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Markovian MC implementing the QCD/QED evolution equations is
basic ingredient in all parton shower type MCs

Unconstrained Markovian, with evolution kernels from perturbative
QCD/QED, can only be used for FSR (inefficient for ISR)

For ISR the Backward Markovian of Sjostrand (Phys.Lett. 157B, 1985)
IS a widely adopted remedy.

Backward Markovian does not solve evolution egs. It merely exploits
their solutions coming from the external non-MC methods
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- We have found a class of solutions
of the above long-standing
problem
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® We have found a class of solutions of the above long-standing problem

- Introductory exercise: Markovian
MC Evol MCwas found to agree

with QCDnumnil6 to within 0.2%,
Acta Phys.Polon. B35 (2004) 745
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Multicomponent evolution equation

%Dk(tax) = Z/l %ij(z) 2s(t,2) D (t, §)

Indices ¢ and k& denote gluon or quark,

Evolution timeist = In(Q).

Markovian (constrained)Monte Carlo Evolution — p.4/2:



Multicomponent evolution equation

%Dk(tax) = Z/l %ij(z) 2s(t,2) D (t, z)

=32 p0) by,

() 9()(@) = [ dridread (v — 2122) f(21)g(22)

Indices ¢ and k& denote gluon or quark,

Evolution timeist = In(Q).
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Multicomponent evolution equation

%Dk(tax) = Z/l %ij(z) o5 2 D (t, z)

=y B0 Dy

f() 9()(z) = [ dridred(x — m122) f(71)9(72)
il 2)) = %wpkj(z)
Indices ¢ and k& denote gluon or quark,

Evolution timeist = In(Q).

Markovian (constrained)Monte Carlo Evolution — p.4/2:



Monte Carlo solution of Evolution Equation

ng t LIZ ZTk] ( )

Differential equation — mtegral equation:

i

(& Dk(t,CIZ) = Dk(to,x)+/dt16 Zﬂ)kj tl, t1,°)($)

to
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Monte Carlo solution of Evolution Equation

ng t CE ZTk] ( )

Differential equation — mtegral equation:

i

(& Dk(t,x) = Dk(to,x)+/dt16 Zﬂ)kj tl, t1,°)($)

to

where IR regulator is introduced

Pri(t, z) = —Tik(e(t))ékjé(l —2) + iij (t,2)0(1 — z — ¢€)
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Monte Carlo solution of Evolution Equation

ng t CE ZTk] ( )

Differential equation — mtegral equation:

i

(& Dk(t,x) = Dk(to,x)+/dt16 Zﬂ)kj tl, t1,°)(x)

to

where IR regulator is introduced
Pri(t, z) = —?ik(e(t))ékjé(l —z)+ Tkj (t,2)O(1 — z —¢)

and the Sudakov formfactor appears

_ / at' P, (e(t'))
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|terative multi-integral solution

Di(t,z) = e ®xG0) D (2, )

+Z > ﬁ[/ - ti_l)/oldzi]

n=1 Kqy...K,_11=1

where K,, = K. Many options for the MC implementation.
Generally they can be Markovian OR non-Markovian.
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|terative multi-integral solution

Di(t,z) = e ®xG0) D (2, )

n

+Z > H[/ - ti_l)/oldzi]

n=1 Kqy...K,_11=1

where K,, = K. Many options for the MC implementation.
Generally they can be Markovian OR non-Markovian.

Solution for energy parton distributions more convenient!

Why? Kernels obey sum rules: }" . [ dz ="
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Master equation for Markovian solution

xDK(T,ZL'): /dﬁdzlZ@(ﬁ,azl,Kllm,xo,K) ZEDK(T(),.T)

T1>1 LG
00 1
+Z / dxg / ATpa1d2n11 Z Z H / dr;dz;
n=1 0 Trn41>T Knt1 -1 = 17'»L<7'
X @(Tnﬂ, Ln+1, Kn+1\7n, L, Kn) —
mn
H(D Tz,£zaK|Tz 1y Li— 17Ki—1) —
mn
x & (z — xg sz) 20D, (70, %0) —

1=1
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Tests: Proton — gluon

D(In10x) glue,  t-sliceno. 3

Upper plot shows gluon
distribution  xD¢g(x, Q;)
evolved from @y = 1GeV
to ; = 10,100,100GeV
obtained from QCDnunil6
and Evol MC1, while lower
plot shows their ratio.

The horizontal axis is
logy ().

Starting distribution
IS complete proton at
Q) = 1GeV.
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Tests: Proton — quarks

D(In10 x) quarks singl, t-slice no. 3

Upper plot shows quark

singlet distribution
rDg(x,Q;) evolved
from @y = 1GeV to
Q; = 10,100,100GeV

obtained from QCDnunil6
and Evol MC1, while lower
plot shows their ratio.

The horizontal axis is
logy ().

Starting distribution
IS complete proton at
Q) = 1GeV.
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Proton composition at 1GeV

Thisiswhat we took for the introductory exercise:

D¢ (z) = 1.9083594473 - 7 "4(1 — ),
rD,(x) = 0.5 - Dgea(x) + D2y (),
rDz(z) = 0.5 - Dgea(x) + xDyg(z),
2 Dgea(z) = 0.6733449216 - 2~ 4(1 — 2)"?,
x Doy () = 2.1875000000 - (1 — z)*Y,
v Dy(z) = 1.2304687500 - 2°°(1 — z)*?,
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® \We have found a class of solutions of the above long-standing problem

® Introductory exercise: Markovian MC Evol MC was found to agree
with QCDnumil6 to within 0.2%,
Acta Phys.Polon. B35 (2004) 745

- Recently, 1-st prototype of the
efficient constrained Markovian
MC (solution 11B) prototyped.

Markovian (constrained)Monte Carlo Evolution — p.11/2:



Constrained Solutionsclass| and ||

HADRON HARD PROCESS

D(X,) H(sxx’)
(or lepton)

[ dzg D(z0) [ [[dzP(z) H(szo[]2)

Solutions class | (more difficult because of (5( )

[ dx dxg D(z0)H (s )fHdzz

Solutions class |1 (only for QCD) ;
[dx H(s") fH UiZP(zZ) D( )O(]] 2z — x)
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PrototypellB

Must generate P(z;) ZQCA(% - )

1—27;
with the constraint | [ z; > «. Not so trivial!
Solution by the multibranching method:
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Multibranchingin I1B

Using
L eads to sum over branches:

%IQIQQIIQIIQ
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Multibranchingin I1B

Using
L eads to sum over branches.

> i wweeiddd-ae

@(é—nzi)—>|‘|@(%—zi) Integrable

yARRQ

Contributions1/z and 1/(1 — z) are combined and
resummed separately.
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> i wweeiddd-ae
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Multibranchingin I1B

Important: First, for two branches the ordered ¢’s are generated
separately and independently in the entire ¢-range!

+ relabeling

O—12—3— @516~ @90t
t

to max

Next, (¢;, z;) are according to a common ordering in ¢.

1
Only after such a relabelling z’s are constructed: z; = || z;.
J=0

Markovian (constrained)Monte Carlo Evolution — p.15/2:



We have found a class of solutions of the above long-standing problem

Introductory exercise: Markovian MC Evol MCwas found to agree
with QCDnumil6 to within 0.2%,
Acta Phys.Polon. B35 (2004) 745

It agrees with the Markovian
Evol MCto within 0.2%
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Testlng prototype 1B

h_Ix_GI_t3
Entries 1.157e+09

\—|
O
=
o
>
L
u
o
°
T
nd

Comparison of |1B solution with the Markovian MC
Evol MCfor pure gluonstrahlung.
Two solutions and the ratio (lower plot).
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kr-dependent PDFs can also be obtained!

Use the CCFM equation in “1-loop approximation”

f(x,Q¢,q0) = fo(z, Q)

q0

+/ d2q0452(7r )/%Zp() (§,|Qt+(1—z)ﬂ,q)

Tq2 P’
Admin Z
1 n
= fo(x, Q) + Z/d205(513 — sz)
n=1 1=0
qi— 1
2
|:H / Cj‘-qq: ag Qz O/d Zz zz fO('ZO"Qt+Z 1—22 )
Qan

Integrated over d°Q; this equation turns into ordinary GLAP with
$D$QO fthwat QO)
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kr-dependent PDFs can also be obtained!

1
.Idx XDq+G(X,QT)

1
Idx XD, (x,Q;), k=q+7, G

Qt = —> " (1 —2;)q;, the “CCFM in 1-loop approx.”
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Ined

kr-dependent PDFs can also be obta

(1 — 2;)q;, the “CCFM in 1-loop approx.”

n
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<

loop approx.”

In 1-

kr-dependent PDFs can also be obtained!

n
7

(1 — 2)q;, the “CCFM



* Moretesting of 11B.
* Including pr and CCFM In the game.

* Implementing transitions () — G and G — ()
(at least 2 methods found)

» Implementing NLL kernels
(looks rather trivial)
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- Next step: Prototyping, testing and
documenting the entire family of
constrained M C algorithms that we see...
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® Next step: Prototyping, testing and documenting the entire family of
constrained MC algorithms that we see...

- Next-to-next step: looking for
applicationsin the full scale
(4-momenta) parton shower MCs.
Obvious candidate processes: ISR for
W/Z a LHC, DISand ELCs.
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® Next step: Prototyping, testing and documenting the entire family of
constrained MC algorithms that we see...

® Next-to-next step: looking for applications in the full scale
(4-momenta) parton shower MCs. Obvious candidate processes: ISR

for W/Z at LHC, DIS and ELCs.

" NEW AVENUES are opened in

the construction of the ISR
PARTON SHOWER type MCs
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