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Experimental Storage Ring ESR iI= 5= 1L

- Advantage of a storage ring:

beam is stored and does not need the
accelerator chain continuously

beam is used for a long time (seconds up to
days)

manipulations can be observed (cooling,
energy change, charge exchange,
excitation,...)

various experimental installations possible
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Experimental Storage Ring ESR I= 5= 1l

injection from
SIS/ FRS

to HITRAP

Technical details of the ESR
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Challenges for beam storage iI= 5= 1L

Liouville‘s theorem: The phase space distribution function is constant along the trajectories of the system

‘ “:// — ‘ 5) A beam in phase-space is like an incompressible liquid.

Beam temperature

; —_— In a standard accelerator the beam temperature is not

\ y - N reduced. (The average motion after acceleration is

- =g —_ superimposed to the thermal motion)
= \ ——
> s
e 4 ™ e Many processes can heat up the beam
i (intrabeam scattering, targets, residual gas)
at rest (source) low energy high energy
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Stored beams: Cool before using! iI= 5= 1L

hot beam cold beam
chaotic movement of ions in the beam, defined movement, all ions in the beam
move with the same nominal velocity,
high intrinsic energy low intrinsic energy

Solution: Beam cooling

-> Friction to remove inner energy from the beam: electron cooling (G. Budker 1966)

- Electromagnetic-force on beam samples: stochastic cooling (S. van der Meer 1972, Noble prize in 1984)

- realisation is difficult in both cases
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Electron cooling

typically (10-100ths of kV)

for electron beam
electron collector electron gun

‘ high voltage platform ‘ J—
[ J \ " | I _
@ @

Electron beam guided and defined by the
longitudinal magnetic field
(from gun to collector)
magnetic field

electron beam
-

Image: GSI/FAIR

ion beam

S /\< «~ | inthe reference frame of the beam:
N -~ v LGN +~ v . . . .
/ LN / ,/‘ cold electrons interacting with hot ions

/ \
/ N 2 7 _ 7 ..
\ 3\ LN, \//\ momentum transfer by Coulomb collisions
. ~

Image: M. Steck

lons and electrons must have the same nominal velocity v,
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Cooling after Injection (ESR) iI= 5= 1L
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Lifetimes of cooled beams =5 1l
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Long term measurement of a C6* beam @ 400 MeV/u stored in the ESR.
In the early morning hours the electron cooler broke down.

2.0E7

U2+ beam @ 190 MeV/u, the lifetime of the beam is limited by
interaction processes.
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Cooler voltage defines beam energy

The ion beam energy was reduced by 3.6 % by ramping the electron energy by the same
amount within 10 seconds, i.e. Delta E = 4.3 MeV/u

I(electron) = 400mA Delta U = -2400V , lon beam: Fe?%* @ 120 MeV/u , constant dipole field
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Deceleration =5 1

time reversed process of acceleration
» the coasting beam in the ring has to be bunched
» energy matching between RF and electron cooling

= RF and magnetic field have to be changed simultanuously to keep the ion beam on
the orbit

» during the deceleration process the emittance of the beam grows -> energy matched
cooling is needed at the end of the ramp
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Example: Deceleration of Ar18+ I= 5= 1L

blue: dipole field
. ion current

BAE Lirmit It
o 5 i

The beam is injected, cooled, bunched and decelerated from 70 to 20 MeV/u,
followed by electron cooling at the lower energy.
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Example: Deceleration of Bi83* I= 5= 1L

19208 2 100%s 3 10,04/ 1.00%/¢

;_"_.I_Iq_,l'Et:- save 0o I'r'l[f:l leted suc I::Eéfi_Eth“'f,-".. [ h 1 .:I! . d|p0|e
| blue/green: quadrupoles

red: ion current

Cursors Menu

First, the beam is injected, cooled, bunched and decelerated from 400 to 30 MeV/u,
then cooled at 30 MeV/u and further decelerated down to 10 MeV/u.
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Stacking Methods 1 iI=5= 1L

stacking orbit injection orbit

injection

RF ON, bunching

— deceleration

electron cooling

' CF: 38.900 MHz © Span: 500 kHz
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Stacking Methods 2 = = ][

stacking orbit injection orbit

injection
stochastic cooling
RF ON, bunching

deceleration

electron cooling
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Stacking Methods 3 I= 5= 1l

very first try and test in 2022 with the new B2B (bunch to bucket) system (D. Beck)

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure

Mask | Math | MyScope | Analyze | Utilities | Help n TQK E ’
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Accumulated particles in the ESR
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5.067 JH\ Y
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Bulinttonliodtudle - S

green: beam in the SIS18; purple: beam in the ESR & {J

. the beam is stored and cooled in the ESR .

lI.  the next bunch is injected in between the

already circulating bunch e
lll. the injected beam is cooled into the bucket e
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Thanks to... =5 1l

the ESR — team (S. Litvinov, B. Lorentz, M. Steck)

my colleagues from the cooler department, beam diagnostics and control system

you for listening
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