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Physics at the New Storage Rings

a. Physicswith Rare |sotope Beams
e Stochastic Precooling
e Electron Cooling
e Fast Deceleration
e [n-Ring Experiments
* |sochronous Mass Measurements
b. Antiproton Physics
e Stochastic Precooling
e Accumulation
e In-Ring Experiments
c. Atomic Physics
e Electron Cooling
 Decelerationto Low Energies (< 100 MeV/u)
e [n-Ring Experiments
o [Fast/Slow Extraction to Cave




The Future Facility
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The Storage Rings
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Operation Schemes

RIB Physics Pbar Physics Atomic Physics
p
SIS 100
Up to 1x10'? ions Up to 2.5x10'3 protons Up to 1x10%¥° jons
per 50 ns bunch per 50 ns bunch
P —— ——
SFRS Pbar-tar get
max. 5x10° RIs per 8x107 pbars per cycle at
cycleat 740 MeV/u 3 GeV

( CR-Complex 3
Bunch rot., adiabatic debunching, stoch. precooling

Fast deceleration to Accumulation of up to
200 - 400 MeV/u 5x10% pbars

Pbar reinjection

NESR

Electron cooling, deceleration to energies < 100 MeV/u, in-ring-experiments
(gas-jet-target, e-A collisions, electron target), fast and slow extraction




Layout of the CR Lattice

Injection/extraction septa Transverse pick-ups
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Main task: fast cooling
i Bunch rotation Momentum—"
Adiabatic debunching pick-up %%
Extraction Stochastic Precooling
o Ko Isochronous mass measurements &
~ Circumference 189.27m 57
Horizontal fune  3.63/3.42/2.36 »

Vertical tune 2.62/2.62/3.36
- Transition energy  4.3/2.9/1.84
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RF-cavities Stochastic cooling kickers

L attice designed by A. Dolinskii




Layout of the AR Lattice
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Layout of the NESR Lattice

Electron cooler
W:Uu CERRE e : 0 IHTs

5 - : . 3
«* - % o
& Rf-cavities (0.8 - 5 MHz) °
¥, % / \
E #; Extraction Injection H"“i Tasks
3 aeplum sepium 3 In-ring-experiments at
Cas.ict Flocto « Gas-jet-target
- Gas-je ectron )
” target farget | Electron target
* Electron ring
:*----— Extraction Injection u_: Deceleration to
L] ] .
o kicker kicker & energies < 100 MeV/u
‘e y \ /
Yo, .  Ri-cavifies (50 - 80 MHz] #i"{"
. | o
- 'r e E‘l" R T o 'ﬂr’ Il- 1"" e
Etec’rmn = Eeciion I
= o Electron linac
ng R R
A P 2D
L T i i




Parameters of the NESR L attice

Circumference [m]

Maximum bending power [Tm]
Max. energy for U%* [MeV/u]
Dipole magnets

Number of dipole magnets
Maximum dipole field [T]
Bending angle [degrees]
Bending radius [m]
Quadrupole magnets

Number of quadrupole magnets
Effective length [m]

Maximum guadrupole gradient [ T/m]

210.75
13
340

24
1.6
15
8.125

32
0.8
6.51




Beam Envelopes and DlsperSI on Function
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[ h\| Dispersion function T

il | Euudrppolel- magnets Vertical beam envelope
Horizontal/vertical acceptance [mm mrad] 160/100
Momentum acceptance [%o] +1.75
Horizontal/vertical tune 3.2
Transition energy 5.64
Natural horizontal/vertical chromaticity -4.8/-4.6




Separation of Two Uranium Charge States

deae L
S26E8

Maximum dispersion [m] 1.24
Horizontal betafunction inthe arc [m] 6.72
Separation of U%2*/ U (e = 0.1 mm mrad) [mm] 79
Separation of U%?*/ U (e = 10 mm mrad) [Mm] 63




Injection and Extraction Scheme

' .
Septum magnet
Length [m] 2

Deflection angle[mrad] 134
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Kicker magnet
Length [m] 2
Deflection angle[mrad] 2.6




The Electron Ring

Interaction point
magnet free
space 1-4m

Circumference 45.22 m
e-energy 200 - 500 MeV

Horizontal/vertical emittance [mm mrad] 0.05
Momentum spread [ %0] + 0.018
Horizontal tune 3.8
Vertical tune 2.8
Luminosity [cm? s [11x10%8




The Electron-Nucleus-Interaction Region
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Dipole magnets Interaction point * Quadrupole magnets

E41HE o g s 44l

Length of magnet free space [m] 1

Horizontal betafunction at IP [m] 1.5
Vertical betafunction at IP [m] 0.15
Horizontal electron beam size [um] 270
Vertical electron beam size [um] 87




Chromaticity Correction

Q-value
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Sextupole magnets (16):

Effective length 0.34 m
Max. sextugule streng}h 13.7 Tfm"_’
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Dynamic Aperture Calculation

Geometric xx' acceptance (drawn in red) for dp/p=0

[ Normal operation a= 500 mm mrad

Collider mode a= 300 mm mrad }

C*Ew .I:mm]. .E:;:I C*Ew 1 1 .I:mm]. 1 P 1 .E:;:I
[ Only sextupole components are included. J .




Dynamic Aperture Calculation

Geometric xx' acceptance (drawn in red) for dp/p=0
Normal operation a= 500 mm mrad Collider mode a= 300 mm mrad

1 0.2

0.15 4

y [mm]

0.05 4

0 0.05 0.1 0.15

[ Only sextupole components are included. ]




Equilibrium Beam Parameters

Non-magnetized electron cooling, electron current 1 A
U%*-beam at 740 MeV/u, bunch length= 0.1 m

10 1.00E-03
§ 1 2k = -
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1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10 1.00E-06
Number of stored ions 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10
& Hor. emitt., coast. beam M Vert. emitt., coast. beam Number of stored ions
A Hor. emitt., bunched beam X Vert. emitt., bunched beam & Coasting beam W Bunched beam

Calculations by G. Trubnikov
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Work to Be Done

Final Lattice Layout

* Higher Order Corrections

 Dynamic Aperture Calculations
Completion of Ring Design

« Magnet Design

« Beam Diagnostics

Beam Dynamics Calculations

e Cooling Times

e  Equilibrium Beam Parameters, including target
R&D

» Electron Cooler for Energies up to 450 keV
o  Stochastic Cooling Systems

» Rf-Systems

... and much more, depending on experimentalists requirements ...
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