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Search for fractionally charged nuclear fragments in relativistic heavy ion collisions
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We have investigated about 11 000 fragments with chargZ<610 produced by 200 GeV/nucleckS
projectiles and about 11 000 fragments with charg&&:10 produced by 10.6 GeV/nucled¥Au projectiles.
Charges were measured using stacks of CR-39 plastic nuclear track detector foils. By multiple measurements
on the surfaces of adjacent detector foils a charge resolution sufficient to identify fragment charty@s
could be achieved over a minimum track length of a few mm. We found no evidence for a fast fragment with
a charge differing from an integer by as much as 1/3.

PACS numbe): 25.75.Dw, 12.38.Qk, 21.65f, 24.85+p

I. INTRODUCTION Il. EXPERIMENTAL METHOD

. . . : Tracks of radiation damage are formed in CR-39 plastic
In theoretical considerations it has been speculated thq\t. L
oils by the ionization energy loss along the path of the pen-

QCD might be slightly broken, i.e., quarks could in principle - )
be unconfinedl1,2]. Within this framework it is assumed that etrating ions. These :[)racks canstz)e developed by etochmg. we
used &N NaOH at 70 °C for 24 it°“S beam and at 70 °C for

the production of free quarks in high energy particle interac- 197 . . .
tions, e.g.,[3.,4], is strongly suppressed, since the energy48 h (™A bearr)._ The size of_the cor_ucql shaped etch pits
which is put into the gluon field by the separation of thef"llong the tr_a_ck§ Increases \.N'th the lonization energy loss,
quarks is used for the creation of quark-antiquark pairs out oF€- for relativistic particles with their charge. V\(g restrict our
the vacuum. These combine with the separated quarks {yeasurement to the detector surface..Th_e position and size of
form particles with an integer charge. the mouth of the etch cones on all foil sides were measured

However, in nucleus-nucleus collisions it could be muchusing the Siegen automatic measuring sysféin Trajecto-
more likely to produce fractionally charged particles. Due tofies of the particles were reconstructed by tracing etch cones
a hypothetical reduction of the color field in nuclear matteralong the particle’s path across adjacent detector foil sur-
by polarization of the nucleons, it might be possible to sepafaCES. A charge calibration can be determined based on a
rate quarks and bind polarized nucleons without producindnistogram of measured etch cone areas. By multiple mea-
quarks out of the vacuum. As a consequence, fractionallgurements along a particle’s path a charge resolution which
charged fragments with high baryon numbers could be prowas sufficient for this experiment was achieved. For frag-
duced in high energy heavy ion collisions. It has been estiments of*2S with charge &Z=<10 the resolution is better
mated[1,2], that these quark-nuclear complex@3NC’s)  thano,=0.0% (minimum ten etch congsnd in the case of
could bind up to 20 nucleons and could have a mean frethe ®’Au projectiles it is better thanr,=0.06e for the short-
path which is reduced up to a factor of 2 in comparison toest tracks(minimum six etch congsand abouto,=0.002
that of normal nuclear fragments with the same mass. Ifor the longest tracksmaximum 240 etch congsFor our
these QNC’s are formed in high energy heavy ion collisions®’Au experiment, the charge distribution for tracks of ions
and their lifetime is not too short, they should be observablavith charges &Z=<79, which has been determined based on
as an admixture to the normal nuclear fragments. =20 etch cone measurements, is shown in Fig. 1.

The excellent charge resolution which can be achieved Our experiments were designed to look for candidates
with CR-39 track detectors allows one to perform experi-with different lifetimes. Upstream the beam a thick Pb target
ments to search for fractionally charged projectile fragments(2 cm for the®2S beam and 5.2 cm for tH&€’Au beam was
Negative results have been reported by Gerbtaal. [5] for ~ used for the production of fragments. Behind this target a
200 GeV/nucleort®0 projectiles and from our first experi- stack containing 60@m thick detector foils with an area of
ment with 14.5 and 200 GeV/nucledfO projectiles[6], by = 8x10 cnf has been installed to measure the charges of the
He and Pricd7] for 14.5 GeV/nucleorf®Si projectiles, and fast fragments produced in the Pb target. For'tHau beam
by Cecchiniet al. [8] for 200 GeV/nucleort?S projectiles the Pb target was put 50 cm in front of the stack to allow a
and 14.5 GeV/nucleoffSi and®0 projectiles. separation of light fragments emerging from the same inter-

Here we present results of additional experiments whictaction. This part of the experiment allowed us to look for
we have performed to continue the search from two points o€andidates with lifetimes greater than 1.7 (imme of flight
view. The first one was to extend the search at the highedtom the target to the detecjoThe downstream part of the
available energy to projectiles heavier than oxygen, i.e., usstack contained alternating CR-39 foils and 208 thick Ag
ing the 200 GeV/nucleor’S beam at CERN. The second foils. This allowed us to study fragments with short lifetimes
was to extend the search towards heavier projectiles avaibf about 6.7 ps produced either in the deteci@gH;50;)
able at high energy, i.e., the 10.5 GeV/nuclédfu projec- or in the Ag foils. The total length of the detector stack
tiles at the Brookhaven Alternating Gradient Synchrotroncontaining the Ag foils was 13.5 c¢m for th8S beam and
(AGS). 14.5 cm for the'®*’Au beam.
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10 5 nucleon®’Au beam(tracks of=20 etch cones
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Il RESULTS determined based on a simple geometric picture as described

We found a few candidates which deviated from an inte—by Nagamiya and Gyulassjl0]. Separating quarks and

gral charge number by more than €.However, they all had t.’i”ding_ polarized nucleons requires_ a m‘”‘“?“m. volume
to be excluded after a careful reanalysis. These events typEl_lled with nuclear matter gnq a certain formation time. An
cally were caused by systematic errors of the measured etdicréased number of participant nucleons leads to a pro-
cone area in cases where the paths of two particles canj@nged compression phase. This could significantly enhance
close to each other. Another few tracks were attributed to H&€ production probability of fractionally charged fragments.
particles with low velocities. For these particles the energy At a confidence level of 95% we find the probability that
loss (and etch cone sizdéncreases along their path. There- an analyzed fragment with chargesB=<10 is nonintegrally
fore the averaged energy loss deviates from that of a relatieharged to be 161072 for collisions of*’S with Pb(mean
istic particle with an integral charge. So we must concludevalue of 13.5 projectile participantsit 200 GeV/nucleon.
that we have observed no projectile fragment with noninteFor collisions of'®’Au with Pb (mean value of 50 projectile
gral charge in either of our experiments. participanty at 10.6 GeV/nucleon this probability is
We restrict our further analysis to fragments witks10  6.2x10 “. Furthermore, we analyzed fragments with charge
observed in the experiments, since as mentioned abov@<Z<10 produced in interactions of projectiles and projec-
QNC'’s are expected with a maximum number of about 2Qile fragments in the Ag target foils or in the detector mate-
nucleons, if they exist at all. In Table | we present the con-ial. For the 8800 fragments of tH8S experiment the prob-
ditions and results of our experiments in comparison to earability that a fragment is nonintegrally charged is:810*.
lier ones. In the third column the mean number of projectileFor the °’Au experiment with 6000 fragments we get a
nucleons participating in the collision is given for different probability of 5.0<10°%.
combinations of projectiles and targets. These numbers were It should be mentioned that these probabilities are not the

TABLE |. Summary of existing experiments in the search for fractionally charged particles in relativistic heavy ion collisions. The
160+Pb experiments includ2=8 fragments from collisions with neutron loss with a number estimated based on target thickness and
interaction cross sections. For the experiments of Ceceéhial. [8] the number of fragments witd<10 was estimated based on charge
distributions or measured cross sections given in their paper. In column 3 the mean number of projectile (Ralgoparticipating in the
collision is given. Column 4 shows the thickness of the target used. Column 5 gives the minimum lifgiinoé fractionally charged
particles to be detectable. The number of interacting beam patrticles, estimated with experimental total interaction cross sections, is presented
in column 6.Z,,, is the lowest detectable charge. In column 8 the numbers of analyzed particles with cha@ese given. Column 9
shows the probability that an analyzed fragment vidith,<Z=<10 is nonintegrally charged at a confidence level of 95%.

Energy Target timin No. of Total no. Prob.
(GeV/nucleon Collisions (Part) (cm) (ns int. proj. Zin Znin<Z<10 (1079 Ref.

200.0 160+Pb 7.9 9.9 0.011 30000 6 5400 5.6 (5]
14.5 160+ Pb 7.9 15.0 0.010 113 000 6 11 866 25 (6]

200.0 160+ Pb 7.9 15.0 0.010 139 500 5 16 116 1.9 (6]
14.5 2si+Cu 9.0 1.0 0.007 11 700 8 1651 18.0 [7]
145 285i+Pb 12.2 1.6 0.007 18 200 8 2735 11.0 [7]
16.0 %0+cCu 6.0 1.4 0.023 17 000 6 4500 6.7 (8]
14.5 2si+Cu 9.0 1.4 0.023 23000 7 4000 7.5 [8]

200.0 %25+ Cu 9.9 1.4 0.023 10 000 6 1700 18.0 [8]

200.0 325+pPb 13.5 2.0 0.010 24 300 7 1900 15.8 This paper
10.6 97Au+Pb 50.0 5.2 1.667 16 000 6 4850 6.2 This paper
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= 0.00025 FIG. 2. Dependence of the upper limit for the

production probabilityp of fractionally charged
particles at a confidence level of 95% on the in-
teraction cross section and lifetime in cases
where no fractionally charged object could be
seen. The decay mean free patf is plotted
versus the interaction mean free path with the
production probability p as a parametern(p
=0.000 25, 0.001, 0.01, 0.1, and fbr the con-

o 4 o = o1 ditions of our*®’Au experiment.
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upper limits for the production probability of fractionally The number of QNC's entering our detector behind
charged fragments, as stated[in8]. To determine upper x,=50 cm of air is determined by

limits for the production probability one must know the num- N

ber of interacting projectiles in the targeolumn 6 of Table Nonc(X1,X2) =Nonc(Xg) e "2 e

!) as well as the probability that a produced QNC survives In our experiment, where we have observed no fraction-
and can be measured in the track detectors. The surviv%I” char edp article ’a confidence level of 95% would allow
probability depends on the interaction cross sections and Iifef— yth 9 tpl S’ it 23 InFi
times of the hypothetical QNC’s. So the number given b or three particles. So we must takyc(x1,Xp) =3. In Fig.

y < _
Gerbieret al. [5] is only the upper limit for the production 2 we have plotted curves foNgne=3 and p=0.000 25,

o : : 0.001, 0.01, 0.1, and 1.0 as a function\gf; and \yec. For
probability of fractionally charged fragments in the case tha;he example of a stable QNQ.y.==) having \y,=4 cm

each QNC produced in the target can be seen in the detector. . . .
For oSr exgeriment with 10.GQGeV/nucIedﬁ7Au ona pp \apout half the interaction mean free pathlﬁ_D in P we
target, with about 16 000 interactifg’Au projectiles, this 9t ab8u1p=0.0Q04. For the same particle with a mean life-
value is 3/16 008:1.875<10 “ at a confidence level of 95%. time r=1.83 ns in .the Iaborato_ry syste(decay mean free
For the more realistic assumption that the survival probabiI-2;:’“hi\‘(’)eco_oi5 cm, with5~1) we find forA;y,=4 cm the value
ity for the QNC’s would be less than 1 in our experiment, p=u. '

this upper limit for the production probability is larger.

Assuming an interaction mean free patl and a decay IV. CONCLUSION
mean free patfyy. We can calculate the number of QNC's ) )
leaving the Pb targethicknessx;=5.2 cm: We have extended the search for QNC’s to interactions

with an increased mean number of participating nucleons.

No fractionally charged particle was detected. We can ex-

clude the production of exotic configurations like quark-

nuclear complexes with high reliability, if they have lifetimes

where greater than a few ns and interaction cross sections similar to
those of normal nuclei.
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