Ankara YEF Giinleri, 30 Aralik 2011

Linak-Halka Tipli Carpistiricilar: Isinlik ve Fizik

Prof. Dr. Saleh Sultansoy
http://ssultansoy.etu.edu.tr

TOBB ETU Fen-Edebiyat Fakiiltesi Fizik Birimi
Azerbaycan Elmler Akademiyasi Fizika institutu
TAEK-CERN Bilim Komitesi Uyesi

1. Prologue: Rutherfod ve Mehmet Akif
2. Linak-Halka Tipli Carpistircilar

3. LHeC/QCD-E

4. TAC Super-Charm Fabrikasi

5. Epilogue: Sehitler Olmez...

Ek 1: Turkiye'nin CERN Seruveni
Ek 2: ICFA Seminer 2011’de TAC projesi



Prologue: Rutherfod ve Mehmet Akif

Modern Bilimin Dogusu
1895: Elektronun kesfi
1897 Radyoaktivite

1911: Atom Cekirdeqi



Yasamimizi degistiren deney
Rutherford Deneyi (1911)
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Thomson's model of atom Rutherford’s model of atom

The models of the Thomson's atom and Rurtherford’s atom; and the expected
aberrations of alpha particle in both cases.
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Sen gecenlerde demistin Ki:
“Yazik hala biz,

Dunkd ilmin bile biganesiyiz, cahiliyiz,

Iste fikdani bu ihmal edilen ma’rifetin,

Nesli bir acze dasurmus ki, bugun, memleketin,
Bir yigin kuvveti var, hem ne tabr’i de, heniz,
Biz o kuvvetlere eller gibi hakim degiliz!

Yarinin ilmi nedir, halbuki? Gayet mudhis:

O yaman kudrete hakim olabilsem diyerek,
Sarf edip durmada bircok kafa binlerce emek,
Onu bir buldu mu, artik bu zemin: Baska zemin,

Mehmet Akif ERSOY, 18 Eylul 1919

oSafahat, 6.boliim




Bugun “Maddenin kudret-i zerriyesi” CERN’de
arastirihiyor

Tablo: Maddenin yapisi ile ilgili son 150 yildaki gelismeler ve onumuzdeki yillar icin 6ngoru

Asamalar 1870’ler-1930’1ar 1950’ler-1970’ler 1970’ler-2020’ler
Temel Oge enflasyonu Kimyasal elementler Hadronlar Kuarklar, leptonlar
Sistematik Periyodik tablo Sekizli Yol Cesni demokrasisi ?

Tasdiklenen ongoriiler

Yeni elementler

Yeni Hadronlar

Dordiincii aile ?

Aciklayicr deney Rutherford SLAC LHC

Yapi taslan Proton, notron, elektron Kuarklar Preonlar ?
Enerji skalasi MeV GeV TeV
Teknolojiye etkisi Istisnai Yan etki Istisnai ?

O. Etigken, “1911’den 2011’e Rutherford’dan 100 yillik hediye”,
TUBITAK Bilim ve Teknik 529 (2011) 40-45




1911 (Rutherford) — 2011 (CERN LHC)

LHC -
= Point 8

-

30.12.2011




UPHUK1: 2001, Ankara, TAEK UPHUK2: 2004, Ankara, ATO
UPHUKS: 2007, Bodrum, TFD UPHUK4: 2010, Bodrum, TFD

TAC projesi: 1993 ilk makale, 1997-2000 1.DPT projesi, 2002-2005 2.DPT
projesi, 2006-2009(—2013) 3.DPT projesi, 2014-2023 TAC'in kurulmasi

Three Main Areas of Applications

Fundamental Research in Particle and Nuclear Physics

Example: Standard Model of electro-weak and strong interactions
(analog of the electro-magnetic unification)

Analysis of Physical, Chemical and Biological Objects
Example: Human Genome (impossible without SR and SN sources)

Modification of the Physical, Chemical and Biological
Properties of Matter

Example: ion implantation (cornestone of modern micro-electronics)

+ Energy Amplifier (ADS): Thorium as Fuel — Green Nuclear Energy



DOE Office of Science Statement

r %W U.S. Department of Energy
~ 4 Office of Science

Accelerator Technology for the Nation

Summary

Accelerators underpin every aciivity of the Office of Science and, increasingly, of the entive scienfific
enterprise. From biology to medicine, from materials to metallurgy, from elementary particles to the
cosimos, accelerarors provide the microscopic information that forms the basis for scieniific under-
standing and applicatons. The combination of ground and satellite based observatories and partficls
accelerators will advance ouwr understanding of our world, our galaxy, our universe, and ourselves.

Essentially all we know today and will learn i Ever since Emest Eutherford discovered the
the future about the fundamental natwre of atorue mucleus 1 1911 by bombarding atoms

matter 15 derived from probing it with divected with beams of alpha particles obtained from



THE 10 DOE OFFICE OF SCIENCE NATIONAL LABORATORIES

AMES LABORATORY LAWRENCE BERKELEY NATIONAL LABORATORY

THOMAS JEFFERSON NATIOCNAL ACCELERATOR FACILITY

-

/ —
¢ g .
e

v




AB ve TURKIYE

Avrupa Birligi ortalamasi goz ontinde tutularak, 65 milyon
nufuslu Turkiye’de, Yiksek Enerj1 Fiziginin ana alanlarinda

olmasi gereken ve mevcut doktorali eleman sayisi Tablo 1°de
verilmistir (S. Sultansoy, UPHUK-1, Ekim 2001, TAEK)

Gereken, 1995 Mevcut, 1995 Gereken, 2010
Fenomenoloji+Teonk YEF ~2230 ~20 ~300
Deneysel YEF+Dedektor Fizigi ~430 ~30 ~600
Hizlandirici Fizikeisi ~200 ~( ~300

Tablo 1. Avrupa standartlam géz éniinde tutularak 90°l yillarda Tiivkive 'de YEF 'in ana alanlarinda calismas:
gereken Doktorall eleman sayisi, gercek savilar ve 2010 yilinda gereken sayilarn tahmini,




2. Linak-Halka Tipli Carpistircilar

Classification of colliders

1. Colliding particles 2. Collider schemes
» hadrons » ring-ring

» leptons » linear

» lepton-hadron » linac-ring

The ring-ring colliders are the most advanced ones from
technology point of view and are widely used around the
(developed) world.

The linear (linac-linac) colliders are less familiar; however, a lot
of experience is gained through Standard Linear Collider (SLC)
operation and ILC/CLIC related workout.

The linac-ring colliders require more R&D.

5. SULTANSOY 25.11.2010 CERN 4



Linac-ring type colliders: two directions*

Lepton-hadron and photon-hadron colliders:

Energy Frontier
UNK+VLEPP ™ THERA B8) LHeC —> QCD Explorer

(Mid 1980’s) (End 1990's)
b eRHIC/EIC/ELIC

Factories:

B-factory # c-t-factory # Super-Charm factory
(Grosse-Wiesmann) (TAC project)
¢-factory

(Ankara group)

* For details and ref’s see: A. Akay, H. Karadeniz and S. Sultansoy, Review of Linac-
Ring-Type Collider Proposals, Int. J. Mod. Phys. A 25 (2010) 4589

5. SULTANSOY 25112010 CERN
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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.



1. Introduction

Experiments in high energyv physics today deal with three kinds of devices, namely,
the fixed target experiments (using both accelerator and cosmic rays), the collider
experiments and the rest (which include underground detectors and so on).

Collider experiments can be classified by the types of accelerator and collid-
ing heams. There are three possible types of accelerator: ring-ring. linac—linac and
linac—ring colliders, and three types of colliders of different beams: hadron, lepton
and lepton—hadron colliders. With regard to energy frontiers, ring-ring-type cor-
responds to hadron collisions, linac—linac-type corresponds to lepton colligions and
linac-—ring-type corresponds to lepton-hadron collisions (see Table 1 and Fig. 1).
The ring—ring colliders are the most advanced ones from technology point of view
and are widely used around the (developed) world. The linear (linac—linac) colliders
are less familiar; however, a lot of experience 18 gained through Standard Linear
Collider (SLC) operation and ILC/CLIC related workout.

Forty vears ago, John Rees? proposed a collision of 20 GeV SLAC electron
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Table 1. Energy frontiers: past and future.!

Colliders Hadron Lepton Lepton—Hadron
19490°s Tevatron SLC/LEP HERA
Ve (TeV) 2 0.1/0.2 0.3
L(10%! em—2s—1) 1 0.1/1 1
2010°s LHC “NLCT “*NLC"-LHC
Ve (TeV) 14 0.5 3.7
L(10%! ecm—32s—1) 10° 103 1-10
2020°s VLHC CLIC “CLIC"-VLHC
Ve (TeV) 200 3 34

L(10%*! em—2%s—1) 103 103 10-100
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Fig. 1. The development of the resolution power of the experiments exploring the inner structure
of matter over time from Rutherford experiment to CLIC ¢ VLHC.



Forty years ago, John Rees* proposed a collision of 20 GeV SLAC electron
heam with 3 GeV stored positrons in order to handle 15.5 GeV center-of-mass
energy electron—positron collisions with a luminosity of 5 x 10*® em—2s~1. Two
years later, this proposal was reconsidered in Ref. 3 keeping in mind 2 GeV stored
electrons (or positrons) which corresponds to 12.6 GeV center-of-mass energy with

4589

a luminosity of 2.4 x 10%? em~2s~!. Both proposals were considered as possible
upgrades for SLAC accelerator.? In the subsequent 15 years, only one paper on
this subject was published.” The purpose was to choose a linear collider option
for SLAC upgrade: the SLC construction began in 1983 and completed in 1989,
In 1979, linac—ring scheme was considered merely as an alternative to SSC-based
ring-ring-type of 140 GeV 420 TeV electron—proton collider (Ref. 6; see also Ref. 7).



The idea was reborn in mid-1980°s when it was proposed to combine linear
electron—positron and ring-type proton colliders to realize additional TeV scale
lepton—hadron collider option. Namely, it was proposed to construct VLEPP tan-
gentially to UNK.® This scheme would provide an opportunity to handle TeV scale
~p colliders too.” This line went on by THERA, EIC/EPIC and QCD-E/LHeC
projects (for references see the corresponding sections below). An important stage
in this direction was made at the International Workshop held in Ankara in 1997.1°
Reviews on the subject can be found in Retfs. 11-15 and 1.

Another line deals with particle factories (Fig. 2): in 1988 Grosse-Wiesmann
proposed linac-ring-type B-factory.'® 1% In 1993, linac-ring-type charm-tau factory
was proposed as the regional project for Turkey and abroad.?” The last stage of
this line is represented by Super Charm Factory as part of the Turkic Accelerator
Complex (TAC) Project.?!

The present review is organized as follows. In Sec. 2, the main parameters of
linac—ring-type lepton—hadron collider proposals are considered, namely, UNK +
VLEPP, THERA, eRHIC, EIC, QCD Explorer (LHeC linac—ring option) and energy
frontier. Photon—hadron colliders which would be constructed on the base of these
colliders are considered in Sec. 3. Section 4 is devoted to proposals of linac—ring-type
particle factory. Finally, in Sec. 5 some concluding remarks and recommendations
are presented.
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2.1. UNK+VLEPP (IHEP, Protvino)

In 1980°s there were two projects of energy frontier collider in the former USSR,
namely, /s = 6 TeV proton—proton collider UNK and /s = 2 TeV linear
electron—positron collider VLEPP. The construction of the first one started at IHEP
(Protvino, Moscow region), and the second one was planned at BINP (Novosibirsk).
In mid-1980°s, the construction of VLEPP tangential to UNK was proposed in or-
der to provide additional opportunity to handle energy frontier ep (Ref. 8) and ~p
(Ref. 9) colliders.

In the following we give a brief summary of luminosity estimations. More de-
tails can be found in Ref. 11. Two possible versions of placing VLEPP and UNK
are shown in Fig. 3. Two options of ep and ~p collisions were considered for the
UNK+VLEPP: on extracted proton beam (Fig. 4(a)) or in proton ring (Fig. 4(b)).
It was shown that L = 10%° cm™2s~! and L = 6 x 10%° em=2s~! were achievable
for the first and second options, respectively.



VLEPP VLEPP

1 TeV e’ e 1 TeV

(a) (b)

Fig. 3. (a) Symmetric version of ep (vp) collider; (b} asymmetric version.

Note that this consideration was the main scientific reason for moving VLEPP
from Novosibirsk to Protvino. Unfortunately, in the final design, VLEPP placement
was chosen to cross the UNK ring, instead of tangential placement. Obviously, this
choice eliminated ep and ~p options (clear indication of the collapse of Eastern

Block).
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Table 3. THERA beam energies and lnminosities.

Option  Fe, GeV  Ep, GeV V5 TeV L, 10%9 em—2s—1

1 250 1000 1 1
2 500 500 1 25
3 800 s00 1.6 16

2.2. THERA (DESY)

THERA activity has been initiated since 1996 by B. Wiik and S. Sultansoy.?® A
lot of work was down in 1999-2000 during the preparation of TESLA TDR, which
include THERA®® as inseparable part together with photon collider and fixed target
options. Moreover, THERA provided the main scientific reason for moving TESLA
from Zeuthen to Hamburg. Results of this two-year study are published in the
THERA book.?” Concerning the beam energies and corresponding luminosities,
three alternatives were analyzed (see Table 3).



2.3. EIC (USA)

The Electron-lTon Collider (EIC) is a new proposal of facility to collide high-energy
electrons with nuclei and polarized protons/light nuclei (see Refs. 30 and 31 and
references therein). T'wo broad classes of goals for the future EIC are reflected in two
physics working groups (WG) of the EIC collaboration: the e A WG concentrates on
exploring the (strong) gluon fields in nuclei, and the ep WG focuses on the precision
imaging of quarks and gluons in the nucleon.

The original design of the EIC involves two concepts: eRHIC on the base of
RHIC (see Fig. 5), where an additional energy recovering linac has to be added, and
ELIC at Jefferson Lab (see Fig. 6), which requires a construction of a new hadron
facility to be used with the existing CEBAF. The eRHIC concept allows for larger
/5 = 60-90 GeV and smaller luminosity L ~ 10** em~?s™!, while the ELIC concept
corresponds to smaller /5 < 60 GeV and larger luminosity L ~ 10*® em™2s7 L.

For more details please refer to the web pages in Refs. 33-35.



Rewview of Linac—Ring-Type Collider Proposals
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2.4. QCD Ezplorer (LHeC linac=ring option, CERN)

QCD Explorer means to construct a moderate energy electron linac (50-100 GeV)
tangentially to LHC ring. This construction will provide opportunity to utilize
highest energy hadron beams for lepton—hadron collisions. QCD Explorer has two
main goals:

(i) to get more precise data on PDF’s which will be necessary for adequate inter-
pretation for future LHC data;
(ii) to enlighten fundamentals of QCD.

For this purpose, the technologies for electron—positron colliders, which have
developed up to now can be used or new technologies can be created.



2.4.1. CLIC based

In this case, the main problem occurred due to the large different beam structure:
bunch spacing of LHC is 25 ns as compared to 0.6 ns at CLIC, resulting a ratio of
1/40. This problem can be solved by changing beam structure of the LHC or CLIC
or both. Superbunch option was proposed for LHC based ep collider in Refs. 36 and
37 and L = 10*! em™?s™! can be handled in this way.

24.2. ILC (TESLA) based

This option has advantages over CLIC; bunch spacing is larger so that it is

more suitable for matching with LHC hadron beam. Estimations show that L =
10%2 em~2s~! can be handled.?39

2.4.3. Special e-linac

In the last two vears, this option was preferred because of pulsed mode, CW
mode and energy recovery linac. Figure 7 shows different scenarios for the LHC
based linac—ring-type ep collider. Luminosity up to 3 x 10*? cm2s™! could be
achieved with pulsed or CW linacs.?® If energy recovery is used, the luminosity
gain depends on recovery efficiency. Ninety percent recovery efficiency results in
L =3x10% cm~2s! (if recovery reaches 98% luminosity exceeds 10** em—2s71).



2.5. Energy frontier (CERN)

It £. > 500 GeV, LHC based ep colliders are named as energy frontier. These high

032 em—2s51

energies are inconvenient to use energy recovery. Nevertheless, L = 1
seems to be achievable with pulsed linac.*! It is useful to compare physics search
potential of three colliders which can be considered as energy frontiers in foreseen

future. Namely,

(i) /s = 14 TeV pp collider with L = 10** em—%s~! (LHC);
(ii) /s =0.5 TeV ete™ collider with L = 10** ecm s~ (ILC):;
(iii) /5 = 3.7 TeV ep collider with L = 10** cm=2s~! (“ILC" x LHC).
Rough estimations!? show that the total capacity of ep and ~p options for BSM

physics (SUSY, compositeness, etec.) research essentially exceeds that of 0.5 TeV
linear collider.



Discovery limits in TeV
(rescaled from U. Amaldi 87)

Meutral H Charged H CGuarks Leptons

4 10
3 8
6
2_
1_
0_
strong weak  leptoquark  sstring Z' , ) )
sparticles  sparticles w Compos q e

S. Sultansoy 01.09.2009, Divonne 9



3. Photon=Hadron Colliders

In 1980°s, the idea of using high energy photon beams, obtained by Compton
backscattering of laser light off a beam of high energy electrons, was considered
for ve and ~v colliders (see review Ref. 43 and references therein). Then the same
method was proposed for constructing ~p colliders on the base of linac—ring-type
ep machines in Ref. 9. Rough estimations of the main parameters of vp collisions
are given in Ref. 11. The dependence of these parameters on the distance between
conversion region (CR) and interaction point (IP) was analyzed in Ref. 42, where
some design problems were considered.

It should be noted that ~p colliders are unique feature of linac—ring ep colliders
and could not be constructed on the base of standard ring—ring-type ep machines
(for arguments see Refs. 11 and 42).
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Fig. 8. Schematic view of vp collider.



Bu projelerin Tirk Diunyasina Katkisi

« UNK+VLEPP
Fizika Institutu 1.No’lu Devlet AR-GE Programina katildi
(maalesef, YerPHI benzerinin Azerbaycan’da kurulma imkani engellendi)

« Linac-HERA

DESY Ankara Universitesi ile Isbirligi Anlasmas1 imzaladi
(maalesef, bu Anlasmanin sagladig1 imkanlar yeterince kullanilmadi)

« Linac-LHC
Tiirk fizikgileri CLIC ve LHeC projelerine katildi
(Uluslar aras1 CTF3 projesi AU ile CERN’in imzalariyla resmen basladi!)

« LR Charm-Tau

Turkic Accelerator Complex (TAC) projesinin temel tasi
(maalesef, Super-Charm ve Proton Hizlandiricis1 kisimlar: ihmal ediliyor)

+ Tiirk bilim insanlarinin EPAC, PAC, IPAC, ECFA ve ICFA ‘ya katilimi
EPS-HEP 2003 Konferansinda ve PAC 2005°te Cagrili konusmalar,

ICFA 2002 “Future Perspectives in HEP” seminerinin kapanis oturumunda “Turkish

comments on ...” sunumu (E. Arik, S. Sultansoy, e-Print: hep-ph/0302012)
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Turkish Comments on “Future Perspectives in HEP”

Engin Ank”
Dgpartment qf Plysics, Faculty af Arts and Sciences, Bogazigi Univerzity, Bebek, 8081 5 Intamdud, Turkey

Saleh Sultansoy
Digparmment af Piysics, Faculny of Ares amd Sciences, Gazi Universiy, Telnikokuilar, 06300, Ankara, Turkay
Institute qf Physics, Academy af Sciemces, H. Cavid Avenue 33, 370043, Baky, Azerbalian

Abstract

These comments were prepared durmg the ICFA Semunar on “Future Persrectives mn
High Energy Phiysics™ held at CERN (2-11 October 2002) and partially presented at the Panel
and General Discussion on Interregional Collaboration for Fufure Facilines (10 October).
Comuments melude arguments favoring the existence of the fourth SM famuly and new level of
composimess. Then, the possible role of the linac-ring type colliders for future HEP research
iz discussed emphasizing TeV scale lepton-hadron and photon-hadron colliders. This preprint
presents prepared mansparencies and some dlummating remarks with comssponding
references.

' engindocean phys. bonn.edu T

" salehi@ gazi edutr

ICFA Seminar, CERN, 10 Oct 2002

TURKISH COMMENIS ON
“Future Perspectives in HEP"

Engin ARIK” and Saleh SULTANSOY>”

4 Bogazigi Univ., Istanbul, TURKIVE
Y Gazi Univ., Ankara, TURKIYE
Y Institute of Physies, Baku, Azerbaycan

1. Periodic Table of Elementary Particles

2.Flavour Democracy =@ the Fourth SM Family

3.SUSY vs Compositness =¥ SUSY at
pre(prejonic level

4. TeV scale lepton-hadron and photon-hadron
colliders

5. Linac-Ring type factories: TAC Project
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3. LHeC/QCD-E

LH.O q

« The LHeC: Deep Inelastic Electron-Nucleon Scattering at the LHC
Webpage:

« 1st ECFA-CERN LHeC Workshop (1-3 Sep 2008)

« 2nd CERN-ECFA-NUPECC Workshop on the LHeC (1-3 Sep 2009)

« 3rd CERN-ECFA-NUPECC Workshop on the LHeC (12-13 Nov 2010)
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(F. Zimmermann, 1st ECFA-CERN LHeC Workshop, 02.09.2008)

LR e-p motivation

* colliding 7 TeV p’s with 25-140 (-300) GeV e-s:
— extending LHC discovery reach
— enabling LHC precision physics

* history: - Ankara workshop 1997, Turkish JP, 22, 7 (1998)
-S. Sultansoy, Aachen 2003, EPJ C33: 51064 (2004)
-D.Schulte,F.Zimmermann, EPAC'04 (CLIC-1/LHC p s-bunch)
-H. Aksakal et al, NIM A576: 287 (2007) (CLIC & ILC vs LHC)
- S. Chattopadhyay: cw!, ERL! (2007), A. Eide’s report (2008)
-V. Litvinenko, CERN AB Form 11 March 2008
-F. Zimmermann et al, EPAC'08
-J. Skrabacz’ report (2008)

* e- linac offers several distinct advantages
e.g.: separation from LHC, high beam quality, synergies



(F. Zimmermann, 1st ECFA-CERN LHeC Workshop, 02.09.2008)

LR scenarios

M. Tigner
F.Z.
5. Sultansoy
SC OT ne
poked Hame sc cw linac 2 pulsed sc linacs
S. Chattopadhyay with energy recovery
V. Litvinenko
»
higher -
1. Sekutowicz :
1 pulsed sc linac CRErgy E“ETE.IT.
with energy recovery recovery cnergy
via turnaround loop 5. Chattopadhyay  s.c. linac FeCovery

¢, linac
s.c. linac, long trains of bunches, 25-ns or 50-ns spacing, maf‘c:L:h'iﬁE LHC

p beam (PLACET: stable); long pulse or cw = high luminosity; optional

energy recovery = higher luminosity; 1.3 GHz (ILC) or 700 MHz (SPL)
30.12.2011 S. Sultansoy
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Abstract

The physics programme and the design are described 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, @2, and in the inverse Bjorken . 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/x) range extended by four orders of magnitude as compared to previous lepton-nuclens DIS
experiments. The LHeC may be realised either as a ring-ring or as a linac-ring collider. Optics 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.



LHeC Study Group

C-.j—"xdc-lI:)hse-.nl?’gT S Alekhind® 11 A.N.Akaiﬂl, H.Aksakal3Y, P.Allpc:-rt”, J L. Albacete®”. V. Andreev?®, R.B.Applehyzg,
N.Armesto®®, G.Azuelos?®, M.Bai'", D.Barber'!, J.Bartels'?, J Behr!!, O.Behnke!'!, S Belyaev!'”, I.BenZvi?",
N.Bernardm, S.Bert.c:-luccim, S.Bett.c:-nim, S.Biswalg'z, .].Bluemleinll, H.Bc:-ettcherll, H.Bra111148, S.Bmdskygg,

A Bogacz?®®, C.Bracco'”, O.Bruening'”, E.Bulyak”, A .Bunyatian'!, H.Burkhardt'”, I.T.Cakir®*, O.Cakir®®,
R.Calaga'”, E.Ciapala!®, R.Ciftci?!, A.K.Ciftei”!, 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?®?, R.Godbole?”, B.Goddard!”, T.Greenshaw!”, A.Guffanti?, V. Guzey?®, C.Gwenlan®?,
T.Han®®, Y.Hao'", F.Haug!', W.Herr!", B.Holzer!”, M.Ishitsuka!, M.Jacquet®?, B.Jeanneret!?, J.M.Jimenez!?,
H.Jung'!, J.M Jowett'?, H Karadeniz®®, D. Kayran'”, F. Kocac?®, A Kilic*®, K Kimura*', M.Klein'7, U.Klein!",
T.I{lugel?, G .Kramer'?, M.Korostelev?®, A Kosmickil?, P.Kostkall, H. Kowalski!l, D.Kuchler!®, M.Kuze?!,
T.Lappi!?, P.Laycock!”, E.Levichev®!, S.Levonian'!, V.N.Litvinenko®”, A.Lombardi'", C.Marquet!?, B.Mellado"7,
K.H.Mess!”, S.Moch!!, I.I. Morozov®!', Y. Muttoni!”, S.Myers'”, S.Nandi®*®, P.R.Newman"?, T.Omori**, J.Osborne!”,
Y .Papaphilippou!”, E.Pacloni*®, C.Pascaud®®, H.Paukkunen®®, E.Perez!”, T .Pieloni!®, E.Pilicer*®, A.Polini™,
V.Ptitsyn‘j‘?, Y.Pupkovg'l, ‘»-’.Raclescul?', S.Raychaudhuriﬂ?, L.Rinc:-lﬁm, R.Rohinizr, J .R.oj024, S.Russenschuckm,
C-.A.Salga,doga, I{.Sa,nlljei41, E.Saumnlg, I‘\-I.Sa,hinm, U.Schneeklothla A.N.Skrinskyal, T.Schoerner Sadeniusll,
D.Schulte!?, H.Spiesherger"zl, A M. Stasto?®, M.Strikman®®, M.Sulliv&nag, B.Surrow", S.Sultansc-}'m, Y.P.Sungg,
W.Smith?", I.Tapa1145, P.Taels", E.Tassi®2, H.Ten.Kate!?, J. Terron??, H. Thiesen!, L.Thc:-mpsc:-nﬂ', K.Tokushuku®?,
R.Tomas.Garcia!”, D. Tommasini!”, D.Trbojevic*", N.Tsoupas®”, J.Tuckmantel'”, 8. Turkoz®?, K. Tywoniuk'®,
G.Unel!®, J.Urakawa**, P.VanMechelen"?, A.Variola®”, R.Veness!”, A.Vivoli!”, P.Vobly*!, R.Wallny®!, G.Watt!'",

G Weiglein!?, C. Weiss?®, U.A Wiedemann!'’, U Wienands*?, F. Willeke?”, V.Yakimenko!”, A F.Zarnecki?,
F.Zimmermann!?, F.Zomer>?



01
02
0
0

TOBB University of Economics and Technology. Ankara, Turkey
University of Antwerpen, Belgium

Univeristy of Birmingham, UK

University of Bologna, Italy

[

29 Columbia University, New York, USA
30 Nigde University, Turkey
31 Budker Institute of Nuclear Physics SB RAS, Novosibirsk, 630090 Russia

32 (ricen [Mminerveitu India

B NTNU. Trondheim, Norway

Y KEK. Tsukuba, Japan

5 Uludag University. Turkey

16 Pennsylvania State University, USA

A=

U ETH Zurich, Switzerland

52 INFN Gruppo Collegato di Cosenza and Universita della Calabria. Italy
o3 University of Ankara, Turkey

54 SANAEM Ankara, Turkey



1 " ! . =
. CJDIItEI]tS M d..!}.:- JZ'-' mescn photoproductionstudy . .. 00 L0000 L oo o 67
it 47 Highpe jeta o 0 L0 0 e e 68
w1 471 Jeisinep . . -]
w1 472 Jetsin A . L T |
e i.ETbmphnLuprodueancmsemm................................75
18 A, BonmBEEE L L e i
m 1 Lepton-Hadron Scattering 15 e 482 Light Q_.uarg Weak Neu*:ral_ {‘-u.rr.em Complings . .. .00 ki)
- 11 Developmant and ComribUGENS . . . . .. 0ot 1B a 493 Determination of the Waak Mixing Angle . . .. .. ... ... . o o000 TO
m L2 Open Questions . . ... ..o e e 1B w 5 MNew Physics at Large Seales 86
E 51 Mew Physics in inclusive DIS at high Q% . . .. ... . 24
w1 Design Considerations | = S0 Quark subsETUGEULE . . . .. 0oL e 5]
H 21 DISand Palicle Phiysiea . . .. .00 o000 s m 5.1.2 Contact Interactions . . . . . . P
H 22 Synchronous pp and epopstation ... oL i e H m 413 haluzan{Lemgnmonsmextrardummm........................90
0 23 Choice of Electron Baam Energy . . . .. .. Lo L a3 F 52 Laptoquarks and leptogluons . . . . 1
1 34 Detector Comstradts . . o o v e e e e e e oy % .21 Phenmnmu:-h:-gjruf]epwquarhsmmm]]mm.......................90
- 25 Two Eleotron Beam OpHOIE . . .. .00 vt i ettt oo M S 522  The Buchmiiller-RiickF Wylar Madel . . |
S o 023 Phenmnmv:uh:g_'ruf]eptoquarhainppmﬂiainna....................... 92
H 26 Lwminceityand Power . ..o .o Lo e M - 524 Current status of leploquatk ssarchas . . . @
3 Executive Summary 27 E 520 Sensitivity on leptoquarks at LHC and at LI-IE{ 9
o : ¥ ! M 526  Determination of LO) propartiss . T |
i BAT Leptoglioms . . . oo 0 L e 9
M Physi m 5.3  Euxeitad laptons and other new haavy leptons . . . . .0 oo 0o oo oL O
H-‘ ysics 28 m 831 Excited Fermion Models . . .. ... 1D
e 532 Simulation and Resulta . N L1 |
m 4 Precision QCD and Electroweak Physics o P 533  New leptons from a fourth g‘enermmn P (1
] 41 Incluzive Degp Inelastic Scattering P - 54 Mew physics in bosonequark imteractions . . . .. ... oL Lo 108
m 4.1.1  Croes Sections and Structure Fllm:iu:na .......................... .l o 4.1  An LHeC-bassd ~p collider . . . . . ceraa e I0Y
i 412  MNeutral Current n = 5.4.2  Ancmalous Singls Top Production at L'he LHe{‘ Based TP Eb]]tder I 1
m 413 Charged Current | . 1. m 5.4.3  Exeited quarks in yp collisions at LHaC . 00 00 000000 o oo L]
m 414 {'roaaSe«.LLc-nSLmu]amnmdUncermme&!........................ a2y i :l.i.d. EU&I}CS};FDM&SHhMH&WJD&LLHEC:g
. 415 Longitudinal Structurs FUnction L, . . . o o v oove s neesnnnn... 38 :m S48 Diguarks at e e
Lo A m S48 Quarks from a fourth generation in Wy interactions .. .. 00000000000 11D
E] 4.2 Determination of Parton Distribations . . 0. .0 000000000 oo 42 )
) m 58 Bemsitivity toa Higgs boson . . 00 0 00000 o0 o e e 1D
n 121 QEDET""‘MW'@ ™ 5481 Higgs production st LHeC L L 00000 o o 110
a 422 ValenceQuarks............ .. cooiiiiiiiiiiiiiiniiiin 48 m 602 Obearvability of the signal . . . . . o0 ov oot e e 111
& 423 BtrangeQuatks . .. ... e dB ™ 553 Probing Anomalous HWW Couplings at the LHa ... ... ... ... ... . 112
m 424 TopQuarks . . ..o o e 46
m 43 Glon DTG0 © o o o e e e e Bl m & Physics .jt High Parton Densities 119
o 14 Pros to Measure the Strong Coupling Comstant . . .. ... .. ............. 2 m .1 Physics st small® . .0 0L Lo e 119
441 Status of the DIS Measuremanis of o W m .11 Unitarity and QCD . 0000 L e 118
m AL EAHE e s m 612 Status following HERA data . .. .. ... .00t 1
M 142 Smlulul.c-noice,]:l?termmamn............................... ™ I .13 Lowrp]l}\su:spemp&_umsauheLHC' .......................... 132
m A4 Eleotron-Dentercn Soattering . G e B - 614 Nuclear targsts | P F L«
o A4S 'C'harmandBewt}Pmduﬂmn------ dirrsarsaasisareaans 8 m 6.2 Prospeets at the LHeC | . 130
m 161 Iandumnnandmrenlewofexpeciedhlghll,ghts . 11 e 6.21 Stratagy: -ie-:reasmgzandm-:reasmg.q .......................... 129
n 46:2  Total produstion erces sactions for charm, beaul;}an.dtopquark.g........,,,, L] £ 6.22  Inclusive MESSUFEMENES . . . ..o vo b 120
m 463 Charm and Beauty production in DIS Y '} e 6.23  Exelusive Production . . .0 o000 0L 0oL 148
m Afid InLanatcHe-a.v}Fiavnu:...................................6‘.& w 6.24  Inclusive diffraction. . . . .. Ceeeaeee 18
m .28 Jet and multi-jet chesrvables, ]:-arb:-n dmam:-:smdt’ragmentum B I |
" .26 Implicaticns for ultra-high ensrgy neutring intaractions and detection . . .. .. .. . 181
[



Il  Accelerator

(]

Ring-Ring Collider

71
72

BaaeljneParametersandEbnﬁgumic-n...............................

Geometty ... L
T.21  General Lm:iut

7.2.2 EI.e-:tmnRJng'C'JmumIerence................................
T23 Idemlised Ring. . .. ... 0 0 o

7.25 Bypass Point 1 . .
T.26 Bmmee.Pmnt:n e

T.27  Matehing Proton and Ele-:tmn R.mg' C'Jrcumferem:e. e
Layout and Optics . .. . oL L
T.31  Are Call Layout and Opties . . 00000000 o000 o oL
T.32  Inserticn Layout and Optics . . .. 0. 000 0o oL
T3 Bypass Layout and Opties . . . 00 00000000000
TA4  Chromaticity Correction . . .. . 00 L0000 e
TAL Warking Point . .0 oL 0L e

TA6  Aparture

TAT Ctmp]etel.muceand@pncs
Interaction Region Layout . . . .0 0. o000 oo
T4l Beam Separation Scheme . 0. 0L L0000 oo

T4.2 Crossing Angla .

T43 BemOpncsandLummmw................................
T4.4  High Lumincsity IR Layout . 00000000 0o oo
T4.5  High Acosptanca IR Layout . . 00 0000000000000
746  Comparison of High Lumincsity and High Aceeptance Options

747 Synchrotron radistion and absctbers . .0 L.

7.5.2  Long rangs beam-beam effacts

Parformance as an electron-iom collider . . .. 000 0oL o o
THE1 Hemvypuels, ePhboollisions. . .. .. ... oo o oL
TH.Z  Eleotromedeuteron eollisions . . .. .0 oo
Spinp:ularisaib:n—anmen‘lew...................................

T.71  Belf poarisation
7.7.2  Buppression of depn]ansmnn spm muchm.g
T.7.3  Higher order resonances . . .

7.7.4  Caloulations of the % po]arlsmm in Lhe LHeC‘ ..............
T.7.5  Bpin rotator eoncepts for the LHeC L 0 0 000 0000000000
TO6 Furtherwork .. .00

797 Summary . . .

Integration and nw._hme ]:un:ut,emon BEUER L L
TAL Space TEqUITEIMENES . . . . . .0 o0 n e e
T.8.2  Impact of the synchrotron radiation on tunnd electronies . .. . .00 L0 0L
783 Compatibility with the proton beam losssystem . . .0 o0 000000
T.8.4  Space requirements for the elactron dump . . .0 0oL
785  Protection of the p-machine against heavy elactron lossss . 0 000000 0oL

T.86 How to combina the Machine Protection of both rings?

LHeC Injector for the Ring-Ring option . . . .. 0000000000000

781 Injectar . .. ..

702 Requu'euipert’u:-rmance....................................

. P )
BemhemeﬁemmmeLHeL'...................................
781 Head-on beam-beam effects 0 00000000 o000 oo

20
22
216

E E

EEEE

703 Source, accumulator and sceeleration to 06GeY . Lo o0 L
TO4 WGaVinjeckar . . ... Lo e

& Linac-Ring Collider

8.1 Basic Parameters and Configurations . .. .. 00000000000 oo oo

811 General Considerations

812 ERL Parformeance and Layout . .0 000000000

%13 Polarization .

814 Pulsed Linacs . . . .

%15  Highest-Ensrgy LHeC‘ EF.L Opuun
816 ~p/d Opticn . . . . .

217 Sununar}oansu.Pummemmdcmﬁgumm
82 Imera..tmregm...........................................

821  Layout .
822 Optie . ... ..
823 Modifications for 'rl:' ar "m!i.

824 S}mhrmrnnrndlatmnnda.taccrbem............................
83 Linae Lattios and Impadanca . .00 o0 0000 Lo

831 Owverall Layout . . . . .

832 Linae Layout and anee ........................

.33 Beam Break-TUp
834  Imperfeetions .
8.4 Performance as a Linac-Ring e]&.Lmn -icm u:o]]Lder
841  Heavy nuclsi, e-Ph collisions .
842 Electron-deutaron ecllisions . . . . .
84 Polarized-Elactron Injector for the Lmao—RLng LHeL"
86 Spin Retator .. ...

8.7 Positron Options for tt'ua me: ng L]-[eL'

871 Motivation . . . .
472 LHel Linac-Ring e*‘ Reqmremems
.73 Mitigation Schames

874 Positron Produstion Schemes . .. 00 0oL L oo

875 Targets . .. .

876 Cbmmimna]ﬁehemehnsedone BeamHLLung'Th.rget P

877 Complon Sources |
878 Undulator Sonrea

878 Source based on C‘cherent, Palr {'remon ................
BTI0 Comelusions . . . . 0oL e

O System Design

6.1 Magnets for the Intaraction Region . . .. .. .0 o000 Lo o o

211 Introduction

212 Magnets for the ring-ring opimn ....................
213 Magnets for the hnao—nng optien . L

02 Aeoderator Magnetz . . .. .. .

021 Dipole Mamnsts . 00000 e
922 BINP Modal .. oo

923 CERN Model . .
.24 Quadropols and Etcrre-.bor Mag:ueis
9.3 Ring-Ring KF Design

931 Desigm Paramaters . .. ..o Lo
A32 Cavibiesand Klystrons . ... Lo

|
. m

i
4



793 Soures, sconmulatar and aseelepation to 06GaV . L0 oL 00000
TO4 WGeVinjector . .. oL 0oL e

& Linac-Ring Caollider
8.1 Basic Paramsters and Configurations . . . .. 0000000 oo

811 General Consideraticns

8,12  ERL Parformance and Layout . . . .. 00000000 Lo
B13 Paolarimation . .. ... ...
Bld PulssdLimaes . . .. Lo e
815  Highest-Energy LHaC ERL Oplion . . .. .. ... L.
BL6 /A Option . . ...
817 Summary of Basic Parameters and Configurations . . . .. . ... 0L
B2 Inferackion Temion . . . . .. oL Lo e e
BAL Layoub . .. o0
BAZ Optics .. .o
823 Moedifieations forqpor A L. L0000 Lo
8.24  Synchrotron radistion and abectbers . .0 0000000000 oo
8.3 Linae Lattice and Impadanca . .0 0000000000 oL

831  Owerall Layout . . . ..

832 Linae Layout and an-:e ........................

833 Beam Break-Up

B34 Imperfections . . .. ..o o
8.4 Performance as a Linac-Ring electron-ion collider . . 00 00 00 00000000
841 Heavymueld, e-Pbcollisions. . .. .. .. ... 0 o0 L
B4.2  Electromedeuteron ecllisions . . .. 000000
8.5  Polarized-Electron Injectar for the Linac-Ring LH=C . 0 00 0000000000000

m
a1
4
274
4
276

a4

0.5

0.6

9.7

9.3

Linae-Ring RF Design . . . .0 00 0L 000 e
941 Design Paramsters . .. .. oL oL Lo o
942 Layoutand RF powsring . .. .0 o0 o0 oo

9.4.3  Are RF systamsa

‘ra::'uum

961 ‘ra::uumrequtremem.s
96.2 Synchrotronradiation . .. ..o L Lo
963 Vasuum enginesring issuss . . ... oL Lol
Beam Pips Design . .. 00 00 0o

9.71  HRequiremenis

9.7.2 {'hmceofl'nia*.enalsimheamptpes
973 Beampips Geomellies . . . 0. L0000 Lo e
974 Vaouum Instrumentstion . . ..o Lo Lo oo
9.7.5  Synchrotron Radiation Masks . . .. .00 oo oo oo
9.7.6  Installation and Integration . . .. .. .. L Lo Lo

Cryogenics .
981 RJng—ng C‘Ivc-gemca [‘Ieslgn

9.8.2 hnu-ngL.rjrtgemcsDaﬂgn................................
9.8.3  General Conelusions Cryogenica for LH=C L L 00 00 000000000000

48
48
240

Crab orcesing for the LHetG L 00 0 o0 o0 0 e
9481 Luminosity Redustion . .. 0. 000000 e
982 Crossing Schemes . . .0 L0 0L L L L e

BEEEEEE

241

3

52
352
64
64

588

arz

7 Poton Options s the inBiog LeC L. e 09 BamDumpond ot Regts 0
BT1 MolVAHGD o o o o oo oo a1t B 981 Injaction Region Design for RJn.g—Rm.gllpLu:nn - 1
872 LHeC Linac-Ring e* Requitemants . . . . . ..o ooit ottt 213 o] 992  Injection transfer line for the Ring-Ring Option . . . ... .00 000000000 76
BT Mitigation Schemes . . .. ... a8 ur 983 60 GeV intarnal domp for Ring-Ring Option .. 0. .0 000000000 ATD
8.74  Positron Production Schemes . .. o0 000 o oo oo B16 u 984  Post eollision line for 140 Ge¥ Linac-Ring option . . .. .. .. o000 0L
B7.0 Targets ... .. - 1 ) 1 905  Abeorber for 140 GeV LinaeRing opticn
A.7.6 Conventional Scheme bnSEd an e~ Beam HLLtmg:'IhrgeL -1 i) m 90,6 Ensrgy deposition studies for the Linse-Ringoption . . . ... .00 a ...

BTT omplon Bouross ... 3 a 947 Beam line dump for ERL Linae-Ring option . . . .. .o oovt o nnen et ..,

a78 Undu]al;-:-rSouru:e..... . . . . )
870 S-:urceh&aedonfoh.erent?aar('reum .......................... 2% m 988  Absorber for ERL Linas-Ring option . . . .. .0 0000000

BTAD Comclusions . .. .0 oL L ]

BEERE

[
E

w10 Civil Engineering snd Services

8 System Design 328 i 10,1 Orverview
0.1 Magnets for the Interaction Region . . .0 000000 00000 oo im 35 10.2 Location, Gmlog}aruﬂkmtructmhmhcds
911 ImbrodueHion .. ...l o im o 10211mamn
9.12 Magusta for the ring-ring aption . ... im m 1022 Land Features
9.1.3  Magnete for the linac-ri LT 13 .
0.2 Acoelerator Magnets . . . .. TLE'IP ................................. 335 . MBE GRolofl . e
10024 Bite Dewelopmemt . . o 0 L0 0L e e

921 Dipole Magnats . . . 0 Lo e

923 BINPE Modal . . . . 236 1 1028 Construction Methods .0 0 L 0L
023 CERN Modal . . . o o e 37 o 103 Civil Enginearing Layouts for Ring-Ring . . . .. 00000000 oo oo oo
.24 Quadrupo]en,n-i{tne-_mr]‘dageis............................3-39 m 10.4 Civil Enginesring Layouts for Linac-Ring . . .. 000000000000 oo

03 RingRing BF Design . .. .. ..o in i e e BB m TO5 BUIRITALY . . o ot e e et e e e e e e e e e e
.31 Design Parameters . . . 0 0oL oL L oL e LN

933 Cavitiesand Klystrans . ... ..o oL M ae 11 Project Planning

BEGBEEEE

B8
[2=I =)

[
E

9 10



ac

EE

E

EEEEEEEE

EEEE

IV Detector

1Z1

121

123

126
127

402

12 Detector Requirements 403
Requirements on the LH=C Detector 0 0 00 000000000000 o oo 408
12.1.1 Installation and Magneta . . . 00 00000000 403
12,12 Kinematic reconstruction . .o o000 o000 oo c e e 4o
12.1.3 Acosptance regions - scattered elactron . . . . .0 .00 o000 oL DG
12.1.4 Acosptance regions - hadronie final state . . . 00 0000000 4@
12,15 Acceptance at the High Energy LHC . .0 0000000000 oo o4l
12.1.6 Energy Resclution and Calibration . . . . .. .. .. ..o 00 o0 L4
12.1.7 Tracking Requirements . . I
12.1.8 PuueleIdenchmanRequlrements P § ]
12.1.% SBummary of the Requirements on the LHeC Dele-.t,c-r .......... 415

13 Central Detector 417
Basic Datector Deseription . . . .. .. o000 oo 417
13.1.1 Baseline Detector Layout . . . 0 00000000 oo 422
13.1.2 An Aliarnative Solencd Placsment - Optien B . . . .0 00 0000 424

132 Magnet Design . . . . . . P 1)
1321}ufageismnﬁg:umimn....................................42‘?
13.2.2 Detector Solencid . o
13.23 Deie-.mrmtegmled&bemtendmgd:polea P 1 |
13.24 Cryogenics for magnets and ealorimeter . .. .0 0000 oL 431
13.20 TwinSalencid System . .. o0 000 oo AN
Tracking Detactor . . . .0 L L0 L e 434
13.3.1 Tracking Detactor - Bageline Layout . .. . 00000000 o 48
13.3.2 Performance P - 11
13.3.3 Tracking detector dea]g:n u:ntena, and ]:umaab]e sulumna .......... 437

124 CalonimetTy . .. 000 e e 444
13.4.1 The Barral Elsctiomagnetic Calorimster . . . .0 0000000000 445
13.4.2 The Hadromic Barral Calorimeter . . 0 .0 000000000 o000 446
13.4.3 Endeap Calorimetars . . .o o0 0L e T
Calorimeter Simulation v Vhaa s vaas e ansa e assaas s Wl
13.5.1 The Barral LAr Ca]-:nrme*.erSmanﬂnn .................. 450
13.5.2 The Barrel Tile Calotimeter Simulation . . . .00 00000 450
13.5.3 Combined Liquid Argon and Tile Calorimeter Simulation . . . .. .. .. .. .. ... 4581
13.5.4 Laad-Scintillator Elactramagnetic Option . . . . . P L1
13.5.5 Forward and Backward Inserts Calorimeter Sunu]at,um .......... 456
Calorimetar SUINMMATY . . . . . .00 000t e e e e e 8]
Muon Detector . .. . L. Y [ 71
13?1Muondebeﬂmdemg:n Y 1
13.7.2 The LHeC muon detactor l:iptL-:-ne. ...................... 465
13.7.% Forward Muon Extensions . . . .. .. ..o oo 466
13.7.4 Muon Detector Summary . . . .. 0. o0 Lo e 467

138 Event and Detector Simulations . . . . . 0. o000 0oL AT
13.81 Pythiad . . P 11
13821Me‘wNeuimnEqLuvel.ent.................................d.TEI
13.8.3 Mearest Neighbor . P 11
1384 CroeeChecking . . . . o v v v i v v i i i i i v us v ae i aas 470
1385 Fature Geals 0 .00 0L ATR

14 Forward snd Backward Detectors 477
14.1 Lumincsity Measurament and Electron Ta.ggmg: .......................... 477
1411 Options . .. ... . P i<
14.1.2 Use of the Main L]-[et." Dete-_tur .............................. 178

1413 Dedicated Lumincsity Detectors in the tunnael . 0 00 0000000000000 4ATE

14.14 Small angle Elactron Tagger . . .. 0. .0 00000

470

1415 Summary and Open Questions . . .. .0 000000 L 48R

14.2 Palarimatar . . . .. L L e 483
14.21 Polarisation from the seattersd photons . 00000 000000000 154
14.22 Polarization from the seattered electrons . . . .0 00 0oL oL 454

14.3 Faro Degres Calorimetar . . 0 0000 L0 0L
1431 ZDC detector design . . . 0L oL o

1432 Meutron Calorimetar . . . 0. 000000 e 4B

1435 Proton Calorimetar . . . .00 L0 456

14.8.4 Calibration and monitaring . . .. oL Lo oo oL B8

144 Forward Proton Detection . . . .0 00 0000000 457
V' Summary 400
15 Appendix 522
15.1 Seientific Advisary Committeas . 322

1.2 Steering COMMItos . . .. . ... .. ... ... ...
.................................. 524
154 CERN Referaes . . . .0 o000 e

12.3 Warking Group Convenors . . . .

325

Toplam 525 sayfa

Turk fizikciler u¢ ana kismin

(hizlandirici,

detektor ve fizik)

hepsinde etkin konumdadir !



The Fermi Scale [1985-2011]

S pp I
& "-_‘.
b quark
top quark
M., Higgs?
Tevatron
PN \
- ep N ere- .
'x ' ."l-} I\l\.-\.
gluon The Stamflard M, , sin?©
h.o. strong | Model Triumph 3 neutrings
e,b distributions _ h.o. el.weak (L,H7)
high parton densities
_ LER/SLC .
" . HERA s \'\"--._ H;,

Figure 1.2: Key results of the exploration of the Fermi energy scale in pp (top), deep inelastic {bottom
left) and ete~ seattering (bottom right) with the energy frontier colliders, the Tevatron, HERA and the
SLC/LEP, respectivelv. These and further important results established the Standard Model of particle
physics with six types of quarks and leptons in three families, and the development of higher order precision
calenlations nsed for the prediction of the top quark and the Higes mass, based mainly on ete™ scattering
results, and for the understanding of the partonic contents of the proton to NNLO pQCD, based mainly on
the results from HERA and previous DIS fixed target experiments.



The TeV Scale [2010-2035..]
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Figure 1.3: The exploration of the TeV energy scale has begun with the LHC. The present document
describes one of its compliments, a new TeV scale ep and eA collider, while intense work is continuing on the
developement of concepts for new ete™ and possibly pTp~ colliders. While each of the new machines has
exciting standard model programmes to pursue with higher precision and range, physics bevond the SM has

been elusive at the moment this report is released and 1fb—! of 7TeV ems LHC data have been analysed
within a verv short time for the EPS11 conference at Grenoble,



4. TAC Super-Charm Fabrikasi

Detaylari bir sonraki sunumda Prof. Dr. Omer Yavas
anlatacaktir.

Ben gecen sene ECFA'ya yaptigim sunumdan bazi slaytlari
gostermekle yetiniyorum



ECF A EUROPEAN COMMITTEE FOR FUTURE ACCELERATORS
EIGHTY-EIGHTH PLENARY ECFA MEETING
2526 November 2010, CERN

THE CORNESTONE OF THE TAC PROJECT:
LINAC-RING TYPE SUPER-CHARM
FACTORY

Saleh Sultansoy

TOBB ETU, Ankara
Institute of Physics, Baku

S. SULTANSOY 25.11.2010 CERN

30.12.2011 S. Sultansoy
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Birth of TAC

Region means: Mid East + Balkans +
Caucasus + Central Asia

Daga — Tr. J. of Physics
17 (1993) , 591 - 507,
© TUBITAK

Regional Project for Elementary Particle Physics
Linac-Ring Type c-7-Factory *

Saleh F. SULTANSOY
Institute of Physics, Academy of Sciences,
Baku-AZERBAIJAN

Received 23.1.1993

Abstract

Linac-ring type "6 collider with /s =35 GeV is proposed as the regional
project for elementary particle physics. 1t is shown that medern accelerator tech-
uology makes it possible te achieve luminosity € = 10%%am 257 The passible
physical goals of this machine in investigation of charmed pasticlos, 7-lepton and
v, properties is briefly discussed.

1. Introduction

30.12.2011
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Figure 1, The proposcd schemo for linac-ring ¢ r-factory

Table 1. Basic parametors of hoac-ring o7 -factory

Parameters e <linac e" -ring
Energy (GeV) 05 80
V3 (GeV) 4

Radius () - 100
Length (m) 50 .
Particles per bunch, n (10'") 0.1 10
Collision rate, f, (MHz) 0

Bunches per ring, k - 60
Current, T (mA) 5 500
Energy loss/turn, AE [MeV) - 36
Power (MW) 25 > L7
Beam size at [P, 0, ,(pm) 1 1
By 0t TP (cm) - 0.26
Bunch length, o, (em) 0.1 02
Luminosity, Clem=28"") 2.0

d) Synchrotron radiation. There aze two possibilities: 1)to use the maia positron
Ting as the source of synchrotron radiation; 2) to construct s new ring for this purpose. Let

25.11.2010 CERN 3
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c-t-factory proposals in 1990’s

» Ring-Ring: Spain (1991), JINR and BINP (1994)
L=10"cm™>s™

» Linac-Ring: Ankara group (1993)
L=10"cm>s™

Before Crab-Waist scheme (2006) LR seemed
to provide about 10 times higher Lumi.

5. SULTANSOY 25.11.2010 CERN




ICFA Statement on a Tau Charm Factory
31 January 1996

ICFA has noted that several intensive workshops have been held on the
physics potential of a tau—-charm factory. This collider is intended to
operate at a luminosity of 10?3 cm~?s-', one hundred times the

luminosity of the Beijing Electron-Positron Collider. The conclusion of
these workshops is that a tau-charm factory can address issues
concerning the tau, charmed particles, and light quark spectroscopy in a
unique manner. Many of the issues can only be addressed by a tau-charm
factory and cannot be fully addressed by B factories now under
construction, or by high energy fixed target experiments.

There has been strong interest in a tau—-charm factory by physicists from
all regions of the world. Physicists from two nations, China and Russia,
are seriously developing plans to construct such a facility. ICFA is pleased
to note that the Chinese government has awarded funds of 5 million Yuan
to the Institute of High Energy Physics in Beijing for the purpose of
designing a tau—-charm factory.

5. SULTANSOY 25112010 CERN




ICFA Statement on a Tau Charm Factory
31 January 1996 (cont.)

ICFA is pleased that international workshops on a tau-charm factory have
been held over the past several years and that there are plans to hold
additional ones in the future. In addition, the ICFA Beam Dynamics Panel
Is in the process of establishing a subpanel to assist in identifying and
solving the beam dynamics issues associated with a tau-charm factory.
ICFA supports the planning that must be done in advance of the
construction of such a facility, and supports its construction, since there is
ample justification for one such facility.

ICFA looks forward to the day when a tau-charm factory can begin
operation, and encourages exploitation open to an international team in
accordance with the existing ICFA Guidelines for Utilization of Major

Regional Experimental facilities for High Energy Particle Physics.

BEPC Il srarted in 2008

5. SULTANSOY 25.11.2010 CERN



c-t—-factory proposals 2010

CyliecTayIouAA
umxemuonn\n KOMRANEKe

o 3 e'accumulator
e gun e farget "mini damper”

-

e gun & LINAC e FF ¢ FF o' LINAC (stago 1)

- —.—-/ "Jﬁ"‘/ et
~’\G'..'.7"'""\,— - o CERL(SI02) o e resyin
SRy TS
= - CylecTsyIoUMA ToMHeNs Noj : , : 3
—: NiHEesAHBIR yeropuTens A. Schéning / Nuclear Physics B (Proc. Suppl.) 169 (2007) 387-392

ERL

All three proposals St ‘
promise R TG e

SR

35 == = | u,..ma;w asecev Undulator
L=10"cm™"s TAC

Wigzley
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Tentative parameter list for TAC Super-C Factory

Positron ring Electron ERL
Positron beam energy (GeV) 3.56 Electron beam energy (GeV) 1
Number of positrons per bunch (10) 2 Number of electrons per bunch (10'%) 2
Beta functions at IP B, /B, (mm) 80/5 Beta functions atIP /P, (mm) 80/5
Normalized emittances £ /& (um) 110/0.36 Normalized emittances £ /&N (um) 31/0.1
o /o, (um) 36/0.5 o, /o, (pm) 36/0.5
o, (mm) 5 o, (mm) 5
Beam-beam tune shift 0.012/0.13 Disruption Dx/Dy 0.33/60
Energy loss / tum (MeV) 0.7 Beam current (A) 048
Number of buches, n, 300 Collider Parameters
Revolution frequency (MFz) 05 Crossing angle (mrad) £
Circumference, C (m) 600 Collision frequency (MHz) 150
Beam current (A) 48 Luminosty 14-10%

Studies for reducing Dy are continuing

Further Lumi increase could be achieved by:

« increasing collision frequency

» shortening electron bunches with subsequent use of
“dynamic focusing” (Brinkmann-Dohlus, DESY-M-95-11 (19935))

5. SULTANSOY 25112010 CERN 1



Physics at Super-Charm Factory

» T option is weak.

SuperB vs Super-c-t: 2.5 times lower @, but 10
times higher L

» Basic operation at ¥(3S)

» Energy asymmetry is essential for time-dependent
CPV analysis

- Boost examples from B-factories are:
. KEKB, the boostis Sy =0.43.
. PEP-II, used a slightly larger boost By =0.55.

In TAC/PF, the boost is By =0.68.




Luminosity spectrum for the TAC charm factory.

» Center of mass energy
spread < ly3s) =~ 24

s MeV.
5 1 » Y(3S) is about 1010 per
- / | working year (107 s)
j [» D*D™ and D°DO decay
; modes are dominant

A - 376 w::?(rGev) 378 3re 38 chan neIS for \II(3S)
decays.

30.12.2011 S. Sultansoy 56




Outlook

For Charm Factory
Benchmark physics processes should be reviewed for a factory with
asymmetrical beam energies.
Various synergy options within the TAC project should be evaluated.
TAC SR (same e+ ring vs dedicated ring, sharing infrastructure)
TAC FEL (time, infrastructure, expertise etc... sharing)

International collaborations with similar projects will be mutually beneficial:

LHeC LR option, eRHIC LR option

For TAC in general

1 GeV SNS (based on TAC PA) is mandatory.
ADS studies (based on TAC PA) should be intensified.

Strong international cooperation opportunities should be seized.

We are seeking ECFA support for LR type colliders in
general and for TAC project in particular.

5. SULTANSOY 25112010 CERN
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30.11.2007 tarihinde Isparta’daki ucak kazasinda kaybettigimiz
Bilim Sehitlerimiz

Engin Arik Senel Boydag Iskender Hikmet Mustafa Fidan Berkol Dogan Engin Abat

Saygiyla ve rahmetle aniyoruz...

30.12.2011 S. Sultansoy 58



Yasamini Turkiye’'nin kalkinmasina adamis ve tlkemizin CERN
uyeligi surecini baglatan bilim sehidimiz

Prof. Dr. Engin Arik (1948-2007)

30.12.2011 S. Sultansoy
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Son Soz Yerine

Hizlandirici teknolojisinde “muasir medeniyet duzeyeni yakalayabilmek”
icin:

« GeV mertebeli proton hizlandiricisina

« GeV mertebeli elektron hizlandiricisina

sahip olmaliyiz

Ulkemizin CERN tiyeligi Hizlandirici, Detektor ve Bilisim teknolojilerinde
en yuksek duzeye ulagsmamizi saglayacaktir.

“Turk kulturinu muasir medeniyet seviyesi uzerine ¢gitkarmamiz” icin
ise muhakkak en ileri dizey bir Parcacik Carpistiricisi kurmaliyiz.

Japonya orneginde oldugu gibi Ulusal Hizlandirici Teknolojileri ve
Uygulamalari Kurumunun olusturulmasi tum bunlari gerceklestirmemiz
icin gereken altyapinin en etkin sekilde gelistiriimesi imkan
saglayacaktir.



Ek 1: Turkiye’nin CERN seruveni



« 1954: CERN 12 Avrupa ulkesi tarafindan kuruldu. Maalesef, kurucu
ulkeler arasinda Turkiye yoktu

« 1960’lar: CERN Konseyi Turkiye'ye uyelik onerdi. Maalesef, bu oneriye
olumlu cevap verilmedi. Rahmetli Prof. Dr. Erdal INONU Hocamiz 2001
yiinda TUBAnin Istanbul’da CERN ile ilgili diizenledigi toplantida bu
olumsuz cevaptan dolayi kendisini affetmedigini soyledi.

« 1980’ler: Rahmeti Prof. Dr. Ahmet Yiksel OZEMRE Hocamizin
bagskanliginda Turk Bilim heyeti CERN'U ziyaret ederek Turkiye'nin
uyelik surecini baslatmak istedi. Maalesef, Hocamizin TAEK
baskanligindan ayrilmasiyla bu sure¢ durdu.

« 1997 yilinda Nobel 8dili sahibi Prof. Dr. Carlo RUBBIA Hizlandirici
Suramlt  Sistem (ADS) ile ilgili dokimanlari Prof. Dr. Saleh
SULTANSOY’a verdi. Bu dokumanlar Turk bilim insanlari tarafindan
incelendi ve 1998 yilinda TAEK'e konuyla ilgili Bilgi Notu iletildi.

« 2001: Rahmetli Prof. Dr. Engin ARIK, Prof. Dr. Metin ARIK, Prof. Dr.
Ayla CELIKEL ve Prof. Dr. Saleh SULTANSOY TUBA (izerinden
dlkemizin CERN uyeligi surecini bastatt!



« 2001-2002 yillarinda TUBA CERN ile ilgili toplantilar dizenledi. Mart
2002’de TUBA baskaninin evinin kapisinda bomba patlatildi.

»« 2002: CERN Genel Direktor Yardimcisi Prof. Dr. R. CASHMORE
baskanliginda bir heyet Turkiye'yi ziyaret etti. Bu ziyaret sirasinda DPT
mustesarligi  Turkiye'nin  CERN uyeligi konusunda olumlu gorus
bildirmesine ragmen TUBITAK yonetimi sireci bloke etti

« 2002: 27 Temmuz tarihli Hurriyet gazetesinde Rahmetli Prof. Dr. Engin
ARIK ile “Kurtaricinin adi Toryum™ baslikli musahibe yayinlandi. Bu
musahibe de Turkiye’nin CERN uyeliginin onemi net bir sekilde vurgulandi

« 2005: Mayis ayinda 15 Turk bilim insaninin toplantisinda hazirlanan Bilgi
Notu TFD baskani Prof. Dr. Baki AKKUS$'un Ust yazisiyla Sayin
Basbakanimiz Recep Tayyip ERDOGAN’a iletildi. Bunun sonucunda TAEK
Turkiye’nin CERN uyeligi konusunda kurum olarak gorevlendirildi

« 2006: 12 Turk bilim insanindan olusan TAEK-CERN Bilim Komitesi
kuruldu

« 30 Kasim 2007: Prof. Dr. Engin ARIK ve TAC grubu uyesi bes bilim
insanimiz ucak kazasinda sehit oldu



« 18 Subat 2008: Cumhurbaskanimiz Sayin Abdullah GUL TAC
uyelerinden olusan 6 kisilik TFD heyetini kabul etti. Yaklasik bir saat
suren gorusmede Sayin Cumhurbaskanimiz Turkiye'nin CERN Uyeligi
surecine ve TAC projesine tam destek verdigini acikladi




« 18 Kasim 2008: Basbakanimiz Sayin Recep Tayip ERDOGAN CERN’(j
Ziyaret etti




TAEK’in destekledigi CERN
projeleri
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CERN Ne ise Yarar?

30 Kasim 2007 tarihinde ucak kazasinda kaybettigimiz bilim sehitlerimizin aziz hatirasina ithaf olunur.

Bu sunumu yapmamim nedeni:

Prof. Dr. Saleh SULTANSOY “Birileri’ CERN Komisyonun
“En stratejk strateji” Temmuz 2010'da planladigi
“Kalkinmay1 hizlandiran teknoloji” Turkiye ziyaretini erteletmeye
“Bir mithendislik harikas - CERN” kalkisti...

il “Tiirkiye’nin CERN siireci”
~ “CERN ve Toryum” AKP Genel Baskan Yardimcisi

Sayin Reha DENEMEC'in
sunuma katiimasi bu “birilerine”
Iyl bir mesaj oldu !

15 Haziran 2010, Sali
Yer: Kirmizi Amfi



« 2009: Turkiye CERN uyeligine resmen bagvurdu. Bizimle birlikte Guney
Kibris, Israil, Sirbistan ve Hirvatistan CERN Uyeli§ine basvuruda bulundu.
CERN Konseyi bu basvurulari incelemek igin bir Komisyon kurdu

« Mayis-Temmuz 2010: kurulan Komisyonun 5 ulkeyi ziyaret ett
« Eylul 2010: Komisyon hazirladigi raporu CERN Konseyine iletti

« Aralik 2010: CERN Konseyi 5 ulkenin uyelik sureci ile ilgili gorugmelerin
baslatiimasina onay verdi

« Nisan 2011: Israil hikimeti CERN ile Gyelik islemlerinin baslatiimasi
kararini aldi

« EKim 2011: Israil'in bagvurusu uzerine CERN Konseyi iki yillik uyelik
surecinin baslatilmasini karara aldi. Israil 2013 yilinda tam uye olacak !

« Aralik 2011: Sirbistan’in bagvurusu uzerine CERN Konseyi iki yillik Uyelik
surecinin baslatiilmasini karara aldi.

« Guney Kibris bizden once CERN uyesi olursa veto hakkina sahip olacak !



Ek 2: ICFA Seminer 2011’de TAC projesi



Particle Physics:

European Region

ICFA Seminar
Geneva, Switzerland, 3-5 October 2011

T. Nakada

EPFL-LPHE
Lausanne, Switzerland
ECFA Chair and Scientific Secretariat for Strategy Session of CERN Council

_ Gl LPHE




Facilities for Flavour and Precisions
« Established national laboratories with accelerators still used
for “flavour physics™ experiments:

— Germany DESY: search for axion like particle, Getp/Cep
— Italy INEN Frascati National Laboratory
— Russia Budker Institute of Nuclear Physics

Institute for High Energy Physics
— Switzerland  Paul Scherrer Institute
* Emerging new organization
— Italy Cabibbo Laboratory: Italian Consortium to
construct SuperB Factory at the University of

Rome Tor Vergata (INEFN, Tor Vergata, Ministry, ...
discussion of governance on going)

— Turkey Turkish Accelerator Center: Construction of
accelerator complex with a possible inclusion of
Tau-Charm Factory

T. Nakada ICEA-Seminar, Geneva, October 2012 42



European Strategy for Particle Physics

9. A variety of important research lines are at the interface
between particle and nuclear physics requiring dedicated
expertments; Council will seek to work with NuPECC in areas
of mutual interest, and maintain the capability to perform
Jixed target experiments at CERN,

CERN Geneva laboratory offers facilities for
-Nuclear physics: ISOLDE, n-Tof,..

-Low energy antiproton (AD)

-Fixed target @ PS and SPS (QCD and Flavour)

CERN-ECFA Study Group for LHeC (ep
collider with LHC proton) CDR almost ready

T. Nakada ICFA-Seminar, Geneva, October 2012 44



European Strategy Update
* Originally foreseen in 2011, delayed due to the LHC delay

but now work started (Kickoff meeting at the ECFA-EPS
joint session of Europephysics HEP conference, July 2011)

— Draft for the updated strategy will be produced by the European
Strategy Group (CERN member states, observer states, etc. )

— Scientific inputs are prepared by the Preparatory Group (ECFA,
CERN SPC, CERN GE-lab, American and Asian regions,...)
* Both groups are chaired by Scientific Secretary for ESS of
CERN Council
» Timeline approved by the Council
— Open Symposium for community mput, September 2012
— Strategy Group meeting for drafting, January 2013
— Council discussion, March 2013
— Presentation to EU Council of ministers, May/June 2013

T. Nakada ICEA-Seminar, Geneva, October 2012 47
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mE Hesheng Cheng
- BEPC Il Plan @ ECFA2010 meeting

On-going upgrade
e Toincrease single bunch current in collision

e Toenhance heam-beam parameter towards 0.04
e To move horizontal tune to 0.51

e Toincrease colliding bunch number and pattern
* Squeeze B,

BEPCII luminosity plan

Long-term upgrades N

L ( ¥—0.51 f;"~1.2cm
2 t 1033 1A=1 A
(under d|5(.:u55|0n) (10%) o
* Increasing beam energy? i ;
(2.3GeV now) ' st OCRF
: . 300=800 mA
* Crab-waist for higher VOSSN | | sed0Vemls)
luminosit nA AW,
. V . 3.3x10%2em 25! Vi
* Collision with polarized s )
beam -
*Physics requirements % L — '.,.V
*e- beam plaization? m =t
location for rotators [ T ,
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== Super Charm Tau Factory at BINP

Epean =1.0-2.5GeV: L ., =10% cm?s? (2 GeV): Polarized e beam

peak —

Main features: e

* Two rings with a single interaction point
e Nano Beams + Crab waist collision

SNAKE

WIG

e SC wigglers to keep the same damping and
emittance in the whole energy range (ogtimal
luminosity ~1039) et

L

Arrows show
the electrons

‘ . a : P spin direction
e Polarized e- injector and spin control to get the R

longitudinally polarized electron beam.a'[c\;JP

polarized e-
source

500 MeV e+

Damping wiggler
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= Linac-Ring Type c-t Factory

e An option of the Turkish Accelerator Center (TAC).

e Positron ring (3.56 GeV) + Electron ERL (1 GeV) - By=0.68

Lpeak = 1.4 x 10%cm s,

(Saleh Sultansoy @ ECFA2010 meeting)

ERL

1 GeV Electron Linac

Tletecrar :
TIndulator Tndulator

3.56 GeV
Positron Ring

- N
TUndulator
BooOosier




