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%’ OUTLINE

This talk does not contain much about photons ...

So what is it about ?

® Matrix element (ME) generators
® Shower (PS) generators

® Merging of ME & PS (CKKW)

® Cluster fragmentation

® Hadron decays

® Multiple parton interactions

Sherpa itself is the framework
that combines all the above

How do photons fit in ?

® Sherpa provides y beamspectrum (p>py by T. Pierzchala) & PDF
® all the rest is “standard”, so let’s talk about the rest first ...
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"%" WHAT 1§ CKKMW AND WHY 2

Matrix Elements Parton Showers

Advantage Advantage

® Exact to fixed order ® Resum all (next-to) leading
® Include all interferences logarithms to all orders
Drawback Drawback

® Calculable only for low ® Interference effects only

FS multiplicity (n<6-8) through angular ordering
) M

Combine both approaches: CKKW

®» Good description of hard radiation (ME)
®» Correct intrajet evolution (PS)

® Strategy: Separate phase space @ Jet production region =p ME
» Intrajet evolution region =p PS
» Free parameter: Separation cut Q. (Ky-type jet measure)
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CKKW: Z+)€TS @ TEVATRON

#
y

L The D@ collaboration, D@ note 5066-CONF
» Jet multiplicity

e - DO Runll Prelimi et w = — L e
-E W F | un reliminary| = data.w/stat&sys error = . | DO Runll Prellmlnary B Sherpa rangs stat
d>) 10 Eg = £/ Pyth!a range stat ) 10 Eg [ Sherpa range stat & sys
M 10? ;E a0 —— . [ Pythia range stat & sys Lﬁ 10° ;E
1 1 :
E | N | N | N | N | | | E | N | N | N | N | N | | l
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o . % |
© 1E L + 1 T ~ {1 —= * ] v + T [ ]
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i | ! | ! | ! | ! | ! | ! | ! | | ! | ! | ! | ! | ! | | ! |
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® Pythia 6.2 » Sherpa 1.0
normalized to data normalized to data
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» Jet-pr, jet 3

Nr. of Events
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The D@ collaboration, D@ note 5066-CONF
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The D@ collaboration, D@ note 5066-CONF
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Stefan Hoche, Yy Workshop CERN, 24.4.2008



= CKKMW EXTENSIONS

Consider heavy flavour production

®» Narrow width approximation =+ full ME factorises
into production and decay parts

Schematically: A® = A%=d g ] ARV

icdecays see) )"
How is it simulated in Sherpa ?
» ME generator AMEGIC++ provides decay
chains (projection onto relevant diagrams)
®» PS generator APACIC++ provides production &

decay shower off heavy partons (+ standard showering)

® CKKW ME-PS merging is applied separately

and independent within production and each decay
Method is fully general and applicable e.g. in SUSY production

vvvvvvvvvvvvv
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& CKKW: TOP PAIRS @ LHC

® Sanity check of the procedure ® Why it is necessary ...

b Qyt - variation in production @ p_ of tt pair

000 100 0-1/0=0/1 0-1-1 . 000 1-0-0 0-1/0-0/1 0-1-1

1 1 u- = LI | | | LI | | | | | I T LI | LI | LI | 1 IE ™ 1 u- E| | | LI | [ | LI | I | LI L | LI | LI | LU IE

% _g :EE% Sev ] % - _ CKKW t+1s1jot ]

9 _ i 9 B -- Apacic++ 2.0 et

8 8 -

2 two different | - 24072 CKKW: Enhancement |
: 2 - = ™ ° ° i
i,‘lﬂ E Qcut values E 3 due to simulation of §
5 b T hard extra jets by ME ||

a 1 2107 =

T . £ E

'E 1“ 1-11.1111_1;: . ?Ll : :

- et T 10*E =

only little deviation 5 =
; Sy o ’
0.4% due to cut variation = -
" 5L kol —
u'ﬁg i1 s _ n ] 107¢ pure parton shower: [*. . e
0.2 L E " | ‘soft’ p distribution —’ T
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1111 | 1111 | 1111 | 11 | I_I_l_l 11 | —I_l | | 1111 | 1111 | | I | | | 1111
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|non-b-jet 1 [ GeV ]

P | W= W+ b-jet 1,b-jet 2
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"%"’ NAE’S IN SHERPA: ANEG]CHt

R. Kuhn, F. Krauss, G. Soff JHEP 0202:044, 2002
What does AMEGIC++ provide ?
Flexibility
® Fully automated calculation of (polarized) cross sections

in the SM, MSSM and ADD model
® Expandability: FeynRules reader, dynamic add-on model libs
® Performance well comparable to that of dedicated codes

Reliability A e

D ee>6f comparison vs. HELAC /PHEGAS 153 - 1 é‘i‘:;;‘f)/f};’fﬁi‘iijl
EPJ C34 (2004) 173 =—> oL

®» Comparison of arbitrary 22 MSSM
processes vs. WHIZARD /O’'Mega & =

SMadGraph Phys. Rev. D73(2006) 055005 _
®» MC4LHC ME generator comparison ol L AL,

http:/ /mlm.home.cern.ch/mlm /mcwshop03 /mcwshop.html
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®» New twistor-inspired techniques (CSW
vertex rules) help speeding up calculation
of pure QCD ME's for higher multiplicites

» Advantage: Up to Ny, = 7only up to 3
MHV-amplitudes must be sewed together

CSW RECURSION IN AMEGICHF

based on hep-th /0403047

1+1 +

[ +
/ \
4 +
=t= _\
i n+
2 — 1 —

Process Time [s] for 10° points | Time [s] for 10° points | Conventional /
Conventional CSW rules CSW-rules
2g — 4g 1977 19 C 1041 D
2g — bg n/a C 1429 D - n/a X
2q — 4g 124 A 14 8.9  \
2q — bg 43636 7290 148.4 .y
2q — 2q'+2¢ 8 Newly 6 1.33 Significant
2q — 2q'1 3¢ 810 | accessible 74 10.8 speedup
2q — 2q+2¢ 24 | processes 10 2.4 /
2q — 2q+3g 3923 \ 118 33 ¥
2j — 4 4082 N 202 C 202 D
2j — 5j n/a C 12103 D ~ n/a
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"é" \VERY HIGCH-NAULTI NAE’S: CONM]

T. Gleisberg, SH: in preparation
» Revisited “old-fashioned” Berends-Giele recursion JHEP 08(2006)062

% New ME generator COMI
9 Fully general implementation of SM interactions
What you could do, for example:
® pp—> W/Z+N jets where so far N up to 6 (all partons !)
® pp>Njets+t Wb+ M jets|t (Wb + M jets|
where so far {N,M} up to {2,1}
® pp ~> N gluons where N up to 12 (QCD benchmark)
® pp > N jets where N up to 8 (all partons !)
» Key point: Vertex decomposition of all four-particle vertices
( Growth in computational complexity for CDBG
determined solely by number of external legs at vertices )
® The ME is ticked off, but how about the phasespace ?

=) Recursive method analogous to ME calculation (see backup)
Stefan Hoche, Yy Workshop CERN, 24.4.2008
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CONI

: PERKFORMANCE

o 'll. ."
A e

by at

-_:!__ir;‘-\- = L) L
SN |/ :
E-"-‘F};?- Y,
ey *-‘
&/ A

T. Gleisberg, SH: in preparation

» Performance in QCD benchmarks World
record !
gg — Ng Cross section [pb] /
n 8 9 10 11 / 12
NE (GeV] 1500 2000 2500 )5“0 5%
Comix 0.755(3) | 0.305(2) | 0.101(7) ¢ 0.057(5) | 0.019(2) )
Phys. Rev. D67(2003)014026 | 0.70(4) 0.30(2) 0.097(6) | — =
Nucl. Phys. B539(1999)215 | 0.719(19)
» “Real life” example: b-pair + jets
comparison with other ME generators
o |ub] Number of jets
bb + QCD jets 0 1 2 3 4 5 6
Comix 470.8(5) | 8.83(2) | 1.826(8) | 0.459(2) | 0.151(2) | 0.0544(6) | 0.023(2)
ALPGEN 470.6(6) | 8.83(1) | 1.822(9) | 0.459(2) | 0.150(2) | 0.053(1) | 0.0215(8)
AMEGIC++ 470.3(4) | 8.84(2) | 1.817(6)

Setup: http:/ /mlm.home.cern.ch/mlm /mcwshop03 /mcwshop.html
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» Efficiencies: LHC @ 14 TeV
Cuts: 66 GeV < myjj < 116 GeV,
CDF Run IT Ky-algo @ 20GeV

CONI

: PERKFORMANCE

T. Gleisberg, SH: in preparation

» Also new: HAAG-based QCD
integrator for colour sampling
CSI - Col

Sampling Integrator

54000 | - N
22000
Z+0 jet 8.50% =
2420000
Z+1 jet 1.05% > 1
Z+2jets 0.60% 16000 I
Z+3 jets 0.15% i
10 = =
SHé ;
W0 jet 19.13% 2 L )
< é é
W+1 j@t 150% E gg — 6g E
. 0,1 I L1 1 1111 | I L L1 1111 | L
W+2 jets 0.48% ' | e - e
W+3 jets 0.16% integration time [s]
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= CS-SUBTRNCTION BASED SHOWER.

JHEP03(2008)038

Pi
1

® Catani-Seymour subtraction terms
=) General framework for QCD NLO calculations

» Splitting of parton ij into partons i and j, spectator k

» Advantages over Parton Shower N
=) Full phasespace coverage

=» Good approximation of ME px Dk
=» Better analytic control e.g. final-final splitting:
» Implementation into Sherpa (Vaig k) (Zisyijr k) =
. . . 2
for the general case, i.e. final-final Cy (1 i Zi)>
initial-final and initial-initial dipoles 2 2o =
7 — 117J
YK Dibk + D3Pk T PiD;
s PiPk
PiPk + PjPk
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%“’ CS-SUBTRNCTION BASED SHOWER.

JHEP03(2008)038
Y pp->jets ) pp->jets
Phys. Rev. Lett. 94 (2005) 221801 Phys. Rev. D50 (1994) 5562
Ady;, distribution @ Tevatron Run 1T normalised distribution of 1, @ Tevatron Run I
105 E J J J [ T T T [ T T T | T T T 0.08 T T T | T T T | T T T | T T T
| 0 75 <Pry, <100 GeV : CDF 94 (detector level)
100 ¢ 100 <Py, <150 GeV(x20) . —— CS show. + Py 6.2 had. | -
| & 130 <pg. <180 GeV (x400)
s Prynax > 180 GeV (x8000) AR >0.7, 1, I, <0.7
10" & E 0.06 [ 10,9, < 2.79 rad —
25 ok ) E;, >110GeV,E_, > 10 GeV
= u 3 =
3 F ] 3
o0 10'F B 0.04
"UH = Q
2 B N —
a° 10" & =
10" — — 0.02
E——— ]
107 :_ points: DO data 2005 _:
?_r & histo: CS show. + Py 6.2 had. ?
10—;/2 L L L L L L 3;/4 L L L | L L L - 0_4
AQ gije; (rad)

Stefan Hoche, Yy Workshop CERN, 24.4.2008



%’ DIPOLE SHOWER. FOR. HADRON COLLISIONS

arXiv: 0712.3913 [hep-ph]

® IS emission formulated completely perturbative
» Radiation associated to inital-inital, initial-final
and final-final colour lines (dipoles)

, » pp—>jets Phys. Rev. D50 (1994) 5562
®» Beam remnants kept outside

Colour coherence test : n 3rd jet

» Transverse momentum T - mod(n, ))<0.7 R>0.7 mod(¢,-9,)>2.79rad E . .>110(10)GeV ]
©0.07 - -

= 4 . © B +—=—  CDF Run 1 detector-level data (1994) 7

and rapldlty deﬁned through ,\E 0 06:* ---- Dipole shower, default sc., restr. PSP, SL j
" —— Dipole shower, default sc., full PSP, SL .

invariants, e.g. Drell-Yan: 0.05 E
- T i P ]

S A 0.04 Ay A L T -

2 Ut ]. u - 1 I -1'1"1"- ] . e
Pl =y == iy 2= 0.03 h -
mg 2555 0.02f .+ L

o.010 i RIS

mpg F Tevatron Run 1 A

_ g OF e

R gL s 0.2} S I o e H E

t s 0 :

TU' '0.2; - i {

3 E | —I_l ‘ [ ‘ I ‘ L1 ‘ I ‘ L1 ‘ jﬂJJ‘TJ .l .

8 = 4 3 -2 1 0 1 2 3 4

M3
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= DIPOLE SHOWER FORC HADRON COLLISIONS

arXiv: 0712.3913 [hep-ph]

» First emission by construction ME-corrected

l;l E T T T ‘ T T ‘ T ‘ T ‘ T T ‘ T ‘ T T ‘ T E
[
Q +—— CDF data (2000)
S 10% - Dipole shower, p _=(1+\2)M, & Py6.2 hadr.
& - —— Dipole shower, pj_:ini=pbmax, & Py6.2 hadr. 3
a
pr (e€)
107 E
102 - )
102 Tevatran Run 1
[ ‘ L1 1 ‘ L1 | ‘ [ ‘ L1 | i L1 ‘ [ ‘ [ 1| ‘ || ‘ 1 | LE
m T T T T T T T T [T 11T
§ 0.5j | | | | | | | | ]
3 OM.HWT_,_%—_
7-05] e T, 1 S
(é 0O 20 40 60 80 100 120 140 160 180 200
pr [GeV]

;l 30 | T T T T ‘ T ‘ T ‘ T T ‘ T T ‘ T T ‘ T ‘ T ]
()
Q i —— CDF data (2000) i
8 9251 - Dipole shower, p _=(1+\2)M, & Py6.2 hadr. |
& B <l —— Dipole shower, p !_ =P ... & Py6.2 hadr. ]
- | L L
Q_ |
20 L N
E - IT"I +
: : pr (e'e)
15 =
101
5/
‘g 0.2 7\ [T ‘ T ‘ -\ [T T ‘ T ‘ T ‘ T T ‘ T ‘ [T \é
° 0.1 : ‘]_H _ =
> 0 A z
© ]
& 0.1 ol S
3 -0'2 [ ‘ [ [ 1 ‘ [ ‘ [ ‘ [ ‘ L 11 ‘ [ [ 1 ‘ | m [ \7;
= 0O 2 4 6 8 10 12 14 16 18 20
pr [GeV]
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NPl SIMULATION IN SHERPA

#
y

hep-ph /0601012
Sherpas current multiple parton interaction (MPI) module

®» Based on the PYTHIA model
T. Sjostrand & M. van Zijl, PRD36(1987)2019

®» Parton showers (PS) attached
to secondary interactions

Combination of MPI’s with hard processes and CKKW matching

® Hard processes with final state multiplicity different from two
require unique definition of starting scale for MI evolution, pimr
» Sherpa algorithm (works for arbitrary n-jet ME):
® Employ K;-algorithm to define 22 core process

® Set starting scale pung to pr of final state QCD parton(s)
from this process and veto partons harder than g

(from PS) in secondary interactions
Stefan Hoche, Yy Workshop CERN, 24.4.2008
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Our current “best fit” for CDF

®» Lower pr - cutoft
Y PT,min ~ 2.4 GeV

®» Moderate interaction
number due to additional
multiplicity from PS

» < Ni~2 5208

To take home ...

® Highly dependent on
PT min @and PDF

® Does not give any prediction
for the LHC (naive scaling)

NPl RESULTS FROM SHERPA

hep-ph /0601012

@ NCharged VS. PTjetl I CLC

I~I,:|\m”amI in 1 GeV bin

- Min Bias Run |
i Jat20 Run |

—— Sherpa 1.1 [
[

== (o M
o = o

—
=
T T 1

iy

4y .r.ﬁ!!__.m.um
Track Finding Eflclancy: 0.6

-ulz ||||||||||||||;i.i||||||I|||||||||||||||||||||||
0 5 10 15 20 25 30 35 40 45 50

P iett [ GeV ]
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‘%" TOWARD S A NEW MNPl MODEL

Shortcomings of the current MPI model arXiv: 0705.4577 [hep-ph]

® Lower prt - cutoff defines total cross section
® Energy extrapolation depends on tuning parameter
We try to solve part of this by ...

» Definiton of hard cross section through BFKL kernel convoluted
With DUPDF’S » can be extended into diffractive region

Z / dy; / diZ / do, / dy,,

a(1)
1 1

1J_) 25(1) 25(2)25 Aal (yl,yz)
d¢z dk? as(kz
[ / / / sz_J— 4 ZC’G _1a; (qz 15 K; )A (yz,yz 1)

Markovian algorithm to generate splittings
from A, (y;,yi_1)in the spirit of a parton shower
» number of emissions determined on the flight

>< f(l)(m(l) (1) k%uk(lﬁz) f(z)(m(z) (2) k?2“_’1{(2)

Stefan Hoche, DIS, London 8.4.2008



= TOWARD S A NEW MNPl MODEL

arXiv: 0705.4577 [hep-ph]
® Jet - pr spectra PRD75(2007)092006

® Azimuthal decorrelation

| I I T I T ‘ ]
> 108 — —] ° °
8 K;,D=07  teiCDFData of widely separated jets
510° —BFKLeum PRL77(1996)595

_'l_' 104 — N - 3-jet -

[ | e C Adi _

—% , ; < 4 ]et ;

"cl_|10 - | A 1 | L
= L ] S - =
3 1 - ] lli 0-95: ~e— DQ Data N
5 — —] ‘g’ 0 9:— $ — BFKL E
S 1021 Iy 1<0.1 (x10°) - o .

= = 0.85 ¢ -
10-4 - = - .
Nl 0.1<ly™ 1<0.7 (x10°) 0'8? —— E
107 B 0.75 } : =
108 *0.7<ly™ I<1.1 — 0.7 l
10l . B E ton level 8
107 T11<y® <16 (x10°%) 0.65 parton feve I
- B A
10712 - E | | | | RE
. parton level N | 0.05 Theory/Data-1 =
1014 | U 1.6<ly® 1<2.1 (x10°) n 0— —— ’ -
N \ \ R -0.05F =

10° _t1o3 I

ki [GeV]
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‘%‘ CLUSTER. FRAGMENTATION

Eur. Phys. J. C36 (2004) 381
Sherpas cluster fragementation model:
® Colour ordered partons transtformed into primary clusters

according to combination of
® kinematical weight y Colour weight

t ;

Wikl — =
to + 4(W1J -+ Wkl 3
4

9 Clusters decayed according to overlap between
cluster mass and hadron mass spectrum

w I

1
NG

® cluster mass in hadron regime = transition to hadron

® else = 2-body decay A
C~HH, C>CH or C>CC .3;

combined weight applied again!

1L with tyreplaced by Q, (hadronic scale) Stefan Hoche, yy Workshop CERN, 24.4.2008



= CLUSTER. FRAGMENTATION

Eur. Phys. J. C36 (2004) 381

b N v B » charged scaled momentum
s B T T T T T 1T T T T T T 17T Y{ T T | - . . .
Zﬁ 30l [T Charged particle log( 1/ x,) distribution
< N AMYy L3:OPAL | o N
i = P 8., 'F  cmenergy =912 GeV
i SHERPA preliminary 2 ¥ t l un - 1 _ _
251 a2 ip t _ T o Lw MC simulations
i S | i c : = ok It% PYTHIA-6.1
i JADE, TASSO § , 1 E 50 o |§ ....... HERWIG-6.1
20 N E l r B :° E {1. "YT' SHERPA preliminary
: 2 4 = o
15[ LENA [+ . o 5l i
| R of A ;
i } ] - = 33
- ! n @ :
10 ; 2. MARK 1 | ¢ ? 2:_ _;_r ?il Experimental data:
i i B | _L
- N ® c'c data : L] « OPAL
s *_MW 2 ! .
%M‘. d N 0;‘?‘}|||||||||||||||||||||||||||||||||||||||II|IIII
- : o 1 2 3 4 5 6 7 8 9 10
1 1 1 I l‘ 1 1 1 L1 1| l‘ 1 1 u S
0 : 0 00 B uds only Ep

Stefan Hoche, Yy Workshop CERN, 24.4.2008



&
y

HADRON DECAYS

Features of Sherpas hadron decay package

v

Full flexibility, all information is read from parameter files

( branching ratios, decay channels, form factors, integrators )
Extremely easy to extend with specific decay modes / models
( feel free to add your favourite decay ... )

Spin correlation algorithm with full spin information
from AMEGIC++ matrix element

Extensively tested in T - and hadron decays
B-mixing implemented in full generality

First fully functional release with version 1.1

Stefan Hoche, Yy Workshop CERN, 24.4.2008
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‘%‘ HADRON DECAYS: RESULTS

F. Siegert, F. Krauss: in preparation
PYTHIA+TAUOLA: hep-ph/0101311

[ ] [ ]
» Many models: e.g. » Spin correlations: e.g.
s ey _|_ AL . s =g b
T e et At L W ' Wi AN Eaesn a2y
25
invariant mass distribution
T > n_n_nJ'vT
full spin correlation
Resonance Chiral Theory sodB - | T no off-diagonal elements
1 3 Kuehn Santamaria Model E ' no spin correlation
ALEPH 98 —— PYTHIA+TAUOLA

—

> 1.5

S 0.1 F . IS s

=~ s a

o =

S = .

Z = 1.0-

£ o001t .

0.5 -
0.001
0 0.5 1 1.5 2 2.5 3 3.5
m?,, [GeV?] 0.0 : . - . - . - . -
0.0 0.2 04 0.6 0.8 1.0

pion energy z
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HADRON DECAYS: RESULTS

£ F. Siegert, F. Krauss: in preparation
» B-mixing: e.g.

Decay rate asymmetry B, — J/¥K, < By — J/PK,
In Y (4s) —» BB,y events

2 =
60000 — \ S S
0 : AN O .
> = —— B" tag candidates
50000 —— 35
— KL OO0
— SEAX
40000 = N 5 — B tag candidates
30000 — O\ 5? %
= S 7
20000 — SN
— DN RN 9050000000 %
— \ N RELSKLLELKK s
— ] 00000020004 IO
— , R —T XKYKX/X/X/KVKX e |
S 08—t T ST '
g 0.6 = - : : ; ——— Sherpa
E 0.4 f_ ,. .................................. , ................................... .. ..................................... _— Theory C=O S=0725 -
> =T ; : :
7)) 0.2 ke e e
< 0 — :
o = b T Qe s
whd — .
o _0'2 et e R R R PR R R ]
S — : 4
_g -0.4 E_.. ........................................................................................................................................ .. ...........
© -0.6 :_,._ SRR T R P PP PP PP PPE- PPPEETPPEPETPRRETPPEDS. Yoot PURSEPPRLETSY® SPPREES
(&) 0.8 ;_ ......... _ .............................................................................................................................................. I
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%“’ PHOTON INTERACTIONS

Prog. Part. Nucl. Phys. 53 (2004) 329
Now that we know the rest ...

Laser Backscattering Spectra

» Sherpa provides LASER back- f ol o4 EI0GN
scattering beam spectrum acc. [ Sole Compon
to Acta Phys. Polon. B34 (2003) 2741mp 5 3f === )
L o
» Cross sectionin vy — u' W g 1
g
0.2+ _
0.15- 1
© o1f
» Beam spectrum for p > py
0.051 _ acc. to Phys. Lett. C15 (1975) 181
oL LF ., TR implemented by T. Pierzchala
200 400 600 800 1000 ; $ £
Eou/ GeV ported into v1.1 during this WS
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‘%" SUMMARY AND OUTLOOK

Sherpa is much more than what I talked about ...

Sherpas and collaborators currently also work on:

» Preparing the two new showers for ME-Shower merging

% systematics studies with different shower prescriptions
®» BSM beyond the MSSM:

Little Higgs, MWTC = J. Ferland (ATLAS, Montreal), ...
» Interfaces to Athena =¥ J. Ferland (ATLAS, Montreal)
and CMS software =p M. Merschmeyer (CMS, Aachen)
and LHCD software =» SH, F. Siegert, J. Stieglitz (Durham /Dortmund)
» Grid support: At the IPPP, we run Sherpa on the Grid !
Multithreading: Speed up your computation with more CPU’s !

Latest release: Version 1.1.0
available on Genser and HepForge
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= CKKW IN A NUTSHELL

e : . HEP 0111 (2001) 063
® Define jet resolution parameter Q,; (Q-jet measure) ]]HEP 0208 Ezoozi 015

» divide phase space into regions of
jet production (ME) and jet evolution (PS)

9 Select final state multiplicity and kinematics

according to o ‘above’ Q 4t Aq(Qeut, Q1) f :
.as 1

A (QCU s b ) g o

» K¢ -cluster backwards (construct PS-tree) Sl (Qcut)

and identify core process P o
® Reweight ME to obtain exclusive samples at Q .
» Start the parton shower at the hard scale Ag(Qeutsir N
Veto all PS emissions harder than Q ME Domain |

Ag (chtan)

= S Domain

» This yields the correct jet observables !
Generic example: 2-jet rate in ee»>qq

A ar :
i (A B
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P IN SHERPAC APACICES

R. Kuhn, E. Krauss, G. Ivanyi, G. Soff CPC 134 (2001) 223
F. Krauss, A. Schilicke, G. Soff, hep-ph /0503087

t C

Basic features of APACIC++ :

® Virtuality ordered parton cascade,
colour coherence imposed
by angular veto

® Final & initial state showering in
e'e & hadron collisions
( no DIS-like situations )

® Algorithm similar to virtuality
ordered PYTHIA parton shower

®» Extensively tested, e.g. vs. LEP data
(hadronisation: PYTHIA) =

1/0 do/dlog, (Y ,.)

0.7: T ‘ ‘ T \ \
0.6 [~ —~ JADE & OPAL 91 GeV-
i g — APACIC++2.0 ]
0.5/ Ho :
i T4
0.4 ] 4 E
0.3 ] Ty
0.2 1 K E
01 - "
%? gTheory/Data -1 :
-0.1- —— E
-0'2;\ 1 | ‘ R ‘ I ‘ R ‘ N ‘ R ‘ I — \:
-4 35 3 25 -2 -15 -1 -05
Iog10(Y23)
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é’ APACICH: HEAVY QUARK PRODUCTION %1/

® In quasi-collinear limit (b« heavy quark) ME factorises .- il
8T .
INEbe e = M A )l e P el / :
® Virtuality ordered PS =+ evolution variable t changes to t — mj
» Splitting functions P,y (z) become e o
e ]
those for massive quarks 0.90 -

Nucl. Phys. B627(2002)189 “-Bi _i
1.4 z2 27(1 — z)m? “-?; _i
=4 CF == — ]
1-z qg?+(1-2)%2m? 6F e
Tl i amy ||
=+ Tr Z Z s

» Cross-check: 2- and 3-jet fraction
ine"e” — tt, PS vs. ME, weighted

with NLL Sudakov form factors _\ R T e
Phys. Lett. B576(2003)135 14 logy_,
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%‘, APACICH: HEAVY QUARK PRODUCTION %/

PS in production PS in decay
P(2) Pui(2)
V\;\\ W:\\
® On-shell daughter partons ® Off-shell daughter partons
=» New decay kinematics via ' Decay kinematics need
Lorentz transformation ~* to be reconstructed
Choice: Boost into =) Choice: Reconstruct in cms
new (daughter) cms of decayed quark, such
® FSR-like situation thatp/|p| is preserved
® Evolution stops once diced 9 ISR-like situation
virtuality reaches on-shell ® Evolution stops if p, reaches
mass of heavy quark width of decaying quark
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‘%" CONMI : PHASESPACE RECURSION

Nucl. Phys. B9 (1969) 568
® State-of-the art approach for general phasespace generation:

Factorise PS using
d®, (a,b;1,...,n) =d®,, (a,b;1,..., m,7) ds, d®P, pm (m;m+1,...,n)

Remaining basic building blocks of the phasespace:

1 if 7T or 7t external

=) “Propagators Pw={ L o

)\ /18 Dl AR
S & SSZ Srip) dcos6,ds,

S S St
m,ab DI T T aba
f 2. = i dcos b, do, e

=9 Decay “vertices”

Arrows = Momentum flow
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‘%‘; CONMI : PHASESPACE RECURSION

® Basicidea: Take above recursion literally and “turn it around”

S-channel phasespace (schematically) o o
v (m) = [T a (sz7v) | &
<[ X a(szmv) W e &
Weights for adaptive

T-channel phasespace (schematically)

multichanneling
=1

d(a) — {Z o (Tg’m

LN TR g p db o) P

= d(aﬂ') } — @

“b” is fixed =p Every PS-weight is unique !
Arrows =» Weight flow !
=) Factorial growth of PS-channels tamed
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NPl RESULTS FROM SHERPA

hep-ph /0601012
® NCharged VS. Prjet1 in CTC
in different regions w.r.t. leading charged particle jet

.E 127 10,\\\\ TTTT TTTT TTTT TTTT TTTT TTTT TTTT \\\\‘\\\\: 4:\\\\ TTTT TTTT TTTT TTTT TTTT \\\\‘\\\\‘ \\\\‘\\\\:
Q0 L ]
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NPl RESULTS FROM SHERPA

hep-ph /0601012

‘ NCharged VS. A(p]etl ln CTC
for different pt of leading charged particle jet
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