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The New Experimental Storage Ring Q‘;@"#'»}
.

Electron linac

 Electron cooling of ions and antiprotons
» Fast deceleration of ions to 4 MeV/u
and antiprotons to 30 MeV

ions, pbars * o e » Fast extraction (1 turn)
from N

» Slow (resonance) extraction
e Ultraslow (charge changing) extraction
 Longitudinal accumulation of RIBs

 Electron-lon collisions (bypass mode)

« Antiproton-ion collisions
e Internal target

 Electron target

» High precision mass measurements
oo, — IR EAIR
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The Old ESR
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target hall

Fast injection (stable ions / RIBS)
Stochastic cooling ( =400 MeV/u)

Electron cooling ( 3 - 430 MeV/u)

Laser cooling (C3* 120 MeV/u)

Internal gas jet target
Acceleration/deceleration (down to 3 MeV/u)
Fast extraction (reinjection to SIS/ HITRAP)
Slow (resonant) extraction

Ultraslow extraction (charge change)

Beam accumulation

Multi charge state operation

Schottky mass spectrometry

Isochronous mode (TOF detector)
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Differences NESR-ESR  /lly L1

NESR:

Operation with antiprotons (only deceleration for FLAIR)
Electron Target

Collider (ion-electron, ion-antiproton)

High Intensity RIBs

Stochastic Pre-Cooling and Isochronous Mode in CR

ESR:
Stochastic cooling
Isochronous mode
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Slow (Resonant) Extraction from&ﬁ?
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test with Arid+ 100 MeV/u
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Beam center was movmg durlng extractlon
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Slow (Resonant) Extraction from; EﬁR s‘ e
i |

So far tested at high energy — basic parameters are known

Deceleration and extraction at low energy still have to demonstrated
precise control of orbit and tune (flexibility of control system)
considerable development time needed

Further transport to target (diagnostics)

Control of macro and micro spill (time) structure

Extraction time < 15 seconds

Cycle time will be about 1 minute (as for HITRAP)

£ verunor I=5= 1L FAIR
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Properties of Decelerated Beams ' ‘ﬁ? P o

Equilibrium Beam Parameters

after Electron Cooling
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Losses increase with
stored particle number
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Some 107 decelerated ions
at 4 MeV/u are realistic
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Space Charge Limit

Space charge limit due to incoherent tune shift
Z*N

AQ, = rpZ Ny

Qaz 7TA52’73B(€w+\/6x€wa/Qy)

2
roZ2N e e O,

{

at 4 MeV/u, for AQ,=0.1 and ¢ = 1 mm mrad:

Coasting (B=1):  Ne!%*: 1.8 x 10° Bunched (< 1ps, B=1/5):  Nel®*: 4 x 107
Kr3¢+: 5.8 x 107 Kr3+: 1 x 107
U2+ 2.5 x 107 U2+: 5 x 106

For bunched beam the intensity limit is reduced by the bunching factor. This was recently
observed experimentally when the beam was bunched with h=1 before extraction.

With rf amplitude 100 V (h=1) the bunching factor was B = 1/20

= Precise control of rf amplitude down to small values

oo, — IR EAIR
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Deceleration to 4 MeV/u for HIT}

Ni%%+ 400 - 30 —> 4 MeV/u
1100 pA — 180 pA —> 25 pA

cycle time
45 s

Main losses:
e End of ramp
Storage and cooling at low energy
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beam half life (vacuum dominated):
30 MeV/u: T,, =480 s
4MeV/u: T, = 2s
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Low Energy Beams — Vacuum
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Vacuum is very critical for HITRAP

\u ?

Beam lifetime
of bare ions
at 4 MeV/u

5/07 Ni*%*: ~5s
8/07 Nel¥*: <15
8/08 Au”*: ~ 1.7 s
2/09 Ni?8*+: ~ 2.5 s
4/09 Xe*: ~3 s

Injection at 30 MeV/u of charge states produced at 11.4 MeV/u helps
but: operation with bare highly charged ions will be more difficult
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Reduction of Cycle Time \”? s

A reduction of the cycle time (starting at 400 MeV/u) requires
more flexibility of the control system = new controls software
It will also need significant machine development time and manpower

An alternative attempt to transport a 4 MeV/u from UNILAC failed
(problems: ion optics, stability of power converters, ESR acceptance)

Recently we started to inject beams at 30 MeV/u (energy of intermediate cooling)
with the SIS charge state (produced at 11.4 MeV/u)

--liﬁﬂﬂﬁ-lf_l'Iilf.'-w-w--":----"-"---H---"-"“-*-? _ Reduction of cycle time by a factor of ~ 3

M N .- 1 -

s : (only useful for commissioning)

=
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Accumulation with Barrier Buc

#p tan[sec] Enerpy [gV] at 0.000000e+00 [s] #p tau[sec] Emergy [eV] at 1.800000e+00 [5] Cooling
1 02 1 0.2
: - 4 oas ' — 4 01s
Timezx0 sec Time=11.8 selc ;
0.5 L 01 03 - 01
— 4 oos 4 oos
= . R T - = : : : - : =
= 0 R e et et - - o - b= 0 i —: - B e g 0 3
w3 IRt B > o S A RS >
= | T . - 003 = : A B ' e
03 L 3 01 03 i 01
Ist injeqted beam ..
1 02 -1 02
04 02 0 02 04 04 02 0 02 0.4
T [usec] T [usec]
#p tau[sec] Ermergy [eV] at 8.935010e:00 [5] Cooling Fp tam[sec] Emerpy [8V] at 0.000010e+00 [s] Cooling
1 02 1 02
. — 4 015 T —_ 4 015
Time=8.955 séc ; (ime=9.0 sec
05 i 0l 05 01
4 oos T B 4 oos
- — - 1 ' o . . H - -
- - -]
2 0 0 2 = i o %
“ 1 -0.05 < R R o ' - 005
D3 01 05 S 01
{015 ]
2nd injected beam|-x
1 202 i .
04 02 0 02 0.4 ' 04 02 0 02 0.4 o
1 [usec] T [usec]

'ﬁHSLMHOLTZ - E E ][ FAlR

M. Steck, EMMI Workshop ESR & HITRAP. Eisenach, 28 June 2010. GEMEINSCHAFT



barrier fixed barrier h=1 unstable fixed point
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For regular use in the ESR a dedicated rf system has to be developed
Frome: — M ESSI Py n
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= Production target
in TE-line

= Magnetic separation
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Old Schottky
pickup

Resonant circuit
at 30 harmonic
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New Schottky Resonator
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New Schottky Resonator {N T

Schottky Spectrum_20100601-074620-0135827547
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New Schottky Resonator g w0
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New Beam Profile Monitor

Slow current Detect . -~
transformer "= 2% elector principle

Beamprofile
— |A PC

CCD Camera
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+1000 Volt
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e Two planes

e Fast measurement (ms)
Improved resolution

M. Steck. EMMI Workshop ESR & HITRAP. Eisenach. 28 June 2010. Frepo: — I 5 I FAIR

| GEMEINSCHAFT




Installation in the ESR replacing old Q-klcker
(next to current slow transformer)
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Potential Improvements of ESR Oper(#'. n;-;;’_.;j_;._'.,.

Studies of beam dynamics at low energy (hopefully with new BPM)
Reduction of deceleration cycle time
larger flexibility of control system, faster cooling
Storage of ions at lowest energies ( < 10 MeV/u)
machine studies, vacuum
Mode with small dispersion at target
machine studies, larger flexibility of control system
Fast accumulation by barrier buckets
dedicated rf system
Resonant extraction
machine studies
Studies of the influence and properties of the new Schottky resonator
Development of single ion detection

design of rf structures with higher sensitivity

” — — SN R
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Parameters of the NESR {1‘;?

Electron linac

Circumference [m] 222.8

Straight section length [m] 18

Horizontal acceptance [mm mrad] 150

Vertical acceptance [mm mrad] 40

Momentum acceptance [%] +15

Max. momentum deviation [%] +25

Horizontal tune 42

= Vertical tune 1.87
s @

Transition energy 4.59

xwacion 8 Maximum dispersion [m] 6.8

Horizontal chromaticity 5.9

Extraction/ Injection kicker

i
E-cool  BBRF ]
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Stochastic Cooling at the ESR W% p ot

Fast pre-cooling of hot fragment beams m

energy 400(-550) MeV/u P ‘\’

bandwidth 0.8 GHz (0.9-1.7 GHz) | "oy, |
total rf power 2 KW {/ ) j
Sp/p = £0.35 % — dp/p = +0.01 % { “Station '

e=10x10°m > €=2x10°m _ | -

In quadrupole magnets: |
pick-ups and kickers :
for vertical and
longitudinal cooling
(Palmer method)

.
In dipole magnets: —
pick-ups and kickers
for horizontal cooling
P — ES IR

M. Steck, EMMI Workshop ESR & HITRAP. Eisenach, 28 June 2010. | GEMEINSCHAFT



