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Why

go structure function
and Single-Spin Asymemtries

Lattice quasi-distributions

Sivers function fi
and polarized TMDs in general
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S neoduction [
Fundamentals

The operators
Gi(z1m)gFl™ (zan)q;j(23n)

Fit (i) gFy * (22n) LY (23m)
The color projectors
T i fabe Jabe
The spin projectors
for the quark-gluon-quark
v AT, 10t

for the 3-gluons
a bit more complex
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ek |
Symmetries and independent distributions

From Parity, Time-Reversal and Charge Conjugation:

2 independent quark-gluon-quark distributions
and
2 independent 3-gluon distributions

Gt (21, 19, v3) = £6F (—x1, —29, —23)

3 (21, 2, 23) = FF(—21, —72, —23)  F (21,72, 23) = FF (21, 23, 2)

@

DA

u}
)
I
il
it



https://github.com/QCDatHT/honeycomb
https://github.com/VladimirovAlexey/Snowflake

Support

From momentum conservation in
intermediate state

z; €[-1,1] i=1,2,3

= cube in 3D space

From total momentum conservation
T +x2+23=0

= slice of the cube

hexagon
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Partonic interpretation

{1:1 > 0 emission of anti-quark /é ; /é ;

x1 < 0 absorption of quark (—+-)
x9 >0 emission of gluon (=++) ++-)
z9 < 0 absorption of gluon (1o @o-y

x3 >0 emission of quark
z3 < 0 absorption of anti-quark (+-+)

3 / 0,10 T 1,0) \ T1
o
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Evolution equations

Flavor separation, singlet = 6§ =u+d+s+---
non-singlet

6:|: _ G:I: 6i

NS

6L =6f 46T 26T

NSo

5 0 o as(p) +
8 Ns1 - A7 HN56NS-;
0 (&% as(p) (H 6%
e (51) -5 (a2 ut) (57)
2 0 - as(:uf)
_8 [E H] e Heo [E,H]
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Kernels action

T2
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The goal
CE Zg” )& S = Gws(x(i, )
so that

,u du? Gg - ZHNSZ’]’GLSJ Hst,]], — NS i'j’(m(ivj))

Two independent steps:

1) fix the discretization (i, j) 2) fix the weights J;;(x)
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Discretization

Nice properties to have:
1) Denser grid towards = 0
2) Compatible with hexagonal symmetry

First guess: equispaced grid

.. i ] —i1—7 .
m(lvj): (ﬁ7ﬁ7 N ) 27J7Z+J€[_N7N]
Densergrid-towards2=10

We can do better!
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Discretization

Step 1: change coordinate system

x — (¢,r)

1= [|]loo = max(|z1], [zal, [23]) € [0,1]

r(x) = max(|z1, [z2, |23])

8
N

1 >0,$2 20,1173 <0
z1 < 0,22 > 0,23 <0
1 < 0,22 > 0,23 >0
1 <0,£L‘2 SO,(EQ, >0
1 ZO,CEQ <0,xz3 >0
1 >0,£E2 <0,1173 <0
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Discretization

Now we can discretize angle/radius:

(2,4) = (¢ir7j) i€10,6n) je€[0,M]

mod .
gbl:zmo n+[1} . i = no;
n n

rj:{cosh(j]&i\f)]_a — j:M[1+cacosh<%>]

Generalizing to continuous variables in (f,t) € [0,6n) x [0, M]

f) = no(z)

1
1+ec h| ——
+ ¢ acos ( — r(m)>‘|

T0 = Tmin (Q
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S Grds | Discretization
Discretization

Different choices for the radial map
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Gids mtepolation
Weights

Two nearest-neighbor weights
(@) = max|0.1 = max([f(e) ~ il . it@) . | Fi(@) - s(@) £ +4])
9t (x) + 9
glj (w) — 1) (w) 2 1] (w)

base of I} (x) base of J;;(x)
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Weights
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One kernel

xije(i‘ij’ _U)

5‘?12!];'].,(:)3”) :/ dv ol 27) [gi‘fj,(a:ij) - g{fj/(w? —v,zY +v,x?)}
oo —

Only non-zero for i/ =i, 7' = j
Always present

Infinite integration range but... Compact and ‘very small’ support

2 = w(gi,1;)
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S Grids | Afewtechnicaldetals
One kernel

After a bit of (very simple) algebra

il il

J
Umax 'LJ(._) .
%125 (ar: )—(51;,,5z or j£j" /’j’ de\g ( ij

—v, 28 +v,z¥)
_ v(zy’ —v)
min

- "
+8,41 65, /(/+( 7y {0(;1;'1")10g <l — Jl > +0(—z) 1o

< : >}
ol 1 —
V = Ly
Uy Uninx
vl ij ( ij )

max T e T —v L. .. ..
+8i410 / dv=L L w5 [gi-;(a:”) — 95 (@ —v, 28 +v,2

ij v(v—x

Vsin ( 1 )

7))

Off-diagonal
Integral of plus-prescription outside the support
Plus-prescription, diagonal part
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Few numbers

Q With our ;;(x) only few % of entries ]HILSJU are non-zero

= custom sparse-algebra implementation
Q with ‘just’ 120 x 25 points, kernels sizes of ©(10 ~ 20MB)

@ average interpolation accuracy ~ 1073
Worse towards the edge of the physical region:
for r < 0.9 accuracy improves to ~ 10—4
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. [Evolutionreuits and comments |
T, and E,

Tu(w1,w0,3) A *2 1= 1GeV

0.5

E(xy, w0, 23) A X2 = 1GeV
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== =1GeV
o= 10GeV
—_— = 100GeV

== =1GeV
o= 10GeV
—_— = 100GeV
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=== 1GeV
v = 10GeV
—_— = 100GeV

mee i =1GeV E.(z,—2z,2)
o = 10GeV
—_— = 100GeV
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3-gluon

Tj(wy, 0, 75) A2 p=1Gev A2 = 100GeV 03

o= 100GeV
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https://github.com/QCDatHT/honeycomb
https://github.com/VladimirovAlexey/Snowflake

0.3

0.2

0.1

=== 1GeV
oo = 10GeV
—_— = 100GeV

== =1GeV
oo =10GeV
— = 100GeV

-1.0 -0.5
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== =1GeV
v = 10GeV
— = 100GeV
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Conclusions and outlooks

@ The two codes are available on github
at VladimirovAlexey/Snowflake ¢ and at QCDatHT /honeycomb @

@ Both should be easily integrable in existing programs

Q Evolution effects are not overwhelmingly strong, but also not negligible
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