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Glueballs in J

A={n=m,n)} 4D lattice

Consider SU(3) Yang-Mills theory in 4D: S, = g Z Z Re {Tr ll — Uﬂy(n)_ }
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(WHHOWH(0)) = = JQZ[U ] e YT Wiy wh(0) [B. Berg, A. Billoire, Nucl.Phys.B 221 (1985)]
1 N W' (t) = Wilson loop
~ N Z Wr(Uia t) WF(Uiao) + O (1/\”\7) ['={irrep,P,C} irrepe€ {A,, A,, E, T}, T,}
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Statistical Error /G. Parist Phys. Rept. 103 (1984) 203]

® Generate N gauge configurations UY(X, t)

e Apply link smearing to UY(X, ) to mitigate UV fluctuations
e compute Wir(t) = WF(U(i), )y V i=1, .... N

e compute C' (1) = (W () W' (0)) + variational method (due to S/N ratio)...
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| C(¢)
» Problem S/N Ratlo of Glueball C(t) / a(t) ~ \ﬁ\’e_mGt L8 * s.t. Ejy «— log ( )
correlation functions |

[G. P Lepage TASI (1989)]
' Extraction of E from C(7) at small ¢ is

| = contaminated by excited states (£, ...) ]
I — W W =W, ..., Wy
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tilevel

We want to find an other variable Bs.t. (B) = (A) but (B

1
Example: Ising model H = 5 lzk o S; S, <Si> — <tanh

IN /G. Parisi et al., Phys.Lett. B 128 (1983)] statistical errors o was red

by 10 with just ©(10) more measurements or “hits” of the Pol

Usually ©O(10%) more statistics is required to achieve the same :



‘Multilevel algorithm: Apg

Exploiting locality of pure SU(3) gauge theory for Polyakov loops, the aut

. X2 1
in terms of products of line operators L(x;) and two-link [(x,) operators _[r(x)aﬂﬁ = Uyl )aﬁ Uplx + 1 1)75

(W(B)) = <[L(0)W{ TO)T(@)] -+ [T(r - 2a)T(t — a)] } L ()%

afiyo

[...] = Sublattice expectation values / measurements Exponential e

(...) = Full lattice expectation values reduction achi

of timeslices

1
e.g. [_H_(O)—[l_(a)] = - J@ U] 1, T(0)T(a) e SLlWUlab  here sublattice
sub

Similar idea applied for Glueball spectrum

(W(t) W(ty)) et ((W(D)| [W(1)])



- Our simulations | su®) Yang-Mills, vV =24% = 6.2

l Fixed boundary
Updated
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2-level HMC Algorithm
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2-level HMC Algorithm We g
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e.g. for 7(1 we update the



2-level setups
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Performance of multil

EACA 1 8 3 5 5 5 i 0 0 ) A 2

(W)l (W] ) % el

1 /

s \
1/V'10

__ 1/s0-
N 1/V 100 [ O _

= 1//200" e—

© 1/v500 \

-~ 1/Y1000 SN

1/50-

SN
(was] W)+ )

zrel(t t

1/100+

| —&— t0=0 <[W(12)]X [W(4)]7\“>

t0 =06

1/500- 0 = 4

L 4 G 30 50



—~—

. /\L7

Performance of muitil
of]2f8] 4 [5]e fe [ o] i617[1e ] 19]20f21]22

<[W(t)] A [W(t() - 3)] 7\“7>

1/1000

to=3

z:1‘61(

~

At= 3

| —e— At= 6

| —o— At= 7
1/500-

S

\

10 30 50

N

AN

(W) [WO)|5)

(W0l [W3)|5)



Performance of multile
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Performance of multile

Weighted average

w(t, ty) = 1/ 6%(t, 1)

C(t, 1) = ([W®D)|+ [

+ +
T2

1.4

1.2-

1.0-

0.8+

Meft

0.6

0.4 -

0.2

-

0.0

~



GEVP effective massc

N; = 101 configurations X N, = 1000 subme
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@ Revisited SU(3) glueball spectrum in 4D in pure gauge t

® Error reduction of ~ N, with N, =1, ..., 1000 updates

® Observed dependence of the error reduction on the dist

\ ® GEVP with 5 length-8 operators x 4 APE smearing radii
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@ Adopt less noisy operators (length-4, length-6)

¢ Investigate covariance ¢2(t, ty) ~ ( W(t) W(0)W(t,) W(0)) — «

|

|

\ @ Consider larger ensembles & continuum limit
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