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Supersimetri (SUSY)

“Stipersimetri, fermiyon ve bozon
durumlari arasinda bir Q operatoruyle
tanimlanan donugumlere bagli uzay-
zaman simetrisidir.’

Q| Fermion) = | Bason)  Q'| Bason) = | Fermion)

{Qﬂ QT} ~ P {09 Q} = {QT’ QT} =0 L. O'Raifeartaigh, Pierre Fayet ve John Iliopolous.
[PM, Q] _ [PM, QT] —0 (Cern Courier, Feb. 2001)
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Supersimetri (SUSY)

Skaler ve Fermiyonik alanlari bir arada
Lorentz degismez olarak Lagrajien ifadesinde
toplayabileyen ilk SUSY modeli Wess-Zumino
modelidir.

Ly, = LWZ(serb&et) + Loy

= au(l);ra“(bi + X,Tic?“a“x, —‘W‘z - % {V‘I/in'Xj + hC} Julious Wess ve Bruno Zumino.
oW o°W
oo . .. W — W —
W Superpotansiyeli; % i 90,00,
1 1 1
W= 5 Mij(l)lq)j + g yijkq)/q)jq)k W - Mijq)j + E yijkq)jq)k Vvij - Mij + yijkq)k

Lagranjieni degismez birakan supersimetrik donugumler;

0.0;=§.%;, O.x;=-l0 “i02§*au¢, +8F 0.F = —I?;T(?”aux,



Supersimetri (SUSY)

Boylece Ismarlanan yeni parcaciklarla beraber pargacik havuzu:

isimler spin 0 spin 1/2 SU(3)., SU(2)., U(1),
skuarklar, kuarklar Q (i, d‘-L) (uy, dp) 3, 2, 1/3
(x 3 aile) or (Xu, Xa)

" ﬁL — ﬁ; l-lL — (uR)C 3, l, —4/3
. . } Or Xa = v )
d d = d}, dr. = (dr)* 3, 1, 2/3
or xa = ¥
sleptonlar, leptonlar [, (Ver, 1) (VeL, €1.) 1, 2, —1
(x 3 aile) or (Xv,, Xe)
e éL = é; e = (eR)" l, 1, 2
or Xz = Yg
Higgsler ve H, (H}, H") (A}, H) 1, 2 1
Higgsinolar Hy (HY, H;) (HY, f{d ) 1, 2, —1
isimler spin 1/2 spin 1 SU@3)., SU2)L, U(1),

gluinolar, gluonlar B g 8, 1, 0

winolar, W bozonlari W+, W w+, wo 1, 3, 0

bino. B bozonu B B 1, 1, 0
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R-Parite Nedir?

Standart Modelin minimal stipersimetrik genigletimi (MSSM) i¢in stiper potansiyel:

Wissy = ijlU/Q/Hu ~ Véain-Hd - ygé/Lj'Hd +uH,.H,

MSSMde ayar invaryant ve renormalize olarak gelen terimler kendiliginden
Lepton ve Baryon Korunumunu saglar.

(Siirekli) U(1) grubunun R-simetrisi ™) R_parite SU(3)xSU(2)xU(1) (Kesikli)

e

R (_1)3(B—L)+2S _J Tum madde pargaciklari i¢in +1 (ift R durumu)

Tum siper esler i¢in -1 (tek R durumu)

—

R-paritenin korundugu ornek

bir sureg: 7~(10 Siiregler icin etkilesim kosesinde pargaciklarin;
‘71 *‘R-durum carpimlari +1 ise R-parite Korunur.
------------- *R-durum garplmlarl -1 ise R-Parife ihlal edilir.
A%
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SUSY’nin RPV Genigletimi

SUSY’nin RPV genigletimi asagidaki gibi stiperpotansiyellerin secimi ile baglar;
" B ” _ .
W, =ASL.Le+\"L.Qd +uL.H,

VVAB=1 = }\’gkuiajak
A : RPV ¢iftlenim sabiti

Bu terimlerin;

>|epton ve Baryon Korunumunu 1 sayiyla ihlal ettigi gorulebilir.

>Temsil ettikleri etkilegsimler deneysel olarak gozlemlenememistir. Bu
yiizden A sabitlerinin olduk¢a kiigik (<< 10-3) olmalari beklenmektedir.

>Temsil ettikleri etkilesimler non-perturbatif elektrozayif etkiler
yoluyla ortaya ¢iktigindan ihmal edilebilir.

> Onemi ancak erken evren donemi aragtirmalarinda ortaya cikar:
Evrendeki baryon ve lepton sentezinin RPV ihlal eden suregler yoluyla

gerceklestigi duginulmektedir. o



R-Parite Korunuyorsa

MSSMde R-parite Korunumunun (RPC) getirdigi onemli sonuglar:

1.En hafif kiitleli sparg¢acik (EHS) (R-odd) kararlidir ve karanlik madde
adaydir.

2.Diger tum sparcaciklarin bozunum uriinleri tek sayida EHS icerir. (R-
odd) Agir pargaciklar oldugundan zincir bozunum (cascade decay) yaparlar.

3.Hizlandiricilarda sparc¢aciklar sadece ¢iftler halinde tretilebilir. Cunku
diger yollardan uretimler R-parite korunumunu ihlal eder.

Bu durumda; proton KARARLIDIR. Oysa SM veya MSSM, protonun neden
en Kararli pargaciklardan biri olmasi gerektigine dair bir mekanizmaya

sahip degildir.
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R-Parite Ihlal Ediliyorsa

Siupersimetrik bir modelde R-parite ihlal ediliyorsa (ana motivasyonlarimiz);

1.EHS Kararli yapida degildir ve kisa surede SM pargaciklarina bozunur.
2.Spargaciklarin bozunum urunleri tek ve ¢ift R-parite durumlarina sahip olur.

3.Spargaciklar ¢iftler halinde oldugu kadar tek tiretimler ve rezonanslar
yardimiyla da uretilebilir.

4.Notrino kutle Uretimi hem R-paritesinin kendiliginden hem de agik (explicit)
kKirilmasiyla saglanabilir. (ar: 2402.04040v1) . )2

- = g ’ P =27 s
’ > SR < L |211"}”11k|—8><10 % 100GeV
. :

Super Kamiokande:
Proton yari omru

8 x 1033 yil 221




LHeC ile SBottom Uretimi

Ref: Kuday S, Journal of the Korean Physical Society, Vol. 64, No. 12, June 2014.
Sinyal Siregleri: ¢ +p—b*—pu” +7

q

m-

m

Fig. 1. Feynman diagrams of signal production where q¢ =
u, ¢ quarks.

Ardalan Suregleri:

ef +p — pt+q/7+ X,
e +p— vet+q/g+ W™

MSSM potansiyelinin RPV etkilegimlerle genigletiminde

kullandigimiz terimler:

1 _ _
Wgpy = 5,\ijkeabLngEk + e LEQ5 Dy,

+§/\;’jke U, D; Dy,

Toplam Lagranjienin A/, bagimliligi olan terimleri agik

yazilirsa;

Ly = =N ldb,viPrd; + drjdy PLv; + idy Prd;

~

—d;{ke_fPLuj — eLiJkPLuj — qu(i_kPLei] + h.c. (2)

RPV katsayilarina gelen sinirlamalar literaturden
alinarak asagidaki aralikta taranmigtir. (Ref: R.
Barbier et al., Phys. Rept. 420, 1, 2005.)

Al1g = Algg < 0.18, Adz1 = Agzp < 0.45

0.05,

0.01. Serbest param.
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LHeC ile SBottom Uretimi

Ref: Kuday S, Journal of the Korean Physical Society, Vol. 64, No. 12, June 2014.
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Fig. 3. (Color online) Invariant mass distributions of the Fig. 4. (Color online) Transverse momenta for jets. e]]

signal and the background.



LHeC ile SBottom Uretimi

Ref: Kuday S, Journal of the Korean Physical Society, Vol. 64, No. 12, June 2014.
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Fig. 6. (Color online) Integrated luminosity vs. sbottom Fig. 7. (Color online) Attainable limits for the sbottom
mass for 95% C.L. mass and RPV couplings at 60 GeV e~ beam option of LHeC.

RPV suregleri araciligiyla squark rezonans tretimi, daha gti¢clu bir sinyal elde etmek igin
avantajlidir, ancak ardalanlarin indirgenebilir oldugu belirli son durumlar se¢ilmelidir.

850 GeV sbottom Kiitlesi igin LHeC carpigtiricist A ' (113) = XA " (123 = 0.18 ve X ' (231) =
A ' (232) = 0.4 limitlerini koyabilmektedir.

®12



FCC-he ile SBottom Uretimi

Ayni surecin, gincel parametreler ve MadGraph5 RPV4 Modeli ve Pythia8 ile analiz edilmesi.
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Figure 2. The total cross section as a function of bottom squarks mass for different value of
M1z = Moz (Mygq = Np3o) setting Nygy = Apgy = 0.45 (Xj;3 = Aj53=0.18) on the left (right) panel
at FCC-eh for 60 GeV (50 TeV) electron (proton) beam energy via e~p — b* — lg process.

104 . 'lr 64 T T T 104 I a— T T T — 3
231=h 232=0.45 A y13=A 1p3=0.18 —— A y13= 123=0.18 A 1=k p3p=0.45 ——
M 113=M 129=0-1 10 A 231=h 23,=0.1
10° 7*,1 13=A 123=0.05 ==+~ A 231 =Ay232=0.05 ------
A1137h 123=0.01 — - — 102 Npa1=h 53p=001 — |
2|
g 107} 7
I =T T
© P LR L
o' T e T e
-------------- 10°
0
10 10"
10" 102
600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000
m; [GeV] mg [GeV]

Figure 3. The total cross section as a function of bottom squarks mass for different value of
Mg = Moz (My31 = Ai3) setting Nyg; = Ny3o = 0.45 (N353 = Nj93=0.18) on the left (right) panel
at FCC-eh for 120 GeV (50 TeV) electron (proton) beam energy via e”p — b* — lq process.
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FCC-he ile SBottom Uretimi

UYQUIQd|§|m|Z/UYQUIanCO§|m|Z segilimler; Table II. Yields of events after all applied cuts for 120 GeV e-beam option.

Al13 = Al2g =0.18 | = 0.05 | = 0.01
e Kinematic cuts: for muons, pf > 25 GeV and
In] < 2.5; for jets pL > 25 GeV and |n| < 3.5. Signal for M_B = 900 | 51718 + 227.416 | 2585.9 + 11.371 |54.812 + 0.228
e Missing transverse energy veto: E(T < 25 GeV. Signal for M_ B = 1300| 82719 + 287.609 |4135.95 + 14.381|88.191 + 0.288
e Invariant mass cut: M, > 85 GeV. and mass win Signal for M B = 1700|105455 + 324.738|5272.75 4+ 16.237|102.55 £ 0.325
- Mpuq ) -

dow cut in accordance with the energy resolution. Electron+b+X 379 + 19.6214
e Vetoing b-jets with 60% efficiency: Same assump- Neutron+b+W 3809 + 764.299
tion for b-Jgt 1dept1ﬁcqt10n in experln}ents because Total Background 4188 + 764.544
we need to identify b-jets before vetoing.
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Figure 12. Invariant mass of Scalar B in stack histograms after applied all cuts




Ilgili Giincel Arastirmalar

single squark production, in RPV SUSY (signal like leptoquarks, with generation mixing)

Probe R-parity violating stop resonance at the LHeC . ‘,
NCCPp./ /7arxiv.org/par/11u. A
stop  e(p) w(p,)
T N’ 3,<0.03
T Y lso stronger bounds from BB0v _
Mz Aogs ° 2
— E j;
d(pz) (p4) ‘Tl s ——140GeV e’ beam \-\_ '\\,_'.
o 10 ---- eV e’ beam N, AN
« sensitivity up to 700 - 800 GeV with only 1fb-" © b IS?GZV_‘,-" beam \_\
very promising with high luminosity, 100 fb! TTrToGev e heam S
10° =
. .8(;0. . .10l00. ‘12.00.

requires good b-tagging
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Update with high lumi scenario
In progress ! Expect to be strongly

competitive with LHC

RPV interaction can be probed at

unprecedented levels
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Ilgili Giincel Arastirmalar

Debjyoti Bardhan,"" Amit Chakraborty,"" Debajyoti Choudhury,”* Dilip Kumar Ghosh,** and Manas Maity*'
'Department of Theoretical Physics, Tata Institute of Fundamental Research TABLE V. Signal significance for the benchmark points with the choice of BDT cuts with £ — 300 fo! of

1, Homi Bhabha Road, Mumbai 400005, India integrated luminosity.
, 2Departmem‘ of Physics and Astrophysics, University of Delhi, Delhi 110007, I BP-1 BP-2 BP-3 BP-4 BP-S BP-6
Department of Theoretical Physics, Indian Association for the Cultivation of Sci m;, (GeV) 500 600 700 800 900 1000
\ 2A & 2B, Raja S C. Mullick Road., Kolkfth 700032, India . BDT cut 0231 0234 0258 0230 0311 0294
Department of Physics, Visva-Bharati, Santiniketan 731235, India S=45 20.9 9.9 4.7 2.7 1.6 0.9

(Received 6 March 2017; published 25 August 2017)
We consider a scenario of a minimal supersymmetric standard model with R-parity violation, where the

lightest supersymmetric particle is the lighter bottom squark (l;l) We study the production of a bottom Search for bottom squarks in the

squark pair at the LHC and their subsequent decays through the baryon number violating operators leading - . .
to a top pair with two light quarks. Looking for both semileptonic and fully hadronic (no leptons) final baryon number VIOIatlng MSSM.

states, we perform cut-based as well as multivariate analyses (MVA) to estimate the signal significance at (Ref: PRD 96, 035024, 201 7)
the 13 TeV run of the LHC. We find that a cut-based analysis can probe bottom squark mass up to

~750 GeV, which may be extended up to ~850 GeV using MVA with 300 fb~! integrated luminosity. Th DEBJYOTI BARDHAN et al.

fully hadronic final state, however, is not as promising.

m— BP-1
DEBJYOTI BARDHAN et al. 209 . Bp2
—— BP-3
ol caes BP-4
- — = BP-5
— BP-6

25

— BP1
— BP2
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2071 — Bp4
—— BP5
~— BP-6
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L

©
£
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E Y A e 8 101
s |\ 4 =
2 10 - g‘
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5 B
5 - -~ S
— - EPPPRTTIN . \\
o ——-nITnTiel o TEs
%0 so0 1000 2000 3000 0 PRl i e == T~
Integrated Luminosity (fb~1) —06 _6.4 _6.2 0:0 012 0:4
FIG. 5. Plot of significance versus the integrated luminosity. BDT cut value
While the inset legend shows the color for the different bench-
mark points, the solid line corresponds to the significance FIG. 9. Plot showing the significance of the different bench-
corresponding to the cut-based analysis and the dashed line to mark points with variation of the BDT cut value. All figures

that provided by the multivariate analysis. Horizontal lines at 2o for 300 fb-!
and 5o indicate the potential for exclusion and discovery.
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Ilgili Giincel Arastirmalar

FCC carpistiricisi kapsaminda yaptigimiz diger ¢calismalar;

The Observation of Jet Azimuthal Angular Decorrelation at FCC-ep
Authors: |. Hos, S. Kuday, H. Saygin

Abstract: Higher collision energies at future colliders may eventually lead to the falsification of standard fixed-order
perturbation theory and linear evolutions due to non-linear structure of QCD at small-x. New physics researches that is strictly
based on accurate jet measurements will undoubtedly have this observation known as BFKL effect via angular jet
decorrelations taking into account the Mueller-Na... 7 More

Submitted 13 February, 2023; v1 submitted 10 February, 2020; originally announced February 2020.

Comments: 11 pages, 15 figures, 3 tables. Accepted by IJMPA in 13/02/2023

Projections for Neutral Di-Boson and Di-Higgs Interactions at FCC-he Collider
Authors: S. Kuday, H. Saygin, I. Hos, F. Cetin

Abstract: As a high energy e-p collider, FCC-he, has been recently proposed with sufficient energy options to investigate Higgs
couplings. To analyse the sensitivity on the Higgs boson couplings, we focus spesifically on the CP-even and CP-odd Wilson
coefficients with hhZ Z and hh~y~y four-point interactions of Higgs boson with Effective Lagrangian Model through the process
e p — hhje~ .We sim... V More

Submitted 19 April, 2018; v1 submitted 1 February, 2017; originally announced February 2017.

Comments: 18 pages, 20 figures, 3 tables

Probing Charged Higgs Boson Couplings at the FCC-hh Collider
Authors: |. T. Cakir, S. Kuday, H. Saygin, A. Senol, O. Cakir

Abstract: Many of the new physics models predicts a light Higgs boson similar to the Higgs boson of the Standard Model (SM)
and also extra scalar bosons. Beyond the search channels for a SM Higgs boson, the future collider experiments will explore
additional channels that are specific to extended Higgs sectors. We study the charged Higgs boson production within the
framework of two Higgs doublet models (THD... vV More

Submitted 22 April, 2015; originally announced April 2015.

Comments: 22 pages, 26 figures, 6 tables

Journal ref: Phys. Rev. D 94, 015024 (2016)



Sbottom kiitlesine 2021 yilinda 850 GeV limit konulmugtur. (Ref: ATLAS
Collab. Phys. Rev. D 104, 032014 - Published 31 August, 2021)

Sbottom kiitlesine 2017 yilinda CMS (notralino kitlesi 10 GeV olmak
sartiyla) 1225 GeV limit koymustur. (Ref: CMS-PAS-SUS-16-032)

RPV sabitleri A ve A" a , LHCde 7 TeV igin 10-3 ve 14 TeV igin 10-4
mertebelerinde sinirlamalar getirilebilmektedir.

RPV Sbottom rezonans liretiminin FCC-he icin analizindeki ISLERIMiZ;
* Olay uretimleri yeniden yapilacak
* Secilimler guncellenecek
* Yeni Limitler hesaplanacak

RPV genigletimi MSSM modelinde yapilabildigi gibi diger SUSY
modellerinde de (Ors: split-SUSY) yapilabilir ve analizi onem kazanabilir.
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