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some distance west of FNAL
at a big golf course resort, 9/18-23/2005

http://conferences.fnal.gov/cool05/Presentations/

\ S e B Satellite | Hybrid
G % heohy O iy ] sacerice |
l Ay E!urhngtun
Sprlng ‘u"aller | -- h Qim
I Bradford® :

o “ »
Bloomfie|d e &
Motk Ve j___drgﬂm E’J @;F_E@IE

AN A A N g7 Office of

:_J\%Zf’: f& I Thomas Jefferson Nauuiniau Accelerator Facility 4 Science™

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy - DRPARTMENTOF [ENERGY:



Topics

*OVEIview

stochastic cooling

*muon cooling

clectrostatic rings

*Jow energy electron cooling
*high energy electron cooling

e]laser cooling
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MO1 general introduction
It's tough to make predictions,
especially about the future. - Yogi Berra

Closing in on the the SM Higgs
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Tevatron: key is luminosity

Luminosity history
for each fiscal year
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Neutrino Program (delayed ILC)

Nowh Rt and Consiucion ||| owran]

trategic context: U.S. contribution

Domestic accelerator program with new and redirected investment
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MO02 Einstein

"The state has become a
modern idol whose

suggestive power few

A.Sessler,
LBNL

men are able to escape.”
Ilii I I I

doing it would not be
called research, would

it?"
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MO03 Why cool?
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antihydrogen

W.Oelert, FZI, cont.

Status of CPT invariance in

leptonic
and
antihydrogen 1s-2s hadronic Standard model of physics
unlikely natural
dreamy linewiagth M@ trap systems G — fairly well understood G — experimentally not known,
! ! : not studied
| | H(1s-28)!
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MO04

Overview of recent trends

in beam cooling methods and technology
Igor Meshkov and Dieter Mahl
(JINR, Dubna) (CERN, Geneva)

Menu
1. Introduction: What's new since COOL'03 ?
2. Cooling by electrons
3. Stochastic cooling
4.Stability of electron cooled beams
5.Theory and numerical simulations
6. Muon cooling
7.Beam Ordering
Conclusion
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September 2005 Galena, IL, USA
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1. Introduction: What's new since COOL'03 ?

Demonstration of the first electron cooling at intermediate energy :
8 GeV antiprotons in the FERMILAB recycler! CONGRATULATIONS!

Commisioning of three state-of-the-art low energy electron coolers
(LANZHOU & LEIR) built in Budker INP.

Commisioning of LEPTA at JINR (Dubna) = under way to e-cooling
of positrons and e-cooling with circulating electron beam.

Construction of a special “dispersionless” ring for laser cooling/beam
ordering started (Kyoto University).

e
International effort and great progress in the conception,

1. Introduction: What's new since COOL'03 ? B
Approval of Muon Ionisation Cooling Experiment (MICE) at Rutherford
Appleton Lab.

ﬂ“-
G 9
Start of elaboration of International FAIR project at GSI, where
cooling methods will play a key role. N
@ <
New proposals | The hot news in brief | \very small aperture
machines for m ications).
(= 151
N\
Bad news: Shutdowns of CELSIUS and CRYRING.
0)

5 )

Good news: CRYRING will be used as a cooler storage ring
in FLAIR - subproject of FAIR.
0)
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September 2005 Gakna, IL, US4



FO06 RFQ cooler/buncher for TRImP L.Willmann KVI
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MO5 Future Directions
D.Sutter, DOE (retired)

Where Next? — What are the Real Physics Needs? Facilities Available for HEP Research
Proposed but Not Approved [ The realm of Near Term and Some Mid Term R&D J
Facility Status Issues Fermilab Tevatron Shut down in 2008 - 20107
ILC @ .5to 1 TeV R&D - GDE In place. Location! Politics! Fermilab Neutrino Beam Upgrades? In---?
Super |\ Beams (@ Fermi  R&D - Hope! Funding, Timing & the ILC
CLIC @ 210 4 TeV R&D - A Prayer The ILC, Energy needs o) | SLAC B-factory Shut down in 2008
HEP
Japeiese yuper o thcient L Japany SLAC 50 GeV linac Off in 2006, LCLS { 10 GeV'},
SABER (w 30 (el > 2008
Wish You Were Here! | The realm of Advanced & Some Mid Term R&D |
KEK B-faciory Upgrade to Super B?
Faciliyy Slatus Issues
Muon Storage Ring et al R&D - Targets & Cooling  Funding & HEP priority RHIC Shut down or continue? { NSAC Study! |
LHC Upgrades -L and EL. R&D - LARP(In U.S.) Priority versus LHC Start
Linear Collider @ =100MeVim U.S. High Gradient R&D  Funding & HEP priority LHC First operation in 2007 - 2008
VLHC No Activity LHC & ILC in U.S.
“Other” Facilities No Activity Unidentified Physics needs!
e Yo Yo Y Yars r Office of
-:'(c/ offerson Cfal — ummmmm————Thomas Jefferson National Accelerator Facil 10y I 4 Science™

- - - -

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy R ORI ST BN N NNy



Advanced R&D - To give Access to New Research Ability

The Principal Thrusts:

« Plasma Accelerators - Particle and laser driven

+ Very high gradient structures - for warm and cold radio frequency systems

+ Beam Cooling - beyond stochastic and radiation means There is a lot of R&D in our Euture!

+ Space charge dominated Beams - There is life after | <[]

;8 ) b &
* Super conducting Magnets - The future is A15 & other compounds {Nb Sn, MgB,} ?:'“ My Q¥ :c“?;,ﬁﬂ‘
3007 LW,
Ceme Join the F u}:
+ Accelerator Theory - Advanced simulation & the merging of particle & plasma physics Think Out of the Box!

Uneertainty
isn"t just
a physics
principle!

We start the ILC when .
17
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muon cooling
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Review of Muon Cooling R.Palmer BNL

Transverse Cooling
B less ) restored

- p1 less Py still less

Why a Muon Collider e /
-y DM aterial A cceleration
(' ‘”“1:} /,./"_-__ __--H"-H\ 4';]:!-—'5'\;, -[2%-'-7 Rate of Cooling without scattering
g o 14 TeWLHC < _ dp
/z pp 11.5|TV) | o T
fi \ For the moment the “partition functions” Explanation later
I.-I SC ILC ee (.5-.8 TeV) Tz, = 1
| ‘ .
|, @ MuMu (3 TeV) |
\ /
\ /
\
\\ J / - “‘
S, / .-r =L,
10 km \'“H-.,___ ____.a"’ [\V,-” SFOFO used in Study 2 and Cooling Experiment
MMuon Tonidzation Cooling Experiment WMTOE

= Tntarnatioow ] Collalwsation: (DT85 Euvogee. Tapan)

Proposal Approved at RATL
= Fumfling fowr plase [T NSF (NSF. THIE, Earope. Ja o)

# MVuons are point like. similar to electrons
# Can probe the same physics. and some more 4 rorreran wiirn | ST SgeNET LS ADRORRER TS MARET
e But have 40.000 less radiation

¢ So Muon Colliders can be much smaller than Linear Colliders
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T12: MICE, D.Kaplan IIT
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+  Absorbers: o X
& laizalicn cramgy|ces Avatars of MICE
3) V }i ! ).\',rm.!'r : :
multiple Coulomb scattering o . . . i .
+  RF cavities between absorbers replace ( E + Measurement precision relies crucially on precise calibration & thorough
= ) . study of systematics:
* Net effect: reduction in p, w.r.t. p_.e., transverse cooling "
Note: The physics is not in doubt —'lr’—f—___llﬂ STEP I: 2007 Characterize beam
+ in principle, ionization cooling has to work!
= * = * s e
... but in practice it is subtle and complicated... _..F_-_:_'lt' STEP II Calibrate Spect. 1
[ —

emittance measurement

- =il - Intercalibrate Spect. 2 w.r.t.
—rl—-_—”" I' |I STEP 11 Spect. 1; demonstrate 0.1%
e Lo ]

2 Study 1st abs./
& T W -

T s 1! g o
e LB M sTEPIV: 20087 focus-coll pair

check dE/dx and
scattering

STEP V Cooling study w/
1/2 lattice cell

-1 wrp. Cooling study w/
STEP Vgl 1attice cell &
20097 realistic field flip
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Mucool Hydrogen Absorber R&D, M.Cummings NIU

7ty Mucool Test Area ‘

At Cedfancraran

» The MTA is becoming our focus of Mucool activity
= LH., Absorber tests
=+ RF testing (805 and 201 MHz)
== Finish cryo infrastructure
== High pressure H, gas absorbers

== High intensity beam design

o MuCool: cooling channel R & D

P { - Tor—

_. . & = MuCool: MC subset based at FNAL and charged with the
Tuture otense i | ¥/ development of muon ionization cooling channels
3 - == Goal: Cooling cell test in high-powered beam [MTA)

S = SFOFO Cooling Lattice - transverse cooling for v factories

He tank

o High-grmliem novml-conilucing BT

* Thigh-powver LTI2 absorbers

1
i e A I
!

M. AL C. Cammings, Cool 05 September 20, 2005

g 2 MTA High Intensity Beam
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T16: MTA Cryogenics C.Darve FNAL

Application 3: Forced-flow LH, absorber Process
and Instrumentation Proposal

252525 25 liters of LH,

= =

Safety issue:

25 liters of LH, rele
imto the air and ignited
with only a 10 ield
the energy eqguivale

4 kg of TNT

Y oo N i Vi Y

—— C-g' A O
m— fcfferson

Y e
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Total heat load estimation
Heat load (W) 20 K 17 K

Mechanical Supporis a7 8
Superinsulation 1.5 0.2
Cryostal windows 17
LHZ pump

vs. 500 W for total refrigeration system

~ Forced-flow LH,
it schematiq v
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T10. 6D cooling of a circulating muon beam
A.Garren UCLA
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inverse cyclotron - Y.Yorin ITT
~ ™

il N Emittance Reduction Goals I
Single Turn Energy Loss Injection I

e Four Magnet (1.8T) Sector Cyclotron. e A muon collider needs 10° cooling.
Soft edged fields, ICOOL simulation. o € = (Ap; Az) (Ap, Ay) (Ap, Az)
Multiple scattering and straggling on.

Radial LiH wedges surrouded by hydrogen. e Ap;: 30 MeV/c — 0.3 MeV/c
Matter decreases adiabatically with radius. * Ap,: 30 MeV/c — 0.3 MeV /c
3 identical 172 MeV/c muons are injected. e Ap.: 30 MeV /c — 0.3 MeV/c

e Ar: T0mm — 50 mm
e Ay: 70 mm — 50 mm
e Az: 10000 mm — 50 mm

¥ (em)

e In: 10x transverse cooler, physics/0411123.

e Out: “Frictional i cooling,”
H. Abramowicz, A.Caldwell, R. Galea, and
S. Schlenstedt, NIM A546 (2005) 356.

e Injection scaling relation: Ap = 3B Ar.

i . J
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T09 Innovations in Muon Beam Cooling
R.Johnson, Muons Inc.

Eight New Ideas for Bright Beams
for High Luminosity Muon Colliders

Mucon Colliders: Back to the Livingston Plot

supported by SBIR/STTR grants

H,-Pressurized RF Cavities

Continuous Absorber for Emittance Exchange

Helical Cooling Channel
Z-dependent HCC
MANX 6d Cooling Demo

Parametric-resonance lonization Cooling

g
B
]

Reverse Emittance Exchange

g

Cavmsi irmenr CrmieT-o': Mass Erery

RF capture, phase rotation, cooling in HP RF Cavities

FRL-ETAM vERE AT
[Frantaed] == (Rrmeibidk] T [Framoel

] | |

190 L#70 1963 1730 000 YHD

Year of Firs: FEwicy

Muons Inc. Funding History
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G4BL 10 m helical cooling channel
Lab G Results, Molybdenum Electrode e 350 R ——— |

|
| it

H2 vs He RF breakdown at 77K, 800MHz

Max Stable Grad ient (MWm)

Raol 9/ 12005
300 400 s

Pressure (PSLA)

Rol /2002005

Reference orbit in series of HCCs

oM TR RO XK

 Lumghmlina i )

80 Coalng
Facior ~5.000

Kauya Yenaham, o al, Simulatons of & Gas-Filed Helisal Cooling Channal, PACDS
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Muon Trajectories in 3-m M

PV V. V. V.
R (f(*[fc'rs(w Chulh —
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COOL3

Idea #2: Continuous Energy Absorber
for Emittance Exchange and 6d Cooling

Trnchiamd Bwon Banm

ale hagnst

Figee | s of o Wedge Alsartur
for Emitisnce Kxchange

Incidome Mucn B

Fhgare 2. The of Canfinnno s Gaseans
Abzorber for Kmittance Exchange
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Derbenev Talk ollow (theory)!

ee Beard poster P24 tomorrow (simulation

C technique

chromatic aberration example

slav Derbenev al., lonization Cooling Us a Par: sonance, PAC

Simulations of Parametric-r
LOS

simultaneous RF Capture, Bunch
tion and Cooling in HP RF Cavities

Proton bunches have -, — I ns such that
ed pion bunches do oo
Placing RF ca close to the production
targel allows S hroire yeriod
0 t longer pion bunches with
smaller momentum s
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T14: Muon Cooling R&D Y.Torun, IIT
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P23: Helical Muon Beam Cooling Channels K.Yonehara IIT

S e g, g

Muons, Inc.
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T11: Parametric Resonance Ionization Cooling and
Reverse Emittance exchange, Ya.Derbenev, TINAF

Basic principles of PIC

* Assume initially the tune spread for a beam in a focusing channel to be
smaller than the cooling decrement

* Weak lenses installed every half oscillation period drive a half-integer
parametric resonance that creates a hyperbolic beam evolution at the
absorber plates:

X k'l Oy x
:;l ;3 k= A2
[IF]aH»l 0 kII']n ex-p( ! )

O< A A=<1

—

w

Absorber plates | Patametric tesonance lenses |

— = A ——

A

The lattice magnets and RF cavities to replace energy loss are not shown.

] !

X X

N
S

Fig. I Comparison of particle motion at periodic locations along the beam trajectory in transverse phase space
for: LEFT ordinary escillations and RIGHT hyperbolic motion induced by perturbations at a harmeonic of the
betatron frequency.

3
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Achromatic channel for PIC
e Compensation for chromaticity requires relatively large orbit dispersion —
which is a constraint to PIC because of increase of energy straggling
impact on transverse emittance
¢ A resolution of this constraint is: design a dispersion function that follows
the beam envelope at PR

Scheme: Achromatic wiggler

e Field index n=1/2 (symmetric focusing, f =(A1/21) = R~2)

¢ Betatron phase advance /2 per bend segment (bend angle 7/ J2)

¢ Dispersion then oscillates with period equal to half of the betatron
oscillation period

e Sextupole alternates in tact with the beam bend

¢ Orbit plane interchanges

However, compensation for chromaticity leads to a revival of the angle

aberration. This seems possible to compensate by superimposing octupole field
in combination with solenocid one (both relatively week) /funder study/
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P24: G4Beamline simulations of Parametric Resonance

Ionization Cooling

K.Beard, TINAF
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TO1 Stochastic Cooling at GSI, F.Nolden GSI

. Stochastic Cooling SHP*FM {E Stochastic quling

|

Electrode Deve

\ L ‘
shorted slotline beam microstrip short
p— . 3D field calculations:
N, = 1 - B ceramics L. Thorndahl (CERN)
[ 'I': P _’I: ':‘: ’,-/ \ or air gap
l |_L| N |1 | microstrip —
| : Wistalic srounidib signal lines Prototype design:
e ! 3 4 'f e oo onrearside | C. Peschke (GSI)
a,=-— J'_ ds . P See his poster
5 =%, 3 Pls) - on Wednesday!
Front side |
(towards beam)
T TS R N T = -—
| 7 - Y ]
J&' - Overview of the FAIR Comp
:'t: -_ 7oA < Rear side
:] . III .'I.f. ,III-. l.' ﬁ\ |l || .i alden, e s L] I E E]t
SI1S100/300 -} |r1 The Small Storage Rings
__=;-L—-=='—‘-"f',l’;:i"' TR 14 :
I ! e l'fmﬂ:dﬂ:bf Ring from Super-FRS/pbar-Saparator
| 1 HESR adiabatic debunching
fast stochastic cooling
sochronous mode to atomic
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P26: Pick-Up and Kicker Electrodes for Stochastic
Cooling C.Peschke GSI

Investigations on Pick-Up and Kicker Electrodes for Stochastic Cooling

Claudius Peschke, Fritz Nolden (GSI, Darmstadt); Lars Thorndahl (CERN, Geneva)
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T03 bunched beam stochastic cooling at RHIC

M.Brennan - BNL

Coherent Lines

Coherent Componen

This has been Nemesis of
bunched-beam cooling.
Not as severe for ions as
for protons.
Nevertheless, can cause
saturation and disable the
electronics. The problem
is high peak voltages in
the time domain.

Spectrum of Copper ions in
RHIC at 7.6 GHz, 100 GeV/nj

PickUp to Kicker Delay

PickUp

Fiber optic link runs via
the tunnel against the
beam

Vi —c'1.47 @ 1550nm

light
Effectively 2/3 turn
delay

Mixing factor is about 4 Be .
turns .- Tt
Simulations (J. Wei)
indicate that =90% beam
is still bunched after 10
hours

Pickup In”kicl;.cra;:-ln}'. mums

Origin of the Coherent Lines

M. Blaskiewicz has a talk at this conference on our studies of the coherent lines.

We believe the origin is different for ions and protons in RHIC.
— The key difference is that ions are stored in completely {illed buckets (large
synchrotron frequency spread) and protons are short bunches in long buckets (28
MHz, [If, small)

— For protons, the coherent signals come from the motion of the bunch.

— For ions, they come from the shape of the bunch.

The ion bunches have very high frequency structure because of the satellite
bunches

— The Fourier transform of the bunch shape in not negligible at 8 GHz

—  All bunches have the same shape so they contribute coherently to the spectrum
— The low frequency spectrum envelope reflects the bunch fill pattem

— As does the high frequency spectrum

Beam Transfer Function

= The BTF measures the entire loop
Calibrates kickers (corrected for duty factor) part at each Frev
Obtains beam response

Deter mines loop phase (stability ) time scale

‘Run-time BTFs will be used to
correct drifts

Reveals filter response

Magnitude: red is
no filter, yellow is
with 2-turn filter

Real (yellow)and
Imaginary parts.
Real part changes ]
sign at Frev

*The filter flips the sign of the real

*The phase is stable on the 10-minute
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T06 Stochastic Cooling and Coherenet Lines
M.Blaskiewicz BNL

Coherence in Heavy lon Beams

Two distinct types:

2) Strong revolution lines
3) Strong signals associated with synchrotron motion

We see the first type with heavy ions and both with protons.
Heavy ions are “rebucketed”
to shorten the bunch and
combat IBS

Generic features are well
General features look good modeled by a coasting

beam transfer function.
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TO7: Schottky Spectroscopy, F.Nolden GSI

207781 Decay Spectra with 'S?'*Qe ?"

T B
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F Nolden, Coolih, Seplember 20, 2005
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electron cooling
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M12 Optics of Electron Beam in Recycler: A.Burov, FNAL

OTR profiles: Measurements & UltraSam-Beam Simulations (Sep 14)

Current density distribution on TRAO7? for Upulse =4 5 kV

(beam = 0.56A)
+ - measurement far kpag=6A
0.8 - BEAM cakulations for Epag=6A
. - measuremants for pag=14A
0.8 i T T i T T T —— - BEAM cakulations for kpag=14A
o - Mmeasurements for kpag=22A
07 I ] ] | ] | —— - BEAW cakulations for kpag=22A
06
Electron cooling beam line:
Acceleration section 2.5
Supply line 1.4
Cooling Section '
Return line 2.3
Transfer line i
Deceleration section '
|
0
-12 10 8 -6 -4 2 0 2 4 3] g8 10 12
X, mm
Alerey Bnow 15
Total length: 100 m
Cooler length: 20 m
Kinetic energy: 4.35 MeV
Phase advance: ~30 rad
A g~ r =
T fferson Cfab — mummm——Thomas Jefferson National Accelerator Facility EEm— 4 ok Of-
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high-quality electron beam @ FNAL's 4.3MV cooler
A.Shemyakin FNAL Setup parameters

Setup Recirculation Parameter Unit Value Value
(for cooling) (maximum)

TEY

| e e T Ll Electron energy Mev 4338 5
4 "II .l i
— I.I. I bimmle 18
The beam pewer of A | | Beam current used for A 005-02 06
2 MW requires the 7 haes ¥ i
. energy recovery Cooling
(recirculation) i Magnetic field in the 6 105 190
scheme. ‘ """ cooling section
‘ Beam radius in the cooling  mm 3-5
B T section
—— /- " - L — Pressure nTorr 02-1
i ! e e _'f-”'ﬁ‘
: i - f H [l i = Total length of thebeam ~ m 80
. Effective emittance line

Figure of merit: magnetic flux inside the beam in the cooling section =
effective emittance outside the longitudinal magnetic field

Beam line ; :
Cathodz Cooling section

- =

\/ﬁ—

. i B=0 B.=105G
R:urh =38 mm T R-: 2-10mm Rbﬁﬂii =35mm
&= Ry o[ —5 &, <Tum

7 8
Er=B. Ry —
-7 ’ o e’ (normalized)
= £ [ (normalized) =38 (erikied]

Low energy portions of the acceleration and deceleration fubes
have to be immersed into a longitudinal magnetic field.

A 3D beam line has to provide an axially symmetrical beam
6 A" transformation. See report of A, Burov et al. ' Off‘ce Of
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#ifc:;erﬁwaﬂsfo" First e-cooling demonstration - 07/15/05

Pbar beam: 63.5¢10

* Fermilab

M Accelerator Divison Recycler Electron Cooling

- = The maximum qn‘rirro‘ron stack size

Barrier-bucket bunched. inthe RL’-CYC|L’-I" is limited by
Bunch length 1.7-us % Shaskina Bte inihe Delungher:
- Tr. emittance (95%,n) kept at 4-pi mm-mrad A ac m? 1_0 3;'} B $ u'?; =
- Electron beam current: 200 mA . CCU.ITIU q sila arga bt
3 || Traces are 15 min apart » Longitudinal cooling in the Recycler
£ Y * Longitudinal stochastic cooling of 8
= n GeV antiprotons in the Recycler is
L | ) being replaced by Electron Cooling
&)
c » Electron beam: 4.34 MeV - 05
= Amps DC - 200urad angular spread
w
2
S | . N
-0.002 -0.001 0 0.001 0.002
Fract. momentum spread
Antinnntan Frnlinn in tha Eammilah Dosslon Dina - Naanitao 28
A eemerater Db Recycler-Only Operations Antiproton Cooling in the Fermilab Recycler Ring - Naqaitsev 21
- nxqu:ﬁgr has baen = The Callider CDI‘I.'I.FEK is maw = Eﬁz:‘;;%or BXbishory EleCfr‘Oh beﬂm pOl"al"ne‘l‘er‘S

perﬁcip_mtins in Cutlidu-_ transitioning from

gﬁmﬁgﬁﬁ:“d Combined Shot mode to = Electron kinetic energy 4.34 MeV

Recycher Stock size has been Rcycler-Onky moce

limited to ~120x10'° phars ¥+ Faster overoge stocking = Uncertainty in electron beam energy 0.3 %

# Longitudinal Cocling ¥ Srmaller pbar emittances in
» Transwerse Stabiity the TEV = Energy ripple = 10-4
=  With Electron Cocling

operational and the tronsverss = Beam current (max) 0.5 A DC

dampers i:urrl-rm‘sslion:ﬂ, the

E:ds::c;::.m;:h = Duty factor (averaged over 8 h) 95 %

pbars
= Electron angles in the cooling section
(averaged over time, beam cross section, and

Amtrpruton Cooling in The Fermilsh Recyc er Ring - Mogoitser

P Ve Y ¥ e

35

cooling section length), rms

= 0.2 mrad

Antiproton Cooling in the Fermilab Recycler Ring -
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T02 antiproton rate increase D.McGinnis - FNAL

e, Fermilab )
=M Accelerator Division Recycler Electron Cooling

= The maximum qrﬂ-irm‘ron stack size
in the Recycler is limited by
» Stacking Rate in the Debuncher-
Accumulator at large stacks
» Longitudinal cooling in the Recycler
= Longitudinal stochastic cooling of 8
GeV antiprotons in the Recycler is
being replaced by Electron Cooling
» Electron beam: 4.34 MeV - 0.5 Amp
DC - 200prad beam spread - 99%
recirculation efficiency

e, Fermilab X X i X
TME" Accelerator Division Antiproton Production - Slip Stacking

= Slip Stacking is the process of combining two
Booster batches at injection into in the Main
Injector to effectively double the amount of
protons on the antiproton production target

HOEL

TEEILX

¥ |
|
/ |
u || "’/." 605 heam loss \'}

Time in Cycle

Time in C\(_EIz

A A

Je
W

Fermilab

Acclector Do Antiprotons and Luminesity

Pbars available to the Gollider Peak Luminasity

Paak Lum -zzhy e

3 é“: 1
ft.

s

* The strategy for increasing luminosity in the Tevatron is to
increase the number of antiprotons
# Increase the antiproton production rate (Run 2 Upgrades)
» Provide a third stage of antiproton cooling with the Recycler

# Increase the transfer efficiency of antiprotons fo low beta in
the Tevatron

P, Fernilch ) ) ) )
A Acclratordiison ——— Antiproton Production - Slip Stacking

Pbars atthe end of the APZ Line

Stacking
Dacambar 2004

| '_\'

Aita 3 BT WL BT 1313 3_ER1 W 3 It
Sip-Staekin T
March 2005 5 B . = §lip-Stacking December 2004 E

= .

. = Stacking December 2004
= Slip-stacking March 2005

Slip-Stacking
December 2004

Pmtnns'on Iﬂlﬂﬂi

% RS S T | T Y B T it oM o® oM oM oE o\ X K M K00 X W oE W
et e Accumulates-Stack Size
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P03 Recuperation of electron beam 1n coolers with
electrostatic bending V.Parkhomchuk BINP

Recuperation electron beam

in the coolers with electrostatic bending A - , . B
M Bryzgmay, Vi Parasyu, Vi Farkbomcluk, VRss, M Vodeni Optimal veltage on the electrostatic plates

S 1 4 Suppressor valtage Electron energy

Profile of the secondary beam flux B '

Current .
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FO5 electron cooling of highly charged 1ons 1n traps

G.Zwicknagel, Erlangen U.

Electron Cooling in a Penning Trap

avial grafinemeni by an clectmatstic field

Principle of a Penning Trap:

madial confinoment by
u stromg homogencous
gt fiohl

Typical parameters

v i==1,1...92
B<6T
Tio=4 K
n. = 107 em=3
Nio==108...10W
No=10°
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Cooling of U”>* and heating of electrons

e URT T(0)=4 K, B=6T

e |nitial ion distribution with N; = 500
ions as obtained from ion optics simu-
lations of the injection into the cooler
trap for the HITRAP setup®
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WO06: Studies of electron cooling frictional force
A.Fedotov BNL

Friction force for ion velocity along magnetic field line
Vv, =0 15

F [eV/m] force

) Au ions: Z2=79

) Electron distribution:

P D-5-M asymptotics n.=2e15 m-3 (PRF)

S000
. / Aj, = 1.0e5m/s

2000 | '\ A = 1e7 m/fs

l . B=5T
3000 | I' \ numerical integration of D-S expression
2000 . VP empiric formula
1000 | ﬁ.{ VORPAL data

-~

. i o .., TS e, el ocity [mfs]
200000 400000 BOC000 800000 1" 10°
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R05: benchmarking magetized friction force A.Fedotov BNL

March 2 data: B=0.1T, electron current Ie=250 (pink

color), 100 (red), 50 (blue) mA

F[eVW m] 06

04

02 P&
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>
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= !

_ 7

®

504

o
L

- 06

V104 m/ s]

Gresn curves — calculated using VP

formula (no averaging) with the same numeric
coefficient for le= 250, 100, 50 mA
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R10: COSY 2-MeV cooling system proposal J.Dietrich FZ/IKP
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R11: Budker INP proposals for HESR and COSY electron
cooling systems V.Reva BINP
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T0S5: Moving Barrier Bucket, T.Katayama GSI

Operatlonal Scheme of Moving Barrier Bucket System Variation of emittance during 1000 times injection
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RO6: electron cooling of intense 1on beam I.Meshkov JINR

O-Coherent instabilit. 5 4 TBS (?) and longitudinal modulation
Influence of transverse heating Ath = attenuation
(Vyisds = 6 V/AMN, Af = 0.1 -2 MHz, I, = 250 mA

Schottky noise: 18™ harmonics, f = 5.8 MHz
s N, = 1107 , No heating " Heating, Atn = 35 dB

)

[ p - hillua \‘

MMM i | 5 ok
5.Coherent instability (singl F"'Qﬁ

FrN, = 1100, |
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Center: B 7319496 Hix Fouz 1 e ]"'.r\l._r_ 1_t6 “1”
n.-.ll:\ | RE ";F . l,\»- j‘}‘
Beam Position Monitor analog signals clearly demns’rrq’ring the
collective oscillations of the p-beam: the signals from
differential horizontal (H) and vertical (V) PU's and sum (S) PU.
Note: longitudinal oscillations (sum signal) appear togedhgendth
Electron Cooling of Intensive lon Beam COOL'05 I. Meshkov
September 2005 Galena. IL. USA
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R09: HESR e¢lectron cooling proposal D.Reistad TSL

L]
The Future International Facility at GSI: J I_lri'
Beams of lons and Antiprotons| | & #

WASA Pellet Target

pellet

f:i_.Eleed beam fube pellet generator

CELSIUS differential pumping
beam tube
scattering chamber
pump - beryllium tube
station - forward window
e
cryogenic pump station
beam dump
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P18: cooling of 1ons & antiprotons with magnetized
electrons G.Zwicknagel — Erlangen U.
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WO07: Simulationsof dynamical friction, D.Bruhwiler, Tech-X

- - ' : o ) ’
‘cld” parameters - A ., = 3000 (no field errors) M. Unmagnetized simulations for “wiggler” param.’s
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RO1: Coolers with Hollow e beam & electrostatic cooling

V.Parkhomchuk BINP

! Wave at electron beam by moving Bi ion

Electric field
? 12,

Y

—Hollow electro

2 A= (-o o *k)

How to proceed for cooling high ion beam current?

n beam!
k=1 N=9E8 optimum
cooling 0.025 A only
k=0.1 optimum 0.2 A

el solid electron beam
= Electric fiel at |
units of frictian farce Nif Daz'l. 3,8
5 —ay 4| @ fiionforce 2 T 04 hollow with 1/10 density
|l Red boat (as Bi ion) exit visual wa a)i — T at certer electron beam
Gl 2 ' 3 = 20 Nino®=1,3,9
T A o ; Decreasing electron o
L s = e Electric field around moving : 5 =
o p ) i beam density 2 204
ion Bi at plane (color map) =
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P13: electron beam profile monitoring with OTR
at the E-cooling facility A.Warner, FNAL

Fermi National Accelerator Laboratory

OTR MEASUREMENTS AND MODELING OF THE ELECTRON BEAM
PARAMETERS AT THE E-COOLING FACILITY

A Warner!, A, Burov!, K. Carlssn’, G, Kazakevich®, 5 Nagaitserv!, L. Proat!, M. Sutherisnd’, and AL Tiunov?
TENAL, Batavis 1L U5 A, SBINI 63009 Sovosibirsk, Russi
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electrostatic rings
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M 12 Dispersion Control:M.Tanabe - Kyoto

Issue in storing ordered beam How to overcome ‘Shearing force’

“Decelerated Lines of electric force

"h,,
e,
i,
uy,
s,
4
4

Potentials are
adjusted

L ‘ Accelerated

Same velocity

Same angular velocity

Decelerated

Ordering particles at a bending section

COOLOS, 19-23 Sep. 2005 @Eagk Ridge Resort and Spa, Gakna llinais, The United Staks GOQLO5, 18-23 Sep. 2005 @Eagle Ridge Resort and Spa, Galena llinois, The Linied Stats
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WO1: LN2-cooled electrostatic ring T.Azuma TMU

Monitor for Beam Diagnosis
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Neutral Detector

Neutral Detector x 1

McP Fluo. Plate POSITIO
(V]

CCD camera

Sicrage Time of Bare Gas lons
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Particle

Acc. Vol. ~5.0x109 Pa, observation of storage = ~ a few min.

3.0kV electron capture
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Ring Layout
n RBing 11 Ring 2
160° cylindrical bendsm 20 2 Platform voltage:0 < 25/100 kV
Quadrupole doubletstin 400 4 Electrode voltage:T 16 KV
10" deflectionsri o 4on 2 Bean énergy:r  5-100 g kev
Variahle deflectionst 0 -0 0 6 lon massratio:n  1-20 (g= +1)
Symmetries A B e
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Low Temperatures

The rings will be cooled with cryogenerators to 5-10 K.

This will allow internal degrees of freedom of (infrared-active) molecular
ions to cool radiatively, and fons prodiced in a cold ion source will stay
cold. Also, the vapour pressure of all gases except H, and He is below
1010 mbarat T < 18 K.

Development in atomic and molecular i
physics since 1990: Cooled ions ->
cold electrons (L 20 K) = low
guantum states. Figure shows

rate for Hy*+e- —= H,+H with ions
from hot plasma source/cold
gxpansion source,
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DESIREE will allow measurements as a
function of temperature by
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WO04: Ultra-cold electron target D.Orlov,
MPI-K

Electron beam from photocathode

Photecathode principhe
4 l Se  RTET mad '--m‘:I ¥ -
| . eh ‘ A& o & & s :
i:',. .|_ | ,‘\‘}G 3-_. T 5'1&&#‘;&‘:‘
- E e 5 R
Electron beam formation N o B e ] V.
TE:.:H I - o I-s:.u_:'lrrltu'n_ o
Aceeleration Mapnetic adiabatic expansi N T
anlanges sleciron snegy speeads in vaocuom
dep-2 //’- T --h\\ a7 =%
KTy reduction:  &,T, = ~5iC {0 ¢ ) adiabatic invariant: E,/B=con e (it W
" l 2ot \\j_«TEU_J:/ B A Chrbow ool i Ased Pow. Lt T8 £0015 37,
|jE BD Bguide
7 e
AE| ﬂ Vf —I ;
U Phage-space conservatio i
0
B&.—| ]
AE| A, .. kT
- - —— k=
Ay figY v I B ]
C=1.9 - fast acceleration Thermocathode kT.= 110-120 me
C < 1.9 - slow (adiabatic) acceleration o =20 KT =2-6 meV
o =90 kT = 2meV (CR
le =0.1 meVv
KTy « KT Photocathode  AT-= 10 meV
Ve ¥ Ve r Office of

] sjeffersan a I Thomas Jefferson National Accelerator Facility L
' = y d Science

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy R ORI ST BN N NNy



laser cooling
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FO04: cooling techniques for trapped particles Y.Yamazaki RIKEN
Why? CPT: pu vs pp+ H vs.H

Plank mass M = \/hc/G =10GeV/c?
(mp/Mpl) m, ~ vibrational level 10 Khz

traps
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FO1: Laer cooling for 3D crystalline state at S-LSR
A.Noda, Kyoto ICR

® Compact Cooler Ring Principle of Laser Cooling (Longitudinal)
S-LSR

Circumference 2
Straight Section

1.86m s ", %
1 , ibvo Ll b — i
e Two e-cooling mo 0 m
- Protons TMeV

(Ee=3.8keV)
12 2MeViu

Alowsr slale deifyy
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® Laser cooling
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ion-ion cooling and-sippp‘ll%lp

Y
U the idea \f? £l .

ion-ion cooling andlst.opgiﬁ s
MD simulation results |1

precision Penning-frap mass measurements of short=lived nuclei
require high charge states -» charge breeding
and cold ions -» fast cooling without charge exchange

energy deposition can be compensated

-> fast cooling of ~TeV HCls in a continuously laser-cooled b}' continuous [aser moh'ng
Mg-ion cloud or crystal

1o F_= 0100 maV Kinatio snary of Mg’ lons

II.I

fast cooling (us)
in Mg-ion plasma

hot HCls => ...... .
from EBIT =, energetic fraction

can cross barrier
ramping the main trap

while ions are oscillaling

- fast extraction

green dols mark
Mg-ions above 0.1 meV => stopping of the HCl in ~10 s
== kicked out of the lattice
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FO02: Laser cooling of relativistic heavy ion beams
U.Schramm LMU

Laser cooling of bunched G3’f _-:ﬁea‘__q iy
* T i % ik A
Laser cooling of relativistic heavy ion beams (rf ~tuned ) V

Why laser experiments under
such, ‘extreme’ conditions ? |

m.a ~(27) o, -> huge Doppler shift

and pulse shortenin
Wog ~(27)% Wy, P g

b) small detuning:
— lowest energy spread
: space charge dominated
- laser spectroscopy of heavy few-electron systems

time [10s steps]

\ ¢) resonance crossing:

-> short pulse (high intensity) interaction studies fs:hnnky- 3 b \ laser heating
equenc \
Y f,i’:.f ' jon deceleration
out of the bucket

Laser cooling of bunched C3+ Ez‘:ﬂri,
S ; Laser eooling of bunched C3+ | " l %Y | Inservaecos| - Unrmmip'! LL
Laser cooling of bunched C3+ beams | q L) tasar va scool = momentom Apred T W

@ | laser vs electron cooling - hunf;:ﬁmw‘“

ecool ol data e i
L ecool rof, data s i ol & " : /HJ ' " h
I.... - S N i ; 0 / F___.-"'flf ./ . e S i
wh o spaco charge ) ;""f ol ' e,
g S Bl i L o
e "Txlmmw tor wiectran "“"""m“‘”" = ;:E:Iill:ll:«l::m::“rr::ﬂ:nfp
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phase space
manipulations
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M14 Transverse Echo Measurements in RHIC W.Fisher, BNL

: . Transverse echoes — phase space simulation
Motivation ; I

TISTHE Collalnation Meeting, Srvalen sl Prysies Fxaiiments fin Fulue Faalion Colliders, BT 2000

e IBS growth rate measurements usually done | divolekick —]  filamentation "]
by observing the free expansion of bunches . #_ ’/@%

— Must be on time scale of interest [15min at injection, hrs at store] _ R \y i
— Need precise emittance measurement [not easy transversely] s \\ ‘
Figune 1 Tefl Fo ol ol -b-ﬂizln':.\i-: :I.: ;:.l..:.?.u:-,-.ﬂ st s aflen e i ] i nffe rﬁ:i‘g;.“ 1:..- s
* Echo measurements are empt i R
* |-turn quadrupole quadrupole k'flk‘ _

— Much taster (~1000 turns), allow parameter scans kick is difficult
» echo-like signal

— Potentially very sensitive
was also observed

— Do not rely on precise emittance measurement with 2 dipole kicks
of different strength
Transverse echoes — dipole moment simulation (E. Ruggiero, SPS) 2

Summary — Transverse Echoes in RHIC

no quadrupole kick . with quadrupole kick * Transverse echoes ohserved in RHIC with Au™ Cu®® p*
— Dipole kick with injection under angle
— Air core quadmpole provides L-tum kick

= Diffusion with p* stronger than with heavier ions (unexpected)

* Observed intensity dependent echoes with Au™, Co®¥

|
=
To sasyversn st 1]

s
o b echo amplitude rgduced —» were fitted to simulation results to extract diffusion rates
@ = b\ dl'ﬂ'l‘lslol'l procsses
= a !:ﬁ J-llll d‘:: !:ID IﬂI:: :éﬂ |-;In 1588 i [ :;: J:ﬁ dllﬁ'l !M: mm I 0 :éw 16w =
Time fturns Time [turns - -:':_-_- dipobe ‘“_"k E
Figure 3. Left: The dipole moment of the distmbution versus time after a dipole kick. Fight: The sanee signal with an — 5.-:'__ mpeudrupale kick e
addirienal guadrupele kick at 500 nams after the dipole kick. ‘E‘ 1. . .
: olde < |
i | 0 200 Fo0 M0 S0 GE Pan B 140)
[W.Fischer, B. Parker, O. Briining. “Transverse echos in RHIC”, proceedings of the US-LHC § sii ke

Collaboration Mesting: Accelerator Physics Experiments for Future Hadron Colliders, BNL (2000).]

Wolfram Fischer BROODKHEVEN 9

Welfrum Fischer
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M15 Simulation of Beam Dynamics in Cooler Rings, A.Smirnov -

JINR

Analytical and MD simulation of IBS for ESR

Equilibrium between ECOOL and IBS Ordered state of ion beam

107~ = \\\ 107 % \\\
=RUN < s = 10%= .
il 3 - ? N ~—
é 117 .._\_k{ .............................. E w0 ¥
R pa— R 510" - Ordered bea
= - T F IBS growth rates
N (Martini model)
0-| I L : In-l-l o .
10710710710 107107 197107107 10 107107107107 10710
Momenium Spre: Mpmentum Spread §
=
— £
Equilibrium b_etween Ordered statg =
IBS and Cooling
L7
g
£
=
@

-E
r.ro'nert mSm e

momentum spread

r.v. v . 9v9.95."

4:__ £
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m simulation for COSY -
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MD simulation
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M10 Phase Space Manipulations, K.-J.Kim, ANL

Emittance Exchange: Transverse to Longitudinal
transverse RF in a chicane (p.Emms) [

~ 41

kAN Electric and magnefic fields

Cross-larm
and 2t
order
dispersion
limit

system also
COMpresses

bunch length

Schematics of Flat Beam Experiment Minimum Achievable Pulse Length
ﬂr FNPL (M. Borland)
Electron beam
ol 8C Tesla Cavity nm_ Screens & 5|!ta Cncrgy
- \
\F . .3 For 6 MV, 2800MHz
Dj iy — Vlr . \II"T?'; ‘.'ﬂ':‘._“. ﬁ' {h=\81 dEﬂECIlI‘lg
B = at Beam //-',m{' 7 a_‘\ system, get ~0.4 ps!
RF Gun w Solenoids Skew Quad Triplet Transformer Deflecting P l,_'-m:llil]:l:'d ebeam  Divergence due
rf vollage & divergenee (byp o undulanor (typ.
/__,..- ; 1'["\ r - . frequency 2-3 p-rad) -5 perad)
/ l'fHF'l V| Xx=Acoskz [ A COS Kz T
A | | = —_— , -
x\:u_,f /,a | y=Asinxz | A sin (kz+7/2) _““x_',\& . Normal APS bunch is 40 ps rms
vortex beam flat beam
L GO0, 18T - L, M1, A =
PN, /7 Office of
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M11 FEL Performance, A.Sessler, LBNL

7. Conclusions

Forr Laser-Wiggler Conditioner
Q

Laser-Wiggler Conditioner (Cont)

Transverse-Longitudinal Correlations: FEL

Proposed by Sasha Zholents

+ Some electrons gain energy and some lose

) JENT A, e o T= . i 144 AP i s by oe z b i
Performance and Emittance Exchange Use a laser/wiggler rather than an rf cavity ensrgy, Only sbout 12 are condlitonsd.
* If conditioning can be achieved it would have a very T I
large impact on FEL performance. : it

. . ! | |
(Li-Hua Yu, Whittum). L ||'| '|'| | Il', | Ml |
« Conditioning without growth of effective emittance is % sy re %_'i""” ALAARA

possible in a symplectic system (Vinokorov, Wolski). L h §
» It appears to be difficult (but maybe not impossible) to wmsni'l-hﬂ = l-.mmr-h-
achieve the amount of conditioning likely to be required Fipen 2 A ichanatc o o s il
by real FELs (Kim, Emma, Wolski et al).
* Non-conventional (laser/wiggler (Zholents), laser
backscattering (Schroeder), and laser-plasma (Wurtele
and Penn) conditioning holds promise.

Plasma Channel Conditioner

Work by Jonathan Wurtele, Gregg Penn, and myself.

Send a laser through a gas in a tube. Blow out all the electrons
and make an ion channel. Send the high energy beam just
behind the laser before the slow electrons return.

* Emittance transfer would benefit x-ray FELs (Kim)

* Emittance transfer from a large emittance to a small
emittance is possible (Wei and Okamaoto)

« Practical emittance transfer schemes have yet to be

developed (but no one has even tried yet).
In the plasma channel B = (2y)"2c/,

where @, = 6 x 10"*(n (cm?)/10'¢)'2 and A, = 2nc/o,

For example at n =107 cm= and 1 GeV, ®,=2x 1083 st

1/ ®,=50fs, &,= 100um, and B = 0.1 cm

Simulations, to follow, by Gregg Penn. Two cases (similar to
Zholents and Emma and Stupakov [a FOFO channel at 100

MeV])
Clearly at 100 MeV only condition a small time slice.
e Yo Yo Y Yars r Office of
-:'(_Effi.t/ff""’a"‘"’- Cfat — mummm——Thomas Jefferson National Accelerator Facility 4 Science™
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P20: Hamiltonian analysis in Longitudinal Magnetic Field
V.Reva BINP

in an accelerator with the longitudinal magnetic field.
oA e o g in an accelerator with the longitudinal magnetic field.

._n,,"u" 5

A s s P

[STR S T p——— T
v 1 mgama w Bl 6 B i, g i 5 8 o T e
smebumaed 4 F 8 F 484 F 8 e pen syt ) W07

X ¥ i
s A e i o . e e R ] e v s [] JEAlA i
= b ‘
o ] i i i) s— o i ks PR P
o I s U ol s s . ey o o g At g e pins i .un..-.,.h-o.- dbs kg e ey

ik 1|r"—|l

il

e i 'l'u-. ik »
:
i e
1 o g e " o M - s
- L
L .
ol i
P ap—— i Wl S il o i e
=
i =il
gt A P gl s f et i i g e e P AR ) il - N e Vs gl i, i e vl Pl
B - A ' vy = Vi i i, BN B
SRLL TN Y " T —— ) ] o S ot i ¢ s S Y % A
= wout ; s i bl ey e b s P o iy e i | £
PP P : t R .
R e R R &, 8 B i R S e i i = PR P W . ¥ W/
o T A T 0y s e oy i s A #
il il e e L i ¥ i il ———
T, o s et s i i e - & | ' o A ¢
ol i ' g N — s |..n.|
. , M s— it e e s e e P i et ‘"" B T b s & e = e B
g Ll [y 5 | i o BN Iy N A4 o i e i, e
ot i COATI T "'.' r
Wi e F #, hjid N
iy el ©rr kg e |
i o i ik i ik Teradhe v "\',"- i ™
"» Fasbhie & ke o 1 5] S bt .I; "
L ' -
b o o, ) [Tepee— PRI 1L R I P PP L b
v ilen i o
| L LT i ai ki iP %L
,
i pap s . w0, S T AW = . St A S A e asae i g e -
e [ it + il o iy e g ey e e et v b
. H ] W g g kg v
P . " i ek
. L L b U T P S S w T T wad e g
il g
B i g s e e ] s L) L ™
iy gl g e i el §F Fag
o i ; i Vo 3 e o i
P s EE b

wl —

Office of
I Thomas Jefferson National Accelerator Facility/ 4 Science™

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy - DREARTMENT, OF [ENERGY:

-/



rngs

FEVSN AN AN 7 Office of
-:'Jfff:":f: < f*;“{_', I Thomas Jefferson National Accelerator Facility/ 4 Science™

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy SR ST BN O AN RN



P09: electron cooling for cold beam synchrotron for cancer
therapy V.Vostrikov BINP
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FO3: status of LEPTA 1.Seleznev JINR

Design of the LEPTA

B=3505
Py = 50 nTorr
P; = 120 nTorr

Experimental results
and theoretical fitting

Lifetime vs Energy

'%qur HNa_ 100 e* par sec q
% ' positronium : 0 2. g v W
o ] Energy, keV
B, =350 G
. P,= Tamr
Helical quadrupole B, 5106,

e P, =60 nT:
“stellarator windings iy

AB/B~20% »
Quadrupale Length L = 160 cm 5
Helix step h = &0 cm
' :
2 NI o 1 d [ B a
= oo Energy, keV
Cross section of the quadrupole Uniform gradient magnetic fisld
is similar to Panafsky lens inside aperure
L
'i';'i'.;ﬁ'i'i'i' .
~ ;;? ~ o~ ? P Office of
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R04 Lognitudinal cooling force measurements B.Galander TSL

The CELSIUS Ring

Mg-Jet
Profile monitor

» Last CELSIUS run in June 2005
Now dismantled

» WASA to COSY, Jiilich . .
Transient cooling measurements

Transverse Mg-Jet profiles

. WASA :
C|llFi|'Er-|F:f Pelict Circumference B81.8m é I.["H
Targcl Length of cooling and 9.6m /
Injection straight sections h
Length of target straight | 9.3m /i } |
sections | .\\\
Bending radius 7.0m HJU:’\' \:\\\ /
Meimurm rigidity 70Tm / ﬂl.‘ A / \
Maximum kineticenergy | 1.35 GaV A
{protons) f{.f; /i '\,\&\ /
; _— S ) y
Maximum kinetic energy per | 470 MeV i \ Nk -
nucleon for ions with mdﬁ' 7 S‘% , / / \‘k
o= 172 R
0.3 s between profiles (total 1.5 s) Time between frames 0.3 5. Total ~60 s
Cooling of core vs . tails
Electron current 10 mA and proton current 0.3 mA, Np = 1.7:10°.
Can be used in comparisons of calculations with IBS models.
B. Gélnander, TSL, COOLOS 17
AN AN A N » Office of

4 Science™™®
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M09 Cooling Experiments at COSY D.Prasuhn, FZJ/IKP

The Accelerator Facility
- COSY accelerates Observation of initial losses

(polarized) protons
and deuterons

between 300 and Beam Intensity vs. Time Initial |OSSGS
3700 MeV/c ; e disappear at

-4 Ttern;al anng . B \ ACT foms oo amaller injected
external experimental |§ i T
areas s prolton beam

- Electron cooling at low | " iM | emittance
energy i - N “5 u

- Stochastic cooling at Chribeve e ;
high energies T il | |= Protons outside

H O Feales |10 i injeaclion)

the electron beam
see a non-linear
focussing by the
electron beam

Proton intensity as function of time
and electron current

- lrnleal e 7 Office of
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MO8 Antiproton Decelerator
P.Belochitskii, CERN

(en s i P Balockiii 19 Seplember 2005

P, Bekachitahil 19 Soplembor 2005

Schematic view of ELENA cycle Requirements to ELENA:

« Mo electron cooling is performed at injection energy: beam is « Compact machine located inside of AD Hall with

cooled already in AD. After injection beam is decelerated minimum of reshuffle
immediately. ’ .
: . * Energy range from 5.3 MeV (AD extraction ener;
*  OUne miermediate cooling (at 40 MeV/c probably) 15 needed 1o d()'if]%}t{() lo%eke{)f 3.5 MeV ( ¢ chion energy)
avoid beam losses i _ i
o * Equipped with electron cooler to make beam phase
s space smaller in about two orders of magnitude with
[ - respect what we have today
a5 * Machine assembling and commissioning has to be

done without disturbing current AD operation.

CoaLG P Belochitskll 19 Sepombeer 2005 COoOoLO0S P. Belochitskii 18 September 2005
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MO06 FAIR project
M.Steck, GSI

- The New FAIR Accelerators

il
i

Goals: " "-~__.~Syn::hrutrnn5

High beam intensity | © 81S100

High beam energy

High beam quality -"j':fii:-. J SIS300
SuperFRS x HESR
Separators i ,/

. Storage Rings

CR-complex r - NESR
(CR, RESR) N /
M. Sreck, COOLOS ayrher 185-23, 2005 =t =5 ]I—
-‘:-A I - - 7 (lifﬁce of

y*/f{”"“” CHal—— nmmm—Thomas Jefferson National Accelerator Facility -

H [
\./ - N/ »../ J Science
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WO03: Heidelberg CSR, A.Wolf MPI-K

Stored antiproton beams at keV energies

GSI Darmstadt
FAIR project
" -|_r\;|=.=.r, P':“rgff
=50 fg:.’ Antihydrogen collision experiment
¢ f: @ Ja 151 H+H-—+eg++e=-+p+p
/b —Ps+p+p
Existing GSI Ee 5 1366V
machines pusiiron Ting Antihydrogen collisions
. > 2010 Hcollision o= 10-16 cm2— (from
New machines ‘ k experiment  dnt= 1014 em-2  H+H
L - . — Event rate
. — ' - = S eglE | |l gm ~ /s for ol
Antiproton - Low energy antiproton TR AL 2 )
collector ring facility
L1} LY ' II‘H
30 MeV ... 300 keV: LSR (magnetic)
300 keV ... 20 keV: USR
(electrostatic) |
s "y
pll Ee = 136eV |[.p
]
1./ i i - -
T offerson Cfal — nmmm———"Thomas Jefferson National Accelerator Facility EE—
- W W '
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P10: antiproton-1on coolider for FAIR V.Vostrikov - BINP

Antiproton - Ion Collider for FAIR Project

P Eu;-llur. B.andu- P. Kwnk- R. antlu;-n I.Koop Ve ParkhnmLhul-i Y.Shatunov’, A. Sl-r.rimki V.Vostrikov', E.Widmann'
' GS1, Darmstadds, fwrmm:_p. TUM, Munich, Germany;  BINP, Novosibirsk, Russia; "SMI, Vienna, Austria.

Pbar cooling in AIC. N = 10510 107

phar-ping . An antiproton=ton collider ( AIC) is propesed to independently from top to bottom. E = 30 MeV
Ceakim |:r MY }" .n,.....- determing s radii for protons and neutrons instable and shorn
e lived mucler by means of antiproton absorption al mediom energies. be_.
lf'- -.\ The -e».'|:|erim«ml minkes use of the electron ion collider complex ey
with appropriate modifications of the eleciron ring 1o store, cool
and collide antiprotons of 30 MeV energy with 7404 MeV jons m
NESE: the NESE. Antiprotons are collected, cooled and slowed 1o
30 MeV. Hereafler the antiprotons are transfermed 1o the electron " e |
C i slorage rmg using o new iransler line. Radioactive niclel are S
£, 0K produced by projectile fragmentation and projectile fission of .
.54 GeV primary boams and separated in the Super FRS. The

- separated beams are transferred 1o the collector ring (CR) and e
coaled at T40A MeV and transported via the RESR 10 NESE,
m which especially short lived noncled ane accumulated .

contimuously to increase the luminosity

1E-5 4

€. mcm fad

-

"5n"ion beam cooling in NESR, N = 10, 10" 10 ! . W
Energy 15 740 MeV/u

Main parameters of EC for AIC Tt —

Micinmen ebesiood energy T KaV
| Mliocinmen eboctron cuamend IA —
Electron beum chntoter 5= 20 mm
hfagnat Beld m cooling section. 02 T 2
Liength of cooling seotion AS5m L

£, mem md

Dexign Luminosity L=10"5 tm’

o W W e ¥ W e -
—_— / L Hovson CLAb~ Office of
'\-i\-f\-\‘ -
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I Thomas Jefferson National Accelerator Facility/ 4 Science™



WO05: FLAIR C.Welsch MPI-K

JSAH - Vain Go

Variable down to very low energies
300 keV ~ 20 keV

High luminosity for in-ring experiments

Well defined extracted beams:
small emittance
small momentum spread

Multi-User operation:

2 straight lines for in-ring experiments
1 extraction port
additional beam lines possible

Central requirements

At ~ 500 nsec for injection into trap
At ~ 2 nsec / 10% ions for collision experiments

Carsten P. Welsch Cool05, Gakna, IL, USA

Tge (pbar; 20keV)
=15 usec

Circ. H 30 m

« 4 mm =

18.-23.9.2005

PP=5" Office of
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T04 Cooling at HESR, H.Stockhorst - FZJ/IKP

Cooling Scenario for the HESR

HESR Layout

Electron Cooling at Momenta p [] 8.9 GeV/c
for the

Small Angle and Energy Scattering

Stochastic Cooling with Internal Tarnget
for p [] 3.9 GeV/c in the

12.00. 2005 H S khorst

Longitudinal-Stochastic Cooling Performance
for Different Momenta in the HL mode

l.agoz?

7 0RATE

Transverse
and Longitudinal Cooling

red : horifonta
blue: verfical | TMS-Cmilances

aa atn] AL BOE Foa RO SI0°OR
Timr e [sar|

p=3.9 6eV/c

2 r¢lative momentung 5

L= 2[10% cm2 5!
N = 104

Ny = 4 [10* atoms/cm?

01 300 40C 500 EID FQ] AC0 ROCACAd
T [0
12,09, 2005

-:_- C/ﬂc'n(w C r‘(!, |

-

\_ y - - - .-

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy
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* Electran cooling ond target OM

* Equilibrium dominated by IBS

g = s

“HESR -

-'l'llm IR TR

HESR Layout

Circumference: 574 m
Arc Length: 155 m
Straight Section: 132 m

Tons:
- anti-protons
- protons

Momentum Range:
1.5 GeV/c - 15 GeV/¢

anti-proton injection

at 2 Q LoV /r fram DFSD

Electron Cooling at 8 GeV

0 pig - e nitum $.Fh"tn‘|d with target and IBS :

I Thomas Jefferson National Accelerator Facility

7
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MO7 antiproton cooling at FNAL
S.Nagaitsev, FNAL

e, Fermilab

* Fermilab
* Accelerator Division

Antiproton Production

» 1x108 B-GeV pbars are
collected every 2-4 seconds
by striking 7x10'2 120-GeV
protons on a Nickel target

* 8 GeV Pbars are focused with
a lithium lens operating at a
gradient of 760 Tesla/meter n

= 30,000 pulses of 8 GeV
Pbars are collected, stored £ i
and cooled in the Debuncher, / 150 G2
Accumulator and Recycler ;{

Rings |':At'1;\'-. o e r{:’rd “FO
> The stochastic stacking and Bl o if
cooling increases the 6-D et (

-
I s
.\'-\_!/ -
A

! ’:/ Tar

Fucpck i

e
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R02 LEIR cooler status G.Tranquille CERN

The lons for LHC project .

+ LHC needs L = 10%" cm2s-1 at 2.7 TeV/n
* 592 bunches, 7.107 ions/bunch, €=1.5 ym, *=0.5m
+ Implies 9 108 ions with €=0.7 um every 3.6s in LEIR

+ First run, early scheme, L=5 1025 cm=2s-! (60 bunches, 7
107 ions/bunch, p*=1) => 2.25 108 ions in LEIR.

Overview of the Accelerator Chain

for (noaminal) LHC Ton Operation

Repetition rate up to S Hz
After ncceleration and stepping :
- 200 pA Pb3* at £.2 MeW/n

- 120 ps long pulses

LINACS

Frergy ramping cavity apsdp ~0.4%
(needzd for LELR njection)

200 wA Fbarr
at 2.5 kel/n

Pb7 > Post

Each ring filled (during ~1U min) Accurulation of ~4 Linac pulses =
*with -T;_E SPS batches, ) - Multizurn injection (fransverssslongt.) COOLOS5, Galena, IL USA
"'_1"'1"” 537 hinches per ~ing. (70 furns with 50 % =fF) 180234 September 2005
-Design: - e - New electran ronler constriucted by BTRP.
': L'—"“'"'PS”'}' 17 cms Bunching, acceleration and transfer to PS.
Collision energy 2.70 Tel/n. Two bunches corresponding to 4 LHC 3F Y
-Limited by collimation ard ECPP 7 bunches al T2 MeV/n every 3.0 s. —10 gl};::ll:fﬁlll‘-i{r
bunchzs spaced
by 100 ns.
-4 H™ mnches
- Accumulation of up to 12 LCIR/PS ootches 2:.3'?362:}“
an a ~4ds phatean. i/ SEeE
- "Variable (non-integer) harmonic” occeleration. “
- Direct space charge and I35 limit 2 " E4r 1o DLar.
- Up o S5 LHC bunches per cycle al 177 GeVin Tiilw‘?ltzrup?l;z::'liu':c b
Low Crerqy Lon Ring LEIR 2,10
COOLO0S, Galena, IL USA
18%-23d September 2005
P Y. V. V.. V. .
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RO7: high-current ERL-based electron cooling for RHIC Ben-Zvi BNL

Lattice for magnetized beam

The use of a helical undulator

Gun Z£-bend merger
n_ml* ,r:/‘ﬂll_lﬂ ﬂ_HII nmr rm % T 1 n M, n * Largeu c‘:]herent g= g = 93.1:--'8/I
RF frequency: 703.5 MHz| 7 .. ERL b S velocity can be )
Charge: 20nC/bunch  =| §4 ; Ty | achieved to reduce vy = f"_ L=ln -"’-rm-
Repetition rate: 9.4 MHz | 7/ p «Compressor Stretcher—s @ r recombination. ix (
P at, # % j .- « Small circle radius  Take i=5em, B=20 Gauss, R=5 em, =72 Amp
BSO'; _ SOOG(IOmm)E % i g B et E' can be made with Ther ry=0.7 pm, f,=180m
IR o low field 25 hours
A ~ IROmm.mr a q r « Undulator provides rescormbinalion
0 ™ focusing of the : Py N
LS ] electron beam ore fan enoug
Ao % Cooling solenoids in RHIC ring gff- N
"5 TRl
=0 I B
d H Dhistance Lzral o - B N I!.'l
Non-magnetized beam
J BN
+ The combined — |
use of ellipsoid - . -
bunch, high ==t
elemric field w A . i
and no Laser profile on cathode and bunch oul of cathode
N . ChagsEunch MaxTum imbon | irm indu
magnetization [ =T I |
results agood [ : |
. 15 ] Fes
Emlﬂﬂn ce Bunch lenglh: 16degrees (63pa) from head to tail.
Lureh phase: aboul 35deg
Maximum hiekd on axis: 30MVIim
E of gun 4.7 MeV
- nergy oul of gun 4 e N 1-
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