arXiv:nucl-th/0606044v1 21 Jun 2006

EPJ manuscript No.
(will be inserted by the editor)

¢-meson photoproduction from nuclei

A. SibirtseV, H.-W. Hammet, U.-G. MeiRnel? and A.W. Thoma$

1 Helmholtz-Institut firr Strahlen- und Kernphysik (Thez;iUniversitat Bonn, NuRallee 14-16, D-53115 Bonn, Geyna
2 Institut fur Kernphysik (Theorie), Forschungszentrumich, D-52425 Jillich, Germany
3 Jefferson Lab, 12000 Jefferson Ave., Newport News, VA 2360BA

Received: date / Revised version: date

Abstract. We study coherent and incohereftmeson photoproduction from nuclei. The available dateaasdyzed

in terms of single and coupled channel photoproductiors found that the data on coherent photoproduction can be
well reproduced within a single channel optical model armhshnly little room forw — ¢ mixing. These data indicate

a normal distortion of thé-meson in nuclei, which is compatible with the results atedithrough the vector meson
dominance model. The data on incohergrneson photoproduction show an anomalaiilependence resulting in

a very strong¢-meson distortion. These data can be explained by a coupladnel effect through the dominant
contribution from thev — ¢ or m—¢ transition or, more speculative, through the excitatiora @ryptoexoticB,-
baryon.

PACS. 11.80.Gw Multichannel scattering — 12.40.Vv Vector-medominance — 13.60.-r Photon and charged-lepton
interactions with hadrons — 25.20.Lj Photoproduction tieas

1 Introduction photoproduction from nuclei collected at SPRINGES][20],
which indicate a substantial distortion of tigemeson in fi-

The renormalization of the meson spectral function in rarcleNite nuclei. For consistency, we also analyze data on coher-

matter (for some early references, se&l[1J2[3[4,5,6] ared a§nt ¢-meson photoproductlon coIIectgd at Cornell some time

cent review is[[F]) attracted substantial interest in catioa 290 [22]. We investigate the role of single and coupled chan-

with the measurements of the di-lepton invariant mass sp&€ effects ing-meson photoproduction and provide a possible

tra from heavy ion collisions_[819,10]. Recently experimerfXplanation of the observed anomaly.

tal results onw and ¢ meson modification at normal nuclear ~The manuscript is organized as follows. In Sec. 2, we an-

densities have been reported in experiments involvingghot@lyze the elementary amplitudep — ¢p andyp — wp in

and proton beam§ [IT, 7] 13] 1415, 16]. The most remarkalfigms of the vector meson dominance model and compare to

result obtained in all these experiments is the anomalbus data taken at Cornell, ELSA and SPRING-8. In Sec. 3, we

dependence of thé-meson production from nuclear targetsStudy coherent and incohereptmeson photoproduction off

At the same time thed-dependence of the-meson produc- nuclear targets in a _smgle channel optical m_om_jel and shatv th

tion both inyA andpA interactions can be well understood. Such an approach is not capable of describing the new data
At the threshold of elementarymeson production, its mo- from SPRIN.G.-8._ Couplled channel scattering is considered in

mentum in the laboratory systerine. with respect to nuclear S€C: 4 and it is in particular shown that tHedependence of

matter, is quite high and a substantial fraction of famesons the SPRING-8 data can be understood in a two-step model, in-

decay outside the nucleus. Only that small fraction which dgudingw — ¢ mixing and coupling to an intermediate pion.

cays inside the nucleus would indicate a probable pole shift'Ve also add some speculations about the excitation of crypto

the spectral function. Therefore one could not expect teoles exotuic _baryons with hidden strangeness. Sec. 5 contains ou

a significant in-medium modification of themeson mass by conclusions.

measuring the di-leptonic oK+ K~ invariant mass spectra.

However, it is very plausible to study the modification of th .

¢-meson width, since at low densities it is related to the ima Vector Dominance Model

inary part of the fqrwambN scattering am_plitqde [17.08.19].5 1 pData evaluation

The latter determines theé-meson distortion in the nucleus,

which can be studied by measuring tHedependence of the Considering quark-anti-quark fluctuations of the photdrm, t

¢-meson production. Vector Dominance Model (VDM) assumes that intermediate
Such ideas motivated experimentsgmeson production hadronicqg states are entirely dominated by the neutral vec-

from nuclei at the KEK-PS15], SPRING-B120] and at COSYor mesons. In that sense the hadron-like photoh [23] is a su-

[21]. Here we analyze recent results on incohergmieson perposition of all possible vector meson states. 7he—¢ N
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Fig. 1. The forwardyp— ¢p differential cross section as a function ofFig. 2. Same as in Fifl1 for a low photon energy scale. The solid
photon energy. The data are taken from Ref$l[32.38. 846384838, circles show the results collected by SAPHIRI[40], while Hudid
39[40[41]. The lines show the calculations using [Hq.(7hwit=0 triangles are the measurements from SPRING=B [41].

and for different values af 4 .

The next step in the VDM analysis is to consider only the
reaction can be decomposed into the transition of the pho@iagonal transition or elastic N—V N scattering. The imag-
to a virtual vector mesolr followed by the elastic or inelas- inary part of the amplitudg(0) in the center of mass for
tic vector meson scattering on the target nucleon. Theimntr forward elastic)N —¢N scattering is related to theV total

reaction amplitude follows a5 [H4.25] cross sectiony,y, by an optical theorem &s
* 4o
vV R 0=0) = — 4
MyN—¢N = Z —’_YWO(MVN—@N, (1) Son—on (45 ) 4z 7 )
v
v

whereg, andd are thep-meson momentum and scattering an-
where the summation is performed over vector meson sta@§, in iheng center of mass system, respectively. The ampli-
a is the fine structure constanty is the photon coupling to tude [4n 1s related to the Lorentz invariant scattering ampli-
the vector mesoiV’ and My y_ 4y is the amplitude for the tde as

VN—@N transition. Munon = —87 /5 £* 0 5
A direct determination ofyy is possible through vector me- _¢N .¢N o Vs fin—on(2s,9) ©)
son decay into a lepton palr[26] with s the invariant collision energy squared. Th& —¢N
) , differential cross section is given in terms of the Loremtz i
9 ; :
Pty = % m2 — dm? |1+ nzl 7 2 variant amplitude as
3y my,

doyn—on _ [Myn—on|?
wheremy andm; are the masses of vector meson and lepton, dt 64775qu

respectively. Taking the di-electron decay width from F2f],

. : L hereg,, is the photon momentum in the center of mass sys-
the photon coupling to the lightest vector mesons is given a%/;m. Bgl/vintroduging the ratio of the real to the imaginarytpgr

Yy YwiYe = 2.48+8.53+6.69. (3) of the forwardgN scattering amplitude as,, theyN—¢N
differential cross section a0 can be written &

Although the couplingsy can be determined experimentally, 9
Eq.[) does not indicate whether non-diagonal,pN —¢N doyN—gN > 9% (1+a2)o2y. )
andwN—¢N, or diagonakpN—¢N processes dominate the dt =0 1677 ¢2 oImoN
¢-meson photoproduction on the nucleon, sinceMie, am- 1 |tjs clear that this formalism holds for the photoprodutif any
plitudes can not be measured. Furthermore, VDM suggests thgtor mesor/ =p, w, ¢, J/¥, . . ..
the virtual vector meson stemming from the photon becomes Note that they? /¢2 ratio was not included in most of the VDM
real through the four-momentutrtransferred to the nucleon,analyses reviewed in Réf124]. While this simplificationgii be ap-
which in general requires the introduction of a form-fagtor plicable at high energies, that is not the case for most ofitha avail-
the interaction vertice$ [28.149.130]. able atE, <10 GeV, as is illustrated by Fig.2.

(6)




A. Sibirtsev, H.-W. Hammer, U.-G. Meif3ner, A.W. Thomasmeson photoproduction off nuclei. 3

gation we would like to make the following comments relevant
Y+p —> w+p to the present study and VDM analysis of the data.

(9]
o
T

2.2 Comments

[6)
o
T

® Let us discuss the observed discrepancy between the data and
the VDM description at low energies through inspection &f th
forward yp—wp differential cross section, shown in FI3. 3 as
a function of the photon energy. The different symbols indi-
cate the data collected in R&£.[42], while the solid linesvgh
40 the VMD calculations based on El (7) with the ratig =
0 and for different values of,,, respectively. The data at
E,>10 GeV are in good agreement with the VDM assuming
30 that 20<o,, y <30 mb. The low energyp—wp data indicate an
& 03 excess with respect to VDM that is well understood in terms of
‘ the non-diagonabN —wN transition given by Eq[{1). More
precisely, this can be explained byraneson exchange contri-
1IO bution [24[43]. Indeed, the dominaatmeson decay mode is
10 10* 7t7~ 7%, which in general is described in terms ofthe transi-
tion w— pm, followed by thep—nm decay. Therefore it is nat-
E, (GeV) ural to expect that the non-diagonaV —wN transition plays
Fig. 3. The forwardyp—wp differential cross section as a function ofa substantial role in (low-energy}meson photoproduction.
photon energy. The data are collected in Ref.[29]. The lghesv the Most of the results on the forward photoproduction cross
calculations based on EqI (7) with.,=0 and for different values of section are determined through an extrapolation of thediff
TwN- entialdo/dt cross section over a certain rangetphot to the
maximal accesible value, but rather to the paiat 0, by ap-
plying a fit of the formdo/dt=A exp(bt). This is the reason
Again, both the ratiex and the totalpN' cross section are un-why thet = 0 differential cross sections at low photon ener-
known. Thus VDM analysis of photoproduction data requirgges, shown in Figll3, do not vanish even though they arelglear
additional assumptions. dominated byr-meson exchange. The extrapolation to differ-
waftt might explain the difference between the SAPHIRI[40]
| and SPRING-8]41] the results and data available at higher en

IS
o

o (Mb)

W
(@)

forward do/dt (ub/GeV?)

20

10

It is believed that at high energies the hadronic for
scattering amplitudes are purely imaginary. The data alvbs ergies
[27] for the pp, pp, 7~ p, nTp, KTp and K ~p reactions in- : .- N
dicate that the ratios of the real to imaginary parts of thre fo Indeed, vv_|th|r_1 the Born approximation themeson ex-
ward scattering amplitudes are0.1 at./s>20 GeV. Thea, change contribution vanishes [42|43J44,45}-a0. Here the
ratio was measure@[81] through the interference between mmlmal and maximal value dfis given by

¢p—eTe” decay and the Bethe-Heitler production of electron- s—m2
positron pairs and it was found that,=—0.4870-32 at pho- tf=m? — N (s +mi —m%
ton energies 6 £, <7.4 GeV. This result is too uncertain to be 2s

used in the further analysis. To estimate the maximum velue o 9 2 \2 9 9 11/2 3

osn, We applyay=0. It is clear that any non-vanishing ratio T [(s = mi —mi)” — dmimy] ’ (8)

o would result in a reduction of the/NV' cross section that will

be evaluated from the data in what follows. with my andmy the masses of the vector meson and nucleon,

Now Fig.[1 shows the available dafa [B2)33 3435, 36, FESpectively. Atthreshold/s=my +m.y, the four-momentum
3839140, 41] on the forwardp— ¢p differential cross section ransfer squared is
as a function of the photon energy. The lines are the results 9
using Eq. [¥) obtained withx,=0 and for different values of = NV 9)
the totalp N cross section. Only one experimental point at high my +my
energy [39] needs a large, y, although within experimental ,, .., . .
uncegr%/ainty] this measurgﬁ?ent is in aggreement wlijth the data Yt increasing energy/s>my +m.y,
photon energies below 10 GeV, which are also shown in[Fig. 2. (s — m%,) m2
Note that a large part of the data shown in Elg. 2 is in readenab temi - NV
agreement with calculations done withy~11 mb.

Fig.[2 demonstrates the disagreement between the mostard:— approaches zero.
cent measurements from SAPHIR]40] and SPRING-§ [41], Itis not obvious whether the extrapolation should be done
which are shown by the solid circles and the solid trianglem ¢=0 or to6=0, as is explicitly shown by Eq[14). Note that for
respectively. Note that both sets of data contradict the VDMastic scattering~=0. Actually the differentialp—¢p cross
predictions. Although this discrepancy requires speaiasti- sections measured by SAPHIR[40] and SPRING-8 [41] shown

; (10)
S
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in Figld were extrapolated to=¢t~ and thet=0 correction in 2
that case isxp (—t~), which accounts for a factor af 1.61
at theg-meson photoproduction threshold.

Keeping that in mind one might conclude that similar to ©
the yp—wp data the forwardyp—¢p differential cross sec- ¢
tion indicates some enhancement with respect to the diagona'-75 [
VDM. This enhancement might stem from non-diagonal tran-
sitions’. Apparently that problem requires additional investiga-
tion, which is beyond the scope of the current study. I

Moreover the discrepancy between the SAPHIR [40] and 1 5|
SPRING-8 [41] results can be partially explained by the dif-
ferent range of used for thete=t~ extrapolation. SPRING-8
explored the range—t~>0.4 GeV?, while the SAPHIR mea-
surements were used to fit/dt over a larger range and at R
maximum photon energy-t~ > —2 GeV2. For thatreasonit ~ '-22[ T T
is worthwhile to reanalyze the SAPHIR data by fitting the dif- e
ferential cross section with the sum of a soft and a hard com- L e
ponent. I

Finally, keeping in mind the uncertainty of the analysis of 1R
low energy data on the forwargh— ¢p differential cross sec- 0 20 40 60 80 100
tion we conclude that VDM yields the upper limit of the total Oen (MDb)
¢p cross section about 11 mb. If the ratio of the real to imag'i:1 N
nary forward scattering amplitudiee. v, is not equal to zero, ©19- 4- The slopea of the A* dependence of the forwarmeson

then can be even smaller. as indicated b (7). phot.oproduction cross secti.on.as a function of the tm Cross
Tor ’ y Ba.(7) section. The shaded boxes indicate the results at photagiesd.4

and 8.3 GeV obtained at Cornell']22]. The lines show the ¢aicu
tions by Eql(Ih) with different longitudinal momena=0 (solid), 63

3 Single channel optical model (dashed) and 82 MeV/c (dotted), which are fixed to the photmgy
by Eq.[I2). The calculations were done for the ratio=0.

Consider a nuclear reaction as a succession of collisiotieeof
incident particle with individual nucleons of the targdtthe
nucleus is sufficiently large the reaction can be formulated electron synchrotrori [22]. One might expect![50,51] the
terms of the optical model through replacement of the muldtependence of coherent photoproduction at high energles to
ple individual interactions by an effective potential irgtetion proportional toA? if the p-meson does not interact in nuclei,
with nuclear matter. Within the so-calléd approximation that | e, if it is not distorted by final state interactions (FSI). By fit
is valid at normal nuclear densities=0.16 fn 3, the optical ting the forward meson photoproduction cross sectibnl [22]
potential is given by the product of the density and forwanglith a function~ A, one obtains the slope=1.37+0.08
two-body scattering amplitude. Similarly, the Glauberdtye at the photon energy of 6.4 GeV and-1.53+0.05 at £, =
expresses the cross section for reactions on nuclear targes.3 GeV. The shaded boxes in Fig. 4 show these results, which
terms of elementary two body interactiohs![4€[47,48]. indicate a strong deviation from a dependenceién

Conversely, by measuring the nuclear cross sections ittmigh Note, however, that the forward photoproduction cross sec-
be possible to study the elementary interaction’ [24]. Baér {5, contains both coherent and incoherent contributiorthe
ization of Drell and Trefil [4B] and Margolis [50] that such a&,psence of the ESI distortion, the incoherent photopraatuct
formalism could be used to study the interaction of unstahle ss section is proportional té. Therefore one might argue
particles with the nucleon by producing them in a nucleus Wiy a1 the A-dependence results from a mixture of coherent and
hadronic or electromagnetic beams, stimulated enormous ftoherentp-meson photoproduction. In order to verify such

perimental activity(|24]. This method was first appliedI[86, 5 possibility, an additional experiment with linearly pated
51] for the evaluation of the N interaction from coherent and yotons with avera

incoherenp-meson photoproduction off nuclei. Coherent ph

toproduction has the advantage that the produced partiest My q1oproduction from a carbon target was found to be consis-
have quantum numbers similar to those of the photon. tent with the assumption of coherent photoprodudtion

In order to evaluate th@ NV interaction from coherent pho-
toproduction one can apply the method proposed in Refs. [50,
51] and express the amplitude for cohergimheson photopro-

YA —> A
forward photoproduction

pe o

E,=8.3 GeV

e E,=6.4GeV

3.1 Coherent photoproduction

An extensive study of cohereptmeson photoproduction on

a variety of nuclear targets was done at the Cornell 10 GeV At the same time the asymmetry from the hydrogen target seems
to be inconsistent with purely elastimeson photoproduction. As

3 Both SAPHIR and SPRING-8 measurements of angular spectva discussed in Sec. 2 this Cornell observatfon [52] is ireagrent
in the Gottfried-Jackson frame support this conclusion. with the most recent results from SAPHIR[40] and SPRINGH [4
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duction from nuclei ad [24. 49,51 1%3]54] 55] 60
. E,=6.4 GeV l
T a6 A) = T [ ofard) )
0 O 40t
oo I
X/dz p(b, z) exp [iqiz] % [1 —ixe(b, 2147 @) ©
o "6’ 20t

where7, y is the elementary photoproduction amplitude on a~
nucleon, an integration is performed over the impact patame !

b, thez coordinate is along the beam direction anfg=vb>+22) © 04 : —

is the nuclear density function normalized to the numbeheft © 10 102
nucleons in the nucleus. Hereis the four-momentum trans- Q
ferred to the nucleus andt = ¢? + ¢7, with ¢, andg, being 3 E7:8‘3 GeV
the longitudinal and transverse component, respectigelgn .
b O
y S
q =k —cosf\/k? —m3, g =sinf\/k?-m3, (12) ©
|
<

wherek is the photon momentums,, is the pole mass of the
¢-meson and is the emission angle of the producganeson.

In Eq. (I1)J, is the zero order Bessel function. The last term
of Eqg. (I1) accounts for the distortion of tilemeson through ,
an effective interaction wittd—1 nuclear nucleons angy is 10 10

the corresponding nuclear phase shift. Here we neglectishe d A

tortion of the photon. The phase shif can be well approxi- rig 5 The forwardyA—@¢A differential cross section as a function

mated within the impulse approximation hy [56,57] of the mass number. The symbols show the data collected at Cor

nell [22] at photon energies 6.4 (circles) and 8.3 GeV (seg)arThe
lines are the calculations with the totalN cross section of 10 (solid),

/ p(b,y) dy, (13) 30 (dashed) and 50 mb (dotted) and with the ratie=0. Both experi-

e mental results and calculations are dividedyThe calculations are
normalized at thed=12 point.

OI L L P T S T TR |

oo

xolb, 2) = 2T LonlPe, 0=0)
Py

wheref,n is the complex amplitude for the forwaygdV elas-
tic scattering taken now in the rest—frame with respect & th
nucleusj.e. in the laboratory system. Note thay is ¢-meson tion cross section might be used for the extraction of the ele
momentum in the laboratory frame. The imaginary parfof mentary forwardyN—¢N cross section, which can be com-
amplitude is related through the optical theorem to thel tof@ared with those collected in Hig.1. The-dependence of co-
cross sectiow, v similar to Eq#), replacing, by py. herent photoproduction allows one to extragty only under

By introducing the ratio of the real to imaginary part otertain constraints oms. That extraction is independent of the
the forwardp N scattering amplitudey,, the cross section for VDM assumptions.
coherent-meson photoproduction from nuclei is finally given  Indeed if the distortion of the-meson is negligible and
as q:=0the coherent photoproduction cross section is proportiona
to A? as is given by Eq{14). Furthermore, to analyze the Cor-

Ao ya  doyn—on 7 7 nell data and for completeness, we specified the density-dist
th = th /dzb Jo(q:b) /dZ p(b, z) bution functionp(r) used in Eq[14) as
0 —00
Po
oo 2 p(r) = , (15)
v — 1+ exp[(r— R)/d
< xp igz] exp | 7N (00— / pby)dy || (14) e

with parameters

z

The general features of the coherent photoproductiondot-as ~ R=1.284/3-0.76+0.847'/3 fm, d = v/3/x fm, (16)
lows. Thet-dependence is given by the elementaty—¢N

photoproduction amplitude as well as by the nuclear form faor the nuclei withA>16. For light nuclei we adopi]5B.59]
tor. The differential cross section has a diffractive stuoe due 2 — a2

to the Jy(¢:b) dependence. However, up to now this structure _ -3 —a)r 2 p2

was not E)bs)erved experimentally, since it is non-triviabtm plr) = (Rv7) [4 * 3R? } exp[=r"/ R, (A7)
late coherent from incoherent photoproduction, which domi

nates at largé|. The forward coherentA—¢A photoproduc- with R=+/2.5 fm.
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We note that the results on forward photoproductionare not, 4
sensitive to the variation of the ratig,, as can be seen from s vA —> dA
Eq.[T3) and is known from the analysespefneson photopro-
duction [Z24] and hadronic elastic scatterihgl[57].

Finally, the lines in FigCK¥ are the calculations based on® 0.9
Eq. (I3) with momentung; = 82 (dashed) and 63 (dotted)
and 0 MeV/c (solid), related to the photon energy by Eql (12).
The results are shown as a function of the tgtal cross sec-
tion. The calculations fog;=0 MeV/c correspond to the high
energy limit,i.e. k>>my, and foro, ;=0 actually match thet?
point. To get the slope we fit our calculation with the func- |
tion cA* with c a constant and using the set of nuclear targets
corresponding to the experimentals. [Elg. 4 illustratesttiey,
correction already introduces a substantial departura fiee
A%-dependence. Although the uncertainties indhg extrac- :
tion from the data are large, the data are in very good agnreeme 0.6
with the calculations with a total NV cross section of 10 mb. -

Fig.[H shows the forward A—¢A differential cross sec-
tion as a function of the target mass numbkrThe circles
and squares are the experimental results obtained at Cornel -5~ —"%6"""20 " 80 80 100
for photon energies of 6.4 and 8.3 GeV, respectively. Theslin Oen (MDb)
show the calculations for different, ;- and for the ratiax,=0.

o I
8— | incoherent photoproduction

0.8}

. o . Fig. 6. The slopea of the A* dependence of the incoherent
Both data and calculations are dlwédw A. Obviously the meson photoproduction cross section as a function of ttee ¢aV

shape of thed-dependence is different for the calculation foEross section. The shaded boxes indicate the results airpboergies

the Vari.OUS%N' The egperimental results are in perfect agre?f5<Ew<2.4 GeV obtained by SPRING-8120]. The lines show the
ment with the calculations using,y =10 mb. calculations by EJT18). .

Finally, one can as well extract the elementaty —¢N
forward differential cross section using Hql(14) and corapa

the results with the results obtained by direct measuremephjje the line indicates the calculations based on Eg. (@8) f
The calculations witler;, y=10 mb can be well fitted to the datagjfferent values of the totat V' cross section. Again, we fit our
with an elementary N —¢N forward differential cross section egyjts by the functiomA® and use the set of nuclear targets
around2.2—2.6 pb/GeV?, which is in good agreement with thegrom experimerft Itis clear that the experimental results favor

results collected in Figl1. 23 < oyn < 63 mb. This is in agreement with the experimen-

tal finding [20] given asr,x = 35717 mb. The Pauli blocking

corrections make almost no change to thelependence and
only suppress the absolute value of the forward photoproduc
Recently incoherent-meson photoproduction at photon enefion cross sectiori [24.60). _
gies 1.5XE., <2.4 GeV was studied by the SPRING-8 Collabo-  Clearly this result differs substantially from the totaV
ration [20]. The data were published with arbitrary normali Cross section extracted from coherenmeson photoproduc-
tion and provide thed dependence fitted by the functiotf tion. There are no available explanations why the distortib
with slopea=0.72+0.07. the incoherently producegtmeson is so extremely strong. Fur-
The optical model expression for the incoherent photopréiermore, the calculations [60)61] wich include the in-imed
duction including only the excitation of the single nucleyd modification of thej-mesoncannotaccount for such strong dis-
neglecting the Pauli principle, which suppresses the gess tortion.
tion at smallt, is given by [24]

3.2 Incoherent photoproduction

oo oo

df’%iam_dffwvwzv/dzb/dzp(b 2) 4 Coupled channel scattering
dt dt ’
0 O_OOO Since¢ andw mesons have the same quantum numbers, these
b d 18 two states should mix with each other - see €.gl[162.63, 64].
eXp [_UWV p(b,y) y} . (18)  Therefore the-meson might be produced indirecily. through
z the photoproduction of the-meson followed by the— ¢ tran-

Now if o4y = 0, the forward cross section is proportional t@ition. Furthermore, there can in principle occur an asjtr
A. The shaded box in Figl 6 shows the result from SPRING-@‘,‘mber ofw—¢ transitions. Moreover, these transitions can

5 Although in view of EqITH) it is more natural to divide the re ® The A® function is not the dependence given by Hgl (18) and
sults on coherent photoproduction By, it turns out thatA~! rep- only provides a useful representation of the data. Indeedliipec
resentation is more illustrative in case of the observederaid A- depends on the set of target numhérgsed in the calculations. There-
dependence of the data and therefore is very frequently used fore it is necessary to simulate the experimental conditexplicitely.
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60

E,=6.4 eV l

>
)
O
Fig. 7. Mechanisms ofs — ¢ conversion: a) direeb — ¢ mixingam-  Q
plitude and b) thew N —¢N interaction, wheréV denotes a nucleon. 3
Type b) contains the direct mechanism a) besides othertgffec —
O

AN

o)

o

occur either due to the and¢ mixing, i.e. similar to oscilla-
tions, or because of theN —¢ N interaction. This isillustrated
in Fig.[@. Since bothv and¢ mesons are strongly interacting <C
particles, their final state interaction in any nuclear¢awgould
cause distortions.

The coupled channel scattering apparently depends on the
strength of thev—¢ transition. However, one expects the o+ : — 3
meson distortion to be considerable because of the intaréer 10 10 A
effect. Even a small amount of an-¢ admixture might have a
considerable effect op-meson production from complex nu-Fig. 8. The forwardy A—¢ A differential cross section as a function of
clei. First discussed by Ross and Stodol$ky[[5B, 62], tHiscef the mass number. The symbols show the data collected atiC@izle
has subsequently been largely overlooked in the literdBidie at photon energies 6.4 (C|rcl_es) and 8.3_ GeV (squares). mﬂaa are
Here we consider coherent and incohergmeson photopro- the coupled channel scattering calculations by[Ef.(21) thie total

; Co s ¢N cross section of 11 mb and theV cross section of 23 mb and
duction from nuclei within the coupled channel approach. ' L P i o0 (solid), 0.3 (dashed) and 0.5 mb (dotted). Both

experimental results and calculations are divided4byThe normal-
ization of the calculations is fixed by VDM as explained in thet.

4.1 Coherent photoproduction

The generalization of the S‘T‘g'e channel amplit_ude of f‘.ﬂr Wical model forw and ¢-meson photoproduction, while taking
two coupled channel scattering can be done by introduciag i

S e elementary, y amplitude as a two-component vector.
2x2 matrix instead of the last term of Ei.[11) as Since in our case is small, the amplitude for coherept

o0 . o0 meson photoproduction from a nucleus can be expressed in a
Ow T Hw .~ i
1-=% [p(by)dy — ¢/exp[2qzy]p(b, y)dy simple form,
. o (19) T oa= /de Jo(qtb)/dz p(b, 2) expligq 2]
_Ew .~ o —00
5 ‘z’/eXP[—zqzy]p(b, y)dy 1—%/p(b7 y)dy 0 -
2 2 =X [ expliqiy] p(b,y) dy
where we have used EgEI[{4,13) and we denot¥ liye effec- X | in—wN . o
tive w—¢ and¢—w transition cross section, which are equiv- (oon—0un) [ p(by) dy

alent because of time-reversal invariance. Furthermogeev

glect the real parts of the elastic and transition amplisude o o
since even in the single channel analysis they could not bex exp[—ﬂ/p(b,y) dy]—exp[—ﬂ/p(b,y) dy]
fixed. Furthermore, the longitudinal momentuinis defined 2 2

z
oo oo

as e
g,
_ omi—m? +zNﬁ¢Nexp[—%/p<b,y>dy] - (21)

Neglecting the off-diagonal transitionge. settingX = 0, the For X=0, Eq. [Z1) reduces to Eq.{lL1) and the coherent dif-
matrix of Eq. [I®) allows one to recover the single channel oferential cross section is given by EEL(14). Moreover, EF) (
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corresponds to the first order perturbation expansioi,ine. 4
the inclusion of only onev—¢ transition. If X' is large one @
should consider an arbitrary numbersfs ¢ transitions, which "¢
might be done through the series expansion [65] of the off=
diagonal elements of the matrix given by Hg1(19). £ 0.8}
Moreover in high energy limiti.e. wheng;=¢, = 0, the B
integration alongz can be done analytically and the coher-%
ent photoproduction amplitude is then given in a well-known_
form [51] 506 ™
I
00 <
o TyN—wN X
TwAiqu:/de Jo(q:b) {U’LNTQSN 04l
0
1-exp [ 20Ty o T T
X - 0.2}
OwN O¢pN
t Tuvon (1—exp (- Zen 1) T(b)])] @2
TgN 2 0 : :

10 10° A

Fig. 9. The incoherent)-meson photoproduction cross section as a
function of the mass number. The circles show the data delieat

where the real parts of the scattering amplitudes were oeggle
and the thickness function is given as

oo SPRING-8120]. The solid line is the coupled channel scattecal-
. culations by EqI{25) with the total N cross section of 11 mb and the
T(b) —/p(b, z) dz. (23) wN cross section of 23 mb, while the dashed line is result obthin
—o0 with o4 x=11 mb andr,, =30 mb. The dotted line is the single chan-

. - nel results for, =11 mb. Both experimental results and calculations
Following the. VDM results shown in F'@ﬂ.3 we use thgre divided byA. The normalization of the calculations is fixed at the
elementary elastic and¢-meson photoproduction amplitude target.

given by EQY, namely as

NoVN = £—o—VN, (24) where the functiorf'(b) is given by EqI[2I8) and it is not nec-
essary that? = 3. Considering both direct and two-step

with the~y4 andhy,, coupling constants given by Ef.(3) and witfn€son production, one should in principle add the contidut
oony=11 mb ando,,y=23 mb. Thus the absolute normalizadiven by EqIB).
tion of our calculations is fixed by VDM. Fig.8 shows the co- Unfortunately the datd [20] on incohereftimeson photo-
herentyA—¢A differential cross section as a function of thgroduction from nuclei are given with arbitrary normalipat
mass number calculated for different valuegbfThe datal[22] and we cannot investigate how big the possible contribution
might be well reproduced by calculations witkt 3’ <0.3 mb. from two-step production might be, sinégis unknown. How-
Only the experimental results &t =6.4 GeV support the cou- ever, itis possible to examine tiedependence due to the two-
pled channel effect originating from the—¢ transition. step process.
Fig.[@ shows the incohereptmeson photoproduction cross
section as a function of the target mass measured at SPRING-
4.2 Incoherent photoproduction 8 [20]. The dotted line shows the calculations performedinit
S _ the single channel optical model using EQl(18) withy =
Let us now consider incoherent photoproductionainesons 11 mp. The solid line represents the result obtained with the
followed byw N —¢N scattering. Note that in the coupled Cha'&oupled channel model calculation, EGI(25), usipg = 11 mb
nel description of coheregtmeson photoproductionthe~¢  ands,,y = 23 mb. Both the data and our results are divided
transition is not necessaryly due to the scattering on tiyeta py 4. The calculations are normalized for ati target. The
nucleon, but might be also an oscillation due to the mixing. kingle channel calculations are identical to the ones stiown
that sense incoherent photoproduction is given as a two st@gfs. [2061,61] and apparently can not reproduce the data,
process and differential cross section can be writteD 48148 35 we already discussed in Sec.3.2. The two-step modekcalcu

68] lations are in reasonable agreement with experimentaltsesu
} 00 - providing anA-dependencecA°-%3. Thus the measured-
doli pa _doyN_wN 5 a2 1 — exp[—ogn T'(D)] dependence clearly indicates the dominance of the two-step
dt dt / TN process inp-meson photoproduction. Unfortunately there are
0

no data available for heavy targets, which clearly are afuci
_exp[—oun T(b)]— exp[—oen T'(b)] (25) for the verification of the calculated-dependence shown in

OoN — OwN Fig.[@.
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Note that another two-step proceiss,y/N—= N followed photon energies of 15F,<2.4 GeV the total cross section
by tN—¢N transition, would produce almost the same dder theyN—¢N reaction is in average0.3 ub [82] while the
pendencexA%63, as shown by the dashed line in Elg.9. I N—= N reaction accounts far5 ;b [83[84]. Therefore the
the considered-meson momentum range the totaV cross contribution from the two-step mechanism might be well sup-
section is about~30 mb and therefore calculations were dongressed as compared to the diréetneson photoproduction.
using Eql(Zb) withr, ;=30 mb. Note that bot-meson pho- This can be clearly seen by inspecting Hqd[{118,25) andeepla
toproduction and thee N—¢N transition are quite large anding thew N intermediate state with theN one.
therefore it is possible that incoherefttmeson photoproduc-  Itis difficult to estimate reliably the contribution to inlger-
tion is dominated by a two—step reaction mechanism. For ieArt»-meson photoproduction from a two-step process with an
stance theoretical studi¢s [691[70[71[72, 73] on low en&igy intermediatev-meson. FigElP13 illustrate that incoherent for-
p, w and ¢-meson production in proton nucleus collisions inwardw-meson photoproduction dominatésneson photopro-
dicate dominance of the two-step process with intermediateduction by a factor of order 60. However, at the same time
mesons. This result is strongly supported by measureméntshe yp—¢p data collected in Fifl3 show almost no room for
the A-dependence and two-particle correlationgsirr--meson the non-diagonal N —¢N transition. The data at low photon
production fromp A reactions[[ 7l 44,15, 76.,177]. Further invesenergies are well described by the VDM accounting only for
tigations on incoherent-meson photoproduction require meaelastic diagonap N —¢N scattering. Within the experimental
surement of differential cross section with absolute ndizaa uncertainties of the forwargp— ¢p differential cross sections
tion. and considering the difference between data and our VDM cal-

It is also clear that incoherent coupled chanpeheson culations witho =11 mb we estimat&’<0.1 mb. In that case
photoproduction might also proceed through cohesgmte- the contribution from the two-step process is compatiblea wi
son production by the photon, followed by the incohetenty  the direct incoherenp-meson photoproduction and the cou-
transition. This mechanism involves, in addition, subs#n;- pled channel effect is indeed sizable.
dependence at low photon energies similar to that of(El.(14)
which allows for freedom in description of th&dependence.

4.4 Speculations

4.3 Estimates for X and > Finally we would like to mention another possibility which i
not related to the--meson propagation in nuclear matter and

It is useful to estimate thes and & in order to understand the £ transition but with incoherent-meson photoproduction
how large the effect due to the—¢ transition might be. Our at low energies. Recently [85] we investigated the role ef th
estimates are based on the amplitudes evaluated in free,spaiyptoexotic baryon with hidden strangenes§,=uddss, in
which are not necessarily the same as in nuclear matter. ~ ¢-meson production in proton-proton collisions close to the
Very recently the thes—¢ mixing amplitude®,,, was in- reaction threshold. We found that the enhangetdeson pro-
vestigated[78] within the leading order chiral perturbatihe- duction observed at COSY_[21] can be well explained by an
ory and it was found tha®,,,=(25.34+2.39)x10~% Ge\2. In  By-baryon excitation followed by thé;,—¢N decay. It is

our normalization” can be related t®,,, as [79] expected that these pentaquark baryons have a narrow width
and decay preferentially into théN, K KN or Y K chan-
1 @i(ﬁ nels, wherg” stands for ground-state or excited hyperaons$ [86,
e mg (2 —m2)? 2.2b, (26) g1). Experimental observations for ttiz; candidates were re-

ported in Refs.[188,80,90,E1.92193]. The high-statisttcsly

where we neglect the width of theand¢-meson. Actually the ©f Ref. [93] of the S K+ mass spectrum indicates two ex-

effect due to thes— ¢ mixing is small and as is indicated by thePtic states withV/' = 1807+7 MeV, I' = 62+19 MeV and

calculations shown in Fid.8 might be supported by the Cornf = 19866 MeV, I' = 9120 MeV. N

data [22] on coherent-meson photoproduction from nuclei. One might expect tha,-baryon can be excited in photon-

However, the data itself do not really require the inclusién nUcleon interaction. Because of its mass 4lpe-¢p reaction

the mixing amplitude and the problem still remains open. ~ Would be sensitive td3,, excitation at low photon energy. The
The contribution to incoherent-meson photoproduction B¢ contribution might explain the SAPHIR-8 and SPRING-

from the two step process with an intermediateneson can 8 measurement$ |_._4.o,_41]_ of angular spectra in the Gottfried-

be reasonably estimated since there are data availablador42ckson frame, which indicate that at low energiesiheeson

7TN—¢N reaction collected in Ref&.JH0,81] and parameterizéfiotoproduction is not governed by pomeron exchange.
as Considering coherent and incohereftmeson photopro-

duction from nuclei we notice even more significant features
First, the coherent photoproduction at low energies shoatd

by dominated byB,-baryon excitation, since in that case the
residual nucleus differs from ground state. Incohegenteson
wheres is the squared invariant mass of th&% system givenin photoproduction at low energies might be dominatedgyex-
GeV? and,/so=mn+m is the reaction threshold. Note thatitation. Since the3,-baryon is narrow, it decays outside the
at pion energies af 2 GeV, which correspond to the forwardnucleus and an effective distortion of themeson is given by
¢-meson photoproduction in the SPRING-8 experiménl [2€je distortion ofB,, which is compatible with and interaction
the TN—¢N cross section is about 2@b. Furthermore, at of other baryons in nuclear matter because of the light quark

~ _ 184/s — sp
F(N=ON) = 5055+ Gosg2 M 27)
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content of theBy-baryon. Therefore one should not be suiPhysics Project under contract number R113-CT-2004-58607

prised by the result shown in Fig. 6.

A.S. acknowledges support by the JLab grant SURA-06-C0452

and the COSY FFE grant No. 41760632 (COSY-085).
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