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accelerator point of view
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Fission Experiment at TSR@ISOLDE

Transfer induced fission experiments proposed by Beatriz Jurado

physics motivation and explanation
of detector setup will be given
by B. Jurado tomorrow
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target like
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proof of principle experiment: 23°Th+°He




Lifetime modification due to gas target

intensity multiplication factor target thickness n,:
111 life time dueto . _ 1

nt:_[n-ds
St T, =

T T, T~ targetdensity ! G Ny T n-targetc!ensny
f,-revolution frequency

life-time due to electron capture in the cooler and residual gas interactions

main loss process in the target: electron capture

remark
Schlachter formulae:
11.10- i ) for H, target M=2
=" =55 (1-e %) (1-e*M0ET) He target M=1
-~ 0.5

E= E/A s =M-Z 9 «—— cross section in 1/cm?

Zl.25 0.7 cap Zl.8

gasq T gas

E projectile energy in keV, A mass number, Z ,-target atomic number, g ion charge

3.924.2

At TSR energies: 6, =1.1-107° (Z/A;ZS'B [cm?]




Target Life time and optimum charge state
beam life time determined by electron capture in the target

3.9-4.2

At TSR energies: o, =1.1- 108(?5/733‘83[%2] E in keV

p- ion momentum

- ST P _ :
maximum beam rigidity: Bp = o =1.5Tm  Q=g-e, ion charge
| ) 1 eh
" Easa functlon of q | funetion of
R 30001:0[_ Bp -1 5 ™m and 232Th i 10-15| c as a ftunction o q
E 200! o~ forBp =1.5Tm
=7 B = A0 MeV/ [ 5o and 222Th
2 1000 =
q:71 10~19+ 3He target
0,
20 40 60 80
. 20 40 60 80
"°7life time as a function of q result !
I atBp=1.5Tm E= 2320 MeV
&, 0.100; for 222Th . | = for Bp=1.5Tm: g=71
$0.010 fothe tar?ft . for target thickness n=10% 1/cm?
S ool with n=10 1/cm | = 0755 (Hetarget)
- n, = _[ n-ds
107 ' remark: Ogp % Zo
20 40 o0 BU Ttarget,HZ :18'4Ttarget,He



Charge State in REXEBIS

Estimated attainable charge states in REXEBIS as a function of ion Z
(ref. TSR@ISOLDE TDR)
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Stripping of Th ions at 2320 MeV (10 MeV/u) :
carbon foil: equilibrium charge state: 72 close to q=71 (calculated with LISE 9.10.62)



Upgrade of REXEBIS

A new EBIS, producing much higher charge states is under investigation at CERN

Design parameters HIE-ISOLDE / TSR@ISOLDE breeder
Charge breeder REXEBIS

Electron energy [keV] 150 5
Electron current [A] 2-5* 0.2
Electron current density [A/cm?] 1-2x10% 100
Trap pressure (mbar) ~1011 ~1011
lon-ion cooling needed YES NO
Extraction time (us) <30 >50

T

new TSR@/Isolde charge breeder

With the new TSR@Isolde charge breeder bare ions up to Z=60 should be possible

Much more details about this project was given by Fredrik Wenander during
the last TSR@ISOLDE 2014 workshop at CERN



Lifetime of 22Th’* with E=2320 MeV in the TSR
Bp=1.5Tm

target: for target (He) thickness n=10%%1/cm?: 1,,.,=0.75s

for target (He) thickness n=10'21/cm?: 1, = 7.55

vacuum life times for p=5-10-'! mbar:

electron capture: 7.,,=100s
multiple scattering: > 10° s
stripping: neglect able

ECOOL maximum possible electron current: 1,.=0.43 A, a,,,=9.3: Trec=4 S
reduced electron current: 1.=0.1A, o,,=9.3: Trec— 16°S

1 1 L
total life time t: — = Z— 7;- life time of loss processes
T i T

for very high target densities (n>5-10'2 1/cm?): T Ty, q



232Th'* injection: electron stacking
ECOOL stacking scheme:

compression of phase space made
transverse phase space available for the next pext multiturn
with electron cooling multltum injection X! injection

000

filled transverse phase space phase space containing
with multiturn injection the electron cooled

1on beam

injection rate n,: determined by electron cooling time tz-qp, :

N o 1 S 3 temx A where: A-ion mass
r 2 :
TecooL l. ¢ qI-IOnI Cfl[arge t
- electron curren
for 0.03<R<0.16 o/ ermax n, (1/5) Iimax —maximum possible
but N, <51/s 1 0.14 5 electron current

0.25 0.56 1.8



Space charge limit due to inchoherent tune

: . _ A2
maximum possible stored ion number: N= —z—n- B-B* -y’ - (-AQ)

q 1
—AQ - possible incoherent tune shift TSR: -AQ~0.065-0.1 for B=1

2

s N1 0.44 q
with 1=q-e,-N-f, and e (% y Ej Moot € N, ~ n, oc B’ (o, =const)
Cool

intensity limit: 1= const( ’ 'q )™ const is calculated from the 12C5* data:
lonm  E[MeV] Intensity [uA] calculation I[uA] stability limit incoherent
p 21 1000 740 tune shift 1 ~1 mA
1608+ | 98 750 1000
12ce+ | 73 1000 1000
32G16+ | 195 1500 999
BCIT+ | 293 1000 1130

space charge limit: 232Th71*(E=10-232 MeV) : 1=1.9 mA < N= 2.108



Luminosity

definition of luminosity:
R(t)-reaction rate

R(t
L(t) = RO G- Cross-section
e)
R(t) = N(t)-f,-o-n,(t) N(t)-numt_)er of stored particles
f,-revolution frequency
=L(t) = N(t)-f,-n(t) n-target thickness

n, :jn -dS  n-target density

remark: -due to possible switching of the target, owing to better lifetimes
and lower 3He (very expensive) consumption, target thickness n,

depends on time
- a strong variation of the particle number N(t) may occur due to

separated injection (intensity increase) and experiment (intensity
decrease) cycle



lon Number and Luminosity

t(s) t(s)

target off target on

»

periodical change of N(t) periodical change of luminosity
Imi |
S 0 105 SPace charge limit — | S5 107 \ |
I —
8 | £
@1'5“0 | £ 1.0x 1077 |« T A
< 1.0x108 | =
| " -
, | 5.0 % 102
1OR10 stacking | LY
| experiment ;
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|
|
|
|
|

| average luminosity:

life time: t,=14s | life time: 1,=0.7 s

| . .
7 multi turn injections | measuring time — 1
with N;=3 -107 ions | per period: L= ?! L(t)dt
and n.=1.8 1/s 127 B
'n=1013 1/cm? L =1.8-10°1/(cm?s)

for 232Th71* peam E=2320 MeV
(f,=0.786 MHz)



N (s)

lon Number and Luminosity

periodical change of N(t) periodical change of luminosity

2.0x10%F _s_p_a}c_e C_h_a_r_g_e_ ||m|t ________________ 8 x 102
equilibrium between
15%1081 Injection and beam looses | e i
1.0% 108 LNo=neT N, | S 4x10%
: : S
5.0x107 ECOOL i ] 2 % 1026
stacking experi
’ | I 4 OO 1 2 3 4

0 1 2 3

targeton

life time: t,=0.7 s

with N;=3 -107 ions
and drastically increased
electron current:
1.=0.28-0.43 A
Injection rate: n.=5 1/s

maximum possible n,

 life time: 1,=0.7'S
" measuring time

" per period:

21,

> t(s)
n=10% 1/cm?
average luminosity:

_ 1K
L =— | L(t)dt
T! (t)

L =1.1-10*°1/(cm®s)

for 232Th’1* beam E=2320 MeV
(f,=0.786 MHz)



Luminosity at continues injection and measurement
particle number N(t): N;-injected particle number per injection

dN(t) N(t) n- inject_ion_ rate
dt =N N; —— t- total lifetime

for high target densities the beam lifetime is very short and determined

by the target lifetime .. In the equilibrium: dN(t)/dt=0

stored number of 1ons Ny (Ny<N,): N, - equilibrium particle number

N,=n tN, N, -space charge limit
. const (E=2320 MeV Z2Th’i+
Y — — . 1013 2
with: 1~ 7, = . and const=0.75-10" s/lem? 1\ target)
It follows for the luminosity L: ni-target thickness11l
L-R_ Nf.n, =n_tn N.f, ~n N.f const andindependent
G ! ] of the target thickness !
example: Tor = (n>5-1012 1/cm?)
f,=0.786 MHz - n,
N,=3-10’ L = L~9-10%1/(s-cm?) |_H2 ~18- LHe
N, max=2 1/s
He target _stacking to the space charge limit requires N; =6 -10” and

resultsin = L ~ 1.8-1027 1/(s-cm?) maximum possible
(He-target) luminosity



Halo formation during ECOOL stacking

beam at the target location

10

very dense stack
with cooled ion
beam

| / PP | halo: hot injected

cooling process - | ion beam, which

| | is cooled down
until next injection
proceed

)

y (mm)

-20

-15 -10 -5 0 5 10 15
X (mm)

ratio of number of ions in halo N,,, and stack N,

N
N

halo < 1 OC&<— target thickness

qack N,T N, < repetitionrate of multi turn injection




Minimization of the halo size during measurement

-measurement starts after a certain delay T, after injection
and ends before the next multi-turn injection takes place

timing scheme
T measurements optimum

I T, | / | \ | T delay™TEcooL

Tdela

T T t
‘ %ulti turn injections /ex;mple for 282Th71+ (E=2320 MeV)

measurements
n, (L)

advantage:
-halo: size significant reduction 1 0.14 5
number of particle significant reduction

electron current:. T=0.2s

-almost constant beam current and counting rate | =043 A

- - - € max !
-QO switching of gas jet electron beam power:
disadvantage: 0.43 A-0.5860 kV= 2.5 kW

-luminosity reduction by factor: T/T



Background by Coulomb scattering in the target

|
I - fission fragment
detector

tOI‘ ed ;
0] Weam
stored'ic Jgas Jet
(target)
energy scatter angle relation of Rutherford
scattered Th ions 0. =13mrad Prex <@
20— - -directly after scattering ion will pass the
2300 | fission fragment detector, but
”;;zzg % . 0.0%6 ¢ >, «acceptance angle of the TSR
= due to the s_ma_lll detection angle .
o 232Th 1+ E=2320 MeV of scatted fission fragments, th(_a fission
00! | fragr_nent detector may determine
00 01 02 03 04 05 06 07 the ring acceptance
¢ (degree) —collision of scattered ions after a few

turns with fission detector



Background by Coulomb scattering in the target

energy scatter angle relation of Rutherford
scattered Th ions -further there is a momentum shift of the

2320 scattered Th ions of up to -2.6%
2300 = closed orbit shift by
<2280 A A _ o
E T ?p =-0.026 AX = D?p D- dispersion in the target area
M 2240 232TH71+ E=2320 MeV leading to an increaseof the betatron
2220 oscillation around the new closed orbit
2200 - = possible collision with the fission target

00 01 02 03 04 05 06 0.7
¢ (degree)

after a few turns

= target protection with an aperture or scraper

fission
detect

gas jet

moveable aperture or scrapers

remark:

aperture protect

also detectors against
Injected ion beam

dlameter d,
diameter d,

with d,>d, (Symmetry position)



Low Beta Mode ?

center straight
section

ga%s jet target Low Beta TSR Mode
shift

I

fission

shift

small /'
aperture |

10 1 old beam profile monitor position

quadrupole  quadrupole ~ quadrupole | |
family 6 family 7 family 7 quadrupole _ slgp target
family 6 c l l
In the low beta mode the number of quadrupole family 5‘ 0.

IS increased from 5 to 7,creating a small beta functions
In the center of a straight section and increasing rapidly
with s:

- i 1 1
............ T

2 st
B(S) = Ry + R, beta function in the center 0 10 20 30 40 50
Bo S [m]

To benefit from the low beta mode fission detector has to be in the center of the straight section

=shift of the detectors towards center of straight section = required shift of the gas target
downstream to the beam direction




Cold 1on beams for external spectrometer HELI1OS

information about HELIOS spectrometer was given in the talk by
Sean J Freemann at last TSR@ISOLDE workshop 2014 and will be given

by Robert Page, tomorrow HELIOS spectrometer

possible location of HELIOS spectrometer

30m t
45m

e.g. Protons

' @ f ! .
HELIOS L e
= Si arE\_/_ ’r e
l c S l,/ detector
- § Target fan
= (2] ' TSR [t § & /

o oo

O picture from talk of Sean J Freemann,
TSR@ISOLDE 2014 workshop

beam requirement: transverse emittance < 0.01 mm-mrad  peter Butler, technical
FWHM energy spread ~0.025% note, June 12 2014



Emittance and momentum spread of an electron cooled ion beam
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equilibrium emittances and momentum
spread of cooled ion beams as a function
of particle number for the ion species:

D+, 6Lj3+ 12C6+ and 1608+

(ne=8-10° cm= Bcool=418 Gauss, p=0.11)

definition of emittances:

horizontal and vertical emittance is defined
by the o values of the horizontal and vertical
beam size:

2

)
X,
e = y

X,y
Bx,y

momentum spread:
momentum spread is rms value:

AP _ AP _1AEm ABws _551-002%
pi pi 2 E E




Slow Extraction at the TSR

horizontal phase space

septum
foil —

ion coordinates
during 7 turns
at the separatrix

electrostatic septum for injection

extracted @nd extraction
10n

extracted
beam /

[mm]
3 turn
separation l
L | |
1 417 electrostatic
septum
Lz electrode =
; R
w0 |beginning —> -
extraction A injected
/ channel septum beam
60 foil .
septum B 500 o so0 -
electrode

- working point shifted close to a third order resonance Q,=2.6666...

- third order resonance is exited by one or two sextupoles

- creating a separatrix around the stored ion beam

- inside the separatrix ions can be stored stable

- if ions reaches the separatix ions are moving along the separatrix towards the
electrostatic septum foil, jumping into the field of the septum and are extracted

- excitation of betatron motion inside the separatrix is done by rf noise given to a kicker
where the ECOOL has to be off

- with the noise level the extraction rate can be affected



Extraction experiment with 2C°%* E=73.3 MeV ions

counts

Development of the horizontal beam profile 13s
o e e T
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Measured emittance of the slow extracted beam

beam: 12C°* E=73.3 MeV cooled stored beam
Measured emittances of the slow extracted beam : without extraction
number of injected ions: N=2.7 105 (1=0.15 pA) N=4-107
horizontally: g, ,,= 1+0.2 mm-mrad = g, =0.25+0.05 mm-mrad | &= 0.02 mm-mrad
vertically: €p2o=1.140.1 mm-mrad = g, = 0.275+0.025 mm-mrad | &,= 0.04 mm-mrad
stored ion beam: &y,,= 0.245+0.019 mm-mrad
) )’ measured for
emittance definition: ¢_ = ° _ Ems €9 = (20) 12C6+ E=73.3 MeV
B B and n,=8-10 cm-3

momentum spread of slow extracted beam:
was not measured



Horizontal emittance of extracted beam

horizontal emittance of slow extracted beam is determined by the extraction method
and momentum spread Ap/p

_ beam with momentum spread
mMono energetic beam
septum extracted

separatrix of an ion with septum  extracted
foil — 1 ions Ap/p <0 for Q >2.666... foil — I'jons
s 3turn X,
Tji separation /F / ¢ AX 4
> — » é s °
2 ail ﬂ_,"_,separatrlx of aion — - = 2 >
: L with central momentum T
isé?lrii;rgld §tored cold 1+ i 7{
ion beam /
' rdi : ; .
IdOL::l(;OgO; tlL?IEIl’]th S / separatrix of an ion with /
at the separatrix septum Ap/p >0 for Q,<2.666... / septum
electrode | electrode
lons are extracted along a straight

(for simplification the dispersion at the septum: D=0 m, D =0).
= divergence Ax’ of extracted beam

horizontal beam size AX is given by the three

turn separation at septum position
with Ax’>0 = &>0

line in the transverse phase space
= e=0!

Hardt condition D’<0 for D>0 m (D-dispersion at septum) to suppress Ax" cannot full filed



Momentum spread
momentum spread of stored ion beam is affected by the rf noise field given to the
kicker, used to increase the betatron amplitude during extraction

longitudinal component U longitudinal component
of fringing ﬁeld}< T of of fringing field

Sl \ \ i\lN E}i(t)

3 - L . \
3 | i — |

NV VYV VYVYVYVVYYVYVYYVY VY VYN W
electrical

) ) ) — field
horizontal ion beam size -

If the flight time to the kicker integer number of rf period 1/f;

—m.T —m. A fringing field almost no effect to
T=m-T, =m-1/1, =E, (t+mT)+E, (=0 = = spread !

fo—f(n+ T- flight time through the kicker ,f; -center frequency of rf noise,
f 0( —q) f,-revolution frequency, n,m- integer number,
g- non integer part of the tune g=0.66,C,- circumference, L- kicker length

N =>new extraction kicker working at relatively high frequencies
= condition ~ CO/LfO horizontal kicker

niq:m&:& form=1
L L

T 1 T
B I .



Intra Beam Scattering (IBS) effects

-reduction of the longitudinal heating effects may reduce the momentum spread
and improves the horizontal emittance of the extracted beam.

-But there is an increase of the horizontal, vertical and the momentum spread in the
TSR due to IBS:

for the slow extraction process electron cooling has to switch off

= blow up of the horizontal, vertical and momentum spread by IBS in the ring
-horizontal emittance of extracted beam not influenced by IBS, because it is

determined by the slow extraction process
- but vertical emittance and the momentum spread of extracted beam are affected

by IBS horizontal beam width vertical beam width

| ECOOL off 'ECOOLOff _, ,peeseses

10° F

o (mm)

D*  13.2:107 ions |
6Li%* 7.1'107 ions {

n
’
A Co 7.1107 ions |
°
1
4

0%  6.8107 ions
|

1
6 8 10 0
time (s)

6 8 10



Modifying the slow extraction scheme

-electron cooling has to be permanent on to cool the vertical and longitudinal
degree of freedom during the extraction process

-increase the horizontal rf noise level
-this process can be supported by di

to overcome electron cooling force
spersive electron cooling where the

horizontal cooling force are transferred in the longitudinal degree of freedom,

Or opposite .

horizontal and vertical cooling rate

measured with 73 MeV 12C6+*

Dispersive electron cooling is realized by
using an horizontal gradient in the
horizontal cooling force realized by

— 1 1

10_ [

0]

horizontal |

vertical

shifting the electron beam and applying

dispersion in the electron cooler
opD
= N —— 0y X

Tx.0 Po

o, =e°n, /(4e,m.Vv,)

Tx,disp

n,=8-10°cm~ <<n, ,, =5.6-10"cm™

-10

-5

0

5

x(mm)
horizontal position of the ion beam
to the center of electron beam

—=switching off horizontal cooling and
horizontal heating with the electron beam
should be possible ! = noise reduction
transferred to the horizontal kicker



a, (107*eVs/m?)

[AV)
I
|

Dispersive electron cooling, longitudinal cooling force

< OR(v)

Longitudinal friction coefficient ¢, =T
||

F,(v,)- longitudinal cooling force

— oy =0, -(1-2-a,D/ v, -X)

n,=8-10°cm~ <<n, . =5.6-10"cm™

“l D~? | Transverse cooling force is transferred to
e ¥=0mm longitudinal cooling by dispersive electron
cooling

oc‘|+ax+ocyzconstant

X(mm) transfer of \

cooling force vertical cooling force
J remains constant

Active vertical and improved longitudinal (o, —0 or o<0 ) electron cooling
during the slow extraction process !

Enhanced active longitudinal electron cooling will reduce the horizontal
emittance of the slow extracted beam significantly !



Horizontal emittance of slow extracted beams

horizontal emittance of slow extracted beam is determined by the extraction method
and momentum spread Ap/p

extracted ~ Separatrix of an ion with Septum extracted compression of Ax’ with

_ . foil — |3 . i
ions S S g lons - active and improved
\\ T‘X’ A4 _longitudinal electron cooling
: : e e . ;AX =significant reduction of the

separatrix of aion Z > _ _
with central momentum T horizontal beam emittance !

stored cold —t~ ,7{ ] _ L

ion beam / horizontal beam size AX is given

by the three turn separation at

separatrix of an ion with / septum position
Ap/p >0 for Q,<2.666... septum
electrode

(for simplification the dispersion at the septum: D=0 m, D =0,
this condition is approximately fulfilled at the TSR if dispersive electron cooling is applied).

-This slow extraction scheme combined with dispersive electron cooling is not
tested so far !!!

Alternatively fast extraction can be used to extract an cold ion beam



Fast extraction at the TSR

For fast extraction the phase advance -extraction kicker huge device
between kicker and electrostatic septum:  _ dimensions only very roughly known
septum 4 -worst case: removing quadrupole

Au, = I S ds=2 . i
2 family 3 to provide enough space

for the kicker

X
kicker F'x

location of fast extraction kicker

fast extraction
kicker

5 ) '

HIE-ISOLDE

extracted beam i injected beam

: AL = T
standard mode ——2H =5



TSR lattice with four quadrupole families

R function Standard Mode
16 v%;frf?_ZF%ﬁn 8.51/15 07/09/07 09.39.48 S P:4
o . T T By T T T T T T T T
| Q,=2.84
Qy:2.91
0.0 : r . r . : . : . - . < ‘
0.0 5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55. 60. I“*\

s (m)

dispersion function

removed quadrupole S,
T T family >

b §
29 Win32 version 8.51/15 07/09/07 16.40.21 /“g

D (m)

" 30, 40.  50. 60
s (m)



septum deflection

Fast Extraction 7.0 40 mrad

. dipoles .
electrostatic BN to experiment extracted

E 8 beam d i reCti On LB41 LB::N—M beamLBH LB12
- < !*
[ | 1 v\
H | i At
TSR_FLAIR A X .
Win32 version 8.51/15 23/11/07 22.41.41
Pe : y ; ‘ ' : : time independen

closed orbit shift

Val
kicker \digoles for closed ~

i i orbit shift
extraction orbit —

a = 17.25 mrad / %@
g’-f- extraction

‘&\:cker \‘j
v " HIEISOLDE

0.0 2% 4. 6 8. 10. 12. 14. 16. . : beam

. ) — beamdirection g () _ extracted bean

eF-or fast extraction the closed orbit is shifted permanently towards the electrostatic septum

by about 60 mm
ea fast kicker deflect the ion beam by around 17 mrad. Leading to a beam deflection of 30 mm
at the location of electrostatic septum, therefore the total beam deflection in front of the septum
IS 30+60mm=90 mm
e In the electrostatic septum the extracted ion beam is deflected by about 40 mrad and transferred to the
experiments

{closed orbit




Fast extraction kicker specifications

fast kicker specification for a rough cost estimation from CERN

maximum beam rigidity: 1.5 Tm
deflection angle: about 20 mrad
response time (from B=0T to 0.9 B,,.,): about 200 ns (roughly), preferable 100 ns
maximum length of the kicker: below 1 m (if possible)
(to avoid removing of quadrupole family 3)
kicker chamber (inside): horizontal width of at least 100 mm, 200 mm (preferable)
vertical height: > 55 mm

remark: kicker has switching time, defined by the respond time
coasting beam: causes movement of the extracted beam
to avoid movement — bunching + ECOOL — increasing of emittance and momentum spread

kicker specification requirements fulfills:
-two modules of the LEIR/CERN extraction kicker
-fast injection kicker for ELENA/CERN (roughly)
remark: fast ELENA injection kicker can be used also as an extraction kicker
fulfilling our demand for an 20 mrad deflection angle at Bp=1.5 Tm,
but the field quality of the horizontal field is less than expected



Rough cost estimation for the extraction kicker

very rough cost estimation from Brennan Goddard and TE-ABT group/CERN
from 14. April 2015 can increased to_100x55 mm

Estimates for TSR kicker costs, based on the ELENA kicker/magnet with beam aperture = 50*50 mm

Magnet length flange to flange : 1000 mm <_t(.)ta.l |ength:1000 mm

based on ELENA kicker
=removing of quadrupole
family 3 maybe not necessary !!!

Infrastructure (building, mains distribution etc. not included - need 50 m2 horizontal surface, with 10 kW from the network and 10 litres/min cooling water).
Costs valid providing 80kV cable can be outsourced

No CERN manpower is presently available or planned for the construction or maintenance.

Iltem Cost kCHF (incl. FSU) CERN manpower (FTE)

Magnet module, vacuum tank, feedthrough, connection boxes 240 1.5
PFL 80 kV cable, transmission cable, connectors 110 0.2
Main switch, dump switch, thyratrons 240 1.2
SF6 handling system, hydraulic system 140 1.0
Controls and electronics 275 0.5
Total x 1005 4.4
Maintenance (per year) of magnets, generators, hydraulics and controls 50 0.4

/

total cost: 1005 kCHF  CERN manpower: 4.4 FTE
Maintenance of magnets, generators etc. : 50 kKCHF per year
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Single scateing In gas targets
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ECOOL stacking with *2C®* jons (E=73.3 MeV) at the TSR

Intensity increase during ECCOL stacking
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lon Number and Luminosity

periodical change of N(t) periodical change of luminosity
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Time development of the vertical beam profile

1

lO 1 T T | H 1 | T ] i 4 I | I ] 1 J ! ' ]' ] G | T

| S 2 I |

"~ Vvertical beam profile during the slow
extraction process

T

IOO . c; =0.9mm

L e e T T RO T | S . N P
- Sl o el - e ol s e v D o
- o 2 G E i B+ % 4 + %t & + 4+ %
T

- 0, <0.6mMM pqrizontal rf noise to the Kicker

- ECOOL off _
4 rf noise off |

vertical beam width (mm)




Comparison of bunched and coasting beams

horizontal beam profile
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Figure 5.1: Expansion of the beam width due to IBS 1s measured with the 73.3 MeV
coasting and bunched 2C%* ion beams at 50 pA ion current. The horizontal beam width
of Gaussian profiles are shown as a function of time. The hollow markers are the data
with the coasting beam and the solid markers are those with the bunched beam.



Elena Injection kicker —TSR fast extraction kKicker ?

« Existing (1986), from AA ring

« Magnet installed into new vacuum I
tatn to be bakeable upt 300 deg in = i |
situ

« HV power converter recuperated
from AAC

 PFL (SF6, 15 Ohm, 40kV) _
discharged by fast thyratron switches

 Terminated by matched resistor

« Pulse length can be adjusted with a
dump thyratron

« Polarity reversal by swapping HV
gﬂout cables in magnet connection
OX

slide from Wolfgang Bartmann (CERN), ELENA review CERN,15-16 October 2013

ELENA review, Inj/extr and transfer

) 42
lines

15-16 Oct 2013



ELENA Injection kicker parameters

slide from Wolfgang Bartmann (CERN), ELENA review CERN,15-16 October 2013

Injection kicker magnet data Unit

Required angle @5.3 MeV mrad 84

Effective magnetic length mm 432 too small
Maximum B.| mT.m 31.36

Rise/Fall time (2-98) % ns 200

Flat top (max) too small > ns ~600

Aperturew X h mm X mm 110

Good field region, h x v

mm X mm 72 X 36

(nominal £1 %)

Magnet impedance Q 15

Magnet transit time ns 106.2

Magnet termination Q 15

Maximum magnet current/voltage kA/kV 2600/40
15E'£?|a§§}£%1fmax ELENA review, IIigje/zxtr andfﬁ:jfer ::6 43



LEIR extraction kicker
from PIL/LEIR design report, C.Carli, M. Chanel, S. Maury

HV modulators: No. of generators: 3

Generator impedance: 15.7Q

two modules are required

PEN: SFe pressurized at 10bar, 15.7Q,
~83m, 97m & 131m cable

Transmission: 2 flexible sterling type 30Q &32Q, ~41m cables, in
parallel

Main Switch: EEV CX1171A/2 (from Marconi Applied
Technologies)

Dump Switch: EEV CX1171A/2

Max, PEN voltage:  80kV (positive)

Max. load current:  2548A

No. of magnets/generator:
Type:

No. of cells:

Aperture wxh:

Effective length:

Delay:

Impedance:

¢+ Magnets:

¢ Kick: [Bdl max per magnet:
/Bdl flat top uniformity:
Rise time (1-99)%:
Rise time (2-98)%:
Length (max):

¢ Filters: Magnet output C:

Mag. Term. R+C:

¢ Perrite: MS cathode lemos:

1

ferrite loaded delay line
18
147mmx66mm -
467.5mm

90ns

15.72

one module

22mT.m

+0.5%

120ns

113ns

~690ns, 800ns &1050ns (variable)

570pF
40L + 200pF

CMD5005, tube OD=74.5mm, ID=35mm, L.=50mm

Magnet input lemos: CMD5005, tube OD=74.5mm, ID=35mm, L=50mm



