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eRHIC: QCD Facility at BNL

Add electron accelerator to the existing $2B RHIC
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Why coherent electron cooling at RHIC?

Traditional stochastic cooling does not have enough bandwidth to
cool modern-day proton beams (~ 3 10!! / nsec)

And can not provide two orders of density increase for heavy ion
beams

Efficiency of traditional electron cooling falls as a high power of
hadron's energy

Synchrotron radiation is too fable - no need to mention

Optical stochastic cooling is not suitable for cooling hadrons with
large range of energies and has a couple of weak points:

Hadron do not like to radiate or absorb photons, the process
which OSC uses twice

Tunability and power of laser amplifiers are limited
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Examples of hadron beams cooling

Trad. Trad. Coherent
Machine | soecies | ENErgy | Stochastic | Synchrotron Electron Electron
P GeV/n Cooling, radiation, hrs cooling Cooling, hrs
hrs hrs 1D/3D
RHIC | 4, 40 . - ~ 1 0.02/0.06
PoP
eRHIC | Au 130 ~ 20,961 00 ~1 0.015/0.05
eRHIC p 325 ~100 40,246 OO > 30 0.1/0.3
LHC p 7,000 ~ 1,000 13/26 o0 00 0.3/«1

Potential increases in luminosities:

RHIC polarized pp ~ 6 fold, eRHIC ~ 50 fold, LHC ~ 2 fold
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Coherent Electron Cooling (CeC)

At a half of plasma oscillation
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Analytical Studies and Simulations
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» Modulator: VORPAL simulation has been
validated by analytical model and progresses
2 have been made recently towards simulations
: with more realistic beam profile.

»FEL amplifier: we use Genesis to simulate the
evolution of electron density modulation. Efforts

E B EE R

have been made to correctly taken into account

shot noises. We are also developing analytical
tool to better understand underlying physics and

scaling law.

o

410~

T > Kicker: analytical model has
410 Er 2: been developed. Preliminary
ol ~=10q]|  simulation qualitatively agrees
| with analytical model. VORPAL
a0t} simulation is under way with
_re A space charge effect and Landau
damping taken into account.

t (Plasma oscillation period)




Beam conditioning for realistic beams - recent discovery
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Numerical simulations (VORPAL @ TechX)
Provides for simulation with arbitrary distributions and

finite electron beam size

VORPAL Simulations Relevant to Coherent Electron Cooling, 6.I. Bell et al., EPAC'08, (2008)
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Gains from coherent e-cooling:
Coherent Electron Cooling vs. IBS
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VORPAL & GENESIS simulate performance of the novel . oinudearp,
Coherent e- Cooling concept to increase luminosity of
future hadron colliders >,
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The cooling time for a CeC system in a hadron collider depends on many factors [1,2], like coherent energy correction
per pass, shot noise effects, etc. which are computed using the parallel VORPAL framework and the FEL code Genesis.

[1] Litvinenko & Derbenev, “Coherent Electron Cooling,” PRL (2009).

PAUL SCHERRER INSTITUT
[2] Mohl, “The status of stochastic cooling,” Nucl. Instr. Meth. A (1997).
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Coherent Electron Cooling demonstration
experiment at RHIC IR2
Goal - cool a single 40 GeV/u Au ion bunch in RHIC

<

19.6 m
DX Kicker, 3 m Wiggler 7m Modulator, 4 m

<«

P
<« »

Species in RHIC Au ions, 40 GeV/u

Electron energy 21.8 MeV —

Charge per bunch 1nC : -ﬁ_ el
Train 1 bunches

Rep-rate 78.3 kHz Supported by DoE NP office,
e-beam current 0.078 mA started designs and prototyping,

e-beam power 17 kW experiments planed for 2014-15



Coherent electron cooling experiment:
accelerator layout
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5Cell 704 MHz SRF cavity

Floating
Solenoid

© J.C. Brutus

500 MHz cavities

accelerator 3-D layout
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Preliminary simulations

RMS energy spread at
the Linac end: 9x10-4
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Helical Wiggler: prototyping at BINP

Table 1. Main parameters for the CeC demonstration experiment

Parameter Units
Electron beam energy MeV 21.8
Length of the CeC straight section m 14
Length of the modulator straight section m 3
Length of the kicker straight section m 3
Length of FEL wiggler m 7
Type of wiggler Helical
Wiggler period cm 4
Wiggler parameter, a, 0.437
. Magnetic material :ZZ:Z Mipn A:[ m‘j
o
N 1] e
o A A
pacer |
(a) (b) TR oo |

Fig. 2. Left (a) shows the wiggler cross-section (b) wiggler’s filed from 3D simulations.
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Design of helical undulator
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T,

Bunch length and profiles at 40 GeV

Ramp : beam intensity
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Anticipated beam dynamics

Electron bunch
- 10 psec Ton bunch - 2nsec

e

For demonstration only:
detailed simulations will be done using complete CeC package

After 60 sec After 250 sec After 650 sec
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Conclusions

» Coherent electron cooling is of critical importance for eRHIC.
Electron accelerator of choice for such cooler is energy recovery

linac (ERL)

« ERL seems to be capable of providing required beam quality for
such coolers. Majority of the technical limitation and requirements
on the beam and magnets stability are well within limit of current
technology, even though satisfying all of them in nontrivial fit

e Both theory and simulation tools for CeC are progressing - we
expect first start-to-end simulation package in 2012

» Design and procurements of $2.2M cryogenic system for CeC
experiment started. 112 MHz SRF gun design is in progress.

« Demonstration coherent electron cooling experiment project using
Au ions in RHIC at ~ 40 GeV/n started in FY11,

« Experiments planned to start in 2014 and conducted for two-three
years
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Theory and modeling of CeC
Induces charge: q=-Ze-(1-cos a)pt) X

+Z
AnGIYTlcal: for kappa-2 anisotropic electron plasma, ./‘ «
6. Wang and M. Blaskiewicz, Phys Rev E 78, 026413 (2008)
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eRHIC: polarized electrons with E, < 30 GeV will collide with
either polarized protons with E, < 325 GeV or heavy ions E, < 130 GeV/u

eRHIC staging:
All energies scale
proportionally

Beam
dump

0.6 GeV

Polarized
e-gun

NATIONAL LABORATORY
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3D FEL response
calculated Genesis 1.3, confirmed by RON

Main FEL parameters for eRHIC with 250 GeV protons

Energy, MeV 136.2 |V 266.45
Peak current, A 100 Ao, NM 700
Bunchlength, psec 50 Ay, CM 5
Emittance, norm |5 mm mrad |a, 0.994
Energy spread 0.03% |Wiggler Helical
The amplitude (blue line) and Ag;pllimde B =GuRelK(e) ) £ =2tk :277[ Phase/

2

the phase (red line, in the units
of ) of the FEL gain envelope
after 7.5 gain-lengths (300
period). Total slippage in the
FEL is 300X, A=0.5 um. A clip

shows the central part of the full 250 f=
gain function for the range of |
£={50%, 60A}.
0! * '
0 50 100 150 200
BROOKHEVEN (z-vt)/A
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Layout for Coherent Electron Cooling
proof-of-principle experiment in RHIC IR 2
Collaboration between BNL & JLab

©G.Mahler




Genesis: 3D FEL ”

b Bunching J............ eeenrenrnaan heeeearaas o

Bunching

0.0001 ¢

0 100 200 300 400 500
Wiggler period

Evolution of the maximum bunching in the e-beam
and the FEL power simulated by Genesis.

The location of the maxima, both for the optical power
and the bunching progresses with a lower speed compared

with prediction by 1D theory,
i.e. electrons carry ~75% for the “information”

Maxima location

140 r S :

— Maximum location, Bunching

120 }--| —— Maximum location, Optical power f..i........ e

100

80

60

40

20

0 100 200 300 400 500
Wiggler period

Evolution of the maxima locations in the e-beam
bunching and the FEL power simulated by Genesis.
Gain length for the optical power is 1 m (20 periods)
and for the amplitude/modulation is 2m (40 periods)

®©Y Hao, V.Litvinenko
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112 MHz SRF gun

Courtesy of

The SRF cavity has been built and tested under SBIR

To make the cavity an electron gun some modifications is under way:
1. Cathode insertion/locked mechanism
2. More powerful fundamental power coupling
3. Fundamental frequency tuner

NATIONAL LABORATORY



One possible layout in RHIC IP
of CeC driven by a single linac

Kicker for Yellow Kicker for Blue
D S— B FEL for Yellow T —
\ \ — — I /
e — ————
FEL for Blue
Modulator for Blue Modulator for Yellow
Beam dump 1 Beam dump 2

ERL dual-way electron linac
2 Standard MeRHIC modules

S —_—
—_— <
Gun 2 Gun1
E.. GeV Y E. MeV
100 106.58 54.46
250 266.45 136.15
325 346.38 177.00
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Helical Wiggler: prototyping at BINP LA

Courtesy to P.Vobly and M.Kholopov

\ 4 At present next stages of work has been done:
Yl 1.Magnetic and force calculation
# 2.Design of helical undulator prototype
= 3.Preliminary undulator drawings
» «
After BNL approval of helical undulator design it's necessary
»> 4

to order permanent magnets and start detailed designing.
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