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Preweighting method
in Monte-Carlo sampling with complex action
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# Introduction
# Preweighting
# Verification in AFMC-SCL Configs.

& Summary
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Finite density LOCD and Sign Problem

# Dirac operator at finite p

¥s D(w)ys=|D(—w")] —[det D(w)]'=[det D(—u")|

Fermion det. becomes real for p=0 or p=i py,
but for real finite p, det D is complex.

# Phase quenched simulation + Reweighting
(0)=(0e"),,1(e")

Error becomes large when the average phase factor is small.

Pq

# Many methods have been proposed.
Taylor expansion, Imag. n +AC, Canonical, Re-weighting,
Strong coupling LQCD, Fugacity expansion,
Histogram method, Complex Langevin, Lefschetz thimble, ..

It is still difficult to go to low T region .....
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Strong Coupling Lattice QCD

Wilson ('74), Kawamoto ('80), Kawamoto, Smit ('81),Aoki ('84), Damagaard, Hochberg, Kawamoto ('85),
Bilic, Karsch, Redlich ('92), Fukushima ('03), Nishida ('03), Kawamoto, Miura, AO, Ohnuma ('07).
Miura, Nakano, AO, Kawamoto ('09), Nakano, Miura, AO ('10), Mutter, Karsch ('89), de Forcrand,
Fromm ('10), de Forcrand, Unger ('11), Misumi, Nakano, Kimura, AO('12), Misumi, Kimura, AO('12),
AO, Ichihara, Nakano ('12), Ichihara, Nakano, AO ('14), ...

# Integrate links first, and fermions later — Milder sign prob.

@ We can see the 1st order phase boundary
in the Strong Coupling Limit.
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Strong Coupling Lattice QCD (cont.)

P Average phase factOl' < ei9> average phasze factor (1 NLO), f=0, 3
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Preweighting
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Preweighting Method

8 Assume 0 dist. is Gaussian S. Ejiri, PRD77('08)014508
Dl+i6 ] e—ez/z A [D] "
Z=| Dddo l D®dO — l
J ] ¢ [Zzalo] |
=fDd)e_S'R *Nexp(—A*[@]/2) 0-dist.
® dep. APF
8 Preweighting supp. large 6 @ dep. supp. factor
Z,w=| DOd0e™"" [exp(—f(0))= [ DD " | F(A[D)])
—6%/2A° o
=f do< e /19
V21 A
If F(A)=exp(-42/2),
we can obtain Z w/o sign problem.

Y ITP
T o L e Ohnishi (@ Lattice QCD at Finite T and p, KEK, Jan.20-22, 2014 7



Preweighting Function

# Can we find f(0) which satisfies F(A)=exp(-A2/2) ?

— Yes, as perturbative series of A
32 _Eﬂ n _gl.:- 17

- Lg
f9) =30+ 33 15 1260
- F(A)=exp(—=A°/2)+0(A") *

0.8 |
# But there is no free lunch.
yhde o 067
fde\/ e /19 = 04|
2 A 0.2 |
f doe”’ (A—>oo) 0

JZHA

# Practical method: Preweighting+Reweighting

@ MC with preweighting fn, e.g. f(0)=02/2,
@ Make a histogram in @ and obtain A[D]

@ Give Reweighting factor exp(-A2/2) / F(A)

—— 6" + "

Let us examine
in AFMC-SCL !
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Verification
in Auxiliary Field MC Confs.
in the Strong Coupling Limit
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0 dist. in AFMC-SCL (1/T=0.8)

T.Ichihara, AO, T.Z. Nakano, PTEP2014 123D02.
...... AFMC 43X4 O

8 0 dist. ~ Gaussian

8 average prew. factor ~ 0.7 Ll : _'
2nd ord.
s average phase factor ~ 0.5-0.6 F g

Preweighting accounts for
a large part of weight cancellation !
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0 dist. in AFMC-SCL (u/T=2.4)

T.Ichihara, AO, T.Z.Nakano, PTEP2(014,123D02.

# 0dist. #Gaussian 77U AFMC 45X4 O
16 f BaX4 —6— 1

6.X6 —i

@ 0 distribution well extends
around 0 ~ 7.

1.2

|_

— We need to consider 0.8
mirror contributions.
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Mirror contributions

# Mirrored Gaussian

0—-2mn)
2A° )

P(0) = expl(-

@ Apparent std. dev. A (obtained in —n< 0< 7)
— Actual A (defined in -00< 0 < o0)

@ Alternative
Obtain 0 in -0 <0 <o (Ejiri)
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0 dist. in AFMC-SCL (u/T=2.4, again)

# 0 dist. ~ Mirrored Gaussian

el 63X4 —6— ]
@ APF is also well explained ol <
with Mirrored Gaussian. | EemDp
@ average prew. factor ~ (0.4-0.6) Vo
@ average phase factor ~ (0.1-0.3) | f |
[ b——— - - -
Preweighting accounts for 0 02 04, 06 08

around half of weight cancellation !
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Summary

s ERERICBWLWTRIL->TIERE 125X 5F % (preweighting) &
REL],
@ Phase quenched MC [ZEUVT exp(- 02/2) DEFEZRAITHIFTT
sampling Z{ToC&IT&Y, AN KEIBOCE AL ZHIH,
@ Sample M5 0 DE/SFZEROH . EEM exp(-A2/2) E5HED
reweighting , (c.f. Historgram method, Ejiri)

s RIESEREET QCD DFBIE MC(AFMC-SCL) EBiiZ AT,
preweighting + reweighting DB XEZFHEMNOT-=,

@ preweighting [Z&kY Average Phase Factor DEL DENEES
BT S,

o HORBEEBDEYAAHFETERT S5E AFMC-SCL DFERI(E
o A VRGWIELTHELERREREDOHEHET—H,

@ Chiral condensate 7XE DFBEIZDLVTHFIL prew.+reweighting
factor 12V % DEET MC DEEFH,
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Discussion & Future works

s 0 3MDIEHVRE
@ SC & HP expansion: Greensite, Myers, Splittorf, arXiv:1311.4568.

@ Superposed Lorenzian in the 7 cond. phase
M.P. Lombardo, K. Splittorff, J.J.M. Verbaarschot,
PRD80 ('09) 054509
(not relevant to SC-LQCD)

a8 Application to other systems

@ AFMC with 1/g2 terms

® Link MC LQCD 0005}
LADMZLT ncond. phase Z&

HI 7 - 4th / 2nd
—_ h—0.1 n
N, = 2048
s £(0)=02/2+ (V0)2/2 ? *
0ozt '.IJ - . = .I'.ﬁ ' -
8 -1<0<m —GI}%':E%’P 1 (0.2 (.4 ]rI.JL. (.8 I 1.2
- Greensite, Myers, Splittorf, arXiv:1311.4568.
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Thank you !
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Observations

# Original MC (phase quenched)
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Apparent and Actual Std. Dev.

8 Apparent A

AL=]" P(6)o’

8 “Actual” A

P(0)=)> P_.(6—2nm)
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