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1870’s: Mendeleyev Table 1960’s: Eight-fold Way Today: Family Replication
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Asim’in nesline cagn

“Sen gegenlerde demistin ki: Yazik hala biz,

Diinkii 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! N Sebe, 3;
e Yunus, 61.

Yarimin ilmi nedir, halbuki? Gayet muth:;f

“Maddenin kudret-i zerriyesi” ugrastigi is,

_..> Nikleer
O yaman kudrete hakim olabilsem diyerek,
Sarf edip durmada bir ¢ok kafa bm_{grceﬂmek -, CERN, TAC
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Gyfe milyonla deg:f na-miitenahi kudret'
ibret al kendi s6ziinden aman oglum gayret...“ —> Aldik mi?

Safahat, 6.boliim (1919)
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(a) Rutherford’s experiment (c) What Rutherford actually observed

Deneyler 1908 ile 1913 yillan arasinda Manchester Universitesi Fizik Laboratuarlarinda Ernest
Rutherford'un yonetimi altinda Hans Geiger ve Ernest Marsden tarafindan gercgeklestirildi.
Aslinda bu deneyin amaci olasi elektrik yiikii dalgalanmalarini aragtirmakti.

Rutherford deneyinden elde edilen (beklenmedik!) temel bilgiler,
modern bilimin ve yuksek teknolojinin temelini olusturmaktadir.



Biyolojik enerji: birim sureg¢ basina 0.01 eV

Kimyasal enerji: birim sure¢ basina 10 eV
Biyolojik enerjinin bin kati

Nukleer enerji: birim sure¢ basina 10 MeV
Kimyasal enerjinin milyon kati

CERN’de ulastigimiz enerji (Vs =13 TeV): birim siire¢ basina = 2-3 TeV
Nukleerin yaklasik milyon kati

Beklenen yeni fizik skalasi: 10 TeV mertebesinde

FCC-hh (CERN) veya SppC Cin): Vs =100 TeV

Rutherford deneyine benzer sekilde bilimin temelleri degisecek,
teknolojiye istisnail katkisi kuvvetle muhtemeldir!

Bu nedenle gelismis ulkeler Yuksek Enerji Fizigine her yil milyarlarca
dolar harciyorlar ...



|RY,
ANKARA UNIVERSITY FACULTY OF SCIENCES PHYSICS DEPARTMENT

AU-HEP-97/05
11 June 1997

~ERMILAB

LIBRARY

Four Remarks on Physics at LHC
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First of all, possible manifestations of the fourth SM family (which s predicted according to

' the demberatic mass mabrix approach) quarks st LHC have been considered. Then, the sumber

of free parameters in three family M8SM is estimated to be more than two bundreds, therefore

SUSY should be realized at more fundamental (preonic?) level. In this case, esch SM particle has

more than two [l.upc[] partoers, 1f the nature pnfm SUGRA BCETEATHY, then the existence of {a.t

lenst) one new neutral vector boson with TeV scale mass seems to be highly probable. Moreover,

application of DMM approach leads to the prediction that (st least) one isosinglet quark snd one

vector isodoublet charged lepton have relatively small (TeV?) masses, Finally, the posaible existence

of additional space-like dimensions st TeV' scale will manifest itself in multiplication of each SM
parthele,
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Imernational Workshop on Linac-Ring
Type ep and vp Colliders

Four Ways to TeV Scale
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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 ronghly estimated. Some speculations
on TeV scale physics are given. The physics goals of the TeV energy ep and ~p
colliders are considerad.

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
lewvel of first-order radiative corrections for energies up to 100 GeV. However, there are a
munber of fundamental problems which do not have solutions in the framework of the SMh:
quark-lepton symmetry and fermion’s mass and mixings pattern, family replication and
mumnber 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
abzence of right nentrinos (and Majorana mass terms for left neutrinos), 26 if nentrinos
are Dirac particles, > 30 if nentrinos are Majorana particles.
"elementary particles”

Moreover, the number of
. which is equal to 37 in three family case (18 quarks, 6 leptons,
12 gange bosons and 1 Higgs boson), reminds the Mendeleev Table. Three decades ago
similar situation led to the quark maodel!

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-


https://inspirehep.net/literature/448831
https://lss.fnal.gov/archive/other/au-hep-97-05.pdf
https://journals.tubitak.gov.tr/cgi/viewcontent.cgi?article=2191&context=physics

The Review of Particle Physics (2024)

S. Navas et al. (Particle Data Group), fo be published in Phys. Rev. D 110, 030001 (2024)

pdg - - Inferactive Listings Order PDG Products
Summary Tables

Topical Index
Reviews, Tables, Plots

Downloads & API
Particle Listings

Prev. Editions (& Errata) 1957-2023

PDG Outreach

Q Non-PDG Resources

Except where otherwise noted, content of the 2024 Review of Particle Physics is licensed under a Creative
Commons 4.0 International (
support

) license. The publication of the Review of Particle Physics is
yorted by d

1 anad
their PD

o

. Individual collaborators receive support for
G activities from their respective institutes or funding agencies, © 2024. See



https://pdg.lbl.gov/index.html

pdg - - Inferactive Listings

The Review of Particle Physics (2024)

S. Navas ef ol. (Particle Data Group), to be published in Phys. Rev. D 110, 030001 (2024)

Gauge & Higgs Bosons (reviews | |epions

1 f
gluon
graviton

Neutral Higgs Bosons, Searches for
Charged Higgs Bosons (H*, H)
Heavy Bosons

Axions

e
7

T

Heavy Charged Lepton
Neutrino Properties
Number of Neutrino Types
Double B-Decay

Neutrino Mixing

Heavy Neutral Leptons

Light Unflavored

Strange

Charmed

Charmed, Strange (incl. possibly non-gg states)
Bottom

Bottom, Strange

Bottom, Charmed

cc (incl. possibly non-gg states)

bb (incl. possibly non-ggq states)

Other Mesons

N Baryons

A Baryons

A Baryons

2 Baryons

= Baryons

{2 Baryons
Charmed Baryons
Doubly-Charmed
Bottom Baryons
Exotic Baryons

(reviews | Quarks

Light quarks (=, d, 8)

c
b
i

4
3

Free quark

(veviews] Other Searches

Magnetic Monopole
Supersymmetric Particles
Technicolor

Quark and Lepton Compositeness
Extra Dimensions

WIMPs

Other Particle Searches

Conservation Laws

Discrete Space-Time Symm.,
Number Conservation Laws




v (photon)
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SW3) color octet

Mass m=0. Theoretical value. A mass as large as a few MeV may not be precluded, see YNDURAIN 19395,

Heavy Charged Lepton Searches

Charged Heavy Lepton MASS LIMITS

Sequential Charged Heavy Lepton (L*) MASS LIMITS = 100.8 GeV CL=95.0%

Stable Charged Heavy Lepton (L¥) MASS LIMITS = 102.6 GeV CL=95.0%

b’ (4”‘ Generation) Quark, Searches for

br{—lﬁ} quark/hadron mass limits in pp and pp collisions =~ 1.560 x 10° GeV CL=95.0%

br{—lﬁ} mass limits from single production in pp and pp collisions > 3.000 x 10° GeV CL=95.0%

MASS LIMITS for b’ (4™ Generation) Quark or Hadron in e*e~ Collisions > 46.0 GeV CL=95.0%
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1. Standart Modelin Ozeti



Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
(fermions) (bosons)
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En iyi bildigimiz elektromanyetik etkilegmeler: Uy(1) ayar teorisi
Abelyen olduguna gore fotonlar bir-biriyle dogrudan etkilesmiyor

Elektromanyetik, guclu ve zayif etkilestirmelerin Standart Modeli:
SU-(3)xSU,,(2)xU (1) ayar teorisi

SU.(3) abelyen olmadigina gore gluonlar bir-biriyle dogrudan etkilesiyor, bu
nedenle QCD ile QED cok farklidir

SU,,(2) abelyen olmadigina gore W, Z ve vy bir-biriyle etkilesiyor

Higgs ile etkilesmeden sonra SU(3)%SU,,(2)*Uy (1) — SUc(3)*Uq(1)
ZayIf izospin ve hiperyutkten farkli olarak renk ve elektrik yukler korunuyor

Onemli not 1: 19.ylizyilda elektrik ve manyetik etkilesmelerin (Maxwell)
birlesmesinden farkli olarak, SM temel etkilesmeleri tam olarak birlestirmiyor.
Her Uc¢ etkilesmenin kendi ayar gruplari var.

Onemli not 2: SU,(2) yerine SU,(2) yazmak vyanhlstir. Ayar gruplari
etkilesmelerin tasiyicisi olan ara bozonlarla iligkilidir. L ve R ise fermiyonlarin
sal-elli ve sag-elli bilesenlerini gosteriyor.



Periodic Table of the Elementary Particles

v (direct) / u d
1.aile <2eV 510.998928(11) keV 1.8 to 3.0 MeV 4,5 to 5.3 MeV
2.aile < 190 keV 105.6583715(35) MeV 1.275(25) GeV 95(5) MeV
J.aile < 18.2 MeV 1.77686(12) GeV 173.21(1.22) GeV 4.18(3) GeV

Standart Model Kuark sektoru karigsimlari (CKM matrisi)
0.97401 4+ 0.00011 0.22650 + 0.00048  0.0036175-90011
Veram = | 0.22636 +0.00048  0.97320 4 0.00011  0.0405370:90083

0.00854+0:90023 () ()3978+0-00082 () g1 79+0-000024

Standart Model Lepton Sektoru Karigimlari (PMNS Matrisi)
0.801 — 0.845 0.513 — 0.579 0.143 — 0.155
U |githSE—atm — | g 934 £ 0.500 0.471 — 0.689 0.637 — 0.776

0.271 — 0.525 0.477 — 0.694 0.613 — 0.756

Neden m, = 125 GeV oldugunu merak ediyoruz.
Ancak SM fermiyon kutlelerinin ve karisimlarinin tesadufi olan degerleri

konusunda endiselenmiyoruz...; mesela m(e)/m(t) ~ 10



Onemli notlar (detaylar tahtada anlatmak)

Sag-elli nétrinolar SMO degildir, kuark-lepton simetrisine gore Ust kuarklarin sag-elli

bilesenlerinin partnerleridir (Okun 1975, Salam 1989)

(Zi) Ug dg < (veeLL) Uer €R

Tam birlesme gerceklesmiyor: her etkilesme icin kendi ayar grubu (— GUT?)
Higgs bozonunun kesfi ile SM’in elektro-zayif kismi tamamlandi!

Kuvvetli etkilesmeler SM’in en az bildigimiz kismidir; confinement, hadronlagsma,

cekirdeklesme aydinlatiimayi bekliyorlar

Onemli not: Higgs mekanizmasi goriiniir evrenin kiitlesinin %2’sinden azini

temin ediyor, %98’den guclu etkilesmeler sorumludur!



2. SM’in Cozemedigi Problemler



SM tarafindan ¢ozulemeyen sorunlarin kismi listesi:

> Kuark ve lepton kutlelerinin desenlerinini ve CKM ve PMNS matrislerinin

karisim acilarini ve fazlarini ne belirler?
> Kuark-lepton nesilleri neden tekrarlaniyor? Dogada kag¢ nesil var?
> Kuark-lepton simetrisinin kokeni nedir?
> notrinolar Dirac m1 yoksa Majorana mi parcaciklaridir?
> Sol-sag simetri kirllmasinin kokeni nedir? SM'de bu elle konur.
> Bilinen tum etkilesimler neden ayar simetrisi uzerine insa edilmistir?
> CP ihlalinin (gercek) kaynagi nedir?

> Kutle cekimi birlesik bir sekilde nasil dahil edilebilir?



~ Neden bu kadar ¢ok keyfi parametre var? Ug aileli SM sunlari icerir:
3 baglanti sabiti as, aem ve sin 9w,

6 kuark kutlesi,

3 kuardk karisim acisi ve 1 faz,

Higgs potansiyelinin 2 parametresi,

3 yuklu lepton kutlesi,

1 QCD vakum faz acisi,

3 notrino kutlesi (Majorana durumunda 6),

3 lepton karisim acgisi (Majorana durumunda 15),

1 faz (Majorana durumunda ?? faz).

Toplam 19 (kdtlesiz notrinolar), daha dogrusu 26 (Dirac notrinolari) veya

30+? (Majorana notrinolar) keyfi parametre!



>

>

>

SM kuarklari ve leptonlari (ayrica Higgs bozonu ve ayar bozonlarinin bir
kismi veya tamami) temel mi yoksa bilesik mi? U¢c SM ailesi sunlari
icerir: 18 kuark, 18 anti-kuark, 6 lepton, 6 anti-lepton, 1 foton, 8 gluon, 3
kutleli ara bozon ve 1 Higgs bozonu; toplamda 60 "temel parcacik"!
Uciincii Mendeleev Tablosu?

Ikinci Mencleleev Tablosu (hadronlar) kuark modeliyle sonuglandi!

renkli nesnelerin "hapsedilmesinin" kokeni nedir? "Gercekten apisteler"

mi?
Karanlik madde?

Karanlik enerji?

Dolayisiyla "fizigin sonu"ndan ¢ok uzaktayiz!



3. SM Otesi Modeller



ATLAS Week 1997

A. Standard extensions of the Standard Model

Lur this eluss we restrict ourselves within the framework of gauge theories with spontancously broken gaupe symimetry.

1. Higgs sector:

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

- ispdoublet o (Dirac mass terms), vector isotriplet £ (Majorans mass term for left-handed neutrino), isotriplet ©
(in order to satisfy relation p=1).

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

2 Fermion sector:

- fourth SM {amly

- new tsosinglet left-handed vy (for p-oscillation experiments)

- new lsosinglet quarks and vector-like lepton isodouhlets (Eq -induced)
- fermion isotriplets etc.

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

8 Gauge seetor:

- mililitional LF{1) factor (i.e. leptonic photon or Eg -induced)

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

- ote.

Mew [massive) neutral and charged intermediate vector hosons are predicted,
The: next stage in this direction is represented by GUUTs.


https://lss.fnal.gov/archive/other/au-hep-97-05.pdf

B. Radical extensions of the Standard Model

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

1. Componiness:

- coanposite Higes

- comnpesite quarks and leptons

- vomiposite W oamd Z

- poanposite 5 and g'a T

A number of new exotic particles (leptoquarks, leptogluons, exited fermions and bosons ete.) and interactions
(ncluding resbdual ones) are predicted.

2 SUSY:

= three family MSSM

= four fanily MSSM

- 3USY GUTs

- SUGRA

Spectrum of fundaimental particles is enriched with inclusion of superpartners.

& "Urnespected” new phpscs

- 1w space-time dimensions

!

All extensions (with exceptions of minimal SU(5) and S0(10) GUTs) predict a rich spectrum of new particles
and/or interactions at TeV scale. Therefore an exploration of this region will require all possible types of colliding
(PETHTEN



1997 yilindan sonra ¢ok sayida yeni model onerildi. Tum SM otesi modeller
cok sayida yeni parcacik ve etkilesme ongoruyor.

Paradigma degisikligi:

Pauli notrino’sundan yuzlerce (hatta milyonlarca) yeni parcacik oneren modellere!!!
Notrino, S-bozunumunda enerji-momentum korunumu saglamak icin onerildi. Oneri

Tubingen’de yapilan toplantiya mektup seklinde gonderildi. O zaman eneri-momentum
korunumunda imtina etmek, yeni parcacik onermekten daha uygun sayiliyordu ...

Ek modeller ?

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

>

Son 25 yilda Ek Uzay(-Zaman) Boyutlar «unexpected» sinifindan «radical»
sinifina gecti

«Unexpected»:

> CPT violation
Fundamental length
Parastatistics

YV V V


https://ddd.uab.cat/pub/ppascual/ppascualapu/ppascualapu_41-001@benasque.pdf

4. Higgs Sektorunun Genisgletilmesi



Iki 6rnek (Tahtada anlatmak)
1) Ek vector isotriplet

Gunes naotrinolarinin aranmasinda gozlenen olaylarin eksikligi, notrino salinimlarinin
sonucu olarak yorumlandi. SM'de sag-elli ndétrinolar yoksa, bunlara kutle
kazandirmanin tek yolu izo-dublet Higgs alanina ilaveten yeni bir izo-triplet Higgs
alani eklemektir:

st++
' <% = v; ; p = myxcosB,,/m,, = 1 kosulunu saglamak igin

9ZO

bir izo-triplet daha klemeliyiz:

cD+
PO | <EBO>=vgq,
¢ —

Sonug¢ olarak SM’in Higgs bozonuna 8 adet yeni Higgs bozonu ekleniyor (2 cift-

yukld, 2 tek-yuklu ve 4 natr).
Gunes notrinolarinin salinimi saglamak icin ¢ok fazla yeni parcacik !

Sag-elli notrinolarin eklenmesi ¢gok daha dogaldir !



2) Ek isodublet
CKM fazi BAU ic¢in yetmiyor! (BAU — Evrenin Baryon Asimetrisi)

Higgs sektoru sayesinde CP bozulmasini saglamak icin en basit ¢6zum
yeni izodublet Higgs alanlarinin eklenmesidir.

lIging bir sekilde MSSM iki tane izodublet Higgs alanlarinin. Bunun nedeni
tek Higgs alani hem tst hemde alt fermiyonlar i¢in kutle saglayamiyor.

Bu durumda 4 adet yeni Higgs bozonu ekleniyor (2 tane tek-yukla ve 2
tane notr).



5. Fermiyon Sektorunun Genisletilmesi

Weinberg'’s statement
Cesni Demokrasisi

Vektor-benzer leptonlar (VBL) ve kuarklar (VBK)



2 Flavor democracy calls for iso-singlet quarks and vector-like
leptons

2.1 Weinberg's statement

Mass and mixing patterns of the 5M fermions are among the most important issues, which should
be clarified in particle physics. In recent interview published in CERN Courier [5] Steven Weinberg
emphasized this point: “Asked what single mystery, if he could choose, he would like to see solved in his
lifetime, Weinberg doesn’t have to think for long: he wants to be able to explain the observed pattern
of quark and lepton masses”. What Weinberg meant can be understood from Table 1, where current
values of the 5M charged leptons and quarks are presented. (Jne can see that the top quark mass is of
order of electroweak scale, whereas masses of remaining SM fermions are much smaller. In our opinion,
Flavor Democracy (see reviews [3,4,7, 16-18] and references therein) could provide an important key to
solve this mysterv.

Table 1: Mass pattern of charged leptons and quarks

charged leptons Up type quarks | Down type guarks
1°* Family | 0.5109989461 + 0.0000000031 MeV | 2.167)-3 MeV 467048 MeV
274 Family |  105.6683745 £ 0.0000024 MeV 1.27 £ 0.02 GeV 937" MeV
37! Family 1776.86 £ 0.12 MeV 172.76 + 0.30 GeV 4187000 GeV

[5] M. Chalmers. Model physicist, CERN courier. url:
, 2017.


https://arxiv.org/pdf/2103.08222
http://cerncourier.com/cws/article/cern/70138

Cesni Demokrasisi

It 15 useful to consider three different bases:

Standard model basis 1"},

e Mass basis {f"} and

e  Weak basis {{*}.
According to the three-family SM, before the spontaneous symmetry breaking quarks are

grouped into the following SU(2)=U(1) multiplets:

] L] 0
UL o q0. |CL o o, | Lt 00
[d“}z l';I'Itz":l'lt:l [S“ 1{-’“15&1 hr'l :lhR_:I [J{' {I)
L L L

In one-family case all bases are equal and for example, d-quark mass 15 obtained due to

Yukawa interaction

LY =a,(udi {z_] d, +he=L® =m dd 2)

where m, =a n, n={m“>5249 GeV. In the same manner m, =a_n, m, =a,n and

m_, =a, 1 (if neutrino 1s Dirac particle). In n-famuly case

W

1=l 1=l

Jil i = { - n —
LY =Y a) [u:r d. {{E_ ] dy +he =LY = Zmﬂ]d?df, m; =ajn (3)



where d, denotes d”,d’ denotes s etc. The diagonalization of mass matrix of each type of

fermions, or in other words transition from SM basis to mass basis, 15 performed by well-
known bi-unitary transformation. Then, the transition from mass basis to weak basis result in

CKM matrix
Ucm = (U L )_ Ulll. (4)
which contains 3 (6) observable mixing angles and 1 (3) observable CP-violating phases in the

case of three (four) SM families. Before the spontaneous symmetry breaking, all quarks are

massless and three are no differences between d”, s"and b". In other words, fermions with the

3

same quantum numbers are indistinguishable. This leads us to the first assumption [1-3, 22],

namely, Yukawa couplings are equal within each type of fermions:
a'=a’ a"=a" a ' =a' a’=a" (5)
The first assumption result in n-1 massless particles and one massive particle with m =na'n

(F =u, d, |, v) for each type of the SM fermions.



Because there 1s only one Higgs doublet which gives Dirac masses to all four types of

fermions, it seems natural to make the second assumption [5,6], namely, Yukawa constant for
different types of fermions should naturally be equal:

a“=a"=a' =a". (6)
Taking into account the mass values for the third generation, the second assumption leads to
the statement that according to the flavor democracy, the fourth SM family should exist.

In terms of the mass matrix, the above arguments mean

11 1 1Y 70 0 0 D‘]

M”zan] b — M"™ =4an 0 00 (7)
I 1 1 1 0 0 0
111 1) 0 0 0 1)

Higgs bozonunun oOzellikleri (Uretim ve bozunum kanallari: Minimal SM4
deneysel olarak diglanmistir.

= VBL ve VBK ! E; ile benzerlik!!!
(Tahtada anlatmak : U.Kaya ve S. Sultansoy, e-Print: [hep-ph])


https://arxiv.org/abs/1801.03927

Cesni Demokrasisi Hipotezi ve VBK/VBL icin referansalar



6. Ayar Grubunun Genigletilmesi



Iki 6rnek (Tahtada anlatmak)

1) Leptonik foton
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Compensation of lepton charge of matter with relic
anti-sneutrinos
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Abstract

We reconsider the idea of the leptonic photon by taking into account the possible compensation of the lepton charge of
matter with relic anli-snentrinos. As a consequence of this compensation we have shown thar the available experimencal

data admit the range of the leptonic interaction constant to be 107 < ay < 10,

‘o —— F=-0

F=-G 3 ) 2

+ em + B Jﬁza]:p =

rl

mym aa Ne N.. , . ., ¥ .
e ng 14 5 T 1 Ne, G = Gou x U(1) 3y — Dy =3y — igaT - Ay — ig1 5 By — ihaA,


https://inspirehep.net/literature/406279

2) Sag-sol simetrik model

Ayar grubu: SU-(3)xSU,,(2)xU(1) — SU-(3)xSU (2)xSUg(2)xU.(1)

u\ (u % %
Birinci aile fermiyonlarl:( L)( R) ( BL)( eR)
d,/ \dg €L €r

Higgs sektoru: ....

Sonug olarak: 3 yeni ara bozon (W*, W~ ve Z) ve ?? Yeni Higgs bozonu
ongoruluayor (....).

Sag-sol simetrinin kirllmasi Higgs alanlarinin vakum beklenme degerleri
sayesinde saglaniyor.



/. Radikal Genisletilmeler (bazi notlar)
= YARIN



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
onstituent inflation

Systematic Periodic Table Eight-fold Way Family replication
I NG TG HNew elements New Hadrons BSM particles

larifying Rutherford SLAC DIS LHC or rather FCC
Experiments
Building Blocks Proton, neutron, electron Quarks Preons?

Energy Scale MeV GeV TeV?

Impact on Technology |37 LTl Indirect Exceptional?

o Periodic Table of the Elements was clarified by Rutherford's experiment
o Hadron inflation has resulted in quark model

o This analogy implies the preonic structure of the SM fermions
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Supersymmetry versus Compositeness: 2HDMs tell the story
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Supersymmetry and Compositeness are two prevalent paradigms providing both a solution to the
hierarchy problem and a motivation for a light Higps 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.



(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)?

111111

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. Preocnic level!
2. SUGRA?

Aslinda SM duzeyinde SUSY igin 2 gerekge vardi:

> Higgs bozonunun kutlesi

> Etkilesme sabitlerinin birlesmesi

llki mH = 125 GeV ve SUSY pargaciklarinin TeV altinda gériilmemesinden
dolayi gecerliligini kaybetti

Ikincisi gerekge sadece SU(5) GUT igin gecerlidir



B. Superaymmetric Preonic Models of Quarks and Leptons

There are at least two arguments favoring compositness: _

I. SUSY GIM cancellation (K -Kg transition etc.) requires Em% = dmg {m?;—mf- s ete.) and Uy = Uegoas.
This has & 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 models of leptons and quarks can be divided into two classes: fermion-scalar models and three-fermion
models, Let us briefly consider main consequences of SUSY extensions for these classes, Below we present the
sinplified options where only one superpartner for each preon is introduced and flavor mixings are absent (according

to N=1 SUSY each charged fermicn has two superpartners ete.). More realistid versions will be considered in details
elswlere {Sultansoy, in preparation).

I, Fermion-Scalar Modeds

In thia class SM fermions (quarks and leptons) are composites of sealar preona, denoted by 5, and fermion preons,
denoted by F. In minimal variant q,1 = {FS}. In principle, there are two opportunities:
- 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 duubl:ng in M35M). One has following
states: SM fermion (FS) with m ~ 0, scalar (FS) with m ~ p, sealar (F5) with m ~ p and fermion (F5) with

Mo 2

2, Three-fermmon Models

In this class quarks and leptons are composites of three fermionic preons and each of t.hem has at least seven
partners. In other words we have: SM fermion (Fy FaFy) with m ~ p, three scalars {FthFv.;l_' {.F'.,FzFﬂl and [ Fy FyFy)
with m ~ 2j¢ | three fermiona {F;FEF;]I I[F; F:F;l,} and (F F;Fa} with m ~ 3u and scalar ( F) F-;F';.] with m ~ 4.

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

reanlta,



C. General Remarks on Composite Models

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

ii) 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
i best manner but has serious problems with fundamental fermion masses (Extended Technicolor etc.). Therefore,
viie should deal at least with the second stage. In this case composite models predict a number of new particles with
rather unusual guantum numbers: excited quarks and leptons, leptoguarks (HERA events!?), color-sextot 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 exceeda TeV. Of course,
il 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!

8 New nteraclions

Noubody knows real dynamics, which keepa together preons to form SM particles. Today, the most popular candidate
i liypercolor (some extension of QUD). However, it is quite possible that a new dynamics is based on certain concepts,
whicli differ drastically from known ones (like the difference between quantum and classic physics). In any case, we
exprct that some residual " contact” (Fermi-like) interactions should manifest themselves at scale < A with intensity
proportional to 1/A%,

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



SMO icin Iki ana akim

1. Mega alan (Einstein vb)
Tarihi analoji: astronomide episikllar (dis tekerlemeler)

Dusunce tarzi: matematik

2. Yeni daha temel yapilar (Bohr vb)
Tarihi analoji: GUnes merkezli sistem

Dusunce tarzi: fizik (doga bilimci)

3. Tamamen farkh ve beklenmedik
Tarihi analoji: klasik fizikten kuantum fizigine gecis
Bilimin mantigi degisecektir ...

Yuz yil 6nce klasik fizikten kuantum fizigine gecisine benzer sekilde



Onemli not:

Bu slaytlar ders notlarinin 29 Temmuz 2024 tarihine dek yenilenmis halidir.
Son halini sonbaharda tamamlayip yerlestirmeyi planliyorum.

Tamamlandiginda haber verecegiz.



