Stochastic Cooling
for FAIR

F. Nolden,
A. Dolinskii, C. Peschke
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CR Collector Ring \“?

Injection and extraction Purpose:

from SFRS septums to RESR Stochastic Cooling of
" : fresh secondary beams

Injection Transverse S.C.
kickers pick-ups

Extraction

Kickers Momentum S.C.

pick-up

TOF

TOF  RF caviies S.C. kickers detector
detector P

Circumference 214 m
Max. bending power 13 Tm
Number of dipoles 24
Number of quadrupoles 44
Number of sextupoles 24
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Power amplifier \ 19 g

1-2 GHz power amplifier prototype ordered
Power 2 times 100 W

First on-site tests performed

Delivery due this month
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Purpose of RESR Qllo

Accumulation of antiprotons
— for HESR (PANDA)
—and low energy antiproton experiments (FLAIR)

Deceleration of RIBs (NESR internal
experiments)

Deceleration of antiprotons towards ER (only
for AIC)

Electron cooling of antiprotons (only for AlC)

AIC: antiproton-ion collide&tnolden, coolo7, september 10, 2007 === Il



RESR Parameters for Antip(;B%)H's‘i-

Kinetic energy [MeV/u] 3000
Ring circumference [m] 239.91
Transition gamma 5.331

Revolution frequency [MHz] |1 21

Number of injected ions from
CR

Number of accumulated ions | < 2 * 10

1 * 108 Kinetic energy

Injection cycle time [s] 10
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New RESR Lattice L“
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Hexagonal Structure
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New RESR Lattice /@ "~

Excellent conditions for
stochastic accumulation

 Flexible optics
(v, above transitiony=4.2)

 Easier injection/extraction
* Reduced No. of quadrupoles
Fits into CR hall
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RESR and CR RlngS ? 'y

CR 1.3 m below RESR
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Antiproton Accumulation k(‘ "o

stack tail beam_ partial aperture

deposit injection kicker
eallET@ @ oo
| . , momentum pick-up

stack core . .
injected beam

5p/p =0.32% 8p/p = 0.5 % (?)
op/p = 0.08 %

160 mm

A oo TTTTTTTTETTTTTIIET
A
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Antiproton Accumulation (2)) L

Date: 65-22-00 Time: 19:47 AM

-37.650 dEn

-99.719 dBn

Core } |
i

N ~55 dB
E‘E'“"'"“J.ﬂi'" Fermilab (2000) :
Intensity ratio 3*10°

Central il
Al
fi :

FAIR:
Intensity ratio only 2*10°

A o

_!EI - = I.II L' 1 - . ael
AB 1 b ﬂl__:;"._ﬁ_.l Il._.f'-_ru"—- T | J_. iy, 1‘[3 —""'._.-'I |.;II|_| |
Sroart: 79,2225 HH=z Stop: 79.29265 HH=z

(after D. McGinnis, FNAL)
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Core-Tail Geometry gjf 9 ::]

Exponential gain profile
stack tail to stack core
Exponential decrement
given by intensity ratio

Can be realized by
suitable pick-up
Yields distance tail-core

— X

X 1
O X

g=0; exp[—

Y. _ g

C

Yo g
S(x)ocexp(— ”(Xh_ Xt)j
X —X

. —%__ In(2000)
h T

~2.42
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sinh(”W j
S(x) = Earctan Ah

7z cosh(”% )

o exp[—@] for |x] >>h

(valid on the central line if vaC)
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Simple Electrode Model: Linealﬁ%a‘:@“ﬁ;

g edge of gu plate
= 0 center of
Yy S pu plate
)
stack tail stack core _
O l l
0 10 20 30 40 50 60 70

X[mm]
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Slmple Electrode Model: Loql&ial"é

AN
2 R
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edge of|pu plate: stack tail \:
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-90 .
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Extraction
towards NESR

Injection
from CR

horizontal

Extraction

towards HESR
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RESR Twiss Functlons\_‘@q g

Betatron amplitude functions [m] versus distance [m]
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Analytic Approximation: Optimum ., ,

Frequency Slip for Stochastic Coaling ('1
Cooling Rate: %=2TW(ZBQ g ( +U))
: . B
Opt Gain: gopt — U
1 2W B’
Optimum Rate: T = N MU
Undesired mixing: Bzcos[ﬂxmcnpk[%j j

-1
Desired mixing: _ D
g M = mC 77_
P
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Analytic Approximation: Optlm%m‘- h e
Frequency Slip for Stochastic Coaling ('2)*'

Assumptions:

 Schottky signal dominates electronic noise -
* M,/ N remains constant if y, Is varied

(Ej oc 7cos?(b7n), b=z xm, K@j
4 opt p tot

. \ Tends to zero if U gets much larger than M
/

(U)opt = 0'2085p . Gets larger in the process of cooling

TXm, —
\ P )

T Gets very small for large bandwidth
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