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QCD Remarkably Successtul
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the University of Illinois, Urbana-Champaign.
The total mass of the three quarks, for
instance, is a mere 1.5% of the proton's. Try
as they might to balance the books, no amount
of creative accounting has turned up the
sources of the missing mass, casting doubt on
science's understanding of how the basic
building blocks of the physical world are
assembled into matter.
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Still more to understand

PQCD onlg valid at large momentum transfer

— asgmptotic freedom

I” xtension to normal matter difficult

- comcinement obscures COlOUI"FOI"CC

~ lattice QCD 2

Need to ‘mow more:
~ spin distributions= -
~ flavour distributiow

— distributions in nuclei

~ further tests of QCD
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I lectron-Jon Collider Comtep’t

f
Folarized electrons ‘T Polarized protons
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= B 1 el 1

/

Folarized light jons
Folarized Positrons \ T 1D, 3He

I” ffective neutron

Heavg ions (Au)

Range of centre of momentum energies
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Unpoﬂarize& DISatF|C
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Spﬁn Structure of Nucleons

ZE z) + 4(z))

o) = eﬂ o - - B

91(@) =, Z (Aq(2) % Ag())

Aq(x) - eﬂ J e_,

Ana]ogous to unPolarisccl D]S

QCD Predicts evolution

Able to extract Polarlsed Parton
densities mcludmg gluon
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[arton Spiin istributions

Hirai, Kumano, Saito \/alence distributions q~qm
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1
Nucleon spin = E

NUC Con SPWS FU!ZZE@

Quark contribution
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Gluon contribution

AG = fdmg n

Currentlg
1.0 & 1.0(stat) & 0.4(sys) £ 1.4(th)
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AGatL]C

Determination from scaling violations ong(x,Qz)
— EIC will extend range inx and Qz

- improve existing measurement factor of 3 in 1 week

e
Direct measure via Photon-gluon fusion _e_f/
0 ; ¥ Yo et
dljets) !'ng!ﬂ FT hadrons J

_ Successguug used at [ 1 KA , W—4— Jet

- NLO calculations exist —

~ (Constrains shape in-mid X region

A.De Roeck,A.Deshpande, V. Hughes, J. Lichtenstadt, G. Radel
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DVCS - Vector Meson Fmductﬁom

Hard exclusive process
Fhoton or vector meson out

Fossible access to skewed or off-

forward FD I:’s

Access to quark orbital angular

momentum

Theoretical debate continues

f vz [H(x,t,€) + Bz, €)] = 2Ty = % + 2L,
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Fanrﬁtg \/ﬁ@ﬁatﬁng Structure [Tunction gs

USC asymmetry between electrons and

Positrons in (_(_ reactions
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J. Contreras, A. De Roeck
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Polarised [~ lectron - Jon (ollider Fmposaﬂs
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RHIC

C-AMAPI142
March 2004

b

eRHIC
Zero™-Order Design Report

BNL

L. Ahreng, D. Anderson, M. Bai, J. Beebe-Wang, |. Ben-Zvi, M. Blaskiewicz, J M. Brennan,

R. Calaga, X. Chang, E.D. Courant, A. Deshpande, A. Fedotow, W. Fischer,
H. Hahn, J. Kewizch, V. Litvinenko, W.W. MacKay, C. Montag,
5. Ozaki, B. Parker, 5. Peggs, T. Rozer, A. Ruggiero,
B. Surrow, 5. Tepikian, D. Trhbojevic,
Y. Yakimenko, 5.Y. Zhang

MIT-Bates
W. Franklin, W. Graves, R. Milner, C. Tachalaer, J. van der Laan,
D. Wang, F. Wang, A. Zolfaghar and T. Zwart

BINP
AN, Otboev, Yu M. Shatunov

DESY
D.P. Barber

Editors: M. Farkhondeh (MIT-Bates) and V. Ptitsyn (BML)

Detailed design report on
accelerators and interaction

region for both
- Ring~ring
— Linac~ring

Joint effort }35 NI
Bates, Novosibirsi(, and

DESY

www.agsrhichome.bnl.gov/eRHIC/eRHIC _ZDR.htm

26/5/2006 - D.K. Hasell

21 Electron - lon Collider



eRHIC - Ring-Ring Design

recirculating linac injector Linac irjects into electron
storage ring at full energy

__‘_,r‘r: e GCV
e, o Bl

5-10 GeV static electron ring

Hl‘llg e paralle]

™

’

. ' : Folaqj? del%mns and

Y ST; ¥ n BMRELN i pmmmens e

2 : *--W

umfnositg limited bg beam-beam tun

and

increase of 120 = 360 bu
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eRHIC - Linac-Ring Design

optional, O S 0ptional

Place for
doubling
energy linac IP4-
ERL (5-10 GeV ¢) optional
A

EBIS  BOOSTER

Luminosity not limited 133 beam-beam interaction

But need high intensity ion source
kW IR laser ERL-FEL (significant R&D)

26/5/2006 - D.K. Hasell 23

SUPerconducting, energy recovery
linac feeds directlg into IF

Fossible multiple [[s

Rapid reversal of polarisation
No depolarizing energy regions
Spin rotators not needed

*+5 m || to nearest magnet

No Positrons

Electron - lon Collider



CLIC

http://casa.jlab.org/research/elic/elic.shtml

Electron Cooling

20-150 eV light ions

CEEAF with Energy Recovery

Eeam Dump
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fo,
- Lmac an Cooli
dpr&b Electron oling

||l Snake

30-150 GeY light ions

CEBAF with EnergyRecovery

Based on existing CEBAF but with 5 (3eV ngradc

— Replace 5 cell crgomodules with y cell crgomoclules
N U5e i accclcrating and.i decelerating pass to get ECM=ZO~65 (e
New Figure 8 electron FINg, NEW light Ion linac, booster, and storage ring

~ New rings case rcluirements for high intensity ion source and [T Rl from that of
eREINC linac~ring ut signiﬁcant Re&D still necessary

Fossible to run 25 (GeV fixed target experiments simultaneouslg
Luminositg up to 10%% cm2s7! with crab crossing

4 Possible interaction Points
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HeC

oo 70 (e c]cctron/Positron ring
2SS toP O{:LHC ring

Cockeroft-06-05

Deep Inelastic Electron-Nucleon Scattering
at the LHC"

J. B. Dainton’, M. Klein?, P. Newman®, E. Perez®, F. Willeke®

! Cockeroft Institute of Aceelerator Seience and Technology,
Daresbury International Seience Park, UK
* DESY, Hamburg and Zeuthen, Germany
4 Sehool of Physies and Astronomy, University of Birmingham, UK
* CE Saclay, DSM/DAPNIA /Spp, Gif-sur-Yvette, Franee

Abstract

| |
i

aerv:hep—lexfﬂﬁﬂfiﬂlﬁ vl 8 Mar 2006

The physics, and a design, of a Large Hadran Electron Collider (LHeC)
are sketched. With high luminesity, 10%em 7, and high energy, 5 =
1.4TeV, such a collider can be built in which a 70 GeV electron {positron)
beam in the LHC tunnel is in collision with one of the LHC hadron beams
and which operates simultaneously with the LHC. The LHeC makes pos-
aible deep-inclastic lepton-hadron (ep, 200 and £A) scattering for momen-
tum transfers €% boyond 10°GeV? and for Bjorken = down to the 1075
New sensitivity to the existence of new states of matter, primarily in the
lepton-guark seetor and in dense partonic systems, is achieved, The preci-
sion possible with an electron-hadron experiment brings in addition crusial
accuracy in the determination of hadron structure, as deseribed in Quan-
tu Chromodynamics, and of parton dynamies at the 1oV encrgy scale,
The LHeC thus somplements the proton-proten and lon programmes, adds
substantial new discovery potemtial o them, and is important for a full
understanding of physics in the LHC energy range.

“Contributed to the Open Symposium on European Strategy for Particle
Physics Research, LAL Orsay, France, January 30" to February 1%, 2006,
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Lepton—Proton Scattering Facilities b

LH@C K inematics
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Acceﬂera’tar Summary
CLIC-JLAD
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1O Ge\/ Eﬂectmms on 250 Ge\/ Fmtons

Lines of constant
electron energy
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Lines of constant
hadron energy (F)
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I orward Angﬁe D@t@ctor

Positron Hemisphere l. Abt, A. C&'dWG", X. LiU, J. Sutiak,
EM calorimeter end-wall at -360cm MPP-2004-90, hep-EX 0407053

Long inner dipole field

EM barrel calorimeter Central barrel Si-W,. M calorimeter

covering z=+70cm

EM catcher calorimeter
at z=-110em

Forwarci and rear M calorimeters

EM catcher calorimeter

at z=+110cm f:orward hadron calorimeter

Catcher Ring Barrel Catcher Ring
z=-110cm -70cm 70cm 110cm

|

Specialized to enhance acceptance of fofard HEEEE |

Proton Hemisphere
EM and hadron calorimeter
end-wall at +360cm

scattered electrons and hadronic final state H ‘ H H H HHHHHHHH H ”H - H

Rmin=40cm mﬂ
- Rmax=60cm
- Traci(mg down to 0.75<m<é6 NC2-1.3) NC13.13) n(132)

~ AP/Pr=2%
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~ Canrun with lower !uminositg
— 2840x40 cm? double sided, 5i~stril:> stations

e 20 micron resolution




CLECTRA

General purpose, 41 detector

— inside £3 m machine element free |F

— Barrel andrear EMC E 55~W ;
— f:orward EMC and HC Fb~5cir'_3m

or ( J-scint;
—- Tracking and barrel TMC inside

solenoidal magnetic field

- Tracking based on Siinner and
micro~Pattcm (’criplc CalE M outer)
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Genen’aﬂ Detector HF ﬂssues

]ntegration of accelerator c]emcnts and Sma” anglc forward detectors

(o

detcctor

— Tag Protons (remnants)

Kee e!i’las {:ree Zcro degree neutron detector
Qua rupoles as far awayas.. .~ | o T
Pos&bl:P l LLMn“SItJ) moni%mr !m

e |

ete o f__ ;

h forward tracking det
[ater with lﬁigh lumi
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(Conclusion

Urxpo]arised valence c]uark region has been well explored and
understood.

Frontier research in QCD demands a concerted experimental effort
directed towards the role of g]uons and sea c]uari(s.

5Pin Aependent data is essential to understand the fundamental

nature O{: matter.

A new, Polarised electron-ion collider canaddress these issues.in an

efficient, comPrehensive manner.
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(Conclusion

UHPolarisecl valence quark region ]’185 bCCﬂ WC” CXP!OFCd ancl UﬂC!CI’StOOd.

Frontier research in QCD demands a concerted exPerimental effort directed

towards the role of gluons and sea ciuarks.

5Pin cle]:)enclent data is essential to understand the fundamental nature of matter.

A new, Polarised electron-ion collider can address these issues in an efficient,

com]:)rehensive manner.
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