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Collisions in Real Data

Collision in the ATLAS detector at Vs = 2.36 TeV

COATLAS Jet Event at 2.36 TeV Collision Energy

2009-12-14, 04:30 CET, Run 142308, Event 482137

\:‘L*. EX P E R I M E N T http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

High particle multiplicity, different particles types (depositing energy in different parts of the detector)
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A Collisions in Real Data @

Helmholtz Alliance

Collision in the CMS detector at Vs = 2.36 TeV
3D @ ([, 3D Lego

CMS Experiment at the LHC, CERN -

Date Recorded: 2009-12-14 05:41 CET

Run/Event: 124120/16701049

Candidate Multijet Event at 2.36 TeV

Rha Phi

In classical mechanics not even a 3 body system is exactly calculable.
Use Monte Carlo methods to understand and simulate high energy collisions.
A. Knutsson DESY MC School - March 2011




A Monte Carlo Event

In the Monte Carlo generator scheme,
one of these events could look like this:

Event = PDF x (hard part x shower) x hadronisation

proton ﬁ } —®
A

proton ———{9) »

(Simple cartoon, some pieces are missing...)
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A Monte Carlo Event

Event = PDF x (hard part x shower) x hadronisation

N

The Parton Density Function.
Parameterization of the gluon

and quark densities in proton.

valence quarks

sea quarks,
gluons

A. Knutsson
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A Monte Carlo Event

Event = PDF x (hard part x shower) x hadronisation
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Matrix element ¢
calculations.
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A Monte Carlo Event

Event = PDF x (hard part x sho’wer) x hadronisation

Final state

Initial state ol =
radiation

radiation

g |

./\L

Evolution equations
Dipole showers
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A Monte Carlo Event

Event = PDF x (hard part x shower) x hadronisation

Formation of
hadrons

AN

PYTHIA:

— 9
=
9
>. The Lund string model
%
T
.
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HERWIG:
Cluster fragmentation

[/ \\
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A Monte Carlo Event

But we are not done yet. We may have several interactions within one collision:
Multiple Parton Interactions

Event = PDF x (hard part x shower + MPI x shower ) x hadronisation

l
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A Monte Carlo Event

Event = PDF x (hard part x shower + MPI x shower ) x hadronisation
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In the MC, all the parts have free parameters which needs to be determined

by using data (LEP, HERA, TEVATRON, LHC, ...)

—® \We need to fit or tune the MC parameters to data...

"A. Knutsson DESY MC School - March 2011
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The Underlying Event (UE)

UE = everything except the studied LO process:

e Parton showers
e Multiple interactions:

e Additional remnant-remnant, or parton-remnant
Interactions (soft or hard)

* Not pile up (= overlapping pp collisions in a triggered
event. Machine dependent.)

N =t
e Proton (LHC
Proton : ________)v{;-_._ :& : ( )
————-‘ __‘_i ol —
Underlying Event "_"“'—-_."I;‘i‘-_—_—‘“‘q‘mf Underlying Event

A. Knutsson

Multiple Parton Interactions

Outgoing Parton

Outgoing Parton PT (hard)

/\ Anti-proton (Tevatron)

Outgoing Parton Outgoing Parton

from R. Field

DESY MC School - March 2011 11



MC Tuning
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Motivation for Tuning

« MC generators are based on phenomenological models,
e.g.
- PDFs
- Fragmentation/hadronization models
- MPIl models
- Parton shower and Dipole shower models

- The free parameters are not exactly theoretically calculable

 Many parameters are “non-universal” and model specific
and exist only in the particular MC model.

 The MC should describe (all) data as good as possible.

&
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—P> We need to tune the parameters in the generators.

"A. Knutsson DESY MC School - March 2011
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Complications

—far —f
M= T={.

s

* Many free parameters in the models émg; .

5 il Wi * S

» Correlation between parameters =1 =

* Possible correlation between the different

parts of the events.

Common stratetqy:

Tune the different parts of the event separately

—

to data which is sensitive to the particular physics...

For example: use existing PDFs already fitted to HERA data, and tune the
hadronization parameters to LEP data and the MI parameters to
TEVATRON/LHC data.

"A. Knutsson DESY MC School - March 2011
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Example of Parameters to Tune

* Flavour parameters (examples)

TERA
ALE

Helmholtz Alliance

Mainly parameters which gives (suppress) the probability that quarks with a
particlular flavour is produced. Other parameters related to the fragmentation e.g.
production probability and spin of mesons.

* Fragmentation parameters (examples)
- Width of Gaussian distribution for p, and P, of hadrons created in the hadronization

- Aqcp for ag in parton showers
- Cut off parameters for parton showers. Determines if partons will radiate or not.

* Underlying event parameters (examples)
- Parton shower parameters

- Parameters determining the shape of the transverse-momentum spectra for MPI
- Matter overlap for the colliding hadron (~impact parameter).

- Probabilities that an additional interaction gives more gluons and how
they color connected.

- Parameters which determines the k-distribution of partons inside the proton

A. Knutsson DESY MC School - March 2011 15



The Classic Fitting Approach

...and why it doesnt work for the MC tuning.

1. Calculate observables using Monte Carlo for a given set of parameter values
2. Compare to data, calculate 32 and feed it to a minimization program (MINUIT)
3. Minimization program estimates new parameter values

4. Iterate 1. - 3. until %2 is minimized

16
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The Classic Fitting Approach

...and why it doesnt work for the MC tuning.

1. Calculate observables using Monte Carlo for a given set of parameter values
2. Compare to data, calculate 32 and feed it to a minimization program (MINUIT)
3. Minimization program estimates new parameter values

4. Iterate 1. - 3. until ¥2 is minimized

0O(100) iterations needed to minimize y2,
i.e. the generator is run O(100) times, iteratively:

If one MC generator run takes 1 hour, the minimization takes O(100) hours.

One may need exclusive selections.
e
Good MC statistics. Minimization >> 100h.

17
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The Classic Fitting Approach

1. Calculate observables using Monte Carlo for a given set of parameter values
2. Compare to data, calculate 32 and feed it to a minimization program (MINUIT)
3. Minimization program estimates new parameter values

4. Iterate 1. - 3. until ¥2 is minimized

0O(100) iterations needed to minimize y2,
i.e. the generator is run O(100) times, iteratively:

If one MC generator run takes 1 hour, the minimization takes O(100) hours.

One may need exclusive selections.

e
Good MC statistics. Minimization >> 100h.

Automated Tuning Approach:
Describe parameter dependence before parameter fitting,
by using a grid in MC parameter space.
The MC grid points can be calculated simultaneously.
The fitting itself then takes a few seconds.

"A. Knutsson DESY MC School - March 2011 18



Automated Tuning — Simple Example

Simplest possible example
1 parameter, 1 data observable

1. Do MC predictions in parameter space

200 — ®

180 - Monte Carlo predictions
160

140 &
120
100 ®
80

Equidistant or random grid points.

Observable

8

S
=

I
0 0.2 0.4

MC parameter value

"A. Knutsson DESY MC School - March 2011 19



Automated Tuning — Simple Example

Simplest possible example
1 parameter, 1 data cross-section

2. Determine polynomial using SVD

180 s - Monte Carlo predictions

160 s - Polynomial fit to MC
140 -]

120 !
100 F -

Observable

8 8

8
_'ﬁl

0 0.2 0.4
MC parameter value

"A. Knutsson DESY MC School - March 2011
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Automated Tuning — Simple Example

Simplest possible example
1 parameter, 1 data cross-section

3. Minimize Chi2 to data using the polynomial

@ 200 ' D
';% 180 | =] Monte Carlo predictions
160 |
8 | ; - Polynomial fit to MC
o 140 ‘ﬁ
O 2 b
I
100 =
80 _.l' - Fit polynomial to
- data cross-section
60 P
40 z=° i |
0 0.2 0.4

MC parameter value

"A. Knutsson DESY MC School - March 2011 21



2 observables

If 2 observables (e.g. two data points in the same measurement):

v N e Monte Carlo N -
Q 14— Polynomial fit QDos5
g - ﬁ -
T 12 - o -
ro B o — 2 o
O 10 = @ - 3
(/)] = © ()] B [
O 8 &8 Ols- g8
- i £ - i £
6 — © - S
L @ 1 - ©
N o B o
4 — B
: e T S
2 — B
0:|III|II|III|III| D_|III|II|III|III|
-0.2 0 02 04 06 -0.2 0 02 04 0.6
Parameter value Parameter value

...same thing, but we need two polynomials
and minimum not that obvious.

Note the importance of including the error of the data in the fit. We
do not need to be perfect, just good enough.
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Automated Tuning

 The method was suggested for LEP 14 years ago:
“Tuning and test of fragmentation models based on identified
particles and precision event shape data.”, Z.Phys.C73:11-60,1996

Implemented in the programs:

« PROFESSOR: Extensively used for MC tuning within the experiments at LHC.
Used for tuning of HERWIG++ and PYTHIA.
[Buckley et al, Eur.Phys.J.C65:331-357,2010]

« PROFFIT: Used at DESY to fit unintegrated PDFs to HERA data.
Emphasis on complete error treatment as in other PDF fits (a la CTEQ).
Has also been used for tuning for fragmentation parameters to HERA data.
[Bachetta, AK, et al, Eur.Phys.J.C70:503, 2010]

A. Knutsson DESY MC School - March 2011 23



Measurements of the UE
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The Classic UE Measurement

General idea: Measure the energy flow and particle multiplicity transverse
to the hard object(s) produced in the sub-process.

This may be a jet or particle pair in Drell-Yan or simply just
a particle with a high transverse energy.

PTmax Direction

* In the toward and away region the
“Toward” UE signal may be washed away by the hard
activity (e.g. the high pt jet).

“Transverse”  “Transverse” « High activity also in away
region due to momentum balance.

“Away”  Transverse region expected to be
more sensitive to Ml and UE

Measured at the TEVATRON, LHC and HERA.

"A. Knutsson DESY MC School - March 2011

25



PHYSICS
AT THE

A Recent measurements from ATLAS

SCALE
|||||

[arXiv:1103.1816v1
submitted to EPJC]

Select collisions where the leading particle has a Pt>1 GeV.

Measure the activity in the event with respect to this particle.

leading particle =
particle with highest Pt
in the event.

A¢

toward -

Sy -

ol JAgl<60® LT

~ -
#

transverse ~~._ .- transverse
60%|Ad|<120°, .= T~ _60%|AdI<120°

_.~ away ..
|A¢|>120° T

LY

* High activity (particle multplicity)
in the region around the leading particle

» Large activity in the opposite region to
to the leading particle. Momentum conservation.

* Lowest activity transverse to the leading particle.
Measure the underlying event here.

E_E_lllII|IIII|IIII|IIII|IIII IIII_
[ = Data 2010 i
[ wemPYTHIA ATLAS MC09 ]
2" = = PYTHIA Perugia0 i
- = =PYTHIA DW .
1 8 =ss1 HERWIG+JIMMY ]
== PHOJET ]
18-  ATLAS .
F NE=T7Tev B
1-4: ot p%ed =1 GeV -
12 5 .
. doE ;
1r:==|-. - . J:.f
: -:h-l E.. I=.:l :
0.8 . .
0.6
0.4
D_E_l 1111 1 111 1111 | 1 1 ITI 1111 1 1 I.I I_
-3 P {1 0 ‘ pl 3
N6 [RGy
Away Toward region
region region
Transverse Transverse
region region

"A. Knutsson DESY MC School - March 2011
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A Recent measurements from ATLAS
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Mesurement repeated for different Pt requirements of the leading particle:

-= E_E_I rrryrrrrrprrrd I LI | L I LI |_ 2 .ﬁ_l LU | LI I LU | LI | LU | LU | -= 2_2 I LI | LI I L | LI I L | LI I
| m Data 2010 - i L
;é [ = PYTHIA ATLAS MCO9 . g o ATLAS _' g N ATLAS mad _'
A 2 == PYTHIA Perugia0 1 A 2 N5 =T TeV i C - P =3 GeV i
< [ = =PYTHIADW 1 £ ] C ]
¥ 1.8F = HERWIG+JIMMY 1 ¥ 18f ] :
C == 'PHOJET ] B ] |
16-  ATLAS 1 16f 5-5 ]
[ \E=7Tev i [ T ]
1_4:— e g GaV ] 1_4:— .l .
120 * .
: iy 3
15, : 27
F ’ b ]
ﬂ-B ra :- -_
0.6 - ] [ 0.6~ ]
C T Epasy b [P T - 1 - ]
- .-.- L - '_l'- i -1 B 1 B 1
0.4- - 04 - 0.4 -
L charged+neutral particles p_=0.5 GeV l<2.5 | charged+neutral particles P =0.5 GeV =25 ] [ charged+neutral particles pT::-[I.ﬁ GeV Inl=2.5 ]
D_E_I 11 11 | 1111 | 1111 I 1 | ITI | 1111 I 1111 |_ ﬂ_g-l 1111 | 1111 I 1111 | 1 111 | 1111 | 1111 | D_E _I 1111 | 1111 I 1111 | 1111 I 1111 | 1111 I-
-3 -2 -1 0 1 2 3 3 -2 -1 0 1 2 3 3 -2 -1 0 1 2 3
A ¢ [rad] A ¢ [rad] A ¢ [rad]

* The hardness of the reaction effect the whole underlying event structure.
Higher leading Pt — More activity all over the event and a more focused
activity around the leading particle.

MC-data comparison:

« The MC that was tuned to other data do not describe this data.

* No MC describes the details of the data.

* High discriminating power. We should use the data to improve the models.

"A. Knutsson DESY MC School - March 2011 27
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A Recent measurements from ATLAS
A typical UE measurement a la Tevatron: Look at activity in the transverse regions:
Average particle multiplicity Average transverse momenta of
- in the transverse region particles in the transverse region

_g— . : T | UL | LI | LI | LI | LI | LI S‘ T | T 1T 1 | LI | LI | T T T | LI | L

g- ofF- Transverse region % 2 Transverse region i

S “F  ATLAS ~1gf ATLAS

& 18F Vs=7Tev £ UF Ne=TTev -

Vo E S 1.6 R
16 & F I | :
1.4F T LA T E

- | g ST ; - Voo : E
1.2 R P— R =3 T .
C —a— " ] 1 [ o ]
= = = - B S
0.85 — e T e 0.8 peemmemied —
e £#= Data 2010 N L o £%= Data 2010 .
0.6 [*== —— PYTHIA ATLAS MC09 i 0.6~ — PYTHIA ATLAS MC09 —
I ------ PYTHIA Perugla0 . N ------ PYTHIA Perugla0 ]
0.4 f# ---- PYTHIA DW A 04 |7 ---- PYTHIA DW ]
gl i 5 E— HERWIGHJIMMY ] ) - I HERWIG+JIMMY .
0 2;} ----- PHOJET 3 02; ----- PHOJET B
e charged+neutral particles p >0.5 GeV hj<2.5 3 C chargled+neu1rall particles lpT:-ﬂ.Eu Gel‘-.f |11I<2_5| ]
T [T N N T T A N T T I T T N N TN NN A B B A _',||'lllllllllllllllllllll_

©« & « [

@™ L[ m  F

Q I - u Q 1=

O [l = il lommmmmmmema== === === "% i

T N & -

B B e U P2 ¥ 24 6 8 10 12 14

» The particle multiplicity in the UE increases when the hardness of the reaction increases.
(This we already learned from the last slide.)

« Pt in the UE also increases with p,-lead.
» Again: we do not understand what is in the UE. No single MC describes all the data...
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Recent measurement from CMS cys.qcp-10-010)

Similar measurement from CMS. Using a (track-) jet to define the reference axis.

Average particle multiplicity

in the transverse region

Leading Track Jet 1.0k

direction i

‘ -

1._

Ad :
= G

o8

|

Transverse _ Transverse § 0.5__

o 04

0.2[5

CMS prellmlnary

-
-
=
-
=

* Data7 TeV
+ Data 0.9 TeV
— PYTHIA-6 D6T, 7 TeV -
— PYTHIA-6 D6T, 0.9 TeV-
---PYTHIA-6 DW, 7 TeV _
--PYTHIA-6 DW, 0.9 TeV _

charged particles |
(p, > 0.5 GeVic, Inl < 2,@0° <A}l < 120°)
A I L 1]

00....I

TN I B e
10 20 30 40 50

Leading track-jet p_ [GeV/c]

Average transverse momenta of
particles in the transverse region

1 6 _| L | L | LI | T T 1 1 |- T -| ™1 I_
L CMS preliminary -
1.4F T -
1.2) .
1 o -
i - Data 7 TeV ]
T 0.8 ’ * Data 0.9 TeV N
N /! — PYTHIA-6 D6T, 7 TeV ]
- L) — PYTHIA-6 D6T, 0.9 TeV
0.61 l ---PYTHIA-6 DW, 7 TeV -
- .} il ---PYTHIA-6 DW, 09 TeV |
0.4 /== j -
0 2:_ charged particles
T (p, > 0.5 GeVic, | <2

L | 1 | L | L |
O~ ""F0 20 30 40 50
Leading track-jet p_ [GeV/c]

 The UE depends also on the center of mass energy of the collision.

 MC unsatisfactory description of the data.

A. Knutsson

DESY MC School - March 2011
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A Recent measurement from CMS

Helmholtz Alliance

Ratio: Vs=7 TeV / Vs= 900 GeV Ratio: Vs=7 TeV / Vs= 900 GeV
Average particle multiplicity Average transverse momenta of
3 in the transverse region particles in the transverse region
—_ O[T ] ELREL IR I I IS LN I B IR
ﬁ -+ Data CMS preliminary - ﬂg 3'5: + Data CMS preliminary 1
— - —PYTHIA-6 D6T 1 ] — - —PYTHIA-6 D6T 5
T o 5[ ---PYTHIA-6 DW |4 T af ---PYTHIA-6 DW —t ]
= 7L -~-PYTHIA-6 PO ~ —3 £ [ --PYTHIA6PO - ]
© | —PYTHIA-6 CW 1 © £ --PYTHA-6CW n
1-‘:: 2__ _| H|_2-5__ -
[ i B T - i
£ | } ........ 1 8 F 0 Soul N R
N i S I — 1 % 2F 1 } s
ﬁ 1o 1D L ]
= r . 1 = 19F E
U:! 1_ ST s — ;j‘_! - 4 a
o B i -] 1= = —
ﬁ 0.5 charged particles . % ﬂ_5f_ charged panicles_f
= - (p, > 0.5 GeVic, l <2, 60° < 1Apl < 1207) ] = n (P, > 0.5 GeVic, Il <2, 60° < 1A¢l < 120°) ]
™~ vl b bea b by b bv o | P~ :|||||||||||||||||||||||||||||||||||:
GU 2 4 6 8 10 12 14 16 18 OU 2 4 6 8 10 12 14 16 18

Leading track-jet P, [GeV/c] Leading track-jet P, [GeV/c]

* The increase of the UE with center of mass energy depends on
the hardness of the reaction.

* None of the tested Pythia models can describe this behaviour.
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Alternative measurement (CMS)

* There are many alternative measurements that can teach us about the UE

and the MC models. Just one example...

* Energy flow in the forward region (= close to the beam direction) for

Minimum Bias events and Di-jet events.

Minimum Bias Data

1/N(dE/dn) (GeV)

- =smData Minimum Bias

uu Pythia DBT
------- Pythia PROQ20 Ns=7TeV
un Pythia PO
mm %th.ia DW
Pytia 8 e
(T ] 1a LLLLETTETT]]
102 - |:|S¥st. Uncert. ——
- IR
[ ] ETTITTRTIY i
—: = 5
MMMMFIIIIIIIIIII' Py
| =
—I
Iﬂnmg

miall L |

(Uncorrected data)
1 | | | | 1 | | | |

CMS Preliminary

rll- LRI R P DR L

mimm

.
3

R
3.5 4 4.5

.
5
n

3| ==DRata QcD Dijets CMS Preliminary
107 E o Blthia PROQ20 Ns =7 TeV
- wnmPythia PO
: mm thia DW
K P?;ojet
== Pythia 8
B I:| SySt Unce rt- lllllllllllllllllllllllllllllll |
L R i II
.I-I_‘IIIIIJ
lllllllll -Illllllllll
101 f
F :
- ! :
I £
| :
: U dd |
i ncorrected data i
1 0 T.J.dJ| R (| coe oy | )I L1 !_ i-i-i
3 3.5 4 4.5 5|

Central Di-jets Data

*Yet another example of that none of the existing MC models/tunes can describes
all data. Which MC that “works” depends on the hardness of reaction.
--> Sensitivity to the parameters and models.

A. Knutsson
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Tuning example —

Recent tune from ATLAS where they used the here presented
(prelim.) ATLAS data to perform a MC tune.

32
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A Tuning example — Recent tuning from ATLAS
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ATLAS has improved the description of the data by the MC by tuning MC parameters.

First tune done to Vs=7 TeV data.

* Regulatization cut-off in 2 — 2 scatterings in Mi:

Dependence on center
of mass energy.

; E
PP (Ecm) =T (Erep)|- EC"; )
re
?

tuned parameters

min o
Pt lower — more activity

Slide adapted from talk by J. Katzy

(LHC forum DESY January 2011)

and M. Warsinsky

(Helmholtz Alliance Yearly Meeting December 2011)

1/Ng, -de:'dn

Ratio

2.8_III | III|IIII|IIII|IIII|IIII|IIIIIIIII|IIII IIII_
260 p,>500 MeV, In1<2.5,ny, =1 E
24 -
® o
228 -8
2 -
183‘:‘ __________________________________________ i';__
Lo ATLAS Prehmmary .
L \s=7TeV —]
1'6: = Data .
14 — PYTHIA ATLAS MCO09 i
T e PYTHIA ATLAS MCO09c .
1 oF == PYTHIA DW E
CE PYTHIA Perugia0 7
1:_-"-PHOJET _
EHHHHHH | | HHH | -
1.2 == Data Uncertainties =
1 15_ = MGC / Data _E
| —
0.9E
i et e

3 P e _
25215105005115225

n
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A Tuning example — Recent tuning from ATLAS*

llllllllllllllll

ATLAS has improved the description of the data by the MC by tuning MC parameters.
First tune done to Vs=7 TeV data.

-.E —:I-III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII III-|:—

) - p_>500 MeV, I 1 <2.5,ny > 1 .

@ 1 =

» Matter overlap (central or = 10 5 ATLAS Preliminary =

peripheral collisions): 3 1020 \s=7TeV N

< = =

107 E

y - .

10 E

] — - -. -

10° = Data _

= — PYTHIA ATLAS MC09 =

b C == PYTHIA ATLAS MC09c ]

\ 10°E == PYTHIA DW .

= PYTHIA Perugia0 =

Double <::[IH S PHOJET 5

10" =

H = | | | | 1y | | | | =

GaUSSIan 1' | | | | i | | | | ':

o) 15 ;*:-ah, ..... — ]

E S e -

0.5 == pata Unecerfaintiés™ {7 ... .

- : " MC f'r Data '.-.-...: s

Varying the matter overlap | TN T T s
affects the high multiplicity tail. 10 20 30 40 50 60 70 80 90

Ay

"A. Knutsson DESY MC School - March 2011 34



PHYSICS
AT THE

tq
7./ N\ TERA
SCALE
Helmholtz Alliance

* Tune the color reconnection strength

and suppression of fast moving string

pieces.

Probability for Ml to produce 2 gluons
with color strings to closest neighbor.

Tuning example — Recent tuning from ATLAS

; 1 .B_I TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T I-r_l T TTT I_

(ﬂg} i p;> 500 MeV, Inl<25,n,, 2 1 _
= - ATLAS Preliminary -

= 1.4 — e

2 ; \s=7TeV el

1.2_— . 4 =

1_ u—

. == Data i

L — PYTHIA ATLAS MCO09 -

0.8 = PYTHIA ATLAS MC09¢c —

e PYTHIA DW :

S mum PYTHIA Perugia0 7

- wor PHOJET T

0.6 —

R N AT NEEEN 4

1_1;— ,,,,,, . I e ..E

o i i s =

o 4 ]

0-9;_ == Data Uncertainties e

0.85 - MC / Data E

“710 20 30 40 50 60 70 80 90

Men
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A Tuning example — Recent tuning from ATLAS

SCALE
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Tune result (5 parameters):

Particle multiplicity distribution Particle P, distribution

5 5 — 10
__-.E pT>5DDMeV,InI<2.5,nch26 ] c% 1L pT>5DDMeV,InI<2.5,nch26
3 1071 \Ns=7TeV = O] \s=7TeV
3 F 5 = 10"
. - .. - = P
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< = =
- _3: - E 107
107E = o 10*
C . “+
104 = 5 10°
= = 2 .
C . 7 & 10 X
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- === PYTHIA ATLAS MCO09¢c ] 108 === PYTHIA ATLAS MC09c i
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10—?§IIIII 1111 1111 1111 1111 | [ IIIIIIIE 1[}_IU:IIII| ] ] | IIIIII | | =
13; :% 25_ Data Uncertainties, _-«=1----, _f
e - 1.5f = MC/Data 717~ "ilko, =
-g E_ "I. I“'"—--l__ _ _E g = T ---I .
2 08F e FThms - = F - -
C 0.6F LT 3 T —1— [ _.3
0.4FE == Data Uncertainties "----{----~ = o5E R
0.2f *** MC/Data TS TE -3
05402050 40 50 60 70 80 90 ] 10

*Very good description at low N and Pt.
Improved description of data at high N and Pt.
*But data still not understood...
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A Tuning example — Recent tuning from ATLAS

SCALE
Helmholtz Alliance

The challenge is of course to not destroy the description of other data.

(We need a proper model with enough universality / correct energy dependencies.)

ATLAS tune compared to UE data from the Tevatron at Vs=1.8 TeV

[&]

N

~ 7

1.4

Ratio

0.8
0.6

transverse region, min-bias

—+— CDFppdata \s=1.8TeV
PYTHIA ATLAS MBT1
PYTHIA ATLAS MCO0Sc tune
=---o PYTHIA Perugia0 tune
——— PYTHIA DW tune

[ I'|IIII|IIII|IIII|IIII|IIII

1.2}

— == Data Uncertainties
Eoreee MC / Data

1

0 2 4 6 8 10 12 14 16 18 20

pT(Ieading track-jet) [GeV]

") [GeV]

5
T

(p.

Ratio

» Very good description of the Tevatron data.

1

N W 2 o000 NN O o ©

III|IIIIIIIII|IIII|IIII|IIII[IIIIlIII]lIIII|IIII

—

1.4f
1.2
1=
0.8}

0.6

transverse region, min-bias

—+— CDFppdata \s=1.8TeV
PYTHIA ATLAS MBT1
PYTHIA ATLAS MCQ9c tune
=-e--o PYTHIA Perugia0 tune
——— PYTHIA DW tune

== Data Uncertainties
----- MC / Data

0 2 4 6 8 10 12 14 16 18 20

pT(Ieading track-jet) [GeV]
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Different Tunes

The Pythia6 Tunes from Rick Field
 Manual tunes to Tevatron data, recently also active tuning to LHC data.

The PROFESSOR Tune of Pythia
* Tune flavour and fragmentation to LEP data.
e Tune the UE parameters to TEVATRON data.

The Perugia Tunes, by the Pythia author (Skands) et al, arXiv:1005.345/v?2
» A set of complete tunes of MC parameters including Final State Radiation,
Hadronisation, Initial state radiation, MPIl, Beam remnants, Color Reconnections.

Herwig++ Tuning activities
* Determination of the 2 free MPI parameters to TEVATRON data
 Tune the hadronization to LEP data, and color reconnection to ATLAS data

Sherpa, Pythia 8, and other Mcs tuning.

The ATLAS Tune(s): Use PROFESSOR for PYTHIA tuning within the ATLAS experiment.

CMS specific tunes within short.
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rview of Pythia tunes

100+: Q*-ordered shower and “old” underlying-event model

Just to give you a feeling how _MSTP®) Name ______Description Date
. . st generation: Rick Field's CDF tuneas and a few more
active this area of QCD has 100 A . Rick Field’s CDF Tune A (Oet 2002)
101 AW ¢ Rick Field's CDF Tune AW (Apr 2006)
been the laSt yearS' . 102 BW ¢ Rick Field's CDF Tune BW (Apr 2006)
103 DWW ¢ Rick Field's CDF Tune DW (Apr 2006)
ScreenShOt from 104 DWT . ¥ but with the old default ECM-scaling (Apr 2006)
105 QW : ' & CDF Tune QW using CTEQ6.1M
P.Skand, 106 ATLASDCZ2 - -' ATLAS tune (“Rome”)
Phys.Rev.D82:074018,2010 1o p5 (e 2000
(Good publication if want to 109 D67
. 2nd generation: The sar
know more about tuning.) 110 APro (Oect 2008)
111  AW-Pro (Oct 2008)
112 BW-Pro (Oct 2008)
113 DW-Pr (Oct 2008)
114 DWT-Pro (Oct 2008)
115 QW-Pro (Oct 2008)
116 ATLASDC2 (Oct 2008)
Pro
117 ACR-Pro (Oct 2008)
118 D6-Pro (Oct 2008)
119 D6T-Pro : Qg (Oct 2008)
drd generation: Uomplete (Y2-ordered Tune by Professor
129 Pro-0Q20 :  Professor ()2-ordered tunf_\ / (Feb 2009)
200+: Intermediate and hybrid models ~
MSTP(5) Name Description Date
200 IM1 :  Intermediate model: new UE, ()2-ord.
new CR
201 APT : Tune A w. pT-ordered FSR (Mar 2007)
211 APT-Pro Tune APT, with LEP tune from Professor (Oct 2008)
221 Perugia "Perugia” update of APT-Pro (Feb 2009)
APT
226 Perugia "Perugia” update of APT-Pro w. CTEQGL1 (Feb 2009)
APT6
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300 +: pi'_—u:rrdergj shower and interleaved underlying-event model

Helmholtz Allance HSTP(E) Mame Description Diate
lst generation: Sandhoff-Skands CDF Min-Biss tunes and a few more -
300 80 Sandhoff-Skands Tune using the 30 CR model (Apr 2008)
i i 401 51 Sandhoff-Skands Tune using the 51 CHR model { Apr 2008)
JUSt to g_lve yOU a feellng hOW am 52 Sandhoff-Skands Tune using the 52 CH model (Apr 2008)
active this area of QCD has a3 S0A S0 with “Tune A" UE energy scaling (Apr 2008)
been the |ast years . dd NOCR “best try” without CR (Apr 2006 )
306 Old Original (primitive) CR model (Aug 2004)
A6 ATLASCSC @ Arthur Moraes” pj-ordered ATLAS  tune
Screenshot from _ /. CTEQELL
2nd generaticn : The sgind g0 th Professor’s LEP parameters
P.Skand, 410 S0-Pro qth Professor’s LEP parameters (Oct 2008)
Phys.Rev.D82:074018,2010 411 51-Fro : 0/' ofessor's LEP parameters (Oct 2008)
. . . 312 52-Pro ) 's LEP parameters Oret 2008
(GOOd pUbI|Cat|0n if V\_/ant to 413 0 , ?[' llul?l ifes LEF parameters El}ct. '.Illilﬂi
know more about tuning.) 314 NOGH P “O‘ ’5% 49 ™NLEP parameters (Oct 2008)
a5 O ~ e, ulel)ﬁ | Qf r's LEP P ars (Ot 2008)
3rd generat] S g / -nﬂ },IY" 0D pT-or™gd Tunes
320 O',,}, QI’.@ Q/ﬁ Pr. (Feb 2009)
221 8,4»6, ’Iilf . d Y; Q{& Less  (Feb 2000)
¢ % s
322 Perugia ( h/ l{l)ﬁpll ve MPL More BR, More  (Feb 2009)
SOFT
323 Perugia 3 a to 9 (-OSI. dillejfnt ISR/MPT  (Feb 2009)
I||I--l LHC/& RHIC
3424  Perugia "Peruga” updaidhg/ | (Feb 2000}
NOCR
325 Peruga * "Perugia” Tune w. {exteri»/MRSTLO* PDFs (Feb 2000}
326 Perugia 6 "Perugia” Tune w. (external) CTEQEL1 PDFs (Feb 2000}
327  Perugia 2010 Perugia 0 with more FSR off ISR and more (Mar 2010)
strangeness
3428 Peruga K Perugia 2010 with a “K™ factor on the MPI cross  (Mar 2010}
sections
320 Pro-pT0 Professor pT-ordered tune w. 530 CR model (Feb 2000}
320 MO ATLAS MCO09 tune with (external} LO* PDFs (2009}
335 Pro-pT* Professor Tune with (external) LO* PDFs { Mar 2000}
3436 Pro-pTh Professor Tune with (external) CTEQELL PDFs (Mar 2009)
330  Pro-pT** Professor Tune with (external) LO** PDFs (Mar 2000)
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7\ TERA

300 +: pi'_—u:rrdergj shower and interleaved underlying-event model

Helmholtz Alliance HETP{E:' HELTI.E' DE‘ECI-I.PT.EDH D-E-tE"
lst generation: Sandhoff-Skands CDF Min-Biss tunes and a few more -
300 80 :  Sandhoff-Skands Tune using the 30 CR model (Apr 2008)
i i 401 51 :  Bandhoff-Skands Tune using the 51 CH model { Apr 2008)
JUSt to g_lve yOU a feellng hOW am 52 Sandhoff-Skands Tune using the 52 CH model (Apr 2008)
active this area of QCD has 303 SOA S0 with “Tune A® UE energy scaling (Apr 2006)
been the |ast years dd NOCR “best try” without CR I::.."Lpl' .E'J:"]Ei_]
306 Old Original (primitive) CR model (Aug 2004)
a6 ATLAS-CSC Arthur Morass® pj-ordered ATLAS  tune
Screenshot from — - ad CTEQSL
2nd generation : The same, but wi
P.Skand, 410 S0-Pro (Oct 2008)
Phys.Rev.D82:074018,2010 311 81-Pro (Oct 2008)
. . . 312 52-Pro (Ot 2008)
know more about tuning.) 314 NOCR-Pro parameters (Oct 2008)
415 Old-Pro Bre (Ot 2008)
3rd generation : The P nes
320 Perugia 0 (Feb 2009}
321 Perugia Feh 2000}
List is not complete — more HARD _
tunes to LHC data have been made 922 ;’g;&r’ﬂ (Feb 2009)
and are coming still in progress. 393 Perugia 2 (Fe 2000)
Not only because we are confused
and desperately keep tuning, 324 Perugia (Feb 2009)
. NOCR
but: . 325 Perugia * "Perugia” Tune w. {external (Feb 2000}
* New measurements are coming. 326 Perugia 6 "Perugia” Tune w. {external) C PDFs (Feb 2009)
» The different MC generators are 327  Perugia 2010 Perugia 0 with more FSR off ISR and more (Mar 2010)
developing. _ strangeness _ _
3428 Peruga K Perugia 2010 with a “K™ factor on the MPI cross  (Mar 2010}
sections
320 Pro-pT0 Professor pT-ordered tune w. 530 CR model (Feb 2000}
320 MO ATLAS MCO09 tune with (external} LO* PDFs (2009}
335 Pro-pT* Professor Tune with (external) LO* PDFs { Mar 2000}
3436 Pro-pTh Professor Tune with (external) CTEQELL PDFs (Mar 2009)
330  Pro-pT** Professor Tune with (external) LO** PDFs (Mar 2000)
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Summary — what we learned...

I hope that you learnt:

« How a typical UE measurement is done:
Transverse region to leading objects.....

« Why we tune:
The MC models are complex with a lot of free parameters...

* What we tune:
Hadronization, flavours, showers, MPI,...

« What automated tuning is:
The MC parameter dependence is determined analytically before
the actual fit is performed.

* Roughly what different tunes mean, and that there are a lot on the market.
Tunes to different data, different models and assumptions,
with emphasis on different parts of the MC. Different MC.

« Experimentally and theoretically the UE is a very hot topic, because
we do not understand all the data. Exciting times...

Thank you for your attention!
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A Tuning in HERWIG

Helmholtz Alliance

* Ml model in HERWIG++, two parameters to tune:
« p2 — determines how the colliding particles overlap (impact parameter dependence)
« pM" — py-cut off for multiple hard interactions

Use simple but effective “tune” (perfect for 2 free parameters): y2 scans

Data from the “classic” UE - jet measurement from the TEVATRON.

Xt?ransv/Ndof . . . .
Transverse average charge partile multiplicity
73] L LS S I
g data, uncorrected
/\G - — pi* =3.5, p’ =150, xi/N=3.1 PTmax Direction
@A p® =35,y =125, 2, /N=2.9
o R pi" =4.0, =150, xy/N=2.8
vV

“Toward”

%]
UL B

MC/Data
OO -
o 08O b

2.0 2.5 3.0 3.5 4.0 ‘4.5 5.0
py " (GeV)
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A Tuning in HERWIG

Helmholtz Alliance

» Tuning of several parton shower and hadronization parameters model to LEP data,
by using PROFESSOR.

» After that the Color reconnection model, has been tuned to ATLAS data.

Charge particle multiplicity as a function of n (7 TeV, N,,>5)

2

—e— ATLAS data
—— Professor prediction
—— H++ (prelim. tune)

45

1/ Neyd Ny, /d

4

35 I,

Color reconnection model 3

in the cluster hadronization
allows for reformation of
clusters.

2.5

2
1.4

1.2

MC/data

1
0.8
0.6

=
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The Manual Tuning Approach (a la Rick Field)

“Armed with a good understanding of the underlying model and using only the
generator itself as a tool ... “ Skands, arXiv:1005.3457v2
Change parameters in the models until the MC curve looks close to the data points.
Obvious Drawbacks:
» There is a limit on how many plots we can look on and keep in mind at the same time.
* It is hard to see what is good. If the errors of the data and MC are small even what looks
good may be a bad agreement (high Chi2).
Fastly falling distribution needs to be viewed in both lin and log scale... (or better create

ratio plots.)

* Biggest limitation: time and manpower

Anyway, it is much better than just using the default parameters, and Rick Field
and his PYTHIA tunes have improved the description of the data and our
understanding of the UE significantly.

A. Knutsson DESY MC School - March 2011
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Rick Field Tunes of Pythia 6

7 Retaie
Very many tunes... to different data... and with different parameters kept fixed.
Paramete Parameter Tune A25 Tune A50
Tune B
r MSTP(81) 1 1
MSTP(81) 1 MSTP(82)
Parameter Tune H{6.418) Tune DWT Tune DGT
MSTP(SZ) 4 PARP(GZ) PDF CTEQ5L CTEQSL CTEQGL
PARP(82) | 1.9 GeV @wXiNel:\Y PARP(83) T ] 1 .
PARP(83) 0.5 Parameter Tune AW Tune DW Tune D6 ) "
PDF CTEQ5L CTEQ5L CTEQ6L
PARP(84) 0'4 MSTP(81) 1 1 1 v_ Para::nete Tune DW Tune AW
PARP(85) 1.0 | wmsTP@2) 4 4 4 || msTP(81) 1 1
PARP(86) 1.0 PARP(82) 2.0 GeV 1.9 GeV 1.8GeV | | MSTP(82) 4 4
PARP(89) 1.8 Te PARP(83) 0.5 0.5 0.5 || PARP(82) 2.0 GeV
PARP(84) 0.4 0.4 0.4
PARP(90) | 0.25 FeARAR 05
PARP(67) 1.0 | Parep(g6) 0.95 1.0 1.0 PARP(25) 09
PARP(89) 1.8 TeV 1.8 TeV 18Tev | | PARP(86) 0.95
PARP(90) 0.25 0.25 025 | | PARP(89) 1.8 TeV
PARP(62) 1.25 1.25 1.25 PARP(90) T
PARP(64) 0.2 0.2 0.2 | paRp (©2) e
PARP(67) 4.0 2.5 2.5 T rarres) 02
MSTP(91) 1 1 1
PARP(67) 4.0
PARP(91) 21 21 21
MSTP(91) 1
PARP(93) 15.0 15.0 15.0
PARP(91) 21
PARP(93) 15.0

A. Knutsson
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Automated Tuning

1. Build up a grid in parameter — observable space using Monte Carlo.

If you have a CPU farm (or use the GRID) this ultimately
takes the time of running the MC generator once.

"A. Knutsson DESY MC School - March 2011
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Automated Tuning

1. Build up a grid in parameter — observable space using Monte Carlo.

If you have a CPU farm (or use the GRID) this ultimately
takes the time of running the MC generator once.

2. Fit polynomials to the Monte Carlo grid.

Opoly_A+ZB pz+ZC "Dy —|‘S‘ S‘ ng pzpj+HO

=1 j=1+1

A, B,C and D are determined
by fitting the polynomial to the
parameter grid.
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Automated Tuning

1. Build up a grid in parameter — observable space using Monte Carlo.

If you have a CPU farm (or use the GRID) this ultimately
takes the time of running the MC generator once.

2. Fit polynomials to the Monte Carlo grid.

Opoly_A+ZB pz+ZC "Dy —|‘S‘ S‘ ng pzpj+HO

=1 j=1+1
A, B,C and D are determined ~ "~ of

by fitting the polynomial to the

parameter grid Takes care of correlation

between parameters
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Automated Tuning

1. Build up a grid in parameter — observable space using Monte Carlo.

If you have a CPU farm (or use the GRID) this ultimately
takes the time of running the MC generator once.

2. Fit polynomials to the Monte Carlo grid.

Opoly—A+ZB pz+ZC "Dy —|‘S‘ S‘ ng pzpj+HO

=1 j=1+1

A, B,C and D are determined
by fitting the polynomial to the
parameter grid.

Step 1. and 2. are done for each data point in the measurement.
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Automated Tuning

1. Build up a grid in parameter — observable space using Monte Carlo.

If you have a CPU farm (or use the GRID) this ultimately
takes the time of running the MC generator once.

2. Fit polynomials to the Monte Carlo grid.

Opoly_A+ZB pz+ZC "Dy —|‘S‘ S‘ ng pzpj+HO

=1 j=1+1

A, B,C and D are determined
by fitting the polynomial to the
parameter grid.

Step 1. and 2. are done for each data point in the measurement.

3. Determine MC parameters, }P;, by fitting all the polynomials to data simultaneously
Also this takes only a few seconds.
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A Recent measurement from CMS

SCALE
Helmholtz Alliance

1 Partlcle multlpI|C|ty and particle transverse momenta

? ! ! ‘ ! ' ' ! | ! ! ' ' ! ! ! |3 1 0 : I+ 1 | L | LI | L I | | LI | T ‘ LI |
; CMS prellmm_ary - CMS preliminary
10" charged particles 1F charged particles E
(p, >0.5GeVc, Il <2, - . _15 (p,>0.5 GeVic, Il <2, 7
5 102 _ 60° < IA¢l < 120°) — :@ 10 60° < IApl < 120°)
2 10%F 1 310 E
s f : Ot N
pd AL N — 107E E
© 107 E g 1
~ .f ] a0k E
3105 | pam7TeV 4 O U - Daa7Tev
Z F Data 0.9 TeV E ~.105EF -+ Data0.9 TeV
< - — PYTHIA-6 D6T, 7 TeV 510°F _ BYTHIA-6 DET. 7 TeV E
T 1¢%E — PYTHIA-6 D6T, 0.9 TeV w1 2 [ Ty :
E i3 S 106k — PYTHIA-6 D6T, 0.9 TeV N
F PYTHIA-6 DW, 7 TeV E 10 E - PYTHIA-6 DW. 7 TeV E
107 - PYTHIA-GDW, 09 Tev - b -~ PYTHIA-6 DW. 0.9 TeV ]
E  leading track-jet p_> 3 GeVic E 107 E ) _ E
N . o TI LN £ Iea(lrhng tra|(:k~Jet pIT >3 G:leWc | ‘ | 3
1070 10 20 30 40 102 24 6 8 10 12 14
N, p, [GeV/c]
2 mrr 1t [ 11 1 T 1 T 1T T T 1T T T 1T T7 225 N N I O I O N O Y I O O Y
@® [t —PYTHIA-6 D6T CMS preliminary E PYTHIA-6 DET CMS preliminary 3
o -=-PYTHIA-6 DW o ---PYTHIA-6 DW m
a -t =—=PYTHIA-6 PO 7 E --PYTHIA-6 PO ]
- -} —PYTHIA-6 CW 1 & 175E --PYTHIA6 CW =
¢ 155} —zPYTHIA-8 1 ® '7F -~PYTHIA8 .
- 1 Emsyst 1 0 - mmsyst. ]
= - syst. + stat. 4 — 1.5F  syst +stat =
= - 7 ] E E
ol - 1 = 1.25F 3
o 1 ] - .
_3 ] © _F :
= it ] SgoTsEAT i
—~ 0.5fData7 Tev . - ~I 4 = CData7TeV e 3
> - charged pamcles e 1 T 05 - charged particles =
E ~ (p,>0.5 Gevre, i =2, GD""-‘:SB'?] =< 1? 7 C (p, > 0.5 GeVic, nl <2, 60° < 1A¢l < 120) ]
r. Ieadmg track-jet p.> 3 Gelit - . : 0.25 - leading track-jet p.> 3 GeVic E
U I | | 1 | | - | - I 1 L1 I 1 ' ‘I ' | F L1 I L1 I [ I L1 I [ | [ I [ I .
0 10 20 30 40 274 "6 8 10 12 14
N, P, [GeV/c]
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40 LHC Measurements

llllllllllllllll

Inclusive measurement: Charge particle multiplicity as a function of rapidity.

J L L | L L L — 1

_E [ :I | B | | E __ '.'“‘:m_-.. ety 35 _“._"; CMS ]

: ,“'“";;-~": — 1"-'** : f :

16 e .. L 3 E

- u-,.-n S R ]

=3 - 1z M- - -
3 - ] ~ 2.5 B .
- . = T -

= % 1z 20 & .
o u . © B .} -1 O
g E U charged particies (p_ > 0.5 Gevic) - . - 1" charged particles (p_> 0.5 GeV/c) ~ "'_ .
= 0.8 [ leading track-jet |:)'T >1 GeV/c 4 2 1.5 C b leading track-jet p_ > 3 GeV/c 1
~ B e Data 09 TeV N ~ C “l e Data09TeV B ]
- ' 1 v 1= — PYTHIA D6T —

- " — PYTHIA D6T ] u ]
04k ---- PYTHIA DW - . L= ]

- === PYTHIA PO . 0.5 —

. --= PYTHIA Pro-Q20 . B --= PYTHIA Pro-Q20 g

E | IIIIIIIIIII | PYTHIIA Cw | | E 0 : (- | || -I ..... | ““l FI’Yl-l_ll_lllllA I(:Imlf | L1 1 | | L | Rl :
%72 a1 o 1 2 __ 3 84 =2 1 0 1 2 1?

 Available tunes do not describe the data.
 Dependency on “trigger” energy / hardness.

"A. Knutsson DESY MC School - March 2011



PHYSICS
AT THE

7\ TERA
SCALE
nnnnnnnnnnnnnnnn

LHC Measurements

Inclusive measurement: Charge particle multiplicity as a function of rapidity.

@7T€V

8 1
- imi « Data7 TeV . imi * Data 7 TeV
- CMS preliminary Data 7 Tev_ - CMS preliminary PVTHIAG DBT
s --- PYTHIA-6 DW 12 ---PYTHIA-6 DW
N -« PYTHIA-6 PO . -+-PYTHIA-6 PO
6 - PYTHIA-6 CW -
B ==« PYTHIA-8 10
5 f_ -"_’i“‘-{":'::'. ::l e s ‘_“ - 8 i
g - e S § 8-
% | f.,..z-f:,---ff-f-f--"""""--'-----:-:'f!f‘,"_}u‘ L
pr N ey LW Z i
© Ir":..l':f e © 61—
3E..F - = -
; T
2 N
E leading track-jet p, > 3 GeV/c 2— leading track-jet p > 20 GeV/c
1: charged particles (pT > 0.5 GeV/c) "~ charged particles (pT > 0.5 GeV/c)
0:||||||||||||||||||||||||||||||||||||||||||||||| O_Illllllllllll|IIII|IIII|IIII|IIII|IIII|IIII|III
215 -1-050 05 1 15 2 2-15-1-0560 05 1 15 2
M
« At 7 TeV the picture change somewhat, but still not ok for low p.-jet events.
- In high p,-jet events the data is described if we pick the “correct” tune.
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LHC Measurements

More discrimiating variable: Azimuthal differenence between particles.

'al 0_6 _I | L LI L :‘L-‘ L L | L | [ |
> - CMS -
o .. N N
O 05 —
£ES ;
- — P (i
? O 0.4:.
&> | :
- I APy L .
o & 03 -
54 °° -
© - ]
@ 3 .. ]
> = 02 « Data0.9TeV ]
< Z C— PYTHIA D6T ]
- ~ === PYTHIA DW 1
0.1+ = PYTHIA PO charged particles —
ja‘ - =~ PYTHIA Pro-Q20 (p_> 0.5 GeVic, i <2)
~ - | PYTll'"A C“:V Ie?dlng trlack p :r- 2 Ge\al"fc .

T 0 -150 -100 -50 O 50 100 150
A¢ [degrees]

* Worse description... Shape of not understood!
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Conclusion from Data-MC comparisons

* No available PYTHIA tune describes all data
* Energy dependencies!

The UE depends on the collision c.0.m energy.
The UE depends on the “hardness” of the reaction (high vs low p;, jet events)

 Positive point of view:
We have a lot of new data to, which sensitive to the MPIl and UE.

* Most tunes focused on old PYTHIAG (fortran), but we also have
the new PYTHIAS8 (c++) and HERWIG++.

* The data keep coming in at LHC...

—» The UE and MPI is hotter than ever! A lot of work still to do.
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/% DO — Double Parton Interactions in y + 3-jet Events

llllllllllllllll

DP Type |l

Analyse events with
3 jets and a photons.

06F DO, L _=1.0 fb!
3 - :
Not to be confused with > I !
Double Proton Interactions o 0.4 =
(2 vertices): — - A
T; pet? o 03
T : B
; 0 u
f, % 02 @ from ﬁ8¢ -
/ S " [ fromAS, Different
P pk Py L 011 P discriminators
) - from ,ﬁSp,T
0 B | | 1 1 | | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | | 1 1
16 18 20 22 24 26 28 30
P;" (GeV)

« At low p, ;. every second event has 2 partonic interactions.
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HERA: ep-collider at DESY

27.5 GeV 920 GeV
Vs=320 GeV

15 years operation (1992-2007)
Almost 0.5 pb-1/experiment

H1 and ZEUS:
general purpose collider experiments

igsghanged e
Virtuality of exchanged boson: Q< = -(k-k’)

— jet

jet

proton MULTIPLE INTERACTIONS AT ep-COLLIDERS?

remnant
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The Hadronic Stucture of the Photon

MULTIPLE INTERACTIONS AT ep-COLLIDERS?

ot o The exchanged photon may fluctuate into a
| q exchanged quark-anti quark pair, which spans a
hadronic-like substructure.

oson

— jet

jet

proton
remnant
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The Hadronic Stucture of the Photon

MULTIPLE INTERACTIONS AT ep-COLLIDERS?

ot o The exchanged photon may fluctuate into a
| q exchanged quark-anti quark pair, which spans a
hadronic-like substructure.

oson

— jet

jet

proton
remnant

Low photon virtuality Q2 —» More long lived photon —»Large resolved component

Can expect remnant-remnant interactions to take place for measurements at low Q2

Measurement performed at Q% ~ 0 GeV?
(Called photoproduction — almost real photon.)

Large resolved photon component.
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Ml studies at HERA > 10 years ago

Di-jets in photoproduction

2200 =7EyS —> Pythia MI
Fractional momentum of photon Y 1750 ++ * +» Pythia no MI
carried by the struck parton, L~ : v == Phojet
Handle to separate resolved/direct photon 5, . 5

1250 =
Low :ny E
— 1000 [
Photon has larger substructure photon 750 _
o 500 |
Remnant-remnant interactions - resolved - direct -
250 — 5 = a
ﬂ :j-l|||||||IIII|IIII|IIII|IIII|IIII|IIEII|IIII|IIII
0 01 02 03 04 05 06 07 08 09 1
x OBS
Y

ZEUS Collaboration (J. Breitweg et al.),
Eur.Phys.J.C1:109-122,1998
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PHYSICS
AT THE

Helmholtz Alliance

» x? for Rick’s Run1
Jet analysis for all
regions

» %2 for Rick’s Runl
Jet analysis for all

Tuning in HERWIG

2
Xtot/Ndof

1* (GeV?)

2.0 2.5 3.0 3.5 4.0 4.5 5.0
Py (GeV)

SWLIRIISYVS — "aolL

p? (GeV?)

MC/Data

+ data, uncorrected

—— p* =35, )’ =150, xin/N=3.1
— p™ =3.5, 2 =1.25, x 2, /N=2.9
....... Pt =4.0, (=150, x2 /N=2.8

regions ‘ Py (GeV)
» only the _
transverse region E
SR
2.0 2.5 3.0 3.5 4.0 .4.5 5.0
pi o (GeV)
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4 ATLAS UE Measurement

Helmholtz Alliance

A S I L B IR I B L B A AL L B B B A A B B
A [ ]
— — 35—
g 1'6: Toward Region ATLAS Preliminary - § — Toward Region ATIAS Preliminary
?14:_ \J'EZQU‘DGEV —: Hg' 3__ \ll_:?TE\.-"'
pd = 3 4 =
€ 4 oF P05 GeVicand Inl <25 = Do 2000 = 4 - p>0.5 GeVicand il <2.5 == Data 2010
v - —— PYTHIA ATLAS MC09 Tune  —| V ogpl— ——— PYTHIA ATLAS MGOB Tune
= —— PYTHIA DW Tuna - - —— PYTHIA DW Tuns
1__ — PYTHIA Perugial Tune ] : e P THIA Pigruasgiall Tuna
- —— PHOJET . 2 —— PHOJET
0.8 - -
— - 15— _|_
- 1 — — |
U.B: — _ - e R : ,_l_ : d }
_ | = —+ - Il:#
04— = -
= ] 05F
A Y S N S B A S | T R N SN S A IV S
E _' T T T T T T T T T E T
8 12 __I S
] 1= — =|_,_._|— G
e E -
| - |_|—I I
D.B_— I —
08 = ‘|
Soth I B R E - R A R < EE T 16 18
lead lead [
p= [GeV] p== [G
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MI studies at HERA > 10 years ago

Z 2000

o

2

2 1750
1500
1250
1000
750
500

250

ZEUS Collaboration (J. Breitweg et al.),

Eur.Phys.d.C1:109-122,1998

Di-jets in photoproduct_ion

= ZEUS

-+

S

—

- resolved - direct |-
:j-|||||||||||||||||||||||||||||||||||E||||||||||||
0 01 02 03 04 05 06 07 08 09

A. Knutsson

x OBS
Y

Resolved photc]>)r]|5 SYM

H1 Collaboration (S. Aid et al.),
Z.Phys.C70:17-30,1996

Energy flow in photoproduction,
outside the two jet with highest Pt.

— 14
= L
~ L
= - Hte
51‘2__ |_|1 e (T
<R A N I PYTHIA mia
S N I S PYTHIA
§> 0.8 1 T ————min. bias
=
\Y L
05:—M| -------- T :
04 — % - #
02
0 i ] | | | | | | | | | | | |
0 0.2 04 0.6 0.8 1
Xjets
Y
C School - March 2011 ] _ 70
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Multijets in Photoproduction

 Measure 3- and 4-jet final state = Tool to study
higher order (X5 reactions in photoproduction:

 Fixed order calculations
« QCD models with PS

e Multiple interactions

e(k) ef(k’) e

q

G

soscsesee 2

Vot

coscoetesceee £

}%

Proton Proton remnant

P

Kinematic Range
e 0.2<y<0.85
_ Q% < 1.0 GeV?

3-, 4-Jet Selection
c FIEA 5 6 QeV

o 7 < 2.4

Jets defined by the
inclusive kt-algorithm

“Three- and four-jet final states in photoproduction at HERA”,
Nucl.Phys.B792:1-47,2008, ZEUS Collaboration
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PHYSICS

A 4-jet cross-section in Photoproduction at HERA
E [T T T | T T T | T T T | T T T | T T T ]
C . Four-jets (25£M41-=:50 GeV) (C) i
2. T ZEUS 121pbt  ~ ~ ]
5 03~ — HERWIG+MPI (:2.1) —
s S HERWIG (<3.1) -
=) i - PYTHIA+MPI (x53) |

L e PYTHIA (-9.2) ]

I 7] HERWIG (<2.1) - direct
0.2 i .
- 1 : & 4

B S NE==syh
0.1- J L‘ﬁ' -
i ‘ - — |

0_ -'-'_'-FT'-' ‘F:i_.-l___;“ | | 1 | 4 !_'_!_|h-|_*':-;
0 0.2 04 0.6 0.8 1

« Ly

e Large contribution from MPI...
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Different Tunes

» Strategy

* Tune fragmentation to LEP data
 Tune UE to LHC data

Example of parameters:

PARJ(21)

PARJ(41)
PARJ(42)
PARJ(47)
PARJ(81)
PARJ(82)

0, — width of Gaussian for px and py of primary hadrons

a : :
b } parameters in the Lund fragmentation function

r, — interpolation between Bowler and Lund fragmentation. (1=pure Bowler shape)

Nqcp for ag in parton showers
Invariant mass cut-off for PS. Partons below this value do not radiate.

A. Knutsson
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Error treatment

* The integration uncertainties are propagated to the polynomial. A co-variance
matrix for the coefficients are calculated.

* The CTEQ 92 calculation (Phys.Rev.D65:014012,200, Stump et al) is used to take
the correlated data uncertainties in the data into consideration.

In the fit of the PDF parameters to the data the uncorrelated
and the different correlated uncertainties can be treated separately

according to:

XDbata — XPolynomial )° _
x> = - (XD "> ymomial)” Y%y Bj(A™ 1)y By

052

Sum of uncorrelated errors (data and polynomial)

Zj Zj/ Bj (A_l)jj/ Bj/ — Term defined by the correlated systematic errors
(See Phys.Rev.D65:014012,200, Stump et al for details.)
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PROFFIT

» The whole machinery is implemented in the program PROFFIT.
(Bacchetta, Jung, Knutsson, Kutak, DESY 10-013, arXiv:1001:4675)

« Official release soon available on HEPFORGE.
(However contact me if you are interested.)

Other applications:

» Also used to tune PYTHIA hadronization parameters to HERA data.
(see http://indico.cern.ch/conferenceOtherViews.py?view=standard&confld=74601 )

» Similar approach use by the program PROFFESSOR. Used for LHC and LEP tunes of
UE and hadronization MC parameters.
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- 1 T —
E 105, Three-jets (2) e(k) e(k’)
= S, . e ZEUS121pb’ =
C) = . O(0e2) @ had. corr.® MPI corr. -
Eﬁ 107 ' —= . L q
T . 3 Comparison to
| — 2 ] -
= b . 1LO O(aa?) calculation | -
107 E & .
; + ; (only for 3 jetS) gﬁﬁﬂﬁﬁ{fﬁﬁﬁﬁ" g
B + i §
10 3 f,Ar’“iiLa:%hﬁaaa
S ¢ s
[ * ] Proton Proton remnant
10° . . .
S S — *Hadronization corrections
= v MPIeorr. (1 > Constant

a had. corr.

Ml corrections
> Increasing with lower mass
> Necessary in order to describe data

-
in
—f—
——

Y T Y b
A& A

— = -4

_.[Illlll
_I*
»

I
E-scale uncertainty (c)
theo. nncertainty

data / theory

3f -Data described within the fairly large
254 + theoretical uncertainties
SRR o+ i
1E !
{]EI ] | ] 1 1 ] | ] ] ] ] |

50 100 150
M, (GeV) {3 MC School - March 2011 76




The fitting method

Former fitting method: Based on running the generator in an
iterative procedure in parameter space.
— Time consuming for exclusive final states.
A high statistics MC run can take more
than 24h, and ~100 iterations needed to
find minimum.

New Approach: Describe parameter dependence before parameter fitting,
by building up a MC grid in parameter space.
The grid points can be calculated simultaneously.
(In best case it takes the time of running the MC once.)

Parametrize the parameter space with a polynomial.

A fit takes only a few seconds.

— Very fast to remake fit for different kinematic ranges,
starting values, fitting algorithms, error treatments, etc.
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PHYSICS
AT THE

A Multiparton Interactions

SCALE

Helmholtz Alliance

Theoretical motivation

partonic interaction cross-section:

10000
N L‘HC‘ in‘lterlaclztibrll Cross seclztion ‘
dO" 042 (p2 ) i Tevatron interaction cross section------ ,
int s\ 1000 L+« LHC total cross section ---- - i
[ Tevatron total cross section ]
dp3 P7
T T
100 pessssnsnssanfgunnnunesguentussannusnnnsnunununnnnsesd
Integrate + cut-off = PT min
v 10
1 5
U(pT,min) X 2 = ]
C
T . min I
0.1 ¢ %
_ Tevatron ™.,
. . . 0.01 *e =
Interaction x-section > Total x-section I 5
0.001 - "o,
T,Sjostrand, P.Skands hep-ph/040278 *q
. . . 00001 [ | | | | I | | |
Suggests multiple parton interaction g8 - 5 10 50 50
< n >: O-lnt/o-tot PTmin (GBV)
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A Multiparton Interactions

Helmholtz Alliance

MPI must be understood for high precision measurements

For example: MPI can be background to Higgs production.

p+p—W+H+X |

7 L A Del Fabbro, D.Treleani PRD 61,077502 (2000)
H — bb !

bb,W—> 1,v

—— single + double parton ex.|

----- double parton exchange
————— single parton exchange

D
', .
o g, »
Vi,
-, +
.,
-,
g .,
‘-, *
L L .
“u, *
“u, *
" .
-, .
., 5
- e
-, *
“u, -
5 .
.., .
. .
» *
v, -
‘., "
“a,
i r
e, o
10 iy | % ]
g+
Y
e
S
n,

p+p— W+ b+ X Double parton exch. _ . \\

Single parton exch.

Total contribution > Higgs signal e e oo e bl e T o

60 80 100 120 140
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The Underlying Event (UE)

UE = everything except the studied LO process:

 Parton showers
 Multiple interactions:

« Additional remnant-remnant, or parton-remnant,
Interactions (soft or hard)

led scﬂttﬂriﬂg Ouigoing Farton

Initiab-State Radiation PTi{hard)
o,

Hard Scattering

Outgoing Parton

Initial-State R‘ﬂdialinn PT(hard)

Proton

: FinakState Radiation

Underlying Event
—

{ Final-State Radiation AntiProton

b

Outgoing Parton
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The Underlying Event (UE)

UE = everything except the studied LO process:

 Parton showers
 Multiple interactions:

« Additional remnant-remnant, or parton-remnant,
Interactions (soft or hard)

Lepton-Pair Production Anti-Lepton

Lepton
Proton AntiProton
Underlying Event Underlying Event
Lepton -—
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