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Loss Mechanisms bp%

« Systematic Losses
— Injection: Multi-Turn-Injection
— HF-Capture: Frequency not properly adjusted

» Can be minimized by careful machine adjustment

« Charge Exchange induced Losses
— Projectile lonisation and recombination
— Target lonisation
— Beta decay
> All
» Avalanches up to complete possible for heavy lons...
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Charge Exchange Loss Mechanisms bp%

Projectile-lonisation

0 g\l ® ) @

@

Target-lonisation

Projectile lonisation
dominates Desorption
at SIS Energies

for low charged lons Coulomb-Scattering,
Intra-Beam-Scattering

[
5= —
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Projectile lonisation bp%

1) Beam and
looses or catches electron(s)
2) lon's charge differs from reference ion
— Gets separated from beam in dispersive elements (dipole)

3) At the point of impact:

— Via ionstimulated desorption adsorbed gas molecules are
released (Desorption rate n>10%)

— Local
4) If there is still beam, Goto 1)

— Avalanche-like pressure increase and beam losses
(for heavy ions)
==
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Cross Sections s /j

Is possible in B-Beams

— Cross sections are described by an empirical forumla
by Schlachter

— Validated up to energies of 8.5 MeV/u

not possible for totally stipped ions
— Cross sections are usually higher and less certain
— No empirical formula
— Doesn't matter here....
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Electron Capture bp%
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lon Stimulated Desorption bp%

* On vacuum surfaces residual gas molecules get
adsorbed
— Binding Energy few eV
— Can be released by ion bombardment

5 Q O ® » Desorbed Gas
- g 20+ QO 33 ;o
— Scales with specific energy ? e
el e
loss (d E/ dX)2 Adsor\bed Residual Gas N O,O

(Max. at ~12 MeV/u)

— Depends on o B“g %%

* 1.~ 100 molecules/lon
* n,~ 3...20-10* molecules/lon,

— Perpendicular incidence = Low desorption

sl
X
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Simulation with StrahlSim

J

beam’

* Linear Beam Optics

— The code tracks single
particles through the
given lattice

— Longitudinal loss
distributions

— Collimation and storage
efficiency for different
charge states

H
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Simulation with StrahlSim

o Static Vacuum

— Molecular Raytraycer to
get longitudinal

Longitudinal Pressure in one Arc \

pressure distribution,

\

vacuum conductance, ...

Pressur& in mbar
(=]
=
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—
———

— NEG, cryogenic

surfaces, normal pumps

— Different partial 107

pressures of residual

gas components
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imulation with StrahlSim b

* Dynamic Vacuum
— Synchrotron-cycle with systematic losses
— Projectile lonisation and Target lonisation
— lon stimulated desorption

85" Wakuurn-Eigenschaften und Berechnung

. Vakuum
Desorption rate scaled ‘ ‘ - —
Karigizter Diuck IES141 | 1186071 mbar
Temperatur T 20515 K 2T 120 4+
H 2 Temperatur TiKak 1) 0 Kef g % Flachs (\\

WI X Temperatur T(Kal 2) 0K r [\ + 10°
Volumen v W g \ \
Saugleistungen fir N2 .

C Standard MEG Kiyo g a0 L N

— O u p e S e a m O S S e S Obertliche & BLA% | SRSED | 0000 F < L T
Anzahl Pumpen/Elemente & 140 i E /’\ E
Saugleistung § s0ge0 | 3958096 0,000 wds 3 60+ o«
H Leiwert L 793 | zemta | tommws | ©

to p re S S u re rI S e S off. Sauglistung Seff O | mEM | nom s 0
Zeiatter-Faktor fr Reduktion Saughistung 0 e 1"
systematische Yerluste \

- Iniektion 0 % HF Einfang 0% 20 | /
— Residual gas e FHARER /0 N Y 1 O
Desorptionsraten 0 t t t t
o Hochenergstisch, 2600 molon bei 1.8 Ml uo us o s 20

compo sition

ma Auftreffenergie (Ini.) 71,359 v Extrahierte Teichen ohne Kolimatoren: 4,542E+011 tma 2135 =

Estizhierte Teilchen mit Kollmatoren: 5,562E +011
Pattikel pra Iniektion 0,000€ 000 ‘T|
140000000C -

YakuumZusammensetzung

132000000 -
1350000000 =
140000000¢
; I
Simulation ' y
ohne Kolimatoren dmemiches Vakam | > i = o I
it Kellimataren o 27 496 ) L l
@ beide [ smmtichesVakum | o2 0 o 0o [abbrechen |

2 n 149 nn

27.03.2009 9th Beta Beam Task Meeting, L.Bozyk 11



. . . ] Y
Simulation with StrahlSim p/))

« Simulation has been compared and benchmarked with many
machine experiments in SIS18

« Application at GSI, CERN (beta beams) and BNL (AGS
Booster)
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- Publication: Charge 14 releedd
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Simulation bp%

Base for all following simulations is the report

from the
B-beam Oracle database
from 12.03.2009
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RCS - Design Parameters bp%

6HeZ+ 18Ne10+
Circumference 251,3 m
dB/dT, ., 24 T/s
Volume 1.5 m?
Total pump speed 2 m3/s
Bas residual gas pressure 10- mbar (10-° mbar)
Vacuum composition 38% H,, 54.4% H,0, 7.6% N,
Energy at injection 100 MeV/u 100 MeV/u
Energy at extraction 787 MeV/u 1650 MeV/u
lons per Cycle injected 8.53E11 2.62E11
lons per Cycle extracted 8.29E11 2.59E11
Cycle time 2s 2s

=
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RCS - He-Daughter-Trajectories 2V

W/ (|ejuoziioH) X

83,8

w/(|eep) A
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RCS

4
55

Intensity in a.u.

* Loss Distribution for He and Ne decay
* Losses more or less equally distributed

* No prominent loss locations for collimators
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RCS Cycle p\/j

Number of Particles

« Cycle was approximated to cos(20-1r-t) shape

e Different were assumed:
Realistic (18%), and ideal (0%)
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RCS Pressure bp%

« PO =109 mbar and S =2 m?s (design values)

* Pressure converges...
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RCS Pumping Speed bp%

* The last of 20 cycles was taken for each
Pumping speed
— Pressure after injection-losses (upper limitation)
— Pressure at extraction (lower limitation)
He | | | Ne

[
<
N
[
<
-

Pressure in mbar
___.--l—"‘

e

Z

a

e

"

oy

2

&

E

:

z
Pressure in mbar

ot
<
@
ot
<
@®

-9 1 1 1 1 - 1 -9 1
107 20 40 60 80 100 107 80 100
Pumping Speed in m’/s Pumping Speed in m’/s

27.03.2009 9th Beta Beam Task Meeting, L.Bozyk 19



RCS -Intensities bﬁk

Intensities (lons per Cycle extracted):

0% 10% 18%
Inj.losses | Inj.losses | Inj.losses

He 8.29E11 8.25E11 | 7.42E11 | 6.77E11
Ne 2.59E11 2.59E11 | 2.33E11 | 2.12E11

Design
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PS - Design Parameters

4
Vs

6H92+ 18Ne10+
Circumference 628.3 m
dB/dT,, ., 1.6 T/s
Volume 6.0 m?
Total pump speed 37.65 m3/s

Bas residual gas pressure

109 mbar (10-° mbar)

Vacuum composition

38% H,, 54.4% H,0, 7.6% N,

Energy at injection 787 MeV/u 1650 MeV/u
Energy at extraction 7780 MeV/u 13500 MeV/u
lons per Cycle injected 11E12 4.51E12
lons per Cycle extracted 9.53E12 4.31E12
Cycle time 3.6s 3.6
S

27.03.2009

9th Beta Beam Task Meeting, L.Bozyk

21



;
PS - He-Daughter-Trajectories bea%

] S/m 62,8

W/ (jexmep) A
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PS - Loss Distribution

Intensity in a.u.

 Loss Distribution for He2* > Li3*
(Simulation for Ne'%* is not yet operably)
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PS Cycle

4
Vs

e 20 injections from RCS

— [-decay during accumulation

— No Intra Beam Scattering considered
(To much losses - model to simple? - to be checked)
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PS - Pressure and Particles 5 /)3

* Pressure is relatively stable and converges
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PS - Summary

« Simulation for He looks promising, no problems

expected

— Pressure looks stable

— He lons per Cycle extracted

— He lons per Cycle extracted (Design)

« Simulation for Ne not yet operably

9.49E12
9.53E12
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SPS - Design Parameters

4
55

6H62+ 18Ne10+
Circumference 6911.5 m
dB/dT, .,
Volume 50 m?
Total pump speed 2.28 m3/s
Bas residual gas pressure 10 mbar

Vacuum composition

38% H,, 54.4% H,0, 7.6% N,

Energy at injection 7.78 GeV/u 13.5 GeV/u
Energy at extraction 92.5 GeV/u 92.2 GeV/u
lons per Cycle injected 9.53E12 4.31E12
lons per Cycle extracted 9.00E12 4.26E12
Cycle time 6.0s 3.6s
S

27.03.2009
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SPS - Daughter Trajectories bp%

He2* > Lis*

Ne'0+ > Fo*
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SPS - Loss Distribution s /)3

 Loss Distribution along a FODO-cell

=
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=
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1 B w
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40 50
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SPS - Summary bp%

* Losses in FODO lattices occur mostly inside of
the optical elements

— No prominent loss locations for collimators
— Overall not much space for additional installations

« Simulation not yet fully operable

 Also
— Given volume: 50 m3

— Given typical aperture: 28.4 x 6.9 cm? would result in
a volume of ~106 m?
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Decay Ring - Design Parameters bp%

6H62+ 18Ne‘|0+
Circumference 6911.3
dB/dT ., 0T/s
Volume
Total pump speed
Bas residual gas pressure 102 mbar (10-° mbar)
Vacuum composition 38% H,, 54.4% H,0, 7.6% N,
Energy at injection 92.5 GeV/u 92.2 GeV/u
Energy at extraction --- ---
lons per Cyicle injected 9.66E13
lons per Cycle extracted --- ---
Cycle time 6.0s 3.6s

S
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Decay Ring - He Loss Distribution

Intensity in a.u.
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Decay Ring - He Loss Distribution

Lost on Wall

Caught by Catcher

100000 ¢

10000 ¢

1000

100 |

"nNe Ul Alsusiu|

10

6530

6520

6510

6500

6490

S [m]

9th Beta Beam Task Meeting, L.Bozyk 33

27.03.2009



bea}

34

99,2

S/m
9th Beta Beam Task Meeting, L.Bozyk

\\\\

Decay Ring - He daughters
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Decay Ring - Ne Loss Distribution
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Decay Ring - Ne Loss Distribution

Lost on Wall

Caught by Catcher
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Decay Ring - Ne daughters
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Decay Ring - Summary

« Simulation not yet fully operable

* Preliminary Catching efficiency:
— Li*: ~51.63% (He decay)
— Fo*: ~48.83% (Ne decay)

 Pump Speed and Volume not yet specified
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Summary and Outlook bp%

 RCS

— Pumping speed of RCS needs attention
— Simulation gives no further concerns

. PS
— Simulation looks promising
— No further concerns expected

« SPS and DecayRing

— StrahlSim-Files need to be ported to latest version

27.03.2009 9th Beta Beam Task Meeting, L.Bozyk
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Backup Slides
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Electron Caputre bp%

He2* - Residual Gas

107"
lu-JZ

0 100 200 300 400 500 600 700 800 900 1000
E in MeV/u
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RCS - Transmission

4
55

« Transmission after injection losses

— Dominated by 3-decay

— Other Charge Exchange induced effects (projectile
recombination) can be neglected
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lon Catching

- . beé\nj ’
H ﬂ

— By choosing an appropriate temperature, on the catcher less gas is
adsorbed than on the surrounding cold chamber walls

— Most get caught by the catcher

— This leads to a significant reduction of
and such improves the

, which in turn reduces A
the losses induced by charge xzj::a”z
exchange
— The surrounding magnets get ;m
less by lost ions S
— Is part of the EUCARD
WP8: ColMat
* Research is ongoing . b0 <
0,050 z
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