[ HVP contribution to (g — 2), : status of the Mainz calculation ]

Antoine Gérardin

In collaboration with M. Cé, G. von Hippel , B. Hoerz , H.B. Meyer,
D. Mohler , K. Ottnad, J. Wilhelm, H. Wittig

16 November 2020

universite

@ PRiISMA "SFB% (Aix Marseille

sonannes GUTENBERG THE LOW-ENERGY FRONTIER
UNIVERSITAT MAINZ OF THE STANDARD MODEL

Antoine Gérardin HVP contribution to (g — 2),, : status of the Mainz calculation



Specificities of our setup

» Time-momentum representation [Bernecker, Meyer '11 '13]
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Electromagnetic current : V,(z) = 2u(z)y,u(z) — 3d(z)v,d(z) —

» Ny =2+ 1 with Wilson fermions : O(a)-improved (action + currents)

— one ensemble at the physical pion mass
— all ensembles with m,L > 4

» Discretization errors : 4 lattice spacings in the range 0.050 - 0.085 fm < 0.1 fm!
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Light, strange and charm quark contributions at the physical pion mass
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Challenges for a high-precision calculation :

e Charm quark : large discretization effects
e Light contribution dominates — noise/signal increases exponentially with ¢

— finite-size effects O(3%) at physical point (m,L = 4)

. 6ath
— Scale setting : muon mass = external scale —4= ~ 2 %“
a

n
e Disconnected diagrams of the order of O(2%)
e Continuum and chiral extrapolation (interpolation)

e QED + strong isospin corrections : O(1%) (Talk by A. Risch on Wednesday)
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Published result in 2019

'’ = (720.0 £ 12.4g50 £ 9.9455t) - 10710 [Phys.Rev. D100 (2019)]
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— Precision of 2% (dominated by statistics)
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Update : strange and charm quark contributions

Strange quark
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Charm quark
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e Two new ensembles close to the physical point have been added

e Error dominated by the scale setting — will be reduced in the future

e Charm quark : large discretization effects for the local discretization of the vector current

Antoine Gérardin

HVP contribution to (g — 2), :

status of the Mainz calculation



Light quark contribution
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e Physical pion mass
e Fine lattice spacing ~ 0.065 fm
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Solution to the noise problem (m, = 200 MeV)

e The vector correlator has a spectral decomposition :
Gi(t) =Y [Auf? el By =2y/m2 + k2
n

e [, and A, have been computed on the lattice using a dedicated spectroscopy analysis
— stochastic LapH method

— includes 2-pion interpolating operators  [Andersen et al. '19]
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Solution to the noise problem (m, = 200 MeV)

e Bounding method : [BMW '17] [RBC '18§]

0 < Gi(t) < Gy(t,) e Bolt=t) ¢ >,

— Fy : ground state (in finite volume)

a,™! = 602.54(6.39) x 107"

e Improved bounding method :

n
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— Reduction of the error by a factor ~ 2
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Correction for finite-size effects

Method proposed by H. Meyer in 2012

» The iso-vector correlator in infinite volume

I=1 > 2 2\ —wt 2 1 4m72r 32 2
G (too) = [ dweplw?) e, pl?) = g (1 EP (1)

2
M w

» In finite volume the correlator is given by the spectral decomposition

GI=l(t, L) = Z\A Ze” B = 2¢/m2 + & (2)

— Discrete energy levels < nw phase shift [Luescher '91]

— Overlaps A; in finite volume <> timelike pion form factor [Meyer '11]

F ()P = (q¢'<q> +ka‘51) 3T 4

Ok | 2k5

» Key ingredient : timelike pion form factor computed on the same ensembles

— 071 and F;; have been computed on a large set of ensembles [Andersen et al. '18]

[ Finite-size correction = (1)—(2) ]
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Correction for finite-size effects : check at m, = 280 MeV
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» Our procedure works remarkably well at m, = 280 MeV [PRD 100 (2019) 014510]
» For a subpercent precision, finite size effects are important at the physical pion mass!
m;L=4 (L=062fm) = Aag,=226x10"" (3%)

» In this case, the FF is obtained assuming a Gounaris-Sakurai model with parameters
obtained from a fit to the lattice data
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Extrapolation to the physical point

Fit 1 : a™(a,7,d) = a™ + 650> + 7 (T — Jexp) + 72 (log ¥ — 10g Yexp)

Iz M
Fit 2 aﬁVp’l(a,ﬂ, d) = CL};Vp’l + 5d CL2 + 5 (g_ gexp) + Y (1/g_ 1/gexp)
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— We are accumulating more statistics at the physical point
— Two new ensembles close to the physical pion mass have been added

— Dedicated spectroscopy analysis (GEVP) is ongoing on further ensembles
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Update : quark-disconnected contribution
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» Isospin decomposition instead of flavor decomposition

G\ (1) = %Gl(t)

G(t) =G (t) + G'"(t) with ] ] 4
G'=(t) = 1—8Gl (t) + §G5(t) + §Gc(t) + Glise (1)

» Apply the bounding method to the isoscalar contribution (admits a spectral decomposition)

0 <G (1) < GIE(t)e ™7t ¢ >,

» Subtract the (precisely known) connected contribution
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Quark-disconnected contribution

e CLS ensembles : Tr[m, + mg + ms] = const

o Ny = mﬁ( — mfr : vanishes if mg = my

Finite-size effects : —% X AaESE’hght

singular behavior of the light connected contribution in the isoscalar part must be compensated by the
disconnected contribution — systematic uncertainty

Status in 2019 (published)
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Quark-disconnected contribution

e CLS ensembles : Tr[m, + mg + ms] = const

o Ny = m% — mfr : vanishes if mg = my

Finite-size effects : —% X AaESE’hght

singular behavior of the light connected contribution in the isoscalar part must be compensated by the
disconnected contribution — systematic uncertainty

Status in 2020 : ensemble at the physical point still in production
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P U5 5 1010 — (—14.8+£2.8)  (PRELIMINARY) Discussion session on Tuesday
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Window quantities

e Short distances : WSP(t;tg,t1) = [1 — O(t, tg, A)]
e Intermediate distances : ~ WP (t;¢9,11) = [O(t, tg, A) — O(t, t1, A)]
e Long distances : WED (t: 10, 11) = O(t, 11, A)

Smooth step function : O(t, ', A) = [1 + tanh[(t — ') /A]] /2

Lattice data

¢ [fn]
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Window quantities : intermediate distances

azvp,window,ud X 1010
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e Finite-size effects are small
e No noise-problem at large Euclidean times
— no sophisticated treatment of the tail needed

— we use the bounding method

(m —m2)? [GeV]

— No fr—rescaling

— With fr—rescaling

e Scale-setting and continuum extrapolation are still challenging for the light quark
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Window quantities : intermediate distances
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Window quantities : short and long distances

» Short distances

e Finite-size effects are small
e No noise-problem at large Euclidean times

e Scale-setting and continuum extrapolation are challenging

SD Jight (48 &4 4+ 0. 5lstat + 0. 25ch1r + 0. 20(;011‘5 x 10~ 10

» Long distances
e Finite-size effects are important
e Noise-problem at large Euclidean times is amplified
— use the same methodology as for the (¢ — 2) HVP

e Continuum extrapolation less challenging

LD Jight (406 24 10.7gtat £ 3.950pir £ 6. 7con‘c) x 107 o
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Window quantities : comparison
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» Increase the statistical precision of the light quark contribution
— Brute force is probably not the good option : spectroscopy helps a lot

— We use a dedicated spectroscopy analysis to reconstruct the vector correlator
Sophisticated formalism available to correct for finite-size effects

New results for the disconnected contribution

Isospin-breaking corrections : in progress [A. Risch this Wednesday]
Strange and charm quark contribution under control

Improved scale setting : in progress

vV v v v VvV Y

Running of alpha / weak mixing angle [K. Miura & T. San José Pérez this Friday]
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Thank you.
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CLS ensembles used in this work
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Chiral extrapolation : the light contribution

_ . Javp
e Standard kernel : scale-setting uncertainty h“ ~ (5a

[M. Della Morte et al. '17]
a,’ a

— solution : work with m,,/ fr = const.

— idea first proposed by ETMC to get a milder chiral extrapolation [with m,/m, = const.]

2
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e Massless pions : G(t) = 1/(2472|t|®) and the QED kernel reduces to K (t) ~ 27%t2

— generates a logarithmic divergence [Golterman '17]

a? m2
hvp 1
a P lo m,. — 0. m, fixed.
B 2472 g4m72r7 " P

— not so relevant at our pion masses (m, € [130 - 420] MeV)

® 1, < m; and both are small compared to the p meson mass

2 2
hvp o m#

o 90m24m2’

my, K My K< M.

— the overall magnitude is enhanced by the (squared) timelike pion form factor
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Quark-disconnected contribution : chiral extrapolation

e Vanishes exactly when m; = m, — extrapolation with Ay = m3 — m?

e Remember the isovector contribution is singular when m, — 0

— singular behavior of the light connected contribution in the isoscalar part must be
compensated by the disconnected contribution

— Enforce this behavior in our fit Ansatz (we have M? = Am2 4+ m%. = const.)
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