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Sen gecgenlerde demistin ki:

“Yazik hala biz,
Diinkdi ilmin bile biganesiyiz, cahiliyiz.
Iste fikdani bu ihmal edilen ma’rifetin,
Nesli bir acze diisiirmiis ki, bugiin, memleketin,
Bir yigin kuvveti var, hem ne tabi’i de, heniiz,
Biz o kuvvetlere eller gibi hakim degiliz.

Yarinin ilmi nedir, halbuki? Gayet miidhis: Nikleer
“Maddenin kudre-i zerriyyesi” ugrastigi is.
O yaman kudrete hakim olabilsem diyerek, \c/::gtt,s-imc

Oyle milyonla degil, na-nititenahi kudret!..”

Ibret al kendi séziinden, aman oglum, gayret! —, Aldik mi?

Maddenin kudret-i zerriyesi:
En ileri duzeyde CERN’de inceleniyor — Turkiye asil uye olmalidir!
Bizim cografyada irdelenmesi i¢cin TAC Super-Charm Fabrikasi1 kurulmalidir!
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“Asla suphem yoktur ki, Turklugun unutulmus medeni
vasfl ve buyuk medeni kabiliyeti, bundan sonraki inkisafi
lle atinin yuksek medeniyet ufkunda yeni bir gunes gibi
dogacaktir.”

“Yurdumuzu dinyanin en mamur ve en medeni
memleketleri seviyesine ¢ikaracagiz. Milletimizi en genis

refah, vasita ve kaynaklarina sahip kilacagiz. Milli
kulturumuzu, muasir medeniyet seviyesinin ustune

cikaracagiz.” E 5

Hizlandirici Teknolojilerinde:

» Muasir medeniyet seviyesi GeV enerjili lepton ve hadron hizlandiricilarina,
» Muasir medeniyet seviyesinin ustu ise parcacik carpistiricilarina
sahip olmaktir!!!

Turk Hizlandirici Kompleksi projesi hepsini iceriyordu!!!
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Parcacik carpistiricilarinin énemi vurgulanarak siniflandirilmasi yapilacaktir.
Lepton-hadron etkilesmelerinin Yiiksek Enerji Fiziginin gelisimine katkilar1 6zetlenecektir.

Lepton-hadron ¢arpistiricilarinin (ep, up, €A, nwA) ana parametreleri ve fizik arastirma potansiyelleri

irdelenecektir.

Bu carpistiricilar kuvvetli etkilesmelerin anlasilmasi (quark — hadron — c¢ekirdekgecisi) ve QCD’nin

temellerinin aydinlatilmasi (6zellikle confinement) agisindan istisnai 6neme sahiptir.

Buna ilaveten, hadron carpistiricilardan alinan sonuglarin dogru yorumlanmasi i¢in gereken parton

dagilim fonksiyonlarii temin edecektir.

SM otesi fizige gelince, lepton-hadron garpistiricilarinin potansiyeli lepton carpistiricilarin iizerindedir ve

bir¢ok konuda hadron ¢arpistiricilari ile ayni diizeydedir (baz1 konularda ise {izerindedir).



Maddenin kudret-i zerriyesi

Yuksek Enerji Fizigi
Nukleer Fizik

Nano-fizik ve teknoloji

Molekuler Biyoloji ve Genetik
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Parcacik Fizigi
Hizlandiricilar
Algiclar

Astrofizik

Kozmoloji



Neden Carpistiricilara Ihtiyac Duyariz?
(Kutle Merkezi Enerjisi)

Kiitle Merkezi Enerjisi ¢arpisan pargaciklarin kiitleleri ihmal edilirse asagidaki sekilde ifade edilir (h=c=1
sisteminde):

\/§= 2 ElEZ

Simetrik ¢arpistiricilarda (carpisan parcaciklarin enerjileri ayni oldugunda):

VS =2E
Durgun hedef deneylerinde (ikinci par¢acik durgun oldugunda):
\/§ =2 E1m2
Planck Sabiti
Yeni parcaciklarin olusabilmesi i¢in VS > Y m; olmalidir. Burada m; olusan parcaciklarin kiitlesini \
ifade eder. Yani daha agir parcaciklar: kesfetmek icin daha yiiksek kiitle merkezi enerjisine A XS h
ihtiyac duyulmaktadir. = A
Kiitle merkezi enerjisi arttikca daha kiiciik mesafeleri inceleyebiliriz. (Heisenberg Belirsizligi) f \
Yaklasik 1 eV enerjiye (goriilebilir 151k) karsilik gelen mesafe yaklasik 1 um iken, 100 MeV Momentum  Gozlemlenebilir
enerjiye 1 fm mesafe karsilik gelir. AR Meszte
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Neden Carpistiricilara Ihtiyac Duyariz?
(Ornekler)

Simetrik Elektron-Pozitron Carpistiricisinda (SLC, LEP) Z bozonu elde edebilmek igin:

E,+ = E,- =45 GeV
Sabit hedef kullanilirsa:

, 2E? .
E,+ = =79 x%x 10°GeV
me

Biiyiik hadron garpistiricisinda ulasilan enerji:

E, = 6.5 Tel/
Sabit hedef kullanilirsa:
ZEI%
Ep=—==18Xx 10°TeV = 1.8 x 10%GeV
p

Guintimiiz hizlandiric teknolojisi 1le imkansizdir.
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Temel pargaciklarin standart modeli

maddenin tg nesli

(fermiyonlar)
I [l ]
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Carpistiricilarda Kesfedilen
SM parcaciklari

* Tilsim (charm) kuark ve tau-lepton 1974 yilinda SLAC
(ABD) ulusal laboratuvarindaki SPEAR elekton-pozitron
carpistiricisinda bulundu.

=125.09 GeV/c®
0
. G

* Gluon 1979 yilinda DESY (Almanya) ulusal
laboratuvarindaki PETRA elekton-pozitron
carpistiricisinda bulundu.

* W ve Z bozonlari 1983 yilinda CERN’deki SPS (Super

E Proton Synchrotron) proton-antiproton

ﬁ carpistiricisinda bulundu.

=

g  Ust (top) kuark 1995 yilinda FNAL (ABD) ulusal
o0 laboratuvarindaki Tevatron proton-antiproton
0{5 carpistiricisinda bulundu.

>.

<

* Higgs Bozonu 2012 yilinda Buyutk Hadron Carpistiricisi
(LHC) ile kesfedilmistir.
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Carpistirica Tiplerli

HALKA CARPISTIRICILAR DOGRUSAL CARPISTIRICILAR
Kaynak

Dedektor

Carpisma
Bolgesi

Carpigsma Bolgesi

Hizlandirict
Tupu

\ . N
Kaynak Hiz Kazandirici Kaynak
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LINAK-HALKA TiPi CARPISTIRICILAR

Dedektor Hizlandirici
Tupu

S

Kaynak
“arpisma
Bolgesi

Tupu

1z Kazandirici
Kaynak



Carpistiricilarda kullanmilan Parcaciklar

Parcaciklar yiiksek sayida tiretilebilmeli ve 0miirleri yeterince yliksek olmalidir

Leptonlar: e™, e*, u=, ut

Elektronlar kararlidir. Termionik gun ve foto-katod. 50 keV’lik termionik gun TOBB ETU YEF laboratuarinda
(Gokhan, Gérkem, Umit) ve BOUN KahveLab’da (Gokhan, ...) iiretildi ve ¢esitli metallerin kaynag: yapildi,
250 keV’lik termionik gun TARLA ¢ergevesinde iiretildi gibi (kararli elektron demeti elde edilebildi mi?)

Pozitron demetleri MeV enerjili elektron veya foton demeti kullanilarak iiretiliyor.

Muon demetleri enerjisi 500 MeV iizerinde olan proton demeti kullanilarak iiretiliyor.

Hadronlar: p, p, A

Protonlar ve ¢ekirdekler kararlidir. Plazma olusturularak elde ediliyor. MeV enerjili proton demeti
SANAEM’de tiretildi (Gokhan, Ali, Gérkem, ...)

Anti-proton demetleri enerjisi 6 GeV {izerinde olan proton demeti kullanilarak tretiliyor.

Foton: y

yiiksek enerjili foton demetleri lazer fotonlarinin yiiksek enerjili elektron demetlerinden Compton geri
sacilmasi ile elde ediliyor
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carpisan demetlere karsilik gelen ¢arpistirica tipleri

Enerji 6n-cephesi:

Colliders Ring-Ring|Linac-Linac|Linac-Ring
Hadron +
Lepton (e~ e™) +
Lepton (u~pu™) -
Lepton-hadron (eh) +

Lepton-hadron (uh) +

Photon-hadron
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Carpistiricilarin Temel Parametreleri

Kiitle Merkezi Enerjisi

VS = 2./E,E,

Isinhik
N;N
[ = 1772

41t maX[le, ze] max[ojﬁ’ GJ’Z]

min[fi, ]

E karsilikli gelen demetlerin sahip olduklar1 enerjilere; N, ¢carpisan demetlerin igerisinde pargacik sayilarina;
o, ¢arpisma aninda demetlerin sahip oldugu enine boyutlarina; f saniyede gergeklesen demet ¢arpisma
sayisina karsilik gelmektedir.

Isinlik degeri gozlenecek olay sayisini belirler. M = L x 0 (burada o incelenen surecin tesir kesitini ifade
eder).
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Carpistiricilarin Temel Parametreleri

Halka ¢arpistiricilarda demet-demet ayar kaymasi (tune-shift):

_ Z;N,r By £, = Z, N, Bl
2mY104,(0x, + 0y,) Y1 2my;0y,(0x, + 0y,)

6x4

Dogrusal ¢arpistiricilarda sagilma (disruption):

D _ ZZZNZT'lO-ZZ D _
1 Y1 G.Xz (G.X'Z + Gyz) 7

ZZZNZT'lO-ZZ

Y1 Gyz (G.X'Z + Gyz)

Deneysel sinirlar: ip < 0.01,D, <25
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Enerji On Cephesi Carpistiricilar: ve
Parcacik Fabrikalan

Enerji On Cephesi:
Yeni parcaciklarin ve etkilesmelerin dogrudan aranmasi

Kutle merkezi enerjisi daha onemli

Parcacik Fabrikalari:

Bilinen parcaciklari cok sayida ureterek ozelliklerinin belirlenmesi Uzerinden
(nadir bozunumlar vb) yeni parcaciklarin ve etkilesmelerin dolayli aranmasi

Isinlik daha onemli
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Elektron-pozitron c¢arpistiricilari

Lineer: ILC (1 TeV), CLIC (3 TeV), PWFA-LC (10 TeV)
Dairesel: FCC-ee (90 — 360 GeV), CEPC (90 — 360 GeV)

Muon Carpistiricilarni: 1.5, 3, 6, 14 TeV
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Cok onemli gelisme

’ inst Pusuisuen By [OP PusLisming For Sissa MEDIALAB

Recewven: June 3, 2021
Revisen: Qctober 20, 2021
Accerren: November 29, 2021
PusLisHen: December 16, 2021

A high-luminosity superconducting twin e*e~ linear
collider with energy recovery

V.1. Telnov
Budker Institute of Nuclear Physics,
Novosibirsk, Russia

Novaosibirsk State University,
Novosibirsk, Russia

ApsTrAacT: Superconducting technology makes it possible to build a high energy ¢¥ e~ linear collider
with energy recovery (ERLC) and reusable beams. To avoid parasitic collisions inside the linacs,
a twin (dual) LC is proposed. In this article, I consider the principle scheme of the collider and
estimate the achievable luminosity, which is limited by collision effects and available power. Such a
collider can operate in a duty cycle (DC) and in a continuous (CW) modes, if sufficient power. With
current SC Nb technology (T = 1.8 K, fgr = 1.3 GHz, used for ILC) and with power P = 100 MW,
a luminosity L ~ 0.33 x 10°° cm™s~! is possible at the Higgs factory with 2Eq = 250 GeV. Using
superconductors operating at 4.5 K with high Q' values, such as Nb;Sn, and fpg = 0.65 GHz,
the luminosity can reach L ~ 1.4 x 10°%cm~2s~! at 2E; = 250GeV (with P = 100 MW) and
L ~08x10%em™2s! at 2E; = 500 GeV (with P = 150 MW), which is almost two orders of
magnitude greater than at the ILC, where the beams are used only once. This technology requires
additional efforts to obtain the required parameters and reliably operation. Such a collider would be
the best machine for precision Higgs studies, including the measurement of Higes self-coupling.

ILC'nin 1sinlik degeri iki mertebe artirilabiliyor ve FCC-ee ve CEPC ile ayni mertebeye ulasiyor

Maliyet %30 artiyor

ILC'nin ERLC versiyonu Japonya’da kurulur ise FCC-ee ve CEPC’e gerek kalmiyor !!

FCC-hh ve FCC-lh one ¢ikiyor !!!
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Muon Carpistiricilari

proton driver front end cooling acceleration collider ring
= — = Ecom:
=~ o s
4 . Isz==e 5 5|2 ™ T iggs Factory
© o b ) WoE c TS5 © 0 e to
@© = = = c g © & 8 c .= = = ~
O == E |8222 ol 8 8§ §&% 8 8
Z s ° 8 |828 3|° ¢ o S = —
3] o © O =l= @ = (an) @© . e =
3 ° S8 S|z ¥ e 3E @ £ | accelerators: L
© = o = 8 = :
= £ © linacs, RLA or FFAG, RCS
Low EMmittance Muon positron linac positron acceleration collider ring
Accelerator (LEMMA): rng
1011 y pairs/sec from e*e~ | B
interactions. The small production
emittance gllowg lower overall charge |——p| — 10s of TeV
in the collider rings — hence, lower positron linac W
e A (72)
backgrounds in a collider detector = § 90
and a higher potential centre-of-mass é 2 s*F > T —
. g . . +— — -
energy while mitigating neutrino = 5 accelerators: W u
radiation from muon decays. 2 linacs, RLA or FFAG, RCS

Bak Christian Carli, UPHUK-8
https://indico.cern.ch/event/1149205/contributions/4836421/attachments/2502550/4299173/22 09 05 UPHUK Muon Collider.pdf
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https://indico.cern.ch/event/1149205/contributions/4836421/attachments/2502550/4299173/22_09_05_UPHUK_Muon_Collider.pdf
https://indico.cern.ch/event/1149205/contributions/4836421/attachments/2502550/4299173/22_09_05_UPHUK_Muon_Collider.pdf
https://indico.cern.ch/event/1149205/contributions/4836421/attachments/2502550/4299173/22_09_05_UPHUK_Muon_Collider.pdf
https://indico.cern.ch/event/1149205/contributions/4836421/attachments/2502550/4299173/22_09_05_UPHUK_Muon_Collider.pdf

Hadron carpistiricilart https://en.wikipedia.org/wiki/List _of accelerators in

particle physics#Colliders

Proton->"opp82*

. Years of Shape Particles Beam .
Accelerator Location ) . . Experiments
operation and size collided energy
Intersecting Circular rings Proton/
) CERN 1971-1984 31.5 GeV
Storage Rings (948 m around}) Proton
Super Circular ring Proton/
- CERN 19811984 i 270-313 GeV UA1, UAZ
Proton Synchrotron/SppS (6.9 km around) Antiproton
Tevatron . Circular ring Proton/
Fermilab 19921995 ) 900 GeV CDF, DO
Runl (6.3 km around) Antiproton
Tevatron ) Circular ring Proton/
Fermilab 2001-2011 i 980 GeV CDF, DO
Run I (6.3 km around) Antiproton
Relativistic Heavy lon Collider ) Hexagonal rings )
Brookhaven National Laboratory, New 2001- Polarized Proton/
(RHIC) (3.6 km 100-255 GeV PHENIX, STAR
i York present i Proton
polarized proton mode circumference)
a7 au™®;
Relativistic H lon Collid H | ri 53Cu29+_53(;u29+;
elativistic Heavy lon Collider exagonal rings
. Brookhaven National Laboratory, New 2000— L 8 B2 ¥ au™ | 3.85-100 Gev
(RHIC) (3.6 km 197 197 STAR, PHENIX, BRAHMS, PHOBOS
) York present _ Au S Al per nucleon
ion mode circumference) 94
233U92+_233U92+
Large Hadron Collider (LHC) e 2008- Circular rings Proton/ 6.5 TeV ALICE, ATLAS, CMS, LHCb. LHCT,
proton mode present (27 km circumference) Proton (design: 7 TeV) TOTEM
ZOEPD32+_ZUSPD
Large Hadron Collider {LHC) 2010- Circular rings 82+. 276 Tev
) CERN ) ' ALICE, ATLAS, CMS, LHCD
ion mode present (27 km circumference) per nucleon

FCC (100 TeV), SppC (70 ? TeV)
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https://indico.cern.ch/event/1149205/contributions/4836420/attachments/2502211/4298537/FCC-UPHUK2022.pdf
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10-'¢
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1020

Rutherford deneyi: son ylzyilin
bilim ve yliksek teknolojinin temeli

Hofstadter deneyi: formfactorlar
(ndkleonlarin ic yapisi)

SLAC: partonlari (kuarklar) buldu

CERN EMC: ¢ekirdekler proton ve
notronlarin toplamindan daha
zengindir

HERA: Tevatron ve LHC verilerinin

dogru yorumu icin pdf’leri temin
etti
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Elektron-proton carpistiricilari
https://en.wikipedia.org/wiki/List of accelerators in particle physics#Colliders

Years of Shape Electron | Proton

Accelerator | Location i ) Experiments
operation and size energy | energy
Circular ring _
HERA DESY | 1992-2007 27.5 GeV | 920 GeV | H1, ZEUS, HERMES experiment, HERA-B
(6336 meters around)
LHC \I\l\ ca f "
HL-LHC based: LHeC (ep, eA), u-LHC m Og
# e
’ SN Presips
HE-LHC based: ep, eA, up, UA, yp, YA
FCC based: ep, eA, up, HA, vp, YA A o L,
a S "—“/\—:””r
SppC based: ep, eA, up, HA, yp, YA Q 7 s

Enerji on-cephesi lepton-hadron carpistiricilar: konusunda Tiirk Fizikcileri
belirleyici konumdadir.
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REVIEW OF LINAC=RING-TYPE COLLIDER PROPOSALS
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There are three possible types of particle colliders schemes: familiar (well-known) ring—-
ring colliders, less familiar but sufficiently advanced linear colliders, and less familiar
and less advanced linac—ring-type colliders. The aim of this paper is twofold: to present
a possibly complete list of papers on linac-ring-type collider proposals and to emphasize
the role of linac-ring-type machines for future HEP research.
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Future circular collider based lepton-hadron and photon-hadron colliders: @msmrk
Luminosity and physies

Y.C. Acar?®, AN. 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

4 ANAS Institute of Physics, Baky, Azerbaijan

ABSTRACT

Canstruction 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, uA, yp and y A colliders are estimated. Multi-TeV center of mass energy ¢p 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 callision point simulator. It is shown that L, ~ 10° cm~? s~' can be achieved with LHeC-like
upgrade of the FCC paramelers. Moreover, “dynamic focusing” scheme could provide opportunity to handle L, % 10% cm~? 571,

© 2017 Elsevier B.V. All rights reserved.

1. Introduction this type of colliding particles (for example; linac-ring type colliders
will give opportunity to achieve highest center of mass energy for

During last decades colliders have provided most of our knowledge ¢p collisions). Concerning the center-of-mass energy: hadron colliders
on fundamental constituents of matter and their interactions. Particle provide highest values (for this reason they are considered as “dis-
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publication of this article was funded by SCOAP®. Abstract — Construction of the future muon collider tangential to the Large Hadron Collider
will give opportunity to realize pp collisions at multi-TeV center-of-mass energies. Using the

Main parameters of Super proton-proton Collider (SppC) based lepton-proton colliders are estimated. For electron beam nominal parameters of high-luminosity and high-energy upgrades of the LHC, as well as the design

parameters, highest energy International Linear Collider (ILC) and Plasma Wake Field Accelerator-Linear Collider (PWFA-LC) 2 _—1

. . . L Fo beams, 15 TeV and 3 TeV center of mass ide - p parameters of muon colliders, it is shown that L, of the order of 10°* em™?s™! is achievable for
options are taken into account. For muon beams, 1.5 TeV an eV center of mass energy muon collider parameters are used. In - L ; . . . i . i
addition, ultimate up collider which assumes construction of additional 50 TeV muon ring in the SppC tunnel is considered. It is different options with VSup from 4.58 TeV to 12.7 TeV. Certainly, the proposed pp colliders have

shown that luminosity values exceeding 107 cm™ 57" can be achieved with moderate upgrade of the SppC proton beam parameters. a huge potential for clarifying QCD basics and searches for new physics.
Physics search potential of proposed lepton-proton colliders is illustrated by considering small Bjérken x region as an example of
SM physics and resonant production of color octet leptons as an example of BSM physics. Copyright © 2022 EPLA
Introduction. — It is known that lepton-hadron col- TeV energy muon-proton colliders [7.8] were proposed

lisions play a crucial role in our understanding of mat- two decades ago as alternatives to linac-HERA—and linac-

YEFIST-2022, 24 Eyliil 2022 Saleh Sultansoy, TOBB ETU 23



Journal of Physics G

LHeC Projesi Nuclear and Particle Physics

(CERN)

A Large Hadron electron Collider at VRS T fy 20127 AGERTTS001

CERN. Webpage: A Large Hadron Electron Collider at CERN
| [lhec.web.cern o
Mirror site: i

CDR is published in Journal of

Physics G: Nuclear and Particle
Physics

Volume 39, Number 7, July 2012.

fopscience. ong/jphysg
10P Publishing

LHeC Study Group

C.Adolphsen®, 8. Alekhin®® 1 AN Akai’¥ H. Aksakal®, P.Allport'”, J.L.Albacete®”, V. Andreev®®, R.B.Appleby?®,

N.Armesto®, G.Azuelos®®, M.Bai*", D Barber'", J Bartels'?, J.Behr!!, O.Behnke!!, S.Belvaev!?, I. BenZvi®",
N.Bernard'®, S.Bertolucci'”, $.Bettoni'”, S.Biswal*?, J.Bluemlein*!, H.Boettcher'!, H.Braun®™, S Brodsky®
A.Bogacz®®, C.Bracco'®, O.Rmening!®, E Bulvak”™, A Bunyatian'!, H.Burkhardt!C LT .Cakir® O.Cakir®,
R.Calaga'”, E.Ciapala'?, R.Cittei")(AK Cittei” | B.A .Cole®, J.C.Collins®®, J.Dainton'", A.De.Roeck!™|

D.d'Enterria’®, A Dudarev'™, A Eide?™ E Eroglu’®) K.J Eskola'?, L. Favart®®, M Fitterer'?, S Forte?*, P.Gambino*?,

T.Gehrmann®, C.Glasman?2, R.Godbole?”, B.Goddard'®, T.Greenshaw!”, A.Guffanti”®, V. Guzey2®, C.Gwenlan®,
T.Han®®, Y.Hao'7, F.Hangw. W.Herr!?, B.Holzer!, M.Ishitsuka®! Jf\,r*quot:‘g‘ B.Jeanneret!?, J.M. Jimenez!?,
H.Jung!!, J. M. Jowett'?, H.Karadeniz™, D.Kayran*7, F.Kocac') A Kilic*®, ) .Kimura', M.Klein!?, U.Klein!7,

T Kluge!'”, G.Kramer'?, M.Korostelev®?, A Kosmicki™, Postka!'. H. Kowalski'', D.Kuchler'”, M.Kuze*!,
T.Lappi!, P.Laycock!”, E.Levichev®!, S Levonian'!, V.N.Litvinenko'”, A.Lombardi!®, C.Marquet'®, B.Mellado"",

K.H.Mess!?, S.Mach!!, LLMorozov®!, Y.Muttoni!”, S.Myers!?, S.Nandi?®, P.R.Newman®, T.Omori*!, J.Osbhorne!?,

Y .Papaphilippou!”, E.Pacloni*, C.Pascaud®*, H. Paukkunen®, E.Perez!”, T .Pieloni'®, E.Pilicer®®, A.Polini"*,

V.Ptitsyn'”, Y.Pupkov®!, V.Radescu'®, 8 Ray sandhuri?”, L.Rinolfi'"”, R.Rohini®7, J.Rojoz". S.Russenschuck!”,
C.A Salgado™, K. Sampei'!, B.Sanvan'® M.Sahin®) U Schneekloth', A.N.Skrinsky®?, T.Schoerner Sadenins!! |
D.Schulte!?, H.Spicsbc‘rgergl . A M Stasto®, M.Strikman®®, .\[.Sullivmlm, B.Surrow”® S.Sulta.nsoym. Y.P.Sunﬂg,

W.Smith?", L. Tapan?®, P.Tael"?, E.Tassi*?, H.Ten Kate!”, J.Terron??, H.Thiesen'?. L. Thompson®?, K. Tokushuku'?,

R-Tomas.Garcia!®, D. Tommasini'”, D.Trhojevic?7, N.Tsoupas'7, J. Tuckmantel'?, 8. Turkoz®? | K. Tywoniuk'®,

G, Unel®, J.Urakawa’®, P.VanMechelen®?, A Variola®”, R.Veness'®, A.Vivoli'?, P.Vobly*', R. Walluy®!, G.Watt1?,
G.Weiglein!?, C.Weiss?®, U.A.Wiedemann!'”, U Wienands®, F.Willeke!”, V.Yakimenko'”, A.F Zarnecki*®,
F.Zimmermann'”, F.Zomer**

YEFIST-2022, 24 Eyliil 2022

LHeC CDR

Abstract

The physics programme and the design are deseribed of a new electron-hadron collider, the LHeC, in which
electrons of 60 to possibly 140 GeV collide with LHC protons of 7000 GeV. With an ep design luminosity
of about 10 cm~2s~!, the Large Hadron Electron Collider exceeds the integrated luminosity collected at
HERA by two orders of magnitude and the kinematic range by a factor of twenty in the four-momentum
squared, %, and in the inverse Bjorken x. The physics programme is devoted to an exploration of the
energy frontier, complementing the LHC and its discovery potential for physics beyond the Standard Model
with high precision deep inelastic scattering (DIS) measurements. These are projected to solve a variety of
fundamental questions in strong and electroweak interactions. The LHeC thus becomes the world's cleanest
high resolution microscope, designed to continue the path of deep inelastic lepton-hadron scattering into
unknown areas of physics and kinematics. The physics programme also includes electron-ion (eA) scattering
into a (Q%, 1/z) range extended by four orders of magnitude as compared to previous lepton-nucleus DIS
experiments. The LHeC may he realised either as a ring-ring or as a linac-ring collider. Opties and beam
dynamics studies are presented for both versions, along with technical design considerations on the interaction
region, magnets, cryogenics, RF, civil engineering and further components. A design study is also presented
of a detector suitable to perform high precision DIS measurements in a wide range of acceptance using
state-of-the art detector technology, which is modular and of limited size enabling its fast installation. The
detector includes tagging devices for electron, photon, proton and neutron detection near to the beampipe.
The LHeC is designed to be built and operated while the LHC runs. It is a major opportunity for progress
in particle physics and further exploits the investment made in the LHC,
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Why QCD Explorer stage of the LHeC should have high(est) priority
S. A. Cetin®, S. Sultansoy?, G. Unel®

“Dogus University. Istanbul, Turkey

*TOBB University of Economics and Technology, Ankara. Turkey
and ANAS Institute of Physics, Baku. Azerbaijan

“University of California. Irvine, USA

Abstract: The QCD Explorer will give opportunity to enlighten the origin of the 98.5%
portion of the visible universe’s mass, clarify the nature of the strong intecartions from
parton to nuclear level and provide precision pdf’s for the LHC. Especially the v-nucleus
option seems to be very promising for QCD studies.

In light of the discussions presented above we propose the following phases for QQCD
Explorer based on single-pass linac option. First phase: ep collider with luminosity of
10*2em—2s~! and eA collider with luminosity of AxL, ,=10*cm—*s~! which seems suffi-
cient for (QCD studies. Second Phase: «p and A collider with similar luminosities. Third
Phase: construction of a second single-pass linac for energy recovery [4] to achieve much

higher luminosities. Fourth Phase: lengthening the single-pass linac to switch to Energy
Frontier stage.

https://arxiv.org/abs/1305.5572
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Bu resim HERA sonrasi ep
carpistiricilarinin gelismesinde
onemli rol oynadi.

LHeC (ilk adi QCD-Explorer)
projesinin 6n asamasinda
(2003-2004) hazirlanmistir.

Benzer resmi enerji on-
cephesi (FCC vd) icin
hazirlanmalidir.
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FCC/SppC based
colliders

NIM A, 2017

Construction of future electron-
positron colliders (or dedicated

electron linac) and muon
colliders 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+ FELYyA

HCXFCC = pC + FCC
+ pp + pA

lepton-hadron and photon-hadron




Mike Lamont (UPHUK-8, 5th September 2022)
European Roadmaps for Accelerator - R&D
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Table 22. Center of mass energies and luminosities of HL-LHC

based up colliders.

Eu[TeV] | V5 (TeV] | [ Be) | oot erce
0.75 4 58 0.95 1.4
1.5 6.48 0.84 2.1
3 9.16 0.57 1.5

Table 23. Center of mass energies and luminosities of HE-LHC

based pp colliders.

L (nominal) | L (upgraded)

Eu[TeV] | Vs [TeV] [10% cm2s] [][PPEm'IS'] ]
0.75 6.36 0.59 1.6
1.5 9 0.52 2.8
3 12.7 0.36 1.9
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Figure 6. Discovery limits for color octet muon at the MC with Vs=6

Mu8 TeV

MC

HL-LHC

W @ HL-LHC

HE-LHC

p ® HE-LHC

TeV, HL-LHC, HE-LHC and corresponding up colliders

Table 8. AloHEP results for the FCC based up colliders

Collider name | Lyp [10°'em~s!) Ep Ey
u750-FCC 62 0.11 0.0043
p1500-FCC 33 0.11 0.0043
13000-FCC 41 0.11 0.0043




Chinese Physics O

Vol. 42, No. B (2018) 083108

Resonant production of color octet muons at Future Circular
Collider-based muon-proton colliders”
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Table V. Main parameters of ILC®FCC based ep collider corresponding to the disruption limit D, = 25.
E.(GeV)|/s(TeV) [Ny (10" [ Lep, em™ s~ p
250 7.08 2.3 57 x 10°"  [1.09 x 107
500 10.0 4.6 149 x 10°Y [9.40 x 10~ *

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

E.(GeV)|\/s(TeV)[N,(10'")| L,,, cm_z.':‘t:l &p |T1Bss (h)
1500 17.3 13.8 258 x 10%Y |5.47 x 10~ 14
5000 31.6 45.8 433 x 10°Y |5.47 x 10~* 4
= proton colliders electron colliders electron-proton colliders
PWFAxFCC
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Figure 2. Discovery limits for color octet electron at different pp, e"e” and ep colliders.



M-RHIC onerisi

Nuclear Inst. and Methods in Physics Research, A 1027 (2022) 166334

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Table 1
The proposed energies of the MulC at BNL for three possible magnel scenarios.

A muon-ion collider at BNL: The future QCD frontier and path to a new
energy frontier of 4+~ colliders

Darin Acosta, Wei Li *
Physics and Astronomy Department, Rice University, Houston, Texas 77251, USA

151
Muon-ion carpistirict onerileri ile ilgili

6]
atiflar

171

18]

Onemli not: bu makalede verilen i1sinlik
degerleri yanhstir (iki mertebe fazla).
Nedeni: demet-demet ayar kaymasi
ihmal edilmigtir.

AloHEP sonuglarini bu yakinda
yayinlayacagiz.

9]

110}

1111

Parameter 1 (aggressive) 2 (realistic) 3 (conservative)
Muon energy
(TeV) 1.39 0.96 0.73
Muon bending
magnets (T) 16 (FCC) I1(HL-LHC) 8.4 (LHC)
Muon bending
radius (m) 290
® Proton (Au)
Check for roton u
o energy (TeV) 0.275 (0.11/nucleon)
CoM energy
(TeV) 1.24(0.78) 1.03 (0.65) 0.9 (0.57)
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Ek. AIoHEP Yazilimi

A luminosity optimizer for High Energy Physics (colliders)

AloHEP v1.0 Umit Kaya ve Bilgehan Baris Oner tarafindan linak-halka tipli elektron-proton
carpistiricilari i¢in 2016 yilinda gelistirilmistir.

AloHEP v2.0 diger ¢arpistirici tiplerini ve carpisan pargaciklar igerecek sekilde Burak Dagli ve
Bilgehan Baris Oner tarafindan 2021 yilinda giincellenmistir.

AloHEP v3.0 yazilimi ile dogrusal, dairesel ve linak-halka tipi carpistiricilar igin elektron, pozitron,
muon, antimuon, proton ve c¢ekirdek carpigsmalar1 gerceklestiriliyor. Bu versiyonda demet-demet
etkilesimleri, kum saati etkisi (hourglass effect) ve kisa 6miirlii pargaciklarin bozunumundan (decay)
kaynakli 1s1nlik kayb1 simiilasyona eklenmistir.

Ilerideki versiyonlarda demet frenleme 1s1mas1 (beamstrahlung), es merkezli olmayan carpismalar vb.
etkilerin eklenmesi planlanmaktadir.

YEFiST-2022, 24 Eylil 2022 Saleh Sultansoy, TOBB ETU 35



AloHEP Yazilimi Arayiizii

@] AloHEP - O X
Number of particle per bunch(N): 1.15E11 Number of particle per bunch(N): 2.0E10
Particle b : 7000.0 GeV
aricle beam energy < Particle beam energy: 125.0 GeV
Vertical Beta function of particle beam at IP: 0.55 m
Vertical Beta function of particle beam at IP: 4.0E-4 m
Horizontal Beta function of particle beam at IP: 0.55 m
Horizontal Beta function of particle beam at IP: 0.013 m
Norm. Vertical Emittance of particle beam: 3.75E-6 m
. . . Norm. Vertical Emittance of particle beam: 3.5E-8 m
Norm. Horizontal Emittance of particle beam: 3.75E-6 m
i i ji : 1.0E-5
Revolution Frequency of beam: 11245.0 Hz Norm. Horizental Emittance of particle beam: m
Bunches in particle beam: 2808.0 Particle Beam Bunch Length: 3.0E-4 m
Particle Beam Bunch Length: 0.0755 m Bunch Spacing of Particle Beam: 166.0 m
Bunch Spacing of Particle Beam: 2.5E-8 m Collision Frequency of beams: 6560.0 Hz
Circumference: 26.7 km
O Custom ®|LC-125 O ILC-250 O ILC-500 O ERLC(Telnov) O ERLC(upgraded) O R
O Custom ® LHC O HL-LHC © HE-LHC O LHC-Pb O FCC

4 ]

\ [»

Settings

Number of Macroparticles: 10000.0
Resolution of X-axis: 100.0
Resolution of Y-axis: 100.0
Resolution of Z-axis: 100.0
Cloud scale of Macroparticle: 1.0

Matched Beams
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AloHEP ii¢ ana panelden olusmaktadir.

Number of particle per bunch(N): 1.15E11 Number of particle per bunch(N): 2.0E10

Particle beam energy: 7000.0 125.0 Carplstlrllacak Olan

Particle beam energy:

Vertical Beta function of particle beam at IP: 0.55 EYRER] demetl eri n turﬁ Ve

Vertical Beta function of particle beam at|P:

Horizontal Beta function of particle beam at IP: 0.013 gaI'plstlrICIIarlna ait temel
Norm. Vertical Emittance of particle beam: 3.5E-8 parametreler bu i ki panelde

Norm. Herizontal Emittance of particle beam: 1.0E-5 g
secilir.

Horizontal Beta function of particle beam at IP: 0.55
Norm. Vertical Emittance of particle beam: 3.75E-6
Norm. Horizontal Emittance of particle beam: 3.75E-6
Revolution Frequency of beam: 11245.0
Bunches in particle beam: 2808.0 Particle Beam Bunch Length: 3.0E-4
Particle Beam Bunch Length: 0.0755 Bunch Spacing of Particle Beam: 166.0
Bunch Spacing of Particle Beam: 2.5E-8 Collision Frequency of beams: 6560.0

Circumference: 26.7
O Custom @ |LC-125 O ILC-250 O ILC-500 O ERLC(Telnov) O ERLC(upgraded) O H

O Custom ® LHC O HL-LHC O HE-LHC © LHC-Pb O FCC

Number of Macreparticles: 10000.0
Resolution of X-axis: 100.0
Resolution of Y-axis: 100.0 Calculate
Resolution of Z-axis: 100.0

Cloud scale of Macroparticle: 1.0

Simiilasyona ait parametreler bu panel tizerinden diizenlenir.
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Kullanim Klavuzu

ghy AloHEP

Particle Typefl |proton

Number of particle per bunch(N): EE s 1-) Carpistirilacak parcacik tiirii her iki panelde
Particle beam energy: electron-linac D GeV SC(}lllI'.
Vertical Beta functi f particle b t IR muen

ertical Beta function of particle beam a proton-ERLE0 m
Horizontal Beta function of particle beam affl [positron-linac m

) ] ) positron-ring

Norm. Vertical Emittance of particle beam: proton 6 m
Norm. Horizontal Emittance of particle beam: ! -6 m
Revolution Frequency of beam: 11245.0 Hz
Bunches in particle beam: 2808.0
Particle Beam Bunch Length: 0.0755 m
Bunch Spacing of Particle Beam: 2.5E-8 m

2-) Segilen pargacik tiirline gore hizlandirict
tiirleri otomatik olarak giincellenir. Carpigsmada
kullanilmasi istenilen hizlandirict buradan
secilir.

O LHCc-Pb O FCC

O HE-LHC

O Custom @ LHC O HL-LHC

3-) Hizlandiricr tiiriiniin “Custom” se¢ilmesi ile
parametreler kullanici tarafindan diizenlenebilir
hale gelir.
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84 AloHEP - X
Number of particle per bunch(N): 1.15E11 Number of particle per bunch(N): 2.0E10
Particle beam energy: 7000.0 GeV
9y < Particle beam energy: 125.0 GeV
Vertical Beta function of particle beam at |P: 0.55 m
Vertical Beta function of particle beam atIP: 4.0E-4 m
Horizontal Beta function of particle beam at [P: 0.55 m
Horizontal Beta function of particle beam at IP: 0.013 m
Norm. Vertical Emittance of particle beam: 3.75E-6 m
. . . Norm. Vertical Emittance of particle beam: 3.5E-8 m
Norm. Horizontal Emittance of particle beam: 3.75E-6 m
i i i o 1.0E-5
Revolution Frequency of beam: 112450 Hz Nerm. Herizontal Emittance of particle beam: m
Bunches in particle beam: 2808.0 Particle Beam Bunch Length: 3.0E-4 m
Particle Beam Bunch Length: 0.0755 m Bunch Spacing of Particle Beam: 166.0 m
Bunch Spacing of Particle Beam: 2 5E-8 m Collision Frequency of beams: 6560.0 Hz
Circumference: 26.7 km

O Custom ® LHC O HL-LHC O HE-LHC O LHC-Pb O FCC

Settings

Number of Macroparticles: 10000.0
Resolution of X-axis: 100.0
Resolution of Y-axis: 100.0

Resolution of Z-axis: 100.0
Cloud scale of Macroparticle: 1.0
Matched Beams

O Custem @®ILC-125 OILC-250 O I1LC-500 O ERLC(Telnov) O ERLCG(upgraded) O R

Calculate

4-) Simiilasyonda kullanilacak makropargacik sayisi, simiilasyonun
¢Oziiniirliigii gibi parametreler buradan ayarlanir. Ayrica istenirse
enine demet boyutlar1 “matched beams” butonu ile esitlenir.

YEFiST-2022, 24 Eyliil 2022
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5-) Ayarlar kismindaki
simiilasyon
parametreleri
diizenlendikten sonra
“Calculate” butonuna
basilarak simiilasyon
1slemi baslatilir.
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Parcacik Paketcigi (Particle Bunch)

* Parcacik paketcigi icerisindeki
parcaciklarin dagihimi elipsoit sekline
benzetilebilir.

* Paketcik icerisinde parcgaciklarin 3
boyutlu Gaussian (normal) dagilimina
gore bulunduklari kabul edilir.

YEFiST-2022, 24 Eyliil 2022
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Parcacik Paketciginin Boyutlarimin Hesabi

* Demet enerjilerinden y faktora elde edilir:

E = ymc?
e Gama faktori kullanilarak emitanslar hesaplanir:
e = ENorm. x,y
X,y —
Y

* Emitans ve beta fonksiyonu kullanilarak demetin boyutlari hesaplanir.

Ox,y — /Ex,yBx,y

YEFIST-2022, 24 Eyliil 2022 Saleh Sultansoy, TOBB ETU
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Simiilasyonda Parcacik Demeti

* Demetlerin kafa kafaya carpistigli (head-on collision) varsayiimistir.

* iki demetin de ters yonlerde i1sik hizinda hareket ettigi varsayilmistir. Dolayisiyla her ikisinin de z ekseni
uzerinde At surede aldiklari yol esit uzunlukta ve cAt kadardir.

* Demet icerisindeki parcaciklari temsil eden (N;,,, tane) 6zdeg
makroparcacik tanimlanir.

* Makroparcaciklar Gaussian dagilimina uygun bir sekilde rastgele
noktalara atanmiglardir.

* Her bir makropargacik, N/Np,,, tane parcacigi temsil eder.
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Demet-demet Etkilesimi (Beam-Beam Effect)

* Ayni demet icerisindeki parcaciklar goreli (relativistic) hareketlerinden dolay! birbirlerinin
manyetik alanindan neredeyse etkilenmezler.

e Carpisma esnasinda ise karsilikli demetlerin hareketleri zit yonlerde oldugundan birbirlerinin
elektromanyetik alanindan etkilenirler.

* Carpisma esnasinda ayni yUkli parcaciklar merkezden uzaga dogru sacilirken, farkh yukli
parcaciklar merkeze dogru ¢oker.

* Elektron, pozitron gibi hafif parcaciklarda bu etki blyuk bir sacilmaya (disruption) neden
olacagindan analitik hesaplama yetersiz kalabilir. Numerik hesaplama yapilmasi gerekir.
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Etkilesim Bolgesinin Olusturulmasi

» Etkilesim bolgesi dikdortgenler prizmasi seklinde tanimlanip merkezi IP (etkilesim noktasi) olacak
sekilde ayarlanir.

* Etkilesim bolgesinin boyutlari;

. Sx’y = k % max[cxl'yl, GXzJ’_z]

Burada k degeri kullanici
tarafindan secilir ve etkilesim
alaninin sinirlarini belirler.
Ornegin k = 3 aldigimizda
parcaciklarin %99.7’sini isleme
katmis oluyoruz.
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& FINAL RESULTS
Center-of-mass, v 5:
Mominal Luminosity:

Effective Luminosity:

Enhancement/Reduction Factor:

proton
SigmaX (o, ): 6.739E-6
Sigmay [UY}: 6.739E-6
BB Tuneshift (€, ): 5 B50E-3
EB Tuneshift [E,y): 5 550E-3

YEFIST-2022, 24 Eyliil 2022

Ornek 1: FCC-pp

1.000E+5

5.464E+34

5446E+34

0.997

Sigmax [U’x}I
SigmaY [U’y}:

BB Tuneshift [E,x}:

BB Tuneshift [E,y}:

GeV
cm s

cm s

proton
6.739E-6

6.739E-6
5.650E-3

5.550E-3

CDR’da verilen isinlik degeri 5.0E+34
cm~?s~dir. Carpisma agisinin eklenmesi
ile sonug CDR degerine daha da
yaklasacaktir.

Saleh Sultansoy, TOBB ETU
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¥y FINAL RESULTS
Center-of-mass, v'S:
Nominal Luminosity:
Effective Luminosity:

Enhancement/Reduction Factor:

positron-linac

SigmaX (cx): 4 742E-7
SigmaY (Gy}: 5.860E-9
Disruption (Dx): 3.036E-1
Disruption (Dy): 2.45T7TE+1

(")}‘nek 2. 1LC

5.000E+2 GeV
7.515E+33 cm's™

1.683E+34 cm*s™

2.24
electron-linac
SigmaX (GX)Z 4 742E-7
SigmaY (Gy}: 5.860E-9
Disruption (Dx): 3.036E-1
Disruption (Dy): 2.457TE+1

Demet-demet etkilesimleri ILC'de i1sinlik degeri
uzerinde 6nemli bir role sahiptir. Referansta
verilen makaleye gore; \/s = 500 GeV ILCe~ et
carpismasi icin nominal isinlik 7.5E+33
verilirken, similasyon sonucu elde edilen 1sinlik
degeri 1.8E+34 olarak elde edilmis. AloHEP’in
sonuglariile tutarhdir.

D. Schulte, “Beam-Beam effects in Linear Colliders”, Proceedings of the CAS-CERN
Accelerator School: Intensity Limitations in Particle Beams, Geneva, Switzerland, 2—
11 Nov. 2015, edited by W. Herr, CERN Yellow Reports: school proceedings, Vol.
3/2017, CERN-2017-006-SP (CERN, Geneva, 2017)
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Ornek 3: MC (3 TeV) ® FCC (upgraded)

i FINAL RESULTS - O X
Center-of-mass, v 5: 2 449E+4 GeV
Nominal Luminosity: e—— e FCC-nm ERL6O icin diizenlenmis hali ve 3 TeV
MC ile gerceklesen up carpismasinda, demet-
Effective Luminosity: 2 818E+33 cm ‘s . . . .
demet etkilesimleri sayesinde isinlik artarken,
Enhancemeni/Reduction Factor: 1.176 mion bozunumu yizinden isinlik azalmis.
proton-ERLG0 muon
SigmaXx (o, ): 2 489E-6 SigmaX (o, ): 2 488E-6
SigmaY (g, ) 2 489E-6 SigmaY (o, ): 2 488E-6
BB Tuneshift {Ex}: 1 110E-1 BB Tuneshift {Ex}: 4 337E-3
BB Tuneshift {Ey}: 1 110E-1 BB Tuneshift {Ey}: 4 337E-3
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