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« Hadronization is a process of sequential fragmentation of quark-gluon strings, in « Fragmentation of strings is governed by the Artru-Mennesier Area Decay Law
which hadrons are born by identifying light strings with them when a number of « The dynamics of strings is determined by the Nambu-Goto action for a relativistic
criteria are met string with masses at the ends

The theory of the relativistic string with masses at the ends

The action.for a relativistic Nambu-Goto string with | where p; = ml/y_, U, =m,/y. | | N The generalized form of initial conditions:
masses at the ends is chosen as: To get rid of the nonlinearity of boundary conditions,
one can restrict the calculations to the type of string motion for p p
2 02(0) which the following condition is satisfied wo . (N=1) (D — P u
. 12 p; (0) = (0 —0)) +p;
Sstring = —Y | dT do [(xx")? — x?x'" — T Oi+1 — Oj
o1(7) x%(z,0) = my?, x2(t,m) = my2.
5 ds gn-1 "
z - dx, (7, UL(T)) Then the boundary conditions take the form: i) &=
' dt ’ o0 o
=1 .o !
X,(z,0) = q1x',(7,0), q. =y/m3, m; # 0 /
00 - / _ 2
where x,(z,0 ) is the parametric definition of the string world Xu(tm) = —qx'y(Tm), gz =y/mj.
surface, x, = Oy x', = =% y is a dimensional parameter of - - PR Ay = aky B, = BEy
e AT P The solution to the problem of string motion is represented as
the theory (string tension). When using orthonormal gauge @ a Fourier series B — P, 1 B, 1—b
. ;O\ 2 . : . +00 ,u_?( _aa) ( - ,3)
(%, £x',)" =0, from the action of the string the following . . . .
equations of motion can be derived: xt(t,0) = CyT+ Dy + 2[6" sin(w,t) + DY cos(w, ) |u,(a), (b . 1
n=1 a mlM b szN 1
X, —x",=0 : : .
Tt where u, (o) are the eigenfunctions of the Sturm-Liouville . T 1 T
and boundary conditions = L U : 5 h=—+_— — _|_ — h=—
problem, and the coefficients C,;, D, are determined from the ok 2 g, 5 q,’ 2
d /% initial datap,yx,(0,0), p,(0) = x,(0, 7).
H1E<\/,L2> —x'y(7,0) o - o _ « For the first time the strings with massive quarks at the
] xx * Existing models use the initially point-like string ends can be defined in the model of fragmentation thanks
15 —< Y ) =x',(1,m), approximation with a piecewise constant distributed to the generalized form of the initial conditions.
dt \v/x2 momentum function.
Fragmentation cycle Hadronization generator ATROPOS @ Algorithm of the string-to-hadron transition
tboftb « Software solution based on the C++ language using n et
yes the CERN ROOT package. - - ——
« The strings between a of quark-antiquark or s Mgy found? s My found? not become no
Motring < mPin? Niries < Mies ? 22 (anti)quark-(anti)diquark pair with an arbitrary number Jes s | is the string light
- of gluons between them are considered. : ! enough?
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v . Correction of 4- Correction of 4- Second string
Y ¢ Area Decay La.W momenta to momenta to does not become — yes
Gen® 2-body decay of produce hadron produce hadron hadron v
= — S the string
qqorqqqq 2-body decay of
7y apr _ - ») A(T) no the string
' a = ConSt — PO 2 allve (T) = e 0 ¥ Y

yes Is spin conserved? Is spin conserved? no
Mstring < mﬁlin ? Niries < ngl?exs ? ne . . e, S e
« A generalized form of initial conditions is used. lyes s Write hadrons o
lno « Itis assumed that one set of parameters will be used . theseck _/

| Transition no for all types of interactions and particles. First string Second string |
Hadronize() happened? becomes hadron becomes hadron

Comparison of the particles yields Multiplicity of charged particles

e ATROPOS-1.0.9 FPS-50 | e ATROPOS-1.0.9 FPS-50 | : . ® DELPHI ® DELPHI :
* LUND (PYTHIA) default = LUND (PYTHIA) default Yield of n-mesons IS ] ——ATROPOS1.07 FPS 40| _ ——ATROP0S-1.0.7 FPS-40) 1
I 7] ] y*/Z — hadronic, Vs =91.2 GeV ] v*1Z — hadronic, s = 44 GeV

*/Z — hadronic, Vs = 91.2 Gev * ic, s = I 1
¥ W e ¥*/Z — hadronic, Vs = 91.2 GeV we escribed. ] PYTHIA 8.3 parton level, n, >4 1 1 L4 PYTHIA 8 3 parton level, n_, > 1
PYTHIA 8.3 parton level, n., > 4 1 PYTHIA 8.3 parton level, n, > 4 1 ) 1 ] ]
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oyt . v ) . ! Q-hyperons is

e K" Ko ] described better then
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e ATROPOS-1.0.9 FPS-50 Y*/Z — hadronic, s = 91.2 GeV e ATROPOS-1.0.9 FPS-50

= LUND (PYTHIA) default PYTHIA 8.3 parton evel, n, > 4 = LUND (PYTHIA) default Good agreement on
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v*/Z — hadronic, Vs = 91.2 GeV T

PYTHA B3 paron vl > & 0 the multiplicity of c- 10 20 30 T 5 20
] AD n
D* D° D= B™B®  epm and b-particles. charged charged
=t =%t Z*+ —

: : : : : : :
P P o = DELPH DELPHI PELPHI pELPH : ® DELPHI . Criteria for selecting particles and events:
| sto  oeew A DEPW DEPHL DELPH ] o ] ) —— ATROPOS-1.0.9_indev FPS-50

! DE:HI . : : " : Few problems: too 7'/ — hadronic, s =e12Gev 3 1.  Polar angle of a particle track
* 1 . many E_hyperons and E PYTHIA 8.3 parton level, n , > 4 E 25° < @ < 155°
i some vector
DELPHl_ resonances-
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Particle momentum p > 0.1 GeV

At least five charged particles in the event

dN/dn,,

At least five “hadrons” with momentum
p > 0.2 GeV

1/N,

Total energy of charged particles
E > 15 GeV

; 16 — — ] ] . Polar angle of the sphericity axis
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Y*/Z — hadronic, Vs = 91.2 Gev
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y*/Z — hadronic, Vs =912 Gev | ] ¥*/Z — hadronic, Vs =91.2GeV ]
PYTHIA 8.3 parton level, n, > 4 q B PYTHIA 8.3 parton level, n., > 4
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1/c dcr/dxp
3
1000/N,, dN/dx.

Conclusion

| . ] ] The initial conditions were derived for a string consisting of an arbitrary number of partons
10" f©° 00 o1 02 03 o4 o5 06 07 o o 02 04 o f 7 and with heavy quarks at the ends.
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 ALEPH ] ] e ALEPH

P :fJESTSfTL.‘iJE;fﬁ”. ] —— ATROPOS-109 FPS-50 m¥-mesons and K*-mesons

—— LUND (PYTHIA) default |

V2 > badronic, s-o120e0 3 Y2 > hadronic, 8 =3126eV 1 spectra are well reproduced

PYTHIA 8.3 parton level, n, > 4 ] PYTHIA 8.3 parton level, n,, > 4

ATROPOS has become the first hadronization model in which the production of heavy c-
and b-hadrons is described based on the first principles of the theory.
The spectrum of p°-mesons is The mathematical apparatus of the model describes the fragmentation of strings with heavy

:QYbTelfltleAr agreement then in and light quarks in the same way.

1o dc/dxp
2

—
<

-
<
ny
al

Proton spectrum too high at The results obtained using the ATROPOS generator indicate that the yield of vector and

'ti';lgiﬁgmome”tai HEEE HUAbe? heavy particles can be increased within the framework of the non-collective hadronization
model by introducing new mechanisms through the mathematical apparatus of quark-gluon
string fragmentation.
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