R
Multi-parton interactions Hadronisation Hadron decays & QED corrections Analysis and tuning
:
:

Summary

Monte Carlo event generation: Introduction Il

Marek Schénherr

Institute for Particle Physics Phenomenology

Beijing, 15/07/2014

Marek Schénherr

o = E wae
:

1/30
00




Multi-parton interactions Hadronisation Hadron decays & QED corrections Analysis and tuning Summary
:

A hadron collider event

Event structure

Factorise into event stages
according to characteristic scales,
use relevant approximation in
each regime

e Hard scattering

e Parton evolution

e Multiple interactions
e Hadronisation

e Hadron decays
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Classification

e Soft inclusive collision
Otot = Oeclastic t Osingle diffractive T Odouble diffractive T Tnon-diffractive

dn/dy

e underlying event
dn/dy

jet

pedestal height

underlying |event
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Modelling the pedestal

Sjostrand, van Zijl Phys.Rev.D36(1987)2019

D B O L B B B
—— MRST2007 LO*
~— CTEQ6L

e partonic cross sections
diverge like dp3 /pt

A\ —— MRST2001 int.

= forsmall p; ~2—5 GeV
10° O partonic > Onon-diffractive
e interprete as multiple hard

scatters with

%

10 <n> _ o'partonic(pJ_,min)

O non-diffractive

\\1‘\\\\2‘\\\\:“’\\\\“t\\\\s‘\\\\ﬁ‘\\\\;\\ ° maln parameter is pJ_,min,
Py [GeV] determines multiplicity (n)
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Modelling the pedestal
wb AT e simple model with
4 UAS 1981 DATA
N <n> _ O partonic
O non-diffractive
/Lo, ﬁ
W . gives wrong charged multi distribution
‘ w e incorporate hadron shape |nto
tu prediction
i
t
e various shape models to determine
hadron-hadron overlap
O partonic
(n(b)) = fcf(b) —————
O non-diffractive
e hardness of the collision determines overlap =~ * F = F F e
=} = = £ DA
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Combination with parton showers

e naive: (n(b)) independent
secondary interactions

= separation of perturbative
picture of hard interaction

prim. int mult. ints.

ISR — no way to include rescattering

— completely seperate colour
and momentum evolution
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Combination with parton showers

Sjéstrand, Skands hep-ph/0408302

yan
i e e improvement: interleaving
P
e Pupi evolution kernel,
PO combine w/ pert. IS evol.

P = Pisr + Pwmpi

= interleaved colour and
momentum structure,
rescattering effects

— IS evolution not completely
perturbative anymore

1 2 3 4 number

=} = = = £ DA

:
Marek Schénherr 9/30




Multi-parton interactions Hadronisation Hadron decays & QED corrections Analysis and tuning Summary

Colour connections and beam remnants
Sjéstrand, Skands hep-ph/0402078

e secondary scatterings need to be
colour-connected to something

(a) / e simplest model would decouple them

from proton remnants

e next-to-simplest model would put all
scatters on one colour string

(c)

e embed scatters into ,vﬁ,v(

existing topologies Gy }
e three options: o d T,
B
- at random - -
e HG\0r 8
ﬁ"J_ :Sm

- rapidity ordered 5
- minimal string length () 7 “ A Zili
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:
Marek Schénherr 10/30




Multi-parton interactions Hadronisation Hadron decays & QED corrections Analysis and tuning Summary
: :

A model for minimum bias collisions

Butterworth, Forshaw, Seymour hep-ph/9601371
Borozan, Seymour hep-ph/0207283

e Assume parton distribution within proton is

dn,(x, b)

120 £ G(b)

e Use electromagnetic form factor

d’k  exp(k - b)
@F (k)

e EM measurements indicate 4 = 0.71 GeV,
but left as free model parameter

G(b) =

e continue model below p| min with same b-space parametrisation, but
cross section as Gaussian in p.
— inclusive non-diffractive events

a
: :
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Minimum bias as multiple pomeron scatterings

exploits optical theorem,
eikonal ansatz: e cut KMR diagrams to obtain
differential total cross section

Khoze-Martin-Ryskin model:

_— —_— —_— _— Y H
T T H " I =
H i i ‘i
= ' + A+ A+ N 4 e F
' AN e ey
R — PR AN, AN,
N

where - E e allow for parton showering of
: final state legs

'gluon’ ladder with effective ver- e hadronise
tices and propagators
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Confinement and interquark potential

¢ Hadronisation is QCD at low scales where a5 is O(1)

=- non-perturbative dynamics, not easily calculable from first principles

I data (solid lines) = o r 1(6s) = —
© theory (dashed lines) e ik j 1(65) bbt E
45— is/55) . [ 165) 1 =
T ) ]
[ 369)
4 =
il ] [ ]
3 [ mfv.(ZSI;—(@ —
[ L hy(1P) X(1P) |
s 0000 == == U= 1
[ 3/308) 95— 1(15) |
3249 | [ s 1 O (R) =Y 4+ KR = e/R 4+ R
L r ] IS I S S NS S SR S NS S MRS |
= - o3 4+ [ 1z 16 o0 24
EA R S S (SR A I S S (ST R

e measure QCD potential from quarkonia masses
e or calculate using lattice QCD

= approximately linear potential
PP y P o = Y = = wae
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Analysis and tuning
Confinement and interquark potential

o Hadronisation is QCD at low scales where a5 is O(1)

= non-perturbative dynamics, not easily calculable from first principles

— -

j-)
QED dipole QCD dipole
= formation of flux tubes in QCD
o = Y = )
| Marek Schénherr 15/30 |
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Feynman-Field model

Analysis and tuning

Summary
Experimental findings:

Nhag

Feynman, Field NPB136(1978)1
Nhud
Y

p(p1
AN
LN
Y ¥
Realisation:

) = exp (—p? /o?)

P

e recursively split g — ¢’+ hadron

- transverse momentum from fitted Gaussian
- longitudinal momentum arbitrary

(fitted to measurements)

- flavour from symmetry arguments+measurements
I

e problems: frame dependent, “last quark”, infrared safety, no link to
perturbation theory
Marek Schonherr
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start with ete™ — qg

Andersson, Gustafson, Ingelman, Sjéstrand PR97(1983)31

ap

. 2 mg
= exp{ —

dxdt K
°

expanding string breaks into hadrons, then yoyo modes

mesons as quark-antiquark pairs, baryons as quark-diquark pairs

QCD flux tube with constant energy per unit rapidity +» 6F—7Z=—==
new gg-pairs by pair creation in the flux tube (x-string tension)
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Lund string model

Andersson, Gustafson, Ingelman, Sjéstrand PR97(1983)31
e Lund string model very well motivated, but many parameters
= gives genuine prediction of “string effect”

e strings span between quarks and anti-quarks, gluons form kinks in
string
— string accelerated in direction of gluon

e infrared safe matching to parton showers
gluons with k; < 1/k irrelevant

=} =) = E E 9DaAe
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Cluster model

Webber NPB238(1984)492
e underlying idea: preconfinement

= follow colour structure of parton showers, colour singlets end up
close in phase space

e singlet mass O(t.)

0.9 .
. . — @ =35CeV
= primordial clusters 08 - ) -012CV ]
. . o —— Q =189GeV o
independent of collider energy — 0 s00Gev
W Q —1000GeV ]
0.5 F 4
04 - B

03+ -
0.2 - B
0.1 B

A
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Cluster model
Naive model:

e split gluons non-perturbatively into
qg-pairs

e colour-adjacent pairs form primordial
clusters

o clusters decay into hadrons
according to phase space
— diquark & heavy quark
production suppressed

Improved model:

e heavy cluster decay first into lighter
cluster, or radiate a hadron
C—CC, C—CH, C—HH

o leading particle effects incorporated
naturally

: :
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String vs cluster
Sjostrand, Durham '09

program PYTHIA HERWIG
model string cluster
energy—momentum picture powerful simple

predictive unpredictive
parameters few many
flavour composition messy simple

unpredictive in-between
parameters many few

“There ain’t no such thing as a parameter-free good description”
o =) = = z 9Dac
I Marek Schonherr 21/30 I
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Hadron decays

Manyfold task:
e Primordial hadrons are mostly unstable — will decay
e > 1000 different decay channels
e vast amount of measured decay tables in PDG
e form factor models for many decays known

Problems:

e BR's in PDG decay tables have uncertainties and in many cases do
not add up to one

e specifics of many decays are unknown
Non-trivial effects:

e significantly effects hadronisation yields, event shapes, etc.

I
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Example decay chain:
B*O N ,YBO
— B°

— e U, D*"

— 7t D°
- K p*
—7ata°
-
o = = = A20N &4
I Marek Schonherr 24/30 I
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Example decay chain:

B _ B
— B°
— e U, D*"
—atD°
- K p*
— 7t
EM decay

-7
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Example decay chain:

B 5 B°
— B°
— e U, D*"
— "D
- K p*
-t q°
Weak neutral meson mixing

-7
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Hadron decays: Many aspects

Summary

Example decay chain:
B*O N ,YBO

— B°

— e U, D*"

—atD°
- K p*
-t q°
-7
Weak decay, three body with form factor models
| o = E E 9DaAe |
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Example decay chain:

B — B
— B°
— e D D"
— 7tD°
- K p*
— 7t
Strong decay

-7
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Example decay chain:

B*0 s 4B
— B°
— e U, D*"
—atD°
— K p"
— 7t

-7

Weak decay, p mass smearing [ ~ m
:
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Example decay chain:

B*0 s 4B
— B°
— e U, D*"
—atD°
- K p"
— atg0

-
p polarised, angular correlations
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Example decay chain:

B — B
— B°
— e U, D*"
—atD°
- K p*
—
EM decay

-7
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Hadron decays

e previous generation of generators relied on external packages for
most important decays: EVTGEN (B-decays) & TAUOLA (7-decays)

o HERWIG++ & SHERPA contain in-built modules with at least as good
a description including spin-correlations and neutral meson mixing

e no interfacing issues as complete information can be passed
internally

RRRRK

Events

%42 B tag candidates
QAN =0 _
S5 B tag candidates

%

RN

X

%
R

R
L

X
R
SR
R
IR
X
KRR
KRR
XK
R
S
3
S

%%
&
PRRRRRS

o

R

[o%set

of

5 0

‘E» " % et ——Shewa
% R ;ﬁ» ) \L\ "\*\f Theory C=0 $=0.725|
< B I
s E < Y 3
E E S - J;‘?/
& E FEHT

- 0 at(ps)
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QED corrections

e previous generation of generators relied on external package for QED
corrections: PHOTOS

o HERWIG++ & SHERPA contain in-built modules with at least as good
a description including higher order corrections and preserving
spin-correlations,

— both employ YFS-type soft photon resummation

e no interfacing issues as complete information can be passed

internally

n
14
dofdm [1/GeV]

Ratio
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Analysis and tuning
RIVET Buckley et.al. arXiv:0103.0694

e |LHC successor to HZTooL
collection of exp. data &
corresponding analyses

e spirit: “right MC describes
everything simultanously”

PROFESSOR Buckley et.al. arXiv:0907.2973

e tuning in multi-dimensional
model parameter space

e calculate observables at random
parameter points

e parametrise to approximate
generator response for each
observable (bin)

e find parameter point of min. x?

Tune comparisons

Deviation metrics per genftune and observable group:

HERWIG

Herwig++

PYTHIAG

Pythias
Sherpa

Tune
HERWIGS
PYTHIAG-AVETL
PYTHIAG-DET
PYTHIAG-P2010
PYTHIAG-P2011
PYTHIAG 22
PYTHIAG-profQ2
AVET2-CTEQSLL
AVET2-L0xx
25.1UE-EE-3-CTEQ6LL
2.5.1-UE-EE 3 MRSTLOXX
AL

AUETZ8 CTEQSLL

AUET28-LOXx

UE Dijets Multijets Jetshapes WandZ Fragmentation B frag

LH'11 SM WG arXiv:1203.6803

£ DA
I
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Summary: MC event generators |l

Lecture:

o low energy QCD calculated not from first priciples but using
phenomenological models
— many parameters, need tuning to data

e underlying event typically calculated as multiple parton interactions
e two models (string & cluster) for parton to hadron fragmentation

e hadron decays important, ©O(100) hadrons with O(1000) decay
channels

e higher order QED corrections from first principles
Tutorial II:
e Matching & merging using PYTHIA8 & SHERPA

: :
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Thank you for your attention!
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