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Event Generators
® PYTHIA

= Virtuality/kt-ordered shower, string hadronization

= v6 Fortran; v8 C++

® HERWIG

= Angular-ordered shower, cluster hadronization
= v6 Fortran; Herwig++

® SHERPA

= Virtuality-ordered shower, string/cluster hadronization

= C++



Monte Carlo Programs in Practice

1. HERWIG 6
« Status and Structure
« Example input, control parameters
 Example output
* Physics examples
2. PYTHIAG
« Status and Structure
« Example input, control parameters
 Example output
* Physics examples
3. Object Oriented Event Generators

« PYTHIAS
«  HERWIG++
« SHERPA

Thanks to Mike Seymour, Torbjorn Sjostrand, Stefan Gieseke, Frank Krauss and Peter Richardson
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HERWIG 6

Current status:
Version 6.510 released on October 31st 2005

— http://hepwww.rl.ac.uk/theory/seymour/herwig/
— ~ 64,000 lines of FORTRAN, 11 authors (5 currently active)

6.51* will be the last FORTRAN version

Some features:
— Many built-in SM and MSSM processes
— Les Houches Accord interface for arbitrary hard processes

— Spin correlation algorithm = see later
— Interface to MC@NLO program (Frixione & Webber) = see later
— Interface to JIMMY multiple interaction underlying event model
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Structure

HWIGPR: main program |———=| HERWIG: subroutine library

Supplied, but needs modifying to | ————=| Shouldn’t need
initialize parameters, steer event modifying!
generation, etc —

[N

HWABEG: analysis initialization
HWANAL.: event analysis gif;he d
HWAEND: terminate analysis
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Example Main Program

PROGRAM HWIGPR
C---COMMON BLOCKS ARE INCLUDED AS FILE HERWIGE5.INC
INCLUDE 'HERWIG6E5.INC’
INTEGER N
EXTERNAL HWUDAT
C---MAX NUMBER OF EVENTS THIS RUN
MAXEV=100
C---BEAM PARTICLES
PART1="P’
PART2="P’
C---BEAM MOMENTA
PBEAM1=7000.
PBEAM2=PBEAM1
C---PROCESS
IPROC=3000
C---INITIALISE OTHER COMMON BLDCKS
CALL HWIGIN
C---USER CAN RESET PARAMETERS AT

Process code:
see list

o wes mwmon e Phase space cuts:
process dependent

PRVTX=.FALSE.
MAXER=MAXEV/100
MAXPR=0

PTMIN=100.
N.B. TO READ SUDAKOV FORM FACTOR FILE ON UNIT 77
INSERT THE FOLLOWING TWO LINES IN SUBSEQUENT RUNS
LRSUD=T7
LWSUD=0
C---READ IN SUSY INPUT FILE, IN THIS CASE LHC SUGRA POINT 2
OPEN (UNIT=LRSUSY,FORM=’FORMATTED’ ,STATUS="0LD’ ,ERR=999,
& FILE='sugra_pt2.1200.in*)
CALL HWISSP
CLOSE (UNIT=LRSUSY)
C---COMPUTE PARAMETER-DEPENDENT CONSTAN

Q Q QO

C---INITIALISE ELEMENTARY PROCESS
CALL HWEINT

C---LDOP OVER EVENTS
DO 100 N=1,MAXEV

C---INITIALISE EVENT
CALL HWUINE

C---GENERATE HARD SUBPROCESS
CALL HWEPRO

C---GENERATE PARTON CASCADES
CALL HWBGEN

C---DO HEAVY OBJECT DECAYS
CALL HWDHOB

C---DO CLUSTER FORMATION
CALL HWCFOR

C---DO CLUSTER DECAYS
CALL HWCDEC

C---DO UNSTABLE PARTICLE DECAYS
CALL HWDHAD

C---DO HEAVY FLAVOUR HADRON DECAYS
CALL HWDHVY

C---ADD SOFT UNDERLYING EVENT IF NEEDED
CALL HWMEVT

C---FINISH EVENT
CALL HWUFNE

C---USER’S EVENT ANALYSIS
CALL HWANAL

100 CONTINUE

C---TERMINATE ELEMENTARY PROCESS
CALL HWEFIN

C---USER’S TERMINAL CALCULATIONS
CALL HWAEND
STOP

oo moem o e a2 REAA In SUSY parameters
CALL HWUSTAC(’PIO )

C---USER’S INITIAL CALCULATIONS
CALL HWABEG

(from ISAWIG)

’SUSY input file did not open correctly.’

WRITE (6,%)
END

’Please check that it 1s in the right place.’
’Examples can be obtained from the ISAWIG web page.’ -
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HERWIG 6.510 31st Oct. 2005
Please reference: G. Marchesini, B.R. Webber,
G.Abbiendi, I.G.Knowles, M.H.Seymour & L.Stanco
Computer Physics Communications 67 (1992) 465

and
G.Corcella, I.G.Knowles, G.Marchesini, S.Moretti,
K.Odagiri, P.Richardson, M.H.Seymour & B.R.Webber,
JHEP 0101 (2001) 010

INPUT CONDITIONS FOR THIS RUN

BEAM 1 (E+ ) MOM. = 174.30
BEAM 2 (E- ) MOM. = 174.30
PROCESS CODE (IPROC) = 106
NUMBER OF FLAVOURS = 6
STRUCTURE FUNCTION SET = 8
AZIM SPIN CORRELATIONS = T
AZIM SOFT CORRELATIONS = T

QCD LAMBDA (GEV) = 0.1800
DOWN QUARK MASS = 0.3200
up QUARK MASS = 0.3200
STRANGE QUARK MASS = 0.5000
CHARMED QUARK MASS = 1.5500
BOTTOM QUARK MASS = 4.9500
TOP QUARK MASS = 174.3000
GLUON EFFECTIVE MASS = 0.7500
EXTRA SHOWER CUTOFF (Q)= 0.4800
EXTRA SHOWER CUTOFF (G)= 0.1000

PHOTON SHOWER CUTOFF = 0.4000
CLUSTER MASS PARAMETER
SPACELIKE EVOLN CUTOFF
INTRINSIC P-TRAN (RMS) 0.0000

non
N W
o w
(=
o o
o o

DECAY SPIN CORRELATIONS= T
SUSY THREE BODY ME = T
SUSY FOUR BODY ME = F
HARD M.E. MATCHING = T
SOFT M.E. MATCHING T

MIN MTM FRAC FOR ISR =1.0000E-04
1-MAX MTM FRAC FOR ISR =1.0000E-06

NO EVENTS WILL BE WRITTEN TO DISK

E+ Beam polarisation= -1.0000 0.0000
E- Beam polarisation= 1.0000 0.0000
PARTICLE TYPE 21=PIO SET STABLE
INITIAL SEARCH FOR MAX WEIGHT
PROCESS CODE IPROC = 106
RANDOM NO. SEED 1 = 1246579
SEED 2 = 8447766
NUMBER OF SHOTS = 10000

NEW MAXIMUM WEIGHT = 3.8353798136424571E-08
INITIAL SEARCH FINISHED

OUTPUT ON ELEMENTARY PROCESS

N.B. NEGATIVE WEIGHTS NOT ALLOWED

NUMBER OF EVENTS = 0
NUMBER OF WEIGHTS = 10000

Event Generator Physics 4

0.0000
0.0000

EVENT
SEEDS:

IHEP

IHEP

IHEP

IHEP

10

MEAN VALUE OF WGT = 1.0844E-09
RMS SPREAD IN WGT = 6.0525E-09
ACTUAL MAX WEIGHT = 3.4867E-08
ASSUMED MAX WEIGHT = 3.8354E-08
PROCESS CODE IPROC = 106
CROSS SECTION (PB) = 1.0844E-06
ERROR IN C-S (PB) = 6.0525E-08
EFFICIENCY PERCENT = 2.827
1: 174.30 GEV/C E+ ON 174.30 GEV/C E
2049773 & 11719155  STATUS: 100 ERROR:
-—-INITIAL STATE---

ID IDPDG IST MOl MO2 DAl DA2  P-X P-Y
E+ -11 101 0 0 0 0 0.00 0.00
E- 11102 0 0 0 0 0.00 0.00
CMF 0103 1 2 0 O 0.00 0.00

-—-—HARD SUBPROCESS---

D IDPDG IST MOl MO2 DAl DA2  P-X P-Y

Z0/GAMA* 23120 1 2 5 6 0.00 0.00
---H/W/Z BOSON DECAYS---

ID IDPDG IST MOl MO2 DAl DA2  P-X P-Y
TQRK 6123 4 6 7 6 0.00 0.00
TBAR -6 124 4 5 9 5 0.00 0.00

—---PARTON SHOWERS---

ID IDPDG IST MOl MO2 DAl DA2  P-X P-Y
TQRK 94 143 5 4 8 8 0.00 0.00
TORK 6 3 7 7 11 11 0.00 0.00
TBAR 94 144 6 4 10 10 0.00 0.00
TBAR -6 3 9 9 23 23 0.00 0.00

—--HEAVY PARTICLE DECAYS---

ID IDPDG IST MOl MO2 DAl DA2  P-X P-Y
TQORK 6 155 7 23 12 13 0.00 0.00
W+ 24 123 11 12 14 12 50.76 =-31.35
BORK 5124 11 11 15 11 -50.76 31.35
W+ 24 195 12 11 19 20 50.36 =-31.10

---PARTON SHOWERS---

ID IDPDG IST MOl MO2 DAl DA2  P-X P-Y
BORK 94 144 13 11 17 18 -50.36 31.10
CONE 0 100 13 11 0 0 =-0.52 -0.85
BORK 5 2 15 18 36 31 -44.10 22.46
GLUON 21 2 15 29 37 38 -6.26 8.64

---H/W/Z BOSON DECAYS---

D IDPDG IST MOl MO2 DAl DA2  P-X P-Y
NU_E 12 123 14 20 21 20 47.44 16.68
E+ -11 124 14 19 22 19 2.92 -47.78
NU_E 12 1 19 14 0 0 47.44 16.68

- PROCESS: 106
0 WEIGHT: 1.0844E-09
P-Z ENERGY MASS
174.3 174.3 0.00
-174.3 174.3 0.00
0.0 348.6 348.60
P-Z ENERGY MASS
0.0 348.6 348.60
P-Z ENERGY MASS
0.0 174.3 174.30
0.0 174.3 174.30
P-Z ENERGY MASS
0.0 174.3 174.30
0.0 174.3 174.30
0.0 174.3 174.30
0.0 174.3 174.30
P-Z ENERGY MASS
0.0 174.3 174.30
-35.3 104.8 78.64
35.3 69.5 4.95
-35.0 104.5 78.64
P-Z ENERGY MASS
35.0 69.8 12.28
0.0 1.0 0.00
28.2 57.2 4.95
6.8 12.7 0.75
P-Z ENERGY MASS
-14.0 52.2 0.00
-21.0 52.3 0.00
-14.0 52.2 0.00



22 E+ -11 1 20 14 0 © 2.92 -47.78 -21.0 52.3 0.00 62 PI+ 211 1 52 27 0 0 -0.18 2.19 0.4 2.2 0.14
63 PI- -211 1 53 27 0 0 0.46 3.45 0.7 3.6 0.14
———HEAVY PARTICLE DECAYS——-— 64 K+ 321 1 53 27 0 0 0.23 2.30 0.3 2.4 0.49
65 KBARO -311 197 54 15 77 77 -1.98 1.28 1.3 2.7 0.50
IHEP D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS 66 RHO- -213 197 54 15 78 79 -1.94 1.96 1.8 3.4 0.77
23 TBAR -6 155 9 17 24 25 0.00 0.00 0.0 174.3 174.30 67 PI- -211 1 55 15 0 0 -1.06 2.53 1.7 3.2 0.14
24 W- -24 123 23 24 26 24 -9.40 -65.65 -13.2 106.5 82.28 68 PIO 111 1 55 15 0 0 -0.10 0.83 -0.1 0.9 0.13
25 BBAR -5 124 23 23 27 23 9.40 65.65 13.2 67.8 4.95 69 B_S0 531 1 56 27 0 0 8.62  48.35 9.9 50.4 5.37
26 W- -24 195 24 23 32 33 -9.37 -65.43 -13.1 106.4 82.28
——-STRONG HADRON DECAYS---
——-PARTON SHOWERS---
THEP ID IDPDG IST MOl MO2 DAl DA2 P-X P-Y P-Z ENERGY MASS
THEP 1D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS 70 B_DBARO -511 1 57 15 0 0 -38.82 20.19 25.1 50.7 5.28
27 BBAR 94 144 25 23 29 31 9.37 65.43 13.1 67.9 8.66 71 GAMMA 22 1 57 15 0 0 -0.59 0.30 0.3 0.7 0.00
28 CONE 0100 25 23 0 0 =-0.95 0.08 0.3 1.0 0.00 72 K_SO 310 198 58 15 80 81 -2.59 1.44 1.7 3.5 0.50
29 GLUON 21 2 27 30 39 40 -0.06 7.48 1.6 7.7 0.75 73 PI+ 211 1 59 15 0 0 -1.06 1.92 1.4 2.6 0.14
30 GLUON 21 2 27 31 41 42 0.01 8.49 1.0 8.6 0.75 74 PIO 111 1 59 15 0 0 -0.53 0.29 0.2 0.7 0.13
31 BBAR -5 2 27 36 43 42 9.41 49.46 10.5 51.7 4.95 75 RHO+ 213 198 60 15 82 83 -1.53 2.87 2.1 4.0 0.77
76 PI- -211 1 60 15 0 0 -0.42 0.95 0.2 1.1 0.14
——-H/W/Z BOSON DECAYS--- 77 K_LO 130 1 65 15 0 0 -1.98 1.28 1.3 2.7 0.50
78 PI- -211 1 66 15 0 0 -0.15 0.09 0.0 0.2 0.14
THEP D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS 79 PIO 111 1 66 15 0 0 -1.80 1.87 1.8 3.2 0.13
32 NU_EBAR -12 123 26 33 34 33 9.82 -31.69 -45.2 56.0 0.00 80 PI+ 211 1 72 15 0 0 -2.24 1.16 1.5 3.0 0.14
33 E- 11 124 26 32 35 32 -19.19 -33.74 32.0 50.3 0.00 81 PI- -211 1 72 15 0 0 -0.35 0.28 0.2 0.5 0.14
34 NU_EBAR -12 1 32 26 0 0 9.82 -31.69 -45.2 56.0 0.00 82 PI+ 211 1 75 15 0 0 -0.80 0.79 0.8 1.4 0.14
35 E- 11 1 33 26 0 0 -19.19 -33.74 32.0 50.3 0.00 83 PIO 111 1 75 15 0 0 -0.73 2.08 1.4 2.6 0.13
——-GLUON SPLITTING--- OUTPUT ON ELEMENTARY PROCESS
IHEP D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS N.B. NEGATIVE WEIGHTS NOT ALLOWED
36 BQRK 5 158 15 44 50 43 -40.51 20.80 26.0 52.7 4.95
37 UBAR -2 158 15 38 54 45 -1.24 1.75 1.3 2.5 0.32 NUMBER OF EVENTS = 1000
38 UQRK 2 158 15 46 51 37 -3.38 4.53 3.6 6.7 0.32 NUMBER OF WEIGHTS = 34502
39 UBAR -2 158 27 40 55 47 -0.16 1.94 0.5 2.0 0.32 MEAN VALUE OF WGT = 1.1127E-09
40 UQRK 2 158 27 41 52 39 0.16 4.05 0.8 4.2 0.32 RMS SPREAD IN WGT = 6.1284E-09
41 DBAR -1 158 27 42 52 40 0.14 3.82 0.6 3.9 0.32 ACTUAL MAX WEIGHT = 3.4867E-08
42 DQRK 1 158 27 48 53 41 0.17 2.12 0.3 2.2 0.32 ASSUMED MAX WEIGHT = 3.8354E-08
43 BBAR -5 158 27 36 56 49 8.19  45.00 9.3  46.9 4.95
44 SBAR -3 159 15 45 50 36 -1.49 1.12 1.1 2.2 0.50 PROCESS CODE IPROC = 106
45 SQRK 3 159 15 37 54 44 -2.68 1.48 1.8 3.6 0.50 CROSS SECTION (PB) = 1.1127E-06
46 DBAR -1 159 27 47 51 38 -0.16 1.51 0.4 1.6 0.32 ERROR IN C-S (PB) = 3.2993E-08
47 DQRK 1159 15 39 55 46 -0.96 1.39 1.0 2.0 0.32 EFFICIENCY PERCENT =  2.901
48 SBAR -3 159 27 49 53 42 0.53 3.63 0.7 3.8 0.50
49 SQRK 3 159 27 43 56 48 0.40 3.38 0.6 3.5 0.50
-——CLUSTER FORMATION-—-
THEP D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS
50 CLUS 91 183 36 44 57 58 -41.99 21.93 27.1 54.9 5.86
51 CLUS 91 183 38 46 59 60 -3.54 6.04 4.0 8.3 2.01
52 CLUS 91 183 40 41 61 62 0.30 7.87 1.4 8.0 0.67
53 CLUS 91 183 42 48 63 64 0.70 5.75 1.0 5.9 0.85
54 CLUS 91 183 45 37 65 66 -3.92 3.23 3.1 6.1 1.41
55 CLUS 91 183 47 39 67 68 -1.16 3.36 1.6 4.1 1.28
56 CLUS 91 183 49 43 69 69 8.62  48.35 9.9 50.4 5.37
——-CLUSTER DECAYS---
IHEP D IDPDG IST MOl MO2 DAl DA2  P-X P-Y P-Z ENERGY MASS
57 B*BAR0 -513 197 50 15 70 71 -39.41 20.49 25.4 51.4 5.32
58 KO 311 197 50 15 72 72 -2.59 1.44 1.7 3.5 0.50
59 RHO+ 213 197 51 15 73 74 -1.59  2.21 1.7 3.3  0.77 EBr)(gar] Webber
60 HL_10 10223 197 51 15 75 76 -1.95 3.83 2.4 5.0 1.17
61 PIO 111 1 52 27 0 0 0.48 5.68 1.0 5.8 0.13




Production/Decay Spin Correlations

* eg top quark pairs in e+e- annihilation:
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Production/Decay Spin Correlations

* eg top quark pairs in e+e- annihilation:

Correlation between
lepton and beam

Correlation between
lepton and top
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PYTHIAG

 Current status:

* \ersion 6.410 released on January 30th 2007

— http://www.thep.lu.se/~torbjorn/Pythia.html
— ~ 73,000 lines of FORTRAN

« Some features:
— Many built-in SM and BSM processes
— Les Houches accord interface for arbitrary hard processes
— Mass effects in gluon emission ( != dead cone ) =2 see later
— Option of virtuality- or kr-ordered shower
— Multiple interaction models for min bias and underlying events
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Event Generator F

Subprocess summary

Processes Examples
QCD & relatad

Soft QCD low-p  ; diffraction
Hard QCD a9 — 99
Open heavy flavour g — tt
Closed heavy flavour gg — gJ/¢
¥y physics ~q — Qg

DIS ~*q =+ q

v*y* physics ~Ty —ad
Electroweak SM

Single v*/Z0 /W= ag — ~v*/Zz°
(v/v*/Z0/WE/F/9)2  aa - wWTw~
Light SM Higgs gg — h°

Heavy SM Higgs

7979 5 witw

SUSY BSM

hO/HO /Al /HE aqd — hOAD
SUSY qa’ = X90%;
R SUSY 59 - bcs
Other BSM

Technicolor aa’ — nl.mis

New gauge bosons

Compositeness
Leptoquarks

HEE (from LR-sym.)
Extra dimensions

aq > v*/29/2"°
qq — ete**

qg —» HTTH
gg -+ G* —»ete”

Bryan Webber



Subprocess
Ham QCD processes:

G = £f
fifc - fele
td > gx
g+ hg
g — fefe

alastic mttenﬂg
single diffraction (X B)
single diffraction (AX)
double diffraction
low-p, production

81
82
83
&
85

87
8
89

104

105

106

plogg

108

Open heavy favour:
(also fourth generation)

ife = Q.Q
58 4l

aif; = Qefe
gy Q)
7y -+ FiFa

Closed heavy flavour:

g8~ JjE
B8 Xo®
86 7 Xi1c&
2B —F X2eE
BE 7 Xac

BE X2

g+ /vy
gy Ifye
7y 2 dfy

Ne.  Subprocess

0.

nght SM Higgs:
£, — h?

24 5 — %"

26 £f; —+ WEh®
102 gg+K°

108 yy =1

110 £F - yh?
111 Ef; =+ gh®
112 Eg - fih°
113 gg > gn
121 gg > QuGh?
192 g, — QuQeh0
123 £y — fif;h0
124 Ef; —+ fufh®

New gauge bosons:
141 §F, > 4/22°
142 G- w
44 fiI;oR

Technicalor:

149 gg—+ mc

108 £F — p“.
192 f;f; -+ p.n
19 5 ol

19 £ - Lfc
195 4f; &l
14, o WHWL
w2 s
383 i = riag

2
22
23
25
15
16
30
31
19
30
35
a6
69
70

W,/'Z production:

afs = 72"
Ay = Wk
i1 - 220
&f; —» 2w
Rl WEWo
&1 > g28
£if; - gW=
[T A

fg — HW=
&l - 7z®
i 5 AWt
iy = 520

fiy = W=
1= WHW™
W o 20wt

14
18
29
114
i15

10
99

3
34
54
a8
131
132
133

135
136
137

139
146
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Frompt photons:

G gy
oy

g = fiy
FEE ]

28 > 8y
inelastic scati.:
fify — £k

T S

Photon-induced:

fiv > Ig
Gy =+ Ly
Fy = fide
7y +feke
fevt 2 Iig
£ —+GE
Eevp —+ &y
i+ By
gy} — B
g = hife
T —+ Gk
i - B
Yk — Gl
ikl il
07 et

Heavy SM Higgs:
5 Z0 4 Ho
8 Wtw- —»h“
n WL - I
72 2T} awLw,
72 sz* Wt
% WiW o Z“ Z“
T OWEWE o WewE
BSM Neutral Higgses:
151 & — H®
152 gg o 1°
153 yy RO
171 if - 2°H
172 Gf; - WHH"
173 Lf; — i£;A
174 6 s
181 g+ QeQuH°
182 qi; — QnQ.
188 &F, —+ gH®
181 fg — G
185 gg—
156 Efs—+ AC
157 gg > AD
158 vy — A
176 Ef; - 20A°
177 Ef; - WEA®
178 Gy = G A°
179 E,f L hAT
186 gg - QA"
187 qiq; QA"
188 G — gA®
180 kg - KA°
100 gg —+ gA®
Charged Higgs:
143 ;- HY
161 fig —+ fH*
Higgs pa.ma
207 §f; —+ 0
298 fif; - BXHC
299 f;f; —+ A°H®
300 &, -+ APHO
30t £f; —» H+H-

364 £f; = ynd,
365 6T -yl
366 £ = I0nd
367 £ TP
368 Ll — Whal
3 & - WL
7L &E; — Wil
372 £f; - af )
373 Ef; = azad
37 F; o yri
375 ff; - Pat
316 £1; » Whal,

Compositeness:
146 ey—e'

147 dg—+d°

M8 ug o ut

167 guq; — d¥oe
168 qug; —u'as
1689 qF —+eteT

186 fil > W) = il

37 AE o WS

165 &fil—> 77 /20 o fele

Leptoguarks:

145 385 + Lo
162 gg - g
163 gg - Loly
164 a4,
SUSY.
201 £1; — &rey
202 Rl Endy
208 £l 88ht
204 fifi = by
W5 5 knil
206 1f — pri+
207 AT, - FF
208 £ 2F
30 £f; - A7+
210 £f; Lo+
21 £l 4+
02 £ R+
213 &% - s

Left—right symmetry:
341 gy » HEE
i

a7 Een —}}Ig*
348 Fy o HEERT
349 f(f(AH“"*H
350 f£F: ->}rf+H¥
851 fif; — [T i
152 Rif; - ffHEE
358 Lf = 25

354 f; —aW*E

214 Al = 5.8
216 Lf - fxe
217 Ll — Yakz
N8 £ Wk
219 £ - Favs
220 Hfi— ke
221 &f - ke
222 > g
293 LT fois
224 ﬂ' — )ﬂx;

No. Sul pmr:css
227 I ﬂx; n

g f.f« — x, Xi
229 f.{, - ¥
20 £f; =+ ki
m Ef qx,;z,i -
232 L~ x.x.

27 40 B
238 £if: — ¥z
238 i ks
MO £F; > EXs
U1 B+ By
U2 E,{, — BXz
243 £f; - B

244 gz @i

246 fig = @Ky
247 fig =+ dirfs
248 g = Gr X2
18 fig — Ginke
B0 fig — GurXs
21 fig — Gigka
262 fig — GerXa
253 Eg — Qir¥a
254 fig — Q%%
256 £ — Q5EX3
258 g - §isd
259 fig = dink
61 £ o 4]
262 £f; = Tt}
263 £f; — L+
%4 gg —Ei]

5 gg — i}

271 £ — Gurdse
22 ff; - GrdRr
273 £y - Gizdgat
274 fif5 — el
275 i1 -+ &nljn
276 1f; = Qurdjat
o7 6 Qe
278 £F - QiadR

280 gz el
281 b = b
282 bas - Bifin
233 bq -+ b.qm +hadi

293 bb -+ bibg
04 bg— b
295 bg —+ bog
296 bb - bibi+
Extra dimensions:
0 ffe - G
192 gg 3O
383 a4 > £G”
304 g = G"
395 gy — pG”

processes
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User program structure

1) Initialization step

e select process(es) to study

e modify physics parameters: my, mp, ...
e set kinematics constraints

e modify generator performance

e initialize generator

e book histograms

2) Generation loop

generate one event at a time
analyze it (or store for later use)
add results to histograms

print a few events

3) Finishing step
e print deduced cross-sections
e print/save histograms etc.

Event Generat Bryan Webber



Event Generator F

Higgs production with PYTHIA

C...Arithmetic in double precision; integer functions; PYDATA.

IMPLICIT DOUBLE PRECISION(A-H, 0-Z)
INTEGER PYK,PYCHGE,PYCOMP

EXTERNAL PYDATA

C...The eveat record and other common blocks.
COMMON/PYJETS/N,NPAD,K (4000,5) ,P(4000,5) ,V(4600,6)

COMMON/PYDAT2/KCHG(500,4) ,PMAS (500,4) ,PARF(2000) , VCKM(4,4)
COMMON/PYSUBS /MSEL , MSELPD, MSUB (500) ,KFIN(2,~-40:40) , CKIN(200)

COMMON/PYPARS/HSTP(200) , PARP (200} ,MSTI(200) ,PARI{200)

C...Physics scepario.
MSEL=0 !
MSUB(102)=1 !
HSUB(123)=1 !
MSUB(124)=1 !
PMAS(25,1)=300D0 !

C...Run parameters.
NEV=1000 !
ECM=14000D0 !
CKIN(1)=200D0 1
CKIN(2)=400D0 1

Mix subprocesses freely
g+g—>hno

f+f£ ->f+ £ +h
£+ £ => £" + £¥? + hO
Nominal Higgs mass.

Number of events
CM energy of run
Minimum Higgs mass.
Maximum Higgs mass.

G...Switch off unnecessary aspects (for faster simulation).

MSTP(61)=0 !
MSTP(71)=0 !
MSTP(81)=0 !
MSTP(111)=0 !

No initial-state showers
No final-gtate showers
No multiple interactions
No hadronization

C...Initialize and book histogram(s).

CALL PYINIT(’CMS’,’p’,’p’,ECH)

CALL PYBOCK(1,’Higgs mass distribution’,80,200D0,400D0)
C...Cenerate events and leook at first few.

DO 200 IEV=1,NEV
CALL PYEVNT

IF(IEV.LE.1) CALL PYLIST(1)
C...Find Higgs and fill its mass. End event loop.

b0 160 I=7,9

IF(K{1,2).EQ.25) CALL PYFILL(1,P(I,5),1DO)

150 CONTINUE
200 CONTINUE
C...Final output.
CALL PYSTAT(1) !
CALL PYHIST !
END

Print cross section table
Print histogram(s)
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Welcome to the Lund Honte Carlo!
PPP Y Y TTTITH H III A

PP YY T HE H I 44
PPP Y T HHHHH I AAAAL
P Y T H H I & 4
P Y T H HIIIA 4

This is PYTHIA version 6.210
Last date of change: 25 Sep 2002

1 1o =><= * Tt
1" ] 13}
1 " 1

Now iz 3 Nov 2002 at 13:23:48
1" 1k " Disclaimer: this program comes
without any guarantees. Bswars
of errors and use common #ense
n 11 " vhen interpreting raesults.

4] Copyright T. Sjostrand (2001}

An archive of program versions and documentation is feund on the web:
http://wuw. thep.lu.se/ "torbjern/Pythia. html

When you cite this program, curremtly the ocfficial reference is

T. Sjostrand, P. Eden, C. Friberg, L. Lonnblad, G. Min, S. Krenna and
E, Norrbin, Computer Physics Commun. 135 (2001) 233.

The large manual is C
T, Sjostrand, L. Lonnblad and S. Mremna, LU TP 01-21 [Lhep-ph/0108264].
Also remenmber that the program, to a large extent, represents original
physice research. Other publications of special relevance to your
studies mey therefore deserve separate mention.

Main author: Torbjorn Sjostrand; Department of Theorstical Physics 2,
Lund University, Solvegatan 14A, 3-223 62 Lund, Sveden;
phone: + 46 - 46 - 222 48 16; e-mail: torbjorndthep.lu.se
Author: Leif Lonmblad; Department of Theoretical Physics 2,
Lund University, Solvegatan 144, $-223 62 Lund, Sweden;
phone: + 46 - 46 - 222 77 80; e-mail: leif@thep.lun.se
Author: Stephen Mrenna; Computing Pivisien, Simulations Group,

Fermi Naticnal Accelerator Laboratory, MS 234, Batavia, IL 60510, USA;

phone: + 1 - 830 - 840 - 2556; e-mail: mrenna@fmal.gov
Author: Peter Skands; Department of Theoretical Physics 2,

fund University, Solvegatan 14K, £-223 62 Lund, Sveden;

phone: + 46 - 46 - 222 31 92; e-nmail: zoiler®thep.lu.se
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at

o -

14000.000 GeV center-of -mass energy

PYTHIA will be initialized for a p on p collider

R ]

« PYMAXI: y of differential cross-section maximum search *s*s++is
1 I I
1 ISUB Subprocess pame I Maximum value I
I 1 I
1 1 I
1 102 g+g=~>ho 1 1.3360E-08 I
1 123 £+ £ ->£+ £+ 10 I 1.1636E-08 I
1 124 £+ 1 -> "+ £" + ho I 2.4378E-08 I
1 I I

BYINIT: initialization c¢ompleted

Event listing (summary)

I particle/jet KS KF orig p.x Py P2 B m
1 tp+! 21 2212 0 0.000 0.000 7000.000 7000.000 0.938
2 Ip+! 21 2212 0 0.000 0.000-7000.000 7009.000 .938
3 gt 21 21 1 -0.563 -1.015 184,296 184.300 0.000
4 Ig! 21 21 2 -0.683 -0.161 -121.731 121,733 0.000
5 lg! 21 21 3 -0.663 -1.015 184.206 184.300 0.000
6 !g! 21 21 4 -0.683 -0.161 -121.731 121.T733 0.000
7 'h0? 21 26 0 -1.246 -1.176 62.566 306.033 299.564
8 W+! 21 24 7 12.840 -99.922 -11.518% 157.993 121.160
g9 In-! 21 -24 7 -14.086 98,746 74.085 148.040 80.486
1¢ ttaut! 21 -15 8 -29.129 -60.835 -54.168 86.565 1.77T7
11 !'nu_tau!l 21 16 8 41,969 -39,037 42.63% 71.438 0.000
12 1d! 21 1 9  90.402 25,174 9.757 40.660 0.330
13 lubar! 21 -2 9 -44.488 73.572 64.328 107.379 0.330
14 (b 11 26 7 -1.246 -1.i76 62.666 306.033 299.564
15 (W) 11 24 g2 12.840 -99.922 -11.519 157.993 121.160
16 (W- 11 -24 9 -14.086 98.746 74.085 148.040 80.486
17 taut 1 -15 10 -29.129 -60.886 -54.168 86.666 1.777
18 nu_tau i 16 11 41.069 -39.037 42.63%8 V1.438 0.00¢
194 A 2 1 12 30.402 25.174 9.7567 40.660 0.330
20 ubar v i -2 13 -44.488 73.572 64,328 107.379 0.330
21 wu_ 1 A 2 2203 1 -0.02% 0,695 5678.842 5678.842 G.771
224 vV 1 1 2 0.262 0.010-1888.460 1888.460 0.330
23 4 A 2 1 1 0.588 0.320 1136.861 1136.861 0.330
24wl ¥y 1 2203 2 0.421 0.151-4982.808 4089.808 0.771
sum: 2.00 0.00 0.00 0,00 14000.01 14000.01

Event Generator F
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Event Generator F

*kkkkasrs PYSTAT: Statistics on Number of Events and Cr tions

1 I 1 I
1 Subprocesa I Number of pointa 1 Sigma I
1 I I I
1 i I (mb} I
1 I I I
L N:io Type I Qenerated Tried I I
1 I I 1
I I 1 I
I 0 All included subpzocesses I 1000 9642 1 5.128E-08 1
I02g+g->ho I 756 2672 1 3.799E-08 1
I1232 + 2 ->£+ £’ +h0 I 68 2243 1 3.500E-10 I
I 124 F + £ > " + £ + hO I 176 4727 1 9.T63E-10 I
I I I I

sxxansrs Fracti
Histogram no

1.90%10%«
1.80+10++
1.70%10%%
1.60%10%+
1.50410%»
1.40%10%»
1.30%10%x
1.20%10%=
1.10%10++
1.00%10%=
0.90+10%+
0.80«10%*
0. T70¢10%*
0.60%10%»
0.50%10»+
0.40%10%+
0.30%10#=
0.20%10%+
0.10+104%

WMNMNMNNMNOVNMNMRERBOBNONNMBOONRNONODR MR

Contents
#1044 2
#104% 1
«10%* Q
#10%%-1

Low edge
w10%% 2
w10k 1
104+ Q

Entries =
All chan =

on of events that fail Ifragmentation cuta = 0.00000 whssswsxs

1 Higgs mass distribution 2002-
44
X
XX
X
x
.o 8
x
X8
XXX
XXXX
KXXX
XxxX
KXXX3
8XXXXX
XXXXXX
IXXXXXX
GXIXXEXXS1
AXXTRXXREXXBG
1 11 11 2 2 1223928376XXAXAXRIXXXXXX77867324 4 1114 212 121 115 1
000000000000600000000000000000000000001 11 1000000000000000000000000000000000000C
0000000000000000000000000000000001 12360881622110000000000400000000000000000000C
00001000010100011002020122392637 5045385449361 8677867 3240400111402120001210115¢1
©00000000000000000000000000000000000000000000000000000000000000000000000000000C
222 22792222222 R22222222222222222233333333333383333333333333333333333333¢
000011112222333344445665066677778086995900001111222233334444555566667777888099¢
03560358085680368035503568036803668035803550356803680356035803680358035803580368088
1000 Mean = 3.0152E+02 Underflow = ©.0000E+00 Low edge =
1.000QE+03 Rms = 1.6320E+01 Overflow = 0.0000E+00 High edge =
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Mass Effects in PYTHIA

- In general, depends on
— energy of gluon

« Dead cone only exact for
— emission from spin-0 particle, or

— infinitely soft emitted gluon

Event Generator Physics 4

— colours and spins of emitting
particle and colour partner

—> process-dependent mass corrections

colour spin 5 example

15343 — — (eikonal) oo B r1E =710 = 0_2' x3 = 0.3
15343 1524+ 3 | L,y,1+v | Z°—ad B

35341 | L1411 Ly ldys | to bW |

15343 | 0=2+2| 4,1ty | HO—aq 75 =

35341 i5140]| 1,914y | t—bHT i

1534312040 1 70 - g4 -

3-+3+1|0—+0+1 1 g —gwt 50 B

15343 05040 1 HO — g =

3534+1|030+0 1 g — gHt B

154343 15340 1,%,1+% x — ad .

35341 | 0341 Lysldys | d—ay 25 &

35341 15043 | Lmltys | toix Ji,

853+4+3 | 15340 L1ty | §—ad /

35348 | 00341 | Lysldys | G- ad s . Ll
35348 |350+1 | Lys.1tqs t 15 0 75 50 7D 100 9qg
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PYTHIA Underlying Event Models

Parameter | Value Description

MSTP(81) | 0,10,20 | Multiple-Parton Scattering off, for
old, intermediate & new models

1,11,21 | Multiple-Parton Scattering on, for
old, intermediate & new models

MSTP(82) 1 Multiple interactions with fixed probability &
abrupt cut-off PTmin=PARP(81) or
2 smooth turn-off at PARP(82)

MSTP(82) 3 Multiple interactions with varying impact
parameter & hadronic matter overlap with
single Gaussian matter distribution, with
smooth turn-off at PARP(82)

MSTP(82) 4 Multiple interactions with varying impact
parameter and a hadronic matter overlap
with double Gaussian matter distribution
(governed by PARP(83) and PARP(84)), or
5 distribution oc exp(—b%), d = PARP(83),
both with smooth turn-off at PARP(82)

Event Generator Physics 4 Bryan Webber



Tuning PYTHIA to the Underlying Event

* Rick Field (CDF): keep all parameters that can be fixed
by LEP or HERA at their default values. What's left?

« Underlying event. Big uncertainties at LHC...

"Transverse" Nchg versus PT(charged jet#1)

5
Charged Jet #1
Direction CDF -
4 | - - datauncorrected - . - - . .} ..o
theory corrected
3 -

1.8 TeV |n|<1.0 PT>0.5 GeV/c

"Transverse" <Nchg> in 1 GeV/c bin

“Transverse” l “Transverse”

Event Generator Physics 4 Bryan Webber

0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeVic)
| =—e—Pythia 6.115 =—=0=——Pythia 6.125™ = PythiaNoMS ® CDF Min-Bias 0 CDF JET20]




Rick Field

December 1, 2

Leading Jet: “MAX & MIN Transverse” Densities

PYTHIA Tune A

HERWIG

004

"MAX/MIN Transverse" Charge Density: dN/dndg)

-
o

12 +

Leading Jet

CDF Preliminary PYTHIA Tune A 1.96 TeV

data uncorrected

theory + CDFSIM

“MAX/MIN Transverse" Charge Density: dN/dndg)

-
(=]

1.2

CDF Preliminary

Leading Jet
HERWIG 1.96 TeV

data uncorrected
theory + CDFSIM

ET(jet#1) (GeV)

ET(jet#1) (GeV)

2 2
2 2
= c
a a
o o -
: P gt o110
5 F |ty
o R T
3 s | Ly R RXTETIRTPIs LRSS LS 35
2 2 1eedd
3 5., IF
c c 04
s s 530 s a s E55E0n fa s AR AR A R )
= . = §§ R L R L e Ed D R e R, Vo Bt P T i
Charged Particles (|n|<1.0, PT>0.5 GeV/c) = Charged Particles ([n|<1.0, PT>0.5 GeV/c)
0.0 : : : : 0.0 1 1 1 1
0 50 100 150 200 250 0 50 100 150 200 250
ET(jet#1) (GeV) ET(jet#1) (GeV)
"MAX/MIN Transverse" PTsum Density: dPT/dnd¢ "MAX/MIN Transverse" PTsum Density: dPT/dnd¢

2.5 2.5
Q CDF Preliminary PYTHIA Tune A 1.96 TeV Q CDF Preliminary HERWIG 1.96 TeV
@ data uncorrected @ data uncorrected
0: 20 7 theory + CDFSIM 0; 2.0 ¢ theory + CDFSIM
- - k=
[ Leading Jet { '@ Leading Jet
815+ g
£ g
» I1Tol ! 7]
B0l T R IT O TLITTHT] 5
=¢ Q. Q= =ﬂ)
] 4 § TrTLe9 »
5 53 g
@ 0.5k 2
g [/ o0l 8ppapnOEOnoan NnAlNAAROOana s O A nAs O L g z OD020ppoooOEooiog, goobUogaIan T BT
: 00 12 ‘ ‘ Charged Particles (In|<1.0, PT>0.5 GeVic) : 0.0 " ‘ ‘ Charged Particles (||<1.0, PT>0.5 GeVic)

. ‘ ‘ ‘ ‘ . ‘ | i |
0 50 100 150 200 250 0 50 100 150 200 250

Charged particle density and PTsum density for “leading jet” events versus Er(jet#1) for PYTHIA Tune A and HERWIG.
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LHC predictions: JIMMY4.1 Tunings A and B vs.
PYTHIA6.214 — ATLAS Tuning (DC2)

[\
—

A JIMMY4.1 - Tuning A
- = JIMMY4.1 - Tuning B

[
wn

® CDF data

AAA'AAAAAA

Transverse <N, >

[y
(=]
\
»

v
B

B PYTHIA6.214 - ATLAS Tuning

[ f’,.d'&w‘##' ] ++““'WQOT’“%W0¢‘
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P, (leading jet in GeV)

Minimum-bias and the Underlying Event at the LHC

Tevatron

5th November 2004
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Object Oriented Event Generators

 ThePEG: Toolkit for High Energy Physics Event
Generation, used by Herwig++ (and ARIADNE++7)

* Herwig++: Physics improvements from HERWIG 6

 PYTHIA 8: Implementation of physics of PYTHIA 6 plus
some improvements

« SHERPA: Completely new event generator

Event Generator Physics 4 Bryan Webber



Herwig++ Status

* The current release 2.0, S. Gieseke et.
al. hep-ph/0609306 Includes:
— Initial-State showers;
— Top Decay Shower;
— UAS5 Soft Underlying event model;
— QED Radiation;
— Many important hadron-hadron matrix
elements.
* This version can be used for hadron
collider physics.

Event Generator Physics 4 Bryan Webber



o After this version there are a number of
features which we still need to include:

— JIMMY multiple scattering model for the
underlying event;

— different kinematic reconstruction procedures for
the shower;

— BSM Physics;
— new hadron decay model;
— spin correlations throughout the simulation.

In order for the simulation to be as good as,
or better than, the FORTRAN for everything.

Event Generator Physics 4 Bryan Webber



Hard Processes and New Physics

In the FORTRAN each hard process and decay matrix
element was typed in by hand.

Isn’t a good use of time.
Meant that models of new physics were very hard to include.

In the C++ we have used an entirely different philosophy.

A C++ helicity library based on the HELAS formalism is used for all
matrix element and decay calculations.

Code the hard 2—2 matrix elements based on the spin structures.

Code the 1—2 decays in the same way and use phase space for the
1—3 decays to start with.

Easy to include spin correlations as we have access to the spin
unaveraged matrix elements.

M Gigg and P Richardson hep-ph/0703199

Event Generator Physics 4 Bryan Webber



New Physics: MSSM
dr, — qxs — ql=IF

FT T 11 I ‘ T ‘ T T T e | [ —— | B B B B B B e
0.010 — — B 7
- . 0.004 — —
_ 0008~ - I |
o g 48 0003 —
< R TN i .
5 f 1 5 : f
= 0.006 — — = i i
= L _ i~
. ~. L _
—~ i 1L
o - - iS; 0.002 — —
N - SN : 1
— 0.004 — — — L _
I i 0.001 — -
0.002 — — L |
0.000 __ L1 ‘ L0 ‘ L1 :|:|;u‘|ﬁ 0.000 111 ‘ T - ‘ L1l ‘ ' |,
l 0 100 200 300 400 C 100 200 300 400
Mql+/GeV Mql—/GeV

M Gigg and P Richardson hep-ph/0703199
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New Physics: UED

L k t th d 15 25 7_\\ T ‘ T T | T 1T T 1T T T 1]
OO a e ecay E e- far
q 2.0 —
1.0 s b
: g LoF i
o P
e near c s b
> } 1.0 — B
05 E
et far 0.5 :—
OO " L1 | I I | ‘ L ‘ | I | ‘ I OO :\ L1 ‘ L1l | L] | I | I
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
* _\ 1T ‘ T 1T ‘ T T ‘ T T ‘ 1T \_ 7\ T T 7 ‘ T T 71 ‘ T T 7T ‘ T T 7T ‘ T 1 |7
Y I I ]
3 + 15— +
~ e*near ] ~ etfar ]
J Smillie, BW JHEP10 = . g0l
S 1 S
(2005), hep-ph/0507170 s |5 I
S0 15 L
1 i i 0.5 ; |
0 ) ] ‘ 1 ‘ 1 ‘ — ‘_ 0.0 7\ L ‘ L ‘ L ‘ N ‘ L |7
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Hadron Decays

1/1dl/dM e o /MeV~*

A\ . 0 0 0 0 Y . 0 + - 0
a)Mpopo In ay»mmom b) M -0 a—»m'm 7
[T ‘ rrT ‘ T ‘ T ‘ F CT T T 1 ‘ T T 1 ‘ T T 1 ‘ T T 1 ‘ [
B —Novosibirsk Model 7 B 7
N 7 0.004 ——Novosibirsk Model —]
- ——CLEO Model 7 - -
0.0020 — ] - ——CLEO Model :
i ] 1 : ]
L i o 0.003 — —
0.0015 [~ — N i i
L i % L i
Il:
B i < L ]
B 7 o 0.002 — —
0.0010 — — o L ]
B i = i |
- b \L< L |
0.0005 — — 0.001 = 7
OOOOO i I ‘ N N ‘ I I ‘ L1 11 ‘ | 7 OOOO i [ ‘ | ‘ L ‘ L ‘ L
200 400 600 800 1000 200 400 600 800 1000
M, 0.0/ MeV M, -0/ MeV

* The program includes detailed modelling of many decays
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Future Shower Improvements

 |In addition to the other features one of
the main reasons for going to C++ was
to allow improvements to the shower
algorithm.
— CKKW matrix element matching
— The multi-scale shower
—~ MC@NLO
— The Nason approach to MC@NLO
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Nason Approach to MC@NLO

Nason@NLO
—————— Hw++ ME
______
——
1 [l [l 1 L L [l 1
. 1 I I 1 ] v I 1
[l | [l [ 4 | [l
1 I I 1 I L] I ]
ol i f_-*'-"‘-;'l-—:'ﬁ%—.l_l 1 |
0.3 0.4 0.5

109 ¢

Nason@NLO

O Latunde-Dada, S Gieseke, B Webber, JHEP02 (2007) 051, hep-ph/0612281
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Herwig++ Summary

Herwig++ is now ready for hadron collisions.
Many further improvements are planned.

There will be a new release in the summer
which will include the new simulation of BSM
physics, hadron decays and some shower
Improvements.

In the near future the C++ simulation will
replace the FORTRAN.
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PYTHIA history

e 1978: work begun on JETSET: string fragmentation in e Te—

e 1982: work begun on PYTHIA: hadron collisions on top of JETSET

e 1997: the two program combined under PYTHIA label

e today: PYTHIA 6.410, 75000 lines of code, 580 pp manual (JHEP),
author team: Torbjorn Sjostrand, Stephen Mrenna, Peter Skands

e intensely used for LEP, Tevatron, LHC (since 1990!)), ...

.. but
e only add, never subtract
= has become bloated and unmanageable
e is in Fortran 77, so not understood by young people

e 1998: C++ PYTHIA 7 begun = THEPEG, physics stalled

e Sep 2004: C++ PYTHIA 8 begun

e ~1 sub-subversion per working week (T. Sjostrand on “sabbatical”)
e March 2007: PYTHIA 8.080

e < end 2007: PYTHIA 8.100; overtakes PYTHIA 6 as “current” (?)
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PYTHIA 8 status

task status

administative structure operational; extensions planned

hard processes, internal only small selection; more needed
resonance decays primitive; work needed

hard processes, external interfaces to LHA F77, LHEF, PYTHIA 6
SUSY(+more) parameters primitive SLHA2

initial-state showers operational

final-state showers operational

matching ME’s to showers some exists, much more needed
multiple interactions operational; extensions planned

beam remnants & colour flow operational; alternatives to come

parton densities only 2 internal, but interface to LHAPDF
string fragmentation operational; improvements planned
decays & particle data operational; may need updates
Bose-Einstein still to be done

analysis some simple tools; may be enough
graphical user interface operational; could be extended

tuning major task for MCnet postdocs!
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Current PYTHIA 8 structure

The User (=~ Main Program)
A A i A
; : Pythia ;
|
Info Event process Event event
1 f : 1 ! i1
ProcessLevel PartonLevel HadronlLevel
ProcessContainer TimeShower StringFragmentation
InFlux, PhaseSpace SpaceShower MiniStringFrag. . .
LHAInit, LHAevnt MultipleInteractions ParticleDecays
ResonanceDecays BeamRemnants

| ¢

: :

BeamParticle

SigmaProcess, SigmaTotal

Vec4, Random, Settings, ParticleDataTable, StandardModel, . ..
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Introducing SHERPA

Physics of SHERPA

T.Gleisberg, S.Hoche, F.K., A.Schalicke, S.Schumann and J.C.Winter, JHEP 0402 (2004) 056
@ New event generator, written from scratch in C++.

@ Matrix elements from AMEGIC,
combined with own parton shower implementation

(F.K., A.Schélicke and G.Soff, arXiv:hep-ph/0503087; similar to shower in PYTHIA)

@ Hadronization of Pythia interfaced,
will be replaced by own cluster model

(J.Winter, F.K. and G.Soff, Eur. Phys. J. C36 (2004) 381)

@ Tested in a number of processes (highlights see below).

@ A few other implementations exist for specific channels.

4

F. Krauss

Basics of event generation for high-energy experiments
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Beam

e.2. Monochromatic,

A

Laser—Backscattering, ...

|
PDFs

e.g. LHAPDF (for p.p).
g —structure function, ...

A

Model

e.g. Standard Model.
MSSM, ADD ...

A

Y
AMEGIC

matrix elements,
channel construction

Yy v
PHASIC

phasespacin

Event Generator Physics 4

SHERPA

e.p. lmtialization,
event-handling_ ..

Spectra :

s e
'..—’. |“':.:l"-'-“l" N

:

APACIC

showers

ATOOLS

maths, physics,
organization

more modules ...
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Automatic cross section calculators

Example: AMEGIC++

F.K., R.Kuhn, G.Soff, JHEP 0202 (2002) 044.

@ Uses helicity method + multi-channeling.
Operational mode: 2 runs.
@ Generation run:

@ Generate Feynman diagrams,

@ construct and simplify helicity amplitudes,
@ produce integration channels,

@ write out library files.

o Compile & link libraries.
@ Production run:

@ cross section calculations,
@ parton level events.

@ Implemented & tested models: SM, MSSM, ADD.

F. Krauss

Basics of event generation for high-energy experiments
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Standard Model © Linear Collider

Consistency of HELAC/PHEGAS & AMEGIC++

T.Gleisberg, F.K., C.Papadopoulos, A.Schilicke and S.Schumann, Eur. Phys. J. C 34 (2004) 173

HELAC/PHEGAS vs. AMEGIC++

differences in results

15 [ e e e
(6, - o), vas ) | ]
average : -0.065, variance : 1|

n 101 -

Q

2] - .

wn

Q

Q

o

=

=7

G

o}

H* 51 |
0 L \‘\\\\
-4 3 4

statistical deviation in G

F. Krauss
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MSSM

Automated tools

K.Hagiwara et al., arXiv:hep-ph/0512260;

@ 3 validated tools for MSSM studies:
(S)MadGraph, O'Mega/Whizard & Amegic;

@ completely different approaches & notations;
@ SUSY spectra through SLHA interface;

@ checked roughly 500 pair-production processes;

@ some simple studies for LHC and LC.

F. Krauss

Basics of event generation for high-energy experiments

Event Generator Physics 4 Bryan Webber



Comparison with data from Tevatron

p, of Z-bosons in pp — Z + X

Data from CDF, Phys. Rev. Lett. 84 (2000) 845

7\\\‘\\\‘\\\‘\\\‘H\‘\H‘\H‘H\‘\H‘HL
1 H —

dG/ pb
dP, GeV

-
o

7\\\1\\\‘ Ll L1l L1l L1l | L1l A A A
0 20 40 60 80 100 120 140 160 180 200 0 5 10 15 20 25 30 35 40 45 5
P 2/ GeV P 2/ GeV

F. Krauss
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Azimuthal decorrelations of jets at the Tevatron

ldea Distributions © Run Il
@ Check QCD radiation pattern

5
:‘1_11 0 T ‘
T
31 s e~ P > 180 GeV (x8000)
- 10 o4 130 < pT* < 180 GeV (x400)
T ra 100 < pr™* < 130 GeV (x20)
5 HH75<p?x<100GeV
-8 103 — Sherpa
ol
5

/2 | 34

>
<
=
E:—l

F. Krauss
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Comparison with other codes

p, of W-bosons & jets in pp — W + X @ Tevatron

~ T T ‘ T T ‘ T T ‘ L L
E 107 =
= f — Sherpa ]
510_2 B —— PYTHIA ]
° E E
5 — MC@NLO -
© B ]
N = =
10" =
10° E
:\ Ll ‘ L1l ‘ L1l ‘ L1 | ‘ L1 | ‘ L1 | ‘ L1 | ‘ L1 | ‘ Il L inm \:
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pwlGeV]

1/c do/dp [ 1/GeV ]
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1st jet
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p; (first jet) [ GeV ]

F. Krauss

Basics of event generation for high-energy experiments

Event Generator Physics 4

Bryan Webber



Comparison with other codes

p, of W-bosons & jets in pp — W + X @ Tevatron

2nd jet
P

; 10.1 E T ‘ T T T ‘ T T T ‘ T T \i
3 - E
= E — Sherpa ]
& i —— PYTHIA 1
T 102 —
g F — MC@NLO
o) , ]
10-3 ? E
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pr (second jet) [ GeV ]

1/c do/dpy [ 1/GeV |
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—
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L ‘
100 120
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Conclusions

* Get to know your Monte Carlo!

« Remember what is fixed by LEP and HERA data
* Question what isn'’t

« Tevatron data crucial testing ground

* The next generation is here...
— Software improvements
— Physics improvements
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