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1870’ler: Mendeleyev Tablosu
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Figure 2.5 Dmiui Mendeleev's 1872 periodic table. The spaces marked with blank
lines represent elements that Mendeleev deduced existed but were unknown at the

time, so he left places for them in the table. The svmbols at the top of the columns
(e.g.. R0 and RH') are molecular formulas written in the swvle of the 19th century.
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Asim’in nesline cagn

“Sen gecenlerde demistin ki: Yazik hala biz,
Diinkdii ilmin bile biganesiyiz, cahiliyiz,

iste fiktani bu ihmal edilen ma’rifetin

Nesli bir acze diisiirmiis ki, bugiin, memleketin,
Bir yigin kuvveti var, hem ne tabii de, heniiz

Biz o kuvvetlere eller gibi hakim degiliz! L Sebe, 3;
Yunus, 61.
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O yaman kudrete hakim olabilsem diyerek, ..
Sarf edip durmada bir ¢ok kafa bir‘).l.g;:ce-eﬁiék, ., CERN, TAC
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Oyle milyonld degil, na-miitenahi'kudret!
Ibret al kendi s6ziinden aman oglum gayret...“ —— Aldik mi?

Safahat, 6.boliim (1919)
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Yarinin limi (bu Calistay)

Elektromanyetik, zayif ve kuvvetli etkilegmeleri birlestiren Standart Model binlerce deneyin sonuglarini
dogru yorumlamasina ragmen birgok temel soruya cevap verememektedir. SM'nin agiklayamadiqgi
problemler olarak temel fermiyonlarin kutleleri ve karigimi, sag-sol simetrisinin kirinimi, fermiyon
ailelerinin sayisi, karanlik maddenin tasiyicilar siralanabilir. Temel pargaciklarin ve serbest
parametrelerin enflasyonu (sayilarinin goklugu), SM'nin daha temel bir teorinin tezahuru oldugunun
gostergesidir. Bu kapsamda; preon modelleri, supersimetri, ek boyutlar gibi bir gok yaklagim
gelistiriimektedir. Maddenin temel yapitaglari ile ilgili bilgimizin tarihi geligimi agisindan maddenin yeni
yapi duzeyini ongoren preon modelleri daha gergekgi gozukmektedir.

Galistayda preon modelleri ve ongorulerinin yuksek enerjili garpisgtiricilarda aranmasi ile ilgili Turkiye'de
yapilan ¢aligmalar irdelenerek bu alanda yapilacak yeni galigmalarin yol haritasi belirlenecektir.

TOBB ETU YEF Grubu

Yer: TOBB Ekonomi ve Teknoloji Universitesi Ana Bina 1. Kat
Toplanti Salonu

Kayit: 8 Mart 2018 Saat: 10:00
Acilig: 8 Mart 2018 Saat: 11:00

® Starts 8 Mar 2018, 10:00
Ends 10 Mar 2018, 13:30
Europe/Istanbul

9 TOBB ETU Ankara/TURKEY
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Tarigma
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FCC'ye Dayal Lepton-Hadron Garpigtiricilaninda Uyanimig Notrino Oretimi Abduilatif Caligkan @
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Kapanig
12:00 - 12:30
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Icerik
1. Neden yeni yapi diizeyi

SM parcgacik ve parametre enflasyonu, fermiyon aileleri, karisimlar vb
Tarihi argumanlar: Peryodik Tablo, Sekizli Yol

SM’in cevaplayamadigi sorular

SM otesi modeller

2. Preon modelleri

3. Tezahurler

Yeni parcaciklar

Yeni etkilesmeler: temas etkilesmeleri, anomal etkilesmeler
Formfaktorlar

Deneysel sinirlamalar (Orhan)

4. Enerji on-cephesi carpistiricilar
5. pp, Il ve Ip karsilastirmasi
6. Kozmik 1sinlar, nadir bozunumlar, kozmoloji vb

7. Sonucg



1. Neden yeni yapi dizeyi

+ SM parcgacik ve parametre enflasyonu, fermiyon aileleri, karisimlar vb
Tarihi argumanlar: Peryodik Tablo, Sekizli Yol
SM’in cevaplayamadigi sorular
SM otesi modeller
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First of all, possible manifestations of the fourth SM family (which is predicted according to
the democratic mass matrix approach) quarks at LHC have been considered. Then, the number
of free parameters in three family MSSM is estimated to be more than two hundreds, therefore
SUSY should be realized at more fundamental (preonic?) level. In this case, each SM particle has
more than two (super) partners, If the nature prefers SUGRA scenario, then the existence of (at
least) one new neutral vector boson with TeV scale mass seems to be highly probable. Moreover,
application of DMM approach leads to the prediction that (at least) one isosinglet quark and one
vector isodoublet charged lepton have relatively small (TeV?) masses. Finally, the possible existence
of additional space-like dimensions at TeV scale will manifest itself in multiplication of each SM
particle,
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International Workshop on Linac-Ring
Type ep and 4p Colliders

Four Ways to TeV Scale

S. SULTANSOY
Physics Department, Faculty of Sciences,
Ankara University, 06100 Tandogan. Ankara - TURKEY
and
Azerbaijan Academy of Sciences, Institute of Physics.
H.Cawvid avenue 33. Baku - AZERBAIJAN

Abstract

Four known types of colliders, which may give an opportunity to achieve TeV
center of mass energies in the near future (10-15 years), are discussed. Parameters
of the linac-ring type ep and vp machines are roughly estimated. Some speculations
on TeV scale physics are given. The physics goals of the TeV energy ep and ~p
colliders are considered.

1. Introduction

It is known that the Standard Model with three fermion families well describes almost
all of the large amount of particle physics phenomena [1]. Today, SM is proved at the
level of first-order radiative corrections for energies up to 100 GeV. However, there are a
number of fundamental problems which do not have solutions in the framework of the SM:
quark-lepton symmetry and fermion’s mass and mixings pattern, family replication and
number of families, L-R symmetry breaking. electroweak scale etc. Then, SM contains
unacceptably large number of arbitrary parameters even in three family case: 19 in the
absence of right neutrinos (and Majorana mass terms for left neutrinos), 26 if neutrinos
are Dirac particles, > 30 if neutrinos are Majorana particles. Moreover, the number of
"elementary particles”, which is equal to 37 in three family case (18 quarks, 6 leptons,
12 gauge bosons and 1 Higgs boson), reminds the Mendeleev Table. Three decades ago
similar situation led to the quark model!

For these reasons, physicists propose a lot of different extensions of the SM, most
part of which predict a rich spectrum of new particles and/or interactions at TeV scale.
These extensions can be grouped in two classes, namely standard and radical ones. Stan-



Periodic Table of the Elementary Particles

family v (direct) / u d
’ <2eV 510.998928(11) keV 1.8 to 3.0 MeV 4,5 to 5.3 MeV
2 <190 keV 105.6583715(35) MeV 1.275(25) GeV 95(5) MeV
3 <18.2 MeV 1.77686(12) GeV 173.21(1.22) GeV 4.18(3) GeV
4 > 39.5 GeV > 100 GeV > 700 GeV > 675 GeV
Also, m, =0 (<1078 eV) m, =0 (< few MeV)
PDG
m,, = 80.385(15) GeV m, = 91.1876(21) GeV
m, = 125.09 £ 0.24 GeV 2014
Scale: M = 247 GeV

" Elementary in the SM framework. At least one more level (preons) should
exist.



0.97427 +0.00014  0.22536 + 0.00061  0.00355 = 0.00015
Vora = | 0.22522 +0.00061  0.97343 +0.00015  0.0414 £ 0.0012
0.0088610-0002%  0.0405700015  0.99914 = 0.00005

Neutrino mixings

sin?(f12) = 0.304 + 0.014 Stable Neutral Heavy Lepton Mass Limits
sin?(261,) = 0.846 + 0.021 Mass m > 45.0 GeV, CL = 95% (Dirac)
Am%l = (753 £ 0.18) x 1072 eV?2 Mass m > 39.5 GeV, CL = 95% (Majorana)
sin?(fa3) = 0. 514+8 822 (normal mass hierarchy) Neutral Heavy Lepton Mass Limits

snn2(023) = 0.511 £+ 0.055 (inverted mass hierarchy)

M 90.3 GeV, CL = 959
sin?(2653) = 0.999 7399 (normal mass hierarchy) ass m > 90.3 GeV, CL = 95%

sm2(2023) = 1. 000+8 8?9 (mverted mass hierarchy) MaS(SD’:a; uéoc;ug:\l;géi i ;9"5%' conservative case(r))
, = (2.44 £0.06) x 103 eV? [l (normal mass hierarchy)

Am3 = (2.49+0.06) x 1073 ev2 IV [/ (inverted mass hierarchy)

s.n2(013) (2.19 + 0.12) x 1072

sin?(2613) = (8.5 + 0.5) x 1072

(Majorana v coupling to e, pu, 7; conservative case(7))

We wonder why m, = 125 GeV?

But do not worry on accidental values of SM fermion
masses and mixings ...; i.e. m(e)/m(t) ~ 10°



x More than 50 fundamental particles and 26 free parameters in the minimal SM3
indicates that the Standard Model is manifestation of more fundamental theory.

% Physics met similar situation two times in the past:

Stages 1870s-1930s 1950s-1970s 1970s-2020s

Fundamental Chemical Elements Hadrons Quarks, leptons
Constituent inflation

Systematic Periodic Table Eight-fold Way Family replication
Confirmed Predictions New elements New Hadrons BSM particles
Clarifying Experiments Rutherford SLAC DIS LHC or rather FCC

Building Blocks Proton, neutron, electron Quarks Preons?
Energy Scale MeV GeV TeV?

impact on Technology Exceptional Indirect Exceptional?

o Periodic Table of the Elements was clarified by
Rutherford's experiment

> Hadron inflation has resulted in quark model

> This analogy implies the preonic structure of the SM
fermions




SM’in cevaplayamadigi sorular
(ATLAS Week 1997)

Below, we present partial list of problems which have not been solved by the SM

o What determines the pattern of quark and lepton masses and the mixing angles and phases of the CKM matrices?

o Why do the quark-lepton generations repeat? How many generations exist in the nature?

o What is the origin of quark-lepton symmetry? Do the right-handed neutrino components exist in Nature? Are
the neutrinos Dirac or Majorana particles?

o What is the origin of L-R symmetry breaking? In the SM this is put by hand.

o Why are there so many arbitrary parameters? Three family SM contains:

3 coupling constants a,, Gem and sin Oy,

6 quark masses, 3 mixing angles and 1 phase,

2 parameters of the Higgs potential,

3 charged lepton masses,

1 QCD vacuum phase angle,

3 neutrino masses (6 in Majorana case),

3 lepton mixing angles (15 in Majorana case),

I phase (7 in Majorana case).

A total of 19 (26 for Dirac neutrinos or 30+7 for Majorana neutrincs) arbitrary parameters!

o Why are the all known interactions built on the gauge symmetry?

o What is the (real) origin of CP-violation?

o How is the gravity included in a unified way?

o Are the quarks and leptons (as well as part of or all gauge and Higgs bosons) of the SM elementary or composite?
Three family SM contains: 18 quarks, 6 leptons, 1 photon, 8 gluons, 3 massive IVB’s, 1 H” and 1 graviton; a total of
38 "elementary particles”! Third Mendeleev Table? Second Mendeleev Table (hadrons) result in quark model!

o What is the origin of "confinement” of colored objects? Are they "truly confined"?

o 00

Therefore, we are far from the "end of physics"!



Ek sorular ?

> Karanlik madde
> Karanlik enerji

>

Notrino salinimlarinin gozlenmesi = sag-elli notrinolarin varligu.
Aslinda sag-elli notrinolar BSM degil, lepton-kuark simetrisine gore sag-
elli Ust-kuarklarin lepton karsihgidir, yani SM’dir.



SM otesi modeller
(ATLAS Week 1997)

A. Standard extensions of the Standard Model

In this elass we restrict ourselves within the framework of gauge theories with spontaneously broken gauge symmetry.

1. Higgs sector:

- two or more Higgs doublets (CP violation in scalar instead of fermion sector)

- isodoublet ¢ (Dirac mass terms), vector isotriplet £ (Majorana mass term for left-handed neutrino), isotriplet ¢
(in order to satisfy relation p=1).

A number of new neutral and charged Higgs bosons (including double charged ones for last case) are predicted.

2 Fermion sector:

- fourth SM family

- new isosinglet left-handed vy, (for v-oscillation experiments)

- new isosinglet quarks and vector-like lepton isodoublets (Eg -induced)
- ferinion isotriplets etc.

A munber of new (non-standard) leptons and quarks are predicted.

8. Gauge sector:

- wlditional U(1) factor (i.e. leptonic photon or Eg -induced)

- additional SU(2) factor (L-R "symmetric" electroweak sector)

- etc.

New (massive) neutral and charged intermediate vector bosons are predicted.
The: next stage in this direction is represented by GUTs.



B. Radical extensions of the Standard Model

This class includes two well-known directions: Compositness and SUSY.

1. Composilness:

- composite Higes

< compeosite quarks and leptons

- composite W and Z

- composite 4 and g's 7

A number of new exotic particles (leptoquarks, leptogluons, exited fermions and bosons etc.) and interactions
(including residual ones) are predicted.

2 SUSY:

- three family MSSM

- four fanily MSSM

- SUSY GUTs

- SUGRA

Spectrum of fundainental particles is enriched with inclusion of superpartners.

8. "Unezpected” new physics

- new space-time dimensions
?

All extensions (with exceptions of minimal SU(5) and SO(10) GUTs) predict & rich spectrumn of new particles
andfor interactions at TeV scale. Therefore an exploration of this region will require all possible types of colliding

Iwins.,

08.03.2018 Saleh@Preon Caligtayi
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Ek modeller ?

> SUGRA = Superstrings (aslinda «theory of nothing»!!)

>

Son 20 yilda Ek Boyutlar «unexpected» sinifindan «radical» sinifina gecti

«Unexpected»:

> CPT violation

> Fundamental length
> Parastatistics
>



WHY PREONIC MODELS?

X The composite models are particularly interesting for the continued simplification
and describe nature in terms of its most fundamental building blocks.

x These fundamental constituents were called PREONS by Pati and
Salam.

X Family replication and especially SM fermion mixings can be
considered as indication of preonic structure of matter.

x Could provide a solution to some of the aforementioned problems
with an effective model at the preonic level.

x Quark-lepton compositeness is a well-known BSM scenario and the preonic models
predict;
o Excited leptons and quarks, leptogluons, leptoquarks, diquarks, dileptons, color
sextet quarks etc ...

% In models with coloured preons, leptogluons have the same status as excited leptons
and leptoquarks.




2. Preon modelleri

i) Kompozit Higgs bozonu: Technicolor — cikmaz sokak
W ve Z bozonlarin kutleleri — Technicolor — lyi
fermiyonlarin kutleleri - Extended Technicolor — kotu

ii) Kompozit leptonlar ve kuarklar — ana eksen!
fermiyon-skalar
3 fermiyon

ili) Kompozit W ve Z bozonlar — pre-preon duzeyinde?

iv) Kompozite foton ve gluonlar — kutlesiz bagh durumlar??



SUSY, or not SUSY: that is the Question

CERN Document Server

| I I I

Hauptseite > SUSY or not

& Diskussion (0)

Article

Title | SUSY or not

Related title SUSY, or not SUSY: that is the Question

Author(s) Sultansoy, S (Gazi Uniwv., Ankara)

In: Briefing Book for the Zeuthen Workshop, v.2, pp.2.1.25
Subject category Particle Physics

Datensatz erzeugt am 2006-07-25, letzte Anderung am 2016-06-09

ATLAS ve CMS verileri: SM duzeyinde SUSY kapanmak uzeredir !!
Bu nedenle Preon modellere yonelim basladi!!!
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Supersymmetry versus Compositeness: 2HDMs tell the story
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Supersymmetry versus Compositeness: 2HDMs tell the story

Stefania De Curtis®. Luigi Delle Rose®. Stefano Moretti®“, and Kei Yagyu®
“INFN, Sezione di Firenze, and Department of Physics and Astronomy,
University of Florence, Via . Sansone 1, 50019 Sesto Fiorentino, [Italy

"School of Physics and Astronomy, University of Southampton,
Highfield, Southampton SO17 1BJ, United Kingdom
“Particle Physics Department, Rutherford Appleton Laboratory,
Chilton, Didcot, Oron OX11 0QX, United Kingdom

Supersymmetry and Compositeness are two prevalent paradigms providing both a solution to the
hierarchy problem and a motivation for a light Higgs scalar state. As the latter has now been found,
its dynamics can hold the key to disentangle the two theories. An open door towards the solution is
found in the context of 2-Higgs Doublet Models, which are necessary to Supersymmetry and natural
within Compositeness in order to enable Electro-Weak Symmetry Breaking. We show how 2-Higgs
Doublet Model spectra of masses and couplings accessible at the Large Hadron Collider can allow
one to reveal the true mechanism behind mass generation in Nature.
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(ATLAS Week 1997)

III. COMPOSITNESS VS SUSY OR COMPOSITNESS & SUSY

It is known that the number of free observable parameters put by hand in SM is equal to 26 in three family
case and 40 in four family case (DMM approach reduces this numbers to 20 and 28, respectively), if neutrinos are

Dirac particles. The natural question: How many free parameters contain minimal supersymmetric extension of the
Standard Model (MSSM)?

------

Total number of free parameters is

N > 20n? + 22,

i.e. N>202 for the three family and N>342 for the four family MSSM. Let me remind that 19 free parameters in the

three family SM without right-handed neutrinos was one of the main arguments to go Beyond the Standard Model!
Message: SUSY should be realized at a more fundamental level.
Today there are two favorite candidates:
1. Preonic level!
2. SUGRA?

Aslinda SM dluzeyinde SUSY icin 2 gerekce vardi:

> Higgs bozonunun kutlesi

> Etkilesme sabitlerinin birlesmesi

llki mH = 125 GeV ve SUSY parcaciklarinin TeV altinda gorilmemesinden
dolayi gecerliligini kaybetti

Ikincisi sadece SU(5) GUT icin gecerlidir



B. Supersymmetric Preonic Models of Quarks and Leptons

There are at least two arguments favoring compositness:
1. SUSY GIM cancellation (K-Kg transition etc.) requires 6m~ = ém? (m- m'i ~ m? etc.) and U}'.K v =Uckum.

This has a natural explanation in preonic models.
2. MSSM includes two observable phases even in the simplest case of one family: Ng = N, = 2 for n=1
Composite inodels of leptons and quarks can be divided into two classes: fermion-scalar models and three-fennion
models. Let us briefly consider main consequences of SUSY extensions for these classes. Below we present the
simplified options where only one superpartner for each preon is introduced and flavor mixings are absent (according
to N=1 SUSY each charged fermion has two superpartners etc.). More realistid versions will be considered in details
elsewhere (Sultansoy, in preparation).

1. Fermion-Scalar Models

In this class SM fermions (quarks and leptons) are composites of scalar preons, denoted by S, and fermion preons,
denoted by F. In minimal variant ¢,1 = {FS}. In principle, there are two opportumtles
- scalar preons are superpartners of fermion preons
- each of them have their own superpartners.
Second option leads to the quadrupling of SM matter fields (instead of doubling in MSSM). One has following
states: SM fermion (FS) with m ~ 0, scalar (FS) with m ~ pu, scalar (FS) with m ~ u and fermion (FS) with

m o~ 2.

2. Three-fermion Models

In this class quarks and leptons are composites of three fermionic preons and each of them has at least seven
partners. In other words we have: SM fermion (F.FgFg) with m ~ u, three scalars (Ftpzpa)_' (F| FQF;)) and (F, ngg)
with m ~ 2j¢ , three fermions (F, F3F3), (F;FgFa) and (Fy F)Fg) with m ~ 3u and scalar (F) F3F3) with m ~ 4p.

Of course, mixings between quarks (leptons, squarks, sleptons) can (and should?!) drastically change the simple
mass relations given above. Therefore, it is quite possible that the search for SUSY at LHC will give rather unexpectexd

resnits.



C. General Remarks on Composite Models

[ principle, one can consider four stages of compaositness (each stage includes previous ones):
i) Composite Higgs

11} Composite quarks and leptons

i) Composite W- and Z- bosons

iv) Composite photon and gluons?

1. New Particles

The well-known representative of the first stage is Technicolor Model, which gives masses to W- and Z- bosous in
# best manner but has serious problems with fundamental fermion masses (Extended Technicolor etc.). Therefore,
one should deal at least with the second stage. In this case composite models predict a number of new particles with
rather unusual quantum numbers: excited quarks and leptons, leptoquarks (HERA events!?), color-sextet quarks and
color-octet leptons. If the third stage is realized in nature, excited W and Z, color octet W and Z, scalar W and Z are
predicted also. The realization of the fourth stage seems today less natural because photon and gluons correspond to
the unbroken gauge symmetries.

The inasses of new particles are expected to lie in the range of compositness scale A, which exceeds TeV. Of course,
if SUSY is realized at preonic level all these new particles have a number of (SUSY) partners.

Finally, it is quite possible that SUSY is realized at pre-preonic level!

2. New Interactions

Nobody knows real dynamics, which keepa together preons to form SM particles. Today, the most popular candidate
is liypercolor (some extension of QCD). However, it is quite possible that a new dynainics is based on certain concepts,
whicli differ drastically from known ones (like the difference between quantum and classic physics). In any case, we
expect that some residual "contact” (Fermi-like) interactions should manifest themselves at scale < A with intensity
proportional to 1/A2.

In our opinion, it is useful to form "Preonic subgroup” within ATLAS Physics Working Group in order to analyze
possible manifestations of compositness at LHC.



Maalesef, bu oneri kabul gormed..

SUSY icin 6zel subgroup kurulurken, Preon modelleri Exotics subgroup’un
sub-subgroup’lari arasinda yer aldi.

SM duzeyinde SUSY digslanmak uzere oldugundan, «Preonic
subgroup» onerisini yeniden gundeme getirmeliyiz.

Ayni ATLAS Week'te 4.aile ve genel olarak yeni kuarklar ve leptonlar ile
ilgili 6zel subgroup onermistim, ama bu oneri de kabul edilmedi. Bu konu
da Exotics subgroup’un sub-subgroup’lari arasinda yer aldi. Mesela, yeni
kuarklar HQT sub-subgroup icerisinde inceleniyor.



3. Tezahdurler

Yeni parcaciklar (Calistay sunumlarinin cogu)

Yeni etkilesmeler: temas etkilesmeleri, anomal etkilesmeler (Ali Can,
lIkay)

Formfaktorlar

Deneysel sinirlamalar (Orhan)



4. Enerji oncephesi carpigtiricilar

Hadron - pp
LHC (HE-LHC), FCC, SppC

Lepton — ee, uu
ee: ILC, CLIC, PWFA-LC

7

Lepton-hadron ep, up
ep: LHeC, ILCQFCC/SppC, PWFA-LC QFCC/SppC
pup: u®LHC, u®FCC/SppC

Foton-hadron yp
ILCQFCC/SppC, PWFA-LC QFCC/SppC

+ p—A



Nuclear Inst. and Methods in Physics Research, A 871 (2017) 47-53
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Future circular collider based lepton-hadron and photon-hadron colliders: @ S
Luminosity and physics

Y.C. Acar?, A.N. Akay?, S. Beser?, A.C. Canbay -, H. Karadeniz <, U. Kaya*", B.B. Oner=:*,

S. Sultansoy *¢

* TOBB University of Economics and Technology, Ankara, Turkey
b Ankara University, Ankara, Turkey

€ Giresun University, Giresun, Turkey

d ANAS Institute of Physics, Baku, Azerbaijan

ABSTRACT

Construction of future electron—positron colliders (or dedicated electron linac) and muon colliders (or dedicated muon ring) tangential to Future Circular Collider
(FCC) will give opportunity to utilize highest energy proton and nucleus beams for lepton-hadron and photon-hadron collisions. Luminosity values of FCC based
ep, up, eA, pA, yp and yA colliders are estimated. Multi-TeV center of mass energy ep colliders based on the FCC and linear colliders (LC) are considered in detail.
Parameters of upgraded versions of the FCC proton beam are determined to optimize luminosity of electron-proton collisions keeping beam-beam effects in mind.
Numerical calculations are performed using a currently being developed collision point simulator. It is shown that L_, ~ 10™ cm™ s~ can be achieved with LHeC-like

upgrade of the FCC parameters. Moreover, “dynamic focusing” scheme could provide opportunity to handle L, = 10™ em™ 57,
@ 2017 Elsevier B.V. All rights reserved.
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SppC Based Energy Frontier Lepton-Proton Colliders:
Luminosity and Physics
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Main parameters of Super proton-proton Collider (SppC) based lepton-proton colliders are estimated. For electron beam
parameters, highest energy International Linear Collider (ILC) and Plasma Wake Field Accelerator-Linear Collider (PWFA-LC)
options are taken into account. For muon beams, 1.5 TeV and 3 TeV center of mass energy muon collider parameters are used. In
addition, ultimate up collider which assumes construction of additional 50 TeV muon ring in the SppC tunnel is considered. It is
shown that luminosity values exceeding 10°* cm™ s™' can be achieved with moderate upgrade of the SppC proton beam parameters.
Physics search potential of proposed lepton-proton colliders is illustrated by considering small Bjorken x region as an example of
SM physics and resonant production of color octet leptons as an example of BSM physics.
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FCC based lepton-hadron and photon-hadron colliders

ep and eA
yp and yA

up and pA (ultimate 100 TeV !I!)

For details see presentation at FCC Week Rome

and arxiv



Construction of future
electron-positron colliders
(or dedicated electron
linac) and muon colliders
(or dedicated muon ring)
tangential to  Future
Circular Collider will give
opportunity to utilize
highest energy proton
and nucleus beams for
lepton-hadron and
photon-hadron
collisions.

LCxFCC =LC + FCC
+ep+eA
+ yp + YA+ FELYA

HCXFCC = uC + FCC
+ pp + pA
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LCxFCC based ep colliders

Table IV. Main parameters of ILC®IFCC based ep collider. 11 \/T1 Main parameters of PWFA-LC®FCC based ep col-

Nominal FCC lides.
E.(GeV)|\/s(TeV)|L.,, ecm™*s " |D, p Nominal FCC
250 7.08 2.26 x 10°Y [1.0]1.09 x 10~° E.(GeV)|y/s(TeV)[Lep, em™?s™| D, p
500 10.0 2.94 x 10°Y 10.5[9.40 x 10~* 250 7.08 3.44 x 10%" [1.00]5.47 x 10~7
E.(GeV)|/s(TeV) Upgraded FCC 500 10.0 2.58 x 10°Y [0.50[5.47 x 10~
250 7.08 55.0 x 10°Y [24]1.09 x 10~° 1500 17.3 1.72 x 10°Y [0.17]5.47 x 10~*
500 10.0 70.0 x 10°Y [12]9.40 x 10~ 5000 31.6 0.86 x 10°Y [0.05(5.47 x 10~*
E.(GeV)|\/s(TeV) Upgraded FCC
Table V. Main parameters of ILC® FCC based ep collider cor- 250 7.08 82.6 x 10°Y | 24 [5.47 x 10~
responding to the disruption limit D, = 25. 500 10.0 61.9 x 1039 12 1547 % 102
E.(GeV)|Vs(LeV)[Np(10)|Lp, em™ s~ &p 1500 17.3 | 41.3 x 10°0 | 4.0 |5.47 x 10 7
250 7.08 2.3 57 x 10°”  11.09x10~° 5000 31.6 20.8 x 10°0 [ 1.2|5.47 x 10 7
500 10.0 4.6 149 x 10°Y [9.40210—*

Table VIII. Main parameters of PWFA-LC®FCC based ep collider corresponding to the disruption limit D, = 25.

E.(GeV)|\3(TeV)|N,(101)| L., em—25-1| ¢, TLBi Crowth T‘“1°£§’§g?3?3t§}) &)
95 500 | 115 | 65.0x10° 5.4 <10~ 721 T19
250 7.08 2.30 86.0 x 10°Y [5.47 x 10~ * 360 75.0
500 10.0 4.60 129 x 10°Y |5.47 x 10~ 180 37.0
500 | 173 | 135 | 55 x 0¥ [507 <107 600 15.0
5000 | 316 | B3 | 33107 (547 x10-7 15.0 3.00




LCxFCC based yp colliders

AK. Cifigi et al./Nucl. Instr. and Meth. in Phys. Res. A 365 (1995) 317-328

These machines can be realised only on the
p (a)
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base of linac-ring type ep colliders . |
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The main parameters of TeV energy yp colliders have been investigated for HERA+LC, LHC+TESLA and LHC+-e-Linac
proposals in detail. In this research. the luminosity of yp collisions and the helicity of the high energy y beam for these - Collision point
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e A T Available online at www.sciencedirect.com W p
';i:%s o5’ Sci Di INSTRUMENTS - N
Sy o & METHODS -
SO .~ ScienceDirect A fbiaaie- :
LSE v F22 e beam
ELSEVIER Nuclear Instruments and Methods in Physics Rescarch A 576 (2007) 287-293 % II m
www._clsevier.com/locate/nima

Conversion region
+Absorber

C i ffici d luminosity f -proton colliders based
onversion efficiency and luminosity for gamma-p rogion

on the LHC-CLIC or LHC-ILC QCD explorer scheme
H. Aksakal®“* A K. Ciftci®, Z. Nergiz*°, D. Schulte®, F. Zimmermann®

o f Py sy f S,k st 510 o, s, Tk According to VMD yA means pA collider.

T formation of the quark-gluon plasma at very
high temperatures but relatively low parton

Available online 24 March 2007
densities



uCxFCC based up colliders

Table X. Main parameters of the FCC based pup colliders.

Collider N Lup, em™2s77 . -

Name Vs, Tel (Avg.) P H
63 FCC | 350 | 02x10°T [1.8x10 3]5.4x 10 *
p750-FCC 12.2 50 x 10°*  [1.1 x 107']3.3 x 10~*
n1500-FCC|  17.3 50 x 10°"  [1.1 x 1071|8.3 x 10~

Ultimate 100 TeV

See post-HERA DESY preprint ...

SppC bazli ep ve up i¢cin bak Bora'nin sunumu




5. pp, Il, Ip karsilastirmasi

1980’lerde CompHEP bunun igin gelistirildi

1990’larda bu karsilastirmayi LHC, ILC ve ILCxLHC icin baslattik

Bu calistayda: Umit Kaya’nin sunumu

Yuvarlak Masa Toplantisinda karsilagstirmada kullanacagimiz
carpistirici parametrelerini netlestirmeliyiz!



Discovery limits for color octet electron (A=m ;)

25

proton colliders electron colliders electron-proton colliders PWFAXFCC .
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If FCC will discover e,, LCxFCC will give opportunity to determine Lorentz
structure of eg-e-g vertex using longitudinal polarization of electron beam, as
well as to probe compositeness scale up to hundreds TeV.

Otherwise, PWFA-LCxFCC will discover e, if its mass is below 25 TeV.

Similar situation for a lot of BSM phenomena (i.e. LQ, RPV, I* etc)



iy Mass limit (TeV)

Proton Muon Muon-proton
colliders colliders colliders

FIGURE 3: Discovery mass limits for color octet muon at different pp,
u'u, and up colliders.

Benzer karsilastirma diger yeni fizik surecleri icin de yapiimalhdir



6. Kozmik iginlar, nadir bozunumlar, kozmoloji vb

Kozmik isinlar LHC'nin cok daha otesinde enerjilere ulasma imkanini
saglar, fakat devasa detektorlere ihtiyac var.
Bu konuda tek sunumumuz: Umit Kaya (lceCube)

Nadir bozunumlar: maalesef bu calistayda yer almiyor

Kozmoloji ve astrofizik: maalesef bu calistayda yer almiyor
Son yillarin flag konusu: Preon yildizlari



/. Sonuc¢

Uzay-zaman degismiyorsa «SM», SUSY, Ek boyutlar vb preon
duzeyinde olmalidir.

Preon dinamigi en oOnemli konularin basinda geliyor, ama buyuk
olasilikla bu konu vyeni parcaciklarin ve/veya etkilesmelerin

bulunmasindan sonra aydinliga kovusacaktir. Yeni matematik
gerekebilir.

Muhammed Abdus SALAM bana 1989 yilinda pre-preon duzeyinin
gerekliligini vurgulamisti. Nedenini sonradan anladim.

Cok sayida surec var: bunlari sistematik sekilde incelemeliyiz.

ATLAS ve CMS icin ilgin¢c olacak surecleri belirleyip onermeliyiz.



Hepinizin Cumartesi Yuvarlak Masa toplantisina
aktif katilimini bekliyorum!
Hep birlikte Yol Haritamizi belirleyeceqiz...

Bu calisma (ve Calistay) TUBITAK tarafindan
desteklenmektedir
Proje No 114F337



