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Apologies

| have been down in my bed with 39C fever for the last two days. For
this reason
| could not attend Tuesday and Wednesday sessions
For the same reason | could not prepare this presentation in the
best manner (usually, | am preparing the latest version of my
presentations in the last 1-2 days).

My presentation covers two topics beyond the «mainstream»:
Energy frontier (FCC based) Ip colliders
Quark and lepton substructure

and | have only 15 minutes.



Preface

Higgs boson discovery — triumph of the SM.
But a lot of unsolved problems — BSM models.

1) v(R) and SM4 are not BSM
V(R) is counterpart of d(R). Sea-saw provides small «v(L)» mass.
Only minimal SM4 with one Higgs doublet is excluded by the LHC
data, 2ZHDM and doublet-triplet options are still survive. General Chiral
Fourth Generation cannot be excluded by the LHC.

2) Standard extensions
Fermion sector, i.e. Induced by E(6) GUT ore Little Higgs
Gauge sector (predicted by all GUT’s except SU(5)), i.e. Left-Right
symmetric models (LR asymmetry posted to Higgs sector, nNR >>nL)

3) Radical extension
« Compositeness: see next slides
« SUSY: very nice idea, but hundreds free parameters put by hand —
thousands if RPV !
« Extra dimensions
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1. Introduction

SM particle’s and parameter’s inflation, family replication, mixings etc
Historical arguments: Periodic Table of Elements, Eight-fold Way

“‘SM” and SUSY at preonic level



Periodic Table of the Elementary” Particles

family v (direct) I u d
1 <26V 510.9989461(31) keV 1.8 to 3.0 MeV 4,5 t0 5.3 MeV
2 < 190 keV 105.6583745(24) 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 (<10 eV) m, =0 (< few MeV)
PDG
m,, = 80.385(15) GeV m, = 91.1876(21) GeV
m, = 125.09 + 0.24 GeV 2016
Scale: T ~ 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
Vo = | 022522 £ 0.00061  0.97343 £ 0.00015  0.0414 £ 0.0012

0.008867000033  0,04057 00011 0.99914 + 0.00005

Neutrino mixings

Stable Neutral Heavy Lepton Mass Limits

sin?(f15) = 0.304 £ 0.014 Mass m > 45.0 GeV, CL = 95% (Dirac)
ﬁ‘-m%l = (7.53 £ 0.18) x 107> eV Mass m > 39.5 GeV, CL =95% (Majorana)
sin?(f3) = 0.51 + 0.05  (normal mass hierarchy) Neutral Heavy Lepton Mass Limits
sin2(fy3) = 0.50 £ 0.05  (inverted mass hierarchy) 0
5 —3 2 [i] . Mass m > 90.3 GeV, CL = 95%
Am3, = (2.44 £ 0.06) x 1077 eV (normal mass hierarchy) Di i ] .
3 320 g 1 (Dirac 1 coupling to e, u, T; conservative case(7))
ﬂrgaz = (2.51 £0.06) x 10 E"u"z (inverted mass hierarchy) Mass m > 80.5 GeV, CL = 95%
sin“(613) = (2.19 + 0.12) x 10~ (Majorana v coupling to e, u, T; 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



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:

1870s-1930s 1950s-1970s 1970s-2020s
Fundamental
Constituent inflation Chemical Elements Hadrons Quarks, leptons
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?

» 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



WHY PREONIC MODELS?

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

These fundamental constituents were called PREONS by Pati and Salam.

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

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

Quark-lepton compositeness is a well-known BSM scenario and the
preonic models predict;

< Excited leptons and quarks, leptogluons, leptoquarks, diquarks,
dileptons, color sextet quarks etc

% Contact Interactions, anomalous interactions of SM fermions and
bosons, form-factors



“SM” and SUSY at preonic level

If space-time structure is not changed, then SU(3)xSU(2)xU(1) gauge
symmetry, as well as SUSY, should be realized at preonic level *.

First case means that W, Z and (probably) H bosons are point-like ...

Second case means that each SM particle has:
four «<SUSY» partners in fermion-scalar (FS) models
and eight «SUSY» partners in three-fermion (FFF) models

* Actually at pre-preonic level as mentioned by Professor Abdus
SALAM during our private conversation in October 1989. | understood

his reasons 10 years later.
(My first departure from the Soviet Union was made possible by the invitation of
Abdus Salam.)



2. Manifestations

New particles (LQ — Monica D'Onofrio; €8, u8 and u* - this presentation)
New interactions (Cl — Monica D'Onofrio, anomalous t — Orhan Cakir)

Formfactors (next time)



Since W, Z and (probably) H bosons are point-like, then following
manifestations should be considered:

« EXxcited leptons: Ip, pp

« Excited quarks: pp, yp

« Color octet leptons: Ip, pp

« EXotic colored quarks: pp

« Contact interactions: Ip, pp

« Anomalous interactions of SM leptons and quarks: pp, Ip, I
« Form-factors: Ip

et

There are no W*, Z*, W8, Z8 and so on.



3. FCC based lepton-hadron and photon-hadron colliders

ep and eA

yp and YA

up and pA (ultimate sgrts(S) = 63 TeV !!I)
FEL yA

For details, see:
presentation at 2nd FCC Week, Rome

and Y. Acar et al.,
»


http://indico.cern.ch/event/438866/contributions/1085135/
https://inspirehep.net/record/1479944
https://arxiv.org/abs/1608.02190

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

UCXFCC = pC + FCC
+up + pA

19.01.2017
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LCxFCC based ep colliders

Table IV. Main parameters of ILUFCC based ep collider. j. 10 vy Main parameters of PWFA-LO@FCC based ep col-

Nominal FCC lider.
E (GeV)|\/s(TeV)|L.,, em s '|D, & Nominal FCC
250 7.08 | 2.26 x 10 _[1.0|1.00x 10 2|  [E(GeV) [TV )| Lapr em-25-1] D, Z
500 10.0 2.94 x 10°° [0.5]9.40 x 10~4 250 7.08 3.44 x 10°Y [1.00]5.47 x 10~*
E.(GeV)[Vs(TeV) Upgraded FCC 500 10.0 | 2.58 x 100 [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 61.0 % 1090 12 [5.47 < 102
E (GeV)|V/s(TeV)[N, (107 [Lep, em™ s~ &p 1500 17.3 1.3 x 1077 [ 4.0 [5.47 x 10 *
250 7.08 2.3 57 x 10°Y  [1.09210~* 5000 31.6 208 x 10°0 [ 1.2 [5.47 x 10 *
500 10.0 4.6 149 x 10°Y [9.40x10—*

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

E.(GeV)|\/5(TeV)|N,y(10')| Ly, cm—2571 :, Eﬂiﬁgﬂgﬁ Time IFISBZSDE’?J (h)
125 5.00 T.15 | 65.0 x 10°° |5.47 x 107 721 149
250 7.08 2.30 | 86.0x 107 [5.47 x 10 * 360 75.0
500 10.0 1.60 120 x 100 |5.47 x 10 2 180 37.0
1500 17.3 13.8 258 x 10°0 [5.47 x 107 60.0 12.0
5000 31.6 15.8 133 x 100 [5.47 x 10 ° 18.0 3.00




LCxFCC based yp colliders

These machines can be realised only on the

base of linac-ring type ep colliders
\Vs(yp)~0.9Vs(ep) and L (yp)~0.6L(ep)

Misclear Insruments and Methods in Physics Research A 365 ( 1995) 317-328

INSTRUMENTS
Jfﬁ & METHODS
Ql = IN PHYSICS
= RESEARCH
ELSEVIER o vectona

Main parameters of TeV energy yp colliders
AXK. Ciftgi *, S. Sultansoy ', §. Tliirkéz, O. Yavag

Depariment of Physics, Faculey of Sciences, Ankara Unfversin, 06100 Tandogan, Ankara, Turkey
Received 20 February 1995
Abstract
The main parameters of TeV energy yp colliders have been investigated for HERA+LC, LHC+TESLA and LHC +-¢-Linac
propasals in detail. In this research, the luminosity of yp collisions and the helicity of the high energy ¥ beam for these
colliders are studied in terms of the distance between the conversion region and the collision point as well as yp invarant
mass. The main design problems are also discussed.

Awvailable online at www.sciencedirect.com ICLEAR
e INSTRUMENTS
- .
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.~ ScienceDirect & METHODS
RESEARCH
Secion A

MNuclear Instruments and Methods in Physics Rescarch A 576 (2007) 287-293 E e
www.elsevier.com/locate/nima

Conversion efficiency and luminosity for gamma-proton colliders based
on the LHC-CLIC or LHC-ILC QCD explorer scheme

H. Aksakal***, A.K. Ciftci®, Z. Nergiz"*, D. Schulte®, F. Zimmermann®

“Department of Physics, Faculty of Science, Ankara Unicersity, 06100 Tandogan, Ankara, Turkey
“CERN, 1211, Geneva 23, Switzerland
Department of Physics, Faculty of Art and Science, Nigde University, 51200 Nigde, Turkey

Received 21 Movember 2006; received in revised form 20 March 2007; accepted 20 March 2007
Available online 24 March 2007
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Fig, 16. Schematic view of the port of the design between the conversion region and the detestor. {a) Horizondal plane, (b) vertical plane,
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According to VMD yA means pA collider.
formation of the quark-gluon plasma at very
high temperatures but relatively low parton
densities



FCC based pp colliders

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

Collider —_ L ,p, em—2s!

Name VS TeV o {A"g) ‘EF‘ '-E,Lt
p63-FCC 3.50 0.2 x 10°Y [1.8 x 107°][5.4 x 10~4
u7h0-FCC 12.2 50 x 10°*  [1.1 x 1071]3.3 x 10~°

pl1500-FCCl  17.3 50 x 10°Y 1.1 x 107*]8.3 x 10~ ¢

Ultimate: p20000-FCC, sqrt(s) = 63 TeV, L = 107 (33) cm”(-2) s”(-1)

For pre-decor of «ultimate» pp collider see:

S. Sultansoy «

», DESY-99-159

More details will be presented at the 3rd FCC Week, Berlin



https://inspirehep.net/record/510498
https://arxiv.org/abs/hep-ph/9911417

4. FCC based pp, II, Ip comparison
« Color octet electron
« Color octet muon

« EXxcited muon



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

For color octet electron comparative analysis, see:

Umit Kaya «Color Octet Electrons @ FCC-hh, CLIC, FCC-he».
Presented at «FCC Physics, Detector and Accelerator Workshop @ Istanbul», 11-12 March
2016.

and Y. Acar et al «
»

For color octet muon see: Y. Acar, U. Kaya and B. Oner (in preparetion)

For excited muon see: A. Caligkan, S.0. Kara and A . Ozansoy «
»


https://indico.cern.ch/event/405973/contributions/1852964
https://inspirehep.net/record/1465653
https://arxiv.org/abs/1605.08028
https://inspirehep.net/record/1508867
https://arxiv.org/abs/1701.03426

Color octet leptons in preonic models

« Strongly interacting partners of the SM leptons.

« Model example;

Leprons: In the ftramework of fermuon-scalar
models, leptons would be a bound state of one
fermionic preon and one scalar anti-preon,

I=(FS)=18&8 (1)

then cach SM lepton has one colour octet partner. In
a three fermion model, the colour decomposition

I=(FFF)=1@8a88& 10 (2)

predicts the existence of two colour octet and one
colour decouplet partners.
e ——

- . s
In this study, they choose fermion-scalar

model.
Electric charges of scalar and fermmonic preons
5, 0 1/3 1/2 2/3 |
FEoo0 1/3 1/2 2/3 |
Fu o -273 1/2 -1 /3 0
S: 1 /3 0 1/6 1/3 : /3
T — T —————————

19.01.2017

Saleh@FCC Physics Workshop

Quarks: In fermmon-scalar models, anti-quarks are
consist of one fermionic and one scalar preons which
means that each SM anti-quark has one coloured
sextetl pariner,

2

g=(FS)=3@6. (3)

According to the three fermion madels

q=(FFF)=3®306® 15 (4)

thercfore, for cach SM quark one anu-tnplet, one
anti-sextet and one 15-plet partners are predicted.

R —
A Search for sextet quarks and leptogiuons at the LHC
A. Celikel, M. Kantar, S.Sultansoy, Phys.Lett. B443 (1998) 359-364

v,=(FS,), e=(F:S$,):

d=(FS,). T=(FS,)

20



LAGRANGIAN AND DECAY WIDTH FOR COLOR OCTET LEPTONS

The interaction lagrangian of color octet leptons (denoted by lg) with
their corresponding lepton (denoted by [);

1 5 Pl |
Lint = 53 Zz: Vig9sFp, 0™ (MLtd, L + nrYL,R) + hec.

N and ng —chirality factors
Y, 1, and Y; p denote left and right spinor components of lepton
Fiy — gluon field strength tensor
O,y — antisymmetric tensor

gs — strong coupling constant

= as(ﬂ'Ieg)Mea3
8 4\2

le

A— compositeness scale




PRODUCTION CROSS SECTION OF eg @ FCC-pe

RESONANT PRODUCTION  ®—u 2|

15

A=100 TeV

Saleh@FCC Week@Romel

14.04.2016
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SIGNALS AND BACKGROUNDS
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Discovery limits for color octet electron (A=m_)

25
proton colliders electron colliders electron-proton colliders PWFAxFCC

10 o™

20 -

FCC
500 b

4

e

—

(&
\

ILCxFCC

Mass Limit (T
o
I

1011190 fo!

PWFA-LC

500 fb™' ERL60XFCC
LHC
-1

100 fb™ 100 fb

ILC
0 .

If FCC will discover g5, LCXxFCC 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 gy, if its mass is below 25 TeV.

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



A. e8is discovered by FCC but not observed at e-FCC

Table V. Lower limits on compositeness scale in TeV units at the FOC based ep colliders

Me, = 2.5 TeV

T -1 Me, = 5.0 TeV | M., = 7.5 TeV | M., = 10 TeV
Callicer Lint, J0 T Ser e Her e Her e T
ERLGO&FCC L)) 44 34 - - - - - -
S L0 250 195 10 b T 22 15 - -
ILCeFCC L0 450 Ja 135 105 42 32 - -
| 220 170 200 150 190) 145 110 =0
ST A .
PWFA-LCRFCC L) 400 S5 340 S0 Sl 200 200 155

B. e8 is discovered by FCC and observed at e-FCC

n” '

A g

M ; E—E‘E-M Gy
M m—til.i'l.i'l.lt-e'l.'
M : b—'."EI:-I] Gy

A (Tav) i

Determination of A:

1) FCC discover e8 with 5 TeV
mass

2) e-FCC measure cross section
aso~250fb

Therefore, compositeness scale is
A =100 TeV



g Mass Limit (TeV)
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Discovery limits for color octet muon (A=m )

proton colliders muon colliders (vs, TeV) muon-ﬁroton colliders kEﬂ, GeV)
FCC
500 ! 11500xFCC
B 5"
n750xFCC
= 5fo”
. LHC ey 3.0 Tev He3xFCe
-1 . 1
[ ] ik — [ ]

4120000xFCC
10 b




1* Mass Limit (TeV)

40
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W
o

N
[6)]

N
o

—_
o

—_
o

Discovery limits for excited muon (A=m .)

proton colliders

LHC
100 fo!

FCC
500 b’

muon colliders (vs, TeV)

3.0 TeV
440 fb™

1.5 TeV
125 o'

muon-;‘aroton colliders tEu, GeV)

u750xFCC
5"

163xFCC
0.02 fo'

11500xFCC
5fp”

120000xFCC
10 fb™




5. Conclusions

LC-FCC and p-FCC will provide great search potential for a lot of
BSM phenomena.

Their potentials are far beyond that of ERL60-FCC and Il colliders
and sometimes exceed the FCC pp potential

y options will essentially enlarge the LC-FCC potential

Concerning QCD basics, x up to 107 (-7) will be measured at Q" (2)
= 100 GeV~*(2)

Possible stages for FCC hl colliders are presented in the next
slide



Frank’s presentation

FCC-he key parameters

e* energy = 60 GeV
p energy = 50 TeV (or equiv. A energy)
#IPs=1, goal L > 103* cm—4s~1!

to measure Higgs self coupling

spot size determined by p

options for FCC-he:
1) e from LHeC (or other) ERL
2—e* from FCC-ee

i sting with-FCChb

2) LC-FCC, including gamma options
3) u-FCC



Thank You for your attention.

Any questions or comments?

This work is supported by TUBITAK under grant
No 114F337
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The PostHERA era: Brief review of future lepton hadron and photon hadron colliders
5. Sultansoy (DESY & Ankara U. & Baku, Inst. Phys)

Oct 1999 - 19 pages

DESY-99-159, AU-HEP-99-02
e-Print: hep-ph/9911417 | PDE

Abstract

Options for future Ip, 1A, gamma-p, gamma-A and FEL gamma-A colliders are discussed

CONTENTS
1. INTRODUCTION

1L.FIRST STAGE: TESLA®HERA, LEP@LHC and gi—ing@TEVATRON
11. TESLA®HERA complex
i) ep option
ii) Jp option
iii) .4 option
iv) ¥4 option
v) FEL 74 option
1.2.LEP@LHC
i) ep option
ii} ¢4 option
2.3 g—ring@TEVATRON

3, SECOND STAGE: Linac®LHC and ¥s=3 TeV up
3.1. Linac@®LHC
i) ep option
i) 4 option
iii) .4 option
iv) ¥4 option
v) FEL 94 option
3.2.4s=3 TeV up

4. THIED STAGE: e—~ing@VLHC, LSC@ELOISATRON and muld-TeV gp
41. e—ing@VLHC
4.1, LSC@ELOISATRON
4.3. Muld-TeV pgp

5. CONCLUSION

2. First stage: TESLA@HERA, LEP@LHC and g—ing®@TEVATRON

11. TESLA@HERA complex

Constmuction of future lepton linacs tangentially to hadron nings (HERA, Tevatron or
LHC) will provide a number of additional opportunities to investigate lepton-hadron and
photon-hadron interactions at TeV scale (see [1-3] and references therein). For example:

TESLA®HERA =TESLA & HERA
& TeV scale gp collider
& TeV scale Jp collider
& ed collider
& 34 collider
& FEL 4 collider.

4.1 L5SCEELOISATRON

For obvious reasons I prefer to discuss a linac, e. g Linear Super Collider [38], as a
source of high-energy electron beam. Combination of L5C with ELOISATRON (see
Table VI} will give an opportunity to achieve I@fi-lﬂ"cm']s'l at v/5=63.2 TeV. Further
increasing of lnminosity will require application of “dynamic™ focusing scheme and/or
cooling of proton beam.

As in the case of TESLA®HERA complex, p. ed, 34 and FEL 4 options essentially
extend the capacity of LSCEELOISATEON complex.

4.3.100 TeV up

This is a most speculative (howewver, very aftractive) one among the lepton-hadron

collider options, which can be foreseen today. Using the luminosity estimation
Lple“cm"&'] for '5=100 TeV u'y" collider [39] one can expect at ny=n

0.25cm 105Mel” 8.7 33 -7 _1

L, =—. . """ . =10"em "5 .

£ 10cm 940Mer 30



