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Bu - al BI&SMa & a ; e vheesrihnadneg i bir késétl| aangenyap el m
parametrelerinin cebirsel o lhiggsimoek ¢ ,gaaginet s wvegy r i | me
k ar eur@mm senaryb at € iprotonpr ot on - ankaek matérmalai no creti

p paqg © G”e]" (tek-ilmek seviyesinde) vep pg g© G”GJ" (tek-lmek seviyesinde)jki chargino

creti mpmg® e'ccf ive tekn°tral i no ¢ pegy iOm"g,spmg@—Gquer [
p pggeeR© G"GJ vep pg g° G'g (tekilmek seviyesde) incelendi. Toplam tesir kesitlén k ¢ t | e

merkezi enerjisine, skalerkuarlé/ng | ¢y i k @ hlu @ Blj-en gaugino/higgsino k ¢ t | e
parametrlerine,c har gi snev & ¢ftd ket or i zasyon/ r tekidrmeakl ikzaat skyeol ne
i -igf)y e dejnickirmll é miol ar & n/ wehhai rgggisni onloa r beinl egkaeung i kneot
al é namalizdditi. Sonu- ,olnértakal i no ve chargino ¢retim
ayrekéména °©°neml i ,ndetrreacleidneog ibvag n ®@h od laigawnkoé nbi | €
odupda- of unl ukl a tesir kesietllder i aii -didnk jkdaat hea abl ¢eynéak

s¢re-leri arpq?scgepqu)p)"egeleﬁlnliinkI°enem|i k atgklérl¢alrdag s a
Ay r dlcia, n° gretimiheigelemteki | mek sevi yesi d¢e¢zeltmel erini
o]l - ¢l er deve K+ tatr rach@jn@& n skalhewe gaugi Ro/kdtglgess inro
parametess ni N de ] h &3 snatgspitedildiB{ u- al Ekmada el deveedi | en
di Jjer hadr on -sasrppeérkstiémeétcréilka rpeanrd-askcié k1 ar én deney
n®tralinolarén ve charginolareén k¢gtleleri ve b
veya kekfedil mel eri dubiumurmdeak i ¢+ del Ibieklierrlieminme s

ol acakteéer .

Anahtar Kelimler: MSSM, NC°tralino, CharginoGa ugi no/ hi g gSkuank &l @, r € K € mé
Tesir kesiti.
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In this study, the neutralino pair production via the procegseg] © GIT‘GJ" andp pg g©

GJ" including oneloop level contributions, the chargino pair production via the prqesg ©

GI'GJ and single neutralino production via the processegq © Glng, p pg g© G?qk, p pggee©

(3{‘(3J andp pg g© GI"g (at oneloop level) in protormproton collisions were investigated for

higgsinclike, gauginelike and mixturecase scenarios obtaind®y recovering the associated
Lagrangian parameters agredt analytical expressions of suitable physical masses without
constraining any of them in the MSSM. The dependence of total cross sections on thefeenter
mass energy, the squark/gluino mass, ¢hargino mass, thdl,-¢ mass parameters and the
factarization/renormalization scales (for olump corrections) was analyzed in detail, focusing on
the gaugino/higgsinalecompositionof the charginos and neutralinos. As a redtilhas clearly
seen that the total production cross sectiaressignificantly depenént on thegaugino/higgsino
decompositionof the charginos and neutralinos, and the larger sdluethe cross sectioare

generallyachieved when the gaugino components of neutralinos and charginos are doiminant.

addition the processep [ 6,6, andp [ GgGl are seen tdave moe contributionsthan the

others Furthermore,it has beenconcludedthat theoneloop corrections to the neutralino pair
production enhance the cross sectiignificantly, and the Kfactor is the most sensitive to the
higgsino/gauginanass parameters and the squark mvasstions In our opinion, outputs of this
study will be helpfulfor deriving more precise bounds on neutralino/chargino masses and
couplings,or in the case of discoverjeadingto determine its propertiés a good sensitivityn

LHC and future hadron colliders.

Key Words: MSSM, Neuralino, Chargino,Gaugino/higgsinodecomposition Squark Gluinas,
Cross section.
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1.GENELBKL GKL ER

1.1.Gi r i K

XIX. yézyéel enXyqgrely@rd &maobeexdnaveee nde ol ukan
ol ay(brEennen b¢t ¢ nNeWtonharekeyyeals adlam@ghaelenkeot | e

yas@&eve elektromagnetik teotlet asvir edi | ebi |Ancaleteknaogk | nané
gel i ksomead ém-doak daha k eauca elde bdhvenlerebu yasalarla
a-akbamayacajé anl aké&l dé aw éoal jyaE] raiki kesahj¢i R ziet e n
gerelilik ve okuarnytad 8a8 & U gp\@dnasandlarley deneyi ile

referans n ebaje&ymmsdaedke | laa zagknacbniytabn & | dwejEee n é n
eyl emsi z sbD$éd&jahet & Alneeh Eiksteid (1905), tndan ve fizik
yasal aréenéen betams eyl @emaemilzemriendey alyarak- @K ana s
mutlak zamark a v r a mé n €°zal @ gliikckktuirraermé n € . Birnt agiaj eart t €n e
yeniikse at om v e atom alte prrlramzekkaygraml adigeénny
gel i ktir L BMeé§&iiennddsxullanckkesikli enerjiseviyelerinik e k f eder ek
bir-ok belir sinzaédkd mandsdantimksuonmuendl dika@nathya
atfenraséenda, Al berlouiskEe BraglieETr wi n NE eWe&ndrBo 9 e 1
Heisenberg,Max Born ve PaulDi r ac 6 € n da aralarénda bul u
insare n € n  k akudotanmmeekanéiyjlia ol.ukt ur ul du

Bu i ki °neml i kuramén (°zel gerelilik v
ujrakt ahuasnanurma Al amé Kal dmeédaAt dmirdyea&neélrma i
durumlardan bir foton salarak dieghknehet pnl
O andan ©°nce ncevaptadaeayasbraay fuanturgalarbku r aylen éevap
bul muButkwram,par - acékl arén yarateél ma HKuantug ok ol
dankurwlm& birli kte alanlarla pgatracéghf{ aoédu
kanét°lydnred ek i her t emel par - acékKuantumaak uant ut
kur amékngmgul amameé de el ektronl arén ve fotonl a
vV e Maxwel | denkl eml erinin b it ulme k&l ierkitlrnoedsiinn
(KED)odir.

P. A. M. Dirac, E. Fer mi ve P. Jordandéeéen

Savakeéneéen bakl amasé i1 e kesintiye uj rayan



sonsuzl ukl ar & Kk abSavaa ko rst duyraaasnéén@izah vl m@ietr & &€ n
gorel. hesap y°nt &mr a méeprdia, a tkalad®doamgead aml a o
elektronun mgretik momentincKK EQIée n gel en k¢ - ¢k kat kéyeée, pe
y a k | a khéeksl agpd saache absiraim derey e | °Vigoi lked®rhansye nr a
kadaru y uk a o a(kuedurmeK EDO6iIin 11l k ve en - ambDpged& bac
taraftan Richard Feynmanyol integrale r i Il e kuant gmémaimadeg?® naleak
perte¢rbasyon a - terimia nfidkesetl yokumunah aanak Yerem Feynman
-izimleriadeéybhwl aam&l an hesap 1kOu4dr3al y®RfFrenaeéa
Tomonaga, KED ign® r e | i f umu hmegrl kaessytgeren! mxkciene r aj men S
nedeniyle -alékmalaraféemngamn IbelkNnt 5 wipalnanad e
Schwinger,R. Feynman veS. Tomonagadéya kuantum el ektrodi
-al ekxmal aré sebebi).¥te M&bBD8abnakdl ¢a n,g év-e ra kl adma l
anl amseéz wemdilinnekieydivalr9 36 yél éna kadar bu sc
temel sorunurb o K I uk kuyt uspélnaénrnsaészé k¢tl e ve el ektror

i naneéelJéSycohrwdiunn.ger ve dijerleri bu sonsuzl ukl
el ektri k vyg¢ k¢ fomksiyorunuat natnuenm| chaléga - i ne at ar ak
ettiler. KIl'k bakékta sonsuzu srenorsaizasyann - € K ¢
denir. Freeman Dyson( 19 4 9) i &deyanfae nidanml ert aga -éka
sonsuzlukl ar énndme rvtyalkalrerdia weméflleam ¢ - ter |

yapél érsa bakka sonqdel uRekal mapcad emeon kB
g¢enden bugeéene dijer kuantumttial an kuraml ar é
1954 il e 1973 kuardumaldnlkeané n cgredis & ktalsidt agyar
al anl| @ergM. &ang ve Robert Mill§1954)t ar af éndan bu/lbunmasé\
al anl. &#addeew e V. Popov (ybl9&t)egtr al dkfeuelmldaanter taeg m
kuanizasyonuile devam edev e kendi | ii] ikadeeéng °ssitneertern kuant
kuramlarénén reamypyamatlegasmebonpinsdlozmagaghar
y°nt e nberardugoe ) Ho Mdrtinus ¥.6&Vel t man taraféndan yap
noktaséna ul aBar gebhbeé &emk] Murd/HE&I-Oxnn ve George
Zweig (1964)t ar a fhéanddraonn | ar én yapénhxd WwesieOCoWar ak Kk
Greenberg (1964)e M. Y. Han ile Y. Nambi1965)t ar af éndan kuar kl ar a
serbestl i k deér escuensualilen@ngseikku vy gk ¢ i edbdlyenl e K me |
ol mayan ayarkuwamutbwm adlg@midieKiler ammteudm. Renk Din

ol ar ak daa U karandaéhradr onl ar é ol uktur an kuar k!l ar



gl ¢yonl ar én al é& nmép an&olitzer, M asldzak deeDn Grésa 19V 3)
taraféeénkdanaimda kuar kl ar araseénd(aka &ad ky dlexa
moment uma s ahispfkuar kyli are cie-ki rk)a d gMangMidsy e f | a d
ayar al anl arfégaenmpaii pgkPgskREROOAdI Nobel . °d¢l ¢
Bununla birlikte b ¢ y ¢ k mesafel erde et ki hue someundan Kid
kuar kl ar s er beBidurumdapselmagoarakedneand cear. é1 ér .

Dijer taraftan, yFdrémidat a bdskiuanadsceékd ek 9 Zada k
czere il eri Ss¢réelen evrenmgeélur Baefmi zatyleif | ek k
1967 yéel éna kadar renormali ze edizhedf | ir
et ki | e paritenink o d @ n nkaramagl @arak T. D. Lee ve C. N. Ya(itp56)ve
deneysel olaralk. S. Wu(1957)t ar a fg&@rsd a&m i | meFse rnndileann i&mdén r a
Feynman ve M. GelMann (195 8)v e k-akByad [é n d(&-R)t f8rmunda
o | u Kk t,wamcakbudhaliyle de renorméize d ej i(lbdii - al ékmal ar éndan
Yangba 1957 yél éndaaNecbdelet%d dlexme !l wer iil-din)
kuatumaankur ain6 061 € vyeéell arda birbirlerinden b
Sal am t agrealfiékntdi&rein ddiil i yenden Simetri bozul
elektromagnetike t ki | ek mel er i HWier i bkeanterwaarkdu K &oka@d | d e
elektrozag kuram(ya daGS W k u abalye@ 9lmayasU2)AU(l)ay ar gr ubu al |
o | uwdu (Glashow, 1961 Weinberg, 1967;Salam 1969. F a k a t b ukurdmi r | e K i

sadece | eptonlarén elektromagneti k ve zay:¢
eksi kti . S1L97L0 y&llaésnhdoaw, J. 'l i gp&kslias ake mlL a
-eKni dej i kriam nGl M emek d minamea & é y Ikaranrkpade @t kIl ar
edildi. Ay ar al anl aré ayar deji kmezl ijJiRmsajl an

kuram& tutarl éeérén &ajflaehma®é mal aré gerekiy
birbiri nédz noPbdiggakisEnglertieR.Broutt ar af éndaayargel i kKt
simetrisinin kendilayadamdmz dmlzairl érasligds ¢ytoll au y K
me k a n iyla gellis é

Soneliyél da t emel par -acéklare va Kakwsek |
enerjili d e n e y Buedeneytere sonueukdena @ d e mii h d it € me | yap
olarak bilinen kuarklarile leptonlarv e dp g re-ralk &€ k fl eBiui nl | dearalelinde
yukaréda tari hsd&luagetumkiamian® ketraene & breaqz aewe
kuvvetl i et kil ekmel erin kur améneé i -eren f

gel i ktirildi. S M, g°zl emlenen maddeyi meyd



par -acékl ar e Ve bunl ar araséendaki ekrelkéarric
SURB)ASU2)AU(1) simetri (ayar) grubilea - é k | ar .

I Standart Model leptonlar Jxk ur ams a |l
— mmm hozonlar
Par -aceéekl ¢ s kuarklar Ideneyl e ||

1880 90 1900 10 20 30 40 50 60 70 80 Q000 12

elektron(€) |_'_| J.J. Thomson

foton(g) [ &

m¢ y M IC. D./Andersor ve $. Neddermeyer

EnN°tring)os =] C. Cowvan ve F.[Reines

mneotr injc B +{IBNL

d kuark =SLAC

skuark = SLAC

u kuark =SLAC

c kuark l={BNL ve SLAC

tau(t) ISLAC

b kuark p={L. M. Lederman|vd

gl ¢yor et DE S|

W bozon [ CERN

Z bozon [ CERN

t kuark CDF veD T [(Fermilab) jessms]

ttn°trin)os Fermilab e ]

Higgs bozonu LHC(CERN!) psst |

kekli | SNebnelmar - acékl ara ilikkin kKakértéce

- iz e URLels2019.(

SM'"in en b¢yeéek bakar éeseé, b temelpar -kaeczé kgl érr a
°czellikl eri il e aralaréndaki et kil ekmel er i
tahmin edebilmesidir¥ y | e k € ki6ld eam | aaKjéél agz er e Ipiamr - @ajce k |
kuramsalo | arak °nceden ©°ng°r ¢l mgk MeedirtsAoymrréacsag n d
50 yélSMOmkeendi | i Ji nldemé | snamaeayar Ybazbdnlayal va
fermiyonlarak ¢ tklaez a n dié-r Hmlagkg s me kda (Higgs,m&e6t Emglert ve
Brout, 1963 i | er i s¢rélen Higgs bozoAuvunupa K¢ Kleene
Ar akt ér madekMEERNEER 4 ¥ ¢ k Hadr os@dad AHQ eCKME &g € c é
ATLAS deneyl er i KILAS Colaborfated i2012CMS i Collgboration,

'Fotonun,k m t araféndan ya da ne zaman kekfedildijini tar
ilikkili geliken fiziksel s¢re-Iler -ok ivyi bili nmekHi



2012 SM i -in bir d °AngaknSMh e k € k 5 e & Jmau et ium .
(birkae y ¢ z kadoen®menh er ol ay é b ¢ ya,-ké kbli aryhaldigakehsidai sjlié k |
i - i mdesocuk(Hi ggs bozonunun k¢t esi koknwlojik | 1 K K i |

g%zl eml er sonucu ewarhaje&ki °neplsgm¢g Iimamddeni n
oltukr an Karanl ek Madde hakkénda °ng®r¢seéenet
i -er memeasn é rwdeé reavnr ensel | i i a - ébyr moddldrBu e k si k|
ve benzer.i p r di®M ¥desilfizkrod eanr adko | aadyridarorhy@a te é ladh é .
Bunl arda8S¢paréHkmekeay yt | ar ,TekBikolariMAT eKourri asméd,d i r .
Sé¢per si met rteoyiler &Ma sétnedsaigien g2 mo&n i Ve bir-o
di jemnden -ok dahateofdn&¢pékanmét mi ; famkael as
beti m enen fermiyonlar Ve b -aamann dineetrileriyler a s € n
birlektiril mek96 @é&lkdianesidmetarni@®2D veyaBU3) nej i n
-eKnNni Si me tzranhaenr is)i nilektmizialhzagaginontriviald bi r i md e
birl ektirebieldeetmek -b inr bsiyrgateddide@oasteravd., 1964
O'Raifeartaigh, 19650'Raifeartaigh196%). P e k g-iorki ki mde nbismine rt, i hme
sadece bozonik kar akytaenril i Liyeap@gt almg mlug n ae e é
olama y a cCalgn@an ve Mandal(1967) 6 n é-g o & n b e @ P is mieBu iedresnin .
getird i J i keéeseéetd armadajnibikiktemlargrs é rialde j i ki ml er i d
fiDerecel endi ridkmilkl alkiger a@iehbaibrill eBCieg/jl lRc&nk ak & o
cebirinin fermiyonik vyg¢ kI e@Golfnmahdeve Likhttanfbi r | e kK
ayneée yel i -erisinde Neveu ve Schwarz ve ay
Wess ve Zuminp 4-boyutlu ilk r enor mal i z e edilebilir sépe
ol u Kkt .uBudun lakabinde lliopoulos ve Ferraradi | er al an kur aml a
éraksamal arén sg¢persimetri k &drrarevd KA74).a ménd a
1975 yHmdgeloplszanski ve Sohnitisa r a f laantimaan k u r @ &oe° -r t
boyutta m¢mke¢n ol an ninuR @irn &a bt®erki  gyeanni éknl deat i
S¢persimetri il e m¢ mkSMO no Inabiilllke c gjeir - gl -sit e
geni kKl et ah mlisni mal S¢Meodeil md tMISISKM) St d®@dr ty é |
Georgi ve SavadDi mopoul os tarh9 E2hdlaer demmerb u diyana
model |l eri arakteéréldék-a ve daha iyi anl akeé
-%zebil dijJi ve probnabmilledie] iyefnar ky akd ialké&iml ar
S¢persi me duficBhial gi goEMé&ismnbdeyer ar ki prob

ol ukt ulKaoave EMajumdar, 1982 k¢etl e -edinm  &telddli e Kim-e|



bar éndér aBbyg Y ¢gtkemelKua mle@BK§° | - ejaiymde - (b&a] leak &am)
sabitl eri ni (Dmopolleswd.,il38EChrenha wde 4993 evrerdeki toplam
maddenin yakl|l ak&kr%ai &ikn iMaadl@d@ertyu panEllisac é k © |
vd.,, 1984 v e bu -al exma i -bind-pedéi gakasSesdpeecresjiimeitzr i
model | errSMale ysnun d a Sbhbhiars | ts ¢pleasé metri k geni K|
Mi ni mal eBik ptandag Madel (MSSM|Nilles, 1984 Haber ve Kane, 1985
ol duk-al é weannaélki z .M8B8SM, S kpgamr- acékl aréna ek
s¢persi ment ( Bk p eerkeldadaei rbiy Higgs ikilisi ( doub | e tvg al an
s¢é¢per Kiemetermmleri i - er en b i MS SriModdiegs dkilisr al anl ar én é |
s ¢ p e r(kiggdinelanileay ar b o z=qgmlea redqgauginolaprkiamr &€ véaml ar é
fin°tradi obhaank 4dadtlama éMj ama n a fichagindlada @ & dur u
verileni K i tane y¢klol ukiemtrl S8 B,Mdubamuyon ve | ept
kor unumunu Rpaijteki §Fayetnl97§ Eayet, 1977 Farrar ve Fayet, 1978
Fayet, 1979 a d\e&rilen yeni bir kesikli simetriye sahiptir. Bu simetrinin korunumu
durumunda e n hafif s¢persimetrik psag p earcEeikme ¢ E |
paacé&n albozunum zi ncialiBuseheplezay & fona nkeatkliyeld eik e
birpar - ackEHSP,Kdraann| ék Madde advaSySEMOoodieardd K i kKth @
sahip en uygun aday n  h a Alinotlur (dubgimarvd., 1996 Griest ve Kamionkowski,
2000. N°t ralinol aréen vehi ghbargbnalyare&me mgau giinpa
mekani hm&d&enda ol duk- a °Delmd shaydbaarl -ga d &kl air -
fenomonolgk vedeneyselolarak r akt ér €l masie ol duk-a ©°nemlid
Gienemgvze gel ecekte ymapred aaske IpdaRlirzdedd&arnrkelced
de CERNG,dneykainén en b¢gye¢k ve en gkbHRE@ par -
° nceloil lkalria k ar akanéane |l mas@l, afrMa ik ms ésnodcaunl ar €
eksi kliklerine getirdif5ji -%z¢omiiemdieynan dao e la y E
deneylerde (LHC, Tevatron, DESY, LEP, vb héz | andéme& c éylaazrédka ) ki
S¢per  inmat rviar [herfjaggn bir kal@ai r e |l dd. Be deandylerdea
sspersi metrilke¢ iplaeatme k& eagetiehir(Olive vd., 2014 URL-2,
2014 URL-3, 2019. Bu deneylerdea ] € r | € kK wea rckll aarraekn  sskalpre r e K | e
kuarklarve gl ¢ yonl ar én sg¢perobmakersizeokamegkye wicrka g
arakter eATmMexks eve CMS grupl ar én dormarr afké& red ama | @
sonucunda ilk iki nesilkalerkuard a v @ nygilnéo | ar & nl-2k ¢TtelVe Icaltvianreé n d
sénér getrijdig ATLAS Collaboration, 2013ATLAS Collaboration, 204% CMS



Collaboration, 2@4). B u séneéerl ar dinkkkatad i abénandeéehneéendea,
dojrudan credimers¢pard @cékl ar émahia etbiamke&m
qur.ﬁDo]azd),IeréIkafifg,-g,nnesﬂ g persipert-rakaRtaatéamolve
charginolaé bi r ka- 6y W &t GeVYe sahip ol nyarlBarbigéiveger e k't
Giudice, 1988 Carlos ve Casas, 199%han vd., 1998 Bun un ¢ deagyseln d a
ar akt ekamrd legprt ,ons¢ ar én, n°tralinolarén ve cha
y 0] u nATaAStCaellabpration, 201% CMS Cdlaboration, 201% CMS Collaboration,
2014). Ar al ék 200906dai npmot-oar pé&&rme & g miggs € n a b
bozonunun kekxfsdislt mensigginceadkiemesi i -in ver
Nisan2 0 1 5a6-tédl lA@O,pirmt d milcaerké n ed arhaaz ayr¢akns ek ener j i
hezl and&r&l{ileldeceokn 8 TeV k¢gtl e merkezi ener
1314 TeV enerjisi ngded idkidjnip &bkit [eB @ yhkneh doend i€a)l t &
d¢nyasénén kKimdiye kaidair noaelre thdanal@dcakmea [b&@ | g €
bel ki de S¢ pranr ke urfeit me d dtjyesoyréd st asvi r edebi |
ol mad e ] ileralde ediebileaektir

Bu - adbh,gxiar éda s ° zegrindendnenh eéeleneyselSe;lpleirksli me t r
ar akt adaoldau ka-raé ° ne ml maly & rdeo ldmyiéirppl olnol ar ve ¢

czerine yBYy wajl laxmedoabe&d .ot on - arpékmasénda i ki

(7]

o reppge @ i;”GJ” (tek-ilmek seviyesinde) vp pg g© G"G]" (tek-ilmek seviyesinde),

K i chargi nppqog,ﬁt’e‘dJ ventekrs % trrexlii no ¢sppggt Q@ &g, s¢ér e - |

©

g g© &, p pogee© G"GJ ve p pg g° G6'g (tekilmek seviyesinde) MSSM

er - evheeri malreg i bir k eéséet | amgiyerypaaraetrateanins € z € n
cebirsel ol arak t er s higgsinot i (HDegaugined ¢ fGIr u el d
vek ar eur@mm(KD) senaryb air -eaym € nt é incelendi.A & r & &k senarydar
lekarkeéel akt ér ma Cygnatained MSSM (GB&SS&y (Crmmseddine vd.,

1982 Arnowitt ve Nath, 1992Kane vd., 199% - dehesaplay a p.é | d é

Protonpr ot on - ar p é kK ma(ekidlmek seviyedinde), rki°chargamd ven o

t ek n°O%trreatliimmio i -in daha °©°ncedenBegnakhkeevdan - a
(19996 ni n yaptej enSUSRAKkmadla&|l i nde Tevatron ve
n°tralino/chargino ¢r et iKnRDs ¢dréeez-el RROBBHNG rg e l(e

’Knce ayami@fghnebir model deki parametrelerie (@l zl er
hassas ol arak ayarl anmaséné sajlar. Yapélan bu ayarl



programé il e) i ncelenmik ol-4fp digrzel é&mdheni
sorucu - ekyavde(ROBOpamri .n mMSUGRA -er-gkygoenndar geég
aracel éejeéeyla iki n°tralino ¢retiminin ince

cretim tesir-k&rewsétt| enank epak k 6 em&kséggas} anal

ol duju i fade ediliyor. Ancak bu -al éxkmal ar
k¢etl el eri Il -in LHCOdeki deneyl erin g¢ncel S
Gounarisvd. (2004) n,iteki | mek sevi yesi | ogaritmi k éxkeén

alarak kuarkk ar k €t kuar k yok ol masé arac@gll gjyoewnl a

sa-€eél masénda i ki n°tralino ¢retimimai i ncel
géendeheysel sonu-| anSUGRROen éché kSIPaSnimé Kk SaPl Sadn v I
noktalaré i-in verilmektedir.

Hong vd. (20009 n i Drell-Y a n s¢re-1loer aracel ejeyl a i
arakteéerél maséedé@a - gPhaemada,yapteijl iM, ggetim t
par ametr el eroilndeu kb aajol kedl uéyj aét nvéurCagkacdk ach @G04 re .

ait -atkPamgdao -i ft ¢ I e tfi anzi | nadreé msagept ekr rsB ermest kr
czellekbrkdre fazénén, far k|l é& t ¢crdeki chargin
erikilebilirlik kazandéjé ve gaugino k¢t e
czerine °nemld. bir et ki yDebove adh (20D®) il magap € €]
-al ekmhddron -arpéektérécélaréenda n°tralino
gaugino/ Higgsino karékeme ile demet Kkutupl a

Baer vd. (19909 n ipnotonp r ot on -arpekmasénda <chargi-t
gl ¢yino veya skaler kuark ¢retiminin incel

tesir kesitlerinin skaler kuar kewage gdligma né@n
raj men °neml. o IBergefjvd. (2D0@eed ea i @ d i- lail yyakrma da, ¢ h
il e birli kte gl ¢yino creti mi, r e-n & k uykeuk | ¢
kat kél aréndan olliewan diel mee&ks adbgaz ed atmel ar ak r
inceleniyor.Gounarisvd. (20059 ni n y apt é] &kilmek lse¥iyesn fogaatmik s e

é€kénéemsal de¢ zenl®ttmeallernio i¢-reerteinm tseskr e -6l@enr i ni n
SPSla, SPSlaa, Vvb. vepligor. Bimothvd. (011 o k th a-jpratcoé& oin- i n
-arpékmasénda skaler kuark il e nMADGOEMI no ¢
programeée il e) hesapelladéjné t-easliérk maealsi,t |deirzienle
sajl adeéej é iAflamadhevd. €201l niiqyd® 6q © 66 S ¢ I e c i ile LH

sé¢persi metriok monoj et Sreti miniada, momete | e n me



ol ayl ar én gluarkk u@tr kaleitrko | exme teriminin beli
monojet sinyalinin uygulanabilirlifji tart éx
Bu -aT éelxlag mden BI luldminkt anil@adak mgnkpj bt
a-eéesSMkhanac aerekM teSitgenif i zi J i n ageeklik & FS&Mbmans é n é
eksikleriveriliyor ( b ° 11.2.B° | .8 tseper scenleit rii yl e bakl ayan
abelyen e abelyen olmayan ayag r u pil air® s ¢ ¢persi metrik Lagrt
edilmesiyle son bulan bir yaklenerek S¢, per si met maiy rlééa kiEicipglia ver i
Bel ¢dndt e °ncekilubPtugmdan os¢ penlesk met an &l alraa
MSSMO6iIi n yamwmeB®|l Zumprotonpr ot on - arpékmaseénda i

charginov e t e k ¢nroetsrianhei -nl 6eeryi main- i -@inditik tedir kesitlerj, ve

sayeésalnhssaplaomale akilb@l | praglaanmet r el er nbdej sehary
veriliyor. B © 30 ¢ tesir kesitlerins ay € s a | sonu-1| arile vemdegek i | | er
irdeleniyor Buradan- € k an ,sBPn w-mveadiigot. e B°Sve6d diase séraseéey
yapélan ©°neril er, (yarlSloaan éollaanr &kdheBlalbgima r als & Kk
kul | ggPé&sltenbiaméev ¢ e me | bajéentediam ,t sr,@teir Ismenwit

karkeéel akél an hesaplarén ara i kKl ewydreri ve MS

1.2. Standart Model ve Problemleri

SM, SU3)ASU2) AUy i - si metri g rduebjui wanRzéndar ® e |
grubunun uzagaman 8 n ¢ kK ¢ ml ear igl albtad nddej i kmez ol an r ¢

kuantum al atne meur apreéry-laac @R Irar t @mas € nedtakkiil e Kk n

(kuvvetl i, zayef v e détimleyen birmadgldirBana d® reet ki | €
kuvvetl SW(3ci ayae robel Izeeyr € f vV e el ektromagnetik
kar makék bir Hi ggs i kilisi apargube UBJneéy!l a

korunumluk al ac ak kKekil de B2 AU(l)yiayar grdoaum yebeb z u | an
d° n¢ K éamltedreifl @& kK melagrakjigenlar nlebetimlenit S M6 d e k i her bir

etkil ekmenin Lagranjiyeni hangi Simetri d
don¢gkegmler i ol ukturan simetr.i grubuyl a tan
ol ar ak a$ Md beslarayarig@bunun yerad © n ¢ kK ¢ ml er i altéendak
gereksini mi, Lag(hoyvegend aggpeléalveaed @aé kv
alarfaré n &spinl) e k| enmesi ni Kartlaakmkmapgde gabanl dué

et kil ekme bi-imini d Abelgen plmayadSb(B). gd aufbruu yad t EEenldi
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yer el dej] i Kmegzglni k a | a8rbéutnd naemrklay lile olan kuvvetli
et ki | ekvere IBemizreir Keki |l deveelzeaktytlerifd neargmdditeinke K i
teorisindeki el ekt iS2)AYB a yeatrk i g ewme | ed it é nd

dej i Knyeszklli¢ck ,ve y¢dg-sigfzt lackneimmh agadi)i 2) ybel bajil a
Wg (=1, 2, 3) alanlaréemm ive |l gaok sng =z alt(k) éckiisi b ea b a ]
olanBsal anéné o BuraddVgveBs&lkeakrterrozayef °zduruml ar

©zdur bmindra@ én kar éexElméhtdrink ey dlel @& dsdvg € f avy
Ws, WstveWg?al anl ar énén dojrusal bfoten gevkei nyi¢ kosléazr e
z a yayaf bozonlZs, Wg'veBsal anl ar énén bir kaUW®,8@amendan

ve SUQ) ayar simetrilei, s € r az & Wésfay ¢ RY), zayef(l)viezeosemnhkh y¢k
Korunumuna kBermed | ékargeallgikrk.e B damtuu/m s)ayeéel ar
hangisingfangilerinesahipiseo vy ¢ k| i klkei | i ayar grubunun aya
et killet. Axr éca abelyaed3U2ovedBYyanar( gr bepnlemené i | e
ayar al anl adeéet Kieln-a@anl kedr e lyd eayar grupl arénén
Tablo 16 dW{1), SU?2) ve SUQ3) ayargrupl a riréyeréld © n ¢ k Ml erer @), i ci | er

ayar par-acéklarée ve kuvvet alan tens°rleri

Tablo 1. Standart Modelird(1), SU2)veSU3) ayarg r u p | az elnléink | er i

uU(1) SU(2) SU(3)
Elektromagnetiletk Zayeéefki | ekn Kuvvetliet ki | ek
vy, o i9ia()Y/2 . igak(x) /2 & igsa®(x) K/2

T |y (k=1);¢ s t ¢ n s, (k=1,2,3), Paulimatrideri | /, (k=1,..,8)Gell-Mann mat.

Ay B é¢stenye|W:3 vektor b|G;8gl ¢gabané
F:m I"lmBn - & H,;)N/l; - ka geklmwwﬂ umGl; - ﬁkmgs_fklmGIQ;n

SMéye g°re teymeklarpayk-uaaarekk [der ktualr «cg i kuar
acayip kuarkg) ¢ S tt) vekalt kuarkl)) ( ol mak ¢zere 6 ted,ne kua
m¢ y om, tag ¢) el ektraon, nfhigyomaog Utvrei ntoasuur)n(® t r i n
ol mak 6tamedeptedanv e her birinin Kk artoplamda2ptane- ac €]
spini 1/2olanf er mi yondEblo20od @ k g? st er padi+ ak € tgli éh e rbiu
dekénda dijer b¢eten ©°zell i kl eri Kkaiymcgi on easni



11

par-acéklarée Dbirinciden ve ayneée kKKekkinlcde vee-
(- ¢éNnNcy¢ -neecsé@kdd raqmagrs € z dlidu klcar emrecsad upvabu- ac é kl
sebeplee vr endeki gstardéenceer bmardidnec i o le s Bukadadh\gNj - a ¢ € k
vebNg éraséeyl a aka] &, elaeckatyfd agpzl awen el att €k unserkk é;nz e
bunlkagtélne I° a(d &vebyCKM matrisiile elde edilir.

Tablo2. Standart Modétlefermiyona | arvleara& ar gr ubu g°steri ml

Fermiyonlar | 1.Nesil 2.Nesil 3.Nesilf Q[e] Tz | SU3)c SUR2). U(1l)y
au, 6 ga ot 213 1/2

N A e 5 3 2 13

ks cdi 2 s& -1/3 -1/2

3| v Ug ce. ty |23 0 3 1 413
ye d S b, |-113 0 3 1 -2/3

- av, 0 Vg ov 0 -12

S ¢& + M+t

(o

2| ye e m |1 o 1 1 -2

Sote |l I'i ys=p2(ln@yves agl | i ys=p/2(Ir@y ol mak SYer e

ayar grubel &it ¢ edani y o kelli eermiyanlaritekliled omrak temsil s aj
edilir. Bununla birikte SU3)-gr ubu al t & n teraveléptorartéklilea malinge- | ¢
sénéflLlegpnéorn. ve kuar k|l &f@)éagar grube katygesf tk ¢ nyyeckkl ¢e r v e
SU2). ayar grubu zayeéf i zos pi @FlmY233GelbMahne Kk e n i
Nishijimafor m¢b aj € nilegesile.y | a

SM par -neetrandi hya bozoh ar € areatckéilléegkétyiljai dol aseé
et ki | e Kk melk ellk2d drematize edilerekburadaor t a s ér ada ayar b
almaka d é r vV e her hangi K p-air zigiceansl eddiy as é nd:
gesteri Kmakkédirr zayeéef kuvetlie k k ir ipapaekgriemonlark v e
zayef ve n°trinol ar haricind2aydfekay@maboe
WNzayéf i zospine ve kuvvetl. et kil ekmel erir
ol dukl aréndan dol ayéWFkaeynadi | beor zi oynl | ea rdée aertakciéll e
etkil ekmel erde par-aceéeklarén iexeijskide] ioki
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leptonlar

kuarklar

Higgs bozonu

kelki | SM6i n par - aectékil lagkemelrersiémidm kk e ma

(URL-4, 2014
Ayar dejikmezlik gereksinimden dol ayé ay
ve -allixakstl e terimlerdi L aFgerrami jyioynel nadrea yvaez éd yaant:

ke¢tl e kaiz-ainmd éameadcka © zgy¢

&H*
H -3 (11)

formundaSU2), ikilisi olan birk ar mapim® k al ané ( Hi g Ascakadbli an é)
al anén ortaya - é&k3o@psA&1y ay anr ssaihmet roilsuinnainn
keréel masé ddedr g Kinrd.e nl Knemn¢ggstarliank& eriée i n yazél
p o

kéracak «kOekall alrel asrpéinnd a(i’) syéf késr¢dzana lfaarré&kn &€ b o k
dejerine s ahriipne o | dr@ly2eAE WY W(1)em (elektromagnetik
etkilekmel ekekR|l apyde geuvubekl eken kendili]inct

tansiyelin en d¢ K¢k enerjili durumunda

bokl!l uk bekl enen dejeri etraféw%l\aezol—a'yaggs al
par -lcadv@ikk bekl eaenr def el é kgltkhdaa& nBunelika rl d e

birlikte Higgs alanén kendisiyle etkilekme:
Dijer tkimat #erimiycmlar,Hi g g s altamle bilr bieki mkigt leet k
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kazan¥tuKeawa dtekiil eodiamak bil neeonl @oajeédrké | be
bir kural yoktur veSM Lagranjiyenired € K a ekerdra n

Yakl akek y¢gzyélder devam e daexkma maasdéEdedmi ng eyl
sonnoktdaSM g°r ¢nmesi ne r ajdemysel fdn@nersolojik gedeonrik o | d uj
konul a.Bunarac&SMooildhg kg k °énekjldefiridesonu-1ar ve
°]l -ajekl ék getirebil en yebnaik kfai zbiijri nd eeyfi exkl tei f
teorinin d¢ K¢k enegl meklt$evibiitrn. lod rdwug§ u k aré k&)
problemler ve eksiklikler v e Sé¢persimetri 6nion bauknal jaérdaa g

verilmektedir:

T Makroskopik ol ar ak genel gko¢rtellel | i-le k ikm
et kil ek B&b d ekuantinmalank ur mé@m@e n¢ z KkKur ul pmamaik é&l r
fizijJinin evr elmsyd R i jbii tir.akg&ksé@rkddekkem bil i n

kuvvetetd en ol duk - a dgz &kysdefit u in@lekirangaetik kuvvetten 10
kat dahSaMozetkiler ihmal edilir. Ancak Ranck k ¢ t°11 e @p=GyY>~10"
GeV)civakgnhnda et &kiemroledl uk - @1 gngs E¢ s e°ble-beikytlee |
g%z altemez.Bug¢ne yhpé&kban e -eki mini SMéye ekl

ver memi Ktir. Kitlde -4 ehiamglabhwwe thiami nhii ylee mtr ik
probl emi nedeni yl e SiMbti iny & -tBaBul yadlaeldain yan i- ofki
vaat edenl eri S¢persi metr i il e S¢per Sicim

T SMi n tut ar | élekivokgmafs € sii me inr ieniiknki ikkggs €1 mas
bozonunun k ¢t I%ls-ie(ne pertébesmade)o d yn&afl SIMd&ré s éndan
bul macanén s weel HCOker § eHiggsllbezonounk ¢ till € §0.47 N
GeV (Particle Data Grou2014 olarak verilmektedirBununla birlikte Higgs bozonaun
k ¢ trdeekendisinlk uadr ati k et ki | ek nyalesfermiyordaglanolan ay ar
et ki | ek nefilmek (loop)kweam um d¢ z el tHiggslbezonnun g & kLt t e s i ne
ékéneéemsal d¢zelt melhsrabeamdameklear kiat k#® | ayraere
momentum ¢zerinden d°rt sboonysuutzlluu kil ratr eg rda¢l zl eer
yeni fizijin dahil ol duj u sR)ikesilirvé integkaltere ( mo r
hesapkelBdéire. gesterildiji givbnémekarmesi nd med]
elde edilir (buradd,/ve g séraséyla Hidggs entumk 3§ ad Kt dne &k
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k e IBiSIM6 Higgsbozonunun  k ¢ t tékénsek kuantumd ¢, keneelernden gelen
kat kel ar

kat kél arénén sadece baskén ol an késeéemlare

kar esi i -1 n,

e, @ E AR 26 B (12

elde edilmekte olugk uant um d¢ zelkuadratikelt ar aak t &an eelks ad €]
gor ¢l mabr edesi kesi m s eé-nerrléi lyi¢gjkiSmib dknakyPheeadSairk
k ¢ t°ll e e Radan(®p=Gy*>~10"° Ge V) ge -feur Iviarosladyue| ér sa mor
°] - e §uF10°GeV dej e Budursnedaami kuantumd ¢ z e | tHiggsl er i
bozonumn k ¢ t | e soil ndduekn- a  (@agi\t ¢n¥)t Basit bir hesapla, Higgs
bozonumn k ¢ t |yeaskil a’K1&°GeV) mert ebesi ndeyken ikuant u

sSw=Mp i - iO0°GeV) mertebesindedirBu, Higgs bozonoun k ¢t 1l esi ni n Kk

d¢zel t mel eri aalatresmedza od ld&ig kukar grsaéa z2lré kt. an Kk
Higgs bozonoun  k ¢t | esi n'ed oyfakull aukk8 ka 1iOn cfekathyadojy ap é |
d e j i (Buddman, 200y Bu durum d o j a\a ldairnce-ayar problemiolarg bilinir.

Bununl a il i kKk°Il-ie jpalcaiBBa %I, - &) ia8ht iekl¢-tdjei olkd e n
-0k b¢e¢yeEuw=tMhpmag&e aral aréenth- i amiem| amma né
ol mashé yieser kol pr ol | &ddinbergd BT798usskind, 1979Di | er
taraftam f er mi yonl ar v, & raaylarv eb ozyarl asémetril erir

dol ayée k¢tlelerine gelen dg¢ z%eylltemeklie rlatue dkguzaed
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kesm °| -ejinin | ogaAncakmarmsléanér logtalngléed reid ei g
bekl enen dejerine bajl e ol dujundan, Hi ggs
dojrudan ya da dolMaryn)281).ol arak et kil enirler
Sé¢persimetri 6de par -sapciérkll earrié nd évkeé nsdéap ed iejk
ayne ol duju dekenegl deg] ¢nde (s¢persimetrini
dojrudarn!l dragranj i yende s¢per ekl errien aeytnkei |
Feynman -izi mleriké@n vfearemiekd raor kbaurneamikearri e b g
i -in bozon ve fermiyon -evrDarllaséay Ike,trkoh Irdre
fermiyoarile bozoni k d¢ e exkMn@r i ayar b demmyonlkar & i |
s¢e¢perexklogd i sanmi ve Higgs ildfemigomk ag per exl Bri
|/M, = ogng olur. Bu durum pert ¢rbasyon a-é€&l é@émeéliggdaki t
k¢tl esi ne geekl aeanmakl uaarder aa Ariéakdmm- &kcd kdlearélra ayn

sahipolans ¢ per ekl eri n denweaeny ke r@yskaggqzd re-md ceénk | ar é

edi | di i enerji aral éj éendsa, pedgppemerirenini de K
simetriol dujg@msda er i r . S¢persimetridnin kendili]
ve s¢gperexki araséendBolkagsptagl-da@aekévae seglpep e

kuantum drizrel|l t mgloémay&mp- acékl aek éni rkignn | € arkla
orantta@in@prmjyon il eYnifrer mi glw)o! idui dMda m

hiyerarki probl eminédi yazatr ayna obl wruak r- yaas pké¢l - ngak
gerekenincay ar mi kt ag®r SMoédalka nmakul °1I -¢dedir.

T Parkatizhedefiermdem i ri de temteudt a&rtlké | texkmeb ier
modelal t énda biSMJlheekrt ibrimeiktayr. e ayr e ¢set Kialr&kd rae
ayar grubunur ar pémdrukaeam bir ayar alan kurmamé ol n
anl amayllektiril ememiktir: El SW2) AWvaagan et i k
gr ubu altéenda &elektrozayef et kil ekmel er ol
i ki si nde nSU3)wayargruloulylabetanlenir.

B¢eyeéek Pat | agmiar eT eboarkilsainngege - anénda sadece Db
b u kuvvetin geni Kl eyen ve sojuyan evrende
olukturduju dikkate alénérsa tekrar y ¢ ks ek
birlekecejini dhek| &Méklempmk kmvvetl erin b¢y,
il e orantéleée ol arak hesaplaneér. Bundan dol

(Ross,1989) bilinen t¢gm temel et ki | ek eakenetji¢g r | er |
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°] -ejinde tek bir noktada birl exkmesini v e
enerjilerde ilmekmer t ebesi nden gelen katkeéel ar °nem
grup denklemle i (RGD) g°z Bu¢(!baj bamdamal 8 M-dmek MSSM

1
o
O%

D

~— 5] MSSM

LI R R SR e B UL R L L L U
1 10° 1010 {0*® 1 10° 10'° 10"°
Enerji [GeV] Enerji [GeV]

kekd | SM ve BlES-Mofdtel eni mensrjali-tdgetrneni chej i Kir

(URL-5, 2019.
RGD kull anéel arak hesaplanan etkin (running
dg i Kk mkddbtveer i | mekt edi r . Bur adan, SMéde, Z a)
etkilekmelerinin -iftlenim sabitlerinin bir
birl ekmedi ]I g°r ¢hme kMIMadde Bsugnmmer Eameer i k
etkilerinin de hesaba kat él maseéeyl a, .- tem

°]l -ejine -ékel deFedVndhe] eyrdknldaek ékbildirl eri ne
nokt ada bi Drhopaulosevd. t1e88 i r (

T SM,I| eptonl ar ék ¢vtd ek wearnklda&rk@&nda di j¢eer be¢t
nesilile gr upl dakat e e & r | sayéseée ilya daislegiélrildabder m:
bulunamaz Bakka hunesiil deyi keej sbnde kararl & ol an
di jkir nesil e neden gerek duyuldujunhixkidal
her hangi bir a- ekAwpmac gue $Ma re-beearekkit eerda m . k ¢t |
neden b¢y¢kadfear lslo @@ akelidil®cevap verememektedir

T Karanl e KMMaed dicar an(KE)ik agmakij ar ené belir]
tutarl é bir kur ams al mo d e | -er-evesinde k

par-acék fizijairmikn éevenak azmamladjaismehdageéenk al :
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Astrofizi ksel -al ékmal ar son-Ge kmdla | asreé n
y°re¢nges &l t heé z indmaekdesesikileri (Clowe vd., 200§ ya da kozmik
mikrodalga arka@n € K € ma s € n d a k ié (WMAR Qokabosatnom a&200Z Rlanck
Collaboration, 2018 vb. ° | ergkl g° z|1 em|l madbeden farkl e bir
varl éj éna edai e dkHamegka alray najba bnaldidremey efinkKka r
Maddeo adé KMrii mekiyadgigenetdlidrexke,n zZawdfe-la
(WIMP) (Steigman ve Turner, 198% ng°rikud ¢anki t anhirmi nk gtr |, e seivr
%26.8fNINK M6 deelnu kt uj u .lkzezeky@mderdibecy ek sérl ar énde
b¢yeék bo1l ¢m¢nyg kapl ad®], &' dr KrEkalrlaaaml téksVdEbn en
Ul usl ar ar as e (28158 & t cad ma- &Gk aurbaul d é

Ayr . éuzaks ¢ p e taniovian waerEell arf lk-aymlaeve banzére n
ar akt er (duermovadSearch Team Collaboration, 1988pernova Cosmology
Project Collaboration, 1999e vr eni n heé z | atesgtredildi GQgzine mill ede B ii |
maddai n ke¢etl e -ekim kuvvetl eri birbirlerini

geni Kl eme hézéné Byauaklaktsiaeé ag mx@phi a- ékl a

i -1 n, evr eniehksi bhaesre nt h € aKB® imrE re ncea lj u ol.mase (
Tahminlee g ° r e idvrandekiroplan maddenin@3 &n¢ ol ukt ur ur . Bu
yojunl uju, uy gt merébesndedrl @ysaMed ah0 |1 pek -ok m
bokleunker j i si I -1 n tahmini, akKgEnié- i bi r i BEnl res tde

denklemindekik z mo |l oj i k sabit en baisit aday ol ar ak
SM, evr endednn%4 8 p & -aaenk kygrkehderiyé kalark & s(yamn

KM ve KE) ile ilgili netb i r °ng°r¢de veyaz Balki&l &mzcaeh

bahsedi |l diJi ¢sahepr ofl u [FRypariesi sayasiedtKrMi 1 eni hafif

s¢é¢per si met radakolappkalrniPgaektedir&Ss ¢ per si met mi $del ar én
bozonl ar én araseéendaki simetriden dol aye
S¢persi mendi o mnil mrasseemu kemedca ané farkl & -ok k¢
enerji si ol ukur . Bu durum Karanl ék Enerji
sajl ar.

TEvrenin baklangécénda madde/ kar SNt ma d c
evreninb a K | a n gm@a ke /akdde giketrisni n of dgf umasi ne r aj
g°zI| emlvereeni n neden sadece maddeden ol uktu]j
SMmadde/ kar két madde aag,ilkkeztyg k Kianche mpialrermclgj ¢
bozunumunda tespit edile(Christenson vd., 1964v e Kkuar k|l ar én zayeéf


http://tr.wikipedia.org/w/index.php?title=S%C3%BCpernovan%C4%B1n&action=edit&redlink=1
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kar eékeéml ar é nd,yn-pkanme (CB)simetsinigle ® 2 un |i nhaes @aktadl k&  a
(Sakharov, 196/f a k a't bu yolla el dmadeéeei mekht anmaedar a
oran,evr ende g°zl eml enen dej er | ¥eni kC®P yfak alr&n d €]
baréndéram maoadelyluxkrmayé sajBamasedodbrkISepmek
oldikk- a z erPgyil redikri s¢persimetri k gareacé&lt &ed.
bozulumununmi kt ar én €EERNOGIdEDErdeneyl eri yl e ma d d €
asimetrisinn kaynaj & o lC®boaulumybiakkd me IBe nmezonl aré ol r
me z 0 nlboaunuinkanalaré n d a alkm& k tlba deaaylerle ilgili sonu | &JRL-6(

2014 Overdiyor).

Yukaréeda s°z¢ edilegs-¢eélgsiCkP ikl ebleenek (onli
et ki | e K meokuamuwye r P me z ? ) n°tri(nsodlaé&reénm ky;a fd tee
deneyl erce i spéant | am&n kp2tki ndé arol s a k¢t
bilinmektedir) kozmolojik sabit problem{ yaygén bir varsayém vakul
kozmol oj i k s adbei tSeMobeikni ta -oélknhaasyéayma déej &€ ya da
probl emler aragardad&MOoi @G° bhal kejkd iyl e son

tam bir teorinin olabilecejine dair yeterl:]

13.S¢persimetri

S¢persimetri farkl é istati ksel ahlarj €1 & ml
araseéendaki dzanmamenetileriyla birke 2 i yne s | filkriijlere daya
ifadeyle mzonladanfermiyonlam v e f er mi yonl ardansbhpkapbhnar ¢
bir simetridir.S ¢ p e r €de mehterri b i r Ip2asrp-i anc &f kaar skRElydEai& ) (¢, z er e
di j er kauyaénitaurne aynesabiptimn bir s¢gperecx

Sé¢persi metr i mant €] a uygun bir ayar t e
kavramlaréna herhangiS¢penr $ ninBdd@itin dkiedns iglet i r
-%z¢muemasé ve di] erortagakond masié sthe br ioll aakitur

a-éséendan ol duk-a ©°neml:. bir teoridir.
Sonr aki al t bol ¢ ml ebiridgenil k|l eotlial rnaeksei meal\e & u
sonucundas ¢ per si metri cebirininmubbdkkbenulsppee al

abelyen ve abelyenobmy an ayar grupl agéanjigeslper sl me
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131S¢persimetri Ceb

Noether teoremineg © rher birs ¢ r e k | i Si methg¢ ywdek lkea r Kk &loér k
gelmesi vef i zi k vy sisetilerms e h@anyangse °n¢gnde bul undur
ewenin temel ilkelerim anlk € | masmem k a v r alme u®kn earrl B idr s¢r ekl |
simetri bir ya dadaha fazlgp ar a me t r cdapile. b¥arjnke€] bayutl u bir d
veya °©ttealneémdyyaimak i - i ha - eesaepasameiredimerak duywur. (

Bu te¢r dPngxyenktedr al t énda

x- %i=RJ 0z (1.3)

keklinde d° RJk3I.| piRdT mmea matri s iROi=10gd st er i

Di J eaftant ve P, (i =1, 2, 3) séraséemal dP nmel,eritmcyw
¢, Z ekwaatum mekanigel bir sistemi -b wn t ¢r  d(YXedkugnulmeur i - i n)
y(®) - wi(%) =%ty (14)

ile verilir. Buradaki¢, r et,veirli ¢en durumun dollmasléamaéfaspni aj

her hangi bir durum i -1in

&R g0 JgJ =iged vegh.J gigk (19

séraddojaijeinmel ar B mnzé ks ayjald&nt lmaeré n°étne | e me sSi met
uy mas é nhertiangi ibigfikilesel teorinin Lagranjiyen bu d°enr¢ kKgimt € nd
deji kmez ol mal eder .

Buraya kadarverilenlerf i zi ks el tyeterlidir tfadad dalb iyisi simatri
grubunu gyap &ll Keéntetnaarkk u r a nPémednal isahiy @an simetri
guby Lorent z grubu SESAWRKY miver i°ntiel @eil ecar & -

grubu ol,mak ¢zere

X"- ™= LR "a (1.6)
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keklinded ° n ¢ Kgt ebr Peli ndan®k¢meneg t awidgimi’anakéeti - i

simetri k t ens °6&taneLlionerdziparametresi(@ Bonsedarametregi ve

3 donme)w4danaia’)°t el e me p agrearneekt BAagrildeéerez Lor e n
grubud ®© n ¢ K ¢ ml er i ¢ - do(nzneenhaenrs avle y¢ia- dbao ohsétall adré k
czere alteé tBunlamMErM tkiac-skiénteter igki heinsden yaz
¥tel emel er i -¢grne Piiecar @&we M™ ntiacneel i k| ereir-t $ r as
momentum ve genellextirilmik a-eée&sal mo me n |

etti kIl eréis eéanlaa nbean éyeadmelr/$a iranl badnrég rie-tiinci | er

PP=I M it ik - figg+ o

1.7

ileveriir Buna karkén skM{oekir bpinalbae itiwrkili S
Herhangibir fal a (&) ° n ¢ kK ¢ ml kidie] a Kk i%@medla &kfliddp dlear a
i -erecek kekil de

. . ia™P

)] °tel eema(er (=€ 7 (R (1.8)

.. iW{Wan .

i) Lorenz gr ubu d° nfexk ¢ MX) = i I (R n (1.9)
ol ar ak ySigaee ROAW}irla@tri ci |l er i -in f&lua h epme&shéanyna g °
bdjeld®j e udan anl akeéel ér dejildir

Poi ngrubunen cebii - (LA ve [, Pl=Tig°°e ki t |l iji PkveaMT aneél ai

creti callaenrliariém yapéesemaaeapampenmsaréeol an

QP”’,P’7 HO,
&P M7 gi(g P g PY, (1.10)
ngﬁ’M /'SEI(g Mf _/@S MHS gmM mg+ MS)

elde edilirBu b aj @7Na critem M™¢nspin il e il inokg | i SO

ol mamaséna g¢g°ll®dae] i kmemli egfajecd dtc§gda ¢zere ©
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Lorentz grubu d° retgilersbmdirleriyle entdleik ldie vegibubliid 4 k - a
°nemlidir.

(1.3)Gen (1.6)6 d a k i giemety&igype an i Kl em si metri gr
cretdi ek yelduaBk® y |l keocoer di n a fr:EAigrée s &ni vadehx®mn ¢ n 4
bil ekeni vardeér . Ayné zama fMfae Jyielnii k kirleit i @l
ortaya -ékte

Fizik neg@esahsaea®trisinlyasiaj bk sP8veiM@albne r i
Poingmauk®u alténda gkovie@iny d n 1 me kK ¢ le dimgtrinin Do | a s
dahadageni kl eti | mesinin m¢ mKk ¢ n ol up ol madej é
sorunun cevabé a-é&k+ameépeEaldan SUgbkbir dyra.r
ayar grTu@u, Ni1) ne¢lreertii cdkl enir. Sonl uNblir aya

tanew par ametresi e’ biaq il @i rodOgsakgbduz étl ¢érr .fimer geni
yeni creticiler °ncekliolbguij,me i a fEteijswidim: e r i | e

gre. T° gif*™T: TRP” =Qvegl’,M"" go (112

Bu durum geinmatlreitidmilkunun bi Poawyngubun®r ubu (
doj r u-daarnpémé ol duju anl aména gelir.

Poi ngrabun@n buk e k igledche k| &teij lemmésd iz b)ie-t ikmadiak
par-acéklare tanémlamakt a o PadnakgRbunbrgeriar €1 éd
creticiler il e eski ¢ r e tdie ¢sie Iolmayankairra s B n d a mad
geni k| Bnbgotearendrie (Coleman ve Mandula, 1959 ° yea s a k| aBumékt €r
teor em, &uarkumlaé minmlkiur améyl a tutar Péi nhcearh® n
simetrisii | e bir i- simetrinin (ayar simetrisi)
Bakka bir deyikle PlveM¥§ met i csnd rea digildtkiian | er
teoreminispp énda sadece Bolzamajkeé ¢deltayliéebmin var
Pm"M™veT?¢ r et bazonik learakterdelupet ki et ti kl eri al anén s

Bununla birlikte no-go-teoremi s édred i lka jmé mta e ldaaryéa | € ol an L
varsayeéemene kul | anmaktéa mareg ansyésraa d mantr & mant i K
kom¢gtarshanpahtehdaé kapanan ve ADegragedled endi r

5Bir bozonik ¢retici; bir bozonik (fermiyonik) durun
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cebirlerio adéyl a bilinen da hvauttuz cheymner vdc EBGe r s e | \
1977 Ramond, 1986 B° y | e bir c’egleri kendin-afabar énda
séradddjaijinmél ar éné °gelefikantdiar kherms arfna a’'d@i kainm
baj éentvefl -aiPfgecdles @ér adbph] & h mé | arYénhgbozoaiE((l-airfltar .

° g)ve IEfermiyonik( tede Pt imald egz eorle

g5 BB {EF, F}E:BE BgrE & (1.12)
baj ént él arBan é edad jrrtas faydalaaai €dlemanve Mandulad n gon
goteoreminink € s ét |l amal aré ®Bréehabhr Pi Houbgdwm@pet a
gen K le@it. Pbi ncar ® cebirinin Derecel Golland i | mi K
ve Likhtman, 1971 bozonl ar ve fermiyonl ar araseéend:
Byl ece s ¢ fre Lies ¢cebmeitnriin cbei br genel l exktiril mick
(Haag vd., 197p ¥ y | eHadgliLopuzanskiSohniusteoren, kuantumalank u r m@néi -
simetriler vePoi nsam®t r i si ni nPoyiamséannd@t rbhisri nde °t el e
Si metr.i ol an s¢persi metrRoiincdhe ®i cebe bii Ine a
s¢per si met mesilgloba Bl k b g p e tebiridimeBu cebir P” ve M™
¢creticydred femiyamik karakterdekiQ ve bunun hermityen e
0 kQ s¢per girmatirtis bpeiye¢kl er oliare®@kloermz adl an
do°n¢g¢kegmler-eli abt enwWaykobpin®rg¢g yani Lorent z
°zelli klerine idRado pemwmt z gmpumdmun (0, 1/ 2) g°
sahip -el bBn WeaylBspdmétrigdiglrer

Q, | fermiyor) =| bozo), Q, |bozon=| fermiyoy (1.13

keklindef er mi yoni k al anl & bir payave&kéPéebkal an|
bozonu fermi yoni k al anl e Tebk r pagraraaelke ] a u r
s¢per-okldel wlkelrad en s¢per si metri cebirinin

Dol abethirk gper - okl ul uk, hem bro& oin-l earriér .hem de

“Anti-s ér adej i k afrabrhak @ kil @ ;i @dex{rt.ané ml é
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Geni kl et i | 8¢ pRabiun cehid)®a, rb), Sotelli ve (a,b) lh ]
We vy | spin°rl eri ni(hlOddavdriesR ceirncelaoril®idilkte (kaez, e r e
1977

{Q.Q}HQ.0 & {Q.Q 2P ,
[M77Q,1= i(s F7Q°, M , @1 &=),3" (1.14)
[Q,, P}=0 [Q4P1,®

baj énntéel ar{bdgi iEk-16deS)¢ persi metri kargkeegadeij i eir m
bajéent @ségnedtakci sinin varl éj] é genel etg°rel il
araséenda il iskaK.ilAgk ercwl nsadispdaogngii lve Hamiltonyen

ars énda

[Q.P1=[Q, PP] £Q.AP" # Q RO

11
[Q., H] =0 (19

S ér adebjajkéinneldel edititéBur adan yol a -ékar ak ayneé
par - aécaéyknéarkye¢ | ay@r egrubu alténda ayné kuan
syl enebilir

N-geni k|l et i | mibibirirslgnpfearrskilm@etNi t ane @pin°re
i=1,.N) i +sire B°y|l &lgeni k|l et i | mi K s¢é¢persi metr i i -

olabileceke n y spisNOkni n dej erFan®ildegajerég@gper ki metri

modellerk é sme a® zel | i INb&r d us amupteenr D iyrgik dpéar - ac
teoriyedO h olur. NOAd ur umundaki teoriler renormali ze
b¢yé¢k par-acéklarée i -ereBubhenlbal brrirehkbdoemgt

de¢ K¢k ener j i Irunu yeaOPhla cs&dkceNslpglokal S;, p er s ileme t r i
uyumludur. Bu - al ékmanémédgdlyli Kapeaemsikreest ri k geni

almank t.adér
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132S¢pervwdagper ¢reticiler

S¢per &deghst eiri mlerin kolayca toplanép - ar
sé¢persianegk-iani gt s ¢ p d dopmalemi (Salam ve Strathded974;
1975, Ferrara vd., 1973 v ar. dS&rm e r s iteortetinniod ukt ur ol dal ¢ a é
k ol aynh Bukforreatizmde s¢ per si metriin d¥9 a ¢ kdéeemli ekrmerz | er i
edil ebil meguiEay i ol ar dk adl andér él arPoyeroar @i
ceir i nin geni K|l @tveQ ma it ixaér &g é n @aaldebunala d ©h i |
e K| e ent koordmatlag n t anéml anBuage®l kogrdimattak fermiyonik
karakterl. ol an Grassmann dej ixkpal dzaynder
Minkowski uzayzamank o or d i Graa £s maenn dej i K k@anel—p(a,Weyl S
a =1,2)cinsinden parametrize edilGrassmand e ] i K k eemihesAt it nPael | i kIl er
biri antrs & r a dlie plmak @ méBdndarla i | gi | i di jer(E26)yEef3) | i kl er
denklemlerinde verilmektedir). B u dur umd a Mi nkowsKki uzay

geri latiimesi

Minkowski uzag -

_ 1.16
Keklgerd-ee8t pernzay keoiomdinatl ar é
., q=0 {4 H0{ Fq;°e®

B\ X" g0 xgy * g x B €

baj eage-larA-iadk-ra g°r ¢l d¢j,ed° pazenikéx ) 8 gp edrPcuztay

fermiyonik parametrg—, —P) I - e 8 leoyutlu biru z a y dadifold). x uzayzaman

koor diPaaitncaerbé®i ni n baralk°ybeuvmman&@§h—,benzer

—P)sg,peruzay k 8 @ pReorinnatlatinabigy °iss ®f amak dejerl en
Ni hai ama - s¢persimetri d°n¢gkeml eri al

ol ukttuérrma kB-uilknolarak s ¢ p e r sdi°mmestkreiml er i ni brer en ¢

g% st buuinmal édér
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S¢pRRai ncab®r i ndeki baj ént@lile® dsacnp eg Pyre kIl g ]
ar as eantese&kiade] i Ki m-zdmarjda h ta &steerl eunrea ye tdb b gi ne
momentum Rkl emsioniu-1 anér .-za@8mapreryichkéteri lidrei
bu I Isi¢pkeir y ¢ kI er i n s¢peruzayda uygul anan
dézenl enmesi ni Somglmk ¢ B ¢ pkeerl sairmet, pkea i dn®aeaer k&, ml e
Lorent z grupl ar ex&n(koeeh)wxd ywealmeamaun | ar € oBuar ak t
d° n¢ kK smalj & gripegeer ¢, dve—tpar ametrel erine bajl é ol

G(xg, = dCX P ¥ R0 ¥R

G,(x7, 9= e'(' X"Pn, 4Q)) é&ada (1.18)
Gz(xiqa _67= el(_ X"Pn 470 éana

ol mak ¢ ¢ zaerbkiel - & ynadzeéelna beinli t e r (Ferrala edni@74). Bunlat,i r
birs,c peruzagnseppleragzaydaki bir ° tyealpemaek t aldar & |
BuradaP,, Q veQUsg,per uzayda tanémlé fonksiyonl ar a

S ¢ pPeori ncabi® i nin temel el dM8glrapéehgekar kél el
G(xg, g=G(xH s g)gedx i- ™, q} (1.19)

Keklbindli r | er i(yblue bthxdBuM)d riktranled ¢ kul |l anél ar ak
olups ¢ peruzayda t aamd mleé etknenBCsyelfbdd®d ay ént ¢l ar €

f arlkil -éi fakdtebirbirleryle ilintili s ¢ per si met r i d° nRQl¢gamd ey li a e
sadece bir kull aneél ar ak ayné .n@Mulft ey & k autlea k &ll &mid

G(a, O,eo?a)gps; Xitkoordi napa@melreli d°n¢smemi®t el evene)

T U _
e e @ Qise—ilePkoordintdpremenet rel i scpe
d° n ¢ K ¢ werrn Buradan hareketle sé¢persi metori gdpekymaer

koordinatl arénén dejikKi mi

G(O.x, AG(x, .7)gd* Qe+ R KXy 17, 4Q] (1.20)
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ifadesi ile elde etebilir. (1.20)0 d(E.44)f or nkeull ¢l anél ar ak

_ _ i ix S 7 ; a M .+ )06
G(0,x, ¥G(x, ,g)ge ' * *X_ 7 _dnﬁj’")‘”_ _‘)@"’M roRe (1.21)
=G xrigs xi xsqg+q Xx)g x

sonucu bulunur(bur adak.i a (Eafb) vek(E.49nlaems éndaki i fac
yapeéel makk iatlei)tkeh, s ¢ peruzay k csosrpceirmsa tmearrén éach© r

altenda

X7- x™igsTxi  x"
qg - G X (1.22)
g - ¢ x
ol dulal-a&rkp®ayerl Benzer &( Blf, 1(1d0 ek i dijere ikl en

uygul anér sa f arilkitliég ofnauk dtarbierl Wier ledari il yilre
S¢peruzaysaperamzany ekoor di natd qap erolaabkabra] | €
adl andé&dé Isgmpeoamak , G Be\sepersi metri do°n¢kKem

V\'(X!q! _q - G(O! ,)?)\MX, !_ )ﬁ_ ]Q(O, 1_) X X
V\(x’q, _q - é.(XaQa-F_’Eéa) le ,67)ef( @ a _-FQ()Q (123)
=WX+Hgsxi xsqg+qg x)qg

Keklinde ¢gPatkirerldeorgir ds &kr ansioldekl!| adiki@atee mc i

al endéej énda

WX +Hx S gk gsx+g » &< QI (x, W) (1.24)

yazeéellameétiiagil er i nelddétmeki g g iidhelrd gnp enrial ané ¢zer
sonsuz k¢-¢k dongkemlesvex dokhbkaze kalklgrak ppren

ol mak,(®28eket lhiejri nikn t ar afyéamnpén éTrasyal or a- él &
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Wxg, g+ §'s -x Ty su@wW,”) G40 W) -, gy )
=W . R W) w2y
L WKg, 9 HdW , 9 g

elde edilic Burada p, J% ve W, 1% ol mak Ggazsenanal e ] i kkkéesnnhii
M Hg

terdvier(bunl ar |l a(E34)(EB8)A d eerimekeedir) ek | sg per si me
d°n¢kd Mg, HJiet anénmbramsesmann ddjaiyk loe n lae il @
>3 ar @één ér o lkidcutgrimdedsaonn r a  ql®B e an &t ¥ Jeixnd e

sonsuz k¢-¢k parametrel eveigdi - Watzdgel af e

kul Pamr@eét’ cil er

Q= i pisy,g* W Q? & ,i( . mg s (126)
Q= i(is" g huQ, 8 IC-A ., |
Kekl|l(diiedansi yel I l¢cameB8Ullgf s o(blE)deavierdenS ¢ per

Poi naelair ® s gg5h)aa(BS538)ayeb(a k gneéez
Ayr eGag, JG0O, x) -arpémé yapeélarak vyukarédak
s¢persi metr i d°n¢ kK¢ ml s ip e ratl gegansdipporvarn@ifti K me z

tergvioer

D,=w is% 4 W D* & , =f,m Ei
B B - - o . (2.27)
Da = - M Iq:a sga kD : eajb E usm-l-aflb m

eldeedilirS¢ per y ¢ kisemr aidleg i &nm tmil i psl ¢apne rbaul asn¢) paerrét ¢vre

al an damremnls®rtlur maldravebinlad | anél ér

®"'reticiler, kullanélan g°sterim farkleéeleéeklaréndan d



{Da,Db}: -2|s{7b M{[_) D }b {__ _Ql} 0 128
{p,.Q}={p.Q} 40.2},{0 .9} o
banteél aajélnEblbarsonu-1arén el de edil mesinde

(E51) ve (ES3)0ely apél an i kKl emlerl e She#weinndeginm@ n ben
denkl emlerivyle tutoprelr @ ¢ rsewleanbe lplea e (lneeelil ledri
s¢persimetnal Wgmd&k smpberial anérfda ol duju gi b

DaW' (DaWi D a V\b‘i-(P )W

=D, W(g g)H R, +QFD LW €29

Keklinde DdveD; g¢pebet,srpelrsi imetii | @°a@grade] ik

ol duklaggegemdalnanl ara kovar yauwmltll a&rkée.lkalritléinrél eury

Sonr aki al t° zleblkyumd ar Ba s &tj ¢ radyederk as &p aarl &lnarc

Al anl arén Jgwen®ezelbit&i¢adegueirmaliakn emci | erinin u
edilebilir.Buiz d ¢ kK ¢ m i ksl ¢eprecri tlageriaficeélyl eéa

1

P,:= —D?D?
16

P, ::8i D,D?*D?

E =_1__ D 2[_) 2
. 1_6 (1.30)
=D DD,

Kekl i nde t anéml Mpad Kiestan sven RNjedethann, 2030 Burada

T[(’jC),DzrDD veD’IDDO6dBuNI ar én i zde¢kem 0 KI emci |
anl amak i -1in kanal evrei nteq p leaam farr geimaarn kbl aeknécli | e
karel eri y i n ebirbkleriyled-i asri pnéem| eakriét tsiérf,ér . dE2r) ve t o

s¢pert rev! aur Bmeiennl | anéel arak b

®Bu ayar teorilerini anembgbdbayvoraydyl d°kigke¢egml erayatt
ayné olacak kekilde bir kovaryant t¢grev tanémlanér.
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P,P,=PR P P =P P P =P
P,P.=P. P,0F R P =POP = (1.31)

P,+ P +TP1—61——(2E_)&.D2[_)3 6?2 DY 1

bajéntéel areg®r g,ebafﬁda[a“d“k(])aKEt l iJi.BRyl buapéel de

izd ¢ Kem i K& B°mDi=Delrdd] kkate al énar ak

DP, =0
* (1.32
DP_ =0
k 0 K u élde ®dilieBurada soke | | i -evliel is affer mi yon al anl ar éné

n
P.=1Y2(1¥g)ar acéy efRydeakl| i nde f eanetdegdimesirmiénae & n d

Py r=Okokulunu ger-ekl ektir mexhders apemalbem& eir

W =Pk
, (1.33)

W, =P

ol mak ¢zere ybhkeieelBubiklokruddrrum saféangsmlaylbar
elives ag | | i kiral asahen@B2aknodkeur| & leagrieanyean s ¢ per a
°czelli kle kiral s¢peaeyaéditet lad éminra ke ardréea k i k €

133S¢peral anl ar

S¢per édiemeptarri- ac &k, peur- wiermaraadk 19 dée veri | e
sé¢persi metr i celBUDASHR2)hemsir EherS geraeadykler | er .
bozoni k duruma wuygul andé] énddgQib-iirn fbhbeuwnmuny omn
tersi),s ¢ perl-ukklaw hem bozonl aré hem de fermiyor
yer alan bir bozonle bir fermiyons ¢ pere®lkdreak aBhandéeekl are. o
S ¢ p e r(kelB)de,n anl akel acaj] e sghiptrlere Burmnlan Birliktk ¢t | ey
sé¢persimet Qive @ aghr ciglreurbiu creticileriyle S

s¢peraxhagary ¢ kl erine (el ektrik y sadhiptirler. i zosp
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Seper - olarfsug puekr uz ay ¢ zsegp enrdad tatnH ea éh lu alutr.altk
basit s¢per-okl ul udknun rs Mpdeyt e uf ire skalér afaodaru v e
o | u Bwatanlar 2 serbestlik derecesine sahitiu y a p € d a Kiral (veyagkdlar | uj a
veya maddey ¢ p@®Kk | ul uk Baud és ¢weerri- |lisikde. karklarkve leptoelar
il e bunl ar én lalgrpkearkak Veeskaler leptdnlarny e s . Bl ger
sé¢per-okih vl whk kitudle ondm fermigomik s ¢ p endepxliumwev e k't ©r
s¢per-okluluju BU asgheradddalnisienadeg ar leboz onl
bunhsg@e r (gaudinelar)bulunurRe nor mal i ze edi l ebilirli7Ji
vektorl ak@zodomesi z ol mal edeér b esinensaldpden IBe 2 se
durumda vekt?©Or s¢per-oklulujunda vekt©or b ¢
helisite durumuna sahiBu IsigrpeWeywylk| ué umi wo @u
i ki farkl e s¢peral anlapaxv@l®arels aenwdddmeank | ¢ ae r
ol duk-a genel bir s¢peralandan el de edil ir]l
Genel bir S¢pelrak tainremeks@ makhna dej i kKkenl el
kuvvet sesia - € | e még xlmlp 8L peruzay ¢ zer i-dedjadiftitané ml é
fonksiyon( s ¢ p eolnaa ka nglavedcei nsi nden s er-+vedb-néelné nsée fyear

ol mayan kuvvetlerinin b¢tegn olasé birl exki ml

Wx,g, §=C(¥ +q0F FMP MO N¥ & AlX (134)
tqg Gqg@) +9g @y B@Qqg @

elde edilir(Gr assmann deji kkenl eri ne(E2BfterbeakBuwmewvzet
f=d’=0ol dujundan s er ikselmetebedhid dearkidir. (134dey ¢
Grassmann deji kkéenbier i sg perk-awvklavdéaunid lae k eft u
al aml aorléar arké |d@dré. @A tbrémleri Lorentz skaler ved, d terimi bir
Lorentz vekt©°r ol mak ¢zere bileken al anl ar €
°ozel |l i kwd @ xhihy | ¢ p e r a brentz éskaler Lya das © zsttabe ol mase
gee k | idddiijkik at e al énarak bdedikekkennde Seri mlaet
farkl eateeim Bunl arén bir vekt°Bomalbanél ar al
q xhdhd 6 nén b jTadoBiketnd eg® g z edroierl td idjdié te kiekil i ( Weyl

al do,g,h, 1) , dort ade M, NsX ad be adet\ad latn® manéAl) a n é

ol yx.(L.349)s ¢, per al ané, 16 tane f er mi yeokniitk svaey é€ld6e
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Tablo3. Genel s ¢ parr all amd a ksébeldiik ldetedpst ¢ v e

Bi | eaka@ml Al a mérng Serbestlik derecesi
C(X), M(X),N(x) |k ar m@a g &-)skhler alan| 2 bozonik
c(X), A(X) sol-elliWe y | s pi n {4 fermiyonik
7(X), 1 (X sateliWeyl s pi nj4fermiyonik

A, (X) kar makék v ek{8bozonik

D(X) kar makék sk al2bozonik

16 bozonik
16 fermiyonik

Toplam serbestlik derecesi

fermiyonik ve baonik serbestlik derecesine sahiptir. Bu alanda fermiyonik ve bozonik

serbestli k derecelerinin exit ol masé rastl a

1.33.1Ki r al Segperal an

Genelgper@3danbir s¢per-oklulukta bulunabil
- ok s ay éd a derecesined esahiptir.i Bunaraé&z al t maks ¢ perisni metr
d°ng¢ K¢ miueniu(l32)keo Kk ul | ar é.Bk kalrl| naaskakaam véir Weyl
fermiyonlnun s er bestl i k der ecesiimselells(&hviep -aliajr S ¢ F
(F‘)olmak czerka ail kis¢gperBbahki yalk é K184 geneh | anl a
s¢peeaml3dit e gO°steri |l dimjcii | g@irlbini nyladlgegedirmain mh e ¢
B° yIFe:H+qveFA:H_qu mak (182lkowul | ar é

D,F (x,g, ¢ =0 ve D,FA(x,q, § =0 (1.35)

olur. BuradaF ve FAs ér asokeyl |l a -elliekirals (ga] da kiral ve antikiral)
s ¢cemlanlad éBus ¢ perabahkaean al anluzayZam@arb uk gnarkd ii n

s¢pertghrevarak

B,x"= i(g s, Dfx "i+tqg¥ @= Dy )"0

(1.36)
D,x"=i(s g, -Dfx ™ g3 & b ()70
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Kekl i nde yen(iydaemi ddiezjeinkl keenn. rdB un ¢exkeig%Ir iykalpesil gger
i zeuzayz aman Kk caelici¢gmatia ydnx”4gs” ve -alisj¢per al an

i - ZM x"-gs™olurBunl ar kusbtebhhie!l &i algf, dsesmdli al ané
kiral sise @Hl) cad Jaink k @ a | ¢ér& k o @.aranésolelli v e -alliskjral
s¢pelral as §rvazd ideyphrametrize edilen alizayar ¢ zer i ndelart an é ml
Sonu- oOdmerakzayba niacoélml kel ere bajl é& her han

s¢peralan ol duju Byé keBa z-gfonkgyore bhr B@aceak eyl a

vetd e] i Kk en lkvetsaise ég%ene é yapeéeydektei nlatrenr a

Xk o mk ul T4§ylorsediaa- €ldréé ny ap él ér s a

F(v.9) =Ay) 42 ¢ @) +F(D
F(xg 9= (K H F3% mx %6 )@ )g"G (@ (1.37)

+fz/®«)%<q)®n W3 @ F&)

FA29) =/ (9 42 ¢ ~ WF @
FAg. 9= 0 i( B3 m® /%e (G )g"y @ (139)
7 ij% (G % "5 0y ( F76y

elde edilir (burad« i ar a (k.6e){(Ecoddaeveriimektedi) ve b un | @.B5 n
kokluag @&jnlea (E&®-(EZDa g° st er i.|lTable &6tteed ig® st eu i | di J |
s ¢ p elaraki @mme (/ ve F) skaler alan ve bitane ) iki-bi | e ey | is p(i n°r ¢

I - er me & Kgsazyeér dea nik ve lporonilky serbestlik deresiaesahigir.

Tablo4. Sol-e | | i kiral s¢peral andaki bil eken al
Bi | ead eem Al anén t ¢| Serbestlikderecssi
J (X), F(X) kar makék sk all2bozonik
y(X) soke | | i We vy | s| 4 fermiyonik

4 bozonik

Toplam serbestlik derecesi 4 fermiyonik
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Standar't Model in s¢pearxadidméR ok ) giralni k|1 e m
S ¢ p ea&dmki Weyls p i n 8Sokelli ¢ s-allj) kuarklarile leptanlara ve skaler alanlar
I se bunl arén s¢per siemslepgtonlaak keedwékk od &lne csaklat airrk
Hi ggs bobonlsagpeenrveek | er i Kemr aadl (B3 pdd38d chen d a
her bir terimimg Kot ldg=dhoi/At uolImakbi ¢ 2earea
alanllagttbguatb) g=r,éy ,=3/2 ve [F]|.=20 d.ijrve y bek | eni | en K ¢
boyutuna sahipler faka b i r skal er al anén s autung salup mas é
deji |l di rEf iDzoil kasseely [bay ar d E malcabhmlap&gpl andéer él &
Dijer t(12T)Caeki tsacp er t ¢dee/v Veezr de ] 1 Kikcensiniden r
yazél masESSyeESk dan s bebil escepjeir tégzreervd er

Da' D{; = Ha 2"‘9:'3_4(3 ymu 5'& 5-_\"3 = a M
- _ o (1.39)
D, - D%a = Ha D, 'D'Za - ,Qiqa'glgzm
Keklinde . Buadakiy evel z liinrdi sl er i, bul undukl ar é

fonksi yonutemsill ederj uB w s¢pert ¢r e@B5 k okkuull Il aarnee

DYF(y,q) =0 ve DijA(z,ﬁ) =0 olur ve (1.37) ve (1.38) ki r al s¢mper al anl

ekitlikleri sajladéklare dojrudan g°r ¢l mekt
Kiral $ ap@mnasl¢apner si neitaryir € di¥any; @, ann al anl
do°n¢Keémeégne (e sl gperaalluarn| ar i digm S mMs Kz, mk gy-a

s¢per si metalidasdelinkpat s anaeanr

F(y.9)- Fil, d =6, )g +d¥) ¢ (1.40)
dF 4(%Q, ¥8Y) F =@V @I ¥ Ay |

Kehkhdtle drPQhyeQ¢a- ék-a hyearz ébliéerr shadekide m gnwe al an

d, j=N2
d, y,=N2 E +/2 "5 x (1.41)
dF= - |iN2y &€, %
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olur (b a k é(B.6aD)z(E.62)). Benzer Kekil del lay n®¢ piekrlael nalne r
yapél &b imetnden ekl eni | di J i (fegniyinik bb b2 &Nk aar €
fermiyonik (ozonik alanlarad © n ¢(katf¢er mi yon al anéngekales ¢ per s
al apndgept a ukneaml i Bisre, preo lat @ n émmertebehteripindk s e k
(yanisote | | i ki r addbsl premildné ks ajadA bsi ¢ peextagli d n & n
- @ kFaman aémé ns ¢ per si metri d ° nteplaptmgr eeM t @InBlaas &g ri
ni cel i gamanintegraiyopl am t ¢revin s¢persimetrik
yézey integral isigpedsngnedad] ichdrenk ¢ ml er | al
Dol aséeyla s¢persimetri k deji kmez Lagranjiyer
Kiral s ¢ p efAiR, | RAMAKa.r.én@m b i -(1a356) pkeond ual €l éanréén ,
sajl ayanl ar é da birer Skpemrasi neejiypneir abagr aonl a

- a mp aadikkate almak gerekiK k i kiral s¢peralanén -arpém

FF M =00, 2 (dw, (), (903

" (1.42)
+q O%ijy(ﬂ X)) +tMFX) i -¥) M)

ol mak DsgEe[)efDa F ;F #HFa;) OO dByné zamgEp-dar pée me
daBa(Fi F, k) ©koknus aj O haldeFiFjveFiFiF( ayr & c ahernityenl ar € n

ekl eni kleri) biKiemal kisg @lderangiheat alf @mé&ai yonu i

W(F,) =W, @q @ qu)p
' " : WO 2 1.43
:Wfk)M\/_Zq g) _qa (/k) F| l W u[) " ( )
Wi ¢ M 2 g K

genel |l ekt i@grve Whgsipegrapetiaasalkeladl ppdpoéhbhasi)y

Yukawa etkil ekenebgpéensi meteriik dejikdiez Lag
bil &kwwudnrnianeéel er .
Madde s¢pear éokhu&koinmlte ki ni ii--erpdlindralla gr an_

s¢pecdlal sdjl i kirabrpepberal Bné-arpéem
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FAZF (% 4 =42 ,09 2 W (3/V2+ 5 (0¢y J
+ @z ) O) +gRB() 4) (LY

. o (1.44)
+ 2 @G)THR K W R( )G A2
+q @ )Ng& AR )
Keklinde (Mh)dar p@dmeveya(l.38 bi - i mi ne 1 n¢lBS geneme

kokalseéanjel amaz o hal dlemadi’smA’F)Sgererall laink Kk 0K L
sajl adejéndan bdeénddyie-kytv® 2d e § ¢ leridinexakloarmmk ul uj und a
Tayl or a- EBe(ERD), (FW)pEB)Ez dekikukl anéel ér sa

FAF, 7.7 ~2 g, 9 N2+ g X/ )t @ /JF +'9 &
+qS g B, J(L)Y e Y

Tl -2 PO I «_ - 1]
+o@7)fg2i/",ﬁjudﬁ-mi fij s/_IiFﬁgy
*GW L Tsw syl E gy (49

elde edilir.Buradaj, yveFs ér aséyl a skal er, fermiyoni k v
Buradaki leinl eyeghimslyark (d&) (A0 n é n  kna(idsterimiéokmrak
adl andeésr¢epleérrsi met ri don¢gkemler i abDoémdaki ad

s¢per sdadeitibme&ke anj Ftyemi mi- @ @bvtarijniadekéu | | 418 1 e r .
dn D terimi

FOF g P E. RO, 00 o T RRF (Y FE

| (1.46)
T u( B O € HO ) S AT e s

halini al ér . Bur a(@(ad)i uzagzanm@mh antegrasyqnuneav yok r
ol acalagmamiygendea - é k- asg§gnaébenek yoktur
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1332VektS%mperéal an

S¢persimetri k ayaspinl ebirli skdan -bEemake kt ¢ n

s ¢ p e @@(Feaara vd 1974; Salam ve Strathdee, 197fereksime v ar d & r . Bu t
s¢é¢persglpaemr si metri don¢gkemleri alténda deji Ki
V(xq, 9=VA(x .q) (1.47)

ger -keokiukapGamel s {lBbepdra-ned k uku uweg/@(xl anar a|

veDx)al anl arénén ayar d°n¢kegmleri alténda dej

I 0+ W9
] (148)
DY~ D(X¥- 7 b €Y

Keklinde yapélan tanémlamal ar kull anél ar ak

V(%3 g=C(X 4 qbF -—Od M@RGT M9 0" A(¥
+i g Oﬁgf ) 5 s w8 (- )qég)éz F £ )3 (149

1 Lo — 1 m 17
+54@n<chm>5-m Qi

vekt°r elderdilir(@ICase N=M", A=A, h=/,veD=D"). (L49)aeki C, M

ve D skalet A,v e k tc°ve [ iki-bi | egpnh?r ( We y I(134) geheanl ar é
s¢peemd aki 32 serpdstikndereces(1.47) k ok ul u  @&dbzonk rvel8a 8
fermiyonik ol ma k ¢ zer e setbestikd derecesihdd ndi rgenmi Kt i r .
s¢peral anl arda ol duj u yogik Ve bozonik detbéstlik daergcgleeir al a i
ekKit ol mbuenwaekk@nrg@ggmpeir@ae¢iami Kesknotdrel s¢gper - ok
ayar bozonl ar é Ve bunl ar én sg@ree letkil jeir i diok
al endéejénda - ok da hirme sdhiptieVek tsCerr bespérn &l adnedrae
danl ar &g € h el adCeyr® [c]n=1/2, [Alr=[M]n=1, [/]+=3/2 ve [D]=2 olmak
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czere Mvadaetanl aré istenil olopdkjecend ebibbegkamuaea
fizikselde] . S gper si met ri daPnegmdanl eekt fhde sasleggp er al ¢
A /veDal an bilekenleriniglzbembenine B°nplkete
bil eken al anl ar é geeekecettirBt ua dyaanp ét@élk decarn@yoika s é
serbestli k defjemel eraijdhiamad&kiit-i Dslkglper - ak hao
yardémceée al anAyolegrpietnestoeir a@t®h gk ¢ m¢g al t énda
kiral s ¢ Ppéenrianl adnedai kkii toplamt ¢ kod vag.ialkit elyi r

Dskaler alanel dedaenadgaki aflianil lkag & an Kur t
d°ng¢ K¢ mg dikkFasIokeIlailérkzibiallirs.g,pda(l-?-Ezl)gaé-e)ll ma
ol dujvaldanr s ¢ (.47 kad kaunsea ji l-ai yna n

V(g g- Viox .@)Fv(x g B ) ¢k ) (150
d°n¢ ky¢ampee | ér ¢ mBal dendabhéeeken al ané

C(¥- COA+ (D -/ (R) M3 -MX K X
c(x)-  €)+2 %) B - (¥ (1.51)
AX- AfR- BE( F(I Oy Jx

olarak elde edilir. Buradan /(x) ve D(X) bi | exen ,&@5@@dPage&peéeg alte
dej i wined hdmaeA,,v ekt °r d@lngx&gmiabgyenaybrr d° ng¢ K¢ mg
benzedi¢jli¢cBuoktE D 6 dy kii) yer el d y 8u selmkPleild® ¢ m¢
d°n¢kgmperal an seviyesiabdlgenl bayamgedehl, @ gmi,r
alegeMs| ebirdaktor sc¢peral ane-iefithyédmek Idiomde ¢
olur fakat abelyend ur umund a be¢t ¢srer adleipr ml dankhar énda
deong¢kkSgdeki gi bi yazéelabilir.

(1.51) ifadelerinde C= i(/ f\), c= ﬁy ve M=T1 Blanb i r ° z(d ayar
WessZumi no ayar és e-liaburdakv ebedt|®irn iesdg)ypaez &l leans ia -
b¢eten fizikselor bhdagarkabrkeakn|®arB&plgeayaa | an
al anéna /(Xfbounounn) sveeper si metri kK ekKi ner kKé&l¢épker s

gel mek ¢zere
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Vi (%G, 9=V(x .g) @i B T 4®& ) g g
. o1, (15D
=q S, ) g O - )qowg@(/ IR

hal i niNVekal®ér s¢perealiamnkemeksi yonu ol ar ak yaz
kolay a Kk t é.rVaedkad K tr é rs(150)@&le, cﬁidf’;\:rOé/e(E.?;l)O zdekl!l igfliarkakl | a
X"=y"-idgs"de]i kkenvaTaglbreEg mgerirsga- €l émé yapeéel e

Vaz (%@, 9=Vo(y -i §s G)q g
=g B, V) ( Dg ©)I(- )9 § (1.53

A ANG AT A Vo ¥

elde edilit M, (xg, gvekt°or s ckpveetlesil anéneén

NI

Ve, (xq, 9=( FsAM)( T As3)g0 S( )0 9 ALIATK

Viv,(%q, 9=0 (1.54)
Vi (%g, 9=0

K dinde 2.mertebedersonras é f é€.rBu durumrWessZ u mi no &wa 1l @m& m
ol duk- ahalaugetgimn ¢ ¢ nk¢ s¢per si me gibibir teripimseri t eor i
a-éel(smeki tl gkhrerine

& =1 W %vz (155

Keklsondleu ol acakt ér .
Vektoor S¢pedumiamee naWersémdln® P n@49 ker al ané
sonrakiiv e k t P er a&152ndéu r u ml bazorgkivefermiyonik serbestlik dereceleri

Tablo 5de verilmektedir. Buradang ® r ¢ | d ¢ ¢ czere her i ki du
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fermiyon k ser bestl ik

ayaréndan sonra yareéya

Tablo5.Ve k't °r
bozonikve fermiyonik serbestlik dereceleri

d e rtoplane derbastlik deracasitWessrhimoa k

deée¢KmgKt ¢r .

Bi | e A @ e 4 Serbest_likderecesi_ _
alanlare (L4911 - 1| (1521 - i
C(x) | reel skaler alan 1 bozonik -
c(X) |kar manweg@k pi n ©° |4 fermiyonik -
M(X) |k ar mskaler &lan 2 bozonik -
AfX |reel raae kt © 4 bozonik | 3 bozonik
/(X)) |kar mak &k We Y 4fermiyonik |4 fermiyonik
D(X) reel skaler alan 1 bozonik 1 bozonik
Kiral s¢peralanda yapeéeldéejé gibi
bi | eken ad%mnd aomlelewénmna bdi | i r . Sonsuz

vekt°r s¢peral ane

V- VisV €V, v # R, +¥)V

Kekl i ndeBurdda(52kveerk.t © r
a |l a n | sa¢rpéenréshif rp & ligrmmi

d =D y3( "SV4F, KF
dA=i( X £ 1 T Tx@” X FQ
aD=yf & §,%7 +179° x

mrAH A

el de edilir

dXan:i U(”Xa§;_' /a_

dlg@ eve @ laa rek - a

K¢ - ¢k

L Ze

S ¢ p &ruari anmé ma yidekises 6 mmdaks €

vekt©or

S ¢ P

(1.56)

W aexelner s ¢

(1.57)

v dJ(1palamd ras © rkgun ¢ m ndel mg kagkmy
£8 (" X% Y

(1.59)
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yaz.8&keersi metri dda® nveekkg mlre rsi¢ peelrtadmnénén en
oanDyardémcrFédeal ahduj u gi bi bir (L57pve(1®8n t ¢r e

baj ént éR:afve Dadmikre nd i asapbarsandatri cebirini
temsilerik ekl i nde ol uktukl arée g°r ¢l mektedir.

Sonu- ol ar ak, buragapkmeiari kyagej anmmaz dd
kol aywllakltanrr ul abi lir.

134S¢persimetrieribLagranjiyen

Kiral ve vekpar-awybehbhbdanéeahasgpdencsliunean i k
bil eken iadmektedimDé has éyl a bu par -acékl ar a
betimleyen s ¢ per s i lagranjiyank s ¢ peraal akRul | an él abilrak ol
S¢persi metri kpelraad raann jairyenn psog fakatorembrmalizen é i -
edilebilirlik s¢é¢peral anl ar én en MWesslva ¢ -1 ¢
Bagger, 1988 Ayr éca s¢perayar don¢gkemleri altend
Zumino,1974; 1974).

Bu Lagr arejyil yemn bicgticm s ¢per uz aakeldeeddirve nden
sé¢pesi metri d ° ni¢skknyard S0 (SY eyl It eéin)dald&®IGo k,ul u

Lagranjiyenin s¢perkimdejikdmngkpml eri alté

a.L=0veyad L= pf..) (1.59

ol mds e umun d aBuradkitlogon éarnd aahga e°vhceden Itedemsedi | d
i -1 n yazélsanocundan € £ @ rKmabd mip e r &-tedminin fyani sotelli

kiral s N b dlexmed@ | lvie ksiafaldA ©ip e wa@inawesknt © r

S ¢ per dteanmmngriyani INdA b i | exegpée ) si metri d toplamk ¢ ml er
t ¢revl er e ddahna¢ k(1.40)& €.45 ve (1.57) b aj € nit € ibetirtiide

Dol ashaytérimler kul | anél ar akagalawng ti wrgualzaédylamnmi - i n
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s¢ecpersimetr.i don¢gkeml’eBur aadanenydallad 6 Bk b a

terimlerindenvely;D-t er i ml eri nden ol ukaal nakegemer g en

S=ff'x dfgd® g = d'HF, £); 4, S=0 (1.60)

Kekl|lyaad@hyr éterimlerd ddd) veddddnén indis oldarak vy
gesterilir).

Sonr aki i | keyleg-(1.60) dli krkchdareak s@r as ey lkilal sadec
s¢per al anl ar sineetrik Lagranjigeave busupgbelyen ve abelyen olmayan

ayar grgehat é¢ektimil mesi veril mektedir

1.341Ki r al S ¢ pke irLagramjiyeh a r

WessZumino Lagranjiyeni (Wess ve Zumino, 19" her hangi bir Y
s¢per-okluluja sahip ol mayan ve sandbasie Kir
Sepersi metri . I(16Q rdink k ayteen | danormalizer edkebilir ve
S ¢ per kd areit MaseZuminoLagranjiyen

Lu=Lo Le Fi’gd”@ P F dfity (oM )aR g he¢ (1.6)

ile verilir. BuradaGrassmanmd ej i kkenl er i ¢ z der, (EMD) €EM2)2el € nan
(E43pt en a- ék-a sEorraghddecidd (A ptreer i ml er i mién kat
verir.

(1.46)0 &i s o | veli kK 5 B @ | s¢peral anl ar é nD-terimir p € ml a
bir k askakralang ikl e We y ly6 gsap kinetik terigmlerin tasvirine uygundur.
Dijer panldak/ tl-enteri mleraiyneeebBibekakmal ar

- A

- ar p edaredea edlilenF-terimleriar ac el €] ekjehira¥ ytl eo rkiiyebunl ar é

s¢per powWkR)rearmabzee di | ebi | i r bir Lagranjiyen i -

"Ey |l e mbnit@iklerinuzaxz aman i ntegrali s¢persimetri d°n¢gkemlel
LagranjiyenL- Li=L + jl"keklbinrdet opl am tti¢jrienvd ek aedyal keantl éde.jki kK me z
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1 1
WFJ=a F3m FRY% .k (1.62)
formunday a z 8lugérada ki r al S ¢ p eodriall aenglzasrkéenn dleant ¢tno p
v ar. d,ém ve yji birer sabittirlerv e i ndi sl er i nesS gfpotagsiyelde me t r |

neden 30ten daha f amdm d&limad e jsé, pdeyg kbgywnl e bairly
analizi ya@alrak cevap verilebilirEylemin S:= ﬁd“ xCke¢tle boyult=iseferd

ol mak ¢zere byl ece Katglre nl) o wwetifulry®fuehall] & dé
[FFFrs éraseéyl a 2, 3 v etrlet. Bngntsbnecu blarak Lagranmiyan s a h i
(L.6Dde k i -0 fitt leen imnism bhKkC:]f, F4ek ¢ptolyeu tH ayr Bt una s al
gerektiJi di a2, é¢mlall ve [yl =) élarak &lde edilirA- é k - a

gor ¢l ¢yor K i Séc¢pefFipatrpranniceldmilk gt ks bbygnt ana
-i ftiliteemeimrtaya -ékacakteéer. Bu t ¢r teri mle
renormalize edilemez yapdd.e n z e r [RiAEi]qgiteHminmk ctl e dbbgdujundan
dahafazla:ive/veyaFiA- ar panl élLagranjiyandet aaz &l a ma z

S ¢ p e ngyel (1L.62), (1.61)0 dyeriney ae@ E & a

Coo=P9a7GE FOF G Fonm F By F (R heg 69
i C + ]
olur. Bu Lagranjiyeni, al an (187, (1.42 wes(lL.46d e n ol
s¢per ayamll earriéne y aGréa sdsénkat nanne rdseojngrxak einh d en i n

a | éek integraldddafb i | e kdeérklGedrdiéd r o kodupyhé & h a

. S U E I
Hgd “AF, F g MR b O T K
+IHY 5 GW) R (1.64)

=W, ¥ i¥W %, WE F+ toplam tirevier

el de edilir. K k iserher ibir térimih é&f(veahleirrmi d g jearniek | en
bi énekd ek s@dl&@@wre b°yl ece
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ffi’gd* gaF &’ (g =aF

N

g ~1 ) - -
fgd”a; (s =, dF) y (L65)

'|'§Ol

~ -1 - .
f'ed g wFiF R % (1 + )
S 0 n ueldeadilieBun ar kdwel] |§aG8dhgranjiyeni

Loz= Wi W iV %, WwHE+
. o . (1.66)

+(aE m(iF Yl (o JE -jy)yh/E)+
olurYukar eéda &pd rl(4@46p30 iann fso ykénssi¢ypwen(1le2)aamyd ni n
fonksiyonuol mas é& sonu-.¢tgmé& ¢pejrisd ejeit magergiyenen
yecksek mertebeldi bi lyodeind eokamsatdepi whanuj dhn
bajéemssezgegksek mert egf=exl"tigsBial éexmgploar dseer i a-
yapeél didrfjcigenmd@ i n f o)ndkéski éynodnauk ri>2it-ejfm Omve @"r=0
oldi undan s éf &(.37)0 ¢dal rfy)=0AF k) eldg ediliyor)

Ay r glc6d) Lagranjiyenindes ¢ per pot a(@dld g el tkluitjiianél de k't

sonra yukar édakidaahdaé ngleanre It ebkirra rgl®asntéerrsi am

FOIBD e w6y
2“1,;,1

Qo
1z
1S

EWZ: WT ”u i_ﬁ/_%miuy{:i*':i-'-
g i

elde edilir.(1.66) ve (1.67) Lagranjiyenleridlen Five F" al anl ar énélerinik i net i |
ol madeéj é.Bgfrl ghozdy a t a n,|Ealer &agrange denklemlekiullanarak
yok et mek Hmyvefkad nadng harekéeskiemleri(1.66) Lagranjiyenii - i n

é IJLWZ 6 ﬂWZ %Z * . i ;
& e gt aump oy 4SO
B 8 R TR A (168

- F=a &) Y i/
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auc, 04, Ly e e ox s s e
S - & —= F=g+mp A J 0
T 8 TR (169
- R=4 A} Y i/
ve (1.67) Lagranjiyenii - i n
“’CWZ - Fi* 1 W(/ k) @: I_—_i* _\M ./k) (170)
. B M
I"lCWf — F| } W(/* k) ©: I:| _M%/k) (171)
HF B ye

olur. (1.66) Lagranjiyeninde(1.68) ve (1.69)6 aelde edilerFiveF yaz &l ér s a
e e al
sz: Wi ml-yi ' -ly’g‘miw)(/( k')/g’?‘z ij'imyyikyi j+k yh.)e (1-72)

Lagranjiyeniveb e n z e r (1L6&0le{(1Frve(1.7)e ki t |1 i kl eri yazéel ér s

e A1 LA/
Loz= Wi W 7% 5,00 @Z—w . yhe (1.73)
ct Wil
b i - i rdaha geeel biLagranjyenelde edilic Bu Lagranjiyenlera y n & k SKalere | i bi
al an i1l e Weykarskpé@ InékrlgasvieetlekBurhda k me | er i ni

WG I

VG )= FF = 1.74
) q ia‘ m (1.74

s¢ecpersi met r i Kaleapo@nsiyetolapdr (Fi 5yi anri dhé nsg & (/ )askakemn &
al aneén iyonudur. Bucskalerspotansiyelthai ma séf ér yaldmass®éef é
s¢persimetrinin bir sonucudur .

Kimdi y&kikadars kpdrl aalspmilaa spikl / 2 par -aceéekl ar

eden Lagr anj i yBumuhlaehirlikted M&d exr utb idlui. ndi j i SZer e
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(spinl par - ac tditleanrl ana | Srdakin K i b ° dbelyend/e abelyen
olmayan ayark ur a ml sag genrésng me e tiimekerk deik i r al s¢peral an
y uk ay ad ahgaanjiyeterin ayardej i kmez formuna i zin ver

al e n a rnaakk tyaadpéer|

1342S¢persimetri k KED

Do adaki t emel kuvvetl er yer el ayar defj i
bajl amda ger - eik--iin bbiirr nfondceel k i sbelpl esrnsdieme €+ E

Lagranjiyerey e r e | a y a r dahdl ®dimekdig.mMiaevr @ s ¢ pe-dej merine iz k

Lagranjiyen olkt ur makwekt °r s¢peral anl ar én °czell
S¢per si meWass ye ZUunB@974) i piniin psar - acékl aré vekt
arhepeéeyl a teinBuye@ar}l aveéekpean siapaedearr tetnsides
kuvvet alerame t madde S ¢ p ker etkdek ma ¥ a k |vgaa lréen
s¢perahnhandlama s.é Elekyeamagndétik al an tenso°r¢¢negn S ¢
genel |l eaftami $ pmeesi si metri k alan tens®°rl eri
1 = - 1 —

Wt -Z(DD)Da\/' W., 1Z(DD)D.\; (1.75

Kekl|l apde deji kmezl i]i sajlayabil ecedn vekt¢

S ¢ per t gyguamarakt rain € mBualar,dlt35) k ok ul | ar eéneé (gea] | adeéek
i ndi s i n dsepni nki°brrealyé$¢|c(-egrd]fzatﬁz|=0a)rl danf DM ad

ve DV,=00 d.eAyr &) s¢cpersiamarridk ng ke thepr k meaz t ¢
kal ew,baéndajyian md {29) ve(lL.35baj ént él arée kull anél

W, - Wij= %(ﬁﬁ)oy |=:11([_)[_))D gv i( + r;*)) F
R R i P,
=5 OpV 0Dp, FEDP," F
1 o (1.76)
= 0bpyV - BOp, F
- 15 B4 l'snpa _il =15
=W, ,Dp'D, F2DDR" W=_D{D*P}, WF
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vetenzer Weikditiaekol@oydtekd (aBdbdipent ¢ r(e53) er i Vv

vektor s¢peaakil7iganepausil maed iik-ian an tens°°rler

i) (+AP(y) (+8) B (W) a6 +)g Q.5 (B /

_ | B (177
7 {eD@ &5 (A GO dp

W,
W,

elde edilir(ar a i k|, dEwB)ele (E77) ar as € nd a kreb alenBigagam| e
Fer OJQA. 01 mak W,zve We sadece/, DveAcayar dejikmez al a
ol ubwuml ar én ayar (H¥)denk ngezr ¢d)mkdkdtlleadsi@y | a Kk e n«
ayar dejJikmezdir

S¢persimetri k ol mayan kuanitSy me rasaeme tkruir a m
ayar alanlaréenén kinetik teriml#fiegl an t e
s¢persimetrijspahni@imredlensgpérealvem, edwk!| ar é
-ar peéeknmlraarlé debelras@awlea si met riéenddajiikkmd z2 r k a la.
Lagranj Widinve Wlanear acksotedd mi | leik ekul | anél er (
s¢peral anén s¢per sidnleyadd-b idl Clenkjedgs ramarioplama | t € n C
t¢ceewd®ngkt ¢ g° dtadjaiM®mlicketVi,W?dnén skdeadsiey | a

bil ex@mWlkeurl il arﬁ@’h%e 4% °;dual alan tens®°r¢ ol mal

WW,
q

=D? 2/ "5 1 %F F mlp g »
(1.79)
WW?

— 2 H a m_'al mni
;=D RO ST ISR F, F F

eldeedilir@r a i k!l @EAB)ile (E83)ar as éndakib akepidd sliteh er e
baj é mhelgend(rl ) ay a Kinetik lteamnéin éin- BT y ly@®ee ki t | i kl er
(abelyen ay ar al anl ar éleri@inn ks peeéini i nteetrriink genel

dikkatea | abilim. Buk i net i k t er i ml dagranjiyen(h78)&kywa d acme&] iak m&
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ﬁabelyen ayar:%_ﬁqudz_[iwamdz(_ﬁﬁ '%_ dﬁ df_()&ayva 2(7’ ))
Wahq_ (1.79)

qq

WaWa‘
9q

1 5 o -1
==D2 + Y &/ s u=F-f M
> and 5 mu4ﬁ,

KekleadaeeddirtVekt °r s¢peral anénda/nf Weiyll i rsdiji Jni® r ¢ z ¢
Aprvektomr) (alyanénén wepyearsdémeaéa i &l eerkéd ol mak
denkl eml er i kull anél arak yok edilebilir.

Sol vl i sakji r al S ¢ Ip, estelskl aayal parametresii v, F;
s¢perdl)yga&ng UbpLupayar deo°négkegmleri,

F,- F =2t | FA. FA= giaL’ (1.80)
ileveriirBu ayar d°n¢kegmeg 2 UW{A)pdhacscdégmegmdaden gr
Yer el ayar dayarmpgametrad,sicpienuzay Kk dooksiybmdurat | ar é
yaniLI L(x, ¢)o| mak bizerke r al s ¢ p efraand kasnidyea n d aF adckratta
bu ki r al bowisyz(.t,@0l)a no|l ma |l & ddéarh.a Donlcaesdéeynl ae |l de
s¢per dakeakéyas!| antdled émayau tflaarké ea ksahi p bil ek

S¢persimetrik KEDOG6dde, ayaril akmaEBEaeEnniyg¢ i
Lagranjiyen ayar B/ Fkomezd eki mi ndeBru eblidd eed imi nr
dej i Kk me Z21.80) Veqlb@) yerelayar do°n¢gkemleri kull anéel ar

FAPVE _ RV F = @6t gV igdn L g
A 2igLA 2a(V+(L A A (1.81)
— l—_‘i»ﬁe2|qiL el e—2|qi LF :i%qv i
Kekl i ndeBug bsitrelreakliim .gsm@aj ¢ laldBifvéekkd ol usnégup er al
Ohaldebu birl eki mden oliuktsg,péansamettmaigh,ade] iye

bunun sadeced dd (D-terimi) bndielk k kat e :41.46),n(hbt2)) (&.5Héve
155k ul | amMesszaurmikno ayar énda
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PPV R| 404 ) (07) Wy B,

99q94q

+iN Ry ISyl D

(182

elde edilir(ar a lerKHB8d) e (E87)ar aséndaki denkl)Blydrecee v e
maddea | an(Jiave @) i | e ayar (AgvVeane tak iemEvwemmre syar ve

s¢per sdeneitkumékz Lagranjiyen

Linadde™ ﬁqud Z_C( Figqv FI) :iéﬁqv | F_
A _ 18y
=0 )OIV B R 4B G/ VT F yalF D

olur.

Sonu- ,b4( By alyar s deérn ximgranjiyeri (.79 ve (1.83)
bajént él ar aylpa r pboit(l?sityeelr e | ayar Ssimetris
keséemlalr @entdtereul lluirk | e s ¢ pagrtpeortiam s iayyealrd edkei] i K Im

bu sebeple bu terim Lagranjiyendea z € | ma z )

‘CSUSY L(l):[’abelyen ayar £ maddeB' w
~ a1 B .
= fi%qd quf"zww g W ) gk F (1.84)

+W( I:k)abel dz(_() VVA( kﬁabel 2(7’ )}C/

(1.84) Lagranjiyenndeki ilk iki terim U( 1) ayarealsgmpensan met r i k

(gaugino) kinetik terimi, ¢ - ¢ meceg i m ki r al s¢peral anl aréené
bil ekenlerinin kidmeg(tli)k ayearri mberonu hee vy
et kil ekmel erikinier i meidise. k$Soml s¢peral anl ar €
bil ekenlerinin Yukawa etkilekimlerini verir

En basit s¢persi metrivie KEf@nhiyern(eleldran) bi r }
I -neeldir. Bu fermiyon alanéné t-asVir hedimal is-a
bil ekenl erinin L agrChaldgbyuennldaer €o | vhearseéclargke rkeikri a
ayr e ayr é. Byntawlan| bm&] @ ld@a k sglelle fereniyonu ve bunun

s ¢epr e Ksokelli sfermiyon) d i j Iéf Dl mak s¢ianle feeniyonu ve bunun
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s ¢ per(esdljrsiermiyon)i - eri r. B° y |lLagagiyendeFKedYFe vk a K i
sé¢perp oheralhshieny@eFiAk iral S ¢ peayarléand yame® bagita 2 &l ér

haldes ¢ per si metri k KED Lagranjiyeni

~ -el S [
Lsusy kes™ [f°qd” qleZWaWa d( C)+ZW3W"" 0) g

(1.85)
FRetE s B Eof Edy YR

elde edilir. S ¢ p eetrs KED Lagranjiyeni, FAYYE, ve F2VF,, (1.82)adlen
d ¢emlenirve(1.42)ile(1.78) k u | Irsamiéll édlan@gcinsindema - € k yod za&la&kbi | i r

1.3.43S ¢ p er s iAbetyénOlimeyan Teoriler

Ger -ekS&jipebisi met r i tradayéfsi °li-elt eenl ek n @
°l -ejJiEperdemdtukitruirmml amhslei yemr e kU(1l) abelyBu s e b €
ayar simetr i siabelyenoljayan@angMills)raeymardesi met ri si ni
ve B¢ye¢k Birl exti ronleduKursgmelrasri émedtar i k genel |
yapél Bagedeélkrl ektir me sesppYangMilslteorisidgFerratageor i y e,
Zumino, 1974 Salam ve Strathdee, 19j4 adé Bww ri Pimkle kynaipéel anl ar é
abel yen ol mayan ayar ylayrauppéllaarbéinlai rggenel | ekt ir

Abelyeno | mayan ayara ykaurr aayhcgmubeanrtEasil e r i Kekl in
ortayabi-ré kaetlar. @l halsetalbelyano | may an ayair al°tnégmxdan
®npkevekt dransd apé€ma&n bi r.Beraanhareketied X tkuarrukl énta | &

simetrik) yapé sabitleri ol mak ¢zere

asTa Tb ¢ abe ¢

greT" @if o7 (1.86)
Liecebirinigrsia] lcafBaiacSUI M) i ayar verkuBu is-iprer a

V(xg, 9* V*(x ,)B v e kiral ls(eqp & £ d(x.a,0)8 « eikde
t ana &b ur aadayar grubundisnig® st er i r . (18w edkutr°urmdésa;, per al
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V3i(xq, g=C* 4 qOci - §c MYiG M2ig & A2
g oNg i sk fe (- a5 T (187)
1 - N l_ ] 7
+S 4 AP 55 a
halini Sgpersi maiixyvekXERBdtH a@ar &,yosnédraarsaé yvlea b un

fermiyoni lolas¢peegrhebebhel gel ir.
Kiral sg¢ @meelyend lamd yywarénayar g(s U 8o | difanke k¢cznel reer

(1.80)0 ebenzer k e k) | U ebelyerolmayan ag r don¢gkemler i il e
s¢peral anl aré temsil etmek ve g ayar ~-iftle
Fio- R =208 L ER. RAS @O (189

KekliademAbeglppedur umunda ol dupjeur adg iamil akénalbos

fermiyonik b i 1 e K e kinktié terimeri B2V F|  birl exki mi ndBan el de
994

birl eki min ayld8l)ded eyjaipkeeheaznéai | kK ¢ k i Faltat bumdad e e d
vekt©or s ¢ per al an;éeabayan dususnadakinden©f nasr kk gl Aldgtyen

olmayanayard ur u muwe kt-%rn s ¢peral anéenén ayar d°ng¢Kkg¢r
Q29TAVA | 2gTAVA _ e—2igTaLaAégTaVaéigTa £ (1.89)

Keklinde ol mak ¢ zs&rea dgeijuibad nma g €1¢60) fommeanae a in |
indirgenemez(1.89)dans ons uz k¢ - ¢ k, (EBdpaerverigriBaker€ampbel

Hausdorff form¢gl ¢ kull anél arak
V- visvoev, o f LY Lagw g (1.90

KekledeaedditBur ada soséuadbajy®ntméWessZumi dér ayar ¢

se-ilerek bunun Buoaxd ask io | imals éi ksiajtl emiémden ve
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A= Ay ug et ) oS A (199

(]

Kekl Pmedretkedjl¢ay |l ékl a Wessde mien o ((Lé@Yded ¢yrap el déj
190)adan se-il gebkltPr)sigpenal ané

Vi (%q, 9= d'sAE) H  Dg vy i -) &Y
1 e . (1.92)
*3 qd @) g Qf X)

hal i nB° ydl@®Begde yapéel aho2Wedskumhiemro vektor s¢pe
tekrarl aneéer s ayjveadidlee ad ymwanl ,ec/lca €lt &i € @@ me 61 ni

ayar ve sdeppremeetbLagranjiyen

Lnadde™ ﬁqud 22( FieAgu’v‘va Fi) :iééTaga i| F

99qq
=04 )OOV B HFE B T Ty 4193
+9/; DT
el de edilir. Burada kovaryant t¢rev
Dy My AT (1.94)

dir.
(1.7534n abel yen ol mayan ayar don¢gkemleri

al enamcsglpersimetrik alan tens®rl eri

W, = WAT? 1 8i(5[—))e-29\/eTﬂD§29\f"F‘
f (1.95)
g

K ek ltianndeeméaaynaérr d° n¢ kK¢ ml er i
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W, - W-:e-ZigTa LaW igT2 B

b _é . aA_g,?. o (1.96)
)/\{a' _ WA :e-ZIgT L£ W §2|gT g

deéBu d°n¢ k¢ MV veallbw-nadrap € ml eayr & égir ubu i ndi si

izleri

K@2W,)= W% *WiTh =T 2 DR iT v 2w

o LA (1.97)
K@yW) = (KRZDWaw? =waw e
kg

dej i kadRJ2) veSU 3) grukLaeéRlurrgdna s¢persi metri
durumla benzerlik kuruldu Bi | i nabélferdu rcwemedee kuvveRfagdran t e
dej i kK mabelyerelmayan durumd&(E° F. }=1/2F*°*F.Sayar deji kmezdir.

WesZumi no vVvekt((192,(s%fieyrealimreé yazeeédiekaaal 8«

yapeélVir 0DpV, D Vi, )VwrVzD V,,) veVaADVy,) Oexi tlikler
kull aneéel ér sa
1 —_
w,= - (BD)(Dy ¢[DY.V])
) (1.98)
W,= -, (OD)(DY ggDY.V

elde edilir. Burada ilk terimler abelyend ur u ml a  abglye@olmayanudurunada
T"",T‘T Ool dujub®¥dnOteri mi ort aQyo8)6 @-sé&k mawet] & rk.i n

baj @nd £&pl anér sa

W, =WiTe = Z(BD)(DY" gD YOIV T (199
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elde edilir ve burada@.98)dn, f®° Y 0 limitinde abelyenduruma yani(1.75i | e ayné
ol duj wromuw-l vYraniEkve W, WiT? o | ma k (k72)&ekiee

benzeb i - i md e

Wi=1%y) (FADY) (+8 (W) @b +) ams * () 1100
We=iTi@ { eD@ g "FE(A)T G @ d4Y |

elde edilirBuradaay ar al ae geng?ngnunskowmaéyhnant tg¢re
F;”: uﬁ\an _ Ai ,gfgbcAbAcve Dm/aa - Hn/ia gfabcAme/( (1101)

ile verilir. (1.1000 e ki t | i k F®Yi Olimitindedabelyend ur uml a ayné ol

go°r ¢l mektedir.

WH2WE ve WAW™ birerkirals ¢ per al an ,oJ pdeurksl iamedtnrdia nd © n ¢
alténda deji kmez REWa e W&%Ornaémj i spedmadie-yil na
bi |l eklewll leaBi°éyl | éayar ekinetik terimlerinii - esgper si metri k d e
Lagranjiyen (1.97)ve(1.100k ul | anél ar ak

Logar™ rplqd2 VW) (Y +ik Bdd dgvie %)

kw2 Ky aa

1
nj qd> WS (9) +, dff df (WY *))g (1102
Wa)/\{a‘ W *ﬁ
q4q q9q
-1pape 4=D,,/ g3 Loaymera lpacam
2 2 4
elde edilir.Bu, abelyenol mayan ayar teoril eripedimkrik ayar

genel | ek.Bi°ryil ermexesli doiirr agagiqorsii s topmeentagranjiyen
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ESUSY YM:[' ayar"E maddeB' W

_nj qd Z‘flwaawa C/z( C)"‘ aWaa 2(7,) ("’(Fég]’f‘\/’a F (1.103

WO Yo W (F) %)

Kekl i nde Byradakeker bibteritni(1r43), (1.93) ve (L.102Q k ul | amele&r ak
yazébegpesasvangplit ris Lagranjiyeni ol arak adl an
Lousy w5 DD? 4D,/ 277 L 2/t 2 Frap 2
007 )AY B JFF i8] T
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elde ediit Bur adaki (L103)&kni & &t e rk i teri mithld3§n,3. 2. vV €
teri mi nde n(1lM3&nsan iki tesimindénrelde edild{1.104) Lagranjiyeninde
FveDyardémceée al anl dn gokté,nd ok ias €tyil ke Hamket anh a n |
denk | eml er i temeyl e cebirsel dir. Bunem sonu
yeniden ifade edilebilirleBunl|l ar én har k7@)ileFdenk Eeml eni a- ék
edildi)
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olur. Bu Lagranjiyendekher bir terimilei | i keknmd i - i zk enibmvelk ¢ koadd
g°sty@mBudi zi md gzidzegi | er yermdgbgbahéée-i(zgiler
(A, kesi klir-atghtardgkgakée -i zglld)temsili gaugi

edyor . Gr i r e n k IFeynma® k e li eatldeanbielyemoimayanay ar gr upl a
i-in geedolekirl ve 2 nymarakeal eer vl é er sné
kinetik terimlerini hem de bunlarén ayar é
numaral é@ terimler ise séraseyém khiyamet ak anmneénm

Ayréca abelyen 8| mayan tdawmreumyiari m,l anén bir

(3 numaraleée terimde 2. ve 3. /Falyamhar é&n &
etkil ekmel erini I -erirler (4 numaraleée terin
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