits of the form
Ern=FE, + Ap e 4A/N)? , A = SRG evolution scale

work very well!

@ it can be shown that AE = AE(A?) 10 sy
o define g(A2) = log AE,(A?) S RN s
@ expand about A% = A2: i ]
9(A%) = go+gr(A?=AD)+502 (A=A + -+ & [soream' |
@ if g1 dominates: 3
AE) = [e@0=9142)] 912 — (const.) x e =014
gy o L (dAEA>2 1 d*AEy o I )
: AE% dA? AE) d(A?)? A}

straight line segments <> Gaussian fit works well
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Gaussian universality

@ slope and region of validity are roughly independent of A
e ~~ evidence for UV universality!

0

10 F ‘“Q U L L L L B
F o e, A <2 2 1
r o™ uao%() SRR ® 'H ]
L s 3 4
L P @ ° "H
3
L 88u ®° o 0.8*4He i
o g 8
- % un oo N
m o,
~ 1 / ¢ 5 © s
=10 & o o B
H I = same slope o ]
< L 0, O © i
L o ° g
L ° 4 ° i
L fistoE=E_+ B e P uy o 4
in shaded region: b =4/ sRG ° |
[Note: IR is small but not negligible] ©
-2 PR IR SO B I [

06702 04 06 08 1 12 14

(A1 XSRG)

UV extrapolations in finite oscillator bases — p. 17



Gaussian universality

@ slope and region of validity are roughly independent of A
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Moving on: Three particles
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More general perspective

Schrddinger equation: H|y) = (Ho + V)|¢) = —Eg|¢)

Green’s function: Go(z) = (z — Hp) ™"

= )= Go(-Ep)V¥)
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More general perspective

Schrddinger equation: H|y) = (Ho + V)|¢) = —Eg|¢)

Green’s function: Go(z) = (z — Hp) ™"

= VIY) = VGo(-Ep)VIY)

Quantization condition

Y|V Go(=Eg) V)
(WIVI|y)

’\/‘-}1:
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More general perspective

Schrddinger equation: H|y) = (Ho + V)|¢) = —Eg|¢)

Green’s function: Go(z) = (z — Hp) ™"

= VIY) = VGo(-Ep)VIY)

Quantization condition

(n] Im)
~ —~ =

(Y|V Go(=EB) V)
Y|V I]y)
~————

90
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More general perspective

Schrddinger equation: H|y) = (Ho + V)|¢) = —Eg|¢)

Green’s function: Go(z) = (z — Hp) ™"

= VIY) = VGo(-Ep)VIY)

Quantization condition

(n] Im)
~ —~ =

(Y|V Go(=EB) V)
Y|V I]y)
~————

90

Nothing here is explicitly two-body!
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Tales of tails — Book 1
Why does it work?
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Tales of tails — Book 1

Why does it work?

@ we use the oscillator wavefunction, which is truncated at As
@ but we know the full potentiall — 1(k) = (k|Viu|tosc)

1.5 0.0
L.
/ \‘\ Uexact,
A === Uosc
1oF 4 \ 05 i
1 —
~ ri I
é M £
= 0.5;," = 10 7 — (k[Vian|tnn) ]
I : === (k[Viun|tose)
: ; (k[ Vose thosc)
n - Il — - 1 L L
OAOO 2 3 1'50 1 2 3
k (fm™) E (fm™)

~> Restoration of high-momentum tail! |
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Tales of tails — Book 1

How well does it work?
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Tales of tails — Book 1

How well does it work?

L LI L
—_ </{‘,|vaull‘/l/)full>
....... (| Vise| those)
- == (k|Via|Posc)

LOOE T 5

0.01¢

o
-
(3]
wh
S
W
(o))

e significant part of tail restored in (k|Viyi|tosc)- - -

@ ...but not quite all of it! (slope is different at large momenta)
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Tales of tails — Book 2

We can in fact do better yet!
Define

. A d3p B 00 d3p B
Pa _/0 Gm) PPl O —/A @np PPl Pat =1

to project onto low- and high-momentum subspaces.

(PAHPA PAHQA> (PAU>> _ g (PA|1/)>)
OAHPr QaAHQA) \Qal0) B\ Qalv)

Master formula

Qalv) = (—Ep — QaHOA) T QAV PAlY) |

Palt) ~ Zlpa) |

— express UV tail in terms of low-momentum part!
Bogner and Roscher, PRC 86 064304 (2012)
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Tales of tails — Book 2

We can in fact do better yet!
Define

. A d3p B 00 d3p B
Pa _/0 Gm) PPl O —/A @np PPl Pat =1

to project onto low- and high-momentum subspaces.

(PAHPA PAHQA> (Pw>> . (pAM)
OQAHPr QaHOr) \Qaly)) — 77\ Qalv)

Master formula

Qalv) = (—Ep — QaHOA) T QAV PAlY) |

Palt) ~ Zlpa) |

— express UV tail in terms of low-momentum part!
Bogner and Roscher, PRC 86 064304 (2012)

Oscillator input
A — AQ(nmaxv Q) i 7DA|¢> — Z|'¢osc>
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Tales of tails — Book 2

We can in fact do better yet!

Oplv) = (~Eg — QAHQN) " QAV PAlY) |

Palt) = Z|ya)

— express UV tail in terms of low-momentum part!

Bogner and Roscher, PRC 86 064304 (2012)
Oscillator input

A— AQ(nma)uQ) f PA"(/)> — Zl'(/)osc>

— (k| Vian|¥ran)
....... (K| Vse|toosc)
_——— <k7|‘/full‘7//‘osc>

LO0E 773

0.10%

In| (fm™7?)

0.01¢

=}
—_
i
w
IS

E (fm™)
(B Vi) = BV (Pa + Q)| Ysun) = Z x (k| Viui|thosc) + corr.
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Tales of tails — Book 2

We can in fact do better yet!
Qulv) = (~Ep = QuHQA) ' QuV Palt)

Palt) = Z|ya)

— express UV tail in terms of low-momentum part!

Bogner and Roscher, PRC 86 064304 (2012)
Oscillator input

A— AQ(nma)uQ) f PA"(/)> — Zl'(/)osc>

— (k| Vian|¥ran)
....... (K| Vse| ose)

LOOE ",

5 L === (k[Vian|Yosc)
Té 0.10} . — — +corr. |
ESE

0'015

=}
—_
i
w
IS

E (fm™)
(B Vian| ) = BV (Pa + Qa)|Ysan) = Z X (k| Viun|thosc) + corr
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Three-body toy model

I's

V,

@ factor out center-of-mass
motion

@ assume local pairwise
interactions

Jacobi coordinates

1
= \/g(rl + 1y +13)

1
5125(1?1—1?2)
211
& = 3 {2(1?1-1-1‘2)—1‘3
6 8r
-V
— v
—V,
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Three-body quantization condition

(n] )
—~ —~ =

W[V Go(=EB) V]¢)
(V[V]e)

N—_——
g0

2

;>1zgox/d3m/d3m 77(@1,5;2) i
g, _le1 192

B 799 224

'\Ml:

n($1, 92) = (91, 02|V [¥)

Jacobi momenta: ;5 <> & 5

How to cut off these integrals?
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Three-body quantization condition

(n] )
—~ —~ =

W[V Go(=EB) V]¢)
(V[V]e)

N—_——
g0

2

;>1zgox/d3m/d3m 77(@1,5;2) i
g, _le1 192

B 799 224

'\Ml:

n($1, 92) = (91, 02|V [¥)

Jacobi momenta: ;5 <> & 5

How to cut off these integrals?

£1,2 <A?
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Three-body quantization condition

—~ —~ =

W[V Go(=EB) V]¢)
(YVI)

N—_——
g0

2

;>1zgox/d3m/d3m 77(@1,5;2)
_let 1ei
22 22y

'\Ml:

n($1, 92) = (91, 02|V [¥)

Jacobi momenta: ;5 <> & 5

How to cut off these integrals?

P1a<A? \/pi+ps<A?
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Three-body quantization condition

(n] )
—~ —~ =

W[V Go(=EB) V]¢)
(YVI)

N—_——
g0

2

;>1zgox/d3m/d3m n(pl,sf;g)
_let 1ei
22 22y

'\Ml:

n($1, 92) = (91, 02|V [¥)

Jacobi momenta: ;5 <> & 5

How to cut off these integrals?

P12 <A7,/ 7 +p3<A? Depends on basis-truncation scheme!
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Truncated three-body oscillator basis

db\#(éla€2) = Z Cnylynals <£17€2|”1”27 (llZQ))‘vﬂ>

(n1,l1),(n2,l2)

n(g@1, ©2) = (1, 02|V |9)

(Mmax, lmax )-truncation Noax-truncation
@ 119 < Nmax, ll,2 £ Uiz @ N =2n1+ 11 +2n9 + Iy < Nnax
@ ~- rectangular cutoff: ©, , <A @ ~ radial cutoff: \/p? + p3 <A

1000

truncated 1000

truncated

1 . 25
1 (au.)
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Truncated three-body oscillator basis

db\#(éla€2) = Z Cnylynals <£17€2|”1”27 (llZQ))‘vﬂ>

(n1,l1),(n2,l2)

n(g@1, ©2) = (1, 02|V |9)

(Mmax, lmax )-truncation Noax-truncation
@ 119 < Nmax, ll,2 £ Uiz @ N =2n1+ 11 +2n9 + Iy < Nnax
@ ~- rectangular cutoff: ©, , <A @ ~ radial cutoff: \/p? + p3 <A

1000

truncated 1000

truncated

1 . 25
1 (au.)
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Cutoff dependence and fitting

v
Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b S
General effective cutoff
v
Aets ~ (smallest eigenvalue of f2)_1/2 - &;
154 — V3
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b T

05|

General effective cutoff

10
—V
Aets ~ (smallest eigenvalue of f2)_1/2 - &2
15 — Vs
000+
o
° three Gaussians, (Numax, lnax)-truncation
0.05F o -
] o A=Ay
& o
I_ -0.10 o B
Q015+ B
N %
°%
0201 -
oo
................. Q o o@- -0 @ oD
0251 I I I L I I I I |

1.0 15 20 25 30 35 40 45 50 55 60
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b T

05|

General effective cutoff

10
—V
Aets ~ (smallest eigenvalue of f2)_1/2 - &2
15 — Vs
000+
o
o three Gaussians, (Nmax, lnax)-truncation
0.05 o B
° 0 A=N = Ay
& o
I_ -0.10 o B
& ®
Q015+ Q B
LT‘J ?
O@
020~ o, B
L Coco ]
.................... @A . @O- OO0 + + O =
025p, I I I Lo I |

L L L - L L
1.0 15 20 25 30 35 40 45 50 55 60

A (fm™)
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

0.00

-0.10

-0.20

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

o T T T T T T T T
o three Gaussians, (Nmax, lnax)-truncation
° i
o o A=Ay
° i
®
[
©
L ° i
%o
ot et X, @A . @O. 00O - - OO - ]
S U Y IR N MR
10 15 20 25 30 35 40 45 50 55

A (fm™)

6.0

v
i 2 4 6 8 r
05
0 —v
VA
—Vs
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

-0.10

-0.20

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

0.00

6.0

o T T T T T
[ o three Gaussians, (Nmax, lnax)-truncation
° i
L o o A=Ay 1
o
L ° i
L S )
o ]
©
L ° i
%o
................. X, @A . @O. 00O - - OO - ]
O Lo T R L L L |
10 15 20 25 30 35 40 45 50 55
A (fm™)

—Ep (fm™2)

v
i 2 4 6 8 r
05
10 —V
— Vo
s — V3
T T L L L L
© o . - .
° three Gaussians, Np.-truncation
o i
o o A=Ay 7]
o -
0o
o ]
Oo i
8
° ]
oo |
%0 o,
........................ ©..0.0..0.0-1
T O N RO B B . . . .
15 20 25 30 35 40 45 50 55 60 65
- —1
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

0.00

-0.10

-0.20

three Gaussians, (Nuax, lnax)-truncation

6.0

o
° i
o o A=Ay 1
o
° i
S ]
° ]
©
° i
%000
.................... @A . @O. BOO « » OO - 7
C L T B N B B
1.0 15 20 25 30 35 40 45 50 55
A (fm™)

—Ep (fm™2)

v
2 4 6 8 r
05
10 —V
— Vo
s — V3
T T L L L L
° three Gaussians, Np.-truncation
o i
& o A=A, 1
o -
s}
o ]
L Oo -
8
° ]
L 00 4
Op oy
......................... Q..0.0:. 0.0 7
T R T U N RO U B
15 20 25 30 35 40 45 50 55 60 65
- —1
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

0.00

-0.10

-0.20

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

o T T T T T T T T T T T
o three Gaussians, (Nmax, lnax)-truncation
° i
o o A=Ay 1
o
° i
® i
o ]
©
° i
%o
................. X, @A . @O. 00O - - OO - ]
Cov v I Y R I R B
10 15 20 25 30 35 40 45 50 55 60
A (fm™)

—Ep (fm™2)

v
|
2 4 6 8 r
05
-19 _v
—V
s — V3
- - o A e LI
Lo . X : .
° three Gaussians, Np.-truncation
o
[ %) o A=Ag 1
L o i
o
L S ]
L © i
D>
L ° ]
@,
L o i
R °
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Cutoff dependence and fitting

v
| r
5 T g 0
Ao = /2(N +3/2)/b, Ay = \/2(N +3/2+2)/b
05
General effective cutoff .
B —w
Aets ~ (smallest eigenvalue of f2)_1/2 - &2
15 — V3
0.00—5 . . . . . . ; 0.00 — o A e LI
o Lo . T .
[ o three Gaussians, (Nmax, lnax)-truncation ° three Gaussians, Np.-truncation
0.05 o | 005 7 i
o o A=Ag 1 [ =) o A=A
& o & 0101 o _
I_ -0.10 o B I )
= = [ o
= ® = sk @% B
Q015+ % B ) o
: | :
020 o i
o, ® .
-0.20— O, 4 [eesssesasssanans Qu0 0O @s s s ssnnnnns
%Oo L0.25- N
ot et O, @A . @O. 00O - » OO - T -
e S A E E H N Y T O U I RO N O
10 15 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60 65
-1 N
A (fm™) A (fm™")

@ smooth cutoff dependence for both truncation schemes v
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

0.00 5T T T T T T T T T
o three Gaussians, (Nmax, lnax)-truncation
0.05— o b
o o A=Ay
o
010 o -
®
0.15— Qb |
[
020~ @O |
0. 0,

ot et X, @A . @O. 00O - - OO - ]

0250 PR L L |
10 15 20 25 30 35 40 45 50 55 60

A (fm™)

—Ep (fm™2)

v
|
z 0 3 5
05
10 —V
—V
15 —Vs

three Gaussians, Np.-truncation

O osc. calculation
- exponential fit

— = Gaussian fit

— separable fit

@ smooth cutoff dependence for both truncation schemes v
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Cutoff dependence and fitting

Ao = \/2(N +3/2)/b, Ay = \/2(N +3/2 +2) /b

—Ep (fm™2)

General effective cutoff

At ~ (smallest eigenvalue of #2)

—1/2

0.00 5T T T T T T T T 0.00
o three Gaussians, (Nmax, lnax)-truncation
-0.05
0.05— o b
o o A=Ay
o & 010
0.0 o = 1
X a8
= 15
0.15— (22) | ESQ
° |
©
-0.20— O, —
%o
ot et X, @A . @O. 00O - - OO - ]
Bl R R R R B B B B
10 15 20 25 30 35 40 45 50 55 60
A (fm™)

v
|
z 0 3 5
05
10 —V
—V
15 —Vs

three Gaussians, Np.-truncation

O osc. calculation
- exponential fit

— = Gaussian fit

— separable fit

@ smooth cutoff dependence for both truncation schemes v
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Cutoff dependence and fitting

v
| r
5 T g 0
Ao = /2N +3/2)/b, Ay = \/2(N +3/2+2)/b
05
General effective cutoff .
B —w
Aets ~ (smallest eigenvalue of f2)_1/2 — &2
15 — V3
0.0 (=5 ————— 0.00 [y T T T
L\ . N .
o three Gaussians, (Nmax, lnax)-truncation three Gaussians, Np.-truncation
0.05 o B <0.05- i
o 0 A=Ag 0 osc. calculation
a0 o & 0101 -+ exponential fit B
I_ -0.10 o B I - o
<E< o} -E saussian fit
= ~ 0151 — separable fit —
Q0.5 - N
§ : L’ﬁ
0@
020 o) B
%o
ot et O, @A . @O. 00O - » OO - T
e S A E E H T T U U Y EO R RO
10 15 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60 65

A (fm™) Ao (fm™)

@ smooth cutoff dependence for both truncation schemes v
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Cutoff dependence and fitting

A

—Ep (fm™2)

v
r
5 T g 0
0= \/2(N+3/2)/b, Ay = \/2(N +3/2 +2)/b
05
General effective cutoff .
B —w
Aets ~ (smallest eigenvalue of f2)_1/2 - &2
15 — V3
0.00 15— 0.00 [y T T T
o LR R ) ]
o three Gaussians, (Nmax, lnax)-truncation three Gaussians, Np.-truncation
0,05 5 i -0.05 B
o 0 A=Ag 0 osc. calculation
o & -000- -+ exponential fit —
010 o B I s fit
? & Saussian
~ 0151 — separable fit —
0.15- 923 B ESQ
|
|- Q@ -
-0.20 O%Oo
ot et O, @A . @O. 00O - » OO - T
] Y N E N EA Y E | T T U U Y EO R RO
10 15 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60 65
1 _
A (fm™) Aeg (fm™)

@ smooth cutoff dependence for both truncation schemes v

@ stable separable fits are possible v
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Cutoff dependence and fitting

v
r
5 T g 0
Ao = /2(N +3/2)/b, Ay = \/2(N +3/2+2)/b
05
General effective cutoff .
—V
Aets ~ (smallest eigenvalue of fZ)_l/Q — &2
15 — V3
0.00—5 —— 0.00 ~y R S
o three Gaussians, (Nmax, lnax)-truncation three Gaussians, Np.-truncation
0,05 5 i 0.05 B
o 0 A=Ag ] 0 osc. calculation
& o & 010 - exponential fit R
I_ -0.10 o B I G i
& ? Saussian fit
— — separable fit
Q015+
N %
|- Q%
-0.20 o%oo T
ot et D, @a .@o. 000 - NG
0250
10 15 20 25 30 35 40 45 50

A (fm™)

@ smooth cutoff dependence

@ stable separable fits are possible
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Summary and outlook

Summary

@ oscillator basis truncation corresponds to sharp UV cutoff
for separable interactions, the UV extrapolation is simple
more generally, one can use separable approximations
deuteron results are quite impressive!

extension to three particles looks promising

evidence for UV universality with SRG-evolved interactions

Outlook / To Do
@ analyze three-body system in more detail
@ extend to large scale many-body calculations

@ figure out how to do reliable combined IR and UV extrapolations
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Summary and outlook

Summary

@ oscillator basis truncation corresponds to sharp UV cutoff
for separable interactions, the UV extrapolation is simple
more generally, one can use separable approximations
deuteron results are quite impressive!

extension to three particles looks promising

evidence for UV universality with SRG-evolved interactions

Outlook / To Do
@ analyze three-body system in more detail
@ extend to large scale many-body calculations
@ figure out how to do reliable combined IR and UV extrapolations
X%k
Thanks for your attention!
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