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Beta Beams - Overview

P. Zucche); -

Proton Driver Experiment A

* Basic idea (Phys. Let. B, 532 (2002) 166-172): SPL Acceleration to final energy —~
- Accelerate radioactive ions to high y o produciion oL S |

ISOL target &

- Let them B-decay in a Decay Ring (DR) s

W

- - - . Neutrino

LuJ - The DR has one straight section pointing seum preparation Source
- - - - Pulsed ECR

— in the direction of a neutrino detector — [:{(g

lon acceleration

- v-beam with opening angle 1/y and Linac
with known energy and v-species Ry
This gives only (anti) neutrinos from B* (B-) decay: """“‘;;2.:"”’“ & V

Signal: v, ~~ D,
p—on+et + v
Signal: v, ~ v,

O VERYV

B

* Detector: _
- Water Cerenkov detector enough to  sufes Tunne
distinguish p* and e* (U~ and e°),
no need to distinguish p* and p-

B

Present Laboratory

Future Laboratory
with Water Cerenkoy Detectors

Wednesday, September 22, 2010



‘ Choice of lons

°* Considerations z-(0|1]| 2

- Pair of B* and B- active ions ninH He 3 4
Hi’He Li Be

3 for v and anti-v C I el
- Production rates ~ T - C BT
. . . 2 H “He »-L B B |C [ENEIEE
Lo/ isol method or production ring "SR L e B °C ,
- Life time 3 | |*H’He NENNEEEY"S |°C N/ O |9
- .. . 4 “n°Hi°He 'Li ®Be 10cillnN|120| F | 10
optimized for baseline ~1s g - iy
- 5 °H JHe '8Li ®Be ¥B 'C|12N 130:F Ne 11
- Reactivity ——
b/ re OOd 6 B N O:‘F;r:le Na 12
no e gases a g ZB 13c I‘N 150I16F|17Ne—1|18Na Mg
- Q value W

13g 14¢ 15y 160 17¢ IBNe:_lgNa:zoMg
———
0 :BF IQNe ZONa 21Mg

158 lﬁc 17N 180 IQF ZONe 21Na 22Mg

defines v-energy & baseline
- Low Z preferred
minimize accelerated mass per charge

16g,17¢| 18y | 190 20¢ 2lNe 22N3 23Mg
reduce space charge problems |

12 18C 19N 200 21F ZZNe 23Na 24Mg

O VERYV

FP7: EUROnu
(Grant agreement no.:
212372)

FP6: EURISOL
BNe N8 210 (CARE, contract number
Jm o+ RI13-CT-2003-506395) Delta Mev)22.9215 IDelta (mev)20.9468

Delta (Mev)5.3172 , ol o
(MeV) ; Delta (mev) 17.5951 Tz 770 3 ms S 838 6 ms
lb?pz 818105 T2 806.7 15 ms EUF‘ SOL Decay ec B 8- 100
ec B+ s : ‘ :
Decay - 100 s B+ a 100 g- a 100

Q=3.30 MeV Q= 3.51 MeV Q=13.9 MeV Q=13.0 MeV

B

B

E.g. for the neutron decay

“Q.value” is the kinetic energy release of a particle at rest” 0
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‘ Duty Factor

* To suppress atmospheric background detectors can only be open short
time periods
; - Suppression Factor, SF = opened time ratio of the detector
L
* The DR will be filled only with short bunches so that neutrinos are send
- only when the detector is opened
> - Duty Factor = filled ratio of the Decay Ring
v Duty Factor = Suppression Factor
L
>
O
m £ £
m| ¢ 3 5 7N
Only. “opened” en
neutrinos arrive
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DR: Injection Scheme

® The new bunch is injected off momentum
AplpVs.As [He” R, = 1100m «,=0.0015128499
; (separatetd by a septum magnet) PP vo Tr i T P o .
\ [ - i
10
| 0.002 k
> 1 a o og;:
5 < | e >
, £ p -0.002 , >
m s Xeo [ :10
- -0.004 — 15
u Kicker a
. . gy i = = IP IIITE PP PP M.
> e After Y2 synchrotron turn it is I A I A
“captured” by one RF system As[m]
AplpVs.As L™ R, = 1100m «,=0.0015128499
Of¢ Then “merged” into the old bunch oos—Tun#0TrackingTime 0
with the use of a 2"Y RF system o onal- i s
i %o
m|® Collimation at Ap/p = 2.5%0 0.002 1,
Q | ; g‘
m = scrapes away ions not o o L
captured < 5=
-0.002 -
= limits the bunch size to 0004} 1’
protect the septum magnet » | s
00065 e )
As [m]
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.t

‘ Accumulated ""Ne'™ with injected bunch intensity of 235 « 10° ’

E W
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-~ o> [
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m ..P ¢ = 4 é
™ D ﬁ 1000 3
u fﬁ 6 Ntlthe — 6.2 - 1013 ;500
> o 20 “43"[ slod]"ao‘ “J00
me [Secon
D | Accumulated "B with injected bunch intensity of 843 « 10"
%10’
'U\mmm.l —;aooo
m Y'JU‘ {7000 _
{ X(L —;sooog
m \L& XQ 5000 £
o ° 14000 5
~ e .
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DR: Accumulation

® Due to Collimation and Radioactive decay the number of ions
per bunch saturates in the DR (20 of these bunches gives N¢ot)

l Accumulated *He® with injected bunch intensity of 487 « 10’

Daniel C.
Heinrich

x10°

- Fel
11500 £

14500
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3500 .§
3}
3
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€

12500 2

o
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z
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o A A l20. A .4hl
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Accumulated "Li"" with injected bunch intensity of 2150 < 10" ’

el | -
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catPITTINY
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yf \fk% 10 5
_“8 E
p-r N A ] £
A Vi 6 2
- ﬂ 8Li 14 4
Ll N, ;" =3.5-10 ER
0 20 a0 e0 B0 100 120

time [second]

Wednesday, September 22, 2010



DR: Injection Scheme

o After “merging” the bunches are ~ 2m long (all ions)

; AplpVs.As 'He" R,.= 1100m ,=0.0015128499
0.006 199 s
L : 2
| ® 20 bunches from SPS to DR o )
: ... :
— SF= 20" 2m/6911m = 0.58% oy (SR, S5
> < [ . o aPEEE 1=
| e l.e.between 0.1% and |% Tk U it 5>
[ = 10
W1 e With the intensities shown 0004 ~2m s
> in previous slide we get I e e
o« , o o« , o As|m
0 these sensitivities: -

Assumed Fluxes: |.lel8 v/year from '®Ne and 2.9el8 anti-v/year from ®He
180

B

e Good, BUT:

90

D
A
m - 0 S s 0 = What about
:g:; collective
~90 < -90 effects?

SE:
0.01%

— 180
10~
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BB Collective Ellects

* High intensity ion beams are foreseen for the
Beta Beam project

* High intensity bunches can have non-negligible

u amount of charges

>

_ = Particles interact with each other and vacuum
chamber

|_

) + “Collective Effects”

L ® Collective Effects limit the final performance of

- accelerators

= ® The studies of instabilities of the ion beams are

O a crucial part of the Beta Beam project

N e Studies will be done for all ions (FPé: '8Ne & ¢He,

FP7: 8B & 8Li) and for all machines (so far only DR)
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4 Reasons for Instabilities

e Different reasons for Instabilities:

= Coulomb Forces

L] - within the bunch; “Direct Space Charge”w “Laslett's
S - between bunch and pipe; “Image Field” Tune Shifts”
65k /\

= Woake Fields ( = “Impedances” in frequency domain)
h

- due to resistive pipe; “Resistive Wall Impedance”

- due to pipe discontinuities; “"Resonance Impedance”

‘“\age Cmrge

COLLECT

— — — —_
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Laslett's Tune Shifts

DR "®Ne
-0.0409
-0.0946

-0.0409
-0.0946
-1.7470e-04
-3.1937e-04
-6.2768e-05
-1.1475e-04

DR *He
-0.0083
-0.0192

-0.0083
-0.0192
-3.5564e-05
-6.5016e-05
-1.2765e-05
-2.3337e-05

* Direct Space Charge forces are repulsive and
proportional to distance from center — to be
compared to quadrupoles = betatron tune shift

1 : o
0 = but AQpsc, , X = since for relativistic
- beams the repulsive are
i cancelled by the contracting B forces
L] = For DR (y=100) |AQpbsc| > 0.2 could
cause tune crossings SC
] |AQDSC| < 02 over resonance lines AQ
— instabilities .
0 @ Q.
q - For PS with low Y AQbpsc aQ"
] could be crucial (to be investigated) Q)
s
. AQ,

* Image Fields turned out to o™

have even less effects in the DR 4"
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Wake Field Instabilities

* Wake Fields are described by
= Woake Potential; W(t), in time domain
Ul
A = Impedance; Z(w)=F[W(t)], in frequency domain
d|® Instabilities caused by Z(w) are L e |m —
L] described by different theories 1 o e
— depending on the intensity regime 0t | Meetens
(Ng)? Ns
- If Np < Npt" instabilities are “modest”
- If Np > Np*" instabilities will cause beam loss
n
v = |mportant to find Np*" since that is absolute
maximum number ions we can have per bunch
q
2 * Nt will have to be found for each type of Z(w);
- Resistive Wall and Resonance Impedance
- Longitudinal and Transversal Impedance
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Wake Field Instabilities

* Wake Fields are described by
= Woake Potential; W(t), in time domain
Ul
A = Impedance; Z(w)=F[W(t)], in frequency domain
o o o _l_ e Inst. nst.
d|*® Instabilities caused by Z(w) are — — —
L] described by different theories 1 o s
— depending on the intensity regime 0t | Meetens
(Ng)? Ns
- If Nb < Np*" instabilities are “modest”
- If Np > Npth instabilities will cause beam loss
n
v = |mportant to find Np*" since that is absolute
maximum number ions we can have per bunch
q
2 * Nt will have to be found for each type of Z(w);
- Resistive Wall and # Resonance Impedance I, Fe
- Longitudinal and Iransversal Impedance
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n Resonance lmpedance

* Woake fields can be —
trapped in e.g. cavities
in the beam pipe — - i -
Resonance Impedance
— Can be modeled
with an RLC circuit:

E LDS

I
@
N
I
&
|

O

F

1+¢Q(°§; ;j)

L Q = Quality Factor, R, = Shunt Impedance, W, = Resonance Angular Frequency'
Y .
Broad Band (low Q) Narrow Band (high Q)
< impedances | 4 w -"’—J':, - Impedances Sabe|
3 - v EE n W Y X
EPINNE g T
- o 1 b - Q= m ’ “ |
: mf’ ) 6 T ‘3“_;",' T .o 2 4 r]m?
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b

E LDS

F

W A K E

]R@S@H@H@@Iinp@dan@@

mag e Charg®

* Woake fields can be
trapped in e.g. cavities
in the beam pipe —
Resonance Impedance
— Can be modeled

with an RLC circuit:

o @ ZJ_(W):

144Q (2 — &)

Q = Quality Factor, R, = Shunt Impedance, W, = Resonance Angular Frequency'

Broad Band (low Q) Will only show results for
o b < a— * 13Ne & °He in Decay Ring
T A ol * Transversal
i:“ .,.,., ij\” * Resonance
e e e SR * Broad Band (Q=1)
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DR Intensity Threshold

u| senjiqe)su| JuaiayoD
weag-9|bulS JO MBIAIBAQ

n|® Three different ways to find Np*™
Lul = A theoretical equation, “Coasting Beam Eq.”: O
20 —1 5
I Nth _ 32 Qm,y’n & Wr N0 ZBB 1 4 W,y %
bo,y — 2 22 Lo | &
D Y 3\/§7T Z /8 C i max w’l“ g
:E »
- = A program calculating the theoretical instability
N rise time depending on the intensity, “ i
= = A multi-particle tracking simulation, “"HEAD TAIL”
4+ One of HEADTAIL’s output, Yoo Mg = 100069
= the vertical mean beam center, o
) is shown here for different -
il 4+ Exponential least square fit -
T is used to get the “
Growth Rate, |/T 500"‘iéd"'zdd"'aéd"'bldd;'566"666"?66"

‘N¥3D ‘lesdiN 3
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Growth Rate from HIEADTAI

-

I

Number Particles per Bunch

‘< yccntre h NB =90.009 J {( ycentl'e ) Na =90.0e9 ( ycentre s NB = 90.0e9
1OOT 100” 100:
m 80¢ 80 80
50; 60{_ 60::_—
I-LI _ 40? 403 _ 4027
£ E 20 E o
m i o o O i
> 200 5 200 > 20
40 - aof -Ao;‘—
D S0 60" S0}
80" 8ok 80~
L - L1y " PRt Pt - ! t | |
z 100"""J00 200 300 400 500 600 700 A0g5 b donbo e b b Ay Y e s e T e e
time [ms] time [ms] time [ms]
N
l 1/t vs. Nj for ¢, = 22d0 [eVs] (DR ®He with BB)) ‘
- 2000 — -
- 1800 — — 300
< ?1 600 — =
= 1400 — =
- 1200 — -
20
& =
021000 — =
- S so0E - 150
§ M0E =
q O 600 — 100
O 400 =
| = — 50
200 —— -
o'- / 5 | 1 L 1 L L I 1 ! X109 0
I 100 AN 300 400 500 600 700

10
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MOSES Scales

V

1

e X-axis:

4

T

Qs

Z@NB

~

e Y-axis: Np

L/ MO SE S

TT‘G’U

E ADT A I

H

A/t (9,4,Q,) vs.1_for £, =22d0 [eVs] (DR “He with BB )

1/7

Iy

Imag (v-\'x).'vs

w’l"G”U QS

MOSES - MODE COUPLING INSTABILITY
200010 (01940 VERSION 33 COWUTIMEUSED: 0538314
2 I I I T
_-/_
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| / !
/ /"/‘
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0 —— et
b ll\
\\ \-\
-1 - -
~_
. _\—_
2 L | L. L. | PO B SirSreRN
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- Imaginary Part of (v-vy)/vg -

* To get same scale as MOSES’ plots:
S 1AQ

since

1/7 = =S |AQ| Wrew

1 Nus
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“mittance Scan - No Z Correction

‘ At/ {0,.Q,) vs. I, for &,=10d0 [eVs] (DR “He with BB ) ‘
i) T e R e s T
- ~ 1 NUS «036SE.02
= o~ -
1 Sr— 6 //’ 4 ENGY = $61.  (GeV)
N He //’ SOMZ » 404 (cm)
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1:_ / | REVFRQ-043E01 (MHZ)
- / ] ALPHA < 03TE2
m cm - / — 1  CHORM =0 0006400
:'_ / —_1_,---' 1 FREQ « 0100808 (MH2)
> o'sb / - RS « 200 (MOhavm
£t [/ 7 | o
" S I— | l// — - LBIN « F
U ~— 0 S '\ e\ ~— MU «§
\ - \\ \\ \—\’“ ——
- . -
> | = -0.5¢ \ — |
[ C N\ e —— —
1= \ -
N . R ’ .
™~ 4 2
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— \\\\ 2 » i ! T | I SIRD = 0000500
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— - ) ;
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- O o5 _-
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- e
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I 2 5 10 15 20 25
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/7, Correction

o ° To get the ion equivalent results from MOSES

w| ™ Let’s assume for simplicity MOSES solves Sacherer’s
0 equation for protons, then we see

D (l)m’n _ —1 Ze]bc<ﬁx,y>wrev Z;O:—OO%[ZJ—(MP)] h|n|(wp_w§)
2 T/, I+l AnEi Ly > e oo Py (wp — we)

N

-

_ | ™= that the current, Iy, should be multiplied by the charge
< number, Z, to get the correct growth rate

| ™ We also see that the mass number, A, is included in
1 the total energy, E:o:

q

W| ™= So the correction is: Multiply x-axis with Z

I
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A/t 1 (0,,Q,) vs.|_for ¢, =10d0 [eVs] (DR “He with BB ))
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Emittance Scan - Z Correction

SMRD 00000+

e Z Correction seems

to work perfect only
for big growth rate
AR = Any other idea... ?
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-

Alt [ (04,Q,) v8. |, for f, = 0d5 [GHz] (DR °He with BB))
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Res. Ireq. Scan - Z Correction

© Z Correction seems
to work perfect only
for big growth rate

= Any other idea...?

At/ (0,,Q,) vs. | forf, =0d5 [GHz] (DR "Ne with BB )
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[ntensity [ hreshold

P
ot Ra i :
S , * MOSES: Get the ion
| equivalent threshold
| s [pth = Ipth | Z and then
o | i -aimcon
0 X L [ o om thh = Trev I[bth | ZLe
Jd|5 N |
nlf .l e HEADTAIL: Define
T | threshold growth rate
(1/T)th = 50 Hz
m I, (mA) |
" 1/t vs. N, for ¢, = 22d0 [eVs] (DR °He with BB))
L ‘ 2000 -
1800 —— T 2300
| g
I L1200 - — 2007
&10001 |
I_ .§ 800 = 150
O 500 — : 100 ©
O 400 =
200 — =
0[\‘ e i ’”x10°0
100 500 600 700
Number Particles per Bunch
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Scans for 6He in DR

. N™ vs. f, for DR *He with BB, |
500710
Fojw
450~ | @
O
* Scan over
350 A
Resonance 5
D 52 300 Y\ep‘o“ P % e
Frequency = Py
- —> 200 //
150 /,.---’/’
D 7 | g N" vs. ¢, for DR “He with BB,
100795 ERE 2 25 3 700710 =
f, [GHz] _ Q‘JU
I eoo— ‘O
1) e Scan over
° ° aa < \\- /,/
L] Longitudinal «« W —
: , AR
- N vs. ::-= (dQ 1Q,)/(dp/p) for DR *He with B8, ’ E m i ttance 00 //_/,,
ﬂf 900, ’CB’Y’Q — ol /-__/"
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Nbﬂh vs. R L in DR

* None of the parameters we scanned over so far,
€1, fr and §, seem to manage to improve Ngt" up
to the level we want:

N e =4.0-10" Ny Ne =3.1-10"

e Let’s see how much smaller R, have to be
compared to R, sPs = 20 MQ/m to allow Ngth

T HRESHUOLD
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Nbﬂh vs. R L in DR

* None of the parameters we scanned over so far,
€1, fr and §, seem to manage to improve Ngt" up
to the level we want:

a 6 18
2

] Ng1¢ =4.0-10" Ng ¢ =3.1-10"
Of. Let’s see how much smaller R, have to be
I compared to R, sPs = 20 MQ/m to allow Ngth
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Nbﬂh vs. R L in DR

* None of the parameters we scanned over so far,
€1, fr and §, seem to manage to improve Ngt" up
to the level we want:

a 6 18
He 12 Ne 12
_| NyHe — 4.0 10 NpNe =3.1.10
Ol. Let’s see how much smaller R, have to be
I compared to R, sPs = 20 MQ/m to allow Ngth
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Nbﬂh vs. R L in DR

None of the parameters we scanned over so far,
€1, fr and §, seem to manage to improve Ngt" up

to the level we want:

a 6 18
He __ 12 Ne 12
] N e =4.0-10 NpNe=3.1-10
Ol. Let’s see how much smaller R, have to be
I compared to R, sPs = 20 MQ/m to allow Ngth
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Outline

® Beta Beam Overview

® Collective Effects
= Laslett’s Tune Shifts

= Wakefield Instabilities

+ HEADTAIL & MOSES
+ Intensity Thresholds

® Conclusion
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® Beta Beam Overview

® Collective Effects
= Laslett’s Tune Shifts

= Wakefield Instabilities

+ HEADTAIL & MOSES
+ Intensity Thresholds

© ConclusionJ
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Conclusion

® Direct Space Charge effect will not limit the
performance of the Decay Ring (Laslett’s Equations)
Z
O[e We have a very challenging upper limit of the DR’s
- Transversal Shunt Impedance, R:
Ul
- = |0 (100) times smaller than SPS for ®He ('®Ne)
| ... based on HEADTAIL and MOSES studies
O
Z | e This study, that was completely based on parameters
O from “FP6”, suggests a re-optimization of the Beta
0 Beam design
Note under preparation:
http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
SVN: nttp://svnweb.cern.ch/world/wsvn/bbcollective

Wednesday, September 22, 2010


http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
http://svnweb.cern.ch/world/wsvn/bbcollective
http://svnweb.cern.ch/world/wsvn/bbcollective

Backup Slides

nesday, September 22, 2010



_

[nput Parameters

TABLE 2. Input parameters from previous Beta Beam Decay Ring design report [10].
Parameters | Description DR '"Ne  DR°®He
Z Charge Number 10 J
A Mass Number 18 6
h Harmonic Number 924 924
C[m] Circumference 6911.6 6911.6
p [m] Magneric Radius 155.6 155.6
Yor Gamma at Transition 27.00 27.00
Ver (MV) Voliage 1.196e+01  2.000e+01
dB/dt [Tls) Magnetic Ramp 0.00 0.00
Y Relativistic Gamma 100.0 100.0
n_ Oumax Maximum Momentum Spread 2.50¢-03 2.50e-03
Ejest [MeV] Rest Energy 16767.10 5605.54
M Number Bunches per Batch 20 20
: L [m] Full Bunch Length 1.970 1.970
N; Number lons per Injected Bunch 235e+11  4.87e+l1l
Ng Average Number lons per Bunch 3.10e+12  4.00c+12
! m, Merges Ratio 20 15
12 [s] Half Life at Rest 1.67 0.81
T. [s] Revolution Time 3.60 6.00
0Oy Horizontal Tune 22.23 2223
0 0, Vertical Tune 12.16 12.16
{B)x [m] Average Horizontal Betatron Function ~ 148.25 148.25
(B)y [m] Average Vertical Betatron Function 173.64 173.64
< (D), [m] Average Dispersion 0.60 -0.60
& Horizontal Chromaticity 0.0 0.0
& Vertical Chromaticity 0.0 0.0
ey, (l1o) [xm-rad] | Normalized Horizontal Emittance 1.48¢-05 1.48¢-05
m ex (lo) [rm-rad] | Normalized Vertical Emittance 7.90¢-06 7.90e-06
& (full) [eVs] Full Longitudinal Emittance 42.89 14.36
b, [cm] Horizontal Beam Pipe Size 16.0 16.0
by [cm] Vertical Beam Pipe Size 16.0 16.0
Pres [2 m] Resistivity 1.0e-07 1.0e-07
TABLE 3. Assumed impedance input parameters.
Parameters | Description DR '¥Ne DR ®He
Q Longitudinal Quality Factor 1.00 1.00
®, [GHz] Longitudinal Angular Resonance Frequency 6.28 6.28
12, /n| Q] = limg o Z2L 1000 10.00
R, MQ] = 2200 Longitudinal Shunt Impedance 0.231 0.231
Q. Transverse Quality Factor 1.00 1.00
®, [GHz) Transverse Angular Resonance Frequency 6.28 6.28
R, MQ/m Transverse Shunt Impedance 20.00 20.00
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Calculated Values

h

B ACKUP

TABLE 4. Calculated values.

DR "*Ne DR ®He
ro [m) = r,Z% /A Ion Radius 8.53¢-18  1.02¢-18
Eior [GeV] =Y -Epeq Total Energy 1676.71 560.55
B=+1-1/y Relativistic Beta 1.00 1.00
n=(1/%) - (1/7)? Phase Slip Factor 1.27¢-03  1.27¢-03
Trey [1 5] =C/(Bc) Revolution Time 23.0558  23.0558
R[m]=C/2xn Machine Radius 1100.02 1100.02
Orev [MHz] = 27t [ Trey Angular Revolution Frequency 0.27 0.27
O5 = Omax/2 1 Sigma Momentum Spread 1.25¢-03  1.25¢-03
1, [ns] =L, /(Bc) Full Bunch Length 6.57 6.57
I [A] =ZeNg/T Peak Current 755.80 195.04
Iy [A] = ZeNg [ Trey Beam Current 0.22 0.06
& [eVs) = ZBE,.T,8max | 2 Sigma Longitudinal Emittance 43.27 14.46
Qs = hzf,zﬁq‘g”é Synchrotron Tune 0.00 0.00
@, [kHz] = Qs - 0, Synchrotron Angular Frequency 1.00 1.00
@, [MHz] = Q, - @, Horizontal Betatron Angular Frequency 6.06 6.06
@, [MHz] = Qy - Wyey Vertical Betatron Angular Frequency 6.06 6.06
@ [GHz] = Bc/byyinix y) Cut-Off Angular Frequency 1.87 1.87
AQe, = ExOmaxQx Horizontal Tune Shift due to Chromaticity 0.0 0.0
AQe = &y Omax Oy Vertical Tune Shift due to Chromaticity 0.0 0.0

/3 [MHz] = £,0:®pey/1
0: [MHz] = &0, 0rev /1

Horizontal Chromatic Angular Frequency
Vertical Chromatic Angular Frequency

238e+02 2.38e+02

1.30e+02

1.30e+02
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Npth yvs, R, for 6He in DR

* Nb > Np" when rise times < 5 ms (growth rate > 200 Hz)

~1/tvs. Ny for RL=0d7 MQ/m
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Npth yvs, R, for 6He in DR

* Nb > Np" when rise times < 5 ms (growth rate > 200 Hz)

~1/tvs. Ny for RL=4d0 MQ/m
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Ny th vs, R for 18Ne in DR

* Nb > Np" when rise times < 5 ms (growth rate > 200 Hz)

1/tvs. Ny for Ri=0d1 MQ/m
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Ny th vs, R for 18Ne in DR

* Nb > Np" when rise times < 5 ms (growth rate > 200 Hz)

1/tvs. Ny for Ri=0d1 MQ/m
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CHALLENTGSGES

Growth Rate From IEq. ol Motion

y+ (Qywrev)zy =

y+ (Qywrev)zy = Ky
y(t) :Alei(Qy+AQy)wrevt +Aze_i(Qy+AQy)“’revt

AQy — —K/ (2an)3'ev)
y(t) — Aei(Qy"'AQy) Wreyl
_ A (O R[AQ)]) Orent S [AQy] Wrent

1/7 = -3 [AQ)] Wrey
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N Jd ECTI

D R

DR: Injection Scheme

The new bunch is injected off momentum

(separated by a septum magnet)

SEPTUM

T T T T “"UrTr"T"YITTl|sTTasaaeaeaaeaeaeeaeearEseEeEDTEeDTT T

After s synchrotron turn it is
“captured” by one RF system

Then “merged” into the old bunch
with the use of a 2"9 RF system

Collimation at Ap/p = 2.5%o

= scrapes away ions not
captured

= limits the bunch size to
protect the septum magnet
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L DR: REF Program —

® The Heinrich

A. Chancé

N

RF Program for 8Li
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DR: RIF Program

h L
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D R

1/t vs. Ng for RL=6d1 MQ/m
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