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OutlineOutline

PresentPresent situationsituation: AD @ : AD @ CERNCERN

FLAIR...aFLAIR...a bitbit of of historyhistory

FacilityFacility layout (rings, layout (rings, areasareas))

TheThe ultraultra--lowlow energyenergy storagestorage ring (ring (USRUSR))

ElectronElectron coolingcooling at at ultraultra--lowlow energiesenergies

pbarpbar numbersnumbers @ FLAIR@ FLAIR
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PresentPresent Situation: AD @ Situation: AD @ CERNCERN

Target Area

26 GeV/c p
3.57 GeV/c p

Yield: 4.10-6

Stoch. Cooling e- Cooler

Experiments

p
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ParametersParameters

Started 2000Started 2000

Antiproton capture, deceleration and coolingAntiproton capture, deceleration and cooling

-- 100 MeV/c (5.3 MeV)100 MeV/c (5.3 MeV)

Pulsed extractionPulsed extraction

-- 44..101077 pbarspbars in 100 ns pulsein 100 ns pulse

-- every 85 secondsevery 85 seconds

PhysicsPhysics

-- Antiprotonic atomsAntiprotonic atoms

-- Spectroscopy of antihydrogen (traps)Spectroscopy of antihydrogen (traps)
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DecelerationDeceleration SchemeScheme
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Future: FAIRFuture: FAIR

1011 cooled antiprotons at ~4 GeV
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pbarpbar productionproduction schemescheme

2.8 1013 p -> 1 108 p 
@ ~4 GeV/c

every 5 seconds

precooled in CR

accumulation in 
RESR up tp 1011 p

a)  HESR

b)  NESR -> 30 MeV
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FLAIR FLAIR CommunityCommunity

AustriaAustria (SMI, (SMI, ViennaVienna TU)TU)

CanadaCanada (York, (York, TRIUMFTRIUMF))

DenmarkDenmark (Aarhus U, ISA)(Aarhus U, ISA)

FranceFrance (Paris U)(Paris U)

Germany Germany ((GSIGSI, Dresden, Frankfurt, , Dresden, Frankfurt, 

MPQMPQ München, Giessen, MPIMünchen, Giessen, MPI--K K 

Heidelberg, FZ Jülich, Mainz, Heidelberg, FZ Jülich, Mainz, 

Tübingen, Berlin)Tübingen, Berlin)

HungaryHungary ((KFKIKFKI Budapest, Budapest, 

ATOMKIATOMKI, , DebrecenDebrecen U)U)

IndiaIndia ((VECCVECC))

ItalyItaly (Brescia, Firenze, (Brescia, Firenze, GenovaGenova))

Japan Japan (RIKEN, (RIKEN, TokyoTokyo U) U) 

NetherlandsNetherlands (Amsterdam U, (Amsterdam U, FOMFOM))

PolandPoland ((WarsawWarsaw U, U, SoltanSoltan Inst.)Inst.)

RussiaRussia ((JINRJINR, , MoscowMoscow U, U, VNIIMVNIIM, , 

St. Petersburg U, St. Petersburg U, TroitskTroitsk, , MoskvaMoskva))

SwedenSweden ((MSLMSL, Stockholm U), Stockholm U)

UKUK (Queens U, Wales U) (Queens U, Wales U) 

USAUSA (Harvard U, (Harvard U, PbarPbar Labs, New Labs, New 

MexicoMexico U, Texas U, Indiana U)U, Texas U, Indiana U)

15 15 countriescountries, 50 , 50 institutionsinstitutions

SpokespersonSpokesperson: E. Widmann: E. Widmann
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FLAIR FLAIR OverviewOverview

LSR
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FacilityFacility LayoutLayout

30 MeV - 300 keV

300 keV - 20 keV

keV - ... eV

Injection
from NESR
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CRYRING: a perfect match for LSRCRYRING: a perfect match for LSR
LSR is central “working horse” of FLAIRLSR is central “working horse” of FLAIR

-- Internal target and extracted beams for experimentsInternal target and extracted beams for experiments

-- Beam delivery for HITRAP and USRBeam delivery for HITRAP and USR

Advantages of CRYRING :Advantages of CRYRING :

-- Energy range 0.3Energy range 0.3––96 MeV, electron cooling, fast ramping, internal 96 MeV, electron cooling, fast ramping, internal 
target, lowtarget, low--energy injection from ion source for commissioningenergy injection from ion source for commissioning

-- Expertise: MSL staff has designed & built CRYRINGExpertise: MSL staff has designed & built CRYRING
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FLAIR rings FLAIR rings (w/o (w/o accumulationaccumulation))

NESR

LSR
1.5.108

USR
107

Energy Range

800 – 30 MeV

30 – 0.3 MeV

300 – 20 keV

# pbars

4.108

Reff = 1.1012 1/s
Rextr. =  5.105 1/s

20 sec

E=300 keV

E=20 keV

2.107

Reff = 2.1013 1/s
Rextr. = 7.106 1/s
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USRUSR -- Main GoalsMain Goals

•• Variable down to Variable down to veryvery lowlow energiesenergies
•• 300 keV ~ 20 keV300 keV ~ 20 keV

•• High High luminosityluminosity forfor inin--ringring experimentsexperiments

•• Well Well defineddefined extractedextracted beamsbeams::
•• smallsmall emittanceemittance
•• smallsmall momentummomentum spreadspread

•• MultiMulti--User User operationoperation::
•• 2 2 straightstraight lineslines forfor inin--ringring experimentsexperiments
•• 1 1 extractionextraction portport
•• additional beam additional beam lineslines possiblepossible

•• Central Central requirementsrequirements
•• ∆∆tt ~ 500 ~ 500 nsecnsec forfor injectioninjection intointo traptrap
•• ∆∆tt ~  2 ~  2 nsecnsec / 10/ 1044 ionsions forfor collisioncollision experimentsexperiments

TRev(pbar; 20keV)
= 15 µsec

Circ. = 30 m

4 mm
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FLAIR TR

At a At a GlanceGlance

R. Dörner
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Ultimate test of strong-field theories      

Benchmark: dynamical two-electron correlation

Antiprotons: Kinematically Antiprotons: Kinematically completecomplete

ASACUSA
results1 fs …   0.3 fs …    0.1 fs …   30 as

5       …       2       …      0.5       …    0.3    
Interaction

time

Z/v
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ChallengesChallenges

ElectronElectron coolingcooling at at lowestlowest energiesenergies

EnergyEnergy variabilityvariability

UltraUltra--shortshort bunchesbunches

InIn--ringring ReactionReaction MicroscopeMicroscope

............nevernever realizedrealized in in electrostaticelectrostatic ring ! ring ! 

CryogenicCryogenic systemsystem requiredrequired forfor HCIHCI! ! CSR

( see talk A. Wolf &
poster today )
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ElectronElectron coolingcooling @ @ lowestlowest energiesenergies

Max. Max. pbarpbar numbernumber in in machinemachine ??

Life time of beam ?Life time of beam ?

< 100 msτ20 keV

2 mmCathode diameter

2 µPPerveance

4 meV / 0.5 meVTe- (transv./long.)

0.05 mAElectron beam current

0.5 cmElectron beam radius

0.77 m Horizontal dispersion

7.5 m / 2 mBeta function (h/v)

0.1 kGMagnetic field

0.8 mLength

Design parameter
GaAs 

Photocathode ??

( see talk
A. Wolf)

( see Betacool
poster today )
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E=20 keV

ε>ε0

SpaceSpace Charge Charge LimitationsLimitations

Protons / Antiprotons:Protons / Antiprotons: εβγ ⋅⋅⋅= 23constN .

Non-relativistic:   γ = 1
000 E

E

N

N

ε
ε=

TSR measurements (e--cooled beam)

9
0 105NMeV23E ⋅==

7
keV20 10N =



Carsten P. WelschCarsten P. Welsch Cool05Cool05, , GalenaGalena, IL, USA, IL, USA 18.18.--23.9.200523.9.2005

0.01 0.1 1 10

106

107

108

109

1010

1011

TSR measurement
electron cooled 
proton beam

ε= 10 mm∗mrad

ε= 0.1 mm∗mrad

ε= 1 mm∗mrad

N

Energy [MeV]

SpaceSpace Charge Charge LimitationsLimitations IIII

CalculatedCalculated forfor ∆∆Q = Q = --0.10.1
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pbarpbar LifetimeLifetime

e-cool

p=5.10-11 mbar
M. Grieser
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ElectronElectron coolingcooling: p @ 480 keV: p @ 480 keV

p beam parameter
E= 480 keV
rigidity  = 0.1 Tm
ß =0.032

Tcool ≈ 1shoriz. cooling time:

e- beam parameter
Ie = 5.7 mA
ne= 5.4 106 1/cm3

αex= 9.6
Ucath= 284 V
Bcool= 100 Gauss
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M. Grieser
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Summary & status of FLAIRSummary & status of FLAIR

Cooled antiprotons at 20 keV will revolutionize low-
energy antiproton physics

DC beams enable nuclear and particle physics type 
experiments (not possible at AD)

Availability of radioactive ion beams (RIB) offers new 
synergies

Status of FLAIR
- LoI approved March 2004, 
- PAC & STI approved TP with very good results
- Work towards TDR


