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THE HAWKING RADIATION FROM RELICS
OF THE QCD PHASE TRANSITION — STRANGE
QUARK NUGGETS, PRIMORDIAL BLACK HOLES

AND WHITE HOLES
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It is entirely plausible that during the primordial quark—hadron phase transition,
microseconds after the Big Bang, the Universe may experience supercooling
accompanied by mini-inflation leading to a first-order phase transition from quarks
to hadrons. The relics, in the form of quark nuggets, with baryon number beyond
a critical value have survived the evolution of the Universe. The quark nuggets are
candidates of strange quark matter. It is conjectured that colour confinement turns
the physical vacuum to an event horizon for quarks and gluons. The horizon can
be crossed only by quantum tunnelling. The process just mentioned is the QCD
counterpart of the Hawking radiation from gravitational black holes. Tunnelling
of neutrons from the nuggets is equivalent to the Hawking radiation from the
gravitational black hole. Thus, when the Hawking temperature of the quark nuggets
gets turned off, tunnelling will stop and the nuggets will survive forever. The baryon
number and the mass of these nuggets are derived using this theoretical format. The
results agree well with the prediction using other phenomenological models. Further,
the variation of the Hawking temperature as a function of baryon number and mass
of the nuggets mimics chiral phase transition, somewhat similar to the QCD phase
transition. Finally, the strange quark nuggets may well be the candidates of baryonic
dark matter.

BrionHe mpaBnomnofo6HBIM SBJISIETCS MPEATOJIOKEHHE O TOM, 4TO BO BpeMs Iep-
BHYHOTO (ha30BOTO Mepexosia KBapK—aJpOH uepe3 MHKPOCEKyHAbl rocje Boubioro
B3pbIBA MPOCTPAHCTBO IpeTepreso CyNepoxJsakJeHHe, CONPOBOXKAAEMOEe MPOLEeCcCOM
MHUHH-HHQJSLAH, 9TO NPUBENO K (Da30BOMY Nepexoay MepBOro poaa oT KBapKOB K aji-
ponam. OcTaTKu HeTpaHC(HOPMHUPOBaBIIeHcs MaTepuu B (popMe KBAPKOBBIX HArTeTCOB
¢ 6apHOHHBIM YHCJIOM, MPEBBIIAOIINM KPUTHIECKOe 3HaUeHHe, TIPH ITOM COXPAHUJINCh
B TIpollecce 3BOJIIOLMHK MpPOCTpaHCTBa. [lomoGHBIE KBapKOBBIE HATTETCHl SIBJISIOTCS
KaHAMIATaMH Ha CTPaHHYI0 KBapKoOBYIO MaTepuio. [lpenmosaraercsi, 4To 1BeTOBOH
KOH(aHHMeHT rpeBpalaeT (pU3HUeCKHH BaKyyM B FODH30HT COOBITHH 1J1f KBapKOB U
[JIIOOHOB. DTOT TOPU3OHT MOXKET IepeceKaThCsl TOJbKO 33 cdeT 3h(heKTa KBAaHTOBOTO
TyHHesarpoBaHus. Tako# npouecc sBasiercss KX J[-9kBrBaseHTOM H3sydeHHs] XOKHHTa
TPaBUTALIOHHEIMHM YE€PHBIMH ABIPAMH, T.€. TYHHEJHPOBaHHEe HEHTPOHOB U3 HAITeTCOB
9KBHBAJIEHTHO M3/1y4eHHI0 XOKHHTra 'PaBUTALMOHHOH YepHOH NbeIpoi. Takum o6pasom,
Korja temrneparypa XOKMHTa KBaPKOBBIX HAarTeTCOB CTAHOBHUTCS HYJIEBOH, TYHHEJHPO-
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BaHHe NPeKpalllaeTcs U HarreTChl COXPaHATCS HaBcerga. baproHHoe 4yucsio U Macca
3TUX HarreTCoOB MOTYT OBIThb MOJyYeHbl M3 TPHBENCHHBIX TEOPETHYECKHX DPaCueTOB.
[TonyuyeHHble pe3yJsbTaThl NPEKPACHO COMVIACYIOTCS € MpelCcKasaHUsSMH JIPYrUX (eHo-
MeHoJIornueckux monesei. K tomy ke Bapuauus TemmnepaTtypbl XOKHHra Kak (pyHKLHH
0apHOHHOTO YHCJa M MacChl HAarreTCOB MMHTHPYeT KHPaJbHBIA (ha3oBbIH Mepexof,
MOXOXKHH B HEKOTOPOM cMbicje Ha (asoseii mepexon KXJI. Hakxownew, Harrercsl
U3 CTPaHHBIX KBapKOB MOIYT OBITb NePCIEKTHBHBIMH KaHAMIAaTaMH Ha OapHOHHYIO
TEeMHYI0 MaTepHIO.
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