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As explained in our note to the SPSC from Septembét, 2812 [1] the NA49 pp/pA
group sees a necessity to inform the committee of our statdgpkans in a document which
is separate from the status report of NA61. This the more sbeaphysics program of NA49
pp/pA is steadily pursued in an approach which is complatelgpendent of NA61. This is
documented in publications in accordance with the plansgmted in [1].

1 Recent publications

Two extensive publications concerning very detailed gsidif the light-ion p+C interac-
tion have appeared in 2013 [2, 3]. These papers concerntbanlight ion production as well
as a first general survey of backward pion and proton prooluctovering the complete range
of laboratory momentum and angle for beam momenta from 1 @@&V/c. This constitutes
a further step in our systematic approach to the sector ofpeoturbative hadronic interactions
exploiting analysis methods which are essentially modéépendent and exclusively based on
a set of precise and complete experimental results with did@ianal use of basic conserva-
tion laws like baryon number and charge conservation asageisospin symmetry. A further
detailed study of kaon production in p+C interactions isnegaration [4].

2 Neutron-proton and deuteron-proton interactions

A unigue set of data has been obtained by the NA49 pp/pA greinya deuteron beam
incident on a hydrogen target. This beam was derived fromragoy Pb beam on a Carbon
target, selecting nuclear fragments wif\A = 0.5 and cutting on charge one particlestdy/dx
methods. This beam offers the clean possibility to tag, &@NA49 detector, proton and neutron
spectators and thereby to obtain, in addition to d+p coltisj samples of n+p (p spectator) and,
as a control, p+p interactions given by identified n specsdt]. Extensive reference results on
p+p collisions have already been published by NA49 pp/pA[6—

3 | sospin effectsin pion and kaon production

The consequences of the rotation of projectile isospin fddaitp) to -1/2 (n+p) and +1/2
(p+p) on the production of charged pions and kaons are by mmsigivial. In fact they depend
directly on the respective production mechanisms and liyetes effects on the corresponding
particle yields turn out to be substantially different. 36 shown in Figs. 1 and 2 for the
invariant particle yields per inelastic event as a functibtransverse momentum-) at two
values of Feynman xu(-) in the deuteron projectile hemisphere.

For pions ther™ andr~ cross sections interchange their place completely betpwaxtan
and neutron fragmentation. As a consequence they becomaéfeqdeuteron interactions. For
kaons on the contrary they stay to first order unchanged otetiet of p+p collisions such
that p+p, n+p and d+p interactions result in closely equahkgelds. This basically different
behaviour is clearly borne out by the' /7~ and K*/K~ ratios shown in Fig. 3 where the ratios
are shown side by side as a functiorpgffor the twox  values at 0.075 and 0.2.

It is well known, as again shown by us quantitatively for [9], that most if not all
pions are produced from resonance decay. We have also sfipwimaf about 25% of all K
mesons are decay productsigfl020) and\*(1520) alone. For K the importance of associate
Y/A+K*+/K? production which in turn stems from heavy Necay is well established. These re-
actions do in fact not result in any dependence on the pitgésbspin. It needs the presence of
isospin/ = 1 mesonic resonances with a decay branching fraction iktp#irs as for instance
a(1320) in order to predict a deviation from the apparentgutie isospin independence. In
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Figure 1: Invariant pion cross sections per inelastic e@sna function ofp; for z = 0.075
and 0.2. Panel ™ and 7~ yields for d+p collisions, b)y* yields and c)r~ yields for n+p
interactions. The full lines give the respective crossieastfor p+p collisions [6]
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Figure 2: Invariant kaon cross sections per inelastic easra function ofp for z = 0.75
and 0.2. Panel a) Kand K~ yields for d+p collisions, b) K yields and c) K yields for n+p
interactions. The full lines give the respective crossieastfor p+p collisions [7]
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Figure 3:7 "/~ and Kf/K~ ratios as a function gf; for z» = 0.75 and 0.2 comparing neutron
and deuteron fragmentation to p+p collisions given as fakkd. Panel a) K/K—, panel b)
7+ /7x~. Full circles n fragmentation, open circles d fragmentatiBroken lines: inverse p+p
7/r~ and Kt/K~ ratios

this sense the slight deviation from p+p interactions seéiigs. 2 and 3 may establish an upper
limit of 7 = 1 meson resonance decay as compared to the evidently dundieeay of/ = 0
mesonic and = 1/2 baryonic states.

For pions on the contrary charge exchange reactions at l@saiction energy followed
by N* excitation and either direct decay into N-br cascading via intermediat® states at
higher energy [3] yield a complete interchangerof and 7~ in p and n fragmentation. This
is also resulting from the decay &f= 1 vector and tensor mesons, whereas the medoni0
states will reduce the measuredt/7~ ratios without taking influence on the interchangerof
andr~ yields.

4 7t/m~ and K*/K ™~ ratiosin the target fragmentation of light and heavy ions

The survey of existing data in the backward direction of p-elisions [3] shows that
then /7~ ratios are equal to one at SPS energy, in complete agreentarthe new results in
d+p interactions shown above. This is also borne out byiegistata on the production of pions
in the heavy ion p¥!Ta interaction at a beam momentum of 400 GeV/c [10]. Hererthe ~
ratio turns out to be slightly smaller than unity in the baekevdirection due to the n/p ratio of
0.6typical of heavy nuclei.

New data from NA49 pp/pA on kaon production in the target fnegtation region of
p+C interactions [4] show that also here our results from ohtpractions are persisting. In
fact the Kt/K~ ratio is equal to the one found in p+p reactions. In additfmresults on kaon
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production in p+*1 Ta follow this trend consistently, as already stated in tyegp [10] published
about 35 years ago.
The resulting evidence is shown in Fig. 4 both for théz— and the K'/K~ ratios.
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Figure 4: Mesonic charge ratios in the nuclear fragmentaggion of p+C and p#¥!'Ta inter-
actions as a function af-. Panel a)r*/7~, panel b) K'/K~. The results from p+p collisions
are shown as full lines far*/7~ [6] and Kt/K~ ([7] and several Fermilab experiments quoted
therein, broken lines)

The important difference between the K~ ratios in excess of 20 in the far backward
direction and ther*/x~ ratios close to unity in the full backward hemisphere is &listy
striking.

5 Consequences for K/x ratios

Given the different dependences of strange and non-strna@genic cross sections on
the isospin of the fragmenting nucleons, it is necessarynagadatory to take great care in the
definition and interpretation of particle ratios. This isparticular true for equal-charge ratios
like KT/z#t and K /7—. Whenever ther*/z~ ratio is greater than unity in the elementary p+p
interaction, the former ratio will increase and the lattee alecrease when passing from p+p to
the nuclear fragmentation region of p+A collisions. Thiexemplified for ther» dependence
of the K™/ ratio in p+C interactions [4] in Fig. 5.

The increase of K/t at negativerr, which might be erroneously interpreted as
"strangeness enhancement” also in target fragmentasoentirely due to the isospin effects
on the pion yields described above. Using instead thé&# ratio, Fig. 5b, the increase at
xr < 0 vanishes and the real strangeness enhancement in geofeimentation atr > 0
stays evident. This enhancement in a light ion collisiorhwai average of only 1.6 intranuclear
projectile collisions is demonstrated here for the firstetim

6 Consequences for A+A collisions

The symmetry of nucleus-nucleus collisions superimposesmatter of course the dif-
ferent components constituting the final state particlégigvhich are available and separable
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Figure 5: a) K'/x* ratio as a function af - for p+C collisions in the target fragmentation region
(zr < 0) and the projectile fragmentation regian-(> 0), b) the same for the K(r) ratio

in the asymmetric p+A interactions. The one additional aspeA+A collisions consists of the
fact that here most colliding participant nucleons will Bandergone preceding collisions thus
modifying the part of target fragmentation in p+A interacts. Nevertheless there is no reason
to believe that the basic isospin dependences mentione ablb not be present in A+A reac-
tions. Therefore also here it is absolutely necessary t@argumentations exclusively based
on equal-charge particle ratios. These arguments shouddreéully repeated by using instead,
in the case of Ki ratios, the average pion yields. This is especially trueafy dependence
on interaction energy. It has been shown [3] thatthiér~ ratio increases very strongly with
decreasing/s. Hence a strong increase of the corresponding isospint effémv energy where
the yields are governed by charge exchange [3]. In contnassbspin independence of kaons
will remain untouched as associate kaon-hyperon produgtievails close to the production
threshold. The corresponding k™ ratios will therefore increase with decreasiyfg until the
kaon threshold will finally suppress this increase. The Nad®aboration has claimed [11] the
discovery of a "phase transition” in exactly this region loé tinterplay of isospin and thresh-
old effects, based on the s-dependence of thérK ratio. This claim is consistently repeated
by the NA61 collaboration [12] although it has been dematestt repeatedly [13, 14] that the
corresponding effect can be attributed to a combinatiosagpin and threshold effects.
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