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Baryons with C* boundary conditions

Due to C* boundary conditions baryonic two-point correlation functions have
additional contributions.

They can be understood looking at quark propagators in the orbifold
construction



Baryons with C* boundary conditions
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[1]: I. Campos et al. “openQ*D code: a versatile tool for QCD+QED simulations”. In:
The European Physical Journal C (Mar. 2020).
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Baryons with C* boundary conditions

Quark propagators in the orbifold construction have additional contributions:
(x, vy belonging to the physical lattice):

(g2(x) 2(y)) = D™ (x, y)B (1)

(@20gPT»)y = - D'y + LBC,, @

<é (X)q ) =CuD™ 1()c+L1,y (3)

These additional contributions give additional contributions to baryon
correlation functions



Baryons: octet and decuplet
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Baryon correlators

Octet
» Interpolating operators: Velx) = Z eancl apl2ta Oy e ()] (1)
abc
ABC
70 = Y e ZEOTE @A™ (2)
abc
ABC
» Two-point correlation function: Cxp) = Z P, ve(x)ve(0) (3)
X ¢
0
Where: F=Cy> pt= ld+vy (4)




Baryon correlators: decuplet vertices

Interpolating operators:

vl = Y Whn  wEeow@wi ) (1)
A5C
V) = ) Wk i TAPE(x) (2)
i5C
Waneane = € IPE 4 PipTac+ Pall - () PP = (6" Ty — —7"
WﬁZ’Z;ABc = NPT, + Pyl + PIT 1 (4) "= Cy ) )

A B C are colour indices, a b ¢ d are a Dirac indices and m [ are space indices
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Baryon correlators: decuplet vertices

Two point correlation function:

Cxp) = ), ) P, v™op™d)| (1)
X dd

m

=) ) ) D W e Pa W e Y () () w5(0) 74 (0) Fo(0)  (2)
X dd abc ABC
m ab'c’ A'B'C’

A B C are colour indices, a b c d are a Dirac indices and m [ are space indices
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Baryon correlators: decuplet vertices

Three-quark connected

C(xp) = Z NN W PEWE w0 yE0TE O yE@TC©O) (1)

dd abc ABC
m ao'b'c’ A'/B'C’

X 0 X 0
] n
[

A B C are colour indices, a b c d are a Dirac indices and m [ are space indices
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Three-quark connected

Baryon correlators: decuplet vertices

Ensemble N. configurations | N. point sources/12
A500a50b324 1993 4
A360a50b324+RW2 2001 4
A380a07b324 2000 8
A380a07b324+RW1 2000 8
A450a07b324 2000 8
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Baryon correlators: decuplet vertices

e-quark connect
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Baryon correlators: decuplet vertices
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Baryon correlators: decuplet vertices

One-quark connected

51" m ‘m _I / I_ / | I_ / | |
Co) ==, D, D, Wi P W T OF50) yEPEO) i) (1)
X dd abc ABC
m ao'b'c" A’'B'C’



Baryon correlators: decuplet vertices

One-quark connected




Baryon correlators: decuplet vertices

One-quark connected

o : A'B'C',ABC _ wd m + yWdim
Defining the tensor: 7'~~~ = E W nsctaaWaenscCaaCaa (1)
d'd
m

We can rewrite the two point correlation function as

Cl) ==, ), D, TAECACD=1 11,04/ D 0D e, x + LA (2)
X abc ABC
a'b'c’ A’'B'C’

L is the extension of the physical lattice in the first C* direction
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One-quark connected contributions

Strategy of computation

We can rewrite C(x,)) using one point source located at (0,0) for each colour and
Dirac index:

" (Z) (Aa) — 5VA5\/0{50,Z ( 1 )

Instead of the two inverses of the Dirac operator with the second point in 0 we
can then place the two spinors ys resulting from the inversions

Cxp) ==Y, ) Y TAECABG @By () COD (x,x + LDEA | (2)

a'b'c’,abc
X abc ABC
a'b'c’ A'B'C’
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One-quark connected contributions

Strategy of computation

For the last inversion we can use stochastic sources )((”) and in particular the
relation:

1
~ D XD = 85000 (1)

To get:

A 1 A
D' x;x+ L1))} = = D DT P+ LDE ()
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One-quark connected contributions

Strategy of computation

Finally we have:

. ~ i Al n
Co) ==, 2, 2 Thyeane WD 2 D7y "0+ LI (1)
X S n

a'b'c’.abc
abc ABC
a'b'c’ A'B'C’
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One-quark connected contributions
Upper bound

Using the following definition of the norm of a matrix: | |M|| = \/Tr[MTM] (1)

That for the Dirac operator translates to the 11 two-point correlation function

| D7,y [P = Tr [D7' e, )’ D7 (x, )| = Tr [P D71 (v, )y’ D7 (x, y)] (2)

It Is observed that not only on average but also separately on each
configuration it is translationally invariant and has the behaviour:

C(x,y) o e M= (3)
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One-quark connected contributions
Upper bound

We can use translational invariance:

[|D7YOLD) || = || D7 e, x + L1) || (1)

Then factorize the suppressing factors and obtain the upper bound.

|CO) | < [IDTMOLD P Y IIDT'@O| [ D, D, D, |TAECAEC)2  (2)
X

a'b'c’.abc
\ AB:ab B'A"a'b’ CC",cc’

We can compare it with the measurements of the three-quark connected
contributions
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One-quark connected contributions

Upper bound of the one-
quark connected

contribution to the €2~
correlator in comparison
with the result for the three-

quark connected piece for
the ensemble A380a070b324
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Outlook

* Other ways to compute upper bound
 Computation of the one-quark connected contributions

* |ncrease the statistics on three-quark connected contributions.
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Pion correlator with C* boundary conditions
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Two point correlation function of the down/strange quark (degenerate) on the ensemble
A380a07b324 for 38 configurations (taken every 50 updates) as a function of the first spatial
coordinate
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One-quark connected contributions

Upper bound

Upper bound of the one-
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