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Holomorphic Sign Optimized
Gradient Flow Manifold Method
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Key fact:
Manifold = factorizable /\ 3

See Scott Lawrence’s
talk for details ¢
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(2+1) Thirring Model
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What is known?

p=70
. <?7;?7D> # 0 Spcntaneously at m =0 Hands et. al. [9512013]
- Chiral restoration at large V; Hands et. al. [0701016]
p# 0

o Complex Langevin + I—Ieavy Dense Pawlowski et. al. [1302.2249]
- Complex Langevin + Fermion bags rifisos.0s141]



What is not known
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Strategy

e Use SOMME manifold
e Combine with HMC

* High statistics
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HMC on Manifolds

— / Do e 5@ = [ D¢ |detJ(p)|e 5@
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coordinates
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Jacobian

Factorizable manifold

6:(8) = 6s + (M + hacos(s) + Agcos(26,)

_1 — 1A1sin(¢y) — QiAQSin(qux)_
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HMC on Manifolds

Standard HMC: H(=w Z o+ S(¢

P(’]“" ¢) ~ e—H(W,Cb) marginalize Z P(r, d) o S(6)

T

Kinetic: 537’  eee— %mewﬁ(cﬁ)};;wy

I

Manifold HMC: Z o[ oy Ty T 5(9)

marginalize

P(m,¢) oc e Hm®) —}ZP 7)o |detJ(¢)]e= 5@




H(m,0) = 5 3 malJ(6)1 (@), + S0

1

difficult if non-separable

SOMME is key
to HMC on manifolds




Results
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Chiral Condensate
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(T, ) Phase Diagram
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Upshot

* Complex manifolds in 2+1) v
* SOMME + HMC = speed
* (T, u) phase diagram computed



Thanks!



