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from time-momentum current correlator

Bernecker etal. 11, BMWc 13, Feng et al 13, Lehner 14, ...

@ Compute on T x L3 lattice
3 3
Cut) = 5 303 x40
=1 X

W/ Jy = 2Uyuu — Jdvy.d — 35yus+ 28y.c+ -

@ Decompose (C[~' = ZC})
C(t)y = Ci‘d(f) + C(t) + C{(t) + Cfisc(t)
= CF'(H+ o1
@ Obtain euwe17)
an 2 a T/2
5@ < G =, im - (2) <m2> > W(tmy, Qrax/m,) ReC(1)
; * b/ =0

w/ W(T, Xmax) known kinematical function

@ Focus on ud contribution: dominates a:°""" and its stat. and syst. errors
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Leading systematics with staggered fermions

@ a.9MVP has strong dependence on 2-r states

2 oo
LO-HVP o
a: — <;> / ds K(S)Re+e*—>hadrons(s)
Sth
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= FV effects may be large (Goltermanetal. 16), i.e. few % for L ~ 6 fm

= Taste-breaking effects are significant: effective M, ~ MPMS > /GB

640 —
620 Continuum extrapolation is also a chiral
8 60 extrapolation
8 580 = large &2-dependence (~ 20% for
E’ 560 a~ 0.131 fm @uwe 17)
8 540 . . -
& - = possible non-linearities through
520 - 5LaIL,O,ZEfVP ~ 5w [_L JMEB)Z ] x aZAKS]
500 0 0.005 0.01 0.015 0.02
lim?) = must be controlled to get s 2P < 1%
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Soln 1: LO xPT for FV effects

@ FV effects are long-distance effects, determined by lightest states contributing to process
@ Here | =J =1, 2-7 states

@ Determine in xPT, to LO (awinetal15), i.e.

2
=1 Prree —2Ereey
CL,LO-XPT 3L3 Z <Efree> P
Piree
with £/°° = /M2 + B2
@ Then C |_o pr(t) — [ JO_XPT(t) can be used to estimate FV effects

@ Find, for M; ~ 135MeV and L ~ 6 fm @Evwe 17),

AFVaLO HVP 2.3% x aLO HYP
— probab|y 0(50%) too small (pelia Morte et al 17, Shintani et al 19, Aubin et al 19

@ Can do better
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Soln 1: LO Sy PT for taste effects

@ Taste-breaking effects also mostly come from low-lying 2-7 states

@ Determine in SxPT, to LO (aubinetal 15, HpacD 17), i.€.

2
/=1 2 Piree 72Elre_et
CL‘LO'SXPT(L a A 3L3 Z Z (Eiree) P
Biree /=0
i free _ 2 B2
with EP’J BV, Mmj + Piree

@ Then C 7l ,pr(t,0) — ClT. SXPT(t a? AX®) can be used to estimate taste effects
640 :

a, s IN reference box

| LO-SXPT —6—
nocorr —8—

0 0.005 0.01 0.015 0.02
a’[fm?]

@ Helps but is it possible to do better?
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Soln 2: NLO SyPT
@ At LO, the two 7 are free

=- omits strong p—=m coupling
= compute at NLO @inens et al 99, Aubin et al 19)

@ NLO includes LO 2-r rescattering and slope of Fr(Q?)
o S0

0] 0]

o> oo
> QQ 8

0 8‘

@ However NLO only obtained in continuum (ausin

v

etal 19)

= helps FV corrections: increase by O(50%) for M ~ 135MeV and L ~ 6 fm
= does not improve taste corrections
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Soln 3: add point-like p to SXPT and model lattice p

@ Construct field theory that couples ~v-p-mm wegerlenner 11)
@ Gives much better description of M(Q?) in continuum

@ Add taste breaking to pion loop contributions and work out coupled system to one pion
loop (Hraco 17)

— gives FV and taste corrections similar to LO SxPT

= further correct for taste breaking by measuring m,, in units of lattice “M,,” from usual
correlator fits (ervic 11, Hraco 17) or by modelling Cy () at large t FnauHPacomiLe 17)

660 with FV + discretization corrections

and M__ adjustment

? ATRT S
raw values % % :

I L I I 3
0.005 0.01 0.015 0.02 0.025

¢:2 (l'n12)

640

L

1
SR SN SN S O S

Possible issues:

@ p not treated as a resonance in M,-rescaling

@ reduction of number of (staggered) states in modelling of C;(t) is done by fitting, not e.g.
by systematically eliminating taste copies
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Soln 4: phenomenology inspired FV corrections

Introduced for FV effects (veyer 11). Use:

@ 2-m, 5J 7 (p) from phenomenology

@ Lischer to get Ep = /M2 + p2? in FV, where p = |g| is momentum carried by each of the
two interacting 7 in FV

’,

@ Lellouch-Luscher (LL) for interacting [(0]Jj|7+(p)=—(p))|. in FV from free ampI|tude Efree

Then
Cliopr(t) = Clilas(t) = 3L3 ZZ\ OfJj|m T (p)m = (p))[Z e 2Ee!

and CZ os(t) — O/l g (1) gives estimate of FV

— good for FV corrections: increase by O(50%) over LO xPT for M ~ 135MeV and L ~ 6 fm
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Soln 4: phenomenology inspired taste corrections

Here explore naive staggerization of phenomenological model

Clilas(t) = Cldias(t; A"S) = La ZZZWI 01l (p)m~ (p))[2, e 2t
i p j=0

@ Compare model to lattice data using a sliding window

T/2
- an 2 a
AT i 860, < G = (1) (w)Z[@(t:twm,A)
H/ =0

—O(t; tuin + A, A)|W(tm,,, Qo /m,) ReCL7' (8)

w/ O(t, ty, A) = [1 + tanh[(t — t)]/A]/2 as in rec/ukaco 19
@ Take At =0.5fm, A = 0.15fm and slide window in steps of 0.1 fm
@ Implement using Gounaris-Sakurai (GS) model (Francis etal 13)

@ Same comparison with LO SxPT
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Sliding window: lattice vs LO-SyPT

lat LO-HVP LO-HVP
Agste(twin) = @721 jat(twins L, @fine) — ;7121 jat (win, L, acoarse)

LO-SxPT __ ALO-HVP 2 A KS LO-HVP 2 A KS
Ataste (twin) - au,/:1,LO-SXPT(twin: L7 (a A )fine) - aM,/:1,|_o.sX|='T(leir17 L7 (a A )coarse)

30 T T . . , .

S 4stout —o—

B 251 » LO-SXPT —— |

<)

% 20 : :

2

[ 15 - B B

: oy

© 10} )

(V)

S 5 ODPD

i 1+

g of= 53 l

(51
10 ; ; ; ; ; ;

twin[fm]

@ L O SXPT describes taste-breaking corrections well for t > 2.0 fm
@ Correct taste breaking in simulations with LO SXPT using either t > 2.0fm or t > 2.5fm

@ Use spread in continuum systematic error
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Sliding window: lattice vs SLLGS

Alteallste (twin) = aI,;O/ H¥|at(twm7 L, &jine) — aHO/ H1 |at(twm7 L, acoarse)
SLLGS LO-HVP KS
Apste - (fwin) = a;z,,I:LSLLGs(tWina (azA )fine) — u/ 1 SLLGs(twm» 7(32A )coarse)
30 T T T T T T
4stout —o—
o5 | : : SLLGS —— |
20 +
LI : Db
!

10 | (] 1
®®
5 @@ Q ]
0 (C.0) AR
1
° |

10 ; ; ; ; ;
0

ay win fine(4.0126)-coarse(3.7500)

twin[fm]

@ SLLGS describes taste-breaking corrections well for t > 1.5 fm
@ Correct taste breaking in simulations with SLLGS using either t > 1.5fm or t > 2.0 fm

@ Use spread in continuum systematic error
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680

660 | 1
x
S 640 f.
9
2 620 P
o
% 600 |
£ 580 |
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Z 60 N
@ SLLGS>1.5fm RN
540 | LO-SXPT>2.0fm —&— 1
520 nocorr '—6—" . &
0 0.005 0.01 0.015 0.02
a’[fm?]
errors [%] none LO-SyPT SLLGS
o (&og"T) 15 15 1.6
srereR (g oavhy 2.2 1.0 0.6
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Conclusions

LO-HVP

m come from FV

@ Leading systematic errors in staggered computation of a
and taste-breaking effects

@ Explored 4 solutions
@ LO-SXPT: helps but can do better
@ NLO-SXPT: NLO only implemented in continuum; improves FV but not taste breaking
@ SLLGS: improves FV AND taste breaking

@ SLLGS looks like a promising way to allow reducing dista:> """ to below 1%

@ If NLO staggered implemented, NLO-SXPT may provide a satisfactory solution
also for taste breaking

@ Hansen & Patella 19 presents very interesting framework for FV effects, but

neglected e V2LMr gre significant for parameters of current simulations with
LM, ~ 4
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