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Overview of the project

‘Now we are entering the post-TeV era, jumping not one but two
orders of magnitude to a lab equivalent of order 50 TeV at HERA.

If the LHC is successfully commissioned in the LEP tunnel in 1997,
then we may hope to see collisions between electrons from LEP

and protons from the LHC in the next millenium giving a lab equivalent
around 10 TeV (1 PeV). © F.Close Singapor 1990

LHeC : Large Hadron Electron Collider

world of energy and intensity provided by the LHC for lepton-nucleon scattering.

An existing 7 TeV LHC proton or heavy ion beam will collide with a new electron beam
simultaneously with proton-proton or heavy ion collisions taking place at the existing
LHC experiments.

~
The LHeC is a proposed colliding beam facility at CERN, which will exploit the new

J
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Physics possibilities at LHeC

Beyond Standard Model

e e

Leptoquarks
Contact Interactions
Excited Fermions
Higgs in MSSM
Heavy Leptons
4th generation quarks
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QCD and EW precision physics

Structure functions
Quark distributions from direct measurements
Strong coupling constant to high accuracy
Higgs in SM
Gluon distribution in extended x range to
unprecedented accuracy
Single top and anti-top production
Electroweak couplings
Heavy quark fragmentation functions

Heavy flavor production with high accuracy

Jets and QCD in photoproduction

Partonic structure of the photon
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New regime at low x
Saturation
Diffraction

Vector Mesons
Deeply Virtual Compoton
Scattering
Forward jets and parton
dynamics
DIS on nuclei
Generalized/unintegrated
parton distribution functions
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Machine design

Ring-Ring

Overall Layout and Bypasses
e-p/A experiment could be

at IP2 (shown) or IP8 ATLAS

To be done:

LA %= Detailed design of CMS and
R ATLAS bypasses and
integration into optics

Bypass design:
+shutdown time
+cost for tunnel

+match LHC and LeR
circumference ? Or
leave AC~ 1m?

Advantage: high peak luminosity, no
need to drill another tunnel.
Difficulty: building around existing
LHC.

Electron beam energy and lifetime
limited by synchrotron radiation

E ~ 60 GeV L ~3x10% ecm2s™!

Linac-Ring

Two LINAC Configurations [CERN-SLAC]

Arc Radius = 120 m 60 GeV
31 MV/m, pulsed
Q_—Qizl |P tWO passes

4 .
hl L

Length =15+ 412+ 0.3 (IR?) = 2.3 km

Arc Radius =700 m

60 GeV
30 or 70 GeV 13 MV/m CW ERL
Bypass 4 passes
IP 140 GeV
4 ’ 31 MV/m, pulsed
Length =39+ 0.3+ 0.3 (IR?)=4.5km 2 passes

Advantage: high energy, possibly
high electron polarization. Low
interference with existing LHC
infrastructure.
Difficulty: lower peak luminosity,
nNo previous experience

E~150GeV L ~3x10%2 cm %s™ !



LHeC Detector: version for low x

Muon chambers
(fwd,bwd,central)

Coil (r=3m 1=11.8m, 3.5T)
[Return Fe not drawn]

Central Detector

Pixels
Elliptic beam pipe

(fwd/bwd )
[Strip or/and Gas on Slimmed Si Pixels]
[0.6m radius for 0.03% * p: in 3.5T field]

El.magn. Calo (Pb,Scint. 30Xo)

Fwd Detectors

(down to 1°)
Silicon Tracker
[Pix/Strip/Strixel/Pad Silicon or/and Gas on Slimmed Si Pixels]

Calice (W/Si); dual ReadOut - EIm Calo
FwdHadrCalo:
Cu/Brass-Scintillator

Bwd Detectors

(down to 179°)

Silicon Tracker

[Pix/Strip/Strixel/Pad Silicon or/and Gas on Slimmed Si Pixels]
Cu/Brass-Scintillator,

Pb-Scintillator (SpacCal - hadr, elm) Dimensions defined by beam pipe (Nomex/Be sandwich?) — work in progress.




The Detector - Low Q2 Setup

[cm]

HaC-Barrel-fwd

Fwd Tracking

10° and 170° 177

40 and 176°

- 20

<40
HaC-insert-V5-fwd ’- HaC-insert-Y2-bwd | _ 60
—

<2

EmC-insert-Y%-fwd
~mC-Endcap-fwd

Fwd/Bwd asymmetry in energy deposited and thus in technology [W/Si vs Pb/Sc..]
28 Present dimensions: LxD =17x10m? [CMS 21 x 15m?2, ATLAS 25 x 45 m?]

Full angular coverage, acceptance down to | degree
Details of technologies under discussion

7



The Detector - High Q2 Setup

[cm]

HaC-Barrel-fwd

<40
60

(_112
EmC-insert-%-fwd

“mC-Endcap-fwd

Low Beta Magne’t
+ MagCal

<289

Beam focusing magnets (lower angular acceptance)
Calorimeter inserts slide inwards

Two phases of operation (?)



Beam scenarios for first physics studies

confiz. E(e) EN) N J.L(e’) [L(e) |Poll L/10% P/ANIW vears tvpe

A 20 7 p 1 1 - 1 10 1 SPL

‘ B 50 7 p 50 50 04 25 30 2 RRhin‘

C 50 L p 1 1 0.4 1 30 1 RRlox

D 100 7 D 5 10 09 25 40 2 LR

‘ E 150 74 P 3 6 09 18 40 2 LR ‘

F 50 35 D ] 1 - 05 301 eD
G 50 27 Pb 0.1 0.1 04 01 30 1 ePb
H 50 1 p -- 1 -- 25 30 1 lowEp

ep Studies based on a 20-150 GeV electron beam
and lumi of 1-10 fb! / year



eq’

@\
O I >
w .9 S "0
= Eou 58 ¢ &
S 5 & L5 26 =%
L v Y S e O - .V
= v L 952 X9 A
S c > Y >
N ES B DT =2 AQ)
| ...mJ M W ?h_w\ & ..mJ ) A ~
2 =2~ () T T
H N . ° O I T T T T T -
;78 8 %
B 0 % o (X0 :..:.”/,Ww 17
W/ﬁ c 0“0“00 o) S 0000“0“0“000%0“0“0"00, N %k = 2
e ] Be SO N :
8T Y ® ......::."““.“.“.“%www I
= |2 W e o =N e
B ey i i S
- | 2w Y 8 2 3 o&:o&é&t%ﬁ :
i 0o '&000000 L w = 000000000000000000000/“&'“ Ten
(B “““““”“““““““w“““““““"“"““. =
- T 8 &33&222 :
OO y
i XX - I
- R 55%5¢ 1's
: N 8 2 2 5 H
| NEEENS m
: : 318
. = > o ’
- 2 @ 5 T H6
- m : mw .urwmnu = € _m
- m B & Mc S o m .
-5 S @ 5 Q8 £ .
A WA L I
o)
- O = N TR TN T m
m % m % _H_ rm : W m _H_ e — 4_|. .IuO
L Lo - Q o =
N I _5_______ ¥ — = ~
s = = =

A2D /.0



nce
epta

ics / Acc

CS

ive Kinemati
lusive

ic Inc

Basic

-

>~

e Ipv
L w 9
S H1_ S
: _______//‘: = m
...“..///ﬁﬂwﬂ \ : - 2 L
<<<<<<<< :....,/,mwww, : 4+
e 00003/00/”'4““”// / o e
‘&o‘ S ?ﬂﬁ 7 @)
<<<<< .z......“.“..“.“..“.“.““.“.“".“.““.“.w.,%.,www.ww. e = L c
2 ..............................................ﬁwmm..w@ | G r= b
m ..“N““.““““.““““.“.““.“.““.“.““.".““““.““““.““““.““““.““““.".«“.%mw, Js i O o =
! ,oooo‘&&&o‘%‘%‘o&&&‘3&‘%‘.&&%1 =
,,..”“"“““w“““w“““w..““““““““““““““w“”w“”m““““w“% | s 9 L &
: \ .‘%‘o‘&&&&&f& o&.o.o.«««%&. -
i ,..N.“...............&.w....«.«%4«........... S c— p—
6.“.“&&”...«&44u&&&&“&.&e&“&. = +- -] Q Q)
3 N .4............................... : Q a ¢
& g 000000000000000000%00 Q.
. ,......................... i Q) -
| ,,.,..““w““““““"““““““«““““”“ 9 ~E 3
3 ,oo»&o“o“&&“&“o“& 1 v >~ »] O
i K i +— Q)
i W X 5 © S ¢ o= S
: . O 3 3 €
- m . W iR O < W X
- .e“a mmm “T e t=
L m“ﬁi S X € s =
i mlE Mm N M_H_ _ _________O - W u e O
mLm:m:w R - - g
m m m % - s 30 - O " S
L — R [T 40 — — °
L L L 50 — “
| rOm — e
ANO/ NO Pt
5 W ==
o s - IS
o ¥ o w D W
€ (] c i - Y
N - +— O |
Q. >~ o = o >
O
) £8 |3
= S -3 3
> O\ = S -
Q N N < I~
O 6N 5 S 0 <
= O d Q. m L1 i
X0 X 4= S5 x i T S
C / Ll -
2 e f W e § _ iy
L L =)
Q 5 O (@) O - SIN
A - — g
O a n L 2
T x T ® cm— C )
< Q -
) p— - 4=
v C o © T
O ¢ O
O o o
<< y

A°D / Nc
c

-4
10



l ow X and saturation

i 18R TER] ) L R R |
CTEQ 6.5 parton

3.5} distribution functions

Q% =10 GeV?

3_02_ gluons ]
250

Momentum Fraction Times Parton Density
N
o

0.0001 0001 001 0.1 1.0
Fraction of Overall Proton Momentum Carried by Parton

HERA established strong growth of the gluon
density towards small x
Unitarity must be preserved, but how it is
realized in microscopic terms?

Parton saturation: recombination of gluons at
sufficiently high densities leading to nonlinear
modification of the evolution equations.
Emergence of a dynamical scale: saturation
scale dependent on energy.

Y=In1x%

Saturation
INQ%(Y)=AY

Q2(x) = Q3

Dilute system

DGLAP

2 s
In A:m In 02

What we learned from HERA about saturation?

Linear DGLAP evolution works well at HERA.
Hints of saturation at low Q and low x: deterioration of the
global fit in that region.
Large diffractive component.

Success of the dipole models in the description of the data.
The models point at the low value of the saturation scale
LHeC would provide an access to a kinematic regime where the
saturation scale is perturbative



Strategy for making the target more black

LHeC would deliver a two-pronged approach:

In 1/x

Probing lower x in ep.
Evolution of a single
source

Q? (Gevz)

104_

- 0e=1 70° '|79o
10°¢

10°5
EQ2
10 el =

T o = =

107

HERA (6,=179°)

10-22 LAl vl

|
10 107 10%° 10° 10* 10'3x 102

[fixed Q]

DENSE
REGION

Q
(<)
eA |
DILUTE
REGION

More nucleons: eA
scattering. Many sources
overlapping in impact
parameter .

In A

Q? (GeV?)
100 20850 (o7 e,

Q (ZOBPb)

10 at,GBW

=179

10*® 107 10




Some models of low x F, with LHeC Data

With 1 b1 (1 year at 1033 cm2 s71), 1° detector:

stat. precision < 0.1%, syst, 1-3%
[Forshaw, Klein, PN, Soyez]

_— 5

G s 0 =26eV a’=5Gev* Ea'=1wGev' | Precise datainLHeC
_ 4F-Forshaw & Shaw; FSD4-Regge [ r'egion, x > ~10-6
2% 35F+Forshaw & ShaW; FSD4-sat =
o~ ?F<Forshaw & Shay; CGC — |
LL a.sgvSoyu,HF-irnprE ed CGC %— E‘ - Ex‘froapola‘fed HERA
,53 R = Ty dipole models ...
4 4 s 8 s .
E %5, e e, F ", - FS04, CGC models
05F ‘M.“:— “up | "5 . . .
: = .| including saturation

i @ =20GeV"  EQ'=50GeV «" 0" ©" guppregsed at low x &

A 3 X Q2relative to non-sat
£ = L FS04-Regge

T T

b ¢ E t .. new effects may not be easy
N3 L E "+,| to see and will certainly need
b v B ) low Q% (6 2 179°) region .

&
FA

10 10 105 ° T 107



FL Simulation .. Selected lowest x data
compared with 3 dipole

models including saturation ...
[Forshaw, Klein, PN, Soyez]

Vary proton beam energy
as recently done at HERA ?...

'direct’ gluon measurement ...~ '

o °F Q% =2 GeV? E Q= 5GeV’
- o.a;— + Forshaw & Shaw, FSO4-:t
E, (TeV)  Lumi (fb) i N S irraiiador A
7/ 1 woE : 5
4 0.8 ::jé:%sm 3 #*M
f C()) 55 | T _Q e
[0.45 0.01]
::EZ %4‘ 2: ii*
.. precision typically 5% "3 $5§§¢Q+ ] #‘#‘*
.. stats limited for 022 3
Q2 > 1000 GeV? S SO

10° 107 T 107 1070° 107 0™ 107 1072

.. could also vary E, ... "



Extrapolating HERA models of F, (Albacete)

NNPDF NLO DGLAP uncertainties explode @ low x and Q?
Formally, wide range of possibilities allowed, still fitting HERA

FQ(*T.*, QZ)

Q? =2GeV?

AL L L L L L

0 1 1

NNPDF 1.0
— IPSat-1

------ AAMS + charm

— IPSat-2

[ BK based

o~
g

[ ] DGLAP based

1x10°6

0.00001 0.0001

X

0.001

0.8

-FL (Iv (22)

0.6

0.4 =

-

0.2

0

Q> =2GeV?

—==-.. [ BKbased

NNPDF 1.0

— IPSat-1

BGBK-1

AAMS (ghw)
AAMS (mv)
AAMSW + charm
IPSat-2

[ ] DGLAP based

—— 4. -
——

1x1077

1x10® 000001

0.0001

0.001

Interestingly, rather small band of uncertainties for models based on saturation as
compared with the calculations based on the linear evolution. Possible cause: the
nonlinear evolution washes out any uncertainties due to the initial conditions, or too

constrained parametrization used within the similar framework.

approx. 2% error on the F2 pseudodata, and 8% on the FL pseudodata ,should
be able to distinguish between some of the scenarios.



Fz(x.(f)

Can saturation be finally established at ep
collider?

Simulated LHeC F, and F; data based on a dipole model
containing low x saturation (FSO4-sat)...

.. NNPDF (also HERA framework) DGLAP QCD fits cannot
accommodate saturation effects if F, and F| both fitted

F at the LHeC - Simulated data from FS04 saturation model F atthe LHeC - Simulated data from FS04 saturation model
~ LHeC simulated data »=—t— | =~ 14 b LHeCsimulated data ~—il— | :
5| NNPDF1.0+ LHeC data +——- NNPDF1.0 + LHeC -y [Rojo]
¥
= 1.2 2
) 4 JP=50GeV?| Fp+0.96 oL .
¥ 1 *—.-, LA
u A
4 + - o
o 4 & S ' |
¢ ¥ e = 08 & ‘-H
2 o " 1 * m ¥ 4 ' I *
v, ¢ U7
. =2 G2t o A H e *d ¥ < *
Y e o 3
Y+ &
0 - - - - - - PR - " - " - - - - PO PP - - PP PP - - PP
1e-06 1e-05 0.0001 0.001 0.01 1206 1805 0.0001 0.001
X X

Conclusion: clearly establishing hon-linear effects needs a

minimum of 2 observables ... [F,¢ may work in place of F, ).




. HERA+LHeC fit
s Oup lngs >: 05— 1 T T T 1 T T T3
0.6 (e 2 _  LHeC scenarios: 1
b .0 T T T I : : 0.4|-_ [- —-.
= CoXuy 2 1 B
°§ 0al Q=100 GeV 1 1.5» N 3
g | o 03 T D ZEUS -
£ |l [Gwenlan] - B E
g 0 0 0.2~ -
§ - 1 -05] L 3
& 02 Al 0.1 E
-0.4 s E E
i ; 0__ * SM =
0,6 2 £ ]
0.6 MT—TrI T 0.8 (T ——rrr—— gL TR T T A T T
- xS [ ' 0'6.2 0.4 0.6 0.
0.4 0.6 a
B ZEUS fit 04| u-type quark couplings u
2t 1 02]
0 _ 2 s ; [ | I L I LI I L I UL l-
_ | _027_ : -~  LHeC scenarios: 8
0.2 {1 0.5+ T e =
-0.4 | - -
-0.4 i - [ ¢ 7
i -().6»* - [_ D .
060 ol o vl B g gl il il il sl B ﬁ E B
10° 10 10 10?7 10! 10° 10" 10* 10?7 10! o —
X [ ]
Using ZEUS fitting code, HERA + ) :
: 0.5 .
LHeC data ... EW couplings free ] PO
_1—||11|1|:111||111||111_

Ee =100 GeV,L=10+5 fbl1 P=+/-09 4 05 0 05 1

d-type quark couplings ad



Diffraction

Proton stays intact and

. ! !
€ ~

2 2 M? diffractive mass
2 / Q M

t=(p— p/)z momentum transfer

P 7 |
\t / P An=Inl/zp Rapidity gap
QP+ Mt
SRS PR 77 momentum fraction of the Pomeron with respect to the hadron
QQ
p = Q2 + M2 — ¢ momentum fraction of the struck parton with respect to the Pomeron

r = zpf Bjorken x



Diffraction

® Enhanced sensitivity to semi-hard regime

® Explore relation with saturation at unprecedented low x
® Test factorization (or lack of it)

® (Gap survival issues

® Additional momentum transfer dependence allows access
to measure the impact parameter profile of the
Interaction region

LHeC has the potential to address these problems in
an extended kinematic regime

——




Diffraction at LHeC: new possibilities

Diffractive Kinematics at X,p=0.01

B s 2 =
N> L C Q“=2 GeV~ o Q°=10 GeV* r Q“=50 GeV*
= 1% [JLHeC E_ =20 GeV P g - - F
o = e 01~ - Foreshaw & Shaw, FS04-sat =
] f LILHeC E_ =50 GeV S - - Forshaw & Shaw, CGC | [
10 E_ I:I LHeC Ee - 150 GeV /// P o Marquet & Soyez, CGC | % E .
- N " - . r A
2| // ,/// C ? 29 o ? s, -
10 ¢ /{ o7 e ’ . . |
: N ; 7 - Q=2 Gev* - Q°=10 GeV* F Q°=50 GeV’
10 | NIKK = 38=0.1 - 3=0.1 - A=0.1
x g = :
1 ¢ - -
E CCS: Z ' a
10" C LR I s ' [ te,
0 - o e P— - :- P— P— N
104 . . i Q“=2 GeV* i Q°=10 GeV- ¥ Q°=50 GeV*
-6 -4 -3 2 1 - b -
10 10 10 10 10 10 1 — (=0.5 = [[=0.5 - j=0.5
B 01 :_ :. :-_
e Studies with | degree acceptance, E 4 o e 1] : .
008 — g 2 - - p:- v
n ¢ 3 - b . ¢
. . - - e i 2
[ ¥
e Diffractive-PDFs . N - =
. . . : Q=2 GeV? : Q?=10 GeV? : Q?=50 GeV?
. (tests) |
Factorization (tests) in much 52 < S i T e -
bigger range ;
S M 100GeV i é i
o 6s ' 8 o
- = - a
e Diffractive a%)sles : : . , ¢
:EP — . - . s
Wlth 0" = w~ 1" w0 0w~ 1w’ w0’ 10”
Xip

e X can include W,Z,b Forshaw, Marquet, Newman



Diffraction and saturation

Dipole model at high energy: photon fluctuates into qgbar pair and undergoes
an interaction with the target

or,1(z, /d2 / dzZ|\IJTer )|? 6(x,r).

: 17 . overlap function in the dipole model
! ! typical dipole sizes involved in the process
Z
S |
<
3 L
S 7 Inc
P P —
2 L
1 o MM N
0 = L
10.5 1 1.5 r [2R,]




Diffraction and saturation

Dipole model at high energy: photon fluctuates into qgbar pair and undergoes
an interaction with the target

or,1(z, /d2 / dzZ|\IJTer )|? 6(x,r).

. -z . overlap function in the dipole model
! ! typical dipole sizes involved in the process
<
Inclusive: dominated by =
o |
relatively hard component gl
S 7 Inc
P P f
2 L
1 o MM N
N e
10.5 1 1.5 r [2R,]




Diffraction and saturation

Dipole model at high energy: photon fluctuates into qgbar pair and undergoes
an interaction with the target

or (% /d2 /dzZ|\IJTer )% 6(z,r).

17 . overlap function in the dipole model
typical dipole sizes involved in the process

Inclusive: dominated by
relatively hard component

do/dr
W

Inc

-------
_____
e
.
.

Diffractive: dominated by the
semi-hard momenta

r [2R,]



Diffraction and saturation

Dipole model at high energy: photon fluctuates into qgbar pair and undergoes
an interaction with the target

or.1(x /dQ/dzmeTer,Q )|? 6(z,T).

. 17 . overlap function in the dipole model
! ! typical dipole sizes involved in the process
<
Inclusive: dominated by 5
relatively hard component gl !
S 2 ,mUnc
p p ,
2 L
1 N
Diffractive: dominated by the | LTS
semi-hard momenta | - R
0 .....

705 1 15

r [2R,]

Diffraction is a collective phenomenon.
Explore relation with saturation.




Exclusive diffraction

®  Exclusive diffractive production of VM is an excellent
process for extracting the dipole amplitude

e Suitable process for estimating the ‘blackness’ of the
interaction.

® t-dependence provides an information about the impact
parameter profile of the amplitude.

—

08

- T d /
Q? = 0.45 GeW? A4 |
e 2 172
“T Q" = 3.5 GeY /” <———— Central black
_MQ? =7.0GeV? region growing
ol ] (figure | with decrease of x.
| from C. Weiss.) /
02 ;
T R v R T T VR TR T
b (fm)
1 L 52 probability that a dipole passing the proton will induce

an inelastic reaction at the given impact parameter



Exclusive diffraction in dipole model

* b-Sat dipole model (Golec- V(@)
Biernat, Wuesthoff, Bartels, Motyka, (W) g
Kowalski, Watt) e Y,
e eikonalised: with saturation .
e |-Pomeron: no saturation (®)

oeSioni -
[Watt] R J/\l, +p Slgnlflcant effects even for the t
512007 1 ALY M integrated observable.
= - . LHeC cen!ral values !rom -
~— - H1 extrq)olatlng HERA data =
o 1000 X ﬁ:’g Sirmult! a(yp) = (296 nbxw,cgevf{i‘.--"—_
* imuiation : e 7] . . .
- | b_Sat (eikonalived) - *Different VW behavior depending
800 |[------ b-Sat(i-Pomeron) | .- . . whether saturation is included
- ‘ e TR .
- it L z - or not.
e00- - T L ! _
400~ . _,OOGeEv““’ Gt e  Simulated data are from
200 Al mee A extrapolated fit to HERA data
— ' Vertical (ddﬂed) lines mdi:ate vall&d of m
F ' W, -\E—'\[m E, at the LHeCwnhE =7Tev.

PR TR T T N T N
% 500 1000 1500 2000 2500
[2 years in low x configuration] W (GeV)



do/dt (yp — JAy p) / nb GeV'™

Exclusive diffraction in dipole model

differential cross section in bins of t

-® LHeC Simulation _ __,ecewssn® 1=-003 GeY?
10 evtissee 2t it0as 1=ONGY
: et a0t s02 00 penee ZONCY
- o:.:.':..'...0000"... T .
::::::::'...:::0000000" t=-049 GeV
102:—::'.."'.. S 1=-0.73 GV
50.0. .-0000""
:..... ..0.0..... t=-103 GeV"
lO :_. .......
E.... .000.0.00"' t=-135 GeV?
L g o sbd =LTSCV
E. ‘.‘¢’¢’¢¢
_ .Q...
- o "
-1 e
10 E*
E. = 50 GeV, 1° acceptance, L=2 fb!
10-2 P Y Y Y N N N N NN NN WO WO NN WO WO WO NN WO WO SN N SN SN SN NN
200 400 600 800 1000 1200 1400

W/ GeV

ephotoproduction cross section
double differential in W and t

e small x of the gluon probed

*precise t-dependence can help
us map the impact parameter
profile

epossible also in DIS for several
Q bins and other states like
Upsilon and for DVCS process.
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Physics with heavy flavors
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[LHeC is a flavor factory!]
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Flavor decomposition
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Systematic error
dominates (so far 3%)

Precise measurement
near threshold and
up to 10° Ge\?

F, will become precision
testing ground for QCD
and proton structure
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* High precision ¢,b measurements

* Possible s (and sbar) from charged current
* b is a small x observable
* Also possible



electron-ion collisions

Gluons from saturated nuclei = Glasma? > Q6P - Reconfinement
r; 106 = nuclear DIS - FE.A(X,Q"} , .
8 : Froposed ladiilies: [d EhTer'r‘lC(]
*Measurement of eA essential for understanding < 10°z 1"
the initial stage in the heavy ion collisions. ==
1 = NMC
= [EEEE] ere
. . . . ! 3¢ p
N So far limited kinematical range known e e o e
PR EMC ~ (T0GeV-25TeV)
* Gluon in nucleus is not very well constrained 102 | A
u O] (A, b=0jin) 4 : P
| HeC can extend the range in x by 4 orders of "= : oo =
magnitude as compared with existing data, and T - =8
by 2 orders of magnitude as compared with e S
planned eRHIC machine 107= A
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Extrapolation of nuclear parton densities
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R, = Nuclear PDF i / (A * proton PDF i)

Current status: nuclear parton distribution functions are poorly
known at small x. Especially gluon density, below x=0.01 can be
anything between 0 and |....
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Impact of LHeC on nuclear parton
distributions

* Very large constraint
on the low x gluons
and sea quarks.

* large x region
remains unconstrained

*Work in progress: full
flavor decomposition
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Schedule and remarks

Proposal to start operation by 2020/2022 (new phase of LHC)

° This is possible. HERA: proposal 1984-operation 1992. LEP: proposal 1983 - operation 1989.

Major technologies for the detector and accelerator do exist. This
machine can be built.

Cost is modest in terms of major HEP experiments (part of the machine,
LHC is already there)

Next steps:
e CDRfall 2010/early 201 |
® Evaluation by CERN, ECFA

® [f successful, set up professional structure to complete the TDR by
2013/2014

In an optimistic long term perspective a super-LHC’ beam of 16 TeV
could be collided with a 140 GeV electron beam to give a CMS energy of
3 TeV and reaching downto x ~ 1077



Summary

LHeC offers an access to a new world of luminosity and energy in
lepton-hadron interactions.

ep complementing next generation of ee and pp colliders.

Already lots of interest among experimental and theoretical
colleagues. Many tests and simulated data are available. Technical
design under discussion.

Still need a lot of work for the preparation of the CDR.
Next major workshop, Divonne, October 2010.

|deas/suggestions and involvement are welcome!

http:/ /cern.ch /lhec
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Summary

® | HeC offers an access to a new world of luminosity and energy in
lepton-hadron interactions.

® ep complementing next generation of ee and pp colliders.

® Already lots of interest among experimental and theoretical
colleagues. Many tests and simulated data are available. Technical
design under discussion.

® Still need a lot of work for the preparation of the CDR.
® Next major workshop, Divonne, October 2010.

® |deas/suggestions and involvement are welcome!

It would be a waste not to exploit the 7 TeV beams for
eP and eA physics at some stage during the LHC time

http:/ /cern.ch /lhec

G. Altarelli
Divonne 08
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