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Hadronic light-by-light contribution to the muon g — 2

The formula that obtain the connected hadronic light-by-light
contribution to the g, — 2 is given by [Blum et al., 2016]:

1
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70 exchange

70 exchange will dominate the long-distance part of the HLbL
contribution. The four-point hadronic function can be replaced by long
distance 70 four-point function:

. 0
6Z4H,,7V/7M7M/ (y,y/,x,x/) — Azjyl’u,ul (y,y’,x, $/) (1)
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U intermediate state

Apply the Killén-Lehmann representation but keep only the single 7°
intermediate state:

AT @37 9,9) = Gy [ ity (OIT () (@)Y 7 (5)
(T DNT{(y) I (y')}0) (2)

Then use four-dimensional translational invariance to remove the
variables x and y from the current-current-7" amplitudes:

(OIT{J,u(2) T (")} 70 (B)) = (0|T{J,.(0) ], (%) }|7O(5) ) e Ero
= Foyw (&, =iV )e P7=Frto (3)
Combine these results to obtain:

Aﬂ- (.%', CU/, y') y/) = ‘FMIJ«/(%? _iﬁl‘)fw/ (ga Zﬁy)AF(x - y7 M?T)a (4)

st vy v

where

1 . e'P(z—y)
Ap(z —y, Mx) = @)t /d pw (5)
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Long-distance Approximation

Now we will evaluate the derivatives with respect to x and y which
appear in these equations but keep only the leading term in an
expansion powers of 1/L:

I (52 )arte - y.000) ~ { TV, (- 25220 ) ) (e ) et (6)

T Jo—yl 2m|z—y|

Then the four-point correlation reads:
AT @8 YY) = Fop (&, —iMai) Fyp (5 — iMe) Ap(z — 1y, Mz),  (7)

where 7 is a unit Euclidean four-vector.
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vy — m correlator in position space

To find to amplitude F,,,/(Z, —iMxn), consider the vy — 7 correlator in
position space:

ZS’W/(:U,:EI,Z) = <O|T{JM(1‘)JM/(SL‘,)WO(Z)}|0> (8)

By using the same steps as the four-point function, we can find the
same vy — T vertex:

By (2,2, 2) = Fppr (,iMe) 2207 Ap (2 — 2, My), (9)

where Z}f = (7(p'= 0)[=°(0)|0).

Cheng Tu (UCONN) 2019 Lattice Workshop March 25, 2019 8 /20




Lattice calculation

Combining all results, we get the hadronic light-by-light amplitude
from 70 contribution, which associate with two three-point correlators
and pion propagators:

0 1 B 1 (z,2',2) Byy’(ylylel)
AT () = Aple -y, Mz) 7 Ry R ) (10)

HHZ
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Point-point-wall correlator

By (0,2, 2 = (0,8)) _ By (0,,1) a1
<7T(0)7r1at(Z)> (m(O)mgt (1))
where B ! ,(0, g:,t) = <JM(O)JM/(:C)7r%f[‘,t(t)>,
T (t) = 2oz 5 V(& )59 (7.t
]
x ¢ Wall(t)
11 /20

(UCONN)

Cheng Tu

2019 Lattice Workshop

March 25, 2019



Rotational Matrix

The point-point-wall correlator Biy’z[f(:rl, x,t) can be computed before
rotation.

z = Az, ' = Ax (12)
BZ, (z,2',t) = AMQAM/QIBQZ(xZ,xf,t) (13)
@] Wall(t)
:17/
z Wall(t)
x
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Lattice implementation with point-point-wall correlator

BW (z,a't) BY (yy't')
0 2 ’ JACSES) 1\
A;H/,I/,I/’(x7 r,Y,Y ) = AF(:I7 - Y, M‘n’) e b

(14)

<7r(0)7|'%/"“/t (t)> <7r(0)7r%f“,t (t’))
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Preliminary results: ensembles

Observable Fit % err.
aml (mi)  0.0022824(70)  0.31
amy 0.13975(10)  0.07
ami 0.504154(89)  0.02
amg 1.6726(25) 0.15
amly 2040(63)  3.09
afs 0.13055(11)  0.09
afic 0.15815(13)  0.09
0.73457(11) 0.02

0.72672(35)  0.05

0.7390(11)  0.15

0.28175(21)  0.08

0.002246(52)  2.31

0.01775(21) 1.16

20.339(12)°  3.40

-0.0464(10)  2.23

24D Ensemble

Observable Fit % err.
amj(mg)  0.0020539(96)  0.47
amy 0.13412(27) 020
amg 0.31498(20)  0.06
amg 1.3316(43)  0.32
amj, 1.832(56) 3.04
afr 0.12435(21)  0.17
afx 0.13734(22)  0.16
Za 0.72059(25)  0.03

zy 0.7242(11)  0.15
zl 0.7270(12) 0.17
aB2, 0.26916(61) 0.23
adE? 0.00092(14)  14.86
ap 0.01110(83)  7.45

52 (p) -0.199(44)° 2216
mgaj -0.0418(61)  14.61

32D Ensemble
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Preliminary results: parameters

t-min = 10
xz'-limit = 10
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Preliminary results: plots

—*— pion pole model
—#*— 32D ama

~
L

(<))
1

wv
L

....... N preliminary
i.‘.i

IS
1

EEEEE TN

w
1

N
L
Pnis

%

g-2 (partial sum from inf to 0)

=
L

o
L

3

3

3

The longest distance between x, y, y'

2019 Lattice Workshop March 25, 2019 17 / 20



Preliminary results: plots
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Conclusion

o The 7° exchange in the long-distance part of the HLbL
contribution can be evaluated in a “QCD volume” of arbitrary size.

@ The point-point-wall correlator is a better estimation of
current-current-7’ amplitude F,,,, (2, —iMxn).
o The statistical average of point-point-wall correlator can be

evaluated in each lattice configuration before computing the
hadronic amplitude.

o The point-point-wall correlator make the AMA correction much
easier.
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