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Overview
Phgsics
Possible Accelerators

Possible Detectors
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Site Highlights

New features
WSJ.com is
introducing new
search features as
well as indexes to give
readers quick access
to businesses and
people prominently
mentioned in the daily
Journal.

B
o
Scientists Try to Put

Right Spin on Quarks
To Understand Matter

May 19, 2006; Page B1

Talk about accounting problems. In a quest
that has its roots 2,400 years ago in
Democritus' search for the smallest bit of
matter, physicists thought they were doing
pretty well when, in the 1960s, they
discovered that the protons in atomic nuclei
are each made of three even-smaller
subatomic particles, which were given the
whimsical name quarks.

But it quickly became clear that the numbers
"don't add up," says physicist Douglas Beck of
the University of Illinois, Urbana-Champaign.
The total mass of the three quarks, for
mnstance, 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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'TJOURNAL.  Wall Street Journal -19/5/06

nline.wsj.com/article email/SB114798871342257010-
IMyQiAxMDE2NDE30Tkx0Dk4Wi.html

Mass of nucleon
e 15% attributed to valence quarks
Nucleon spin
e 20-30 %
Nucleon magnetic moment
~Li00
Sea cluarks y:
Gluons ?
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Still more to understand

PQCD onlg valid at |arge momentum transfer

— asgmptotic freedom

Extension to normal matter difficult

— confinementebscures colour force
— |attice QCD2

Need to |<now more:
e spin distribuitions
— flavour distributions

— distributions innucléi
— further tests of QCD
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Electron-lon Collider ConccPt

Polarized electrons

}—y%<—<

/

)

Polarized Positrons

!
‘f Polarized protons

. Heavy ions (Au)

Polarized ligl'vt jons
| ‘f D, *He

Effective neutron

Range O{: centre O{: momentum energies

26/5/2006 - D.K. Hasell 6

Electron - lon Collider



Existing Kinematic Range - Mostly Unpolariscd

NA
> B m
8 10° e
a m I ii DF/DO0 Inclusive jets n<0.7 /
& 4 5 iR o /
sz () 'ﬁ 700 Inclusive Jeis T1<3 Y

9 yﬁmed Target Expenments
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Polarized Electron - lon Collider
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Luminositg versus Q?
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Wl’lg Lel:)ton - lon Collider
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Unpolarizecl DIS at EIC
a0 = i [(1+1-9)°) Fa(2,Q%) —y°Fi(2,Q")]

d?o 2T’

F2(I’Q2) E 265 (:L'Q(Ia Qz) +ZL‘(7(:C, QZ)) 0.75

0

q 0.5
0.25
Measurements will add to 18 data set ol
: ’ , = 0.75
Long:tuclmal structure function = 0.5
FL, = Fz _— 2CBF1 0.25
Can be determined from scaling violations s
Y B8 aga:G(a:, QJ) 0.5
0.25
Negative gluon distributions at low Q2 0
0,75 |
Possible direct measurement at EIC b 0.5
vargmg centre of momentum energy 0.25

0

26/5/2006 - D.K. Hasell 11

Q=03 GeV’ Q=04 GeV? Q'=0.5 GeV’
Q'=0,585 GeV’ Q=065 GeV? Q=08 GeV’
Q=15 GeV? Q=27 GeV? Q'=35 GeV?
2 sanrd 2 s axrd -5 -3 -1
Q=45 Gel Q=65 GeV 10 10 10 1
ZEUSNLOQOD Fit
(Prel) 2001
.5 3 -1 .5 .3 -1
10 10 10 110 10 10 1

X
Electron - lon Collider



5|:>in Structure of Nucleons

Fi(e) = 3 3 € (4(@) + a(a)

- @+ @-

01(2) = ; 3 € (Ag(a) * Ag(z)

Aq(x)z G—» ~ Q—»

Analogous to unpolarisecl DIS
QCD Preclid:s evolution

Able to extract Polarisccl Parton
densities including gluon
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Parton SPin Distributions

Hirai, Kumano, Saito Valence distributions q~§
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Weak constraints from scaling violation
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Awvailable data limited in range, Q
Particularlg g"

ALEIC = p, d, ’He
After Just ~2 weeks at 10%? cm2s-

eRHIC 1 inv.fb
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SPm Structure Function gP at Low x

~2 weeks
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4 - o I Q2 20 Ce\fz
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Nucleon 5|:>m Puzzle

1

Nucleon spin ita —AZ +AG+Ly+ L,

Quark contribution

1
AS =/ dz(Au + SRR + A+ As - K7)
0
AS ~0.2 Gluon contribution
Hirai, Kumano, Saito AG = / dzAg(z)

0.3
| — AACO03
0n| " GRSV
s Currentl
urren
= L8S  xAX(x J
0.1- &) 1.0 £1.0(stat) £ 0.4 (sys) + 1.4 (th)
O:Jlliilu'ﬂﬂ}:!iiz_.g Many experiments undcrwag on AG
. 1; COMPASS, STAR
“0001 001 01 1
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AG at EIC

Determination from scaling violations of g (x,Q2)
— EIC will extend range in'x and Q2
— imProve existing measurement factor of 3 in 1 week

’ ’ e
Direct measure via Photon~g|uon fusion —e'——f/
N —H Jet

- dijets, high P hadrons =
——

— 5uccess{;u“3 usedat HERA ; g

— NLO caléiilations'exist ——{ :1—5—

— Constrains shaPe in mid X region
A.De Roeck,A.Deshpande, V. Hughes, J. Lichtenstadt, G. Radel

) 08 ) 08 [
§ 07 § 07 F
X 06 F X 06 E
05 -
0.4F
03 F

1 b in 2 week at EIC

0.5 -
0.4 F
03 F
0.2 F
0.1 F
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-~ GS-C
_0-2 1111 1 L1 11111 g

Scaling violation data Plus
I-jet analgsis will Hielcl
tofal uncertaintg 5-10%
after1 year

02 F
0.1
ok
0.1 F GS-A

- GS-C
_0.2 Illl- 1 |
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DVCS - Vector Meson Production

Hard exclusive process
Photon or vector meson out

Possible access to skewed or off-
forward PDF’s

Access to cluark orbital angular
momentum

Theoretical debate continues

[ adz (H(z,t,6) + E(@t.9] = 20, = = + 2L,
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Paritg Violating Structure Function 25

Use asgmmetrg ]:)etween electrons
and Positrons in CC reactions
J. Contreras, A. De Roeck

‘____\_’_c;_/i.e.-a | e—RHIC A(W') o e—RHIC gs(W)
» oy . s |
e +/" ‘.\W +/ ! ++ : +H
d i
/d 4 ! —
: ——
—
-
AW 2bg, +ags + =
akFy — bF;
AW"_ = 2bgl + ags N
aFl s bFi """""""" -o,elo ;(-_s) """"""""""" mlgm) —
Extract 2

Unique measurement at EIC
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Polarised Electron - lon Collider ProPosals

Not all machines will be discussed here.

will l:)rieﬂg describe:
— eRHIE = BNL fing-ring oPtion
— eRHIC = BNL Iinac-ring oPtion
- ELIC-JLADB
— LHe@C~-CERN
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eRHIC

C-A/AP/142
March 2004

Detailed clcsign rePort on
accelerators and interaction
regjon for both

~ Ring-ring
eRHIC 3 1 Linac~ring

Zero'™-Order Design Report

Joint effort b%BNL, MIT-
oS g ey sz v e e || Byates, Novosibirsk, and DESY

H. Hahn, J. Kewisch, V. Litvinenko, W.W. MacKay, C. Montag,
S. Ozaki, B. Parker, S. Pegags, T. Roser, A. Ruggiero,
B. Surrow, S. Tepikian, D. Trbojevic,

V. Yakimenko, S.Y. Zhang

MIT-Bates

W. Franklin, W. Graves, R. Milner, C. Tschalaer, J. van der Laan, WwwagsrhlchomebnlgOV/eRHIC/eRHIC_ZDRhtm

D. Wang, F. Wang, A. Zolfaghar and T. Zwart

BINP
AV. Otboev, Yu.M. Shatunov

DESY
D.P. Barber

Editors: M. Farkhondeh (MIT-Bates) and V. Ptitsyn (BNL)
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eRHIC - Ring—-Ring Design

recirculating linac injector Linac injects into elcctr on
storage ring at full energy
— 2-10 GeV
- O5A

5-10 GeV static electron ring

Y

P RHIC can runin Para”cl

. Polarized electrons and
/\ Positrons

e-cooling

Similar to PEP Il

= Same comPonents ?
Single interaction Point

Luminositg limited bg beam-beam tune shifts Requires sPin rotators
High |uminositg rcquires cooling
and 15 m IP to nearest magnet

increase of 120 = 360 bunches
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eRHIC - Linac—-Ring Design

IP12 - SuPerconcluctin% energy recovery
main linac feeds direct Yy into IP

&L ptional

Possible multiplc IP’s

Place for
doubling
energy linac 1P4-

ERL (5-10GeV ¢) optional

Rapid reversal of Polarisation

g > g% No depolarizing energy regjons
XXXXXXXXXXXXXXXXXXXXXXXXXX XXX ' &(QQ P g % g’

a5 S

s¥* Q)\eﬂ »’
&5° o A 4
¥ o Spin rotators not neede
EBIS A
& BOOSTER (“00% o™

+5 m IP to nearest magnet

No Positrons

Luminositg not limited bg beam-beam interaction
But need high intensity ion source

kW IR laser ERL-FEL (significant R&D)
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ELIC

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

Electron Cooling

30-150 GeV light ions
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Electron Cooling

|l Snake

3-7 GeV electrons 30-150 GeV light ions

CEBAF with EnergyRecovery

C [

Based on cxisting CEBRAF but with 5 GeV upgraclc

- Replacc 5icell crgomodules with Ny cell crgomodules
—/Usel accelerating and 1 decclerating pass to get ECM=ZO~65 GeV

New ﬁgurc 8 electron riNg, new |ight ion linac, booster, and storage ring

— New rings ease rccluirements for high intensitg ion source and ERL from that of
eRHIC inac~ring but signiﬁcant R&D.still necessary

Possible to run 25 GeV fixed target exPcriments simultaneously
Luminosity up to 10%% cm2s- with crab c:rossing
4 Possiblc interaction Poin’cs
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L HeC

s =70 GeV electron / Positron r ng
on toP of LHC ring

Deep Inelastic Electron-Nucleon Scattering
at the LHC*

Assumes nominal LHC

J. B. Dainton!, M. Klein?, P. Newman®, E. Perez*, F. Willeke?
Paramcters

Cockeroft Institute of Aceelerator Science and Technology,
Daresbury International Science Park, UK
? DESY, Hamburg and Zeuthen, Germany
¥ School of Physics and Astronomy, University of Birmingham, UK
' CE Saclay, DSM/DAPNIA/Spp, Gif-sur-Yvette, France

Posible multiplc IP’s

Abstract

The physies, and a design, of a Large Hadron Electron Collider (LHeC)
are sketehed. With high lumincsity, 10%em #s 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 74" mA C Cctron Cu rrcnt
and which operates simultanecusly with the LHC. The LHeC makes pos-
sible deep-inelastic lepton-hadron (ep, e and eA) scattering for momen-
tum transfers @ bevond 10°GeV? and for Bjorken z down to the 10
New sensitivity to the existence of new states of matter, primarily in the

lepton-guark sector and in dense partonic systems, is achieved. The preci-
sion possible with an electron-hadron experiment brings in addition crucial

’
accuracy in the determination of hadron structure, as described in Quan- 25 ns bu nCI"’ SPaCl ng

arXiv:hep-ex/0603016 vl 8 Mar 2006

tum Chromodynamics, and of parton dynamics at the TeV energy scale.
The LHeC thus complements the proton-proten and ion programmes, adds

substantial new discovery potential to them, and is important for a full
understanding of physics in the LHC energy range.

10% cm 25~ luminosit
“Contributed to the Open Symposium on European Strategy for Particle 3
Physics Research, LAL Orsay, France, January 30" to February 1, 2006.
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| HeC Kinematics

Lepton—Proton Scattering Facilities

<200 ey
- a LHeC—Ph 20 o ]
1 x =) 4
o 8 Jiab 6 + 12 \u’:w : ]
'E 10% 11 X ~=-unitarity limit 7]
O | 1
8O 1 0 7 SLAC 1oq b _:
— ]
> ]
% 10° o :
o]
.E eRHIC ]
g 10 > G 0 105 107 1070 102 10,
3
104
3 ! BNL LHeC
10 -
2
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N-MC HEHRA THERA
10 I [ |
QCDexplorer
1 2
1 10
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| LHeC

HERA Experiments:

[ ZEUS

0 "1

Fixed Target Experiments:

L L nme

[ BCDMS

[ E665
| SLAC
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Accelerator Summar3

eRHIC-BNL
~ 2-10 GV electr
~ 25-250/GeV Prj
— E:20-100
— Protc‘j'” . ‘

— Two

L Luminosity: 10%* cm2s
= Multiple IP’s Possible, 5m
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=37 GeV electrons
= 50:150 GeV protons

| kel |

1 \
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10 GeV Electrons on 250 GeV Protons

Lines of constant
electron energy

(E.)

Lines of constant
hadron energy (F)
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Forward Angle Detector

Positron Hemisphere I. Abt, A. Caldwell, X. Liu, J. Sutiak,
EM calorimeter end-wall at -360cm MPP-2004-90, hep-ex 0407053

Long inner dipole field

EM barrel calorimeter Ccntral barrel 5i-W, EM Calorimctcr

covering z=+70cm

EM catcher calorimeter
at z=-110cm

Forward and rear EM calorimeters

EM catcher calorimeter
at z=+110cm

Forward hadron calorimeter

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

Specialized to enhance accePtance of forward mﬂ] ﬂm
scattered electrons and hadronic final state H ‘ H‘HH H
T

Proton Hemisphere i _
EM and hadron calorimeter « 4 "
end-wall at +360cm "

— Can run with lower luminositg :
—  2840x40 cm? double sided, Si-strip stations H H\HH H
« 20 micron resolution Rmin=40cm ﬂm
Rmax=60cm
N(-2.-1.3) NG-1.3,1.3) n(1.3.2)

~ Tracking downto 0.75<m <46
26/5/2006 - D.K. Hasell 30 Electron - lon Collider
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ELECTRA

General purpose, 45 detector |
— inside 5 m machine element free | ‘ A
) —> S -—
— Barrel andirear EMC = Si-W =) S =
- Forwgrd EMC and HC Pb~sc1nt_'3m S +3m
U-~-scint. Y
— Trackifig @hd barrel EMC inside L _ L)
A

solenoidal magnetic field

— Tracking based-6n.Siinner and ~ 4.5m
micro~Pa’ctern (triple GEM outer)
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Gcnera| Detector IP Issues

lntjgration of accelerator elements
an clctcctor

— KeeP IPlasfree as Possible
- Quaclrul:)oles as far away as

Possible
. lmPact on |uminosity

— Combine separation cliPole with
detectorsolenoidal field

Sgnchrotron radiation
= ExPerience from HERA ngracJe
— Maftradiation pass tl'\rough, shield

bac scatter
— Maintain high vacuum

26/5/2006 - D.K. Hasell

Small anglc forward detectors
— Tag Protons (remnants)
— Zero clegree neutron detector

Luminosity monitors
— Zero clegree Photon cletector

Po|arimctr3

DAQ / Trigger
E TgPica"g 25 ns bunch crossing

it onlg 11P

— Staging different detectors
o Startwith forward tracking det
o Electra later with high fumi

Electron - lon Collider



Conclusion

Unpolarisecl valence cluar|< region has been well explored and
understoocl.

Frontier research in QCD demands a concerted exPerimental
effort directed towards the role of gluons and sea cluarks.

SPin clePendent data is essential to understand the fundamental
nature of matter.

A new, polarised electron-ion collider can address these issues in
an erhicient, comprehensive manner.
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Conclusion

Unpolarisecl valence cluark regjon has been well explored and understood.

Frontier research in QCD demands a concerted exPerimental eHort directed
towards the role of gluons and sea c]uarks.

SPin dePendent data is essential to understand the fundamental nature of
matter.

A new, Polarisecl electron-ion collider can address these issues in an efficient,
comprehensive manner.
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