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Particle Particle CollidersColliders

Colliding Beams:Colliding Beams:

HadronHadron CollidersColliders
Lepton Lepton CollidersColliders
LeptonLepton--HadronHadron CollidersColliders

Accelerator Types:Accelerator Types:

RingRing--Ring Ring →→ HadronHadron energy frontiers (also, energy frontiers (also, µµµµ?, ?, µµp??)p??)
LinacLinac--LinacLinac →→ Lepton energy frontiersLepton energy frontiers
LinacLinac--Ring Ring →→ LeptonLepton--hadronhadron energy frontiersenergy frontiers

Energy frontiers mean Energy frontiers mean TeVTeV scale at constituent level scale at constituent level 



LeptonLepton--HadronHadron CollidersColliders

RingRing--Ring type:Ring type:

HERAHERA**, e, e--RHICRHIC** (EPIC(EPIC** etc), etc), “LEP”“LEP”--LHCLHC**, , ee--VLHCVLHC**, , µµpp????

LinacLinac--Ring type:Ring type:

THERATHERA**, e, e--RHICRHIC**, , QCD ExplorerQCD Explorer, , “NLC”“NLC”--LHCLHC, , CLICCLIC--VLHCVLHC
+ + γγ optionsoptions

LinacLinac--LinacLinac type:type:

TESLA, GLC, TESLA, GLC, CLICCLIC
+ + γγ optionsoptions

UnderlineUnderline denotes denotes √√s > 1 s > 1 TeVTeV

* Snowmass 2001 Working Group M5 on Lepton* Snowmass 2001 Working Group M5 on Lepton--HadronHadron CollidersColliders

““NLCNLC”” denotes 0.5 denotes 0.5 TeVTeV CM energy linear CM energy linear collidercollider



The development of the resolution power of the experiments exploThe development of the resolution power of the experiments exploring ring 
the inner structure of matter over time from Rutherford experimethe inner structure of matter over time from Rutherford experiment to nt to 

CLICCLIC××VLHCVLHC
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Two parameters are the most important ones from the Two parameters are the most important ones from the 
physics point of view: physics point of view: centercenter--ofof--mass energy and mass energy and 

luminosityluminosity

CenterCenter--of mass energy (in of mass energy (in TeVTeV))
CollidersColliders pppp eeee epep ep/eeep/ee

2010’s2010’s LHCLHC NLCNLC NLC*LHCNLC*LHC

√√ss 1414 0.5 0.5 →→ 11 3.7 3.7 →→ 5.35.3 ≈≈ 66

2020’s2020’s VLHCVLHC CLICCLIC CLIC*VLHCCLIC*VLHC

√√ss 200200 3 3 →→ 55 34 34 →→ 4646 ≈≈1010

Therefore, Therefore, the critical issue is luminositythe critical issue is luminosity !!



Additional Additional γγp, p, eAeA, , γγA and FEL A and FEL γγA optionsA options

γγp optionp option
A.K. A.K. CiftciCiftci et al., et al., NuclNucl. . InstrumInstrum. . MethMeth. A 365 (1995) 317. A 365 (1995) 317

eAeA optionoption
Z.Z. Z.Z. AydinAydin et al., ICHEP 96, p.1752et al., ICHEP 96, p.1752

γγA optionA option
A.K. A.K. CiftciCiftci, S. , S. SultansoySultansoy and O. and O. YavasYavas, NIM A 472 , NIM A 472 

(2001) 72(2001) 72

FEL FEL γγA optionA option

H. H. AktasAktas et al., NIM A 428 (1999) 271et al., NIM A 428 (1999) 271



Main problemsMain problems
Bunch spacing do not coincide: ns at JLC/NLC and CLIC, 200 Bunch spacing do not coincide: ns at JLC/NLC and CLIC, 200 

ns at TESLA, 25 ns at LHC etcns at TESLA, 25 ns at LHC etc

Low collision frequencyLow collision frequency
Beam sizes do not coincide Beam sizes do not coincide 

Possible solutionsPossible solutions: change LC (or/and PS) bunch structure, : change LC (or/and PS) bunch structure, 
special special ee--linaclinac design etcdesign etc

Main limitationsMain limitations

Linac’sLinac’s beam power (beam power (~ ~ ffreprep··nnbb··nnee))
Proton bunch brightness (Proton bunch brightness (nnpp//εεpp))

In addition, we must keep under control a lot of parameters In addition, we must keep under control a lot of parameters 
such as such as ∆∆QQpp, , ttIBSIBS etcetc



Brief HistoryBrief History
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But But PPee = 400 MW != 400 MW !
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THERA: ElectronTHERA: Electron--Proton Scattering at Proton Scattering at √√s s ≈≈ 1 1 TeVTeV

H. H. AbramowiczAbramowicz et al., in TESLA TDR, v. 6, DESYet al., in TESLA TDR, v. 6, DESY--0101--011, 011, 
Mar 2001, 62 pp. Mar 2001, 62 pp. 
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THERA WebpageTHERA Webpage
wwwwww..ifhifh.de.de//therathera

TESLA on HERA:TESLA on HERA: 0.25 0.25 TeVTeV ×× 1.0 1.0 TeVTeV
0.4 0.4 TeVTeV ×× 0.4 0.4 TeVTeV
0.8 0.8 TeVTeV ×× 0.8 0.8 TeVTeV

L L ≈≈ 101031 31 cmcm--2 2 ss--11



LHC LHC andand VLHC VLHC basedbased epep colliderscolliders: e: e--ring vs ering vs e--linaclinac
Y. Y. IslamzadeIslamzade, H. , H. KaradenizKaradeniz, S. , S. SultansoySultansoy

LHC based (hepLHC based (hep--ex/0207013)ex/0207013)
Comparison of LEP*LHC with the same energy Comparison of LEP*LHC with the same energy LinacLinac*LHC*LHC
EEee = 67.3 = 67.3 GeVGeV and and EEpp = 7 = 7 TeVTeV for both optionsfor both options

L = 1.2L = 1.2··101032 32 cmcm--2 2 ss--11 for LEP*LHC (E. for LEP*LHC (E. KeilKeil, LHC Project Report 93, CERN, 1997), LHC Project Report 93, CERN, 1997)
vsvs L L ≈≈ 101032 32 cmcm--2 2 ss--11 for for LinacLinac*LHC with *LHC with PPee ≈≈ 34.5 MW (which correspond to 34.5 MW (which correspond to 
synchrotron radiation power at LEP)  synchrotron radiation power at LEP)  

0.5 km “CLIC” or 2 km “TESLA” 0.5 km “CLIC” or 2 km “TESLA” vsvs 27 km “LEP”27 km “LEP”

VLHC based (hepVLHC based (hep--ex/0204034)ex/0204034)
EEee = 180 = 180 GeVGeV, , EEpp = 50 = 50 TeVTeV and and L = 1.4L = 1.4··101032 32 cmcm--2 2 ss--11 for ring option (J. for ring option (J. NoremNorem
and T. and T. SenSen, FERMILAB, FERMILAB--PUBPUB--99/347, 1999)99/347, 1999)
EEee = 250 = 250 GeVGeV, , EEpp = 50 = 50 TeVTeV and and L = 3L = 3··101032 32 cmcm--2 2 ss--11 for for linaclinac optionoption

Instead of constructing a 530 km eInstead of constructing a 530 km e--ring in VLHC tunnel it seems more wise ring in VLHC tunnel it seems more wise 
to construct a 2 km (10 km) to construct a 2 km (10 km) ee--linaclinac with the same with the same epep parameters parameters 



QCD ExplorerQCD Explorer

21.08.2002 First Meeting on CLIC*LHC Interface21.08.2002 First Meeting on CLIC*LHC Interface
Participants: Participants: 

A. De A. De RoeckRoeck, G. , G. GuignardGuignard, D. Schulte, I. Wilson (CERN) , D. Schulte, I. Wilson (CERN) 
O. O. CakirCakir, S.A. Cetin, S. , S.A. Cetin, S. SultansoySultansoy ((TurkiyeTurkiye))

14.08.2003 Second Meeting on CLIC*LHC Interface14.08.2003 Second Meeting on CLIC*LHC Interface
Participants: Participants: 

A. De A. De RoeckRoeck, G. , G. GuignardGuignard, D. Schulte, I. Wilson, , D. Schulte, I. Wilson, 
F. Zimmermann  (CERN) F. Zimmermann  (CERN) 
E. E. ArikArik, O. , O. CakirCakir, A.K.  , A.K.  CiftciCiftci, R. , R. CiftciCiftci, H. Koru, E. , H. Koru, E. RecepogluRecepoglu,,
S. S. SultansoySultansoy ((TurkiyeTurkiye))

EEee = 70 = 70 GeVGeV, , EEpp =7 =7 TeVTeV and and √√s = 1.4 s = 1.4 TeVTeV



With nominal parameters of CLIC and LHC beams:  With nominal parameters of CLIC and LHC beams:  
L = 10L = 1028 28 cmcm--2 2 ss--11

Even with this low luminosity, QCD ExplorerEven with this low luminosity, QCD Explorer

will provide unique information which will be crucial for will provide unique information which will be crucial for 
adequate interpretation of the LHC dataadequate interpretation of the LHC data

The region of extremely small The region of extremely small xxgg = 10= 10--55-- 1010--66 at at 
sufficiently high Qsufficiently high Q22 = 1= 1--10 GeV10 GeV22 will be explored. This will be explored. This 
region is crucial for the understanding of QCD region is crucial for the understanding of QCD 
dynamicsdynamics

With appropriate upgrades of CLIC and LHC beams, a With appropriate upgrades of CLIC and LHC beams, a 
luminosity of luminosity of 101031 31 cmcm--2 2 ss--11 and even and even 101032 32 cmcm--2 2 ss--1 1 

(optimistic scenario) may be achievable(optimistic scenario) may be achievable





SM Physics ExampleSM Physics Example

The importance of small The importance of small xxgg region (at sufficiently Qregion (at sufficiently Q22 ~ 10 GeV~ 10 GeV22) ) 
exploration for strong interactions corresponds to the exploration for strong interactions corresponds to the 

importance of the Higgs boson search for electroimportance of the Higgs boson search for electro--weak weak 
interactions !!!interactions !!!

xxgg Detector cutsDetector cuts
1. Fixed Target1. Fixed Target 1010--22 --
2. HERA2. HERA 1010--44 1010--33

3. e3. e--RHICRHIC 1010--33 ??
4. THERA4. THERA 1010--55 1010--44

5. QCD Explorer5. QCD Explorer 1010--55 ??
6. NLC*LHC6. NLC*LHC 1010--66 ??
7. CLIC*VLHC7. CLIC*VLHC 1010--77 ??

Low Low xxgg via via epep →→ Q(bar)+Q+X  (Q = c, b) at future Q(bar)+Q+X  (Q = c, b) at future epep colliderscolliders





Advantage of the γp option



Second Way to Second Way to TeVTeV ScaleScale

CollidersColliders HadronHadron LeptonLepton LeptonLepton--HadronHadron

2010’s2010’s LHCLHC “NLC”“NLC” “NLC”“NLC”××LHCLHC

√√s, s, TeVTeV 1414 0.50.5 3.73.7

L, L, 101031 31 cmcm--2 2 ss--11 101033 101033 11--1010

2020’s2020’s VLHCVLHC CLICCLIC “CLIC”“CLIC”××VLHCVLHC

√√s, s, TeVTeV 200200 33 3434

L, L, 101031 31 cmcm--2 2 ss--11 101033 101033 1010--100100



Physics targets and achievable limitsPhysics targets and achievable limits (following (following 
U. U. AmaldiAmaldi in CERN 87in CERN 87--07, pp. 32307, pp. 323--352) 352) 

““Comparing the physics potentialities of two* accelerators is a Comparing the physics potentialities of two* accelerators is a 
formidable task for at least three obvious reasons:formidable task for at least three obvious reasons:

i) the unknown cannot be predicted;i) the unknown cannot be predicted;

ii) even after having agreed on a list of ‘expected’ new ii) even after having agreed on a list of ‘expected’ new 
phenomena, the relative importance is subjective;phenomena, the relative importance is subjective;

iii) tomorrow’s discovery may completely modify the iii) tomorrow’s discovery may completely modify the 
‘relevance’ weights given to selected phenomena” ‘relevance’ weights given to selected phenomena” 

* * LHC (including LEP*LHC option) and CLICLHC (including LEP*LHC option) and CLIC



Summary of discovery limits for 12 different processesSummary of discovery limits for 12 different processes**

19871987 →→ 20032003

pppp √√s= 16 s= 16 TeVTeV, , L= L= 101033 33 cmcm--2 2 ss--11 →→ √√s= 14 s= 14 TeVTeV, , L= L= 101034 34 cmcm--2 2 ss--11

ee++ee–– √√s= 2 s= 2 TeVTeV, , L= (4) L= (4) 101033 33 cmcm--2 2 ss--11 →→ √√s= 0.5 s= 0.5 TeVTeV, , L= L= 101034 34 cmcm--2 2 ss--11

epep √√s= 1.5 s= 1.5 TeVTeV, , L= L= 101032 32 cmcm--2 2 ss--11 →→ √√s= 3.7 s= 3.7 TeVTeV, , L= L= 101032 32 cmcm--2 2 ss--11

+ + γγpp option !! option !! 

* Two principal additions during last years:* Two principal additions during last years:
extra dimensions (serious)extra dimensions (serious)
infinite number of SUGRA points (curious)  infinite number of SUGRA points (curious)  
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Recently, the e*Recently, the e*→→eeγγ signal and corresponding backgrounds signal and corresponding backgrounds 
are studied in details (O. are studied in details (O. CakirCakir, A. , A. YilmazYilmaz and S. and S. SultansoySultansoy, , 
hephep--ph/0403307). Results confirm discovery limits given in ph/0403307). Results confirm discovery limits given in 
previous slide. Namely, previous slide. Namely, 

~0.5 ~0.5 TeVTeV for for eeee, ~2.3 , ~2.3 TeVTeV for for epep and ~1.9 and ~1.9 TeVTeV for pp. for pp. 

Discovery limits for extra dimensions are approximately:Discovery limits for extra dimensions are approximately:

0.5 0.5 √√s for pps for pp 77--8 8 TeVTeV at LHCat LHC

10 10 √√s for s for eeee 5 5 TeVTeV at NLCat NLC

2.5 2.5 √√s for s for epep 77--8 8 TeVTeV at NLC*LHCat NLC*LHC



ConclusionConclusion
QCD ExplorerQCD Explorer

Two scenarios for LHC:Two scenarios for LHC:
a) 2007a) 2007--2012 “discovery period”, 20122012 “discovery period”, 2012--… “precision period”… “precision period”
b) 2012 b) 2012 lumilumi upgrade, 2013upgrade, 2013--2015 further “discovery period”, 20162015 further “discovery period”, 2016--

… “precision period’… “precision period’
Therefore, we need Therefore, we need TeVTeV scale scale epep collidercollider before 2015.before 2015.
THERA assumes the use of the HERA proton beam. THERA assumes the use of the HERA proton beam. 
Unfortunately, 2007 is planned as close up date for HERA.Unfortunately, 2007 is planned as close up date for HERA.
And QCD Explorer becomes the unique (realistic) opportunity!And QCD Explorer becomes the unique (realistic) opportunity!

Energy frontierEnergy frontier
Concerning direct search for new physics “NLC”Concerning direct search for new physics “NLC”--LHC potential LHC potential 
exceeds that of “NLC” and is complementary to the LHC.      exceeds that of “NLC” and is complementary to the LHC.      



RecommendationsRecommendations

““As a result of the workshop, As a result of the workshop, participants came to the point participants came to the point 
that it will be useful to organize two workshops, one on the that it will be useful to organize two workshops, one on the 
machine parameters and the other on the research machine parameters and the other on the research 
programs, programs, during the next yearduring the next year””
Cited from Ankara 97 Workshop’s Conclusion and Cited from Ankara 97 Workshop’s Conclusion and 
RecommendationsRecommendations

LinacLinac--Ring type leptonRing type lepton--hadronhadron and photonand photon--hadronhadron colliderscolliders
require more adequate attention of HEP communityrequire more adequate attention of HEP community

Common ICFACommon ICFA--ECFAECFA--ACFA Study Group on ACFA Study Group on LinacLinac--Ring Ring 
Type Type epep, , γγpp, , eAeA, , γγA and FEL A and FEL γγA A CollidersColliders

Second International Workshop on the Second International Workshop on the LinacLinac--Ring Type Ring Type 
LeptonLepton--Hadron and PhotonHadron and Photon--Hadron Hadron CollidersColliders in 2005.in 2005.
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