The background field method on
the lattice

- : : ety o PN L g s o b Ty e . . : .
e LN T T T e Rttt i PR S e - e SN

Andrei Alexandru & Frank Lee



Overview
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o Motivation
o How to introduce the field
o Background field method
o Real or imaginary factor?
o Linear or exponential form?

o Numerical results: neutron polarizability

o Outlook



Motivation
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o The hadron mass changes when placed in a electric field

—

AE=—-p-E—jf -B-— %(aEQ g
o p & U - the electric & magnetic dipole
o a & p - the electric & magnetic polarizability
o Polarizability measures the dipole moment induced by the field
o Introduce a background field on the lattice

o Measure the dipole moments and polarizabilities form the

hadron mass shift



Background field method
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o Introduce a background electric field
= 0, — 19G,, . ‘
o The U(1) field A, is static

o On the lattice this amounts to changing
the links
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Euclidean formulation
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o The lattice formulation is Euclidean
rqy =19 and Ay = —1Ag

o For a constant electric field in the x
direction we can choose

e O A = (i 572,,0,0,0) - or
A, = (=E2,0,0,0) — A, =(0,0,0,+iEz)



Euclidean formulation
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o For a constant magnetic field in the x

direction we can choose
A, =(0,0,Bz,0) — A, =(0,Bz0,0) or
AM 7 (07 07 07 _By) s A,LL = (07 07 _Byv O)
o On the lattice we have

e e e U A R R Ry e S LA
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The phase factor
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o The magnetic field is introduced in a similar manner in
Euclidean and Minkowski formulations

o I will focus on the electric field

o I will argue that to introduce an electric field on the
lattice we need to use a real factor

o Wilson loop example

o Charged scalar field

o I will also argue that we should use the exponential rather
than linear form



Wilson loop 1n electric field
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<W> % e—V(R)T

V(R) — V(R) — Ep=V(R) — qER

R/a times
N

3 e—qERt
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UlT i ean(tJrT)UlT PO quR(t—I—T)

(W) — (W) e9BRtqER(HT) , o~V (R)T+¢ERT

Am = —qER

—_ Uy — e %5 = Am = —igER



Charged scalar field
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Euclidean action: path integral of imaginary time hopping
<f/5t+1 ’e_atﬁ| f/5t> = ¢~ % 2n LE(n)

Real time Lagrangean

e % /dgl’ (O — iqAy)¢" (0" + igA¥) ¢ — m*¢" )

Hamiltonian from Legendre transform
B / &3 [77*77 1 gAY (bt — o) + (V — igA)d* (V + igA) + m%*qs}

Discretization (take Ao to depend only on spatial components)

0 =" |fntn + igAo(7dh — Sutn) + (Vn)"Vy + m2d,]
Euclidean action

Lg(n,t) = (@gbt)*@@ + m’e; ¢y + 5;% (¢t+1 >
t

eatho Cbt) (¢2<+1 _Ie—atqﬂo Qs:)




Linear vs exponential
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o  Linearize the phase factor =194 _, 1 _ iqa A,
o It resembles the continuum form
o it couples the gauge field to the conserved current
o it removes tad-pole like terms due to quadratic terms in the gauge field
o  The linear form differs from the exponential at the second order in A,
o  This changes the value of polarizability
o The gauge symmetry in the background field is lost

B e = o—V(R)T+qERT ,}aq® B*R[(t+T)*+t°]

U4 ’ <W> ~ B_V(R)T+qERT6%aq2E2T[($—|—R)2—|—ag2]



Numerical tests
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o 244 quenched ensemble - Wilson action $=6.0
o Lattice spacing a=0.093 fm
o Clover fermions: lowest pion mass 500MeV

o Electric field ~ 10 Vim -- n=a*qE = 0.00576

o We measure the mass shift by looking at the neutron
correlator ratio
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Neutron mass shift vs m,




Neutron polarizability vs m,
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Neutron mass shift vs m,




Neutron polarizability vs m;




Neutron polarizability vs m,
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Neutron polarizability vs m;,

11




Outlook

’ v, : - v "'.“". s - ‘, L Nt ok & ¢ Y e -y - | - -
WMMMW«ueM I L ST R R L *Ritvaa T M"M"ﬁ'ﬂ""‘m

-

o Smaller quark masses -- chiral perturbation theory
predicts a 1/my increase of polarizability

o Include the dynamical effects of the electric field --
they should become important at smaller quark masses

o use the electric field in the generation of

configurations -- complex phase might be relevant

SR <GE(75)%1§—]J\\44§>
o use reweighting  (Gu(t), = 22 :

det MO




Summary
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o  We showed that to introduce an electric field on the lattice we need to use a real
phase factor in the exponential form

1

il e o = A, = —iaEQ
o  Theimaginary phase factor can also be used if we remember to flip the sign
: 1
U — Ule_qut — AV f— —|—§()4E2

o  Magnetic field is introduced using an imaginary phase factor
: 1
Us — Upe 4295%3 = A = —§ﬁBQ

o  Our calculated electric polarizability at mz=500MeV is positive but significantly
smaller than the experimental value

o  However, this is in agreement with chiral perturbation theory predictions

o  We need to move to smaller quark masses and most likely we need to take into
account the effects of the field on the dynamical quarks



