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(Gamma nuclear reaction cross-Sections

m Modeling the following| regions:

m GiantDipoleResonance; regime
= O(100MeV)

= ROper regime
= the intermediate energy ‘desert’

m Delta regime
= O(1-2GeV)
= Reggeon-pomeron: regime

J.P. Wellisch,
CERN/EP/SFT




GDK regimie

= GDR from power law (chiral invariant phase
Space decay prediction), and nuclear barrier
reflection fiunction.

GDR(e,p,b,c,s)=T(e,b,s)exp(c - pe)

T(e,b,S) = %4_ exp((b —e)/S)

= Here e is log(E_g).

m| Parameters p, b, ¢, siare tuned on
experimental datal (From He to U), H and
deuterium are treated! as special cases
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Delta isobar region

= [lhe delta isobar region Is modeled as a Breit
Wiegner function with' ai preduction threshold:

d-T(ef,8)
l+7r-(e—q)°

Ale,d,f,g,r,q) =

= Here g can be viewed as the position of the
delta resonance, and r as It’s Inverse width.

8 [[he parameters are tuned! on before
mentioned experimentall datal as a function of
log(A).
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Roperregion

B [his regime wasi parametrized using| the
same functional form as for the Delta
region, but drepping the pion threshold
factor:

v

Ro(e,v,w,u) =
( ) 1+w-(e—-u)’
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Reggcon-Pomeron region

m [n the reggeon-pomeroen region, We use

RP(e,h) = h-T(e,7.0,02)-(0.0116-exp(0.16-¢) +0.4-exp(-0.2 - e)), with
h=A-exp(-log(A)-(0.885+0.0048 - log(A)))
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Implementation restrictions;

2 None.

m Details are currently being prepared for
publication ini a refereed! journal.

J.P. Wellisch,
CERN/EP/SFT




Final state generation:

B Energies above 3f GeV: Kaidalov's guark
gluon string model (see talk presented
Py Gunter Folger).

B Energies belew: 3GeV: Chiral invariant
pPhase-space deay
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Chiral Invariant Phase-space IDecay.

B A guark level 3-dimensional event generator for
fragmentation of excited hadronic systems
(quasmons) Into: hadrens.

Based on the QCD: idea off asymptotic fireedom

LLocal chiral invariance; restoration lets us consider
guark partons massless, and we: can integrate the
Invariant phase-space, distribution off guark

partoens and quark exchange (fusion) mechanism
of hadronization

= [he only non-kinematical concept used: s that of a
JPWelhscl;,emperature Of the quasmon'
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Vacuum CHIPS

= Or how! to) calculate; the decay: of firee excited
hadronic systems:

= In an finite thermalized system off N partens with
total mass M, the invariant phase-space integral Is
proportional to. M *¥* , and the statistical
density of states is proportional tor /T ., Hence
we, can write the, probability: to find N partons with
temperature T ina state with mass M as
dW oC M2N—4e—M/TdM

= Note tha_t for this distribution, the mean mass
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Vacuum CHIPS

= We use this foermula to calculate the number
of partens ini the quasmon, and obtain the
Parton Spectrum
d_W . (1_2]{)1\73

kdk M

m| [0 obtain the proebability for guark fiusion into
hadrons, we can compute the probability to
findl two partons with momenta g and k with
the Invariant mass .

N-4

2q , 2kq(l1-cosB)
Pk, M ,u)=(|1- O u’ - dgd cos 6
( A f( M\/1—2k/M] ' (M J1-2k/M ]q AEE
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Vacuum CHIPS

m Using the delta function tor perform: the integration
and' the mass constraint, we find the total
kinematical prebability of hadronization of a parton
with mementum K intoera hadron withi mass u:

Accounting for spin and! quark content of the final
state hadron addsi (2s+1) and a combinatorial
factor.

= At this level of the language, CHIPS can be applied
to p-pbar annihilation
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For more information: See;
Eur. Phys. Journal As,217(2000)
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Nuclear CHIPS

8 In order to apply: CHIPS for an excited hadronic
system| within nuclei, we have to add parton
exchange withy nuclear clustersi to the model

= [he kinematical picture is, that' al color neutral
guasmon emits ai parton, which is absorbed by a
nucleon or a nuclear cluster. This results inia
colored residual’guasmoen, and a coloered
compound.

m [he colored compound then decays into an
outgeing nuclear fragment and ai ‘recoil” quark
that is incorporated by the colored guasmon.
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['hie: parton exchange diagrais
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Nuclear CHIPS

= Applying mechanisms analegue to vacuum CHIPS,
we can write the probability: of emission| of a
nuclear fragment withr mass w asi a result of the
transition of a parton with mementum k from the
guasmon; tora fragment with mass w" as:

n-3
P(k,u’,u)=f 1- 2tk =4) _ Hk=A) dcost,,
u+k(l-cos6,, ) 2[;4 +k(1-cosb,, )JZ

= Here, n is the number of quark-partons ini the
nuclear cluster, and A Is the covariant binding
energy. ofi the cluster, and the integral is over the
angle between parton and recoil parton.
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Nuclear CHIPS

m| [0 calculate the fragment yields it is
necessary to calculate; the prebability te find a
cluster of v nucleons within a nucleus. We do
this using| the following assumptions:
m A fraction e1 off all nucleons is not clusterising

m A fraction €2 of the nucleons in the periphery: of;
the nucleusi is clustering into two nucleon clusters

m [[here Is a single clusterization probability’ @

= and find, with a being the number of
nucleons involved ini clusterization
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Nuclear CHIPS

m At this level ol the language, CHIPS can
be applied to reactions of pions and
phote-nuclear reactions.
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A few: results: [For more information See:

Eur. Phys. Journal A9,411(2000) and
Eur. Phys. Journal A9,421(2000
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Electro-nuclear scattering:
reaction cross-sections

m| Based on Fermi’'s method! of equivalent
photons, as developed by Weltzsaecker and
Williams:

20

dN,, = =—log(y)dlog(y).y = 7,

= Folding) this fltx with the gamma reaction
cross-section (as described above) and
iIntegrating| the gamma spectrum, we: obtain:

20 20
o(eA— X) =1og(E,) [~ 0,,(v)d log(v) - [ log()0r,, (v)d log(v)
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Restrictions

® [he modeling assumptions in the
equivalent: photon: spectrim.

m [he DIS part was recently added.

m [0 smoothen the electro-nuclear cross-
section at 2 GeV, the following PR term
Was used

RP(e,h) =h-(0.0116-exp(0.16-¢) +1.0-exp(-0.26-¢))
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Electro-nuclear scattering: final
state modeling

B [he formulas presented! in the cross-section
section can be used to calculate the
probability: distribution of the equivalent
photons.

m [his distribution s sampled to calculate the
energy transfer of the, nuclear reaction

= [he energy Is assumed to be transfierred by
damma exchangde, and the modelsi fior gamma
nuclear reaction (CHIPS, QGString)) are used.
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Implementation restrictions

m Assumption of equivalent: photon.

B Otherwise none.

m For' energy transfers below 5 GeV' per
collision, CHIPS is used

m above guark gluon string model is used.
m DIS Is included
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Hard sca ttering 111 electro-nuclear
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Hard Scattering 1 electro-nuclear
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Conclusions

m Geant4 physics modeling Is how
equipped! tordeal with linear collider or
Jefiferson ILab radiation environment,

and LLHC precision gamma identification
LISe-cases.
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