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Linac‐Ring version of eRHICLinac Ring version of eRHIC
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Ie limited by polarized electron source
limited by beam bunch length and ring latticeiβ

→εi minimized by beam cooling:  Two options for 
cooling high energy (250 GeV) protons:cooling high‐energy (250 GeV) protons:
Coherent Electron Cooling (CEC)                   and 
Optical Stochastic Cooling (OSC)  p g ( )
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OSC ConceptOSC Concept

N S N S NN         S          N          S         N Charged particle 
beam delayed
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Light pulse delayed and 
amplified
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undulator emits 
coherent light pulse 
of length Nλ 

Particle receives 
longitudinal kick from own 
amplified light pulse in 2nd 
undulatorof length Nλ undulator
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OSC Formalism  
P ti l li ht h kR kR khφ θ δΔParticle‐light phase
(wave number k)

51 52
'

56 51 52 56 512

kR x kR kh

h R R R R R

φ θ δ

η η η

Δ = + +

≡ + + = +

5 1 5 2 5 6

'

, ,  =  in v e rse  tra n sp o rt m a trix  e le m e n ts  o f b yp a ss

,  =  d isp e rs io n s  a t th e  k ic k e r u n d u la to r

R R R

η η

Optimized equal cooling rates per orbit of r.m.s
beam dimensions ,  ,  and emittance :xδ ε, ,

( ) ( )( )
( )

2 2 2 2

2 2 2 2 2 2 2 2
51 52

/ / 2 / exp / 2 2 / 2 / 1

where 1;

kh e

k R x R h

GGεα δ δ ε ε φ δ υ

φ θ δ

≡ Δ = Δ = Δ = +

Δ ≡ + + =

Maximal gain factor G:

( )
( )

51 52

2
51 56

  where  1;

                  / ;   ;   3 3 / 2 / 1

k R x R h

x h R R h k

φ θ δ

υ ηδ η δ υ

Δ + +

≡ = − = = − +

Maximal gain factor G:
Optical Parametric Amplifier (OPA) 4



Schematic OPA layout for eRHIC OSC

~ 3 kW Pump Laser necessary, 
1ns Pulses, 13 MHz  rep.rate

Undulator 
Radiation

wedges
for optical delay Radiation

With given 
beam radius

p y
and phase 
adjustment

< 5mm  PPLN 
or BBO

< 5mm  PPLN 
or BBO

1. Stage 2 Stage

beam matching 
telescope

Energy in: 0.2 pJ
Power in: 26 μW

Energy out: 2 μJ
Power out: 260 W

1. Stage 2. Stage

Design to achieve total optical delay of < 2 cm possible
High Gain, G=107: Two stage amplifier necessary
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High Gain, G 10 : Two stage amplifier necessary
1. Stage: G=105, 2. Stage: G=102



Critical Laser, OPA and Component R&D
Multi-kW pump laser technology OPA

Low Risk

u t pu p ase tec o ogy O
High Risk

• Cryogenic Yb:YAG developed at • Basic performance at 2 μm
MIT Lincoln Laboratory (T. Y. Fan)
Fan et al., JSTQE 13, 448 (2007): > 500 W (cw)
higher performance classified (talk to T. Y. Fan)

demonstrated with > 600nm
bandwidth, pumped with 4W 
demonstrated 200 mW output,g p ( )

Brasseur et al., 2.3 kW (cw), CLEO 2009

• MIT RLE demonstrated 287 W ps-laser

1kHz rep. rate at MIT RLE.
• Needs scaling to high average

power handling capabilityp
K.‐H. Hong, et al, Opt. Lett. 33, 2473 (2008)

Can be easily adapted to produce 10ps-
1ns pump pulse format at average

power handling capability
• Observed damage with PPLN

at 100W average power pump
level at 80 MHz rep rate1ns pump pulse format at average 

power level as demonstrated in cw.
But needs construction of 3kW Laser for 
OSC ti t i 2 Mi i 3 5

level at 80 MHz rep. rate.
• Needs systematic study of

OPA materials issues in
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OSC, estimate prize 2 Mio in 3-5 years.
The laser is not the risk!

PPLN, LN, BBO, … under
large average power.



OPA Potential
OPA development by MIT‐RLE group (F. Kärtner) 
in collaboration with Lincoln Lab. (T.Y. Fan):

“Expect average output powers of 0.5 ‐1 kW in 

5‐10 years”y
( )

2
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In agreement with estimates by M.Babzien et al.
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OSC Bypass for RHIC
OPA is fast: Input‐output delay = Lcrystal /c ≤ 20mm
→allows small‐angle (32mrad) bypass with 20 mmΔ =l→allows small angle (32mrad) bypass with
→relaxed tolerances for field and position accuracy 
and stability 

20 mmΔ =l
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Conceptual RHIC Bypassp yp

For optimal cooling of 250 GeV protons beam with
4

4
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Bypass:  4 dipoles (6m, 4.5T);  8 quads (5m, 50T/m) 

bending angle 32 mrad;   total length 80 m; 
“natural” (zero quad.) R56 = ‐40 mm.

Undulators:  10 T;  27 cm;  0.14;  2uB K mλ λ μ= = = =
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Bates OSC Verification ExperimentBates OSC Verification Experiment

Rationale: Two concepts for cooling 250 GeV protons 
considered for Linac‐Ring version of eRHIC:

CEC and OSC cooling time estimates are comparable,
neither concept has been verified by experiment!neither concept has been verified by experiment!

Test OSC with 300 MeV electrons at Bates South Hall Ring:g

• Cooling times of 1‐2 sec essential for feasibility test 
(“real time” response to beam tuning)( real‐time  response to beam tuning)

• Much cheaper to implement than on hadron colliders
• Bates facility is availabley
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Bates OSC Experiment: Layout
• Distinguish OSC from damping 

due to synchrotron radiation
  l– Low energy electrons

– Large dipole bend radius

• Long straight sections desirable Long straight sections desirable 
for OSC apparatus

• South Hall Ring, e- storage ring 
– Full energy injection at 300 MeV

• Dedicated use of South Hall Ring 
for first OSC demonstrationfor first OSC demonstration
– Design tolerances consistent with 
existing technology 

– Optimize for SHR environmentOpt m z  for SH  n ronm nt
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Estimated Transverse CoolingEstimated Transverse Cooling
OSC cooling process
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Bates OSC Experiment: Proposal
• Realization plan for OSC demonstration with electrons over 3 

years
– Y1: Beam studies for OSC Lattice, amplifier bench tests, p
– Y2: Install and commission OSC chicane, wigglers, amplifier
– Y3: Experimental program to study OSC of damped electron 
beambeam 

• Base OSC demonstration program
– Measure bunch intensity, energy dependencey, gy p
– Lattice study, optimization of αT, αL

– Dynamic optical gain and OSC stability
Si l i– Simulations 

• Toward heavy particle OSC
– Diagnostics in high gain regime
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Diagnostics in high gain regime
– High power amplifier development



ConclusionsConclusions

• With appropriate funding, OPA output powers are pp p g, p p
expected to approach the 1 kW level in 5‐10 years 
allowing OSC cooling times well below 30 minutes for 
250 GeV proton beams of eRHIC250 GeV proton beams of eRHIC

• OSC would become competitive with other theoretical 
cooling conceptsg p

• Experimental verification is essential to make OSC a 
proven, practical tool for eRHIC and other high‐energy 
facilitiesfacilities

• The Bates SHR is the optimal site for such an 
experiment and the development of OSC technologiesexperiment and the development of OSC technologies
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Back‐upBack up

16



Some Details
Yb:YAG amplifier 2 mm OPA characteristics

LN2 Dewar
Yb:YAG crystals

Yb:YAG amplifier

Fiber‐coupled 
pump laser

DM DML1 L2 L2 L1
Seed
pulse Output for

Different 

λ/4
L3

CM

Operating 
points

287 W, 5 ps, 3.7 μJ@78 MHz

λ/2

TFP
Beam 
profileλ/2

K.‐H. Hong, et al, Opt. Lett. 33, 2473 
(2008)

profile
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