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e |Introduction



Semi-inclusive deep inelastic scattering
(SIDIS)

SIDIS: the scattered lepton and one specific hadron are measured.
We simulate SIDIS with PACIAE 2.2, which has been extended for

l+p, +n and [+A . (l: lepton, p: proton, n: neutron , A: nucleus)

k' k'
(k) % ) o(k) / )

NC (neutral current) CC (charged current)




HERMES e+p & e+D SIDIS experiments

e  energy: 27.6 GeV.  pure gas target: p, D.

At this low energy scale, HERMES provides the most precise results
for multiplicities currently available.

Multiplicity: the normalized yield of specific hadron in the final state in
SIDIS. A means of extracting FFs(fragmentation functions).

1 th ]_ . = ) ¢ f ¢ /
B / dONFJ('iUB: Qzﬁ Z2, Ph . @h)deszdthJ—d@h’
NDIS dz NDIS .

Nps : DIS yield (yield of scattered e”), NP : yield of specific hadron (m* ,K=*...)

( z : Fractional energy of hadron h)



Our recent work

Extended PACIAE model for [+p , [+n and [+A
Calculated o, of [+A.

Simulated e+p and e+D with PACIAE model
and calculated the multiplicities of = K=

Compared the results with HERMES



 Qur work



PACIAE model

PACIAE Is a parton and hadron cascade model based
on PYTHIA.

Applications: e*+e-, [+p, [4+n, p+p, ..., [+A, p+A, A+A
PYTHIA is a famous model for relativistic hadron-hadron
collisions.

Applications: e*+e-, [+p, [+n, p+p, ...
The PACIAE model is composed of
(1) Parton initialization
(2) Parton rescattering
(3) Hadronization
(4) Hadron rescattering



PACIAE model

(1) Parton Initialization (e.g. A+A)
a) Initialization of nucleons in spatial phase space and
momentum phase space.

b) Nucleus-nucleus collision is decomposed into nucleon-
nucleon (NN) collisions.

c) NN collision is described by the PYTHIA model, and the
string fragmentation is switched-off.

d) The diquarks (anti-diguarks) are broken into quarks (anti-
guarks)

S0 the consequence is a partonic final state (quarks, anti-
guarks, and gluons, beside a few remnants).



PACIAE model

(2) Parton Rescattering

Only 2—2 process are considered, 2 — 2 Leading-Order (LO-)
pPQCD differential cross sections.

(3) Hadronization

Two options: String Fragmentation (SF) model from PYTHIA;
Coalescence model by us.
The SF model is used here.

(4) Hadron Rescattering

only P,N, 7, K, A Z, A, p(@), I 'Y and their antiparticles are
considered, and the usual two-body collision model is used.



PACIAE model

We have updated PACIAE 2.0 to PACIAE 2.2 with extension for [+p ,

l+n and [+A .

l+p and [+n are based on PYTHIA 6.4 directly.
As for [+A , we decomposed it into [+nucleon. So we need o5 of [+A to
decide whether l+nucleon will occur more than once. ( We set that DIS

occurs in each event ).



DIS cross section (my work)

In leading order |+A differential DIS cross section: (m, is ignored)
dZGNc 4ra’ ME, 2\ = NC NC
by T O [(2—2y+y )F2 —-Ay(2-y)xF, ]
d%c.. G*ME ([ MZ Y :
€€ = —F W 1+ed) [ (2=2y+y* )W, — Ay (2—y)XW.
dxdy 87 [Q2+M\f]j ( ) [( y+y ) ,—AY(2-Y) 3]

Structure functions (F, N¢, xF; NC, W, xXW,) can be calculated by PDFs of the nucleus.

Then we can get 0 :

d’c
NC(CC)
Onc(ce) = _” dxdy Opis = Onc T O0cc
() dxdy ’
The scope of x,y is determined by cos*0 < 1 and Q% W2

( x: Bjorken scaling variable. y: Fractional energy of the exchanged boson
PDFs: pardon distribution functions .  0: scattering angle of the lepton )
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DIS cross section

Opg Of e+p and e+D

(s12: center-of-mass energy)
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Simulation of e+p and e+D

« Approximation that o, of [+A is equal to that

of e+p was adopted according to the DIS cross
section results.

« 500 000 events were simulated. We set that DIS
occurs in each event, so the DIS yield (Np5)
was also 500 000.



* Results



Comparison with data and other theories

The PACIAE reproduced HERMES data nearly as well as HLMC
(HERMES Lund Monte Carlo).
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The differences between HLMC and PACIAE

HLMC PACIAE (default)
JETSET 7.4 &
base PYTHIA 5.7 PYTHIA 6.4
parton rescattering no yes
hadron rescattering no yes
detector simulation &
. yes no
reconstruction process
fragmentation tuned for HERMES
. . . default
parameters kinematic conditions

(HLMC: HERMES Lund Monte Carlo )



 Summary



Summary

. PACIAE model has been extended for [+p , [+n
and [+A.

. Approximation that o, of [+A is equal to that
of e+p was adopted.

. Default PACIAE model reproduced HERMES
data of multiplicities nearly as well as HLMC.



Thanks for your attention!



TABLE [: Kinematic variables in the semi-inclusive deep-inelastic scattering

k= (E, E) K= (E"? /;’) 4-momenta of incident and scattered lepton I’
p (M 0 4-momentum of the target nucleon
g=k—Fk 4-momentum of the virtual photon ~*

— % b _ g Energy transfer to the target

lab
Q? = —¢* ~ 4EFE'sin® (%) Negative squared 4-momentum transfer
W2 = (P+ q)2 Squared invariant mass of the photon-nucleon system
B = % b 21%2” Bjorken scaling variable
Y = P—_']qc '2b & Fractional energy of the virtual photon
on Azimuthal angle between the lepton scattering plane and the hadron production plane
z= %ﬂ 2b %ﬁ« Fractional energy of hadron h
lab |7 P} |

Component of the hadron momentum, P}, ,transverse to g
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DIS cross section

For do,/dx , the calculated results agree with the experimental data.
3000¢

e+p,Q >1000GeV”, y<09

- HERAI & ZEUS g
— HERAPDFIS LO ]




do, /dx [pb]

3000
25n0;
EOGG;
lﬁﬂﬂ;'
19ﬂ0;|

500F

(a)

- HERAlep
— HEEAPDFISLO

do, /dx [pb]

Bl

- HERAl ep
— HERAPDF15 L0

0.1

3000

2000
1500F
1000} |

500F

2500F A
S \\i

- HERAl e p
— HERAPDF15 LO

(==

=

=
|

L
o]
LN LI N L L Y L B L L L O I

(d)

. HERAl e'p
— HERAPDF15LO

0.1




0.8

0.6

0.4

- 38 2,
O./E, [107 cm /GeV]

0.2

i

T 11

]

S

$

R que HENIlo Fe
A ‘\-’HFE' MINOS
° quE CCFR(96)

_ GuFe HKNlo Fe
A EuFe MINOS
0 EuFe CCFR(96)

=

300




E, =27.6GeV — S¥?=7.3GeV

1.6x10"mb e +p
then o, =
1.3x10"mb e +D



PACIAE20Db

Nucleon list

PACIAE20c

MNucleon hist

Collision list

Collision hist

n-n collision with
least collision time

t

n=n collision with
least collision time

parton rescattering for
current n-n collision

t

parton rescattering
for an A+B collision

Hadronization for
current n-n collision

Hadronization for
an A+B collision

Hadron rescattering for
current n-n collision

Hadron rescattering
for an A4B collision

End for an A+B collision

End for an A+B collision

-




Lund string fragmentation function
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FIG. 4: (color online) The effect of parameter «v (left panels) and /3 (right panels) in the Lund string fragmentation
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FIG. 6: (color online) The effect of strange suppression factor on the NDlm % in e~ +p (left panel) and e~ 4D

(right panel) DIS at 27.6 GeV /¢ beam momentum.




