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Contents

Beam intensity and quality limitations (simplified)
Space charge, beam instabilities, beam lifetime, intra-beam scattering

Extraction to targets: Slow, Fast with bunch compression

Future trends

Other contributions related to the FAIR beam parameters:

Today: Halo collimation, Beam induced activation (lvan Strasik)
Tomorrow: Beam parameters on targets (Vladimir Kornilov)
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Glossary (ring accelerators)

W :@revolution
“—_ R frequency

Resonances: m(Q), +nQ, = Sp
(that's why you better order a Linac :-)

R: Radius
(rigidity)
Lifetime and (dynamic) pressure:

_ N, t
T lzﬁowm% (beam lifetime)
B

Betatron oscillations:
X x(t)= acos(Qu,t+¢,)

%D =7,/ (P- B)+amn,NP (pressure) Q, : Betatron “tune”
Beam parameters (at extraction):
(Dynamic) aperture: « #ions per cycle
« Symplectic motion for hadrons « Emittances

« Unstable chaotic orbits for > DA * Bunch length, dp/p (bunch area)
Machine parameters:

Emittance, Bunch area (Liouville: should be conserved) * apertures
- * bucket areas
Emittances: (¢, ) = \/<X2><)(2> —(x¢)" [mm-mrad] . cycle rate

cooling rates
Bunch area: A, = AEz [eVs] "
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Collective effects in the FAIR rings

Incoherent space charge:
g,V -E = p (in the rest system of the beam)

. PN 4 |
tune shift: A0 e~ — <0.3-0.5

-> beam intensity and emittance limits

Impedances:

. 0B _ - 10E
VXE:_B_ VX B=,j+——— (laboratory system)

t c> ot
- image currents in the beam pipe: heat load

- magnetic/resistive materials: ferrite, magnetic alloy

Thin beam pipe (0.3 mm stainless steel)

A

\

>
Image current (\
£=0.1-0.99

Bunch (rms length: 5m—dc) \/

-> beam intensity limits and feedback requirements

>

Intrabeam scattering:
- e.g. laser cooling in SIS-100
-> emittances and momentum spread

Secondary particles:

electron clouds created by residual gas ionization and wall emission.

-> beam intensity limits (slow extraction)

In the FAIR synchrotrons SIS-18 and SIS-100 different collective effects occur simultaneously.
Beam loss in SIS-100 has be limited below 5 % (injection energy) and 1-2 % (extraction energy)
-> Computer modeling in combination with dedicated experiments (model validation) is essential.
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‘Incoherent space charge limit’

Incoherent space charge:

g,V I:::p (in the rest system of the beam) (\ E B ® (\

(4
2
| ¢ N_4 M’
) . A ScC -
> tune shift;: AQ)y oc m B, 6837’3 ; ::BC

-> tune spread: Q.(d.,d,) = Qo.— AQ: (d.,d,) U B=0.1-0.99  Bunch (rms length: 0.1 m—dc) \)

-> intensity limit: |AQ*|<0.1-0.5
N 6.12 -
The (incoherent) transverse space b l
charge force is the main intensity limiting Tt 2
effect in the LHC injector chain and in ol &
the FAIR synchrotrons ot
6.06 f
Estimated ‘limits’ in SIS100 with dual rf buckets:
U28+: 6-7 x 10" (4-5x 101/s)  p: 4 x 1013 62 em 624 62

Q.
Tune footprint (CERN PS simulation, Franchetti 2003)

Compensation ? M. Aiba et al., PAC 2007
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BMBF project:

Compensation of space charge effects in hadron = %5 I
bunches for low and high energies

Tune shift induced by a
counter-propagating electron beam
(electron-lens):

Questions to be addressed:
o Co-moving vs. counter-propagating beams
AQ oc LI, 1+4: o Tune spread compensation !
E-lens in RHIC m B efBiy o Required number of compensators
(Fischer, IPAC14) - o Effect of the induced error resonances
o Transport of low-8 electron bunches
Can space charge (at least partially)
be compensated ?

|'||'H|'||<||>|,#””Jl\lyl," || / p*) Simulations and dedicated

R experiments needed !

HIV
UL 1

\uwu\
solenoid . . |
Electron lens to compensate (partially) @oal: Detailed compensations studies for
for the beam-beam tune shift FAIR and CERN.
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Beam instabilities and impedances

Electric field of a moving ] o
Thln (0 3 mm) beam plpe charge ina beam plpe Observed self-bunching in an electron

ime CoOOled C8 beam in the ESR.
[s] [ S A LA
08" - :
Longitudinal impedance: ol =——— |
[ | 6" =
Z(@)=-7 | E9e™*dz [Q]
z=0 E —
rf cavity | . =
Brcar JEKZ”(G)) Mo)do s 04 | ——
Heat load is a possible =
limitationfor the proton bunch
length (approx. 1-2 W/m 02]
for design parameters). : |
‘Keil-Schnell’ criterion: Z| mcByinlAp/p)’ =0 e I
n qIO Boine-F., Hofmann, Rumolo, Phys. Rev. Lett. 1999
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Protons vs. heavy ions: Intensity limits

Primary beams: Intermediate charge state ions (like U%8+) to reduce space charge
+ light ions + protons

Beam intensity and quality limitations for protons (and light ions):
- Space charge at SIS18/100 injection energies !

- Transitions crossing in SIS100 (protons).

- Beam instabilities !

Intensity limitations for intermediate charge state heavy-ions in SIS18/100:
- Beam lifetime: Large cross sections for electron stripping/capture

-> residual gas pressure of the order of 10-12 mbar required for sufficient lifetime
- Uncontrolled beam loss causes dynamic pressure instabilities.

0.5 ——r———7——1—71— ' Th
Heavy-ions (continued): (E:rT::gizg Ifsc;[rrlgggflngeaf;[iggffec:iel)giripperso‘# - Newu]‘ i
- Injector: Current/emittances (Ch. Scheidenberger et al. ) c 0
- lon sources 5 oo
- Stripping efficiency of heavy-ions at low energies. i D2 e 1
- Efficiency of the multi-turn injection ! o1 f [\ j\ f |
-> at present HI intensities are not limited by space charge ! A '

30 40 S0 60 70 80 90
Charge state
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SIS18 multi-turn injection (MTI) efficiency

« The UNILAC->SIS18 multi-turn injection is one of 12

the main “bottlenecks” for FAIR. 10| Injected beamlets |

Lfrom the UNILAC —

« Design goal: the UNILAC should provide the
current and emittance (brilliance) to fill the
(horizontal) SIS aperture to the space charge limit.

x' [mrad]
o N A O
<)
©
=
3
N
D
o
| | |

-2 ]
_ _ -4r septum
* Intermediate charge state heavy-mns: Losses WQII e
below 10 % to avoid vacuum + lifetime degradation. xeml
1.6 1ell . . ; | T T T T
— ot — s 201 243D Pareto front
1.47: ;; — 10% — 30% | 22
- 2]
>12[ Exemplary estimation 1 % 20
§1.07 Of the S|S18 * 1 * 18
=0.s| transmission " 1 g,
.| for U2 g
s 14
ﬁ0.4 X * = x N 12
0.2 X x x X - 1 10 o TED ." e
L= ] Z ] SIS electrostatic injection ‘septum
00 02 04 06 08 10 1.2 14 16 15 20 25 30 35 40 45 5.0 '
Injected intensity lell B, [mA /(mm mrad)]
UNILAC brilliance
Goal: GA optimization of MTI and transmission. S. Appel, F. Petrov, under preparation
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Slow extraction

el I e e e Lo Limitations of the extracted beam intensity:
B - - Loss at septum (activation, desorption for HI)
= S - - Beam instabilities. Cures: rf bunching dp/p blow up.
Sl v “"1  Extracted emittance determined by dp/p and separatrix.
05 F k

Questions: Optimum extraction length, spill structure, dp/p ?

) e ! E v e i e ey
i .

u2l+

Septum wires: & 0.025 mm (W-Re alloy) — W~ - R
wires are mounted under tension Optics and beam envelopes for heavy-ion slow extraction
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Fast extraction to targets: Bunch compression

rotated bunch Bunch length limited through T 1 Ap
A SIS18/100 momentum acceptance ! ~ . 1
¥ _ 4102 1
p

& AD. ~ Q; AQ.

Dispersion vs. space charge) .|[— ) =
e e L P 98) [ 2.

0 20 40 60 80 100 120 140 160 180

For the FAIR design parameter: < {m]
Bunch emittance increases due to transverse space charge.

0.010 -
0.005| .
0.000} gs f
A "
v % o8
—0.005} :
~0.01835 ~0.05 0.00 0.05 0.10
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Fast barrier pre-compression

Single bunch formation

0:2:=> 1.5 GeV/u

8 bunches
 ERENERE ]

‘bunch merging’
b

pre-compression

rotation

extraction f

Non-adiabatic barrier rf phase ramp:

T-100ms T.> 100 ms

(ramp time) (‘synchrotron period’)

_ Ap
u, v, Vi =~ Py¢——

(barrier velocity) (‘thermal velocity’)

Shock compression:

barrier

=
E

shock front <+

-4 S

r\O A
undisturbed beam

Space charge helps !
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in SIS-100

Vlasov simulation

0.4
0.2
0.0
-0.2
-0.4

200 400

f(dp/p) [arb. units]

or ‘piston’

0.4
0.2
0.0
0.2
-0.4

200 400

f(dp/p) [arb. units]

only weak
dilution (< 1.1)

0.4

0.2
-0.2

-0.4

200 400

f(dp/p) [arb. units]
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Conclusions

Basic ring accelerator terminology

Key beam intensity and quality limitations:
Apertures and bucket areas (all species)
Space charge and impedances (Protons and fully-stripped ions)
Intermediate charge state HI: Multi-turn injection and transmission
Activation: see next talk by I. Strasik

Future options: sc compansation, bb digital feedback, .....

Extraction to targets (see also talk by V. Kornilov)
Slow extraction: ideal cycle length and time-structure ?
Fast extraction: ideal bunch length and emittances ?

Set of reference parameter for key experiments !

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 13



Zusatzfolien
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UNILAC/SIS-18 multi-turn injection: initial dp/p

= 20 turn horizontal

Measured momentum spread ) .
b multi-turn injection (MTI)

for coasting beams in SIS-18

from TK

2'55 ¢ measurement “Ar'™ rf is off !
2.0F --- model .
| — limit ++ SIS-18 The micro-bunches
= 1'5;' +‘+‘ ” 11.4 MeV/u: debunch and form a
5 " e 107 “ f,=214 kHz ‘coasting’ beam within
[ a few turns.
0.5F (Ap)  _ 2K, ;
: ,0) A\nz 1 s .
0.0 . TP L L High UNILAC currents: Initial momentum spread
0 1 2I (mA)S 4 5 in SIS-18 determined by longitudinal space charge !
OA SA o
® O T E 5
: ; :
' > >
V4 4 V4

S. Appel, et al. Phys. Rev. ST-AB (2012)
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NuSTAR requirements

Super-FRS | High energy branch: Fixed-target experiments

[ Secondary Beams ] Bunch rotation in the CR: smaller momentum spread

. . .L_M“mmFoi;ﬂ s ;AE»MMEM@E%@?FWhS
[Prlmary Beams] \ ’ - High-Energy / B{ket e S
o ) i $wof N O
in-flight production Rifg Branich
target LI N O

CR storage ring experiments with RIBs:
/‘ Masses and Half-lives for short-lived ions

resonant

Schottky
il pickups ™

NuSTAR: Primary heavy-ion ! 4
SIS 100 beam intensity from SIS-100 /TOF‘ \\

is essential ! /detectors
Vi

Reference primary ion ~ U28+ CDR/2001 -> 1E12/s _
(NuPECC/2000 recommendation
Reference energy 1.5 GeV/u for the next generation in-flight
# ions 5E11 radioactive beam facility) _
Bunch length 50-100ns/1-10's - Cooling time: =1 s
Rep. time 5 - Isochronous mode: fast measurements
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Space charge limit
We presently assume that the maximum

beam intensities in the FAIR SIS-18 and SIS-1bégh current working point:(Q..,@,) = (4.17,3.29)

synchrotrons are ‘space charge limited’
Injection tune shifts from achieved intensities in SIS-18

Space charge tune spread: VO[T T SIS 18 upgrade design goal §,
Ap'tt
AQ};” o — 22 N 4 1 0.4 B |
V E O 3 I K,r,d4+ |
‘Space charge limit’: ‘AQy‘ S05 Si? By t0s .
I o2 Xett 1
-1 _ °p .
B, = 2 : bunching factor o+
, A "
£,y transverse emittances ! Far/or
N: number of particles in the ring
0.0 l l l l
0 50 100 y 150 200

‘Cures’: flattened bunch profiles + resonance compensation
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SIS-100 bucket areas and acceptances: U***

Voltage requirement:

V(SinZs- aSinZ‘Q) =2r Rt B
0.002}
= hAEr  (bucket area) :j: 0.000
] —0.002f
L=-7. (space charge factor)
Vrf 1 —0.004}

0.004f

_dual rf bucket (SIS18)

B, =0.35
N, =10"

207

A, =0.15eVs/u ’.'

rotated bunch

<4“—» 7=125ns

_ SIS18 injection SIS100 injection SIS100 extraction

Bucket area eVs/u

Bunch area eVs/u 0.1x 2

Space charge factor 0.7
150/50

150/50
SC tune shift AQ, -0.5

Acceptance mm mrad

Emittances mm mrad

0.15x 2 (10 T/s)

0.25 x 10 (3 T/s) 1.6 x 1
0.15x8=1.2 1.6 x 1
0.5 < 0.1
100/40 100/40
35/15 12/5
-0.3 -0.8

Tolerable longitudinal dilution : 1.5 (SIS18), 1.3 (SIS100 with compression)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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SIS100 beam pipe

'*f'i"' "14" e 44'/‘/ '
/w
y
r

& '“wm‘» b

| =

Special stalnless steel (Bohler P506) for all dipole and
quadrupole magnet chambers.

SIS100 beam pipe: thin (0.3 mm) stainless steel pipe
with attached cooling pipes

_ . —— - still mechanically robust (with supporting rips) for 1012 mbar
Temperature distribution - tolerable eddy current heating (< 10 W/m) and field distortion
with attached cooling tube _ g fficient shielding of beam induced EM fields above 50 kHz

e | - active pumping (< 20 K wall temperature)
wal curters nthe One of the most critical components in SIS100 !
pipe wa

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 19



Antiprotons: HESR and PANDA requirements

Effective internal target thickness (pellets):

4-10'° cm-2

Energy range

# antiprotons
Peak luminosity
Momentum spread

High Resolution
Mode
0.8 - 14.5 GeV
1010
2-10%1 cm2s1
5.10-5

High Luminosity
Mode
3-14.5 GeV
10™
2.10%2 cm=s1
1.104

MSV: HR mode
+ heavy ions.

Barrier bucket
stacking in the
HESR with
stochastic
momentum
Cooling.

Successful
demonstration
in the GSI ESR.

Consistent with 2E13 protons every 10 s.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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- Simulation rffrﬂ 1
~ J-l'r—r'-1 010 1 :
Z el Ain15 min :

-

= 4}
{_
Red: Accumulated ion number 7

LI~ Green: Accumulation efficiency

10 0 ] 40
Time (5|

: Time=0 sec :

o
© [usec]

Time=9.2 sec

o
< [usee]

: oz Time=9.6 sec

. Time=9.8 sec

L ot

o
© [usec]

VIkV]

Vkv]

VIkV]

: Time=10.0 sec .
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Beam instabilities and impedances in SIS-100

U. Niedermayer et al.,
NIMA 2014, PRSTAB 2015

Th|n (0 3 mm) beam p|pe

Kicker + Pulse Forming Network

- Bl | ! b "1 o1 H |
3 Blpolar K|okers E
C Resistive Walll g
(3 [ Broad-Band
3 [ N\
=} [ \
~ 1k 1 Broad-band impedance:
N 1 - Collimation systems
o ‘ S
Not expected to be J I (Remark: eclouds are not
an intensity limitation 0.1 —*—"—""1— Ll L1 .1 expected to be a problem)
for heavv-ions 0.1 1 10 100 1000
y ' Frequency (MHz)

The detailed thresholds
for protons are currently
under study.

<
<«

[
|

Head-Tail instabilities
Cures:
- Feedback System

High-Freq. Break-Up, Microwave
Cure:
Landau Damping (¢ and &)

- Octupoles

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

V.Kornilov, ICFA-HB 2013
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Beam loss in SIS-100: ,,Hands-on-maintenance*

Loss estimates (example: U238+ . .
(examp ) Expected main beam loss mechanisms:
ISIS-18 beam loss/cycle Fractional (%) | )
injection 10 o Charge exchange (dynamic vacuum)
rf capture 5 28+ 29+ T A -1 P(N,1)
space charge 2E11->1.2E11 10 U™+ X->U""+ X+e (Lifetime)': 7' =00, ———
ionization 30 ) . kBT
fast extraction 2 o Space charge induced resonance crossing
ISIS-100 beam loss/cycle Fractional (%) | @) Injection/Extraction
injection 2
space charge 10
ionization 45E11->3.5E11 5 Uncontrolled loss below 1 W/m (1 GeV Protons).
slow extraction 10 . ;
Design goal: controlled losses on collimators
Halo-collimation for protons at 4 GeV Efficiency of the SIS-100 collimation system.
10° 100 —x & ] ) O O O
I Halo collimators .
< 107 I Cryocatchers 90
2 Il S!S100 lattice = a u
= 107 g
g é’ 80
8 y S 704
£ 10 é & Y A
s =
8 105’ ‘ ‘ ‘ ‘ 5 601 Singlepass (halo collimators)
‘ ‘ 4 Multipass (halo collimators)
10»6 ‘ ‘ ‘ ‘ ‘ <0 W Multipass (halo collimators + eryocatchers)
] T T T T T T T T T
0 200 400 600 800 1000 '.H— 4HEZ— '._'CS— _":'NE'.C'— 4‘:'._1“_'.5— 54I\:I;'5— '.;'_'XE_‘-P— :';-_'—‘\Lu-g_ _';'ELJ':—
s [m] Primary b
mary beam

Strasik, et al., PRSTAB 2010, Strasik, et al., PRSTAB 2015
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Conclusions: Beam parameter and intensity limitations

User requirements, primary beams:

- NuSTAR: short heavy ion bunch (50-100 ns) or slow extraction (= 1 s)
extracted intensity: N/s > 1E11/s (was 1E12/s in the CDR/2001)

- PANDA: short (50 ns) proton bunch (2E13)

- cycle times determined by cooling times in CR collector ring
(approx. 1 s for HI, 10 s for pbars) or extraction plateau.

Expected intensity limitations for primary beams (SIS-100):

- ‘space charge limit’

- acceptances and rf bucket area (reduced by space charge)

- activation/damage due to beam loss

- beam instabilities (protons)

-> estimated limits (large errors bars):

U28+:6-7 x 10" per cycle (for other HI according to space limit and injector performance)
p: 4x10"

UNILAC/SIS-18 limitations:

- UNILAC current/emittance and multi-turn injection efficiency
- rf bucket area for fast ramping

- charge exchange and dynamic vacuum (HI)

- space charge and resonance crossing

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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UNILAC/SIS18 Beam parameter

UNILAC 2017 : "
S Prosent SIS nensis

Reference U28+/J73+ y28+ U3+ Space charge tune shifts in SIS-18
primary ion | | | | |
O5f-g===mmmmmmmeeccsmmcnamnmen- memmmea
Current (mA) 5/1 15 3 N+ e 1 SIS-18 upgrade design goal
Ar® T
Emittance, 40 7/7 5 7 0.4 U™ (2017) ]
(h, mm mrad) _ - ¢
cbé KT34+
Momentum 1E-3/1E-3  5E-4 5E-4 = 0.3
spread (20) g INTN =
SIS-18 FAIR | 2017 0.2 ‘
today design c’* )
+
Reference U28+/y73+ 28+ u73+ 0.1} Ta?4/61+ oU |
primary ion ¢ M
0.0 ! ! ! ! !
Reference 0.2/1 0.2 1 0 50 100 150 200 250
energy GeV/u A
lons per cycle  4E10/4E9 1.5E11 2E10 AQ* o q N
cycle rate (Hz) 0.5 Hz 27Hz 2Hz ! m By e ,307’0 1+ é‘y/é‘x
Long. dilution > 2 1.5 2

UNILAC/SIS-18 presentations: L. Groening, J. Stadlmann
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FAIR primary beam chain: Protons ==

SIS-100/300
“gA/ 9 p-linac SIS-18

¢ \l
m‘ EUNILAC |
\\ \\ = s . ,’,, . .-
/a\ \\/5‘\\ “/ : AL
SIS-100 extraction: = =7 y /a SIS-100
Single, short (50 ns) bunch Reference primary ion p p
2x1013 -
29 GeV £ - SIS 100 CVCIe P Reference energy 4 GeV 29 GeV
(1 s accumulation time)
Sis1ou Protons per cycle 5.5E12 2E13
4 GeV ‘ ! | ! | SIS 18 cycle rate (Hz) 2.7 0.1 Hz
| VA VAVAY AN (adapted to CR
70 MeV | 5.5x10'2p cooling rate)

—— ]
5 0.5 1.0 time [sec] 'U/

Optional: 8 injections and up to 4E13 protons (‘space charge limit’).

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 25



Dynamic residual gas pressure

Electron stripping: (2 + X — U®* + X+ ¢

(Lifetime)'1 : T_I(P) = ﬁocalossi

k, T

Born approximation: o, o< E'

12

—
(=]

beam lifetime (s )
(=}

Lifetime increase (factor 3) due to NEG coating

Measured U?28+ life time for low intensiti

High intensities

Coulomb-Scattering

Projectile-lonization

(™ 2010

G. Weber et al., PRST-AB (2009

Stopping power: %€ _ Z°

0 25 50

75 100 125 150 175 200
beam energy ( MeV/u )

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

_ # desorbed molecules [ dEj "
ax

# incident 1ons

H. Kollmus et al.,

dx A J.Vac. Sci. (2009)

- aP
Dynamic pressureE =7, (P- B)+ an NP

26



NuSTAR: other primary ions (fast extraction)

Ref.lon: | Bi?¢+, Pb?6+, . . 128, | BiZS*, Pb25,
Beam Parameters U2+ Au26+ Xe+, Kr Arto eI L Au26+

Repetition rate 0.5-0.01 Hz 0.7-0.1 Hz

Number of ions per EuppRTIL 3x109 7x109 8x1010 5x101" 7x10" 1012
cycle
Ref. energy [GeV/u] 1.5 1.0 1.5 1.0
Energy range _
[GeV/u] 0.5-1.5

Transverse
emittance [mm
mrad]

Momentum spread 5x104

11(h)x
4(v)

Beam spot radius
[mm]

1x2-4x6 2x3 3x5 1x2-4x6 2x3 3x5

Stand: 08.08.2014 NESR SPARC

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 27
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FAIR primary beam chain: Uranium

SIS-100/300

. ’ e fA/ 4 _h -
SIS-100 extraction: U plinac~ SIS-18
- i Yo ‘N
LS
! ySICS £ JS<& & |
- Slow extraction Y= /N’\\o"{\ =
for fixed-targets F3L Ry —— --‘/ 515-100
S M Qf Reference primary ion  U=28+ U328+ / o2+
5 Gev/h SIS 100 cycle 4x10' U28+ £_{ Reference energy 0.2 1.5/10 GeV/u
5 GeV/u?
(1 s accumulation time)
315100 lons per cycle 1.2E11 4E11/1E10
A ! t ! t s 18 cycle rate (Hz) 2.7 0.5/0.1
0.2 GeV/u;
: -2/;\071/[;-/\-/\— Intensity (ions/s) 3E11 2E11/1E9
4 MeV X * .
k © /:u — CR/RESR W NESR) For slow extraction the ions/s
0 0.5 1.0 time [sec] - /4 reduce depending on the length
Maximize SIS100 intensity output: of the exiraction plateau and

. . e ery g eips 10 % slow extraction losses.
Fill synchrotron to the ‘space charge limit’ (within allowed phase space area).

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 28



Slow extraction from SIS-100 =8

extraction of intense heavy-ion beams for NUSTAR and CBM

ﬂ-mm Separatrlx (thlrd order resonance)

Qx=17.3

U28+ 1 5 2E11 >1s / Qy=17.8

0.0100

L spil .

Dp/p=[-.05%;0; +.05%] |

eptum wires

Electrostatic s

~i
o
P
]
:-c
X
- 3
2
~
o

o
=

Septum wires: @ 0.025 mm (W-Re al
wires are mounted under tension Quad-D

|

Tracking simulations:
5 % (approx. 500 W) loss in the septum wires

u28+
U%2+localized beam loss in warm magnet > 5 W/J_ —
(hands-on-maintenance limit) o

—rT.
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Heat load in SIS100: Longitudinal impedances

Thin (0. 3 mm) beam p|pe

o< [RZ, ()- PowerSpectrum(w)do < 25 kW (25 W/m)

heat

Pheat [W/m]

1004

Proton bunch parameters

10F
SIS-100
P = 1 W/m

1_

Final energy 29 GeV
0.1F
Protons per 2E13
cycle 0.01}
cyclerate (Hz) 0.5 00011 . . . ot[s]
107° 10~ 1077 10°°
#bunches 1 proton bunch length

bunch length 10 ns
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