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Astroparticle Tasks

Theory Experiment

e UHECR detectors
e UHECR kinematics
e Data Distributions
e Observables

e Acceleration mechanism
e Sources

* Propagation

e Magnetic Fields

-
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High Energy Physics

Theory Experiment

e Differential cross sections
* Monte Carlo Event Generators

e Accelerators

* Detectors

* Propagation

* Magnetic Fields

Interface C++ Classes
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Distributions of Scattering Angle

QCD: parton cross sections
-> angular distributions

M

16 1 §°

o
S

(o
~—~>

Mandelstam Variables

s=4-FE -F,

N S

f=-=(1—cos@
- |

. S

0= 5(1+c059)




Calculation of yp Jet Cross Sections
QED

Jet

T P!

Photon Structure

Elastische Streuung

Proton Structure X,

Jet

P

Blue marked ingredience: influence rate
Red: angular distributions are solid QCD predictions
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Proton & Photon Structure

e, = a(@) [l (:)]“@

A2

hadronic structure scaling violations
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Many parton processes possible:

Resolved photon Direct photon Angular Distributions
HEW | o | o O

' T g Pt
q q i) L
q q q q . . St
X K < |
q I q ,} 3 ‘:'J
N/ © | 9 #qq;z«i:’r
i \a . ; 0 o ¥y ~>aqqbar
q a E 8 - | ya->ag
'q‘: | :ﬁ N S 1
B0 PN N9 = |
>Wﬂ% J\EZ @ 0 ' ' '
g 9 g g 57 ¥g 0 0.2 0.4

. 1
0.6 0.8 1

gﬁg g?%; ggg | lcos Ol
doe e e e Direct / Resolved photon processes:
?QK Resolved y angular distribution

g,‘ s :?% QE égg%g expected to be more steep.
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Direct/Resolved Photon Interactions

Energy from photon remnant

Erdmann, RWTH Aachen University



Reconstruct initial Parton Momenta

small . large x,
o «{
4l
s ® 7 giO—- :
°L e

4o (¢o
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Separate Direct/Resolved Photon Events

/)]

= o ZEUS 96-97 -
4 - — HERWIG 6.1

W 10000 | D HERWIG 6.1 (dlr)
PYTHIA 6.1

measure XY eve nt—by-eve nt
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Measured Angular Distributions

resolved

mmp direkt

* ZEUS 96-97

q
—_ =
Q obs NN
Q 400 D SIS 0.75 T
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D
8 300|
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© 200 | ,@Q’Q 3
y o] - ©
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100 |-
ol | . |
0 0.2 0.4 0.6 0.8
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i N
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|cos6*|

QCD correctly predicts the angular distributions
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Atlas: Jet Cross Section

=
QD
S
L
o
%
_8
- - =
miti2 =2 55 TeV S
pr (i)= 420 GeV %
P+ (j,)= 320 GeV <

— —
o ]
[&] [=]

—
-
N

D —y
‘=N IS B )

Good description of the NLO QCD calculations
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CMS: Search for New Heavy Particles

Simulation

‘B'DZS 7T | T T | T '| T 171 [rTrr[prrr
=t CMS Simulation -
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Atlas: Dijet Angular Distributions

1 + cos 6*
Y = exp(|y1 — y2|) ~ : Rutherford scattering appears flat
I —cost* _ - |
3 45% antik, jots, F=0.6 ATLAS 2
3 gg \S=7TeV, |Ldt=17 b
N « 30 *
Eo ([t [ENIE -t § 25
\ _Se 20
| 2 15
% 10
Sg | é

> 8 B~

&3 7 —e-340 <m,, «520 GeV = & , - -
2 6 520 <m. <800 GeV — B > Systematic uncertainties _J
e = & -
L5 =08 «m, <1.27TeV = = > NLO pQGD (CTEQ 6.6) —
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o - O ]
& 3 i 2 S 44T E
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X X

no sign (yet) of heavy particle decaying into two jets
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Jets from Air Showers?

E,+p 18
p  FMp 210
Yy =In =|n =In(2 10°
UHECI m. 109 ( )
o—| . ©
_ YUHECR - Y2 10°
yCM 2 =1n 210
Yew \/210°
Yem = COSh yoy~ £—=1""" ~2 104
2 2
Py,
Jet 1 0.5m
~ — =0.510"=
. ® -, 0.510 10 km
Jet impossible to separate the jets
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Atlas: Searches for Supersymmetry

T

XY By
\

"shadow " particl

No sign (yet)

€ Supersymmetric |
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17



H1: Multiple Parton Interactions

Ney
Q(n") = 1 > (< Bryp=o > —Pryi—0:) (< Prge > —Frye )
| Ney -gxzf (E’_iz*)s
4
vp center-of-mass system £
?3 - H1
£ [
| 2 } ® data %
il P PYTHIA mic
P i PYTHIA —
tr AR
0 : 77777777 - ,$++$ T e
15 2 1 e 1
n
> €

P SR p Y

Uncorelated additional interactions next to the hard parton scattering
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d2ZpT / dn d(Ad) [GeV/c]

CMS: Underlying Event

Leading Track Jet
direction

<

Transverse Transverse
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PYTHIA 6.4 tune p;-ordered parton showers,
new Multiple Parton Interaction model
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Astroparticle Physics Analysis

I Shower

|
True . 2| Reconstruction
Universe S
B Magnetic | k. \1, ‘1,
Fields I
1. Physics Analysis
; Simulated [ i v
I Showers :
Simulated ] L
1 G RE 0.2+ _+__‘__*_._++_h_
U nive rse ’ : 1 % 0.05 01 0.15 o:z
B conclude on true &
Monte Carlo UHECR Generators simulated universe
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Advanced Autocorrelation Method

Astroparticle Physics 33 (2010) 201-205
Martin Erdmann, Peter Schiffer

source

detector

Energy-Energy-Correlations

0, — Bile) = (Elan) (Bjlay) = (Elo;))

Ei(oi) B (o)
* Signal typically positive correlations <€2> >0 expect
* Background typically (naive) <Q)> =0 mixture

Erdmann, RWTH Aachen University 21



Use UHECRS
with E > 60 EeV

..... pu(|
dS> SCCcU

Assign UHECRs
within a 0.2 rad
cone to ROI

Use CM as new
seed, 3 runs

Calculate center
of mass (CM) of
the ROI

Erdmann, RWTH Aachen University 22



Universe of Random Walk
and coherent deflection

10 sources emitting
1000 protons each

D\ /2 A B E \7!
70 = 0.025 deg (7> <10 Mpt) (10“ G> (1020 eV)

-1 _
Gy = CRandomFieId (%) CRandom-FieId =10 rad
10" eV scenario, e.g. D=50 Mpc, A=1 Mpc, B=3 nG

10" eV) Ceonerent rielq =10 rad, for 60 EeV UHECR max.

AL =~ Ceonerentrield | — i [
CoherentE I“‘( E deflection 10deg, average deflection 7.5deg

Erdmann, RWTH Aachen University 23



Energy-Energy-Correlation ,Measurement”

o — Eilo) — (Ela)) (E(ay) — (E(a;))
) Ei(oi) Ej(a;)

Q1.5_""""-'----|-...

,Average measurement”

0.57

0 005 01 015 02

o [rad]



Interpretation of Measurement

; el L L g -_F
- ] Lo i _|
: ! /|~ ' : - .:_ i 057 _+_
] 4
0
0

— 3107
© O
L
Calculate many universes: 3 1
e N sources =
. (®)
each emits 10000/N UHECR 2 1
. . o
* Random Magnetic field C & b w0, 0

reject hypothesis in red region >5 o

Sucessful reconstruction of universe C =10rad, N

Random Field™ Source=1O
25



Systematic Check

Original single realization 100 Realizations using original parameter

1 10 102 10° 10* 1 10 102 10° N 10*

Source

No significant shift caused
by reconstruction method

Source

Without knowing the sources: method constrains
phase space of the parameters of a universe model

Erdmann, RWTH Aachen University 26



Astroparticle Physics Analysis

I Shower

| Data

|
True : | >l Reconstruction
Universe |
L I 1

|

| Physics Analysi

i Simulated [ Lokt

I Showers :
Simulated ) :Zih
U nive rse ’ i % 0.05 0.1 0.15+_:2

." conclude on true &
Monte Carlo UHECR Generators simulated universe
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Simulation of More Realistic Universes

10 EeV Proton

Trajectory calculated
with CRPropa

Constrained

simulation of

structure
formation

reproduces -
local universe

K. Dolag et. al. Journ.
Cosm. and Astropart.
Phys. 2005

v

I

Z %

Preliminary

. . Gero Muller

MR, a1 Christoph Genreith

£ * Tobias Winchen
David Walz

~d o C

(p) Py R of o
rFeLer SCIliel
Martin Erdmann

~_seecontributed talk
by Gero Miiller

440
10-Mpe

Erdmann, RWTH Aachen University Regu|ar Gnd ~106 kpc



Visual Physics Analysis

File Edit Help

Y&

trackjet_analyse.xml
counting.xml
dijet_analyse.xml

Cpen and run existing analysis: |'-!.‘:_

: : s ([ 4]]
Design physics analysis: |L_

Create physics event: |,_f_:| |

Prototyping

Browse an existing PXL data file: |‘-‘~."'___ ‘

334_v1_MinBias_Summer09-3TA
334_v1_MinBias_Summer08-3STA
Verifying 334_v1_MinimumBias_BeamCom
334_v1_MinimumBias_BeamCom
334_v1_MinimumBias_BeamCom
334_v1_MinBias_Summer09-3TA
334_v1_MinBias_summerQ9-3TAl

Executing

(4] [ [+]

K &

Astroteilchenphysik
Hochenergiephysik

e Objektorientiert
Paradigmen e Datenflussbasiert
_ * Grafisch
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Analysis Designer

File Edit Analysis Designer View Help
T @ 2880

selection.xml x |

Avajable Modules = Mﬂ:roper’ry Value Module
Module EW

» PyModule Name MC

. Type File Input Configu-

runindex 0 }%
Options

» . PyGenerator
Skeletons| .. e
@~ PyAnalyse
.. File Output

filename _mc_10 pxlio

g start 0 €=
end -1 }%

Additional fil... [']

.. File Input -
Pyth on GlobalModule [
Python Scripts
C++ - [ withROOT [a]
[ selection_scriptpy
& count_scriptpy Y
& zmumu_mc_10.pxlig
[ split_3streams_scrip
& zmumu_steering.pxI
[ rename_particles_s
[ sort_filter_particles_
& zmumu_mec_10_ren
& zmumu_mc_10_sele A l ; Fl

[ zmumu_mc_10_sele na ySIS OW
& zmumu_mc_10_stre

& ome-me-o-wr (Interface!)

Opening file fhome/home 1finstitut_3a’/hinzmann/workspace/vispa-trunk/examples/AnalysisDesigner/selection.xml... done. ]
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Data Browser

< vispa - /home/homel/institut_3a/hinzmann/workspace/vispa-trunk/examples/AnalysisDesigner/zmumu_mc_

File Edit View MNavigate Event Help
S@ 280 Q0Q O 2
Zmumu_me_10.pxlio x‘
Tree View Line Decay View FProperty Value B
Type Particle
data : crarge o
mu . Id 64f-9ef3-1d7fce0d6f3b
Structurti’ =] Recrgastmcted ¥ (00 Index 4
Muon 7 PdgNumber -13 .
Muon | 3 WorkFlag 0 p
) MET & "":'b Vector Ins ECt
E 49.07673903
./ Px 2620675469 da ta
Py -26.55011882 <€
Fz -31.88767024
Mass o]
Pt 3730553311
Eta -0.7748680099
—-/J Phi -2.349686158 user
P 49.07673903 .
Et 37.30553311 InventEd
Theta 2278053417
SoftRelations — d
UserRecord ata
H anticolour_in... |0 €
data relations anioiou - 9 I
nalriir_indas &
Updating property view.. done. ]
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Application Astroparticle Physics

fhome

Fle Edit Analysis Designer Wiew Help

A O &hA
testisoSkynanl
Auailable Modules Froparty Valua
PySwitch Main
[Pybiodule ] i Hame altForCanvas.py
PyGenerator Type PyMadule
PyDecide Cptions
EXCE Cu te PyAnalyse flename  altForCanvas.py
Flle Qumput
. Ale Input scnpt
AutoProcess parameter
Analvsis o i
V4
Run Analysis <2= v A ®
fhamefwinchen/vispaModules/isciroplcSky/testisoSkyxml b Select file, ..
PluginMarager: plugin fhomefwinchenf.pxl-2 2 /plugins/Sphericity so loaded r
ROOT .Flytho pedrun: load fhomefwinchenfispaiodulesisatropicSkytestisoSkyanl
L~ mm| change to analysis path /homefwinchenvispamModules/isetraplcSiy g c1
= prdrun: initalize module 'File Inputl’ .. " -
. T —| Fi=mputl: opened thomejwinchen/vispatodulesBrwithCR pxlio Bla_Edt Maw Ophons Tools Help
CO n n ectl On - pedrun: initslize module 'ScriptRlkar2’ ... o
- pedrun: initalize module 'lsatropic SkyTestOut pxdio’ .. =
- prdrun: initalize module 'SkyHistpy' ... g
. &= |  prun: modules loaded... 5 504
- prun; connections established... )
- pedrun: begin loop =
[ ok Histogramm all Coordinatas (U3
. pm |  Startng chain O including:
= - Ale Inputl 0
L = | P FAiRishing SkyHistee
— Style: 1 plotina row
: j— THL.Print Nama = sky. Entries= 5000, Total sum= 5000
. mm| | Pdrun: end loop -50
. g=| Fleinpurl; read 5 Events.
i IsotropicSkyTestOut.pxdic: wrote 5 Objects.
— P =1t insta path -
i — Diirec b/pxlplugins not found . .
- " -100 0 100
= eck plugn path Gal. Longitude
H __, sTCanvas: Prints: file rmp TRWROOTFOOZ png has been created
: — - process finishad
i Stop @[ Fun | close
<2




Team Work

Do you have
a module which... Yes...
—
;CJQD ﬁ . :
= 5 - r; —
LLFF-’S %y 1/ /)(\ |
= 2 | o Mac
~— ] 7R \/ < < | -
Z;? CZ/‘E\) Drag-in-and-Play

M. Brodski, M. Erdmann, R. Fischer, A. Hinzmann, D. Klingebiel,
M. Komm, J. Lingemann, Gero Miiller, J. Steggemann, T. Winchen

http://vispa.sourceforge.net .



Summary

Parton Scattering correctly predicted by QCD

Data Analysis at LHC with enormous progress
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You may want to try VISPA for developing your analysis

.
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