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Accelerators at the Collider-Accelerator Department at BNL
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polarized protons 25-250 GeV

*f-ﬂl‘-‘— # " 400 o'clock

N 20TV % 2om A

gold ionsgn =

STAR ( p ! | 2 superconducting rings
6:00 o'clock 3.8 km circumference

T =

B o

s (€ P BB(IOI(II!WIEN
- 4 Science NATIONAL LABORATORY 2129

gz, . 10 U.S. DEPARTMENT OF ENERGY
uclear Mater - QUA™



Measure of Performance in colliders:
Luminosity measured in cm~ sec?
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Main sources of luminosity reduction - emittance growth and loss of particles
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RHIC II: Electron cooling of RHIC
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Potential performance of RHIC Il

 Requirements:

— RF frequency: 703.5 MHz
— Charge: 2x5 nC/bunch

— Emittance: < 3 um (rms,normalized)
— Repetition frequency: 9.4 MHz

— Average current: ~ 100 mA
— Energy after gun: 5 MeV

— Energy after ERL: 54 MeV
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Simulation of Au-Au luminosity for
ion bunch intensity 2 X10° and 111 .
bunches using two 5nC electron ——
bunches per single ion bunch with e e R VT
(blue top curve) and without (red bottom curve) Reference time [sec]

electron cooling, taking b*=0.5 m and 1 m, respectively.
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E-cooler: 2 passes ERL layout
—Wm-

54.5 MeV
8
30 MeV
FLECTRON GUN : 4 BEAM DUMP _ S
1 F% ~ < CRYOMODULE VACUUM VESSEL ! 4 . . A 'to RHIC
e 5 € S S —— cJs
H—————— . 5
Ly e H@J 4.7 MeV
2 3
1. SRF Gun, 5, 6. Transport lines to and from
2. Injection merger line RHIC,
3. SREF Linac two 5-cell cavities /. Ejection line and beam dump
and 3™ harmonic cavity 8. Short-cut for independent run of
4,4’. 180° achromatic turns the ERL.
54 MeV, 2x5 nC at 9.4 MHz. RF 703.75 MHz. Gun 5 MeV
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eRHIC scope: QCD Factory

Electron accelerator RHIC

‘T Polarized protons
,sv 50-250 GeV

Polarized leptons . Heavy |
y ions (Au)
215-10720 GeV '® * . 50-100 GeV/u

70% beam polarization goal ‘T Polarized light ions
(He3) 167 GeV/u

Center mass energy range: 15-100 GeV
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eRHIC: ERL based eRHIC

e-cooling

PHENIX

High current
AND
High charge

Main ERL (3.9 GeV per pass)

Four e-beam passes High energy Setup
p e
Energy, GeV 250 20
Bunch intensity, 101! 2 1.2
Courtesy Vladimir Litvinenko | Beamcurrent, mA 420 260
Peak Luminosity, 1.e33 cms’? 2.6
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eRHIC loop magnets

« Small gap provides for low current
« Very low po gnsumption magnets
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Other applications

« ERL storage rings

— 0.1 ampere (or higher) current

— ~0.1 nC bunch charge

— Emittance as good as possible (sub micron)
» |LC polarized electrons

- 3.2nC

— Flat beam

— 0.4 micron 4-D emittance

* Other objectives (FELs, Compton sources, THz sources,
more)
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Objectives and challenges of high-current ERL cavities

* Accelerate a high current
iIn an ERL avoiding Beam-
Breakup

* Disposing safely high
power of HOMs

 Reduce wake impedance
to preserve beam density

 Reduce cryogenic losses

* Be capable of a
reasonably good gradient

* Reduce sensitivity to
acoustics
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Need single-mode
cavity

Need good conduit for
the HOM power

Need large apertures
Need low frequency
Optimum cavity shape
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BNL Cavity

"= Main Parameters:

Frequency 703.75 [MHZ]
RHIC Harmonic 25
| Number of cells | 5 |
| Active cavity length | 1.52 [m] |
| Iris Diameter | 17 [em] | Field Flatness
| Beam Pipe Diameter | 24 [cm] | 1 N S e o
[ G (©2) | 225 | 0 es —
| R/Q | 403.5 [Q2] | s
| Q BCS @ 2K | 4.5 x 101° | 3
| Qear | 3x 107 | w o
[ Ep/E, [ 1.97 | 02
| Hy/Ea | 5.78 [mT /MV/m] | N A N S S S
& ¥] 02 04 [1Li] 1R:] 1 12 14 1.8 18
[ cell to cell coupling [ 3% | -
| Sensitivity Factor (%) | 833 | g el S LOSS_ Rk
| Field Flatness | 96.5 % | 5 al — ]
| Lorentz Detuning Coeff | 1. 2 [Hz/(MV/m)?] | Sast el 1
| Lowest Mech. Resonance | 9 [Hz] | & 2p ’J. Sunch Length - Tem |
b — |
| k (0. — 1lcm) | [V/pC] | | o |
| kL (o — lem) | 3.1(v/eC/m] | R e mmE
| HOM Power (10-20 nC) | 0. 5 2.3 [kW] | LT | | Cerosave)

0 2 4 i a 10 12
Frequency [GHz]

Courtesy Ram Calaga
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MAFIA — |
Measurement -

105 j T -‘._ITMD1U T T T T T T MAF'A ;
I Measurement - |

Dipole Modes (Cir. Def)

Monopole Modes (Cir Def.)

06 0.8 1 12 14 16 18 2 22 24 08 12 16 2 24
Frequency [GHz]

Frequency [GHz]

Red line — MAFIA simulation. Blue points - measured
BNL 5-cell impedance — lower than any other cavity

Courtesy Ram Calaga
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ERL High-Current Cavity

Fully damped “single mode” cavity at

703.75 MHz
Allows ~ampere in 3 pass eRHIC.
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E. Pozdeyev W

200 16MeV/pass cavities,
measured Cu-model HOM spectrum
50 foc. and 50 defoc. quadrupoles,
G=1.262 T/m il
3 acel.-decel. passes,
each is 1.3 km long
28 MHz bunch rep.rate SrnomMH2)
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Parameters of the High-Current SRF Photoinjector

Parameter Units Value
Frequency MHz 703.75
. . Iris radius cm 5
Straight BP —
] Equator Diameter cm 37.9
) Beam kinetic energy MeV 2
Peak electric field MV/m 35.7
| Peak magnetic field A/m 58740
1 Stored energy Joule 8.37
] QR, (geometry factor) Q 3.52
. . R/Q Q 96
15 20 25
Z [cm] Q. (external Q) 37000
Input power kwW 1000
Longitudinal loss factor V/pC 0.7
Transverse loss factor V/pC/m 32
Courtesy Ram Calaga
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The BNL High-Current R&D ERL

« Aimed at needed current for electron cooling (~100
mA) or eRHIC (a few 100’'s mA)

« Testing of novel components and techniques:
— Superconducting electron gun
— High current photocathodes
— Z-bend ERL beam merging
— High-current SRF cavity at 703.75 MHz
— Diagnostics and more.
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Some of the equipment

Bellow: 1 MW

Above: Work on

the cryo system Above: The klystron

power supply
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RHIC 56 MHz SRF Storage Cavity

» Adiabatic rebucketing from 28 MHz cavity

* Huge bucket — keeps ions in one bucket, reduce loss and
background

* Help stochastic cooling by eliminating satellite bunches
« SRF cavities are stable and reliable

« SRF cavities provide good vacuum (pressure rise)

« Large voltage : 2.5 MV conservatively from single cavity
« Somewhat lower RHIC impedance (fewer cavities)

* Reduce the effect of the abort gap

_1Ry Vcos(¢B) 448 Hz Apy =27KT, = 3x10°radians
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Operating conditions for stability

* Robinson stability conditions: Both will be fulfilled if the
cavity’s resonance frequency is bellow the RF frequency
(above transition).

* Therefore the design of the cavity is to be resonant
somewhat below the beam frequency harmonic at store.

« However, at injection, the beam frequency is lower than
the cavity’s resonance frequency.

* That means that during acceleration the beam will go
through the cavity’s resonance.

* At such time, the cavity must be heavily damped!
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Resonator of choice: the Quarter Wave Resonator

cm
30—

1 Bl )
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Frequency = 56 MHz
Stored energy (at 2.4 MV voltage) = 207 Joules
Operating temperature ~42K
Power at LHe (assume 10 nQ Rr) =41 W

Q quality factor (assume 10 nQ R)) = 1.8E+9
Geometry factor Rs*Q =20 Q

r/Q =80 Q
Maximum H (at Z,R = 137.0,15.0) = 82 KA/m, 3.8 mW/cm*"2
Maximum E (at Z,R = 14.2,11.9) = 38.9 MV/m
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From the equivalent circuit:
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For example, 15=0.5A, V=2.5 MV, R/Q=80
Then 6=1.6x107°, Af/f=8x10°, Af=448 Hz
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The damper probe must be extracted quickly

Pe(QD, 0)'QD 2Up QpR =350
UD = /}V/D/:: N—
) Cap
-3 4 3
Up = 4.934x 10 Vp = 1.667x 10 Pe(Qp-0) = 5.013x 10
Qoai=Qp-2Qp--200Qp 5=1925¢ 10 Pe(Qp» 108) = 4.991x 10°
4x10" | | | |
310 .

The power into a damping loop Qo 109
with Qp of 350 at maximum

2x10" =

coupling as a function of the a0’ -
strength of the coupling,
assuming a detuning of 0 TR —
. . 0 1.6x10 3.2x10 4.8x10 6.4x10 8x10
2x10* during the extraction. -
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Polarized Electron SRF gun. See D. Holmes, WEPO2

* RF electron guns may be able to provide electron beams for the
ILC without the need for a damping ring.

« Attempts for polarized electrons from RF guns were not
successful, mostly due to poor vacuum conditions.

e SRF gun are more promising thanks to cryogenic pumping even
of hydrogen (at 2K), it may be possible to maintain a vacuum
close to 10-12 torr.

e Of concern would be In this case contamination of the gun
cavity by evaporating cathode material.

 Work at BNL in collaboration with AES, FNAL and MIT, aims
at demonstrating a successful operation of a GaAs:Csina 1.3
GHz SRF gun.
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Towards a polarized electron gun

» Potential source for ILC or eRHIC.

« |LC emittance and charge directly from
SRF gun! Ep = (& &y, =0.4u

* RF gun have an order of magnitude less

lons Impacting cathode g
2 2 2 _M_q'B'rcith ETWL
Et =Esp T L L=7%= 2m.c =
M=pgr(<x-y'>—<y-x'>) B
2
gngeﬁ+LzM+284D
M
M=¢ —-¢, =8u
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Emittance after acceleration: Best so far 0.26 um

Gun frequency: 350 MHz
Bunch length: = 13.3 degrees
Cathode radius: 6.3 mm
KT out of cathode: 0.03 eV
Field on the cathode: 11.2 Gauss
Magnetization 5 y (will use 8 p)
Energy out of the gun: 5 MeV

de-06 T T T T T T -
Courtesy Jorg Kewisch
Bunch shape
- 3e-06 7 7] 0.007
£
g 0.006 |~ .
E 2e-06H | 350 MHz 1/2 cell gun - 0.005 [~ 5 7
'.,E 700 MHz cavity T \
= o 0.004 |~ X —
g Solenoid ?: .
£ g 0.003 — \".,‘ -
le-06 — A \
0.002 - \ B
L \
4D Emittance 0.26 mul 0.001 - l‘l‘. |
0 ] J J ] | ‘\
0 1 2 3 4 6 7 ) ‘ T 5 ' 16 ' 20
Path lcngth [m] Bunch length [degrees@350 MHz]
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Cathode transporter clamped
to cathode preparation chamber

Courtesy Doug Holmes
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Plug cathode insertion will be used for the test
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