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Calculating Form Factors

Difficulties in lattice calculations:
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The electromagnetic form factors for the Delta:
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The electromagnetic form factors for the Delta:
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The electromagnetic form factors for the Delta:
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The electromagnetic form factors for the Delta:

T2 (0',0) = —e{ealF;(Q@%)g>’ +*
i [EEQ@)o” + F (@)
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The electromagnetic form factors for the Delta:

T2 (0',0) = —e{ealF;(Q@%)g>’ +*
e [ (QY)g*° + Fi(Q%)
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A(1232)

The electromagnetic form factors for the Delta:

T2 (0',0) = —e{ealF;(Q@)g>’ +*
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From the PDG

Ua++ = (5.6 £1.9)uy

LA+ — (2.7 2 3.5),MN

Even getting the magnetic moment
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On the lattice, we calculate n-point correlators:

P (5,7, pis pr) = FTIO(tr) Ju(8)x(£0)[0)]
Forts > 1> 1;:
Cgpt(ti,t,tf,pi,pf) - Z(pi,pf)e_Ef(tf_t)e—Ei(t—ti)
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On the lattice, we calculate n-point correlators:

CoPl(tist,tr, i, Pr) = FT(OIx(ts) ] (t)x(t:)|0)]
Forts > 1> 1;:
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On the lattice, we calculate n-point correlators:

CoPl(tist,tr, i, Pr) = FT(OIx(ts) ] (t)x(t:)|0)]
Forty >t > 1;:
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Excited state contamination



GE(p°)

Higher momenta

)2 = (0.87GeV)?
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361 configs

1
— = 1.05(1
5 = 105(1)

e proton

Not unity " Delta’ /2
because we're
using the
local current

Errors are
highly
underestimated




The problem: excited state contamination

Are we at Iarge enough time separation
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Obligatory slide of lattice numbers given in unphysical units

Anisotropic Clover Lattices (via JLab)
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The problem also shows itself in “effective mass” plots

(569 configs)
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Excited state contamination




There are many operators that can be used

The only requirement is that they have
a good overlap with the state of interest




There are many operators that can be used

The only requirement is that they have
a good overlap with the state of interest







Cy;(t) = (0|0;(£)0;(0)|0

Solve the Generalized Eigenvalue Problem

Oy = M0 95




Cij(t) = (0]0:(t)0;(0)|0)

Solve the Generalized Eigenvalue Problem

Ol = Ne)Oip e

One can show that the eigenvalues behave like
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Cij(t) = (0]0:(t)0;(0)|0)

Solve the Generalized Eigenvalue Problem

Ol = Ne)Oip e

One can show that the eigenvalues behave like
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Using 2 operators, t0=4
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Ground state has same behavior




Hua, Sakar (1989)
Sarkar, Pereira (1995)

Generalized PoF Method




Hua, Sakar (1989)

Generalized PoF Method Sarkar, Pereira (1995)

The main point to note is that if

OA (t)

is an interpolating operator fora A
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Hua, Sakar (1989)

Generalized PoF Method Sarkar, Pereira (1995)

The main point to note is that if

OA (t)

is an interpolating operator fora A
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Using this, we can consider

_
OA (t) NOIN (t)
distinct operators and make a matrix of
correlators from a single two-point function:




Using this, we can consider

_
OA (t) NOIN (t)
distinct operators and make a matrix of
correlators from a single two-point function:

C(t) = (0|0 (t)04(0)[0)
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Using this, we can consider

_
OA (t) NOIN (t)

distinct operators and make a matrix of

correlators from a single two-point function:

C(t) = (0|0 (t)04(0)[0)

L » ! o ¥ e ,* s - L < A 3 o ye % 4 el y Y e - £ s "y A b P A Al i N b £
b 3 ; ) W e A S R SRR LN > 1% J PR Bethel ARG UM o [ A 2 = A VT S gghts s X8 Sehis P PRIty e . i
i . v I Y| e I Wy R VTR ARy AN Q 4 AP gt Y NCANESY R i 501 & L I £ (AL B R N R S T o WL LR T Y
(EA%) ve| b aa AWE Ay, o Y, L TR T 4 A 1 | A - | 10 o h) A S L R W Xy P Ry PR 6
[ Y s r gl PR [ N Y ", A 1 e B & 5 s A et [Tl ] [ TRy e | 1 P PN ) B e 2l e My - by
¥ S\ | [ T e S AR S ee, W, (B DN A '-r‘,h%:—‘ EPe) IR SRSY A sl (R ) ) Ao 8 B R SR BN R e Sl Sl S8 Sl g




Using this, we can consider

~
OA (t) NOIN (t)

distinct operators and make a matrix of

correlators from a single two-point function:

C(t) = (0|0 (t)04(0)[0)
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In fact, we could do this as much as we want

(ot curn curm o Gl N
t+¢ C(t + 27) C(t + 37) o Ct+ (n+1)7)

N ar) C(t + 37) C(t+4r)
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In fact, we could do this as much as we want

( C(t C(t+71) C(t+ 27) C(t+nT) \
t+¢ C(t + 27) Ct+3r) - Clt+(n+1)7)

N ar) C(t + 37) C(t+4r)

i o

- Where n is the number of shifts we perform
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In fact, we could do this as much as we want

( C(t C(t+71) C(t+ 27) C(t+nT) \
t+¢ C(t + 27) Ct+3r) - Clt+(n+1)7)

N ar) C(t + 37) C(t+4r)

i o

- Where n is the number of shifts we perform
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Same single operator
as before

Using 2 operators, t0=4
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n, T
0,0 0.2770(50) |
0.2825(17) |
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As for the three-point correlators

OOt (1, 41 y) = C3Pt(t;,t,tr) CoP (t;,t,tr +7)
o Citit i it e CR (e D)

So this requires using three different sink locations
(factor of three in cost, unlike the two-point
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As for the three-point correlators

OOt (1, 41 y) = C3Pt(t;,t,tr) C3P(t;,t,tr +7)
o Citit i it e CR (e D)

So this requires using three different sink locations
(factor of three in cost, unlike the two- pomt
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Conclusions
Using Pencil-of-Function techniques is much

better for getting the ground state than
using multiple operators

We have a good determination of Gg(g?),

and need to extract other form factors
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