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Low-Energy RHIC program:
Operation with heavy ions to search for

CD phase transition Critical Point.
ow-Energy scan, c.m. energies:

Vsyn =5, 6.3, 7.7, 8.8,11.5, 18, 27 GeV/n
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(2010 & 2011 RHIC runs)
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interesting regions of the
phase diagram

*Electron cooling is key to the
feasibility of this program;
without cooling, BES Il would
take ~70 weeks

el Dﬂniel Cegm APS DNP Meeting — Town Me

10/26/2012 Newport Beach, CA



Low-energy RHIC operation

Electron cooling (a well known method
of increasing phase-space density of
hadron beams):

- “cold” electron beam is merged with ion
beam which is cooled through Coulomb
interactions

- electron beam is renewed and velocity
spread of ion beam is reduced in all three
planes

requires co-propagating electron beam
with the same average velocity
as velocity of hadron beam.

Energy scan of interest:

Vs =I5, 6.3, 7.6, 8.6, 12,@(}eV

At low energies in RHIC
luminosity has a very fast drop
with energy (from 3 to 1°).
As a result, achievable luminosity
becomes extremely low for
lowest energy points of interest.

However, significant luminosity
improvement can be provided
with electron cooling applied
directly in RHIC at low energies.

Electron accelerator:
Ee,kinetic= O .86'4. 9 MeV
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Improvement from cooling
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* Atenergies y=6 and above one can project significant improvement
from cooling.

* To have improvement from cooling below y=6:
- need more transverse acceptance (> 3*sigma)

- try to limit space-charge tune spread to about 0.05 or less (not very
strict)

- have beams with smaller dp/p

Operation with long bunches (low frequency RF) together with
electron cooling should help to address these issues:

C-A/AP/449 (February 2012)
C-A/AP/476 (January 2013)
C-A/AP/477 (February 2013)
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Projection (maximum possible “ideal") for luminosity

improvement (low-frequency RF and long ion bunches compared
to Run-10)
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Fig. 8. Projection of total (without vertex cut) luminosity for 111 bunches of Au ions in RHIC for

the space-charge tune spread of AQ,=0.05 with electron cooling and long bunches (blue, dash upper
curve) and without cooling (red. solid lower curve).

Up to about factor of 10 gain in total luminosity for all low energies
with longer bunch length may be expected from electron cooling
— (*assuming that observed beam lifetime due to present limitations

.BRO ywijll improve with such an approach). @
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Luminosity projection for present 28 MHz and

new 4.5 MHz RF system
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C-A/AP/481 (April 2013)

Expected
improvement with
electron cooling:

Blue-dash line:
possible luminosity
improvement with
present limitations
and 28 MHz RF.

Magenta: maximum
possible improvement
if limitations are
mitigated by using
longer bunches (with
new RF system)
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v@4.1 (sqrt[s]=7.7 GeV), Simulations assummg
new 4.5 MHz RHIC RF system

* Luminosity (simulations) with longer bunches (4.5 MHz)

Initial bunch parameters:
N=0.75e9,

c6.=5.8 m (rms length)
AQ..=0.019 (space-charge
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v@10.7 (sqrt[s]=20 GeV)
(can use both new 4.5 and present 28 MHz RHIC RF)

3E27

MMM Better luminosity
improvement is expected

for higher energy points

,:f of proposed BES-II, since we

T | do not have strong limitation

e from space charge or
physical/dynamic aperture.
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Figure 2. Luminosity at y=10.7 and 28 MHz RF (450 kV) for initial p*=3m, 111 bunches with
1.5-10° bunch intensity and transverse 95% normalized emittance of 15 mm mrad. Red curve: IBS
and losses from RF bucket only; blue curve: IBS, losses from RF bucket and electron cooling.
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Low-Energy RHIC electron Cooler
(LEReC)

Different approaches are possible:
BNL C-AD Tech Note C-A/AP/307 (April 2008)

1. DC accelerator (Pelletron from FNAL) ———
suitable for cooling: < sy, =20 GeV

was baseline approach until
September 2012

2. RF-gun bunched beam electron
cooler -

(100 MHz SRF gun and booster _____§ compact approach:
cavity) Laoomnae : -
designed to reach Vsy, =20 GeV

present baseline approach since
September 2012

. Layout by
B. Martin

Clipping State:XSEC0002
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Bunched beam electron cooling

* First bunched beam electron cooling

* First electron cooling in a collider
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* Opens roadmap for electron cooling at high energies

Putting a “train”

of electron bunches
on a single ion bunch.
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J. Tuozzolo,

LEReC at IP2 in RHIC 'B. Martin et al.
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Scope of LEReC project
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1. 100 MHz SRF gun with maximum energy of 2.5 MV.

2.2.5 MV booster 100 MHz SRF cavity in the same cryostat with the gun.

3. Solenoid inside the cryostat between the gun and cavity.

4. 500 MHz energy correction warm cavity (5 harmonic).

5. Electron beam transport from IR2 section to the cooling section in Warm
Sector 2.

6. Cooling section in Blue RHIC ring — 14 m long. Short (10cm) correction
solenoids (200G) located every 2m. Free space between the solenoids is
covered by mu metal to shield magnetic field to a required level or Helmholts
coils for active correction.

7. U-turn between cooling section in Blue and Yellow Rings.

8. Cooling section in Yellow Ring.

9. Dump for the electron beam (250 kW).

10. Beam transport magnets and diagnostics.

Low Energy RHIC electron Cooling
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LEReC schematic layout

From IP2 to Dmitry Kayran
cathode 24.27m
Turn around length,
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: > | 17.2m '
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SRF gun and cavity

LEReC SRF accelerator schematic s being designed
D. Kayran in collaboration with ANL:
S. Belomestnykh et al.
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Beam Loss Monitor David Gassner et al.
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42 2599.3 KKR-2 Hybrid Kicker 2599.1 KKR-2 (Moveable)




RHIC lattice for LEReC
18

Steve Tepikian
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Timeline of LEReC project 19

* Accelerator Physics Design Review of LEReC project:
August 13-14, 2013

Requires very aggressive schedule:

* Engineering, fabrication, installation:  ,;,52014-16

* Installation & commissioning;: 2017
* Luminosity improvement: 2018
Low Energy RHIC electron Cooling
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Summary

20

. Electron coolin can rovide significant luminosity improvement
for low-energy RHIC operation.

. Present electron cooler design is based on SRF gun bunched

beam cooling. Electron accelerator is similar to CEC PoP
accelerator and will use the same cryo system developed at IP2.

. New low-frequency RF system (4.5 MHz) is belng }zlaned for
low-energy RHIC operation wit electron cooling, to maximize
potential um1n051ty gains and provide good beam lifetime.

Implementation of electron cooling for RHIC operation at low
energies is expected to take about 4 years.

Thank you.
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