Generator PYTHIA/JJETSET

Ucel: modelovanie vysokoenergetickych zraZaktic

Fyzikalne aspekty \wasovej evollcii zrazky:

1. Pctiatagny stav: dveastice vstupujuce do interakcie. Kazda z nich je charakterizovana

naborom Struktdrnych funkcii (rozdeiarpartonovwkvarkov , gluénov).
2. Interakciatastice interaguju prostrednictvom partoref partény vstupujice do

interakcie ( po jednom z kazdg&gstice ) iniciuju (vo vSeobecnosti) kaskadne vetvenie

d - g g (initial state showers).

3. V kazdej z dvoch pciatacnych sgsSok je po jednom partone z kazdegstice, ktoré

vstupuju do nepruzného (hard) procesu.

4. Vystupné partony moézu vytvarapsky (final state showers).

5. Po vychode partonového iniciatorarSgy zostatokastice ma farebny naboj, ktoryja

viazany k zvySku finalneho stavu .

6. QCD-mechanizmus uvaznenia zabeape, Ze vystupné kvarky a gluény nebudu

pozorovaténé - fragmentacia na hadrony (hadronizacia).

7. Mnohé z produkovanych hadronov su nestabilné a rozpadaju sa.



electro-weak

Obr. 1: Schematické zobrazenie interakcie (& €") so vznikom parténovych sprsiek
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Obr. 2: Grafické zobrazenie strunovej a klasterovej hadronizacie.



Nepruzné (hard) procesy

PYTHIA/JETSET poskytuju rézne typy nepruznyclopesov:
» Hard“ QCD-procesyqg - qg.

,S0ft* QCD-procesy( difraktivny a elasticky rozptyl, procesy s malou prenesenou
hybnogou)

» produkciatazkych kvarkov, naprgg - tt

* hlboko-nepruzny rozptyt gl - gl

e produkcia Higgsovho bozonu (v ramci SM)

* produkciacastic za SM, etc.

U&inny prierez pre proces ij — k:

o, =] dx ] dx, OF*(x,Q%) OF 2(x,Q?) (B, _,
kde

X, X5 st Bjorkenove premenné
2
Q - odovzdana hybnds/ partbnovom procese
1(2)
1:i

— Strukturne funkcie

Uij ~k Uginny prierez dany maticovym elementom

Radiaéné procesy v pd@iatoénom a koneénom stave

Ak proces obsahuje nabity a/alebo farebny objekje moznog vyZiarenia fotonu resp.

gluonu.

PYTHIA obsahuje 2 pristupy:

¢ maticovy via Feynmannove djigamy €azkosti pri vypéte vySSich radov, problém
vyzarovania makkych gluénov).

» Partonova sfska ( fenomenologicky pristup)

Oba pristupy st komplementarne a mézu sa tloydt’.



Casticové zostatky

Zostatky po ,vylete® inicidtoroch parténovej zrazky suefané— preto su spojené s
produktom parténovej interakcie a vytvar@pg’ fragmentaného systému ( v pripade

proténu s interagujucim-kvarkom zostavajuci dikvark ud je farebny atriplet)

Fragmentacia (hadronizacia)

QCD-poruchova teoria je platnéarmalych vzdialenostiach. Nalkgch vzdialenostiach
vazbova konsStanta silnych interakcii j€kée— zaina rezim konfajnmentu: farebné partony

prechadzaju v bezfarebné hadrény.

12n
33-2n, In(Q?/?)

a,(Q?) =

as = vazbova konsStanta silnych interakcii
n = pocet typov kvarkov,
N\ = QCD-konstanta$ 200 — 300 MeV)

Fragmentacia sa realizuje na baze fenomenologického pristupu:

» Strunova fragmentacia
* Nezavisla fragmentacia

» Klasterova fragmentacia



Getting Started with PYTHIA

1. The initialization step It is here that all the basic characteristics of the coming
generation are specified. The material in this section includes the following.
» Common blocks, at least the following, and maybe some more:

COMMON /LUJETS/ N,K (4000,5) ,P (4000,5) ,V(4000,5)

COMMON /LUDAT1/ MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)
COMMON /PYSUBS/ MSEL,MSUB(200) ,KFIN(240:40) ,CKIN(200)
COMMON /PYPARS/ MSTP(200) ,PARP(200) ,MSTI(200) ,PARI(200)

» Selection of required processessome fixed 'menus’ of subprocesses can |
selectedvith differentMSEL values, but withMSEL=0 it is possible to compose
'a la carte', using the subprocess numbers. To generate protdsé8sand
29, for instance, one needs

MSEL=0

MSUB(14)=1
MSUB(18)=1
MSUB(29)=1

» Selection of kinematics cutén the CKIN array. To generate hard scattering
with 5 GeV< p< 10 GeV, for instance, use
CKIN(3)=5.
CKIN(4)=10.
Unfortunately, initialand finalstate radiation will shift around the kinematics
of the hard scattering, making the effects of cuts feedictable. One therefore
always has to be very careful that no desired event configurations are cut out.

» Definition of underlying physics scenario, e.g. top mass.

« Selection of structure function set@ definitions, and all other details of the
geneation.

» Switching off of generator parts not needed for toy simulations, e.g. fragmentation
for parton level studies.

* Initialization of the event generation procedure. Here kinematics is set up,

maxima of differential crossections are found for futui@onte Carlo generation, and

a number of other preparatory tasks carried out. Initialization is performed by PYINIT,
which should be called only after the switches and parameters above have been set to
their desired values. The frame, the beam partiahestae energy have to be specified.

CALL PYINIT('CMS','p','pbar',1800.)

Any other initial material required by the user, e.g. histogram booking.



2. The generation loop

It is here that events are generated and studied. It includes the followksy ta
» Generation of the next event, with
CALL PYEVNT

« Printing of a few events, to check that everything is working as planned, with
CALL LULIST(2)

* An analysis of the event for properties of interest, either directly reading out
information from the LUJET®$ommon block or making use of a number of
utility routines in JETSET.

» Saving of events on tape, or interfacing to detector simulation.

3. The finishing step.

Here the tasks are:

» Printing a table of deduced cressctions, obtained as gproduct of the

Monte Carlo generation activity, with the command

CALL PYSTAT(1)

» Printing histograms and other user output.

Example

To illustrate this structure, imagine a toy example, where one wants to simulate the
production of a 300 GeV Higgs pacte.
The basic processes:

gg - H
ZZ - H
WW - H

Top mass isne,= 173.8 GeV



PYTHIA: priklad mozného programu.

C..

. Common blocks.

COMMON/LUJETS/ N,K(40005),P(4000,5),V(4000,5)
COMMON/LUDAT1/ MSTU(200),PARU(200) ,MSTJ(200) ,PARJ(200)
COMMON/LUDAT2/ KCHG(500,3) ,PMAS(500,4),PARF(2000) ,VCKM(4,4)
COMMON/LUDAT3/ MDCY(500,3) ,MDME(2000,2) ,BRAT(2000) ,KFDP(2000,5)
COMMON/PYSUBS/ MSEL, MSUB(200) , KFIN (2;40:40) , CKIN (200)
COMMOM/PYPARS/ MSTP (200), PARP (200), MSTI (200), PARI (200)
COMMON/PAWC/ HBOOK(10000)

C... Number of events to generate. Switch on proper processes.

C

C

NEV=1000

MSEL=0

MSUB(102)=1 lgg - H
MSUB(123)=1 I ZZ fussion
MSUB(124)=1 'WW fussion

.. .Select top and H masses and kinematics cuts in mass.

PMAS(6,1) =173.8.
PMAS(25,1)=300.
CKIN(1)=290.
CKIN(2)=310.

...For simulation of hard process only: cut out unnecessary tasks.

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

... Initialize and list partial widths.

CALL PYINIT('CMS','p','p' ,16000.)
CALL PYSTAT(2)

C. .. Book histograms.

CALL HLIMIT (10000)
CALL HBOOK1(10,'Higgs mass' ,50,275. ,325.,0.)

C. ..Generate events. Look at fifsiv.

DO IEV=1,NEV
CALL PYEVNT
IF(IEV.LE.2) CALL LULIST(1)
Loop over particles to find Higgs and histogram its mass.
DO i=1,N
IF(K(i,2).EQ.25) HMASS=P(i,5)
ENDDO
CALL HFI(10,HMASS,1.)
ENDDO

C... Prnt crosssections and histograms.

CALL PYSTAT(1)
CALL HISTDO
END



Comment to the code.

Here 102, 123 and 124 are the three main Higgs production grggphs H, ZZ H,
andWW - H, and MSUB(ISUB)=1 is the command to switch on process ISUB. Full
freedom to canbine subprocesses 'a la carte' is ensured by MSEL=0; m@adie ‘'menus’
can be ordered with other MSEL numbers. The PMAS commands set the masses of the top
guark and the Higgs itself, and the CKIN variables the desired mass range of the Higgs

a Higgs wih a 300 GeV nominal mass actually has a fairly broad Bkégner type

mass distribution. The MSTP switches that come next are there to modify the generation
procedure, in this case to switch off initi@ind finatstate radiation, multiple interactions
among beam jets, and fragmentation, to give only the 'parton skeleton' of the hard process.
The PYINIT call initializes PYTHIA, by finding maxima of cressctions, recalculating the
Higgs decay properties (which depend on the Higgs mass), etc. The depastipsocan

be listed with PYSTAT(2).

Inside the event loop, PYEVNT is called to generate an event, and LULIST(1) to list
the event. The information used by LULIST(1) is the event record, stored in the common
block LUJETS. Here one finds all produced peldis, both final and intermediate ones, with
information on particle species and event history (K array), particle momenta (P array)
and production vertices (V array). In the loop over all particles produced, | through N,
the Higgs particle is found by itode, K(I,2)=25, and its mass is stored in P(l,5).

After all events have been generated, PYSTAT(1) gives a summary of the number of
events generated in the various allowed channels, and the inferredectisss.

In the run above, a typical event ligfimight look like the following.

The Event Record
The event record is the central repository for information about the particles produced
in the current event: flavours, momenta, event history, and production vertices. It plays
a very central role: withdwa proper understanding of what the record is and how infor
mation is stored, it is meaningless to try to use either JETSET or PYTHIA. The record
is stored in the common block LUJETS. Almost all the routines that the user calls can be
viewed as performigsome action on the record: fill a new event, let partons fragment or
particles decay, boost it, list it, find clusters, etc.

In this section we will first describe the KF flavour code, subsequently the LUJETS
common block, and then give a few commenteuwtihe role of the event record in the

programs.



K ody gastic

Table 1: Kody kvarkov a leptonov.

KF | Name | Printed || KF | Name | Printed
1 d d 11 e” a~
2 u u 12 Ve nu e
3 5 s 13 [T mu-
4 c C 14 v, nu_mu
5 b b 15 T tau-
6 t t 16 vy nu_tau
7 1 1 17} x” chi-
8 h h 18 vy nu_chi
9 19
10 | 20
Table 2 Kalibra €né bozény a iné fundamentalne bozény

KF | Name | Printed || KFF | Name | Printed

21 g ['4 31

22 ¥ gamma f| 32 | 279 Z'0

23| Z° Z0 33 | 2™ "0

24 Wt W+ 34 Wit Wi+

25 | HO HO 35 | H? H'0

26 36 | A° A0

27 3r | H* H+

28 38 | Thechni | @ta_techO

29 39 L% Lg

30 40 R RO

Table 3 Dikvarky.

KF= 1000% + 100% + 2s+1

KF | Name | Printed || KF | Name | Printed
1103 | dd, dd_1
2101 | udp ud.0 2103 | ud, ud_1
2203 1 uy uu_1
3101 | sdp sd_0 3103 | sd, sd_1
3201 Sup su_0 3203 suy su_l
3303 88 ss_1

Kdei, j st kédy kvarkov & je spin dikvarku.




TabuPky kédov gastic (mezony a bayony)

Table 7: M, t 1.
es0n codes, per Table 8: Meson codes, part 2.

KF | Name [ Printed ]| KF | Name | Printed
211 | »t pi+ {213 pt tho+
31| K° Ko 313 | K*° K*0
321 | Kt K+ 323 | K+ K#+
411 | D* D+ 413 | D+ D#*+
421| D° Do 423 | D*° D*0
431 | D} Ds+ [[433| D;* | Ds+
511 | B° BO 513 | B B*0
521 | B* B+ 523 | B*+ B#+
531 B? Bs0 (1533 B® | Bxso
541 | B} Bec+ [543 | Bt | Bac+
11| =° pio [[113] p° tho0

KF | Name | Printed KF | Name | Printed
10213 | b, b1+ 10211 | af a 0+
10313 [ K¢ K10 10311 | K3 | k=00
10323 | Kf K1+ |[10321 | K3t | Keo0+
10413 | D} D1+ 10411 | Di* | D+o+
10423 [ D D-10 10421 | D3® | D00
10433 | Df, D.1s+ [ 10431 | Dy} | Ds.0s+
10113 | b b.10 10111 | ag 200
10223 | h? h 10 10221 [ £ £.00
10333 | hP? h’10 (10331 f° | 2200
10443 [ RS, hico 1110441 | x5 | chi 0cO

221 n eta 223 w omega 20213 a,:"n a1+ 215 "2:0 a2+
331 o eta’ [333| ¢ phi 20313 K‘l+ K*_10 315 K‘,+ K*_20
41 9 etac [[443 | J/yp | JI/psi 20323 | K3 K*_1+ 325 | K; K2+

20413 | Dt D1+ 415 | D3t | D=2+
20423 | D;° D*_10 425 | D3® | Dx20
20433 | D3} | Ds_ts+ 435 | D3t | De2s+
a? 210 115 ad 220
20223 [ f? £.10 225 2 £20
il £_10 335 i 2220
20443 | x}. [ chitco || 445 | % | chi2co
30443 | ¢’ psi’
30653 | T’ | Upsilon’

551 m, etab [[553| T |Upsilon
661 | etat 1663 © Theta

Table 9: Baryon codes.

KF | Name | Printed KF [ Name | Printed
1114 A- Delta- .
2112 n n0 2114 | A° | Deltao Dikvarky.

mz| p | 21| &% | Detter KF= 1000%i + 100% + 2s+1

2224 | At Delta++

3112 | - | Sigea- | 3114| T* | Sigmas-
3122 A° Lambda0 z .
3212 | 20 | sigma0 [[3214| T | sigmaso Mezony: _ o
9222 | B+ | Sigmas ||3224| T | Sigmaes KF ={100max(, j) + 10min(i, j) + 2s+ 1}
3312 | =- Xi-  [3314| = Xis-
3322 = Xio 3324 | = Iix0 ) . ) )

3334 | Q- Omega- X S|gn(| - J)(_l) max(, j)

4112 X0 | sigmaco [[4114 [ I | Sigma*cO
4122 | A} | Lambdac+
4212 | T} | sigmac+ [[4214 | It | Sigma*c+
4222 [ TFt | Sigmace+ || 4224 | B3t | Sigman c++

g?g E‘::’ ;i'-c% 4314 | =0 Xi*_cO Baryény:
el 2 | Tie B ) KF= 1000% + 100%j + 10*k + 2s+1

4322 ( = Xi'c+ [ 4324| it Xi c+
4332 | Q | Omegaco [ 4334 | 0:° | Omega*cO
5112 | X, | Sigmab- [l 5114 v~ | Sigma*b-

5212 | Z) | Sigmabo [ 5214 | Xp® | Sigma*bO
5222 | Bf | Sigmab+ | 5224 2t | Sigma*b+

KF | Printed Meaning

110 | pi_diffro0 | Diffractive 7°/p’ [y state
210 | pidiffr+ Diffractive 7t state
2110 | ndiffr Diffractive n state
2210 | pdiffr+ Diffractive p state




Castica je WYTHIA/JETSET charakterizované&-hybnos’ou, hmotnos’ou, stradnicami
produkéného vertexuasom produkciea d’alSimi charakteristikami udavajucimi pévod
¢astice a pod.

Informécia otasticiach sa nachadzaemmonbloku LUJETS.

COMMON/LUJETS/ N, K(4000,5) ,P (4000,5) ,V(4000,5)

N = pocet riadkov vmaticiachK,P,V — prakticky je to pdetcastic zdastiujacich sa
interakcie.

K(i,1) = status kéctastice (parténu) obsiahnutéha-tom riadku,

K(i,2) =KF-kdd castice (parténu),

K(i,3) =Zcislo nadku rodEovskejcastice (jetu),

K(i,4) =Zcislo riadkucislo riadku prvého dcérskeho produktu, pre K(i,1)=3, 13, 14 udava tok
farby (z ktorého parténu na ktory),

K(i,5) =Z¢islo riadkucislo riadku posledného dcérskeho produktu, pre K(i,1)=3, 13, 14 adav
tok farby.

P(i,1) = px, X-zlozka hybnosti GeV/c.

P(i,2) = py, y-zlozka hybnosti ¥zeV/c.

P(i,3) = p;, zzlozka hybnosti \GeV/c.

P(i,4) = E, energia \GeV.

P(i,5) =m, hmotnos v GeV/é, pre priestorupodobné virtuainéastice=-Q (prenesena
hybnos).

V(i,1) = xsuradnica produlného vertexu ymm.
V(i,2) =ysuradnica produlného vertexu ymm.
V(i,3) = zsuradnica produlného vertexu ynm.
V(i,4) =t&as produkného vertexu wnm/c (=3.33x10'%).

V(i,5) = rdoba Zivota&astice vmm/c( = 3.33x10™%s).

Informéciu o produkovanycbasticiach je mozné ziskpomocou:
CALL LULIST(Mlist)
Mlist ovlada bohatasvystupného listingu.



Kody procesov

Table 1: Kédy sub-procesov,éas’ 1., + v 1. stipci znamena, Ze procesg

Z wr

implementovany, 2. sipec udava refereréné ¢islo subprocesu (ISUB).

In | No. | Subprocess Reference
a)2 — 1, tree
+ 1| £f; —» v*/2Z° [Eic84]
+ 2| f4; - W+ [Eic84]
+ 3 | £,f;, —» H® [Eic84]
4 | YW+ - W+
+ | s5/|z°ze - H® [Eic84, Cha85)
6 | Z°W+ . W+
TIWtwW- - Z°
+ 8| WrwW—- — H® [Eic84, Cha85}
b) 2 — 2, tree
+ | 10 | &f; — £.£; (QFD) | [Ing87b)
+ | 11| £f; — ££; (QCD) | [Com77, Ben84, Eic84]
+ 12 | £1; — fifs [Com77, Ben84, Eic84]
+ | 13 [f£f: — gg [Com77, Ben84]
+ 14 | Lf; — g~ [Hal78, Ben84]
+ | 15 | £f; — gZ° [Eic84]
+ | 16 | £if; — gWT [Eic84]
17 | £f; — gH®
+ 18 | £:f; — v [Ber84]
+ | 19 | ff; - 4Z° [Eic84]
+ | 20 |ff; > yWH [Eic84, Sam91]
21 | &f; — vH?
+ 22 | £.f; — Z0Z° [Eic84, Gun86]
+ | 23| &f; —» Z°W+ [Eic84, Gun86]
+ | 24 |£f; - Z°H® [Ber84]
+ | 25 |£f; - WHW~— [Eic84, Gung6]
+ | 26 |£f; - WHH® [Eic84]
27 | £:1; — H°H®
+ | 28 | fig — fig [Com77, Ben84}
+ | 29| fig — fiy [Hal78, Ben84]
+ | 30| fig—fzZ° [Eic84]
+ | 31| fig — fiW+ [Eic84]
32| f;g — f;H®
+ 33 | iy — Lig [Duk82]
+ 34 | £y — Ly [Duk82]
+ 35 | f;v — £;2° [Gab86]
+ | 36| fiy — LW [Gab86]
37 | fiv — £H®
38 | £Z° - fg
39 | £:2° — fiy
40 | £;2° — §;Z2°




Table 2: Kédy sub-procesov,éas’ 2., + v 1. stipci znamena, Ze proces je
implementovany, 2. stpec udava refereréné ¢islo subprocesu (ISUB).

No.

Subprocess

Reference

++++++

+ +

41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

61
62
63
64
65
66
67

69
70
71
72
73
74
75
76
77
78
79
80

b) 2 — 2, tree (cont’d)
fizo — f:.W+

£,7° - fH®

EW* — fig

WY — fiy

LW+ - £, Z2°

W+ - f, W+

fwt - f,H°

LH® — fig

LH® — £y

fH° - £,Z°

f.-H° — {RW+

£,H° — £;H°

gg — Ludy

gY — fkf_li

gZ" — fkfk

gW+ — f,;f;

gHo — f]jj

vy -~ e

YZ° — fufy

AWt - fif;

yH® — fifi

Z97° — i1,

Z°W+ — f.f;

7Z9H° — .1,

WHW- - fif;

WHH? — £,f;

HPH® — £,

Bg — B8

~y — WHW-

7W+ — ZOW+

Z°Z°® — Z°Z° (longitudinal)
Z°7° —» W*W~ (longitudinal)
Z°W+ — Z°W (longitudinal)
zOHO — ZDHO

WHIW- — gy

W+W- — Z°Z° (longitudinal)
WtWw* - WHW* (longitudinal)
W+H® - W+H®

H°H® — H°H®

a7 — qux*

PR

[Com77, Ben84]
[Duk82]

[Bar90]

[Com77, Ben84]
[Kat83]
[Kun87]
[Abb8T7]
[Abb87]
[Dob91]

[Ben87b]
[Dun86, Bar90a|

[Bag82]




Table 3: Kédy sub-procesov,das’ 3., + v 1. stipci znamena, Ze proces je
implementovany, 2. stpec udava refereréné ¢islo subprocesu (ISUB).

In | No. | Subprocess Reference
¢} 2 — 2, tree, massive final quarks
+ | 81|£f —» QQ, [ComT9]
+ | 82|gg— QQ, [ComT79)
+ 83 q.-fj — Qkfl [ZEI'QO]
+| 84|gy— Q;,:_Q—,, [Fon81]
+ | 85|y — Fils [Bar90]
+ | 86 |gg— J/vg [Bai83]
+ | 87 gg — X0k [Gas87]
+ | 88 |gg— x1c8 [Gas87]
+ | 89| gg— x28 [Gas87]
d) ‘minimum bias’
+ | 91 | elastic scattering [Sch93b]
+ | 92| single diffraction (AB — X B) [Sch93b]
+ | 93 | single diffraction (4B — AX) [Sch93b]
+ | 94 | double diffraction [Sch93b)
+ ) 95| low-p, production [Sj687]
|€)2—1,loop
101 | gg — Z°
+ | 102 | gg — HO [Eic84]
+ 103 |4y - H® [Dre89)
1) 2 — 2, box
+ | 110 | £f; - yH® [Ber85a]
+ |11 | £F — gHO [EllsS)
+ 1112 | fg — £H? [Ells8)
+ 113 | gg — gH° [E1LS8]
+ | 114 | gg — vy [ConT1, Ber84, Dic88|
+ (115 | gg — g7 [ConT1, Ber84, Dic88]
116 | gg — v2°
117 | gg — 7°7°
118 | gg — WHW-
119 | vy — g
g) 2 — 3, tree
+ 1121 | gg — QiQH° [Kun84|
+ | 122 | qig; — QuQ,H° [Kun84]
+ | 123 | £f; — L;H® (ZZ fusion) [Cah84]
+ | 124 | £f; — ff,H® (W*W~ fusion) [Cah84)
+ 1131 | gg - 2°QuQ, [Eij90]




Table 4: Kédy sub-procesov,cas’ 4., +v 1. stipci znamena, Ze proces je
implementovany, 2. stpec udava refereréné ¢islo subprocesu (ISUB).

In | No. | Subprocess Reference
' bh) non-Standard Mode], 2 — 1
+ | 141 | £F; — 4/2°/2° [Alt89)
+ | 142 | £F - W [Alt89)]
+ | 143 | £f; - HY [Gun87]
+ | 144 [ £f; >R [Ben85a)
+ | 145 | qil; — Lg [Wud86]
+ | 147 | dg — d* [Bau90]
+ | 148 | ug — u* [Bau90]
+ | 149 | g8 — Thechni [Eic84, App92]
+ | 151 | £f; —» H? [Eic84]
+ | 152 | gg — H" [Eic84]
+ | 153 | vy — H? [Dre89]
+ | 156 | £f; — A° [Eic84]
+ {157 | gg — A® [Eic84]
+ 1158 | vy — A° . [Dre89]
i) non-Standard Model, 2 — 2 and 2 — 3

+ | 161 | f;g — f,H* [Bar88]
+ 1162 | qg — fLq [Hewss]
+ 1163 | gg — LqLq [Hew88, Eic84]
+ | 164 | qq; — LoLq [Hew88]
+ | 165 | £ — £, (via 1*/2°) [Eic84, Lan91]
+ | 166 f.f, — fk—f-l (via Wi) [Ei084, Lan91]
+ | 171 | £f; — Z°H" [Eic84]
+ | 172 | £F; - WHH® [Eic84]
+ | 173 | ££; — LL;H™ (ZZ fusion) [Cah84]
+ | 174 | £f; — fi,fH® (W W~ fusion) [Cah84]
+ | 176 | £f; — Z°A° [Eic84]
+ | 177 | £, - WA [Eic84]

|+ | 178 | £f; — £1;A® (ZZ fusion) [Cah84)
+ | 179 | £f; — fLfiA° (WYW~ fusion) [Cah84]

|+ | 181 | gg — QuQ,H" [Kun84)

/| + | 182 | q:F; — QuQH® [Kun84]

//' + | 186 | gg — Q;,QLA" [Kun84)]
+ | 187 q:q; — QkaAo [Kun84]




Generovanie procesov Rythii

Zakladom je generovanie procesov-22 a 2 — 1 Pythiapredpoklada, Ze po jednom parténe
z kazdého hadronu sa &stiuje na nepruznej zrazke. Rozdelenie partonbadrone je dané

Struktarnymi funk@mmi.

Struktarne funkcie.

Strukttrna funkciafia(x,Qz) parametrizuje pravdepodobniogdjs’ partoni s podielomx na
energii incidentnéjasticea, ked’ tatocastice podstupuje hibokweepruzny rozptyl na Skale
Q* (prenesena hybnds
1

Normovanie truktdrnych funkcii J dxxf?® ( ) 1.

i o0
V rdmciPythie je moZnogpouziva 10 suborov Struktarnych funkcii ako default sa pouZziva
EHLQ setl. PritomPythiaumoziuje pripojit aj vonkajSie kniznice Struktirnych funkcii.
Z&kladom baryénovych stktarnych funkcii st protonové Struktarne funkcie (meraju sa
experimentalne). Na ziskanie inych Struktarnych funkcii sa pouzivaju symetrie rézneho
druhu. Napr.f;' = ff and fj' = f

Kinematika a U ¢inné prierezy pre procesy 2-, 2

Uvazujme dve incidentri@stice (CMS) kazdaenergiouEpeam 2 partony vstupujice do
interakcie maju hybnosti:

pl = Ebeam(xl10101 Xl)
pZ = Ebeam(xz 70707_X2)

Invariantnd hmotndégych 2 parténov:
S=(p +P,)° =xx% (5

Namiestaga x, sacastopouzivajuray:

r=XX _§
172 Ty

y:£|nﬁ
2 X,



Pre popisa® kinematiky rozptyld +2 - 3+4 potrebujeme eSte azimutélny ulg{uhol
potatenia roviny rozptylu okolo osi zvazku) a polarny ulo{uhol rozptylu parténu 3):

- § -
£= (P P)* = (P, = o) = — L+ cosd)
Ucinny prierez:

o o
0 = ]} ek, (4,Q%) £, %, Q1) £
T dar o
= 11 L ayef 0 £, (%,Q%) (6, Q)
VolbaQ?’ nie je jednoznina zvyajne sa pouziva:

Q? =1t =rif + p?
dd/dt je diferencialny €inny prierez pre parténovy rozptyl ( ztgjne QCDproces).

Produkcia rezonancii

Realizuje sa prostrednictvom procésu. 1. NeuvaZzujlc rozpadezonancie predinny
prierez, ktory nezavisi odl:

o dr
0= || ST dy D (6, Q%) e, (.Q) [B(9)
Pre &inny prierez rezonancie so Sirkéw plati:

R S m.I"
o5 0— sz : 22
T(sT—my)” +mgl g

I sa da vyjadticez parcialne Sirky finalnych stavov.

Pythiaumoziuje uvazoet aj procesy?2 - 3a2 - 4.

Rozpady rezonanciDvomi sposobmi:

CezLUDECY -rozpad nestabilnéjastice na zaklade fixovanych pravdepodobnosti a pritom
rozpad sa uvaZuje /S rezonancie ako izotropny.

Cez PYRESD - umo#iuje uvaZzové paralelne rozpady Z2rzonancii (WPythii je to default).

Neperturbativne procesy. Pythii sa bert do Gvahy aj procesy ako elasticky rozptyl
Jjednoduchy a dvojity difrainy rozptyl.
Vyber procesov v Pythii

COMMON/PYSUBS/ MSEL, MSUB(200), KFIN(240:40),CKIN(200)
COMMON/PYPARS/ MSTP(200), PARP(200), MSTI(200), PARI(200)



Dava pristup kstatus kddu a parametrom, ktoré ovladaju beh simulovanych procesov. Ak
preddefinované hodnoty (default hodnoty) chceme zieei potrebné urolizmeny pred
volanimcall PYINIT .



Mame experiment Lzaboratérnej sustave :
p+p- B°(B")
- JIy +K°(K®)
- ot ()
- uu
Energia incidentnéjastice jeEic = 400 GeV, 800 GeV, 3 TeV a7 TeV.
Predpokladajme, Ze pozname

* rozliSenie mibnového systému

 rozlienie prar (trekovy systém, rgs hadronovy kalorimeter)

« rozliSenie elektromagnetického kalorimetrd) (

Ulohy:

a) modelova proces produkcieb-kvarku via proces (1)

b) néjs’,spektré wriesnej a pozdnej hybnosti pre I/, ¢, T, p*, ktoré maji povod \B-
mezone,

c) Porovnd uvedenéspektra so spektramiprocesov $ahkymi kvarkami.

d) Rekonstruovenergiurt, I a p* bertc do Gvahy rozlienie, rekonstrutvemotnos
J/yaK® a hmotnos BC.



