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2t The parton shower is a tool to model high
5::%:90\ event 1n wmlmo_m collisions

5 QCD 1nspired model

Az

s¢ Not a predictive model. The scale and
C:@rv\mmom_ wmwmgmﬂmwm are rather
uncontrolled.

Qlz

s¢ Important tool for detector simulation

Al

% Very crude approximation but with the tuning
the performance usually 1s very good.
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* Very @owc_mw



2t The shower 1s strictly pQCD object
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We need to define a nice formalism

We have to rethink and improve the shower
algorithm and the matching schemes

NI

s¢ Kinematics, soft gluon, Lorentz invariance/
OO/\mﬂmmDOmb ..... T. Syéstrand & P. Skands

s Matching to Born matrix elements CKKW method

¢ Matching to NLO calculation MC@NLO

¢ Adding higher order correction NNLO



An m-parton configuration 1s
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An m-parton configuration 1s
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CONFIGURATION SPACE

An m-parton configuration 1s

A general state (e.g. jet function) 1s
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The unit vector 1s
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PHASE SPACE INTEGRAL

To define the phase space integral we have an operator

L= M \ &Aﬁ fictap, :L _Aﬁ fictap, Sv 2% ficlap,m
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PARTON SHOWER EVOLUTION

We use an evolution variable e.g.:
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PARTON SHOWER EVOLUTION

We use an evolution variable e.g.:

The evolution 1s given
by a linear operator

Group decomposation U(ts, t2) U(ta, t1) = U(ts, 1)




PARTON SHOWER EVOLUTION

We use an evolution variable e.g.:

The evolution 1s given

by a linear operator

Group decomposation

Preserves the
normalization

UA(te)) =1 =) (1|U(tt0)|Alto)) = 1



PARTON SHOWER EVOLUTION

We use an evolution variable e.g.:

Ultsoty = N (Tantd) +\
m—oo— t

No-splitting part

t3

1

Splitting part

dty U(ts,t2) H(t2) N(t2,t1)

Preserves the
normalization

UA(te)) =1 =) (1Tt to)|Alte)) = 1




NO-SPLITTING OPERATOR

The operator N(t',t) leaves the basis states
{p, fictabm) unchanged

ZQ\Q 3:? .\.u va‘,vv\\:v = Diﬂwf ,\,u vavv,gw ﬂ\g ﬂv :EQ .\., vavv,sv
R ———

Sudakov factor

From the normalization (1|U(t,t"){p. f,c}abm) =1
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NO-SPLITTING OPERATOR

The operator N(t',t) leaves the basis states
{p, fictabm) unchanged
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Sudakov factor

From the normalization (1|U(t,t"){p. f,c}abm) =1
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SPLITTING OPERATOR

The splitting operator describes all the possible
transitions that :@, Ui &?FSV = _Gy I mvmb,s._.zv

Since we are interested only at LI and NLL level
we have only1 — 2 splittings




SPLITTING OPERATOR
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SPLITTING OPERATOR
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SPLITTING OPERATOR
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SPLITTING OPERATOR
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SPLITTING OPERATOR
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SPLITTING OPERATOR
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SPLITTING OPERATOR
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The evolution starts from the simplest configuration,
e.g.: pp — jets, the mmgw_mmﬁ OODmmaonzm are

pp — 2 partons

The shower cross section 1s mﬁmi_sw rmwm mom_m _

gl — EPSS?S _qu >
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¢ We defined a nice operator formalism for
describing the parton shower.

¢ Improvements

Q[

¢ Kinematics: Exact phase space in every steps.
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2« [Lorentz covariant and invariant.
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Better soft m_cos treatment.
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No external parameters.
2t What about the freedom?

QY

¢ Adding finite terms to the splitting kernels.

)

st Freedom to improve this algorithm:

Sl

s Better soft w_cos treatment: Fo_:mm:m mczmm%:m
color contributions.

2

% Adding higher order contributions: 1 — 3.2 — 4. .



MATCHING BORN LEVEL
MATRIX ELEMENTS TO
PARTON SHOWER

Outlines:

3¢ Definition of the scheme

2¢ Connection to the slicing method

(CKKW method)



ADJOINT SPLITTING OPERATOR

Let us define the operator H1(t) according to

Since H(t)always increases the number of
partons Hf(¢) always decreases it.

For multiple emission:




Let us define the operator H'(t) according to
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It

then the following 1s a good approximation:

; &?FSV was m,m:mwmﬂm& T.% a shower wwoommg.m
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1 otherwise

if M,,, is known



APPROX. MATRIX ELEMENT

If |[{p. f.c}ap.m) was generated by a shower procedure
then the following is a good approximation:

b bt be g twv
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Matrix element reweighting operator:
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Expanding the first step of the shower cross section:

Lg
T.A?vv = »\/NQT wwiQ.wv ol «qu QQT wwv iAvaN/ﬂTMY mw:Q.wv
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[t 1s better to use the 3-parton matrix element in the

second term. Assuming we know M3

ts
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MATCHING AT BORN LEVEL

Expanding the first step of the shower cross section:

12

o (t)) = N(ts, ta)|o2) + \ dts U (te, ts) H(ts) N(ts, t2)|o2)

ﬁw —
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to
Adding and subtracting the same terms we have
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MATCHING AT BORN LEVEL

Assuming we know M3z, My, ...., M,, the matched

shower cross section 1s

== ZQ\.T wm _Q.wv
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MATCHING AT BORN LEVEL

After some algebraic manipulation:

loa(te)) = |oa(ts)) = N(te, t2)|o2)
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(Catani-Krauss-Kuhn-Webber method)

Defining the matching scale t; > ¢;,,; > ¢t and using the
group decomposation property:

laliel) = Ulis, b )U(Tiniy £2) |02 (E2) ) = Ul tio )| 6 Al ini)

The CKKW method use a simplified Sudakov
rewighting operator based on the £, jet algorithm
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MATCHING PARTON
SHOWER TO NLO
COMPUTATION



Let us calculate the N-jet cross section. The matrix

element improved cross section 1s

gl = \\ﬁ.&z A

J 1o

Amu.Z N (ts, tn)Wa(ts, tn, to _Q/v

te
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Expanding it in o, then we have
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PARTON SHOWER AT NLO

The NLO parton shower for an N-jet cross section 1s

Lg
(Fn|onLo(t)) = \ din (Fn|N(te, tn)Wa(te, tn, t2)|on)
to

Lg
+\ dtny1 (Fn|U(ts, tve1)Wa(ts, g, ta)|ongr)
t

2

»
4 \ &ﬂ?ﬂ ANU?.. 7 QTJ. *?ﬂv«aﬂ? A:. tN, *wv _Q..m/tv
lo




2t We defined a new formalism for describing the

parton shower

¢ Exact kinematics, Lorentz invariant and covariant

formalism, improved

| soft gluon

2¢ No @rmmm space cut parametes at m:, o:_v\ the

infrared cutoff parameter

2t Clear way to add higher order to the shower

2¢ It 1s possible to add massive fermions in the same

way

2¢ Matched to the LO matrix elements
¢ Matched to the “NLO matrix elements”



