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»Introduction (photoproduction from complex nuclei)
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»Summary of the Monte Carlo calculations

do, do,.\¢ doy,
‘ dQ ’ dQ dQ
relativistic recoil of the nucleus
Electromagnetic and nuclear form factors
shell-model/Fermi gas momentum distribution of the nucleons (1) v
elementary operator (p, w and b1 exchange - VMD) (1) v
Pauli-blocking mechanism (relativistic kinematics) for low Q2 (1) v
FSI of the produced mesons via the MCMC model (1-3) v v
v v

multiple meson-nucleon scatterings (1)

(1) T. E. Rodrigues et al., Phys. Rev. C 71, 051603 (R) (2005)
(2) T. E. Rodrigues et al., Phys. Rev. C 69, 064611 (2004)
(3) M. G. Gongalves et al., Phys. Lett. B 406, 1 (1997)



»Summary of the Monte Carlo calculations (NC/NI cross sections)

Overview of the MCMC plus Evaporation model (Flow Diagram)

(Fermi Gas Model>—>< Nuclear Ground State>—< Shell Model )
\ 4
CD MCMC input (Momentum Distribution>

(D) MCMC Structure

@2 Evaporation Step .
( Square Well Potential }

A
@ial Interaction Mechani@

Compound Nucleus O F Y { Effective Mass )
%»(Relativistic Kinematics >—' 1

{Energetic Criterion>7 I (Energetic Balance}
yy ! i
: @ss Sections N-N, n—N,A-E 5 |
< Pauli-Blocking { Reflections >
i \_Scatterings Effects i
<—<p-h Configurations g i {Pre-eq. Emissions}
. Cascade Dynamics (Main Block) ;




» The elementary meson photoproduction

/ Cross sections calculated in terms of +channel helicity \
amplitudes (F;)
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» The elementary meson photoproduction

/ Helicity amplitudes calculated using a Regge Model with cuts (*) \

natural parity (w, p exchange)

F,, F, : nucleon helicity non-flip

F,, F, : unnatural parity (bl exchange)
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» The elementary meson photoproduction

/ Fitting parameters and approximations \
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» The elementary meson photoproduction

Checking the Regge Model with the best fit parameters
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» The elementary 1 photoproduction as a function of 6%,

dodQ (ub/sr)
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» The elementary meson photoproduction

n Production
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»>TP-nucleus Final State Interactions

Cross section (mb)

Typical TN channels included in the MCMC cascade (*)
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»>TP-nucleus Final State Interactions

Time derivative of the average number of N interactions
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> Momentum distribution of the bound nucleons for 12C:

General ideas:

1)

2)

3)

4)

12C is a very well studied nuclei and we must include realistic
parameterizations in order to make the analysis of the
incoherent production mechanism less model dependent.

The PrimEx experiment consists of the ultimate challenge for
the available models as it contains the most accurate data
obtained at forward angles so far.

Kinematics is a crucial step in this analysis and even for low
momentum transfer it would be useful fo include relativistic
kinematics, which is considered in the present Monte Carlo
cascade.

The proton knock-out data from 12C - obtained via quasi-elastic
electron scattering - allows an empirical verification of the
spectral function and, consequently, represents the most
convenient constraint to describe the 2C nuclear structure.

14



> Momentum distribution of the bound nucleons for 2C:

The following table summarizes the 1p and 1s proton knockout data used in this analysis

Dataset AE, (MeV) T, (MeV) S1p/S1s Kinematics | Q2 (GeV/c)?
Saclay 76 [1] 15-22 87 2.19(13) perpendicular 0.16
Saclay 81 [2] 15-22 99 2.28(7) parallel 0.09-0.32
1p-knockout | Saclay 81 [2] 15-22 99 2.31(6) perpendicular | 0.09-0.32
Tokyo 76 [3] 6-30 159 2.16(10) perpendicular 0.29
NIKHEF 88 [4] G.S. 70 2.20(4) parallel 0.02-0.26
Saclay 76 [1] 30-50 87 0.84(2) perpendicular 0.16
1s-knockout | Tokyo 76 [3] 21-66 136 1.19(5) perpendicular 0.29
NIKHEF 88 [4] 30-39 70 0.047(2) parallel 0.02-0.26
[1]: NPA 262, 461 (1976)
[2]: NPA 375, 381 (1982)
[3]: NPA 268, 381 (1976; 15

[4]: NPA 480, 547 (1988




> Momentum distribution of the bound nucleons for 2C:

General strategy:

1)

2)

The reduced cross section (spectral function integrated in missing
energies) represents the initial momentum distribution of the
hucleons taking into account the FSI of the emitted proton and
electron on their way out of the nucleus.

For the purposes of the PrimEx analysis, we have to consider the
true momentum distribution (PWIA), since the distorted
distributions (real data) depend upon the range of momentum
transfer and also to the reaction mechanisms. The quasi-particle
concept seems to depend on the momentum fransfer and for this
reason I have used only the data obtained for low Q2 in order to be
consistent with the PrimEx kinematics. See ref.[5] for a complete
review about momentum distribution and nuclear transparency for
12C. (I also refer you to fig. 8 from ref.[5])

[5]: PRC 61, 04325 (2000) 16



> Momentum distribution of the bound nucleons for 2C:

Plane Wave Impulse Approximation (true momentum distribution - ref.[5])

Reduced cross section (Mev/c)'3
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Reduced cross section (Mev/c)'3
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> Momentum distribution of the bound nucleons for 2C:

1s-knockout data used in this analysis
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Reduced cross section (Mev/c)®

Reduced cross section (Mev/c)®

> Momentum distribution of the bound nucleons for 2C:

1p-knockout data used in this analysis
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> Momentum distribution of the bound nucleons for 2C:

1s and 1p-proton knockout parameterizations used for the Momentum Distribution

s-shell p-shell cascade run
PWIA PWIA 1 (reference run)
Saclay 76 [1] Saclay 76 [1] 2
Saclay 81 [2
o Saclay 76 [1] aclay 81 [2] 3
Parameterization (perp. kin.)
Saclay 81 [2
Saclay 76 [1] aciay _ 2] 4
(par. kin.)
Tokyo 76 [3] Tokyo 76 [3] 5
NIKHEF 88 [4] NIKHEF 88 [4] 6

20



> Sensitivity of the NI cross section with cascade inputs

cross section (ub/rad)
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> Sensitivity of the NI cross section with cascade inputs

Absolute cross section difference versus momentum distribution

cross section difference (ub/rad)
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> Sensitivity of the NI cross section with cascade inputs

Estimating the systematic error associated with the PWIA: comparing the
PWIA result (ref. run) with the average of the results obtained with the
available experimental data (run 2 to 6)
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> Sensitivity of the NI cross section with cascade inputs

Extracting the relative difference (%) associated with the MD: 0,,,(k,0)
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> Sensitivity of the NI cross section with cascade inputs

Extracting the relative difference (%) associated with the MD as a function of Q?2
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> Sensitivity of the NI cross section with cascade inputs

NI cross section versus other cascade parameters (r, and total T®N cross section)
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> Sensitivity of the NI cross section with cascade inputs

Extracting the relative difference of the NI cross section with a 10% variation of
the cascade parameters ry and o,\: 0, (k,0) and o\ (k,0)
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> Sensitivity of the NI cross section with cascade inputs

Relative difference budget
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> Normalization of the NI cross section and 4, factor for 2C

Working example: NI cross section at 5.0 GeV
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> Normalization of the NI cross section and 4, factor for 2C

d
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Comparing the MCMC model with the experimental data of incoherent
photoproduction from complex nuclei (PRL 28, 1344 (1972)). The data
were integrated in the range 0.1 < |[f| < 0.25 GeV?
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>TP photoproduction from !2C (PrimEx kinematics)
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>TP photoproduction from !2C (PrimEx kinematics)
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>TP photoproduction from !2C (PrimEx kinematics)

45 T T T T T T T T T T T T T T
40 ——E /k>0.995(0.5%) .
_. 35 [ ——E_/k>0.990 (1.0%) T
o | ——E_/k>0.985(1.5%)
E 30 ——E /k>0.980(2.0%)
= - ——E_/k>0.900 (10.0%)
c 25f "
O i
o 20f
8 i
@ 15+
1ZC(y,T[0)X
g 10 k=52GeV
5F J
O ) ] : ] : ] : ] : ] : ] :
00 05 10 15 20 25 3.0 35 4.0

1 polar angle (deg.)



(ub/rad.MeV)

T

do/de dE,,

>TP photoproduction from !2C (PrimEx kinematics)
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> T photoproduction from 298Pb (PrimEx kinematics)

NI mechanism
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> T photoproduction from 298Pb (PrimEx kinematics)

Double differential cross section (NI mechanism)
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»Working example: n ——> yy decay width revisited

Experimental scenario for the decay width

Typical yield curve at E, = 9 GeV (Cornell)
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MDI: S. E. Baru et al., Z. Phys. C 48, 581 (1990) , ,

ASP: N. A. Roe ef al., Phys. Rev. D 41, 17 (1990) Possible cause for discrepancy:
CBAL: D. A. Williams ef al., Phys. Rev. D 38, 1365 (1988) ~ Lnadequate freatment of the
JADE: W. Bartel et al., Phys. Lett. 160B, 421 (1985) nuclear incoherent contribution
Cornell: A. Browman ef al., Phys. Rev. Lett. 32, 1067 (1974) (inelastic background) 37



Proposed fitting for the n yield

»Working example: n ——> yy decay width revisited

n(@)=a,8,(0)+a,S,.(0)+a,S,,(0)+2,aa, COS(@\/SP (0)Syc(0)
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»Working example: n ——> yy decay width revisited
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» Conclusions and final remarks

v The MCMC intranuclear cascade is a sophisticated framework fto address
the nuclear matter effects within wide ranges of target masses and incident
energies.

v'The elementary photoproduction operator for ™ and n reproduce quite
accurately the proton data.

v'The MCMC model has been successfully applied to describe meson-nucleus
FSI in both NC and NI mechanisms (absorption and re-scattering).

v The 4, factor obtained for 1@ production from !2C within the PrimEx
energy range (4, = 9.2D) is consistent with the only dataset available at
these energies obtained at Cornell (PRL 28, 1344 (1972))
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> Conclusions and final remarks

v'The systematic error of the MCMC cascade due to the M.D. has a maximum
value ((H0%) at extreme forward angles. This result is a consequence of the
Pauli-blocking mechanism at low momentum transfer and the variations of
the momentum distributions, basically of the p-shell, for large missing
momentum (slide 19). The absolute value of the cross sections, however, do
not differ by more than 1.0 pb/rad below approximately one degree (slide
22), which is a good conclusion for the case of PrimEx.

v'The results of the NI differential cross section using all the available
data for the MD are consistent with the result using PWIA within one sigma

(slide 23).

v'The NI cross sections are strongly dependent on cuts on the 1° energy
(slide 33). This suggests that the double-differential cross section are
used instead of the single differential in order to account for the effects of

energy losses during the construction of the event generator.
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»Conclusions and final remarks

v'The shape factors for the NC and NI components from Be and Cu for E; =
9 GeV reproduce very accurately the Cornell data. The inelastic background

can be solely attributed to the NI component, which is clearly anisotropic.
v'The final result for the n —> yy decay width obtained by our fitting is
consistent with the PDG average and is more than 50% higher than the

previous value obtained at Cornell using the same dataset.

v'Our next step (mid-term project):

:> inclusion of vector mesons p and w into the cascade

Single differential cross sections for 12C from 4.5 to 5.8 GeV in 100 MeV steps are
posted at: http://axpfepl.if.usp.br/~tulio/PrimEx/12C/new results/single diff/
Double differential cross sections for 2C from 4.5 to 5.8 GeV in 100 MeV steps
for pion angles up to 5 degrees in steps of 0.5 degree are posted at:
http://axpfepl.if.usp.br/~tulio/PrimEx/12C/new_results/double diff/
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A typical on-demand business (low manpower)
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