MC solution of DGLAP evolution equation

Ola

Deutsches Elektronen-Synchrotron (DESY)

6.09.2016

Physics and Cookies

6



R
MC solution of DGLAP evolution equation

|—Introduction

Equations we want to solve

DGLAP evolution equation for gluon with cut of on z already introduced:
98(x, t)

t— =

27

s /Zmax dz
ot x z

and for quark:

:
(zﬁgq(z)a (z :) + 2Pgg (2)E (E :))

27
at 27

)

[T daz (20 Pag (2) + Peg(2)) -

1)
Zmax dz [ S x as Zmax |~
/ [Paa(e)a (= ¢) + 2Pag (@ (2. 0) | = a0 ) [ deePgq + Prole) (2
Here we will concentrate only on gluon case but quark is analogous.
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:
Equations we want to solve
DGLAP evolution equation for gluon with cut of on z already introduced:
:8E(x’ ) as

/Zmax E
ot 2w Jx z

and for quark:

X

:
(zﬁgq(z)a (E r) + 2P (27 (

Xs Zmax 5 5
X t)) = 22500 1) [ dz (20 Pag(2) + Peg(2)) -
z 27 0
aq(x, t) s fzmax dz [ ~ -
t———— = —/ — [quq(z)q
at 27 Jx z

With Sudakov form factor defined

1)
~ (X as Zmax - -
(—, t) + qug(z)g (—, t)] — —q(x, t)/ dzz(F’qq + qu(z)) )
z 2m
Here we will concentrate only on gluon case but quark is analogous.

’
as t dt Zmax -
Ag(t) =exp( — —/ —/ dz z P(z2);, 3)
€ (- o o ¢ Jo XJ: je)
we can rewrite this equation
Og(x, t) a Z, dz / x . X t  OAg(t)
Phihalblauierl / max _~ (ngq(z)a (—, t) + 2Pgg (2)E (7, r)) +E(x,t) Ay
at 27 Jx z z z Ag(t) ot
and solved it:
_ _ as rt dty Dg(t)
g(x, t) = &(x, tg)Ag(t) + T —
0

(4)
/z,,,ax dz
to tp Ag(t)

x

z

(zﬁgq(z)a (E tl) + 2Pgg ()7 (E :1))

=
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Backward evolution

Let's explain the equation: Zero branchings

&(x, t) = 2(x. 1) Ag(r)
—_—

see Fig.(1)

__f— —
Tog +Ta9
. |

Figure 1 No splitting between tg and t
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Backward evolution

Let's explain the equation:
Zero and one branching

X
Za))
z

/XZmax ? (Zﬁgq(,)a (E, t1) + zPgg(2)E (

_ B as rt dty Ag(t)
B 1) = 20 0)ag (0 +0= [F =L
2w Jtg 1 Dgl(ty)
——
splitting into a gluon at t}, see Fig.(2)

see Fig.(1)
no splitt. between t; and t

Tog + o9
- -

Figure 1: No splitting between tg and t
Figure 2 : Gluon appeared scale t;. It could come from quark or
gluon which appeared at tq
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Backward evolution

Let's explain the equation:
Zero and one branching

_ N s [t dty Ag(t) Zmax dz ~ /X ~ X
B0 = 2 ) (0 42 [FE2 [ (et (5 o) + 2Ptz (S )
—— 2l gy Ag(ty) x z z z
see Fig.(1 — e .
&:(1) no splitt. between ¢ and ¢ splitting into a gluon at f, see Fig.(2)

ot

To9 + 9

C

L N o
Figure 2:Gluon appeared scale t;. It could come from quark or gluon

which appeared at tg

Figure 1: No splitting between tg and t
so we can rewrite this equation:
as /t dty Ag(t)
t

&(x, t) = &(x, to)Ag(t)+ —
o g0t 2m gt Ag(ty)

/z’”a" % (zﬁgq(z)a (E :0) Dqlty, tg) + 2Pgg(2)F G ro) Dglty, :0))

X
=} = = DA
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Backward evolution

7 0) = Bl 00500+ [ 91 2g®

/Zrnax E
2w Jig t Dg(ty) Ix z

One technical issue:

1.

where does the 92

= come from?

(Paa(e1 (= 10) Bqter, 0) + Pgs@% (= 10) Agler, 0))

E(x, 1) = Blx, 10)Ag (D) + — /t

t dty Ag(t)
2m

0 t1 Ag(ty)
Zma L PO
/dx,-_l /X dz (+Pgq(2)a (x1—1 t0) Aqltr, to) + 2Peg (8 (x1—1. t0) Agltr, 1)) S(xi_1 —

x)
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MC solution - forward evolution

Goal: to solve DGLAP with MC method

as
g(x, t) = &(x, tg)Ag(t) + —

o

t dty Ag(t)
0

ty Ag(ty)

/dx‘»_l /szax dz (+Pgq(2) (xi—1 t0) Aqlt1, t0) + 2Peg (8 (xi—1. ) Aglt1, 1)) S(axi_1 — x)

— - s [t dj Ag(t)
e, ) = G )gl0) + /.

0 t1 Aqlt1)

/dx,,l /Xz"’ dz (2Pag(2) (xi—1- to) Dglty, to) + 2Paq(2) (xi_1, t0) Aqlty, t0)) Slexi_y — x)
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MC solution - forward evolution

Goal: to solve DGLAP with MC method

o as tdy Ag(t)
B, £) = B(v, t0)Ag () + /:0 t Dg(t)

Zmax = . = -
/dx,-_lfx dz ( 2Pgq(2)d (x1rt5) Bqltr, to) + 2Peg (2)2 (x,-,l.ro)Ag(rl,zo)) S(zg_1 — x)

alx, £) = d(x, t0)Aq(t) +

as /t dty Ag(t)
2m Jtg t1 Ag(t1)

Zmax > . > -
/dx,—_lfx dz (Zqu(Z)g (%1 10) Ag(t1, t0) + 2Paq(2)d (iG5| Ba(t1: t0) | S(2xi—1 — %)

Forward evolution: at the beginning of the evolution we don’t know what we will
have at the end.

Example:

We consider gluon  (xj_1, 19 )-

It started as a gluon at some tg and it evolves. We don't know into what it will
split so maybe we are in the equation for gluon, maybe for quark.

But we know that if we are in gluon equation for sure we don’t have blue parts
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MC solution - forward evolution

Goal: to solve with MC method

- - as [t ﬁ Ag(t)
E(x. 1) = Blx. 10)Dg () + 2W/t
or

0 t1 Dgl(ty)

as [t
a(x, t) = d(x; t)Aq(t) + —

_/dXi—l /sza dz (2Pgg(2)2 (51 t0) Agltr, t9)) S(ag—y—=T

dty Aq(t)

2w Jtg t; Dg(ty)

/ i—1 /sz " dz (2Pag(2E (1. 10) Bgltr, 10)) Slaxmer—=T

We generate t1 and z according to ﬁgg + ﬁqg. We calculate x; = zx;__1 so we
don't need W

7&4
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MC solution - forward evolution

Goal: to solve with MC method

B0, ) = B, 0)8g (0 + /t dq%/d 1 Z’"a dz (Pgg(2)2 (41 10) Bglty, 10))
8 1)

@ t dty A X
A 1) =3, )80+ = [ —‘Z‘i{/d i [ az (Pag(a)r (41 0) Bglty. )

or

Moreover! if in the next step we will generate ty above the scale t we will know

that we had only one branching and we will stop. If we will generate ty below the

scale t than we will continue evolution with second branching. It means we don't %
)

need by constraction!

Ag
(&1

u]
o)
I
i
it
)
»
Q

5/6



MC solution of DGLAP evolution equation
|—Introduction

MC solution - forward evolution

Goal: to solve with MC method

Ex, 1) = Blx, 10)Ag () + —

t dt Z,
/ —l/dx-_l/""’ &
27 Jtg t1
or

(Bertms

(xi—1» fo)Ag(tl, to))
_ e as [t dty
0 = 0 g0 + 5 [T

numebr R. i

We make a decision about the splitting: The decision is made using a random
R <

fXZmax dzz (ﬁgg(z))

z B by — —F—
Jimex dze 5 (g @) ’

continue as gluon — now we know in which equation are we.

By making the decision we " perform this integral” and we don't need it anymore in

the equation
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:
MC solution - forward evolution

Goal: to solve with MC method

numebr R. i

(x, t) = &(x, tg)Dg(t) + s /t 4 /dx 1 (N Xi—1> fo)Ag(n to/ dZZZ(Jg(Z)))

We make a decision about the splitting: The decision is made using a random

o< flmax dzz (ﬁgg(z)) n
[ aze 5 (Prg() ;
continue as gluon.
Additionaly we need to multiply our equation by fx max qzz Zj ( ]g(z))
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Goal: to solve with MC method

0

a A
B(x, t) = E(x, tU)Ag(t)+ as /tt f /dxl_1 ( x,_l,ro) Dglty, to/ dzzz (Pjg(z))> weight;

when we generate z: weight,
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:

Goal: to solve with MC method

:
(. 1) = Bx, 10)Ag () + -

/t dty
2 St

0 f1
when we generate z: weight,
integrals [ dx

/dx 1 (g Xi_1» ro) Ag(ty, tg / dzzz (Ag(z))> weight
1 and fé) dt; solved by MC integration method

N
/b f(x)dx = (b—a)i > f(x
a

So at the end the pieces we put in the grid for one branching

®
as 1
Blx, 1) = (x, 10)Bg (1) + ig <~( i1 10) Bgler. t0) [ azz 3

( z))) weight,
J
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