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The well established Fritiof model is in the core of modern MC codes:
HIJING, UrQMD, HSD, ART. Now it is adapted in Geant4 also!
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1. FRITIOF model

It is assumed binary kinematics of hadron-hadron interactions
a+tb-a’+b’, m’>m, m’>m,
where a’ u b’ are excited states of initial hadrons a and b.

String mass threshold IVI1+M2 <= Ecms a/& j
\ Target diffraction

_/
Binary channels % —K\ %
4r E (NN NN .)
g d d A d M.
3t = M M<E_ dW o =, AW o 2
M2 | § Projectile diffraction Msmng )’ | 1. 1 Gev (K)
E ¢ * String mass threshold
| [k LA Mg =04 Gl (), 075 Gel (1), 085 Ge’ (K
/
00 / Jl String mazssamplingth;eshold ;l dW o dP TO‘?/ o

Elastic scattering M1 dp[/ X d ta'r'/ ta'r

In hadron-nucleus interactions the excited hadrons can interact with other nucleons of nucleus and increases
mass. The probability of multiple collisions is calculated in Glauber approach. The used variant of model Fritiof
is enlarged with elastic re-scatterings of hadrons. The excited states are considered as QCD-strings and LUND

model are used for their fragmentation.



2. Separate simulation of diffraction dissociation

We simulate separately diffractive and non-diffractive interactions.
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Description of baryon spectra is the problem in all MC models
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There are some problems with a description of meson spectra
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3. Simulation of binary reactions
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Phase space restrictions at low mass string fragmentation 6

~&%  Separate simulation of the single diffraction
and non-diffraction interactions.
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Phase space restrictions at low mass string 7
fragmentation

PP interaction, topological cross sections Ults for PP oo interaction, inclusive cross

28 _
P+P * 2prong = P+P o 4 prong
24 FTF 241 FTF
— LEPAR lEPAR
20 20|
=
16 E 16}
12 5" oL
s| sl
al £ al
o . . . ° . . .
1 10 100 1000 1 10 00 1000
Plah {GeV/c) Plah {GeV/c)
_ 28 -
28 P+P A 6 prong P+P ¥ 8 prong
24| —FTF 24 ——FTF
— LEPAR ——LEPAR
20} 2ol
=
16 | E 6}
1zh © a2
1S r 3y 8
‘ ) /?Q\
al 4l
° . . . 0 . .
1 10 100 1000 1 10 100 1000
P, (GeVic) P, (GeVic)
PP interaction, inclusive cross sections
25 + 28 - .
pp->n'+X, 158 GeWic pp->n'+X, 158 GeViic
20 * Exp.data 20
MNA4S coliab. =
£
18 = 15
g
=
10 = 10
=
=
5 sk
o . o .
0 2 3 4 5 5
¥ems Yems
_ 25 - .
= pp->r"+X, 158 GeV/c pp->=+X, 158 Gellic
FTF - FTF
UraMD o ——— UramD
3
= s}
-
=3
E 1ol
-c'll-.
-~
5|
, o . ; .
0 0.0 0.2 0.4 0.8 08 1.0
x x

5Py paPey, 12GeVie
——FTF
L ——UrQMD

sections

1P+ par'ex, 12 Gevie ——FTF 1P+ Pv X, 12 Gevie

— UrakD

—FTF
——uramMp

.
.

F
2

xdofdx

W rps pspX, 12 Gevic
—FTF
— uramMp

xdofdx_
xdas/ dxF

Tms

(2EIE,_ )daldx Jdp,"

L
=]

R
o

Fuli
=

—
T

i
=]

&

Some problems with proton spectra

(P 4+ P-=F + ¥, 175 GeVic -

| B Eap. dedia BE Ty e ol ol

[ e — A T

——FTF
—— UramMDo

FoLa

0.e 1.0



Phase space restrictions at low mass string fragmentation
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Correction of multiplicity of intra-nuclear collisions

PROBLEM! What can we do?
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Change string fragmentation.
Change string mass distribution.
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Correct interaction number.



Correction of multiplicity of intra-nuclear collisions 10

Source of the problem: the AGK cutting rules are asymptotical ones!

Glauber cross section AGK rules
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Correction of multiplicity of intra-nuclear collisions 11
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Correction of multiplicity of intra-nuclear collisions 12
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Tuning of reggeon cascading parameters 13

Glauber approach implemented in FTF and QGS is not sufficient for a
destruction of a nucleus. Thus a reggeon cascading model of nuclear
destruction was applied.

Model of nuclear disintegration in high-energy nucleus nucleus
interactions.
K. Abdel-Waged, V.V. Uzhinsky
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vy = G/d,s'dzb'Fm(E— v,6—¢) x
X Fon(¥ — 81, ) Fan(F — 52,6,

( is 3-pomeron vertex constant, b impact parameter of incident hadron, 3, ;- impact co-
ordinates of nuclear nucleons. & is the position of pomeron interactions vertex in the impact
parameter plane, £-its rapidity.

Using Gaussian parameterization for F.n (Fon = ezp(—(| B |2)/(R2y)) and neglecting its

dependence on energy, we have
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where R.n is the pion-nucleon interaction radius. According to (2) the contribution reaches a

maximum if the nucleon coordinates 57 and 5> coincide and decreases very fast with increasing
the distance between the nucleons. For reproduction of this behavior we choose ¢ as
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e\ Tuning of reggeon cascading parameters 14

| How have we to determine momentum spectra of nucleons?

\ / Complex analysis of gold interactions with photoemulsion nuclei at 10.7-
GeV/nucleon within the framework of cascade and FRITIOF models.
By EMU-01 Collaboration (M.l. Adamovich et al.). 1997. Zeit. fur Phys.A358:337-
351,1997.
e f:::*i‘ii s et L reproduce this result the values of p; | for knocked-out

TR /T e nucleons are simulated according to distribution

and the -k comstimosrt of systan: 5

wy - [E;.J u'_:.-.:_-"ﬁrs ared gy .

H:l=:_f4l:_|'_:_3::- :E::Ira‘_-‘_:, are ansrgy aad nromentura o i.th - - 2 2 - -
ot o AT . dW ocexp(—p; ./ < pl =)d p;, \ <p1 >=0.05 (18)
Va-— E':.'b'-.ﬁ:_ Farh: W5 - E{b‘-ﬂ_ﬁlz:‘-

ing fbsss vas %, lat us mardts the comservztion o 35 o p T ) 4 \ =k ; ¥ H - 4
VSR e a1 The sum of transverse momenta (with sign “minus’) was as
= 1 i  WE 1l el . .

Sy I o T Taep cribed to the residual nucleus.

- =5+ £}, : :

Wi L e, w1 The chose of =7 is carried out by
— Ty L L M — z -

2 Wy g = 1 D S w

_ Fi-

N . - e " > ] " . ' -
SRS SET e dW ocexp[—(x; — 1/AY /(d,. /Ay ldx;, d,=0.05  (19)
whee -L — Lt T el — g = sre ed vrealiegd - mane
S ﬁ‘ﬁﬁ ].:,i,?;':w e w3 e J.:-_ﬂ v The dispersion of the distribution was defined by fitting the av-
Fj*__? e .. erage emission angle of b-particles. ™ of the residual nucleus
Vi = (o WS a s = I «:  was includedas 1 — 3 o7 .

Wy =0Fy+ Fgi+ Py, = P

L R

. i_

= WGt Main parameters: Cnd, d , p,2


http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=3610772
http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=3610772
http://www-spires.slac.stanford.edu/spires/find/hep/wwwauthors?key=3610772

Cnd

0.7
06|
05|
04|
03]
02|
0|

0.0

Tuning of reggeon cascading parameters 15

Unexpected results of
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Results - Smooth transition 17
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HARP-CDP hadroproduction data: Comparison with FLUKA and GEANT4 simulations.
HARP-CDP Collaboration (A. Bolshakova et al.) CERN-PH-EP-2010-017, Jun 2010. 21pp.

Submitted to Eur.Phys.J.C, e-Print: arXiv:1006.3429 [hep-ex]



1200

400+

_ +
pla=>nX
O HARD-CDP exp. data
+ = (QGSP_BERT, HARD-CDP calcul
e ETEP, my calcul.
FTFP, latest calcul.

Preli

Results - Smooth transition

20° <9 <50’

0 P0=2 GeVic

P =4 GeVle

12 14 16

1200

18

pTa-> 17X 20° <0 <50°

O HARD-CDP exp. data
r ——QGSP_BERT, HARD-CDP calcul.
e ETEP, my calcul.
FTFP, latest calcul.

P =2 Gellc

[
2

P =4 GeVle

Prejin

12 14 16



Summary 19

1. New things are introduced in FTF for pp- and pA-interactions:
a) Separate simulation of diffractive and non-diffractive interactions
b) Phase space restrictions at low mass string fragmentation
c) Quark exchange for simulation of binary reactions
d) Correction of multiplicity of intra-nuclear collisions
e) RTIM was implemented and its parameters were tuned

2. Good results are obtained for pp- and pA-interactions, especially
for description of the HARP-CDP data. The description of the
HARP-CDP data on pA-interactions (Be, C, Cu, Ta, Pb) is the best
among other models!

3. A strong indication on transition regime realization is obtained!
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Improved FTF model will be in December release of Geant4.
It will be considered as production model.



1estion: Is there a real transition in the nature? What is its physics? 20

Possible experimental check

"SI ptA>p+X  FTFP  20°<o0 <50’ 20 PBeopHK gty i Tt e'ar
- > o 3GeVc S I o 30V
X o ] o 5GeVic 0 I o 5GeVie
S 0 v 3GeVic s 89GeVlc O 150}4 1 s 86ellc
E ] & 126eVie = % 1 & 126eVlc
g | 2 A B v 15GeVlc 2 o1 v 15Gellc
2 3 ! 3 |0
= 10r s << E |, £ 1000} ¢ 5GeVic*
s gl T, ! G ' 1 v
2 ——PpBe A R T | seeWes
© — pCu T ot ¢ 5 o .
I 7 3 5 GeVic v 3 g 0 ¥
_ i E
pla ".U i N.U :
0.5 " 1 " 1 " 1 " 1 " 1 " 1 " ] 20 L 1 1 L | 0 1 1 1 1 ]
2 4 6 8 10 12 14 16 0.2 03 04 05 0.6 0.7 0.2 0.3 04 0.5 0.6 0.7
P, (GeVic) P, (GeVic) p, (GeVic)
0.5 - +A > ++X o o 0.5 - 20° < ® <50°
ptA->n FTFP 20°<@ p+A->n+X FTFP ®
—_— p—
> >
© 0.4 © 04}
S £
(o o
— —
;= 0.3} k= 03k
@) @)
— —
— ’\_Q
S o2} s 02}
o — pBe o
o 01} — pCu o 0.1}
—pTa
0.0 . L . 1 . 1 . L . L . | . | 0.0 1 1 . 1 . 1 . L R 1 R I R 1
T2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

P_. (GeVic) P, (GeVic)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

