Pythia and Vincia

THE

VINCIA
CODE

MAY 2006

P. Skands (Fermilab)
with W. Giele, D. Kosower, S. Mrenna,
M. Sandhoff, T. Sjéstrand, D. Wicke

s

IeRINE el Sy Pt et



Overview

e The VINCIA code
— Matching with QCD Antennae
— Parton showers with error bars

e PYTHIA

— A pr-ordered parton shower

— The underlying event and color
» Color Annealing — a toy model of color reconnections



Matching - the state of the art

X=Anything (e.qg. ttbar)
PS=Parton Shower H a rd & S Oft

Marriage Desireable!

e Several different ceremonies:

1)Merging (correcting first jet in X+PS to X+jet matrix éléi’h'éht”)”

- PYTHIA: many ee »X + jet, pp 2 (h,V) + jet and most top, EW & MSSM decays
- HERWIG: many ee »X +jet (incl VV), DIS, pp = (V,h) + jet, top decay

2)LO Matching (combining LO X, X+jet, X+2jets, ... with PS)

- SHERPA: “CKKW” matching for e+e- - n jets, pp » (V,VV) + jets

- PATRIOT: Pre-prepared ME/PS matched samples (using MADGRAPH with
PYTHIA, stored in MCFIO format) for (W, Z) + jets (< 4) , for Tevatron

- ARIADNE: Vetoed Shower matching (interface to MADGRAPH) for e+e- » n jets
and pp » W + jets (DIS underway)

3)NLO Matching (matching NLO matrix elements with PS)

- MC@NLO: NLO + HERWIG for: pp » (h,V,VV,QQ,ll) + jets N€W: single top

[+ MCFM: NLO (no PS) for pp » (V,h)+jets, VV,Vh, WBF, single top]
[ + FEHIP: NNLO (no PS) for pp~> hy,, + jets ]




New Approaches - Why Bother?

*MC@NLO:

=Used to think it was impossible! Giant
step towards precision QCD ©

<But complicated - tough to
implement new processes ®

«“Only” gets first jet right (rest is PS) ®
eHardwired to HERWIG ®

«CKKW & MLM:

=Best approach when multiple hard
jets important.

=Relatively straightforward (but still
very time-consuming)

eRetains LO normalization ®
<Dependence on matching scale ®

«“CKKW@NLO”: Nagy & Soper ...
MC with SCET: Bauer & Schwartz ...

<Not easy to control theoretical error on exponentiated
part (also goes for ARIADNE, HERWIG, PYTHIA, ...) ®



VINCIA - Basic Sketch

Perturbative expansion for some observable J,
(o =Dt G do,,= dIT, |M[?5(J-J(Ky Ky, ... . K))

Assume

— We calculate some Matrix Elements do, , do,, ... do,

— And we have some approximation do,,;~ T, +;do,

A ‘best guess’ cross section for J is then:
do ~ dGO R dGl AEE s dGn (l 0 Tn% n+1 2 Tn% n+1Tn+19n+2 t.. )
= do~do,+do;+ ... +do, S, o= ) A VIR S S

The T 5 .., have to at least contain the correct singularities (in order to
correctly sum up all logarithmically enhanced terms), but they are
otherwise arbitrary.

Now reorder this series in a useful way ...



Reordering Example: “H"”-> gluons

e« Assume we know H->gg and H->ggg. Then reorder:

Use 1= S Tn%n+1 n+1

* do ~d‘y‘;’tﬂﬁggg
=500, TSy Nde dogy,)

999 999999
B Sggdcgg + Sggg dxggg

* |.e shower off gg and subtracted ggg matrix element

W
-, avoided since singularities (shower)

' subtracted in dy,, -

@

it

e The shower kernels, T ,, are precisely the singular subtraction terms used In
HO perturbative calculations. As a basis we use Gehrman-Glover antennae:

Gehrmann-De Ridder, Gehrmann, Glover PLB612(2005)49



Parton Showers: the basics
Essentially: a simple approximation =2 infinite perturbative orders

parton shower:

' ag

 Today, basically 2 (dual) approaches:
— Parton Showers (122, e.g. HERWIG, PYTHIA)
— and Dipole Showers (223, e.g. ARIADNE, VINCIA)

e Basic Formalism: Sudakov Exponentiation: dipole shower

ag! qo§ .
dX? as(X?)
Sudakov Form Factor = ‘no-

— “Evolution” in X = measure of hardness (p?, p;%, ... ) branching’ probability
e Z: energy-sharing

* n partons = n+1. Cut off at some low scale =» natural match to hadronisation models

—Formally correct in collinear limit py4, << p+._yy, but approximate for
hard emissions = need matching.



VI N C | A lllustration

. . . ) with quarks,
Virtual Numerical Collider with Interfering Antennae

sorry

C++ code running: gluon cascade
Dipole shower with 4 different ordering variables:

RI(My,myg) = 48,,8,0

- p2
T:ARIADNE

R''(m;,,m,;) =2 min(s,,,S,3)
PYTHIA

1l £ 2
RU(My,Mys) =27 51,5,385,/5 PS

o
P r-pyTHIA

A 4

R'V(mlz,m23) = 2 min(s,,,Min(s,3,S3;))



VI N C | A lllustration

with quarks,

Virtual Numerical Collider with Interfering Antennae

e For each evolution variable:

<an infinite family of antenna functions, all with
correct collinear and soft behaviour:

=Using rescaled invariants: IR IEESTES

«Qur antenna function (a.k.a. radiation function,
a.k.a. subtraction function) is:

1 Y12 Y23 N o.,m
a : = (1; i + ——+ =+ 1 + C
(Y12;¥23) = (1§ Yi2i VY23) Vi2VYo3  2Y23  2Y12 mnY12Y23

m:n=0

 Changes to Gehrman-Glover:
— —> ordinary DGLAP limit

]_1]_]1 i ({1 [ Ya—1,ay Yar ] + a |: Yars Yrb ] ) =

e
H — \ =
HaT = .j ar

— = First parton shower with systematic possibility for variation
(+ note: variation absorbed by matching!)



VINCIA

Virtual Numerical Collider with Interfering Antennae

- Sudakov Factor contains integral over PS:

ARG / dPSp(pi:p2ipa) © (s120R(y12;

o | au_:_ (2wy —wy —16) + Et,_;u..' L —w_ (148w w_)

11 (w_ 1. 5 1. 5 . o .
({— + w +-u_:_) log ( ! ) + 5 log=(w_) — 3 log“(w, ) + Lig(w_) — Lis(w, )
.6 Wy 2

— log"(w) — log(w) log(l —w) 4+ =(1 —w)(2w* — w4+ 11) log (
=JRY =0 =R t'l 3 - ) N \, ]_ —

3

+ Liz(w) — Liz(1 —w) + ¥{_1 — 2w)(16w” + 2w 4+ 61) + r—-‘ll — 2w)°
20 ' ' D

eTypes lll and IV solved numerically (+ num. options for I and Il as well)
- Splines, so only need to evaluate once - fast.

eSuccessive branchings found.\(vith Metropolis algorithm according to
2D ordered branching probability: P(Y,,,Y53) = a(Y15,Y23) AYr(Y12:Y23):1)



VINCIA - First Branching

e Starting scale Q =20 GeV
e Stopping scale Q.4 = 1 GeV

 ~ 1storder expansion in perturbation theory

. — m?2 2
Pl AXES Yab = m ab /' m dipole

1st branching: y1b vs ya1 1st branching: y1b vs ya1
Entries 100000

Entries 100000 Entries 100000
Mean x  0.2957 Meanx 0.3203

Meany 0.2045 2 Mean y
RMS x  0.1998
RMSy 0.1999

Mean x 0.2772
Meany 0.2773
RMS x  0.1677

0.3198
RMSx 0.2058

RMSy p.205 ™ Type ” ~ mRMSy 0.1673
% More soft

1




VINCIA — Matching - k; jet rates

« Type | Sudakov (~ p; evolution) with

T 1 Y12 Y23 X n .,m
a(yio: = (1; : + =+ == +1 + C
V12iyzs) = (17 Yaz i yz) Vi2Y23  2Y23  2Y12 mn=0 mn Y12Y23

2-jet only — no matching Matched: 2-jet + 3-jet ME + PS
~ standard Parton Shower ~ matched Parton Shower

4 111 | | 1111 | ] ks B | it \-_] A ey e J| | S ! Tl I I I —— d 111 | | 1111 | i [ B | kS ) l I 1 T=T=y 1 ]y Sl
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Outlook — VINCIA

e Construction of VINCIA shower MC

— gluon shower MC Giele, Kosower, PS ; writeup i

 based on LO done!

» based on NLO ‘trivial’ so far - total width meaningful. Remains to
demonstrate technique for o

» Can vary both Sudakov ordering and radiation function - systematic
exploration of uncertainty

« Can do matching to improve uncertainty (no d.,, dependence)
* Number of hard legs can be as many as you can calculate

« Computations so far uncomplicated

— Hadron collider shower MC
 Including initial-state radiation ...

 Including quarks ...

— Higher orders: NNLO, NLL ?



Overview

e The VINCIA code
— Matching with QCD Antennae
— Parton showers with error bars

e PYTHIA

— A pr-ordered parton shower

— The underlying event and color
» Color Annealing — a toy model of color reconnections



New Parton Shower - Why Bother?

e Pros and cons of existing showers, e.g.:

— In PYTHIA, ME merging is easy, and emissions are ordered in some
measure of (Lorentz invariant) hardness, but angular ordering has to be
Imposed by hand, and kinematics are somewhat messy. Matching not
straightforward.

— HERWIG has inherent angular ordering, but also has the ‘dead zone’
problem, is not Lorentz invariant and has somewhat messy kinematics.
Matching not straightforward.

— ARIADNE has inherent angular ordering, simple kinematics, and is
ordered in a (Lorentz Invariant) measure of hardness, matching is
straightfroward,

e These all describe LEP data well,

=» Try combining the virtues of each of these while avoiding the vices?



p--ordered showers

Merged with X + 1 jet Matrix Elements (by reweighting) for:
h/~v/Z/W production, and for most EW, top, and MSSM decays!

Exclusive kinematics constructed

: s\
inside dipoles based on Q% and z, ) ; ; V)
assuming yet unbranched partons : |
on-shell 3 a-+a5(?)

2 =
D] evol =

2(1-2)(Q* —mg)

O N—

lterative application of Sudakov factors...
= One combined sequence p | max > P11 > P12 > - > Plimin

Sjostrand & PS : Eur.Phys.J.C39(2005)129; Plehn, Rainwater & PS: hep-ph/0510144 & hep-ph/0511306



Testing the FSR algorithm

Tune performed by Gerald Rudolph (Innsbruck)
based on ALEPH 1992+93 data:

BN

*
*\
AN ® ALEPH data 92+93

"‘ PYTHIA 6.3 pt-ord.
PYTHIA 6.1 mass-ord.
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Testing the ISR algorithm

Still only begun. . .

I I
experimental data ——+——
CDF data ki=2 GeV, Aqep = 0.19 GeV  x

kt =0.6 GeV, AQCD =0.22 GeV *
CTEQSL with A = 0.192 GeV

10
Ptz (GeV)

... but so far no showstoppers




‘Interleaved evolution’ with
Multiple Parton Interactions

The new picture: start at the most inclusive level, f2=21.
Add exclusivity progressively by evolving everything downwards.

PL
| Pythia 6.3
Plmax|= === e e eececoceoo=- == =
pi1 ---..t‘fr‘iiﬂt'_ _______
ISR
v, |- - - - ¢00e60

mult. int.

- Underlying Event

S Fe e I e i e e (note: interactions correllated in colour:

~— 00000 - inte;rlefaved 77777 hadronization not independent)
mult. int.

———————— ~ “Finegraining”

interleaved i

Higlia — correlations between

"""""" all perturbative activity
at successively smaller scales

Sjostrand & PS : Eur.Phys.J.C39(2005)129 + JHEP03(2004)053



Motivation

Model 4

Min-bias
collisions at the

Tevatron

— Well described by
Rick Field’s “Tune A”
of PYTHIA

— Theoretical
framework is from
1987. | made some
Improvements.

— Wanted to use “Tune
A” as initial reference
target

Multiplicity distribution OK (plus a lot of other things), but <p;>(N;,) never
came out right = something must be wrong or missing?




Underlying Event and Color

 Multiplicity in string fragmentation ~ log(mgg;,,)
— More strings = more hadrons, but average p; stays same
— Flat <p;>(N.,) spectrum ~ ‘uncorrellated’ underlying event

« But if MPI interactions correlated in colour
= Sjostrand & v Zijl : Phys.Rev.D36:2019,1987 - “Old” Pythia model
— each scattering does not produce an independent string,
— average p; = not flat

| Central point: multiplicity vs p; correllation probes color
correllations!

— It and all other realistic ‘tunes’ made turn out to have to go to the
very most extreme end of the parameter range, with 100% color
correllation in final state.



Color Reconnections

Searched for at LEP
— Major source of W mass uncertainty
— Most aggressive scenarios excluded
— But effect still largely uncertain ~ 10%

Prompted by CDF data and Rick Field’s ‘Tune A’ to

reconsider. What do we know? T —
— More prominent in hadron-hadron collisions? o
B I i 2 Reconnection
What is <p>(N,,) telling us” exampic) M
— Top mass?

— Implications for LHC?

/ Soft Vacuum Fields?,
/ String interactions?

Problem: existing models only for e*te- >WW ﬁizeofeffec«lGeV?;

ntiproton beam remnant




Color Annealing

of (non-perturbative) color
reconnections, applicable to any final state

— At hadronisation time, each string piece has a
probability to interact with the vacuum / other strings:

— n; 3. Strength parameter
I:)reconnect = 1- (1'3) '

Nint: Number of parton-parton interactions

Proton beam remnant

— String formation for interacting string pieces

: ’ ! A= ’ Color
determined by annealing-like minimization of Reconnection
‘Lambda measure’ (~string length~log(m)~N) (example) )

- good enough for order-of-magnitude

/ Soft Vacuum Fields?,
/ String interactions?

y Size of effect <1 GeV?!
ntiproton beam remnant




First Results

Model 0

e Improved
Description of
Min-Bias

o Effect Still largely
uncertain

 Worthwhile to
look at top etc

= Investigating effect on DG top mass with D. Wicke (U. Wuppertal)



Conclusions — Underlying Event

— Ever-present yet poorly understood part of QCD. How ‘good’ are
current physical models/parametrizations?

— What's the relation between min-bias and underlying events? Are there
color reconnections? Are they more prolific in hadron collisions? Are there other
collective phenomena? Does this influence top mass etc?

— Physics Impact
» Calibration (e.g. 3.6M min-bias events - 1% calibration of CMS ECAL)
» Lepton isolation, photon isolation
» Jet energy scale
» Tails > Fakes! (Enormous rate) x (small probability) = still large
* Min-bias - underlying event

— New generation of models address more detailed questions:
correllations, baryon flow, ... more?

— Energy Extrapolation largest uncertainty for LHC!
* RHIC pp collisions vital? =» energy scaling
» Can be measured in situ, but more interesting to predict than postdict



Collider Energy Scales

Hadron Decays

Non-Perturbative
hadronisation, colour reconnections, beam remnants,
non-perturbative fragmentation functions,
pion/proton, kaon/pion, ...

. Soft Jets + Jet Structure
EXC| usive Multiple collinear/soft emissions (initial and final state brems

radiation), Underlying Event (multiple perturbative 2->2 interactions
+ ... ?), semi-hard separate brems jets

Resonance Masses ...

Hard Jet Tail This has an S matrix
High-p, wide-angle jets expressible as a series in g,

Inclusive Q) In(Q,/Q,), In(x), m?, f 1, ...

To do precision physics:
—
+ “UNPHYSICAL” SCALES: _ Need to compute and/or control

* Q- , Qg : Factorisation & Renormalisation all large terms
= EVENT GENERATORS



The Monte Carlo method

Want to generate events in as much detail as Mother Nature
——> get average and fluctutations right
—— make random choices, ~ as in nature

Ofinal state — Phard process /Ptot.l'mrd process—final state

(appropriately summed & integrated over non-distinguished final states)

where Piot = Pres Pisr PEsr PmiPremnants Phadronization Pdecays
with P, = [, P;; = [1;11x Pijp. = .. - Inits turn
——> divide and conquer
an event with n particles involves O (10n) random choices,
(flavour, mass, momentum, spin, production vertex, lifetime, ...)

LHC: ~ 100 charged and ~ 200 neutral (+ intermediate stages)
——- several thousand choices

(of ©(100) different kinds) _




High-p; phenomenology

proton - (anti)proton cross sections

° i e.g. talk by
The signal A e esonances & Jets;
— Large cross sections for coloured | |
BSM resonances SM
— E.g. monojet signature for ED H

relies on hard QCD radiation

— Cascade decays = Many-body
final states

i 2 -1
107 ¢m™s

 Backgrounds

— Also large cross sections for top,
nZ/W, other resonances (?), ... —

— With jets

. Theo_r: _ 7 o
— Fixed-order perturbation theory

— Asymptotic freedom - improved
convergence at high p;

— Phase space increases -

=1
o)
=
=
D

(M, =150 GeV)

Higgs'

Problem 1. Many legs is hard = E.g. successive factorization of res. decays
Problem 2: Many loops is hard = Get a personal physician for Frank
Problem 3: Only good for inclusive observables = Match to resummation



Medium-p; phenomenology

Extra Jets Minijets & Jet Structure:
— In signal _ _ Semi-hard separate brems jets (esp. ISR),
* = extranoise / confusion jet broadening (FSR), g>cc/bb, multiple
» Combinatorics, vetos perturbative 2->2 interactions
— In backgrounds (underlying event), ... ?

* Irreducible backgrounds

LHC - spsla - m~600 GeV Plehn, Rainwater, PS (2005)

* Some fraction > fakes! Ttot [Pb] 0G wpq ULy g
Heavy flavour pr.; > [100 GeV[ oq; | 4.8
inclusive X + 1 “jet”

Jet energy scale inclusive X +2 “jets”

— Jet broadening =0 Br; (PP—3G))

— Underlying activity 2 e anpos
Theory s

— Fixed Order with explicit jets . LHC:spets,

Suq—MadGmph

— Parton Showers / Resummation e
— Models of Underlying Event ;

Problem 1: Need to get both soft and hard emissions “right” = ME/PS Matching
Problem 2: Underlying Event not well understood = what does it look like at LHC?



Low-p; phenomenology

Non-Perturbative:

hadronisation, beam remnants,
fragmentation functions, intrinsic k;,
colour reconnections, pion/proton
ratios, kaon/pion ratios, Bose-Einstein,
diffraction, elastic, ...

Proton beam remnant Proton beam remnant

“normal”
ttbar

/ soft Vacuum Fields?™, :

Example Problem: o of eftoct < 1 Govo
What is the non-perturbative q q
uncertainty on the tOp mass’> ntiproton beam remnant ntiproton beam remnant




What is the Difference?
CKKW (& friends) in a nutshell:

i Generate a n-jet Final State from n-jet (singular) ME
2. Construct a “fake” PS history

3 Apply Sudakov weights on each “line” in history - from inclusive
n-jet ME to exclusive n-jet (i.e. probability that n-jet remains n-jet
abhove cutoff) =» gets rid of double counting when mixed with
other ME's.

4, Apply PS with no emissions above cutoff

VINCIA In a nutshell:

1. Subtract PS singularities from n-jet ME (antenna subtraction)
2. Generate a n-jet Final State from the subtracted (finite) ME.
3 Apply PS with same antenna function - Leading Logs resummed

+ full NLO: divergent part already there - just include extra finite
contribution in do = do,® + do,(@ + sing[dc, (V)] + F + ...

Gehrmann-De Ridder, Gehrmann, Glover JHEP09(2005)056

+ Easy to vary shower assumption
—> first parton shower with ‘error band’! (novelty in itself)




PYTHIA Process Library

No.  Subprocess

No.  Subprocess

No.  Subprocess

No.

Subprocess

No.  Subprocess

Subprocess

Subprocess

Hard QCD processes:
11 fif; — £f;
12 &L — 65
13 fifi —go
28 fig— fig
53 gg — fk?k
68 gg—gg

36 iy — W
69 v — WHW-—
0 AWE - 2°WE

Soft QCD processes:
91  elastic scattering

92 single diffraction (X B)
93  single diffraction (AX)

94  double diffraction
95  low-p) production

Prompt photons:
14 fj, — Y
18 f{?ﬂi — Y
20 fig—fiy

114 gg— 9

115 gg — gy

New gauge bosons:
141 £ — /202
142 £F; — W't

144 T, — R

Deeply Inel. Seatt.:
10 £f; — fif
99 ~'g—g

Heavy SM Higgs:
5 77" —h'
WHW- — 1
71 sz — 7272
72 7977 — WiWL
73 Z”V\iHZ”V\&
- %
Wiy gk
77T OWiWE — WEWE

Higgs pairs:

297
298
299
300
301

£,f; — HEL°
T, — HtH®
£,f; — A%L°

LT, — A°H®
7, — HTH-

Leptoquarks:

145
162
163
164

(h'f 3 — LQ
ag — fLq

gz — LaLlo
a:T; — LoLg

Compositeness:
146 ey — e"

147 dg—d"

148 ug — u"

167 qsq; — d*ax
168

169

165 f,F.(—~" /2%

166 £ (— WH) —

— fi.fx

£ 1)

Open heavy flavour:
(also fourth generation)
81 £ — Q.Qy
82 gg— QrQ,
83 s FJ — Quifi
gy — Qk_ak
. vy — FirFg

Closed heavy flavour:
86  gg— J/ug
22 — XocZ
€€ — X1cE
EE8 — X2c&
28 — Xoc
g2 — Xa2c
gg — J/dy
gy — J/vg

y — Iy

Photon-induced:
33 fiy — fig
34 fiy — fiy
54 gy — fif,
58 vy — fulk

131 fiyr — fig

132 f;‘;‘f’ g f,-g

133 fg",-"i' — fg",-'

134 fg“;']: — f,"‘;'

185 gyp — T

136 g“;-ﬁ — ng,‘

187 ~ivp — &F

138 iy — LT

139 ~pyp — 1

140 ~inf — LT
80 gy — qpmt

W /Z production:
A
LT — W=
f;f; — 7°7°
T, — 2wt
ff, — WHw-
£F;, — gZ°
£:1; — W
fig — f;Z°
f;g bl fk"\"vi
f{E — "r'ZD
fif; — W=
fiy — f2°

(S S

= = b I b
[7°)

=B B ]

Light SM Higgs:
fgi‘ — hD
fgi‘ — ZD}JD
£T;, — wHn°
fgg — fg]’.lD
gg — h°
vy — h°
£T; — vh°
fgi‘ — gho
f,g — f;h°
gg — gh’
gg — QO h°

QT — Qkﬁ‘uk h?

LI — 50
fif; — f.fh°

BSM \euh ’L] Higgs:
151 T, — H°
152 gg— H°
153 vy — H°
171 T — Z°H°
172 T, — WEH®
173 fif; — £f;H°
174 fif; — fkf;HD
181 gg— QrQ.H"
182 qf; — QeQ,H
£T, — gll®
f;g — f;H®
gg — gH’
fji — Al
gg — A°
vy — A°
ffi — 7OA"
£, — WA°
£:f; — £f;A°
fif; — ffiAC
gg — QuQLA°
CLﬂ,- - QkGLAD
fgfi — gAD
f,-g — fiAD
go — gA®

Charged Higgs:
143 T, — HT
161 fig — fiHT
401 gg — ThHT
402 g7 — thHT

Technicolor:

149
191
192
193
194
195
361
362
363
364
365
366
367
368
370
371
372
373
374
375
376
377
381
382
383
384
385
386

28 — The

fa?é — ﬁ?c
fif; — Ptt
fa?é - W'Ec
£.F; — fi.F,
ffj — T

£F, — WiWwg

£F; — WirE
fif - TFc-t"tc
£T;

LT

.1

LT

£f —

£

£,

£ —

£f;, —

£

£ —
f@e“

- wiar’t“c

qitl; — 4id;
qiT; — 9k
qQiT; — gg
fig — fig

22 — i}
gg — gg

faf\i — QkQ;‘
gz — QrQ,

Extra Dimensions:
391 ff- @
392 gg— G
393 qq— gG"
394 qg— qG*
395 gg — oG

Left-right symmetry:

341 £l
342 0345
343 e;-.t,.
344
345
316
347
348
319
350
351
352
353
354

SUSY:
201 T
202

203

fif; — fLip +

f,‘?j — ‘J"ﬂ:‘:+
f.‘?j — Talil+
£.T, — vai”
.5 — Prly
£F — X1t
fi?i — 2222
f;i; — X3X3
£l — XaXa
ft?k — X1X2
£ — Xixs
fifi — X1%a
£:F; — ¥o¥s
fifi - 5223‘(4
ftik — XaX4
£iF — XERf
f{k -+ {g:xg:
£ — xrxd
£:T; — xuif
LT — XXy
£, — i
£ — Xaxy
£ — iy
£ — Xaxa
fif; Yaxi
fk£} 3‘(4{(3:
£y — &1
fifi — @xa
£:f; — &8s
£ — &
LT — ki
£:1; — &5
f:f; — &g

Ll

gg — &8

fig — dar¥a
fig — d:r¥1
ftg — GiLX2
fig — QirXz

fig — qiL¥s
fig — diris
fig — qirXa
fig — dinxa
fig — dLXE
fig — QL3
fig — diLg
fig — qing
£.5: — tat]
f.?g — tZTE
£ — fafs+
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