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THX KYBEPNHZEQX

THX EAAHNIKHX AHMOKPATIAX

26 Maptiou 2024

ANOOAZEIX

ApiBu. 2145

Tpomomoinon ™G um’ ap. 4040/30.03.2018
(B’ 1524) amogaong idpuong Kat Tng vm’ ap.
5900/10.05.2018 (B’ 1992) andépaong £ykpiong
TOU KAVOVIOHOU omoudwv tou Mpoypdppatog
Metantuyiakwv Zmoudwv pe Titho «Mpoxwpn-
pévn Ouoikni (Advanced Physics)» tou TuRuatog
Ouoikng Tou Mavemotnpiov KpATtng, cup@wva
ME ToV v. 4957/2022.

H ZYTKAHTOX TOY MANEMIZXTHMIOY KPHTHX

‘Exovtag unéyn:

A.Tic Sataéelc:

1. Tou m.6. 296/1973 (A’ 239) nepi kaBopiopoL Tou
TitAou Kal TN¢ €dpag Tou v Kprytn 16pubévtoc Maveri-
otnuiou, Tou v.8. 114/1974 «[Mepi TPOTTOMOINCEWG Kal
OuuMANPWoewg Tou v.8. 87/1973 "mepi 16pLUoswc Ma-
VETIOTNMIWV €16 Opdknv Kat 1 Kptnv” (A" 159) kat
£MEKTAOEWC Slatdewv TIVWV auTtou i€ drmavta ta AEl»
(A’310), Tou V. 259/1976 (A’ 25) mePi TPOTIOTIOINCEWG KAl
OUUTANPWOEWC TWV TEPI Mavemotnuiwv Opdkng Kal
KpAitng kepévwy dlatdewy,

2. Twv ApBpwv 5 Kal 9 Tou Kepalaiou B'«Anuooieutéa
UAN» TOU V. 3469/2006 «EBVIKO Tumtoypageio, Epnuepig
NG KuPBepvroewg kat Aotrmég Satadeig» (A'131),

3. Tou V. 4957/2022 «Néot OpiCovtec ota Avwtata
Exkmaidevtikd 16pvpata: Evioxuon tng molotntag, Ing
AertoupylkéTNTAC KAt TnG ouvdeong twv A.E.l pe Tnv kol-
vwvia kat Aoimég Statdeicy (A’ 141) kat 16iwe tng map. 4
Tou ApBpou 16 kat To apbpo 80,

4, 10U V. 3374/2005 «Alac@Alion Tn¢ moldTNTAC OTNV
avwTtatn ekmaidevon. ZVoTNUA PETAPOPAC KAl CUCOW-
PEVONC TIIOTWTIKWV Hovadwy Mapdptnua SIMWUATOC»
(A"189),

5. twv apBpwv 75-80 Tou v. 4727/2020 «Wnpiakn Ala-
KuBépvnon (Evowpdtwon otnv EA\nvikn NopoBeoia tng
Obnyiac (EE) 2016/2102 kattng Odnyiac (EE) 2019/1024 -
HAektpovikég Emkowvwvieg (Evowpdtwon oto EAAnviKo
Aikaio tnc Odnyiac (EE) 2018/1972) kat ANeC Stataeicy
(A"184) ka1 Tng map. 5 Tou dpBpou 108 Tou 16iov vopou
niepi katdpynong dpBpwv Tou v. 3861/2010 «Evioxuon
™G SL1aPAVELQG E TNV UTTOXPEWTIKH avApTNon vOUwV Kal

TEYXOX AEYTEPO

Ap. ®UNouv 1839

mPAa&ewv Twv KuPBepvnTIKWY, SIOIKNTIKWV Kal auTtodlol-
KNTIKWV opydvwy oto dladiktuo «Mpoypappa Alavyeio»
Kat AA\e¢ Slatdeig» (A'112).

B. Ta éyypaga kat otoixeia:

1.Tnv umo ototxeia 135557/Z1/1.11.2022 eyKUKALO TOU
Ymnoupyeiou Maideiag kal O@pnokevudtwy «E@apuoyn
Twv Slatdéewv Tou v. 4957/2022 “Néol Opilovteg ota
Avwtata Ekmaideutikd 1dpupata: Evioxuon tng molotn-
TOg, TG AEITOUPYIKOTNTAG KAl TNG oUvdeong Twv A.E.l ue
TNV Kolvwvia kat Aotrmég Statdelc” yia Tnv opyavwon Kat
AEITOUPYIA TTPOYPAMMATWY UETATITUXIAKWY OTTOUSWV UE
Ahowd B¢pata» (AAA: 6XWZA6MTAH-TXA).

2.Tnvuno otolxeia 108169/21/21.8.2020 (Y.0.A.A. 677)
SamotwTikA MPa&n TN Ymoupyou Maideiag kat Opn-
OKEVUHATWV Yla TNV ekhoyn w¢ MNputavn tou MNavemotn-
piou Kptng tou KaBnyntr tne latpikig ZxoAn¢ lewpyiou
Kovtakn, pe tetpaetr Onteia amd 1.9.2020 éw¢ 31.8.2024.

3.Tnvum'ap.19615/01.09.2023 (AAA:PA=4469B7T-=71)
mPA&N oUYKPOTNONG TNE ZUYKANTOU Tou Mavemotnuiou
Kpntng yia 1o akadnpaiko étog 2023-24.

4. Tnv ur’ ap. 4040/30.03.2018 amoé@aon NG u-
yKkAnTou tou Mavemotnuiov Kpntng «Emavidpuon tou
Mpoypaupatog Metanmtuytakwyv Zmoudwv (M.M.X.) Tou
Tunuatog Guoikng Tou Mavemotnuiov KpAtng pe Titho
"Mpoxwpnuévn QUK og e@apuoyn Tou v. 4485/2017
(OEK 114 A")» (B’ 1524).

5.Tnv ur’ ap. 5900/10.05.2018 anmd@aon NG ZUYKAN-
Tou tou MNavemotnuiov Kpntng «Eykpion Kavoviopou
Metamtuytakwyv Xmoudwv tou MNpoypdupatog Metamtu-
Xlakwv Xmoudwv pe Titho "Mpoxwpnuévn Ouoikn” Tou
TuARpatog Ouaolkig Tou Mavemotnuiov Kprtng cupgwva
UE To V. 4485/2017 (DEK 114 A")» (B’ 1992).

6.Tnv um’' ap. 491/20.10.2022 (AAA PM4T469B7T-TWA)
mpA&n TNG ZUYKANTOU Yla TN ZuyKpoTnon tng Emtponrig
Metamtuyxlakwv Zmoudwv Tou Mavemotnuiov Kprtng o
€@apuoyn tou v. 4957/2022 (A’ 141).

7.Tnvum’ap. 23085/09.10.2023 amd@aon TnG ZUYKAR-
Tou tou Mavemotnuiouv Kpntng «Eykpion Kavoviopou
Mpoypappdtwyv Metantuxlakwy Xmoudwv Tou Mavernt-
otnuiov KpAtne» (B'5941).

8.Tnv glonynon t¢ amd 16.10.2023 Zuvéleuong Tou
TuARpatog Ouoiknig Tou MNavemotnuiov Kprtng oxeTika
UE TNV TpoTToTToinon TNG amoé@aon g ibpuong Kal Tou Ka-
voviopoU Aettoupyiag Tou MNpoypdupatog Metamtuyla-
KWV Xmoudwv «Mpoxwpnuévn QuotKr».
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9. To tpomomoinpévo oxedlo anmogaong 16puong, To
Tpomomoinuévo oxedlo Kavoviopou Asitoupyiag, tov
AvaluTiko Mpoimohoyiopd Asitoupyiag kat Tn Mehétn
Y komudtnTag Kat Biwopotntag pe tnv ‘EkBeon YAiko-
TEXVIKAG YTOSOoUnAC.

10. Tnv elonynon tng um’ ap. 11n¢/11.12.2023 cuve-
Spiaonc g Emtpomnric MeTantuxtakwy Zmoudwv Tou
Mavemotnuiou KpATNG OXETIKA PE TNV TPOTTOTIOINON TNG
anmo@aong idpuong Kal Tou Kavoviopou Asltoupyiag Tou
Mpoypdupatog Metamtuylakwyv Xmoudwv «lMNpoxwpen-
pévn OuoIKny».

11.Ta MPAKTIKA TNG LT ap. 509Nn¢/21.12.2023 cuvedpi-
aoN¢ TNG ZUYKARATOU yia To TTapov B€ua.

12. Tnv &€loffynon tou Avtimputavn Akadnuaikwv
YnoBéoswy, Ala Biou MdBnong, AleBvwv Xxéoswv Kal
E€woTtpépelac Tou Mavemotnuiov Kpritng, Kabnynt
lewpylouv Koowwpn.

13. To yeyovog o1t and Ti¢ Slatdéelg tng amdéeaong
autri¢ Sev mpokaleital Samdvn €1¢ BAPOC TOU KPATIKOU
nipoUmoAoyiopov, arrogacilet:

Tnv tpomomnoinon tng um’ ap. 4040/30.03.2018 (B’ 1524)
amdégpaon¢ idpuong kat tng um’ ap. 5900/10.05.2018
(B'1992) amoé@aong éyKpiong TOU KAVOVIGOU OTToudwv
Tou Mpoypdupatog Metantuxlakwy Xmoudwv UE TiTAo
«Mpoxwpnuévn Ouoikn (Advanced Physics)» tou Tun-
patog Quoiknig Tou Mavemotnuiov KpAtng cupgwva
ME Tov V. 4957/2022, wg akoAoUBwC:

A) '16puon Mpoypdppatog MeTantuxlakwy Imoudwv
pe titho «[Mpoxwpnuévn Ouoikr (Advanced Physics)»

FENIKEX KANONIXTIKEX AIATAZEIX

Apbpo 1

levikég Alatdéelg

To Turpa Ouoiknig tou Mavemotnuiou Kpntng Ba

AerToupyrosl anod to akadnuaikd érog 2023-2024 To
Tpomomolnuévo MNMpoypappa MeTAMTUXIAKWY ZTOUSWV
(M.M.Z) pe titho: «Mpoxwpnuévn Quoikr», CUUPWVA UE
TI¢ Statdelc TG amdépaong autrig Kat Ti¢ dtatdéeig Tou
v.4957/2022.

Apbpo 2
'VwOoTIKO AVTIKEIEVO-ZKOTIOC

To Mpoypauua Metanmtuxlakwv Zmoudwv «Mpoxwpen-
pévn Ouotki» gival n ouvéxela Tou undpyxovtog N.M.X.
ME ToV 010 TiTAO TTOU OpYaVWVEL KAl AslToupyEi TO TUAUA
Quoikng Tou Navemotnuiouv Kprtng amd 1o akadnuaiko
€10¢ 2008-2009.

To MN.M.Z. «[Mpoxwpnuévng QUGIKAG» EXEL WG YVWOTIKO
avTiKeipevo Tnv Oswpntikn kat Mepapatikn QUK.
2 KOTIOC TOU £ival:

- H e16ikeuon oe meploxég tng OewpnTikng Kkat Mepa-
poTiknG QUOIKAG, WOTE Ol KATOXOL TOU ATTOVEUOUEVOU
AmAWPATog MeTAnMTUXIAKWV Zmoudwy va €xouv auén-
pévn e€e18ikeuon OTIC OIKEIEC TIEPLOYKEG.

- H dptia ekmaideuon kai e16ikeuon amo@oitwv KATaA-
AAwv va armacxoAnBouv wg oTeNéxn o AnPOCLEG Kal
[81wTikéG Emixelprioelg kat Opyaviopoug, we eISIKEVPEVO
Emotnuoviké Mpoowmiko og Mavemotrpia kat Epguvn-
TIKA Kévtpa ) wg ekmaideuTikoi pe avénuéva mpoodvta
Kal duvatoTnTeC MPOoPopdAc.

To MN.M.X. amovépet Aim\wpa MeTamTuylakwy Xmoudwv
(A.M.Z.) oTic €A TPEIC EIOIKEVOELC:

- Aotpoguaolikng Kat Alaotnpikng QUOIKAG,

- Quotkig ZTolxelwdwv Zwpatidiwv kal Koopoloyiag,

- JUUTTUKVWUEVNG YANG Kal ATopikng QUotkAg.

ApbBpo 3
Katnyopieg mtuxiovxwv
370 N.M.X. yivovtat §ekToi rTuxlouxol Twv TUNUATWY

IXOAWV OeTikv Emotnuwy, MoAUTEXVIKWV IXOAWV
Mnyavikwv kat ZxoAwv Texvohoyikwv E@apuoywv twv
A.E.l. Tng npedamng 1 avTioTOlXWV OPOTAYWY TUNUATWY
™G aAoSamig, CUHPWVA UE TIC SIOTAEEIC TNC KEieVNC
vopoBeoiac.

Apbpo 4
XpovIkn S1dpKela @oitnong
H g\dxiotn xpovikr Sidpkela yia Tnv amovour Tou Al-
mA\wpatog Metanmtuylakwy Xmoudwv opiletat og Svo (2)
akadnuaikda e€dunva.

ApBpo 5
MNpoypaupa Mabnudtwy

To mpoypappa Mabnudtwy mephapPavet:

- UTTOXPEWTIKA padnuata evikig OUOIKAG TTou avTi-
oTOoIXOUVV 0€ 4 WpeC S18aoKaNiag Kal 2 WPEC AOKNOEWV-
epyaoiwv (6 ECTS ékaoto),

- HaBnpata emAoyn¢ (avaloya pe Tnv e1dikeuon) Tou
avTIOTOIXOUV O€ 4 wpeG S1daoKANaC Kal AOKNOEWV-£p-
yaotlwv (5 ECTS ékaoTo) Ta omoia eMAEYEL O UTTOYPNPLOC,
0€ OUVEVVONON UE TOUG SISAOKOVTEG KL TNV ZUVTOVIOTI-
kn Emtpomn (Z.E.) Tou N.M.X,,

- OB HOTA UTTOXPEWTIKAG ETTIAOYNG TTOU AVTIOTOIKOUV
OTN MENETN OUYXPOVWV EPEUVNTIKWY BEPATWV Kal UE-
B6dwv (9 ECTS) kat ota eKMAISEVTIKA EPYAOCTIPlA TOU
TuAuatog QuaoikAc (4 ECTS ékaoTo), kal

- ekmovnon Aim\wpuatikng Epyaciog (19 ECTS).

O oUVOMNIKOC aplBuoég ECTS tou M.M.X. eival 60, amd
Ta omoia: 18 agopoUV UTTOXPEWTIKA pabripata, 10 ago-
pouLv pabrjuata EmAoync (Etdikeuonc), 13 apopouv pa-
Orpata Ynoxpewtikng EmAoyng, kat ta 19 AtrmAwpaTtikn
Epyaoia.

To evdelkTiko Mpdypappa Kal Ta TPOo@EPOUEVA Hadr-
pata éxouv TNV akdAoudn Sopr. ANayég 0Tn oglpd Twv
TIPOCPEPOUEVWY HABNUATWY UITopE( va yivouv UoTtepa
amo éykpton TnG Z.E. pe Bdon ti¢ SIGAKTIKEC AVAYKES TWV
EKAOTOTE QOITNTWV Kal TN dtabeoipdtnta Twv S1600KO6-
VTWV.
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EvoelkTiko Mpdypappa

A’EEaunvo

A/A

EvéelkTiko Mpdypaupa

ECTS

1

2
3
4
5

YroxpewTikd pdbnua Mevikiig Guaoikng

YMOXPEWTIKO pABnua Mevikng OUOLKAG

MdaBnua emAoyng Eidikevong

MdaBnua umoxpewtikng EmAoyng: Aidaktikr Epyaotnpiwv
MdaBnua umoxpewtikng EmAoyng: Epeuvntikiy MeBodohoyia

o M~ U1 O

> UVOAO TIOTWTIKWV Hovadwv A’ e€aurjvou

B’'E€4unvo

A/A

Evdeiktiko Mpoypapua

ECTS

1
2
3

YTTOXPEWTIKO PABNnua Mevikrc DUoIKNG
MdBnua emioyric Eidikeuong
Ekmévnon Atm\wpatikig Epyaciag

19

> 0VOAO TIIOTWTIKWV Hovadwyv B’ e€aurjvou

30

Katdhoyog MaBnudtwv

A'E€dunvo

A/A

Katdhoyog MaBnudtwyv

ECTS

MaBnpata levikiic Quoikng (YoxpewTikd)
(wpec d1daokaliag 4, wpeg AOKACEWY 2)

- Khaoikn HAektpoduvapikr

- MaBnpatikég MéBodot Dualkng

Ma@npata EmAoyrig Eldikeuong Aotpo@ualikng kat Ataotnpikrig Quoikng

(wpec S1daokaliac-acknoewy 4)

- Aotpoguoiki YYnAwv Evepyelwv
- Aotpoguoiki lll

- Quolkn MeooaoTpIkAG YANG

- Eidika ©épata Aotpoualkng |

MaBruata EmAoyric Eidikeuong Quoikng YPnAwv Evepyelwv kat Koopoloyiag

(wpec Si1daokaliac-acknoewy 4)

- KBavTikn ©swpia Mediwv |

- levikn ZxetikotnTa KAl Baputnta

- ZUMMETPiEC Kal Oswpia Opadwv

- Eldikd ©¢pata Xuyxpovng Ouotkig |

Mabnuata EmAoyric Eldikeuong Zupmukvwpévng YANG kat ATopikic Quolkng

(wpeg Sitbaokaliag-aoknoswy 4)

- Baoikég Evvoleg QUOIKNAG ZUUTTUKVWHIEVNG YANG
- KBavtikd Zuotrpata MoMwv Zwpatidiwv

- NMpoxwpnuévn Atouikn kat Moptakr Ouaoikni

- Ouoik Hulaywywv

- E1dikd ©épata Zupmukvwuévng YAng |

- Bldikd ©¢pata Atopikig Quoikng |

(SO, B0, IV, | (G0N0, IO, I, | (@)

(S, BN O, N0, BNV, IV, RNV,
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B’ E€aunvo
A/A  Kataloyo¢ MaBnudtwy ECTS

MaBrpata levikng QUoIKiG (YTTOXPEWTIKA)
(wpeg Sidaokahiag 4, WPEC AOKNOEWV 2)

1 - Khaoikry Mnxavikn 6
- NMpoxwpnuévn KBavtounyavikn
- Ztatiotiki Quoikn

(o))

MaBnrpata EmAoyric Eildikevong Aotpo@uaolKi Kat AlaoTnuikic QuoIKng
(wpeg Sibaokahiog-aokroewv 4)

- Napaywyn kat Atadoon AkTtivofoliag

- Ouoikn FAalwv

- Aotpikn E€ENEN kal MupnvoolvBeon

- E161kd ©épata Aotpouaolkic Il

(G2 RO U, RNV, |

MaBnpata Emioyrig Eidikevong Guaoikng YYnAwv Evepyelwv kat Koopoloyiag
(wpeg Si1daokaliac-aoknoewy 4)

- KBavtikn ©swpia Mediwv Il

- ZToIxelwdn Zwpdtia Kat AUVAUELG

- KoopoMoyia

- Eloaywyr otn Oewpia Xopdwv

- Eloaywyr) otnv Avtiotolxia AdS/CFT kai OMoypaepia

- Eildika ©épata Xuyxpovng Quotkng I

(SN0, NV, RNV, BV, IV, ]

MaBrjpata EmAoyric Eidikeuong Zupmukvwpévng YANG kat Atopikrig Quaoikng
(wpeg Si1daokaliac-acknoewy 4)
- Npoxwpnuéveg MéBobot YrohoyloTtikrg DUOIKAG
4 - Z1aT10TIKi Mnxavikr ektog loopporiag
- Ouoikn Hulaywyikwv Alataewv
- Eildika ©épata Zupmukvwpévng YAnc Il
- Eld1kd ©¢pata Atopikrig Quotkng I

(G20, RO, RV, BNV, |

EVOAAOKTIKA TwV TTapamavw pabnudtwyv emAoyng, ot @ottnTéG Tou M.M.X. umopoUv va Katoxupwoouv péxpt 10
ECTS amo6 padnpata tou MN.M.Z. «OQ-NH» tou Tprjpatog Quotknig tou Mavemotnuiou KpRtng fi amo 1o mpoypappa
ERASMUS.

ApBpo 6
Mwooa Aidaokaiiag-Epyaaiag
Ta petamtuylakd padnuata Siddokovtal otnv ayyAlkr YAwooa Kal n Metamtuyiakn AtmAwuatikny Epyacia ouy-
ypd@etat otnv ayyAikr y\wooa.

ApBpo 7
ApIOUOC EI00KTEWV
O uéyloTog aplOUdC EI0AKTEWY QoITNTWVY avd €T1og ival 20.

ApBpo 8
Avaykec MNpoowikoU
O1816d0Kkovteg pabnudtwy tou NM.M.X. 6a givat péhn A.E.MN. kat E.E.N., E.ALMN. kat ET.E.N., A apummpeticavta uéin
A.E.M. A evietahpévol diddokovteg Tou Turpatog Guotkrig tou MNavemotnuiov Kprtng. Emiong pmopouv va ama-
oXoAnBoUv péAn AEM dAAwv Tunudatwv tou 1diou MavemoTtnpiou, KABWE Kat AAEG Katnyopieg SI6A0KOVTWY, OTIWG
npofAémetal otig Slatdgelg Tou apbpou 83, Tou v. 4957/2022.

ApBpo 9
YMKOTEXVIKH uTTOSOUN
>1tn 61d6gon tou N.M.X. givat:
- AVo aiBovoec SidaokaAiac.
- Xwpol epyaciag (Yypapeia) JETAMTUXIAKWY QOITNTWV.
- BiBAoBnkec Tou Mavemotnuiov KpARtng.
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-Ta Ynoloyiotikd Zuotrjpata tou Tunpatog Quotkig
Kat tou Mavemotnuiov KpAtng.
- Ta Epyaotrpta tou Tupatog Guoikng tou Mavemn-

otnuiov KpAtng.

ApBpo 10
Xpovikn Aldpkela Asttoupyiag
To M.M.Z. Ba Aertoupynoet yia 10 €Tn péxpL KAl TO aKa-
Snuaiko €10¢ 2032-2033, pe TNV eM@UAAEN TNG KEIPEVNG
vouoBOesiag OxeTIkA Pe TNV a&loAdynon Kal avavéwon
Twv MM,

ApBpo 11
MpoUmoAoylopog

1.'E€0ba.

To ouvoliko kdaTog Aettoupyiag Tou MN.M.Z. avd €1og
KOl YlO TIEVTE OUVEXN €T ekTipdTal o€ 17.000€ avd £10¢
Kal avalVeTal o€ Katnyopieg we eEAG:

- MpounBeta kai Zuvtrpnon E€omAiopuov: 10.000€

- AvaAwotua: 3.000€

- Metakivnoeig Aildaokovtwv: 1.000€

- Nowméc Aamdvec: 3.000€

2.'Ecoda.

H xpnuatoddétnon tou N.M.Z. ektipdral og 17.000€
avd £1o¢, Kat Ba mpoépyeTal anod TI¢ TAPAKATW TTNYEC:

- Ao Tov MPOUTTOAOYIoHOS Tou Mavemotnuiou Kpntng.

- amé Tov poUToAOYIoHO/XPNaTOSOTNON TOU YTToup-
yeiou Maideiac.

- KABg AAAN voupun mnyn.

To N.M.Z. «Mpoxwpnuévn Quoikry» Sev €xel TEAN @oi-
™mnong.

ApBpo 12
Metafatikég Alatdéelg

‘Ooa B¢pata dev pubpuilovtal amod Tov Kavoviouo Tou
MN.M.X., puBuicovtal, kat’ €€ouctodoTNoN, Ao Ta APUO-
S1a dpyava cLPPWVA PE TNV Keipevn vopoBeaia.

B) Kavoviouog Asitoupyiag MNpoypdupatog Meta-
TITUXLAKWV XTToudwV HE Titho «Mpoxwpnuévn Quoikn
(Advanced Physics)»

To TuARua Quoiknig Tou Mavemotnuiov Kptng mpo-
opépet o MNpdypauua Metamtuxiakwv Xmoudwv (M.M.X.)
«Mpoxwpnuévn Ouaikn». To Metamtuyxlako MNpodypauua
obnysi og Aim\wpa Metamtuylakwv Zmoudwv (AM.X. -
Master) atnv Mpoxwpnpévn Guoikr.

To N.M.X. «Mpoxwpnuévn Quaolki» gival mpoypappa
AR POUG Poitnong, S1dpkelag 12 NVWV Kat AETOUpYEi
ouuYWVa UE Tov TTapdvTa Kavovioud MeTanmtuyiakwy
Ymoudwv Kal TI S1aTA&ELS TOU LIoXUOVTOG VOUOU.

O kavovioudg Asrtoupyiag sivat avaptnuévog oTov
tototomo tou N.M.X. (http://gradstudy.physics.uoc.gr/
index_en.html).

Ta pabrjpata Tou mpoypdppatog Sidaokovtal oTnV
ayyAkr) YAwooa. O Tithog Tou TTPOypAUUaTog 0TnV ay-
YAk yYAwooa sivat «<Advanced Physics».

ApBpo 1
‘Opyava Awoiknong tou N.M.X.

1. Apuddia dpyava yia Tnv opydvwon, dioiknon kait Si-
axeipton tou MN.M.X. oto Turua Quolkig eivat n Xuvéleu-

on tou TpARuatog (£.T.), n XuvtoviotikA Emtporr (X.E.)
Tou MN.M.Z. kat o AtevBuvtn¢ Tou N.M.Z. H Z.T. eivai urre -
Buvn yla Tov 0pIoUo TwV PEAWV TG 2.E., TNV Katavoun
Kal avaBeon tn¢ didaokaliag pabnudtwy, Tnv éykpilon
EI0AYWYNG VEWV QOITNTWYVY, TNV £YKPION TNG TTAPATAONS
| avaoToAng omoudwv 1 Slaypa@Png PETATTTUXIOKWY
POITNTWV Kal, YEVIKA, OAa Ta B€pata mou opilel o vOUOC.

2.HX.E. opiletal pe amogaon tng X.T. yia Sietr) Onteia,
Kal eivat appodia yia tnv mapakoAolOnon Kal To GuvTo-
VIOUO Aettoupyiag Tou M.M.X. E€eTdlel TIC AITAOEIG VEWV
POITNTWV, EMAEYEL TOUG EICAKTEOUC POITNTEC KAl ElON-
yeitai otn Z.T. Tov mivaka emtuxOovTwy TPog EMKUPWON.

3.0 AleuBuvtrig tou N.M.X. eivat péAog tng X.E. kat éxel
v 1810tnNTa péhoug A.E.M. tou Tunpatog Ouoikng kata
npotepatdTnTa A'ry B Babuidag pe idlo 1 cuvagég yvw-
oTIkS avTikeipevo e 1o MN.M.Z. Opiletal pe améeaon tnNg
2.T. ya dietr) Onteia, pe Suvatdtnta avavéwaong Xwpig
meploplopo. O AtevBuvtn¢ tou M.M.X. elonyeitat otn Z.E.
Kal otn Z.T. KaBe Bpa mou apopd oTNV ATTOTEAECUATIKH
Aertoupyia tou M.M.X.

ApbBpo 2
Mpappatelakn Kat AlolknTikn Yootripién
Tou N.M.X.

1. H lpappateia tou Tunpatog Quotkig €xel Tn S1oIkn-
TIKA €uBUVN yla T Aettoupyia tou M.M.Z. «[poxwpnuévn
DuolKr».

2. H Tpapuateia tnpei 181aitepo pakeNo yla KAOe ue-
TATITUXLOKO (POITNTH TTOU TTEPIEXEL A) TOUG TITAOUG Kal
Ta SIKAIOAOYNTIKA TTOU TIPOCKOUIOTNKAV HE TNV aitnon
uTTOYNPLOTNTAG TOV, B) AvVTiypapa TWV TOTOTOINTIKWY
N BePaiwoewv mou Tou €xouv amoveunOei A Ti¢ elBap-
XIKEG TTOWVEG TTOU TOU €xouv emBANBE(, y) Tn fabuoloyia
paBnuatwv ota omoia €xel e€eTaotei, §) umoTpoYieg i
BpapBeia mou Tou éxouv amoveunOei, €) To TPAKTIKO TNG
TPILENOUG EEETAOTIKNG EMTPOTING TNG LETATITUXIAKAG Al-
MAWHATIKAG Epyaciag, kal oT) KABe OXETIKO €yypago ou
TipoPBAEMETAL ATIO TNV KEiEVN VO0BETia. To TEpLEXOE-
VO TOU ATOMIKOU QakéNoU ival Tpoottd Yovo oTny ap-
péS1a uTTnpecia Kal 0Tov (610 TOV HETATTTUXIAKO QOITNTH.

3. X& K&Be eyypa@OUEVO UETATITUXIOKO QOLTNTH TTO-
padidovtal, pe @povtida Tng MNpapuateiag, oltnTIKA
TAUTOTNTA, 0dNYOC HETATTTUXIAKWY 0TTOUSWV Kat SeXTIo
poltnTikoU slottnpiov. Emiong n Mpappateia evnuepwvel
TOUG QOITNTEG YLa TTPOBAEMOUEVN TTAPOXT) UYEIOVOUIKAG
mePIBaAPNC cUUPWVA HE ToV IoXUoVTa VOUO.

4, H Tpappateia avalapBdavel kat SIEKTTEPAIWVEL PE
TPOTo aveédpTNTo Ao TOUG SIGACKOVTEG TNV HUCTIKN
Sladikacia alohoynong kabe pabriuatog Kal Tou avTi-
oTolKoU S16A0KOVTOC, amd TOUG PETATTTUXIOKOUG (oLTn-
Té¢ mou SidaokovTtal To Pabnua.

Apbpo 3

ApBuoc Gortntwy, Aladikacia Aitnong

kal EmAoyn¢ Ymoyneiwv

1. Xto N.M.Z. “Mpoxwpnuévn Guolkn” yivovtal dektoi

TITUXI0UXOL TV TUNHATWY ZX0AWV OeTIKWV Emotnuwy,
MOAUTEXVIKWV ZXOAWV MNXaviKwv Kal X0Awv Texvolo-
YIKwv E@appoywv twv A.E.l. Tng nuedamic i avtioToixwv
OUOTAYWV TUNHUATWVY TNG aAodarmnc.
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2. ®ortnTég Tou N.M.X. “Mpoxwpnuévn Ouoikn” Sgv
TANPWVOULV TEAN goitnong.

3. 0 aplBudC¢ eloaKkTéWY O0TO TTPOYPAUUA opileTal KAt
avVWTOTO OPLO o€ €ikoal (20) PoITNTEG KAT £TOG.

4. KaBe akadnuaikéd £tog 1o Turua Quoikig mpoKn-
puooel TNV UTTOPBOAN AITHOEWV gyypaeng oto N.M.x.,
AVAKOIVWVOVTAC KAl TO HEYIOTO aplBuo Béoewy pEeTa-
TITUXIOKWV QOITNTWY, CUMPWVA PE TOV TTAPOVTA KAvo-
VIOUO. TNV mpokrpuén kabopiletal Kal N KATOANKTIKNA
nUepounvia umofoAng artrioewv. Ot OXETIKEC AITATELG,
padi pe ta amapaitnta SikalohoynTikd, urroFaiovtal
otn lpappateia Tou TUARUATOG.

5. Ta anapaitnta dikalohoynTtikd givat:

A) Aitnon eyypaeng oto N.M.Z. tou Tupatog Quaoikng,
otV omoia o uroPr@log Ba avagépel GUVOTITIKA: a) Ta
EMOTNUOVIKA evSla@EPOVTa TOU TTOU Tov 0drynoav va
EMAEEEL TO OUYKEKPIUEVO TTIPOYPAMMA, B) TIC OXETIKEC
YVWOELG Kal eumelpia Tou, amd mapakoAovOnon padn-
MATWVY, TITUXLOKE/SIMAWMATIKY €PYACI0, EPYAOTNPIOKN
1 €PELVNTIKN ATTACXOANON Kal Y) TIC TTPOOTTIKEG oTadI-
obpopiac mou StaAEmel PeTA TNV EMITUXH OAOKANPWON
TOU TIPOYPAMMATOC CTTIOUSWV.

B) Bloypa@ikod Inueiwua.

I Avtiypago Mtuxiou n BeBaiwon mepdtwong omou-
Swv.

A) AvaluTikn BaBuoloyia pobnudtwv.

E) AQAwon Kal OXETIKA €yypa@a yla ETAPKN yvwon
™G AyyAiknig YAwooag (emimedo B2). Ta oxetikd €yypa-
@amepaupavouv: mtuyxio | BePfaiwon y\wooouddelag
emmédou B2, f amodedetyuévn emtuyn e€étaon oe padn-
pata MavemotnuiakoL emmédou ota AyyAikd (BeBaiwon
omoudwv).

>T) Avo (2) cuoTATIKEG EMOTOANEC ATTd KABNYNTEC
EPELVNTEC Ol oTToiol yvwpilouv TTPOCWTTIKA TNV akadn-
paikn mopeia Tou umoYn@iou OTIG TIPOTITUXIOKEG TOU
omoUSEC Kal EVOEXOUEVN EPEVVNTIKH ACYOA(a.

Eidikd yia mtuxiouxoug A.E.l. tng aAodammg o éNeyxog
¢ IooTIiag Tou mtuxiou Ba yivetat and tn papuateia,
olPEWVA PE TIG OXETIKEG Slatdelg Tou v. 4957/2022
(A"141).

6. H emoyn Twv eloaktéwyv oto M.M.X. yivetal amo tn
2.T. yetd amo lorjynon tou AtevBuvtn N.M.Z. w¢ mpo-
edpevovtog ¢ X.E. Tou M.M.Z., n omoia ekteAei xpén
EMTPOTAC EMAOYNC TWV uroPn@iwv. 1o £€pyo autd n
Emitporr EmAoyn¢ umopei va cuvemikoupeitat amd dAha
péNN A.E.M. Tou Tuuato¢ QUOIKAC.

MNa tv alohéynon twv vmoPneiwv n .E. akohou-
Bei 11g O1e0veic mpakTikég Sidovtag diaitepn, arAd oxl
ATTOKAEIOTIKN, éU@acn otnv akadnuaikn emidoon Tou
uroyn@iou Katd tn SIAPKELA TWV TTPOTITUXIOKWY TOU
omoudWV Kal EKTIHWVTAG KATd TO0O Umopei va evtayOei
OPUOVIKA 0TO akadnuaikd Kal EpeuvnTIKO TEPIBANNOV
Tou TUAMATOC Kal VO OAOKANPWOEL TIC OTTOUSEC TOU ETTI1-
TUXWG.

Evéeiktikd Kpithpla afloAdynong Twv umoPneiwv
givat: a) N OAOKANPWON TWV TPOTITUXIOKWY OTTIOUSWV
otnv poPAemoéuevn Xpovikn dtdpkela, B) ot Babuoi o
Baoikd pabrpata QUoIKAC, ) N CUVAPELD TWV HABNUa-
TWV EMAOYNC TTOU TTAPAKOAOUONOE 0 UTTOYNPLOG LUE TO

’

METATTUXIOKO TIPOYPAUMA 0TO OTT0i0 KAVEL aiTnon KaBWwg
Kat n emidoor) Tou o€ autd, 6) 0 CUVOMKOC BaBUOC TTU-
xiov, €) n emidoon o€ mTuxlakh/SIMAWUATIKA Epyacia (av
UTTAPXEL), OT) Ta akadnuaikd Kivntpa Tou umoyn@iou yla
TIG UETATITUXIOKEG OTTOUSEG OTTWG O {B10G TA TIEPLYPAPEL
oTnV aitnon tov, kai {) n yvwun moAdiwy Kabnyntwy Tou
urioyneiov, 1 HECOL TWV YPATITWY CUCTATIKWY EMIOTO-
AWV TOUG 1] KAL TTIPOPOPIKA, Y1a TO TIWE auTog Ba evtayBei
Kat Ba avtamokplOel OTIC ATTAITHOELG TOU LETATITUXLOKOU
TTPOYPAUMATOC, KABw¢ kal Twe Oa alomotnoel Ti¢ Suva-
TOTNTEG MoV Ba Tou TMPoo@Epel To TuRua QUOIKAG.

7. H Z.E. ymopei va {nTrio&l TPOOWTTIKA 1| TNAEQWVI-
K OUVEVTELEN AT TOUG UTTOYNPIOUC OTNV TIEPITITWON
mmou Bewpei 011 XpetalovTal TEPAITEPW OTOIXEIA yIa TNV
andé@aon tne.

8. Otunoyriglol Siaxwpifovtal og autoug mou Se yivo-
vtal SeKToi, 0€ AUTOUC TTOU YivovTal SEKTOI, Kal o€ auToU¢
Tov yivovTtal 8eKToi pe umotpo@ia (av UTTAPXEL AUTA N
Suvatdtnra). Orumoyrigiol mou yivovtat Sektoi v ka-
TATAOOOVTAIL UE OELPA TTPOTEPALOTNTAG.

9. Avaloya pe ) Stabéoiun xpnuatoddtnon ival Su-
VaTov va mpoo@epBoUV UNTOTPOPIEC OTOUG KAAUTEPOUG
ATTO TOUC EICAKTEOUC POITNTEC. Ot POoITNTEC TTOU AauBa-
vouv urotpo@ia kabopilovtal amo tn ZuvéNeuon Tou
TuAuatog, Votepa and elorynon g Z.E.

ApBpo 4
Aidaokovteg oo .M.2./0pilopdcg kat Kabrkovta

1. Ot 8i1ddokovTeg Twv padnuatwy oto N.M.X. kabo-
piCovtat and tn X.T. Votepa anmd slorjynon TnG Z.E. kau
Suvatal va avAKOouV OTIC AKOAOUBEC KATNYOpPIEG:

a) péAn Aidaktikol EpguvnTtikoU Mpoowmikov (A.E.M.),
EidikoU Ekmauideutikou Mpoowmikou (E.E.M.), Epyaotnpl-
akoU Aidaktikou Mpoowmiko (E.ALIM.) kat Eidikou Texvi-
KoU Epyaotnplakou MNpoowmikov (E.T.E.IN.) Ttou Tunuatog
N ANV Tunudtwy Tou idlov | dAou AvwTtatou Ekmal-
Seutikov 16pUpatog (A.E.L) i AvwTtatou ZTpaTiwTIKoU
Ekmaideutikov I6pupatog (AX.E.L),

) opoTipol KaBnyntég i apumnpetrioavta péin A.E.N.
Tou TpAUaTog i AAA WV TuNUATWY Tou 18iou  aMou AE.L,

y) ouvepyalouevol Kabnyntég,

0) evtetahpévol S16A0KOVTEC,

€) EMOKEMTEC KABNYNTEC 1] ETTIOKETITEC EPEVVNTEC,

OT) EPELVNTEC Kal EIGIKOI AEITOUPYIKO( ETMOTIAUOVEC
EPELVVNTIKWV KAl TEXVOAOYIKWV pOopEwv Tou ApBpou 13A
ToUV.4310/2014 (A'258) ) NOLTIWV EPEVVNTIKWV KEVTPWVY
Kal IvoTIToUTWV NG NUedamic rj aAAodarng,

() EMOTAPOVECG AvVAYVWPLIOUEVOU KUPOUG, Ol omoiol
S100£Touv €€I0IKEVPEVECG YWWOELG KAL OXETIKN EUTELpia
OTO YVWOTIKO avTIKEipevo Tou [M.Z.

2. Ot 8iddokovteg oeilouv va mapadidouv tn Pab-
poloyia e€€taong Twv @ortNTWwy 0To Hadnua mou dida-
OKOUV péoa oTn XpoVviKnA epiodo mou kabopilel n Mpay-
paTeia Tou TUAPATOC.

3.Ta NV ekmévnon TN LETATTTUXLAKAG OUTAWMUATIKAG
epyaociag, n Z.E. botepa and aitnon Tou urmoPnepiou,
opilel Tov emPBAEMOVTA AUTAG KAl CUYKPOTEL TNV TPILIE-
A €€€TAOTIKA EMTPOT YA TNV £YKPLON TNG EPYATIAC.
O emPBAEMWY OQEINeL va €XEL TOKTIKI OUVEPYAOIA E TO
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@ortnTr Katd TN S1dpKELa EKTTOVNONG TNG SUTAWUATIKAG
gpyaoiag tou.

4. 0 emPBAEnwy TNS SIMWUATIKAC Epyaciag sivarl péhog
A.E.M. Tou TuRuatoc Quotkig j aAMou Tunuatog tou Ma-
vemotnuiou Kpritng, 1 dAou Mavemotnuiov Tng nueda-
MG N aAoSamn g, opoTIHoG Kabnyntrig n agumnpetriiocav
AOyw opiou nAikiag pélog A.E.M. tou Turpatog Quotkig
Tou Mavemotnuiov KpAtng i EpeuvnTig o€ peuvnTl-
KO KEVTPO Kal IVOTITOUTO TNG NUESATTAG 1l aAAoSarg
untd TV MPoUMOBeon 6Tt gival katoxog SI8aKTOPIKOU
OIMAWMATOG OTTWE TIPOPBAETTEL O ECWTEPIKOG KAVOVIOUOG
Mpoypappdtwyv Metamtuxlakwy Xmoudwv tou Mavermni-
otnuiou Kprtne. O emPBAénmwy Suvatat va emPBAETEL EWG
£€€1 (6), TO TTONY, HETATITUXIOKEG OUMAWUATIKEG EPYAOIES
Tavtoxpova. EmpPBAénwy mou Sev unnpetei oto Tunua
Duoikig urtoBANeL OxeTIKN uTTELBUVN SrAwoN.

5. MéAn e€€TAOTIKAG EMTPOTING, N omoia opiletal and
v X.E. Tou MN.M.Z., umopei va gival ta péAn A.E.M. Tou
Tunuatog 1} dAou Tunuatog tou Mavemotnuiov Kpn-
¢, 1} A\\ov Mavemotnuiov TN nuedamng rj akhoda-
NG, AQUTNPETHoAvVTa Aoyw opiou nAikiag puéAn A.E.M.
TOU TUAMATOG KAl EPEUVNTEG OE EPEVVNTIKO KEVTPO KAl
voTIToUTO TNG NUESAMNC i aANoSaTAC LTI TNV TTPO-
UmoBeon o1 eival katoxol SI6aKTOPIKOU SIMAWUATOC.
Kat’ ehdyiotov éva and ta tpia péAn tng e€€TACTIKNAG
emTpomn¢ amotelel péNog A.E.M. tou Tunpatog QUotKnig
Tou Mavemotnuiov KpAtng.

6. XTNV TPIMENN eMTPOTH €€£TAONC KI £YKPIONG TNG
HeTamTUXLIOKAG SUTAWUATIKAG Epyaciag, Tpoedpog gival
o emPAENWV TNG SITAWUATIKAG. Ta PEAN TNG EMTPOTING
TIPETEL va €XOUV TNV {O1a 1} cuvaEr EMOTNHUOVIKN €101
KOTNTA PE TO YVWOTIKO AVTIKE{MEVO TOU TIPOYPAUUATOC.

7. Metd 1o mépag TNG SUTAWMATIKAG EPYATiag, o eMPBAE-
TIWV O€ CUVEPYAOIA E TOV PolTNTH Kat TN Mpappateia tou
Tunuatog, kaBopilouv TNV nuepounvia yia t dnuoacia
mapouciaon Kat uTooTAPIEN TNG EVWTTIOV TNG EEETATTI-
KNG EMTPOTAC. META TNV EMITUXH UTTOOTA PIEN, N EMITPO-
T GUVTAOOEL TTPAKTIKS £YKpLong Kal BaBuoAoynongtng
Siatping, mou mpowbei otn MNpaupateia tou TUARUATOC.

ApBpo 5
Yroxpewoelg Kal Aikaiwpata
Metamtuxiakwv QoitnTwv

1. Ot pueTamtuylakég omoudég mephapBavouy umoype-
WTIKI) CUPPETOXH OTIG EKTTAIOEVUTIKEG SPACTNPIOTNTES
Tou TUAMATOC, TOUAAXIOTOV Yia éva e€AUnVo, OTIWG: a)
ouppetoxy otn Sidaokalia GPovVTIoTNPIAKWY padn-
MATWV OTOUG TIPOTTITUXIAKOUG POITNTEG TOU TUARMATOG,
() ouppEeTOXN OTA EPYATTHPLA VIO TOUG TTIPOTITUXIAKOUG
PoITNTEC. EMioNng, ol YeTAMTUXIAKOI QOITNTEG OPEINOUV
VO CUMUETEXOUV OTNV EMTAPNON KATtd Tn SIAPKELD TWV
€EETACEWV YIa TOUC TIPOTITUXLIAKOUG (POITNTEC, EPOOOV
T0U¢ {NTNOEL.

2. NMa tnv ekmévNon PETANTUXIOKNAG SUTAWUATIKAG £p-
yaoiag, 0 HETAMTUXIAKOC GOITNTAC OTO TEAOC TOU TIPWTOU
e€aurjvou urofalel aitnon otnv Z.E. Tou N.M.Z. pe tov
TIPOTEIVOUEVO TITAO TNG EPYACIAC KAl TOV TIPOTEIVOUEVO
emPBAEmOVTA Kal EMOULVATTEL TIEPIANYN TNE TTPOTEIVO-
UEVNG epyaoiag.

3. Ot pyeTantuylakoi @oitnTég opeilouv va ouvepydalo-
VTaL KAl va evnuepwvouv tov Mpoedpo tou MN.M.Z. kat Tov
emPBAémovTa TNG SIMAWUATIKAC TOUC YA TNV TTOPEia TWV
omoudwv Toug, 18laitepa KaTd tn SIAPKELA EKTOVNONG
NG METATTTUXIAKNG SUTAWUATIKIE TOUG Epyaciag.

4. Ol YETATITUXIAKOI (OITNTEG OPEINOLV va evnpe-
pwvouv gyypdpwc tTnv Npappateia tou TuRuatog yia
AAUN UTTOTPOPIAG PETATITUXIOKWY OTTOUSWV 1 apolfn
eKTTOVNONG SIMWUATIKAG EPYATIAC ATTO TINYH EKTOC TOU
TuARuatog QUOIKAG.

5. O yetamtuytakoi goitnTtég alohoyouv KABe pdon-
pa 1mou mapakoAouBouv kat Tov avtiototyo Siddokovta,
CUMPTTANPWVOVTAG AVWVUHA TO OXETIKO Evtumo A§l1oAS-
yNong mou Toug mapéxel n Npappateia Tov TUAMATOG.

6. Xtoug anogottoug Tou [N.M.Z. umopei va xopnyeitat
ano tn Mpappateia touv TuApatog, éneita and aitnon
Toug, BeBaiwon mepdTwong Twv oToUdwVY TOUC.

7. Me®apyIKA TOPATTTWHATA YL TOUG PETATITUXIAKOUG
POITNTEC CUVIOTOUV N AOYOKAOTTH, O CPETEPIOUOC EPEV-
vNTIKWV Sedopévv 1} AANOU LAIKOU TToU €x€l CUNNEXDEI
amno dANo atopo i opdda Kat n Tapamoinon EPELVNTIKWY
Sedopévwv ri TANPOPOPLWV.

8. O petamtuylakoi goltnTtég Ba mpémel va akohou-
BoUv Toug evdedelypévoug yia Ta HEAN TNG akadnuai-
KNG KOWVOTNTAG KAVOVEG CUUTTEPLPOPAC, WOTE VA NV
Slatapdaoostal N SNUOKPEATIKA AslToupyia Kal va punv
Biyetal To kUpo¢ Tou MavemoTtnuiou KpARtng, Tou Tun-
patog QUOIKAG Kal TWV AETOUPYWV TOU KAl TNG aKadN-
MAIKAG KOvOTNTAG. H un cuppdp@won pe autoug Toug
KOAVOVEC, N €K TTPOBECEWC KATAOTPOPH TTEPIOUGIAC TOU
MavemoTtnuiou Kprtng Kat n ekovola mapepmddion g
€0pLBUNC AcToupyiag Tou I6puatog cuvioTouv elBap-
XIKO TTApAmTWUA.

9. A ToUG PETATTTUXIAKOUG POITNTEG N TEBap)IKn Si-
wén yla meBapyIkO TAPATTTWHA AOKETAl CUPPWVA PE
TIC lOXVOUOEC SIATAEELG TOU VOUOU.

ApBpo 6
Mwooa Mpoypduuatog
Mwooa Sidackahiag Twv padnudtwv givat n AyyAikn.
H yAwooa ouyypa@ng tng METAMTUXIOKAG ATTAWUATIKAG
Epyaciag (M.A.E.) eival n AyyAikr YA\wooa.

ApBpo 7
Aldpkela Zmoudwv

1. H gAdxlotn xpovikn Stdpkela omoudwv yia tnv
amovoun Tou AIMwPATog MeTantuxlakwy Zmoudwy
(A.M.X)) otnv “Mpoxwpnuévn Guotkiy” opiletal oe Svo
(2) akadnuaika e€aunva. To mpoypauua omoudwv gival
ATMOKAEIOTIKA TIAI|POUC (OITNONC.

2. NMapdtaon Tng kavovikig S1dpKelag goitnong ivat
duvartr o€ e€AIPETIKEC TTEPIMTWOELG, Yia SUO (2) To TTOAU
e&apnva. Mapdtaon otn didpkela goitnong divetatl ¢’
000V 0 eVOIOPEPOUEVOC POITNTAG UTTORBANNEL ETTAPKWG
aitilohoynpévn aitnon otn X.E. Tou N.M.X., Touhdxiotov
U0 (2) pAveg TIPLV amod To TENOG TNG TTPOPBAETOUEVNG
Sidpkelag omoudwv. H ek} amogacn maipvetal amd
N Zuvéheuon tou TUAUATOC, EMEITA ATTO €l0yNoN TNG
2.E.Tou N.M.Z.
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3. Metd tnv mapélevon tecodpwy (4) e€aprvwy, and
™V évapén twv MeTantuxlokwv omoudwv Tou, 0 Qortn-
™G XAvel TNV 1810TNTA TOU HETATITUXIAKOU QOLTNTH, AV
Oev €xel ONOKANPWOEL EMTUXWG TO TIPOYPAUUA OTTOUS WV
yla tnv anmoktnon A.M.Z. kai Siaypdgetat amo 1o N.M.X.

1. 2TV MEPIMTWON TTOU PETATITUXIOKOG POITNTAG EXEL
ONOKANPWOEL EMTUXWE TNV AtmMAwpatikn Epyacia al\d
€xel amoTUYEL 0TNnV €€€Ta0N MABAUATOC 1 HaBnuaTwy,
Suvartal petd amd aitnon tou va e€etacOei anmod Tpipehn
emtporn peAwv A.E.M. Tou TUAUATOC UE CUVAPEC YVWOTL-
KO avTIKeipevo e To e€gtalopevo pdbnua, otnv omoia
bev ouppeTéxel o SidAaokwv Tou padnuatog. H aitnon
UTTOBANETAL EVTOC 5 EPYACIMWY NUEPWV UETA TNV OXE-
TIKN evNuépwaon Tou amd v appddia MNpaupateia.

2. AvaoTtoln goitnong sivat Suvatn, yla eaipeTika co-
Bapoug Adyoug, yia éva £10¢ To TTOAU, KATOTIV aitnong
Tou @ottntn otn Z.E. Tou NM.M.Z. H avaoTtoAi goitnong
eyKpivetal amd Tn Zuvéleuon tou TURUATog, émetta and
gloniynon tng .E.

Apbpo 8
Mpdypappa MeTAMTUXIAKWY XTTOUSWV
1.To N.M.Z. «Mpoxwpnpévn Ouotkri» odnyei o Aimw-
pa Metamtuxtakwv Xmoudwv oTig €N TPELS (3) e101KeL-
OEIC:
- Aotpoguaoikn kat Alactnuikig Guoikn,
- Quoikn Ztotxelwdwv Xwuatidiwv kat Koopoloyia,
- JUPTTUKVWUEVN YAN kat Atopikry Quoiki.
2. H ekmaideutikn Siadikacia mpayupatomoleital Sia
{wong pe ™ duvatdTNTa €V HEPEL XPNOEWG HEBOSWV

Tithog

€€ anmootaoewg ekmaidevong (eite oUyxpovng gite acvy-
XPOVNC avAAOYa WE TIC AVAYKEC TOU OB UATOC) Ol OTIOIEC
O¢€ pmopouv va uniepaivouv To €iKool TIEVTE TOLG EKATO
(25%) TV MOTWTIKWV povadwy tou MN.M.X.

3.To mpoypappa Mabnudtwv nepihapBdavel umoxpew-
TIKA HaBrjpaTa mou avTioTolxoUv o€ 4 wpeg Sidaokahiag
Kal 2 WPEC AOKNOEWV-£pyactwV (6 ECTS ékaoTo), nabn-
pata emAoync (avahoya pe v €18ikeuon) TOU AvTIOTOl-
XOUV o€ 2 WpeC S16a0KANIAG KAl 2 WPEC AOKOEWV-EPYQ-
olwv (5 ECTS ékaoTo) kKabw¢ Kal Habruata UTTOXPEWTIKAG
EMAOYNG TTOU AVTIOTOLXOUV EITE OTN HEAETN CUYXPOVWV
EPELVNTIKWYV BepdTwy Kat pebodwv (9 ECTS) R ota k-
maideuTikd epyaoTrpta Tou TurRuatog Quoiknc (4 ECTS
€KAOTO), TA OTTola ETMAEYEL O UTTOYPNPLOC, OE CUVEVVONON
pe Toug S1d6aokovTeg kat tnv 2.E. tou NMN.M.X.

4.Ta pabnuata Tou TPOoyPAUMATOC OTTOUSWY TIPOOPE-
povTal Pe TNV akohouBn dopn. ANayég otn o€1pd Twv
TIPOCPEPOUEVWY HABNUATWY UIopEi va yivouv UoTtepa
amo éykpton TnG Z.E. pe Bdon ti¢ SISAKTIKEC AVAYKES TWV
€KAOTOTE @olTNTWV Kal Tn Slabecipotnta twv S16aoko-
VTWV.

A’ E€aunvo: Katd tn Sidpkela Tou mpwtou e€aurivou
ol oItNTEC POoBAEMETAL va TTapakolouBricouv U0 (2)
UTTOXPEWTIKA padrjpata Mevikng Ouotkig, éva (1) pdon-
pa emMAOYNG, KAl T UTTOXPEWTIKA paBnpata emAoyng
«A1bakTIkn Epyaotnpiwv» (4 ECTS) kat Epguvntiki Me-
Bodoloyia (9 ECTS).

2uvolo E€aurjvou: 30 ECTS.

>Uvolo avd eidikevon: 5 ECTS

ECTS

YroxpewTikd MaBnuata levikig Guoiknig
-Khaoikr) HAektpoduvapikn
-MaBnuatikéc MéBodot Duaolkng

MaBnpata YrmoxpewtikAg EmAoyrig
-A1dakTiky Epyaotnpiwv |
-Epeuvntiki MeBodohoyia

O

MaBnuata EmAoyric Eldikeuong AoTpo@uaolikn Kat AlaoTnuikng Quoikng

-Aotpo@ualki YPnAwv Evepyelwv
-Aotpo@uotkn I

-Quotki MecoaoTtptkig YAnG
-E1d1ka O¢pata AoTpo@ualkic |

(2RO, R0, IV, ]

Mabnuata EmAoyric Eldikeuong Quoikng YYnAwv Evepyelwv kat Koopoloyiag

-KBavtiki Ocwpia Mediwv |

-Fevikn ZxetikoTNTA KAl Baputnta
-YUMMETPIEC Kal Ocwpia Opddwyv
-Eid1kd O¢pata Zuyxpovng QuotKic |

(OB, RO, RV, |

MaBrjuata Emhoyn Eldikeuong Zupmukvwpévng YAnG kat ATopikig QUOIKRAG

-Baoikéc Evvoeic Duolkng Zuumukvwuévng YAng
-KBavtikd Zuotipata MoMwv Zwpatidiwv
-Mpoxwpnuévn Atouikn kat Moplakr Quoikn
-Ouoikni Hulaywywv

-Eidikd O¢pata Tupmukvwpévng YAng |

-Eid1kd O¢pata Atouikng Ouotknig |

[S2 BNV, RNU, RV, BNV, IV, |
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B’ E€aunvo: Katd tn didpkela Tou Seutépou e€aunvou ot gottnTtég mpoBAémetal va mapakoAouBricouv éva (1)
UTTOXPEWTIKO MdBnpa levikric Quoikng (6 ECTS), kat éva (1) YroxpewTikd Mabnua Ewdikeuong (5 ECTS). Emiong, Ba
TIPETTEL VA EKTTOVHOOULV TN SIMAWMATIKAE TOu¢ pyacia (19 ECTS).

>0volo E€aurjvou: 30 ECTS
>0volo avd e1bikevon: 5 ECTS

Tithog

ECTS

YroxpewTtikd MaBrjpata Mevikig Quaoikng
-Khaoikn Mnxavikn

-Mpoxwpnuévn KBavtopnyavikn
-21atotiky Quoikn

MaBruata EmAoync
-Exmovnon Aim\wpatikig Epyaciag

()W)}

MaBrpata EmAoyrig Eldikevong Aotpo@ualkng kat Ataotnpikig Ouaoikng

-Mapaywyn kat Atadoon AktivooAiag
-Ouoikn lAalwv

-AoTpikn EEEMEN kat MupnvoouvBeon
-Eid1kd ©épata Aotpo@uaolkig I

(O, RN C, U, N0, |

MaBrjpata EmAoyrig Eldikeuong Guaoikng YYnAwv Evepyelwv kat Koopoloyiag

-KBavtiki @swpia Mediwv I

-2TOIXEIWON ZWUATIA KAl AUVAELG

-Koopohoyia

-Eloaywyn otn Oswpia Xopdwv

-Eloaywyn otnv Avtiototyia AdS/CFT kat Ohoypagia
-Eid1kd ©épata Zuyxpovng Quotknig |l

(OB, IO, B0, U, BNV, |

MaBrjpata EmAoyrig Eldikeuong Zupmukvwpévng YANG kat Atoptkiig Quaoikng

-Mpoxwpnuéveg MéBodol YrmoloyloTikiig Duaikng
-2TaTIOTIKA Mnxavikn ektog looppoTiag

-Quoikn Hulaywyikwv Alata&ewv

-Eidika ©épata Zupmukvwpévng YAng Il

-Eid1kd ©épata Atopikng Quoikng I

5.To tehikd AR peg avtiypago Tng M.A.E. umoBdNe-
Tay, HeTa TNV anmodoxn tng, otn Npauuateia tou MN.M.3.
kat otn BIPA0ORKN Tou MN.K. og évtumn Kat NAEKTPOVIKHA
Hop®H, KABWE Kal 0€ NAEKTPOVIKY LOP@T) YA TO ApXEi0
mou Slatnpeitatl oto TuRua.

6. H emidoon Twv @oitntwy o€ kabe pddbnua aflohoyei-
Tal PE TOUG eVOESELYHEVOUG TPOTIOUC YIa TO AVTIOTOLXO
MABnua, katd tnv Kpion tou Siddokovtoc. H a§loAdynon
umopei va mepAapBAavel ypoamtr ) Tpo@opIKr TENIKH eE€-
Taon, Hia n meploootepeg eVOIAPEDEC EETADEIC KATA TNV
Sldpkela tou e€aurivou, mapddoaon epyaciwy rj aoKroe-
WV, KABWE KAl TAPOUCIACELS Epyactwv. H Tehkn e€€taon
TipAYUATOTIOLEITAL EVTOC TNG EEETAOTIKAC TTEPLOOOU KAOE
e€apnvou, n omoia kaBopiletal amod Ta apuddia dpyava
Tou I6pUaTOC Kal Eival Kotvr PE TNV e€eTaoTikn mepiodo
TWV TTPOTITUXLAKWV HaBnpdTtwy.

7. Metd amo éykpton Tou AteuBuvtr tou N.M.Z,, ot ue-
TATTTUXIOKOI (OITNTEG Ol oTmoiol gival MTUXIOUXOL TOU
TuApatog GUOIKAG PITOPOUV VA KATOXUPWOOULV UETA-
TITUXIAKA paBApaTa ota omoia e€eTAcCONKaAV EMTUXWE
KOTA TNV SIAPKELA TWV TTIPOTITUXIAKWY GTTOUSWV TOUG,
av ol SISAKTIKEG HoVASEC TWV paBnudtwy Sev €xouv ou-

(OB C, RO, B0, 0,

vuTToAOYI00E( OTIC amaIToUpevEC SIGAKTIKEG OVASEC yia
TNV anokTnon tou Mtuxiov GUCIKAG.

8. EVAANOKTIKA TV pabnudtwy emAoyng mou mpoava-
@€pONnKay, ol eoItnNTéC Tou M.M.X. umopouv va Katoyu-
pwoouv péxpt 10 ECTS amoé pabrpata tou N.M.2. «Qw-
TovIKA Kat NavonAektpovikr» Tou Tunpatog QUotki tou
Mavemotnuiov KpAtng A pobnudtwv amnd 1o mpdypaupa
ERASMUS, éneita amno €ykpion ¢ 2.E. tou N.M.X.

ApBpo 9
Amovour AIMAWUATOS METATTTUXIOKWVY ZTTOVSWV

1. Na tnv amoktnon tou A.M.X. 0 oITNTAG TTPEMEL va
ouykevtpwoel 60 ECTS Ta omoia urtohoyiCovtal w¢ e€NG:
(a) 41 ECTS andé mapakohouBnon pabnudatwy Kal emiTu-
xia oTic e€etaoelc autwy Kat (B) 19 ECTS amd ekmévnon
Kal ouyypa®n epeuvnTiknc Atmwpatikic Epyaciac 16i-
KELONG, Kal eMTUXH SNUOCIA TTAPOUGIAOoT TNG EVWTIIOV
TPIPENOUC EEETACTIKAC EMTPOTAC.

2. Ma v a&loAdynon Twv cUVOAIKWY eMOSCEWV TOU
METATTTUXIOKOU ottnT €€ayetal o Babudg tou AM.X.
ToU €ival 0 6TABUIOUEVOC - CUMPWVA PE Ta armodido-
peva ECTS - péoog 6pog Twv Babuwv tng AIMAWUOTIKAG
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Epyaciag, Tpiwv (3) umoxpewTikwv padnudtwy kat Svo
(2) paBnuatwv emoyngc. O oitnTi¢ duvatal va mapa-
KOAOUBOEL EMTUXWCE TTEPIOCOTEPA OB ATA, AANG OTOV
BaBuo A.M.Z. cuvumnoloyilovtal o Babuédc os tTpia umo-
XPEWTIKA padrpata kat SUo povo pabripata EmMAOYNG.

3. Mpo0BeTeC AVOAUTIKEG TANPOYOPIEC (1) yia TNV TaL-
TOTNTA TOU KATOXOUL ToU Tithou omoudwy, (2) To €idog Tou
Tithou ommoudwy, (3) To emimedo Tou TiTAOU, (4) TO TIEPIEXO-
pevo oToud WV Kal Ta ATTOTEAECHATA TTOU EMTEVXONKAV
(oupmephapuBavouévou Tou Babpou A.M.X.), (5) YeVIKEG
TANPOPOPIEC Yia TIC MEPAITEPW SUVATOTNTEC TTOU TIPO-
OPEPEL O TITAOC Kal (6) AAAEC CUUTTANPWUATIKEC TIANPO-
popieg, mapéyovtal oTo «MapdpTnua ATTAWUATOC» TTOU
ouvodeUel To amoveuduevo AM.2.

4. To TEAETOUPYIKO AMmoPOoiTNONG KAl O TUTTOC TOU ATTo-
vepopevou A.M.2. gival oUPPWVA HE TIG ATTOPACELG KAl
TOUG KAVOVIOHOUG TwV appodiwv opydvwy Tou Maveri-
otnuiov Kpntne.

ApBpo 10
Aadikaoiec A& lohdynong

Kd&Be pabnua kat Siddokwv a&lohoyolvtal amd Toug
POITNTEC OTO TENOG TOU €§AUAVOU HECW TNG AVWVUNG

OUUTARPWONG OXeTIKOU Evtumou ASloAdynong Mabnua-
T0¢ TNG Emtpomnnc Metantuytakwy Zmoudwv tou Mave-
moTtnuiou Kpntne. H diadikacia a§lohdynong opyavw-
VeTat Kal vAoroleital and tnv Mpappateia tou TUAUATOC,
ave€dptnTa amod Toug S16A0KOVTEC.

Ta ouVOAIKA amoTeAéopaTa TNG a§loAdynong KAbe pa-
Onuatoc kat S16dokovTog gival, oTn cuvéxela, Slabéotua
otn Z.E. tou N.M.Z., Tnv Emtponr MeTantuxlakwy Xmou-
Swv kat Tov MNpoedpo tou Turpatog QUK.

Ot Nourég S1ad1kaoieg ECWTEPIKNAC KL eEWTEPIKNG adlo-
Aoynon tou M.M.X. akoAouBouv Ti¢ S1aTtd&elg TwV 1oYU-
OVTWV VOUWV KAl TIC ATTOQACELG TwV apodiwv opydvwy
Tou Mavemotnuiov KpAtnc.

MNapdptnua t¢ un’ ap. 509n¢/21.12.2023 amogaong
NG ZUykAjTou Tou Mavemotnuiov KpAtng pe Titho
«Tponomoinon tng un’ ap. 4040/30.03.2018 (B’ 1524)
amdé@aong idpuong kat tng um’ ap. 5900/10.05.2018
(B'1992) amo@aonc éyKpiong TOU KAVOVIGoU oTToudwv
Tou Mpoypdupatog Metanmtuxlakwy Zmoudwv e Titho
«Mpoxwpnpévn Ouoikn (Advanced Physics)» tou Tun-
patog QuoikAg tou Mavemotnuiov KpAtng, clpewva
ME Tov v. 4957/2022.»



Tevyog B'1839/26.03.2024 EOHMEPIAA THE KYBEPNHZEQX 16805

Content of Graduate Courses

Graduate courses offered within the MSc Programme are described below. They are courses with
scheduled weekly lectures, exercises, homeworks, projects, midterm and final exams, and grades.
The content of graduate courses can vary from year to year, depending on the interests of the
instructors and students at the time. The following summaries correspond to the most recent

version.
®-501 "Classical Mechanics"
ECTS 6
Web page https://www.physics.uoc.gr/en/courses/
Description The syllabus covers the following topics organized in the following 10

units:

1. Review of basic principles: mechanics of a single particle, mechanics of
a system of multiple particles, Galilean transformations.

2. Motion with constraints and the Lagrange equations: constraints, real
and possible translations, D'Alembert principle, cartesian and
generalized coordinates, Lagrange equations, potentials depending on
velocity and the damping function, Lagrange equations for systems
with extra constraints, simple applications of the Lagrangian
formalism.

3. Calculus of variations: functionals depending on derivatives of first
order, Euler equations, functionals depending on derivatives of higher
order, Euler equations, generalization to multiple independent
variables, Euler equations.

4. Lagrangian mechanics: Hamilton's principle (principle of least action),
derivation of Lagrange equations from Hamilton's principle, extension
of Hamilton's principle to systems with extra holonomous constraints,
conservation theorems and symmetry properties, Noether's theorem,
energy and the theorem of conservation of energy.

5. Rigid body kinematics: the independent coordinates of a rigid body,
translations and rotations, space and body axes, the rotation matrix R,
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the matrix of angular velocity Q and the vector of angular velocity w,
rate of variation of a vector, Euler's theorem, Euler's angles,
expressing R and w in terms of Euler angles.

6. Rigid body dynamics: kinetic energy and angular momentum for the
motion around a fixed point, inertia tensor, principle axes and
eigenvalues of the inertia tensor, Euler's equations of motion, solution
of rigid body problems, motion of a baricentric rotator.

7. Hamiltonian mechanics: Legendre transformations and Hamiltonian
equations of motion, conservation theorems and negligible
coordinates, derivation of Hamilton's equations from a variational
principle, the modified principle of Hamilton, Poisson brackets,
equations of motion and conservation theorems in the formalism of
the Poisson brackets.

8. Canonical transformations: definition of canonical transformations,
generating functions of the canonical transformations, the symplectic
condition, canonical transformations and the Poisson brackets,
examples of canonical transformations, one-parameter families of
canonical transformations.

9. Hamilton-Jacobi method: the Hamilton-Jacobi equation, the time-
independent Hamilton-Jacobi equation, the action as a solution of the
Hamilton-Jacobi equation, the method of separation of variables,
applications.

10. Correspondence between classical and quantum mechanics: the
principle of correspondence, canonical quantization, the Hamilton-
Jacobi equation as a classical limit of Schroedinger's equation.

®-503 "Advanced Quantum Mechanics"
ECTS 6
Web page https://www.physics.uoc.gr/en/courses/81
Description The course is organized as follows:
1. Introduction: Review of the fundamental principles of Quantum
Mechanics.
2. Perturbations: Time-independent perturbations - Time-dependent
perturbations - WKB method - Method of variations - adiabatic and
sudden perturbations. Basic applications of perturbation theory.
3. Scattering: Introduction, differential cross section, scattering amplitude
- scattering in high energies - scattering in low energies. Basic applications
of scattering theory.
4. Angular mementum: Introduction, angular momentum operators -
coupling angular momentums - spin, identical particles.
5. Quantum transitions: transition amplitude - Fermi rule - applications.
6. Interaction of atoms/electromagnetism: General theory - simple
transitions and selection rules - ionization and absorption - applications.
7. Theory of Measurement: Introduction - Bell inequalities -
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entanglement.

8. Intoduction to Relativistic Quantum Mechanics: Klein-Gordon

equations, Dirac - Hydrogen atom, Lamb shift.

®-505 "Statistical Physics"
ECTS 6
Web page https://www.physics.uoc.gr/en/courses/
Description Chapter 1 - Review of Thermodynamics

Chapter 2 —Review of Probability Theory and Statistics

Chapter 3 — Axioms and statistical basis of Thermodynamics

Chapter 4 - Microcanonical Ensemble (microscopic and macroscopic

states, number of microscopic states compatible with macroscopic

states, Gibbs paradox)

Chapter 5 — Canonical Ensemble

Chapter 6 - Grandcanonical Ensemble

Chapter 7 — Classical Statistical Mechanics (classical ideal gas,

equipartition and virial theorems)

Chapter 8 — Quantum Statistical Mechanics (formulation of quantum

statistics, density matrix)

Chapter 9 —Ideal Quantum Gases

Chapter 10 - Quantum Bose Gases (Ideal Bose gas, black body radiation,

Bose-Einstein condensation)

Chapter 11 — Quantum Fermi Gases (ldeal Fermi gas, magnetic

properties, Pauli paramagnetism and Landau diamagnetism. Electron gas

in metals)

Chapter 12 — Interacting Systems — Phase transitionsistsi(First and second

order phase transitions, Clapeyron equation, Ising model, solution in one

dimension, Curie-Weiss mean field theory, spherical spin model)

Chapter 13 — Fluctuations and Noise (Brownian motion, diffusion,

Langevin and Fokker-Planck equations, fluctuation-dissipation theorems)

®-509 "Classical Electrodynamics"
ECTS 6
Web page https://www.physics.uoc.gr/en/courses/45
Description The course covers the following topics organized in 6 units as follows:

1. Brief review of basic Electrodynamics: Maxwell equations in vacuum
and in a medium, waves, electromagnetic potentials, electromagnetic
energy and momentum, Poynting theorem, flat waves,
monochromatic waves, polarization.

2. Electromagnetic waves (EM): EM waves in dilectrics, reflection and
transport of EM waves, Snell law, Fresnel equations, dielectric
constant as a function of frequency, dispertion relation, EM waves in
plasma, Faraday rotation, electromagnetic waves in waveguides

3. MHD: Derivation of magnetohydrodynamic equations from the
Boltzmann equation, ideal MHD, non-ideal terms.

4. Waveguides: waves TM, TE, TEM, dispersion relation, transport of
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energy in waveguides, resonance cavities

5. Radiation: solution of Maxwell equations with sources, delayed
potentials, field of accelerated point charge, Lienard-Wiechert
potentials, radiation from linear accelerators - bremsstrahlung
radiation, cyclotron radiation and synchrontron. Radiation from
extended sources, antennas.

6. Special Relativity: Lorentz tranformations, covariant formulation of
Electrodynamics.

®-511 "Mathematical Methods for Physics"
ECTS 6
Web page https://www.physics.uoc.gr/en/courses/46
Description The course is organized as follows:
1. Complex Analysis: Complex functions-transformations-analytic
functions
2. Ordinary Differential Equations: Solutions with power series-
approximate methods-WKB method
3. Series: Convergence properties-known series-series transformations
4. Integrals: Computations with symmetries-with residues-saddle point-
steepest descent
5. Partial Differential Equations: Separation of variables-methods of
integral transformations-eigenfunctions-Green's functions
6. Special functions: Legendre-Bessel-Hypergeometric (and confluent)-
Mathieu-Elliptic functions

®-523 "Quantum Many Body Physics"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description The course covers the following topics organized in the following sections:
1. Review of Quantum Mechanics
The space of situations. Linear operators. The periodic boundary
conditions. The thermodynamic limit.
2. Harmonic oscillators
A simple eigenvalue problem. The one-dimensional harmonic oscillator.
Coherent states. Quantum theory of the harmonic crystal. Phonons.
3. Second quantization
Identical particles: the space of n-particle states, the space of many-
particle states (Fock space). Operators of creation and destruction. The
basis of occupancy numbers. Field operators. Hamiltonian and other
useful operators in the second quantization. Symmetries in Fock space.
Base change. Homogeneous systems. Systems with different kinds of
particles.
4. Statistical mechanics
Summary of key definitions and relations. Particle number fluctuations.
Energy fluctuations. The ideal quantum gas. Bose-Einstein and Fermi-
Dirac distribution. Wick's theorem.
5. Elementary applications
Non-interacting fermions. The Hamiltonian of the homogeneous
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electronic gas.

6. Superfluidity

Introductory remarks. Hamiltonian. Non-interacting bosons. Bogoliubov's
canonical transformation method for weakly interacting bosons. Landau's
criterion for superfluidity. Interpretation of the superfluidity effect in
liquid He4.

7. Superconductivity

Introductory remarks. Meissner effect. The active electron-electron
interaction through phonons. Cooper pairs. Bardeen-Cooper-Schrieffer
(BCS) microscopic theory.

8. Magnetic order and spin waves

The nature of magnetic interactions. Models with localized magnetic
moments. The exchange interaction. Representations of spin operators
with bosons: Schwinger representation, Holstein-Primakoff
representation. The 1/S expansion. The Heisenberg ferromagnet and the
Heisenberg anti-ferromagnet. Ground state and elementary excitations
(spin waves).

9. Green's Functions - Definitions

Heisenberg image in real time. Image of Heisenberg in imaginary time.
Definition of Green's functions at finite temperatures: retarded,
advanced, causal, and thermal. Fourier transform.

10. Analytical properties

Correlation functions. Real-time Green's functions. Imaginary time
Green's functions. Spectral weight function. Lehmann representation.
Spectral moments, sum rules. Kramers-Kronig dispersion relations. The
fluctuation-absorption theorem. Bogoliubov's inequality.

11. Linear response theory

Kubo's formula. Examples: compressibility, spin magnetic susceptibility,
dielectric function, electrical conductivity.

12. The method of equations of motion

The equations of motion. The ideal quantum gas: simple Green's
functions, Wick's theorem. Interacting particles: self-energy and the
Dyson equation, thermodynamic quantities, quasi-particles. Perturbative
expansion.

13. Weak coupling approximations

Two-particle Green's functions. Three-particle Green's functions.
Elementary applications: eigenenergy in the Hartree-Fock approach,
dielectric function in the RPA approach.

14. The microscopic BCS theory

Equations of motion. Solving the gap equation. Thermodynamic
properties: large potential and free energy, entropy and specific heat,
critical value of the magnetic field. Magnetic susceptibility of spin.

®-532 "Production and Transfer of Radiation"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description 1. Radiation definitions

Specific intensity, mean intensity, flux, absorption, emission, and
scattering (Rayleigh, Mie, Thomson, Compton), absorption coefficient,
emission coefficient.
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2. Transfer of Radiation

Radiative transfer equation; optical depth; source function; solution
examples; Schwarzschild-Milne equations; Eddington approximations;
two-stream, LTE-grey atmospheres, diffusivity aprroximation, diffusion
approximation.

3. Production of Radiation

Thermal emission, thermal radiation, absorption and emission Einstein
coefficients, spectral line broadening, bound-bound transitions,
ionization, free-free transitions, Hydrogen lines.

4. Astrophysical applications

Nebulae, interstellar medium, X-ray sources, X-ray production
mechanisms, evolution of solar luminosity.

®-533 "General Relativity and Gravity"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/98
Description Chapter 1: Geometric viewpoint on flat space physics, Special Relativity (1

week)
Space-time interval
Lorentz transformations
Vectors and dual vectors (one-forms)
Tensors
Maxwell’s equations
Chapter 2. Riemannian geometry (2 weeks)
Manifolds
The metric
Parallel transport and Christoffel symbols
Geodesics
Covariant differentiation
The curvature tensor
Geodesic deviation
Chapter 3. Gravity (2 weeks)
The Einstein equation
The Equivalence Principle
The Newtonian limit
Gravitational redshift
Lagrangian formulation
Including matter: the energy-momentum tensor
The cosmological constant
Energy conditions
Chapter 4. The Schwarzschild solution (2 weeks)
Derivation of the Schwarzschild metric
Birkhoff’s theorem
Geodesics of Schwarzschild

Experimental tests
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Coordinate and curvature singularities
The Schwarzschild black hole
Maximally extended Kruskal solution
Chapter 5. Gravitational waves (2 weeks)
Perturbation theory
Gauge transformations
The transverse-traceless gauge
The polarization of gravitational waves
Quadrupole moment
Energy and momentum carried by waves
Detection of gravitational waves
Chapter 6. Black Holes (2 weeks)
Killing and event horizons
Charges of spacetimes: mass, angular momentum, electric
charge
The Vaidya metric
Reissner-Nordstrom black holes
Kerr black holes
Penrose process
Black hole thermodynamics
Chapter 7. Advanced topics (2 weeks)
Causal structure and Penrose diagrams
Elements of Quantum Field Theory in flat and curved
spacetime
The Unruh effect
Hawking radiation
Bekenstein-Hawking entropy/area law

®-534 "High Energy Astrophysics"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description 1. Active galactic nuclei and their jets: superliminal motions, emission

spectrum and its production, beaming, Doppler boosting (~3 weeks).

2. Gamma-ray bursts: cosmic distribution, collimated outflow, central
engine, progenitors, fireball model (~ 1 week)

3. Cosmic rays: cosmic high-energy physics laboratories. Spectrum,
propagation, production (~ 2 weeks)

4. Astrophysical neutrinos: sources and production during cosmic-ray
propagation (~1 week)

5. Neutron stars and black holes: Einstein equation solutions, pulsars,
binary systems, accretion discs (~ 3 weeks)

6. Gravitational waves: Weak-field Einstein equations. Production and
propagation of gravitational waves. Transfer of energy: the binary pulsar
PSR 1913+16 (1 week).

7. Multimessenger high-energy astrophysics: detection of gamma-rays,
cosmic rays, neutrinos, gravitational waves (~1.5 weeks)
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®-535 "Cosmology"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Chapter 1: Observational Overview

Light from the cosmos
Homogeneity and Isotropy
The Expansion of the Universe
Particles in the Universe
Thermal distributions and the black body spectrum
Chapter 2. Spacetime Geometry
Robertson-Walker metric
Comoving Coordinates
Spatial Geodesics
Ideal fluids and Energy and Momentum Conservation
Cold Matter, Hot Matter, Vacuum Energy
Chapter 3. Redshift and cosmological distances
Emission time vs radial coordinate
Redshift
The expansion of the universe and the Hubble constant
Proper motions and apparent luminosity
Luminosity Distance and angular diameter distance
The cosmological constant
Energy conditions
Chapter 4. Dynamics of the expansion
Einstein Field Equations and the Freedman equation
Critical density and the flatness problem
Matter- and Radiation-dominated expansion
Vacuum-dominated expansion and de Sitter space

Luminosity distance formula
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Chapter 5.

Chapter 6.

Chapter 7.

Chapter 8.

Cosmological Horizons
Particle Horizon
Event Horizon

The equation of state parameter

The cosmological constant problem

The age of the universe
Matter in the universe and dark matter

Weighing the universe: counting stars

Galaxy rotation curves
Bulk motions in the universe

The formation of structure
Supernovae brightness
What can dark matter be?

The Cosmic Microwave Background
Properties of the microwave background
The photon to baryon ratio
The origin of the microwave background
The Early Universe history
Massless neutrinos
Massive neutrinos

Nucleosynthesis
The light elements, Hydrogen and Helium
Comparing to observations

Structure Formation

Ideal nonrelativistic fluids and fluctuations

The Jeans instability

The Jeans instability in an expanding Universe

The fluctuation equations
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Structure dynamics
Chapter 9. Cosmological Inflation
The curvature problem
The horizon problem
The monopole problem
Inflationary expansion

Solving the Bing-Bang problems

Inflation and particle physics

®-536 "Stellar Evolution and Nucleosynthesis"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description 1. Introduction to different types of stars, HR diagram
2. Stellar structure: hydrostatic equilibrium (types of pressure), energy
transport through radiation and advection
3. Nucleosynthesis: p-p chain, CNO cycle, 3a process, s-process, r-process
Stellar Evolution: stellar evolution phases, energy production and stellar
structure in different phases
5. Basic elements of stellar atmospheres
6. Exotic stages of stellar evolution: Wolf-Rayett stars, Luminous blue
variables, Blue stragglers
7. Final stages of stellar evolution: supernovae, planetary nebulae
8. Stellar remnants: white dwarfs, neutron stars, black holes
9. Binary system evolution
10. Observational study of stellar evolution and structure: binary systems,
gaia, asteroseismology

d-567 "Advanced Atomic and Molecular Physics"

ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description The syllabus covers the following topics:

- atom-photon interactions

- quantum atom-light interface

- atom-atom collisions

- laser cooling

- magneto-optical traps

- magnetic traps

- ion traps

- Bose-Einstein condensates

- atomic clocks

- atomic gyroscopes

- atomic magnetometers
- atomic interferometers
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O-571 "Semiconductor Physics"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Semiconductor Physics: from fundamentals to quantum devices

1. Band structure of solids
e Bonding in molecules and solids
e Bloch’s theorem
e Kronig-Penney model
e The nearly-free electron model
e Band structure of tetrahedral semiconductors
e k-p theory of semiconductors
e Effective mass approximation
2. Semiconductor statistics and impurities
e Probability and distribution functions
e Fermi statistics and Fermi integrals
e Density of states in bulk semiconductors (3D)
e Intrinsic semiconductors
e Impurities and hydrogenic model
e Extrinsic semiconductor
e High doping effects: screening, Mott transition, Burnstein-Moss
shift, impurity bands
e Deep centers
3. Vibrational properties
e Phonons
e Phonon dispersion curves
e Electron-phonons interactions
4. Electronic Transport
Quasi-classical approach
e Carrier mobility for non-degenerate electron gas
Scattering and low-field mobilities
e Magneto-transport and Hall effect
e Diffusion and Einstein relation
5. Optical properties
e Macroscopic electrodynamics
Dielectric function and Kramers-Kronig relations
Joint density of states and Van Hove singularities
Absorption edges
Excitons
6. Heterostructures and confinement
e Band diagram line-ups
e Boundary conditions in heterointerfaces
e Reduced dimensionality density of states (2D, 1D, 0D)
e Quantum confinement of electron and holes
e Strain effects in heterostructures
e Resonant tunneling
e Quantum Hall effect
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®-572 "Physics of Semiconductor Devices"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/courses/

Description The syllabus covers the following topics:

1. Introduction to the physics of semiconductors: Main semiconductor
materials, crystal structure, energy bands, effective mass, free
electron and hole, energy band diagram, distribution and
concentrations of carriers at thermal equilibrium, generation-
recombination, drift and diffusion currents, quasi-Fermi levels,
continuity equations, minority carrier diffusion equations.

2. PN junction diode: Abrupt and linear junctions, electrostatic
description, C-V and |-V equations for the ideal diode, deviations from
ideal behavior.

3. Bipolar junction transistor (BJT): Terminology, symbols and regions of
operation, |-V equations for the ideal transistor, |-V equations
including recombination in the base, additional deviations from the
ideal transistor, Ebers-Moll equations.

4. Semiconductor heterojunction: Band discontinuities based on electron
affinity, energy band diagram, analytical electrostatic description of
pn heterojunction, brief insight into the application of voltage and
conduction.

5. Metal-semiconductor junction: Energy band diagram of ideal junction,
rectifying contact (Schottky barrier diode), electrostatic description,
Schottky effect, basic |-V relation, thermionic emission theory,
diffusion theory, tunneling currents, experimental determination of
barrier height and built-in voltage, effect of surface states, ohmic
contacts.

6. Metal-insulator-semiconductor junction: The ideal metal-oxide-silicon
(MOS) junction, bias on the MOS, the different states of the surface
region of the semiconductor, capacitance-voltage behavior, flat-band
voltage, threshold voltage and density of charge in the inversion layer,
effect of oxide and interface charges, MOS memories, Charge-Coupled
Devices (CCDs).

7. MOS Field Effect Transistor (MOSFET): MOSFET types, long channel
drain current equation, bulk-charge effect, body-bias effect,
subthreshold conduction, small-signal circuit model,
transconductance, drain current in short-channel MOSFET, short-
channel effects, determination of MOSFET parameters.

8. Brief introduction to FETs with gate consisting of a pn junction (JFET)
or a Schottky diode (MESFET).
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matrices

O-604 "Quantum Field Theory I"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/58
Description Chapter 1: Single Particle Relativistic Wave equations (2 weeks)

Relativistic Notation
Klein-Gordon Equation

Dirac Equation

SU(2) and the rotation group
SL(2,C) and the Lorentz group
Prediction of antiparticles

Construction of Dirac spinors and algebra of Gamma

Non-relativistic Limit and the electron magnetic moment
Poincare Group: spin operators and the zero mass limit.
Maxwell and Proca equations

Maxwell equations and differential forms.

Chapter 2. Lagrangians, Symmetries and gauge fields (1 week)

theorem

Lagrangian formulation of particle mechanics

The real scalar field: variational principle and Noether’s

Complex scalars and the electromagnetic field
The Yang-Mills field

The geometry of gauge fields

Chapter 3. Canonical Quantization and particle interpretation (2 weeks)

The real Klein-Gordon field

The complex Klein-Gordon field
The Dirac field

The electromagnetic field
Radiation gauge quantization
Lorentz gauge quantization

The massive vector field
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Chapter 4. Path Integrals and Quantum Mechanics (2 weeks)
Path integral formulation of quantum mechanics
Perturbation theory and the S-matrix
Coulomb scattering
Functional calculus: differentiation
Properties of path integrals

Chapter 5. Path integral quantization of scalar and spinor fields (3
weeks)

Generating functional for scalar fields
Functional Integration
Free particle Green’s Functions
Generating functionals for interacting fields
®* theory
Generating functional: 2- and 4-point functions
Connected diagrams
Fermions and functional methods
The S-matrix and the reduction formula
Pion-nucleon scattering
The scattering cross-section

Chapter 6. Path integral quantization of gauge fields (2 weeks)
Propagators and gauge conditions for QED
Photon propagator: canonical formalism
Photon propagator: path integral formalism
Gauge-fixing terms
Propagator for transverse photons
Non-abelian gauge fields and the Fadeev-Popov method
Feynman rules in Lorentz gauge
Gauge-field propagator in axial gauge

Self-energy operator and the vertex function
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Geometrical interpretation of the Legendre transformation
Ward-Takahashi identities in QED
BRST transformations

Ghosts and unitarity

Chapter 7. Renormalization (1 weeks)

Divergences in ®* theory. Dimensional analysis
Dimensional regularization of ®* theory. Loop expansion
Renormalization of ®* theory. Counterterms.
Renormalization Group

Divergences and dimensional regularization of QED
One-loop renormalization of QED

The anomalous magnetic moment of the electron
Renormalisability of QED

Asymptotic freedom of Yang-Mills theories

®-605 "Elementary Particles and Forces"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/

Description

Chapter 1: A broad view of particle physics (0.5 weeks)

The construction of the Standard Model

Leptons

Quarks and bound states
Quark Colour
Electron-Nucleon scattering

Particle Accelerators
Chapter 2. Lorentz Transformations (1 week)

Chapter 3.

Chapter 4.

Rotations and Boosts

Scalars, vectots and tensors

Fields

The Levi-Civita tensor

Time reversal and Space Inversion

The Lagrangian Formulation of Mechanics (1 week)

Hamilton’s Principle
Conservation of Energy
Continuous systems

Lorentz covariant field theory
The Klein-Gordon equation
The energy-momentum tensor
Complex Scalar Fields

Classical Electromagnetism (1 week)
Maxwell’s equations

A Lagrangian density for Electromagnetism
Gauge transformations

Solutions to Maxwell transformations
Parity and charge conjugation
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The intrinsic angular momentum of the photon
The energy density of the electromagnetic Field
Massive vector fields
Chapter 5. The Dirac Equation and spinors (1 week)
The Dirac Equation
Lorentz transformations and Lorentz invariance
Parity
Spinors
The y-matrices
Making the Lagrangian density real
Chapter 6. Free Space Solutions of the Dirac Equation (1 week)
A Dirac particle at rest
The intrinsic spin of a Dirac particle
Plane waves and helicity
Negative Energy Solutions
The energy and momentum of the Dirac Field
Dirac and Majorana fields
The ultrarelativistic limit and neutrinos
Chapter 7. The weak interaction: Phenomenology (1 week)
Nuclear B-decay
Pion decay
Conservation of lepton Number
Muon Decay
The interaction of muon neutrinos with electrons
Chapter 8. Spontaneous symmetry breaking in model theories (1 week)
Global symmetry breaking and Gold-stone bosons
Local symmetry breaking and the Brout-Englert-Higgs
mechanism
Chapter 9. Massive Gauge Fields (1 week)
SU(2)
The gauge fields
Breaking the SU(2) symmetry
Chapter 10. The Weinberg-Salam electroweak theory of leptons (1.5
week)
Lepton doublets
Lepton couplings to W and Z gauge bosons
Conservation of lepton number and conservation of charge
CP symmetry and mass terms.
Chapter 11. Strong Interactions and Quantum Chromodynamics (QCD)
(2 weeks)
SU(3) gauge theory
Lattice QCD and asymptotic freedom
The quark-antiquark interaction
Isospin and chiral symmetry
Chapter 12. Neutrinos masses and neutrino mixing (1 week)
Neutrino masses
The weak currents
Neutrino oscillations and the MSW effect
Neutrino masses and the Standard Model
Lepton number conservation revisited

®-606 "Quantum Field Theory II"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Wgzi)pter 0: A quick review of the basics of Quantum Field Theory (1

Chapter 1: The renormalization group (1 week)

The Wilsonian Theory of the renormalization group
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Chapter 2.

Chapter 3.

Chapter 4.
weeks)

Chapter 5.

The Callan-Symanzik equations
Evolution of coupling constants
The renormalization of local operators
Evolution of mass parameters
Critical exponents.
Quantized non-abelian gauge theories (2 week)
The interactions of non-abelian gauge bosons
The Fadeev-Popov Lagrangian
BRST symmetry
One-loop diagrams and divergences
Asymptotic Freedom: the background field method
Quantum Chromodynamics (QCD) (2 weeks)
From quarks to QCD
e*-e annihilation into hadrons
Deep inelastic scattering. Structure functions
Lepton-pair production in hadron collisions
Parton evolution and the DGLAP equations
Measuring the strong coupling constant.

Operator Product Expansion (OPE) and effective vertices (2

Renormalization of the quark mass parameter.
QCD renormalization of the Weak Interactions
The Operator Product Expansion

Operator analysis of e*-eannihilation
Operator analysis of Deep Inelastic scattering
Perturbation theory anomalies (2 weeks)

The axial current in two dimensions

The axial current in four dimensions

Goldstone bosons and chiral symmetries in QCD
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Anomalies and the spontaneous breaking of chiral
symmetries

Chiral Anomalies and Chiral Gauge Theories

Anomalous breaking of scale invariance and the conformal
anomaly

Chapter 6. QFTs with spontaneous symmetry breaking (2 weeks)
The Englert-Brout-Higgs mechanism
The theory of Weak Interactions

Quantization of spontaneously broken theories: The Rg
gauges

One Loop corrections to the weak interactions
Chapter 7. A brief introduction to supersymmetry (1 week)

Coleman-Mandula theorem
Supersymmetric algebra

Supersymmetric actions

®-631 "Astrophysics III"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description 1. Continuum Emission Processes. 3 particle distribution laws: Classical
Maxwell-Boltzmann, Fermi-Dirac, Bose-Einstein; Radiative Transfer:
optical depth, source function, mean free path; Thermal equilibrium:
black body radiation, the Planck function; Brightness temperature; Four
examples of radiative transfer: planetary nebulae, active galaxies, HI line
emission, mbr; The Einstein Coefficients; Radiation from accelerating
charged particles; The radiation equations (from Maxwell’s equations);
Radiation from non-relativistic charged particles; Thomson scattering;
Cyclotron radiation and bremsstrahlung; Radiation from relativistic
charged particles — synchrotron radiation; Example: X-ray bremsstrahlung
emission from clusters of galaxies. Interstellar absorption; Synchrotron
radiation — detailed treatment and simple derivation; Polarized
synchrotron radiation; Synchrotron self absorption; Luminosity and
energy requirements of a synchrotron source; Equipartition, equipartition
angular size, equipartition brightness temperature; Example — minimum
energy of radio lobes of Cygnus A; Origin of power law energy spectrum;
Thomson, Compton and Inverse Compton Scattering; A note on Spectral
Index — comparison between synchrotron and inverse Compton spectra;
Examples: synchrotron and inverse Compton emission from quasars; The
inverse Compton catastrophe; Inverse Compton scattering by non-
relativistic particles — the Sunyaev-Zel'dovich Effect; Example:
Measurement of the ubble Constant from combined SZE and X-ray
observations
2. Atomic Structure Key quantum mechanics results; The One-electron
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Atom; Atomic Wave Functions; Multi-electron systems; The Hamiltonian
of a Complicated Atom; lonization of Atoms; The Saha Equation; Example:
An interesting example in astrophysics; Multipole fields and the fine
structure constant

3. Spectral Line Emission Processes Radiative transitions (non-matrix and
matrix approaches); Collisional transitions; HI 21 cm radiation; Molecular

structure and diatomic molecule emission; Example: CO emission

®-632 "Introduction to AdS/CFT and Holography"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Chapter 1: A Review of QCD (1 week)

Chapter 2. A review of AdS/CFT (1 week)
Chapter 3. Bottom-Up theories for SU(e<) Yang-Mills (1.5 weeks)
An exploration of Einstein-Dilaton holography
The UV asymptotics
The IR asymptotics and confinement
The glueball spectra
The thermal phase diagram of Einstein-Dilaton gravity
A holographic clone for SU(e) Yang-Mills
Chapter 4. Holographic Flavor Dynamics (1.5 weeks)
Flavour branes
The D3=D7 flavour system
The D4-D8-anti-D8 flavour system
Holography and chiral symmetry breaking
Non-abelian flavour dynamics
Chiral symmetry breaking and open string tachyon condensation
Chapter 5 Non-equilibrium holographic thermal physics (1.5 weeks)
Linear response in QFT
The holographic correspondence in real time
Calculation of a Minkowski retarded correlator

Calculations of retarded correlators at finite temperature
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The holographic calculation of the shear viscosity
The fluid gravity correspondence
Chapter 6. Holography at finite density (2 week)
Holographic CFTs at finite density
Emerging criticality at finite density
Non-relativistic scaling theories
Scaling and hyperscaling violation at finite density.
Chapter 7. Holographic entanglement entropy (2 weeks)
Entanglement entropy: basics
The Ryu-Takayanagi formula
Holographic entanglement entropy at finite temperature
Phase transitions and the entanglement entropy

Chapter 8. The Randall-Sundrum Geometry (2 weeks)

An alternative to compactification

®-633 "Introduction to String Theory"
ECTS 5
Web page https://www.physics.uoc.gr/el/courses/
Description Chapter 1: Introduction (1 week)

The case for String Theory
A historical perspective of the strong interaction
Chapter 2. Classical String Theory (1 week)
Warm-up: the point-particle
Relativistic Strings
Oscillator expansions (Closed and open strings)
The Vlrasoro constraints
Chapter 3. Quantization of Bosonic Strings (1.5 weeks)
Covariant canonical quantization
Light-Cone quantization
The spectrum of the bosonic string
Unoriented Strings
Path-integral quantization
Topologically Non-trivial World-Sheets
BRST primer
BRST in string theory and the physical spectrum
Chapter 4. Conformal Field Theory (CFT) (1.5 weeks)
Conformal Transformations
Conformally-Invariant Field Theory
Radial Quantization
Mode Expansions
The Virasoro algebra and the central charge
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The Hilbert space

The free boson

The free fermion

The conformal anomaly

Representations of the conformal algebra

Affine current algebras

Free fermions and O(N) symmetry

Superconformal symmetry

Compact Scalars and T-duality
Chapter 5 Scattering amplitudes (1.5 weeks)

Calculation of the open string tachyon amplitude

Calculation of the closed string tachyon amplitude
Chapter 6. Strings in background fields and gravity (2 week)

The non-linear o-model

The string effective action
Chapter 7 Superstrings and Supersymmetry (2 weeks)

Closed type-Il oriented strings

The Ramond-Ramond sectors

Type-I superstrings

Heterotic superstrings

Anomaly Calcellation

»-645 "Basic Concepts of Condensed Matter Physics"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Chapter 1 - Band Theory of Solids (2 weeks)

o Direct and reciprocal lattice, primitive cell

] Bloch’s theorem

o Brillouin Zones

o Construction of Band Structures

o Kronig-Penney model

Chapter 2 — Electrons in periodic lattices (2 weeks)

o Periodicity and Bloch waves

o Density of states

o Fermi surface

o Effective Hamiltonian and semiclassical approximation
o The tight binding method

o Liner combination of atomic orbitals (LCAO)

Chapter 3 — Electrons in lattices under magnetic field (2 weeks)
o Trajectories under the presence of magnetic fields

o De Haas-van Alpfen Effect

o Hall effect

] Magnetoresistance

Chapter 4 — Computational methods for Bandstructures (2 weeks)
o Bloch Wave Theory

o Pseudopotential method

o Augmented Plane Wave method

o Korringa-Kohn-Rostoker metohd

Chapter 5 — Metals and Semiconductors (2 weeks)

o One and two dimensional models of solids - Pseudopotentials
o Metals-Bands-Fermi surfaces-phonon dispersion

o Semiconductors-Bands-Fermi surfaces-LCAO method

o Optical and magnetic properties

Chapter 6- Artificial Periodic Structures (2 weeks)
o Semiconductor Superlattices
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o Phononic Crystals

o Photonics Crystals

o Photonic Lattices

o Metamaterials

o Quantum Hall effect

o Topological Insulators — Berry phase

D-648 "Non-equilibrium Statistical Mechanics"

ECTS 5

Web page https://www.physics.uoc.gr/en/courses/
Description This course is aimed at graduate students with emphasis in non-
equilibrium phenomena of statistical mechanics. In particular, the scope
of this course is to study stochastic phenomena, Brownian motion,
Fokker-Planck  equation, kinetic approach-Boltzmann equation,
irreversibility and arrow of time. It covers:

1.Introduction to stochastic processes — Fluctuation theory
2.Brownian motion, Langevin Equations, Fokker-Planck Equations

3. Linear response theory, fluctuation-dissipation theorems, Onsager
relations

4. Kinetic Theory and Boltzmann equation

5. Master equations, Quantum Dynamics

6. Irreversibility and H-Theorem

®-660 "Symmetries and Group Theory"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description Chapter 0: A quick review of symmetry in Physics (0.5 week)

Chapter 1: Groups and Representations (0.5 week)
Chapter 2. Lie groups and Lie algebras (1 week)
Chapter 3. The group SU(2) (2 weeks)
Chapter 4. Tensor operators and Wigner-Eckart theorem (0.5 weeks)
Chapter 5. The symmetry of isospin (1 weeks)
Scattering
The generalized exclusion principle
Chapter 6. The Cartan theory: Roots and Weights (1 weeks)
Roots
Raising and lowering operators

Simple Roots
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Dynkin Diagrams
Fundamental Weights
Chapter 7 SU(3) and color (1 week)
Chapter 8. Young Tableaux (0.5 weeks)
Chapter 9. SU(N) (1 week)
Chapter 10. The three-dimensional harmonic oscillator (1 week)
Chapter 11. The classical groups and spinors (1 week)
Chapter 12. Lie algebras in Quantum field theory (1 week)

Chapter 13. Infinite-dimensional Lie algebras : Affine and Kac-Moody

algebras (1 week)

®-669 "Advanced Methods of Computational Physics"

ECTS 5

Web page https://www.physics.uoc.gr/en/courses/

Description This course is aimed at graduate students. It consists of 4 units, in each of
which the students develop their own numerical code and present a
numerical simulation on a problem of their choice. The presentation of
the theoretical background as well as numerical “experiments” are taking
place at the computer rooms. It covers:

1. Partial differential equations — elliptic (Poisson), parabolic (diffusion,
Schrodinger), hyperbolic (wave equation).
2. Eigenvalue problems — diagonalization techniques, harmonic lattice
eigenfrequencies, quantum eigenstates, eigenvalues, quantum time
evolution.
3. Molecular dynamics: Verlet algorithm, simulations in various
thermodynamic ensembles, nonlinear dynamical systems.
4. Monte-Carlo, elements of probability theory, Metropolis algorithm,
Ising model.
®-695 "Research Methodology"

ECTS 9

Web page https://www.physics.uoc.gr/en/courses/

Description The purpose of this course is the introduction to the research

methodology, as a preparation for their MSc thesis project. The outcome
of the course is a presentation on a subject of current research. It
includes:

1. Literature search.

2. Customization with a research subject.

Presentation of the subject, emphasizing on the state of the art in the
field.
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®-733 "Physics of Galaxies"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description 1. Introduction: Physical quantities, distances, basic photometry.
2. Our Galaxy: Historical review, properties and dynamics of the Galaxy.
Galactic rotation. The center of the Galaxy.
3. The morphology of galaxies: Morphology, Hubble classification, spiral,
elliptical, and irregular galaxies. Distribution of gas and dust stars.
4. The physical processes in galaxies: Star formation, virial theorem, Jeans'
formation and stability of galactic disks, Toomre criterion, dark matter.
5. Effect of the environment: Galaxy interactions, galaxy formation and
evolution, galaxy groups and clusters.
6. Peculiar galaxies: AGN, starbursts, radio galaxies, Ultraluminous
Infrared Galaxies, quasars.
7. Evolution of Galaxies: Properties of galaxies for z>0, luminosity
functions.

D-736 "Physics of the Interstellar Medium"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description The basic purpose of the course is a detailed presentation of the physics
of the interstellar medium and the process of interstellar cloud formation
and star formation. It covers:
1. Introduction
Definition of ISM. Phases and Composition. Energy densities
2. Atomic & Molecular Radiation
Energy Levels of Atoms and Molecules. Spontaneous Emission.
Stimulated Emission. Absorption. Zeeman Splitting.
3. Thermodynamics & lonization of ISM
Partition Function. Detailed Balance. Photoionization. Collisional
lonization. Cosmic Ray lonization. Heating Sources. Cooling.
4. Fluid Dynamics Introduction
Conservation Laws. Euler Equations. Navier-Stokes Equations.
Turbulence.
5. Interstellar Dust
Observed Properties. Composition. Grain Charging and Chemistry.
Grain Alignment and Polarization.
6. Cosmic Rays
Energy Spectrum. Detection. Impact on ISM
7. Explosive Processes
Shock Waves. lonization Fronts. Supernova. Hll Regions.
8. Gravitation & Star Formation
Virial Theorem. Gravitational Instabilities. Cloud Formation.
Angular Momentum Problem. Magnetic Flux Problem. Ambipolar
Diffusion. Star Formation Efficiency. Observations of Star
Formation. Schmidt-Kennicutt Law.

®-801 "Special Topics in Modern Physics 1"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
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Description

The topics of the course can change from year to year. The following
syllabus is an indicative example from a course taught for several years in
the past, on non-perturbative techniques in Quantum Field theory. The
purpose of this example-course is to develop several methods that have
been used over the years to deal with non-perturbative physics in
guantum field theory. Such methods are rarely taught in today's graduate
programs. Such methods complement modern approaches to non-
perturbative physics using the holographic correspondence.

Prerequisites:
* A good working knowledge of advanced quantum mechanics.

e A very good working knowledge of perturbative quantum field
theory. This amount roughly to most of the book of Peskin and Schroder.

* Avery good working knowledge of General Relativity.

* A very good working knowledge of group theory and mathematical
methods of physics

* A knowledge of introductory string theory is appreciated but is not
strictly necessary.

Syllabus:
Chapter 1: Confinement in Quantum Chromodynamics (3 weeks)
The string picture of hadrons (1 hour).

The Nielsen-Olesen vortex as a stable confined magnetic flux (1
hour).

Generalities on the realization of global and gauge theories.
Elitzur's theorem (1 hour).

Wilson loops and a criterion for confinement. Time- like loops,
space-like loops. The Wilson loop as a "gauge" of magnetic flux (1
hours).

Confinement in 2+1 YM theories (1 hour).
't Hooft operators and their braiding with Wilson loops (1 hour).

Magnetic and electric fluxes in a box and duality relations (2
hours).

Confinement of quarks and monopoles (1 hour).

Deconfinement at finite temperature and the phase transition (1
hour).

Confinement with Dynamical Quarks (1 hour).
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Dynamical Quarks at finite temperature (1 hour)

Chapter 2: Chiral symmetry and chiral symmetry breaking (3 weeks)

The pair-condensate instability (1 hour)

The Nambu-Jona-Lasinio model and dynamical chiral symmetry
breaking (1 hour)

The chiral symmetry at finite temperature (1 hour)

Chiral anomalies and their implications (1 hour)

The U(1)a problem (2 hours)

Instantons and the B-parameter (2 hours)

The chiral selection rule (2 hours)

Anomalies and the realization of chiral symmetry (the 't Hooft
anomaly matching

conditions) (2 hours)
Chapter 3: Anomalies in gauge theories (2 weeks)
Anomaly matching in QCD. Persistence of mass.
Complementarity (4 hours)
Chiral gauge theories (2 hours)
The trace anomaly (1 hour)
The non-perturbative SU(2) (Witten) anomaly (1 hour)

Chapter 4: Convergence of perturbation theory (1 week)}

The Dyson argument: Why the perturbative series is not a Taylor
series (1 hour)

Finite precision information from the perturbative series and the
role of instantons (1.5 hours)

Asymptotic series and Borel resummation: Recovering exact
results from the perturbative series (1.5 hour)

Chapter 5: Supersymmetric non-perturbative dynamics (4 weeks)

Part |: Supersymmetric gauge theories in four dimensions (6
hours)
Introduction to supersymmetry, supersymmetric Lagrangians (2

hours)

Effective  actions, holomorphy and symmetries, non-
renormalization theorems (2 hours)

Phases of gauge theories (1 hour)

Exact beta-functions (1 hour)

Part Il: N=2 supersymmetric gauge theories (5 hours)

The perturbative regime (SU(2)). (1 hour)

The exact quantum moduli space (2 hours)

The BPS spectrum (2 hours)

Part lll: N=1 supersymmetric gauge theories (5 hours)
Perturbative N=1 Supersymmetric QCD, symmetries and vacua.
(1 hour)

Non-perturbative sQCD in the various regimes (pure sYM, N¢<Nc
no vacuum, N=N, confinement with chiral symmetry breaking,

N=Nc+1 confinement without chiral symmetry breaking,
N>Nc+1) (2 hours)

The 't Hooft anomaly matching conditions in sQCD (1 hour)

Seiberg duality: formulation, implications, checks (1 hour)

Part IV: New developments on Seiberg duality in diverse
dimensions (1.5 hours)}
Aspects of Seiberg duality for supersymmetric quantum field
theories on three and four space-time dimensions will be
presented. Emphasis will be given on new non-perturbative checks
of these dualities and interesting open questions
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®-802 "Special Topics in Modern Physics 11"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description The topics of the course can change from year to year. The following

syllabus is an indicative example from a course taught for several years in
the past, on non-perturbative techniques in Quantum Field Theory. The
purpose of this example-course is to develop several methods that have
been used over the years to deal with non-perturbative physics in
quantum field theory. Such methods are rarely taught in today's graduate
programs. Such methods complement modern approaches to non-
perturbative physics using the holographic correspondence.

Prerequisites:
¢ A good working knowledge of advanced quantum mechanics.

* A very good working knowledge of perturbative quantum field
theory. This amount roughly to most of the book of Peskin and Schroder.

* A very good working knowledge of General Relativity.

* A very good working knowledge of group theory and mathematical
methods of physics

* A knowledge of introductory string theory is appreciated but is not
strictly necessary.

Syllabus:

Chapter 1: Lattice gauge theories (2 weeks}
The Wilson formulation (2 hours)
The strong coupling expansion (1 hour)
The character expansion (1 hour)
Zn gauge theory and Kramers-Wannier duality (1.5 hours)
Wilson loops and 't Hooft loops (0.5 hours)
Phase diagrams of lattice theories (2 hours)
Chapter 2: Black branes in flat and AdS space (2 weeks)
Neutral and charged black branes, stress tensor, currents and
thermodynamics (1 hour)
Long-wavelength effective theory for black branes (1 hour)
Stationary blackfold solutions (2 hours)
Intrinsic and extrinsic perturbations of black branes (2 hours)
Planar AdS black holes (2 hours)
Chapter 3: Hydrodynamic transport: theory and applications (6.5
hours)
Relativistic hydrodynamics: introduction, variables, formalism (2
hour)
Constraints on hydrodynamic transport (2 hours)
Anomalous transport in fluids (1.5 hour)
Superfluids and non-relativistic fluids (1 hour)
Chapter 4: Fluid/gravity duality (1.5 weeks)
Overview and context of fluid/gravity, basic set-up (1 hour)
Planar Schwarzschild-AdS black hole, boundary derivative
expansion (1 hours)
Bulk metric and extraction of boundary stress tensor at higher
orders (1 hour)
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Event horizon and entropy current (1 hour)
Generalizations, applications, relation to the black-fold
approach (1 hour)
Causal holographic information and causal wedges in AdS/CFT (3
hours)
Chapter 5: Non-Perturbative Aspects of RG Flows (2 weeks)
Advanced aspects of SUSY in flat Space and a careful look at the
stress tensor. (1 hour)
Coupling to nontrivial geometry, The connection to supergravity,
preserving rigid supersymmetry on curved manifolds. (2 hours)
Examples and partition functions -- checks of dualities and RG
flows (2 hours).
Geometric Interpretation of the partition functions. (2 hours)
Effective String Theory (1 hour)
Chapter 6: Instanton techniques in QFT (1.5 weeks)
Instanton solutions in Yang-Mills theory (1 hour)
Bosonic moduli and fermionic zero-modes (1 hour)
Instanton calculus in supersymmetric theories (1 hour)
Non-perturbative effects generated by instantons (1 hour)
Multi-instantons, ADHM construction and open strings (1 hour)
Unoriented quivers, dimers and their mass deformations. (After
reviewing the dimer description of quiver gauge theories that
govern the low-energy dynamics of unoriented D-branes at
orbifold and other toric singularities, we will consider the effect of
fluxes and of non-perturbative corrections induced by unoriented
D-brane instantons. We will also discuss the role of 'specular
duality' in this context and comment on recently proposed non-
perturbative dualities among N=1 supersymmetric theories)
Chapter 7: Holographic methods in near-equilibrium physics (1.5 weeks)
Thermodynamics and transport at weak and strong coupling (1
hour)
Holographic dictionary for near-equilibrium processes (1 hours)
Finite-temperature correlation functions and spectral functions
(1 hour)
Holographic transport at strong coupling (1 hour)
Universality of the shear viscosity/entropy density ratio (1 hour)
Phenomenology of RHIC-LHC heavy ion collisions and holography

®-830 "Special Topics in Astrophysics "
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/58
Description The course, when offered, is for graduate students with the appropriate
background. The basic purpose of the course is to present current
developments in astrophysics and space physics. The syllabus includes
selected topics, announced in advance, from current developments in
astrophysics and space physics.

®-831 "Special Topics in Astrophysics 1"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/58
Description The course, when offered, is for graduate students with the appropriate
background. The basic purpose of the course is to present current
developments in astrophysics and space physics. The syllabus includes
selected topics, announced in advance, from current developments in
astrophysics and space physics.
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©-841 "Special Topics in Condensed Matter Physics 1"

ECTS 5

Web page https://www.physics.uoc.gr/en/courses/58

Description This is an Advanced Condensed Matter Physics course for graduate
students with emphasis on the electronic structure of metals, insulators,
semiconductors, and modern research topics. The syllabus includes the
following topics:

(1) Waves and electrons in periodic media: Bravais Lattices in position and
reciprocal spaces. Brillouin zones, Kronig-Penney model. Basic band
theory, Bloch theorem. Dispersion relations density of electronic states.
Computational methods for energy bands. Pseudopotentials. One-
dimensional and two-dimensional lattice structures.
(2) Interactions and correlations, Dirac formalism, Hartee-Fock and
random phase approximations.
(3) Magnetic materials, Diamagentism and paramagnetism, Hubbard and
Heisenberg models.
(4) Superconductivity, Ginzburg-Landau theory.

O-842 "Special Topics in Condensed Matter Physics II"

ECTS 5

Web page https://www.physics.uoc.gr/en/courses/

Description This is an advanced Condensed Matter Physics course for graduate
students with emphasis on modern research topics. Emphasis will be
given on the relation between photonic and condensed matter systems.
Solid state physics and electromagnetism/optics, photonics crystals,
photonic lattices, defects, non-periodic crystals, disordered systems,
surface effects, nonlinear interactions, topological insulators. The syllabus
includes the following topics:

(1) Solid State Electromagnetism and complex photonic structures
(2) Artificial periodic structures: photonic crystals, photonic lattices, and
metamaterials.
(3) Point defects on lattices and semiconductors, dislocations and surface
effects.
(4) Non-periodic crystals, quasi-crystals, disordered mesoscopic systems,
Anderson localization, disordered photonic lattices
(5) Topological insulators: Berry phase, Hall conductance, Chern numbers,
Quantum Hall effects, photonic topological insulators

®-860 "Special Topics in Atomic Physics I"

ECTS 5

Web page https://www.physics.uoc.gr/en/courses/

Description This is a course on Atomic Physics for graduate students. The syllabus
includes the following topics:

1. relativistic effects in atomic structure

2. electromagnetic and weak interactions in atomic physics
3. symmetry tests with atoms

4. parity violation
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5. Lorentz symmetry violation tests with atomic vapors
6. cold atoms and cold molecule

7. optical atomic and condensed matter spectroscopy with quantum
light

-861 "Special Topics in Atomic Physics 11"
ECTS 5
Web page https://www.physics.uoc.gr/en/courses/
Description This is a course on Atomic Physics for graduate students, focusing on
applications. The syllabus includes the following topics:
1. photonic and atomic qubitg

2. photonic and atomic quantum computer
3. optical lattices

4. optical tweezers

5. strong atom-cavity coupling

6. circuit quantum electrodynamics

7. biological applications of atomic sensors
8. crystal nonlinear optics

9. quantum light sources

®-965 "Laboratory Teaching"
ECTS 4
Web page https://www.physics.uoc.gr/en/courses/
Description The goal of the course to the train the student, who acts as a Teaching
Assistant (TA), in teaching the experimental methods and underlying
physics to the students who follow a laboratory course.
The TAs participate actively in the lab, they teach the students, help with
the solution of problems, and they evaluate the students. The TAs also
discuss with the course instructor in order to identify and address the
major difficulties the students have with the experiments, in order to
improve the learning outcome of the laboratory course.

H amégaon autn va dnpooteuBei otnv Epnuepida tng KuPepvnoswc.
P£Bupvo, 30 lavouapiou 2024
O lMputavng
FEQPTIOX KONTAKHX

[ ] Kamodiotpiou 34, T.K. 104 32, Abrjva
. I EONIKO TnA. Kévtpo 210 5279000
[ TYNOIrPA®EIO Keipeva mpoc Snpooicuon: webmaster.et@et.gr
* 020183 92603240040 *
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