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1. A small non-vanishing cosmological constant from the Krein-Gupta-Bleuler vacuum

Hamed Pejhan*,! Kazuharu Bamba, Mohammad Enayati, and Surena Rahbardehghan
Phys. Lett. B 785 (2018) 567-569 — DOI: 10.1016/j.physletb.2018.09.017 — ISSN: 03702693

Abstract (EN): We point out a potential relevance between the Krein-Gupta-Bleuler (KGB) vacuum
leading to a fully covariant quantum field theory for gravity in de Sitter (dS) spacetime and the observ-
able smallness of the cosmological constant. This may provide a formulation of linear quantum gravity in
a framework amenable to developing a more complete theory determining the value of the cosmological constant.

Abstract (BG):

MocouyBame NoTeHLUUManHa Bpb3ka Mexay Bakyyma Ha Kpelin-Tynta-bnoiinep (KGB), koiiTo BoAM Ao
HaMb/HO KOBapWHTHa KBaHTOBa TEOPUA Ha NONETO 3a rPaBMTaLMATa B MPOCTPaHCTBO-BPEMETO Ha
Abo Cutep (dS), n HabnroAaemaTa Maika CTOMHOCT Ha KOCMOJIOTMYHAaTa KOHCTaHTa. ToBa Moxe Aa
npeaocTaBu OCHOBA 338 GOPMYAMPAHETO Ha IMHEelHa KBaHTOBa rpaBvTaLMa B pamMka, KOATo
Nno3eossfsa PasBUTUETO Ha NO-Mb/Ha TeOpys, ONpeAenalla CTOMHOCTTa Ha KOCMOIorMYHaTa

KOHCTaHTa.

. Massless spin-2 field in de Sitter space

Hamed Pejhan*, Kazuharu Bamba, Surena Rahbardehghan, and Mohammad Enayati
Phys. Rev. D 98 (2018) no.4, 045007 — DOI: 10.1103/PhysRevD.98.045007 — ISSN: 24700010

Abstract (EN): In this paper, admitting a de Sitter (dS)-invariant vacuum in an indefinite inner product
space, we present a Gupta-Bleuler type setting for causal and full dS-covariant quantization of free “massless”
spin-2 field in dS spacetime. The term “massless” stands for the fact that the field displays gauge and conformal
invariance properties. In this construction, the field is defined rigorously as an operator-valued distribution.
It is covariant in the usual strong sense: UgIC(X)Ug’1 = K(g-X), for any g in the dS group, where U is
associated with the indecomposable representations of the dS group, SOg(1,4), on the space of states. The
theory, therefore, does not suffer from infrared divergences. Despite the appearance of negative norm states in
the theory, the energy operator is positive in all physical states and vanishes in the vacuum.
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Abstract (BG):

B Tasu cratus, gonyckaliki BakyyM, MHBapWuaHTeH CrPAMO MPOCTPaHCTBO Ha Abo CuTep (dS) B
HeonpeaeneHo BbTPELIHO NPOAYKTHO NPOCTPaHCTBO, NPeACTaBAMe HacTpoika oT Tmn MynTa-
Broinep 3a NPUYMHHO M HanMbAHO dS-KOBapUMaHTHO KBaHTyBaHe Ha cBobogHo ,6e3macoBo” none
CbC CMUH-2 B NPOCTPaHCTBO-BPeMeTo Ha Abo Cutep. TepMmuHbT ,6e3macoBo” obosHauaBsa, Ye noneTo
npuTeXaBa CBOMCTBa Ha KaiMbpoBbYHa U KOHPOPMHa MHBapPWaHTHOCT. B Tasun KOHCTpyKUMA NoneTo
e CTporo AepUHMPaHO KaTo pasnpeie/eHne CbC CTOWHOCTW Ha onepaTopu. To e KOBapUHTHO B
0buUalHMA CUNEH CMUCHI UQJC(X)UQ_l = fC(g . X) 3a BCAKO g OT rpynata Ha Abo Cutep,
kbaeto U e cBbp3aHO C HEPa3NOXKUMUTE NpeAcTaBAeHMA Ha rpynata ds, SO3$_0(1,4)$, Bbpxy
MPOCTPaHCTBOTO Ha CLCTOAHWA. TeopuATa, CNeAoBaTe/IHO, He CTpaja OT MHpavepBeHn
AVBEpreHunn. Brnpekun nossaTta Ha CbCTOAHWA € OTpULATENHa HOPMa B TEOPWATA, ONepaTopbT Ha

EHEepPrvAa e NoNoXKMNTeNEH BbB BCUYKK (I)HSW-IQCKH CbCTOAHWUA WM Ce aHYAMpa BbB Bakyyma.

3. Vacuum states for gravitons field in de Sitter space
Kazuharu Bamba, Surena Rahbardehghan, and Hamed Pejhan*
Phys. Rev. D 96 (2017) no.10, 106009 — DOI: 10.1103/PhysRevD.96.106009 — ISSN: 24700010

Abstract (EN): In this paper, considering the linearized Einstein equation with a two-parameter family of
linear covariant gauges in de Sitter spacetime, we examine possible vacuum states for the gravitons field with
respect to invariance under the de Sitter group SOg(1,4). Our calculations explicitly reveal that there exists no
natural de Sitter-invariant vacuum state (the Euclidean or Bunch-Davies state) for the gravitons field. Indeed,
on the foundation of rigorous group-theoretical reasoning, we prove that if one insists on full covariance as well
as causality for the theory, one has to give up the positivity requirement of the inner product. However, one
may still look for states with as much symmetry as possible, more precisely, a restrictive version of covariance by
considering the gravitons field and the associated vacuum state which are, respectively, covariant and invariant
with respect to some maximal subgroup of the full de Sitter group. In this regard, we treat the SO(4) case and
find a family of SO(4)-invariant states. The associated SO(4)-covariant quantum field is given, as well.

Abstract (BG):

B Ta3m cTatuns, pasrnexaankv IMHeapusMpaHoTo ypaBHeHWe Ha ARHLLAWH ¢ AByNapamMeTpryHo
CeMeNCTBO INHENHWN KOBaPWHTHU KaMbpPOBKM B NPOCTPaHCTBO-BPEMETO Ha Ab0 CUTep, nscnesBame
Bb3MOXKHWTE BaKyyMHW CbCTOAHMWSA 3@ NONETO Ha rPaBUTOHWUTE CPAMO MHBAPWaHTHOCTTa Mo rpynarta
Ha Abo Cutep SOq(1,4). HawmTe usuncneHms AcHO Nokasear, Ye He CblLecTByBa ecTecTBEHO
BakKyyMHO CbCTOSIHWE, MHBapWaHTHO cnpamo apo Cutep (EBKIMAOBO MM CbCTOAHMETO Ha BbHY-
[eiBuc) 3a noneto Ha rpaBmToHMTE. BChLHOCT, Bb3 OCHOBA Ha CTPOro rPyrnoBO-TEOPETUYHO
obocHoBaHWe, AOKa3BaMe, Ye ako Ce HacTosBa 3a Mb/Ha KOBaPWHTHOCT, KakTo W 3a NPUYWMHHOCT B
TeopwuATa, TpAbBa Aa ce OTKaXe M3MCKBaHeTO 3a NOJIOXKUTENIHOCT Ha BbTPELUHWUA NpoayKT. Benpekw
TOBa MOe Aa Ce TbPCAT CbCTOAHMSA C Bb3MOXHO Hal-MHOMO CUMETPWS, NMO-TOYHO, OrpaHnyeHa
BEPCUA Ha KOBApPMHTHOCTTA, KaTo Ce pasr/iexAat rnojeTo Ha rPaB1UTOHWTE U CBbP3aHOTO BaKyyMHO
CbCTOAHWE, KOWTO Ca CbOTBETHO KOBAPUHTHW U MHBAPWAHTHM CNPAMO HAKOA MakcMMmanHa NnoArpyna
Ha NbAHaTa rpyna Ha Abo Cutep. B To3m koHTekcT pasraexgame cnyyaa Ha SO(4) n oTkpusame
CEMEWCTBO OT CbCTOAHMSA, MHBapwnaHTHK cnpamo SO(4). Cebp3aHoTo SO(4)-KoBapnaHTHO KBAHTOBO

noae CbWwo e nNpeactaseHo.

4. Covariant and infrared-free graviton two-point function in de Sitter spacetime II
Hamed Pejhan* and Surena Rahbardehghan


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.106009

Phys. Rev. D 94 (2016) no.10, 104030 — DOTI: 10.1103/PhysRevD.94.104030 — ISSN: 24700010

Abstract (EN): The solution to the linearized Einstein equation in de Sitter (dS) spacetime and the
corresponding two-point function are explicitly written down in a gauge with two parameters “a” and “b”.
The quantization procedure, independent of the choice of the coordinate system, is based on a rigorous group
theoretical approach. Our result takes the form of a universal spin-two (transverse-traceless) sector and a
gauge-dependent spin-zero (pure-trace) sector. Scalar equations are derived for the structure functions of each
part. We show that the spin-two sector can be written as the resulting action of a second-order differential
operator (the spin-two projector) on a massless minimally coupled scalar field (the spin-two structure-function).
The operator plays the role of a symmetric rank-2 polarization tensor and has a spacetime dependence. The
calculated spin-two projector grows logarithmically with distance and also no dS-invariant solution for either
structure function exists. We show that the logarithmically growing part and the dS-breaking contribution to
the spin-zero part can be dropped out, respectively, for suitable choices of parameters “a” and “b”. Considering
the transverse-traceless graviton two-point function, however, shows that dS breaking is universal (cannot be
gauged away). More exactly, if one wants to respect the covariance and positiveness conditions, the quantization
of the dS graviton field (as for any gauge field) cannot be carried out directly in a Hilbert space and involves
unphysical negative norm states. However, a suitable adaptation (Krein spaces) of the Gupta-Bleuler scheme
for massless fields, based on the group theoretical approach, enables us to obtain the corresponding two-point
function satisfying the conditions of locality, covariance, transversality, index symmetrizer, and tracelessness.

Abstract (BG):

PelueHMeTo Ha IMHeapU3MpPaHOTO ypaBHeHWe Ha AMHLLAMH B NPOCTPaHCTBO-BpemeTo Ha abo Cutep (dS)
W CbOTBETHaTa ABYTOUYKOBa GyHKLMA ca M3PMYHO 3anMcaHW B KannMbpoBKa ¢ ABa napameTbpa ,a“ v ,b*,
MpoueaypaTta Ha KBaHTyBaHe, He3aBMCUMMa OT n3bopa Ha KoopAWHAaTHa CMCTEMA, Ce OCHOBaBa Ha CTPOoro
rpynoso-TeopeTuyeH noaxod. HawuaT pe3ynTart ce NpeAcTaBa KaTo YHUBEPCaneH CeKTop CbeC CNWH ABe
(TpaHcBepcanHo-bescnenos) M KanMbpoBO-3aBMCMM CEKTOP CbC CNMH Hyna (udcto cnegos). 3a
CTPYKTYpHUTE GYHKLMK Ha BCAKA Y4acT Ce M3BEMAaT CKanapHM ypaBHeHus. [loKasBame, Ye CeKTOPBLT Cbe
CNWH gBe Moe 4a Oble n3paseH KaTo pesynTaT OT 4eUCTBUeTo Ha avdepeHuVaseH onepaTop oT BTOpK
pea (NpoekTopa cbe cnuH Ase) Bbpxy 6e3mMacoBo MMHUMAIHO CBbP3aHO CKanapHo none (CTpyKTypHarta
bYHKLUMA cbe cnuH ABe). OnepaTopbT Urpae poaAaTa Ha CUMeTPUYEH TeH30p OT paHr ABe 3a NonApM3auLns
M MMa 3aBMCMMOCT OT MPOCTPaHCTBO-BpeMeTo. M3YMC/IEHUAT NPOEKTOp CbC CNWMH [BE Hapacrsa
NOrapUTMMYHO C Pa3CTOAHMETO M CbILO TaKa He CbluecTByBa dS-MHBAPUAHTHO pelleHue 3a HATO efHa oT
CTRPYKTYpHUTE GyHKUMK. [ToKa3Bame, Ye IOrapUMTMMYHO HapacTBallaTa YyacT U NPUHOCHT, Hapylwasauw, dS-
MHBApPWaHTHOCTTa B YacTTa CbC CNWMH Hyna, morat ga 6baaT npemaxHaTi, CbOTBETHO, MPM NOAXOAALLM
usbopu Ha napametpute ,a“ u ,b“. PasrnexpgaHero Ha TpaHcBepcanHo-Be3cnegoBata ABYTOYKOBa
byHKUMA 3a rpaBuToHM oBaye nokasea, Ye HapyleHWeTo Ha dS-MHBapUaHTHOCTTa e yHuBepcanHo (He
Moxe Aa 6bae npemaxHaTo upes KanmbpoBka). Mo-TOYHO, aKo YOBEK Kesae Ja cnasu yC/oBMATa 3a
KOBapPWHTHOCT U MONOMMTENHOCT, KBaHTyBaHeTo Ha dS-rpaBUTOHHOTO noJie (KakTo M1 3a BCAKO KaimBposo
none) He moxe Aa 6ble U3BBPLIEHO AMPEKTHO B XMNBepToBO NPOCTPAHCTBO U BKAKOYBA HedU3NYECKH
CbCTOAHWA C OTpyuaTenHa Hopma. Bbnpekwm ToBa, nogxogawa agantauma (Krein npoctpaHcrsa) Ha

&

cxemarta Ha lynTta-bnoinep 3a 6eamacoBu noneta, 6asvpaHa Ha rpynoBo-TEOpeTWYeH MOoAXoA, HU
no3sosfABa fAa MNoJy4MM CbOTBETHaTa ABYTOUKOBA OYHKLMA, KOATO YAOBNETBOPABA YC/NOBMATA 3a
NOKANHOCT, KOBAPWHTHOCT, TPAaHCBEPCaNHOCT, CLAMETpVIpEIHE Ha WHAEKCUTE W1 IWNCca Ha cnea.

5. Casimir energy-momentum tensor for a quantized bulk scalar field in the geometry of two curved branes on
Friedmann-Robertson- Walker background

Hamed Pejhan* and Surena Rahbardehghan
Phys. Rev. D 94 (2016) no.6, 064034 — DOI: 10.1103/PhysRevD.94.064034 — ISSN: 24700010

Abstract (EN): In a previous work [S. Rahbardehghan and H. Pejhan, Phys. Lett. B 750, 627 (2015)], we
considered a simple brane-world model: a single four-dimensional brane embedded in a five-dimensional de
Sitter (dS) space-time. Then, by including a conformally coupled scalar field in the bulk, we studied the induced
Casimir energy-momentum tensor. Technically, the Krein-Gupta-Bleuler quantization scheme as a covariant
and renormalizable quantum field theory in dS space was used to perform the calculations. In the present
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paper, we generalize this study to a less idealized, but physically motivated, scenario; namely, we consider
Friedmann-Robertson-Walker (FRW) space-time which behaves asymptotically as a dS space-time. More
precisely, we evaluate a Casimir energy-momentum tensor for a system with two D-dimensional curved branes
on the background of D + 1-dimensional FRW space-time with negative spatial curvature and a conformally
coupled bulk scalar field that satisfied the Dirichlet boundary condition on the branes.

Abstract (BG):

B npeavwwHa paborta [S. Rahbardehghan n H. Pejhan, Phys. Lett. B 750, 627 (2015)] pasrnesaxme
onpocTeH MoAen Ha cBAT ¢ BpaHa: eAMHUYHa YeTpuMepHa bpaHa, BrpajeHa B NeTMMepHO
npocTpaHcTBO-BpeMe Ha Abo Cutep (dS). Cnep ToBa, KaTo BKAKOUMXME KOHOOPMHO CBBP3aHO
ckanapHo noje B obema, uscaeasaxme UHAYLMPaHUA TeH30p Ha eHepria-umnync Ha Kasumup.
TexHuyeckK, 3a M3BLPLUBAHE Ha U3YMCNeHMATa Dellle M3NoON3BaHa cXxeMaTa 3a KBaHTyBaHe Ha KpeWiH-
F'ynta-bnoiinep kaTo KOBapMHTHa W PpeHOPManuM3nMpyemMa KBaHTOBa Teopua Ha noaeto B dS
npocTpaHcTBO. B HacToswaTa cTatua obobLiaBame ToBa U3caeABaHe KbM NO-ManKo MAeannsnpaH,
HO GU3MYECKN MOTUBUPAH CLIEHAPWiA; @ UMEeHHO pasrinexjamMe NpocTpaHCTBO-BPeMeTo Ha
®puamMaH-PobbPTCEH-Yokbp (FRW), KOETO acMMNTOTMUHO Ce AbpKK KaTo dS NpoCcTpaHCTBO-BpeMe.
Mo-TOUHO, M3UMCNABaME TEH3OP Ha eHeprua-uMnync Ha Kazumup 3a cuctema ¢ ase D-mepHu
13BKTU BpaHmn Bbpxy doH Ha D -+ 1-mepHo FRW npocTpaHcTBo-BpeMe ¢ oTpyuaTtenHa
NpoCTpaHCTBEHa KPUBMHA M KOHPOPMHO CBbP3aHO CKanapHOo noje B obema, KOeTo yAoBAeTBOPABa

rPaHUYHOTO ycnoBWe Ha Jupuxne Bbpxy bpaHuTte.

6. Covariant and infrared-free graviton two-point function in de Sitter spacetime
Hamed Pejhan* and Surena Rahbardehghan
Phys. Rev. D 93 (2016) no.4, 044016 — DOI: 10.1103/PhysRevD.93.044016 — ISSN: 24700010

Abtract (EN): In this paper, the two-point function of linearized gravitons on de Sitter (dS) space is presented.
Technically, respecting the dS ambient space notation, the field equation is given by the coordinate-independent
Casimir operators of the de Sitter group. Analogous to the quantization of the electromagnetic field in
Minkowski space, the field equation admits gauge solutions. The notation allows us to exhibit the formalism
of Gupta-Bleuler triplets for the present field in exactly the same manner as it occurs for the electromagnetic
field. In this regard, centering on the spin-two part (the traceless part, K!), the field solution is written as a
product of a generalized polarization tensor and a minimally coupled massless scalar field. Then, admitting
a de Sitter—invariant vacuum through the so-called “Krein space quantization”, the de Sitter fully covariant
two-point function is calculated. This function is interestingly free of pathological large-distance behavior
(infrared divergence). Moreover, the spin-zero part (the pure-trace part; KP!) of the field is discussed in
this paper. It is shown that the implications of the dS group unitary irreducible representations restrict the
gauge-fixing parameter to the optimal value, which remarkably results in the pure-trace part being written in
terms of a conformally coupled massless scalar field.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.044016

Abstract (BG):

B Tasm cTaTua e npeactaBeHa AByTOUKOBaTa GYHKLUMA Ha IMHEAPU3MPAHWTE TPaBUTOHMN B
NpOCTpaHCTBO Ha Abo CuTep (dS). TexHuueckn, cbobpasaBaliku ce ¢ HoTauuaATa 3a dS ambueHTHOTO
NPOCTPaHCTBO, YpaBHEHMETO Ha NOJETO Ce 334aBa OT KOOPAMHATHO-HEe3aBUCMMUTE onepaTopu Ha
Kasumup Ha rpynata Ha gbo Cutep. AHaNOrMYHO Ha KBaHTYBaHETO Ha eNeKTPOMarHUTHOTO none B
NPOCTPaHCTBOTO Ha MUHKOBCKW, YPaBHEHWETO Ha NONETO A0MYCKa KaAMBPOBBLUHM pelleHuA.
HoTaumata HW nossonsBsa Aa NpeAcTaBMM GopMannMsMa Ha TpunaeTute Ha Nynta-baoiinep 3a
HaCTOAWOTO NOJE MO CbLMA HAUWMH, NO KOWTO Ce Npuaara 3a eNeKTPOMarHMTHOTO nose. B Tosm
KOHTEKCT, Cbcpe/oTo4aBaliky ce BbpXy YacTTa CbC CNWH ABe (bescnenosata vacT, fCE), peleHneTo Ha
MONETO ce 3aMucBa KaTo NpousBejeHue Ha reHepaausmpaH TeH3op Ha nonapusaumna i MMHUMaaHo
cBbp3aHo besmacoso ckanapHo nose. Cnej ToBa, NpuemMaiki BakyyM, MHBapUaHTeH CNPAMO Abo
CwuTep, upes Taka HapeuyeHoTO ,KBaHTyBaHe B NPOCTPAHCTBOTO Ha KpelH”, ce nsumcnnsa HanbaAHO
KOBapWHTHaTa ABYTOUYKOBa QyHKUMA Ha Abo CuTep. Tasn QyHKUWUA e MHTepecHa C TOBa, Ye e
cBobOAHa OT NaTONOINMUYHO NOBeAeHWe Ha roNeMy PasCToAHUA (MHPpaYepBeEHU ANBEPTEHLUN).
OcBeH ToBa, YacTTa CbC CMUH Hyna (YMcTo-cnefoBaTa 4acT; ,’Cm) Ha NnoneTo cbllo e 0bcbaeHa B Ta3u
cratua. lNMokasaHo e, Ye UMNAUKALKUUTE Ha YHUPTHWUTE HENPUBOANMU NpeAcTaBNeHUs Ha rpynara Ha
dS orpaHuuaBaT napameTbpa 3a PUKCMpaHe Ha KanubpoBkaTa 4O ONTWManHaTa My CTOWHOCT, KOeTo
3abenexxnTenHo BOAW A0 M3PasABaHETO Ha UMCTO-CIeA0BaTa YacT Ype3 KOHPOPMHO CBbP3aHo

be3zmacoBo cKanapHo none.

7. Examining a covariant and renormalizable quantum field theory in de Sitter space by studying “black hole radi-
ation”

Hamed Pejhan* and Surena Rahbardehghan
Int. J. Mod. Phys. A 31 (2016) 1650052 — DOI: 10.1142/S0217751X16500524 — ISSN: 0217751X

Abstract (EN): Respecting that any consistent quantum field theory in curved space-time must include
black hole radiation, in this paper, we examine the Krein—-Gupta-Bleuler (KGB) formalism as an inevitable
quantization scheme in order to follow the guideline of the covariance of the minimally coupled massless
scalar field and linear gravity on de Sitter (dS) background in the sense of Wightman—Garding approach, by
investigating thermodynamically aspects of black holes. The formalism is interestingly free of pathological
large-distance behavior. In this construction, also, no infinite term appears in the calculation of expectation
values of the energy-momentum tensor (we have an automatic and covariant renormalization) which results
in the vacuum energy of the free field vanishing. However, the existence of an effective potential barrier,
intrinsically created by the black hole gravitational field, gives a Casimir-type contribution to the vacuum
expectation value of the energy-momentum tensor. On this basis, by evaluating the Casimir energy-momentum
tensor for a conformally coupled massless scalar field in the vicinity of a nonrotating black hole event horizon
through the KGB quantization, in this work, we explicitly prove that the hole produces black-body radiation
with its temperature exactly coincides with the result obtained by Hawking for black hole radiation.
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Abstract (BG):

Crobpasasaiikv ce ¢ GakTa, Ye BcAKa NocneAoBaTe/IHa KBaHTOBa NoO/JeBa TEOPUA B KPUBONMHERHO
npocTpaHcTBo-BpemMe Tpabsa Aa BiUItOUBA pajuaLlMa OT YUepHU AYMKu, B Tasu paboTa pasrnexjame
bopmanusma Ha KpelH-Tynta—bneiinep (KI'b) kato HemsbexkHa cxema 3a KBaHTy3auws, 3a Aa
cnejiBamMe HaCOKMUTe 3a KOBapWaHTHOCT Ha MWHMMAaNHO CBbP3aHOTO BesMacoBo ckanapHo none u
/NIMHeWHaTa rpasvTauma Bbpxy ¢oHa Ha ge Cutbp (AC) B cMWCbAa Ha NoAxoja Ha YaltmaH-TapauHr,
KaTo n3cneApamMe TEPMOAMHAMMYHW acNeKTW Ha YepHUTE Aynkn. PopmManv3MbT € MHTepecHo
cBobOZEH OT NaTONOrMYHO NOBEAEHUE Ha rOeMU PascToAHWA. B Tasu KoHCTpYKUMA CblLO Taka He ce
nosessa BeskpalHa BENMYMHA NPV U3UNCNABAHETO HA OUaKBaHUTE CTOMHOCTA Ha TEH30pa Ha
eHepruaTta-umnyaca (MMame aBToMaTWUHa U KOBapUaHTHa peHopManun3aLmns), KoeTo BoAN A0
“34e3BaHe Ha eHepruATa Ha Bakyyma Ha cBoBOAHOTO nose. Benpeku TOBa, CbLLECTBYBAaHETO Ha
edekTMBHa nNoTeHUnanHa bapuepa, BbTPELIHO Cb3jalleHa OT rpaBUTaLMOHHOTO MNoe Ha YepHara
Aynka, AaBa NpuHoc oT Tun KacuMup KbM BakyyMHaTa OYakBaHa CTOMHOCT Ha TeH30pa Ha
eHepruaTta-umnyaca. Ha Tasm ocHoBa, Ype3 oLeHKa Ha eHEePrUAHO-MMNYACHWA TeH30p Ha KacumMup
3a koHpopMmanHo cebp3aHo beamacoBo ckanapHo none B 6GANM30CT 4O XOPU30HTa Ha CbOWUTMATa Ha
He BbPTALLA Ce YepHa AynKka upes kBaHTy3aumata KI'b, B Tasm paboTa eKCnIMUMTHO JOKa3BaMe, Ye
AynkaTa reHepupa YepHO-TANO pajnaLMa, KaTo HeliHaTa TeMnepaTypa TOUHO CbBMaja C pesyaTara,

noay4yeH ot XOKWHT 3a PaguauuATa Ha YepHata Ayrka.

8. Krein—Gupta—Bleuler quantization in de Sitter spacetime; Casimir energy—momentum tensor for a curved brane
Surena Rahbardehghan and Hamed Pejhan*
Phys. Lett. B 750 (2015) 627-632 — DOI: 10.1016/j.physletb.2015.09.066 — ISSN: 03702693

Abstract (EN): In this paper, the vacuum expectation value (VEV) of the energy-momentum tensor for
a conformally coupled scalar field in de Sitter space-time is investigated through the Krein—Gupta—Bleuler
construction. This construction has already been successfully applied to the de Sitter minimally coupled
massless scalar field and massless spin-2 field to obtain a causal and fully covariant quantum field on the
de Sitter background. We also consider the effects of boundary conditions. In this respect, the Casimir
energy-momentum tensor induced by the Dirichlet boundary condition on a curved brane is evaluated.

Abstract (BG):

B Ta3u pabota ce uscneaBa BakyymMHaTa o4akBaHa ctolHocT (BOC) Ha TeH3opa Ha eHeprusaTa-
nMMyaca 3a KOHGOPMaNHO CBBLP3aHO CKaJapHO NoJie B NPOCTPaHCTBO-BpemeTo Ha Je CuThp upes
KOHCTPyKUMATa Ha Kpenn-Tynta—baeiinep. Tasu koHCTpykumMA Beye e Brna ycnewHo npuaoxeHa
KbM MMHUMaNHO CBbP3aHOTO He3MacoBo ckanapHO none 1 6e3MacoBOTO Nose CbC CMWH 2 B Ae
CnTbp, 3a Aa ce NOoayUM Kay3aNHO M HaNbAHO KOBAPMaHTHO KBaHTOBO Moe Bbpxy $oHa Ha Ae
CuTbp. Hue cblyo Taka pasraexjame epektute oT rpaHUYHK ycnosus. B ToBa oTHOLWeHKWe ce
oLeHABa eHepriHO-UMMYACHUAT TeH3op Ha Kacumup, nHayumpaH ot AnprxneeBoTo rpaHu4Ho

ycnosue BbpXy W3BKUTa MembpaHa.

9. Auziliary “massless” spin-2 field in de Sitter universe
Hamed Pejhan, Mohammad Reza Tanhayi*, and Mohammad Vahid Takook
Int. J. Theor. Phys. 49 (2010) 2263-2277 — DOI: 10.1007/s10773-010-0413-3 — ISSN: 15729575

Abstract (EN): For the tensor field of rank-2 there are two unitary irreducible representations (UIR) in de
Sitter (dS) space denoted by H;Q and H;l (Dixmier in Bull Soc. Math. France 89:9, 1961). In the flat limit,
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only the Hzi’2 coincides with the UIR of the Poincaré group, the second one becomes important in the study
of conformal gravity. In the previous work, Dirac’s six-cone formalism was utilized to obtain a conformally
invariant (CI) field equation for the “massless” spin-2 field in dS space (Dehghani et al. in Phys. Rev. D
77:064028, 2008). This equation results in a field which transformed according to Hil, we name this field the
auxiliary field. In this paper, this auxiliary field is considered and also related two-point function is calculated
as a product of a polarization tensor and “massless” conformally coupled scalar field. This two-point function
is de Sitter invariant.

Abstract (BG):

3a TeH30pPHOTO NMoje OT paHr 2 CbllUecTByBaT ABe eAHOPOAHN HepasioXKMMU NpeactasaHuna (EHM) B
npocTpaHcTBO-BpemeTo Ha ge Cutbp (8C), obozHauenn ¢ $\Pi_{2,2}M\pm$ v $\Pi_{2,1}\pm$
(Avkcmuep B Bull Soc. Math. France 89:9, 1961). B nnockua aumut camo $\Pi_{2,2)*\pm$ cbBnaaa ¢
EHIM Ha rpynata Ha lMNMyaHkape, a BTOPOTO CTaBa BaXHO B M3CNeABaHeTO Ha KOHPOpManHata
rpaBuTauma. B npegnwHata pabota, GopManvaMbT Ha WecTTe KoHyca Ha [upak 6elue 13noaseaH 3a
nonyyaBaHe Ha KOHpopmanHo uHeapuaHTHo (KM) noneso ypasHeHwe 3a "6eaMacoBOTO" None cbe
cnuH 2 B AC npocTpaHcTBo (dexraHu v ap. B Phys. Rev. D 77:064028, 2008). ToBa ypasHeHWe BOAW A0
noJsie, KOeTo ce TpaHchopmupa cnopeg $\Pi_{2,1}*\pm$, kaTo Hapuuame TOBa Nose croMaraTe/lHO
none. B Tasn paboTa ce pasrnexxaa ToBa cnoMaraTe/HO NMoe U CbLULO Taka ce M34YUCNABa CBbp3aHaTa
ABOTOYKOBA GYHKLMA KaTo MPOW3BEAEHWNE Ha NONAPU3aLIMOHEH TeH3op 1 "Besmacoso”
KOHQOpPManHoO CBbLP3aHO cKanapHo none. Tasn ABOTOYKOBa QYHKLMA € MHBapnaHTHa CpAMO je

Cutbp.

10. A group theoretical approach to graviton two-point function
Surena Rahbardehghan, Hamed Pejhan*, and Marjan Elmizadeh
Eur. Phys. J. C 75 (2015) no.3, 119 — DOI: 10.1140/epjc/s10052-015-3339-3 — ISSN: 14346044

Abstract (EN): Respecting the group theoretical approach, it is debated that the theory of linear conformal
gravity should be formulated through a tensor field of rank-3 and mixed symmetry (Binegar et al., Phys Rev
D 27: 2249, 1983). Pursuing this path, such a field equation was obtained in de Sitter space (Takook et al.,
JMath Phys 51:032503, 2010). In the present work, considering the de Sitter ambient space notation, a proper
solution to the physical part of this field equation is obtained. We have also calculated the related two-point
function, which is interestingly de Sitter invariant and free of an infrared divergence.

Abstract (BG):

CnasBaiiky rpynoBoTeopeTUYHWA NOoAX0s, ce 0bCchbxka, Ye TeopuATa Ha IMHEeHaTa KOHPOpPMHa
rpaBuTaLms Tpabsa Aa 6bae popMmyanpaHa Upes TEH30PHO Noe OT paHr-3 v cMeceHa cUMeTpus
(BuHerap u cbaeT., Phys Rev D 27: 2249, 1983). CnezBaiiku TO3M NbT, TaKOBa Noe 3a ypaBHeHWe
6ele nonydero B fe CuTbp npocTpaHcTBoTo (Takyk 1 cbasT., JMath Phys 51:032503, 2010). B
HacTosAwarta paboTa, KaTo ce B3eMa NpejBuA HoTaumata Ha aMBUeHTHOTO NPOCTPaHCTBO Ha Ae
CuTbp, € nony4yeHo NpaBMAHO pelleHWe Ha pusnyecKaTta YacT OT ToBa MoJie 3a ypaBHeHue.
WM3suncneHa e cbLo cBbp3aHaTa ABYTOUKOBa QYHKLNA, KOATO, MHTEPECHO, € MHBapuaHTHa CnpsaMo Ae

CUTBP U He CbAbPXA MHOPaYepBEHO pa3MMUBaHE.
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11.

12.

Casimir effect for a scalar field via Krein quantization

Hamed Pejhan*, Mohammad Reza Tanhayi, and Mohammad Vahid Takook

Annals Phys. 341 (2014) 195-204 — DOI: 10.1016/j.a0p.2013.12.007 — ISSN: 1096035X

Abstract (EN): In this work, we present a rather simple method to study the Casimir effect on a spherical
shell for a massless scalar field with Dirichlet boundary condition by applying the indefinite metric field
(Krein) quantization technique. In this technique, the field operators are constructed from both negative and
positive norm states. Having understood that negative norm states are un-physical, they are only used as a
mathematical tool for renormalizing the theory and then one can get rid of them by imposing some proper
physical conditions.

Abstract (BG):

B Tasu paboTa npeAcTaBAMe A0CTa NPOCT METOA 3a W3cnejBaHe Ha KacuMnpoBus edekT Bbpxy
chepuuHa 0berBKa 3a HE3MacOBO CKaNapHO MOJE C rPaHUYHO yCIoBWE Ha [lupwnxie, kaTo
npunarame TeXHWKaTa Ha KBaHTOBaHE Ha NONETO C HeonpeneHo MeTpuyro none (KpeiH). B Tasu
TexHVKa onepaTopuTe Ha MONETO Ce KOHCTPYMPaT KaKTo OT OTPWLLATENHU, Taka U OT MOOXKUTENHU
HOpPMUpPaHW cbCToAHMUA. Cney kaTo e pasbpaHo, Ye CbCTOAHWATA C OTpUUaTeIHa HopMa Ca
HehU3NUHW, Te C& M3NON3BAT CaMO KaTo MaTeMaTUYECcKn MHCTPYMEHT 3a PEHOPMUpaHe Ha TeopuATa
¥ cnej ToBa MoraT Aa 6bAaT eMMUHUPaHK Ypes HasaraHe Ha HAKOW MOAXOAALLM GU3MYECKH

YCNOBUA.

Conformal linear gravity in de Sitter space I1
Mohammad Vahid Takook, Hamed Pejhan, and Mohammad Reza Tanhayi*
Eur. Phys. J. C 72 (2012) 2052 — DOI: 10.1140/epjc/s10052-012-2052-8 — ISSN: 14346044

Abstract (EN): From the group-theoretical point of view, it is proved that the theory of linear conformal
gravity should be written in terms of a tensor field of rank-3 and mixed symmetry (Binegar et al. in Phys.
Rev. D 27:2249, 1983). We obtained such a field equation in de Sitter space (Takook et al. in J. Math.
Phys. 51:032503, 2010). In this paper, a proper solution to this equation is obtained as a product of a
generalized polarization tensor and a massless scalar field and then the conformally invariant two-point function
is calculated. This two-point function is de Sitter invariant and free of any pathological large-distance behavior.

Abstract (BG):

OT rpynoBoTeopeTyYHa reAHa Touka e A0Ka3aHo, Ye TeopuaTa Ha IMHelHaTa KoHGOopMHa
rpasutauns Tpabea Aa Bbae HanvcaHa KaTo TEH30PHO Nosie OT paHr-3 U cMeceHa cUMeTpus
(BuHerap u cbaBbT. B Phys. Rev. D 27:2249, 1983). MNMonyuuxme TakoBa none 3a ypaBHeHWe B Ae CUTbp
npoctpaHcTBoTO (Takyk v cbabT. B J. Math. Phys. 51:032503, 2010). B Ta3un cTaTva ce nonyqasa
NpaBUIHO pelleHWe Ha TOBa YpaBHeHWe KaTo Npou3BeeHWe Ha 061 noaapMsaLoHeH TeH30p U
6e3MacoBO cKanapHOo NoJse, cnej KOeTo ce Usuucnaea KOHGOPMHO MHBapUaHTHaTa ABYTOUKOBa
dyHkumaA. Tasn gByToukoBa dyHKLUMA e MHBapMaHTHa cnpamo Ae CUTbP W He CbAbPXKa HUKAKBO

naTonorn4yHo NoeejeHne Ha ronemMi pascToaHnA.
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