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* how are leptons and quarks related ?

THE UNCONFINED QUARKS AND GLUONS

Standard Model F=0 Leptoquark F=2 Leptoquark

Abdus Salam

International Centre for Theoretical Physics,

Trieste, Italy snd Imperical College, ILondon, e g—imeg
England or

1., Introduction eTq—=e"q

Leptons and hadrons share equally three

of the basic forces of nature: electromagnetic,

weak and gravitational. The only force which E_‘l_"m =
is supposed to distinguish between them is eq—=eq

strong. Could it be that leptons share with had-

rons this torce also, and that thsre ia just one

ICHEP76 Tblisi
° put them together at the highest energy

in the finest detail

form of matter, not two?
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Most o/ the mass o/ mﬁ}(wy malter s concentraled i protons ad
neatrons, [t arises from ... /z-z _/ .. profoud] ad beantiful] source,

Namerizal simalation of CO shows that if we buitt protons and reatrons i
an inaginary world with no ﬁf/y& mechanisn - /m{y out 00‘ 7«0&' and
Jluons with zero mass - their masses would 1ot be very different from what
they actually are. [heir mass arises from pare energy, assooiated with the
dypnamics of confirement ix GO0, according Vo the relutin w = L/&%, This profound
account af the o af MASS 18 @ orown /&w/ ir our Th éewy of Matter,
Frank Witeek CERN Detober 11, 2000

° probe hadronic matter at highest parton density
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- found on a Guardian newsaper
web page

- found on
Frank Wilcek's
blackboard
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220.7:LHeC = - @ _, size of gluons
-F>16GeV?
216e ° Xpj = phase space for gluons

-XBj 2 5)(10'7
Number of gluons per unit area/

eD % rG, (z, Q%)
o mR2

Recombination cross-section:

Qzé y

"gg—g 0?2

pand A

Recombination happens if po,, ., = 1, 1.e. Q? < Q2, with

02 @@

low x large nuclei
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2.LHeC physics

- some snapshots
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leptoquark systems - new physics + SM
LHC LHeC

Standard Model F=0 Leptoguark F=2 Leptoquark

S Ty - | 50 ,.r”‘i"?‘. -2
g»&_@_{»"_l{i—@ gyg}hﬁ'“ﬂ \
N P ) + resg ance
g5 ¥ ~G q - TE&

bad

SM (hadronic) + signal ~ SM (electroweak) + signal
Lg & Lglg production Lg formation
o~ fewx0.1fb (A=0.1) ¢~ 100 fb (A=0.1)
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» leptoquark systems - new physics +SM
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Lepton+quark @ TeV
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LHC Lg pairs+decay LHeC Lg forma’rion+decay
ep

pp e+ e ey
. e+ F=0
fer.mlon q>mm“z< q or (T’) }LLQ o F:Z
humber : e- g q
q LQ < qorqg?
- i defined formation (g )
: > > Lgl LR
Spin " duf’r' I 759 S precision BRs (NC CC)
| ro 10 e
p(;:";y fnechanism > inclusive coherence é: o

chirality disentangle mass Unique PWA ,/q
spectrum ? SM + signal + interference
experim! jet+lepton+p; balance

jets + leptons

signature jet +pr imbalance
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LHC Lg +decay

fermion W@

L]

g 10
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\y
l

- =

number

q =

spin 997 Lg/
par-ify PrOdUCTion
and mechanism ?

chirality disentangle mass
spectrum ?

experim!

signa‘rureJe’r *+ leptons

Lepton+quark @ TeV
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LHeC Lg formation+decay
ep

e RY

e e+ F=0
s e- F=2
q
defined formation (&)
— precision BRs (NC CC)
inclusive coher'encee eé: o
unique PWA

<

SM + signal + interference

jet+lepton+pr balance
jet +pr imbalance
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° precision — QCD at highest energy

» short distance
structure of SM+

- 2007 - @ 1073 ppm
- 2007 & @ 10 ppm
- 2007 6 @ 0.1%

- 2007 ag @ 1-2%

- LHeC + detector 24 4 S

1
/& fine structure

25

h precision — extrapolation — discovery
probe new chromodynamic physics - beyond SM ?
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“ep—eX °pp — (jet+jet) X

probe-parton .

et Je

—©Q %‘\
YZ\W 99

—e0— —e—9—

* LHeC energy scale: ° pp energy scale:
70®7000 GeV 7000®7000 GeV

probe+p at LHeC scale

probe = e* Xorobe/p = 0.01
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» low-xrise of £,
- HERA precision @ x> 10-4 @ QQ 10 GeV?

THE COCKCROEFT INSTITUTE

@ HERA

<7 LIVERPOOL

E ” 0 7
L6\ , N
T e < 06F ¢ 4?;# H1 96-97
B ZEUS 96/97 > AL \\ ‘\~ 10 Ge soLs __
M : ™3 i L BGeVE ==QCD fit (H1)
- H1 96/97 i i . 3
1.2 NMC,BCDMS, E665 L 0.5 _Q2 =3 G\e\fa\ '
: E— CTEQSD : 5
1—_ - MRST99 :
i 0.4 C
0.8- :
[ 0.3 -
0.6 I
i : <
0.4- 0.2 - =
0.2 0.1 13
i Q
0-4.3.2|1 i | . T
- - - - o
10 10 10 10 X o 103 o2

» relentless rise of X
quark (£;) and
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» low-xrise of £,
- LHeC: precision @ x> 10-4 @ (P=250 GeV?

w F,x,Q=10GeV?)  stat 0.1%
10 - SYS 2-30/0

H E R A Increase W

»
»
v

o)
L
——CGC
—— FS2004 - 1
——FSno satur(:lt@ry:b_l)
= elLHC o
: (Jeff Forshaw) !"H?C"
3 T I nalls

10° 10° 10 10° 10

saturation
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o ep saturation QP <5 GeV?
eA saturation (P < 20 GeV?
()

Ll .I"{ h 4 e '!'-.,._,'F:,.: J

: W Al
v = .T.I.Ffz!l w3
c(]ﬁzoo _|||| LB L DL L L L IR L B L L B _/ﬁzoo T T SR I L B L
& 2 o ] LHeC—Pb 2 ]
% Q*=5 GeV 1X I Q°=20 GeV
(W
<150 | —-unitarity limit ] %150 - —-unitarity limit Decrease X

100 100 _

50 20

O FETT IR RN ATT] NN SR RUAT] MU N ARTT N SRR THT) R NT1T| S AR ATIT] MR

X

b » LHeC "nails"” saturation
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fundamental to origin of mass in Universe (Wilczek)
- from nucleon valence to QCD-field dominated (x )
- increasing number of valence partons (A4 1)
very limited, but tantalising, old data

- F<lGeVe x>0.01

17
1 ® EMC /
_i ® NMC /<
1'1_- E139 e |

Fermi motion

* E665  se ] | ':

1 Fe¥e i =
SSCA G
{].8-3 / Z _t/ \T/ Binding,

| shadowing T

0.7 y o i T T — T s T — . !

0.001 0.01 0.1 | 1
sea quark ° X valence quark

B B

N modification
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s low-xreach at LHeC

pr'ecision @ x> 10-4
@ @P= 250 GeV? (x=pxp &

X (M,)

(Xppy
éo\
P -~ P
(t)
» low x physics of PP

IP inIP: triple IR

QCD — reggeon calculus ?

z ¥(z,@)

0.2 %

0.1

1. dynamics in pand A

X,p = 0.01
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HERA

® H1 Data
== H1 2006 DPDF Fit A
(extrapol. fit)

x=5E-05
B 0.005 (I=11)

0.1 e

0.25 -

A

of
05"
[ 20
0.25
050 N\
800

02 04 06 08

H1 2006 DPDF Fit A

~ | (exp. errar)

02 04 06 0.8
Z 4

—— H1 2006 DPDF Fit B
(exp.+theor. error)

(exp.+theor. error)
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» low-x TP physics at LHeC

F,”(x,,8,Q%)

0.07—5
0.06 . = elLHC
0 CGC
- —— FS2004
0.05 E
0.04 ; x,=0.003
: Q’=10 GeV*
> ] ' b=6.8GeV”
o 0.03—:
0.02 N
! AL ! AL ! ! LR | ! L
1E-4 1E-3 0.01 0.1 1

o LHeC diffraction “nails” saturation
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» IP physics at LHeC
0* “vacuum” physics

X (My)

Events per pl::'1

—
o

—
o

10 2L

10 |

1. dynamics in pand A

THE COCKCROEFT INSTITUTE
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4

L2 ]
T T T 111

* LHeC
« HERA

ILC e'e

1- “vacuum”
physics

50

100

150

ESII] 300
M, / GeV

200

=g iphsicd @LMUBELV: leptopomerons ?
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» "standard” LHC protons ... with electrons?
LHC at CERN-=  #E~ 8= Se

e

Proton Beam Energy TeV T
Circumference m | 26655 853
Number of Protons per bunch 10t 1.67 Np
Normalized transverse emittance | pm 3.75 EpN
Bunch length CIm 7.55

Bunch spacing ns 25
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LHC PROJECT boint : -. — UNDERGROUND WORKS

i ‘i;\ £ _ Point 6

ST-CE b

18/04/2003
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A2 A RS
w -
— - K5 K4
123 PG -
LEes T
5

» e-ring T

h=il= ;

L viae  JumT

1“’ A |u L ‘H\«
LN

Point 3.3 =

Pz 11 Fm

Y 7
f,3|/

RE 42

]
RE 33

Point 3.2

SPS Point 8

YPGSS exper'imenTS Gnd RF ? === Existing Structures

s | HC Project Structures
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» after B physics @ LHC ? —

IP5
20 i : : ; : : ; . ; CMS

existitlll?.;:rvey IP4 IPG
9 sl - RF Abort

10 bypass tunnel g ==
% _' Eﬂi‘r?e?"”"”“ﬂ J P ' IP3 LHC IP7
Momentum Ri“g Betatron

Cleaning Cleaning

-10 cavern

-400 =200 0 200 400
Distance from IP in metres

IP2

civil engineering ALICE

tunnel >2x250mx2m & @IP

b ep alongside pp data-taking @ LHC

F Willeke (DESY and BNL)
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L=—2" e -g8310%
A7REy, LoDy
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|~ 2 .[1ooeevj
Mw ( E,
£, =3.8um
TS Bu=18m
N, =17:10% 5 oo,
Opxy) = Oerxy)

e-ring

~ 1033 cm-2s-1

- £,< 80 GeV

- power P< 60 MW

- ERL — 1034cm-2s-1 2

(eRHIC)

Luminosity: e-Ring

THE COCKCROEFT INSTITUTE e
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cf also A.Verdier 1990
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e —2 1
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ﬁpxﬂpn
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‘0
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e
0
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=
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g 2
=
5
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1.5 |
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1
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0.5 |-
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30 40 50 60 70 80 90 100
Energy(e)/GeV

, E.Keil 1986
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Table 3: Main Parameters of the Lepton-Proton Collider

Property it Leptons | Protons Eadial [ L '
Heam Energies Gel 70 7000 Distance T
Total Beam Current mA 74 544 [em] ]
Number of Particles / bunch 10'° 104 | 170 or [
Horizontal Beam Emittance nim 7.6 0,501
Vertical Beam Emittance nm 38 0.501 _
Horizontal 8-functions at IP cm 12,7 180 10F .
Vertical S-function at the [P cm 7.1 50
Energy loss per turn CeV 0.707 | 6-10-% —
Radiated Energy MW 50 0,003 = *;,ﬁ N —
Bunch frequency [ bunch spacing | MHz [ ns 0/ 5 L |- J
Ceater of Mass Energy GeV 1400
Luminosity 10%cm~?s~! 1.1
, 4'1 :r;::ll“ :::::I:“ ‘ proton Io'w-bia'mpltt - |
[m] vertical bend - L]
for leptons triplet Py J— L_‘:—ﬁ:"::"' y
oA ' ‘ ‘L, “:fﬁf—?f‘ [ ‘ﬂ* 1 10 .
i ) 2 | L | | l__ ]
[u] ‘_h_\ D n . .r_______: ~ l__.-"‘.'fl <’|> —— _15 i
— I | . —
0.2 = 1= synchrotron | A ] -
=Tl s = ||
| | -~ -~ separator ||’ =10 -5 0 5 10
— - - dipole P

crab cavities  <mmprotons Distance from IP in mates

1 1 | 1 I. | |
-140 420 -100 80 60 40 20 0 20 40 60 80 100 120

k simultaneous pp (AA) and ep (eA)
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025 | padial

Distance

0.20 - [m]
0.15
0.10

0.05

-100 4

-150 4

Distance from Ip in metres . 200

-20 -10

Synchrotron radiation

E,, = 76keV

100W/mm?2

cf also W.Bartel
Aachen 1990

-804
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250

1
|

e |

=200 450

100 150 200 250

First p beam lens: septum quadrupole.
Cross section and Field calculation

i
|:‘]

“

0

Gomponsnt: BMOD
[1-37014E-05

00 100 200 300 400 500 600 YOO

X [mm]

oozt |V-' OPERA 24
Pra and Pos-Paccissor
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® power: 25 ns —» nx40 MHz RF T < 100 mA
60 klystrons @ 1.3MW, coupler 0.5MW, 66% effy
extra RF in bypasses
e injection: 1.4x1019 ¢in 2800 bunches
(LEP2 4x10!1in 4)
energy < 20 GeV (ELFE, KEK ...
¢ SR — LHC magnets:
water cooling+Pb

® bypasses: ATLAS CMS + RF
— ~500m from arcs

~ -20cm radius of e—/r'inq/

® space: above LHC




Equipment above installed LHC beamlines....
-

s v e -
e Jt
AP
- - -
" -
\ :
o
“
“

Kicker magnet
installed on beam

LU e Eoeve [HRE | Circulating LHC beams |

pass in between
support feet
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» astounding |

:“ & Jiab & + 13
' 10 (|
5 -—
5 107 SLAL
e
5 108
e
c
_
@ 0.007 fm o
|U-ﬁ
104
102 x10
THERA
||
10 QCDexplorer

* Lipec €°p €A
@ 0.00014 fm

& indisputably a next step ?

1

10

F,
16

3
10
ems Energy (Gev)
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e-linac + LHC

2- ALICE

5- CMS
.

alternative sites

of ACCELERATOR

SCIENCE and TECHNOLOGY

THE COCKCROEFT INSTITUTE I
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&/ LIVERPOOL
ring-linac ring-linac, cw ,
pulsed ~09% energy
recovery
units e- p e- p
energy GeV 70 | 7000 70 7000
punch 10™ 2 17 2 17
population
a5 cim 0.03 | 7.55 | 0.03 1.55
beam current mA 101 | 858 101 858
(pulsed)
em_ittance Exv 1nin {].5._ 0.5
B*yvy cm 15,15
spacing ns 25
e-linac/ring km 3.5 7 (2 linacs)
length
e- pulse length 1 ms CW
repetition rate 5 Hz continuous
- beam power | MW 35 7000
peak 107 0.6 2x110
luminosity cm s

S. Chattopadhyay (Cockcroft), F.Zimmermann (CERN), et al.
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Ny P PIMW
drmee, S E, E, /GeV
£,=38um | |f =0.15m
N, =17-10"
e-linac

- 10%2 cm-2s-! ~HERA
- £,< 140 GeV ($s)
- power P< 60 MW

- 6 km+gaps @23 MV/m

k lumi + energy horizon

cm?st I, =100mA. v

Luminosity: Linac-Ring

THE COCKCROEFT INSTITUTE e

of ACCELERATOR

SCIENCE and TECHNOLOGY

C&d UNIVERSITY QF

&/ LIVERPOOL
P GeV
Ee
Luminos ity LHeC Linac-Ring

1.4 -

1.2

Luminosity/10°%cm™s”

— 1, =100 mA

High cryo load
/ to CW cavities

80

100 120 140
Energy(e)/GeV
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L-R R-R
Energy / GeV 40-140 ... 40-80
Luminosity / 1032 cm2 s 0.5 10
Mean Luminosity, relative 2 1 [dump at L. /€]
Lepton Polarisation 60-80% 30% [?]
Tunnel / km 6 2.5=0.5 * 5 bypasses
Biggest challenge CW cavities Civil Engineering
Ring+Rf installation

Biggest limitation luminosity (ERL,CW) maximum energy
IR not considered yet allows ep+pp

one design? (eRHIC) 2 configurations [lox, hiq]
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ring-ring

- stupendous lumi (~ LHC)

- energy horizon ~12TeV

- civil engineering impact on LHC
- e-polarisation (Sokolov-Ternov)
- ep (eA) with pp (AA)

linac-ring

- moderate (~HERA) lumi (~ LHC)
- energy horizon ~ multi-TeV

- less civil engineering impact on LHC
- e-polarisation (source: e*?)

- ep (eA) with pp (AA)

b LHC upgrade: cost
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IP#12 - main

&> Main beneficiary from the cooling of hadron beams
+  Reduction of the hadron bunch length shortens vertex
It also reduces e-beam disruption

Emittance reduction provides for proportional reduction of the
electron beam current (less X-ray back-ground in the detector, »*
higher energy eRHIC above 20 GeV, ....)

The reduction of emittance and bunch length allow reduction of B* to
few cm from present 25 cm and corresponding increase would

push e -p luminosity to 103*cm-2s-! (B* =10 cm) and above

@122 km

v
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Small gap provides for low current
Very low power consumption magnets

eRHIC loop maghets
S

140 cm (557) =

THE COCKCROEFT INSTITUTE

of ACCELERATOR
SCIENCE and TECHNOLOG

CENTER OF RING

C- Dipole

5 mm

o

\\“

)

’K’d UBIVERSITY OF

¢

20 Gev,/—» 3‘

e-beam

Common vacuum chamber

8 GeV
e-beam

\\\\\\\/(2

!

5mm

C-Quad
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Bargman, Mitchel, Telegdi equation

B e.|lg ., 1) 7(9 jAA-[g }/J##

—=— =-1+=-B-——|=-1 B)-|=-—" E

dt mCSXKZ +7j y+1\2 'B('B ) 2 y+1 [BX ]
a= g/2—-1=1.1596521884-10"°

p= e ms  vmae g
2m, m, 0.44069 GeV]
Ap=a- 9

Totalangle @ =7a- (¥ (2n—-D+n(Ay - n+Ay,(n-1))

AE1, AE2for spin transparency

Ha: soh.lll‘rion Y +2- (A71 + A?’z) =7 n=2
ora 2
energies! |a- (y(2n=D+n(Ay-n+Ay(n-1)) =N

AN

05 PPN N N N .
. NN NNNNNN NNNNYNNNNN NNNY

Gun —;

5 6 7 8 9 10
Energy in the IP, GeV
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M Klein, ecfa07 talk

Ring-Ring LHeC is limited by
power of synchrotron

THE COCKCROFT INSTITU
of ACCELERATOR
SCIENCE and TECHNOLOGY

"R
w

radiation from the e-beam!

Luminosity: Ring-Ring

N vy I I m
£ . 1132 .
L=-———- ' =8.3107" - —
dmee,, AIB,.B,, S0mA 4|B,.B,.
Lusmimoaily LHeaC Fing-Fing
- 3 T
'w
o
5
[+)
5 2.5
5,
=
8
£ 2
E — I, =100 mA
.|
1.5
I likely khystron
installation limit
1 ﬂ33 Synchrotron rad!
— 1
| ]

70 80 90 100
Energy(e)/GeV

UNIVERSITY OF

LIVERPOOL

g =38um

i
N, =1.7-10"
J."":-'l-.'- ) = Je'-:.r,_'.-]

B, =18m
B, =05m

-2
o8

4

100GeV
)

@

I, =035mA- P [
MW

1033 can be reached in RR
E.=40-80 GeV & P = 5-60 MW.

HERA was 1-4 10°" cm2 51
huge gain with SLHC p beam

F Willeke in hep-ex/0603016:
Design of interaction region
for 1033 : 50 MW, 70 GeV

May reach 10** with ERL in
bypasses, orfand reduce power.
R&D performed at BNL/eRHIC

cf also A Verdier 1990, E.Keil 1956
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we For linac-ring LHeC a pulsed linac with SEE

Cock '_UNI\IERSIT? oF
Mar 0.5% duty factor (1 msec, 5 Hz) I S
without energy recovery considered
Luminosity: Linac-Ring
. Ny P Lo, P/ MW L £,, = 3.8um
_ msp”ﬁ 3 — E 1GeV cmos N, _17-10"
Luminosity LHeC Linac-Fing ﬁ* =0.15m
éﬁ | \ 1, ~100mA-——. ¢V
g 12 MW E,
E 14 - —le =100mA LHeC as Linac-Ring version
g i can be as luminous as HERA II:

4 103 can be reached with LR:
E. =40-140 GeV & P=20-60 MW
LR: average lumi close to peak

High cryo load fo CW cavities

140 GeV at 23 MV/m is 6km +gaps

Luminosity horizon: high power:
ERL (2 Linacs?)

60 — 20 140
Energy(e)/GeV

M. Klem ecfc107 talk
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g Trons Cooli nPgr'/o :z nCsooli ng

Energy 140 GeV 7 TeV

N per bunch 0.088 104 1.7 101

Rep rate, MHz 40

Beam current, mA 5.6 1090

Norm emittance, um 6 03 /38

B*, m 1.3 0.5

g* 6.3 0.0006/ 0.0001

D 14

Luminosity, x 1034 cm-2 sec-! 0.24 / 0.06

Loss for SR, MW 67 Kink A=0.03

Hard radiation may be a problem
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» Luminosity 3-1034 cm2 sec’!
at all energies of e-beam (probably will be limited by
burn-off of the proton beam)

Or "ring-ring” luminosity of 10%3 cm? sec’ with 3 mA electron beam
current and 2.2 MW loss for SR

- e-beam current is low (because of the cooling!)
* If further reduction of B* is possible, L~ 103° is feasible
* Higher energies of electrons are possible

* e-Beams with very low emittance are possible -> larger p*
for electron - easier optics, longer detectors, less synch
modulation effects....

+ 140 GeV, 5 mA e-beam and luminosity of 4-1033 cm2 sec!
- Tiny beam pipe to "thru-pass” pp IR regions ?
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gp:Ne e rp = Ne.rp

y, 4ne, 4ne

P norm

+ Normalized emittance of electrons ~ 3 um is
possible - no problems to match the proton
beam

- @ 100 GeV, v,=2 10° ~ 300 v, , i.e. proton
normalized emittance can be as low a 0.01 Lum

) Ne ~ 8l’\OI"I"l'\
* ~Eoem + 3.8um-> 0.1um : N.=4 10°

+ I,=20mA, SR, ,..=57 MW (the same as Ring-
Ring with 100 x luminosity!)
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* May (for the most part) fit inside the LHC tunnel.

L ] [ ] Jumper conggfhion.__

[ ]

140 cm (557

listribution line (QRL)

b i d g
- 3y [P F &
INNER AISLE ¥
¥ x *
e i X
% . + x & X - l
CENTER OF RING HC machine cryostat

—

» Tiny e beam pipe to thru-pass pp IRs ?
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Other considerations

THE COCKCROEFT INSTITUTE o
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+ Is there room for linac in the straights?

Kicker magnet
installed on beam
! dump line above LHC

2- ALICE
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" ERL seems to be the most promising approach for high energy,
high luminosity electron-ion and polarized electron-proton
collider

" Tt can take advantage of any ring-ring concept and go further

" Presently there is no show-stoppers but a significant amount of
R&D

" At BNL the R&D ERL tests in 2009, MIT's progress with
developing high current polarized gun, prototyping of small gap
magnets will next step-stones fowards QCD factory at BNL.

® LHeC based on this principle reach 1034-103° level of luminosity
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Sensitivity
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» rates: energy can win you TeV? in G?

NC - events

100 fo-! 70 GeV e-ring 10

10 fb-1 140 GeV e-linac

10’§|

10° ¢

10°
10°
10*
10°
10*

10"

Neutral Current ep ->eX

LHeC

3 4 5 6

logQ*iGeV?

CC - events

10"E

10°
10’
10°
10°
10*
10°
10*

10"

Charged Current ep ->vX

3 4 5 6 7

LHeC logQ’IGeV?



0

04

032

02

i}

i)

Polarised Positron
Workshop

Meeting

Cockcroft Institute
March 28t 2008

o IR
» IR

+many m
>9.4° around beam

IR and Experiment
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vertical lepton
separators

i

separator

il

£

synchrotron
radiation
absorbers

Crab prali:rnu dipole prﬂtﬂH low beta lepton low beta
Cavity Mmagnets
| i | i

triplet
|

-4l

distance from IP /m
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» asymmetric beam momenta: LHeC

b- “forward” hemisphere detection fo multiTeV
topological challenge
precision challenge

» "backard” hemisphere detection to fewx10 GeV
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LHeC — Low x Kinematics LHeC — High C? Kinematics

E.=7000 GeV

Q*/GeV?
2,
I

E,=70 GeV

I HERA

[

* backward e * forward TeV hadrons
* forward remnant 1,
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* Neutral Current
ep—eX
Xmiss

* ep—>?+lepton+ X
Prmiss * IepTon

2

° precision @ TeV scale of lepton+quark
egvgrg cf HERA
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5.When?

Towards a CDR
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2007: form working groups + steerigg/committee
initial meeting of conveners + comgAittee
SAGAverview

2007/8: ECFA/CERN endorsement "work out" ¢/

2008: workshop I September 8+9 Divonne CH

2009: workshop IT

LHeC CDR [LHC Committee]
2011: LHeC TDR
- construction 8 years ?
- impact on LHC: civil engineering + installation
e-ring and e-linac
- be aware of CLIC progress
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accelerator (injector, ring or linac)
Oliver Bruening (CERN) JBD (CI)
intferaction region (+ small angle detectors)

tba
infrastructure CERN + tba
detector tba
the new physics tha
precision QCD and electroweak tha

physics of high parton density tba
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Accelerator Design [RR and LR]
Closer evaluation of technical realisation: injection, magnets, rf, power efficiency, cavities, ERL...

What are the relative merits of LR and RR? Recommendation.

Interaction Region and Forward Detectors

Design of IR (LR and RR), integration of fwd detectors into beam line.

Infrastructure

Definition of infrastructure - for LR and RR.
Detector Design
A conceptual layout, including alternatives, and its performance [ep and eA].

New Physics at Large Scales

Investigation of the discovery potential for new physics and its relation to the LHC and ILC/CLIC.

Precision QCD and Electroweak Interaction

Quark-gluon dynamics and precision electroweak measurements at the TERA scale.

Physics at High Parton Densities [small x and eA]
QCD and Unitarity, QGP and the relations to nuclear, pA/AA LHC and SHEv physics.
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Experimentalists
Joel Feltesse (Saclay/DESY) Roland Horisberger (PSI)
Aharon Levy (Tel Aviv) Richard Milner (MIT)
Allen Caldwell (MPT Miinchen) Chair John Dainton (Univ Liverpool)

Accelerator
Stephen Myers (CERN) Roland Garoby (CERN)
Swapan Chattopadhyay (Cockcroft Inst) Ferdy Willeke (DESY/BNL)
A Skrinsky (Budker)

Theory
Guido Altarelli (Roma) Stan Brodsky (SLAC)
Lev Lipatov (Petersburg) John Ellis (CERN)
Frank Wilczek (MIT)
Labs
Jos Engelen (CERN) Rolf Heuer (DESY)

Young-Kee Kim (Fermilab) Peter Bond (BNL)
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Oliver Bruening (CERN)

John Dainton (Cockcroft)

Albert DeRoeck (CERN)

Stefano Forte (Milano)

Max Klein - chair  (Liverpool)
Paul Newman (Birmingham)
Emmanuelle Perez (CERN)
Wesley Smith (Wisconsin)
Bernd Surrow (MIT)
Katsuo Tokushuku (KEK)

Urs Wiedemann (CERN)

*setting up WGs + workshop T
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LHeC 70-140, ® 7000, GeV

- cah be built 4

- has startlingly good luminosity 3 1034 cm-2s-1
grows with LHC pp luminosity

- extends substantially, uniquely, and with synergy
to LHC,y discovery physics

- probes chromodynamics
@ new density frontier
in uniquely comprehensive manner ep eA
with unchallengable precision
synergetically with LHC pp pA AA
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As an add-on to the LHC, the LHeC delivers in excess of 1 TeV
to the electron-quark cms sys* Tt accesses high parton
densities 'beyond’ what is expec’ Y‘ /\ the unitarity limit. Its
physics is thus fundamental an-’ (( be further worked out,
also with respect to the fin <(, 'LQ _HC and the final results
both from the Tevatron ar A S

QO

First considerations qu 5~..g and a linac-ring accelerator
layout lead to o’ (C) Q)( ated combination of energy and
luminosity for bO \Q on physics, exploiting the latest
developments ' ((/{\ and detector technology.

It is thus pr. 0 to hold two workshops (2008 and 2009),
under the auspic.™> of ECFA and CERN, with the goal of having
a Conceptual Design Report on the accelerator, the experiment
and the physics. A Technical Design report will then follow if
appropriate.
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Lepton + quark @ TeV

energy for LHeC and LHC

TeV eg discovery
extreme chromodynamics

precision for LHeC and ILC/CLIC
TeV eg discovery

eg understanding
extreme chromodynamics

luminosity for LHeC and LHC
TeV eg discovery
energy range for LHeC RHIC FT LHC

QCD phase equilibria
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Extras
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in LEP tunnel ... so like LEP
- FODO in eight arcs

B-tron phase advance ¢,=108° ¢,=90° 2 :. _

- bending radius 3133.3 m
- (EE/EE)eam)r'ms = 1.1x10-3

- SR 26 W/cm (E.=254 KeV)

THE COCKCROEFT INSTITUTE e
of ACCELERATOR
SCIENCE and TECHNOLOGY

? UNIVERSITY OQF
7 LIVERPOOL

LEP=9 W/cm

HERA=13.5 W/cm

- scRF @ 1G6Hz resonators @ 12 MV/m scRF proven

100 m structure = 670 cells

] sync. phase 31°

@>6 MV/m

1 bucket takes 10x (8E/E,,qm)rms

- unlikely e-beam instability
single bunch current modest

impedance << LEP
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Radial

» highest lumi
- low B,

meftres

top elevation /f/_,:

osL © Buneh paluzrbetali |
© close sc quads | " et Ferabbed"

(rotated)
p-bunch

.| non-colliding

- low X-ing angle  * zxeonv-asiace
% “hard" bend “
80 beamsep? | | W o=

& SR fan

1 sc p-beam

3.2 kW

e-Separater

« HERA
" Lepton low beta Triplet M“'--H__k
1 . 1 | 1 | I 1 1 i
: 0 15 10 sz » » & & N

- "crab” RF cavity =+
p-bunch rotation

» 1° beam access = low-lumi/low-x option (cf HERA)

7 -3 [} 3 .
Distance from IP in metres
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» beam-beam

- "hour-glass”
- dynamic B: < HERA
- long range beam-beam (parasitic interactions):

marginal A

b operational luminosity
I.= TdmA, N,= 1.68 10", ~, = 7460, ,= 0.5 nm

€r¢= 20 nm, €,, = 5 nm and K = 0.8Y

.I.ir|._~ . _'F"r'-};. . 'ﬁ."};. . R

= 1.04 - 10¥em st
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 well
unde:

° otron
LEIs: many
hours

[ ]

The

The®1 -B . Hcﬂtﬂcue yolar-
e 8o

Plan
) JJUpUl'(LIIZ'(LL\IUIl IS WOI'SL al IvLODULINAINULLD! =

Begin NOW with intense carefulfss’ciué?f e ok le{?{g@rfgééecgﬁ) investigate tricks.

At high energy the synchrotron sideband resonances take control:
ary 0s

)2
Qs
e Siberian Sna St to suppress the effect of energy spread and synchrotron motion on spin
V%ra?f7 roughly at each energy:
motion?
Tbese are essential in pﬁg}@@@(ri(}g@my@@m@mﬂqﬁ@b&&% resonances during acceler-
ation (e.g., RHIC).
o But limgilecdinal poksitheokilhdpoldriZatitactvét tthensystchrotooat ed distdibh dd oerginly
distadiblitect moedotheaniip!lhind back to the vertical afterwards ===> spin rotators.

e Need very good alignmétitengsbtteealiean at LEPR= (

o Depdarmatingevaenbdstionglybenbdicoed byrmidakigakadatsutegionbindreitheupelan
iyattbnoteenoradihtivizdnoab sapeeehesplsy rotators ete, etc.....
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Sokolov-Ternov + spin-rotators @ HERA

HERMES on Friday July 21 2000

Polarisation [%]
Ly ! ! ! ! ! ! ! ! ! ! I 70
: : H 1 H H H : ; Tﬂlm —

k : Longitudinal — —| 60
s 1 a0
80 [ b e e ................. ................................. - 30
10 | - 10
0 i | i i | 0

1] 14 16 18 20 22 24
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0) HERMES on Friday July 21 2000
Polariaation [%]
70 70
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50 50
40 40
30 30
20 20
10 10
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tunnel exists (LEP, LHC)

injection once existed (LEP) ?
operating p-beam (from 2008)
operating A-beam (from 2008)

ep eA operating alongside pp pA AA

the TeV ep collider |
“minimal” mods to LHC !

b LHC upgrade
cost
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ja) LHC,Js=14 TeV, SM

4

7 {ph)
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LoTee _ ggH
~«__ bb—H
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TEI | i i .‘l‘\-
20 700 200 00 400

3
10

x=0.005
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* H1 Data
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----- MRST NNLO
......... C'E'EQﬁHQ
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e
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Sokolov-Ternov @ LEP,q ¢.v

3‘} 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | | | | |
I Optimization of polarization by
- harmonic spin matching

)

P [%]

D_
&
E 3
b

&
t ]
#*

K

=

1 ] ] | ] ] ] *~| ] 1 ] | 1 1 ]

(Calibration of J
I s polarization ;»“
M~ 4 scale }
- # Bunch 1and38 Bunch 2 and 3
0
| | | | | | | | | | | | | | | | | | | | | | |
1:00 5:00 00 13:00 17:00 21:00 1:00

Daytime
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> rapgap @ LHeC ? :

Diffraction and Rapgap
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0.05-
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b @%=10Gev? | Q%=100Gev? projection (500 pb )
- x,,=0.0003 - x,,=0.0003
0.1~ - o LHeC 1Projection
i o . (10fb™)
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Acceptance and

Measurement

70 O 7000 GeV

S
high lumi quads (£10° bp) X .
1 QB> 100 GeV? x> 3x10- .
few GeV< £ < few TeV

low lumi for low x (no quads)

[11< @R <100 GeV?
x< 3x10-°

Q

] “forward" hadrons:
"forward rapgap"” instrumentation

THE COCKCROEFT INSTITUTE
of ACCELERATOR
SCIENCE and TECHNOLOGY

C&'d UBIVERSITY OF
BR
&7 LIVERPOOL
LHeGle€ elefdtdinkimertiosics
- E,=7000 GeV
© E=70GeV

L BN

] precision e/had-measurement I
170< g, <179° 170 < g, < 179°




Polarised Positron
Workshop

Meeting

Cockcroft Institute
March 28t 2008

NC eveats/10f*

100/10 fb-!
= 100/3xLHeC y

@ Q2=1TeV?
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70 x 7000 GeV" LHeC
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Charged Currents log(Q*/GeV")
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Tevatron LHC
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10°
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Oriiggs(Myy = 150 GeV)

Oiiggs(Myy = 500 GeV)
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— QCD jet production

0.1 1 10
Vs (TeV)

10

at high energy

Higgs production

Need to use signhatures

with small backgrounds:

- Leptons

- High-mass resonances

- Heavy quarks

to avoid being overwhelmed
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mes Vitl o< Mass
P N P ) u-ubar = H
\ X \ has very small
Gluon fusion Weak-Boson Fusion cross-section
Dominant
production via
) / s ) ﬂ/’f”f vertices coupling
/ Vi / ’
o Higgs to heavy
| N quarks or W/Z
p h p—— 0, bosons
N N

T

Higgs Strahlung
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ot Decay of the SM Higgs
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10t
o
[1v}
o 2l —
e -
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@ 3
:-__‘{I
107
10°

100 150 200 250 300 350 400
Higgs Mass (GeV)

+ Width becomes large as WW mode opens

* Branching ratios change rapidly as new
channels become kinematically accessible
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large W j/ \7 774

forward elastic

Cl) — —) < | | = diffraction

-

: forward elastic
i diffraction
b) | , | = pomeron

=l T
\ )
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