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The influence of baryon stopping on cosmic ray showers
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Abstract. A new feature of hadron production in nuclear The implementation into DPMJET-III (Roesler et al., 2001)

collisions is the large stopping of the participating nucleons.of these diagrams differs somewhat from that of Ranft (2000)

Experimental data demonstrating this effect have been preand is described here.

sented by the NA35 Collaboration at the CERN SPS. In or-

der to incorporate the effect into multichain models, new di-

quark breaking diagrams were proposed in Kharzeev (1996)2 Baryon stopping in multichain models

Capellaand Kopeliovich (1996). The new diagrams were in-

vestigated in Ranft (2000), where also their implementationThe new diquark breaking DPM—diagrams can be classified

into multistring fragmentation models was discussed. Theas (for details see (Ranft, 2000))

presence of the new baryon stopping diagrams modifies con- (i) GSQBS, the Glauber sea quark mechanism of baryon

siderably the extrapolation of multistring models to Cosmic stopping, this diagram acts in nuclear collisions already at

Ray energies. The energy fractions carried by baryons delow energy.

crease as compared to those obtained with models without (i) USQBS, the unitary sea quark mechanism of baryon

the new diagrams. stopping, this mechanism leads to baryon stopping also in

proton—proton collisions at collider and cosmic ray energies.
In DPMJET-III first the system of parton chains (strings)

is constructed according to the model without the diquark

breaking diagrams. This system is then searched for con-

. L _figurations of the type (i) as plotted on the left hand side
A recently discovered feature of hadron production in nuc of Fig. 1 or type (i) (not shown, see below), where the

lear collisions is the large stopping of the participating nucle-Ieft lower diquark is replaced by an antiquark. On the left

ons in hadron—-nucleus and nucleus—nucleus collisions. Exﬁand side in Fig. 1 we have a diquark—quark chain and a sea
perimental data demonstrating the large stopping of the par- uark—diquark chain with the (upper) diquark and seaquark

ticipating nucleons in hadron—nucleus and nucleus—nucleu ) o
L . elonging to the same projectile hadron and also the (lower)
collisions have been presented in Alber et al. (1994) and Al-. :
diquark and valence—quark belonging to the same target—

ber et al. (1998). Multistring fragmentation models like the ) . L . :

Dual Parton Model (DPM) or similar models did originally nucleon. Qonflguratlon (i) is cha}racterlzed by a d|qqark—

not show this enhanced stopping in nuclear collisions. Thereguarkrcg?m arrlld r::ldseaquarl:k—zn:l—rfeiiqutarlghchalrr; W'trh.th?

fore, in order to incorporate the effect into multistring frag- (_uppe) quark and seaquark belonging 1o the same projec

mentation models new diquark breaking DPM—diagrams act-t”e hadron and also the (lower) anti-seaquark and valence—
q g g guark belonging to the same target—nucleon. The chain sys-

ing in hadron-nucleus and nucleus-nucleus collisions_ W.er?em is transformed as shown on the right hand side of Fig. 1.
proposed by Kharzeev (1996) and Capella and KOpeIIOVIChThe projectile diquark is split and the two resulting quarks

(1996) and investigated in detail by Capella et al. (1999) and . L
Capella and Salgado (1999). Similar ideas were discusseég;neu;?kthiel;piﬂfg tehned?ni%f d:JeOt(; fr?slgescgzg ézzigrgn?tgs_
by Vance and Gyulassy (1999) and by Casado (1999). Th? q 9 . .

. o ermines the position where the baryon is produced. The sea
Monte Carlo implementation into DPMJET-II.5 of the new arks in Fia. 1 miaht be Glauber sea quarks or unitary sea
diquark breaking diagrams of Kharzeev (1996) and Capellaqu N F1g. '9 u qu unitary

S ) : ks.
and Kopeliovich (1996) was first discussed by Ranft (2000). 942"
P ( ) y ( ) Besides the situations already discussed we consider also

Correspondence tal. Ranft (Johannes.Ranft@cern.ch) the splitting of target diquarks as well as the splitting of anti—
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strongly on the reaction channel. Therefore we can compare
the~y*-p data to DPMJET-III fop-p interactions. We present
the DPMJET-III distributions for the models with and with-
out the diquark breaking diagrams (labeled “No Sto” in the
plot). The models with and without the stopping diagrams
are consistent with the measurements. The new diagrams
modify the distributions mainly at intermediatg,;, values
where no experimental data exist at present.
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Fig. 1. Diguark brefiking in an original diquark—quark and proton-proton,  sY2 = 200 Gev
seaquark—diquark chain system. 10 : . : :

i high Q; —e—i

i dplmo}gt— 1l $
diquarks. - dpmjet-Ill No Sto —&— ?

The diquark is split by sampling for one of the two re- L=, E

sulting valence quarks (randomly chosen) a normal valence><§ Sy
quark momentum fractiom,; and giving to the secondva- 3 'F  ¥Eagyp, e u
lence quark the momentum fractie, = x4 — .1, where g . "-'..fj ooy
x4 is the momentum fraction of the original diquark. For - ""“'--'_fffm% i L iéﬁﬁ
each of the new diquark breaking diagrams (GSQBS and o weRta
USQBS) we have to introduce a new parameter. These pa-
rameters give the probability for the diquark breaking me- 4, s . s s

0 0.2 0.4 0.6 0.8 1

chanisms to occur, given a suitable sea quark is available and
given that the diquark breaking mechanism is kinematically Xiab

allowed. For an original diquark—quark chain of small invari-

ant mass, which originally just fragments into two hadrons, Fig. 2. Energy fractionz;.; carried by the leading proton. The

the diquark breaking is often not allowed. The optimum data are photoproduction and DIS measuremen{&at: 200 GeV
values of the new parameters are determined by comparin{Solano, 2000) compared to DPMJET-III with and without (No Sto)
DPMJET-III with experimental data on net—baryon distribu- the diquark breaking diagrams for p—p collisions/at= 200 GeV.

tions. We obtain for the GSQBS parameters the value 0.6.

The parameter for the USQBS diagrams could be determined

from p—p collision data but no suitable data are avai|ab|e3.2 Net—proton distributions in hadron—-nucleus and nucleus—
presently, therefore, we use the same value as for the GSQBS ~ nucleus collisions

diagrams. . o
In Fig. 3 we compare the net—proton distributions accord-

ing to the models with and without the diquark breaking dia-
3 Comparison to data grams with data in p—Au collisions (Alber et al., 1998). The
dip at central rapidity, which occurs in the model without the
Introducing the new baryon stopping mechanisms into DPM-baryon stopping diagrams is filled. The full model follows
JET we get an significant modification of the model in dif- the relatively flat distribution at central rapidities shown by
ferent sectors: (i) The Feynman-distributions of leading the data.
protons in proton—proton and proton—nucleus collisions. The In Fig. 4 we compare the DPMJET-III model with and
leading particle production is especially important for the without the diquark breaking diagrams with data on net—proton
cosmic ray cascade simulation. (ii) The netsp«p) and production in central S-S collisions. Also here the signifi-
net-A (A — A) rapidity distributions in hadron—nucleus and cant dip at central rapidity in the model without the new dia-
nucleus—nucleus collisions. These are the data on the ergrams is much less pronounced in the full model, however,
hanced baryon stopping mentioned already above. i)  the agreement to the data of Alber et al. (1998) is not perfect.
and A/A ratios in the central region of heavy ion collisions.
(iv) The production of hyperons and anti-hyperons in nuclear
collisions. We present here examples for (i), (i) and (ii). 3.3 Antibaryon/baryon ratios in nucleus—nucleus collisions
at RHIC energies

3.1 x4 distributions of leading protons
So far all experimental evidence for enhanced baryon stop-

In Fig. 2 we compare the distribution in the energy fraction ping results from SPS—experiments at energigg=200 A-

x1qp Carried by the leading proton. The data are photoproduc-GeV. For cosmic ray applications we have the important ques-
tion and DIS measurements from the HERA collidey/at~ tion: is the enhanced baryon stopping an effect acting only
200 GeV (Solano, 2000). The production of leading protonsat relatively low energies or is it independent from the colli-
in the proton fragmentation region is not expected to dependaion energy. First data from the RHIC accelerator for Au—Au
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Fig. 3. Net proton § — p) rapidity distribution in p—Au collisions.  Fig. 4. Net proton f — p) rapidity distribution in central S-S col-

The DPMJET-III results with and without (No Sto) the diquark lisions. The DPMJET-III results with and without (No Sto) the

breaking diagrams are compared with data (Alber et al., 1998).  diquark breaking diagrams are compared with data (Alber et al.,
1998).

collisions at,/s= 130 A GeV are important to answer this
question. the A/A ratio 0.72 for the 15 % most central collisions. In

Let us discuss RHIC—data on the average charged multiDbPMJET-III without the baryon stopping diagrams we find
plicity N, and the pseudorapidity plateau and preliminary for the 5 % most central collisions in the central rapydity re-
RHIC-data on antibaryon/baryon ratios. gion p/p=0.77-0.80 and\/A=0.92-0.94 fory,,,, = 0 — 0.4.

We have to discuss the average charged multiplidity This is clearly outside the RHIC—data. If we switch on the
and the pseudorapidity plateau in central Au-Au collisionsbaryon stopping diagrams with the same parameters as de-
mainly in order to prove that conventional multistring mod- scribed above, the stopping increases the proton and Lambda
els still work under the RHIC conditions. The first data on densities in the central region, the changes in the central an-
the central pseudorapidity plateau at RHIC came from thetiproton densities are rather unimportant, the changes in the
PHOBOS Collaboration (Bach et al., 2000¥N.x/dn,;—o= central anti—-Lambda densities are more important than for
555 +12(stat)-35(syst) for the 6% most central collisions. antiprotons but less important than for Lambdas. Conse-
The PHENIX Collaboration (Adcox et al., 2000) gave the quently thep/p andA/A ratios decrease. We find in the cen-
plateaud N, /dn,—o= 622 for the 1-5 % most central colli- tral region in the model with baryon stoppipfp=0.60-0.64
sions. Finally there is the preliminary result from PHOBOS andA/A=0.64-0.70, the range of the ratios given corresponds
(Roland, 2001)N,,=41004+ 410 for the 3% most central to calculations performed with some slightly different DPM-
collisions. DPMJET-III originally gave for central Au-Au JET parameters. This agrees rather well with the preliminary
collisions N, and the pseudorapidity plateau about 30 per-RHIC—data.
cent higher than the RHIC measurements. Shadowing cor- We conclude from this agreement: the baryon stopping
rections in dense nuclear matter are needed to correct thacts also at higher energy, therefore, we are encouraged to
model. At the moment we use a simple effective method touse the model with the baryon stopping diagrams also at cos-
obtain agreement with the RHIC measurements. The spacmic ray energies.
in this contribution does not allow a detailed comparison to
the RHIC data, we will discuss this comparison elsewhere.

We also plan to start more serious work on shadowing for4 Properties of the model at cosmic ray energies
DPMJET-III.

Let us turn tgp/p andA/A ratios. Preliminary data for Au— The presence of the new baryon stopping diagrams modifies
Au collisions aty/s = 130 A GeV were first presented at the also the extrapolation of multistring models to cosmic ray en-
Quark Matter Meeting 2001 by the BRAHMS Collaboration ergies. The energy fractions carried by baryons decrease rel-
(Bearden, 2001), the STAR Collaboration (Huang, 2001) andative to those predicted by models without the new diagrams.
the PHENIX Collaboration (Ohnishi, 2001). The particle ra- The energy fractions carried by mesons and the spectrum
tios are found to be nearly independent on the transverse maveighted moments of mesons increase as compared to mod-
mentum and on the centrality of the collision (only a slight els without the new diagrams. In the following we present
decrease of the ratios is found with the collision becomingmodel predictions for two important quantities calculated with

more central). In the central region (rapiditigs,s = 0—0.4)
and for central collisions thg/p ratio is found in the exper-

and without stopping diagrams. All plots are for p—p colli-
sions, the model behaves in a rather similar way also for p—air
iments to be 0.6 to 0.65. The STAR Collaboration gives for collisions. We first discuss plots, where the baryon stopping
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mechanism causes significant differences.

The cosmic ray spectrum-weighted moments are defined
as moments of;,; distribution for the production of sec-
ondary particles in hadron—hadron and hadron—nucleus col-
lisions

dN; -
Fi(xiap) = mlabM (1) e
as follows
1
fi= / (21ab)" " Fy (@100 d210p- 2
0

Here—~ ~ —1.7 is the power of the integral cosmic ray en-

ergy spectrum. The spectrum—weighted moments for nucleon—

air collisions, as discussed in Gaisser (1990), determine the
uncorrelated fluxes of energetic particles in the atmosphere.
We also introduce the energy fractiéf :

1
K; :/ Fi(21ap)dziap (3
0

As for x4, the upper limit forK is 1 in hadron-hadron and
hadron—nucleus collisions.
In Fig. 5 we present the spectrum weighted moments for
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Fig. 6. Laboratory energy fractions for net baryons (baryon minus
antibaryon)B — B production in p—p collisions as function of the
CMs energy/s.
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