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Ilpeamer: Ilokperame nocTynka 3a H300p y 3Bam-e BHIIH HAYYHH CapajHHK

Moaum Hayuno Behe UHcTuTyTa 32 Qusuky y beorpaay aa nokpeHe noctynak 3a Moj u30op y
3Bambe BUIIW HAyYHU CapaHUK.

YV npunory nocraBbam:

1. MyLIBbEBE pYyKOBOMOLA 1TabopaToOpHje ca MPeAIoroM KOMHCHje 3a H300p y 3Bame
2. 6uorpadceke v CTpyuHe NoJaTke

3. npernej Hay4He aKTUBHOCTH

4, enemeHTe 3a KBAJIMTaTUBHY aHAIM3y HAayuyHOT JOMPHHOCA

5. enemMeHTe 32 KBAaHTUTATUBHY aHAJIU3y HAy4HOT JOMpPUHOCA

6. cniucak o0jaB/bEHUX pazioBa

7. nojaTke 0 UUTHPAHOCTH

8. xonuje 06jaB/beHUX pasoBa

9. I0Ka3e 0 NpeocTaauM eJeMEHTHMA OLIeHa HaYy4YHOT JOMPUHOCA
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Hayunom sehy HucTuTyTa 32 ¢pusuky y beorpany

Ipeamer: Mumbeme PyKoBoanouna saboparopuje o u36opy ap Muxauia Yy6posuha
Y 3Baibe BULIH HAYYHH CapagHUK

3a cacras KOMHcHje 3a u36op ap Muxauia YyGposuha y 3Bame Bumm Hay4YHHU capajiHUK
npeiaxem:

(1) np Bpauucnas LBeTkoBHh, HayyHu CaBeTHUK, MHeTHTYT 32 dusmky y beorpany,
(2) np Aurtyn Banax, HayuHu caBeTHuK, MHCTHTYT 33 }usuky y Beorpany,
(3) np Mapuja Humurpujesuh ‘hupuh, penosuu npogecop duznukor dakynrera

Yhupepsurera y beorpany.
M;Iﬁw{%
Ap AnTyH Bamax

Hay4YHH CaBETHUK
PyxoBoaunair JlaGopatopuje 3a NpUMENy pavyHapa y Haylu




1. buorpad)cku ¥ CTPYYHH NOAALH

Muxawmno Yyoposuh je pohen 04. 05. 1985. rogune y beorpany, rme je 3aBplino OCHOBHY IIKOIY
“Ilecrior Credan Jlazapesuh” n Maremaruuky rumuasujy. OCHOBHe akazieMcke cTyauje Ha Ou3nukom
dakynrery, cmep Teopujcka U ekcriepuMeHTanHa (usuka, 3aBpmmo je 2008. roguHe ca MpOoCEYHOM
oueHoM 9,85. Jluruiomcku panx Ha Temy ,,On topological defects in quantum and classical glass
systems* (,,O TOMONOMKUM AepeKTUMa y KIaCUYHUM U KBAaHTHUM CTaKJICHUM CHCTEMHMA‘™) ypauo je
noa MeHTopcTBoM Jp Munana IlerpoBuha, HayuHor caBetHuka MHctuTyTa 32 usuky y beorpany. On
2003. roguHe 10 3aBpIIETKA CTyaUja je OMo cTuneHaucTa MUHHCTapCTBa 3a HAYKY.

ITo 3aBpIeTKy akageMCKHX CTyIHja, YIHCAO j€ TOKTOPCKe cTyauje u3 obmactu gusuke Ha JlopeHioBom
UHCTUTYTY YHuBep3utera y Jlajneny, Xomanauja. Jlokropcky aumceprauujy Ha Temy ,,Holography,
Fermi surfaces and criticality (,,Xomorpadwuja, @epmujeBe MOBPIIA U KPUTHIHOCT') YpaaHuo j& MO
MeHTOopcTBOM Jp Jana 3aneHa (Jan Zaanen) u np Kynpana Cxanma (Koenraad Schalm), a onGpanuo je
y ¢ebpyapy 2013. ronune. [{umioMa JOKTOPCKUX CTyauja je HocTpudukoBaHa janyapa 2017. rogune,
pemielbeM MuHHCTapcTBa MPOCBETE, HayKe M TEXHOJIOMIKOr pa3Boja Op. 612-01- 02635/2016-06. ¥
TOKY JIOKTOPCKHX CTyZnuja OUo je 3amociieH Kao miahu uctpaxusad Ha JIOpEHIIOBOM MHCTHUTYTY, U Kao
aCHCTEHT y HaCTaBH Ha YHuBep3uTery y Jlajneny.

[To 3aBpmIeTky JgoKTOpara, OMO je MOCTAOK Ha YHuBep3uTery y Kenny, y rpynu ap Axuma Poma
(Achim Rosch). ¥V Toky moctmokTopckor ycaBpinaBama OWO je Takohe 3amocieH Kao acHUCTEHT Yy
nHactaBu. Opx 2017. rogune pagum Ha WHcTuTyTy 3a Qusuky y beorpamy, y LlenTpy 3a u3ydaBame
KOMIINICKCHUX CUCTEMA.

VYV nepuony 2020-2022. romuHe Ouo je yuecHuk mnpojekra “Cold atoms, Hubbard model and
holography: the key to strange metals” (Key2SM) ®@onna 3a ¢punancupame Hayke PernybOnuke Cpouje.
TokoM TOKTOpPCKHX CTyauja Owo je moOuTHHMK Harpasne “Trots op” 3a HaydyHU paja Ha YHUBEP3UTETY Y
Jlajneny. buo je mentop mactep crynentuma Brnanany [enuny, Hukonu Cauhy, Bnanany Dykuhy u
Hparany Mapkosuhy. Takohe je MeHTOp HOKTOpckuUM cTyneHTuMa Bnanany leuumny u Bnanany
DHyxuhy.

VY4ecTBOBAO je W MPE3EHTOBAO CBOj€ pe3yiTare Ha Bullle KoH(pepeHuuja u paguonuna. O6jasuo je 21
nyOIrKalrjy, o Tora jejaH pajl y IpecTxHoM daconucy Science (kinacudukoBaH kao “Highly cited
paper” y 6a3u nonataka Web of Science). YkynHo je o6jaBuo 2 pana y yaconucuma kareropuje M21a,
16 pamoBa y waconucuma kareropuje M21, 1 pag y gyaconucy kareropuje M22, jenan paj y 4aconucy
kareropuje M24 u jenHo nomasibe y 300pHUKY Boaeher melynapoaHor 3Hauaja M13. Herosu pagosu
Cy y ApYruM pajioBUMa HuTUpaHu ykynHo 502 myrta Ge3 camouurtara, a XHUpIIOB MHAEKC U3HOCH 7
(momanm y3etu ca 6aze WoS 19. jaryapa 2025).



2. Ilperyien HayYHe AKTHBHOCTH

Hayuno-uctpaxxuBauku paj np Muxauna UyOposuha je ¢okycupan Ha Tpomel)y Teopuje CTpyHa,
HellMHeapHe TUHAMUKE M JaKO KOPEIHCaHUX KBAHTHUX MHOTOYECTUYHUX cucTema. OCHOBHA (hopmaiiHa
HUT cBux oBux obmactu je AAS/CFT xopecnonaenmuja (xonorpaduja, xoiaorpadceka 1yarHoCT), Koja ce
npuUMemYje ¢ jelHe CTpaHe Ha IPHE pyIie W HHXOBY TEPMOIWHAMHKY M HH(popMaImoHe mpodieme a ¢
Jpyre cTpaHe Ha XoJjorpadcke jako KyIUIOBaHE TeOopHje IMoJba Kao mTo cy He-DepmujeBe TEUHOCTH,
YyIHU METajJl M KBAaHTHO-KpUTHUYHE (pase Xxoiorpadcku moaenupaHux cuctema. Panum mopehewma u
Oosber (U3MUKOr pa3yMeBama, U XaoC M JaKO KOPEJIMCAaHW CUCTEMHU Cy Takole mpoyuaBaHHM JUPEKTHO
MeTo/amMa TeopHuje I0Jha, y HHCKOCHEPTETCKUM CHCTeMHMa (KOHJEH30BaHO CTame, HelMHeapHa
onrtuka). [IpemMa HaBeeHOM, paloBH KaHUIATa MOTY c€ MOJACNIUTH y cienehe moaienuHe (HaBeaeHe
XPOHOITOIIKAM PE/IOM, KaKo Cy Ce I0jaBJbHUBaJIe y pajy KaHIUIaTa):

- xosorpad)CKi MOJIEIIN JaKO KOPETMCAaHUX KBAHTHUX MHOTOYECTUYHUX CHCTEMaA

- JaKO KOpeTUCaH! CUCTEMH Y KIIACHYHHUM TeOopHjaMa MoJba U HETMHEAPHO] ONTHUIIN
- TMHAMUKA ¥ CTaTHUCTHKA PHUX pPyla y TPAaBUTAIHjH U TEOPHUJH CTPyHA

- TUHAMUKA ¥ CTaTHUCTUKA KBAHTHO-XaOTUYHUX MHOTOYECTHUYHUX CHCTEMA

PanoBu kaHmupatra KOMOHMHYjJy aHaJIWTHYKE (TEOpHjCKE) M HyMEpHUUKe MeTofe. Y HapeIHUM
MOJICEKIIMjaMa MPUKa3aHU Cy INIaBHU PE3YJITaTH y CBAKOj Off HABEJEHUX TeMa.

2.1. Xosorpadgcku MOeJIM jaK0 KOPEeJUCAHUX KBAHTHUX MHOTOYECTHYHHUX CHCTEMA

OCHOBHO TIUTamE pajioBa Ha OBy TeMy je cieaehe: Moxkemo iu pazymern He-DepMujeBe TEUHOCTH U
qyJHEe MeTajle Ha HUBOY T€OpHje Cpe/lber Mmojba aHanorye Jlannayosoj reopuju depmujeBuX TEUHOCTH,
Te noctoju Jiu renepuuko (PI" crabuinHo) crame uHTeparyjyhux eiaexkTpoHa, Koje He HapyllaBa HUKaKkBYy
CHUMETpH]jy a Koje ce pasnukyje og PepmujeBe TeuHoctu. Uneja je na ce mpobieM GpopMysuie mpeKo
AdS/CFT xopecnonaeniuje (xomorpagckor NpuHIIUNA), TyaJIHOCTH W3Mel)y OTBOPEHHX U 3aTBOPEHUX
CTpyHa OTKpPHMBEHE KpajeM JIeBeleCceTUX TOJMHA MpoIwiora Beka. /lyalnHOCT moBesyje TeOpHjy MoJba
(ctporo y3eB, Tejiu TEOpH]y) ca HHTEpaKIMjaMa peaa BEJIMYHMHE g Ca TPABHUTAIMJOM Y aHTH-JIC
CuTepoBOM TNPOCTOPY Ca TPaBUTALMOHOM KOHCTaHTOM pena 1/g. Tako jako KOpemucaHW CHUCTEMHU
onroBapajy cinabo uHteparyjyhoj, KBasukiacudHoj rpaButanuju. Beh nmpeu mokyiaj je moka3ao ga 4ax
U jako ympomrheH Mofes, KOjU OJroBapa eJleKTpOHMMa HHUCKE TYCTHHE Yy MHTEpakUuju ca
(HenaeHTU(PUKOBAaHOM) jako HHTeparyjyhoM rejii TeopujoM, Tmoka3yje dDepMmujeBe MNOBpIIK ca
cTabuITHUM KBazuuectuiama, ciamuyauM @DepmujeBoj Teunoctu. llemoBuTuja Teopuja mokaszyje na
cucteM WMa JnBe (ase, o1 Kojux jemHa oxaroBapa depmujeBOj TEYHOCTH, a npyra He-DepMujeBoj
TEYHOCTU Ca HEKUM KBAHTHO-KPUTHMYHHM OCOOMHaMa (QaHOMaJIHO CKaJIMpame MO €HEepPruju, He U 10
umnyncy). Onasae je u3BeeH HOBH €JIeMEHT ‘‘xosiorpadckor peyHuka”, Tj. HoBu eneMeHT AdAS/CFT
JYaJTHOCTH: CKOK JUCTpuOynMje umiysica Ha PepmujeBoj MoBpiM Z oaronapa oapeheHoj oapxaHoj
cTpyju (OunmHeapHoM omeparopy) y AdS mpoctopy; pa3pahen je u ommru ¢opmMaanizaMm 3a padyH ca
OWIMHEapHUM OIlepaTopHMa KOjU Ce MOXEe YNOTpeOMTH M 3a japyre napamerpe ypehema. dame cy
pasMarpaHna (popmaiHa MUTamka 3HaYajHA 3a pa3yMeBambe caMe KOPECTOHICHIIM]e: UCTIOCTaBJba Ce Ja je
HecTaOmnHOCT KpuThuuHe @DepMmujeBe TMOBPIIM JyajHa CyNeppajujalliOHO] HECTaOMIHOCTH
HaeJIeKTpUCaHe 1pHe pyIe, Aok depmujeBa TedHocT oAronapa Jludumuiosoj reomerpuju. Ha ocHoBy
TOTa, Haj3aJ je KOHCTpYUCaH 11e0 (ha3HU AMjarpam CHUCTeMa y KBa3MKJIACHYHOM JinMecy ‘“Benukor N,
Tj. BEJIMKE Teji-rpyre. BepoBaTrHO KOHaYHHM KOpaK y OBOM IIPABILY j€ padyH MOMPABKU 32 KOHAYHO N H
ucnuBame crabunHoctu (aze depmujeBe TeyHOCTH y (Pa3HOM AMjarpamy, ajld IO IIEHY OfCeLamba



TyOOKO MH(pAIPBEHOT JieNla CIEeKTpa, KOju Ce y IpPaBUTAIlMOHOj TEOPUjU HE TOHAIa 100po U JJOBOIU
J10 TI100aTHe HECTAOMIIHOCTH.

MeTononomKy, CBU OBU paZoBU KOMOMHY]y aHaJIMTH4YKa H3Boljema Ha OCHOBY ‘‘xosorpadckor
pEeYHMKA”, Tj. ACUMITOTCKUX pellekha AJHIITajHOBUX je[HAUMHA KOja c€é MOTY JOOMTH aHAJTUTUYKH, U
caMoycarianieH0 HyMEPHUYKO pellaBame IeJIOT CHCTeMa jeHauyrHa (3a METPHKY, TejiI ToJha W T0Jha
marepuje) y AdS npocropy. Anu 1asbu Kopaiy Mopajy rpesasuhu oBy mapajurmy, jep ce uHdpparpaeHa
HeCcTaOWITHOCT, 1Mo cBemy cyaehu, He mMoxe ykimoHuUTH. Kanmupmar cama (3ajelHO ca JOKTOPCKHM
ctyneHToM Bnaganom 'enmHOM) pagu Ha JpyraujeM OpucTyImy, rae ce depmujeBa MOBPII OMKCYje
e(eKTUBHUM TejlI-NI0JbUMa YMja CUMETpUja UMa CTPYKTypy Ipyne netsbu (eHr. loop group). Cana y
AdS mpocropy Hema ¢depmuoHa Beh ce cBe CBOAM HA padyH ca rejil MoJbHMa, KOja C€ MHOTO JIaKIle

perynapusyjy.

Kannunar je Takohe mpoydaBao xosjorpadcke MOAENe jako MHTeparyjyhux eneKTpoHa y CIHOJhalllkheM
MarHeTHOM moJby. Tako je noOujeH (MCTHHA, Kpajie IM0jeJHOCTaBJbEH) MOJAET KBAaHTHOT XOJIOBOT
edekra y jako uHTeparyjyhem pexumy u ¢akropu nomnymeHocTd y (azama depmujeBe U He-
®epmujeBe TeuHocTu. [lokasyje ce na y oBom moxeny He-PepmujeBa (aza 10BOIU 10 (ppakimoHe
MOMYHEHOCTH, JJOK HOpPMajHU MeTal naje 1enoopojau edekar. Takohe je moOHjeH Momen eKCUTOHA
(mapoBa eNeKTpOH-IIYIJbUHA) Y OunuHeapHoM ¢opmanu3my. [TokasaHo je Kako 1o7a3u 0 MarHeTHe
KaTaJn3e U KOHJIeH3alllje eKCUTOHA MO/ I€]JCTBOM MAarHETHOT 10Jba, M KOHCTPYHCaH je (ha3Hu nujarpam
KOju je ynopeleH ca pesynrariMa U3 JIMTeparype 3a eKCUTOHE Y ABOCIOjHOM rpadeny. Hajzan, npoyuen
je u edekar permeTke Ha CrekTap XojorpadCKuX eleKTpoHa, W Hal)eHO je Ja ce HeKe 0COOCHOCTH
CHEeKTpa YyJHUX MeTaja, IMpe CBera IIMpOKa pacrojesia CHEKTpajdHE TEXHHE [0 HMIYICY Y3
HUCTOBPEMEHY YCKy pacmlojieiny IO €HEepPruju, MOXKe TMPEeIUMHHApHO O0jaCHUTH MellamkeM
UH(PAIPBEHOr XUIEpCKalIupama M yHHBEp3ajHe KBazudecTHyHe ¢usuke y Ommsunu dDepmujeBe
TIOBPIIIH.

OBoj nopob6nactu npunanajy pagosu [A2,B1-B4,B6,B13,D1]. HajBaxxuuju o] HaBeleHUX Cy:

M. Cubrovié, J. Zaanen, K. Schalm

String theory, quantum phase transitions and the emergent Fermi liquid
Science 325, 439 (2009)

[arXiv:0904.1993[hep-th]]

M. Cubrovié, J. Zaanen, K. Schalm

Constructing the AdS dual of a Fermi liquid: black holes with Dirac hair
Journal of High Energy Physics 10, 2011, 17, (2011)
[arXiv:1012.5681[hep-th]]

M. Cubrovié, Y. Liu, K. Schalm, Y.-W. Sun, J. Zaanen

Spectral probes of the holographic Fermi liquid ground state: Dialing between the electron star and the
AdS Dirac hair

Physical Review D, 84, 086002 (2013)

[arXiv:1106.1798[hep-th]]

N. Chagnet, V. Puki¢, M. Cubrovi¢ and K. Schalm,
Emerging Fermi liquids from regulated quantum electron stars
Journal of High Energy Physics 08, 2022, 222 (2022)
[arXiv:2204.10092[hep-th]]



2.2. Jako KOpeJHCAHN CHCTEMH Y KJIACHYHUM TeOpHjaMa 10/ba U HEeJIHHEAPHOj ONTHLH

Jlok xomorpadckn MoAeNTH YymHUX MeTana ¥ He-DepMHjeBHX TEUHOCTH TPEACTaBIbajy Y M3BECHOM
CMHCITy KBaHTHE KpUTHUYHe (pa3e (jep mMajy CTeleHe 3aKOHE CKajlupama He Y jelHO] Tauku, Beh y
YUTaBoj 00JacCTH MPOCTOpa), IITO UX YMHU 3aHUMJBMBUM M IOBE3yje Ca HEKUM EKCIIEPUMEHTAIHUM
pe3ynTaruma, ¢ Ipyre CTpaHe y jako KOpeJlMCaHUM CHCTEMHMa KBaHTHE KPUTHYHE TauKe MOTy Takole
Jla ce pa3IuKyjy of yoOuuajeHe mapanurme (asznux npenasa usmely ypehennx u Heypehenux daza. Y
[B7] je mokazaHo Kako XoJOTpad)CKH CyNepnpoOBOIHUIIM MOTY HMMAaTh KPUTHUYHY TadKy y Kojoj
HCTOBPEMEHO JIOa3M M JI0 KOHJCH3AIHje eIEKTPOHCKUX IMapoBa M 10 NEeKOH(GUHHUpama IMO33HHCKAX
U(N) reju nosea. CiuuHe cuTyaldje y KojuMa ce KOMOMHY]y cllaMame CUMETpUje U JIeKOH(UHHUpahe
npoHalene cy u y [B8§,B9] Ha mpumepy BpTiora y HEIMHEApHOM ONTHYKOM cHcTeMy. Ty
nekoHpuHUpame oarosapa mnpenasy bepesunckor-Kocrepnuin-Tayneca (BKT), xoju ce Buau u y
xonorpa)CKUM CHUCTEMHUMA, a CUMETpHje MOry OUTH reoMeTpujcke, kao y [B8], unu cinoxenuje, Be3ane
3a KOJIEKTUBHO MMOHalIame, kao y [B9]. OBakBe cutyanuje cy mosHare U y JUTEPaTypH O €r30THUHOM
maraetusmy u CauneB-Je-KutajeB (Sachdev-Ye-Kitaev) monenuma, a mpeaHOCT KJIACMYHUX Mojena
KOj€ CMO KOPUCTHIIH je J1a Cy JOOPUM JIeJIOM JTOCTYITHU U aHAJTUTUYKOM PATY.

Ogne cnanajy panosu [B7,B8,B9]:

M. Cubrovié

Confinement/deconfinement transition from symmetry breaking in gauge/gravity duality
Journal of High Energy Physics 10, 2016, 102 (2016)

[arXiv:1605.07849[hep-th]]

M. Cubrovié and M. S. Petrovi¢

Quantum criticality in photorefractive optics: Vortices in laser beams and antiferromagnets
Physical Review A, 96, 053824 (2017)

[arXiv:1701.03451[physics.optics]]

T. Kukolj and M. Cubrovi¢

Spontaneous isotropy breaking for vortices in nonlinear left-handed metamaterials
Physical Review A, 100, 053853 (2019)

[arXiv:1812.08805[physics.optics]]

2.3. lMHAMHKA U CTATUCTUKA HPHUX PyNa y TPABUTAIUjH U TEOPHjU CTPYHA

I'maBHM mpaBal JaHaIIlker paja KaHaujara, 3anodetr 2019. roauHe, jecTe UCIUTHUBAKE CTPYKTYpE U
JUHAMUKE IPHUX pyMa aHAJIW30M Xaoca, XUAPOAMHAMHUKE U CTAaTUCTHKE KAaKO MPOOHMX I0Jba, TAKO U
MUKPOCKOIICKUX CTENEHHU cI000/ie Y MeTprKama ca Xopu3oHToM. OBaj mpasall ce TeMeJbH Ha KOHIENTY
Op3or ckpemOiarHra 1 MSS XUNoTe3u o IPHUM pylama Kao MaKCHUMAaJHO XaOTHUYHMM O0jeKTHMa, IITO
¥Ma KJbY4YHY YJIOTY Yy TOKyIIajuMa pa3jallimbemha HH)OpMalnoHOT Mapajokca y popManuzMy peruiika u
ocTpBa crieTeHocTd. Llub je na ce netasbHO MpOoyYH Jia JIM cama LpHa pyla Kao U 1oJka Koja y by
yhazajy Mory Jila IOHECy CBY MOTpeOHYy MH(pOpMalujy /1a BeHy €BONYLH]y YUHMHE YHUTapHOM. Ty ce
nojasJbyje ¥ npoOieM (hakropuszalyje napTuuone (GyHKIMje, MOBE3aH ca OMIITUM MUTameM (Qu3nUKe
MHTEpIIpeTaltje perinka Koje ce MojaBjbyjy y pauyHawmy eHTponuje criereHoctu. [loceban uHTEpec
KaH/IMJaTa je pa3Marpame OBUX MHUTamka y PEKUMY KBAHTHE TpaBUTAIUje, Tj. Y TEOPHjU CTpyHA: Ty
BehuHa Beh m0Opo yTemesbeHUX pe3yiTara y Be3HM Xaoca M TePMOIWHAMHKE IIPHUX pyma HE BaXH, U
HaJIa3MMO C€ YMHOT'OME Ha HEIM03HATO] TEPUTOPUjU KOja 3aXTeBa HOB MPHUCTYII.



Beh u3 came MSS HejemHakoCTH W TpaHUIIE HEHOT BaXXEHa MOXKE C€ 3aKJbYYUTH MHOTO, U HEKOJIMKO
panoBa KaHauaata mocBeheHO je ympaBo MHUTalmy IITa MOXEMO 3aKJbyYUTH M3 HaBaxema MSS
xunorese y oapehenum ciayyajeBuma. Kanaunar je Hajnpe noka3ao aa MSS rpanuiia Baxu He caMmo 3a
JbaryHOBJbEB €KCIIOHEHT JyaJlHUX T€OpHja Mmojba Beh U 3a KIaCHYHO KpeTame Y NOoJby LPHE pyIie, KaKko
YeCTUIla TaKo M o0jekara Kao MITO Cy CTpyHE M OpaHe Koje MpOM3UiIa3e M3 KOPEKIMja Ha KIACUYHY
rpaBUTAIM]y, aJli CAMO aKO CE€ M3BOPHA IpaHMIla MOAM(UKYje y3UMameM y 003Up KBAaHTHUX OpojeBa
CTPYHE OIHOCHO OpaHe. Y yajHO] TEOPHjU TIOJha OBAaKBM OOJEKTH OATOBapajy KOMIO3UTHUM
orepaTtoprMa BeJIMKe AUMEeH3Huje. 3aTHM je moka3aHo aa ce MSS ckana takohe moaudukyje y ciyyajy
ryOWTKa JIOKAJTHE POTAIlMOHE CUMETPHje — OBO C€ BUAM HAa IPUMED 3a CIy4aj OTBOPEHE CTPYHE y MOJBY
potupajyhe D1-D5-p upHe pyne, anu He U 3a YECTHILy y UCTOj TEOMETPHjH, jep Ce YEeCTHUIla YBEK MOXKe
JIOKAJIHO TPEHETH KopoTHpajyhu cuctem (a OTBOpeHa CTpyHa HE MOXKE jep je y UTamy eKCTeHIUPaHU
o0jekar). 3a oBaj npumep (koju xosorpadcku oArorapa napy KBapkoBa y TEPMaJHOj IJIa3MH) IMOKa3aH
je Takohe mpaBu cmmcao MSS ca rpaBUTAIMOHE CTpaHE: TO j€ CKaja TepMajn3allidje Koja oAroBapa
MMargiHapHOM Jiely KBa3MHOpPMajHE Moje LpHe pyme. Tako ce Kpyr 3arBapa: ¢ jemHe cTrpaHe MSS
XHIIOTE3a j€ YOIIITeHa W MOTU(PHUKOBAHA TAaKO Jla BaXKM KaKO 32 KBAHTHU JbamyHOBJHEB €KCIIOHEHT y
BpeMeHCKH Heypehenum kopenannonuM ¢ynkuujama (eHr. Out-of-Time-Ordered Correlator - OTOC)
TaKo M 3a KiIacuYHU JbamyHOBIbEB €KCIIOHEHT y TEOMETPHU)HU LIPHE PYIIE, a C APYTre CTpaHe MOKa3aHo je
Jla je y IUTamy CKaJla Koja y pa3HUM 00jeKTHMa OJIroBapa pa3HUM (U3UUYKHUM IMPOLECUMA U YOIIIITE Ce
HE CBOJAM Ha 3ajeJHUYKM HMMEHWIAll, YUM C€ CHMETpHja Hapylld, CBE OBE CKaje ce pa3aBajajy U
pasnukyjy ce onx MSS ckare.

Ogo nosnaun u aa nena OTOC ¢yHkuMja caapku 3HaHTO BUie HH(opMalMja Hero caMm JbamyHoBIbEB
ekcrioHeHT. OBO je HApOYHTO M3PAKEHO KaJla AUMEH3Hje oreparopa He YMHE TUCKPETaH CIEeKTap Kao y
KOH(OPMHHUM TeopHjaMa MoJba (IITO ce OJHOCH Ha BehMHY MPaKTUYHUX CUTYalllja, OCUM YOOHUajeHUX
KBaHTHHX KPUTUYHUX Tauyaka — HE ¥ KBAHTHUX KPUTHYHHX (ha3a): KBAaHTHU JbanmyHOBIHEBH €KCIIOHEHTH
Taja rybe cMHucao, 1 MOpa ce MocMarparH 1iejia BpeMeHCKU HeypeleHa kopenaiona ¢yHkuuja. Bbeno
MoHamame je MehyTuM yHUBEp3aJiHO, W TIOKa3yje JBa poOyCHa peKHMMa, KOJU pPa3iuKy]y YHCTO
Xa0TUYHY O] MellaHe TUHaMuke. JIoK je y KIaCHYHOM Xaocy OBakBe cucreMe Moryhe pasnukoBaTu
Hop. nmyteM [loeHkapeoBHX Mpeceka, 10 caja HHMje OMJIO HauMHA Jla C€ MeEIIaHa JWHAMUKa jacHO
JIETEKTyje Y KBAaHTOM CIIy4ajy (OCHM IyTEM CTaTUCTHKE €HEpPreTCKOI CIEKTpa, LITO je 3aXTeBa 3HATHO
00MMHH]j€ IPOpavyHe).

CBe HaBeIeHO TOKa3yje U Jla cTaructuka Op3ouiykrynpajyhux creneHu cino0ojie y KBAaHTHUM I[PHUM
pynama Mopa OUTH CIIOK€HMja OJl CTAaTHCTHKE CIIyYyajHMX MaTpulla, jep OJCTyHama OJf HaWBHOT
MaKCUMAaJIHOT Xaoca HYKHO HMIUIMIMPAjJy Ja TOCTOje Kopenaluje u3Mel)y aMIummTyaa pasindyuTHX
npoiieca. Y OKBUPY jeTHOT MaTpUYHOI MOJIeNIa CTeKoBa OpaHa y Teopuju cTpyHa Tuna [IB kangunar je
eKCIUTUIIMTHO TI0Ka3a0 Jia OBE KOpesaluje Ha Kpajy JOBOJAE JI0 peliema Koja ce (pakTopusyjy Kaaa ce
rocMarpa MHOTO pEIUIMKAa TNpU padyHamwy eHTponuje. daktopuszanuja je Mmocienuua T3B. MOTY-
L[PBOTOYHMX pEIlIEeHa, KOja YIPaBO OJroBapajy pa3BHUjeHOM KBAaHTHOM Xaocy, 0K cyoBozaehe kopekiuje
Jl071a3€e Ol IIPBOTOYMHA U Haj3a]] O[] TOMOJOUIKY TPUBHjATHUX (IEKYIJIOBAaHUX) pelleka, Koja MOoKazyjy
MEIIOBHUT WJIA YACTO MHTErpaOUIIaH CIIeKTap.

HaBenenu panoBu cBU moja3e of peliema CylneprpaBuTalyje Wik TeopHje CTpyHa Koja calpike LpHY
pyny. C npyre cTpaHe, BaKHO j€ U IUTamkE KaKo YIa3uMO y PeXUM YHHBEP3aJIHOI MAaKCUMAIIHOT Xaoca
KaJa ce cHUcTeM NpHOImKaBa KIIACHMYHO] IPHOj PYMH, Tj. KaKO HM3IVIena caMm mpenas. Y TOM IUJbY
IpoydeHa je MaTpulla pacejama BHUCOKOMoOyheHe cTpyHe, Koja Ha KPUTHUYHOM OKyHallMOHOM Opojy
1ocTaje IpHa pymna, Mo MPUHIUITY KOMIUIEMEHTApHOCTH CTpyHa-ljpHa pyma. Haljena cy cucremarcka
OJICTYyTIama O]l XaOTMYHE AUHAMUKE (M CTaTHCTUKE CIIy4ajHUX MaTpULA) Y BUAY KBa3U-UHBAPUjaHTHUX



CTama, Koja ce Takole Mory 00jaCHUTH CIIy4ajHUM MaTpUYHUM MOJIENTUMA, aJli CIIOKESHU]UM.

Kanmumar HacraBba pajl y OBHM IMpaBIMMa, C jeIHE CTpaHE Ha JAMHAMUIK Yy TeOMeTpHjama
MUKpoOcCTama Kao mto je LLM reomerpuja, rue ce MUKpOCKOIICKE THHAMUYKE BEJIMYUHE MOTY JI0BECTU
y Be3y ca KOC(UIMjeHTOM MpPO3PAauyHOCTH U TEMPOJAMHAMUKOM MUKPOCTama, a C JApyre cTpaHe Ha
JlaJbeM pazyMeBamy MaTpHUIle pacejama BUCOKONOOyheHnx cTpyHa.

VY oBy rpymy cnanajy pagosu [B10-B12,B15-B16]:

M. Cubrovié

The bound on chaos for closed strings in Anti-de Sitter black hole backgrounds
Journal of High Energy Physics 12, 2019, 150 (2019)
[arXiv:1904.06295[hep-th]]

D. Markovi¢ and M. Cubrovié

Detecting few-body quantum chaos: out-of-time ordered correlators at saturation
Journal of High Energy Physics 05, 2022, 023 (2022)
[arXiv:2202.09443[hep-th]]

M. Cubrovi¢

Replicas, averaging and factorization in the IIB matrix model
Journal of High Energy Physics 09, 2022, 136 (2022)
[arXiv:2203.10697[hep-th]]

V. DBuki¢ and M. Cubrovié

Correlation functions for open strings and chaos
Journal of High Energy Physics 04, 2024, 025 (2024)
[arXiv:2310.15697[hep-th]]

N. Savié¢ and M. Cubrovié

Weak chaos and string dynamics in the string S-matrix
Journal of High Energy Physics 03, 2024, 101 (2024)
[arXiv:2401.02211[hep-th]]

24. I[I/IHaMI/IKa H CTATUCTUKA KBAHTHO-XAa0THYHHUX MHOI'OYCCTHYIHHUX CHCTEMA

[TpobnemMu Memane (peryinapHO-XaoTHUHE) AMHAMHUKE U HEHE Be3e ca TPAHCHOPTOM M CTaTUCTHKOM
YeCTO Cy BE3aHH 332 HajOCHOBHHOj€ Pa3yMeBake€ MHOTOYECTUYHUX CHCTEMA, U KIIACHYHUX M HAPOYHTO
KBAaHTHHX, IJie epeKTU TyHelaupama U MHTepdepeHlrje HUBoa J0/1ajy jOoll jelaH HUBO CIOKEHOCTH.
OBu yHHBep3aJiHU NMPOOJIEMHU C je[JHE CTpaHe MOBE3yjy KBAaHTHHU XaoC y BUCOKO- U HUCKOEHEPTeTCKUM
CHUCTEMHUMa, a C Jpyre CTpaHe y OBHM JPYTUM YECTO Cy BE3aHH 3a JUPEKTHO MEpJbUBE BEITUUYUHE.
I'maBHa mpeokymaiyja KaHAUJaTa y OBOM KOHTEKCTY je /1a, Ka0 M y IPETXOAHO] MOJIEIHHH, pa3yMe
edekar MellaHe JWHAMMKE alld caja Tpe CBera y Be3W ca TPAHCIOPTOM, Kako 300r OorarcTsa
(dbeHoMeHoJorrje TpaHCIopTa Tako U 300r, Hajuenrhe, MHUPOKE JUCTYIHOCTH TPAHCIOPTHUX BEIMUYMHA
mepewy. Ilocme paHux mMoKymaja ca KJIACMUYHUM M KBa3WKIACHYHMM CHUCTEMHMA, KaHIUAAT ce
MIOCBETHO pajly Ha TPAHCIOPTY Y jeMHOJMMEH3MOHMM KBAaHTHHUM JIAHIIMMA, T1e je Hal)eHO /a 4ak u y
OJICYCTBY Heypel)eHOCTH cokeHa TMHAMHUKA TeHEPUYKH JIOBOJIU 10 AHOMAJIHOT TPAHCIOPTA U O/ICYCTBA
XUJAPOJMHAMHYKOT O/rOBOpa Ha meprypbOanuje. Jlocagammy paj je OorpaHHYEH YIVIaBHOM Ha IpBe
MOTIpaBKe KJIACHYHO] JUHAMUIM, anu he yOyayhe OWTH mpoydeH CHCTeMaTcKH pa3Boj 3a BurnepoBy



niceya0pacIofienty, a 3a Majie cucreMe Ouhe uckopumiheHa u er3akTHa JujaroHajan3anuja.
VY oBy nogo6nact cnanajy pagosu [Al,C1,B5,B14], u3 xojux uzasajamo

D. Markovié and M. Cubrovié
Chaos and anomalous transport in a semiclassical Bose-Hubbard chain
Phys. Rev. E 109, 034213 (2024)

3. EneMeHTH 32 KBAJIMTATHBHY AHAJHU3Y HAYYHOI AONPHHOCA
3.1 KBasiuteTr Hay4YHHMX pe3y/rara

Kanaunar je no cana o6jaBuo 20 pagoBa, on Tora 2 y yacomuuma kareropuje M2la (mehyHapoanu
YacOTMHC U3y3€THE BPEIHOCTH), 16 y yaconucuma kareropuje M21 (BpxyHCKH Mel)yHapOHU YaCOTIHC),
1 y waconucy kareropuje M22 (Boxehu mel)yHaponHu 4acomuc) U jejaH y Jyaconucy kareropuje M24.
Taxole je 06jaBHO jeqHO MOTTIaBbe y 300pHUKY Bojaeher melhyHnapoaHor 3Hagaja M13.

VY mnepuony HakoH omiayke Haydnor Beha o mpemiory 3a cTHIame HPETXOJHOT HAyYHOT 3Bamba,
KaHauaar je objasuo 10 pagosa, ox Tora 9 y yaconucuma kareropuje M21 (BpxyHcku MmehyHapoaHu
yaconuc). Oap:kao je U BUIIe Npe/laBaba Ha HAyYHUM CKYTIOBHMA, O TOora 3 IO MO3HUBY.

3.1.1 HayyHu HUBO U 3HA4aj pe3yJrara

PanoBu xanaunara Hajsehum aenom (18 ox 20 pamoBa) cy 00jaBibeHU Yy BPXYHCKHUM MelyHapoIHUM
Yyacomnucuma, oj Tora 2 y HajBuioj kareropuju M21a. Panosu [A2], [B2] u [B3] ¢popmupanu cy HOBY
Ta4yKy IVIEANINTA Ha BHCOKO KOpeHcaHe (epMHOHE M MHCIHPHCAIN AaJbU Paj HU3a ayTopa y HMCTOM
npasiy. Pan [B10] je yka3zao Ha ny0oke Be3e TeopHje CTpyHa M KBAaHTHOI Xaoca M Takohe je
MHCIIMPHCA0 JaJbH PaJ] JPyTUX ayTopa y MOKYIIajy Ja pa3yMejy Bedy JUHAMHUKE CTPyHE U BPEMEHCKH
HeypeheHux KopenanroHux (yHKIUja y TEOPUjH 1oJba.

[Tet HajBaXKHUjUX paOBa U3 U3OOPHOT IIEpUOAA CY:

1. M. Cubrovié

The bound on chaos for closed strings in Anti-de Sitter black hole backgrounds
Journal of High Energy Physics 12, 2019, 150 (2019)
[arXiv:1904.06295[hep-th]]

https://doi.org/10.1007/JHEP12(2019)150

nuthpad 18 myra, U® 3a 2019. ronuny 5.875 (M21)

2. D. Markovié and M. Cubrovi¢

Detecting few-body quantum chaos: out-of-time ordered correlators at saturation
Journal of High Energy Physics 05, 2022, 023 (2022)
[arXiv:2202.09443[hep-th]]

https://doi.org/10.1007/JHEP05(2022)023

mutupad 6 myta, Ud 3a 2020. ronuny 5.810 (M21)

3. M. Cubrovié
Replicas, averaging and factorization in the IIB matrix model
Journal of High Energy Physics 09, 2022, 136 (2022)


https://doi.org/10.1007/JHEP12(2019)150
https://doi.org/10.1007/JHEP05(2022)023

[arXiv:2203.10697[hep-th]]
https://doi.org/10.1007/JHEP09(2022)136
mutupad 1 myt, U® 3a 2020. roguny 5.810 (M21)

4. V. Buki¢ and M. Cubrovié

Correlation functions for open strings and chaos
Journal of High Energy Physics 04, 2024, 025 (2024)
[arXiv:2310.15697[hep-th]]
https://doi.org/10.1007/JHEP04(2024)025

N® 3a 2022. roguny xxx (M21)

5.N. Savi¢ and M. Cubrovié

Weak chaos and string dynamics in the string S-matrix
Journal of High Energy Physics 03, 2024, 101 (2024)
[arXiv:2401.02211[hep-th]]
https://doi.org/10.1007/JHEP03(2024)101

N® 3a 2022. ronquny xxx (M21)

VY mpBoMm paly KaHIuAaTr je (Kao jeIMHH ayTop) MPOy4YHO KpeTame 3aTBOpEHE CTpyHE ca (a3HOM
poranujoM (eHr. winding) y reoMeTpujama pa3InuyuTHX LpHUX pyna ca AdS acumnroruxkom. Haheno je
na KinacuyHu JbamyHOBJbEB €KCIIOHEHT 3370BoJbaBa MoAUQHKoBaHy MSS rpanHuily, MOMHOXEHY
yraOHUM MOMEHTYM CTpyHe. Y JyaJlHO] T€OpHjU I0Jba, OBO OJArOBapa ONEpaTOpHMa BEOMa BEJIHKE
KOH(pOpMHE JTMMEH3H]e, KOoju cy naneko of Pereoe Tpajexropuje. [lokasyje ce nakie ga cTpyHa, Kao
eKCTeHJMpaHu o0jeKaT KOju H3Ja3u BaH OKBHMpa KIIAaCMYHE TIpaBUTallMje, 3aXTeBa MOAM(UKAIN]Y
IpaHUIle Xaoca, ajJi MUHUMAJIHY.

VY npyroMm paay KaHAMJAT je OCMHCIMO HAuuH Jia C€ y CHUCTeMHUMa TIJe HeMa BeNUKe Tejil Tpyre
(Bemukor N) Te Hema HMU MSS rpanuiie HU KBaHTHOT JbamyHOBJREBOI €KCIOHEHTA (EKCIIOHEHT je
reHepuyku Hyna!) unak npoHale yHMBEp3aJHM acleKkar, U TO Y pPeXUMy carypanuje: Ha HajBehum
BPEMEHCKHUM CKajama, KaJla KopenanuoHa (GyHKIH]ja TIOCTUTHE KOHCTAHTHY BPEIHOCT, OBAa BPEIHOCT CE
CKaJlipa ca TeMIepaTypoM IO jeTHOM OJ JIBa 3aKOHA, 07 KOjHX jellaH OAroBapa pa3BHjeHOM Xaocy, a
JIPYTU MEIIAaHO] peryJapHO-XaoTUYHOj AMHaMUIKM. OBO Jakiie 04eKyjeMO M 3a KBaHTHE MOJEJE LPHUX
pyna. Y camMoMm pajay, ayTop U HEroB CTYIEHT Cy IMPOYYHJIM TMOHAIllake BPEMEHCKH HeypeheHux
KopenanmoHux  (QyHkmuja 3a aHcamOne [aycoBux clnydajHMX MaTrpuia, 3a JeTHOCTaBHE
KBaHTHOMEXaHWYKe Mojene kao mro je EHo-XamncoB xamunronujad u 32 BMN Marpuunu mozen y
TEOpHjU CTpYyHa.

VY 1pehem pany KaHIUAAT je, Kao jeIMHU ayTop, pa3MOTPUO Be3a JUHAMHKE Ca CTATUCTHKOM, TOCEOHO
ca MapTULUMOHUM (YHKLHMjaMa y TMPHUCYCTBY peruinka, Ha npumepy IKKT marpuynor moznena, xoju
OmHCyje CTpyHE U OpaHe y Teopuju crpyHa tuna [IB. OcHoBHU 1IMJb OBOT paja je AONPHUHOC PEIICHY
napajiokca (akropuszalmje — peIuiiKe Koje Ce yBOJAE MNpH pauyHamy EHTPONHje TPaBUTALMOHUX
cucrteMa ce mory MehycoOHo kyrmmoBarw (INTO /Jaje HIPBOTOYMHE KAao pEIIeHa), IITO 3HAYM Ja Ce
rpaBUTAllMOHA MApTULIMOHA (QYHKIMja HEe (aKTOpU3yje, I0K ce MapTUIMoHa (yHKIH]ja TyajHe Teopuje
nmojka Mopa (GaKTOpH30BaTH jep ce€ pagud O HeuHTeparyjyhuMm komuwjama cuctema. Y OBOM panay
KaHAWJaT je 100uo pesyaTrare Koju TMOIpKaBajy HJejy €(QeKTHBHOI YCpeAmaBama IyalHe TeopHje
noJba Mo “Op3uM” MPOMEHJBUBUM — Kaja ce quHamuka opana y IKKT moneny ycpenmwu 1o KBaHTHUM
¢dnykryanujama Opana, 1oOujeHe maptuioHe QyHkuje ce dakropusyjy. Kibyune 3a daxropuzanujy
Cy T3B. MOJIYI[PBOTOYMHE, KOH(UTypalije Koje ynpaBo OAroBapajy U jako XaOTUYHO] AMHAMHUIIM, IITO
HO/P>KaBa CIMKY €(peKTUBHOT CaMO-yCpe/IbaBamba.


https://doi.org/10.1007/JHEP03(2024)101
https://doi.org/10.1007/JHEP04(2024)025
https://doi.org/10.1007/JHEP09(2022)136

VY yeTBpTOM pamy, o UAEjU KaHIUJaTa, U3padyHare cy ABOTauKacTe KopenalnuoHe (yHKIMje OTBOpPEHE
CTpyHe y reoMeTpuju tpHux pyna (LBapummnnose, Jlnupmmuose u D1-D5-p). [Tokasyje ce na y npsa
JIBa Cily4yaja KoperianuoHe (yHKIHje omangajy ca eKCIOHEHTOM Koju oarosapa JbamyHoBIbeBOM
eKCTMIOHEHTY KJIACHYHUX jeTHaYMHA KpeTama, a KOoju je TayHo jenHak MSS rpanunm. Y potupajyhem
ciayuyajy DI1-D5-p, oBe ckane (JbamyHOBJBEBa M KOpEJallMOHA) C€ HE TIOKIIanajy Hu Mely coooM HUTH
ca rpHauIoM Xaoca. 3axBasbyjyhu Tome mrTo je 3a cuctem D1-D5-p mo3naro Tauno pemieme y Teopuju
CTpyHa, MOIJIM CMO J1a YIOPEeIMMO E€KCIIOHEHT OlaJlarka Kopelalyja ca MOHAIlamkheM KBa3MHOPMATHHUX
moza. [loka3yje ce na Cy eKCHOHEHTH Omnajiama KopejalMja YHIpaBHO jeJHAKH MMardHapHOM ey
HOPMaJHUX MOJA, IITO HMX HACHTU(UKYje ca CKaJOM TepMmalu3auuje. AHalIUTUYKa npeaBuhama
IpoBepeHa Cy HyMepHUUKH, KopuilhemheM Kojia KOju je ayTop CBOjEeBPEMEHO pa3BHO.

Y meroMm paay pa3MOTpeHa je CTaTUCTHKa MaTpulle pacejama BHCOKONoOyheHe cTpyHe 1o
KaHJIUJATOBO] 3aMUCIM Ja C€ Yy O] TMoTpaxke 3Hanmu Qusuke npHux pyma. Ha ocHOBy
KOMIUIEMEHTApHOCTH CTPyHa M LPHUX pyIa, O4eKyje ce€ Jla CTpPyHa Yy JOBOJbHO BHCOKO NOOyheHoM
CTamy IOKa3yje 3Hake Op3or ckpemOioBama WH(pOpMaIMja U Xaoca Kao U IpHA pymna. Y OBOM paiy
ypaheHa je craHiap/iHa aHalIM3a XaOTUYHOCTH pacejama, pauyHameM CTaTHCTUKE CBOjCTBEHHX (a3za
MaTpulle pacejama U meHUM mnopehewmeMm ca Burnep-/lajconoBom craructukoM. Mcnocrasiba ce na,
nopen rmnomynamnuje koja ce Buraep-/lajcoHoBom pamcopenoM J00po omucyje, yBeK IOCTOjU H
peryinapHa KOMIIOHEHTa ca HaroMmiaBameM (paza oko Hyne. KaHmumar je ycTaHOBHO Ja OBO OIroBapa
OXHJbLIUMA Y KBAaHTHUM MHOTOYECTHMYHHM CHCTEMHUMA. Y TOKY je JaJbU paj Koju Tpeba J1a Mmokaxke Ja
JU je OBIE IO Cpeau ONCTYName O KOMIUIEMEHTApHOCTH CTpyHa-lI[pHA pyna, WIA HampoCTO
OTKa3MBam-€ TEOpHje NMepTypoalinje KojoM je padyHapa MaTpUla pacejama.

3.1.2 llnTnpaHoCT HAYYHHUX PAI0BA KANJIWAaTa

ITpema 6azu Web of Science, pagoBu kaHauaara cy nutupanu ykynao 502 myra (sum of times cited), y
yKkynHo 435 panoBa (citing articles), y3 Xupiios unaekc 7 (mogarak y3et 19. janyapa 2025. ronqune).

3.1.3 [TapameTpu KBaJIUTETA PAJA0BA M YacoNuca
Kannunar je 06jaBro pamose y cienehum gaconucumas

1 pan y Science (M®(2009)=29.747, CHUATI(2009)=7.04)

9 pamoBa y Journal of High Energy Physics (M®(2010)=6.049, N®(2013)=6.220, NUD(2014)=6.110,
UD(2019)=5.875, UD(2020)=5.810, MND(2022)=5.400, CHUII(2011)=1.42,  CHHII(2016)=1.35,
CHMII(2020)=1.17)

2 pana y Physical Review A (Md(2016)=2.925, Ud(2017)=2.909, CHUII(2015)=1.07, CHUII(2017)=1.02)

1 pan y Physical Review B (M®(2014)=3.736, CHUI1(2013)=1.32)

3 pama y Physical Review D (U®(2010)=4.964, UdD(2013)=4.864, CHUII(2009)=1.66, CHUII(2011)=1.52,
CHUII(2013)=1.41)

2 paza y Physical Review E (U®(2005)=2.418, CHUII(2005)=1.16, UdD(2023)=1.630)

1 pan y European Physical Journal D (M®(2007)=1.828, CHUII(2007)=0.89)

1 pan y SciPost Physics Core

1 pan y Optical and Quantum Electronics

VYkynan ummakt (akrop pagosa kagauaara je 104.929, a y uzbopuom nepuoay 34.129.



3.1.4 CreneH caMOCTAJTHOCTH M CTeneH y4yemha y peaju3anmju pagoBa y HAy4YHMM LEHTpUMA y
3eMJbH U HHOCTPAHCTBY

Kannunar je jemunu aytop pamosa [A1,B7,B10,B12]. Kangunar je Boaehm aytop Ha 5 pamoBa ca
xoayropuma [A2,B2,B3,B8,C1], y kojuma je pa3BMO HYMePUUKH MeTOJ U a0 K/byYHHU JOIPHUHOC Y
roryiefly M3pajZile HyMepUUKMX CHMYy/aljija ¥ HUXO0Be HHTeprpeTalnuje, Kao M JONPUHOC MHUCalby
pagoBa. Ha pagoBuma [B1,B6,E1] kaHauzgar je ayTop HyMepUUKOT MeToZia KOpWIheHOr 3a Jo0ujame
pesynrara. Pagosu [B9,B11,B14-B16,D1] HacTtanu cy Kao pe3ydTar CTy[JeHTCKMX IMPakCH U MacTep
pajioBa CTyZJeHaTa, IIPBU ayTOpU Cy CTY[eHTH, a KaHAWJaT, Kao PyKOBOAW/IAL] UCTPaKUBaba, je Jpyru
ayTop (Wm nocsiefilby ayTop, 3a paf D1 koju je paheH ca aBa cTyzeHTa).

3.1.5 Harpape
Kannunar je nooutHuk Harpanae “Trots op...” YauBepsuteta y Jlajaeny 3a 2009. roguny.
3.2 AHra:xoBaHOCT y (popMHpamy HAyYHHX KaJpoBa

AxmugHocmu npe npemxooHo2 u300pa Vv 36arbe

Kanmunar je y nmermem cemectpy 2010. u 2011. romune Omo acucteHT Ha mpeametry Theory of
Condensed Matter na YuuBep3urety y Jlajneny. Ha YuuBepsurery y Kenny Ouo je acucteHT Ha
npenmernmMa Advanced Quantum Mechanics (3uma 2013. rogune), Quantum Mechanics (1eto 2014.
ronuHe) u Quantum Field Theory (;ero 2015. romune). Ha ynuBepsutery y JlajaeHy kaHaupaar je
panuo ca macrep cryaeHtuma (Piet Schijven u Jelle Brill), xoju cy ce yxipyumnu y pax Ha
nyOnukanujama [B1] u [D1].

AKkmuenocmu HaKoH npemxoo0Ho2 uzbopa y 36arbe

Muxauno YyOposuh je y n300pHOM nepruoy 6M0 MEHTOP YETUPH MacTep Te3e:

1. Bnagana l'euuna, HacinoB “Holographic square lattices and strange metals”, @usuuku ¢akynrer,
Yuusep3utet y beorpany, onbpamena 2022. ronune.

2. Hukone Casuha, HacnoB “Classical and quantum chaos in the scattering of highly excited strings”,
®usnuku pakyntetT, YHuBEp3uTeT y beorpany, ondpamena 2023. roguHe.

3. Biagana Bykuha, HacnoB “Fundamental strings, thermal horizons and the chaos bound”, ®uznuku
dakynret, YauBep3uteT y beorpany, onbpamena 2023. roqune.

4. lparana Mapkosuha, HacnoB “Transport and out-of-time ordered correlators in quantum chaos”,
Ouznuku pakyiaTer, YHUBEp3uTeT y beorpany, ondpamena 2024. roguxe.

VY cBUM OBHM Te€3aMa KaHAUAAT j€ PYKOBOIMO TUIAHUPAKHEM W HCTPAXKUBAKHEM. MacTep Te3e caapxke
pesynTare npeacTaBbeHe y ciefaehuM pagoBuma:

F. Her¢ak, V. Gecin, M. Cubrovié

Photoemission “experiments” on holographic lattices
SciPost Physics Core 6, 027 (2023)
[arXiv:2208.05920[cond-mat.str-el]]

N. Savié¢ and M. Cubrovié
Weak chaos and string dynamics in the string S-matrix



Journal of High Energy Physics 03, 2024, 101 (2024)
[arXiv:2401.02211[hep-th]]

V. Duki¢ and M. Cubrovi¢

Correlation functions for open strings and chaos
Journal of High Energy Physics 04, 2024, 025 (2024)
[arXiv:2310.15697[hep-th]]

D. Markovi¢ and M. Cubrovié

Detecting few-body quantum chaos: out-of-time ordered correlators at saturation
Journal of High Energy Physics 05, 2022, 023 (2022)
[arXiv:2202.09443[hep-th]]

D. Markovi¢ and M. Cubrovi¢

Chaos and anomalous transport in a semiclassical Bose-Hubbard chain
Phys. Rev. E 109, 034213 (2024)

[arXiv:2308.14720[hep-th]]

Kanaunar je MeHTOp AOKTOpPCKUM cTyneHTMMa Bramany Tenuny (3. roguna) u Brnagany DBykuhy (2.
rofivHa), KOJU Cy U CBOJ€ MacTep Te3e ypaawid MO pPyKOBOACTBOM Kanaunara. IlomTo cy o0a
KaH/AMJara joll y IMOYEeTHUM TOAMHAMa CTyAMja, TeMa AMCepTaluje joul Huje onadpameHa (Bnaman
I'ertun he Temy Opanutu TokoM miposnieha 2025. ronune).

Kangunar je pemoBHo capabyje ca crygeHtuma ®usuukor ¢akynrera y beorpany u Ilpuponno-
maremaruukor akynarera y Hoom Cany y okBUpPY JeTHUX Npakcu. JIeTwhy npakcy ca KaHAUJATOM Cy
paaunu Jyman HoBuunh (aHaIMTHYKO TpaXkeme COTUTOHCKUX pellemha METOJIOM HHBEP3HOT pacejama,
2017; xaoTu4He Teofe3ujcKe y MmoJby anakaBe upHe pyne, 2018), Bmagan bBykuh [B13] u paran
Mapxosuh [B11], cBu ca ®usnukor ¢akynrera y beorpany; Tpuko Kykosm [B9] u @unun Xepuex
[D1], ca I[Ipupoano-maremarnukor ¢axynrera y HoBom Cany. Tokom noceta Yuusepsurety y Jlajneny,
KaHauaat paau ca crygeHtom Hukonom Illameom (Nicolas Chagnet), Ha 3ajeqHUYKOM MPOjEKTy ca
Bnananom DBykuhem (Emerging Fermi liquids from regulated Quantum Electron Stars, 2022,
arXiv:2204.10092[hep-th]). Toxom mocera VYHHBep3uTeTy y AMcTepAamMy KaHIWIAT paad ca
crynentkumoM Junnay Xonanaep (Jildou Hollander) Ha nunamuim reopesujckux y LLM reomTpujama.

Kanaunar je Takohe npxao npenaBama y okBHpY npenmera CeMuHap caBpeMeHe (HU3HMKe 3a CTY/IEHTe
Tpehe ronune ®Ousnukor Qaxynrera y beorpany (teme: KBaHTHa KpUTUYHOCT U YyJIHU METaIH, MapT
2018 u ampun 2019; KBantHa teopuja uadopmaiuja, upHe pymne u upotounne, anpui 2021). Taxohe
j€ aKTUBaH Kao cTpy4yHH capagHuk y Mcrpaxusaukoj ctanuuu [letHuna, Ha ceMuHaprMa ACTpOHOMHU)aA
u Ousuka.

Od 2024. rogune, KaHAKUIAT j€ KOOPTaHU3ATOP CTYJEHTCKE JeTe mkoie Petnica Summer International
(PSI). Kanaumar je 3amyxeH 3a TEOPHUjCKO M3JIame IKOJIe, KOje TIOKpHUBAa TEOPH]y BUCOKJUX E€HEPTHja,
KBaHTHY TeOpHjy HH(OpMaIMja U TEOpHjy TrpaBuTalje (0K (EHOMEHOJOUIKO H3Jame IHMOKpUBa
acTpo(U3UKY, aCTPOYECTUUHY (PUUKY U KOCMOJIOTH]Y).

3.3 Hopmupame Opoja KoayTOpPCKHX PaJoBa, IaTEHATA U TEXHUYKHUX pellemha

CBH pamoBH KaHIUIATa YKIbYdyjy HyMmMepuuke cumynanuje. CBU pagoBH KaHAHWIATa y H300pHOM
Nepuojly Cy ca 3 MM Mame KoayTopa, Ia ce padyHajy ca ImyHHUM OpojeMm OomoBa. Ykyman O6poj M



6onoBa je 81.5 (o1 Tora 74 Ha OCHOBY pajioBa U3 kareropuja M20).
3.4 Yuemhe y npojekTuma, NOTIPOjeKTUMA M NMPOjeKTHUM 3aJallUMa

Kanaunar je yuectBoBao y mpojekty ON171017 ¢punancupanom on ctpaHe MuUHHUCTapCTBa 3a HayKy,
MPOCBETY M TEXHOJIONIKM pa3Boj. buo je pykoBoawmian MmoOTHpojekTa 3, Jako KopenucaHu
MHorouectnuyHu cuctemu, AdS/CFT kopecnoHaeHIMja ¥ KBaHTHa KPUTUYHOCT, Y OKBHpY
JlaGoparopuje 3a mpuMeHy padyHapa y Hayuu lLleHTpa uW3y3eTHHUX BpPEIHOCTH 32 H3yYaBame
KOMIUIEKCHUX cHucTteMa MHcTuTyTa 3a (u3uky y beorpamy, a ydecTBoBao je W y MOTHPOjeKTy 2,
"Tomomomike ¢aze" ucTor 1eHTpa.

VY nepuony jyn 2020. - jyn 2022. roguHe KaHauaar je ydectBoBao y mpojekty [TPOMUC donpa 3a
¢unancupame Hayke PernyOnuke CpOuje non HasuoMm “Cold atoms, Hubbard model and holography:
the key to strange metals (Key2SM). IIpojekar je mmao 3a nusb na ucnurta moryhe Beze AdS/CFT
Mozena YyqHUX MeTana (6a3upaHMX Ha IPHUM pylaMa Koje HapyllaBajy 3aKOHE XHIIepCKalupama y
AjHmTajH-MakcBen-IuaaToH cucteMuMa) M XabapAoBOr Mojena, MyTeM Tmopehema CIeKTpaTHUX
bynkmja enexkrpona. Kanaunar je pykoBonuo nenom npojekra koju ce 6aBu AdS/CFT monenuma u
BUXOBUM KaJMOpHUcameM. [ JTaBHM pe3yaTar OBOT IpojeKkTa 00jaBibeH je y paay [D1], rme je mokazaHo
Jla TIOCTOjJH JEIMHCTBEHO pelIeHE ONTUMH3AlMje Mapamerapa xojorpadckor Mojena (GpuroBameM Ha
cnekTpe XabapaoBor mozena u3payyHate KBaHTHUM Monte Kaprno cumynanmjama, mako mocroje u
Heke ocoOnHe Xabap0BOT MOJieNia KOj€ OBO pelIeHhe He PEMpPOayKyje.

On cenrembpa 2024. romuHe KaHAMIAT je YYECHUK Mpojekra “I'paBUTaliMOHHBIE METOABI IS
HenepTypOaTUBHBIX SBICHUW B KBaHTOBBIX CHCTEMax W TEOpPHM NOJS’, ca HMCTpakHBaylMMma ca
Maremtuukor uacturyta CrekinoB y Mocksu. [Ipojekar uMa 3a usb TeMEJbHO pa3yMeBame Xaoca y
pEeXUMY KBaHTHE TpaBUTAIUje, TJe Pe3yJITaTH U3 JIUTeparype, KOju ce OJHOCE Mpe CBera Ha KIAaCUYHU
PEXKHM, BUIIIE HE BaXKE U O KOME C€ CaJia 3Ha BEoMa MaJlo.

3.5 AKTHBHOCT y HAYYHHM W HAy4YHO-CTPYYHUM APYIITBHMA
3.5.1 Peuen3uje HayqYHHX pasoBa

Kanaunar je penensent y yaconucuma Journal of High Energy Physics (M®=5.4), Physical Review D
(M®d=4.1) European Physical Journal C (M®=4.4), SciPost (M®=5.5), SciPost Physics Core (qacomnuc
ca ESCI nucre), International Journal of Modern Physics B (MI®=2.6) u Physical Review Letters
(ND=8.1).

3.5.2 Opranusanmja HayYHUX CKYIOBa

Kangunar je O6uo koopranmsarop online pagmonune "Strange metal in the Hubbard model and
AdS/CFT" onpxkane 23-25. maja 2022, y okBupy PROMIS mnpojexra Key2SM. Pagnonuna je okynuia
Bozehe ekcriepre w3 ABejy 00OMacTH KOje MPOydaBajy jako KOpeucaHe €JIEKTPOHCKE CHCTEME JIBeMa
pasIMYUTUM MeETO/laMa: HYMEpPHUYKHUM pelaBambeM XabapaoBor mozaena u ayanHomhy AdS/CFT.
Kanguaar je Takohe 610 koopranuzarop U nNpeiceHUK opraHu3aluoHor ogodopa ckyna “Black holes &
chaos” koju je oapxan 4-6. centemOpa 2024. ronuHe Kao MpBU OaJKaHCKH CKyN rnocBeheH MonepHo)
TEOpHUjU CTpyHa, xonorpaduju U cpogHuM obnactuma. Kanauaar je ocMHCINO TeMe CKyma, M03Bao
Behuny mpenaBaua u o6e36eano ¢puHancupamwe of crpane COST akmmje Challenges in Fundamental
Physics 1 MunucrapcTBa Hayke, TEXHOJIOUIKOT pa3Boja M MHOBAIHja.



3.6 YTHIAajHOCT HAYYHHX pe3yaTara

Kanguaar je y TOKy TOKTOPCKUX CTyAHja Pa3BUO METOJAE padyHama CIEKTpa M MpoydyaBamka OCHOBHOT
crama (ImyTeM Oekpeakifje Ha TeoMeTpHujy) 3a xojorpad)cke Mojeine Ha KOHAYHO] TYCTHHHU (WJIH
XEMHU]JCKOM TOTeHIrjany). OBU METONU U PE3YyNITaTH Cy OKPEHYIH pajl HU3a UCTPaKHBada Ha CITMYHUM
MUTakbUMa, ITO Ce BUIU U3 IIUTHPAHOCTU KJBYYHHX pajoBa, mpe cBera [A2] u [B2,B3], a Takohe cy
WHUIUPAT CHUCTEMATCKH pajJ Ha XoJorpad)CkoM TPUCTYMY jaKO KOPETUCAHUM eJIeKTPOHCKUM
cucteMuMa Ha Yauepsurtery y Jlajaeny. Panom [B10] kanauaar je moacrakao mMpoK CIEKTap paaoBa
KOjU MPOyYaBajy TMHAMHUKY CTpYHa y TeOMeTpHjaMa IPHUX pyTia.

VYTHIajHOCT pajioBa KaHAMJATa Takohe ce BHIM M3 MojaTaka O IUTUPAHOCTH, KOjU Cy HABEICHU Y
o11eJbKy 3.1.2 ¥ 1eTasbHO W3JIUCTAHU Y IPUIIOTY.

Kannunar je ompkao 6 mpenaBama 1o mo3uBy: 1) Spectral functions in holographic lattices and the
Hubbard model, “Strange metals: from the Hubbard model to AdS/CFT”, 23.-25. maj 2022, UucTuTyT
3a (pu3uky, beorpan 2) Chaotic string dynamics from perturbation theory to matrix models, “Frontiers
of Holographic Duality 47, 12.-16. nenembap 2022, Maremaruuku uHCTUTYT B. A. CtexnoBa, MockBa
(Maremarnueckuit uHCTUTYT UM. B.A. CrexioBa PAH, Mocksa) 3) Stringy effects in chaos, “Workshop
on String Theory, Holography, and Black Holes”, 23.-27. oxtobap 2023, MelhyHapoauu neHrap 3a
teopujcku pusuky, Tper (International Center for Theoretical Physics, Trieste) 4) Weak chaos in the
string S-matrix, “Frontiers of Holographic Duality 57, 4.-8. nenembap 2023, MareMaTUu4Kyd UHCTHTYT
B. A. Crexnosa, MockBa (Maremarnueckuii nHcTuTyT UM. B.A. CrexiioBa PAH, Mocksa) 5) Black
holes and chaos in matrix models, “HINT Workshop”, 22.-26. jyn 2024, ®usuuku daxynret, beorpan
6) Weak chaos in the string-black hole scattering from classical to quantum, “Quantum Gravity, Stirngs
and the Swampland”, 3.-9. centembap 2024. Takohe je mpencraBbao CBOje pe3yaTare MpHjaBJbeHUM
npenaBambuMa Ha KOH(epeHIjama, a opkao je u Behu Opoj ceMuHapa Ha pa3HUM WHCTUTYLMjaMa.

3.7 KoHkpeTaH NJONPHHOC KAHIAWAATA Y Peaju3alMjd pPajoBa Y HAYYHUM LEHTPUMA Yy 3eM/bH H
HHOCTPAHCTBY

Kao mro je Beh HaBeneHO, KaHIUAAT je€ CAaMOCTAJIHU ayTop 4 paja, IpBU ayTop 5 pajioBa, U MOCIEABU
aytop (kKao pykoBomwiall pajga cTydaeHara) Ha 6 pamoBa. Kanmumar je ayTop Koja 3a HyMEpHUKe
cumynainuje y ykynHo 13 panoBa. BehuHy cBOjuUX HayuyHHMX AKTUBHOCTM KaHIUAAT o0aBJba Ha
Uucturyty 3a ¢pusuky y beorpany, y3 penoBHe nocere YHUBEp3UTETY Y AMCTepiaMy U YHUBEP3UTETY
y Jlajneny.

Ha UncTtutyTy 3a QU3UKY KaHAWAAT jé MHULUPAO paJl Ha IPUMEHEHO] Xonorpaduju U TEOpUju xaoca
[PHUX pyrna W CTPpyHA, KAa0 HOBUM 0OO0JacTHMa, PyKOBOAHMO OATOBapajyhuM MOTMPOJEKTOM Y OKBHUPY
LlenTpa 3a m3yuyaBame KOMIUIEKCHHX CHUCTEMa, M MHHIMPAO TMOBE3MBAHm-€ OBUX 00JacTu ca J00po
MOTBphEHNM MUKPOCKOTICKMM MOJIEIMa Kao IITO ¢y O030HCKU U (EPMHUOHCKHU Xabap10B MOJIE.

3.8 Mehynaponna capaama

Kannunar je 3aBpmmo nokropcke cryauje Ha YauBepsutety y Jlajaeny (University of Leiden). Hakon
Tora, OMO je Ha MOCTJOKTOPCKOM ycaBpllaBamy Ha YHuBep3utery y Kenny. Kanaunar je capahuBao u
ca YuuepsutetoM y ®pankdypry (Institute for Theoretical Physics, J.-W. Goethe- University),
HNuctutytom 3a Hampenne cryavje y Ppankgpypry (Frankfurt Institute for Advanced Studies),
VYuusep3utetoM y ['etunreny (Institute for Theoretical Physics, Georg August University, Goettingen)
u Ionurexunukum uHctutyToM y Ilapusy (Ecole Polytechnique, Paris), mTo ce Buau u3 panoBa ca



koayTopuma. OcTBapHo je kpahe mocere OpOjHUM YHHUBEP3UTETUMA M MHCTUTYTHUMA (YHUBEpP3UTET Y
Vrpexty; Yuusepsurer y I'ponunreny; NORDITA, Crokxonm; I[lpuponHo-maremarnyku (akyiaTeT
Jby6Oibana; Yausep3uteT y BupnOypry) e je Ha ceMrMHapuMa IpeiCTaBuO CBOj€ PaJIoBe.
HajpenoBHujy M HajBakHM]y capajmby KaHIUAAT JaHac UMa ca YHUBEp3UTETOM Yy AmMcTepaamy
(University of Amsterdam), VYuusepsuterom y Jlajaeny m Maremarnukum HUHCTUTYTOM CTEKJIOB,
MockBa (Maremaruueckuii HHCTUTYT uM. B.A. CrekiioBa).

4. EleMeHTH 32 KBAHTUTATHBHY aHAJM3Y HAY4YHOT IONPHHOCA

OcTBapeHu pe3ynTaru y nepuoiy HakoH ojuryke HayuHor Beha o mpemiory 3a cTHIame MPEeTXOJHOT
Hay4yHOT 3Bama:

Kareropuja |M 6onosa o paay |bpoj pagoBa | YkymHo M 6omoBa | Hopmupanu 6poj M 6omoBa
M21 8 9 72 72

M24 2 1

M32 1.5 3 4.5 4.5

M33 1 2

M34 0.5 2 1 1

YKYITHO 81.5 81.5

[Topehewe ca MUHMMAJIHUM KBaHTUTATUBHUM pe3yTaTuMa 3a u300p y 3Bame BHUILU HAyYHU CapaJHUK:

M xareropuje Munumanau ycnoB | HopMupanu ocTBapeHH pe3ynrar
VYkynHo 50 81.5
M10+M20+M31+M32+M33+M41+M42 40 81.5
MI11+M12+M21+M22+M23 30 74

5. Cnucak o0jaB/beHUX pajioBa
PanoBu 00jaB/beHH Yy HAYyYHUM Yaconucuma Mel)ynapoanor 3nayaja (M20)
Panosu y meh)ynapogHum yaconucruma uzy3eTHux BpenHoct (M21a)

Paoosu objasmwenu npe npemxoonoe uzbopa y 36arbe

[A1]

M. Cubrovié

Fractional kinetic model for chaotic transport in nonintegrable Hamiltonian systems
Physical Review E 72, 025204(R) (2005)

10.1103/PhysRevE.72.025204

mutupad | myt, U® 3a 2005. ronuny 2.418 (M21a)



https://doi.org/10.1103/physreve.72.025204

[A2]

M. Cubrovié, J. Zaanen, K. Schalm

String theory, quantum phase transitions and the emergent Fermi liquid
Science 325, 439 (2009)

[arXiv:0904.1993[hep-th]]

10.126/science.1174962

mutupan 367 nyta, U® 3a 2009. ronquny 29.747 (M21a)

PanoBu y BpxyHCcKUM MelyHapoaHuMm vaconucuma (M21)

Paoosu objaswenu npe npemxoodnoe uzbopa v 36arve

[B1]

E. Gubankova, J. Brill, M. Cubrovi¢, K. Schalm, P. Schijven, J. Zaanen
Holographic fermions in external magnetic fields

Physical Review D 84, 106003 (2011)

[arXiv:1011.4051[hep-th]]
https://doi.org/10.1103/PhysRevD.84.106003

mutupad 18 myra, U® 3a 2010. ronuny 4.964 (M21)

[B2]

M. Cubrovié, J. Zaanen, K. Schalm

Constructing the AdS dual of a Fermi liquid: black holes with Dirac hair
Journal of High Energy Physics 10, 2011, 17, (2011)
[arXiv:1012.5681[hep-th]]

https://doi.org/10.1007/JHEP10(2011)017

mutupad 23 myta, U® 3a 2010. roquny 6.049 (M21)

[B3]

M. Cubrovié, Y. Liu, K. Schalm, Y.-W. Sun, J. Zaanen

Spectral probes of the holographic Fermi liquid ground state: Dialing between the electron star and the
AdS Dirac hair

Physical Review D, 84, 086002 (2013)

[arXiv:1106.1798[hep-th]]

https://doi.org/10.1103/PhysRevD.84.086002

nuthpad 31 myrta, U® 3a 2013. roguny 4.864 (M21)

[B4]

M. V. Medvedyeva, E. Gubankova, M. Cubrovié, K. Schalm, J. Zaanen
Quantum corrected phase diagram of holographic fermions

Journal of High Energy Physics 12, 2013, 25 (2013)
[arXiv:1302.5149[hep-th]]

https://doi.org/10.1007/JHEP12(2013)025

nuthpad 7 myta, U® 3a 2013. roquny 6.220 (M21)

[B3]

M. V. Medvedyeva, M. T. Cubrovi¢, S. Kehrein

Dissipation-induced first-order decoherence phase transition in a noninteracting fermionic system
Physical Review B 91, 205416 (2015)


https://doi.org/10.1007/JHEP12(2013)025
https://doi.org/10.1103/PhysRevD.84.086002
https://doi.org/10.1007/JHEP10(2011)017
https://doi.org/10.1103/PhysRevD.84.106003
https://doi.org/10.1126/science.1174962

[arXiv:1409.1625[cond-mat]]
https://doi.org/10.1103/PhysRevB.91.205416
mutupad 5 myta, U® 3a 2014. ronuny 3.736 (M21)

[B6]

E. Gubankova, M. Cubrovié, J. Zaanen

Exciton-driven quantum phase transitions in holography
Physical Review D 92, 086004 (2015)
[arXiv:1412.2373[hep-th]]
https://doi.org/10.1103/PhysRevD.92.086004

muTHpad 5 myta, U® 3a 2013. roguny 4.864 (M21)

[B7]

M. Cubrovi¢

Confinement/deconfinement transition from symmetry breaking in gauge/gravity duality
Journal of High Energy Physics 10, 2016, 102 (2016)

[arXiv:1605.07849[hep-th]]

https://doi.org/10.1007/JHEP10(2016)102

nuthpad 2 nyta, U® 3a 2014. roquny 6.110 (M21)

Paodosu objaswenu naxon npemxoono2 uzbopa y 36arbe

[BS]

M. Cubrovi¢ and M. S. Petrovi¢

Quantum criticality in photorefractive optics: Vortices in laser beams and antiferromagnets
Physical Review A, 96, 053824 (2017)

[arXiv:1701.03451[physics.optics]]

https://doi.org/10.1103/PhysRevA.96.053824

mutupad 2 myta, Ud 3a 2016. ronuny 2.925 (M21)

[BI]

T. Kukolj and M. Cubrovié

Spontaneous isotropy breaking for vortices in nonlinear left-handed metamaterials
Physical Review A, 100, 053853 (2019)

[arXiv:1812.08805[physics.optics]]
https://doi.org/10.1103/PhysRevA.100.053853

uTHpan 2 myta, U® 3a 2017. roquny 2.909 (M21)

[B10]

M. Cubrovi¢

The bound on chaos for closed strings in Anti-de Sitter black hole backgrounds
Journal of High Energy Physics 12, 2019, 150 (2019)
[arXiv:1904.06295[hep-th]]

https://doi.org/10.1007/JHEP12(2019)150

mutupad 17 myta, U® 3a 2019. roguny 5.875 (M21)

[B11]
D. Markovi¢ and M. Cubrovi¢
Detecting few-body quantum chaos: out-of-time ordered correlators at saturation


https://doi.org/10.1007/JHEP12(2019)150
https://doi.org/10.1103/PhysRevA.100.053853
https://doi.org/10.1103/PhysRevA.96.053824
https://doi.org/10.1007/JHEP10(2016)102
https://doi.org/10.1103/PhysRevD.92.086004
https://doi.org/10.1103/PhysRevB.91.205416

Journal of High Energy Physics 05, 2022, 023 (2022)
[arXiv:2202.09443[hep-th]]
https://doi.org/10.1007/JHEP05(2022)023

nuthpan 7 myta, U® 3a 2020. roquny 5.810 (M21)

[B12]

M. Cubrovié

Replicas, averaging and factorization in the IIB matrix model
Journal of High Energy Physics 09, 2022, 136 (2022)
[arXiv:2203.10697[hep-th]]
https://doi.org/10.1007/JHEP09(2022)136

mutupad 1 myt, U® 3a 2020. roquny 5.810 (M21)

[B13]

N. Chagnet, V. buki¢, M. Cubrovié¢ and K. Schalm,

Emerging Fermi liquids from regulated quantum electron stars
Journal of High Energy Physics 08, 2022, 222 (2022)
[arXiv:2204.10092[hep-th]]
https://doi.org/10.1007/JHEP08(2022)222

nuTHpad 2 myta, U® 3a 2020. roquny 5.810 (M21)

[B14]

D. Markovi¢ and M. Cubrovi¢

Chaos and anomalous transport in a semiclassical Bose-Hubbard chain
Phys. Rev. E 109, 034213 (2024)

[arXiv:2308.14720[hep-th]]
https://doi.org/10.1103/PhysRevE.109.034213

W@ 3a 2022. rogury 1.630 (M21)

[B15]

V. Buki¢ and M. Cubrovi¢

Correlation functions for open strings and chaos
Journal of High Energy Physics 04, 2024, 025 (2024)
[arXiv:2310.15697[hep-th]]
https://doi.org/10.1007/JHEP04(2024)025

nutupas 2 myta, U® 3a 2022. roguny 5.400 (M21)

[B16]

N. Savi¢ and M. Cubrovié

Weak chaos and string dynamics in the string S-matrix
Journal of High Energy Physics 03, 2024, 101 (2024)
[arXiv:2401.02211[hep-th]]
https://doi.org/10.1007/JHEP03(2024)101

nuthpat 4 myta, U® 3a 2022. roquny 5.400 (M21)

Panosu y Bogehum mehynaponuum yaconucuma (M22)

Paoosu objasmwenu npe npemxoonoe uzbopa y 36arbe



https://doi.org/10.1007/JHEP03(2024)101
https://doi.org/10.1007/JHEP04(2024)025
https://doi.org/10.1103/PhysRevE.109.034213
https://doi.org/10.1007/JHEP08(2022)222
https://doi.org/10.1007/JHEP09(2022)136
https://doi.org/10.1007/JHEP05(2022)023

[C1]

M. Cubrovié, O. Obolensky, A. Solov’yov

Semistiff polymer model of unfolded proteins and its application to NMR residual dipolar
couplings

European Physical Journal D 51, 41 (2009)

https://doi.org/10.1140/epjd/e2008-00195-x

mutupad 5 myta, Ud 3a 2007. ronuny 1.828 (M22)

PanoBu y mehynaponuum yaconucuma ca ESCI nucre (M24)

Paoosu objaswernu naxon npemxoono2 uzbopa y 36arbe

[D1]

E. Heréak, V. Gecin, M. Cubrovi¢

Photoemission “experiments” on holographic lattices
SciPost Physics Core 6, 027 (2023)
[arXiv:2208.05920[cond-mat.str-el]]
https://doi.org/10.21468/SciPostPhysCore.6.2.027
uutupas 1 oyt

PanoBu y Temarckom 300pHHKY Boaeher mel)ynaponnor 3Ha4daja (M13)

Paoosu objaswenu npe npemxoonoe uzbopa v 36arve

[E1]

E. Gubankova, J. Brill, M. Cubrovi¢, K. Schalm, P. Schijven, J. Zaanen

Holographic description of strongly correlated electrons in external magnetic fields

D. Kharzeev et al (eds.), Strongly interacting matter in magnetic fields, Lecture Notes in Physics
871, Springer-Verlag Berlin Heidelberg, 2013. (ISBN 978-3-642-37304-6), p. 555.

35 crpana

300pHunu MehyHapoaHux HayyHux ckynosa (M30)
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Abstract We investigate chaotic dynamics in tree-level S-matrices
describing the scattering of tachyons, photons and gravitons
on highly excited open and closed bosonic strings, motivated
by the string/black hole complementarity. The eigenphase
spacing distribution and other indicators of quantum chaotic
scattering suggest that the dynamics is only weakly chaotic,
consisting of both regular/Poisson and chaotic/Wigner-Dyson
processes. Only for special values of momenta and (for photon
scattering) scattering angles do we find strong chaos of
random matrix type. These special values correspond to a
crossover between two regimes of scattering, dominated by
short versus long partitions of the total occupation number of
the highly excited string; they also maximize the information
entropy of the S-matrix. The lack of strong chaos suggests that
perturbative dynamics of highly excited strings can never
describe the universal properties and maximal chaos of black
hole horizons.
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Abstract We study chaotic dynamics and anomalous transportin a
Bose-Hubbard chain in the semiclassical regime (the limit
when the number of particles goes to infinity). We find that the
system has mixed phase space with both regular and chaotic
dynamics, even for long chains with up to 100 wells. The
consequence of the mixed phase space is strongly anomalous
diffusion in the space of occupation numbers, with a discrete
set of transport exponents. After very long times the system
crosses over to the hydrodynamic regime with normal
diffusion. Anomalous transport is quite universal and almost
completely independent of the parameters of the model
(Coulomb interaction and chemical potential): It is mainly
determined by the initial distribution of particles along the
chain. We corroborate our findings by analytical arguments-

. . : 16
scaling analysis for the anomalous regime and the Langev..
equation for the normal diffusion regime.
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Abstract We study the holographic interpretation of the bulk instability,
i.e. the bulk Lyapunov exponent in the motion of open classical
bosonic strings in AdS black hole/brane/string backgrounds. In
the vicinity of homogeneous and isotropic horizons the bulk
Lyapunov exponent saturates the MSS chaos bound but in fact
has nothing to do with chaos as our string configurations live
in an integrable sector. In the D1-D5-p black string background,
the bulk Lyapunov exponent is deformed away from the MSS
value both by the rotation (the infrared deformation) and the
existence of an asymptotically flat region (the ultraviolet
deformation). The dynamics is still integrable and has nothing
to do with chaos (either in gravity or in field theory). Instead,
the bulk Lyapunov scale captures the imaginary part of
quasinormal mode frequencies. Therefore, the meaning of the
bulk chaos is that it determines the thermal decay rate due to
the coupling to the heat bath, i.e. the horizon.
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By Herc, F; Gecin, V; Cubrovic, M

Source SCIPOST PHYSICS CORE
Volume: 6  Issue:2  Page: 1-49
DOI: 10.21468/SciPostPhysCore.6.2.027

Article Number 027
Published APR-JUN 2023
Document Type Article

Abstract We construct a 2D holographic ionic lattice with hyperscaling-
violating infrared geometry and study single-electron spectral
functions ("ARPES photoemission curves") on this background.
The spectra typically show a three-peak structure, where the
central peak undergoes a crossover from a sharp but not
Fermi-liquid-like quasiparticle to a wide incoherent maximum,
and the broad side peaks resemble the Hubbard bands. These
findings are partially explained by a perturbative near-horizon
analysis of the bulk Dirac equation. Comparing the
holographic Green functions in imaginary frequency with the
Green functions of the Hubbard model obtained from quantum
Monte Carlo, we find that the holographic model provides a
very good fit to the Hubbard Green function. However, the
information loss when transposing the holographic Green
functions to imaginary frequencies implies that a deeper
connection to Hubbard-like models remains questionable.
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By Chagnet, N (Chagnet, Nicolas) ; Dukic, V (Dukic, Vladan) ; Cubrovic,
M (Cubrovic, Mihailo) ; Schalm, K (Schalm, Koenraad)

View Web of Science ResearcherID and ORCID  (provided by

Clarivate)

Source JOURNAL OF HIGH ENERGY PHYSICS

Issue: 8
DOI: 10.1007/JHEP08(2022)222

Article Number 222
Published AUG 22 2022
Indexed 2022-09-01
Document Type Article

Abstract We construct a fully quantum zero-temperature electron star in
a soft-wall regulated anti-de-Sitter Einstein-Maxwell-Dirac
theory that is thermodynamically stable compared to the
Reissner-Nordstrom black hole. The soft wall only acts on the
effective mass of the fermionic degrees of freedom, and allows
for a controlled fully backreacted solution. The star is
holographically dual to an RG flow where a gapped Fermi
liquid starts to emerge from a UV CFT, but decouples again
once the effective energy scale becomes lower than the gap of
the fermionic degrees of freedom. The RG flow then returns to
a non-trivial strongly coupled relativistic fixed point with a
holographic dual. Our regulated quantum electron star is thus
the fermionic analogue of the Horowitz-Roberts-Gubser-Rocha
AdS-to-AdS domain wall solution for the holographic
superconductor.

Keywords Author Keywords: AdS-CFT Correspondence; Holography and
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By Markovic, D (Markovic, Dragan) ; Cubrovic, M (Cubrovic, Mihailo)

View Web of Science ResearcherID and ORCID  (provided by

Clarivate)

Source JOURNAL OF HIGH ENERGY PHYSICS
Issue: 5

DOI: 10.1007/JHEP05(2022)023
Article Number 023
Published MAY 4 2022
Indexed 2022-05-15
Document Type Article

Abstract We study numerically and analytically the time dependence
and saturation of out-of-time ordered correlators (OTOC) in
chaotic few-body quantum-mechanical systems: quantum
Henon-Heiles system (weakly chaotic), BMN matrix quantum
mechanics (strongly chaotic) and Gaussian random matrix
ensembles. The growth pattern of quantum-mechanical OTOC
is complex and nonuniversal, with no clear exponential regime
at relevant timescales in any of the examples studied (which is
not in contradiction to the exponential growth found in the
literature for many-body systems, i.e. fields). On the other
hand, the plateau (saturated) value of OTOC reached at long
times decreases with temperature in a simple and universal
way: exp(const./T-2) for strong chaos (including random
matrices) and exp(const./T) for weak chaos. For small matrices

16

and sufficiently complex operators, there is also another, ¥
temperature regime where the saturated OTOC grows with
temperature. Therefore, the plateau OTOC valueis a
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meaningful indicator of few-body quantum chaos. We also
discuss some general consequences of our findings for the
AdS/CFT duality.
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® Replicas, averaging and factorization in
the IIB matrix model

By Cubrovic, M (Cubrovic, Mihailo)

View Web of Science ResearcherID and ORCID  (provided by
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Source JOURNAL OF HIGH ENERGY PHYSICS
Issue: 9
DOI: 10.1007/JHEP09(2022)136

Article Number 136
Published SEP 192022
Indexed 2022-09-28
Document Type Article

Abstract We study the partition functions of multiple replicas (copies) of
D-brane configurations in the type IIB (IKKT) matrix model. We
consider the quenched regime, where small fluctuations of the
matrices are superimposed onto the slow (quenched)
dynamics of the background, so the partition function is an
ensemble average over the background. Interacting D-branes
always factorize in a simple way. On the other hand, the non-
interacting BPS configurations may or may not factorize
depending on the number of replicas, and their factorization
mechanism is more involved as the corresponding saddle-
point solutions (half-wormholes) break the replica symmetry.
We argue that the simple factorization mechanism of
interacting branes is actually more interesting as it carries the
specific signatures of quantum gravity, which are absent from
disordered field theories like the SYK model.
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By Cubrovic, M

Source JOURNAL OF HIGH ENERGY PHYSICS
Issue: 12

DOI: 10.1007/JHEP12(2019)150
Article Number 150
Published DEC 232019
Document Type Article

Abstract We perform a systematic study of the maximum Lyapunov
exponent values lambda for the motion of classical closed
strings in Anti-de Sitter black hole geometries with spherical,
planar and hyperbolic horizons. Analytical estimates from the
linearized variational equations together with numerical
integrations predict the bulk Lyapunov exponent value as
lambda approximate to 2 pi Tn, where n is the winding number
of the string. The celebrated bound on chaos stating that
lambda <=2 pi T is thus systematically modified for winding
strings in the bulk. Within gauge/string duality, such strings
apparently correspond to complicated operators which either
do not move on Regge trajectories, or move on subleading
trajectories with an unusual slope. Depending on the energy
scale, the out-of-time-ordered correlation functions of these
operators may still obey the bound 2 pi T, or they may violate it
like the bulk exponent. We do not know exactly why the br 16

on chaos can be modified but the indication from the gaug
string dual viewpoint is that the correlation functions of the
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dual gauge operators never factorize and thus the original
derivation of the bound on chaos does not apply.
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By Kukolj, T; Cubrovic, M
Source PHYSICAL REVIEW A

Volume: 100  Issue: 5

DOI: 10.1103/PhysRevA.100.053853
Article Number 053853
Published NOV 252019
Document Type Article

Abstract We explore numerically and analytically the pattern formation
and symmetry breaking of beams propagating through left-
handed (negative) nonlinear metamaterials. When the input
beam is a vortex with topological charge (winding number) Q,
the initially circular (isotropic) beam acquires the symmetry of
a polygon with Q, 2Q, or 3Q sides, depending on the details of
the response functions of the material. Within an effective
field-theory model, this phenomenon turns out to be a case of
spontaneous dynamical symmetry breaking described by a
Landau-Ginzburg functional. Complex nonlinear dependence
of the magnetic permittivity on the magnetic field of the beam
plays a central role, as it introduces branch cuts in the mean-
field solution, and permutations among different branches
give rise to discrete symmetries of the patterns. By considering
loop corrections in the effective Landau-Ginzburg field theory
we obtain reasonably accurate predictions of the numeric*'16

results.
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By Cubrovic, M (Cubrovic, Mihailo) ; Petrovic, M (Petrovic, Milan)
View Web of Science ResearcherlD and ORCID  (provided by
Clarivate)
Source OPTICAL AND QUANTUM ELECTRONICS

Volume: 50 Issue: 11

DOI: 10.1007/s11082-018-1667-x
Article Number 406
Published NOV 2018
Indexed 2018-11-06
Document Type Article

Abstract We study vortex patterns of counterpropagating laser beams in
a photorefractive crystal, with or without the background
photonic lattice. The vortices are effectively planar and have
two "flavors" because there are two opposite directions of
beam propagation. In a certain parameter range, the vortices
form stable equilibrium configurations which we study using
the methods of statistical field theory and generalize the
Berezinsky-Kosterlitz-Thouless transition of the XY model to
the "two-flavor" case. In the nonequilibrium regime, the
patterns exhibit an Andronov-Hopf bifurcation which may lead
to oscillations (limit cycle), chaos or decay to zero intensity
due to radiation losses. We show how to identify various
pathways toward instability from intensity patterns, i.e. fr. 16

experiment.
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Document Type Article

Abstract We study vortex patterns in a prototype nonlinear optical
system: counterpropagating laser beams in a photorefractive
crystal, with or without the background photonic lattice. The
vortices are effectively planar and have two "flavors" because
there are two opposite directions of beam propagation. In a
certain parameter range, the vortices form stable equilibrium
configurations whichwe study using the methods of statistical
field theory and generalize the Berezinsky-Kosterlitz-Thouless
transition of the XY model to the "two-flavor" case. In addition
to the familiar conductor and insulator phases, we also have
the perfect conductor (vortex proliferation in both beams or
"flavors") and the frustrated insulator (energy costs of vortex
proliferation and vortex annihilation balance each other). In
the presence of disorder in the background lattice, a phase

appears which shows long-range correlations and absencr 16

long-range order, thus being analogous to glasses. An
important benefit of this approach is that qualitative behavi
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of patterns can be known without intensive numerical work
over large areas of the parameter space. The observed phases
are analogous to those in magnetic systems, and make
(classical) photorefractive optics a fruitful testing ground for
(quantum) condensed matter systems. As an example, we map
our system to a doped O(3) antiferromagnet with Z2 defects,
which has the same structure of the phase diagram.
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Abstract We study the confinement/deconfinement transition in a
strongly coupled system triggered by an independent
symmetry-breaking quantum phase transition in gauge/gravity
duality. The gravity dual is an Einstein-scalar-dilaton system
with AdS near-boundary behavior and soft wall interior at zero
scalar condensate. We study the cases of neutral and charged
condensate separately. In the former case the condensation
breaks the discrete Z(2) symmetry while a charged condensate
breaks the continuous U(1) symmetry. After the condensation
of the order parameter, the non-zero vacuum expectation
value of the scalar couples to the dilaton, changing the soft
wall geometry into a non-confining and anisotropically scale-
invariant infrared metric. In other words, the formation of long-
range order is immediately followed by the deconfinement

transition and the two critical points coincide. The confine 16

phase has a scale - the confinement scale (energy gap) whi
vanishes in the deconfined case. Therefore, the breaking of t
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symmetry of the scalar (Z(2) or U(1)) in turn restores the
scaling symmetry in the system and neither phase has a higher
overall symmetry than the other. When the scalar is charged
the phase transition is continuous which goes against the
Ginzburg-Landau theory where such transitions generically
only occur discontinuously. This phenomenon has some
commonalities with the scenario of deconfined criticality. The
mechanism we have found has applications mainly in effective
field theories such as quantum magnetic systems. We briefly
discuss these applications and the relation to real-world
systems.
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DOI: 10.1103/PhysRevB.91.205416
Article Number 205416
Published MAY 13 2015
Indexed 2015-06-03
Document Type Article

Abstract We consider a quantum wire connected to the leads and
subjected to dissipation along its length. The dissipation
manifests as tunneling into (out of) the chain from (to) a
memoryless environment. The evolution of the system is
described by the Lindblad equation. Already infinitesimally
small dissipation along the chain induces a quantum phase
transition (QPT). This is a decoherence QPT: the reduced
density matrix of a subsystem in the nonequilibrium steady
state (far from the ends of the chain) can be represented as the
tensor product of single-site density matrices. The QPT is
identified from the jump of the current and the entropy per site
as the dissipation becomes nonzero. We also explore the
properties of the boundaries of the chain close to the
transition point and observe that the boundaries behave ~

16
they undergo a second-order phase transition as a function

the dissipation strength: the particle-particle correlation
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functions and the response to the electric field exhibit a power-
law divergence. Disorder is known to localize one-dimensional
systems, but the coupling to the memoryless environment
pushes the system back into the delocalized state even in the
presence of disorder. Interestingly, we observe a similar
transition in the classical dissipative counterflow model: the
current has a jump at the ends of the chain introducing an
infinitely small dissipation.
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Source PHYSICAL REVIEW D
Volume: 92  Issue: 8

DOI: 10.1103/PhysRevD.92.086004
Article Number 086004
Published OCT 28 2015
Indexed 2015-11-18
Document Type Article

Abstract We study phase transitions driven by fermionic double-trace
deformations in gauge-gravity duality. Both the strength of the
double-trace deformation and the infrared conformal
dimension/self-energy scaling of the quasiparticle can be used
to decrease the critical temperature to zero, leading to a line of
quantum critical points. The self-energy scaling is controlled
indirectly through an applied magnetic field and the quantum
phase transition naturally involves the condensation of a
fermion bilinear which models the spin density wave in an
antiferromagnetic state. The nature of the quantum critical
points depends on the parameters and we find either a
Berezinsky-Kosterliz-Touless-type transition or one of two
distinct second-order transitions with non-mean-field
exponents. One of these is an anomalous branch where the
order parameter of constituent non-Fermi liquid quasiparticles
is enhanced by the magnetic field. Stabilization of orderec 16

non-Fermi liquids by a strong magnetic field is observed in
experiments with highly oriented pyrolvtic graphite.
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Issue: 12
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Published DEC 32013
Indexed 2014-01-15
Document Type Article

Abstract We study the phases of strongly correlated electron systems in
two spatial dimensions in the framework of AdS(4)/CFT3
correspondence. The AdS (gravity) model consists of a Dirac
fermion coupled to electromagnetic field and gravity. To
classify the ground states of strongly correlated electrons on
the CFT side and to construct the full phase diagram of the
system, we construct a quantum many-body model of bulk
fermion dynamics, based on the WKB approximation to the
Dirac equation. At low temperatures, we find a quantum
corrected approximation to the electron star where the edge is
resolved in terms of wave functions extended fully through
AdS. At high temperatures, the system exhibits a first order
thermal phase transition to a charged AdS-RN black hole in the
bulk and the emergence of local quantum criticality on the CFT
side. This change from the third order transition experien 16

by the semi-classical electron star restores the intuition tha
the transition between the critical AdS-RN liquid and the finite
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density Fermi system is of van der Waals liquid-gas type.
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Volume: 84  Issue: 10

DOI: 10.1103/PhysRevD.84.106003
Article Number 106003
Published NOV 22011
Indexed 2011-11-30
Document Type Article

Abstract We study the Fermi-level structure of 2 + 1-dimensional
strongly interacting electron systems in external magnetic field
using the gague/gravity duality correspondence. The gravity
dual of a finite density fermion system is a Dirac field in the
background of the dyonic AdS-Reissner-Nordstrom black hole.
In the probe limit, the magnetic system can be reduced to the
nonmagnetic one, with Landau-quantized momenta and
rescaled thermodynamical variables. We find that at strong
enough magnetic fields, the Fermi surface vanishes and the
quasiparticle is lost either through a crossover to conformal
regime or through a phase transition to an unstable Fermi
surface. In the latter case, the vanishing Fermi velocity at the
critical magnetic field triggers the non-Fermi-liquid regime
with unstable quasiparticles and a change in transport

properties of the system. We associate it with a 16
metal-"strange-metal" phase transition. Next, we compute

DC Hall and longitudinal conductivities using the gravitv-
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dressed fermion propagators. For dual fermions with a large
charge, many different Fermi surfaces contribute and the Hall
conductivity is quantized as expected for integer quantum Hall
effect (QHE). At strong magnetic fields, as additional Fermi
surfaces open up, new plateaus typical for the fractional QHE
appear. The somewhat irregular pattern in the length of
fractional QHE plateaus resembles the outcomes of
experiments on thin graphite in a strong magnetic field.
Finally, motivated by the absence of the sign problem in
holography, we suggest a lattice approach to the AdS
calculations of finite density systems.
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DOI: 10.1103/PhysRevD.84.086002
Article Number 086002
Published OCT 62011
Indexed 2011-11-16
Document Type Article

Abstract We argue that the electron star and the anti-de Sitter (AdS)
Dirac hair solution are two limits of the free charged Fermi gas
in AdS. Spectral functions of holographic duals to probe
fermions in the background of electron stars have a free
parameter that quantifies the number of constituent fermions
that make up the charge and energy density characterizing the
electron star solution. The strict electron star limit takes this
number to be infinite. The Dirac hair solution is the limit where
this number is unity. This is evident in the behavior of the
distribution of holographically dual Fermi surfaces. As we
decrease the number of constituents in a fixed electron star
background the number of Fermi surfaces also decreases. An

improved holographic Fermi ground state should be a 16
configuration that shares the qualitative properties of both

limits.
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Indexed 2012-01-04
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Abstract We provide evidence that the holographic dual to a strongly
coupled charged Fermi liquid has a non-zero fermion density
in the bulk. We show that the pole-strength of the stable
quasiparticle characterizing the Fermi surface is encoded in
the AdS probability density of a single normalizable fermion
wavefunction in AdS. Recalling Migdal's theorem which relates
the pole strength to the Fermi-Dirac characteristic
discontinuity in the number density at omega(F), we conclude
that the AdS dual of a Fermi liquid is described by occupied on-
shell fermionic modes in AdS. Encoding the occupied levels in
the total spatially averaged probability density of the fermion
field directly, we show that an AdS Reissner-Nordstrom black
hole in a theory with charged fermions has a critical
temperature, at which the system undergoes a first-order
transition to a black hole with a non-vanishing profile for the
bulk fermion field. Thermodynamics and spectral analysi. 16

support that the solution with non-zero AdS fermion-profil
the preferred ground state at low temperatures.
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Abstract A central problem in quantum condensed matter physics is the
critical theory governing the zero-temperature quantum phase
transition between strongly renormalized Fermi liquids as
found in heavy fermion intermetallics and possibly in high-
critical temperature superconductors. We found that the
mathematics of string theory is capable of describing such
fermionic quantum critical states. Using the anti-de Sitter/
conformal field theory correspondence to relate fermionic
quantum critical fields to a gravitational problem, we
computed the spectral functions of fermions in the field
theory. By increasing the fermion density away from the
relativistic quantum critical point, a state emerges with all the
features of the Fermi liquid.
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® Semistiff polymer model of unfolded
proteins and its application to NMR
residual dipolar couplings

By Cubrovic, M (Cubrovic, M.) ; Obolensky, Ol (Obolensky, O. 1.)
; Solov'yov, AV (Solov'yov, A. V.)

View Web of Science ResearcherID and ORCID  (provided by

Clarivate)

Source EUROPEAN PHYSICAL JOURNAL D
Volume: 51  Issue:1  Page: 41-49
DOI: 10.1140/epjd/e2008-00195-x

Published JAN 2009
Indexed 2009-01-01
Document Type Article

Abstract We present a new statistical model of unfolded proteins in
which the stiffness of polypeptide backbone is taken into
account. We construct and solve a mean field equation which
has the form of a diffusion equation and derive the distribution
function for conformations of unfolded polypeptides.
Accounting for the stiffness of the protein backbone results in a
more accurate description of general properties of a
polypeptide chain, such as its gyration radius. We then use the
distribution function of a semistiff protein within a previously
developed theoretical framework [J. Biomol. NMR 39, 1 (2007)]
to determine the nuclear magnetic resonance (NMR) residual
dipolar couplings (RDCs) in unfolded proteins. The calculated
RDC profiles (dependence of the RDC value on the residue
number) exhibit a more prominent bell-like shape and a better
agreement with experimental data as compared to the
previous results obtained with the random flights chain m 14

Kawvnwinrdc Kevwanrde Pliiee STATF

2005 20.1.2025.11:26



Semistiff polymer model of unfolded proteins and its a... https://www.webofscience.com/wos/woscc/full-recor...

AL A LA 4R T NS AL AR R I PRI

Addresses 1 Frankfurt Inst Adv Studies, D-60438 Frankfurt, Germany
. 2 Inst Phys, Belgrade 11001, Serbia

Categories/ Research Areas: Optics; Physics
Classification o , 2.123.13
Citation 2 2.123 Protein Structure, .
. > . ) > Protein
Topics: Chemistry Folding & Modelling i
Folding

Sustainable Development Goals: 03 Good Health and Well-being

Web of Science Optics; Physics, Atomic, Molecular & Chemical
Categories

+ See more data fields

Citation Network Use in Web of Science
In Web of Science Core Collection 0 3

5 Last 180 Days  Since 2013
Citations

26

Cited References

This record is from:
Web of Science Core Collection

¢ Science Citation Index
Expanded (SCI-EXPANDED)

Suggest a correction

If you would like to improve the
quality of the data in this record,
please Suggest a correction

16

3omb 20.1.2025.11:26


javascript:void(0)
javascript:void(0)
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.123%20Protein%20Structure,%20Folding%20%26%20Modelling%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.123%20Protein%20Structure,%20Folding%20%26%20Modelling%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.123%20Protein%20Structure,%20Folding%20%26%20Modelling%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.123%20Protein%20Structure,%20Folding%20%26%20Modelling%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.123%20Protein%20Structure,%20Folding%20%26%20Modelling%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.123.13%20Protein%20Folding%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SDG%22,%22rowText%22:%2203%20Good%20Health%20and%20Well-being%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SDG%22,%22rowText%22:%2203%20Good%20Health%20and%20Well-being%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SDG%22,%22rowText%22:%2203%20Good%20Health%20and%20Well-being%22%7D%5D&disableEdit=true

Fractional kinetic model for chaotic transport in nonin... https://www.webofscience.com/wos/woscc/full-recor...

2005

MENU

Fractional kinetic model for chaotic
transport in nonintegrable Hamiltonian
systems

By Cubrovic, M (Cubrovic, M)

View Web of Science ResearcherID and ORCID  (provided by
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Source PHYSICAL REVIEW E
Volume: 72 Issue:2  Part:2

DOI: 10.1103/PhysReVE.72.025204
Article Number 025204
Published AUG 2005
Indexed 2005-08-01
Document Type Article

Abstract We propose a kinetic model of transport in nonintegrable
Hamiltonian systems, based on a fractional kinetic equation
with spatially dependent diffusion coefficient. The diffusion
coefficient is estimated from the remainder of the optimal
normal form for the given region of the phase space. After
partitioning the phase space into building blocks, a separate
equation can be constructed for each block. Solving the kinetic
equations approximately and estimating the diffusion time
scales, we convolve the solutions to get the description of the
macroscopic behavior. We show that, in the limit of infinitely
many blocks, one can expect an approximate scaling relation
between the Lyapunov time and the diffusion (or escape) time,
which is either an exponential or a power law. We check our
results numerically on over a dozen Hamiltonians and find a

good agreement. 16
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Document Type Proceedings Paper

Conference Meeting: 14th National Conference of Astronomers of Serbia
and Montenegro
Location: Belgrade, SERBIA
Date: OCT 12-15, 2005

Abstract We propose a fractional kinetic equation to model the
transport in eccentricity of objects in the mean motion
resonances in the Elliptic Planar Restricted Three-Body
Problem. Making use of the renormalization group formalism,
we show how the fractional exponents and the diffusion
coefficient can be estimated analytically, making use of the
degeneracy of the problem. We apply our model to selected
Mean Motion Resonances in the Solar System and explain
some basic properties of transport in these resonances.

2005 20.1.2025.11:27


https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2214th%20National%20Conference%20of%20Astronomers%20of%20Serbia%20and%20Montenegro%22%7D%5D&eventMode=oneClickSearch

Fully analytical kinetic model of resonance dynamics i... https://www.webofscience.com/wos/woscc/full-recor...

3omb

Keywords
Addresses

Categories/
Classification

Web of Science

Keywords Plus: STABLE CHAOS; TRANSPORT

., Inst Phys, Belgrade 11001, Serbia

Research Areas: Astronomy & Astrophysics
Citation 5 , 5.191 Space , 5.191.151
Topics: Physics  Sciences Asteroids

Astronomy & Astrophysics

Categories

+ See more data fields
Citation Network Use in Web of Science
In Web of Science Core Collection 0 0
0 citations Last 180 Days  Since 2013
11

Cited References

This record is from:
Web of Science Core Collection

 Conference Proceedings
Citation Index - Science
(CPCI-S)

Suggest a correction

If you would like to improve the
quality of the data in this record,
please Suggest a correction

20.1.2025.11:27


javascript:void(0)
javascript:void(0)
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%225%20Physics%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%225%20Physics%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%225%20Physics%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%225%20Physics%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%225%20Physics%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%225.191%20Space%20Sciences%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%225.191%20Space%20Sciences%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%225.191%20Space%20Sciences%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%225.191%20Space%20Sciences%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%225.191%20Space%20Sciences%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%225.191.151%20Asteroids%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%225.191.151%20Asteroids%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%225.191.151%20Asteroids%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%225.191.151%20Asteroids%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%225.191.151%20Asteroids%5C%22%22%7D%5D&disableEdit=true

Penybanka Cponja
MHHHCTAPCTBO [IPOCBETE,
HAYKE H TEXHOJIOHIKOI PAZBOJA

Bpaj: 612-01-02635/2016-06
Harym:09.01.2017. roanne
Hemammna 22-26
Beorpan
JK

Ha ochoey nnana 1056, cras 4, 3akona o sucokom obpasosamy (,.Ciyacbenn rackuk PC™,
Bp. 76/05, ayrentuuno tymaueme — 100/07. 97/08, 44/10, 93/12, 8O/13, 99/14, 45/15 — ayrenrnuno
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Apaasiioj ynpasu (,Cayxbenn taackuk PC, 6p. 79/05, 101/07, 95/10 u 99/14), pewasajyhu no
zaxrery Muxanna YyGpounha u3 Beorpata. Pery6nuka Cpbuja, 3a npisiasaibe BUCOKOWIKONCKE
uenpane uanare y Kpamesunu Xoaaiimjn, pais sanouusasaisa,

MHUHUCTAP TIPOCEETE, LAYKE W TeXHONOMKOr paspoja A0HOCH
PENE®KE

Auuaoma kojy je 27.02,2013. roaune wa uve Muxauno YyBposnh  wszao Yuusepawrer y
Jlajpeny (Universiteit  Leiden), Jlajnen, Kpasesuia Xonawiamja, o 3aspuieium  A0KT0pokim
AKAUSMCKHM CTYIMjaMa, cTyanjekn nporpam: Musnka. 3sate/ksanudnkaimja: Doctor, upuinaje ce
KaO JIHIA0ME JOKTOPCKHN dKAACMERHX ¢Tyauja Tpeher crenena Bucokor oﬁpazo'nawa (180 ECIIB), y
OKBHPY  OBpatoBHO-HayuHOr Noba TIPHPOAHO-MATEMATHYKHX  HayKa, LayHia, OAHOCHO Crpydne
obnacTn Duzmvke HAYKE. paau 3al0ULULARAH:A.

Oso peuierse omoryhasa nmaoty onurmi npuctym rpskiarmy paaa y PenyGauum Cpdujn, ann
ra wie ochobaha o Menyibaraka noceGHx yenora 3a Gasmeive npodecHjama koje ¢y peryiucane
FAKOHOM WIN JAPYIHM BPONHCOM,

Obpaznoxeme

Onom munueraperey obpatyo ce Muxauino YyGposuh w3 Beorpana, Penydnnka Cponja
SANTEBOM 3d npusiagaibe Juniome Yuusepautera y Jlajaeny (Universiteit Leiden). Jlajnen,
Kpasmesnua Xonananja. o 3aBplucinM  A0KTOPCKHM AKANCMCKHM CTYAMJAMA, CTYAHJCKH Mporpam:
Dusuka, ssawe/kirmdurawrja: Doctor, pagu 3anonbasarsa.

Y3 3aXTCB, I0AHOCHIALL 3UXTEBA 10CTABHO je:

I} osepety konujy nmnnome wzaate 27.02.2013. romune. Kojy je uanao YHHREPIHTET Y
Jajaeny (Universiteit Leiden), Jlajaes. Kpamesuna Xosanauja. cryanje pehier crenem
BHCOKOI 0bpasosasa (180 ECTIB), cryamjckn nporpas : Dusnka, 3Bame/Keannmianyja:
Daoctor,

2) OBepeNH NPEBOA AHIIOME CUJIATHHCKOT HA CHIICCKIH 1 €A CHEIECKOT Hit CPIICKM jesiik,

3)  ancrpaKT paja Ha eHrNECKOM je3nky,

4)  npUMepak NOKTOPCKe AMCEPTAIIHIE Ha U3BOPHOM JE3HKY,

5) paany Guorpamjy U JIMCTY PALOBa HA CHINECKOM JE3UKY.

6) apujasum hopmynap 1

7)  nokas o ynaath takee 3a NpoiecHoHaio npuiiasare.



Ynadom 105 6. crag 4. nponucano je na Munuerap A0HOCH peluere O npo(ecHoHamHoM
npuzHagaiby y poky oa 90 aaua ox gana npujema ypeaHor 3axrTesa.

Oupendama wiana 192. 3akona 0 OnTeM yNpasHOM NOCTYNKY NPOIMCAHO j¢ Ja HA OCHOBY
OIYUHHX “HIbeHHUA YTBPHEHHX y NOCTYNKY OpraH HaANeKaH 3a PewaBare JOHOCH pellere Y
YHPaBHO] CTBAPH KOJA j€ NPEIMET NOCTY KA.

Ognpenbama ynawa 23. cras 2. 3akona o JpxKaBHOj ynpagd nponucano je ga Munucrap
npeacTapba MUHUCTAPCTBO, AOHOCH HPONMCE W peluerba y YNIpasHuM H APYTHM TOjeAnHauHum
CTBAPMMA M OJUIVHY]E O JIPYTHM NHTakbUMa U3 fenokpyra Munucrapersa,

Ynanom 104. cras 1. 3akona 0 BUCOKOM 00pa3sOBa.y, NPONNCAHO j¢ Aa (IPHIHABaMkE CTpaHe
BHCOKOUIKOJICKE MCIIPABE JEcTe MOCTYNak KojuM ce nmaowy Te uenpape ytephyje npaso Ha Hactasak
ofipazosaiba, OAHOCHO Ha 3anollbaeate. [locTynak npusnapama CTpaHe BHCOKOLIKOJICKE MCNpase
CHpoBOAN ce y cKiay ca oApesbama oBOr 3akoHa, ako MehyHapoaHum yrosopom huje npeasmhero
aApyraumje.

Cxopto oapendama wiana 105, crag 1. » 6. 3akona 0 BUCOKOM 0Dpa3oBarby W BaCMUTAILY,
ENIC/NARIC uentap npu MUHHCTapCTBY NPOCBETE, HAYKE W TEXHOMOWEKOL pasBoja, nNpudasko je
penepanTHe HHOPMALLHjE O CTYAMICKOM NPOFPaMy Ha KOM je cTeqeHa Mnaoma u3 crasa 2. rauxa 1)
0OpaznoKeba 0BOI PeLlCHba,

Y cknany ca unanom 105. eras 4. 3akoHa 0 BUCOKOM 0Dpa30Bary. KOMMCH]a KOJY j& HMEHOBAO
MUHNCTAD W3BPLUMIA je NPBO BPeHOBAILE CTYIHJCKOI NPOTPamMa Ha KOME je CTeHeHa AunioMa 3
crapa 2. Tavka 1) oOpaziokersa OBOT pellcka, W Aand NPeAIOr 3a NPU3HaBake JHILIOME pajiu
3810ULLABALA.

MoanocHaal 3axTesa je¢ AOCTABMO A0KA3 O YNaTH Takce y ckiaiy ca umawom 2. cras |
[TpaBuiannka 0 BUCHHM Takce 33 NPOPECHOHAIHO NPU3HABAILE CTPAHHX BHCOKOUWKONCKHX MChpasa
(..CiyGenn rnacunk PC™, Gpoj 83/2015).

HMmajyhu y BHAY HaBEAEHO, PELICHO j€ KA0 Y AMCNO3HTHBY OBOT PCLICH:A,

Yuyrcerso o ipasnom cpeacrsy: OBO PeLICIE J¢ KOHAYHO Y YIPABHOM MOCTYNKY H IPOTHE
HCTOr MOKE CE NOKPEHYTH yrnpaeuu criop. TyxBa ce nogHoCH YIIpaBHOM cyzly y poky ol 30 nana on
fana npujeMa oBor peliekba.

Peuieine nocrasuTi:
- Muxaisio YyGposuh, yn. Mupociasa Joganosuha Gp. 7/2. 11160 beorpan v =
- ApxuBa.
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Peny6nuka Cp6uja
MHUHUCTAPCTBO IIPOCBETE,
HAVYKE H TEXHOJIOIIKOT PA3BOJA
Martuynu nay4ynn ox6op 3a pusuxy
bpoj: 119-01-21/2022-14/27
25.08.2022. roaune

Beorpan

Ha ocHoBy unana 27. craB 1 Tauka 1) u unana 76. ctaB 5. 3akoHa o Haylud M
uctpaxusawuma (,CryxGenn riacuuk Peny6auke Cp6uje”, Op. 49/2019) u IlpaBunHuka o
CTULARY UCTPaXMBAYKNX W HAyYHHX 3Bama (,CiyxbeHu rnacuuk Pemy6imke Cpbuje”, 6poj
159/2020) u 3axTeBa koju je nogHeo

HHucruTyT 32 pusuky y Beorpany

Maruynu Hay4yHH 060D 32 PU3NKY Ha CeHULM onpxanoj 25.08.2022. roaune, noueo je

OJIYKY
O CTUHABY HAYYHOT 3BAKHA

Ap Muxaunno Yyoposuh
CTHUYE HAYYHO 3BaHe
Hay4Hu capaauunk
Pens6op
Y 0011aCTH IPUPOIHO-MaTeMaTHYKUX HayKa — Qu3KKa

OBPA3IOXETHBBE

HucrutyT 32 pusuxy y Beorpany

YTBpAMO je mpeanor Gpoj 0801-1047/1 ox 23.08.2022. ronmue Ha cennuuy Hayyror Beha
WMuctutyTa 32 dusuky y Beorpany u noaseo 3axteB Matuunom Hay4yHOM 0100py 3a hH3HUKy 6poj
0801-1048/1 01 23.08.2022. roauHe 3a JOHOIICHE OZUTYK€E O UCITyH€HOCTH yCJI0Ba 3a peu36op y
Hay4HO 3Bare¢ Hayunu capaguuk.

Marnduu Hayunu oxbop 3a Qu3MKy Ha ceaHMuM oapxaHoj 25.08.2022. roguue
pasMaTpao je 3aXTeB U yTBPAKHO Ja IMEHOBAHU HCITyFbaBa ycloBe u3 4jaHa 76. ctaB 5. 3akoHa o
Hayum ¥ ucTpaxuBamuMma (,CiyxGeHu rnacHuk Pemy6muke Cpb6uje”, 6p. 49/2019) u
[IpaBunnuKa o cTHUAKY HCTPaXUBAYKUX U Hay4HuX 3Bama (,CiyxOenu rnacuuk Peny6nuke
Cp6uje”, 6poj 159/2020) 3a peus6op y Hay4HO 3Bame¢ Hayunu capagnuk na je omnyuno kao y
M3PELH OBE OMITYKE.

JloHowmemeM OBe 0/Tyke MMEHOBaHH CTHYE CBa MpaBa Koja My Ha OCHOBY b€ 110 3aKOHY
npunanajy.

OanyKy MOCTaBHTH MOMHOCHOLY 3axTeBa, MMEHOBAHOM M apxuBu MuHucrapcTpa
MPOCBETE, HayKe U TEXHOJIOWIKOT pa3Boja y Beorpany.

INPEACEJHUK MATUYHOT HAYYHOT
OJBOPA 3A ®U3UKY

Ap AuTyH Banax, Hay4HH caBeTHHK
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NOTBPOA O PYKOBOREHY MPOJEKTHUM 3AOATKOM HA MPOJEKTY Key2SM

OBuM noTtephyjeM Oa je Hay4Hu capagHuk ap Muxauwno Yybposuh, 3a Kora ce
nokpehe n3bop y 3Barbe BULLIN Hay4yHU CapafHUK, Yy OKBUPY npojekTa Key2SM
lMporpama 3a wu3BpCHe nMpojekTe MAagux ucTpakmeada doHOa 3a Hayky
Penybnuke Cpbuje, y nepuoay og jyna 2020. oo jyna 2022. roguHe pykoBoAuno
nenom rnpojekta koju ce 6asn AdS/CFT mogenuma v HUXOBUM Kannbpucarem.

MpojekTom Key2SM pykoBoamo je Jakiwia Byyunyesuh.

24 L~

Op Jakwa By4un4yesuh
BULLWN Hay4YHU capafHUK

pykosoaunauy, npojekta Key2SM
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In our group we adhere to highest standards of data reproducibility. All the data will be stored with
the hash of a commit entry on the github repository, corresponding to the exact version of the code
that was used to produce it. We will also keep track of the versions of any third-party libraries used.

The data will be stored in foreseeable future on the computational clusters used to produce the data.
The cost of the maintenance will therefore be covered entirely by the projects/institutions
responsible for the maintenance of the clusters themselves. In case a shutdown of a computational
cluster is scheduled, measures will be taken to migrate the data to a different facility, which does not
a priori present an additional cost.

3. Implementation

3.1. Credentials of PI and members of Project team

The PI of the project is JakSa Vucifevi¢. His main research interest so far were the strongly
correlated electrons, with a focus on cuprate linear resistivity and d-wave superconductivity. JV
coauthored a series of papers on Mott quantum critical scaling and the bad (strange) metal regime in
the infinitely-dimensional Hubbard model [H. Terletska et al., Phys. Rev. Lett. 107, 026401 (2011),
JV et al., Phys. Rev. B 88, 075143 (2013), JV et al. Phys. Rev. Lett. 114 246402 (2015)]. The theory
was succesful in predicting the universal behavior of a large class of k-organic materials, as
observed in subsequent experiments [ T. Furukawa et al., Nat. Phys. 11 221 (2015)]. Since 2015, JV
was more involved in the methodological aspect of the work and published a series of papers on
extensions of the DMFT method that allow for a controlled treatment of the 2D Hubbard model and
its d-wave superconducting instability [JV et al., Phys. Rev. B 96 104504 (2017), T. Ayral et al.,
Phys. Rev. Lett. 119 166401 (2017), JV et al., Phys. Rev. B 97 125141 (2018)]. Most recently, JV
was involved in a large scale investigation that led to a new understanding of the key contributions
to the conductivity in the linear resistivity strange metal regime of the square-lattice Hubbard model
[JV et al., Phys. Rev. Lett. 123, 036601 (2019)]. The findings of this study bare direct relevance for
the interpretation of the recent optical lattice experiment, for which comparison with theory had
been stifled by an inconsistency between different numerical methods [P. T. Brown et al., Science
363 379 (2019)] (Fig.le). For the high temperature regime relevant for the optical lattice
experiment, the investigation established the best available, if not essentially exact solution for the
dc resistivity in the Hubbard model.

JV has ample experience in writing optimized algorithms for many-body calculations and for all the
associated stages of post-processing of the results. JV was involved in the development of the
Rubtsov CTINT solver that was later used in [T. Ayral et al., Phys. Rev. Lett. 119 166401(2017), JV
et al., Phys. Rev. B 97 125141 (2018)]. Most recently, JV developed a symbolic algebra algorithm
that allows for a circumvention of the analytical continuation in diagrammatic Monte Carlo
methods, and which may prove to be of great value for the study of conductivity [JV et al., arxiv
(2019), submitted to PRL].

Mihailo Cubrovié will be in charge of the AdS/CFT and its calibration against the data from the
numerical simulations. This represents a natural step forward from the researcher's previous work
on holography of condensed matter systems. He has developed with his coauthors a number of
methods essential in the mapping of the phase diagram and the ground states of strongly correlated
holographic electrons: the probe fermion analysis of the Reissner-Nordstrom strange metal [MC et
al, Science 325 439 (2009)], the single wavefunction approach [MC et al JHEP 10, 017 (2011), MC
et al, Phys. Rev. D 84, 086002 (2011)] and the WKB star [M. Medvedyeva et al, JHEP 12, 025
(2013)]. In the aforementioned works, the authors have analyzed the normal metal/Fermi liquids as
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well as non-Fermi liquids, and in a certain parameter range the non-Fermi liquid phase was found to
behave as a local quantum critical metal. The EMD backgrounds were studied in [MC, JHEP 2016,
102 (2016))], which forms a methodological foundation for building the hyperscaling-violating
EMD models in this project. Currently, MC is working on a detailed study of the quantum phase
transition in a non-Fermi liquid, which is important for understanding complex phase diagrams like
that of the HM. The second line of work of MC, chaos in strongly coupled field theories and gravity
[MC, arXiv:1904.06295 (2019)], establishes the connection to hydrodynamic fluctuations and
transport.

Ivana Vasi¢ will be in charge of the solution of the Bose-Hubbard models, as she already has a long
experience with the relevant numerical techniques, and a solid overview of the related
phenomenology and experiments. Most of her work so far focused precisely on the theoretical
description of bosonic ultra-cold atoms. Her work was published in numerous papers, and covers
topics ranging from the dynamics of interacting Bose-Einstein condensates [IV et al., Phys. Rev. A
84, 013618 (2011), IV et al., New J. Phys. 15, 035008 (2013), IV et al., Phys. Rev. A 94, 033627
(2016)], to the rich phase diagrams of lattice bosons [IV et al., Phys. Rev. B 91, 094502 (2015), K.
Plekhanov et al., Phys. Rev. Lett. 120, 157201 (2018)]. Most recently, IV and her collaborators
studied the response of a strongly interacting bosonic cloud in a 3D optical lattice, to a sudden
displacement of the harmonic part of the trap [A. Dhar et al., Phys. Status Solidi B,
https://doi.org/10.1002/pssb.201800752]. The numerical results they obtained were found to be in
excellent quantitative agreement with the experimental data. This experimental setup is similar to
[W. Xu et al., Nat. Comm. 10 1588 (2019)] which will be part of the focus of our project, and with
regard to it, Ivana's experience will be invaluable.

Ana Hudomal is a PhD student of IV. As a part of her training, she will work on exact-
diagonalization calculations for the 2D Bose-Hubbard. As a PhD student, AH investigates the
properties of ultra-cold bosonic quantum gases in the presence of strong synthetic magnetic fields.
One of her topics so far was the response of incoherent (non-condensed) bosons to an external force
under driving [A. Hudomal et al., Phys. Rev. A 98, 053625 (2018)]. This work involved concepts
and techniques which are closely related to the subject of our Project. As a part of an ongoing
research, AH is already developing optimized numerical codes based on the exact diagonalization
and Krylov vector approach for the time evolution, which will be used in our Project as well.

The expertise of our team members is particularly complementary in the context of the proposed
research. The comprehensive study of the theories of the strange metal requires that we combine our
experience, codes and overviews of our respective subfields. IV and AH will be in charge of the
Bose-Hubbard model calculations and both have experience in ED calculations and Krylov
approach; JV has experience with DMFT and Monte Carlo methods for the Fermi-Hubbard model,
calculation of higher-order correlation functions and numerical scaling analyses; MC has a field-
theoretical background and a solid experience with AdS/CFT, as well as good understanding and
overview of quantum critical phenomena in general. Beside the main goal of our research, this
project will be a great opportunity for our team members to exchange knowledge.

10
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3.2. Implementation plan

Table 3.1. Members of Project team.

ID' Name and family name Scientific institution Person-2
months

PI JakSa Vucicevié Institute of Physics Belgrade 24

P1 Mihailo Cubrovi¢ Institute of Physics Belgrade 24

P2 [Ivana Vasi¢ Institute of Physics Belgrade 24

P3 |Ana Hudomal Institute of Physics Belgrade 24

Total person-months 96

We will work on three fronts in parallel — Fermi-Hubbard, Bose-Hubbard and AdS models, headed
by JV, IV, and MC respectively. Once the numerical methods are implemented and benchmarked,
we will proceed to production runs. Most of our analyses will rely on the comparison between the
Fermi-Hubbard model and the Bose-Hubbard model, and between those two and the AdS models.
The findings of the latter will feed back to the choice of the AdS model. For optical lattices, some
experimental results are readily available for comparison, and we will also take into account any
new experimental results.

Table 3.2. Tasks.
Task/ Members
subtask|  Task/subtask title Start | End of Project Person- Description
month| month months
number team
1 Preparation, code
development and 1 9
benchmarking
1.1 Fermi-Hubbard /Adapt the existing codes for
calculations using calculation of correlation
CTINT, FTLM, 1 6 functions of interest and
Symbolic MC and benchmark against known limits
DMFT
1.2 Bose-Hubbard Study numerical solutions,
calculations using 1 9 implement and benchmark them
Gutzwiller and B-DMFT
1.3 Analytical continuation 5 9 Study, prepare and test existing
codes
1.4 Krylov vector approach Study the method and
5 9 implement it and benchmark it
within FTLM
1.5 IAdS and EMD models 1 9 Devise gravity duals and
implement numerical solutions
1.6 IAdS Model parameters Devise algorithmic schemes for
optimization 3 9 optimization of gravity dual
models based on Hubbard
model results
2 Production runs 5 13 Solve for all quantities of
interest
2.1 CTINT clusters (4x4, 5 18 Scan the parameter space of the

1 PI - Principal investigator, P1 — the first participant, etc.
2 The number of person-months regardless of the % of working time.

11
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NMHO®POPMAILIUA U3 3AABKHA

AHHOTaAIIHUSA:

B mpoekTe mmpeqrosiaraeTcs UCCIenoBaTh Psi HenmepTypOaTUBHBIX METOMIOB U SIBIIEHUM, IIEHTPATbHLIM U3 KOTOPBIX SBJISETCS
CBsI3b I'PABUTAIINYN U (UINKU YEPHBIX OBIP C KBAHTOBOM TeopHewu mos (M KBAHTOBLIMM CHCTEMAaMHU B IIMPOKOM MOHMMAaHUU, B
TOM YHCJIE IIOJIEBLIMU TEOPUSIMH, IIPEOCTaBIISIOIIUMY HHTEPEC B KOHOEHCUPOBAHHOM COCTOSIHUMU BellleCTBa). B 4acTHOCTH,
KPYT SIBJIEHUM, KOTOPBIM OyIOeT uccjieqoBaH, JOCTATOYHO ITUPOK — OH BKJII0YaeT B ce0s KBAHTOBBIM Xa0C, KBAHTOBYIO
OVHaAMHUKY, TPAQHCIOPT B KBAHTOBOM BeIILlECTBE, B TOM YHUCJIe 3K30TUYeCKOM. C OIpyrou CTOPOHEBI, TaKKe IIpearnoaaraeTcs
TIOHSITh KAKUM 00pa30M MUKPOCKOIIMYECKasi TEOPUS YePHBIX ObIP U TEOPUSI CTPYH OIIPEIensiIoT CBOMCTBA 3TUX SBJIEHUN
yepes rojiorpaduiyeckoe COOTBETCTBUE. BO BCcex 3TUX SIBI€HUSX CTAHOBSTCS CyIlleCTBEHHBI HemepTypOaTuBHBIE 9D(EKTHI,
4yTO TpebyeT HellepTypOaTUBHLIX METOIOB UX U3YUYEeHUS (BKJIIOUas rojorpaduyecKuil 1 UHbIe Ioaxonsl). M3ydyeHrue Takux
METOMOB 1 SIBI€HUU BaXKHO KaK C TOUKU 3PeHUSA NOHUMaHUSA 3(p(PHEeKTOB B CUIIbHOB3AaNMOAEMCTBYIOIINX CUCTEMAX, TaK U [OJIs
IMOHUMaHUsA PyHOaMeHTaJIbHBIX KBAHTOBBIX aCIIEKTOB I'DaBUTALlMM U TEOPUU CTPYH.

B nmocnenHee mecsaTunetre HaOmogancsa 3Ha4YUTEIbHBIN IPOrpecc, 00yCIOBIEHHBIN HaX0XKIOEeHUEM CBSA3EH MeXOy
HECOIIOCTaBUMBLIMHY, Ha IIEPBLIUA B3TIAMA, IBIE€HUAMU. BEIIO ITOKa3aHo, YTO [AJIA MIMPOKOTO0 KjlacCca Mofeel (Hampumep, O
rojorpaduyeckKux Mojesiel) Teopus Xxaoca SIBJISeTCs IIeHTPaIbHOM, ¥ YTO TaKO¥M (haKT eCTeCTBEHHO O0BSICHUM C TOYKHU
3peHNU IpaBUTAllUUd U TEOPUHU CTPYH. BBIJIO MOKa3aHO, YTO rojorpadudeckKkue KBaHTOBBIE TEOPUHU YAOBJIETBOPSIOT
YVHUBEPCAIbHLIM OTPaHNYEHUSIM Ha XaOTUYECKHEe XapaKTEePUCTUKH, U YTO PU3nUeCcKre MapaMeTphl TaKUX TEOPUM
(HammpuMep, IPOBOAUMOCTD, KO3(pPuueH T aupPy3nn, COBUTOBasi BA3KOCTh) B TOYHOCTH YHUBEPCAJIbHO BEIPAXKalTCSA
yepe3s mapaMeTpPhl TaKuX Mofaenen. ['paBuTaliyss 1 KBAHTOBBIM XaOC TECHO CBSI3aHBI CO CBOMCTBAMU YEPHEIX OLIP U UX
MHUKPOCKOIIMYECKOU TeOpHeH, a TakKxKe KBaHTOBOU MH(pOpPMaIuel — B 4aCTHOCTU, CBOMCTBOM YEPHBIX OBbIP YHUYTOXKATh U
pa3MbIBaTh nHpOpMaIuio (CKpaMOIuHroM). BpeMs pa3MbITus nHGOPMAIIUU YePHOU OHIPOY (BpeMsi CKpaMOIUHTA) B
TOYHOCTH 0Ka3aJIoCh CBI3aHHBEIM CO BpeMEHEeM, Korfga gyajbHas KBAHTOBas TEOPHUS BXOOUT B XaOTUUYECKUU PEXKUM U
YOUBUTEJILHBIM 00pa3oM 3TO BpeMs TaKxKe OKa3hIBaeTCS YHUBEPCATbHBIM.

['maBHa4 11€JIb 3TOT0 IIPOEKTa — IIOJIHOCTBIO PACIIWPUTL 3Ty YHUBEPCAJILHOCTL OO0 €€ IIPEenejioB U B KOHEYHOM UTOTe BBIUTH
3a 9THU IIPEeOEeInl. Y31 IIJIaHUPYEM HU3Y4YUTH ITOCIIEOCTBUA OFpaHI/I‘-IeHI/Iﬁ YHHUBEPCAJIEHOT'O XaOCa B HOBEIX O6J'I8.CTFIX, rge 0o Cux
II0Op He OBLIO BEIIBUHYTO I'IIOTE3 HUJIN HE MCCIIE€eJOBaHO HUKAKOM CBSI3M C XaOCOM YEePHEIX OBIP. 3aTteM IIJIAHUPYETCA U3YUUTD
KBAHTOBEI€ IIOIIPABKHU K I'PABUTAIIUU, I'1€ YHUBEPCAJIbHBIE T'PAHUILIBEI YCTYIIAIOT ME€CTO Oonee CJIIOZKHOMY ITOBE€OEHWIO, YTO, MEI
HageeMCs, 0acCT IIpeacTaBJIEHHME O KBAHTOBEIX CBOHMCTBax YEePHHIX OBIP U IIPOSABIIEHUHN X CTPYHHBIX XapPaKTEPHUCTHK.

OxunaemMsbie pe3yiabTarThl:
B pamMKax nmpoekTa 0XXuUgaeTCsd:
1) YccnemoBaHue KBaHTOBOI'O XaoCa U €ro B3aMMOCBSI3Y C TEOPUEN CTPYH, KBAHTOBOU TEOPUEU II0Jid U rpaBUTaLen/
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romorpaduyeckuM cooTBeTCTBUEM. [IpenrosiaraeTcsi 00HapPyKUTh IMOBeJleHNe TUIIa aHCcaMOJiel CITy4yalHbIX MaTPHUIL B
BO30YKIeHHBLIX HEPAaBHOBECHBIX COCTOSTHUSIX TEOPUHU TOJIsI, PaCCesTHUN BO30YKIEHHLIX COCTOSIHUM CTPYH. [InmanupyeTcs
Tak2ke 0000I1eH1e U3BECTHLIX B JIUTEPAType Pe3yIbTaTOB Ha CJIyYyall TEOPUU IIOJISI B UCKPUBJIEHHOM IIPOCTPAHCTBE, a TaK¥kKe
TEOPHUHU IIOJISI C TPAHUIEW U KBAHTOBBIX CUCTEM, 00JIamaloNUuX «PEeHIeTOYHOM CTPYKTYPOM» MeTomaMu rojaorpaduu u
KBAHTOBOU TEOPUMU ITOJIA.

2) IlonyyeHne XxaOTUYECKUX SBJIEHHU B CTPYHaX, Ha MUPOBOM JIMCTE PA3IUYHBIX CTPYHHBIX KOHQUTrypalul (HallpuMep B
KOHTEKCTe (peHOMeHa IIponycKa I1oJitocoB — pole-skipping phenomena), cBsI3b TaKuUX SIBI€HUHU C UX rojorpapruyiecKUuMU
OBOMHMKaMH (OBUIKEHME OyaJIbHBIX KBa3nudacTull). KpoMme TOro, mjaaHUPyeTCsa U3YYUTh BIUSHHAE Xaoca M ero pojib B
reoMeTpUSX YepHBIX ObIp, ¢y360mnoB (fuzzball), reoMeTpusax MUKPOCOCTOSTHUY (HampuMep reometpuu JIuH-JIyHUHa-
ManpgaceHHsl).

3) [IpuMeHeHNEe METOOB TEOPUH CIIyYaWHBIX MaTPHUIl U MAaTPUYHBIX MOJEJIeN OJId UCCIedOBaHusI YEePHBIX ObIP. MHOTHE
MaTpPUYHEIE MOfesii, Takue Kak momernb BFSS (Banks-Fishler-Susskind-Shenker) u momens IKKT (Ishibashi, Kawai, Kitazawa
and Tsuchiya), uMelOT CTPYHHYIO IPUPOAY ¥ O0HAPYKMBAIOT XaOTU4YeCKoe noBefeHre. CUUTaAeTCsI, YTO OHU HOIXKHBI UMETh
CTPYKTYPY, CXOOHYIO C MUKPOCKOIIUYECKOM CTPYKTYPOH YePHOU OBIPHL. [IpeanonaraeTcs psig UCCIeOOBaHUM B CBSI3U 3TUM,
HalpUMep, UCCIeJoBaHNe «KBaHTOBOM Maruu» (SHTPONUU PeHbU OIIMHHBIX OIIEPaATOPOB, OIIEPAaTOPHBIM XaOTUYECKUUN POCT) B
TaKUX TEOPHUSX.

4) YccnemoBaHUE HOBHIX MOfeJied rojorparuyieCcKor KBAHTOBOM MaTEPUU U PA3IUYHEBIX aClleKTOB, CBA3aHHBIX C HeU. B Kpyr
HCCJIeIOBAaTEIbCKUX BOITPOCOB ITPOEKTA BXOMAT: GepMU-KUIKOCTHU U UX pPa3/IUYHbIe 00001IIeHUs, HalpuUMeD, C
OOTIOTHUTETPHBIMU CUMMETPHUSAMHU, a TaKKe rojiorpadgudieckas Mopaesib HeB3aUMOAENCTBYIOIINX, HO 3allelJIEHHBIX
KBAHTOBHIX XKUOKOCTEM, MyaabHas IIPOXOOUMOM KpoToBou Hope ["ao-II:xkadeppuc-Yosna. B KOHTEeKCTe TaKuX Mojene OyayT
HCCIIeJOBaHbI rojorpaduiecKkrie MEeTOOBI IPaBUTAIIMM C KpydeHueM. [ImaHupyeTcs meTalbHOE UCCIefoBaHNe KaK yxKe
HCCllefoBaHMe CYIIIeCTBYIOIIMX HaOTI0aeMbIX [JI1 UCCIIefOBaHus Tolorpadudeckux hepmMu- U HepepMU-KUIKOCTEN
(cnmekTpanbHBIX QYHKIUIM B rojorpaduyieckoM mogxose), Tak 1 pa3paboTKa HOBBIX HaOJII0aeMbIX, OCHOBAHHLIX Ha
KBAHTOBOM XaoCe: KOPPENISITOPOB Pa3ynopsaA0UYeHHBIX I10 BpEMEeHHU, CII02KHOCTH KpHIJIOBa M MX CBSI3W CO CBOMCTBaMU
rmoBepxHocTu ®epmu. Ocoboe BHUMaHUe OyOeT yaeseHO OOHOMEPHBIM CHUCTEMaM, KOTOPble MOXKHO OTHECTH K TOYHO
pelaeMbIM MOIEISIM.

OTYETHBIE MATEPHUAIJIBI
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OyzyT uccieloBaHbI rosiorpadguueckrie MeTo/bl TPaBUTALIMU C KpyuyeHueM. [1naHupyercs
JileTallbHOe MCCIeZloBaHre KaK yyKe UCC/Ie[jloBaH/e CyLeCTBYIOINX HabmoaeMbIX [IIst
rccneioBaHus rojorpaduueckux GpepMu- U HehepMU-KUAKOCTel (CrieKTpaabHbIX (PYHKLMM B
rosiorpadrueCckoM TOAXO/Ie), TaK U pa3paboTKa HOBLIX HAO/IIOlaeMbIX, OCHOBAaHHBIX Ha KBAHTOBOM
Xaoce: KOppeJisiTOPOB Pa3yropsiJoYeHHBIX 110 BpeMeHH, CJI0KHOCTH KpbUIOBa U MX CBSI3U CO
cBoricTBamu noBepxHOCTH ®epmu. Ocoboe BHUMaHUe OyZieT yieeHO OTHOMEPHBIM CUCTEMaM,
KOTODbIe MO’KHO OTHECTH K TOYHO pelllaeMbIM MOZEJISIM.

1.7 IlnaHupyeMbIii COCTaB HAyYHOr0 KO/VIEKTHBA C yKa3aHueM (aMuiInu, UMeH, 0TUeCTB
(Mpu Ha/IMUMM) YIeHOB KO/VIEKTHBA, UX BO3pacTa Ha MOMEHT M0jauH 3asiBKH, Y4eHbIX
CTeneHeH, JO/DKHOCTeH M 0CHOBHBIX MeCT padoThl, (JOpMbI OTHOLLIEHMI C OpraHu3auen
(TpyA0BOM JOrOBOP, FPaXK/JaHCKO-IIPAaBOBOH A0r0BOP) B NePHO/, pealn3aliiy MpoeKTa

Arees [Imutpuii CepreeBud, KaHAUIaT PU3NKO-MaTeMaTHUeCKUX HayK, CTapIINi HayUHbINA
COTPYAHUK, MaTemaTnueckuii MHCTUTYT M. B. A. CreknoBa Poccuiickoli akajjeMyy Hayk,
TPYZAOBOM J0rOBOp, 34 roza

Yybposru Muxaiino, KaHaugaT GrU3nueckux HaykK, HayuHbId COTPYAHUK, OU3NUeCKU UHCTUTYT B
Benrpage, norosop nogpsja, 38 net

benokonb Anekcangp Viropesuy, acupaHT 4 rojja 00yueHus, CTa)Kep-HUCC/ie0BaTeb,
Marematuueckuii UHCTUTYT UM. B. A. CteknoBa Poccuiickoli akaieMUu Hayk, TPy[OBOU 10rOBOP,
28 net

I[TymkapeB Bacunmii BnaguMupoBuy, aciipaHT 2 rofja 00yJyeHus, CTa)kep-HUCc/iejoBaTeb,
MaremaTtuueckuii UHCTUTYT UM. B. A. CreksoBa Poccuiickoli akafieMuu HaykK, TPyZ0BOM J0r0BOp,
27 net

Ixykuu BnagaH, acnivpaHT 1 rofja o6yueHusl, cTaxxep-ucciiefioBaTe/b, ®u3nueckuii UHCTUTYT B
Benrpage, norosop nogpsja, 27 net

brikoB Bragumup AnekcaHZpoBUY, CTyZeHT 4 Kypca, MOCKOBCKHIM rOCY[JapCTBEHHBIN YHUBEPCUTET
nmeHu M. B. JloMoHocoBa, 21 rof

CoorBercTBHE NIPO(eCCHOHATBHOT0 YPOBHA

Cpeay uieHOB KOJJIEKTHBA MOJIOZIble HayuHble pabOTHUKH, 00/1a/jatolie He0OX0JUMbIM YPOBHEM
KBa/TM(UKaLMK ¥ aKTUBHO paboTaroliiye B JaHHOM HarpaB/IeHUH, YaCTh U3 HUX YrKe TIPosiBr/Ia ce0st
HaYMHAIOIUMHU, TI0 BLICOKOK/IACCHBIMU CrieljuanricTaMu. COCTaB KO/UIEKTHBA MTOJTHOCTBIO
MOJIOZIEXXHBIH (710 39 /1eT) U BK/IIOUaeT B cebs:

2 KaHJu/aTa Hayk,
3 acrniMpaHTa,
1 crygeHT

1. PykoBoautens rpanTta . C. AreeB 3al[uTH/I KaHAWAATCKYyt0 quccepranuto B 2017 roay, u
SIBJISIETCSI CIeLIMa/IMCTOM 110 KBAHTOBOW TeOPUM MOJIsi M TpaBUTaluu. Emy
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Abstract

Strange metals still resist a comprehensive theoretical description. Yet, the AdS/CFT
correspondence (holographic principle) provides a novel, nonperturbative insight into the
properties of these strongly correlated materials by constructing a theory with gravity,
which is dual (equivalent) to the starting field-theoretical (condensed matter) problem.
In this thesis we find the numerical solution to a system of Einstein-Maxwell-dilaton
equations with periodic boundary conditions, which describes strongly correlated matter
at finite temperature and chemical potential on a square lattice. The metric in the
deep interior of the AdS space is hyperscaling-violating, implying an anomalous scaling
of thermodynamic quantities. We then compute the charge density of the system and
inspect the validity of the Luttinger theorem. The theorem is strongly violated, meaning
that the system is a non-Fermi liquid, as expected. We test our numerical method in
detail and show that it provides a robust framework for further work.
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SaZetak

Kvantni mnogocesti¢ni sistemi predstavljaju veliki izazov i za analiticko i za numericko
razumijevanje. Specijalna karakteristika ovih sistema jeste da su ¢esto kvatno haoti¢ni
u odredenoj mjeri i pitanje od znacaja koje se postavlja jeste kako prepoznati takav fe-
nomen. Ne postoji jedinstven kriterijum, no ovdje predstavljamo jedan od nac¢ina da se
detektuje slab haos u kvantnim mnogocesti¢nim sistemima, kroz OTOC (vremenski neu-
redenu ¢etvorotackastu korelacionu funkciju). Uspostavljamo vezu izmedu platoa OTOC-a
i detekcije i mjere haoti¢nosti sistema. U drugom dijelu teze, fokus je na specificnom hao-
ti¢nom kvantnom mnogocesti¢cnom sistemu, Boze-Habardovom modelu, gdje posmatramo
semiklasi¢ni rezim. Rezultat je anomalni transport (difuzija) sa neuobi¢ajenim diskretnim
eksponentima skaliranja koji opstaju veoma dugo, nakon Cega se javlja rezim normalne
difuzije. Takode diskutujemo kako anomalna difuzija zavisi od izbora promjenljivih i geo-
metrije sistema.



Abstract

Quantum many body systems present a challenge to both analytical and numerical
understanding. A special characteristic of these systems is that they are usually quan-
tum chaotic in some sense and an important question is how do we diagnose such a
phenomenon. There is no unique or standard way to do this and here we present one
way to detect weak chaos in quantum many body systems, through OTOC (out-of-time
ordered four-point correlation function). We find that the plateau of OTOC can indicate
whether a system is chaotic and in which way. In the second part of the thesis we fo-
cus on a particular model of such systems, the Bose-Hubbard model, which is quantum
chaotic, and look in detail how it this translates into the semiclassical regime. We find
anomalous diffusion with unusual discrete coefficients persisting for very long times, to
eventually reach normal diffusion. We also present how this diffusion disappears with a
specific choice of geometry and variables.
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