HISQ 2+1+1 light quark hadronic vacuum polarization
at the physical point

Tom Blum(UCONN/RBRC)

Lattice 2018, Michigan State University

July 27, 2018

1/25



Collaborators

Christopher Aubin (Fordham),
Maarten Golterman (SFSU),
Chulwoo Jung (BNL),

Santi Peris (Barcelona),
Cheng Tu (UConn)

2/25



Outline |

@ Introduction

3/25



HVP contribution to muon g—2 [Blum, 2003, Lautrup et al., 1971]

oy &

+
Using lattice QCD and continuum, oo-volume pQED

a,(HVP) = (g)z /OO dq” f(¢°) A(q)

™ 0

f(g%) is known, 1(g?) is subtracted HVP, f1(g?) = M(g?) — M(0), computed directly
on Euclidean space-time lattice

" (q) = /d4xe"’x</“(X)j”(0)> JH(x) = ZQ;@Z_)(X)V%(X)

= N(¢*)(q"q" — q°5")
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Time-momentum representation semeckereyer 2011
Interchange order of FT and momentum integrals
5 cosqgt—1 1,
Ng®)-nE) = Y —@ T3t C(t)
t

ct) - ;Zo;-(x)j,-(o»

> dw wt—1 2
w(t) = 2a2/0 jf(w2) [((;Ossinot:;/2)2 + g]

" = N w(t)C(r)

t

(note double subtraction)
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Staggered Dirac operator M

Sum of hermitian and anti-hermitian parts, so it satisfies (even-odd ordering)

v() () () - () o
(o o) W) () - ®
2

— MoeMeo 0 No _ 2 2 No
< 0 m? — MeoMoe > < Ne ) = (m+2X) Ne (3)

Compute eigenvectors ng(e), m? 4 A2 of preconditioned Dirac operator

and
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Staggered Dirac operator M
Eigenvectors of preconditioned operator are eigenvectors of M with squared magnitude
eigenvalues, construct the even part from odd,

—i
Ne = )\—Meono.
n

eigenvalues come in + pairs: If (n,, ne) is an eigenvector with eigenvalue A, then
(=1)%(x) = (=10, ne)

is also an eigenvector with eigenvalue —\.

G ) () = mm(C) @

Thus we can construct pairs of eigenvectors with +i\ for each A2, n,!
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HVP using spectral decomposition of M~!

Use conserved current
00 = —5m) (R0t DULGOXG) + X0 UGOX(x + )

and spectral decomposition of propagator

N(low)
M-l _ (x|n){nly)  (x|n_)(n_|y)
Xy Z m-+ i\, + m— i\,
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HVP using spectral decomposition of M~!

44,(t)d(ty) = ZZ (ml|x + ui\f(xxxw > (nly) Uy():\)n<y + v|m)

X y

3 (m]x) Up(x) {x + pln) 3 {nly) Un(y)(y + v|m)

- Am - An

X y

+

m|x U,Ex x|n n VUl m
Z< |x 4 1) Un(x) (x| >Z< ly + >An(y)<y! )

3

y

Am An

—

i
N Z: (m[x) Up(x)(x + p|n) T (nly + v)Ul(y)(y|m)

An shorthand for m =+ i\,, need to construct the matrices (meson fields)

(/\H(t))n,m = Z <n‘X> UH(X)<X + Iu‘m>(_1)(m+n)x+m

X

(order eigenvectors Ao, —Ag, A1, —A1, ..., —Aon,)
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HISQ 24141 physical point ensembles wic pazsvor et at, 2017,

| my (MeV) | a(fm) | size | L(fm)| mgL | meas (approx-corr-Ima) |
133 0.12224(31) | 483 x64 | 587 | 3.9 26-26-26
130 | 0.08786(26) | 643 x 128 | 5.62 | 3.7 18-18-40

135 0.05662(18) | 963 x 192 | 544 | 3.7 14-22-18
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Noise reduction: AMA+ LMA RBC/UKQCD [Blum et al., 2013, Giusti et al., 2004, DeGrand and Schaefer, 2005]

All mode averaging (AMA) combined with full volume low mode averaging (LMA) can
be very effective in reducing statistical errors for HVP (C. Lehner rsc/ukacp [Blum et al., 201])

1
AMA <O> = <O>exact - <O>approx + N Z<Oi>approx

(Oi)approx constructed from props with Ny, exact low modes, sloppy CG
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Noise reduction: AMA+ LMA RBC/UKQCD [Blum et al., 2013, Giusti et al., 2004, DeGrand and Schaefer, 2005]

All mode averaging (AMA) combined with full volume low mode averaging (LMA) can
be very effective in reducing statistical errors for HVP (C. Lehner rsc/ukacp [Blum et al., 201])

AMA <O> = <O>exact < approx + = N Z i approx

+LMA /\/Z LM+VZ

(Oi)approx constructed from props with Mgy, exact low modes, sloppy CG
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Noise reduction: AMA+ LMA RBC/UKQCD [Blum et al., 2013, Giusti et al., 2004, DeGrand and Schaefer, 2005]
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Huge reduction in statistical error at long distance from full volume low mode average

c.f. [Blum et al., 2018]

t/a
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@ 43 x 4 = 256 approx props
@ 8 exact props

@ 3000(x2) Low modes of
HISQ Dirac operator

(2000(x2) for 96%)

(integrand is plotted)
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Lower: C(t) =0, t> T (BMW choice)

Bounding method RBC/UKQCD [Blum et al., 2018], BMW [Borsanyi et al., 2018]

—Eo(t— T

Upper: C(t) = C(T)e ol Eo =2y/m2 + (27 /L)?
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15/25



Continuum limit at finite volume (L ~ 5.5 fm)
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Window method RBC/UKQCD [Blum et al., 2018] comparison with DWF and R-ratio

ay =Y C(t)w(t)(O(t, to, A)—O(t, t1,A)),
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O(t,t’,A) = 0.5(1+tanh((t—t')/A))

allows precise comparison of
continuum limit

tpo=04,t;, =10, A =0.15fm
all points physical
all L~ 5.5 fm

difference is 2-3 o lattice spacing,
statistics may be responsible
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Window method RBC/UKQCD [Blum et al., 2018] comparison with DWF and R-Ratio

al‘j‘/ =3 C(t)w(t)(O(t, tg, A)—O(t, t1,4A)), ©O(t,t',A) =0.5(1+tanh((t—1t')/A))
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Window method RBC/UKQCD [Blum et al., 2018] comparison with DWF and R-Ratio

ay =Y C(t)w(t)(O(t, to, A)—O(t, t1,A)),
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allows precise comparison of
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all physical points
all L~ 5.5 fm

difference is ~ 20
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Summary/Outlook

Lattice calculations of HVP important for muon g-2 SM v. Exp comparion
e Physical point 2+1+1 HISQ HVP calculation on large lattices
o AMA+LMA very effective for achieving small statistical error (c.f. RBC/UKQCD)
e u+d quark connected contribution only

Important to compare different lattice calculations
o Window method by RBC/UKQCD allows precise comparisons in continuum limit
small difference with DWF in continuum limit, R-ratio (< 0.7% of total a,,)

need to understand differences
future

- improve statistics on 0.06 fm, 96° ensemble
- compare with other staggered calculations

21/25



Acknowledgments

@ This research is supported in part by the US DOE.
o Computational resources provided by the USQCD Collaboration
@ We thank the MILC Collaboration for the use of their configurations

22/25



Outline |

@ References

23/25



Bazavov, A. et al. (2017).
B- and D-meson leptonic decay constants from four-flavor lattice QCD.

Blum, T. (2003).

Lattice calculation of the lowest order hadronic contribution to the muon anomalous
magnetic moment.

Phys.Rev.Lett., 91:052001.

Blum, T., Boyle, P. A., Glpers, V., lzubuchi, T., Jin, L., Jung, C., Jttner, A., Lehner, C.,
Portelli, A., and Tsang, J. T. (2018).

Calculation of the hadronic vacuum polarization contribution to the muon anomalous
magnetic moment.

Blum, T., lzubuchi, T., and Shintani, E. (2013).
New class of variance-reduction techniques using lattice symmetries.
Phys.Rev., D88(9):094503.

Borsanyi, S. et al. (2018).

Hadronic vacuum polarization contribution to the anomalous magnetic moments of

leptons from first principles.
23/25



Phys. Rev. Lett., 121(2):022002.

Chakraborty, B. et al. (2018).

Strong-isospin-breaking correction to the muon anomalous magnetic moment from lattice
QCD at the physical point.

Phys. Rev. Lett., 120(15):152001.

DeGrand, T. A. and Schaefer, S. (2005).

Improving meson two-point functions by low-mode averaging.
Nucl. Phys. Proc. Suppl., 140:296-298.

[,296(2004)].

Giusti, L., Hernandez, P., Laine, M., Weisz, P., and Wittig, H. (2004).
Low-energy couplings of QCD from current correlators near the chiral limit.
JHEP, 04:013.

Lautrup, B., Peterman, A., and De Rafael, E. (1971).
On sixth-order radiative corrections to a(mu)-a(e).
Nuovo Cim., A1:238-242.

24/25



Outline |

e backup slides

24/25



I_i ht Uark mass de endenCe Of a FnalHpgcdMilc[Chakraborty et al., 2018]
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strong isospin breaking study
m,; = 135 MeV
a=0.15 fm

change in a, for 130 MeV pion is
negligible ~ —2 x 10710
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