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Noise reduction exploration for the

extraction of the neutral pion mass

(from 3-month visiting period at Humboldt University)

RC* collaboration meeting David Albandea



Wick contraction with C* BC

* Quark-antiquark doublet formalism

Xf(@) = (i}%iﬁ%) xr(z+ Lk) = Kxp(x) K = ((1) é)

1
Sk =5 Zf:fd‘la? Xf(@)Dyxs(z)
* X and X are not independent Grassman variables: X = (¢, wC) = —XTC K

|-_L> non-vanishing <X>2> , <>_(>_<> : <XX>

ﬁ General Wick contraction rule

(xf(@)xp(y)) = =055 (CKD)_;

(J; a, 5 : spin

C 'g cd c,d : color
s

r S r,s : doublet




Spectral decomposition

(010(t)01(0) [0) = Y _ (0] O(t) |n) (n] O'(0) |0)

=" 0] O [ e 2Bt 22 (0] 0 |0)[* + (0] O [1)|* e~ 2E1

* 7’ interpolating operator: OWO (CU) — )Zu (CU)’)/E)XU (CE) — )Zd(LU)’YE)Xd(LU)

(Oz0(n)Ozo(m)) = (Xu(n)y5xu () Xu (M) ¥5Xu(m)) — (Xu(n)y5x0(7) Xa(m)¥5X0(m))

+u < d

(Oro(20)Ox0(y0)) = — 2tr [0, (wolyo) v Dy (yolwo)] - comnected

disconnected

Lt 5Dy (2o lwo)] tr [ Dy (yolyo))]

— tr[15D, (wolz0)] tr [vD; " (volyo)] +u <> d



Stochastic estimation of traces

ﬁ{ Stochastic representation of the identity matrix:

n~ CN(0,1) cCN
- Elm'] = Iyxn

*

Elni| =0, Elnin;] = 0i;

|-_L> Can use this to estimate trace of a matrix (Hutchinson algorithm)
tr A = tr [A]E[nn]t]} = E[n' An]

O'thA = Var[n' An] = tr AAT

ﬁ In our case A = ’y5D_1’y5D_1 and A= ’}/5D_1

connected disconnected




Stochastic estimation of traces

Connected pieces Disconnected pieces

Ceonn. (Y0 — o) D tr [v5Dy ' (zolyo) 15Dy (yo|wo)] Caisc. (Yo — ®0) D tr[y5Dy (zolzo)] tr[v5Dy " (yolyo)]

I-_L> Estimator: Il> Estimator:

772;;0)751)51 (20y0)75 Dy (Yol20) () Moy V5D (0120} gy 1]y 75D (Y0190) )

I-_L> Only needs 1 inversion of D (per flavor) E> Needs Ly+1 inversions of D

1
I-—L> Error o |-_|-> 1 _ 1
Nowe Error o< m N




Cheapest neutral pion mass

ensemble lattice I5; o Ko Kd = Ks Ke
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Smearing
|:> Need noise reduction techniques
Increase number of sources




* Smeared fermion fields
) = 1 +wH)" T 0¥ =T(14+wH)"

H: spatial hopping operator with smeared SU(3) and U(1) gauge fields

* New Wick contraction rule

X5N(z)x(y)) = S{x(z)x(y)) = —S(CKD) *(z,y)
Smearing source z

(5> Clonn. (Y0 — 20) D tr [Sy5Dy  (wolyo) s Dy (Yol o) S]

5> Cuise. (9o — 20) D tr[Sy5D;  (wol0)S] tr[vsDy  (yolyo)]




* Smeared fermion fields
) = 1 +wH)" T 0¥ =T(14+wH)"

H: spatial hopping operator with smeared SU(3) and U(1) gauge fields

* New Wick contraction rule

X5N(z)x(y)) = S{x(z)x(y)) = —S(CKD) *(z,y)
Smearing sink y

(5> Ceomn. (Y0 — m0) D tr [y5D,  (wolyo)SSvs Dy L (yolwo)

> Cuise. (w0 — 0) D tr[vsD;, " (wolzo)] tr[Sys Dy (yolyo) S|




* Smeared fermion fields
) = 1 +wH)" T 0¥ =T(14+wH)"

H: spatial hopping operator with smeared SU(3) and U(1) gauge fields

* New Wick contraction rule

X5N(z)x(y)) = S{x(z)x(y)) = —S(CKD) *(z,y)
Smearing sink y

(5> Coonn. (30 — m0) D tr [v5D; ' (wo0ly0) S S5 Dy * (yo|zo)]

(5> Cise. (90 — 20) D tr[y5D;, " (zo|z0)] tr[SSYs D, (yolyo)]




* Smeared fermion fields
) = 1 +wH)" T 0¥ =T(14+wH)"

H: spatial hopping operator with smeared SU(3) and U(1) gauge fields

* New Wick contraction rule

X5N(z)x(y)) = S{x(z)x(y)) = —S(CKD) *(z,y)
Smearing sink y

(5> Coonn. (30 — m0) D tr [v5D; ' (wo0ly0) S S5 Dy * (yo|zo)]

(5> Cise. (90 — 20) D tr[y5D;, " (zo|z0)] tr[SSYs D, (yolyo)]

Exploration:  # stochastic sources # smearing steps
Nae: 1 - 200 n: 0 - 400



Exploration with 20 configurations

Meg(t) = cosh™! [
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i R i::
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ﬁ Plateau is extended and error is reduced



Exploration with 20 configurations
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* Connected part saturates to gauge noise with few stochastic sources

* Disconnected part saturates to gauge noise after 50 stochastic sources (decaying with 1/N)

* Connected part dominates the error for low ¢ and >50 sources



Exploration with 20 configurations

L1 CE+DH)+C(t-1
Meg(t) = cosh™ [ ( 2)C(t)( )]
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* Saturation to gauge noise for low ¢, but 1/N scaling for big ¢

I-—LD Error cancellations
DS



Conclusions & Outlook

* Smearing extends the plateau of the effective mass

* Saturation to gauge noise in the correlator is reached with 50 sources...

* .. but error of effective mass keeps decaying after 200 sources due to

error cancelations

* Might be worth extracting the neutral pion mass with full statistics and a

choice of number of sources and smearing steps before jumping into GEVP




Code to compute disconnected pieces at opengxd-devel /dalbandea-pi0/main/ms7.c

(code not ready for production, only for reference)

Report at rcstar/neutral-pion repository

o Total time to do the inversions of one configuration for 64 time slices, 2 flavors and 50 sources:
8.18 x 10%s ~ 2.5h. It took around 5h due, most probably, to the application of smearing steps
(see also warning in sec. 4.2).

#SB
#S5BATCH -n 4096 -N 43
#SBATCH -p standard96
#SBATCH -A bep00102
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