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Neural Quantum States
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* NQS =Variational Monte Carlo + NNs x4 \l/ T / ) — <H>
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G. Carleo & M. Troyer, Science 355 (2017)

* FermiNet:

D. Pfau et al,

Phys. Rev. Research 2 (2020)



NQS for Nuclei
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Learning the ground state
* Local Quadratic Model: M, (§) = ;5TQ5 + L5+ C
* Trustregion: / — {0: 5TRn(5 < 7“2}

* Update: 9n+1 — Qn + 571 where On =argmingep M (9)
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Learning the ground state

1
* Local Quadratic Model: M, (§) = 25TQ5 + L6+ C

dampening
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Part |l: Decision Geometry



Decision Geometry 101 /pmbabmty

* Loss function from a scoringrule E(Q) = —]EX ~Pg [S(Xg pe)]

* Expected score S(p, ) EXNp [S(X q)]
local scoring rule

+ Divergence Dg(p,q) = S(p,q) — S(p,p) >0

» Taylor-expansion of divergence [ ¢ (pg, p9+5) 5TGb (9)5 + 0(53)

« (5 g is positive semi-definite

A. P. Dawid, Ann. Inst. Stat. Math. 59 (2007);
T. Gneiting & A. Raftery, J. Am. Stat. Assoc. 102 (2007)



Decision Geometry 101 robability

* Loss function from a scoringrule E(Q) = —]EX ~Pg [S(X, pe)]

* Expected score S(p, q) — EXNp [S(X, C])]

local scoring rule
+ Divergence Dg(p,q) = S(p,q) — S(p,p) >0

1
* Taylor-expansion of divergence DS (p97p9+5) = §5TGS(9)5 —+ 0(53)

N

. GS is positive semi-definite —) Q metric

[5,,1 _ acsl(en)vz:(enﬂ

A. P. Dawid, Ann. Inst. Stat. Math. 59 (2007);
T. Gneiting & A. Raftery, J. Am. Stat. Assoc. 102 (2007)



Natural Gradient Descent
- Loss function £°"P (6’) = EXNQ [— In Po (X)]
* Kullback-Leibler divergence D1, (pg, por) =Ex~p, [—Inpg (X) — (—Inpy(X))]

* Fisher Information Matrix (FIM) F(Q)gigj =Ex~p, [892. In pg (X)agj In pg (X)]

n

&NGD—reg — —aF1(0,)VL (QH)J

S. Amari, Electron. Commun. Jpn. 66 (1983)



A hew proposal

* Local score informed by a local estimator of the loss: SVMC (X, pg) = _EL,G (X)

+ Divergence  Dynic(pg, por) = Exp, | BL,9(X) — Ep (X))

A
1
* Metric  Gynmic(0)e0; = ZEXNW 99,0, In pg (X)) g, Ox, Inpy(X)]

+ Quadratic model )[;"P (§) = %5TGVMC(9W,)(5 +VE(6r) 0+ E(6n)

M Gy
 Decisional Gradient Descent (DGD) / G

E(6), Vo E(0) | Gvmc > AMEta, pt—s a AM + 46,1 | Uy
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Results

e 1 & % o)
* System: chain of 1D spinless fermions H = —3 E Vf — 5 E xf +—% E e 29
i=1 i=1 V2Tog =
« Comparison: Natural Gradient Descent vs. Decisional Gradient Descent
NGD vs DGD: A =2, Vj = —10
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/” i N —— NGD |
R (Sn Cl
&%&é ]
E0).VoE0) = B [ Sl o —lon e el FV WL (0L (W o HF
—DGD Gvme 4 e, [T e R R R R R R R R S |
/ _N ‘
«e"o&@' On =
E(0), Vo E(0) > Gvmc h > AM o, 1 > aAM + 16,y » Wy
00 1000

Epochs

M. Drissi, JW.T Keeble, J. Rozalén Sarmiento & A. Rios, Phil. Trans. R. Soc. A. 382 (2024)



DGD vs. NGD
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DGD vs. ADAM
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DGD vs. ADAM

S

M. Drissi, JW.T Keeble, J.

Epochs

Rozalén Sarmiento & A. Rios, Phil. Trans. R. Soc. A. 382 (2024)



Future Outlook

* Nuclear wave functions are complex objects % (X) c C

* |n systems with complex wave functions, we need to include the phase in the metric

* Systems with discrete degrees of freedom (e.g. condensed matter) —} work in progress b
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