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es117312, Mos
ow, RussiaRe
eived May 11, 2007The re
ently observed 
orrelation between HiRes stereo 
osmi
 ray events with energies E � 1019 eV and BLLa
ertae obje
ts o

urs at an angle that strongly suggests that the primary parti
les are neutral. We analyzewhether this 
orrelation, if not a statisti
al �u
tuation, 
an be explained within the Standard Model, i. e., as-suming only known parti
les and intera
tions. We have not found a plausible pro
ess that 
an a

ount forthese 
orrelations. The me
hanism that 
omes 
losest � the 
onversion of protons into neutrons in the IRba
kground of our Galaxy � still under-produ
es the required �ux of neutral parti
les by about two orders ofmagnitude. The situation is di�erent at E � 1020 eV, where the �ux of 
osmi
 rays at Earth may 
ontain upto a few per
ent of neutrons, indi
ating their extragala
ti
 sour
es.PACS: 98.70.Sa, 98.35.-a, 14.80.-j1. INTRODUCTIONIt has been observed re
ently that various ultrahigh-energy 
osmi
-ray (UHECR) data sets exhibit 
orrela-tions with the BL La
ertae obje
ts (BL La
) at di�er-ent levels of signi�
an
e [1, 2℄. The HiRes stereo datawith the unpre
edented angular resolution near 0:6Æ ap-peared re
ently. This dataset shows 
orrelations withBL La
s at the angular s
ale 
ompatible with the an-gular resolution. The statisti
al signi�
an
e of the 
or-relation is estimated to be of the order of 10�4 (eleven
oin
iden
es observed at about 3 expe
ted in the ab-sen
e of 
orrelations) [3, 4℄. The absen
e of adjustable
uts makes it straightforward, for the �rst time, to pre-di
t the signal that should be observed in the futuredata sets if BL La
s are sour
es of the ultrahigh-energy
osmi
 rays [5℄.The most striking feature of the 
orrelation foundin the HiRes data is that it o

urs at an angle mu
hsmaller than the typi
al de�e
tion of a proton of the*E-mail: tka
hev�ms2.inr.a
.ru


orresponding energy in the Gala
ti
 magneti
 �eld(GMF). The purpose of this paper is to investigatewhether the existen
e of su
h 
orrelations 
an be ex-plained within the Standard Model, i. e., assuming onlyknown parti
les and intera
tions. We argue that thisis extremely unlikely, if not impossible.To pro
eed with the argument, we need to makeseveral assumptions. Although these assumptions areplausible, they may not be valid. If this be the 
ase,the results of our analysis should be re
onsidered.The assumptions are as follows.1) The fra
tion of 
orrelating events at energyE > 1019 eV is larger than 1%.2) The GMF around the Earth lo
ation has a 
oher-ent 
omponent with the strength of the order of 2�3 �G.3) The distan
es to BL La
s that are 
ounterparts(sour
es) of 
orrelating events are larger than 100Mp
.The validity of assumption 1 was dis
ussed in detailin Ref. [5℄. We note that it is impli
itly assumed therethat energies of 
osmi
 rays are measured 
orre
tly.Assumption 2 involves the widely a

epted value of556
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inity of Earth (see, e. g., Refs. [6℄for re
ent reviews). The pre
ise magnitude of the GMFis not important for the argument; its variations by afa
tor of 2 to 3 would not 
hange our 
on
lusions.Finally, assumption 3 is needed be
ause some of theBL La
s that 
ontribute to 
orrelations have unknownred shifts. It is usually expe
ted that these red shiftsex
eed 0.1�0.2.Given assumptions 1�3, the argument pro
eeds asfollows. The de�e
tion of a E = 1020 eV proton in the2-�G 
oherent �eld extending over 1 kp
 is 1Æ. Mostof the events, however, have mu
h lower energies (forthe events of energies E > 1019 eV with the spe
trumde
reasing as 1=E3, the median energy is 1:5 �1019 eV).Sin
e the 
orrelating events follow the same distribu-tion [4℄, their typi
al de�e
tions are more than 7Æ. The
orrelation with the sour
es is therefore destroyed. Atsu
h a small angular s
ale as observed, the 
orrelations
an survive in the following 
ases only.1) There exist �windows� in the GMF with a verylow value of the 
oherent 
omponent.2) A fra
tion of primary parti
les (primaries) is neu-tral.3) A fra
tion of primaries is 
onverted to neutralparti
les before entering the GMF, i. e., at least 1 kp
from Earth (assuming the GMF does not extend fur-ther than 1 kp
 from the disk).We 
onsider these three possibilities in Se
s. 2�5.We limit ourselves to me
hanisms based on parti
lesand intera
tions existing in the Standard Model. Weshow that none of su
h me
hanisms 
an explain theobserved 
orrelation, unless very unlikely assumptionsare made. In Se
. 6, we summarize the arguments andpresent the 
on
lusions.2. MAGNETIC FIELDS2.1. Gala
ti
 magneti
 �eldThe GMF 
onsists of two 
omponents, the 
oherentand the turbulent one. The existen
e of the 
oherent
omponent is the main reason why the UHECR�BLLa
s 
orrelations at E � 1019 eV 
annot be explainedby protons. In models that are 
urrently in use, the
oherent GMF extends to the whole Galaxy, being de-s
ribed by a simple analyti
 fun
tion. But su
h a pi
-ture is probably an oversimpli�
ation. Observationally,there are many anomalies and features in the GMF.It is not totally ex
luded that the 
oherent 
ompo-nent is �pat
hy�. In other words, there may exist win-dows where the 
oherent 
omponent is negligible. In

this 
ase, the ultrahigh-energy protons may 
ross theGMF unde�e
ted when they 
ome from the dire
tionsof these windows. One may thus try to explain the ob-served 
orrelations by the existen
e of su
h windows.For this me
hanism to work, the random 
ompo-nent of the GMF in windows also has to satisfy somerequirements. The de�e
tion of protons in the random�eld is estimated asÆr = 0:5Æ 1019 eVE Br4 �Gs D1 kp
s L
1 p
 ; (1)where E is the energy of proton, Br and L
 are respe
-tively the rms value and the 
oheren
e length of therandom magneti
 �eld, and D is the propagation dis-tan
e. This de�e
tion has to be (mu
h) smaller than0:5Æ.The 
oheren
e length L
 is the most un
ertain ofthe above parameters. Quite often, a large values ofL
 up to L
 � 50 p
 are assumed. On the 
ontrary, inthose regions of the sky where the spe
trum of the mag-neti
 �eld �u
tuations was measured, L
 turns out tobe small [7℄. For instan
e, the linearly polarized 
ontin-uum emission was studied in Ref. [8℄ in the test regionnear the Gala
ti
 plane 
overing the range of the Gala
-ti
 
oordinates 325:5Æ < l < 332:5Æ, �0:5Æ < b < 3:5Æ.Polarized emission was found to originate mainly at thedistan
e about 3.5 kp
. Interestingly, two large areasof a few square degrees ea
h were found to be devoid ofpolarization. It was argued that these voids were pro-du
ed by the foreground in whi
h the magneti
 �eld isdisordered, with the 
oheren
e length being L
 � 0:1�0.2 p
. In these voids, the proje
tion of the 
oherent
omponent of the magneti
 �eld on the line of sight wasfound to be less than 0.15 of the rms value of the ran-dom �eld strength. In the rest of the test region, i. e.,outside the voids, the 
oheren
e length is mu
h larger,but still the outer s
ale of turbulen
e did not ex
eed2 p
 [9℄. Thus, the existen
e of regions with Ær < 0:5Ædoes not seem impossible.This me
hanism has a spe
i�
 signature that isstraightforward to test. If there exist windows witha small 
oherent 
omponent of the GMF, the Fara-day rotation measures must also be small in these win-dows. In other words, the Faraday rotations in the di-re
tions of 
orrelating UHECR events must be anoma-lously small. This may be tested statisti
ally by 
om-paring the distribution of Faraday rotations in the di-re
tion of 
orrelating events with the distribution ofFaraday rotations in random dire
tions sele
ted in a
-
ordan
e with the distribution of BL La
s and all 
os-557
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 ray events1). We have performed this test with theexisting data and found that the two distributions areindeed di�erent (Faraday rotations in the dire
tions se-le
ted with real data are anomalously small) with thesigni�
an
e of approximately 4% a

ording to the Kol-mogorov � Smirnov test. This is not a very signi�
antdeviation. The result demonstrates, however, that themethod may work quite well with the future larger datasets.Although the existen
e of windows in the 
oherent
omponent of the GMF goes against the standard lore,a mu
h better understanding of the GMF is requiredto de�nitely rule it out.2.2. Extragala
ti
 magneti
 �eldsFor the me
hanism outlined above to work, the ex-tragala
ti
 magneti
 �elds (EGMFs) have to satisfy 
er-tain requirements (whi
h also apply to the s
enarios
onsidered in Se
. 4). The EGMFs are not measured.Computer simulations indi
ate [10, 11℄ that the mag-neti
 �eld strength in voids between 
lusters 
an bevery small, Br < 10�12 G, while the 
oheren
e length
an easily be signi�
antly smaller than 1 Mp
. Equa-tion (1) then shows that de�e
tions in the voids are neg-ligible. It is interesting to note that EGMFs with su
ha small magnitude are in prin
iple measurable in obser-vations of TeV gamma rays from distant blazars [12℄.The strength of the �eld in �laments is larger. Butthe probability to 
ross many �laments is small andregions with small de�e
tions 
an o

upy rather largefra
tion of the sky area [10, 11℄ (however, see [13℄).Overall, the model where the EGMFs are su�
ientlysmall and do not spoil 
orrelations is 
urrently a

ept-able. 3. NEUTRAL PRIMARIESAmong the known neutral parti
les, neutrino, pho-ton, and atoms are su�
iently stable to propagate overextragala
ti
 distan
es. In this se
tion, we dis
uss thepossibility to explain 
orrelations by assuming that pri-mary 
osmi
 rays are 
omposed of these parti
les.Both neutrinos and photons initiate air showersdeeper in the atmosphere than the hadroni
 primaryparti
les. Therefore, these models 
an be falsi�ed withthe already existing data, e. g., by 
omparing the Xmax1) One may 
onstru
t this set by 
hoosing the dire
tions toBL La
s 
orrelating with the Monte-Carlo simulated 
osmi
 rayevents. In this way the distributions of both BL La
s and the
osmi
 ray events are taken into a

ount.

distributions of the 
orrelating events with that of thewhole set. Sin
e the 
orresponding data are still unpub-lished, we brie�y dis
uss the models based on neutrinoand photon and show that they have di�
ulties per se,even without referring to Xmax distributions.3.1. NeutrinosAt E & 1019 eV, the 
ross se
tion of the neutrinointera
tion with protons is smaller by a fa
tor of about3 � 10�7 than the pp 
ross se
tion [14℄. Therefore,the opti
al depth of the atmosphere for neutrinos is3 � 10�5. On the other hand, at this energy, the neu-trino �ux 
annot ex
eed the �ux of hadroni
 
osmi
rays by more than a fa
tor of 50 [15℄. It follows that atmost (a few)�10�4 of all 
osmi
 ray events 
an be due toneutrinos. This is more than a fa
tor of 10 lower thanneeded to explain 
orrelations. Thus, neutrino with thestandard weak intera
tions 
annot explain 
orrelationsobserved in the HiRes data set.A �genuine� (hypotheti
al) neutrino me
hanismwould involve strong neutrino intera
tions with the at-mosphere at high energies [16℄. Be
ause su
h behavioris not part of the Standard Model, the 
orrespondingspe
ulations fall outside the s
ope of the present paper.Another possibility existing within the minimal ex-tention of the Standard Model by nonzero neutrinomasses, the Z-burst me
hanism [17℄, requires an un-naturally large �ux of neutrinos at E > 1022 eV, whi
his in 
on�i
t with the limits on neutrino �ux from ra-dio experiments [18℄. The parti
les observed on theearth in a

ordan
e with this me
hanism are mostlyphotons produ
ed in the intera
tions of the ultrahigh-energy neutrinos with the 
osmologi
al neutrino ba
k-ground on their way to Earth. Low radio ba
kgroundand small values of the EGMF are required to avoida 
on�i
t with the upper bound on the di�use �ux ofgamma rays [19℄. 3.2. PhotonsA set of 
onditions under whi
h the ultrahigh-energy photons 
an rea
h Earth from BL La
s was 
on-sidered in Ref. [20℄. On their way, the photons inter-a
t with the 
osmi
 mi
rowave ba
kground radiation(CMBR) and radio-ba
kground photons and produ
ee+e� pairs, one of these parti
les typi
ally 
arryingmost of the energy. These leading parti
les in turnCompton up-s
atter CMBR photons to the energy al-most equal to the energy of the original photon. Thispro
ess is usually referred to as the ele
tromagneti

as
ade. The developing ele
tromagneti
 
as
ade 
an558
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h Earth from several hundred megaparse
s with theenergy E � 1019 eV if the following 
onditions are sat-is�ed:a) the radio ba
kground is small, smaller than thetheoreti
ally expe
ted value;b) the inje
tion spe
trum proportional to E�� ishard, � . 1:5;
) the maximum energy of photons at the sour
erea
hes 1023 eV;d) the EGMFs are small, B < 10�12 G;e) the sour
es are predominantly photoni
,L
=Lp & 102, where L
 and Lp are the photon andproton luminosity of the sour
e.These 
onditions impose extreme requirements onthe astrophysi
al sites where su
h photons 
an be pro-du
ed. There are no 
andidates known that 
ould sat-isfy these requirements.3.3. AtomsIn prin
iple, it may happen that a proton produ
esan e+e� pair in the 
osmologi
al radiation �eld and�dresses� itself with an ele
tron, forming a hydrogenatom and emitting a free positron. The di�erential
ross se
tion of ele
tromagneti
 pair produ
tion by asingle photon in the Coulomb �eld of a nu
leus with thesubsequent 
apture of an ele
tron is estimated as [21℄d�dEp = 4��6Z5m2e 1Ep ;where Z is the ele
tri
 
harge of the ion, � is the �ne-stru
ture 
onstant, and the positron energy Ep is sup-posed to be mu
h larger thanme. Multiplying the 
rossse
tion integrated over energy by the density of theCMBR photons, we estimate the rate of the formationof hydrogen atoms, Z = 1, asRform � 10�5 Mp
�1:The de
ay rate (ionization on the CMBR) is estimatedin the standard way by using the Klein �Nishina 
rossse
tion. We �ndRde
ay � 100 Mp
�1:Thus, the fra
tion of neutral parti
les (atoms) pro-du
ed by this me
hanism is of the order of 10�7, whi
his too small to explain 
orrelations.As a side remark, we note that for heavy nu
lei,the rates of radiative 
apture and ionization are 
om-parable when Z � 25. This 
orresponds to the typi-
al equilibrium 
harge of a heavy ion (iron or heavier)propagating in the CMBR.

4. CONVERSION TO NEUTRONS IN ORNEAR THE GALAXYTo be able to �y over 1 kp
 (the thi
kness of theGMF), a neutral parti
le 
reated at the outskirts ofthe Galaxy has to be su�
iently stable. At the energy1019 eV, this implies�0 > 10 s m1 GeV 1019 eVEfor the rest-frame lifetime, where E and m are the en-ergy and the mass of the parti
le. Among the knownparti
les that we have not yet dis
ussed, only neutronssatisfy this requirement. In this se
tion, we 
onsidervarious me
hanisms of neutron 
reation in or near theGalaxy.There are several ways to produ
e neutrons in theStandard Model: photodisintegration of nu
lei, pho-toprodu
tion on ba
kground photons by protons, and
reation in pp rea
tions and in the inverse �-de
ay onba
kground neutrinos or photons. We 
onsider theseme
hanisms in turn and argue that none of them 
anprodu
e a su�
ient fra
tion of neutrons in the 
osmi
ray �ux.4.1. Inverse �-de
ay on ba
kground neutrinosThe simplest of the above me
hanisms is the inverse�-de
ay p + �� ! n + e+. The 
ross se
tion of this re-a
tion is [22℄�(p�� ! ne+) � 1�G2F (g2V + 3g2A)E2;where g2V + 3g2A � 5:7 and E is the neutrino energy inthe proton rest frame. When E rea
hes approximately1 GeV, the 
ross se
tion levels out and stabilizes at thevalue �max � 10�14 b. With this maximum value takenfor the estimate, the rate of the 
onversion isRmax � 4 � 10�12 Mp
�1: (2)Thus, these pro
esses are totally negligible.4.2. Creation of neutrons in radiation �eldsThe pro
ess of 
reation of neutrons in intera
tionsof the 
osmi
-ray primaries with the ba
kground pho-tons produ
es the largest 
ontribution, and we there-fore 
onsider it in greatest detail.559
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hev ÆÝÒÔ, òîì 133, âûï. 3, 20084.2.1. Gala
ti
 and extragala
ti
 radiation�elds and rea
tion ratesIn the laboratory frame, the rate of rea
tions withthe photon ba
kground is given by the standard expres-sion R = Z d3p n(p)(1� v 
os �)�(~!); (3)where p is the photon momentum, n(p) is the photondensity in the laboratory frame, �(~!) is the 
ross se
-tion of the relevant rea
tion in the rest frame of theprimary parti
le as a fun
tion of the energy of the in-
ident photon ~! = 
p(1 � v 
os �), 
 is the gamma-fa
tor of the primary parti
le in the laboratory frame,and v is its speed in the units of the speed of light(
 = 1=p1� v2). We assume 
 � 1 in what follows.In the 
ase of an isotropi
 ba
kground, this expres-sion 
an be simpli�ed. Integrating over angles, we �ndR(
) = 2�
2 1Z0 dp n(p) 2
pZ0 d! !�(!): (4)For bla
k-body radiation with a temperature T , wehave n(p) = nT (p) � 2(2�)3 1ep=T � 1 : (5)This gives the answer in the 
ase of the CMBR. Otherba
kgrounds, Gala
ti
 and extragala
ti
, are usually
hara
terized in the literature by the spe
tral energydistribution I(�; i) (energy per unit frequen
y per unitsolid angle), whi
h is in turn usually expressed in termsof the Plan
k fun
tion B�(T ) and emissivity �I(�; i) = �(�; i)B�(T ): (6)Here, i is the line-of-sight unit ve
tor. For bla
k-bodyradiation, �(�; i) = 1. The Plan
k fun
tion, written asa fun
tion of the photon momentum p = 2��, takes theform Bp(T ) = p3nT (p): (7)Therefore, the photon number density for the ba
k-ground with the known emissivity is given byn(p) = �(p=2�)nT (p): (8)In what follows, we are interested in the Gala
-ti
 and extragala
ti
 far-infrared ba
kgrounds (FIRB)(see [23℄ for a re
ent review). A

ording to Ref. [24℄, theisotropi
 extragala
ti
 FIRB 
an be parameterized by�(p) = 1:3 � 10�5 (p=p0)0:64; (9)

where p0 = 144 K (whi
h 
orresponds to �0 == 100 
m�1), while the temperature parameter innT (p) 
orresponds to T = 18:5 K.The Gala
ti
 FIRB has been measured byCOBE/DIRBE. The spe
tral energy density I(�; i) asa fun
tion of gala
ti
 
oordinates 
an be downloadedfrom [25℄. The radiation is dominated by the Gala
ti
plane, where the Gala
ti
 bulge is by far the brightestregion. This radiation �eld 
an be approximated by apoint sour
e in the Gala
ti
 
enter. We have veri�edthat this approximation gives a good agreement withthe exa
t 
al
ulations for 
osmi
 ray traje
tories thatdo not pass 
lose to the Gala
ti
 
enter.A

ording to [26℄, the averaged spe
tral propertiesof the Gala
ti
 FIRB 
an be des
ribed by nT (p) withT = 20:4 K and �(p) / p2. In what follows, we there-fore use �(p) = I0r2 p2 Æ(n� n0) (10)for the Gala
ti
 FIRB, where I0 is the normalizationfa
tor, n = p=p, n0 is the unit ve
tor in the dire
tionfrom the Gala
ti
 
enter, and r is the distan
e to theGala
ti
 
enter. The 
onstant I0 
an be found by nor-malizing the total luminosity within the Sun orbit tothe measured value LG = 1:8 �1010L� � 7 �1036 W [26℄,where L� is the Sun luminosity. We thus �ndI0 = 63LG8�4T 6 :The rea
tion rate in Eq. (3) 
an then be expressedasR(
; r; �) = 12664�7 LGT 6r2 (1� 
os �)�� 1Z0 dp p4�(~!)exp(p=T )� 1 ; (11)where ~! = 
p(1 � 
os �) for an ultrarelativisti
 in
i-dent parti
le and � is the 
ollision angle between the
osmi
-ray primary and the ba
kground photon.4.2.2. Conversion in the extragala
ti
 spa
eThe fra
tion of neutrons 
reated over the distan
e dlis Rdl. Due to the �nite neutron lifetime, the fra
tionof neutrons that rea
h the Solar system is given byF (
) = R 1Z0 e�l=�dl = R�; (12)where R is given by Eq. (4) and560
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CBR

10 100
=10910�510�410�310�210�1F
Galaxy1The fra
tion F of neutrons produ
ed per one in
identparti
le (solid lines) in the rea
tions 4He+
 ! 3He+n(left 
urve) and p+ 
 ! n + �+ (right 
urve) on theba
kground radiation �elds as a fun
tion of the 
-fa
-tor of the in
ident parti
le. Dotted and dash-dottedlines respe
tively show 
ontributions of the extragala
-ti
 (CBR) and Gala
ti
 ba
kgrounds� = 0:86 
1011 Mp
is the mean propagation distan
e of the free neutron.The fun
tion F (
) is shown in Figure by dottedlines for the two rea
tions, the pion photoprodu
tionp + 
 ! n + �+ and the rea
tion of nu
lear photodis-so
iation 4He + 
 ! 3He + n. In these 
al
ulations,the experimentally measured 
ross se
tions of the 
or-responding rea
tions were used [27, 28℄.4.2.3. Conversion in the Gala
ti
 infraredradiation �eldIn this 
ase, the number of neutrons produ
ed perone in
ident parti
le is determined by the rea
tion rate(11) integrated along the parti
le traje
tory,F (
;  ) = 1Z0 dl R(
; r; �) e�l=�; (13)where l is the distan
e from the Sun along the traje
-tory and r is the distan
e from the 
urrent point tothe Gala
ti
 
enter. In the 
ase where the radiation�eld is approximated by a single sour
e in the Gala
ti

enter, the parti
le traje
tory is 
ompletely 
hara
ter-ized by the angle  that it forms with the dire
tionto the Gala
ti
 anti
enter ( = � 
orresponds to thetraje
tory that passes through the Gala
ti
 
enter). Interms of this angle, the distan
e r entering Eq. (13) isgiven by r =pD2 + l2 + 2Dl 
os 

and the 
ollision angle � is
os � = �D 
os + lr ;where D � 8 kp
 is the distan
e from the Sun to theGala
ti
 
enter.The Gala
ti
 
ontribution F (
;  ) to the fra
tion ofthe produ
ed neutrons in the 
ase  = 90Æ is shownin Figure by the dash-dotted lines for the rea
tionsp+
 ! n+�+ and 4He+
 ! 3He+n. Here, we haveagain used the 
ross se
tions measured experimentally.As far as the 
orrelations observed in the HiResdata at E > 1019 eV are 
on
erned, the relevant rangeof the 
-fa
tors is (1�2) � 1010. In this range, the rea
-tion 4He+
 ! 3He+n is irrelevant for distant sour
es.Indeed, in the 
ase of 4He, these 
-fa
tors 
orrespondto energies (4�8) � 1019 eV. The helium nu
lei of su
henergies do not propagate over several hundred mega-parse
s [29℄, and therefore 
annot be present in the
osmi
 ray �ux 
oming from BL La
s. The other rea
-tion, p+ 
 ! n + �+, produ
es a fra
tion of neutronsat the level of (a few) � 10�4 (see Figure), whi
h is notsu�
ient to explain 
orrelations by almost two ordersof magnitude.4.3. Neutron produ
tion in 
ollisions withinterstellar matterNeutrons 
an be produ
ed in 
ollisions of hadroni
primaries with the interstellar gas in the Galaxy. The
onversion probability is given by the opti
al depth� = N�g , where N is the 
olumn density of the inter-vening interstellar gas in a given dire
tion and �g is theintera
tion 
ross se
tion. To explain 
orrelations [3, 4℄,� & 10�2 is required.A typi
al value of the HI (neutral hydrogen) 
olumndensity in dire
tions of the Gala
ti
 poles is NHI �� 1020 
m�2 [30℄. Using the value of the total pp 
rossse
tion at relevant energies, �pp � 100 mb = 10�25 
m2as an upper limit for �g , we �nd �pp � 10�5, whi
h istoo small to produ
e the required fra
tion of neutrons.The argument 
an be rephrased in a di�erent way.We may assume that a mass fra
tion � of the Gala
ti
halo 
onsists of baryons in
luding nu
lei, neutral gas,ionized gas, and possibly dark baryons. The 
olumnmass density of matter in the dire
tion of the Gala
ti
anti
enter, as dedu
ed from the Milky Way rotational
urve, is of the order of 1022 GeV 
m�2 [31℄, and there-fore the 
olumn density of baryons is of the order of� � 1022 
m�2. To reprodu
e the required rate of pn
onversions, we would need a fra
tion � & 10, whi
h is
learly impossible.6 ÆÝÒÔ, âûï. 3 561



P. G. Tinyakov, I. I. Tka
hev ÆÝÒÔ, òîì 133, âûï. 3, 2008As a side remark, we note that neutrons 
an in prin-
iple be produ
ed in the intera
tions of primary protonswith a nonbaryoni
 dark matter in the Gala
ti
 halo.Parameterizing the relevant 
ross se
tion in the energyrange of interest as � � E�20 and using the matter 
ol-umn density of the Gala
ti
 halo 
ited above, we �nd�pDM � 10�2�1 TeVE0 �2 1 eVmDM ;where mDM is the mass of the dark-matter parti
le.Among the s
enarios involving new physi
s, this onehas several advantages. It automati
ally provides anormal shower development in the atmosphere (
on-trary to the models with new parti
les as neutral mes-sengers [32, 33℄) and avoids the problem of messengerprodu
tion in the a
tive Gala
ti
 nu
lei [34℄. In ad-dition, we know from pre
ision 
osmologi
al data thatthe non-baryoni
 dark matter must exist. Correlationsin this s
enario should dissappear at E . 1017 eV dueto the �nal lifetime of the neutron. We also note thatthe existen
e of the Greisen � Zatsepin �Kuzmin 
ut-o� [35, 36℄ in the 
osmi
 ray spe
trum should be ex-pe
ted in this model.5. CONCLUSIONSIn this paper, we have 
onsidered di�erent me
ha-nisms that 
ould potentially explain the observed 
or-relations of the 
osmi
-ray events with BL La
s at theenergy E � 1019 eV and the angle near 0:6Æ 
oin
i-dent with the angular resolution of the HiRes exper-iment. We found that the me
hanisms that assumeonly known parti
les and intera
tions under-produ
ethe �ux of neutral parti
les needed to explain these
orrelations by at least two orders of magnitude.There remains a possibility of an astrophysi
al so-lution, whi
h is related to our insu�
ient knowledge ofthe GMF. The observed tight 
orrelations 
an poten-tially be explained if there exist windows in the GMFwith a very low value of the 
oherent 
omponent of the�eld and a small 
oheren
e length of the turbulent 
om-ponent. Although this possibility is exoti
, it 
annot beex
luded at present.The me
hanisms dis
ussed in this paper are basedon the known physi
s, i. e., they 
ertainly operate inNature provided the 
osmi
-ray �ux 
ontains lightnu
lei or protons. One of these me
hanisms, the 
on-version of protons to neutrons, implies that at energiesaround 1020 eV, a few per
ent of the ultrahigh-energyprotons (
f. Figure) are 
onverted into neutrons and
ross the GMF unde�e
ted. Therefore, if the 
osmi


rays with the energy around the Greisen � Zatsepin �Kuzmin 
uto� are protons, there must be a few-per
entfra
tion of them that point ba
k to the sour
es withthe a

ura
y better than a fra
tion of a degree, if theEGMFs are small. With a large statisti
s, this mayallow measuring the GMF and EGMFs separately andverifying the 
hemi
al 
omposition of UHECR by anindependent method.We are grateful to A. Kashlinsky, V. Kuzmin, D. Se-mikoz, G. Thompson, and T. Weiler for valuable 
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