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«  Why we need electron-hadron colliders?
« eRHIC
« LHeC

e Conclusions

This talk is focused on possible designs and predicted performance if two proposed high-energy, high-luminosity
electron-hadron colliders: eRHIC at BNL and and LHeC at CERN.

Both the eRHIC and the LHeC will add polarized electrons to the list of colliding species in these versatile hadron
colliders: 10-20 GeV electrons to 250 GeV RHIC and 50-100 GeV electrons to 7 TeV LHC. Both colliders plan to
operate in electron-proton (in RHIC case protons are polarized as well) and electron-ion collider modes. These two
colliders are complimentary both in the energy range and in the physics goals.

I will discuss possible choices of the accelerator technology for the electron part of the collider for both eRHIC
and LHeC, and will present predicted performance for the colliders. In addition, possible staging scenarios for
these collider will be discussed.
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Condense matter physics of strong force GGIP

Position paper on eA collider ~ Physics Opportunities
with Nuclear “Oomph” Factor |
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Figure 10: Left: The A dependence of the saturation scale from the analysis of Ref. [16]. Right: The saturation scale
at b = 0in Au and Ca nuclei compared to the median saturation scale in a proton [15].
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/s are mandatory for the study of many rel-

Institutions

Documentation .

= Argonne National Laboratory, Argonne, IL

= Bhabha Atomic Research Centre, Mumbai, India
s Brookhaven National Laboratory, Upton, NY

evant distributions such as F;. Note that it is ConferencefSeminar]  + Univerat of Golorado, Bouider, GO o
: ) . Presentations = Columbia University, New York, NY .
kinematically better for any experimental setup 7 Uniersity of Giasgow, Glasgow, unied Kingdom
. s University of lllinois, Urbana-Champaign, IL
to lower the ion beam energy then the electron - lowa State University Ames, 1A
:Unrversrty'onyoto, quto,‘:alptlan . Berkeley, CA
energy. = Los Alamos National Laboraory, Los Aamos, N

s University of Massachusetts, Amherst, MA
= MIT-Sotcs Lnkar Accelorator Carter, Middton, MA
e The machine must provide a wide range of ions. " N Planck Incou r s Wnic, Germany
. ) ) = University of Michigan, Ann Arbor, M|
For saturation physics studies beams of very " Oid Domion Universiy, Nl VA
= Penn State University, PA

high mass numbers (A > Au) are vital. = RIKEN, Wako, Japen

= RIKEN-BNL Research Center
» Soltan Institute for Nuclear Studies, Warsaw, Poland
n Stony Brook University, Stony Brook, NY

e To collect sufficient statistics luminosities with TG eeate! e Aeceternin Fariity, Hsapot Nows, VA
L>10 cm—2s! are required.




distance (fm)

luminosity (10°® em™2 s71)

resolving proton structure

1 - Distance
10° 3 inite proton 5»10‘15m
SLAC felty oot - scales .
ol o resolved in
=1 ® quarks -
: A : lepton-
] FNAL B
10-2; . - hadron
§ i ql‘;a::lka-nﬂ::n ; SCGTT@P' ng
10+ | experiments
DESY since 1950s,
10 L and some of
i tet [ the new
L , , ___ k¥ physics
1960 1980 2000 2020
- revealed
o _: Lo 612 |
E SIAC Energies and
>5x HERA c.m. energy luminosities of
s >>10x HERA luminosity existing and
ki proposed future
o ELIC lepton-proton
_— L“.eC colliders
E Electron energy up
1 _é AEgHe HERA 1.0 60'140 Ge l/,
| - Luminosity ~1053
E Cm‘ZS‘]
1 I [ |1|||| I I |I|I|| I 1T I|I|| 1 T
1 10 10? 10°

meamer - © Max Klein & Paul Newman, CERN Courier April 2009

LHeC physics motivation

Kinematic plane in Bjorken-x and resolving
power Q?, showing the coverage of fixed
target experiments, HERA and LHeC
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Particle physicists request
both ep & e*p collisions;
lepton polarization is

also "very much desired"”
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P Many common features

eRHIC LHeC
« Add 10-30 GeV polarized electron machine |+ Add 50-150 GeV polarized electron
to RHIC with 250 GeV polarized protons machine to 7 TeV protons and 3 TeV/u
and 100 GeV/u ions ions
* CM energy 15-200 GeV * CM energy 0.5-2 TeV
« Luminosity L~1032-1034is based on « Luminosity L~1032-103% is based on LHC
demonstrated hadron beam parameters hadron beam parameters

« First eRHIC paper, 1999, I. Ben. Zvietal., |+ First LHeC paper in 1997 - E. Keil, "LHC ep

) option”, LHC-Project-Report-093, CERN Geneva 1997
« First BNL Workshop on eRHIC, EPIC _
workshop at Indiana University, 1999. * First LHeC workshop - 2008

«  “eRHIC Zeroth-Order Design Report” and cost *  Pursues both ring-ring and linac-ring options
estimate, BNL 2004 The 2nd LHeC workshop will take place on 1-3
2007 - after detailed studies we found that linac-ring has September, 2009 at Divonne
5-10 fold higher luminosity - it became the main option + Two workshops (2008 and 2009) under the auspices of
»  March 2008 - first staging option of eRHIC ECFA with the goal of having a Conceptual Design
. Report on the accelerator, the experiment and the
2009 - focus on 4 GeV MeRHIC technical design, staging physics.

and cost estimates, first release - Fall 2009
. . A Technical Design report will then follow if
*  Regular semiannual EIC collaboration meeting (together appropriate
with ELIC) since 2004 and EICAC (advisory committee)
meetings starting Feb. 2009

o\vrm
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eRHIC Scope -QCD Factory

Electron accelerator

)

Unpolarized and

polarized leptons
420 (30) Gev | ’_’*‘_‘

1@ |

70% beam polarization goal
Positrons at low intensities

@

]

Center mass energy range: 15-200 GeV

eA program for eRHIC needs as high as possible energies of electron beams

even with a trade-off for the luminosity.

RHIC

Polarized protons
o5 50-250 (325) GeV

Light ions (d,Si,Cu)
Heavy ions (Au,U)
50-100 (130) GeV/u

Polarized light ions
(He3) 215 GeV/u

20 GeV is absolutely essential and 30 GeV is strongly desirable

Potential of future upgrading RHIC energy to 800 GeV

BROOKHFAEN

NATIONAL LABORATORY V.N. Litvinenko, Europhysics HEP Conference, Krakow, July 17, 2009

STONY
BRAWSK

UNIVERSITY



2007 Choosing the focus:
ERL or ring for electrons?

» Two main design options for eRHIC:

- ng r'mg Electron storage ring

s

- Linac-ring: = Electron linear accelerator V
.2

L=y,fN, =
Bt L x 10
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2008: Staging of eRHIC R HI®

* MeRHIC: Medium Energy eRHIC
— Both Accelerator and Detector are located at IP2 of RHIC
— 4 GeV e x 250 GeV p (45 or 63 GeV c.m.), L ~ 1032-1033 cm-2 sec -
— 90% of hardware will be used for HE eRHIC

« eRHIC, High energy and luminosity phase, inside RHIC tunnel

Full energy, nominal luminosity

— Polarized 20 GeV e x 325 GeV p (160 GeV c.m), L ~ 1033-1034 cm-2 sec -
— 30 GeV e x 120 GeV/n Au (120 GeV cm.), ~1/5 of full luminosity

— and 20 GeV e x 120 GeV/n Au (120 6ev cm), full liminosity

« eRHIC up-grades - if needed, inside RHIC tunnel

Higher luminosity at reduced energy
* Polarized 10 GeV e x 325 GeV p, L ~ 103° cm2 sec

Or Higher energy operation with one new 800 GeV RHIC ring
* Polarized 20 GeV e x 800 GeV p (~300 GeV c.m), L ~ 1034 cm2 sec
« 30 GeV e x 300 GeV/n Au (~200 GeV c.m.), L ~ 1032 cm2 sec
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MeRHIC with 4 GeV ERL at 2 o'clock IR of RHIC

u ] Lattice and IR by D.Trbojevic, D.Kayra
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2 x 60 m SRF linac
3 passes, 1.3 GeV/pass

\

3 pass 4 GeV ERL
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2 x 200 m SRF linac
4 (5) GeV per pass
\ 5 (4) passes

N

\
%
§
§
§
%
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4

N

4 to 5 vertically
separated
recirculating
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2 x 200 m SRF linac
4 (5) GeV per pass
5 (4) passes

N

Yellow ring serves as
200 GeV injector into upgraded

Blue ring &&\\\ é
4105

vertically
separated

recirculating STONY
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eRHIC parameters

MeRHIC eRHIC with CeC P

p (A) e p (A) e p/A e
Energy, GeV 250 (100) 4 325 (125) | 20 <30> | 800 (300) | 20 <30>
Number of bunches 111 166 166
Bunch intensity (u) , 10! 2.0 0.31 2.0 (3) 0.24 2.0 (3) 0.24
Bunch charge, nC 32 5 32 4 32 4
Beam current, mA 320 50 420 50 <5> 420 50 <5>
ormazedemttarcedee | s [ m [ 12 [ [ 1 ] w
Polarization, % 70 80 70 80 70 (?) 80
rms bunch length, cm 20 0.2 4.9 0.2 4.5 0.2
B*, cm 50 50 25 (5) 25 (5) 25 (5) 25 (5)
Luminosity, x 1033, -> :
om-2s- 0.1 - 2.8 (14) 6 (30)
0 < Luminosity for 30 GeV e-beam operation will be at 10% level>
BROOKHEVEN (D st
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LHeC Scope 9
LHC

‘ Protons up to 7 TeV

Electron accelerator ,

)

Unpolarized and

polarized leptons Heavy ions
60-1406ev | © ’_’*‘_ ‘. 3 TeV/u
1© |
\ ‘ Other ions?

Center mass energy range: 0.5- 2 TeV
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Option 1. "ring-ring" (RR) Option 2: "ring-linac” (RL)
e-/e+ ring in LHC tunnel
X

Point 2

Point 2

LHeC

up o 70 GeV: option for cw operation
and recirculation with energy recovery;
> 70 GeV: pulsed operation at higher
gradient . g-hadron option

SPL, operating with leptons,;
as injector for the ring,

possibly with recirculation
e

© F. Zimmermann STONY
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Geometry constrains: circular machines
have to go around LHC detectors

| 13'350mm

LHeC
Typical Cross Section through CMS

New beam in
Survey Gallery

(UPS54)

LHeC
UPS 54 Survey Gallery

>

LHeC
View from UPS54 Survey Gallery into CMS Cavern on Walkways

\\
el [
-

24'245mm

8'790mm

from J.A. Osborne CERN/TS

53m

© H.Burkhard
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2Zm LEP — 238.100m 238.100m
from J.A. Osborne CERN/TS 3
Point 1 Point 5 a]::;/l:)trzs Point 3 Point 7 total
ATLAS CMS RF Collimators Collimators
Bypass Bypass fle:a:ie; ::lro:v Bypass Bypass
Experiment Experiment p ) Collimation Collimation
ring RF
Approximate
. ' . . . Tunnel length 900 m 900 m 500 m 500 m 500 m about 3 km
-600  -400 -200 0 200 400 600
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Luminosity vs e-beam energy

for AC-plug power consumption set at 100 MW
Ny T en B

LHC phase-l upgrade
LHC phase-Il upgrade (“LPA”)

luminosity [107em®s']  © F. Zimmermann

51
4 |
Pbeam
i E (1-n)
2 |
I = Pbeam
1} € E
pulsed lindc
0t ‘ ‘ ‘ ‘ ‘
60 80 100 120 140

energy [GeV]

Ring SR power = Linac beam power & cryo power
= electrical power set to 100 MW
linac has much lower current
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1.7x101! 25 ns 3.75 um 0.25m
5x101! 50 ns 3.75 um 0.10 m
Luminosity Ring Ring & Performance Limit
Design values are for 14 MW synrad Z ,*1 ~)

loss (beam power) and 50 GeV
on 7000 GeV. May have 50 MW
and energies up to about 70 GeV.

Luminosity/10*°cm?s™

S
%

w

e flm ‘/a +0l, *\/ajpﬂrf,

Luminosity LHeC Ring-Ring

el
«

1.5

0.5

o

Luminosity Performance Limit:
E, I, due to Synchrotron Radiation
e’c
P =—

*},4*,.2*]\/
e
7 6rme,

10% can be reached in RR

E,=50 GeV
E,=75GeV

o P, =10MW
o P, =50MW *2

klystron efficiency: 50%

I ] I
50 60 70 [0 100

30 40 Overall power consumption:
Max Klein Energy(e)/GeV pone li'mite; to '1100M w
© Bernhard Holzer
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IR layout & crab crossing (for RR)

T T

Radial
©Bernhard Holzer Distance = 0
feml e Ead

1-2 mrad crossing angle for early separation
Proton crab cavities: 15-30 MV at 800 MHz |

Radial proton low-beta triplet __.
lepton -
0.4.1 Distance

[m] vertical bend Juthete
iplet
for leptons N »
02 | b
- .‘ 7

» I /’/r/l:/
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synchrotren
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L 7
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- = dipole P -15 + -
crab cavities - protons | ——

1 1 1 1 1 1 1 —
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SOW 26.7 kW
Distancs from IP in metes

SC half quadrupoles
synchrotron r'cxdicx'rionS

Boris Nagorny
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. )
Positrons A
Ring
A rebuilt conventional e* source would suffice
Linac

True challenge: 10x more e* than ILC!
Large # bunches — damping ring difficult
Candidate e* sources under study :

- ERL Compton source for CW operation

e.g. 100 mA ERL w. 10 optical cavities

- undulator source using spent e- beam

- Linac-Compton source for pulsed operation
Complementary options: collimate to shrink emittance,
extremely fast damping in laser cooling ring?,
recycle e+ together with recovering their energy?

T. Omori, J. Urakawa, et al STONY
BROOKHFIAVEN BR&\SK
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Ring

Polarization

LEP polarization vs. ener

80 ,,9 R gly —— Sokolov-Ternov polarization time

70 E« Measurements i - decreases from 5 hr at 46 GeV
— 60 E 3to ¢ hr at 70 GeV
R 5 C
= 50 =
2 tf { but depolarizing rate
5 a0f "~ .LHeC physics scenario Increases faster
£ 20f ) _

o R

0 B s s w | -

90 100 © R. Assmann, D. Barber
R. Assmann, Energy [GeV]
Chamonix 1999,
& Spin2000
Linac e- : from polarized dc gun with ~90% polarization,
10-100 mm normalized emittance
e+: up to ~60% from undulator or Compton-based source
© F. Zimmermann
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Conclusions

« eRHIC designs;or'ovide for both polarized e-p and unpolarized eA collisions with high
|umin05i'|'y ~ 1033-1034cm2sec’! (LeRHIC>>LHERA{)

— eRHIC choice of ERL for electron acceleration provides higher luminosity compared with ring-ring
scenario

— eRHIC's ERL has a natural staging strategy with increasing the energy of of the ERL is increasing
length of linacs and the numbeér of passes

— if physics justify the cost - RHIC could be upgraded to 800 GeV by replacing magnets in one of its
rings with LHC-class

— /[\__Aelﬁlz—ggg’rechnical design and cost estimate are progressing with plan o complete first release in
a

* LHeC could provide high-energy high-luminosity etp & e+A collisions
— two major designs under study:
* ring-ring option with 1033cm-?s! and e-beam up to 80 GeV
+ Optics design for ring-ring is in very advanced stage

* linac-ring option can deliver similar luminosity only using energy recovery, possible extension
to 140 GeV with lower luminoity

*  Both colliders provide for intriguing accelerator-physics R&D on ERLs, polarized guns, e+
production, crab cavities, polarization and advanced cooling techniques
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Back up
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Example Parameters

LHeC-RR LHeC-RL LHeC-RL LHeC-RL ILC XFEL
high lumi 100 GeV  high energ

e~ energy at IP [GeV] (2%x)250 20
luminosity [10%2 cm—2s1] 207 (2 0% : : 200 N/A
bunch population [101°] 5.6 0.197 (0.02H)  03(1.5) 0.2 (1.0) 2 0.6
e~ bunch length [pm] ~10,000 300 300 300 300 24
bunch interval [ns] a s 50 (250) 50 (250) 369 200
norm. hor.&vert. emittance [pm ] 50 50 10, 0.04 1.4
average current [mA] 135 71 (0.7%) 0.5 0.5 0.04 0.03
rms [P beam size [pm] 44,27 7 7 7 0.64,0.006 N/A
repetition rate [Hz] CW CW 10[5% d.f.] 10[5%d.f] 5 10
bunches/pulse N/A N/A 71430 14286 2625 3250
pulse current [mA] N/A N/A 10 10 9 25
beam pulse length [ms] N/A N/A 5 5 1 0.65
cryo power [MW] 0.5 20 4 6 34 3.6
total wall plug power [MW] 100 100 100 100 230 19

Example LHeC-RR and RL parameters. Numbers for LHeC-RL high-luminosity option marked
by *t' assume energy recovery with ng=90%; those with * ¥ refer to ngy=0%. ILC and XFEL
numbers are included for comparison. Note that optimization of the RR luminosity for
different LHC beam assumptions leads to similar luminosity values of about 1033cm-2s-!
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Linac Ring Options:

SPL ... or arecirculating Linac

comment

#passes

wall plug power RF+Cryo
bunch population [10°]

duty factor [%]

average e- current [mA]
emittance ye [Um]

RF gradient [MV/m]

total linac length =1 [m]
minimum return arc radius [m]
beam power at IP [MW]

e- IP beta function [m]

ep hourglass reduction factor
disruption parameter D
luminosity [10°2 cm2 s°1]

BROOKHFAEN

NATIONAL LABORATORY

X

Pulsed CW
SPL* (20+TI2 LINAC  LINAC
4+] 2 2
100 (1er) 100 (3.cr)>100 (35 cr)
I0 30 0.1
5 5 100
L6 05 03
50 50 50
25 25 13.9
3504333 3300 6000
240 (final bends) 1100 1100
24 48 30
0.06 02 02
0.62 0.86 0.86
56 17 17
25 22 13

F Zimmermann, S. Chattopadhyay
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@» eRHIC loop maghets: LDRD project

Small gap provides for low current, low power consumption magnets
-> low cost eRHIC

Gap 5 mm total
0.3 T for 30 GeV

1l 1

B

140 cm (557) =
|/

i

“elear zone"—\

@

R 55 [
F———74 | k |
INNER [;ISLE# ¥ X ) _ .
W . _?:‘{;’*)("#k l C D'pOle
CENTER OF RING ST“NY
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Detector field layout
MeRHIC 4 GeV e x 250 GeV p/100 GeV Au

Remove Dxes - 40 m to detect particles scattered at small angles

- 1T, 3m 1T, 3m -

dipole dipole e

Solenoid, 4 T &
1} —
p, Au |

-10 -8 -6 -4 -2 0 2 4 6 8 81(()] -8 -6 -4 -2 0 2 4 6 8 10
To provide effective SR protection:

Solenoid (4T) -soft bend (~0.05T) is used for final

bending of electron beam
Dipole 2

24+
~ 2 © Jl
3 m 20~ Operafonal Range
18+ 50-4250GeV
16+
m

V

L

B Solenoid/ Dipol

Horizontal [cm]
56XRSbbhbonsond s

[ Hadronic Calorimeter JD‘::
[T EM-Calorimeter g.1%
B RICH
B High Threshold Cerenkov 20l 4 o

© E h B DIRC -22 D8 om0geT

24+ 20m
. Aschenauer O Tracking ’
hadron-heam Jepton—beam 2 524-22-20-18-16-14-12-108 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 NY
s [meter]
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@ ERL spin transparency at all energies

Bargman, Mitchel, Telegdi equation

d_ e o N8 1 B (8 1)a(p-B)-[ 8- |G« E
dr mcs [(2 1+y)B y+1(2 1)'3('3 B) (2 y+1 [ “
a=g/2-1=1.1596521884-10
_EC s € 4 gy E,
e Vo, (1+a) m Vo = 4120 24065(Ge V]
Ap=a-y0 AYz
Total angle @ = ma - (yi(2n -+ n(Ay,-n+Ay,(n- 1))
2 . ,AEI2f0rspintra:nsparency :
Hasfsoluﬁion v:+2 (Ay, +Ay,) =7, 2 - n=2 /
ora i i i ;
energies! a-(y,2n-1)+n(Ay, n+Ay,(n-1) = ' | :

1.5 ——AE, Gev H

1,2°

>
=2
[\]
AE ., GeV

(OISR N SN N N SN O NN N S S S
. VVV‘IVN\IV'\I\IVVV\IVNVV\IVV\

5 6 7 8 5 10
Energy in the IP, GeV
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@ Hif® Main technical challenge is 50 mA
CW polarized gun: we are building it

Solenoids Spin rotator
cathodes ien) Booster linac

— Combiner N 11203

/

[€

| O.5\AO.7H'\ R ém
Based on Wl.ﬂ.?‘é’;

cathodes

demonstrated
current
technology
developed at
JLab

BROOKHIAE

Single cathode DC gun

© E.Tsentalovich, MIT
STONY
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@l

example linac optics for 4-pass ERL option

I \\ W
T h \H\“\‘\h Y WH“\I
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m“‘ il ”‘u m

WW ‘mw
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g)nergy [GeV] 18'(3) [m] S |' S
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I | I I
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: 80 ; Y
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60 [
|
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|
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Anders Eide

STONY
BROOKHFAEN BRAWSK

NATIONAL LABORATORY V.N. Litvinenko, Europhysics HEP Conference, Krakow, July 17, 2009 UNIVERSITY



X

tentative SC linac parameters for RL

BROOKHFAEN

LHeC-RL scenario lumi baseline energy

final energy [Ge V] 60 100 140

cell length [m] 24 24 24

cavity fill factor 0.7 0.7 0.7

75t Tioe ErEtR 6 3000 T3 3004

cav. gradient [MV/m] 13 25 32
_operation mode CW (ERL) pulsed pulsed
RF frequency: ~700 MHz 4 passes 2 passes

Anders Eide STONY
BR&"SK
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- Challenges and Advantages

* Main Challenge -
50 mA polarized gun for e-p program
* Main advantage - RHIC
— Unique set of species from d to U
— The only high energy polarized proton collider
— Large size of RHIC tunnel (3.8 km)

* Main disadvantage is caused by nature
— Ion cloud limitation of the hadron beam intensity

STONY
BROOKHFAEN BRAWSK
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MeRHIC Linac Design

703.75 MHz Drift
1.6 m long 1.5 m long Based on revolutionary BNL SRF cavity with
fully suppressed HOMs - reached design
65m total linac length parameters last week

Critical for high current multi-pass ERL
100 MeV > 4 GeV » 100 MeV

All cold: no warm-to-cold transition

Current breakdown of the linac AR LA LA HL

* N cavities = 6 (per module) R o

* N modules per linac = 6 :f :Z .

* N linacs = 2 Cwl A ALY

* L module = 9.6m wlf | | RYAAN | -

+ L period = 10.6 m el 1] VY VYV ]

. E, = 18.0 MeV/m "1 Epozdeyey gt

- (dE/ds) = 10.2 MeV/m N
0.0 100. 200.5 (”;3;00. 400. 500. 600. 700. 800.

o STONY
BROOKHRAEN BREWK

NATIONAL LABORATORY V.N. Litvinenko, Europhysics HEP Conference, Krakow, July 17, 2009 UNIVERSITY



- TB B U STClb ' I |Ty (®E. Pozdeyev)

- HOMs based on R. Calaga’'s simulations/
I Simulated BBU threshold

measurements
- 70 dipole HOM's o0 2.7 GHz in each (6BBV) vs. HOM
cavity frequency spread.

* Polarization either O or 90°
- 6 different random seeds
* HOM Frequency spread 0-0.001

Beam current 50 mA

ml2

X _ . 0
X | m2l m22] |« o mv

1.4
i u Const, dF/F=0
s ® Const, dF/F=5e-4
12 . Const, dF/F=1e-3 A
A Scaled, dF/F=5e-4 A
0.8916 57.2 750 4.3e4 ok %
< [
1.7773 3.4 7084 2.4e4 EO gl t
o 0. =
1.7774 3.4 7167 2.4e4 g : Threshold significantly exceeds the beam current,
1.7827 17 9899 1.7e4 éo.a - especially for the scaled gradient solution.
1.7828 1.7 8967 1.5¢4 “oal $
1.7847 5.1 4200 2.1ed ! :
0.2 _—-
1.7848 5.1 4200 2.1e4d i
0 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1
0 0.0002 0.0004 0.0006 0.0008 0.001
HOM frequency spread (dF/F)
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Beam Disrupt
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nunber of proton per bunch {(18711)
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@ Gains from coherent e-cooling:
Coherent Electron Cooling vs. IBS

PRL 102, 114801 (2009)

PHYSICAL REVIEW LETTERS

week ending
20 MARCH 2009

FIG. 1 (color). A general schematic of
&g ( . ) _ (G_) aen G | (h ) {
’ ’ Hadrons — Modulator (e AN I\lcker a FEL plus a dispersion section; and, a
gxo Oso OSE > f A e — » kicker. The FEL wavelength, A, in the
/ N = —— I \ figure is grossly exaggerated for visibil-
d_X B 1 1 gl l o, —— C—e— — ity.
dt - Ty, XS Toe S T 1 T T £
CeC _ Leec . IBSL . L
ﬁ 1 1 1-28, i S= 3
At Tu, XY 1o X \/ Tips)Tiss1 \/& J(1-2¢)) Tiwsy \ Tmsy \(1-28,)
Norm emittance, um =2um: o.=13cm: o..=4-10" IBS in RHIC for
Dynamics: 0 = M Ty > Ds0 eRHIC, 250 GeV, N,=2101!
4 —— RMS bunch length, cm =4.6 hrs, T1,,,,=1.6 hrs; Beta-cool, ©A.Fedotov
Takes 12 mins,| '—— ——— = -
to reach
stationar
; 4 1 e =02um; o.=49 cm
pOlnT =
g =
= »
S 9 g .
g 5 This allows
-‘é = a) keep the luminosity as it is
o 6 a% b) reduce polarized beam current down to 25
B 5 mA (5 mA for e-I)
> g c)  increase electron beam energy to 20 GeV
3 (30 GeV for e-I)
| d)  increase luminosity by reducing p* from 25
‘ ; c¢m down to 5 cm
0 ‘ I ‘ J J 0 PHYSICAL REVIEW LETTERS by
O 005 01 015 02 025 PRL 102, 114801 (2009) 20 MARCH 2009
. Coherent Electron Cooling ST“NY
Tlme’ hours Vladi rmrN Litvinenko"* and Yaroslay S. Derbenev \
BnooKH”‘"EN 'Brookhaven National Labora, ory, Upton, Long Island, New Yﬂ\ U§A BR‘\\\\\‘K
ference, Krﬂ&kéwo; zﬂﬂy flﬂb@@ﬂ& ooy U UNIVERSITY
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@ Compact spreaders/combiners

Using SQ-quadrupoles to
match vertical dispersion

P ) D S B
with horizontal dispersion
in the arc

This concept allows to use most of the RHIC straight sections for SF
linacs and to use part of the arcs for matching

STONY
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The LHeC Study Group: Three Alternatives

Accelerator Design [RR and LR]
Oliver Bruening (CERN),

John Dainton (CL/Liverpool)
Interaction Region and Fwd/Bwd
Bernhard Holzer (CERN),

Uwe Schneeekloth (DESY),

Pierre van Mechelen (Antwerpen)
Detector Design

Peter Kostka (DESY),

Rainer Wallny (UCLA),
Alessandro Polini (Bologna)

... and many colleagues

Linac-Ring
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Linac Ring Options:

SPL ...or arecirculating Linac

.
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Linac-Ring

LHCB o LEP

m—— LHC

e LHeC
Ring-Ring

SPL-Ring

© H.Burkhard, B.Holzer

° SPL-Ring

SPL as e injector/linac to Point 2 via TI2 tunnel

here with new re-circulating loop (r ~20m, 1~ 400 m).
use of service tunnel or dogbone to be studied ... 20 GeV

Helmut Burkhardt
L 30m L 300m J
| L b l
I @ssn | & |
[ 1 )y, ST D
P> [z & & S S for SPL see CERN-AB-2008-061 PAF. R Garoby etal.
—= T __F [ s B
| =] we oy, | s
| RO
Bypass independent of IR .

~30m distance, 1 shaft

S.Myers, J.Osborne



&P
eRHIC timeline

BNL & MIT

 Add 10 GeV electron machine to RHIC with 250 GeV polarized protons and 100 GeV/
nions

* Luminosity is based on hadron beam parameters demonstrated in RHIC complex
« First paper and workshop on eRHIC - 1999

« "eRHIC Zeroth-Order Design Report” and cost estimate, BNL 2004
— Ring-ring (e-ring designed by MIT) was the main option, L~103?
— 70+ page appendix on Linac (ERL) - Ring as back-up, L~1033

« 2007 - after detailed studies we found that linac-ring has 5-10 fold higher
luminosity - it became the main option

« eA group made a case that 20 (or even 30 GeV) electrons are needed

*  March 2008 - first staging option of eRHIC of all-in-the tunnel ERL with 2(4) GeV as
the first stage, with 10 GeV and 20 GeV as next steps

— there is potential for increase of RHIC energy to 800 GeV if physics justifies the cost
« 2009 - we plan to release first release of Design Report on MeRHIC (Medium

energy eRHIC)
STONY
BROOKHFAVEN BRAWSK
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e | C) Staging of eRHIC:

Re-use, Beams and Energetics

*  MeRHIC: Medium Energy electron-Ion Collider

90% of ERL hardware will be use for full energy eRHIC
Possible use of the detector in eRHIC operation

« eRHIC - High energy and luminosity phase

Based on present RHIC beam intensities

With coherent electron cooling requirements on the electron beam current is 50 mA
20 GeV, 50 mA electron beam losses 4 MW total for synchrotron radiation.

30 GeV, 10 mA electron beam loses 4 MW for synchrotron radiation

Power density is <2 kW/meter and is well within B-factory limits (8 kW/m)

« eRHIC upgrade(s)

High luminosity, low energy requires crab cavities, new injections, Cu-coating of
RHIC vacuum chambers, new level of intensities in RHIC

* Polarized electron source current of 400 mA at10 GeV, losses 2 MW total for synchrotron radiation, power
density is 1 kW/meter

High energy option requires replacing one of RHIC ring with 8 T magnets

STONY
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ERL-based eRHIC Design

. ) iy
e-ion detector N\

Possible locations

/ for additional e-ion @Q
detectors Y
\,_.
\
/ |
eRHIC {
J
PHENIX //

/™ . \
Low energy Four recirculation

recirculation pass ectron passes
source

BROOKHFAEN

NATIONAL LABORATORY

> 10 GeV electron design energy.
Possible upgrade to 20 GeV by
doubling main linac length.

5 recirculation passes ( 4 of
them in the RHIC tunnel)
Multiple electron-hadron
interaction points (IPs) and
detectors;

Full polarization transparency at
all energies for the electron
beam;

Ability to take full advantage of
transverse cooling of the hadron
beams;

Possible options to include
polarized positrons: compact
storage ring; compton
backscattered; undulator-based.
Though at lower luminosity.
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